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YJIK 524.7 

KBA3APLI: CTATHCTHKA DPOTHBOPE'IIIT COBPEMEHHLIM 
IlPEnCTABHEHIHIM.MOnEJIHP0BAHHE3~~EKTOB 

HAliJIIOnATEHLHOH CEHEK~HH 
I 

© 1995 r. A. ti). ,llpaBCKIIX, 3. B. ,llp&BCKHX 
(/)UJJuaJl Cnel,iUa.rtbHOu acmpoq>U3U'lec,cou o6cep8amopuu Poccuuc,cou a,caoeMuu HllYK, C.-llemep6yp2, Poccua 

IlocrynHJia B peAaIC~IO 26.01.93 r . 

I1pHB0W'(TCJI pe3ynbTaTbJ MO,l(enHpOBaHIDl 3<pq>CKTOB ceJICKIO{H npe cneKTpaJibHblX ua6JIIOACHHJIX K.Ba3a
p0B. 11oKa3aHO, 1{T() 3<pq>CKTaMH ceJICKJ.tHH Henb3JI o6"bstCH.HTb <peHOMCH, o6Hapy)KeHHbTH aeropaMH 
pauee npe CTaTHCTH'ICCKHX HCCJICAOBaHH.IIX KBa3apoB H COCTOSlinHH B 'FOM, 'ITO KBa3apbl C a6cop6I1,HOHHbl
MK Cl1CKTJ)8MH o6na,l(al0T 3H8'1HMO 6onee Bb)COKOH cpe.l(HCH CBCTHMOCTblO, 'ICM KBa3apb1 6e3 a6cop61.{H

OHHb)X cneKTpOB. 

I. BBE,UEHl1E 

B pe3ynbTaTe cpasmfTenbHbIX CTamcmqecICHX 
uccneAoBamm [l , 2) 6bmo o6Hapf)KeHo, 'ITO KBa-

. 3apb1, o6J1aAa10ll.\He a6cop6~oHHbIMH JIHHIDIMH e 
.. cneICTpax (HC33BHCHMO OT 3JieMeHTOB, KOTOpblM 
npBH3AJie:lKaT 3TH JIHHHH H OT OTHOCHTeJILHOfl CKO
poCTH a6cop6epoe), · BMelOT e cpe,qHeM 3HaqB.Mo 
66JibWYIO CBeTHMOCTb, '!eM KB33apb1 6e3 a6cop6-
~Hii. 3TO MO)KeT npHBCCTH K cepbe3HbIM )'TO'tHeHH
mf B KOCMOJIOI'HtJCCKOB xapTHHe BceJJeHHOH . . Ilo
.CKOJibKY cyw;eCTBOB3JIO noA03peHBe, qro OTMetJeH

Hhdi cpaKT o6yCJJOBJieH 3cpq>eKT3MB ceJJe~lU1, 
B03HBKalO~MB npu cneKTPaJILm.IX Ha6n10AeHHS1X 
ua3ap0B, MbI nposene MOAeJIBpoBaaue 3cpcpeKTOB 
ce11eKqHB u noKa3aJIH, 'ITO o6'MICHHTL 66nLmyio 
CBeTBMOCTb KBa3ap0B C a6cop6U,WIMB OHH He MOryT. 

MoAeJiupoaaHHe 3cp<f>eKTOB ceneKU,HH np0BOAH
noc1. CJJeAyJO~M o6pa:ioM. 06w;enpururru roqKa 

. . 3peHWl COCTOBT B TOM, 'tTO KBa3apbl C a6cop6U,IDIMH 
H KBa3apb1 6e3 a6cop6~Hl1 OTJIHqa}OT(:jf APYI' OT 
Apyra TOnbKO BJIWlHHeM 3cpcpeKT0B ceJie~HB B 
SlK06hI CJJytJaHHblM Ha.JHfqaeM 'HJIH OTCYTCTBBeM 
a6cop6u,ri. CyTh ceJieK~HH B TOM, tJTO rrpeAeJI 'I)7B
CTBHTeJibHOCTH Ha6JIIOACHlm (rpaHHU,a ua6JIJOAae
MOCTB) AJISI KB33apoB C a6cop6qHmtH H3XOAHTCSI Ha 
HeCKOJibKO 6onbmeM BH3Ya.JlbHOM 6JieCKe, tteM AJISI 
oa3ap0B 6e3 a6cop6u,uii. ;r::I;pyrnMa CJJoeaMH, c o6-
w;enpHJurroA TO'tKB speHIDI AOCT3TO'IHO "nponyc
THTb" KBa3apbl 6e3 a6cop6~H qepe3 HeKOTOpbIH 
q>HJibT}), orpaHH'iHB3IOUUIH HX HaOJIIOAaeMOCTb no 
6JiecKy, H npomeAmHe qepe3 q>HJILTP KBa3apbI He 
6yJzyT COBCeM OTnuqaTbCSl OT KBa3apoe C a6cop6qH
SlMB. OHH OYAYT SlBJISITbCSl MOAeJiblO KBa3apoe C 
a6cop6QIDIMB. Ha3oBeM T3KHe KB333pb1 KB333p3MH 
c nceeAoa6cop6u,m1MH. MTaK; eCJrn eepHa o6w;enpH
HSITaj{ TO"<JKa 3peHID1, TO KB333pb1 C nceBAOa6cop6-
lJ,HSIMB AOJI:lKHbl BMeTb ece npH3H3KH KBa3ap0B C 

a6cop6U,IDIMH (KpOMe S1K06bl CJJy'laitHOI'O Ha.JIH'tWI 
a6cop61.\HH). 

IloCTpOHB cp}'HJC.l\HH pacnpeAeJieHIDI KBa3apoe c 
a6cop6ll,WIMH H KBa3apoB 6e3 a6cop6u,d no 6necKy, 
Mbl BLUICHIIJIH B~ cpyHKqHH, OI'paHH'IllBalOII.l;eH 

6JieCK HaOJIIOA3CMblX KBa3apoB, T.e. TY 33KOHOMep
HOCTb, KOTOpOH DOA'tfBHSICTC$1 CDaAa.HDe 'tfl!CJl3 Ha
OJIIOA3CMbIX KBa3apoe c yMeHLmeuueM ex 6necKa. 
Ha3oeeM 3Tf cpyHKll,B10 <j>HJlhTPOM orpaHBqeem1 
6necKa (4>06). MLI BbISICHIIJIH TaIOKe pa3JIH1-IWI 
<l>O 6 AM KB33apoe C a6cop6IJ;WIMH H KBa3apoe 6e3 
a6cop6~ii. <1>06 HMeeT ABa napaMeTJ)a: KpfTH3HY 
cn3Aa H rpaHH'IHbIB 6necK (rpaHINHbIB 6necK - 3TO 

TO 3Ha'tfeBHe BH3Ya.JibHOro 6necKa, ope KOTOpoM 
'IHCJIO Ha6JIIOA3eMbIX KBa3apoB }'MeH1>maeTCSl 
BA13oe). 

.., . 
MelUISI B AOCT3TO'IHO WBpOKHX npeAeJiax napa-

MeTpbl <1>06 B nponycKU qepe3 TaKOH cl>HJib'rp KBa-
33pLI 6e3 a6cop61\HH, MLI nonyqaeM pa3JIHqBLJe pe
a.JIH33qHB KBa3apoe C rrceBAOa6cop6u;WIMH, T.e. MO
AenapyeM pa3JI~ffYIO CTenelih BJJWIHIDI ceJieKlJ,BH. 

Bo3bMeM CJiep;y10nute xapaKTepucmm KBa3a
poB c a6cop6l{WIMD: 

AOIDI KBa3apoe c a6cop6l{WIMH e o6~eM 'IHCJJe . 
KB333p0B, 

33BBCBMOCTb "ceeTHMOCTb- KpacHoe cMe~eHBe", 

pacnpeAeJieHHe "norapHcl>M iq>acuoro CMem;eHHR
BH3Ya.JILHhIH 6necx", 

pacapeAeJieHne no 1 + Z AOJI:e: KBa3apoe c a6cop6-
u;usi:MB OTHOCHTeJibHO o6w;ero 'lfBCJla KBa33p0B, 

CpaBHBBa.sl HX C aH3JIOI'Hq:Hl,JMH xapaKTepBCTHKaMB 
AJISI KBa3apoe c nceep;oa6cop6nmtMH, MhI Mo.:iKeM cy
AHTb O TOM, SIBJUIIOTCSI JIB KBa3apbl C nceBAOa6cop6-
l\IDIMH aHaJIOI'aMB KBa33p0B C a6cop6u;WIMH H MOI'}'T 
JIB 3cpcpeKTLI ceJieKlJ,BH 06.'bSICHBTb cpeHOMeH 60Jib-
me:A caeTUMOCTB KB33apoa c a6cop6l{WIMH. · 
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164 A.,rn>ABCKHX,3.APABCKHX 

B pe3ym,TaTe MOAemqx>BaJDIJI 3q><f,eJCTOB cenex:
qBB BbUICBBJIOCh, 'ITC> K.Ba3aphl 6e3 a6cop6~ HB 
npe xaxoA creneBB BJIIIJIHBJI cene~ He npao6pe
TaJOT npB3H8JCOB 1tBa38poB C a6cop6~MB. )J;anee 
MbJ pacCMOTpBM no~uee xapaicTepBC'rBKB cl>OB B 
pe3yJJl>TaThJ MOACJIBp<>BaBWI 34><l>e1tT0B cene~ 

2. cl>HJibTPA~.sl KBA3APOB no BJIECKY 

Ha pBC. 1 npeACTaBJICHLI rBCTOrpaMMbl 38BBCB
MOCI'B 11.BCJJa Ha6JIIOA3CMb(X ICBa3apoB C a6cop6~
MB (xpeCTIIKil) H 6e3 a6cop6~ (tcpyJKJCB) OT BB3Y-
8JILROro 6necxa m B 3BC3AHh1X BCJIH'IBHax (1DICJJO 
D33apoe DpeACTaBJICHO B OTHOCBTCJll>HhIX CAH
~ax). M1,1 R8WJ1B, 'ITO q>BJil>'I'p orpaHll'ICHU 6ne
CKa (4>0B). xopomo DpeACT8BJl.sllO~ 3TB 38BBCB
MOCTB AJUI MaJibJX 6JieCJC0B (OOJibmBe m), MO}KHO 
npeACTaBBTb q,y111c~eA .6aTTepBOp-ra F(m) ( cnnom
Hbte JIBHHB Ha puc. 1 ): 

F(m) = 1/(1 +2.51
21

("' - '"o>), 

I'AC "'o - 3BC3AH8JI BCJDl'IH.lla, DpB KOTOpoA q>BJI1,'I'p 
npouycx:aCT TOJibKO llOJIOBHHy KB&3apoe (R330BCM 
31'0 rpaHH'UlblM 6neCKOM), k - X03<j>q>~eHT, on
_peACJUIIOII(IIB KpyrH3BY cpe3a q>yHJCQHB. Ilpa 3TOM 
AJUI 3171 KB33apa 6e3 a6cop61U1i H AJIJI 674 ICB83a
poa c a6cop6QWfMH B3 ICaTanoroB (3 - 5] napaMC'I'phl 
cl>OB DOJIY't3IO'rCji paBHLIMB 111()6 = 20.3, k6 = 1.1 B 
mo.= 19.35, "· = 1.5, COOTBCTCTBCHHO • .slcuo, 'ITO 3a
BaJ1 pacnpeAeJieHJUI oa3apoa no 6nectcy cneea npo
BCXOABT B CBJl3B C OTC}'TCTBBCM JJPKHX KB33apoe. a 
cnpaea - ooycnoeneu qyeCTeirre.111,eOCTLJO BHC'I'py
Mearoe (BJUIJIHlle cene1m11B). 

IlpeACTaBJieHBe pacnpeAenemu: KBa3apoB no 
6necxy q>yH~eit F(m) 03H8'18eT, 'ITO Ml>I DpBHBMa
eM pacnpeACJICBBC KB83apoB cnpaBa OT TO'IICH Max
CBM}'Ma (F(m) = 1) OAffOpoAlll,IM, BCB3MCHHLIM, 
paeHLIM CAJl~C. Ha caMOM ACJIC 3TO HC Tax, HO AJIJI 
BhIRCHeHB.sl BJIIUIHB.sl 3q,q>eKTOB ceJICICJ:UIB 3TO Hecy
~eCTBeHHO. Ilpu O'ICHb 6on&moi xpym3He cl>OB 
BIIA pacopeAeJieBBJI cnpasa OT TO'IKB MaKCHMyMa 

1.0 

0.5 
+ 
0 

~d, 

0.0 
13 14 1S 16 17 18 19 22 23 m 

he. I. PacnpcAeJICIDUI 00 m Da3apoB 6c3 a6oop6QJtA 
(1epyll<KH) H KBa3apoa c a6oop6~11MH (KpeCTHKR). 

npaKTB'ICCK.B He Hrp3:eT poJI.B. IlpB MOACJIBPOBaHHB 
MLI 3TO D0X3JICCM. 

0"'1CB8,[VIO AnJI C03A8HIDI peaJill3a~ KB33ap0B C 
ncesnoa6cop6~ c 38A3HHl>IMH ku. B "'ona Bl COBO
JCyDHOCTB 1CB83apoe 6e3 a6cop6inm cua11:ana eeoo
XOAJ!MO BOCCTaBOBBTI, paBHOMepaoe pacnpeACJie
HBe no m KBalapoe 6e3 a6cop6I(lfii cnpasa OT ro11:.1CB 
M81CCBMyM8, T.e. p33ACJIHTL BMe10meec11 pacnpeAe
JieBBe ea 4>0B c k6 = 1.1 u fn()6 = 20.3, a 3aTeM nony
'IBBmeea pacnpeAeJieaee yMBOJICBTI, ua cl>OB c la
A811H1,IMH k0 ,. H "'on. .. L(pyrHMB CJIOBa.MB, AIDI IlOJJ}"IC
HWI peanB331(HB KB833p0B C IlCCBAOa6cop6QWIMB C 

38AaHHl>IMH napaMe'I'paMB <l>OB kua B m0n. B3 coeo
JCYilBOCTB D83apoB 6e3 a6cop6qml BCOOXOJtBMO 
npony~L 3T)' COBOJCyDHOCTI, '1Cpe3 Q)HJib'I'p 

F = (1 + 2.512io (m-moo)) / (1 + 2.512t,.. (m-1110 .. >). 

MOACJIBpoeaeue 3q,q>eXTOB cene~ npoBOAB
JIOCl, CJJCAYIO~ o6pa30M. fpaHBIJ:HbIA 6JieCIC m0a. 
AnJI KBa3apoe C nceenoa6cop6QBDm H3MCUJICJI OT 
19.35 no 16.35 qepe3 OAH}' 3BC3AH)'10 BCJIB'IBB}', xpy
TH3Ba cpe3a q>BJIJ,'I'pa kna OCT8BaJl8CL HCB3MCHHOA 
(k = 1.5), HO AJI.sl np0Bep1CB ee BJIIDIHIDI (B CJICAOB8-
TeJibHO BJIIDIHU pa3JIB1lllb1X pacnpeACJJCBBB ICBa3a
poe B OOJI3C'rB ManblX 6JieCX0B) DpB "'ona = 17.35 AJIJI 
koa x:poMe roro np11HBManuc1, 3ea11:eBBJ1 3 u5. Ilpu 
X&JIC,ttOM Ha6ope 11fon1 , kna ace KBa3apb1 6e3 a6cop6-
I.\BA (3171 ma3ap) opouycxanec1, qepe3 q>BJI1,'I'p F, 
'ITO 03H~'laeT, tfTO Bl Da3apoe, IlOil3AaJO~ B 6RH 
m lllHpBHOi B 0.5 3BC3AHOfl BCJIB11BHLI, B 'tllCJIQ KB8-
38poB C nCCBAOa6cop6~ nponycKaJI8Cb cny11aA
HLIM o6pa30M TOJlbKO 'taCTI> KBa3apoe, paBHaJI F. 
A,lJI ~Oro 11a6opa "'ona, k0., T.e. AIDI IWfCAOI pea
JIB3~ 1CB83apoe c nceenoa6cop6~. crpoa
JIBCL qCThlpe xapaICTepBCTHICB: 

- AOJI.JI KBa3apos c nceenoa6cop6~MB OT o6~e
ro 'IBCJia KB33apoe, 

- pacnpeneJieHHe "ceeTBMocr&-xpacHoe cMe~e
Hee", 

- pacnpeAeneHBe "norapBq>M iq,acHoro CMeme
llJIJl-3Be3AJ1U BCJIB'IHBa", . 

- q,y1na~S1 pacnpeACJICHIDI no 1 + Z AOJIB KB838-
poe c nceeAoa6copo~ OT o6mero tmcna KB83a
poa. 

3-m xapaKTepacrum cpaeHHBaJIBCb c auanorB'l
u1,1MB xapaKTepBCTHICaMB AJIR KBa3apoB C a6cop6-
l\HJIMB. 

3. PE3YJibTAThl MOL(EJIHPOBAHH.sl 
34>4>EKTOB CEJIEKI(HH ' 

Kax MLI OTI.(eTHJIB, e uccneAYeML(X KaTariorax 
cenexq11.s1 npoeHJiaCL e TOM, 'ITO rpaeB'IBblH 6JICCIC 
y ICBa3apoe C a6cop6~DJ1MB OTJIH'laeTCJI Ha OAJIY 
3BC3AHYJO BeJIB'tllH)' OT I'palill'IHOI'O 6JICCIC8 KB83a

poB (ie3 a6cop6~ (Inoa= 19.35 B "'ocs = 20.3 COOT
BCTCTBCBHO ). 

ACl'POHOMH1ffiCKHH )l(YPHAJI TOM 72 HI 2 1995 



. . MO.[(EJIHPOBAHHE 34>cl>EKT0B HA6JIIO)lATEJibH08 CEJIEKUHH 16S 

MoAenepyjl a4>4>eKTbl CCJIC~B. Mbl C03AaJJB B3 
COBOKYDHOCTH ~a3apoB 6e3 a6cop6ium 'leTblpe pe
aJJH3a1\11B KBa3apoB c llCCBJ];Oa6cop6~MB c KpyrB3-
HOii 4>HJJ&TJ)a kna = 1.5 H rpaBB1.flfbIM 6JICCKOM lnona = 
= 19.35. 18.35. 17.35 R 16.35, a TaIOKe ~ peaJJB3a
~ C lnooa = 17 .35 H KPYTB3H0B kn, = 3 H 5. 0603Ha
'DIM 3TH peanH3a~HH HOMepaMB OT 1 AO 6 COOTBCT
C'l'BeHHO. 

;a;,m K~Oil peaJJH3~BB KBaJapos· C llCCBAOa6-
cop6~ Ha .PHC. 2 - 5 llpeACfaBJICHbl CJIC)'.O'IO~e 
.xaparrepecrRKB: 

'AOJUI KB338p0B C DCCBAOa6cop6QHJIMB OT o6~ero 
'DICJl3 . KB33apos B 33BBCBMOCTH OT pa3HOCTB 
rp3JUABl»IX 611eCKOB (m06 - "'on,.) (pee. 2). 

pacnpeAeneHHe "cseTHMOCTb-KpaCHoe CMeII\e-
BBe" (puc. 3), · 

pacnpeAeJJelDle "norapu4>M KpaCHoro CMe~eHIDl-
3Be3JUIU BC1IB"IHHa·· (pee. 4), 

4>yHKl(BJI pacnpeJJ;eJieHIDl no 1 + Z AOJIB KBa3apos 
C nCCBAOa6cop6~ OT OOI1\Cf0 11BCJJa KBa3ap0B 
(puc. 5). 
IlpB DOC'IJ)OCHBB <l>YHKIUiB pacnpe}J;eJICBBjf no 1 + Z 
AOJIB KBa3apos C IlCCBAOa6cop6QHJIMB (pee. 5) npo
B3BO}J;HJIOCL cor11acosaHBe 11BCJ1a KBa3apos c nces
Aoa6cop6~ u 0611\ero 11BCJ1a KBa3apoB. Hx OT
uomeeee nonaranoc& pasm.tM TOM}', x:OTOpoe BMeeT 
MCC'l'O AJUI KBa3apoB C a6cop6QWIMH. 3ro corJiaCO-

. BaHBe IlpoBOAHJIOCb DPQrpaMMHLIM CDOCOOOM ny
TeM BBCACHIDI ueo6XOABMLIX K03q>q)HI\HCHT0B. 
IlpaKTJ111CCKB 3TO npHBOJJ;DJIO K napanneJILHOMy ne
peHocy 4>~ ~0111, sepnooun,Hoii OCH. IloWIT
uo, 'ITO TaKOe cornacosaBHe HCOOXOAHMO AIDI nony
qeHID[ conocrasBML1x pe3yJI&Taros. Ha pee. 3 - 5 no
xa:iam,1 TOJIJ.KO armpOKCHMBJ)YIO~e KpBBLie. 

Ha pHqHKax npHBeJJ;em,1 nIOKe auanonrcnu,1e 
xapaKTepHcrRKB AJijf KBa3apos c a6cop6~. 
CHa6:>KCHBLie B~CKCOM " a.. u AM KBa3apos OCJ 
a6cop6I01ii - ~eKc "6 ... KpoMe roro, npHBeJJ;eHbI 
xapaKTepBcrRKB ,tlJIJ( CJIC)'.O'IOII\CA peaJIH3al\HH JCBa-
3apoB C llCCBAOa6cop6I01RMH. IlpeAil01IOxmM, 'ITO 
see a6cop6101B y KBuapos - mmelllUI CJJY'IU:H1,1e. 
TorAa 'IBCJIO KBa3apoB C a6cop6IOIJIMH" R 4>~ 
BX pacnpeACJICHIDI DO 1 + Z onpe}J;amoOTCH 06B1IHCM 
u pacnpeAeJieHBeM no Z a6cop~pos. B 3TOM cnyqae 
MLI AOn:>ICHhl IlO,Q06paTh B3 'IBCJia KBa3apoB C nces
AOa6cop61\IDIMB. nonyqemµ,IX c IlOMO~blO 4>06 c 
k = 1.5, 1no = 19.35 C'l'OJILKO ICB33apoB R C Ta.ItOi 
q>~eA pacnpeAeJJeHl!Ji no 1 + Z, KaK 3TO BMeeT 
M~cro Amt KB33apos c a6cop6QHJIMB. Ocran1,e1,1e 
KBa3apL1 )1;011:>KH&I 6LITb "B03Bp3Il\CHLI .. B 11BCJIO Da-
38p0B 6e3 a6cop6101A, TaKBM o6pa30M, MhI no.JJ}"la
ei.! peaJJH33IOII() KBa3apoB c DCCBAOa6cop6~. y 

. KOTOpoA ,QBe xaparrepBCTHKB B3 'leTb1pex, a HMCH
~o. ~Omt KBa3apoB C DCCBAOa6cop6~ OT o6~ero 
'DICJJaKBa3apoe H 4>~ pacnpe.QeJieHU 3TOB AO
JIB no l + Z, COBIJaAalOT C TaKIIMB xaparrepBCTBKaMII 
Ami ~poB c a6cop6D;W1MB.1lse OCTaBWHCCR xapax-

' TepBCTBICB - . pacnpeAeneHHe "CBeTRMOCTJr-KpaCHOe 

Pft. 2. J),OJUI KBa38poB C DCCB)toa6c.op6llHJIMH OT o6mero 
tfHCJla Ua3ap0B 8 3aBHCHMOCTH OT pa3HOCTII rpawrnrwx 
6JJCCK0B. 

lg(4Jso/4>) 
14 4 

13 

11 

I 2 3 4 z 

Pac. 3. Pacnpe)teJJeHBe "cseTHMOCTb-q>acKoe CMell(e
aae" KBa3apoB. (06o3H8'1CHHII KpHBt.lX CM. 8 reKCTe.) 

CMCII\CHHe" u pacnpe.QeneHHe "norapn4>M Kpacaoro 
CMCII(CHIUl-3BC3JtHU BeJIB'IBHa" - llpBBe.QeH¥ COOT
BCTCTBCHHO Ha pBC. 3 u 4 lIO,Q HOMepoM 7. 

4. OBCY)K):'(EHHE PE3YJ1b TATOB 
MO,llEJIHPOBAHHg 

Ilpa MO.QenBpoBa.HBB a4><l>e1CTOB ceneDUIB Mbl 
BCTaJJB Ha OOII(CDpBmlT)'IO TO'IK}' lpeBIPI, WO 

xapu:repRCTHKB ICBa3apoB C a6cop6~ B KBaJa
pos 6e3 a6cop6UHA OTJIH'laIOTat TOJThKO B3-3a pa3-
Jill'IHOro BJimnm,( cenex~ Ha aa6mo,QaeMOCTb 
aTBX ICBa3apos. C11eAOBaTe1IbBO Mhl o~aeM, 'ITO 
npu B03Aeicrsuu Ha KBa3apLJ 6e3 a6cop6qmk ce
JieICqBB, paeuoA roA, KOTOpU BMeeT MeCI'O AM 
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0.90 

0.60 

0.30 

0.00 

-0.30 

8.0 

1.0 

-0.60 0.25 

-0.90 __ _.___.___._......_.....___,___.____.____,0.125 
22 m 

Pac. 4. PacnpeAeJieHHe "norapH!pM icpaCHoro cMe1QeHW1-
BHlyani.u1:,1A 6necK" KBa3apoe. (06o3H8'leHHe KpHBl:,JX 
CM. B TCKCTe.) 

Nna!Noow. 
1.00 

I+Z 

Pac. S. cl>yH~HH pacupeAeneHIUI JCBa3apos uo 1 + Z c 
a6cop6~HJIMH ("a") H c nceBAOa6cop6~,rMH (J - 6) 
(cw. TCKCT). 

KB333p0B C a6cop6QIDIMH, Bee xapaKTepBCTBKH KBa-
3apoe c neeeAoa6cop6QWIM]i p;o1DKB1,1 coenaCTb c 
xapaKTepBCTIIK8MB KB838poB C a6cop6~. B 3TOM 
CJiyqae ea puc. 2 T01IKa 1 J:lOJOKHa 61,ma coenaCTb c 
TOllKO:A "a", a Ha puc. 3 - 5 KpHBblC J ]);OJDKHl,I 6LIJIB 
COBil8CTb C KpBBbIMH "a". B~. llTO HH O)'.lHa B3 
xapaKTepBCTBK KBa3apoe c neeBAoa6cop6~ He 
COBn~aeT C COOTBeTCTByIOtneH xapaKTepHCTHKOB 
KBa3apoe c a6cop6QBSIMH ("a"). Y CBJJeHHe BJJIDIHIDI 
eeneKQBB Ha KB83ap1,1 6e3 a6cop6~e: ceepx Toro, 
KOTOpoe UMeeT MCCTO J:{JISl KB83apoB C a6cop6QIISIMB, 
TaIOKe He npHBOADT K COBll~CHBIO xapaKTepBCTBK 
KBa3apoe c neeenoa6cop6~ (2 - 6) c xapaxTepu
CTBXaMH KB833p0B C a6cop6QBSIMH ("a''). 

Ase xapaKTepuCTBm KBa3apoe c neeep;oa6cop6-
J.UUIMB, a BMeHHO BX µoru1 OT o6tner'O 1IHCJ1a XBa3apoB 
(pee. 2) H pacnpep;eneHHe "c.eeTBMOCTL-Kpaceoe cMe
tneHHe" (pee. 3), npu uex0Top1,ix 3Ha'lemmx ~ - "'ona 
Bee :xce npBMepHO COBn~aJOT C COOTBeTCTByIOtnBMH 
xapaKTepacmKaMH KBa3apoe c a6copo~WIMB. Ho 

3TO npORCXOJ:lDT B CDJ13H C TeM, llTO npu qpe3MepHOM 
BJIIDIHHB CeJICKIUfH, KOrp;a 4>0 B CHJibHO orpaHB1IH
eaeT 11ucJJo ea6n10naeMb1X KBa3apoe, ecema MoXCHo 
nop;o6pan TaKoii <j.>HJibTp, npu xoropoM p;o.11.s KBa-
3apos c neeenoa6cop6QBSIMB (3 - 6) paeea p;one KBa-
3ap0B C a6cop6~HJIMB ("a") Ha pHC. 2, HO npu 3TOM 

·HH O,l(Ha npyru xapaKTepHCTHKa KB83apos C neeBAO

a6cop6QBSIMB He COBn~aeT C COOTBCTCTBy101~eu 
xapaKTepBCTBKOB KB83apoe C a6cop6~WIMH ("a"' 
puc. 3 - 5). AHaJIOrH'IHblM o6pa30M, npH ]);OCTaroquo 
6on1,moM orpaHe:'lJeHHH 6necKa <j.>HJibTPOM AOmKeH 
HacrynllTb CJIY'lai, Korna pacnpep;eneHHe "csem
MOCTL-Kpaceoe CMem;eHBe" KBa3apos c neesnoa6-
copo~MB rrpe:MepHO COBil3AaeT C TaKHM pacnpep;e
JICHHeM ]l;JISl KBa3ap0B C a6cop6~HJIMB. 0,QH8KO npu 
3TOM CHOBa HO: O]l;Ha p;pyru xapaKTepHCTHKa ,D;JISI 

KBa3apoB C neeBAOa6opo~MH He C0Bn3AaeT C co
OTBeTCTBy10m;ei xapaKTepHCTHKOH AJISI KB83apoe C 
a6cop6~ ("a"). 

Ta.KBe xapaKTepBCTBKB KBa3ap0B C neeBAOa6-
cop6I.(IDIMB, KaK pacnpep;eneHHe "norapBq>M Kpac
uoro cMetneHB.sl-3Be3AH8Sl eeJiuqHHa" (puc. 4) .e 
q>yeKl.(IDI pacnpep;eneHIDI no 1 + Z none KB83apoB c 
neeB,u;oa6cop6I.'(IISIMH (pHC. 5) He coenaAaIOT c COOT
BCTCTBYIOtnBMH xapaKTepHCTHKaMH KBa3apoB C 

a6cop6u;uMH ("a") HB npH KaKOB CTeneHH BJJB6U 

eene~HD Ha KBa3ap1,1 6e3 a6cop6~ue:. 

Tipo,eepKa CJiyqu, x:oma xapaKTepHCTBKH KB83a
poe c neeen;oa6cop6~ onpenensrIOTCsr noMHMo 
3<j.>q>eKTa eene~ em;e D pacnpen;eneaueM a6cop-
6epoe (7) (Korna MLI npHHyWfTeJIJ:,Ho cn;enaim cosna
J:laIOtnHMR ABe xapaKTepHCTHKH KBa3apoe c ncesn;o
a6cop6~ c COOTBeTCTB}'IOm;HMH xapaKTepHCTH
KaMH IQ3a3apos C a6cop6~). TOXCe He npBBOABT 
K C0Bil8J:{eHBIO OCTaBlllHXCSl p;syx xapaKTepHCTBK 
(KpHBbie 7 H "a" Ha puc. 3 H 4 pe3KO OTJllRalOTC.sl) • . 

I-fa npoeen;eHHoro MOAeJIHpoeamm MOXCHO 3a
KJII0q11Tb, lJTO q>eHO~leH OOJibmeii CBCTHMOCTH KBa-
3apos C a6cop6~ no cpaBHCHHIO co CBeTHMOC
TblO KBa3apoe 6e3 a6cop6~ He MOXCeT OblTb 06-1,
JICHeH HB 3q>q>eKT8MB eeJieKIU!H, HD 3aKOHOM 
pacnpe)l;eneaHJ1 a6cop6epos so BeeJieHHoA. CneAo
saTeJILHo OH npucym CaMHM KBa3apaM, a 3TO 03Ha
qaeT, 'ITO Ksa3ap1,1 c a6cop610f.s1MH no csoee: npupo
p;e 0TJil[q8JOTC.sl OT KBa3apoe 6e3 a6cop6u;Hii. 

Y'IDTblBaJI, 'ITO BJIWIHHe cene~o aa KB338pbl C 
a6cop6~mn.m u Ha KBa3ap1,1 6e3 a6cop6~ pa3JIH'I
HO (puc. l ), CJieAYeT CllDT3Tb, 'ITO OOJiee TO'IHOe OT
·eomeHHe BX cpeAHBX CB8TDMOCTeii Ha n;aH~OM z 6y
.u;eT onpe,teJij(Tl,CSI He KpHBblMH "a" u "6", a KpHBbl
MH "a" H 1 Ha pHC. 3, J:lIDI KOTOpbIX BJIIDtHHe eeneiaom 
OAHHaKOBO. 3To OTHomeeue COCTaBJISieT t .4: AHa
JIB3 'X,2 IlOK83LIBaeT, 'ITO 3TOT pe3yJILTaT no-npe:)K
HeMY CTaTHCTB'leCKH BblCOK03Ha'IBM. Kos<f.>4>H~
eHT AOBepu cocrasm1eT 6onee 0.99. 

ACfPOHOMH'IBCKHH )l(YPHAJI TOM 72 .N! 2 1995 



"-"''" 

MOJ:(EJIHPOBAHHE 3cl>cl>EKTOB HABJIIOMTEJihHOH CEJIEKUHH 167 

3AKJII0'IEHHE 

B [ 11 H3MH yCTaHOBJieHO, 'iTO KB333pbl C a6cop6-
~0HH.bIMH cneKTJ)aMB 0611a;Qa10T B cpeAHCM npu
Mepuo BABOe 6onLmee CBeTHMOCTl>IO, 'ieM KBa33pLI 
6e3 a6cop6~. 0CTa.BaJIOCb COMHeHBe, He RBJUIIOT
Ol JIB a<t,cpeKThI _ cene~. BMeIO~e MeCTO npu 
cnerrpanbHblX H30JIIO;QCHHJIX JC.Ba3apos, DpD'IBHOA 
o6Hap)')KeHHOii IlOBLimeHHOH CBeTBMOCTR KB33apoe 
c _a6cop6~. B Hacro~e.A pa6ore MLI nponenu 
MOAe.11BpOBam:te acp<f>eKTOB cene~ D ll0Ka33JIH, 
"'ITO OHB Re MOryT OO'bJICHBTL <peHOMeH noe1,1meH

HOfl CBeTBMOCTB KB333p0B C a6copoqw1MH. KpoMe 
TOI'O, IlOKa3aHO, "'ITO 3TOT <t,eHOMCH He MO:>ICeT 6b1Th 
OO"hJICHCH H mo61,IM pacnpe;QeJieHDeM a6cop6epoe 
eo BceneHHoA, ecna a6.90p6ep1,1 nonaAaJOT na KBa-

3ap1,1 CJIY'l3BHO. 

TaKBM o6pa30M cne;Qye-r C'IBTilTb yCTauoBJieH
llhlM, qro KB33ap~1 c a6cop6~MH o6JiaAaJOT B 
cpe;QHCM 6onee BblCOKOii CBCTDMOCTLIO, qeM ICBa-
33pb1 6e3 a6cop6QBi. A 3TO 3H3'1BT, qro OHD o6Jia
A3lOT p33JIB11HOB npHpOAOA. 

Ilpa yqere BJ1BJ1HW1 cene~ omomeHBe cpeA
HHX CBCTHMOCTCH KB333p0B C a6cop6QIDIMH H KBa3a-

_ poe 6e3 a6cop6que aa Z = 2.2 coCTaem1eT 1.4. Ora
TBCTH1Jecnni K03<pq>HqBCHT AOBep.HJI aroro <t>aKT3 
6onee 0.99. f eHeTB'ICCKaSI CBj[3b npaKTB'ICCKB BCCX 
a6cop6epoB C KBa33paMB C a6cop6qBJIMH, HC3a.BHCB

MO OT BX CKOpOCTH OTHOCHTeJILHO KB33apa, yCTaHOB
neHa B [2]. ~Ba 3TRX 4>a1cra (DOBLIWCHH3JI CBeTB
MOCTb KBa33poB C a6cop6QWIMH H BX reHeTD'1CCK3JI 
CBJ13b co eceMH a6cop6epaMH) B33HMOCBJ133Hbl D 
IIOAKpennjlJOT Apyr ;Qpyra. 3TBM <t,aKTaM HCOOXOJ:{B
MO H3.HTB 001,JICHCHBC. 
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Quasars: Statistics in Conftict with the Present-Day Concepts. 
Simulation of Selection Effects 
A. F. Dravskikh and Z. V. Dravskikh 

The results of computer simulation of selection effects in spectroscopic observations of quasars are presented. 
It is shown that selection effects can not explain the phenomenon detected earlier by the authors. The phenom
enon consists in quasars with absorption lines having significantly higher mean luminosity than quasars without 
absorption lines. · 
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YJJ.K 524.527 

IIJIOTHOCTb JinEP MOJIEKYJHIPHLIX O;BJIAKOB B 3ABHCHMOCTH 
OT liX fAJIAKTOUEHTPH'IECKOfO PACCTOBHHJI 

© 1995 i'. A. r .. KacrurKon, 6. E. Tepeep 

HWKewpooc,cuu ynueepcumem, HWKHuu Hoewpoo, Poccwi 
Hal{UOHallbHllll paouoacrripoHOMU'U!CKQR o6cepeamopwi, /Uap11ommceu.t1b, cmA 

OocrynKna e pe,qaKIJ,HIO 21.03.94 r . 

18 · IlpHBOAJITOI pe3yJibTaThJ Ha6JJIOJ(CHHA Jl·HHHH C O J = l - 0 H J = 2 . 1 8 HanpasneHHH 28 30H HOHH30BaH-

HOro BOAOpoAa, IlpOBCAeHHblX s ACKa6pe 1991 r. Ha 12-M PaAHOTeJieCKOne HPAO CillA. JIHHIDI J = 1 - 0 
o6Hap)l)KCHa B 24 061,eKTaX, OnpeACJICHO ROJlO)f(CHHe MaKCHMYMa H3JlytJeHIDI H O~CHCHbl pa3MCpbl 20 Kl 

HHX. JIHHIDI J = 2 - 1 H3Mepeua B TO\fKax MaKCHM)'Ma H3JIY"ICKIUI y 12 30H Hll. nonytteHHble J(aHHbIC cono
CTaBJUIIOTCX C pe3yJibTRTRMH H30JllOACHBH TeX )KC 06'bCKT0B B nmnm co J = 1 - 0. y CTRHOBJJCHO cyiqec-r
BCHHoe BJIHJiHHe s4>q>eKTa AHJIIO~HH, CBH3aHHOro, nO-BffAHMOMY, c q:,parMCHTa~HCH o6naKOB. B HCTO"IHH

Ke $201 06Hap)l)KeHa aHOMaJibHO HHTeHCHBHU 1IHHJUI C180 J = 2 - 1. ,Ilm1 OCTaJlbHblX 11 061,eKTOB peweHO 

ypaeHeHHe nepeHoca 8 paMKax L VG-MOJ(eJIH, onpeJ(eJICH.b) DJIOTHOCTH Ii MaCCbJ ~ep MOJlCK)IJJHpHblX o6Jia

K0B. Cpe,IUfM KOH~eH'J'J)3lJ,HJ[ H2 COCT3BJU1eT 4 X 103 c~3. C TO'-IHOCTblO ,l{O OillHOOK H3MepeHei KOH~eH'rpa-

1.tHIO H.2 MO)KHO C'IHT3Tb IlOCTOJIHHOH B HHTepBane raJJRKTO~eHTpH'leCKHx paccroRHHH 4 - 14 KRC. Pa:JMep1,1 

Mep 38KJU01.fCHbl 8 npeAenax 0.3 - 5.5 nc, a HX MaCCbI - 2.3 - 7 .8 X 1()3 Mo . .sl.t~pa C pa:3MepoM > 1 nc, B03MO)f(

HO, no.ttBep)KCffbl OKaTHJO. 3aBHCHMOCTb WHpHHbl JJHHHK C180 · J = 1 - 0 OT pa3Mepa SIAJ)a AOBOJJLHO xopo

llIO COOTBCTCTBYCT cy63BYKOBOH. KOJJMOl"OpOBCKOA ryp6yJJeHTHOCl'H. 

1. BBE,IJ;EHHE 

06pa3oaatme crymeHBH MaTeplm e Moneicym1p
HL1x o6JiaKax npe}llllecrB'yeT. KaK npHIDITO C'tfilTaTb, 
eo3HHKHoeeHmo rrporo3Be3A. C ,-pyrou cropoHLI, 
Monop;ble 3ee3p;1,1 o6Hapy:xrnea10T ceoe npucyrct
BBe, HOHB3Y.ff e9p;opop; CBOHM B3JiyqeRlleM. TaKBM 
o6pa30M, MOJieKym1pHLie o6JiaKa, accoqHHpy10~ue
C$1 C 30HaMH HOHH3Hp0B3HHOro BO,ttopop;a, npep;craB

JISIIOT co6oi Han6onee uHTepecHbIH o6neKT p;m1 H3y-
11eHu npoqecca 3Be3p;oo6pa30BaHID1. C ~em,10 06-
aapy)KeHu H uccnep;oeamu1 nnomLrx _srnep e 
MOJieK)'JUIJ)HLiX o6JiaKax GblJI BblilOJIHeH 0030p [l] 
npuMepHo 'I'peTH 30H HII B3 KaTaJiora lliapm1ecca B 
JIHHlifH HCN J = I - 0 , eo36yQeHHe ~oTopo~ 1'pe6y

eT noqTu Ha 2 nop$1p;Ka 6om,meA nnomocm Pala, 
"leM Jl'eHHH CO J = 1 - 0. 

AHanorH'tfHa 3aBHCHMOCTb N2(R) = N(HCN) KOJIH

qeCTBa 'l)'MaHHocteu c r; (HCN) ~ 1 K corJiaCHo [ 1]. 
3<1><t>eKT ceJie~ MO:XCeT 6&ITL BeKJUO'leH, ecne 
paccMoTpeTL OTHOllleHue N2/N1 = r(R) (pee. 1). I1pu 
3TOM OKa3LmaeTeSI, qTo KOJIH'tfeCTBO MOJleKyruq>HLIX 

o6J1aK0B HCN, OTueceHHoe K 'IHCJIY oonaKoB CO, 
y6.&1BaeT e pocTOM R. IlpH'IBHOH 3TOro a<p<t,eKTa 
Moryr 6b1Tb: 1) }'MeHLmeHHe n.nOTHOCTH B.1IH TeMne
P3TYJ>LI ra3a 8 'l)'MaHHocru C J)OCTOM R, 2) AWIIO~Wl 

B3Jiy'leHIDI B JIHHHB HCN 111-3a MeHl>IIIHX B cpaBHe-

N(HCN)/N(CO) 

1 

--- N(HCN)/N(CO) 
_._N(CO) 

N(CO) 

100 

Ha pee. 1 npep;craBJieHa 3aBHCHMOCTL N1 = N(CO) 
K<>iIH'leC'l'Ba JOH fill, HMelO~ reMnepaTYPY H3JI}1'1e-

0.5 
10 

1 BID1 e JIBHHB CO J = 1 - O r; (CO)~ 10 K, OT ranarro
~eHTPuqecKoro paccroJIHIDI R. 3aBBCHMOCTb N,(R) 
liMeeT MaKCHMyM B6JIB3H 3Ha\feHIDI R - 10 KilC, COOT
BeTCTByIO~ero nono:xceHHIO COJIHe'IHOA CHCTeMLI B 
ranaICTBKe. TaxuM o6pa3oM, KpHBrul N1(R) OTpalKaeT 

aq>q>eKT cene~u. 06ycnoBJJeHH1,111 TPYAHOCTJIMB B 
o6Hap}')KeHHH ~aJieHHbIX OT 3eMJIR 30H HU. 

168 

o~----~ ....... ~......._~ ................. ~ ......... ~ ......................... ____. 0.1 
5 7 9 11 13 15 17 19 21 
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BBB C co pa3Mep0B SIAep MOJieK)'JUIJ)HblX o6JiaKOB H 

3) yMeHbmeHHe ooHJIWl HCN c poCToM R. B CBJ13H co 
CXa3aHHbIM npeACTaBJUleT HHTepec HCCJieAOBaHHe 

llJIOTHOCTH .s,n:ep MOJieK}'JUIJ)HblX o6JiaKOB B <l>YHK

~ R. AJISI 'lero H 6bIJIB DpeAnpHHSITbl HX H36JUOAe

HIDI B JIDHIDIX C180 J = 1 - 0 HJ= 2 - 1. KaK DOK333HO 

8 (2), TaKDe H30JllOAeHWI SIBmlJOTCSI 3<l>4>eKTBB8bIM 

cnoco60M HCCJieAOBaHIDI IlJIOTHOCTH MOJ1eKym1pHLIX 
o6JiaJCOB. 

Ta~ 1. HcxoAJ{1>1e AaHHb1e no o6'beKTaM 

Hcrott- a(1950.0) o (1950.0) Tco,K 
HHK (3, 4J 

S31 18ho7tno5~2 -23°43'19"' 26 

S48 18 19 22.8 -14 4203 16 

S53 18 22 26.9 -13 15 01 17 

S56 18 28 06.8 -JO 0000 10 

S61 18 30 39.2 -05 0035 15 

S65 18 44 25.4 -03 5123 15 

S82 19 28 01.6 18 11 11 20.5 

S90 19 47 06.1 26 4134 21 

S106 20 25 33.8 37 1252 25 

S127 21 27 07.2 54 2205 6 

S128 21 30 54.0 55 4039 8 

S175 00 24 29.8 64 264i 13 

S201 02 58 59.4 60 1446 · 1s 

S208 04 15 35.0 52 5216 13 

S209 04 07 12.0 51 0000 6 

S217 04 54 49.4 47 53 59 11 

S228 05 10 01.7 37 23 35 16 

S255 06 09 58 .5 18 00 12 30 

S270 06 07 23.5 12 4924 16 

S286 06 51 59.8 -04 27 57 4 

BFS2· 20 02 49.2 29 04 32 20 

BFS 11 21 41 41 :3 65 5150 21 
. • .• 

BFS3l' 03 21 16.8 54 5001 17 

BFS32 03 47 54.4 51 21 00 17 

BFS 34 04 03 25.7 51 16 33 13 

BFS44 04 48 01.8 45 3004 9 

BFS54 06 44 34.3 01 2229 13 

BPS 58 06 58 34 .4 -03 4700 7 

IlpHMC'laHHe: K - KHHeMaTH<JeCKOe paCCTOJIHHe. 
• Bee AaHH1>1e H3 [3, 4] . 

•• OnTH'ICCKHR pa3Mep H3 [3) . 

Tco,K 

18.4 [11] 

7.8 [9] 

22.2 {9] 

14.9 [9] 

21.9 [9] 

5.8 [10] 

24.9 [9] 

37.4 {9] 

43.2 [9] 

15.3 [9) 

5.0 [9] 

17.5 [9] 

6.3 [9] 

14.0 (9) 

10.5 [9] 

3.7 [9] 

BhlBOP OB'bEKTOB H MX HA6JIIO,[(EHHSI 

,[(m1 Ha6J110AeH11H 6bIJIH OTo6paH.bI 28 30H Hil H3 
KaTanora filapnJiecca u D3 AODOJIBHTeJILHoro KaTa
Jiora BFS [3] (Ta6JI. 1). Ilpu 3TOM co6monarrucL CJ1e
.I0710~e npasena oT6opa: 1) JOHa HIT AOJUKHa 6LITb 

KOMII3KTHOB (OllTH'leCK.HB paAHyC s5'), 2) npHH~

Jie)l(a~as eH JIHHWl co J = 1 - 0 AOmKHa 6bITb OAU
HO'IHOH e CHMMeTpuquoi, 3) paCCTmmee JOH.bl HIT 
OT ~eHTp3 f anaKTHKH ]J;OJl)l(HO 6bITL H3BeCTHLIM. 

{1, Knc* d, KilC 
Pa3Mep•*, R, Knc*** z, nc* [3, 4] yrn. MKH 

0.85 1.10 [7] 8 7.41 -41 . 

2.90 3.10 {7J 10 5.60 -20 

4.65 K 15 4.33 -29 

5.57 7 3.91 -1 

3.30K 2 5.74 100 

3.50 3.60 [8] 7 5.63 -44 

1.10 1.50 (7] 9 7.70 1 

4.00 4.50 (7) 6 7.61 33 

4.87 0.60 (7] 3 8.38 -6 

7.30 l 1.50 K [9] 2 15.03 515 

6.20 8.69 K [9] 1 12.86 474 

1.70 1.56 [7] 2 9.35 51 

3.53 K 3.96 K [9] 5 11.71 108 

7.60 4.00 K [9] 1 12.16 136 

8.20 14 16.19 -39 

5.20 4.20 [7] 9 12.51 239 

3.50 1.56 K [9] 8 9.98 -23 

2.50 2.50 [7] 3 10.95 -2 

8.80K 5.96 K [9] 1 14.25 -319 

8.77K 6.29 K [9] 6 13.95 t -148 

1.22K 5 8.10 -27 

1.14 K 1.38 K [9] 10 8.9~ 222 l 

2.88 K ).40 K [9] 2 11.42 -90 

0.61 K 1.5 9.03 -21 

2.9.1 K 3.23 K [9] , 5 11.40 -26 

4.58K 4.83 K [9] ~ 5 13.12 71 

8.70 1.70 [7] 3 9.99 . -10 

8.76K 5.98 K [9] 3 13.66 39 

••• Paccro,rHHJI H3 [4], HCilpa.BJJeHHl,Je B C00TDC1'CTBKH C nocne,qHHMH AaHHblMH [7 - 9). 

ACTPOHOMHl.f.ECKHH )KYJ>HAJI TOM 72 :ti 2 . · 1995 
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Pac. 2. TeMnepaTYPa H3J1Y"ICHHA B nHHHK CO J = 1 - 0 
B 3aBHCHNOCTH OT paccroAHHJI AO OO'LCICTa. 

Or6op Dp0H3BO,tl;BJICSI, B OCHOBHOM, no ,n:aHHblM 
paOOT [3 - 4] c y'leTOM ux KoppeKTBpOBICH H ,n:o
DOJIHeHWI AaHHbIMH 6onee D03AHHX paOOT [5 - 11] 
(Ta611. 1). IlepetmCJieHlfhle Bb1We npasBJia ·oroopa 
61,mu npmmTbI c ~eJIJ,IO ynpo~eHIDI noCJieey-w~ee 
mrrepnpe~ ,n:aHHbIX eafulw,n:eemi. CJieey-eT OT
MeTHTb, 'lTO 'mCJIO oro6p3HllldX o6'beKT0B 393-qu
TCJlbHO 6on1,we quCJia sowe,n:nmx B n611. 1, OWfa.KO B 
HCR npBBOAJITCS[ ,n:alllfhle TOJibKO TeX 30H Hil, KOTO

p1,1e ynanOCb aa6nw,n:aTh. 

TeMnepaTYPa H3ny'leHIDI B mmue CO J = 1 - 0, 
DO-BHJUIMOMY' 3aBBCBT OT y,n:aneHHOCTH MOJICK}'IDlp
eoro o6naKa. 06 3TOM 3<t,q>eKTe MO)KIIO cyABTJ> no 
p:e.c. 2, r,n:e OTJIO:>KeHLI 3Ha'leeua T; (CO) = T co B 
q>yaKQHH. d - paccroJIHWI ,n:o 30Hbl HII oT · Comma. 
(BCDOJlb30BaJJBCb yro'IHCHHble 3B3'1CHWI d B COOT
BCTCTBBB c ,n:aHBhlMH paOOT [5 - 11]). 3aBBCHMOCTb 
Tco(d) MOXCHO OO'b}lCHBTl, q,parMeHTa~ei 0611a
KOB B CBSl33BHOi C 3TBM ABJIIO~CH BX H3JIY1ICBID1. 
Ha rpaq>axe puc. 2 npoee,n:en1,1 ,n:se npnn,1e: ,n:JLS1 06-
11aCTB d :S 2 KnC, r,n:e AUJIIO~ Be npo.SlsruICTCR, B WlJI 
o6naCTB d ~ 3 me, r,n:e naAeHBe eeJIHtmHhI T co 011e
B~Ho. HaI010H BTOpoi npsMOH COOTBCTCTBYCT d-2• 
ToqJCa nepeceqeffWI ,n:eyx DpSIMbIX onpe,n:eJLS1eT ee
natmey paCCTOSIHWI dKP = 3.7 KJIC, npe KOTOpoM yr
JIOBOH pa3Mep <t,parMeHTa 6JIH30K K WBpRBe ,n:ea
rpaMMbl uanpaBJJeBHOCTB p~orenec1eona. Ilo
cKon1,xy e.cnom,30B3BWBCCSI ,n:aHHble O T co 83 [3 J 
nonylleHbl, e OCHOBHOM, Ha aBTeBHax AHaMC1'pOM 5 
B 7 M, TO JIDHCiiRbIA pa3Mep q,parMCHTa AOJl.llCCH 
61>IT&. OKOJIO 2 - 2.5 nc. 

B CBJ13H C IlOJl}"ICHHOi rpy6oii: o~eHKOH . <t,par
MeHT~ MOJICfCYJLSIPHhIX o6JiaxOB MO}KHO c,n:enaTb 
,n:sa 3aMC1laJDIJI. Bo-nepBblX, HC11h3JI BCKJIIO'IB.Th 
TeMnepaTY])HOro aq>q>eKTa. 03BCCTHO, 'ITO KHHCTH
qecxaa TeMIIepaTYPa MOJICICyIDIJ)HhlX o6JiaKOB Ba 

nepuq>epBB ranaKTBKB npHMepuo BABOC HIDKC, "ICM 
B qetrrpe [17). 01,'.tHa.KO 3TOT 3q>q>eKT ropa3AO CJia-
6ee noKa3aHBoro ea puc. 2. TeMIIepaTY])a T co o6aa
P}')1G1BaeT 3aBHCBMOCTb e OT z, 'ITO TPYAHO csg3aTb c 
ABJIIOI{RCH. ,llaHHblC Ta6JI. 1 MO)KHO annpoKCBMBJ)O· 
BaTb (MCTOAOM HaBMCHLlllHX cpe,n:HHX KBa,n:paTOB) 

<t,yax~ee 

rt/ = ( 16 ± 1) - (0.018 ± 0.004)z (nc). (1) 

TaKBM o6pa30M, rp~eHT TeMnepaTYJ>bl ,n:ocraroq
HO Man H ee B3MCHCHBCM B npeAenax TOJI~bl MO
nexyMpHOro JUICKa (-120 nc ope R = R0 ) MoJKHo 
npeue6peq1,, Bo-BTOpLIX, rpa<t,mc puc. 2 npe,n:cras
m1eT napaMC'I'pbI OTHOCBTC11I,HO HCOOJibWOA nony
JI~ MoneKyngpHLIX 0611axos. K a11anB3Y 6onee 
DpCACfaBHTeJil,HblX AaHHblX Mbl eepneMC.SI D03.llCC, a 
cehac DOA'ICpKHeM, 'ITO AaHHbte puc. 2 oco6eHHO 
HBTepeCHhI, Ta.K Ka.KORB xapaKTePB3YIOT DMCHHO TC 
06'beKTbl, KOTOpble BCCJIC)'.O'IOTCS B HaC'l'O~ee 
pa6oTe. 

Ha6nw,n:emm mmm\ C180 np0BOAHJ111c1, a Hm16-
pe - nenope 1991 r . Ha 12-M PaAHOTeJiecKone Ha
I{ROHan1,eoi PaAHacrpOBOMH'ICCKOi o6cepBaTO
pHH (HPA0)1 CillA. ,llJLS1 HCCJieAosaHBA uepexo
AOB J = 1 - .0 (-110.7 rriu u J::: 2 - 1 (-219.5 rrq) 
HCDOJib30BaJIHCb ,n:Ba p~OMC'I'pa C OXJla)K,QCHHhIMH 
CMeCBTem1MH Ha CHC-crpyKTYPax (pa6oqu TeMne
paTYPa --4 K). Bo BpeM.SI Ha6nwnemm myMos1,1e 
TeMuepaTYpbI cHCTeMbl ( c yqeroM aTMocq>epaoro 
nornomemm) 61,me B npe,n:eJiax 200 - 450 K ua qac
TOTe 110 rr~ u 800 - 2000 K ea qacrore 219 IT~. 
ffi}'MOBaSI TeMnepaTY])a CDCTeMbl ODpeACJ1SI.Jiac1, Ka
JIH6poBKOii no H3JIY'ICHHIO "qepHoro rena" H co
craemma 

(1+ ~:)crnp+ru> 
T CHC = pi f32exp (-'to sec 8) • 

(2) 

r,n:e Ge -yCBJieeue ea 11aC'l'OTe cDrHana, G, -ycUJie
HBe no 3epKanbHOMY xauany, T0P- myMOBU TeMne
paTYJ>a DpHCMBOro ycrpo'ACTBa, ~. H 132 - K03q>q>H
~CBTb1· pacceSIHWI aHTeHHb~ e nepeµ;uee 11 3a,n:uee 
nonynpocrpaHCTBO COOTBCTCTBCIDIO, 'to - OIITINCC
x:u TOJII.QIIH8 aTMoc<l>epbI B 3CHBTHOM HanpaBJie
HBB, 8- 3CHBTBOC paccrosnme HCTO'IHDKa. 3<t,<t,ex
THBHaSI TeMIIepaTYJ>a B3Jlf'ICHIUI aTMoc4>ep1,1 Trt 
nOAC'1B.ThIBanac1, no <POPMYJie 

T,. = ~T cpU .- exp(-1:osec8)] + 

+ (l - l3:i}Ttt, + f32TPexp(--rosec8), 

r1ie T q, - cpeAHU TeMnepaTYPa aTMocq>e~bI, Til> -
TeMDepaTYJ>a q,oeoBOro B3JifqeffW1 e. TP - 3<pq,ex
THBHaSI TeMnepa-rypa KOCMD'leCKoro peJIBXTOBOro 
83Jl}"'ICHBSI. 

1 HPAO ClllA ynpaen11eTcJ1 KopnopaQHeA "AccoQHHpoB8HBblc 
yuHsepctrreTbl" no cor11aweHHJO c HaQHOHaJJbJO.JM HayqHl,tM 
4>o~OM. 

ACTPOHOMHl!ECKHA: )KYJ>HAJI TOM 72 Nt 2 1995 
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IlOJJO>KeHHe l= 1 -0 !=2-1 
O(heKT MaKCHMyMa Pa3Mep nc• 

Aa., M, yrn. MHH * TR,K V, KM/C AV, KM/C * TR,K V, KM/C AV, KM/c 

S31 (0, 4) 2.8 8.7 1.0 

S48 (2, 0) 1.3 43.7 1.9 

S53 2,-2 1.8 58.0 I 0.8 

S56. 0,0 0.54 66.7 2.0 

S61 1, 1 1.22 44.0 1.1 

S65 -2,0 0.42 51.0 1.6 

S82 0,2 2.15 23.2 1.1 

S90 2,0 0.42 21.4 1.6 

S106 1, 0 3.29 -1.7 1.9 

S127 <0.1 

S128 <0.1 

S175 0,0 0.56 -49.8 0.5 

S201 0,0 0.17 - 39.6 1.3 

S20t _ 

S208 0,-1 0.60 -30.3 1.1 

S209 <0.1 

S217 0,0 0.17 -18.3 1.1 

S228 0,0 <0.1 
. S255 0,-1 1.35 6.5 1.9 

S270 0,0 0.46 25.3 1.1 

S286 1, 0 · 0.2 49.8 2.2 

BFS2 0, -2 1.5 . 11.8 1.3 

BFSU 0,-2 1.98 -10.4 0.8 

BFS31 -1,-1 0.68 - 31.7 0.8 

BFS32 0,0 1.3 -8.1 0.8 

BFS34 0,0 0.6 -27.3 1.6 

BFS44 0,0 0.5 - 26.0 1.0 

BFS54 -1, 1 0.48 21.1 0.8 

BFS58 0,0 Q.36 50.1 1.0 

. * Cpe"eeA nonepeqHHK. . 
•• Cpe"Ree no 5-TH TO'fKaM (T.e no yriiy-1 '}. 

AHaJJ.H3 cneKTpa ocy~eCTBJI.SIJICJI C DOMOIIO>IO 
512-KaHaJ.I.hHoro <f>BJibTJ)OBOro cneKTpoMeTpa c qac
TOTHbIM pa3pemeHHeM 100 B 2~0 ~ (AB3 aHaJIB3a
TOpa pa60Tanu napan.JienbHo). 6JioK <f>11J1b1'p0B ne
JIIIJICJI Ha 2 '13CTH DO 256 K3H3JI0B AJISI .K~oro B3 
2-x UOIDtpB3~0HHblX KaHaJIOB. Ha6JJJOAeBIDI npo
BOAHJIBCb B pe:xcHMe 'IaCTOTHOH MOAYJIKqBB npH aH
TelDle, DOCTOJIIIHO opHeHTHpOBaHHOB Ha BCTO'IllHK. 
6Jiaronapjf '13CTOTHOi MOA}'JISI~ JIBHWI Il0SIB

JI.SIJI3CL B K3H3Jlax, COOTBeTCTBYJOID;IIX cepeJ:lHHe 
· Kllq\OH napbI no 128 KaHaJIOB. B pe3yJibTaTe cno
. jgeHH,sl Bcex nony11eHH1>IX CBI"'H3Jl0B OTHOWeHHe 

2.8 ± 0.1 8.3 1.1 0.84 

0 .23±0.03 67.0 1.0 5.5 
3.83 

3.76 

2.6 

5.22 · 

2.9±0.1 -1.5 2.0 0.65 

0.72 

0.77±0.04 -40.0 0.6 2.07 

0.54 ± 0.02** 

0.75 ±0.03 -30.3 1.6 2.9 

0.3 ±0.07 -18.5 0.7 1.83 

2.9 

0.52±0.08 25.0 2.1 3.46 

2.74 

2.28±0.11 11.5 1.1 0.85 

2.07 

1.34±0.08 -7.7 0.6 0.32 

0.62±0.06' -27.2 2.2 3.0 

0.54±0.04 -25.8 2.0 3.5 
' 0.12±0.03 21.4 0.8 0.89 

4.16 

CHI'H3JI/my~ YAB3BB3Jl0Cb, HO '1BCJIO TO'IeK B cne
K-rpax He npesi.1mano 128. HeIC0Topb1e cneK.TpLI 
BCCJieAOB3JIBCb C pa3peweeHeM 30 Kn .. (T31CJKe B 
128 KaHanax). 

2. PE3YJibTAThl HAEJIIO,llEHHfl 
ITEPEXOAA J = 1 - 0 

JlHHWI C18Q J = 1 - 0 6bIJI3 o6eapy)KeH3 B 24-X 
B3 28-MH HCCJieAOB3Bll1BXC1I o6'he1CT0B. B cny11ae 
06HapyxceBID1 JIBHBB onpeACIDIJIOCb IlOJIOX<:eHHe 
M3KCIIM)'M3 H3JIY'leHHSI no Kap~ D3 5-TH TO'leIC. 

ACTPOHOMHtJECKH8 )l(YpffAn TOM 72 M 2 1995 
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PIIC. 3. TeM11epaTypbl HJnyqeHHR e JJHHHJIX C 180 J = J - 0 
(TO'lKH) HJ= 2 - I (KpeCTHKH) e JaBHCHMOCTB OT YAaJJCH
HOCTH 061,ena. 

CHa'lana B3Mep8JIOeb H3~eHue B HanpaBJICHBB, 
COOTBeTCTBYIO~eM MaKCHM}'M)' B3JIY'ICHIDI B JIHHHH 
CO J = 1 - 0 no AaHHl>IM pa6oT [3, 4] (Ta6JI. 1), a 3a
TeM s 4-x paBHOOTCTO~ TO'CJKax npB CMCll\eHBH 
JIYtia Ha a B 6. ECJIH npe 3TOM He YA8BaJIOCb onpeAe
JIBTL nonoxce&ue MaKCIIM}'Ma H3JiyqeHID1, TO AeJJa· 
JIHeb AOilOJIHHTeJibHLIC OTBCACHffjf. 

B Ta6JI. 2 npBBOWfl'Cjl A8HBLIC o6 H3MepeHHLIX 

TeMilepaTYPa.x B3JIY'ICHID1 r; s JimmH J = 1 • 0 BMCCTC 

C BHcj>opMal\BCB O JIY'<ICBblX CKOpOCT.H.X, m11pHH8X 
JIHHHH H IlOJIOXCCHHH M8KCHM}'M8 B3JIY'1CHIDI {B DO· 

CJICAHeM CJIY'fae A8Hbl CMe~eBIDI no (l B 6 OT KOOp
ABHaT R3 TaOJI. 1 ). IloJimKeHWl M3.KCIIM}'MOB B3Jl}'

qeHIDI B JIBHB.RX CQ H C180 '18CTO He C0BD8A310T, 

'ITO ecreCTBeHHO, TaK KaK npHBOABMLle s Ta6JJ. 1 
KOOpAHH8Tbl onpeAeJieHLI. KaIC npaBHJIO, Ha 8HTeH
Hax C MeHbWHM yrJIOBblM pa3pemeHBCM (B OCHOB
HOM, Ha 8BTeHHax ABaMCTPOM 5 u 7 M [3]). B TO }Ke 
speMJI 3Ba'ICHBSI T co xopomo Koppe.JIBPYIOT C TeM-

T10(d) MO)ICeT 6b1Tb BHTepnpemposaea aeanom'IHo 

TOM}', KaK 3TO ACJiaJIOCb paHee e AaHBLIMB no T co{d). 
Ha pee. 3 TaIOKe nposeiieHbI ABC DpjJMLie, onpeACJIJI
IO~e OOJiaCTB, I"Ae ABJIIOI(IDI He IlpOSIBJISleTCSI B rAe 
OHa npBcyTCTByeT. XapaKTepHLni MacII1Ta6 cj>par
MeHTOB MO.xcHo o~emrn. no senlfCIHHe ds.p ""' 2 me 
{npH KOTOpoii np.stMbie nepeceKalOTa): OH COCTaB
JUleT B 3TOM c.nyqae -0.6 nc. TaKBM o6pa30M, pa3-

Mep cj>parMeHTa no aa61110AeHID1M C180 cy~eCTBeH
uo MeHLme, qeM no AaHHbIM co. t!TO ecreCTBeHHO. 

3aBHCHMOCTb Tio OT ranaKTo~eH'I'pH'ICCKoro pac
CTO.HHIDI noAo6Ha 33BHCBMOCTH N(CO) OT R aa pue. I 
(3TH A3HHbie ny6JIBK0BaJIHCL B l12, 13]), 'ITO ecreCT
BeHHO eCJieACTBHe ynoMHHasmeAa eL1me xopomeA 
KoppenjlQHB T10 If T CO· 

Ha pee. 4 npBBeJ(eH npBMep 5-TO'IC'IHOil K3pTbl 
HCTO'IHHKa S3 l. Bpewr B3Mepemm s K.8.}K1);0A B3 ro
qeK COCTaBJUleT 12 MHH. YrJIOBble pa3Mepb1 ~a B 

MOJieKyJI.HpHOM otfaaxe S3 l COCT8BJIJIIOT 3' X 3'.8, 
T.e. HCTOt{HBK 0Ka3L1BaCTCSI pa3pemeHHbIM (mHpHHa 
AHarpaMMbl HanpaBJieHHOCTH 12-M aHTCHHLI HPAO 
Ha 'I8CTOTe 110 rr~ pasea 58"). AHanonl'IHLie AaH· 
m.1e noJiy'leHLI OO'ITB no BCCM Ha6JilOAaBWBMC.H. 
OO'LCKTa.M. YrJIOBhie pa3Mepb1 II.I(ep MOJiexyJI.HpHbIX 
o6JiaKOB KOppenapylOT c onTH'ICCKHMH pa3MepaMH 
30H HII, npHBOABMLIMH e Ta6n. I; Koacj>cj>B1UfeHT 
KOppemn~HB COCTaBIDleT 0.88. 

Hcnom,JyR m1eany pacCToSIHH.H d, MO.)f(HO o~e
BBTL JIHHCDBbie p83Mepb1 KOH,qCHcal{HH; OHH rrpueo
ARTC" B Ta6JI. 2. 3aMeTBM, 'ITO HX MHHHMaJibHbie 
3B8'ICHIDI xopomo cor11acyl0TCS1 C DpHBOAHBWCHCSI 

Bblme OJ..\CHKOB cj>parMeHTa~ "Aep no 3cj>cpeKTY 
,[(HJIIO~HD. . 

IlpeACT8B]Jj)eT HHTepec cpaBHCHlle WHpHHbl Ha-

6JIIO,I(aeMOH JIHHHH C180 C pa3MCpOM B3nyqaio~eB 
o6JiaCTH. IllHpRHa JIHRBH, B006~e roeopsr, H3Mewl
eTCSI no HCTO'IHBKY (pee. 4). B Ta6JI. 2 npHBOA.H.TCSI 
mepHHLI JIHmni, B3MCpeHHbie B TO'lJJCe MaICCHM)'Ma 
B311)"ICHIDI; OHR }KC HCil0Jlb30BaJIUCb npH noe1p0e
HHH' rpact>mca puc. 5. KaK BHAHO H3 pHC. 5, WHpHHbJ 
JlllHllB B3~eHIDI C180 cyIQCCTBeHHO 60JibWe Ten
JIOBhlX { CHTy8UHJI, THDH'IHrul AIDI MeXC3Be3AffOii 

cpeALI) H Koppe.rmpylO'r C pa3Mepa.MB OO'LCKTOB, 3a
KJIIO'l8IO(qHMHCjf e npeAeJiax 0.3 - 5.5 nc. Ha pee. 5 
nposeAeHa TaIOKe np.H.Masi 

lgAV(KM/c) = lg{(0;6 ±0.03)D(nc)<0.3t ±0-04>}, (3) 
rreparypo:ii B3JIY'ICHH.H B JIHHHH C180 J = 1 - 0 (KO· 
acj>cj>~eHT Koppen.s.rvm paseH 0.88). Omll6Ka npR H~eHHaSI MeTOJJ.OM Ha.HM~HLWHX cpeAHBX JCBaAP8-

'74 TOB, npu 3TOM He }"IBTblBaJIHCb AaHHble no OO'bCKTY 
B3MepeHID1X BeJIB'IBHl>I 1 R 38KJIIO'laJI3Cb B npeAe- S106 BCJICACTBDe CRJILHOB HCCHMMC'I'pBB

0 

·KOHTypOB 
nax 0.025 - 0:055 K s 38BHCHMOCTB OT peaJIH30BaH- . nmum. B~ aCBMMe'I'pBB BJMCWICTCJt OT·ro~um K TO'l
aoe npe Ha6JilOACRBJIX T ~ -. '·· ~. ::: • Ke, 'ITO }'Ka3b1BaeT Ha BJIIDIHHe 6unomq>HblX IlOTOKOB 

Ha puc. 3 OTJI~XeHhl-3Ha~efflffl re°Maepa'I)'Pbl Bl- ra.33. HaKJioH npaMou (3) !JPHMCpHo COOTBeTC'I'ByeT ·· 
. . 18 - _ . ., _ ....- :_: . . . "-·..: aH8JIO£'H'IH1,IM JJUTepaTypHblM A8~1M no 33BBCBM(),, 

JIY':ICJUUI e JIHHUB.:C ? l-:- 1 ~ 0 Tw- 1 R_,,.-T ! -..0) B · CTS1M AV{D) Amt MOJiexyupHblX OOJiaKOB {CM., muipB-
cj>yHK~H paCCTOSIHIDI AO 30Hbl HUOT- COnHl\a. ~'J'. .. Mep, (14)). 3aMeTRM, 'ITO IDBpHHLI JI.HHHH C18<) B CO 
q>acj>HK, IlOA06HO npHBeA~!fHOM}' Ha pee. 2, YI_C83bl- ~Jijf BC:00\IHHJCOB H3 Ta6JI. 1 xopomo KOppenupyioT 
eaeT Ha y6b1BaeBe Tw C pOCTOM d. -3aBHCBMOCTL MC:>K.A}' co6oA {K03cj>cj>u~eHr Koppen~ 0.82). 
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0.96 

0.62 

0.28 

-0.06 

-0.40 
-1.0 

2.3 11.6 8.9 6.2 3.4 1 
3.00 11.6 8.9 6.2 3.4 0.7 0.8 

11.6 8.9 6.2 3.4 0.7 

1.9 2.32 0.6 

1.3 1.64 0.4 

0.7 0.96 0.2 

0.1 0.28 0.0 
-0.5 -0.40 -0.2 -1. 0.0 1.0 -1.0 0.0 1.0 2.0 3.0 

1.50 11.6 8.9 6.2 3.4 0.7 

1.14 

0.78 

-0.30--~....,..-....,.._-....,....,__....,....,_.,......,,_ 
-1.0 0.0 1.0 2.0 3. 

. l'llc. 4. Kap-ra ,-YMaHHOCTH S3 l . l.(eB'l'pam.HbIA rpa<t,HK COOTBCTCTByeT Ma!CCHMYMY H3Jl)"ICHHJI B lfHHHH C 180 J • 1 - 0, CSOKO
Bwe - nony'leHbl B TO'fKax Ha 2' 3an8AHee (neBbIA) H BOCTO'IHee (npaa1,1,R) UCHTPa, HHJICHHR H BepxHHA - COOTBCTCTBYIOT OT
BOAaM no CXJJOHCHHIO Ha 2'. no OCH op.QHHaT OTlfOXCCHa TCMllepaTYJ)a Tio s K, no OCH a6cuucc: BBepxy - ny'leJWI CKOpOCTb B 
&M/c, BHH3Y- aenH<nUfa paccrpoAKH 'laCTOT1,1 B MT'Q. · 

3. PE3YJib TA Thi HAEJIIO,nEHHH 
IlEPEXO.D:A J = 2 - 1 

lbMepeHHhie AJUI J = 2- 1 BeJill'lllHl,I T; (J = 2 - 1) = 
= T21, Ve AV TaJOKe CBeAee1,1 B Ta611. 2. Bo scex 060-

eKTaX, KOTOp1>1e ~aJIOCb ea6JIIOAaTb B JlHHBH J = 2 - 1 
(BX ·12), H3JI}"leHHe C1110 o6Hap}'}KeHO. KaIC Dpa.BHJIO, 
·eaCSmo,qaJIOCL B3JlyqeHHe TOJILKO B TOqKe MaKCBMy
Ma, BdAeHHoro KapTHpOBaHHeM B JIBHHH J = 1 - O; BC
K.nlO'leHBe COCTilBmleT 061,eKT S20 l, 0 KOTOpoM 
no~eT pe'IL euxce. · 

TeMIIepaTypbl H3Jry'leHIDI s JIBHIDIX J = 1 - 0 e 2 - 1 
xopomo KOJ>peJDIPYIOT Me~y co6ou, cooTBeTCTBy
lOII~llK03<1><t>B£UleH'r KoppeJiJIQHH COCI'aBJIJleT 0.977 
(cM. TalOKe AaHRLte pa6oT [12, 13]). 01JeBBJ.(Ho, 'ITO 
TCMITepaTypaM T21 TalOKe npucy~a 33.BHCBMOCTb_OT d, 
OTMe'laBWaJICJI B iipeAbI~eM palAene (pac. 3). Ta-

ICBM o6pa30M, 3aBBCBMOCTb r; (d) npoCJieXCBBaeTCH 

no jlaHHLIM, nony'leHBblM Ha pa3JIH'IHhlX 'JaCI'OTax 
(ll0, 115 B 219 rraj H C pa3JIH'IHLIM yr'JIOBJ,IM pa3-

pemeHBeM (1.7 - 2:3, 58" H 35", COOTBCTCI'BeHHO). 

3To H3KJ1a.to,1BaeT onpeAeneHHbie orp~eHIDI Ha 

B03M01KHbie MOp;eJIH aq><j:>eKTa OCJia6neHIDI i,: C 

pocTOMd. 

Tot1eocn, BJMepeHuii T21 npueep;eea B Ta6JI. 2. 
IlpBMep KOHTYPa JIHHHB J = 2 - I noKa3aH Ha puc. 6 
p;m1 ncroqeuKa S3 l, KapTa KOToporo npHBOABJ1ac1:, e 
DpeAhl]zy~eM p33AeJie (puc. 4). CneK'I'p, npBBeACH-: 

HbIH Ha pHc. 6, nonyqee Ja 12 MHH. Ilpa ea6moAe
HHJIX 6onee CJI86blX mmBii npHXOAH1IOCb YBCJ_IB'IH

BaTb BpeMSI HaIConneHHJI AO 60 • 72 MHH. 

Jlyqee1,1e CKOpoCTH OO"beKTOB, B3MepeHH1>Ie DO 

o6eHM JmHBHM, OTJIB'l3IOTCJI MeHee, 'ICM Ha 0.4-,cM/c, 
CBCI'eMa"l'INCCKrul p83HBil3 B CKOpocr,IX He o6eapy
xceHa. Bo scex CJI}"laHX, 1cor1(a JIHHWI J = 2 - 1 AOCTa
TO'lHO HHTCHCHBHa, ee mupBHa He OTJ1Ht1aeTCJ1 OT IIIB

pBHbl JIHHBB J = 1 - 0 s npeAenax omu6m B3Mepemm. 

ACTPOHOMlftlECKHH )l{YPHAJl TOM 72 M 2 1995 
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L\V, KM/C 

2 

1 

0.5 

0 

0 

0.5 I 3 5 D,nc 

Pac. 5. 3aBHCHMOCTb WHpHHbl ~HHJIH c18o J = 1 - 0 OT 
pa3Mepa o6naC'J'II H3JlY1fCHH.II. KpeCTHKOM OTMCtfCHO 

3Ha<1eHHe Ami S106. 

4. IlJIOTHOCTH 11 MACChl SIJJ;EP 
MOJIEKYilSIPHblX OEJIAKOB 
11 COJJ;EP)I(AHl1E B HHX CO 

Ha6mOAeBID1 ABYX nepeXOAOB MOJICK}'Jlbl C180 
D03BOJISIIOT peWHTb 3aAaqy p~Ha[(HOHHOl'O nepeso

ca B MOJieKyrurpHbIX o6naKax B onpe]:leJIHTb BX MOT

HOCTL AJIB 33]:l3HHOH KBHeTH'lJeCKOH TeMIIepaT}'Pbl. 

13.0 11.6 10.3 8.9 
3.0 

2.3 

1.6 

0.9 

0.2 

-0.5 -3.0 -2.0 -1.0 0.0 

IlOCKOJibK}' rpaAHeHTbl Jiy'leBOH CKopocre: Ha 
xapaKTepHoM MacDITa6e o61,eKT0B (no aa6moAeHB
.JIM B JIBHBB J = 1 - 0) 6JIH3KH no nop~KY BeJIH'IHHbl 
COOTBeTCrByJO~ wepueaM JIBHHB, 3TO AaeT B03-
MO)KHOCTb BOCDOJib30B8TbCSI L VG-MOAeJiblO DpH pe
meHHB 3~a'IH paAH8[(HOHHoro nepeeoca. Mepoe: 
KBHCTB'llecKOH TeMIIepa'J'YpbI B o6JiaKe C'lJHTaJI8Cb 
seneq:eea T co B3 TaOJI. 1, npe 3TOM npHHBM3JIHCb 
H8HBblCWBe B3Mepemn,Ie 3Ha'leHHJI T CO• 3q>q>eK
THBHble ce'leHIDI coyAapeHBfl DpH B036y:ac,QeHIIB co 
MOJieKyJiaMB H2 B aTOMaMB reJIIDI 38BMCTB0B8HbI H3 
pa6oT (15 - 16]. 

Ha puc. 7 DOK838H DpHMep pacc'IUTaHHblX (Ami 
OAHOPOAHOB D30TepMB'lHoii MOAenu o6na1ea) 3aa1i:e
Hllii Tio ("eepTHKaJibHbte" KpHBLte) B OTHOWCHIDI 
T21 /T10 ("ropH30HTaJI1>H&1e" KpHBbie) B <PYHKIUIH 
ot:h,eMHOH MOTHOC'rH n(H2) H ny'leBOA DJIOTHOCTB 
N /._C180), H0pMBp0B8HH0H Ha WBPHHY nmnm. Coo-r
eeTCrByio~e 3Ha'lemm T10 u T2i/T10 noMe'leHbI Ha 
KpHBbIX. TO'I.K8 nepeceqeHIDI KpHBblX AJISI 3~8HHblX 
Tio B T21 /T10 onpeAeJISJeT 3Ha'leHIDI n(HJ H Ni/ AV. 

Pe3yJibTaTLI pac11eT0B eeJIB'IBB n(HJ e 
NlC180]/AV cyMMBpy10TCS1 B Ta.6JI. 3 H npe~craane
HbI Ha puc. 8. Ha KOTOpoM 3TH BeJIB'IHHbl HaHeceHbl Ha 

,rpaq>BK B <P~ ranaKTOJ.\eHTJ)IACCKOl'O paCCTOSI..: 
HIDI R. Ku B~Ho H3 pe:cymca. nnOTHOCTb ~ep e:CCJie
AOBaBII.IBXOI MOJietcyruqJHbIX o6JiaK0B H COAep>KaHHe 

7.5 6.2 4.8 V, KM/C 

1.0 2.0 3.0 L\f,M~ 

PNi 6. KoHTyp nHHHH c180 J = 2 - J B l.(eH'rpe T}'M8HHOCTH S3 l (Ii/- paccrpolhca qacroTbJ). 
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Ta~ 3. IlapaMCTpbJ "Aep Moneicyupm,1x o6naxos 

J= 1-0 1=2-1 N, Macca, 
Hcro'l~HK T'll.,K 

Tu, K t Tu, K 

S31 29.5 31.9 0.1 10.2 

S48 19.5 - -
S53 20.5 I 

S56 13.4 7.6 0.13 5.0 . 

S61 18.4 

S6S 18.4 

S82 24.0 

S90 24.5 

S106 28.S 23.9 0.18 9.4 

S175 16.4 

S201 21.5 

S208 25.4 45.1 0.01 10.2 

S217 29.4 71.4 0.003 14.0 

S255 46.7 

S270 19.5 27.2 0.02 9.1 

S286 . 8.3 

BFS 2 . 23.5 36.2 0.05 13.3 

BFS 11 24.5 

BFS31 20.5 

BFS 32 20.5 25.S · 0.06 9.2 

BFS34 17.4 22.0 0.03 8.6 

BFS 44 13.9 16.7 0.04 8.7 

BFS 54 16.4 3.7 0.93 3.5 

BFS58 10.3 

B HHX C18Q BC o6Hapy:aamalOT CBCTCM8T'H'ICCKBX B3-
MCBemd: DpB BapBaQUX R. IlJIOTHOCTH ~ep o6na
Jt0B BapbBp)'JOTCSI B npeAeJiax (1 - 7) X 103 CM'"3 co 
cpe~ 3H8'1CBBCM -4 X 103 CM'"3• HcICJIIO'ICHBe co
CTa.BJIJICT o 6 'beKT S54, e KOTO~M IIJtOTHOCTb 
aBOMaJibHO BB3JCa - -1.2 X 102 ~ . CJieAyeT OTMe
TBTI, TaXJ&'.e 3BaqJfl'CJihm,te pacxo~eHU B onpeAe
neHBB paccro.sumi AO 3roro o6'beKTa (Ta6n. 1), 'ITO 
ACJiaeT HeH3Ae}I()fl,IMH H IIOCJICJ{}'IO~e o~eHKH ero 
napaMeTJ)OB. 

Ha pee. 8 MO>ICHO yCMoopeTb HeKOTOpy10 re~eH
~ It )'MCHbm eBBIO N, B yeeJIB'ICHBIO n(Hz) ~ poc
TOM R. 3-ro MOmfO OO"bJICHBTb CJICACTBBeM 3<l>q>eK

Ta ABJIIO~, OTMe"CfaBWCI'OCJI Bldllle, Tax x.ax 66n.L
IDBM R COOTBeTCI'BylOT, Kax DpaBBJIO, 66JILDIBe d. 

Ha rpa4>mce p ac. 8a OTCyTCTByIOT Aaem,1e 110 OO"b
erry S201. B ro~e (0.0) 3TOI'O o6n.a.Ka o6aap }'}IC.cHa 
0'1110CIITCJILHO BRTCBCBBIWI JIBHHS1 C180 J = 2 - 1 c 
T21 = 0.77 K. Ilpo<l>wn. JIIIHHB BMee-r Y31Cd acpa3pe-

lgN/ (CM-2) lgn(H2) (cM-3) 
t 

lg( t.V) M0 

0.73 15.36 15.39 3.30 30.5 

>14.99 >15.30 -
> 15.14 > 15.07 

0.22 14.66 14.99 3.10 5400 

>14.96 >lS.03 

> 14.48 > 14.71 

> 15.22 >15.29 

> 14.47 . > 14.70 

0.93 15.44 15.75 3.21 11.4 

>14.61 > 14.34 

>14.07 > 14.21 

0.15 14.67 14.74 3.53 2100 

0.03 14.18 14.25 3.74 866 

>14.99 >lS.30 

0.12 14.54 14.61 3.61 4300 

>14.76 >15.13 

0.32 15.13 15.27 3.77 93 

>15.18 > 15.11 

>14.69 >14.62 

0.36 15.01 14.94 3.52 2.8 

0.17 14.66 14.89 3.63 3000 

0.14 14.60 14.63 3.85 7800 

0.52 15.14 15.07 2.10 2.3 

> 14.44 > 14.47 

meRHldB BLI 6poc, OTcyrCTBylO~ e ro~ncax, CMe

~eHHoIX OT (0.0) ea 20", rAe T21 s 0.54 K. Maxcu
MaJI&HaJI TeMnepaTfPa B3JI}"ICHIHI S201 B TOlfiCe 

(0.0) AJIJI 04:HOBHOro nepeXOAa cy~eCTBCJDIO BIDICe H 

cocraBJIJ1eT T 10 = 0.17 K. Tame 3Ha'lfeHIHI T10 B T21 He 

YA3eTCJI corJiaCOBaTb B paMX.ax paCCMOTpCJDIOii MO

ACJIB. y 30CTb HaOJIIOA8CMOii JIBHBH J = 2 - } H ee pe3-

KaJI 38BBCBMOCTL OT DOJIO:llCCHBJI, B03MOJICHO, YK33LI

B8IOT Ha HeTCIIJIOBOB MCXaHll3M H3Jl}"ICBBJI. 0AB.aJCO 
AJIJI OKOH'laTeJILHOl'O peme11m1 3TOro BODpoca Beo6-
XOABMLI AOilOJIHBTeJILHbIC 1(aHJ11,Ie (CM. TaIOKe [21]). 

Cne,zyeT OTMCTHTb, 11To pememm ypaeuemm 

P3AB~0HH0ro nepeHoca B CJIY'faJIX T21 > T,o DpBBO
ART K TeMDep a-rypaM B036y~eHIUI OCHOBHOro n epe

XOAa Ta> T .. (T'll. - KBHeT'H'lecKaJI TCMnepa-rypa). 3To 
JIBJIJleTCJI CJICACTBBCM OTKJIOHemm OT JITP, T3K xax 

YCJJOBBJI TCpMaJIB38~ o6oux nepeXOAOB He 
BblilOJIWIIOTCS. 

ACTPOHOMH'IECKIUI XCYPHAJI TOM 72 Ht 2 1995 
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18 
N1(C 0) - 2 - I 

lg AV 'CM CKM 

15.8 

15.6 

15.4 

2.0 
15.2 

15.0 

14.8 

14.6 

14.4 

14.2 

14.0 L------.J.....,__ _ _...,...___........__.__ _ __.___....._____.__ __ _.._..__..__-J....__ ___ ___J~ 

2.0 2.5 3.0 3.5 4.0 4.5 lgn(H2) , CM-3 

P•c. 7. PeweHHe ypasHeHH~ pane~OHBOro nepeuoca AJ)~ OAHOPOAHOI'O H30TepMHqHoro MoneKyn,rpHoro o6naKa B 
LVG-MoneJIH. KHBCTK'{eCKaJI TeMTiepaTYpa panua 20 K. " Bepn1Ka.n1,m,1e" KpHBWe - H30JIHHHH T 10 (3Haqeau yu3aui.1 B K), 
"ropH30HTaJ1LH1>1e" -T21/ T10, 

B Ta6JI. 3 npHBOW[TCjl TaJOKe M3CCbl ~ep MOJie
K}'JljlpHblX 00Jl3K0B, paccquTaHHbie no DX cpeAHHM 
IIJIOTHOCTjlM B pa3MepaM (noCJ1eAB.He 83SITbl B3 
Ta6JI. 2). T011HOCTb onpeAeJieHIDI cpeAHHX llJIOTHOC
Teii, no-B~HMOM)', He xyxce 20%, Il03TOM}' OCHOBHaSI 
OIDH6Ka npH o~eHKe MacebI B03HHKaeT B3-3a He
OnpeAeJleHHOCTB B pa3Mepax ( 10 - 15% ). TaKHM o6-
pa30M, q,nyK-rya~oHHaSI oum6Ka B o~euxax Mace 
~ep ue npeeb1maeT 30 - 40%. 

CoonmweHHe pa3Mepoe H Mace MOJieK}'ruq>HbIX 
o6JiaKOB ~eCTBeHHO AJ!jl noHHMaHIUI RX COCTOSIHIDI 

H 3BOmo~. fpaq,u: puc. 9 npeACTaBJljleT 3aBBCH
MOCTb Mace ~ep M OT BX cpeAHero nonepeqJ1HK3 D. 
IlpB JiorapH<pMB'lecKB.X MacWTa6ax no o6eBM OCSIM 
3Ta 338BCHMOCTb COOTBeTCTByeT npSIMOB 

lg(:J = lg((s6:~ )cn(nc)I''.,..,} (4) 

HaftAeHHoA MeTOAOM HaHMCHbWBX CpeARHX KB3A-p3· 
TOB. IlpH o~eHKe roqHOCTH COOTHOWeHIDI (4) yq11-
TblBaJIIICb npHBo1{Hanmecg e&nne coo6paxeHWI o 
B03MO)KHhIX owu6Kax B BeJlll'IBB~ ~(Hi) HD. 
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5. OBCY)K,llEHHE PB3YJ1h TATOB 

· HlrrerpMLIWI HBTeHCBBHOCTb JIBHIIII CO J :: 1 - 0 
C1U1Tae'i'al AOCT3T0qJ{0 HaJ:(eXOIOA MepoA COAepxca
HIUI MOJtelC)'JI.RJ)HOI'O BOAOpoAa B Me>K3Be3AHOB cpe
,:te (CM., aanpDiep, HeAaBmdi othop [18]). YCTaHOB
JlCHO, 'ITO 4>aKTOp X c: n(H:i)//(CO), rAe /(CO) = 

J.;< Jt:(CO)dv, ueclW1lbKO eapb11pyeTCR B 3aBBCH

MOCTB OT 4>e3B11eCKHX yCJIOBHH B MOJICKYJIJIJ)JDIX 
oCSnaxax. K TOM}' )l{e eCTh B CHCTeM31'H'ICCKoe H3MC
selUle e:ro s,n;om, raJiaKTH11ecKoro pa):(uyca, yKa31,1-
t,aJOlt(ee Jta ~ecrsosam1e KpynHoMacWTa6uoro 
J1)8Al!eHTa JI DJIOTHOCTn, TeMnep,1Typax H XBMH'lCC

COM CC)Cl'a:Be p6muc.6B . 

.HccneAOB8HBC npocrpaHCTBCHHLIX Bapaa~ 
cl)aitropa X no3soru1eT noJI}"IBTb npe,n;CTaeJieHue o 
r.nooa,11,Rot-t pacnpeµ;eneeaa ranaxm'lec1mro ra:Ja s 
NOn:eJC)'JUJPHOA cj>opMe. Y CTaHOBJICHO, B '13crHOCTH, 
· 1i'to wo11eKyJt~Hb11l CJIOH npuMepuo e,n;eoe TOHt,me 
a,:oi«apiloto. To.rt.~a )l{C 1"8JI3.K1'H'leCKOro AHCKa B 

:iBe3}tHoA KOMnOHeBTe ua nop~oK npee1,1maeT ron
liUiJIY 1'83().JSOl'O CJlOR [18]. Orcro,[{a CJieµ;yeT, 'ITO ,n;mi 
MOJtexymqniLIX o6naKoB, acco~11py10~CS1 c 3oea
MB HU, aeJIJ»3H o:>KHAaTb TaKoro )Ke rno6am,uoro 
pacttpe,n;enemm, Ka.Ky ecex MOJietcyngpH1,1x o6naKOB 
B i\eJioM. To xce MO)ICHO CKa33Tb O q>B3B'leCKDX 

xapaitTep~cmK.ax o6nax.oe (nnoraoe'i'II, reMnepaT}'
pe, l!X COOTHOWeHBB C pa3MepaMB H T.n.). H3BCCTHO, 

s qaCTHOCTB, 'ITO DOBbIWelUle IlJIOfflOCTH o6naxa 
seneT 1t pocry aKTHBHOCTH 3Be3Aoo6puoaaHIDI. Ilo
nyJDD.l)IJI oonaxos, CBH3aee1,rx c 30HaMB Hll, ,-om1rna 

Jl1'eTI, Tame O'IJarH IlOBbIWeHHoA O,JIOTBOCTB. 

C }"ICTOM CK83aHHOro IlOIUITHbI OTJIH'IWI B csoil
crsu qep. MOJICK}'11.S1pHblX o6naKOB, yCTaHOBJICH
awe no Bil6JJIO,ll;CHWIM TOJibKO 30H Hll H ecero 
Mne1Dioro Il}"I'D. PaccMOTJ>HM npeQe ecero coOT
HOm.ellile AV(D) (mupuua JIBHHH- pa3Mep 0611axa). 
~30pbI B nmnm co J = 1 - 0 JJ;alOT AV oc D0 .5. 'ITO 

xaparrepeo AJIJI o6naxoe ea rpaHH rpaBBTaJ.UIOHHOB 
iJeC"ta6BJll,HOCTH, BCDbJTbI88IO~ IlOCfOj(HHOe 
ailonmee AaeneHBe [18]. B eaCToJl~eA pa6oTe no 
tiaCSmoAelUUIM JIHHBB C180 J = 1 - 0 ycTaHOBJieHa 38-
BHCilMOCTL AV oc D0·31 , 'ITO 6nD3KO 3axoey Ko11Mo
rop0Ba JlmI cy63BYKOBOB -ryp6yneHTHOCTH. 3aMe
'i'BM. 'lTO aeaJIB3 AaHHblX no ea6JIIOAeHIDIM B nHHBH 
co [.3] npBBOAHT (AJUI TOA )l{e nonyJIJI~ 06JI3.K0B) 
._ 4)opwyne AV= ( 1.5 ± 0.1 )D<0·29 ± o.oS), '!TO OTpcl)ICaeT 
.OTlte-teHH}'IO Bb1we KoppeJUJUHIO mepuu JIBIIBA CO 
B C180 H eesaaqHTCJibHoe BJIWIHHC 3q>q>eKTa H3CbI

il{eliliJI JJHHBH CO. 

OxoJIO 90% M3CChI Me~3BC31l;BOro ra3a Haxo~

. ca B (J>opMe mraBTcKDX Monexym1pm,1x o6naxos c 
J>83MepaMB ~20 nc u MaccaMB ;?!; I05M0 [18]. Pa3-
.Mel)LI Ha6JII01l;8BWHXC1I HaMB Jl,[{ep 3aKJI10qem,1 B 

·. npeAenax 0.3 - 5.5 nc, a Maccb1 aapbHpylOTCSI oT 2.3 
' ,qo 7 .8 X 103 M 0• EcTeCTBeHHO, 'ITO B T8KHX KOMil3KT
.. nix o6oeKTax MCHbme CKa3bIB8IOTCR 3q>q>eKTbl ne-

(a) 

• • • • • 3.5 • • 
• • 

3 • 

2.5 

2 • 

(6) 

Q 

J. ~ J. 

o.1. l. 
J. J. 

0 
0 0 

15.5 

15 

J. l. J. 0 0 
J. 0 14.5 

J. 0 

5 10 R,KOC 

Pac. 8. IlnOTHOCTH ,rnep MoneKyJu1pHhlX oonuoe (a) H 

conepX<aHHC B HHX C180 (6) B <l>)'HK~HH ranaKTOQCHTpH
'ICCICOfO paAH}'ca. 

M,M0 

t<r 

103 

102 

10 

1 
0 

0.5 1.0 2.0 3.0 5.0 D, nc 

Pac. 9. 3aBHCHMOCTL "Macca-pa3Mep" niur .llJlCP Moneicy
n11pH1.1x oonaKOB. BHpHam,HLIC M8CCh1 noMe'lCHLl npe
pblBHCTOA nJtHHeA. 

peKpbITIDI H B8Cb1W:CHWI nHHHH. 3TH 3<1><t>eKTbl npH

BOAWf K TOMY, 'ITO cpeAWHI Il.JIOTHOCTh o6JJaKa 

n(H2) oc v-1, a Macca Moc D2• KaK CJie,:t;yeT H3 pe3)'Jlb
T3T0B npeAbIJcym;erq pa3):lena, cpen~ mtOTHOCTL 
~ep MOJieKyrutpHblX o6JI3K0B He 33BHCBT OT BX pa3-

Mepa, a Moc D3 • 

3aBBCHMOCTB TeMneparypbI H3nyqef1W1 OT YA3-
neHHOCTH MoneKym1pHLIX o6JI3IC0B CBHAeTeJJbCTBy

lOT 06 HX q>parMCHTa~. Mo~HO DOK338TL, 'ITO 
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AJUI scei nonyJISl~H o6JtaXOB, CBS13a11Hb1X C 30H3MH 
HII [3], seJIBqJ!H3 dll.p ""' 4 xnc, qro COOTBeTCTByeT 
cpeAHeMY pa3Mepy 4>parMeHTa -2.8 nc. n,m BCCJieAO
BaBmeACSI HaMB rpynm,1 o6JiaK0B ( CM. pa3AeJJ: 2) pa3-
Mep 4>parMeHTa HeCKOJlbKO MeH1>me (2 • 2.5 nc), HO 
BCe paBHO 3H8'Ill'reJlbHO ~eBOCXOABT o~eHeHHLiit no 
aa6moii;eHHJIM B nmme C 80 J = 1 - 0 (0.6 nc). 3TO 
3Ha'leHHe 6JIH3KO MHHHM.aJibHOM)' pa3Mepy B3 Ha-
6JIIOAaBillHXCS1 SIAep. TaKBM o6pa30M, 4>parMeHTa~ 
J(OJDKHa 6b1Tb c~eCTBeHHblM cpaKTOpoM, oco6eHHO 
AJISI KpynHblX SIAep. 3aMeTHM, q,ro OQeHeHHaJI KHHe
~eCKaJI TeMileparypa OOJI3K0B (Ta6JI. 3) HMeeT TeH• 
AC~ K }'Mem,memuo C p<>CTOM D ' tlT() TaJOKe MO
)KeT 6b1Th cneJ(CTBHeM 4>parMeHT~H. · 

cI>parMeHT~ o6JiaKOB OnpeAeJUICT H CTa.J(HIO 
3BOJIIO~ o6mu,a-H3XOAHTCSI JIH OHO B BHpHaJibHOM 
paBHOBece:B. BJIB IlOAJ3ep:»eeHO C)K3THIO, Ha puc. 9 
npoBeJ(eHa npSIMaJI, COOTBeTCTBYIO~aJI BBpBaJibHl>IM 
MaccaM o6naxos AJ1.R T~ = 20 K; on:a nepeceKaeTC.R c 
npSlMOii (4) npu D - 1 nc. TaKBM o6pa3oM, o6naxa 
npH D < 1 nc HaxOJ(.RTOI s paBHOBeCHB, a npu D > 1 nc 
IlOJ(BepX<eHhI rpaBBT~HOHHOM)' CX<3TBIO, eCJIH He 
ytiBTLIBaTb cpparMeHT~. Ec11u X<e npeACTaBHTb 
o6muc.o B BBJ(e arperaTa B3 4>parMeHTOB C pa3_MepOM 
-0.5 nc H K03cpq>HQHeHTOM 3ailOJIHeHWI no 06-i.eMY 
0.5 (DOCJICJ(Hee npueeJ(eT x Heo6XOABMOCTH YABOe
HIDI IlJIOTHOCTH 4>parMeHTa), TO TaXHe 4>parMeHTbl 
OKaxcyTCSI ·B BBpBaJibHOM paBHOBeCHB, a BX I'paBBTa• 
l{HOHHOM)' B33BMOJ(eHCTBHIO MOryT nperurrCTBOB3Tb 
Te X<e CBJlbl, KOTOpbie npHBeJIH K cpparMeHT~. 
3Ta xapnma coOTBeTCTByeT cospeMeHHblM npeA
CTaBJlemmM o 3Be3A006pa3osaHBB - 3Be3J(bI o6pa3y

lOTCSI o6Ll'1HO rpynnaM11. 

CpeAHSI.R lUIOTHOCTb SlJ(ep Monercy.rurpHblX oona
xos no H30JIIOJ(eHHSIM C180 COCTaBJISieT -4 X 103 

CM-3, 

'ITO cym;eCTBeHHO HH}KC IlJIOTHOCTH, ycTaHOBJICHHOA 
no Ha61110p;eHID1M HCN u HCO• [ 19}. 3ro eCTeCTBeH
HO, TaK KaK AJISI B036y)KJ(ee:H.R noCJieJ(HHX Tpe6yeTC.R 
nJIOTHOCTb Ha -2 nopSl)l;Ka BbIWe eeo6XOJ(BM0B AJISI 
B036yX<AeHWI JIHHBH CO. Pa3Mep1>1 KOHAeHc~ii 
HCN u HCO+ 3aKJI10t.1eHbl B npeJ(enax 0.15 - 3 nc, no-
3TOM)' cym;eCTBCHHaJI qaCTb HX TaK}Ke ;D;OJDKHa npe
BOCXOAHTb no Macce BHpBMbHOe 3Ha'leHHe. 3aMe
TBM, 'ITC> e pe3yJ1LTaTbl Ha6J110J(eueii HCN yAaeTcSI 
nyqwe mrrepnpeTBposaTb s npeADOJio:>KeHHB cppar
MeHTa~1IH 00Jl3K0B [9]. }!Apa MOJieKyn.spHblX OOJia
KOB MOryT BMeTb B e~e 6onee BblCOKUe IIJIOTHOCTH, 
KaK CJieJ(yeT, HanpaMep, H3 Ha6JIIOAeHHH JIBHBii cs B 
HanpaBJieHHH H 20-Ma3epoe (lgn(H2)-4.7 -6.7 [20)). 

6. 3AKJII0l.JEHHE 

TaKHM o6pa30M, cpeAHSISI IlJIOTHOCTb SIAep MO
JieicyJISipHbIX o6JJaKOB 33KJIIO'leHa B npeAeJiax 
( 1 - 7) X 103 CM- 3 H He Il0K33b1B3CT TCH}l;eH).{HB K ca
CTeMaTIACCKOM)' H3MeHeHHIO Ha BHTepBaJie raJiaK
TO~eHTpHqecKHX paCCTOSIHHH 4 - 14 KilC. 3To eCTeCT
BeHHO, T3K KaK o6JiaKa, CB.R3aHHble C 30H3MH HII, 

npeACTaBJIJIIOT o&beKTbl, I'Ae 3Be3A006pa30BaHBe -
·ceepmHBWBHCJI <l>aKT H IlJIOTHOCTH SIAep AOJDIOlbl 
6bITb 6JIH3KB no eeJUl'IBHe. 

Macchi o611aK0B pacryr nponop~OHaJibHO D3, a 
BX 3uaqeHID1 npu pa3Mepe o6naxa D > 1 nc npesoc
xowrr paseoseCH1>1e. Bee 3To yKa31,maeT Ha rpasu
TaQBOffHYIO HeCTa6BJibHOCTb SIAep MOJJeicyruq>BbIX 
OOJl3K0B, OAB3KO 803MO}K]laSI cpparMeHT~ MO:Z:eT 
B3MCHIITb 3TOT BblBOJ(. Heo6XOABMbl H30JIIOAeHWI 
Bbl}l;eJieHHOB nonyJISIJ.UlH 00Jl3K0B K3X C 66JibimlM 
yrJJOBLIM pa3PemeHBS1M B JIBHIDIX C180, Tax B B JIB· 

HBSIX MOJieKyJI, Tpe6y10m;e:x AJI.R B036}'JICAeHIUI 66m,
WHX nnoraOCTeA. qTo xacaeTCS1 o6uapyxc::euuoro 
TpeHAa s B3JiyqeHHH HCN [1] , npeACTaBJISleTCSI oo
nee eepoSITHbIM o6oSlCHeHBe ero J(HJIIO~ee: B3JlytJe
HIDI BJIB B3MeHeHHeM o6e11ID1 HCN BAOJIL tanaKTB
'lecKoro pa,quyca (12, 13]. 

0ABH Bl 3BTOpoB (AI'K) C'IBTaeT CBOBM npwrr
HbIM ;o;oJiroM no611aroAapHTb ABpeKJUUO HP AO 3a 
HeB3MCHH}'IO IlOAAepxacy nporpaMMbl BCCJieAOBamlA 
MOJleKyJISipHbIX 06JI3K0B, Hatta'I)'IO e~e B 1975 r. 
Aerop1,1 npu3earen1>Hbt A.B. nammoey, s1,monHHB
meMY pac11eTbl L VG-MOAeJIB B JIBl:UIJIX C180. 
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Galactocentric-Distance Dependence of Molecular Cloud Core Density 
A. G. Kislyakov and B. E. Turner 

Results of observations of the C180 J = I - 0 and J = 2 - 1 lines toward 28 Hil regions are presented. The ob
servations were carried out on the 12-meter telescope of NRAO, USA. The J = 1 - 0 line was detected in 24 
objects, for 20 of them emission peak positions and angular sizes were detennined. 1lle data obtained are com
pared with observations of the same objects in the CO J = 1 - 0 line. We found considerable influence of dilu
tion, apparently due to clouds' fragmentation. In S201 we detected an anomalously intense C180 J = 2-1 line. 
For the rest 11 objects the equation of radiative transfer was solved, molecular cloud cores' masses and densi
ties were determined. Mean H2 concentration is 4 x 103 cm-3• Within the errors of observations, the H2 concen
tration can be considered as constant within the galactocentric distance interval of 4 - 14 lcpc. Core sizes are 
between 0.3 and 5.5 pc, and their masses - (2.3 - 7.8) x Ia3 M0 . Cores with sizes> 1 pc are probably subject 
to contraction. The dependence of the C180 J = 1 - O linewidth on the core size fits rather well the Kolmogorov 
subsonic turbulence law. 
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YP.K 524.5-il 

DOHCKH Jl3JIYIIEIIWI METAHOJIA HA 834 H 1617 Mn.: 
K-Y)lBOEQIIE J1111111H 

e 1995 r. B. ff. Cu.wm•, B. Ii-••, H. E. Dam.~•, C. B. Kueeacd• 

*Acmpo,cOCMU~c,cuu Uemnp <l>uauarec,coio UHCmUmyma UM. ll.H . .Re6~i}etJa 
•• 06cepBa11Wpua Apecu6o, Ily:,pmo-Pu1<0, CD/A 

Ilocrymuta a pc~U l UOO 05.08.93 r. 

np11BOA'l'fQI pe3y.ltbTaTbl DOBCICOB JIBHRJI MeT&HOJla B nepeXOA&X l1A--liA+ H 11;A•-1I2A-Ha 'i8C'l'OTU 

834 a 1617 Mrit. Ha6.nlO~HD DpOBOAJIJUICI> Ha 300-M TCJIC<XOne s Apear6o H Ha 43-M TCJICCKODC s fpHH 

&RX (CWA). B BCC11CA()8all1IWX IICl'O'IHHUX JlllllRH He OOHaPYJKeHW. 

· t. BBEJJ;EHHE 

Me-raHOJI lIIBJ)OK.O pacupocrpaue& B KOCMoce. 

MoneKyJia MeTaROJia upeAcraB.UeT co6o.l cnenca 
acHMMeTpll1UILIA BOJI'IOJC. HMewrar ABa :apa~a
TeJibHo-cBMMCTplA!lblX COCTOJD1U MeTaHOJta: ABE. 
3uepnm111ecme ypoa~ A-Ne'rallOJla c Hesy.nesoi 
DpOC~ei yt'JIOBOro MOMetrra Ha OCh. CBMMeTpBB 

~DJICRW Ha ABa UOAYJ)OB8'1 ( + B - } C5Jl8I'OJ(apJI 
K-y~. Ha6JUOACHJIJI IJCl)CXOAOB Meqy noA
ypc>BHJIMB J KA •-JKA- MOFJJB 6w D03B01UITI, BWIBB'1'h 

OTHOCIITeJIWIY10 aaceneHBOCTb ypoBHei A+ - B A--
COC1vJiiBBA B Ma:3ef)BLIX BCTO'Ulllrn MeTaBOJia B 

BhlJICHBTI> BJ1BJ111Be COCTOmDD1 CBMMeTpBB ea Hace
JICfPIOC'l'II YJ)OBHCA. 

Ilepex<>A}d MCXQO' IlOJO'PC)BBJIMB K-Ay6JJCTa 
anepswe ua6J110J(aJU1Cb B JICl'OqJIBKe Sgr B2 Ha 
'facTOTe· 834 MI\\ (j/f = 11 A-- I 1A +) BOJJJIOM RAP- [ 11 
H f 01TJ1B6oM a AP· [2): a Ba 11aC'l'O'fe 5005 ~ 
(JK =31A--31A·). Sgr B2 Po61D1COB0M B AP· [3}. 

HaMB 6hlJIB BW6paew 2 JIBHBII K-}'ABOCmn\: JIIIHM . 
c K = 1 ua qacrore 834 ~ ltOTOpU O'l'IIOCBTCa IC 

Ma3epaM I uacca corJtacHO pacqeT8M KpsIT a AP· [4] 
B MO:>IeT BMeTL 6onbmyl0 JIPltOCTHyJO TeMJICpaTYJ)y 
npa 6om,mol nyq:esol ItOHlle~ MeTa.llOJla 
(CM. HElte), n J1B11D JK = 112A•-11 2A- ea 'llaCTOTe 
1617 ~. IC<m>paJI MOICT 6brrJ> BBBepTBpOBaHa B 
Ma3epHW:X BCTO'IIDIIC.8X II uacca (CM. Rm1Ce). 

Ha 8'34 MFu: noaac DpOBOAJIJIC11 a BaDp8BJieBBB 
HCKOTopWX Ma3epHWX B TCIIJIOBWX BCl'01llllm0B MC· 

TaROJl'3 B fa.Jlarrmte, 3ee3,Q 003~ cnenpa.t11>BblX 

KJ13CCOB·, a TaEZe ~a BHeraJlalt'l'JAecDIX o6~K.
TOB. Ha 16.17 MrQ aa6JDOAaJDlCI, TOJlbJCO ranaJtTB
'ieeme o6naC1'11 3Be3Aoo6p830IWIBJI. 

2. HABJIIO,IlEHIDl 

Ha6JlloACH1U1 llJXlB(WDDla- ea 300-M ~orenec
Kone o6cepBaTOpBB ApeadSo1 (Ilyapro--P111co, CillA) 
a ua 43-M Tenecxone HcllOIOBa.nLHOA PfA!!Oacrpouo
Mll'ICCXot o6cepBaTOpBB I'pBB .6eHIC (CilJA). Ha 
qacrore 834.267 Ml'Q myMOBU TeMDepa-rypa cucre
MW p3A,Horeneacona a Apear6o COCTaBJWia 33 - 70 K, 
aa 'l&CTOTe 1616.927 M~ - 30 - 40 K. Ha 834 ~ 

. l K aBTeHBOit TCMDepa-rypw COOTBeTCTBOB8JI DOTO

xy 0.3 h, a Ba 1617 Min - 0.13 JIB. WupBBa ABa
l'paMli'O,I BaDpaBJICRHOCTII aHTeHBbl cocraBlUIJl8 6' H 
3' 11a 834 a 1617 Mfu. COOTBeTCTBeHBO. HCll<>JU,3()

BaJICI' uro1toppe~o11B1>1A cnerrpoaHa.nmnop c 
1024 DHaJlaMB c nonocoi 888JIB3a 5 Mf~. HaGl»
AeBD DpOBOAJIJIBCL B peXCBMe 'lacTOTHOi ..,.yu
~ - Ha 'laCTOTC 1617 Mn. lia6J110ACHD (51,IJ1a 'lac
Tll'IBO BCDOp'ICBW ~ODOMCXaMB OT cuynuma 
rJIOHACC. 43-w pa.qaOTeJtecx:on e HP AO ocea
~eH OXJl~aeMbIM 1'paB3BCTOpm.D1 yCIIJIBTCJ'leM, 
TH 'CIT() myNOBU TCMDepaTYJ)a CBCTCMW AOCTlll'8Jla 
19 - 25 K. l K BBTCRHOi: TCMDepaTypbl COOTBCTCT

BOIWI BOTOKJ 3.5 .sl&. Ha6Jl10,-e11BJ1 DpOBO~CL C 
aBTOICOpperurropoM, p8Cil(CilJICBHblM Ha A)le DOJIOCbl 

no 625 )Cf~ IC~~ OAHOBpeMeHBOl'O aatSJIIOAC
HBJI JU1BJ1B MeT&Hona B KORTpOJILHOI .nBHIDI OH. 

3. PE3YJib TA Thi 

B ·Ta6J1. I a 2 DpBBeACBld pe3YJJbTaTbl Ra6mo
AeBBA. Hu B OAHOM BCf0q]f8Ke Jlllilllll t 1A--11A + B 
112A•-ltiA- o611apyJKeBbl ee 6wJJB. B ro' :xe epewr 

1 O&iepuropu a Apecaoo - 11acn HaJt1101wuo11oro acrpoeo-
M11qec1toro QeHTl)8, ynpurureMoro Kopee.ni.cDN ymtaepaa
TeTOM no corname111110 C Hal.tBoHaJlWIWM HA)"IRWM cl»c>RlOM 
ClllA 

2 HP AO ynpaal!JlCTCfl ACCOQB8.1')tel )'JIDCparTCTOB no coru-
WClQIJO C ~anHWN Jta)"IHWM ~OM CDJA. • 
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Hi3aaHHe 
a1950 61950 Y,w,, fl..M/C 

BepXHHA npeAeJI · BpeMJ1 HaKonneHHH, 
BCTO'DIIIKa ROTOK&, MSIH ( 3G) MHH 

f aJiaxTHllleCKHe BCl'O"IHHICB 

HH7-11 03h25111.58 ! 0 31°05'45" 10 121 60 

LISSI IR 04 28 40.0 18 01 52 •.o 34 125 

3C 123 04 33 55.2 29 3415 • 4 43 150 

TMCl ,-04 38 38.0 25 35 45 0 39. 90 

S23S 05 37 31.7 354018 30 40 90 

NOC2024 05 39 14.0 -015559 10 68 60 

Hff 24.26 05 43 30.0 -0015 30 10 71 45 

NOC2071 05 44 30.0 002040 10 47 80 

S~2A 06 OS 36.5 20 39 34 0 54 so 
S2SS/1 06 09 58.l 180017 10 42 60 

S269 06 11 46.2 13 SO 31 10 48 50 

CRL691 06 31 59.0 0415 09 tO 109 10 

RLMi $)9 42 35.0 344418 -42 31 20 

R.Leo . 09 44 52.0 113948 -42 28 50 

IRC 10216 09 45 14.7 13 3039· { -26 18 10 

-70 37 25 

034.3 +0.2 18 50 46.1 01 1112 2 54 30 

W49N 19 07 49.7 090117 -38 116 20 

045.07 + 0. 13 19 11 00.2, 1045 45 4 37 30 

WSIM 19 21 26.1 142443 13 140 20 

S88 19 44 40.0 2505 00 30 96 OS 

ONl 20 08 09.8 3122 42 -33 43 15 

075.8 20 19 00.0 372200 -44 so 15 

ON2N 20 19 51.7 3717 01 -40 61 20 

S106 20 25 24.0 3712 36 -44 61 20 

BHeraJI&KTll'ICCICHe HCTO'DIHKH ', 

NGC520 0121 59.S 03 3152 2162 23 15 

NOC660 0140 21.5 13 23 41 856 11 40 

3'l,W 35 oi 41 48.0 16 5107 8100 30 10 

NOC 1068 0240 07.2 -0013 30 1135 7.5 30 

NOC3628 1117 41.5 ' 13 5140 847 11 130 

NOC4631· 1239 40.9 324903 828 21 15 

IC860 1312 49.0 24 5252 3866 12 45 

IC883 1318 19.1 3423 49 6894 ~ 17 17. 
· ZW 15107 15 10 45.6 072442 3900 10 85 

.JC45S3 15 32 46.2 234010 5373 10 90 

NOC240 1650 27.6 0228 58 7250 18.6 30 

'1ZW96 20 55 05.3 16 56 03 10900 19 15 

NGC7331 2234 46.1 34 00 08 819 16 20 

IC5283 23 00 44.6 08 3618 4812 14 35 

NOC7714 23 33 39.9 015235 2804 20 10 

NOC777l 23 48 52.l 19 49 57 4161 13 35 
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182 CJihIW HAP· 

+ - ' Ta6naqa 2. HcrottHHKH, Ha6JJIOAaBlIIHec,r B JJHHHB MeTaeona 112 - 112 (1617 Mflu B ApecH6o He HPAO 

Ha3BaHHe a19so 6.1950 VLSR• KM/C 
BepxHKii npe- BpeMX Haxon-

HC'fO'IHBJCa ACJI, wlH JielilDl,MHH 

ApecH6o 

S235 05h37m31 !8 35°40'18" -16.4 50 10 

S252 06 05 54.0 21 39 09 3.5 5 20 

S269 06 11 46.5 13 50 39 13.0 5 15 

NGC2264 06 38 24.9 09 32 28 7.2 10 5 

034.26+0.2 18 50 46.1 01 11 12 56.4 15 20 

035.2-1.74 18 59 13.8 01 0920 44.2 35 20 

W51 19 21 24.4 14 24 48 56.0 37 30 

HPAO 

W3(0H) 02 23 17.0 61 38 54 

Ori-KL 05 32 47.0 -05 2423 

SgrB2 17 44 10.6 -28 2205 

W33-Met 18 11 15.7 -17 56 52 

npu aa6moAeHID1X e HP AO eo ecex CJ1y11an: o~o
epeMeHHO Ha6mo.nanacb JIBHIDI OH, 'ITO CBHAe
renbCTByeT o npaBHJibHOCTH pa60Tb1 npeeMHHKa e 
npaBHJlbHOCTB HaBeAeHWI. B Ta6n. 1 npueeAeH CIIII
COK Ha6JIJOA8BIIIHXal HCTOtJHHKOB H eepXHBH npe-

10 

0 

-10 

-300 -200 -100 

-46.5 100 80 

8.6 420 80 

63.0 210 80 

32.6 100 80 

AeJI noroKa e mnum: · 834 Mr~. B Ta6n. 2 eepxmm 
npeAen noroica e nHHHB 1617 Mn~ wm renecKona e 
ApecH6o HaMHoro HIDICe, 11eM AM TenecKona e 
HP AO, 6JiaroJ:{ap.S1 6oJILwe:A 3q><l>eKmsnoii nno~a
nu. IlHHID1 He o6HapyxceHa HH e HCTO"'IHHKaX I KJiacca 

0 100 200 Vt.SR 

CneKTp HCTO'IHHKa S252 Ha qacrore 1617 Mrt.1,. 
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OOMCKH H3JIYl.fEH}UI METAHOJIA HA 834 H 1617 MI'u: K-YJU30EHHE JIHHlfH 183 

(no JCJJaCCB<l>BKaQBH MeHTeHa [5]), HB s BCT0qJ{BKax 

II JCJJacca. Ha pscyuxe Ami npHMepa npBBCACH 
cneK'I'p Il KJiaCC.a S252 Ba tJaCTOTe 1617 Mr~. s 
ICOTOpoM, KaK B ~o ecex OCTaJlbHhlX, HHTCHCBBHOCTb 
JUIHBH MeTaHOJia He npesblmaeT 3o. 

4. 06CY)l(J{EHHE 

B nBBBB 11 A--1 1 A+ aaMB ee o.ttHoro eoeoro nc
roqmnca Be o6Hap}')KeHO, HCCMOTp.sl Ha 3HaqirreJib
HO OOJibinylO qyBCTBHTCJibHOCTb no cpaBHCHBIO C Ha-
6JIIOACHBJIMB 6onJia e AP· [1] . .Uru1 ranaKTetJecKHX 
OO'beKTOB BepXHIIB npeAeJI fiOTOKa B 3TOil JIBHHB co
CTaB.JUICT 18 - 140 wlH (Ta6n. 1), B TO BpeM11 K3K 
Bonn B ~p. (1) Ami W3(0H) e: NGC 2024 A3IOT sepx
Hd. npeAeJI spx:oCTHoA TeMnepaTYJ)LI 0.16 - 0.20 K, 
crro COOTBCTCTByeT 560 - 700 M.SIH. 

TpyABOCTB 06HapyJ1CeHW1 HCTO'IHBKOB B JIBHBB 

11 A--1 ,· A+ BbI3BaHLI TeM, 'ITO npaKTIAecKB AM sce

ro Aft&na30Ba nJIOTHOCTB, xapaxTepuoro AJUI Mone
icynspm,ix OOJlaKOB ranaKTBKB, CBrHaJlbBbie ypos
HB 3TOro nepexo~a cna6o Hacenem,1 B3-3a PaABa
TBBHoA ACaKTBB~HH. Pac'leTl:,I CTaTHC'l'll'leCKOro 
paBBOBeCBJI MCTOAOM 6on1,woro rpaABClfl'a cxopo
C'l'B, npoBeAeHJD,IC no nporpaMMe, JIJ06e3HO npeAO
CTaBJleHHoA HaM C. YonMCJIH (S. Walmsley) n0Ka31,1-

Da10T, 'IT() npe KOHI.\CHTp3WfH ra3a 105 - 106 cM:""3 JIB
mm BMeeT HpKOCTlfYIO TeMnepaT}'Py - 0.2 K npe 

NOl,OH I av == 0.3 X 1015 
CM""2 (J.CM/c), rAe NOl. 30H -

nyqeBaJI ICOHI.\CHTpaWIJ{ MCT~HOJia. HCTOtJHHKB C 
MCHbIJICH SlpKOCTHOi reMJiepaT}'POA He MOrJIH 6LITb 
o6uapYJEee&1 npe HamHX aa6n10neHID1X. 

Y'BeJIH'ICHBC IlJIOTHOCTH BCACT K YBCJIH'ICHHJO 
HaceJICRBOCTH CHrHaJibHblX ypOBHCH, OAHaKO npB 
3TOM npoBCXOAUT yMeHbWCHBe CTeneHH HJlBepCHB, 

. H npB cl>HKCBpOBaHHOH nyqesoA KOBQCHTpa~ Me
T8BOJia HplCOCTL JIBRHH yMeHbWaeTCJI. IlpB DJIOT

HOCTB_ ra3a nopsmKa 109 CM""3 nepeXOA TepMaJIH3YCT
CJI CTOJIKHOBeHIDIMH. IlHHIDI C .slpKOCTHOH reMIIepa

'rypoA nopHAKa 0.2 K D03HBJCaeT npu N CH OH / ti V = 
. l 

• 0.3 x 1016 cM""2 (KM/c), T.e. Ha nopsmoK 6onbme 
COOTBeTCTByio~ei . BCJIH'iBHLI npH KOHu;eHTp~X 
105 - 106 K. 

OnpeAeJieHBe nyqeeoli KOHll;CHTpau;HH MCTaHOJia 
B 6oJILWOM 'IBCJie TCilJIOBblX ranaKTH'ICCICHX HCTO'I
HHKOB no AaBHblM B JIHHHH lo-OoA+ [6] IlOKa3aJIO, 
'ITO 3Ta BeJill'UIHa, K3K npaBHJIO, 33MCTRO MCHbWe 
0.3 X 1015 

Qr2• Oea MeHLWe 0.3 X 1015 CM""2 HBO scex 
Ha6JIIOA8BWHXCH HaMU Ha 834 Mfu; 001>CKTax. Kpo
Me TOI'O, yrJIOBble pa3Mep1,1 MHOI'HX H30JIJOAaBWBX
a( OO'l,CIC.TOB, BCpo.SITHO, MCHbWe 6'. Il03TOMf B3Jiy
'ICHBe Ha 834 Mru; OT npOT.sl)l(CHHblX ranaKTU'leCK.HX 
OO"J,CKTOB He MOI'JIO 61,1Tb 06Hapy)l(CHO npu AaBHblX 
Ha6JIJOACHBJIX, a Sgr B2 a Sgr A c HX 6onbwou npo
TE1CeHHOCT1,10 B BbICOKHMH 3HatteRHJIMB nyqeeoe: 
ICOHD;eHTJ)~B MeTaJ:fOJia OCT3IOTCH ea cerOAWllll-

H0B ACHL CAHHCTBeHHLIMH H3BeCTHb1MB UCTO'llHIIKa
MB B JIHBBB l1A--l 1A·. 

Ecnu npeADOJIO~Tb, 'ITO pa3MCpbI MCTaBOJib
HbIX Ma3epoe I KJiacca nop~Ka 2" (eepxmd npeAen 
Ha yrJIOBLie ABaMeTpbl MeTaHOJILHbIX Ma3epoe B 

DR 21 snmnm8o-71A • noAaBHbIMilnaM6eKaeMeH

Teea [7]), TO npu HpKOCTHOH TeMnepaT}'PC He MCHee 
6500 K OHH 6bI.JID 61,1 o6Hapy)l(eHbl npB HawHX Ha-
6JIJOACHIDIX. MOACJIBp0BaHBe IlOKa3aJJO, 'ITO TaJCcUI 
BCJIHtJBHa HpKOCTHOH TeMnepaTYJ)bl MOJICCT 6b1Tb 
AOCTHmyTa npu pa3JID'IHblX "pa3yMHbIX" 3H3'1CHIDIX 

nnoraoCTB B TeMnepaTypLI (T ~ 30 K, n S 106 cM""3) 

ecna NCH OH /AV~ 1018 - 3 x 1018 c~2 (KM/c). IlooTo-
1 • 

MY npeACT3BJUICTCJI D03M0lKHb1M npBH.slTL BeJ11AHH}' 
-3 X 1018 c~2 B Ka'ICCTBe OQeHKB eepXHero npeAena 
ny'leBOB KOH1.l;CH1'pal(HH MCT3HOJia B ea6JIIOAaBillHX
C11 Ma3epax. 

OTpuu;aTeJibHblC p e 3yJILT8TLI AJIR BHeranaKTH
'ICCXHX BCTOtJHHKOB MOryT 6bITb 061>RCHCHbl KaK 
ae.a;ocTaTO'IHO BbJCOKBM COAep}KaBDCM MCTaHOJia, 
TaK B npHcyTCTBHCM B 3THX 061>eKra.x IlOIDI B3Jiy
'ICHHH, KOTopoe IlOA3BJI.slCT BHBepCHJO Ha nepe
XOAax I KJiacca [ 4]. 

,Um, nepexoAa t12A•-1t2A- cyMMapHaH seport

HOCTb CilOHTa.HHoro H3Jiy«IeHWI C eepmero ypoBHH 

(4.7 X 10-3 c-1) HCCKOJibKO OOJILWe cyMMapuoA sepo
jlTHOCTB CilOHTaHHOI'O B3JIY'ICHIDI C HIDKHero ypoBHH 

(4.4 x 10-3 c-1). IloAo6KLIM cBOiiCTBoM o6naAaIOT see 
B3BeCTHLie nepexoA&I Ma3epoe Il KJiacca H Ha 3TOM 

OCHOBaBHH MO:>KHO o~aTb, 'ITO nepeXOA 11; - 112 
TOJKe $IBJIJICTCJI Ma3epHhIM nepeXOAOM KJiacca II. 
0,t{HaKO, no cpaeHeHBIO C CaMblM MO~bIM Ma3epoM 

II Knacca 51-60A •, ypoeHB nepexoAa 11 ;-11; JieJKaT 

ropa3AO BLime - HX 3Hepru COOTBeTCTBYCT TeMne

paT}'PC 191 K npom:e 49 K AIDI aepeXOAa 5a-61 A+. 
,Un,i Ma3epoe Knacca Il eau6onee sepmrnn,IM 
npeACT3BJIHeTCH paAB3TUBHbIH MCXa.HH3M HaK3q]{H 
cy6MHJIJIBMCTpOBLIM H3JIY'ICBHCM (4). Bo3M0)1(.H0, 
p~aTDBHaJI reMDepaTYJ)a B cy6MHJIJIEMCTpOBOM 
AB3Il330HC B aa6JIIOA38WDXCJI HaMD Ma3epHbIX BC

TOqJ{B.Kax II KJiacca I'0pa3AO HHXCe 191 K H BblCOKO 
pacnonoJKeHHbie yposHB, yqaCTByIO~e B QBKJiax 
HaKa'IKH, DOA .a;eiiCTBDeM B3JIY1ICHWI 33ce.mnoTCjl cna-
6o. B03MO)l(H0 TilIOKC, tJTO DJIOTHOCTH H/BJJ.B TCMne

paTYpa ra3a HCAOCTaTO\fHO BbICOKH AJISI roro, 'ITOObl 
DOA .a;eACTBHCM CTOJIKHOBeHHH C03AaBaJIOCb OTKJIOHe
HBe nacenemmcree s1,100Ko pacnonoxcemn,ix ypos

Heii OT aaceneHHocreA, onpeAeJIHeMbIX noneM J:13Jl)'-
1:1eHID1 (3TO ycnoeue Heo6xo.a;BMo AJUI D03MO:>KHOCTH 
B03.HHKHOBeHIDI mmepam). KpoMe roro, pa3JIIABe 
cyMMapHbIX eepoWI'HOCTeii CDOHTaHHOro H3JI}"ICHWI y 
nepeXOAa 11 ;-11 ; A He CTOJib BCJIHKO, KaK y nepe

X0,:{3 51-6oA•. H, BaKoHe~. cena JIBBBB 5r60 A+ Ha 

nop~oK 6on1,me CHJibt nmum 11 ;-11; A. Coeoicyn

HOCTL ecex 3THX cj>aKTopoe npHBOAHT K TOM)', 'ITO 
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H~HCBBHOCTb JIHBBB 11; ..... 11; A AOmKHa 6&ITh cy
~eCTBeHHO HIDKe HHTel:ICBBHOCTB JIHHHB 51-6oA+. 
IlpHBeAeHHbie 3AeCb pe3yJJLT3Tbl IlQATBepX<1l3IOT 
3TH o~eHKH. HanpeMep, B RCTO'IHDKe S252 DOTOK B 
JIHHHB 51-6oA + cocr3.B)UleT 457 SIB [8], a B JIBHHH 

11 ;-11; - MeHLme 5 M~H, T.e. ea 5 nopSAKOB MeH&

me. Taoe :xce cooTaomeHWI npecy~ R APYniM uc
ToqHHKaM H3 Ta6JI. 2. 

B ecroqauKe Ori-KL Ha6JIJOAanocb Tennoeoe B3-
ny'leeue e c 6onee e&ICOKHX ypoeeeli. 0J(HaKo 1tm1 
o6eapy>KeHWI TenJIOBOro B3JiyqeHIDI OT 3TOI'0 o6'b

eKTa aa 1617 Mru: Haw sepxHBii npeAeJI noroKa, ee
posrreo, cnHWKOM BblCOJ{. 

ABropLI Bbipa:xcaJOT 6naroAapB0CTb J:vK. CeiieJI
CT~Y H Poll)' Ma.QAaJieHe, a TaK:>Ke APYtllM co'i'pyA
HHKaM o6cepearopuu e Apecu6o u HPAO 3a no

MO~ B npoBeAeHHB ea6JIJOJ(eHHH H c. YoJIMCJIH 33 
B03MOXCHOCTb HCilOJib3083Tb nporpaMM}' WIJ1 pacqe

TOB CT3THCTH'leCKOro paBHOBecus. Pa6oTa 6&1Jla 
BblilOJtlfeffa ope 11aCTI11.JHOH q>HHaHCOBOH DOJ(;Qep)K-

Ke PocqdicKoro q>oima q>yimaMeHTaJihH&IX uccne
AOeaud (KOA npoeKTa 93-02-3634). 
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Search for Methanol Emission at 834 and 1617 MHz: 
K • Type Doubling Lines 

V. I. Slysh, W. A. Baan, I.E. Val'ts, and S. V. Kalenskii 

Results of a search for methanol lines in the 834- MHz 11A--l1A+ and 1617-MHz 112A•-11 2A-transitions are 
reported. The observations were conducted with the 30()..m Arecibo telescope and with the 43-m telescope at 
Green Bank (USA). No lines were detected toward the investigated sources. 
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MO,IJ;EJIL DYJILCAPA PSR 1822-09 

© 199S r. H. ci-. MaJJoB 

'1>u3uttecKuu uHcmumym' UM. ll.H. Jle6eoeea, Moc,cea, Poccwi 

IlocrynHna B pe.l{atc1.nuo 10.11.93 r. 

Ha OCliOBe 01.\CHOK yrna Me:>KA)' OC.blO Bpaw;eHIDI H MaI'HHTHOH OCLIO D0Ka33HO, 'ITO 3TH OCH 6JlH3KH Jq>yr K 

APYJ'Y, T.e. PSR 1822-09 MO)l(CT 6bITL ODHcaH MOJ:{em.10 poTaropa, 6JIH3KOro K COOCHOMy. MoJ:{eJlb HapaH

J1Ha--BHBeKaH8HJ:{a C Bbl'NIHYTLIM KOH}'COM H311Y'tCHWI fi03BOJUICT ODHC3Tb aa6JIIO):{aeM.bJe oco6eHHOCTH 

3TOT'O nyJ11,capa: HaJIH'IHe HHTepHMDYJibca, CJIO)KHOe DOBCACHHe npoq>HJICH rJiaBHOro HMnym,ca (MP) H HH

.'i'epHMIIYm.ca (JP), OTnH'IHe HX CilCK1-p0B. IlpH 3TOM IP 06pa3yeTCH BbIWC, 'ICM MP Ha Ka)l(Aoil H3 Ha6mo

,IUleMi>JX 'laCTOT. KoppemU,\IDI cpnyK'l)'~H HHTCHCHBHOCTH B MP H IP MO)KCT 6bITb o6'bJICHCHa CJ10)1(H0ll 
C'l'p)'XTypOH M3rHHTHOI'0 DOJIJI Ha nosepXHOCTH HCH1-pOHHOH 3DC3,l(bl, a pa3HblH xapaKTep MHKpocrpyK

TYJ)ld B KOMDOHCHTaX MP H pa3JIB~e BX cneK1-p0B - pa3J111'1HbiM pe11bect><>M B o6JiaCTH nomrpHOH waJIKH. 

1. BBE.D:EHHE 

Pe3Yil1>n1T&1 ea6monemm nyru.capa PSR 1822--0'J 
Ra illdOOlCBX 'IaCTOTax H RX conoCTaimeeue C AaBHbl
MJi B ~pyr.ax n.oana30Hax BbUIBHJJB QeJib~ p~ oco-
6eoocreit y 3TOro OO'bCKTa [1] D CAeJiaJJH ero OA
HIIM B3 ealioonee HHTepeCHbIX paAHOnyJibCapOB. 
,l(eAC'i'BBTeJ11>Ho, PSR 1822--09 BXOADT s nec.RTOK 
nym,capoB, o6n~al0~ BHTepBMDY11bCaMB. Oe 
BMeeT CJIO)l(lf}'JO CTJ)YK'I'YPY rmumoro BMIIym,ca 
(MP) B mrrepmmynLca (IP). Y KoMnotteHTOe MP OT
Jllrlaio'rcsi cneK-rpL1 u xapaKrep MHKpocrpyKTypbl. 
B 91'0M liyiu,cape ea6n10,na10TCS1 nepeKJIJO'tfeHIDI Mo~ 
• ,.peA4> cy6mmyn&coe. B eacro.R~eA pa6oTe ,nena
e'i'csl tiODLI',:ICa onecaTb 3TH B Apyme OC06eHHOCTH 
iilJiylfeinul PSR 1822--09. 

2. MO.D;EJih PSR 1822-09 

HaJDl'llle 1nrrepHMJIYJibCa 03Ha'l:aeT, 'JTO ocb KO
uyca li:1ttyqemm, OTo~ecrem1eMru1 c eexropoM Mar
iliiT&oto MOMeHTa, noqm nepneHneK}'rurpHa ocu 
ap~emm :deA'I'pOHHOA 3Be3Abl (MOAeJib oproro
ilMLBOro pararopa), JIH6o, aao6opoT, 3TB OCH 6JIB3-
D Jq)yr K Apyry (MOACJib COOCHOro poTaTOpa). Bnep
JWe !'la B03MO}IQIOCTI, TaKoii an&TepeaTHBLI o6pa~e
Jto BliBNaliHe a paoore [2]. Ilepeble np.f1Mb1e 
5ttmc.neiuui yrna ~ Me::>K.)'.{}' oci,JO KOH}'ca H3JIY'Ieemi 
R OQ.iO. spa~eHIDI Ha OCHOBe cpaBHeHIDJ HaOJUOAae
MWX II MOAeJILHLIX rrpoq>HJieH [3] noKa33JIB, · 'ITO 

Dyh~p&i C HHTepHMnyJILcaMU ACHCTBBTCJILHQ ne
·JblTC.11 Ba ABe npHMepHO paBHble no \JBCJieHHOCTH 
tp.ynni,I. Y OJJ;IIBX yroJI ~ > 80°, y APYrHX ~ S 10°. _nm1 

... ttyni.capa PSR 1822-09 3TOT yro11 no naue1,1M ea 11ac
· .. . TOTC 630 Mr~ OK83aJJCSI paBHLIM 7° [ 4]. HcnOJib30Ba

·.lille RHcl>opM~ Ha 'l:3CTOTe 1600 Mr~ npBBeJIO IC 
· .tpe)Uie:A BCJIB'tfBHe ~ = 10°.4. B paoore (5) AJIJI 3TOro 

nym,capa naeTa o~eHKa ~ = 86°. OAHaKo npu 3TOM 
6LIJIO CAeJiaHO npeAnOnO}KeHBe O TOM, 'ITO IP BMCeT 

· npoq>u.nb THDa S, no I01accuq>mca.QHH Pa.BKHH [6], a 
- MP - THna Tlfl. Kax yxce OTMe'tlanocL, MP H IP HMe· 

JOT cno.xrnyJO CTpYKTYPY, u, cneno!JaTeJI&Ho, YKa3aH· 
Hoe npeAUOJJO}KeHBe HeaepHO, TaK KaK TPY):(HO npB 
COBpeMeHHbIX B03MO}Kl{0CTU ysepeHHO Bbl.)'.{eJJBTL 
l.\eHTJ)aJJbHbie (core) KOMilOHeHTbI, a IlOTOM}' B oqeH
KB 13 TaIOKe -rpe6yJOT nepecMO'rpa. 

Mo}Kl{O TaIOKe onpenenHTL p, ecnonL3YSI lHa'tfe
HBe MaKCHMaJILHOH npOH3BO.)'.{HOB Il03Dl.\DOHHOro yr
na JJBBeHHoi DOIDipB3~DD 8 cpeAHeM npoq>HJJe [7]: 

C = jd\jl/ d<pmul = sin~/ sin(~·-~), (1) 

rne ~ - yron .Me}KJQ' JJY'tlOM 3peHIDl u oCLJO spam;e
HIDI. IlocKOJILKY ' - ~ < 8, me 8-pa,qayc KOffYC8 B3-
nyqell.Wl, TO 

sinp < Csin9. (2) · 

HcnOJib3yg ,namn,1e ea '1:aCTOre 630 MI'I:( C = 1.4 (8] 

u 39/2 = 9~3 p--0·36 [4], nonyqHM AJJ.R nym,capa 

PSR 1822--09 ~ < 9~6. 
TaKBM o6pa3oM, ace npuseneHHLie Bblme oQeHKU 

noKa3LIBaK1r, 'ITO nynhcap PSR 1822--09 npBH~ne
}KHT K rpyniie COOCHblX poTaTOpoB, H ero B3JI}"leHHe 
B MP u a IP q>opMBpyeTcg B npeAeJJax OWfOl'O nonJO
ca. E~e OAHBM apryMeHTOM B no.11L3Y BLI6opa aToii 
MO.)'.{eJIB CJJ}')KHT H30JIIOA8eMaJI KOppeJIJlqw! Me:>K.Qy 
q>JI)'K'cy~MH HHTeHCBBHOCTH B MP DIP [l]. 

H3MepeHIDI XOAa nooaqe:oHHoro yrna '\jl(<p) B IP 
AaJJB. Ob[ B03MO)l(HOCTL nposepKB OAHOilOJIJOCHOii 
MO}'.leJIB, IlOCKOJlbKY .fiOJIHLIR XOA \jl( <p) cy~eCTBeHBO 
P33JIINaeTCSI Ami OpTOl'OHaJibHOro B COOCHOro cnyqa
es (puc. 1). 113 scex Mo,neneu, npennaraBWHXal Ami 
o6'hSICHeHWl ~eC'l'BOB8HWI IP B OAHODOJIIOCHOM 
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'fl 
(a) 

V (6) 

80° ---- 800 /- - ---, 
I " 
I \ I \ 

40 
\ 

40 \ 
I 

0 
90 1800 <p 

0 
90 180° <p 

I 
-40 -40 I \ 

' I 
-80 -80 

(e) 
'fl (r) 

800 I', 
40 /---- ....... 40 I ' ' ......... I ' ' ' 0 90 1800 q, 

0 
90 180° <p \ I 

-40 -40 \ I \ ,, 
-80 

Pac. 1. XoJt no3~HoHeoro yrna npa punlAHOM pacnono:llCeBHH oceA: a - p = 86°, ~ • 83°. O - p • 86°, ~ = 89°, a - p a: 7°, 
~ = 10°, r-P-7°, ~=4°. 

CJiyqae, Mbl C'IHTcleM Ha.B6oJiee DOJ(XO~eA MOACJib 

Hapah:Ha u BimeKau~a [9], B KoropoA npeAnona
raeTa, lfl'O KOH}1C B3Jl}"{CHWI B.blnmyT BAOJII, Mepu

AJlaH8, u nyq 3peHBJI 1(BDC,tt.bl 38 nepuo,t nepecexaeT 
ero (puc. 2). Ilpu 3TOM' cnemreT oxc:B,t(an n01ta3au
BY10 Ha puc. 2 3BOJIIO~ MP u IP c ysenH'leHBeM 

'18CTOT.bl. npo<IJHJI.b JP B3 ABYXKOMJIOHCHTHOrO CTa

BOBBTCJI npocn,lM ea OOJiee BblCOICBX '18CTOTBX R BC

'IC3aCT nOCJie IlpeBhlWCHWI HCKOTOpoi npeAeJibHOA 
'1aCTOT.b1. Ha6n10,teHW1 AeACTBBTeJibHO cornacyJOTa 
C TalCIIMII 'laCTOTH.blMB B3MCBCHIDIMB npo<f>BJUI IP. 
B AaHHOi MOACJIB paccrojlJUfe MeQy QCHTJ>aMH MP 
B IP paBHO 180° HC38BBCIIMO OT 'laCTOTbI. 

B pa60Te [3] 61,mo DOKa3aHO, 'ITO MOACJlhHble u 
Ha6n10,taeMb1e npoq>BJIH cornacyl()TCjf JIBD1b npu 
~aIOmeM IC KprulM KOuyca B3JIY'ICHIDI JIO

peaq-4>arrope D3JI}"laJOIIUIX 3JICKTpOHOB. 3TO cpa

lY 03aaqaeT, 'ITO MP H IP o6pa3YJOTCJI e Manurro
ccj>epe Ba pa3Bb1X BhlCOTll (K.alC B JIBHOM BHAC DpeA
DOJiaraeTCJI a 'MOJJ;eJIB fBJia [ 10]). JleACTBHTCJlbHO, IP 
<1JopMBpyeTCJ1 Aam)me OT ~eHTpa JCouyca, 11eM MP, 

T.e. YMP > 'YIP· Ecna B3Jly11eHRe resepupyeTC)t e AB
non&HOM MaI'HIITHOM none Ha nna3MCHHOi 11aCTOTe 

V = ~ oc ~ oc r:._ln.y-112 
p y . p ' 

p p 

HJIH Ha qHKJIO'll)OBHOi 'laCTOTe 

eB - 3 -1 
V =-ocr y, 

c mcy 

(3) 

(4) 

TO B OOOBX CJI}"{a.JIX D3 YCJIOBIDI VMP = Vtp CJIC)zyeT, 
'ITO 

1/3 

Tap = rMP (y MP) > ' MP. (5) 
"(JP ·. 

(B <l><>PMYJiax (3) - (5) r - paAHyc, a OCTam,a1,1e o6o-
3Ha11eHW1 - 06~enpHW1n1e). HanpRMep, npu OTnB
'IBR 'YMP B YIP B 10 pa3 ypoeHB reHep~B rw H rMP OT
JIB'l310Tal B 2.15 pa3a. Ta )Ke DpH'llma 00'!,JICWICT 

6onee icpyroi CDCKTJ) IP no cpaBHCHHIO co CDCKTJ)OM 
MP [ 1 ], n ocKOJibKY 'ICM Bbtme y, reM nono}Ke 

ACI'POHOMHlfECKHH )l(YpHAJI TOM 72 M 2 1995 
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cnerrp. 3TOT BblBOJ:{ JlceH H3 Ka'lecTBeHHblX coo6pa
xcemd (npH M8nblX Y OCHOBHOe 03JI}"ICHBe q>OpMH
pyeTal B o6naC'l'H 3KCDOHe~anbHoro 3aBana (npu 
6on&IIIBX y 3anoJIWIIOTCJI 6onee BhICOXBe '18CTOTbl), 
B nO;QTBCp~aeTCH MOACnI,HJ,lMB pac'IeTaMH. 

EcnB npe;QUOJimKHTb, 'ITO OCHOBHblM MCXaHH3-,._ " 
MOM 3MHCCBH .RBJIJICTCH n3JIY'lCHBe KpBBB3Hbl , TO 

ero MOIJUIOCTI, 

q= 
2 4 2e cy 

3p2 
(6) 

IP 

/"'~" / II \\ \ 
I / I .n I\ l 
\ , , ... , 1 / 
\.I\ .µ iJ/ 

MP \'t- - -:; MP 

'~....;1 
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IP 

MP 
IP 

MP 

6blcrpo )'MCHLW8eTCJI C pocroM P8W!YC3 KpHBH3Hbl p. 
B MarHBTHOM none, HCKa}l{eHHOM epa~eHBeM, 
HHTCHCBBHOCfL nepBOl'O KOMnOBCHTa J:lBYXKOMilO
HeHTHoro npoq>emt yYeHLmaeTCJI H aapymaeTcsr 
CBMMCTpWI npoq>BJJJI OTIIOCHTeJILHO MBHHMYMa [2] 
(puc. 3). 3<jxl>eKT yMeHhWCHIDI KOMilOHCHTa Cl AOJI
XCCH OblTb JIJ)'IC Bb1p8JICCH Ha HH3KHX 'l8CTOTax, no
CICOJILX}' OBH q,opMBpyt<>'I'OI Ha 6om,umx BLICOTax, 

me non~ CIIJ'JbHee BCKcl?fCclCTCJI Bpaw;eHHCM. Ha6mo
A3TeJildlhle J:{a.HHJ,Ie Ka'tfeCTBeHHo IlOATBepQaIOT 
ODBcaHHblC MO;QenLHLie npeACTaBJieHWI [l) . .IJ;etcr
BBTeJILHO, OTBOIIICHIDI M8KCHM3nbHLIX HHTCHCHBHO• 
creA ~ XOMJIOHCHTOB C2 B Cl pac,yr C }'MCHbWCHH
eM qaCTOThl [l, 11, 12]: 

J\./l ___ _ 

v,t'rl( 
a 

0.1 
39.5 

0.63 

5.7 
1.4 

3.3 

4.8 
2.8 

10.6 

2.4 

KoMDOHCHT ct cna6ee, 'lCM C2, J:{cl)Ke Ha '13CTOTC 

10.55 ~. H, ecne 3TO Bb13BaHO 3q>q>eKTOM Bpa~e
HBJI, TO see B3JIY"leHHe PSR 1822-09 AOJI}KHO reee
papoBaTbCJI H8 .0'ICHL OOJiblliBX pacCTOJIHIDIX OT no
BCpXBOCTB. B 3TOH MOAeJie: paccroJ1HHe Me_xqzy MPH 
IP (S~eT OTJ'IJA8TLCR OT 180°, TaK KaK HX q>opMBpo

BaBBe npoucxonirr Ha p83HhIX BblCOTax, B 34><l>eKTLI 
Bp~eHWI B HHX pa3Jlll'laIOTCS1 (puc. 4). 

TenepL o6cy~. KaKHM o6pa30M MOacHO OO"LSIC· 
HBTh 11a6n10AaeMy10 xoppem11~1110 q>JIYKTY~ BH
TCHCBBBOCTB s Cl- e C2-KOMnoHeRTax MPH IP. Cy
~eCTByeT ~eJll,IA p~ apryMeHTOB B IlOJib3Y HaJIH'iIDI 

'My11&TBIIOJll,Hl,IX COCTaBJISIIOII(IIX MarHBTHoro IlOJIJI 

B0JIB3B·Il0sep:mocru HefrrpoHHOH 3BC3W,I [13 - 15}. 
Ha caMOH IlOBCpXHOCTB MOryT cy~eCTBoBaTL B33H

M0CBJl38Blllde CTpyKTypbl THna COJ1Heqe1,1x IDITeH 
(pnc. 5). IlepeMeHHoe B036~eHHe nom1p11oe: man

o DpBBO~ IC <j>JiytCTyHpylO~CMy H3JIY'iCHHI0 B 
X:OMIIORCBTax MP H IP. Ec.,m coxpaHJ1eTCj[ noJ1HaJ1 
3Hepnm, KOTOpaJI B3JiyqaeTCJI B q>ll3H'ICCICH CBS133H
HWX o6Jiacrn, COOTBeTCTBytoll(IIX XOMilOHCHTy Cl H 
IP, TO ycuJieHHe Cl ~omKHO npHBOAHTb K oCJia6ne
HHIO IP B eao6opoT. 

,. 

· y CTOkcumoe p83JJB'lHC B MHKpOcrpyKType AOJl}KHO 
6~ CBS33HO C Mexam111eCKHMH, a He C IIJl83MCHHblMH 

Pac. 2. MoAem. Haparurna-BHBeKaHaHJla [9]. 

/ 
Cl 

none, HCKa}KeHHoe 

BpaJJl;eHHCM 

AffOOJlbHOC none 

Pac. 3. CrpyKT)'pa MOJICJJl,HOro npo<f>Hml 8 AHnom,HOM 
none (a) H s none, HCJCa)l(CHHOM spal.QCHHCM (6). 
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Pac. 4. PaCCTO.IIHHll MC.llCJlY MHHHMfMaMH a op<>4'>HJ1J1X MP 
H JP JlJJII non11, HCKa>KCRHo,ro Bp8ll.{CRHCM. 

IP 

N 
110JI_gpnasi mamca 

KOMIIOHeHT BHC 

no.m1 3pe1UU1 

Pwc. 5. CrpyKTYP8 MarHHTHOro OOJUI B o6naCTH DOlHlp
HOA wamra. 

o6pa3oeauBJlMB; Hauoonee eepoSITHu, ea eam 
B3rJI~, npB'IBHa Taxoro pa'.3JJFUUI - p83Bbul pen1,
eq> noeepxeocm e o6nacru q>opMHJ)OBallBJI KOMIIO

HeHToe C 1 B C2 (puc. 6). 

,IJ;eikreBTeJibHO, KaK H3BeCTIIO .H3 3JICK1J)OCT8TB

KH, Ha IlH'UCax T8KOro pem,eq>a, HBJISIIO~erOCJI 31CBB

llOTC~HanbHOi noeepXHOCTbl0, 3JielC'rpll'leCKoe no
Jie & ~OJUICHO 6.LITI> 3Ha11BTeJibB0 CHJlbHee, 'ICM none 
J;i Ha oonee rn~Koi noeepmoCTB. Cn3a.HHbte c 
31'0:it CTpyKTYJ)Oi npo~eCCbl B036y)IQ:leHU, paCDP9-
C11)8WUICb Hapyxc:y, 1J)aHcq>opMupy10Ta1 B Ha61110~a
eM)'IO MHKpOCTpYJCTYPY· XapaxrepHblA Bpe.MCHH6B 
MacWTa6 MHKpoC1J)yrryp1,1 e 150 MK.c [ 1] COOTBeTCT
eyeT ~ml PSR 1822-09 yrnoBLJM pa3MeraM e <r.07 
npH AB8MCTpe xouyca B3JIY'ICHl!JI (r > 10 CM) 6onee 
6()0

• B 31'0:A MOAeJJH CfaHOBJITCJI IlOWITHblMB B p83-
JJB'IIDI e CDCIC'rpax ICOMIIOHCHTOB Cl R C2. IlocKOJlh

KY npe E11 ~ £ 0 nopeHQ-<j>aKTOpbl B3JlyqaJOIIU!X 3JJe
KTJ>OHOB AOJI::lKHl,J 6bITb BbJWe (y > 'Yo), TO KaK yxce 
YKa3DIB3110Cb pa.Hee, B 3TOM CJiyqae cneKTp 6yACT 
6onee OOJIOrHM. KpoMe TOl'O, CCJIH Ha6JIJO~aeMoe 

(a) 

(6) 

Eo 

(B) 

he. 6. Pem,ect> pa3JUA.HblX o6nacret (a), penJ.CCI, a o(S. 
naCTK o6pa30BaJiu x:oMDoHeHTa Cl (6) 11 <mBJtaeMwe 
cnerrpw KOMQOHeHTOB Cl_R C2 (a). 

B3JI}"ICHBe CU38.HO C B036y)IQ:lCHHCM nesnoopoB
CKHX K01te6amm: (B BX DOCJICJO'IO~ei Tpa.Hat,opwa
~el e uonepe'IBJDCe B011BW), TO COOTBCTCTBYJO~ 

BHKpeMCHT 

( 
n6 )

113 

ro, r1= - -n, 'Y 
(7) 

6~eT MCRbllle All Cl, 'ICM AM C2. 3'ro 03Ba'l&CT, 

'ITO aHepnm, B3J1)"laeML1e e JCOMIIOHeRTe Cl, oyTf.YT 
MCHhme (pBC. 6B). TalCU K8J)TBH8 ACiC'l'BBTenhBO 
COOTBeTcrByCT Ra6JIJOAaTe11hHl>IM WUDfLIM [l]. 'ITO 

KacaeTCR nepeICJIK>11CHWI MOA, TO OHO ue MOXCCT 
61,1Tb CB.R38HO c npeQeccaeii, xaJC 3TO nonaraeT 
r11e~eHIDIHI' [16], nOCKoJibK)' TaJCoe nepeuioqe
HBe npoacxo~ Be DJlaBHO H He perymipBO (1fl'O 
AOJIXCHO 6i,mo 6w Ha6JJ.10Aana e cnyqae npeQec
CHB), a CKa'IKOM B X&OTB'lecDI (no Kpaimet Mepe, JC 
HaCTO~eMY MOMCHTY RHIC81CIIX BpeMeRHWX 3&X.0BO
MepeocreA B 3TOM SIBJICBBB HC OOHapy:xceHO ). Ilo-

3TOM)' cne,-yeT DpCAllOJIO.>ICl!Tb, 'ITO nepeUIO'leHBe 

ACl'POHOMHlfECKlnl )KYJ>HAil TOM 72 H, 2 1995 



MO):lEJlh IlY JibCAPA PSR 1822--09 189 . 
14<>I ca,aso co CJl)"laiBLIM nepe1CJ11011eHHeM o6nac
Tel 4Jol>MBJ>OB8HBJI B3Jl)"leHBJI BJIB H3MCHeHBeM 
~elllPI B 3TBX o6nacru. 

3AKJIIOqEHHE 

J. ()Qom yrna J3 we»Qzy OCbJO ap~eHBJI B eeIC.TO
pow MU'IDITBor<> MOMeHTa <13 ~ 100), a TalOIC.e RaJIB
qae s;~ Me:ll'.10' «lmyrryaD,W1MB utrreHCBBH'o
e111 • rJIUBOM mmym,ce (MP) B mrrepnmym,ce (IP) 

"nOD3WB8JO'J'; 1ffl> B uyJI&cape PSR 1822-09 see Ha· 
6Jno1:{aewoe ·113JI)"ICHHe reHepupyeTa1 s npeAenax 
OABol DOMJ)BOA oooacre. 

2. Hamrmc IP B 3BOJitoqmo ero npo<l>am1 c qac
TOTOA MOllCBO o&b•cmrn,, ecnu DpeADOJIOXCHTL, 'ITO 

OC'leBBC xosyca QJI)"ICHIUI BLITJIHYTO B MCPHABO
RIJDJIOII BADpUJICHBB. Ilpa cna,QatomeA IC KpcUIM 
a:osyca 3BCpI'BB B3ll)"l8JODQIX 3JICK'l'pOHOB B3JIY'le
HBe IP ~OJDICII<> reHopaposanca ea 66JJLUIHX a1,1co
Tax, 11eM IDJl}"ICHBe MP, a c:nerrp IP AOJizea 61,1T1, 
.EP)"{e. 

3. 0rJIJl1Ule B paCCTOJIHIDI Me*',Qy·IP H MP OT 180° 
B NeRJ,UJI• ID.fl'CHCRBHOCTb nepBLLX ltOMOOlieHTOB B 
MP' a a· IP oC5o.srCIWl<>TOI CBJ13amu.1MB c spameHeeM 
·~ MarHBTHOro DOJUI B 00JI8CTB BX <j>op
YRpOMHII•, 

~. ~oppeJI~ <j>nytcry~ BBTCHCBBHOC
TB a Cl ·KOMDOHCHTe MP e a IP Moa:eT 61,1n ceJJ3aua 
C 88JUAllew Ha noaepXHOC'I'B DOJHIJ>HOii manJCB 
Clj)jttyp TBD& C0JIBC1UIWX WITCH. 

5. Or111111Be xapaxTepa MBxpocrpyrrypLI s xoM
noacHTU Ct a C2 a cnerrpa BX a~eRBJI OO'LJIC
HIDIO B npe,qllOJIO.JlCHBB O pa3HOM pe.ni.ecl>e noru1p
HOl 1DaJIDI B o611aern <i><>PMBJ>OB8HWI 3TBX XOMRO
HCBTOB. 

B 381CJIJOqeHBe 8B'l'Op BblpaJKaeT BCiq)CHHIOIO 
6naro1:{apHOCTL repMaHCKoii axa.QeMBB Hayx (Deu
tsche Forschungsgemeinschaft) 33 noMepxncy s npo
se~eHBH A8HHbIX BCCJJeAOsamrit, a TaJOKe npo<j>. 
P. BBJie6BHCKOMY, (R. Wilebinski), npo<j> . .SI. fHJiy 
(J. Gil), B.M. MaJ1o<j>eeBy a B.H . Illmnosy 33 none3-
HL1e AJ!CJtYCCBB H E.B. fa.naT 3a noMomi, npu nowa
TOBICe M8TCpB8Jl0B IC ne11am. 
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Model of the PSR 1822-09 
I. F. Malov 

Bsaimations of the angle between rotational and magnetic axes show them to be nearly coincided, that is 
PSk 1822--09 can be described by a model of an almost aligned rotator. The Narayan-Vivekanad model with 
clonJated emia.ion cone pennits to describe the observed peculiarities of this pulsar: presence of an interpulse, 
a eotnplex behaviour of the main pulse (MP) and interpulsc (IP) profiles and their spectral differcncies. The IP 
is formed at his}ler distances than the MP at each of the observational frequencies. A correlation of the MP and 
IP intencity fluctuatiom can be explained by a complex magnetic .field structure at the neutron star surface; dif
fwent chaQcter of rnicrostructure of the MP components and their spectral difference can be due to varying 
Jd.ief in the polar cap region. · 
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YP,K 524.387 

CTPYKTYPA AKKPEI(HOHHOro .Z.HCKA B JJ;BODHLIX CHCTEMAX 
C KOMDOHEHTAMII, HE 3ADOJIIDIIODnfMH DOJIOCTL POlllA 

© 1995 r. ,n. B. liucuUJio*, A. A. 6oap11yx*, 0. A. Ky3eeqon**, 
IO. n. Ilonoe••' B. M. 'le"'leTKHH** 

"""• 
* HHCmumym acmpoHOMuu, MocK6a, Poccwi 

** HHcmumym npwcMOHou MameMamw,u UM. M.B. KeAo&uua, Moc1<aa, Poccwi 

Ilocrymma B penaKI(BIO 06.04.94 r . 

IlpHBeACHbl pe3yn1>TaTbl AB}'MepHl,IX ra30AJJHaMH'ICCKHX paC'leTOB crpyKTypbl aKKpel\HOHHOl'O .l(HCKa B 

ABOJlHbJX CHCTCMaX C KOMilOHCHTaMH, HC 3anonIDIIOJ.4HMH DOJJOCTb Powa. flapaMCTPhl ABOHHOJf CHCI'CMbl 

DpHHHMaJrHCb 6nH3KHMH K xapaK'l'CpHCTB.KaM CHM6HOTH'ICCKHX 3BC3A. B pe3yJI.bTaTe 'IHcneHHOl'O MOACJI.B-
poBaHIUI ycra·uoaneao, 'ITO 8 pacCM3TJ)HBaCMblX ABOAHblX CHCTeMax BOKpyr KOMD3KTHOro 061.eKTa o6pa- . ·;y. 
3YeTCSI 3KKpC1UfOHHblH .l(HCK C pa3MCpaMH - 15 X 15.5R0. IloKa3aHo, 'ITO rHApoAHH3Mll'ICCKOe B03Mynte- .. 

HHe HapYJKHOl'O KpU AHCKa IlOTOKOM 3KKpe~yeMoro ra3a npHBOAHT K B03HHKHOBCHHJO B AHCKe CJIOXC- :.-.;:_:.~ __ :,,~.;. 
HOH C'I'pYKTYPhl CIIHpaJILHblX YAapHbIX BOJJH, BKJJIO'IalO~ei B ce6Jl KaK OTCTaJO~He, T3K H mtJ(BpYJOD.(BC :~p:2~=:=.:-.::::,:,i:;;::::=:=""~A Cl"p)'KTYPbl. paCCMa1'pRBaOTal BJIBll• 1~ 

1. BBE,[(EHHE YAapHLIX eoJIH B aKKpeUBOHHOM ADCJCe D ):(eTanhH(H 
paCCMO'I'pCTb SIBJICHIDI, 1lBIIII, YIIOWIHy'l'ble e [1]. .'.· \:' . B Hameii npeALIJlYII(eA pa60Te [ 1] npu uoMome: 

AB}'Mepaoro ra30AHHaMH'leCKOro MOµ;e1111pOBaHWI 
HCCJJCAOBaJJOCI, Te'leHHe BeII(eCTBa B JJ:BOHHhJX CBCTe

Max C KOMDOHeHTaMB, He 33Il0JIIDIIOD.\HMB IlOJIOCTI, 
Poma. IlpB 3TOM OCHOBBOe BHBMaHHe YAeJUIJIOCb 
paCCMO'rpeHHIO 0611\eB K3J)TBH1,I Te'leHIDI H o6pa3y
I0I.QeitcS1 KJ>YnHOMacmTa6Hoe: crpyrryp_1>1, cocroSI-
11\eli B3 yµ;apHLJX BOJJH B KOHTaKmbIX pa3pb1BOB. 
B TO .:>Ke epeWI pac11eTLI IlOK333JIB, ~ B Ha M3JlbIX 
M3CtnTa6ax B OOJiaCTH BOKpyr KOMnaKTBOro (aKKpe
QllpYIOll\ero) 061,eKTa re11eHHe eeI.QeCTBa xaparcre
pu3yeTcS1 CJIOX<BOii crpyK-rypoii. B 113CTHOCTH, 61,mo 
ycra.HOBJICHO, 'ITO aKKpCUWI Bell\ecTB8 Ha KOMilaKT
HhIA 061,eK.T H1(eT no cnupaJiu B, KpOMe Toro, B 06-
naC'I'B, pacnOJJOJKeHHOII B Henocpeµ;creeHHO.A 6JIB30-
CTB K aKXpeQBpyIOll\eii 3Be3µ;e, ua6JII0A8CTCX cpop
MHposaHBe KB33H1(BCK0B0B'. crpyXTY])LI. Y'IBTLIBrul, 

'ITO KapTBHa Te'leHIDI B 6JI1l3X0B K axKpeQupyIOI.Qeu 
3Be3µ;e o6naC'I'B .sm11sreTC.S1 qpe3e1,1qailHo B3)1CHOH xaK 
AJIR DOHBMaHIDI 3BOJII0~ ABOBHbIX cucreM, T3K H 

npu mrrepnpeTaIOJH H30JII0JJ:3TeJil,HbIX AaHHLIX (Ha
IlpBMep, npu aHaJIB3e KpHBLIX 6necxa), HaMH 61,mo 
npoeeAeeo AODOJIHBTeJILHOe eccneµ;oeaHHe nony-
11eHH1>1x crpyKTY]). 

,[(e~epHoe ra3o~aWAecxoe Moµ;enupoeaHHe 
Te'leuu Bell\ecrea s o6naCTH eoxpyr aKKpeIU1Pyro· 
I.QCA 3BC3AbI, npoBeACHBOe B uacro~eB pa6oTe, OT· 
11u11aeTCg OT [l] TeM, 11To B µ;aHHOM CJiy11ae ucnom,-
30BaJiac1, 'IHCJieHHU ceTKa C ~eCTBeHBO JIY'IDIBM 

_npocrpaHCTBCHHl,IM B epeMCHHblM pupemeHHeM. 
3'ro Il03BOJIHJIO BblSIBHTb crpyKTypy cnupaJJbBblX 

TeopIDI 3KKpeI(HOBHbIX JU!CKOB JIBIDICTCJI oAJIBM:,;' 
B3 HaDOOJJee AHHaMJfllHO pa3BHB3IO~QI pa31(eJl0B:' 
ac-q,o<pB3HKB. B IJOCJieAHHe rOALI 6hJJIB BhIIIOJlHeHW 
HCC1IeAOB3HIDI, npe:~HaJlbHl,IM o6pa30M MCIIJIIO
~e npeAcraeneHIDI o MexaHH3Max axiq,e~ se~e
crea. B 'laCTHOCTH, npH npoBeAeHBB 'IIBCJICIIHLIX 
AB}'MepHLIX ra30AJ:1Ha.MB11eCKHX paC'leTOB Cae~a B 
AP· (2 - 4] o6Hap}'}ICHJIH, 'ITO npOI(CCChl nepereKaBBJI 
Bell\eCTBa B ABOmlbIX 3Be3WlhIX 'CBCI'eMax MOl'}'T 
npDBOAHTb K o6pa30BaHHI0 3KKpe~ORJfOro ABCICa C . . 
KBa3ucra~oHapHoii cucreMoii CIIBpaJILBhIX yA3P- · 
HbIX BOJJH. AllaJIH3, npoBCAeHHJdil: B YJC838HRJJX. 

pa6oTax, IlOK33a.Jl, 'ITO HaJIH1Ule y]:lapHLIX BOJIH Jf'· 
]:lHCKe npHBOAHT K IlOTepe BeII(eCTBOM yrnoeoro MO- . 
MeHTa H, CJieAOBaTeJibHO, K yceneHHIO aupe~ Ba 
3Be3AY· <l>D3BKa TaKoro poAa aupeq&OHIUdX ~ -·· 
l(eccoe enepe1,1e 06~aJiac1, ,[(ouaepoM .[5] a ~ 
11y11u11a pa3BBTHe e pa6oTax (6 - 9). · · 

B npo~ecce AaJILHeimero a3y11emm MexaHll3Ma-:t 
nepepacnpeAeJieHWI yrnoeoro MOMcHTa B m,c1te' . 
61,mo YCT8H0B1IeHO, 'ITO 11BCJielll(Lie 3ICCDepBMe~:- . 
(2- 4] BMCIOT p~ orpaHH11eRJm, 331'p}'AHJIIOII(IIX -~r 
nonb3oeaHHe me pe3YJJLTaroe npu 8H8JIB3e TelfCRI 
eell(ecrea s ABOHHhIX CHcreMax [10]. Haeoonee cf{; 
11.\CCTBeHJD>IMB H3 3THX orpaHB'ICHBB SIBIDIIOTCJI C11,~ ~
A)'I01l\Be: a) pacqen,J npoBOABJJBCb Ha tcop~;: 
npoMexyTKax epeMeHH H, COOTBCTCTBCHHO, no.nyf,~' 
11eHHru1 xapnma Te11eHm1 He 61,ma yc-raaoeBBmel.at;.; 
6) Be yqBTI,IBaJIHCb paAH~OHHhie nOTepB Ha ~~~. 
HLIX BOJJHax. 

190 
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· Ilpon;ecc ycT8HOBJ1eH1U1 Te11eHIUI B AOCTIDKemm 
KB33HCTan;aoeapaoro cocroSIHH.fl oKa3b1BaeTCg 
np~anLHO Ba}K}lbIM npu o6cy~eHBB AOC'rO
eepHocm pelyJILTaTOB pacqeTOB. ,[.(.TUI AOCTIDKemm 
KB33BCTaI.UIOHapHOCTH eeo6xop;m.m, 'IT06LI MOAe-
11Bp0BaHBe np0BOAB110Cb Ha BpeMeHax, cpaBHHMLIX C 

speMeHHOH IIJKaJIOH td nepeMeID;eHIUI Be~eCTBa OT 
uapy')KHLIX KpaeB AffCKa K 3Be3,qe. B pa6oTax [2 -4] 
speMJ1 Mo,qe11upoBaHW1 61,mo Ha nop~oK MCHhllle. 
OrpaH1Re1JBC "ueycraHOBJieHIDI TC11CHIDI" OLIJIO 

CHJl'.l'O s pa6oTe Man;cyµ:a u·m,. [10], r,qe epeMJ1 Moµ:e-
11e:poBaHW1 61,mo cpaBHBMO C td, 'ITO D03BOJIBJIO no
JIY11BTh pexatM Te'leHIDI, 6nH3KBH K CT8D;HOH8pHOM}'. 
Op;uaKO, B 3TOii pa60TC npecyrcTByeT Apyroii npHH-

. QHIIBanLHLlii uep;ocraTOK, a RMCHHO: B pacqeTax He 
BCCJICA~BaJIOCL peaJII,Hoe nepeTeKaHBe Be~eCTBa B 

ABOHHOti CBCTeMe B npe,qnoJiaraJIOCb, 'lTO ABCK cy
ID;eCTByeT a priori, a yµ:apHLie BOJIHbl BLI3b1B8IOTQI 

rpaBBTan;BOHHbIM B03M}'ID;CHBeM Kpu ABCKa BTO
pLIM KOMilOHeHTOM CBCTeML[. }J;m1 peanB3an;BH AaH
HOro MCX8HB3M8 reaepa~ cnupanbHLlX y.n;apHLlX 

. . BOJIH, T.e. A~ 06ecneqeHW1 )'.lOC'r8TO'IHO 0011LlllHX 
rpaBBTa~OHHbIX 803M}'ID;eHBii KpM ,qe:cx:a, aBTOpLI 
pa6oTL1 [ 10] BKJIIOllaJIH B o6naCTb MOp;ene:pOBaHBg 
rJiaBHLiii J111HA6JI3AOBCKBii pe30H3BC, H, COOTBeTCT
BeHHO, paCCMaTJ)BBaJlB AHCKH C 011eu1, 60JILIIIBMB 
pa,quycaMH (Rd > 0.63A, me A - pace'romme Me~ 
ICOMDOHCHTaMH CDCTeMbI). B TO )KC speMJI, npoee
ACHBJ,Ie HaMB HCCJJeµ;oeaHIDJ [ 1] DOKa3aJIB, 11TO npH 
neperex:aHHU BCID;CCTBa B paCCM8TPBB3CMLix ABOH
HLIX CBCTeMax q><>pMBpyIOID;HHal aKKpCQBOBHblii 
AUCK RMCeT cy~ecrBeHHO MCHLinBe (,-(0.02 - 0.03) A) 
pa3Mep1,1. KpoMe Toro, B [ 1] ObIJIO ycraHOBJICHO, 'ITO 

Kaprima TC'lCHWI BCID;CCTBa D01IB3H 3KKpeIUIPYIO
~eii 3se3p;1,1 xapaKTepIDyeTcg CJIOXCHol'i crpyKTypOH 
(HaJIBllBe cnupaJIH H T.n.) B COOTBeTCTBeHHO Hane
pe<pepHB AHCKa AOJDKHl,I ~eCTBOB8Tb ''nmpoAB
H3MB11CCKHe" B03Mfm;eHIDI, 3HallBTeJILHO npeBLima
lOID;HC rpaBBT3D;BOHHhle. CJICAOB8TeJibHO, B crpyK
Typ8 AHCKa µ;om1raa OTJIHll3Tbal OT TOH, xoropag 
paCCMcrrpeHa B paOOTC [10]. 

B uacro~eii pa6oTe npBBOAJITCjl pe3yJILT8Thl 
ra30ABH3MHlleCICBX ABfMepm,IX pac'IeTOB Te'leHWI 
eem;eC'I'Ba B6JJH3H aKKpen;e:pyio~ee 3Be3.n;LI e HCCJJe
,qyeTcg B03HIIKIIIU B AHCKC KapT11Ha CIIBpaJILHLIX 
yµ:apm,ix BOJIH. ,I:(aHBbie paC'leTLI CBOOOAHLI OT ne
pe'IHCJieHHbIX BbIWe Hep;OCT8TK0B. B 113CTHOCTB, MO
ACJIHp0BaHHe npoBO~OCL H8 AOCT3TO'IH0 AJIHTeJIL

HOM ( cpasHHMOM C td) npoMC)KfTKe BpeMeHB, 11TO 
Il03B0Jl$ICT rosopHTb 00 ycTaHOBBBWeitcg K8PTHHe 
Te'ICHWI. KpoMe Toro, npoqecc q>OpMHpOBaHWI AJIC
xa Hero crpyK'I'YPa accnep;oeaJIBcL e paMKax Mop;enu 
nepeTeKaHBg eem;ecrea e ABOHHLIX cucreMax, CJiep;o
eareJILHo, B pacqeTax y11Tem,1 see crpyKTypht u eo3-
MYW:CHW1, 803BHKaIOID;He 8 fiOJIHOil K3p'I'BHC TC'le
HIDI. 3ro no3BOJ'UleT ea,qewri.cg, 11To ,qaeuag pa60Ta 
eJigeTC.sI CJICAfIOW:HM maroM B Il0HRM8HBH peaJib
HOA KapTHHbl Te'leHHJI B ABOHHLIX CHCTCMax. 

Hep;ocraTKoM p;auaoro pacqeTa em1eTcx OOID;Hli 
A.TUI ecex nop;o(5m,1x pa60T HeyqeT p,i,qa <pu3e:qecICBX 
<paxropos, xapaxrepB3YIO~ aKKpeu;uoHHhm ABCK 
(paJtBaQHOHHOe oxn~eHHe YAapHbIX BOJIB, Typ6y
JieHTHU Bg3KOCTb, MarHBTHoe none, IlLIJlb H T.n.). 
Xoni OHH ae DJISIIOTQI onpep;e.TUIIO~ A.TUI HCCJie
AOBaHIDI IlpB'IBH q>OpMBpOBaHWI H OCHOBHbIX Ka11e
CTBeHBbIX CBOitCTB CT()YK'I'YPLI crmpanbHbIX B011H B 
a.K.Kpe~OIDIOM AJICKe, 11TO DJ'UICTOI qeJILIO H8CTOJl
m;eii: pa6crn,1, IlOCJICAOBaTCJibHOe BKJIIO'leHHe BX B 

MOJJ;eJib Il03BOJIHJIO Obi B 6yAYID;eM npu6JJB3BTb pac
C11HTI,1BaeMble xaparrepHC'l'HKB TetJeHHJI eem;eCTBa K 
pearu,m,w 3B3'ICHIDIM. 

2. <l>H3HtJEC.KA.s{ MO,n;EJih . 
OCHOBHbIE IlPEJJ:IlOJIO)KEHH.sJ 

Kax u e npep;1,1,qy~eii aameii pa6ore [ 1] MhI pac
CMa'I1)u:eane p;BOill}'IO CHCTCM}' C napaMCTJ)aMH, 
xapaICTepHLIMB p;xg CBMOHOTB'ICCKBX 3Be3A [11, 12]. 
Macca nepBB'tHOro (HCTCKaIO~ero) KOMilOHCHTa 
npBHBManacb paBHOH 4IDl0, Macca BTOpH'IHOro KOM
IlOHeHTa (KOMDaKTHOro o(YI,eKTa) - lID'lo, Op6H
TaJILHblii nepuop; Pop6 = 725 p;aeii, paCCTOSIHHC MC:>K
AY u;eOTpaMH xoMnoaeHT A = 575R0 . 

. IlocKOJILKY D;CJiblO pa60TbI SIBnHeTCSI BCCJie.n;o
BaHBe npon;eccoB axKpe~HH B CBCTeMe C KOMilO
HeHTaMH, He 3aDOJIWIIOmHMB nonOCTL Poma, TO 
pap;uyc nepBH'IHOro ~OMllOHCHTa npHHBMaJICSI 
paBHblM 191R0, 3To COOTBCTCTBYCT o6'LCMH0B 
creneHB 3ano11HeHID1 nonOCTB Poma 29.6%. B Ka
'leCTBe rpaHH'IBLIX YCJIOBHH A.TUI eCTeKalOID;ero e:~ 
nepeu-quoro KOMDOHeHTa ra3a npHHHMaJIBCL CJieAy-
10mae 3Ha'leHIDI: 6e3pa3Mepeu 3Heprm1 E0 = - I 

(£0 = [u~/2+c~l('y-1) +<ll0 ] ![GID'l!A], rAe "o -
PaAHaJibfflUI CKOpocTL ra38 Ha noeepXHOCTB, Co - CKO

poCTL 3Byxa,_y- IlOKa3aTeJib a.n;uaoaTLI, <l) - nOTeH

~an Poma, ~ = IDl1 + llnz); 'lHCJIO Maxa M0 = 0.95; 
Uo = 36 KM/c. ,I:(aem,1e 3Ha'leHRR napaMeTPOB 3Be3AHO
ro BeTPa OTBe'laIOT eapuairry A pacqeroe pa60TLI [ 1 ]. 
fpaHB'IHhle ycJIOBIDI Ha KOMilaKTHOM OO'LCKTe no
CTOmmoro pa.n;uyca R2 = 0.8R0 3ap;asaJIHCb _CJieA}'IO
ID;HM o6pa30M: u = 0, a 3H3'ICHIDI A8BJICHIDI p B DJIOT
HOCTB p OnpeACJ'UIJIBCL H3 YCJIOBIDI paseuCTBa PaAH
anbHLIX DOTOKOB qepe3 rpaHHD;Y CHCTCMbl. 

Bee pac'leTbl BbIDOJIHSIJIRCb 6e3 yqeTa HCKaxce
Hml <l><>PMLI 3Be3A DOA ACiiCTBHeM npHJIHBHOro D3aH
MOACHCTBWl,1 T.e. B npep;nonoxceHBB ccpepH'IHOCTH 
OOOHX KOMilOHeHTOB. ,I:(aHHOe AODyID;CHHC engeTCSI 
B AOCT3T011HOH creneHB onpaBAaHHLIM Aaxce AJig 
nepBH'IHOro (HCTeKaIO~ero) KOMilOHeHTa, DOCKOJih
Ky OTKJIOHCHBe DOTeHI.Ufana Poma OT c<pepB'IeCKOro 
cnyqag He npeBbUIIaeT 1.5%. KpoMe roro, npeAno
naranocL, 'lTO co6cTeeeeoe spaID;eHHe 3Be3A cue
xpoHB3Bp0BaHO C op6BTaJibHbIM Bpa~eHHCM. Ilpn 
paCCMOTJ)CHHH a.KK_PeqBOHHOro ABCKa He npeAilOJia
ranu, 'lTO OH BMeeT KOHe'lffYIO H MMYIO TOJim;BHY B., 
COOTBCTCTBCHHO, MO:>KCT OblTb ODBCaH B paMKax ~y
MepuoA ra30p;HH3MBKB. Onpasp;aHHOCTb A8HHOro 
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AOnym;eHH.R DOATBep)K,qaeTCjl opHBeACHHblMH B ( 1] 
pelyJILTaTaMH pac11eTOB IlOA06HOA ABOitHoA CHcre
MLI, B KOTop1,1x 3H3'1CHIDl '<UICJia Maxa B OKpCCTBOC

TH aKKpeu;upyiow;e:A: 3Be3AbI AOCTBraJIB M - 3 - 4. 
IlpH pacCMOTpeHHB Te'leHH.R sew;eC'I'Ba B ABCKe Mbl 
opeHe6peraJIH TaJOKe 3<1><l>eKTI1MH H311}"1eHWI, ca
MorpasHTau;HH, MarHHTHOro 110.rul B DLIJJH. ra3 npu
HHMaJICSI UAeaJibHl>IM H B paC'leTax DpBcyTCTBOBaJia 
TOJILKO cxeMHast (qBCJICHBaR) BSl3JCOCTL, IloKa3a
TeJIL 3AHa6aTbl 'Y XBJIHJICJI napaMeTJ)OM 33A3,tfll B 

eapLHpOBaJia B npeAenax oT 1.1 AO 1.66. Pe3y.111,Til
Tb1 TpeXMepHoro ra30ABHaMH11eCKoro uccne}.loBa
HIDI npou;eccos <t>opMBpoBaBB)[ aKKpeu;HOHBOro )UIC
Ka E 13] D0Ka3aJJH, 'ITO AJICK KOppeKTHO OilHCLIBaeT

CJI B paMKax ABYMepHOH ra30.QHHaMBKR B cnyqae, 
Koma y ~ L2. ff3 npoeeAeHHLIX aaMH pacqeroa CJie
AYCT' 'ITO Ka'leCTBeHHaR KapTUHa TC'ICHIDI ra3a B 06-
JiaCTB OKOJIO KOMUaKTHOro OO"beKTa H B aK.Kpeu;HOB
HOM AHCKe He MCHJICTCJI npu H3MCHCHHH "( 8 AH3Da30· 
He OT 1.1 AO 1.6. B CBSllH C 3THM B HaCTo~eii CTaT&e 

npeACT3BJieHbl pe3Y11LT8Tbl TOJlbKO AJIJI OAHOro 3Ba
'leHHJI "(::::: 1.2. 

3. qwcnEHJJNI MOAEJih 

,Iln,i onucaHIDI Te11eHWJ ra3a ucnon1,30saJiac1, 
ABYMepau CHCTeMa ypasaeHHH 3aJiepa, 3anucaHBu 
B CHCTeMe KOOPAHH3T, Bpaw;a10w;eiicJ1 C yrnoeoii 
CKOpoCTLIO n op6 BOKpyr u;eHTpa Mace ABOmlOB CHC
TeMLI: 

ap 1 a (rpu) 1 d(pv) _ O 
ar + ,. a, + ,. a<i> - • 

d(pu) 1 a (rpu2 + rP) 1 o (p-uv) 
--+- ·+- = dt . r . or r d<p . 

P dt1> ,; 
= r - p a, + pr + 2n op6 vp. 

c)(pv) ld(rpuv) ld(pV+P) 
dt + -;. dr + r d<P = 

p 0'1> UV 
= --;.dip-P7-20op6up, 

o{pE) 1 o(rpuh) 1 o(pvh) 
at + ,. ar + r d<P = 

d<l> vd<I> 
=-pu--p--. 

dr r dq> 

3Aecb U, v - KOMilOHeHTbl CKOpOCTH no KOOPAIIHa

TaM r H q>; h = E + PI p + I u 1212- yAeJibHU nonHu aH
TaJiblIWI, rµ;e E - B&yTpeHIWI 3Heprm1; E = £ + I ul2 /2. 
ra3 npe:HHMaJICSI HJ];eaJJLHLlM c noKa3areneM aAea-
6aTLl y B ypaeHeHHeM COCTOSIHWI 

. P = (y- l)pe. 

IloTeHI(HaJJ Poma ct> npeACTaBJIJ1eT coooii rpaeHTa
u;HOHHbiii llOTeHu;BaJl AByx TOtiet{HblX Mace C yqeroM 
~eirrpooe}KHOH CBJlbl u MO}l(eT 6blTb 3aIIHcaH KaK. 

G1/Jl, GJI!li 1 
02 

· 2 

ct>(r)= 1r-r,J-lr-r_2l-2 op15(r-r), 

rµ;e f1, r2 - paAuyc-BeKTOpbI u;eUTpOB 3Be3A; re; -
PaAHYC-BeKrop ~eHTJ)a Mace cucreMLI., 

J:lnR pemeuID1 ce:creML1 ypasuemm ra30BOA AHH.a
·MHKB HCUOJib30BaJiac1, .RBHM cxeMa Poe C orpaH.Bqe
HWIMII DOTOKOB B <t>opMe Omepa [14, 15]. 3Ta cxewa 
RBmieTal KBa3BMOHOTOHBOH H HMeeT TpeTHB nop,i

AOK annpoKcHMa~ no npocrpaeCTBy u nepsbnl no
p~oK annpOKCHMau;HII no BpeMeHH. HcnOJl.b3yeMM 
cxeMa He -rpe6yeT BBeAeHWI HCKYCCTBeHHOB BJ13KOC
TB, nocKOJILKY o6JiaAaeT COOC'l'BeHHOi cxeMHOB Bj13-
KOCTbIO, 3a.BBCJlm;eii OT creneHH amqjoKCHM~. JI 

OT npOCTpaHCTBeHHOro mara pa3HOCTHOi ceTKB . . 

· Hcno111,3yeMaJ1 B paC'leTax npocrpaHC'I'BeHIWI 

ceTKa npeACTaBJIJleT co6oii KOJl~O BOKpyr KOMII81C.T· 
HOro KOMIIOHeHTa C BHellIHHM p3ABYCOM Rmax = 40R0 
H C BH}'TJ)CHHHM PaJJ:ll}'COM R2 - paJ:{ffYCOM BTOpuqeo
ro KOMDOHeRTa. CeTKa B HCDOJlb3YCMblX nom1pHMX 
KOOp)UIHaTax {r;, <ei; i ;= 1, ... , 150; j = 1, ... , 150} 
CTpOHTQI TaKBM OC>pa30M, 'ITOObl o6ecne'IBTb cry
~eHHe y3Jloe BOJIH3H BHYTJ)CHHeA rpaHHu;LI pacqeT
HOB o6naCTB. 

B Ka'lecree aaqan1,e1,1x yCJIOBHD, a TalOKe BHem

HBX rpaHB'IHblX YCJIOBHB ecnOJib30BaJIOCb CT~O

HapHoe pemeHHe, UOJIY'ICHHoe Ha . 6onee rpy6oA 
ceTKe s no11uoli oonaCTB re11eHID1. BffY'I'PeHHBe 
rpaull'IHbie ycnoBIDl (npa R2 = 0.8R0) 3~asanac& e 

i!JP c)p 
BHAe u = 0, y- = y- = 0, 'ITO COOTBeTCTByeT 

ur ·ur 
CJiyttaIO, KOrAa see sew;eCTBo, nonaemee ea 31')' 
3BC3A}',aKKpe~epyeTCJI. 

4. OBJ.nMI KAPTiiHA TEqEHHSI 
PaceMaTJ)H&aeMJ.1ii CJ1y11au Teqeuu seiu;eCTBa a 

A,BOiiHoii CHCTeMe C KOMilOHeRTaMH, He 3an01IJU1IO
~UMH DOJIOC"I'h Poma, aHaJIOrH'leH ODBCaHHOMY e [1] 
sapHaHT}' pac'IeTa A. 0Tne11ee AaHHOro pac'leTa OT 
npeAbIAYiu;Cro ( 1] COCTOBT B cyw;eCTBeHHOM y11yq
meHBH npocrpaucrseHBoro u epeMeuu6ro pa3peme
HWI B OOJiaCTH BOJIH3H ICOMnaKTHoro OO'heKTa. 3Ta 
H3MeBeHIDI B 1.IJICJICHHOH ceTKe Be npusene: 1( 3aMeT
HblM H3MCHCHWIM e KpyDH0MaC1DTa6HOB KapTHHe. 
Te'leHIDI. Il03TOMY He OCTaHaBJJHBUCb Ha OJIB.C8HBB 
xpynHoMacIIITa6aoA crpyic,yp1,1, no)lp06HLI.B aea~ 
JJH3 KOTOpoH C pace~OTpeHHeM OCHOBRbIX xapaKTe
pBCTBK Te'ICHWI B o6naCTR, y)laJJeHJioA OT KOM118KT
HOI'0 o6"beKTa, OblJI A8H B [l], paCCMOTpBM 6onee AC
TaJibHO Te'leHHe BOJIB3H aKKpe~yiow;eA 3Be3Abl, . 

Kax DOK33aHO e ( 1 J AJI.51 HCCJICA}'eMblX p;BOIUlblX CR

CTeM crpyicrypa Te'leHIDI onpeAeJIJICTal He TOJtblCO ne
peTCKa.HBeM MaceLI qepe3 OKpecrHOCI'b BuytpefJJ,lei 
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Pac. 1. JlHHKH paeuoA nnonioCTH u none cKopocreA e oxpecrHOCTH aKxpeuupyioLQeA 3Be3AbI. Unq>phl ua H30J1HHHJIX noI<a· 
3bl BalOT 6e3pa3MepHLIC 3Ha'ICHHJI nnOTHOCTH. ByKBaMM AH B OISOJHa'ICHLI xapaKTepHblC o co6eHHOCTH TC'ICRHJI (CM. OOllC· 
HCHRSI B TeKCTe). 

TOqJCH JlarpamKa L,' HO TaJOKe IlOTOKOM Belll;eCTBa, 

Bbl3BaHHbIM op6HTaJibHblM ABH)KeffileM aKKpel\Hpy
JOlll;ero KOMDOHeRTa B ra3e 3Be3AHOro BeTpa. CnO)K
HOe B3aHMOAeHCTBHe 3THX IlOTO~OB npBBOAHT K o6-

pa30BaHHIO KpynHOMaCWTa6HOH CTJ)YKTYJ>bl YAap
HbIX BOJIH H . TaHI'eH~HaJibHblX pa3pb1B0B, a TaJOKe 

npo51BJIS1eTC5I B TOM, 'ITO aKKpe~H51 eem,eCTBa Ha BTO

pH'iHblH KOMTIOHeHT HAeT no 3aKpy'iHB310lll;efi:cg 
crmpanH. 

11JIJIIOCTp3l\HeH HaH6onee HHTepecHoro C TO':IKH 

3peHH51 noCTaeneHHOB 3AeCb JaAa'iH cny'iaSI crm

panhHoro ABH)KeHHSI ra3a MO)KeT CJIY)KHTb pHC. 1, Ha 

KOTOpOM B306pa)KeHl:>l H30JIHHHB IlJIOTHOCTH H BeK

Topa CKOpoCTH B o6JiaCTH 50 x 50R0 a OKpeCTHOCTH 

aKKpen.11pyt0lll;ero o6oeKTa. AHamn pHc. 1 noKa3bI

aaeT, 'ITO crmpaJibHbIH xapaKTep ,neH)KeHHSI eelll;e

CTBa coxpaID1eTC51 BnJIOTb AO conpHKOCHOBeHWI ra3a 

C o6pa30BaB1llHMCH aKKpe~HOHHbIM WICKOM. DpH 

3TOM OT"!eTJIHBO BH)lHbI o6naCTB B33HMO)leHCTBHH 

HaTeKaJOlll;ero ra3a C AHCKOM, 0003H3"1eHHble Ha 

pHC. 1 6yKBaMH Au B. 06naCTH B03MYW.eHH(?rO re
'IeHIDI A H B COOTBeTCTB}'IOT MeCTaM conpHKOCHOBe

HHSI BH)'TpeHHero H BHeWHero Kpaes crmpan11 c ne
pHcpepHHHOH 'I3CTLIO AHCKa. 

Pa3Mepbr H <popMa 06pa3osasmerocS1 aKKpCqH

OHHoro AHCKa BHAHLI Ha pHC. 2, rAe IlOK33aHLI JIHHHH 
TOKa Belll;ectBa B OKpeCTHOCTH KOMil3KTHOro o6oeK

Ta. I-fa aH3JIH3a puc. 1 B 2 CJieAyeT, qTo AUCK npeA
CTaBJISleT co60H o6pa30BaHHe KB33H3JIJIHDTH'ieCKOH 

q>OpMbl C pa3MepaMH no OCH X OT -7 AO 8R0 H no 
ocH Y OT -6 AO 9.5R0 . (Pa3Mepbr A3Hbl e npaeoA ,ne

KapTosoe: CBCTeMe KOOpAHHaT, CBSl3aHHOA C ~eHT
poM aKKpeu:upyio~eH 3BC3AbI; OCb X JieXOIT Ha Jlll

HHH, coeAHWIIOW,eH ~eHTpbl 3Be3;t:{ CHCTeMbl H Ha- · 

npaBJieHa Ha nepBH'iHOrO KOMfiOHeHTa.) 

HHTepeceo OTMCTHTL, 'tfTO ra3 B axKpCI..\HOH

HOM AHCKe HBJUleTCSI 6011ee ropR'IHM H MeHee IlJIOT

HblM, 'IeM ra3 ua6erat0lll;ero noToKa. PaAHanLHoe 
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Pac. 2. JlnHHH TOKa BeIQeC'l'Ba B OKpeCfl{OCTif aKKpeQKpyioIQeH 3Be3A},I. l.(HqJpbl B Hattane JIHHHA TOKa 0003HattalOT paccro
llHHe (B R0} OT QeH'I'pa 3Be3,lJ,bl. Opu r $ 8R0 JIHHHH TOKa 3aMLIKalOTCII, 'I.TO COOTBCTCTByeT 1{BH:)l(CHHIO BCIQCCTBa B 3KKpeQH
OHHOM l{HCKe. 3aMKHyTaSI 1'paCKTOpH11 C r = 8Ro OTpa)l(aCT noJJO:)l(eHHe BHewuee rpaHHQbI l{HCKa. 

2 6 8 

PHc. 3. PaJJ.HanbHasi 3asucHMOcrb yrnosoii cKopoCTH 
spaIQeHHII semeCTsa s JI.HCKe. Ilpusel{eHbI 6e3pa3Mep
HL1e 3HatteHHH Q/00 p6 BAOJJI, nyqa, HanpaBJieHHoro Ha 
nepBHlfHLJii KOMTIOHeHT. 

pacnpeAeJieHHe yrJIOBOH CKOpOCTH epall(eHWI r33a B 

AHCKe (pHC. 3) xapaKTepH3yeTCSI HaJIH'iHeM H3JIOMa 
B6JIH3H 3Be3Ahl, qyo HBJISleTCSI THIDRHbIM AJUJ TaKoro 
poAa ofri.eKTOB (16]. 

06pa30BaBWHHCSI aKKperwoHHhlR AHCK xapaKTe
pH3yeTCSI TaK)Ke HaJIHtJHeM B HeM CHCTeMbl cmtpam.

HhlX YA3pHblX BOJIH. B llOCJie,QylO~IDC nyHKT3X 3TOro 

p33.QeJia CTaTbH Mbl paCCMOTJ)HM 6onee IlOAp06eo 

B03HHKaro~e B AHCKe CTPYK'fYpbI, a TaIOKe B03-
MO)KHLie MexaHH3Mbl BX reHepal.\BH. 

5. KA qECTBEHHhIH AHAJIH3 CTPYKTYPbl 
AKKPEUHOHHOro ,Il;HCKA. MEXAHH3Mbl 

rEHEPAUHH CTIHPAilhHhIX 
Y)lAPHhlX BOilH 

CnO)KHbIH HeJIIIHCHHbli x~paKrep HCXOAHOH Kap

THHLI Te'leHHJI He Il03BOJJJleT aHaJIHTH1ieCKH T011HO 

OilHCaTh B03MO)KHble CTPYKTypLI B 3KKpCI.\BOHHOM 
;D;HCKe. Oµ;HaKO, HCilOJib3YSI JIHHeiiHoe npH6JIIDKeHue 
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a ormpruilch Ha xopowo pa3pa6oTaHHhiii annapaT 
aHaJJH3a MaJILIX B03MYI.qeHBH (CM. , H3IlpHMep, [17)), 
Mbl MO)KeM Ha KattecTBeHHOM ypOBHe paCCMOTpeTb 
B03M0)KHL1e oco6eHHOCTH Te'leHIDI B ABCKe. CpaBHe
HHe aHaJIBTHqecKBX o~eHOK C xapaKTepBCTHKaMB 
nonyqeHHOH . B pacqeTax CTJ)YKTYPLI cnupam,HL1x 
y-AapHbIX BOJIH Il03BOJIHT cp;eJiaTb J:(OCTOBep~bie 
npeADOJIO)KeHWI O HaH6onee aep0.8THbIX MexaHH3-
Max reHepalUIH YAapHbIX BOJIH H, T3KHM o6pa30M, 
npo~HHyrbC.8 B IlOHHM3HBH cj>H3HKH 3KKpeIUtOHHO
ro J:(HCKa. 

Ilpesep;eHHoe e n. 4 onHcaHHe o61.qeii KapTHHLI 
reqeHWI CBB;QeTeJILCTByeT O TOM, 'lTO Hapy)KHLIH 
Kpaii J:(HCKa HCilblTLIBaeT CHJJbHbie rap;pOJ:(HHaMHqe
CKHe B03MfI.qeHHSI OT B3aHMOJ:(eHCTBIDI C Ha6era10-
~BM ra30M (06JJaCTB AH B Ha pHC. 1). QqeBHAHO, . 
'lTO H3JIH'IHe B03M}'~emtii Ha Kparo J:(BCKa MO)KeT 
Bbl3b1BaTb BeCb cneKTp KOJie6aHHH, pacnpOCTpaH.8-
IO~HXCSI B pa3Hble CTOpom.1 OT 3THX o6JiaCTeH. 8 TO 
}Ke epeM.8, H3 mmeiiHoro aHa11u3a H3BeCTHO [ 17), tITO 

e3_no1rnoro cneKTpa p;aJILHemnee pa3BHTHe nonyqa
JOT JIHWL co6CTBeHHLie KOne6aBID1, ~OBJJeTBopSIIO
~ue rpaHHtJHbIM yc110BBSIM 33)'.(3't1H, a ace OCTaJJhHbie 
KOJie6amISI Il0)];3BIDIIOTC.8. 3TO 03HatiaeT, 'lTO B Ha
meM cnyqae, KOrJ:(a cKopoCT& ra3a Ha noeepxHOCTB 
aKKpeq1-1py101.qee: 3Be3J:(bl 33J:(3CTCSI paBHOR ffYJIIO (BO 
Bp~a101.qeikS1 CHCTeMe Koopp;HHaT), npeHMY~CCT
BeHHoe p33BHTHe Il0Jl}"l3IOT B0J1Hbl C yrJIOBOH CKOpo
CTblO epa~eHB.8, paeeo11 uyn10 (ro= 0, rp;e ro- co6CT
BeHHaJil tJaCTOTa B03M)'~eHmi) B c rpynnoeou: cxopo
CTLJO, HanpaBJICHHOH K KOMilaKTHOM)' ofh,eKTy [18]. 
O'leBHAHO T3K)KC, 'ITO B o6JI3CTSIX AHCKa, rµ;e 33HM}'
T3JibHrul CKOpoCTb ra3a npeehlmaeT JIOKaJibHYIO 
CKOpOCTb 3Byxa, CJie)'.lyeT O)KBJ:(3Tb TPaHC<pOpM31.\HB 
3THX BOJIH B y;a;apm,1e. Cne)'.lyeT OTMeTHTb, 'ITO pac
CMOTPeHUe DpOBOJ:(HTCSI B CHCTeMe Koopp;HHaT, CBH-
33HH0B c aKKpe~apy101.qee: 3Be3):(0H. 3Ta ce:CTeMa 
KOOp)'.lHH3T B HaweM cJiyqae SIBIDICTCSI Dp3KTB'C1eCKB 
HHCpI{HaJJbHOU co c<j>epH'ICCKHM IlOTeHI{HaJIOM B CH
ny Toro, q,ro cHJia Kopuonuca H cyMMa qeHTpo6e}l(
HOH CHJILI H rpaBHT3I{HOHHOH CHJlbl, o6ycnOB}JeHHOB 
npBTSl}KCHHeM nepBH'IHOro KOMilOHCHTa, MHOro 
MCHbWe OCTaJibHblX CHJI. HIDKe 6YAYT IlpHBe)'.leHLI 
KOJIB\JeCTBCHHbie oqeHKH, HnJIIOCTJ)HPYIO~e cnpa
ee.n;nHBOCTb .n;aHHOro .n;onym;eHIDI. 

XapaKTepHOH oco6eHHOCTLIO paccMaTpBBaeMLIX 
BOJIH C (0 .= 0 SIBJISleTCSI RX OTplU{3TeJibHrul 3HeprHS1 
[19] . 3TO, B CBOIO oqepe):{b, 03Ha'IaeT. "tfTO HaJIH'IHe B 
CHCTeMe ,:{OCCHil3THBHbIX npoqeccoB 6y,n;eT pacKaqa
B3TL 3TH BOJIHbI, yBenH'IHBrul ux aMIIJIBTYAY· 

HcXOASJ B3 BblllleH3Jl0}KCHHOro, cne,n;yeT OXGI
J:(3Tb, tJTO B paCCM3TpHB3eMoi KapTUHe Te'ICHIDI B 
o6nacrsix, rp;e Kpae: .n;ecKa B03M}'m;aeTcH CTpyee: Ha
TeJCaJO~ero ra3a, B03MO)KH0 B03HHKHOBCHBe CT0.8-
'IHX y.n;apHbIX BOJfH c ro = 0 e rpynnoeoe: CKOpocTLIO, 
Hanpae,11eHHoi K ~eHTpy. Hau6onee Bepownn.1ii Me
xaHH3M BX reHepaqBH - AHCCHil3THBHa.8 Heycrouqu-

BOCTb, npupo,qa KOTOpOH )l;JISI cnyqag' MaJlbIX B03M}'
I.qeHHu: Ha nepecj>epHH 3KKpCI{HOHHOro .n;ucxa .n;e
TaJibHO paCCMOTpeHa e [18]. 

HHTepecHO OTMCTl{Tb, 'ITO B aKKpeI{HOHHOM AHC
Ke cym;eCTeyeT e~e o,qHa o6nacrb, B03M)'W:eHH.8 s 
KOTOpoA MOI)'T npHBOWfTb K o6pa30B3HBIO yJ:(ap
HbIX BOnH. 3Ta o6naCTb pacDOJIO)KeHa B6JID3H aK
Kpe~epy10~ee: 3Be3J:(bI B xapaKTepu3yeTCS1 eanlNB
eM B3JIOMa yrnoeo:e: cKopoCTB spa1.qeHID1 ra3a 
(puc. 3). l13eeciHo [20], 'ITO AJISI norpaHH'IHbIX 06-
Jiacrefl TC'lCHIISI C B3Jf0MOM yrnoeoe: CKOpOCTH HaJIH

'tffle MCX3HB3MOB AllCCHna~ DpHBOABT K pa3BIITHIO 
HeyCTOB'IHBOCTB KOJie6aHHB C 0Tp~3TeJILHOB 
3Hepmeii. 3TO 03HatiaeT, 'lTO B HCCJIC)zyCMOM aK.Kpe
qHOHHOM ABCKe 803MO}KH0 B03HHKHOBeHHe CTOSl'IHX 

y;a;apHLIX BOJIH c ro = 0 u rpynnoeo:e: cxopoCTLIO, ua
npaaneHeoi OT qeH'Ipa K nepucj>epuu .n;ecKa (BOJ1H1>I 
BTOporo mna). 0,n;HaKO, 3aMeTHM, 'lTO HHTCHCHB
HOCTb 3THX BOJIH MeH&We, 'ICM y BOJIH nepsoro THDa, 
pacnpOCTp3HSIIOIIOIXCSI OT Hapy}l(Horo KpM J:(BCKa K 
~eH'Ipy. 3ro o6ycJ10BJieHO TCM, "'ITO AJI.SI 3THX BOJIH 
co6CTBeBHLIB IlOTOK 3HeprHH B IlOTOK 3Depmu. 
Bhl3B3HHb1B AlfCCHil31.\BeA, HMeeT p33J1Bqff)'IO ea
npasJieHHOCTb. 

IlOMHMO o6cyQeHHSI B03M0}KH_LIX MexaHH3M0B 
reuepaIUtH Y1(3pH1,IX BOJIB, HHTepecHO TaIOKe pac
CMOTJ)CTL B JIHHeHHOM npB6JIB)KeHBH eorrpoc O <j>op
Me 3THX BOJIH B Alf'CX:e. l13BCCTHO (21), qro B BK6-
npHOJIWKeBBB peweHBe ypaBHCHIDI, OilBCblBaJOm;e
ro IlOBC,QCHHe B03MYW:eHHH 3HT3Jll,IIHH B ABCKe, 
MO)KHO nony'IHTb B BHJ:(e: 

h - k;•n exp [if krdrJ , (1) 

2 2 ,. 2 2 _-2 dn 
rµ;e k, = ( O> ~ K ) / C ; lC = 20 (20 + r dr) - KBa-

p;paT 3IlHI.\HKJJBqecKOH '13CT0Tbl; 00 = (i) - m0 ; 0) -

· co6CTeeeuru1 '13CTOTa B03My~eHHA, m - a3HM}1'faJ.U,
HOe 'IHCJIO, c - HeB03M}'~CHHa.8 CKOpoCTb 3ByKa B 
rue, 0 - yrnoBaJil cKopoCTL epa1.qeHW1 ee~eCTBa. 
3ro Bblp3)KCHHe cnpaBe)'.lJfHBO AJJSI 3BYK0Bb1X BeTBee: 
peweHIDI, OJ:(H3KO, H B paCCM3'IpHB3CMOM cny-qae 
oHo HMeeT auanoraqay10 cj>opMf [22]. 

I 

B0cnon1,3yeMcJ1 Bbip3)KeHHeM ( 1) e onpeJ:(eJIBM 
TaHreHC yrna 33KpYTKJil paCCM3TpHB3eMb[X Y1(3pRblX 
BOJIH, KOTOpblB B npBWITblX 3]:(ecb l.\HJIHJmpB'leCKHX 

1 dr 
KOOPAHHaTax MO}KeT 6bITb 38IlHC3H K3K - :i- [23]. 

racp . 
Qqee~ao, qro npu kr = const JIHHBJ1 nocroSIHHOA 

cj>a3bl, 0Tp3)K3I01.qa.8 cj>OpM}' BOJIHbI, ODBCblBaCTCJI 
ypaBHCHHCM k,r + mcp = const H, COOTBeTCTBeHHO, 

1 dr 1 m 
rdcp = -,.k; 
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BJIH C y-cteTOM TOro, tJTO ]lml paccMaTpBBaeMbIX BOJIH 
ro=O, 

! dr = +! me 
rdq, -r Jm2(l2-k2' 

(2) 

me 3Ha1C "+" COOTBeTCTByeT BOJJHaM c rpynnosoii 
c1ropocn.10, uanpaB.nemmi OT :Qeirrpa, a 3BaK "-" -

E ~eHTpy [21]. 

8 

4 

0 

-4 

-8 

-8 -4 

AH3J1113 BhlpOCeHWl (2) 'noKa3bIBaeT, 'lTO s pac-

dO 
CMaTpBBaeMOM CJiyqae ( dr < 0; puc. 3) YAapHble BOJI-

Hld, B03HBKaJOII(Be Ha nepucj:,epBB ABCKa, AOIDKHbl 

6blTb OTcraJO~ Crmpa.1.UIMH c OOJILWOA crenem,10 
"OTKpblTOCTB", T.e. CO 3HatJeHWIMJI yrJia 3aKpyrKH, 

6JID3KBMB JC Jt/2 Ha nepuq>epBB .QBCKa ( 3TO CJieA}'eT H3 

roro, 'lTO Q - 0 npB r - rdisk H, CJieAOB3TeJlbHO, 

4 8 

Pac. 4. Jl:JtaHH puaoro. ,-aanelllUI B ox:pecruoCTH aKXpenepy10n.-eA 3BC3AJ,I. l.{K<ppbl ea H30JlHHHJlX nox:a:n,maIOT t5e3pa.3Mep
H.ble 3H&'ICBHJ( AaBJICHIUI. PHMCKHMH UM(ppaMH o6o3Ha'tCHW cnepanl.HblC YAapua.re eonuw, 8038~ B 1'HCICC (CM. DOIIC
HCHHJI B·TelCCTe), 
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1 dr 
- - - oo). YnapHbie BOJIHbl, B03HHK310II(Be B 
rd<p . 

I.(eil'rpe, B6JIH3H aKKpe~pylO~eii 3Be3Abl RMelOT 

rpynnosy10 cKopocn,, HanpaeneHHyIO Hapyxcy, no-
3TOM}' 3TH BOJIHbl AOJl)KHbl 6bITb JJHABpYIOII(BMB 
C11Bpam1MB c nocreneHHLIM }'BeJIR"leuueM creneHH 
"OTKpbITOCTB" (npB Q - 0 yron 33Kp}"I'KH J{JJJI 

3TBX BOJIH TaIOKe CTpeMHTCSI K x/2). 

MO)KHO OJKHA3Tb, "ITO nonyqeHHbie B mme:AHOM 
aHaJIH3e KaqeCTBeHHble OI.(eHKD cpopMbI ~apHbIX 

B011H He B3MeHSITCSI ~eC'l"BeHHO npH yqeTe HCJIB
HemIOCTH paccMaT(>HBaeMOB CBC'l'eMbl. 3TO 03Haqa

eT, tJTO B ADCKe B03MO)KH0 cy~eCTBOBaHHe KaK OT

CTaIO~HX, TaK n JIHAHPYIO~ yAapHbIX eoJIH, npu
"leM HX yron JaKpyTKR ea nepuq>epBB J{HCJCa 6yJ{eT 
6nH30K K n/2. 

6. CIIHP AJibHbIE Y,f(APHbIE BOJIHbI 
B ,nHCKE. PE3YJU,TATbI PAC'IETOB 

Pac<:<mTaHHaR KapTDHa Te't{eHWI B arcxpeqHOH
HOM ABCKe xapaKTepB3YeTQI HaJIH11BeM pa3BBTOA 
CTJ)YKTYP.bI cIIHpaJJbHbIX YAapm.1x BOJIH. 

B o6JI8CTIIX B38DMOAeHCTBWI Ha6eraJO~ero ra3a 
c Hapy:>KHbIM KpaeM AHCJCa {oonaCTH AH B Ha puc. 1) 
3apo~alOTCSI OTCTaJOmu:e CDDpaJJbHble BOJIH.bl I R II 
{puc. 4) c H}'JieeoA yrJIOBOH CKOpoCTblO epa~eHWI u 
c rpynnoeoit CKOpoCTblO, eanpaBJJeHHoA K ~eHTpy. 
Ilo Mepe npu6n1DKeBW1 ~apHbIX BOJIH I u II K 
noeepXHOCTH 3Be3J{bl OHB Bbl3LIB3IOT B03M}'~CHWI 
Te'ICHWI B 6nu}IC3jtwe(I OKpeCTHOCTH 3Be3Abl. 3TO, B 
CBOIO oqepeJ{b, DpHBOAHT IC o6pa30B3HHIO o6naCTB, 
xapaKTepHlYIO~eHCSI H3J1B'IHCM Te'leHIDI, HanpaB
JieHHOl'O Haecrpeqy o6~eM}' J{BWKeHBIO aKKpe~H

OHHOI'O ~HCKa. KaK' B~HO B3 puc. 5, Ha KOTOpoM 

Pee. 5. Ilone cKopocreA e oKpeCTHOCTH aKKpeLtHPYJO~e-A 3BC3Ahl, 
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Pee. 6. flHHHH paOHOH yrnoBOK CKOpOCTH spaLQCHHII BCLQCCTBa B AHCKe. ll;mppbl Ha HJOJIHHHJIX nOKa3bIBaJOT 6e3pa3MepHblC 
3Ha'ICHIU:1 yrnoeoA CKOpOCTH 0/0op6· lIITpHXOBall mmHll COOTBCTCTByeT uyneBOMY 3H8'1CHHJO yrnoBOH CKOpOCTH. 

X!Ro 
-4 

Pac. 7. TpexMepHoe H306pa)l(CHHC pacnpeneneHHll OTHOWCHHll J(aBJICHHA B coce.1tHHX y3nax \fHcneHHOH CCTJUI, KJIJIJOC1'pHpy
JOLQee HHTCHCHBHOCTb cnnpam,HblX BOJIH. BHAHO, 'fTO OTCTaJOU(HC y.napHbJe BOJlHbl I H II HMeJOT 66JlblllYIO HHTeHCHBHOCTb, 
'ICM JIHAHpyJOU(aR y,napua,i BOJll!a Ill . 
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Pee. 8. mlHHH paBHoro ,1taBJtemo1 B OKpeCTHOCTH aKKpeuHpyiomeli 38eJAbl AJJSI MOMCHTa BpeMeHH, Kor)la CYU\CC'TeyeT BTOpa,i 

JIHAHPYt0lll3R yJ,\apHaSI B0J1H3 IV. ~q>pbl Ha H30J1HHHSIX n OK33b1B3IOT 6e3pa3MepHI,Ie 3H31ICHHJI AaBJICHHSI. PHMCKHMH UH<p

paMH 0603H3'1CHbl cnupam,Hble y,1tapHbJC BOJIHbl, 803HHK3IOU\HC D AHCKe (CM. noSICHeHHJl 8 TCKCTe). 

npe,D;cTae11eHo none cKopocreA ra3a B 6JIH)Ka~meu: 

OKpeCTHOCTH 3Be3,IJ;bl, 3Ta 0611aCTb He OXB8TbIBaeT 

BCCH noBepXHOCTH 3Be3,ll.bl H HMeeT orpaHHl:leHHbie 

pa3Mepbl. 06naCTb reqeHIDI C paBHOH HYJIIO CKOpo

CTblO Bpamearu1 ra3a (pHc. 6, a TaK)Ke puc. 5) j1BJIS1-

eTC:S1 30HOH KOpOTa~HH AJISI paccMaTpBBaeMblX YAap

HhlX BOJIH. OKpeCTHOCTh o6JiaCTH KopoTa[(HH SIBJISl

eTCH TaK)Ke ecTeCTBeHHblM MeCTOM OKOHttaHH.sl 

y,ll.apHbIX BOJIH l H II, T.K. 3,IJ;eCL CKOpOCTb ra3a CTaHO

BHTC$1 MeHblile JIOKaJibHOH CKOpOCTH 3ByKa. 

AHaJIH3 ,ll.aJU,Heuweil 3BOJ1IO[(HH KapTHHbl Tette

HH$1 o6Hapy)KHBaeT B03HBKHOBeHHe iIH,ll.Hpy1omeii 

yAapHoll BOJIHLI III (pHc. 4). 3Ta eontta c ro = 0 3a

po)K_qaeTCS1 B6J1H3H o6JJaCTH KopoTa~HH H HMeeT 

rpynnoay10 CKOpOCTb, HanpaBJieHHYIO OT ~eHTJ)a 

AHCKa K nepucpepHH. 

YJJ;apHru1 BOJIHa III, TaK )Ke KaK H BOJIHbI I H II, 
HMeeT yron 3aKpyTKH Ha nepmpepHH AlfCKa, 6JIH3-

KHH K 7t/2, OJ:(HaKO, B IIOJIHOM COOTBeTCTBHH C pe3yJih

TaTaMH KatteCTeeHHOrO aHaJIH3a, OHa SIBJijleTC.sl Me

Hee HHTeHCHBHOH. liHTeHCHBHOCTb cmq>aJibHbIX 

BOJIH I, Il, fff (CK3'-IOK AaBJieHIDI Ha cppoHTe) np()HJl

JllOCTpHpoBaHa Ha pHC. 7, r,ne npHBeAeHa TJ)eXMepHrul 
KapTHHa pacnpe,:teneHIUI OTHomeHH.sl ,nasneHHH B co

ce,:tHHX y3nax qucneHHOH ceTKH. 

Ta6na~a 1 

R/R0 lgradPl/p I grad ct>21 
I gradd cl> l, 2(Q0 po U], vn 10--4 10-3 

2 20.3 6.77 6.23 7.1 7.5 

6 0.24 0.77 · 6.29 3.9 0.8 
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Ta6J1e .. a 2 

R/Ro ltl>I l~<l>l C c2 

2 9.7 0.19 2.0 4.0 

6 3.4 0.19 1.7 2.9 

HHTepeCHO OTMeTUTb, 'IT() Aa)Ke B CTaQHOHapHOM 

pellCBMe B6JIH3H 0611aCTH KOpOTaqHH KB33BnepHOAD

'teCKB B03HHK3eT CJLa6asI .11HAHJ)Yl0Ir(U y.a;apHasI BOJI
Ha IV (pHC. 8), HMelOm;rut, nO-BlfAUMOMy, Ty )Ke npH
pOJJ:Y, 'ITO H BOJIHa III. 0AHOii H3 Ba)l(ffblX oco6eHHO
CTeit DOJiy'ICHHOit KapTHHbl Te'leHWI .sIBJlj[e'TCjl 

O;QHOBpeMeHHoe Ha.JIH'ille KaK OTCTalO~X, TaK It JIH

AHPYIO~ yAapH&IX sonH. CneAyeT OTMeTHTb, 'ITO 
aHaJIOrH'lHEUI KapmHa Ha6JUOAaJiaCb TaIOKe e MO

AeilbHblX pacqeTax, npeAcraBJ1eHH1>1x e pa6oTe [ l O], 
me cytr(eCTBOB3HHe JIHAHPYIOUJ.HX y.a;apilblX BOJIH 
6blJIO B03MO~O TOJibKO npu cnel(HaJibHO IlQA06-

paHHhlX rpaHH'lHblX yCJIOBWIX H Bbl3b1BaJI0Cb OTJ>3-
)KeHHeM OT BHYTJ>eHHeH rpaHRI.J;bJ OTCTaro~ yp;ap

HblX BOJIH, pacnpocr.paIDIJOI.IJ;HXOI OT nepmpepJJH 

AHCKa. B npeACT3BJieHHblX pac-ieTax CT3qHOHapHW1 
JIHAHPYIOI.IJ;M BOJIHa Ill H KB33H1IepDOARqecKB B03-
HHK3101.IJ;M JIHAHPYIOI.IJ;aJI BOJIHa IV SIBJUIIOTCSI CaMO

CTOSITeJlhHblMH o6'beKT3MH H MOryT 6blTh OO'b.slCHe
HbJ B paMKax MCXaHU3Ma AHCCe:naTHBHOU HeyCToH

'IHBOCTH. 

IlpHBe,lJ;eHHoe onHcaHHe pacC'IHTaHHOH crpyx
Typbl cnHpaJibHbIX YA3PHblX BOJIH B J:{HCKe noKa3bl
BaeT xopomee coena,a;eHHe c pe3yn1,TaTaMB Kaqecr

BeHHoro aH3JIU3a. 3TO, B CBOIO oqepeAh, Il03BOJISieT 

Ha,a;e.stTbCJI, "'ITO Bb1CK333H1U,Ie B n. 5 npeAilOJIO}KeHIDI 

0 MCXaHB3MC reHepa~e:8 yµ;apHblX BOJIH SIBJIHIOTCSI 

01Ip3BA8HHb1MH. 

TioJiytieHHbJe B paClleTax KOmP:IeCTBeHHhIC.3Ha'le

HIDI A.TISI CBJI, onpe,D;eJ.UIIO~ TC'leHHe ra3a B OKpecr

HOCTD aKKpe~y10m;ee 3Be3,D;bl, Il03BOJI.sIIOT o:a;e
HHTb BJIIDIHHC nepell'IHOl'O KOMilOHeHTa CHCTeMl,I Ha 

AHCK, e:, CJie,D;OBaTeJibHO, paCCMOTJ>CTb eonpoc 0 

rpaeHTa~OHHOM MexaHB3Me reeepa~ cnupan1,

HLIX y,u;apHblX BOJIH. B Ta6JI. 1 npHBC,D;CHbl 3HaqeHID1 

a6comoTHhlX eeJIH~BH ecex ,u;eii:CTBy10m;Hx Ha ra3 
y,u;em,HbIX cnn u ~eH-rpooe}l{Horo ycKopeHIDI, a B 
Ta6JI. 2 '- 3H3'leBW1 fiOJIHOl'O IlOTeHu;BaJia Poma Cl>, 
B03M)'~a10m;ero noTeH~ana 6<1> = <1>1 + ¢>, n rro
KaJibHOB CKOpOCTH 3ByKa. ;IJ;m1 YA06CTBa aH8JIB3a 

noTe~uan Poma npeACTasmlJIC.sl e eu,u;e <I> = ¢>1 + 
+ (1)2 + Cl>,, r,u;e CJiaraeMoe ¢>1 CBS13aeo c 1IpBT$0KeHD,. 

eM K nepBH'IHOMY KOMilOHeffTY, ¢>2 - K KOMll8K'l'HOMy 
o6'beKTY, a <I>, CWl3aHO c :a;eirrpo6eXCHoii cunou. Bee 
3Ha'leHWI npHBeAeHLl KaK AJISI BH)',PeHHei qam 
µ;ucKa (R = 2R0 ), TaK u ,u;m1 ero nepsq>epHH (R = 6Ro). 

· AHanu3 npei.craBJieHHhIX B Ta6JI. 1 µ;aHHLIX noKa-
31,1eaeT, 'lTO BO Been o6naCTB aKKpeu;HOHHOf'O .r(BCKa 

CHJlbl, CB.R3aHHhle C HaJIB'IHeM nepBH'IHOf'O KOMilO
HeHTa H C Bpam;eHBeM CHCTeMbl, MaJibl, H He OK33bl-

8310T cym;eCTBCHHOro BJIH}!HIDI Ha Te'leHHe sem;e

CTBa B6JIH3H KOMnaKTHoro o6'beKTa. KpoMe Toro, H3 

Ta6JI: 2 CJieAyeT, qTo B03M)'ID;eHBe noTeH:a;Hana 

Powa, Bbl3B3HHoe HaJIWIHeM nepBH11HOro KOMIIO

HeHTa, MHOfO MeHbllle KBaApaTa JIOKaJibHOH CKOpo
CTB 3eyxa, H, COOTBCTCTBeHHO, rpaBHT3.UHOHHoe 

BJIIUIHHe nepBH'IHOrO KOMDOHeHTa He MO)KeT npHBe

CTH K o6pa30BaHBl0 y,o;apHblX BOitH. 

,[(aHHblH BblBOA O He3HaqHTeJibHOM anWIHHH nep
BHqHoro KOMnoaeHTa ua Te'leHHe ee~ecrsa B ADCKe 

6bln IlO,ll;TBep~eH TaIOKe MO,ll;CJibHbIM pac11eTOM. 
B 3TOM eapnaure pacqeTa B o6naCTH R < 40R0 no11-

HOCT1>10 HCKJIJOqaJIHCb H3 paCCMO-rpemm cwia npH

TJDKeHIUI K nepBHqJJOMY KOMIIOHeHTY, rteHTJ>06e)K
HWI CHJia H cuna KopBOJIHca, B TO epeM.sl KaK rpaHlfll

HOe yCJioBHe ua R = 40R0 onpenemmoch H3 nonHoro 

pacqeTa, qi-o no3DOJJHJJO coxpaHHTb xapTHHY Te'le

HIDI H, COOTBCTCTBCHHO, l'BApoABHaMWJeCKHe B03MY

m;eHH.sl AHCKa. CTpyKTypa AHCKa, nony'leHHrut 8 nan
HOM sapnauTe; norrHocr1,10 coenana c eapnaHTOM 

no11Horo pac11eTa, 'ITO no3BOJJReT roeopHTL o cyry6o 
l'HAPOJl.HHaMBqeCKOM MexaHB3Me reaepa~HH CilH

panbHbIX YA3pHblX BOJIH B paccMaTpHB3eMOM aKKpe

~HOHHOM AHCKe. 

,O:m, H3yqeHHSI npou;eccoe aKKpeL\ffH Ha 3Be3,xzy, 

uapSIJl.Y C KOJIH'ICCTBOM H HHTeHCHBHOCTblO CDD

paJibHblX BOnH B Jl.HCKe, npH~HilHaJibHblM .RBIDleT
CH Bonpoc O cpopMe B03HHK3101.IJ;BX BOJIH, IlOCKOJlb

KY nepepacnpeAeJieuue yrnoeoro MOMeHTa e )'.{HCKe 
cym;ecrseHHblM o6pa30M 33BHCHT OT BX yma 3a

xpyrKH [17]. HaJIHqffe a paccqHTaHHOlf KapTHHe Te

'leHIDI OTKpbJTbIX ynapHbJX BOJIH ( C yrnaMH 33KpyrKH, 
6JJH3KHMH K n/2) AOJI~O 3H3'1HTeJibHO yBeJIH'IHTb 

,l{HCCBil~ yrnoeoro MOMeHTa B, CJie)'.{OBaTeJibHO, 

yeeJIB'IHTb CKOpOCTb 3KKpe~ [17]. HJJJJIOC'I'p8:C:B
eu AaHHOl'O o6CT0.51TeJibCTBa MO}KCT CJIY:XWTL ou;eH

Ka 3q>q>eKTHBHOCTB aKK.peu;HH B TepMHHaX MO,lJ;eJIH 
CX-,ll;HCKa. 

H3 TeOpHH CX-ABCKa CJie)'.lyeT, 'lTO · BpeMeHHa.sl 

lllKaJia aKKpeD;HB 

t axKp = cx~[~rr an· 
r,o;e M - 11HCJIO Ma¥a. B TO )Ke epeM.sl taup MO)KeT 

6bITh orrpe~eJieHo KaK epeMJ1, 3a KOTopoe Macca 33-

naceHHoro B AHCKe sem;ecrsa aKxpe:a;upyeTca ua 

3Be3AY, T.e. taxKp = ffR! fill. OKoH'laTeJl.bHO nonyqa

eM: 

ex = 
fi.RM2 
f!Jln. 

0:a;eHeHHoe UOA06HblM o6pa30M 3(1>q>eKTHBHoe 3Ha
'feHee CX B HanIHX pacqenx COCT3BBJIO BeJilf'IHHY 
-0.15. 

HHrepecao OTMeTIITL, 'ITO HeCMOTpJI Ha BblCO
KOe 3HaqeHBe K03(1>cpuu;e:eHTa CXt o6ll(WI CKOpoCTb 
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.. aJCKpe~B fl!l s pacqeTax 6hIJia HeBeJJHKa - 0.01 % OT 
cKopoCTH noTepu eemeCTBa c nepsuqHoro KOMno
HeHTa. 3To o6"bHCIUleTCjf TeM, 'ITO AIDI paCCMaTJ)BBa
eMbIX ABOiun.IX CHCTeM C KOMilOHeHTaMH, He 3anon
WliOinHMH nonoCTb Poma, cno:>KHbIB npoQecc o6Me
Ha td3CCOii npHBOAHT K TOM)', 'ITO oomee KOJIHtieCTBO 
semecrsa, nonaAaiomero B oKpeCTHOC'l'b KOMnaKT
Horo o6"beKTa (B AHCK), HCBCJJHKO. 

7. BbIBO,IU>I 

B npoBeAeHHbIX neyMepH1>IX I"330AHH3MH'ICCKBX 
pac'leTax uccne)'.lOBaJIOCb Te'leHee semeCTBa B ABO.ii
HbIX CHC'l'eMax C KOMilOHeHTaMB, He 33Il0JJIUII0InBMH 
DOJJOCTb Powa. IlapaMCTJ)bl ABOiHOH CHC'l'eMbl rrpH
'JlBMaJJHCb 6JJH3KBMH K xapaKTepBC'l'HKaM CHM6BO
TB'{eCKHX 3Be3A. OcHOBHOe BHHMaHHe npe aHaJIB3e 
Pe3YJJbTaTOe YACIDIJJOC.b paccMOTJ)CHHIO KapTBHbI 
Te'ICHBSI B o6naCTH B0JIH3B aKKpe~.epyiomeu 
3DC3Ab1. Pe3yJibT3Tbl 'IHCJICHHOro MOACJJHpOBaHIDI, a 
TaJOKe npoeeneHHbIH Ka'leCTBeHB.bIH aHaJIH3 Il03BO
JU1i<>T CAeJiaTb CJICA)'IOl.l\Ue BbIBOA.bI: 

l. B paccMa-rpHBaCMbIX ABOHHl>IX CDCTeMax 80-

Kpyr K0Mn3KTH0I'O 06-1:,eKTa 06pa3yeTC.s1 aKKpeIUI
OHHbJU ABCK. Ero q,opMa 6JIB3Ka K 3JJJIHnTH'leCKOH c 
JIBHeitHbIMH pa3MepaMe: 15 x 15.5 R0 . 

2. Cno>ICHoe B3aHMOACHC'l'BHC nOTOKOB eemeCTBa 
B CHCTeMe npHBOAJIT K TOM}' t 'ITO aKKpeu;epywmeu 
I"a3):(BIDKeTCSI K KOM.1!3KTHOM)' OO"beKTy no cn.epa11H. 
B3aHMOACHC'l'BHe Ha6era10mero ra3a C AHCKOM npe
BO.J:(HT K JIOjJ:BJJCHHIO OOJiaC'l'eH CHJibHbIX I"HApoAHHa
MH'ICCKHX B03M}'J.l\CHBH Hapyxrnoro Kprur AHCKa. 

3 . . B aKKpenHOHHOM ABCKe p~3BHB3eTCSI CJ10}1Q13jl 

crpyx:rypa CnHp8JIJ,HLIX ynapHbIX BOJIH, BKJJIO'l3IOJ.l\3" 

B ce6e KaK OTCI'3IO~e. TaK H JJB,llBpyw~e CIIHpaJIB. 

4. B oonacru B03MYinCHIDI HapyxCBoro Kprur ABC
Ka uaoeraiomuM noTOKOM ra3a o6pa3ylO'I'OI ABe cro
.Sl'IHe yAapH&Ie BOJIHbl OTpun;aTeJibHOB 3HeprBB, 
HMelOII\RC cpopM}' OTCTa10meA CilllpaJIH (BOJlHbl nep
BOI'O mna). MeX8Hll3M reHepa~H 3THX CTpyKTyp -
ABCCHDaTBBHclSI ueyCTOH'llUBOCTb. 

5. ,IJ,uccenaTHBHrul HeyCTOHtJHBOCTb 8 o6naCTB C 

B3JIOMOM yrnoeoii CKOpOCTB spall:(eHID1 ra3a B6JIH3H 

euyrpeHHero Kpasl AHCKa npHBOWIT K B03HHKHOBe
BHIO CTQj[qHX yAapHblX BOJIH (>1pn:n;aTCJlbHOit 3Hep
rBH, llMelO~ q>OpM}' JIHAHJ)YIOl.l\CH CIIBpaJIH (BOJI
Hbl i3TOporo mna). liHTeHCHBHOCTb 3THX y)];apHblX 
BOJIH 3H3'1BTeJlbHO MCHbme HHTeHCHBHOCTB BOJIH 
nepeoro Tana. 

6. HecMOTJ)jl Ha yCTaHOBHBDJHHCjl pe>KBM Te'le
HBSI ra3a B aKKpen;uoHHOM WJCKe, OTMe'laeTC.SI HaJIH
'IBe HeyCToit'IHBOCTB, npO.SIBIDUOII(eHC.sl, B 'lJ:aCTHOC

. . . TH, B KBa3HnepBO,:\H'ICCKOM o6pa30B3HHH OAHOH B3 
BOJIH BToporo THila (c nepBOAOM-~0 q). 

7. Cnupam,Hbie yAapHbie eonHbI . KaK nepeoro, 
TaK H BTOporo TBIIOB j[BJUIIOTCjJ: "OTKpbITbIMH" (T.e. 
RX yrm,I 33KpYTKH 611H3KH K 1t/2), qTQ npHBOART K 

cymeCTBeHHOM}' nepepacnpeAeJieHHIO yrJioeoro MO
MeHTa 8 aKKpeW)OHHOM AHCKe H K yeenlflleHDIO CKO

poCTB aKKpeD;BH. O~eHKB. 3q>cpeKTHBHOCTB aKKpe
~ (B repMHHax MOAeJIH <X-AHCKa) ll0K33bIB3IOT, 
'ITO AIIJI paccMaTJ)HBaeMOH CHCTCMbl a:+t> AOCTHraeT 
eemr<mHLt =0.15. 

8 3aKJIIO'leHHe OTMeTHM, 'ITO B npe)];CTaBJieHHO:R 

11BCJICHHOH MOACJJB, B OTIIH'lJ:He OT npe.>KHIIX pa60T, 
paCCM3'I'J)UBaJIOCb peaJibHOe ycTaHOBHBmeecg Te'lJ:e
HHe ra3a B ABOHHOH CHC'l'eMe, 6JIH3KOH no napaMeT
paM K CHM6BOT1NeCKHM 3Be3AaM. 3To ll0380JI.sleT 

H3Ae.S1TLCS1, qTo cnenaHHb1e e pa6oTe BbIBOAbI Kaqe
CTBeHHoro xapaKTepa o csoucreax aKxpen;uoHHoro 
AHCKa, 0 CTJ)yKrype cnupaIIbHbIX YAapHbIX BOJIH H 0 
MexaHH3Max HX reuepaIQIH 6JIB3KH K peaJibHl>IM. 

HaCTOHl.l\ag paooTa e1:,monHeHa npu IlOAAep)Kl{e 
PocCBHCKOro cpoHna cpyHA3MeHT311bHblX BCCJie1:(0Ba
HHH (KOA npoeKTa 93-02-2919). ABTOpbI TaIOKe 
BLipa.>KaJOT npH3HaTeJibHOCTb A .M. <I>pHAM3Hy B 
B.B. llilxOBif'IY 3a none3e1,1e o6cy}K]J;eHIDI. 
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Structure of the Accretion Disk in Binaries with Components 
that are not Filling their Roche Lobe 

D. V. Bisikalo, A. A. Boyarchuk, 0. A. Kuznetsov, Yu. P. Popov, and V. M. Chechetkin 

Results of two-dimensional gas dynamic computations of accretion disk structure in binaries with components 
not filling their Roche lobe are presented. The assumed binary parameters are similar to characteristics of sym
biotic stars. Computer simulations reveal in these binaries around the compact component an accretion disk 
with dimensions 15 x 15 R0 . It is shown that because of gas dynamic perturbation of the disk's outer layer by 
flow of incoming gas a complicated structure of spiral shock waves consisting of lagging and leading spirals is 
generated in the disk. Possible mechanisms generating this structure are discussed. Influence of spiral shock 
waves on efficiency of accretion is considered. · 
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0P6HTAJILHLIE KPHBLIE 6.JIECKA ,IUIOIIHOH CHCTEMLI A0620-00 
.,. B MO~EJIH ODTH'IECKOII 3BE3~1 C IDITHAMH 

© 1995 r. T. C. Xpylana, A. M. 'lepena~. 
A cmpoHOMU'lec,cuu uHCmumy~ UM. ll.K. DlmepH6epza, Moc,cea, Poccw,, 

IlocrynHna B peAaKl\HlO 04.04.94 r . 

IloKa3aHO, qTo MOAeJib OnTHqeCKOH K-3Be3Abl C IDITHaMH Ha noeepXHOCTH Il0380JUleT OO'bJICHHTb ,llOJJro

BpeMCHH)'lO nepeMCHHOCTb cj>opMbl OIITH'ICCKHX op6HTaJJhHbJX KpHBblX 6necKa TJ)aH3HeHTHblX peHTre

HOBCKHX ABOHHb)X CHCTeM B CnOKOHHOM COCTOHHKH. B paMKax 3TOH MOACJIH onpe,lleJieHbl napaMCTJ)bl CH
CTCMbl A0620-00. 

1. BBEJJ:EHHE 

0IITH'leCKBe H HH<ppaKpaCHbie HCCJieAOBaHIDI 
peHTreHOBCKHX HOBb[X B CilOKOHHOM COCTOSIHHH 

Il03BOmHOT onpeAe.IDIT.b Macc1,1 peJJ.RTHBHCTCKHX 

Ot5'1,eKTOB. IlOCKOJJbKJ B TaKHX CHCTeMax OIJTB'leC

KIDI KOMIIOHeHTa - MaJ.IOMaCCHBHIDI 3Be3Aa KJJacca 
==K, Macca KOTopoii MHOrO MeHbWe MaCChl peJI.RTU

BHCTCKOro o6"beKTa, HCKa}KeHIDI KpHBOB ny'leBblX 

CKOpOCTeu ODTH'leCKOH 3Be3Ab1, CB.R3aHHLle C ee rpy
meBimHOCTblO H nporpeBOM ee IIOBepXHOCTH )l(eCT

KHM H3nyqeHHeM a~Kpe~OBHOro ]:UICKa, He3HatIH

TeJJbHbI (cM., HanpuMep, [1]). Ilo3TOMY <l>YHKJ..{IDI 
Mace onTH'leCKOH 3Be31{LI, H3MepSICMIDI no ee 

a6cop6~HOHHbIM JJHHIDIM, oiipeACJUleTCJI HaAC}KHO. 

C ApyroH CTOpOHLI, aHaJIH3 nepeMeHHOCTH 6necKa 

onTH\{eCKOU KOMilOHeHT.bl, CB'1:3aHHOH C 3<pcl>eKTaMH 
3JIJIHIICOJlA8JlbHOCTH, "OTpa)l(eHIDI" H 33TMCHIDIMH, 

Il03BOJI8eT o~eHBTb HaXJIOHCHHe op6HTLI ABORBOii 

CHCTeMbl i. 3TO A3CT B03MO)l(B0CTb o~eHHTb MaCCbl 

KOMTIOHeHT. 011:HaKO, HHTepnpeTa~II.SI ODTBqecKHX u 
HHcf>paKpaCHblX KpHBbIX 6necKa peHTreBOBCKHX 
HOBblX B CllOKOHHOM COCTOJIHHH CTamamaeTCB C 

p8JJ:OM TPYAHOCTeH, rJJaBHaH H3 KOTOpbIX COCTOBT B 
A0JJr0BpeMeHHOM H3MCHeHHH aMilJIHTyALI B ct>opMbI 
op6HTaJibHOH KpHBOH 6necKa. 3To CBHAeTenbCTByeT 

0 TOM, 'iTO CT3HA8PTHaSI npoCTIUI MOAeJJb peHTI'e
HOBCKOii )'.(BOiiHo:A CHCTeMbl ( OflTH\{CCKIDI 3Be3)'.(a, pe

JJSITHBHCTCKHH 06"beKT, CTal.\HOHapHblii aKKpe~HOH
HblH ,t{HCK) B )'.(3HHOM cnyqae HenpRMeHBMa. 

B pa6oTax Xacsem1a H 11:p. [2] H MaK-KJIHHTOKa 

u PeMHJIJtap11:a [3] paCCMOTpeHhI TPH npBttBHbl BeKO
BOH nepeMeHHOCTH op6HTaJibHbIX KpHBbIX 6neCKa 

peHTreHOBCKHX HOBbJX: nepeMeHHOCTb DOJIO)l(eHIDI 

rop.R'Iero n.RTHa na aeeweeii rpa~e aK~pe~HOHHO

ro AHCKa, nepeMeHHbIH nporpeB OilTH'leCKOH 3Be3ALI 
)l(eCTKHM B3JIY'ICHHCM AHCKa, HaJIH'iHe TCMHLIX IlJI

TeH Ha K -3Be3Ae D B3MeHeHHe HX KOOpJ'.{HHaT co spe

MeHeM. B IIOCJieAHee ape MS BblHCHBJIOCb (CM. . Ha
npHMep, [4, 51), 'iTO BKJI~ OilTH'leCKOro H3JJyqeHWI 

aKKpe~HOHHOl'O )'.(HCKa B ropgqero n.RTHa Ha ero 

euewHee: rpaHHJ.~e A.JUI CHCTeM A0620-00 H V 404 Cyg 
B CHHe:ii OOJiaCTH caeKTpa COCTaBJJ8eT MMYIO AOJIIO 
( = 17%) OT o6~eii CBCTHMOCTH e y6&IB3eT c yeeJIH'Ie

HHeM A, AOCTDrIDI 6 - 10% e paioHe Ha. Ilo3TOMY 

06'1,SICHBTL AOJirOBpeMeHffYIO nepeMeHHOCTb OIITH
qecKB.X KpBBbJX 6necKa peHTI'eHOBCKHX HOBbIX nepe

MeHHOCTblO napaMeTpOB AHCKa D ropSiqero IDITHa, 
He npeACT3BJl8CTC$I B03M0)1(Hb1M, Aa}Ke npHBJieKU 

OCTpOYMH}'IO MO)'.(eJib 3JIJJBI1TlttJeCKOro ABCKa C npe
~eCCHpyi<>~ea 6onLWOH IIOJIYOCLIO [6]. KpoMe roro, 
BBHJO' OTC}'TCTBWI rum, no KpaiiHeB Mepe, BeCbMa Ma

JIOH CBeTBMOCTII peHTreHOBCKOI'O HCTO'IlIHKa B cno

KOHHOM COCTOSIHBH (Lx < 1033 3pr/c), eCTeCTBeHHo 
npeµ:no.JIO)l(HTL, 'ITO ABCK BOKpyr peJIJ1TBBHCTCKOI'O 
06'1,eKTa B CHCTeMax THIIa A0620--00 u V 404 Cyg 
(HJIH no KpauHeli Mepe, ero l(eH-rpam,H&Ie t.1aCT11) 

06.Jia;:taeT '4pe3Bbl'I8HB0 MaJIOH BR:3KOCTblO, 06y

CJiaBJJ8Ba10~eli HH3KHH TeMn aKKpel.{BH. Ha11uque 
}Ke 3JJJJBnTH'lecKoro npel.{eccupyID~ero ABCKa, T.e. 

06'1,CKTa, 06,JJaAalO~ero H36bITKOM KBHCTHt.IeCKOA 
3Hepruu, .J:tOJI)l(HO CTBMynupoean, Typ6y11eB'l110CTL, 

yeenH'IHBaTb U3KOCTL ee~eCTBa, ycwuman, TeMll 

aKKpe~ H npHBOAHTb K MO~HOMY 3HeproBbI):teJie
HBJO B peHTreHOBCKOM )'.(Hana30He. Hccneµ:oeaime JJ:H

HaMHKH H YCTOH\{HBOCTH 3JinHilTHqecKHX aKKpe~OH
H.blX AHCKOB BblfiOJJHeHO, HanpHMep, e pa6oTe [7]. 
Il03TOM}' 060.SICHeHBe AOnroBpeMeHHoA nepeMeH

HOCTH OilTH'IeCKB.X KpHBblX 6JiecKa peHTreHOBCKBX 
HOBblX B cnoKOBHOM COCTO.RHHU H3MeHeHIDIMH napa
MeTpOB ABCJ(a H ropgqero IDlTH3 Ha HeM npeµ:CTaBJISI
IOTC.R HaM HenepcneKTHBBblMH. 

Ilo 3TOfi: )Ke npB'iHHe Ka}KeTc.SI 6ecnepcneKTHB

HLIM npBBJie'leHHe nepeMCHHoro nporpeBa OIITINe- . 
CKOH 3Be3):\bl .>KeCTKHM B3JIY'ICHHeM AHCKa: eCJIH 
]:UICK HaXOJJ:H'rCSI B "cnoKOHHOM" COCTOj(Hml C HH
'IT())l(HO Manoii BJ13KOCTLIO, TO 0)1(1{µ:aTL OT Hero 3Ha

lJll'reJJLHOro H TeM 6onee nepeMeHHoro )l(CCTKOro 

H3ny'leHRSI He npHXOJl:HTC.SI. 

Hau6onee ecTeCTBCHHblM OO"bJICHeHHeM AOJiro.,. 

BpeMCHHOB nepeMeHHOCTH peHTreHOBCKDX HOBLIX 
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Pac.1. CpaaneHHe KpHBbIX 61Iecrca V616 Mon B q>HJJb,pe 8, 
nonytteHHblX s 1986 r. [9] (CIIJIOWHall JIHHHII) H B 1990 r . 
[ JO] (WTpHXOBaSl JIHHIUI). 
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Pee. 2. KpnsaSI 611ecKa V616 Mon, noJl}"leHHaSI 
MaK-KnHHTOKOM H PeMH11Jiap,qoM [9) B 1986r. CnnownaSI 
JIHHHSl - TCopeTHttecKall KpHBaJI 6necKa, 81,l'tHCJJCHHaJI 
AJJSI onTHMaJlbHhlX napaMeTpOB CHCTeMbl, noJJy'ICHHl,IX B 

paMKax MOACJlH U (CM. TCK4,."T K Ta6n. 1): q = 15, i = 40°, 
µ = 0.99, Teff= 4500 K, kd = 0.2, kx = 0.0, R.ff'lzs,ar = 0.31, 
- -
0 = 52°, ~ = 102°. 

B cnoKOHHOM COCTOSIHHH npeACTaBmleTCSI HaJIHtme 

y K-.3Be3Ab1 IlSITeH Ha noeepXHOCTH H HX nepeMeH

HOCTb [2]. l-faBeCTHO, qTo IlSITHHCTOCTb n03AHBX 

3Be3A e ABOHHbIX CHCTeMax Tuna RS CVn npDBOJl:BT 

K HX KBa3Hnepeo~qecKOH (Bb13BaHHOH apa~eHHeM 
3Be3Jl:b1) H AOnrospeMeHHOH nepeMeHHOCTH C aMilJIB-

T}'AOH =0'."2 [8]. IlpHMepbI "rurreHHOif' nepeMeHHO

CTH 3Be3A no3,AHero CllCKTJ)3JlbHOro KJiacca C 6bICT

pbIM oceBblM epa~eHHeM C xapaKTCpHbJMH BpeMe

HaMH OT MeCSlqeB Jl:O HCCKOJlbKHX JlCT H 8MilJIBT}'AOB 

11:0 =0'."2 cyMMHposam.1 B pa6oTe [3]. 6onee roro. 

caM cpeHoMeH TpaH3HeHTHoro pe1ITreHOBCKoro ec
TO<IHHKa B peHTl'eHOBCKHX HOBLIX MO)KeT 6b1Tb CBSI-

3aH C ruaHBCTOCTLJOt BCilblWKaMB H ,q,ymMH B~a

MH aKTHBHOCTB Il03.QHCI! 3Be3nbI. Bo3MO)l{H0, aKTBB

HOCTb K-3BC3.Qbl 3Jl:CCb SIBJISleTCSI -rpurrepoM, 

CTHMYJIHPYJOW:BM reHepai.uno Typ6yneHTIIOCTH B 
AHCKe B yeeJIH'IeHee ero BS13KOCTB. B 3TOH CBS13H 
BeCbMa npHMet:faTeJIJ,HO, t:fTO cpe.QB IDITH B3BeCTHblX 

peHTreHOBCKHX ABOAB.blX CHCI'eM - 83,((C)l{HblX KaH

AH'AaTOB e qepHbJe .Qbipb1. ABe CHCTeMbI (Cyg X-1 u 
LMC X-3), CO.Qep)Kam;ue B KaqeCTBe OnTH'IeCKHX 
KOMilOHewr rop.,rrne OB-3Be3.QLI. jlBJlj(JOTCjf KB83B

CTa~BOHapHblMH pewrreHOBCKHMH BCTOt:fHHKaMH. a 

TPH cucreMbI (A0620-00, V404 Cyg. GV Mus) con

TH'IeCKBMH KOMfiOHewraMH - 3BC3,((aMB Il03JUIHX cne
KTPaJibHbIX Knaccoe (G-K) HBJ1S110TCJ1 TPaH3BelITHbI

MH HCTOqffHKaMH - peHTreHOBCKBMH HOBbJMH. 

B .Qa.HHOH CTaTbe Mbl npHMeW[eM MO,((eJib 1UITHBC
TOH ODTH'leCKOH 3BC3A.LI. 6JJH3KOH K 38Il0JIHCHBI0 
ceoen DOJIOCTB Poma. K 06"bSICHeHBJO a.HOMaJIHB B 

op6BT3JlbHbIX KpBBbIX 6necKa A0620--00 e me AOJI

roepeMCHHOB nepeMeHHOCTH. IlOKa3aHO, 'ITC> BBe,((e
HBCM TeMHLIX IlSITCH Ha noeepXHOCTH K-3BC3,l{LI C 

TeMtteparypon Ha :::20 - 40% HIDKe ee cpe.QHei TeM

nepaTypbI MO)KHO HenpHHy~eHHO. 06"bSICHHTb Bee 
netcymq)HOCTB B ODTH'leCKOH H HHcppaKpaCHOA nepe
MCHHOCTB A0620-00 u cnoKOHHOM COCTOJIHBH. 3ToT 
pe3yJibT3Tt C OJl:HOH CTOpoHLI, II03BOJISleT .QOIIOJIHB
TeJibHO o60CHOB3Tb H3Ae:JKHOCTb o~eHKH MaCCbl qep

HOA ,((blpbl, C P,pyroH - naeT OCHOB8HIDI ,((JISI npe.Qno
JIO)KCHIDI, t{TO "WlTCHHaJI" H. B03M0)l{H0, BCI1b1WC'I

H3JI aKTHBHOCTb K-3BC3ALI SJBJISICTCSI cym;eCTBeHHl>lM 

TPHrrepHLIM MCX3HH3MOM, CTHM)'JJHpYIOm;HM SIBJie
HDe TJ)aH3BCHTHOro peHTreHOBCKOro HCTO<IHBKa. 

2. HCIIOJih3YEMhIE KPHBbIE BJIECKA 

,D)ISI M3JIOMaCCHBHbIX peHTreHOBCKHX ,((BOHHblX 
CHCTeM, COACp}Kam;HX OllTffqeCKHe. KOMDOHelITbl no-

3,((HHX cneKTpaJibHbIX KJiaccos, rrpucyrCTBue Ha no
uepxHOq'H onnrqecKOH 3BC3AbI OAHOrO DJIH He

CKOJILKBX TeMHbIX IlSITeH MOXCeT OK83b1B3Tb 38MeT

Hoe BJIIDIHDe Ha cpOpM)' KpHBoii 6necKa CHCTeMbl. 
,[lrul npoBepKH 3T0B nmoTe3bl Mbl DCROJ1b30BaJIH 

ABC KpBBble 6JieCKa B <PR11bTpe B () .. elf= 4400 A) KaH
AHAaTa B 'llepHble ALipbl, xopowo B3BeCTHOA CHCTe
Mbl A0620-00/V616 Mon. 

Ilepsa.si H3 HHX 61,ma ony6JIHKOB3H MaK-KnBH
TOKOM e PeMHnnapAOM [9] s 1986 r. BCKOpe noCJie 
nepeXOAa CHCTeMbl B HOpMaJibHoe COCTOJIHBe nOCJie 
SipKoii BCTlblillKH Ho~OH 1975 r. 3Ta KpHBaSI npeee

Jl:CHa Ha puc. J (cnnomua.si JIHHIDI) u PflC. 2. B 1990 r. 
rpynna_BTaJibSIHCKBX acrpoHOMOB [10) ony6JIHKO~a 
KpHBYIO 6necKa 3TOH CHCTeMbl, IlOJI}"ICHB}'IO cnycn1 
HCCKOJlbKO JieT (pHC. 1 t urrp:exoBa.R JIHHWI H puc. 3). 
06pa~aeT Ha ce6x eHHMauue 3Ha'1BTeJILHoe yseJIH

'leHBe K 1990 r. rny6HHbl MHHHM}'Ma Ha cpa3e q, = 0.0 
(BepxHee COCAHHeHHe peHTreHOBCKOro ucroqHBKa). 

,({OCTHraJO~ee 0'."22, npu npe6JIH3HTeJILHOM co
xpaHeHHH rny6HHbl MBHHM}'Ma. COOTBeTCI'BYJO~ero 
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HH>KHeM}' coe;u;Haeruuo peHTreHOBCKOro HCTO'IHBKa 
( cp = 0.5) . .D;pyroi 3<p<peKT - H3MeHeHue coomowe
HIDI OJJeCKa B KBaApa-rypax: ecJIH Ha KpHBOH 1 [9] 

6JJeCK CHCTeMbl s <pa3e cp = 0.75 nO'ITH Ha 0':'03 
npeBLIWaeT OJJeCK Ha <pa3e q, = 0.25 (m(q, = 0.75) -
- m(q, = 0.25) =-0~03 ± 0~015), TO Ha KpBBOH Eap
TOJIHHH u ;u;p. [10] fiOTOK s KBa;u;parypax npaKTuqec
KH 0J:(HH8K0B HJJB ;a;a)Ke oopaTHLIH (m(q> = 0.75) -

m m • 
-m(<p = 0.25) = 0. 05 ± 0. 04). 3aMeTHM, 'lTO UBVR-
KpBBbie 6.iiecKa 3TOH CBCTeMbI, nonyqeBHbie Xac
BeJJJIOM u ;u;p. (11) e 1987 r., Tax )Ke KaK u KpBBble 
Ma~-Kneuroxa u PeMHJIJJap;u;a [9], noxa31,ma10T 
npHC)'TCTBHe 6oJJee rny6oKoro MBHHMyMa ea cpa3e 
q, = 0.5, o;u;HaKO COOTHOWeHHe 611ecKa B KB~pa-

.. . TYPax Ha scex qeTbipex KpBBblX HHoe: MaKCBM}'M, 
npe;u;weCTay10~e:e MBHBMYMY ua <j>a:re q, = 0.5 npu
Mepao Ba 10% Bbime, tJeM TOT, 'ITO paCDOJIO)KeH 
B6JIH3B q,- 0.7. <I>opMbI MHHHM}'MOB, TaK )Ke KaK e HX 
rny6HHL1, Ha KpBB.bIX 6necKa A0620-00 3aMe11{bIM 
o6pa30M OTJlB'lalO:rcSI ;u;pyr OT ;u;pyra: Ha MHOrol\l3eT
RblX KpBBbIX Xacsem1a B ;u;p. [11] MmmM)'M Ha <pale 
<P = 0.5 6onee OCTPbIH, 'IeM TOT )Ke MHHUMyM Ha Kpu
BOH 6necxa B3 pa60T&1 [9]. 

}1.n.11 OO'b.SICHeHB.SI cpopMbl MHHHMyMa Ha <pa3e 
, = 0.5 Xaceem1 B ;u;p. [11] npe;u;noJJO.)l{BJIH, 'ITO B 

3TOB <pa3e Mbl HMeeM ;u;eno C 'iaCTHblM 3aTMeHHeM 
OnTll'[eCKOii 3Be3;D;bl KpaeM 8KKpe~HOHHOro ABCKa. 
B paMxax 3TOro npeAJI01IO}KeHID1 mm, ecno11b3ySI Me
TOA CBHTe3a KpBBLIX 6necxa, o~eHHJIH HaKJJOHeHHe 
op6BTbI CHCTeMLI (i "" 62° - 70°), a TatOKe TeMilepaTypy 
u pa.tlH}'c au:pe~oHHoro WfCKa (T eJf :.. 4000 - 4600 K, 
rd = 1.0 ~. rJ(e ~ - pacCTosnme MCXCAY KOMilaKTHblM 
o6"beKTOM H euyTpeHHeH TO'IKOA Jlarpaff}Ka). Kpo
Me TOI'O, OKa3aJIOCb, 'ITO HaBJJytlWasl annpoKCBMa
~B.fl Ha6n10;u;aeM1,1x xpue1,1x 6necKa TeopemqecK.H
MB HMeeT MeCTO J(JUI q $ 11, 'ITO pacxo;r(HTCR c pe-
3Y11bTaTaMB , Mapma H AP· (4). HcCJieJ(ya 
BbIC0KOT01JHble 3aDHCH cneKTP3JibHLIX JIHHHH, 

Mapm u ,:tp. [4] no ywupeHHJO JJDHHB a cneKTPC 
A0620-00 IlOJlyqHJIH ;D;JISI OTHOWCHWI Mace KOMilO-

HCHT 3Ha'leHHe q = 14.9±::: . .D;pyrBM BIDICHblM pe-
3YJibT3TOM BCCJICJ(OBaHB.SI Mapma D ;u;p. [4] SIBBJIOI 
BbIBOA, 'ITO BK113A J(BCKa B HenpephIBHOM cneKTPe B 
CBHei o6JiaCTH He npeBbllllaeT 17 ± 3% OT cyMMap
eoro 6necKa CBCTCMbl (HJIH "" 20% OT 6JICCKa OilTD
'leCKOH KOMnOHeHTbI), a ero pa3Mep1,1 nop~Ka no
JJOBBHhI pacCTOSIHWI MC>K]zy KOMnaKTHblM 06"beK-· 
TOM u BffYTPCHHCB TO'IKOB JiarpamKa, T.e. rd= 0.5~. 

3.MO,I(EJib,HCilOJib30BAHHASI 
,I(JI.H PAC'lJETOB 

.Il;11.S1 DOCTPOCHB.SI TeOpeTaqecKHX KpBBblX 6necKa 
Mbl npHMeHBJIB OAHY B3 MOJ(eJieH TCCHOH J(BOBHOB 
CUCTeMbI, OIIHCaHHYJO paHee [12): TCCHasl J(BOBHasl. 
CBCTeMa COCTOHT D3 onTHqecKoii 3Be3;D;bl H TO'IC'IHO
ro o6'beKTa - HewrpoHHOB 3BC3J(b( (HJIB -qepuoii 

Ta6Jorqa 1. PeJyJI&TaTbI onpeAeneJ001 napaMeTpOB no MeTO-

IJ.Y HeJ1Aepa-MH,qa WUf KJ)HBblX 6necKa A0620-00/V6 l 6 Mon 
HJ pa6or [9, 10] B MOAeJIH c q = 15.0, T eff= 4500 K, Rd/E, = 0,5, 
kd= 0.2, kx = 0.0 H µ = 0.99 - 1.0 

napaMeT- KpHBaJI 6necfea HJ [9] KpHBaJI 6necKa HJ (10] 

pbl MoAenb I MOACJih II MOAeJibl Mo,qenb II 

i, rpaA 39.7 39.3 42.2 43.Q 
µ 0.990 0.993 0.999 0.996 

TeMHOe rn1THO 1 Ha 3Be3Ae 

Rsp/Zsuu 0.33 0.31 0.42 0.33 

Fsp 0.72 0.57 0.79 0.58 
-
9, rpaA 56 52 144 138 
-41, rpa,q 101 102 48 43 

TeMHoe nKTHO 2 Ha JBeJ~e 

Rsplzs,ar 035 0.38 

Fsp 1.0 0.88 

-
8 , rpaA 117 176 
-
~. rpaA 0.0 0.0 

x} 5.2 5.1 12.5 11.9 

Ablphi). OnTH\ICCKaSI 3BC3J(a Bpall\aeTC.SI CHHXpOHHO C 
op6HTaJibHLIM o6pa~eHBeM BOKpyr oo~ero ~eH'Ipa 
Mace no Kpyrosoii op6BTe. 

KoMnaKTHLm o6'beKT MO)KeT 61,1n, oxpyxceu reo
MeT{)1NecKB TOHKHM H OIIT.Hqecu1 T011CTblM ;D;HCKOM, 
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P11e. 3. KpHBH 6.necu V616 Mon, no11yqeeHu Bap-romt
HH u .Qp. [ l OJ e 1990 r. CnnoWHasl JIHHWI -Tcopet11'{CCKasl 
KpHBasi 611ecKa, e1,111HcneHHa11 .QJJR onTHManLHMX napa
MeTpoB CHCTCMLI, no11yqeHHLIX B paMKaX MO.QCJIH Il (CM, 

TeKCT H Ta6JI. 1): q = 15, i = 43°, µ = 0.996, Tqf= 4500 K, 

kd = 0.2. kx = 0.0, IDITHO I - RsplZstar = 0.33, 8 = 138°. - -q, =43°,mITH02-Rsplzsra,=0.38, 8 = 176°, q, =0°. 
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Jie)Ka~M B fiJIOCKOCTB op6BTbl. PacnpeAeJieHBe 
RJ)KOCTH ABCKa B pacCMaTJ)HBaeMOM q>HJib'Ipe C"lHTa
eTCSI llOCTOSIHHOii BAOJib ero paAeyca. CBeTBMOCTb 
AHCKa OnpeAemteTCJI B AOJUIX ceeTBMOCTH OIITH'leC
Koii 3Be3AbI e KBaApa-rype (q> = 0.75; q>a3a <P = 0.0 co
OTBeTCTeyeT eepXHeM}' coeABHeHHIO KOMnaKTHOro 
o6oeKTa), T.e. Ld= kl-star (<P = 0.75), rAe kd-6e3pa3-
Mepm.m napaMeTJ). PaAeyc AHCKa Rd 3aAaeTCJI e eAB
Heu;ax pacCT05IHIDI Me~y KOMDaKTHblM 061,eKTOM H 
suyrpeHHeii TO'IKOH JlarpaJDKa ~- B :n:aHHOH MOAeJiu 
MO.>KeT 6b1Tb TaIOKe yqTeHO npBCyrCTBBe Ha (IJIOC
KOii noeepmoCTH AHCKa rop.st'lero mrrHa e o6JiaCTH 
coy:n;apeHWI ra30B0ro noToKa. uCTeKaJO~ero B3 on
TH'leCKOH 3Be3Abl. C Be~eCTBOM AHCKa. 3aMeTHM. 
'ITO npucyrCTBue TaKoro n.stTHa. pacnono.>r<eHHoro 
Ha IlJIOCKOCTH ABCKa, MO)l{eT urpan, 3aMeTHylO pOJJb 
JIHillb npB onpe:n;eJieHm.IX 3Ha'leHJljJX HaKJIOHeHIUI 
op6BTbJ i: OHO AOJl.>KHO 6b1Tb AOCTaTOqHO BeJIUKO, 
'ITOObl Ha6JIIOJJ:aJIOCb 33TMeHBe qaCTH AHCK3 C IDITHOM 
Ha KpalO, H B TO :ace epeM8 cy~eCTBeHHO OTJIJlqaTbQI 
OT 90°. B nOCJieAJleM cnyqae, nOCKOJJLKy MbI npe:n;no
naraeM, 'lTO ron~a ABCKa npeue6pe.>KHMO Mana. 
AUCK, BHAHMbIH C pe6pa HJIH )Ke e6mf3B yrnoe 90°' 
He 6y:n;eT OKa3bJBaTb cy~eCTBeHBOro BJIIUlffffjl Ha 
KpBBYIO 6necKa CHCTeMbl, CeeTHMOCT.b UJITHa 
(B AaHHOM q>BJIL'Ipe) 3aAaeTQI 6e3pa3MepHblM napa
MeTJ)OM /1,sp. TaKIIM 'ITO DOTOK OT e)];Blffl'IHOH mIO
~aAKH Ha ABCKe e o6nacm n.stTHa Ihsp = (1 + Jhsp)ld, me 
Id- DOTOK C e:n;mm'IHOH IlJIO~aAKH DJIOCKOro AHCKa 
B OTcyTCTBBH ll.stTHa. PaAffYC n.stTHa Ha ABCKe r11sp 3aAa
eTCSI e eAUllllqax pa:n;uyca AHCKa. no110.>r<eHHe ero qeH
'I'pa - yrnoM <phsp Me)K].O' rrmmeii, coe:n:muno~eA KOM
noHeHTbI, u paAeycoM-BeKTOpoM U3 u;empa ropSNero 
rurma e HanpaeneHHH KoMI1aKTHOro 06-beK"ra. Ilpu 
ue6oJibnmx HaJCJioHeffHgX opoBTbI KaK IfflTHO Ha ru10-
CKOCTH AHCKa. TaK H CaM AUCK He OYAYT OKa3LIBaTb 
BJIB.stHWI Ha KpHBYIO 6necKa,"C03)];aBaJ1 JIHIIlb fiOCTOjfB
HOe BO ecex op6HTaJI.bHJ,JX q>a3ax AOllOrumTeJibHOe 
B3JIY'leHBe. 

<l>mypa OIITH'leCKOH 3Be3Abl B J];aHHOH MOAeJIH on
pe:n;eJISieTCg BOTeHu;BaJIOM Poma, 3aBB~ OT OT
HomeH'HSI Mace KOMDOHeHT q = Mx!Mv, H CTeneHB 33-
no,rneuug 3Be3JJ:OH CBOeH KpHTH'leCKOH IlOJIOCTH, KO
ropag 33A3eTCSI napaMeTJ)OM µ. 3AeCb µ = ZstarfZRosh• 
Z.ftar J... MaKCHMaJibHoe pacCTOSIHHe Me~y IlJIOCKO
CT.blO op6HT.bl B nosepXHOCTblO 3Be3Abl B HanpaBJie
HBB. nepneHABKYJIRJ>HOM nJIOCKOCTB op611TbI. Cee
THMOCTb 3Be3,U:bl B paCCM31'pHB3eMOM q>ltnL-rpe 
BbltJBCIDleTCJI B npeAllOJIO.>KeHHH nJiaHKOBCKOro pac
npeµ:eJieHWI 3Hepruu B cneKTpe, cpe)];HU 3cpq>eK
TBBHaJI TCMDepaTYPa 3Be3JJ:.bl T4.SIBJDieTcg OAHHM B3 
napaMeTJ)OB 38A3'1H. Ilpe Bbl'IHCJieHBB TeMilepa
TYPLI 3JieMeHTapHOH DJIO:tu;a,U:KH Ha noeepXHOCTB 
3Be3,U:bI yq11T1>1sanacb B03MOX<HOCTL ee nporpeea 
peHTreHOBCKHM H3JiyqeHBeM KOMDaKTHOrO o6'beK
Ta. A.JI.SI yqeTa HHTeHCHBHOCTB nporpeea BBeAeH na
paMe-rp kx = (L},JLv)001, 

•ff 
OcHOBHblM AODOJIHeHBeM, BHeceHHbIM B paccMa-

TJ)BB8eMylO paHee Mo,n:en.b, engeTCB npe.n:nono.>r<e-

HBe O npHcyTCTBBB Ha noeepXHOCTH 3Be3Abl OAHOro 
HJIB )];BYX rurreH (B npum~une, KO.JIIl'leCTBO n.stTeH He
orpaHB'leHo). 3q>q>eKTBBHaJI TeMnepaT}'Pa 3JieMeH
Tapuoe: (IJIO:tu;aAKH B OOJiaCTH TeMHOro ruITHa MeHb
we no cpaeHeHBIO co 3Ha'leHHeM, KOTopoe oaa HMe
na 61,1 B OTCyrCTBHB ll.stTHa B paceMa1'pHBaeMOM 
paiioue, e F sp pa3, T.e. T(xsp, Yrp, Zsp) = Tsr0 ,(x, y, z)F sp· 

IIpeµ:nonaraeTCJI, 'ITO 3Ba'leHHe napaMe-rpa Fsp euy
TJ)H AaHHoro rurraa nOCTOSIHHO, Ibrma B npoeKu;HB 
Ha KacaTeJibffYIO B TO'IKe (x,TP' y sp' Zsp) IlJIOCKOCTb 
UMeJOT q>opMy Kpyra C pa;:(HyCOM Rsp• KOTOpblB 3aA3-

eTCB B e:n;DHH~ax Zstar· .[(ng BbltJBCJieHug q>Brypbl 

3ee3.t{bt u onpe11:eneHID1 nono.>r<eHo ~ewrpa n.stTHa Ha 
ee noeepXHOCTU paccMa-rpHBaeTCSI CHCTeMa KOOpAH
HaT 0Xl'Z C ~eHTJ)OM B ~eHTpe Mace OIITil"tJCCKOH 
3Be3)];.bl u cneJ];yJO~MH HanpaB.11eHW1MH oceu: OX -
Ha KOMnaKTHl,ID 061,eKT, OY- B DJIOCKOCTH opl5BTbl 
nepneHAHKYJISipHO OCH ox B cropOH}' ABIDKeHU 
3Be3)];bJ, oz - nepneHAHKYIDIPHO DJIOCKOCTH op6u-- - -
Thi, Bee:n;eM yrn1>I 0 H cl>• rAe 0 - yrOJI, KOTOpbIB 

PaABYC-BeKTOp ~eH'I'pa paCCM81'pHBaeMOH IlJIO~aA-
- -

KH 06pa3yeT C OChlO ox (0°< 0< 180°), a <I> -yro.JI, 
o6pa30Baim&1ii npoeKI.(Beii 3Toro paAeyca-eeKTopa 

ua n.11ocKocrb OXY c ocbJO OY (0° <cl>< 360°). Y cno

BHeM nonaAaHIDI paceMa'I'pHBaeMOH DJI0~3AKB Ha 
noeepXROCTH 3BeJJ];LI c KoopJ];HHaTaMB ee l\eHTpa 
(x, y, z) RJIH (r, 11, <j>) e o6nacri. MTHa ·eru1eTCs.l 
BblllOJIHeHHe HepaeeHCTBa: 

(x- xsp)2+ (y- Ysp)2 + (z - Zsp)2 < R/. 
TaKHM o6pa3oM. npu nocrpoeHBB KpHeou 6necKa 

B MOAeJIH C nsrTHaMH Ha noeepXHOCTH OilTH'ICCKOH 
3Be3Abl HCilOJJL3YJOTCR CJIC]l}'IO~Be napaMe'I'pbl: q, i, 

µ, Teff• kx, (Rsp, F sp• 8, 4>) - AJIX K~oro H3 n.stTeH, 
Rd, kd - 8 cny11ae npBcyTCTBWI ABCKa BOKpyr KOM

naKTHoro 061,eK.Ta, rhsp.A.tp• q>hsp - npH Ha.JIB'{BH ro
p.R'lero 11.stTHa Ha WfCKe. Ha npaKTHKe 061>I'IHO qaCT.b 
napaMe-rpoe H3Becrna B3 HaOJIIOAeHBH H MO}l(eT 
ObITL 3aq>HKCHpoBaHa. 

JJ;ng onpeAeJieHug 3Ha'leHBe: napaMeTJ)OB, npe 
KOTOp.bIX MO.>KHO Y)];OBJieTBOpBTeJibHO onHcaTb KpB
eyro 6.11ecKa CHCTeMbl e paMKax Bb16paHHOH MOAe.JIH, 
Mbl HCDOJib30BaJIH CJieAyJO:tu;YIO MCTOJJ;HK}'. C no
MOmLIO MeTOAa HeJIJJ;epa-Muµ:a (13] AM Ha6opa Ha
'laJibHbIX npHOJIIDKeHBi onpeJ];eml.lIHCb "HaHJJY'l
nme" 3Ha'leHU HCKOMbJX napaMe1'p0B CHCTeMJ,I X(j) 
npH q>HKCBpoeaHHblX 3Ha"tJeHID1X q - HaHJiyctnme B 
TOM CMbICJie, 'ITO HeBg]KH Me~y ua6JIIOAa~M0:0: 
KpHBOH 6neCK8 B reopeTB'leCKOH KpHBOH, nocrpo
eHHOR npu 3THX napaMe-rpax. AOCTBraJOT csoero MH
HHMaJI&Horo 3Ha11eHug, MeTOA HeJl):.(epa- MHAa, BJIH 
BHa'le "MeTOA Aeq>opMBpyeMI,JX MHOrorpaHHHIWB", 
3aKJIIO'laeTCSI B MHHHMH33U:HH q>yH~ N HC3aBHCB
MLIX nepeMeHHblX c HCilOJib30BaHBeM N + 1 Bepnm
H.bI Aeq>opMHpyeMoro MHOrorpaHHHKa B N-MepHOM 
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npocrpaHCTBe HCKOMbIX napaMe-rpoa EN. BepIDBHoii · 
MHororpaHHBKa. BJID BeKTOpOM X, 3AeCb B83bIBa

eTC.JI aaoop N napaMeTpoe <l>YHKI.J;e:H e npoCTpaaCT
se EN. B OTJUl'IHC OT MHOrax Apymx MCTOAOB MHHH
MB3at(HB <J>ymaµnl N nepeMeHHLIX MeTOA HenAepa
Me:Aa TJ)C6yeT Bbl'IHCJICHIDI TOJlbKO caMHx u;eneBbJX 
<l>YH~HH. a He HX npOB3B0AHb1X, 'ITO 3H3'IBTeJ1bHO 
ycKOpSleT npou;e)zypy DOBCKa peweHID1. Cyr1, MCTOAa 
3aKJIIO'l3CTCj[ B CJIC.QYIOID;CM. J{IDI N + 1 Ha'laJibHbIX 
eeKropos onpeAeJI.SIIOTC.R 3Ha'leHH.JI u;e11ee1,rx <l>YHK· 
~e: f(X). Ta TO'IKa e npocrpaHCTse EN, a KoTopou: 
3Ha'leHHe /(X') MaKCHMaJlbHO, npoeKTHpyeTC.R qepe3 
"u;eH-rp T.SIX{CCTH" OCTaBWBXCSI TO'tJeK. y nruneHHLie 
(6onee HB3KBe) 3Ha'leHH.JI <l>YH~BH HaXO~.R no~ 
CJICAOBaTeJil,HOA 3aMCIJ.OH TO'IKB C MaKCllMaJlhHblM 
3Ha'leue:eMftX') ea 6onee "xopowe:e" TO'IKH, noKa ee 
6y,QeT ua.iiAea MHHHMYM ftX). B np01~ecce MHHHMB-
3at(HB MHOrorpaHHBK, o6pa30Ba.HHblH N + 1 BCKTO
paMH X, MOX<:eT paCTS1rBB8ThCSI B CX{BMaTbCSI, 3Aan
mpy.src1, K TOnorpa<l>HH ~eJICBOH <PYHKI(HH, BblT.Slm
Ba.RCb B.QOJII> AJIBHHLIX H8KJIOHHblX IlJIOCKOCTeH, 
B3MCIDI.SI_HanpaeneHe:e B B30rH}'TblX BnaAHHax H 
CX{BMaSICb B OKpeCTHOCTSIX MHHBMfM8. 

HeB8'3Ka AIDI ou;emrn Ka'1eCTBa OilBC8HH.JI KpHBOH 

611ecKa TCCHOH ABOHHOH CHCTCMbl B paMKax BbI6paH
HOR MOAeJIH e1,1t1Bcmmac1, cornacHo q>opMYJie 

2 
n (lheor _ tbs) 

x2 = I. J 2, . 
j: I (Jj 

. zthtor ,obs . . u 

rAe j B 'i - 3BC3AHb1C BCJIB'IBHhl CHCTeMbl B J-H 

op6HTaJ1bB0H <J>a3e, DOJiyt'ICHHble COOTBeTCTBCHHO 
2 

Teopemqecm H H3 Ha6JIIOACHHA, (Jj - AHCrrepCHSI 

aa61110AeHHH e j-H T0'1Ke. 

4. MO,UEJibHhIE PACqEThl 
CpaeHeliHe <J>opMbl KpHBhIX 611ecxa A0620-00 B3 

pa6oT [9] u [ 10] e paMKax MOAeJIH c "rutTeHHOH" ne
peMeHHOCTblO D03B01l8'eT npeAUOJIOX{HTh, 'ITO oco-
6eBHOCTl, KpHBOH 6necxa e ua61IIOACHIDIX 1990 r. 
CB8'38Ha C nepeMell\CHBeM TeMHOl'O IDITHa (UJIH DSl

reu) Ha 38AHIOIO nonyc<J>epy 3BC3Abl, BCJICACTBHe qe
ro IlOTOK OT BBAHMOH noaepXHOCTH 3Be3Ahl B op6e

T3Jil,HbIX <J>a3ax B6JIB3B <p = 0 YMCHblDBJICSI. IlpH 
npoeepKe 3TOro npeAil01IOX{CHH8' Mbl orpaHB'IHJJHCL 
TOJibKO DOHCKOM eauny~x napaMCTPQB, YAOBJie
TBOp.lllOID;BX e1,16paaaoit mnoTe3e, He CTae.11 nepeA 
co6oe: J3Aaqe ycraaoeJJeHH.R AOBep1:1Te1ILHoii o6nac
TB HX 3HaqeHDii. 

Ha pHC. 4. 5 DpHBCAeHbl pe3yJILT8TbI MO,l{CJIBpOBa
HIDI KpHBblX 6necKa e <l>HJibTpe B TeCHOB ABOibtoii ce:
CTCMbl B paMKax OI'lllca.HHOH BhIWe MOACJIH. HCIIOJlb-
30BaJIBCb CJieAflOm;He napaMe-rp1,1: q = 15.0, i = 50°, 
µ = 1.0. T eff = 4500 K, Rd = 0.5;, kd = 0.2. IlpeAnona
raeTCa, '1TO Ha nosepXHOCTH OilTU'leCKOH 3BC3Ab1 
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Pac. 4. MoJ{enHpoBaHHe B <l>HnbTpe B KJ>HBhlX 6necx.a 
TCCHOA ABOAHoA CHCl'CMbl c napaMeTpaMH q= 15.0, i = 50°, 
Teff = 4500 K, µ = 1.0. IloKa3aHa 3aBHCHMocrh <J>opMLJ 
KpHBOA 6necx.a B MO.l{CJlH c DJITHOM Ha DOBepxnoCTH orrm

'-ICCKOA 3Be3J.thl (c napaMeTpaMH Rsph.star = 0.4, F sp = 0.8, - -
8 = 100°, ~ = 00) OT HlfTeHCHBHocrH peHTrCHOBCKOrO 

nporpesa kx = 0.0 (KpHsasi 1) H 10.0 (KpH.BaJI 2). Cnnow
uasi nHHHJI (KpHBaSI 3)- KpHBali 6necKa B MOACJIH 6e3 m1-
TCH Ha 3DC3AC, 

!lB 
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Pllc. 5. MoAenupoBaHHe e <t,Hm,Tpe B KpHBLIX 6necr<a 
TCCHOH ABOAKoA CHCTCMLI c napaMeTJ)aMH: q = 15.0, 
i = 50°, Teff= 4500 K, µ = 1.0, kx = 0.0. IloKa3aHa JaBK

cHMOCTh <J>opMLI KJ>HBOH 6nccic.a 8 MOJ{CJIH C OSITHOM Ha 
noeepXHOCTH ORTHflCCKOA 3BC3J.tbl (c napaMeTpaMH 

Rspf Zstar = 0.4, Fsp = 0.8) OT KOOpJ(HH~T TCMHhJX _nsi~H: 

] - OSlTHa aoo6me OTC}'TCTBy.lOT; 2 - 9 = 100° , cjl = 0°; 
- - - -

3 - 9 = l 00° I cjl = 120°; 4 - 8 ::: 30° > qi = 0° • 
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pacnoJiaraeTcJI o;nuo TeMHoe IDITHO c napaMeTPaMH - -
RsplZSl4r = 0.4, Fsp = 0.8,0 = 100°, q, = 0°, pacnono-
)KeHHOe Ha ee 33.IJ;Hea nonycq,epe. 

Ha puc. 4 noKa3aHO H3MeHeHHe q:>OpMbl KpHBOB 
6JieCKa MaJioMaCCHBHOH CHCTeMbl npu H3MeHeHHH 
HHTeHCHBHOCTH peHTreHOBCKOro IlOTOKa, nporpeea
lO~ero IlOBepXHOCTb OilTH'ieCKOH 3Be3;D;bl co CTOpo
Hbl KOMDaKTHOrO 061:>eKTa. Ilpu nocrpoeHHH 
KpHBblX 1, 2 c yqeTOM npucyTCTBWI Ha noeepXHOCTH 
3Be3.IJ;bl TeMHOro nsrrHa napaMeTP peHTreHOBCKOro 
nporpeea kx npHHHMaJI JHa'leHHJI 0.0 H 10.0. 03Me
HeHHe kx c 0.0 ;a;o 0 .5 npaKTH'leCKH He MeWleT q:>Op
Mbl KpHBOH 6Jiecxa, npHBOAS{ nBWb K He3Ha'iHTeJib- . 

HOMY, He 6onee 0'."008, YMCHbWeHHIO MBHHM}'Ma Ha 
q,a3e 0.5 u yeenu'leHHIO MHBffMYMa Ha <pa3e 0.0. 3ro 
Il03BOJUleT HaM npu IlOBCKe OIITHMaJibHbIX 3Ha-ciemm 
napaMeTpoB A0620--00 He HCK3Tb napaMeTp kx, a Ja
q:>HKcupoeaTb ero 3Ha'leHBe kx = 0.0. YseJrn'leHBe 

peHTreHOBCKOro nporpeea AO kx = 10.0 npHBOAHT K 
6onee 3aMeTHl>IM H3MeHCHWIM q:>OpMbI KpHBOH 6nec
Ka npu 33.IJ;aHHOM pacnono:iKeHHH wrreH Ha nouepxao
CTH 3BC3.IJ;bl: MeHee rny6oKHH MHHHMYM (Ha tpa3e 0.0) 

yeeJIH'IHBaeT cBOIO rny6miy Ha = 01:'l. a 6onee 

rny6oKHH - yMeHbwaeT Ha =0~15. CoOTHOWCHHe 
BbICOT MaKCHM)'MOB npu ~TOM MeWleTOI MeHbme -

ue 6onee, qeM aa 0':'01. .[(m1 cpaBHeHIDI Ha puc. 4 
cnnoWHOH JIHHHCH IlOKa3aHa q:><>pMa KpHBOH 6JJeCKa 
CHCTeMbl npH OTCyrCTBHB TeMHbIX IDITeH Ha ee no-
eepXHOCTH e CJiyqae kx = 0;0. . 

Puc. 5 .IJ;eMOHCTpHpyeT H3MeHeHBe q>opMbI 
KpHBblX 6necKa CHCTeMbl ;nml kx = 0.0 npH B3MeHeHHH 
KOOPAHHaT TeMHoro IDITH3 Ha noeepXHOCTH 3Be3;JJ;b1. 
KpHBaJI 1 COQTBCTCTByeT CJiy'<lalO. KOrA~ rurrna Ha no
BepXHOCTH 3Be3.IJ;bl OTcyTCTByJOT B~BCe . .[(JUI K~HBOH 2 

KOOPAHHaTbI IlSITHa COCTaBJIJIIOT 0 = 100°' 4> = 0°. 
~ 

)].m1 KpHBOH 3 KOOpAHHaTbl IDITHa paBHbI 0 = 100°; 
-
<I>= 120°; npu 3TOM IDITHO OKa3bIB3CTCJI Ha npOTHBO· 
nono)KHOH CTOpOHC 3Be3JJ.bI, npOJ(OJUKaJI OCT383TbCJI 
Ha ee 33.IJ;Heii nonycq>epe. 3To npHBOAHT K H3MeHe
HHtO COOTHOWeHIDI M3KCBMYMOB 6necKa B KBa.IJ;pa-

. rypax; rJiy6HH3 MHHHMYM3 Ha cpa3e 0.5 npu 3TOM co
xpaHSleTCJI npaKTD'lecKH Ha npeX<HeM yposHe, rny-
6HHa MHHHMYM8 Ha q:>a3e 0.0 yeeJIH'IHBaeTOI Ha 

0'."036. ITpH nocrpoeHHH KpHBOH 4 rrpHHHMaJIOCb 

0 = 30°, . ct> = 0°' 'iTO COOTBCTCTByeT nepeMe~eHHIO 
IDITHa Ha nepeAH1010 nonycq:,epy 3Be3JJ.h1. fny6uHa 
MHHffMYMa KpHeoii 6necKa Ha q,a3e 0.5 yaenH'IHBa-

eTCJI Ha =0'."034 (MBHHMYM Ha q>a3e 0.0 npaKTHtICC
KH He MeHSleTC.R), MeWleTCSI T8K}Ke COOTHOWeHHe 
6necKa B KB8Apa-rypax. YMeHbWCHHe pa3Mepa 
H/HJIH KOHTJ)aCTHOCTH TeMHOro WITHa COOTBCTCT
BeHHO CHH)K3eT senHtIHHY Ha6JIIOJJ.8CMbIX H3MeHe
HHH q:>OpMbl Kpirno:u 6necKa. 

5. 0HTEPilPETAIJ;0.SI KPHBbIX BilECKA 

MbI 3acpHKCHp0BaJIH see Te napaMeTJ)bl, 3Ha-cieHIDI 
KOTOpblX onpeJJ,eJieHbl B3 Ha6JIIOJJ,emm. a HMeHHo: 
TeMDepa-rypy OllTH'leCKOH 3Be3JJ.hI ~.If= 4500 K [14] 
(H3 Ha6JIIOJJ.eHHH [9] CJJeJJ,yeT, tITO cneKTJ)3.JlbHbIH 
KJiacc CHCTeMbI npHMepHO K (2 - 4)V), napaMeTJ). 
onpeJJ,eJUIIO~HB CBeTHMOCTb AHCKa, kd = 0.2 ( 3TO co
CTaBJI.ReT = 17% OT IlOJIHOH CBCTHMOCTH CHCTeMbI), 
pa;nuyc AHCKa rd= 0.5~. a TaIOKe 3HaqeHee q = 15.0 
cornacHO [4]. BeJIINHHa peHTrCHOBCKoro IlOTOKa 
DOJiaranacb paBHOH eyn10 (kx = 0), IlOCKOJlbK)' B He
aKTHBHOM COCTO.RHHH peeTreHOBCKBH IlOTOK na)'.\aeT 
AO 1032 3pr / c (T.e. kx < 0.1 ). IlpeAnonaranocL TaIOKe, 
'ITO CTeneHb 33IlOJIHeHIUI OIITlflleCKOH 3Be3J{OH CBO
eu KpHTHqecKOH IlOJIOCTB µ = 1 (AJIJI µ 6bm JaJJ,aH 
AH8lla30H H3MCHeHWI 0.99 - 1.0), B npoTHBHOM CJiy
-ciae TPYAHO O)J{H,:taTb HCTeqelfIDI H3 OilTIPICCKOH 
3Be3;n1>1 'lepe3 TO"tlK)' narpaIDKa. Ha napaMCTPhI ro
pRtJero rurma Ha AHCKe H napaMCTJ>bl TCMHblX rurreH 
Ha nosepXHOCTH 3Be3}:\bl AOilOJIHHTeJibHblX orpaHH
qeHHH He BBOAHJIOCb. ITpu IlOHCKe ODTHMaJibHbIX 
3Ha1.1emm napaMeTPOB MeTOAOM HenAepa-MeAa MLI 
Yq}ffbIBaJIH TOT q>aKT, (fro 3Hat:feHHe K03q>q:>H~BeH
Ta noTeMHeHIDI K KpalO u = u(A, T eff) aa noBepXHOCTB 
3Be3Ab1 MCHSleTCSI B 3aBBCHMOCTH OT TeMnepaTYPbI 
paccMaTPHBaeMOH 3JieMeHTapHOH llJI0~3.AKH, HC
nOJib3YR AJJ.Sl o~eHKH 3THX H3MeHeHBB 33BBCHMOCTb 
H3 [15]; noKa3aTeJib rpaBBTa~OHHOro noTeMHeHWI 
61>111 Bbl6paH paBBbIM 13 = 0.08 corJiaCHO [16). 

KpBBLie 1 H 2, cooTBeTCTBYJO~ee pa60T3.M [9. 10] 
(CM. T8K}Ke CTaTblO. KaJIJlaHaHa [17], rAe cpaBHBBa

lOTC.R o6e KpBBbJe) 6bIJIH IIpQaHanB3Bp0BaHLI B paM
Kax ABYX MOAen'ei:: TO'le'iHbIU: 061:>eKT' OKpyxeBHblH 
llJIOCKHM aKKpe~HOHBbIM AHCKOM + OilTH'iCCKrut 
3Be3Aa C ABYMJI TeMHblMJI IDITHaMB Ha nosepXHOCTB 
(Mo;a;enb II) BJIB C OAJU{M TeMHblM IDITHOM (MOAenb I). 
Ilony'leHHble pe3yJILTaTbl AaHbl B Ta6JI. 1. Mbl He 
npHBO.IJ;HM 3AeCb pe3yJILTaTOB pac1.1eTOB AJIJI MOAenH, 
ytJHTbIBalO~eii npecyrcrsHe rop.srqero nsrraa Ha 
AHCKe, IlOCKOJlbKY npH OTcyTCTBHH 38TMeHWI IDITH3 
OHO He OK33b1BaeT 3aMeTHOro BJIIDIHWI Ha KPBBYIO 
6necKa CHCTeMbI, a ero napaMeTPLl oKa3LIBalOTCJI 
HeH3.Ae:llCHbIMH. 

CpaBHeHHe nony'leHHbIX ODTHMaJibHblX napaMe
TPOB AJUI KpHBbIX H3 paOOT [9, 10] (pHC. 2 B 3) I10K8-
3bI8aeT cnpaBCAJIBBOCTb BhIABHHyroro Bb[We npeA
nonoxeHWI:. a 1986 r. AJISI Haeny-ciwero onHcauwr 
q:>OpMbl KpHBOH 6necKa TeMHOe ITSITHO AOJIX<HO 
6bmo pacnoJiaraTbCJI Ha nepep;ueA no OTHo~eHHIO K 
KOMil3KTHOMY 061:>eKT)' noJiycq:,epe OilTB'ICCKOH 
3ee3µ;1,1. t.1To61>1 orrucaTh q:>OPMY Kpusou 6nec1ea cu
CTeMbl 1990 r. TeMHoe WITHO AOnX<Ho pacnonaraTb
CJI Ha 33.IJ;HCH nonycq,epe 3BC3ALI, BepOJITHOCTb. qTQ 

.IJ;aHHblH BbIBOA OlIIB(>OtieH. He npeBLimaeT B KpHTe
pHH x2 10%, T.K. BCJIHq1ma HCBS13KH npu onucaHHH 
Ha6JIIOJJ,aeMbIX KpHBbJX COCTaBJIJleT X2 = 5.2 II J 1.9, 
T.e. a= 99% u 90% AIDI KpHBblX [9] u [10] COOTBCTCT
BeHHO (Ta6JI. 1). HaKJioueHHe op6HTLI i, nonyqaeMoe 
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(a) 

0.5 

0.0 

(6) 

0.5 

0.0 

Pac.,. CxeM8TH1-IHOe H306p8)1CeHHC TeCHOA .QBOAHoA CHCTCMbl Ha npKMepe V616 Mon (q = 15.0, i = 40", Rd= O.S~) B pa3Hl>IX 

op6HTam.HbIX <IJa3aX (yKa38Hbl QH<IJpaMH B03nC H306pa)l(CHHB OllTH'ICCKOA 3BC3.Qbl) .IVUI napaMeTJ)OB, nonylfCHHl>IX B paMKaX 
MOl(CJJH C nsyM,r flj1Tff3MH Ha noscpXHOCTH OilTHlfCCKOH 3BC3l(bl (CM. TeKCT H Ta6JI. l ): a - Jl.ftll 1986 r. {9) C napaMeTpaMH TCM-

- -
uoro nllTHa R.~/Z.rtar = 0.31, 8 = 52°, . = 102°, fiOJIO)KCHHe BToporo rurrea CF sp = l He DOJCa38HO; 6-WISI 1990 r. (10] C napa-

MC1'p8MH nllTeH RspfZstar = 0.33 H 0.38, 8 = 138° H 176°, '= 43° H 0° .Qnll RllTCH J H 2 COOTBCTCTBCHHO. 
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Ta6~ 2. PeJynhTaTLI onpeAeJieHWI napaMeYpOs no Me
TO.U.Y Hen,u.epa- MH,u.a ,11.m:1 KpHBhlX 6necKa A062~/V6I6 
Mon H3 pa6oT (9, 10) npH q = 15.0 H Telf= 4500 K 

IlapaMeTPbI Kpusa,i: 6necKa H3 [9] Kpns.u1. 6necKa HJ [ JO] 

i, rpaA 50.8 67.1 

kx 0.13 0.29 

µ 0;90 0.88 

AKKpel.UfOHHblH ,11.HCK 

Rd/~ 0.46 0.55 

kd 0.18 0.18 

f op11'1ee IUITHO Ha ABCKe 

/1rsp 0.22 0.57 

q>hsp• rpa,u. 44. 4. 

rhsp/Rd 0.19 0.70 

TeMHOe ITllTHO 1 Ha JBeJ,u.e 

Rsp/Zsrar 0.31 0.29 

Fs,, 0.86 0.56 

-
0, rpaA 59. .167. 
-
cl>' rpa,u. 117. 58. 

TeMHoe rutTHO 2 Ha JBeJ,u.e 

Rsp/Zsrar 0.49 0.26 

Fsp 0.96 0.70 

-
0, rpa,u. 19. 93. 
-
cl>, rpclA 0.02 0.04 

x2 3.0 11.4. 

B3 pemeHWI KpDBbIX 6necKa, COCTaBIDleT 39° - 43°, 
~o SIBIDleTCSJ. HCWIOXHM C0Bil3ACHHCM, Y'IBTblBaSJ., 
'ITO napaMeTP i 6bm cao6o~bIM. ,IJ;m1 x:pneoii onec
Ka MaK-KmmroKa H PeMrumap,Aa [9] B paMKax MO
Aenu II (T.e. B npeADOJJO)l(CHIIB, 'ITO Ha noeepXHOCTB. 
OJITll'leCKOU 3BC31'.J;bl ~a TCMHblX WITHa) napaMC'I'pbl 

BTOporo IDITHa SIBJUIIOTCR 'IBCTO q>opMaJILHbIMB, no
CKOJJbKY HaDJiyqwee 3HaqeHHe 6e3pa3MepHOH BCJIH
'IHHbl F sp' KOTOpaSI onpep;eJISJ.eT c-reneHL IlOHH:XCeHWI 
reMnepaTYPbI nno~aAKH mi noeepXHOCTB 3Be3A.bI, 
non3Aa10~e:e: BJIYTPL TCMHOro WITHa, OK33aJJOCb 
paeHbIM ep;wmu;e. f naeuoe WITHO pacnono:xce&o Ha 
rrepep;Heii, oop~eHHOll K KOMilaKTHOMY BCTO'IHHKY 
(puc. 6a) nonycq>epe orrrH'lecKoii 3Be3p;bl H HMeeT 
paJ'.tBYC R I Zsrar = 0.3 H TeMnepaTYPY Tsp °' 3200 K. 
KpBBaSJ. 1990 r. [10) Jiy'Illle OilHCbIBaeTCSI B Mop;enu C 
ABYMSI TeMHblMH ruITHaMH C npHMepHO paBHblMH 
PaABycaMB Rsp!Zsrar ""'0.33 - 0.38 H TeMDepaT}'paMH 
T = 2160 u 4000 K COOTBCTCTBeHHO pacnonoxceH-sp V 

HhIMB ua 33AHeit no omomeHBIO K coceµ;eeH KOMno-
HeHTe nonycq>epe OilTH'ICCKOii 3BC3,Jl;bl. Ha pHC. 6a, 
66 IlOKa3aHO cxeMaTB'IHOC H306pa:xceHHe 3De3Ahl C 
TCMH napaMe'rpaMB IDITCH Ha ee noeepXHOCTB, KOTO
pble COOTBeTCTBYIOT nonyqeHHLIM npB aHaJJH3e 

KpRBLIX MaK-KnHHTOKa e. PeMHJIJiap:n;a [9] ( cxeMa a) 
u EapTOJIHHH H :n;p. [IO] (cxeMa 6) B MOAeJIH II; BTO
poe (q>opMaJILHoe) IDITHO Ha cxeMe a ue npuee:n;euo. 

Ha BTOpOM 3Tane Mbl He q>HKCBpoBaJJB 3H3'1CHWI 
kx , µ, Rd u kd. Pac'leTbl 6&mH BLIIlOJIHCHbl e paMKax 
MOAeJIB II C y'leTOM npHcyTCTBIDI rOpSl'lero WITHa Ha 
:n;ucKe. Pe3yn1>TaTLI pacqeros :n;aHLI B Ta6JI. 2. <l>op
MaJihHruI BeJIUtuma OilTHMaJILHOii HeBS13KH· B 3TOM 
cnyqae HeCKOJibKO ny'Illle, tcJeM npu q>HKCBpOBaH
HhIX 3HaqeHHSIX napaMCTpOB, oco6eHHO p;m1 KpBBOii 
MaK-KnBHToKa B PeMHnnapp;a, pacnoJIO)KeHHe IDI- · 
TeH (3~WISI nonycq>epa AJJSJ. KpHBOH H3 pa60TLI [10] 
u nepep;HSJ.a - AJISI [9]) TaIOKe coxpaIDteTcSI, oµ;HaKo 
pa36poc nony'leHHbIX B3 peweHmi KpBBbIX 6necKa 
3Ha'leHBH H3KJIOHeHHSI op6HTbl CBCTeMbl 3Ha'IH
TeJibHO 6oJibme: i ""' 50° -67°. YMeHbweeue c-reneHH 
33DOJIHCHHSI OilTH"JeCKOH 3Be3,JJ;OH CBOeH DOJIOCTH 

Poma µ AO 0.9 TaK:xce KaXCeTCSJ. MaJJOBepOSITHhlM, no
CKOJILKY cneKTPaJibHble Ha6JIIOACHIDI noKa3b[B3IOT 
01iee~Hoe npucyrcnme B cucreMe ra3oeoro noroKa 
Me:xc,zy OJITll'leCKOB 3Be3p;OH B AHCKOM [4]. HaKOHeq, 
nocxoJILKY Aa:xce npu i "" 67° 3aTMeHIDt ropS1'lero 
IDITHa Ha ,Jl;HCKe He llpOBCXOAH'f, nonyqeHHLie "onm
MaJibHble" 3Hat1eHW1 napaMeTPOB ropSl'Iero IDITHa 
,JJ;OCT3TOtJHO <pOpMaJibHbl. 

Ta.KUM o6pa3oM B paMKax "IDITeHHou" Moµ;eJiu 
yµ;aeTCR ycneWHO OimalTb <pOpMbl o6eux KpHBLIX 
6JJeCKa A0620-00. 0CH0BHb1M pe3yJlbT3TOM HCilOJib-
30BaHIDI "mrremmu" MOAeJIB SIBJISleTOI B03M0)l(lf0CTb 
eCTeCTBeHHblM o6pa30M OO'bSICHHTb HepaeeHCTBO 
6necKa B KB~paTYPax Ha o6em: KpHBLIX H B3MeHeHHe 
HX COOTHOWCHWI C Te11eHBeM speMeHB ( cpaBHBTb 
KpBBbie B3 paOOT [9, IO, 11)), TaJOKe KaK B H3MCHeHHe 
cpopMI.1 H rny6BHbl OOOHX MBBHM}'MOB. MaccbI 
KOMilOHeHT B 3TOM cnr1ae npa i = 43°, q = 15.0 H 
f ,J..M) = 2.91M0 [9] COCTaBJISJ.IOT Mx = 10.4 ± 0.3M0 H 
Mv = 0.70 ± 0.02M0 . IloCJieAfWI aenuqBHa xopomo 
cornacyeTCH c THlllltJHLIM 3aaqeHHeM Maccbt 3Be3A},I 
cneICTpaJILHoro JCJiacca K(2 = 4)V. 

6. 3AKnIOl1EHHE 

Ilpoeep;eHHOe HaMB BCCJieµ;oBaHBe llOKa3aJIO, 'ITO 
MOAeJib rurraecroii onTtNecKoii K-3Be3AhI no3DOJISl
eT OIIHC3Tb KaK op6HTaJJbHYIO, TaK B AOJirOBpe.MeH
HYIO OIITB'lecKyio nepeMeHHOCTb TPaJfaHeHTHbIX 
peHTl'eHOBCKBX ,JJ;BOBHhIX CBCTeM B CDOKOHHOM 00-

CTOSIHIIH. Pa3MepLI IlSITCH ,-OCTBralOT AeCSITKOB npo
~eHTOB pap;ayca 3Be3p;&1, a noHIDKeHHe TeMnepa
TYPbI B o6naCTSIX IDITCH BeCbMa 3H3'1BTeJihHO ( OT 10 
AO 40% ). 3TBM IDITHa B Ham ea MOp;eJIH CRJILHO OTJIH
qalOTOI OT COJIHC'IHLIX. Cne,:cyeT OTMe11f11>, 'ITO 
aKTHBHOCTb 3Be3A cneKTPaJibHblX KJiaCCOB, 6oJiee 
no3}:(HBX, 'leM Con~e, 3H3'\JHTenLHO npeeL1maeT 
COJIHe'IHYfO. HanpHMep, BCDbllIIKB KpaCHbIX KapnB
KOBblX 3Be3µ; Ha MHOro nopSJ.AKOB MO~Hee COJIHe'I
HblX [18). Ilo3TOMY rrapaMeTPLI IDITeH, non}"ieHHhte 
B Haweii MOAeJJH, BilOJIHe MOryT 6bITb <1>03uqecKH 
npueMJJeMbIMB. KpoMe Toro, e peaJibHoii cwryaqBB 
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ea nosepXHOCTB K-3Be3AbI cKopee scero HaXOAHTal 
ee OAHO-ABa 6onhllIBX ruITHa, a MHOro ae6om,nmx 
IDITCH, pacnonmrceHHblX B BlfAe rpynn, TaK trro uama 
MOJJ;Cilb nuun, npu6mDKCHHO annpOKCHMHpyeT pe
aJlblfYlO CHTY~· IlpHMeHeHBe "11.HTCHHOi" MOAe-
11B K aHanu3y AOnrospeMeHH&IX orrnrqecmx ua6mo
~emm 1'paH3BCHTHb1X peirrreHOBCKHX ABOiHLIX CHC

TCM B CilOKOJlHOM COCTOSIHBH U03B01IH'I'. yro'IHBTb 
napaMe1'pbl 3TBX ABOHHb[X CHCTeM, a T310Ke H3}"DITb 
aKTBBHOCTb, OIITH1.!eCKHX 3Be3A ' 3THX CBCTCMax. 

OcooeHHo H11Tepecee noucK u uccneAoBaHHe 
p;onroBpeMeHHOD ~KnB'leCKOit aKTHBHOCTB K-3Be3A . 
B peH1TeHOBCKBX ~AHblX cucreMax, IlOAOOHOB 
22-neTHeMY ~ICJIY axnmeocru Con~a. lfayqeHBe 
'xpoMocq>epuoii aKTHBHOCTH K-3Be3A Il03B0Jll1T npo-
11BTb cseT Ha npHpOAY pemTeHOBCKHX scm.1meK 
1'paH3BeHTHbIX peirrreBOBCKHX AB0l1Hb1X CHCTeM. 

AsropbI 6naroAapsrr K.A. IlocrsoBa 3a none3-
m,1e o6~eHIIJI, B Bb1pa>Ka10T IlpH3HaTeJILHOCTb 
PoccHicKOMY 4>0HAY <l>YHAaMeHTanbHLIX uccne,qoea
HHi 3a 4>BHa11cosyro nOAAeP>KKY (KOA npoena 
93-02-17113). Pa6oTa 6&ma BbIIlOJIHeHa Ha KOMDLJO

Tepe~ npuo6peTeHHOM Ha cpeACTBa rpaHTa ESO 
C&EE Programme A-01-146. 
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Orbital Light Curves of the Binary System A0620-00 
in the Model of Spotted Optical Star 

T. S. Khruzina and A. M. Cherepasbchuk 

A model with a K-type optical star is shown to explain long-term variation of orbital optical light curves of tran
sient X·ray binary systems in their quiescent state. In the framework of this model, parameters of the system 
A0620--00 are determined. 
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Y/1.K 524.38 

WlOHHAJI CHCTEMA aVir (CIIIIKA): 4lYHJ);AMEHTAJILHLIE 
DAPAMETPLI KOMIIOHEHTOB H PA3JIH"'IHE 

B CO]lEP1KAHHH CEJIIDI ME>K.nY HHMH 
e 199S r . JI. C. Jl~BMKOB, T. M. Pa'IIKOBCJW1, C.H. Pocro11T1BB, A. E. Tapacoa 

Acmpo<J,wu-rec«aa o6cepBamopUR, Hay<utblU, KpbLM 
TiocrynHJia B pe.l(aKQHJO 21.03.94 r. 

no CDCKTpaM C BblCOKHM pa.3J>CWCHBCM H 6onLWHM OTHOmCHHCM CHrHan/wyM B3MCpeHl,1 3KBHBaJICHT
m.re WHpHHl,I H Jlf'ICBLIC CJCOp<>CTH ·KOM:DOHCHTOB AflOHHOH CHCTCMl>I aVir (CIIHKa). Ha OCHOBC pa3BHTOi 
paHee MCTOJJ:HKH ilccneJJ:()BaJIJ:,I me <l>YHAaMCHTaJIJ,HJ.Je napaMC'rpbl. IlpHIDITl,I CJICAYIOUllfC 3Ha'ICHHJI 3<j>

q,eKTl!IBHOff TeMDep&TYJ)bl B ycKOpeHJUt CHnbl TDCeCTH: T 4= 24 700 ± 500 K H lgg = 3.7 ± 0.1 Ami rJl3BHOro 

KOMDOHeHTa (3BC3JJ:8 A); Teff = 20 800 ± 1500 K H lgg = 4.2 :± 0.2 AJUI BT0p1NHOro ICOMilOBCHTa (3BC3A3 B). 
Ha -OCHOBC HeJITP-&HaJIH33 ceMH JJHHHH Hcl HaiACHO COACP)l(aJUIC reJIHJI: B cpCAHCM He/H = 0.22 ± 0.04 
AJDI KOMDOHCHTa A e He/H = 0.10 ± 0.02 AnJI KOMDOHeHTa B. CpaBHCHHe c 3BOJIIO~OHHLIMH -rpeKaMH n o
Ka38JIO, 'lTO 6onee M8CCBBBblA rnasm,1i KOMllOHCHT (MA • 11M 0> 6JIH30K ~ 38BepWeHHJO q>83bl r JI8BHOH 

nOCJ1e~Ba1'en1>HOCTH (ffi), B TO BpeMJI KaK MCHee MaCCHBm.lA: BT0plt'Dlhli KOMnOHCHT (Ms= 7M0 ) see 

e~e HaXOAJfTCH B Ha'lane 3TOit <j>a3J>I. TaKHM o6pa30M, pa3JIH'IHC B co,nep)K8HHB reJIHJI MC)l(,lzy KOMilOHCH-
11lMB A H B cornacyeTCA C BbICKa3aHHbIM paHee npeAD0J10)KCHHeM O ne:peMe~HHH Ha CfMHJt rn; ·OHO . 
o(n.J1CHJ1CTC1 TeM, 'lTO aTMocxl>epa 3Be3,u.i A 3a spewr npe6b1BaH1U1 Ham ycnena o6oraTHTbOI npo,tzyK

TaMB CNO-~HXna. 06Hap"f)l(CIUIOe HaMR HCCOOTBeTCT1JHe MC)l(Jzy MaccoA MA= 12.6 ± 0.6M0, H8H.ACHHOJl 

no 3BOnIOIUIOHHhlM TJ)eK.aM, il 3H8'1CHHCM MA= 10.9 ± 0.9M0, nonyqeHHbIM paJ1ee H3 IIHTCJ)(pepOMeTpH'IC

CICBX H CllCK'lpOCKOIIJl'qecKJIX ua 6JIIOACHIIB, IlOA'J'BCp~aeT cyll(eCl'BOBaHMe IIpOOJICMbl " 3B01IIO~HH0H" 
M8CCbJ AJI.H 0- H .paBJDIX B-3BC3A, Ee pemeHHe, sepo,rnm, CBOAJl'('CR K yqeTY TOro )KC 3cpq>eKTa - nepeMemH
BIHHJI H8 CT.8,llRH ffi. 

1. BBE,nEHHE 

,[{oJiroe Bpet.61 B TeOpml 3Be3AH0I: 3BOJIIOIUIB 
C'Cffl.TaJIOCD, 1ITO Ha H8'1aJlbHOII cr~HH 3B011IOIUIB 

3Be3Abl, TO CC'l1> B 4>a3e rnasHOi UOC1ICA0BaTe.m,HOCTH 

(111), IC.OfAa 'B ~pe 3BC3AhI DpOBCXOJ(HT rep~ep
eoe ropemre 80AopC>Aa. Me~ BHellIHHMH CJICMIMB B 
3BC3JU1b1MB HCAPaMJI HCT HRJC81COI'O nepeMeUJBBa

mm. ·Cor.n.aCHO TaKOMY npeABOJIO:lKCBBIO, aTMO

ccpepa 3BC3AM B AaHBOi q>a3C AOJI:lKHa 6wJia 6bI 
coxpawtTb CBOi nepBOH&'laJtbHhlH XHMB"ICCKlm 

COCT8B. 0)UlaJCO B K~CTO~ee BpeMSI B3BeCTHO, q'I'O 
nepeMemasaHBe see :.:e cy~eC'l'ByeT, HanpBMep, y 
3BC3A ffi CO ~paBHHTCJlbHO M3JibJMB MaccaMH 
(M - lM 0). 3TO 38K.111011e.BBe ocuosaBo ea Ha6Jiio-

1(aeMOM yMCBbWCllHB COAeplKaHU JIBTIDI B aTMO

cctJepax T8KBX 3Be~ B TelileHBe CT3J:llffl ffi (CM., Ha
npBMep, [1.1). 

no-BBABMOMY, KaKo:A-ro MexaHB3M nepeMeum
BaHIUI pa60TaeT B B 6oJJee MaCCBBHldX 3BC3Aax, 
IlpeXCAe :acero 3TO OTBOCHTCI K Tax Ha3b1BaCMb1M 

ON-3Be3~aM, JtOTOpble npBH~JJe'lKaT m H B aTMO

e<pepax ICOTOp&IX, TCM He MCHCC, ea6moAaIOTQ1 npo
A}'KTbl CNO-QBKJia, npoTCKa10~ero B ux rJiy6oKBX 
HC)(p3X (B 'laCTHOCTH, o6HapylKeHO UOBbllllCHHOC co
Aep:mume He H N). BepoS1THo, nepeMenmBaHe:e 
BMeeT Mecro s y pammx B-3&e3A rn. Ha 3TO y1ea31>1-

saeT ysen1Ae1111e c B03pacroM r COAeplKaeue: He u N 
B -RX aTMoc:4>epax [2, 3 ]. 3<f><l>eKT. K3K OKa3aJIOCh, u
BHCB.T He TOJlbKO OT t, HOH OT MaCCbl 3Be3Ahl ,,,., a 
BMCHHO: 'ICM 6om,me M, TeM Bhime TeMll 06onll\e· 
H1D1 anroat>ep1,1 reJJ,HeM B 330TOM B TCM 60JILme 
IlOJJHaJI ;qo6aeKa x nepBOHa'lam,HOM)' COACPlKaJUUO 

3TBX 3JieMCHTOB. Y HaHOOJiee MaCCBBHhlX paHHHX 

B-3Be3~ 33 BpCWI HX :lKB3HB Ha rn co;i:i;ep:iKaHBe He 
nOBblmaeTat IlO'ITR B ABa pala, a CO)'.lep:iKa.HHC N -
npe6nB3HTCJILHO B ~en.r.pe pa.la, B TO BpCMJI KaK y 
cpe1lftBX u no3AHJIX B-3Be3A (M < 5M0 ) H.3MeHeHIDI B 

CO)'.lepxc3HIUIX He H N He3Ha'IBTeJILHbl H no3TOM)' 

TPYAH006HapyxcBM1>1. · 

Bo3MO:lKHbIM MCXaHB3MOM nepeMeWBBaHBJl B 
Ma:CCBBHLIX 3BC3Aax, Kax UOX33aJI MeAep (4), JIBIDI

CTQI TJP6yJJeBTH3JI ;quq>q>y3WI, HHA}'~HpOBaHHcUI 
AH<l><l>ePe~a.JILHbIM BpaI.QeHHCM 3BC3Abl. B qacr

HOCTB, fil~H6epeep H ;qp. (5) HCUOJI1:,308aJJB 3TOT MC

XaBB3M AJU1 OO'bJICHCHIDI ON-3Be3;1J;. l1pmum BO BHII
MaHBe, Hap,r,tzy C TJP6yJieHTHOH AHq><pY3Beit, TaJOKe 
nonyICoHBCKQHIO, naarep [6] noKa3aJI, 'ITO nepeMe
DJHBaHee B M8CCBBHLIX 3Be3Aax He TOnLICO o6'bKCHJl

eT Ha6JIEOAaCMOe y:eeJIJf'leHBe co~ep}KaHWI He, HO R 

pa.3pemaeT HCKOTOpbte Apyrae npo6neMbJ, B03HBK

IDHC npu BCCJJe)'.lOBaHHB 0- H paHHBX B-3BC3A (OAUa 
B3 HUX - npo6JieMa Mace, CM. HIDKe ) . 

212 
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Ilo HaweM}' MHeHBIO, AJUI nposepKH nmOTe3bI 
nepeMeWBBaHHSI oco6bIH HHrepec IlpeJl:CTaBIDleT 

B3y'leHBe ABOHHbIX CHCTeM, cocro.srmux B3 AByx p3.H
HHX B-3Be3A c pa3BbIMB MaccaMH M. C OOJILmoe se
posrmocrLIO MOXCHO npeAUOJIOXCIITb, tlT() ooa KOM
DOHeHTa T3KOA CBCTeMbl o6pa30BaJIBCb H3 OAHOI'O B 
TOI'O >Ke semecTBa H B OAlfO B TO .>Ke BpeMSI. CneAO
BaTeJibHO OHB BMeJIH OJ{HH3K0Bbrii BCXOAHLIH XHMB
'leCKHii cocras; ex B03pacr t s MOMeHT ua6moAeH11A 

TO.>Ke OABH3K0B. Ilo3TOM}', eCJID y KOMllOHeHTOB CB
Cl'CMLI o6Hapy.>KHTC11 pa3Hoe COACP)K3HHe aneMeH- . 
TOB CNO-QHKJia (He, N e C), ero MO)KHO o6"Lxc
HBTL 6onee HHTeHCUBHbIM nepeMeIIIBBaHHeM y 60-
nee M3CCHBHOH 3Be3A},1. IlOA'lepK.BeM, 'ITO Mbl He 
paCCM3TJ)HBaeM T3KRe TeCHbie ABQIDlbie CHCTeMbl, B 

KOTOpblX npoH30WeJI OOMeH semeCTBOM Me)IQ:(y 

KOMDOHeHTaMB. 

HTaK, MOXCHO o~aTb, 'ITO B ABOHHOi CHCTeMe, 

COCTOJlntei D3 AByx paHHBX B-3Be3A, Hae6om,mee 
aeoMaJIHH B COAepxcaHIDIX He, N e C noKa>KeT TOT 
KOMDOHeHT, 'll,jf Macca M 6on&me. Hawe HCCJICAOBa

HBe MLI H3'1HeM C B3BeCTHOB cneK'i'paJILHO-ABOMOit 

3Be3Ab1 CnuKa. 

2. HEKOTOPblE CBEAEH0R O CilHKE 

CnaKa (a.Vir = HR 5056 = HD 116658) HBm1eTC.R 
ABOB'.HOB cacreMOH C op6BT3JlbHb1M nepHOAOM p = 
= 4.0145 C}'T H cpasmrreJILHO 60JILWHM 3KC~eH'rpH
CHTeTOM e = 0.18 [7]. KaK CJieACTBBe B3JIB'IHSI 3KC

qeH'I'pOCHTeTa y cecreMLI BMeeTCB epameuue JIBHBB 

ancun c nepBOAOM 124 roAa [8]. HaKJioeeuee op6u
TLI COCTaBJIJleT io,b = 66° [8]. . 

BnaroAapSJ 6nH3KOMY paccro,nra10 (d = 84 nc [8]) 
u BLICOKOA .RpKoCTB (my= 0.97 [7]) CnaKa HeOAHO

KpaTHO HCCJieAOBaJiaCL MHOrBMH aBTopaMB B 
S1.BJ1S1eTCJ1 OAHOH B3 Hau6onee xopomo e3yqeeHL1x 

cneKTpanbHO-ABOHHLIX ropB'IHX 3BC3J\. HeKOTop1,1e 
CBe.ll;eHWI O KOMUOHCHTax 3TOH CHC'reMbl npuee;p;eHLI 
B Ta6n. 1. J];m1 rnaBHOrO (A) H BTOpB'IHOro (B) KOM
DOHeHTOB 3,AeCb YK33aHbJ cneICTpanbHblB KJiacc, Mac
ca M, p3ABYc R e aa6mo;p;aeMu cKopOCTb spa~eHBB 

· v sini. AnB 3Be3ALI A, KpoMe Toro, npeAcrasneHbl 
3<j><j>e KTHBHU TeMnepaTYPa T q1, yc1c:opeHBe CHJibl 

nDI.CeCTH g H CBeTHMOCTb L. B. HameM AaJibHemneM 
aHaJIH3C 6yA}'T HC1l0Jlb30B3Hbl 3H3'1CHBJI Mace MA H 
Me u ycKOpeHBB lggAt H~CHHble B [8] c llOMOim,IO 

HRTepq>epoMe-rpu~eCKHX B CIICICTpOCKOIIH'leCKBX 

ua6J110AeHd. 

H3 JJ;aHHblX, npHBCACHHLIX B Ta6n. 1, o6p~aJOT 

. Ha ce6JI BHBM3HBC BbICOKBe CKOpOCTB Bpa~eHIDI y 
o6oex KOMilOHeHTOB. Kax B3BCCTHO, 6t,1crpoe 
Bpalll.eHHe npBBOABT K pa3Mh1B3BRIO cneK'I'paJibHLIX 
JIHHHH, Il03TOM}' B cnex-rpe CrmKB UOAAaIOTCJI B3Me
peBBIO JIBllib OTHOCBTCJibHO CHJibHble JIHHBH. 3To 
C03AaeT cymeCTBeHH&Ie TPYAHOCTH npe oape;p;ene
eee XBMH'ICCKO['O cocrasa. no IIOBOAY Ta611. 1 
CJJeAyeT TaK)Ke OTMCTHTL HeK.oropy10 HCOAB03Ha'I-

Ta6moua 1. HeKOTOpLlC CBe)\CHml O KOMIIOHeHTaX ~AHoii 
CHCTCMLI aVir 

KoMnoueHT 
fiapaMCTJ) CcblJIKa 

A B 

Sp Blill-IV B2V [9] ' 

B1V B3V [7] 

MIM0 10.9±0.9 6.8±0.7 [8] 
RIR0 8.0±0.2 4.4±0.7 [10] 

8.1 ±0.5 [8] 
Tq1,K 24000 (10) 

22400± 1000 (81 
lgg 3.7 ±0.1 (8) 
lgL/~ 4.17 ±0.10 {8] 
vsini, KM/C 161 ±2 70±5 [10] 

HOCTb cneKTJ)aJibHOB K.JiaCCB<j>HK~BB ICOMIIOBCHTOB 
CHCI'CMbl B onpe,Aenem,ii T qf AM rnaBHOI'O KOMIIO

BeHTa. 

Xopomo B3BCCTHO, tlTQ KOMIIOHeHT A SIBJUICTCSI 
KJiaCCH'ICCKOH 3BC3AOA TBDa peep C nepliOAOM xone-
6aue:A: 6necxa u cneK-rpa 4.17 ~. np1NeM ~a 
TaJCBX Kone6amm oKa3anacL nepeMeBHoA. 06uapy
>KeHa 61,1crpu nepeMeHHOCTL npo<t,ueA q,oro
c<f>epHbIX JIHHHH, cnunerem,CTBy10~u o HaJlllCD!H 
CJJOXCHbIX uepaABaJibHbIX nyJILcan;d [10). E~e OAHa 
oco6eHHOCTL 3Be3Abl A COCTOBT B TOM, tlT() ee CKO

poct'b spa,meHml vsin is AB3 pa3a Bblme op6Jm1JILHOA -· 
CKOpocrH B nepu:acTpe. Bee 3TO roBOpBT O A0CT8-
TO'IHO CJIOXCBOit IIpBpoAe· rnaseoro KOMDOHeBTa, 

Il03TOM}' BaxcHO IlOJJY'JBTb K3K MO}KRO 6onee T01:I

H}'IO RHq>OpM~ 0 ero OCHOBBblX napaMe1-pax B 
XBMH'ICCKOM c:;pcrue. qTO KacaeTCR KO~oHeHTa B, 
TO AJISI Hero HCB3BeCTHbl Aa>Ke <l>YffAa.MCBTaJibHbie 

napaMeTJ)hl T 41e lgg. Hama 33Aa'ia COCTOHT B TOM, 
'ITOObl UOJIY'JBTb C3MOCOrJiaCOB3HBble 3Ba'leHBSI T qf 

B lgg AJIJI OOOHX KOM.JIOHCHTOB B OI(CHBTb COACp)K3• 
HBe renu B HX aTMoapepax. 

3. HA6IlI0;r(A TEJibHblH MA TEPHAJI H 
IlYl.JEBbIE CKOPOCTH 

I 

Ha6n10;p;eH11J1 a.Vir nposo,ABJIBCL B 1992 - 1993 IT. 
Ha 2.6-M TenecKone KpLI MCKOH acrpo<j>B31NCCKOA: 
o6cepsaropBB. Hcnonb30BaJICJI KYA:J-cnerrpo
rpa<j>, caa6xceuH&1i CCD-Ma'I'plll(ei 580 x 520 na1:
cenos [ 11 ]. CneK-rp&I DOllY'ICHbI BO BTOpoM nop~e. 
npH 3TOM o6paTH3JI. JIBHCmlaJI. ABCnepcu cocras
mma 3 A/MM, a cneK'l'panLHoe pa3pemeHBe 30000 
(0.05 A/rmxce11). B Ka)KJJ;OM na6Jt10ACHBB pemcrpe
poBaJia1 yqacroK cneK'I'pa wnmoA: 30 A. BpeMA OT' 

AeJJbHOA 3KCD03Dl(JIB KOJie6aJIOCb OT 10 no 30 MBH 
B 33BBCBMOCTH OT Bb16paHHOro yqacrKa B norOA

BbIX }'CJIOBD. Omomeuue CBma.Jl/myM COCTaBJIJIJIO 

ACTPOHOMWIECKHH )KYPHAil TOM 72 .Ni 2 199S 
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HeIA6678 SiDI M552 
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he. 1. IlpHMepw o6pa6oTaHHWX CCD-cne1C'rporpaMM B o6naCTH JTHHHA Hel A 6678 H Silll M552. ByKeaMH A H B o6o3Ha'fe
u1,1 JTHHMH COOTBeTCTBYIOUOIX KOMfiOHCHTOB. qHCJla cnpaea COOTBCTCTBYIOT <pa3aM q, op6HTMl,Horo nepHOAa. 

100 - 300. Bcero 3a nepHOA Ha6moµ;eHHH 6bmo no
ny'leno oKono 100 cneicrporpaMM a,Vir. 

11ony-qeHH3$1 HHq>opMa~ o6pa6aTb1Banacb no 
CT~ap1110A: MeTOAffKC C y11eTOM TeMHOBOro q>oHa H 
nnoc1eoro nom1 •. Jlan&aee:mu o6pa6oTKa BKJ11011aJia 
e ce6g CJ1e;iey10J.IUJ~ npo~eµ;ypbt: "'IIICTKa cne1crpoe OT 
cnyiJ:allm,tx eb16pocos, o6ycnosneBH&IX KOCMB'lec
KHMH qa~aMB; y'leT q>oua He6a; q>WI&Tpa~ my
Mos; uopMllpOBKa K KOHTHffYYMY· B pe3ynLTare 
6bIJJH nonyqeHbI npoq>HnH u 3KBBBaneHTBbte wupe

Hbl pjl:Jia cneKTpanbHbIX nueuii. Ha puc. l B KaqeCTBe 
npHMepa npuseµ;eHbI o6pa6oTaHHbte cneKTporpaM
MbI e o6naCTe nilHBii Hel 11. 6678 H Sill! A 4552. Xo
powo Blij:'(HO, KaK MeIDJeTCSI DOJIO)KeHHe JIHHHB KOM

noHeHTa· B OTHOCHTeJibHO A B 33DHCHMOCTH OT q>a3bl 
<p op6BTaJibHOrO nepuoµ;a ( 3H3'1CHID1 q> Bbl1IBCJICH1>I B 

COOTBeTCTBDB C 3q>eMep~oii (12]). 

l13Mepsmecb BHJUIBH1()'an&Hbie 31'BBBaneHTHbte 
mHpHHbl w A B w B K~Oro KOMDOHeHTa, npuqeM B 
Tex q>a3ax, KOrAa JIHHBH B cneKTpe 11CTKO pa3AeJISI
JlBCb. K C0)1(3JJCHBIO, WHpDHbl 6onee cna6bIX JIBHBB 
3BC3Ab1 B ue scerna MO.>KHO 6&mo Ha;t\e)l(.HO onpe;t\e
JIBTb H3•3a 60JibWOA CKOpoCTII spal.l\eHIDI (Ta6n. 1) H 

6JieffAHPYIOJllCro BJIIDIHIDI 6onee CHJibHbIX JIDHHA 
3Be3AbI A. B TO )Ke BpeMSI, KaK npaBHJIO, scerAa yAa-. 
BaJIOCb H3MepHTb ~eliTpan~uy10 rny6uHy r 8 • B CBH3H 

C 3THM DO cpaBBHTeJll,BO H3Ae)KHblM JIHII.HS[M 61,ma 
DOCTpOeHa 33BHCHMOCTb rs OT WB, KOTOp3$1 3aTeM 

6bma annpoKCBMHpOBaHa llOJIHHOMOM BTOpo:A CTe

ne~ H BCD0Jlb30B8Ha AJIJI 01:(eHJ.CII W B B CJiy-qae 6JieH
wrp<>BaHHbIX JJBHBB. 

,[laHHLie 00 3ICBHBaJICHTHblX ~DpDHax npeACTaB
JICHbl B Ta6n. 2. ,[lJISI K3)1{Aoro KOMilOHeHTa 3AeCb 
npeseneHLl KaK H3MepeHHbie w00s, TaK H ucnpaeneH
Hble wcor 3H3'1eHWI mBpHH (B MHJIJIBaHrcrpeMax) ce

Mll nmme: He, a TaJOKe H36paHHbIX JIBHHH C, N, 0, 
Mg, Si u S. HcnpaBneHHe 3KBBBaneHTBhIX wupuu · 

CBJ133HO C nepeXOAOM OT ypOBWI CfMMapuoro KOHTH

uyyMa 3DC3A A H B K ypoBIUlM HX co6CTBeHHblX KOH

THHyYMOB [13, 14). B Ta6JI. 2 yKa3aHO TaIOKe 'IBCJIO 

cneicrporpaMM n, no KorophIM onpe~enMOCL 3Ha"'le-: 
eae W""' Ka)l{Jloll nmnm. B1,1me OTMe'lanOCb, 11TO 

KOMllOHCHT A SIBJIJICTCSI HepaJ:(HanbHO nyJibCBpyJO

ll.\eH 3Be3A0B, H B CBJl3B C 3THM B03HBKaeT sa._npoc 0 

B03MO}ICJIOH nepeMeHHOCTH 3KBBBaneHTHbIX wapHH 

W":s. KaK CBHAeTeJibCTBYIOT Ha6n10~eHID1 JIBHHB 

SiIII 11.4552.65, B1>monueHH1>1e CMllTOM [10], a TaK

)Ke Hanm ua61110µ;eJilPl nHHHB Hel A.6678.15 u Silli 
M552.65, 3Ha11eHID1 W":s B TelJeHHe riepBOAa nyn1,

caquii 3aMeTHO He MCIDllOTCSI. 

ACTPOHOMHqECKMA )l(YPHAJI TOM 72 N!! 2 1995 
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HapSQzy C 3KBHBaJieHTHblMH lllllpHHaMB Mbl B3Me- Ta6JIIIQ8 2. 3K.BHBaneHTHbie llIHpHHbl JIHHHH aVir 
pHJIB JIY''IeBbie CKOpOCTB Vr K8)1(JJ;OrO KOMilOHeHTa B 
pa3HbIX <p838X op6HTanLHOrO nepuo.n;a. nm1 3TOrO 

BCilOJib30BaJIHCb He6JieH.n;HpOB8HHhie JIHHHB, npu-
.. qeM HX npo<pHJIB y 3Be3,:{bl B annpoKCBMBpOB8JIBCb 

raycceaHou, a y 3Be3,:tbI A, rAe JIHHHB .n;ecpopMHpoea
Hbl H3-3a rrynbcaIJ,Bii, 3Ha'leHIDl Vr onpe.n;eJIMHCb no 

. Me.n;11aHe, KOTOp3$1 .n;eJIHT npo<pBJib Ha .n;ee 'tJ8CTD 
paBHOH IlJIOII~aJ:{H. HamH B3MepeHID1 Vr KaK cpyHKI:ijljl 
q>albl <p npe.n;CTaeneHbI Ha puc. 2. 3.n;ecb >Ke npHBe.n;e-

. Hbl KpBBble JIY'leBbIX. CKOpOCTeii o6oux KOMilOHeHTOB 
. B COOTBeTCTBHH C op6HTaJibH.blMH 3JieMeBTaMH H3 

pa6oTbI IIIo66poKa u .n;p. [12). IlocKOJibKy y CDHKB 
BMeeTCJI Bpa~eBHe JIHHHH ancu.n: ( CM. BbIWe ), Mbl 
}'.TO'IHHJID 3Ha'l~HBe p;oJil'OTbI nepaacrpa co. lfcnorrL-
3YR MeTO)J;HKY [ 15] H OCT8BJULR <pBKCHpOBaHHl.IMH 3Ha
'leHIDl nepnop;a P a 3KCl.\eH'I'pHCB.TeTa e, MbI HaIIIJIB, 
.'IT() BO BpeWI HaWHX Ha6n10.n;emrii co= 200° ± 3°. 
C yqeTOM 3TOro e.n;BHCTBeHHoro Y'fO'IHeHIISI, KaK BUA-

. HO H3 puc. 2, uam:e: H3Mepe:u::wi Vr HaxowrrcS1 B xopo
meM cornacHB c op6BTaJibHbIMH 3neMeHTaMH [12]. 
OrMeTHM, 'ITO IlOJIHbie Jl.aHHble O rryqeBl,IX CKOpocntX 
B 3KBHBaJieHTHbIX umpHHax npe.n;nonaraeTCSI orry6na
KOBaTh OTJl,eJibHO. 

4. <l>YHnAMEHT AilbHbIE IlAP AMETPbI 
KOMilOHEHTOB 

MeTOJl.BKa aHaJIBla COCTaBHbIX cneKTpOB .n;eou
HLIX 3Be3.n; 6bma pa3pa6oTaHa B KpbIMCKOii acrpo
q>B3H.'leCKOH o6cepearopBH paHee [13, 16]. Ha ee 
OCHOBe y>Ke 6blJIH HCCJie.n;oBaHJ,I )J;BOB'Bble CBCTeMbl 
1t Sgr [13], i Peg [14] H RR Lyn [17). YKa3aHH3$1 Me
TO)'.(BKa n03BOJIJleT BblDOJIIDITb caMOCOrJia~BaHBOe 
onpe)'.(eJieHHe <l>YHAaMeHTaJibHblX napaMe'rpOB KOM

DOHeHTOB, TO eCTb lfX acpcpeKTHBHblX TeMDepaTYJ) 
' Ttfl H ycKopeHHH CIIJibl TSDKeCTH B aTMoccpepax g. 

KpoMe Toro, C ee DOMOID;blO MO>KHO 3H3JIH3Bp0BaTb 

~ffAYaJibHbIH XHMINecKBil cocras KOMIIOHelfl'OB. 

Ilpu onpeAeJteHHH T ell u lgg e CJiyqae Cnu.KH MLI 
OCHOBbIBaJIHCh Ha CJie.n;yio~HX ua6J110.n;aeMbIX 
xapaKTepHCTHKax. Bo-nepBblX, B3MepsmHCb 3KBHBa
JieHTHhie IIIBpBHbl W 6anbMepoBCKHX mmmi Hp a Hy
CneqaanbHO AIDI arott ~enu 61,um nonyqeHbI <p<YI'O
rpad>BqecKBe cneicrp1,1 aVir c o6paTHoH AHcnepcueu 
12 A/MM. M1>1 Hawnu, 'ITO W(H13) = 3.25 ± 0.25 A H 
W(Ry) = 4.40 ± 0.25 A (oTMeTHM, 'ITO Ha 3THX cneK
TPax pa31(BOeHIDI JIHHHH H13 H Hy He o6aapy>Keuo ). 

Bo-BTOpbIX, HCil0J1b30BaJICSI <j>OTOMe'rpB'leCK.Hii HH
.n;eKC [ctl B qeTblpeXI.J,.BeTHOH CHCTeMe uvby; comaCHO 
KaTanory (18] ero ea6JIJO;JJ;aeMoe 3Ba'leHBe AJIJI aVir 
COCTaBJI.ReT [c1] = 0.041 ± 0.013. B-TPeTbBX, Mbl npu
ene1urn em;e · om cpoT0Me'rpH'lecKy10 BeJIH'IHHY -
OTBOWeHBe llOTOKOB F(4637)/F(3636), SIBmnom;eeCSI 
aHaJIOroM 6aJILMepoBCKOI'O CKa'IKa. Ha OCHOBC Ka
TanoroB [ 19 - 21] MLI e cpe.n;HeM nony'tJBJI" 
lgF(4637)/F(3636) = -0.260 ± 0.007. IlOA'lepKHeM, 
'ITO see nepe'IHCJieHHbie xapaicrepHCTHKB OTHOCSIT
C$1 K cyMMapHOMY cneicrpy ABOHHOi cucreMLt. TeM 

3neMeHT Mym,TH- wobs, MA w cor, MA 
'A,, A n 

nneT A B A B 

Hel 

4387.93 51 2 816 146 958 982 
4471.48 14 2 1107 254 1300 1708 
4713.26 12 3 237 46 279 309 
4921.93 48 1 772 120 907 806 

5015.67 4 3 285 58 335 389 
5875.63 11 3 635 132 746 885 
6678.15 46 17 653 105 768 709 

en 
4267.20 6 3 143 30 168 202 
NII 
5747.29 9 2 129 22 152 148 

OIi 
4699.21 25 3 96 8 113 ·ss 
Mgll 
4481.30 4 2 110 21 129 142 

Silll 
4552.65 2 16 234 18 273 122 

4567.87 2 15 218 14 256 96 

SIii 
4253.59 4 2 145 26 170 176 

He MeHee, OHB DOMOryT HaM onpe.n;eJIHTb HUAHBBAY
anbHbie napaMe'I'pbl KOMIIOHeHTOB. B AODOJIHeHHe K 

ynOMSIHyrbIM xapaKTepBCTHKaM Mbl HCilOJib30Ba.JIH 
e~e OAHY - pa3HOCTb 3Be3J.(Hb1X BeJIH'tJHH Me>KJ{y 
KOMDOHeHTa~ llmv=-2.0 ±0.2 [8]. CoOTHOWeHHe, 

CBS13bIBaJO~ee llmv C napaMe'rpaMH KOMIIOHeHTOB 

T effu lgg, npBBe.n;euo B [13]. 
Y cKopeHHe CBJibI T8>KeCTH s aTMocq,epe rnaeao

ro KoMDoHelfl'a, TO eCTb 3Ha'leHHe lggA, onpe.n;eneHo 
s pa6oTe {8) Ha OCHOBe HHTepcpepoMe'I'pH'leCKBX H 
cneK'rpOCKC>IlHttec.KHX H30JIIOAeHH.ii, npatteM C ~o
CTaTO'CIHO BLJCOKOH TO'IHOCTblO (Ta6n. 1). B J.(aJib~ 
HeiiweM Mbl npHWIJJH HMCHHO 3TO 3HaqeHHe lggA' 
OCTaeTCSI HaHTH e~e TPB HeH3BeCTHLIX napaMeTl)a: 
T eff(A), T eff(D) H lggB. UJig ax onpe.n;eneHIDI Mbl cpae
HHBaJIB Ha6JIJOAaeM1>1e BeJUNHHbl W(llp), W(Hy), [C1], 
lgF(4637)/F(3636) H flmv C BX BbNHCJieHHbIMB 3Ha
qeHIDIMH (COOTBCTCTBYJO~e <pOpM}'Jibl npuBe~CHbl 
B (13, 14, 16]. IlpB 3TOM HCil0Jlb30BaJIHCb pe3yJibTa
Tbl pacqeTOB Kypyu,a [22]. OrMeTHM, tITO Heo6XOAH
Mble AIDI HaWBX BbJqHCJieHHD OTHOWCHWI Mace 
MB/MA H paJJ;u.ycos RB/RA Mbt HallIJIH c nOMOII{blO 
Aa.HHbiX Ta6n. 1. 

Mbl npHMeHBJIH MeTOJ.( nOCJie.n;oBaTeJibHblX npu-
6rrIDKeHBH. HaqaJibHOe npu6nmKeHHe ,t\JI$1 napaMeT
pon KOMilOHeHTa B MO>K.HO 3a.n;aTb, opuewmpyRcb Ha 
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Pa&;. 2. Jly'leBLie CKOpoCTH KOMfiOHeHTOB KaK <l>YHKQHSI (pa31>l op6HTaJU,HOro nepHOAa, TO'lKH - rnaBHblR KOMDOHCHT A, 
TPeyronbHHKH- BTOJ)H'lHblA: KOMIIOHCHT B. KpHBwe COOTBCTcrayJOT op61lT8JlbHLIM 3JICMCHTaM [12] C )'TO'lHCHHOA nonroroA 
nepHaCTPa. 

ero cneK'I'paJibHbIH no,u;ICJiacc B ICJiacc ceeTBMOCTH 

(Ta6n. I): uanpHMep. T en{B) = 20 000 K H lgg8 = 4.0. 
,UaJiee, CfaBHB~~ ua6JI10AaeMb1e B TeopeTWJecKHe 
3Hat1e11ID1 nep~1mcneHH&IX ei.1we eeJIB1D!H, MM Ha

xoµ:BM p;u Ka.xc.nou B3 uax ceolO reMnepaTYPY T en{A) 

lgg 

4.50 

4.25 

4.00 

3.75 

3.50 

16 18 20 22 24 Teff, I K 

he. 3. OKOH'Iarem.au AHarpaMMa A)lll onpeAeneHIUI 
<pYffAaMeHTaJJbHblX napaMCTPOB BTOpH'IHOro icoMOo
HCHTa. .IJ.,n11 6anbMeposcux nmndt Hp H Hy uocrpoeaa 
ycpeAHCHIWI Dp.llMU, To'llta COOTBeTcrByeT npMHllTLIM 

3Hat(CHJUIM T ef!H lgg. 

npH q>BIC.CHpOBaHHOM ycKopeHHB lggA = 3.7. YcpeA
IUUI 3TH 3Ha\leH1DI Te11(A). Mbl nepeXO)l;HM 3aTeM K 
CJie,u;yiom;eMY npH6JIIDKeHHJO H, ucnoJib3YSI re )Ke Ha-
6moJJ;aeMbie xapaKTepHCTHKB, crpoBM ,u;:aarpa.MM}' 
,D;JISI onpe,u;enemm T en{B) B lgg9. IlOTOM BHOBb nepe
onpe,u;eJUleM T en{A) B T.,u;.: 3TOT npo~ecc npoJJ;OJI)Ka
eTCJI 1(0 )l;OCTH}KCHIDI IIOJIHOB CXO,D;HMOCTH. 

0KOH'<laTem,Has ABarpaMMa T e_q(B}-lgg8 11:m1 
BbI6opa napaMe-rpOB BToporo KOMIIOHeHTa npe,u;
CTaBJieHa·Ha puc. 3, a npHHSITblC HaMH 3Ha1leHID1 T 
H lgg ,D;JISI OOOHX KOMIIOHeff'lVB npHBeAeHbl B Ta6n. r 
TaM .}Ke YKa.3aHbI pe3yJib't&TbI cneK'I'paJibeoii ICJiac
cu<j)ux~ KOMIIOHeHTOB, KOTOpbIC Mbl DOJIY1IBJIB 

Ha OCHOBe npamrr1>1x TeMIIepaT)'P T eff H ycKopeHHH 
lgg' RCIIOJih3YSI CTaTBCTH11ecme 38BHCHM0CTB [23 ]. 
lb cpaeHeHIDI c Ta6Ji. 1 BB,QHO, 'ITO Hae:p;eHHbie HaMH 
CIICK'I'paJll,Hble no,u;KJiaCCbI H ICJiaCCbI CBCTHMOCTH 
KOMitOHe1rros. A II B npaxmqecm coena.x.alOT c 
o~eHKaMB, npBBe)l;CHHbIMB B "KaTaJIOre SipKBX 
3Be3A" [9]. 

5. CO,UEP)KAHM.E rEJIH.SI 

Kax B3BeCTHO, ));JUI ROJIHOro aHaJIB33. XBMH'ICCKO
ro cocraea 3Be3AI,I Hap"1cy c napaMeTPaMB T tJf e: lgg, 
3aAaIOm;HMB MQAeJib aTMoc<j)epbI, HeooXO,D;HMO onpe
AeJIBTb TaJOKe CICOpocTb MHKpO'I)'p6yJielITHOCTH ; , . 
K CO}KaJleBBJO, ·B cnYl.Jae Cnam e3-3a e&1coxou cKo
pocra Bpam;eHWI ee KOMIIOHCIITOB (Ta6JI. 1) yµ:aeTCSI 
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. _._. mMepHTb 011eHL orpaJIH'leHHoe 'IBCJio cneKTpaJibllbIX 
JUIHBH. Il03TOM}' AIDKe AJI.SI rJiaBHOro KOMilOHeHTa A 
He npeACTaBJIJleTCJI B03M0}[{Hb1M nony'IHTL 3KBHBa

JICHTHbJe WHpHHbl w AOCTaTOtmOro KOJIHtfecrBa JIH

HIIH KaKOl'O-JIH6o 3JleMeHTa B WHpOKOM AHfilla.30He W, 
'ITO SIBJI.ReTCSI Heo6XOAHMLIM ycJJOBBeM AJIH onpe]:le
neHH.sI ~. MO)KHO 6i.mo 6bt llOllhITaTbCJI o~eHHTb 
3Ha'lellllll l;, AJISI KOMilOHeHTOB AH B no ApyrHM 

3BC3AaM c 6JIH3KHMH rrapaMeTpaMH T eff H lgg, o~Ha
KO 31'0 C):\eJiaTL He YAaeTCSI, TaK KaK cpeAH paHHHX 
B-3Be3A xJiaccos cseTBMoCTH ill - V aa6moAaeTCll 
AOBOJJbHO 6om,woii pa36poc l;, (CM., H3IIpBMep, [24]). 
BCJieACTBHe 3TOro H3 Bcex paCCMOTpeHHblX XHMB'leC
KBX 3J1CMCHT0B Ta6n. 2 HaM YAaJIOCb Ha.BTB TOJibKO 
COAep}KaHHe reJIIDI, nocKon1>xy numm Hel He'l}'BCTBB
TeJibHLI K Bbl6opy l;, (uanponm, COJ:lep)IW{WI C, N, O 
a Apymx aneMeHTOB, K.aK. noxa3anH HamH pacqen1, 
CIDihHO 33BHCSIT OT llpHIDITbIX 3Hatieeeii l;,). 

H3BCCTHO, tITO HeK0Top1>1e JIHHHH B cneKTpax 
palUiHX B-3Be3A npH CBOeM 3HaJIB3e 1'pe6y10T y'leTa 
OTILJIOHemm OT JJOKaJibHOro TepMOABHaMH'leCKOro 

· paBHOBeCIDI (JITP). Oxono 20 neT H333A Ayep H MH
XaJiac [25] IlOK33aJIB, tITO AJUI 3KBUBaJieHTH.blX llIH-

. pHH nmmu Hel B cHHeit 11acm cneicrpa (A< 5000 A) 
pOJib OTKJIOHemm OT JITP Mana, B TO BpeM.sI KaK AJISI 
JIBHHi Hel e Kpacuo11 qaCTH cneK'I'pa Heo6xo;QHMO 
yqBT&IB3Tb HeJlTP-3<pq>eKTLI. Kax B~HO H3 T36JI. 2, 

. Mhl paCCM3TJ)HB3JIH D Te, U Apyrae JIHHHH Hel, no-

3TOMY IIpB onpeAefleHHB COAep}KaHBSI reJIWI H~M 
cneAOBaJIO OCHOBbJBaTbCJI Ha O,l(HOPOAHOH CHCTeMe 
aeJITP-pactJeToe .QJISI scex yKa3aHHLIX JIHHHH. Pe-
3yn1>TaT1,1 TaKHX pactJeTOB JII06e3HO npeAOCTaBHJia B 

u~e pacnopH}KeHHe C. BeKep H3 M10axeHcKoro 
' ywmepcHTeTa. Hcnom,3ySI ee TeoperattecK.He 3KBH

BaJieHTHbie mupHHbI JIHHHH Hel, MLI rronyttHJIH co
;Qep}K3BUSI renIDI lge(He), npHBe;QeHHbie e Ta611. 4 
(CJiyqaii HeJITP). 3p;ecb cop;ep}KaHue lge(He) ,l(aHo s 
06b1quo:u norapu<J>MH'leCKOH mKane; AJUI aop;opo;Qa 
l'IJ>IIIDITO lge{H) = 12.00. 

,umi cpasHeHB.sI B Ta6n. 4 yKa3aHbI TaIOKe 3ua11e
~ lge(He), HaiiAeHHbie HaMD npH ycnoBHH JITP AJISI 
nmum C AJIHH3MH BOJIH A :5 5000 A, r,l(e OTKJIOHCHUSI 
OT JITP cpaBHHTeJibHO H.eBeJJHKH. IlpH 3TOM HCil0Jlb-
30B3Hbl pesym,TaTbI JITP-pac"tJeToB, BbinOJIHeHHLIX 
AJISI nuwm Hel [(1>1M6anoM [26]. Hurepecuo, 'lTO 
K3K y KOMilOHeHTa A, TaK H y KOMIIOHeHTa B cpeA
HHe CO.Qep}K3HIDI lge(He), nonyqeHHbie B CJly-tlaHX 
JITP u HeJITP, no'ITB OJ:(HH3K0BbI. 06a no.QXO,l(a 
npHBOAi(T 1' O,l(HOMy BbIBOAY, a BMeHHO: COAep~aeue 
re.11HJ1 y 3Be3,l(bl A 3aMeTHO ei.1we, 'leM y 3Be3.Qbl B. 

CJreAYeT ynoM.sIHyn o6 OAROi rrpo6neMe, CBSl3aH
Hoii. C OTHOCHTe.JibHO OblCTJ)LIM epall\eHHeM KOMilO
HeHTOB CnHKH. BoJibwee CKOpocm BpalI(eHIDI y 
p3HHHX B-3Be3A MOryT BJIWJTb Ha HX MO,l(eJIH aTMO

ccpep, a OTCIO,l(a H Ha BbJquCJI.sreMbie 3KBHBaJieHTHbie 

IJIHPBHLI JIBHHii. Hel. Konneuc u AP· [27], ucCJJeJl.YSI 
.3Ty npo6neMy, IIOK333JIH, qTo 3<J><J>eKT 33BHCHT OT 
yrna i Me)K,Qy JIY'IOM 3peHUSI H OCblO Bpam;eHIDI 

Ta6JIJl~a 3. IlapaMeTpbl KOMllOHeHTOB 

KoMno-
Teff,K Jgg Sp He/H HCHT 

A 24700±500 3.7 ± 0.1 Bllll-IV 0.22 ±0.04 
B 20800± 1500 4.2 ±0.2 B2- B2.5V 0.10±0.02 

3Be3,:thl H OT BCJIH'IHHbl W = v/ Ver, l';Qe V - CKOpoCTb 

Bp~eHIDI Ha 3KB3T0pe H Ver - KpHTH'leCKa.sI CKO

pOCTh BpalI(eHIDI (HanOMHHM, 'ITO H3 Ha6JIIOAeHHii 
HaxOAHTCSI eemttJHHa vsin i). Oco6eHHO 3aMeTHO 
yMeHbWaIOTC.sr 3KBHBaJieHTHble WHpBHbl W JIHHIIH 

Hel npH w = 1 H npH i = 90°' TO eCTb KOr]:\a c1copoCTb V 

6JIH3K3 K KpHTB'leCKOH H KOl"A3 3BC3~a BH.QHa C 3KBa
TOpa. Hcnon1>3y.s1 pac11en1 [27J, Moxrno noKaJaTL, 
'ITO npeHe6pe}KeHHe 3TBM 3<J><J>eKTOM MOXCCT npH
BeCTH K owe6Ke B W, KOTOpa.si 8 xy;QweM CJiy-tiae 
COCTaBJijleT OKOJIO l 0% y KOMilOHeHTa A e cyw,eCT
BeHHo MeHbWe y KOMnOHeHTa B. TaKHM o6pa30M, 
3cp<j>eKT MaJI no cpaetteHHIO C Hal'iACHHblM pa3nH'IH

eM B co;QepxcaHIDl.X renIDI Me)K,Qy A H B. KpoMe Toro, 
CJie,l(yeT HMeTb B BHAY. tITO y-qeT Bpa..lI(eHWI, He
CKOJibKO fi0Bb1Wrul 3HatteHHe lgE(He) y 3Be3Abl A, 
MO)KeT TOJibKO ycBJIHTb yKa33HHOe pa3.1IH~e. 

HTaK, CO;QepxcaHHe reJIWI B 3TMOC<pepe KOMUO

HeHTa A OK333JIOCb cyw,eCTBeHHO BbIWe, 'leM B aT

Moc<J>epe KOMIIOHeHTa B. B Ta6rr. 3 rrpHBe;QeHbl 
cpe,l(HHe OTHOWeHUSI He/H no tIHCJJY aTOMOB, Haii:
,i:eHHbie ,l(JISI A H B DO BceM ceMH nlJHIDIM Hel, pac
CMOTpeHHLIM HaMH (CJiyqaii HeJITP). BH.QHM, qro y 
3Be3Ahl A COAep)K8BBe re~IDI yseJIH'leHO npu6nB3H

TeJibHO B AB3 pa3a IIO cpaeHeHHIO CO 3BC3AOH B . Ilo
CKOJibKY Macca KOMDOHeHTa A 6011i.me (MA"" 11M0 , 

Ma = 7M0; Ta6JI. 1), TeM caMblM IIOATBep}l(JleHO 
npeAJioJIO:>KellUe o TOM, "tJTO aTMoc<J>epa 6onee Mac
CHBHOH 3Be3;Qb[ AOIDKHa HHTeHCHBHee o6oralI(aTbCSI 

renHeM. 

Ta6m1~a 4. Co.!{ep)KaHHe reJIHst lg £(He) B aTMocq>epax 
KOMnOHeHTOB 

JIHHHJI KoMnoHeHTA KoMnOHCHTB 

(1.., A) tteJITP JITP neJITP JITP 

4387.93 J 1.25 11.46 10.90 10.96 

4471.48 11.28 11.34 11.01 11.09 

4713.26 11.31 10.97 

4921.93 t 1.30 11.47 10.84 10.80 

5015.67 11.33 11.30 11.04 11.00 

5875.63 11.42 11.04 

6678.15 11.49 11.06 

CpeAHee 11.33 11.39 10.98 10.96 

±0.10 ±0.10 ±0.10 ±0.12 
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Ta~ s. Maccbl, paAHYCbl, CBCTHMQCrH H B03PaC'rbl 

KOMnoHeHTOB, HaimCHHblC C nOMOlltblO 3BOJJIO~OHHbJX 

paet1eTOB [28, 29] 

KOMJIO- M/Mo R/Ro lgl!Lo t, 1<>6 neT 
HCHT 

A 12.6±0.6 8.3 ± 1.2 4.37 ± 0.16 14± 1 

(10.9 ± 0.9) (7.8 ± 1.2) (4.31 ±0.18) 

B 7.1 ± 0.9 3.5 ± 1.1 3.33 ±0.38 11+19 
-II 

CneAJCT ynow1Hyrb o Apyroii B03MOXOIOB npu
'IHHe B03HHKBOBCBIDI XBMH'ICCXHX aeoMamm B 
ABOH.HblX CBCTeMax - o6MeHe M3CCOB MeJl(Ay KOMRO

HCHTaMH. IlOBbIWeHHOe COACp)l{aHHe He, BOOO~e 
I'OB0p}I, MOl'JIO 6bl DOJIBHTbC.R B pe3yJILTare nepere

K3HIDI BC[UeCTBa C COCCAHCl'O npo3BOJIIO~OHBpO
eaemero KOMilOHeHTa. 0AH3KO AJIS CllHKB (HeCMO

Tpj[ Ha TO, 'ITO 3TO AOCT3TO'IHO TCCHU napa) T3K0B 
c~eaapuii B~ JIB DOAXOAHT, Ha 3TO YK33b1Bal0T 

cneJzyJO~e q,axn,1: 1) e CHCTeMe ee o6eapyJKeHo 
npH3H3K0B 06MeHa MaCCOH (HCT 3MHCCHB B cneKTpe); 
2) KOMilOHCHT B, nO-BH)'.(HMOM}', SIBIDICTCJI o6bI'IHOH 

3BC3AOR B caMOM H3'IaJie CT3AHB fII, lfrO IlOATBep)l{
A3CTC}I cpaBHCHHCM C 3BOmo~OHHblMH TpeKaMB 
( CM. HH)l{e) H HOpMaJILHblM COACP)l{aHHCM He B ero 

3TMOc<pepe. 

B03Bp~cU1Cb K HamBM pe3yn1:.TaTaM, OTMeTHM, 
'ITO HCCMOTJ)H Ha Y'ICT OTKJIOHCHHii OT IlTP JIBHHH B 

KpacHoil o6naCTH cneKTpa (A> 5000 A), KaK cneAyCT 
H3 Ta6JI. 4, ,:(aJOT BCe-TaKB HCCKOJibKO 6onee BblCO

KHC 3Ha'feHIDI lgt(He), 'feM JIBHBH B CBRCH o6naCTH. 
EcJIH orpaHH'IHTbCj( paCCMOTJ)CHHeM 'ICTblpeX JIB

HHH Hel c AJIHHaMH eonH A < 5000 A, TOI'Aa e cpeA
HeM He/H = 0.19 AJUI KOMDOHeHTa A B He/H = 0.09 
AJISI KOMilOHCHTa B. TO eCTb pacxo)IC,QeHHe B AD3 pa3a 

Me)l{AY A H B coxpa1U1CTCJ1. 83.}KHO DOA'ICPKH}'TL, 
'ITO <paKT pa3JIH'IWI B CO,:(ep)l{aHHH reno MeJl(Ay 
KOMnOHCHTaMB CJIHKH ycraHaBJIHBaCTCSI C BblCOKOH 

TO'lfHOCTblO, nocKOJILK}' Taxoe pa3JIHtIHe nonyqaeT
C$1 no KaJl(AOft H3 ceMH paCCMOYpCHHblX R3MH JlllHHB 
Hel (Ta6n. 4, c11r1aii HeJITP). 

6. CPABHEHHE C 3BOilIO.QHOHHbIMH 
PACqETAMM 

B Ta6n. 1 npBBCACBbJ M3CCbl KOMilOHeHTOB MAH 

Me , HaiiACHHbie a pa6oTe [8] Ha OCHOBe HaOJIIOAC

Fllm CO 3Be3AHblM mn:ep<pepoMCTpOM B H3 aBaJIJl38. 

KpHBblX JIY'ICBblX CKOpoCTeH (HHTepq>epoMCTJ)WI + 
+ CIICK1pOCKOIIWI). BmeM o6o3Ha'laTb 3TB BeJIINH-

HblM~C H M~c. 3ua'leHIDI MA u MB MO)l{HO onpeAe

JIHTb H APYrHM cnoco6oM, ecne conoeTaBHTb napa

MeTpb1 T,11 H lgg KOMnoueHTOB Au B c 3BOJIJO~B

OHRbtMH TpeKaMH (Ami TaJCHX Mace BBCAeM 

o6o3HaqeHu M': H M:• ). Mb1 ecnonb30BanH Ami 

3TOA .QCJIH HeAaeHBe 3BOJIIO.QHOHHblC Bbl'IBCJICHIDI 
[28, 29], COAep~e 3BC3J1;Hble MOACJIH AJI.R nmpo
KOro ABana30Ha Mace M. IIpu 3TOM npHHHM3nCSI 

HOpMaJibHblB HCXOAHLIA XHMH'feeKd COCTae: CO,Qep

)l{aHBe reJIIDI no Macce Y = 0.28 e COACPJKaHHe Me
TaJIJIOB Z = 0.02. 

Mb1 HHTepnoJIBpoeane AaHHbie [28, 29], 'IT06bI 

-.x.... M3a M311 HiU1TH M8CCbl A B B , COOTBeTCTBYIO~e npH161-

TblM napaMeTJ)aM T ef!H lgg. IIpH 3TOM BblJlCHHJIOCb, 

'ITO 3BOJIIO~BOHBbie TpCKB, HaBAeHHbie AJUI OAHOI'O 
B roro )l{C 3Ha'leHIDl M Ha OeHOBe ABYX yxa3aHHblX 
paoor, npaKTH'ICCKB CJIHBaJOTCH. Haaqe roeopR, o6e 

paOOTbI IIpRBOASIT K OAHHM B TeM ~e JHa'leHIDIM 

M3; HM': 
Macc1,1 KOMilOHCHTOB, OnpeAeJieHHbie e no

MO~blO (28, 29), npeACTaBJICHbl s Ta6JI. 5. 3Aecb )l{e 

COAep)l{aTCSI P3A.HYCbl R H 60JIOMCTJ)1NeeKBe ceem

MOCTH L, nonyqeffHbJe H3 H3BCCTHbIX COOTHOWCHBH: 

R . l M. 1 
lg - = 222+ - Ig- --lg g (1) R

0 
. 2 M 2 ' 

0 

L R 
lg L = - 15.045 + 21g R + 41g T,11· (2) 

0 0 

B IlOCJICAHCM CTOJI6.Qe Ta6n. 5 npHBeµ;eu 803paCT t, 
O.QCHCHHblB c ROMOIIn>IO TeX ~e pae'ICTOB (28, 29]. 
YKa3am,1 ODIH6m onpeAeJieHIDI eemtmH M, R, Le I, 
npa11eM onm6Ka B03paCTa le orpaHH'leua CBB3Y npe
µ;en1>HbIM 3H3\JCHHCM le= 0. 0 BeJIBtIHHax MA, RAB 

LA, npeµ;CTaBJieHHbIX e cKo6xax, 6yACT CKa.JaHo HIDKe. 

Bo3paCT KOMilOHCHTOB ABOBHOB CBCTeMbl, KaX B 

CJICAOBaJIO O)l{B.µ;aTb, OKa3aJICSI npaKTBqecKB OAHHa
KOBLJM. 0AHaKO ~Jljl KOMilOHCHTa A OH Haimee Ha

MHOI'O TO'lllee, Il03T0My B ICa'ICCTBe B03paCTa CHCTeMbl 
aVir MO}KHO IlpHIUl'I'b 3Wl'ICHBe I= 14 ± 1 M.RH. JieT. 

Hap~y C a6coJIIOTHblMB BeJieqeHaMH I HHTepeeHo 
cpaBHBTI, TaIOKe OTHOCBTCJJbHblA B03paCT t/lm KOM

IlOHeHTOB ABB, r,:(e lrn - BpeMSI .»CB3HB Ha rrr Ami 

3BC3Ab1 COOTBeTCTByio~ee: MaCCbl M ( onpeAeJUleM 

ero c OOMO~IO (28, 29]). 0K33aJIOCb, 1ITO tA/tm = 0.90 
H le/tm = 0.25. 3TB 3Ha'ICBID1 t/trn npHBO,IVIT Bae K 
3aK.JIIO'ICHBIO, 'JTO 3BOJIIO~ORHblH CTaryc KOMDO· 
HCRTOB pa3JJH'ICH, a HMCHHO: 3Be3µ;a A npB6JIWKaeT

CSI K KOHO:Y CTaAHH fll, B TO epeM.R KaK 3BC3Aa B Ha
XOAHTCH e~e B Haqane 3T0B CTaAHH. 

HHrepecno cpaeHHTb Macchi MA H M8 , eaB]l;eH

Hb1e ABYMSI pa3Bb1MB cnoco6aMB, TO eCTb 3H3'1CHIDI 

M~c H M:c, c OAHOH CTOpOHbl (Ta6n. 1), H 3Haaeewr 

M3: u M':, c APYl'OB (Ta6n. 5). Hau6onee ~CCT

eeHHoe pacxo~eHBe o6eapyxcuBaeTCj[ Ami rnaeeoro 

KOMIIOHCHTa A: ACHCTBHTeJibHO, pa3~a MeJl(Ay ee-

JIHtfHHaMH M~c = 10.9 ± 0.9Mo u M3: = 12.6 ± 0.6M0 
3aMeTHO npeBbimaeT OWB6KY BX onpeµ;eneHB.R. B 

TO X<C epeM.R AJISI KOMilOHCHTa B cornacue MCJKAY 
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:;:;·· 3HatJeHIDIMH M:c =6.8±0.7M0HM:a =7.1 ±0.9M0 
xopowee. tJTo KacaeTc8 paAeycos RAH RB, a TaIOKe 
CB8THMOCTH LA, TO 3AeCb o6a cnoco6a npHBO,l:VIT K 
pe3yJibTaTaM, corJiacy10w;HMcg B npeAenax AOnyCTH
MbIX OWHOOK (Ta6n. 1 H 5). HeOAH03Ha'IHOCTI:, 8 

orrpeAenemm MA TJ)e6yeT OTAen1:,Horo 06cy~eHID1. 

,· 

... . 
·. ·. 

7. IIPO:SJIEMA MACCbl fJIABHOfO ' 
KOMIIOHEHTA 

Ha puc. 4 B IlJIOCKOCTH T,ff-lgg H306paxceHLl ASa 
3BOJllO~OHHbIX TJ)eKa, COOTBeTCTBYIOm;He MaccaM 

M~c = I0.9M0 u M~c = 6.8M0 H nonr1eHHb1e c no-
· Mow;1:,10 HHTepnoJ18IJ.HB AaHHbJX [28, 29]. IIocxon1:,Ky 
rpeKH, H3HJ(eHHble H3 3THX ABYX pa6oT, npaKTHqec
KH H,D;eHTH'IHbl, MLI npHBeJIH Ha puc. 4 ycpeAHCHHLie 
KpBBbie (CruIOWHble JIHHHH). 3,n:ecb )Ke yKa3aHbl no
JlO)KeHIDI KOMIJOHeHTOB A H B, COOTBCTCTBYIO~e 

npHIDITbIM HaMH napaMeTJ)aM T ef!H lgg. BH,D;HM, 'CJTO 
ue3Aa B xopowo JIO)KBTCJI Ha TJ)eK 6.8M0 , B TO epe
yg KaK pacxo~eHHe Me~y 3Be3,n:oii A H TJ)eKOM 
10.9M0 JaMeTHO npeBbllllaeT AOilYCTHMLie OIIIH6KH. 
HanoMHBM, 'ITO 3BOJI10IJ;HOHH0My ,peKy, npose)'.\eH

HOMy qepe3 TO'IKY A, COOTBeTCTByeT Macca MA = 
= 12.6M0 . TaKHM o6pa3oM, pHc. 4 HnJIIOCTpHpyeT 
yxce OTMe'IeHHblH HaMB cf>aKT, 'I:TO MeXCAY "3BOJIIO-

Il,HOHHOH" Maccou M~· = 12.6 ± 0.6M0 H seJIHtJHHoi 

M~c = ·10.9 ± 0.9M0 , HaHACHHOH H3 HHTepcpepoMeT
pH'leCKHX e cneKTJ)OCKOilH'leCKHX Ha6JIIO)'.\eHHH 
,ll;BOHHOH CHCTCMbl aVir, cyw;eCTsyeT 3H3'1HMOe pa3-

JIH'1Be. 

MaCCbl 3BC3,ll;bl, onpe)'.\eJieHHble H3 aHaJIH33 op6B
T3JibHblX 3JieMeHTOB ABOUHLIX CHCTeM, paCCM3TJ)H
B3IOTCSI Kax Hau6onee Ha}leXCHLie o~emrn M. CneAO-

. HC 
BaTeJILHO 3Ha'leHHe MA = 10.9 ± 0.9M0 AOJDKHo 
JI}"lme cooTBeTCTBOBaTb peanbHOH Macce rnaeuoro 

:n . 
icOMilOHeHTa, HO ror,:~a 3Ha"!eHHe MA = 12.6 ± 0.6M0 
,SIBMeTCSI CJIHIIIKOM BbIC9KBM. KaK BHAHO H3 pHC. 4, 
npH'IHHOH TaKoro 3as1:,1weHID1 ~orno 61:,1 61>1Tb 3a
B&1weHHe 3q>cf>eKTHBHOH reMnepaTYpLI Teu(A). 803-
HHKaeT sonpoc, KaK 3TO MOrJIO 61:,1 IlOBJIHJITb Ha 
o~eHK:Y COAep)KaHIDI reJIHJI y KOMilOHeHTa A. Ecnu 
3Be3Aa A Ha pHc. 4 B TO'lHOCTH nonana Obi Ha -rpeK 
10.9Mo, TOrAa e:u COOTBeTCTBOBaJia OLI TeMnepa
TYPa T eff = 23 000 K (npH HeB3MeHHOM ycKopeHHH 
lg gA = 3.7). IlepecqeT coAepxcaHIDI He npu TaKoM 
3Ba'leHHH T eff noKa3aJI, 'lfTO cpe,i:IUUI BeJIH'IHHa He/Ii 

J];JISI KOMilOHeHTa A noHB)KaeTCSI no cpasaeHHIO C 
Ta6n. 3 Ha 0.04. CTOJIL MaJJoe H3MeHeHHe He/Ii o6'L
.sicHJ1eTC8 TeM, 'ITO B paCCM3TJ)BBaeMOH o6naCTH Teff 
3KBHBaJieHTHble WHpHHLI JIHHHH Hel cna6o 3aBHCSIT 

.. OT Teff· I1Tax, npe.QnOJIO)KeHHe O 33BblllleHHH T ef/(A) 
He MO)KeT IlOBJJWITb Ha Ham BblBOA O pa3HOM COAep- -

xcamrn He 8 aTMOCq>epax KOMilOHeHTOB AH B. 

lgg 

2.5 

3.0 

3.5 

4.0 

4.5 

4.5 4.4 

B 

4.3 4.2 4.1 lg T eff 

PHc. 4. 3BOmOI.(}IOHHblC TJ)CKH, nocrpoeHHbIC no )\aHHhlM 

[28, 29) Jl]lll Mace MA= l0.9Mo H MB= 6.8Mo, H8H,IICHHblX 

B [8] Ha OCHOBC HHTCpcpcpoMC'IJIH'ICCKHX K CDCK'fPOCKOllH· 
'ICCICHX Ra6J110ACHHA (CMOWHbIC nHHHH). To'IKH AH B co- . 
OTBeTCJ'BYIOT napaMCTpaM KOMOOHCH'.l'OB, npHBe,IICHHbJM B 
n6n. 4. Ul1J1KXOBaS1 nHHHll - npennonaraeMblH ,peK WUI 
3BC3.Qbl l0.9Mo C Y'ICTOM nepeMCWHBaHRll (CM. (61). 

HeCOOTBeTCTBHe 8 3Ha'leHIDIX MA, HaiiAeHHLIX 

ABYM8 pa3HLIMH cnoco6aMH, CBJl3aHo, cxopee scero, 
He C K3KHMH·TO . HeTO'IHOCTSIMH B onpeAeJieHHH 

3cf>cpeKTHBHOA: TeMnepaTYpLI KOMilOHeHTa A (H.JIH, 
HanpHMep, C HanH'lHCM y Hero nyJJbCawtB), a C TaK 
Ha3bIBaeMOH npo6JieMOH Mace. cyw;eCTBOBaHHe 
KOTopoe: OLIJ10 o6Hapy)KeHO HeAaBHO y 0- H paHHBX 
B-3Be3A rn (CM., HanpHMep, [6, 30]). CyTb 3TOH npo-
6JieMbI.CBOABTCSI K TOMY, 'ITO MaCCbl M TaKHX 3Be3A, 
ou;eHeHHLie no 3BOnlO~OHHblM TJ)CKaM, OKa3bIBa
lOTCSI CBCTeMATHtJeCKH 3aBblllieHHblMH no cpaBHe

HHIO C BeJIH'IHHaMH M, Han:,-eHHLIMH D3 cneK'I'pOCl{O

IllJ'lec~oro aHanH3a WIH H3 Teopun 3Be3AHOro BeTJ)a 
(Asa nOCJie,n:Hnx MeTOAa AaIDT 6JIB3KHe pelyJJ1>Tan1). 
Ilpu 3TOM pacxoxc,n:eHee s M AJ18 3Be3A rn, Kax cne
)'.(yeT H3 [30], MOX<:eT ,n:ocrnraTb 60 - 80%. IlOAtJepK
HeM, tJTO 8 [30] petJb HAeT 06 OAHHOtJHhIX 3Be3A3X. 
B uameM xce cnyqae paccMaTJ)HBaeTC8 ABOHHa8 cec
TeMa, H 3AeCb HCCOOTBeTCTBHe B Maccax MA YCTaHaB

J1HBaeTC8 C AOBOJibHO BbICOKOB TO'lHOCTblO. OTMe-
' 3B 

THM, 'lTO y KOMDOHeHTa A npeBbllIICHHe .MA Ha]\ 

M~c COCTaBmieT OKOJIO 16%. 

Bo eseAeHHB yxce ynoMH.Hanacb pa6oTa JlaH
repa [6], B KOTOpoH 6bIJ10 IIOK33aHO, tJTO KaK HaOJIIO· 
AaCMblH H36bITOK reJIIDI y p.SIA3 ropJl'IBX 3Be3A rIJ, 
TaK H npo6neMa Mace MOryT OblTb CBJ133Hbl C OAHOH 
H TOH )l(e npHtJHHOH - nepeMewueairneM, HH,Qy~upo
B3HHLIM Bpaw;eHHeM 3Be3ALI ( cneAyeT OTMeTHTb, 
'iTO npeAIIOJIO)KCHHe O nepeMeWHBaHBD Ha CTaAHH 
m BblCK33blBaJIOCb OAHBM B3 aeTopos Ha npoi:'JDKe
HHH yxce 20 JICT [2, 3, 31 - 33]. Y'leT 3TOrO 3cf>cf>eKTa 
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H3MeH.SleT 3BOJIIOQHOHRbie TJ)eKH, CABHrrul BX B CTO
poHy yBemNeHIDI Teff, npuqeM TeM 3aMeTHee, tteM 
AaJibllle Mbl B3XOAHMC.SI OT Hattana ril. B ttaCTIIOCTH, 
Ami 3Be3Abl C MaCCOH 20M 0 ' KaK CJICAyeT B3 pacqe
TOB [61, yttaCTOK TJ)eKa, COOTBeTCTBYIO~ 3aBep
maio~eMY 3Tany <p33bl fll, M0:3CeT' OKa3aTbC.SI CMC

~CHHLIM no Teff Ha 20% OTHOCHTeJibHO TJ)CKa, 
BbltJHCJieHHoro no CTaHAapTHOii MeTOAffKC (T.e. 6e3 
nepeMeWHBaH.H.SI ) . 

Ilo-BHABMOMy, Bee CKa33HHoe HMeeT IIp.SIMOe OT

HOIDeHHe K rJiaBHOMy KOMilOHCHTY ABOHHOH CBCTe
Mbl aVir, IlOCKOJihKY OH .S1Bm1CTC.S AOCTaToquo Mac

CHBHOH H 6bICTJ)0Bpa~a10~eeC.S1 3BC3AOB, KOTOprui 
6JIH3K3 K 3aBepweHBIO CT3WJB ril. 0CH0Bb1Bru1Cb Ha 

pe3yJibTaTaX [61, Mbl H306pa3HJ1B Ha pHC. 4 npeAnO
JiaraeMbIH 3BOJIIOD;HOHHblH ~K 3Be3Ab1 C MaCCOH 
10.9M0, B KOTOpOM yttTeHO nepeMeIIIBBaHHe (nrrpu
XOBWI JIIIHIDI). 0TMeTHM, qro B6JIH3H TO'lJCH A CABBr 
aroro TPCKa. OTHOCHTeJibHO CTaffAapTHoro COCTaB

JI.SICT 7% no T eff· 

I1TaK, Mbl npHXOABM K BbIBOAY, tJTO "3BOJIIOD;H
OBHasI" Macca KOMilOHeHTa A, K3K H y Apyrux ropSl
"UIX 3BC3A ril, IlOJIY'IHJI3Cb 33Bb11DCHHOH, eepoSITHO, 
H3-3a HeAOCTaToquoi TOqHOCTH npuMeHeHHbIX 3BO
JIIOD;HOHHbIX pacqeTOB, e KOTOpbIX He 6bIJIO yqTeHO 
nepeMellIJlB3.HHe. I1H'repecHO, t{T() AJISI KOMDOHeHTa B 
3TOT a<p<j>eKT OK33aJIC.SI ae~ecreeHHbIM, llOTOM}' 

tJTO 3BC3A3 B, so-nepBbIX, HaXOAHTQI B CaMOM Haqane 
CTa~ fll (pHC. 4), Bo-BTOpbIX, HMCeT cpaBHHTeJlbHO 
ManylO Macey (-7 M0) B, B TJ)CTbBX, BpaII(aeTCSI Mep;
JieHHee, qeM 3Be3p;a A. 

I13 CK333HHOro BbIIIIe CJieAyeT, tJTO 3Haqenee 

MA= 10.9 ± 0.9M0 S1Bm1eTCJ1 6oJiee roqHou o~eHKOH 
MaCCbl rnaeuoro KOMilOHeHTa. B COOTBCTCTBHH C 

3THM 3HatteHHeM MA Mbl nepec1IHTanB no <l><>PMYJlaM 
(1) - (2) BCJIH'lllHb[ RA u LAH npuBeJIH ux a Ta6n. 5 B 
CK06Kax. BHABM, 'ITO H3MeHeHWI BRAH LA HeBeJIH
KH. tJ TO KacaeTcSI eo3pacra t A, ro ;q11.s1 ero yTO'IHeHJHI 
HeOOXOABMbl HOBbie Bbl'iHCJieHIDI 3BOJIIOQBOHHbIX 

TpeKOB c yqeroM nepeMemueaHJHI. 

8. 3AKJII01.JEHHE 

OcHOBHbie pe3yJihT3TbI eamero uccneAOBaHIDI 
;n;soiiuoii CHCTeMbI aVir ceowrrc.s1 K cneAYio~eM}'. 

1. Ilo CCD.:cneXTJ)aM C BblCOKBM pa3pemeeeeM H 
60JibWHM OTBOIIICHUeM CHrHan/myM, nonytteHHblM B 
pa3Hbie <pa3bI op6HTan&aoro nepuo;n;a, HlMepeHbI 
nyqee1,1e cKopOCTH V, rJiaseoro (A) H BT0p11qH0ro 
(B) KOMIIOHeHTOB. IloCJie yTO'IHCHWI A0JII'0Tbl nepu
acrpa ( (l) = 200° ± 3°) HaIDH B3MepeHWI V, D0Ka3aJJH 
xopoIIIee cornacee c op6HTanbHbIMH 3JieMeHTaMH 
aVir, npus.e;n;eHHbIMH B [12]. Ilo TeM :3ee cneKTJ)aM 
B3Mepeai.1 3KBHBaneHTHbie IIIHpHHbI psiAa JIBHHH 
J(Jlj( K~oro KOMIIOHeH'ra. 

2. Ha OCHOBe pa3pa6cYraHH0B paHee MCTOAHKB 
BbmOJIHeHO caM0C()l'Jl8C0BaHHOe onpe;n;eneHHe <pyH
AaMeHTaJibHblX napaMeTJ)OB KOMIIOHeHTOB. IlpHHSI-

Tbl cneµ;y10~e 3H3tJCKWI aqupeKTHBHOii TCMIIepa
TYPbl B ycKopeHBSI CHJibI TSOKecm: T ef/= 24 700 ± 500 K 
B lgg = 3.7 ± 0.1 AJISI 3Be3Ah1 A; Te!/= 20800 ± 1500 K 
u lgg = 4.2 ± 0.2 AJISI 3Be3AbI B . 

3. Ha ocaose eeJITP-asaJIB3a ceMB JIHHHB Hel 
HaHACHO COAep:>KaHBe reJIHJI B 8TMOcq>epe K~Oro 
KOMilOHeirra. B cpe;n;HeM nonyqeao He/H = 0.22 ± 0.04 
;n;n.A 3Be3AbI AB He/H = 0.10 ± 0.02 ;n;mt 3ee3p;1,1 B. 
TaKliM o6pa3oM, co;n;ep:3Cauue He y A oKa3aJIOCb 
IIpH6JIB3HTeJibHO B ABa pa3a Bblme, 'leM y B. 3TOT 
pe3yJibTaT H8XOAHTCjJ B IlOJlHOM cornacRH C Bb1ABH
H}'Tl>IM paaee npeADOJIOXC.eHHeM O nepeMeIDBBaHHB 
Ha CTaABB rII H 06'J>S1CID1eTCjJ TCM,_'ITO y 6onee M8C
CHBHOrO JCOMllOHeirra A, KOTOpbIH, B OTml'IBe OT . 
KOMllOHCHTa B, y:3ee npe6JIH3HJICJI K KOHQY <pa3bl 
rn, aTMoc<pepa ecneµ;CTBue nepeMeIIIIIBaHWI ycne
na 3aMeTHo o6oraTBTbCSI renueM. 

4. Macca rnaeHoro KOMDOHeHTa MA= 12.6 ± 0.6M0 , 
H~eHHWI HaMH H3 con0CTaBJ1eHID1 napaMeTpoB T eff 
H Jgg C 3BOJJIOQBOHHhlMB TPCKaMH, oxa3~8Cb 3a
MeTHO IlOBbJIIIeHa no cpaBHCHHIO C 6onee TOqHblM 
3Ha'leHHeMMA = 10.9 ±0.9Mo, noJiy"leHHbIMB [81 H3 
mrrep<pepoMe-rpuqecICHX R cneKTpOCKOIIHqecKBX 
Ha6JIIOAeHBit . Ilpo6neMa "3BOJIIOQBOHHOB" MaCCbl 
cy~eCTByeT H AJISI APyrBX ropgqex 3Be3A rn, B ee 
pemeHHe, cornacHo naarepy [61, Mo:3CeT·6bITb csR-
3aHo C yqeroM B 3BOJ110QBOHHb1X pac'leTax nepeMe

DIHBaHIDI, HHAY~OBaHHoro epa~eHHeM. TaKHM 
o6pa30M, npo6JieMa "3BOJIIOQBOHHOB" M3CCbl y 0- B 
paHHBX B-3ee3.Q CBOAHTCSI K TOM}' :3ee 3<l>4>eKTY - ne
peMemBBaH:e10 Ha CT~HH rTI, B03MO)l(HOCTb KOTO
poro 61,ma IlpeACKa3aHa O,QHHM B3 aBTOpOB Ha OCHO
Be Haonio,ctaeMoro o6ora~eHIDI aTMoc<pep TaKBX 
3BC3A reneeM H a30TOM [2, 3, 31 - 33}. 

B 3aKJ110qeHHe MbI e1,1paxcaeM 6Jiaro,ctapHOCTh 
r-:3Ce C. 6eK.ep, rrpeAOCTaBHBIIIeH B Hawe pacnopSOK:e
Hee Heony6nHKoeaHHb1e pe3yJibTaTbJ HeJffP-pacqe
TOB 3KBHBaJICHTHblX mHpBB JIBHHB reJIBJI, 
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The ·einary System aVir (Spica): Fundamental Parameters 
of the Compoi;ients and Differences in Their Helium Abundance 
L. S. Lyubimkov, T. M. Rachkovskaya, S. I. Rostopchin, and A. E. Tarasov 

Spectra with high resolution and large signal-to-noise ratio were used to measure the equivalent widths and ra
dial velocities of the components in the binary system aVir (Spica). Based on previously developed techniques, 
their fundamental parameters were studied. Tile following effective temperatures and surface gravities were 
adopted: Teff= 24700±500 Kand logg= 3.7 ±0.1 for the primary component(star A); Teff= 20800± 1500 K 
and logg = 4.2 ± 0.2 for the secondary component (star B). On the basis of non-LTE analysis of seven Hel 
lines, the following average helium abundances were derived: HelH = 0.22 ± 0.04 for component A, and 
He/H = 0.10 ± 0.02 for component B. A comparison with evolutionary tracks showed the more massive prima
ry component (MA= l lM0) to be near completion of the main-sequence (MS) phase, while the less massive 
secondary component (M8 ... 7 M 0) is still at the beginning of this phase. Thus, the difference in ~elium abun
dance between components A and B is consistent with the earlier made suggestion of mixing at the MS stage; 
it is explained by the fact that the abnosphere of star A during its MS lifetime managed to be enriched by 
the CNO-cycled products. The discrepancy between the mass MA= 12.6 ± 0.6M0 derived from evolutionary 
tracks and the value MA = 10.9 ± 0.9M0 previously obtained from interferometric and spectroscopic observa
tions confinns the existence of a problem of "evolutionary" mass for O,and early B stars. Its solution is likely 
to reduce to the effect of mixing at the MS stage being taken into account. 
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3PYI1THBHLIE DPOTY6EPAHQ1,I H KOPOHAJILHLIE TPAH3HEHTLI 

© 1995 r. 6. n. 4>HJ1HDnoa, H. C. llhuJoaa 

HHcmumym :JeMHO'ZO Ma2HemU3Ma, uoHoc<j}epbt u pacnpocmpaHeHua paouoooAH, MocKBa, Poccwi 

IloCTYDHna·s pena~HIO 18.03.94 r. 

ConocraBJUleTCJI nOJIO>KCHHC H IlpO'J'j(>KCHHOCTb BAOJib COJJHe'IHOro JIHMOa HeCKOJibKHX 3pynTHBHblX npo

TY6epaHl.lCB H COOTBeTCTBYIOUlHX HM KOpoHMbHblX TpaH3HCHT0B. IleTIIH TpaH3HeHT0B B 2 - 3 pa3a lllHpe 
DpOTY6epaH.I(eB no n03Hl(HOHH0MY ymy, 80 pacnonaralO'l'CJI CHMMCTJ)H'IHO OTHOCHTCJlbHO HBX. npeAna
raeTCJJ MOACJib o6pa30BaHM TJ)aH3BeHTa 8 pe3yJILT8Te Apeii:<t>osoro ABH>KCHHJI KOpOHaJibHOi 0Jla3Mbl B 
3JieKTpOMaf'JfHTHOM none DO.QHHMa10meroCJ1. BOJIOKHa C 3JieKTJ)H'leCKHM TOKOM. Mo1tem, 0DHCbJBaeT o6-
pa3088HHC OOJIOCTH BOKpyr B0JI0KH8 H BHCWBeit neTJIH Tp3H3HCHTa, ABH>KYIUCACJI CO CKOpoCTblO, npeBbl

waJOll(eH CKOpOCTb IlOA'l>eMa OJ>OTY6epaHqa. 

1. BBE):(EHHE 

HcC1IeA0BaHBe s&16pocos Be~eCTBa B KopoHe 
('rpaH3BeHT0B) npH IlOMO~B op6BTaJibHblX Kopo
HOrpaq>OB IlOK333JIO, qTo cpeAH .SIBJieHBB COJIHetJ

HOB aKTBBHOCTH B HIDKHHX C1IOSIX aTMOCq>epbl H3B-
6onee TeCHO CBS133HHblMH c HHMH JIBmllOTCSl 3pyn
TBBHbJe npory6epaH~bI [I , 2). CaMbJe MO~Hbie u 
61,1cTpbie KOpoHaJibHble TpaH3HCHTbl o6br<IHO 
61,1ea10T npu BCllblWK3X, OAH8KO OHH, KaK npaBH

no, conpoBo~alOTCH B 3pynTBBHbIMB RBJICHIDIMH, 
AOJISI 3BepraH KOTOphIX B o6~eM BCllLIWC'IHOM 
3ueproe1,1p;eneHHH on:eHueaeTCH He Meuee, 'tleM s 

50% [3]. BnoJIHe sepo.RTHO, 'ITO 3pynQIDI npory6e
paen:eB H KOpOH3JlbHblC Bb16poc1,1 npeµ;c-raemtJOT 
co6oa: IlpOJIBJICHIDI Ha pa3HblX ypoBWIX COJIHellHOB 
aTMOCq>epbI CAHHOrO npou.ecca nepec-rpoAKH Mar

HBTHOH KOHq>Hrypaa:ue. 

B_ ,t:taHBOH pa6oTe Mbl nollbJTaeMCR no HMeJO~M
CSl B HameM pacnopsr}KeHBH A3BHblM COROCT3BBTb 

nono>KeHBe, <l>oPMY u KBHeMaTu1.1ecKHe xapaKTepu
CTBKH Tj,au3ueHT0B e cooTBeTCTBYJO~ BM 3pyn
THBHbtX npory6ep~ee, a TaJOKe npeAJIOJIOITh cu.e
Hapei KpynHoMacmTa6uoro 3pynTHBHoro npou.ecca 
B KOpoHe, ABIDK}'~eH CBJIOH B KOTOpOM cny>KHT 
BblWeAWBH ~3 paBHOBCCWI TOK B0110KHa (npory6e
pa~a), a o6pa3oBaHBe eae1IIHeii q>poHTaJILHOB qac
m TP3H3HeHTa - pe3yJI&TaT ApeucpoBOI'O ABIDKCHWl 
KOpOHaJILHOro semeCTBa B none, HHA}'IJ,HpyeMOM 
llOJ:U{HM3JOUJ,HMCJl TOKOM. 

:XapaKTepHCTHKH -rpaH3HeHT0B B KaTanore 
SMM_ [4] TaK >Ke, KaK H p;auu1,1e [5) nop;TBep>KAalOT, 
qTo OOJlhWaJI ttaCTb BX JIB6o HMeeT oTqeTJIHBYIO 
q,opMy Ayre, JIHOO q>OpMy qaCTH AyrH, KOrAa ottep
TaHIDI ecei nyru CKopee yraAbJBaJOTCH, qeM BHAHLI 
OT'ICTJ1HB0. Ilpu cpaBHCHHB -rpaH3HCHTa ~ COOTBeT
CTBYIO~HM eMy npory6ep~a:eM KaK no BpeMeHH, 

TaK H no Mecry pacnono>KCHWI HCCJ1eAOB3TCJIH 
CT3JIKHB3IOTCSI C HeKOTOpOH TPYAHOCTl,JO: ea6JIJO
ACHHe 3THX oneHDH ocy~eCTBmleTCSI pa3Hb)MH HH
CTpyMeHT3MH. KpoMe oqeelfAHO eeo6XO,IJ;HMOl'O 

COBDaACHHSI epeMeHH Ha6JIIOACHHH, TPe6yeTC51, 
l'.IT06bl IIOJISI 3peHH51 npu6opoe nepeKpbIB3JIHCb xo
T51 6b1 'tlaCTHqao. B pa6oTe [6] no ua6JIJOACHIDIM co 
CilCK'rpOMeTPQM >KeCTKOl'O peHTl'CHOBCKOI'O H3JIY· 
"leHHsr Ha SMM H K-KopoHoMeTpoM B Mayea Jloa 
pacCMOTpeHO TpB 3pynTBBHblX npory6epaHIJ,a, co
npoBO)K]J;aeMblX KOpoHaJibHblMH -rpaH3BeHTaMH, H 
c;Qenau BblBOA o pacnono>KeHHB 3pynmBHOro npo
ry6epaHIJ,a B OAHOM B3 OCHOB3HHH neTJJH TJ)3H3HeH
Ta. 0TMeTHM npu 3TOM, 'ITO K-KopOHOMeTJ) SIBJISl
eTCSI npu6opoM, He OlleHb y,-o6HblM AJISI Ha6JIIOAe
HHSl npory6epaH~eB. B 6eJJOM CBeTe MOI'YT 6bITb 
BimHLI JIBWL C3Mble llJIOTHbIC HX 't13CTB. B03M0}1(
HO, HMCHHO H3-3a 3Toro, a T3K>Ke 03-33 OTCYTCTBHSI 
TO'IHOI'O C0Bil3ACHWl MOMCHTOB Ha6JIJOAeHBH CAC
JlaHHOe B [6] 3aKJIJO'tleHHe paCXO,IJ;"BTC51 C noJiy-qeH
HbIM HaMH pe3ynLTaTOM O CHMMC'rpB'IHOM pacno
JIO}l(eHHH npory6epaHIJ,eB H TP3H3HeHT0B. 

2. HEKOTOPhIE HABJIIO;D;A TEJihHhlE 
):(AHHhIE 

Hawa Ha3eMHble Ha·Ha6mOACHHSI 3pynTHBHblX 

npory6epaHn;es Ha KOpOHOrpaq>e f AC f AO B6JJB-
3H KHCJIOBOACKa C HHTepq,epeHIJ,BOHHO-IlOJIJtpB3a
l.\HOHHblM q>HJibTpOM "Opton" 30.06.1989 r . 1:1 

04.07.1989 r ., KOTOphle COI'J18CHO [ 4] conpoeo~a
JIHCb 'rp8H3BeHTaMH, Il0K33b1B3IOT, 'ITO npory6epa
Hen; IlOAHHM3CTCSl B BlfAe neTJIH. Cffaqana Ha6JIIOAa
eTCSl KOMnaKTHblH, BbICOKHA (0. IR0 ), OTHOCHTCJIL

HO SlpKHii npory6epaHeIJ,, BHAHMblli B AH3D330He 
Ha ± 1 A.. 0AH3KO, no Ka OH He COeAHHHJIC51 C HCKOTO

poH Apyroii TOttKOH Ha JIHM6e, OTJIH'!aJOw;eiicSI no 
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no3ua;:e:0HH0My yr.ny ea 10° - 20°, 3PYlll.UIH He npo
BCXOAHT. IlpB 61>ICTJ)OM nOJ:{1,eMe npoTY6epaHa;a 
Ha6nIOAaeTC$1 Ayra c HeOAHHaKOBblMH no JtpKOCTB 
CTopoHaMB. IIepaoeaqaJibHbIH npoTy6epaaea; co
OTBeTCTeyeT OCHOB8HDIO 6onee SlpKOii "Hore" 
-rpaH3BCHT8. IlOSTOMY H B03HHKaeT onacHOCTL 

JIOXCHOH JIOKa1IB33QBH Bcero 3pynTBBHOro npo-ry-

6epaea;a B OAHOM B3 OCHOB3HHH TJ)3H3BeHTa. Bep
WDHa J:lYl'B npory6epaHa;a BMeeT H3BMeHbWYIO 
JtPKOCTL, H MeCTaMH JIHIIIb yrai(bJBaeTCJI. HcCJJeAO
BaHBe CKOpoCTeii noKa3aJIO, 'ITO nOA'beM ee~eCTBa 

~r DpOHCXOAHT nepBOHalJ:aJibHO B 060BX OCHOBaHBSIX 
,,::./. Jzyl'H. 3aTeM OTAeJibHLie cpparMeHTbl H8'1BH3IOT 
_/ onycKaTbCj( B xpoMoc<t>epy, a K KOHqy Ha6JIIOAeHBA 
}; : ' cpuxcupyIOTC.SI JIBWL ):lBB}KeHBSI, HanpaBJICHBb[e 

BHH3 B xpoMoccpepy, K TOlJ:Ke, CMeiqeHHOH Ba 5° - 10° 
OTHOCHTeJILHO nepeoeaqam,HOI'O UOJIO}KCHIDI npo
ry6epaHa;a. 

· ;. . 

,·. 
··• 

Mbl IlOilhlT3JIHCb nonOJIHHTL HawB A3BHLie, BOC
ll0J1h30B3BlllHCh <l>HJibTporpaMMaMH npory6epaH
a;ee H CHBOilTB'leCKHMH K3PT8MH, rry6nHKyeMhlMB B 

6IOJIJieTeHe "ConHe'lHhle A8HHhle". IlpH 3TOM M.bl 

PYKOBO,:(CTBOBa.JIHCb CT3TBCTB'leCKOi 33KOHOMepHO
CTLI0, BblBeACHHOH MyHpO H f OCJJHHl'OM (7): K3}1(-

. J:lhlR 3pynTBBHbIB npory6epaeea;, nOAID1BmeiiCJ1 H~ 

JIHM60M AO Bb[COTLI 0.3Ro , a TaJOKe Il0A3BJUll0Iqee 
OOJiblllHHCTBO npoTY6epaH1~eB, nOAWIBWBXCSI AO 
BbICOT 0.2R0, CBJ13aHbl C KOpOHa.JILHblMH TJ)aH3BeH
T8MB. Co6paHHbie TaK.HM o6pa30M A3HHLie noMeiqe
Hbl B T86JUID;y. 

Jfa Ta6JIBD;LI BH,l:\HO, 'ITO ·wHpBHa .Izyl'B Tp3H3B'
eHTa no Il03BD;H0HH0MY yrny 3aMeTHO 60JibWe HH
Tepeana Il03BD;HOHHbIX yrnoe, 38HHMaeMLIX COOT
BeTCTBYIOiqHM npoTy6epaHQeM. 06bI'1HO OCHOBa
HBJI neTJIR npory6epaHl.\a pa3neqa10Tc.S1 no 
Il03H~HOHHOMY yrny Ha 20° - 30°, HO 6L1Ba10T 3pyn
l.\BB C O'leHL 60JibWOH rrpoTJ1X(eHHOCTblO no Il03H
D;BOHHOMY yrny. TaK, 06.08.1989 r. Ha P = 130° Ha-
6n10,qanc.S1 npory6epaHea; wepHHOH s 20°; Ha cne
Ay10iqmi ,qeHb OT 3TOro MeCTa qepe3 IO}KHLIH 

IlOJIIOC npOTRHyJJaCL Ayra BLICOTOH 0.3R0 , 33KaH
'1HB8IOID;8SlC.R Ha p = 200°. 

Koueqao, npOTSl}KeHHOCTb npOTy6epaHii:a e,qon& 
JJHM6a 3aBHCBT He TOJJbKO OT ero <l.>H3HtieCKOH AJlH
Hbl, HO B OT OpHeHT3l.\HH Ha noeepXHOCTH CoJIHl.\a. 
EcJIH BOJIOKHO pacnonaraeTcSI d,qonb napannenu, 

, , 'ITO 6onee xapaKTepHO ,[{JUI. BblCOKOWHpOTHbIX npo-
TY6epaffl\eB, TO npu H36JIIOAeHHH Ha JIHM6e npOT.SI- . 
}KCHHOCTb no Il03BD;HOHHOMY yrrry 6yAeT Mana He3a

). BIICHMO OT ero q>aKTH'leCKOH AJIBHLJ. 

CpaBHHBWI Ha6JII0AeHID1 y JIHM6a H Ha SMM, MbI 
BRAHM, 'lTO yeenHtJeHHe nonepe'IHOro pa3Mepa ,qym 
'I'p3H3HCHTa no cpasHeHHIO C nporyoepaHa;eM B 

. .z~ cpeAHeM COCT3BJI.SleT 2 - 3 pa3a. 
·'i: · 
)L OcTaHOBHMCSI Ha Ha6JIIO,qeHHSIX 30.06.1989 r ., 
-J: . ynoMSIHYTblX Bhlllie, H Ha6mo,qeHHSIX 3pym~HH 

18.08.1980 r. [8]. Hawu aa6n10)'.(eHID1 nepeKp1>1sa
nuc1, no speMeee c ,qaHHLIMH [ 4] e 06 : 29 UT a e 
06 : 45 UT. B MoMeHT 06: 29 UT npoTy6epaHel.\. 
TOJibKO 'ITO AOCTBl'H}'B M8KCDM8JlbHOH BLICOTbl, 

Ha'laJI ,qeMOHCT})BpOBaTb HHCXO,[{Sl~De ABHXCeHIDI. 
C MOMeHTa 06 : 40 UT CTeKaHHe ycnJIDBaJIOCb, 
apynl.\BIO MO}KHO ObIJIO C'1BT8Tb 38K0Hqff8Weitcj(, H 

B 07 : 10 UT y IlO,[{HO}KIDI npory6epaea;a B03HHKJIO 
CJia6oe BCnLIWettuoe yS1p1IeHHe. TpaH3HCHT }KC no 
,[{8HHbIM [4] e 06 : 45 UT IlOJ:lHSIJICJI BbIWe, tieM e 
06: 29 UT. J];eTanLHoe conocrasneH:ee (puc. 1) no
Ka3LIBaeT, '!TO ,qyra Ha-BbI6poca CBOBMH OCHOBa
HBSIMH npuMepHO coenana C OCHOB3HH.SIMH Ayru 
1'p3H3BCHT8. TpaH3HCHT, OCT8BW1Cb CBJ13aHHbIM C 
o6iquMH c npory6epaHa;eM ocHOBaHWIMH, pa3AY
eanc.sr H r)'.(e-To Ha cepeABHe ceoe:A BbtCOTLI CTan e 
2 - 3 pa3a mupe ,zyru npory6epaHl.\a. TaKoe }Ke 
B38BMHOe llOJIOX(eHHe npory6epau~a H TpaH3HeH
Ta ua6JII0Aanoc1> 18.08.1989 r . [8 - 10]. 

IlOCKOJILKY 3pynTHBHb1B npoTy6epaHel.\ 
18.08.1980 r. 6bIJI qpe3Bbl'l8HHO MOiqHblM, CBe'le
HHe B Ha 6LIJI0 OTMetJeuo Ha y):laneHRR AO TJ)eX 
PaABycoe Conua;a OT 11HM6a [9]. Ha6JII0AeHID1 [8] H 
KaTanor [41 A3JIH B03M0}K80CTL cpaBHBTb npory-
6epaueq u 1'p3H3BeHT 18.06.1980 r. B 11 : 43 UT B 
s 12 : 15 UT. B 12 : 15 UT TPaHJHeHT aOAHSIJicsi 
BLIWe, 'leM B 11 : 43 UT, a nporyoepaueq e Ha e 
12 : 20 UT B OCHOBHOM ,[{CMOHCTpHpOB3JI HHCXOAJI

LQ~e ABIDKeHWI. 

B1,16poc OLIJI CTOJIL MOLQHLIM, 'ITO Ha-H3Jiyqe
HUe <l>HKCHpoBaJIOCL C SMM. Ji TOJILKO no CHHM
KaM SMM MO)KHO BHAeT1>, KaK ceaqa11a nol!TB 
He OTAe1I.S1BWHHCS1 OT npory6epaHqa Tp3H3BeHT B 
12 : 15 UT f}Ke npe,qCTaBJI.SIJI co6oii CTPYKTYPY, la
MeTHo y,qaJICHH}'IO OT Hero. Jl106om,ITHO, 'ITO B 

13: 09 UT CH,IIMKH SMM noKa3LIBaIOT npoTy6epa
ueq AO Bb[COT 4R0' a Ha3eMHble Ha6JIIOA8TeJ1B 
<t>aKcHpy10T nocneAHBe cneJ:lbI npoTy6epaua;a e 
12 : 40 UT. OtJCBffAHO, OTAeJILHLie qacrn npoTy-
6epam~a npOA0JIX(3J1B y,qaJI.RTLC.SI OT CoJIHQa, HO 
AJUI Ha3eMHblX B36JIIOA3Teneu OHR 6bIJIH HeAO
crynHLI H3-3a BJIBSIHWI pacceJIHHOrO CBeTa He6a. 
3-ru 'l8CTH CJIBWKOM AB<1><l>Y3Hbl AIDI HX BLIAeJieHIDI 

Ha <t>oHe He6a npH Ha6JIIO,[{eHHJIX c 3eMJIH. B caMOM 
Aene, pac'leT&I ATeJt H Hmrnura [10] AnSI TP3H3B
eHTa 18.08,1980 r. u 13 : 19 UT A3IOT IlJIOTHOCTb 
BOAOpo,qa 108 c~3' B TO speMJI KaK AO 3pynqBB B 
npory6epaHl.\e oHa 61,ma IO 11 cM- 3• 

Hatta110 ABH}KeHWI npoTy6epaHD;a 06&1ttHo 3a
MettaeTcJ1 paHLWe o6eapy}KeHJISI TP8H3HeHT3. )J;JISI . 
COilOCTaBJieHHSI MOMeHTOB B03HHKHOBeHHSI TpaH-
3HeHTa y conuequoro JIHM6a H aaqa.na 3pynQBH npo
TY6epa~a ueo6xo,qHMO pacnonaran. uenpep1,1s
HbJM PJIAOM Ha6nIOAemm. HMeIO~BeCSI y eac ,[{aH

Hbie uae6oJiee noJIHbI AJISI co6bITRH 30.06.1989 r ., 
04.07.1989 r. H 18.08.1980 r. MoMeHTbl 8KTBBH3a
I.(HH COOTBeTCTBYIO~BX npoTy6epaHl.\eB - 06 : 08 UT, 
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224 4>HJIHOI10B, IIIHJIOBA 

Ta6JIRJUI 1 

I1po-ry6epattel,\ TpaH3HeHT 

UeHTpaJih-
Haa6om, ... UeHTpaJib- Haa6011b- BpeMJ1 
WaJIWH- BpeMJI WaJI WH-

.[laTa 
HbIH no3H- paeano Ha6mop;euID1, 

HcroqunK Hl,(H fi03H- pHHa no Ha6mo)leHHJI B~ TpaH3HeHTa 
WJOHHblH 

TI03HW{OH- UT A8HHbIX UHOHHbJA 
D03HU,HOH-

eaSMM[4], 
yro11 

HOM)'yrny 
yron 

HOMY ymy UT 

18.08.1980 1200 200 09:00 - 15:00 [8] 114° 6()0 11:39 - 16:16 ,1lyra C 3aMenn.I- . 

MM BKpanJleHIUI-

MH XOJIOAJfOH 
M8TepHH {Ha) 

23.11.1984 290 15 "Conttetn1b1e 294 29 15:19 
p;awn,1e" 

02.10.1985 270 5 » 257 53 20:58 

27.06.1986 310 20 )) 265 30 00:50 - 05:33 OeTJIJI 

30.05.1987 315 10 » 270 45 08:08 - 08:53 IleTJIJI H TeMMllJI 

DOJIOCTb 

17.09.1987 50 20 » 94 42 20:25 - 23:17 IleTJUI 

16.10.1987 50 30 )) 74 42 02:28 - 11 :53 
22:52 - 04:00 

26.12.1987 225 35 » 225 

04.05.1988 210 20 » 268 95 03:00 - 10:25 Tomme H3pe-
3a.HHOC o6naKO 

23.07.1988 310 40 » 310 90 (Y7:06 - 23:27 HCT JICHO Bbipa-

)KeHHOro 4>po1ITa 

23.08.1988 60 25 » 48 67 13:43 - 15:58 TOHKaJI npepl>I-
BHCl'aJI DeTJUI 

09.10.1988 220 10:20 Ha6mo)leHHJ1 
H3MHPAH 

119 42 16:13 06113.KO 

16.10.1988 85 06:15 » 86 68 14:18- 23:17 IleTJIJI 

15.02.1989 100 35 "Conue'IHbie 55 33 09:45 - 11: 11 I1pepbl8HCT3'1 
. A3HHLIC" neTmt C TCMHOH 

DOJIOCTblO 

17.02.1989 135 35 » 105 50 14:22 - 19:02 IleTJIJI H TeMHaJI 

DOJIOCl'b 

17.03.1989 210 35 » 308 33 17:50 - 20:40 IleTJIJI 

19.03.1989 125 10 » 111 33 19:26 - 21 :00 CrpYJC.TYPH30-
BaKHaJI DeTJUI 

30.06.1989 104 13 06:08 - 06:23 Ha6J110ACHHJ1 104 46 06:29 - 10:24 BaelllHJIJI H BffYT-' 

H3MHPAH peHHU neTrut 

04.07.)989 35 18 06:22- 08:16 » 23 52 09:52 - 15:45 Owia ne-rJu1 
09:15 

28.07.1989 135 20 "ConHe'lHh1e 
p;aHHb1e" 

82 51 12:56 - 16:35 fleTrut 

29.07.1989 150 20 )) 162 19:39 - 23:17 06Jia.KO 

26.10.1989 45 )) 45 34 20:22 - 06:35 06mnm 
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PHc. 1. Konna.>K H3 cHHMKOB 3pynTHBHoro npQTY6epaHQa e 06 : 08 UT H -rpaHJHeHTa B 06 : 45 UT. (CHHMOK -rpaH3HeHTil mo-
6eJHO npe)lOC'faBneH )];)I(. liepxn_aHJI (J. T . Burkepile)- OAHOH HJ aeTopoB paOOTbl [4] .) 

06: 22 UT H 11 : 10 - 11 : 20 UT, a Haqana Ha6mo

ACHHH TpaH3HeHTOB - 06 : 29 UT, 09 : 52 UT H 

11 : 39 UT. QqeHb 6onblna.S1 3aAep)KKa no.S1BJ1eHHS1 

TJ)aH3HeHTa B none 3peHH.SI KopoHorpaq,a SM:f.A 
04.07.1989 r . 06'bSICHSleTC.SI, B03MO>KHO, TeM, ~o 

npo-ry6epaHe~ ABHraJICSI npaKTHqecKB TaHreH~H

am.Ho coirneqHOMY nuM6y. 

CKopoCTb ABIDKeHHSI xapaKTepHbIX ACTaneH 

TJ)aH3HeHTOB 30.06.1989 r. H 18.08.1980 r. cornac

HO [ 4 J COCTaBmrna 550 KM/C. IlpeAilOJJO)KHM, ''ITO 

. yAaJJeHHe npo-ry6epaHQCB H TpaH3HCHT0B OT 

JIHM6a aa•rnnocb OAHOBpeMeHHO H npOHCXOJUIJJ.O c 
ttOCTO.sJHHOH CKOpOCTblO. Tor)'.:\a 30.06.1989 r. K MO

MeHTY Il051BJJeHHSI TJ)8H3HCHTa B none 3peHID1 KO

pouorpaq,a SMM (06 : 29 UT) OH, ABHra.S1cb c yKa-

3aHHOB CKOpOCTblO, AOJI)KeH 6.bIJI Il0AH51TbC.SI AO 

BbICOTbl l .OR0 HaA JIHMOOM, qTo H IlOATBep)KAaeT

Cjf CHHMKOM SMM B 06 : 29 UT. · TpaH3BeHT 

18.08.1980 r . OT'IeTJIHBO 6bIJI BHACH e 12: 15 UT, 
TO ecTL qepe3 qac nocne uaqana 3pyn~HH. Ilp1t ua

weM npeAIIOJIO)KeHHH ero BHeIIIIUISI Ayra AOJI)l(Ha 

6bIJia 6bl IIOAH.SITbC.SI K 3TOMY speMCHH AO 2.8Ro 
HaA JIHM6oM. CooTBeTCTBYJO~ee 3TOMY MOMeHTY 
H3o6pa)KeHne TpaH3HeHTa [9] noKa3bIBaeT ee 

BhICOT}' 2.4R0 . TaKHM o6pa30M, B 3THX µ;eyx 51BJie

HHSIX MOMeHTbl Ha-qaJJa ABB>K.eHHSI npoTy6epaH1.\3 H 

TpaH3HeHTa MO)KHO C'fHTaTh COBnaµ;alOII.(HMH. CKo
pOCTb TpaH3.HeHTa 60JibWe CKOpOCT.H npoTy6e

p~a A3)Ke rrpH npeµ;noJIO)KCH.HH O paBHOMepiloM 
ABH)KeHBB TpaH3HCHTa. 

3. ,IJ:PEHcJ>OBOE ,IJ:BH)l(EHME 
KOPOHAJihHOH TIJIA3Mhl IlPH 3PYITUHH 

IlPOTYBEPAHUA 

IlpeACTaimeHHe 06 3PY~HH npo-ry6ep~a KaK 
06 3DOJII04J{H noTep.S1BmeH YCTOA'IBBOCTh TOKOBOH 

CHCTeMbl, pa3BHBaeMOe, HanpuMep B [11, 12], Il03BO

JI_SleT BHTepnpeTHpOBaTb MHOrHe qepTf,I H3MeHeHBH 
e KopoHe, npo.SIBJISIIOUUiCCSI npH Ha6JIJOACHWlX e BH

)];e TJ)aH3BeHTOB, KaK ecTeCTBeHHble CJieACTBBSI 3BO

JIIOQHH 3JJeKTJ)D'leCKOI'0 TOKa B BOJIOKHe. B 'laCTHo
CTH, nonyqaeT npoCToe OO'bSICHCHBe o6pa30BaHDe 

o6naCTH IlOHB)KeHHOH IIJIOTHOCTH H~ BOJIOKHOM 

(IlOJIOCTH), pacnpOCTpaIDIIOUJ;CHCSI co CKOpOCTblO, 
6on1,meu: CKOpoCTH flOA'beMa BOJIOKHa, H CJIQjl yBe

JJB.'leHHOH IlJIOTHOCTH (BHemHeH OOOJIO'IK.H TJ)aH3B

eHT3), TaIOKe llOAHHMaJO~eHCSI 6bICTJ)ee BOJIOirna. 
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,UsaxceHDe BOJIOKHa C TOKOM DHAy~yeT 3JICKT'
puqecKoe none E, KOTOpoe BbI3bIBaeT B oKpy)KalO

meM npocrpaHCTBe ~peiq> IlJla3Mbl co CKOpocrblO 

[EB] 
vd= c7· (1) 

Heo.qHopoW{OCTb nomI CKOpOCTeH V d npBBOJl:BT K 

IlOSIBJieHUlO o6JiaCTeH cxcaTWI B pa3pexemm B COOT

BeTCTBHH C ypasHeHHeM HenpepbIBHOCTB 

op ct· o (2) ot + 1vpv = , 

B KOTOpoe cneJzyeT IIO,D;CTaBHTb Bblpa)KeHHe WJSI 
divvd, nony11eHHoe H3 (1), H cooTHomeHIDl, CBS13bIBa-

10mero 3JieKTpa11ecKoe none c eeKTopHbIM noTeH

~uanoM 

taA 
E = --cot • 

div v = - - B - - V - - B . . 1 ( an) ( 1 ) [au J 
. d B2 cJt B2 ot 

(3) 

(4) 

PaccMOTPBM µ;eyMepHbIB cnyqau - ABHXeHue 
npsMoro JIHHeiHoro TOK3, HanpaBJJCHHOro BAOJib 
OCH Oz. MarHHTHoe none TO Ka/ C yqeTOM rpaHH'WO

ro ycnoBIDI .Ha q>oTocq>epe ecrb 

B _ 21 [ y - h y + h J 
x- - 2 2+2 2' 

C X + (y-h) X + (y+h) 
(5) 

By == ~[i+ (;-h)2- i+ (;+h)2} 

r.n:e h - BbJCOTa TOKa H3A cp<>Tocq,epou, OCb Oy Ha

npaBJieHa BepTHKaJlbHO. BeKTOpHbIB IlOTCH~aJI 
3TOI'O IlOIDI HMeeT OAH)' COCTaBJUIIOllcylO At H paeeH 

I 2 2 · 2· 2 
A:= - [-ln(x + (y-h) ) + ln(x + (y+h) )]. (6) 

C 

Tiop;HHM8j1Cb co CKOpocTblO Vo, TOK H~pyeT 

3JICKTPH"ICCKOe none 

2Iv0 [ y-h y+h . J (?) 
E, = - - 2- 2 2 + 2 2 · 

C X + (y - h) X + (y + h) 

B 0KpeCTHOCT$1X BOJIOKHa nna3Ma ABH)KCTCSI C eepm

KaJibHOB CKOpOCTblO 

2 2 4 
y [ (y - h) (y + h) - X ] 

V y = Voh (i + (y- h) 2)(x2 + (y + h) 2) . 
(8) 

Ha OCH Oy, TO eCTb HenocpeACTBCHHO Haµ; BOJIOKHOM 

CKOpoCTb pacTeT JIHHellHO C y11:aneHHeM OT aero, a 

. Vo ( 2/ ) 
div vi x = o = h 1 + l - h2 (9) 

Bbime BOJIOKHa BCIOA)' IlOJIO)KHTCJibHa B yoweaeT, 

crpeMSICb Ha OOJibWOM YAaJieHBB K BeJIHIIHHe 3 Vo/ h. 

KoHe'IHO, 3TH 38KOHOMepHOCTB BhlrIOJIH.RIOTCSI 
TOJlbKO B TOH OOJlaCTH, me CHJibl ra30BOro J];aBJICIIWl 

MaJibl.IlO cpaeHeHBIO c Marmrrm.IMB. Tipu6mDKCHHO 

33 rpa.HBJ.O' 3TOA 30Hbl MOXHO npHIDITb noBepXHOCTb,

Ha KOTOpoH 

(10) 

. IlO));CTaBJI.sUI e ( 10) BblpWKCHHe· AJI.sl IlnOTHOCTB -qac

~ n = 11oexp (-I) , r11:e A - BbICOTa OJl:HOpOAHOH 

8TMOC<pep1,1, H CJie.Qyioxn;ee H3 (5) Bblpax<eHHe 

2 16l h
2 

B = - (11) 
c2 (x2 + (y - h) 2)(x2 + (y + h) 2) 

H npoAU<p<pepeHWfpoBaB (10) no BpeMeHD, IlOJI}"IHM 

2A yr+h
2 

Vis = h 2 2 Vo , (12) 
( 4Ay11 - Yp + h.) 

rne Y11 - KOOPAHHaTa rpaHUW>I ~ = 0. Ilpe onpeAe

neHHbJX ycnoBHSIX vis< vy. HanpHMep, npu A ~ h, Y13 

Vis = ih = v/ 2. (13) 

Bue o6JiaCTB ~ < 1 nJia3Ma OCTaCTCSI HCB03~CH

HOH, Il03TOMY BOJIH3B IlOBCpXHOCTD 13 = 1 npoucxo
AHT TOpMOXeHBe B YDJIOTBeBHe KOpoHaJibHOrO Be

ID;CCT13a. 3TO ynJIOTHeHBe no ceoeMy IlOJIO:XCCHBIO u 

xapaKTepy ABBXCHIDI J];OCT8TO':IHO xopomo MOJ:(e
JIBpyeT BHCUIHIOIO tppOHTaJlbHYIO qacTb -rpaH3HeH
Ta. ,:);eiiCTBBTCJlbHO, npH IlOAoeMe apylITBBHoro 

npo1)'6epaHn;a BCID;CCTBO KOpOHb[ B o6naCTB 13 < 1 
npBXOJ:(DT B ABB)KCHBC. ,:J;peii<pOBU CKOpOCTb npu 

y)l;aJieHHB OT BOJIOKHa Ha paCCTOSIHBC, paBHOC ero 
BbICOTe H8A <f,oTocq:,epoii h, yeeJIB'IBBaeTCSI Ha ee

Jill'lBH)'' paBHYlO CKOpoCTB BOJIOKHa Vo. B COOT
BCTCTBHB c (9) B OKpeCTHOCTSIX BOJIOICHa divv > 0, 
TO eCTb no ycJIOBBlO Henpepb1BHOCTH (2) DJIOT
HOCTL B Ka)KJ(OM ABBxyID;eMCJI 3JieMeHTe o6oeMa 

yMeHbmae_TCSI. B pe3yJILTaTe HaJ:( BOJIOKHOM 06pa-

3yeTCJI 06.naCTb DOHD:XCCHHOH IlJIOTHOCTB (no

JIOCTb ), KOTOpll J:(BH:XCeTCSI co c1c:opocTblO, npeBb1-
ma10meii CKOpoCTb IlOJ:('1,CMa BOJIOKHa. , HMeHHO 
J:(BBXCHBe TaKOH fiOJIOCTH C"IDTaeTCSI Ha\laJIOM 

cp<>pMHposaem1 -rpaH3BCHTa no J:(aHHLIM auaJIH3a 

H80JIIOJ];CHHA'. [13]. 

B6JIB3B rp~bI 13 = 1 11:peA<poeoe npuoJIH.}Ke

HHe He npHMeHHMO, DOCKOJibKY cyxn;eCTBCHHYIO 
ponL Ha'IBHalOT urpaTb CBJ1bl ra30B0r0 J];3BJICHIDI, 

OJ:(H3JCO Ha OCHOBaHHH rpaHB11HblX ycJIOBD JICHO, 
tJTO BHYTPB CJIOJI, npuneraioxn;ero K noeepXHOCTB 
13 = 1, UpOBCXOAHT C.}KaTBe H YruJOTHeHHe Bexn;e

CTBa. 3TOT CJIOH MO:>KCT 6LITb, KaK YK33b1BaJIOCb, OT

BeTCTBeHHLIM 3a <popMUpOBaHHe Hapy.xrnoe "13CTB 
TPaH3BeHTa. CKopoCTb nepeMeID;eBIDI noeepxaocru 

ACI'POHOMHtJECKHA )KYPHAJI TOM 72 M 2 l 995 
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Pac.1. PacnpeJ,teneHRe'aep1'HIWIIJlOA KOMnOHCBTLI npcA<t,oBoA CKOpocre v,. B C].tHHHQax 107 CM/c (a) H J.tKBeprel:U(HH ro,eAqioeoA 

cx:opoCTH divv dB C.J{ffHHqaX 10-2 c-1 (6) B nnocKOCTH xy. BoJJOICHO C TOIWM / = 1011 A H8XOJ.tHTC$1 B TO'IXC X = o. y = s X 109 
CM 

H HMeeT aopOCTL Vo= 200 QA/c. 

lgn, CM3 lgn, CM-3 

(a) 
.... .... 

,t= tooc300 
' 500 700 

(6) 

..... .... 
8 8 900 

7 7 

6 6 

~ ~ ... 10 20 30 40 50 60 70 80 y, 109 CM 10 20 30 40 50 60 70 80 y, 109 
CM 

Pac. 3. "3MeHCHHe 11J10fflOCI'H 'la~ e 1copoHe ~ BOJJoKHOM co epeweacM: (a)-6e3 )"ICTcl orpaHHt1eHHA oonacm neAcrsHJI ro,cA
qioaoro npH6J1J01CeHH,r, (6)-c Y'{CTOM pa3MCp0B o6naCTH ~ < 1 H ICOHC'IHOCTH nottaJU,HOA ani.eeHOBCKOA CKOpocTH, / • 10

11 
A, 

Vo c 200 DA/C, / = 5 X 109 CM, B8'13JILUOC pacDpcJ,tCJICHHC DJTOTBOCTH n(y) = no exp(-y/ A), no= 3 X 108 
CM-

3
, A= 2 X lOIO CM 

{DOU.3880 urrpexoeoA JJHHHeA). 

p = 1, K8IC B~HO H3 (12), MO)KeT TaK..XCe 3Ha'll!Tenb

B0 npeBbIWaTb Vo. 

Ao CBX nop Mbl }"IHTbIBaJIB TOJibKO co6craeHHoe 
·;Jt MaI'HBTHoe none BOJIOKHa. 0AH8KO B ICOpoHe npH

cyTCTByeT H none no~<t>orocc:pepHhlX BCTO'IHBICOB, 
' JCOTOpoe YAepxamano BOJIOKHO B paimoeeCDB AO ua

'18Jla spynt(BH H xoropoe TOpM03HT ero IlOA'l>CM. 
6}'1tCM C'IBT3Tb AIDI Dp<>CTOTLI <pOHOBOe noJie Bo 
OAHOpoAHLIM, HanpaeneHJD,JM BAOm, OCH Ox. cl>aJCTH-

', 11eco, 3TO - ICpynHOMacIDTa6HWI -qacn, noru1, xapu.
:/ ;~: TepHhii MaCmTa6 KOTOpoA nop1JJ1:Ka R0 . HamN11e 

::} 

~--,~---·~. 
:tr: 

ACfPOHOMJiqECKlfil )KYJ>ffAJI TOM 72 .M 2 

<pOHOBOro DQJU1 npBBOAHT K yMeHbWeBHIO Apeii
<poeoi CKOpoC'l'II, Ha'IHB3Jl:C HeKOTOporo ~aJICHBJI 
OT BOJIOXHa, B IlOJIBJieHHIO o6nacm C}IC3TBJI He 
TOJibKO Ba rpaB1n:~e fl = 1. Ha pHc. 2 npHBeAeHLI 

pacnpeAeJieHBJI eepTHK8JILHOA CKOpocrH M33Ml,I 
H divv B KOpoHe, oxpy}l{aIO~eA DO,tUIBM8IOJIUliCJI 
nporyoepaue~. 

IIpoHHrerpupyeM ypaBHeHBe (2) no BpeMCHB t. 
B Ka"leCTBe Ha'laJil,HblX 3H3tICHBH npBMeM .flo = 3 X 

X 108 CM-3, A = 2 X 101° CM, YAOBJICTBOpBTeJibHO 
OnBCbIBaIOJIUIC H3MeHeHIDI IlJlOTHOCTD B HHTepBaJie 
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s X 109 - 1011 CM (14]. Ilono:xcuM Vo= 200 XM/C, 
ho= 3 X 109 CM, I= 1011 A. Bo= 0.5 re. CJieJeyeT 
BMeTh B~Y paCXOABMOCTb BhlputeHIDI (9) AIDI 
divv npa y - h, nOOTOMY HIDKHeA rpaee:neii oona
CTB wrrerpaposamm npBWITO h + A, A= 3 x 109 cM. 

H3MeHCHHSI 8 pacnpeAeJieHHB MOTHOCTB, 
Bb13BaHHhle AJ)CBq>OBhlM ABWKCHBCM npB 3pyn~ 
BOJIOXHa, Il0Ka3aHbl Ba pBC. 3a. HenocpeACTBeBHO 
BaA BOJIOKHOM DJIOTHOC'I'b co BpeMeHeM noHWEaeT
C11, B <j>opMBpyeTc.11 noJIOCTb. BLime llJIOTHOCfL no
BbIWaeTCB B 33TCM npeBOCXOJ(BT DJIOTHOCT& HCB03-
M)'~eRIIOB Kopoew. OAUaKo eepXBJUI. rpamma Aei
CTBIDI Apeii<j>oBLIX c1topocreA AOJI:x{B8 6b1Tb 
coxpa.Ir(eHa, so-nepBbIX.., o6na~ P < l, a, Bo

BTOpblX, CKOpocTh pacupocrpaeeHHSI rp~I f3 = 1 
orpaHB'leBa JIOK8JILH0B anbBeHOBCKOi c1mpocrbl0 

(xas:: BHABO H3 . (12) v~ ~ 00 apn Yis - 2A + 

+ J4A2 + h2
) . KpoMe roro, ua rpaHH1'e P = 1 npe

MeM, qro CXOp<>CTb UJI83Mbl JIBHelleo YMCHbWaeT
CB AO HYJUI sa AJIBHe I, paseo:A: xapaKTepaoMy Mac
WTa6y B3MCHCHBJI ~ : '= 5 X l 09 CM. C yqeTOM 3THX 
-rpe6osaHBii KpBBhie pacnpeAe11eeu DJIOTHOCl'B 
npBo6peTal0T BRA, B306pa:xceHHbIB ua puc. 36. 

0611acn, IIOBhJmeHHO:A: DJIOTHOCTB craHOBBTC.R 
,-oaom.oo Y31tOA. 0Ha onpeAerureTC11 B OCHOBHOM 
BeJIB'IBHOi I. CJCopocrL nepeMe~esu MaJCCBMYMa 
DJIOTHOCTB npHMepHO ~soe npeBh1maeT CXOpocTh 

ABBlKeHHJI TOKa Vo· 

4. 3AKJIIO'llEHHE 

IlpoeeAeHHOO HaMB conocraBJleHBe HCCKOJIL
DX TJ)aH3HeBTOB B 3pyDTHBHblX npo-cy6epau~eB 
A8CT OCHOB8HBC npeABOJIOXCBTL, "'I.TO pacnpocrpa
ueBHe TJ>8B3HCHTa B acopoue JIBJUICTC.lil BT0pB'1Hh1M 
3q><t,erroM, Bhl3bIBaCMl,IM ACiCTBBCM 3JieKTJ)D11e

cxoro n.om1, BHAY[(BPYeMoro ABIDK}'~BMc,i BOJIOK
HOM C TOKOM. none Apei<l><>BhlX CKopocreA Taxo
BO, 'ITO B OKpeCTHOCTJIX BOJIOKHa 06pa3yeTCJ1 06-
JiaCTL pa3pexceHHJI ( nOJIOCTL), cxopOCTb DOA'LeMa 
X:OTOpoi. BLlme CKOpoC'l'B AJJWKCHBJI BOJIOKH8. na
nee ua yAaJieBHlil, aa KOTOpoM 4>0H0B0e none era- · 
HOBBTCjl cpaBHBMhlM C noneM TOKa BOJIOKHa BJIB 

AIUI DOJUI TO.Ka nepecraeT BbJ:UOJIHJIThC11 ycnoue 
~ < 1, B03BHK3CT' 30Ba CJKaTBJil HJl83MbI,. COOTBCT·· 
crs-yiomu sHemeeA: 11aCTB TpaH3BeHn. CK~pocrh 
nepeMemeaWI y[lJIOTHeuu T~e npeBblmaeT 
cxopocrL npoT}'6epa~a. CooTHomeHBe MeQy 
3TBMB CKOpocTDIB 3aBBCBT OT ICOHxpe.THO.ro pac
RpeACJICBIDI nonK, IIJIOTHOCTH, <l><>PMbl neTJIB npo
T}'6epaH[(a. Boo6me, A.BWlteuue TJ)aH3BeHTa B 
AUHOB BRTepupeTa~B onpeJ(eJIJleTCJI ' ABEKeHB• 
CM npotj6epa~a. 6anaHCOM C~JI, B03AeiCTBYIO
IJ\BX Ha uero. 8 ABYMepHOM cny11ae ,QBIDl(eBHe BO
JIOK:Ra c TOltOM 6i.!JJO paccMoTpeeo B [11, 12]. 
-rpeXMepuwA CJIY~aA -rpe6yeT cne~ani.uoro uc-

CJieAOB8HJIJI. Mbl H3AeeMc,,: CACJ18Tb 3TO B A8JIL
HeimeM. B Aa.HHOii pa6oTe Mhl IIOJiaraJIB ABB:XCe
HBe BOJIOKHa 38A3HHJ,IM (paBHOMepBbIM) B BHTepe
COBaJIBCh "oTILJIHKOM" KopoHaJihHOA llJl33Mbl Ha 
3TO ,IJ;BH:xceuue. Ilpe BDOJIHe AOnyCTBMblX AJlj( COJI
HC'IHOH aTMOcq>ephl ycJIOBBj(X . OTICJIBK AeHCT8B
TeJ11>HO COOTBeTCTByeT <j>opMBpoBaHDIO IDIOTHOro 
06pa3osaHB.R, ABB~meroc,i co cICOJ)OCThlO, 6oJih
me:A cx:opOCTB 3pyDTBBHoro npoT}'6epaHQa -
TJ)aH3BeHTa. Koue'lnot p;aHHoe paccMOTJ)eHHe 
BMeeT cy~eCTBCHH&Ie orpaHB'ICHIDI, CBJl38HHbie C 

ABfMCpHOCTLIO MO,tJ;eJIB H BpBMCHBMOCThlO ApeA
qx>Boro npB6JliUICCHIDI. 

}];aHH&IB C1'eHapBii npeAilOJiaraeT p;OCTaTOllHO 
CHMMCTpB'qffoe pacoonoxceHBe -rpae3BeBTa B npo
T}'6epau~a. Haxoxc.QeHBe npoT}'6epaH1'a y op;uoii 
B3 "uor" TJ>8B3BCBTa BOTJ>COOBano 6hl B paMICax 
A3BHOH MO,tl;CJIH O'leHb uecBMMeTpll'IHOro pacnpe
,ceJieBHJI 1mpouam.eoro ManuITeoro DOJI.R BJIH 

DJIOTHOCTB. Xonr 3TO, B npu:u~ne, B03MOJKJIO, Ha-
6JJJO,IJ;eHHe 3PYD1'ffB 30.06.1989 r . CKJIOWICT K MhlC
nH, 'ITC> uepep;KO npB pacnOJIOXCCBBB neTJIH npo'cy-
6ep~ B K8pTIIHHOA DJIOCKOCTB,. ua6J110A8TeJ1B 
q>BKCHpYIOT JIBWb O,IJ;HO, eae6onee sq>Koe, B3 OCHO

eaHBA apJCB. 

Pa6oTa BLinoneeua npa 4>HHaHcosoit noMep:xcxe 
PocamcKor o <l>oHAa «i>YHAaMeHTaJihHblX uccneAosa
md (IC~ RpOCKTa 93·02-15112 B 94-02..()3096 
"TpaH3BeHT''),. a TalOke rocyp;apcrBeHHoA nporpaM
Mbl "AcrpoHOMIDI" (Kop; npoena 4-129 "BblMDen''). 
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Eruptive Prominences and Coronal Transients 
B. P. Filippov and N. S. Shilova 

The positions and lengths along the Solar limb for several eruptive prominences and the corresponding coronal 
ttansients are compared. Transient loops are by a factor of 2 to 3 wider than prominences in the direction of 
position angle and are located symmetrically with respect to prominences. A model of transient formation is 
suggested that considers the ttansients to form as a result of drift motions of coronal plasma in the electromag
netic field of the rising electric current of the filament. The model describes the formation of a cavity around 
the filament and of the outer loop of the ttansient, which moves at a speed that exceeds the speed of the rising 
prominence . 
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BJIIDIHHE PA)OIAI.J;DOHHLIX IIOTEPL HA CBODCTBA BOJill 
B AKTDBHLIX 06JIACTJIX HA COJIHI(E 

© 1995 r. 3. C. 6a6aes, H. C. J(xcaJIBJ1os, IO. ,[l. >Ky~a 
HHcmumym 3tMHOW MaZHemU3Ma, uoHOcq,ep&t u pacnpocmpaHeHUJI. paouoeoAH Poccuuc,cou a1CaoeMUu HaYK, 

Moc,cea, PoccUR 
IlOC'fYOHna e peJl8Kl.\HIO 23.03.94 r. 

Pa38wra·reoplUI JtHHeiiHoit -rpaHc<l>opMaium H norJJoll{eHIUI pa3JIHtfHl,IX THJJOB ue~ua6aTH'lecKHX MarHH
TO-aKyCTHKo-rpaBeTalU{OHHblX BOJIH B H30TepMH'leCKOH aTMOai>epe C y'leTOM BJIH.IIHIDI p~HalU{OHHblX 
noTepb. Ha OCHOBe aHaJJBTH'leCKHX pewemm ypaBHeHHH MarHHTHOH rHAPOAHHaMHKB pacomTaHbl 3Hep
reTH'leCKHe K03cpq>HlU{eH'J'bl OTpa.)KeHHJI H nornoll{eHHJI BOJIH. IloKa3aHO, 'ITO Ha ypoeue COJJHe'IHOH <t>o
roccpepbl, r):te BbffiOJIJOleTC.11 YCJIOBHe O>tR = 1 (00- 'laCTOTa KOJie6auei, JR - BpeMJI paJ:(H31UtOHHOA penaK
caL\HH TeMnepaTYPHblX 803MYIJ.\eHHH), npOHCXOAHT 34>4>eKTHBHOe B3aHMO):teHCTBHe BOJIH C H3JJY'ICHHeM. 
J.byqeeo BJIHJIHHe uaKJIOHa MarHHTHoro nom:1 Ha 3aTYxaune BOJJH. PaCCMo-rpeu eonpoc o 3axeare 3-MHH 
xone6aHHH B TeHH conne'IHhIX nwreH H 5-MHH Kone6attmi e nonyrenH IDITeH ua ypoBHe 4>oroccpepi.1. Pac
C'IHTaHb1 cpa30BblH CABHr H aMOJIHT}'AHOe COOTHowenue Me)l(Jzy KOJie6attWIMH B CKOpOC'rH H TeMneparype. 
TioKa3aHO, 'ITO cpa30Bb1H CABHr AOCTaTO'IHO 6bJCTpO paCTeT no p~eycy UJITHa. nony'leHHbJe pe3yJibTaTbJ 
MOryT 6b1Tb HCil0Jlb30BaHbl ,{(ml AHarHOCTHKH COJIHe'IHOH nna3Mbl B WITHax H Il03BOJUIJOT pewen o6paT
HYIO 3aAa'ly O pacnpe):teJieHHH MarHHTHOro DOJl.11 no p~eycy WITHa Ha OCHOBe HaOJIIOAaeMbJX .r(HarHOC'rH

'lCCKHX xapaKTepHCTHK KOJie6auHii. 

1. BBE1l;EHME 

B npeAbIAy~eii pa6oTe [ 1] HaMH 6bmH noJiyqe
HbI aHaJIHTBqecKHe pemeBWI ypaBHeHmi MarHHT
HOii rHAPOAHHaMHKB AJIJI MallblX HeAAHa6aTH'tfeCKBX 
KOJie6aHHA B C:>KHMaeMOB ~eaJlbHO npOBOA~eH 
BepTHKaJibHO crpaTHq>HI\HpOB3HHOH aTMocq>epe. 
HeAAHa6aTH11HOCTb KOJJe6aHBf1 ObIJia o6ycJIOBJ1eHa 

paAH3J.UIOHHblMH norepnt.e B paMKax npHOJJIDKeHID1 
HblOTOHOBCKOro 3aKOHa OXJI~CH.WI, IlonyqeHHhie 
pemeHWI cnpaBCAJIBBbl AJIJI 6eCKOHC1IBOH B30Tep
MHqecKOH aTMOe<pepbl H OllBCbmaIOT HaKJIOHHoe 
pacnpocrpaueHHe BOJIH (uesepmKanhHbie Kone6a
HWI) B npoB3BOJlbHO aanpaBJJeHHOM OAHOpoAHOM 
MarHHTHOM DOJie. B AaHHOH pa6ore C BX npBBJ1e11e
HBeM paccMa1'pBB3IOTC~ ABe 3AA3'1H. 

B nepeoi 3AAa'le ecCJieAyeTCSI pacnpocrpaueHHe 
BBepx H3 rny6oKHX CJIOeB H30TepMH'leCKOH aTMO
ccpepbl 3aMeAJieHHblX MarHHT03BYK0Bb1X H aTMO
ccpepHbIX BOJIH B HX TJ)aHcq>opMa~ B crrpaX<:eHHe 
B3-3a Heoµ;uopo.u;HoCTeii Ma3MbI. B 3TOM Hanpasne
HBB . BblilOJIHeH pJI.Q pa6oT (2 - 4], HOB OTJIB'llle OT 
HHX, B AaHHOH paoore HaMB enepBbie IlOJlHOCTblO pe
maeTOI 3aµ;aqa o 'IpaHcq>OpMaQBH BonH c yqeTOM 

PAAU~omn,IX nOTepb. PacctmTam.1 3HepreT1111ec-
. me Ko3<l><t>Bl\HeHTbI orpa>KeHIDI u norno~eHIDI 
BOJIH. PaCCMOTpCH BOllpOC O 3axBaTe 3- B 5-MBH KOJie-
6aHHA e COJIHC'IHbIX WITHax Ha ypoBHe cporoccpepbl. 

BTopu 33Aa'la CB$13aHa C AHamOCTHKOB COJIHeq
HOA nna3Mbl B o6naCTH wrreH no JIOKaJibHbIM KOJ1e-

6aHID1M. ~a30Bble OTHOmeHIDi Me~y KOJie6aHWIMH 
B CKopoCTil H HHTCHCHBHOCTH (TeMilepa'l')'pC) Ha OA-

HOM ypoBHe· ( cneK'I'p /-V) UJIU Mexmy KOJie6aHIDIMB 
s cKopocm ea pa3HbIX rny6uHax aTMocq>epbI 
(cneKTp V-V) MOryr ;Q3Tb JWKHYIO HHq>OpMa~IO 0 
nepeHoce 3Bepnm BOJlHaMH B COJIHe'tfHOB aTMOC<j>e
pe, 0 p3AmU~OHHOM 33'fYXaHBB BOJIH, 0 cy~eCTBO
BaHBB g-MOA KOJie6aHBH e T.A. B HaCTO.R~ee pa6oTe 
Ha~eHbl aMilJIHT}'AHOe COOTHOlllCHBe H <j:>a30BLIH 
C;QBHI' MCX<J(y KOJie6aHIDIMB B CKOpOCTIIX B B03M}'ll(C
HBeM TeMnepaT}1pbl. HCCJieµ;oBaHbI H3MCHeHIDI 3THX 
aenu11ua no pa;Qeycy rurraa Ha ypoBHe TeMnepaT}'P
aoro MBHHM}1Ma COJIHC'IHOA cporocq>epbI. Ecnu 
:eµ;eHTHq>~poBaTL TeMnepaT}'PH&Ie B03M}'ll(eHIDI c 
B03M}'~eHWIMH B p!freHCBBHOCTH H yqeCTb, 'ITO 
BLtmeyxa3a.HHbJe Be.JIUqBHLI OnpeACJIJIIOTCjJ. B3 aa-
6J1I0Aeimi [5, 6), TO Hal.DB pe3yJibTiiTbl AaJOT B03MO)K
HOCTb KoppeKTIIO IlOCTaBHTb o6paTH}'IO 33Aaqy O pac
npe;Qenemm Marmrmoro nom1 no p~eycy mrma. 

2. TP AHC~OPMAQHjl 
H rrorJIOW:EHHE BOJIH 

Hcnon1,3yeM pemeHue ypaeaemm MarHBTHoii m
Ap<>AHHaMBlCB, nony'leHHoe HaMB e pa6oTe [ 1] AJI.SI 
MaJiblX HC3AHa6amqec1CBX OIITH'tleCKB TOHICBX B03-

M}'~emm e cxce:MaeMoii ueBJ13Koii npoeowrmeii sep
THKaJibHO crpam<j:>HI~HpOBaHHOH aTMoc<j>epe B npB
cyTCTBHB BHemHero OAHOpoAHOro MarHHTHoro DOJI.SI 
8 0 = {B0x, 0, B0z} H CHJibl TIOKeCTH g = {0, 0, g }: 
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-: n~e V .L - KOMllOHeHTa CKOpOCTH UJI33Mbl, nepneH;qB
t icymtpHasI ,K MarHHTHOMY nomo B DJIOCKOCTH (x, z), 

. Cj (j = 1, ... , 4) - HeH3BeCTHble IlOCTOHHHble, 

·~ Gi;(bi II ~) - 0606~eHHb1e rHnepreoMeTPHllecKHe 
q>yHK~H Meiiepa, KOTOpbie OilHCbIBalOT KOJie6aHmt 
C IIp0H3B0JlbH0H qaCTOTOH H ;t{JIHHOA: BOJIH Ha mo60M 

ypOBHe H30TepMBqecKoA aTMocq>epbI (paBBOBeCHa.sJ 
TeMnepa'cypa T0 = const). CneJzyeT OTMeTHTb, -rro 
peweHBe (1) noJiyqeHo AJij( CJiyqas1 HaKJJoHHoro pac
npoC'l'paHeHHSI (ropH30HTaJibHoe BOJIHOBoe 'IHCJIO 
kx ~ 0) MarHHTO-aKyCTHKO-rp3BBTaQ.HOHHLIX (MAr) 
BOJIH B H3Jlyqaiow:eii aTMoc<pepe B paMKax HLIOTO
HOBCKOro 3aKOHa OXJIIDK,neHIDI [7]. IlapaMeTPbl, BXO
~e B (1), onpeAeIDIIOTCSI CJICA}'IOm;BM o6pa30M: 

rAe 

2a1, 2 == 1 ± (ia1 + a2), 

2bl,2 = 1 - 2iCJ~ x ± (i~I + ~2), 

b3, 4 = ±~x, 

(2) 

f Ji,a, = J Ju;+ a;+ a,, ./2a, = J Ja; + a;- a,, 
~{' Ji~! = J J~; + ~~ + ~,. . fi~2 = J J~; + ~~ - ~,. 

-. 
4 fi\ 2 

( 
1 1 )n -Jl. X 2 

a,= 4 - - - . 2 + aad' 
E . 'Y il 

cI>il4 _ ~2 

a;= 4- 2 x, 
E il 

2 2 4.Q 2( y-1) a = --1-4~ 1--
ad y X yn2 ' 

~r = U/E-1, ~; = <1>U/e, 

(3) 

.ff:· 3AeCL HCROJ1b30B3Hbl CJleA}'IO~He o603HB1:leHIISI: 

:t:: Q = roH / c. - 6e3pa3MepB8.S1 'laCTOTa; ~ x = kfi - 6e3-

pa3Mepuoe BOJIHOBOe 'IHCJIO, <O - 'l3CTOTa KOJie6a-
2 mm; H = c * I g - e1,1COTa o;qHopoAHOH aTMocq>ep1,1; 

y= cp!cv - OTHomeHue yAeJibHbIX TennoeMKoCTee:; 
o = B0x!B0r. - seJIH'lHHa, onpe,-em110~a.s1 liaKJioH Mar
HBTHoro IlOJIJI (Bo) OTHOCUTeJibHO CHJibl TSDKeCTH (g)~ 

V.4z = Bor.l J4npo - ~-KOMIIOHeHTa 3JlbBeHOBCKOH 

CKOpOCTH. OrMeTHM, 'ITO po H Po MeWIIOTC$1 C BbICO
TOH no 3aKOH}' -exp(z/ H). II pH HB3KO'laCTOTHOM 
npH6JIH:>KeHBH (il2 < Sf x) B BLip3)[(eHBSIX (2) CJieAYeT 
B3MeHBTb 3H3K Uz . 

AHaJIBTH'lec.KDe peweHIDI (1), yMHo}KeHHbie aa 
exp{i(rot + kxX)}, OUHCblBalOT HaKJIOHHOe OTHOCH- . 
TeJibHO MarHHTHOro norui: paCIIpOCTpaHeHHe He8AB8-
6aTB'leCKHX MAr-sona H3 rny6oKBX CJioes H30Tep-

MD'iecKoe: aTMocq>ep1,1 ( v~z ~ c;) s sepxuue CJIOH 

( ~z ;;?> c! ). 3Te peweHIDI D03BOJI.RIOT npu onpeAe

neHHbIX rpaHH'lllbIX ycnoBIDIX pemBTb 3a,-aqy o B3a
eMHoA TP8HCq>OpMa~H BOJIH, KOTOpbie pacnpocr
paHSIIOTCJI H3 HH>KHBX CJIOeB aTMocq>epbI co CJia6bIM 
MarHHTHbIM IlOJieM B ee aepXHIOIO 'iaCTb C CBJil,HLIM 

MarHHTHbIM IlOJieM (HanpHMep, B COJIHe'lHOH aTMO
Cq>epe). 

KaK 6bIJIO OTMC'leHO e pa6ore [1], e my6oKHX 
CJIOSIX H30TepMBqecKOH aTMOcq>epbI (~ - oo, 06-
JiaCTb CJia6oro MarHHTiioro nonst) sonHosoe ABWKe
aue pacru;enm1eTCSI Ha OTJJ;CJlbHble H3BeCTHbie MOAbl 
Kone6auu:A: a;qua6aTB11ecKBe KBa3Bnonepe'1Hbie 3a
MCAJieHHbie MaI"HBT03BYKOBbie (st-BOJIHbI) B Heawra-
6aTH'leCKHe 8TMoc4>epHble BOJIHLI. B 38BBCBMOCTH 
OT ](Bana:JOHa 'laCTOT Kone6aHBH, aTMOcq>epHbie 
BOJIHbl, B CBOIO oqepeAb, IlOAPa3ACmllOTCSI Ha aKyc
TH'leCKHe, suyrpeHHHe rpasBTa.D;HOHHbie BOJIHbl B 

ua q>yHAaMeHTaJibH}'JO MOAY Kone6aHHH. B acuMIITO
THKY pemeHHii (CM. [11) Ka)l{,Qa.sJ BOJIHa BX01(BT K8K 

cyMMa ABYX MOA, pacnpOC'l'paHJIIOll(RXCSI B IIpOTBBO
IlOJIO}Kffl,IX HanpaeneHWIX no sepTBKaJIB. 

B o6JiaCTH CHJibHOro ManmTHOI'O DOIDI (~ - 0), 
'ITO COOTBCTCTByeT BepXHHM CJI0$1M B30TepM1r!eCKOH 

aTMoeq>epbI, BOJIHOBOe ABH)l{elfile nonpa3AeJISleTCJI 
Ha HeaAHa6amtJecme npoAOJibHbie 3aMeAJieHHLie 
MarHBT03BYK0Bb1C (sl-BOJIHbI) H a;t{lla6aTH'leCKHe no
sepXHOCTHl>Ie ycKOpeHHble M8I'HHT03BYK0Bble BOJI
Hbl [ I]. B cpel(HBX o6nacrHX (~ = 1) TaKoe pa31(ene
HHe ~H}KeHIDI nJia3Mbl Ha OTJJ;CJibHbie M01(bl HeB03-

M0)1(110, TaK KaK npoHCXOAHT nepeMelllBBa.HHe B 
B3aBM01(CHC'J;',BHe scex mnoe MO](. Ha 3'TOM ypOBHe 
o6e B03Bpam;aio~e CBJibI - ra30B0e H MarHHTHoe 
AaBJieHHSI - CT3H0B.RTCSI 01(HH8K0BOro nOp$11(Ka. 

TaKHM o6pa3oM, a11anHT1PiecKHe pememn1 · ( 1) B 
HX aCBMnTOTHKB, npusep;eHHble B pa6oTe [1], ll03BO
IDIIOT paCCMOTPCTb 38Aaqy O pacnpOC'I'paHeHHB CHH-
3Y onpep;eneHHoro Tuna eonH e H30TepM1r!eCKOH aT
Moe<pepe. ~f3-3a Heo;o;aopoAffocra cpe1{LI HJzylI\asI 
CHH3Y BOJJHa 'laCTH'IHO OTp3)[(aeTCJI o6paTHO (BHH3) 
B 'laCTH'IHO 'IpaHcq>opMHpyeTCSl s APYrHe THIIbI BOJIH, 
KOTOp&1e, B CBOIO O'lepe;o;L, 3a'cyXaJOT BCJie;t{CTBHe 
paµ;B~OHHblX noTepb. TaKa.sJ IlOCTaHOBKa 3a;t{3'1H 
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npeAC'faBJUieT BHTepec C TO"IKB 3peHWI pa3BBTW1 Te
opBB aarpeea 3BC3AJ1bIX aTMocq>ep, u An.sI ~ea6am

'lecKoro CJir1M oHa BbmonHeHa e pa6oTe [3]. 
PacCMOTJ)HM, KaKM AOJISI 3Hepnm Il3A310ll,\eH 

BOJIHbl nepeAaeTOI B 3Repml0 TJ)3BC<j)opMHpoBaH
HblX HeaAea6aTB11eCKBX 33T)'X310ll\HX BOJIH. YcpeJJ;
HeHHaJI no BpeMeHH IlJIOTHOC'fb IlOTOKa 3HeprHH He
a,.ua6amqecKHX eonu onpeAem1eTcJ1 K.aK cyMMa 

JJ;Byx llOTOKOB: MexaHH1JeCKOI'0 (r~po~aMB\lecKo
ro) e 3JieK'IpOM3raHTHOro. l1x Bepn!XaJibHl>Ie KOM

IlOHCHTbl BMelOT BHA: 

(4) 

(5) 

rAe Re - peanbHaJI qac-rh KOMnJieKCHoii eeJIB'IIIHbI, a 
qepTa ceepxy 03Ha"laeT KOMilJieKCHO-COllp11)1(:eHH}'IO 
eene'lfllHY, semrtJBHa cp = arctg cr onpeAe]ljleT yroJI 

H3KJIOHa MarHBTHoro IlOJI.sI K BepTBKaJIH. 

lfa HCXOAHblX JJUHeapH30B3HHb1X Mr,[(-ypaBHe
HBB [ 1] eepTHK3JibHaJI KOMllOHCHTa CKOpoCTB ABH

}l{eHIDI nna3MhI Vl H B03MYll\eHee TeMneparypb1 
0 = T '/T0 onpeAem110Tc.sI KaK 

• ,I 2 V 

cos cpM0 Vl = { ~ -t ( 62 
- St x) ( 6 + 

+A0 - l) +i+N0 } V1., 
(6) 

o.2 cr2 y* - I 1 1 
Mo= ·se * - iSf X # n 2 - 2cr ( 2 - ~) + 

l x"f Y .U I 

+ iSt X (1 + CJ
2

) > 

1 n2cr (8) 
A0 = 1 + icrSf x - -:T 1 + -ero , 

Y l.nx 

N0 = A9 - 2icrS't x• 5 = l;dl d~. 

y* = iy+ q0/i + q0• 

Hcnom>3Y.sI pemeHIDI (l), Bl Bbipa}Kemre (4) - (8) 
MO)KIIO OilpeAeJIHTb Z-KOMilOHeHTy DJIOTHOCTH IlOTO
Ka 3Hepnm BOJIHOBOro ABWKeHIDI. Ilo11yqaeTCS1 AO
C'f3TO'IHO CJIO)K}foe Bbipa)l(eHHe AJl.sI IlOTOKa, KOTO

poe 33BBCBT OT Bo B CJ, a TaKXCe OT napaMe-rpoB n, ~.t 

B tR. 0AHaKO AJI.R pemeHIDI BbIIIIenOCTaBJieHHOii: 3a
A3'lll AOCTaTO'IHO HCil0Jib30B3Tb 3Ha'leHIDI IlOTOKa 

3Hepnm e npeJJ;enax l; ~ 1 B ~ ~ 1. 
KaK B~HO B3 (1), B o6Il,\ee peweHBe BXOJVIT qe

TLipe HCB3BeCTHbie IlOCTOflHHbie Cj (j = 1, ... , 4). On
peAeneBBe 3THX HCH3BCCTHbIX CBfl3aHO C BbI6opoM 
KOHKpeTHhIX rpaHFJHl,IX yCJIOBm\. HcXOAJI B3 <j)H3B-

qecKBX coo6pIDKefllfii o TOM, 'ITO e npe.f(enax B30-
TepMBqecKoii aTMoc¢ep&1 (0 ~ ~ s; oo) ee AOm101bl 

B03HHK3Tb KOJle6aHHSl C 3Kcnoee~HaJibHO pacry
ll\HMH IlOTOK3MB 3HeprHH, Il0CT3BHM CJie,f(ylOII.tHe 
t'pa.HB'IHble YCJIOBWI: 

r,f(e 

C2 = C4 = 0, C1B!
1
> + C3B!3

> = 0, (9) 

U> r(ia1 +a2) r(l +bi - a 1) 

~ = 4 • 

IJr(a1 - hh) (10) 
h = 1 
h~j 

j = 1, 3, 

a r(w)-raMMa-q:>ynK~ . 

113 ycJIOBHH (9) cne,zyeT, '-ITO e rny6oKBX CJIOIDC 
aTMoccpepbl (l; ~ 1) 0C'f310TCS1 H~~Be BBepx H BHH3 
st-BOnHbl C IlOCTOSIHHblMB IlOTOKaMH 3HeprHH H yxo

AJlmJ{e BHB3 aTMoccpepHbie (aKyC'fll'{CCKRe, BHYT
peHHB.e rpaBHTat\BOHHbie) BOJlHbl C y6b1Ba10il{HMB 

KaK l;-<12 IlOTOKaMH 3Heprnu. B BepxHHX CJIOSIX aTMO

cq>epbl (S ~ }) B03HHK310T H.I\Yll\M BBepx s[-BvJIHa C 

y6bIBalOll\lIM no 3aKOHy ~r,2 n OTOKOM 3Hepnm H no

BepXHOCTHaJI ycKopeHHasl MarHHT03BYK0Basl B0J1.Ha, 
IlOTOK 3Heprim KOTOpOH paBCH HynlO. 

TaKHM o6pa30M, B03HHK3I01l\Be B rny60KHX 
CJI05lX B30TepMH'IeCKOH aTMoc<j)epbI st-Bonm,1 npB 

pacnpoc-rpaHeHHB BBepx 11aCTHtJHO 0Tpa>K310TCSI (R). 
qaCTINHo -rpaHc¢opMBpy10TC.R B BJJ;Yll\He BHB3 3ary
xa10~e aTMocq>epHble BOnilbl (TR) H '13CTINHO npe
Bpall,\alOTCJI B sl-BOJIHhl (n B ~Ha6aTB'leCKBe no
BCpXHOCTHblC ycxopeHHble MarHHT03BYKOBbie BOJI
Hbl B CBJibHOM MarHHTHOM none. 3uepremqecKHC 

K03<1>¢BI.UleHTbl O'I'p3)KeHIDI H TpaacepopMal..\HH 
onpe)];enm.t KaK OTHomeHHe BeJ)THK3nbHbIX KOM
IlOHeHT IlOTOKOB 3HeprHH COOTBeTCTBeHHO OTpa
)KeHHblX H TpaHC<})0pMHp0B8HH.b1X BOJIH K DOTOKY 
aeepme n~alO~eR aonHbI. Pac'-leT 3THX xo3q,¢u
l.(HeHT0B )];aeT: 

R = exp{-27t(~1 - cx1)), (1 1) 

T 
7'* ~-a, 

R=1R~ ·, 

T = T* ~~2
, 

(12) 

(13) 

r)];e ~I • ~ 2• <X1 H <Xi onpeAeJieHbl B (3), a BblpIDKCHWI 

)];JI.A: r; H T* npBBOASlTCJI B IlpHJIO)KeHBH. Cne,:zyeT 

OTMeTBTb, 'ITO B OTJlH'CJHe OT K03q><})H~HCHTa OTpa
)KeHWI R, Koaq,¢u.~eHTbI TpaHcq,opMaium TR H T 
33BBC~T OT I;. 3To npOHCXOAHT B3-33 roro, qTO aT
MOC<j)epHbie H sl-eonHbI .sIBJlfllOTCJI HC3J];Ha6amqec

KBMB D 3aryxa10T C AeKpeMeHTaMH <lz H ~2 COOTBeT

C'fBeHHO. B ~a6aTH'ieCKOM H R30TepM1NeCKOM 

DpeAenax 3TB AeKpeMeHTbl AJI.sI 6erymex BOJIH 
paBHbl HYJIIO e Bblpa~eHH.R (11) - (13) nepeXOASIT e 
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COOTBeTCTBYIO~He K03q>q>HD;HeHTbl, pacct:i:HTaHHbie 
B pa6oTax (2, 3]. OTMemM, qro 3HepreTH°lleCK.He Ko-

3q>cp~eHTbI (11) - (13) cnpaBe,IVIHBbI B cnyqae, 
KOrAa 8TMOCq>epHbIMl1 B0JIH3MH B CJl300M Marmrr
HOM none .smmlfOTCj{ aKyCTHtJeCKHe BOJIH.bl, ,l(JISI KO

TOpbIX BbIIlOJIIDieTCSI YCJIOBHe n2 ~ ~x, T.e. W ~ gkr. 
B cnyqae, KOrAa npoucxoron -rpaHc<popMaIUUI BO 
BHyTJ)eHHHe rpaBHT8IJ;BOHHbie BOJIHbl, B 3THX K03cp
qmu;ueHTaX HeOOXOAHMO D3MeHHTb 3HaK a, . ~aK 

BHARO H3 BbipaxceHBH (11) - (13), Ha ,l(OCTaTO'IHO 
,l(aJieirnX OT ypoBIUI D38HMOAelkTBIDI pacCTOjfHIDJX, B 

rny6oKHX H eepXHJilX CJIOSIX aTMOcq>ep1>1, 3HatJeHIDI 
TR H T npu6JIIDKaJOTCSI K HYJIJO H3-3a paAH8IQIOHHOro 

38yYXaHIDI KOJie6aHHH, HO npH 3TOM ecer,l(a BbIIlOJI-

' IUieTCSI ycJIOBHe R ~ 1. nnSI TeOpHH Harpeea 8TMO
ccpep npe.l(CTaBJ1S1eT BHTepec ou;eeKa oow;eii AOJIH 

nornow;aeMoH sHeprHH 

Q = 1 - R = 1 - exp {-21t(~ 1 - a.1)}. (14) 

Ko3cpcpuu;eeHT nornow;eHIDI Q SIBJISleTCSI ,l(OBOJib

HO CJIO)KHOB cpyHKu;HeH 6e3p33MepHOH -qacTOTbl n H 

6eJpa3MepHoro BOJIHOBoro tJHcna ~ r , a TaKxce Ha

KJIOHa MarHHTHoro no.JUI cr = tgq, H epeMemt penaK-

* * calJ,HH tR . B o6~eM cny-ciae Q = TR + T . 0.l(HaKo B 

KB83H3,l(Ha6aTBqecKOM H _KB83HH30TepMuqecKOM 
npe,l(eJiax ,l(eKpeMeHTbl 3aTyxaHIDI BOJIH crpeMSITCSI K 

H)'JUO H r; H T* CTaHOBSITCSl K03<pq:>Bu;HeHTaMH 

TJ)3HC<popM8D;BB COOTBeTCTByrow;ax BOJIH B 6ery
w;ae BOJIHbl, a Q onpe,l(em1eT ,l(OJIIO cyMMapHOH 

3HepmH B 3THX BOJIHax. Y ~OBIDI B03HBKHOBeHIDI 
·oe~e:x BOJIH B KB33H3AUa6arnqecKOM H KBa3HH30-

TepMB':leCKOM npe.n;enax onpeAen.s110TC.s1 qacroTaMH 

QTCet{J(H. Ilpu MaJibIX ~x a aAHa6aTH':leCKOM npe~e

ne 3Ta t:i:aCTOTa paBJta nae :::: 0.5y0.5, a B H30TepMH

qeCKOM npe,n;ene nae=:: 0.5. ,IlJI.sl s[-BOJIH qaCTOTa OT

ce°llKH He 33BHCHT OT ~ x H onpe.n;emieTC.sl y'CJIOBHeM 

ns = 0.5y0·5cosq> (B a,l(Ha6arnqecKOM ·c11rrne) H 

.0
5 

= 0.5cosq, (B H30TepMIJlleCKOM cny-qae). TaK KaK 

ns ~ .Oac, TO npB BbIIlOJIHeHltH YCJIOBHSI Q < ns IlOJiy-

qaeM T'; = T* = Q = 0, T.e. npOHCXO.IJ.HT nonHoe BHY

YpeHHee OTp3)KeHne st- BOJIH. B BepTHKaJibHOM Mar

HHTHOM none ( <p = 0°) HMeeM Oae = .Q5 • flpe n > n .. 
npoecXO.IJ.HT TpaHC<pOpMaJ..\Hjf H B sl-BOJIHbl (T *t:. 0) H 

e aKyCTHqeCKYIO BOJIHY ( r; t:. 0). ECJIH YAOBJieTBOpSl

eTCSI yCJIOBHe ns < n < 0 0, (':ITO B03M0)KH0 TQJibKO B 

HaKJIOHHOM MarHHTHOM none ( cr -:t: 0) ), TO npOHCXOAHT 

npeBpam.eHHe B sl-BOJIHhI, a 3KYCTH'1ecme BOJIHbl 

,CT8HOB.s1TCSI IlOBepXHOCTHblMH: T* t:. 0 H T; = 0. 

' C J..\eJibfO npHJIO>KeHIDI K COJIHe':IHbIM <pOTOcq>ep
HbIM KOJie6aHIDIM B o6naCTH IUITeH paCCMOYpHM .IJ.H
ana30H qaCTOT n = 0.4 - 1, KOTOpblH BKJIJOqaeT B 
ce6sr 3 - 5-MHH Kone6aHID1, a JJ;JIHHY ropH30HTaJibHOB 

BOJIHbl BbI6epeM nopSl,l(Ka pa3Mepa WITeH, qTo COOT
BeTCTByeT JHa'JeHHIO ~ x = 0.1. B 3aBHCHMOCTH OT 

ACTPOHOMl-fqECKHM )l(YPHAJI TOM 72 .M 2 

paccMaTJ)BBaeMOH BbICOTbl 8 aTMOC<pepe BOJIHbl 
MoryT ObITb KBa3Ba,l(Ha6aTH'leCKBMH (rotR p I) HJIH 

KBa3HB30TepM11°t1eCKHMB (rotR ~ 1). Ha ypOBHe, r.!).e 
rotR = y--0·5, npoHCXO.IJ.HT MaKcHMaJibHoe B38HMO.IJ.eH
CTBHe Kone6aHHH c p3AB~HeH [8]. 3TOT yp0BeH1> 
,ll;JISI ,l(H311330H3 qaCTOT n = 0.4 - 1 COOTBeTCTByeT q>O
TOcq>epHblM CJIOSIM H Bblme. TaKHM o6pa30M, BOJIHbl 
B 3THX o6naCTS1X CT8H0BSITCj{ CHJlbHO Hea,l(Ha6aTB'Ie

CKHMH H AOJI)l(Hbl 6onee 3<p<peKTHBHO 3aryxaTb. 

3auecHMOCTb IlOJIHOrO K03<p<pBD;HeHTa paAHa~u
OHHOro nornow;eHHjf Q OT napaMe-rpa Heaµ:na6aTB°t1-

HOCTH rotR B eepTHKaJibHOM MarHHTHOM none (Ha

npHMep, e I.\eHYpe TeHB IlSITeH) npBBe,l(eHa Ha pile. 1. 
B aJJ;na6aTe:'<IeCKOM npe,l(ene (rotR P 1) AJISI ecex yKa-

3aHHhIX Ha pHCYHKe qaCTOT (KpOMe n = 0.8) npoec
XO,l(HT IIOJIHOe BHyTJ)eHHee 0TJ)3)KeHHe na,l(afOw;eii 

st-BOJIHbl H IIpB 3TOM aKyCTH'·IeCKHe H sl-BOJIHbl npe-

Bpam.afOTCSI u nosepXHOCTHbie BOJIHbl (T* = 'I"; = 0). 

TIOCKOnbKY n = 0.8 > nae• TO Ha 3TOH qacroTe npo

HCXO.IJ.HT -rpaHccpopMa~IDI B sl- H aK}'CTH'tleCKHe oery-
w;ue BOJJHbl (T* ::t: 0, T: t:. 0). 8 KB83HH30TepMH't1eC

KOM npeJJ;ene (cotR ~ 1) Ha qacToTax n = 0 .6 u n = 0.8 

K03q>q>Hl_\HeHT.bl TpaHccpopM8D;HH r; H T* OTJIHqHbl 

OT H)'JISI (nOCKOJJbKY nae~ 0.5 H n .. = 0.5), 3 AJISI qac-

TOTbl n = 0.5 BMeeT MeCTO T*:;: 0, 'I"; = 0. Maiccu

M811bHOe nornow;eHHe BOJIH COOTBeTCTByeT ycJIOBHIO 

rotR:::: y--0.s. TaKHM o6pa30M nony1:1aeTCS1, ':ITO Kone6a

HIDI C onpeAeJieHHOB qaCTOTOH Ha <pHKCHpOB3HHOM 
ypoeHe 3TMOcq>epb1 MOryT HMeTb pa3JIH'IHble CBOH-

1995 

Q 
0.4 .....-~~~~~~~~~~~~~ 

Pac. 1. 3aBHCHMOCTb nom1oro aHepreTH'lecxoro Ko3<p
«puuHeHTa norno~eHHSI HCaAHa6aTH'ICCKHX BOJlH Q OT 

upeMeHH paAHaUHOHHOH penaKC3QHH B03My~eHHA tR B 
BepTHKaJll,ROM MarHHTHOM none (q> = 0°). lfHCJla y 
KpHBblX COO'l'BeTCTBYJOT 3H3'1CHHSIM 6e3pa3MCpHOH 'laC
TOThl xone6aHHH O; ~ r = 0.1, y = 5/3. 
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Pac. 2. 3aaHCHMOCTI, K03cpq>Hl.(HCHTa nornoll{eHHJI Q OT 

speMeHH penaxcaQHH B03Myll{eHHA 'R AnR BOJIH C tfaCTO
TOil Q = 0.5 npu pa3HblX yrnax nal<Jlona MarHHTHoro no
nR <p. 3Ha'leHHJI <p s rpaAycax npHBeACHbl y KpHBbIX; 

~x = 0.1 , Y= 5/3. 

Q 
1.0 ,-----..,.----,----::::---:,.,-, 

0.8 

0.6 

0.4 

15 30 
<p 

45 60° 

Pac. 3. Koa<M>HLlffeHT nornoll{eHHR Q icax <pyHtcLIHR yrna 
HaKJJoifa MantHTBoro nom1 <p (s rpa,nycax) B oonaC'l'H MaK
cnMan1>Horo nornomeHIUI BOJJH. Y icpHsb1x npHseAeHbJ 
3Ha'feHHR 6e3pa3MepHbJX lfaCTOT sonH O; 3lx = 0.1, Y= 5/3. 

C'l'Ba. 3TO 3aBHCRT OT 3Ha'll:eHID1 TeMnepaTYpbl H npo-

3pa'IHOC'rH cpeAbI. HanpuMep, sl-BOJIHbl C 'i3CTOTOB 

Q. = 0.5 MOryT 6bITb KBa3HaAHa6aTuqecKHMB 

noeepxHOCTHblMB, KBa3BH30TepMH'teCKBMB 6ery

~HMB BJID CBJibHO-HCaABa6aTB'teCKHMH B 0611aCTH 

B33HMonei':ICTBID1. KpoMe 3TOro, CBOHCTBa 3THX BOJIH 

CBJibHO 33BHCJIT OT HaKJIOHa Mannrr11oro noIDI. Ha 

pHc. 2 npBBeneHa 33BHCHMOC'rb Q OT (J)fR JJ;JUI BOJIH C 

Q 

1.0 ,. 
' ' ' . ' 

0.8 
:1 i2 . . 

0.6 

0.4 
) 

0.2 

0.0 ---------..-.. .............................. ____ __._ ____ __.. ____ ..... 
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

n 
PIie. 4. l13MCHCHU JC03cpq>HI.IHCHTa nornomeHHJI Q B 33-
BHCHMOCTH OT Q B XB83H8,llHa6aTH'ICCKOM (KpHBble 1) H 
KB83HH30TepMH'ICCKOM (KpHBbie 2) npe.qenax. Cnnolll
Hble J1BHHH COOTBCTCTBYlOT sepTJIKaJJbHOMY MarHHTHO
~ DOJJIO ((I),. 0°), a illTpHXOBJ,JC - H31UIOHHOM}' ( q> • 45°); 
lfx = 0.1, Y= 5/3. 

qacroToii O = 0.5 npu pa3HbIX 3Ha'll:eHIDIX yrna ua

KJIOHa MarHBTHoro DOIDI (cp). BenHo. \fTO B 3JJ;Ha6a
TH'leCKOM pe)KBMe TOJihKO npH cp ~ 40° 3TH BOJIHbl 

CTaHOB,n'CSI 6ery~ H IlpOHCXO,IUIT BX TpaHCq>Op
Ma~ B sl-BOJIHbl, C poCTOM <p nornorqeHHe pe3KO 

}'BeJIH'IHBaeTCJI. 3To BHJJ;HO H3 puc. 3, rl{e uapucosa
Ha 3aBHCHMOCTb Q OT cp B o6naCTH MaKCHManbBOro 

B3aHMOJJ;eBC'1'BIDI AJUI pa3HblX 3Ha'leHHD De3pa3Mep
HOB qaCTOThl. Pe3KOe ysenH'leHBe QC pOCTOM <p CB.H-
3a110 c TeM, 'ITO npe ysene11eHHH HaKJioHa MarHBT

Horo IlOIDI OT BCpYBKanH 33MeAJieHHbie BOJIHbl Bee 
MeHbme "qyBCTBYJOT" sepTDKaJibH}'IO CTpa~cf>uxa
~IO aTMocq>ep1,1 e OTpa}KeHBe BOJIH ocna6esaeT. 

tfacrOTHu 3aBHCBMOCTb Koa<l><t>~euTa norno
~eHIDI aKyCTD'lecxmc BOJIH npD pa3Hb1X HaKJioHax 
IlOIDI (0 R 45°; cnnomHbie H WTpHXOBbJe KpHBbie, co
OTBeTCTBeHBO) B KB33H3ABa6a~1ecKOM (rotR - co; 
KpHBbie J) H KBa3BH30TepMH'leCKOM (rotR - 0; KpB
Bble 2) npeAenax AeMOBCTpupye-rcg ua pee. 4. B~
Ho, 'ITO Q pe3KO MCHJleTCSI B6JIH3B '!3CTOT OTCe'lKJ!, 

rJJ;e npoucxoABT nonuoe BHyTpeHHee OTpa}Keeue na
Aa10~e:e BOJIHl,I (131 =s <l1), Ilpu BbICOKBX '!3CTOTax Q 
H R cna6o 3aBHCff OT napaMeTpa (J)tR, 

HanoMHHM, \fTo npoeeneeHb1e HaMH no cax nop 
0:CCJICJJ;OBaHIDI 9Jl)aBeAJIHBbl B 3BYKOB0M JJ;H3Ila30He 
qaCTOT (Q.2 > SfJ. 11pe HH3KHX 'laCTOTax (Q.2 < SfJ 
B03HHK3l0T BH}'TpeHHHe rpaeBTa~OHHbie BOJIHbl. 
B 3TOM cny'tae naJJ;aJO~aJI st-sonua Tpa.HC<pOpMBpy
CTCJI e Heanua6aTH'leCKHe BHyrpeHHHe rpaBBTaqB
OHHbie BOJIHbl H tJaCTH'IHO npespam;aeTCSI B 6e~ue 

BAOJib MarHBTHoro IlOIDI sl-BOJIHbl. CyMMapHbl.H 

3HepreTH'teCKHB K03cf>cf>H~HCHT norno~eHIDI Q,, 

ACTPOHOMJfllECKHH )KYPHAJI TOM 72 .Nt 2 1995 
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KaK H B CJiyqae 3BYKOBbIX BOnH, HMeeT MaKCBMyM B 
o6naC'l'H 833BMOACBCTBIDI, B paCTeT C HaKJlOHOM 
MarHBTHOro nOJISI. qaCTOTHaJI 3aBHCBM0CTb Q Ha 
ypoBHSIX, rAe rotR = 'Y....().S, npHBOAHTCSI Ha pHC. 5. ~H.tt
HO, qro 6onee BB3KO'l3CTOTHL1e KOJIC6a.HIDI, B33H
:&fop;eecrey.st c paAHaIUieii:, MOryT noJIHOCTLIO norJio
ttjaTLCSI. IloSIBJieHHe MHHBMyMOB y KpHBLIX C pOCTOM 
q) COOTBCTCTByeT TOMY, 'ITO B H3KJ10HHOM MarHBT

HOM none 6onee HH3KO'laCTOTHbie BOJIHbl TP~HC
q,opMHpyIQTCSI B rpaBBTa~HOHHble BOJIHbl ( CBOHCTBa 

~OTOpblX He 33DHC.SIT OT HaKJIOHa llOJISI), .a 6onee 
BbICOKO'laCTOTHbie npeBp~alOTCSI B 3aMCJ:VICBHLie 
BOJIHbl B CHJibHOM MarHBTHOM none (noBeJ];eHHe KO

TOpbIX cy~eCTBCHHO 33BHCHT OT q,). IlpB MaJibIX Ha

KJIOHax nom1 TJ)3HC<POPM3l{IDI na,ttalO~eH st-BOJIHbI 
, 8 sl-MOAY npaKTIPieCKH OTcyTCTByeT . 

3. HEA,[lHA6A rnqECKHE KOilEEAHH.SJ. 
B conHEqHI:,IX TIRTHAX 

B HaCTOj[II(ee epeyg no A3HHbIM Ha6JIIOACHHH. 
COJIHet{HbIX KOJie6aHHH KaK e cneK.TpaJibHblX JIH
HWlX, TaK H B Henpepb1BHOM cneKTJ)C, MO>KHO J];OCTa
TQ"l{HO yeepeHHO onpeJ:{eJIHTb aMnJIWI'YAbI B q>a3bl 
KOJie6aHHB u e AODJiepoecKHX CKOpOCT.RX, e B HHTeH
CRBHOCTH B3Jiy1ICHIDI [5, 9, 10]. IlpH 3TOM OTHOWe,; 
HBC aMDJIHTyA eepTHKaJibHOB KOMilOHCHTbl CKOpo
CTB KOJie6aHHli ABB)KCHIDI IlJia3Mbl H HHTeHCHBHOC
TH, a TaIOKe <P330BbIH CABHr Me~y HHMB qacro 
BCilOJib3YIOTCH Kax· napaMeTJ)bl AHarHOCTHJrn: COJI
HC'lHOH IlJI33Mbl. B TeOpHB BOJIH npH o~eHKe 3THX 
BeJIH'lHH AJISI ynpo~eHIDI 33~1IH H B Ka'leCTBe nep
BOI'O npH6JIH)KeHIDI OTHOCHTCJibHoe B03MY~eHHe 
BHTeHCHBHOCTH H3JiyqeHIDI OObl'IHO 3aMeHHeTCJI 
B03MY~eHBeM TeMnepa117p1,1 [11, 12]. XoT.st TaKoii 
nowcon onpaenaa He so scex CJIY'laSIX [ 13], HO OH 
no3BOJI.ReT onpenenHTh OTHomeaue aMnJIBT)'A B q,a
.30BLIH CABHr Me)l{Ay KOJie6aHIDIMH TeMnepa117p1,1 B 
CKOpOC'l'H IIJI33MLI, a TaIOKe HX 33BHCHMOCTb OT rny-
6BHbl B aTMOCq>epe, q,ro 1(3eT B03M0}l(H0CT1, cpaeae
HHSI c naeHbIMH Ha6n10neHHH. PaCCMOTPHM onpe)l;e
JieHBe BblWeyKa3aHHbIX BCJIH'lBH AIUI COJIHC'IHOro 
IDITHa. IlocKOJibKY uawa reopB.sI cnpauenneea AJUI 
H30TepMH11eCKOH aTMoc<t>epbI, , paCCMOTPHM ypo
BeHb TeMnepaTYPHOro MBHHMYM3 B COJIHe'lHOM II.SIT

. He, rne rpanueHT TeMnepa117p1,1 6JIH30K K aynio. OT-
MeTHM, 'ITO o6cy}l()];aeMaSI TeOpIDI nocTpoeHa AJISI 
ODTH'leCKH TOHKHX B03MY~eHHH (HblOTOHOBCKIIH 
33KOH OXJia~eHIDI). IlpHMeHHMOCTb naHHOH Teo

pHB AJISI COJIHe'fHbIX npHJIO.>KeHHH o6cy~eHa e Ha
wea: pa6oTe [14] . ;1:1 ·.~· ... 

~ :~::~· ;, ,. lfa CTaHnapTHOH MO,tteJIH q>0Toc4>ep1,1 Con~a 
.. - ;_/ AJI.R ypOBHSI TeMnepaTypaoro MHHHMyMa BbI6epeM 

It'.-, napaMeTpL1 (e eAHHH~ax CfC) cneeyio~eM o6pa
Jt 30M: T0 = 4170, Po= 4.96 x 10-9, P0 = 1.33 x 103, 
;'-~ g = 2.74 X 104, Xo = 1.50 X 10-•o, "( = 1.6628, Cp = 

Qg 
1.0 ....,,-----,----,,,_..--,-----=-

0.8 

0.6 

0.4 

0.2 .__ ___ __.__ ____ ..__ ___ __. 

0.08 .0.16 0.24 0.32 

n 

Pac. s. 3aBHCHMOCTb Koacpt:pHQHeHTa nornolI.(eHHff BHyr
peBHHX rpaBHTBUHOHHl,lX BOnH Qg OT lle3p83MepHoA 
'i8CTOTbl BO~ e 8 OISJJaCTH M3KCHManbHOT'O nornoll.le
HKSI (rotR = y . ). Ha KpHBbfX yxa38Hbl 3Ba'leBHff yrJtOB 
H8KJ10H8 M3rHHTHOro OOJISI B rp81l)'CBX; .fex = 0.1, y= 5/3 . 

JCJIOB noJISI a. HcnoJib3YH xapaKTepHLie 3Ha'leHIDI B0 
H (J AJUI COJIHe'lllblX n.SITeH Ha paCCMaTJ)BBaeMOM 
ypoeue AJUI He33BHCHMOH nepeMCHHOH ~ HMCCM ~ ~ 1. 
OTCio~a CJieeyeT, qro reMnepaT}'PHbIB MBHHMYM co
oTBeTCTeyeT ycnosmo CHJibHoro MareBTHoro nonS1. 
IlOACT3BJISISI OOJIHoe peweHBe, 3allHcaHHOe B BB,D;e: 

(15) 

B Bblpa)KeHB.sI (6) - (8) H BCilOJJb3Y.ff (9) AJISI onpeJ:{e
JICHHjf OTHoweHIDI C3 /C1, a TaIOKe oCTaBJISISI TOJILKO 

nepe1,1e ABa 11JieHa e pj[,tte nm1 G-<py1na\BH [1], AJISI 
OTHOWeHIDI 3MilJIBTYA eepTHK.aJil,HOH KOMilOHeHTbI 

cKopoCTH ABH)K.eHIDI (Vz) H B03MY~el:IIDI TeMIJepa

TypbI (0 = T !To) no.nyqHM: 

(16) 

2 2 
41tO Po 2 Boz 

rJ::t:e ~ = - -2- 2 , a B0 = --2-. Ko34>4>11~aeHTbl di 
cos q, B0 cos q, 

(j = 1, ... ' 6) onpeACJISIIOTCSI CJICAYIO~ o6pa30M: 

I = 1.5980 x 108• B Bblpa)KCHIDIX (6)- (8) A.JUI vz a 9 He
H3BCCTHbIMB napaMeTPaMB SIBJISIIOTCSI 3Ha'feHHe 

~- MarHHTHOf'O IlOJISI Bo (on:penem1eTC.R -qepe3 ~) H Ha-1. ACTPOHOMM'IECKHil lKYPHAJI TOM 72 M 2 1995 
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A3 <3> d3 = -S0 - {b3 + N0 -N1 (b3 + A0) (2b3 + 1) }, 
A, (17) 

di . 
d4 = 2 (z~1 + ~2 - 1), 

d 
d5 = iSf xMo + 

2
2 

(i~1 + a2 + l), 

A 
d6 = - i~ xM0S0 A: + d3b3 ( 1 + i<J) , 

me HCil0Jlb30BaHbl o603H3'1eHIDI: 

sin 7t (a1 - b3) 

So= ' sin1t (a 1 -b1) 

N (I) _ (a1 + b 1) (a2 + b 1) 

I - ( 1 + if} 1 + ~2) ( J + bl - b 3) (1 + bl + b3) • 

(a1 + b 3) (a2 + b3) 
= (I+ 2b

3
) (1 + b3 - b1) (1 + b3 - b2) ' (l

8
) 

r(a1 +b,)r(a2+b1) 

Ai = r c 1 + ;~1 + ~2) r (1 + b1 - b3) r ( 1 + b1 + b3) • 

r (a1 + b 3) r (a2 + b3) 

A 3 = r o + 2b3) r (1 + b3 - h1) r (I+ b3 - h2) · 

IlpH 3TOM b1' b3, a, ' a2, ~I• J3i H3BCCTHbl H3 (2) - (3), 
r (w) - ram1a-q>~. Ao, Mo, N0 onpeAeJUUOTCH 
Bbrpa}KeHiUIMH (8). 

HanoMHHM, 'ITO 3HaqeHae MamHTHoro noru1 B0 H 

yron HaKJIOHa nom1 <p, BXO~e B ( 16), OCTaJOTCSI 
CBOOOAHblMH IlOCTO.SIHHblMH napaMeTPaMB. ,IJ.onyc
THM, 1:JTO B paCCM3TPBB3CMOH 3TMOcq>epe MarHBT
HOe none Bb1paxcaeTc.R qepe3 ero HaKJioH CJJe,l.lyio
~ee: 3MDBpH'ICCKOH q>opM}'JJOH: 

B,,,cr~ J 1 + 6cr~ - j 1 + 4cr~ 
Bo = -· -2- 2' (19) 

( I + 305 - Jt + 4a~ ) 

Ji 
r,l.le <1o = 3 (J, Bm - 3H3'1eHBe MarHBTHOl'O DOJI.R npH 

(1 = 0. OTMeTHM, 'ITO TaKrut 33BHCHMOCTb Bb16paHa 
He CJIY'laHHO, OHa SIBJlSICTCSI pemeHHeM AHfiOJlbHOro 
paCnpe,l.leJieHIDI MarHHTHOl'O DOIDI no PaAH}'cy rurr
aa. JfaeeCTHo, 'ITO pacnpeAeneaue a6comoTHoi sa
npJDKeHHOCTB MarHHTHoro nonSI, nonyqeHHOe Ami 
p~a rurreH nyreM ycpeAHeau pacnpe,l.lenemm no 
pa3BhIM. uanpaaneHIDIM, xopomo cornacyeTCSI c AH
noJlhHhIM [15]: 

(20) 

me R. = r/b, r- paccro,mae OT ocu ,l.lHnom1 (rurrHa) 
e ropH30HTaJibHoi nnocKOCTH, b - paAuyc mrI'Ha, B,,. -
3Ha'leHBe a6coJIIOTIIOH BCJJ~bl IlOJJj( Ha OCH AH
nom1 (r = 0). Ha OCHOBe ,l.l3HHblX H3MepeHHH D0K33a
HO [ 15], 'ITO npe R. = l ·HMeeT MeCTo B0 S (0.2- 0.3 )B,,.. 
XapaKTepHbIMH TO'fKaMB SIBJISIIOTCSI R• = 0, 0.41 , 1. 
C yeeml'ICHBCM r yron Me~y MarHHTHbIMB CH.nOBLI
MH JIBHIDtMH H HOpMa.nblO K COJIHe'IHOA noeepXHOC
TH B03paCTaeT OT 0 ° (B l\CBTPe IDITHa) IlO'ITB AO 90° 
(Ha rpa~e nOJIYTeHB). 3aeucHMOCTb <JOT R. e pAAe 
CJiy11aee YAOBJieTBOpHTeJlbHO cornacyeTCSI C AHfiOJib
HOA q>opM}'JIOA (15]: 

(21) 

rAe a= tg<p. 0rMCTHM, 'ITO B3 (20) u (21) BbITeXaeT 
BblpIDICeHHe (19). 

C B3MCHCHHCM r yroJI HaKJIOBa <p 6bICTp0 pacreT 
u ~e eo BffYTpeHHHX 11aCTS1X nonyreuu none CTaHo
BHTCJI IlO'ITH ropB30HTaJlbHbIM. ,Il.HaMCTP TeHH co
CTaBJlj(CT OKOJIO 0.4 A~aMe-rpa Bcero IlSITHa. Marmrr
Hoe none e qeHTpe TeHH aepTHKa.nbHO a npaKTB11ec
KB OW{OpoJV{o, ero eanpIDKeHHOCTb COCT3.BJUICT 
2000 - 3000 re (HHOC'Aa a 6onLwe). B aawux pactJe
Tax BCil0Jlb30BaHO 3Ha'leHHe Bm = 2500 f c. 

IIOACT3BHB (20) H (21) e (16), MOXCHO onpeAeJIHTI, 
OTHOmeHHe 8/Vz KaK q>yuKI(BJO OT r Ha ypoeHe TeM
neparypHoro MHHBMyMa. PacnpeJJ;eJieHIDI MarHHT
uoro IlOIDI Bo/B,,. Hero yrJia HaKJIOHa <p B 3aBHCBMO
CTB OT OTHOCBTe1lhHOl'O paAHfca rurrna R. DOKa3aHbl 
Ha puc. 6a. Pe3yrr&T3Tb] paC"ICTOB H3MeHeHBSI OTHO
meHBSI aMIIJI~ xone6aeeA e cxopocra u e TeMne
parype I 8 / vl I, a TalOICe q>a30D0I'O CA9Hra ~<1>0 MC)K)zy 
RHMH B 33BHCHMOCTB OT R. npBBOWITC.R Ha puc. 66 B 
6e COOTBeTCTBeHHO. PacqeTI,I npoaeAeHbl .tlIDI 3- e 
5-MBH KOJie6amm. IlpH 3TOM npeAUOJiara.nOCb, 'IT() 

BOJIHa SIBJUleT~ He BCpnlKaJlbHOH: ee ropB30HTaJ1b

Hrul AJIHHa paeHa Ax= 7000 KM. BBW10, 'lTO Ha rpaHB-
1\C TeHB c nonyreHbJO KpHBLie HMelOT oco6eHHOCTb. 
B TeHB IlJITeH <p330Bb1H C~Br ,l.lJISI 5-MDH KOJie6aauA 
OCTaeTCSI HeH3MeHHblM (- 60°), a J:(IDI 3-MHH KOJJe6a
HHB ero 3Ha'leHBe MCR.RCTCSI OT - 90° (B QCBTpe TCHB) 
AO -110° (Ha Kpa10 TCHH). Ilpu npH6JIH}KCRBB K 

xpa10 rurrna (no o6nacm no:nyremt) q>a3oe1,tii CABHr 
AJJSI 5-MHH KOJJe6amm pe3KO yeenH'llleaeTCSI AO 
-150°, tJTO COOTBeTCTByeT Ha6JIIOJ:(aeMbIM Be.1tB'IB
HaM [5, 9]. Kax eiwto H3 pee. 66, eayrpu TeHH ecerJJ;a 
18/Vzl S l, a e nOJIYTCHB, Hao6opoT, 18/Vzl > 1. 3To 
OO'LJICBSICTCJI TeM, tJTO ypoBeHh TeMnepaTYPHOro 
MBHBMyMa HUOAHTCSI B o6JJaCTH CHJlbHOro M3I'HBT
HOl'O IlOJUI, rAe B03HHKalOT DpOJ(OJlbHbie 3aMeAJICH
Hbie MarHBT03BYK0Bbie BOJIHbl, Z-KOMilOHeBTa CKO
pOCTH (Vz) KOTOpblX C pocTOM HaKJIOHa MarHHTHoro 
DOJISI YMCHbmaCTCJI. 
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4. OBCY)I(,IJ;EHHE PE3YJ1bTAT0B 

Ilonmu1 reopu 'I'paHC<f>opMa:QBH u OTJ)aJKeHIDI 
MAr •BOJlH B HJOTep:MH'lecxo.i aTMocq>epe .n;o CHX 
nop cy~eCTBOB8Jla TOJibKO wur aJ(Ba6aTH'tlCCKBX KO
ne6aHHH. B ,a;eaCTBHTem,HOCTH, e COJrnequoii aTMO
c<l>epe KOJ1e6amm HBJUHOTCSI Hea;:(Da6amqecKHMH e 
p8Al{~om10e 3aT}'xaHBe Ko.ne6aHHii cy~eCTBeHHo 
ycno:>KIDleT xapnmy nepeHoca MexauuqecKoA 3Hep
nm B BepXHBe CJIOB aTMOC<l>epLI B npHC}'TC'l'BHB 
HaKJIORHoro MarHBTHOro i:Iom1. HaMH llOKa3aHO, 
q,ro y-qeT He8ABa6am'tlecKHX 3<l><l>exroe oco6eHHo 
BIDKeH, eCJIH BLIDOJIIDleTCJI yqioeue rotR = 1. 3To 
ycnoeee cnpaee.n;11ueo, sanpuMep, ,a;rur xo11e6aumi c 
nepBO,ll;aMH 3 - 5 MIDI Ha ypOBHe q><>Tocq>ephl 

. Conu.qa. 
Pa3BBTaJI Ha.MB TeOpIDI 061>S1CIDleT 3axBaT Hea,(ea-

6am'tlecXHX (3 - 5)-MHH KOJie6amm e COJIHetUD,IX DHT-

Hax. IlOCKOJILKY B uameA: 3aAatJ.e q0 - 1o'folp0 = const, 

TO C IlOMOiqblO COOTHOWeHIDI .n;rur uenpo3pa"IHOCTH 

Ma3Mhl (<l>OToc.<l>epHLie cnoa) lo - p0T;215 
· ,ll;JUI na-

T2.6 0 i' paMe'I'pa q0 nony-qaeM q0 - i O • Tcio,a;a CJJeA)'eT, 

.

-.'f_~.~.~-,:.~,:.; . . llTO Ha ypoBHe TeMnepaT}'pHOro MHHBMYMa <l>oTo
"' cq,ep1,1 q0 HMeeT MHHHMYM, a HIDKe u Bbtme 3Toro 
fi. ypoeHSI YBeJIH'IHBaeTCSI B3-3a pOCTa TeMitepaTYPbI 
',i; To, TamM o6pa30M, B6JIH3B TeMnepaT}'PHOro MBHB
,~~~ 
.;;; . MyMa cnpaee1v1BB0 KBa3BaJ:lHa6aTJAecxoe npe611u-

l llCeHHe (rotR = q~
1 > 1), a B 1mxceJ1e>Ka[[(ID[ B e&1mene

.. ~. xca~ CJIOSIX (me T0 6o.n&we) cnpaee,a;.nueo KB33B
-.~.~.'.· B30TepMll'lecxoe npu6nIDKeHHe (O>tR < 1). KaK y.)l{e 
,. OTMe'l8JIOCL (puc. 4), 3Ha11CHBe 't13CT0TbI OTce'IKH 

,, . ~JUI :KBa3B~Ha6aTH't1eCKHX BOJIH OOJibWe, "ICM p;JUI 

'f ICBa311H30TepMB'lecKHX (B Bep111lC8JibHOM MarHHTIIOM 

i _ none B .ft pa3). Pe3KBe n~emm KpBBLlX ua 'tlaCTOTax 
I'.· OTCe'ltal Ha puc. 4 COOTBeTCTB}'IOT ycnoemo no'ITB ,r~, DOJIHOI'O BHYfpeHHCI'O OTpIDKeHIDI BOJIH (R::: 1, Q = 0) ~rt B aJ(HaOaTH"lecKBX (qo - 0) B B30TepMHtICCKHX 

:.:·;.t.~,1.::

1
.; ·. a~-=:~;!~f::::~== 

i: Ma) cnoea. 01\eHKa 3Ha"!emm 6e3pa3Mepuoli 'tlaCTO-
): ,. TLI p;ru1 3- u 5-MBH KoneoaHJUl Ha ypoeue TeMDepa
j; T}'PHOI'O MBBBMfMa ,a;aeT COOTBeTCTBeHHo O = 0.6 H 

:;~rl O = 0.4. TaKBM o6pa30M, B BeJ)THIC8JlbHOM MarHBT
'./i .• HOM none 38XB311CHHLIMH OK83b1B8IOTCSI 3-MHH KO
~? l,;· . ile6aHIDI, a B M3I'HHTHOM none C CHJILHbIM HaKJIOHOM 
~,;' . DpOBCXOAH'f 38XB3T 5-MHH KOJie6aHHii (puc. 4). J,fa J: puc. 6a BlfAHO, 'l:ITO CJJyqaA eepTHK8JlbHOro MarHHT
~ . 80['0 nom1 COOTBeTCTByeT TCHH COJIHe'IHbIX IlSITeH, l: me ManmTHoe none S1BID1eTCS1 c:e.nbHblM, a cny'tlaB 
.. .,··· DOJISI C CHJlbHblM H8K.nOHOM - DOJl}'TeHH DHTCH CO 

CJJa6bIM MaI'HBTHblM DOJieM. 3TH pe3yJibT3Tbl corna
cyIOTOI C pe3yJibTaTaMB, nony-qeHHLIMB Ha OCHOBe 
AaHHLIX aa6mo.n;eHBii: p;rur TeHB COJIHe'IHblX IlSITeH 
pe30BaHCHbIMH ,IBJ'UIIOTCJI 3-MIDI KOJie6amm, a B 
CDOKOHHhlX o6naCTKX Co.nHl\3 p;OMHHBpYIOT 5-MHH 
Ko.11e6aHID1 [5]. 

Bo!Bm <p 
1.0 ,...:,::-----r---"T"""--r------r---, 90° 
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Pac. 6. HlMCHeRHJI B 3aBHCHMOCTH OT OTHOCHTem,Horo 
paAHYC8 OSITRa R.: a - RanpSOI<eRHOCTH MantHTHOro nonsr 
Bo1Bm (CDJJOWHlUI KJ)HBU) H yrna HaKJIOHa MarHHTHOro 
nom1 K BCJ)THUJIB Cl) (urrpHXOBIUI KpHBaSI), (5 - OTHOWe
HH.11 aMnnHTyA Kone6aHHA a CKOpoCTU H a TCMnepaT)'pe 
19/Vz I, a - q,a3oaoro cABHra Me)l(,Qy HHMH A<l>0

• PactteTbl 
npOBCACHIJ J{Jl.11 3- H 5-MHH x:011e6aH1m Ha ypoBHC TCMne
paTypHOro MHHHM)'M& conHC'IHOA <p0Tocq>ep1,1; Bm -
3Ha'ICHHC H8!!J)jl)((CHHOCTH M8rHHTHOro nom1 8 ~eH'rpC 

TCHK ruITHa; ~x = 0.1, "(= 5/3. 

Pe3yn1,TaTbI, nony-qeHH&Ie s pa3~eJie 3, MOrYT 
6bITb HCil0Jlb30BaH.bl J:{IDI AH8I'HOCTHKH IlJ183Mbl B 
WITHax. KaK BBp;HO B3 puc. 66, BHYTJ)lt TeHH mrreH 
aMnJIHT}'Aa Kone6amm e cKopOCTH ecerJ:{a 60.n1,me, 
'leM e HHTeHCBBHOCTH, a B· IlOJlfTCHH - Hao6opoT. 
Cne,-oeareJibHO, eau6o.nee 6Jiaronp.IDITHoe: 06J1ac
Tb10 ,ll;JUI Ha6n10p;eHUH KOJie6aHBB B p;om1epoBCKBX 
CABBrax jfBJUieTCSI TeHb, a B HHTeHCHBHOCTB - nOJiy
TCHb. Ilpu 3TOM ,ll;JUI: KIDK,ll;OB 'laCTOTbI Ha6J110p;ae
MbIX KOJie6aami CKOpocTL H HHTCHCHBHOCTb qeTKO 
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pa3µ;emn<>TCS1 no q>a3e, HanpBMep, AM 3-MBH KOJie-
6aHBA 3eaqeHBe q>a30Boro cµ;sura 6o11bme, 'tfeM A1ISI 
5-MBH KOJie6amm (pHC. 68). 

Cneµ;yeT OTMeTBTL, qro Ha OCHOBe noJI)'qCHHhIX B 

,JJ;aHHOA CTaTbe pe3yJI&TaTOB H npBBJICKaSI µ;amn,1e 
ea6moµ;eHHA KOJie6aHBB, MO~O pellIBTb o6paTffYlO 
3aµ;aqy o6 onpeµ;eneHBB pacnpeµ;eJieHIDI MarHBTHo
ro non.SI no paµ;uycy IDIT&a. 

TIPHJIO)KEHHE 

1 1 ( !'l2cr "J L = - (1-cx)-- 1- - fl> 
I 2 2 £ ffx , 

13, 1 ( 0
2CJ) P2 = - + - fl>+-2 £ ~ • 

X 

_ cx1 6\ ( M 1L 1 + M 2L2 ) 
Ti-2-.nxcr+ 2 2 • 

Li +L2 

l L1M2-L2M1 
T 2 = - 2 ( 1 + 0:2) - ft X 2 2 

Li +Li 
r (-icx1 - cx2) r (a 1 + h1) 

G1 = ' r ( a2 - b2) r ( a 2 - b3) r ( a 2 + b3) 

r(b1 +a1)r(b1-a,) 
Gi = r (if31 + f32) r (b, -b3) r {b1 + b3) · 

B ~aoaTJNecxoM CJiy'tfae (q0 = 0) H3 Bb1pIDKe
HHH (11) - (13) n (Ill) - (Il2) .J];JISI xoacJ>q,e~HeHTOB 
OTpcUKCHIDI B TpaHc<t>opM~ IlOJI)''faeM 

(Il3) 

TR.ad= 2sh(7tCXa} X 

1t . 

sh 2 ( f3 ad - Clad+ 2crft x) (Il4) 
X e" (a.,-r,.,) 

1t 
sh 2 <~ad+ Clad- 2aSf x) 

Tad= 2sh(7tf3ad) x 

sh ~2 ( cxad - ~ad+ 2aSl x) (ITS) 
x (a...,- 1}

6
) 

X e 
7t 

sh 2 (Clad+ ~ad - 2crSf x) 

Bi.1pcUKeHHe AM cx:d npRBeAeHo e (3), a f3!J onpeµ;e

JlSleTOI CJICAYIOIJ.lHM o6pa3oM: 

2 4.Cl2 ( 1 + 0 2
) 

f3ad = - 1. 
'Y 

f1>0pMf111>I (Il3) - (Il5) DOJIHOCTblO coenaµ;aJOT C co
OTBeTCTBYlO~HMH K03q>cJ>~eHTaMH, llOJl}"JCHHbI
MH B pa60're [3] µ;nSI aAHa6aTB'lecKoro npu6mace
HIDI. ,[(m1 DOJI}"JCHIDI K03<pqJHI\HeHTOB OTPa)ICCHIUI H 
TpaH$pMa~HH B KBa3HH30TepMH'lleCKOM npeACJie 
e BblpcUKeHWI.X (Il3) - (TIS) napaMe,p y CJieµ;yeT 3a-
MeHHTb Ha eµ;eHwzy. ' 

CilHCOK JIHTEPATYPhl 
1. Ea6aee 3.C., t(]!l(aAUA06 H.C., JKyZJKoa /OJI. II Ac

TJ)OH. *YPH, 1995. T. 72. C . 240. 
2. JKy2J1Ci)a /OJI .• t(J1CaAUA08 H.C. II ACTJ)OH. *YPH. 

1981 . T. 58. C. 838. 

ACfPOHOMli'lfECK.HA :>KYPHAJI TOM 72 Ni 2 1995 



. ' :~ I
··, 

.. ,t •. (, 

: :! 
.. . ~·.' 

::, 
, ~· 
•' t . .. ... 

i ; 
f :::. ili . \{ 
)~r 
~ ' 
.:·1·"'_·· :· i; .. . 
. ·, , -. 
lt? ;; 
t-
~-
'$.· ~--

):~~:·' 

i~ J. 
~~-
1ftt 

if ~-
~ -

l~s. ·, · 
;\ 

i .. 
,,,~-. . 

. 
. 

. ·· 
. 

' BJUHIHHE PA.[(HAQHOHHhlX IIOTEPb 239 

3. Zhugzhda Y.D., Dzhalilov N.S. II Astron. and Astrophys. 
1984. V. 132. P. 52. 

11. Mamwlino C., Severino G. II Astron. and Astrophys. 
1991. V. 242. P. 271. 

4. Spruit H.C., Bogdan T J. II Astrophys. J. (Lett). 1992. 
V. 391. L109. 

5. Lites B.W. I/ Astrophys. J. 1984. V. 277. P. 874 . 

6. Deubner F.-L., Fleck B., Schmitz F., Srtaus Th.JI Astron. 
and Astrophys. 1992. V. 266. P. 560. · 

1. Spiegel EA. II Astrophys. J. 1957. V. 126. P. 202. , 

8. IJ.xa11waoe H.C., 5a6aea 3.C. II HccneJ\. no reoMar
HeTH3MY, a3pou. H q>H3. ConHI\a. 1992. B1>m. 99. C. 26. 

9. Lites B. W., Chipman E.G., White O.R. II Astrophys. J. 
1982. V. 253. P. 367. 

10. Jimenez A., Alvarez M. , Andersen N.B. et al. II Solar 
Phys. 1990. V. 126. P. 1. 

12. Gomez M.T., Marmolino C.. Rob!!rli· G. , Severino G. JI 
·· Astron. andAstropbys. 1987. V. 188. P. 169. 

. 13. Zhugzhda Y.D., Staude J., Dzhalilov N.S. II R~diation
hydrodynamic waves in the solar atmosphere. I. Grey at
mosphere approximation. CORONAS inf. M 6. / Ed. 
Pflug K. Potsdam, 1993. 24 p. 

14. Jl;,,ca.t1U.Aoe H.C .• Ba6aee 3.C. IlpenpeHT M 15(962). 
M.: H3MHP AH CCCP, 1991. 

15. 06pU01'0 B.H. Contte'iHLJe WITHa H KOMilJieKCbJ aK

THBHOCTH. M.: HayKa, 1985. 255 C. 

16. lchimoto K., Hamana S., Kumagai K. et al. II Lecture 
Notes in Physics. V. 367. Progress of Seismology of the 
Sun and Stars. I Eds Osaki Y .• Shibahashi H. Springer
Verlag, 1990. P. 205. 

Effects of Radiative Losses on the Wave Properties 
in Solar Active Regions 

E. S. Babaev, N. S. Dzhalilov, and Yu. D. Zhugzhda 

A theory of linear transformation and absorption of different types of nonadiabatic magneto-acoustic-gravity 
waves in isothermal atmosphere involving the effects of radiative losses is developed. Energy coefficients of 
reflection and absorption of waves are calculated using analytical solutions of the equations of magnetic hydro
dynamics. It is shown that at the level of the solar photosphere where rotR .,. I (mis the frequency of oscillatjons 
and tR, the radiative relaxation time of the temperature perturbations) the waves interact efficiently with radia
tion. The effect of the magnetic-field inclination on the wave damping is studied. The trapping of the 3-min 
oscillations in the sunspot umbrae and 5-min oscillations in the sunspot penumbrae at the temperature-mini
mum level is studied. The phase shift and the amplitude ratio of the velocity and temperature osciltations are 
calculated. It is shown that the phase shift grows rather fast along the sunspot radius. The results obtained can 
be used to diagnose the solar plasma in spots and enable solution of the inverse problem of the magnetic-field 
distribution along the spot radius using the observed diagnostic properties of oscillations. 
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Y/1.K 523.982:533.951 

HEA,ll;HA6ATH'IECKHE MArHHTO·AKYCTHKO-rPABHTA:UHOHHLIE 
BOJIHl,I 8 CTPATHtJ)IIIOfPOBAHHOD ATMOC«llEPE 

© 1995 r. 3. C. Jia6aea, H. C . .L{xcammoa, IO. ,[l. lKyrQa 
HHcmumym JeMHOW MautemuJMa, uoHoc<j,epbt u pacnpocmpaxeHUR paouoooAH Poccuuc,cou a,caiJeMuu HaYK, 

MocK8a, PoccUR 

IloCT)'DKJla B pe~aKIV{IO 23.03.94 r. 

Pa3BHT!l TeOPIUl pacnpocrpaeeem1 ueap;Ha6aTH'leCKHX MarHHTOrHApoAHHaMHtJeCKHX BOJJH B OKHMaeMoit 

npoBOWfil\eH BepTHKanLHO crpaTBq>HJ.OtPOBaHHOB aTMOe<l>epe B npHcyrcTBBH HaKJIOHHOrO OAHOPOAHOrO 
MannrrHoro ROJIJI H CHJll,J TH)KecTB. MexaHH3M Heap;aa6aTH'IHOCTH KOJie6aHHi o6ycnosneH JIY'IBCTl,(M 
rennoo6MeHOM. HcCJie)l;OBaHbl ODTH'leCKH TOHKHe B03M}'~eHBJI, AJUI KOTOpbIX q>YHKinDI TCD1l006MeHa 
ROJ);'IHHHeTCJI HblOTOHOBCKOMy 3aKOHY oxna)K,l(eHHJr. Haii,-eHbl aHaJIHTH'ICCKHC peweHIUl ypaBHCHHH Mar

HHTHOH fHAPOAUHaMHKH )\JI.SI CJiy\lcUI HaKJIOHHOI'O pacnpocrpaHeHHJI BOJJH OTHOCHTCJlbHO MantHTHOrO no
JlJI. 3TH peweHJUI Bblpa>KeHbl '1epe3 o6o6~eHHbIC renepreOMCTPH'ICCKHC G -cpyHKl\HH Meaepa, KOTOpble 
OllHCblBaJOT KOne6aHBJ1 C npoH3B0J1bHOH 'laCTOTOH H AJIHHOH BOJIH ea JII060M ypoBHC H30TCpMH'ICCKOii aT

MOccpepbl. IlpoaHaJJH3HpOBaHbl .[tHCnepCHOHHble CBOHCTBa Heap;aa6aTH'ICCKHX MarHHT0·3KYCTHKO-r.paBH
T31.\HOHHblX BOJJH, HaH):tCHbl ACKpeMCHTl,I H AJJHHbl JaTyxaHIDI KOJie6aHHA B o6naCTH CHJibHOfO K cna6oro 
MarHHTHblX noneit nony'ICHHble aeaJIHTH'ICCKHe peweHIDI MOryT 6btTb HCOOJib30BaHbl B OOC'I'pOeHHH re
opHH JIHHCHHOH TP3HCq>OpMa.QHH Heap;ea6aTH'ICCKHX M3fHHTO-aKyCTHKO-rpaBBTal.\HOHHbIX BOJIH B 830-

TepMH'ICCKOH aTMoe<l>epe. 

1. BBEJ].EHHE 

B HaCTOSl~ee epeMSI Ha OCHOBe H3y'leHWI KOJie6a
HUH ea CoJIHI.\e KaK no AaHHbIM ea6mo):\eHHe: ]J.OllJie
poecKHX C)~BHroe, TaK H HHTeHCBBHOCTH H3JI}11leHWI 

(B pa3JIH"IHblX JIHHIDIX HJIH B HenpepbIBHOM cneicrpe) 

ycraHOBJ'leHO, 'ITO BOJIHbI B COJIHe'IHOH aTMocq>epe, 
oco6eHHO B q>OTOCcpepe, SIBJ1SIIOTC'1 CHJlbHO Hea,t\Ba-
6aTH'IeCKBMH, 06 3TOM CBBAeTeJlbCTByeT cy~eCTBO
eaHHe cpa30Db1X CABHrOB R Me~y JCOJleOaHIDIMB B 
CKOpOCTD, Ha6J110µ;aeMblMH B pa3JIDtIHblX, OJIH3KHX 
,:tpyr p;pyry ypoeWIX aTMoccpepM (V-V cneKTJ>), e 
Me)K7cy KOJie6aHWIMD e CKOpoc111 H mrreHCHBHOCTH Ha 
OAHOM ypoeHe (/-V cneKTp) (1 - 3). 01.\eHica epeMeHB 
PaAH3~0HHOH penaK~ TeMIIepaT}'PHblX B03M}'· 
~emm tR µ;n.R Kone6aHHB c nepuop;aMH 3 - 5 MHH no
K33hIBaeT, 'ITO Ha ypoeee q>OTOCcpepbl BblDOJIHSleTCSI 
yCJioeHe rotR = 1, rµ;e co - ttacroTa Kone6amm. OT
c10µ;a BblTeKaeT, tJTO epeMSI CBOOO]J.HOI'O npo6era 
<pOTOHOB HMeeT nopsmoK nepuoµ;a Ha6JJIO}J;aeMLIX 
KOJJe6aHHH B q>OTOC<pepe H CJieAOBaTeJibHO B3aHMO

]J.eikrBHe ra30µ;11HaMH'ICCKHX KOJie6aHHH C B3ny'le
HHCM CTaHOBHTC$1 cy~eCTBCHHblM. TaKHM o6pa30M, 
y'leT pa.I{Ha~HOHHbIX noTepb B TeOpHB BOJIH B COJI
HetJHoi aTMOCq>epe CT3H0BBTCSI 06g3aTeJ1hHblM. 

KpoMe 3Toro, cy~ecreyeT psm ua6J110AaeMb1x 3q>
<peKTOB, KOTOpbie He o6'l>SICHeHbl e paMKaX a,t\Ha6a
TH'leCKOH TeopHH KOJie6aHHH. 

CoepeMeHHrul TeOpIDI BOJIH B aTMoc<pepe CoJJH~a 
B OCHOBHOM pa3BHBaeTC.sl B p;eyx HanpaeneBB.SIX. 
Ilepeoe HanpaeneHHe ceB3aHo c µ;aeHeA, see e~e He 
peweHHOH 1J.O KOH~a npo6neMoA aarpeea sepxHax 

CJIOeB COJIHe'IHOH aTMOcq>epbI. B CBSl3H C 3TOH npo-

6JieMOH OTMeTBM, 11TO nepBOH3'1aJibHWI aµ;eSI IlH
KeJJbHepa H JlHBw~a [4] o nepeuoce MexaRBti:ecKoii 
3HeprBB H3 my6oKHX CJIOCB aTM<>cq>ep1,1 B eepXHHe 

CJIOH nyreM TpaHccpopMaU:HH aKycre:1:.JeCKBX BOJlH B 

MaraurorDJJ,poµ;uHaMHtJecme Hanma pa3sume e no
CJieµ;yi<>I.qHX pa6oTaX [5 - 11]. 0]J.H3KO, 60JlblllllHCT
BO aBTOpOB B OCHOBHOM orpaHH'lllBaJOTCj( HJlB aµ;ua-

6amqecKHM npu6nIDKeHHeM [5 - 8], BJIH ee~ea6a
TH'lecK11M npH6JIIDKeHHeM 6e3 yqeTa MaI'HHTIIOI'O 
IlOJISI (9 - 11]. B naHHoH pa6oTe paCCM3T()HBaIOTCSI 

uecmua6aTH'lecKHe KOJ1e6aHWI s eepmKaJibHO crpa
Tuq>e~epoeaHHou cpeµ;e c npoe3BOJJbHO eanpaeneu
HbIM M3I'HHTHblM noneM. 

BTopoe HanpaeneHD.e pa3BBTIDI Teopua CBS13aHO 
C BOJIHOBOH 1];H3I'HOCTHKOB COJIHettHOH nna3Mbl. IlpH 
3TOM, HCilOJib3YSI (V-V) H (/-V)-cneKT()bl p-MOA KO
ne6a.HBH, MO:lKHO pewBT& o6paTayJO 3aµ;aqy reneo
ceikMonorea. 061,1qeo npH pemeHHH npo6neMb1 
BOJIHOBOH Aff3rHOCTHKH HJIH HCil0Jlb3yeTCjl 'IHCJieH

Hoe pemeuue HCXOAHJ,lX ypaBHeHHH paµ;H~HOHHOD 
ra30AHB3MHKH [12], HJlH orpaHH'IHBaJOTCSI ~ua6a
TH'leCK0B Teopaeii Kone6aeu:u [13]. Oµ;HaKO npe 
'IBCJleHHOM pemeHHH ypaBHeHHH B03HB.KaeT TJ>YA· 
HOCTh, CBS13aHH3.SI C npaBHJibHblM BbI60po116 rpai1B'I
Hl,IX yCJJoewi [14, 15). J].nS1 npeoµ;oneHIDI 3TOH TpYA
HOCTH Heo6XOABMO 3H3Tb nosep;eHHe peweHHSI B 
onpe11;eJieH1U>rx npeµ;eJibHbIX CJI)'ti:rurx. Haii:µ;eHH&Ie B 
µ;aHHOH pa6oTe aHaJIHTH'leCKHe pemeHWI D03BOIDI
IOT npaBHJibHO CTaBHTb rpaHH'IHbie YCJIOBIDI. 

J].Jljl H3y'leHID1 npo6JieMbl BJIIDIHWI B3JI}"ICHIDI Ha 
CBOBCTBa KOJie6aHHH Heo6XOAHMO peWHTh CHCTCMY 
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HHrerpo-nmpcpepeHqeam,Hbtx ypasHe~ panua~
OHHoii 1"330ABH3MHKB, JITO SIBJIJleTCj( MaTeMamqec
KB CJIO)KHOii 3anaqee. B o6tneM BHAe, B npe6JIIDKe
HBH JIOKaJILHOI'O TepMO.ITTlffaMB'ICCKoro paBHOBCCWI 

, . (JITP) H 003 y11eTa MarHRTHOI'O IlOJUI, WJSI OAUOpoA
HOH cepoe: anmccpep&1 3Ta 3a)'.la'la peweHa B [16] , a 
]];JUI O]];HOpO]];HOH eecepoli aTMoccpepbI - B (17). Pa-
6oTa [18] BbIDOJIHeHa c Y'leTOM MarHBTHOI'O IlOJISI e 
npB6JIIDKCHHB JITP ]];JUI OAHOpO]];HOH MO]];eJIH, HO B 

paMKax npn6muceHIDI 3MHHITOHa. ' 

.. B uaCTo,iine:e pa6oTe pa3BBBaeTCS1 reopm1 pac
npocrpaHeHWI Mat'ftB1'0-aKYCTHKO-rpaBITT3~0HHbIX 
(MAI) BOJlll e C)KBMaeMoA npoBOW111\CH uepniKaJih
Ho CTp3THq>HI.lBPOB8HHOH ABcce:naTBBHOB 3TMOC<pe-

i . · pe e npucyrCTBHH npoB3130JILHO aanpaeneHHoro no 
OTHOmeumo CHJlbl TSDKeCTB O]];Hopo]];HOro ManmTHO

ro nonR. H.ccnero71QTCS1 on'I'H':lecJCB TOHKBe B03M}'tne
HIDI, ]];JUI KOTOpbIX cpyllK~ JIY'IBCTOl'O TeDJloo6MeHa 
IlO]lllllHHeTCSI HblOTOHOBCKOMY 33KOffY OXJIIDICAeHWI. 

H~eHhI aHaJIHTH'leCKBe pemeHWI ypauHemm Mar
BHTHOii rBJq)OAHH8MBKH qepe3 o6o6tneHHbie mnep
reoMe1'pH'leCKHe G-cpyaKqmt Meiiepa, KOTop1,1e 
OilBCbUJalOT KOJie6aHIDt C npoB3BOJ1bHOH 'I3CTOTOH B 

]];JIIIHOH BOJlH Ha JII060M ypoeae B30TepMB'ICCKOi 
8TMOC<pepb1. Ha OCHOBe aBaJIHTB'ICC~ pemeH.84 B 
~ acHMnTOTHK npoaHaJIB3HpOBaHbl ]];BCnepceoH

HbIC CBOiicTBa BOJIH, onpe]];eJieHLI 3H311CHWI cpa-
30BblX CKOpocreA, ~eKpeMeJff()B H AJIBH 3aTfXaBIDI 
eecmHa6aTB'IeCKHX · MAf-sonu s o611aCTI1X c:en.Leo

ro a CJiaooro Ma.nurrHbIX no11ei. 

2. OCHOBHbIE YP ABHEHHSI 
H HX PEIIIEHH.E 

ByneM paccMaTPHBaTb ue3Aua6aTe11ecxue npo
qecc1,1, npODCXO~Be B HeBJl3KOii HAeaJibHO npo
BO,um:J;CH CXCHM3CMQH aTMOCq>epe C np0H3B0J1bHO 

uanpaBJ'leBHblM O]];HOpoAHl>IM MarJUITHblM noJieM 
B0 = {BOJc, 0, B0r,} e B noCTOSIHHOM no,ie TSDKecm g = 
:::: {0, 0, g}. IlyCTb B HCXOAHOM paBHOBeCHOM COCTOSI
HHB 1"83 HCOOABIDKeH (Vo = 0), a IlJIOTHOCTb H 
]];3BJieHHe SIBJISIIOTCSI cpyH~MIJ KOOpABH3T B YJ(OB
JieTBOpj(IQT 3aKoey COCTORHIUI ll]];eaJibHOl'O ra3a Po= 

= Rp0T0• 3}];ecb H AaJtee H1fAexc "0" 03Ba'laeT HeB03· 
MYtnCHBbie BCJIH1ilutbl napaMe1'p0B 1'838. 

CuCTeMa JIBHeapa30BaBHbIX ypaeHeH:eii M3rHHT

H0B l'll]];pC>ABH8MHKH AJUI MaJILIX Hea,QHa6aTB'IeCKBX 
B03M}'~eHHii, B03BIIX310II(BX B paCCMa1'pBBaeMoi: 
aTMoccpepe, BMeeT eim: 

op' < ·v> di · o di + v Po+ Po v v = ' 

dv' 1 p' 
- · +-VP'-g-+ ot Po Po 

+ -
4 

1 [V(B0B')- (B0 V) B'] = 0 , 
1tpo 

P0Cv(0:r· + (v'V)To)+Podivv' = Q', 

oB' B V ' B d. ' 0 ot - ( 0 ) V + 0 lVV = ' 

T' P' p' 
T0 = Po - Po' 

(1) 

r]];e v', T', p', P' BB' - cooTBeTCTBeHHO MaJI&Je B03MY· 

11.\CHIDI cxopocm ABIDKeHHSl, TeMnepaTfpLI, IlJIOTHO
CTII, ]];3BJteHWI H HanpJDKeHHOCTB M8l'HHTH0I'O IlOJIJI, 

Q' - B03MYD.\CHHe cpyHICJ~BH 3BepreTB'IeCKHX nOTepb, 
KOTOpaJI ~ACTaBJUleT co6oii pe3yJI&TaT cyMM8pHO
ro ACBCTBHSI ecex HCTO'IHBKOB H IlOTeph 3Hepnm 
(]];Jtji 3AHa6aTH'ICCK.fU npo[(eCCOB Q' = 0), Cv - YACJll,
HaJI TelJ!IOeMKOCTL npu IlOCTOJIHHOM ofrLeMe. 

YpauHeHWI (1) B o6~eM B~e 0Il11Cb1B3IOT MaJlble 
]];BIDICCHWI 3JICMCBT0B ra3a B HCH30TepM1NeCK0B aT

Moccpepe. PeweHBe 3.TJIX ypaeuemm: 11)e6yeT pac
CM011)eHIDI KOHKpemoro q>B311'1CCKOro MeXaHB3Ma 

3Heproo6MeHa MeQy ABWK}'~CH 3JICMeHTaMB 

r83a e oxp~aIOD.\ei cpeAoit B ~aJibHeimeM 6y;QeM 
paccMaTpBBaTL Heanua6aTB"lecx:ue ABBJ1CeHID1 ra3a, 
CBR3aBHblC C ny1111cn,1M Tennoo6MeHOM, ECJIB co-
3]];aBaeMLie BOJIH3MB B03MYinCHBSI B · aTMOccpepe 
SIJJJij(IQTCSI OilTH'CICCKH TOHKHMB (Xo / k < 1, rAe Xo -
OilTH'leCKrul eenpQ3pa'IHOCTb cpe~bl, k - BOJIHOBoe 
'IBCJIO),· TO AJljl JlyqBCTOrO Ten.noo6MeHa MO~O 
BOCIIOJlt,30BaTbCJI HblOTOQOBCKHM 331COHOM ox,iaJIC~ 

]];CHWI (}9] 
Q' = -qp~;I", (2) 

me <r' = tR - xapaKrepeoe speWI pa]];B~oHHol'i pe
na.K~ B03~eHBii. B o6tneM CJIY'lae tR SIBJIJleTCH 
CJIOXOIOi <pya~ei napa.MeTpoB cpeALI (DJIO'l'HOCTH 
H TCMnepaTYPbl), a B cnyqae OIITB"'leCKH TQHXO(I aT
Mocq>epbI onpeAemleTCSI CJie,zytOil(HM o6p830M (19]: 

tR = 160RXoi!' 
(3) 

rAe OR - IlOCTOJIH.HaJI CrecpaHa-EoJib[(MaHa. 
B AaJILHemneM 6YJ(eM paCCMaTJ>HB3Tb pacnpocr

paHeHBe M~&IX ueanua6aTB'IecKHX B03MYtnemm B 
B3~pMH11eCKoft aTMocq>epe (T0 = coast). ECJIB npeA
ROJIO)l(JITL, 'ITO onTB'IecUJI Henpo3p3'1HOCTb cpeALI 

T.-7/2 
nOA'IJIHj(eTCSJ 33.KOflY KpaMMepca [20] :XO - Po O ··, ro 
nonyqBM noCTO~oe speMSI pe,iaK~ (tR = const). 

H.3 ypasueHWI rBApoCTaTHKH <;JICAYeT, 'ITO 
paBHOBecHaJI IlJIOTHOCTb cpeAbl MCffj(eTCH C BbICOTOii 
no 3KcnoHeH.U;HaJibHOMY 3aKoffY: Po(z) = Pooexp(z/ H), 
r]];e H = P0/{p~) - BLICOTa OAHQPOWIOA aTMoccpepbI. 
IlyCT& MaJibie B03M}'~eHWI ecex BeJl1111BH 33BBCHT 
OT speMeHB B KOOPAHHaT K8K exp{ i( Olt + k.i. r J}, rAe 
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kl. - ropD30HTaJJ1,Hl,[H BOJIHOBO:A BeKTOp. r J. - ropH-
30HT8JlbHhlB paAB}'c-eeKrop. k.1.r .1. = k;x + kyY. ro -
11acr0Ta KOJie6amm. C y11eTOM BbipaxceHIDI Q' D3 
ypaBijeHIDI (2) CHCTeM}' ypaBHCHHB (1) MO)KHO CBCCTH 
K OAHOM}' BeKTOpHOM}' ypasHeHHJO! 

ro2v• + y* c! V divv' + V(gv') + (y - 1) gdivv' -

- _l_ {V [B0 ( (B0 V) v' -B0divv')] - (4) 
41tpo 

- (B0 V) [ (B0 V) v' -B0divv']} = O. 

rAe "(* = (i:yro + q)/(iro + q). 3Aecb c; = P0 /Po:... KBaA

paT B30TepMB11ecK0:A CKopoCTB 3ByKa. 'Y = cP I cv - OT
HomeHHe yAe11LHhlX TennoeMxocreii. 

YpaeHeHHe (4) OIIHCLIBaeT pacnpocrpaHeHBe He
aADa6aTD'lecKBX M.AI'-BOJIH B BepTHKaJJbHO crpam..: 
<j>Hq:HposaHHoi UAeam,uo npoeowim;eu aTMoaf>epe 
B npucyrCTBBB MarHBTHOI"O nou. IlepeXOA K 
CJIY'tfaJO <W1a6aTD'tfecKBX xone6aHHii [21) ~eCTB
m1eTa nyreM 3aMeHbI "(* Ba y. KOTOpaJI cnpasewiHBa 
npu q = o. H30TepMH'ieCKBe KOJie6aHIUI B03HBK3IOT 
npH "(* = 1. 'ITO COOTBeTCTByeT yCJiosuio q = 00• AHa
JIBTH11ecx:oe pemeHee ypaeHeHIDI ( 4) AJIJI CJIY'IM 
sepTBKam,Horo MaraBTHoro nom1 nony11eHo B pa6o
re [22). 

B o6m;eM CJiy'lae. Koma BOJIHOBOH BeKTOp e npo
crpaHcree uaitpaeJieH npoH3BOJibHbIM o6pa30M OT

HOCBTeJibHO MarHHTHOI'O IlOJIJI H CIIJil,I TSDKeCTH, 
ypaeReHHe ( 4), 3a1IHCaJ1Hoe B ACKapTOBOH CBCTeMe 
KOOpAHHaT, CBOABTC.R K OAHOM}' OOLIKHOBCHHOM}' 
AB<t><l>epem(RaJJLHOM}' ypaeHeHBJO mecroro nopHA
xa. Ilonyqeauoe ypaeHeHBe onuc1,1uaeT pacnpocr
paHeHue ycKopeHHbIX B 3aMCAJieHHhIX MamHT03BY
K0Bb1X B aJILBeHOBCKHX BOJIH. To11Hoe pemeHBe Ta
KO['O ypaBHCllWI JIBMeTC.R MaTeManNeCKII CJIO>KHOB 
3aAa11e:ii. B e11y11ae. KorAa BOJIHOBOH eexrop Haxo
ABTOI B OAHOii n.JIOCKOCTB C MarHBTHbIM IlOJICM B 
rpaBBT~ei (Icy = 0). HO HanpaeneH DOA yrJIOM OT
HOCBTeJILHO IIOJIJI (kx '* O). nOCJieAHee ypaBHeBBe yn
pom;aeTC.R. B Hacrogm;eu pa6ore paccMaTpRBaeTCjf 
yKa3aHHLiii · CJiy'tfaH. 

Ilpe]J.craBHM pemeHBe BOJIHOBOl"O ypasBeHIISI (4) B 
BUAev'=v(z)exp{i(rot+k.1.rJ},r]J.ev(z)= {vx• Vy, Vz}
aMnJIH'lj'Aa CKOpOCTH ABIDKeHWI 3JICMCHT0B ra3a. 
BMeCTO Z BBeAeM HOBYIO He3aBBCBM}'IO nepeMeHH}'JO 

2 · 2 2 C, = <fil-lfl/ V;.z• r]J.e ~z = B0z/(41tPo)-KBa.ApaT Z-KOM-

noHeHTLI . aJibBeHOBCKOB CKOpoCTH. 0TMeTHM, 'ITO 

eenll'llllla ; yeeJIH'IBBaeTa1 c rny6BHoA B3-3a pocra 
nJIOTHOCTH p0(z). TaI01Ce eBe]J.eM CJieAYJOm;He 6e3pa3-
MepHbie napaMeTp1>1: tJaCTOTY O = roH I c. B BOJIHO· 

BOB BCKTOp Sf x = kJ/. Jfa CHCTeMLI ypaBHeHBB, 3anB
ca.HHbIX ·B ]J.eKapTOBLIX KOOp]J.HHaTax, C IlOMO~IO 
COOTllome~ v.1. = (vx - ovJcos<p :ecKJI1011ae-rcg Vx• 

3]1.eCL V.1. - KOMilOHeHTa CKOpocru fiJl83Mbl, nepneH
ABX}'JIJipHa.R IC MarHBTHOM}' nOJIIO B DJIOCKOCTII (x, z). 

a <p = arctgcr onpeAengeT yron aaKJioHa MarHBTHoro 
noM K eepnncanu. o = B0,) Boz· Ilpe]J.eJibHbie cnyqau 
BepTBKaJibHOl'O B ropB30HTaJILH0['0 MarHIITHbIX no
Jieii COOTBeTcrBYIOT O' = 0 B O' = 00 B ypaeHeHIDIX. 

B DpBH.RTLIX ]J.Onym;eJUUIX B DOCJie ]J.OBOJILHO 
CJIO>KHLIX npeo6pa30BaHHH BeKTOpHoe ypaBHeHHe 
( 4) CBOAUTCSl IC ]J.B}'M He3aBHCHMbJM 6e3p83MepH1>IM 
]J.B<j><j>epe~bHblM ypaBHCHWIM C nepeMeHHbIMB 
Koa<j><j>Hl\BeHTaMH: 

t2 vy+2iO'Slx6Vy+ (l;-crSt:) VY:::: O. (5) 

[D, (6-b,) +~b, (ll-a, + 1) JV, = 0, (6) 

· 8 = c,dldc,. 2a1, 2 = l ±ia. 

2b1,2 = 1-2iO'Sfx±iP, b3, 4 = ±Sfx, 

a2 = 402 /y* - 1 -4Sf: (1 - (y* - 1) /y* 0 2
], 

~2 = 402 (1 + 02) /y* - 1. 

(7) 

OrMeTDM, 'ITO s ypaBBeHIDIX (5) u (6) aMIIJIBT}']J.LI 
cKopocreii ABH>KeHIUI ra3a aopMHposau1,1 Ha xapaK
TepH}'JO CKOpOCTL. 

YpaeaeHBe (5) onuCLmaeT pacupocrpaHeHBe an1,
BeHOBCKHX BOJIH B H8KJIOHHOM Mannfl'HOM none B 
B30TepMU11eCKOii cpe]J.e. B paCCM3TpHB3CMOM cnr,tae 
aJJbBCHOBCKlle BOJIHLI He B33HMOAeiiCTByJOT C oc
TaJJbHhIMH MAr-eorrHaMB. u nooTOM}' ypaeaeeue (5) 
pemaeTCH OTACJILHO. Ilpu Hamux YCJIOBIDIX aJILBe
HOBCKBe BOJIHLI He' 38TYXaJOT 38 C\ICT ny1D1croro 
TefiJI006MeHa. TaK KaK 3TB xone6aHIDI He Bbl3L1Ba
lOT B03MY~eHWI reMnepaTYpL1. 06~ee pemeHBe 
ypaBHeHB.R (5) BL1paxcaeTcst qepe3 q>YH~H Beccem1 
uHeiMaHa: 

VY = [D110 (2~) + D 2N O (2~)] ~,aSt', (8) 

r]J.e D1• 2 - eee3eeCTHb1e nOCTOJIHHL1e. ~ua6am'lec
xe:e aJJbBeHOBCKHe BOJIHbl, OIIHCbIB8eMLie pemeHH
eM (8). fiO]J.p06Ho HCCJie~OBaHl,I e pa6oTe [23]. 

YpaBHCHHe (6) HBJUICTCH OOLIICHOBCHHLIM AH<j>
q>epe~HaJihHhIM ypaBHeeDeM c peryupHOH oco6ou 
TO'IKOH c, = 0 e upperyIDIJ)HOll oco6oi TO'IKOD l; = co. 

lleTL1pe JIHHCBHO-HC3aBBCBMbIX pemeHWI 3TOI'O 
ypasHeHHJI BblpIDKaJOTCSI 11epe3 o6o6m;eHHLie ['H

nepreOMCTpH'ICCKBe G-<j>ye~ MeAepa [24 ]: 

4 . 

V.1. = L C1G!:! ( ap a2 l;) \ , (9)' 
]= I bj;bl ,.,., bh, ... , b4 

h~j 

me CJ (j = l, ... , 4) - HCB3BCCTHbie DOCTOJIHHLie. 

AHaJIBTH'lecme <j>yHK~ Meiiepa G~:!(bi II l;) ou
JOTCj{ CXOA.Rm;HMHCj{ p.Sl,D;aMH no l; [24]. 
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PemeHIDI (9), yMHoxcemu,1e Ha exp{i(rot + k~)} , 

OilHCbmaJOT KOne6aHWI C npoH3BOJibHOH 'l3CTOT0B H 
AJIHHOB BOJIHbl B 6ecKOHCqJIOH B30TCpMH11CCKOA aT
MOCq>epe (0 ~ l; S oo). 3m pemeHIDI noJI}"ICHLI 1vu1 
CJl}"lasl, KOrAa BOJIHbl pacnpOCTpaIDIIOTCJI B rope-

30BT3J1bHOM uanpaeneHHB no aaKJioey MarHHTHoro 
non.s (aSfx > 0). IloJIHoe peweHBe 3aAa"IH pa.BHO 
cyMMC p;eyx pememm (aSt > 0 H aSfx < 0), KOTOp1>1e 

COOTBCTCTBYIOT KOJie6aHIDIM, 6erymHM HaBCTpF"IY 
' APyr APYI'Y B I'0pH30HT3JlbHOH MOCKOCTH, H SIBIDICT

C.R JIBHemtoii KOM6HHal(Heii BOCbMH JIUHCHHO HC33-

8BCHMblX pemeHBB. 

PemeHIDI (8) H (9) OmICb1B3l0! HaKJIOHHOC (~x ~ 0) 
i . . OTHOCBTCJlbHO M~HH1'HOI'0 nom1 pacnpoCTpaHCHHC 

BCCX TBilOB HCaAHa6a'I'H"iCCKHX BOJIB B3 rny6oKBX 

CJIOCB B30TepMBqecKOH aTMoccl>epbl ( v!l ~ c!) B 

eepXHHe CJIOH ( ~z ~ c;. ). 

3. CBOHCTBA HEAJ].HABATHqECKHX 
BOTIH 

TI106yro H30TCpMH'lCCKYJO aTMOCq>epy MOXCHO 

pa3,D;CJIBTL Ha TPB CJIOR C npBHqmIB3JILHO pa3JIB'l

BblMB ceoiiCTBaMH: o6naCTL cna6oro MarHBTHoro 

IlOJI.R (~ ~ 1), o6naCTL B33HMO,IJ;CHCTBHSI H 1'p3HCq>op
MaI(11H BOJIH (~ °"' 1) n o6naCTL CB.JlhHOro MarHBTHoro 

IIOJISI (~ ~ 1). B peanbHblX 3BC3,IJ;HLIX aTMOcq>epax, 
eanpHMep, B conue11HoB aTMoc<j>epe, MAf-eoJIHbI 
pacnpocrpaHS1JOTC.R B3 nop;q>OToc<pepHbIX CJioee (rp;e 
aJJbBCHOBCKcUI CKOpOCTb AOCTaTO'lHO Mana H Mar

HHTHbIC CBJibI cna6o BJIIDIIOT Ha BOJIHOBbie ,IJ;BIDKCHIDI 

cpeALI) B xpoMoccpepy B KOpoey ( CHJlbHO 3aManm- . 

'ICHHaSI o6JiaCTb). Ilo3TOM}' ,:l;IDI IlO,D;OOHbIX acrpoq>B-
3HllCCKHX 3~aq npe}l;CT3BIDICT BHTepec pacCMOTpe

HBC pacnpocrpaueHWI BOJIH H3 rny6oKHX cnoee co 
cna61>IM MarHBTHbIM IlOJICM e eepxruoro qaCTb aTMO

cq:,ep1,1 C CHJlbHLIM MarBBTHblM IlOJICM. Ha~eHBbIC 

auanHTBqecKHe pemeeru1 (9) no3BOIDIJOT npH onpe

neneHHbIX rpaHHllHblX YCJIOBBSIX t)CllIBTb TaKyro 3~a

qy noJIHOC'I'bJO, B pa6oTax [6, 25J c IlOMOmLIO DOAo6-
HbIX pememm HCCJiep;oeaHa 3~aqa 06 01'paxceHHB u 
11BHeiiHoli TPaH$pMa~u H,zymHX CHB3Y 3ABa6am
qecKBX 3KYCTIACCKHX BOJIH B ManmT03BYKOBblC. 

PacCM01'pHM BJIIDIHHC HCaABa6aTH'I.ICCKHX 3q>· 
q>eKTOB Ha CBOHCTBa BOnH e o6naCTH CHJlbHOro H 

cna6oro MarHHTHbIX noneil. B 3THX o6naCTHX npaK

TH'ICCKH OTcyTCTByeT miHCHHOe B38HMOACHCTBHC 

MCXCJ:l:Y Mo,:i;aMH KoneoaHuu. B o6JiaCTH · TPaHcq>op
MaI.lHH (~ :::: 1) BOJIHOBOe p;BH>KCHBe HCB03MO.>KHO 

npe,u;CTaBHTb B BH,ll;C cyMMbl BOJIHOBLIX q>YffKI.J;HH OT
,u;eJibHbIX 3JICMCHTapHbIX M0,11; KOne6aHHB B3-3a B3a
HMO,:i;eiiCTBWI BOJIH. 

Heaoua6amu'ieCKUe 60AHbt 

6 CUAbHOM .Ma2HUmHOM no.tie 

06JiaCTb CHJlbHOro IlOJISI - 3TO BepXHSI.R 'll3CTb 
H30TepMB'ICCKOH aTMOcq>epbI, r,n;e 3JlbBCHOBCKasl 
CKOpOCTb }'BCJIB'IJIBaeTC.R C BbICOTOH B3-38 yMeHbme
HIDI IlJIOTHOCTH. J:(JI.R HCCJIC1];0B8HIDI CBOHCTB BOJIH B 

eepXHRX CJIOSIX (~ ~ 1) B03bMCM npe,n;CTaeJieHHe 
G-q>~ Meflepa qepe3 o6o6meHHy10 runepreo
MCTpB'ICCK)'IO F-q>yHKI(HIO BH)'TPH Kpyra CXOAHMOC

TH l~I < 1 [24]: 

- ~) ' (10) 

I'AC 
2 

IJr(t +bi-ah) 
h = I 

4 

rrrc1 +bj-bh) 
h = I 
j~h 

j~q 

p = 1, 2, q = 1, ... , 4, r(w)- raMMa-<j>yaKl\WI. 

(11) 

· KaK B3eecmo (24], o6o6w;eHH)'JO rmepreoMeT
pH'ICCKYJO 2Fl-~) q>yH~JO MOXCHO npe,n;CTaBBTb B 
e~e 6ecKOHe11Horo cxoW{m;erocg CTeneHHoro p.s1,:i;a 
BHYTPH Kpyra CXOAHMOCTB l~I < 1. Ilpe..~ ~ 1 MOXCHO 
orpaHll'IHTbC.R nepBblM 'IJICHOM 3TOI'O pa3JIOXCCHWI, 
Korop1,1u paeea ep;BH11ne. Tor,n;a ,n;n,i noJIHoro peme
HWl non~: 

v, +xp{ 0.5-ioSl, ;} (ct exp G! ,)+ 
* ( ;~ ) ) * + C2 exp -

2
H z + C3 exp(zkx) + (12) 

+c:exp(-zkx) ]exp {i(cot+k,rX)}, 

r,u;e Ct (j = 1, .. . , 4)- HCB3BCCTHbie IlOCTOmiHbie. 

KaK B~HO H3 (12), B npH6mDKCHHH CHJlbHOro 
MarHHTHOro nom1 BOJIHOBOe ABIDKeHHe npe,:i;CTaBJUI
CTC.R B BH,:J;e cynepno3B~ OTACJibHblX HCB3aHMO
Aeik1'BylOm;BX MOA, IlOCJICAHHC ASa 'IJICH8 B ( 12) 
OIIHCbJBaJ<rl 3aXBa'leHHblC B ropu30HTaJibHOli IIJIOC· 
KOCTH ycKopeHHbJC MarHBT03BYKOBbIC BOJIHbl C 3KC

noHeH~aJibHO MeH.RIOmJIMHC.R (paCTymHMH unu 
y61,1ea10ll'(HMB) aMnJIH'I)'ABMH. J:(JI.R 3THX BOJIH peanh
HaSI '13CTb eepnucanLHOI'O BOJIHOBOro 'IJICJia paBHa 

H)'JIJO. y CKOpeHHLJe BOJIHLI npaK'J'H'ICCKH He IlOABep
raJOTC.R BJIIDIHHIO JIY'IBCTOI'O nepeHoca H KOJie6aHIDI 
OCTalOTCSI ap;Ha6a'I'INeCKHMH [21]. TaK KaK nOCJieAy
lOI.J.Ule 'IJlem,1 e oomeM pa3JIO>KeHBH q>yHKI.(HH Mett
epa 3aBHC.RT OT l; H OT napaMCTPOB, CB.R38BHbIX C "(*, 
TO CBOHCTBa 3THX BOJIH CfaHOBSITCSI 33.BHC.RmHMB OT 

AcrPOHOM11'Y:ECKHH )l(YPHAJI TOM 72 Hi 2 199S 6* 
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D 
0.8 

0.6 

0.4 

0.2 

-2 -1 0 

lg(COIR) 

0.4 

0.5 

0.6 

1 2 3 

he. 1. 3aBHCHMOC'M, ACICpeMCH'ra 3aT)'UIIIUI sl-aonH D 
OT napawe-rpa O>IR a aepTHIC&nt.HOM ware1tTHow none 
(q> • 0°) DpH pa:Ull>IX 3Ha'ICHHIIX 6c3pa3MCpHOA '18CfOTIJ 
BOnH 0 . CooTBCTcrByIOIIOfC 3Hl11CHHJI Q yt::a3aHbl npH 
KpHBIJX; y= 5/3. 

MarHHTHOro IlOJISI'. lfa-3a Toro, '!TO B eepTBKaJIL• 
HOM B8Dp8BJJeHHB 3TB KOJIC6aHIDI DJIJIIOTCSI' no
sepXHOCTHblMH, OJIOTHOCTL IlOTOKa y6bIBal0~eA 
MOAbl no OCH z crpeMBTCSI' It &yJIIO. IlepBblC :AB8 
'IJICHa B (12) 0DBCblB8IOO' HCaABa6amqecKBe 38-
MCAJieHHbIC npononbHhlC MarHBT03BYKOBWC BOJIBLI. 
B AaJlbHCmIICM 3TB BOJ1Hhl 6yAeM :t{83L1B8Th "s/-BOJI
HaMB". B a,QBa6a'I'H'leCKOM npB6J11D1CeH11B s/•BOJDlb[ 
nepexo~ s 6eryuute e11B noeepmOCTm,1e Mannrro-
3ByKoswe B011HhI (21]. 

lb nepBblX AByx 'IJICHOB aCRMJlTOTINCCICOI'O 

pa3JIOJICCHIDI (12) cne~eT, 'ITO B o6JlaCTB CHJlhHOI'O 
MarHHTHOro ROJIJI BCpTHKaJibHoe BOJIHOBOe 'Ulcno 
sl-BOnu onpenenJ1eTCJ1 KaK 2Sfl = ±P - 2aSf.r - i, 1eo
ropoe MOXCHO npe,ncrasBTb B JlBAe: 

2Sfz = ±1131 - 210Sf.r II - i(±~2 + I), (13) 

fi,~I = J Jp~ +I}:+ 13,, 

fiP2 = J J~; + P; - P,, 
~, = VIE - l, ~' = 4>U/E, 

E = (q~ +'()I (q~ + YL 
· 2 

cJ> = (y- 1) q0 / (qo + y), 

u = 4tl2 (1 + cr2) , 

(13.1) 

(13.2) 

(13.3) 

(13.4) 

llrut a,QBa<SaTH'lecKHX BOJJH (q0 = 0) BMeeM: P; = 0, 
~r = (U--y)/y. B 3TOM CJJ}"lae (13) npe,:tcrasruleT co-

6oA 1'1fCUCpcB0BBOe ypasHeHBe a,QBa6aT1Aecmx 38-
MC,:tJICHBhlX npOAOJihHblX MarHHT03BYJC0Bh1X BOJIH, 
BimHo, qT() 8,QBaC5a'l'B'lecKBe BO.RBLI BAOm~ M8I'HIIT· 

uoro nom1 npe U > y cra&oBJITCR 6erymmm, a e o6-
pamoM cnriae - noeepXHOCTffbIMJI, cnyqaA U = y · 
COOTBeTCTByeT '13CTOTe OTCC'IICH (TO'IXa noBOpoTa) 
arora6aTll'leCKBX sl•B0.118 B R3XJIOHHOM ManmTBOM . 

DOJie: '1! = 0.25-y/(l + 0 2). 3TB pe3yJJLT8ThI COBmlAa

lOT C DOJl)"ICffHbIMB B pa6oTe (21). B H30TCpMB'ICC• 
x:oM npeAene (q0 = oo) TaJOl(e ~1 = 0, a '18CTOTa OTCC'I· 

u onpeAeJIJ1eTa1 ycnoeaeM U = 1. OrMeTIIM, 'f.'l'O 
11aCTOTa 0Tce11u a,QBa6am11ecrcux BOJIB a y pu npe
ewmaeT coOTBeTCTBylOnzyt<> 'l&CTOT)' AJISi1 B30TepMB
tiecmx eo11e. TaJCBM o6p830M, nepe1»1e A9a 'Uleea B 
(12) DpeACTaBJIJIJOT co6oA cynepII03~JO AByx HC-

8,QRa6aTll'ICCKHX eone, 6eryn(IIX eaBC'J'l)eqy APYr 
APYI'Y BAOJih M8rBRUIOro nom1, KOTOpLIC B00C1ICAcr
BBB pa,QB~OHBO 38TyX8IOT. 

Ilpe.QIIOJIOXCBM, qro q0 ~ 0 H q0 ~ oo. Tait x:aK 
BCCJ'A8 '3z > 0, TO BOJIIIW 38T}'X8JOT 3KCDORCIIUBaJlh
HWM o6p830M, 'cl>a30B8)1 CICOpoCTh VpA, ,nexpeMeHT 
3aTyXaHIIJI D B OTHomeHBe AllBllhI 38TyXa.BU L K 
BCpmKaJibHOA AJIBHC BO.JIHLI A AJIJI ee~a6anrtec
KBX BOJIH onpe,nemnoTCJI CJieJzyJOII.UIM oC5p330M: 

(14) ~ 

me 'V - yroJI paCfil)OC'l'paHCHHJI BOJIHLl OTHOCBTeJih• 
HO &epTllltaJJB (Sf,; = .Rcos'f(). CneJzyeT OTMeTBTb, 

'1TO IIpH onpeneneHBB ACKpeMCHTa B ,QJIBBhl 38T)'X8· 
l:fBJI 6wna BCUO,U,3088H8 nJIOTitOCTh D0T0X8 3Bep
nm BOJIH B npa6JIJD1CCHHB ~ <C 1. KpaTJCBi 8H8JIB3 

32BBCBMOCTR AJUU1LI 38TyX3JlllSI B <l>830BOA CIC~ 
HCa,QB86aTll'leCJCBX sl-BOJIH OT napa.MCTpOB 0. .H.r, (J H 
tR DpllBCACR e Hamel npe~ei: pa6ore [26). 

,IleacpeMCHT paJJ.R~OHIIOI'O 331j'XaHIISI sl-sone 
He 38BBCBT OT BOnHOBOI'O 'IBCJJa ~.r• HO J;IMeeTCSI 

cnO)ICJIU 3aBBCl!MOCTb OT APyrBX napaMeTpOB. 
B 3ABa6aTB'ICCKBX B B30TepMB'ICCKBX npeACJlax 3a
BBC8MOCI'b MOTHOCTB 3Bepnm OT BbJCOThl CBJI38113 

He C 3aT)'X8HBCM BOJIH B3-3a paJ:lBaIJJIOBBWX DO'l'Cpb, 
a C BX npespameHBCM B noeepXHQCTHWC BOJIHhl Ha 
'18CTOTax HBlKC '18CTOT OTCC'IICB '1,. npe "(-.= '5/3 B 
~68TB'ICCKOM CJiyqae '1, = 0.642coscp, B B30TCp• 
MB11CCKOM CJJ}"lae n, = 0.5coscp. B OOOBX CJl)"JUX 
DpB '1 < '11 B03HBltaJOT nosepXROCTabIC BOJIRbl, 8Mll
JIBTy}l8 KOTOpLIX y6.1,1eaeT KaX E,D. Ilpu YCJIOBBB 
Q > il, BOJlHbl CTaHOUTCSI 6eryDUIMB H HC3a-ryxaJO
[UBMB, Ha pRC. 1 DpBBC}lCH8 38BBalMOC'I'b ,llCltpCMCtrl'8 
38TyXaIUIJI s/-BOJIH OT napaMCTpa O>tR AJIJI p83HhlX 

AcrPOHOMHtJECKHA >KYPHAJI TOM 72 ~ 2 1995 
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qaCTOT B eepTHKanbHOM MarmrrHOM none. 811):U{O, 

'ITO BOJIH8 C 'laCTOTOft Q = 0.8 > 0.r B ~Ha6aTlfCleC
KOM B B30TepMll'ICCKOM pe::>KHMax He 3a-ryxaeT, a 

MaKCBMMLHoe norno~eHBe RpOHCXOART Ra ypoeue, 
n.e {J)tR = y-o,s. BoJIH8 C 'laCTOTOA n = 0.6 B ll30Tep
MJ111ectcOM npeAeJJe npesp~aerar B 6erynzyto (He3a-

T}'XaK>ll\YlO) BOJiey (T8K KaK .Q = 0.6 > 0.5), a B a,QB8-
6aTB'ICCKOM peXCBMe ~ s nosepXROCTR}'lO eoney 
(0 = 0.6 < 0.642) co creneHL10 3a'I)'X8HIDI D = 6.37, 
'ITO He CBJ138HO C pa.QD8~0HHLIMB nOTepnm. IlpH 
3H8'1CHWIX 6e3pa3MepHOB 'laCTOTLI Q = 0.4 BOJIHa B 

o6omc npeAenax CTaHOBBTCB nosepxaOCTHoA:. Ta

KHM oopa30M, s/-BOJIHLI B CHJILHOM none B OCHOBHOM 

. 3aTYX8lOT B o6naCTB, !'AC O>tR "" l. IlO<;KOJILK}' C yee
Jill'ICHBCM HaICJIOHa MarHBTHoro DOIDI ttaCTOTa OT
ce'1KB }'MCHbmaeTCB, TO BOJIHLI Ha Tex '18CTOTax, KO-

;, TOpLie B sepmKaJILBOM none COOTse'l'CTByJOT 'laCTO
TaM nosepXBocrHbJX BOJIB, B HaKJIOHHOM none MOryT 

npesp~aTLCB B 6e~e BOJIHbl. 06 3TOM CB~e· 
TeJILCTByeT npHMep BOJIHLJ CO= 0.4. Ha pBC. 2a AJIB 
3TOA: '18CTOTbI nOK83aHa 3aBBCBMOCTb AeKpeMeHTa 
38TYX8HIDI BOJIH OT napaMeYpa {J)tR npe pa3DbIX Ha.: 
KJIOHax MamHTHoro nom1. Ilpe 3HatteHBSix yrnos aa

KJIOHa MarHHTHOro 0011B cp > 35° 3TH BOJIHbI B B30-

TepMB'ICCKOM pe}ICJIMC. npeep~alOTCR 8 6ery~e 
BOJlHbl, HO B ~ea6aTH'leCKOM npeAeJle OHB OCT810T
CJI noeepXIIOCTHbJMB. C J:(anLeemneM poCTOM HaKJio

Ha nOJUI, npH 3B8'ICJ1IDIX cp > 50°, BOJlHbl B ~Ra6aTH
'ICCICOM npeAeJie TaJOKe npesp~aIOTCB B 6eryante 

· HC381)'XaJO~e MQAJ)I. IlpB HB3KHX qacrOTax KOJIC-
68HBA: Q < 0 1 MaKCBManLHOO 3H8'1CHHe neKpeMeHTa 
38T)'XaHBSI e o6naCTli mtR = y--0·5 no yrnaM aaKJioHa <P 
BMCeT MBHHMYM, ,I),IDI CJaCTOT O > 0 1 TaKoA MBHH

M)'M OTC}'TCTByeT H C poCTOM (j) 33TYXaHBe BOnH ycH
mmaeTCR. 3To B~HO B3 puc. 26. rAC DpHBOABTCJI 
npntep AJIJI BOJIHLI CO = 0.8. 

C TOIIKH 3pCHIDI aCTpoq>B3H'leCKHX npB110}KC8Bit 
ecreCTBeHHO paCCM01'peTb 3aBHCHMOCTb ACICpeMeH
Ta 33T)'X8HWI sl-BOJIH OT 'llCTOTLI B o6JiaCTB M8KCH
MMLHOro B38BMOACHC'l'BIDI BOJIH C B3Jlf'ICHBCM. 3Ta 
3aBBCBMOCfb J(Jlj( pa38blX H3KJIOHOB MarHBTHoro no
.ID( opRBOAHTCR Ha puc. 3. MBHIIMyMLI KpBBLIX onpe-
1,l;CJI.RIOTCB B3 yCJIOBIDI 'i)D{i)U = 0, 'ITO ,:tJIJI qacroTLI 

,qaeT Bblpcl}KeHHe n;, = ("f((Y + l))cos2(j). B OOJiaCTB 

M3KCBMMbHOrO B33BMOAeBCTBIDI BOJIH C B3Jl}"ICHB
eM fiOBBJUICTCSI HOBU ttaCTOTa OTCe'IKB. KOTOpaSI C 

p<>CTOM HaKJIOHa M8rHHTHOro DOJIJI TaIOKe YMCHLma
eTCSI. 3Ta '18CTOTa JIBIDICTCSI rp~ett Pa3AeJia o6-
JiaCTeli CBJILHoro (0 > n .r,> a cna6oro (0 < Oy1) 3aT)'

xaHWI. ,I),eBC'l'BHTCJibHO, DpR O = Qsl D0J1}"18CTCR, 'ITO 

~r = 0 R ,:tCiCTBHTCJlbHU H MHBMU 'laCTB Sfz, T.e. 

AJIHHa 3aTfX8HWI R AJIBBa BOJIBLI OK83bIBaK>Tcst on
HOl"O oopQKa. IlpH ycnoBBJI.X Q > ns1 AJIHHa 3aTYXa

HIDI YMCHbmaeTCJI B BOJIHl,I 381}'X810T a<t,<l>eKTBB
Hee. 3TB 1mne6aHBSI c ycnoaaeM 11, = 0 B pa6oTe (26] 
6LlJIH ua3aam,1 reMIIepaTYPH&IMH aonHaMB. 
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(g(rotR) 

he. 2. 3aBHCHMOCTb ACKpeMCHTa 33T)'X8HHJI sl-B01lH D 
OT napaMeTpa OllR Amr n = 0.4 (a) H n = 0,8 ((i). IlpH 
ICpHBblX yKa:JaHbl COOTBCTCTBYtoll(He 3Ha'leHHJI yrna ua
lCJlOHa MareHTHoro noma; yu 5/3. 

D 
1.2 .---r-,-....,r-rT1...----.-....,...,r-irrrnr--r-r'T"1Trrm 
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0 

Pac. 3. 3aBHCHMOCTI,, ACICpeMCHTa 33T)'xaHHJI sl-BOJ1H OT 
6c3p33MCpB0i\ qaCTOTW BOJIHbl Q npH pa3HblX H81CJJOHaX 
MarRHTHOro non•. Yrn1.1 HaK11ouoe e rp~ycax yga3a111.1 
DpH ICpHBblX; y: 5/3. 
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KaK B~HO B3 puc. 3, e OOJiaCTB CHnbHOl"O Marinrr

HOl"O IlOID1 Aeiq>eMeHT 3aTYxalfHjl sl-BOJIH Ha qacrore 
!l = n,1 BMeeT MHHBMYM· ECJIB paCCMorpeTb ypoeeHb 
TeMUepaTYPHOro MBHBMYMa e conHe'IH1>IX IlJITHax, 
1'11:e reMUepaTYPY MOXCHO C'DITaTb nocrommoii B CJie
AOBaTCJil:.HO Rama Teopm1 npBMeHBMa, TO IlOJiyqRM, 
'ITC> AIDI 3-MBH KOJie6amm 6e3pa.3Mep1W1 11acroTa 
paeea !l = 0.8, a All 5-MBH KOJie6amm: !l = 0.6. 
lfa puc. 3 CJieAyeT, 'lTO AIDI '13CTOTbI !l = 0.8 MIIHH
MYM cooTBeTCTByeT eep-raKaJil:.HOMY ManmTHOMY 
nomo ( cp = 0°), a WIH !l = 0.6 - MarHBTHOMY nomo c 
yrJIOM HaKJIOHa cp = 45°. IlpH 3THX 'laCTOTax. H Ha
KJIOHax IlOJI.R p~H~OHHOe nornoll(eHHe BOJIH MB
HHMaJibHOe. TaKHM o6pa.30M, MO)ICHO CAeJiaTI:. 
BbIBOA, 'lTO 3-MBH KOJie6amm J(OJI)IQ[bI 6bJTb ny'IDle 
BB:AHbl e KOne6auwvc .RpKOCTB e nonyreHH rurreH, 
rAe ManmTHoe none CBJILHO HaKJIOHeHO, qeM B ~eH
T()C TeHII D.RTeH, rJ{e Mar'HHTHoe none .RBJIJ1CTC11 eep
TBICaJILHLIM. B xone6aHIDIX CKOpocrH Ha6JIIOAeHWI 
Il0K33b1B3IOT o6pamyio Kap-rBHy [2, 28]. 

Ilpa HB3KBX '13CTOT3X AeKpeMeHT 33T}'XaHIDI CJia-
00 3aBHCHT OT HaKJIOHa MarHBTHOl"O D0ID1 H HMeeT 
AOCTilTO'IHO OOJibmoe 3Ha'leHHe (pHC. 3). 3To OOHa
'laeT, 'ITC> CCJIH 61,1 npoRCXOABJI3 TpaH$pMa[UD[ 
CHIily ~ BByrpeHHBX I'paBHT~OHHbIX BOJIH B 
sl-BOJIHbI, TO rpaBBT8I(B0HH1de BOJIHl,J AOJDICJILI 

OldJIR OOH3pYJICBT1,CSI B €pJIYXTY31UUIX BHTeHCHBHOC
TH. Tax:u 803MO:xaIOCTI:, TpaH$pM~ eayrpeH
HHX rpaBHT~OBHblX BOJIH e sl-BOJIHbl e ~Ha6aTH-
11ecKOM pe:>KHM:e cy~eCTByeT s osa o6cy)lc.Qanac1, e 
paoore [6]. 

Heaoua6amu1.1ec,cue eoAHbl 

6 CAa6oM MalHlUnHOM no.Ae 

ACBMllTO'J'KClecxoe npeAcraBJieHHe G-<pYffKqHB 
npa l:; ~ l D03BOJUICT paCCMOTPCTh CBOBCTBa HecijlH
a6aTHTJeCKBX rcone6aHHi e rnyooKBX CJioo: aTMo
ccpep1,1, rJ{e OCBOB11b1MH J{OMBBBpYIO~ <paKTO
paMB .RBIDIIOTC.R ra.3oeoe AaBJieHBe H rpae~oH
H8'1 CHJia. B 3TOA o6JiaCTB BJIWIHBe MarHBTHoro 
DOIDI Ha ABIDKeHBe ra.Ja He3H3'1BTCJlhHO B aJihBeROB
CKU CKOpOCTL y61,1eaeT B CTaHOBBTCSI MHOro MeHb
me 3BYKOBOit CKOpOCl'H. B rny6oKBX CJIOJIX npa ~B
a6aTHTieCKOM npB6JIIDKeHHH OObl'IHO B03HBK8IOT 
aTMoc<pepHbie BOJIHl:.I, KOTOpbie UO]q>a.3AeJUIIOTCSI Ha 
arcycnrqecKBe, BlfYTpeJUIBe rpasHTal(BOHHble e no-
eepXHOCTHhie. · 

CorJiaCHO (24), nepe1,1e qneHhl aCRMIITOTIPleCKO
. ro pa3JIO:llCeHIUI G-<j>yu~ B OKpect'HOCTH uppery-
JIJIPHOH oco6oi TO'IKB 1; = 00 BMCIOT BHJ:{: . 

Gi!(b/11 l:i) =- 2~l:;-(0.25+iastx> {Bf) exp(2i~) + 

+Btexp(-2i~)} + 
(15) 

me 

B1~; = exp {=Fi1t (0.25 + ioSf x + b)}, 

BU>_ r(±ia)r(l +bi-a1, 2) 
3,4- 4 . (16) 

IJr (al, 2-b,,) 
h=I 
hj 

B~HO, 'iTO B rny6oKBX CJIOKX 8TM0c<pep1>I (~ ~ 1), 
KaK u s npB6JIIDKeHBH CH1ILHOro M3rHBTHOrO DOIDI, 
BOJIHOBoe B03~eHBe npeACT3Bm1eTCJ1 B B~e cY:. 
nepno3H[U1B HeB3aBMOAeACTByJO~ BOJIH onpeAe
JieHHJ,IX TDnOB. IIepBbJe ABa 1:meua B pa3JIO:llCeHHB 
(15) OlIBCbIBaIOT ~Ha6aTHTJeCKBe 38MeAJieHHLie no
nepe'IH&Ie Mara:HT03BYK0Bble BOJIHhl B CJiaOOM Mar

HHTHOM none, CBOliCTBa KOTOpbIX nOAp06HO liCCJie
AOBaHbI B paooTax (21, 25]. «lla30B8'I CKOpOCTb 3TBX 
BOJIH V Az MeHbme B30TepMB'1eCKOA CKOpoCTII 3ByKa, 
a Z-KOMllOHeHTa CKOpoCTII OJIB3K8 K 9YJIIO. B AaJib
HeBIIleM BX 6yAeM H83bIBaTb "st-BOJIHaMB". 

IloCJieAHBe ~a 11JieHa e ( 15) COOTBeTCTBYJOT AB}'M 
He3AHa6aTH11eCKDM aTMoc<pepHbIM BOJIHaM, ~ 
B npoTHBOII0110.xan.IX HanpaBJieHIISIX DO OCH z. Bep
THK:aJibHoe BOJIHOBOe 'IHCJIO 3THX BOJIH IIpCACTaBHM 
B BHJ:{e: 

2~z=±a+i, (17) 

rJ{e 

(17.1) 

B (17.1) 3H3K "-" COOTBeTCTBYeT BhlCOKOlJaCTOTHO
MY npu6nIDKeHBIO 0 2 > ~x• a 3H8K "+" - HB3KO'J8C
TOTBOMY 0 2 < ~x· B CJiyqae 0 2 = ~x BMeeT MeCTO 
a= a°". 3Aec1, H AaJiee ecnoJib30B3HbI CJieAf!O~He 
0603ea'le1DD1: 

Ji«1 = J Jo.~+ a:+ o.r, 

!i,0.2 = J Jo.~+ a~ - a,, 
4 ~2 

o. = a2d+4 (!_ _ !)n - x 
r a e r n2 , 

·cI>n•- ~2 
(X, = 4- X 

' € 02 ' 

o.ad = - - 1 - 4~ I - -- .. 2 4!l2 2 ( r - 1 ) 
'Y X y0.2 

(17.2) 

(17.3) 

(17.4) 

(17.5) 

· Ilpu nepexoAe K cijlHa6am11ecrcoM}' rq,uoJIIDKe

HHIO (rotR - oo) BepTHKaJibHoe BOJIHOBOe TIHCJIO Stt 
CTaHOBBTCSI BJIB AeACTBBTCJibHOU (6e~a.R BOJIHa), 
HJIR TIHCTO MimMoA (noBepXHOCTHa.R BOJiea) BeHD'JB-

HOB B 33BHC~MOCTH OT 3Haxa eenH'IHHbl o.;d (o.ad-
3HaqeHBe BOJIHOBOro 'IBCJia ~z B 3AHa6aT1AeCKOM 

npe6nmteeHHH). B aToM cnyqae ~aa6amqecme 
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aTMocq>epHbie BOJIHbl, B CBOIO 011epeAb, MOl'}'T 6b1Tb 
aK}'CTH11ecKHMH, BlfYTJ)eHHBMH I'paBH"ra.wJOHHblMH H 

2 
noeepmOCI'HbIMB ( a.ad < 0) BOJIWlMB (21]. ):(ml aTMo-

ccpepHbIX BOJIH 11acroTa OTce11.KB ~ onpeAemleTal H3 

yCJIOBIDI a.:d = o. Ilpe: MaJiblX Sl',l'Aml aw1a6am11ecJCO

I'0 3ByKa B:MeeM ~ = o.s,y--0.s, a Ami H3orepMll'lecKoro 

3ByKa - '4ic ... 0.5. B 0611:(eM cny11ae ~z - KOMIIJleKC

H3j( BeJIH11HHa H 33BBCHT OT O>tR, CneAOBaTeJibHO, aT

MOCq>epBble BOJIH1,I .sIBIDIIOTCSI Heap;ua6am'leCKBMH 
H 33T}'X3IOT BCJJeAC'rBHe pap;HaUHOHHbIX norepb. 
CneAYeT pa3m111an, TJ)H CJ1yqru1: a) BblCOKOttaCTOT

Hbie KOJie6aHWI (02 > Sf,i), 3BYKOBbie B0.1llll,J; 6) HB3-

KoqaCT0THl>Ie KOJie6amm (02 < S'r,i), BH}'TpeHHHe 

I'paBBTaI(HOHHbie BOJIHbl; B) Q>YHAaMeHTa.JlbH3j( 

MOAa (02 = ~.l'' T.e. o:-i1- = gkx). 

OrMeTHM, 'ITO cny11afl 0 2 = ~x .stBmleTCSI oco6LIM. 

Ilpe TaKHX 3HatJeHIDIX qaCTOTbl KOJie6auuA BepTH

KaJibHoe BOJIHOBOe qHCJIO Srz He 33BHCHT OT qo H 

onpeAemteTc.st TOJihKO qepe3 a.:d = -4(~x -0.5)2 < 0. 
TaKHM o6pa30M, B CJIOSIX aTMocq>epbI, me ManmTHOe 

IIOJie CJia6o BJIWleT Ha AJJIDKCHBe rcPa, cpy~aMeH
TaJibHa.st MOA3 npeACTaBmleT co6oe: aw1a6aTH11ecKBe 
IIOBepXHOCTHble BOJIHbl H BX eepmKaJibHoe B01IHOBoe 

1DICJIO OnpeAemleTCSI KaK ~z . = ±i(~x - 0.5) + 0.5i. 
CBOACTBa Q>}'H.I{aMeBTaJILHblX MOA B ae3aMamJl'leH
HOH B30TepM11'1eCK0B aTMoccpepe C Dp0B3BOJ1bHOH 
cp}'IIKlOleii rennoo6MeHa paCCMOTpeHbl B pa60Te [27), 
me CAeJiaH BbIBOA O TOM, '-ITO 3TH BOJIHbl ucema 
>JBmllOTC.st ap;ua6am11eCKBMH. O,i;aaKO B 3aMal"HIReH

HOB. aTMoc(j>epe CBOHC'rBa Q>yHA3MCHTaJibHLIX MOA 
KOJie6amm MeHJllOTCSI H OHR CT3HOIDI.TCJI Heap;&a6a

nrqecKBMH. 

4>a30B3j( CKOpoCTb, AeKpeMeHT 33ryxaHW1 H OT
uomeHHe A1IBHbl 3aryxaHW1 L K eepmKaJibHOii AJIH
ae BOJIHbl A AJIJI He3Aua6aT1NeCKHX aTMOcq>epHblX 

BOJIH MOXHO npeACTaBHTb B eime 

(18) 

B OOJiaCTB MaKCHMaJILHOro B3aHMOAeHC'rBWI 

BOJIH C H3JiyqeHHeM (qo = ./y) npH 33A8HHbIX OH Sf.% 
2 . V 

BenuqHHa a.; CT3HOBHTCJI MaKCHM31IbHOH, H CJieAO-

BaTeJibHO, AeKpeMeHT 33T}'X3HIDI BOJIH C'l'aHOBHTCSI 
M3KCHMaJibHblM, Q>a30BaJI CKOpocTb - MHHHMaJIL
HOH. B oo~eM cnyqae, KOrAa BOJIHa AOCTBraeT ypoB

IUI aTMOCq>epLI, rAe rotR ""y--0·5, OHa TepSleT MaKCHM}'M 

3HeprHH H npu· 3TOM CKOpocrb pacnpocrpa.Hemm 
yMeHLmaeTCjf. B 3AHa6amqecKOM H H30TepMH'lec

KOM ttpeAenax BOJIHbI CTaHOBSITCJI He3aryxaI01JlHMII. 

I 

1 

0.1 t---+-+-+H+H+--+-+-+++t++t--+-+-++-H++t--+-+-H-++ffl 

10 

1 

10-1 Ksa3HH3oTepMuqecKHe 
BOJIHbl 

10-2 1...-...l...L...LU:w.&..__.L....I-L.L.W.IL-.J....J....I..LJWl'---L_.__..J..LI.J.IJ 

10-3 10-2 10-1 1 10 

n 

Pac. 4. 3aBHCHMOCTb ,xeICpeMeHTa 3a,yxaHHS1 aTMOe<pep
HblX BonH Dal OT 6e3pa3MepuoA tf8CTOTL] BOnHbl OB K.Ba-
3H~Ha6aTH'fCCKOM npu6nH:lKCH1nl (a), JXJISI 06naCT1t MltK
CHMMbHOro B33H.MoAeAcrBWI sonH C H3JI)"ICHHCM (6) H B 

XBa3HH30TCpMH'1eCKOM npu6mOICCHHH (B). PactfeTbJ npo
BCACHhl 1.tnll ,pex :iua'leHRA 6e:ipa3Mepuoro sonuoeoro 
"I.Kena ~x• KOTOpble YKa:JaHbl npH KpHBblX; y= 5/3. 

B CBS13H C TeM, 'ITO Ha CoJIHIJ,e B OCHOBHOM Ha-
6JIIOA3JOTC51 no11m eepTHKaJILHbie Kone6aHWI, pac

CMOTJ>HM MaJI&Ie 3Ha'IJ:eHWI ~ X. B CJiyqae ~ l'. ~ 1 Kap

TBHa 33BHCHMOCTB Aeiq>eMeHTa 3aT}'XaHBJI aTMO

ccpepHbIX BOJIH OT napaMeTJ)a rotR COBnaAaeT C puc. 1. 
Ilo3TOMY Bee aHanB3bl, CAeJiaHHbie H3MB BLIWe AM 
CJiyt13jl BepTHKaJibHOro MarHHTHOro IlOml, OCTillOTCSI 

cnpaBeAJIHBblMH H AJI.$1 aTMOCq>epHbIX BOJIH. OcHOB

uoe 01'111:NHe 3aKJIIO'-laeTCSI B TOM, 'ITO Ami aTMO

ccpepHblX BOJIH 33BBCHMOCTb ACKpeMeHTa OT HaKJIO

Ha MarHHTHOro IlOJIJI OTcyTC'rBYeT, HO DOJIBnJieTC51 
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3aBHCHMOCTb OT ~x· KpoMe Toro, B ~TOM CJiytlae cy
~eCTByJOT J:{Be qaCTOTbl OTCe'iKB, KOTOpbie B aABa-
6aTINeCKOM CJiyqae onpeJ:{eJIJIIOTCjf R3 YCJIOBIDI 

2 
a.ad = 0 a BMeJOT BHJ:{ 

2 

0 2 : 1 + 4S'f X (• ± 
ad 'Y 8 

(19) 

me 3HaK "+" COOTBeTCTByeT axyCTJAecKoii qacrore 

OTCe'IKH °"""· a 3HaK "-" - TJaCTOTe OTceTJKH rpaBRTa
~OHHOB BOJIRbI n"'. Aml KBa3HB30TepMJAeCKHX BOJIH 
B BbtpoceHBH ( b,) Heo6XOABM0 3aMeHHTb y Ha 1. 
B 3TOM CJiyqae OOJl3CTb rpaBRTa~HOHHLIX BOJIH Ha 
WJarpaMMe (.Q, ~x) CHJJbHO cy~aeTCSI. J];m1 CHJibHO 
HC3ABa6aTH11eCKHX BOJIH HOB3JI 1.J.aCTOTa OTCel.J.KB on
peAeJIJleTCjl H3 yc110BID1 aDu,ran.2 = 0. 

J);JUI iiarJI~ilOCTR Ha pHC. 4 DpBBeAeHa 3aBHCH
MOCTb AeKpeMeHTa 33TYX3HIDI aTMOC<j>epHblX BOJJH 
Da, OT '18CTOTbl O COOTBeTCTBCHHO B KS33B8AHa6a
Tlf<ICCK0M npB6JIIDKeHHH (a). B o6JiaCTH M3KCRM8Jlh
lioro B3i:lBMO.I{eHCTBWI BOJIH C B3JIY'leHBeM (6) B B 
KBa3HH30TepMB'1eCKOM npa6nmKemm {e) .nmi TJ)eX 
3Ha'leHmi 6e3pa3Mepuoro BOJIHOBoro 'IHCJia ~r J];Ba 
MBimMyMa y KpBBblX COOTBCTCTBYIOT ttaCTOTaM OT
cel:JKB ilac H 0 8 , a M3KCHM)'M MC)l(Jzy HHMH - <j>yHA3-
MCHTaJlbHOH MOAC KOiie6aHHH (02 = ~x). 

B o6naCTU CJJa6oro MaraHTeoro noru1 33TYXaHIDI 
aKyCTINeCKHX B euyrpeHHHX rpaBHT3~0HBb1X BOJIH 

o6yCJIOBJieHbl npoTHBOilOJIO}ICllblMH YCJJOBWI.MB. 
IlpB Jl>HKCHpoBaHHOH ttaCTOTe KO.tle6aHHll (l) H3Me
HeHBe 6e3pa3MepHoro napaMeTJ)a n cooTBeTcreyeT 
H3MeHeHBJO CKopoCTR 3ByKa. C poCTOM 3Ha'leHBH Q 
(T.e. c yeene'leHHeM reMnepaTYpbt cpe}:{bl) 3aTYXaHHe 
BuyTpeHimX rpaa~oe.m,rx BOJJH OCJia6eeaeT, a 3a
'I}'XaHHe ax:yCTlf<leCIOIX BOnH ycunubaeTC.R (pHC. 46). 
Orc10J,1a cneJ,1yeT, '{{TO B fl)oToc<j>epHbIX cnosvc Ha 
ypoaHe TeMIIepaT}'PHOro MHHHMYMa, r,:<e C pocTOM 
BbICOTLI reMtiepaT}'Pa cpeJ.lbl yMeHbmaeTcsr, e RJ>KO
CTH AOJi)l(llht Ha6JIJOJ,laThCjl BH}'TPeHHHe rpaBlrtawt
OHHble BOJIHbI.06JiaCTh Ha6JIJO,t\CHID1 AOJUKHa OblTh 
cpe.i:.o:A co CJia6bIM MarHBTHbIM noneM, eanpuMep. 
MCJIQO' IDITH3MH. 

4. 3AKJII0qEH0E 

C }"leTOM crparnfl)uKa~ ,QaeJieHIDI nna3MbI no
nyqeHhI TO'IHblC pemeHlffl ypaBHCHBH Mani:HTHOH 
~poll,HHaMBKH AJISI He3AHa6amqecKBX KOJie6aHHII, 
KOTOpbie pacnpocrpaIDDOTCJI no,Q npOH3BOJlbHblM 
yrnoM no OTHomeHBJO K MarHHTHOMY nomo. 3TH pe
meHIDI MOryT DpHMCWJTbCjl npH nocraHOBKe 
rp-aHH'IHbIX ycnoenil aa Man&1x onTH'-leCKHX rny6u
Hax, xor.i:.a paccMaTpBBaeTCSI 3a.Qa'la o pacnpoCTJ)a
ile&HB BOJIH B peanbHOH aTMoc<j>epe 'IHCJICHHO. Kpo-

Me 3Toro. nony11eHH&1e aHaJIBTINecKBe pemeRWI 
Il03BOJIJIJOT IlOCTJ)ORTL TeOpH!O JIBHCBHOH TJ)8HC
cl>opMa~ pa3H.bIX THUOB He~ua6a11NeCJCBX MAf
BOJIH B B30TepM1i'1eCKOA cpe.Qe. 

Ilpose.QeHHble BLtme pac'leTbI il03BOJUilOT q~e
naT& o6~He BblBOJ.lbl O TOM, 'ITO KOne6aHW1 C nepe
OJ.lOM 3 MBH AOJDKHhl 6bITb nyqme BHJ.lHbI B 1cone6a
HHJIX .RpKOCTH B nonyreHH ngTeH, 'ICM B ~eH'i'pe TC
HB IDITHa, a BHYTpeHHBe rpaBHT3l\B0HHbie BOJIHLI 
Moryr Ha6JIJOJ:(3TLC.R B <j>nyKT}'3~1fJIX BHTeHCBBHOC
TB KaK pe3yJibTaT BX TJ)3HC<j>OpM31\HH B 3aMeJ,1JICH-
Bbte BOJIHLI. . 

... 
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Nonadiabatic Magneto-Acoustic-Gravity Waves 
in a Stratified Atmosphere 

E. S. Babaev, N. S. Dzhalilov, and Yu. D. Zhugzhda 

A theory of propagation of nonadiabatic magneto-hydrodynamic waves in a compressible, conducting, and ver
tically stratified atmosphere in the presence of an inclined. magnetic field and gravity force is developed. 
the nonadiabaticity of oscillations is due to radiative heat exchange. Optically thin perturbations are analyzed 
whose heat exchange function follows the Newton cooling law. The equations of magnetic hydrodynamics are 
solved analytically in the case of oblique propagation of waves with respect to the magnetic field. The solutions 
obtained are expressed in tenns of the generalized Meijer's hypergeometric G-functions, which describe oscil
lations with arbitrary frequency and wavelength at any level in the isothermal atmosphere. The dispersion prop
erties of the adiabatic magneto-acoustic-gravity waves are analyzed and the decrements and damping wave
Jengths of oscillations in the regions of strong and weak magnetic fields are derived. The analytical solutions 
obtained can be used to construct a theory of Jinear transformation of nonadiabatic magneto-acoustic-gravity 
waves in the isothermal atmosphere. 
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DOBEJlEHHE MHKPOBOJIHOBOfO H3JIY'IEBID1 
.AKfflBHLIX 06JIACTEII B6JIH3H JIHMliOB 

© 1995 r. B. II. Mu.CBMOB, H~ A. liaKJBHB8 
HHcmumym COJIHe'iH0-3eMHOu tpU3UKU, Hp,cymcK, Poccwi 

IlocrynHJJa B peAaKQHJO 21.04.94 r. 

no AaHHblM Ha6J1I0JleHHH Ha CH6HJ)CKOM COJ1He1JHOM p~oreJieCKone IIpOBeACHO craTHCTH'lCCKoe HCCJie
AOBaHHe 38.KOHOMepHocreii n<»I~CHBJl H HC11e3HOBeHJUI nOJIJIJ)H3088HHOro .KO~OHCHTa MHKpoBOJIHOBOro 

B3JIY'ICHHJI aKTHBHblX o6nacreA Ha CoJIHl,lC npH BblXOJle rpynn IDl1'CH H3-3a BOCTO'IHOro JIHM6a H npH HX 
3axOAC 3a 3an~HblH J1HM6. floKa3aHO, IITO UOJIBJleHHC nom1pH3088HHOro KOMilOHCHTa 3ana3JU,1B3CT, COB

nap;aeT H onepe)l(aeT UOJIBJICHHC rpynn JUITeH Ha BH~MOii CTOpoHe COJIHC'IHOI'O AHCKa AJ1j{ YJIHUOmtpHblX, 
6Hnom1pHblX H BCfiblWC'IHO-onaCHblX rpynn rurreH, COOTBeTcrBCHHO. Ha 3an~HOM J1HM6e nomlpH30B8H
Hb1H KOMUOHCHT Ami BCDbllllC'IHO-onacm.JX rpynn IDITeH cyIUecTBYCT H noCJie 3axop;a rpynnbl 3a JIHM6. 

1. BBE,I(EHHE 

Pauuee pacno3aasaHHe opeABCllhime'IHoii cHrya
q.BH OCTaeTCJI O~HOB H3 OCHOBHbl.X npo6JieM q>B3HKJI 
conee\lHblX BCDbIWeK. OHO B3Jl0f0 KaK Ami BblSICHe
HH.51 q>B3H'leCKOH npHpOALI BCDblWKH, TaK H AJUI 
pemeem1 npaKTH1tecKBX 3~aq KpaTKocpoquoro 
nporeo3a BCDbIWellHOA aKTHBHOCTH (CM., HanpHMep, 
o63op (1) H JIHTepa-rypy B HeM). Cy~ecrByt0~e Me
TOALI KpaTKocpoqHoro npomo3a OCHOBaHLI ua aHa
nH3e TaK Ha3bIBaeMbIX npomOCTB'leCJCHX DpR3H3K0B, 
nonyqaeMbIX rJiaBHbIM o6pa30M DO AaHHbIM xpoMO
cq>epm,IX H cf>oTocq>epHblX Ha6JIIOAeHBH [2 - 4]. 
KorAa aKTHBHble o6nacm aaxOA51TCJI ,B6JIB3H JIHM-

6os; H3-3a BJIWIHIDI 3cpq>eKTOB npoeK~ KOppeKT
Hoe onpe.QeJieHHe 3THX npe3H3K0B CHJll,HO 33'I'pYAHe
HO, a AIDI HCKOTOpbIX H eoo6me HeB03M0)((110. Ecre
CTBCHHO, B T3KHX cnyqa,rx cy~eCTeeHHO CHWKaeTCSI 
H T3K HeAOCTaTO'IHO BbJCOKaSI onpaBW,.IBaeMOCTb 
nporHo3a. OnpeAeneHHbie B03MO:>KHOCTH AIDI yJI)"'l
meHIDI DOJIO:>KeHIDI npeAOCTaBJISleT HCDOJib30BaHBe 
MHKpOBOJIHOBOl'O H'JJI}"leHIDI aKTHBHblX o6nacrei\. 

I10JIS1pH30B3HHb1H KOMDOHCHT MHKpoBOJIBOBOrO 
H3Jiy'leHIDI, reeepupyeMLIB MarHHTOTOpM03HblM Me
xaHH3MOM H3JiyqeHlfil, 06J13AaeT CBOHCTBOM Hanpas
JICHHOCTH H3Jl)"leHWI BAOJlb CHJI0Bb1X JIHHD MarHBT
Horo D0Jlj(, Il03TOMY npa Bb[XOAe a.KTHBHOB o6naCTH 
B,3-3a BOCTO'IHOrO JIHM6a B nj>B ee 3axOAe 3a 33D3A
Hb1H JIBMO ee MHKpoBOJIHOBOe Hlny'leHHe o6bI'IHO 
HenomrpH30BaHO [5]. 0AHaKO B JIHTepa-rype OTMeqa
JIHCb cny'laH, KOrAa D0ID1pB30B3HHOe R3JiyqeHHe no
JIBJISIJIOCb e~e AO BblXOAa rpynnbl ID1TeH Ha B~
MYIO CTOpoH)' COJIHe'tlHOl'O ABCKa H HeKOTopoe epeMSI 
He HC'le3aJIO J:(IDKe nocne 33XOA3 rpynn1,1 DSITeH 33 
3aD3AHblff JIHM6. Bee 3TH cny'laH conpOBO)KAaJIBCb 
BbICOKOii BCilb[We'tlHOB aKTBBHOCTblO rpynn DSITCH B 
npHJIHMOOBblX o6JiaCTJIX (6 - 8]. 3TH o6CTOwrenb
CTBa nocnyxamH OCHOBaHHeM AIDI BbIACJieHIDI npu
JIHMOOBblX o6JiaCTeii B OTAeJibHble AOJirOTHblC 30Hbl 

e npe~JIO:>KeHHOM s pa60're [9] KpBTepHH BCllblWC'I
HOit aKTH.BHOCTH. Am1 npa.KTH'leCKoro ucnoJIL30Ba
HIDI KperepIDI eeo6X01{HMO 383Tb IlOJIO:>KCHHe 

rpa:tIHQ 30H. onpeAeJI.s1eMoe MOMeHTOM nosmneau H 
HC'le3H0BeBIDI nomrpH30BaHHOrO KOMilOHeHTa MHK
poBOJIHOBOro B3JIY'leHWI aKTHBHblX o6JiaCTeH, He 
npOH3Be;IUIIBX B6JIB3B JIBM60B MO~bl.X BCDbIWeK. 
0AHaKo cic:onbKO-HHOYAh nonH&te Aamu,1e o noseAe
HBB MHKpOBOnHOBOro B3JiyqeHIDI B npHJIBM60BbIX 
OOJiaCTIIX AO CBX nop OTcyTCTBylOT. 

B HaCTO~eA pa60Te B3naraJOTCSI pe3yJILTaTbI 
CT3THC'I'11'ICCK0I'O BCCJ1C;D;OB3HWI MOMeHTOB BblXOAa 
H 3axo;o;a paAHOHCTO'tHHKOB B DOJIHOM H DOJIS1pH30-

B3HHOM H3JiyqeHHH Ha BOCTO'IHOM H 3an3AHOM 
JIUM6ax, COOTBeTCTBeHHO, WISI rpynn WlTeH C pa3-
JIH'IHOB BCllbIWe'lHOH 3KTHBHOCTblO. 

2. HA6JII0JlA TEJibHblE JlAHHhlE 
H METO}lHKA OBPABOTKH 

HCCJiep.;OBaJIHCL OAJIOMepBbte CK3Hbl pacnpeAe-
11CHIDI p~ROSlpKOC'I'll R nOJISlpH3a~H MIIKpOBOJIHO
BOro B3JlyqeHIDI no aKTHBHblM 0611aCTSIM, nony~eH
Hbie Ha CH61lpCKOM COJIHC'IHOM p~BOTenecxone 
(CCP'I) e nepuo;o; 1988 - 1991 rr. ~Jllllfa BOJIHbI 5.2 CM, 

IIpOCTpaHCTBeBHoe pa3pemeHHe 17 - 30", epeMeHHoe 
pa3peWeHHe 2.5 - 5 MHH). 03 paCCMOTpeHIDI BCKJIIO
'laJIRCb cny'laH, Koma B AHarpaMMY HanpaeneHHOC
TB paAUorenecxona OAHOepeMeHHO non~anB ;o;se 
HJIH 6onee aKTHBHbie o6naCTH. Jlng onpe;o;eJieHBJI 
IlOJIO:>KCHBJI R xapaICTepHCTHK rpynn W1Tee BCD0Jlb-
30Bam1CL 3apBCOBKH Cwmcs:o:A o6cepsaropu11 HH
CTIIT)'Ta COJIHC'IH0-3eMHOH q>B3HKB, a TaK)Ke ~aH
Hbie R3 610nneTeHeii "ConHe'IHble p.;aHm.1e" u "Solar 
Geophysical Data". 

. OnopHblM MOMeHTOM AJISI onpe;o;eneHIDI p.;oJirOT 
p~HOHCTO'IHHKOB BbI6paHa . AOJirOTa BhIXOWUJ.{eB 
rpynm.1 mrreH, KOTOpa.sr 6paJiaCb B3 "Solar Geophysical 
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Data" Ha MOMeHT BpeMeHH, 6JIH3KHH K no11r1eHHIO 
nony.l{eHHoro cxaHa Ha CCPT (-05h()()mUT). TaK KaK 

re11Ho.l{o11roTbI, onpe,qem1eMb1e omen&HbIMH o6cep
BaTOpWIMH B61IH3H 11HMOOB, HHOr1(a C01(ep}K8T 

OWH6KH, TO DpOH3BOAHJIOCb cpaBHeHHe reJIB01(0JI

roT u epeMeH ua6moAeHBB e c DOMO~blO BHTepno

JJ.SW.HH onpeAem1nocb Ha116onee palyMHoe 3Ha1:JeHHe 
,qnSirenuo,qonroTbI rpynnbl IDITeH. Pa,quoHCTOqHBK 
B MHKpOBOJIHOBOM H3JiytleHHH, KaK npaBHJIO, nbSIB

lleTCJI AO Toro, KaK rpynna WITeH BblbeT aa BH,qB
MYIO CTOPOH}' ,qBCKa • .UonI'OTa paABOHCTO'IHHKa on

pe,llemmac& npu6aeJieaueM K reJIHOAOJJroTe rpynn&r 
WITeH AOJiroTHoro pacCTOmlIDI, COOTBeTCTByK>~ero 

noeopQTY CoJJH~a • .Uoi1r0Ta nosmneHWI HCToquuKa 

.· · B nom1pH30BaHHOM H3JiytleH.HH onpe1(ellJI3Cb no 
· AOJirore rpynnbI ruITeH e "Solar Geophysical Data" 

Ha MOMeHT nosmJieHWI 3TOro HCTOtJHBXa. Ha 3TOT 

:xce MOMeHT onpeAe11SIJIHeb MarHHTHbIA Knacc rpyn

DbI IDITeH H ee DJio~a,qb. A.HaJJorifqm.JM o6pa3oM 

onpe1(emUIHCb reJIH0A0Jir0TbI BCTOqHBKOB MHKP9-
B0JIH0B0f'O H3JiyqeHWI B napaMeYpbl aKTHBHOH o6-
JI8CTH npH ee 33XOAe 33 33D3WfblH JIHM6. EcJI.H B AeHb 
DOSIBJieHWI (ueqe3H0BeHW1) HeTO'IHBKa B nom1pD30-

B8HH0M H3JiytleHHB B aKTBBHOH o6naCTH npoHeXOAH
JJB BCilbIWKH 6aJJJJa lB H Bblme, 3KTHBHU OOJJ3CTb 
Ct:JlITaJl8Cb BCilbIWe'lllO-aKTBBHOA H uccne,qoeanacb 

C)'fAem,HO. 60JibWM 'laCTb B3 uccne1(0BaHHblX BaMB 

aKTUBHbIX o6naCTeB aeDblTLIBaJla 3BOJIIO~BOHHble 
. B3MeHeHWI. Ilo3TOMY npH IlOSIBJieHHH rrom1pH30B3H

HOrO H3nyt1eHID1 rpynna ruITeH Morna 6&ITb yuuno

nSipHoii, a npD HC'le3H0BCHHB ero - 6HDOJIS1pHoA BJIH 
BCDblWellHOH e Hao6opoT. . 

3. ·BJIIHIHHE 34><I>EKTOB 3BOJIIOI.I;HH 
AKTIIBHbIX O:SJIACTEH 

HA Il0JHIPH30BAHHb1H KOMilOHEHT 
MHKPOBOJIHOBOro H3JIY'IEHH.SI 

Ilpe~e Bcero OTMemM, tfrO e pJIAe CJiyt1aee 
pap;HOHeTO'IHHK B IlOJIHOM H3JiyqeBBR IlOSIB11RJICSI B 
MOMeHT BblXOAa rpynm,1 IISITeH Ha AUCK HJIR A3}Ke 

onepexaJJ ero, e TO speMSI xax nonSipH30BaHHoe H3-
ny'IeHue IlO.KBJUIJIOCb Ha reJIHOAOJiroTax, 6JIB3KHX K 

n;eRTpy AHCKa CoJIHn;a. B 38Ila)J;JIOM )Ke no11ymapHH 
He'ie3HOBeHue D0JISIPH30BaHHOro KOMilOHeH'!'a Ha• 
AOJII'O onepe}K3]10 HCtJe3H0BeHHe BCTOt:JHHKa B IlOJI

HOM B3JIY"leHHB, o6ycJIOBJ1eHHoe 33XOAOM rpynm,1 
IDITeH 33 JIBM6. 0Ka3aJIOCb, 'ITO Bee COOTBeTCTBYIO
~e TaKHM paAHOHCTOttHHKaM rpynm.1 IDITeH HMeJIB 

MaJible DJIOIIJ;aAB, QqeBJmHO, 3,qecb npo.RBHJIBCL 3BO

JIIO~OHHbie aq><j)eKThI B pa:mHTHH a:KTHBHOA o6nacm, 
T3K KaK n0JU1pH30BaHB0e H3JJy'leHBe H8,q a.KTBBHOH 
o6naCTblO, rrpu ycJioeuu reuep~H ero Manurro

TOpM03HbIM MeXaHB3MOM H3Jly'leHIDI, IlOSIBJISleTeSI 
npH. AOCTB)KeHHB MarHBTHhIM noJieM 3H3'IeHB.J1 
-680 re (AJUI ,qnmn,1 BOJIHbl CCPT 5.2 CM) H_a BblCOTe 
reHep~ TpeTheH rapMOHHICH mpoqaCTOTbl [ 10]. 

'lIT06bI yMeHbllIBTb BJIIDllme 3BOJIIOIJ;BOHHLIX 3q>
.. q>eKTOB Ha HCCJJe,qyeMbJe npoa;eccbI DO.JIBJieHIDI H BC-

'Ie3H0BeHBH Il0JISlpH30B8HHOro B3JiyqeHHSI rpynn 

IDITeH e DpHJJBMOOBblX o6JiaCTSIX, 6bIJIH OTAeJibHO 
HCCJieAOB3Hbl axTBBHbie o6naCTH, POARBmaec.R HJIB 

pacnaemuecSI Ha ~cxe. ,I(JIS1 po)l{AalOIIJ;BXCSI aKTBB
m,1x o6naCTeii oTMe'!anoc1:, 3Ha'IeHHe nno~aAH e 

AeHb IlO.JIBJieHWI no~pH3083HHOro KOMUOHeHTa B B 
AeHb, npe,qmeCTeylOIIJ;HB IlOHBJieHBIO • .I(JIJI pacnap;a
lOIIJ;BXCSI aKTHBHl>IX o6JiaCTee OTMe'laJIOCb 3HatJ.eHBe 

nnoin:a~H B ,qeHb HC'IC3H0BeHWI IIOJIS1pH30B3HHOro 
KOMllOHeJITa H B AeHL, npewnecreyJOIIJ;mi HC'le3HO
eeHmO. IlpH 3TOM BCCJJeAOBaJIBeb TOJibKO re o6nacm, 
B KOTOpbIX IlOSIBJieHe;e HJIH HC'le3HOBeHee IIOIDipH30-

B3HBOro H3Jiy'leHWI npoHCXOABJIO Ha reJIHOAOJJrOT
HbIX paCCTO.SCHWIX He ,u.;anee 50Q OT a;eHYpa COJIHe'<IHO

ro ,u.;uexa. 

Pe3y.nLT8Thl npe1(CT3BJieHbl B BBAe rHCTorpaMM 

pacnpeneneHuii nJioin:a,u.;eA rpynn IDITeH Ha puc. 1. 
.I(JISI rpynn WITeH, po,o;BBlllBXCJI Ha ;QHCKe (21 rpyn- · 

na), He OTMe'leHO HB OAHOro CJIY'IU IlOJIBJieHWI no
JI.RpH3083HHOrO B3JlyqeHIDI, eCJIB IlJIOIIJ;3]].b rpyllilbl 
COCTaBJI.R]la MeHee 20 M. A· n. u TOJibKO a I1S1TH 

CJifllaSIX nom1pu3~ nosmn11nac1:, npu p;oCTB}KeHBH 

rpynnoA iisJTeH nno~MH 20 M. A· n. Cpep;uee 3Ha"tJe
HHe DJ10IIJ;8Jl.B, npu KOTOpOH B rpynne IlJITeH no~ 
SIBB110Cb IlOJIS1pH30BaHHoe D3ny11euue, COCTaBH110 

80 ± 15 M. A, n ., e TO epeMSI KaK B p;eHb, npe]].WeCTey
lO~BH IlORBJieHHJO Il0JIS1pH30B8HHOI'O KOMDOHeHTa B 

MBKpoBOJJHOBOM B3JiytleHHH, cpeµ;Hee 3Ha'leHHe ru10-
~8AB COCT8BBJJO 25 ± 5 M. ,q. n. OrMeTHM, 'ITO npH 

3TOM ua61110,qaJ1ocb 6 61.1CTpoaeon10~0HHpy10~ux 
rpynn WITeH, AJUI KOTOpbIX CKOpOCTb B03p3CT8HIDI 

DJio~a,u.;u 3a cyTKH, npep;meCTByro~e noSIBJiemuo 
noMpB3~, coCTaeBJJa 6oJiee 100 M. ,q. n ./cyr. EcJIH 
HCKJJIO'IHTb 3TH rpynDbl, TO cpeJ:{Hee 3Ha'leHRe DJI0-

~3AB rpynnbl WITeH, npH AOCTHXeHBB KOTOpOH 
DOSIBJISleTC.K nom1pH30B3HHoe B3JJyqeHHe, COCTaBHT 

50 ±5 M. A, IL. 

.I(n,I rpynn WITeH, pacnasWBXCSI Ha ,qHeKe (9 CJiyqa

ee ), nomrpH30BaHHoe H3JJY'tleHHe HC'le3aJJO npe 
YMen1,meHBH WIOII(8AH rpynn WITeH AO 40 ± 10 M. A, n., 
a TO epeMSI Kax cpe,quee 3Ha'IeHBe nno~aAH 3a 

cyTKB AO BC'le3H0BeHBH: DOJIS1pH33~H COCT88JI.SIJIO 
50 ± 15 M . A, n. 

TaKHM o6p330M, B RCCJie,qoBaHHblX HaMH CJI-y''laSIX 
IIOJIBJieHue DOIDipB3083HHOro KOMIIOHeHTa B3Jlyqe
HWI npoBC)50,1J;BT npu ,IJ;OCTH}KeHHH aKTBBHOH o6nac

TLIO nnoin:a,qu Bbime 50 M. A, n •• a HC'lt3H0BeHBe 
IIOJIRpB3~H - npu YMeHbWeHHH IlJIO~a)J;H AO 3Ha
'leHBA HWKe 50 M. A, n. IlooTOM)' npu BLIXOAe aICTHB

HOB. o6JiaCTH H3-33 J1BM6a, eCJIB ee DJIO~a)J;b COCTaB
JljlJl3 Meeee 50 M. µ;. n., MLI nonaranu, 'ITO noHBJieHBe 

nonSipH30BaHHoro u3nyqeHHJ1 e 6on&meu CTeneHu 

o6yCJIOBJ1eHO 3BOJIIOIJ;BOHHLIMU 3<J><j>eKTaMB (poc
TOM DJIO~ H BLIXO]].OM ManmTKLIX nOJieit -680 re), 

'tleM H3MeHeHBeM yrna Me:xcizy JlytlOM lpeHIDI B Ha
npaBJieHBeM MaI'HBTHoro noJ]'j[ B o6nacm reuepaQBB 
MHKpOBOJIHOBOro 113Jl}"leHIDI. C ]q>yron CTOpoHbI, 

npeo6na,qaio~ee BJIHSIHIIC 3BOJII01'{0HHb1X a<t><t>eKTOB 
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Pac. 1. fecrorpaMMLI pacnpeAeneHHA nJJ011ta.QeA AJJll po*AaJOuntxc.11 (cneaa) H pacn~aK>l.l\HXCR (cnpaaa) rpynn WITCH. 
B ACRI> nepeA noUJJCHHCM nomrpH30BaHHOl'O H3JIY'fCBHli (a); B ACHb no,mneHIUI DOJISl'pH308aHBOl'O H3JIY'ICHHJI (6), B ACRI, HC
'fC3HOBeHHJI non,rpH30BaHHOl'O H3Jl)"'lCHHJI (B), B nocneABHA ACRI, cyLLtCCTBOBaHHll 00J1llpk30BaHBoro H3JIY'fClfJIJI (r). 

npogeIDfeTCj[ e npe }'Mem.mellllil nJiow;a,QB rpynn1>1 
IDITeH ,qo 3Ha11emm Meaee 50 M. A· n. npa ee pacn3,tle. 
B ,qam.eeiimeM TaXBe rpynlll>I WITCH 6LIJIH HCKJIIO
'leHbt H3 paCCMOTJ>CHU. 

4. YHHilOJUIPHbIE fPYililbI IlSITEH 

B HailleM BCCJICAOB8HHH Mat'HIITIILdt KJJacc rpyn
DLI rurreH onpe,-emmcil no 6ionneremo "Solar Geo
physical Data" Ha MOMeHT no.oJiemm B HC"le3HOBelfim 
Il0JIRJ)H30BaHIIOI'0 KOMDOBeHTa B MUKJ)OBOJIHOBOM 
H3JI}"leHBH. Ha puc. 2 npe,qCTaBJICHbI AOJII'OTHLie 
pacnpeJ{eJl~HWI AJIJI MOMCHTOB IlODJICHWI (BC"1e3HO· 
BeHu) IlOJIHOI'O B nom1pH30BaHHOro MBKpoBOJIHO
Boro H3JiyqeHHJI H BbIXO,qa (3aXOAa) rpynn IDITeH 
B3-38 JIBM6a. B Ta6JJHQe npHBeAeHbl cpeAHBe 3Halle
HHJI AOJirOT BLIXO,qa B 33.XOAa P3ABOHCTO'IHJIK3 B 
IlOJIHOM H ll0ID1pH30BaHHOM B3Jl}"ICHHB H AOJI.I'OTl,I 
BLIXO,qa B 3axo,qa rpynn i:urrea B ODTB'lfCCKOM B3Jl}'
'ICHBH. Bcero BCCJIC]lOBaHO 12 rpynn mrree, BbIXOWJ
~ B3•3a BOCTO'IHOro JJBM6a B 17 rpynn lIJITCH, 33-
xo~ 3a 3aD3AHLii n.uM6. Hs HBX Ton1>Ko 5 rpynn 
IDITeH ObIJI.B yaunomqnn,I.MB B Ha BOCTO'IHOM H Ha 
33Il3AHOM. JIBM6ax. 

Y'lBTLIBU BeB300X<Hble OWB6XB B onpe.u;eneBBB 
,Il;OJiroT B npBJIBMOOBblX OOJiaCTax, MOXCHO c.u;enan 
Bb1BOA, '1TO noDJICHBC BCTOquJ[Jta B IlOJIHOM B3Jl}'
'ICHBB HeCKOJibKO onepexcaeT pemcrpiq>yeMoe no
gsnea:ee mlTeH Ha BH,11;DMOA CTOpoHe ,Il;HCKa. Ilpa 

33XO,D;e OTMe11aeTC1 6oJiee D03)tHDit 3axo.u; Pa.tlBOBC· 
TO'tHIIK:a no cpaBHCHBIO C 3aXOAOM rpynnbI IDtTCB 33 
3an~e1,m JIHM6. C~eCTBeHHo 6oJiee }'BepeHHLIM 
DJIJICTQI 3aKJIIO'lfeHBe O llORBJJeHHB B BC'IC3H0BeBBB 
IlOJIRJ)B30BaHHoro KOMDOBeHTa B3Jl}"ICHBJI. B cpe.u;
HCM, noeneHBe BCTO'fflBKa B IlOJIJIJ)B30BaHHOM R3-
JJy'iCHBH 3all8.3,1l;WB8eT - 20° (-1.5 cyT) OTHOCBTeJII•· 
HO BblXO~a rpynm,1 IIJITCH B3-38 BOCTO'IHOro JIBM6a 
H, COOTBeTCTBeHHo, BC'IC3H0BeHBe BCT0'1HBK8 B DO
JIJIJ)B30BaHHOM H3JiyqCHBB npeMepeo Ha 20° onepe
xcaeT 3axo.u; rpynm,1 rurrea la 3anawn,1ii 11BM6. 

OrMeTBM, 'ITO HCCJIC,D;OBaHHble rpynm,1 Ra yKa-
3aH11&1B Bhlme MOMCHT onpe.u;eJJeHIDI DJIOII(~ OT· 
HOCHJIBCL K cpe.u;HBM no DJIOID;3AR rpynnaM IDITCH. 
Cpe.u;IWI nnow;~L COCTaBBJJa npBMepuo 110 M • .u;. n. 
a TOJILKO HeCKOJlbKO rpynn BMCJIB nnom;aAU (ion.ee 
200 M. ,q. D. CpeAfWI mupoTa BCCJICAOB3HHLIX rpynn 
rurreH COCTaBJIJIJJa npBMepHO 18°. 

5. BHilOJI.SIPHblE rPYililbl IDITEH 

HCCJIC.QOBaJIBCb rpynm,1 rurree C OTKphlTOH KOB
q>eryp~ee: MarHBTHoro nou no JCJ1accuq>uxa1uu, 
Max-HHTOma. Bcero ucCJie.u;osaeLI s1:,,1xo,q 35 rpynn 
lIJITCH R 33XOA 34 rpynn WITCH. Ilpu 3TOM cpe1{Hee 
3H3'1eHHe WllpoTbI COCT8BBJIO npBMepeo 15° H cpe.u;
uee 3H3'ICHBe llJIOII(a,QB 135 M • .u;.n. )t1IJI BLIXO~ 
rpynn B 185 M. ,11;. D. AJIJI 33XO~. 
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Pac. l. IHCTOrpaMMI.I MOMCHTOB DOUJJCHHfl (CJJeaa) fl HC"IC3HOBCHHJI (cnpaaa) PaJIHOHCTO'IHHKOB B nonHOM (a) ~ nomrpH30-
88HHOM (6) H3Jl)"ICHHH H MOMCH1'08 BIJXO)la (CJiesa) If 33XOA!l (cnpaea) YHHDOIUlpHLlX rpynn nll"reH (8). 

Ha pHc. 3 npBBeAeHbl racrorpaMMbl AOJU'OTHblX 

pacnpeACJICHBH AIDI MOMCHTOB 00.RBJieHIIJI H BC'IC3-

. HOBCHWI PaAHOHCTO'IHHJC()B B n.onROM B nomq>H30-

BaHHOM H3JIY'{CHHB, a T31Cl1Ce AJIJI MOMCHTQB BblXOAa 

, H 38XOAa rpynn mrres. CpeAHHe 3Hal1CBW1 AOJII'OT 

npllBC)'.l;CHbl B Ta6mn~e. B OTJIH'1He OT YHHDOn.slpHbIX 

. rpynn m1.TeH 6onee 'leTito npoeJISJeTC5l onepexceHue 

. B DO.SIBJ1CHBH MHkp0BOJ1BOBOI'O H3JIY'{CIUIJI Qll'QOCH~ 

TCJibHO BblXOAa rpyrutbI WITCH H3-3a JJl{M6a B 6onee 

003)'.l;Hee HC'IC'.3H0BeHHe OTHOCBTCJibBO 38XOAa rpyn

: Ubl WITCH 38 JJBM6. 3Ta pa3HOCTh COCTaenaeT OKOJJO 
i 19° Ha BOCXOAe B OXOJIO 14° Ha 33XOAC, MoMeHTbJ 

~ 00.SIBJICHWI B BC"IC3H0BeHW1 Il0JI.RpH3088Bll0I'O H3JJY
t qeBJUI TaIQICe C.QBB1'3IOTCJI K J1BM6aM H c YllCTOM 
I owa6oK B onpenene111U1 KOOPABHaT rpynn IIJ1Teu fl 
~ mrrepnomm;Bll 3a 1IHM(h,1 MO~O CJC338Tb, l!TO DOJJSJ~ 

. pB30BaRHoe B3JJY'leHBe 110.Jl8,1lilCTC8 PMCCTe C BblXO-

AOM rpynohl IIJITeH Ha BB~IO CTOpony COJIHC'IHO
ro AHCKa. IlpB 33XO.Qe rpynnLI IIJITeH 33 3an3AHblH 

JJBMO HC\le3H0BeHHe nongpH30Ba}fHOI'O H3JJY11CHHH 
Ba6mo,naeTCSI npHMepHO Ha 11 ° paHbWe, '1eM 33XOA 
rpynnLI IIJITCH. 

Heo6XO.Qmf() OTMCTHTb, 'ITO a6COJIIOTHWI pa3-
HOCTb J(OJJI'O'f Mexc,tzy MOMeHTaMH fiOjfflJJCffJD) (HC11e3-
H0BCHWI) PMHOHCTO'IHBKa B IlOJJHOM H Il0JIJIJ)H30Ba.H

fl0M H3JIY'ICHJm OCTaeTaI no BCJIB'IBHe (-20° AOJJro

Tbl) TaKosl ~e. 'ITO B ,tJIJl yHHIIOJUIJ)HhlX rpynn IIJITeH. 

BOCT0'(B0,.33Il3ABa.R aCHMMCTpWI B DOSIBJICHHH B 

HC'IC3H0Be1DJB HCTO'IHBKOB B DOJIHOM H DOJlj!J)H30· 
eaHHOM B3Jiy'leHHll 'ICTKO He BblpaxceHa. HaM HC 
YAa.JIOCL o6aapyXClfTh y.QoBne-reopeTen1,uoi 3as11ce
MOCTH Me)!Qzy MOMCHTOM DO.ABJieHHH (HC'IC3HOBe

Hmt) ll0JfJ1pH30BaHHOit KOMDOHCHTLI H reneowepo
TOH rpynm,1 IDIT~H . 
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BocxoA 3axOA 

PaAHOHCTO'IHHK PaAHOHCTO'IHHK 

fhTHa n onHoe n orurpB30B8HHOe 
fhTHa IlOJIBOC nom1pH30BclJiHOC 

aJny'leHee e311y'leHee H3JIYtfCHHC HJJiy'leHHe 

CpeAIDUI renHOAOJirOTa 

YHenon,1pm.1e rpynm,1 

83?6 ± 1?3 87?4±4?2 64?8 ± 5?1 I 82?5 ± 1?0 89?7 ±4?6 61?2 ±3?6 
6HOOJUIJ)Hb1C rpynm,, 

82.9±0.7 101.7 ± 1.9 80.1 ± 1.6 I 83.3 ±0.6 97.0± 1.9 74.4 ± 1.8 
BCDbJWC'IHblC rpynnbl 

83.4 ± 1.1 103.8 ±4.3 91.1±3.4 I 85.8 ±08 112.1 ±4.6 85.5±2.7 

6. BCilbllllEqHbJE fPYIIIlbl IlSITEH 

TIOA BClll>IIIIC'llHblMB rpynmlMD Mbl 6yAeM DOHB
MaTb rpymtbl rurreH, B KOTOpbIX Ilp0H30lllJIH BCllbOIIKB 
6anna 1 B B Bbl me B MOMCHTbl nmIBJICHWI nom1pB30-

BaHHOro KOMDOHeHTa MBKpoBOJIHOBOro H3JIY'llCHIDI 
B6JIB3H B0CT0qJ{0rQ J1BM6a B B DOCJICAHUe cyTKB cy
~eC'l'BOBaHIUI nom1pH30BaHHOro JCOMTIOHeHTa B6JIH-

3H 3aDaAHOI'O JIHM6a. 

Ha pBC. 4 npHBCACHbl I"HCTOrpaMMbl AOJII'OTilbIX 

pacnpep;eJieHBH A.JUI MOMeHTOB DOHBJleHWI ( 12 rpynn 
IDITeH) B HC1iC3HO~eHIDI ( 15 rpynn IDITeH) p~HOBC

TOtJHRKOB B DOJIHOM B nom1pB30BaHHOM B3ny'leHBH, 
a TaIOKe Ami BblXOA3 H 3axop;a rpynn IDITCH. CpeAHHC 
3Ha1iCHWI AOJirOT npHBCACHbI B Ta6JIH~e. 

IloeeAeHee MHKpoBOJIHOBOI"O B3JI}"ICHIDI WU1 
BCfiblWC'lHbIX H Dp<>CTbIX 6HnO.MpH1»IX rpynn IUITeH 
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Pac. 3. To )Ke, 'ITO Ha pHc. 2, Ami OH11om1p1t1,1x rpynn m1TCH. 

ACTPOHOMJ,ft{ECKMH )l(YPHAJI TOM 72 1'i 2 1995 



IlOBE,UEHHE MHKPOBORHOBOro H3JIY'IEHH8 255 

,. 
' 

N 

8 

6 

4 

2 

0 

8 

6 

4 

2 

0 

8 

6 

4 

2 

0 
150 

(a) 

(6) 

(B) 

120 90 60 30 0 30 60 90 120 150 
E renHOAonroTa,rpaA w 

PB~ 4. To )KC, 'ITO ea pHc. 2, .l{JUI BCDIJWCtJHbIX rpynn OIITCH. 

OTJIH'laeTCSI Apyr OT Apyra Hecyl.l.{eCTBCHHO. OAUa
KO 11om1pD30BaHHb1H KOMIJOHCHT AIDI BCDbIWeq}fLIX 

rpynn IISITeH IlOSIBJl.slCTCJI Ha BOCTO':IHOM JIHM6e npu
Mepuo Ha cyTKD paehwe H ucqe3aeT Ba cyrKH I103)Ke, 

':leM AJISI 6enoID1pHblX rpynn IDITCH. Ilpu 3TOM Ha 
B0CT0q}f0M JIHM6e llO.RBJieHUe ll0JI.srPH30B3HHOro B3-

Jiyqeuwr onepe)KaeT BbIXOA rpynn&1 rnrreu Ha BHrof
MyIO CTOpOHY .QHCKa, a Ha 33113,l\HOM J1BM6e OHO B 
cpeAHeM HC':leJaeT BMeCTe C 33XOAOM rpynn&I rurreH 
33 JIHM6. 

7. 3AKJnoqEHME 

IlpoBe,QeHHOe HCCJICAOB3HHe noKa3aJio, 'ITO 
noBeAeHHe MHKpOBOJIHOBoro HlnyqeHIUI B I1pHJIHM-

6oBb1X o6JiaCTJlX pa3JIH"'IHO AIDI rpynn WITCH pa3JIH'I
. HOro ManmTHoro KJiacca. Oco6eBHO ':ICTKO 3TH pa3-

JIHl:IWI npoSIBJISIIOTCJI B 110JISipH30B3HH0M H3JIY'ICHHH. 

Eonee noJT(Hee nosiBJieuue H 6onee pauuee nc
~ qeJHOBeHHe IlOJISip0331.\HH l(JISI yuenom1pHblX rpynn 

r 11.Sl'I'eH, KOTOpbie npe~eCTBeHHO HMeJIH MaJibIC 
f nnol.l.{aAH, CJieAyg IleTepoeoA [11], MO)KJ{o o6ogc

i HHTb TeM, 'ITO BCTOttHHKH Il0MpH30B3BHOro B3JIY
t: qeHHSI .QJISI HBX reOMCTpHlleCKH pacnonaraIOTC.R HH
:'. )KC, l:ICM .QJISI 6om,WHX WITCH. B 3TOM cnyqae MO)KCT 

'. HMCTb MCCTO l:13CTH':1HaSI 3KpaHBpOBKa ~0.1UIJ)B30-

BaHHoro B3JiyqeffID1 CilBKyJia.MH, He BLI3b1BaeT }'AHB

JieHIDI H OTcyTCTBBe l(JUI TaKBX rpynn WITCH D0CTO'I

H0-33Il~HOH aCHMMeTJ>HH. 

~JISI OHilOJISIJ)HbIX rpynn IDl'I'eH y)Ke MO)KJ{O roeo

pHTb 06 3<1><t>exre BOCTO':IH0-33Ilal(HOA aCHMMel'pBB 
KaK B nom1pH30BaHHOM, TaK B HeDOJlj[J)H30BaHHOM 
B3.Jiy'leHHH. 0AH3KO AJISI 6onee yBepeHHOro 33KJll<>

qeHH.sr H KOppeKTHOi BHTepnpeTa~e ueo6XOAHMO 

nposeCTH accneAOBaHee Be no o,n;HOMY nony.n;emm
MY cxaey' a DpHBJJeKaSI BCCb cyTO'IBLiii HHTepeaJJ 

uaOJIIOAeHHii. HaM He y.n;anocL o6Bapy)KBTL y.n;oe

JieTeopHTeJI&Hoii 3aBHCBMOCTH Me~y MOMCHTaMH 
IlOSI8JieHBSI pa,n;HOHCTO'IHHKOB 8 DOJIHOM H non.srpu-
30B3HHOM H3JlyqeHHH H reJIBOWBpOTOii rpynn IDI

TCH. B03MO)Kff0, 'ITO 3,ll;eCb Mbl BMeeM .n;eno C 06-

CTORTeJibCTBOM, o6aapy)KeHHbIM e pa6oTe [12] 
npu ecCJie,n;oeamrn nneHHSI cMeHLI 3Haxa nonsi:pu-

3a~eu npB npoXO)f(:,ll;eHHH 8KTBBHOH OOJI8CTH no 

AHCKY •. Taxue xapaxTepHCTHKH, KaK H3l:18JIO H npo

AOJI)f(:BTeJibHOCTb SIBJieHIDI~ .38BHCSIT OT KOM6HHa

~B napaMeTpOB, TaKB.X KaK reJIHOIIIBpoTa, yron 
HaKJIOHa OCH rpynnbl IlSITCH OTHOCHTeJibHO 3KBa

TOpa H npoTil)f(:CHHOCTL rpynnbI . H3-38 3<l><t>eKT0B 

npoel(l(HH IIOCJICT(HHe napaMeTpbI B6JIH3H JIHM60B 
He onpe.n;emtJOTC.R. 
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,O:ocraTO'IHO ysepeHHO Bb1'1BJISIIOTCSI oco6eHHOC
TH B noee11,eHBH nom1pH30B3HHOrO H3JIY'leHWI Ami 
BCilbJille'DlblX rpynn run'eH. Ha BOCTO'IHOM JIHM6e 

IlOSIBJICHHe ll0JlSJpD30BaHHOro H3JIY'feHu onepe~
eT BblXOA rpynm.1 rurreH Ha BHAJIMYIO cropoH}' COJl
He'I.IHoro AJICKa, a Ha 33Il3AHOM JlHM6e B cpeAHeM HC
qe3aeT BMecre C 33XOAOM rpynm,1 llJITeH 33 JIHM6. 
3TOT pe3yJI&TaT DOATBep:xc,u;ae-r OOOCHOB3HHOCI'b 

BbIAeneHWI npBJIHMOOBblX 061iacreii B OTAeJtbHbie 

AOJil'OTJILie 30IJ&I npa aHaJJB3e BCilbIII1e'lHOA: onac
HOCI'H no pacnpe11,eneemo no.JlJIPB3aI.\HH. Ilpu 3TOM 
OTCyTCTBBe IJOJUlpB3aIOIB B 3TOH 30He C'IBTaeTCSI 
"sopMaJibHhIM" pacnpel{eneuueM, a n0J1BJie1me no
MpH30BaHBoro BJJIY'feIUISI paccMa-rp.BaaeTa1 KaK 

llPB3H8K BCDblllle'lHOH aKTBBHOCTII [9]. 31{a'leBU 
80~1 ± 1~6 u 74~4 ± 1~8 MO:»QIO paCCMa'l'pBB3Tb KaK 
o6p~eHHbie :ac ~eH'I'py CO]JHe'I.IHOro 11,BCKa rpaHJmb( 
3TBX 30H AJJJ1 BOCTO'I.IHOro H 3ail3W{OrQ llOJIYIIl&PBi, 

CO~TCTBeHHO. 

Cy~eCTBOBa.HHe DOJIJIPB30B3HBOr() KOMnoeeHTa 
Ha AOJU'OTHblX pacCT0$1HBJIX > 90° AJIJI )ICilb(WC'DlbJ~ 

rpynn WITCH CBHAeTeJibCTJSYCT O TOM, 'lTO DOJISlpH30-
BaJffloe D3JiyqeHHe reHepupyeTCJt KOpOHanLHOA 

KO~CHcalUICA na 6oJibll.1QX BbICOTax. · 

8 381CJll0'1eHBe OTMeTHM, 'ITO HCKJIIO~eHBe D3 
paccMo-rpeHIUI rpynn nSITeH c MaJJblMH nnom;awnm 
ece-TaKB ue o6ecne'UfaaeT oonHoro ucKJ1J011eHHJ1 
BnBJIHIUI 3BOJIIO~D0HJ{b1X ~q><t>eK.TOB Ha ucqeJHOBe
HHe nomlpH3083HHOro H3Jl)"ICRml. Bee CJI}"I8H uc
'le3H0BeHHJI D0.1U1pH30BaHHOro B3JIY'le.HWI Ha JJ;OOTa
TO'lBO 6mt3KHX K ~eH'I'py AUCK.a paCCTOJIHIDIX 6binH 
CBJl3<1Hbl C pe31CBM yMCHJ,WeHBeM WlO~aAH rpYJIDbl 
IDITeH ( cx:opoCTb yMeH&UJeHHH mm~ann 6om.me 
200 M. µ;. n./cyr). IlpH 3TOM 3Ha'leHne UJIOID;~D, npB 
KOTOpOM HC"IC3Jl3 nomq>B3a~. OCTaBa.JJOCI, cy~e
CTBelUIO 6oJ11»me (B 4 e: 6onee pa3), qeM·onpeAenes
Hoe B P~AeJie 3 AJISI Me11,neHHo. 3BOJIIOIUIOHHPYIO

~ rpynn IDITCH 3Ha'leHee 50 M . A· n. 

JJ;aHHa.,r pa6oTa Bbmoneeua npu <t>uaaucoaoa 
noAµ;ep}Kice PoccHecx:oro q><>HJJ;a <l>YJf'AaMCHTaJI&HhlX 
uccneµ;oaauuii (1c:oµ; npoe:KTa 93-02-3106). ABTop&1 
6naroJJ;apBLI B.M. Jly61,1meay Ja none3Hbie coeeTbl 
H KpHTB'lCCKHe 3aMe\JaHWI. 
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Behavior of Microwave Emission from Near-Limb Active Regions 
V. P. Maksimov and I. A. Bakunina 

Basing on observations from the Siberian Solar Radio Telescope, we studied statistics of appearance and dis
appearance of the polarized component of microwave emission as sunspots appeared at the eastern liml> and 
vanished behind t~ western limb. It is shown that polarized component's appearance is delayed with respect 
to, coincides with, !lild precedes, sunspot groups' appearance at the visible side of th~ solar disk for tmipolar, 
brpolar, and flaring sunspot groups, respectively. At the west.em limb, the polarized component of fl~ng sun
spot groups persists even after group's disappearance.behind the limb . . 
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B036YJKJJ:EHHE HEOCECHMMETPHIJHLIX MArHHTHLIX CTPYKTYP 
r AJIAKmK, COJIHI(A H DJIAHET 

© 1995 r. C. B. CTap11eeKo . 
J,fHcmumym <f,u3u,cu 3eMAu, Moc,cea, Poccwi 

IloC'fynHna s pe.QaKQHJO 17.12.92 r. 

11cCJICAYeTal npo6JieMa npCHMy.t.UeC'TBeHHOfO B036y~eHIUI ueoceCHMMCTpH'IHblX MarnlITHblX noneit B 

Ha6n10AaeML1X CIIHpaJibHbIX ranaKTHK.ax, ConHI..(e H nnaHeTax THna YpaHa e HenTyaa. IlpeAnonaraeTCJI, 
'ITO B 3THX OO'bCKTax ACHC'TBHC fHApoMarHHTHOrO AJfHaMO B03M0}KH0 B cpaBHHTeJlbHO TOHKHX npoBOAJI· 
1.UHX KOHBCKTHBHblX· CJJOJIX. IloKa3aHO, 'ITO B TaKHX C]IQ,UC B03M0)l(H0 npeHMY.t.UCCTBCHHOe B036}')KAeHHC 
ueoceCHMMeTpH'IHblX MarHHTHblX MOA no cpasneHHIO C oceCHMMCTpH'IHblMH • .Ilm1 3TOro HCOOXOA:HMO, 

\IT06bl rpa.(tHCHT yrnOBOH CKOpOCTH epa.t.UCHIUI 6b1Jl cpaBHlfreJlbHO MaJI H HMeJl CY.t.UCCTBCHHYIO cocraem1-

IOIJlY10, nepneHAJIKYJUIPHYIO K CJIOIO. 

1. BBE,IJ.EHHE 

IIpo6JteMa B036~eHWI HeoceCHMMeTJ)H"IHbIX 
MarHHTHblX crpytcryp Co11HQa, ruiaHeT H cnepaJib· 
HblX ranaKTBK B OCHOBHOM OCTaeTCji HepemeHHOH B 
Teopuu r:em,oMarBHTHOro AHH3MO. Cy~eCTByio~e 
TeopemqecKHe MOAenu [ 1, 2] xopomo o6njiCWIJOT 
reHepaQDIO oceCBMMeTJ)D'IHbIX MarHUTHblX uoneii, 
HO He MOlj'T YAOBJieTBOpHTeJibHO OOOCHOB3Tb reee
pa~IO jfpKO BblpIDKeHHbIX eeocecBMMe'I'pD"IIU,IX 
CTpYKTYP, BMecre c TCM, TaXHe CTpYKTYPbI Ha6n10-
A3IOTCjf B 6oJibWHHCTBe 6mDICa.mIIHX cnepaJibH.blX 
raJiaKTHK [3]. Ha ConHI.~e CRnbHbie HeoceCBMMeT
pH"IHbJe M3I'HHTHbie DOJIR DpODJUIJOTCjf B KOpOHap

HbIX Abipax, aKTHBHblX ~OJiroTax H ¢opMBpyIOT 
ceKTOPHYIO CTJ>YKTYPY Me:>1mnaueTeoro MarHHTHo
ro DOJDI. B He}l;aBHO Hccneµ;oBaHHblX cnyTHHKOM 
"BOSIA}Kep-2" MarHHTHLIX nongx YpaHa e HerrcyHa 
TaIOKe AOMBHHpyeT HeoceCHMMe'I'pH'IHa.R cocrae-
11j1IO~a.R (4, 5] . 

Hacro~a.R pa6oTa DOCBjf~aeTCjf onpeAeJieHBIO 
HaH60Jiee 06~ ycnOBHH B036~eHWI KpynHOM3C
WTa6HblX HeocecHMMe'I'plf'lllblX, MarHBTHblX crpyK
TYP MexaHH3MOM ~Manmmoro ABHaMo. Oco6oe 
BHUMaHHe }'AemteTC.S ycnoBWIM, IIpH KOTOpblX Heoce
CHMMe'I'pH"IHbJe CTPYKTYPhI MOryT AOMHHHpOB3Tb 
Hap; oceCHMMe-rpuqffbJMH. IlO-BH)'.\HMOM)', HMeHHO 
npe T3KHX yCJIOBIDIX IIpOHCXO)l;HT reHepa~ Mannrr

IU,IX uoneit Cone~a. MHomx cnupaJibHbIX raJiaxTHK, 
YpaHa B Hem:yHa. Cne)l;yeT OTMeTHTb, "ITO Ha6n10-
AaeMoe npeHMY~eCTBeHHoe BOJ6y~eHHe eeoce
CHMMe1'pll'IHbIX MarHHTHbIX CTpYKTYP HesoJMO)KHO 
onecan, e paMKax yupo~eHHbIX MO)'.{enei ( 1 - 3], 
npuMemmIIIHXa pauee. B npeAnaraeMoe: pa6oTe no
ny"leHo npB6JI~CHHoe aCHMIITOTH'leCKOe pemeHHe 
npo6JieMbl MCTO)l;OM THna BKE. 3To pemeHHe CBO
ABT K IIpOC'fbIM aHaJIBTH"leCKUM BbipIDKe}IJUIM ycno-

BU B036y~eHIDI Ha6nIO)'.{aeMblX HeoceCHMMe1'pll'I· 
HblX M3rH1ITHbIX CTpYKTYP, 

B cneAyJO~eM pa3,qene BBOAHTC.H npu6maceHue 
CHJILHOA reHep~ B K.HHeMaTH"leCKOM AHHaMO, 
ODHCblB310ll(eM B036yxcµ;eeue pa3JUl'lHblX MarHDT

HblX CTpYKTYP· .D,anee, Ha ocaoee 3TOro upu6mn1ce
HIDI crpGBTCJI JIOKaJibHOe aCHMIITOTU'leCKoe peme
HBC npu npeo6nap;a10meM AH¢<pepeH~aJILHOM 
epa~eHHH. Cne)l;y10IIV1e H3 3Toro pemeHwr ycJIOBWI 
B036y,KAeHWI HeoceCHMMeTJ)D'IHblX MarHBTHblX 
CTPYKTYP noApo6uo aHaJIBJHpyIOTcH B pa3µ;ene 4. 
B pa3AeJie 5 06cy~aioT01 ocH0BHb1e pe3ynbT3TbI 
pa6oTb1. 

2. KHHEMA TM:'IECKOE J(HHAMO 
B IlPHEJIM:XEHHH CHJibHOH fEHEPAQHH 

OcHOBHblMB BCTO"IHHKaMB KpynHOM3CWTa6HblX 
cpeAHHX M3I'HHTHLIX noJieH Con~a, IIJiaHeT H 
raJiaKTHK [ 1 - 3] JIBJI.RIOTCjf cpeAHSUI cnepaJibHOCTb a 
c xapaK.Tepuo:e: eenH'IHHOA a* H p;u<p<pepe~uanh
Hoe Bp~eHe:e 0 , o~eHUBaeMoe xapaKTepn1M nepe
Il3AOM yrnoBOH cxopocru Bp~eHWI O* B Joue reHe
p~. IIpomeop;elicreyeT reeepaQBB MarHBTHas1 
nH<l><l>Y3IDI Tl , BKJ110t{al0~3.ff B ce6.Sl OMB"ICCK)'IO AHC
cana~IO. HeM MeHbme OTHOllieHIDI (11/!l*) H 
(11/a*)' TeM CWibHei reaepa1UU1. KopeHb Ky6D'lec
KHH H3 npOU3BeAeHIDI 3TBX OTHOWeHJIH HMeeT pa3-
MepHOC'fb .l];IlHHbl. 3Ta )lJIHHa TeM MeHbWe no cpaB
HeHHIO C xapaxTepHbIM M3ClllT360M 3ap;aqe r *, "leM 
CUJibHe:e: renep~. H npB .l];OCTaTO"IHO CBilbHOH re
HepaI.{HH 

£ = (1)2/a*0*)1
13r * 

- ManbJH napaMC'Ip. C ,wyroii CTOp<>HbI, £ - KOpeHl> 
icy6D'lecKDii BJ oopaTHoro ABBaMO-'l{HCJia. 3-:ro 'IHCJIO, 
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KaX H3BeCTBO [1]. xaparrepB3YeT cyMMapH}'IO HH
TeHCHBHOCTb BCTO'IIHHKOB reHepaQBB. ,ll;IDI B036)')K
AeHWI OnpeAeneHHoii ManmTHOB crpyKTyphl Heo6-
XOAHMO, -crroobI BBTeHCBBHOCTb BCTO'IHB1t0B reeepa
rum npes1>1cuna noporosyio senB'IBny, 3aBBCJIIIO'lO 
OT npocrpaacrseHHoro pacnpeAenemm a, n a 11. 
Ca.Mo npucyrcnae MarHBTHbIX noneA so scex pac
CMa-rp1maeMb1x aCTJ>OCl>B311'1CCKBX 061,exTax CB~e
TeJibCTByer O TOM, qi'Q HHTeHCBBHOCTL reuep~ 
AOCTaTO'IBO BbICOKa. Ilo3TOM}' ecTeCTBeHHO pemaTb 
npo6neMy JCHHeMaTIIJ'lecxoro AHHaMO s npu6mace
HBB ~eoii reeepa~u. xoma E ~ 1. Pean1,m,1e 
o~eHm BeJIB'IBHl>I E AJJJI ranaKTHJC, Comn~a B nna
HCT [6 - 8] AalOT E = 10-1 - 10-2• BHAHO, 'ITO 3TOT na
p~eTP s AeiCTBBTem,JWCTH ue CJIBWKOM Man. OA
Haxo ero BBeAeBBe no3BOIDieT nonyqaTL pemeime 
i1po6neMb1 KBHeMamqecxoro ABHaMO, o6n~aio~ee 
BeCLMa BbICOKOJI crenem.lO OO~OCTB. 

Tpu pa3Mepa1,1e senB'IBHbl n •. ex* a Tl o6pa3ym 
6e3pa3MCpHoe q]ICJIO 

q = (0.11/ a; )113, 

KOTOpoe OAlf03HaqHo OnpeAeJUICT pe.JICIIM reeepa
rum. JI106as1 APYI'asl 6e3pa3MepHas1 KOM6BHa~ n.' 
a* u Tl Mo>KeT 61,ro, npeACTaBneua, xax uexoropasr 
creneBb q. CreneHb 1/3 s1>16paHa H3-3a Toro, 'ITO B 
3TOM cnyqae q paBHO OTHOWeHBIO OOJlblIIBX aCBMU
TOTH'leCKHX napaMeTpoB, OUBCbIBalOlIOIX BHTeHCHB
HOCTb reuep~ npu q]ICJ'OM (XQ)- [7] B ex2-ABHaMO [3] 
COOTBeTCTBeBBo. Il03TOMy 'ICM OOJlbme q, TeM 
6om,me OTHOCBTeJibHasl ponb <XO>-ABffaMO, a 'ICM 
OHO MCHbWe, TeM OOJJ.hme BJIBJICT Ba reeep~ 
a2-AHllaMO-npo~ecc. KorAa lKe q nopsiAxa e~. 
TO eeo6XOABMO yqBTbJBaTb o6a MCxaBll3Ma reHepa
~B. B COOTBeTCTByio~A pelKIIM reaepal..\BB eCTeCT
BeHHO H33BaTb a2CO-):{HH3MO. 

Y CJIOBBMal ,-anee Be3Ae B3MepSITb BpeWI B AB<P-
2 

q>y3BOHHbIX CAB.BB~ax r * /11 • Ammy B xapaxTepm.1x 

pa3Mepax r *' CIIBpanLHOCTb Cl B ex. H AB<l><t>epe~-

anLHOe epa~eHBe O e n •. Tor~a ocaoeHoe ypaBae-

HHe JCHHeMaTIIJ'lecKoro ABH3MO B npB6JIWICCHBB 
CBJILHOH reHep~BB laIIHWeTCJI B CJieJcylO~eM 6e3-
pa3MepHOM BUAe (6- 8): 

2aB aB . 8 <VI"\ B),. 
E a, + qdq> = qrsm H • cp + 

+ :v x (<XB) +£2.&B. 
q 

(1) 

3Aech B - xpynHoMacIDTa6Hoe MarHBTHoe none, 
B036}'JKAaeMoe K.HHeMaTB'leCKRM ABH8MO, (r, 8, q>) -

cxl>ePB'leCKasl CHCTeMa KOOpABJfaT B q> - eAJ1HH'IHI,nl 
BeKTOp B a3BMYTaJILHOM HanpaeJieHBB. . 

B cneAyio~eM pa3AeJJe O)'ACT noJiy'leBo JioKanL
aoe, aCBMnTOTB'lecKoe no E pemeBHe (3) npu 3Ba-

'IBTeJibHO npeo6n~alO~eM AR<l><l>epe~anbHOM 
sp~eHHB (q ~ 1), T.e. A.JUI 11BCTOI'O <XO>-AHBaMO-pe
XCBMa reHepaqeu. Tax.oi pe)l(J{M reHepaqBB, s nep
BOM npa6mme~a. xapaKTepeH Ami Mr)J;-J(RHaMO 
Conal(a, cnupanbm.IX ranaKTHIC H HeAP nnaaeT. 

3. ACHMilTOTH':IECKOE PEfilEHHE 

Bocnonb3yeMC$1 TeM, qi,o ,, q, He BXOA,SIT SIBBO e (1) 
npH O = O(r, 9), ex = ex(r, 8), e 6yAeM BCKaTb acHMD
TOTBqecKoe no E pemeHHe BBAa 

(2) 

3AeCb ""'q· £)- KOMIDiexceoe q]ICJIO, a F(r, 9, q, E) u 
S(r, 8, q) - xoMIIJJexcao3Ha"IHbie q>ymc~ nopJIAl{a 
eA~I (S He 3aBRCDT OT£!). 

IlOACTaB1WI (2) B (1) DOJIY'IBM, qi,o IlpB d > 1 
'CJJleH au. onpeAeJIJIIOll\BA: AHCCHna~IO IlOIDI, HMe
eT UOJ)SIAOI( €2 - 2d, npeBOCxo~:A DOJ)SIAOIC Apyrax 
'CJJleHOB (1), B TaXBe nou TOJibKO 38T}'X810T. IlpB 
d < 1 e I'JiaBHOM nopJIW(e no E OTcyTCTBYlOT 'IJleBbI, 
cu3aHHbie c .&II, B nonyqa10~uecJ1 pemeHBj( ee 
YAOBJieTBOpJIIOT I'paHll'IHJ.,IM YCJIOBBJIM Ha 6eCKO
HeqsoCTB. Il03TOMy <l>B3HqecKH COAep:>ICaTeJibHhJe 
pemeHIDI B03MO:zHhI numL npu d = 1, T.e. xapaicrep
HblA MacWTa6 reHepupyeMoro non.fl paBeH FR. Y6L1-
BaHBe DOIDI (rpaHB'IHbie ycnoewt) 6yAeT o6ecne'IB
BaTbCS1 Ha.JIB"IBeM pacry~eA no r <l>YHICqHB Im S > 0. 

MeAJieHHO MeHJIIODzyl<>CJI npe;A3KCD0He~H8Jlb
HYIO <l>YHJCIUUO B co6CTBeHHoe 'IHCJIO ecreCTBeBHO 
BCKaTb no TeOpHB B03MY~eem\ B BBAe p,ma no CTe
neHJIM E: 

F = F0 + d'i + ... , y= e-2(y0 + ey1 + ... ). (3) 

,[(ml onpeAeneHIDI ypaeHeHd, KOTOpbIM DOAq]I
WIIOTal F.,. , y.,. u S, noACTaBHM (2), (3) B (1). B rmm
HOM fiOJ)SIAKe no E nonr1eM JlBHCihlylO O;AHOpOAHYIO 
ceCTeM)' ypaBHeHHii omocmeJJbHO F0 (me p =Yo+ 
+ imqO + (V S)2): . 

pF0 - (VS · F0)VS - rsin8q(VO · F0)q>-

.a 
-,-VS · F0 =0. 

q (4) 

YMHo>Ku (4) cxam1pHo Ha VS, nOJI}"IHM VS· F0 = 0, 
T.e. ycnosee 003AHBepreHTHOCTB llOIDI B rJiaBHOM 
nop~xe BbmoneeHo. 

CHCTeMa (4) HMeeT HeTpRBBanbHOe pemeHHe, 
KOrAa paseH H}'HIO ee ACTepMBBaHT, qro A3CT TpB 
KOPHJI p. KopHIO p = 0 COOTBeTCTByeT y6LIB3l0ll(e~ 
Ha 6ecKoHe'IHOCTH peweuue Rey0 S 0, T.e. none y6b1-
BaeT CO BpeMeHeM. Il03TOM}' q>B3B'lecXB BHTepeC81,1 
TOJILKO 3Ha'ieHBJI p '# 0. B 3TOM cnyqae nonyqaeM 
KOpHB 

p = ±[irsin9aVQ · VS x q> + ex2(VS)2/q2]1f}. (5) 
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H COOTBeTCTBYIO~ee HeT(>HBHa.JibHOe pemeHBe ( 4) 

F0 = (iaVS x q, + qpq,)a(r, 8, q). (6) 

CKamq>HruI <l>Y~H.SI a, onpeAeIDIIOII.\ruI MeAJieH
Ho MeWIIOII.\YIOCH qaCTb pemeHH.SI, HaxO]l;BTCJI H3 cne
AYJOII.\ero npu6J1IDKeHID1 (nop~oK e 1) [9]: 

pF1 - (VS· F1)VS- rsin8q(VO · F1)q,-
- iq-1aVS X F1 = -[y,Fo + ;v X (VS X Fo) + 

+ iVS x V x F0 -(<P · F0)mVS/rsin8-

- q-1V x (aF0) - iq-1aq> x F0/rsin8). 

. .[(erepMHH3HT 3TOH JIBHeHHOii CilCTeMbl ypaBHeHHB 
paseH aynio s cuny paseucrsa uymo AeTepMBHaHTa 
CHCTeMbl (4). l!T06bl cyll.\eCTBOB3JIO pemeeue He

OAHOPOAHOH H BblpOQeHHOB CHCTeMbl BTOporo 

npu6J1BX{eHID1, paHr ee pacmupeHHOH MaT(>B~I 
AOJIX{eH COBn~aTb c paHrOM AeTepMHHaHTa. 3TO 

ycnosue COBMeCTHOCTB AaeT ypaBHeHue AJJJI onpe
AeJieHH.SI a H "f 1: 

i(2- a.2 !p/)VS ·Va+ rsin9a<J) x VO· Vcr/2p+ 
2 2 v2 + [ ( 1 - a /2pq ) S + 

(7) 
+iVS· (Vplq+ (l-3a.2/2p/)Va/a) + 

+ q>_x VO· V(rsin8a)/2p-y1 ] a= 0. 

HTaK, Mbl onpe]:(eJIBJIH ypaeHeHIDI A1IH rJJaBHbIX. 

qneHOB peweHIDI (2), (3). IlpoAOJixcu np.epaeHB
eaTb K03<p<pHl.~HeHTb[ npu OAHHaKOBhIX CTeUelUIX £ 
B (1), MOX{HO IlOJiyqBTb H3 COOTBeTCrByJO~ ycno
BHH COBMeCTHOCTB ypaeHeHIDI AJISI noCJieAyio~ 
tJJieHOB pa3JIO}KeHWI (3). 0AH3KO AIDI npaKTINecxm: 
QeJieii, KaX npaeBJIO, AOCTaTO'lHO pa3peIDHTb ypae

HeHWI (5), (7), AaJO~e S, F0 , 'Yon y,. 

EyAeM CTpOBTb aCHMDTOTD'leCKOe pemeHHe (2), 
(3) npu q ;i1> 1, npeHe6pera11 B (5), (7) qneHaMH, npo-
nop~oHaJibHblMll q-2 ( a0-ABH3MO ). . 

61,1crpo MeIDIJOII.\aJICSI qaCTb pememm exp(e-2yof + 
+ ie1S) onpeAeJIJleTCSI H3 (5) H 3aBHCBT OT IIpOH3Be

AeHWI BCTO'IHHKOB r = rsin9CJ.IVOI. QqeBHJJ;BO, 'ITO 
H3HOOJJee HHTeHCBBHO noJie reHep11pyeTCH B611H3H 
maxlri H fi03TOMY eCTeCTBeBHO HCK3Tb pemeHHe (5) 
B BBAe p~a no OTKJIOHeHHj(M OT MaJCCHMfM3 ir1. 
06o3H3tfBM '13CTHbie npOH3BOAHbte B 3TOM MaKCH
MYMe. Kaxr "' Se, '2p H T.n., a 3HatteHWI q>yHK.QHB H 
KoopneeaT e HeM 6yAeM OTMe'laTb UHAeKCOM "O" (He 
CJieAyeT nyTaTb c F0). 

llro61,1 pa1pemHTb (5), HaAO JaAaTb 3aKoH epa~e
HWI !l(r, 8). Mbl paCCMOTJ)HM 06~ AJUI JIOKaJibHOro 

npu6JIHX{eHIDI CJiyttaii, Koma JIHHHH Q = const B Me

PHAHOeaJILHOM ceqeHDH DIDllOTCH napanJie11LHbIMH 
npHMblMH. 

YAo6Ho nepefrru B npJ1MoyroJibffYIO cHCTeMY xo
op~HaT: 

z = rsin(8 - 80 - l;), p = rcos(8 - 80 - l;). 
3,n;ecb yroJI l; xapa1Crepa3yeT omocBTeJibHbm: p~

aJibHbJH o,11vn1 = cosl; u wupOTHbtA !le/rolVOlo = 
= sinl; rp~eHTbI n s MaXCHM}'Me reuep~ 
(r0 , 80), a oc1, p HanpaBJieHa e,n;oJib V!l{p). 

YpaeeeHHe (5) npBHHMaeT eim 
2 2 l/2 

Y0 +imq!l+ ( :! ) + ( !! ) = ±(.ir:!) . (8) 

PeweHue e~eM e BBAe p~a Tetnopa, npeHe6peraJ1 
Ky6aqecKHMH qJieHaMB: 

S =.Sp(P - po)+ S,.(z-.zo) + Spp(P - Po>2/2 + 

+ Sp,.(p - Po)(z - Zo) + Su.(Z - Zo)2 /2. 
Ko3<pq>Hl\HeHTbI p~a (T.e. npoB3BOAH1>1e Sp, S,., Spp• 
Spz, Su.) B co6C'l'BeHHoe "IBCJIO Yo MO}KHO onpe,n;enHTb 
B3 meCTH HenHHeAm,1x ypaBHeHBi, KOTOpbie no.ny
'1alOTC11 B TO'lKe (Po. Zo) H3 (8) npH OAHOKpaTHOM H 
µ;eyKparaoM ,n;uq><pepeH~OBaHIDIX (8) no p, z. Ilpe
ee6peru Ky6B'leCKHMB qJieHaMB B 3TBX ypaBHe

HffllX, nonyqHM AM peweHBB, }'AOBJieTBOpSIIO~ 

YCJIOBHIO reHepa~ Reyo > 0, COOTHOIDemm 

SP= -mq!lpp/M., Sz = -ip~lr0 , 

spp = iM.l2p •• spz = 0, s'l.Z = ±iJpol6lz1. (9) 

'Yo= 3p0/4- (mq!lpp1)
2/M; -imq00 • 

3µ:ecb 3Ba:KH ~I6HpalOTCjf He3aeBCHMO B Po = 
= (ro/2)213(1 ± ,./3i)/2; . 

M. ==±Jpo+2imqOppP;, P, 5 J-ro;rPP' 

Zt = J-ro/fzt 
xapaKTepH3YI0T nonyWBpHHLI M3XCHMyMa 1r1 Bea
npaeneHBB VO u sµ;on1, nDHHA n = const coOTBeTCr
seHeo. j:.(JIJI ynpo~eHIUI IIpBHSITO r pz = 0. 

B oceCHMMeT(>H'IHOM cnyqae m = 0 (9) TO'IHO }:laeT 
JIHHeHHLie H KBa,n;paTH'IBbte ttJieHbl pa3JIOXCeHH.SI s B 
PJIA Te:iiJiopa, TaK KaK npe fiOACTilHOBKe (9) B BCXOA
Hble eeJIHHeBHbie ypaeHeHWI OTBOCHTeJibHO Sp, Sz, 
Spp, Spz• Sall 'Yo K034><l>B~e11TbI npu T(>eTbHX npoB3-
BOAHhIX OT S o611}'IDIIOTCSI. B eeocecBMMeTpB'IHOM 

cnyqae m * 0 OTJIB'IHbie OT HYM K03q>q>H~eHTbI 
npu TpeTbBX IIpOB3BOAHbIX paeHbI 2SP,.. p1 H BMH 

MOXCHO npeee6pe'IL,. KOr;Qa Z1 H Pt <( 1, TaK KaK 

OCTanbHble '11leHLI 3THX ypaeHeHHi HMelOT nopstAOK 
-2 -2 TI z1 u p1 • apaMeTpbI z1 u p1 paeu1,1 paccroJ1HH10, 

Ha KOTOpOM ir1 y61,1eaeT npHMepeo B ;QBa pa3a OT 

M3KCBMaJibHOft BeJIHqBHbl !rol, B D03TOMY OHB 

MeHbwe HJIB nopJrAKa DOJIYTOJlll\BHbl CJIOjf, B KOTO· 
poM reHepupyeTcsr none (T.e. r,n;e r * 0). Ilo3TOMY 
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npH KO~CBTpHJ>YIO~al BCT01UIBX3X (9) A3eT AO
CT3TO'IRO TO'IHO nepB&le 'IJICHhl p33JIO:>KeHIDI S B p,m 
TeA11opa. 

liTaK, Mbl onpeAeJJRJIH 6blcrponepeMCHH}'IO 
qaC'I'b pemeHIDI 

B - exp(£-2Reyor- E- 1ImS)sin(e-2Imyot + e-1ReS). 

t.Jro6&1 oua AaBaJia B, ynosneTeopHIOll.lee rpaHHq
HbIM YCJIOBIDIM s cq,epuqecKOM CJioe u y6&JBalO~ee 
Ha 6eCKOHe'IHOCTH, BM6epeM B (9) 383KB TaK, q,ro 
lmSpp, lmSzz > 0. 

OnpeAeJIBM renep& o , AaJOr.nee Me.QneHHo MeW1-
ionzyioc11 npeA3KcnoHeff1UlaJihlfYIO qaC'l'h peweHU 
(6), 83 ypasHeHIIJI (7), KOTOpoe B6J1H3B M3ICCBM)'M3 
reHepa~ npeo6pa3yeTaI K BBAY 

3iSu(Z -1-0)00/iJz + 2iSw(P - Po)oo/iJp + 

+ (iSw + 3iSu /2 - Y1)0 = 0. 
PeweHIDIMH 3Toro ypasHeHHSI JIBIDIIOTCJI O,QHOpoA
m,1e MHOro'IJleH&I OT z - Zo B p - Po. Muoroqnelf}' HY-

R 

2 

0 0.02 0.04 0.06 p 

KUCAH KpHBall AJIII <J,HKCHpOBaHHhlX B (cneea Ranpaeo 
B = 0.01, 0.03; 0.05; 0.07 H 0.29) H OCH KOOpAHH8T orpa
HH<JHBalOT OOJlaCTI, napaMCTJ>OB, B ICOTOpoA HC<>CeCKM
MCTpH'IHblC MarHllTRbIC crpyKT)'pbl B03fi)1)ICA8IOTCII npe
HMYlQCCTBCHHO no cpaBHCHKJO C OCCCHMMCl'pH'fHLlMH. 

nesoA creneHB o = const COOTBCTCTBY~T aanoonee 
6&1crpo pacryr.nrui MOAa noJIR c y1 = iSpp + 3iSu l2 , 
BMeior.nu HaBMeHhmee noporosoe AJIHaMO-'IRCJIO. 
3Ta MOA3 npeo6na,:taeT H3A OCTMLBl>IMH (npu <j>BK
CHpoB3HHOM m) B 003TOM}' npe.QCTaBJI$1eT HaH60Jib
IIIBB RHTepec. 

Ilo.Qcrasm'UI (npa o = const) HaifAeHHhie Y1, S B Yo 
H3 (9) B Fo H3 (6) B (2), (3), DOJI~M HaB6onee 6&1c
Tpo pacryr.nyio Q)-MOAY DOJ1$1 B c TO'IHOC'l'hlO AO l'JiaB
HOro nopJIAKa no E u co6CTBeHHoe '<IHCJIO y = e-2y0 + 
+ E-11'1 C TO'IHOCTblO AO ABYX nopJIAKOB. 

4. YCJIOBH~ B03EY)f(,llEHIDI 
HEOCECJ1MMETPHqHhIX MAfHHTHhIX 

CTPYKTYP 
HcnOJJh3YR pe3ynbTan1 npeA&JA~ero pa3AeJia, 

BbinHmeM npe6JJID1CCHHoe Bhlpa:>KeHHe AJIR CKOpo
CTB pocn Rey, onpe.QerutioI.QeA yCJiosu B036yXQ:le
HBR OCCCBMMCTPB'IHLIX (m = 0) B HeoceCHMMCTPB'I

HblX (m '#: 0) M3111HTHbIX crpyrryp, 

Rey = [3/ 8 - 16J>2 (I+ (8B- .fj i' t]£-2 
-

-[ ~

1 J, + J1 + (8B-J3) 
2 

+ 
4
~}-•,~•. 

(10) 

3Aec1>P!!!imqp1/r0sm8o, B=PPd°'i,p/°'i,I HR= p,/z
TPH OCHOBHblX napaMelpa, OT KOTOpblX 3a8BCBT 
B036y.:iKAeHBe ueoceCHMMCT(>B'IHLIX ManurnD,IX 
crpyxTYP. 

Ilpe:>K.Qe scero, AnH Bo36y~emm neocecuMMeT
pH'lllhIX crpyrryp Heo6XOABMO, 'IT061>1 Rey B l'JlaB

HOM nop~x:e (~-2) 61,mo 6om,me HyJIR, T.e. 

P < ~ J 1 + (88 - .[3) 
2

. 3To HepaseeCTBo 3~e

AOMO BblDOJIWICTal, KOrAa P < ./1.5/ 8 = 0.15. Ilo
CKOm,K}' B paCCMalpHBaeMOM npB61TIDICeHBB q > 1, a 
r0sin80 = l, TO AJIR eeoceceMMeTPHqe1,ix (m ~ 1) MO.I{ 
oOCJieAJ{ee uepaseHCTBO MO:>KeT BblDOJIHBTbCJI TOJIL
KO ecm p 1 S 0.15. TaKBM o6pa30M, B036yQeeue ee
oceceMMelpHqHJ,IX crpyKT}'p Boo6~e BOOM0}KB0 
TOJiblCO B AOCTaTO'IBO TOHICOM (no cpasHeHHIO C 
xapaKTepHbIM pa3MepoM 33A3'llH) CJioe B.I{Onb rpa,:tB
CHTa yrnosoe cKopocm sp~ewm. 

~JIH npeHMylqCCTBCHHOro B036y~eHHSI Heoce
CRMMCTPB'lllblX crpyK-ryp Heo6XO.I{HMO, 'ITOObl 

ICpHTBl!ecKoe ABH3MO-'IHCJIO Der = (; ueocec11MMeT::

pH11Hoit crpyKTypbl 61,mo MeHLme KpBTB'llCCKOro 
AHlf3MO-'IHCna oceCHMMeTPH'IHOrO (m = 0) UOJIH. 
KpHTR'ICCKoe .I{HBaMO-\IHCJIO HaXO.I{HTC.R npupaBHB
BaHHeM (10) K eynio. H MO:>KHO 33KJIIO'IHTb, '1TO npe
HM)'~eCTBeHHoe B036y~eHBe eeocecHMMeT(>ll'I
HLlX crpyK-ryp B03MO:>KHO TOJihKO B onpe.QeJieHHOM 
.QHana3oue napaMCTJ)OB P, B u R. 
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Ha pHCYHKe Ha nnocKoCTB (P, R) H306pa:>1Ceu1,1 
perHOHbI napaMeTJ)OB, B KOTOpbIX B03MO:>ICHO npe

HMym;eCTBeHBOe B030Y:>ICAeHHe HeoceCHMMeTpH'I
HblX CTJ>YKTYP npH pa3JIH'IHblX 3HatfeHRHX napaMe
Tpa B. IlpH p ~ 0.07 npenMy~eCTBeHHOe 8036}')1(,D;e
HHe 3aBeAOMO HeB03MO:>ICHO. C APYl'OH CTOpOHbI, 

'!eM MeHbme OTHomeHHe R TOJIIIOIHbl reHep~OH• 
HOl'O CJIOH BAOJIL VQ K" TOJILIUIHe BAOJib Jllf,l{lffl 
n = const (nepneHAHl(:yIDlpHo VO), TeM e 6o11ee mH

poKOM AHaDa30He napaMeTJ)OB B03M0)KH0 npeHM}'· 
~eCTBeHHoe eo36yQeHHe ueocecHMMeTJ)H'llil>IX 
CTpYKTYP· TaKHM o6pa3oM, npeBM)'llleCTBeHHoe B03-
6yQeHHe eeoceCHMMeTJ)H'!HbIX MOA B03MO>KHO 

. TOJibKO B O'leHb TOHKOM BAOJib rpaABeHTa yrnoeoi 
cKopocm spam;emm CJioe. To'!Hee, p1 AOJI>KHO 61,1n 
3aBCAOMO MCHbWC 0.07. KpoMe TOl'O, HCOOXOABMO 
AOCTaTO'IHO CHJibHOe H3MeHeHHe caMOl'O I'pa)'.{UeHTa 

yrnoeoii CKOpOCTH spa~eR161 (Qep), UOCKOJlbKY on
THMaJibHoe 3Ha'!eHHE? napaMeTPa JJ.,. 0.29. 

5. 3AKJII0t.JEHHE 

B 33KJIJO'leHBe paCCMO'I'pHM YCJIOBWI, Heo6XOAH
MblC AJUI reHep~HH CHJibHblX ueocecHMMeTPH'!HbIX 
CTJ>YKTYP B pa3JJH'IHLIX aCTJ)Oq>H3H'lecKnx o6"beK
Tax. Ilpu 3TOM 6yAeM C'IHTaTb, 'ITO npRcyTCTBHe Ta
KHX CTJ)YKTYP B peaJibHbIX HeJIHHeiiHblX ,D;BHaMO-CH
CTeMax B03MO>KHO TOJibKO npH npeHM)'lllCCTBeHHOM 
B036}'}1(,AeHJm HeoceCRMMC'I'pH'IHblX CTpyKT)'p B 
YCJIOBIDIX KHHCMaTH'!eCKOl'O AHHaMO. KpoMe TOro, 
npHMeM, 'ITO nonytJeHHOe JIOICaJibHO-aCHMilTOTJAec
KOe pemeHHe (10) npHMeHBMO AJIJI pean&HOH CUTYa
~RB. OTMeTHM TOJibKO, 'ITO AJUI npoeepKH nocnep;
uero TC3HCa H IlOCTJ)OCHlm 6011ee AeTaJiblil>IX AHH3-
MO-MOACJieil neo6XOAHMbl DOAP06Hble 'IRCJICHHbie 
HCCJICAOBaHU. 

Ha'IHCM C CHJlbHblX ueoceCHMMCTPBtfHbIX raJiaK
TH'ICCKHX MarHHTHbIX CTpYKTYP· CnupanbHbie 
ranaKTHKH OTJIH'lalOTCJI TeM, 'ITO BX xapaKTepHble 
pa'.3Mepb1 BAOJib OCH epam;eHWI B p;ecffK.H pa3 MCHb

me, "ICM B nepneHAHKYJIJlpHOM uanpaoJieHHB BAOJib 
pa)Ulyca (3). Ilo3TOMY, ecJIB xapaxTepHbIH rpa)];B
eHT yrnoeoii CKOpOCTH epa~eeu BAOJib OCH 
epam;eHHH nOp.sJAK3 AeC.stTblX AOJieH BJIH 60Jibme, 
tieM paAHaJibHbIH rpa1(1JeHT, TO TOrAa xapaKTepHcUI 
6e3p83MCpHU DOJiyTOJim;uua Pt 6yAeT AOCTaTO'IHO 
Mana ($;0.07). B TaKBX ycJIOBHJIX D03MO:>ICHO npe
BMym;eCTBeHHOe B036Y:>1CACHHe HeoceCHMMC'I'pH'I
HblX MarHBTBhlX CTJ>YKTYP, Ha6JIJOAaeMhlX B 6onb
mBHCTBe 6JIH:>1Caiimnx cnHpaJibHbIX ranaKTHK o BB

AC 6BCHMMCTPB11HL1X KOH<purypa~Hit (m = 1) H 
6onee CJIO:>ICHbIX o6pa3oeaHHe:. 

Ha6J110AaTeJibB&1e AaHHbie (3) CBH}];eTeJibCTBYIOT 
0 TOM, t:ffO AOCT3TO'IHO CBJlbHOe B3MeHeHHe yrnosoA 
CKopocm spall.leHBSI BAOJII, OCH raJiaKTHKH BDOJIHe 
B03MO)KH0. 0AH3KO, nO-BHAHMOM)'' onepBbie HaJIB
'!He TaKOl'O rpa)];HeHTa BCDOJih3yeTca B ABHaMO-Teo
pHB AU o60CHOB3HHJI npemcyw;eCTBeHHOB reeepa-

~ HeOceCBMMe'I'pH't!HblX ra11ax11111ecKBX MarHBT

HblX CTp}'KTYP· 

renepa~ MaI'HHTHOl'O DOJIJI Co~a npoHCXO
AHT B cpaemrrem.HO TOHKOB BAOJII, paAByca KOH
eeKTHBHOH 30He. CoepeMCHHbie renuoceikMOJIOrH

qecKHe AaHHblC [IO] D03BOUIOT pa3)];CJIHTb 3TY 3Q
Hy KaK MHHHM)'M em;e Ha ABC qacm. B OAHOH B3 

qacreu, pacnoJiu:>IC~HHbIX 6nu:>1Ce K noeepXHOCTH 
Conuu;a. yrJIOBU CKOpoCTb epam;eHWI H3MCHJleTCSI 
npeHMym;eCTBeBBO BAOJib mepOTbl. B ApyroH qac
TH, pacnoJIO)KCBHOA y J.{Ha KOHBeKTHBHOii 30Hbl, 

npeo6JiaAaeT p~anbHbIH rpa1(1JeHT yrnosot CKO
pocTH epa~eHIDI. BepoSITHo, BMCHHO B 3TO:A: TOH
KOH BAOJib rpaJ.{HCHTa yrnosoii CKOpOCTH opam;eHWI 
'laCTH KOHBCKTHBHOA 30Bbl DOMep}J(H83CTCJI reue

pa~ CHJibHblX eeocecBMMC1'pB'IHblX Mal'HHTHblX 

CTpYKTYP, q,opMHpyrom;ux Koponapn1,1e AbIPhl B 
aKTHBHble AOJirOTbl. 

HCCJieJ.{088HIDI euyrpeHHei crpyK'lj'pbl TaKnx 

nnaHeT, KaK Mapc, 3eMJ1S1, IOnuTep, Ca'lj'pH H Mep
Kypuii [11], Il03DOJIJIIOT 38KJilO'IHTb, 'ITO B 3THX nJia

HeTaX M8nmTHbie DOJUI reaepHpy10TCR B AOCTaTO'I· 

HO npoTSDKCHHhIX 06naCTS1X c Pt - 0.1. IlooTOMY BO 

ecex 3THX nnaHeTax ocecBMMe'I'pH'!Hbie MarBBTHI,1e 
CTJ>YKTYPLI 3aMeTHO npeo6na~aJOT. HanpoTHB, B 
HeApax Ypaea e HenTYffa B03MO}Kfla reHepaQWI 
MarHHTHoro DOIDI B cpaBHBTeJibHO Y3KOM BAOJib 

paAeyca KOHBeKTBBHOM npoeo~eM CJioe (11 , 12]. 
fIO-B~HMOM)', 3TOT CJIOH B3CT01IbKO TOHOK, 't!TO 

B03MO:>ICHO npeHMYllleCTBeHHoe B036~eHHe Be

ocecuMMeTJ)H'IHblX ManmTHbIX CTJ>YKTYP· IlQ3TOMY 
He CJIY'l8HHO HCCJie,D;OB3HHOe "B0J1W1CepoM-2" Mar
HBTHOe none 3TBX IlJlaHCT pe3KO OTJIH'laeTCJI OT Mar
HBTHblX noneii Apyrux WiaHeT ConHeqJfoi ceCTeM&J 
aHOMaJibHO 60JI1,llJHMB HaKJIOHaMB Mal'HBTHbIX nu
nonee: K ocJIM apam;eHIDI. 
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Excitation of Nonaxisymmetric Magnetic Structures 
iJI Galaxies, the Sun, and Planets 

S. V. Starchenko 

We analyi;e the problem of primary excitation of nonaxisymmetric magnetic fields observed in spiral galaxies, on 
the Stm, and for planffl like Uranus and Neptune. It is assumed that in these objects hydrodynamic dynamo is pos
sible in relatively thin conducting convective layers. It is shown that nonaxisymmetric magnetic modes can be ex
cited in preference to axisymmetric modes in such layers. For this to occur it is necessary for the gradient of the 
angular velocity of rotation to be relatively small and to have a nonzero component orthogonal to the layer. 
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YJIK 52-726 

06 YPABHEHHH COCTO.HHIDI PABHOBECHoro CHJD,HO 
3AMArHK'IEHHOro 3JIEKTPOHHO-HEHTPOHHO-B,11;EPHOrO 

BEII(ECTBA 
© 1995 r. B. C. CeKep~KHH 

lleoawiu'lec,cuu uucmumym. 5pecm, BeAapycb 
nocryttHJia B pe,11aKUHJO 15.12.93 r . 

npoBCAeHO Bbl'fHCJleHee p;asneHWI H IlJIOTHOCTH 3Hepnm Bblpo)l(AeHHOI'O CHJJbHO 3aMarH.HtfeHHOf0 seiue
CTBa npH nJIOTHOCT,UC OOJJbWe 1012 r/CM3, ycroH'IHBOI'O OTHOCHTeJJbHO fl-npo~eccos H IlHKffOjl~epHbIX peaK

J.Olii. HCCJieAOBaHo BJJWIHHe ceepxCHJibHOI'O MarHHTHOI'O IlOJljl Ha napaMeTpbl KOMDOHeHT TaKOI'O seiuecrsa. 

I. Bo3MO)KHOCT1. cymecrsosaHIDI B csepxm10T

HLIX '.3Be31,(ax MarHHTHJ,IX noneA OOJibWOR HHTCHCHB
HOCTB }l;enaeT aKT}'aJibH0.11 3a}l;aqy 06 Y'{eTe BJIIDIHHSI 

TaKHX [IQJICH Ha TepMOAHH3MH'leCKHe xapaKTepHC

TBKH ILJiomoro Kpaaee BLipo~enHoro se1.qecrea 

npH o~enKe napaMCTpoB aTHX aCTPOq>B3H'ICCKHX 
06"1>eKTOB. CorJiaCHO cymeCTBYIOil.\HM npe,llCTaBJie
HIDIM, B HeJ];pax 6eJILIX KapJIHKOB H B o60JI0'1Kax 

HeBTpOHHbIX 3BC3A peaJIB3YCTCSI 3JICKTPOHHO-HeH

TPOHHO-.sr,u:epHasI (Aen) q>a3a, B ycnoBIDIX KOTopoii 

eemeCTBO MO:>KCT HaxOJ];BThCSI e a6COJIIOTHO ycroe

'IBBOM COCTOj(ftllff TepMOABHaMBqecKoro paBHOBe

CWI no OTHOWCHHIO K ~-npo~eccaM H IlHKHO~ep

HblM pea.KI.UDIM [l]. 

Bmumu:e CHJlb(!Oro MarHBTHOrO IlOJIH Ha paeHO

BeCHbIC napaMeTJ)bI Aen..:q>a3bl XOJIO,llHOro DJIOTHOl'O 

Be~ecrea qaCTH'1HO BCCJiep;OBaJIOCb e [2 - 4). B Ha

CTO~eii: pa6oTe paCCM3TpBBaeTCX ypaBHeHHe co

CTOJIHHSI a6COJIIOTHO paeHOBCCHOl'O 3JICKTpoH

HO-HCHTJ>OHHO-Sl,llepHoro ee~eCTBa B npHCYTCTBHH 

MarHHTHbIX noneu, HHA}'~H KOTOpblX npeBbIWalOT 

KBa.HTOBblB npep;en ceepXCHJibHOl'O nom1 AJISI YJJbT

papeIDITIIBHCTCKHX 3JICICTpOHOB •. 

PacqeTbI npoBeAeHbl B paMKax CT3THCTH'1CCK0B 

repMOAHBaMHKH paBHOBeCHblX CHCTeM, 6e3 yqeTa Ma

JIOH BCJIB-qJfflbl BaK}'YMHOl'O (aHOMaJlbHOro) MarHHT

HOl'O MOMeHTa 3JICKT()OHa. Ilpa 3TOM, Kax H B [2 - 4], 
He yq11TbIB8Jl8Cb 3aBBCHMOCTb MarHHTHoro MOMeHTa 

CB060AHOro HeHT()OHa OT HHJ];}'Kl(HH Marmrnroro no

JISI. KoppeKTHOCTb DOCJICAHero npH6JJIDKeHIDI Amt 

3aJ];aq, aeanorH'lHbIX paccMaTPBBaeMoii, o6ocHoea

Ha B [5]. 

2. IlpeHe6peru KBHeTHtteCKOD anepre:eH H B38H

MOAeHCTBHeM Sl,llep no cpaBHCHHIO C HX 3Bepraeit no

KOJI B C'IIITaSI, 'ITO 3JieKTJ)OHbI H CBOOOAHLie neHTPQ

Hbl o6pa3ylOT Kp8BHe BblpOXCJ];eHHbie HAe8JibHble 

ra3bl, rrpeACTaBBM IlJIOTHOCTb 3HeprHH cpeAhJ KaK 

CYMMY nnoTHocrea 3Hepruu ~ep, 3JICKTpoHOB H 

CBOOOAHLIX HeHTJ)OHOB [l - 4): 

(1) 

IlpB 3TOM KOH~eHTJ)a~HHKOMllOHCHT ee~eCTBa CBS1-

3aHbl COOTHOWeHHeM 

(2) 

rAe n - xou~eH-rpa~ ecex eyKJioeoe, A H Z - Mac

coeoe u 3apSIAOB0e ~ecna ,t,I.(pa. 

IlJIOTHOCTh aireprHB Sl;I(ep w A Bbl'IBCJI,ICM C no

MOll.\blO MO):{Hq>HQHpOBaHHOA e [6. 7] q>OpM)'Jibl Be

Te-Ba~JeKKepa: 

rl(e mn H mp - MaCCbl HeHTPOHa H npoToHa, B - HHAYK

~HSI MarHHTHOro noIDI; 3Ha'leHHSI KOaq>q>BIUfCIITOB 
Co , Ci, C2, C3 1-(aHhl B [1] , C4 = C3/27 [6], 

c5 = e2 r~/(20mPc2) [7] , r 0 = 1.2 x 10-13 CM, e - 3ap.HA 

npoTOHa. B,. [2] He yqHTbIBaJIHCb npennocne}l;Hee e 

nOCJiep;Hee cnaraeMbie (3), no3BOJIJIIO~He npHMe
HHTb 3TY q>OpM}'JIY AJIH OilHC8HHSI aHOMaJibHO 6ora
TblX HeHTpOHaMH H}l;ep B CHJlbHOM MarHHTHOM none. 

B ceepxcHJibHOM l(JIJI YJ1b1'papem1THBHCTCKHX 
aneKTpOHOB MarHHTHOM none [8] 

r,lle Xe - XHMH'1CCKBH IlOTeH~BaJt 3J1CKTPOH0B, pl' - BX 
A8BJICHBC, m, - Macca 3JICKTpOHa, µB - MarHeTOH 
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P, Pe , P ,,. 1<>36 M3B/cM3 
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I , 9 
6 ~,~/2 ___..- .;;,.-- ., , , ,, ,, , 
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w, 1<>39 M3B/cM3 

PHc. I . 3aBHCHMOCTJ. P (1 - 4), Pe (5 - 8) H P 11 (9 - 12) OT w 
npH B:::: of I, 5, 9), 1017 re (2, 6, JO), l.5 x !017 re (3, 7, 
I/), 2 x 10 7 fe (4, 8, /2). . 

w,,, w,h 1039 M3B/cM3 
2 1 3 

1.6 

4 

1.2 

0.8 ----8 ---- --7 ----- --s -- ----- --6 ----,::::::.::::::. -0.4 

1 2 3 4 
p, 1012 r/CM3 

Pac. 2. 3aBHCHMOCTh w (I - 4~ H w A (5 - 8) OT P. npH B = 0 
(} ,5), 1017 re (2, 6), 1.5 X 101 re (3, 7), 2 X J017 fe (4, 8). 

Bopa. .Il:JUI Hepe1UITHBHCTCKHX HeHTJ>OHOB, HenoJIL-
3y.s1 pe3yJibTaTbI [9], HeCJIO)KHO noKa3aTb, t.fTO 

w, = n,[ m,c
2 +~,-

(1' - µ B) S/l + (,.. + µ B) S/2 J - 0 4 ':111 II ':In II 

. ( ~n - µ,,B) 3/2 + ( ~n + µ,,B) 3/2 , 

(5) 

(7) 

3AeCL rn,,c2 + ~ - xH~H'lecmA nOTem~HaJI eeo6oA
HblX Hewrp<>.HOB, P 11 - ax AaBJieHHe, ~ - MarHHTH&Ii1 
MOMCHT HeBYpOHa. 

CTpH cpeKeHpoBaHHblX 3H3l.lCHWIX n H B nnoT
HOCTb 3HeprHH W - q>yB~Wl He3aBHCHMLIX napaMe
TJ>OB n,, , z HA. A6comOTHO ycro~BOM}' COCTOSI
BBIO TepMOJ);HH3MH'leCKOro paaeoeeeWI COOTBeTCT
eyeT ycnoeee nonaoro MHHHMyMa aenH\JHHLI w: 

dW dW dW 
dn,, = oZ = oA = O. (S) 

3To~aeT: 

,.. - ~ 2 2/3 .,,, = c3 - c0 + c 1A - y ( 4c3 + c2A ) + 

+c4 (1-2y)3(1 +6y), 
(9) 

2 2 2/3 Xe = m 11c - mpc + 4c3 - 2y ( 4c3 + c2A ) + 
3 2 2/3 + 8c4 (1- 2y) - c5B A , 

(10) 

(11) 

IlpHBeACHHhie BbIWe COOTHOWCHBJI Il03BOmll<>T 
BbJtleCJUITl, napaMCYpLI Aen-<pa3bl a6comoTHO 
paBHOBCCHOro Be~ecrea npH 3aµ;aHHblX 3Ha'leHWIX 
HKAYK~eu MarHBTHoro DOJUI B R MaecoeoJl llJIOTHOC
TR p :::: m11n H ycrauaBJIBBalOT napaMeYpR'leCJCYIO 3a
ence.MOCTL MeQy AaBJJeHHeM p B nnoTHOCTblO 
3HeprBH cpeALI W (ypaeHeHHC COCTOSIHWI). 

3. Pe3ynLTaTbl t{:UCJieHHbIX pae"leTOB npeACTaB
JICHbl Ha pee. 1 - 3. Ha pee. 1 AaHLI 3aBBCHMOCTH nap-
14eaJILHbIX A8BJJeHH'1 3JieKTpOHHOro e HeATpoHHoro 
ra30B H IlOJIHOro µ;aeJJeHBJI p =Pe + pll OT IlJIOTHOCTB 
3Hepreu w se~ecrsa AJUI pR.Qa 3Ha"leuu:A ~~BB 
MarHBTIIOro nom1. JlerKO BBJ);eTb, t.fTO C poCTOM 8 
yBeJJH'IUBalOTCSI Pe B. P, a pll eHa'laJia yseJJB'lHBaeTCg, 
a 3aTeM YMeH1>maeTCg. OtteeUAHO, AaJibHeBIIBIA pocr 
B npHBeJI 61,1 K BC'le3H0BCHHIO eBOOOJJ:HblX Heirrpo
HOB npH paCCMa,pHBaeMbIX llJIOTHOCTIIX B COOTBeTCT
BHH C BLIBOJ);aMH (2, 3] 0 CMe~eHHB HH>ICHero nopora 
Aen-q>a3bl B CTOpOHy 6onee BhlCOKHX WIOTHOCTeii 
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We, 1036 M3B/cM3 

4.2 

3.4 

2.6 

l.8 

, 

1 
4 

3 

2 

Pac. 3. 3aaHelfMOCTb we OT p npH B = 0 (2), 1017 re (2), 

1.5 X 1017 fe (2), l.5 X 1017 fe (3), 2 X 1017 re (4). 

caepxCHJlbHbIM MarHHTHblM noneM. 0AHaKO, a AaH

HOM cnyqae npoBO]:\HTb pacqeTbl ]:\IDI IlOJUI C HHAYK

a.e:eii B > 2 X 1017 re BP.SIA JIU: l{OppeKTHO, T.K. IlJIOT

HOCTb 3HeprHH MarHHTHOrO IIOJISI 6yAeT npeBbIWaTb 

IlJIOTHOCTb 3HeprHH IlOKO.SI BeI.QeCTBa. 

Ha puc. 2 H 3 npHBeAeHbl 3aBHCHMOCTH IlJIOTHOC

TeH 3Heprue KOMDOHeHT ae~eCTBa OT MaCCOBO.H 

nnoTHOCTH AJI.SI pa3HbJX 3Ha'leHHH B. He6onbwoe 

):{Hana30H llJIOTHOCTeH Il03B0Jij(eT CtJHTaTb MarHHT

HOe none IlOCTOSIHHblM ]:\JI.SI Bcex JIHHHH Ha rpa¢HKe, 

He ytJHTblBaSI B03M0)l(H)'I0 B peanbHbIX acrpo¢H3H

':leCKHX 06-beKTax 33BHCHMOCTb HHJWKU.HH MarHHT

Horo IlOJISI OT IlJIOTHOCTH ne~ecrea. Ilpu 33A3HHOM 

3Hal.feHHH p C poCTOM B Ha6JUOA~eTCSI TeH)).eHU,IDI K 

yseJmqeHHIO wA H yMeHbWemno wn; eenaqHHa we 
caaqana 3aMeTHO yMem,maeTc.SI, a JaTeM HMeeT TeH

Ae~ K yseJIHtJ:eHHIO. IlJJOTHOCTL 3HepnfH cpeAbI 

w npH p = const, KaK noKa31>1ea10T pactJeTLI, aecLMa 

CJia6o 3aBHCHT OTB. 

4. 0TMeTHM B 33KJII0'1eHHe, 'ITO OilHC3HHbie pe-

3Y JibTaTbl noJiytJeHLI B paMKax orrpeAeJieHHbJX MO

AeJibHbIX npe)).CT3BJieHHH H npe)).IlOJIO)l(eHHH, He 06.Sl-

33TeJlbHO COOTBeTCTBYIO~HX peaJJbHblM CHT}'~M 
a ceepxnJIOTHbIX acrpoq>H3HtJeCKHX o6"beKTax, H HO

C51T, B H3BeCTHOH creneHH, Ka'leCTBeHHbIB xapaKTep. 

TeM He Meaee, HCllOJlb3Y.5l BbIBO,Qbl [9, 10], MO)l(J{O 

nOK333Tb, 'ITO Y'leT KYJJOHOBCKHX H ~epHblX 833H
MO~eHCTBHH KOMilOHeHT cpe,Qbl He BHOCHT cy~eCT

BeHHblX H3MeHeHHH B KOJIH'leCTBeHHble H Ka'tfeCT

BeHH1>1e pe3yJlbTaTbl ,QaHHOH pa6oTbl. 
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On the Equation of State of Strongly Magnetized 
Electron-Neutron-Nuclear Matter 

V. S. Sekerzhitskii 

Pressure and energy density of degenerate strongly magnetized matter at densities greater 1012 g/cm3 that is 
stable against ~-processes and picnonuclear reactions are calculated. Influence of a superstrong magnetic field 
on parameters of component" of such matter is investigated. 
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K BODPOCY O UPOcJ)HIDIX CEJIEKTHBHLIX K03cJ>cJ>HD;HEHT0B 
HCDYCKAHIDI n norJIOD{EHIDI 
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AcmpOHOMU'teCKUU UHCmumym UM. n.K. mmepH6epza, MocK8a, Poccw,. 
Jlocrynuna B pe'AaKL{HIO 16.06.93 r. 

floKa3aHO, 'ITO pa3JJH'IHe npo<f>enea K03<t><l>HnHeHTOB HCnyCKaHHJI H nornOII{eHHJI WUI AaHHOro nepexo;ta 
e aTOMe, BbUIBJICHHOe Ha OCHOBe MCTO,lta MYJJbTHJUleTHbIX JIHHHH, He MO)KeT 6bITb o6'MlCHeHO COBpeMeH
HOH Teopeei npo<l>aneii JJHHHii. BHyrpH eenOABIDKHOro aroMa HeT npH'IHH ,1tm1 no11'.BJieHIDI TaKoro pa3JIH
•uu1, TaK K3K cornaCHO KB3HTOBOH MexaHHKe eepO.IITHOCTb nepexo.n;a BHH3 HJIH BBepx O.IJ;HHaKOBa. B Ka'le
CTBe npH'IHHhJ pa311H'IIUI npo<l>nneff cy6op,1tHHaTHblX nHHHii npe,1tno11araeTCll OTKJioeeHae pacnpe.n;eneHM 
CKOpocreH B036~eHHblX H3JJY'l3IO~HX H nornoiuaiollUIX aTOMOB OT MaKCBeJlJIOBCKOro • .llaHHoe OTKJIO
HeHHe COCTOHT B TOM, 'ITO cpeAH 3THX 3TOM0B IlOJIHOCTblO OTcyTCTBYIOT TaKHe, y KOTOpbIX CKOpoCTH 
MeHbwe HCKOTOporo JHa'leHHll, onpe.n;eJJJlCMOro .n;onnepOBCKHM CMCII{eHJICM )'.{JUI Bepxuero H HH:>KHCI'O co
CTOJIHHH nepexo.n;a. Ilony'leHa TJ)exnapaMCTJ)H'leCKU <f>opMyJJa npoq,HJI1l 11HHHH, '13CTHblM CJJyqaeM KO

ropoii HBJIJleTCJI H3BeCTHU q>OpMyna <l>oArTa. YKa33HHLIH MexaHH3M npHBOAHT K p3311H'IHOM}' IlOHIDKC
HHIO ~eHTpam,Hoii '13CTH npO<f>HJij( JJHHHH ecnycKaHIDI H nornOJ..QCHIUI B pacWHpeHHIO KpbJJJbCB npoq,HJJJI 
no cpaBHCHHIO CO CJJy'laeM M3KCBeJJJIOBCICOro pacnpe,1teJieHID1 CKOpocrei. 

B pa6oTax [ 1 - 31 ea OCHOBe HCCJieAOBaHIDI npo
ct>Hnee: JIHHBA YCTaHOBJieHO pa3JIHtJBe npoct>unee ce
JieKTBBHbIX Koa<l>ct>~eHTOB HCnyCKaHWI H nor110-
ll(eHID1 µ;m1 COOTBeTCTBYIDW:ero nepexoAa Me~y 
ABYMSI ypoBID1MII B aToMe. Ilpo<j>wu. K03<p<l>B~HCHTil 
ucnycxaHIDI urnpe npo<j>em1 Koa<pct>H[(HeHTa nor110-
ll(CHID1, 'ITO npHBO,D;BT K pa3JIB'IHJO HX 3Hat{eHHA, 
oco6eHHO B KpLIJIMIX, Pa3JIH'lHC 3THX. KOO<p<p~eH
TOB 3KB11BaJICHTHO B3MeHeHmO ceneKTBBHOB·q>yHK
~BB BCTOqJIJIX3 C tJaCTOTOB BHyrpH JIBHHH: pOCT ee K 
xp1>mM1.M nuHHB. 3ToT pe3yJibTaT nonyqee xaK no 
JIHHWIM ecnycKaBWI BbICWHX ~meHOB cepHH 6anb• 
Mepa e 3eneaoro TpBIIJieTa MarHIDI B npoT}'6epa~e 
[1, 2] , TaK u no JIHHBJI.M norJJOil(CHWI HH<ppaKpacHO
ro TpHDJieTa KHCJIOpop;a B COJIHe1.ffl0B 3TMocct>epe (3). 

<l>aKT pa3JIHtJIDI npoct>1meA xo3<l><l>Hl(HCHT0B HC
nycxaHIDt B norJIOil(eHWI B COJIHe1.fflOH aTMoc<j>epe 
cyll(eCTBylOUUIC <l>H3BtJecKBe TeOpHH npoct>Hneii JIB· 
HHH He MOI')'T OO'MICHBTb. KeaHTOBaJI MexaHBKa no
Ka3LIBaeT, 'ITO Bepo.SITHOCTb nepexoµ;a 3TOMa H3 HB· 
}KJ{Cro COCTOBHWI B Bepmee H Hao6opOT O,D;BH3K0Ba. 
KOHKpCTHbie pac'leTLI, BbtnOJIHCBBLie µ;ml Heno
µ;BIDKHoro H311yqa10m;ero H norJIOil(aJOW:ero aToMa e 
CJiyqae 33T}'xaHWI H3Jl)"iCHIDl [4] H B CJiyqae CTOJIK
HOBBTeJlbHOro pacmHpeHIDt (5), noKa3aJIH owmax.o
BOCTL npoqnmeii K03<p(pB~CHT0B ucnycKaHWI H no
rJioll(eHWI. 1-beeCTHaJI <j>opM)'na npo<pam1 JIHHBii 
<l>oerra HMeeT OAHHaKOBLrii BHA ,u;m1 nor.ilow:eHJiSI ii 
ucnycKaHlUI u He COAepxrnT Kaxoro-JIB6o ,D;OllOJIHH· 
Tem,Horo napaMeTpa, no3BOJIBIOW:ero 06'bJ1CHHTb 
HJIB UOHSITb cyw:ecrey10w:ee B µ;eikTBHTeJILeOCTH 
pa3JIH'IHe npoq>HJICH K03q>q>H~eHTOB. Ilo3TOM)' 
Heo6xoµ;eM aeaJIB3 TeopemqecJC.HX OCHOB 06pa3oea
HID1 npoct>uneu JIHBBH c yqeTOM xaK euyrpeHHero co-

CTOJIHIDI H3JIY'l3lOW:ero B norJJOil(alOU\CrO 3TOM0B, 
TaK H BHemHHX <l>B3H"ICCKHX YCJIOBHH, B KOTOpbIX Ha
XO].VITCR. 3TH 3TOMbl. 

PaccMOTpHM cy6opµ;11uaTHbie JIHHBH. M1,1 npeµ;
nonaraeM, 'ITO B o6pa30BaHHB 3THX JIHHHH yqaCTBy
lOT PaABa~OBHbie npou;ecc1:,1 pacceHHIDI H nor110-
ll\eHID1 KBaHTOB H ynpyrHe CTOJIKHOBeHIDI B3Jiyqaro
ll\HX H norJIOII.t310W:HX aTOMOB C B03M)'ll(3lOW:HMII 
qacr~aMH. HeynpyrHMH CTOJIKHOBCHIDIMB npeHe-
6peraeM. 3-ro 03Ha'l'aeT, tITO He yqHTblB3lOTCX 
CTOJIKHOBBTeJILHbie nepeXOA&I Ha Apyme ypoBBH 
aTOMa (B036pKAeHHe 3TOM0B H HX BOHH33~ HJIB 
1(eB036yxcµ;eHHe H peKOM6HHaqw1) H Bee norJio~eH
H&Ie KBaHTLI nepeB3JiyqaJOTCB BJIYTpB paccMaTpBBa
eMOH JIBHHH. 

Heynpyrue cro11K.H0BeHID1 ue MOfyT nepepacnpe
p;eJIBTL B3Jiy'leHHe B OOJI3CTH JIHHHH v' - Vo- Tyma
ll\Be a<j><peKTLl ueynpyrnx CTOJIKHOBCIDW npHBOWIT 
TOJlbKO K nepeBO)zy IlOCJieJzylO~ee: H3JIY'leHHSI B CO· 
eepmeHHO µ;pyrylO o6JiaCTb cneKTpa HJIH B&rlblB3IOT 
noCJieA)'JOU\Be Hep~u~oHH1>1e nepexO.J(bI. Pe-
3yn1:,mpyl0ll\BH a<}><peKT eeyrrpyrnx CTOJIKHOBCHHH 
CBOABTCJI K TO.MY, 'ITO <I>~ '13CTOTBOro nepe
pacnpe~eJieHIDI Be eopMHpyeTCH K eAffllBIJ:e. Hao6o
poT, ynpyme CTOJJ.KHOBeHWI npHBO):\SIT JIHlllb K H~Me
HeHHIO c1copocreii cranmealOlJOIXCR '13CTHQ a nepe
pacnpeneJ1eHH10 B3Jiyqaro~n:x H nornow:aro~ax 
aTOMOB no cy6COCT0$1HIDIM BHYTpB 3HepremqecKHX 
COCTORHHB BepXHero H HHXCHero ypoBIUl paCCM3'I'pH
eaeMoro nepexoµ;a. Ynpyrae CTOJIKBOBeHIDI, pac
WHp,m 3aMCTHO eCTeCTBCHH}'lO WBpBH}' 3HepreTH
qecKHX ypoeeeii aroMa H He BbI3bIBIDI nepexoµ;oe 
ea APYrHe ypoBHH, 3H3'lHTeJibHO B03J{C.HCTBYIOT Ha 
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I. 

f 
I 

nepepacnpeAeJieeue "laCTOT e JJHHHH u o6pa30Ba.H11e 
rrpo<pDJieH K03<pc1>BI.tHeHTOe norno~eHBSJ u ucnyc
KaHHSJ Ami AaHHOH JIBHHB. 

TenepL Mbl AOJI>KHLI paCCMOTpeTb norno~eHee H 
ecnycxaHHe H3JI)"leHIDI aHcaM6JieM aTOMOB co CJJY
qaHHbIM ABIDKeHHeM, KOTOpbie BCDbITbIBaJOT nepe
XOALI MeQy ABYMSJ pacmepeHHLIMB COCTOJIBWIMH. 
AnSJ onpep;eJieHHSJ Ko3cpcpen;ueHTa norJio~eHWI aH
caM6JJeM xaOTl:I'ieCKH ABHraJQI.I(BXC$1 aTOMOB, KaK H3-
BeCTHO {CM., HanpBMep, [6, 7]), HY:>KHO B3STb HHTer
PaJI OT CMe~eHHLIX AffCnepcBOHHbIX npocpuJieH no 
BceM B03M0)KHb1M CKOp<>CTSIM V H HarrpaBJieHWIM 
ABIDKeHWI q>. 0:uaqe roeopJI, nonyqBTL CBepTKY AHC
~epcHOHHOH ct><>PMYJibI H MaKCBeJIJIOBCKOl'O pacnpe
AeJieHIDI CKOpOCTei. B pe3yJILTaTe TaKoii CBC.P'fKB 
non)'llaeTcSI q>opM}'Jia <l>o:An-a. 

r 01.1eBHAHO, 'ITO TaKOH rrpueM cnpaeep;JJBB rrpu OT
[, cyTCTBHB Koppemm;BB Me:)l{Ay p;onnnepoBCKBM pac
f wapeuueM B pacwupeHBeM H3-3a 3a1)'XaHIDI B3Jiyqe
f HWI H AaBJICHWI. HeT OCHOBamm OJKHAaTL Kaxo:i-TO 
,:. D3aHMOC8Sl3H Me.>KJzy 3cpcpeKTOM nonnnepa H ecTeCTf 
t BeHHbIM pacmapeHBeM. Ho He TaK SICHO C KOppeJI.SI-
~- n;eeii Me.>KJzy CTOJIKHOBHTem,HLIM H AODDJiepoBCKHM 
i. pacwupeHIDIM.H, TaK KaK CTOJIKHOBeHWI C H3Jlyqare
t JieM B3MeHSI.IOT TaIOKe ero BeKTOp CKOpOC'rB. 3<1>
f <PeKT 3TOH KoppeJI~HH c~rHTaeTCSI MaJibIM H3-3a TO
f ro, 'ITO B03M}'~aJO~aSI 'i3CT~a (3JieK1pOH, 3TOM 
r eop;opoµ;a Ha Cmrnn;e) nerqe B3JI)TllaTeJIJI H 60Jib
~ WBHCTBO CTOJIKHOBeHHii, cy~eCTBCHHblX AJISI nepe
~ .. : pacnpep;eneHIDI B3JI)"leHWI e _JIBHHH, peAKO 6yp;eT 
I npHBOAHTb K 60JILWBM H3MeHeHWIM CKOp<>CTH H3Jiy
~ qareJUI [5J. HacKOJibKO HaM B3BeCTHO, ;iteTaJibHOro 
r paccM01-peBW1 3Toro eonpoca ;,:to CHx nop He oc~e
t CTBJICHO H npBXOABTC$1 IIOJib30B3TbCSI o6m;enpuHB
f. TLIM npBeMOM. 
f 
' ,IJ;o cm: nop B ocHoBe nocrpoeHIDI npo<pHne:e: ;rn-

HBB, .SIBIDIIO~XCSI pe3yJILT3TOM COBMeCTHOl'O JJ,ee:CT
BWI 3cpcpeKTa 33T}'X3HWI H AOmIJiepoBCKOro 3cp<peK
Ta, Jie)KaJIO npeACTaBJieHHe O M8KCBeJIJI0BCKOM pac
npep;eJiemra CKOpoCTeB. 0p;H3KO AJI.SI cy6opAHHaTHoit 
JIHHBH anpuopu He CJJep;yeT, 'ITO 3TOMl:,f B COOTBeTCT
BYIO~eM B036yxc.r(eHHOM 3HepreTBtteCKOM COCTOs.1-
Him pacnpeAeJieHLI no CKopoCT.SIM corJiacao Maxc
eemiy. MLI npHMeM, 'ITO aTOMLI B OCHOBHOM COCTOJI-

{ HHB H 3JieK1-pOHLI pacnpep;eJieHbl no 3TOMy 3aKOHY 
; CKOp<>CTeii. Hao6opoT, pacnpeAeJieHBe CKopoCTeii 
~ B036y:)K,l:(eHHblX aTOMOB, BepOSITHO, 33BHCHT OT Me
~ XaHH3Ma B036y}l(]leHWI. 

Ilpu CTOJIKHOBHTeJibHOM B036y}KJ:{eHHH (u npex
JJ,e ecero 3JieKTpoHaMH) Hae6onee eepm1THO, qyo 
B036}':)f(,IJ;emn,1e aTOMLI 6YJJ.YT pacnpe;iteneHL1 no cKo-

,. pOCTSIM COrJiaCHO T3KOM}' xe 38KOHy, K3K 3J1ex1-po
Hbl BJIB Apyrue CTaJIKBBa10muecs.r C 3TOMOM '13C

TBI\hl, T.e. no 38KOH}' MaKCBeJIJia. Ilpu B036y~eHHB 
3TOMa p8AJ13qllOHHbIMH npo~eccaMH MO)KHO 0)1(.H

A3Tb OTKJIOHeHBSI pacnpep;eJieHIDI CKOpOCTee: B03-
6YQeHHblX 3TOMOB OT MaKCBeJIJIOBCKoro, npuqeM 

JJ.JISI HWKHero u eepxaero coCTO.suIIDI nepexop;a 
no-pa3HOM)'. 

,IJ;eHCTBBTeJibHO, '13CTOTa norJIOll\aeMoro (IIJIB 

e:cnycKaeMoro) ABIDIC}'ID;BMCSJ 3TOMOM KBaHTa onpe

p;eJISieTCSI coOTHoweeeeM ,IJ;orrm1epa. TaKDM o6pa-
30M, 'IT06bJ aTOM 6bIJI cnoco6eH norJIOTBTb KB8HT 
paCCM81-pHBaeMOB '13CTOTl,J v' ero IlOJIHaSI CKOpOCTL 
JJ.OJDKHa 6LITh He MeHLme 

{l) 

r;ite Vo - ~eHYpaJ:rbHaSI qaCTOTa, COOTBeTCTBYIO~aSI 
nepexo,zy 3TOMa B3 HB)KHero B036}':)f(,IJ;eHHOl'O COCTO
JIHHSJ B eepxHee B036yQeHHoe COCTOJIHHe. 3To 03-
H3'13CT, tITO cpeJJ,H norno~alOil.\HX 3TOM0D C B03-

6y~eHHLIM HIDKHBM COCTOSIHHeM H3yqaeMoro ne
pexoJJ,a BOBce He 6y;,:teT T3KHX, y KOTOpblX CKOpOCTH 
6LIJIH 6LI MeHLme V1. HHatie l'OBOpSI, pacnpeJJ,ene
HHe aTOMOB no CKOpOcnIM 6y;iteT pe3KO OTJIB'18TbC.SI 

OT M3KCBeJIJIOBCKOI'0. AHaJiomqaoe DOJIO)KeHue 

HMeeT MeCTO :u ;,:tJISI eep:mero COCTOSIH.Wl nepexop;a. 

TenepL MLI MO)KeM npucrynHTh K BLieop;y Ko3<P
cl>eD;HeHTa nornom;eHHSJ B CJJyqae OTKJIOHeHIDI OT 
MaKcBeJIJIOBCKoro pacnpeJJ,eJieHIDI nornom;aro~ux 
aTOMOB. llns 3Toro Mhl HCilOJib3yeM MeTOJJ.HKY 

BbI1iHCJICHWI K03q>q>BLUieHTa nornom;eHWI, KOTOpaSI 

6Lma npuMeHeHa B [ 4 J p;m1 cnyqaSI, Korp;a see norno
~a10~ue aTOMbl HMelOT M8KCBeJIJI0BCKOe pacnpeAe

JieHHe cKopOCTeii. Ilpe;itnonaraeTcg, 'ITO He HMeeTCSI 
npeBM}'~eCTBCHHOro ABIDKeHWI aTOMOB H qTo OHU 

Bee ABH)K}'TC,t: OronlaKOBO no BCeM HarrpaBJJeHIDIM. 

1 . d TorAa TOJibKO 'laCTb aTOMOB, paBHaSI 2 smq> q> , HMe-

eT HanpaBJieHBe BHYTPH yrnoe OT q> AO q> + dq>. 
1lTo6LI noJJy"<IHTL K03q>q>HJ.(HeHT norJio~eHWI aH
caM6JISJ aTOMOB s pac'leTe Ha O~HH aTOM, Mbl ~OJI)K
Hbl BblqJJCJJBTb BHTerpaJI 

00 lt 

J J a'{v)j{w) 1 sinq>dq>dw = 
w,~-

HaDOMHHM, 'llTO npeAeJILI no BCeM B03M0)l{Hh1M CKO

pOCTJJM w onpep;eJIS110TCJ1 TeM, 1iTO norno~aIO~HX 
• V 

I 
B036y~eHH.blX aTOMOB co CKOp<>CT:SIMB w <Wt= -v 

. 0 

HeT. TaKHM o6pa30M aHcaM6JII:. N norJiomaIO~HX 
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268 CIITHMK 

aTOMOB ae,qeT ce!)Sl TaK, KaK eCJIH 6bl KruKAblH aTOM 
HMeJI K.03<l><l>HqBeHT norno~eHWI, paBHblH 

2 00 1( 2 2 
1te 2 a ff e- w w sin<pdwd<p 

a(v) = - fru-- 2 2' (3) 
me 'Tr.bfir, (v - wcos<p) +a 

w1 0 

r,qe aee,qeHbI cJief.{ylO~He o6o3Ha'IeHWI 

V Av AA 
w=-=-- =--

V0 AVD AAD 

~VD AAD V AV AA V 
(TaK KaK - = ~ = - H - = -r = -) ' 

VO Ao C V 11. C 

Vo c 
b = Vo- =·-AVD = 2 IAA0! 

C A 
u 

V0 = ~ ·( T - KHHeTH'IeCKaSI' TeMneparypa, 

V, - Typ6yJieHTHaSI' CKOpOCTb). 

3necb BeJIH'IHHbI Av0 H AA0 o6o3HattalOT noDJiepoa
cKue nonyumpHHbI, a 61u H AA.NC - no11yIIIHpum,1 nuc
nepcuoHHoii <l>OPMYJILI norno~eHu c yqeToM BJIWI
HBSI' CTOJIKHOBeauii. IlpH BbJaone <l>OPMYJI (4) nonpa-
3yMeaaeM V - Vo H AJUI pa3HOCTeH qaCTOT HJIH AJJHH 
BOJIH IlO].lpa3yMeBalOTCB a6COJIIOTHbie 3HatJeHIDI. 

HuTerpupoeaHHe no <p nerxo BbinOJIHHTb. M1,1 

HMeeM 

f
it w sin <pd q> 

a 2 2 = 
0 

( v- wcos<p) + a 

= arctg (v :w)-arctg ( :w) 
11cnOJib3YSI 3TO paBeHCTBO, MO)KIJO nepenHCaTb 
Bbipa)KeHHe (3) e aune 

TCi 2 1 
CX.(V) = -f,u- C.. X 

me 1tb.J1t 

00 (5) 

x Jwe-wTarctg(v :w)-arctg(v :w)Jdw. 
w, 

CHa'IaJia o~eauM xo3<1><1>m1;eeuT norno~eHWI B ~ea
Tpe .llHHIDI ( v= 0, 'A.=~). B1,1pa)KeHue e KeanpaTHhrx 
CK06Kax B <l><>PMYJie (5) CTaHOBHTCSI paBHbJM 

(v +w) (v -w) w arctg a - arctg a = 2 arctg a . . 

,l),JJJI He 01.ICHb IlJJOTHOH cpe,:{bI, Korna 3aT}'X3HHe Ma
w 

no (a ~ 1 ), OTHomeHHe - eeneKo e npef.{eJiax 3HatJe
a 

V 
HHH w = V , npH KOTOpbIX 3aMeTeH BKJiaJJ; e HHTer-

o 
pan (5). Tor,qa HMeeM npe6nIDKeHHO 

w 1t a 
arctg a = 2 - w . 

TaJCHM o6paJOM, HHTerpaJI H3 Bbipa)KeHWt (5) 6yneT 

j ,--'2warctg: dw = j ,-•'2w (; - : }w = 
W1 w1 

1t [ - w
2 

2 J = 2 e 1 
- Jir,a(l - erf w1) , 

2 fx 2 
rne erfx = J;r 

O 
e-y dy. 

IlonCTaBJIAA 3TO Bbipa)KeHHe B COOTHOWCHHe (5), 
IlOJIY'lHM K03<l><1>B~HeHT norno~eHHJI B ~eHTPe JIH
HHH C Y'ICTOM qJieHa nepeoro nopstf.{Ka OTHOCHTem.
HO a 

(6) 

06bltJHO B Bblpa)KCHHH (6) qJieH Ca OT6paCb1D3-: 
eTCSI, HO 3TO BHOCHT B TeopHIO npoq>HJISI JIHHHH 
<I>oerTa BHyTpeHHee DpOTHBopettHe, TaK KaK ~eHT
paJibHaSI HHTeHCHBHOCTb JIHHHH onpeAeJDJeTCSI npH 
a:::= 0, a npa pac1.1ere no q>opMYne ytIHTbIBalOTCB 
nepBhlH H BbICIIIDe nopS[,qKH Ma1IOCTH BCJIHtJB~bl a. 
0TCIOAa ~eHTpaJJbHaSI' HHTeHCHBHOCTb JIBHBB nony
qaeTCB omu60'lHOH (HanpHMep, npH a = 0.2 HMeeM 
<Xo(~) = 0.809 BMeCTO e,quH~bl (7]). KoHe'lHO, Ta

Koe }'TO'lHeHee B o6~eM BlfAC YCJIO)KMeT 3a.A31.IY H 
Heo6xo,qeMOCTb ero HCil0JIL30B3HWI J.lOJDKHa pe
W3TbCjl C yqeTOM <l>H3H1.leCKHX YCJIOBHH 33A3'l0. 

11cnOJib3YSI Bbipa)KeHDe (6) AJISI <Xo(Ao), MLI H3 ypaB

HeHHJI (5) onpeAeJIHM npo<t>anb K03<l><l>~eHTa 
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AnSI uaxo~emm nHTerpanoe no w e pcmeecree (7} 
npHMeHHM HHTerpupoeaHHe no qaCTSIM. B pe3yJJbTa

Te nony'lfBM HOBYIO <f>opM)'ny npo<f>BJJR K03<l>4>Hl\H
eHTa norJIOJ..QeH.WI AM cy6opAHHaTHOH JIHHHB e cny
'lae ueMaKceemroBCKoro pacnpeACJICHWl cKopocree 
po36y)l(.QeHHLIX aTOMOB B 8HAe, npe.ttCTaeneHHOM 
Bh1We: 

} w
2 

[ ( V + W J ) ( V - WI ) = ie- 1 arctg a - arctg a + 

[

- 2 

00 

2 ] a e-w dw e-w dw 
+- 2 2+ 2 2 = 

1t !a + (v+w) !a+ (v-w) 
(8) 

1 w
2 

[ ( V + WI ) ( V - WI )] = ie- 1 arctg a - arctg a + 

[

- w l 2 - l ] a e-w dw · e-w dw 
+ - 2 2+ 2 2 • 

1t La +(v-w) !a +(v- w) 

I 06o~~eHHU <t><>HpM)'na (8) COA(eSp))KRT TPH napa
r MC'Ipa: OAo, a, Wt, OpMHpOBK3 OilpeJJ;eMeTCSI 
t HHTerpanoM no BCeM)' npoq,emo 
I 
I 
i 
r 
t 
t 
i 

- ~ 2 f cx(1..)d(6A) = cxo(A-0) J <p{6A)d(~A) = 1te 
2
/A,~ 

me -
une c e 1 

- ca( 1 - erf w 1) q> = 1 , I [ - w
2 

2 J-
~1t~AD ~1t . 

(9) 

me AJ1S1 KpaTKOCTH cp = J:. q>(6A)d(6A) o6o3Haqae-r 

mrrerpan no BCeM)' ua6J110JJ;aeMOM)' npo4>en10 Koo4>-
4>u~eHTa norJJOJ..QCHIDI (qi) BJIH HCnyCKaHHH (\ji). Pa-

~ BCHCTBO (9) IlpeACTaeruteT co6oa OAHO H3 ,pex ypae
ttt Hemm AM onpeJJ;eneHIDI napaMe'IpOB w1.6A.0 Ha. 

AHanoruqHu <l>oPMY na HMeeT MeCTO H µ;mt Ko-
3q><f>~eHTa HCDYCK3HWI, TOJILKO C .o;pyrHMH 3Ha'-le
HIDIMB W2 B COOTBCTCTBHH C <f>opM)'JIOA (1), a TaIOKe 
c 1-'(pyruMH AJ...0 H a0• BeeAeHHe Hoeoro napaMeTJ)a w 1 
8 q>OpM)'JIY (8), 'tJTO npHBOART K DOSI.BJICHHIO nnoc
KOfl qacTH npo<f>BJJSI B6JIB3H ~CH'Ip3 JIHHHH (~). AaeT 
B03MO)f(HOCTb npoBCCTH HCCJICAOBaHHC pa3JIH'IIDI 
npo<pHJieit ncnycKaHIDI u nornoJ..QeHIDI (cM. HIDKe). 

ECJIH nOJIO)KHTI, w, = 0, T.e. DpHIDITb MaKCBeJI
noecKoe pacnpeAeJieHHe cKopOCTea eo36y~eHH1,1x 
aTOMOB, TO Hawa q>OpM)'na (8) nepeXOABT B H3BeC'l'
HYIO q,opM)'rry <l>oAna 

(10) 

C K03q>q>H~HCHTOM norJIOJ..QeHIDI B u;eH1'pC JIBHHH. 

2 '\ 2 
1te 11.0 ( 2 ) cxo(A0) = -/,u Ji, 1 - ca . 
me 1t~A.0 ,.JTC 

(11) 

.UJij( npHMCHCHIDI HOBOH 'I'pexnapaMelpH'ICCKOH 
<i>oPMYJibI (8) npu auanu3e q,opM npo<f>eneu Ko3q>
<t>~eHTOB ucnycKaH.Wt H nornoJ..QCHIDI HC06XOAHMO 
cocraBBTb Ta6JIHqbl AJI.R Ha6opa eeJIH'IBH Wi, .6A.0 Ha. 

3To p;eno 6y~ero. Ho ecr1, B .o;pyrag Jap;a'la. Ha 
OCHOBe MCTOA3 M)'JibTHilJICTHblX naHHii Ml,l nonyqe
.nH q>OpMbl npoq>WieH K034><f>H~BeHT0B ucnycKaHWI 
H norno~e. HIDI ua pa3HbIX onTH'ICCKBX rny6m1ax 't e 
COJIHC'IHOH aTMOcq>epe (0.007 < 't < l) [1 - 3]. K aHa
JIH3Y 3TOro SI.B11CHIDI Mbl ceuqac H nepe~eM. 

<l>opM)'na (8), KpoMe nepeoro qneaa, 1-'(aHa B uu
rerpaJibHOA q,opMe, TaIC 'ITO oua TJ>YAHa AM npax
TH'ICCKBX DpBMCHeHBA. TionblTaeMcst npoeeCTB 
npu6JIH)KCHHOe BbNHCJieHHe HHTerpanoB OTACJibHO 
AJI.R u;eH1'panbH1,JX 'laCTell H KpbIJ1LCB npoq>HJJCB JIB
mm, Kax 3TO p;enaeTcst e CJiy'lae cpopM)'JibI <l>oirTa 
[4, 8]. Taxoe npe6maceeue ocuoeaeo Ha cneJzyJ0-
1..QHX COOOpIDKeHIDIX. <l>yH~WI 

1 

a2 + (v-w)
2 

HMCeT M3KCBM)'M B l.{CH1'p3Jil,HLIX '13CTSIX JIUHHB, rAe 
v - Mano, KaK MaJILJ H 3Ha'CfeHIDI nepeMeHHOit HHTC
rpepOBaHIDI w ( v "" w ). B 3TOA o6naCTH Mam.IX w 

l 
q>yHKU:IDl B3BeWHBaHWI e-w Mano MeH.ReTcst B MO-
)KeT OblTb BLIHeceHa 33 3HaK HHTerpana, TaK KaK ope 
MaJJblX 3HaqeHH.RX a H MaJlbIX V HaBOOJlbWHA BIOi~ 
e HHTerpan upoecxoAHT npe 3Ba'leHBB w "" v. Tio
naru w = v + y, nonyqHM AJJSI npa6mnKeHHbIX 3Ha
'ICHHH HHTerpanoB B U:CHTPanbHblX '13CTSI.X JIBHBB 
B (8) BLipIDKeHWI: 

-w, l 

J 
e-w dw 

2 2 __ [a+ (v-w) J 

-(w1 + v) 

-.J J "" e = 
a

2 +l 
dy 

e-.J [1t (V + W1 )] 
= a 2 - arctg a • 
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B KpbinbJIX nmmu, rAe v P 1, rnaeHLIH BKJia,:c B 
HHTerpam,1 cpopMJ11&1 (8) nocrynaeT OT 0611acra 
3Ha'1eHHe: nepeMeHHOH BHTerpHpOB3HIDI W ~ V, rAe 

2 

cpaKTOp B3BemHBaHIDI e-w HaH60JibWHH. TorAa, 
npeHe6perM a2 H npe,-craenu ( v- w )-2 B BffAe pRAa 

w w 
no - , T.e. KaK v-2(1 + 2-), Ami HHTerpanos (8) B 

V V 
AaJieKOM Kpbme JIUHHH nony'lBM 

-w, 2 -w, 2 

J 
e-w dw J e-w dw 

2 2 = 2"" 
_ [a +(v- ':V)] _ (v-w) 

1 -Jw -w2 W . Jic l. -w2 

""if e (1 +2v)dw = 
2

v2(1-erfw1)- Je 1
, 

00 2 00 2 

I 
e-w dw J e-w dw 

2 2 ::::: 2 :::::: 
[a+ (v-w)] (v-w) w, w, 

1 OOJ 2 W Jic 1 -W
2 

= - e-w ( 1 + 2-) dw = -(1 - erf w 1) + -e 1
• 

if V 2if J 

CoeAHWUI npe6JJH)KeHHLie 3HaqeHWl HHTerpa.JIOB 
AJISI QeH'I'paJJLHblX 1.J.acreH JIHHHB II HX AaJieXHX xp1>1-
JlbeB ('1eTbipe nocne;qHHe BLipa.>KeHIDI Jl:JISI HHTerpa
JIOB) B no,::i:crasnu s ct>oPMYJIY (8), nony'1HM np06nu
)KeHHoe BLrpa)l(eHBe cpopMLI npocpHM: 

CX(A) 
q,(AA) = ). = 

CXo( o) 

= e~ [ arctg (v :w, )-arctg (v ~ w, )] + 
(12) 

+ •: [n-arctg (v :w, )-arctg (v ~w, )] + 

a(l - erfw1) 

+ ./n,if 
Ilpu w1 = 0 3TO Bbipa)KeHHe coena,::i:aeT c npu6nn
)KeHHLIM Bbipa)KeHHeM cpopM)'Jibl <l>oiiCTa 

~ cx(A) ( _..; a ) ( 3) 
<p(A11,) = CXo(Ao) = e + fir,if ' 1 

2 
1te 2 1 

me cx0(A0) = -/ru.Ao Jn, . 
me 1tA1.0 

Kax B3BeCTHO, JIOpeHl..(OBCKHe KpbUlhSI npocpHJieH 
DOSIBJISIIOTCSI TOJibKO Tor,::i:a, xor,::i:a npe)KJJ:e ecero AO
CTaTO'lHO o6mrne B3Jiy'laTeneA, a 3aTeM TaJOKe ,::i:o
CTaT0'1Ha IlJlOTHOCTb B036Y)KJ1:310IIJ,HX '13CTH1.t;. IlpH 
uccne,::i:oeaHHH JIHHHH HHcppaxpacHoro -rpum1eTa 
KHCJIOpo,::i:a MeTOJJ:OM M}'JibTHnJteTOB Mbl D0JIY'1BJIH, 
'ITO B COJIHe"IHOH aTMOCcpepe Ha rny6uHe 't = 0.5 non-

HOCTblO HC'le3aJOT nopeHD;OBCKHe ~blnbSI Koa<t>cpu
LtHeHTOB HCnyCKa.HIDI H norno~eHWI H ocraeTCjl 
TOJJbKO AOnneposcnm npo<t>HJ1b. Ha MeHLmHX rny-
6HHax 3TH KpbmMI IIOffBJISIIOTCjl, AOCTHralOT MaKCH
MyM3 a 3aTeM OIDITL qacrH'IHO ocna6eealOT )lJISI 
MCHbillHX rny6HH ('t"" 0.007). TaKBM o6pa30M, Ha 
rny6BHe 't = 0.5 H3-3a cna6oe: aaceneHHOCTH B036y}K
AeHHblX ypOBHeH KHCJIOpoAa ocy~eCTBJISleTCSI TOJIL
KO 'IBCTO ,QOWiepoBCKOe pacwepeeue. B 3TOM cny
qae IlOCTOSIHHcUI 3aT}'XaHWI a= 0. lh cpopM)'Jibl (12) 
MO}KHO noJiy'IBTb p;oru1ep0Bc1GIH npo<):>Hm, npu pac
cMa-rpuaaeMOM TBIIe OTKJIOHeHIDI OT M8KCBeJIJI0B
CKOl"'O pacnpe11:eneeW1 cKopoCTeii. IlonarM B (12) 
ex = 0, AJISI 3TOro npocpum1 IlOJIY'IHM BblpIDKeHHC 

CX(A) -v7-
<p(AA) = cx/>..o) = e , 

(14) 

611.1 
)].nS1 onpeAeneHIDI napaMe-rpoe AI.Du w 1 = ----r-, 

611,D 

BXOASlll.(HX e <f>opM)'JIY (14), HMelOT MeCTO ,::i:ea CJieAy
lO~HX ypaBHeHIDI 

2 
~"-1n 1 e-w, - . 

Alo = In 2 H Jn, AA.o <p = 1. (15) 

3.Qecb M 112 - nonymHpe:ua Ha6JIIOAaeMoro npocpum1 
Ha noJIOBHHe 3HaqelDUI norno~elDUI (wrn ucnycKa
HHSI) e QeH'I'pe JIBHRH. Bropoe ypaeHeHHe ecn, cnep;cr
eee HOpMHpOBKH (9) npu a = 0 e npH n.eHTpaJibHOM IIO
rnom,eHHH <Xo(Ao), onpeAeJU1eMLIM paeeHCTBOM (14). 
HanoMHHM, 'ITO q, eCTL HHTerpaJI no BCeM}' H86JIIO
A8CMOMY npocpHJIIO K03cpq>HI.\BCHTa nornom,eHIDJ. ' 
YpaBHeHWI, aHaJIOrH'IHbie ypaeHeHIDIM (14) H (15), 
HMeJOT MeCTO H AJISI npoq>RJISI K03cpcpun;eeHTa acny

CK3HIDI, HO C ApyrHMB 3HaqeHIDIMH napaMC'I'pOB H 

HHTerpanoM w BMeCTO q, . 
B Ka"leOTBe npHMepa M.bI 3,::i:ecb npueeJIH ypaBHe

HIDI AJISI onpep;eneHID1 napaMeYpOB B cnyqae AOnne
poecKoro npo<t>am1 npn HeMaKcBeJIJIOBCKOM pacnpe
,:ceneHHH CKOpoCTeH B036y)KJ1:eHHb1X ypoeuei. Hc
Il0Jlb30BaHHe <):>opM}'JJbl (8) H npH6JIH)KeHH0B 
ct>oPMYJibI (12) npe.nnonaraeTCSI paccMOYpeTL B APY
roii craTbe. 

cf>OpM)'Jibl (14) H (15) HaB6oJiee npocro HCDOJib-
30BaTb p;m1 D0HHM3HWI BJIWIHHSI HeMaKCBeJIJIOBCKO
ro pacnpe.QeJieHHSI cKopocreii ncnycKalO~HX u 
norJiow;aro~ux aTOMOB Ha pa3JIH'CJ1Je npo<t>1meii KO
a<):>cp~eHTa ecnycKaHIDI H nor11om,eHID1. Bo BCSI
KOM cnyqae OHH ropa3AO npom,e, 'leM cpopM)'JILI (12) 
e TCM 6oJiee cpopM)'JJbl (8) u (9). B OTJIHque OT o6bl'{
HOro 11:onnepoecxoro npocpunsi e HeMaKceem1oe
CKOM .nonnepoBCKOM npocpane HMeeTCSI ruIOCKOBep
illUHHcUI ~eHTpaJibHM o6nacrL c noJiywupuHoi AA.1, 
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pa3JUfqHoii no senH'IHHe AM npocl>sm1 norJio~eHWI 
u ecnycKaHIDI. Pa3JIH'1HbI H l\elfI'J)am,H&Ie norno~e
HHe H ucnycKaaee: OHB HH)Ke l\eHTJ)aJI&Horo 3Hatie
RIDI AOilrulep0Bc1wro npo<1>em1. nponop~oHam,ao-

1 -w1 -w2 

ro AA , Ha MHO)KHTene e I H e 1
• B pe3yn&rnTe 

D 

npOHCXOAHT HCCKOJlbKO pa3JJH'IHOC nepepacapeAe
JieHRe '13CTOT B XpbUIMIX npo<pBJJeH norno~eHIDI H 

ecnycx:aHWI u Ka'leCTBe KOMneaca~e Ae<l>Hl\HTa s 
IJ,CHTJ)aJibHOB qacm npoq>Bml. IlOHIDKCHHe l.\CHT-. 
pan&Horo 3Ha'leHWI, 60J11:,wee Ami npocl>Hm1 Hcnyc
Kaeu, 11eM AJJSI npo<t,Wlst norno~eHIDI, npHBOABT K 
ynno~eHHIO ct,opMbI e pacwupeHelO nepuoro no oT
HoweHmO KO BTOpoMy, 1ITO e BSAHO no Ha6JJIOAae
. MblM 3H3tJCHWIM AA.112· TaKH.M o6pa30M, npeJ:{DOJIO
~eHUe O aet.taKCBeJIJJOBCKOM pacnpeAeneHBB CKOpo

CTCR eo36~eBHb1x norJio~aio~ e H3ny11aio~ 
aTOMOB Il03BOJISICT 061,gcHHTb 6onee mepoK..H.A npo

<t,un1:, xoa<t><l>HIUfeHTa ucnycKaHID1 no cpaeHeHHIO c 
npocl>eneM Koa<t,<t,Hl(HeHTa norno~eHIDI H ua6mo-

A3CMblii poCT ceneKTBBHOH <l>YHKQIIB HCTO'DD!Ka IC 
KpblJib.SIM JIHHHB. 
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On the Profiles of Selective Coefficients of Emission and Absorption 
G. F. Sitnik 

It is shown that the difference between the profiles of the coefficients of emission and absorption for a given 
atomic transition cannot be accounted for by the present-day theory of line profiles. Inside a motionless arom, 
there are no causes for such a difference, because, according to quantum mechanics, the probabilities of down
ward and upward transitions are equal. As a cause for difference of profiles of subordinate lines, we suggest 
deviation of the velocity distribution of absorbing and emitt.ing atoms from the Maxwellian one. Such a devia
tion consists in that among these atoms there will be no such ones. that have velocities smaller than a certain 
value determined by Doppler shifts for the upper and lower states of the transition. A three-parameter formula 
for the line profile is derived. The well-known Voigt formula is a particular case of our formula. The mecha
nism quoted results in different decreases of the central part of the emission and absorption profiles, and in 
broadening of profiles' wings as compared to the case of the Maxwellian velocity distribution. 
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IOJKHOE KOJIE:6AHHE 3JIL-HHHLO H HEPABHOMEPHOCTL 
BP All(EHIDI 3EMJIH 

© 1995 r. JI. C. Jleee~i*, JI. B. PLWiona**, H. C. Ce~opee1eoa*** 
* Acmpoq,uaui,ec,caa o6cepeamopwi, HayttHblU, KpbtM 

** HHcmumym acmpoMMuu, MocKea, Poccwi 
*** I'uopoMemtfeHmp, Moc,csa, Poccwi 

Ilocrymma s peJ.taKQHJO 28.04.94 r. 

MeTOAOM cneKTJ)anLHOrO aHaJJH3a npOBCACHO HCCJICAOBaHHC AByx .SIBnCHHH: K))Kfforo KOne6aHIDl 
3m,-HHeLO (I0K3H) H yCKOpeHHH Bp~ll(eHlUI 3eMnH 3a 140 neT (1852- 1992 rr.). 06Hapy}KeHO xopowee 
COOTBeTCTBHC "IaCTOTHblX xapaKTepHCTHK B ~nCKTJ)aX MO~HOCTH paccMaTJ)HBaCMblX '181ICHHH, npH'ICM 
MHOme H3 Ha~eHHLIX nepBO,QOB 6nH3KH K nepuo,11,aM, xapaKTepHblM AJUI sapH31\HH COJIHe'IHOH 3KTHBHO
CTH. 06cyx<,11,3JOTC)l MexaHH3M CBJ13B I0K3H C H3MeHCHWIMH BpaI.QeHIDt 3eMJJH H 803MO>KHbJe npH'IHHbl 
COB03,QeHIDI l\HKJIOB COJIHe'IHOH aK'fflBHOCTH H 3CMHblX npol{CCCOB. 

1. BBE,[(EHHE 

Q6~eH3BeCTHO, tITO O~HOB H3 OCHOBHbIX DpH'IHH 
Bapu~ ,-nBTCJILHOCTB cyroK (LOD) RBIDieTCH 06-
MCH MOMeHTOM HMnyJI&Ca (yrJIOBblM MOMeHTOM) 
Mexqzy aTMoccJ>epoii e TBepAb1M TeJIOM 3eMJJH [ 1 ]. 
O~HaKo cucreMaTIPiecKHii PHA onpeAeneaeu yr110-
eoro MOMeHTa aTMOCq>epbl (AAM) BMeeTCR JIHlllb C 
1976 r. [2], u paaee Mb! IlOAp06HO HCCJieJ:(OBaJJB 
eapHaL\HH AAM cosMecruo c KoJie6a.HIDIMB LOD, 
ABIDKeHBeM nomoca 3eMJIH H BapBaL\IDIMH COJJHe'-1-
HOH 3KTBBHOCTH nyreM aHaJJH3a HX 11aCTOTHbIX 
xapaKTepBCTBK [3 - 4 ]. BblJIO H~eHO 6JJH3KOe co
OTBeTCTBBe MHOrBX nepHOAB'DIOC'reH B paCCMOTpeH
HbIX .sraneHHSIX B c,a;eJiaH BbIBO~ 0 803MOX<HOM B03-
~eACTBHH aKTBBHOCTH Co11m~a ua AAM e, KaK cne,a;
CTBBe, Ha napa.MCTJ>:bl Bpa~eHWI 3eMJIH. 

C Apyroii CTOpOHbI, Ha 3eMJie p;aBHO B3BecrHo 
TaK Ha3&1eaeMoe IOX<Hoe Kone6a1me 3nb-HHHbo 
(I0K3H), npo.sram11o~eees1 e Kone6aHWIX Mace B03-
.izyxa B BO,lJ;bl Mexqzy B0C'f0qJf0H H 38Il3AH0B qaC'fHMB 
3KBaTopuan&aoii 30Hbl TBXoro oKeaua. AMIIJIBTYAa 
u <pa3a I0K3H xapaKTepe3yeTCS1 BH,QeKcaMB IOX<Ho
ro xone6amu1 (SOI). CaMbIH ,a;JIHHH&Iii pR,a; SOI HMe
eTCSI 3a -140 neT (5, 7]. IlocKOJibKY I0K3H BHOCBT 
3aMeTHLiii BKJI3A e AAM, MOX<HO O}KHJ:(an, Koppe
JIJl~HJO H coena,a;eHHe '13CTOTHbIX· xapaKTepHCTBK 

SOI H LOD. Csep;eHWI O LOD BMelOTCSI C xvn BeKa 
(cpe,a;HeI'OAOBble 3Ha'leHWI [81), Il03TOMY npeJ:(CTaB
JIJleT HHTepec conocraBBTb 3TB A9a pH).{a A3HHbIX H 

pe3yJibT8Tbl cpaBHBTb C noJJy"CJeHHblMH paHee Ha or
paHJAeHHOM (13.3 ro.o;a) mrrepBane. 

2. AAHHbIE H HX OBPABOTKA 

B Kat.IeCTBe AaHHbIX 06 IOK3H MbI B3MH KBap
TaJibHbie BHAeKCbI PaiiTa [7] 33 1852 - 1992 IT. H 
cpe,a;HeMeo:NHbie HH,a;eKCbl "C", KOTOpbie npuse,a;eH.LI 

B Wl J:(JIJI AByx nap Mereocramnm: ,napBHH (ABcrpa
JJIDI}-o. TaBTH (1935 - 1992 IT.) a ,napBBH-CaHTbSII'O 
(1882 - 1960 IT.). Csep;eHWI o LOD c 1852 r. - pSIA 
Moppucoua J:(JIJI cpe,a;Hero,a;oBbIX 3Haqeeeii ,a;mrrem,
Hocm CYTOK - 83.RTbI H3 [8]. HCCJie,a;osaHHe nposo:. 
AHJIOCb MeTOAOM cneK'I'paJibHOI'O aHaJIH33 C HCilOJib-
30B8HHeM TJ)eX pa3JIHqJ{blX ero MOJ.'{Hq>IIKa~: Me

TO,a;a HaJJ0:3(:eHHbJX 3IlOX H MeTOAa AHCKpeTHOro H 
6&1crporo npeo.6pa30eaHIDI cl>ypbe. IlonrceHHbte 
cneKTJ)bI MO~HOCTH so ecex TJ)eX cnyqaJIX oKaJa
JIBCb H,:(eHTll'IHbIMH. 

3. PE3YilbTATbl 

Ha pHC. 1 npHBeAeH cneICTp MO~OCTH KBapTaJJb
HblX mmeKCOB Patha 3a 1852 - 1992 IT. 06p~aeT Ha 
ce6.R BHHM3BBe 60JILJJioe KOJIH'leCTBO cneK'I'paJibH.LIX 
JIBHBH BO BceM paCCM3TJ)HBaeMOM Aff8Ila30He nepuo
AOB OT Aeyx AO HeCKOJILKHX AeCjff){OB neT, DpH 3TOM 
CTaTHCTB'leCKasl 3H3tIHMOCTh HX HeBeJIHICa (-2 - 2.50). 
CneKTpaJibHLie JIHHHH (IIBKB) HMelOT Te~eH~JO 
rpynnupoeaTbC.R B6JIB3B 'I'peX HHTepBaJIOB qacroT, a 
HMeHHO: e o6JiaCTe nepuo~OB 9 - 27 JieT, 3.5 - 6.6 JJeT 
H 2.36 - 2.89 JieT. 3-ra reAe~ e~e nyqme simea B 
cneK,pax, Bbl'lHCJieHHLIX AnJI cpeAHeMeCJ11Ul.b1X BH
AeKCOB "C" 3a 1882 - 1960 IT. (AJIR nap1,1 CTa~i 
,napeHH-CaHTb.Rro), 1935 - 1992 rr. (napBHH-TaH
TH) H 3a eec1, HHTepeaJI 1882 - 1992 rr. HecMOTJ)R ea 
p33JIH1Ulble BblOOpKH H pa3JIH'lHbie Macurra6LI ycpeA
HeBIDI - MeC.Sl'IHbie, KBapTaribHbie, I'OAOBble (I'O,t\0Bb1e 
romeKCbl Pafrra MLI Bbl'lBCJIWJlil H3 KBaJ)TaJJbHJ,IX HH

J.'{eKCOB Pam) - noCTpoeHHb1e cneKTpbI 01.1ee1, noxo
}KH B 3Haqemm nepuo~OB AIDI OCHOBHbIX DHKOB COB
n~alOT e npeAeJiax TOt{HOCTH onpeAeneHIDt, e Kaqe
CTBe ou.eHKH KOTOpoB Ml,I npHlUIJIH reope'I'IAeCicylO 
nonyumplDI)' JIHHHH AIDI Ka.xqi;oA peaJIH3~. TaKHM 
o6pa30M, CT3TBCTB'lecK3SI 3Ha~OCTb IlHKOB Bbime, 
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Ta6ne~ 1 

I0K3H 
.6.LOD AAM LOO X,Y W,R,KP 

SOI ''C" 

1852- 1992 1882- 1992 1882 - 1960 1935 - 1992 1852 - 1992 1976- 1989 1976 - 1989 1976- 1989 1976- 1989 

21r4±U1 30H ±3!2 

21.0 ± 1.6 21m±2ro 2H6±2r9 20r6±3r? 23.l ± 1.9 
12.7±0.6 13.5 ±0.8 14.2 ± 1.3 12.9 ± 1.4 13.3±0.6 
11.5 ±0.4 11.9±0.5 
10.5 ± 0.4 10.2 ±0.4 
9.0±0.3 8.7 ±0.3 

6.6±0.15 6.5 ±0.2 6.3 ±0.3 6.4±0.15 6r4± H2 
5.8 ±0.12 5.7 ± 0.15 5.6±0.2 6.0±0.13 

5.2±0.12 sro±or9 
4.6±0.08 4.7±0.2 4.7±0.08 

4.2±0.06 4.3 ±0.08 4 .3 ±0.l 4.2±0.2 4.4±0.07 4H ±0!6 
3.8±0.05 3.8 ±0.07 3.8±0.09 

3.5 ±0.04 3.5 ±0.06 3.5 ±0.08 3.6±0.1 3.6±0.04 3.5±0.5 3r1.±or5 3.5±0.5 
2.89±0.03 2.9±0.04 2.91 ±0.05 2.87 ±0.07 2.99 ±0.03 
2.77±0.03 2.78 ±0.03 2.75 ±0.05 

2.56 ±0.06 2.64±0.26 2.64±0.26 2.64±0.26 
2.36±0.02 2.36±0.02 2.34±0.03 2.39±0.05 2.39±0.02 

2.28 ±0.02 2.24 ±0:19 2.24±0.19 
2.18 ±0.02 2.16 ±0.04 

qeM 3TO CJJeAyeT H3 <j>opMaJibHoro onpe,qeJieHWI 3Ha
qeHIDI <1 AJISI OTAeJJLHO B3SITOro cne1CTpa. 

B Ta6n. 1 co6paHbl 3HaqeHWI nepBOAOB HaH6onee 
MO~blX cneK'IpaJibHblX JIHHHH BO Bcex qenipex cne
K'Ipa.x Mo~OCTH AJIJI SOI H yxa3aHLI HX reopeTINec
KBe IlOJIYillBPBHbl (HCTBHHaJI IlOJlymHpUHa JIHHHH MO

)KCT 6LITh 60J1Lme ). 1'fa aHaJIH3a cneK'IpOB H AaHHhlX 
Ta6n. 1 MLI 3aKJIJOqaeM, ttTo HaH6oJiee H~exom yCTa
HOBJieHHLIMH •nepHOAaMD AJISI I0K3H MO)I(HO Ctlll

TaTb CJJe,-yio~e: P = 21, 13, 6.5, 5.8, 4.2. 3.5, 2.90 u 
2.36 roAa. Hau6011ee MO~HLiii nBK, ~eH'IpBpOBaH
HLIH Ha nepHOA 4.2 roAa, OTMeqeH B pa6oTe [9]. 

Aanee MLI nposenu con~ae11eHHe cpeAHero
AOBLlX 3eaqemm HHAeKcoB Pakra e LOO, ou,eHBB 
JIHHCHH}'IO K<>ppeJISIIJ,HIO Me)KAY HBMH. Koo<M>a~
eHT KOppeIDl~H OK333JICSI OJIB3KHM K H}'JJJO. IIo
CTpOeHHl>IH cneK'Ip MO~HOCTH AJISI LOO TaIOKe Ja
MeTHo OTJlHqaeTCSI OT aHanOrHlIHblX cneKTpOB AJI.JI 
SOI. Cosna]:{aJO~MH OKa3aJIHCI:, JIHWb 60JibWHe 
nepHOAbl (31, 23 u 13 JieT), a TaIOKe nepBOAbl 4.2 H 

2.84 roAa. CoeceM J:Wyru xapTHHa Ha6JIJOAaeTCSI 
AJISI L\LOO- nepBbIX pa3Hocret 3Ha'leHu:A LOD (T.e., 
no cyru, AJISI ycxopeHHH BpaII(CHIDI 3eMJIH). 

2.14±0.17 

Ha pHC. 2 noKa3aH cneK'Ip MO~HOCTH BeJIB'UIHLI 
ALOO, a e Ta6JI. l npuee,qeHLI 3eaqeHHJ1 nepHOAOB 
Hae6onee MO~HblX llHKOB. BHJ:(HO AOBOJibHO xopo
mee COBilaAeHB.e 60JiblllBHCTBa JIHHBB B cneK'I'pax 
L\LOO e SOI. 0rJIB'1HTeJibHOii: qepTOH cneK-rpa 
LiLOO (a TaK)Ke LOO) .J1BJ1S110TCS1 oqeHL 6oJILIDHe 
aMnJIBT)'ALI AJISI P > 13 JteT - aa puc. 2 OHH He no
Ka3aHLI. 

B Til6JI. 1 npBBeACHbl TaIOKe ea~eBHb1e HaMH 
pauee [4] 3HaqeHWI nepHOAOB B Bapn~ AAM. 
LOO, xoopAHHaT noniocaX, Yu pa3JIB'1BbIX HHJ'.\CKCOB 
COJ1He11HOH 3KTHBHOCTH (11HceJI BonMj>a w, IlOTOKa 

p~OB3JIY11eH11S1 Comu~a Ha AJIBHe BOJIHLI 10.8 CM R. 
HHJ:(CKCa reoMarHBTHOii aKTHBHOCTH Kp). IlpH 
MeHLme:a J:(JIHHe peane3a~ua (13.3 roJ:(a) WHpBHa 
JIHHHB 6om,we, a KOJieqeCTBO HX COOTBCTCTBCHHO 
MeHLme. 3TH AaHHLie xopomo cornacyroTc.s1· c Ha-
WHMH cneKTpaMH. \ 

Ha puc. 3 noKa3aH cnexTP MO~HoCTe SOI. 
Bbll{HCJICHHbdi no cpeAHeMeCSllIHLIM 3Ha'ieHIDIM BH

AeKca "C" 3a 1882 - 1992 rr. J:(JISI o6JiaCTB nepBOJ:(OB 
0.3 - 2 l'OAa. a B Ta6JI. 2 A3Bbl 3H3lICHIDI nony~eH
HLIX nepHOAOB (c HaH60JibillBMH 3MllJIBT)'J:(3.MH), a 
TaK)Ke nepHOALI, no11y11eHHL1e paHee [4] no AaH
HLIM 3a 1976 - 1989 IT. 0mB6Ka ±llP OTHOCBTCSI K 
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Pac. 3. Cneicrp MOll~HoCTH cpe,-HeMCCSl'IHblX 3Ha'leHHH HH.QeKca "C' .Qnll lOK3H .B uanpaBJJeHHH eeTJ)OB 3a 1882 - 1992 rr. 
06o3Ha'feHHSl TC :>Ke, 'fTO Ha pHC, J; 'faCTOTa V OTMC'fCHa B C.QHHHQaX (l/12 ro,Qar

1
• . 

3HaqeffIDIM nepe:o;n;oB H3 [4]. Heonpe;n;eneHHOCTb B 
3Ha'tJeHIDIX nepe:o;u;os wu1 SOI MeHbW~ 0.01 ro;u;a. 
Ta6n. 2 ;n;eMOHcrpe:pyeT YAHBIITeJibHOe cornacne 
qacroTHbtX xapaKTepnCTHK ecex paccMaTJ)HBaeMbIX 
cneKTJ)OB, npH'leM 3TH xapaxTepHCTRKH, no-BBAH
MOMY' ocralOTC.R IlOCTOSIHHblMH Ha npoTjl)l{eHHH 
- 140 JieT. 

4. OBCY)K,Il;EHME PE3YTib TA TOB 

OnucaHHbie Bb1we pe3yJibTaTb1 ce~eTeJibCTBY
IOT o coena.u;eHHH MHOrHX qacroTHbIX xapaKrepuc
THK AByx mmeud: IO)l{HOro KOJie6aHHSI 3Jib-HBHbO 
H ycKopeHHH epa~eHIDI 3eMJIH (&OD) B AHana3oHe 
nepuo;u;oe OT 2 .u;o 10 neT. Hae:6onee 6JIH3KHe cosna
.u;earu1 BMelOT MeCTo Ami nepHO,AOB P"" 21, 13, 9, 6.6, 
5.8, 4.6, 3.5, 2.9, 2.3 ro;u;a. MexaHH3M CBS3H SOI H 
&OD noID1reH. B pe3yJibTaTe nos1,1weHHS1 TeMne
pa-rypb1 noeepXHOCTH OKeaua B 3KBaTopHaJibHblX 30· 
Hax Te:xoro H MHAHHCKoro oKeaHOB u BLI)l.eneHIDI 
CKpbITOfO Ternia KOffAeHca~H npH TeilJlbIX <pa3ax 
IOK3H 3KBaTope:aJihHrut Tponoc<pepa pa3orpesaeT
csr H yeeJJHqu83IOTCS1 pa3HOCTH TeMneparryp Me)l{Jly 

3KB3TOpoM H IlOJIIOCOM, qTo npHBOAHT K yce:neHHIO 

30H3JibHOH µupx.yJI.SII~H aTMoc<pepbI, pocry aTMo
c<pepHoro yrnosoro MOMeHTa (AAM) e 3aMeAneHHIO . 
CKOpOCTB Bpam;eHWI 3eMJ1B. Bo speMSI XOJJOJ:(BLIX 
<pal IOK3H aHoMaJIHH reMneparyp&1 nosepXHocrB 
oKeaHa BAOJih 6oJibme:e: qaC'I'H 3KBaTopa OTJ)~a
TeJibHLI, CKpblTOe Tenno He BbIJ:(eJUleTCSI H TeMnepa
rypa 3KBaTopHaJibHOH TPODocq:>epbl noHIDKaeTCSI. 
YMeHl>W3IOTCSI pa3HOCTH TeMileparyp Mexqzy 3KBa
TOpoM H noJIJOCaMH, ocna6esaeT 30HaJibHrut ~KY
JI.Rl.lWI aTMoc<pepbI, AAM yMeHbmaeTCS H CKOpoCTb 
spa~eamr 3eMJJH yeeJIHl!HBaeTC.R. clla3a Kone6amm 
AAM Ha I - 3 Mee onepe~aeT q,a3y &OD. 8h1me-
011BCaHHLii MexaHH3M o60S1CID1eT cBSl3b IOK3H H 
LOO )l.JUI nepuo.u;os MeHee 10 neT. HH3KOttaCTOTHb1e 
cocrasnsr10~e ~OD ue CBSl33HbI c IOK3H, TaK 
KaK B aTMocq>epe He Ha6JIJOA3I0TCSI KOJie6aHIDI 
AAM co CTOJJb 6on&mHMH aMDJIHT)'AaMH. 

,geneHe:e IOK3H (Toquee, nepepacnpeAeneHHe 
Maccb1 B03Ayxa H BOW,I Mexqzy TuXHM u HHAHHCKHM 
OKeaHaMH) H3MeIDieT KOMDOHeHTbl TeH30pa BHep
WfH aTMOCq>ephl H I'HApoCq>epbI H, K3K CJieJ:(CTBHe, 
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Ta6JJH~a 2 

I0K3H AAM LOO X,Y W,R,KP ±Af' 

I ~90 Ir89 OH3 

1.64 H60 Jr66 1.60 P66 0.10 

1.54 1.50 1.50 0.08 

1.37 

J.29 1.32 1.32 1.28 1.21 0.06 

J.09 1.10 1.10 1.10 0.05 

J.03 } 
1.00 1.00 1.00 0.04 

0.97 

0.90 0.88 0.90 0.93 0.91 0.03 

0.82 0.82 0.03 

0.77 0.77 0.77 0.02 

0.74 } 
0.71 0.7 1 0.72 0.72 0.02 

0.71 

0.63 0.64 0.63 0.63 0.02 

0.58 0.57 0.58 0.58 0.01 

0.55 0.55 0.01 

0.45 } 
0.44 0.44 0.45 0.45 0.01 

0.44 

0.42 0.41 0.41 0.42 0.42 0.01 

0.39 0.38 0.38 0.40 0.01 

0.37 0.36 0.01 

0.34 0.35 0.35 0.01 

B036y~aeT ABIDKeHHe IlOJIIOCOB [6]. IlpH TeilJIO:it 
cpa3e I0K3H CeeepHbIH IlOJIIOC 3eMJIH OTKJIOIDieTCSI 
B,0:0.Jlb Mepuµ;mlHa 120° B.µ;., a npu XOJIOAHOH cpa3e ..:.... 
BAOJJh MepUAHaHa 250° a.µ;. IfaeeCTHbIH nepHOA CB0-
6oµ;HbIX Kone6a.mm: nomocoe 3eMJUI paeeH = 1.2 roi.a. 
3ToT nepuoi. ·KpaTeH p~y nepuo~oB I0K3H, TO 

eCTb CHCTeMa "3eMJUI + aTMOC<pepa e MHpoBOH OKe
aH" HMeeT KOM6HH~HOHHb1B pe30HaHC Ha 'laCTOTe 
(1.2 ro,na)-1 [6]. 

Cpe,nH Hau,neHHbIX B SOI H &OD nepHO,I{OB MHO
rne coana.n:a10T c H3BecTHbIMH nepHo,naMH conHe-q;. 
HOH aKTHBHOCTH: P- 22, 11, 5.5, 3.5, 2.2 roµ;a, a TaK
)Ke P - 2 roµ;a (Ta6JI. 2). Ha OCHOBaHIUI 3Toro COBna
J{eHIDI 3aMaH1.JHBO npeµ;nonmKHTh, 'ITO COJIHe'IHaH 
aKTHBHOCTb o6ycJIOBJ1HBaeT I.J,HI<nl{"t{HOCTb SOI u 
&OD. Oµ;HaKo, MhI He µ;enaeM 3Toro. MLI JIHWb OT
MetJaeM, -qTo BJIIDIHHe I0K3H Ha aTMOC<pepHbie, m
µ;poccpepHbie B reoµ;HHaMH1.JeCKHe npou.eccb1 01.1e
BHAHO. 803M0)KH0 H o6paTHOe BJIIDIHHe reoµ;HHaMB
qecKHX npou.eccoB Ha I0K3H. 

Pa6oTa BbIIlOJIHeHa npu cpHHaHCOBO:it IlOMep)KKe 
PocceucKoro cpouµ;a cpyu.n:aMeHTanhHhIX :e:cCJieµ;oea
HHB (KOAbI npoeKTOB 93-02-3038, 93-05-8527). 
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El Nino Southern Oscillation (ENSO) and Earth Rotation Variations 
L. S. Levitskij, L. V. Rykhlova, and N. S. Sidorenkov 

The El-Nino Southern Oscillation and acceleration of the Earth rotation over 140 years (from 1852 to 1992) are 
investigated by spectral analysis method. For both phenomena their power spectra frequency characteristics are 
shown to coincide closely. Many periods obtained are similar to those for solar activity variations. The relation- · 
ship between El-Nino Southern Oscillation and Earth rotation variations as well as possible reasons for coinci
dence of solar acth'.ity cycles with terrestrial phenomena are discussed. 
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YJJK 521.14 

K IlPOliJIEME tl>OPM HEliECHl,IX TEJI, HAXO.IJ:HIIOIXC.H 
B OPliHTAJILHO-BPAmATEJibHLIX CHHXPOHH3MAX 

© 1995 r. A. A. XenToB 
HWtCewpoi>cKuu y,meepcumem, HitJ1C11.uu Hoewpoo, PoccUR 

IloC'J'}'mrna B peAaKn1uo 18.03.94 r. 

06cy.>K.l{aeTCH B03MO)IQ{OCTh KCnOJibJOBaHHJI npKHl\Hna MHHHMaJibHOrO B3aHMOAeHCTBHj{ AJUl o~eHOK cpopM 

ecrecrseHHblX He6eCHbIX TeJI, op6HTaJibHble H Bpall.\aTeJibHble ABH)KeHIDJ KOTOpblX CHHXp0HH3Hp0BaHbl. 

B HaCTOSUD,ee Bpewi O'leBHAHO [1- 3], 'ITO coepe

MeHHcUI crpyKT}'pa CoJIHe'Illoi ceCTeMbI - npo,nyKT 
AJIDTeJibHOH MHorocryneH'IaTOB 3BOJUO~ npo
TOilJiaHeTHOro o6JiaKa. B t:JaCTHOCTH, KBa3HccpepH
qeCKcUI cpopMa MHOrHX 60JibllIHX Ten nerKO 06'bSIC
ID1eTCSI HblOTOHOBCKHM B3aHMO,neikTBHeM qacT~ 
eemecTBa, 03 KOTOporo OHH 8KKYM}'JIHp0B3JIHCb. 

Ha6moAaeMbie c)KaTwr TeJI npeepamaroT ex [(eHT
paJibHbie 3J1JIHilCO~bl HHepu;1m B 3JIJIHilCOHJ:J;bl 

epameHWI H SIBJIHIOTCH CJieJ:J;CTBHeM oceBblX epame
HHB 3TBX TeJI. 

Cno)KHbJe cpopMbI coepeMeHHbIX nnaueT H cnyT
HBKOB (e qacTHOCTH, pa3JIIPIID1 Me)l{Ay ;ri;eywi 3KBa
TOpHaJibHblMB MOMeHT8MH HHepQI:IH K3)1(;ri;Oro H3 

HHX) 33BHC.slT OT B3a.HMOAeHCTBHH MHOrHX TOHKHX 

cpaKTopoe, KOTOphIM nonaep)KeHbI ueoTeepnee
wHe 6onhwHe Tena e HacTo.sn:a;ee epewi, m160 
6bIJIH IIOABep)KeHbl a npOWJIOM HeoTBep,neawue 
npoo6pa31,1 Tsepnb1x B Hamy 3noxy TeJI. B oco6oM 
IIOJIO)KeffmI 3AeCb, no-BH)l;HMOMY, OKa3b1B3IOTCSI 

He6ecHL1e Tena, cpe;ri;HHe op6HTaJihHbie H 
BpamaTeJll,Hbie yrJIOBble CKOpOCTH KOTOpblX CBS13a

Hbl :a;eJIO'IHCJieHHbIMH COOTHOWeHBSlMH, H3-38 pe30-

H8HCHOH YCTOH'IIIBOCTH H nonroro coxpaHeHHSI Ta
KHX Jl:Bl!DKeHBH. 

MO)KHO npeAIIOJiaraTh [4], 'ITO yKa3aHHbie COH3-
MepHMOCTH ccpopMupoBanucb yif<e Ha paHHHX 3Ta
nax 3BOJIIO~H COJIHel.JHOB CHCTeMbl. TorAa cna6hie 
CBS13H . Me:>K,Jzy HHep:a;BOHHblMB xapaKTepH<-"THKaMH H 

op6HTOii ue6ecaoro Tena ycneearoT B pe3ouaucuoe 
CBTyaD;HH npo.stBB.Tb ce6s B MaKCHMaJlbHOH CTeneHB 

B, B03MO)KH0, CKOppeKTHpOBaTb HHep:a;HOHHbie 

xapaxTep.aCTHKD ueoTBepneemen nnaHeThI (unH 
CilYTHHKa) )'.{Jlj) OilTHMH3a[(BH B KaKOM-TO CMbICJie 

µ,ei'lcTBWI B03M}'~eHHH. 

.D:JJH npoe~pKH o60CHOB3HB0CTB cct>opM}'JIBpO
BaHHOH H)l;eB TPe6yeTCSI BbI6paTb KpHTepHB OilTH
MH38[(HB, IIOCMOTJ)eTb, KaKHe pe3ynbT8Tbl ;ri;aeT ero 

npHMeHeHHe An~ rena C R3Be~HbIMH JJ.JilH8MH1.JeCKB
MH xapaKTepBCTHKaMH (JlyHbI , HarrpuMep) H npu 
6naronpIDITHbIX o6CTOSITeJibCTBax ,naTb nporH03 AJIH 

. HeH3BeCTHblX µ,HH3MH't.JeCKHX xapaKTepHCTHK npyrHX 
Ten. B npennaraeMoii pa6oTe om1caHHaH nporpaM
Ma peaJJB3yeTCSI Jl:JlSI OCHOBHbIX o6HapyiKeHHblX B 
ConHe'lHOH CHCTeMe op6HTaJibHO-Bparu;aTeJibHhlX 
CHHXpoHH3M0B THilOB 1 : I (KaK y JlyHbt) H 3: 2 (KaK 

y MepKypWI). 

By;ri;eM paccMaTJ)HBaTh ABH)KeHne He6ecaoro Te
. na e rpaeHTau;HOHHOM none np1-nsmrna10~ero ~eH
Tpa c cunoaoii q>YHKQHeii 

a 
U = - +R, 

r 
(1) 

r.ne a - napaMeTP, r - MOAYJJb pa.IJ.Hyca-BeKTopa r 
u;etrrpa Mace Terra OTHOCHTeJJhHO npHT.sinrna10mero 
u;eHTPa, 

1µ 
R = - - ( B + C - 2A) + 2 3 r 

+ ~ ~ [ (A -B) ii+ (A - C) y;] 
r 

- B03M}'malOW.ast c~nOBcUI cpy~IDI. 

(2) 

B noCJieAHeM Bbipa)KeHHH µ - napaMeTP, A, B, C -
rJiaBHbie u;eHTpaJibHbie MOMeHTbl HHepIJ,HH He6ecHO
ro TeJia, Y1 H Y2 - KOCH.HYCbl yrnoe BeKTOpa r C rnaB
HblMH l.\ewrpaJJbHbIMH OC.RMH BHepIUUI y Hz He6eCHO
ro Tena. 

Ycpe,IJ.HeHHOe HHTerpaJibHOe rpaBHTa[(HOHHOe 
B03,neHCTBHe Ha 3BOJIIO[(HIO ocKyrrHpyro~eii 3J1JIHil
TH't.JeCK0B op6HTbI Tena ,D.pyrn:x TeJI B OTJIHtJ:IDI :a;eH
TpaJibHOl'O Tena OT MaTepHaJibHOH TO'l:{KII onumeM 
paBHOMepHblM yxo,IJ.OM y3na op6HThl C yrJIOBOH 
CKOpOCTblO Kn H paBHOMepHbIM yxo,IJ.OM ee nepH

u;eHTPa. 

IlocrynaTeJJhHO-BpamaTeJibHOe .IJ.BIDKeHHe He6ec
aoro Tena B none c CHJIOBOH cpyH~eH (1) Ja,IJ.aeTcs:i 
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npH cq><>pM}'JIHpOBaHHblX ycnOBIDIX B3BeCTHoii {5, 6) 
CBCTeMO:A AB<l><t>epeHr(llanhHblX ypasHeHHH: 

da 2 iJR -=---, 
dt ro0a i)M0 

de Jt-l a.R e./t-l dR 
dt = - ro a2e d7t<O - ~ iJM ' o ro

0
a2 

( l + ,J 1 - e-) o 

di 1 iJR 
d,=- 2 ~

1 
2 •. aa

ro0a ,JI -- e-sm, 

i 
.tg2 ('i)R iJR) 

- 2 ~
1 

2 a1tw + aMo ' 
ro0a ,J 1 - e-

dO 1 i)R 

dp . 1 (dR iJR) . . 
-d = -.- -...=-cos p - i)'t' - Knsm ,cos I., 

t Lsmp o'lf ~ 

dI. 1 iJR ... ~ ') - = -.-a +K0 (ctgpsmtsm~-cos, , 
dt Lsm p p (3) 

dL iJR 
dt =~, 

d~ . . ( 1 l) dt = Lsm~smq>cosq> A - 8 + 

l ( iJR iJR) 
+ Lsin~ cos~d'V - dq> ' 

d'V = L (sin 2q> + cos 
2q>)-

dt A . B 

1 (aR iJR ) sinisin:E 
-L ~ctg-6+ apctgp -K0 sinp , 

dq> ( 1 sin
2

q> cos 
2q>) 

-=Lcos-6 ------- + 
dt C A B 

1 iJR 
+ Lsin~~-

3ACCb BBCACHhl 3JIJIBltl'B'i:eCKHe KenneposcJCHe 
OCKYJIBpyro~e op6BTanbHbie 3JICMCHTbl, a HMeH
Ho: OOJlbWaJI nonyocb a, 3KC~ewrpHCBTCT e, H8KJIO
HeHHe i, AOJII'OTa socxo~ero y3Jla n, AOJiroTa nepu-

~eH'I'pa 7Cw H cpeAWUI aHOManIDI B anoxy Mo, a TaIOKC 

JCB83HOCKYJI.BPYIO~e 3JICMCIITbl AJUI spamaTCJThHO
ro ABH:)KeHWI - MOAYJib L BCKTOpa L KBHCTH"'lecKoro 
MOMCHTa rena, llOAC11BTaHHoro OTHOCHTem,Ho ero 

~ewrpa Mace, yrn1,1 p u :E, onpeAemno~e noJio:)Ke
HRe BCKTOpa L a npocrpaHCTBe, YrJibl 3unepa 'V, q>, 
-6, 38AaJO~e Il0Jl0:)KCHBC rJiaBHblX ~ewrpaJibHblX 

OCCB HHCpr(RH TeJia xyz OTHOCHTCJILHO TJ)HCApa, CBJ1-
3aHHOro C BeKTOpOM L. Y roJI p H3MepHCTC.51 MC:)KAY 

BCKTOpOM L H HOpMaJiblO K IIJIOCKOCTH OCKYJIHpYIO

me:a op6BTbI Tena, 'V- yron npe~eccim TeJia BOKpyr 
L, ~ - yroJI . H}'TaQBB, a q> - yron co6CTBeHHoro 
spameHWI. CpeAHU yrnosas cKopOCTb 06pameuru1 
.QCHTJ>a Mace rena no OCKYJIBPYIOcqeit op6wre 060-
3uaqeHa '1epe3 @o. 

ByAeM npeADOJiaraTb, 'ITO .QeRTJ)aJlbHbffl 3JIJ1Bll

COBA HHep~u Tena 6nH30K K cc:pepe. Tor,u;a yroJI 
npeu:eccim 'V H cpe)'.(IWI aHOMaJIWI M Tena 6yA}'T 
6bICTphlMH nepeMeHHbIMH. ,Um1 aHaJIB3a op6BTaJJb
Ho-spamaTeJibHbIX CHHXp0l1H3M0B THila 1 : 1 CAena
eM 3aMeay nepeMeHHLIX 

(4) 

H ycpeP,HHM [71 CHJIOByio <PYHKU:HJO (2) no cpeAHCB 
aHOMaJIHH M. IlonyqHM: 

I µ 2 - 312 • 
R = 23 (l-e) (B+C-2A) + 

a 
3 µ 2 -312 2 2 + 
8 3 ( l - e ) { ( A - B) [ 2 (I - sin ~cos q>) + 

a 

+sin2 p(3sin 2'6cos2q>-l)] + (A-C) [2sin
2
~+ 

+ sin 2p (3cos2
~ - 1) 1 } + i ~a4i(e)sin(1' + C1>11) x 

a 

x sin~cos~sinpcosp [ (B -A) cos2q> + (A - C) 1 + 

+ i ~ sin 2(1C + Cl>lt)a32(e) (B -A) x 
a 

x cos '6sin q>cos q>sin 2 p + 

+ -
4
3 ~a52(e)sin ~cost}sinp (1- cosp) x 

a ' 

xsin(K+3ro
11
-2:E)[ (A-B)cos

2q>+ (C-A)] + 

+ ! ~a6i(e)sin~cos-6sinp (1 + cosp) x 
a 

x [ (B -A) cos 2q> + (A - C)] sin(K + 2I.- <011) + 
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+ ~ ~a2z(e) (B-A) cosi}sinq>cosq> ( 1 - cosp) 2 x 
a 

. 2( 3 µ x sm 1C + 2ro" -l:) + 83a 1i(e) (A-B) x 
a 

x cost}sinq>coscp (1 + cosp) 2sin2(K +I:)+ 

+ ~ ~ (B-A) a 4i(e)sint}sin~cosq>sinpcosp ~ 
a 

3 µ 
x cos(lC + ro") + 

16 3
a32(e)cos2(,c + rolt) x 

a (5) 

x sin2p [ (A - B) (cos 2t}cos 2q>- sin 2cp) + 

+ (A - C) sin_
2
t}] + 1 ~a52(e) (A -B) sint}sinq> x 

a 
x coscpsinp ( I - cosp) cos(K + 3ro" -21:) + 

+ ~ µ
3 

(B. -A) a6i(e)sint}sinq>cosq>sinp (1 + cosp) x 
a 

3 µ 
x cos(K- ro!t + 2.I:) + 

16 3
a22(e)( I - cosp) 2 x 

a 

x cos2(K + 2ro!t - t)t (B-A) (cos2t}cos2q,-

- sin 2cp ) + ( C -A) sin 2t} ] + 

3 µ ( )( 2 2 2 + 16 3 a 12 e I + cos P) [ ( B - A) ( cos t}cos cp -
a 

-sin
2
q>) + (C - A)sin 2t}] cos2(1e+t). 

3:ACCb 'ICJ>C3 (t)" = 1tco - {l 0003HaqeHO yrJIOBOC pac
CTO.SIHBC nep~eHTJ)a OT y3na, a K03q>qnn\HeHTbI 
a/e) HMeJOT cneA}'IOu..um sim: 

5 2 13 4 ~ 
a I z( e) = 1 - 2 e + 

16 
e + 0( e J, 

1 4 6 
a2i(e) = 

24 
e + O(e ), 

() 92 74 , 6 
a32 e = 2e + 2e + O(e ), 

) 27 3 s 
a 42(e = 3e + Be + O(e ), 

3 
e s 

a5i(e) = 
48 

+ O(e ) , 

3 

( ) e e s 
a62 e = - 2 + 12 + O(e ). 

AJIR HCCJICAOBaHIDI op61!TaJlbHO-Bpa~aTeJibHblX 
CBHXp0HH3M0B THna 3 : 2 cnenaeM 3aMCH)' nepe
MCHHblX 

3 u, = - M + 1t - n + 1e 
T' 2 0) (6) 

u ycpe;n;HBM CHJIOB}'IO cpymc~ (2) no cpe~Hei aao
MaJIHB. IlonyquM: 

1 µ 2 -3/l 
R 3 = z 3 (1 - e ) ( B + C - 2A) + 

a 

3 µ 2 -3/l 2 2 
+ 83 (1-e) {(A-B) [2(1 -sin t}cos cp)+ 

a 

+sin
2
p(3sin

2
t}cos 2q>-l)] + (A-C) (2sin 2~+ 

. 2 2 3 µ . 
+ sm p (3cos t}-1) J } + 83a 33'e) x 

a 

x sin2(K + ro,.) (B-A) cost}sin<pcosq>sin2p + 

3 µ . 
+ 83 (B-A) a 23(e)cost}sm<pcos<p (1- cosp) 2 x 

a 

x sin2(1C + 2co" - t) + ~ ~ (A - B) a 13(e)sin2(1C + I:) x 
a 

x cost}sin<pcos<p (1 + cosp) 2 + 

3 µ[ B 2 2 . 2 + 
16 3 ( A - ) ( cos '6cos <p - sm <p) + 

a (7) 
+ (A - C) sin2t}] a 3JCe)sin 2pcos2(1C + coJ + 

· 3 µ 2 
+ 16 3 a23'e) ( 1 - cosp) cos2(1C + 2ro" - I:) x 

a 

x[(B-A) (cos 2t}cos 2<p-.sin 2<p) + (C - A)sin2t}J + 

3 µ 2 
+ 

16 3
a13(e)cos2(1e + I:)( 1 + cosp) x 

a .. 

x [ ( B - A) ( cos 2 t}cos 2 <p - sin 2 t}) + ( C - A) sin 2 t}] . 

3.t(eCb BBe.t(eHbI o603BaqeHH.R 

7 123 3 5 
al)(e) = 2e - 16e + O(e ), 

81 s 1 
a23(e) = 

1280 
e + O(e ), 

' 53 3 5 
a 33(e) = Be + O(e ). 

Jib cuCTeMb1 (3) cneAyeT, ~o. ecnu J.(eHTpaJibHblA 

3JIJiencoH,a; HHep~e ue6ecHoro rena .RBJI.RCTCSI cipe
poA, TO epa.iqaTeJibHoe ABH}KCHHe rena He BJIHSICT Ha 
TpaeKTOpu10 ero J.(eHTpa Mace. B OCTanbHbIX 
cnyqcUI.X 3Ta TpaeJCTopu, eoo6~e roeopSI, ecnLITLI
BaeT 80'.3My~CHIDI OT rpaBBT3~HOHHOl'O B33HMOACH
Cl'BIDI Tena a npHT.11I'HBa10~ero qeHTpa. XapaK'tep a· 
BCJIHqBHbl 3THX B03My~eHHU 3aBBC.SIT, cornacno 
<j>opMyne (2), JC.ax OT enepQBOHHbIX xaparc.Tepucrux 
Tena, TaK H OT ero opeeHTa~HB e a:pocrpaHCTBe. 
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280 XEHTOB 

B 1973 r. e pa6oTe [8] 6bm etp0PMYJJ11poeaH 
npHHqBII HaBMeHbWero B3aHMOAe.HCTBWI, cornaCHO 

KOTOPOMY pe30HaHca&1e op6HTaJILHLie ABHXeHWI 
He6eCHLIX TCJI BOKpyr IlpHTSU'HBalO~ero ~eH'I'pa 
npoucxowrr TaK, q'J.'()6&1 MHHHMH3.eposaT& cpeAHIOIO 
CHJJOBYIO <t,yH~IO BX B3aHMHblX rpaBHT~OHHLIX 
B03M}'~emm:. 3ToT IlpllH~n HenocpeACTBeHHO 

BhlTeKaeT H3 HHTerpaJibHOro x:puTepwr YC'TOH'IHBOC

TH pe30H3HCHblX ,t{BH)KeHlm [9]. 3<l><t>eKTHBHOCTI, 
npHH~Hna HaBMeHbWero B38BMOACHCTBWI 6bIJia 
.s1pKo npoAeMOHcrpliJ>OBaHa H.H. BneXMaHOM, o6'1.
SICHHBWHM HCKOTOpble BeCbMa TOHKHe oco6eHHOCTB 
op6HTaJibHbIX ABIDKeHUii nnaeeT Henryaa B Ypaua 
H CnynmKOB CaT)'pHa. 

AH8Jl0I'INHhlH npHHI\Hfi AJISl pe30H3HCHLIX op-
6HTaJibHO-BpalI(aTeJibHLJX )'.{BIDKCHHH ecTeCTBeH
HblX He6eCHbIX Ten 6yAeT 03H3'18Tb, qTo B xoµ;e se
KOBOH 3BOJIIOQUIJ AOJDKHLI q:,opM11poeaTLC'1 TaKHe 
AHHaMnqecKHe xapaKTepHCTHKll 3THX Ten, KOTO
pbie MHHHMH3HPYIOT B03MylI(eHIDI HX op6HT, onpe
AeJUICMble CHJIOBOH <pyHK~eil (2). IlpoaHaJIH3Hpy
eM pe3ynLT8Tbl, KOTOpbie A3CT T3KOH KpHTepHii 

OllTH;MH33~HH. 

Ilpe,[{IlOJJarrui:, 'ITO P"'A ycnoBHH, BblDOJIHCHHbIX 
µ;n,i cosepmaioll.(HX pe30BaHcHL1e ABH)KCHWI ae6ec
HLIX Ten C H3BeCTHLIMH xapaxTepBCTHK8MH (He-

60JILWOH 3KCU:eHTJ)HCHTeT op6HTLI, BpalI(eHHe BO
xpyr OCH, 6JIH3K0B K HOpMa.JIB K IIJIOCKOCTH op6BTbl 
Tena, H, COOTBCTCTBCHHO, He60JibWHe BeJIH11HHbI 
yrJJOB p ), He SIBJISIIOTC.sI cnyqaiHbJMH H HMelOT Mee
TO TaIOKe H AJUl ApyrHx Ten, ynpocrnM Bb1pa::lKeHID1 
(5) H (7), coxpaIDU1 B HHX JJHUih rnaBHLie no nop'1A· 
KaM eenH'IHH 'C{]IeHbl. 0T6paCb1Ba.R e CHJIOBOH 
<l>YHKUHH (5) MaJILie 'C{]ICHbl DOPSIAKOB e2 sin2p, 
e3 sin p, e4 H s&1we, rronylfflM npH6JIH)KeHHoe 
Bbipa)KeHHe B03MY1l\3IO~el1 CHJIOBOH cpyHK~HH AJUI 
op6uTaJILHO·Bpa~aTeJibHOro CHHXpOHB3Ma Tuna 
1 : 1 B BHAe 

1 µ 2 -3/2 
R21 = 2 3 ( 1 - e ) (B + C- 2A) + 

a 

+ ~ ~ (t -e2f312 
{ (A-B) [2(1-sin

2
'(}cos

2
q>) + 

a . 

+ sin 2p (3sin 2'(}cos
2
cp- 1) ] + (A - C) [2sin

2
'(} + 

+sin
2
p(3cos

2 '(}-l)]} +! ~a4i(e)sin(1e+rolt)x 
a 

x sin'(}cos'(}sinpcosp [ (B-A) cos
2

<p + (A - C)] + 

+ ! ~a62(e)sin'(}cos'(}sinp (1 + cosp) [ (B-A) x 
a 

xcos
2
cp+ (A-C) ]sin(K+2l:-ro,c)+ 

3 µ . (8) 
+ - -aii(e)(A -B) cos'(}smcpcosq> (1 + cosp) 2 x 

8 al 

x sin2(1C +I:)+}~ (B -A) a4i(e)sin'(}sincpcoscp x 
a 

. ( 3 µ x sm pcos 1C + rolt)cosp + 4 3 (B -A) a6i(e) sin'(} x 
a 

x sincpcoscpsinp (1 + cosp) cos(JC- rolt + 2I:) + 

3 µ . 2 2 2 
+ 

16 
a3 a ii( e )( l + cos p) [ ( B - A) ( cos ~cos cp -

- sin
7q>) + (C-A) sin2

'(}] cos2(K+l:). 

0T6pacb(BaJI B <l>YHKu;HH (7) MaJILie q11eHbl no
P.sJAKOB e3sin2p H e5, nonyqnM npu6nIDKeHHoe 
BLtp8)KeHBe B03M)'~al01I(eit cenoBoii <f>yex~u AIDI 
ce:HxpOHH3Ma mna 3 : 2 B BHAC 

I µ 2 -312 
R31 = 2 3 (1- e) (B + C- 2A) + 

a 

3 µ 2 -312 2 2 
+ 8 3 (1 - e ) { ( A - B) [ 2 ( 1 - sin '(}cos q>) + 

a 

+sin
2
p(3sin

2
i}cos

2q>-1)] + (A-C) [2sin 2'(}+ 

. 2 2 3 µ 
+sm p(3cos t}-1) l .} + 83 (A-B)a 13(e)x 

a (9) 

x sin2(1e + l:)C'os'()-sincpcoscp (I+ cosp) 
2 

+ 

3 µ 2 
- + 

16 3
a 13(e) (I+ cosp) cos2(1C + l:) x 

a 

X [ ( B - A) ( cos 2 '(}cos 2 cp - sin 2 q>) + ( C - A) sin 2 i}] . 

CHJIOBLie cpyHKD;HD (8) u (9) npH IlOACTaHOBKe B 
CHCTeMY (3) Il03BOIDIIOT onpeAeJIHTb I"J13BHbie (no 
nop.sIAKaM BeJIB11HH) xapaKTepBCTBKH BeKOBblX yxo
AOB op6BT Ten AnSI o6Hapy)KeHH&IX s ConHe'IHOH CH

C'TCMe op6HT8JlbHO-epa1.&aTeJJbHblX CHH.xp0HH3M0B 
THilOB 1 : 1 H 3 : 2, KOTOpbie Bbl3b1B3IOTCSI rpaeHTa
u;HOHHOH CBJ13bl0 Me~y BpalI(eHWIMH H o6palI(eHB
.RMH 3TBX Ten. HaH,ll;eM YC1l0BHSI, npu KOTOpb~ 3TB . 

rJiaBHbie BCKOBbie YXOALI )];JI.ff OOJILWOii no.rryoca B 
3KCqeHTpBCHTeTa op6RTLI Tena, a TalOKe ee H8.KJIO· 
HeHWI, A01lI'OTbl eocxoA~ero y3Jia e yrnosoro pac
CTOSIHHSI nepuqeHTpa OT y3Jia paeHLI eynio. 

An.R cuaxpo3BMa 3 : 2 3TO B03MO:>KHO, eCJIB BHep
quoHHblH napaMeTp 6 = (B - C)/(B -A), OTJ)3)1{3IO
~HH, KaK JierKO BllACTb, pa3JIH'IWI Me~y rnaBHblMH 
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K ITP06JIEME 4>0PM HESECHbIX TEJI 281 

3KBaTOpHaJibHblMH MOMeHT3MH HHepqHH He6ecHoro 
Tena; HMeeT BHA 

6 = { e (1 - e2f5
n (2 - 6sin2t}sin 2cp + 6sin 2p -

9 . 2 . 2.~ 2 9 . 2 2.~ ) - sm psm vcos q>- sm pcos v -

- cost}sinq>cosq> ( 1 + cosp) 2 
(~ -

3
1
~ i) ~ 

(10) 

x sin2(K + l:) + (1 -3
1~ e2) (I+ cosp).' x 

X (cos
2t}cos 2q>-sin 2q>+sin 2t}) COS2(1C+l:)} X 

X { e (I - if512 
[2 (2 - 3sin 2t}) + 

+ 3sin2p (l - 3cos2t}) J + 

7 369 2 2 • 2 
( ) 

- 1 

+ 4 -
32 

e (l + cosp) sm t}cos2(K + I:) } 

IlocKOJihKY BeJrnquHa 6 µm1 OTBep):{esmero He-
6ecHoro Tena nocromma, To coomomeHue (10), 
aoo6me roeopSI, MO)l(eT HMeTL MeCTo TOJibKO npu 

DOCTOSIHHOM 3KCqeH,pHCHTeTe op6HTbl TeJia B npo
H380JlbHbIX llOCTOSIHHblX yrnax, xapaxTepH3YIO~HX 
ero A}3H)l(eHHe OTHOCBTeJILHO csoero ~elITpa Mace. 

nm1 CHHXpOHH3M3 1 : 1 B CHJiy 3aBHCHMOCTB CHJIO

BOH cpyH~ (8) OT colt o6paTBTb B ffYJib ,t\axce rnae
BLie COCT8BJISIIOII\He BeKOBbIX YXOAOB 3J1eMeHT0B 

OCKynupyiomeu op61IT.bI npH npOH3BOJ1bHb1X noCTO
SIHHblX BeJIH'tHHax e, t}, q>, p, K, I: 116 B o6~eM CJiy"lae 
He YAaeTCJI, HO 3TO MO)l(HO cµeJiaTb npB HeKOTOpblX 

,t\OilOJIHHTeJib~bIX YCJIOBWIX. KaK 3TH ycJJOBWI, T8K H 

803MOXGlbie 3HaqeHWI yrJIOB B (10) MO)KHO nony
'IHTb ecrecTBeHHbIM o6pa:30M, 6a3upys.rc1, Ha pe:3yn1,
TaTax pa6oT [3, 4, 6, 10]. CorJiaCHO OCHOBHOH ~ee 

pa60T1>I [3], Ha6JJIO,t\3eMas.r CTpyK-rypa epa~eHJIH H 
oopa~eHlm 6oJibWHX Ten Conae'CIHOH CHCTeMbI e 

OCHOBHOM ccpopMBpoeanacb B ,t\8JICKOM IlpOWJIOM Ha 
cpaBHHTeJibHO KOpOTKOM BpeMeHHOM npOMC)K}'TKe 
paHHeil CTaAHU ee 3BOJIIO$H. Tor,t\a )l(e B03HHKJIH 
Ha6nio;o;aeMb1e B HaCTo)Ill\ee' epeMR · op6HTanb

Ho-sp~aTeJihHLie CHHXpOHH:3MhI, a nepeMeHHble t}, 
q>, p, 1C, I: npHHSIJIH 6JIH3Kne K cyw;ecTBYIOUUIM KBa-

3ucraquoHapHb1e 3Ha'leHHst. 3m 3HaqeHIDJ o6SI3aHLI 

YAOBJieTBOpSITb px,.y COOTHOIIIemul [4, 10]. B 'laCT
HOCTH, I:= 1t/2, JIH60 ~ = 3rr,/2, a TaJOKe BMeeT MeCTO 
XOTSI 61,1 OAHO H3 ycnoeni: 

(11) 

JIBOO 

sin q>cos q> = 0. (12) 

Ha6nio;o;aeMoe epaw;eHHe JlyH&I no 3aKoHaM Kac
CHHH ( cp = 0, t} = rr,/2) COOTBCTCTByeT OAHOBpeMeHHo
MY BbinOJIHeHBIO paeeHCTB (11) H (12). MO)KHO IlOKa-

38T1> [ 6], 'CITO HeKOTOpbie o6o6~eHHbie 3aKOHbl Kac
CHHH AOJI)l(Hbl OilBCbrB3Tb pe30B8HCHL1e op6HTaJihHO

Bp~aTeJibHble ABIDKeHWI H psma 1]:pym:x TeJI. Ecnu 
renep1, npe,t\nono>KIITb, qyo pe:30HaHCHbie ep~eHWI 

psma He6eCHblX Ten, H8XO)~SIIQBXCSl B HaCTO.SIII,\ee epeMR 
B op6HTaJibHO-Bp~aTeJibHblX CBHXpOHH3M8X, }')Ke 

ccpopMHpOBaJIHCb K 3Tany BX OTBep;o;eHIDI If OIIBCbIBa
JIHCb o6o6w;eHHbIMH 3aKOHaMB Kaccmm, TO np~ 
HaBMeBbIIIero 833BMO;D;eHCTBIDI ll03BOJUIT HaHTH 3Ha

"leHHe 6, MHHHMB3Hpyrow;ee B03~eHJISI op6HTbI OT 

eo:3AeiiCTBHH, COOTBeTCTeyiomex 4>YHK.I.Um (2). 
Ilpu TaKoM no;o;xo;o;e, nonaras.r, KaK 3TO HMeeT Me

CTO AIDI epameHBH no o6o6w;eHHbIM 38KOH3M Kac
CHHB, t} = 1t/2 H cp = o n ncnon1,3ysi soJMYmaiomHe 
cpyHK~B (8) e (9), H~eM c npHH.SlTOB TO'IHOCTblO 
3Ha'CleHIDt 6, 06paw;a10w;ue e ffYJIL rnaBHLie cocraB

m1io~e eeKOBbIX yxo;o;oe 311eMeBT0B a, e, i, 0, con 
ocKynupyrow:eii op6BTLI He6ec1,1oro Tena • .D;IDI CHH
xpoHH3MOB THna 1 : 1 llOJiyqHM 

6= [(t - e2f5/l (2-3sin2p)

-2.5 (1 +cosp) 2cos2(K+l:)] x 

2 2 - S/2 
x [ (- 2 + 3sin p) (1 - e ) -

2 - 1 
-2.5 (1 + cosp) cos2(1C+I:) J . 

(13) 

,II.ml CHHXp0HB3M0B THna 3 : 2 Haiip;eM COOTBeT
CTBeHHO 

6 = [e (1 -e2f5
n (2- 3sin2p) + 

1.75 (1 +cosp) 2
c~s2(K+~)] x 

2 2 -S/2 
x [ e ( - 2 + 3 sin p) ( 1 - e ) + 

2 -I 
· 1.75 (1 + cosp) cos2(1C + I:) ] . 

(14) 

Ilpu p = 0 3TH COOTHOWemui 6JIH3KH K nonyqeu
HblM e paoore [11) ,t\IDI llJIOCKHX nepHOAffqeCKHX 

J.lBIDKeHBA TBepAoro Tena e rpaBHTal.\llOHHOM· none 
npHn1rneaio~ero wapa. 

HHTepecHO OTMeTUTb, 'CITO caMH o6o6meHHbie 
38KOHbl KaccHHH, ODDCb1Ba10w;ue q>HHaJibHblA pe-

3YJibT8T 31!0JIIOl,\BB epameuwr p.sr.r.ta Ire6eCHbIX TeJI, 
MOryT paccMa,pHBaTbCSl KaK rrposiBJieHUe npHHWffia 
HaHMeHbWero B3aBMOACHCTBIDI. .D;eHCTBBTeJlbHO, 
HMe.IO~ee 3,t\eCb MeCTo OJ.{HOBpeMeHHOe BbIDOJIHe

HHe o6oux paeeHCTB (11) B (12) AJI.Sl KB83HCT81,\BO
HapHb1X pe30HaHCHblX Bpa~eHHA He H3XOJ.{BJIO no 
CHX nop q>H3B'leCKOro OOo.RCHeHWI. 0,t\HaKO, KaK 
0K83b1BaeTCSI, HMeHHO 3TO YCJIOBHe Il03BOJI)'leT ,t\Jls.1 

CHHXJ)OHH3M0B 1 : 1 MBHHMB3HpOB8Tb BJIIDIHBe rJiaB
HblX B03MYW:eHH.ii, OllHCbIBaeMb{X CBJIOBOH cpyH~B
eii .(2), Ha op6HT}' re.11a. 

Pa3yMeeTC$1, coomomeHJ1.s1 (13), (14) ;o;ns.r pean1,

a1,1x He6eCHblX TeJI, H8XO~CJI B H8CTO.Rmee BpeMs.1 
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282 XEHTOB 

B op61rram,HO--Bpa.ll(aTeJ1bHhIX CHHXpORB3M8X, AOJDK
HbI paCCMa-rpHBaTbC.R KaK opBem'BpOBO'lHhle, IC 1{0-, 

TOphIM MOrJIB acHMIITO'l'H'leCIGI npB6JUDICaTbCSl npo--
06pa:n,1 3THX re.n ea CTclABH BX oTBepAeHWI. 0'eneHb 
npB6J1lDKeHWI OK 383'1:CHWIM (13), (14) MOX<.eT 3aBB
ceTb OT pSIAa AODOJUUl'reJibHbIX q>aKTOpoB (HeKOTO
pble 113 HBX 6}'AYT noAJ>06eo paccM<rrpeHbI e nam,
aeAmeM ~ amxp<>HB3Ma 3 : 2). KpoMe roro, c rex 
nop, 6JiaroAapJ1 Heycmn,maeMOMY 3µ;ec1, rpae~
OBHOMY BJIBJIHB10 APyrHX TeJ':, MOrJIB 3aMemo B3Me
HBTbCSI OCKyJIBpYIO~e 3K~eHTpBCB.TeTbl. 

Ilo coepeMeueoA reopae epameHBjl Jlym,1 [6, 12) 
HMeeM p - 6°41', 1' = l: = n/2, q, = K = 0, e = 0.055. 
Torna, BJ q>OPMYJlbI (13) AJUI JlyHhl HaxOABM o~eH
xy o = 1.496, xoropaa nocraT011HO xopomo corJia
cyeTCH C APyrBMB AaHHbIMB (5). 3TO o6crosrrem,cr
B0 D03BOJI.SleT H3AeffbCH, '4:fl'O q>opM)'Jibl (13), (14) 
MOX<.HO npB DOW[OAJl]IJ;HX YCJIOBHSIX 34><l>eKTHBHO BC
DOJ1b30B8Tb W1J1 o~eHOIC BHCp~OHHbIX xaparrepuc
mx psiAa APYrHX ee6ecHhIX reJI, aaxoAJimBXCH e op-
6BTaJibHO-Bpa.ll(aTCJibHbIX CHHXpOHH3Max. 0HH, OA
HaKO, 3aBeAOMO eenpBMCHHMbl K cnynmKaM Mapca 
<l>o6ocy H ,IJ;eii:Mocy, ~eHTpaJibB&Ie 3JIJIBIICOHAbI 
m1ep~ KOTOpblX CIIJl&HO [13] OTJIH'l8IOTCJI OT cq,ep, 
qn> CKOpee scero .5IBJISleTCJI CJiep;CTBBCM 38XBaT3 3THX 
cn:ynmxoB MapcoM B yxce OTBCp)'.{eBII1eM BHAe. 

Hcuom,JyeM uoJiyqeHHbie pe3yJ11,TaThI Wlll aea
JIB3a &a6nionaeMoro ABIDKeHIDI Mepx:ypwr. Kax B3-

. BCCTHO (14], yCJIOBWI AJijl Ha6JIIOAeHWI 3a Mep.KypB
eM cymecrseHHO xyxce, tteM AJISI MHOrHX IIJlaHCT. 
ToJI&KO s 1965 r., 6narop;apJI PaAHOJIOK~OHHblM 
ea6mo)'.{eHIDIM, 6bJJIO ycraHOBJICHO, 'ITO nepBOA 
epameHBH Mepx:ypu 6nB30K K 59 3CMHbIM C}'TKaM. 
TorAa xe KonoM6o 3aMeTIIJI, qro 3TOT nepHOA 
Bpa.ll(eHWI COOTBCTCTByeT CBHxpOHB3M)' THD8 3 : 2 
Mexcny epameHHeM H o6pameHBeM Mepxypwr. OA
Hax.o OTHOCBTeJibHO DOJIOX<.eHWI B npocrpaHCTBC 

' ~ u 

ocu epameewr Mepx:ypu e q>opMbI 3,;'<>B nJiaHeTbt 
p;o cex nop HeT J{OCT8TO'lllbIX ceep;eHBB. 
~ ue6ecHoro re11a, spa~a10merocJ1 B cBHXpo

HB3Me 3 : 2 no o6o6meHBh1M 3aKOHaM KaccHHH, co
r11acHO [6], BMeeM 

'If, 

1'=~~ q>=~ l:=i HK=~ 

3n 
JIHOO l: = - B 1C = 1t. 

2 
(15) 

Yro~ p u CHJIY CHCTeMbl (3) MO)KeT 6bITb HabeH 
B3 CJieJ{yiomero ypa1meHHJ1 

sinp = 2~cospsinisinl: 2~cosi + K [ K 
mo Olo 

2 -312 (B - A B - C) + (1 - e ) B + -W- cosp + 

-1 

Ko+ q13(e) ( C-A) (1 + cosp) cos2(1C + l:) J 
m0 2 B 

(16) 

Heo6xoABMbie yCJioBwr yCToi'JBBOCTH op6DTaJibHO
ep~aTeJibBOro pe30HaHCHoro ABBX<.eHIDI ae6eCHo
ro TeJia B CBHXpOHB3Me 3 : 2 Ha 3JIJIBDTH'ICCKOB op-
6BTe T8K0Bbl! 

l) BpameHBe DpOBCXOABT BOKpyr uaeMeHbWCH 
OCH u;eHTpa.JibHOro 3JIJIHIICOBA3 BHep~B. a HaB
OOJibWcUI OCb 3TOro 3JIJIHilCOR,na npu K3QOM npo
XOQCHHB U:CHTpoM Mace TeJia nep~e8Tpa op6BTbl 
OTCJieX<.HBaeT HanpaeneHBe 6on1,moii noJiyoce 
Op6BTbI; 

2) BblDOJIHCHbl HepaeeHCTBa 

B>A >C, (17) 

K0 sinl:{m0sin
3
p [2(1-e2f

312 
(28-A-C) - (IS) 

-a1ie)(A - C) cos2(1C + l:)] - K0 Bsinisinl:} < 0. 

,UocraTO'IH&Je yCJIOBU YCTOB'IBBOCTH ep~eHIDI B 
paMKax 3BOJIIO~OBHOB CRCTeMbl ypaeHelid AJI.SI pe
memm (15), (16) noJI}"laIOTCH A06aeneHBeM K Hepa
eeHCTBaM (17), (18) AOilOJIHBTeJibHOro uepaeeHCTB8 

K0 sinl: > 0. (19) 

KaK ~e OTMe'lanoc1,, yron p p;ru1 MepKypu K Ha
CTOSIInCMY BpeMeHH )J;OCTaTO\fHO TO'IHO He onpeJ{e
JieH. O)'.{Haxo PaABOJIOICaQHOHHble AaHHbIC DOK83bIBa
lOT, qn) 3TOT yro11 HCBCJIHK [14] B no tcpamieA Mepe 
He npeBOCXOABT 25°. IlpoaHaJIB3e:pyeM C noMO~blO 
(16) u pe3y11l>TaTOB, nony'leHHblX 3Aecb B3 np~a 
MBHBMaJlbHOro B3aHMO)J;eiCTBU, 3aBBCBMOCTb He

e<J:lepB'IIIOCTH MepKypWI OT 3H311CHIIB yrna p. 
Ilpu e = 0, KaK nerKo eup;eTb, H3 q>opMYJibI (14) 

cnep;yeT' 'ITO O = 1. Ilpu He60JibWHX BCJIH'IHHax e H • 

p napaMe-rp 0, cornacHO ( 14 ), 6JIB30K" K eAHHHU:C. 
Y'IHTbIBaa pauee npoeeµ;euHoe o6cyxcµ;eHe:e CM1>1c
na q>OPMYJI (13), (14), K3K OI1HCb1B3IO~BX TOJibKO 
acBMIITOTHKY, K KOTOpoe: CTpeMHTCJI q><>pMa se6ec
Horo rena ea CTaµ;HH OTBepAeHHJI B CHJIY npHH~Da 
MDHHMaJibHOro B33BMOACBCTBIDI, H ycnoeue ( 17), 
uonyqaeM, 11TO AJIJI pean1,eoro Mepx:ypwr B HaCTo
~ee BpeWI u;eHTpaJibHbl:e'. 3JIJIHilCO~ BHep~ 
AOJJX<.eH OblTb O'JeHb 6JIH30IC K 3JIJIHUC0BA}' BpaJl,\e
HHJI (B > A ~ C) B o - 1. 

Cor11aCHO (15), 803MOX<.Hbl TOJlbKO µ;se wmaMD
tteCKH p83JIBl{ffl,Je MOJ{eJIH )J;BBX<.CHWI Mepx:ypu: 
11u6o socxoWimBB y3e11 op6BTbJ Mepx:ypu Ha 3K
JIHilTHXe C0BII3A8CT C RBCX01(JIJWIM Y3JIOM ero 3KB8-
ropa (MOACJlb 1), JIBOO BOCXOW(~ yJeJI op6BTbI 
C0BD8)l;aeT C BOCXO~ Y3JIOM 3I<BaTOpa 
(MOACJib 2). ECJIH l: = 1r,/2 (MOACJib 1 ), TO c yqeroM 
HepalieHCTBa ( 17) AJISI i < 1t/2 H3 ( 16) nonyqaeM p ~ i. 
,UJI.SI ue6eCHoro rena c napaMe1'paMH op6BTbI Mep-_ 
x:ypwr Toma eMeeM 

8-A = 1.245 -0.153ctg p x l0-6. . (20) 
B cosp 

Bemrcmw,1 OTHomeHHii (B -A)/ B AJUI He6ecHoro Te
na, ep~aiomeroa e op6HTa.JibH<>-Bpall\are11&HOM 
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K IlPOBJIEME ct>OPM HEEECHhIX TEJI 

CB1IXpOHH3Me 3 : 2, cornaCHO (20), An.It p.s!Jla AUCKpeT
HbIX 3Ha'lemm p npe,QCTaBJICHl,I B Ta6JIBQe. fpa$HK 
JaBHCHMOCTB (20) IlOKaJaH Ha pecymc.e (KpHBa.sl J). 
Bpa~eHHe MepKypWI no MOACJIH 1 YJ{OBJICTBOp.SleT 
YCJIOBBIO yCTOH"IHBOCTH (18), ecml BhlfiOJIHCHO (17), 
HO He YAOBJieTBOpReT YCJIOBHJO ( 19), IlOCKOJlbKY, KaK 
HJBeCTHo, AIDI peam,Horo MepKypWI K0 < 0. B cny
qae :E = 3x/2 (MOAeJib 2) Ami ae6ecHoro Tena c napa-
MeTJ)aMH. op6BTbl MepKypm1 BMeeM ' 

B - A = l.245 + 0.153ctg P x l0-6. 
B cosp 

(21) 

BenH'IHH.bI oTaoweHBe: (B -A)/ B, cornacao 4>opMY
. Jie (21), AIDI p.Jma AJICKpeTHblX 3HatJeHHH p npeJlCTaB

JICHbl B Ta6n~e. a rpag>BK 3aBBCBMOCTH (21) noKa-
3311 Ha pHcyHKe (KpBBa.sl 2). . 

YCJIOBBe ycroiitJHBOCTB (19) Am• paccMaTJ)HBae
MOro M0]1eJibHOro spa~eHWI Mepicypm1 BbIDOJIHCHO. 
Y CJIOBHe (18) BLIIlOJJHCHO, eCJIB BbIIlOJIHeHo (17) H 

B-A < (l -i)3/21Knl . sini = 0.153 x lO-Q. (22) 

B mo sin3p sin3p 

C y11eTOM (21) ycnoeue (22) BbinOJJIDleTCSI, eCJIH 
p < P., nputteM, KaK MOX<HO noKa3aTb, KpHTBt{eCKoe 
JHa'tfeHue 

p. = 26°33'. (23) 

IlocKOJihKY p. > 25° (sepxH.sl.sl rpaHHQa JHa"IeHHe: yr
na p no pe3YJibTaTaM PaAHOJI~:>J(~HB), TO AIDI BTOpo
ro Monen1,aoro epa~eum1 Mepxypm1 see YCJIOBIDI 
YCTOB-qJtBOCTH BblilOJIHeHhI, eCJIH HMeeT MeCTO Hepa
BCHCTBO (17). 

OcTaeTC)I OQCHHTb, KaK3,j{ H3 ABYX B03MOXCHblX 

MOACJILHLJX CBT}'aQHii - I: = x/2 (npH 3TOM OCb 
Bp~eHIDI ae6ecHoro Tena u HOpMaJib K IIJIOCKOCTH 
ero op6HThI ecerAa uaxowrrc.s1 no pa3Hhie CTOpOHbI 
OT HOpMaJIH K 3KJJHIITHKe ), JIHOO :E = 3n/2 (npn 3TOM 
scerna OCb epaw;eHIDI TeJia B HOpManb K IlJIOCKOCTH 
ero op6HTb1 Haxowrres1 no oney CTopoHy OT HopMa
nu K 3KJIBnTHKe) - MO)KeT 6blTI, OTHeceHa K Ha6JIIO
naeMOMY Bpaw;eHHIO Mepx:yp,)I. 3BOJIIOQBOHHa.sl 
M01J;CJJb C :E = n/2 no cpaBHeHHIO C MOJ{eJlblO C 
:E = 3n/2 HMeeT ABa cyll(eCTBeHHbIX ae,-.oCTaTKa. 
Bo-nepBbIX, npu I: = n/2 yCTOH'IHBbIX xua3ucra~o
HapHbIX Bpa~eHHii no o6o6ll(eHHbIM 3aKOH3M Kac
CBHH B CDHXpOHH3Me 3 : 2 He cyll(eCTeyeT npH MaJibIX 
(p < i) 3HatJeHIDIX yrna p. Bo-BTOpbIX, npD M3JlbIX 

p > i napaMeTJ) (B - A)/B, cornacao 4>opM)'ne (20), 
AOJI)KCH 61,1Tb qpe3Bbl'l3BHO MaJI no cpaeHeHHIO C 
M07J;eJI1,I0 C :E = 3n/2 (pucyHOK). C npyroii: CTOpOHhl, 
BT0p3,j{ 3BOJ1IOQB0HH3,j{ MOAeJib spa~eHIDI MepKy
pWI c I:= 3rr,/211;onycKaeT ero ycroii'iBBoe spall(eHHe 
no o6o6ll(eHHhlM 33KOH3M KaccHHH npH JII06b1X Ma
Jll,'X p < p., a JHa'leHWI napaMeTJ)a (B-A)IB 3ACCb 
npu MaJJblX p cpaeHHMbl, B qacTBOCTH, C o~eHKaMB 
3Toro napaMeTpa nng Beaep1,1, nonr1eHHbIMH e 
pa6ore [ 15]. 

TaOJIHIUI 

I:= 7t/2 I:= 37r,/2 
p,rpa~ 

10-6(8-A)IB 

30 1.132 l.743 
25 1.01 1.736 
20 0.88 1.772 
15 0.698 · 1.88 
10 0.384 2.144 
7 0 2.51 

5 3.0 
3 4.168 

2 5.626 

1 10.0 

Y'lJIITbtBa.sl npHBCACHHb[e apryMeHTbI, C OOJJbWOH 
CTellCHblO 1J;OCTOBepHOCTB cne11;yeT C'IHTaTb, tJTO 
Ha6n10naeMOe Bpa~eHBe MepKypID1 B cpeAHCM OIIB
Cb[BaeTCSI MO,QCJiblO C 1: = 3x/2. TaKHM o6pa30M, BOC
XO~BB yJeJI op6HTbl MepKypu Ha 3K11HllTHKe 
AOJI)KeH (B OTJIH"IHe OT Ha6JJI01J;aeM0ro epall(eHIDI 
IlyHbl) coenanan, C BOCXOJ{Slll(HM Y3JIOM 3KBaTopa 
MepxypB.SI, yroJI p < p., QCHTpaJibHblB 3JJJIHilCOHA 
BHepQUD MepxypID1 qpe3Bbl'l3HHO 6JJB30K K 3JIJJHll

coimy epall(eHBJI c A= C, a napaMeTJ) (B -A)/B nn.R 
MepKypIDI CBJ13aH c yrnoM p 4>opMYnoii (21). OK0H

qarem~uy10 SICHOCTb BHecyT naHHbie O IlOJIO:>R:eHHH B 

npocrpaHCTBe OCH epa~eHWI MepKypID1. Ecnu, 'ITO 
nerKO npeneff'AeTb, OKaJKeTCjf p < 7°' TO 3BOJIIOQHOH
Ha.sl MOAeJib c I: = Tt/2 6yAeT DOJIHOCTblO RCKJIIO'leHa. 

IlpeeeneM ell(e 8 33KJ1IO"IeHHe AJIR cpaBHCHIDI 
TalOKe HeKOTOpbie rpy61,1e o~eHIW HHep~BOHHblX 
xapaKTepHC'I'kK MOJ{CJibHOro MepxypIDI, KOTOpble 
MO)KHO nony'lBTb HJ OIIB.ca.HWI ero J{BIDKCHIDI C no
MOU(blO TOJibKO o6o6w,eHHbIX JaKOHOB KaccHHH 6e3 
HCll0Jlb30B3HIUI np~na MBHHMaJibHOro BJaHMO

neHCTBIDI H cooTeeTCTey101.Qei 4>opMYrr&1 (14). EcnH 
npHIDITb, yqHTh1Ba.sl y.>Ke npHBCACHHbIH 3ACCb pa11ee 

10-f> (B - A)/ B 

10 , 

5 

0 5 

____ ____ 2 

--- ---- ] 
10 15 20 25 30° p 

3aBHCHMOCTb (B -A)/ 8 OT p npu l: = rt/2 (1) H 37t/2 (2). 
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aHaJJH3, µ;m1 Bpa~eHIDI MepKypID1 Moµ;enb c I:= 31r,/2, 
TO cpopMYna (16) npe: He60JibWRX 3Ha'IeHWIX p CTa
HOBHTCSI HenpOTHBOpe'IHBOH TOJibKO npH YCJIOBHH 

2 -312 B - A B - C A - C 
{ 1 - e ) ( JJ + lJ) + a 13(e)JJ > 

(24) 
IKol . -6 >2-cos, = 2.657xl0 . 
0)0 

HepaBeHCTBO (24) AaeT HeKOTOpyro OL\eHKY CHH-
3Y AJI~ xapaKTepHCTBK OTJIH'IIDI ~eHTJ)aJJbHOro 3JI

JI~COHAa 1rnepl\HH MepKypIDI OT cq,epbI. O~eHKB 
CBepxy MO)J(HO nony'IHTb H3 yCJIOBHB ycTOH'tfHBOCTH 

MOJ:J:eJibBOrO Bpall\eHWI MepKypWI. Y CJIOBHe (18) 
µ;m1 L = 3n/2 BbIIlOJIHSieTCSI TOJibKO, ecJIH 

:v2 (B-A) 
2(1-e2f + . B 

[ 
2 _312 a 13(e)J (A - C) 

+ (1 - e) + -2- B < 

< 2 !Knl s~i . 
roo sin p 

0TCIO)J;a HaXO)J;HM (22) H yCJIOBHe 

IK I .. 
2~~ 

(25) 

A - C roo sin3p 
--<--------B 2 -312 

· (1 - e ) + a 13(e)/2 

= 
0:2;4 

X 10-6
• (26) 

sm p 
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On the Problem of the Shapes of Celestial Bodies 
Synchronized in Their Orbital Motions 

A. A. Khentov 

The use of the minimum interaction principle for estimating the shapes of natural celestial bodies showing syn
chronism in their orbital and rotational motions is discussed. 
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YJI,K 521 .176 

BLl'IIICJIEHHE B03MYD(EHH1i 3JIEMEHT0B OP6HTLI CilYTHHKA 
HECcDEPH11HOH IlJIAHETLI HA J(JIHTEJILHLIX HHTEPBAJIAX 

BPEMEHH. AHAJIHTH11ECKMI TEOPIDI rurroro IlOPB,ll;KA 
I 

© 1995 r. C. M. KyApJ1ai.-.ea 
lleHmp ynpaa11eHu11. no11emo..w, MocKaa 

nocrynKJta s pe~aKl.lKIO 08.04.94 r . 

IlpKBe,qeHb[ pe3yJibTaTbJ aHMHTil'iCCKOro RK~rpHpoeaHWI ypaBHCHBH JiarpaJOKa nm1 CJl}'THHKa Hecq>e
PH'IHOH nnaHCTbl. BbltJHCJICHb[ Bee eeKOBb[C H KOJ)OTKOnepHOAR'ICCKHe B03MymeHIDl B ABH)KCHHH Cll)'THB· 

Ka AO 5 - ro nopSl,!tKa BKJUO•UITCJibHO H ,qonronepHOAH'ICCKHe B03MymeHWI C TO'IHOCTblO AO 4-ro nopst,!1.Ka. 
CpaBHCHHC pe3yJibTaTOB HHTCrpHpOBaHIDJ ypaBHCHHH ABIOKCHIDI reO,[(HHaMH'iCCKOro cnyrHMKa " 3TaJIOH-1 " , 
nony'ieHHb[X C nOMOll(blO naHHOH aHaJIBTH'iCCKOH TCOpHH H \JHCJleHHoro MCTOAa Ha HHTepea11e BpeMeHH 
8 5 JJCT noKa3aJIO, 'iTO cpenHeKBa.qpaTH'iHOC paccornaCOBaHHe B KOOpAHHaTaX COCT8BJI11CT 1.1 CM, a pac
'iCTHOii ,!1.8JlbHOCTH - 0.5 CM. 

1. BBE,D;EHHE 

B pa6ore [ l] aaropoM 6bIJIO nony""leHo peweHee 
4-ro nop.SIAKa ypaaHeHHH IlarpaIDKa AJist ocKynHpy
lOll.UfX :meMeHTOB op6HTLI cnyTHHKa Hec<j)epe1moH 
ruraHeTbl. IlpHMeHeHHe AaHHOro peweHWI AIDI 
cnyqast reoAHHaMHqecKoro cnyrHHKa " 3TanoH-1 ", 
ABIDK)'ll.\eroc.11 e He~eHTpaJihHOM none 3eMnB, noKa-
3aJio, tJTO ero noJio)KeJrne BbI'IHCIDleTc$1 co cpeAHe
KBaApanl'leCKOH omB6KOH 5 - 6 CM Ha epeMeHHOM 
HHTepeane B 2 l'OAa. TaM )Ke· 6blJIO OTMe'leHO, 'ITO 
An~ QOCTH)l{eHWI TO'IHOCTH aHaJIBTH'leCKOro npo
rH03Hp0BaHIDI - 1 CM, He06XOAHMOH AJUI o6pa60TICH 
COBpeMeHHbIX Jl33epHbIX H3Mepemm AaJILHOCTH, 
TPe6yeTC.SI pa3BHTHe TeOpHH y~eTOM B03MYW:eHHH 
5-ro nopMKa. (Ha A3HHOM 3Tane pa6oTbI MbI BMeeM 
B BRAY TOJlbKO B03MYW:eHIDI B ABH)KeHHH crryTHKK.a, 
BbI3bIBaeMbie Hel.\eHTJ)aJibHOCThlO IlOTeHa;Hana l(eH
TPaJibHOro Tena). B HaCTo~eH CTaTbe npHBeAeHo 
peweHHe 3TOH 33A3'IB. 

2. AHAllHTJ1qECKOE HHTErPHPOBAHHE 
YPABHEIDUi IlArPAH)l(A 

EcnH CXeMaTH'leCKB 3anecaTb ypaBHeHIUI nar-
paIDKa B B.HAe 

{
dq . } d/ = Qi q. t) . - ' 

J-1.2, ... , 6 

(1) 

r,ne qj eCTb npoH3BOJibHLIH ocKyJIHpy10w;uit 3JieMeHT 
op6HTbl cnyrHDKa, t - 3IlOXa, TO, cornacHO MeTOAY 
Manoro napaMeTPa, peweHee npep;CTaeID1eTc.s:1 e ee
Ae cyMMbl 

~(I ) ~ (2) 
qi(t) = qp0) + o qit) + o qp) + 

~ (3) ( 4) ~ (5) + 0 q;(t) + 0 qp) + 0 q;(t) + ... 
(2) 

3AeCb to eCTb 3IlOXa HalJaJibHhJX YCJIOBWI, o<k>qi(t) -
B03MyW:eHIDI, IlOJI}"leHHbJe B k-oM npB6JimKeHBH BH
TerpupoeaHWI ypaeHeHHe IlarpaIDKa. YKa3aHHbJe 
B03MYil..\eHWI npeACT3BJIRIOT 006010 eapuaa:e:a ocicy
napylOII..\HX 3JieMeHTOB op6HTbl cnyTHHKa OTHOCH
TeJibHO napaMeTpoB HeKOTOpoH npoMe}K}"N)'UfOH 
OpOHTbl. 

Bbip3)KeHIDI JJ;Jijl B03M}'ll.\elfRH 6<1t.>qj(t) npu k ~ 4 
rrpuee,t:teH&I a [l]. Ilpa k = 5 pemeaae eMeeT CJiep;y
lOW:HH BH,n: 

3AeCb qepe3 qo 0003H3'1eH eeKTOp 3JieMeHTOB npo
Me)l(}'TO'-IHOH op6HTbl. 
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Ta6JD1q11 l . CpeAHCKBaAP8ffl'IHoe paccornaCOB8HHe (B CM) 
pe3yJtbT8T0B 'IHCJleHHOro H aHaJIHTH'leCKoro HHTerpHpO-
B8HHJI ypaBHCHHH ABJOKCHHJI KA " 3TaJIOH-1 " Ha HHTep
B8Jte BpeMeHH 5 JICT B KOOpAHH8T8X (a) H B paclfCTHOH 
,lt8JJLHOCTH (6) 

(a) 

fiOpJIAOK Mo,1tenb reonOTeHl\HaJJa 
aHaJJHTH'ICC-
KOit TeOpHH 12 12 +12,2 L/2 +13 + ... +112 36 x 36 

2 494 494 527 532 
3 43.5 43.7 46.1 46.7 
4 4.3 4.3 4.3 4.6 
5 0.5 0.8 0.7 1.1 

(6) 
nopJtAOK MoACJJL reonoTCHl\HaJla 

8HaJIHTH"ICC-

KOi TCOpHH 12 J 2+l2,2 12 +13 + ... +112 36 x 36 

2 128 130 222 219 
3 15.2 15.4 17.5 17.1 
4 1.1 1.1 1.7 1.9 
5 0.1 0.3 0.3 0.5 

Ta~ 2. MaKCHMMbHblH nop.11,11.0K 803M}'1J4CHIUI, BLJ'IHC
JICHHOI'O OT rapMOHHKH J bn pa3JIO)KCHHJI reonOTCHl\ffaJI& 

m 
I 

0 1 2 3 4 5 6 7 

· 2 5 0 4 

3 5 3 3 3 

4 2 3 3 2 2 

5 4 2 2 2 2 2 

6 2 2 2 1 I 1 1 

7 3 2 2 1 1 1 1 1 

IlpHMe'laHHC, OT 6onee BblCOJCHX rapMOHH'ICCICHX IC~cpB-
1'ffCHTOB, He BOW C.QWHX B Ta6nH~y. Bl,J'IHcnJUIHCI, 803M}'tl{CHHll 

1-ro OOpll.QKa. 

B cpeAHeA AOJil"OTe cnyrHBKa, KpOMe Toro, yqB

ThlBa10TCJ1 AODOJIHBTeJtbHI,te soo~eHIDI 6 <•-> A, 
110n 

Bb13bIBaeMbte sapuaQIDtMH 6onbmoA noJiyocH ero 
op6BTbl a. Ta.IOICe, KaK H AJIJI OCHOBHbIX B03M)'II(Clllffl . 

cnyqaii k ~ 4 paCCMOTpCH s [ 1], IIpH k = 5 6yAeM 

HMCTb 

I 

6 (S) A.(t) = -~ n°Js <5
> a('t)d't + 

1100 2 ao 
'o 

r 

693 noJ ( I ) 5 
- 256 s [ 6 a ('t)] d't. 

ao 'o 

(4) 

B Bbip3)1{eHHB (4) ao OOJibWaJI DOJIYOCb npoMC)l(}'
TO'IHOH op6BTbl, a f1o - COOTBCTCTBYIOII(ee eA: 3Haqe
HHe cpeAHero ABIDKeHHJI. <l>opM}'JU,I (3) - (4) fl03BO
IDIIOT Bbl'IHCJIIITh Bee B03~CHIDI 5-ro nop,r,QKa .r(JUI 

BeKOBblX u KOpOTKonepBOAB'ICCl(BX qneHOB u 4 -ro 
nop~a J:(JIJI J:(onronepHoWl'{ecK.BX qneHOB. 

B&r'IHCJieHUe B03~emm 3.neMeHTOB op6R'l1,I 
CnyrHHKa IlpOBOABJIOCb CJICJcylO~ o6pa30M. B Ka
qecne npoMe}(C}"I'O"Il:1011 op6BTbI npHMemmc,r KeDJie

poB 3JIJIBnC, npu 3TOM TJ)B 3JICMeHTa - AOJirOTa BOC
xo~ero y3na n, AOJII'OTa nep~eHTpa 7t B cpeAWIJI 
A011I'OTa cnynuuca B op6are A. - nonaraJIBc.b H3MCWI
IO~CJI BCKOBbIM o6pa30M. 8 IIpaB.bIX qaCTIIX ypas
Hemm (1) HCil0Jlh30B3JI3Cb nePTYJ>(>~OBHWI <l>YBX
~ B <l>opMe, npeAJIOxceHHoA: Kaynoii (2). B 3THX yc
JIOBWIX npaBLie 'laCTB (1 ), KaK H JIIOO:&Ie qacnu,1e 
Itp0H3B0Affl,Ie OT HHX, IlpCACTaBJISIIOT co6oA TJ)BrOHO
MeTpB'ICCKHe pJl](bl. BLipUCeHIUI AJIJI B03~emm 
3JICMCHT0B op6BTbl mo6oro DOp,rAKa TaJOKe npeA
C'l'aBJUIIOT COOOA: 'IpHI'OHOMCTJ)B'ICCKHe pJ1A!,I (B03HR
KaIOII(BC BeKOBbIC COCTaBrulJOII(BC BKJIIO'laJOTCJI B CO

OTBeTCTByIOII(He napaMCTpLI IlpOMC)IC)'TO'IHOA op6H
Thl). 0<5~u <popMa BCeX B03~eHHB Il03BO.mleT 
npH Bbl'IHCJICHHB BapHa[lHB BLICllIBX no~ICOB He 
BLIBOAJITI,' rpOM03WCBe <popM)'nLI, a orpamrnrr&CJI 
onepa~ C 'IIICJICHHblMH 3H3'!CHIDIMH KOaq>q)HQB
eln'OB 'IpHI'OHOMC'IpH'!CCKHX <l>YH~, npeACTaBJUI
IOII(HX co6oi aMIIJIH'l1?.tl,I, 'l3CT0TbI H <l>a3Li nepBOAJl
qecKIIX B03M}'II(CH1m B XaJKAOM 3JICMCH'I'C Op6BTbI 
cnyramca. 3TB K03<l><l>~eHTLI xpamrra1 B naMS.ITR 
38M B BC1IOJib3yJOTCJ1 KaJC AID! DO..II}"ICHIUI B03~e
HIIH CJICAYIOII(HX nop~KOB, TaK B AJUI OKOHqaTeJI.bHO

ro pac1:1e-ra ocx:ymq,y10II(HX sneMeHTOB op68'.l'LI Ha 
HCOOXO}(BMl,Ie MOMCBTbl BpeMCHB. ' 

2. HCCJIE,TJ;OBAHHE TOl.£HOCfH TEOPHH 

,IvtJ1 O~CHKB TOqHOCTB aHa.JIHTH'lCCKOA reopHH 
DpHMCWIJIC.JI CJICA)'IOII(H.H AOCT3TO"IHO pacnpOCTpa
HCHHbW cnoco6 [3]. C Il0M0II(bl0 BbICOKOTO'IHOro 

ACfPOHOMH'IECKHH )KYpHAJI TOM 72 N! 2 1995 



BhI1-IHCJIEHHE B03MYII(EHH:ft: 3JIEMEHT0B OPBHTbl CilYTHHKA 287 

Aa 10·6 , KM 

2 

1 

Ai, 10-11 p~ 

1 

0 .. +9-............................ ~Ht:,rt'-1'~t-ttt 

-1 

-2 

-3 

0 2 4 6 8 IO 
t , J'O,l{l,J 

A.Cl, 10-11 Pa.tt 

A7t 1~, paJJ. 
6 

4 

2 

0 

-2 

-4 
-6...__ __________ _ 

a).., 1 o-•o Pa.it 
8 

4 

-4 

2 4 6 8 10 
I, l'O,l{LI 

PaccorJJacoBaHHe pe3ynLT8T0B 'IHcneeeoro H aHaJIHTH'fCCKOI'O HHTCrpHpoBaHH.11 ypaBHCHHA ABH.llCCHHll KA "3TanoH-1" Ha 
10-neTHCM HHTCpeane, BLipU<eeeoe B KennepoBldX 3nCMCHTaX op6HTl,l. 

'IBCJieHHoro MeTOAa (B HaIDBX BCCJieJ{OB8HBJIX BC
noJib30BaJlc,( MeTOA 3Bepxaptt l~-ro nop.RJlXa) pac
Ct1BTbIBaJ1Be& IlOJIOJKeHWI cnynnuca Ha p~ MOMeH

TOB speMeHB • .r(aJiee 3TB IlOJIO:llCCHHJI paCCMaTpHBa
JIHCb KaJC MOACJlbHbIC B3MCpeHID1 B IlOJ{BepranBCb 

o6pa6oTKe no MeTOAY HaHMCHbllIBX KBaApaTOB, 
npa'IeM AM mrrerpHpOBaHIDI ypaseellllA AJJIDtCeHIDI 
HCD0Jlb30B3Jlc,( aHaJIBTB'lecKHA: MCTOA, B xaqeCTBC 

yro'DUeMbJX napaMeTpOB Bbl~IlaJIH 3JICMCHTbl 

BCKTOpa IIpOMCI)'T01fflOH op6HTLI B aaqanbRyJO 
3noxy. MBBBMH3apyeMoA BCJIB'IBRoit orumacb cyM
Ma JCBaAPaTOB OTKJlOHellllA KOOPABHaT CnyrHHKa, 
noJI)"laeMhl.X OOOBMB cnoco6aM.B. 

CpaBHeHBe IIpOBOABJIOCb Ha npHMepe reOAHJra
MHqec1mro cnyrHBxa "3TanoH-l" (oon&mu noey
OCb a = 25500 KM, 3KCIJ.eH'I'pHCHTeT e = 0.0007, Ha

! KJIOHeHBe K 31CBaTOpy 3eMJIH i = 65°) Ha 5-JieTHeM 

HHTCpBaJie speMeHH. Ta6n. la B 16 co~ep}l{aT pe-
3Y1IbTBpYJO~e eenll'IBllbI cpeAHCICBa,Apa'I'JlqJ{J,IX 
OIDB60K, COOTBeTCTBeRHO, B KOOPAHHaTax B paet1eT
HOB AaJibHOCTH AO cnynmxa OT IJ.CHTpa 3eMJIB, DO
nyqeHHblC npu pa3JIB1fflbIX MOAemlX reonOTeHD.Hana 
e nop")l;Ka auanHTH11ec1mA Teopau. 

B Ta611. 2 npBBeAem.1 MaKCBMaJibHbIC 3HaqeHHJI 
nop~Ka B03MY~eHHJI, Bbl'IHCJieHHOI'O OT K~OA 

rapMOHHXB pa3JloxceHIDI DOTeHI.\HaJia 3eMJIH. 

MaKcHMan&uoe BpeMSI sbI'tfllcneBHii ocex B03MY· 

~eHBA: C DOMO~JO AaH.HOB' aHaJIBTB'iCCKOB TeopBB 
cocraBBJIO 110 MBB Ha nepCOBaJlbHOM KOMilbJOTepe 
486DX2/50MHz. IlpH 3TOM o6~ee K01IB'lecrBO ne
peoAH'feCKBX B03~emm, BMe10~ aMDJIBTYAY, cy
~ecrseRHyJO npa pac'lere KOOpABHaT cnynmKa, npe
BbICHJIO 42 TbIC. BbI'IBCJICHHC llOJIOXCCHHJI cnyTHmca 
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C fiOMO~IO AaHHOro M3CCHB3 B03~emm BbIOOJIIDI
JIOCb 3a 0.4 C, He3aBHCHMO OT HHTepsana nporH03HpO
saHB.R. OrMeTHM, 'ITO q}{CJieHHoe mrrerpepoBaHHe 
ypaBHemui ABIDKeHHSI KA "3Ta.JIOB-1" noope6osano 
B aHaJIOI'H'IHOM B3pBaHTe 6o11ee 8 q C'leTa. 

TIOBbIWeHHe TO'IHOCTH aeaJIHTH'leCKOfO HHTer
pupoeaHWI AO ypOBHSI 0.5 - 1 CM Ha AJIHTeJibHblX HH
repBaJiax speMeHH D03BOJIHJ10 paccMOTpeTb sonpoc 
0 TO'IHOCTHblX xapaKTepHCTBKax caMoro 'IHCJICHHO

ro MeTO;n;a HHTerpupOBaHWI, npeADOJiaraBmerocK Ha 
npeAbIAY~ craAWIX cpasHeHWI ~eaJibHbIM. PHcy
HOK AeMOHCTpHpyeT paccornacoeaHWI aHaJIBTH'leC
KOl'O B 'IUCJieHHO['O BHTerpHpOBaHIDI ypaseeBBH 
ABIDKCHIDI KA "3TaJIOH-1" Ha BHTepeaJie speMeHH 
10 JICT, Bblpa)KeHHbie B KeDJiepOBblX 3JieMeHT3X op-
6BTbI. BB.QHO, 'ITO s paCCMOT{)eHHOM npHMepe 'UIC
JICHHblB MCTO,:J; coxpaIDieT OTHOCHTC]JbffYIO YCTOH'IB
BOCTb Ha BHTepBaJIC speMeHH AO 5 JieT. HcnoJib30Ba
HHe ero lla oonee AJIHTeJILHbIX MepHbIX 6a3ax npH 
o6pa60TKe BblCOKOTOlJ.HbIX Jia3epHbIX H3MepeHBH 

AaJibHOCTH npe,QCT3BmleTCR M3JI03q>cl>eKTHBHblM, I 

;[VUI peweHIDI Il0A06Bb1X 3a;n;aq I.\CJiecoo6pa.3HO npe 
MeIDITb aH3JIIITH'leCKHe MeTOAbI HHTerpupoBaHWI. 

EcrecraeHHo, 'ITO B03M}'lll;CHWI B ABWKCHHH cny,: 
HHKa, BbI3B3HHbie Hecq>epn11HOB cl>opMOH ~empam, 
HOH nnaHeTbI, SIBJUDOTCJI OAJIIIMH B3 OCHOBHblX, HO H 
eAHHCTBCHHbIMH. Ilo3TOM}', nepcneKTHBOH AaHHO: 
pa6oT1,1 5IBJ1Jle'I'Cjf ~eKBaTBLIA y11eT aHaJIHTH'tfecKo: 
TeOpHeH B03M}'lll;CH1m OT p;pymx q>aKTOpoB. 

Aerop 6naroilapeH H.B. EMe111,moey e B.4>. TE 
XOHOBY 33 HHrepec K A3HHOH pa6oTe H none3ru,1e 38 

MC'laHWI. HCCJieAOBaHHe 6bIJI0 113CTH\fHO no~ef 
)l(aHo rpaHToM RLROOO MeQyHapoAHoro HayqHor 
cl>oHAa. 

CITHCOK IlHTEPATYPbl 
1. KyepR81,fe6 C.M./1 ACTpOH. )KypH.1994. T. 71. C. 161 
2. KayAa Y. CnyrHHKOBlUI reoAe3rut. M.: MHp, 1970. 
3. E Me.tibllH08 H.B. I/ ACTpOH. )KypH. 1986. T. 63. C. 80 

Computation of Perturbations by a Noospherical Planet 
of the Orbital Elements of Its Satellite 

over Long Time Intervals: Fifth-Order Analytic Theory 
S. M. Kudryavtsev 

The results of analytic integration of the Lagrangian equations for the satellite of a nonspherical planet are pre
sented. All secular and short-period pertud;ations in the satellite motion to the fifth order and long-period per
turbations to the fourth order relative to the oblateness of the central body are cQmputed. The results of integra
tion of the equations of motion of the geodynamical satel.lite "Etalon-I " obtained with the use of this analytic 
theory and by numerical integration over a five-year interval are presented: the mean square discrepancy in co-
ordinates is 1.1 cm and in the calculated range is 0.5 cm. . 

CAaHO B Ha6op 2S.12.94 r. 
O<f>ceTHa.11 neqaTb Yen. ne'l. n. 16.0 

TupaJK 649 3K3. 

IlOJIIlHC3HO K ne'laTH 22.02.95 r. 
Yen. Kp.-oTT. 10.6 Tb1c. 
3aK. 2365 

Cl>opMaT 6yMant 60 x 88 1/a 
Y'l.-KJA. n. 16.5 liyM. n. 8.( 

OTne'laTaHo s MocKoBcKoA TKnOrpaq>HH Ni 2 PAH, 121099, MocKsa, f-99, llly6KHCKKA nep., 6 
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