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PE3YIIbTATbI }ICCNEIOBAHI,I.g CNEKTPOB
BOCbMH nynbcHpyrcUHx IIEPEMEHHbIX TIIIIA 6 Sct

T.M. Paqxorcxas

o6cyxgenu pe3yrbrar:I,-r:cJleEoBaHufi cleKrpoB 3Be3A rr{ra 6 sct, i{3[oxeHHbreB [g,15-20], ra[poBeAeHo Irx cparBHeHr.Ie c pe3yJrbTaTaMu il3yrreHr,rfl MeTaJri[rqecKr,rx Am-ggegA [25]. AHOrvranlr, 
"oo"p*ilru1ft rtrornx xI'IMI'lqecKI'lx 3rreMeHToB y nyrrbcr.rpynxMx r,r MerilIluqecKnx 3Be3A oKa3aJII{cb nogo6urryu,xors na6nroflaloTcs HeKoTopbre 

_pa3Jlr{quf,, Cogepxanr,re 6onrlggcrsa xlrMrrrlecKr.tx sne1aeHroB y 
"""rgo6orax T}ruos Koppenupyer-c sQQexrr'ranotr t#neparypofi. Mr.rxporyp6yJreHTHa, cKopocrB 3aBr.rcr,rr ore$Qexrr'reuoi:eMfleparypbr B Auana3oHe cserunrocreft ,".rcuo"arr"r* ,""rg (v-N); fu, ,rv*arr"i*

3Be3A TI'Ira 6 Sct He HaftEeHo cB.E3I'I MexEy coEepxaHr,reM 3JreMeHToB rr cropocr.ffMr,r Bpaxlegg.s.

THE REsuLTs oF SPECTRAL sruDY oF EIGHT nir,rn scurr puLsATrNG VARTABLE5,
b-y r.M- Rachkovskaia. The.re-sults of spectral study of e-ig_ht.o"Ltu s"utipui*uting variables [s, ij-20] ,.,;disclssed and compared with the results of the Am-siars [2*5] inverstigaii",i. - 

-

-It. 
has been found, that the abundance anomalies oi several rhelmical elements in Delta Scuti pulsating

and Am-stars are similar. The iron and others elements abundance in the Delta Scuti and Am-stars corre-lates with the effective temperature. The microturbulent-velocity aepenas on ttre effectip t;;;r"tr;within the luminositv range o.f the investigated stars (V-IV). For ihe iirc.iigui.o Delta scuti pril;ti.g;;correlation is found.between the abundance and rotational veiocities.

^ -Kar [perloJlaraer reopl'Ifl, oEHofi I,I3 npnrrr{H,Bbr3rrBarour{xnynbcaulrr4B3Be3Aax rr.rla
6. Sct, flnnqercfl oco6eunocrb tlx xl,IMuqecKoro cocraBa. [IosroMy u3yqeHr.rq cogepxaHr,rfl
srIeMeHToB n arnloc0epax 3Be3A 3Toro urrta _ caMa uo ce6e BaxHafl ,uEuuu.'Kpoue roro,
IIPEACTABJI.EET I,IHTEPEC CPABHCHI,IE XIIMI{qECKOTO COICPXAHI{' IrYJIrCI,IPYIoEII,IX rIINA 6 SCi
I'I HerIyJIbcllpyrcul{x 3Be3,II, C [OBbrrrreHHbrM coEepxaHr{eM MerarrJloB (Am), roropbre IIoIIa-
Ealor R- toT Ne pafroH guarpauuu lepuurnpynra-Peccela,qro[3Besgbrrr.r[a d Sct cserr.r-
uocrn V.

Couacuo Kypr[y [1], roropufi o6cyxgaer HaKorrrreHHbre 3a MHoro rrer pe3yrrbrarbr
Ha6[ro,4e]Mfi, Krracq,rqecK[e Am-gsesEbr He noKa3brBaror nyrrcarllrft 

" 
,rpag*u, oA;;

snesguofi BerIlIq[HbI rnasHofi IlocJleEoBarerrbHocr[, Ho rrpu [epexoAe B cragr{ro KpacHbrx
ruraHroB B Hrrx Moryr rroflBrr.rrrbca s,apuar\ufi 6lecxa. y Am_ggegE c yMepeHHbrM coEepxa-
HI,IEM MET{IIIIOB, A TAKXE 3BE3E C HOPMAIIbHbIM XI,IMIqCCKI{M COCTABOM, PACIIOJIOXEHHbIXB flofloce Hecra6raJrbuocru, [yrrbcarltrr,I Moryr Ha6lrogarrcr KaK B6Jrr,r3r{ rnaguoft nocJleEo_
BaTeJIbHOCTH, TaK I,t [p]I OTXOEe OT Hee.

B nacto-aqee BpeMf, cruTaerc.E, rrro aHoMaJIbHoe co,qepxaHl,Ie MST1IJIJIqB B Am-3Be3Aax
cBs3aHo c IlpoqeccaMl'l ar'r<ftfysran r nx aruoc$epax. MoxHo rroJrararb, uro u arvrocsefax
rIepeMeHHbIx rnna 6 Sct nvercrcs KaKrIe-To oco6ue yclroBl,r.fi, Koropbre [o3Borr.ErcT cocyue-
crBoBarb [poueccaM guQ0yguu ll rlyJlbcauuoHuofi Hecra6r..rnruocrr,r. Tarrna o6paaour, icno,qro EJIE co3EaHl{fl nagexHofi Teop}I[, o6txcuxrcqefi cyulecraoaarule o6rerror rnna'6 Sct,
Heo6xolu'IMo HaKorIrIeHI'Ie AaHHbIx na6rrcgennfi, B rraciHocrr.r HyxHo r,rMerb yBepeHgbre cBe-
AeHI,I.E o cogepxaHr,Ill xr.IMI,IqecKI,rx grIeMeHToB a Iax artroceepax.

I4:yueurervr xr,rMr,rqecKoro cocraBa arvrocsep nyru"rpyrrryrx rr,rla 6 Sct sarerl{arr.rer
MHorI4e r.rccrreEoBarerrr. Pefirvrepc [2] , .[grxens E Ap. [3f , I,Iuu,rxaaa [4] rruon Hfilu a1utwg
crreKrpoB EByx Har,r6onee flpKr,rx B ceBepHoM troflyruapurr suesg aroro iwra,20 cvnr.r 6 Del.



KyprU [5] oUeruan coAepxaHr,re sJreMeuroB a .aruocSepax HecKoJIbKLIx rynbcHpylonll'rx

sse3a. OAHaro B rreperuclreHHbrx pa6orax coAepxarue xl{MuqecKux 3rIeMeHToB 6rno noly-
qeno lu6o c [oMotrbro Kpr4Bbrx pocra, ru6o ua ocHoBe upn6luxeuHux vro[eleil aruocQep

c l{cloJrb3oBaHI,reM ycrapeBllrlIx K HacroflrqeMy BpeMeHI,I suaqeHrlfi cufi oCUI'IJInffTopoB'

Harrei sagaqefr 6lilo srlnorHxrb o[HopoAHbre cneKrpallbHble ua6lrcgeHlrr u npoBecrl'I

arlaIl1r3 crreKrpoB HaocHoBe lvroAeneri Kypyqu [6] c Uenrro onpeAeneHuff Sueuuecrcux napa-

MerpoB rr XI,IMLIqeCKOTO COCTaBa atrr,rocsep rlyJlbcl'Ipyrcu.['Ix Utna 6 Sct'

1. llporparrrua H MarepH:u na6nIo4erryrft

Bu6op 3Be3E EIIfl ua6lrc,qeullfi oflpeAeJlffIcf ycIIoBI4eM - [onyqHrb cneKrporpaMMbl

,ro 
"or*b^rocru 

c 6olee srrcorofr 4lcuepcuefr. B cs.flsll c srllM 6rulr nrt6pauu uau6onee

apKr,re u c He6orlrulrm cKopocrflMr,r BpaureHllfl o6lercrrr (ra6l. 1). Cuerrpu nfirll 3Be3E

3roro cm,rcKa r,l3yqrurucb paHee, rpu 3Be3Ebr: Caua 6 Sct, V644 Herr HD 127986 - llccJleAo-

Baubr HaMlr BrrepBbre, I,Iinrareparypbr I,I3BecrHo, ,{ro 14 Aur, 6 DeluY644 Her ssrtsrctcq

crreKTpilnbHo-g"ofirorn o, Ho JILIIub y 6 Del o6uapyxeHo IIpI{cyTcrB}Ie B clleKrpe nnw.,irt

BropllqHoro KoMnoHenra [7] . Cropocrl'I BpaIIeHI'Ifl u sin i, [pI'IBe[eHHbIe Bo BropoM crol6-

ue ia6r. l, asrrrr ,, *ui-o.u Yicyrra u OyryArr [8], e rperreM cron6ue Nw 28 And,

20 CVn, 6 bet u Y644 Her [aHo raKxe yroqHeHHoe uar'al [9] 3HaqeHI{e u sini, a gnfl,2o CYn

n 6 Del B qerBeproM cro[6Ue - couracuo oqeirar"r Apyr[x aBropoB. Ottt'ternvr, qro HaMI'I

[9] 6ruro surc;arano raKxe [peAnorroxeHr4e o 3aBbIIrIeHHbIx 3HaqeHI'lEx cropoctefi rpa-

ulegr,rf, Arrff Bcex 3Be3A Kar:rrrora [8] . B nsroM cron6ue ra6l. 1 npI,IBeAeHbI auauerurx op6u-

rarrbHbrx [epI,Io[oB crreKrpaflbHo-gaofiuHx saee4 Po r6. [Iepronrr II-ynbcaul,I-i Pr yl2"^y aMIIIII{-

rygu 6necra Atz s cron6Uax 6 tr T trat*t corracuo Bperepy [10] ' gla HD 127986 nepllo!,

6aMrrflr{Tyga 6lecra B3f,rbr rr3 cnr.lcKa Oporoea (uacruoe coo6qerule). Haroueq, B nocJIeA-

HQM croJI6Ue AaHo [pI'IMer{aHI'Ie o rl'Iue [yrlbcaqlrfi corlacuo Crr'ulry [7] '
Ha6rrcA,enrs 6rUtlt stIuoIHeHbI Ha 2,6'rta peQnertope Kprrrvrcrcofi acrp^oQu3l'IqecKofr

o6cepaaropuu o Qoryce KyAe B creKrparbHoM 4.Iara3oHe ). 3800-6000 A. ,[gcnepcr'ra

crcriwrrtri or 4 ao l2Nrwr B 3aBr,rcr.rMocrl{ or flpKocrll 3Be3,u,t'I. IlpogonxoarerlbHocrb

erccugsl.rrgrfi, KaK [paBI{IIo, fipeBbll11a]Ia [eplIoE rtytncaguit unw 6tma roro xe flopflAKa'

[o3roMy flolyqeHHble cleKrpbl llpeAcraBflrnn uu$opnaaqulo o HeKorOpoM cpe[HeM 3a

[ep]rog nynrcaqufi cogroflHulr 3Be3EbI. O sosluroxurlx I{3MeHeHlIflx reMlleparypbl, ycKope-

HyIfr ct4rrbt r.fixecrlr [r 3KBr,rBilJreHTHbrx ru,rpI,IH ttuwtir B reqeEle nyJrbcalllloHuoro nepllo[a

6yger crcasauo HI,Ixe.

Ta6nuqa 1

Cnumr nccreAoBaHHblx 3Be3A r{ HeKoropble cBeAeHH' o rux

38esAa u sinl, xlr/c PoO6, cyr Prrynbc, cyr Lm Tnu nynrcaqui
lll

t8l tel t7l

14 Aur
28 And
20 CVn

A
6 Del

B
44 Tau
V644 Her
6 Sct

HD 127986

0,088
0,069
0,1 3s

0,1 53

0,145
0,1 00
0,t94

0,140

0,080
0,03 s
0,03 s

0,050

0,090
0,020
0,29

0,02

30

20
30
15

15

20
25

22
7

22

l2

3,79 IlLl

<5
15

40, s8 [12]
l2

11,86 u3l

Hepaqualrurre
PaEuaarnrte
Hepa[ualurrre
PaguarrHrre

Hepaguanr,une
PaAuamnrre

PaEuamnue + Hepa-

Ana[bHr,Ie

4



2. 9rn[sanerTrrbre rrlrpunrr nnrud
Cuegerua o Mero,4IKe o6pa6orru c[eKTporpaMM, oroxgecrBrreHr.ru nuruuft,

oKB_lrBaJreHrHbrx [Mpr.rHax Moxuo Haftrn s U+_19]
ConocrasnelMe 3KBI'tBaJIeHTHbIx IIIrIpI{H nuwfit 14) 7, tro Harlr,IM orrpeEerreHr.rffM r{ onpe-

AerIeHI{aMApyEIxaBropoBcEeJIaHoErIfl3Be3E20CVnnDDel U4l,44Tau [15],28A;d
[18] ' 14 Aur [19] . cpanl:me rroKa3brBaer, qro B oAHr.rx clyrraffx rtl1, rargeHHu" p.r"ir*o
aBropaMr{ Ers oAuoft n roft xe 3Be3Abr, AoBoJrbHo xopouo coflracyrorcr, B Epyux cnyqarx
pacxoxEeHl'Ie EoxoMr ao 3O-4Wo, flpr,ru.rxy raKl{x pa3Hornacufi oEHo3HarrHo Ha3Barb rpyA-
Ho' Ho rar uar6onee Bepoflrllyrc MoxHo flpeEnonararb HeoEr{HaKoBoe [poBeAeHr,re ypoBgr
HenpepbrBHo ro crreKTpoB pa3HbrMr,r aB TopaMr{.

llocronrry lrccJretroBaHHble 3Be3AbI pa3fl[qarorcff KaK rro reMneparypaM, TaK I{ cKopoc-rru apauleruf,'. To crerleHr 6reuE'rposawts. nul*tit B r,rx crreKTpax pasnuuna, a 9To orlpege-
Jlfier-HaEexHocrb npoBeAeHl{ff He[pepbrBHoro c[eKTpa N npoouefi nwrl,1lir. Hg uaruero crurcKa
20 cvn flBrrflrracb erarroHoM rrpr,r o6pa6orKe crreKTpoB ocra.rrbtbrx rrurg, ,r* *r*;;;;;;;
y3KI'Ie JIIIHHI'I II CpIIBHI{TeJIbHO MHOrO yqacrKoB HerrpepbrBHoro crleKTpa, He l,IcKaxerrHbro uo-
uloureHl{eM' 9ro racaercr Bo3MoxHoro Lr3MeHeHI,I.f, gKBllBarreHrHbrx [trIpr{H JILITMfi s reqem{e
nyrlbcaq[oHHoro [ep]IoEa' To coilIaClro na6troEen]IflM orgeJrbnbrx cfleKTpirflbgblx nm111it
cnarrona [7] car'aoe 6o_nrru_oer{3MeHeHr.re w\,Eol7%,qluapyxeHo.[nrrrbEix6 Sct,rorEarax y 14 Aur w20 CVn I1l1 MeHflerc.fl Bcero Ha 3%,ay ZS.AnO n44Taurr*"r"iri il^
ue o6uapyxeHo coBceM. 3aueruu, rlro Hattm olpeEerrerrutr gKBI{BUreHTHbrx rxrrp}rH BbrrroJr-
HeHbI' 3a peEKI'IM_I'IcKJrIogeHlIeM' IIo rpeM u 6onee c[eKTporpaMMaM, TaK uro uyuafiHtte
ouru6ru gHa,relil{fi I/1 He [oJrxHrr 6rrrt Berlr.rKrr.

3. OnpegeneruleT16 u lgg
IIpu ucc'ne4oBaHI'III'3Be3A MbI [pI{MeHI{[I{ MeroA uoEenefi arruocsep. pac.rerrr 6ruru ocno-BaHbI Ha MoAenflx Kypyqa [6], rnaagurM Eocro[IncrBou rcoroprix flBtfl.ercr. geranrurrfi

yqer [ornoueH]Iff B TIIIHI'Iflx' Oco6erurocrtl uaruefr MerolprKr.r om.rcanbr r [20] . Bce srrw{-
cJrenr{a rpoBo4rrr}rcb Ha 3BM EC-l033.

.If[a onpegelennr e$QerrnsHofi reMrreparypbr 7"6 u ycKopeHr{fl cr{rrbr rflxecTfl lgg
I'rH4'rBr'rAyirJrbHo srfl Bcex 3Be3E 6ruru nocipoeurr gnaipanaru, fr6, lgg, ra puc. t r ia'-qecrBe rlpl{Mepa np}IBeEeHa ,4uarpaMMa wt 2O CVn. CpanHeruae na'6nrouennui n reoperr.r-qecKI'Ix xapaKTeplrcrlrK BbIrIoJIHflIIocb rro KpI{Tepr,If,M: 1) upoor.rnn 6alrvrepoacrux nunuft;

Ta6tu\a 2
Ilaparuerprr Tsprl1g rlr, nony,rexrrre xs na6npAenrfr

3sesAa

14 Aur
28 And
20 CVn
6 Del

E1 xn/c

8000
7900
76s 0
7 400

3,8
4,r
J,I
3,7

5,4
s(
4,5
sc

7 100
7050
7000
6150

3,8
3,8
3,1
3,3

5,4
5,4
5,4
3,8

44 Tatt
Y644 Het
6 Sct
HD 12"1986

Ta6nH\a3
3aeucx{Mocrr H3MeHeHH, 116 x lgg or aMflnIrryAbr nynrcaquf,

6 Del
28 Aql

0,05
0,06

<100

- 100
0,0

-0,1
Beccen [21]
BaranH u gp.

l22l

0,10 150
0,29 300 S:l ) Eeccer r2rl

p Pup
6 Sct

3gesaa Am 4T16, K alcc Ccrurra 3aeega Am 4116, K alsg Ccrurra



KaK rrpaBr.rno, 3ro 6;;utyt nwwwt [Ly, Ha, ]IHorEa Hp;2) Qorouerpuuecrnfr rngerc-[c1]
, ,.rurprrrluerHofi cucreMe ubuy ([c1J cnoOogpHor Mex3Be3ggoro flq11louleHux); 3) no'

Hlr3aqr,roHHoe paBHoBecre u 4) ornourerlne nororos r3rlyqem{f F (4625) lF (3625) B EByx

yrracrKax crreKrpa Eo r.r flocrre 6arrueporcroro [peEeJra, ecIII,I 6bmo I'I3BecrHo pac[peEerlexue

,rap*, AIr" ,rarEur. 3auefl'Ilt, tlro KpI'IrepI'Ii 4) yganocb [pI'IMeHI'Irb ltt4utb Wfi 20 CVn

r 6 Del.
B ra6n. 2 co6paHH 3HaqeHr4.fl T4 tlgg lflfr.vrccIJeE'yeMbD( 3Be3E, TOTIHoCTb I'Ix onpetrerleHl{ll

.orionr", t15b_1200 K n iO,2 coorBercrBerr,o. t4s ra6fi. 2 sugro, qro caMoft

ropaueft cpeEr.r [ccJretroBauubrx 3Be3E oKasarlacl, 14 Aur, a caMofi xolloEHoi4 HD 127986,

rg/

/t
Puc, l. li.rarpaMMa [nt onpegeneuua aQ-

@exTunuoit reMlleparypbr I'I yckopeH[fl
cr.ilr6r rrxecrl4 y 20 CVn
Toqxa coomercrryer npunxrori MoAenH
arrrocSeprr4

lr0
7//0 7t// ,/// rrq,K

llocronxy ilcglegyeMble 3Be3AbI, uyllbcllpylgr' ro ecregrBegHo oxIIEaTb EIfl HI{x }I3MeHe-

Hlrfl TeMleparypbr B rerIeHI,Ie flyrlbcaul{onHoro wKfla. B ra6n. 3 ;prs necrolbftux 3Be3E

c pa3HbIMI,I aMIIIIIITy[aM[ 6[ecKa Arz uoraaaro ]I3MeHeHue Trb u lgg n reuerue fiepploAa

uynrCaUnft CoUIaCHo Ha6[IoEeHUffM pa3Hblx aBTopOB. Tarc rcar aMIm]ITyEDl I{3MeHeHI'Ifl

(necxa HaIIux [porpaMMgblx 3Be3A (crnr. ta6n. 1) tarrae )Ke yrw MeHDIIIe' rIeM y SBesE

ra6u. 3, to vroxnb 3aKIIIoqI{Tb, qTo IIIIIIr grts 6 SCt I'I3MeHeHI'Ie fo6. BCrteECTBI{e [yIIbCaq]Ii

[peBbrruaer roquocrb olpegerreuufl grofr serru,et6r (4T16 = t200K), r.e' eQr[exroM-ll1ue'

nir*" ,.rnrparypbr frO , npouecce nynrcaquft E71s rcineAoBagHblx 3Be3E, KpoMe 6 !ct'
Moxuo nptr.Opauu. LlsMeueul,te xe ycKopeHI'I fi. cLrIIbr rffxecrlt 3a IIepuoA ny:rrcaUufi (crur'

ra6n. 3) ,. ,p.rur*u.r oluufuK oueHKlI orofi selru{Hu (Algg = i0,2)'

4. Cropoc'rr r*nxporyp6ynemrocu

Crcopocrr rranrporyp6yregrHocrl,t [1 oupegeirrlacb [I3 yCJIoBI{tr, tlro BeI[quHa cogepxa-

Hnfl gn;MeHra, nafrgenuaa 11o [r,rHI{flM \ro1auntw HeftTpanbHord aroMa, He rIoKa3bIBUIact4cre'

MaTnrlecKoro xoAa c poCToM 3KB[IBaIIeHTHoft lgpunrr ltl1. OUeUru Et dttttu cAe'IaHbI

IIo JII4HI,I.EM Fe I, rir KaK oHI,I Ha[6o[ee MHOTOqI{CJIEHHbI B CTIEKTPAX }I I{MErcT

go.ruro,uro ,-opo*rft LrHrepBirJr 3HaqeHr,rfi 3KBI,IBaIIeHTHrIX Iu[ptIH ]/1. HeaaarcrMoe oflpe'

Aefenne F, OrUlo CAeJIaHo TaKxe ilO iltnuurvr Fe II u Ti II, roropue He croJID MHoroq[cJIeHHbI

ilo 
"p*r.nrro 

c Fe I s cnertpax I'IsyrIaeMbIx saesg' IIolyrIeHHbIe 3HaqeHI'Iff [, co6paurt

, ra6n, 4, r1e n - ,ercJrg l,iclorrb3oBaHHbrx Jrr{Hr,Ii. [Ipu pacuerax I{c[oJIb3oBaII]Icb cpeE]Ie'

B3Berrrenubre Bqr[runbr {1, rotopue gaur.lcauu B rIocJIeAHeM crorftIe ra6il.2,. [pI{ gToM

onnr6rca l, ne npeauuarn 10,5 xrflc. llz ra6tt. 4 B[IlHo' qro M[Kporyp6y:reurnoctb' orrpe'

AeJreHHafl IIO II,IHI,IffM I,IoHoB, ClIcTeMaT]IqecKI'I BbIIle. IIoAO6llle pe3ynbTaTbl 6rmu uonyueurr

trpu LI3yqeru,I]I cBepxfl{ranron (Jlm6nnaxoa, Eoap'{yK [23]) I{ Mera'Iflfiqecrcux Am'gsesA

lbarurror lZ4D. bgHofi u3 rrplrt*H nogo6urrx pacxoxgenufi' KaK loKasago B Mgoroq6c'

6
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Pnc. 2. 3aglrcrMocrr Ml.{Kporyp6yaeutnofi cKopocrr.r or sQ6exrurnof, rerrlneparypu
Tora<u - 3BesAbr rzna 6 Sct, KpyxKr, - Am-soeegrr [24]

JIeHHbrx pa6orax, B roM rucrre n [23) H [24), Moxer 6urr ouru6rca B npr.rHfirofr rtpu pacqe-
Tax BerIuqI'IHe 3aryxaHll{, [pyrofr fipI,IqI,IHofr - Heyqer rroBbrrueuHofr r.roHr,r3aqlpr aroMoB,
o6ycroBreHHofi orKroHeHr{eM o-r JITp (6orpvyK, JIrc6r.rMKoB r4 Ap. t25] ) .

_ Ha pnc. 2 flpeAcraBnen rpa$ux 3aBucl,rMocrr,r raurporyp6ynenrnot-cropocru l, or s$-
Qerctuauoft reMleparypbr Ts5 Mfi l{ccre[oBaHHbrx 3Bea[ rraua 6 Sct r Mera.rrJrr,rqecKr.rx 3Be3A
Am uo pe3ynbraraM fzal . wz pu:. 2 Br.rAHo, qro B ]rurepBarre reMrreparyp 7000-g400K
cylqecrByer MaKcI'IMyM gnaqenuli E, u ctag uo o6e cropoubr or yKa3aHHoro r{HrepBiura.
KaqecrseHHo eror BLIBoA coulacyercr c pe3ynbraraMu r.rccJreAoBauua Crulurorvr lZ6l l11,-
3Be3A r.r 3Be3[ [Orrfl.

Ta6nuua 4
Cropocnr narucporyp6ylexrHocnr l, (rrr{c)

14 Aur
28 And
20 CVn
6 Del
44 Tatt
V644 Her
6 Sct
HD t27986

5,4
5,1
4,0
5,0
4,9
5?
5,4
J,I

s{
5,7
5,0
6,2
5,5
5,4
5,6
4,2

41
75

t6'l
B1

36

54
4t
60

t6
20
30
24
t4
t9
10
15

<1

4,4
5,3

20
34
47
2t

5,0
3,9

19
18

l7

5. Xnnflrsecrcrfi q)sraB arMoc$ep gsesg nlna 6 Sct

Ha ocnose MoAeJIefi arMoc$ep c [apaMerpaMrr! [pr{BegeHHbrMr,r B ra6n. 2, 6rno rrr,u,r-
cJIeHo coAepxanr,re oJreMeHToB B arMoc$epax [ccJregoBaHnbrx 3Be3[:

lge[El] = lgp/(El)fi/(H) + l2l ,

AIIg BoEopoEa a srofi ruKarre lge (rD = 12,00, currroculuuflropoB B3flrbr Ern Felwe 1271 ,ppa Fe II us [28] nws.Ti I[ cornacHo AaHHbrM I4.c. cagaHori luacrrroecooouelge),Er;
ocriurbHblx grIeMeHToB I{croqHI,IKI{ c}r[ ocq[nJr8TopoB Te xe, lrro n a [14] . CpegHrae coEep-
xaHr'rE lge (El) Err Bcex saesg co6paHrr s raftr. 5, ogecr-*. ,pr".gr"6 rg. trr" coirruru
n eguHoft c lrccJreEyeMbrMlr 3Be3EaMH Cr,rCTeMe crfl ocuulrr.EropoB.

Ha puc. 3, d u 3, 6 upegcrauleHa pa3Hocrb Mex[y cogepxaur{eM 3rreMeHroB B t4ccle-
EoBaHHbrx 3Be3Aax n na^coa_ru1e Alge = lge(El)*-lge(El)". 3auernu, qro coAepxaHr,re
a3ora I't KI'Ic.[opoEa p[x 2O CVn (cu. puc. 3) oupegerreHo HaMr,r rro Ha6nro[eHr.rgrra l4ururcasrr
(crra. o6 groM B t16l). Pesynrrarrr noragtrsarcr, rrro Bce r.rccleEyeMbre 3Be3Abr uaua 6 Sct

3nesga FeI Fe II Ti II
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Snervrenr 14 Aur 28 And 20 CVn 6 Del

lge n lge n lge n lge n

Ta6nr.rqa 5

Cogepxaxue gJIeMeHToB B HccJIeAyeMbIx 3Be3Aax nrna 6 Sct u xa C-olxqe

Cil
NaI
MgI
Si II
CaI
Sc II
TiI
Ti II
VI
VII
CrI
Cr II
MnI
FeI
Fe II
CoI
NiI
Ni II
Znl
Sr II
YII
Zr ll
Ba II
La II
Ce II
Pr II
Nd II
SmII
Eu II
Gd II

7,62

6,4 8

3,12

5,24

5,56

7,58
7,5L

6,3 8

2,65

2,42

2,26

6

3

6

35
l3

L

1

I

1

8,09

7,33

6,34
3,1s

5,2t
4,00
4,3 8

5,5 8

5,47
7,55
7,48
4,79
6,34
6,63

2,78
3,70
3,11
1,61
2,5'.7

1,89
1,91
2,80
0,90
1,3'7

8,61

6,97
7,87
8,1 5

6,7 8

3,86
5,67
5,64
4,86
4,96
6,11
6,08
6,16
8,t'7
8,02
5,42
6,88
7,09
4,96
3,6 8

2,97
3,93
3,56
2,52
2,93
1,92
2,66
2,61
1,66
2,t8

4

3

4

2

10

8

9

1'l
3

B

'7

7

9

69
12

3

11

3

2

1

7

13

1

8

9

1

1

2

1

2

8,33

6,94

6,11
2,60

4,7 6

4,04

5,32
5,62
7,45
'7,32

4,43
6,60

2,83
3,91
2,93
1,66

8

7

7

5

t2

3

9

2

51

I2
2

6

23
1

6

4
3

45
8

1

4
3

16

3

8

1

4
5

4
J

1

)

1,16

Ta6rrqa 6

Cogepxarue xene3a alg e B HccJreAoBaHHbIx 3Be3Aax tro orHoHeHIrIo r CouHqy

14 Aur
28 And
20 CVn

+0,02

-0,02
+0,54

6 Del
44 Tau
V644 Her

-0,17
-0,28
-0,29

6 Sct
HD t27986

+0,02

-0,25

r{Meror anouanrnrrfi xr.rMlrqecKr,rfi cocraB. IIo xapartepy aHoManl'Ifi ux MoxHo, no-BI'I44MoMy'

[oApa3AeJII,ITb Ha ABe rpyllllbl.
l-. 3gesArr c rroBbrrrreHHbrM coAepxaHr{eM Bcex, 3a I'IcKJIIoqeH[eM yrnepoAa (20 CVn)

I,Inr.r HeKoropbrx Epyrr.rx 3J]eMeHroB (14 Aur , 6 Sct, 28 And) .

2. 3eesArr 6 Del, 44 Tau,Y644 Her u HD 127986, y Koropblx coAepxaHl'Ie 3IIeMeHroB

B 3aBIdcI,rMocTI,r oT aToMHoro HoMepB KarIecTBeHHo IIoAo6Ho KJIaccuqecK[M Am-3Be3AaM.

.II[a r,rsyueuubrx HaMr,r oobeKToB caMoe yBepeHHoe 3HaqeHI,Ie coAepxaHl'If, floflyqeHo EIfl
xerre3a tgllnel , roqHee EIfl Heftrpalrbnoro xeJle3a, Nrfr Koroporo 6olrure Bcero nI'IHI{fr

Ha6flrogaercrr B c[eKTpax uccJleAoBanHbrx 38e3A I,I LIMeIorcfl Hal'I6onee HaAexHbIe onpeEene'

I

2

)



44 Tau V644 Her 6 Sct HD 127986
l8€o

lge n lge n lge n lge n

7,09

6,07
?q?

4,82

1q7

5,40
5,3s
'7,33

7,21

6,t4

2,31
3,41
2,76
1,23
2,t2

r,64
1,60
0,46
t,41

7

2

I

4

1

25

7

3

6

6

1

4
3

6,93

6,12
2,59
4,60
4,93

4,25

5,18
5,48
7,30
1 ,,.

6,27
6,70

2,68
3,41
2,4'1
1,35
2,25

1,82

1,6 8

6,97
't,45

6,43
3,28

5,04
4,54
4,26
5,6 8

5,66
5,6 s

7,59
7,s4

6,s 9

4,64

2,62
3,s 9

2,44
t,40
1,96

1,s 9

1,51

4

6

15

I
2

3

9

I
30
9

8,61
6,28
7,36
7,55
6,36
3,00
4,86
4,82
4,04
4,21
5,61
5,50
5,35
'l ,55
7,56
4,5 5

6,08
6,21
4,42
2,90
2,24
2,96
2,40
1,13
1,59
0,83
1,26
1,06
0,35
l,l2

7

3

I
9

2

8

2

6,49 2

7,43 3

6,04 6

2,92 4
4,38 1

4,8s 11

3,60 1

4,31 I
5,40 5

5,58 8

5,30 4
7,32 24
7,28 9
4,40 3

6,03 s

3,82

1,6 5

3,22
2,08
1,3 s

2,07

1,20

0,43
1,02

)

I
4
I
2
2

I

4
5

28
12

1

1

2

4
1

1

2

1

I

3

4
I
2

J

I

I
I
)

rmtt cw ocqlrflrlrropoB. I43 ra6n, 6 t puc.3 auguo, qro caMbrfi 6onrurofr ]r36brroK xerre3a
rro cpaBHeHriro c Co[ruIeM oKa3aJrc.fl y 2O Cyn.

.ft4 roro qro6bl [peAcraBI,ITb, KaK Brrr,r-flror orrrlr6Kll arr6opa Mogerrefi Ha BSJII,IqI,IHy co-
AepxaHl'Ifl 3JIeMeHra, MbI rlpoBenl{ AoloJrHr{reJrbHbre pacqerbr glrn2O CVn. OKaeanocb, rrro6br
norlytMrb 6fiusroe K coJIHeqHoMy coAepxaHr,re xerre3a, Heo6xogr.rMo p1t;- 20 CVn npuxxrr
MoAeJIb T16 = 6800 K u lg g =3,0, rrro Bbrxo&rr AzrneKo 3a flpeAeflbr Bo3MoxHbrx otru{fuK
orlpeAerleHl'Ifl 3TI{x BeJII{qI{H. KaK crleAyer }I3 Ta6rI. 5 r puc. 4, uo.ml AJrff Bcex 3Be3A cogep-
xaHI'Ie, BblrucIleHHoe IIo JTI,IHI,IflM HefiTparbHoro xerle3a, cl{creMarllqecKl{ [peBbrrlaer cogep-
xaHr.re, roryqeHHoe IIo rr.rHrr.fiM r,roHr.r3oBaHHoro xerre3a, r.e. lge (Fe I) )lge (Fe II) npln_
MepHo ua 0,07' Brrute orvreqilIocb raKxe, qro cogepxanre no nefrrpaauirrrra'rna*rnru,
uan6onee qyBcrBr,rreJlbHo K r,r3MeHeHr,rro B 116, rorEa rar lge, BbrrugraeMoe IIo uoHaM,

.6onrut__e 
3aBlIcI{T or [puuffroro 3HaqeHr.rff lge, npl.rueu lge (Fe II) oospacraer trp1a yBeflur{eHu[

lgg. Hegaauo ouy6lr'rrcoBaHuble AaHHbre o ieoperr,ruecrnx Qororraerpr{qecKr{x HHEeKcax

-[-"r] [29] rooopxr o rqM, qro apr{H.Err,re HaMr,r rpu pacqerax rruo.r*" [c1 ] sannxeurr.
I'Icnonr,gosaru{e HoBbrx AaHHbrx o [c1] Moxer uoericuir lge (Fe II) rus orAenbHbrx 3Be3A
ua 0'05, otrHaKo [oJlHocrblo c IloMoulbro QorouerpruecKoro r,rHgeKca pa3rrr.rrge rvrexgy lge
(Fe I) u (Fe II) o6trcr.ulrb HeBo3MoxHo. Iloororury coAepxanr{e orEerrbnbrx srreMeHroB
Bo I'I36exaIMe oruu6oK, BHocLrMbIx HeroqHocrbro uu6panubfi Mo,qeJrlr, paccMarpr.rB,lrrocb
orHocLITerIbHo xeJre3a o ognofi lr rofr xe craqlvt r.roHlI3auu[.
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hrc. 3. CpaaneHlle co[epxilHilfi greMeHToB B arMocoepax flynbcHpylou[,Ix 3Be3E rnna 6 Sct c coAepxa-

Hr.reM Ha Conrqe
1 - 1 4 Avr,2 - 6 Sct, 3-28 And, 4-2O CVn, 5 - 6 Del, 6 - 44 Tau, 7 - V 644 Her, 8 - HD 121986

Ha puc, 5 rvrrr npnaol[,rM 3HaqeH]rfl co[epxaHr,rff sJIeMeHroB, HopMI'IpoBaHHbIe K xene3y:

[x] = [lge(El)a - 1ge(E1).]- Ug e(Fe){. - lge(Fe)el.

3gecr xe roHKr,rMlr ryrnt4flMr4o6o3HaqeHbr BepxruIfi u :rtDnuririr rIpeA,eJIbI 3Haqeru{fi coAepxaHI'IrI

aJreMeHToB, rroJryqeHHbrx trflfl Am-3rle3tr CaBaHoBbN 124]. Hauouruut, qro HaIrlI Ha6rlrc-

geHr{fl 3Be3A rr{rra 6 Sct n na6rrcAeurfr l24l Am-ssesA BbIIIoJIHeHbI Ha oAuoM I'I roM xe

TerrecKorre, a o6pa6oTKa il alf,arrus crreKTpoB [poBeAeHbr oAHI{MII H reMII }(e MeroLaMI'I,

tIIo rrpeArrolaraer oTcyrcTBr{e OIcTeMaTI,IqecKHx pacxoxAeHl'rfi B KoHeqHbIx pe3yJlbTarax.

I4s puc. 5 e o6rqeM MoxHo 3arsrrcqr,rTb, qTO reHEerIIIfifl I,l3MeHeHI{fl COAepXaHI{A 3IIeMeHTOB

C aroMHbIM HoMepoM B 3Be3gax fl,Ila 6 Sct aualorrqHa TaKOBOft g;rlff Am'3Be3A' oAHaKo

B rryJrbcr.rpyrcqlrx 3Be3Eax aHoMarll,Iu cyruecTBeHHo MeHee spKO BbIpaXeHbI' qeM B 3Be3AaX

TI,IIA AIn.
OcranosuMcfl Ha oco6eHHocrflx xlrMr{qecKoro cocraBa 3Be3A rI'I[a 6 Sct (crvr. pnc, 5).

V uynrglrpyrculgx Ha6llmAaercfl AeOuUI,lr yflIepoEa' I'I36bIroK Harpl'r-fi, Ho rpl4 6olluretu,
rreM y Am-seeeg, pas6poce 3HarreHufr. Cogepxarue MarHI,Ifl y flyrlbcl4pyloll['Ix oKa3arlo_cb

[oAo6HbrM coAepxaru.rrc ororo arreMeHra y MeriulJruqecKux 3Be3A: y 20 CVn, Y644 Het

n 6Del Moxgo upegnorluratb MarHI{ft B [,eOuUI{re, yHD127986 -s rs6rIrKe'y 6 Sct,

28 And tr,44Tau iogepxauue MarHr,rfl 6ruero K corlHeqHoMy. Kpervruufr HaM yAanocb orlpe'

[elr.rrb rorrbKo 111,fr.26 CVn, ero cogepxarue raKxe 6[u3Ko K corlHeqHoMy. KaK I{3BecrHo,

oEHofi r{3 xapaKTepHbrx ocoftHHocrefi rsraccurlecKl,Ix MerarIJrI,IqecKI{x 3Be3A Am mnsetcs

treomll{T ralu+,rs u cKaL[/,.fl,. oguaro, KaK B]rEro r.r3 p]Ic. 5, eto_xauecrBo y 3Be3A THIIa

6 Sct qerrco He IIpoflBJIflercfl - y qerblpex I{3 II}IX' 20 CVn, 6 Del, HD 127986lI B MeHbulefr

creneHrr y 44Tai, MoxHo rpeEnonaraib He6onbruoft EeOI{uHr KzIrIbuI{f, y l4 Aur - He6oIIb'

t0



hlc. 4. CpanneHr{e cogepxaur,r, xeJre3a, onpegeneHHoro no Jrr4-
Hr,rrM HefiTpantHoro u HoHI,I3oBaHHoro , xeJre3a n arlrocQepax
3Be3E Tt,lIIa 6 Sct, orsocnrenbHo co[epxaHux Ha ColHqe

hrc.5. CpanueHile coAepxaHHii 3neMeHToB, HopMr.tpoBar{H6rx
K co[epxaHaro xelre3ar I arnrocQepax flynbcupyrouux 3Be3A
I.r ConHqa
1 - 20 CYry 2 - 6 Del, 3 - 44Tau,4 -Y 644Her, 5- 28And,
6 - 6 Sct, 7 - HD 127896,8 - 14 Aur -4t /4t

,/lg e (tlfi,)

ruoft r.r36brroK, a 6 Sct, 28 And vv644 Her no cogepxaur.rrc Karrbur.rfl I.r,uz:ru K Corrury.
Cogepxanr,re cKaHtrLIE B o6IIIeM AJIrr [ccrle4oBaHHbrx flyJrbcr.rpymqux 3Be3A oKa3iurocb Bbr[re,
qeM [II{ Am, ra He6orburofi [e$uurlT 3Toro grreMeHTa fioKa3brBarcr rrr{rrrb [Be 3Be3Abr,
Y644 Her r.r 6 Del. .Ilgx Am-sae3A Ha6llrpAaerc.fi r.r36brroK coAepxaHr{ff 3rreMeHroB, Harr}rHafl
c rrrraJJa I4 BbIIile. l4s puc. 5 oNgno, vro u o6rqeu, 3a HeKoropbrM r.IcKJrrcqeHr{eM, [Irfl fiynbcr,r-
pyrcUl[x Kaprr'IHa lloAooHaff, oAHaKo cyulecrBeHHo MeHbtuee IIo cpaBHeHLIrc c Am-3Be3Aar/trr
orKrIoHeHLIe or corrHeqHoro 3aMerHo B coAepxaHr,Iu xpoMa, Kooanbra, uI,IHKa. co4epxarue
cTpoHUI'Iff y,qaflocb orIpeEeIILITb nI,IIIrb AIIfl 20 CVn, oHo oKa3arrocb He3HarMTeiIbHo Bbrrrre
corlHeqHoro. CoAepxaur.re 6apux ylrx rpex 3Be3[, 14 Aur, 6 Sct u HD 127986, oKa3arrocb
6riugrllM K coJrHeqHoMy, a Wfr ocrirJrbHbrx rryrrbcr.rpyrcu-u.rx oHo rroBbrrueHo. OrHoclrelbHo
coAepxarMfl peAKIrx 3eMeIIb B IIoAaBrI.E()UIeM fuIIbu-MHcTBe MoxHo 3aKJrroqr,rTb, rITo oHo
B 3Be3gax rI'I[a 6 Sct ellure corlHeqHoro, Ho Huxe, qeM y Am-3Besg. Orl,reruM, qro raKr,Ie
srIeMeHTbI, xar 6apui, [pa3eoEIM, HeoAI,IM, enpouufi, a glx 6olrutrHcrBa o6beKroB ca-
vrapllfi vr ta4oltuwzit, 6t'ww oflpeAerlenbr rro oAHofr rrutvrr4. Oqeuru cotrepxaHr,rfl grreMeHToB
B I'IHTepBarIe oT I,ITTpLI.E rlo raAorII,IHI,Iit ![].s.44Tau 6rutu cgelaubr Ha ocHoBaHurr 3KBr4BrIrreHT-
HbIx [II{pI'IH, uon)rqeHHllxKyprqerrl [5], ucxog.fi I,I3 Toro, qro Arrrr o6u+rx cfieKrpirnbgbrx Jrr,r-
Iil.rfr 3HaqeHLr.E 3KBI,IBarreHTHbrx ruIpr{H rro HarrMM u Kypru,a orrpeAerreHl{.fiNr oxaearucr 6rlas-
xunm [5].

.[4r oupegerleHl,Ifl coAepxaHl,If ropr,rtr, caMoro rflxerroro cpegra HadlroAeHHbrx HaMr,r
3rIeMeHToB, 6rrnn pacc.u.traHbl cl{HrerllqecKr{e crreKrpbr Arfl rrerbrpex snesg, 20 CVn, 28 And,
Y644 Her u 6 Del, B crIeKrpaJIbHoM yqacrKe )\4017_-4021 A, ryga rorraAaer rrut11rfl.ropptq
Th \ 4019,13 [9] . cauoe BbrcoKoe coAepxaHue ropr,rn o6uapyxeHo y 20 cvn, lge(Th) =
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= 1,4, Lr y 28 And, lge (Th) = 1,5, uro lpeBbru]aer colHer{Hoe 3Haqeule lge(Th). = 0,2
6onrure qeM Ha rropflAoK. y Y644 Her cogepxaHr.re ropr.I.s oKa3a.rlocb 6olee unsrcuu,
lge (Th) = 0,7, a y 6 Del, ro-BII&rMoMy, roro xe flopflEKar rlro n ua Conmle. I4s pr.rc. 5

BITAHO! qro HopMr,rpoBaHHoe K xene3y oTHocr,rTeJrbHoe coEepxaHr..re TopHfl AocTaroqHo xopo-
rxo Kopperrpyer c coAepxaHr,reM Epyrlrx 3JIeMeHroB ws 20 CYn,28 And u Y6M Her s
3aracr,rMocrr{ or aroMHoro HoMepa, Torga KaK gra 6 Del 3Toro He ua6rrc[aercx. Hanonauurvr,
.rro 6 Del u Y644 Her - crreKrpirJrbHo-gnofrurre 3Be3[br, [o3roMy floflyqeHnbre pfrf, H]rx
pe3yn bTaTbI Mo ryT I.{ MeTr, HeKOTopyrc HeO[peAeII €HHOCTb,

Byrcrapr u up. [30] , t4ccileilyfl. Ay6ner rurus ]. 670'7 Li I s Am-saeg,qax ]I 3Be3gax rllra
6 Sct, flprrrtrn]r K BbrBoAy, vro "co4epxamue Itvrt4fr. s Am-gaesAax Moxer 6rrtr uogrrureu-
HbrM, HopMarIbHbIM LIJTI,I [oHI{xeHHbrM, a B 3Be3Aax rl,Iua 6 Sct cogepxaHue JII{THfl Moxer
uaSlrcgarrca cJIerKa [oBbItueHIIbIM, HopMaJIbHbIM Ltrt,t [oHI,IxeHHbIM", T.e. K 3aKrIIoqeHI{Io,

no4o6uonay rroJrf{eHnoMy Hav.;z, ua l24l Er,fl.ilpyrvx srreMeuroB 3Be3E 3rr4x rurroB.

6. Hexoropue 3aroHoMepHosrl{ B aHoMam{flx coggpxamrfi

.II1x nr,rrereHr4fl auoMiurrfi xrarwrqecKoro cocraBa rryrlbcltpyrou.Ex rI,I[a 6 Sct 6rmu
u3yqeHbr Kopperrffurrr{ co[epxau].r, pa3rrr,rqHbrx 3rIeMeHToB MgxAy co6ofi, no orHoureHlllo
K Xene3y, asoernranofi rerraneparype, cKopocrr,r BparIeHr,rff, a raKxe B 3aBlrcl{Mocrr.I or
cBerr,rMocrr4, nogo6uo roMy KaK sro 6rruo cgenaHo e lzal AJIfl MeriIJIJIuqecKLIx Am-aseg[.
Orrraeruna, qro ecru He c[erlauo oroBopKr,t, colocraBrreHr{e coEepxaHufl orIeMeHToB paccMar-
pr.rBaJlocb s oguofr u roi xe craryu vour3aw4ri. Orasarocr, qro EIfi I,IcfietroBaHHblx 3Be3A

rnua 6 Sct c pa:noi crerreublo yBepeHHocrLI MoxHo rlpegnolararb cyulecrBoBaul,Ie Koppe-
Jlrtl\rlvl MeXAy COAepxaHI,IeM IOqTI,I BCex 3IIeMeHTOB OT MarHI'I.fl AO HeOEIMa, XpOrrAe 6apUa

lr ulrpKorrr,rfl, rr cotrepxaHr,reM xerle3a. Ha puc. 6-8 gns ulrnlocrpauull [pI,IBeAeHbI rpa$nrrl
3aBlrcr.rMocrr,r cogepxaruafi Cr, Ti r.r Nd r.r Fe. Y Am-gsesg 124) orMerlaercx cyulecrBoBalllle

Kopperr.Erlr.rn lge (E1) u lge (Fe) ur.fl yrnepoEa, Harpl{fl I{ KpeMHI{ff. Mrt Hu,{ero orpeAefleu-
HOrO He MOXeM CKa3aTb O COOTHOITTeHII.TIX 9TltX SIIeMeHTOB U XeIIe3a B IIyJIbClIpyrcU.pIX THIIaX

6 Sct, rar KaK r.rx cogepxaHl{e yAanocb onpeAeJl[rb [I,IuIb frlfl orgenbnblx 3Be3A.
Couacuo L24l y Am-gsesg ne o6uapyxeHo cBx3r.r MexAy cogepxaruIeM MarHLIff, Kilrlbul{fl,

cKaHEIs r.r co[epxaHr,reM xeJre3a, TorAa KaK 3Be3gbr runa 6 Sct raxyro 3aB[cl{Mocrb [oKa-
3brBaror yBepeuHo Arfl Kiulbull-s rI cKaurulff (puc. 9 u 10) u Meuee yBepeHHo ErIff MarHI'Ia
(puc. l l) . Iloao6uo MerarrrrlrqecKnM 3Be3EaM, y 3Be3A runa 6 Sct na6nroAaercrl Koppenflquff

zrqefti)

o
aa

a

, -4, / ngelrcl 4l
Puc.6

h{c.6. AHoMarun orHocr.rrerbHBrx coAepxaHufi xpona Alge (Cr) = lge* (Cr) - lge"(Cr) H xene3a
alge (Fe) = 1ge*(Fe)-lge"(Fe) n aruocQepax 3Be3E rlrna 6 Sct

11rc.7. CpaoueHl{e orHocr{TerrbHrrx coAepxaHHft THTaHa I{ xerle3a n arr"rocQepax 3Be3[ Tltna 6 Sct

Fuc. 8. CpaeueHue coEepxaHrrfi seo,&rarvra u xerre3a r arr"roc@epax nynbcxpyloul,tx runa 6 Sct
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Puc.9 Puc. ll

Erc. 9. CpaaueHue cotrepxaHnfi xalrqux u xelle3a n arlrocsepax 3Be3[ Tr4na 6 Sct

Pttc. 10, CparHeuue co[epxaHr.rit cKaH[r4.a r1 xeJre3a n aruoc@epax:resgrrlna 6 Sct

Puc. ll. Cpaaneur.re cogepxaur.rfi Mar-nr,rtr lr xeJre3a n arulocQepax 3Be3E runa 6 Sct

Pnc. 12. Cpaaueuue coAepxaHuft KaJrr,qur H MarHr,t{ n arvocsepax saesg tuna 6 Sct

PNc. I 3. CpanueHue co[epxaHaft xalruu.s u o<au1ula r aruocQepax 3Be3[ Txrra 6 Sct

19 €(rel
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ooo
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a oo^ o oooto
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6//O .7roo t//0 
"oo, 1r,* /lrru

Puc. 14. 3aaucuN4ocrb cogepxauufi xelre3a or e@$exrr,rrnofi TeMrreparypbr

Toqxr - 3Be3Ebr runa 6 Sct, KpyrxKlr - Am-eaeagrr [24]
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Puc. 15. 3asucl,Irvrocr6 co[epxaHr{fi KzrJrLrlr4fi or e(pQexnaunoft reuueparypbr AIrfi 3Be3A rma 6 Sct (a)
3aBr.rcr.rMocrb BeJrrrrrr4gbr lg (Ca/Fe) ot sS0exu.ranofi: TeMrreparyprl Anf, 3Be3A Tulra 6 Sct (O

Puc. 16. 3asrcuNrocrb coAepxilHr{f, HeoMMa or eQQexrr.Buofi reM[eparypu gna bagag rllna 6 Sct

Puc. lT.3asucr4rttocrr cogepxaHlrq TIaTaHa oT 30-
$exnEauoft TeMneparyprl trntr 3Be3tr rrna 6 Sct

Ptc. 18. 3asucr.r&rocrr cogepxaur.rf, 6apw t r,a-
HaAI,r' oT CKopOCTlr BpaUleHUfi EJrf, 3Be3E flina
6 Sct

rr r(Er)

// Z0 rrsini,xn/c

cogepxanr,rfi Ca-Mg (puc. 12) ra Ca-Sc (pnc. 13), xois uouetrHee cpaBHelfl{e cEeJraHo ArIn
gJIe MeHToB, ua6l rogeuHrrx B. pa3Hbrx cra4rfl x I{oul{3aur,rur.

I4urepecuo paccMorperb 3aBr,rcr{Mocrb coAepxaHufl ot e$Qercmunofi tervrueparypm, Mu
rrocrpou[ rpasuru coAepxaHr{f, B 3ilBrrcr{Mocua or 716 EJIff grleMeHros, Ha6[roEeHHbrx B

cfleKrpax 6oururtancrea fi3yqeuHbrx HaMr,r 3Be3A..Pas6poc rorreK oKa3alca gororruo 6onr-
rrrrM, oAHaKo MoxHo c[eJrarb HeKoropbre 3aKrlroqeH]Iff. Ha pr,rc. 14 rprnegeHa 3aBLIcrIMocrb
lge(Fe) -Ts6 Wq 3Be3A rurra 6 Sct uo HarrrrM LaHHbrM lI Anfl 3Be3E Am couacuo 1241 .

Beporruo, Moxno flpeg[oJrararb cyuecrBoBaH],re xoga BeJrrrqr,rHbr cogepxau]I.fl .xeJle3a c
eQQeruanofi rervrueparypoi, a r,rMeHHo lge(Fe) B lu.Iara3oHe reMreparyp 6000-8000 K
(raeagn runa 6 Sct) aoopacraer, a B o6racu,r 8000-10000K (Am-:ne:au) unn coBceM He-

3Harrr,rrerrbHo yBeJrr,rrmBaercfi,, urrr4 ocraercr nocrorsnofi. B [24] rucraeano trpetrIlono-
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xeHr{e, qro B Am-3Be3Aax KoppeJrflrl}rfl coAepxaHr{ff 3neMeHroB c reMrleparypofi Moxer
Hocr.rrb cnoxHbri xapaKrep (rpr.rnogurca upuMep xerle3a u xarrqux). Ha prac. 15 upeg-
craBneHbr 3aBr.rcuMocrr.r lge(Ca)-7r6 u lge(Ca)/1ge(Fe)-frO. Ecrlr ucxoAs lrs pltc. 15,4
MoxHo AorrycrllTb yBerr[qeHr,Ie co[epxaHr,rf, KaJIbUlrr c pocroM 7r.1, ro wz puc. 15,6 cJre-

Ayer, qro rlr6o co4epxaHr,re KaJrbur,rr c r.r3MeueHr,reM TeMrreparypbr ocraercff rrocrotrH-
urru, lu6o MeHflercfl 6oree croxurrna o6pasona. .ftx uyrrcupynuux runa 6 Sct oKa3a-
Jrocb, qro uau6oree Ha4exHyro Kopperlffrlr.rrc co[epxaH]rrr c reuueparypofi [oKa3brBaer
HeoAr,rM (puc. 16). Csasr coAepxaHufl rI,IraHa c 7rO BbrpaxeHa cna6o (puc. 17),yoc-
riulbHbrx 3JIeMeHroB KoppenflUr,M lge(El)-Zr6 ne o6uapyxeHo coBceM.

.[4x rr,ranleHfifl Bo3Moxuofi xopperarlur{ aHoMiIJIr,rfr a xuNa[,{ecKorvr coAepxaHI,I}I v
cxopocrefr BpauIeHLIfl 6r,ur uocrpoeurr rpaQlrru lge(El)-usinl, usini B3Era r,r3 KaraJrora

[8]. Harvr He ygirnocb Hairlr csqsr lge (El)-usini Arrfl 3Be3Eruta 6 Sct (cru. pr.rc. l8). He
6ruro cgerauo noJroxrareJrbHbrx BbrBoAoB Ha 3ror cqer raKxe t,t grta Am-gse.cg l24l .

Harr,rra 6ruu [ocrpoeHbr 3aB]rcr.rMocr]r Berr[r{lrH lge(El) (rnu oruorueHr,ra cogepxauufl
sneueuros) or cBerl,tMocru Ig(LlLr) (cvr. pa:g. 7). Mu ne o6Hapyxcrilv Errfl.3Be3A rr.rra
6 Sct crconrro-ur.r6ygr Hagexubre Koppennur,M lge-Ig(LlLq), ror[a KaK grrx Am-esegg
[24] rcoppen.Erllltr co cBerr,rMocrbro 6rura uafrEeua grta HecKorrbKux srreMeuroB.

7. SsonrcqnoHHbte [apaMerpu aruocQep nyrrbq{ppoupx 3Be3A rnna 6 Sct

I4cnonrsosas flonyqeHur,re us ua6rrcgerulfr suaqeur,rs eS(fexrnuHoi rervrneparyprr 716
I,I ycKopeHl,Ifl cIlJIbr rflxecrv lgg (cnt. ,ra6n, 2) r{ conocraBr{B r,rx c 3Borlmq}roHHbrMr.r pacqe-
rarwr Meureru u Ap. [31 ] gnx rIccJIeAoBaHHbrx 3Be3[ rrana 6 Sct, Mbr Harulr]r rr{accrr ,14 u sos-
pacr t. Oqenru cAeJIaHbr trprr coAepxan:auteilvfi Y =0,265 r,r MerarrJroB Z = 0,025, rrro co-
orBercrByer nepBoHaqaJlbHoMy cor,epxaHl,Irc Connqa. 3arev 6ruur Bbrr[,rcJreHbr pag[yc R
u cseuN4ocrr Z :

ls(R/Ro) = 2,22 + o,stg(M lM.) - g,slgs,

lg(LlLq) = -15,045 +2lg(RlR.)+ 4lgTu6.

$, 410 ./,8 ./8/ lgr?q

ftic. 19. Snoloquouua.a [[arpaMMa HccJie,qoBaHHbrx HaMr,r flepeMeunrrx runa 6 Sct
3sonmuHoHHme rper(H EIfl Macc or 1,5 Ao 3,25 M" cornacuo pacceraM Menrena ra gp, [ 31 1
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Ta6tuua'7
3sonrcquoHxsre napaMerpbr r{ccneAyeMbrx rnesg runa 6 Sct

3segAa MlMo lg(R/R.) R/Ro tg(L/L.) LIL ,. 10'aer

14 Aur
28 And
20 CVn
6 Del
'44Tan
V644 Her
6 Sct
HD 127986

Pesyrrraru oflpeAeneHr,ra sBoJlroqlroHHbrx rapaMerpoB co6paHbr B ra6Jr. 7. Ha puc. 19
[peAcraBleHa $.rarpaMMa lgg-T16 c 3BoJlroq[oHHbrMr,r rpeKaMr,r coflracHo [31] ; repruxanr-
Hbre JruHr{r{ [r3o6paxaroT Heorrpe[eneHHocrb B 3HarreHuflx Macc. OcHoBHofr BKnaA g o[M6xr,r
BeJrr,rqr,rH 3BorrrculroHHbrx rrapaMerpoB BHocr,rr Heorrpe[eneHHocrb B 1gg, torga KaK Heroq-
HOCTb O[peAelirePlllilfi Tsq He3HaWTeIIbHO CKa3blBaeTCff Ha pe3yIIbTaTaX.

Xors ro.urocrb BbrrlucrleHr.rr 3Borlrcrrr{oHgbrx lapaMerpoB HeBbIcoKa, MoxHo npetrnolta-
rarb, rITo Bce [IccJleAyeMbre HaMu 3Be3gbr yxe npoIlIII]r 3aMerHbrfr nyrb B cBoeM pa3BI{TI{I,I.

Bce ssesgrr, [o-Br{Ar,rMoMy, KpoMe ogHoi, 28 And, 3aBeprurl[ Qasy ropem.rfl BogopoEa B

ffEpe Ir HaxoAflrcfl B craE[,{I1. repexoAa B o6nacrb KpacHbrx rr{raHroB. 6 Sct u HD 127986,
BepoflTHO rar nar.r6oree Maccr,rBHbre, 3Harrr.rTerrbHee yE:urfifii4cb oT rnaBHofi [ocrreAoBaTerlb-
HOCTI,I.

8.3arnro,reruae

Mnr crasruu cBoefi 3agar{efi o6cy4rrr pe3yrrbrarbr anutv3a MeroAoM MoAenefi arvoc$ep
cleKTpoB BocbMr,r rlynbcr,rpyrcufix Tr.rfla 6 Sct, cpaam.rrb r.rx c pe3ynbraraM]I l43yqeHr.rrr Me-

ranJrr,rrrecKr4x Am-ssegA (Aeaxrr suesg) , u3iroxeHgb$ B 1241, pr flonbrrarbcff orbrcKarr npu-
3HaKr.I, KOTOpbre O6beAr.IHflIOT t[lll/, pA3EeIrfrrOT 3Be3Abr AByX 3TI,IX TI,IIOB.

OcHosHrre pe3ynbrarbr Harr.r[x lrccrreAoBaur,rfi crogxrcx K crleAyroueMy. Bce l{3yqeHHbre

flynbcHpyrouffe n{IIa 6 Sct uoxagirrrH aHoMarrur,r B x],rMr,rqecKoM cocraBe. OAHa rpynna 3Be3[
(14 Aur, 28 And, 20 CVn r 6 Sct) ?rMeer B o6xleM roBbrrueHHoe coAepxaHle (ncrnrcvaa
yrnepoA) 3IreMeHToB, flpl,IqeM BerI]rrMHa u36brrKa yBerr]rqr,rBaeTcff c [oBbrrrreH]reM aroMHoro
HoMepa. Y gpyror,r rpyrllbr (6 Del, 44Tau,Y644Her wHD 121986) cogepxanue srleMeHroB
B 3aBLICuMOCTII OT aTOMHOTO HOMepa OKa3aIrOCb KaqeCTBeHHO IIOgO6UUU KrIaCCUqeCKlrM

Am-gsesgar\a, r.e. Ha6JrroAaerca geSuuur 6onee rrerKrlx grreMeHroB u r,ts6rrrorc, 3a HeKoropbrM
HCKlrIOqeHr{eM, 6Oree rfl xeJrbrx.

flpu o4,rnaxosofi o6uefi TeHAeHrIr,ur r,r3MeHeHI,Ifl cogepxaul{, c pocroM aroMHoro HoMepa

3aMerHbr HeKoropbre pa3rrr4wrfl'. y 3Be3A rlrfla 6 Sct Ne flpoflBJlflercff B raKofr crerleHl{, KaK y
Am, AeQuurar Kiurbur,Ifl lr oco6euHo cKaHlufi, us6rrror xpoMa raKxe cyulecrBeHHo MeHb[II,Ift
y [ylbcr.rpyrcq]rx, qeM y Am-3Be3tr. cpeg,uee tro BceM 3Be3AaM coAepxaHl{e ro6alrta y flylb-
cupyrcqux 3Haql,rreJrbno Hlrxe, qeM y Merarrnrrqecrux, Y rpex I,I3 BocbMlI oaesg, tzna 6 Sct
(14 Aur, 6 Sct ra HD 127986) coAepxaHlre 6apua orcasalocb 6rI43Kr,rM K coJIHeqHoMy, ror-
Ea KaK y ocrilrlbHbrx oHo noBbrureno, nogo6uo Am-sne:garvr,

nlr sseA fl,Ifla 6 Sct cyuecrayer KoppeflflIl,Ifl MexAy co,qepxan[eM roqrll Bcex, B roM
r[,Icre Karbuufl u ar.a:,:.Er.q, KpoMe 6apun u qepr.rfl, SrIeMeHToB Ir coEepxaHI,IeM xene3a, TorAa

KaK EIff Am-saeeg 124) ue obHapyxeHo KoppelEI{LI}I MarHI{ff, KiuIbtII,Ifi I{ cKaHMq c coEep-

xaHueM xerre3a. IIoEo6no MerarrrrqecKlrM 3Be3AaM, y flyrlbcllpyrcIrlux Ha6fircfaercff raKxe
cB.E3b Me)r(Ey co,U,epxaHI,IeM 3JIeMeHroB Ca-Mg u Ca-Sc,

!4x nynrcrpyrculrx r{ MerirJrJruqecKnx 3Be3A, KaK, BepoffrHo, I,t ArIf, :ue:g nona [26] ,

MoxHo flpeAflolrararb, qro MuKporyp6yneuruafl cKopocrb,Brlflercfi Qyurcquefi o$Serrr,rr-
nofi tevrneparypbr, rro rpairuefi Mepe B flpeAenax cserlluocrefi V-IV.
16
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Y o6oux rIdrIoB 3Be3A Hafrgeua Koppenflur{r coAepxaHr{fl 6orruruncrsa us Ha6rrugeunrrx
3JIeMeuroB c oQ$ercrrnuofr renaneparypofi .

Hana He ylanocb o6rrapyxurr cBa3r,r MexAy coAepxaHr,reM lr cKopocrflM].r Bpauerrr{fi,
paBHo KaI( Mex,qy aHoMaJIr,IflMI,l xHMHrreCKOfO COCTaBa Ir CBerr{MocrflMtl Mfl 3Be3A TUila
6 Sct, ror4a KaK ErrI Am-aaes4rarcaff3aBl{cr{Mocrb 6rura uafrgeua Anfl HeKoropbrx 3ne-
rraeuron [24] .

Kar nssecrHo, B Hacrofluee BpeMfl 4lx o6t,xcHeulrfl aHoMaJrr4fi xurraltqecxoro cocratsa
3Be3[, y Koropblx orcyrcrByer MarHrrrHoe nore, uau6oJlee flplreMneMori cpegra cyulecrBy]o-
ulux cql,Iraercff fuflore3a pa3AeJleH[, 3JIeMeHTOB e nX arVOC$epax nyreM 4uQQyaur, xorr
I,1 oHa He o6bficHfier rcex ua6lrcgeHHblx B KJraccuqecKux Am-sneagaxauo1ytalafr. I4ssecrHo
raKxe, uro gu$Qyouufi npoqecc HecoBMecrr,rM c cyuecrBoBaHr,reM nynrcaqnii. flora se
co3AaHo rarcoii-lu6o crpororT Teopr4u, onucbrBarouefr cyulec'rnooar{He aHoMaJrurl cogepxauux
lI IlynbcalluoHuofr nepenaeHHocrtl y 3Be3A rHrla 6 Sct, o4narco reoperlrKr,r (crra., ranpuvep,
rurouorpa$urc BonrS$a [32] ) npegnararor cneAyrouee o6r,trcHeHr4e 3roMy ssreHurc. Ec.,rr
I{croqHr,rKoM rtym,cagui.r flBJrrercr KoHBeKrr,rBHafl r,roHr43aur.roHHas 3oga He II (no:naoxHo,
u He I, u H I), ro rro Mepe roro, rcar relNfi [pr{ onpeAeneHHbrx Qusuuecrcnx ycJroBr.rfix
guQ$yHgupyer BHI,I3 u: arruoc(fepbr, rroHr{3arrrloHHafi 3oua He II r,rcqesaer. Ee ucqesuoBeHr,re
flopox[aer rtynbca\uv l,t oAHoBpeMeHHo rro3Bonfler rrpoHr{Karb noA gericrnueu cBeroBofo
AaBrIeHI,Ifl 3JIeMeHTaM rs uy6uHu K floBepxHocru arvoc$epbr r4 co3AaBarb aHoMarrau co-
AepxaHr'rfl. I4:necrno, uro (cv., HanpnMep, [1]) gu$Sysr4tr r.r rynbcaurr.r Moryr uaOnrogarrca
y apo3BonrcrloHr,rpoBaBrulrx Bbrrue nrasHorl flocJreAoBare.nrnocruAm-3Be3A. Pesy-nrrar:r,l
HaIrrI'Ix uccneAoBaHlln n l2al He rporlrBopeqar cKa3aHHoruy (crul. puc. 19): ceMb r43 BocbMr.r
3Be3A rr4na 6 Sct yxe flporunu $asy ropeHrlfl BoAopoAa B fiApe r,r Haxo[flrcfl Ha tryrr4 [epe-
xoAa B $a:y rcpacnux rl4raHroB. flo-nu4uvorry, p:rrtt 6onee y6egureJrbHoro o6t,qcHeHr,r-tr

Qeuorvreua nepeMeHHbIx runa 5 Sct Heo6xo[]rMo r4Merb na6lro4arelrHbre AaHHbre o xr{Mr4qec-
KoM coAepxaHuI,I 3JIeMeHroB, B qacruocru ter,vt1, KoropoMy o6s:aHr,r nyJrbcauilr4, n arrraoc$e-
pax Apyrux flynbclIpyrculux o6r,ercros, pacroroxeHHbrx Ha uasHofi [ocleAoBarerrbHocrr,r,
HanplrMep 3Be3A rr.rfia 0 cep.

B :arclrcqenlre urrpaxaro ilpr43HarenbHocrb aKaneMrrry A.A. Eoapvyry 3a norre3Hbre
KpHrLIqecK[e 3aMerIaHI,Iff npu o6cyxgeHl4l,r pe3ynbraroB, a rarcxe ['H. IllapanonorT u B.T. Xo-
rorlesorl 3a u3roroBJreHue ralarccrpaqufi .

Maft 1987 r.
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ytrK 524.3-85

BO3MOXHbIE NPI,IIII,IHbI NOflBJIEHI,T.fl IIII,IPOKI,IX EENPECCI4fr
B YJIbTPAOHONETOBbIX CNEICTPAX B. H A.3BE3,U

II. OKOIO3BE3AHbIE OBOIOqKI,I

A.M. I[xarbapilr, II.C. Jfto6unros

Bbr[orrHeHbr pacrrerBl cxHTerflqecKr{x c[eKTpoB c pa3peIxeHI,IeM 2 Alnspauueft B-aresgrr c o6onoqroft
B rpex creKrparrbHbrx yqacrKax: l8l0-1840 A, ZfSO-ZISO A u 4500-4530 .4. HccneEosaxa ponr o6o-

JroqK[ B Bo3Hr,tKHoBeHr.gr [e@lrulrta Y@-uorora; rarofi [eQnurar IIotBJIf,ercfi 3a cqer yc[rleuuoro (otnocu-'
TenbHo BflEr.rMofi o6racrfi) norflouleHrfi VO-nuuuauu npl' [poxoxAeHiln I,r3nyqeH[s 3B*AEI qepe3

o6onouxy, floxagaHo,.qro Ha6nrogaeMas Aenpecclitr Y(D-norora Moxer Bo3HI{Karb ,Iltrur B TaKrx o6onoq-'
Kax, rEe reMlleparypa fs < 20 000 K u xotrqeatpaUlts srleKrpoHoB Ne > l0'9 cr"r-3. O6oIo'Iru c I, =

= 10000 K u Nu = 10'i + 1012 cM-3 BrrorrHe cnoco6u^rr co3EaBarEEenpecculo 0,2-0'5"', Ha6lroEaeuyro
y psna O- ,r B-gs-eg,q s o6nactu EJprH BoJrH 2000-2500 A, s roM rlltcrte y Be-ggegE. Oueneua poJrb orKrloHe'
nnfi or JITP s o6onoqxe: oHr.r Moryr 3aMerHo BJ[rfiTb Ha creleHb I,toHn3auun Fe II r.r ppyrnx [oHoB' rlt'tHl'rrl

Koropbrx co3Aaror [eouqnr Yo-noroxa, o[HaKo gro He npr.tBoAI,IT K cyulecrBeHHEIM I{3MeHeHIuM B Berlu'
qt4He LetIpecc[Iu.

POSSIBLE REASONS FOR WIDE DEPRESSION IN UV SPECTRA OF B AND A STARS. II. CIRCUM-
STELLAR ENVELOPES, by A.M. Jafarli, L.S. Lyubimkov. The synthetic spectra with 2 A resolution for
early B star with the envelope are calculated in three specftal intervals: 1810-1840 A, 2350-2380 A and
4500-4530 A, The role of ihe envelope for the observed deficiency of UV radiation is investigated; such a

deficiency occurs due to increased absorption in UV spectral lines (relative to visual region) while the radi-
ation of ihe star extends,through the envelope.It is shown that the observed UV flux depression occurs on-
ly in envelopes with the tlmperature fs < iO 000 K and electron density .|y', > 10r o cm-3 . The envelopes

*itn fg = tb OOO K and rry'r-= 1gr t : "16t2 cm-3 ma1 quite provide a_de_pression by 0.2-0,5"' as observed

at 200b-2500 A wavelengih range for a number of O and B stars including Be stars. The role of departu-

res from LTE in envelopei is estimated; the non-LTE effects on ionization can be noticeable for Fe II and

other ions which cause UV depression, however these effects did not lead to considerable changes in de-

pression values,

B narue[ npeAbrAyulefi crarbe Il] 6tur upegcraBren KparKl4ft o6sop BHearMoc$epHblx

Ha6flrcIlarelbubrx [aHHbrx, cB]rAereJrbcrByrcrqux o cyuIecrBoBaHI{I{ AeQlxltnra ynrrpa$uone'
roBoro rroroKa y qacrt4 sBe3A c[eKTp{rJlbHbrx rLI[oB O-A. B rcaqecrse Bo3MoxHbIx [pruI'IH

rurrpoKr,rx Eetrpeccufi Y0-uorora n [1] 6rurz yKa3aHbI: l) uorrturenHoe coAepxaHl'le MeraJI'

no, 
" 

arMot6epe, co3Aarouee Aoflorrur,rrerrbHoe KBa3I{He[pepbIBHoe rlorfioulenl{e B yo
crreKTparrbHbrx lutusx; 2) wantuue oKoJro3Besguofi o6olotlK[, Korbpafi TaKxe Moxer Aa'
Barb llo6aBotrHoe flououleHr{e B MHOrOqrrcJreHHbrx yo-[I,IHI{fX. IIepBafl I'I3 gT}IX BO3MOX'

Hocrefi 6ula nccnegoBaua B [1] , rge 6rrrto noxasaxo, qro [oBbtIrIeHHoe coAepxaH]Ie MeraJI-

JroB Moxer o6bflcurrb Ha6[rcAaeMbIfi AeQuUur Y@-uorora y A-38esA (a uactuocrr, y Ap'
3Be3A) r,r, Bo3MoxHo, y caMbrx rro3llHlrx B-gsesg, Ho qln 6onee ropxuux o6beKroB gTor Me-

xaHrr3M cralroBlrrcf HegQSeKrr,rBHbrM, rrogroMy cneAyer paccMorperb Bropyrc I'I3 yKa3aHHbIx

BbIIIIC BO3MO)l(HOCTEfi.
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I'Itarc, urt [ocraBuJII{ 3aAaqy flpoaHiurr.r3r.rpoBarb Bo3MoxHyro cB.E3b MexEy o6oroqrauu
oKoJIo O- u B-aoesA u geQltrytrou fl3nyqenr,rfl a YO-guauasone. To, qro raKaff cB-E3b cyrqecr-
Byer' IlollTBepxJlaerc.E I{ccJIeAoBaHr,rrN,rr{ Be-gses4. C ognoi cropoHr,r, KaK r.t3BecrHo, 3rr.r
3Be3Abr oKpyxeHbr o6oroqrarr{[. c Apyrofi cropoHbr, KaK rroKa3aHo B [?], y Be-sresg o6ua-
pyxl'IBaercfl geQuqur YO-uslyvenux (tr = 2100 A) tto cpaBHeHuro c HopManbHbrMr,r 3Be3-
AaMr,r roro xe cfieKrpiubHofo rrrra (80-85). llpuueu Berruqr,rHa y<D-gesuqnra Kopper]rpyer

'c LIHTeHcr,tBHocrbrc 3Mr,rccrroHHbrx Jrr.rnr.rfr B Br.rrr.rMofi o6nacru; 3To rrourBepxJtraer, qro o6ua-
pyxeruufi geQraqr,rr - co6crseHHoe csofrcrso Be-ssegA. Oruetuna, qro oco6oe BHrrMaHr,Ie B

[2] 6uro yAereHo yr{ery aHoMuurbHoro Mex3Be3AHoro rouroulex}r.fl elnusu 22oo L
Ha soglvlorclylo cBff3b Mex[y geupeccuefi s YOo6racr]r tr oKorro3Be3llHbrMr{ o6onoqxa-

MI'I yKa3blBaer raKxe paccMorpeHlle O- u B-suesil c 4eQraquror,r YO-norora us curcxa Py-
craru6exosofi [3] , Orcaaanocb, qro uz 22 rarcux 3Be3A AeBflTb r,rMelor B cBor.rx c[eKTpax 3Mr.rc-
cI'IoHHbre r/,vKt4vt (cna. rcaranor [4] ), , uo rcpafruefi Mepe y ruecrra o6uapyxeHbr r,rueparcpac-
urre rs6rrrrn (no ganurrrra [5-8] ) , O6e sru oco6eusocru o6uquo r.rHrepflperr{pyrorcfl Kar(
BI{gI'IMoe npo.fiBrleHHe oKoJIo3Be3EHbIx o6onoqex. .flenpeccr,ra YO-uororca upocnexeua n [3] 4o
AJIIIHbI BonHbI \ = 2000 A" ognaro :g:irfr. pfllJa 3Be3A oua, HecoMHeHHo, upogonxaerc" n 

-6onee

KoporKoBorIHoByIo o6lacrr. Ottterrrt, vro a [3] , KaK r,r B I21 , cleqriurbHoe BHr,rMaHr,re
yAeIIbHO KOppeKrHOMy yqery Mex3Be3[Horo fiorIIotIIeHfifl.

flpncyrcrane o6ono'{ex y O- u pangr,rx B-sneag qacro cBff3brBaror c r.rcreqeHrieM r,r3 H}.rx
BeuIecTBa' IlogroMy MoxHo 6ruIo 6rr oxlrllarb, qro BerrriqlrHa Aenpeccuu D s Y(D-o6racr[
crreKrpa y raKux 3Be3A Koppelupyer co cKopocrbro rrorepr,r Maccbr M.o:Ali.arco,rar 6ruo
[oKa3aHo HaMlr B [l ] , ognoanaquofi gaslicl,IMocrr,r Mexly D u M ner. Teu se Megee, KaK or-
MerreHo Bbrr[e, no rpaftueft Mepe oKotro HeKoropbrx o- u B-aae:71 c gesrquronr y@-norora
o6onoqru na6nmgarcrcx. He a4aaarcr cefiqac n o6cyxgeul.re t,rx flprapoAbr, floflbrraeMcff or-
BerI'ITb Ha cJleAylolllr'rfi aoupoc: Moxer rILI oKorro3Be3AHafl ra3oBa.s o6oloqra npr{ pa3yMHbrx
rlpeAllonoxeHl'Iffx o ee Sltsllvecxux flapaMerpax (crvr, uuxe) o6ecneurrn na6nro4aevrufr ge$u-
{I'IT rloroKa e YO'gNanasose? HauousLIM, qro per{b ltAer o 4e$r,rqure orHocllTeJrbHo reoperfi-
qecKoro pac[peuerleHl{rl 3Hepruu lrrlr4 orHoc}rrerrbHo paclpeqe].l,elf.vfr., xa6nrcgaenroro e Y@-
Alla[a3oHe y HopMi]rIbHbIx 3Be3A, IIpLI 3ToM Bce AaHHbre o6r,rqno HopMr4pyrorc, Ha KaKyrc-
nn6o lil.utty BoJIHrI n augur,tofi o6nacru. tr4rrenno raK HyxHo nour.rNaalr genpeccpo D= O-,2*
*0,Sm,nafi4ennyro Er.fi.pfrila O- u B-eresg s o6racrr,t 2000-2500 A YxasaHHr,re 3garreHr{.fi cor-
racuo [3] MoxHo cr{I{Tarb xapartepnofi serr,rq[uofi Aerrpecc[u, xorfl IIJT.E orAenbHbrx 3Be3A
Bo3Mo)KHbI u 6oree BbIcoKLte 3uaqeHrrff D. 3a4aonrucb AoBonbuo rpy6oi Mollerrbro o6orovrcu,
Mbr ttofiblTaeMcfl Bbrffcur.ttr, cnoco6ua lu o6oloqxa co3AaBarb geSuqnr y(D-uoroxa, coor-
BercrByrcrq[fr raxuvr D.

Hanolruravr, qro paccMarpuraeurri MexaHr,r3M o6pasoaauua Y<D-genpeccnr{ ocHoBaH Ha
rIpeA[oloxeHI'IE, qro o6ono,{Ka Aaer 3aMerHoe [orIoJlHI,ITerIbHoe flornouleHr4e B MHoroq[cJIeH-
urtx Y(D'lunltax. Ha6nrcgeHl,Iff, BbluolHeHHbre c BbrcoKlrM pa3perrreHr,reM, rroATBepxarcT ycu-
reuue Yo-nunr.rfr y eueog c o6onoqrcanau. Hanpunrep, rro AaHHbrM crryrHr,rKa IUE y 48 Lib,
3Be3AbI [oAKnacca 83 c o6onoqrofi, rnu[r.I [orroulenrlq Ha yqacrKe 2580-2600 Aso Nrgoro
pa3 cr.r.rrbHee, qeM y HopMuurruofi B3-gses4rr q UMa (crra. puc. 19 r [9] ) .

" 1. Mogenr o6onoqxlr

Kar r B Il], HaIIr aHaJII{3 ocHoBaH Ha pacqerax crrHTerr,rqecKr.rx c[eKTpoB rro [porpaMMe
SYNTHEL, ouucanuoi a [10] . K vro4enlt ssesguoft arntocseprr r,rrr 4o6aerteM MoAenb
oKorlo3Be3AHofr rasosofr o6onoqxu I{ Bbrr{I,Icrr-EeM cyrrarvrapuufi crreKrp (( aruocsepa + o6o-
no'ucd). Oruetrapr ItrBa [pHHIlI,IflrIaJrbHbrx MoMeHra: l) ruu ana.nnollpyenr pesylrrarrr ua6-
nrc4eur,rfr c AoBorrbuo Hlr3KtiM pa3perrreHr.reM (or 1,8 Ao 30 A" cu, [l]); 2) oqeuuBaercfl
JII'IIIb o6uee [oH]IxeHLIe ypoBHfl u3nyqaeMoil sueprur B rur,rpoKr.Ix cneKTparrbubrx yqacrKax,
3aAarla EeTanbHoro coflocraBrleHur c ua6nrogaeMbrM pacflpegeneur4eM He craBr.rrcfl. CneAoea-
TerIbHo, MbI MoxeM upeHe6peur raKI,tMI,t rouKr{Mrl e@$errarrar,r, KaK paculpeHrre r,r BparrleHr,re
o6olorIKI'I, TaK KaK srr eS$errrr o6r,r.Ino craHoBflTcfi cyxlecrBelrHbrMr.r Jr[rrrb npr,r paccMo-
TpeHLIII CIIeKTpoB C BbICOKIIM pa3peUeHI.IeM, KOrlIa auan[3ltpyloTca npo$lur.r oTAenbgbrx ru-
ttuit. 
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Vqurgsas cKa3aHgoe, Mbr [pr.rHflrr]r cQepuuecrym, crarl{qecKyrc }I oEHopoEIIyIo MoAerIb

o6oloqxu. Heo6xoAlluo orMerr{Tb, trro B clyqae Be-enesg [pegnofloxenue o c$epnwroctn,
soo6qe roBopfl, He BbrnoJlHf,ercff, TaK KaK ux o6ono.Irc[ [IMeIor $opr"ry AI{cKa. OAgaro ne-

pexoA K Eucrosofi Mogerrlr clrJrbHo ycnoxHffer 3aAarry. Moxuo HaAeflTbcfl, rITo KaK rlepBoe

upn6nr.lxenue, Aarorqee xors 6rr rpy6yro orIeHKy Aellpeccurr D, csepuuecKar MoAerIb [pI{Me'
flauafir Be-anegAant

IIpu yrasaunbrx flpeA[oJroxeHr,rflx MoEerrb o6olo.Irfi orlpeAerlrercf 3a[aH[eM cfleAyrcIllllx

Tpex flapaMerpoB: reMllepaTypa Ig I KoHIIeHTpaqux cro6ogHblx gneKrpouoa N, , paAryc o6o'

n-oq*, Rg. flocneAHpro BeJr]rqrury ytro6Hee Bbrpaxarb B paA[ycax areagrt R*, T'e. paccMarp]I'

aarr orHoxrenne Rg/R*. Jlyurue Bcero 3HaqeHnr Tg,N" u RglR* ycraHoBrleubl EIts o6ono'

geK Be-3Be3A; B cpeEHeM Anr HI'IX Is = 10a +2'lO4 K,N, = 1011 + 1012 crra-lRt/R* =

= 2 + lO (cr'r,r., nanprrraep, [11] ) . Enuerue oqeuru.ly', , KaK cneAyer ua ll2l, IIoJIyrIeHbI lUIf
o6oloqex B Tecubrx gsoiHrrx crcreuax (sauernu, qro EoIrfl grofinrrx cpeAI'I 3Be3A c geSr-

rllrroM Y@-norora BecbMa renura). Opuenrupyrcb Ha 3rI,I cpeAHlre oIIeHKI,I, MbI BbInorIHH'

;1u pacqerbr B crreAyroqeM Ar{afia3oue n.p"*uipoy Is = 10 000 u 20 000 K; N, = 1010,

1011 r 1012 crur 
3; Rs/R* 2 I (paqaycRs/R* IloBblruarlcff Ao rex [op, rloKa He [ocrflraflacb

Aerpeccnfl D, cpaewuwax c na6rrcgaeuofi) .

Mrr cquraervr o6oroury orrrr{qecKr,r roHxoft B paccMarpl,IBaeMblx cneKTpurlbHblx yqacrKax,

T.e. [peArlonaraeM, rITo oHa ToJIbKO IIOTAOUIaeT r,I3[yqeH[e 3Be3AbI, HO He paCCe}IBaeT ero.

Kar norcasanlr HaI[u pacrlerbl, TaKoe IIpeAEorIoxeHI,Ie BrIorIHe o[paBEaHo, TaK KaK [orIHaE

oflTuqecKaff uty1vma T\ Erfl 6onrrunHctsa glnn aonn ],; oKa3blBaercf, Iirenrure eEI'IH]rUbI.

Yclosue 11 ( 1 Hapyuraercf, Jrlrrub B uenTp{rJrbHbrx qacrorax nau6ouee cI,IJIbHbIx nwnnit npu

AocrarorrHo 6otrurux 3xaqeHr,rflx Rg/R*, oEHaKo, rlocKofibKy Mbt oUeHuBaeM ,II{IrIbcrarl'Icrl'I'
qecxnft's$Qexr, grlr lrcKrrroqen:r:fr Bpfrlt JIr,I Moryr [oBrII,IflTb Ha HaIu[ BbIBoIIbI o poru o5o'
rroqKr,r a Qoprvrnpoaanuu 4eQurytta Y0'notqra'

flepaonauanrHo Bce pacqerbr 6Hnu srrnolHeEbr IIpII ycrIoBI,II{ JIoKaJrbHoro repMoAI{HaMI'I'

rrecKoro paBuoBecr,rff (JITP). Bnocnegcrrnn r\4br oueHLIM, K KaKI{M I'I3MeHeHI'IffM B pe3ynbra'

rax Moryr npraeciu orKrIoHeHI'Ifl ot IITP s o6ouoqre.

. Merog nrr. ucnenrd

Uro6rr yqecrb BrgafrHile o6oflovKra, HaM rrpuruJlocb Brr/loll3Menntr rlopvryily Wfl [oroKa
fi3ily.ue*vrfl.,sarloxeHnylo B rporpaMMy SYNTHEL I I 0] .

Ilycrr zrf'*(),) - noror r{3flyqeHur 3Be3Ebr,B EI]rHe BorrHbr ].. Kar r.r3BecrHo,

F*0) = rX Qt) ttd tt,

rge 4(p) - r,IHTeHcrrBHocrb fi3nyrreHr.rfl, BblxoAfixlero I,I3 arnaoc$epu 3Be3AbI r o6oaoq-

Ky ro4 yrnoM arccosp * rep*r.i rpanllqe arvoc$epu. Torga noror TrFS().), ocla6leH-

Hr,rfr npu npoxox,qeHr,I[ qepe3 orrrflrrecKrr roHKyIo o6ono.xy, HaxoArrrcfl I'I3 coorHou]eHl'Ifi

1

ru 11) = 2 j u-rx{D1f 1g 1td 1t. (1)
0

3Aecr rl(p) - orrrr,rqecKoe paccroflHr.re e o6onoqxe BAorIb nyqa 3pellus. Kar clregyer us

rrpocrblx reoMerpuqecrcux coo6paxeuuii,

rr. (p) = nlRx I
(2)

I4Hrescunuocrr {(p) [3rryqeHufl, Bbrxo[flrrlero us arvocQepbl 3Be3LbI, BblqucflfiJlacb I1o

KBa4parypuou $opvyle, npunegenuoi s [10]. B cootroueuue (2) BxoAnr rarxe o6t'elr-

uulr rooSSrIII4eHT [orIouIeHI,Ifi t{1, Koropblfi B oAHOpo[Hoi o6Ono'xe frP'ilfl'erctt fiocrof,H-

rroi.i serrr4qr.rHofr, sas[csxlei or nrr6opa Tg u 1/r. B pacuersX I(1 MbI yqI{rbIBiIrII Bce ficroq-

Hr,rKr,r lre rrpo 3parlno crlt, BKJI Iorle HHbIe B nporpaMMy SYNTHEL.
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Xuuuqecxrafr cocraB o6ororncu cr{}frarlcff HoprvrulrrbHbrM (corueuururt), B qacruocrt4, Flr,fl,
oruocr.rrerrbHoro coAepxaHu, Bo[opoAa il teilfifr 6ruro npuHaro He/H = 0,10 no q]rclry aro-
rtaoo. 3agaraa Tg u y'y'r, tutt Haxogoz,ru 3areM KoHLIeHTpaqurc pa3fl[rlHbrx aroMoB ]t I{oHoB
a o6ono,xe, Ilcrlorlb3yff rlpeAflofloxeHl,te o rroKr]JrbHoM TepMoAr.rHaMHqecKoM paBHoBecr{u.
B ganruefiureM Ha ocnoBe 3TI,tx AaHHbIx paccruTbrBirlucr xoes$uulreHTbr [orJIouIeHrIr B

pa3Hbrx i;vuuflx (aeraau crvr. r [1, l0]).
Kar cre4yer I,r3 coorHo[Ienux (l), AIrfl Bbrqr.rcrreur.rfl rroroKa H3nyqenrrr Fs1tr), arr-

xoAflLllero us o6oro.tr(u, ueo6xogauo [pexAe scero HafrrI,I HHreHcr,rBHocrb co6crBeHHoro
I'I3rIyqeHI,Ifl 3Be3AbI ff (p). .ftx otoro HyxHo 3a[arb MoAerrb sresgnofi arrvroc$epu. B 6onr-
rur.tHcrBe Harrrlx pacrreroB 6rura npuuxra ra6nr.rqnafl MoEerrb Kypyrlu [13] c :$eexrun-
uofr rertneparypofi 116 = 25 000K u ycrcopeHlreM crrJrbr rflxecrr lgg = 3,5, coorBercr-
ByIoilIafl pauuefr B-:seg[e. Eclu orpauuqr,rrbcfl paccMorpenr,reM roJrbKo O- lr B-sre:g, pe-
3yrlbrarbl, KaK BbIflCHIt[OCr, Cra6O 3aBr.rcffT or arr6opa 46, rar KaK BeIII,II{I4Ha Aenpec-
cru e Y(D'4rala3oHe orlpeAerlflercfi flpexge ncero Sltsl.ruec*lt'lu ycrroBr,rflMu r o6olowce,
a He B HllxeJlexaqefi sseg[uofr arvroc$epe. Ortrleutvt, r{To [pLIHffTbIM napaMerparra 7rO
u igg cooruercrByror r,tacca Ma = 14,7M. .t4pailuyc R* = 11,3R., uafigeuxrre HaMlt c tro-
MoIrIbIo 3BoJIIoqlIoHHbIx pacqeroB [14] . 3uaveuue Ra ueo6xo[r,rMo np]r Bbrrrr4cJreHr,r]r rf(p) uo
@oprrryne (2).

ClIHrerrqecrre crleKrpbl paccql,ITbrBanr,rcb c rroMoulbro cooruourenuft (t) n (2) B cJre-
Ayrorqrx r.rHrepBiurax EIr.rH BorrH: 1810-1840,2350-2380 u 4500-45304. B [l] upu-
Be[eHa uu$opuaqua o BKrIIorIeHHbrx B pacrrerbr c[eKTpiurbHbrx rrr,IHr,rflx I,I3 grr,Ix yqacrKoB.
HecrnaxenHbre cr,rHrerr,rqecKr,re cleKrpbr, BbrqlrcJreHgbre tro Sopnaynavr (l) u (2), sa-
reM cBopaq[Barrr,rcb c r,{HcrpyMeHraJrbHbrM uposr,uerrt rofi xe flonyutrrpr{Hbr Atr1 = 2[,
qro r,r B [l].Ilororn F*(tr) u Ft(l) uocne raxoi cBeprKr.r 6ygena o6orrururu ri(r)
u rf 1r;.

3. CEHTeruqecKEe cueKTpbr rtprr yqere o6onoqxu

IIpz cpanueuuu uadnrcgaeMblx r,r reoperr.rqecKr,rx pacflpeAefleuufi auepru[ o6rrwro sce
pe3ynbrarr,I HopMl.Ipyrcrcff Ha KaKylo-nt5o gsruuy BoJrHbr r elrgurvrofr o6nacru. Cnegyx
arofr npoqegype, MbI npI,IBenI,I Haru,r [aHHbre rc ]. = 4510A, T.e. BMecro a6colrornrrx no-
roxon Frs().) paccvarpt4Balrll orHorueHue Ff 1r;7r! (45 l0). Tarur,r o6pasovr, KaK r.r

B [l], MbI aHaJII,I3L{poBaJIIr I,I3MeHeHr,Ifl n Yo-gr.ranasoie orsocr,rrerrnro uugr,rrurofr o6racrN
cleKrpa.

Orolosee:guas o6onoqrca ocna6ls.er [3ryqeHl,Ie 3Be3Ebr 3a cqer rromouleHl{fl KaK B
He[pepbrBlroM crleKTpe, TaK r,r B fiuP,L4frl1.. ognarco r.r3 r{au,rx pacrreroB crre[yer, rITo IIoJIy-
qurn ua6lrcgaerraufi ge0nqlrr YO-uorora orHocr{renbuo ar.rAlrrraofr o6aacru roJrbKo 3a
cqer He[pepbrBHoro rlornouleHr.r-tr BpffA rru BO3MOXHO. .fleficreurenrHo, B 3ToM Cflyqae
floroK Ha yqacrKe 2350-23804 uouuNaercfl flpr,rMepHo Ha ry xe BeruqHHy, qro rr Ha
yqacrKe 4500-4530 A, r.e. go6aareurEe o6oro.ucr.r He BHocr.rr 3aMerHbrx lrsNreHeHfifr s sua-
ueuua Fs, (I)/Fi (4510) gnx YO-o6nacrw. kl nlrrub KorEa craHoBrdrcfl cyurecrBeHHbrM
fiorllouleHl{e B TII,IH]Iffx' AocT]Iraerc.fl ou.lyturvrufi eSSexr. flpurraua cBffsaHa c TeM, r11o

IulorHocrb LI I,IHTeHcIaBHoctr nunuft n Y@-guana3oHe HaMHoro Bblrue, vev e augutr,toft
o6nacrr,r.

Pacqerr,r uplr 7g = 20 000 K norcasanu, qro 3Aecb Mbr r,rMeeM KaK pa3 ror cryuafr, ror-
ga o6oloura florlloulaer IIpeI,IMyuIecrBeHHo B HelpepbrBHoM cneKTpe, a porlb 1,wttwit
vrana. ffurcaKoro nour.rxeuua Ff (r)/Fi (4510) ,u yo-yrucrKax Ee ua6lrcgaercx. or-
cloEa cneAyer, rlro geQuqr.rt YO-nororca Moxer Bo3Hr,rKuyrb rorlbKo e raroi o6oro.xe,
Koropa.E r.rMeer reMreparypy Ts < 20 000 K.

Hapxgy c nepxHei rpaxuqefr Ans 7s MoxHo yKa3arb H}rxrrrcm rpaHr.ruy Enr 1/r. Mrr
flpocqr,rranr.r HecKorrbKo cr,rHrerr,rqecK]rx cleKrpoB trpu N" - 101 0cM-3 lr y6eglu[lcr, wo
TaKatI firlorHocrb cJII,IUIKoM Hr,I3Ka Arfi Toro, uro6rr co:garb 3aMerHoe flornoueHl,Ie B JILI-
Huflx t4 coorBercrBeHHo Aenpecclrrc Yo-norora. flaxe [ppr paA,r{yce o6olorucu Rs = l00R*

21



A
ts

o
q

z
o

o
ok
ro
o

Bo
5
F
o
Ho<F

no
il,,
<*
5q
Fl%aq
tr
>,*

=x{.Q.

5t
e(;n qa

Hq
Hx
oH

EI
^xxo6Jg

ol

5,.
E.?
:i dii9 rr

Urr *
@:.9E{>
x F&
Ev t

oLll
x rc!,
p. ll -
!-r (aI
i1 H *
tr oA(
.,s
N E:

H Oe-
P x'E HII
5{x
o €3
5 5A
f; Bqo6t
xa'l.
tr e^() s)4

. R{*33
e 8B

-.-.:
.---- ,.---'

---) --..-'l

--tt -.-'/it\- \.\- \-
ll

))
," /'/
\___ 

\.\r\r\

--"u s--'-')t-- '-\-

--)> -.),tr', t',
./'

lii



tto
o
II
s

k
u
Eo.
ll H

-% tlH*
oE
E%sq
oqto.-Oc,
xoi
[,,
^+He

9E/j
aq
dl

E:rtso
9rrl+
fis-.Ea
':qOr
Fr\

i?
)-)),
(, ('
((

)l(
'r(
,--)-'

-\ -),"7''
)-)

!l<.-

))r.-)

7j->



cpeAHfifl Aerrpeccr,rfl D ,u yruar* e 2350-2380 A cocrasrser roJIbKo 0,1u, uto B HecKorlbKo

pa3 HHxe ua6lrotraenarrx sHa,reul,ti D. OrcrcAa Moxuo cAenarb BbIBoA, .{to Ha6nloAaeluas

Aerrpeccr,rfi Moxer Bo3Hr{Karb Jll,lrrlb B o6oflo'{Kax c N" ) 101 
o cM-3 .

Hau6onee nogpo6uo MbI paccMorpenu cryqau, coorBercrByloufie euaueuuau Ig =

= 10000K, N" = 101 I u 1gt2.r-3. Ha pllc' 1 npegcraueHo paclpeAeneHue HopMI'Ipo-

BaHHoro rroroKa r? (I)/r'i (45 l0) B rpex caeKrparrbnbrx yqacrKax, Bbrqr{crleHHoe rprl
Is = 10000K u 1/, = 101 

2cw-3 gstr. rpex 3Hal{eHuitpagwyca o6oro'ncu: R5/Ra = 1,0;

1,2 t't 2,0. B clyuae Rs/R* = 1,0 o6oloqKa orcyrcrByer' T.e. 3Eecb MbI EMeeM qlcrrtft
cleKTp 3Be3gbr. I4g conocrasrreHr.rfl KprrBbrx, [pI{BeAeHHbIx Ha puc. 1, crleEyer, qro [pu
yKa3aHHbrx 3Haqenr,rax Tg t Ns ua6lrcgaettrax BeJrr{q[IHa Aerlpeccul,t D gocrltraercfl rlprl

cpaBHr4TenbHo ue6ornrulrx papJ1.ycax R5, H0 flpeBblilralolqux 2Rrr.
Karc euguo u3 pvtc. 2, npu 6onee nlrsrcofr ,re*tponuofr ronqenrpaguwN" = 101 1 cvrt3

rpe6yerca 3HaqlrrerrbHo yBefl[qr,rrb RS , qro6bl flonyql,rrb aHi]JIor[IqHoe rIoHI,IxeHI,Ie cneKTpa

e YO-[uauasoHe orHocr,IrerlrHo rugut toi o6[acrl{.

4, 3aercnMocrb Aenpecc[Ir or paAuyca o6onoqxn Rs/R*

B galrHefiureM floHtlxeH]re YO-nororca 6ygena Bbrpaxarb B 3Be3AHbIx eeluw.ruax. Tor4a
noKanbHyro Aenpeccl4lo D1 , CooTBercrBylouyrc sagauHofi \'nwme BoJIHbI )., ruOxuo onpe-

ACJII,ITb I,I3 PABCHCTBA

I rr0) rior
D, = 2.51 is-=- - ls 

-

''"1 '' of (4s r o) '" t'f 1+s ro)

vnu I Fi (4s ro) rf tu ID, =2.5lls- -ls- I-n -'l"Fr(4slo) "Fro) 
I

(3)

(4)

rge ,'f , Fi - [oroKLI ]I3nyqeHllfl 3Be3EbI tt o6orotucu, cBepHyrble c I'IHcrpyMeHrarIbHbIM

upoSureru (uanouur.ru, rrro B HarueM crryqae ero floflylluprana A],1 = 2 A). Kar yraadno

a [10], cnraxeHHbre cfleKrpbr, floflyqeHubre B pe3yJrbrare cBeprKI{, uoryr 6rrtr He BlroJI'

He rorrnbrMrr slnwsw KoHrloB paccMarpr,rBaeMoro rIHTepBzIJIa Ha paccrofiHrrl4 -A).1 or r[rx.
Mu yvrrrrnarrr4 9ro o6crosrelrcrBo npta BbrrlrrcJreur.tr{ cpe4nefi Aerlpecc[]I D, xoropaa ou'
pegerrflnacb KaK cpegHee apuQnaerrvecroe JIoKarIbHbx gna.IeHl,Ift DI, la EaHHoM cfleKr'
paflbuoM r,rHrepBarre. [Ipn naxoxgesuyr D Arrfl r,rurepBana 2350-2380 A ruu [IcKrIpqurIlI
ero Kpafl rxlrpnHofi A),1 = 2 A, r.e. flpoBoEr.uu ycpeEHeHLIe He no Bcel\{y [HrepBarly, a IIo

cyxeunolvry YrIacrKY 2352-2378 A,.- 
Ha pnc. 3 np.gcrurneHa BbIrMcIIeHHaf, raKI'IM o6pasorrt cpeA,Hffs Aerlpeccllfl D , ,ust -

cr,rMocrr,r or Rg/R1..ftrr cpanHeru,rfl 3Aecb xe [pr,rBeEeHbl 3HarIeHI,Ifl MilKc]IMiIrIbHofi Eeu-
peCclrl{ D-"*, Koropafl B paCCMaTpLIBaeMoM I,IHrepB{Ile [p[xOAI,ITCfl Ha A]II{Hy BOTIHbI

\= 2359,7 L.
Brrure yxe orMeqaflocb, uro ge$uqur rloroKa, Ha6[rogaeMbln y O- H B-gses[ B EI'IarIa3oHe

EIr,rH BorrH 2000-2500 A, o6uuno cocraBrlfler 0,2-O,5m,k[z puc' 3 clegyer, uro upr'/y', =

- 1012cM-3 uogo6uue 3HaqeHl{fl D Eocrrlrarorcff B o6oJloqKax c pag,I'Iycarrn Rg/Ra = 1,1 +

* 1,8. Marcr,IMarlbHafl E€npgr;g14s D^u* rtpr TeX xe 3naqeHl{f,x Rg COCTaBIItreT Or34.Jm.
Tarnu o6pa3oM, ecJII,I KoHIIeHrpa\ufl 3IIeKTpoHoB B o6onow(e co"rurnue, 101 

2cvr-3, p1a

o6tscseru.rs ua6rpEaervroro ge$rquta Y@-notoxa EocrarorlHo lIMeTb O6OJIOqKy paryryca

Rs ( 2Rx.
Pacqerrr cr{HTerrlqecKlrx c[eKrpoB rrpu N" = 101 lcM-3 6rm[ [osegeubl Eo 3Harleuufl

Rg = 15Ra. Kax srrscHr,rJrocb, npu ganbneftuleM yBeluqeHlau Rg Hapyuaercf, yc]IoBI{e

ri < l, T.e. Ee BbrfloJrnf,ercfl rrpeg[oJroxesre o6 o[ruqecKl{ ronrofi o6oflou(e' 3to os'
Harlaer, qro np14 RS > 15R.!, ueo6xogruo pelrarb 6olee cnoncrylo 3aEarry c yrleroM pacc,€flttuff

lr3JryqeHr,rfl s o6ofloln(e. Vlz puc. 3 sutrHo,. rITo B EaHHoM clyqae Aaxe IIpI,I RS = 15Rx Eo-
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Prc. 3. Cpeprx.a Aenpeccu, du vran"wrartrhllafi [eflpeccl-rfi Drrro Ha yqacrKe 2350-2380 As sanucut"tocrr.r
or orxocrrre-Jrblroro pagr{yca o6on_or{Kr.r Rg/R * npu gryx suaueilrrx lfe (fS = 104 K)
a - N"= lO12 cM-3 ; 6 - N"= 10rt cv-3

CTl,Iraerctr IIUIIIb HI,IXHflff rpaHr.rua Ha6nroAaeMoro Aeor,ru,rra YO-noroxa: D = O,2*, D-"* (
.-( 0,3-. OtqoEa crleAyer, qro [p]I 1/, = 101 

lcvr-3 glx o6:bflcneHr.ul Ha6nroAaeMoi ren-
Wccuilr Heo6xogr.rMbr o6ofloqKr.r c pa4wycaMv Rs )- 15Ra. IIo ptrc.3 c roMotqbro Jrr{-

HefiHofr gKcrparronflUr,tr,r MoxHo rrluub BecbMa rpy6o oUeHr.rrb, qro Aeflpeccufi. D = 0,3*
Aocrllraercfl upra Rg t30R*, a D = 0,4* - npu Rg ry 50R*.

Ha puc,3 o6paulaet sa ce6s BHr,rMaHr,re 6rrcrpr,rfi flo[beM Kpr,rBbrx s6ilt4sw 3HaqeHr,rfl
Rs/R*=1,0, Ot*teu,IM, r{ro Macrrrra6br ao o6er,rM ocrrM Ha pvc,3,a v 3,6 ctltswo
pa3]Il.rqaloTcfl, rIo3ToMy Ha pvc.3,6 yrazaunrrfi uo4t,eu BbrurflAI,IT 3HaqriTelrbHo Kpyr{e.
ou o6r,qcuserc, xapaKrepoM 3aBr,rcuMocrlr or R5 oflr]r{ecKoro paccroffHr.rff f^(p), Bxo-
Aflulero B $opMyry (1) n onpegerrneMoro Br,rpaxeur.teM (2).C roMoulbro (2) uerpygr{o
yfuEq4rbcfl, qro rorrbKo Wfl \yqa, r.rAyulero or ueurpa Ar{cKa 3Be3[br (p= 1), se-
JII{rIHHa r1(p) luueftHo 3aBIlcI,Ir or R5. llervr 6nuxe K Kparo Er,rcKa, reM cr,HbHee Heflr,rHefi-
Hocrb, a Ha caMoM Kparo 4t,IcKa (p = 0) rpor.r3BotrHar ar1/aRs -+ 6 rlpu Rs/R.t -+ 1.

I,Iueuno cluruofr Herr[HefrHocrbro 3aBr,rcr4MocrH rr(p) or Rg oKoJro iluM6a o6bscHqer-
cx xpyrofr lroABeM KprlBbrx s6r[gu ro,{rcu Rg /Rr. = I na puc. 3.

Mu rogpo6uo paccMorpeJlr,r 3aBtcrMocrs D or Rg/Ro" ua EHrepBarre 2350-2380A.
Uro racaercfl [,pyroro Y(D-rnrepeaaa, 1810-1840A, ro EIff Hero, KaK Br.rAHo 143 puc.l
w 2, flpu rex xe 3HarreHlrrx Rs/R* flo[yqaercfl MeHbuMfi geSuu,ur [oroKa (ecrr ue
paccMarpr.rBarb clrnbHyrc 6neu4y B odilacrtt pesouaucuofi nr.ruran SiII ). 1817). Taxurr
o6pa3oM, pacqerbr yKa3brBaror Ha Bo3Moxnr,rfi clrctevraruqecruft xoA [eflpeccfii4 c Ntu-
uoft sonHrr Ha rrporrrxeHnbrx yqacrrcax grl.rnofi - 500 A. Aua-nlrs ua6rrcgaeur,rx pac-
rrpeAeJreHr.rfr gHeprr{r,r s Y(D-[[ana3oHe noArBepx[aer cyulecrBoBaHue nogo6uoro xo4a.
Hanpnrrep, ns [3] cnegyer, rrro B o6racrr4 2000*2500 A nrarccuuyv genpecclrn o6rru-
Ho rrpHxoElrrcfr Ha AIr[rHbr sonw 22OO-230O L, a r ]. = 2000 A genpeccux HepeAKo
ocna6esaer (ortreruu, rITo ecTb 3Be3EbI 14 c LIHTIM pacfipegefleHl{eM geupeccr,rr,r).

5, 3asucurvrocu or pag[yca sueagrr Ra

.4,o cr,rx nop Mbr o6cyxgarr B3ar,rMocBfl3b MexAy gerpecclrefi D u orttocureJrbHbrM
paEuycoM o6onoriKr.r Rs/R*. Pesynrrarrr, [p[BeAeHHbre Ha p]rc. 7-3, flonyr{eHbr
EJLE KoHKperHbIx rlapaMerpor 716 , l1g, Koropr,rM coorBercrByer paryyc areegnr Ra =
= 11,3R". Hanovruuna, qro Berrrrquua Ra BxoAr.rr B Bbrpaxeurae (2) ws. rr(p).Bogsra-
Kaer Borlpoc: KaK floBJllrfler Ha Ham{ BbIBoAbr I,r3MeHeHr{e R*, uaupruep [oBbr[reHr,Ie
Ra a cnyuae cBepxr[raHros? OxasrrBaercfl, MoxHo Aarb HeKoropble oueHKI,r, He [p]I6e-
raa K Eo[onHr,rTejrbHbrM pacqeTaM cr,rHTeT]rrlecKux cneKTpoB.

Bognaoxuocrb raKl,rx flpocrbrx ouenoK cBrr3aHa c reM o6croflTenbcrBoM, qro Aetr-
peccus xapaKTepr.r3yer orHocr.rreJrbHoe r.r3MeHeH{e B pacfipegeneHuu Y(D-noroKa, Bo3Hr,r-



Kaloulee B o6onou(e, t,t o6ycnoBleHa rrpex4e Bcero cBofrcrBaM].r o6oloqKr.r. Or nols
r'i3flyr{eHflfl 3Be3[br, T.e, or /I(p), oHa 3aBr,Icr,rr AoBoJrbHo cla6o. Ha 3ro, c oAuofi cro-
poHbl, yKa3brBaroT HarII[ Bbrl{xcre}lu,I cr,rHTerr,rqecKr{x crreKTpoB; Haflpr.rMep, rroBbr[re-
Hrae o$Sexursuofr relvrneparypbl 3Be3Abr or 25 000 uo 35 000 K noqrr He MeHfler 3Har{e-

rtuia D (pa:nu,aae e D cocrasrqer HecKolrbKo corbrx 3Be3[Hofr eeruwrHu). C 4pyrou
cropoHbr, B 3roM Moxuo ybryrncr. Ha ocHoBe aHarv3a $opvyn (1) u (2). Buacrnocru,
ws (2) cJregyer, qro orrrr{qecKoe paccroffnlre rr (p) AocraroqHo cra6o 3aBr.{crrr or p.
Ecnu Bprecro Berr[ruHbr 11 (p) ucuonb3oBarb cpeAHee 3Har{eHr.re 7L = (rf* + rlr") 12,
Torga flpu Rs = 2R* MaKcr,rMi]rrbHaa oruu6rca cocraBJrrer !2'7%, npu R5 = 5Rx oHa yxe
paoHa + lO%, a npraRs > lOR* - MeHee ! 5%.3avurxa n (1) Benr.IqHHy r1(pr) na71 ,no-
nyqaeM

.Fs (I)/F * (I) - exp (-7r.) , (s)

(6)

rAe R*l
l)r= *?, 2 L /H-')-ll.**-,1

lle coorHoruerura (5) Br.rAHo, qro ocra6reHlre fioroKa 3Be3Abr trpl,t [poxoxgeHxr.r qepe3

o6onourcy oflpeAenflercfl B [epBoM npn6nnxenulr cpe[Hr.rM orrrr,rqecKr,rM paccroffHr{eM

i1 r o6onoqKe, a or {(f) flpaKrr.rrrecKr.r He 3aBrrcr.rr. K coxanenlrrc, npn6nlrxeHnoe pa-
BeHcrBo (5) neursr noEcraBlrrb HerrocpeAcrBeHHo B (4), qro6rr nairr genpeccuro D1,
raK KaK r (5) nxogar HecilraxeuHbre roroKr.r Fs uF*,an (4) -roroKr,rf'f rf'f ,no-
JlyqeHubre trocne cBeprKr,I c r,rncrpyMeurarrbHbrM npo$r,uervr. OAnaxo [pr4BeEeHuoe Bbrrue
3aKrrrcqeHlle, qro trenpeccHn onpeg'enrercfl B ocHoBHoM BerlrlwrHofi 11, fioSBorrffer cEerlarb
HeKOTOpbIe OUeHKn, KaCaxrUIUeCfl 3aBr{Cr,IMOCTr,I Or Rs,

Kos0@rqr,reur uorJroureu[s g o6onotrK€ K1 o[Ho3Harrno cBff3aH c ee flapaMerpaMr,r
Tg w Ns. flooror,ty, KaK crre[yer na (6), [p]r 3aEanHrrx Ig w N" veruvuua 71 sanucur
rorlbKo or Ra Ia Rs/R*. Crasr vrexgy Rs/R* rl Ra Moxno Haftrnus roro ycroBflfl, rlro
coxpaufi ercff nocrosunoft crre4yroulaf, BeJrrlrrr{Ha :

7^ R*[
I

Ktr 2l .ft-'l (7)

Karc 6ruo nafrgeuo Bblire, npr.r Zs = 104 K,4L = tO'2crv-3 w Ra = 11,3R" Ar1fi Ao-
crrlxeHlrfl Ha6arogaetur,rx eua,ieHr.rfr Aerrpecculr D = 0,2 + 0,5m rpe6yrorca o6orouru c pa-
p;zycaMv Rs/R* = 1,1 - 1,8. Ornaerr.rrr, qro 3HaqeHr4e R* = 11,3R" coorBercrByer O-sReoge

r:raeuoi.i rrocJre[oBarenbHocrr.r uru B-ruraHry (cv. It5] ).llycrrrerlepbRor=5R",qroxa-
paKrepHo gna paHuefi B-sne:grr s1rusu uaqa;rr,Hoii rrlaeHoir nocJre4oBare;rrHocril. tlro-
6r,I nparax uacrr (7) ocraJracb ueusveuuori, BMecro Rs/R* = 1,1 = 1,8 renepr HyxHo
esxrr 1,4+3,2. nrrs O- u B-csepxmraHroB xapaKrepHbl pa;1rycbl R* = 30+60R" (cr.,
Haupr,rMep, ra6n. 13 n [11]) . Ecnu npr4Hfirr, Ra = 30R", rorAa, BHoBr ucnorrs:yx (7),
rroryqaeM Rs/R* = 1,02+1,2; npu R* = 60R" rpe6yercx eure 6o.rree roHKa.fi o6oroqrca
c orHocI,IreJIbHbIM paAllycortr Rg/R* < 1,1.

Aualoruqsr,rfi aHarus MoxHo BbrrrorlHr,rrb u npu N" = 101 
1 cv-3. IolyueHHble raKI4M

nyrer.,r rrpu6rprxeHHble 3HaqeHr4fl RS/R* Ilpe[craBneHrI s ra6r. 1 (I - paHHI4e B-eee:grt
uanuoi flocneAoBarerrbr{ocrn, II - paunrze B-ruran:rr,I; O-ssesA},t rrraeHofi nocne[oBa-
rerrbHocrr,r, III - O- u B-cnepxruranrrt) .

flpueegerrtrue n ta6r. 1 oqenrn IroKa3bIBarcT, qro ArI.r 3Be34 oAHoro I,I Toro xe
Kiracca cBer[MocTtr pe3ynbrarbr cLLJrr,Ho 3aBuQflT O't N" . Hanpuvep, ecJlr4 y cBepxrl,IfaH-
ra pailtlyca R* = 30R" I4Meercfl o6o.rroqra c N" = 161tar-3, rorga nabnro4aeuuil 4e'
Suqur Y{D-norora o6ecneqffsaercl npt4 Rg ,- 1ORa; Ho ecru s o6o.]roqKe AL = 101 '"*-',
ro ror xe sQ$ercr Eocruraercrl npz Rg < 1,2R*.

Eue ogr.tr naxsr,ril BbrBoA, cne4yroul.rir trs ra6r. 1, oruocurcs rc Be-sses4alnl Lt cocrol{r
B roM, qro rroJryqeHnbre EJrfl lrx o6oroqerc pa3HbrMrr aBTopaMu oTIeHKLI Ts, N, ra Rg/Ro.
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Ta6nnua 1

Orxocxtentxufi p4gnyc o6onoqrcl R g/R.,
rpeGyenrufi A[t noflyqerrrs sa6ruoAaelroro AuDruna Yo'noroxa (Ts = lOa K)

101 2 1,5-3

cornacyrorcfl c reMr.r [apaMeTpaMlr, Koropbre AaroT Ha6nrcAaeMyro Be[flqIIHy Eerlpeccru,I
s YOo6nacrr. Haurn pacqerbr [oATBepxAaror, rrro Erra o6onoqex Be-snesg xapaKTepHbl

reMreparypa 7S - l04K It KoHIIeHrpaUrIfl 3neKrpouoa 1011cvr-3 < lL < l0t2cu-3.
Tarrrnr o6pa3oM, Te caMble o6oIIoIn(I,I, Koropble orBercrBeHHbl 3a rIoflBi]eHLIe B cIIeKTpax

Be-snesg gMr,rccrroHHbrx nr.IHHfr t,r [HQpaKpacnbrx r.r36brrKoB, rBrlflIorcfl, cKopee Bcero,
u npuuunofr Bo3HHKHoBeHHfl y Hux [eQuuura YO-norora, Bosuoxcto, pacqerbl pacflpeAe-

relauit gHeprut,r B rlrrpoKoM ALIarIa3oHe AJIT,IH BorIH, BbrrlorlHeuHbre Wf KoHKperHbIx
Be-saegg c yqeroM o6onouru, [o3Borrr,rJrr{ 6u uocne cpaBHeHl{f, c Ha6rrcfaeMblMl{ pac[pe-

EeJreHr,rffMr,r yroqur{rb B KaxAoM cnyqae fiapaMerpbl Ts,N" n Rg/Rtt.

6. Ponr orrnonennfi or JITP

flpune4euurre Bbrrue oueHKlr [olyr{eHbr flpu fipeAnonoxenl,rlt o JITP, OgHaro s o6o-
JrorrKe MoxHo oxr{[arb cyrqecrBeuHbrx orKrroHeHui or ycnonr,rq JITP. K erouy AoJIxHo
[pr.rBoAnrb HecoorBercrBr.re MexAy reMleparypoi Ta lt3r^lveHr{fl 3Be3EbI, BbI3bIBaIouIero

lroHn3aUr.rrc u nos6yxgeHr.Ie aroMoB B o6orloq(e, I{ TeMleparypofi 79, rpu xotopofi
r.rAyr flpoqeccrr perorr6uuaqlrn r.I cBfl3aHHo-cBtsauHbrx nepexotroB Ha Huxeflexaull{e
ypoBurr, B arrrocSepax F-gses[, Harrpr{Mep, nogo6noe HecoorBercrBue frBilfrercfl [pllul{-
uofr nosrrueHuoi uonnsaur{r.I aroMoB Fe I (o'r. [16] ).

Peruerule ne-IITP 3ap:agfi B HarueM crlyqae craJrKr.rBaercq c Oonriltr{Ml{ TpyAHocrflMI,I.

.[eficraurenruo, geQuqr,rr Yo-uorora tropoxgaercfl flornoueHI,IeM B MHorotMcrIeHHbIx

IlldjlLlfi)r^, fiplrHaEflexaq]Ix o[HoKpaTHo I,IoHI,I3OBaHHbIM aTOMaM SJIeMeHTOB rpyflflbl x(e-

rre3a, raKr{M, rar Fe II, Mn II, Ni II, Cr IL Ho AJIfl Ha3BaHHbIx I,IoHoB rlorlHocrblo or-
cyTcTByroT AaHHbre KaK rro paAr,raTr,IBHbrM, TaK lr I1o yAapHbIM ceqeHl4ffM LIOHI.I3aIpI[ lI
noa6yxgeHra, 6es roropblx KoppeKTHoe peueHl,Ie se-IITP 3atraql4 HeBo3MoxHo,

Eure oEsa rpyAnocrb cBfl3aHa c BbrcoKrrrMlr floreuur.raflaMr vlouilsawv Fe II r trpyr[x
yKa3anHbrx r,rouoB. Kax uugno us ta6n. 2, scneEcrnue 6orrurux gHaqen[fr noreuul{aJla
r.roHr{3aUr.ru XaoH flpegenbHafl qacrora ys u DJtv:Ha BOflHbI ].e1 COOTBeTCTByIoIU[e I{OHI{3a-

\r4rt u3 ocHoBHoro cocroflHrtfl, nexar 3a rtafiNranoscrllM flpe[enoM (tr = 9l2A), Her
Hr4KaKr,rx na6rro4arerrHbrx EaHHbrx o pacflpeEeneHl{r4 oHeprI{I,I B cIIeKTpax 3Be3A flpu
). < 900A. Taxurr o6pa:or'r, r,ruQoprvrarytro o6 usnyueuuu B'u O'snesgr,r, uoHr{3rtpymIr1eM

e o6oflo,n<e uouu Fe II, Mn II, Ni II u Cr II, MoxHo rrolyrMrb roJrbKo r,I3 reoperl,tqecKl,Ix

AaHHbrx, Harpr.rMep r,r3 pacqeroB Kypyua [13], OgHaro LI3-3a orcyrcrBl'Ifl Ha6nroEenui
roqHocrb 3rux pacqeron npr,r tr < 900 A ocraercq uesbrrcHeunofi,

BocuorneosaBrrlllcr, AaHHbrMr,I [13] , rrrrr floflbrraeMcff BbIECHI,ITr, KaK BrII,Iffer Ha cre-
neub r.IoHr,r3aWW flpfiayrcrBrle B o6oloqre BbrcoKoreMrleparypHoro u3rry'l,euilfr 3Be3[bL

.fux eroro cpaBHr,rM cKopocrb R1; Sorououu3a\ui r{3 ocuoBHoro cocroflHlrr co cKopocrblo
R;, o6paruoro flpouecca - perovr6unat\fiv *ta ocHosuoi ypoBeub. KaK [saecrHo, flpn yc-
JroBr{n JITP R1, = Rtr. Orsoruesne grr,rx cKopocrefi npu orcyrcrBur.I JITP l,roxno Hafrrlt us
cneAyrouero paBeHcrBa (crur., uanpur,rep, [16] unu [l7l):

Rri
R;,

(8)

uHTeHCI{BHOCTb I,r3[yqeH[A A O6OnO.trCe,
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r1e oLu - ceqeHtae Qorouonnsaqu^, Ii - cpe$rflE

: i o,ti *lf, a,B,(rs, +7 ,



Itapauerpu rorusarr,, rB J:f"lJ;:-inra nur6onee baxorbx roroB

Fe II
Mn II

16,16
t5,64

3,907
3,7 82

7 6'l ,2
792,7

Niu
CT II

4,393
3,990

6821
TstA

B, (Ts) - Qynrqur flnaura rpr{ reMneparype 7s , lyt a, Mbr rpm{Errx rogopogonogo6-
uoe npu6nnxeHue, T.e. Irorroxlrntl dv =dvo@olr)', rAe o,o - rloporoBoe cerIeHI.Ie, coor-
BercrByrorqee flpeEeJrbHofi qacrore r{oH}r3aqr.ur z6 (crvr, ra6rt, 2). CpegHue r.rxreHcr{BHocrr{
tl3nyqeHug B_onr[qecK[ rouroft o6ono,uce f u na BbrxoEe r.r3 3Be3Abr I,f caxsauu coor-
HorueHr{eM Ii'= Vlt$,rge W * xooQQrugrl, Ar,rrrroqrn (cvr, tl8l).rlio6u Bocrrorrb3o-
Barbcfi pacqeraM[ [oroKoB Ff;, npuaegeHHrrMr{ r [13], MoxHo nepefina or .If; rc Ff; c no-
Moulbro upu6nuxeuuoro paBeHcrBa I$ avt6 fl 6v.. [18]), orKyga

If 'N th wFf . (e)

llogcraanrr (9) r (8) n sauenfr.fi. a, .n B, (1's) l.rx BbrlxlxeurrxMr,r, oKoHrrareJrbHo [onyqaeM

Rt,ntt c'* dvl* dv
W ^ JFi .\1". 

-

i-'
Iulexp(hylkTi - r)

2 e dv[*

; d,'ivl{,Rit 41 'ro " ,4
(10)

IIo$oprrayne (10) 6luruBbrrlorrneHbrpacrrerbrplxFellnpuZs=l0000K,uupupacrpeAe-
rIeHI{u rloroKa F}, cooraercrByrouleM 3Be3Ae s T16 = 25 000 K , tg g = 3,5 . Orcaralocb, rrro

RrilRn N 3 ,lO{W. (l l)
Cropocrr yqapnofi I{oHLt3arI{E C1y MoxHo npu6nuxeHuo Bbrpa3r{Tb qepe3 ceqeHue SorouoHn-
sa.tlt4yt otuo (crvr. $opuyny (5,79) B Knure Mrxalaca tt^lll . OrIeHrs Benrqruy Cy gsrao6o-
,IorIK[ c ftapauerpavtil Tg= 10000 K u l/, = 1012 cM-3 u cpaBnraB ee co cKopocrrro Qoro-
nonllaaquuR1;, MbI IIo[] II'IJII{

Rul0trx2.lo4l/, (12)

T.e. lroHlr3aufifi. uslryqreupreM 3BegEbr s o6onorrKe Eaxe c ytleroM trizg/^ro\uu cyuecrBeHHo
npeo6nagaer uag ygppHofr uonusaqueft .

Ha ooroaanrua (11) raxoguM, qro RulRttry 5.102 Ha paccroffHr.rr{ or rleHrpa 3Be3Abr
R=2R.u RylR11nvO,5.l02 Ha paccroflrrr{r R = 15R*. Taruvr o6pasovr, nou[gaqus Fe II
s o6onoqre Moxer 6rrrr uosrrueHa ornocr,rrenruo JITP Ha Ipa flopntrKa Berr]rqr.rubr.

Ilro6rr BbI.flcHr.ITb, xax nogo6noe rloBbrrrlenue I{oELI3aII}II{ Moxer [oBJrLIflTb Ha Harrr{
BbrBOAbI, Mbr IOBTOpI,IIII,I pffE pacrreToB CItrITeT[ItIeCKrrX CleKTpOB, yBerr[gr.rB CTe[eHb IIOHLI3a-

rlnlr xerre3a //(Fe III) /nf (Fe II) H Apyrrx gaxxeffuux roHoB B 100 pas. Orcasarocr, qro rpr
Ne= lOtz cltr-3 genpeccvs. D =Or2+0,5m Aocruraerctr s o6ono.IKax c paEllycoM Rs/R* =
=1,4*2,8. HauorrxnM, qro [p]TJITP 6rrnu flortyqeHbr oueHKLIRs/R* = 1,1 *1,8, t.e. noarr
rrreHr{e t,torr]r3arlulr Fe II, Mn II n gpyrnx ]rouoB EAxe Ha ABa rlopfiE<a orHocxrenrno JITP
cpaBHr{TerrbHo Marro cKa3brBaercf, Ha pe3yrrbrare. Moxuo crrurarb, qro y 3Be3[br c napaMerpa-
uu 7"6 =25000 K , Igg =3,5 (ero 6rrgxo K gpErILIivI rapaMerpaM Be-sresg, cr*t. [11]),
nrtaercuiefi o6oloqKy c 7s = 10000 K u 1/, - 1012 cu-3, Ha6rlloAaeMafl Aerpeccl{fl coorBer-
crByer pagycy o6ono.ncnRg -2R,.

Axarorrurbre Bbrrrucleur.rn lntttu [poBeAeHbr 14 ttpu ly'e = 1011 cr*,r-3. Oxagalocb, rITo

re[epb D =0,2^ Aocrrraercff He rlpll Rs = 15R,, KaK B crlyqae JITP, a upu Rg = 50R*. Ecrn
ctrurarb, uro y Be-saeag o6onovru lrMeror xapaxrepnrrfi pa3MepRs/R. =2+lO (crvr. Ill]),
Torga r{3 Harrtr{x pacrreroB crreryer, rrro Errfl flonyqexufl xa6rrogaerroro geQraqara YO-noroxa
neo6xog,uruo, vrodrr Konuelrrpau[r srreKTponos s o6onou( e N] 1911 

"*-3 
.

Kax odracru{Tb cpaBnurenrno ne6onErrr[e r{3MeHeuua s D (u cooraercrBeuno B rpe-

2A

uo, lor sc-l uo,1olsc-r

1 8,17

16,50



6yerrartx glr o6rxoreuux Ha6mogerrrft gHa.reHuxx Rg/R*) npn lO0-rcparHoM yBenr{qeur.tr
I,roH[I3aUI,r[ Fe II u Apyr[x uoHos? Ilocrconrrcy [pr,r raKoM yBeJrrlFreHr.ru KoHIIeHTparI]rff gTr{x

LIoHoB B o6onoqKe rlaAaer r 100 pas, MoxHo 6uno 6rr oxr,rgarb 3uarrr{reJrbHoro ocla6neuns
coorBercrBytotqnx VO+runml u srrssaHHoro srr{M yMeHbrrreHr.rff EeIIpeccuI,I D. O4uarco ororo
He IIpOr,r3oIrmO, II [purlr{Ha, IIo HaIrIeMy MHeHLIn, cBfl3aHa C TeM, rITo B CO3AaHUT{ YO-4enpeC-
cul{ troMl{Hupymqym pollb l{rparoT yMepeHHo c}rrrbHbre ru[Hwt4, rrorraEauque Ha ry qacrb
tcplluoft pocra, rAe sKBI,IBarIeHrHaff rur.rpr{Ha upu6lr.rsrrenbHo rrponoqrroHarrbHa 14iF(agecr
N - .I[cno rrornoulatoul]Ix B JIr{Hril aroMoB Ha nyqe 3peHHfl, crvr. [18] )..I[nx rarux nwnuit,
KaK noKa3arIII HaIu[ oIIeHKlI, gaxe l0O-rcparnoe yMenbrrreHr.re iy' npuao4.rr K rroHr.Drenr{x)
gKBlrBarreurxofi ruupnnu MeHee qeM ru l0%.

3axruosexHe

Pacqerrr cuHreruqecK[x crIeKrpoB B orge]rbHbrx yqacrKax ynrrpa$uoneroBoro r{ B}rErMo-
ro IPIarIa3oHoB, a TaKxe prg npuornxeHrrbrx orIeHoK no3BoJrr.r[[ npwitrr K cJreryrurlr{M
BbrBotraM.

1. Ha6rrogaervtd geQrqur YO-uoroxa Moxer Bo3nlrKarb rrr.rrrrb B rarcux o6onowcax,
r[e 7g < 20 000 K u I/, > 1010 cu-3. Ou co3Aaercfl noBbrrrreHnbrna (ornocurenrno auglruoft
o6nacru) [omouleu]rerr a Y@u,rmlrx.

2. O6onoqrcu c rer\rleparypofi 10000 K n enerrpoHuoft KonueHrpaulrefi 1011-1012 cv.-3
BrIorIHe cnoco6nrr cosgaBarb genpeccnrc 0 ,2-0,5m, na6rmgaeuyro y HeKoropux O- r B-snesg
s o6nacr[ MI,IH Bolrn 2000-2500 A. Tax KaK EIf, o6onoqex Be-gsesE rro eMtrcctrouubrM
rrtinufrlu r unQparpacllblM [s6rrrKal{ 6luu nonyueHbr cxogHbre 3naqeHr.rff Tg u N"
(cu. [l I ] ) , uoxno [pe4lorloxurb, qro B srr{x xe o6oroucax Bo3Hr{Kaer r Ee$nqur VO.no-
rora, o6napyxemruYr y Be-saea4.

3. Ornocrrenruufi pagryc o6onoqrcN Rg/R*, rpe6yenarrfi E[a BosHrrtr(HoBeHur na6nrcgae-
uofi genpeccut4, cyttbmo 3aBr,Iclrr or N": npn N" = 1012 cM-3 neo6xopruar uenuwrHaRg/R*
rIpI,IMepHo Ha nop.flEoK Meubrrle, rreM flpu try', = 1011 cu-3. .UIs O- u B-caepxrgragToB Tpe-
6yrcrca 3HaqeHI,Lfi Rs/R* B HecKorlbKo pa3 Hr,DKe, qeM EIrfl 3Be3A rJraBHoft nocnegoraTerrbno-
cTlI Tex xe c[eKTpairbHblx KrlaccoB.

4. Orxnoneuur or JITP s o6oroqre Moryr rrpr.rBoprrb K 3HatuTerrbnoMy [oBbrrrreHr,rx)
(sa cuer r{oHr.r3r{pyrcqero r.r3rrytreuur saesgu) cre[eHr{ [onu3arfi[ Fe II, Mn II la gpyrffi
I,toHoBr rttinwrl KoropbD( co3Aalor treQuu{T YO-norora, oAHaKo raKoe rtoBblruenlre He [pI,IBo-
AI{r K paAlrKarrDrrbrM I{3MeHeH}rflM B Berrrlqune D wtn s rpe6yeurx snauennxx Rg/R * .

Anpem 1987 r.
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vIK s24.338.3

I,ICCJIEIOBAHHE ATMOCOEPbI

PTyTHO-MAPTAIIIIEBOfi 3BE3.&I a And

JI.C. Ifto6urvrxon, H.C. llonocyxxxa

flo certlu cneKrporpaMMaM c trr,rcnepcueil 2,4 flww MeroAoM MoAenefi arrraocQep I4ccJIeAoBaHa xI,tMH-
qecKr.r rreKynrpuaf 3Be3Aa o And, npuraglexaqarl r tuny Hg-Mn. Onpepeneuue$Qertlraxaxterrne-
parypa?16=l3700t500KuycKopeHuecurrbrrfixecrr.r lgr=3,75t0,25.Asalr.rgxuMl{tlecKorococraBa
plx cpaoueunx BbmoJrHeH no [ByM pa3ubrM MoAerrtM atuocQep co cneAyrou{LrMx napaMerpaMlr: Tr5llg =

= 1370013,75 u 11300/3,50, florasano, mo xoHr.r3arluoHnoe paBHoBecfie p)ts rrilHilil Fe I - Fe II r.r Mn I -
Mn II srmonHfieTcs ronBKo Anfi BTopofi, 6onee xonoAsoft MoEeIII,t. ]Ig Aecsru uccrleAoBztHHbrx sJIeMeImoB

oco6eHuo 6onnuue fis6rrrrfi o6napyxenu ffr.s Mn (-2,0 dex), Ga (-4,5 dex) u IIg (-5,5 dex). Paccqr'
TaH pgA clrHTeruqecKro( c[eKrpoB, no3BoJIIrBIrIrx 3aKnIoq]EE,,mo 6neula Hawune BonHBI 3984 Anon-
Hocrbro o6ycnoonena ,r.rHr.reil Hg II I 3983,96; orcroAa xe c[eJraH BbrBoA, trro r{36bmoK Y u Ce ne naoxer
fipeBErurarb 2,5 dex, Orruevexo, qro pacxoxAeHr,Ie B 3HaqeHr,rax 735, uafiAeHHrx Ilo pacnpeAe]IeHltlo
sHeprllx s slrExruoft o6nactr.r ta rro HoHr,r3arruonHoMy pzrBHoaecmo, rtloirer 6rrrr cnclcrBl{eM Agoficrseu'
Hosru 3BesAEr; flonyqeHbr npu6nuxennrre orreHKr,r napaMerpoB KoM[oHe]rroB r,r xapar(Tepr.rcrur op6rrn.

THE INVESTIGATION OF THE ATMOSPHERE OF THE MERCURY.MANGANESE STAR o
AND, by L.S. Lyubimkov, N.S. Polasukhina, A modelatmosphere analysis of the chemically peculiar star
c And (Hg-Mn type) was carried out basing on 7 spectrograms with 2.4 Almm dispersion. The effective
temperature Is1 = 13700*500 K and surface gravity lg g = 3.'1 5 10.25 were determined. The analysis of
the chemical composition was made for the comparison by two different model atmospheres with the fol-
lowing parameters T$llgg = 1370013.75 and 11300/3.50. It is shown, that the ionization equilibrium for
Fe I-Fe II and Mn I-Mn II lines is maintained only for the second, more cool model. Out of ten conside-
red elements the largest overabundance was found for Mn (-2.6 dex), Ga (-4.5 dex) and Hg (-5.5 dex).
A number of synthetic spectra were calculated, which lead to a conclusion that the blend on 3984 A is
completely due to HgII I 3983,96 line. Hence it follows also that Y and Ce overabundance cannot exceed
2.5 dex. It is noted, that the discrepancy in Ief lues inferred from the energy distribution in the visual
region and from the ionization equilibrium might be a conserquence of the binary nature of the star. The
parameters of the components and some orbital elements are roughly estimated.

Pryruo-vrapraHqeBbre 3Be3[br cocraBrrflror rpyfirty ornocnrerlbHo ropfltll,Ix x[MI,IqecKI,I
rreKyrrspHbrx (cP) saeag, r.rx ss$ercruBHble reMlreparypbl 716 3aHuMalor llHrepBarl or
10000 uo 16000 K. Cpepr srrrx o6beKroB Berrr,rKa EoJrfl ABofrHbrx orcreM (oxono 50%),
I{, KpOMe rOrO, 3Be3Abr TrI[a Hg-Mn HeperKO TBJTflIOTCfi rmeHaMI,I MOTIOAbIX CKOtrneIMft
Bo3pacra 106-107 ler (cna. U]). y Hr.rx He Ha6[rogaerc.E Hr{ crl]IbHbtx MarHrIrHbIx rloJlefr,
rrr,r 3aMeTHbrx Bapr.rauufr 6necra r{ crleKrpa, crorlb xapaKrepHblx EI, 6olee xolorublx CP-

3Be3[, I,I36brroK Mapraurla, rl,IrrfirlHbrft 4nr rpyfl[bl Hg-Mn, coulacHo Xraxorcy [2]
Aocrlrraer qerbrpex ropsAKoB r4 KaK 6yAro [oKa3brBaer KopperIflIIHIo c %o (Anfl He, C u
Cr e [2] o6uapyxena aHrr{KoppeJrsur/rf, c f"O). }Ig6uror pryrr{ Moxer Eocrl,Irarb IuecrI,I-

ceMr{ IIopffEKoB,
3sesga o And sansercf, Tr{rr}rqHbrM rrpegcraBrrreneM rpyfiflbl 3Be3E TI,IIa Hg-Mn. Erta-

roAapfl 6onuuoi flpKocrv (mv = 2,07) oHa 6brrla o6beKroM MHororMcJreHHbIx LrccrleEo-

BaHHfr. OcHosua.fi TpygHocrb rrpoBegeHuff TorrHbrx Ha3eMHbIx SorouerpruecKnx Ha6rIIoAe-

tvtil q. And cocror.rr B Bbr6ope [o[xoEflrrrefi rro flpKocr]r 3Be3gbr cpaBneHl{ff. Teu ne uenee
Paxoury r.r Ep. [3] y[itlrocb o6uapyxnrb y d And [prrBrlrJrbnbre r43MeHeIMfl 6necrca c aMIrrILIry-

[ofi 0,06* u [ep[ofoM 0,9636 cyr, [o-BI,IEIMoMy coorBercrBylorr]lM rep]IoEy BpaIueHI'Ifl

3Be3gbr. 3ror nrraog 6ru uoryueu r,r3 ysKorrolocublx Ha6rlrcAerufi B6lttl3u u:lnrbt BorIHbI
3430 A, Ha nepeueuuocrb rloroKa 3a 6arbMepoBcKI,IM rpegerloM y a And o6parlullt,BIM-
MaHr.re raKxe Agenruau r.r llafiuep [4].

IIro racaercs crreKTpirrlbHbrx I,Iccrre[oBatufi a And, ro oHI,I TaKxe rtpoBoE]Inplcb HeoEHo-

KparHo. Xu&rrqecrcHfr cocraB oAnd anaru3llpoBttrlcfl B rlerblpex crarbflx 12,5-7), KparKI{e
cBeAeHr,rfl o Koropbrx flpr.rBe[eHbr B ra6[, 1. COnOCrasleHue Aa]rHbIx pa3Hblx aBTopoB [oKa-
3brBaer, qro cyulecrByer 3Halurerrruufr pas6poc B oqenKax coAepxaHl,Ifl oAHI,Ix I,I rex xe 3rle-
MeHToB (oco6enno rfixelbrx), HepeAKo rrpeBbrruarorurd noprgor BerIHrMHbL Orqactfi ero
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Aarop, pa6ora, ,(rcuepcrr,
At*n"r

MeroA Aatop, pa6ora, ro4 {ucnepcua,
A/rvr,,

MeroA

Ta6nrua I
Kparrcre cBeAexrr,

o flpe,quecrBypulro( rccJreAoBa[[rx xrrMrfiecKoro cocrasa c And

Kpueaa pocra Xnrorc I21,1919XoxnosauEp. [5J,
1969
Kogafipa r TaKa,qa

[6], 1978

L13

5,3 To xe

6,8 Mo[enr atrr.roc-

Sepu
7,1 u 12,4 To xe.[epnau 171 , 1982

MoxHo o6bflcrtrrrb oufi6KaMu B r.r3Mep€HHbrx 3KBIIBiIrreHTHbrx rrrHpr,rHax lilr4]altir, TaK KaK B

clyqae a And cropocrb BperIIeIrH.f, EocraroqHo BbrcoKa, usin i = 55 rcrra/c [8] , uoorovy ne-
JII,IK LI 300eKr 6neuguponarv,fl.,C Epyrofr cropoHbr,Bo3MoxHbrr.r peirrrbHbre Bapwaguu crreKr-
p:IIrbHbIx rInHLIi; B qacrHocrl{, o6HapyxeHa [epeMeHHocrb flpool-{Ileft pesouancnbrx nr.rHr,rfi
Si II ], 1193,28 u 1260,42, Koropyrc Parcour H Ep. [3] cBfl3brBaror c HarrrrueM 3Be3E]roro
Berpa y Hg-Mn-saesg. Bpervrennfie r{3MeHeHr.r.EBbrflBrrenbr raKxe y ilHHuu Ti II }.2828 lgl .

Taruru o6pa3oM, HMelourrreca cBe[,eHr{a o6 o And HecKorrbKo Hapyruaror crroxuBrueectr
IlpeEcraBneElre o [ocroaHcTBe 6[ecKa r,r crreKrpa Hg-Mn-sree4.

Creg,yer orMerllrb e[Ie oAHy BaxHyro oco6eHuocrh oAnd : 3ra 3Be3Aa frBrrflercs. crreKr-
pa$no-gaofiHoft c [epuogorra 96,696 cyr [10, I l], rcoropui orpe4eneu B ocHoBHoM rro nu-
HI'IaM I'IoHLI3oBaHHbIx MeTarIrIoB. floerouy ua6nrcgaeuufi c[eKTp e And, Bo3MoxHo, rBJr.fier-
cff KoM6IIHaII[efr c[eKrpoB [,Byx KoMrIoHeHToe. I,Iurepnperupyfl ero KaK c[eKTp ogunor{-
Hofr 3Be3AbI, MoxHo BHecrI,I 3aMerHble oruu6ru B oflpeIenfleMoe coAepxaHr,re 3JIeMeHToB.
Kporvre roro, ABoficrBeHHocrb Moxer 6rrrr oguofi r{3 fipuqr.rH [epeMeHHocru nu:rruit.

Harua sagaua cocroffJra B ToM, qro6br Ha ocHoBe co6crBeHnoro Ha6rlrcIlareJlbHoro Marepl{a-
rla MeroAoM MotreIIefr arrvrocQep [poaHilJlr.r3rlpoBarb xr,rMr,rqecr[fr cocras o And. flpa arovr
oco6oe BHI,IMaHEe ytrensnocb orlpeAerreHr,rm coAepxaHr{E pryrr{ rro fipilMu Hg II tr 3984, ro-
ropaff aBJrserc, oaKTI,IqecKI,r eALrHcrBeHHbrM r,rcrorrHr{KoM cBeAeHr{fi 06 sroM grreMeHTe B
clyqae Hg-Mn-saesg, Haru aHaJI?I3 Jroit rrr4tnt4 6rur npooegeH rryreM pacqera cr,rHrerr,rqec-
KI{x c[eKTPoB, rITo Iro3BorII,uIo yqecTb 6rengupyroutee Brrrlt8Hr.re coceAHr,rx nusuit.,4pyraa
HAITIA 3AEAIIA 3AKIIIOqZ}IIACb B TOM, IIrO6bI OUEHITTb POJIb ABOfrCTBCHHOCTI,I E ANd.

I. Ha6rnouare[[nbfr Marepuan

Habnrcgeunn a And 6rutr [poBegeubr B rrepBofr KaMepe 6-rvr relecxona CAO AH CCCp
c gncnepcueft 2,4 Atlwr (paapeurenr,re 0,09 A) ; lrc[orrb3oBaHbr rrrracruuK tt "ruila ZIJ-21 . nlsqacrosuefi 3aEapl 6ruro oro6pano ceMb crleKrporpaMM a And, [olyqeHubrx B otrHy Horrb
31.10/01.11.1985 r. IIo ycpegHeHuoMy crleKrpy 6ruro sbrnorHeHo orox(AecrBrreHr.re ocHoB-
HbIx HaEexHo oflpeAefireMblx nI,IHHfi B I4HTepBiIrIe or H, [o H9. Cnr.rcorc TaKHx nr.rHufr npe[-
craBrleH B Ta6JI. 2; sgect, yKasaHa AnI{Ha BoJrHbr I (A), HoMep Mynbrr,rrurera,Ay', norer1qgan
eos6yxq4enr,r.fi HrIxHero ypoBuff X,cr4Jra ocqr4nrrflropa gf (racronnurlr cM. B ra6n.3), r.r3Me-
peHHaS 3KBLtBiUIeHTHat tnupwH.a lln n coAepxaHr.re cooTBeTcTByrouero 3rreMeHTa lge (crra.
Hr'rxe). flogueprneu, qro AJIff aniulr.r3a or6upanucb rro Bo3MoxHocur ue6nengrporurnora
IrltH'vltt, tITo B crlyqae o And npegcraBJllrer Aocrarorlno crroxHyro 3a4aqy r,r3-3a cpaBHr,rreJrbgo
sucorofr cKopocrr{ BparueHu{.

flpure[euurre s ra6n. 2 z*a\ewtfi. l/n 6tvru co[ocraBrrenbr c rr3Mepeur,rflMrr Apyrrrx aBro-
poa. Ha puc. I Harrr[ [aHHbre cpaBHlrBarorc.fi c AaHHbrMr{ Xox.nosofr ra gp. t5] , ru"*. fionyrreg-
HbIME rro c[eKTpaM c atrcorofr gucnepcuefr. Br.rguu, rrro Anff 6onnruuucrea nu:giuitHabnro-
Eaercfl .qocraroqHo xopouee comac}re. B [5-7] yAilrlocb uailru 12 o6uux ltntuir, Koropbre
eCTb rr B Ha[reM c[lIcKe. COnocras[eHwe WS EI8 Hr,rx [peAcraBrreHo Ha pI,Ic. 2. 3UeCr gaH-
urre [5] orHocsrcfl K EByM pa3HbrM gararrr (na puc. 1 ouu ycpegueHrr) . 14, pr".2 cnegyer,
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Ta6nuua 2

Cnucor HccJIeAoBaHHbIx lnxrfi

c il 3918,98
3920,68
4267,2

si r 3905,52
si II 38s3,66

38s6,02
4 130,89

Call 3933,66.
Sc II 4246,83
Ti rr 39t3,46

40s3,81
Cr II 4275,58

4003,32
4012,50

Mn I 4030,76
4033,07
4048,77

Mn II 3844,17
3 879,00
3897,62
3917,32
3941,22
3943,86
3952,42
4000,04
4081,46
4184,4'.1

4242,34
4244,26
4292,25
4326,76
436s,22

Fe I 3820,43
3 85 9,91

Fe II 3935,94
3938,97
4002,54
4122,66
4233,r7
4296,s7
4303,18
4351,77

Galr 4255,72
4261,7 8

Hg II 3983,96

4
4
6

I
1

J

I
,|

34
87
31

194
183

2

2

5

16,33
16,33
18,05

1,91

6,86
6,86
9,84
0,00
0,31
t,12
1,89
3,86
6,48
5,66
0,00
0,00
2,15
( (,
5,55
5,38
6,9t
5,44
5,42
7,7s
7,76
6,11
6,18
6,18
s,37
5,38
5,40
6,57
0,86
0,00
5,54
5,89
5,93
) \'7

2,s7
2,69
2,69
2,69

14,10
14,tl
4,40

_0,54
_0,24
+0,97

-1,00
-1,61
-0,65
+0,46
+0,14
+0,26

-0,53
-1,2L
-1,33
_0,79

-047
-0,43
_0,5 g

-0,13
-0,94
- 1,56

- 1,84

-t,L'l
-r,99
-1,80
-lFs
- 1,10

-1,55
-1,75
-0,96
-1,6't
-1,43
-0,9s
-1,22
+0,12

-0,71
-1,95
-L,94
-2'ol
-3,62
-2,10
-3,26
-2,82
-2,48
+0,67
+0,83

-1,73

8,32
8,30
8,80
9,14
't,13

6,81
7,3'l
6,3 r
4,04
5,52
6,05
6,30
6,63
6,06
8,33
8,5 9

8,48
6,90
1,16
1,13
7,26
7,31
8,21
7,7't
11<
7,34
7,87
8,r 3
'1 ,8t
7,59
7,40
7,09
8,79
8,79
7,6s
7,77
7,78
7,97
8,34
7,54
8,19
7,34
7,3s
7,20
6,60

9,00
9,01
9,66
8,2'.t

7,08
6,74
't,s2
5,46
'3,05

4,63
5,23
5,72
6,23
5,61
1,03
7,3L
7,38
6,49
6,75
7,30
6,94
6,91
7,13
7,49
'1,48

6,98
7,50
7,',14
'1 ,36
'1,14

6,91
6,7 5

7,66
7,62
7,37
7,50
1<)
7,50
7,84
't,12
'7,7r

6,89
't,77
7,59
6,48

29
40
98
89
65

108
161

2s0
20
44
20
40
?(
30
46
54
2l
'70

46
70'

40
33

100
33
52
43
60

t2'1
B5

86

101

35

70
40
27
26
23
24

144
20
83
50
8s
85

123

20
4

173
190
190

28
2',7

28
2'l
)1

Sneuexr, I, A N x, eB rssf I4r1, r,rA lge

,rrra/rrr !rrr"/*,
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Puc. l. CpanneHr.re Haura( gnaqeHr.rfi I/1 (A) c rr3MepeHrnsMu Xoxuonoft r gp.
Aannrre [ 5 ] ycpeA,Hersr rro I+yM AaraM

hrc. 2. Cpa&reur{e Harru{x gnaqenufi I/1(A) c gaffirrMlt Apyrxx aBTopoD potx L2 o6twx nwr]gift
Towcu - Aalrlrbre [5 ] grrr gayx Aer, r<pyrrrq,r - [6 ] , anes4o.u<rr _ lil

qro [Ifl orAerlbHblx rtlrHt4ilt (nrnrouaa Hg II ). 3984) uuercrca 6olbtune pacxoxEeHr.rff B orleH-
Kax lil1, IIo[]ueHHbIx paSHbIMI'l aBTopaM]I. 3ro voxer [pr4Bogr.rTb K pacxoxfeHr{flM B pe-
3yrlbrarax oflpeEeneHl{ff xl,IMurlecKoro cocraBa. Karc yxe orMerlaJlocb, B cnyqae 6x And Bo3-
MoxHa peallbHaf, rlepeMeHHocrb HeKoropblx [u4rtlil, Bo3ul{Kilrolqilff, HarIpI{Mep, BcJreAcrBr,re
ABOfi CTBeHHOCTT{ 38e3Ebr.

Is1

333.3aK,791



2, Oupegenexwe T16 nlgg

B ocnony Haruero aHiIIILI3a 6uml nonoxeHbl MoAenI{ atuoc$ep Kypyqa [12] , upr'ruevr

BHaqa[e 6ulu uptEvreHeHbl MOEeII?I, BbIrI?ICJIeH]IbIe IIpH HopManbHOM, a 3aTeM - IIpu IIo-

Bbnrremr{oM cotrepxaur.rfi MerarrrroB. Haua uero4rKa o[LIcaHa n [13] . Ha ocuone cpaBue-

Hr,rff pflAa Ha6rtrc[aer,Drx xapaKTeplrcrr,rK cIIeKTpa aAnd c reoperI4qecKI,IMI,I MbI orlpe[eflu-

lu oQQerursHyro reMleparypy 716 r ycropeHHe cl{nbl rflxecrl,I g a arrvroc@epe 3Be3AbI'

Pacouarpraanrrcb cnegyroq[e xapaKrepr.rcr]rKr,r: 1) npoQulu LI oKBI,IBarIeHTHbIe uxpuHbl
6arruepoacrux rl.rnnfr [I, , Ho ; 2) oruoruenl{e rloroKoB F (4625) lF (3625\ s EPyx En}'IHax

aorn 4o r.r [ocJre 6arnrraepoacrcoro npe[efla (auaror 6alurrepoacroro crcavra); 3) uugercc

[c1] a uerupex[seruofi cucreMe uuby, cao6ogsufi or BIu4frrt4fl Me)I(3Be3EIIoro trorflolqerl,Ifl.

Puc. 3. .fl;.rarparrtua An, orrpetreneHux Tr4
t4l9 I
ToqKa coorBercrByer nprrnxroti MotreJrH
arrvroc@eprr

Cornaqro H:lIrMM rI3MepeHI{EM SKBI,IBarIeHrHbIe uffpl'Inbl IL , Ha cocraBrlf,rcr Wr,
=8,5t03 A.uWsu=8JtO,2 A lla6nrouaeMbre roroKLI F(4625) ilF(3625) B3ffrblI,I3Kara'

noror [14, 15J, npuuer'r srLI Pa l{croqullKa Aalor B cpeEIeM lglF@625)lF(3625) =-g,gg3.

3naqerule [c1] = 0,53 uafiAeso EIrr oAnd rro KaraJlory [16] . TeoperuqecK]Ie 3HaqeH[If, eKBI'I-

,ur"rrrrud iip-uy'-l+ts, ril WH6 r,r rroroKoB f'Q,) 6panrncb lr3 pacqeroa Kypyua [12] , a snaue-

mr [c1] - us [17].
Ui pnc. 3 npuregena ALIarpaMMa EII.E ollpegenertrr. Trq ulgg, fiocrpoe6la-fi IIo t1epe-

rmcrrenrrbM Bbrrue xapaKrrpucir".u*. Ha ocnose stofi 4aaipavrMbl MbI rrp]firrlrta Enr cAnd
cfuegyrcrque rapaMerpbr: 4rO = 13700t500K il lgg =3J5!0,15. flosnlueHue coEepxa'

Hlrf Merall:rori a : pasi, KaK oi<a3aflocb, cla6o CKa3bIBaerCff na arr6ope Trq nlgg . 
__

llonyueluaa HaMr{ [apa gna.renr.rfi T"qllES xopouo couacyercfl c pesyJrbraranna Xurorcca

[2] ra ,Ilepr"rana [7], rirxe nafigermrirnor MeroEoM uoAerefr arnaocQep (cooraercaoermo

i:-gOO/+O, 13850/3,35). O4raro 3rE "crerrpocKorlrqecKllte" oupeEeletu_u Is6,..clurecr'

BeHnooTJll{qalorcflor gHi.Ieru{fi 716 = 11300K U8] w Tee=12250 K U9l, nafigerumx

c npr,rBlerreHr.reM Meroga un$parpaobrx rloroKoB. Kar 6yEet rloKasano Hllxe, paccMorpe'

Hne lrogr{3ar$orrgoro paBuoBecr{fl rro rr?IruflM Fe I-Fe II u Mn I-Mn II raKxe yKa3blBaer

Ha 6onee HI{3I(yP rer'rneparypy I34,, rIeM 6rrro nafiEeno s l2'7] u no puc' 3' He ucrnrcqe'

Ho, rrro TaKaff llpoTllBopeql{Bocrb a oupegererurvl Teb OTpaxaeT IIpUCyTCf,B}Ie BTopOrO, 60'

fiee Xorro4loro rotwrosesra s AaofiHoft crsleMe aAnd' lft'rxe stor soupoc 6yger pac0MorpeH

6onee nogpo6tto.

3.Xlunqec nfi cocraB

V.MrrIgax HeoErloSHalmocrb orlpeEenetlJ1rt Tu6, MbI BbITIoTIHI{a[ aHiuII'I3 xl{Mu{ecKoro
cocraBa eAnd no pgryM pa3rmrrubrM MoEerravr arnaoclfep. flepaaa llr3 HrIx coorBercrByer
uafiAerumu"r nanau uapduerpaM fe6 =L37OO K I lgg =3:75. Bo rtopofi MoEeJIH qpl'IHflra

sQrperulauax renrreparypa ZrO =f 1300K [18] , a coorBerorByroqee efi suaueur're lgg =

u



Ta6nr.rua 3

Xulruqecr<ufi cocran oAnd, onpeqenexxrrfi rro AByM MoAenf,M arrroceep

Arou zml uon r{ucno rnn-
t+rair

I{crowcrxn g/-ae-
JIUTIHH

lge lgeo

t3 7OO 13 ,7 s 1 I 300/3,s0

l2tlCII
SiI
Si II
Ca II
Sc II
Ti II
Cr II
MnI
Mn II
FeI
Fe II
Ga II
Hg II

221
))t
221

231
241
2sl
26)
2sl
271

281
2el
301

8,47
9,14
7,10
6,31
4,04
5,78
6,33
8,4',1

7 ,55
8,79
7 ,82
7 ,27
6,60

9,22
8,27
7,tt
5,46
3,0s
4,93
5,85
7,24
'7,1,6

'7 ,64
7,43
7,68
6,48

8,61
1 ,6s

6,36
3,00
4,82
s,50
s,3 5

5,35
7,60
7,80
2,80
I,20

3

I
3

1

1

2

J

J

15
2

8

2

1

Hcrpana.

=3,5 B3trro r,I3 [20] . .ftrx raxgoir uz truwfi, [p]rBeAeuubrx B ra6rr. 2,uai1geglo coAepxa-
HIIe coorBercrByrcqero 3neMeHra 1g€ orAenbuo rro MoAerrr{ c lapaMerpa1y1r4 l37OOi3,j5

, r4 IIo Mo[erru c flapaMerpaMr.r 11300/3,50, Kpovre roro, [crroJrb3yfl pacu]rpegryrc cerKy
Motrenefr Kypyua Ha MarrII,ITHofr reure, Mbr [poBenr,r auarrr.r3 xr.rMrrrecKoro cocraBa g;,rff
MoEerII4 I1300/3,50 c yBe[urIeHHbIM B 3 pa3a co[epxaur,reM MerarrJroB. OKa3arrocb, qro
TaKoe rIoBbI[reHI'Ie MeTaJIr[lqHocTH B I4cxo4roi vtogem.r aTMoc$epbr MerureT 3HaqeHu.E lge
He 6onee rIeM Ha 0,1. Srot BbIBoA BaxeH [p].r HccneAoBaur,Iu xr,rMl,IqecKrr rreKyfiflpHbrx 3Be3E,
[oAo6HbIx oAnd, r,qe MoxHo oxplAarb cyilIecrBeHHbrx orKJroHeHr,rt n cogepxaHrrlr Meratr-
IIOB OT HOpMaJrbHOro.

Bce lpnnegellHble B ra6r,,2 3uaqeHlrfl lge 4auu B o6brqHofr rtorapl,t6M1rqecKorl rrrKaJre,
B Koropofr An.E BoAopoAa [pr.rH.sro lge(H) =12go. pacqeru lge nuuorueubr rpg cKopocr]r
wrrcporyp6yrreHrHocrr,r t1 =3rcvf c. I{ro6u ytsepeHHo orrpe[elrrrb f1 , ueo6xo4zro ,r.ru
AocraroqHoe Korl}IrlecrBo nruufi xaxoro-nu6o aroMa r,rJrr{ }roua B Irr}rpoKoM 4tana:oue I4l1 .flocrolrry Haru cllllcoK nLIHLIfi BecbMa orpaul,trleH r{ rro rucrry, r.r no l,tl1 (ualr,urre luur.1.r
B c[eKTpe qAnd o6rrquo 6[eHro.IpoBaHbI, uoSTor\4y oHr,I He aHanr,t3rrpoBarrucr), narr He r{c-
cneEoBarl[ ut'txporyp6yrleHTHocrb, a\pr4rts;ru ry BenfiquHy f ,, roropar 6rrna nafr4eua r [7] .

B ra6n. 3 Ans rcax<Eoro_ aroMa tr t4o*a fipe,qcraBneHbr ycpeAueuHbre 3HaqeHu.B lge, sge"u
xe [pI{BeAesbI co[epxarus lge. coorsercrByroqfix grreMeHroB Ha ColHqe. KpoMe ro;, ].r<a3a-
HbI I'IcroqHlIKu [21-30) cufl_oclryInrl-flropoo g/. Conne,mrre BeJrr,rqr.rubr 1,ge"'gnfip"gu ,rrann.r-
roB B3flrbr u: [31], srx FeI - r.rg [27),FeII - [2g], Ga - 1321 . Elts.og.p*urr"pryu
n arrvroc$epe Conuqa r{3BecrHa rrrrrrh BepxHflfl oueHKa lge"(Hg) <t,O 1::1, norrov1y Orro
[pu]urro 3Harreu[e l,2,uaitgewtoe tro Mereopfirav (cr,r. t34] ).

Baxcrrrfi BbIBo[, cne4yroqlrfi u3 paccMorpe*tus. ra6n.3, racaercx cofiocraBrreHl,rff 3garre-

lar'r lge, orpe,qelellHbD( ro rurrllflvr Mn I ra Mn II, Fe I z Fe II. nas MoAerrr{ arnaoc$eprr c
Trq = 13700 

,K 1_r'rrru1M1_ I r Fe I Aalor coAepxarurs Mn u Fe Ha nopEEoK Benr.rrgHbr 6onirue ,qeM JTHHHn Mn II ra Fe II, r, e. tlplt rarcofr s$$errusHofr rerurneparype ffBHo Hapyuraerc.E
r,roHr,t3ar-proHr{oe paBHoBecue. c gpyrol.i croponr,t, ecltrl rrprE]urrr 6olee xono4{yrc MoAerrb
c Tre = I 1300 K, no II'IHI,LTIM ueirpamurx 14 r4ott4soBaHHbrx aroMoB nort) raercff npr,rMep-
Ho o[[HaKoBoe coAepxaHue Mn u Fe (orrvreruu 6omruyrc uyBcrBllTerlbuocrb K Trq'rrwtuit
Mn I u Fe I). Tarcr,rna o6pa3oM, ua6rrcgaercx cyulecrBeHr{oe pacxoxgeHr. , .ruu.riri"x T16,
uafrgenurx tro pacnpeEeJreH[rc 3Heprru B Br.rElrMofr o6aacin cleKrpa (cu. pr.rc.3) ra-n'o
I'IoHI'I3aqI'IoHlIoMy paBHoBecllrc. B 4aamrefrureM, Ha ocuoBe sroro Sarcra vru fioflbrraeMcfl
lonrrr{rb HeK oropbre or{eHKr4, Kacarcuuecff 4rofi craemro crr4 3Be3&r.

Ha puc. 4, qocrpoenuoM no AaHHbIM ra6[. 3, vmr cpaeurrntr coAepxauna 10 xr4Mr,irrecK]rx
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CSit,lScTiCr}'tnFesnHg
Puc.4. Cpaaxeufie xuMtlqecKofo cosraBa o And c co,IHerIHbIM

rurorrxosas (nvnenar) rflIlrrf, coolBgrctEyer coAepxaltrrto o'rgMolrroB Ha Co'rHIIe' f - Airurro' [olyqaE-
;;;;;;;;ila*ro.6upu, t37ool3;7si i'.- rttoo1z,so;3 -l7|i4 - a2I

srreMeHroB a arrvroc$epax aAnd u Co[HrIA. l[nx Si, Mn u Fe ucrIoJIb3oBaHbI EaHHbIe, IIoJIWeH'

IIbIe IIo ItnHI,LflMI{oHI{3oBaHHbIX aroMoB. [frs Hg IPI'IHf,T6I yToqHeHHbIe 3HarIeHUff lge, Uaftgen'

Hbre Hr{xe c rroMoulbro culrreflrqecKllx crleKrpoB, [Ia puc. 4 npegcraurteHbl raKxe pesyrlbTa'

rbr AepMaHa [7] n Xurcorcca 127, nofyqeHHbre Errfl aAnd reM xe MeroEoM, llro I{ y Hac,

r. e. MeroEoM MoAenefr amaoc<pep (g 
-t7] 

Aaxe rpllMeHeHa ra xe cerKa MoAenefi t12])'
Orueruna, uro o [2] MbI 6paJI[I ie gnaqeruls lge, roqoprre cooTBercrBylor cKopocrn MUK'

poryp6ynenrnocru {1 = 3 ru/c'' 
ti 

-q"noM 
py.c. 4 Eaer rrpeAcraBrreur{e o ror[rocr[, c Koropofi otrpeEerllercf, B HagroflIllee

Bper{fl xxMr.rqecK}rfi cocraB Hg - Mn-anesg. Pa36poc-B- AIIIIHbD( pa3Hblx aBTopoB Moxer tro'

crurarr uopfiAKa BerIlIrMIIbI (nanpnuep, EIIfl Ti n Cr), a I{HOrAa I{ uolryropa'Pprnopxg-
KoB, B rpcrgocrr{ glx Mn, Gau Hg, Tpr nocflepgl]Ix grIeMeHTa [oKa3blBaror-oco6eElo 6oIIb'

urofi [36brroK orHocgrelrbHo lD( coAepxaur{fl ua Connqe; oH cocraBrlffet2-3 wn MapraHIIA,

3,5-5,5 Ntfl. railillrfl. n 5,5-7 Mff pTyrn B BeJIrrIr.IHe lge. Octaruue I{ccleAoBaHHbIe srle'

MeHTbr, KaK Blugo Ha pr{c, 4, orrcnonarorcff or HopMarlbHoro cotrepxaHl'Ia He 6onee qeM Ha

flopflEoKBeJtr{qI,IHbI'I4rrtepecurrfipe3yIIbTaTlloflylleHEIIfl.xelle3a:erocoEepxaHl{eBaTMo.

.cQipe 
qAldMoxuo crlllrarb HopMarIbHbIM c rorlHocrblo t0,4 dex.' - 

ti6p.ruu.r Ha ce6fi BHr{MaHr{e 6on'uofi il36blroK ta',,,ufr y dAnd. l$r cpaauerufl_ c19.

ryer, yKasarb, rrro Bbmonnerurnfi a [35] aflar[I{3 pe3oHaHcHblx rrflwrirGa II 11411:9:1I
If +g5 B c[eKTpax 27 gsesq, Ttlrta Hg-Mn rrpl{Ben K BbIBory, uro [fla OIHocI{reIIbHo ropflql{x

Hgitutrr..r.rE ?fr*> 11000K) xipaxrepublMll nDrlf,Iorcfl I{36bIrKI'r Ga or 2,6 Ao 3,8 B

nJrapuSr,ae. S qacr;ocru, A16 oAnd 
"og.p*u"r. 

Ga cornaqro [35] uoarnuego Ha 3,8 dex'

,. 
".^ 

trir"ura ynrrpaSnoreroBbD( sa6nrogerulfi AIIf, groft 3Be3Ebr Henloxo corJlacyrcTcf, c

pe3yJrbTaraMl4, uolyqeHHblMll IIo BI{E'IMofi o6nacru (crrr' puc' 4) '

4. Ilpnmexerure cuHTEnflscKnx crIeKTpoB

oco6emlo 6olgune r.r36bnKr y Hg-Mn-sne3E O6gapyxegbl EIIfl pryTll, [OsrOIUy COAepxa'

HI{rc Ha3Bartrtoro grreMeHTa MbI yEenI{JrI,I ctleUuanbuoe BIII'IMaHI'I0' EA}IncraeHIrbIM HaEex-

HbrM r.IcroltgllKoM, Koropblfi o6rr,Iuo l{cnollb3yeIcff IIpn o[peEeIIeHIIu lge(Hg) y clonb rgp''
rryrx 3Be3E, flBflflercfl nri*t Hg II 1398396. Karc clleAyer I'I3 ra6JI' 3 u puc' 4, ee gocronu'

*uo* uur".rCu ctudu* 3aBuc;Mocrb or 716 (ua gpyrux grIeMeHIoB IIoxoxI{M cBoftcTBoM

o6[aEaror fiu,rb r6trwr Si II). O4raro, aob6rqe roBopfl,.B_ 6nen4r )\3984 Moryr AaBarb

BKrraJI Jrr,rflr,ru Epyrrx grreMeHTOB, U npene6pexeglle grI4M afisertou Moxer [p]IBecrI{ K 3a'
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,t0 ./984 ltfls
Puc. 5. CouocraBrleHl'Ie ra6ruoAaervroro cnexTpa a And s paftoue 6neugpr I3984 (Nr.rpHax nruux) c crnre-TurrecKl{Mu crreKTpaM[, BbrqllcrreHublMu Nrfr. AB19l. r,rogenefi arMoc$ep
Toxrue rnrHrrr coorBercT{ryr coAepxauurM pryrulg s (Hg) = e ,SO ($u 6, 80 (O. nyHKrHpHa s. nilw$.lonyqeHa npn lg e (Hg) = f,SO

BbIIrIeHlIIo lge(Hg). Carrarrfr HaAexHbIfr MeroE aHam{3a B raKux cnfranx - flpr,rMeHenr.re clrH-
TeTLFIeCKT,IX CIIeKTpOB .

Pacqerrt clIHTerl'IqecKoro c[eKTpa B paccMarpr.rBaeMoM yqacrKe oclroxHflrorcfl TeM o6cror-
rerlbcrBoM, rrro 6neHAa ).3984 paclonoxeHa B Kpbrlre c[rrbHofi rru,r4u He. rlro6u yqecrb
[OuOuIeHI'Ie o H., loI flp:/i:fifl.rfi4 BO BHI'IMaHI,Ie ,qOCTaTOrIHyrc yAaJIeTIHOCTb yriSauuofr 6nenArr
or rleHrpa Ho u noerouy B^ocloJrb3_oBarMcb Arrfl ,byrr.ryu y-rp.rou s (aj acr.rnanror*."r[,
soprvrynoi s(o) =7o-s 12 

- @v. _ls6'l ), a rcoo@tfrur."i A J 4,4. rOts naurrua nyr., ,og-
roHKr.r reoperr.rqecKoro uposun.a Hu r ua6lrogaeMoMy y ctrpuyca [37].

CuHrern'Iecrcue cleKrpbl BbrtrI{crr.EJrr{cb Ha yqacrKe SSAO-:9SO A [o npoiparvfinre
SYNTHEL, orlrcansofi r [38] ' Cnucox cleKrpanbHbx runru.rfr B oroM r,rHrepBane cocraBrrflr-
cfl c roMoulblo ra6rII'IU KypyUa u llefitpelvlanna 1231, o,UraKo Arrfl ctril oirqllnrropon rc-
lorlb3oBarlrlcb tro Bo3MoxHocrLI coBpeMeHHbre r.Icror{Hr,rKn; B qacruocrr.r, gf-eewruiat glt
Fe I 6parmcr wa l2:7). Uro6rr npoBepl4rb 3uaqeur4fl Kf , d;;.nu npocqr.rraHbr clrnrerr.rqecKrre
crleKrpbl Ha ) IacrKe 3980-3990 A 4nr Conuqa r Ilporgaoua n sareM co[ocraBrreubr c Ha-
6lrcgae-trmlvtlr crIeKTpaMlI BblcoKoro pa3pe[Ieur,rfl, B3frbrMH coorBercrBeggo r,r3 arJracoB
[39,401. .Ifir ny'luero coulacu.E MexEy reopnefr u ua6nrcgeru.rnMr.r rp]rurlocb [cnpaBr.rr6
cltrlbl ocL['InJLrITopoB HeKoropblx ttuuuir, o[HaKo TaKr.re rdcrrpaBrreullff KacaJrr/tc6 B ocHoBHoM
runnfi nefirparrbHbrx aroMoB, Koropbre He B[EHbr B cleKTpe doree .opruefi sresgu aAnd.

Brmoruu{s flpegBaplrrelbubre pacr{erbr Enfl Cupuyca,-Corrrqa , fl^porgronu, Mbr flpocrrgra-
Jrr{ 3areM pffA cfirrrerlrqecK]4x cleKrpoB Er.fi aAnd, flpono4,rnacb cBeprKa c BpaueHr.reM
(usini = 55 rcvr/c) rr c r.rHcrpyMeurarrbnbrM npo<[rrerra (nonyuurpuna = o,og A). o;.;;;;;,qro ocHoBr'rolr esQerr B y[Mpetrv\ nurl,ril gaer BpauleHr,re, B ro BpeMrr KaK pa3peureHr4e
crerrporpa$a nacrdnrro Br,rcoKo, qro ero )^rer flpaKTr.rqecKr,r yxe He MeHrrer Br,rAa cleKTpa.IIo[] reHHoro fioclle )nreTa Bpaqeflr,Ifl.

B npoqecce srul'Icneuufi MbI Bapbl,IpoBanlr coEepxaur,re pryrr,r, go6unaacr Har4rryqlero
cornacpl-E c Ha6Jllo,qaeMrrvr npo$r.rneu ).3984. Peoynrrarrr cpanreuux reop1a1a c ua6rrcge-tIilfrlf[ [peAcraBrreHbl Ha pl{c, 5, Kar r.{ Bbl[re, pacqerbr fipoBoEltru,rcb orgenbgo 11o AByM
MoEerIflM aruoc@ep: 1370013,75 (a) u rl 300/3,50 (a .np" 3roM cotrepxauue Mn, Fe, ii,
Cr z gpyrlx 3lIeMeHroB, Hccrle,qoBaHHbrx pauee, 6panocr isru6il 3 s coorsercrBuLr c1.pa-nrroi uogemro. HaSnrogaeurrfr cuerrp ecri pe:ymrar ycpeEreHr.rff ceMlr cneKrporpaMM.

Pesylrratu .olpeAerleflllfl coAepxaul,I.fi pryrlr MeroAoM cr{Hrerr,rqecKr{x c[eKrpoB ,,peg-
craBrleHbl s ra6n. 4. Ottu HecKorlbKo orrll{rlalorcff or rex, Koropbre 6rtru roayreHbr Heflocpe[-
crBeHrlo I'I3 aHam'I3a 3KBI'IBaJIeHrHofr uupunrr nrnlu.r ).3984 (cw. ra6n. 3). Pacxo4g6nue
ootfcHflercfl B ocHoBHoM TeM, qro B pacqerzrx I/1 ue 6rrno y*ano AofiongflrenbHoe 11o-
rnouleHl'Ie 3a cqer KpbIrIa H". Manoe orJII,sEe B 3uarlel{trflx lga(Hg), Koropoe aailu cu1Teru-qeCKEe C[eKrpbI oTHOCI{TeIIbHo aHaJII'I3a I/1, CBLI[eTeJIrCTByeT o TOM, UrO a 6nengy tr3984
ocuoaHofi BKJTaA BHocr,rr nt4trufi. pryrr,r, 3ror armog craHoBr,rrcfl eule 6olee oraur4rrr, aary
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3ner"rent, tr, A I x, eB te ef lge lge"

t37OOl3,7s I r 300/3,50

Ta6nnaa 4

pesylrraru aHiutr{3a 6nexgtr I3984 c noMorrlbrc ot{HTeTI{tI@KI{X CIIeKIpOB

Hc II 3983,96
Y rr 3982,60
Ce II 3984,68

[oBropr{rbBbrrIucIIeHI,Iflrpfilge(Hg)=l9,qrocoorBerclByerBepxBeluynpeAe'IycoAepxa'
*. ffi na Connqe 1cna. [:f 1-1 . kar< sr4{o t4z puc.5 (nynrcrnpnat wrwrt'), B eroM crlpae

p"aar4"prr1eyar 6nenEa COBepuIeHHO HCrIe3aeT. OrCrOtra, B TIaCTHOCTI'I, MOXHO 3aKIIIoqlITb'

*o pacflofioxerrgafl 3Aecb xe iut*rs Fe I ].398396, Eocraro,nro c]IrIbH:Iff y 6onee xolloElblx

3Be3A' B cfleKrpe aAnd ue BI{Era' - e 6nes*rr }.39g4 MoryrB npouecce arnlrcneru{ft BblficHl4rlocb 
' 
qro Ha BI'IA cfieKrpa B pauoH

cyqecrBellno BIMflrb EBe III{H}II{: Y II 13982,60 r'r Ce II 13984,68' I'Ix napauerprt y-Ka3aHbI

a ra6l. 4, npuuem cI{JIa oc4{IlJlflropa 4rrff nepnoft I'I3 HI{x B3flra ras [41] , agnn atopofi nafiEe'

Ha eMrr,rptuecKllM rlyreM ro cIIeKrpaM -ConnUa n !Ifor1Uo11 (crvr. urnue) . Pacnrern cunrert,tqe'

cKtrx c[eKTpoB rrp4 pasJrr,rrrubrx 3HaqeHuffx lge (Y) r lge (Ce) ao3BoJII'IllI HaM oqeHl{rb Bepx-

Hrorc rpaHr.rqy cogepxaruaft Y u Ce a aruoc$epe aAld; 3rI,I oueHKI,I rpxBeEeHbl s ra6n.4.

I{s HLIi cleryer, rno ug66tor Y r'r Ce He Moxer npeerruram 2,5 dex' Coaeprueruo HeIIp[-

eMIreM rag6nriorc Y ru 3ir. dex, uon1nrer*6rfi .I[epuanog l7l , raK KaK IIp]I cro'Ib BbIcoKoM

cogepxaHr,ru Y nururx Y II 13982,60 no mrreucr,tBuostllt EoJr.2IcIa 6ntilcpaanurraa c Hg Il
). 39 8 3 9 6, qto rporI.IB opeq[r Ha6JIIotreHI'If M'

Boupoc o cogepxap{r,r rflxeJrbrx, B lacrnocrlr pegKo3eMerlbHblx, glleMeHTor r aruoc(lepax

Hg-Mi-:ueag uayueu eue cfla6o. He ucrnroqeno, rlro cyulecrBylouue oueHKI'I lge, uafigeu'

IIbIe [I3 a1arfl4ga gKBrlnarrenTrlbrx rrrldpr,IH, 3aBDIIueHbI I,I3-3a HeyrorHerlHoro 6nengupoaauux.

[Io naureuy MHeHuro, rroErfTb TorrHocTD lge a stovr cJl]qae MoxHo [I{Iub IIyreM npI4MeHeHI'Iff

cuHTeTI,IqeCKI4X CIIeKTpOB.

Kapru u Afirvran 1421 , ficcnegya npoornr iltr$L4r4 Hg 111398396 y Hg-Mn'3Be3A,bI

r Cr B, oflpeAefi]ilu usoroutrrfi coirar pryru. B cryuae o And BbmorrHllrb raKoft aHarlu3

He y4aercfl, TaK KaK upo@nnr paccuarpraraeMofr nI,IHLM cI,IJIbHo 3aMblr BpauIeHI'IeM. Kporye

roro, B [paBoM *pur. -On"nau, 
13984 paclolloxeHa yxe yfloMllHaBluaacfl nuuus Ce II

139ti4,68,-rotopyto HeBo3MoxHo rlerKo ortrell'Irb or ltuufir4 pryrl'I lro tofr xe [pH(MHe,

T.e. rl3-3a srlcorofr cropocrr u sini.

5. O upoftcrseuroctu a And

Kar yxe orMesaJrocb, 3Be3Aa c And frr.ilfrercfl. c[eKTpaJlbHo-ABofiHoft, flosroMy He I'IcKrIIo'

qeHo, rrTo Ha6[roEaeMblfi cnerrp flBIrfeTcS rolr6uuaqueft cnexrpor A,ByX KOMIIOHeHTOB'

I,IS.3A rOrO, rITO III,IHI,IT CI4IIbHO YIII}IPEHbI BPAUIEHI'IEM, 3AMCTI'ITb PA3IPOEHUE ilYIHI[I4 B CTIEKTPE

c And BecbMa 3arpyAgllrerruo. Terur ne Meuee [IerpI'I [a3] eUe 1 1950 i. coo6ul[[, rrIo eMy

yAiurocb cEellarb oro Wn ltt4]c|c.iit Helh447l u MgII l448l-(Ancuepcur co-:r1Blll1la

i'O ,A/**). OEnaro ro3xe Earreu u Ep. [11] yraaanra,qTo ?. [a31._sa TII,IHI'Im Mg II 14481

Broporo KoMrroHeHra 6rma ourn6oqHo rrpr{HflTa nttuvtfl Mn II }.4479 [epBoro KoMrIoHeHra

(no rcpafingfi Mepe Ha qacrl'I c[eKrporpavrna).' 
B gaflrHefirueM [Jrfl *pur*ocrr, 6oree ropaufi rcounonent 6ygevr o6ognaqatl A, a 6olee

xono[nufi - B. I,Ie coofiroureHlrfl eKBr{BaJIeHrHbIx [rt,tp]lH Wtllils lletpu [43] nouHtan_cx

oqeHlrrb pa3gocrb Arn gaeg4lnx Berlr4rrlru, oEHaKo raKaf, MeroE]IKa He[p[eMIIeMa xdTfl 6bI

no crregyrculrM rIp1,trrt{HaM: 1) ua6nrogaeMble 3HaqeHllfl llt6v'Wg He mJlflorca I{cr}IHHbIM}r

oKBI,IBaJIeHTHrIMII [tr{pI{HaMI,I KoM[oHeHToB, IIocKoJIbKy He oTHeceHbI x co6crseuHrtl\4

ypoBHfM KoHrLIHyyMoB 3Be3A A u B; 2) rarc KaK I'IccIIeEyeMaf, 3Be3[a IIeKy,IflpHa' coEepxa'
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o;12
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-1,73
-0,49
+0,70

6,9
<4,7
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2,24 l4rl
1,se [31]



H}IE 3JIEMEHTOB Y A I,I B MOXCT CYUIECTBEHHO PA3III,ITIATbCfl, I{TO AOJIXHO CKA3ATbCfl HA COOT.
HorueHr{r,r 3Haqeur,ri W 6 u Il g,

B I44) 6ru upegSoxeH MeroA I,IccrlegoBaHr.ra rou6rurpoBaHHbrx crreKrpoB gaoiurrx
3Be3A, OAHaKO flpr,rMeHr,rrb 3Ty Mero,(..rKy B rroJlHoM o6]eMe x o And He yAaercf r,r3_3a
He[ocraroqHocru sa6arcAareJlbHblx AaHHbIx. flocxolrry KoMrroHeHTbr A r,r B Br,r3yulJrbHo
He pa3AeJlflIorcfl, HeBo3MoxHo HelocpeAcrBeHr{o r.r3Mepr{Tb raKofi BaxHbrfi uapauerp, rax
pa3Hocrb I{x 3Be3IHbrx Benlir{r,ru Az. Kocseugrni xe cnoco6 orIeHKI{ Am, npuueuentrrrfi s
[43] , nenagexeu. (DarruqecKlr Mbr r,rMeeM rrr,urrb cJre4/rou]re xapaKTepr{crr,rKu obulero
cneKrpa AsoilHofr cucreMbl: 1) exnuuareHrHbre lrrapr,run u npoQulu 6alrvrepoacxnxlnuufr
H, uH6; .2) Berrlrqr'rHbr [c,J u F (a625) lF (3625), xapi*ripr.r3yrorqr{e pacrpe,uerreHr.re
3Hepru[ (ourE ue flBJIaIorcfl He3aBl4cr,rMbrMrr, cM. puc. 3). CregoearefltHo, MoxHo roBo-
pl'Irb o [Byx He3aBI,IcLIMbIx l,I3BecrHbrx Berruqr,rHax B ro xe BpeMr rpe6yercx onpegeJrr,rrb
rlerblpe Hell3BecrHbrx napaMerpa: rro(l),zro (B), lgg(A) r lgg(B). ovenra&ro,.rro a
rarofi curyaullll flpllxoAurca upu6efarb K KaKr.rM-To flpe[loJroxeHr{flM, Harrpr.rMep 3aAa-
Barb napaMerpu ?'16 u 1gg oguoro r43 KoMnoHeHroB.

C roqru 3peHr,rr gnolicraeuuocnr gafrAeuur,re Br,r[re 3HarreH]rff IrO = 13700 K ulgg = 3,75
cne[yer rlpr.r3Harb HeKoropbrMu ycpeAHeHHbrLa,r xapaKrepr.rcrr,rKaMr4 EsofiHofi c]rcreMr,r.
TorAa Anx 6olee ropxuero KoMnouesra A Moxuo oxu4arb, qro ero osQerurruafl reMle-
parypa-rr4 (A) > 14 000 K.3ro o3Haqaer, vro ua6rrcgaeMbre B cner.rp. o And rru1t&l
Fe u Mn npl4Haulexar B ocHoBHoM 6oaee xonogHoMy KoMrroueury B, B u-anruefirueM, sro-
6rt nolyuurr xots 6u KaKIie-To rpy6ue or{eHKH, urr 6ygervr ofl]iparbcfl na ror earr, qro Anfl
Yo{.1r{ I I 300/3,5 npu6luxenuo BblnoJlnflercfl r,rour,r3aur,roHHoe paBHoBecr,re tro fir.rHr,rf,M
Fe I-Fe II ra Mn I-Mn II. Ilpnlreu B KasecrBe rrepBoro npu6rxxeuui, ,ro y"urunHaff MoAerrb
KaK pa3 r.r coorBercrByer BropoMy KoMrroHeHry, r.e. Z16 (B) = u 300 K, lgC (B) = 3,5.
I4cnorr:yr MeroEr.rKy, npe[r]oxeHuyro B 144), gnx--rcoMroHeura a rorla noryrua*,
7rO(A) = 16 000 K rE lgg (A) = 3,75. Birwacnerrnrre 3HaqeHlrfl ,rr, ilru, lrrl i
F(4625)lF(3625) [lrfl cr.rcreMbr 3Be3A c raKr.rMH napaMerpaMn couacyrorcrr c sa6rrc-
AAEMbIMIt 3HAqEHI,IfiMI4 3TI,IX BCJII,IqI4H B IIPEIEIAX OUrU6Or I{X I43MCPCHI{fl.

BocnoarsosaBllrllcb 3BonloquoHubr.Mr.r pacqerarvru [45], uoxro ouegr.rrb Maccy Kax[oro
KoMfloHeHTa: M6 = 5,4 Me, Mg = 4,0 Ms.3uas flapaMerpbr KoMloHeHroB, HaxoAr{M pa3-
Hocrb r{x Bl,ttr}iMbrx 3Be3[Hr,Ix BeJII,IqI,IH Amv = _0,4 (xonauoHeur A HeMHoro apve), yw-
rbrBafl, uro op6urarrnr,rfi nepuog P = 96,696 cyr,vs rperbero 3aKoHa Kennepa noryraer,qro 6orr,ras lonyocb op6lrru a = 0,87 a.e., wlt a 17 pas 6orlue, qeM cyMMa paMycos
RA + RB. l4z 3uaqeHr4fl a sini = 3,42. 1O-1 xv [11i naxoauu, rrro yron HaKrroHa
flrrocKocrr4 op6urrr K nyqy 3peHrlfl i = l5o.flocKorrbKysini - (Mt + Ms)-rl3, oqeuxa
yr.tra i cna6o saBucvr or arr6opa napaMerpoB KoMrroHeHroB.

I'Iutepeceu raKxe Bolpoc o roM, K KaKr,rM r,3MeueHr.raM B olpeAeJrfieMoM xr,rMr{qecKoM
cocraBe Moxer rIpI,IBecrLI yuer guoficrBeHuocrr,r. BocnonrsosaBrur,rcb npuaegeuuofr B 144)
Qopvyrofi Aar cyMMapnori orsr.rBanesruofi ulpr.rubr, MoxHo orleHr.rrb, qro Anfl ,ax ,rrurrfr,
sa o6pasoaaHrre Koropllx orBercrBeH B ocHoBHoM xono4Hrrfr KoMrroHeHT, Ha6nmgaeurte
3HaqeHr,rfl I'l1 H/xHo yBenr4qr.lrb a 2,5-3 pasa. Orcmga cfle,4yer, uro go6anxa B colepxaHr.rlr
coorBercrByloulero 3JIeMeHra Alge 2- 0,4 (nuxnaa rpaHr,rqa grrr caMr,rx cia6ux iuwnilr).

Bce npunegeuHble 3Aecb r[4crleHHble orleHKr.r cne[yer paccMarpl,IBarb JII,urJb KaK [epBoe,
BecbMa rpy6oe lpu6nuNeuI,te. Ha sro yKa3brBaer rE ror Qarcr, vro uafr4euutre r.r3 3Borrrcq[oH-
HbIx pacqeroa [a5] Bo3pacrbl KoMrtoHeHroB pa3rr,rqarorcs, s 2 paaa, Oquarco raKoro He
Moxer 6r,rrr s goofiuofi cucreMe, rAe 3Be3Abr o6pasoaalrcu npa"ruracKr{ oAHoBpeMeHHo.
flporzoope,nre MoxHo o6rsctlrrr .AByME nyrrur.r: l) uaparrreipbr r3o u 1gg rcouuoueHra
B :agauu HeroqHo; 2) n npoqecce oBonmqufi B cr.rcreMe lpon3orrrel o6rreu *acaofr, roero-
MY CTAHAAPTHbIE 3BOIIrcUUO}IHbIC TPCKI,I [45] N gAHHOM CNYqAC HEIIPIIMEHI4MbI.

I,Iccleg,ouauue 4eoficraenuocrr,r q And neo6xoguMo rrpoAonxolrr. B qacrHocrr.I, cJleAyer
flonyqs16 cneKrpbl 3Be3AbI B pa3Hble Saau op6uraJlbHoro lepr{oAa, uro6u nograepgr4Tb
pa3ABoeH}'re nurait, o6r.rapyNeuuoe a [43]. 3ro gacr [orroJrHr.rreJrbnyro r,ruQopuaqu, orro-
cl{renbHo [pPIpoAbI KoM[oHeHTon. Paspoeuue MoxHo na6nrcgarr rorlbKo y raKux ntr1vrfi,,
Koropble AocraroqHo cl'lJIbHbI I'I B cleKTpe A, u B c[eKTpe B. Ecnu [oJlyqeHgbre Bbrlue



oUeHKI,I Ia6 roMnOneHTOB He coAepxaT rpy6blx OurufoK, MOxHo npegllongxtlrb' qro pac-

urelJrfirbcfl B orrpeAerreuubrx Oa3ax 6y.qyr cunruble rIIIHLIT He I, Mg II, Ca II, C II lt, gog'

MoxHo, Si II. B ro xe BpeMfl y nnl/.uir, flpr,rHaErlexau]Ix 3JIeMeHraM rpyflIlbl xerle3a I{ Bo3-

HuKarotuux [pelMyuecrBeHHo B aruocQepe xoiloAuoro KoMrIoHeHra, BMecro pacuenneHl'Ifl

6yAyr ua 6nro \arbcr rorl bK o rle plro EI{qe cKHe cMeul eHI'Ia.

BrrsoErt

B pesylrrare trccJre[oBaHr.rfl pryrHo-uaprauueeofi 3Be3AbI a And MbI [pI4unI'I K cJIe-

AyroruHM BbIBOEaM.

L IIo 6antrraepoBcKlrM Jrlrrrr{flM r.r pacnpeAeneHHlo sHepruu s elIAEN',IOfr o6laCru nory-
ueuu sQqercrr.{BHafl reMneparypa 736 = 13 700 t 500 K u ycKopeHl'Ie cl4rlbl rflxecrlr
lgg = i,is t O,25.3rr gHaqeHuq xopouo cornacyrorcfl c napaMerpaMu Tu6 t 1gg, uafigeu-

HbrMlr Arrfl o And s 121 u l7l MeroAoM Morerefr arvocQep'
2. PaCcvrorpeHl4e LIoHI{3aIryloHHoro paBHoBecl{fl no rrrrlro* Mn I I Mn II u Fe I-Fe II

yKa3brBaer ua 6olee Hr{3Kyro o$Qexrnruyrc reMrleparypy, [paKTI.{qecKI'I coBnaAalouyrc

c reMreparypofr 716 = ll 300 K, uafr4euuofi s [18] Mero[oM uuQparpacublxIIoroKoB.
PacxoxAeril{e B 3HaqeHLIfx 716, oflpe!,eJleHHblx flo pacflpeAefieHl'Im 3Heprr1u }I IIo I4oHI'I3a-

UuoHHoMy paBHoBecHrc, rtrox6r 6rrrn cre!,crBI{eM I,I3Bectuoro Qax:ra EaofrcrseHuocrE

3Be3ArrI.
3. AHanrg xr.rMlrr{ecKoro cocraBa o6uapyxoEn oco6euuo 6onrtu.re Es6lIrrcl1 Anf MapraHua

(-2,0 dex), rarlua (-4,5 dex) u pryru (-5,5 dex). Cogepxanne xerle3a c roquocrblo
+ 0,4 dex flBrlfiercfi HopMarIbHbIM.

4. Brrwrc;1euge crHrerr,rqecKlrx cneKrpoB Ha yqacrKe 3980-3990 Anoxasaro, uro 6leu4a

).3984 flpaKrrqecKr{ floJrHocrbro o6ycroareHa rurmei Hg II ].3983,96. Ha orcyrcrurtfl' 3a'

MerHbrx luutafi Y II tr3982,60 ll Ce II ).3984,68 cnegyer 3aKJIrcr{eHI{e,qro re6},tror Y u Ce

He Moxer npeBbluarb 2,5 dex.
5. OcHoarpafcb Ha HeoEHo3HaqHocrI{ B onpe[eneull[ 7"6, !\anocb noJlyql{rb rpy6ue

orIeHKr{ flapaMerpoB KoMnoHeHros EBofiuofr clIcreMbl q And u HeKoropble xapaKTepI'lcrI{KI.I

op6uru. B qacruocru, yroJl HaKIIoHa IIlocKocrI,I op6uru K Jlyqy 3peHI'Ifl, no-BIIMMoMy,

6rusorc x 15".
B garlroqeu6e aBropbr Bbrpaxaror 6narogapuoctr B.A. Enurony u kl.l4. Pouaurcxy ea

rroMoulb s Ha6arcAeHflsx na 6-r"r reJlecKore CAO AH CCCP, a B.II. MalaHyIIeHKo - 3a

rroMorub e o6pa6orre cleKrporpaMM.

Hox6pr 1987 r.
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vnK 523.942,841

o CIIEKTPAJIbHOfi nEPEMEHIIOCTH BeSBE3Ibt I nEFCEfl

TC. Ialrrna

Ilprnogrrcx arra:rr.r3 crreKTpoB [ekyJrrpnofi Be-saeegpr g flepcex no ua6nlogeuuxM, rroJryqeHH]IM Ha
L22+w pe$nexr:ope c guSpaxquolrHBlM cuemporpaQor.a c gucnepq.rruu L5, 36 u 30.A/r,tl-o o6nacux
13700_-50004 Il Ho. o6cyxgaercfl [oBeAeHI,Ie co BpeMeHeM HeKoropbrx xapaKTepucrr,rK sMr4ccr.roHHbrx H
a6cop6qloHurtx ilttrttfi, ia6rrogaer'rrtx B c[eKTpe. orrrreqaerc.s ycuneune secra6urrnocrH B clcreMe B
MoMeHTf'I oKoJro coeAl'lHeu}La (@a:u 0,3-0,5 flepl{oAa - 727 cyr), Korga BTopuq}srft KoMnoHeHT npoxo-
Arrr Bflepegr,r rJraBHoro n op6utalrnou ABr.Dr(eHur,r.

ON THE SPECTROSCOPIC VARIATION OF THE Be STAR PhiPERSEI,byT.S. Galkino,- The
analysis of the spectra of the peculiar Be star Phi Persei obtained at the 122+m refl.cto, equipped with a
grating spectrograph giving.the linear dispersion 15 and 36 A/mm in the visible region and 3b Aimrninuo
line is reported. The behaviour of some parameters ofthe emission and absorptionlines in the spectra of plii
Persei with a time are discused. It is pointed out that the instability in the spectra is enhanced at about
conjunction phases (0.3-0.5r.), when the secondary somponent passes in froni of the primaxy one in the
orbiting motion.

3sesEa tp [Iepcex upI,IHaArex]Ir K rrr.rcry BecbMa rreKyn-fipHbrx Be-:nesg co c[oxHbrM
cleKrpoM. CocrasHofr xlpaKT€p ee.cleKTpa o6ycloB[eH HaJroxeHr{eM Ha ruupoKr,re Ooro-
cQepHrre ilurr,pt (u sinl ) 400 rcrvr/c) rogopoga fi ter.ttfl, y3Kr.rx a6cop6ruougrrx x4ep,
npl{cyrcrBl'IeM rI}rHI{fr Fe II s oM}tcc[u,' [epeMeHHofr crpyKTypoi 3Muccr,roHHbrx 11poOr.urefi
Jruljt4il BoAOpoAa u reilufr..

Co- rperraenu o6HapyxeHr.rs r.r3MeHeHr.rfi n)^reBofi cKopocrr{ [1] ouuonHeH pn,q uccrreAo-
BaP.uir I flepcex, Koropble rloKa3ilrlll, qro r{3MeHeHra nyueaotrcKopocrr4 flBrrfirorcr [ep14o-

41



Er{qecK[Mr4 rr Moryr 6trrt o6ycloBJreHbr op6nramnuu ABIDKeHHeM n gBoftnoft crlcreMe

[2] c repnogoM oKoJIo 127 cyr. C raruu xe repl{oAoM, rax uafigeuo llo3xe[3], rpoucxo-

EflT I,I3MeHeHI{fl B CrIeKTpe
lloc,negyrorqrae ua6lrcEeHur g llepcex, c 6oree corepuremrofi rexHl{Kofi, yKa3bIB:llII'I Ha

ro, qro na6trcgaenarre r,r3MeHeHllfl B ee crleKTpe HeBo3MoxHo o6tRcrrltrr B paMKax npocrofi
MotreJrr.r gBoftuoft c]rcreMbr. llolwruo rlxKr[qecK[x usr"reHeHrd B cneKrpe qacro na6nroAa-

rcrcfl rr3MeueHlrfl KaK 3a KopoTKr.re [poMe)I(yTKI,I BpeMeHI{, rar n 6oree upoEonxl{TenbHble.

l4s alarusa crrerpoB e llepissa, rroJr) reHHbD( 3a Bce rlpeArlecrBoBaBllrue rogpt, Xafinerc

[4] u noaxe Xeugpu [5] upnu.rrn K sarsrrcrreHr.rrc, rrro g flepcen frBfifiercff. crleKrpiulbHo'
geofiuofi crcrenaoft c KoMrroHeHTaMH par{H}Ix crreKTpanbHbrx IglaccoB, c oKoJIo3Be3IIHbIM}r

o6oroqrauu. AlrrepuaruBHafl MoAerrb rrpeglloxeHa.[2x. fletepc [6] , cornacno roropofi nro.
pr{qurrfi KoM[oHeHr c]rcreMbr flB.lfrercfrrllrarrroMTI,IIaK,sanonurpluuM cBolo rloJlocrrPoma.

floxa ne y1aercfl cAerrarb oKoHqarerrbHufi ru6op Mexgy srLIMlI AByMr MoAerlsMlt, qro6u

o6rrcuurr Bce xapaKrepr{crr.rKr,r ee crreKrpa B AI,IarIa3oHe or AiuleKoro ynlrpaQuonera go

uuSparcpacuofr o6nacru.
BguonneuHoe B [ocJregrrr,re rogbr rruarerrbHoe [cqleAoBaHLIe crIeKTpoB g [Iepcen lloercep-

ror..a [7] rroKa3irrro, qro cr.rcreMa cocror,rr us 6rtcrpoapaqapqefrcr 3Be3EDI panHero tnnaBu
leKynfl pnoro crlyrnrKa. O6e gseeEbt I{MeIor oKorlo3 Be3EIbIe AI{oKI{.

Havr.r 6nnn [ocraBJreHa 3agaqa [olrfrr.rrb HoBbre Aa]IHbIe I{3 clreKTpaJlrxrx na6nrcgewdt,
qro6u rroMorrb u atr6ope uparmruofi MoAeII[ uerylapnofr Be-gsesAbI g llepcet.

Cneryer [oAirepKHyrb, rrro Hafl]Frue B crreKTpe glf.epcer cna6rrx, Menglou[axc.tr co BpeMe-

neu nrnnfr ocJroxHfler r,rx oroxAecrBrleHl,Ie I{ BblsblBaer coMHeHI,Itr B npaBlnllbHocr]I orHece-

uua ua6nrcgaeuoi nnurr{ K coorBercTByroqeMy KoMloHeHTy c}IcreMbl I{ flooleEyloluru(

r,rHrepflperallufi , upraogur,tblx pff Ao M aBropoB.

1. Ha6nloAerurc \

g llepcex BrrepBbre na6lrcAalacr HaMlr B 1981 r. [8] . [Io erulvt ua6nrogeursna 6rmu orrvte-

qeHbr raKr.re oco6eu[ocrn B ee crleKTpe, KaK rrepeMernafl crpyKTypa flAep 9MI'Icc]IoHHbD(JI]I'

uuft rogopogp il reil!4fl, rrpflcyrcrBfie B ?vtucct4u nwlrrwit Fe II. B 1985 u 1986 rr. [onyueH

6onee o6m,rpnrfr pxg ee Cnercrparrrnrx ua6nrcgerufi, BbI[olHeHHbD( sa 122-cu peQnerrope

Kpuucxofi 
-acrpo6zauuecrofr 

o6cepn-&ropffir c ptrrQparquortrIbuyl cnertporpaQoM, c ElIc-
nip" rr*r 30 Air"rr"r y Ho u 15 u36,4/r"rr'a s o6nacru 13700-5000 A.{annue ua6nrcAesufi

.rpir".genu, s ra6[. 1. 3gect: B [epBoM cton6qe - EaTa, Bo BropoM - MoMeHT na6lrcEerulft
(ifD , , rperbeM - <!aea B Eorrflx replro,a r{ B trerBeproy . g61aglb crleKrpa. Bcero nonyre-

no 38 cuercrporpaMM glun Ho u 37 s o6nacrn ).3700-5000 A HcnonrgoBaHbl IrracrIrHKI{

Kodak OaO 4 OiF. 3rccuogutiuu6t1g;iu 10-20 MIIH EIIf, llout5-22 MI'IH pIf, 13700-5000 A

2.Alnmrs crre.ICTPoB

Bce cnerrporpaMMbr g flepc*t o6pa6orauu c JtoMolruhlo paspa6oraruroft n Kprtucrofi
o6cepaaropuu [9] aororounofi cucreurr uusporofr perl{crpaq[fl na 6age uuxpo$orovrerpa

G II u rvrnrcpo-3BM "I,Icrpa-1.256" .Co Bcex crreKrporpauu 6run cAerIaHbI 3aIIIIcr B ]IHTeHCIIB-

HocTf,x. g,rr-r yracr*oa cuerrpa, cogepxau-Ux fivtt{1411Ho n IIp, AaHHbre BbIBoElrI}rcb ua rpai}o'
tro Crpor,ITeIIb, lt upo Qttlttt llx [p]IBoEUIIIC5 K ypoBHIo IIoK{UIbHoro KoHTlrIyyMa.

Yxe r npouecce ua6rrogeutfi l1,avrn 6ruto o6parqeHo BHuMaHue Ha-llaMel-Hb,I: [3MeHeHI'tfl B

crreKrpe ,p'["p""r, a [Mer{Ho: rro.flBrreHr{e r npor[nnax Ho, It, I! ,n Hr + He I tr3889 pe:KI'D(

a6cop-6quonnux ug"p, HaKJraAbrBarouprxcff Ha eMI,IcCrIo u uupoKylo__a6_cop-6Tgt_. !t.^lr_t
a6cop6qnounrre rgpi 6rmn gavrersbr yr B rruuufrx rpl,trmeruoft enpwr He I y l\4471', ).4026.

Haunr na6nroEeri1grri 1986 r. [onyrreHbl B r,rHrepBafle o4{oro IIIIKna L27-cyrowtoto flepuoAa u

oxBarbrBalor Sagrt or 0,301 no OBtSP.Ha6nn4enna 1985 r.roragalornaQasrtot0,5 15 go

O.gOZP..UAs ganlHeftu,.ro ur*rraHaMt4 6turu npuateqeHrr Ha6rlogeHux 1981 r. (Qaeu or

O,e go 0,1P).
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1985 r. 2446...
17 - r 8.09 326,47 8

17-18.09 326,495
t9-20.09 328,482
19-20.09 328,494
t9*20.09 328,st2
2t-22.09 330,480
2L-22.09 330,488
2t-22.09 330,s09
23-24.09 332,463
30 -3 1. 10 369,408
30-31.10 369,431
30-31.10 369,444
30*31.10 369,458
30-31.10 369,47 8

09-10.11 379,418
09-10.11 3',19,427

1986 r.
09-10.09 683,485
09-10.09 683,496
09-10.09 683,505
09-10.09 683,szt
09-10.09 683,s32
14-1s.09 688,469
14-1s.09 688,480
14-1s.09 688,490
14-15.09 688,s08
14-15.09 688,519
14-15.09 688,527
17*18.09 691,472
17-r8.09 691,483
17-18.09 691;49r
17-18.09 691,508
17-18.09 69t,s26
17-18.09 691.,529
2t-22.09 69s,438
2t-22.09 695,450
2t-22.09 695,460
2L*22.09 695,478

0,484 3700-5000 A
0,484 3700-s000 A
0,499 3700-s000 A
0,499 3700-5000 A
0,500 3700-5000 A
0,515 3850-5000 A
0,515 3850-5000 A
0,s15 Ho
0,s30 Ha
0,822 3700-4400 A
0,823 3700-5000 A
0,823 3700-s000 A
0,823 Ho
0,823 Ho
0,901 Ho
0,902 Ho

0,301 Ho
0,301 Hc
0,3015 Hc
0,302 3700-5000 A
0,302 3700-5000 A
0,341 3700-s000 A
0,341 3700-s000 A
0,341 3700-5000 A
0,341 Ha
0,341 Hc
0,341 Ho
0,364 3700-s000 A
0,364s 3700-s000 A
0,365 3700-5000 A
0,369 Hc
0,369 Hd
0,369 Ha
0,396 3700-s000 A
0,396 3700-5000 A
0,396 3700-5000 A
0,396 Ho

Ta6nuua I
Cnncox cneKTporpaMM

2t-22.09
2t'*22.09
29-30.09
29-30.09
29--30.09
29-30.09
29-30.09
06 -07.10
06 -07.10
06 -07. I 0
06 -07. I 0

06-07.10
24-2s.10
24-25.r0
24-25.10
24-25.t0
tt-L2.1,1

tl-12.tL
rt-t2.rt
rt-t2.tt
tt-12.1t
16-17.11
16-t'1.|t
16*t7.tl
t6-t7.tt
t6-t7.tr
1 8-1 9.1 I
18-19.1 1

l8-19.11
18-19.11
18*r9.11
18-19.11
26-27.tt
26-27.11
26-27.L|
26-27.11
26-27.t\
26-27.t|

695,490 0,396
69s,499 0,396
703,438 0,459
'703,453 0,459
703,479 0,459
703,494 0,459
703,50s 0,4s9
71,0,39s 0,s 14

7 t0,424 0,514
7 10,446 0,514
710,460 0,514
710,474 0,514
7 28,361 0,656
728,383 0,656
728,396 0,6s6
728,418 0,656
746,326 0,797

746,34t O,|gi
746,353 0,798
746,36s 0,798
746,382 0,798
7 51,274 0,836
7 s1,289 0,837
751,301 0,837
751,315 0,837
7 5t,328 0,837
7 s3,280 0,8s 2

753,298 0,852
7 s3,307 0,8s2
7 53,320 0,8s 2
7 s3,333 0,853
7 53,346 0,853
76t,202 0,91s
76t,219 0,91s
761,,23s 0,915
76t,249 0,91s
761,26s 0,915
76t,278 0,915

Ho
Ho
3700-s000 A
3700-s000 A
Hc
Ho
H^,

H@

H@

3700-5000 A
3700-s000 A
3700-5000 A
Ho
H^,

Ho
3700-s000 A
Ho

Hq
H0
3700-s000 A
3700-5000 A
Ho
Ho
Ho
3700-s000 A
3700-5000 A
Ho
H^.

Ho
3700 s000 A
3700-s000 A
3700 5000 A
I{o
He
Ho
3700-5000 A
3700-s000 A
3700-s000 A

3a. npenlx [poBeAeHI,Ifi Ha6[rc,qeHl,Ifr ltt4ur4t4 BoAopoAa rroKa3i]Jrr{ cJroxHyrc [epeMeHHyro
crpyKrypy. Ha prc. I u 2 norcasanrr upoQruru il4]F{t4it Ho u HB, rprrBeAeHHHbre K ypoBHro ro-
KutrlbHofo KoHrI{HyyMa. 3gecr [o oc]I opA]rHar I,IHTeHcr.rBHocrt I a eguuurlax KoHrrrHyyMa,
rro oc]t a6cq[cc - A].. Hynl coorBercrByer HecMerrIeHHoMy fiofloxeuurc ].e = 6562,83 L
B cryuae + ar orcrmTbrBarrocb or flEpa a6cop6ur.ru. Kax uparuro, B Kax,qyrc Hoqb noJryr{a-
Jrocb or ogrofi 4o rpex crleKTporpaMM (crvr. ra6n. 1). Ha prrcyHKax rroKa3aHbr ycpe4{eHHbre
npoQrulr uo raxgoft HowE. Cpeptfl.fi oIIrHbKa flory{eHHbrx r{HreHcr{BHocrefr ue [peBocxoAr4T
+0,02 s eAr{Hr{qax KoHruHyyMa. Eonrume Qnyrryauuu B KoHrr,rHyynre y HB 24.10 u
11.11 1986 r. Moxuo o6bflcH[Tb Hlrsroft firrorHocrr,ro s erofr o6lacrn crreKrpa,3Aecr 6ruro

Esra J.D.
(UT)

@asa,

Eor.u P
O6nacrr
cneKTpa

.qara J.D.
(UT)

(Dasa,

EOnr,r P
O6nacrr
cIIeKTpa



Puc. 1. flpo@r.rnu eMrccuoHHoii nwtuu Ho gPer n
pa3Hr,re MoMeHrbr Ha6nroEeHr.{ft g 1985 r,r 1986 rr.

nor) reHo rro oEHofi c[eKrporpaMMe, flp]IroArrofi FStfl QorovrerpruecKofi o6pa6orKl,I. flpe[-
cTaBJreHHbre Ha p,1lc. 7 w 2 rlpo$un[ rroKa3brBaror: rrepeMeHHocrb o6uei r,rHTeHcr,IBHocrr,l 3M]rc-
cail B fluHuflx Ho r,r IIB, nepervreuHocTb oTHoc[reJrbHofr r'rHreHcrrBHocruV-u R-rconauoueutoa,
MHoroKoM[oHeHrHyro crpyrcrypy, a B oa3ax or 0,5 tro 0,f naonrotraercE 6orlee clloxHafl
crpyKrypa Bepuu,rH sMr.rcclroHHbrx flpoomefi Ho ra HB. Cparutmar Ha6[IoAeHI'Ifl 1985 n
1986 rr., Mo)tcro Br{Eerb, qro MHoroKoM[oHeHrHaff crpyKrypa npoQmeft gMEccLIoHHbIx JII,I-

uufi noaropaercf or ul{rcla K rlr{Kry.
Ha puc. 3 u 4 uoxagaHbr 3arr[q,r rrumr4ft ceplrl,t Br]rlbMepa or Ha Eo H? rI rpllflneruofr cepru{

HefirpalbHoro reJrr,ur lt447l u 1,4026, npr{BegeHHbre K ypoBHro JIoKarIbHoro KoHrI,IHyyMa.
3gecr upexge Bcero o6pauaer Ha ce6fl Bnr,rMaHtie Haru\ue pe3KLIx a6cop6utlonnblx flAep
(ranu shell-rovmoueuroe) y nurufr Bogopoga H7, H6 , H7 ra Hq + He I u ltnufiu rctus.1t447 I ,

Onn cmrurr B rlepBbre IHu ua6nrogenr.ri (Sasa 0,3-0,4'). Kar BlI4{oHapI'IcyH}<ax,
shell-xorvmoueuru ocra6eBaror c Sasofi uepuoga. yMeHburaerc, ux uy6I,IHa lI y []rHI,Ifi Bo-

EopoEa, u y nwuwir rerrufr. IJuttus.I3889 A flBrlflercfl 6nengofi ltkttvtvr BoAopoAa Hs n relua
),3888,64. Y uee shell-rcoMrroHeHr Har6oree cwtr*llrlrir la rpoflBJrflercfl Ha 6orIbIIIoM rpoMe-
xyrKe BpeMeHu, qro, no-Blr4{MoMy, o6rrorrercr BKTIaAoM rrLrruu He I, aosnuraroqefi c

ueracra6znrHoro ypoBHfl. Ha pucyurcax Br1qgo, uro upo$unll BogopoAHrx nrutlafi oqeHl
oroxHbr: Ha ru[poKyro SorocSepuyrc a6cop6rluro HaKJraAbrBarorcfl gMI,Icc]IoHHbIe KoMno-
HeHrbr c pe3KLIM a6cop6quouublM ffApoM. Crpyrcrypa npo$r,rnefi 3aMerHo usueuaerca c Qa-
aofi neproga. He vrenee cnoxcrofi BbrurflEr.ri- I{ crpyKrypa runrfr He l}\4026ttlt447l,xgpa
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o z,t,i

Puc. l (oronuauue)

Koropblx I4HorEa pa3gBoeHbr, r,rHorAa rrpegcraBrrflror MnoroKoMrroHeHrHyro crpyrcrypy. Harvr
He yE:ulocb qerKo BbIAe[[Irb Ha npo$uaxx Aertrrrrl Lts-sa vx Hecraur{ouapHocrl.r, uro6rr ogno-
3Har{Ho cKa3arb, K KaKoMy I,I3 KoMIIoHeHToB cr,rcreMbr (rraauorr,ry unr{ BTopr{rluouy) onn npu-
HaEIIeXaT.

, lltt galnnefrurero analtusa crreKTpa g Ilepcea napru 6uru urr6paurr nau6onee rrerKr,re u
xapaKTepHble EeriuM na npooulrx nuuufi rI cAeJraHbr KoJII4qecrBeHHbre r{3MepeHufi $rcAylf.
ur,x [apaMerpoB: rI] IeBofi crcopocru u/ rro KoMrroHeHTaM srvll,Iccl,IonHofi Itn:flw4 Ho (V,
a6cop6qraounoMy flEpy (A), R), no pesrcofi a6cop6rqara (she11-roir,ruouenr) nuu n He I
13889; sKBuBirJreHrHoft urrpur{br lll1 sMrrccrrousrrx nusufi Ho r Hp, r,rHreHclrBHocruY-u
R-rovrroueuroa I,y rIp, r,rX ornorrreHr,re V/R, uonyunpuu Al,(Il2) nunr.rfi Ho uHpuux
rloJrHoft IrrrtpI,IHbI b na ypoane KoHr[HyyMa. IIo uruprHe a6cop6quounbrx. EAep B Jrr.rrr.rffx Ho
r,r Hp naffgeubr cKopocrr,r BpauIeH[E r,I oUeHeHbr pa3Mepbr norlIouarculefi .racru o6oltorlKlrn
r4e Sopruupyrorcf, ?ru rruur4u BoKpyr rrraBHoro KoMrroHeHra (usinfo6, Roo). Inr oueHKlr
cKopocrl,I BparIeHI,Ifl Ha rloBepxuocrlr uraBHoro KoMrroHeHra 6rrnu nrr6panrr luflwn terrvfi
).3820, l\4026 u )t4471. Vlz 37 uzlepenuft rn6pauuux nrnnfr uo l0 uoqau ua6nmgenufi
cpeAHee 3HaqeH[e u sini uaiEeHo paBHbrM 422t7 rcu/c. Pesymrarbr r.r3Mepenufi scex Ha3BaH-
HbIx BbIIue [apaMerpoB IIpI,IBeEeHbI s ra6[. 2, Hafigeuuue 3HaqeHufl Erfl cKopocTr,r BparrleHr,rfl

- 2/7
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Puc.4. Ilpo(punu :lwtufi BoAopoAa H7, H6, H7
@agrr re xe, qro Ha puc. 3, EJls coortsercrByrcutr{x Aar
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Puc.4 (oxouvaune)

Ha rroBepxHocrr{ 3Be3Er,r (cron6eq 6) ue norasuBaror 3aMerHoro xoEa r.r3MeHeHufr c saeofilepllo[a' Moxuo [oJlararb, qro rtuHlrrt He I, rcoropue 6buru Bbrdpaubr EJrfl ]r3MepeHllfi u sin i
ffIaBHoro KoM[oHeHTar He 3aEerbl BrrrrffHr{eM BTopllqHoro. B nporunuovr cltfrae Mbr AoJIxHbI
6rur 6rr Br.r,qerb yrrfipeHr.re erux nuuuir B MoMeHrbr anourauufr,

3. O6cyxgeru{e pesynbraroB

floryreuuue oueHKr.r rapaMerpoB ur, v/R, ro, a,\(Il2), 1171, u sini o6 rroKa3aHbr
Ha prlc. 5 1I 6 s 3aBl{cltMocru or $asrr, onr.r flogcquraHbr rro gJreMeHTaM, olpe[e]reHHbrm XrE-
KoKoM Ts = 2424473,5+126,696 .E , rsgrrrvr uarvmuz l7l,

.ftrn rsureperurr lyuenofi cKopocrlr 6unu arr6pauri srrrrccr,rouHafl ntrlr4s. Ho c rounoueu-
rarvlu__(v, a6cop6quonuoe flApo, R) u a6cop6ulroHHoe fl.Epo rrri:rruu ),3s89 Iir+HeI. B nlr-
ru'Ill Ho I'I3MepflrII4cb [oJIoxeHI{.E Quonerouoro Ir KpacHoro KoMrroHeHToB, KorEa ouu 6rur
pOSKI'IMI'I u clrrIbHbIMlL B cnytaxx, Korfia KoMloHeHT BbrrrlflAen pa3MbITbrM, oTcqer Aerr;Irrcg
rlpr,rMepHo rrocepeAr.rHe. Tau, rge 6rmo rpyguo ycraHoBr.rrb cepeAr.rHy, r43MepeHr,r.fi He rrpoBo-
trl4Jtucb, Tax xe r a6cop6qnonHoe flApo l{3MepErrocb rorrbKo raM, rge ouo 6rgro qerxo
Bq|yo. B ra6n, 2 upuaegeau cpeAHue sHarreHr.rfi nyreaofr cKopocrr.r rro KoMrroHeurau (V, Ar R) no raxEofi uouu (crol6urI 3-5). Cpegnereagparruuax oruu6rca cpeAgero cocraBJrffert7-8 xrra/c. Peoylrrarrr u:rvrepexufr nyveaofr* cKopocrr.r no a6cop6ulroHHoMy, flEpy nuuuu
).3889He I npreegeurr s cro[6qe 'l raftnwtar, flpuae4exnr,re r ra6nlrqe 3Haqegr.r, r{cflpaBrreHbr
3a ERI'DKeHIIe 3ervrnu BoKpyr Conuqa, Ha puc, 5 Nrons{o Br{Aerb xo[ u3MeHexrn.r ua*geuurrx
rlapaMerpoB IIo 3MI{ccrIoHHbIM KoM[oHeHTaM ,II4I{r.r[ Ho ll oruocr.rrenrnoft r,rHTeHcriBHocrr{
V' u R'xounoHeHroB ltu$Lrit Ho u Hp c $asofi lreprroAa. Jlyuerrre cKopocrr.r rro V- 1a R-xorrno-
HeHTaM IIoKa3bIBaIor oguuaxorrrfi xog c Qasoft rr r{Meror rrpr.rMepuo paBHbre aMrrfiI,rry[bl oKo-
no 60 xna/c, cpegHrx cKopocrb [o v-KoM[oneHry cocraBrraer rrpr,rMepno -95 ru/t,uo R-
- +l02xv.lc.
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T a6 tuua 2

Peayraratr usuepexufi cneKTporpaMM

1985 r.
17.09
19.09
21,.09

30. l0
09.1 I
1986 r.
09.09
14.09
t7.09
21.09
29,09
05.10
24.r0
11.11
16.1 1

18.11
26.11

0,484
0,499
0,5 15

0,823
0,901

0,30t
0,341
0,369
0,3 96
0,4s9
0,s 14
0,656
0,79"1

0,83't
0,85 2

0,915

-16
-19

24

67,2
27,3
65,8
5 3,s
37,8
81,8
46,9
60,7
55,8
87,1
4'.7,2

126
212
97

122
139
114

65
85

69
'7s

89
101

140

-65 27

-67 28

-81 17

119

-235 -2
-223 -53

-rro -i,
-120 -20
-t26 -23
-80
-'18 -12
-86 6

-69 49

- 50:

-8
- 16 84

50 54
,Q

9,0: 10,0
5,52 5,68
3,45 3, 1 5

8,58 6,36
4,08 3,28
8,42 6,83
6,60 s,81

4,90
8,45 i 0,3 0

5,03 6,s2
6,80 6,s0
6,35 6,20
8,98 8,43
s,10 4,40:

5

3

15

0
4
9

18

449
448
3'.79

431
40'1

428
438
396
39'.l

425
420

Eara (Daaa,4oru P

ur(H*), xrvrTc u sin i,
rrr/c

ur, ru/c
(1.388e)
HeI

Hd

A R Irh, A Iy 1p

Ta6ruua 3

3rsnsanentHrle rxI{pHHbI (l'1l1 (A)) lnnnft nououleunl

3704 H:6
3112 Hl 

5

3'122 Ht 4

3734 H,3
3750 I'112

3770 H\ |
3797 Hl o

3820 He I
383s H,
3889 Hs + He I
39'70 H1

4009 He I
4026 Hel
4102 H6

4143 He I
4340 H7
4388 He I
4438 He I
4472 He I
4481 Mg II

1,1 8

t,49
2,10

3,19
1,21

2,96

3,86
'l,tt
1,05

1,22

3,08
1,62
)1)
0,56

t,7l

1,46

t,69
1,59

t,76
2,54
t,0'7
2,7 7

3,10
3,54
0,73

1,48

2,82

t,14
2,44

0,5 9

1,83

0,44

0,Bs

1 ,10
1,25

3,t3
0,80
))\
2,71

4,62

0,65

1,19
L,J L

0,93

3,06
0,54

1,58
o,66

0,96
0,71

0,91

1,19
1 ,18
1,48

2,t4
0,87
2,28
3,70
2,98

0,80
1,10

4,35
t,17
3,15

1,05

1,55

2,26

1,15

2,88 :

3,41

4,11

0,8s
2,89
4,65
4,34

0,47

0,90
2,88

1,21

3,48
1,36

t,96
2,00
0,34

0,89
t,2B
1,21

1,81
)a)
3,5 9

0,87
2,34

3,O7

3,'.l 5

0,5 9

0,75
2,96

1,76

3,97
0,94

|,42
0,23

L, rnervreur

1985 r. 1 986 r.

11.o9
n=2

19.09
)

30.ro
2

09.09
2

14.O9
3

17.o9
J

1 2 4 5 6 1



Ho HB fo

v/R A)\(rl2),
xv/c

b, rv.lc IYl, A Iy 1p V/R a)\(I 12),
KM/c

b, r:lrlc I 3889
HeI

)\447 I
HeI H"Y

0,90
0,9"1

1,i 0

1,35
1,24
1,23
1,14

0,82
0,77
1,05
1,05
1,06
1,16:

0,36
0,28
0,30
0,34

0,52
0,5 3

0,51
0,40
0,28
0,3 3

0,43
0,33
0,30
0,30
0,30

0,08
0,06
0,07
0,17

0,40
0,29
0,22
0,18
0,10
0,20
0,25
0,10
0,16
0,12
0,17

341
332
3s6
428
336
285
265
346
386
326
352

364
475
s20

396
431
3s7
388
374
3'.70

3s2
414
411
453
475

4,89
4,93

2228 4,28
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Plc. 5. Paguar6rcle cKopocrrr gMucct{oHubrx nrror (QuoneroBoro - BH[3y I{ KpacHoro - n cepegmre) nu-
Hr,rr Ho
BBopxy - orrrocr,rTeJlbnat rnrroEcrraHoctr Ouoneroaoto n Kpaororo rcoMrrouenroB (V/R) rranru Ha (rer"r-

1619 rcpyxK[, rpeyrorrDurrKtr, roagparrr) rro AauHErM coorBercraouno 19861 1985,1981 r.i arraJrorurrubte
cBorrrbre gHstlr(Ir Aru tuw'JnHp

Pnc. 6. Iloregenne HeKoTopbrx cneKryarrEHbD( xapaKtepl{cruK, ollpeEerlellHblx rlo gMI{ccIIoHflBIM I{

shell-xouuoxelrrru rIuHI{fi BogopoAa I{ rerrl{r B 3aBl{cl{Moctn or Sasrr
4 - c1<opoc?n Bpfiqorr.rf, nornoularouloi sacrfl o6oaoqKrl u sin ls6; 6 - erarrnanenrubre-ulpunbr.I/1_eunc-
c1a; Hsi a - n6nyurrpxror A)\fl/2)err,rucc*torrrrrxnnrllft Hc (iiepxy) ttHp? ? - rny6rttr (r9) aftop6-
rg{oruEix ri4ep lnmruir H7 (crgrnuo rpyxrcr), I38E9 He I (rpocnmz)- la'h44-1-l He I (rouxu) i O - pa-

IgTaJDHDTO cKOpOcTrr pogr,orx a6cop6qrroru6rx sgep ruuuri: H4 - TogKrrl 13889 Ho I - rpecruxn' cpeiq[',,i
u7 - cKopocrD no turpotcofi gMrrccuH Ha - xaagparnxz

XoA us14eHeHufl IIWeBofi cKopocru ro a6cop6UuoHHbIM trApaM ilvlt4lt Ho u He I c Sasofi
fleplroEa rroKa3aH Ha pr{c, 6 (annsy), Ha sroM xe p[cyHKe HaHeceHbI BeJrI{qI{HbI CpeIHefi CKO'

pocfl.r IItrIpoKofi 3MI{CCUU Ho, OUpegeneHHble KaK cpe4II'Ie.3HarIeHI'If, Ur Mf, v'U R'rcOVrnO'

HeHToB, llocne4sue noqrrr roqHo noBlopf,ror xoE c Qa3ofi 3HarIeHI,Ifi u, onpeAeJIeHHbIx

no a6cop6uuoHrroMy fiEpy nlrHr.il{ Ho, rrro cB}IEererlbcrByer 06 op6urarbnoM ABI,IxeHI'Iu.
Arrrrururyga ur rro a6cop6wu n rroJrnofi svluccutt. nuufifi Ho cocraanrer 50 KM/c, u cpeAHtrf,

52

/1/t,

./,1(//Z)
xt4/c

AeI

Ac

a

a

o
OO

/



cKopocrb +2 KM,l c. Alrrnuryga lyueaofr cKopocrlr, onpetreneuHar uo a6cop6qprouHoMy ffApy
ItuP,l4tr He I \3889, HecKorlbKo MeHb[re u cocraBrrf,er 30 rcna/c. Cpeguxx cKopocrb rroKa3brBa-
er cMerrleHrre B cropoHy rroloxurerrbHrrx suaqeuufi lr paBHa +15 rcrvr/c,

floryueuurre HaMr,r 3uarreHr.rr ryreaofr cKopocrr,r uo a6cop6quoHHbrM flrpaM Ho-;1uuuu
u tr3889 I'I 3MI,IccrIoHHonay R-rcorrnoHeHry rroKa3brBamr ogl.ruarcoaufr c nafiuenHrrrur Xeuu-
pu [5] xo[ r.r3MeueHrau c $asou [pr4 pa3lr.rqarculuxcfl 3uaqeHrlflx aMrrrrr.rry4.

Hauu pe:ylrrarbl l,t3Mepeuui shell-nrgufr aogopoga fi rerwrfl.6ruru cpaeueubr c AaHHbrMr,r
flooxepra [7] . O6uapyxeurt ue6omurfie pa3rrr4wfr. B aMnnr.rryAe rr*eueuu, ryuenoi cKopoc-
TI'I [1 B cMe-uIeHI{I'I no $are KpHBbIx u, . Harur r,r3Mepeur,rfl Aaror Mr{Hr,rMylr u, na $a-gax 0,5-0,7P, y lloorcepra ua Saiax 0,6-d,8P .

Ha puc' 5 o6paulaer ua ce6q BH[MaHr,re r,r3MeHeHr,re orHoc]rrerrbHofi uureuc]rsuocrra V/R
3MI,IcclIoHHbrx nwswit Ho r.r Hp, r[e Br{[H6r Kpyroe rraAeHr,re V/ R or 3HaqeHr.rfl 1,35 go 0,7 :a
cpaBHr.rrerrbHo xoporrcnfr r.rHrepBiur BpeMeH{ (0,2 nepu_o4a, ntu 25 cyr) t 6olee uegleu-
urrfi uogr,ent V/R or 0,7 4o 1,15 Mexgy Sa:avru 0,5-1,0P .

.[ane-g 6r1nu [poaHarll,I3upoBaHbr r.r3MeHeHr4fl c Sa:olr rry6uurr r o a6cop6quoHHbrx flAep
nwunir HeI lt447l, (HeI+ Hs) tr3889 n H, (prc.6, a), noryruupuu A)r(il2) ornrrccr.ru Ho
Ia HB (crrr. ptrc. 6, e ) , orwraaleuruofr urupdubr w )\ ilt4tt4t4 Hp (puC. 6,6) u cKopocrlr Bpaute--
Hufl. v.acrrt o6onourcu, rge QopMupyrorcx shelkoMrroHeHrbr rrr,rHr.ru HB (crvr. pwc- 6, a). koru-
qecrBeHHble oueHKLI srllx napaMerpoB fipr,rBegeurl a ra6n. 2. klz paccr,torpeHr,rff 3rnx p]rcyH-
KoB MoxHo 3aKrIIoqI'ITb, vro gau6onrutas necta6unbHocTb cleKTptlrlbHblx xapaKTep?rcTLIK
ua6rrcgaercr n Sasax 0,3-0,5P, rAe ua6nroAaercfl TaKoe xe Kpyroe [aAeHr.re u/ t4rro gMr,rc-
cI'IoHHbIM u no a6cop6urloHHblM KoM[oHeHraM, KaK ra y orHolueHur V/R. Ocrarowtas r,rHTeH-
crlBHocrb (unu rny6uua) a6cop6qraoHHblx ngep nwuir HeI u aogopoga (crvr. rarxe puc. 4)
B 9TI'lx $asax :aruerHo I,l3MeHflercff B 

^cropoHy 
yMeHbueHLttL, a 3KBr.rBaJreHTHaE rur{pr4ga

3MHOCHI'I B JITIHI'II HB pacrer or 2 go 5 A I'Igrvreneuui xe B nonyuuptrHe 3Mr,rcurr Ho ra U,
He3aMerHo. Tarcue usMeueullfl Moryr 6r,rrr cnugereirbcrBoM necra6lurruocrr.r o6onouru, nj-
paBnoMepHoro pacfl peEerreHlrfl urrorHocru s Hei.

flo runpnue a6cop64lrouubrx flAep oMr,rcclroHHbrx rru:a:air Ho u HB 6rrnu oqeueubr pa3Mepbr
Ilorllouarcuefr qacru o6oloqru Ha ocHoBaHI,II,I Toro, qro cKopocrb BparrleHr,rfi ee rro[qlrHflerc.fl
3aKoHy coxpaHeHr,rfl yrrroBoro MoMeHTa uR = const, rAe u - luueiHax cKopocrb BpauleHr{fl
Ha paccroffHr.Iu R or 3Be3Abr. Ha puc. 6, c uorcasauo, KaK l,r3Meurrerctr cKopocrb Bpauegr.rt
florflouarcurei qacra o6ofiouxtt, rge $opN.1]rpyrorca shell-KoMloueHTbr rrtttrl4 Hn. B dagax
or 0,3 go 0,51P 3aMerHo yMeHbrrreHr,re usinio6 or ll4 uo 85 rcnric,;;;;ooir;;;y;;
r{3MeHeHr,rrc pa3MepoB o6oloqr[ or 3,8 [o 5,3 paMycos 3Be3[br R*, Cpeguaa cKopocrb
BpaUeHI4fl o6oloqrctr s o6racru QopvrupouauHfl JruHWy Hp cocrilBnfer 10013,3 rcrr,r/c, raipeg-
rndi pagwyc ee 4,2R*. flnn rru:alltl Ho COOraercrByrouue 3Haqenr,rfl uaigeuu pururr*,
9215 r:nalc u 4,6 R *.

.&s uau6onee qerKux, cao6o4Httx or 6leug nuuuit flomouleHr,r.fi BoAopoAa u relus 6rrrn
oueHeHbl rtx 3KBI,IBarIeHrHbIe IUI4pr{Hbr,q.rrfl ncex na6lrcgeuufi. Ilonyueuurre I/1, ycpeAHeHHbre
no rcax4ofi Hoq[, [puBeAeur,r s ra6n. 3.

Karc yNe orMerlalocb BbIIUe, B crleKTpe g Ilepcex rroMr,rMo nrauufi oo4opoAa r,r rerr,rfl npr4-
cyrcrBylor Itlt:f.rlfi Fe II s }Mt4ccuv. Ctpyrcrypa ux cfioxuafl, Bnugy He6onrruofi laHreHclreHoc-
rr'r 3T!rx nuuuir (1,1-1,2) orHocr,rreJrbuo ypoBufl KoHrr,ruyyMa,qoBorrbHo rpyAgo ror{Ho oqe-
nurr, o6aacrl llx $opvIEpor.auurfr. Tarc xe HeorrpetreneHuofi ocraercs [oKa r.r o6racrr Sopnru-
poBaHllff llta.]H.ptl4 He II tr4686, Koropa.E Ha Harri[x cleKrpax 6trna na flpe,qefie o6napyxerurx,

3axlrcqerure

flpoeegennrrM aHarII{3oM crleKrpoB g flepcex, flolyqeHHbrx s 1985 u1986rr,, [ogrBep-
xAeHo HiIrIuwIe aepeMeHHocru ryuenofi cKopocrI,I u HeKoropbrx napaMerpoB gMncct{oHHr,rxJrr4-
ruai Ho u Hp c rleplloAoM oKoJIo 127 cyr. He sblgrrsaer couueuufi To, qro cr,rcreMa g Ilepcea
cocrol'IT I'I3 trByx 3Be3A I'1 o6oro.Iru BoKpyr rrraBHoro KoMrroHeHTa. Beulecreo a o6oroqrce
ctparu$r'rqrapoBaHo, pacnpeAeneHl,Ie flrlorHocrr,r HepaBxoMepno, Hara6onruras uecra6lrrrbHocrb
B c[eKTpe 3aMeqeHa oKorlo MoMeHTa coeru{HeHrlx, Korga BTopr.rwrufr upoxoEr.rr Brrepegr.I
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uraBHoro (<faerr 0,3-0,5P). Pesroe lr3Menerme orHocllrerlbuofi tlnreHcltsnocru V/R, rpy-
,o. nuA.rra'nyrenofi cKopocrr{ s Sasax 0,3-0,5P u I,I3MeHeHI.Ie B cI[Ie shell-nnnuft Moxer
roBopI,ITb B rlo{b3y rroroKa B cr,rcreMe. Bonpoc o BTop[tIHoM KoMIIoHeHTe cucreMbl HaM

fipegcraBnffercff WcKyccvroHubrM. Mnr o6paulaeM BHuMaHI,Ie Ha ror Qarr, uro B HeKoropbrx

Saaax nepuoga B crreKrpe g Ilepcex 3aMelrarorcfi norlocbl oKI,IoLI r[raHa (TiO) y ].4584,
l\4669, l\4761, Koropbre uoryr 6rrrr cBlrEerenbcrBoM roro, uro Bropfiqnnrft rovrnoneur
cl,IcreMbr flBilflercfl ssegtrofi tuna K, a ne paruteft B,

Aupenr 1987 r.
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3BE3[HbIE CNEKTPOOOTOMETPHTIECKHE CTAHIAPTbI. I

B.lI. EYpuauen

Ha ocHosaHr,ru ua6nngenufi, BEmorrHeHHLD( s l9'74-1985 rr. MeToAoM QyugarrleuranHrofi cnerrpo-

Qoror,lerpnu, flonyqeHrl cpeAHlre 3HaqeHI,It pacflpeAeneHur sHeprlt]l B cneKlpax PT1q n UMau o Peg,

lpr.rBr3aHgbre K paclpeAefleHuro gHeprrrr4 B cneKrpe nepBlrlHoro 3Be3grloro crauAapra o Lyr. llpoaegeuo

q)aBHeHxe c AaHHbIMI,I [pyrl,D( KaTaJIOroB.

STELLAR SPECTROPHOTOMETRIC STANDARDS. l, by Y.I. Bwnashov. - On the basis of absolu-

te spectrophotometric observations carried out in 1974-1985 the meanr energy distributions of stars p Tau,

n Uttlu, and c Peg are obtained by using Nikonov method of fundamental spectrophotometry' The star

o Lyr was used as a primary standard. Our results are compared with one of other authors'

Cyulec:ayrougle cfloco6br fioryrreHuff pacllpeAerleHlls 3Heprull B crleKrpax 3Be3[, BblpaxeH-

HorO B a6COlrorur,rx eEIHLIqax, .aBJIffIoTCfl B TOfr I.flI'I I'IHOi CTetteHlI MO4{@lIKaII}IffMrr PyX
MeroAoB: 1) meroga Qyugavrenranbuofi Ooro3neKrpl{qecKofr Sorouerplul u 2) a't<[$epeu-

urIirIIbHOrO MerOAa rIpIIBfl 3KI'I.

B ocHose MeroEa $yngauenranbHofr cleKTpoooroMerplM rIexI'Ir He3aBucl{Moe oflpeEe-

rreHr,re KBa3r,rMouoxpoMarr.rqecKrrx BHearMoc$epHblx 3Be3S{bIx Ber[t{EI c [pI'IMeHeHI'IeM

3narreHl.ra arrraocSepnofr ercrrux4ar,I, olpeAeJlfleMoro EIfl Kax[oro MoMeHTa Ha6nloAelttfi,

H rroc;1eryrc111ei a6conpru3arlr4ei c rroMoulblo cfleKrpilJrbuoi qygcrsuterlbHocrll arlnaparypbl,

naftgeunofi 11o pac[peAerreHuro oHepnrrr B cIIeKTpe 3Be3trbl-trepBurlHoro craHEapra. Pacupege-

rregqe sHeprrrg B crreKTpe [epBl,IrrHoro craH[apra rlon1nlarcT lyreM cpaBHeHHfl c KiIrIE6poBaH-

HbrM ucrorfiu.{KoM LI3[yqeHLIa. B npmuurle EIf, npoBeEeHI'Ifl a6conrcruofi KanI'I6poBK[ Bcex

lporpaMMHbrx 3Be3[ B TeqeHI,Ie [aHHoro Ha6[IogarenbHoro ce3oHa Moxer 6rur ucuonrgosaH

oru,IH 3Be3AHbrfr CTaH[apT, qTo 3HaqHTeJrbHo o6rrerqaeT floc;1ery1o[fle peryKIIIril B fiyqae

yrorrHeHl,Ifl AaHHbIX O paCnpeAeneHI'II'I sHeprlll,I B ero c[eKrpe.
flpu npoBegegr.r[ Ha6rrrogeHufr aaQtfepenquarlbnblM Mero[oM Heo6xo44Mo I'IMerb He-

cKoJrbKo 3Be3[-CraHEppToB, pacflpetreIleHl,Ie 3Hepr]I]I B C[eKTpax KOTOpbIX H3BeCTHO C AOCTa-

roqHofi roqHocrbro. l4ccneiyerqas 3Be3Aa r.r 3Be3Aa-craugapr Ha6lrroAalorcfl Ha 6rIIr3KI'Ix

3eHr4rH[,rx paccro.EHr,rflx r,r qepe3 He6onblrofi I{HTepBiuI BpeMeHI,I. lle-ga 6onee npocrofi flpoue-

gyprr o6pa^6orKr,r 3ror Mero4 rrpr{MeHffercfl 3Haql{rerlbno qaue. [IolpaBKa 3a 4l$Qeperqualr-
Hyro gKcrr,rHKqraro o6rrqno BBo4rrcfl flpu [oMoutr{ cpetrHl{x tr[fl EaHHoro [yHKTa crleKTparlb-
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HbIx Ko3$$Irr.E{eHroB sKcrr{HKrlr{u. IIpr arou Bo3MoxHa rrorepr rorrHocrr,r }I3-sa orKrloHeHr.Ifl
I{crHHHbrx rcoo$QuryreuroB oKcrr.rHKrIr{H or [p]trr.ETbrx cpeA]rr.rx sna.reHr,rfi. Kpoue roro,
Eaxe ec[],I [orpeluuocrb B 3Kcrr.rHKr[roruofi noupaare upeue6pexr,rMo Marra, ocrarolo\afi.gfl.
HeTOqHOCTb B IIp}IIl.Erbrx cUercrpoQoroMeTpr{qecKr.rx AaHHbrx EIfl 3Be3Abr-cTaHAapTa ooiger
B oKoHqareJllurfi pesynbrar AIrr uccnegyeuofi 3Be3[br cucreMarr{qecxrna o6pa:ortr. IIpu
I{CIIOJIb3OBaHI,IH B Ha6nrcAeHIAflX pa3Hbrx CTaHAapTOB [[A pa3Hbrx 3Be3A BHOCflTC-fl pa3Hr,re

cl{creMarl,Iqecrue oum6rc[, rITo o3Haqaer Heoro{opotrHocrb oKoHqarerlbHblx [aHHbIx paccMar-
pilBaeMoro KaTaIIora. B cnxs[ c [oaBiIeHHeM B rrocJleEHr,re roAbr o6IIII{pnrx pxgoa a6conrcr-
HbIx cfleKrpoSotovrerprruecrux ua6mogeru.rfi aeesg, nufiolueHnrrx 4.r$$epeHu]rirnbHbrM
MeroAoM, craHoBl{Tcfl BecbMa arryalrnofi 3aAaqa yror{HeHuff paclpeAerreHr,rfl sHepr?tr,r B
cleKTpax 3Be3$Ibrx craHAaproB, B cnoe BpeMs Harlr 6rru cocraBrreH cnoguufi KaraJror
gerilrlbHbrx pacflpeAeJleHlrfr auepruur B crreKTpax 3Be3A, AaHHbre Koroporo 3arrucaHbr Ha

trarrulrnofi nenre [1] l,t [epeAanbr B qeurp 3Be34rbrx trauHbrx Acrpocoaera AH CCCP. ftra
[ocrpoeHl4ff sroro KaraJrora I{c[orlb3oBaHbr o6urrpnrre Karirrroryr Xapnronoaa u \p, 12],
Inyurueaofi lI Ep. [3] , cuercrpoSoroMerpr{qecKufi raranor roxnbrx aae:4, ua6trcAaBrruxcfl
Bo BpeMfl pafurbr unrficrcofi 3Kcrrelgqur{ AH CCCP s l97l-197 3 rr. [4] , pe3yJrbrarbr
a6cotrorsoft cuercrpo$oroMerpr{}r psga 3BegE, rroir} reHHbre a Kprrr.rcrofr acrpo$nsruecrofr
o6cepoaroprur AH CCCP Ha Ilpor.fixeur{r.r HecKorrbKr.rx Jrer.

Ilepaue ADa Karanora flocrpoeHbl E$Sepenur,rilrrbnbrM MeroAoM rrprrBff3oK K BocbMrr
cTaHAapTHbIM 3Be3AaM, pacflpeAeneH]re gHepr]rr{ B crreKrpax Koropbrx rrptr}rffTo KaK Ha

ocHoBaHI,IlI pa3rll{tlHbrx rsueperurfr, ony6nuroaanHbrx B nr,rreparype, TaK r4 Ha pe3yJrbrarax
HecKoJrbKI,Ix npIIBff3oK, BbmoJrHeunbrx rrx aBTopavrlr. Ululrffcxufi u rpnrr,rcrrfr raralorn
rlocrpoeHbr MeroAoM Syugarvreumnruoft cuerrpo$orovrerpru,r. CpaaueHr,re AaHHbrx EI-E
o6tqux 3Be3A Bbrffilulo Haruque cucreMaruqecKltx pacxoxgenufi Aaxe EIr.s KarzuroroB,
flocrpoeHHbrx c [plrMeHeH]IeM og.ruaroaofi Mero4,rKrr n Ha6lrogarelruoi arrlaparypbr,
fIpN pegyrryu,I Bcex KararloroB B og,HopoAHyro cuerrpo$oroMerpr{qecKyro cr{creMy ,awtuit-
crcufi rcataror 6ru ssar 3a ocHoBy B cuily ero Haufl]qtuefi ruyrpenuefr rounocru, o6yc.non-
neruoft BbrcoKoKaqecrBeHHbrMH acrpoKrrl,IMarr,rqecKl,IMr,r ycrIoBI,IflMI,I ua6nrogeuufi. Teu ue
MeHee, [ocKonbKy uepaurmrrfr craHgapr e Lyr a rcr(HoM uoJryrJ]apru,r MoxHo ua6nrcgarr
ToJrbKo orpaHl,IqeHnoe BpeMfl na 6onrurrx 3eHI{THbrx paccro.fiHuflx, a6cormruaq rcanra6poaxa
Kariurora 6ruta nporegeHa MHorocTyleHqarbrM o6paaou c floMoulbro cerr,I BTopllrHbrx craH-
EaproB [5] , uro MoEIo llprrBecrlr K cr,rcreMaruqecKr,rM ouu6rau, C gpyroi cropoubr, cpaBHe-
HI,Ie Aocraroqno npoAorlxr,rrerlbHbrx p.EEoB crleKrpo$ororrerpfiqecKrrx ua6uro[enufi g1ts

o6Ir.uax 3Be3E, ffBrlflrc[u{xcff, KpoMe roro, TaKxe u BTop}IrrHbrMrr craHlapraMu, uorno 6r,r
Bbralrrb cl,IcreMar[qecrue ouu6ru u floMoqb oUeHr{Tb KaqecrBo pe3yrrbraroB a6corrcruofr
cuerrpoQoroMerpnu 3Be3A, [poBopgvroi a Kprrr,rcrcofr o6cepaaropwr.

Ha6nrogarenrnrui uarepr,raa a Kpunrcrofi o6cepnaropral 6rn rrorr)r.reH c rroMorrlbro cKa-
Hl{pyrculero cnexrpo$ororvrerpa CO-68 [6-8] , ycraHoBJreHHoro Ha 2o-clnl xaccerpeHoBcKoM
TerlecKofie. Ha6nrogenur 6ruI.I srmonHeHbr MeroEorvr $yugaivrenranrnofr cuerrpoSoror,rer-
pm, paepa6oraHHblM B.E. lllrxouoarrr'r [9] . .[erarruoe oru,rcaH]re [poqe[ypbr ua6nro4erulfr
u o6pa6orru rprrBegeno r [10] .

flocrcomxy [pr{MeHfleMafl Mero&rKa npeulonaraer perylflpHbre ua6nrogerua.E TaK Ha3br-
BaeMbx gKcruHKlu{oHubrx 3Be3[, 6oree ura Meuee paBHoMepHo paclpegerreHubrx no flp.trMo-
Ivry BgcxoxEeHI{Io, ro 3a IIepuoA c 1974 no 1985 r. HaKolrreH gna,{urerburtrl Mareprdi}rr IIo
He3aBI,IcI,IMbrM [p]IBff3Kavr Qyugalreuri]JrbHbrM MeroAoM ( fiepBlrquoMy craugapry c Lyr
rpex gBe3A: p Tau, 4 UMa n o Peg, Koropbre 6r,uu sgarbr B KarrecrBe crau4aproB flptr cocraB-
IreHI,IlI Kararloroa Xapurouona [2] u Inyu.rueaofi [3] . B ra6n. I yKa3aHo urcno ua6nrcgerurfi
B Ter{eHI,Ie Kax,qoro ua6lrcgarenrHoro ce3oHa g1a raxgoft I{3 3Be3A. Orvretru, qro s ra6nr-
IIe yKa3aHbI TOIIbKO Te Ha6nIOAeHI4r, KOTOpbre 6r,Ullt ncnonb3oBaHbr tr[Il.rr [pr,rB.fi3oK, T.e,
BbmorIHeHHbIe B Hoqrl c uaulytruefr [po3paqHocrblo Ha Bo3EylrrHbrx Maccax MeHbrrrHx qeM

1,3. Ilpmnsra s raxArtrl ce3oH ocyuecrBrreHa s csoeft r.rHcrpyMeHrarrruoi cucrertre, HHorAa
cullbHo otnuqarorueficfl or Epyrrrx, [ocKoJrbKy Ha [porflxeuun 11 ner g crreKrpoMerpe
[p[MeH.firII,Icb He rorlbKo pasHbre gK3eMrrrr.fipbr cBeroflp]reM]rr,rKoB, Ho r,r perueroK. !o 1980 r.
BKTIIoqI{TeJIbHo pgr a6conrornofi ralu6ponru r,rHcrpyMeHTi}Jrrsoft cucrevrbr Hc[oJ]b3oBarrocb
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Ta6nnqa 1

9rclo Ha6nrcgenuft crangaprxbrx 38e3,q, BbrrroJrHexHbrx
r Kprrucr<oii actpoQusnuecr<ofi o6c€pBaropur AH CCCP

roa P Tau 4 UMa c Lyr o Peg roE B Tau 4 UMa d Lvr o Peg

12
5

3

3

42

paclpererreHHe 3Hepfl.rr{ B crreKTpe 4 Lyt, olyorr.rKoBaHHoe TepeueHKo r.r Xapuronorrrvr
[11] u B3.flroe 3a ocHoBy B Kararrorax [2,3] (clrcreMa "Xapr,rroHoB-76").,[4r ocralrHr,rx
Ha6flrctrerufi rrpr.rHara KaJr[6poBKa Xaprrouoaa [12] , npeacraBrrflrcrrlaff co6ofi cpeEuee
r,r3 pe3yJrbraroB KilJrr.r6poBoK Xapr.rroHoBa r{ [p. [13] , Xefreca u JIaraMa [14] , Trrora, Yafira
r.r JIoKByEa [15] (olcrerua "Xapnrouoa-80"). fianurre, florryqeHHbre [o 1980 r., flpr{Be[eubr
K erofi crcreMe. Cpegnue oun,t6xr,r trrrfl oAHofr He3aBr,rcr,rMofr rlpr,rBfl3Kr,r, vn\, LpyttrMr,r cJIoBa-

Ml4, Mfl paclpeAeJreHvfl. ?Hepfl.,u B crreKrpe 3Be3Abr, nolyqeHHoM a ganHrrfr Ha6[roAarefibHbrfr

ce3oH, yKa3aHbr Ha pI,IcyHKe roHKr,IMr,r fiHr,y,flM,l4. lln A Lyr, XrnfiOU1efrCfl [epBr.rqHbrM CraH-

AapToM, yKa3aHbr cpeErr,re o[trr6KH orlpeAerreHr,Ifl lrHcrpyMeHrillbHbrx BHeaTMocoepHbrx
BEIIHIIItrI EI.fl OTAEJIbHOTO CE3OHA HA6IIIOEEHI,Ifr. .flCUO, IITO 3TA OI]I46KA IOIIHOCTbIO BOiAET B

orrpeEeJrfleMoe 3HaqeHne lg E (\) [I.rr Apyrrrx 3Be3A.

Cpegrule r,ro Bcex [prrBfl3oK pac[peEeJleHl,Ifl sHeprullBcfieKrpax3Be3A, Ilpe[craBJr.Erourne

co6ofr 19 E (tr) , rge E ().) 'errpaxeHo B epr . €r . cM-' , orHeceHHble K I4HrepBiIrIy EIII,IH BorIH

1 cvr, npmegeHbr B Ta6t. 2. Kporre roro, yKa3aHbr otlu.r6Klr srux cpeAHLIx 3Haqelrufr, Bblpa-

xeHHbre B e4,IHLIUaX TpeTbero 3HaKa IIOCJIe 3aflffTofr.

Couocrasrtelue lofiyrreuHbrx cpeAHI,Ix 3Haqeuldfi lgEcn (tr) c AaHHbrM],r, ony6nuroeaHHbrMr.r

ApyrI{MU aBTOpaMI,I, IIOKa3aHO Ha pIrCyHKe, r[e I1O OCII OpEHHaT OTIIOxeHbI BeIII4qI4HLI OTKJIO-

Heru{frAlgEO)= lgff"' (I) -1gE"P(tr).
3,qecr lg 8""'(tr) - AaHHbre o pacrrpeAenenr{rr 3Hepr[rr B crleKrpe 3Be3AbI, B3flrble tro

rrr.rTepaTypHbrM lrcToqHr,IKaM r,r flepecqr.rraHHbre K cI4cTeMe a6cOnrcrnofi rcaar6poarclr "Xapu-
roHoB-80".

flpxuruvru KpecraMlr rroKa3aHo coflocraBrreur{e co cfleKTpo$ororvretplruecK]IMI,I AaHHbIMI,I,

lpeAcraBnffIou.[.rMl,I co6oi HeKoropbre cpeAHeB3BeureHH],Ie 3uaqeHllff, B3ffTbIe B ocHoBHoM I'I3

rrr.rreparypHbrx HcroqHr.rKoa [2] , Koropbre 6rmr, npunrr],I B Kaqe-crBe craHAaprHblx rIpI4

cocraBrreHr,ru myx KararroroB: ilrrMa-arlIHcKoro [2] r,I uocroncroro [3] . B reqeuue Ha6[IoAa-
reJrbHoro ce3ona 1978 r, XapurouoerrM E Ap. [16] 6rura BbrIloJIHeHa HelocpeAcrBeHHaff

lplrBa3Ka ceTr,r [epBtrrHbrx craHAaproB K KarI[6poBaHHOfr IIeHTOqHOi JIaM[e, orrcIIOHeUuq

Errfl 3Tr.rx EaHHbrx yKa3aHbI Ha plIcyuKe cBerJIbrMLI KpyxKaMI,L Ka:ra.nor \wtuiacr.oia gKcue-

4,dIdML| coAepxrrr CneKrpo3Heprerr{qecKr,re Kpr{BbIe gln a Lyr H q Peg. Pe:ynrrar Nttt 3r14x

3Be3A nOKa3aH Ha pr,rcyHKe cmollrHoi xllpHoft luuuefr.
B OAeccrcofr acrpoHoMr.rqecKoft o6cepBaropI,In Ha rlporfixeHlll,I HecKorIbKtIx rler nonyqeHbl

prAbr cleKrpoQoroMerp[qecKlrx Ha6[roAeHr4fr 3Be3[, BbI[o]IHeHHbIx pt@QeperuruarlbHblM

rureroAou. flpn srorvr pacllpe[eJleulle gHepr]Iu B cleKrpax craHAaproB [17] uprmx:auo r
a6colrorHbrM cneKTpo0oroMerpr,[recKr{M [aHH],rM Urfl. a Lyr, B3flrbIM rlo ,Il{reparypublM
I{croqHuKaM [18] . Ilocle [epecrrera grr.Ix AaHHbrx K cl{creMe "Xaputouoe-80" BrtqtlcleuHrte
orKJroeeH[fl Erltr myx craHgaproB, 0 Tau u o Peg, yKa3aHbr Ha pI,IeyHKe KocbIMLI KpecraMI,I.

Cuerlnanruoe [ccJre[oBaHr,re pacnpeEerreHr,rfl 3HeprI{I{ B crteKrpax craHAaprHblx 3Be3A,

ocgoBaHHoe Ha 6o[bruoM urnc.ne 4.r$@epeHUr,IaJIbHbD( rIpI,IBfl3oK, Bl,[IorIHeHHsx c 1973
no 1980 r., npegrrprcrrro InyuueBoi u OsquuHr{KoBbrM [19] . ConocraBrleHl4e srllx EaHHbIx

c [o[)rqeHHbrMI,I HaMLI [OKa3aHO Ha pHCyHKe TeMHbIMI'I KpyXKaMI,I.
Kuaseaofi, Tepeulenrco ra XapuronoBbrM rrpr{Begenrr cnextpoQoroMerp}rlecK}Ie AaHHbre
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I,A B Tau 4 UMa e Lyr o Peg

I 2 3 4

Ta6nuta 2

Pacnpegenenue sHeprHH B cneKTpax craHAaprHbrx 3Be3A.
Ilpunegenu 3Haqenrfl lgE (I), rgeE(I) BbrpaxeHo B epr'c-l 'cM-2 'cM-r

3200
3225
3250
3275
3300
3325
3350
3375
3400
3425
34s0
3475
3500
3s25
35s0
35 75

3600
3625
36s 0

3675
3 700
3725
3750
377 s
3800
3825
3850
3875
3900
392s
39s 0

397s
4000
4025
4050
407 s

4100
4125
415 0

4175
4200
4225
4250
4275
4300
432s
43s 0
43',1s

4400
4425
4450

-0,767 + 5

-0,766 r 5

-0,770 + 4
-0,773 t 3

-0,7'19 ! s

-0,786 t 5

-0,794 t 2

-0,799 + 3

-0,808 + 3

-0,817 I 3

-0,827 t 4

-0,831 t 4

-0,834 t 4

-0,841 1 4

-0,846 t 4

-0,854 + 4
-0,859 1 5

-0,864 * 5

-0,868 + 3

-0,872 t 2

-0,857 + 4
-0,817 t 4

-0,779 * 4

-0,749 x 4

-0,728 ! 6

-0,707 t 10

-0,676 t 8

-0,684 t1l
-0,706 r 6

-0,640 t 6

-0,664 r 8

-0,744 t 5

-0,666 r 3

-0,668 t 3

-0,669 r 4

-0,692 x 4

-0,792 t 4

-0,721 * 3

-O711 t 3

-0,715 + 3

-4,723 t 3

-0,732 x 4

-0,739 t 4

-0,747 x 4

-0,760 t 4

-0,816 t 8

-0,847 r 5

-O784 t 3

-0,785 t 4

-0,793 t 4

-0,803 t 4

-0,689 t 7

-0,691 t 5

-0,697 x 3

-0,707 x 4

-0,720 ! 4
-0,721 ! 4
-0,728 ! 4

-0,738 t 3

-0,753 t 3

-0,763 t 3

-0,772 t 2

-0,'182 L 3

-0,789 +3
-0,802 1 3

-0,807 t 3

-0,816 I 2

-O,823 x 2

-0,828 ! 2

-0,832 t 3

-0,839 t 4

-0,837 t 4

-0,823 t 6

-0,810 t 5

-0,792 r 7

-0,786 t 6

-0,785 I 6

-0,733 r 7

-0,760 t 9

-0,756 1 6

-0,703 + 5

-0,736 x 6

-0,'199 t 4

-0,734 t 3

-0,749 t 3

-0,738 t 3

-0,763 ! 3

-0,857 r 3

-0,791 t 3

-0,778 ! 3

-0,777 r 2

-0,784 x 2

-0,794 r 2

-0,802 t 2

-0,810 t 2

-0,822 t 3

-0,8E5 t 4

-0,909 t 5

-0,858 t 2

-0,857 t 3

-0,860 t 3

-0,874 + 2

-0,458 t 2

-0,461 t 1

-0,463 ! I

-0,465 r 1

-0,467 t I
0,477 ! I

-0,4'14 t I
-0,478 1 I
-0,485 t 1

-0,489 r 1

-0,493 t I
-0,500 t I
-0,502 I 1

0,506 I 1

-0,507 t 1

-0,5 l3 t i
-0,514 r 1

-0,5 13 t 1

-0,512 t 1

-0,573 x 2

-0,496 t 2

0,446 x 7

-0,399 I 6

-0,337 x 6

-0,290 ! 1

-0,266 r 1

-0,174 t 9

-0,207 tl7
-0,199 t B

-0,071 L 5

0,143 t B

-0,254 x 4

-0,086 t 3

-0,062 t 2

0,011 t 2

0,126 r 5

0,302 ! 6

-0,150 t 5

-0,101 1 2

-7,417 r 2

-1,420 L 3

-1,424 x 3

-1,425 t 2

-1,425 ! 1

-1,426 t 2

-1,431 L 2

-1,435 ! 2

-1,443 L 2

-1,449 r 2

-1,454 t 2

-1,459 x 2

-1,460 t 2

-1,464 t 2

-1,467 t 2

-7,471r 2

-7,472 ! 2

-7,472 ! 2

-7,471 ! 2

-1,470 ! 2

-1,442 t 4

-1,378 x 4

-1,305 t 3

-1,236 t 4

-1,193 t 5

-1,168 I 8

-1,099 j 6

-1,117i11
-1,130 t '7

-1,030 I 3

-1,080,'- 7

-1,179 ! 5

1,044 L 2

-1,032 x 2

-1,038 r 2

1,078 t 3

-1,229 ! 3

-1,103 t 3

1,011 r 2

1,0a4 ! 2-0,101 r
-0,107 t
-0,118 +

-0,124 t
-0,134 +

- 1,083 t
-1,o92 x

-1,099 t
-1,108 t
- 1,128 t
-1,225 L 7

-1,253 ! 7

-1,151 r 2

-1.i44 1 1

1,149 t 1

-1,156 t 1

-0,161 I 2

0,289 t B

-0,3111 7

-0,185 r 2

-0, 170 t 1

-0,113 ! 1

-0,180 t 1
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447 5

45 00
4525
455 0

457 5

4600
462s
4650
467s
4700
4725
4750
4775
4800
4825
485 0

48'ts
4900
4925
4950
497s
5000
5025
50s0
5075
5 100
5125
5 150
5175
5200
522s
5250
52'15
5300
5325
5350
s37 5

5400
5425
s4s0
54'15
55 00
55 25

5s50
55 75

5600
562s
s6s0
s6'7 5

5 700
5725
s7s0
5775
5800

60

-0,815 I 3

-0,819 * 2

-0,827 t 2

-0835t 2

-O841 t 3

-0846t 3

-O854 t 2

-0,863 x 2

-0,869 t 2

-0,877 + 2

-0,883 t 2

-0,891 t 2

-0,899 t 2

-0,909 t 2

-0,925 + 3

-1,003 t 6

-0,980 + 7

-0,942 + 2

-0,946 t 2

-0,951 * 2

-0,959 t 2

-0,966 * 2

Ta6r,uua 2

4 UMa

-0,892 ! 2

-0,888 I 2

-0,896 t 2

-0,905 r 2

-0,911 t 1

-0,918 1 2

-0,926 + I
-0,933 t 3

-0,942 x 2

-0,950 t 2

-0,958 I 2

-0,965 ! 2

-O,973 ! 2

-0,984 x 2

-1,001 r 3

-1,084 t 5

-1,052 t 3

-1,021 r 3

-1,02'1 t 2

-1,030 t 2

-1,038 1 2

-1,046 ! 2

-1,054 x 2

-1,061 t 2

1,067 r 2

-1,073 x 2

-1,080 t 2

-1,086 t 2

-1,092 t 2

-1,098 t 2

-1,106 x 2

-l,ll3 ! 2

-1,121 x 2

-7,728 ! 2

-1,135 I 1

-7,147 ! 2

-7,147 ! 2

-1,154 t 2

-7,162 ! I
-1,168 t 1

-1,114 t 2

-1,18I r 1.

-1,188 t 1

-1,195 + 2

-1,201 t 2

-7,208 ! 2

-1,216 ! 2

-1,223 ! 2

-1,230 * 2

-1,238 x 2

-1,244 ! 2

-1,250 ! 2

-1,256 ! 2

-1,267 x 2

-0,189 t
-0,196 t
-0,206 t
-0,213 t
-0,218 t
-0,221 *
-0,228 t
-0,235 t
-0,242 x

-0,248 x

-O255 t
-0,263 t
-0,271 *
-0'284 t
-O320 t
-0,473 t
-0,404 t
-0,323 *
-0,315 t
-0,319 t
-0,325 t
-0,331 t
-0,338 t
-0,344 t
-0,349 t
-0,355 r
-0,361 t
-O368 t
-0,375 x

-0,380 t
-0,385 t
-0,392 x

-0,398 t
-O403 t
-0,409 t
-0,415 r
-0,421 !
-0,426 t
-0,432 t
-0,437 r
-0,443 *
-0,448 t
-0,454 x

-0,459 t
-0,464 t
-0,47L *
-0,477 +

-0,484 r
-0,490 x

-0,498 t
-0,503 t
-0,509 r
-0,515 t
-0,520 +

-1,165 t
-r,173 !
-1,182 r
-1,190 r
- 1,196 r
-1,199 r
-1,205 t
-r,212 t
*r,279 t
-1,225 t
-1,232 t
-1,239 t
-1,246 x

-1,257 !
-r,283 t
-1,418 t
-1,356 t
-7,292 t
-7,290 t
-1,296 t
-1,303 t
-1,310 t
-1,316 r
-1,322 x

-t,321 t
-1,333 t
-1,340 t
- 1,348 r
-1,355 r
-1,361 r
-1,368 t
-1,374 t
-1,380 r
-1,385 t
- r,390 r
-1,395 t
-1,401 t
-t,407 !
-1,413 !
-1,418 r
-t,424 t
tr,429 *
- 1,435 r
-1,440 x

1,445 t
-1,451 t
-1,458 t
-1,465 t
-1,471 t
-1,477 t
-1,483 t
- 1,488 r
-t,494 t
-1,499 t

o Peg

-0,973 ! I

-0,980 t
-0,985 t
-0,992 t
-0,999 x

1,007 1

-1,015 r
-1,022 r 2

-7,030 ! 2

-1,036 t 2

7,044 + 2

-1,050 r 2

-1,056 t 2

-1,061 ! 2

3

8

8

2

2

1

1

1

1

1

I
1

1

1

1

1

1

1

1

1

1

I
1

1

1

1

1

I
1

1

1

1

1

1

1

1

1

1

1

1

2

6

6

2

2

2

.,

2

2

2
1

I
2

-1,067 t
-1,073 t
-1,080 t
-1,087 t 2

-1,092 t 2

-1,098 t 2

-1,103 r 2

-1,108 r 2

-1,113 I 1

-1,120 ! 2

-1,127 r 2

-1,135 x 2

-1,140 ! 2

-1,147 ! 2

-7,154 t 2

-1,160 r 2

-1,166 ! 2

-1,170 1 3

a

2

2
2

2

1

1

I
,|

2

I
)
1
)

(npogonxeurEe)

l.,A
F Tau aLyt

1 , 3 4



T a 6 n uq a 2 (rpogonxeHue)

I,A
P Tau 4 UMa a Lyr o Peg

I 2 3 4

5825
5850
5875
5900
5925
s950
5 975

6000
6025
60s0
607s
6100
6125
6150
617 s
6200
6225
62s0
627s
6300
6325
63s 0
6375
6400
6425
64s0
6475
6500
6525
6550
65 7s
6600
662s
66s 0
6675
6700
6725
6'ts0
677s
6800
682s
685 0
68 75

6900
692s
69s0
697s
7000
7025
705 0

7075
7100
7l2s
715 0

-1,176 t
-1,183 *
-1,190 r
-1,196 x

-1,202 +

-1,206 t
-t,2tt x

-1,221 t
-1,228 t
-1,235 x

-1,239 !
-1,246 x

-1,254 t
-1,262 t
-1,261 *
-t,273 x
*1,278 x

-1,283 t
-t,289 x
-1,294 t
-1,299 x

- 1,305 t
-1,310 t
*1,315 r
-1,320 x

-t,325 x

-1,329 t
-1,340 t
-1,351 t
-1,400 r
-1,402 x

-1,361 t
-1,363 I
-1,368 t
-.L,374 t
-1,380 r
-1,385 t
- 1,390 I
-1,393 t
-1,400 I
-1,402 *.

-1,4r01
*1,418 t
-1,422 r
*1,423 t
-t,428 x

-1,437 x

-1,444 t
*1,449 r
-1,456 t
-1,462 t
-1,470 !
- 1,481 t
-t,484 x

-0,524 t I
-0,529 t I
-0537r 1

-0,546 + 1

-0,550 t I
-0,553 1 I
-0,558 t I
-0,565 t 2

-0,570 r 1

-0,571 t I
-0,582 t 1

-0,588 t .1

-1,503 t
-1,s09 I
-1,516 t
-1,524 x

-1,530 r
-1,533 I
-t,s37 t
-1,542 t
-1,55 1 i
-1,5571
-1,561r
-1,568 r
-1,575 t
-1,582 t
-1,587 r
- 1,593 t
-1,596 r
-1,602 t
-t,60't t
-1,611 t
-1,616 I
-t,622 +

-7,627 x

-1,633 t
-1,638 t
-1,643 x

-7,648 t
-1,658 t
-1,675 t
-l 1<1 +

-1,746 +

-1,684 +

-1,679 t
-1,681 r
- 1,687 j
-1,692 t
-t,696 x

- 1,700 t
-1,704 +

-1,7111
-1,711 t
-1,718 t
-1,725 t
-t,728 t
-1,'.l34 x

- r,738 t
-t,745 x

-1,752 t
-t,757 L

-1,762 t
-1,76't x
-1,769 t
-1,'714 x

-1,781 t

J
')

)
2

2
)
2

5

3

2

2

2

J

3

3

4
J

2

1

2

2

J

3

3

3

2

2

4
5

5

5

3
)
2

2

2

2

2

2

i
I
3

2

2

3

3

J

3

2

3

3

3

3

3

-1,266 ! 3
*1,2'14 ! 2

-1,286 ! 2

-1,292 x 2

-1,296 t 2

-1,301 I 2

-1,306 ! 2

-1,311 t 2

-1,319 t I
-1,326 t I
-1,332 ! 2

-1,339 ! 2

-1,346 x I
-1,353 t 1

-1,359 t 2
*7,365 * 2

-1,371 x 2
-1,377 x 7

-1,385 t 1

-1,390 I I
-1,394 t 2

-1,400 ! 2

-1,407 t 2

-I,412 r 3

-1,41'7 ! 2

-1,421 t 2

-1,428 t I
-1,435 ! 2

-7,447 t 3

-1,500 t 3
*1,497 t 4

-1,460 t 3

-1,462 ! 3

-1,468 1 3

-1,475 x 2
-1,479 r 2
*1,483 t 2

-1,487 x 3

-1,491 x 2

-1,500 t 2

-1,502 r 2

-1,508 t 3

-1,5 17 1 3

-1,517 I 3

-1,524 t 2

-7,533 ! 2

-1,539 1 3

-1,547 ! 2

-1,554 r 2

-1,560 t 1

-1,562 x I
-1,565 13
-I,574 t 4

-1,576 r 4

*0,594 t
-0,601 *
-0,606 t
-0,610 r
-0,615 t
-0,620 r
-0,628 t
-0,632 +

-0,635 r
-0,641 t
*0,646 t
-0,6s2 t
-0,657 x

2
.,

1

1

1

2

2

2

-0,663 t I
-0,668 t I
-0,678 t 1

-0'699 t 2

-0,794 t 6

-O781 t s

-0,708 + 2

-0,701 t 1

-0,702 t. I
-0,706 t 1

-0,709 t
-0,714 +

-0,718 t
-0,722 x

-0,'129 t
-0,7t0 t
-0,739 +

-0,744 x

-0,745 t 2

-0,75 I r
-0,757 t
-0,762 t
-0,770 +

-0,774 +.

-0,778 t
-0,783 t
-0,786 t
-0,791 t
-0,794 x

2

1

I
I
)
2

4

5

2

2

1

I
I
I
1

1

1

2

2

2

J

2

2

2

2

2
)

1

2

2

2
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Ta6nuqa 2 (oronuaHre)

A,A
0 Tau 4 UMa a Lyr o Peg

I a 3 4

7t75
'1200

722s
'7250

727 5

7300
'1325

'73s0

t3lJ
7400
1425
't450
7 4',1s

75 00
7525
7s5 0

75',75

7600
I 625
'7650

76't5
't'700
't72s

-1,484 ! 1

-1,494 x 4

-1,494 r 3

-1,504 t 5

-1,508 I 6

-1,513 t 6

-1,512 L 2

-1,516 t 2

-1 \)') + )

-1,524 t 2

-1,530 t 3

1,533 1 3

- 1,538 1 4

-1,540 t 3

-1,550 ! 3

-1,556,t 2

-1,562 !16

-1,565 rl6
- 1,560 t 4

-1,567 r 3

-1,5711 6

-7,5'11 x 3

-1,583 t 3

-1,578 x 2

-1,58'7 ! 4

-1,593 13
-1,604 L 3

-1,604 + 4

-1,612 ! 3

-1,614 ! 2

1,617 t 2

-1,621 t 3

-1,624 ! 2

-1,631 x 2

-1,637 ! 3

-1,642 ! 3

-1,646 ! 3

-1,654 t 3

-1,659 t 3

-1,663 I 5

1,661 r 6

-1,662 !13
--1,685 t 4

1,681 t 2

-1,682 t 6

-1,691 ! 6

-0,801 I 2

-0,806 i 2

-0,811i 1

-0,821 t 2

-0,822 t 2

-0,828 t
-0,829 r
-0,832 t
-0,836 t
-0,839 t
-0,84',1 t
-0,852 t
-0,859 t
-0,860 t 2

-0,866 t
-0,870 t
-0,874 t
-0,882 t 6

-0,868 t 8

-0,905 t20
-0,888 t 2

-0,888 t 2

-0,901 t 2

-1,788 1 3

-1,796 x 4

-1,794 x 2

-i,804 t 3

-1,807 t 2

-1,874 r 2

-1,814 ! 2

-1,815 r I
-1,819 t 2

-1,824 t 2

-1,830 t 2

-1,836 t 2

-1,841 t 3

-1,842 t 2

-1,849 ! 2

-1,853 t I

-1.854 x 4

-1,901 t37

-1,880 !l 1

1,878 I I 3

-1,812 t 4

1,869 t 2

-1,883 i 3

EIs 3Be3AHbtx CraHAaproB, ocHoBaHHbre Ha Ha6JrroAeHr!ffx, Bbr[oJrHeHHbrx B 1968-1984 rr,
s AOI,I AH KaeCCP [20] . npu oroM B HeKoropbrx clyqaflx rlprrBfl3Kr.r BbrrlorlHeHbr MeroAoM
Hurcouosa. Conocrasreu[e grr,rx EaHHbrx c HaIrMMr,r rloKa3auo Ha plrcyuKe rpeyroJIbHLIKaMr.t.

Tar<Ialvr o6pa3oM, no rMcJIy BtIlorIHeHHbIx Ha6rlrc[eHNft cpaorutvtrr c HaITMMI,I ToJIbKo flocneE-

HHe EBe pa6orbr 119,20].
Kax rnguo n3 paccMorpeHrrff pr4cyHKa, B yr{acrKax He[pepr,rBHoro cIIeKTpa [oJIyqeHHbIe

HaMr{ AaHHbre c rorrHocrbro Eo 1,5-2,5% B r,rHrepBarre I4000-7000 e ocHosHoM coBrlaAaror

c AaHHbrMrr Apyrlrx aBropoB. Ha rpaax nccrreAyeMoro creKrparlbHoro trI{arla3oHa }. 3200-
4000n 7000-7700 pacxoxAeHllfl [ocr]rraror 3-5%, B orAeJrbHbrx rorrKax ilo 8%.3naqrrelr-
Hbre pacxoxAe[r4n B o6[acTr,1 6anrrureporcroro cKarrKa r.r Bo[opoAHbrx nI,IH]Ifr o6ycroBneHbr
pa3HbrM cleKrpanbHbrM pa3pe[reHr{eM [pr,rMeEeHHoft amlaparyprr. Tarnrrr o6pa3oM, Ha6nrc-

EeHr,rf,, BbrrrollHeHHble c [puMeHeHHeM pa3[I{qHbIX MeTOEIK I,I aflflaparypbl, IpI,IBOE T K
EoBoJrbHo 6nngx[M pe3yfibraraM, Tena ue MeHee KoHrpoJIb arMoc$epnoi rlpo3paqHocr]I B

rrpouecce Ha6[roAeHLt[, [pe4ycMorpeHHbri B Mero[e $yn4arvrenrarlbHofi c[eKrpoQotovrer-
plilt, rro3BoIr}l[ Ionyql4Tb B yc[oBr.rflx acTpoKIr]IMaTa cpeEHero KaqecTBa IlyqIIIyrc cxo4{-
Mocrb cAerrauHbrx r,r3MepeHr.rfi. AHa[]r3 orrrrr6oK cp.eEHI,Ix pe3yJlbraroB, [pIGeAeHHbIx B

Ta6fi, 2, u conocraBrleHr,re t,tx c ouy6Jrr,rKoBaHHbrMl,t e [19.] [oKa3blBaer, qro oH]I B cpeAHeM

B rrorrropa pa3a MeHbIue (0,5-l t4 l-1 ,2Vo aoorBercrBeHHo) B I[,IaIIa3oHe ].4000-7000
r rpr.rMepno paBHbr B Elara3oHe 3200-4000 A (oxono 1,5%). Kpovre roro, MeroA Qyuaa-
MeHTaJrbHofr rrpl,rBfl3Kr,r rro3BoJrser 6onee naEexro I4 6onee 3KoHoMHo ocyuecrBrlflTb rlplt-
Br3Ky 3r4Mur{x craHAaproB. Tor Sarr, qro r,rsMepeHnbre B pa3Hble ce3onbl KpIIBbIe pacflpeAe-

rreHr,ra 3Heprulr yKrIaEbIBaIoTc.rI B KOpI,I[Op OruI6OK, yKa3aHHbIX Ha p[CyHKe, roBopI'IT o ToM'
qro rrepeMeHHocTb AaHHbrx 3Be3A, ecJIlI OHa CyqecrByer, He flpeBblluaer L,5-2% (3% s
cnyrlae a UMa).

Taxuv o6pa3oM, Ha ocHoBat{I4rl ltecKoJlbKtrx
MeroAoM $ytt4an.eurarrHofr cneKrpoOoroMerpl4I,I, noryqeHbl cpeguue pactrpe[enenna
3Heprfifi B cueKTpax qerllpex craH,qaprublx :ee:g. 3ru ltaHHLIe voryr 6r,Irr, [pI4MeHeHhI
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AII8 oIIeHKIT cIIcTeMaTI,IqecKI,Ix florpeuHocTei pa3nr,IqHbrx crreKTpoooToMeTpIIqeCKI,Ix KaTa-
JIoroB. C gpyrofr cropoHbr, olrpe[eneHHo cyulecrByrou[e ctrcreMarr.rqecKr.re pasnr.rq]r.fi MexAy
KararIoraMI,I, flocrpoeuHblM],t c I{c[orrb3oBaHueM pa3nl.IqHofi Ha6flIoAareflbuofr anuaparypu,
[enalor arcryalruofr BbIcKa3aHHyIo B cBoe BpeMr B.E. HurcouoBbrM r,rAero o npoBeAeHr,rlr
cleqrlarlbHblx Ha6[IoAeHLIfr ArIr B3alrMHofr upuor:rclr cfler(rpo0oroMerprrqecKr,rx craHAapToB
xora 6br B oAHofr r4rrlr HecKorrbrcr.rx l.r:6pauubrx [nr,rHax BorrH.

Aerop ray6oro 6rarogapeu B.A. Eypuaruesor; 3a noMoulb a o6pa6orrce EaHHbrx,
B.B, llpoxo$reaoi, npounraauefr pyKolucb l,r cgenanruefr prA ueHHbrx taruevauufr, B.T. Xo-
roreeotl 3a r43roroBJreure uurccrpaqufr .

Anperu 1987 r.
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yAK 524.356.3

T,THTEPLPETATIH.TI AMnJIHTy.TI
H3MEHEHHfi SINCI(A RW AUr 14 BY DrA

II.<D. tlyrafoioB, M.H. Ilosxaq

Paccruarpnnacrcfl Borrpoc o MexaHH3Mc no:6yx,r1errlra lr o6,sqcHcuuu aMnrrulyA KopoTkoucpno!,1r-
,recxHx (103 10a c) urr.,relrenuii 6lecxa, rra6rrcAaBruuxcr{ y RW Aur s By Dra r rnrapup"rrpy"ror*
xax rlo6alrur,Ie xtue6auus. floxasaHo, trro flpeAnoxesnlrri ull6axa[ril McxaHu3M ycunerrqfl p-MoA
rlo6iurlttr,rx xole6anuii, BLI3LIBaeMofo MarHHTHLTM no;reM, Moxer o6.r,gcgutl ua6lrcgaetrue aMnnIiryALI.

AN .INTERPRETATION OIT AMPLITUDES OIT LIGHT VARIATIONS oF Rw AuT AND BY
Dra, by P.F. Chugainov, M.N. Lovkaya

Thc problcm of the excitation mcchanism and interprctation of amplitucles of short-periodical (103
104 s) light variations observed in RW Aur and BY Driwhich have beei interpreted as giobal oscillations
is considercd. It is shown that the Inechanism ofprnode enhancerncnt ofglobai oscillatio-ns by a magnetic
lield, proposcd by Shibahashi, may explain the observed amplitudcs.

Y tvloloAttx 3Be3A, 3Borlrcqrloul4pyrourr4x K rnaBHoft nocJre,qoBaTeJrbHocrg, Qororrlerpu-qecK[ yCTa]IoBIIeHo cyulecrBoBaH]Ie u3MeHeH[ii, npoucxo4flu]trx 3a BpeMrr oT HecKoJrbKr,rx
MI{Hyr Ao HecKorIbKlIx IIHefi, r.c. 102-10s c 11 7l Karc yxe 6r,uro noxa:arro, raKr,re r43Me-
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Heglrfl MoryT 6brrb cBfl3aubr c oceBbrM BpaureHl{eM [5-6j , AI,IHaMI4qecKorl [9] lr KoHBeK-

unounofi [10] ruranarrar{ BpeMeHr.r. Hanorrauuur, qro Ar.IHaMI,IqecKafi [IKtuIa, UJII,I BpeMfl cBo-

6oEsoro nanenun [11],
rrrx (a3lGM1k, (r)

rAe R, M - paglyc l,t Macca 3Be3Abr, G - rparurarruoHHafi trocrofiHHafl; KoHBeKul,IoHHafl

TUKAJIA

r" N Uv", Q)

rAe / - EII,IHa nepeMeullBaHlIff, uc - CKopocrb KoHBeKI1tau. !1tx paccMarpl'lBaeMblx HaMH

3Be3A wrcJregHble 3uaqeHl{.fl cocTaBJlfitor: rlept4o[ BpauIeHI'Itr 10s c, paauyc or 1 Ao 3 Ro ,

Macca or 0,3 Ao 2ll[a,u [o3roMy ry= 103 = 10a c..ftg rex xe 3Be3A rc=702 + 10? c,

rtpt,tqeM nepxunfi trpetre[ coorBercrByer BHyrpeunefr eose 3Be3AbI, a uuxHufr - noBepx-

HOCTHbIM CIIOfM.
Mu cocpegororgBaeM BH[MaHne ua QororuerpflqecK].Ix I43MeHeHI,Iflx y AByx 3Be3A [o

rrasgofi goq11e[oBarellbuocrl,I, RW Aur ra BY Dra, flpeAcTaBnflIoutllx, co6ofr, KaK HaMu

6rno [oKa3aflo t7, S] , uo6arruue rcole6asufi c nepxoEaMla flopfiAKa 103-104 c.

B [7, 8] Mbr Haruflu, qro qacrorbr Ha6nrcgaervrux y RW Aur u BY Dra rcone6aHulI. 6ttuzr<u

r co6ctseHHbIM qacroraM p-MoD,u $yugarureutanr,uoro rcone6aHLIf , BbIIlrIcJIeHHbIx EIIfl norllT-
ponHbD( rvrogeneii c rroKa3areJreM norrr4Tponbr3/z .3\ea, paccMarpnBaercfl Bonpoc o Mexa-

masrrae no:6yxAeril{, u o6:rscuenuu Ha6lrcAaevbrx aMTIJII,ITyA. o6Cyxgarorcfl TaKxe Henocpe[-
crBeHHo cBfl3auubre c 3Tr,tM Bolpocbr o6 uctoquurcax I,I3JIyqeHI,Ia u $usuuecKl,Ix ycnoBliflx
Ha rroBepxuocrqx RW Aur n BY Dra. OrleHuearorcfl reMlleparypbl Qoroc$epu 14 pa[llycbl
3Tr{x 3Be3[.

1. Teunepatypbl rI paAl{ycrr. }Ic'roqnuxll H3n)rueHufl

Cuercrpalruoe pacflpegeneuue y RW Aur u BY Dra Aosofibuo crloxHoe, oco6eHuo y RW

Aur, uo s o611acru QororurerpuuecKl{x nolloc V, R, nepotrHo, y uux npeo6ragaer @oto-
c$epuoe LI3rIyqeHIre.

Ha puc. 1 no Aausr,rr'a [12] uoxasaua cBfl3b MexAy eenuwlHofi Vs u noKazareJleM qBera

(V-R)o rrrrs RW Aur, upuuenr Vo, (V-R)o r{cnpaBJreHbr 3a Mex3Be3AHoe IlouloureHue,
g11rr Koroporo no [13] rpr,rHflrbr Av =0,31^ lt HopMaJIbHbti garcon trorrotrleHufl. Paccros-

Hr{e Ao RW Aur 160 nrc raKxe npr,rHflro no [13] . CornacHo [14] lIIfl xorlo!,Hblx 3Be3[

(Z-R)o recHo Koppenlrpyror c s$$ercrunnofr rernrneparypoft, I,I Koppeflflu]rfi He 3aBI4cur

oT cBeTI,IMocrI,I 3Be3AbI. floorouy no ua6lrogaetrlr,rvt tr/s, (Z-R)o MoxHo AoBonb[Io yBe-

peggo onpeAenv'rb pagyc r4 reMrreparypy RW Aur. flprnr.rvafi coorHotxenue r'aexAy R/R.,

Puc. I . ,tlgarparvr va V o , (V-R)o Anx RW Aur
To.n<u - na6nroEaenore sHaqegus cylreroMuexerea;lxofigrcrrgxrlr{H. 1 -RlRo= 1,1;2 - 1,7;3 - 2'3
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4t/
Puc' 2' 3asucl'IMocrb Mex[y 3Be3[Hoft BerrfiqxHofi m(, ()\) u Anr4Hofi BonHLr I, BbrpaxeHHoft B florapuo-MrrqecKofi ruKane, En, RwAur
Toqru - rta6nrcrgaevrte 3Ha!IeHI'I., 3Be3AHbIx BerIur,,H, Hc[paBJreHHbre 3a Mex3Be3,q,yp 3Kcrr'r(q'ro; Bep-Tl'rKzrrrbHble qep"oqKl't yka3brBaror [peAerrbr rr3MeHeHHa ua6nrogaenaofi ;";;;;;; BeJrr{rggbr. ABe 111rp,nxo_BBIe ['IHLr'I noKa3brBarcT coorBeTcTB yrculylo 3aBl'rcl'rMocrb ArIfl noprvranr,nofi 3Be3AbI c reMnepaTypofi55OO K H paArycoM B npeAeJrax or l,? Ro (uurruaa) go 2,3 R6 (repxtraa)

TovxN' nouauble rrllxff H conpoBoxAarctrrHe Hx o6osuaqenuH /--i coorsercrByrcT o6osHaqeHH.EM pHc. I

Y9:(v-R)o ro [14i , MbI npoBertu Ha p^e. I rpu ,,unuu, coorBercrBymurr4e 3rraqerrr{flMRlR"=1 ,1 ; 1,7; 2,3. coornoureHr.{e Mex;y 3r,}rMr4 KprrBbrMr4 r.r rorrKaMu, flpetrcraBJrnrouru-
MI,I HA6NO,qCHI{', TAKOBO, TITO [llfl RW AUr MOXHO rIPI4HflTb PA,qI4YC OKOJIO 2 R"U TEMIIE.parypy B rrpeAenax 4500_6500 K.

Ha plrc' 2 ttorasaHbl Ha6rIIoAaeMoe pacrlpeleneHr,re 3Hepruu y RW Aur ilo ulrpoKorroroc-
HbIM Ha6JrrotretvlM B o6nacru or 0,55 Ao 20 rrar<na no [iZ] , or. oprrore eorocSepuoropacnpeAeneHyur ilpu reMneparype 5500 K u 3HaqeHLlflx paguyca 1,1 u i,3R., io"r.r1.rno,.s o6racu4 lronoc V, R c pacnpegerleHlreM RW Aur. HuSparcpacur,e rz:6urrcra RW Aur corrac-Ho [15] voryr 6r'tr:r o6txcueurt s odracru 1-10 rrarcv a"ooogno-aro6o4uurra x3nyqeHr.reM,a B o6racru 10-20 MKM - TeIIJIoBrIM I43rryqeHl,reM oKoJro3Be3AHoi rrruenofi o6orroqrcu.
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Oruernvr raKxe, .ryo RW Aur - Br,r3yarrbHo-gsoi*run 3Be3Ea U6, 171,il o6tlIuo rlpoBoEfiTcfi

sa6rrog,erryrs cyMMapHoro 6recxa ee o6or.rx KoMIIoHeHTog. Ecnu IrpeAlloJloxurb, qro reM'

lepaTypa Broplrquoro KoM[oHeHTa 3000 K (uro cornacyercfl c ero cIIeKrparIbHbIM rI'IrIoM

uo'tfO]), ro raruu o6pa:ovr roxe MoxHo o6rEcHurr uuQpaxpacttuft ng6uror RW Aur.

Ornreruna, qTo ec[!r Bce xe l,ts6rrroK r,IsnyqeHl,Ir g o6ltactll rc-20 MKM BbI3BaH oKorlo'
gseg[Hot uuuesofi o6onovrcofi, To c yqeroM ee 9KCTLIHKUI4I,I MaKcI{MiIrIbHaff Telvfleparypa

SorocQeprr RW Aur Moxer Eocrl'Irarb npllMepuo 8000 K.^ 
Ha prac. 3 Easa MarpaMMa vs,(u-B)s, nOCrpoeuHan noAo6tro g,uarpaMMe vr'v:\)o

,u pr.. 1. Karc 
"rEro 

rc puc.3,s o6nacru uoloc u, B ua$orocsepHoe[3nyqeuueRWAur
,u*iugorru.rca (uepertaennoe) us6ulrounoe [3[yqeHI'Ie, [oToK KoT-oporo [-p]IMepHo s2-pasa

$onnue $orocQepnoro. I,Is6yroqgoe r.r3ryqegr,Ie B Ilonoce u y RW Aur n [15] 661;1o o6tsc'

Heuo cso6oEus-qsgfiogHrIIvl I'I3[yqeH[eM.
y BY Dra l{s6rrroqHoe r,r3JrygeHr,re, or[fiqarculeecff rIO CrIeKTparIbHOMy pac[peEeJIeH]IIO

ot Sorocsepnoro, ua6nro[aeTc, JII,III]b B peEKI'Ix clyqaffx, Bo BpeMf, Bc[bIuIeK Orofi ssesArr,

Koropbre noBropfirorcfl B cpeEHeM uepea 20 q [8] .Ins BY Dra noryr 6lttr npl'IHflrbl cleE{Io-

lrlrre xapaKreprcrlrKlr: osQercruaHao ,e*nepurypa 4100 K, paAgyc B IIpeEeIIax o9-l 2 Ro,

Macca B upegerlax 0,3-05 Mo [8, l8] .

2. Mexaltrrsnr ros6ylqgennf, II aMrrrrIITyAbI rno6alHrux rone6anufi

Cuaqala 'Mbr paccqr,rratru aMrrrrrlrytrbr pagalbuoro KoMrIoEeHTa cKopocrl{ rcore6auus

Ha rroBepxnocrlr us1 R rrpeAuorroxenru o6 SKBHuapr[u]Iu MoEuIrIbHbIx oneprufi u aueprni

KOHBSKTI{BH6IX BI,Ixpeu, BpeM, XI{3H}I Kgropblx TaKOe Xe, KaK 11ep?IOEp-MO[bI (CrOXaCtr'

qecrnfr MexaHlI3M soe6yx[eHllfl p-Mo[). Merogra HaIU]Ix pagqeToB 6rUta tarOft rt<e, KaK

n [19-21], npuqeM HaMU flpr,rH]rMirrr]rcb uorrr4rpofiHble MOEeJII C aoKa3aTeJIeM IIOJII',IT-

ponu 3/r.

Hauu prcnolb3oBaracb

,rJ'rfl Bo[opotrHo-reJIHeBbIx
BaJIacb reMueParYPa fsl u
L\t4.rrc,b l.t s y pan ue ul't fi

k(P, D PH ='lt,
n = plps,

rae k(p, 7r) - rcooQ<llrulreHr He[po3paqHocTr,r, 3HaqeHLIfl KOrOpOro B 3aBI'ICI{MoCrVt Or p, T

rrarr 6pann nO [23] . .[,anee nog6npanacr ama1aTa c TaKI'IMI{ xe Haqa]ISHbIMI'I 3HarIeHI{ffMI'I

p, p, T, ,, rudrru 122! dpwrucr nce ueo6xogr,rMbre 3HaqeHI,If,P, p, T wt pa3rlllqEblx cJIoeB.

Haxo4anucilura^a a"uorius. H, [pllqeM 3HaqeHI'Ie 8' crgrallocb IIooToflHHbIM' 3gaqegur

pa3Mepa / n crcopocur uc KoHBeKTT{BHbrx grreMerlToB BbIqI,IcrIffJII'Icb uo tfoprvrylaM, rIpI'IBe'

EeHHbIM s [1 1,20,21].
Pesylrraru pacqeToB [p]rBeAeHbr B Ta6[Uqe, 3uaqeultx 7sl.BbI6[panLICb B COOTBeTCTBI'I1I

c ua6lrctraevofl cseruN4ocTbro 3Be3EbI, KoTOpafl B clyqae RW lu, ]I3MeHffeTCf fla 2^, a

B clyqae BY Dra r,r3BecrHa HecKorrbKo HeyBepeHHo. {89*: roro, paccMarpflBall]Icb pa3-

Jruqgbre Bo3MoxHbIe 3uaqeHllf pa1rziyca 3Be3AbI. Lrr" .RW Aur, rar yxe HaMI'I orMeqeHg'

Har,r6oflee Bepofllnbl 3naqeul4fl pagl4yca oKoIIo 2 Rq, HO HaMI'I [poBeAeHbI pacqeTbl EIIfl

3HaqeHr,Ift o, 1,1 EO 3 R". Macca RW AUr, KaK MbI CrMTaeM, COCTaBJIfieT l'5 Ms, HO pac-

cMorpeflo raKxe 3uaqeuie 2M", [pI'IHI'IMaeMoe a [13]. Ifr-a-BY Dra upuulttrtalocb ToIIbKo

otrHO 3HaqeHwe Tq, TaK KaK Ua6rrcEegns He AaIoT yxaSarrfr Ha I{3MeHeHI'te TeM[epaTypbl

3Be3Ebr. Xors vftr paccMarpr4BaeM pa3[I,IqHbIe 3EaqeHI'Iff pawlyca RW Aur u DY Dra' uu,
oEHaKO,HeCqI,ITaeM,qTopaE[ycbl3TI',IX3Be3[MOryTu3MeHffTbcflCOBpeMeHeM'

B uocne[uux A"yr, .rorOUax ra6nuqu [pI{BeAeHbI 3HaqeHlla nepuoEa p^ (*") : Y!
KoToporo aMII[LIryAa KoJle6auufi MaKcI'tMiIIIbHa' I'I cooTBeTcTBytoulue 3HaqeHI'Ifl Us1 (cM/c)'

BCe gHa.reHI,If [epuogoB oKa3aII]ICb 6lt'tgxuvrr K IIep[OEaM, COOTBeTCTByIOUII{M KpI{TI'I'

qecKoi qacrore Korle6anufl n QorocQepe

a" =16f2 us pag/c, (s)

cBfl3b Mex4y AaBneHI'IeM P, uotuoctbro p t4 teuuepatypofi 7
a$'lralar, pacctmraHHblxr 1221. .I[Ita uoaepxnocruoro crlor 3aAa'

rpaBlrraurlonuoe ycKopeuvre 8, a [aBJIeH[e n rutoruoctr P, p Haxo-

(3)

(4)

66



llepnoAu It cKopocrn xole6axufi

?5
J,J

2,9
2,8

l l,3
10,6

9,7

RW Aur 1,5

1,5

1,5

1,5

2,0
BY Dra 0,3

0,5

1,7

2,3
zr)
3,0
0,9
t,2

4437 9,1
5842 19

s000 18

3800 15

s i00 ls
4100 8

4100 9

RW Aur 1,5

1,5

1,5

1,s
1,5

1,5

1,5

1,1 8447
1,1 7500
1,1 5750
1,1 5s00
13 679s
tJ 6000
LJ s000

31

140
58
19

1B

B

3

133

58
18

16

t5B
80
49

rAe lr = 5lj, ur, cKopocrb 3ByKa Ha noBepxHocrl,I 3Be3IbI. Couacuo [24] cooruoureHr,re
yexgy aMrrnr,rryEofi 6recra Am uuq (M/c) cneuyrouee:

Am x lrs urf. (6)

Xots ussectHo, qTo reop[s [19, 20] Aaer saur,rxeuHbre 3HaqeH.ufl t)sfrro cpaBHeHrro c Ha6-
rIrcAaeMbIMI,I, Bce xe I,I3 HaIIrr{x pacqeroB crreAyer, .no paccMarpr,rBaeMblfr croxacr[qecKuft
MexaHlI3M Bo36yxAeHl{fl.He Moxer o6bffctrr,rrb Ha6[roAaeMbre aMrrrrHTyEbr xoue6asufi 6nec-
Ka RW Aur u BY Dra, tar KaK oHLI Ha EBa-Tpu [opffAKa 6otrure, rreM Bbr(MclegHbre. KpoMe
lofo, oKa3brBaeTc.E HeBo3MoxHbrM o6brrcHr,rTb, floqeMy y RW Aur r.r BY Dra Ha6firc[aeMbre
aMrIrIlITyAbI Kole6aHl,Ifi c [ep]IoAaM]I oKorlo 100 uun 6onrure aMrrrrr.rryA Korre6aHr,rfr c [epII-
oAaMr{ 10-20 MI{H. KaK yxe 6buro orMeqeHo IIpE paccMoTpeBwvr ra1ilnrlbr, rrep[oEbr Korre-
6aauit, aMIIrrr{TyAbr Koropbrx MaKc}rMrurbabr, He rrpeBbrruaror 19 Mr,rH.

Vragauuue rpyAuocrlr, Bepoflruo, Moxer pa3pelrrrrb rrpe4rroxeuuula s f25,26], vexa-
HI{3M ycr,I,IIeIII{fl p-MOE UO6alrsux KoIe6aHr,rfi, Bbr3brBaeMofo MarHr.rTHbru roneu. Sror
MexaHI{3M [peEnoJlaraeT TaKxe HaII]IrMe cBepxaEr,Ia6aTl{qHocTr,r B IloBepxHocTHbrx cflofx,
IITO A,II.fl PACCMaTPI,IBAEMbIX 3Be3E RW Aur n BY Dra B o6uleM He BbI3bIBaeT coMT{eHI.Ift.

.{o uactoaqero BpeMeHI,I Her npfMbrx usvrepeuufi, [o3BoJ]flrorqr{x ouenr.rrb Harrpffxeu-
Hocrr,I ux MarHr.ITHbrx rroJrefi, Ho IIoJrf c HalpflxeHHocrbrc floprrErca I rrc o6napyxeuu y
cxotrHbrx c Hr,rMlr aKTr{BHbrx 3Be3[ [o3gHr.rx rfirroB [277,w, KpoMe roro, fipe[rrolafaerc.fi,
qro ocuoBHoft uprwuofr aKTHBHocrI,I 3Be3A Tr.I[a RWAuTnBY Dra rsrhercs Hutttqile ur43-
MeueHr,re Marur,rruoro nola [9] .

OcuonHrre, Har6onee cyulecrBeHubre flrrfl Hac ypaBHeurrff, cnegyrcque [26] :

6r-est,

s=ti[r,r' .'#7" - : t f;,,
@o=t[*.#1"

I I n'oX'- 1-'
- (V-V,)llv2+---'-r-;
A; L ttp J

(7)

(8)

(e)

3gecr 6r - cMeuIeHI,Ie flo pauycy, Bbr3brBaeMoe r<oleoanuev,86 - HarrpflxeHHoorb MafHr'rr-
Horo I1o[r{, G)6 - eocrora roreOasufi (nupaxeua g paU/c). Ocralrurre o6oguaqeuus o6bqc-
HeHbI B l26f ,rae ypaBueurfl (7)-(9) BbrBe[eHbr Ha ocnoBe ynpoqenaoi Mogerru "Bcrrrbr-
aarcqefi Kartlrlr". Crorulue IIoA 3EaKoM pa[r,rKana Bbrpaxeurra B rrpaBbrx qacrfix ypauneuuil
(8), (9) a [26] tpeacraBrreHbr KaK

*" *B'ok'" = ku*k*,
pp

r4e k, v k* - rlocroflHuble "ililarylert" u "MarHLITHoit,, cvtr, Aefrcrsyrourx Ha Kalrrc,
flpuqeM, ErIfl Toro qto6rt rcanna coBepuala rcore6arelrnbre .qpr,rxeHr4fi, ueo6xo4ravo BbrrroJr-
HeHI'Ie ycnoBuir k, <-0, &* ) - k". Bropofr,ueH n nparofi qacrH ypaBHearx (8) rolroxu-
TerIeH rrpu cnepxagua6arl'IqHocrll, ?I no3ToMy rcone6auns Karrlrv ycvutvrBarcTcfl co BpeMeHeM

(1 0)
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(cv.126l) . Karc r.r3BecrHo, n Qoroc$epubrx crofix BbrrrorrHflercfl coorHorueHr.re

r2 - ..21y &-@c (11)

II, CrIeAOBaTerIbHO, G)s ( C^r". 3naUeUrlfl (,c Moryr 6rrm safiAesbr rlo (5).
flocxolrry Harrpflxenuocrll MarHr.rrnoro florrfl Ha 3Be3[ax cocraBrrf,ror flpr,rMepHo I Krc,

TO EJIfl BbrrrolrHeHlrfl yciloBufl k*) - ku aeo6xogumo, uro6rr k*6two AocTaToqHo Berr[Ko,
s 126l [pI,IHflTo, ttro 3Ta BerIlIqI,IEa rlopflAKa llh x l0-1 cM, rle ft - tolulnua crlofl cBepx-
agua6arxvttocrn. C gpyrofi cropouu, MarHI,ITHoe lorre AorrxHo 6rrtr secrr"ra HeoEHopoAHbrM:
ero HarrpflxeHHocTb EorIxHa 3aMeTHo I,I3MeHfllbCs [prI CMeUIeH]rI,I IIO TIOBepXHOCTLI 3Be3Ebr

Ha paccrofiHre trx ^, Zrlk*, MHoro MeHbrrre pawyca 3Be3Abr. 3ro oaraqaet, qro yqacroK
noBepxHocTrr, rAe nplrcyTcTByer MafHr,rTHoe [o]re, AorIxeH 6brTb MiIIr ro cpaBHeHI,Ip co
BCefr rroBepxHocTbro 3Be3[br.

.&rn nac,BaxHo lr ro, rrTo (npu uarrvrr,r MaiHI,IrHoro uora) <oe ( c.r". Tarcurvr o6pa:otut,
Mbr MoxeM o6rrcuurr ua6rrcgaeurre y RW Aur ra BY Dra xone6anua c nepl{oAaMr,r Eo
100-200 M[rH, coorBercrByroule qacroraM MeubrmrM Kpurr,rqecKofr. Cregyer raKxe orMe-
rr,rrb, qro upegrroxeHHnrfi n [25. 261 vexaarzM ycr.rneHlla p-MoE paccMarpuBirnc.fi B [p!I-
MeHeHLIII K MarHurubrM Ap-3Be3EaM, y Koropblx MarHr,ITHoe ttolre flpe[nolraraercfl EI4uorIb-
urru. Y aKTuBHbrx 3Be3[ rIo3EHI,Ix rr{rloB rouQurypaql{ff MarHlITHoro floJlfl, BepoflTHo,
HaMHoro clroxnee, qeM y MarHr.Irurtx Ap-sae3[: cyulecrByer MHoro o6lacrefi, rAe Hatrpa-
xeHHocrb MarHI,ITHoro [orrtr BerI[Ka, rrpl,IqeM B TaKr,Ix o6[acrEx HalpaBrleHr.If MarH]ITHoro
ro:rfl pa3rr.rquu (cu. 127)). Xors vrarenaarr.rqeci(rfi aHiurrr3 n [25.267 us Moflenla,6orlee
cltoxnoi, qeM Etanolbuoe MarHr{Tnoe trotte, He rrpoBopncr, Moxuo Bce xe flpeErlofloxl,ITb,
rrTo BcnetrcrBre pa3rl.uwts HaflpgxeHuocrefi r,r HalpaBrreHufi uarsltruoro lro[s B pa3gbrx

o6racrsx 6yger upor.rcxogrrrb ycr,ureHr,re p-MoA c pa3nr,rqnbrMr,r qacroraMpr, KaK 6rltsxuvrll
K @c, TaK H 3HaqI,ITerrbHo MeHbIuI,IMr,I, qeM (rc. Bepoaruo, strIM o6rscuflercfl HiIrIlIqI4e y
RW Aur r,r BY Dra rone6asrfr c cr{JrbHo pa3fluqarcuuMr4cfi flep[otraMll: or 10-20 ao 100-
200 rvrr,ru.

Bperraa yBeJruqeHr,rff aMrrrrr{rygbr rcore6asuft B e pa3 s 126]1 oueHl,IBaercff KaK HeAeJIu

rrrr[ Mecrubr. .Ilrra RW Aur u BY Dra sto BpeMfl, [o-B[Iru,IMoMy, raKoe xe. Cornaqro [26]
oHo EorrxHo )iBeJIlIqI,IBarbctr c yMeHbueHI,IeM rpaBl4ralluoHHoro ycKopeHl{fl g, Ho y BY Dra
ra RW Aur Berrlrqr.rua g: nllrxb a 1,5-3 pa3a MeHL[Ie, qeM y paccMarplBaeMblx B [25,261
MarHI,ITHbrx Ap-aaesg. Tarurrr o6pasovr, pa3:lrrtt4fl B 8: fie Aorrxubr 3aMerHo IIoBJII,Isrb Ha

orIeHKy BpeMeulr yBerr[qeHr,rfl aMfinlrryAbr rone6auzfr. Eonee npo6reMarI,IqHbIMI4 flBltttto'Ictt
Bolpocbr o Brrr{ffHr.rur Ha 3Ty oueHKy rrpuH[MaeMbrx rcouQrrypauufr vraruutHoro florls Ha

rroBepxuocrr,r 3Be3Abr [r [pegerroB rro Bbrcore (wm rr,ydune) nonepxuocrubrx cloeB 3Be3[bI,
B KOI'O pbrx O CyUIeCrBnff eTCf, CBepxaAua6aruquoctl.

Boupoc o lpog,onxr.rrerrbuocrlr yBeJrr,rqeu]rfl aMrrrrr,rry[br p-rvrog xore6anui tectro cBfl3aH

TaKxe c BonpocoM o ctabumuocrr,r Marnr.rrnbrx floJlefi. B cnyuae MarHI{THbrx Ap-snesg Haupr-
xeuuocrb u rconQrarypaur,rfl MarflLrrHoro florrfl coxpaHflrorcfl, no-Br.IEJ4MoMy, 6onee [rI,ITeJIb-
Ho, r{eM y RW Aur u BY Dra. Corracuo [7. 8] u HarrrlrM HoBbIM sa6rroEeuuslt y RW Aur u
BY Dra cyuecrByror rore6auus 6recra c xapaKrepHbrMr{ BpeMeuarrau 100-200 ttttu r
6olee. Kar narr yxe orMerr,rJrn, [,r4HaMr,rqecKaf [rKrrrra BpeMeHI,I y.RW Aur r,r BY Dra cocraB-
nser 103-104 c. C upyrofi cropoubl, KaK orMeqeuo e [9], [pI'I lI3MeEeHIlflx Haflpsxeu-
Hocrr,r Marnr,rrHoro rrorrrr y 3Be3E, no[o6ur,rx RW Aur u BY Dra, lr3Meneulls 6recra 3Be3AbI

troJIxHbI [porrcxoEl,ITb B MHaMuqecrofi urrale BpeMeH].I r,rJIr,I MeErIeHHee. Tarltpt o6pasov,
r,r3MeHeHr{a 6[ecra, flpogorrxaoquecr 6oree lOa c u aa6rrogaeruuecfl HaMI,I o[peAeJIeHHo

uo rpafiuefi Mepe y RW Aur, cBuflererrbcrByror, BepoflTno, o EoBoJ]bHo 6blcrpblx I,I3MeHeHI,Iflx

ee Marur.rrnoro floflfl. Cflegyer, KoHeqHo, r.rMerb B Br,rAy, qro LI3MeHeHIrfl 6necrca paccMarpl{-

BaeMbIx 3Be3E Moryr 6r,ttr srtgsaubr raKxe r{x Bpaularenrnoft r"roAylsquefi, laparrepuoe
BpeMfl rcoropoft 10s c..[as BY Dra nepuoABpaqarenbuofr rrro[ylauuu I'I3BecreH (3p cyt),
a Els RW Aur oH 6yger o6cyNAeH IIo3AHee.

Aaropr,t 6rarogapnu A.I. KoconuqeBy 3a florre3noe o6cyxgeuue EaHHoro [ccJIeAoBaHI,Ifl.

.[exa6ps 1987 r.
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yEK s24.384

Y3KOIIOIOCHA-fl OOTOMETptIfl uSgr

B,H. Eypnauren

flpoeegeurr y3KononocHlle- Sorovetpruecxue na6lrcgenux grofiuoft crrcreMLr uSgrn l9g5-19g6 m.
.[auurr norn: r 6488, I 6_563, x 6631- A" nonyurpr.rHa xpuaofi peaKu]ru -2g A o6"uapy*"r", ,.uurrn.-pI'IoAlrtIecKI{e xore6aHus 6necxa, He cBt3aHHLIe c op6utanuGrM qlrKJIoM, c nep}IoAoM oxono 35 cyr.O6utr.rft rloroK B 3MlrccuouHofi nuuuu Ho gnx paauirx ce3oHoB Ha64ogeHufi pionuraer:cx n 1,S paaa,

THE NARROW-BAND PHOTOMETRY OF uSgr, by V.I. Burrwshoy. - The narrow-band photometry ofthe close binary u Sgr has been carried out in 1985-1986 in the wavelength regions I 648'g, I 6563 arrdI 6637 A with the half-width of the pass-band near 28 A. The quasiperi;dic variations are ievealed with
the period close to 35 days. The Ho emission flux varies by 1.5 time; for different seasons.

B nocle4une roAbl BHI,IMaHI,Ie uccneAoBarelefr Bce qaule rrpl,rBrreKalor 3Be3gbr, [aneKo
rIpoAB[HyBU]UeCtr B CBOefi SBorrloqur{, B r{acrHocrn 3Be3Ar,r c Ae$Lrur.rroM BoAopo4a. pag_
cMorpeHulo cBoicrB TaKLIx 3Be3A 6rrr nocaauleu, B qacrHocrr.r, KoJrrroKBr.ryrvr MAC ilo 87, coc-
ToflBllrl'Iic.tr s 1985 r. Ho Aaxe cpero,I grr,tx 3K3orr{qecKr,Ix o6beKToB Bbr[errflercfl u Sgr -TecHa.fl [BofiHaff c cocraBHblM c[eKTpoM, B KoropoM flpucyrcrByror KaK Jrr4Hr,nr, xapaKTep-
HbIe EI-fl ropffr[{x B-saeeg, TaK II MHoroql{crleHHbre tutwlt c Hr{3Kr.rMr,r noreHrrgarraMu ooaOyx-
aeEufl' rlotro6Hble reM, Koropble Ha6nrcAalorcfi B c[eKrpax A-F-crepxrtrraHroB. Ilpuuer"r
u Te u Apyrl4e JII{HI'II{ Bo3HI'IKarcT B aTlvloc{epe rJIaBHoro KoM[oHeHra. Cnerrp BToporo
KoMIIoHeHTa He BHA€H, qTo He AaeT BO3MOXHOCTI'I [OCTaTOT{HO TOqHO OU€HI{Tb MaCCbI KOMIIO-
HeHroB, O6sop Ha6no[arelbHbrx pe3ynbraroB rrpprBeleH B [], 2] , xparrcax cBo[Ka r,rMeercff
raKxe lI B [3] . 3gecr vrt orMertIM rorlbKo ABa rrpr,rMeqarerrbHbr; $axra, Bo-nepurrx, B +a3brop6l'ITanbHoro uLIKJIa, KorAa 3arMeBaerc-r[ DraBHafl 3Be3[a, B 3MI4cclroHHofin121uiu Ho unorga
Bo3Hr4Kaer a6cop6quoHHbrfr KoM[oHeHr, cMexleHHbrfr ripr,rMepHo Ha 300 rv/c, nplruena ou
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Ha6firoEaercfl JI]IrIIr B HeKoropble, "aKTI,IBgbIe" rlo repMl'IHorlorvu Hapuau [4, 5], qI{KJIrI.

Bo-aroprrx, HecMorpr na 6onrruoe ,ucno ny6nuraqlrfi, nocBslrleHHblx B ocHoBHoM cleKr-
panbHbrM lrCCJIeEoBaHI,IfM U Sgr, go cllx nop HeT EOCTaTOqHO fipotro[xuTeIlbublx pfEOB

$orouexrpuqecKr{x uauepeunfi ee 6[ecKa, - qacro ccbrrlalorcfl na SotorpaSuqecKylo
KptaByro 6necra, [oflyrrenHyro fanorurunuM [6] , u]II{ Ha IulpoKorlonocsue PV-sz6nw'
gernaa 3rreua, Kpona u fpuucreftua U7, [epeKpblBalorg,Ie roJIbKo ABe rperl{ [epro[a.
Mexly reM KaK ycraHoBrrenHbre MHon{M}r r,rcc[eEoBarerl.aMl,I I,I3MeHeHI,Iff ]IHTeHcLIsHocrefi

nuwtit, He cBf,gauHble c 3arMeHr,rffMI,I, TaK r,I pe3yrlbrarbr y3Korlolrocttofi $otovrerplllt, trpo'

se4eHuofi panee [3] r E&xlr ocHoBaHr.rff roBopr{rb o6 }tsMeHeHI,Isx 6necxa u Sgr, He cBfl'

3aHHbrx c op6uranrruM rIepI{oAoM

C uelrrc 6oree Eeranbuoro r,rsyqeunx $orovrerp[qecKoro rIoBeEeHI,Ifl u Sgr B TeqeHI{e

pa3nr.rqHbrx op6urannnrrx ur,rKrroB s 1985-1986 rr. 6rulu [poBeEeHbI EolorIHHrerIbHbIe
y3Korronocnbre $orouerpuqecKr,re r{3MepeHr{r ee 6recra, Ha6nrutreuus BbIrIorIHeHbI c rlo-

Morllbro cKaHlrpyrcuero cnercrpoSoroMerpa CO-68, pa6oraaurero B pexLIMe $raxcrpoaanunx
Err[H BorrH. Orueru*r, qro [poBegenr,re raKI,Ix ua6nrcEettuft B oTrII,Iqle or o6blqnofi $unrrpo'
noft $orouerprm r.rMeer cueurtlnuecrue oco6eunocrr. Perncrpupyeuufi orcrler B AaHHoM

fi)nrae flBIIflercfl pe3ynbraroM cBeprKH pac[peEefieEl,Ifl sHepfI,I[ B C[eKrpe 3Be3EbI, tcpueofi

arrr,roc$epnofi grcTuHrcrlru,r, rpuaoft crreKTp:rrrbHofi uyrcraureJlbHocTl,I arlllapaTypbl I{ KpI'I:

nofi peirqun creKrpoMerpa, Kpraaa peaKur.Ilr B [epBoM npu6nnxermu npeA,craBrlfler co6ofi
Tpaneur{ro, u}rp}rua roropofi o[peAerrflercfl urapruofi srlxo[Hoft uelrl'I MoHoxpoMaropa ]I

trr{aMerpoM ryp6ynenrnoro 4t,tcKa nso6paxeru.rr gBe3EbI, flBlrf,Ioulerocfl BxoAHbIM oKHoM

upu6opi. Tarax $oprvra rprauofi peaKUr.rE flBJrEercf, BecbMa aurognofi upu Qororuerpuu
gMrrccilor{Hbrx nu:rtuir r,r 3HatMTeJIbgo o6nerqaer a6comoruyrc ranr6pooKy BbITIoIIHeHHbIx

nanaepermi. Kpuaue aruoc$epxofi gxcrnnrcI1lru lI crleKTparlrnofi uyacral,Irellbuocrl,I anlla'

parypbr lrMelor rnaAKylo ,Dopr"ry, ta ]rx MoxHo ctmTarb rIocrofiHHbIM]I B rlpeEenax rpueoi
peaKqIltl, flofiyufipr.rHa roropoft B AaHHoM KoHKperHoM clyqae [p]I cpeEHeM KatlecrBe

raao6paxlHu, i" rtr*prr" srixoguofi uIeJIlI MoHoxpoMaropa 0,5 MM, wntt25 A,coctaslser
oKoJro 28 & Ha perr{crpr,rpyevrbrfi orcuer, raKr.IM o6pasou, 6ygyt oraartBarb BIII'IflHIIe KaK

o6ulee lr3MeHeHlre aurao@epuofi orcrNnrUnl{, TaK I,I KaqecrBo l,tso6paxeHua I{ HerotlHocrb

n{4.rpoBKH, Oru ouna6rrr u-ocar myuafiurfi xaparcrep I,I He rlpeBbllualor 3-4%' IIpu $oro-
r"rerplrr r o6naeua c[eKTpirrr6Hbrx oco6ennocrefi (rparyaq MoIIeKy[trpHbIx nofloc, 3MI'Icc?IoH-

,urf , a6cop6ryrounux nl.ruuft) craHoBr,rrcff cyulecrBeHuofi ro.rsas ycraHoBKa na tpe6yeuyrc
pf|rlqry BorrHbr. B cnerrpo$oroMerpe CO-68 ona ocyulecrBnffercf, 4{cKperHbIM rloBoporoM

peluerKr,r c uraroM oKorro 7,5 .4, rarru o6pasotra, rorlHocrb ycraHoBKll ua rpe6yerrtylo E II'IHy

Borrgbr @craBrrfler oKoJro 4 A Kpor*,re roro, flBrlaercs saxnofr I,I BocrIpolI3BoEI'IMocrb or

ce3oga K ce3oHy rrtr{pr{Hbr arrxogxofi uIeJIr.r MouoxpoMaropa. Cuctettarutlecrre ouM6rn,

BbI3BaHHbre grlrMr{ ADyMr $axropaulr, Moryr 6ntrn oueneubl c rloMolqrrc ua6nroEeultfi

3Be3Abr CpaBHeHlIfl.
IIpr $ororr,rerplrfi HeKoropofi gMr.rccuoHnoft rI]IHLIII o6urufi perrlcrpupyeurrr anuaparypou

clrrHan MoxHo rlpeEcrilBllTb Ii BI'IAe

flem+t = n"^* llst

rge ,4em - rlacrb cl,rruarla, o6yctoaneunafl TorIbKo u3[yqeHI,IeM B rII'IHI'II4, na - 3Hal{ieH.l4e ct4r-

HaJIa B KoHTI{HyyMe, IIeHTpI,IpOBaHHOM Ha II}rH}Irc B I{HTepBaJIe AIIHH BOTIH, BbIEerIfleMoM

MoHoxpoMaropoM; ouo rrolyqaercff rrHreprIoJrI,IpoBaHI{eM Iaa ua6rrcgenrft rconraHyyMa B

coce[Hl{x yqaclKax crleKrpa, au6panurrx t *r.tprWo ornocl{reJlbxo Ha 0.6488 u 6637 A) '
TOrEa OCBerqeHHOCTb, Coggagaer"las gBegEOfi TOJI6KO B 9MLICCIIOHHOfi ;1I'IHI'IU:

E"rr, (Io) = E (Io) O^T ,

rge Atr - ruflpllHa rpuaofi peaKIIlIr.
Hxrepnorllposaggoe 3uarrerue ocBerrlexHocrll EIIfl KoHTI{HyyMa uo[ nrnueft rloJlflaerctr

nyr-er"r IIpHBfl3Kr{ OTCqeTOB B COCeEHT{X yqacTKax HerIpepbIBHOro CrIeKTpa, floryIeHHblx Anff
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Perymraru y3KononocHofi Qororrerpuu uSgr (I985-I986 rr.)

2446000+
2s5,41
256,40
2s7,39
26r,35
262,4t
265,3'.7

268,3s
2 80,3 6

285,33
289,34
,o1 ?)
292,33
297,30
298,30
301,28
302,27
303,28
305,21
308,29
312,26
324,24
2)< ))
328,24
329,2s
7,7 1 1.)

336,22
340,22
34t,21
342,20
344,20
345,1 9

346,t9
347,r9
3 s7 ,17

-2,41,3
-2,401
-2,3 88

-2,403
-2,4t1
-2,431
-2,428
-2,413
-2,42',1
-2,396
-2,411
-2.422
-2,438
-2,404
-2,438
-2,441
-2,442
-2,443
-2,431
-2,431
-2,401
-2,397
-2,401
-2,407
-2,414
-2,448
-2,426
-2,419
-2,414
-2,404
-2,403
-2,415
-2,427
-2,424

-2,296
-2,30s
-2,296
-2,296
-2,290
-2,283
-2,304
-2,297
-2,297
-2,293
-2,286
-2,298
-2,313
*2,287

-2,296
-2,287
-2,294
-2,29'.l
-2,293
-2,296
-2,300
-2,289
-2,293
-2,29t
-2,289
*2,296

-2,285
-2,291
-2,29't
-2,289
-2,291
-2,298
-2,301
-2,294

-2,344 -2,424
-2,34',1 .2,425

2,335 -2,4t1
-2,348 -2,420
-2,357 -2,420
-2,37 0 -2,439

-2,37 B -2,447
-2,3s4 -2,411
-2,3s8 2,43t
--2,330 -2,404
-2,34t -2,408
-2,340 -2,423
-2,343 -2,43t
-2,354 -2,402
-2,376 -2,442
-2,37 4 -2,433
-2,3'.t 6 -2,444
-2,3'.t 4 -2,427
-2,354 -2,420
-2,362 -2,43r
-2,329 -2,411
-2,33s -2,403
-2,346 -2,411
-2,345 2,401
2,3s'.7 2,42s

-2,370 2,441

-2,350 2,414

-2,340 -2,4r1
-2,342 2,397

-2,340 -2,407
-2,343 -2,4t8
-2,341 -2,416
-2,357 -2,420
2,3s9 -2,42s

2446004+
589,42 -2,42r -2,117
s96,49 -2,426 - 2,320
s98,s0 -2,427 2,316
602,48 2,406 -2,315
65s,28 2,4t8 -2,3t5
651,31 -2,418 -2,320
66s,26 2lo1 2,3t2
666,29 -2,399 -2,311
668,28 -2,401 2,30s
6't0,26 -.2,42t -2,32r
67 I,2B -2,423 2,3t1
672,26 -2,416 -2,31s
673,27 -2,417 -2,320
614,21 2,423 2,317
680,24 2,410 -2,323
681.25 2,40't -2,314
682,26 -2,411 2,3t'.7
683.26 -2,411 -2,326

691,24 -2,438 2,327
6e2.22 2,421 2,316
695,22 -2,4t4 -2,322
7 03,22 -2,432 -2,338
7 06,22 -2,426 -2,327
110,20 -2,442 -2,339
7 14,19 -2,421 -2,314
115,21, -2,425 2,3t't
't 2B,t8 -2,443 -2,3s1'730,19 -2,430 -2,334
2447 000+
0s4,27 2,436 --2,33s
0s7,22 -2,427 -2,308
061,25 2,414 -2,297
062.23 -2,4t8 2,318
066,22 2,444 2,336

-2,421 - 2,304

-2,431 -2,318
-2,43s -2,320
-2,404 2,303
2,418 2,301

-2,422 -2,306
2,406 2,293
2,408 - 2,300
2,408 -2,306
2,4t8 -2,307

-2,41,7 -2,306
-2,420 2,304

-2,4t8 -2,304
-2,4t9 -2,310
2,407 2,298
2,409 -2,303*2,4t3 -2,300

-2,411 -2,30s
2,421 -2,302

-2,420 -2,304
-2,405 -2,291
-2,432 -2,298
-2,43t -2,301
2,428 -2,296
2,417 -2,300

-2,419 2,306

-2,43't -2,305
2,434 -2,309

-2,438 -2,322
-2,416 2,32t
"2,415 2,320
--2,425 -2,311
-2,442 2,316

HCcne[yeMofi 38e3Abr H 38e3Abr cpaBHeHr,r.fl:

1g8," (I) = lsE"p().)+tg 3P + a(X) lF{2,")-F(z"p)),
u"p(A)

rAe a (tr) - 3HaqeHr,re MoHoxpoMarr,rqecKoro xoossuryreura 3Kcrr4HKrIr,rLr B MoMeHr na6nro-
EeHVtl, lF(2.")-F(z"p)] - pa3l{ocrb Bo3[yurHbrx Macc 3Be3A. 3uaqenas MoHoxpoMaru-
'Iecroff ocBeuleHuocru E(I) BbrpaxeHbr e opr/c . cM', orHeceHgbrx K r.rHrepBany AnHH BoJrH
l cnr.

3uaqenus lgEQ.) IIfl 3Be3Abr cpaBueHr,r.E pSgr n:rrrr !r3 cBo[rroro KaraJrora [8],a6co-
JIIorHar rcalu6poerca Koroporo ocHoBaHa Ha pacrlpeAeleHr.rr.r 3Heprutr B crreKTpe aLyr, [pI,{-
sstoi.i A.B. Xapurouoer,rru [9] ra fipeAcraBnqroulr.rM cpeAHee us rann6poeox Xefreca u Jlara-
rta, [10] , Ttrora, Yafira u Ilorcnyga [ll] u Xaplrrououa w p;p. U2l, flpuurrue 3HaqeHufl
4rr pSgr: 1g E (6a88) = -2,180 lg E (6631) = -2,198. flcgo, uro ecru ua6rrcgeHr.rn B

KoHTI,tHyyMe BbIIIoJIHeHbI TorIbKo n oguofi ToqKe, AonxHa 6r,rru yureua tronpaBKa 3a pa3Hocrb

11

lg Ep Sgr
(6 s6 3)

lg Ep Sgr
(6s63)

J.D. lcE
(6488)

IEE
(6 s6 3)

lcE
(6631)

J.D. lcE
(64 88)

lsE
(6563)

leE
(6637)
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Puc. 2. Hsr\4eueHue MoHoxpoMarr.rqecKofi ocBeureHHocru B ,qnuHe BonlIEI f6488 (a) LI B AJII4He BoJIHrI

x6637 (6) B 3aBr.rcr.rMocrr.{ or @aarr flep}roga 35,3981d
BBepxy - orKJroHeHus u3MepeHHbrx sxaqesufi nyueaofr cKopocru or op6urarruofi no gaxuolm pa3Hblx
aBropoB:1 - Buncoua ll3l,2 -flnacrerra ll4l, 3 -lpuucrefinaNMeppuraa ll5l,4 -Xar Ill, 5 -
Xax u flazuaenu l2l
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Pnc. 3. I4guenenre r,r3[yqeH[r B oMr{ccuoHuoft rulnuu Ho a
[nr pa3nbrx ce3oHoB ua6ruogeuufi
Kpecrnrn - 1978 r., rortr(H - 1985 r., KpyxKrr - 1986 r.

fl 4orr

3aB[cr,rMocrr.r or $a:u nep]roga 35,3981d

crleKrpaJlbHofi uyncruurelbHocrl,I a[flaparypr,r B coorBercrByrotUlrx Ar[rHax BonH. yToqHeH[e
KpI'IBofi cleKrpaJlbHofi uyecrnurerbHocrr{ a[flaparypbr Wt 1978 r. t,t r,r3MexeHr.rr B npr,rHffroM
pacnpei{eneHH}t 3HeprI4I,I B cleKTpe rlepBr,rqHoro craHAapra aLyr oflpeEeJrflrcT rro[paBKr{,
Koropbre i{eo6xoAr.rMo npu6aaurr K ony6r,rKoBaHHbrM paHee 3HaqeHraarr,r 1g E(}.) Era uSgr
[3] :

AlgE @s7s)= +0,018; A lgE(6s63)= +0,016; A,lgE (6631)= -0,004.

Pe:yllbratrt y3Ko[onocuofr Sororrerpuu u Sgr, Bbrrro]rueHuofi s 1985-1986 rr., cyMMtrpo-
BaHbI B:ra6nuqe vHap:lrc. l, rge pasur,tMtr 3HaqKaMr.r o6oguaqeHrr pe3yrrbrarbr na6nrogexirfi,
orHocflulr,recE K pa3HbrM ce3oHaM. Kaxgoe ua6lrcgeuue cocrorrno r,r3 rpex-rrflrr.r a:lQ$epeu-
UutuILHbIx oIIeHoK. Cpeguxx oruu6xa ogHoro na6lrc[enlr.s, [pr{MepHo oAI{HaKoBaff [.n.f, Bcex
rpex cneKTparlbHblx HHTepBiIrIoB, yKa3aHa a uepxHefi qacrr,r pI,Ic. l B ur,rxnefr qacrfi pHcyHKa
loKa3aHLI 3HarIeHI'Ifl lg E(I) s o6ract[ Irt4:rtntt Ho glra 3Be34br cpaBHeur,rfl. Kar ar.r[no, gnx
PSgr s pa3Hble ce3oubl na6nroAegufr cpe[Hr,re 3HaqeHLI.E rroroKoB crrcreMarlrqecKr.r pa3nr,r-
qalorc.fl r'I cocraBrlflIor: -2,309 (1978 r.),-2,294 (1985 r,), -2,304 (1986r.).3rupacxox-
AeH.wfl, cKopee Bcero, BbI3BaHbI HeroqHoi ycrauourofr peruerru crreKTpoooroMerpa Ha
III'IHI'IIo. Ilo-nrgrarnrorr,ry, Hauflyqtuaff ycrauoBKa 6r,ua s 1978 r. flocxonrry BKrratr 3Mr,rcctrog-
nofi luuuu B ll3MepfleMbIfi norox gla u Sgr raKoro xe rtop-E;1Ka,raruuy6uuailvr1ufi1g;5t
pSgr, ro peAyKur{rr K cr,rcreMe ua6mogaeuoro [oroKa p1r u Sgr K cr,rcreMe l97g r,HeBbr-
3brBaror :arpyguenafi. Bo uropoi cHr,r3y qacrr.r p[cyHKa rroKa3aHbr yxe peAyul{poBaHHbre
3HarIeHI{fl Mfr lg E(H") K cr,rcreMe 1918 r. Kax arguo r.{3 pr,rcyHKa, r.r3MeHeHr,r.E 6recra
u Sgr n ocHoBHoM Hoc.fir Heperynrpuufi xapaKTep, oAHaKo ua6rrc4euux 1985 r. orqerrrr{Bo
rloKa3blBaror KBa3I,IflepI,IoAI4qecKyro flepeMeuHocrb c [epuo[oM oKorro 35 cyr. CotocraBre-
HI{e pe3ylbraroB u3Mepeuufr s o6racrtx HellpepbrBHoro crreKrpa, cBepHyrbrx c fleplrogoM
35,3981d, c orKrIoHeHIrflMI'I I,I3MepeHHbrx pa3HbrMr,r aBropaM, ,uuq.rn* nyueaofr ,*opoary
ot op6uranruoi, arr.nacfleuuofr uo srreMeuraM Brucoua [13], noxa:a]io Ha pr{c. z. t<ax
BluHo r,r3 puc. 2, aMrrrr[ryAa r.r Soptla rprEnofr 6recra rr3Merrrrcrcfl or rlr{Krra K qr,rKfly.

3naqeur.rs ocBeureuHocrll, Bbr3brBaeMofi usryreuueM 3Be3[br B 3Mr,rcc]IoHHofr nunuu Hq,
Bbrqr,rcrreHHbre [nfi npr{Hffrofr uruprauu rprnofi peaKrlr,rr4 28 A, norasaHbr Ha puc. 3, Kax
cle[yer I'r3 paccMorpeHvtt pr[c. I w 3, I,I3MeHeHLIfl IIoroKa B rlofioce, UeHTpr.rpoBaHso[ ua
Hee, flo-BLIALIMOMy, B OCHOBHOM Bbr3BaHbr [epeMeHHocTbro HelpepbrBHoro c[eKTpa, Ho
cpeAHee 3HaqeHI{e IIoroKa B JILIHrrrr ffBHo lr3MeHffercfl or UlrKrIa K ULIKJIy. K coxarenuro,
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oTcyTcTBHe crreKrpiLflbHbrx Ha6nroEeHHfr He AaeT B03MOXHOCTH CKa3aTb 06 aKTI,IBHOCTI,I

38e3AbI B Ter{eHUe 3TI'IX qI,IKJIOB.

Tarcrvr o6pasotr, Ha ocHoBaHr,rr y3KollolocHbrx Qorovrerpr.ruecKrlx Ha6nrcgeuufi o6xapy-
xeua KBa3r,rflepnogr.rrrecKaff rlepeMeHsocrn 6recxa c treprlogoM oKorlo 35 cyr. O6uufi
IIoroK B In4uvru Ho a teueuue rpex qI,IKnoB I,I3MeHI,Irtcfl e 1,5 pa:a.

Anrop rny6oxo 6narogapex 6.A. Bypuauresofi 3a noMolr1b n o6pa6orre AaHHbIx,

B,T, Xo ronesofr sa I,I3roroBrIeHLIe ulnrccrpaqrfi .

Anpenr 1987 r.
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CTIEKTPOOOTOMETPHTIECKOE I4CCJIEAOBAHI4E

OKONOflIEPHOIT OENACTI,I CEIAOEPTOBCKOII IAJIAKTflKH NGC 1275, III
JI.[I. Mernx, H.I'I. flponlrx

flo uepacurupeHHbrM cIreKTpaM, IloJlyqcHHLIM B npfiMoM Qoxyce 6-u relecxoua npu u:o6parxeHurx
1" uvacruta6eHaHeraruBe 17,5" sMM,rrccne,D,oBaHopaclpegeneHllera3a"ul.tsxoficxopocrtl"tsoKorto-
xgepuofi o6nacru ralaxT uxu NGC 12?5 AuarvrerpoM [opf,,Il,Ka 15" (- 5 xnx). Ctrenauo npeE[onoxeHue
o6 ax,rHsgorvr BgauMogeftctBu'n frp;pa rarraKTuKrl r: rory6ofi Aeranblo, pacnonoxeHHoii e 3" x ceBepo-

3anaAy oT g[pa. Bgaur*loEeficTB[e ,Epa c [eTanbro, oTcTorulefi oT Hero ga'7" r ceBepo-BocToKy, MeHec

BEIpaxeHo, B nanpauenuu erofi !,etarr.t BrrrrHyrbl cra6sle ra3oBLIe crpyKTypbl oxolog[epuoit o6nacrtl
ranixr1rxu. Oruocu:re:rsnrre r.rHreHclrBHocrl.{ 3MI,IccHoHHrtx rrurlult B clreKTpe I'I3rlyqeHI'Ifl ra3a "Hll3xoft
cxopocrn" [o3Bo;Irrrn otleHrrrL, copepxaHr.rfl a3ora rr ccpr,t. OrrueueHo noBbI[rcHHoe cop,epxaHlre sTlrx

f,JIEMEHTOB,

SPECTROPHOTOMETRICAL INVESTIGATION OF THE CIRCUMNUCLEAR REGION OF

SEYFERT GALAXY NGC 1275. Iil, by L.P. Metik, I.I. Pronik. - The distribution of "low-veiocity"
gas in the circumnuclear region (15" or 5 kpc) of the Seyfert galaxy NGC 1275 has been studied using

ihe unwidened spectra obtalned in the prime focus of the 6-m telescope at 1" seeing and 17.5" per nlm

scaie on the negalive. It is suggested that there exists a marked interaction between the nucleus of the galaxy

and a blue detail situated 3" North-West from the nucleus. The interaction of the nucleus and another dctail
(7" North-East)islessmarked.Theweakgaseoussturcturesofthectcumnuclearregionarestretchedtowards
the latter detail. Relative intensities of the emission lines in the spectra of "low-velocity"gas allow us to

estimate nitrogen and sulphur abundances. It is marked, that these elements are overabundant in "low-
velocity" gas.

Cuercrpalrur,re n $oroMerpurrecKr4e rdccJregoBaHrltr fl.Apa cei0eproBcKofi raraKr]'IKI4

NCC 1275 [1, 2] norasalrr, qro r4 B HerrpepbrBHoM cneKrpe, I4 B eMI4ccIroHHbIx riI'IHI,Iflx oHo

6Meer BbrrffHyryro Soprury. Hauparrerrue Bbrr-aHyrocrrl fiApa coBnaAaer c HanpaBJIeHHeM
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Ha rony6yrc Aerarlr,, pacflonoxeHHyro.-Ha ceBepo-3alaAe e 3" or ngpa. B 3ToM HalpaBrreHr4r,I
pa3Mep .EApa raJraKrlrKr{ ropflAKa I,5" (unr.r 500 nrc) . flApo, KaK Mbr yxe orMeqanu ll ,21 ,

lorpyxeHo B ra3oBo'3Besguoe o6pa:oBaHl,le, cBeTllMocrb r(oToporo Ha flopffAoK MeHbue
cBeTI'IMocTI'I fiApa, BbITfiHyTo oHo B ToM xe HaIIpaBIIeHlII4, qTo I'I flEpo, u pa3Mep ero B SToM
HanpaBJreur,rr{ nopflAKa 2-3" (ulu 700-1000 nr<).

flpegcraurer I,tHTepec [cccrleAoBaHue cra6r,rx ra3oBbrx o6pa:oeauufr, pacr]oJloxeHHbrx
Ha paccroflHrasx6oree 2=3" ortgpa. Taxue o6pa3oBaHr4s 

" 
iuraxrrrce NGC1275 6unu

o6napyxeurr MrnroscxuN4 []l, oororpa$uu ux B ryqax Ho uoryueur,r Iluugcovr [4),
I,Ix l4ccneAoBaln Eep6u4xr4 [5] , Py6un u [p. [6, 7] . O6:op nr{reparypbr rro 3roMy Borrpocy
fipe[craBneH paHee B [8] , no B HeM MbI He HaurIH r,rccJreAoBaHr4fr a sNl[ccr4ouHu* nrurni 4o-
ToMerpllqecKl,Ix KonrypoB flApa ranar(Tuxu Nff l2T1suecre c [pxMbrr(amur,rMlr r( HeMy
oKorlo.flAepHulvfl'r o6racrsvu. (DoroverpfiqecKue KoHTypr,r raKoro poAa flpeAcraBJ]flror uHTe-
pec Bo MHorI{x acrleKTax. Hanpunaep, Bo3Hl{Karor Borlpocbr, Her rr}r B crpyr(rype $orouerpu-
rIecKI,Ix KoHTypoB flApa B clleKTpaJrbHbrx rlr,rHr,rflx oco6euuocrefr, xaparcrepu3yrorqux B3ar,rMo-
AefrcrBl'Ie flApa c oKpyxarcuruMu oKonoflAepHbrMr,r o6pasonauuaMu, url4 KaKlrM o6pasou
BrII'IffIOT ra3OBbIe OKOnOflAepHbre KoMIIrreKcbr Ha pe3yflbrarbr crreKTpilJrbHbrx uccne4onannfr
.flApa B sMr,rccrroHHbrx rlv}lltfrx npr4 pa3Hbrx pa3Mepax alepryp npuenruoi anlaparypbr.

flpunegeur,I pe3ynbrarr,I crleKTpanbHbrx r{ccneAoBan}rrl rasosbrx crpyKryp oxonoagepuofi
o6lacru TaTIaKTLIKI,I NGC 1275,IloBepxHocrHaff flpKocrr, Koropbrx cocraBrrtrer veuee 10%
or ,{pKocrr,r ,r[pa B rleHrpe sorolrerplrvecKoro KoHrypa. clegyer orMerr,rrb, r{ro Halul{ pe-
3ynbrarbr orHocflTcfl ToJrbKo K ra3y "Hr.r3rcori crcopocrtr,, [3] , r.e. K ra3y,nyrreBar cKopocrb
Koroporo paBHa lyqeBofi cxopocru rr[pa ranaKr]rrcu NGC 1275.

Ha6rrcgareluHufi uarepual u ero o6pa6orKa yxe olr4caHbr nogpo6uo n II,2]. Cnercrpo-
rpaMMbI .fiApa ra[aKT]'IKI4 rlo[] IeHr,t 6es pacru:?-pe:F.ilfl B rIpffMoM $oryce 6-tr relecxona
co cneKrporpaQovr UAGS u SOII yM-92 rprl [Byx rlo3r4rlr.rouHbrx yuax uenu crreKrpo-
rpaQa: I - urenr flpoxotruna qepe3 fl[po I,I Aeranb c, pacrroJroxeuHyro Ha ceBepo-3arraAe
B 3" or trhpa, u II - utem Ilpoxo[llfla qepe3 flApo u Aera.nr b, naxogauqyrocn s'7" or

qro Ha paccroflHr,ru rarraKruru NGC 7275 l" coorBercrByer 350 nrc.
fllx uccnegoBaHl,Ifi cla6r,rx ra3oBbrx o6pasonauufi oKorro ffApa ranaKrrxuNGC 1275

I'I3 o[I4caHHbrx a [1, 2] cuerrporpaMM 6r,rnu oro6panrr flrecrb c caMbrMr4 6olr,rur.rvtr
3KcIIo31'IUI{flMI4, noryqeHHrre 12.01 1917 r. rpr.r uso6paNegrasx 1"r.r [epeKpbrBaroulr4x
crreKrpanbHbrfi guana:ou or 3700 lo 7000 A. Cnerrpu u3MepeHbr [orepeK gucnepcuu a l4
sMEccnoHHbrx rrr.rHr.r-ax: 3726+29 A [0II] ,3869 A [NeIII] ,4069+7l A tsIIl,4340AH-,
4!6J +HB, 4es9 u 5007 A [0 m], 6300 u eseq A t0 Il , 6s48 ' 6SAqA tNrri,
6563 A Hd,6'7 l7 u 6131 A [sn] - ]r B yqacrKax HenpepbrBuoro crreKrpa. ooronerprric"r*
KoHryp flApa raIIaKrI'IKI4 B 3Ml,Icctzouuofr nI,IHtrI,r npeAcTaBlrffeT pa3Hocrb $orouerpuuecrux
KoHTypoB oruuccuounoti lru]Hnu u cpetrHero Henpepr,rBHoro cfieKrpa, ilonyqeuuoro Arfl yqacr-
KoB, fipr4rrerarcullx c o6elrx cropou K rlt4twt.

flocrconrry KoHrypbl oKonoffAepHr,rx o6nacrefi e rcax,qofi us orvrr.rocuoHuux nuuufr 6ruu
nolyqeHll ToJIbKo no oguofi cleKrporpaMMe, ro AJrfl oUeHKr,r Sorouerpuuecrcofi roglrocru
MLI [pI{BrIeKnI'I Aonon}I}Irelr,Hr,Ifi MaTepI,Ian. Uro6u oqeHr,rrb SorolrerpuuecKyro oAHopoA-
Hocrl Herarr,raor, 6rrn Ir3MepeH ctreKTp HorrHoro ue6a, nolyvenuui 15.01 1977 r, TaKr{M
xe o6pasov, KaK I4 cneKTpbr raJlaKrrrK. Pasvep cleKTpa nofiepeK Ar,rcnepc[[ paeeH 4 l,lvr.
Cnercrp 3aHI4Maer ueHTpalbHylo, pa6ovyro qacrb Herarr,rna. Cgelauo AeBflTb $orotlerpuvecrcrax
pa3pe3oB B[orlb Al{c[epc]ru, KaxArrfr g;runofi 21 rurrra. Il{elr uurcpoSororvrerpa nprrMoyronb-
nofr Soprunr Bblpe3arla Ea HerarI,IBe nnoulaAKy pa3MepoM 0,04x0,10 ntnr. IIIar npr.r r,rsrr.repe-
rursx 6ul 0,05 rvlrvr. I4sruepeurr IIJIorHocrr{ noqepueHr,rfi Ha Herarr,rBax u npegenax 0,4 (
<, < 1,30. .[na oueHKI,I rosN{oxuolT $ororrerpr.rvecrcofi roqnocrrr Mbr nepeBenr4 rrrrorHocrr.r
noqepIIeHI4ff B LTHTeHCI,IBHOCTIL

OAr'rH lrs ueuTpanbHblx pa3pe3oB cfleKrpa HoqHoro He6a s npou3BorrbHoi rurcale lrgreH-
czruocrefr npIIBeAeH Ha pl{c. 1. Br,rna [poBeAeHa cpeAHffE rrlrtttl, xapaKTepl43yroulafl rr3MeHe-
Hlltt LlHTeHcvBHocrIl tto norrc. 3arena onpegeJleHbr ]t npr4BeAeHbl s ta6r. 1 orKloneurq or
cpeguei rt4l,l^Lrt4, rlpe[craBnflroulre oruu6xu Arrfl r{HTeHcr,tBHocrrr a rcaxgofr roqKe, {N,%),
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Puc. l, Ooronaerpuuecxufi pa3pe3 cleKrpa HoirHoro ue6a r npousnorlEHoft [rKarre rrHTeHclrgnocteft
Illrpuxoorcori orMeqeubr a6cop6ulonrrue 14 gMr{ccHorrrrbte o6nacra crreKTpa

o6ycloBneHHbre Mr.rKpoHeoAuopo[HocrflMr.r $oro3MyItbct4t4, Karoga 3OII u Ap. Kax BIIAHo
u3 ra6n. 1, uarccurvrarbHoe orKJroHeHue A1 orcpeguefinoKiulbHofr fioBepxHocrHoft f,pKoc-
TLr I cocraBrrfier 26%, \ro HaxoAr,rrcff B xoporreM couraclil,r c aHiurorlrqubrMr,r pe3ynbrara-
ura AQanacreBa r,r flr.rMoHoBa [9] . Ha orpe:r<e 18,8 rrarra us 376 rol{eK 80% r.IMeIor o[M6KI,I
Meubtue !10%, 5% ro.rer 6onuue r$%. CpegHereagparr,rqHoe orKnoHeul,re oEHoro LI3Mepe-

Hri.fl paBno !7 ,s%.,.ftx nreuor A-600, Ha Koropbrx cHflrbr r,rccJretryeMbre HaMLr cleKrpbl,
6pefi4o e [10] [pr.rBoAr{r orHorrreHr.rfl craruan/uryu Errff IuouIaAKlI Ha HerarLIBe pa3MepoM

0,01x0,01 MM r.r rrrorHocrefr [oqepHeuut (0,2-0,3),0,5 u 1,0 cooroercrBeuHo: 1,2; 5,1 u
1 8 u oruudru.r B r4HreHcr,rBHocrffx 183 , r20 u !5 ,6%. B uaurepr clyqae u3Mep.fieMble IilouIaEKI{
Ha Herarl,rBe 6rrnu s 40 pas 6orture, crleAoBarerlbHo, MoxHo cqllTarb, qro AIta yKa3aHHbIx

Bbuue 3HarreHufi ut"reucusuocru orulr6ru 6yuyr yt/6{azMegbure,r.e, 113, !3,2u!0,9%.
Ecnr yuecrr pacflpegeneHl,Ie roqeK rro flJlorHocrffM floqepHeHr{fl, To cpeAHsR oruu6xa oAuoro
r,r3MepeH[fl B HarueM cJryqae 6yger !3,9V0. ConocrasleHr,re 3rofr orxr46Kr,r ]r oIu}I6oK w3 ra6il. I
[oKa3r,rBaer, qro rlocrleAHfffi [oqrr,r e 2 pasa npeBocxoguT Bo3Moxlryrc ouul6xy, o6ycroBrteu-
Hyro HeoEHOpOAHOCTbTO gMynbor{lr; T,e. B HarrreM cJryqae o[u,r6rca [oJlHocTbro onpeAerlflerc,
Heogr,ruaKoBofr uyacranreJrbHocrbro SOII no uonro, Ha r{ccrreEoBaHHbrx HaMH crleKrpax
oKorrorrAepHofi o6lacru rirJraKTr.rKr,r NGC 1275 rr HotrHoro ue6a nurepraa trnorrocreft fioqepHe-
rt i 6un oAr,rH H ror xe, crlegoBarenbHo, oruu6xu s o6o[x crryqaflx roxe 6ygyr oEuHaKo-
BbIMII.

Qro6u nonyqr.rrb Bce $oroMerprqecKr,re KoHrypbr s o6ulefr ruKarle I{HreHcl{BHocrefi, urt
nporanu6poBilrru tzx, ucrroJrb3oBaB npr,r 3ToM r,rHTeHcr{BHocrI{ cocegHl,rx c KaxAofr Jtutu4eit
yqacrKoB HerrpepbrBHoro c[eKTpa, r,r3Becrubre cKaHepubre u B, V-na6nr.reul,It I,I3flyqettfifi. frE-

pa raJraKrr.rKra NGC 1275 U1-15]. Ha puc. 2 npr,rnegeuu cKaHbr creKrpa LI3nfIeEI{n nApa

ianaxrurr NGC 1275, roryqeHubre c aneprypofi 8-10" [l l-13] . Creaa oKorlo cKaHoB -
3naqeHlrff @-n Anff qeHrpilnruofi o6racru raJraKrlrKr.r (waSparva2Tt'), coorBercrBylo-
xrr,re KaxAoMy cKaHy. Uucno 6es cro6orc - BeJTLIqI{Ha lrs ua6nrcgeuufi [15] , o cro6rax -
3HAIICHI,I', BbIqI,ICJICH}IbIE IIO PACIIPEIEJIEHUrc 9HEPT1il,I B CIIEKTPE U3II)AIEHI,Ifi fl[PA TAJIAKTUKI'I

(cu. plrc. 2), c yretona KpI,IBr,rx peaKul{u Qunrrpoe Bu V raa [16] !I [aHHbIx Muoroaaep-
rypHbrx ua6nrogenrafi fl[pa raJraKrurcu [17] , Vlz puc.2 strguo, rlTo rlpll I{3MeHeHLI}I [oKa3a-
rerrff rlBera (B-n ueurpamnoi o6nactr rarIaKrLIKlI NGC 1275or 0,56 uo 0,74m rpagweur
He[pepbrBHoro cleKrpa MeHflercfl rorrbKo e ynrrpa$uonerosoi o6nacr[. B sauretvt cJlyqae

(ua6nrogeulrx 12.01 1971 r.) npr.r xanu6poure rpllHflro paclpeEeneHlle 3Heprlul B creKrpe
}r3JIyr{eHI,I' 

'Apa 
rarraKT}IKI'I, COOTBeTCTByTOUee (B-n = Or'l4h ,flocKorrbKy corJracHo na6lro-

Aer{r{nM Jlrororo [14, 15J ll.0l 1971 t. Wn napa NC,C 1275 @-n = 0,71m; V = 12,694
Orur.r6ra B rpaAr{eHre Hellpepr,rBHoro crleKrpa woanurc lO%.

Peeynrraru. PaHee s p, 2] rvru rloKa3arr[, uto QorolvterpuqecKue l(oHrypbl flApa ra-
rraKr?rKr.r B cneKtparrbnbrx rurHr{flx He r.rMeroT flpKl4x Aerarei u xapaKTepl,I3ylorcfl 6rrcrpuvr
fiageHr,reM EpKocrt4 or r{eHrpa K r(paflM. flpu couocraBrrenur.I pa3MepoB KoHTypoB rgpaLl vt

L2 ua yposuflx, coorBercrByrouru 0,5 u 0,15 flpKocrl,I fiEpa B ueHrpe (/u), auacul'rllocb,
qro B [o3uur,touHoM yrle I Anf Bcex r.uuurt, a B rlo3llufloHHoM yule lI urs nsru null.uir
BblrloJlufiercff paBeHcrBo Lz= 1,64!O,O6LI" I'IcrrroqeHue cocraBrlffrcT KoHrypt'I EEpa B
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Ta6nuqa 1

Pelyntraru aHaJIH3a SororrerpuuecKoro p,Bpe3a gluuofi 18,8 r'rru na QororpaQxx uovuoro ne6a,
rorryqeHHoft c 3OII YM-92

aIlI,% Nr% NII,% Nr% NII,% Nr% arlr,% N,%

0

.[o 2

J

16,0
23,1

33,2

44,6
55,5
64,0

69,6
8 1,3
91,1

9s,1
97,8
99,4

100,0

7

10
l3

4
5

6

16
IB
22
26

\uliili.nx 3726+29 A [OII] , Ho tr 6583 A[NII] , Err.n Koropbtx L2 = 2,4Lt, Jlerrco y6eAr.rrbcn,
lrro ecJrr{ @orouerpnuecKr{fi KoHTyp flApa olucbrBaercfl Qynxqlrefr €-o, , rAe x - paccrofl-
Hr.re or ueHrpa fi.Epa, a - flocroflHHa.E BeJrulrr{Ha, ro L2 = l,66Lr. Taruvr o6pa3oM, Sororuer-
puqecKllfi Korryp .EApa riuIaKrI,IKLI NGC 1275s o6o[xrro3r{qr{oHHbrx yrrlax Bo Bcex cJryqaffx,
3a IICKIIIOqeHI{eM TpeX, yKa3aHHbIX BbIIrIe, OKa3arICrI "rayCCOBbIM". clegonarerlbHo, IIo
pa3MepaM Z1 u L2 Ma:,<Ho Bbrqlrcfir,rrb pa3Mepbr ffEpa L3 Ha ypoBHe 13 =0,011u. Perynr-
rarbr BbrrrucfieHr.rfi rroKa3anlr, qTo B rro3rrru,roHHoM yrlre I Ha 3ToM ypoBHe pa3Mep flApa Eufl
pa3Hbrx 3Mr{cc}roHrrbrx rrr,rHr.rfi or 5 ,0 Ao 8,8", a B rro3r,ru}roHHoM yrlre II 3 ,5 -5 ,0". 

- -

Ha plrc. 3 upegcraaneHbr Ha6Jrlo[aeMbre SororvrerpuuecKlre KoHrypbr oKoJro-flAepHofr
o6[acrl,I TIuIaKTLIKI,I NC,C 1275 B BocbMI,r caMr,rx rpKr{x gMuccrroHHbrx rrr,rHrrflx orrr[rrecKoro
EI{arIa3oHa crleKrpa, uporanu6poBaHHbre s o6qefi rrrKarre r,rHreHcr,rBHocrefr [Is rro3rrqr,roH-
HbIx yrnoB I E II coorsercrBeHuo. IIo uaurupr orIeHKaM rrpr,rBegeHHbre Ha pr{c, 3 uureuc}rs-
HocrLI cocraBrlffIor B Ha[paBJreHI{LI I -0,05, a n II -0,10 or MaKcl{MarrbHofr uHTeHcl,rBHocrr.r
,Apa B Kax,4ofi lrw]r'/.vru, cpanueuue BeJrr.rqr{H L3, BbrgrtcrTaHHbrx r{ Ha6flrctraeMbrx, [oKa3aro,
qro Ha ypoBHe .fipKocrl,I 13 = 0,01 1o n noslrqlroHHoM yrne I erll pa3Mepbr Arrf Bcex ilvt:avtit,
3a HcKrIIoqeHI'IeMrInHI'IlI 3726+29 A [OII] u Ey1ilera [SII] 6717+3 I A, nparrnqecKr.r coBrra-
Aalor. B rIo3LIUlIoHHoM yrne II Ha6nroAaeMbre pa3Mepbr Bo Bcex crreKTpaJrbHbrx rrr{Hr.rsx,
KpoMe Hr, 6onmue BbIlMcrIeHHbrxB 1,7-3,5 paaa. Tarcofi pe3ynbrar Moxer cBr{AereJrbcrBo-
BaTb o ToM, qTo Ha paccMaTpI,IBaeMOM ypOBHe fipKOCTr.I ra3oBbre TyrIIaHHOCTII [poffBJrflrcTcff
B SoroMerprrqecKoM pa3pe3e I ronrrco B Jrr.rHr.rtrx 3726+29 A [OU w 6117+31 A [SII] ,
a B QoroMerpl,uecKoM pa3pe3e II - so Bcex gMr,rcclroHHbrx rtz.utrfix, KpoMe Hr. B nosuUnon-
HoM yrle I s nliuuffx [OII] u [SII] ua6nroAaercff orrrbHan (a ocramurrx nr,rHr.rr{x cla6o
sauernax) acllMMerpi4.fi B Ha[paBrIeHuI,I Ha A,eriurb c. CaMa sra Aerarrb ocooeHHo qerKo IIpo-
.EBI{rIacb B KoHrype flApa B iluntrv 6731 A ISII] . Cnegyer erqe orMerl,rrb, qro B rro3r,rU]roHHoM
yrne_ I c flporl,IBoflonoxHofi Aerilrr]r c cropoHbr Ha6rrogaercfl cla6oe cBeqeHr,re B rrr,rur,tflx
[ou] , 1NI1U , Ho u [SII] . B noguur.ronHoM yrrre II rasosbre ryMaHuocrr.r pacrpocrpaHnrorcn
Ha 6onrur[e or .Eupa paccro-f,Hl,r-fl. 3aueruo ra3oBoe o6pasonanue KorroKonoo6paanofi $op-
MbI, a B JrlIHI,{f,x H. z [OII] xopouo BLIAHo.fipKoe cryueHr,re,Koropoe Mbr orMerr4rrr{ Kar( N04.

Bce nonyteuHble HaMI,I panee [1,2] r renepr pe3yrrbrarbr rro3Borr.Eror c[eJrarb BbrBoA,
lrTo flApo aKT[BHee B3arlMoEe[crByer c Aeranbro c,-pacfloJroxeHHofr s 3" or Hero Ha ceBepo-
3arraAe, qeM c Eeriurbro b, orcroaulefr or ffApa Ha'l" r ceBepy-Bocroxy. o6 erona cnugerelu-
crByer Qarr arrrxnyrocrll caMoro ffApa B cropoHy [eranr{ c. B uanpaeneHl,r}r [erarrrr b ab]It -

uyru cra6rre ra3oBbre crpyKTypbr oKorroflEepHofr o6tacrx.
flaunrre, [pI,IBeAeHHbIe Ha pI,Ic. 3,nosoolarcr olleH]ilb BKrraEoKorloffAepHoro ra3a B r{3rryrre-

HHe IleHrpiubHofi o6[acrl,I B sMucclloHHbrx rlruI]IEx. Hanpuuep, pIfl qeHrparrrHofr o6lacru
pa3MepoM^l0"nau6omrurfr artag Iaer x3ryqenne B rturlutrx 3726+29 

-A 
[OII] u [SII]

q7]7!?I A (1o.p1arc1 lO-12%), B rrr{Hr,rnx Ho u [NII] (5-6%), a B rrr,rHr{nx HB, 50b7 A
[orrr] u 6300 A. Iot) 1-2%.

Otuocurenruble [HTeHcLIBHocrLr gMr,rccoHHbrx ttuttuia B crreKrpe v3r.Wer:afr. rasa "uugxoft
cKopocrlt'' MbI onpeAenI,IJIlI lro KoHTypaM flApa B sMr{ccr{oHHbrx rrr,Iur.rflx. Ha rourypax
oTMeqeHr,I nalroonee Bblpa3l,ITenbHr,re ) IacrKI,r No l-4, Errfl Koropbrx Mr,r orleHrUrlr orHoclt-
TerlbHbre I,IHTeHcI,rBHocrlr gMuccr,IouttHx lunrfr u nx oupr6ru..[nr aprr,rx o6paaoaaHr.rfi ounr6-.
KI,I [opflEKa 2O-4Wo, Anff cna6blx S}*lOUVo. Pesylrrarrr oflpegefleHlrfi Harrrr{x r{,qrrfl cpaBHe-
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hlc. 3. Oorouerpl{qecKlle koHTypbl B no3r.rurloHHLrx yrr,x 1lr /1 orcoro.ngepHofi o6nactu raJrak-
r:ur<s NGC 1275 e cnekrparr6Hbrx \vrf,vtflx 3727+29A[011], Hp,5007A[oiII] ,6300 A [0I] , Ho,
6s84 A[NIIl, 6717 u 6731 A [SII]
a - fiEpo raJraKEtKH, b u c - perailt B or(onoaAepuofi o6nacrz. No I _4 _ cM. TeKcr

HI'Ifl Apyr[x aBropoB [pe,4craBrIeHLI B ra6JL 2,klrrencusnocrr,r n]rHr,rfi ro oTgorxeH]rro K HB
olpeAeneHbl IIo,4aHHLIM AIfl yqacTKos No 2 I,r 4,ocrattunte - KaK cpegHee u3 qeTblpex3Ha-
qeHI'Ifr (yqacrKl'I N0 1-4). Cpaeueu[e crleKrpoB r{3JrfreHr,r.tr rasa "H[ircofr cKopocrr.r; rirlraK-
rI,IKI,r NGC 1275 c [pyrr.rMr.r (crr,r. ra6n. 2) uoxasano, rrro sror ra3 rro cfleKrpy roxox Ha
Kpa6oar'r4nyro ryMaHuocrb, Ho HM^erorcfi. pa3nuquffi orHorueHr,re lot rtllarr, )-i (e Kpa6o-
Br'rAHofr ( 1), cna6a n\Hl4fl.5007 A [o III] uo oruorueHr{ro ri K HB, 

" " ayor.ry size izg x
to II] 

" 
3rr @arrrr, xapaKrepubre Err.E cleKrpa raga "Hr.rgxofr ciopocru,', yxe orMeqzlnr{cb

s [s-7] .

Ecln npegnoJloxl'ITb, qro orHocllTeJlbxbre r{Hreucr{Bnocrrr 3M[cc[oxuux lruuuft, [pr{Be-
AeHHbIe s ra6[. 2, o1ycnoaneHbl ra3oM o4uofi o6nacrl{ riuraKTlrKr,r, To Moxgo orleHr,rrb
ne ra3a s ueft. flo oruorueuuro16 rrtllutrl r,rAarrHbrM [24] rriniloilwvr[tLr,uron" (50cu-3.
Mar-Karu u gp. [25) ficcrle,4oBiul]I 3Mr.rcc]roHubre cue*iprr 99 H Il-o6na crert2}-cruparrbubrx
I4He[paBI{rIbHbIx rarIaKTI'IK I,I flpl,rBo,qflT orHoIueHLIfl rltHTeHcr,IBHocreft sulrcclronHrx nrnni
[O II]/Hp, [O III]/HB, [N II]/Ha, [S II]/H' r.r gp. .{onyc"ur, ,ro Errn ura3a ,,Hrsroft
cr<opocru" rarraKruKr.r NGC 7275 ycnovufr. ltott43a\uw lr aos6yxgeHla.8 Te xe, r{ro r,r EnffyKa3aHHbIx nr,rrue H Il-o6nacrefr, MbI cpaBHl{nrr [oJrJ^reHHbre r [25] uHaMn (cv.ra6n.2,
crondeu 2) orHolrreul{ff IaHreHcLIBHocrefi onauccuosnrrx nunufi. F"ryrrrraru cpaBHeHr,r.tr
sacraBwrn cAerlarb rlpeAlloroxeHlre, qro B ra3e "HI,I3Kofi cKopocTr,I" riIrraKTLrKr{ NGC l27S
coAepxaH-I'Ie a3ora I{ cepbl rloBbrlxeHo coorBercrBeuHo s 20-10 pa3 rro cpaBueHrrrro c HopMarJrb-
uuna [21]' Auouallsrtfr xuNall.Iecr[fr cocraa rleHrpirfibHbrx o6nacrelr rarraKruK ,.^"a.r."
LB pfrtra pa6or. flpeguonaraercr rEg6rrroquoe coEepxaHlre a3ora B ueurpaJrbur,rx o6nacrnx

6.3ar.797 81
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Ta6nnqa 2

Orgocnrenruue IIHreHcItBHocrr gMltccItoHHbrx ltHHHfi
B CrreKTpax [3nyqeHHfl rasoBbrx oopa3osaHufi
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IHa
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>7

<l

-1
4,0r0,6

0,6-7,6

0,8r0,1

>l

10,2

> 1,3

0,3

8,0

3,6

1,"1<l

4,'1 -6,4

0,7 -1,2

0,1-0,2

3,5 -48

3,4-4s

0,2-1,6

2,5-4,1

1,8-t2,2

0,17 -4,'7

0,r-4,2

0,2-2,6

<l

0,3

4,0

0,08

0,3 B

0,04

2,67

<l

t,27

3,42

0,06s

3,s

0,3 6

0,16

0,04

2,69

0,7 5

5,5

1,1<1

<1

>l

rropMarrbHbrx riuraKruK 1261 . ltrx oKonoff[epuoi4 olr,acrv rarIaKrHK]I M5l [211 orHoIueHI,Ie

n(N)/rz(O) a30pas6orrure, qeM B ryMaHHocrr.r Oproua. Sru EaHHbIe cBl,I[ererlbcrBylor o

ToM, rrro Hafi,qeuHr,re HaMr,r aHoMaJrI{a B coEepxa:glfiLr cepbtu a3oTa B ra3e "Hu3Koi cropocru"
rirJraKrr{Kr,r NGC 1275 - cn}qafi He eALIHcrBeHHbIfr.

Br,rcoroe oTuoueurle Inollnp ry 4 B cleKTpe r{3rrr{eHrrff ra3a "Hr.r3KOfi cKOpOCTr.r" MOrxHO

O6r,flCHI.ITb He TOJIbKo y[apHbIM MexaHI,I3MoM CBeqeHI{fi BO[OpoAa, Ho u paA]'raq]roHHblM

rlO36yx,qeHLIeM, eCJIII [pIIHATr, qTo MeX3Be3,4Haff IIbInr, Eaer florrroqeltte AV= 1Sffi unu

6onrure. Taxoe norpacueHl,Ie Moxer 6rrrr o6ycnoBlleHo KaK [bIJIbIo, cBfl3aHHofr c ra3oM

"Hgsrofr cKopocrll", TaK lI c ra3oM "BblcoKofi cKopocrfi". fIocreAHI'IIl, KaK H3BeiTHo,

pacronoxeH Mexgy Ha6nloAarerleM I{ raJIaKrI'IKofr NGC 1275.

Mrr ngpaxaeM fi[aroAapHocrb 8.I4. IlpoHury 3a [o;Ie3Hbre o6cyxAeHl,Ifl, B.T. Xorole-
t oit,II.YI. @firarosoi u I.H. IIIapanoBoIi 3a [oAroroBKy pI'IcyHKoB K IIeqarI'I'

Anpenr 1987 r.
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o BEPo{THOM BKnA,qE .qI4CKpETHbrX I4CTOqHHT(OB
B OEI{ym rAMMA-CBET}m,OCTb rAJrAKTHrfl,r

E.M. BnaalrrvupcKrrft

Bxlag r cyMMapHylo faMMa-cBcrr-iMoctr falaxluxr.I BeporrrHLlx .qHcKperHBIx raMMa-HCToqHIrKoB:
Heri, poHHbIx 3Be3A, cBr3aHH6Ix c [nepr{oHaMr.r, peHTreHoBcKlrx nynbcapoB B Maccr4BHLrx [Bofirr6rx cfic-
TeMax, MUJITaCeKyHAHLIX paAl.ronynLcapoB, ocrarKoB BcnbrrrreK Cuepxuoesrx or{eHHBaerc, rryreM
noAcqera ctserl{Mocrr{ Ha3tsaHH6Ix o6rexror, o6uapyxeuuslx, B qacrHocrr.{, B Ar4ala3oHe cBepxBbrcoKr.rx
3HeprHfi (ra6l. 1). Hafigeuo, tITo npu El = lO" eB 4ucrperHue ucrorrHr4Kr.l (- 10a o6r,er<rou) u gH@-
Oy3Hoc I43nyqeHLIc BHocrr B cnerurraocTs'faJraKTrKlr conocraBEMbrfi nxlag. lax 3Heprufi I'- > 1 T#
cBerI'tMocrb raJraKTHqecKoro AI4cKa (- 3 ' 103? epr/c) o6ycrocreua rJraBHbrM o6pa:or,a guitcperutrr,ru
IrcroqHHKaMH, B oclroBHoM, Bepo.rITHo, HefiTpoHHLIMr.I 3Be3AaMu.

ON THE PROBABLE DISCRETE SOURCES CONTRIBUTION INTO THE TOTAL GAMMA.
LUMINOSITY OIr THE GALAXY, by B.M. Vladimfusky. - The contribution of the probable discrete
sources - some types of the radiopulsars, neutron stars in massivc X-ray binaries, supernova remnants - in-
to total gamma-luminosity of the Calaxy is evaluated as a summary luminosity of the such objects. The
measurements in very high energy range were taken into account (table 1). In was found that forE-= l6s gy
discrste soutces and diffuse radiation contribute into total gatactic gamma{uminosity comparabl6. For the
region of very high energies (El > | TeV) gamma-lyminosity of the Galaxy is basically determined by discre-
te sources.

lanttua'acrpoHoMl,IqecKlre Ha1ilrcueHttr rpoBogflTcfl B Hacroflulee BpeMfl annaparypofi
c orHocrrTenbHo HII3KIIM yrnoBLIM pa3peueHl4eM. llo srol; flpuqfiHe oUeHKu cooTHorrreHrrfl
MexAy EI'I$Oy3HrIM raJIaKTI,IqecKr{M raMMa-r43nyqeHr.{eM r4 cyMMapHoil ceerr414ocrbro Auc-
KperHblx raMMa-IzcroqHI'IKoB, I{Mercul}.1ec-rr B fiureparype, [oBoJrr,Ho pa3HopeqnBr]r. HeKoro-
pbre aBropbr (nanpr.rnaep, [1 ] ) np[gepxr{Barorcfl, B qacrHocrr.r, KpariHefi roqKr.r 3peHufi,
corracHo Koropo^fr BKIaA []rcKperHblx r.IcroqHI,IKoB B raMMa-ir3JlyrieH].Ie lanaxrurcu gla
3Heprrll Et = 708 eB npeue6peNnlro naan (- lYk). Tarcoe ,u*rrr.nra ocHoBaHo uraBHr,rM
o6pa3oM Ha cyulecrBoBaHIrI{ Kopper'fi:6lr Mex,qy Ha6JrrogaeMofi nHreucueHocrbro raMMa-
U3JIYqCH].Ifi I,I KOIIIqECTBOM MCX3BE3[HOrO BOtrOPOAA B EAHHOM HATIPABJICHI,I}I.

Ilo4o6naa apryMeHTaul{fi flpeAcraBnflerc.fl He BloJ]He y6eAurenbHoi, nocrcolnrcy Beporr-
HbIe raMMa-I{croqHLIKH (rrra6o rex sHaqrrrerlbHafi 4onx) uuercr rrpocrpaHcrBeHHoe pacfipeAe-
reHI,Ie, BI4AI,IMO aHaJIOr[qHOe paclpe[eneH].Iro aToMapHoro r,r MoJreKyJrflpHoro Bo[opoga.
Br,tnog o [peo6na,qaHl4l4 AI,I+$y3Horo KoMnoueHra raMMa-v3nyqetur He corrracyerctr u c
HEKOTOPbIM},I II3BECTHbIMI,I H 6N}O,qATEIbHbIMI,I IAHHbIMI,I. HAIPI,IMCP, CPABHEHUC AONIOT-
HbIx flpool,ulefi uHrencusHocrlr, [oJlyqeHHbrx crryrHr{KaMr4 S.A,S Itr ra COS B, o6uapyxnsa-
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er cyulecrBeHHbre pa3rrrflryifr. [2], qro B HeKoropblx I{HrepBaJIax AoIIIOT MOXHO OTHeCTI'i 3a

cqer peirrrbHbrx BpeMeHH*x napuaqufr uureuo.Igttocut. Eclll s lararcuxe [peo6naAaer
gu$$ysaoe r,r3rryqeHr.re, TpyAHo rroHflTb, floqeMy ta6nrcgarorcfi, pa3lrr'-rilfl. B ero crleKTpilrlb'

HoM cocraBe ItrIfl pa3Hbrx r,rHTepBirrroB rarlaKrr,rqecKllx Eorlror (rapuaUru "tcoltop-uHger-
ca" [3]) . Elru HeKoropbrx rarraKrr{qecKr,rx Aorlror uuEpotnr,rfi npoQrnr uHreHcuBllocrl,l

n gu$$ysHofi lvro4enr,r He yAaercff yEoBnerBopr,rrerlbnbrM o6pasorr,r couacoBarb c ua6nrc'

[p14fl1y1y. - Mex3Be3gur,tfr rogopog HMeer orHocr,rrerlbHo Manyrc IUKiuty Bblcor HaA ri]rIaKTI'I-
qecrofr nJlocKocTblo. B o6qervr a]fllutu3 AaHHbrx tt:vrepeurfr, [poBe[eHHblx s OTHOCI'ITeIbHO

y3KoM cIIeKTpaJIbHoM [,I{a[a3oHe (8, - 5 . 10?+5. 109 eB) IIoKa, BIaEI,IMo' He IIo3BoIIfleT

cAeJraTb o guosuavur,rfi BbIBoA rlo paccMaTpl'IBaeMo My B oIIpocy.
B cnasrr c srr,rM coorHorueur,re MexAy 4u$$ysurrtvt raMMa-I,I3rIfIeHlIeM I{ BKTIaAoM Aac'

KpeTHbrx rrcTorrHr4KOB paCcMaTpI4BaeTCfl HHXe Enfi ru.Iafla3oHa cBepxBblcorltx aueprlrft

(E, ) 1 ToB). flplr erotr BepofirHafl cyMMapHaff raMMa-cBerl,IMocrb ArIcKperHbIx I'IcroqHI'I-

r<oe s lararcurre oueHlrBaerc.E r,rcxoAr uz He3aBucttnroi acrpo@Irsuqecrofr urSoptr.taquu.

O6:op AaHHbrx usnaepeHufr B yKa3aHHoM AI4arIa3oHe co[epxl4rcs, HatrpuMep, B [4] .

I. OcuoeHrIe rI'IIrbI HcrolmnKoB I'I Hx napaMerprl

I,Ie coeorynuocrz Ha6lroAareJrbHbrx AaHHbrx cre[yer, qro BaxHeftIrIHMI'I AlIcKperHbIMI'I
ficroqHr,rKaMr,r y-Lrsilyqetyrfr s lararrlrre ffBrlffIorcfl ueirpouuue 3Be3AbI. B uacronqee
BpeMfl MoxHo Bbr,[ell,rrb ro uenrurefr Mepe qerbrpe ruua acrpoS]I3I,IqecKI'Ix o6terros raro'
ro poga. I,Ix ocuosHrre csoficrsa KparKo cyMMI'IpoBaHbI HI{xe'

1. "Mologrre" paAr,rofiynbcapbr, cBfl3aHHble c ocrarKaMu BcnbIIrIeK cBepxtoBblx II runa
(rnepuouavr). Tunuvnrre npetrcraBI,IreJII,I raKLIx o6bercros - [ynbcapbl PSR 0531 + 21;
PSR 0833-45. Ilocne roro KaK ocraroK CnepxHoroft cAerlaerctr nena6nrcgaettblM, coorBer-
crByrouue HefrrpouHrre 3Be3Abr rvroryr 6r,rrr Bbrgerleubr n: Ha6nrcgaeMofr uortynfluuril patrilo-

flyflbcapoB rro HeKoropr,rM paA]roacrpouoMr{qecKl{M [pIr3HaKaM [5] . Ouu o6pa3ylor rtnoc'

r.yr rog.r.r.revy (Z :0,2 xnx) r,t pacflolararcrcr B crll,rparrulrx pyrcarax [-6] .

Eutl upegnoJlararb, rlro I{x ?Mllccllfl E, - lO8 gB - "[gr[6Hoe" u3ItyteHlle, To cBerI'I-

naocrr Irio fl3ar,a c nepr,rogorvr P I,I3BecrHbIM cooTHoIIIeH_ueM Lt q P- r'7 ,klz "Bocxogxulefi"
BerBr,r pacflpe[erreHr.rs raKr.rx flyJrbcapoB rlo fiepl4o,qaM [5] rrloNno uaiuu., qro q]IcJIo o6t'er'
ron y'y'nponopu?IoHullbHo P 1,5, orryga 

"rr.gy.r, 
vro Syurqua cBerI'IMocrrI N(Lr)cL;o''.

3ro nossonqer oqeHr.rrb cpeAuee 3HaqeHr,re cBerlrMocrl,I, [pI,IBeEeHHoe uNxe (ruoxHo o6parurr
BHlrMaHr{e Ha ro, rrro oHo Jrr{rrrb BABoe Bbrrue cBerr,IMocrl4 rlyrlbcapa PSR 0833-45 c aoapac-

roM - 104 rer). CyrvrvapHar cBerr.rMocrr, LrcroqHHKoB AaHHoro urna 6yger [poI{3BegeHI'IeM

cpegnefi raMMa-cBerrlMocrrr Ha o6ulee xx qlrcJlo s lalarcrure, Koropoe paBHo cKopocrll
o6pasoaanlrr grux o6t,erroB, yMuoxeHHoe Ha BpeMff LIx xlI3HI,I KaK 7-[croqH[roa. .U,ns

oUeHoK MoxHo rIpLIHflrb "cran4apruy*o" c^opoctioOpaeorauua [nep[oHoB 2'lO-2.roA-1,
a B KaqecrBe BpeMeHI{ xlt3H}I - Bo3pacr caMoro "ctaiporo" unepltoua (W 28, 6 ' 10a ner) '

3ra nocnegufl.trBeilktq:|lHa fiBlrfl.ercfl, cKopee Bcero, MLIHI,IMarruoi, TaK KaK Sv.ucQLItl B raMMa'

[uala3oHe rrpoAonxaercff n rlocne roro, KaK $euonaen ultepl4oHa Ilepecraer ua6lrogaucr
(nynrcaprr piccnrarprrueMoro rr,rfla c peHrreHoBcKrIM[ opeolarrau). Cuexrp raMMa-I'r3rIfIe-

HlIfl paccMarpr,rBaeMbrx o6rercroe flpocrl,Ipaercr{ B o6nacrb cBepxBbIcoKI'Ix ouepruft c [oKa-
3areJIeM 2,0 ! 0,5.

2. Oxolo 2f t sa1moRaenrofi nonynr\ur pa4uoilyrrbcapoB rrpourn, BepoffrHo, cra4,IK)

aKKpeqrr4 n gnofiur,rx ctrcreMax [5] . 3rr oOt,ercrr,r IrMeIor orHoc]ITerlbHo cna6r,re MarHI'ITHbIe

rroJrfl, I{x nepl4oAbr P >/,0,5 c, u oHLr trBrrflIorcfl, BI,IELIMo, oqeHb cJIaObIMI'I raMMa-IlcroqHaKa-

vu. I4crcnroqeHvfl.Mu rvroryr 6urr [yrrbcapbr, nonfllIBrulre npH aI(KpeIII4ll 6ollurofi MoMeHT

i.r o6:ragaroqr{e repI4oAaMLI ropEAKa M}.Irr}IceKyHg (PSR 1953 + 29; PSR 1931 + 2l).14x
o6qee q11crro B falarcrurce cocraBrrfler, BepoflrHo, oKorlo 103 [7]). Kar raMMa-I,IcroqHI'IKI'I

olrlr HaAexHo oonapyNenbr roJrbKo B o6nacrl4 cBepxBbIcoKI'Ix eneprnll (PSR 1953 + 29

coBnaAaer c rlr{cKperubrM r,rcroqur,rKoM 2C G065 + Q) . Oqeurca cBerI'IMocrrI B AaHHoM

cnyqae Bo3MoxHa, KoHerrHo, ToJrbKo rro [oprrAKy BeJll{qfiut'r. u6o Heacrro, HacKorlbKo yrloMff-

uy:rue o6T ercrr,r fipe[craBl,rrerbHbr Ntr^eceir rpynflbl.
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Ta6luqa I
Bepoxruoe q[cro f iltltMa-[croqHfiKoB pa3JlrrqHbrx rI{noB

n Fanartnre r llx raMMatBer[Mocrb

Tun 7-uctovnura

Hefirpouxrre saeegu

llynrcaprr, cBfi3auH6re c
flflepuoHaMr{

Maccusgue Esoftnrre
peHTIEHOBCKUe CITCTeMbI

Munnucexyn[nbre [yrrb-
capBr

Ilynrcaprr B cragr.rfi

"uponenlepa"

Tunruunre npeg-
CTABUTEJII,I

PSR 0833-45
PSR 1802-23
Vella X-l
4U 0l15+63
PSR 19s3+29
PSR 1937+21
Cyy X-3?

Cpegrrnr HJrH Tr,r[rq-
HA' CBETHMOCTI,,
epr/c

O6rqaa crerurrlocrr, n
Ilanaxraxe, :pr/c

) 108 gB )- lor 2eB
)10r2 aB

1.,2.L03 9.1034

2.10e 5 .1034

103 2.10s5

10 ?.10"u

8.103 6.1033

103 103 5

103 4 1,1 . 103 8

103 4 103 8

103 7

103 7

Ocrarr<n Cnepxxorrrx

l03r 2.1038 1038

1036 2t 1037 10. ,

- 5.103?

- 103E

SNR, run I
SNR, run II

Loop I
Kpa6oruguax
TyMaHHOCTb

3C s8

CTB 80

3. B xoge Hab[IoAeHLIfr [ocJIeEHIlx rler Hafr[eHo, qro rro MeHbrxefi Mepe 11{rb ABoiHbrx
peHTTeHOBCKI'IX CI{CTeM, I'IMercIqIltX B KaqeCTBe OEHOTo I,I3 KOMIOHeHTOB HerlTpOH}Iyro 3Be3-
EY, flBJItrIOTCA TAMMA.ICTOIIHI,IKAMI,I B O6IACTI,I CBEPXBbICOKI,IX 3Heprlafi E, } 1 TOB [A] .

Tolrrco B oAHoM crrf{ae - I.l'trfl. cucreMbr 4U 0l15 + 63 -lrMeer;.EyKa3aHrce rralailultue
u3rtyliielJfifl. B o6[acrr,r MeHb[[rx 3Hepr].r[ Et o 108 sB. I{preercs B Br.rAy r,rcroqHr.rK,o6uapy_
xeHHbrfr rpr roBropHoft o6pa6orrce Ha6nroEeHr.{fi SAS II Il], - SG 125.3-0.q, ruanrcsirtlr
[pI'I cBepxBblcoKofr 3Hepr[Ir KaK o6r,eKr Cas 7-1 [8] . Bce 3rr.{ o6beKrbr trBrrffrorctr MaccrrB-
HbIMII EBofrHbIMII cI{creMaMI4. OueHKa q[cna oO:beKToB B farIaKT[Ke ocuoBaHa Ha [aHHbrx
[9] u yuuruBaer ux Aorrrc, o6HapyxeHHyro B raMMa-r.r3MepeHr,rax (-2w") ro orgoureH[;K
o6lueMy rlucrry Ha6[IoAaeMbIx o6beKToB. Heroropr,re r.r3 Maccr,IBgbrx peHTreHoBcK]rx cllcreM
B raMMa-,qI'Ia[aJoHe ue na6nrogalllcb, IrooroMy [onfraeMa-rr raKr.rM o6pa3oM oqeHKa, BepoflT-
Ho, MI'IHIlMiuIbHaE BerlllqllHa. IlpocrpaHcrBeuHoe pacfipegerreur,re paccMarpr,rBaeMbrx r{croqH[-
KoB EorIXHo 6rrrr aualor[qHblM pac[peAerleHllro [yrrbcapoB c Mlrrrn[ceKyH,qHbrMrr fleprro-
EaMr.r, c xapaKrepHofi rronyuuptrHoir Ettcraz xo,4 rrt.

4' Illuporo I'I3BecrHbIfi I{croqHI{K Cyg X-3 tro prgy oco6eHHocrei He rroNer 6rrrr orue-
ceH K rIpeAbIEy[IeMy TI4[y MaccI{BHbIx peHTreHoBcKHx cIrcTeM. Hauplrnrep, orrprrrrrfr B gToi
ry9.r.nofi cucreMe [epttog fiyr,bcapa 72,6 wc (o6sop coorBercrBy;qux usvrepeg[ri cM. B

^[10] ) aanerc or paBuoBecnoro - He yKrlaAbrBaercff B KopperrffrlrroHHyro 3aBrcftocrb [11]"op6zralruufr nepuo4-neplroE Bpaueuur uefirponnofr sees4rr,,. Moxno npagnoro^iru,
rITo [y,Ibcap B gToi cl{creMe HaxoArrcfl B cra4ur{ "nponenaepa". Bpevx xrr3Hr4 crrcreMr,r B
TaKoM pexl{Me He [peBbluraer - 104 w [12), raK qro rogo-6nur*b6ueKroB B falaxrrr<e
EolxHo Ha6flrctrarbcfl orleHb HeMHoro. CoorBercrByrou][e no,qcqerbr Aaror AoBorrbHo Heorrpe-
EerIeHHbIe pe3yrlbrarll. Ilosrorvry ArIfl oUeHK?I o6uero qrrcJra r{crorrur.rKoB, auiuror?ruHbrx
Cyg X-3, npuuaraBefir4qpt]Fra -10, nonyuerHaff B [13] r npegnoloxeur.rr4, qro Bce raKrre
o 6beKTbr lrMelor oAlrHaKoByro cBeruMo crb.

K repeurcneHHblM TI4[aM raMMa-[crorlHr{KoB AonxeH 6rrrr go6aeneH erqe o&ug Krracc
oobeKToB - co6crBenHo ocrarKI,I BcrlbrrrleK Cnepxuoerrx, r[e raMMa-r,r3ryqeHr.re renepr.rpyer-
cn :trw6o s o6onoqxe (Caepxuonrre I trua), lr.16o B HeKoropoM o6r,enae BoKpyr [y[bcapa

O6qee quc-
no s lanar-
T'IK E
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(Cnepxuonnre II ruua). Ecnr r,r3BecrHbre cefrqac ocrarKn CnepxHonnx flBrlflIorcfl rrrrtu,u-

HbTMLI raMMa-LIcroqHLIKaMr.r (Kpa6oauAHafl ryMaHHocu, Loop I), ro oul't BHocflr ofipe[e'
tenrr,rfr BKna[ B CyMMapHOt rriyranr. IalaxrUxn TOIIbKo s o6[aCru oueprufr Ey =108 sB,

TaK KaK r{Meror orHocI,ITerIbHo 6onruue [oKa3areJlu cnercrpa -2,5.
Oqegru cyMMapHbrx caerrnaocrefr E rE Bcex lepequcrleuHblx rlttroB o6t,ercros cBeAeHbI

s ra6r, 1. Ecrur He crrr.rrarb rrrrepnoHoB, r{x roqHocrb - rlopfl,qoK BerI}IqI,IHbI. flonnaq cserlt'
Mocrb Bcex I{croqHLIKoB ra6n. i s lanarcrlaxe EIls Et = 108 eB 6nlrsra x 6 ' 1038 opr/c.
3ry aeluur.lHy cne[yer cpaBHr.Irb c r.rHrerpilrlbuofr ratvtua-cBerl,IMocrblo lalarcumu glx
yxarauuofi oneprul{ (7!2) . 1038 apr/c. Kax augno, gu$$yauoe LI3nfIeHI,Ie r [llcKperHble
r,rcroqHI{KI,I BHocflT B cBerI,IMocrr lalarurxu colrocraBI,IMbIfr nxla4. O6ulfi BKnaA AI'{cKper-

HbIx lIcrorIHI{I(oB Ta6rI. I lvtoxer 6urr Aaxe 3aHI,IxeH - He rorlbKo I'I3-3a lIcttorlb3oBaHl{tr IIpi'I

orleHKax Mr,rur,rMirrrbHbrx suaqenui HeKoropbrx flapaMerpoB, Ho I4 rlo rofi npuuLrHe, qro orlpe'

AerreHHr,re rl4flbr r,rcroqHl{KoB Moryr tloKa ocraBatrcs ueo6uapyx}IM-blMll B raMMa'}I3Mepe-

ulrqx. He I{cKIIIoqeHo, HaIIpI,IMep,qTo raMMa-EcToqH[KaMIr Er= IOB sB uoryr oKa3aTbcfl

HeKoropbre 3Be3[br Bonr$-Parie [14] . Moxuo o6parllrb BHlIMaHIle raKxe I'I Ha ro, qro B

ra6n. I pa3ubre rulbr lIcroqHI{KoB BHocfiT_ B cy_MMapHylo cBer[Mocrb IlplrMepuo paaHr,Ift

BKrra,q. Manooeporrno, uro6u ouu6xu B oUeHKax cBerl,IMocru llcroqHuKoB pa3Hblx rI'IloB
I{MeJIIlt OAI,IH I'I TOT Xe 3HaK.

2. O sostvroxnoft upupoge cneKTlra cBeqeHrrfl rluraKTfiqecKoro A[cKa
upreHepnrflx )l TaB

Hefrrpounrte 3Be3EbI, raMMa-r.IcrorlurrKu ra6[. 1, o6nagarcr revt ceoficrgoM, qro ltx crIeKTp

T-fisnyqeHufl [pocrr,rpaercr go - I TgB u e HeKoropbrx c;rryafrx ,4o eqe 6onee grrcox]Ix 3Hep'

rnfi. 3na.reHr.rff AIrff r.rgrerpaJrbnbrx uoragareneft c[eKTpa HeKoropbx o6beKroB rIpeAcraBJIeHbI

s ra6n. 2. Ogu rroActMTaHbI Ha ocHoBaHLIlI [aHubrx 06 I,I3MepeHHbIx rloroKax, IlMelou*rxcfi
B lrr,rreparype. Karc uuguo, FJtfi Et )l TgB IIoKa3areIIu troBoilbuo HII3KI,Ie, (e + 1) < 1,0.

Ecnlr noao6nbrx lrcroqHr,rKos B lanaKu,rKe MHoro r ux crIeKTpbI raMMa'[I3rl]qeuux geficr'

Br,rTeIIbHo TaKue "rtortort4e", gpff. eHeprui Er) I TsB rarcxe AoJIxHo na6rrogarrca caeve'

Hrre raJlaKrLtqecKoro IpIcKa. Cuerrp 3Toro lr3flyqeHllfl AonxeH 6rtrt "cpegunM" cuextpotr
r.rcToqHrrrKoB, rroryrarcqltMcfi B pe3yJlbTaTe I,Ix cynepflo3l,Iq[u (rax KaK ]IcToqHI4KI{ pa3Hblx

TI,TITOB LIMSIOT pa3Hbre CpeAHI{e Z, [OKa3aTeIIr "CpegHero" Cnerrpa EOnXeH 3aBI{CeTb OT ra'
.narrraqecxofi uuaporrr) - Bce r,rgsecrHbre K HacroflqeMy BpeMeHI{ pe3yrlbrarbl usnrepeurfi

r,r3rr) reHr4ff rtrrraKrr,rqecKofi uocrocrr{ gltrl sHeprl{u [opflEKa ) I TeB HaHeceHbI na rpa$rrc
plrcyHKa.

l4styteuue rulJraKTrlFrecrofi rurocrocru B paccMatpuaaeuoi o6nacrl,I eneprrfr 6rmo o6Ha-

pyxeno uepBoHatrarbHo no e$Qerry rIoH[rxeHLIfl ]IHTeHc[BIIocru ("tevmaa nonoca") , na6nro'

EaeMoMy BEoIIb r:IIIaKr[IqecKOro OKBaropa [15]. HacrconbKo Moxno CyWrTb, yfnoBaff llrnpil-
Ha [oJ]ocbr nosrrueHHofi rpKocrr,r ue npiarruraer lbl = 10". I4nrencusHocrt rg6rrroqnoro
I{3n} {eHl,rfl riuraKTltrecKoro EI{cKa MoxHo I,I3MepffTb senruHHofr aM[III4TyEbI B To^qKe IIoHI{'

xeHl{fl r,rHTeqclBHoctr (a "teunofi rtorroce", ralaKrl{rIecK[e uflrpoTbl lDl< 1,5'). 3natle'

Hrre ynoMflHyrofi selnrunbr Aerrpeccr{rr uHreHcIrBHocrI.{ Bapbl{pyer. c lI3MeHeHI{eM rarIaKTI{-

qecrofr Aorrrorbr. Toqxa "CrAO" flBrtserca cpe4uefi AJIff HecKorIbKLIx [oJlror, nouyrernofr
B pe3ynbrare a1uu43a6onrruoro.vraccwBa na6nrogenufi [16]. Touxu, coorBercrBylou[e
[aHHbIM, [oJIyqerIHbrM s 6oree rIo3AHIlx r,r3MepeH[If,x, HaHeceHbI Ha pI,IcyI{Ke co 3HaqETerIb-

uofi (ngroxureJrb - 3) norpennrocuro. HeonpegeJreuuocrb Bo3HlIKaer u3-3a crII{IrIKoM Kopor-

KOIO HHTepBiUIa CKaHI,IpOBAHUfl., IITO He [O3BOJIfieT OEIIO3HaTIHO IIOACIMTaTb 3KB]IBaIIeHTHyIO

u*nrrrryg,y WenwrcHufr lrHreuc[Bnocru. floqtu Bce roqKl{ orHocflrcfl K oEHofi AoJrrore
/ = 80d. .fl,annrre nsuepeHufi cMr{rcon}rancrcoro o6sopa [17] (rourca l4)) cnegyer paccMarpll'

Barb rlo rexHI,IqecK[M [pr{rI[HaM rax aepxnrfi lpegeJr. B rovr, qro B o6flacrn ralarrrqecrofi
[JIocKocTI{ soo6qe I'IMeercrI l,rs6rttoqHoe I{3rIyrIeHIle' Bce AaHHbIe (rcurouax, Bo3MoxHo'

[9] ) xopouro corJracyrorcff. 3aueqarenbHo, qro Hau6onee HaAexHar I{ [peEcraB]IrerlbHaff

roura ("CrAO", cpegnee rro HecKorrbKuvr gorrorarr) floxl,ITcff Ha [poAorlxeHl4e crleKTpa

.E'-1, nonyuerro" r, uavrepennfi COS B (roura Ha pI4cyHKe Et= los eB -uepecwtraHHoe
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Ta6n:,z^ua 2

Cnertrpanruue noKiBareJru HeKoropbrx raMMa-HcrorrHHKoB

Hcroquur

PSR 0531 + 21
(Kpa6oauguax
ryuanuocrr)
Cyu x=3

Er= lot2+
+iors sB

o+ I

0,7

PSR 0833-45
Her X=l
Vela X=l
Geminga

11

i'
0,6
10

cpe[,HeB3BeIUeHHoe 3HarIeH]Ie rlo BceM [orlroraM B Arrarra3oHe rarraKTr,rqecKofr ufiporbr t10') .

Ecnu s AI'Iana3oHe 109-1012 oB cnexrp ofl]rcbrBaercfl oAHr,rM 3aKoHoM, To ecrecrBegqo
flpe[noloxeHr4e o roM, r{To flpo[cxoxrqeglre groro ],I3nyrrenua o6yclouleHo B ocHoBHoM Ka-
rcoli-ro o[Hoi npfirllrHofi. KaKoBa ero BepoffrHax npupo4a? OueougHo, reHepaqtr.rr rr3nyrregr.rq
He Moxer 6r.trr o6ycnoBJleua B3aI,IMoAefrcrBLIeM KocMr{qecrcux nyuefi c Mex3Be3EHbrM BoAo-
poAoM: cleKTp, csssaHHltfi c 7ro-pacla[ou, 6olee Kpyrofi (ua pIEcyHre rru1ufl.,,To,, HaHeCe-
Ha B npeAflonoxeHr,u.I, qTo IIpu E"y = l}n 3B laMMa-[3[yrleHr.re I1oJlHocTbro o6yc[oBleHo grr,rM
upor-ieccorur). IIo rofr xe flpr{qr,rue r,rcKflroqaercfl fipegrrofloxeH]re o ropMo3Hoi ,rprpoge oro.o
I'I3JIyrIeHI'Ifl. Ha6lrogaervlufr garclos cleKTpa AoBorrr,Ho roquo coorBercrByer l,r3rrfregr,rrc, 616-
pa3yloueMycfl 'IIpLI o6parHoM KoMnroHoBcKoM paccefr.Huu 3neKrpouoB coornercroyroulefi

CBeqeHHe riuaKTrrqecKoro ALrcKa s o6nacru cBepxBbrcoKt x 3Heprxfi
flo ocu opAI{Har - IrHTeHcuBHocrb Arrs AHana3oHa raJraKTffrrecKHx uupor I b | ( I 0" ; no ocu a6cuHcc -sHeprun E. Cunomnas filtlflts. - crreKrp, nonyueanr,rfi ua crryrHr{Ke cos Ii, rouxagn s. i^, =to6 ,g- io"ru"no BceM ranaKTHqecKlM gonrorau. CneKTp raMMa-H3JryrleHtra, o6ycnoanennr,Ifi pacna,{ou ,ro _rraesono", na_
HeceH B npeEnoJIoxeHHH' rrro trpH E.v = l0' eB scs HHreHclrBlrocrb o6ycronneHa AeucrBHeM Torrbr(o gToro
Mex-alr[3Ma reHepauHtr raMMa-KBaHtoB, ToE(ff HaHeceHbr corlacHo nHreparypHbrM ucroquuxalr: W _
[1?], D - t181, R - [le],cfAo - tlsl, A _ l2ol ,c _ t2tl

a7

E^r= 1gt2 :

+iors sB
E^y = 108 +
+iot2 sB

0,6



SHeprr.rI,I: rroKa3arerrb 3Heprer[qecKoro c[eKrpa 3rreKrpoHoB npI,I 3Heprxl{ -1 TeB cocraBJlfl-

er e = 3,0,r{ro[pr4BoA[rK[HrerpaJrbgoMynoKa3arerlrcraMMa-I,I3ryqeuux -(o+ 1) l2+ 1=
= -1,0. B npegnonoxenlrr{, rrro l,r3nyrleHr{e rarraKTr{qecKoro AxcKa rlplr pacctuarpunaeuofr

3Heprutr lrMeHHo KoMrrroHoBcKoro upo[cxoxAeHr{fl, y[aeTcfl o6r,qcHurr HarlEque "TeMHofr

floflocbr" Bgonb rarraKT[qecKoro 3KBaropa [16] . Oauarco rl{Ilore3a o roM, qro I,t3[yrIeHI4e ue-

rIr,rKoM I,r florrHocrbro o6ycroaleuo KoM[ToHoBcKr,IM pacceflHrieM, crarlKl.{Baercfi c rpy[Eo-
Crbro, Cyrb roropoft cocrollr B Cnegyrou1eM: IIpE 3uepruflx,3aMerHo 6dnnumx 1 TaB (E7)
) l0 TsB), KoMrrroHoBcKoe lr3n) {eHue [oJrxHo yBerlnrrl,rBarb Kpyr]'I3Hy cneKTpa.3ro o6y-

crroBrreHo EByMfl TIpFIIIHaMI'I :

1) raueueureM xapaKrepa B3ar{MogeficrBr.rfl 3neKrpona c [oJIeM [3nyr{eHl,Ifl - IlepexoA or
roMcouoBcKoro ceqenllfi t< rlefis-uurul,IHoBcKoMy ( (a + 1) I 2 '-> u);

2) yvreuuueHr,reM KouuenTpaUtlu peilftlltBucrcKr{x 3rleKrpoaoB B cBfl3lt c yMeHbtueHlleM

ux [po6era ]r3-3a Bo3pacran]rfl cr.rnxporpoHHbrx norepb B Mex3Be3AHoM MarHI,lrHoM IIoJIe

(npu "craugaprHux" iruuarrt*- Hanpaxeunocr[ MarHI'IrHoro noas 4 ' 10-6 Ic ,r py1q-

4y:uo*rno.o rooQQnqreHra lO2e crurz . c-l upo6er 3rleKrpoua c sneprnefi 100 TsB cocraB-

,aer scero 42 m,rITo Muoro MeHbIIre cpeAHero paccro.agl'Ifi MexAy lrcrouuurcavru) .

MexAy reM c[eKTp raMMa-L{3rryqeHufl raJraKTl,IqecKro AI,IcKa, BI,IEI4Mo, IlpoAonxaercfl c

reM xe [oKa3arerreM o o: 1,0 Ao sneprnfr - 100 ToB. Bo scsroM cnyqae ttpucyrcrBlle raMMa-

r.t3Jryrlegr.tfl raraKTl,IqecKoro AI{cKa rrpr.I yKa3auHoi 3gepruu rlo3Borlfler trongocrblo o6r,qcHurr
anr.r3orpofll,trc KocMrrqecKoro u3Jryqeur,rt l2}l. Ha pncyure roqKa ,4 cooreercrByer I{HreH-

cr{Bgocrtr raMMa-lr3Jryqegtrr, Koropyro neo6xo4l,IMo apuHfirr [rs o6tqcueuux ynouxuyrofi
agr,r3orpo[urr (carura ugea o Bo3MoxHocrr.r o6rqcuenuff aHu3orpo[I4l{ raMMa-}r3nyr{en}leM

6rrna srrcrcaaana BgorulrKoM r{ BonrQengefirona [21]). KoHeuuo, ecrrt cytuecrBylor Apyr[e
pearllHbre MexaHr,r3Mbr Bo3Hr,rKHoBeHr{r aul,I3orporrr,r (c reMI'I xe napaMerpaMl4), orueuenuoe
3HarIeHHe [HTeHcI,IBHocrr{ goJrxHo paccMarpl,IBarbcfl KaK nepxuufi flpeAen. Eclr xe 3Ta oI{eH-

Ka coorBercrByer peiulbgofi unrencuBnocru, ro ueo6xoguMo 3aKrlloqfirb, qro wa E7 )
) I TsB Hap.flAy c KoMrrroxoBcKr,rM u3rryqenr,IeM rlprlcyrcrByer eIIIe KoMnoHeHr, o6yclooneH-
nufi gucrpeulbrMn trcroqHr,rKaM[, rrpIlrleM rluTencuBHocru o6onx cocraBJlfiIoulux I'l3rIyrIeHI'lf

flpr{Mepuo og}rnaKoBbr. flptt 87.= 100 TaB uanyueufie, Bepoflruo, ttoJluocrblo o6ycnoBneHo

MCKpeTHbIMLI IICTOI{HI{KaMI,I.

I4qrepecuo orMerurb, rrro rtplt eule 6oree BbrcoKl,ix sHeprl,Iffx E"f = l}t s oB cse.IeHI'Ie Al{c-

Ka, Br,r,Er{Mo, ue o6uapyxlrBaercfl (npegen grtfl 3rI,Ix :ueprufi - roqKa C uaseceua coulacHo

122]), YrcnwueHr,re r{HreHcuBHocrr.r raMMa-I{3nyqe[ufl B o6lactu rarlaKrl{qecKoro sKBaropa

Wfr El = 101 
s aB, o6ycnoerleHHoro E[cKperHbrMI{ I{croqHI,IKaMr4, v! He AorIxHo, KoHeqHo,

na6nroiarrcq, uocKorrbKy npo6er rarux QorouoB IlplruIx B3aI,IMoEeitcrrau c florleM ]I3rlyqe-

Hr.rE Mex3Be3guofi cpegrr cocraBJlfler -6 KrtK.
Ecau nslyueH?re rarlaKTl,IqecKoro AlIcKa B AI{arIa3oHe 109-l0l 2 gB on[ctrgaercfl e[I'IHbIM

c[eKTpoM c t 1 = 1,0, uerpygno naftru cyMMapuoe cBeqeHI,Ie lanarcturcu n-o6nactu,csepx-
,or"or.r* eueprnfr. IIyrer'I sKcrparlonsq1lr roryqaeM Lc(Et )> l ToB) = 3 ' 10'' opr/c'

B uocreEuefr KorroHKe ra6n. I fip]rBetreHbl oIIeHKI,I cserul\4ocrei paccMorpeHHblx BbIIrIe

MrroB Ar{cKpernbrx }rcroqrmKoB rrplr raKI,Ix oHeprl,Iflx. I,Ix cyunaapHat cBerI'IMocrb B

Iararrure - 1,3 . l03E epr/c. Kar arg,Ho, Enx eHeprufi Et) | TsB cseqegl'Ie falarcruru
Moxer 6r,trl g ltpl,rHIII'Ile lrorluocrblo o6tgcseuo lr3rl) {eHI'IeM AI{cKperHr'Ix llcrorIH}'IKoB'

3axlPqemle

I,Isrrrepeuun raMMa-r.r3JlyrleHllff, [poBe[eHHble B oTIIocI4TeJIbHo y3KoM cneKTpaJIbHoM I'IH-

repBarre-E.y= 5. 107 +3. 10e sBaunaparypoficHLI3KI,IMyrnoBblMpa3peueHl,IeM,He[o3-
Borlf,ror cAerrarb ognosuauurrfi BbrBoA o BKrraAe Ar{cKperublx I{croqHI'IKoB B cyMMapHylo

raMMa-cBeTl4ruocrn lalaxruxu. Ananu3 [aHHbrx ua6ruogenufi s o6nacru cBepxBr,IcoKl4x gHep-

ruit E^1 ) I ToB rro3Borrffer, o[,HaKo, 3aKrrroq?rrb, qro BKTIaE AI,IcKperHbIx I{croqHl'IKoB B raM'

,"-rarriyveHre lanaxruxu lPu El = lOE oB He Moxer 6urnnpene6pexl'IMo naan. B fanarru-
Ke cyulecrByeT oKorro 104 rarvrrvra-ucroqHr,rKoB. flpu yrasaHnofi sueprnu ltx BKnaA B I{HTer-

parrbgyto cBerr{Mocrb lalarruxu co[ocraB[M c gr,rQQysuuM u3nyl{eHl'{etr. C yaerurqeuueM
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3Heprllu BKnaA trI,ICKpeTHblX r4CTOI{HI,IKOB B raMMa-[3IryqeHI,Ie faJIaKTLIqeCKOTO AI,ICKa BO3pa-

craer. flpll 3neprtlflx flopffAKa 10 TsB cBerrerr[e raJ]aKrrrqecKoro Ar,rcKa, Bepoflrrro, norruo-
cTbIo onpeEeIIfl eTcfl AI,IcKpeTHbIMr,r rrcToqHlrKaMr,t.

Anrop flpu3HareneH corpytrHr,Ir(aM Jla6oparopuu BbrcoKl.rx oHeprufr KAO sa Kprrrr,rqecKlre
3aMeqaH14f .
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}I3MEHEHI,Ifl OPHEHTAUJ/.KI KI BEJII4TII4HbI MAIHIITHOTO IIOJI.fl
14 HX PONb B OOPMIIPOBAHI,II4 TOKOBbIX CTPYKTYP

B.lI. A6parvreHKo, C.I4. Ionacrox

O6ocHosauo IlpeAcraBneHltc reprnralrtroii cocrarlrrculeit 3lreKTpraqecKoro roKa Ha Colnqc a nlrpe
cJlaraeMLIx. fleproe cJlaracMoe, o6yclonleuuoe rroBoporoM BeKTopa rroreHr.llraJlBHoro norrepeqlroro floJrr,
nyqure Apyrux onpeAerrrrer crpyKrypy }rcrr.rHHoro roxa (xosQ@zulreHT Koppensquu 0,5 0,7). oaHaxo
BerIaqHHa roKa, oflpcAenreMa, 3THM cJraraeMLrM, luoNe'r 6r,rrt 3aBblueHHofi [pr,IMepHo a 2 pasa. Pasruque
yMeHbIIJaerC' nO Mepe yBenl4qeHl4q ponr4 B cTpyKType ToKa BToporo craraeMoto, cBrr3aHHofo c r43MeHerrlr-
eM AIIHHbT BeKropa IorepeqHoro MarHttTHoro noJrr.

flpegcranneHrle roKa B BHAe cJlaraeMLlx no3BoJrrer rronyqllTl r.rH$opMaur4ro o roM, Korg,a H KaKr{e tlpo-
UeccLl .rIBJItIorcq AoMlrlll.Ipylouulru. 3ro orKpbrBacr HoBbre Bo3MoxHocrlt B rrccJlcAoBaHHH Ar4HaMr4qecKr4x
IlpoucccoB ua Qoluqe, IIpI.lBoEruII4x K noBopory BcKTopa flouepeqHoro Manrr.IrHoro rrojl, H LI3MeHeHun
ETO ANI,IH6I,

CHANGES OF THE MAGNETIC FIELD ORIENTATION AND VALUE; THEIR ROLE IN TI][,
FORMATION OF CURRENT STRUCTURES, uy V.r. Abramenko, S.I. Gopasltuk. - tt has been
substantiated, that the vertical component of the eleitric current of the Sun rnight be displayed as a pattern
of items. Thc first one, determined by a turnoff of the potential transverse field vectot fits the structure of
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a real curreflt (the correlation coefficient is 0.5-0.7). But the value ofthe current being determined by this
item, might be overestimatedby a factor of 2. The difference decreases with the increase of the role of the
second iiem, which is determined by the changes of the length of the transvbrse field vector.

The current being displayed as a pattern of items permits us to obtain the information about particirlar
processes dominating in the formation of current structures, It provides us with the advanced possibilities to
hvestigate the dynamical processes on the Sun, leading to the turnoff of the tansverse mdgnetic field vector
and the changes of its length.

.[ur.rxeHur rlJra3Mbr B KoHBeKT]rBHoft 3oHe Consqa co3Aapr BparueHl{ff MarHI{THbIx rpy.
6or - rrflreH lr trx orHoclrrerrbnbre rrepeMerrleHlrf,. C unuu cBfi3aubl I{3MeHeHI{fl crpyKTypbl
MarHr,rrHoro [orrfi aKr]rBHbrx odJracTefi (AO) [1]. Bcsroe ]BMeHeHIIe crpyKrypN IIorIfi He-

npeMeuuo colpoBoxgaercfi, w46o [o.aBJreHr{eM, rtr6o I,I3MeHeHI{eM gJIeKTpI{qecKI,D( ToKoB.

Ilprcyrcruue gneKrpr{qecKr,rx roKoB B arMoc$epe Consqa BrIepBbIe 6rmo o6ocsoBaHo BbI'
qucflAHr.rfiMu ux rto Ha6rrrcAeulrflM rrolepewrbrx MaTHIITHbIX flofleft B oAI{Ho.IHDD( rIf,THax [2] .

B nogregynqeM orr,r [ccrregoBanr,rfl 6bDwr flpo4orrxeHbr r [3-6] , B ToM rIrIcJIe H B crloxublx
AO.

3gecr nauu [poBegeHo r,rccJIeAoBaHIIe BlruflHvtfr pa3rll{wbD( BLI,qoB I{3MeHeHI{fi MarHI,ITHbIx

flo,Iefi Ha crpyKrypy sJreKTpI{qecK}Ix roKoB.

1. tlpegcmrneHne roKa.B BHAe cflaraeMhD(

flpelpraraeua, HaM[ Bo3MoxHocrr noryrennr uuSopnaaqnu o BKJraEax pa3JIruHbD( BI'IEoB

r,BMeHeHr{fi Margr,rrHoro florrr B Beprr,KarlbHbrfi tor anteraer [I3 [peAcraBrIeH]IE ero B BI{Ee

UlIpKyIIflIII,lu BeKTopa [O[eperIHOrO nonx H I IIO saMKHyTouy rontOpy tr :

clcj,=- _ $H,dr=- $(H"dx+Hrdy),4tr ,S ;. ' 4rS L'
(r)

'^'J;Ji#fi?;f#'J#frffi',I":# i; nBnnercnrroreHrrr.rarrbH,rr,r [7] . Bemrwrua lrl u

a3r,IMyr a ua6nroAaeuoro flonepermoro rroJrff orJll{qarorcfl or BeJI}Iq[HbI H +o , o3IiM/Ta os

[oreHur.ftrrrbHoro trorrfl, Bbrrr[crlenHoro rro Bepr]IKalrnoft cocraBrltrrculeit H^, Ha ocHoBaHI{I{

perueHtatr 3agaqlt Hefirraaua. Bgaruxoe pacfloloxeul,Ie aexropor H 1 u II0r r uexotopofi
roqKe Ha noBepxHocrr.r Connua rroKasaHo Ha pr,rc.'1. Ilepexog or BeKTopa [oreuql{arlbHoro
rroJrfl K BeKTopy na6lrcgaeuoro MoxHo [peAcTaB]ITb KaK I,IsMeHeHI,Ie IUII{HbI noreHIII{tuIbHo'

ro BeKTopa

Ht=H\+ AHy

u 3areM rroBopor ero ua yron Ao:

&= 0o + Ac. (3)

flogpo6uue raptrr A111 u Ao, uorasbrBaroul[e orJII,IqI,If rIoreHIII,IarIbHoro fionfl or ua6lro-

AaeMoro B aKTLIBHTIX O6laCtlX, npr'Iue4enrr n [7] .

Ha ocuosaHl'Ira puc. 1 IiMeeM

(2)

H, = HLcosa = 1{'cos(os + Ao),

Hy = Ht sin o = -F{ sin (ee + Aa).

llocne uoAcrarroBKr4 (\ u @) a (1) uonyuaeM BbrpaxeHl4e llrlfl nrlorHocrr roKa/ (ztarc z s

Tlarruefruev onycraerur) B Bttge AByx craraeMblx:

j=it + iz,
rAe

,, = * t'@i 
cosq. dx + HoysinadY),
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c
i, = 

a,ns

(6)
s

L
(AI{coso dx + AHl sir: a dy).

llpw a = es rrepBoe cfiaraeMoe i 1 o6paulaercr{ B HyJrb, raK KaK [oreuqunbHoe [one
6ecroxosoe. Cre4onarenrHo, flepBoe cJraraeMoe / 1 olpeAenrer crpyKrypy 3[eKTpl,IqecKoro
TOKa, CBT3aHHOTO TOTIbKO C TTOBOpOTOM BeKTOpa [OTeHUr{arrbHOrO rIOJIq.

Bropoe claraeMoe i 2 cexzaruo B flepByro oqepe[b c [pnpaueHr,IeM ArIr,IHbr BeKropa rloreu-
qr,raJrbHoro rroflrr Ha BenuqlrHy AHL. Ouo obpaqaercfl B Hynb ronbKo ror[a, KorAa LHL .=
= 0. OAnaro i , * 0 Aaxe B roM cJr) rae, KorEa HaIIpaBJIeHI,Ie o6oux serropon H1 u H"1

coBlaAaer (Aa = 0) , 3ra qacrr, firlorHocrlr roKa paBHa

c-
ir=+* 6 lAHrcoso6 dx + AHLsinae dy). (1)

OHa saBIICI{r roIIbKO or AH1 - IIplIpauIeHI,Ifl ATII,IHbI BeKropa [oTeHUI,IaJIbHoro floflfi. Taruv
o6pa3oM, Bropoe claraeMoe j, o6ycttoyleHo He rorlbKo r.r3MeHeHI{eM ArII,IHbr nercropa H01 

"

Psc. 1. BgarnvrHoe pacno;roxeHlle BeK-
ropoa na6ruogaerroro H1 u rroreH-
qr,rirnBlloro[If nonepevnoro MarHur-
HO.rO nOn.s

Ho rr rroBoporoM ero [pupaureHr{rr. Tor, caa:aHurrft c npoqeccoM [oBopora np]rpaxleul4fl Ntu-
Hbr BeKropa H [ , onpe[enaergf pa3Hocrbro er,rpaxeunfi (6) u (1):

ic = iz * it. (8)

ClegonarenrHo, flrrorHocrb pe3ynbrrlpyrcuero Beprr{KanbHoro roKa MoxHo rIpeAcraBLITb
qepe3 BeKrop rrorenr{r{aJrbHoro flonff (ero npupaueHue u uonopor) B BIrAe rpex cJlaraeMr,Ix:

i=ir+iz+ ic. (9)

flonyuenuoe fipellcraBrreHrre flrrorHocrr{ ToKa lo3Borrrer ofipe4errr,rrb BKrraA Kaxloro cJIa-

raeMoro, T.e. flpoqecca rroBopoTa r{ [3MeHeHr,rE AIrr,rHbI BeKTopa floflff, B BeJI[qI,lHy II cTpyKTy-
py pe3ynbrHpyroxlero roKa.

2. Pesynrraru

.II4a ycranogIreHr.rfl coorHoruenrfi NIexAy crlaraeMr,rMll pe3yfibrl,Ipyrcxlero roKa Ir caMrlM
ToKoM uarulr 6ruu B3-rrrr,r ua6nro4euua [orrHoro BeKTopa MarHI,IrHoro rronfl IIByx aKTI,IBHbIX

o6racrefr:08-14.06 1969 r.u2l-26.10 1968 r. B otgelrutre 4uu 6ruto ro ABe-rpr{ cepuu
zsr,repeunft. 3arucr rron.E rrpoBollr{Jracb lro rrriluLT Fe I ].5250,2 Aua eertop-ltaruurorpa$e
KAO s pexr,rMe ollHoBpeMeHuofi perncrpaqrrr.r Bcex KoMEoHeHroB [8] . Pe:ynrrarrr o6pa-
6orrcu ua6nro,qeuufi uaruurHoro [oJrE 6rulr npegcraBJreHbr B cl,IcreMe KoopAl,tHar, ocb Koro-
pofi conna4aer c HopMarrbro K rloBepxuocrlr Colnqa, Onrcanue aKTr,IBHbrx o6racretl, AaHHbIe
na6rrogeuui MarHr{Tuoro floJrfl r{ MeroAbr r,tx o6pa6orru flpl{Be[eubr a [9-l 1] .

IIo rcaryIoi 3arrucu IIoJlrI Ha ocHoBaHI,Irt arrpaxeanfr (1), (5)-(8) 6r,uu srrurcreHbr
i,ir,iz,ia nic.

Pesynrrarrr cnoxeHr{tr nrotnocreft roroa 71 , it vtic IIoJIHocTbIo Boc[pol'I3Bo/lfiT cTpyK-
Typy LI BeII[qIIHy pe3yfibrl'Ipy]oulero ToKa / , BbIqI4CIIeHHoro HelocpeAcrBeHHo IIO AaHHLIM
ua6lroAeuufr [ofleperluoro uols. 3ro ffBr{rlocb rrolITBepxAeHr,reM rIpaB}IrIbHocrI,I flpeAcraBrle-
Hrr pe3ynbrlrpyrcqero roKa B Br{Ae cllaraeMrrx (5), (7), (8).

llprrvrepu Kapr srr.rx roKoB [p[BeAeHbr Ha puc.2. Ananfis Kapr noKa3an, qro crpyKrypa
claraeMoro /1, KaK IIpaBlIIIo, nau6oree 6rEsro cooTBeTcTByeT crpyKrype pe3yflbr]Ipyrcue-
ro roKa 7. Crpyxrypbr 3Tr,Ix rorcos Hau6o[ee KpyrlHoMacurra6nr,r. Claraevrr,re iz,ir,ic,



v<

Pnc. 2. Crpyxrypa flnorHocru pe3ynr,Tupyrorqero Beprr,rKanrHoro gJreKTpaqecxoro roxaT (a) u ero cJrarae-
rvruxT, (6), j, (e),i, G),i + (d)s axrunuofi o6nacrr 10.06 1969 r.
OonacrH ToKa, HatrpaBrreHHoro BHr{3, sarurpHxoBaHbr. Buyr:puo6nacreitugonusss.npoBeAeH},Iqepe3 2500 H
10 000 A/rrvr2
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Puc.2 (oxoruaHue)

cBfl3aHHble c H3MeHeHI4eM IIrII{HbI BeKropa H! , 6oaee MenKoMaclrra6nu. Beauqr,rHa flrror-
HOCrlr roKoB ir,iz,iz qacro npeBocxollrrr firrorHocrb pe3yrrbrr.rpymqero roKa/ . oAuaxo
MaKcIlMalIbHbIe 3HaqeH[tfl flrlorHocrefr cJlaraeMbrx npuxollflTcfl Ha pa3ubre Mecra AO, Ha oc-
HOBaHr,ru AaHHbrx o j, jt,iz,is u i4 6utru Bbrqr'rcrreHbr cyMMapHbre no Ao flofloxr,rrenb-
sui (Hanpasneuubu; rrepx) r{ orAenbgo orpurlarerrbHrri roxu 1 (t),1 ,(t), I ,(!),1, (t), 1+ (t). orasanocr, qro pa3nur{fie MexAy roKaMr.r Bcrpequbrx nanpaeaenrnfr 

""np.-BocxoAI{no 4%. llo:no*ty Ha pprc. 3 upranegeHu AaHHbre rrfi:rrrb Ntfi. ToKoB, HalpaBJIeHHbrx
BHL13, u suax (*) orlyu{eH. Cyvrntapurte ilflo[IaAr.r, 3aHflrbre roKaMlr BcrpeqHbrx HalpaBne-
uuit., 6ttuarcu IIo BerIuqI,IHe, BcJIe[crBlIe qero cpeAur,re no flnouagr.l AO unoruocu{ 3Tr,Ix roKoB
rtoKa3brBaror rarofr Ne xog.

Cnaraeurre pe3ynbrl,Ipyrcuero ToKa rlo Berrrrr,rHe BcerAa oAuoro [opfl/rKa (crnl. pr.rc. 3),
I{ HI'I oAHI'IM I'I3 HI'IX HeIIb3ff npeue6peur. 3to oenaqaer, qro BKrrallbr B BerruIqr{Hy pe3yflbrr{pyrc-
ulero ToKa floBopora I,I I,I3MeHeHI,Ifl, Anr,rHbr BeKTopa floTeHrlr.ranbHoro florff paauoqeuurr. Cle-
[yer orMerI'ITb, qro apu$vreruuecKa.a cyMMa cJlaraeMbrx He coBlagaer c serfiqr,Inofi pe3ynbrl4-
pyrcuero rora. 3ro obycnoBrleHo uurepSepenUuoi craraeubrx roKoB pa3Hbrx 3HaKoB. B
oAHI,IX MeCTaX AO nOnOpOT u r,I3MeHeH[e ArIr.rHbI BeKTOpa nona H01 4eficrrymr raK, rITo
IITIOTHOCTb pe3ynbrr.Ipyrcuero roKa yculluBarecs., a B Apyrux, uao6opor, ocla6egaer.

Kar cnegyer I'I3 puc. 3, w o6eux AO, KaK [paBr,rno, caMbrM 6onrurrEpr flBr.fiercfl.cJrarae-
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pnc. 3. HsNreHeHr4e oro trHf, Ko trHIo cyMMapHbrx [o nnorqaEu aKTHBHofi o6nactu, Ha[paBneHHbIx BHH3

pe3ynlTlrp)'Plqero ToKa H ero CJIaraeMbIX I,,Iy I,,Io
a- AOOS- 14.06 1969 t,, 6 - AO 2t-26.1O 1968 t.

lroe 11 - ToK, cBfl3aHHblfi c [oBoporoM BeKTopa floreuul,larlbHoro florlfl. Har'rueuiluee gHa-

qeHl{e r,rMeer crlaraeMoe .I3 - ToK, o6ycnoBneHurrft rolrxo I'I3MeHeHI'IeM Be[[qI'IHbI BeKTopa

IoIJIE. CnaraeMble 11,12 W ,[a MeHflIoTcfl cI{HxpoHHO. Cooruoruesl'If, MexAy HI'IMI{, ycTaHoB-

rreHgbre IIo AaHHbIM o6euX AO, coOTBeTcrByIoT nllHefiHofi 3aBI'ICI'IMoCrI.I Iz = 0,83 It c

Koo$OrureHroM Koppenfl\ilt4 0,96 tt Iq = 0,90 1r (rosQQlqreHr Kopper'{uuu 0,97) ' Be-

pOflTHO, CTOII6 TeCHafl CBE3b STIIX CnaraeMblx MeXEy Co6ofi OTpaXaeT TOT Qax:r, uro BCe oHI'I'

ior" , B pa3Hofi crefleHr{, o6yc[oBneHbr flpoqeccaMllIloBopora IIoJIs.BHeKoropbleAH]Icna-

raeMbre ir, h u 14 11paKrvqecK11 coBflaga111r c Ben[r{xHofi pe3ynbrl'Ipyrcurero roxal , a s

Apyrlle ouu r 1,5-l ,7 paza npeBocxopr ero.,II.ILfl pa3IIbIx AO.paaluul.le He oEI'IHaKoBoe

(ffir AO 08-14.b6 oro r 2 pasa 6onuue, qeM turfl AO2l-26.10).Cnaraerurre Ir,Iz,Iq
ToJIbKO B UeIIOM [OKa3bIBaIoT reHlIeHUI'Irc xo[a' xapaKrepHylo Anq pe3ynbrl.{pylouero

roKal .

Cnaraeuoe .I3 , BCer[a MeHbIIIe pe3yflbTllpy]oulero ToKa / u [orasbtBaer oro AHfl Ko AHIo

cnuXpounrrft 
" 

*r* *oU, Ha oCnosanr[r nuuefinofi Carcu (xooQQnquetlt KoppenffqfiI'l 0,97) ,

ycrattonnexuofi [o AaHHbIM o6e[x AO, It = 0,83 1 '

flo raprar"r (crrr, puc. 2) 6111111 sn'elc1reuu rooSQuU[eHrbI KoppeIIflUI'I].{ Mex[y rnor-

HocTbro pe3ynbTr{pyrculero ToKa }r ee cJlaraeMblMl,l. Pe3yJIbTaTbI Bblrl}lcrelH]l1iit Wfl o6eux AO

np.garurranur s ii6r[ue. B repaofi KorroHKe IIaHa Aara Ir 6yKBaMI'I a, 6, n orMe'IeHbI pa3rll{q-

rrre Cepnr,r u3Mepegl{ft 11o11goro BeKTopa flo]Ifl B ;1annrtft gegr. 3uaueuufl /1 ]dalor Ko3S-

QuqueHrrr Koppelfluru MexJIy rr]rorxocrbrc pe3ynbrl,lpyrculelo roKa i v, ee cocragfirlrculefi

it; rz oflpetrefifier cBfl3b MexAy i u ir; 13 -rvrexgyT fl itttr+ -MexAY i n ic' Buoc-

rIeEH[x AByx KorIoHKax flpfiBeAeurr roe$Qr'rql{eHrbl Koppeltfirq\fiv r z3 Lr t zq Mexlly I1nor-

HOCrbrc rOrca i2 r ee xoruuoneHraMlr ituic coorBercrBeHno. Koo<pQnqueHrbl Koppen,-

l\t4tt 25.10 BbItIgCJIeHbI tto HeIIoJIH6IM AaHH6IM - IIo Kapre' Ha KoTopofi 3alr1,tcb IIoJLI coor-

BeTcTBoBara TOJIbKo qaCrr,r AO, I4 IIO3ToMy OHIII'IMercTcKopeeopI{eHTIIpoBoqHoe3HarIeHI{e'

Hg ra6nuUH cJreltryer, qro caMyro Br,rcoKyro r.r ycrofiqllBylo cBfl3b IloKa3bIBaIor crpyKry'

pbl IrrIorHocrI'I ToKa 7 u ero [epBoro cnaraeMoro / r'o6ycloaleHHoroloBoporoMBeKropa
[oreHrllrirJrbHoro floJrfl. 3gecr roaQQuq]reHT Koppeflflul{u 0,5 u arrute. B OCranrurtx cflyqaflx

(roroHrr 3-5) roor!<f[UlreHrbr-rcoppenrqnn Moryr 6blrb I,I 6onburuMfi, rI MaTIbIMI'I. I4x

cI{,IIbHOe pa3III,IqHe I,I acI,IHXpOHHOe I',I3MeHeHI',Ie yKa3bIBaIOT Ha HeperylapHocTb I',I KOHKypeHT-
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08.06.1969 r

KoeQQuqnenrbt Koppenflrlurr Menqy pe3yJrbrrpyrculHM roKoM r ero cflaraeMbrMr.{

09.06
10.06
1 1.06
12.06
1 3.06
14.06
21.10 1968 r. (a)
21.10 (6)
21.10 (a)
22.10 (a)
22.10 (6)
23.10 (a)

23.10 (6)
24.t0
25.t0
26.10

0,50
0,5 8

0,5 9

0,55
0,64
0,62
0,51

0,5 7

0,63
0,6 B

0,66
0,70
0,12
0,66
0,49
0,46
0,6't

0,70
0,64
0,27
0,10
0,1'l
0,40
0,61
0,5 8
0,36
0,47
0,3 3

0,10
0,7 7

0,46
0,37
0,7 5

0,10

0,51
0,41

0,44
0,31
0,20
0,31

0,41
0,44
0,32
0,41
0,24
0,14
0,16
0,27
0,63
0,41
0,29

0,19
0,34

-0,07
_0,15

0,01
0,12
0,19
0,20
0,10
0,08
0,r4
0,00
0,57
0,25

-0,10
0,37

-0,08

0,5 9

0,56
0,49
0,32
0,16
0,30
0,47
0,5 8

0,48
0,5 0

0,30
0,01
0,28
0,4s
0,60
0,s6
0,34

0,43
0,60
0,6 9

0,69
0,76
0,66
0,51
0,54
0,64
0,54
0,73
0,80
0,68
0,66
0,70
0,49
0,81

HOCTb IIpOUeCCOB, IIpIIBOAffUILIX K IIOBOpOTy r,r r,l3MeHeHr.rrc Arrr,rHbr BeKTopa floTeHulrarrbHoro
noJr.E. B oTAerrbHbre AH?r, KorEa / 2 3irMeTHo 6olrure r 1 , oirpe[eJrflroultrM crpyKTypy pe3ynb-
rl'Ipyrculero roKa rBJl.flercfl cJlaraeMoe 7 ,, roropoe o6ycloBleHo fipuparrleHrleM Err]rHbr BeK-
ropa [oreHI.IlIzIJIbHoro florlff r.r rroBopoToM sToro flpupauleEr,rfl. 3ro craraeuoe B 357o crrly-
qaeB Aaer 66nsuruilruruHapaBHec/ r BKrraABcrpyKlypyroxaT (r r+1 rz).CBasrcrpyKry-
pbl pe3ylbrllpyrcqero roKa / c ero cJIaraeMbIM / 3 IIpLIMepHo s 50Vo clyqaeB Hefl[oxaff:
Ko3Q+[qrleur KoppeJItrUI4[ r 3 6onbilre 0,4, B ro xe BpeMrr oHa fipaKrlrqecK]r orcyrcrByer
MexAy crpyKrypaMr,r roKoB / r.r /a: ronbKo rrplrMepHo B 67o crr!\aeB 14 6olbrre 0,5, a u
ocTarlbHblx cyuecrBeHHo HI,Ixe. KorAa crpyKTypa cJlaraeMoro i 2 otpeyenteTca ero cflatae-
MbrM/ c (rzq >0,6), ro Koe$Qr.rqneHr Koppeilfr\uvr 2 Mexltry i niz Hr{3K[fi,r.e. BKraA
/ 2, a.cfiel{oBaTerrbHo, yt i q,B crpyKTypy roKa / HeBerrr,rK, flogroMy t4.t4.HLr3Kt4iL ECnlr pOnr
claraeMoro 7 a e crpyrrype TOKa 7 2 yuenruraercff, To P.Ituf.i:f{fie IIp]IpauIeHLIff AII,IHbI BeKro-
pa Hi Ha crpyKrypy roKa / 2 Bo3pacraer, r.r BKJTaA roKa / 2 B pe3yrrbrr{pyrcq[fi roK crauo-
BI'ITCfl BbII[e, [IpU arou poilb i 4 B crpyKType pe3yrrbT[pyrculero roKa yMeHbrrraeTcq, !r Ko3O-
Suquent r 4 octaercfl tsce xe HII3KIIM, Cnegoaaremto, f 4 BcerEa oKasbrBaercfl He6olbilrl,IM
He3aBI'ICIIMO OT BeII[qI'IHbI foKa 1 a. Cnaraentoe 7 3, rar 3TO CIIeAyeT I,I3 Ta6JIr,rUbr, AaeT 6onb-
uIEfi rlo cpaBHeHr,rp c / a BKJTaA B crpyKrypy pe3yrbrr,rpyrcutrero roKa /

^Kouxypertuocrb 
flpoqeccoB rloBopora (craraeMoe i r ) r,r r,r3Meneflr,rff AnHHbr BeKropa

Hi (cnaraevroe 7 3) nar,r6onee qerKo BI{AHbr rr3 co[ocraBneuzr roo$snqr,reuroa t 1fir x
(pwc. 4). Mrr euguvr, r{To, qeM 6olrure / 3, rsM MeHbrJre r r, u Haodopor (roeeS}rq}reHT
K0ppeJrflrlr.Ill MexIIy Hrruvt - -0,82). Cne4oaarelbHo, c yMeHbrrreHr,reM poJrr,r [oBopora BeK-
Topa noreHlluaJlbHoro IIoJlfl pacrer Brlt4flHlIe rr3MeHeHr,rfl Ilrrr{Hbr ero Ha crpyKrypy roKa. OA-
HaKO, HeCMOTpff Ha 9TO, BCe Xe CyqeCTBeHHOe BIIr,IrHr,re Ha CTpyKTypy roKa r,IMeeT BpauleHue
BeKTopa florrE: r1 ocr?erc.E BcerAa uoBonbHo BbrcoKr4M (ne nuxe 0,5; cu. puc,4uradilyr-
uy).

flpnuuuy ornt4,rufl. crraraeMbrx I r, I z, I 4 or BeJrrrqr.rHbr roKa 1 (crvr. pr,rc. 3) noacHaer
puc. 5, Ha KoropoM rloKa3ana 3aBlrcr,rMocrb I 1 or r 2. flocKolbKy EMeercf, nr,rHefiHar cB.E3b
Mex/Iy I 1w 12, araKxel 1uI4,rocB.f,3b3TuxcfiaraeMbrx QzuI+) croe$Qr,rqneHroM
t 2 I,..N.deQr raKofi xe xapaKrep. Puc. 5 uorasbrBaer, qro c pocroM r 2 yMeHbruaercfl BeJrr{qu-
Ha roKa I 1, 'rrpw r = 0,7 * 0,8 Aocruraer 3Harreur.rf, - 1,1 x 1013 A Ir craHoBlrrcff Aaxe Hr,rxe
cyMMapHoro pe3yrlbrllpydulero roKa.I . Tax KZK t 2 cBfl3aHo B rrepByrc oqepeAb c r.r3MeHe-
HUeMATIT,II{bIBeKTOpa[Onfl Ho1 ;To 3aBr.ICr'rMOCTb, rIpLIBeAeHHafl IIa plIC.5, OSNaVaer, urd c
BO3paCTaHI,IeM pOIII [pUpauIeHI,If Afl1 ]MeHbluaeTcff BeJII{quHa roKa, o6ycIIoBIIeHHoro [bBo-
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Puc. 4. Cooruoruenue Mexgy ros$$mlrenTaMrr Koppenf,rlru rrrrotruocru pe3ynrTupyroqero rora / c ero
cnaraertrnr T, (rr ) u unornocru rora 7 c ero cnaraer"urvr y, (r, )
Torvrurre KpyxKr,r oaHocrrcf, r Aannrrrvr AO 08-14.06 1969 r,, cBerrrbre - K AaHBbrM AO 2l-26,10 1968 t.

P[c. 5. ]IsNreEeHLre BeJrr{quurl ToKaI, B 3zlBr.rcrrMocrtr or KogOQuureHTa Koppensum Mex[y nnornoqrrro
pe3ynbfl{pport1ero roKa 7 ra-ero cnaraettsmt j, (rr'1
O6osHaqertrra re xe, q?o ua puc.4.

poToM BeKTOpa rroTeHrlr,IaJrbHoro floJrfl, I,I Hao6opoT.. OEnaxo flpoqecc I{3MeHeHr{fl I 1 c r 2

ArIfl pasHbrx AO nponcxoAlrT c pa3Hoft cKopocTbro r{ TeM 6brcTpee, rreM 6onrrue MaKcl,rMrurb-
Hafi pa3Hr.rqa MexAy I u I 1 r{rrrir rreM 6onrrue Ko3oouu}IeHT KoppeJrsuflI,I / 1. Bepof,THo, B
gTOM HaXOATTT OTpaXeH[e r{HAI{B}IAyalbHOCTb llpof,BleHr,rfl npOqeCCOB IIOBOpOTa ]I I{3MeHe-
Hr,rfl lurr{Hbr BeKTopa [oTeHrlr{aJrbHoro flolrfl B Kaxtrofi AO.

Mrr angenu, qro 1 3 flyque Apyrlrx cJraraeMbrx Aaer rlu$opMalryIn o Berrrn{rre rrorlHoro
roKa. OAHaKo' crpyKrypa roKa orrpeEerrfiercfi. Jryque rroBoporoM BeKropa rloreHquaJrbHoro
\oilfr.Vl rorlbKo B rex clyqaflx, KorAa 13 cpaBHr.rMo c rl (a5OVo clyqaeB t3>pOA),
BaxHbrfi BKITaE B CrpyKrypy pe3ynbrr,rpypulero roKa HapaBHe c rloBoporoM AaeT cllaraeMoe,
o6ycloBleHHoe rBMeHeHr,reM EIIr,rHbr BeKTopa floreuur{iurbuoro florrfl. [Io uepe yBeflrueHltfi
BrrufiiJl],.fi, MtQ, ur 2 . yBefiaqr{BaroTcff) yMeHbruaeTcfi / r }r BMecTe c Hr'IM BerrFrrrHa cla-
raeMbrxIluI4trpr4diln)KaercffK3HaqeHlrrcf,TaxK&K/lBcerAaAocTaToulo6onrruoe
(r , ) 0,46), ro rlpu r 3, 6fluaKoM K / 1, BKrIffibr r,I3MeHeHr,Lfi EIII{HbI LI nOBOpOra BeKrOpa
floreHrlr{arbHoro florrfl B BeflruI{Hy r{ cTpyKTypy pe3yJrbTupyrculero ToKa [orITI{ oAI,IHaKoBbr.

Cornacuo pyrc. 4 t4 5 gnaqnuocrb [poqeccoB floBopora r{ fiplpauerl{f, MUHrI BeKropa rro-
rtfl Hl B pa3Hbre AHr,r o4rroft r.r roft xe AO ll s pa3nbrx AO paenrrua. [IpegcrarneHlre roKa B

Br{Ee crraraeMbrx rro3BorrfeT [olyqr,rTb r,rH0opMar${ro o ToM, KorAa I{ KaKI4e rlpoqeccbr
B AO f,Bflflrorcfi AoM]rH]rpyrculr{M[.

3axnroqex[e

llpegcrauueru{e roKa B Br.rge cfiaraeMbrx rro3BorrrrJlo rIo-HoBoMy B3uIEHyrb Ha crpyKTy-
py sneKrprruecK[x roKoB. Bxnagrr B Berr[quHy pe3yJrbrnpypqero roKa rlpoqeccoB [oBo-
poTa r.r [3MeHeH[fl AIrr,IHbr BeKTopa noreHrlr,raJrbHoro IIoJI, paBHoIIeHHbI, I{ HI{ OAHI{M LI3 HI4X

Herrb3fl npene6peur. Crpyrrypa erreKrpr{qecKrrx roKoB orrpeAerrf,ercfl, KaK npaBI,IJIo, IroBopo-
ToM BeKTopa rrorerruuarrbHoro norrfl. oguaro, uHorEa Baxlryp poJlb B crpyKrype [rpaer u rI3-
MeHeHLIe BerrrlquHbr BeKTOpa noTeHulraJrbHoro Ilorlf, .
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B easflcuN,rocrr,r or cocroflnr.r.a AO flpoqeccbr floBopora rr flpl,tpauleHr.r fr. MulbrBeKropa tro-rx Hf KoHKypr.rpyrcr e sopuxpo"aurr, ,o*o"ofi crpyxrypur.'g ,.* cfiy1aafix, rorga 6oree
BaxHbIM craHoBl,Irc.fi oAr.rH flpoUecc, poJrb ltrpyroro cHr,rxaerc.E. Iloororray Bcperrarculeec.q B
JII4Teparype yrBepxlIeHI4e, qro roKI,I IIOJrHOCTbro oIIpeAen.firorctr rroBoporoM, HaIIpr.rMep
[12] , ueo6ocnoBanHo: HI'IKorAa He 6rraaer IIoJrHoro coorBercrBrr.E Mexgy pe3ynbrr.rpyrorqr.rM

ToKoM I'I ToKoM, o6yclonaennblM TorIbKo uoBopoToM BeKTopa rroreHlll,rarrbHoro nors, Eo-
JIee roro' KorAa crpyKrypa roKa olpeAerlflTecfl TJIaBHbIM o6pa:out rloBopoToM BeKTopa 11o-
IIfl, To BeI[qI'IHa ero floJlWaercfl 3aBblueHuofr e 1,5 u 6olee pasa.3ro pa3nr,rq[e y"reuu,ta-

:13fi 
c.yBe[[qeH]'IeM BKJIaAa CrlafaeMoro, cB.rr3aHHoro c ]r3MeHeHUeM Mr,rHbr BeKTOpa flofitr

tr 1 . I(or[a BaxHyrc polb B crpyKType roKa Haq]rHalor r,rrparb flpoueccbr r,I3MeHeHraff llrrr4Hbr
BeKTopa IIoTeHIII'IaJIbHoro [orlf,, To cllaraeMble, o6yclloBrleHHbre r{ [oBopoToM, Ir [p].rpaqe-
Hr{eM BeKropa H1 , craHoBffrcff 6nugxlrnau (rnoirpyrrype, r{ tro aennurne)-r. p.ryrurr-
pymueMy roKy.

flpegctauleulle roKa B BI'IAe crlaraeMbrx rro3Borrfler uonyq[Tb ltH$opuaquro o roM, KorAa
I'I KaKI{e flpoueccbl a AO qsr.flrcTcfl lloMllnupyrcuuMr.r, 3ro orxpueaer HoBbre Bo3Moxgocrr4
B I'IccJIeAoBaHvil AuHaM'VqecKI'Ix [poqeccoB n AO, npraoAflulllx K ]I3MeHeH[ro AnrrHbI I,r 11o-
BOpOry BeKropa MarHrrTHoro [oJrfl.

Anroprr flp}IHocffr 6narogapuocrr M.E. Orrpr sa o6yxgeuue pe3ynbraroB uH.l4. IrIeeE-
xunofi sa rroMorrlb B rrogroroBKe pr.rcyuKoB

Hor6pr 1987 r.
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yAK 523.98

OIPE.UEIIEHI,IE SJIEKTPI,IIIECKI4X TOKOB
NO BEPTI,IKAJIbHOIi COCTABN'IOIUEII MAIHI4THOIO [OJI'

I,I HCI-BOIIOI(OHIIAM

B-lI. A6parueHxo, C.ll. fonacror, M.E. Orupr

IrpeAcraBneEue BepraxiulbHofi cocraBflf,roqefi enextpuuecKoro roKa B Br.rAe cJraraeMbrx, c3tr3agHLrxc noBoporoM BeKTopa IloreEqrl,trtbHoro rtonr u tI3MeHeHHeM ero .urrHHLI [4 l, garro Bo3MoxHocr6 no1r]^rrrr'lol@opuaunro o crpyKType Ir BeJIrriMHe roKa Ha oclroBe AoBoJrEHo Aocrylrbrx AalrHbrx ua6nrogenrfri aep-tuxanuloft coctasngEurefi H" uat{utnoxo IIoJIt I{ cHl.IMKoB H*-aonoxoneq. flonyreuo BnoflHe Vgo"ri-ltsoplTenLEoe cornacue crpyKTyp roKa, BbFlllcneHHoro no stdft tremgaxe u no AaHHEru na6nrogenuftflo[epeq]roro nonr a Qoroc@epe.
llpegnoloxexile o uocrosHHofi aaxpyrermocrr.r rtoJrr c srrcoroft (ru.r6o nocroxnlrofi opuenraqua ero)Ilo3BoJllrro BbFIt'IcJrItrB ToKI{ Ha BLlcorttx Blrnorb Ao 50 000 xrvr, 3nerrpuuecxue roKrr B axr1rnuofi o6nactry6rtrarot c BBrcoro[ 6rrcrpee, rIeM MarHurHLr[ floroK noreur.IrriurB]roro flofl.s. CAenano ,u"r19o"r"",-*os arrusHofi o6nacrr uMeerct cllcreMa roKoBblx flcreflb pa3Hofi Bblcorbl. C ynenuvenueu BLrcorEI Margr.rr-Hoft nerrfl ctpyKTypa ee rroJr.E crilttoBr,rrc.f, 6rulxe x norenrll,ratrruofi.
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THE DETERMINATION OF THEELECTRIC CURRENTS REGARDING THE VERTICAL COM.

PONENT OF THE MAGNETIC FIELD AND Hd FIBRILLES, by V.I: Abramenko, s.L Gopasyuk,

M.B. Ogir. - The vertical component of the electdc ctrirents, being displayed as a sum of items, connested

with tlie turnoff of the potential field vector and the change of its iength [4] permitted us to obtain the

information about the structure and the mlue of the current on the basis of the available observational data:

the vertical component H, of the magnetic field and Ho pictures, A satisfactory agreement of the current

structures, comp,,ted by fhe suggested method and by the observational data of the transverse magnetic

field in the photosphere is attained.
The assumption, that the twist of the field with height (or its stable orientation) is constant, allowed us

to compute thi curients at the altitudes up to 50 000 km. The electic curents in the active regions deoease

wittr tregtrt faster, than the magnetic flui of the potential field, It is concluded, that in the active region

there exists a sydtem of current loops of different height. With the inqease of the magnetic loop height, its

structure tends to Potential.

3Hanue crpyKTypbr 3JreKTpHqecKoro roKa BaxHo ArIfl TIoIMMaHI{ff SBorIrcu}II4 aKT[BHbIx

o6uacrefi lr scex uecraulonapHbrx npoUeccoB B HI,IX. 3to clegyer, B qacruocrll, I'I3 TecHoff

cBfl3r,r, HafiEeHHofi MexAy BoIIrIIIIKaMI{ I{ sJIeKrpI,HecK}IM}l roKaMI,I [], 2] , a TaKxe IIIOT-

Hocibro roKoB r,r 3Bolrcu]Iefi rpyfl[bl rlflreH [3] .

Crpyrrypa roKoB Bceqelo oflpe[enflercr rro EAHHrTM Ha6[IoAeHId flo[epeqHoro MarHI{r-

Horo, noflf. Ilpouecc o[pegeneHr,rfl roKoB EoBorrbuo rpytroeMKl,Ifi u EocryrleH fIIrIeKo He

sceil, 3Eecr HaMr,r o6ocHoBaHa Bo3MoxHocrb noJl)ryeuua unQoptvtauyd,t o crpyKrype I{ Berlu'
quEe Beprl,rKiulbHbrx roKoB Ha ocHoBe Ha6nrcEenuft: BeprI,IKaJIbHoft cocrasltrrculefr MarH[THoro

no[.E LI Ho-BorIoKoHeq (ftu tonrocrpyKrypHblx BorIoKoHeU uolyrenu) .

1. BoccranosneHl{e crpyxrypbl roKa ua yponne Qotoc$eprt .

Ha ocuosagr,rn [4] nnornocrb Beprr4KaIrbHoro 3JleKTpllqecKoro roKa MoxHo rIpeAcraBI'ITb

B Br.rtre rpex cJlaraeurlx: 7 =it+it+io. Ilepnoe claraeMoe 71 o6ycnonreHo lloBoporoM

BeKTopa rroreHl$,rarrbHoro [orrfl Ha JiroJr, coorBercrBylouufr a3uMyry Ha6[rcEaeMoro Ilofle-

p.u*roio nors. Ono nyque Epyrux clraraeMbrx orpaxaer crpyKrypy rora 7. EcrectneHuo,

rrofiBr,rlacb Bo3MoxHocrb Ha ocHoBaHI,u.[oTeHlplalruofi cTpyKTypbl fiolepeqHoro llorlfl I'I

AoBopora ero BeKropa Ao a3r,rMyra Ha6rrrcEaeMoro [o[epeqnoro rIoJIfl BoccraHoB[Irb crpyK'
rypy roKa.' 

florenrytarbgoe [oJre Bbrqriclffercfl rlyreM perlreufifi, saqa.utt Hefirvrana Ha ocHoBalru]I Ha6[rG

[aeMoft Beprl{KarlbHofi cocraslxrculeft MarHurHoro florlfl .

TorrcocipyrrypHbre Ho-nonoronqa opr{eHrr,rpoBaHbr BEonb trorl-fi [5, 6]. 3to nogsonser

onpe[e]I]ITb pa3rMrrue B yfnax op]IeHTaIIHI'I [O[eperIHbIX COCTaBIIflIOUIIX IIoflfl lI BbM?ICJIeH-

HOrO B [OTeHIS'IrrJrbHOft VrOEelU.
Xorx cssgr Mexgy Ha6flrcIaeMofi nnoruocruo roKa / u qacrblo 0€ /1, BbIrMCrIeHHofi Ha

ocHoBaHI,M rloBopora BeKTopa rlorenl[,riurbrloro rIoJIf,, [ocraroqHo xopourafl I'I ycroftql'IBafl

(Kos$@ruIreHr rioppen"rprfi rr = 0,5 +0J, cM. ra6II. I r [a] ) , tevr ue MeHee BaxHbIfr rrcraE

B TOK EaeT I,I ClaraeMoe /3, cBfl3oHHOe C I'I3MeHeHHeM EII,IHbI BeKTOpa uoTeHltrIanbHoro [oIlfl.
.[axe Aosonqro rpy6rrfr ] rer ero y:r]qtuaer cBflsb Mexry Ha6rIIoEaeMbIM ToKoM I'I Boc-

craHqB;eH'blnr 1rcoafiQraUr"rt *opp.rrflUl,ll Bo3pacraer B cpeAlleM Ha 0,15)

Hapxry gutnur*, na6nrogeHl,Ifi MarHl4rnoro rronfl Pyx aKTI'IBHbIX O6nacteft (AO)

[7-9j 6wnn rpr.rBreqegbr Ho-na6nrogerur, rrpoBe^eHHbre Ha KopoHorpa6e KAO c I41IO

notoiofi .rpouyi"auu, 0,5 A. Kirneuarorpa$[poBaHue AO ocyruecrBllxrlocb c qacrorofi

4 xagpa a rornnyry B ocHoBHoM or 4 Eo 6 ,{ s Eeur. 3trecr EJts o6pa6orK[ Ir'rnr err6paln rpll
gr" ,, Ha6nroAeHr,rft AO 08-14.06 1969 r., KorAa oHa HaxoEl,uracb B6jII'13I{ IleHrpilJlbHoro

*.pr4rur". K coxalenrro, EIfl [pyrofi AO a guu,$ruxafrurne K UeHrpiIIIbHoMy MepI{AI'IaHy,

BorroKogHafi crpyKrypa 6rna oqesr cnafu Bbrpaxeuuofi, lI ee HeJrb3r 6uno ncnonr3oBarb

B qerlfix HacroflIrlui ficcrleAoBaHltrl
flo nyuur.rrvr Ho-cnmlra*r, florI)rqeHIIbIM B flpetrefiax BpeMeH]I 3aII]Ic[ MarHI'ITHoro noII8,

6ruru CgeraHbl 3apI,ICoBKlI roHKocTpyKrypHblx H.,'eOrorcoueq. Cepux TaKI{x 3ap}ICoBoK AJIfl

KaxAoro EHfl o6;cneqr4aa npaKrlrqecKr{ paBnoMepHoe 3iIlonHeHI'Ie o6rracrll perl4crpaq[u

nonn. Ha HeKoropblx He6orlbrIrrx yqacrKax Kaprbl, B ToM rIlIcJIe I'I B TeHI{ IIffTeH' rEe He 6bIJIo

Br4grro BoJIoKoHeq, rpoBogvltrtcb ltvrrruu c ) IeroM opllegrallr,rra coce4{lt:r crpyKTyp (puC. 1) '
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Puc. l. PacnoroxeH[e roHKocTpyKrypHbrx Ho-BofloKoHeu u II.EreH B akrr.rBHofi o6nacrr 10.06 lg6g r.Yronxauu orMeqena paMKa Kapr nnoriocru rorioa, ,prnegeHl{brx Ha prlc, 2 fi 3

Cae4ret orMerl4Tb, qro B HeKoTopbrx Mecrax Ao uabnro4arocb nepeuarloxeHl,Ie pa3gblx
cI'IcreM BorIoKoHeII. Cxopee Bcero, oHI{ oTHocl4rlr.rcb K pa3HbrM BbrcoiaM. Mrr crperuunncr
[cfiorlb3oBarb oAHopoAHyrc c]IcreMy BorIoKoHeII, qro6bl olpegeJlfleMbre [o HuM [agHbreOTHOC'UI}ICb IIPTIMCPHO K OETOMY I,I TOMY XE YPOBHIO. 3APXCbATIE BONOKOHCII HAKNAAbIBA.
rIECb Ha Kaprbl a3I'IMyroB fiolleperlHoro IIoTeHIII{arIbHOro [oJI.E, BbIq]IcJreHHOrO Ha OcHoBaHI,il{
pelrreHl{fl 3a[aqlI Hefilrana to Hz-cocraBnffIouefi nonr Ha $orocsepe. Hanoxenr.re 6ruro
cEerlaHo [Iff Toro, rITo6bI oflpeAerlltrb HarlpaBrleHr{e flo[eperlHoro MarHI,ITHoro [oJlfi B cr{-
creMe BoJIoKoHeu. KaK cnero/er ue It0] , a3lrMyrbr rroreHrlr.rrurbuoro fiorrff Moryr 3Haq[TerrbHoorrll{rlarbcfl or a3I'IMyroB ua6nrcgaeuoro, Ho [-pI{ 3ToM oHH rrpaB[rrbHo orpaxarcT HarlpaBrle-
Hr{e 3aMbrKaHr,rfi IIonff pa3Hbrx uorxpuocrefi. c yuerorr,r srr.rx uauparreHlrft rr.ru no 

"orio"or-IIaM orlpeAenililv a3l{Myrbl rloflff e". Onpe4eneHlre a3I4MyroB rlpoBog{nocb B cooTBercrBr,pr
c xaprofi MarH[ruoro uorrfl B KaxAoM y3ne ee cerrrE (3,3i X 6,]'0,,) .

flna raxgoro r'r3 rpex arr6panHux g'ei 09-r t.oi igeg ,.'no rtr' .o"rasr.Eroqefi Mar'r.rr-Horo IIofif, ua $orocSepe MbI BbMncnIlrILI crpyKrypbr florer[xarrbnoro 
"o".rrT ,u-$oro-

cSepe z Ha Bblcore 500o rlr, Koropar coorBercrByer Har6oree BepotrrHoMy ypoBHro pacflo-
IIOXCHI{'I BOIIOKOHEq, PACNONATAT A3I,IMYTAMI4 CTPYKTYPbI BONOKOHEU Q B I,I EAHHbIMI{ Orouepevuofi cocraBntrIolqefi uoreurglaabHoro rloJrfl Ha Bblcore 5000 rr"r,Ha ocuoBaHrtrI Bbrpa-xeHl'Ifl (5) a [a] MbI BbIqI'IcJII'uII,I IulorHocrb roKa, cBfl3aHHoro c AoBoporoM BeKropa floreH-
UI{aJIbHoro [onfl Ao ]rna 0s.

EcrecrseHuo, Bo3Hl,IKaer npo6reua cpaBlelfis, ToKoB, rronrleHHbrx no ua6rrcgeuua*rrlorlt B QorocSepe, II ToKoB, BbIqI,IcrIeHHr,rx rro BorroKnau. flocxonbKy .HI,I or,ocffTcflK pa3Hr,IM Br,IcoTaM, rlpoBoAr,rrb r{x IIp.EMoe cpaBHeHue He coBceM KoppeKTHo. flpanaoe
cpaBHellile 6r,tro 6r,t Bo3MoxHo, ecnu 6r,r Mbr B3.ErIu [rI.E BbrrucJreulrfi asuuyroB oB opl.regTa-
tII'Irc BorloKoHeu fiorlyreHu, na6nrogaetrblx B 6enoM cBere. OHr4, KaK [cKa3aJrr.r MHoroqucJreH-
Hbre r4ccle[ozauux f6,9 ,11 ,12), raKxe op]reHrr,rpoBaubr Bgorrb rrorrfl.

.[,na npouegeur,rff cpaBueur,r.rr Mbr orpeginr,uru Aq = q 
" 

] oo Ha rrpegrronaraeMoM ypoBHe
pacnonoxeHr{, BonoKoHerl u B3s.fiu ero raKr,rM xe Ha ypoBHe sorbc$eprr. 3ro osiauaer,qro 3aKpf{eHHocrb IIoJIrl orHocI,ITerIbHo rroTeHql,rulnbnofr crpyxrypbr rlpetrFoJlaraercfl rrocro.EH-
nofi c srrcotofi. Ilprnru gry rl{Ilore3y Lr B3ffB floreHrfl,raJrbHyro crpyKrypy ,,onx Ha Sorocee-pe, Mbr ro BbrpaxeHurc (5) a [4] nuuucnmr rJror,ocru ror.aj.l 1O). 1auu" 1o) n*oarB :Tlrbe o60suauaer, qro AaHHbre orHocflrcff K ypoBHro 40roc$epu.)'no arrpaN.;; i;,n [4] 6rrna raKxe BbItIrcrIeHa rlJlorHocrb roKa lepBoro claraeMoro /r (0) , ooy*o"r.nnJ.o
IIOBOpoToM BeKTOpa noreHrmilrlbHoro floflfl [o coBMelrleHr,rff ero c HarrpaBrreHl,reM fiorrr,
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prtc.2. CTpyKTypEr rrJroruocrr.r BoccraHoBJreHHBrx roKoB B OorooQepe aKTuBHofi o6nac"[I 10.06 1969 r.
a-i. (O\ BDIrIucrIeHa no [oreHtprarbHoMy noJIIo u a3HMyTaMr nafiAennrrr"r no xa6nrcAaevoMy Eonepeq-

;"Ji;6;;- 6--ii fol Bbrtrucrrega no roreurrr.ranbHoMy ronrc u astrMyaaM, ycrauoBneuubltu no Ho-no-

,i.i.-6"rl"rlbOrruciii i rorco*, HanpaBrreHubrM BHr{3r sarnrpt xoBaHbt. Bxyrpx o6nactei u3oJrt'tnux [poBe-
geubr tlepe3 2500 u 10 OO0 A/rrvr2

Ha6rroAaeMoro B Ooroc$epe. Kaprbl rIJIorHocrt'I roKa/t (0) l,tif (0) npmegenilHapuc'2'
CparUerule UX [OKa3aIIO, qTO B UeIIoM I{MeeT MeCTO EoBoJIbHo XOpoIIIee CooTBeTCTBI'Ie Ct-Pry'

ryp..[Onx [[ouIaElI, Ha KOTopofi 3HaKLI roKoB Ha O6eltx K?pTax coB^IIaEaIoT, cocraBJlfleT 0,63,

a-rosr!<[rarueHr Kopperflul{}I Mexgy crpyKrypaMl'I ir (0) u if (0) par,erO'42' Oco6enno

xgpo1llee Coflracr{e CrpyKTyp sa6nrOtraetCx B TeX MecTax, rEe cTpyKTypa BonoKoH AoBoIIbHo

ognopogna (o6nacru xBocroBbrx r,r Jrr,rEl{pypqux rIf,TeH I,I qeHTparlbHafl.rlacrb Kaprbl MexEy

Hr.trulr) . Cooraercrgre ToKoBbIx cTpyKTyp [paKrI'rqecKI'I oTcyTcrByeT B Tex Mecrax, rge BbIflB'

ilf,eT1fi, [epeHaJIOXeHI,Ie HeCKoJIIKIX C]ICTeM BOIIoKOHeU (puC.2, A, 6, Hw:xur't' uaCrr rapt) '

B Eannou c;1yqae HaMII 6brrra B3ffTa c[creMa 6o[ee KpynHblx,6onee nnasHo MeHflrcIql{x cBolo

oplleHTallurc BoIIoKoHeII (cna. puc. 1) . Bosrvroxno, B 3rI'Ix Mecrax Ha6IIIoA,aeMbIM B $orocrQe'
p" ro*"rir (0) coorBergTByer Epyrafl cllcTeMa 6oree vrenrux II, Bepoffrgo,6oree nugrnx

BorloKoHeu, KOTOpbIe MbI He BKrIIOqlflI',I B paccMoTpeHlle.

IIo gpyrrnn grau na6uroleHrxl coorBeicrsue rorosilx crpyrrypif (0) nir (0) ne xyxe.

B ra6n.- i grrt rpex Erefr Ha6[IoEeHI.{ft up[BeEeHbI 3HarIeHI'Itr cyMMapHblx uo AO IloJloxll'

TerlbHbrx tr oTpI{qaTeJIbHbIx (ToK HaIIpaBIIeH BH1I3, 3HaK "uUIryC') ToKOB, a TaKxe CpeEIII{e

1(x)

/4 V):--<zz.z./ Ya YzJ
'. l?: {l
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Ta6aaqa 1

Cyrvrrvrapxue no AO roxx l{ Hx cpeAHrre [JrorHocrH Ha ypoBHe eonrc@eprr
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1,0

-0,9
1,9

- 1,8

'))
)1

1,4

- 1,6

3,3

- 3,1

J,+

-4,4

IIo ffIoIrtraEI'I AO sua'IeHus ]x [rIoTHocrI,I. Bropofr r,r rper]rfr crol6rlbr - Errs ToKa, Bbrtr{crleg-
Horo no Ha6rroEeHr.r.EM ro[epeqHoro rortr n $oro@epe (arrpaxenue (l) B t4]i; cron6uu
4 u 5 - EJla roKa, o6ycloBneHHoro rloBoporoM BeKTopa floreHrfi.rarrbHoro trorrg [o coBMerrle-
Hr.rfl ero c Ha[paBrreHueu ua6nrogaeMoro B Qorocsepe nona; cron6wr 6 fl.7 _ pnr rora,
BbIqI'ICTIeHHOTO IIO [oTeHIII{iIJrbHoMy rloJlro Ha ypoBHe QorocQeplr ,1 [oBopory, nafigeuHouy
Ha ocHoBaHlrr,r a3r,rMyToB BOJTOKOH€rI :

.Mu au4'rrvr, rrro rr cyMMapubre roKr,r /f (0), r cpe4rr{e urorHocrr,r roroa/110) rpr.rMepHo
s 1,5-2 pa3a MeHbIIre coorBercrBeuHo serttauaH I1'Q) u-f 1(0) . 3ro Moxer 6urr cregcraraer"r
roro Qaxra, qro a3lrMyrbl, onpeEerlfleMble tto B3flTbIM HaMI,I BoJIoKoHIIaM, nonyvarcrca 6onee
peryJIapHbIMI'i, rIeM a3l'rMyrbl na6nrcgaeuoro [oflepeqHoro rroJrfi a QorocQepe. Hecrconrro
MeHbIue ero pa3[I4rl[e MexEy ]IcrI,IHHbrM roKoM 1(0) r ero cpegueft nnoruocrrrc 7 (0) r.r coor-
BercrBeHHo BerMqmIaMlI If (0) ui-f (0), xorff coorBercrBr.re crpyKryp Mexrry err.rMr.r roKa-
Mr.r xyxe.

Ecnanpe4uorloxl,Irb, tITo BoJIoKHa pacrroJrararorcfl B ocHoBHoM Ha Bbrcore ne 5000, a
10000 KM, ro pa3H,ua B. s,aqefir{flx cyMMapHbrx roron If (0) u cpe,qHr.rx rrorro"rrni=!1bj
roKoB, rpr,rBeEeHHbrx rc $oroceepe, He rpeBocxoawr 3_5%. a rapru crpyKryp i f (0) xoil_
IUO CoBnaAaror Apyr c ApyroM BlrroTb Eo MerrKr,rx Aerauefi. Taxnu o6paaona, ecrr-*u, ue-
IIpaBI,IIIbHo 6epena arrcory BorroKoueq (outr6aerrtca Eaxe B 2 pata), To gTo He3HargTerrbHo
cKa3brBaercfl Ha pe3yflbrarax.

Aualug 3BoJrrcIruoHHblx [I3MeHeHld arrzsnoft o6nawu r{ roKoB sa rpil grx na6nrogeHzfi
rloKa3arl' rlro crpyKrypa roKoB i f (0) u:naenflercfl clruxpoHno cnepecrpofiroftnrarnuruoro
uols AO I,r u3MeHeHreM crpyKrypbr Ha6rrcgaevrrx Qorocseprur* r^o*oo7(0) . Tarcr.rrr,r o6pa-
3oM, ToKI'I, BbIqI'IcJreHHbIe n $oroc$epe no noreHrMilflbuoMy floJrro t,r a3l,rMyraM BorroKoHeU,
B_IIeroM HeIrIIoxoorpaxalorKaK crpyKrypy, TaK r,r gBoJrro[urc ]rcrr,rngbrx roros axusuoft
o6nactr I{ fio3Borlffrcr [onrll,rrb BnoJrHe yEoBfierBopr,rrerrbnyrc rnsopuaqurc o roKax KaK Ha
ypoBHe Qoro@epnr, TaK r.r Ha ypoBHe 3arreraHtr.E BorroKoueu.

2:Vsnrerreg,I, ToKoB c Bbrcorofi

Mu auglru, IIro Ha Bblcore Qopvtllponaulrfl BorroKoHeq reKyr orreKrpr,rqecKr,re ToKr,r.
cpe4rne [rrorgocrr.r ]r'Berrrqr,rHbr r.rx Megbrrre, verra n eoroqOepe-. crppcrypa ,ora a 6o-rocQepe, o[peAenf,eMafl rlo uoreHul,IarlbHoMy floJrro l,t a3r,IMyraM BoIroKoHerL B[oJrHe yEoB-
nerBopl{TeJIbHO COOTBeTCTByeT roKaM, [O]I) reHHbrM IIO r{3MepeHI{rM [oflepeqHoro MarHI{T-
Horo [orlfl n $otocQepe -Vlcxol.fl.I,I3 9Toro, Moxuo rlorrblrarbca, ficrronb3yfl crpyr(rypy Borro-
KoHeu, [poaHiIrII'I3I'IpoB arb Bo 3 Mo xHble I{3 Me He HI{a roKoB c s rlcorofr .

Paccnaorpuu EBe Bo3MoxHocrl{ BbItI}IcJIeHr,rr roKoB Ha Bbrcore. llepnaa [peErroJraraer,
tITo yroIl rloBopora BeKTopa [onepequoro norl.E Ha AauHoft Bbrcore ornocflTeJIbHo-[oreHIII{arIb-
HOrO trOrlfl, BbrrMcJ]eHHofo na rofi xe Bbrcore no Qoroc$epwowy Hr, ocraercs TaKr,lM xe, KaK
I'r Ha ypoBHe 5000 xu (nocroauuaa 3aKpyqeHHocrr nona-, Ao = const). Bropar npeuuona-
raeT, IITO a3l,IMyrbr rrollepeqHoro florrf, olrpeAellffeMbre IIo cTpyKType BorroKoHeIL OCTarOTCff
nocroflHHbrME C Srr@rofi (nocroauuaa oplreHTallr.rfl floJlff, 0 = const).
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Pnc. 3. Crpyrtypa lrrlorHocrtr roxos if1&)pnc. 3. Crpyrrypa rrrrorHocrtr roxos if 1&1 Ha BLrcorax 10x103 KM (a) r.r 50X103ru (6) raxruruofi
o6nactlr 10.06 1969 r.
ToKt, Bbr!trrcfleHbr IIo [orelrquanDHoMy flonepeqHoMy rrortx) H a3r{MyraMr naftEenntlrvr lto Ho-DorIoKoHr{aM

B npegflonox(eglrr,r [ocroflHuoft earcpyuenuocrr:.Marrurrroro uorrq c atrcotofi. O6nacrN c roKoMr HanpaB'

,reHrrbrM BHrr3,3auITpIIxOrU"a. S"yip" o6uacrefi :rr,ofiroll.' npoBegenbl qepex 5OO tt25OO AIKr;a2 B c'Iyqae

a n cepes 25 0 n I O0O A/rrra2 n ctryuae 6

Ta6ntua 2

Clrvrrvrapxue no AO rorrl H rD( cpeAmre rlJlorHocru
Ha pa3Hbrx Bblcorax HaA rforocilepofi

10

25

50

0,46

-0,41
0,32
0,28

0,17

-0,14
0,07

-0,06

0,64

-0,61

0,46
--0,44

0,25
0,22

0,10
0,10

0,46

- 0,41

0,28

-0,24
0,12

-0,1 0

0,0s

-0,04

0,64

-0,6'l
0,40

-0,39
0,16

-0,16
0,06

-0,08

0,'17

-0,6 8

0,51

-0,43
0,21

-0,22
0,12

-0,10

1,,36
1,19

0,90

-0,76
0,44

-0,42
0,18

-0,22

h.
'10-lxna

It,rl'
10-1 3,A

-*i t(h)'1o-'
A/xu2

Ii(r,) .10-1 ', A ii(r,) . ro-'
A/xr.r?

1I(h).10-r3 i i(r,)' ro-'
A/KM

A0 = const o = const Ac = const

09.06

ffi
1 0.06
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flonaraa, qro Ha KaxEoM ypoBHe MoAyrr nonepeqHoro floJlfl no Ber11rrgHe coB1laAaer c
MOAyner4 llollepeqHoro [oreHqI'IaJIbHoro IIoJlfl, Mbr rlpoBerll,I BbIqLICTIeH[.f, TOKOB Ha Bbrcorax
10" 1,03, 25'103 r.r 50'103 KM trpr{ KaxAoM r.r3 AByx rpr.rBe[eHgr,rx npe4nonoNeuui.
B- ra6r. 2 tpegcraateHbl Anfl rpex guefi ua6nrouermfr ua uerorp* ypoBH.flx cyMMapHbre roKr.rIiq) 

" cpegHr.re ro rrouraAr{ Ab uroruocrz/p1A) roxoa 
".rpirruii"aupaereuufr.Mrt ru4'tv, rITo xapaKTepLIcrI,IKrI ToKoB, BbrrII{cJIeHHbre B AByx flpeEnonoxeHr,rflx, AoBorrb-

tt-o 6nugrcu n're>I{AY co6ofi' Cyrraruapuufi ToK Lr flrlorHocrb roKa 6rrcrpo fiaAaror c srrcorofr.
Us conuecruoro aHarrr.r3a ra6n. I u 2 awyyo, qro 09.06 cyMMapHbre roxr.r 1ri , r* -or*aryii,_l I.-"Tr rox 11(0) u ero moruocrrT-1(oi ,."u*"np;;;;; i ys_z pa:a, uen 10.06r 11.06. IIpr erou cyrvrrrrapHrrfi rorc 1(0) H ero cpegHfln rr.JrorHocrbf'(o; *rrrrrr., 

" ,.r.-HI'Ie 3rl'lx rpex guefi He oqeHb cI,IJIbHo, se 6olee rreM Ha 25% (cv. cron6qrr 2u3 ra6n. 1).
B oror AeHr,09,06, KaK BHEHo lrg ra6r. I n [a] ,rorci2,o6ycnoueuurri rnasHrrN,ro6paeoru
I'I3MeHelIrIeM,4]I]IHbI BeKTOpa [orIE, JIyqUre, qeM roK uoaopora 71 , orpaxaer crpyKTypy LtarilH-
Hor-o roKa j(r , ) r 1). BeporrHo, r.rMeHHo c orr,rM Qarciorur "rrrunt 

ro o6cros.erru.-oo, oro
09.06 ucrrngrlfi tox xyxe, qeM B Epyr[e AHH, Boccra'aBrrr.rB,rrrcfl rro loBopory BeKropa
NOTEHUI,IIIII bHOTO IIOJI f .

Ilplluepu crpyKTyp Itrloruocru roroa 7f (h) ua pa3ubrx Bbrcorax B flpeAlonoxeHr.rrl
nocrosugofi 3aKprreHHocrr,r florrff flpr.rBe[eHbr Ha pr.rc. j. Auanus raKnx Kapr lro BceM Bbrco-
TaM AnE rpex AHefr ua6nro[erufr no3Borllrn BbrflBr.rrb o6utue 3aKoHoMepHocrrr, Koropbre
cBoEfl rcs K crreEyrouleMy.

C nepexogona ot Soroc$epbl BBepx roKoBbre crpyr(rypbr B rleJroM coxpaHflrorcr. Hau6onr-
IUee pasII'IWIe B CrpyKrypax roKoB IIpI{ flepexoAe or o[uofr Bbrcorbr x 4pyrofr na6lro4aercl
raM' rAe I'IMeIIo Mecro HiIIIoxeHI4e pa3Hblx cllcreM BoIIOKoHeq. TOrcOsas crpyr(rypa Ha
Bbrcore 5000 rrra rlotrr}r rorHocrbro floBropfler crpyKrypy roKoBri(o) na 60roo6.p., **rfl IrrlorHocrb roKa npI'I srOM 3Harrr.rrerrbHo yMeHbuaerctr. Harnauar c10000 KM r,r Bbrrrre
ua6nrogaerca yKpyrrHeHr.re roKoBbrx crpyKTyp, yxy[rueHr,re coorBercrB]rrceoroceepuofi
crpyrrypofi rr npoEonxaercfl yMeHbrueHr,re flrrorHocrr,r roKa. Ha Qoue srux usr;HeHl,t,
Ha6ftogarcrcr ycrofrtu'rsue roKoBble cucreMbr, Koropbre rpocrraxoErarorcff or eorocSepuro Bblcorbl 50 000 KMH coxpaHrlorc.B rlo rcpafruefr ruepe u i.qeurerpexguefi. 3ioo6nacur
III{AI'LpyIou$x }I xBocroBblx IIffreH I'I IIeHrp rpyflIlbl MexAy uurr.Il.r. HaA nr,rAepoM pacrer csrtcoroft npeo6naganue IIrrouIaAlI c roKoM, HanpaBneHHbrM BBepx, a HaE xBocrosofr qacrrm -C TOKOM, HANPANTTCUUT,IM BHI,I3. HAPYUEHAE COOTBETCTBI,I'I TOKOBI,IX CTPYKTYP C 11EPEXOAOM
BBepx, Bepo.ETHO, CBff3aHO, BO-[epBbrx, c TeM, IITO TOKOBbTe IreTnLI pacluupflroTcfi c nucorofr,
BO-BropbIx, OHI'I 3aMbIKaIoTCff Ha pa3Hblx BbICOrax, LI roIIbKO OCHOBHbTe AogrlrraroT BbTCOT50 000 xnr.
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AHaIIr.re KapT ToKOB, Bbrqr{cJleHHbrx B TTpeAIIOJIOXeH}II{, qTO a3LIMyTbI floflepeqHofo IIoJIf,'

onpeAenfeMble IIo cTpyKType Bo[oKoHe[, ocTarcTcfl IIocToflHHbIMI,I Ha pa3Hblx ypoBHtrx'

ng*au3, CxOAUrtfr C upeguryufl{M BapLIaHroM xapaKTep }I3MeHeHI'If ToKOB C srrCorofr' OAHa'

Ko np14 SroM BbrsBr,rJrlrcb cnetryrouue pa3ilr4qr4fr.: B flpetrflonoxeuu]I c = const firlorHocrb ro-

"u 
y'6u*aa, C BbICoTOfi HecKoJIbKO 6rtCrpee, KaK 3To BI{AHO I'13 Ta6\. 2, E 6onee 6uCrpo

[po]lcxoAl{r paclul,IpeHl'Ie roKoBblx crpyKryp.

3. )Gparcnep y6rrramra c Bblcorotr MarHIIrHoro noJIf, lt roKoB

Hapagy c [oflepeqHofi cocrirB]rflroulefi H! rr,ru BbIqncJIIqIn BeprI,IKarIbHyIo cocraBrflrolqylo

tf 
"'"^ir6rurfi 

notor O nona s noreHUuanrHou npr6luxeHul{ Ha Bblcorax (5, 10,25,

Sr5y . tO3 rna. A1ts roro qro6br corrocraB[rrb xapaKrep y6uaauua noroKa OuanMtuoro no'

rrfl I{ cyMMapgbrx roKoB Ii c rrrcorofi B pa3Hbre AHu, MbI orHecJII{ 3rI{ BerI}IlMHbI K }Ix 3Haqe'

iii" i^ Ooroc6epe (sa e4{Hr.ruy cyMMapHoro roKa B3flro ero 3HaqeHI4e /1 (0) ua Qoroole-
pe, BbrrMcJIeHHoe rro [olepeqHoir cocIaBrIf,rcIIrcfi noreHlr]Iilllbuoro rronff I'I B3rroMy }I3 Ha6flrc'

aenr.rfi r"ralrurHoro florrr ,"ureurnro asrruryta). Pesyrrraru srItmcneullfi no rpeM EHffM Ha6JIIo'

geunfi npuaegeHbl Ha pnc.4..[gx noctpoeunr rpltnofi xoga cyMMapgblxroKoB [p14B;1eqeHbl

pe3yJrbTaTbr BbItI[cIIeHI,Ifi s o6o[x trpe4flofloxeHuf,x o xapaKTepe I'ISMeHeHI'Itr a3I4MyToB c BbI-

cotofi.
Vs pwc. 4 cnegyer, rrro He3aB[c[Mo or roro, B KaKoM ]I3 trByx rlpeAloloxermfi nponege-

Hbr BbMCJIeHI,Iff, CyMMapHbIe TOKI{ y6bIBaIoT 3HarMTeJIrnO 6rrCrpee, 'qeM MarHI'ITHbIe IIOTO'

""1XX#:',Hil,'#:X":HT"T&H:Xo noro o3Haqaer, r,,o B HarpaB,reHr{r{ z reqer roK;

IIofle ero npl,rBoEr{r K CXaII,!IO MaTHilTHbIX CTpyKTyp, B pe3yllbTaTe qero [oJIe yxe He

ocTaeTcfl IIoTeHIII,IiIlbHruvr, Pac.Iet TaKI'Ix floJlefi B IloTeHlluiuruou npu6tnx.e;flfin, goo6Ee

roBopfl, HerrpaBoMepen, ec:ru B KaqecTBe rpaHI'IqHbIx ycrorrfi B3flTbI EaHHbIe Sotoc$eplI'
Telr ue Megee r,r B 3roM Clyqae EIrfl KaxAoro ypoona cIIeEyeT 6pau caoe rparutunoe I1r,

Iro KoTopoMy Moxer 6urrr soccraHoBJleHa cBofl IIoTeHIII{aJIbHafl cTpyKTypa' Ho nonnlfi

ToK, Kor;pbifi onpeaenuercfl 3aKprreHHocrbro cI{JroBbIx lrunvrit, ttprl cxarl'Il{ He AorIxeH

MeHflrbcfl. 
-Hau6onie 

6rrcrpoe y6rnarme IIofltr c srlcotofi Aaer [oreHIII{aIIbHafl MoEeJIb.

Bce gpyrue, oqeBr,rAHo, 1rptrBogflT K TOYy, qTo MarHI'ITHUfi nOtor E6IIX6H y6blBarb c BbI'

coroi eue MeErIeHHee, rreM Ha pnc. 4. Tar qro B MoEeJIflx, 6onee 6rflsrl{x K pearlbHblM

(OCnOuannrrX Ha yCIIOBI{flx paBHOBeCI'IrI MaTHHTHbIx CTpyKTyp C rOrOryI) ' pa3lll,trge B I'I3MS-

*a*r, " 
Bbrcorofi MarHr{THoro rroroKa I,I ToKa AorIxHo nr6o yrenutMTbcfl' fllr6o ocraBarbcE

TaKI{M Xe. Tarru o6pasovt, HaIIM I,IcCJIeEoBaHI'If [oKa3bIBaIOT, IITO MarHI'ITHbIe cTpyKrypbl

craHoBffTcfl 6onee uorenqlrarrbHbrMu c Bbrcorofi. B xaqecrse ofucHoBaHI'Ir SToro 3aK[IorleH[fl

MOx<HO rIpI'IBeCTI'I CrIeEyIOIr1ile Qarcml.
Ha oiHosaHgfl ua6rpAeurfi 11oJlrloro BeKropa MarHl{rHoro rIoJIfl 11o A,ByM rII'IHI{flM

Fe I ).4808 A n Ca I ).6103 AKoros [13] npr.ruren K BbIBoEy, qro lrJlorHocrb Beprl{KtlrlbHoro

3rreKrpllqecKoro roKa na 6ouee BbIcoKoM ypoBge (16103 A) strBoe MeHbIIre, tleM Ha HI'IxHSM'

B ro xe BpeMfl coulacHo uccIIeEoBaHI'Iarra [14] Ha[pixeHHocrb IIoJIfl, I'I3MepeHHaff ": iiYI
16103 A, ue 6Onee qeM Ha 5/o vreflilne flo CpaBHeH[Io C Ha[paXeHHocTbIo, ]I3MepeHHoI{ Iro III{-

unu tr4g08 A. Conocras[ frfr xrtr pe3yrrbrarbr, Mbr rIpnxoAI'IM K BbIBOEy' tIrO IIITOTHOCTb 3rIeKT-

puqecKoro rorca y6rmaer.c ablcorofi 6ucrpee, qeM Ha[pflxeHHOCTb MaTHI',ITHOTO IIOJIfl'

Kporvre Toro, lrccfle[oaarur [10] rroKa3zIIIU, qTo paBeHcTBO CyMMapHbIx ToKoB BCrpelIHbIx

HalpaBJIeH[fr BbIlOJIHfieTcfl C TOIIHOCTIIo EO 2Vo i He 3aBI{CI'IT oT Be[[IrMHbr paa6aranca

MarHr.rrHbrx [OroKoB, rOrOprul Moxer Eocrl,Irarb 30Vo. Paz1attaub uarnnrHblx rloroKoB

C1frsa1.c reM, qro qacrb Cr-orur" n:,l1Wtir 1rOJIfl y1OIU'IT 3a [peEeJIbI AO rr'16O g o6rlacut He'

Bo3MyrqeHuoro Conmla, ;tn6o Ha coce[Hlle AO. Crryaqrafl, \pu xoropofi I'IMeer Mecro cy'

,qeCrseuHrtr; paS6anaxC MartMTHbIx IIOTOKOB I'I [paKr[IqeCKI'I IOJ]HOe paBeHCTBO TOKOB'

BO3MOXHa, BepoflTgo, TOII6KO B TOM Cfiyqae, KorAa B MarHI',ITHbIXrpy6rax, KoTOpbIe yxoAflT

sa rrpeEerrbr Ab, ne reKyr roKr4. Oueorguo, yxoErr 3a rlpeEerlbl AO srrcorre [oreHlr]larlb-

Hbre MaiHI,ITHbIe IISTIII{, a ToKI'I cogpegoroqeHbl uIaBHbtM o6paOou s 6Onee HI'I3KI'IX IeTJIfx'

llccnegonauur, .pou"A"*rrur. t ll5, 16], norasalr, uto uopQoflornff KopoHbI sau AO'
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Puc. 4. HgueneHlre c Brrcoroft MarHr.rrHoro noroKa O(&)/O (0) a
Typr,r non, (repxuxa xpr.ruax) lr cyMMapHoro gneKTpfirrecKoro
nacru 09-1 1.06 1969 r.

rrpegnonoxeHfill troreHruiurrHofi crpyx_
roxa{ (Dlfte) B aKruBHofi 06-

Bepraranr,ntrvH orpe3rcaMr{ [oKa3aHbI HHTepBarbr pas6poca EaHHbIx grrrucnelrtft (g.nx rora - B ADyxrvrogenax) no TpeM grarnr na6nrogenufi

[orrweHHafl C BbTCOKI{M pa3perrreHr,IeM B MflTKOM penTreHe na "Cxafirg&", xopouro co_
orBercByer crpyKType rIoTeHIIlIarIbHOro [orr8, BbrrMcJreHHoro Ha ocHoBaHHr.r pelllerlr{.E
3aE.aqfi Hefinaaua I1o Ha6rIIoAeHLIflM flpoAoJlbHofi cocraBIlffroruefi [orrf, B $orocr[epe.I,Iuercrcs u paAl{oHa6rrroAerrrrfl [17], xoropbre rroKa3brBarcT, rrro MarHr{THbre [orrf, B
KopoHe coorBercrBylor HarlpExeHHocrr{ rroreHur.rarrbHoro [ojrfl, OAHaKo uMeercfl prA EaH-
HbIx Ha6[roAeHr,rfi, KoTopbre roBopffT o ToM, rITo Hanp8xer{HocTb rroJrfl B KopoHe AoIrxHa6rnr cSnuecrBeuHo Bbrrue, qeM Aaer loreHr.u.rilrrbHan uoEenn Il g -20] .

3arrnoqenne

AosonrHo rrpocrbre Ha6JrroABHr,Ifl - Beprr{KallbHafl cocraBrr.Ercrrlar MarHHTHoro rtonf, ]/zlI CIIHMKIT .I/*-nonorcoueq- - rrogBoJrflroT rroJryrmTb BrroJrHe yEoBneTBopr,rTenbHyro un$oprr,rai-
UIitrc o crpyKType I'I BenI'IrMHe Beprl{RarlbHblx 3[eKTp[qecKl,rx roKoB. lra sog1{oxHocrr
IloffBl'ulacb 6narogapa roMy, tlro B [4] ynurocb pa3rroxr{rr nonnufi roK Ha claraeMbre:
flepBoe o6ycroBleHo rloBoporoM BeKTopa [orelilIuarlbHoro rrottfl, a ocrallbHble cBf,3agbr
uraBHbIM o6pasom c I{3MeHeH}IeM ero ErIuHrr. llepaoe claraeMoe peryJrtrpHo Aaer Aocra-roqHo xopouee coorBercrBlre co crpyKrypofi pesynbmpymuero roKa. oHO 6rmo sgaro
HaMI{ ArIa o[peAerleH[If, ToKoB no H, n ctl,twrcau .I/o-aonorcoueq. Pesynbrarbr Bbrrgcrre-
sufi noxaaall'I BnoJIHe. yAoBnerBopureJlbHoe coersercrBlre crpyKryp roKa, BbIrMoIeHHoro
rro grofi MeroEr{Ke }r rro EaHHbrM na6nrogeruafi [o[epelruoro ,ror" s <foioofepe.

IlpeguonoxeHr{e o flocroflHHofi 3aKpyrreuHocm rrorrf, c arrcorofi (iu6o uocrorunofi
opI'IeHraqIM ero) nosaonllJro BbltMcrlfirb roKI{ Ha Bbrcorax Brrlrorb Ao 50 O0O ru. Btr.ucle-
HHE [oKa3aII[, rITo B AO uuerctcs c]IcreMbl ToKoBbrx [ererrb pasnofi Bbrcorbr. Cyrrarr,rapnrui
no AO roK oAuoro suara y6uraer c BDrcorofi cyulecrBenuo 6rrcrpee, rreM MarHI{THrrfi nororc
IIprI noTelu[alrbHofi CTpyKrype nons. 9ro ogHaqaeT, rrTo, qeM 6onrrue BbrCoTa MarHI{THOfr
[erJII{, reu 6rmxe ee crpyKrypa IIoJIa K rloreHrlr{rrrrbnofi. Ha rrorenrl]tzrrrbgnrfi iaparrep crpyK-
rypbl MarHI{rHOro IIofls B KopoHe yKa3brBaror ]r ApyMe na6trogarenrHbre AaHHbre [15-]7].llpunocuna 6narogapnocrr H.I,I. IllesrxrrHofi 3a [oMorrlb B rroEroroBKe p]rcynKoB.
Hor6pr 1987 r.
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ynK s23.7s

O KONI,IIIECTBE gHEPTily' C>K1,J]Ufl' MATHI'ITHOTO IIONf,
HAII flpKOff OEnACTbn B oEI{Eff 19JIyTEHI'I rPynnhl 1TTEII

M.IIx.fYceituoa

Bgqlcnega Sueprut Bo3MyUIeHrrf,, [pI{BeEIIIeTO K CXaT1Ip MaTHI1THOTO 11On, HaE Xprurvr o6paaoBagl',IeM

s o6qeil norryreHu rpynnrr Ne 251 (io 6ronnerexp "Co.nneqnrte Eannrre") 02'09'1961 r' Ha ypoBHe

xporraoc(leprr, o"" o*u."nul";*;;; r, = 2. lo3o epr, qro cpaBHr.rMo c norrHofi eneprueft scnrrulex 6anna

i'N, n.-rvo"rlu Hq, O6cyxgarorca HeKorop6le Bo3MoxHLIe [puqnHEI na6moEennoro ycfinerr1af, MarHm-

Horo flofls c strcotofi.

ON THE ENERGY VALUE OF THE MAGNETIC FIELD COMPRESSION OVER THE BRIGHT

nrcioll- lN tge suNsp6i-Enouf inNurr{snA., by M.r. Huseyn.oy. - The energv of perturbation,

leading to the compression oi tfr" ."gnetic fiel-d^ inlensity over the 
-bright 

formation in the penumbra of

;il;rp.fi;oup N zsr (;;;ai"g ff;;ilo.;f oz.os'r96i on the chrom-ospheric level has been computed'

it6;#J io be equat to'Z .16a;"* which is conlpatible with the total energy of 2Nflaresin Hoemissi'

.".'Slrr" p"gitle reasons for the incre-ase of the magnetic field with height are discussed'

Panee [1, 2] no rsrrrepeH]IffM MarHl{ruoro pacu1eflneuua MHororMcIIeHHbIx iII'IHI'lfr florflo-

uleHl{fl c pasnr.ruHofi rny6nnoft Bo3H]rKHoBeHr,rfl HaMI,I 6lrno usyueno Bepr]IKiIrIbHoe pacflpeEe'

rreHue Ha[pExeHHocrI,I MarHI,IrHoro norlf (H.M.II.) a rprofi o6rIacrll B o6qefi noJIyreHI'I

.pynnu, nxren No 25 1 (nyrvrepauutr IIo^6IoIIJIereHIo "coflHeqHble traHHble")' Ha pl{c' l upu'

BeEeHa 3ap,rcoBKa rpy;; nd ZSt 3a 02.09.1961 r., rurpraxoBKofi yKa3aHa fpKafl o6racrb

BHyrplr ,roryrrr, 
-(aeprrr.luua, xr{pHafl rrpflMafl rroKa3brBaer pacrloJloxeHlle Ulerrt4

anJ*ipo.p"6u SC1 11lO B MoMeHr cbeMKlI gllrenbHoft rIoJrflpI'I3aII[oHHoft cneKrporpaMMbl'

no roropofi olpeAerrflnacD H.M.i[.). Eluto HafiAeHO, qTo pacupeAeJleHl{e H'M'II' UO BbICOTe

HaE npK;ft o6nicuro EBaxEbI (na yponnrx $oroc<[epu u xpoMoc6epi]l ip:t:LT'-i:,t
,rr"prrro 11, 2l: BMeCro o6ue[pnHtrroro yMeHbrueHI'It npoficxoEl'Ir pocr H'M'n' c BblcoroE'

3rO ssnegue xop6111g BI,IAII9 Ha'perc. 2, r[e CunoluHafl KpI4Baff IIoKa3blBaeT Ha6'uogaeMoe

pacflpetrelreHr{e H.M,rr. I1r. OH1 frBfifiercfr coeA[IIeHI',IeM KpI'IBbIX BepTI',IKaIIbHOro pacfipe-

Eerre,r{fi Ha6rroEe'Hoft n.u.n. H, ta ypoBHEx QotocQepri [1] n xporuroc6-epbl [2] ' Ha

pilc. 2 rrrrpr,r).(oBaff KplrBafl I/" coorrercrByer llpeAnonaraeMoMy xo[y H.M.II' 6ea nosuy[e'

nna. cnoco6 orpeEeneHua n.rvr.n. I/" noEpo6Ho oII[caH s ll,2l. Kparxo orM€rI'IM, tlro

Ury6[rHbr o6pa3oBaH[fl lttrrlt4ir IlorJlouleHl{f Ha ypoBHe QorocQepH B3frbl u3 [3] ' 
eHcoru

BO3HuKHoBeHI,If, pa3JII{rIHbIX qacTefi KOHrypoB CI'IJIIIIbIX cneKTpaIIbHbIx III'IHHfi Ha ypoBusx

xpoMocoepbr onpegenenrr flo [4i. BrrCora h = o nb puc. 2 u 3 cootaercrByer rpaHl'Iqe

6orocQipa-xpoMocQepa (rsooo = 0,004)
3Eecr MbI oIIeHI{BaeM BerII{rMHy SHepruI,t Bo3MyIqeHI'Ifl' rIp]IBeFJIrero' no'B'IEI4MoMy'
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Puc. l. 3apucoBxa rpyrnrr Ne 251 ga 02.09 1961 r.

(Ni.: xr,
0"

Puc. 2. PacnpeEeneHue Halrpfi)r(eHHocrl,r MarHLITHoro
non, HaA xpxofi o6lacrbro no Bbrcore Ha ypoBHfix
Qoroc@epu u xporuoc@eprr

K C)KaTI'IIo MarHI'ITHOro IIojIfl, r.e. uP,BepcLr4 B BepTr.IKanbHoM pacflpeEeneHirru H.M,[, HaA
aprofi o6rlacrrrc norlyreulr. .I[nx euuracreuu.a srofr gHeprulr neodxogrorr,ro suarr o6reu, rge
MarHI'ITI{oe nole geSopMI,IpoBaHo (cxaro), l,t pa3rrr.rqrre urornocrefi uaruurnofi gHepr]ur
B Bo3MyIrIeHHoM Ir cnorofinona cocroEHl,Iflx ulra3Mbr (us-sa roro, rrro Ha ypoBHflx xpoMo-
cQeprr uag apxofi o6nacrrp tPpn> nkT, sueprwfl,3arpaqr,rBaeMafl Ha yBelr.rrreHr,re [rrorHoc-
Tr{ Kr,rHerr{qecxofi onepruw nkTnpw cxarr,ru uolx, necyulecrBeHHa, elo MoxHo npeHe6peur).

llonepeuunr 
-IloBepxuocrrl aprofi o6nacru, rge Mbr o[peEeJrflrrr.r n.rvr.n. r1r, ,u*ogrr",

B llpeAeJfax 6-8^" , Ho EIfl oIIeHKI'I HrlxHero trPeEena sHeprfill aoauyUenur-.8'" npnrr,rervr
D = 2R = 4'103 ru. o_6revr, rAe rrpor,r3oruflo cxarlre [orrf,, [peAcraBr4M B Br,rEe rrpsMoro
KpyroBoro qr{Jrr,rHApa. Ha puc. 3 nprnogzrvr Beprr.rKarrbHbrfi paipes sroro quJIrIHEpa qepe3
ero ueHTpaIIbHyIo ocb: cflrloluHble KpI{Bbre [peEcraBJrf,ror Bo3MoxHbrfi xog cluoninxnwwuit
MarHI{THoro [oJra coHacno na6nrogeHubrM 3HaqeHI{ffM H.M,rI. .f1", rurpnxoBbre KprrBbre -rlpeErronaraeMbre cr,rJroBbre run'duu 6es rosvryrueuxx. flporaxeHHocrb III{rnHApa IIo Bbrcore
r$oroc$epe Ah x250KMr,rBxporuoc$epe Ah =4. lb3 rcu.

Cnepna BbrrryrcJnrM gHeprrrrc Bo3MyrrleHr,rff (uuaepcur B pacflpeEeJreutrr4 H.M,[. uo mrcore)
uag rpxofi o6racrnrc r xporvrocQepe. Ee rroxno o[peAenr,rr6 uo npocrofi Soprvryne

u"=r(#-fi")= rRzhff-#) ={rr;- H?),

rKe v - o6reyr, R - paguyc [oleperrHHKa,h - antcora uEJI[rHApa,.f1, - Ha6nroAeHHoe 3Ha-
rreHue H.M.[. (uo culourroft rpr,rnofi Ha puc. 2) u H" - npeguonaraeMafl [r.M.rr. B Crryqae,
ecrr 6rr se 6turo cxiarufr nonr (no rurprxouofi xpr,rnofi).

--Eln yllpouleHl{.r errqucleHufi xporvrocQepuyp sacrb ur{nr.rHApa rro Bbrcore ,qeJ][M Ha
20 uoen paruofi gullg Ah = 2oo rcrnr. 3arevr Erff KaxAoro crrofl rro p]rc. 2 uaxonurvr
cpe.4HI'Ie 3HarIeHI{ff H, w H" I't BblrlucrlffeM rlacrb gHeprEI{ Bo3MyuIeHun AEr, oTHocrqyrccfl
K oroMy cflorc, ro Sopnayne

R2Ah
AE" =-- @?, - ED = to23 (E?- El1 epr.

,/.// /tc
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t./tlxn

Puc. 3. Bogrrtoxnrrft xog crrJroBLrx rr.IHr4ft MarHHTHoro noJlq nag lpxtfr o6nacrrro (septuxaarnrrfi qelm-

panEnrrft paopee)
flyuxrupnax rprrMafl h = O - npurrffrat rpanl,Iqa Ooroc@epa- xpoMoc$epa

Tenepr, ecflr,r 3Hepruro BosMyuleHvrfl Wtr Bcex 20 cJIoeB cyMMl,IpoBarb, rronyql4M rlorrHylo

3Heprfirc Bo3MyuleHrrfi (raunepcuu H.M.n.) B xpoMocsepe Ha[ spKofi oonacrbro

Er= AEi = 2,5' 1030 ePr'

3ra oueprun couracHo [5, 6] cparur4Ma c rroJrHofr ouepruefi fl3nyqeHl4ff B Ho BcflbuuKll

6an:ra 2N.
Ho, rarc Mbr orMeqaru B 121, Bo BpeMrr ua6rrc4euua fl3yqerHoil 3rxerlbuofi cneKrporpaM-

Mbr B fpyrrne HeAaneKo or MecTa, r[e r,r3Mepfinr4 MarHI,IrHoe [one, ilpoucxoAl,Ijla BcIIbIIUKa

6uma 7-. flonuaq 3Heprfifi rarcori ucnr,uuKr,r B I,r3rlyqeHLifiHdHa nopflAoK MeHblue [5,6] , uerur

3Heprr.rfi Bo3MyUIeHI4fl Ha ypoBHe xpoMocoepbl, HafiAeHHafi HaMI'I 3EeCb'

Orr,ar"u gHeprun B03MyUIeHLIfl MarHI,IrHoro nortfl B6nI'I3ll rpaHI'IUbI $oroc$epa-xpoMOC$e-
pa B cnoe c ronxll,IHofi Lh x 100 KM Aaer

Eu = 1,1 ' 1028 :Pr,

Koropafl corracHo [5,6] cparurrMa c rroJrHofi onepruefi H3rlyqeH]Ifl B Hc cy6rcnr,tuex

6anna SN.
CleAyer orMerr4rb, qro rpyflna No 25 1 6r,rra oqeun BcrIbIIuerIHoaKTVBHofi: 3a BpeMfi

npoxoxAeHlrfl ro Ar4cKy Conuua B Hefr 3aperlIcrpllpoBaHa 61 scultuxa (c 29.08 no 10.09

tOOt r.;; r.r3 Hlrx 52 scnr,rrurcu rpor.r3orrrrrr4 c 01 uo 05. 09 1961 r. Bolrrue Bcero BcnbIrIeK

(17) na6lroganocn 02.09, B roM qucire eAr,rHcrBeHHafl BcrIbI[IKa 6atna 2. flo Haru]rNr us-

,aplrrrno [7] nrnreuno B 3ToT AeHb BenI4q]IHbI BeprI'IKaJIbHbIx rpaAueHroB'H,M,rI. B nflrHax

.pynno, No 25 I 6rrrr,r sau6onruruv[. Ha so:N{oxHyrc cB-fi3b MexAy rlacrorofi Bo3HHKHoBeHI'IS

Bcn6rrrreK H Bepr?{KanbHofi ueognopoEHocrt,ro MarHI,ITHbIx nonefi yrasulsan A.B, Ceoepurrit
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[8] , Kar 6ruto cragaso BbIIue, Mbr rrorrywut,r rrpflMoe yKa3aHr,re cBr3r.r Bcflbrr[eurofi arcrns-
Hocrl{ c Beprr.rKaJrbubrMr{ rpaMeurarl,rr.r H,M.[. AHIAh [9] . flanaa cB.fi3b MexEy BcrrbrrrrKaM]r
r.r r{3MeHeH}rf,Mu MarHr{rnoro noJrfl Ha pa3Hbrx Bbrcorax B rrsrHax 6rura o6uapyxesa A.H. Ko-
Bnrrb r{ H,H. Crenarun [10, 1l] .

HccneEogaH:afi pasBilrt4fl rpynrrbr N0 25 I pa3lrrrtrHbrMlr cnoco6avrn B U, 12-15] uorasur-
BarcT, qro cI{JIbHbre r{3MeHeHI,If, B crpyKType.MarHI,ITHoro florrfl B IIf,THax, raxxe nau6orlblrll{e
cKopocrl{ BpaIIIeHI{fl flf,THa-nl{Eepa r{ BcrrJrbrBaH}re ero MarHr.rTHoro norrff npol.IcxoE.ultw c
02 no 06.09, r.e. B EHI{ uau6omruefi gcnrrrue.ruofi aKrr{BHocr}r rpylrlbr. llo-augnrrouy,
MO)KHO IIpeEIOJIOXITb, rrTO BPaUeUUe [ffTHa-Irr{Eepa u flpoqecc BcllnbrBaHr{fl ero MarHr{THoro
rIoJIfl rlpr{BoEl{nu r o6pasoaaHr,rro Morrlxbrx yEapxbrx BorrH, Koropbre B cBoro oqepeEb Moilrr.r
o6ycnoautr cxarne MarHlrrHoro lronfl B orlpegerrennbrx ypoBHffx aruoc$epn r{ag fipK}rM
o6pasoranueu. Ha BosMoxnocrb BogHrrKHoBeHr,rE yEapHbrx BoJrH B aKTr,rBHbrx o6nacrsx
na Conuue yKa3bIBa[ A.E. Cerepnuft [16] . Peaarnocrr nogo6nrrx ssnenrfi 6rrna nograepx-
AeHa Ha ocuoBanr{r.r ua6nlogenrft C.I4. Ionacrororvr [17, 18] .

Tarcuu o6pa3oM, MoxHo gaKrIIoqI{Tb, tITo Bo BcnbrlueqHoaKTl,rBHbrx rpyffIax rrpu l,tx pa3BI,I.
TI{r{, KpoMe BcrlErrrreK, rrr6pocoa, ycoB r.r Apyrux flpoqeccoB, no-Br{E}rMoMy, flpoucxoEflr
I,I MOIUHbIE ffBJIEHI.Ifl TI,IIA YEAPHbIX BOJIH, IIOIIHAfl 9HEPTI,Ifl KOTOPbIX BTIOIIHE CPABHI,IMA C IIO[.
uofi eueprueft r,rsnyrleHrlfl BcnbIIueK n unilru Ho.

Haxoneq, crleAyer orMerr{Tb, rrro B HeKoropux cnyvanx pocr H.M.rr. c amcorofi Moxer
6utr o6ycnoBrleH Mor,IIHbrMu gJreKTpr.tqecKlrMrr roKaMr{ B aKTr,rBHbrx o6nacrxx na Connqe.
Taras sogMoxHocrb crreAyer us ll9-211

Brrpaxaro r{cKpeuuyro 6narogagrocrb corpygH}rxau la6oparopu4 Qnarxu ColHua sa
o6cyxgeuue pa6orrr, fI.II. flo6poupaBnny, sa saMerraHufi r{ rroJre3Hbre conerrr npu oQoppre-
HI,II{ crarbr{, JI.C. Ionononocorofi 3a rIoMorIIb [p]r r.r3roroBJreHl{r.r plIcyHKoB.

Hox6pr 1987 r,
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oIIPEIEJIEHHE nApAMETpOB rIlIHEftHOff IIOJI pH3AIIIfl,I yCOB

IIO MOHOXPOMATI,IIIECKHM HAEMO,UEHH.flM

A.H. Ea6nn, A.H. Kosanr

C aperrreuur'Ir"r pa3peuenueM - 20 c llccneAoBaHbl u3MeHeHu, KolIrpacra, cre[eHu norspr.{3aul,I[ H
a3r.rMyra flnocKocru loilfipfisag;ru ycoB co BpeMeHeM. llonyreutr cneAyrcune pe3ynbrarbr.

1. Kplrarre pa3BI,ITl{f, ycoB npeAcraBnqlot co6oft pt[flocne[oBarenl]rbrxlr,rKoBJrpKocrr4,BpeMs]Rtts:.clt4
Koropbrx oxolo 1,5 rvruH.

2. Aznlayt nflocxocrlr nonrpu3aul{u ycoB Moxer 3Haqr,rreJlbxo I,r3MeHfiTLcf, Ha nporrxeHrru ilx )Kg3lyr,
oAIraKo B rlpeEerlax orun6or nzM.epeuuft ocraerc-fi nocro.f,HHbrM pf,I'fl,\rHWBrrEyarIbHLrx nHKoB .rrpKocrr.I.

3' .[llg ,{erKosLIpaxeHHrIxnrIKoBrpKocrl{Beilw.uua creneHr.r ttontpu3alrrrH ycoB cocraBnrer ot 3 Ao
tO%, wo a 3-6 pas npeBbrlxaer cpegHeKBagparr{qecKyro ouru6ry r.r3Mepeu[fi. O6cyxgaotcx Bo3MoxHLre
IIplllrr,rHEr AeIIonspr,r3auulr SMHccr,rn.

4. B uccnegyetrLx cnlqasx ycEI rlofiBJlrnficr ua uoa6yxgeHHoM Mecre, KoHrpacr Koroporo cocraBJr.flJr
Eo 8-12% Ir Koropoe ocraeTcs ooa6yxgeunrwr flocJre yracaHil, ycoB. 3rrruccrs erofi noAnoxrr.r raKxe
noJIrpLI3OBaHa.

5. Onpegeneurr npeLIMyurecrBeHHLIeHaflpaBrreunn (asurvrytrr)unocrocrn [oJrrpusarrfiil ycoB, Koroprre
conocraBJreHEr c ,qeraJIrMI,I tonxoft crpyKTyp6r xpouoc@eprr B nltHuu Ho. fllocrocrr nompu3arlr,ru ycoB
opI{eHTI,IpoBaHa npI,IMepHo B HalpaBneHr{u BoJroKoH cr{creMBr AFS unu BoJroKoHeq roHKoft crpyKTypEr,

DETERMINATION OF MOUSTACHE'S LINEAR POLARIZATION PARAMETERS FROM MONO-
CHROMATIC OBSERVATIONS, by A.N. Babin, A.N. Kovol. - The time dependence of moustache's
contrast, polarization degree and polarization plane orientation are studied with a time resolution of -20 s.
We have found:

l The time profiles of moustache's contrast show prominent spikes with duration about 1,5 min.
2. The azimuth of polarization plane for moustache's emission can considerably change during their

lifetime, but in limits of measuring erorsit remains constant for individual spikes.
3. For clearly pronounced spike the degree of polarization attains from 3 to 107o, that is 3-6 times rms

ettot of measurements. The possible reasons for depolarization of emission are discussed.
4. In investigated cases the moustaches arise at excited places with contrast r,rp to 8-l2Vo,which continue

to be excited after the moustaches fade out. The emission of this background is polarized too.
5. According to our examination the predominant orientation of moustache'spolarizationplaneisclose

to that of cfuomospheric structures in Ho (fibrils or Arc Filament System).

B [1] narrlr 6ruro norcasaHo, qro xHrepQepeHrllroHHo-rorrnplr3aur{oHnbrfi rlunrtp(I4IIO) u
IuIacrI{HKa )t12 l.rroryt rrpllMenffTbcfl B KarrecrBe aHaJrr.r3aropa nunefi:aoit [orrflpr{3aur,rlr npr }rc-
cJIeEoBaHIrI{ ycoB. OAHaKo rorEa xe BbrflcHr,Ilocb, qro 6ucrpue u3MeHeHI{fl KarrecrBa E3o6pa-
xeHlrfi I{ flpKocr}I ycoB BHocflT 3Haq}rreJrbHbre HeorrpeEeJreHHocrr{ B lonyqeHHbre pe3yJrbTaTbr.
llro6rr rIoBbIcI,ITb rouHocrb r,r HaAexuocrb olpe,qerleur.Ifl crerlenr{ ttonflpl{3all}Ifi l,r a3l{Myra
IrIIocKocTI,t Ilonflpll3al$E, 6tltr.tu BblcKa3aHbr cfie[yrcq]Ie peKoMeHEaur,ru [o ycoBeplueHcTBo-
BaHI{rc MeToAI,IKI,i Ha6nloEeH{fi: 1) yaeruwrTb rracToTy cbeMK[r u 2) nonyuarb oAHoBpeMeHHo

Qr.ur rrpo rparvrMbr B AByi o proronan bHr,rx rrorrfl pu3 arlr4fl x.

1. Ha6nroAeruls

Panee upu Ha6[rogeur.rflx Ha furrbruoM KopoHorpa@e KI-2 ]rnrep$epeHur.roHHo-norrffpr.r3a-
qI,IoHHbIfi $nnrrp BbrrlorrHffrr y Hac cpa3y ABe +yEKr(nr.r: oH cJIyxI.rIr B KarrecTBe MoHoxpoMa-
Topa(BblAerlfl.f, npI,I Ha6JIIoAeHr,[I ycoB o[HoBpeMeHHo ABa cfleKTparlbHr,rx yqacTKa ru[pr,IHofi
rto 0,5 A, pacflofloxeHHbrx Ha paccro.flHlrfi I A cr.rrvrrvrerprw{o B cr.rHroro r,r KpacHyro cropouy or
TIHHI,Iu Ho), a ero BxoEHofi fiorrflpor.rA rI Bparlarouafl.cfl, turacru],1lKai,l2 cily)Kr4l,.ti B KaqecrBe
aHilrll{3aTopa ,IuHefrHofr lloJlrlpl{3allllr]t. Tenepr xe, rrTo6br [oJryqaTb oAHoBpeMeHHo ABa opTo-
roHilrlbHo rIoJIflpI{3oBaHHbIx LI3o6paxeHLIff, rlepeA Ho-I4II<D Halle 6ruu ycrauoBJreHbr ABe
noIIffpI{3aIIEoHHbIe [p]I3MbI I,I3 cTeKJIa I,I IIIIIara(puc. 1).Ananr,rsaTopoM rIflHefrHo noIlflpr.I3o-
BaHHorO CBeTa flBIIfieTCfi [pI{3Ma P1, flOJIoXeHIIe.[pI,I3MbI P2 OruOCllterrbHo Pl.OIIpeEe[fleT
paccTorlEr,re MexEy AB yMfl o pTof oHzln bHo rlorrff pr{3aruoHHbr Mr.r [yqK aMu.

Cropocrr BpauleHua Qasorofr fl.rlacrr,rl{Kr,r }./2, ycranorleHnofi B [epB[quoM Soryce rnaa-
noro o6terrusa KI-2, 6rura sHarnrrenbHo )rBer[rreHa. 3nexrporuexanrnqecxufi [pr.rBoA o6ecne-
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Puc. l. OntilqecK:Ls cxeMa xopouorpaQa Kf -2 u yctanoBKr.r AJr.fi na6rno4euuft nuHeltHofi nonrpu3ar${}r
O, - rnaartrfi o6rerura, d, - nua@parrr,ra B nepBuqlroM Ooryce, I/2 - Oa3oBat ruracrrrHKa H ee rrpHBoA,
02 - ilArr3a floilfl, d2 - AqaQparMa Jllao, mr,m2 - ttilocKue 3epKara, OruOo - nepe6pacr,rrarou.g,re
o6rerturrr, P, u P, - tronqplr3arluosHbrc npx3Mu, I{fIO - uurep$epeurU,rouuo-rro]rrpuearg,ronurrft
Oilnbrp, m3 - tonyfipo3patrHoe seprcaJro, POK - Qororatrepa, O u - oKyrrnp

qr,rBaer ee [pepbrBHcToe BpaueHr.re qepe3 22,5o u BKrrroqeHr,re perucTpl{pymqefi OoToKaMepbr
POK-5 B MoMeHTbr ocraHoBKr{ ruracrr{HKr,r. tlacrota cbeMKr,r Moxer [3MeHETbcff or I q'o 8
KaApoB B ceKyHAV, [pr.r Harur{x Ha6[roEeH[flx oHa cocraw..rta 2 lKalipafc (s u] qacrora

cbeMKr{ 6rura a - 15 pas Huxe).
flocronrry 3[ecb Mbr pa3naraeM nyqoK cBera Ha ABa flyqKa, To 3Kctro3r{qutr yBenuqurlacb

Ao 0,1s (ua ronrpacrHofi MenKo3epHr4croft [rreHKe r,r3orraHxpoM rr.r[ 28). Ilone speuufi rMeer
AEaMerp - I 05 ", Macrurao Ha rrrreHKe 1 0,5 "nrrr I . B ocraffiuoM ycraHoBKa Arrfl uccrre[oBaHr,rfl
rrorrflpr{3aqr.Iu ycoB, orMcaHuax e [1] , ocTzuracb 6eg usMeHeHNfr.

Bnarogapx [oly[po3parrHoMy 3epKirly m! Hadfiio4arenb Moxer HelpepbrBHo crIeAr,ITb 3a

aKTlrBHofi o6nactrro r,r BKrrrcqarb KaMepy [pl,r HaJrr,rqufi ycoB B MoMeHTbI yfiyqlueurlfl Ll3o6pa-
xeHr,ri. .Il,aree rcunoperrrcrpau,rr cepr4u vr3 qerbrpex cHlrMKoB, coorBercrByroulllx nofloxe-
Hr.rrM ruracrr.ruru l,l2O; 22,5; 45; 67,5",flpotrcxogr,rraBroMarr.rqecKu, 3anr{Maf - 1,5 c.
3ateNr o6rrqHo AeJrurJrc, npoflycK Mex[y cepuflv.rr l5-2O c, ]rHorEa cHr.rMilIIHcb ABe cepul4
floApflA, Ho ycraHoBKa rro3Borrrer Becrr.r l,I He[pepbrBHyro cbeMKy B TetIeH]Ie - 25 MLIH, qTO

ollpe[errfieTcff 3a[acoM [rrerrKrr B KaMepe (60 u).
Jleropr 1985 lr 1986 rr. c ycoBeprrreHcrBoBaHuuofi rronflpr,r3aur{onnofi ycrauoarofr ua Kl-2

Ha6lroganucb HecKorrbKo aKTr.rBnbrx o6racrefi Ha CoJrHUe, B Koropbrx IlogBrlflJrr.Icb ycbl STo
6run rcar< MoJroAbre pacryrq[e aKT]rBHbre o6[acrr,I 6ea uaten ru]r c MilrrbrM]r IrflTHaMr{, TaK rr

6oarurue pa3Br,rrbre rpyflflbr nfl TeH.

09.05 1985 r. ycbr ua6rrc4anucr s 6onruoft aKrr.rBHoi o6nacrtl No 3l C.U (rcoopgunarrr
14" S, 60o E) c 04h 35mno 05h 05m LII. 20.07 1986 r. rccJreAyeMbre ycbr perrrcrprrpoBirrrucb
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Pnc. 2. @ororpa$tls oAHoii r.r3 r.r3yqaeMr,rx aKrr.rBHbrx o6nacreft 31.07 1986 r. B cBere Hr(a) u Ho11(6)

c 05h 00mno 06h 15ma rvroro4ofi arcrusHofr olr,acrv Nt 37 CA (xoop4unaru0 = 7oN,
tr = 68" E) c rrrouluoft cucreuoft apoqHbrx BorroKoH (AFS) , Ho 6es rrflren. 21 .O7 e erofi arrus-
uofr o6nacru fio.rrB].rlrucb ue6oluurue rrflTHa, apotrHbrx BonoKoH yxe He 6ruo, a yctr Qororpa-
$r.rpoaanr.rcr cO4h 25* no 04h sdI 3l .01 1986 r.c04h 40msreqeHueo[HoroqacaBerrr.rcb
na6nrogenraa ycoB B arcrueHoi o6flacrn N0 38 C.[ c Kpy[HbrMr.I IIflTHaMT.I (roopEnnarrr8oN,
31"8). Cucrerrlr,r AFS He Br.rAHo, Ho KBocroKyorcaMoro6oru,uoro [firHa ecrb eAr,IHI,ItIHbIe

apoqubre eonoxna(puc. 2).

2.V|tuepewra

I,Iorrepeura HerarrlBoB rrpoBorrr{Jrr.rcb ua rrrurcpoQoroMerpe M<D-4 c Qoroyuuoxr.rreJleM.
Haxogulacr r,rHTeucr.IBnocrb ycoB 1u, a taxxe r,rHTeucr{BHocrb o[Hlrx u rex xe coce[H]lx
yrracrKoB xponaoc$eprtB -2" or ycoa(c paanrrx cropou ot Hlrx), ycpeAgeHi4eM srllx 3Ha-

veuufr uaxogruracb I{HTeHcrrBHocrb rro.u;toxKla 1rr. 3arevr BbIrMcJIErIcfl KouTpacr ycoB

Ar=(Ir-1,)lI,.
Illenr Soronrerpa arr6upanacb B 3aBrrc[Mocrr.r or pa3MepoB Soror,rerprnpyeMblx ycoe: 0,5 X

X 0,5" wtvt 0,7 XO,7".I4:r'reparNcr Hau6onee fpKr.re il Aofiroxr{Byurile yail. flpn erov ua
KaxEoM Ka[pe Br.r3yarrbHo oueHr.rBaflocb KaqecrBo l.rso6paxeunfr (n uerrrpex6annbHofi [rKane).

:

.

a
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3. KaqecrBo uso6paxerulft

[Ipu uccne4oBaH[r{ rouKocrpyKTypubrx o6paaoaanrfi ua Connqe BcerAa ocraercfl orKpbr-
rbIM Borlpoc o BJIIIffHI'II KaqecrBa ueo6paxeurfr Ha flonyqeHHbre pe3ynbratr,r. Cneqr.ralrnr,rx
na6nrcAeHufi Mfl Hccre!'oBaHl{fl KaqecrBa EHeBHbrx u:o6paxeur.ru nu ,araaraone K1.-2 yu ue
npoBoAr.rnu. Ho gna KoHKperHbrx ua6nrcEenufr ycoB peulrnn rrpoBecrr.r coflocraBJreHr.re KoHr_
pacra ycoB r{ ux pa3MepoB H KaqecrBa uso6paxenui,

o6pa6oran crarl{crl{qecKl,I KpHBbre r.r3MeHeHr,rfl KoHTpacra ycoB co BpeMeHeM B TeqeH[e
rnasuofr Qasrr ux XH3HH, MbI Ha[rJILI, rITo npu yxygrueurlro uao6paxenufi xa oguH 6alr xour-
pacr ycoB yMeHbrrraerc.ff na 25%.

Karc noxaeano r.r3yqeHr.re cHHMKoB, neo6paxeura ycoB B cgere o6trrcroBeHHoro u neo6r,rx-
HoBeHHoro uyuefi uecxolbKo pa3fiI,Ittalorc.tr. Ha puc. 3 npraeqen Qororraerpuvecrcufi paspes
oEHnx I{ Tex xe MeJIKI'IX, HO ffpKLIX yCOB Ha OTHOBpeMeHHO [OnyqeHHr,rx cHI{MKax B oproro-
HilrlbHo [orIffpI'I3oBaHHoM cBere. Ooprvra ]I rrolryruupllnbl KoHTypoB, KaK Br.rAHo r.r3 groro
pI'IcyHKa' Eaxe Ha KaApax c OTJII'IIIHIIMLI Ll3o6paxeul,If,Mr,r HeoArruaKosrr. Ecn[ r oguofi uolr-
pr{3arlr.rH rroJryrrrHpr.rHa 

[o_Hrypa 0,f 9", ro r gpyrofi 0,69 ". fux gpyrr.rx, 6onee rpyuubrx ycoB
Ilonylul{pHHbl paBHbI 1,08 u 1,23" coorBercrgenuo, T.e. fionyrxup]rHbr ycoB B oproroHirJrbnbrx
rloJlflpu3auxflx HecKoJIbKO OTJII,IqaIOTCf,, a CrreAoBarerlbHo, HecKorlbKo pa3JlHqHrtv 6yger u
orrpegerr.ff eMbrfi no srur\4 cHr,rMKaM KOHTpacT.

Bos&roxHoe o6rgcneuue srlrx pa3rrflquft cocroltr B ToM, rrro B cBere ueo6rrrnoseHgorolfla florlflpu3alllloHHble npI'I3MbI P1 u P2 pa6oralor KaK [rrocKorrapzurfienbgr,re ruracrl,rgbr,
a B cBere o6rtxnoseHuoro - KaK cna6lte Krlr,rHb.f,. Bnn4y lvranoft cBerocr,IJlbr cxo,qffulerocffrrrKa, roroprrft raAaer na npu:rrru(l:40), xoporuo cQorycrpoaaHubre r{3o6paxeHfifl B
o6oux flyqax [paKTI'ItIecKLI He orrll,Iqarorcfl or r{AearrbHbrx. .[aaee, Lr3-3a pa3fiI{rryr roeseu-
III{eHra [peJIoMrIeHI'rE lrlrlara B o6bIKHoBeHHoM I,I Heo6r,rruogeHnoM fiyqe [pr{3Mbr, HaxoAffcb
R. cxo[fllleMcf, rIyrIKe' [o-pa3HoMy cMeulalor $oranruyro uocKocrb. 3ro ornn,n4e uaao(- 1,2 rvrrvr) ro cpaBHeHlrrc c uy6uuofi pesxocru relecKora(+ 2,1 rurr,r), !l trpl,t npu"rrrunofi
Sorcycnponxe o6a nso6pa.xetilfr gonxHir 6rrrr oglrnarcoBo xoporul,t r,r AorrxHbr r,rMerb oIIr4-
HaKoByro flpKocrb- oguaro npE yxyEureHnax uso6paxeHNfr iro par.xcrno 6yger uapy-
ruarbctr. llpoxoxgerure Bo3[yruHbrx rrr,rH3 nepe4 06rerroM Moxer 

"or.ruru 4e$orycr,rponry
uoo6paxenza B [epBI'IrIHoM Qoryce, a sro uo-pasHoMy cKaxerc.E Ha uso6paxenua* 

"'oOur"-HoBeHHoM l.t Heo6brKHoBeHHoM [f{ax.
O6paulaet Ha ce6q BHIIMaHI{e eule oE}rH B}r[ rIcKaxeHLIfr, ar,reuaaeuux aruoceepgbrMx

HeoAHopoEHocTflMu: BbITETIIBaHI{e I,t ABoeHlIe rso6paxenufr ycoa. B oEH4x cnyvaxx na6nrc-
Eanocb rorlbKo BbIr-Err{BaHI,Ie, B [pyrEx rorrbKo ,qBoeHr,re, Ho qacro o6a eru oQ@erra Ilpucyrcr-
BoBilrlu oAHoBpeMeHHo:_Ir3o6paxeHl,Ifl ycoB pa3ABal,IBiullrcb r.r BbrrffrlrBrrrplcb B rrepleHAr.rKy-
Jrf,pHoM Ha[paBrreur,rfi. IIpr erorvr pa3Mep ycoB B

2 pi3a; nonyu*pr.rHr,r KoMro*eHro, pur*o.#o ,f 
Auso6paxeHrui B HanpaBfiegur,r ABoeHr{.g r.rHorAa ,rl / \

.pax c oTnr.rqHrrrru nao6paxeuug.vru0,T-1 ,0", a pac_ I I \
croflHufr MexAy KoMloHeHraM[ -1 ,O_7,4,, . I4u_ I I t

reHcr{BHocrr.r o6olrx KoMfloHeHroa uso6paxeuux 4/l f "qacrooqeHb6rngxfl. I / i \.
Ecnr uso6paxeHr,re pa3gBar,rBaercfl, ro ecrecr- l- / .r' \

BeHHo rrpeplroJrox,rrb, rrro cyMMa llnreHcrmuocrefi ,rL // ( 
I

Ha[paBtreHl{r{ BbITflrIIBaHr,Ifl yB errlrqr,rBaercs s 1 .5_
2 pa,ta; [onyuflrpr,rHbr KoM[oHeHToB pa3EBoeHHbrx , 

Iuao6paxeHrul B HarrpaBrreHalr ABoeHH.E HHortra 
" "l[opfltrKa ,,ofly,uilpl{H ycoB, [olyqeHHbrx Ha Ka[- ',"1

.pax c oTnr.rqHbrMl{ [3o6paxeruu,Iuw},'l_ 1,0,, ,apac- I

croflHufr MexAy KoMrIoHeHTaMrr - 1,0_ 1 ,4,, . l4u_ I
TeHcr{Bnocrr,r o6o[x KoM[oHeHToa uso6paxeuux 1,/l

BeHHo lrpeproJroxr.rrb, qro cyMMa unreHcmnocrefi I --t ( t,

KoM[oHeHroB AonxHa 6u,u paeua r,rxTeHcnBuocrr,r 4a.L i \
2Z-Hepa3trpoeHHbrx ycoB. ouuarco ,rr.prn* no^u- 4rl

3iull,I, rITO, KaK l[paBuno, cyMMa rurencmnocrefr
rcormonenros 6onrue r{HTeHcltBuocrr,r He-

Pnc. 3. (Doror"rerplrqecKlre pa3pe3br ycoB Ha cHrnMKirx B op-
TOTOHIIJI}HBIX flOJtfi pr,r3aullf, x

8. 3aK. 797

/
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pa3lBoeHHbrx ycoB Ha cocenHl'Ix KaApax (nuorga 6onee qeM s i,5 pa:a) '
3ro HaeoAur Ha MbIcIIb o ToM, qTo Aaxe Ha Ka[pe C sbtCOKOi oUenrofi xopolx[e u:o6paxe-

Htlfr NtflTCfl. II,IlIrb qacTb BpeMeHr'I SKCrrO3r'ruI{il, a ocTaJIbHyIo qacTb oHI',t TaK cl'lrlbHo pa3Mbl-

BaroTcfl, r{TO flpaKTI,IqeCK[ He O6HapyxLrBaIoTCfl AaXe B BI'IEe Opeola BOKpyr MaJIeHrKOTO

qeTKoro ltso6pixeuux, TaKI,IM o6paiorrr, KoHTpacT ycoB yMeHbuaeTcfl' flpll ABoeHHIl I'I3o6-

paxeHr.ril oro pasrvrasrrBaHlle Moxer oKa3arbcfl MI4HIrMilJIbHbIM, lI MbI rlonyqaeM ABa I'I3o6pa-

XeHI{fl, KaXAoe I{3 KOTopbIX [IMeeT IIOqTI4 I,ICTI,IHH6Ifi pa3Mep, a IIX CyMMapHaf 
'pKOCTb

6[t,tsra K I,IcrI,IHHofr flpKocrll.
Orrr,rerurvr TaKXe, qTo EBoeHI4e Ll3o6paxeHufi qaule BUEHo He Ha OTAeIIbHbIx Ka[pax, a B

Ter{eHr{e HeKOTOpOTO [pOMeXyTKa BpeMeH]r, 3TO, nO-BI'IEI{MOMy, ].{MeeT MeCTO B IIep}',IOAbI'

KoIAa npl4 alteyurrorrori Ha6flrc[eHllflx oTMeqaercfi EpoxaHl4e I'I3o6paxeHl'rft c Manofr aMIUII,I-

ryAofr, Ho c 6onblxoi '{actorofi'

4. Buwrcnenue [apaMerpoB IIo[flpIr3auHI{

Karc yxe oTMeqiurocb, Ha6rroAeHr.Ifl ycoB npoBoE,I,lJII,lcb cepl'IfiMl'I IIo qerblpe cHI4MKa' Koro-

pbre coorBercrByror rlo,,oxegrflM Qasoeofi IUIacrlrHKI'I 0; 21,5; 45; 67,5" ' flpr ororrau:o6-

pu*errre B cBere o6brKHoBeHHoro nyqa florryqaflocb rlprl flonoxeHl,lfix rglocKocru tloJlfipl'I3a-

Ur un*rruropa 0; 45; 90; 735", a B cBere Heo6bIKHoBeHHoro nyqa coorBercrBeHso 90;

135; 0; 45". Uro6H yMeHbrxl,rrb Btr.|,flHue He6orblroro pa3ilv.qutt I'I3o6paxeHI'Ifr B oproro-

HaJrbHo nonfipl,I3oBauHoM cBeTe, a TaKxe B HeKoTopofr cTeneHH KoMneHc[lpoBaTb o6ycloBIIeH'

Hoe aTMoc$epofr I.I3MeHeHI,Ie Kar{ecrBa uao6paNeulli 3a BpeMfi cbeMKlI Cepu}I(-1,5 c), rumr

AIfl KaXAofr Cepu11 flpoBOAIrnrI yCpe!,HeHI{e 3HaqeHI4il A'r tpu oEI'IHaKoBbIX IIOloxeHHfx aHa-

nr.r3aTopa S o6HrcuOBeHHoM l.{ ,ao6uronor"HHoM nyqax H nollyqanu' TaKI'IM o6pasOu, 416'

Lr a5 , Lr ex, Lr tzs.
nupu*.ipu, crorca lusefrsofi norrfipr43arllrH E/,rfi KaxAofr cepHr.r BbrqlrcJlflrrHcb no Qopruy-

IIAM

Ql I = (L'r6 - Are6)l(A,ro + Are6)'

UII= (Lra5 - Lr13s)l(Lr.5 * Ar135)

3areru uaxoAr.rlucr P-creneub nonfipr{3awv u yton "f - a3ilM,yr ee flrocKocru (orcrn'trueae-

rrlrrii flporl{B qacosofi crpellK}l oT HafipaBnerl4fr oQrl IIpO[ycKaHI'Ifl aHanl{3aTopa B cBeTe

o6brKHoBeHHOro flyqa flpLI HyneBoM nOIoxeHI'Il'I $aoOeora TrltaCTlIHKI'I) Ha OCHOBaHI'L COOT-

HOTUeH[iI, CBfi3bIBaIOUIHX I{X C flapaMerpaMl',I crorca:

P = KqD' + (rJlDz1U? , UII = sin27, (UlDl@lI)= ts27'

Oupegenalocb raKxe cpe4gee g;-Ifi Kaxgoi cepull 3qaqeH[e KoHrpacra Arcp I'I ero cpeAHe-

KBa[paruqecKafi oIxrI6Ka.

5. Peaynrmrrt

Ans scex uccrreAyeMbrx ycOB 6r,rnU noctpoeHbl rpaollKt4 t731y,e1e1t4fl KOHTpaCra.. a/ cp,

cre[eHri florlflpr{3aur,rlr P u azurnryra 7 co upe,ureueM. flpfiMepbl TaKI'Ix 3aBllcl'IMocrefi upe4-

CTaBJreHr,r ,U pr".4, r4e rcaNgafl TOqKa coOTBeTCTByeT OAHOft CeplII4 Ha6nrctre4Llit; yron 7
oTKIIaAbIBaeTcfl oT roppl3oHTaJIbHoro Ha[paBneHI,Ifi [poTI,IB qacoBol{ cTpe[KI,I.

Karc rorcaguBaroT Ha11I1a H3MepeHI,Ifl, ycbl pa3IOpaK]TCfl Ha Meqre yxe BO36yXAeHHOfr

o6nacu.I xpoMoc$epbl, KoHrpacr 3vrttrccttv 3roi o6IacrI'I cocraBJIffII go 8-12%' flocle yra-

caHr,rff yCoB 3To Mecro raK)Ke ocraBanogb B636yXASHHLIM C IIpI'IMSpHO TaKoft Xe B9IIIIqI'IHOi

KOHrpacra.
t4i puc.4 aug.fio, qro Kpr,rBbre flpKocrr,r ycoB cocroflr I,I3 orAenbHblx rII{KoB pa3nI'ItIHoI4

HHreHcr.tBHocrI,I [IllreIlbgociu1g orcorro 1,5 rralau, r.e. ua6lrcAaercfl KaK 6u nOCle4oaaTeJlbHoe

BbIAeIIeHI4e gHepplll, Hocsulee runylr,Cnr,ri XapaKTep. TarcOfr 716e Xapal(Tep BbIA9JIeHlIfl3Hep-

rflllr,r, Ho c 6onee .pyOo;r ,f*nr.rr5i **oroi noryueu raKxe I{ EpyrI,IMI{ aBropaM[ (3-7 L2]

u 8 lrauH [3] ).
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Pnc.4.-ll3MeHerrlre co BpeMeHeM crerreH[ [ontp]!3aqru,r (nuxnax Kpr,rBafl), Kolfltr)acra ycoB (Bepxurr
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PaCCUorpuvt, KaK BeAyT Ce6x nolapusaqfloHHbte xapaKTepuCTHKI'I ycOB co BpeMeHeM'

l4l puc. 4 cnegyer, qTo a3r{MyT IrrrocKocTr,r [oJ1.[pI,I3aqI,lII I,I3MeHfleTc.E B II]?IpoKI'Ix flpeEenax.
tlacir,r,Iuo 3ro MoxHo o6r,scurrr oil.trr6KaMu ra3Mepegl{fi, oco6egHo trplr yxyruIregl{}I u3o6pa-

xeHr,ri. B ro xe BpeMa orrrerJrr,iBo Br,rAr{o, qro a3HMyr rIrIocKocrI'I IloJltrpu3allfirl Ha rlporaxe-

Hr,rr,r BpeMeHr.r cyulecrBoBaur{fl sMlrcc[IoHuoro 3rleMeura (xaparcrep[3yloqerocx ogHurr 6yr-

poM Ha rcpuuofi r{3Meneur,rtr apKocrrr ycoa) n 6orrrulHcrse cryIaeB ocraercfl [pI'IMepHo rloc-

TO.fiHHbrM r,r lrcrrbrTbrBaeT BO3MyrIeHr're [pr pa3ropaHl,Il4 HoBofo SMI',ICCIIOHHOIO 3JIeMeHTa'

a3lrMyr rrJrocKocrr,r 11orrgpr,r3arllrt,t Koroporo Moxer 6rrrr 6nltsKlaM K a3I'IMyry flpeEblAyulero

3JreMeHTa, Ho Moxer u 3HarII,ITerIbHo orJll,Iqarbcfl. 3ro rpnnognr r xole6anuflM I{3MepeHHoro

3Haqegl,rff a3I,tMyTa, IIoKa 3MI,ICCLIfl HOBOTO 3IeMeHTa He CTaHeT npeO6lagarcUefr'

.ftx rex yior, glro Koropbrx r,rMerrocb AocraroqHoe KorMqecrBo I'I3MepeHI{ft, 6rtlo no-

crpoeHo paclpegeleune na6lro4aeMbrx a3r4MyroB orHocl,Irerlbuo Ha[paBrIeHI'Iff cyroquofi rla-

pumenil (prc. 5). Kar< ar.rgno lr3 3roro pr4cyHKa, BbrAerlflIorctr [pexMyulecrBeHl{ble HalpaB-

JreHr{ff rurocKocrg norrapu3a\Lrn Efifr, orAeJlbHbrx ycon. ConocriIBI,IM Ilx c oplleuralluefr crpyrc-

rypHbrx EeraJrei arrragnofr o6nacr[, BlrAI.IMbIx B ueurpe I,I KpbIrIe llv*rlpt Ho..ll.nr 3roro MbI

HagecJrr{ rroroxeHr{e ycoB (TeMHbre rcpyxxll) l,r [peI,IMyuIecrBeHHoe HarlpaBleHl.re finocKocrl{

1ax fiollflpll3aqun (orpe:r[ IIpfMbIx, flpoxo[Eull'Ie uepes ycnr) Ha 3apI'IcoBKu xpolrocSepuHx

crpyKryp coorBercrBytouuxi*ru"Hblx o6nacrefi (nprlr.aeprr ua pr'rc. 6) '
B pesynrrate raKoro cotrocTaBrleHlrs Br,rffcHrulocb, qro Bo Bcex cnyqaflx a3lltMyr IlrlocKoc-

g norrprauurll 6111l3oK K Ha[paBrleHlto aporlHblx BoJIoKoH I,I.lrI,I BoJIoKoHelr roHKofi crpyKTy-

pbr xpo;oc6epr,r. flocrolbKy opEeHraUIl.E BonoKoH AFS rn BoIIoKoHeU roHKofi crpyKrypbl

orpaxaer HarrpaBnegr4e cunosrri nu:auit MarHlarHoro rIoJIff B xportlocQepe 14, 5l , crleAoBa-

TeJIbI{O, IUIOCKOCTb flOJlflpr,I3aUr{fi yCoB opr'IeHTI{poBaHa [pI'IMepHO BEOJ]b MarHI4THoro flonfl.

Pagluwre a3r,rMyroB trJrocKocTr{ flofltrpr,r3allHlr BblxoE-EuII,IX 3MI'IcclrtoHHblx srIeMeHToB

MoxHo o6bffcH6rb cnoxHofi roHKoi crpyxrypofi Bbrxogf,ulero MarHI,IrHoro florlfi B o6nacrl'I

o6pasoaaur,ta ycou. [Ipr crreKTpurJrbHbrx r,rccJlegoBa*fifrx Har.r,:a raKxe 6blno [oaf{eHo, rlro

Kpy[Hbre ycbr cocroflr r,r3 rouKocrpyKrypHblx srleMeHroB c pa:nofr OprleHrallfieft IIJlocKocrI4

non"puoaqlu [6] . Crtrur [7] uprn ssqe*:au MarHI.IrHbIx uoaefi c pa3peueHl{eM, rIpI'IMepHo

paBHbIM rourocrpyrcypHbrMAeraltsM,BI,IAI,IMbIMn Ho, naruna, qTo 86II'13I'I KOHIIOB apoqHblx

BorroKog MarHr,rrHoe ilorre flBJrflercfl cnoxHoli cMecblo o6elrx [o[ffpuocrei. flpu lrccleEona-

HltE cr,rcreM aporlHblx BoIIoKoH Epyrler< [8] o6napyxran, rITo IIp[ xopoufl{x I'l3o6paxenl'Iflx

KoMlaKTHbIe BorIoKHa AFS pacuierm r'torcfl Ha MHoro oqeub roHKI'Ix KoM[oEeHToB, Koropble

npeTepleBaroT 3aMeTlIbIe LI3MeHeHHff B TeqeHLIe 10 UUu, B TO BpeM.fi KaK OCHOBHafl KOHQI'i-

typa\uff c[IcTeMbI B uenoM ocraeTcfl HeI'I3MeHHOfr.

OupegenxeMaff HaMr{ Berrlrrurla cre[eur,r [onflpl{3aql,Iu ycoa P ffBrlflercfl pesynrrupyroulefi

EIIfl Bcex HaKrragDrBaroqnxcff 3MLlcctIoHHbIx 3JIeMe[TOB. ECnn sI\aI'ICClIfl KaKoro'Jlu6o 3[eMeH-

ra a gauur,ri MoMeHT He [onapr,r3oBaua, To BerIlMHa P 6yger 3aHI'IxeHa. .Il,enolapusaulta
r,r3rrfreHr.lrfl ycoB 6yAer Ha6flroAarbc.fl TaKxe B ToM cJlyqae, ecn?I EarIpaBrIeHI'Ifl IUIocKocrIlt

lolflpu3atl1rr4HaKrraAbrBaroulrrxcfi 3MI,tccI{oHHbIx grleMeHToB 6yryt cyufecrBerlHo pa3rll4qarbcfi.

Bo3tvtoNuo, raKoe ,BJIeHlIe MbI BI{EI,IM B cnflae ycoo 31.07.1986 r. (cvr. pt'tc.4' e), xorga

upegprgyug,ri E flocJ1eAyroul]ifr gMuccl,IoHHbre sJIeMeHTbI I,IMeIor fioqrl'I oproroHarbHble a3ll-

Myrbl Irn ocKo crI,I [oJIAp]I3AL\14r4.

Srv1lrcct4r sOe6yxgeunoft [oArIoXKI{ ycon (o Koropofr' KaK Ilpegllolaralor B [3] , nporcxo-

Ar,rr rlocrerlelrHoe BbIAeJreHrre gueprur,r) cornacno HaIr[IM Ha6[IoA,eHuflM TaKxe Ilon.fipl{3o-

BaHa. Bo3MoxHo, gTa 11oEroxKa frBrrfrercfr. ncroqHl{KoM HefipepblBHofi ?v,uccr4rt' Ha Koropyrc

B 6Onbu[,IHCTBe CrIrIaeB HaKIIaA,brBaeTCfl 3,MlUCCt4fi yCOB, KaK 3TO CneAyeT I'I3 CrIeKTpzuIbHbIx

na6nrogeullfi [9] .

TpyEro oflpeAenr,rrb o[g6Kr,r BeJrr,rrrr{H P u y glrn eAI,IHHqHbIx lI3MepeHI{I'I, orHocsulllxcff

K oTAerrbHbrM cep?raM, TaK KaK oHI,I Bbl3blBalorcfl MHorI{MI,I QaKTopaMn (rar yxe orMeqa-

rlocb BbIIue) ' Pealruocrr [oJI)^IeHHbIx 3HaqeHI'Ift P u "'l MbI petul{n}I oIreHI{Tb cneE'yIouIHM

o6pa3oM. .II,.ur uerrco BbrpaxeHHbrx OTAenbHbrx SMI4CCI'IOHHbIX 3lIeMeHToB ycoB ycpeEllflnl',Icb

rlapaMerpbr Crorca, HaxoAl{Jracb cpeA,Hflf crefleHb rlonffpH3aql,Il4 3a BpeMff I'Ix XI{3HI'I rI onpe-

AerrflJracb cpeAHeKBaApar[qecKa.fi ouua6ra cpeAHI,Ix 3Hatleul,rfi. 3aterrr onpegennnct cpeE'1.Mia

yroJr 7 ra ero ourlr6ra. Cpeg,nue 3HaqeHr,r-f, crefieHu Ilon-EpH3aqI,Iu HaxoEffTc, B flpeAerlax
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Pnc.5. PacnpegereHue BLIqucleHHLlx a3uMyroB ulocKocrl,I nonrpr{3aq}Iu ?Mt4ccul
a - ycbr N" 2 x I ZO.O1 t9a6r., 6 - ycr,r No l-3 31.0? 1986 r.

thr6n uI

hrc. 6. ConocraBrelr[e a3rMyroB [JrocKocrr,r florrrprl3arll4tl ycoB c op]IeHTauueft Aeraneii ronxoft crpyx_
ryprr xpoMoc@eprr I nuuru Ho
a,6 - 20.07 1986 r., s - 31.o7 1986 r. Ilarua o6negeuu cnnomofi tuweit,qepHbre roqKg c flpoxo-
,qfinruMl{ qepe3 HHx orpe3KaMu - ycbl H opverTatJ.u,tt }rx [JrocKocrr{ rtoilspa:,arlr4r, ToHKI.re rr]TpgxoBbre
ttwHuvt * BorroKoHqa toHroii crpyKrypbr xpouocQepsl, xspHbre rxrplrxoBbre fivtws - BorroKHa cH-crelrrr AFS

or 3 Ao 10%, ,tro B 3-6 pa3 rrpeBbrrxaer cpeAHeKBagparr,rqecKyro outr6Ky op 
cp , orxr{6Ka

onpeAerreHr,r.E 7 CoCTaBnfleT Or 6 gO 170.
orueruna, qro yKa3aH[ff Ha 6brcrpr,re E3Meueur,r.fl p u y y ycax co BpeMeHeM 6r,rru nory-

qeHr,I B [1] . B [10] raKxe Eeflaercrl BbIBoA o 6brcrpoM r,r3MeHeHrr[ crefleHr,r \on$prqgqilv
I'I BpaqeHI4lI ee flfiocKocrl,I Ha OcHOBaHlrr{ olpe[eleHr{, [apaMeTpoB fiorrflpr{3a:Jfiu Mfl Tpex
MoMeHToB BpeMeHI'I (xora npuoeAeHHble KoHTypbr lrccnegyeMori ?Mucclru He rlrfi14qHbr [I.tr
ycoB, a cKopee oTHoCffrCff K Mr,IKpOBCnbr[rKaM).

Bnr'rAy 6olrur'rx Ha6[IoAarenbHbrx rpyAHocrei, cB.rr3aHHbrx c orreHb MiurblMr4 pa3MepaMr.l
ycoB' fionfleHHble pe3yrlbrarll rpe6ylor [poBepKI,I 14 yroqneHun, !:utb1eitrree ynyqrxegr,re
QororpaQuvecKlax Ha6nrcIIeHI4ti AorIxHo 6r,rrb cBfi3aHo c yMeHbrxeHr,reM BpeMeHa 3Kc[o-
3ur\ut4 H yBeMqeHr,reM KorrEqecTBa CHpiMKOB B Cepufi 4o g unr,r 16.
Hor6pr 1987 r.
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YtrK 520.34; s23.9-11-B

TIPOCTPAHCTBEHHO-BPEMEHHOItr AHAJIH3
ocrIHnILflUnft .sprcocrH com{IIA. r

I.B, AugKoscKrrft, B.A. Koror

.[lx perucrpa4nu rlo6anr,ubrx ocrlHnrrrqfifi apxoctu Coruua B cleKTpanErlorvr A[anagoue 0,73 t
r 0,10 r"rxr',r npuMeHeHa @oroAr.roAuas Marpurra c 1024 stseftrarqu (32 X 32\, Vsnaraetcx npocrofi rvretog
o6pa6orrlr EaHHbrx ua6mogeur,rft, ocuoeauHrrfi Ha arflpoKcr.rMaur{[ pacnpegeneufit ,pKocrll "cnoxotsoro
Conuqa" nonpIHoMaMLI Qe6rruresa. B cner,pax MouIHocrI{ ocrarKoB "ocuurnrpyrouree Cornue r''unyc
cnoxofigoe Conuqe" BHIHa qeTKafl KoHqeHTpatIHt II,IKoB MouIHocrI,I B AI,Iana3oHe nepHoEoB - 5 lrru.

SP,dTIALLY-TEMPORAL ANALYSIS OF THE SOLAR BRIGHTNESS OSCILLATIONS. I, bY
L.V. Didkovsky, V.A. Kotov. - The 1024<hannel (32 X 32) photodiode array is used for detection of the
global solar brightness oscillations within 0.73 t 0.10 mkm passband. A simple method of data reduction
based on computation of the "quiet Sun", approximated by the system of Chebychev polynomials, is descri-

bed. Power spectra of the residuals "oscillating Sun minus quiet Sun" clearly shows a concentration of
power in the s-minute range of periods.

llaSlrogeuus 5-noruyrurrx ocrlr4urflUr,rft flpKocrll <$oroc$eprr ColuUa BblttorlHflIorcrl Ha

BauresHo1r corrHequoM rerrecKorre KAO c uoMonlbro Soro;ryrognofi rr,rarplrqrr (M@), lr*rero'

weir lO24 (32 X 32) sqefiru. Ycrpoilcrro, no[po6Ho orurcaHHoe B [1], ocBeulaercn napar-
flerrr,HbrM rryqKoM cBera. B $oralrnofr uocrcocu,I JII4H3bI HaxoAurc.E MO pasuepotut

- 8 X 8 rrrrtr; ua Hefi crpor,rrcfi r,r3o6paxeHne Coruqa [llaMerpoM - 9 rvrrvr. flpocrpauctaeu-
HOe pa3peueHue coorBercrByer - 53", qro rro3BoJrfler rrpr4MeHffTb ycrpoftcrBo EIltr Lr3y'
rreHr.rfi ocrlr4rrrflUr,rfi Hr,r3Kofi u cpegnefi crefleuu, / < 40, Cnexrpalruoe oKHo IIponycKaHI,If,

0,73 10,10 rtrv.
3gecn urr fipe[craBrrffeM AaHHbre fiepBbrx Ha6nloAeHxfr c KoM[JIeKcou M<D--3BM

(CI{ -4), arnonHeuubrx nerorl 1987 t, Wn r,I3yqeHnfl rIpocrpaHCrBeHHo-BpeMeHH#x

cBofrcrB .aKycrlrqecKux 5-Mr.ruyrHbrx ocuunrlrqllft, MeroEJ.IKy o6pa6orKlr Marepl{ana I.{ HeKo-

ropbre pe3ynbTarbl

1, I'[rcrpyrvrexr, Ha6JtroAeHHfl I{ Merog o6pa6orru MarepnaJla

Ha6lrc[enus flpoBogr,rnr4cb rrocle cytuecrBeHubrx ycoBeplxeucrBoBaHllfr KoHcrpyKUI'IrI

npu6opa, otlficaHHoro B [1]. floeoporur,ri crorr, Ha KoropoM renepb 3aKpeIuIeH 6nor MO,

rro3Borrfler opr,reHrr.rpoBari J ,o.rrocibro Ao + 0,5o ctporcu (cron6qrr) MO napannenbHo corr-

H9IIHOMY sKBATOPY.

H)cruponrca npu6opa ocyulecrBnflerc.s c IloMoulbrc MLrKpoMerpI{qecKLIx B}IHroB, Koro-
pbre llepeMeulalor 6rloK MO s unocrocTg, [eplleHgurynapnofi cBeroBoMy IIyqKy, ao trByM

oproroHanbHbrM HaflpaBrlenr,rffM. [Ipoqecc rccrr{poBKll MoxHo KoHTponnpoBarb B 6aluHe

B CT c no MoxIbIo flepeHo cHoro rerIeBI'I3I'IoHHoro fl pI'IeMHI{Ka.

Ha6lroAeulrx c opueHraqueu M@ tr Eplr MepL{AI{oHiuIb}IoM noJIoxeHEIt IleJrocrara Bbruol-
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HeHbI c 14,07 vo 25,07 s reqeHue Iuecrfl cyroK, co cpeAuecyroqHofr AJ]r,rreJrbHocrbro 3alr{cu
oKolo 8,5 q.

Ha6rpAeuusM lrpeElrrecrBoBilJlr,r [3MepeHr.rf, HeoAHopo[Hocrrl trrreeK M<D nprE ocBexleHr,ru
I{x [apilnJrerrbHbrM corrueqHbrM rr] rKoM, Pesylrraur B ueJIoM coBrrirJru c rrolryqeHHbrMll paHee

[1], uro BaxHo c roqKI,I 3peHl{fl lruQoprraaqlru o6 Hsr\,reHeH[flx qyBcrBr.ITerrbHocrl,I a.reex MO
3a roE, .[ononunrerbro [oryqeHbr EaHHbre o KparKoBpeMeHHoM (- a q) gpefi$e rryBcrBr,r-
TeJIbHocrH tueer MO, cBfl3aHHoM B ocHoBHoM c ,qByxKparHbrM yMeHbrueHr,reM r,rHreHcr,rB-
Hocrr,r raparrreJrbHofo ryqKa or rroJryAHn K Beqepy, .[pefi6 ) l% zasurccupoBaH y 26 xueer
(rs o6qero ,rytcta N x 800 gna r ( 0,9 R"; r - pap4ulr,lg,afl roopprnari ua lrso6paxeuun
Conuua pa4.ryca R.) .

Bo npeur ua6lroEeuufr 3a Kaxtrbre 38 c rcaxgas sqefrxa olpaur.rBaercs 1000 pa3, 3areM
orcqerbl flpKocrl,I pna raxgofi us 1024 flqeeK orAenbHo ycpe[Hflrorcff r,r 3arurcbrBarorc.tr B
narr{.f,rr 3BM.

Ha6nrcAenus 5m -ocqurrrqufr xprocur, Br,rrorrHeuHbre pauee [2-57 , rroKa3aJru, qro ocq14n-
rrfritt4w r.rMeror cpeAHroro orHocr,rrerrbHyro aMnnr,rryry - 10-o-10-s; ecrecrBeHHo, qro [nfl
perl{crpaU[]I raxlrx cna6ux aapuau,tfr [pr{ Ha3eMHbrx ua6nrcgexlrax ueo6xogr.rMo MaKcr4-
MiIrIbHo wzdaswrtctt or BJILIffH}Iff Qlyrryaqufr arrvroc$epuofr flpo3paqHocrv. n]il$ ororo [pr4-
MeHffercfl Uu0$epeuqnalrurtfi MeroA: Qnyrryaqr.rn u3Mepffrorcf, rro oruotueHr.rro K noroKy
or Bcero Ar4cKa CoJrHua firru K rofi H\w unofi o6uupHofi Toue grEcxa [6, 7] .

.I[-ux xoppexrHoro colocraBJreHr,rfi cr{rHarroB or KpaeBbrx r,r ueHTpanbHrrx s,{eerc M(D
rpe6yercr yuer $ynrqr.u rroreMneHlrr r rparo [8]

Fx,o = 1 -u1 (l - cos 0) - uz (l - cos201, (l)
rae 0 - yron MexAy paAl.rycoM-BeKropoM [aHHoro yqacrKa Coluua u nfroM speqfir., t4 14

ua - ITApaMeTpbI, 3aBlIcrUIlIe oT AIILIHbI BoIIHbI ).. Auuporccr,rMaryfl [aHHbrx uatrepeuufi
(ngonr crpoKr.t nnu cron6qa MO) rcna4parr.rr{Hofr 3aBr.tcr.rMocrbro (l) ue yru.rrrrnaer glrs-
Oepenunarrnue arrvrocSepurre oSQerru.

Haur *rerog [pocrpaucrBeunofi @lurrrpaurur cocror,rr B crre[yrcueM. [nfi Kaxgoro
"Kagpa" Erl[Terlbuocrtro 38 c o[pe4enflercn npo$unr "cnorofruoro ColHIIa,,. A uueuuo,
rlo AaHHbIM usvrepeuufr glr xaxgofi crpoKlr (cron6qa) MO rr,rerogovr oproroH:rnbHbrx noJtr.r-
HoMoB lle6rruresa [9] arruracnxercfl troflr.rHorrr rperrefi creneHr,r. 3areur 4lx raxgofi rqefiru
BblqucJltrrllcb pa3Hocrr.r A(x,y\ = "r.r3MepeHHafl flpKocrb l/rt41ya Io@,y)',, rA0 x t4 y *
HoMepa s,{eerc Mo no crpoKaM u cror6qa'u, Io @, y) - cpe,qHee 3Haqeur{e trByx [orrr,rHoMoB
grtx Aanuofr tourcu ("cuorcofiHoe ConHqe,,, r,e. fioBepxHocrb B rpexMepHoM flpocrpancrBe,
oIIpeEeIItreMafl [orIHHoMaMIlt' BbIWCJIeHHbIMLI oTEeJIbHo Ana cTpoK l.t cron6qoo MO u ycpeg-
HeHHbIMH gla raxgofi ruefirr). Haronerl, BbrrucJr.EJrr,rcb HopMr4poBaHnrre Qnyrryaur.rn
6 = AfIs (x,y), Bcs ora rpoqe[ypa rpr{MenrJracb glrx o1r,acri Er.rcKa, orpaHurreHuoro pa-
EI{ycoM r = Or75 R", uto yMeHblxalo Bltrtfirtue KpaeB, rge r,rucrpyMeHTaJrbuble [orpelruocrr,r
u ouu.r6xr o[pegeJrenllfl "cnorofi Ho ro C onnua" B erII.IKr,r.

2. IlpocrpancraeHxo-BpeMeHx {, nupr*ruocqumxqrd

Ha puc. I a tpexrvrepuofr npoerculru rloKa3ano pacfipe[eneHr,re ffpKocrr,r tro [HcKy Conuqa
gnr r ( 0,75 Ro. Ha6nrogeHr.ra c[e[aubr 18.07. Iloaepxuocrb o6pasoaana cerreftc:rnovr opro-
roHilrrbHbrx orpe3KoB, rrpoxoEflrur.rx [o crpoKaM (uaupaunenug E-w) u cron6qatr (N-s)
MO, Bepuurubl lI BrIaAuHbI xapaKTepr{3yror cooraercrBeuuo 66nruryro r.r MeHbruyrc flpKocrb
c orHocr4rerrbHbrMlr Bapr,ra[r.tflMrr Ha BeJrrrrurry -1 l%. ilacrn .qqeer {N = 364), Koropbre
Bblxog-fiT 3a [peAerlbl oKpyxxocrl{ r = 0,75 R., o6pasyror flrrocKocrb c neroropuu (uoc-
ToEHHbTM EIr.E Bcex ua6nrc4erulfi c M<D) ypouueM ,pKocrr.r I x O,5 Ima*.

Pacupegenenr{e HopMr{poBanHbrx Snyrcryaquft A (x, y) no na6lrogexrrflM B ror xe [eHb,
l8'07, no ErIff pyx pa3Hblx MoMeHToB BpeMeHr{, rroKa3auo :aapua,2. Onyxryaqr{r.r r,rMeror
cpegulorc aMfln]Iry,ry - (2 + 3) , tO-s r o6ycnouneHbr B ocHoBHoM BpeMegHf,r1,lr lrsrue-
Hexr,rflMr.r flpKocrr{ (cvr. rurxe; HeKoropbre Qnyrcryaqr,ru cBfl3aubr raKxe c rlHcrpyMeHraJrb-
HbIMI{ HeoAHopotrHocrflMl,I l.tso6paxenua ConnUa), Orqeumo Br,rAHr,r 3HarMTeJrbHr,re r,r3Me-
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Pnc. l. Paclpe.u,eneu[e rpKocrr.r
Ha6nrogenna BbrnorHeHbr I8.07

(e otH, ea.) qacrn corHeqHoro AHcKa

t9B7 r.; ur ooh+omo4t, Mo 32 x 32,

B rpexMepuoM ouge (r <0,75Ro)
I = 0,73 r 0,1O MKM

Puc, 2. flpocrpaHcrnenHa, TpexMepHafl KaprHHa pacnpegeneHll Qryx'ryaquft spKocrl4
orHorrreHr,flo x 'bnoxofiHorry CoflHqy" (cv. tercr) AflE AByx MoMeHToB BpeMeH]I

4 - ur o6h 46m o5s, 6 - ur t2h4sm38s
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Puc.2 (oxonuaur.re)

Puc. 3, flpocrpauctneuuo-nperueHudx Kaprr,rHa pacripegeneuux @ayxryaqnft rp1<ocr1r no .sqefiranr M(D
BAOJIT, COJIHeqHOTO SKBaTOpa
Hor'repa aueex 4-291 pa3^Mep nqefixu 21", npoctpaucrBeuuoe pa3perxense 53". Maxcrrvrarrbgag aMruru-
ryga Qayrryauult 2 ,5. lO- 3
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HeHr,rfl flpocrpaHcrBeHHoft crpyKrypbr Snyrcryaryrfi 6, rpoucruegul{e 3a BpeMr - 6,I. Hesos'
MyrrleHnafl flJrocKocrb 3EecD coorBercrByer noBepxnocru "cnoKofiHoro Connqa"; ttoKa3aHbl

nnurSnyrryagnu62O.
Bperuenndie Snyrryarprn 6 raxgoi s.reftrcu 6run nogueprHyrbl rpoeKparuoMy crnaxlt-

BaHI,Irc c "oKHoM" cKoJlb3flrrlero cpetrHero 10 mln &fifl orlpeEerleul{ff rlrlaBnoro rpeHEa

6o (r) . 3areu aHaru3r,rpoBirrnrcb aperraixndie Snyrryaqnu 6' = 6 (r) - 6o (r) . finn 26 aqeeeK

ueHrpanbHoro pffEa Marpr.rqbr (r.e, $ra 3KBaropa; HoMepa rueerc 4-29\, coorBercrByrcIqero
HarrpilBJreHlrro E-W, xog apeueuu(rx $nyrrya[rafi 6'g reqeune 4 q [orcasaH ua prac. 3.

Xoporuo BlrEHbr qyrn S-vnruyrubrx ocqlrrrrsqlrfi co cpegnerl avrnnurygofi - 0,25%i rarcwe

ocullfiflsuufi 6onee unu MeHee xapaKTepHbr gltfl Bcex flqeeK He3aBLIcI{Mo or paccroflHl,Ifl Eo

ueHTpa corrHerrHoro Ar{cKa. IlprueuaremHbr "3au[pau[ff" ocqunnl:,luil na I,IHTepBanax Bpe-

rr,reura 30-100 rr,run; oHI,I npoucxoEffr HecI..IExpoHHo B pa3Hblx avefrrax, qTo roBopl,Ir o coJI-

HeqHoM rrpo[cxoxEenur oculrnnxunft .

3, Cuexrpu Moupocrrr

Pa:peureune rro rracrore Az cuerrpor MorrlHocrr.r (CM), oupegeJlffeMoe BbIpaxeHI,IeM

Avo(2I')-1, rge L = lO,5 rI - ErllrertbHocrb 3arll,tcl,t 18.07, cocraBlrer I 13 urfu. CM

BbITMCIISJIIICb KAK IIO IPOTPAMME METOEA. HAJIOXEHHbIX 3IIOX, TAK I'I METOEOM IIPEMOTO

Sypre-upeo6pa3oBaHllr; MexEy CM o6orax MeroEoB Her cylrecrBeHHblx paznuwfir. /
,ILnr Bu.ulcrenns CM El,rcra Conrua B rpegelax r ( 0,75 R" onpe[enalucr apeuenurre

Bapua\ur4 cpegnefi Errfl vraccuBa lo(x, y) flpKocrll IIo orHoIIIeHlIIo K cpeEueft xprocrr
qerbrpex KpaeBblx sqeex MO (ua EN, NW, WS, SE-rcparx prcra) . Bttwsrrue arnocifepuux
HeogHopoAHocrefi npu oroM B 3Harurelrbuofi iraepe HcKirrcIlaercfl. CM trprcrca Colnqa nora-
3aH Ha puc. 4, rge Br,rAHa orqerJrlrBaff KoHUeHTpaUrIfl ILIKoB MoIrIHocrI{ B [Hana3oHe rlep}Io'

aos 5--6 wn. MarcnMarrbHafl aMlJrr,rryAa rrrrKoB A2 - 2,3' 10-e (rapruoHllqecKaff aMIIrIu'

ryga A H3Mepflercfl B orHocI,ITerIbHbIx eAuHI'Iuax) .

Pnc.4. Cnexrp MolllHocrH xole6aHufi ,pKocrH [Jrfl cpeAHero llo AI'lcKy cl'IrHaJIa

flo ropu3oHTaluuofi ocu - qacrora a ulu,; rro BeprlrKarbHofi - xaagpar rapMoHHcecKofr aunnuryg,ut
B OTHOCHTeJIITHbIX e,qffHl{4ax. I[rprxooax ililHHA - ypoBerlb 3HaqEMOCTH 3O
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Ta6nraqa 1

Cpasnexue AucKperHbrx qacror xole6axufi Coluga

1949
1981

2133

2284
2381
2424

2673
2'.792

286',l
297 5

2997

3034
3 099
3 160
3169
)13)
3296

3431
3490
3 50s

3848

4 t13
4739

6

--12

8

-2
13

-5

1949 1948

2079 2084

- 2139
2ts4 2ts7
2198
2300 2292

2424 2426
2510 2491
2:13 2:78

- 2963
2997

3040
3 099

- 3148
31'.70

3245
3299
3332
3418 3418

3489
3 s0s

- 3s48
3 850

- 3872
41t0

4736

-13 -i3
- -1
0-

2

-5

-3

1

-6

-8

-5

0

1

12

3

12

,, rrrlu U, , r"f xlf za, rrlxn1 ut -D3,
uxlq

! e -vt,rrrftI
lu, urfu uo. vxru 

lu:.

mxlulu, - u,
lvrctu

v"-D3 t

r*rlq

Ta6nuua 2

PaculenleHxn qacror ur , ll2 H coorBercrByrolque aMaJIHTyAbr

;
6

flo4o6urte cneKrpbl MoulHocrn 6ruu sblucreubr Ha ocHoBe HopMr,rpoBaHHbrx OrryKrya-
ulrii 6,4ns Bapbl,IpyeMoro rucrla "npltoraaropuirJrbHbrx,'ffqeeK: glr lapu.sqeeK B uegTpe
EI'IcKa, uIfl ABYX, Tpex, qerblpex v \ftTu rlap flqeeK, a raKxe AJrr Bcex 26 mp ffqeeK, pac-
IIoJIoxeEHbIx BEoJIb conHeqHoro gKBaropa. 3areM I,I3 Bcex EI,IcKperHbIx rnKoB MoulHocrl,t,
orBeqamqux EI'Ia[a3oHy 5-twruyruux ocuunnflur.rfi (l ,94-4,8O ryrft1), eu6r.rpaJrr,rcb re, Koro-
pbre noBropf,rrr,rcb B [peEeJrax 1 13 uxlu s cM EIrs EByx-flrrrr,r nap fitreeK (v r) g Bce ocHoB-
HbIE [I,IKI'I EJIff CM 26 rAP flqECK (I,'2); COOTBETCTBYIOUIUE qACTOTrI IPI,IBCECH6I B IICPBOM
I,I BropoM cToJr6Uax ra6[. l B rperrena cTorr6ue [p[BeEeHbr rracroTbr ,/3, olpe[eJreHHbre IIo
EornepoBcKr4M r.r3MepeHr.rflv [10] tr coBnaEarout4e c v1 n u2 B npe[elax i 13 uxfu. Hg
20 (16) HaIrMx r{acror vt (uz) 6orrruuHcrso, oKorro 70 (75)% coBna[aror c qacroraMr,r
2 3 ; pa3HOCTlI D t -lt, U2 -y3 TaK)Ke [pl,rBeEeHbr B Ta6[. 1 .

[na onpegeJ]eHrl.g "3KBLrAr,IcraHTHoro" pacqenrteHllfl rlo Ha6opy \acroT vt,u2 (crur.
ra6r. l) MeroAoM Er.rcKperuoro Sypre-upeo6pa3oBaHr.rfl Bbrqr.rcr;H ',cnerrp 

"na*rpu',' 
,

yrieroM MorrlHocrrr A2 pycrcperubrx [r,rKoB, Peiymraru npr,rBegeHbr s ra611. 2, rge^o6oz-
naueno: 41, A, - pacule[rreH{ff B MKlq lfi.fr. vr,u2;Ay w A2 coorBercrByroulrre
aMruI[TyAbI B orHocI'IreJIbHbIx eE[HlIIIax. flpNvrevareJrbHo sHarreHlte Lz =70 luxfU), 6lu:-
KOe K rr3BecTHOMy pacuellleHr{ro 68 rrtrlu B E3MepeHufx cKopocTr,t, a TaKxe pacqerureHr.re
104 N'rxlu. flocregnee, Bo3MoxHo, HeclyqafrHo coBrraAaer c r{acrorofr vo = lo4 r"rrlu n
MoxeT cJIyxIITb ocHoBaHI'leM EIfl rHIIoTe3bI o Bo3MoxHbIx Ha6nlogaeMbrx rrpoflBJregr,rrx
160-nrruryruux nylrcaqlfr (v6t = 160 rraran) B creKrpe S-uruyrnrrx ocuurnruufi;cru. [5] .

34
3'.l

39

42
63

t04

B

10

B

70
123

8

9

8

1035

123
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3axnrcqeuue

Ha6nroAeHns c opueHTr4pyerraoir ruarpuuei :ua.lrrerbHo pacrm,rpfiIor Bo3MoxHocrb II3y-
rregr,rfi KaK aKycrr,rqecKl,Ix S-tvtruyruux ocuulrnffrrufr, rarc t.l [oltrottepuoAHblx g-MoA, B qacr-

ruocru 160-vu.{HyrHbrx nyrrcaquri ConHua. Ilpegnoxeunufr *rerog orlpe[erleultfl noBepxHoc-

ru, arflpoKcur',rupyroUefr "cuorofrsoe CoruUe", no3BoJlfler ropa3Ao 6onee oQQercrlIBHo,
(reM rpexAe npn aus$epeHuualrbHbrx r.r3Mepegr,Iflx aapnau,ui fipKocrl4 [3, 6] , ocso6ox-
[arbcfl or arrraocSepHbrx rroMex u nonyqarb 6olee uagexHbre c[eKTpbr MorrlHocfl,t ocut{n-
nxrlrafr xpxocrr.r Qoroc$eplr Conuqa. .[,ocroaepuocrr CM npu .u,ocraroqHo A]II,IrerbHbIx
na6nrogeuurx He ycryrraer, rro-BrrAr4MoMy, AocroBepHocrr4 CM 5-ruruuytHrrx ocqlunrqufr,
roryqsHHtrx [pr{ I,r3MepeHuxx ryuenofi cKopocrr,{ c noMou]bro Mero,n,a arovuofr pesouaucuofi
cneKTpocKonr,rI,I.

1 1 uox6pr 1987 r.
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IIEPHOtrHTIECKHE BAPHAqHH'PKOCTI4 COJIHIIA :

OTIbIT HAE JIIO.ITEH VIfi C I 024 -KAHANbHOH MATPHUEH

JI.B. .[uuxoscKlrfi , B.A. Koros

C noMou{bro (toroguoguoit (32X32) Marpr4rlbr Ha6nrogarucr, ocuHnrrqu}I spKocrl.i Coluqa s o6ractu-
cnekrpa 0,7310,10 r',rxrur, [,]:r,repeH]r,I Br,rnoJrHeHrr s 1986 r. B reqeHl4e 7 cyr rtpu npocrpaHcrBeHHoM
pa3peueHrrr,r - 53" u BpeMeHH HaKorrJreHufi 38 c. OtsocureJrbttiul aMIIJII,ITyAa AJIHI{HonepHoAHbIx Bapl{a-

urit xpr.ocrl cy[IecrBeHHo pacrer K qeHTpy conHeqHoro AI4cKa, flpeguortarae,c.s, qro 6rilruax qacrb

napuaqufi cBs3aHa c xore6aHEsI!'rr Colsqa,
.[ln uerrtpalrnofi qacrr4 Ar.rcKa AnaMerpor',r 0,3D6 o6uapyxuaarc:rca 160-tutuuyruble ocqunngul{}I c or-

rrocurelrsofi arrn1uryAofi - 5' 10-s. (Daga srux Bapflaqr.rfi Ans nepfioAa 160,010 MI4H [paKTurrecKI,I coBfla-

AaeT co cpeAHefi Sa3ofi Kone6aHufi AHOOepeHrtlanbHofi,pKocrr.r, BBlTe(arculefi Lr3 npetr6l!,ylrlHx ua6lro-
p.elluil I976 -1985 rr.

TI]E PERIODIC VARIATIONS OF THE SOLAR BRIGHTNESS OBSERVED WITH THE
1024{HANNEL PHOTODIODE ARRAY, by L.V. Didkovsky, V.A. Kotov.- The observations of the
long-period brightness oscillations of the Sun were carried out by using a photodiode array (32X 32 pixels)
within the spectral passband 0.7310.10 rnkm during 7 days in 1986. The spatial resolution was about 53 arc

sec and accumulation time 38 sec. The data analysis showed that relative amplitudes of brightness variations
increase toward the centre of the solar disk. It suggests a real (solar) origir of a significant part of the ob-
served variations. Iror the central part of the disk (0.3 D, in diameter) the data reveal 160-min oscillations
with the avarage relative amplitude -5'10{. The phase of 160-min oscillations nicely agrees with the one

determined from earlier, 197 6 -1985, observations.

.[,lr r1syveuufl ocuu]rrrflu]rfr Connqa c BbrcoKIaM BpeMeHH#M ]r npocrpaHcrBeHHblM pa3pe-

[reHI,reM [epcneKruBHo npl,tMeHeH]re MHOTO3JIeMeHTHbTX flp?IeMHI4KOB LI3IyrIeHLLfl [1-4] .

Paspa6orauuoe Ha ocHoBe Ooro[r.roAHoil Marpplubr (32x32 flqeeK) ycrpoficrBo c 1024 ulH-
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QoptrtaquounblMl{ KaHaJlar"ru [5] [o3Borrf,er c apelureunfinr pa3perueHr,reM -38 rvrc HaKarrJrr.r-
BaTb Ha MarHI,IrHoM AI,IcKe Bbrrucrrr4rerrbHoro KoM[JreKca (CM = 4)un$opMaUr,rrc o6 ocqlrnaa-
Uuflx rpKocru Soroc$epu. YcrpofrcrBo Moxer flpr,IMeHflrbcfl KaK AJrfl BbrAeJreHr,rff r,r r,rAeH-
rnQuxarytu orEeJIbHbIx uog co6craeuuux rore6auufr Connua c rleJu,rc pe[reHr,rfl o6paruori
3a,qaqu renfioceficMoJlor}Iu, Talr. u Wt u3yqe:Hur. JloKarrbHbrx IagueHeurfr xpynuovracrura6-
nux o6pasoaauufi ua rroBepxHocrr,r Coluua.

B 1986 r. ua EarueuHoM corIHerIHoM reJlecKore (BCT) 6ruu uponegenrr upo6uue Ha6nrc-
geuux $nyxrya4uir.EpKocrlr Qoroc$eprr Conuua c perucrpaur4efi cursanon scex 1024 ra-
HarIoB. OGrosHofi qenrrc 6uno I{crlbrraHue [porpaMMuoro o6ecne,{eulrn, yrouueuue xapaKre-
pIrcrI'IK IIHcrp-yMeHra I,I ero Bo3Moxnocrefr EIff perlrcrpaquu rore6anui nprcocru c aMrrJrr,r-
ryAaMr.r - 10-4 -10-s B orHoclrrerrbHbrx eEr.rHr{rlax-.

l. Hncrpyuenr H AaHHbre ua6nrcAexrd

Ha6nrcAeuna flpoBo[ufl]Icb B c[eKTpiurbHoM Ar,rafla3oue 0,73+0,10 MKM rrp]r Ar.raMerpe
sxoAHofi graQparnau 4 lrvr. flocnegHrrfl ocBeulalacb [apaJrJrerrbHbrM rryqKoM cBera or [roc-
Krlx 3epKaJI ECT. C [oMoIIIbIo JII,ITI3rI Ha Marpl,rqHovr QoronprEeMHr.rKe (M<D) crpounocr
uso6paxeulre Corur[a MaMerpoM.8,7 rrrpr. CoorsercrseHHo Kaxgaff sqefrra Mo, paevre-
pou 0,1x0,1 MM 3aH?IMarIa23x23't conreqnoro [r4cKa, a [pocrpaHctBeHHoe pa3perueHr{e
cocraBrrflrro oKoJro 53" 7-0,029D"). .[nx-raxgoil na 1024 nqee* MO pSrrr.rrirr"u cp.p,-
HI'Ie 3HaqeHI'I.tr cI{rHaJIa flpKocr}I (nocne 103 -xparuoro HaKorureHr,r r.) ,u c BpeMeHHr,rM trHrep-
BiuIoM -38 c MaccI,IBbI r.revtepeuufi, BKrrroqafl cnyxe6nyrc uH$oprvrary.rro, QurcrpoaaJrr,rcb Ha
MarHr,rrHoM AHCKe. cnyXe6Uaa uuQoprvrau,ra co,4epxana gary ua6nrogeur,rfr, rovnoe BpeMff
(UT) uauala I,I KoHIIa HaKorIrIeHIlff \t Epyrwe cBeAeHr,rfl. Kparrue xapaKrepr{crr,rKr,r 3a[]rcaH-
Hbrx Macc?rBoB [pI,IBeEeHbr s ra6n. 1.

Ta6rnqa 1

AaHHbre ua6lrogeunft

Aata,
aBrycT
1 986 r.

Hurepaan
na6nrogeruri

(UT)

r{ucno 3 Js'-rnraccrisos l.Ilara,
I aarycr
I tggo 

".

Hurepaan
na6nrcgeHlrfi

(UT)

Qqcno 38S - vaccuaor

3anacaH-
HbIX HA

,4{CK

BOUe,qIXHX
B OKOHqa-
tenrgrrri
aHaJI[3

3atrHcaH- lBoue.quHxHbrxHa lBoKoHqa-,qHcK lcaTenbHbrH
I unanlrs

18

18
20
23
23

3"t6
382
40s
4'17
4t9

321
301
280
296
280

24
25

2'.7

2B

700
611
380
88s
454

341
301
24t
413
354

67hg7m_1gh47m
tt tl-t4 4t
07 3t-to 23

0s 20-10 20
l0 s6-1s 20

95h65m_1 2h32m
04 40-11 09
11 13-15 15

0s 1,2 -14 37
05 29-10 19

Bce na6lrcAeHllfl BbIrIorIHeHbI c rlepecraHoBr(ofi ueflocrara B6nr.r3u rrorryAHff, qro Hapyma;1o
He[pepblBHocrb 3alr[ceft. B yrpennue r BerlepH[e qacbr cilflbHo cKa3brBarr[rcb El{ooepeHUnanr-
Haf, arMoc{$epHaff gkcTLIHKUI{a I{ BI,IHbeTI{poBaHr{e cBeroBoro flyqKa. tlo srllna npr,r,unavr
rMcJro [plrroAHbrx En.E o6pa6orrn 38s-naaccrsoB MeHbIrIe ux o6uero tMcJra Ha gr,rcrce (c[4.
nocrreEHr{e EBe KorroHKr.r ra6rr. 1). Cyvrnaapnoe BpeMff 3am{ceft 3a BCe 7 Cyr, uo KoropbrM
rlpr4BoAr,rncz oKorrlarerlbHbrfi aHarrr,r3, oKono 33 q.

2. Memg o6pa6orru

Bo rpeur npo6ublx Ha6nrcEenfifr He [por{3BoE}rrracb opr{eHraqr.rfl crpoK (cron6qor) MO
BEorIb cyrollHoft napauenu Conmla. llosrouy pa3rroxen[e Ha6nroAaeMbrx r(ofle6aHr.rfi EpKoc-
rn uo cQepnqecKuM rapMoHI{KlM An.f, BbrEeJren}rfl orAeJrDubrx rvrog 5-mluyrHbrx r{ npyrux,
Eorlrouepuotrrlblx, KoJre6aHI,Ifi ConuUa cBff3aHo co 3HarMrerrbHbrMr{ rpyEHocrf,Mr,r. B EI{OOe-
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peHUr.rirIrbHbrx r,r3MepeHl,tflx KoIIe6aHI,Ifi nyqeBofi cKopocrll'teHrp-Iq)aft" [6] analu:rapylorcf
cllrHirnbr or KpyroBbrx yqacrKoB colHeqHoro AI{cKa. 3ru o6crosrerlbcrBa AeJIaIor ueJleco-
o6pa3HbrM o6be4r.{HeHr,re c}rrnaJroB or orAeJrbHbrx flqeeK MO no KoJrbrIeBbrM 3oHaM, qeuTp

cr,rMMerplrur Koropbrx B fipeEerrax ouut6or coBllaAaer c IreHTpoM coJ]HeqHoro EI,IcKa,
Harrau aualr3r,rpoBarrrrcb cr,rrHirJlbr or AeBflTr,r y3Kr,rx 3oH, orpaHl,IqeHHbrx oKpyxHocrflMl{

c paAr.rycaMr.r: (0,0-0,1) R"; (0,1-0,2) R"; ... (0,8-{B) R. u or rpex u}IpoKI,Ix 3oH:

"C" - qeurpanruofi (0,0-0,3) R.; "M" - cpegnefr (0,3-0,6) R.t4"L" -rpaenofr (0,6-
0,9) R,.

O6pa6orra Kaxgoro lrs 10 Nraccuaoa (cu. ra6n. 1) Haqr.rHtlJracb c yMHoxeHI,Iff rI3MepeH-

Hbrx clrrHilJroB flpKocrr4 Ha roeQ@uqraeHrbr, yqr,rrbrBaloulue HeoAHopo,qHocrllqeeK MO [5] .

3areM srru,rcnfrilcfl curHaJI /" cpegueft flpKocrl,I "Bcero" coJlueqHoro gncra (rovnee, ero
6onrruefr uacrrn (0,0-O,9) R"). Ilocne ororo BbrtrlrcJrffJll,Icb AeBtrrb gI,IQQepeuuEarIbHbIx

cr,rrHarroB (,[C) ysrrax 3oH r,r rplr .[C uruporr.rx 3oH ,q,erIeH[IeM cI,IrHarIa cpegnei flpKocrlr
coorBercrByroulefi gourr Ha 1' . .[,C xpxocru sareu QunrrpoBaJll,Icb c rIoMoIrIbIo npoue[ypb.I
cKoJrb3ffulero cpegHero: curaxlrBaJrracr ace $nyrryamu c xapal(repHblMl,I BpeMeHaMI,t

,( 20 rrrun. I{epes cuaxensui MaccraB..ILC ueroAou [orI,IHoMoB 9e6r[resa [poBoAl,Ilacb
napa6ora lr BbrtucJrtrJrr,rcb orcrarKu (At) - "orQnnrrpoaaHHbre 3HaqeHLIfl MI,IHyc [apa6ola".
Boceur fiocJregoBarerrbHbrx sHaueHflfi Au ycpetruntrrcb B Kax,u,oM I,IHrepBarIe AJII,ITeJIbHocrbIo
5 ruun (aperr,rx oAHoro HaKorrJreHtfl oKorro 38 c) u Qnxcnponan[cb Ha MarH]IrHoM AI,IcKe
BMecTe C Bbrqr{crreHHbrM 3HaqeHr{eM cpeAHero MoMeHTa AaHHoro 5-uuuytuoro BpeMeHH6ro

lrHrepBarra. Morvresrrr BpeMeHra rro3Borrffror KoppeKrl{o Bbrrmcrlffrb crleKrpbl vroulnocrn (CM)
Il cpeAHl,re Kpr,rBbre ffpKOCrr,I MeTOtrOM HZIJTOXeHHbTX 3IIOX npl,I BO3MOxHbIx ]I3MeHeHI,IflX

BpeMeHI,I HaKOIlJreHl,lfl .

3,Auamrs aMIrrII{TyA Bapuaqrul rpKocrx

lloucrc ueprroEoB, cotr3MeplrMbrx c Alrr,rrerrbHocrbro 3alIvcw,3arpyEHeH BJTI,IffHLIeM EHeB-

Hbrx rpeHEoB. Cnercrpanrurtfi auwtus KoporKr.rx saruceit, KaK [paB]IJIo, He rlo3BoJrrer otr-
Ho3HarrHo rpaKroBarb CM. CyrqecrByer Jrr,r'sosMoxuocrb eule Ao flpoBe[enllrr cIIeKTpiInbHo-

rO aHrrIrI,I3a oTBerI,rTb Ha Bo[poc: u3MepfeT III,I AaHHoe yctpofiCrnO peaJlbHble, "coflHeqHble"
rore6auns?

flonrrraevrcs orBerr,trb Ha Borrpoc, paccMorpeB ocuoBHbre xapaKrepl,Icruxn .[C: BerI[qI4-

ny rpeuga .4, (oupeEenflercfl KaK pa3Hocrb MexEy MaKcr{MaJIbHbrM u MuHI4MalrbHbIM 3Ha-
rreHrreM napa6onu) r,r MaKclrMirJrbHyro aMllrrl,tryAy orKnoHenrfi [C or uapa6onrr At . Ecnw.

TpeHE cBfl3ar B ocHoBHoM c gJreKTpoHurofi, ro snaueuua -d, ArIfl Bcex,[,C [onxnu 6rrtr npu'
MepHo oEHaKoBbrMr,r. OEHaro gnQQepeuqraaJrbHbre arrvroc$epnrre oQQextrr (ercruurc4an
z peSpaxryrr), a rarxe MegrreHubre cABrrrl,t r,r3o6paxeHr,rfl Moryr rIpI,IBoE]ITb K EorIoJIHI,ITeJrb-

HbrM TpeHEaM, oco6euuo cI,IJIbHbIM AJIfl KpaeBblx 3oH.

Bnraaune Ha ,4, ur,rQ$epeuulrirJrbHofi arrvrocQepuofi or<cruurcquw Mfi cny\afl [pIlMeHeHI,Ifl

(l6xl6)-oneuesruofi MO nogpo6no paccMorpeHo n [2]. Tau xe roKa3ano, qro cyqecr-
BeHHbre (uo -3.10-3 s oruoclrrerrbnrrx eguuuqax) rpeHgbr cBE3aHbI B ocHoBHoM c[uOOe-
penqraaruoi atuocQepnofr peQparurefr, xoropar EpuBoELr K norlrl{ cI,rMMerp}MHbIM, Ho

rlporr,rBonoloxubrM no 3HaKy na N- n S-rqlaxxucraxeuusuHa6nloAaeMoft Syurcquu rloreM-
Heur4fl K rparc. B nepBoM upr6luxeuulr gTor oQ$err aHarlorllqen cEBI,Iry LI3o6paxeHI,Ifl

ConuUa tro Ha[paBJreuuro N-S Ha yron q, fipr,rMepuo paouuft coKpaIIIeHI{Io Beprl,IKarlbHoro

Er,raMerpa A,rrcKa Comrqa us-sa peQparqrua. 
-Cpegnee 

3eHI{rHoe paccrofiHl,Ie z E:lff Haqafla

yrpeHHr{x Lt KoHua Berrepnl,Ix na6nrcAerulft z N6'7". Yrreurruenne BeprI,IKiIrIbHoro MaMerpa
corrHew{oro E}IcK a orlpeEeJlfl ercff [pocrblM coorHolrleul{evr [ 2 ]

AD. N 2,63'70-4 D"'cos-22 t t

rrro cocraBfifler -3" Etts z N 670. C yuerou qyBcrBllTerbuocru .[,C BHetuHeft 3oHbI

(0,8-09)R, K cgBr{ry uao6paxenun CorHua rlo HanpaBJrenuro N-S na 1" 1= I 'l0-3) uo-
ayqaeM flpH q.=3" r.r3MeHeirae [C sIofi gourr A, ( 3 '10-3. .ftfl rleurpalbHblx 3oH

BluffHue peQparqralr, a raKxe cgburoo r.lso6paxenr.ra na .[C 6yger cyuqecrBeuHo Meubrue.
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Puc. 1. CpcAuue lr3MeHeHr,rq aMrrJrr4TyALI Bapua-
urrfi ,pKocru ,46 (xpyxrcu) r{ rpeHAoB ,4, (rpe-
yronruuxu) B 3aBI4cHMocrr.r or cpeAHero pa-
Ar,ryca r<onbrleBLlx 3oH ua uao6paxeurau ConHqa
Telausre KpyxKH H Tpeyronr,HrlKu - pe3ynbrarbr
Arrfl y3Klrx (gucrperuocrl 0,1 R, ) KorrbrreBbrx
30H; cBerJrbre - Errr uupoKlrx (gacxperxocrr
0,3Rq) aoH C, M, L. Beprnxanurr,re fir4rrun -
cpeAHer(B aAparuqsrre oruu6xr.l

Ilonyuenuoe 3HaqeHI4e A, cornacyerct c AaHHbrMr,r r,r3MepeHrrfi guQQepeuqr.raJrbHoft flpKoc-
Tr.r B 1986 r.;.4r (reMHbre rpeyronbu[Kr{ Ha pr4c. l) BueruHefi 3ole.i6r-2,6.10-3. Cnegyer
OTMETI,ITb, qTO ME)KIY 3HAqEHI{.fiM[I 

.A, 
NN CAMbIX BHEIIIHI,IX 3OH }I AMIIIII,ITYAOfr OIIYKTYA.qrfi IC (snavenux Au W* y3Kr{x 3oH o6osHaqeHbr reMHbrMr.r KpyxKaMr,r Ha pr.rc. l) ner

KoppenflUllrl: Ar 6ucrpo pacrer K Kpalo, a,4s noqrr,r He r,r3MeHfiercfl; sro cBlrAereJrbcrByer
o cla6ofr cBff3I,I Bapuawu A6 c rpeHAaMr,r, 3uaqeur,rx A, Wn u[poKr.rx 3oH (cBerrrbre rpe-
YTOTIbHIIKI,I) TOBOP'IT O HI{3KOfr qYBCTBI,ITEIbHOCTI,I .UC 3TI,IX 3OTI r TQQCPEUqIIAJIbHbIM
arMocoepHblvr oQQerrarr,r.

IlpoaHalusrapyeM reflepb aMrJrr,rrytrbr ..4u yarux 3oH. .Urrfl AByx ueurpaJrbnbrx 3oH -46
3Hart[TerlbHo 6onrrue, qeM Erff KpaeBbrx (R-( 0,3 R.). Ecnra IlpeArroJ]oxl,Irb, rrro onyrc-
rya\ww.[,C cogepxar HeKorepeHruble (B qerroM ,q[.8 [aHHo[ KorrbueBofi souu) ocqulr^flwu
flpKocrll ufvttttt ulyr'/'il,l, To [p]I yBefll{qeHl,fld IrrIouIaEIrt sourr (u coorBercrBeHHo r[{clla ffrleeK
A/) eru Snyxryaquu Aorlxubr cI{JIbHee ycpeAnflrbcfl, qro r4 [ogrBepxgaercf, 3aB[c[Mocrbro
.Au or Rf R, (lur,r or A) , rAe R - cpegur.rfi pa1nyc sourr (crvr. prc. 1) .

Llt puc. I cnegyer, uro .46 IIIrIpoKr,rx sou (crernrre rpyrc<r) sHarrr,rreJrbHo MeHbrre,
veM .46 y3KI,Ix gon. Csrsauo [I,I 9To yMeHbrrreHr,re aMrrJr}rryEbr rorrbKo c eQserrorvr ycpeEHe-
sus? lJrt orBera conocraBr.rM aMflnr.rrygbr ysrofi (0,5-0,6)R" u urnporoft (0,0-0,3)R"
3oH, y Koropbrx (ra6n.2) l/ rv 90: A6 -4,2.10-a n l,4.l}-4 coorBercrBeHno, r.e. 3Ha-
qerurff pa3nutrarorcr B 3 pasa.

Tarcltna o6pa3oM, oAHHM eS$ercprvr ycpeEHeHr,rfl Eerrb3r o6r.aourrr yrueunrueuue .,46

EIfl IllrlpoKux 3oH: 3Haql,IrerlbHa.fi rlacrb Bapr4arluil A6 odycttoBrreHa, rro-Br,rAtrMoMy, p€aur-
nrrrwr rote6aflufl'r.au flpKocrr{ Soroc$epu.

Ta6nuua 2

Pasrvreprr KoJrbrleBbrx 3oH

3oua (Re)

0,0-0,1
0,1-0,2
0,2-0,3
0,3 -0,4

12

20
s6
60

0,4 -0,5
0,s -0,6
0,6 -0,7
0,7 -0,8

92
92

136
138

0,8 -0,9
0,0 -0,3
0,3 -0,6
0,6 -0,9

164
8B

244
438

Î
I
,
I
I
I
I
I
I
I
I
I
I
I
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4. Cnerrp Morryocm

Koporxue H MarlormcJlenxrre npo6nbre 3a[uc]I He rrosBoJrf,Ior nogpo6tto auarrr,r3llpo-

aarr CM r $asn (rar uepnoga, HarrplrMep, l60m) AC AJrr Bcex KorrbrleBbrx gon. Ocra-
HoBr.rMcf, ua CM or rleHrp:lrlbuofi uuporofi gonrr "C' (pmc, 2), roroprtfi BbIqI{cleH B

Er{arra3oHe qacror 55,6-166,5 mcfq, urn nep}roAos 100-300m, c uraroM no qacrore

-022 McIq. OurosHrre nr{K}r c ornocr.rrerrbHofi arnaurygofi ororo 6.10-s coorBercrBy-
ror c roqHocrbro t 0,6m nepuogarvr 159,6 u 179,9m, Bomurnncrno r{3 o6o3HarIeHHbIx Ha

Pnc,2. Chexrp MorrlHocrlr Au@QepeHu.ranbHoro curHarra spKocrE 66,, BEITtHcJieHHLIfi Ans qeurpalr,Hofi
goHrl C congeqqoro Ar{cKa

puc, 2 [r{KoB B flpeAerrax oruu6ox coBflaAalor c cyroqHbIMLI rapMoHuKaMI4, Uro xacaet-
cff rleplloga - 160m, To B nolrb3y ero 'toauequofr"flprrpogbl cBll[ererllcrByel analus Qas
oc4.rnnxqllfr [Ifl pa3nrqHblx 3oH r{ cotrocraBneultff c paHee [onyqeHHblMu pe3ynbraraMl,I

(cr"r, Huxe).

5. Cpegru{e KprIBbIe grx uepuoga 160m

Peeyarrr,rpyroult,te Kpr,IBbIe Il3MeHeHI{fl IC g;rs rpex rur{poKllx 3oH [pI'lBe[eHbI Ha puc,3.
IuQ$epenruanrutrir crrHarr qeurpalrnofi aonu (66,) xoporuo aflflpoKcrMllpyerctr cI4Hy-

cougoft, rpone4ennofi MeroEoM Har.rMeHbrrurx KBatrparoB. lapnaoHuuecrar, avrmwtyga 47,

c[Hycolrtrbl c [eproAoM P6 = 160,010t cocrasrtser - 5,3.10-s, rprrepufi 3HaqI'IMocrH

2A1rlo x 5,9. Oasa MaKcr{MyMa cI,IHycoI,IAbI, UTOIh20m, flpaKrllqecKlr coB[aAaer co cpeA-

nefr Sasou MaKclMyMa g[QQepenryaflbHofr apKocrr,I, olpegeneHHofr no rarraepeHllffM B

KAO ga 1976-1985 rc. 12,7) wrr' reprotra 160,010: UT01h23m t 15m (4na Haqarlbuofr

suopr uT oohoo', 01,01 1974 r.).
Cnrnan 61a cpe1trei- eourr (puc. 3,d) rrreuee 3HaqI,IM; Mylox3,6; Ap = 1,3'10-s, r.e.

oHa [prrMepHo s 4 pa3a MeHbrue, ue*r A7, rleurparruofr 3oHbr; MaKcI,IMyM CMeUIeH IIOqTI'I

ua 180" tro cpaBHeHzrc c repxnei xpnaofi.
.4C or KpaeBofr sourr 61 He rroKa3r,rBaer 3aMerHbrx rore6aultfr c nepltoAoM P6: rpure-

pni 2A1, f o = 1,5 ; arr,rnnuryAa An = 0,4. 10-s .
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Prc. 3. Pe:yErarrr cBeprKH crrrHajroB gueeepeuquanr,Hoft apxocrn c [ep]roAoM 160,010mAn, TpexruHpoKl.Ix 3oH
o - l.ltfl 6C (ueutpanrunoil;6 ws 6M (cpeaueri), e _ gulfl 61 (xpaeeofi). Hyaeaax eaea coorser_
crByer MoMelrry UT 00" 00"', 01,01 1974 t, l lptxosoit nunueil o6oguaqesn cuHycoHAbr, trpoBeEeHHbreMeroEoM HaI{MeHbIrrHx KBaAparoB. Beptuxannusruu qeproqr<aMrr noKa3aHbr cpeAHeKBaApargqHbreouu6xu t o

3axnroqemre

Ha ocHose flpeABapl'ITelbHblx pe3ynbraroB MoxHo cAenarb Br,rBo,q o AocrarorrHofr qyB-
crBl{rerlbHocrl'I I'IHcrpyMeHra [.rlfl I,I3MepeHui 4460epeHuaJrbHbrx xole6auufr .flpKocrr.r
Soroc$eprr c orHocl{rerlbuofr aM[flI,IryEoit - 10-s ; a ranoroaoraHreM rrpaKrrrqecKr,r Bcex
.rIrIeeK MaTpI,[IbI.

couocrasneuue aMlro1J.4rya, @nyrryaqrafi ffpKocrt{ Aa Ntn rxtrpoKr4x r4 y3Kr,rx 3oH rroKa_
3r,rBaer, ,qlro A6 Errfi rxrrpoKr{x 30H npr{MepHo n 3 pa3a MeHbru;, ueru .46 [rfl y3Kr,Ix 30H.
Ha6nro4aernloe yMeHbueHue A6 uupor.rai 3oH Moxer 6r,rrr csssaHo c cylepno lutlueit
pa3fluqHbrx lrog rcone6aHufi Connua.

Oasa sorHbr c rlepuo,qoM 160,010m Arrfl ueHrpaar,nofr sour,r rrpaKTr4qecKr{ coB[a,[aer
co cpegnei $aoori 160m-reproArlrrHocru 4u$eepexquanrnofi ,pxocrn corn4a, ycraHoB-
rennofi no r,3MepeHrl**r KAo sa rpeEbrAy[I,e roAbr [2,^7], qro cBuAererrr,crByero peilrlbHocrlr KaK 160m-rone6anufi, rar ?r corryrcrByrorqux Korre6anuii onr1rqecrcoro
fioroKa H3nyqeHr4fl Conuqa.

Aaroprr fiprr3rareJrbHbr 3a r.rHrepec Ir roEEepxKy pa6or c Soro-
ry:A":fi Marpbtt\ei4, a raKxe 6narogapnrr I43 . klnnwty 3a npeAocraBneHr4e pfi[a rporpaMMglx o6pa6orKr,r AaHHbrx.

5 pras 1987 r.
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PE3yJIbTATbIHAEJImTEHI4IIMHHyTIIbxKoJIEEAH}Iff
B pAAI4OI43JIyTIEHHI'I CSOKOftHOTO COJIHIIA HA BOJIHE 2,25 cm

JI.H. IlremoB, T.H. TaPacoaa

Ha6nrcAenr.rx MtrHyTHbrx Xole6asuft pa[]Iol43nyqeHltfl BbInOflHeHl,I sa PT-22 KAO AH CCCP a ruap-

re 1gB5 f. r,r Hrorre 1gg6 r, IIpu na6nigeunfx IrpoBoAUnUCE AByXqaCOBLIe Cepru{ ilarrrepeunft patrno-

r.{3JlyqeHr,rtr oT orpaH[rreHHtrX yUaCtraOA ColUqa (0 = 4') co Cna6rtr"tn IOKaIIEHLIMI{ I{CTOTIHHKaMH, no-

BbI[IeH]rfiMtr Y aetlpecctltlv.l{ pa!,rloflpKocru, a raKxe or yqacrKoB cfloxoltHoro ConHua c MaJIbrM

rpa[r4eHToM. Cpegnlre *""rp"i *orrrno"t, Kone6agufi, BEIqHcneHH6Ie no orAenbHt'IM rpynnar'r cepuft

I43MepeHHF, CBI4,qeTeJIbcTBytoT o cyqecTBoBaHI'lI'I MHoTOMOAoBbIX xole6anr'rft B paAHol{3nyqeHuU Coln-

qu, atl"p*ou1rx cm6puprsre qacrorbl .fiucxpenrre TI,IKI,I B cleKTpax MoIrFocrI'I xone6anrft paEI'Iou3-

nyqeHr.r.s qaCTHrIHo COBIaAaIOT c AepIIOAaMI{ nynbcaq}lii, aa6lrOgaaUllXct B oIITHTIeCKOM [I{alra3oHe

nu ypoura QorocQeprr , uryrp"rrafi KopoHLI colnua. cpegnrx aMnnlllyAa xone6anrft paAl'Io'pKoc-

Tu ComrUa C IIeplIoAaMH Oxolo 5 MI,IH COoTBeTCTByeT I'I3MefieHI'lXr'l XpXOCrnOfi TeMnepaTypbl CnoKof,i-

HOrO conHua Ha 1 0,7 K, a An.E neprroAoB OrOnO 3 MLIII 3Tl.I U3MeHeHU.E COCTaBTI'IOT OKOJIO + 0'3 K'

THE RESULTS OT'' OBSERVATIONS OF RADIOEMISSION OSCILLATIONS OF THE QUIET

suN AT 2.25{M WAVELENGTH, by L.L' Tsvetkov, T.N. Tarasova. - The observations of minute os-

cillations were carried ouiut tr-rr iadiotelescope RT-i2 of the crimean observatory in March 1985 and

June 1986. The two-houi series of radioemission measurements were made for the limited solar regions

1i^'= i,l with weak lo"ut ,ou.""r, inereased and decreased radiobrightness and for the regions of the

quiet sun with the least gradient. The power spectra of oscillations computed by individualsets of measu-

rements justify the existlence of multimode oscillations of solar radiobrightness with stable frequen-

cies. The discrete p"ut, in-it " 
power spectra of radioemission oscillations partly coincide with the pulsa-

tion periods observed in the opiical ,urrg. ut the photospheric level and internal corona of the Sun' The

mean arnplitude of solai radiobrightn"is oscillaticns *ittt tt " 
period of about 5 minutes corresponds

to the variations of brightness tem*perature of the quiet Sun by t 0,7 K, and for the periods of about 3

minutes these variations are of the order of I 0,3 K'

B COnneqnOfr paALloaCTpoHOt!tr4I,I 3HaqI'IreJIbHOe BHI{MaHI4e y\e]IfleT}fr nOI'lCKy AI{CKper'

Hbrx [epl{oMqecKEx cocraBrlsrcIlll{x B I'I3[yqeHI'11'I [oToKa I'I3 OlpeAeIIeHHbIX OrpaHI'IqeH-

Hr,rx yqacTKoB rra Er{cKe colnua. 3rn ucclegOBagl4fl Haqarbl c qeIIbIO o6Hapy}€HI'Iq B KO-

poHaj1bHofr rura3Me Kole6aHr,rr, aHarloruriHbrx 5-vnuyrnrrrur ocufirlJlfiIrl',IflM' BbIg,eleHHbIM

B orrrr{qecKrrx rrIHr{EX Lt3ryqe:/lufl. Peayntrarrr HaonroAeH[fi, BbIIIOTIHeHHbIX Ha Kpy[HbIx

pa4r,rorerrecKonax, AoBorrbHO nporr,rBopeql,IBbl. B [1] coo6ruaerct 06 o6HapyXeHI'I[ [,ByX

fiepuo[oB, 150 ra 234, c Bo onyKryauuflX pailor,r3rryqe,r{E _cOnuqa 
Ha BorIHe 2,8cvt

'1b'"=;,;lr. I4;r;p;;r; Snyrryauu, roroKa uu ,onre 2,8 c*r 6ruru npoaeseHbr Ha E'HH-

cKoM pa^l,rorerrecKone (0 = 13'). Auanug Bcero l0 cepfii I'I3MepeHI'Ii Ho:I'IJI-:fy?-?:'

,.ruruifr xapaKrep [2] . Ilolyuenbr HeKoropble cBl,I[ereJ]bcrBa roro' qro BpeMeHHafl IIrKa-

la $nyrcryaq6ir 
- 
cnorofinoro ConuUa orrll{qaercff or oper"reHn{fi [IKaJI6I aKTI'IB]Ir'Ix

o6lacrefr. Oru6arou{as c1leKrpa MouIHocrI'I SnyrryaUflfr IIoATMHeHa 3aBllc]IMocru P * v-2 '

B [3] coo6uraercn o rorrbrrKe BbrnB]rrb 5-tuuuytur,te KoIIe6aHLIf pulr::llo:rj,I: T;yj'
peuuxv Ha crauQopgcKoM unrepQepovrerpe Ha solue 2,8 cM (pa3peueul'Ie E-W = I I )'
B ganugx Ha6nrogeHui He o6gapyxego K;KI4x-[u6o cunbHblx [epI{oAI'IqecKI'{x 611yKrya'
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wit B IIHrepB{uIe nepuo,qoB 200-300 cr HecMorpfl Ha BbrcoKyro rryBcrBr.rrerr,Hocrb
I{HcrpyMeura. otrHarco ro4rBepxqeu 3aKoH }r3MeHeuu, ine"rpa eryxiyaryr i tzl .flo peeynrrarau Ha6arcgenufi s 1980 r. Ha Borrne 2,2i cvr [+1 nporoffiocb cpaBHe-
HHe cneKrpoB MourHocrl{ role6auxfr paALIoI,I3nyqeHr,rE rroKiurbHoro rrcrorlHr,rrca n cnorofr-xoro Conuqa. Orlreqanocbr rITo B 3alncflx paAr.ror.I3nyqenzs cnorofiuoro Corru1a B trBHoM
BI'IAe He rIpoflBrIffJII'Icb rcone6auux c [ep]IoEoM 3-5 w*r. B upuaegenuoM cleKrpe Moq-
uocrn rcone6auufipaguow3rryrrerufl cnorofisoro connqa e"ru orgarunur, 3KgrpeMyMbrB r'rHTepBlrrre [epr{oAoB 4-12 ulau, Ho uonnofr yBepeuHocrr,r B r.tx AocroBepgocrT
ue 6rno,

Tarcuv o6pasott, o6napyxenr,re ELIcKperHbrx flepr{ogoB lroptrAKa HecKorrbKr,rx Mr,rHyrB paMor'r3rryqenrr cuorcofrnoro connua HyxAaercfl n 4arurefrrueu uaa"roporna,
[ccJIeAoBaH]Iu. B upogonxeHl'Ie Ha[Mx rlccneEoBannfr a eror"r Ha[paBrreH]r( 6nuru upoae4e-
HbI EBa qurra na6rrcgeunfi ua W22 KAO, I4srr,reprnrcn Snyrcryaqrrur pagr.ror.r3rryqeHr.rfl
Ha BorIHe 2,25 cu or orEerlbHblx' orpaHuqeHnbrx guarpaunroi HaflpaBrreHgocry rerrec-
Ko[a yqacrKoB trIlcKa Conrqa c HarluqtleM cra6rrx rroKiurbubrx r{croqHr.rKoB, noBbr[re-rufi u genpecufit paguotpKocrl'I, a raKxe or yqacrKoB cnorofrnoro ConHqa c MarrbrM
rpaAr.reHToM.

Mero4axa na6nro4ennrl

.ftr na6nrcgenrs xone6arui paguoxpxocrr Connqa ua PT-22 6un rrr6pau KBa3r.rHyrre-
nofi t'rerog [pEeMa c KoMrleucauueil ,aacru cr4rHrura or Conru1a curHarroM or BbrcoKocra-
6ur1nolo_-reHeparopa uryMa. KouueHcaqlrouurrfr pagr.roMerp Ha BorrHy 2,25 c.,;., onlrca6-urli a [5], upururenflrlcfl paHee npu ua6nrogeu?I.Ex [o[roflepuogurrecKr.rx rcone6auufi pa6o-
u3tryqeflvfl' cnoroftnoro Colnrla. Hauounuttn qro Er,rarpaMMa HalpaBrreHnocrrr pT-22 rta
sonile 2,25 cMcocraBrlfler 4,1'. OnyxryaquoHna.fl rryBcrBr,rrerbHocrb lrpr.t na6aro4enlrrx
Conu4a KoMrreHcaU[oHHbrM Mero,qoM cocraBnx ra LT_ = 0,5 K upu r = 1 c, B nepronrquxne Ha6nrogenufi (rrlapr 1985 r.) npr,rrueuxnacb cr,rcTeMa perlrcrpaqu[, paspa6oraHuaxs HI'IPoI4 [6] . Cucrevra Ilo3Borrflrla ycpeAHflrb r,r3MepeHrq BbrxoAHoro carHarra pa&io-
Merpa 3a I'IHTepBarI 20 c w 3anucblBarb cErHaiIbI u quQpoaornl Br.r,qe Ha MarHr{THyro narry.llpu orovr roqHocrb uauepeunfr rone6aulrfi pugror-yralarfr. B anreunofr ,arnapuryi,
oKorro 0,1 K. .[asnue na6rrogeHufr aroporo ur.rKrra (uronr 19g6 r.) nrnrenra ,rr.p"i,
Ar.rcKperr.r3au,rvr 20,25 c,

B raqare exeAHeBHbIx ua6nrogeHui EpoBo,qrrrocb cKaHr.IpoBaur,re trEcKa Coruqa c rua-roM J c uefl],rc B],rffcH€Hr.rff o6r{efr Kaprr{Hbr pacflpeAerreHufl. pa4tr4lflpKocrrr 11o rprcKy.
.4anee Ans cJlexeHllr arr6uparucr yrucr*i c fioBbuueHxoi u nonr.rNe"roi pu4rnorp"oarur,
I{ B TeqeHI'Ie 2 \ u 6onee fipoBoAlrlracb 3a[r{cb rone6auuft pa4l,Io[3nyqewn. fit nocr.gyr-
rqefi o6pa6orxr or6upanacb sanilcfi, flolyrreHHbre upu 6naronp?rflrHbrx floro,qHbrx ycno-
Buffx, flpvt MIIHI{MIIJIbHbU @nyrtyaryttx c}IcreMbr y[paBneHr,Ir rerlecKofla, rr 3ail14crl, B Ko-
Topblx B tBHoM BIIA0 [porIBnsJII'Icb rore6anus pa4uor.r3nyqeHr{.8 c [epuoAoM [opf,AKa
HecKorrbKr{x Mr{Hyr, BosMoxHoe Brrr,rfHue tapuauyir aruocQepnofi paguorproarr' np,
tradnrogenulxlaPT-22 KAO o6cyxrganocr n [5f ,

Cuegeuux o ua6nro4areJrbHoM Marepr,rafle nepBoro rIHKna na6nro4enufr flpe.qcraBrreHbrs ta6[. 1' 3Aecr yKa3aHa gara Ha6nrcgeurfi, npevra Hauafia gryxvacoeofi ,inucn, reJrr{o-
KoopAHHarbI ueHTpa yqacrKa Ha AI{cKe Connqa, oxBaqeHHoro guarparrtrlofr Ha[paBneHHocrI,I
TeIIeCKola, pacllpeEeIleHfie palJ/ofrpKocTl'I ?I oIITI,IqecKI,Ie o6paaoaaHax no giHnrrry 1|-l .Jloxalrnrre EcrorlHr{Kr.r, cBE3aHHbIe c rpylrlaMr.r usren No i7, 19, 2o, 6rmu uouorirrocna6rre, c flrrorHocrbro ,S ( I corn, eA, rroroKa. flog paauorvrepHrrM pacflpe[eneHr{eM
3[ecb rloHHMaerct H3JIyqeHrIe or yqacrKoB cuorofiuoro Connqa Ha BoJrHe 2,i5 cwr c vta-nbIM rpaAHeHToM paA[orpKocrl'I. Ananlrg cKaHoB IIo Ar.rcKy ConHrla noKa3arr, qro 11pe-
BbrIIreHI'Ie I{3nyqeHHff aTro s o6nacrxx clexeHr.r.a, cB.a3auHbrx c rpyfiflaMr.r nrreH No 17,
19,20, cocraBrrrer B cpe,qHeM 14% or aureHuoi TeMrreparypbr cuorcofrnoro conuua r"o
(Hyrvrepaqua rpyffr rro 6pnlereuro ,,Coluequrre gauurre,) ,
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Ta6lllua 1

Csegeuun o Marepl{afle na6.rlro4enufi nepBoro quKJIa

Aara, Mapr
1985 r.

,5

26
2',1

28

oThoo*
09 30

07 00

09 l'7

07 00

09 06

07 00

09 0s

07 00

09 10

07 00

09 10

07 00

09 10

07 00

09 10

07 00

09 10

07 00
07 00
07 00

s10,w9
N25,E1

s 12,W 27

N26,E7

s12,E39

N 22,E 26

S 5,E3

N30,E19

S10,E8

s13,W44

N1,E31

N8,E10

N1,E58

N20,W2

N5,E56

s48,W9
N7,E44

N20,W20

N5,E35
N5,E18
N5,E3

15
flogrrrueure
Panuor*.repuoe

floabtureuue

Paeuot"repHoe

ilu*

Partrol'repuoe

Ill4

PaaHotraepuoe

flosrtileHIre

PaaHouepuoe

flogt ruresue

Panuorvlepuoe

IV

Paruol"repnoe

Ill4

.II,enpeccua

ilV

PaBHoMepHoe

l:."

Onrlrqecxfi e o6Paaoaanux

OnoxxYn
HC**

(DnorxYn

HC

fpynna nsren Ne 17 + OnoK-
KY'I
HC

Ipynna nlreH Ne 17 + OnoK-
Kyn

HC

Oroxxyn

HC

Oroxxyl

HC

fpYnna. ns'reH Ns 19 +

+ OnoKKyn
HC

Ipynna nsreH Ns t9 + 20 +
+ onoKKyn
Boroxua

lpynna flflreH Ne 19 + 20

HC

fpynna ngreu Ne 19 + 20

To xe
lpynna nnreu Na l9 + 20 +

+ OnoKKyn

18

20

2l

22

23

24

*IIH - noxanr,rmrfi lrcro'rm'rr,
**HC - HeBo3MYIqeHHoe ConHqe'

cgetreuEa o traHHbrx BTOporo qlIKJIa Ha6[rc[eHl,Ift UpeEcraBJIeHbI B ra6[' 2' o6ognaqe'

HUfl Te ,*e, qro r,I B Ta6[, 1. Peeyurtarbr o[rI,IqeCKLIx Ua6nroEeuufi sgrtrl I',13 [8, 9] ' cpar-

HeHr{e c cI,IHoIITIIqecKIIMI,I KapTaMI'I KoponaflbHoil 3elleHoft lturtvtt4 (5303 A) cBI'IAere'I^bcrBy-

er o ToM, qTo o6[acrr,r Aerrpeccu]r paEr,IOf,pKOCrI4, Ha6[IOEAeMbIe 15, l7 , 19, 2l '07 1986 r ''
COOTB9TCTByIOT gOBbIIUeHIIIo IIHTeHCI{BIIOCTI1 3eleHgfi ll4llu;1r go COCeECTBy C He$o;1bxlofi

*op**unof trblpofi' a Ha6rIPAaeMbIe Eerlpeccur 16' 22' 23' 24w25'07 1986 r' ro flo'

JloxeHl,tlo I4 B [peEeaax pa3peuleHl,Ifi paEI,IoTeJIecKoIIa coBrtaE,aroT c KopoHtIIIbHblMI,I E,bI.

p"*, 
-ircUi . noruiurerun pa^r{oflpKocrr{ B yqacrKax sIexeHI,If cor,,acHo ra6n. 2 orpa-

xaroT r.r3flyqegr,re arMoc6epti nag yuac*avrn HeBo3MyIIIeHHoro ConHUa I'ur 6roKKyra*r'
iip"r*".irr. urr.nroft' ,.*n.p.rypu, AIao B grl,Ix ytlacrKax cocraBrlfler 2Vo Hag lpos-
HeM patr[o[3JryqeHr.rff c,,oKoi,.oro ConnUi. B to xce BpeMs treflpeccu14 papofpKocrlr

cocrarnlror orono lVo Tao

Cornafiro [10] o6naciu patrfiol{sflyqeHllfl cnoKofiHoro Co[-HUa Ha caHrl'IMerpoBblx BorI'

Hax pacrorrararorcfl B flepexoAHoft soHe Ha Bbrcore (2-7).rc3 lM HaE ypoBHeM SorocQe-

Dbr. B cooTBeTCTBr,r[ c coBpeMeHHbIM[ pa6OrMMU MOtrenf,MU s'rounonegTbl paEI',IOH3IIy'

;;r*; C;r"; iiij e<!<lerinr'bre ypoB', wsnyq',s.n Hatr rnrHaMI'I, $norxynatwt n
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Ta6nuua 2
Cuegexra o Marepr{aJre Ha6lrogexnfi Broporo qrlKrra

,[ara, uronr,
1986 r. Onruqecxue o6pasooa-

HI,t'I

HC
HC

HC

HC

HC

K.U

15

16

17

18

19

2l

22

23

24

25

olh23m
10 07

07 s9

06 00

10 55

05 46

10 45

06 32

10 56

t0 20

06 38

10 03

06 35

11 00

06 07

l1 01

0s 36

10 49

N5,EI8
N18,E17

s 2,87
N12,W5

N28,EI
S 10,E1

Nl0,wl6
N17,Wl8

N8,W33

Nl6,W27
N9,E36

N36,E4

N11,E38

S 9,E4
N37,E3

N6,E7
N4,WB

s1,88

flosuureuue
.[enpeccur

flosrrureuue

' Toxe

lenpeccur

To xe

flosrrureHue

lenpeccur

flosrtureHue

.[enpeccur

flosrrureHne

.[enpeccux

floBrrrueHue

.[enpeccur

To xe

flosrlureHue

To xe

lenpeccnx

HC

HC

HC

KI
@noxryn No 788

KI
HC

KI
Kn

Onoxxyn No 788

To xe

Kn

yqacrKaMr'r HeBo3MyrrleHHoro corrHrla pacflonoxenbr Ha Bbrcorax 1,4; 2,2 u 3,2.103 rcu co,
oTBeTCTBeHHO. Taruu o6pa3oM, rvroxgo [peEnoIIOX[Tb, rITO MaTepr.Itu na6nrogemfi,
rlpeEcraBrreHHbrfr B ra6n. 1_ t4 2, xapaKrepr,r3yer Qnyxryau[[ paAuou3flyqegr{ff r.r3 rrepe-
xoEHoi 3oHbr arMoc$epu connqa c addeKrr.rBHbri Bbrcor (1 ,4-7).lo3xrra r.r Bb,,us;;;
$orocQepoft.

2. Mero4rra o6pa6orrcu

I4cxoguue [aHHbIe ArE creKrpaJrbHoft o6pa6orKr{ flpeAcraBJrf,Jr]r co6ofi nopnarponau-
Hbre K raru6poaowroMy ypoBHro 3Har{eHr{, $nyrryaqd paEr,ror.r3rryqerurs Colrua, Ka-
ru6poBoqHbri curHan coorBercrBoBarr 95 K (r aureuHofi ierr,rneparipe r). orgenrnufi
Maccr,rB [cxoAHbrx [aHHbx cocraBrrffJr 360 0rcqeroB c 2O{eKyutrHbrM ycpeAHeHr{eM,
I'Iccne4ouanue prla Ha fleplroElrquocrr flpor,r3BoAr4rrocb c rroMorrlbro nprnroio eypre-npe-oopa3oBaHr.r.E. Ilpeguapurerrbno r{3 KaxAoro pfrAa y6r4pancfl rpeu[ ro MeroEy cKorrb3tr-tllero cpeEHero: BbrlucJrflrrocb cKorrbsffqee cpeEnee no 29 ToqKaM; nonyuenuufr raKr.rM
o6pa3oM Maccr,rB crflaxr,rBilrrcfl rro rofi xe [porpaMMe eule ABaxAur. i]onyor*rr* , prrli.
Tare 3Tofr flpoueAypbl KprlBa.fl Bblr{I,Iriuracb us r,rcxoguoio MaccHBa. IIo gaHuuu nuOrro-
AareJlbHoro pflEa c yEiuIeHHbIM rpeHEoM BbrrMcrrrrrcfl crreKrp MoqHocrr{ (cM), tlocxonr-
Ky orcqerbl cHlIMarIlIcb c lIHTepBiuIow 20 c, ro MoxHo cKa3arb, qro s CM Aorrxga ocra-
Barbc.fi Morquocrb Ha qacrorax, 66nruux lleo,29) = 1,,12 ulq, a B r.rurepBarre qacror
v < 1,72v.|u cneKrp 6yger ucraxeu AeficrBreu $nrurpa cKorrbof,rrlero cpeAlrero.

O6paturvrca x puc. 
^1,_ -Ha 

KoropoM flpeEcraBrrenrr na6nngareJrbHbre psAbr c ]rcKJrro.
TIeHHbIM rpeHEoM 20.03 1985 r. u 25.07 1986 r, [Io ocu opEHHar orrroxeua aMrrnr.rryAa
Qnyxryaqufr Ar", K. Lls puc, I rngno, rlro xapaKrep ugnaenesnft pago[3rryqegr.!tr Harro-

13|3



pnc. 1. Hopr,rnponauubre prALr C lrcKJrroqeHHr,IM TpeHEoM nona6mogeuusrttt 20.03 1985 r. (a' 6) u

'rt 
y l3:*"::; ',]"r"r"r*, 6 - cnorofisoe conHqe, e - gnorrvnbHoe noBbIIxeHHe paAlIo'pKocr,'

e - trenpeccl{,I pallltoEpr(ocrtr
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MI,IHAET CMCCb IXYMA C MOIYIPIPOBAHHbIM TIO IICPI4OAY U AMflIITlTYtrC CIITHANOM. HA
p14c' l,a B Ha1mo!.arerlbHoM pffEe oTqernl4Bo Br,rAHbr Hapacraroupre r{ 3aryxarcurfie flo aMn-
rTuryae rcole6anr,rR, HanoMl,rHaroufie fiepexoAHbre flpoueccbr. Moxxo raKxe flpeAnono-
)o{Tb' qro s 08h00t n3MeHl'ulacb Qa:a rore6auufr. Tarcurvr o6pa:ona, r.r3yqaeMbre 3gecb
xone6atelrnlle flpoqeccbl B paAl{olI3nyqeH}Iil lrMeror HeKoropyrc Sopvaarnyro aHaJrorr,r*)c 5-r'[rHyrHuMr,r ocqr.rJrJrflu,HfiMr,r Soro@epu [12] . 3navr.r*o.ru ,r"ou na cM or{eHr,rBa_
rracb tro Kpr.rrepup y". vlsnecrno [13], sro ecrlt rrpoqecc cryvaiurui, rayccorrrfr, ro
yABoeHHbIe aMIUII'IryAbI ua CM, AerleHHbre Ha qlrcno roqeK B pflay fi optr(a (2AilNo),nog-
wlHflIorcr{ y2 -pacnpegeteHr.rrc c AByMfl crefieHffM]r cro6o4r,r. flpu paccryroTpeHr.ru ycpetr_
HeHHbrx crreKrpoB qr4cno crerreHefr cao60grr 6yger panno yABoeHHoMy 3HaqeHlrro ycpeA_
HeHHbIx c[eKrpoB' IIpn raxofr oIIeHKe 3HarlIMbrM].I c ypoBHeM AocroBepHoctu 95Vo orca-
3brBaroTc.fi MHOrlre flIKLI B Cpe[HeM crreKTpe MoulHocTlr.

3. O6cyxgenue cpeAHHx c[eKrpoB MouIHocrH

Cpe4nue c[eKTpbI MoIrrHocrl,I Bblt{ucflrrJrr.rcb no AaHtIbIM ua6lrcgettufr orgenbHbrx orpaHLI-qeHHbrx yqacrKoB prcra co:ruqa, xapaKTepr.r3yrouuxcfl onpeAeneHubrNau csorlcreuw co_riracao ra6l. 1 u 2: o6teguHrrJrr{cb pe3ynbrarbr u:rnrepeulrri pa[ltorl3nyr{eHL{fl JroKarrbHbrx
I'IcroqHI4KoB' nonrtruesrft paAlloflpKocru uag $lorcrcyrawu, yqacrKoB cnorofruoro Conuqau, HaKOHeU, H3MepeHlrfi pa[aou3flyqeH]r_rr B vqacrKax c Aenpeccraeft paA]ro.EpKOCTr,r. Hapuc.2
IIpeAcraBneHbI cpeAHI4e CM no pe3yJlbraraM usrraepeunfr pa[?roflpKocrr{ B nepBoM rlr,rK;re
ua6nroEenrzfi. Ha pr{c. 2,6 :t'pegc;'aBnen cpeAHr,ur CM rconeoauufr roxalr,brx LrcroqH[KoB.
cBn3a,Hbrxc fpynnaMu rrreuc.I{N0 17,19,20u1 19,20,23- 29.03.1gg5 r,Hapuc.2,a_
cpegaufi CM rcone6auuli ct.torcoilrtoro Corrnqa no pe3yrrbraraM H3Meperr[i4 15,17:1g,2'.0 -25.03 1985 r. B nepeoru .nyqae 6r,uo ycpeg,eHo BoceMb cneKrpoB, BO BropoM - AeB.rrrb.rlo ocu a6cqucc ornoxeHa qacrora rcoae6auurz 

_u , to oa, up4rnu, - Knaupar aMnnr{TyubrA2 a orwocrdrerr,rrbrx currHr.{uax. B cpe4uux cM orqeuttro nruno Ar,rcKperHocrb rr}rKoB
B [r'rarra3orre qacror 1-4 urrr1, oco60 xprco ero csoficrso rrpoflBrrflercrr ua prac. 2,a. Hercoro_pble IoMI'IHHpyHiulae III4K]4 B AI'Iala3oHe 2-4 wlA qacrl4rrHo corlracyorcr{ B rrpe[enax125 rvrrclu c cyurecrBeHHbIMir IIlrKaMIr MorrlHocrr4, uafr4euurrnau lo BHearMocQ;epuuna resnae-perr4tlM nollrofr co:rueqsofi cBerr4Mocrr,r Ha crryrHr,rKe SMM [14] .

,44/4tonn.ei..
/,2

z 4 6 titr,fu,
Prc. 2. Cpegulre cneKTpbr MolrlHocrr.r rcone6asnfi paAr.rou3nyqeHr.rl ColnUa Ha BoJrHe 2,25 crvAnrr yqacr_KoB AI'IcKa c HaI{MeHBIlrIrM lpaA[eHroM paEr{otpKocrlr no na6nro[ennrM B fleptroA 15-25.03 t6as r.(a) u nns yqacrKoB Eucra conlua, cnrsurl}Ibri c rpyflnaMr.r nsreH cn Ns 17, lg n 20, no na6npAe-Hr.rflM B replroA f 8-28.03 1985 r. (6y
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,/4/4tontt.el.

6 rllht,

puc. 3. To Ne, qro Ha pr,rc. 2, Ailfi y\acrKoB Ar{cKa Conuqa c AenpeccHJrMl.r paAxorpKocrl{ (a) u W
yqacrKoB c norrruerusr"t, pagyorpKocrl,I (6) 11o Ea6r[ogeH]rtM B rlepuoA 15-25'07 1986 r'

IIa puc. 2,6 Mcrpetnafi crpyKrypa ILIKoB B I,rHTepBaIIe 2,4-3 uTtl xapaKTepl'I3yercfl

pu",r.1.rn.rr.rra 140 rwrlq, [oqTI,I KpaTHbIM I{3BecTHoMy 3HaqeHI'I@ Av =68 rrarlq [14. 151 .

flocrorury cM paccwrrllBilrlllcb c luaroM 13 rrtrfu, sKBlIEucraHT[Ioe paccrofllll'Ie EoM]IHI'I-

pyrc11114x rurKoB u CIr,1 ru ruKrrfle qacror orlpegerltrlrocb c roqHocrbrc 16,5 rurlu. Hapuc.2,a
,&,IcKperHafl crpyKrypa ru,IKoB a CM s,LIHrepBaIIe 2-3 ttIU xapaKrepl'I3yercrl paculellJle'

uselna216 uxfq, 6luercuv rc 3 Av.
Ha p,rc. 3 npegcrarneabr cpegHlre CM uo EaHHbIM na6lroEeunfi Bo BropoM uI{KrIe

lrronr i986 r.). B rcaxgoM cpelueM CM ycpeffreuo rlo EeBflrb creKrpoB. O6ognaqeuus

Te xe, qTo u Ha puc. 2. O6a cuerrpa I,IMercT A,OMI{tfl{pyPulEe [?IKI'I c nercOrOpofi xapaK-

repuoi El,IcKperHocrrro. .EJts CM ua puc. 3,6 B llurepBilne qacror l3-3,2 MfU xapaKrepHo

pairrl.nn.nr. 194 rv6lq, Snngroe IIo 3HaqeHlIIo rc 3.Av. nna CM Ha pI'Ic. 3,a n vactotttour

orrrep"are 3-3,6 vrrcIU cpegHee 3HaqeHIIe paculetrlleulrf, 218 rvrrlU x 3 Av. Hs upllregeu-

tlblxcpetrHl,IxCMrrapwc.2lt3rnguo,tIToBceoHHuMeloTMcrcpertlrfixapaKTep'IIpI{qeM
Ar,rcKperHocr6 B cneKTpe s 6onrueft crelenll llpoflBrlrercfl EIa CM, paccturaHHblx rlo EaH'

unvr ua6nro[euui yuacrroB corrHeqHoro E]IcKa c MIIJIbIM rpaEI,IeHToM I4 c.qeflpecc]Iefr pagro'

.rrpKocrg. Srsr,rpcrautuoe pacrroJroxeulre HeKoropblx ILIKoB B cpeEHI'Ix CM xpatno suaue'

unro 68 urlu, xapaKrepHoMy Elrff crreKrpa p-MoE rcone6aru.rfi Connua. [Io arvrmutyEHoMy

pacupeEeleHrryorl*,octr rcone6aru.ri HecKoJIbKo cMeuleua orHocI,ITeJIbHo proulnocur 5-pru'

,yrri6 nyrrcaqnfi SorocQepu (29-49 vrIU) s o6racrr HI43KI'IX qacror. Han6onruras

Morrlgocrb rore6arulft pagr4ol,I3lyqeul4f, ColrHUa or yqacrKoB, cBfl3aHHblx c ,IoKarIbHbIMI'I

[cToqr[,IKaMI,I lr [OBbruIeH]rfMr.I paEHoflpKocTll, COCpeEOTOqeHa. B I'IHTepBrIne qacToT 1,0-
3p r"rfu. Bonrruas qacrb MorrlHocru rone6anui r pa&toll3rtyqeuuu cuorofisoro Conuua

B oCHOBHOM CocpeAoToqeua B 4tatra3one 1p13,5 rvrft1. Cpegufi.fr aMfiItuTyAa rone6anufi

B r.rHrepBarre qacror 29-49 r"rlq pauna 0J K. Cpeauflfl. awrfittrryIra Korte6aHllfi B IIHTepBiuIe

qacror 5,5-6J prlu ne flpeBbrrrraer 0,3 K. VrasaHHrIe oUeHKI,t cEerIaHbI IIo pe3yrlbraraM

crreKTparrbuoro anarrrl3a Bcex AaHHbrx na6nroAenufi. flprcoctuax reMfleparypa cnoroftuoro
Connua Ha BorIHe 2)S cwr flpl{HrlMzlracb paruoft l0 140 K [5] .
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4. O 6cyxgeHue pacu[peHHbrx c[eKTpoB MorrIH ocrr{

C qemro TIoBbIIUeHI{fl pa3peueH}Ix e CM 6rurl Bbrqr{crreHbr pacu}rpenHbre crreKrpbr MouI-
uocrr{ (PCM). B orou c[yqae llcxo4Hble ,qauHbre ua6lro4esr.rfi a qnrne, o6reguueuurre
OAHI'IM nplI3HaKoM (cvr. pasgen 3), npegcranilflilLret eEIrHbrM pflAoM. PCM srr.rucnxruct
no lporpaMMe, pealr{3yro[Iefi Merol HaJroxegr,rfl onox [16] , B r.rHTepBaJre [ep]ioAoB or
2 q ao 2,5 rvrun Wfl 2000 upo6urtx qacror. Ilpoqegypa yaarreurtt rpeuga noao6na orucaH-
Hofr BbIIue. 3nannpuuecrcafl oueHKa nepxHefr rpaHr,rrlbr ypoBus ruyMoB B crreKTpe, coorBer-
crBytoulafi TpeM craHtraprHblM oTKJIoHeHI{flM (3 o) , paccur,rrbrBiuracb Arrfi rrflrr,r oEJ,rHaKoBbrx
TIoAAI'Iala3oHoB qacTor. .ftrcrpetnlre cocraBJlflIoullle B cneKrpe, aMlnlrry4a Koropbrx
rrpeBbuxana 3 o, crnnatucb EocroBepubrMrr.

Ha puc. 4 upegcranrenrr PCM xore6auufr papor.r3rryqeHufl Ha soiltte 2,25 cM no AaHHbrM
rlepBoro 4rrla ua6lrcgenrfi (uapr 1985 r.). Arrannlrry4a.42 arrpaxeua B orHoclrrerrbHbrx
e[I'IH]IUax, Ha Bepxuei IuKaJIe yKa3aHbI 3uaqeu[fl neptro[oB role6auufr P. Ha neprnrcalrsoi
IuKiIrIe clpaBa yKa3an ypoBeub ruyMoB 3 oa cuexrpe KaK cpeAHee 3HaqeHr,re 11o BceMy ,qr.rala-
3OHy qacToT.

Ha puc. 5 npegctaalenrr PCM rlo AaHHbrM Broporo qurcla ua6lrcgeuufr (uronr, 1986 r.).
o6ogHa.reuxrr re xe, qTo v Ha pua.4. Karc Br,r.qHo r,r3 puc.4tt 5, gucrcperuue cocraBJrfloluue
HE HMEIOT E4,IHOTO SKBI,Iru4CTAHTHOI'O PACIIONO)KCHI,Ifl IIO BCEMY CNEKTPY, XOT,fi B OTECIIb.
HbIx rro[Arrala3olrax r.rMerorc, Ase l,t 6oree cocraBrrrrmulr.re crreKTpa c pacqenneHuerv 52,
136,196,210 tncfq. Pacnpegenenple Mounocrpr rcore6anufi B pacuypeggux CM B ocHoB-
HoM coorBercrByer pacflpe[eneHl{Io MoilIHocrlr B cpe[H]rx CM. .Qrcrcpernue cocraBrrflrc-
rqlle s PCM, [p]l3HaHHbIe EocroBepHbIMrI, rloMeuleHbr s ra6[. 3 (CC - cnorcofrnoe Conu[e).

B cton6uax ra6n. 3 yKa3aHbI BeJII{qLIHbr qacror AocroBepubrx cocraBnrrorqux B cleKTpax,
[peAcraBleHHblx Ha puc.4 }I 5.3uaqeuua craGlrrrnr,rx qacror, coBnaAarculux B rrpeAenax
17 Mxlq (cpeAuee pa3peueHlIe n PCM) Mexgy co6ofr, Bbr[eneur,r nonyxupHbrM urprasroru.
B uoclegueu cron6qe yKa3aHbI 3uaqenfi.fl fieprroAa P, cootnetcrByrcilrero cpe4HeMy 3Haqe-
nurc 6nugrcrx qacror B crleKTpax. I4z ra6n.3 cnegyer, qro Bo Bcex qerbrpex pacilMpeHubrx
CM cyuectryrcr crabulruue (6rusxue Iro 3Haqeuuro) vacrorbr, npofiBrrflrcxrlrecfl s EByx
urII'I Tpex PCM. Benzqllubl nepl{oga, orMeqeHubre 3Be3[orrKoi, cooreercrByrouue HeKoro-
pbIM I'I3 gtl'Ix cta6lulbHblx qacror, Inusru K 3Haqeur,rflM nepr4o[oB KopoHarrbHbrx BorrH,
npI'IBeEeHHbIx n cnoguoi ta6nuqe e [17] u [18] . B pagr,rorsnyqelult cnoroiuoro Conuqa
Ha BorIHe 2,25 crv flpucyrcrByer cra6purnufr nepuoA 234,3 c, o6gapyxenurrfi paHee [1].B Nurepaale [eplroAoB oKorro 180 c cyurecrByer pflA cra6unr,Hr,rx nepuoloB role6anufi,
oAHaKo HI'I OEI'IH 143 Hl'Ix He coBna.u,aeT c flepuo[artau SyngaveHTaJrbubrx qacroT, cne!,yrc-
ulux I'I3 Teoperl'IqecKl'Ix rvtoAenefr [11]. B To xe BpeMfl uMercTcq 6nrEsrc[e ro 3Haqegr,r6)
IIep}Io[r,I: 171,6 u 155,8 c B cleKrpax rconeOaaufr crcopocrefi B reHr,i u noJ]yreHr.r conHeq-
nux nxren [18] .

Mrt c'lfiraetuI HenpaBoMepHbIM corlocraBrreu].re flonyqenHbrx HaMrI 3Haqeur.ri qacrot rcore-
dasuil paMol{3nyqeul,Ifl ConHqa Ha Borrue 2,25 crvt c rrorrnbrM crreKTpoM aKycruqecKr,rx p-Motr
nynrcaqHfi Soroc$eprr [15]. Ounaro, qro Kacaercn pe3yflbraros 6oroMerprqecKux r{3Me-
peanfr ua crryrHr,rKe SMM [14] , ro r{3 10 rvro[ nopflAKa n= 18 = 23 u creneuu I =O; l;
2 l:teclr, MoE [oprEKa n = 18 + 23 cre';1e:jiu t =O; l coBfla[aror c ToqHocrr,rc +12 rrarcfq c
qacroraMl4, [pencraBrIeHHbIMLI B ra6n.3. Onr.r orvreqelrrr n ta6lllqe [ByMfl 3Be3AoqKaMr4
I{ IIpoflBJlfircTcfl B ocHoBHoM B paAraor{3flyqenur.r cuorofiuoro Consqa. 3ror pe3yrrbrar o
BO3MOXHOM IlpotrBrreHHr,r aKycr[qecKr,rx p-Mo[ nynrcaqufi SorocSepu B paAHou3nyrre-
nuu cloxofruoro Conuqa, a raKxe cABLIT MaKcr4MyMa MoulHocru rcole6in[i piguoaprcocru
s o6nactr HI{3KI4X qacror (cv. pr,rc. 3,a u 5,a) He nporrlBoper{ar coBpeMeHHbrM flpegcraB-
rIeHI'IflM o [pocaqI,IBaHI{I4 aKycT}IKo-rpaBr,rraUrroHHbrx BorrH B nepexoEHyro 3C)Hy arvoc$eprr
Coruua [19].

Taxlrl'I o6pa3oM, pe3yrlbrarbl na6lrogeuufr pa4.ror,r3nyqeura cnorcoiuoro Conuqa ua
eonue 2,25 cM B reqeulle 60 u, BbInoJIHeHHbrx s 1985-1986 rr., B nepuoA Mr,rHr.rMyMa coJr-
ueqgofi aKTr4BHocrr,I, [O3Borrr,rJr].r o6rapyxlrrr MnoroMogoBbre Kone6aHro prgrorp*ocrr,
xapaKrepHble A,rf, nepexoEnoi soHtr arruoc$eprr Coruqa. flonyueuu cBe[egr.rfl o Bo3Mox-
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Ta6nr'rua 3

Ta6nuua Arcrcperxbrx cocraBJlfl nurHx cneKTpa MoIqHocrH Kone6aHHfi

I
7

3

4

5

6

7

8

9

10

ll
t2
l3
t4
l5
l6
t7
l8
l9
20
2t
22

23

24
,<

26
)1
28
29
30
31

32
JJ

34
35

36

37
38

39
40
4t
42
43
44
4S

46
47
48
49
50
51

53
54
55

56

1288,0

1425,4

rs6o2

qq) R

1058,4

12 15,8
1311,0
1373,2
t399,5

1550,4
15 8 3,2

1861,9
191 l,l
1910 ,2
216't,0

2s 86,8

2845 9*+

2996,2
3046 P* +

3 308,4* *

3406,8
349s,3

3784 p

395 1 ,l

4134,8
4164,2
4262,s

4636,2

s29s 2

57 34,6
s8 39,4
s980J
6006,7

966,s
10649

1232 I

1379 I

14 35 ,6
1517,5
1566,8
1616,0
l6 35 ,6

1825,9
)o) ) '1

2r24,3

2685 24*
27 3t ,l

288s,3
2934.4
3062,4

1035,4
I163,3
12221

l 370p
1409,3
t455,2

16192

942,0

817,3

t2t,o
705,5

641 ,0
618,2

313 ,3

366,4*
362,0*

35r,2

326,7 *

)R' 1*

263,9*
)(q 7

243,6

238,9
)1d 1*

2609,7
27 t4,7
27639

3239,54+

3s4r 2

38s6,1

3987,2
4105,3

4210,2

4659,3

5285,4

5544,5

s737 I
s81 3,3

6127,8
6268,8

6416,4
6639,2

3633,i
3652,7

3826,6
387 2,s

41938
4272,4
4298,1
4698,6

{r(, ?

s826,5
s967 ,3

,, )q I
229 t ,6
2672p
27409
27605
27 83 ,6
2849 2

2964,0**
3O7s J

3426,4

3547,9

3793,8
3846,3
3 895 ,4
4020,1
4105,3

4r77 5

4469,r

4842,8
4934,6

5 396,9
5564,2
5593,5

s\12,3
597 3,7
6016J

6331,1
6400,0
6423,O

i 89,0 +

114,3
t7 t ,6*
161 ,4
166,3

155 ,8 
*
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IIoM [poflBneHI{LI aKycr[qecKux p-MoE uyrrbcau[ft $oroc$eprr I{ KoponarrbHbrx BorrII B

Mr{KpoBorIHoBoM colHgrruoM il3ryqeuun, B cuertpax Morrluoctu rone6auufi srusretrr
AI,ICKpeIHbre COCTaBJIsTOtq[e, O6HapyXeHHbre paHee, H floflyqeHbr HoBbre AaHHbIe o crreKTpe

MorrlHocu xone6au.rfi caHTr.rMeTpoBoro paEr.ror{3flyqeH[f r{3 KopoHanbHbrx Abrp.
,[asurrx ua6nrcEemrfi, oEHaKo, rroKa HeEocrarorrno Erlr 6onee Aerarrbubrx r.r yBepenHbrx

BbIBoAoB. Pacuupeuue EI,IarIa3oHa GaHrl{MerpoBbrx BorrH upu na6lrcgeHr.rflx Ha PT-22 KAO
no3BorrllT a 6yayruenr [onyqarb 6onee un0opnaaruBxrrfi ua6nrogarenrurri naarepuut wl
U3YIIEHEfi BOIIHOBbIX ABIDKEH}Ifi B ATMOCOEPE COTTUA PA4,IOACTPOHOMI{qECKI,IMI{ METOEAMU.

BbrBoAbr

1. IIo ua6nroAeril.rffM Ha Borrne 2)5 cu orpanrrqeuHbrx o6nacrefi Ha gt,tcKe Coruqa c rpyr-
rraMu rrflreu, $norrcynoa, Kopouarrbnbrx Ebrp u yqacrKoB HeBo3MyrrleHnoro Connua o6uapy-
xeHbr MHoroMoEoBbIe rcone6arrfi, cotrepxaque 6flllsrue uexEy co6ofi qacroru,

2. .llgcrpernble m{KIr B c[eKTpax MoIrIHocrIlt rone6asuft palMofi3flyqeHufl, coorBercrByrc-
Iqr{e gTuM cra6}rrrbnbrM qacroraM, qactllqflo coB[aEarcT c rrepr{oEaM}r rone6auufi, sa6rrc-
AaBurilxcf, Bo Buyrpeuneft rcopoue, B olrlrqecKoM Er.rarra3oue.

3. llonyueurt HeKoropble cBl{EererrbcrBa Bo3Moxnoro [poflBJrenr,rfl B paEr,ror,r3rry\etuu
cnoroftnoro Conmla nau6oree c[rrbHbrx rro aMrurrrryge aKycrr{qecK}rx p-MoE uyrrcaqufi
QorocQepu.

4. Cpegurn aMrurl{ryEa rone6auri paguou3flyqesrx Conmla B r,ruTepBaJre qacror 2-4 rulJ.a

coorBercrByer I{3MeHeHI{aM .fipKocrnofl reuueparyprr Conuqa Ha Borrue 2)5 cvr ua +0,7 K,
a B [HrepBarre qacror 5,5-6J ulu grr lr3Meueur,rfl He npeBbrruarcr 10,3 K.

B garcnrcqenue irBropbr Bbrpaxarcr rny6oryro flpr{3uarerrbHocrr I4.I. Monceeay r,r .[.H. Pau-
KoBcKoMy 3a UeHHbre 3aMeqaHr,rff npu o6cyxgenuu pa6otu.
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yJIK 523.98

NPOCTPAHCTBEIIHGBPEMEIIHAfl CTPYICTYPA
MEIIIEIIHO H3MEILrnqErOC, MHJIJIIII'IETPOBOIO PA.UHOH3JIyIIEHH.fl

AKTI,IBHOTO COmTIIA

C. Ypno, lLI. Moucees, ff. Xurue6paHAr, A. Kprorep

Ha ocHosasrm r{ccJIeAoBaH[t 6onee 900 paAr{oKapr Consqa, [o[]^IeHHEIx B TeqeHue flocrleAgrrx neT
B MI{[n[MelpoBoM AuaIIa3oHe BonH, paccMarpr{Balorc, cBoficfBa S-xorruouentrt H AolroxuByrqlD( [crorr-
Hr.rKoB B Kopoxe, Onpegenxrotcx Qusuuecrue flapaMerpll, BBIcorbI reuepaul,tu s colHeqHofi atuoot[epe u
MexaH[3M sMr{ccru etux o6pasonwttrfr s paMKax coBpeMeuubrx naoAenefi. lloxaeafio, rITo crpyKTypa
[crotrnl,rKoB S-rorrruogegru uag $norryJraMu Bec.6Ma HeoAHopoAHa, Sartop 3arloJrrleHr,tt pa6eT c yBe-
m.rlexueM Em{HbI BolHBL Jlonroxuryque [crortr{rrKrr M}trIJII{MeTpoBoro pagr-rol{3rrpenr,r.a e ropoue Coilr-
qa I{MeIor renrrosoft rvrexag[gM r{3]ryrlegut, ogr,r B ocHoBHoM orITlrtIecKI{ ToJIcrEre.

TIME_SPATIAL STRUCTURE OF SLOWLY VARIING MILLIMETER RADIO EMISSION OF ACTIVE
SUN, by S. tlrpo, I.G. Moiseev, l. Hililebrondt, A, Kniger. - On the basis of investigation bf more than
900 solar maps, obtained at millimeter wavelengths during last years, main properties of S-component and
of other longlived sources in corona are examined. Physical parameters, generation heights in solar atmos-
phere and emission mechanism of these features are determined in contemporary models limits. It is shown
that S-component sources shucture is very inhomogeneous, the filling factor is increasing with wavelength
increase, Long-lived sources of millimeter radio emission in solar corona have thermal emission mechanism,
they.are mainly optically thick.

Hsyteuue coJlHeqHoro pa4{ou3[yqeHl,Ia B MlIJrrIHMerpoBoM EUarIa3oHe BoJIH Eaer Bo3Mox-
HOCTb rrpoaHarrr{3r,rpoBaTL B flepByro oqepeEb snsuvecrcue flpoueccbr l,I.flapaMerpbl xpoMo-
c$epHo-KopoHairbHoro [epexogrroro cnofr t4 KopoHbr Connua. Tarr.re uccregoBauuff 3HarM-

TeJrbHo EolroJrHffroT r.rH0opMaur,r0, [oIyqeHHyrc B Tpa4,rr[roHHbrx o[Tr{qecKoM r{ caHTI,IMeTpo-

BOM III{ana3oHaX.
llocre nepalrx Ha6firogerufi Connua Ha Mr.rJlrruMerpoBbrx BoJIHax Xarena lL,Z] uCuro-

MoHoBr.rqa [3] 6ruru r{ccJreEoBaHbr MHorr{e cBoftcrBa t{.3ryqeHrnfl, B o@6eHHocr[ S-KoMlo-
HeHrbr Ha 3rlrx ArrHHax nonu [4, 5] . Onuarco Eerarrlr r.rHreplperaur,rr,r B paMKax KoMIuIeKcHbrx
rvrogenefi r{ .A:urbHefiIllee pa3B}rrr{e Ha6flIotrerMfi c BbrcoKr{M pa3perrreHr,IeM Ogralorcfl elqe
aKryaJrbHbrMr.r [6]. Kponae roro, B rrocrreguee BpeMr 6rrru orrprrrbr trolrox[Bylrue
"rwtflnuMerpoBbre" I4crorrutrKtl BbIcoKo B KopoHe 17-91 ,9tn co6urn.r fiBlflw"tcfi flpoEorlxe-
HI,reM rroBblrrreHHoro r{3rryqeHr{ff rroclre Bcrrbrr[eK r,r gpyrlTr,IBHbrx rIpOTy6epaHLLeB c rIpoEOrIX}I-
TerrbHocrbrc B HecKorrbKo qacoB }uI,I 60nrrue. 3gecr paccvrarp]rBarorcfl 9T[I ABa BI{Ea EorIrO-
xr,rByruero Mr,rrrJrr.rMerpoBoro lr3nyrreHlrr or aKfl{Bubrx o6lacreft Connrla: S-ropruouenta r,t

KoponaJrbHbre r{crorrur,rKr4, Ha6nroAeuwfr 6blrtrt BbrlorrueHbr Ha papor{ccflegoBarenbcKofr
craHr[,I]r XeurcNHrcroro rexHorror[qecKoro yHr,rBepcr,ITera B MercaxoBu (Or,rrurar4lx;
l4-uerponoe 3epKano) n PT-22 Kpurucroft acrpo(br3llqecKofi o6cepBaropl{r AH CCCP.

.flonolunretnnar nnsopMarlr{fl 6rua uoryueHa r,r3 paEr{oKapr ConHua r{ccrleEoBarerlbcKofi
ra6oparoprr Xupanso [10] (fuoruar; l0-r"rerpoBoe 3epKaro).

I . S -rormonerrra comlerlHoro paE{ol{Bnyleilrrfl

H: paccuorpeHr{f, 6onee 900 pa4.rorapt Colnqa craHl[ru B MercaxoB[ u Kprrvrcxofi
acrpo$ueuvecrofi o6cepuaropnu, fionyqeHHbrx e 1978-1983 rr. B MI{nJrI{MerpoBoM

[uarra3oHe Errr{H BOJIH, 6rilI,I SH[eleHbr OKOTIO 275 UryUael, rAe xopouo BI{ffIbI [cTorIHLlK[

S-rotrauonenrbr, pacnonoxeHHbre B refl[ogorrrornoM HHTepBi]JIe + 50o or ueHTpirnbHoro
Mepr,rpaua Comrua 6es sHa,errenrHofi acurnuewloft aKT[BHocr[I. I4s sroro Mareprlafla 6brrl]I
IIOJIYIIEHbI flPKOCTHbIE TEMIIEPAiYPbI I,I I4X CTAHEAPTHbIE OTKIIOHEHAfiNIfr I{CTOTIHI{KOB S-XOVT'

rroneHTbr. Pesyrnrarrr cpaBHuBirrrucb c paccrmrauubrMl,I coulacuo pac[peEenenlrlM SrIeKTpoH-

Hofi uJrornocrr{ r4 reMrreparypbr (7) B MoEerrffx,o[y6[I{KoBaHHblx B [11]. ,[nr pacrleroB

6rurr ncnoub3oBaHbr [olygM[r,rprqecKrre IulocKoclollcrbre pacrlpeEeJleHl{fl [apaMerpoB EJIfi
Tpex xapar(repHbrx cocraBhqroulwxt flp;pa colHerrnbrx uxren (n), rrpKllx grreMeHroB f,nor-
1N2
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Puc. I
Pnc.1, PacupeAeJreul{e TeMIrepaTypBI c grrcoiofi HaA rlrr'
Harr,rr.r (n), B tlrKlrx gJreMelrrax Qrorrynos (On)
la Erts cloKofi]roro Colnqa (cn) uo nonysMrlllp]ItlecKlrM
MoAerrtM [11, 12] rr Arrtr na6mogeuurrx xonoflHbrx
(x) r roprwx (r) qagreil nocneBcflbrr[eqHBrx Kopo-

HaJrbHbrx ucrrouHuror [9]

Pnc.2. Paccq[fauHble xapaKTepHEIe BBrcorBI gMlrccil]l ;
S-xorvrnonenru B MrurlllMerpoBoM Al{ana3oHe (r.= l)
(a) u u4ctornEle 3aBr{crrMocrn (A (H - pe3yrrrarrl
na6nogenuft)

hrc. 3. PaccqrraHulre qacrornrle 3aBrlcrlMocrlt ffpKocrHblx
reMlepatyp ArIt oAHopoArloft MoEerIu c pa3rIuqBBIMI.r

BeJIrrquHaMr{ grleKTponEbrx TeMlepaTyp,' enerrponrofi
nnornocru (try'r) u pa3MepaMl{ uenyuaroueft o6nacur
(L) no cpaBueHr{ro c AaHHBrMr.r na6rroienrfi ,sroqul{-
KoB Ha Btrcore 50-120 Thrc. KM (I) u srcrpeuarlbxhrM
cflyqaeM (300 rrrc' ru - rPYxrr)
Cnrroruras ttuttti,i - loz K, ur,psxoauq - los K' nyh<-
Trp' * lO4 K
A - N. = lgt rM-3,' As = 1O7 ra;
E - N-" = 1Ol EM-3 r' As = lO6 rvr;

B - N" = lgl 7M-3,' As = 1O7 M;
F - N. = lOl 7M-3,' As = lO6 u;
,4 - Ne = l0r 6M-3,' As =.107 rvr;

E - Ne = 1Ol 6M-3,' As = 106 lr

tl
Puc.2

Lg 4.K

A

Lgf'tu

ftic. 3

/z
f,ky

ZZa/

,//

2

//

KyJroB (<bn) r croKofiHoro <poua (cn). Pesynrrarrr pacrleroB rrpl{BeEeHbl Ha pLIc.' I Alfl
pacrpeEerreHlr.E reMneparypbr c Bbrcorofi. Ha puc, I upuuepeuu raKxe pacrpeEe]IeHl{f, r EIIff
Ha6[roEeHubrx "xorroEtrrbrx" (x) ta "ropf,rtrrx" (r) uacrefi flocrleBcrlbllueu{blx KopoHallblrbrx
I{CTOIIHI,IKOB [9].

Ha oorose raK[x MoAeJrei.paccrrrTbniurcfl rrepenoc ropMo3uoro [I MarHuroropMo3uoro
Lr3rryqeHr,Iff rro EaHHbrM [12]. ManruroropMo3Hoe r{3rr} reHr{e, KaK noKa3aJM pacrlelbl, urpaer
He6oJrbr[yrc poJrb B MI{AJII,IMeTpOBOM IpIa[a3OHe BOJTH.
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llonyueunrre B pesyrlbrare pacrreroB eQi[ercrrnnnre Bbrcorbr gunccl,nu (r.e. srrcorbr, rge
ourl{rlecKafl TorIu{Ha npu6nuxaercfl K eEuHr,rue) u rprociHbre reMrreparypw Tr rroKa3aHbr
Ha pLIc. 2 gra raxgofi cocrasnrpuefi, CpeEur,rft cnerrp r{3lryqeur{fl, nonyueHurrft rro EaHHbrM
ua6nrogegufi (xoroprfr o[peEerrflncfl KaK cyMMa ro BceM cocraBJrflrorul.ru), o6osuauen
urrpuxorofi nusweit rua puc, 2,6,

Cregyer [o4repKHyrb, qro orgeJrbnbre cocraBJrflrorque r,r3rr) reHrrf,, B qacruocrn s o6nacru

Snorrynon, B Harrux na6rrogennsx He pa3peuenu. Ecnr flpeA,fionoxnrb rrpr{MeHr{Mocrb
MoEerIu lr cyulecrBoBzrHr.re cMerrrerr.rfl. ?Mt4cct4t4 spKr{x srleMeHroB $rorxyron (<[n) co cno-
xoftur'ru Sonovr (cn), uoxaro Bbrrucrrr.rrb rosQQuquenr 3arloJrHeHllf, q, Koropbrft npr,r6nrn-

xenHo oueur{Baercfl crreAyroulr{M o6pasona :

q = (T6n(u) -fcn <,rl )/(Io, (r,a) -Icn (r,r) ),
rge 6yrutt (n) u (u) o6ognaqaror ua6nro4arenrHbre r,r pacrrerHbre no Mogerrr{ BernrruHbr coor-
B ercrB eHHo. Pesymrarrr an.nl clIdrura [prlBeAeHbl Hr,rxe

I, MM 13,5 8,2 3,8

"f, IIrr 22 37 81
q 0,07 0,03 0,02

I4s grtlx EaHHbIx BLIEHo, tITo rlapaMerp q pacrer c yBeflilrleHlleM Ar]IHbI BorIHbI. 9ro corna-
cyercff c npeErronoxeHlreM o pacrrupeulrr{ c srrcoroft MarHI,ITHbrx nonefi aprux $uorrynrnrri
TOIICK. B PESYNITATE MOI(HO 3AKJIIOIMTb, IITO CTPYKTYPA I{CTOqHI,IKOS S.TOMUOHEHTbI HAE

@norrynarwr flr,nflercfi BecbMa HeoErropoEHoft u Eonxua KourpoJurpoBarbca cy6$orocSep
HbrMu [poueccaMH pa3Br,rBaroulerdcfl MarHr,rrHoro noroKa (arurrnue ernx Qarcropor rpe6yer
Eahrnefturero usyrerutr),

' 
2, Kopoxarrrrte [cf,o!trruKu MrrnJruMetpoBoro H3rr]rqerluf,

Kpoue o6rrurrx lIcrorIHI,IKoB, Ha HI.I3KI,Ix Bbrcorax B rrepexoAuofi soHe r.lHorEa o6Hapyra4-
Barorcfl TaKxe ucroqHllKr{ Mr,rJlrrr{MerpoBoro u3fiyqeHl,Ifl Ha Bbrcorax B HecKorlbKo EecffTKoB
rbrcffq Kr{[oMerpoB Hag $oroc$epofi, xomyqlle HecKorlbKo qacoB (unu 6onee) [7-91 ,

Errro paccrrrorpeHo 6onee 1500 paproKapr Comrua Ha Mr.rfl[r{MerpoBbrx BorIHax, rrolry-
rreHHbrx Ha rpex craHr[,rffx, B MercaxoBu, Xupailso u Kpruvry, u oro6pauo 34 xaparrepuux
r{crorrHr{Ka Ha Kparc Conmla Ha rracrorax 37 ,32 n 22 lla, Brrcorrr orllx rlcrortrflIKoB o6blqHo

AoxoEffT go l2O rbrc, KM nag Soroc$epofi, 6onee roro, 6bur o6xapyxeu lrcrolIHI,IK Mr4lutu-
MerpoBoro u3rryqeuufi Ha Bbrcore He MeHbrrre 300 rrrc. rrra [13]. flocrconory Bbrcora rloflo-
XEHI,Tff 3TI,IX I{CTOIIH}IKOB .ffBHO OTJII{qAETCfl OT O6bIIIHbIX HCTOTIHI,IKOB S.TOUNOUETTTTI (CTTA.

ptttc, 2ra), rr,Irurrrubre flpKocrHbre reMneparypbr lrcrorrHr{KoB nopagKa 104K ra ErI}ITeJrbHocrb
s o6ueM rreirure oEHr,rx cyroK, grlr ffBJleHlrfl, oqeBlrAxo, o6ycnoureurr aKTuBHbrMI,I [po-
ueccaMl{.

3ro sarnp.reHr.re [oArBepxEaercff crreEyrour.rMr{ Qarcranau: a) cyqecrryer cBfl3b or}Ix
co6urrft c aKrr{BnbrMr,r npory6epauqawr (apravru) a evrnccuu Ho [8, l4l; A ua6rpgarctcq
@BIIaEeHI{fl C EOATOXI,IByUIT{MI,I r{CTOqHr{KaMr,r MflrKOrO peHTTeHOBCKOTO E3IIyqeHl,Ifl;

r) 6onuruaxcrBo r{crorrHr{KoB oKa3arrncb cBfl3aHHbrM}t c xponaoc$epubrM}I BcrIbIIuKaMI,I;

r) ucro.mnr[ co[poBoxgarorcr Bc[[ecKaMlr flocrleBcflbrltteqHoro crlaEa [IHTeHc]IBHocrlI
Ha caHrr.rMerpoBbrx nonnax [15] .

Baxnrru BonpocoM EBJIflercff o6rrcneruae MexaH[3Ma I{3JI} IeH}Ifl paccMarpl{BaeMblx
HCTOIIHI,IKOB.

flatvr xaxercx, rrro MarHr,IToropMo3Hoe lr3rryqeH[e He rloAxotr[,IT no cneAyloullM IrpHrM'

uanr: a) MarHlrrnbre [orrfl EoJIxHbr I,IMerb oqenr 6ortrus'Ie HanpflxeHxoctr'r (- 800 Ic);
6) eHeprna eJreKrpoHoB AoIrxHa 6arrr oqeur BerIlIKa (T16 - 10e K); a) npogonxeHl'Ie

cr{HxporpoHHoro cneKTpa ne na6rrogaercfl B canrrlMerpoBoM Euarla3oHe BorIH.

lloerorry peaJrbHbrM MexaHr.r3MoM MoXer 6rrrr ronrro relJloBoe ropMogHoe LI3rIyqeHI,Ie.

Torga sogH[Kaer Bonpoc o BeJr[rrrnHe oumqecrofi rorlu[I r I,IcroqHuKoB, Koropaff 3aBucl{r
\
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oT gJIeKTpoHHofi TeMfleparypbl I,I 3[eKrpouHofi [rroTHocrr,r ncrorrHl{Ka, a raKxe or pa3Me-
poB I'I3flyrlarcqero o6beMa ,,o flyqy zperuwx L..

Ha pr'rc. 3 noragaurr xapaKrepHbre qacrorHbre 3aBr,rcr,rMocrl,r flpKocrHoft TeMrleparypbr
Tn A,JI{ oAHopoAHofi Mo,qeJrI,I c pa3rII,tqHbIMu BerI,IrMHaMI,I gJreKTpoHHbIx reM[eparyp,
3JreKrpoHHofi rrJrorHocrr,r lr pa3MepaMr,r r,r3Jryqarcueir o1rilacrfi, [onyqeHHbre IIpII noMorq]r
Ll3BecrHbrx $opuyn gnt ror$Suu[eHTa nomoqeHr.rfl ra flepeHoca H3jryrreH[ff.

Ont[qecxar rorllua r N I floi]yqaercf, Arrfl I,IcrorIHr,rKoB c pa3MepaMr,r [o fiyqy 3peHl,rfl
.L, upuaegeuubrMlr 4lrfl [pr,rMepa B ra6nlrqe, rge T = 104 K (cu. rarxe [9] ).

l0e '7 . t04 2. l}s 106

Orcrcga MoxHo 3aKJIIorMTb, qro 6ornuuHcrBo Ha6rrrcEaeMbrx rrcrorrul,IKoB EorrxHbr
6rrrr onrrqecKl{ TorlcrblMu. Tar KaK orrrl{qecKafl Torrua naEaer B cropoHy 6onee srrcor[x
rIacToT, I'IsMepeH[e cleKTpa [orlxHo AaTb Bo3MOXHOcTb OrrpeEelrerMf pa3MepoB r,r3lry-
qamulero o6terra.L.

Puc. 3 u ra6rulqa yKa3blBalor raKxe Ha ro, rITo onrllrlecKl{ ToHKr,re }IcrorIH}IK}I c Bblco-
KLtMr{ TeMleparypaMr{ He rlcKJrroqeHbr, Ho ou}r r.rrparor MeHbruyrc polr, CyuecrBoBaH}Ie
TaKI'Ix ropflrMx cocraBJralouux ua6nrcEaercf, TaKxe B peHTreHoRcKoM El,Iaflagone. Malar
ollrllqecKafl ToJrIqa Ha6firc[aercfl, HarIpI,IMep, B clyqae oqeHl 6onrtul,tx Bbrcor (300 ruc. rvr)
I,ICTOIIHI,IKOB MI,IIIJII'IMCTPOBOTO II3NYIICHI,Iff B KOPOHE CONUUA [13] .

Ozcagaenarfi xoA -flpKocrnofi reuneparypw T, xorroAHbrx (x) r ropa,urx (r) vacreft
KopoHilrlbHblx MuJlrlrMerpoBbrx rlcrorlHr,rKoB orMeqerrbr rurpHxoBbrMu ltur.r4flMirr Ha puc. l.
I'Ig csoftcrs Bcex paccMarp[BaeMbrx KoM[oHeHr MeEIreHHo rr3Meuffrorrlnxcfl Mr{rrflr,IMerpo-
BbIx I'IcroqHI,IKoB MoxHo 3aKJlroqr,rrb, qro ll3flyqalouafl [rra3Ma conueqgoft aroucoeprr lueer
BecbMa HeoEHopotrHyro crpyKrypy KaK B nepexoguoft 3oHe, raK u s carvrofi *opone. Taxue
Heo[HopoEHocTI'I TeMIIepaTypbI I,I slerrpouuofi [rloTHocTr,r, HecoMHeHHo, rroKa3blBaroT Ha
Hitlrqrle MarHI'IrHbIx noneft r.l .yKa3blBalor ua ueo6xo4,rMocrb EitrrbHeftguax ua6nrogeur,rfi
c noBbrrueHHbrM [pocTpaHcTBeHHbrM pa3perueHr,reM.

.I[era6pr 1987 r.
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O BO3MOXHOCTI,I OEPASOBAHI,I.fl BCruIECKOBOTO KOMNOHEHTA

COJIHEIIHbIX IIYMOBbIX 6YPb

3A CqET PACCE.flHI,II PAIII,IOBONH B COJIHEqgOft KOPOHE

E.O.I0Porcxrd
floxasaro, qro MHorr.re r{3BecrHbre csoftcrsa congerlHblx IrryMoBBIx 6ypr (ltIB) Moryr paccMarpvBaTbcfl

KaK ecrecrBeHrroe cneAcrBue npoqecca paccef,Hr,L pagl{oBonn s typ6ynentnofi mague conueqnofi KopoHEI.

Ilpn erorvr c eEuuofi touru ipeaux yAaercs o6rscHIlrE HarlpaBJleuuocrb LI3nyqeHLl, scmecxos I rl'Ina,

nx rpoAorrxr.rrenrgocrl, o6paaouaru.re KoHTr.{HyyMa IIIE, srcnoxeuquarlbHocrb xapaKTepa pacflpeleneHl{t

ruroTHOCTI,t BepOTTHOCT.II BCTUTeCKOBOTO KOMIOHeHTa l{ Epyrue oco6ennocru IilE,

ON THE PROBABILITY OF A BURSTS COMPONENT FORMATION IN THE NOISE STORMS

DUE TO RADIOWAVE SCATTERING IN THE SOLAR CORONA, bY .YU,F. YUTOVSICY._ It hAS bCEN

shown, that well-known properties of solar noise storms might be considered as a natural outcome of the

radiowave scattering in tilbuient plasma of the solar corona. Thus, it is possible to interprete the directivity
oi it. t-typ. bursti emission, their duration, the noise storm continuum formation, the exponential cha'

racter of ihe density distributign of the burst component probability and other pecularities ofnoise storms.

Halu.rUe MHoxecrBa [por]IBopetrr{Bbx rr{rrore3 nporcxoxAeHl'Ifl BcrllrecKoB paE}Io'

TI3JIfIeHI{fl I utua Bo BpeMfl coIIHeqHbIx uIyMoBbIx 6ypr (lilB) HapfrEy c HeKoropbIM}I

ffiJreHI,IffMI,I 14 ocodeHHocTffMl,I, HeofibficHI'IMbIMI'I B paMKax 9TI4x n'IIloTe3 [1]' BbI3bIBaeT

Heo6xopMocrb repecMorpa fioxr.rBrruxcfl rpetrcraBnel{}Ifi o [pupoAe IIIE. Mu o6patwwr

BHr,IMaHr{e Ha ro, qro rrpu }rccJreAoaauu[ IIIE o6brrlHo paccMarpl,IBaercff TorIbKo yBerMqeH'Ie

yuroBbrx pa3MepoB r,rcrorrHr4Ka r,r3-3a pacceflHl,Ifl pa&IoBoiIH Ha HeOAHOpOAHOCTflX COnHeqHofi

KopoHbr iZ, Zl-, a Hel,r36exHocrb Bo3Hr.rKHoBeHI,Ifl [pI,I 3roM $nyxryaqufi I{HreHcI{BHocrI'I

ruua ,,ttepua]flltir" He [pr,rHl,IMaercfl Bo BHI{MaHI4e. Ilpraso4auoe HI'Ixe }rccJreAoBaHI'Ie cBu-

EererrbcrByer o roM, qro xapaKrep ornx Qryrcryaqufi upr orpeEeneuHblx ycJloBl{flx paccefi'-

HLrfl ItMeeT 6lt{grOe CXOECTBO C HeKOTOpbIMI,I OCHOBH6IMI'I CBOfiCTBaNII'I IIIE.

1. Morynrogfl I{HTeHcrrBHocm pal[rou3lJ^Ienrrff'
,flpoxoAf,uleno qepe3 HeoEHOpoffryIO CpeEy

Pacqurorpnn pac[pocrpaHeHr.re KBa3r{MoHoxpoMarl,IqecKofi BoJrHbI or llepBurlHoro I'I3o'

rponHoro r4croqHr,rKa n ryp6ynenrHoft r,roru3oBaHHofi IrJra3Me co clyqailHblMl'I HeoAHopoA'

,t"ruorn. Heoguopoguocr,t, npegroJlaralorcfl Kpy[HoMaclxta6nrrml (xaparrepurfr pa3Mep

/" ) tr, rge B - EJrrnu ronnur) , rururruru'I (A (/", rge / - tonu[rrracilofl,IlpofiEeHHoro
Borrgofi B HeogHopognofi cpege). IIpu erux ycrroBuflx npLIMeHI,IMbI 3aKoHbI reoMerpl{qecKol'I

orrr,rKr,r [4, $ 261 . Bluxnrae perynxpuofi pe$parqil[ paMoBoJIH B colHeqpoft KopoHe Ha

Ha6[roEaeMbre cBoftcrBa llIE secrNaa cyuecrBeHHo, Ho Moxer 6urr yuteno rIo3AIIee.

Hanouuuna cyrb perrreHHofr erue Poreeu 3zrawt o cBoficrBax BoJIHbr, nporlleErrlefi qepe3

CpeAy Co arryrui"o MeHffIou${MItCf HeoA,HopoEHocrEMI4. .[Ira aroro I{3o6pa3I'IM Ha pI{C. 1

flocJre[oBareJrbgbre Bo BpeMeHr,r tn ce\ertlrfl, Qponra r/n [epBoHaqarlbHo IrJIocKoft BolHbI ,',

rpolne,rr,Inefr qepe3 cpeEy Z c usNIeHrrcu.PIMI,Icfl HeoSIopoAIIoctwwrni(t). [Iocne rpoxoxEe'

Huff cpegbr r433a Br74flHr4fl HeogHopoAHocrefr Saaourtft Opory BoIIHrI Syger ue IIIoCK]IM.

Ar.lrnllryga rroJrfl B rorrKe Ha6nrcAeHr,rfi coulacHo rlpl,tHllrlfly ftofirenca-@peuenilIBJlf,ercf,

Cyunaofi KorepeHrHblx 3IIeMeHTapHbIx rone6aUUfi' ucxoAflll$X oT $UKTXBHb1;1 BTOplItlHbIX

ucroqHr.tKoB, HelpepbrBHo pacflpege[enHbrx Ha BcrloMorareirbHofi IIoBepxHocr}I. B KaqecrBe

BqrroMorareJruuoft norepxuocru urr6epeM IrIIOCKOCT6 P, lreptreu4'IKyrrApHyrc flyqy 3peH1lff

yAaneHHoro Ha6flrogarertr rr paclofloxeHHylo Ha rpaHltrIe flpenoMllflrcIqeft cpeAbl Pacupo'

crpaHeHr.te paguoBonH o, uoaepxuocrl,r P K Ha6flroEarerlrc 6y4eu lloJlararb IIpflMoJIuHefiHbIMr

IIpz yra:auubrx ycJroBr,rflx cJroxeulre Kone6aul4ft B roqKe Ha6rloAeH[fi [po]Icxo4lr c yqeroM

,Jf *a paoHocrn $a3, Koropyrc r{Meror KoJre6aHI{r Ha rrrlocKocrfl P. CyrvrrrnaposaHlle Korle6a-

nr,ri yurbauo rroKa3aHo Ha pr.rc. I s g[Ee BeKropHblx MarpaMM ,[n @a,zoarre coorHolueHlIfl

Mexgy Hr4Mr,r B clfi3vr c ryp6yneuurocrbro cpe[bl Ll3MeHtrIorcfl clyqaftHblM o6pa3oM I'I ofHo'

Cr4TeJrbHo MeEIIeHHo IIo Cp,IBHeH[Irc c [epI4oEoM ll3flaeMofi paAUoBoJIHbI.
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@nyrtyaquft aHTeHcr,rBHocrr,r B pe3ynlTare paccefl.Hufr

Pesyrrrar cyn'rMlrpoeamlx MHoxecrBa roreOaulrfr co cryuaftuo MeH.fironI,rMr{ca $asauu
I{3BecreH (nanpurraep, [4, $ 2l]) rI rpeAcraBnser co6oir raKxe crryqafruoe xole6aur",agl ,
ycrloBHo uao6paxenuoe a upaaofi qacrlr puc. 1. Paguonrerp paAuorerrecKorra, KaK r,r3BecrHo,
perllcrpl'Ipyer KBaApar orr6aroulefr cyMMapHoro rcoae6ariux, r,e. r,rHreHcr,rBHocrb cr,rrHzrra,
Pacupegeneulle IUIorHocrI{ BepoflTHocru onr6arouefr cyrunaapnoro xone6arufl orl4cbrBaercfl
3aKoHoM P3[ex, a I,IHreHclIBHocrb paclpetrerleHa no 3KcrroueHrlr.raJlbHoMy 3aKoHy (cru., na-
rpr,rMep, [5, rr.2, g 4]).

Curyaryun npra o6pasonauuu IIIE orrlllqaercfl or paccMorpeuuofi er,rure reM, qro r{3-3a
cpaBHI'ITeJrbHofr 6nr'rsocrl,I ucroqHl,IKa t,t3flyqeHrlfl K rpaH]rue KopoHbr uepBr4rrHafi BorrHa He
ffiItfrercfl' ulocrofr. OasosrIfr Spour BorIHbr vn (puc, 2) ua srrxoge r.r3nyqeHr,rfl r,r3 KopoHrtr
ocUnJlm'Ipyer oKorlo c$epruecrofr IloBepxHocrr,r K, qeHrp roropoft Haxogr,rrcfl B roqKe pac-
flofloxeHl'Iff I4crormrlKa.l, Ifto6ofi sonuosofi Uyt vn nepeceKaer rrlrocKocrb P s reqeril,re
HeKOTOpOTO r.rHTepBiIIIa BpeMelm 

'3, 
olpeAenfleMoro pa3Hocrbro Mexgy MoMeHTaMr'r [po-

xoxgeullff nepnoft r nocnegnefi ToTIKI,I [aHHoro Uyra qepe3 gry rrlocKocrb. B peaynrrare ro-
repelrruoe cJroxeuue rone6aurfi raxEoro qyra BolH pacrtrrl{Baercfl Ha BpeMfl / 3 . Kpoue roro,
IrrlocKocrb P op,nonpeureHHo nepeceKaer HecKorrbKo BojrHoBbrx t\yroB un, xone6aH[q rcoro-
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Pnc.2. flepeceueuue r<naslrc$eprlecKl,IM SpoHror'r BoItHr,t un IrJIocKocrH

pbrx HeKorepeHTHrr. OAuaro ofl.I6arcug,Ie In cyrv.wapublx cI{rHaIIoB CoceAHI,Ix UyroB ,r, Mo'
ryr oTn[rrarbcf, He3Haqr4reJrbHo, raK KaK CKOpoCTb nepecrpofrKl,I HeoEHopoEIIOCTefi, [o'BI'IIpI-
MoMy, MHoro MeHbrxe cKopocrlr pac[pocrpaHerilLfi. paMoBorIH. fIo3ToMy trrIfl yflpoqeHl,Ifl

paccyxgeHr,rfi MoxHo Aorrycrr,rrb, qro $nyKTyau[]I I,IHTeHcI,IBHocII,I Irscex BoJIHoBbIxuyroB,

otrHoBpeMeHHo rrepeceKaroul[x mocKocrr P, KoppeJrLIpoBaHbI Ha I,IHrepBiIJIe ,3, flocrolrry
BorrHoBbre {yfl{ CJreEyror trpyr 3a [pyroM, ro $nyrryaUul{ I,IHTeHCI,IBHoCTI,I Kax[oro IIocJle-

Eyroqero Uyra 3arra3trbrBaror Ha cooTBeTcTByIouIee BpeMfl oTHocI,IreJIbHo $nyrryaUufr lpe'
trbrgyr.qero uyra. TaKr.rM o6pa3oM, B TolrKe Ha6rrc,qeru,Ifr flpoucxo&,lT cJIoxeHI,Ie KorepeHT-

Hbrx cocTaBrrflrorru{x KaxAoro L\yra u cJloxeHue cEpI,IHyTbIx IIO BpeMeHlI KOppeJII,IpOBaHHbIX

Quyrryaqfifr r{HreHclrBnocr}r pa3ubrx uyroB, s EaHHrIfi MoMeHr flepeceKalou[lx tulocKocrb P.

Kar nerro rroHffrb, crroxeHlre o4rHaKoBbrx cryqafiHblx QyHrqLIi trpl,I HapacrarculeM Bpe'

MeHHdM c[Blrre gKBr,rBaIreHTHo otrepauwl HeHopMLIpoBaHHoro cKorlb3flulero ycpeEHeHI,IE,

B pesylrrare raKoro cyMMllpoBaHlrfl sKc[oHeHUI{iIrIbHo pacflpeAerleHHblx cocraBrlflIolryIx
B crreKTpe BbrxoAHoro cyrr:Huta noflBrrfleTcfl IIocToflHHafl cocTaBrlffIoluax Fq I{ ocJla6JlflrcTcff

6ucrplre Snyxryaurara, r,rMeroq[e Elr{TeJrbHocrr 16 ( t",Br,wuue apeueunciro ctrpllra Ha pe-

3yJrbrar cyMMlrpoBaHr,ra MeE reHnbrx Sryrryauuft Ell,IreflbHocrblo 16 ) /, uesxa.u,treJlbHo,

l,rx flaplll,lz]nbHbre rrHTeHc[IBHocTI,I cKIaAbIBaIorcE, o6pa3yff co6uue 4", Hararatoueecr Ha

86. tlpr aroM trpoltcxoryT cJroxeHr{e r{HrencrlrBHocrl{ cyMMapHblx rone6auufi pa3n[qHblx
qyroe 6e: cyqecrBeHHoro r,r3MeHeHlrfl xapaKTepa flepBoHaqiulbHoro 3KcIIoHeHIII,taJIbHoro

pacllpeEen eHr,Iff IrJIO rHO CrI,I B epo ETHO CTI,I.

Cynrnrapoaanue Qnyxryaqui npovrexytovuofi glureJlbHocrl,I T6 - tt flpI'IBoI['Ir K IIo-

ffBrreHnro B cocTaBe BbrxoEHoro crrrHarra KaK nocToflHHoI,I, TaK I4 HOpMaJIbHO pacfipe[elleH-

uofr nepenaenHofi cocraBflflrourrx. CoorsoureHue MexAy rlocrotrHHofi, HopMiIJIbHo I{ sKcIIoHeH-

u[It]JIbHO pacflpeAeneHHbrMu cocTaBnrroull4Mrr B IOJIHOM BbIXOEHOM C]IrHarIe 3AB,dCITT OT gHep-

ruu $nyxryaUufi, saxnrcqeHHbrx B KaxAoM coorBercrBylouleM ALIana3oHe EII,ITeJIbHocrei.
Ilogpo6urrfi a:aarwr3 3rr,rx cBofrcrB pe3ynbrlrpyrcuero ct4tnuru MbI ocraBrlffeM Ha dyEylqee,

a cefiqac lrurrlb orMerl,rM, qro ru,Iana3oH Errl{TenbHocrl4 T6 -tr, garouufiuopMiIJIbHo pacflpe-

AerreHHyro qacrb clrrHaJra, MHoro MeHbue Bcero Ma[a3oHa AJII,IreJIbHoctr.r $nyrryagrafi. IIo-
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3TOMY BruIAA HOPMIUIbHO PACIIPEACIIEHHOfi qACTI,I C?ITHAJIA B O6I.IIEE PACIPEEEIIEHI,IE IIJIOTHOCTTI
BepoflTHocrr,I MoxHo oxuAarb He oqeHb 6onrru,ru.

Taruu o6paaotl, B pe3ynbrare Ilpoxoxgeluff HerrnocKofr Boluu uepes ryp6yneHrryro
cpeAy B roqKe npueMa Bo3Hl4Kaer cl,lrHiIII, cogepxauprfr nocrofiHHyro I{ Ioqfl,r sKcrroHeHrlr,rirrrb-
Ho paclpeAeneHHylo nepeMeHHylo cocTaBIIflIoIryIe, Tarcofi cocTaB cr,trHrrlla xapaKTepeH Arrt
IilE, n roropbrx pa3rlrqarcr Qononufi (rouruuyamurrfr) r BcrrIIecKoBbrfi ($ryrryrapyrcuufi)
KOMnOHeHrbr, 3xcnoueuqualruui xapaKTep paclpeEeJreHr.rfl o3Haqaer, uro slyxryaryru
I4HTeHCI,IBHOCTLI IpO]ICXOAflT He CI4MMeTpI,trtHO OKOJIO CpeAHerO 3HaqeHr4.fi, a lpelcraBrlffroT
co6ofr oAHocropoHHI,Ie orKJIoHeHI,Ifl Tr,rla r.rMflyJrbcou. Orgenruyro $nyrryaqllro r{HTeHcr,rB-
HOCTr,r, [peAcraBrr.ffrorlyro co6ofi MaKcr,rMyM, nexauri Mex[y [ByM, Mr,rHr,tMyMaM]r, rro rpa-
ptt6u 6ygeM Ha3brBarb BcnJIecKoM I tura, a Becb $nyrryupyrour.rfr curual - scuecrosofr
rcounoueHrofr IIB.

I,Ig rruoxeHHoro Bblrre cJlegyer, qro rrpu HeKoropbrx BrrorrHe ecrecrBeHHblx ,ycJIoBI,Iflx
r{3nyqeHr,re nepBr,rqHoro r4crorrHr,rKa rrocre flpoxox[eutrfl uepes ryp6yneHrHyro cpegy Moxer
npuo6pecut cooficraa, HafloMl{Harory{e csoficrsa r43rryqeHHff IIIE. Paccrvrorpr.rM, rroArBepx-
Laercfr. Itt4 ora rI,IIIore3a [pol4cxoxAeHux IIIE AaHHbrMr,r ua6nrcgeulrfi u KaKr,rM ycloBr,IflM
[orlxHbr coorBercrBoBarb lapaMerpbr nperroMJr_srou1efr cpegrr

2. BoglroxHas rEoMerpr{qecKas MoAerb [growmxa IIIE
H HarrpaBne HHocTb H :ulweHl{fl B CTIIIeCKOBOTO KO MIIOHeIITa

.ll1a onpegeJleHHocrl,I pacqeroB rlplrMeM cJreAyrorq]re r4cxoAHbre EaHHbre: qacrora, Ha
roropofr r{3yqaercfl IIIB, 169 Mfu, er.rAr.rnarrfi 4latrerp ucroqHr.rKa 3',utru 0,2 Ro (Ro - pa-
rmyc $orocSeprr Conuqa) [6] , Bbrcora nepBr4qHoro ucroqr{r{Ka uag Soroc@epofi 0-,35 R.
[7] . npu pacflpeAeneHl,rl,I 3rleKrpoHuofr rcouqeHrpau[Lr no Bbrcore B coorBercrBr,rlr c MoAenbro
Hrrcxnprca rpaHr,rua KopoHbr, r[e floKa3arenb rrperroMlrett4$ n > 0,99, Haxo[Lrrcfl Ha pac-
crorHI4I,I 1,85 Ro or IIeHrpa Colula. Onpe4enuu cpeAHee 3Haqeur,te rl,t yrta orKrroHeHr.r.E rryqa,
Bo 3Hr,rK arcqee B pe3yn brare cnyuaiuo I pe$ parqr,rr.

flycrr qeurp Conmla O, nepauunrrfi ucroquux ,S lr roqrca ua6nroAenui 3 rexara ruroc-
KocrI,I qeprexa puc. 3 u uaxogarcr Ha o4rgi upxrvroi li,uHtLr O3, I4g ruuoxecraa nyuefi,
noKI,IHyBttMx usorponunli nepeuvuuri rrcroqHllK S a pasurrx HanpaBrleHr,rrx u llcflbrraBlrl]Ix
clyuafruyro pe$parqr,rro, AoxoA.Er go ua6nrcgarerrfl c onpe[eneHHofi uepoaruocrbro Jryrg,
3aKJrrcqeHHbre BHyrpr.r KoHyca c yrnoM pacrBopa 2t!, Bepl-lrtttra groro KoHyca Haxo4rrcq
B roqKe pacflonoxeHl{fi nepBr,rqHoro racroqHllKa S, ocr HarrpaBrreua Ha ua6lrcgareJrfl, a ocHo-
BaHI,Ie KoHyca coBrlaAaer c IrJlocKocrbro P, ycnooHo rrpr.rHflroi HaMr,r 3a rpaHr.ruy tlperroMlrflro-
qefr cpegu. Ha6rrcgarelr Butplz.r Ha IulocKocrr,r P pa:uuroe r,r3-3a pacceffHxs r,r3o6paxeHr,re
[epBr4rrHoro ],rcToqHr,rKa c pa3MepaMr,r, paBHbrMLr cpe[HeMy Er.raMerpy ocHoBaHr.rfl KoHyca
AB, BygeM Ha3blBarb ero uao6paxeHlle Br{ro{MbrM }rcroq}MKoM r.r3nyqeuua. l4cxogn us
reoMerpHqecrux coo6paxeuufr, c IIoMouIbIo rlepeql{cneHHbrx Bbrrrre }IcxoElrbrx [aHHbrx Ha-
xog1rM, qro BeJII4rII4Ha yrna tlt = 12,5" .

Bo openaa coBercKo-QparuIy3cr(oro gKcnepI{MeHTa "Crepeo-I" npouseo4lrnacb oAHo-
BpeMeHHafl perucrpaul,Ifl u3ily.ueuutt ItlE ua LByx paElroreJrecKoflax. Oguu pagr,roreJlecKofl
ocraBilrrcff ua 3enale, upyrori pacaolariurcr Ha MexrrIraHerHoM ropa6le (KA) "Mapc-3".
Bruo o6uapyxeHo, qro crerleHb ssaLIN4Hofi Koppenflunu garuceft BcrurecKoBbrx KoM[oHeHToB
yMeubilraercfl no Mepe Bo3pacraHl,Ifl yrna I rnlexgy HanpaBneHr4eM Lr3 qeHrpa ConruIa ua 3ena-
nro r.r KA. KorAa yron 0 npeBbrcl,Ifl 33", c 3errlu u KA ua6rrogirJrr,rcb coBeprueHHo pasJr[qnbre
IIIE, uecrvrorpfi Ha ro qro Ha AI,IcKe Connrra B 3Tor MoMeHT cyrqecrBoBaJI e4{HcrBenuufr qenrp
r3rryqeHr.rfl IIIB [8, 9] . Ipuuoru,rnaoe r [8] cpe[Hee 3Haqeur,re yrua {t cocraaaxer 12,5o.

B pavrax paccMarpllBaeMofr tuuore3br o6pa3oBanus IIIE trocrefleHHoe yMeHbrrreHrre
KoppenflUl{I{ MoxHo o6:rxcur.Irr, cne[ymull{M o6pa:ona. flo ltepe yBenr.rqeHr.rfl yrna 0 (cru,
puc. 3) B3aLIMHoe nepeKpblu.Ie Ha6nlo[aeMbrx c 3eMJrr,r u c KA Br,r4rMbrx xcror{Hr.rKoB ,46
u C! yweumtaercfl B coorBercrBl,Iu c oqeBr,rgHr,rM rr3MeHeHrleM HanpaBneHlt-fi lyuefi, r4Ayullrx
B cropoHy 3erralu u KA. Korga yron g craHoB[rcfl 6oarrue ry', ucrouulrru, Br,rAlrMbre c 3enuu
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P11c. 3. Bgaurt{Hoe rrepeKprrrxe AByx pa3nnqH6rx Br{,q,uMLIx }rcroqHLIKoB AE u C,4 nprl oAHoBpeMeHHtIx
na6motreHaax r.r3 AByx uanpaanerruft: c 3er"rnr (3) u c xocr'luqecKoro awrapara (KA)

u KA, yxe He flepeKpbrBarorca. flpra sroM pefl.IcrplapyeMoe B Kax[oM nyHKre na6nroAenrafi

Lt3|ryqeHue flepBr,rr{Horo [croqHr,rKa rrpoxoAl,IT qepe3 pa3nl,IqHble o6nacr]l KopoHbI, CoAepxa-

u$,Ie cBor,r co6crBeuHbre HeoAHopotrHocrr,r, B pe3ylbrare qero $lyrcryauuu HrtreHcl{BHocrll

cTaHoBfiTC.'I HeKOppen[poBaHHbIMI'L
Tarlrl,r o6pa3oM, r.rcqe3HoBeHr4e KoppefitrUrr MexAy 3aIMcflMI4 BclrecKoBoro KoMIIoHeH-

ra ItlE [pr4 Ha6nroAeHr,rflx r43 EByx npocrpaHcrBeHHo y[aJIeH]IbIx nyHKroB MoxHo paccMarpl'I-

BaTb KaK ecTecTBeHHOe CJreEorBr,re flpouecca pacaetr}{vrfl paAI4OBOnH [pI,I HeOAHOpOAHOCTfix COn-

HeqHoi KopoHbr. YgoulereopureJlbHoe coorBercrBlte MexAy BerIrlqI,IHaMI.{ yrnoB pacceflHllff,

troJlyqeHHblx IryTeM pacqeTa reoMerpl{qecKofr MoAenI4 I,IcToIIHLIKa IIIE lt npanruMl{ }r3MepeH[fl-

Mr.r BO BpeMfl 3KcuepuMeHTa "CrepeO-l", MOXHO IIpI{3HaTb IIo[TBepXAeHI,IeM [pI'IHsTOfi

HaMr{ r}.Irrore3br o6pa3oBaHr,Ifl BcnrecKoBoro KoMIIoHeHTa 3a cqer HeperynflpHorl pe$paxquu
paro{oBonH B KopoHe.

3. PacnpegeneHlre [rroruocrfi BepoflTuocr[
BCIUIECKOBO TI) KOMNOHEHTA IilE

Srvrruapuvecxoe pacflpe[elleHr,re BepoffTHOcTI{ Bbrqr4cJlfirlocb nO sparveuTaM 3aII}ICII IIIB

E[I.{TerrbHocrrro 5-10 nn.ru, flpu 3ToM rrpe[fioJlararlocb, qro Ha raKLIx KoporKLIx orpe3Kax
BpeMeru IIIE craUraonapua, Merog BbrtmcJreHr,tff 3aKJIIoqalcfl B o[peAerIeHI4I{ orHocLIreJIbHoro

BpeMeril.r npe6urauux ypoBHff 3arrrlclr IIB n npegerax KaxEoro 3aAaHHoro HHrepBaJIa I,IHreH-

cr.rBHocru [4, $ l7] . Tunur{Hrrfr Br.rA pacflpe[eJrerufi IrIIorHocI].I BepoflrHocrll BclulecKoBoro
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hrc.4, SnrnlrpflecKoe pacnpeAeJreHrie nJloTHocru BepotrHocrr.r grx $pprrtaeura 3arlrlcrl scnnecxosofi
KoMrroHeHrEr IIIE, Ha6nroAasr-ueftcs 30.05 1984 r. r r,rHrepBane l4h29m- 14n33mUT

KoMrroHeHra IIIE noxasaH Ha pr,rc, 4. Eltn flocrpoeull.fl arofi nlcrorparyrvmr 6rut o6pa6oraH
S-rwuyrnufi $parrureur 3arrlrcr4 IIIB, na6rroAasuefrcs ua Ky6e 30.05.1984 r. B I,IHrepBarIe

l4h29^_l4h33m UT Ha rracrore 280 Mfu c nocroflHHofr apevrenu r =0,25 c. Ilfupnua no-
Jrocbr npoflycKaHrf pa&roMerpa cocraBJrfla A/ = 8 MIu. Brr6op ororo $parueHra EIfl
o6pa6orxu cBff3aH c reM, qro 30.05 [pol4cxog,I,Ino qacr[r{Hoe corlHerrHoe 3arMe}I}Ie, [o3Bo-
Jr[rBruee yleryrbcl.,qro B 3ror AeHb Ha grcre Conuqa 6rrra eENHcrBeHHafl aKruBHaa o6lactr,
r.r3JrfraBruaf IIIE. UuopoBafi. 3aflilcb Qparrraeura cEenaHa c qacroroft orcqeroB 10 fU
r,r lrHrepBirrro, 

""anro"ur]Ifl 
floroKa 2-i- F^u*.3arveuue HaqllHarlocb s 14h40t UT, no-

groMy Moxuo rroflararb, r{ro uccneAyevurfr yvacroK 3atrrrc[ IIIE cyuecrreHHo He r,IcKaxeH

eQ@erraw, cBfl3aHHbrMll c 3arMeHI,IeM.

Bug rurcrorpaMMbr Ha puc. 4 cBuAereJrbcrByer o roM, qro pacflpeEerleHl,Ie [rlorHocr?I
BeporrrHocr[ BcrurecKoBoro KoMrroueHra 4ua nu6panuoro @parvreura IIIB 6rlrgxo K 3Kc-
rroHelu[nlrbHoMy. AHalr,r3 Epymx yqacrKoB 3arucr,r rofr xe IIIB na qacrore ZS0 MIU npo-

AorrxllTeJlbnocrbro rro 10 rr,urg raN4nrft rroKa3aul, qro paclpegereulle BepoflTHocrl,I B TeqeHI,Ie

IIIE necxonrKo Blrgor{3MeHflercfl, ocraBaflcb np}r groM pe3Ko acI{MMerpI{qHbIM.,I,IccneAoea-
ru,re trpyrux IIIE, npouegeHuoe no aHa.noptqnoi Mero[uKe r [10] , roArBepxAaer, qro xapaK'
Tep pacflpeAerreHrrfl rrrroTHocrrr BepoflrHocrrr BcrrlrecKoBoro KoMIIoHeHTa rrc6ofr IIIE uefi-
cTBLITeJIbuo 6r[gor K 3KcloHeHuuillbHoMy.

3aruerrrvr, qro orKJIoHeHI,Ie 3M[I,IpI{qecKoro pacflpelerleHr,Ifl or oKcIIoHeHIrHanbHoro 3aKoHa

3aBrrc[rr.He.ToJrbKo or Hrrflr{ruff e ItlE $nyrryauufi upouexyrovuoi ErILIreJIbHocrrr Tq - tr,
HO TaKXe rr OT rrMpr{Hbr rrolocbr flpolycKaHlrfl rrplleMHr,rKa paploTeJlecKorla, [pLIMeHfiBIue-

rocfi rrpl,t ua6nrcgeuuax. llgnoxeunoe B pa3gerle I peurernre Psnea o cJloxeHwt MHoxecrBa
rone6auufi, [pr,rBoAffulee K sKcrroHeHqr4aJrbHoMy 3aKony pacnpetreneHl,Ifl [rHreHcI,IBHocrI,I,

oruocr,rrcg K MouoxpoMaruqecroft Borrue. CregoaarenrHo, gMflnpIaqecKoe pacflpegerleHl,Ie

nJrorHocrll BepoflTHocrlt BclrlecKoBoro KoMloHeHTa IIIE Eorxtro 6r,rrr reu 6nuxe K oxla-
EaeMoMy, qeM yxe [oJloca flpoflycKaHl,Ifl [pueMHI,IKa.

MoxHo, rro-Br{I[.rMoMy, paapa6orarb MeroA flocrpoeHlrfl eMrupuqecKoro pacflpegeneul,It,
I,IcKrloqiuotqefr ue paccnaorpeHl{.g $nyrcryaqur.r IIIE EJrurenrHocrbro Tb - rs, u 11ofly.Mrr,
qucro gKcnoHeHIII,IiIrIbHoe paclpegeJleHue. B SauecrBe rrplrMepa couureMc.tr Ha pe3yrlbrarbr
Epyroi uacru pa6orrr [10],'n roropofi erccuoien4uarbuoe pacflpegeJreuue noJryqtrflocb AJrfi
MacclrBa AaHHbrx, .[pegcraBJlfrBurero co6o[ nrr6opry r,r3 cocraBa IIIB rolrro flr,rKoBbrx
3HaqeHuft I,IHreHcr.rBHocrn $nyrryaquft .
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Tarnna o6paaou, xapaKTep aMrupr{qecKoro paclpeEeneHr,r.fi rrrrorHocru Bepo.flrHocrr.r
Bc[JIecKoBoro KoMrroHeHra IIIE s ocnonHbrx qeprax coomercrByer xapaKrepy pacnpeEerre-
HLIa, [peEcKa3aHHoMy HaMr,I B pa3gerle 1 na ocuose paccMorpeHr{ff flpouecca pacflpocrpaue-
HLI{ pagt,toBorn n ryp6yneHrHofi rma3Me colHeqnofi KopoHbr, qro rroArBepxAaer crrpaBeE-

JII,IBocTb npuHaroft mrloTe3br o6pa3oBaHr,rfl IIIE ga cver s$QexroB! Bo3HlrKaro[Mx [p]r pac-
cer.ufir4 papor.r3ryqeHr,rfl Ha HeoErropoAHocrffx grreKrpouHoft rurornocru.

4. Ilrurrenurocrr Qnyxryaqrfr unrencznnosru IIIE

Kar 6rno roKa3aHo B pa3Eele 1, pacripocrpaHeH[e paEIoBoJIH B KopoHe coflpoBoxAaercfl
soinllrcuoseuueu tfryrctyu\uft ee r,rHreHcr.rBrocrr. IIpu ercvr Qnyrryaq[u, r.rMerou.pre pr;lu-

TenbHocrb 76, rvreHrurlro BpeMeHlI /3 flepeceqerMfl BorrHoBbIM IIyroM rIrIocKocrI'I BLI&IMoro
r,rcroqHr,IKa, ycpeAHEroTc.E r,r flp[cyTcrtsyroT B BbrxOEHoM cI,IrHaIIe patrploTellecKorra yxe KaK
rrocroflHHa.E cocraBnffrorqar. Bpeua /3 cKlaAbnaercs LI3 B3:MMHoro 3arra3gbrBaHr,Ifl ToqeK

SpoHra sonHu tr - 3a cqer reoMerpl{qecKoft pa3Hocru xoAa or [epBl,rqHoro ucrorrnl,IKa Eo
pa3[I,tr{Hbrx roqeK BI,ItrMMoro I4crorIHI,IKa, 3arra3EbrBauvfi tp - 3a crler pa3nl4rufl rpaerropufi
lyuefi a perynapuoi KopoHe r,I 3alra3AbrBat*ta t", Bbr3Banuoro cryqaliHbrM[ LIcKp[BneHI,IaMI{
rpaeKropr,rn [yqa r.r3-3a peSparqr,ru Ha HeogHopoEHocrflx; Hafigerra rmcJreHHbre Be]r]rrlnHbr
KaxEoro cJraraeMoro, [pr,rHf,B 3a ocHoBy r,rcxoEHbre AaHHbre, flpr,rMeHsBrwiecr n pasgene 2
fl pu IIo crpoeHr,[r reo Merp]rqe cKofr cxeMbr r.r cro qHr.rKa IIIE,

Cnoco6 Bbrqr.rcJreHrlfl reoMerpr.rqecrofi pasuocru xogh oneueurapeH r,r noacHxercx pr.tc. 5.
Coorrerctayroulee BpeMff 3ana3EbrBauilfr Ntfr. rIpI,IHffTbIx wIcJIeHHbIx Berr[r{I{H qocraBflfleT
t, = o,o4 c.

Bperrrx .3ana3gbrBauw. to, Bo3HI,IKaIouIee Hs-3a pa3rllrru, csoficrs perynapHofi r(opoHbr
BAonb rpaeKropul,r ,11 C1 u 5161 (crr,r. pr,rc. 5), saeucur or Bbrcorbr rrepBr,rrruoro ucrorrHl,IKa
nag $oro@epoft, or yrna 0 Mexgy lyrroM 3pennfl r.r pa&rycoM-BeKropoM OS, u or [pI{HflTo-
ro 3aKoHa pac[peAerreHr{fl oleKTpoHuofi KoHrleHrpauu[c srrcoroft, Merogury pacrlera MbI o[u-
rxeM rro3Euee B pa3Aerre, rrocB{rqenHoM r{3yqeHr,rrc Bll.t4flHt4fr. perynrpuofi pe$parqun Ha csofi-
crga IIIE. Cefiqac yKaxeM ToJrbKo, qro BeJrr,rluna ,p r,r3MeHtrercfl B rlpegenax or 0,01 c pna
r,IcroqHr,rKa, HaxoEffruerocff B ueurpe ptclra (0 = 0), Eo 0,15 c Erx "[uM6oBbrx" Hcro.$tr{-.
roa (0 = 90o). llpnurna pe3Koro Bo3pacraur,rfi 3ana3AbrBalrr{fl. fl.c*a r{3 pnc. 5:nywrS2a2
u 5262 [poxogflr cyrqecrBeHuo paerrunrrfi flyrh B cpege, rEe rroKa3are.rrb [penoMIIeIMfl
n* 0.

Bperrax B3ar,rMHoro 3a[a3AbIBaH[IrI pa3rll,IrrHbrx rouerc $poura BoJIHbr, Bo3HI,IKaIouIee 3a crler
lrcKpr,rBJrenuff rpaeKropr{u ryueft a pe3yrlbrare c.lyvafinofi peQparm,Iu, Moxuo oIIeHI,ITr no
BeJrr.rqr.rue cpegHero yqlnenufi. uyrr,I flyqa [4, $ 26] :

l2l 2. 'ttA'

fr= t- l; - V o -,-,\l .

Ilaparraerp B, sasucsurafi or Qynxuur,r Koppenfirlr,rr4 cKopocr?r pacflpocrpaHeHl{t BonHbI

B cpeAe, uafrAerta r.r3 ycrloBr,rfl [4, $ 26] .: cos ry' = e-bt lro u3BecrHoMy 3HatIeHuIo { =12,5".
Y.uarrrrar, qro rpy[rroBafl cKopocrb gJreKrpoMarHI,ITHbrx BoJIH urp = cn (rge c - cKopo.crb
cBera B narcyynre), r4 rroJrarafl, qro Bgorrb rpaeKTopr.M rlyqa floKa3arerlb IIperIoMIIeHufl B

cpeAHeM paBoa n = 0,85, ronyquM BpeMff 3arla3AbrBanns 0,009 < /c < 0,017 c coorBercrBeH-
Ho trltff rleHTparrbHoro rulu u[&r6osoro ]Icror{H}IKa,

llrar, cyrrnaapHoe BpeM.fi 3arra3AbrBarrlr fi. ts = tt + tp + t-" oKa3brBaercfl B rlpegerlax 0,06 <
< t3 <0,2 c [p]r ]r3MeneHr.r]r yrlra 0 or 0 go 90", flpr.rqeM nau6onruufi BKJratr B Hero traer 3a-

ra3EbrBarMe, cBfi3aHHoe c peryrapnofi pesparr$.refi paI[4OBonH s conueuloft KopoHe.

.fta npoaepKr.r cpaBHr.rM Harulr pe3yJrbrarbr c pe3yJrbraraMr.r [3], rge 3arIa3EbIBaHlIe BbI-
IMC]IflIIOCb METOAOM IMCJICHHOTO I,IHTETPIPOBAH}Ifl BAOIIb TPAEKTOPI{U [YqA, PACIPOCTPA.
Hflrorqerocff n cQepuuecru cr,rMMerpr{unofi xopoue c HeoEHopoEHocrrMI{ sJreKrpoHHofi
KoraleHTpau[u. llonyveuuoe n [3] BpeME 3arra3AbrBaHxff roxe 3aBuc]Ir or re[lIoEoJIrorDI
r,rcrotrnr.rKa r{ HaxoEl{rcfl B rrpeEeJrax 0,02 < ts < 0,2 c. CosnaEen[e pe3ynbraroB MoxHo
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Pxc. 5. K srflrcreHmo BpeMeHll B3aIrMHoro 3afla3A6IBaHIl, nwefi, elrruearrrfix r,r3 HcroqHHKa ,S u gocrur-
ilrx p a3n[qHLIX TOqe K nJIOCKOCTLI BLIAI,TM OrO ucl oquuxa A E
Atat - rcoMerpuqecKaq pagHocrb xoga. ,[nrnla orpesxor Sra, u S16, unJrrccrp]rpyer pa3rurrxe ErrHbr[yrrr B r(opore np, pacnorrox(cHrrff HcrorrHuKa S, e6ttzu nsu6a Conmla

o@o

o$
o o oo o

OOO o O

o oo o

oo ooo oo

f2 3" l$tv

/tl
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Puc.6. .[-nr-rterlbHocrb fO BclnecKoB I rtlna s 3aBltcllMocrrr or paccrorHurr MexAy trcroqHr.rKoM IIIB
r{ rreHTpaJrBHElM MepuAr{a}roM conuua, B6rpaxeHHoro B AoJrflx pa[Hyca QorocsepH Ro i11 ]

Puc. 7. 3asucHMocrB MHHLIMarmuofi (1), cpeguefi (2) r rraaxcar.aanr,Hoii (3) ArHTerbHocrr.r ln,p ecnlec-
roa I runa or qacrorbr /, Ha <oropoft npor{3BoAranr4ct, uzrtepeuux [721
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TTPI,I3HATb BIIOJIHE YEOBNETBOPHTEJ]bHbIM, TITO CBI.IAETE]IbCTBYET O CIPABEEIII.IBOCTI,I HAruE}I

OUEHKH BCJIIIqI,IHbI,3.

3uaqeruae ,3 oflpeAelrer M]IH]IMiIrIbHyro A,rll,rrenbHocrb ua6nrugaenairx $nyrcryaunfi IIIB,
tull, qro ro xe caMoe, AJrLITeJIbHocrb Bc[irecKoB I rula, Ilocxorrry ts 3aBvcvT or reJIr,Io-

[orrrorbr I,IcToqHI{Ka, To, rIo-B}IAr,rMoMy, TaKatr xe 3aBr,Ic[IMocTb EonxHa cyqecTBoBaTb
Mexgy rIoJIoxeHLIeM I,rcroqHI,IKa Ha EI,IcKe Conuua !I Erl,ITerrbnocrbro cBff3aHHbrx c Hr,IM

BcIuIecKoB I ruua. B [11] ouy6nuxoraHbr AaHHbre o rpoxoxEenrEu HB no Er,rcKy Couxqa
3a rleplaoA l8-21.09 1959 r. Orsocluerrsoe rroJroxeur,re racroqHuKa IIIE lrsrrrepmocb c roq-
Hocrbro 0,01 Ro. flocrosssaa BpeMeHr.r perucrpr{pyrcuero rplr6opa cocraBrrflrra 0,25 c.
Ha puc.6 noxasaHo rplrBeEeHHoe u [11] pacnpeAeJreHue Elr.rrerrbHocrr,r BcrrJrecKos IIIE s
saB[c]IMocrrl or paccroffHuff MexAy o6nacrrro ux Bo3HHKHoBeHIrt.fi I,I ueHTpiuIbHbIM Mepl{m,ra-
nona Colrula, Xaparcrep pacceflHltfl. rorreK Ha pwc. 6 c }recoMHeHHocrbro yKa3brBaer Ha yMeHb-
rrreHr.re Mr.rHr,rMarrbHofi EJlurerruocru Qnyrcryaqufi or serurMHbl -0,73 go - 0,45 c IIo Mepe
lepeMeuleHr.rq ucrorrHuKa IIIE or ruu6a B cropoHy rleHrprrJrbHoro Mepr.rEraHa Ha paccrofiHr,re

- 0,2 Ro.
Taxrarra o6pa3oM, pe3ynbrarbr ua6rrcgeHrfr BIIoTIHe couracyrorcfl c oxtrgaeMbrM Ha ocuoBe

paccMarpl,IBaeuofr xouueruluu o6pasosauzs IIIE xapaKrepoM u3MeHeHr,rfl Arrr{reJrbHocT[

$nyxryauufr B 3aBI,IclIMocrLI or reJlr4ogoriornr lrcroqHr,rKa, Moxuo orMerlrrb rarxe 6rn-
3ocrb rMCJIeHHbrx 3HaqeHr,rfi grrrenruocrra $nyrryauufr IilB, [oflyqeHubrx HaMr{ Ha ocHoBe
sbrq,IcreHr,rfr BpeMeHr4 3ana3AbrBaHr.rr t3 L4 orrpeAerreHHbrx tro AaHHbru na6nroAenrafi a [11].
OmlAau roqHoro @BflageHr,rff BerlrrwrH 6tiro 6rr HepeirrrbHo, Bo-[epBbrx, na-sa upr6ln.
3lITeJ]bHocrI,I [prrHffTbrx HaMII I{cxo[Hbrx EaHHbrx, a Bo BTopbIx, LI3-3a 3aBI,IcLIMocrI,I /3 or qac-

Torbr, rlocKoJIbKy cKopocrb paclpocrpaHeHrrfl paMoBorIH B rrIIa3Me MeHrercr c qacroroft.
flocneguee o6ctoqreurcrBo HaBoAlrr Ha MbrcJrb, qro Epogolxr.rreJrbHocrb scflirecros I r[na

[oIIxHa yMeHbruaTbcfl c pocToM qacToTbr B cBfr3lt c rroBb[ueHr,reM npo3paqHocTl4 KopoHaJrb-
uofi ruagrvmr na 6onee KoporKr,rx BorrHax. flpu srorur coorBercrBeuuo yMeHbrxaercff BerruqllHa
3aAepxKrl clrrHarla 3a cqer peryuapnofi r4 cryqafiHofi peQparqlrr.r. .[eficrsure[ruo, ua6rrcgae-
Mafl cpeAHtrff rrpo[oJlxr,rrenbHocrb BcIuIecKoB I ruua couacHo Marepr,rirJrav ll2, rrt. 2, $ 2.3]
yMeHbrrraercf c Bo3pacraHr{eM qacrorbr (puc. 7)

Cnegyer oxr4[arb raKxe, qro orHorrreHr,re ypoBHq Qononoi cocraBrrtrplUeftF'6 x ypoBHro
scmecrosofi cocraBrlflrculefr F" 6yger Bo3pacrarb c'yBeJrlIqeHlIeM paccrofur,It rrcrorrHr,IKa
IilB go uenrp,rrlbHoro Mepr,(MaHa, tar rar [pr,r 3roM [3-3a yBeflr.rqenrfi ts [poucxoEr,rr ycpeg-
HeHI,Ie Bce 6oree glrrerruux Snyrryu\Lrir, Koropbre [cqe3aror Bo BcrHecKoBoM KoMnoHeH-
re I,I yBeJII,ItMBaror ypoBeHr Qoua IIIE. OrnocurerlbHoe yBertlrqeHue Sona npu oEHoBpeMeHHoM
orcyrcrBl4ll KoporKoxI,IByuIrIx Bcrilecroa geficrur,rrerrbHo orMeqeHo n [11] rar oco6eu-
nocrr ruu6osoft IilB, ua6xroganrueficr 18.11.1959 r.

Kpoue cpaBHr,rrerrbHo MeureHHbrx $ryrcryaqnfi s cocrase IIIE upeguoflaraeM Harr[que
6rrcrpux Qnyrcryaqufi Afrr,rreJrbHocrrro 76 ( /", ycpegneulre Koropbrx 3a BpeMfl t, gaer

$onoarrfi (rconrruyamnufr) rovrnonenr l[E. O6pasonauue 6ucrpux $nyrryaqd cBflsaHo
c [ocregoBarerlbHbrM [poxox4eHr.rena rnasuc$epuqecKoro BoJIHoBoro qyra qepe3 rrl]ocKocrb
BI,I&rMoro ucror{Hr,rKa, 3ror npoqecc uellrKoM orrpeEerrflercff reoMerpr.refr Qasoaoro Qpoura
BorrHbr. floorouy B reqeHr,re o6pa3oBaHr,rfl MeMeHHbrx Onyxryauufr AonxHbr cyulecrBoBarb
u 6ucrprre $nyrryaqun.

I4gsecrHo (nanpranaep, [12] ), qro rrmprana crreKrpa orgerrHofr ueAlenuofi Quyrcryaqr,u
(rcnuecra I runa) Ha qacrore 300MIu cocraBJrrer oKoJro 8 Mfu. C roqru 3peHr{ff paEIo-
Qu:lrru crrrHilrlr Bo BpeMfl Aeficrgt,tq erofi $nyrcryau]ru lpegcraBrrfler co6ofi necyutyrc qacro-
ry 300 MIq, nponaoAynrdpoBaHHyro 6onee Hlr3Koqacroruuu xone6aHr,reM, r,rMerou{,rM flonocy
qacror 8 MIu. 3ro uogynupyrcqee rcone6auue, co6crBeHHo, r,r ecrb 6rrcrpue Qnyxryaunu.
Tarcrvr o6pasoru, ua6rrcgeHlta Ha paro{oclexrporpaQax Aarcr flpaMoe gKcrrepr.rMeHrirJrbHoe

[oKa3arerrbcrBo cyulecrBoBau]rfl 6ucrpnx Snyrryaqnfi .

Paccnaorplrna [pyroft cnoco6 EoKa3areJrbcrBa cyulecrBoBaHr,rfl 6ucrpux $nyxrya-
\t4it, ocHoganHrrft Ha oqeHKe 3Heprerr,rrrecKl.Ix coorHolgeH1aft uexgy scruecrcoaofi 14

Sononofi cocraBJrffrculr{Mr,r IIIE. nln yflpoqeur{fl MeroAuKr,r oueuKrr 6yuev cqr,rrarb
pacflpeEeneHr.re urorHocrI,I Bepoffruocrr,r IIIE .u,rcro 9Kc[oHeHrI?IarIrHrrv. O6parr{M BHr.r-
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MaHr,re Ha crreAyroqee cBoftcTBo sKcrroHeHlr.rarbHo _plcflpetrerreHHoi ilyqafiHoft Benr,r-

IMHbI: OTHOIIEHI{E CPEEHETO KBAAPATA CE OIIYKTYAUWfi (FZ) K KBAE,PATY CPEE,HETO 3HATIE}Mfl

(Fr)2 ucerga paBHo 2 (EorasarenbcrBo MoxHo ruairrlr, uaupuuep, r [5, rn.2, $4] ). B rep-
Mr,rHax, yuorpe6rreubrx lrpl,t orucaHr,M IIIE, oto crarr,rcrr{qecKoe csoficrso MoxHo c$opnay-
fir.rpoBarb raK: cpegHflfl aMrlrrr.rryEa $nyrryaunfi r.rnreHcr,rBHocrr (acrutecrcor I runa) upo-
[opur{oulurbHa ypoBuro r43ltyrrem!!fi, ua Sone Koroporo oHr,r [polrcxoEflT.

Bocuonrayevrcfl grr.rM csoftcrsovr Arr.fl pa3[eleHr.rff BclrlecKosofi u $ouoaoft cocraBJrrlo-
rrs.rx Ha yuoMlrHaBrreMcn B pa3gene 3 $parruenre IIIB 30.05. I 984 r. (pr,rc. 8, a)-Ha pwc. 8, 6
rrpr{BegeHa rurcrorpaMMa pac[pegerreur.r.fi cpetrHr,rx aMrrl]rryg Snyrryauufi ,4. 4rta sroro
Sparueura. Brrqrcresre rurcrorpaMMbr rlpor,I3Boprlocb no MeroEIKe, I,I3rloxeHnofi uamr
a [13] . Macurra6 nrcrorpaMMbr lro oc]r a6cqucc srr6pau raKI{M xe, KaK n uacurra6 octt
op4rnar sarruc[ IIIE na pnc. 8, a. Dr,fl yAo6crsa cparndnnx uao6paxenurlx sen[wiu KoopEr,I-
HarHbre oclr nrcrorpaMMbr Ha prac. 8, 6 nouepuyrrr ua 90o.

Aunporccnvrupyrorqaa ryrcrorpaMMy_rpflMafl rrr4tnfr. EC ua puc. 8, 6 npu npogoilxeHr,ruI
ee B cropoHy yMeHbrrreHlra sHaqeru{ft r4 uepecercaer ocb opIMHar B ToqKe .E, coorrercrayrc-
qefi nyrenouy 3HaqeHlIIo BclrlecKoBoro KoMIIoHeHTa F 6. Benlt.una noroKa HeBo3MyrrIeHHo-
ro Conmla ,F'a onpegeneHa rro ero ocrarorlnoMy 3HarleHr,rm B MoMeHT MaKcr,rMarrbl{ofr Qaau
3arMerrr{fl, Kor4a r,rcroqHrr IIIE 6ruI sarpur ErcKoM JIyHu. Pagnocru Mextry HyrIeBbrM
ypoBHeM BcrrlecKoBoro KoMloHeHta Fs w IL[oTHocrbIo floroKa HeBo3MyuleHnoro ConruIa
F" cooraercrByer Bellrrrune $ouonoft cocrzlBJlsloulefi.F 6 IilE.

llocxorrry s 1116, KaK [r B rrc6ou cnyvafinou flpouecce, uer Qnyrryaqui crporo oMHa-
xoaoft Mr,rrerrbHocrr4, ro Bce pacqerbr rrpoBo&rrlr{cb HaMr.r tro MeroELrKe, [sfloxeHHofi r [14] ,

E;1r co6rruft! rrolagarou.u,rx B HeKoroprrft urruepran mr{TerlbHocrra Ar. Brr.ucreHl,Ie crleKrpa
gHeprlrr,r E wt EaHHoro Sparueura IIIE noragaro, qro cIIeKrp ruocxr,rfi B ALIarIa3oHe ArLI-
TeJlbuocru or 0,6 go 48,6 c. llpeguoroxr,rM, rrro cleKTp E ruocrufi raKxe r,r B ocriulbnoM
Her,IccrIeEoBaHHoM lprala3oHe Elrr,rrenbHocrei. Tor[a no [ssecrHofi rs Ha6rrc4eH[ft seuu.MHe
nocroruuofi cocr,rBrrfirorqefi rrepenHrrx $nyrryaqrafi F, uoxuo otrpegerlllTb, r,rHTeHcr,rB-

.Hocrb KaKoro Kofir{qecrBa I{HTepBiuroB Ellr,rrerlbHocru HyxHo fipocyMMlrponarr, uro6u o6-
pa3oBruracb ua6rrogaeuar Qononar cocraBJlflrorqaa F6,.[anee, Boclorlb3oBaB[Il{cb Bbrpa-

xeIMeM Erfl pacqera BeJrr{tuHbr r{HTepBzrJIoB us [14] u [o[craB]IB trl{crleHHbre 3HaqeHI,Ir,

rronyruM BepxHrorc rpaHr.rqy qacrornoro Ar,rarla3oHa 6rrcrpux QnyKryaqrfr Erfl Ll3yqaeMoro

$paruerra IIIE /, = 814 MIu.
Tarurr o6paaovr, ABa He3aBrrtcr,rMbrx MeroEa orrpeAerlelrr{fl rro AaHHbrM na6rrogeunft lurpu-

HbI c[eKTpa 6rrcrpux $ryxryaqrfi Aaror BrronHe cornacyrculr{ecff rrl,IcrleHubre pe3yJlbrarbr.
3ro trtoxno paccMaTpI,IBaTb KaK eule oEIH BbrBoA B Ilolrb3y c[paBeEJrrrBocrn npunxrofi uavrr
fl.rrrore3br o6paaoaarura IilE, Orrvre.raeMoe MHorr,rMr,r lrccJregoBarerlaur (cur., HarIpI,IMep,

o6sop [12]) cxoEcrBo rorrf,pr.r3arrr{oHHbrx xapaKrepr,rcrr.rK Souooofi LI BcrJrecKoBofr cocras-
rlflrolqfix IIIE raxxe cBl{AerenbcrByer B rrolb3y eAI,IHcrBa flp]rpoAbr I{x npo[cxox,qeHuff.

3arnroserure

llporegeuuoe s EaHHofr pa6ore uccJregoBaur,Ie rroKa3brBaer, qro ecrecrBeHHbrM cJIeEcrBI,IeM

flpouecca pacceffHHf paMoBoaH Ha KopoHanbHbrx Heo,qHopo,qHocrEx flBjrflrorc.fi crle,qyrcIlMe
na6rroAaenarre csofr crBa IIIE.

l. Yvreururerure cre[eHr,r KoppeJrrulr[ Mexgy 3aflucrMr,r IilE npu na6rrcgerurrx u3 pa3[uq-
Hbrx ToqeK [pocTpaHcrBa.

2. SrccnonemlrrirllbHocrb 3aKoHa pacflpeEerleHr.Ifl IrIIorHocrH BepoflTHocrl,I BcruIecKoBoro
rounoueura IIIB.

3. Benu'uaua Mr.rnr.IM{rJrbHofigrurenrHocrr,r Qnyrryaqrfi nnreHcusHocrr IIIE (ucnnecror
I nrua).

4, Sasncnuocrb Arrr,Irerrbuocrr,r MeAreuurrx $nyrcryaquft ot [oloxeHl,Ia ucroqnr,rxa IIIE
Ha E{cKe Connqa.

5. Ysenuqerue orHorrreHlrff ypoBnfl KoHrr.rHyyMa IilE rc cpe4teMy ypoBHIo BcrllecKoBoro
KoMnoHeHTa nprr repeMerqeHrtr{ r.rcror{Hnra IilE r nww6y Conrqa,
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6. O6pa:onaHr{e KoHrl4Hyynaa IIIB 3a cqer cyMMr4poBaHt4fl,v ciltaxlrBalufl.uaerrl BcrprecKo-
Boro KoMrrolreHra, cocroflulero Ir3 6rrcrpux (IO ( 0,1 c) Qnyxrycn\uit.

Taruu o6pa:ona, npeAJlaraeMafl rlrlrore3a no:Bolser o6rscuurn c eguofr ToqKI4 3pe1u.fl
MHo u4e cso I1 cre a 3To fo rrpo fl Bn eHl,tfl coJI He qHori arrre uo crl,r.

1 uexa6px 1986 r.
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yAK s23.9

TIPOCTPAHCTBEHHA.'I CTPYKTYPA
COE CTBEHHbIX KOJIEE AHI,IIA CONHIIA

JI.E. fopxuu, A.I. Koconnuee

IIaHo KaqecrBeHHoe orucaHze $usuuecxux cBoilcrB a reoMerpr4rrecKoi, crpyKTypll rHApoAmaMH-
qecKI'Ix Mo[ co6ctgeHltllx xone6auuit Tpex rI.IrIoB: aKycraqecKlrx (p), nuyrpeHriux rpanuraquouurrx 13.)ulIHepuuoHHLIx (r ). Yxasauu o6racru Hx 3axBara BHyrpI{ Colnqa u o"o6"guo"r, qacrorHr,rx cleKTpoB.
flocrpoeuu pacrlpeAeneHl4t nyqeBblx cKopocrefi xone6aHrait B rrpoeKqlru Ha [ucK Colnua , pu""rlrri6t
npocrpaHcrBeHuue $ulrrprrr KoropLle xapaKTeptl3ylor qyBcrBuTerlbHocrr K r<one6auzsr..r nionroaeHr,rii
AolrepoBcKrrx c[BItroB cneKTpaJr],HLrx nauuii s r,I3nyqeHr,I[ or Bceto .qficKa r4 pa3Hocrr,I ,qolnepoBcKr.rxcI{rHiuIoB MexEy IleHTpalJlruoit u xpaeeoit soHarr.ru, cHMMerpLrqHLIMrr orHocr.ireJrlHo ueHTpa gucxa. yxa:aH-
urre ua6nrcgeul4fl qyBcTBLITeJILHbI [peltMyurecrBeHHo K p-u8f-Mo[aM. floxasauo, qro Bcne[crBr4e ue6olr-
Irroro HaKrIoHa (-7") nlocxocrl'I conHeqHoro 3l<Baropa K IrJrocKocrr4 3xrrrrrrrr.{Kr,r MoxHo 3aperucrpr{po-
BarL MoELI He roJILKo c oI{MMerpI{TIHLIMI.I orHoclrrenElto 3KBaropa cMetueHHrMLI (c uerurrun cyr,avarrar
creleHeii cQepuuecxzx rapMoHLIK , a m), Ho LI aHTI4cIrMMerpaqHbIe rr,rogu (c HeqerHbrMrr arrr"nruw
' " m). .[lx erux MoA BenuqL{HLI IrpocrpaHcrBeiruux @unrrpo, "o"taurra, oxotto 30% flo orHo[reHglok co oTB eTcTB yroul.rM 3H aqer{rH M,qJl.fi CUM MeTpuqHLrx Mo,q.

SPATIAL STRUCTURES OF NORMAL MODES Orr soLAR OSCILLATIONS, by Z.B. Gorkin,A.G.Ko_sovichev. - Physical properties and geometrical structures of three kinds of hyd'rodynamicor.lttuilory
aco-ustic (p), internalgravity (g) and inertial (r) modes arediscussed. Resonant cavities in the solar interiorand characteristios of frequency spectra of the ntodes are riescribed. patterns of Doppler velocities, projecterl
onto the solar disk, are considered. Spatial filter functions, characterizing the seniiiivity of the whoie disk
obscrvations and the diffcrential velocity measurements are calculated. Thesc observing schemes are mainly
sensitive to the p and g modes. It is shown that the possibility to observethe modci with antisymrnetricpatterns (with respect to solar equator) ofl displacemenis (the sums of degree and order of spherical harmo-nics: I + m are odd) ariscd from the small inclination- ( -7') of thc solar-equator to the ecliptic. The spatialfilter functions for thcsc modes can arrount up to 30o/o in comparison ,ittl tt.," corrcsponding values for
symmetrio modes (1 +m - even).

I'Icclegonauufl ConHqa, Koropbre BbrnoJrHeHbr B nocnegHee ;\ectrruJterue (cnr. o6sop [1] ) ,
IIoKa3aII'I' qTo MHorI'Ie BoJIHoBbIe IJ.3LlDKeHutt, o6uapyxeHHbre npr,t I{3MepeHI,Iflx Qnyrcryaqufr
r[oBepxHocrHofi flpKocrl4 IuIlI AolrnepoBcKl{x cABr4roB cneKrpanbHbrx rrllHui, uorgsaHtr
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Korre6aHr,rffMr.r BHyrpeHHr,rx o6fiacref Conuqa, Ooptrtu I,I flepnoAbl stnx xone6aHufi gas[crr

or reMrreparypbr, rurorHocrl{, xr,rMrlqecKoro cocraBa I,I ABI,IxeHufi aeulecrBa BHyrpI'I ConuUa

ri no3roMy Moryr cnyxlrrb rryBcrsurerrbHbrM uHEI4KaropoM BHyrpeHHero crpoeHl'Iff. l4ccne'

AoBaHlrfl auyrpenuefi crpyKrypbr Conrua uo na6rrcAaeMblM csoftcrBaNl role6aunfi coc'

TaBJIflror flpe[Mer rerltoceficvrororlllr, HoBoro, [epcrIeKTLIBHoro Ha[paBrIeHI{fl n $Iasure
Coluqa, u npronexaror Bce 6orrbruee BHlrMarMe. Ilenr Eauuofi ctartu cocrollr B ToM' t{to6u

lpoaHanlr3rlpoBarb ocHoBHbre Qu3uqecKlle cBoficrBa corIHerIHbIx oculIJIJIffIU'Ifi II npeAcraBl'Irb

xapaKrepr,rcTlIKl,I, BaXHbIe Enfl IIpoBeEeHHfl U I{HrepllpeTau[u Ha6IIIoAeHu[.
Ananlrry[u rone6aurfi rpafiue Miurbr: coorBercrByrculle I{M orHocl'ITelurlte uguene-

Hilfl pa; yca r,r flpKocrr{ ,rc npe"urrruwr O,OOlVo. CregosatenuHo, KoJIe6aHHfl ape[craBrlilor
co6ofi r',,ranrre Bo3MyilIeHr.rfl paBHoBecHoro cocroflHnr Colnqa. B nepnou npu6nuxeruu
MoxHo npene6peur BJrr,rflHr,reM MarHurubrx noreil r paccMarpuBatr Coluqe KaK Bpauamu:ltitcs

raaosrrfi tuap, cxarbrfi r yEepxranaenarrfi B paBHoBecuvt ct4r,avtu co6crgeuHoro rflroreHl{fl.
Kone6arenrubre ,qBuxeHr,rfl B HeM, KaK l,t Bo BcflKofi ctuloluHofi cpeEe, Bo3trI'IKarcT, ecJI]I

ueroropui grreMeur ra3a [pr{ cMeuleurrr,r r,I3 noloxeHl,Ifl paBHoBecI,Ifl llcrlblrblBaet Aeficreue

cl,rrrbr, crpeMtulefics BepHyrb ero B lrcxoEuoe flofioxeruEe. Ha Conmle'Bo3Bpaluanlul{M}l
cvr;1ay6 Moryr 6brTb: a) rpa4rerTbr ra3oBoro EaBrIeHI,Iff, Bo3nl,tKalottlue [p]I cxarl'Iflx I't

pa3pexeHr,rflx cpeAbl; 6) rrtmlrunarcqtae (apxnruregonrt) cmu, o6ycnoaneuuble HeoEHo'

poEHbrM pacflpegefle]rtleM BeulecrBa B [oJ]e rfiKecru; a) ruepuraouuue (ropnonucoart)
ctilbr, cBfi3aHgbre c Bpaureur.reM Conuua. 3ttt culrt trplr HeKoropblx ycJIoBI'Iflx flpuBoEflr

k rr.IEpOAr.rHaMI,IqeCKI4M rOle6armsu Tpex TI,InoB: aKyCIlIlleCKI'IM, BHyTpeHHI'IM rpaBI'ITa-

III,TO HHbIM I,I I'IHEPqIIO HHbIM.

B onpegeteuuux o6nacrsx BHyrpr.r CorruIa rcone6auur Moryr paclpocrpauarbcfl B BI{E€

solu. Ecrr.r srN o6lacru orpaHr{r{eHbr 3oHaMI,I, rAe BorIHoBoe pacfipocrpaHeHrle HeBo3MoxHo,

ro Borrgbr orpaxarorcfl or rpaHr,rq o6nacrefi pacnpocrpaHenilfrt4 6yEyt tau saxnaveHu. B pe'

3yrrbrare MHoroKparHoro orpaxeHrir u r.InrepQepeHul{[ 3axBaIIeHHbIx BonH o6pa3ylorcfl
crorrqre BoJIHbr, Koropbretracro Ha3brBalor co6crseuHrnau xore6auuxvrt4ulttt rvroAawt.KaxEar

MoEa lrMeer cBoro qacrory rone6auui, saercarqylo or ycloaufi s o6rtacrll eaxnata (peao-

HaHcHofi lonocrlt), r.r B[oJrHe orrpeAeleHHyrc npocrpaHcrBeuuylo KapTIaHy crraeuteuufi: cSe-

pflqecK11e floBepxHocrn pas6nru Ha orAerrbHbre xone6rrcul4ecff yqacrKll, pa3AeJIeHHbIe BEoJrb

Mepr,r[IaHoB r,r flaparrflelefr ysloauruu iluuvfrlar1 Ha Koropblx ra3 HerIo[B]IxeH; BA,orIb pa'

Er,ryca BHyrpr o6lairlr 3axBara Kone6aHr,Ifl I,IMeror [ytIHocrI,I vI y3nbl, a BHe ee - 3KctloHeH-

u[a]rbHo 3aTyxalor.
Arycrruecrre BorrHbr r,rMercr rreprroEbr or 3 uuu Eo 1 '{. Oru pacnpocrpaHtrIorcfl co

cKopocrbro 3ByKaBo BuyrpeHHuxo6[acrqx Conrila l,t orpaxaprcfl or IIeHTpiubHbIx ]I Ha-

pyxgbrx cJroeB 3a cqer rpagr.reuToB rrrrorHocrl,I lr reMlleparypbl. Bepxgxx rpaul{qa orpaxe-
Hlrr rrexr,rr cpa3y trog Bnfr.rMofr rroBepxHocrbro Connua, r[e rlJroruocrb pe3Ko rlaAaer c BbI-

coroi, 3gect otpaxalorcfl Bc€ BorIHbI, AJrf, Koropblx III,IKlI4qecK[e rlacrorbl (, MeHbIue aKycrl{-
qecKofi ,racrorri o6pesaruu: ea = cl2H,r$ec - cKopocrb zoyrca,H - xapartepnrul Mac'

rrrra6 r,r3MeHeHllf IIIIorHocrra. B*tforocsepe I,IMeeM c N 6' 105 cna/c,'H avl}l cM; [osroMy
@a * 3. 10-2 c-l. CooraercrseHHo rvtrglruarrurrfi [ep]IoE 3axBaqeHHblx rolu Pu =
=- 2nlea x 2OO c. flocronrry aKycrI,IrIecKLIe BorIHbI c 66nrururuna [ep]IoAaM[ orpaxalorcfl
or 6ouee rnyfuKr,rx cfloeB, To Ha noBepxuocrr.r Jrerqe scero ua6lpgalorcfl BorIHbI c trepl{oAa-

tralt, ,6lpr:rlrvturcPu,*TaK Ha3blBaeMbre ntrTI4MLlHyrHbIe KorIe6aHI'Ix. ArycuruecKafl BoJIHa'

orpaxeHHag or etofr repxnefr rpaHI,IlIbI, pacflpocrpaHxercx nrny6r. B peaynrrare pocra c

rny6r.ruofr reMrreparypbr 
-(a 

sna.tar, r.r cKopocrll aayra) 6onee uy6oKa, qacrb BorlHoBoro

Qpoura ABuxercr c 6onee BbrcoKoft cKopocrblo.Ilo3ToMy Qponr BoJIHbI rlocrefleuuo I43rI4'

6ierc^, [oKa BoJrHa He rroBoparuBaer o6paruo K rloBepxHocru. Ha nuxuefi otpaxarouefr

rpaH[Ue ropr,l3ouTirrrbuuft xouuoseur $asonofi cKopocrl{ BoJIHrI paBeu rloKanbHoMy 3Haqe-

Huro cKopocrr.r 3ByKa, Taxutr o6pasovr, 3axBarIeHHbIe aKycrI,IqecKI,Ie BorIHbI pac[pocrpa-

Hflrorcr B[oJrb Ayroo6pasutrx rpaeKTopl..ri troE floBepxHoctrp Connqa, Croaql4e aKycrl4'
qecKr4e BorrHbr Ha3brBarorcfl p-MoAaMlr. Yxe nonyueu o6uupulrfi Ha6nloAarelburrfr uarepuan

'" ffiff:ffy;:"rT;XH#;,31r'o*u, ,a consqe ,rMeror rreprroEbr, rpeBbrruarcu ue 4o ,,v,..
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fitt ttux raKxe cyruecrByror pe3oHaHcubre rrorrocrrl. Borgr,r 3Toro rrrla Bo3MoxHbr rrunlb B
o6lacrsx c KoHBeKTl,IBxo-ycrofiruroofr crparuslrxaquefr neulecrsa. las ycrofrrnrB orHocr.r-
TerIbHo KoHBeKTI,IBHbIX ABLIxeHI,Ifi, ecnu ero rlJlorHocrb yMeHbtuaercfi c BblcoTofr 6r,rcrpee,
rleM rlo a4ua6arxvecrcoMy 3aKoHy B rlogullMarorqeMcfl sJret,rerrre ra:a. B 3ToM clyqae cMeuIeH-
ur,rfr gnenaeur ra3a I,IcrIbITbIBaer cIrIIy, Bo3Bpauarcqyrc ero B paBHoBecuoe [oJIoxeHI,Ie, u
crpeMl,ITcfl ocullnJlllpoBarb oKorlo 3Toro ltoroxenlts, Taxre [Bl,rxeutrfl Ha3brBarorcfl BHyrpeH-
HLIMI,T rpaBl,ITaur{oHHbrMr,r BorIHaMr,r. Ouu suamrc.fl pacnpocrpaHrrcxlr.lMucfl BoJrHaMI4, ecJrr{
llx qacrora <^,l MeHbr[e qacrorbr [.[aByrrecru 1/ (rar HaabrsaeMofi rracrorbr Bpyura-Bxllcxna) :

N2 =- (r)

rAe g - rloKtlrlbHoe ycKopeHlle cllrlbr rnxecru, (dpldr) u (dTldr) - rpaArreuru rurorHocrr4
H reMreparyprr na Corru1e, (dpldr)aa= \o(dTldr)u.a, @Tldr)ad = - gT7lcp - coorBer-
crByroqr{e aAr.ra6aryrqecrctre rpa&reHrr,r, 0 = - o-1 (0oldDp- KooQ$rure}ir rerrrroBofo
pacuflpeHl,Ifl, cp-ytrefibHafl TenJroeMKocrb. B o6nacru ryr{ficroro reruoflepeHoca, ycroi-
wrsofi orrocurerlbHo xouaexqrlr, Iy'' > 0; , KoHBeKrr,rBHofr soue 1y'2 ( 0. Iloironay BHyrpeH-
HI{e rpaBI,IraUHoHHbIe BorIHbr 3axBaqeHbr ruy6orco B HeEpax ro[ KoHBeKrlrruofr soHofr, r.r

I'Ix rpyAHo ua6nrcgatl Ha floBepxuocrlt Coruqa. Har.rveurruevry oanalnewuro B KouBeKr[rauoi
3oHe rloEBepxeHbt ArII,IHHoBonHoBbre xore6auux. B [4 - 7] 6rwu [pegnpr,rH.flrbr rrorrbrrKr,I
Ha6nroAeHlrfi arnx xore6arufr. OAuarco Hagexnbrx AaHHbrx [oKa He rto[yqego. Cros.uae
BHyrpeHHLIe rpaBllTaqr{oHur,re sorri nt Ha3brrarcTcfi g-MoEaMr,r.

I'IuepulrouHue BoJIHrI npetrcraBJlxror co6ofi floqrl{ ropr,rgoHra]rbubre BnxpeBbre AB}IxeHr,rfl
c 6onruruur neplroAaMr4, cpaBHuMbrMr,r c lreplto[aM]l BpaueHnq Cons[a (-25 cyfl. @l,Isl,t-
r{ecrllfi MexaHI'I3M I,IHepqfioHHbIx BonH cBff3aH c cl,uaMr{ Kopuolr.rca, co3[aroxrlrMr,r conpo-
TIIBJIeHHe TaKI,IM CMeUIeHI,ITIM STIeMeHTOB ra3a, npl,l KoTopr,rx tr3MeHtercfi rrrroulaAb [poeKur{lr
xuErofi nlturu (sanarHyroro KoHrypa, cocrorurero rl3 ogHr.rx r,r rex xe uacruq) B [rrocKocr]t,
fiepleH[uKyrlapuofr ocr.r BpaIrIeHI,Ifl, r.e. cMerrleHflffM c neuylenoli Ar,rBepreHrlr.rei4. l4ua\e
roBops, BoccTaHaBnI,IBaIouIee geficrnlte cun Kopuoll{ca cBr3aHo c rcxpaHeHr.reM BeKTopa
3aBl,IxpeHHocrr.r B r,rueprlt4anruofr c[creMe KoopAugar: rot V + 2Q= const (V - cropocrr
Bo3My[IeHHbrx gnuxeulri, S] - yrnonafi cKopocrb BparrleH[fl Conuqa). Bnnssue r,rgeprlrroH-
nrrx eSQerroB Ha ABI{xeHt4fl.3aBlacttr or orHocr.rrerrr,Hbrx Berl}Iqtrn clrr Kopuorrucavgpyrux
cua, geficruyloulux Ha colHeqHoe BeulecrBo. Culu ra:ogttHaMr.rqecKoro [LaBr,elfifl, cBr3aH-
HbIe co cxl,IMaeMocrblo, flpl,IBo.qffr rc 6r,rcrpol,ry BbrpaBHr,rBaur,rro rpagr,reHroB AaBrreHr{fr fi He
BJII,ISIoT Ha MeErIeHHbIe ABI,IxeHLIfi. Bonr,uroe aoa4elicralre Ha 3rIeMeHTr,r ra3a, cMeu-IegHbre
I'I3 paBHoBecHoro floJloxeHl{fi, oKa3brBarcT cr{Jrbr ruraByqecrr.r. B lyvttcrofr 3oHe rax Boccra-
HaBrII4BaIouIee gefrcrnre HaMHoro cI,IJIbHee Bnufi:aus. Kopr,IonucoBbrx cr{Jr. floorouy Bo3My-
UIeHI'Ifl a nyvrcrofi 3oHe npI,IBoAffT [peI,IMyrrIecrBeHHo K BHyrpeHHr,rM rpaBl,rrarluoHHbrM
BoJrHaM. B rouserrflauofr soHe cI,IrIbr IuraByqecru 6olnue He ffBJrflrorcfl BoccraHaBrrr4Baroulr-
MI'I, CrIeAOBareJIbHO, TaM HI'I3KOqaCTOTHbIe OCIII4TIITIqI,II Moryr BbI3IrIBarbCfl XLlr]]b Qr.LilaMr4
Kopuonuca. Taxurr.r o6pasou, I,IHepulIoHHbre BorrHbr o6pasyrorcx B ocHoBHoM B KoHBeKr[B-
tuoi soHe.

Ha Conuqe Bo3MoxeH TaKxe BTopofi.ruu nuepuuoHHbrx BorIH, cBfl3aunuil c lrgveneuprepr
BeprI'IKiIrIbHoro KoMloHeura yuoaofi cKopocrr{ c uruporofr. 3ro rax Ha3brBaeMbre Borrubr
Pocc6r [8] . Brxpeaue ABI{xeHLIE B HI,x flpoficxo[trr floqrlr B[onr c$epr.rvecxux non epxuocrefr,
lo3ToMy cI,uIbI nlraByqecrl,I oKa3brBaror: cna6oe aos4eicraue. 3Haulrr, Borrubr 3Toro Tr.rna Mo-
ryr cylqecroBaTbKaKnlyur'rcroil raK I{ B KoHBeK:n{BHofr souax. I,Ix Sner.rvecrclrfi naexaun:na
TaKxe o6ycnoaleu crpeMrIeHI,IeM crr Koplronrrca coxpaHr,rrr, 3HaqeHr4e 3aBr{xpeHHocrr.r B
I{HepuI'Ii}rIbHofi cucrette Koop[{Har. flocrconrry paccMarp}IBarorcfi ropr43oHTaJrbHbre EBr.r-
xeHI{fl, To BeKTOp 3aBI'IXpeHHoCrI,I LIMeeT IIIllxb BepTI{Kalruufr KOMIIoHeHT. Clegoaaretr,uo,
B AaHHOM Clyqae

(rot V), * 2S)r = const. (2)

Bosapaularoruafr awta Bo3HIrKaer LI3-3a roro, uro ,f2" yBeJII,IqrBaerc.E c rxr,rporofi. Hanpuruep,
eclttl Enfl. HeKoroporo grreMeuTa B ceBepuoM rron}ruaptrl,t (rot V). = 0,:ro fiprr cMeuleHrr],r
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ero K CeBepy vrcal Bo3paCraHI,Ifl O, r uev 6yLer reuepupoBarbcfl BI'IxpeBoe ABI'IxeHue c

HarpaBneur.reM rro qacoBofr crperxe (A.na cropouuero Ha6nloAarerr), raK KaK (rot V) r ( 0

cor;1acgo (2). B pesynbrare BocroqHafl rracrb paccMarpuBaeMoro srleMenta 6yAer ABl'Irarbcfl

K CeBepy, a 3arlaAHafl - K rory, rtro flpl,tBeAer K HoBbrM BXXpeBbIM ABLIXeHI,IfiM, Ha[paBneH-

HbrM coorBercrBeHHo rrporr{B r.r no qacosofr crpenKe. 3ru nuxpenule ABltxeHllfl 6yayr crpe-

Mr.rrbcfi BepHyrb UeHrparrbHyro qacTb orreMeHra B lrcxoAHoe paBHoBecHoe rIoJIoxeHlIe. Herpyl-
HO BI,IEeTb, qTO BOJlHbr TaKOTO TI,lIIa BO3HI,IKaTOT JIllIlIb B Cnyqae Heocecl{MMeTpI'IqHbIX BO3My-

uteuzfi l,t pacflpocrpaufiIorcfi B 3ana4noM Ha[paBneHI,Iu, T.e. [poTI,IB BparueHufl. Ha paCnpocr-

paHeH[e I,Ix B paAuanbHoM HanpaBJIeHLIr.r Brrl4fler cl,Ifla nflaByqecrlr. Iloorouy B 3aBucI'IMocrI'I

or csoeil qacrorbr paccMarpr,rBaeMbre HHepuHoHHbre BoJIHbI uoryr 6urr 3axBaqeHbl nI,I6o B

nyuacrofr soue, lu6o B KoHBeKTIlBuofr o6oloqrce. Crosque I,IHepIIlIoHHbIe BorIHbI Ha3bIBalorcfl

r -MoAaMr.r [9] . Eonrurrafi uurepec, [o-Br,rAr,rMoMy, npegcraBnqlor rore6aurff, 3axBaqeuuble

B KoHBeKTI,rBHofr 3oHe, TaK KaK I4x rlertle ua6lrcAarl Ha rloBepxHocrI'I ColHua.
B reoperuvecKux r.rccnegoBaul,lffx coJrueqHbrx oclu,IlrJrflur,ri paccMarpl4Balorcr E,Be ocHoBHbIe

3aAaqr.{: 1) pacuer qacrorHoro cneKrpa r{ flpocrpaHcrgennofi crpyKrypbl co6ctseHHttxxorte-
}auwil Alrn 3a,II,aHHofr MoAgJrLl BHyrpeHHero crpoeHl,Ifi I 2) ucuegoBaHl{e MexaHI'I3MoB

eo:6yx4eHuq rcole6aHr4fr. {ro rcacaercx nropofr [po6neMbl, To eule He BIIoJIHe ficHo, KaK

Ha Co116ue Bo3HI,rKarcT role6auua. Bosruoxno, oHLI fiBrlflIorcfl pe3ynbrarorvr ryp6yleuruux
Agr.{xeHr,rfi B KOHBeKTI,IBHOfi 3OHe, Cnoco6UtIx ClyuafiHr,tvt o6pa:Ona eo:6yx,qarr I'I raCI'ITb

Kone6aHI,Ifi. B ouepruro Kone6aHufr TaKxe Moxer flpeo6pa3oBt'IBarbcfi tt:6r,tror reIIJIa,

O6pa:OnaarU:ai,t;fr. npu yBerl[qeHl,tu CKOpOCTI,I flAepHLIx pearcqui ItilV fiprt uexOrOpofi ea-

AepxKe noroKa lyurcroft 3Heprlru B pe3yflbrare JroKaJIbHoro cxarlls BeulecrBa. Hau6onrruee

BHI4MaHrre noKa yAerlfi[ocb pe[IeHl4ro uepaofr 3aAaru. Teopra aKycruqecKl,Ix I,I BHyrpeHHI.{x

rpaBr,rraqr,roHnr,rx co6crseunr,rx rore6auuh patpa1oraHa AocraroqHo no[po6rIo. Ee ocHoBbI

6r,rryrn galoxeurr KayluuroM, fleKepucona, CeaepHbIM I,I Jlely; coapeMeHHoe coCrOEHlIe

orpaxeHo n [10] . Ilpuloxenufl 3rofi reopuu K coJIHerIHbrM ocurulnfiul,IflM AerarlbHo pac-

cMorpeHbr s [1 1 ] . Pacqeur xe [HepqnoHHbrx Kone6aHufr st luolueHbl cpaBHI'IrerIbHo HeAaBHo

n 112-161. floxa noApo6uo paccMorpeHbr ocqrrrrJrflqllll B rlpeAnonoxeHrM xecrKoro Bpaue-

H:afl,, a Arrfl HeoAHopoAHoro (MQ$epeuquilnbHoro) BpalueHl{fi JIUII-Ib noJIy(IeHbI IIepBbIe

pe3yrrbrarbr. Tev ue MeHee npeAcraBJrfierc{ qelecoo6pa:HbIM Aarb cpaBHLITerIbHble xapaKre-

pr,rcrr.rK LI co 6crs euHr,t x x or e 6auufr pa 3JI rqHblx rI'IrIo B .

H1rxe v1,t onpe4enuM o6lacru pacnpocrpaHerufl rt Srsuvecrcre xapaKreplrcrl,IK[ rl4Apo-

[nHaMl{qecKr.rx BoJIH BCex rl,rrroB Ha ocHoBe E,I,{cnepcrloHHblx cooTHolreuzfr n xoporKoBorlHo'
eotr npu6luxeHr{r{; paccMorpr{M oco6euHocru pacnpe[eneHufi lyueer,Ix cKopocrefi no AI'IcKy

Colmla Anfl pa3Hbrx NaoA co6crseHHbrx Korle6aHufr; npneegeM pe3ynbrarbl pacqeroB oruo-
rxeHl,rfi cpeAH[x BeJrr,rqltH ryueuofi cKopocrfi K MaKcI,IMaJIrurtnr (rarc Ha3bIBaeMbIx fipocr-

paHcrBeHHbrx $ranrrpor [17] , xaparcrepr.r3yroull4x rIyBcrBI,treJIhsocrr ua6nroAeHlrfr x pa3rluq-

nrrrur molana) pns ryrQSepeHUI4aJIbHoro MeroAa na6nroAeHrs rcole6auui ("Ueurp MI'IHyc

rpalr") [18] u Anfl HafirloAeuLtfi ryuenofr cropocru, cpegHei ro BceMy gucrcy ("Coluua
rix snea4rr") [19] , u ]rccneAyeM Btr4n:et:ae Ha 3HaqeHI,Ifi flpocrpaHcrBeHHblx SNlrrpoe
HAKNO HA COJIHCTIHO TO 3KBATO PA K IUIO CKO CTI-{ 3KIII'IIITI'IKI'I.

I . O 6nacrs pacnp ocrpaHeHufl rI'IApo[l'IHa MI'IqecK Ilx B o JIH

na Connqe

O6nacrr pacapocrpaHeHr4fl Kone6a:uu[,t ua Connqe yAo6Ho npoauanrl3lrpoBarb B ttpvt6ttu'

xeHul{ 3i{KoHala, eyfiTatr, qro Arrr.tHa BorrHbr HaMHoro MeHbrrle xapaKrepHoro pa3Mepa I'I3Me-

HeHurr rrapaMerpoB ope[br. B uexoropofr roqrce co cSepuuecrcI,IM]I KoopEIaHarawvrro, 8o,90,
pacfloloxeHHofr nnyrpn Coluqa, BBeAeM noKaIIbHyIo AeKaproBy cI'ICreMy Koop,4llHar co

cne[yrcu_It4M pacnonoxeHr.reM KooppHarur,rx oceii: ocb z HanpaBrleHa B[onb pa4$yca, ocb x -
BAonbnapanneilv,tJcby -BAolIbMepI,IAHaHa.llpltarona x= ro(p-Qr), y.= .ro(B -80),
z =r-ri.Ity.ro Y = (u,u,w) -BeKrop.*opo.rrrone6auui ta3a,pt up'- ao:vyure-

Hlrfi TIIOTHOCTI4 I4 AaBIIeHUx; S) - yrnqBafl CKopOcTb BpaUeHI'Ifl COlUqa; po - [JIorHocTb'

c - cKopocTb 3ByKa I,I g - ycKopeHl4e cltJILI TflXeCTI,I B TOqKe I = 16, TOr!,a JII',IHeapII3O-
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BaH Hbr e ypaBHeHr.r fl rH[poEr,rH aM[K u r,1 MerOT BrA

0u

A, = - 2Qsin0ew

0u

a, =-20cos0eat -
dw

a, = 2SlsinB6u

I
+ 20cosOou - -po

I op'

po0y'
I dp' p'

-;ar-8-'

0p'

Ox'
(3)

(4)

(s)

(6)

(7)

(8)
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O p' l\u 0u Dw \ Opn

a, = -"|r* ri r *)-*;'
^,oP oPo+w-
0t dz

He nepntrx [Byx ypaBHenufi cnegyer coorHorrreHlre Iul.fl BepruKtrJrbgoro KoMrroHeHTa BeKro-
pa 3aBrlxpeHHocrr.r ry' : (rot Y), = 0ul0x - Ou/dy:

(e)

AV l\u 0u \ 2S) O

; = -2ocosu'|r* . 
u, )- 

^ 
sin06u -2- cosoolv+

dw+2OsinOo-
0y

!V7:.* ucKarb peIIreHI,Ir clrcreMbl (3)-(8) ts Br.rAe pacnpocrpanf,rcullrxca rrrocKr{x BorrH:
f (x,y,z,t) =/6 exp [i (k*x+kry+krz - cur)l , rfiecrruoon/o6ogHa,{aerBo3Myrqe-
HI{e KaKoro-lu6o rugpo4tlHaMllrtecKoro napaMerpa B Borrue . Paccr"rorpuvr ABa [pe4eJrbHbrx
cnyqas: I ) eucoxauacrorHble xore6anr.t.fl (.,r > O) r.r 2) Husrouacrornue ro rc1inux (<,s 4:( o). 3ro flo3Borrr,rr 6oree qerrco pa3rpaHrrrr,rrr rone6auus pa3Hbrx rrr[oB.

B nepoonr cnyqae MoxHo npeue6peur cunofr Kopr.ronuci. Torga us (g) uoryuaerrr i! = 0,
r.e. IIBITxeHI'Ix B IIJIocKocrn (x, y) ,rBrrflrorc-fl 6esauxperrrur. .fiucuepcuoHHoe coorHorueHr,re
n npu6nuxeuuu c,:ta6,oit crparuslrraquu krgf c2 ( 1 uueer nn4

k', = a:-' c-' (e' - ,'k?) (-' - N'),

Ue k, = (k', + *l)k - ropr,r3onrrrJrrurrfi rounoneui aonHosoro BeKropa, .Iy' - uacrora
Epynta-Brficana (l). Orcro4a floflysalorcfl BbrpaxeHr.rfl Erf, qacror aKycr]rqecKlrx ri BHyr-
peHHr,rx rpaBrrTarllroHHbrx BorrH coorBeTcTBeHHo

@'p = 'hlk2c2 + N'+ [(k2c2 + N2)2 - 4k2tc2N2lv, l ,

-I =,Alk2c2 + N2 -t(krc, + Nr), -4k2rc2N2lv,l ,

rge 15 = (k2x + ktr + k'r)!' - a6courcrnoe 3HaqeHI{e BorrHoBoro BeKropa. oueauguo, rrro pe-
IUeHI'Ie B BI{Ae pac[pocrpaHflrcrr[xcr BoJrH rroflfraercfl B ToM crryqae,.ecnr geficraurerrbHaf,
qacrb BorlHoBoro BeKropa orrlllqHa or HyJr.fl. O6racu pac[pocrpaHenrx rone6anrafi a aepur.
K&rIbHoM Ha[paBrIeHI'IlI olpeAerlf,rorcs lrg ycrroBr{t k? ) 0. B gasuciln{ocrr,r or qacrorbr KoJre-
6annfi aogMoxHbr rplr pa3Jrr{qHbrx cnyuar.: a) <o2 ) N, , e, > k? c2 ; npu erow k2, ) O,
aoBelleHl4e nosnayuennfr coorBercrByer pacflpocrpaHflror[r{Mcfl arycruvicrcr* ,on*ap,
(oauerurr, rrro Bepxg.flff rpauuqa o6tacru pacflpocrpaHenl,Iff o[peAeflfr.erc . B paccMarpllBae-
rrou upu6nuxeHl'I[ KoporKllx BorIH JIoKaJrbHbrM sHaqeHr.reM qacrorbr Epyrra-Baftcni.a N, a
He aKycrutrecrofi qacrorri o6pesauua Gra, rrro cBf,3aHo c HapyrueHr{er"r sro.o npn6nuxennx
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86rrg3r,r xpag14rl orpaxeulrff, oA]raKo B troA$orocQgpnux crloflx 3Har{eHutNnuu 6tuzrtl);
6) ,r' < N2 v-u2 < k2rc2,npt eroM cHoBa k'" )O,Ho ocqrun'uu\fl9euclaB:inYrrco;
6ofr pacupocrpaH4roq[ecfl BHyrpeH-HLIe rpaBnraql,loHHble BonHbI; B) }y''1a" I kic"
,r^'*1ri <'@2 < N2,egecik2" 4,0,eroqnyuaftHepacrpocrpaHffIolullxcfleonu.'Pac-
cMorpr,rM 11errepb paorpocrpaHeme roreSasrfi no ,cQepnuecxoft rloBepxuocr]l. B croaqei

Borrge BAorLb uaparnetefi yK[aAblBaerc, qerroe rII4crIo A,I]IH BoxH:

2r rs sinflol(2nlk*) = m .

OrcroAa

kr= mf rs sin 80.

Kporue roro, uccrreAoBanne xone6auufr a cQepuuecxofi crcreture KoopAI'IHar (fi.{., uarpnvep,

[20] ) norcaabrBaer, rrro B croflql{x BoiIIIax nonuufi uonepeuHrtfi KoMnoHeHr BoJIHoBoro BeK-

TOpa TaKXe [pI'IHI'IMaeT A]ICKpeTHbIe 3HaqeHl/tt :

k, = 1/TQT$1ro, (11)

r;re I = O,1,2..,Iloeronry MepEAIlOHaJrbHa' cocraBn.Eloulafl BOIIHOBOTO BeKTOpa 6y4er

/(/ + 1) m2 (12)k'v=kzt-k2n
t2o ta t* .r,

quanrUrnurn. Karc BLIJIHo ttz (12), ua cQepuvecroir noaepxuocrl'I [IMeIorc'I UBe KpI'IrI'IqecK]Ie

ulr{poTbl: O = Os u B = 7r - B s,; , Ha KoTopblx k2n rv.eruter onar. Mexgy 3rI'IMI'I [ruporaMl4 B 3K-

oarbpraarrruoft uoroce co6crseHnue Qyurqr,rra cI,IHycoI{AanbHbI, a lro HanpaBrIeHrIIo K uorlrc-

CaM oT Ht{X aKC[oHeHUI{aIIbHO y6uraror, Kpuruuecrue t11}Iporbl HaxoEfiTCfl Lt3 ygltoBt4fl

sinBs= tmll^IN +t1. (13)

OrCroAa CIIeAyeT, qTO /Iflfi $rrC4poraHHoro 3HaqeHHs / uoloca BoJIHoBOTo paCnpOcTpaHeHI4'

cyxaercfi apll Bo3pacr,urri l*1. Aurururygrr ceKropl'IarlbHr,Ix MoA, IUIfi Koropblx lml = I ,

MaKcltMtlrlbHrt s6nfi sLI 3KBaropa.

.IIla nuarouacrorHbrx ,*r.pu,nornurx rone6auui c <,i( Slt'ts (4)-(8) florlyqaercfi Allcrep-

CI4OHHOE COOTHOIIIEHIE

2SlsinO6k,
(14)

rsk21 Q

Ycnog[e paclpocrpaneHl'Is BorH k', ) 0

(10)

1sr, = --,l--:-^- (k' -' -' 4a'cos'B6

BbrrronHfeTcfl B IIByX Cnyqafx:

2flsin On k,
<' 

- _--:
ro k',

2O sinBok,
14 0) ) - --_-----:- '

ro ki
Hepaneucraa B crryqae a) tvroryr nuuorrurrrbcfl Jrr.Iur npu.N 2) 

O tk * 10' 3ro ogsaqaer, qro rly-

\U}ra'- eOHa Ha COnHUe flBJIrIeTCtrO6naCrrlo 3aXBaTa BOIIH, pacflpoCTpaHflrcxlllxctr B OTpI'IIIaTeJIb-

HoM HanpaBJreHru [o KoopAr.rnare ir, T,e. lrporl,lB BpaqeHl4fi' B cnyuae 6) o6nac$ pacflpocrpa'

negyx rone6 anwi npu rr6ur* 3HarIeHI'Iflx 
-k, 

puC.rono*exa B KoHBeKusHofr sone (l/2 ( 0) '

flcHo, 9To Ha fioBepxgocrn connqa B rrepByrc oqepe/Ib cleAyer ox[/Iarb IIoffBJIeHI'tf role6a'

Hr.ri, saxra.Ieuutrx neruy6oKo, fIo3ToMy o ganilrefiUrena 6y4eu paccMaTpllBarb I'IHepUlIoHHbIe

role6annr rorrbKo s o6onoqxe Conuqa, Vs (a) BLIreKaer, qro nau6onrmee 3HaqeHI'Ie Bep'
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k1
a) ,i' < -+ Nz

K-

6) ci2
1-z

> *^, 
N,

k'



TI4KaJIbHoro KoM[oHeHta BoJIHoIioro BeKfopa EocTr,rraercfl B o6flacrr,r naaxcunayua ;-4y'2i.
CldgoilarenlHo, TaM cocpeAoroqeuu ocrorru, arieprur ronedanlafr. B 6olrruefr uuCa, 

"or-BeKrhBHofr aouul Coruqa pacnpegeleHue flnoiHocrr.r fi reMflepatypbr 6nr43Ko k a4ua6aruuec-
KoMy fi a6conrcrsoe 3HaqeHr.re KBAEpara rractorrr tspyrith-Bqfrcsna rigeei14rco: F/, i_( d* .

Jft.rurt B odnacru ueo$SexrueHofr rcoHBercrlar, cpurrnreJrbHo roHKoM noa6oroc6epno"r* .ro.
TonfitrIrHol'I B HecKoJIbKo rblcflI{ kfinoMetpoB, r,rMeercfi rny6oxnfi naunranayla otptauarenuHrrx
:HaqeHnri N2,rge W'llt2' ) I. Cne4ogaielruo, ,r.puror"ure ruogrr "or.Or"il]il;;;;;_HbIe B KoHBeKrI,IBHofi sone, cocpeAoroqenrr irpeurryuiecrberirio a srofi o6riacrra. tidcrora
I4rlepqr{ouHbrx BonH, KaK cleAyef ut (14) i paBria

ts 
k? * 4y 

cos2 Bokr,'N2

Ecnn k2, I k2t lN2l l4tl2 cos2 fo , ro k* ( 0 u BorrHL,r pacilpocrpaHflrorc, Ha 3araA
[porI'IB BpauIeHI'Ifl Connqa; 

-npI,I 
BblflonHeuuil o6parHoro HepaBeHcrBa - Ha BocroK. Oqenug-

Ho. qro nocKoJlbKy W'll tt' ) 1, to fipeAcraBnfler Hr{repec Jrr,trrrb rrepBbrit cxyuai,r, ugnn
Hero qacrora role6asrafi 6rusrca K 3rraqeHr{K)

2O sin0o kx(r= (1s)

2,f2 sin 86 kx
L2nt

cdo= -

Paccvarpunaq rcore6auun Ha scefr csepr.rvecrori noBepxHocrr,r r.{ noAcraBJr.{fl croAa (10) u
(11) , nonyuaeM r,r3BecrHoe Bbrpaxer.rxe AJrfl qacror aonu pocc6u [g]

coo = - 2Sl, mll (l + 1) ( 16)

lX

Herpygno y6egurncn, rtro B Kol{BercrvuHori o6oloqrce rroryr 6r,rrr H ocecuMMerpuqHbre
Borur,r, AJIfl Koropbrx k * = 0 (ru: 0) .B 3roM cnyqae us (14) HaxoAr4M

l-2
a)2 = 4,f22 cos'rSo* +

t\

k1t tr2

k2
(17)

OqesuuHo, rITo 3TI'I rcone6auttrl Bo3MoxHbI Jrr,Irrlb flpu k, * kr, T.e. npu oqeHb Ma]rblx IIJrI{gax
BoJII{ B paA[anbHoM HanpaB]IeH]rr{. B nporuuuoM cnyqae norryuaev c,.:2 ( 0, qro coorBercr-
Byer HeycroiiquebrNa KoHBeKTI{BHrIM MoAaM [20] . B tryuucroii 3orre ocecr,rMMerpfiqr{bre
rco^.ue6auua-, Kar( BT.TIIHO u (r1), ynpaBnfirorcfl B ocHoBHoM Qlltalvrr4 nJraByrrecru r{, nocKonbKy
N2 > St2, t{BJ7flrorcfl tto auoaii nprpotla BHyrpelrrlrrM}r rpaB[raur4oHHbrMr4 BorrrraMr,r, Jrr4rlrb
t',togu(rr,rqr.rpoBaHHrrrMtr BpaulerrI.{eM.

Tarct'rrrt o6pa:orra, pe30HaHcHbIe tronocrH AJrfl rHApoAr,rHaM[qecK]rx rcole6aulrff pa3Jrr,rrtHr,rx
Tl4floB flpeAcraBnflIor co6oti ctlvl,terplaqHble orHocl4Telbuo 3KBaropa KonbqeBbre 3otlbl, or-
palruqeHHr,re IIo u]rpoTe v pauvycy:

.90 (B(a'-0s u r, ( r{rr.
IlporaNeHuocrb t4x IIo iullpore 3aBLIcr4T or :ua.reHufi noneperrHbrx KoMrroHeHTots BojrHoBoro
BeKTOpa. Beluqzttt,I Kpl4rl4qecKr.Ix yrnoe B 0 onpe[ejrffrcrc, BbrpaxeHraev (13). Pacno:roxe-
I{I{e rpaHl'{q o6:racru 3axBara no uy6uuc r I v r 2 3aBilctrr Ire roJrLKo or BonHoBoro BeKTo-
pa' Ho v or qacrorbl rco:rebauuti. O6nac:ru:laxeara xone6asuft no pa4rlycy ygo6Ho paccMorperb
c IIoMou-lbrc AI{arpaMMbI pacnpocrpalleuua 

_[10^] , ua xoropoli ]r3obpaxeHbr 3HaqeHr{fl Kpr.rrr.r-
qecKux^qacror N2 u L1 = k'rc2 = I (l + l) cilr i no puury"y or,1.nrpu 4o nrreruuei oiro._
$epu Corrnrla (puc. 1). loprasouranbHbrMlrnprMr,rMr.r ltulut{Mvt noxaiauor o6:rac1u pacflpo-
crpaHeHuf Xo:te6auri pa3n[qHblx TLIIIOB. crOxqlte BoJrHbr B 3TUX O6;racrgx vcraHaBrlr.rBaror-
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\

i tt'.

[rrtt"

\?oo

,1'Z

/

rq/llu/,lL)- /rt //t z./or

/ 4t 4e 4/t /
,/P,/l|o

rl,xv

Pnc. l. .U,r.rarpaMMa pacnpocrpatrenus xole6attuft Ettx craH[aprHoft MoaeIIH Comtqa
Ioprr3oHTalbHbre npqMbre floxa3brBaroa o6racrlr szxrara rone6anrfi Tpex rurroB: axycruuccrnx (pttlo-
Eor) , ,nyrpesggx rpaBuraugoHHbrx (g-wogu) H ffieprruoHHbIx (r -rvlogu). 3xauena-a uacror Ep-yrra-
E"i;;;;;Nt;lr*d^tt,=l-11 *r;"'lVr.rroi ua [10],rtraHbrB'e,qr{Hulrax GM,IRL=3,9'to-1 c-2,
y'l - Bbrcora nag yponxeiu SorocQeptl

cn ,ec,Jtt4 BbrnorrHeHo orrpe[erreHHoe ycnoBr4e grrx Sasu rcole6aslrfi (ycnoeue pesouauca)

r2

[k,dr = n(n + a),
rl

(l 8)

UJe n = 7,2,3 ...; o - qI'IcJro fiopflAKa eAI'IHI'IIIbI, 3aBl4cflulee or xapaKTepa orpaxarcU[x
rpagr4rI. I e (lS) u (9) cneuyer, qro An.fi KaxAoro 3gaqeH1rfl / = 0, 1,2,...cyr$craylorABe
locle[oBare]rbHocr]r co6crseHurrx rore6anuft: aKycrI,IqecKI'Ie (p) rnlo4u c qacroraM[

<to,1 ao^ 1ap. ( ...,ynellrur,rBaloull.rMr,rcflrrpr,lBo3paCTaHVU4n,t4BHyTpeHHI,IerpaB[Ta-
rlr,roHHble (g) nrouot,'racrorbl Koropblx yMeHbrualorcfl c pocroM n: @s, ) @g, ) @su)

m1 0 cywecrBoBaHr.re rperrei nocne[oBarenbHocrlr co6crseuulrx xole6anui: uriepllNonnrrx
(r ) rtroA c qacroraMu, KoHrreHTpr{pyrcur,rM[c.fl oKorlo suaqeHl.Ifr rlacror Pocc6lt <,.r0 =

= -2slmll (/ + 1): {d6 ( a)rt < -r, a ... 3aueruv, qro r -MoAbI c Hl,I3KI,IMrr 3HaqeHI'IflMI'I

t? Bo3MoxHbI TOIIbKO flpu OTpuqaTeilbHblx m,TaK KaK BbIlUe MbI noKa3aJltt, uro :jglf. m]- 0

pacnpocrpaHtrIouuecrr BoJrrrbr Bo3MoxHbI JIuIUb flpu 6olrutux 3uaqeHl{flx k, . B vacruoctn, a

pacqerax [15] nonyuanocb, qro Anfl MoA uuepuuoHHblx rone6asufi c m= Oser,ntunan)- 4.
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2. Pacupeqeneuns nyrreBofi cropocrr rone6alud rro AHcKy Conmp
H npocrpaHcrBerurre Qalrrpu

OcHosHofi Qn:nuecrcoii xapal(Tepl,IcrlKofi Marbrx rcore6aurfi sreag o6brrryo c,,yxxrBeKrop cMeIIIeHl'rtr 3JIeMeHra Maccbl l. Ecnu npene6pevr Bparrlexr.reM 3Be3Abr, To ero MoxHorlpeAcraBl'Irb B su[e cyMMbI ql'Icro paAl,IalbHoro BeKropa [I rpaAr,reHra cKitrr.flpHofr $ynruufi[20]

E=era+VHb, 
t,j9,o"ro rUD - uercoropbre cKanspHbre Syxrcquu BpeMexr,r r4.KoopAr,rHar (lg)V s = (.r# ,

fu*0a9/ - ropr{3oHrarruuft KoMrroHeHr rpaAr.reHra a csepuvecrrx KoopAr.rHarax. Bos-

MOXHOCTb raKoro npeAcraBrleHl{fl He[ocpeAcrBeHHo BbrreKaer r,r3 ypaBHeHr,rf r{MrrynbcoB

(20)

(21)

(22)

flocrcomxy Bapr,raur.rflMr,r rpaBr,rraulroHHoro floreHrluana o6uquo MoxHo npeue6pevr (npr-
6nr.rxenue Kaynr.urra) ,-ro uz (21) u (22) ronyqaeM

anlbn = - a2 psrl(dpsf dr).

Ha norepxuocru ConHqa (r = Ro) @psldr) = -g o = -GMo 1R26, cle4,raarenrno,

anlbn = a2l1CU"lA.") = -, l.ro .

art
dt' vp'+ Y4, - vo,=r(i **,) *ff.,*
n v'ro 

,,
Po

@'-, n'tt d - efinepoau Bapua\uv flrlorHocrr.r, AaBJIeHlrff LI rpaBl,rraulloHHoro rroreHur,ra-la), norouy qro npaBas qacrb rIpH orcyrcrBl,IH HHepUuoHHbrx ctrrr 3anr.rcbrBaercrr B Br.rAe cyM-MbI rpaAlleHra cra-nxpHofi oyxruur.r (p'lp+ O) ,IIByx pauuanbHbrx BeKropoB, raK KaK Bpaeuonecuofi coepuvecrcr,r-cr,rMMerpr,rqHoi onesge BeKropbr v po u vp6 uanpaeneHbr Bllorrbpauuyca. Cralapuue [epeMeHHble a u b ynx. orgerrbHbrx uog co6crnennrrx rcone6a'uir sa-
ll{cbrBarorc.fi B BHAe rrpou3Begenr{x ceepuvecxofr Synrcqnlr yf @, g), $yHruuit, sasucx-
rqux or r , rl rapMour{qecrofi Syurqur.r BpeMeH[, Ha[pr,rMep:

a (r,8,p, t) = a, (r) yt (B 9) exp ( - ia t).

Jlpyrlrr,ar crIoBaMI,I, fiepeMeuHbre t ,8 , g t4 t paE\eilfriorcrl. [nx SyHrrI[i, :anucxulr{x or
pauuyca, flonyqaercfl cl'IcreMa glt4$epeuqraJlbHblx ypaauenuri qerBeproro nopffuKa. Ha sror,r
pa34eileH'fivr [epeMeHHbIX OCHOBaHO BCe paccMorpeHlre HepaAr,rarlbHbrx rcone6iur,ri saes4 6e:BpaqeHl{t [10, 20]. ouo onpegenrer rnacc cQepo[AamHbrx MoA, IIrrff Koropbrx 3aBrrxpeg-
Hocrb B paAr,rirrrbHoM HaflpaBrreur{ra roxAecrBeguo paBHa nynrc: (rot t), = 0. Coorrro_"rr.
MeXAy BeIIIIqI'IHaMI'I Aru bn Ha [oBepxHocTI'I BbITeKaeT ]I3 yCIIOBLLE oTcyTCTBI,ITI BHSTTIHLIX Cu;1,narpaHxeBa Bapila\Lrfi.,UaBrreulas. paBHa Hyrrrc: 6p = p' + tV po = 0. OrcroAa

a, = -p'l(dpofdr).
lls ypaenenuff r.rMryrrbcoB (20) u BbrpaxeHlr_fl (19) uaxorurNa

bn=--J-( P' + o,\(D"r \ po I

I

Po
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BenxqrHa ao = (GM o lR'o,)k - 6,3 . lC,-4 c-l , noarouy Arfl aKycrHI{ecKI'Ix MoA c qacrora-

Mu -2. l0-2 c-1 (nnrurrauuyrnure xone6aulrr) cueuqeuufl ra3a Ha noBepxHocrl'l rBrlflidrofl

lpeLIMyuIeCTBeHHO paALtalbHbIMI{. Hanporrr, B HI'I3KoqacroiIIbIx rpaBI'IraU?IoEHbIx rt'IoAax c

nlproAu**, 6dnu.unrrau 3 u (<^: ( t0-a c-1), cMeuleHllr flpelrMyluecrBeHl{o ropu3oHtanbHbl.

IIpu pacuere rroBepxuocrxofi rcapuruu rone6aHufr c rlacroraMl,l, 6nugxuMa k @0, Heo6xoA}I'

Mo rrpr,rglrMarb Bo BHrrMaH[e o6a KoMrroHeHTa BeKTopa cMeuleHl{fi. Hnxe urr 6ygena paccMat-

pWBaTb III{Iub H}I3KorIaCTOrHbIe g-Motrbl C npeo6la4aloulriM BK[aAoM [oflepeqHoro KoMno-

HEHTA.

llpu paccrrorpeulrl{ r,ffiepu}roHubrx MoA co6crBeHHblx xone6aNui B BbIpaxeHI'Ie (19) Arx

"a*r|pu 
arauregr.rft neo6xoAurrro Ao6aanrr ropouganbHbrfi rounoneur, o6ecfleql'IBapulufi ne-

Hy,rr€Byro BeprllKirnbnyro 3aBr4xpenHocrr. Oua Moxer 6rrtr aupaxeHa qepe3 cxanxpnyro Qyu-

Krrrrro.c=a(t,&,g,t):

(MHrrvryrc, eAEHI,Iqy B IIocJIeAHeM cJiaraeMoM yAo6Ho BBecrI{ Arrfl y[IpoueHnr galrueftrurx

pacueroa.) .Iftx rnepqllonuux rone6axtrit te npoucxolllar pa3Aeneullf, MolI IIo c0eprqecKl'IM

iaprr,rOurlrau. floerorvty trprl pacqere raxIofi orgelruofi MolIbI [pI'IxoAI4Tcfl [peAcTaBllflrb

nupa*ar"rra a,b L4 CB Br,rge pfiAoB tro cQepltvecrlrru $yuruuav. ogrtaxo q[cJIeHHoe I',IC-

anr;1or3nra [15] noxasano, urb a nalr6oree BaXEoM qacrgoM cnyqae rcore6auui cmlOu
qaCTOTaMI,I, ftttt.Xttttu K qacToTaM PoCC6l'r flpl'I HeKoTOpbIX 3aAaHHbIX [apaMeTpax I u m, e

BeKTOpe Ct4eg1e6Ufr AOMI,lHI{pyeT Topglylzylbgbri rOt'tnOneUT, vL flp1l 3TOM B pa3IIOxeHI{I'I

$yurcuuu c 1to c4eprlr{ecKrrM rapMoHr,rKaM npeo6fla[aer qfleH, npoflopulronalr,uuft Y1n.Ta-

rnrr o6pasorur, o iryrue r,rHepur{oHubrx rurog npr6r}rxeuno BeKrop cr'reuesufi 6yuen'l 3a/IaBarL

t?ero+Ysb+ierXisc.

I/\
.tII

Vn(p, \) h (p) pdPdt',

, (o,r)h(P)PdPdlt

(23)

(2s)

B BI,IAE:

l=ierX V ac, (24)

f,Ae c = c, (r)Yf (B, g) exp (-i cotJ, 14 cqr,rrarb, qro qacrora role6anrai 6rrsraKo)o=
=-2A4t(l+1).'

3ar.,rerr,rrvr, vro c$eprauecKl,I-cl,tMMerpuqHble cMeuIeHI'Ifl (1 = 0) uoryr 6rtrl roJIbKo IIrIff

aKycrlrqecK[x rcore6aunft, TaK KaK AJrrr raKl,rx cpteuleuufr Hu cuila ulaByqecrll, HI{ Koprron[-

coBa clrna ne 6ygyr Bo3Bpaqarcull{Mll.
Co6crseHHrr.e rcole6auua, 3axBaqeHHbre BHyrpI{ Coluqa, BbI3bIBaIor cMeIqeHI'If croeB ra-

3a Ha fioBepxHocrr,r u [p!r llocraroqno 6olruroft auuuryge Moryr rtpIrtBoJlI'ITb K 3aMerHbIM

AolnepoBcKI,IM qABHIaM qacror c1reKrpallbgbtx auuufr. Beluquua Aouep-oQSeKTa fipoflop-

IIT,IOHaIIbHa IIpoeKqI,I[ CKopocTI4 ABI,IxeHI,Ifl BeuIeCTBa BAOnb nyqa 3peHfifl. Tarcuu O6pa3oM,

;prfl r.rxrepflperaur{u ua6nroAenufi neo6xogtttuo 3narb pacflpeAeJleHl,Ifl flyrleBblx cropocteli no

conHeqlroMy llxcKy /rrrrr pa3nr,rqubrx vrog rore6anufi. B na6rroAeHl'Iflx uau6onee nornlre gau-

Hbre o pac[pelIeJIeHIIIl nyvenofi cKopocr]I IIo AI,IcKy nortyqalorcfl flpu floMoullt Qorogroguux
Marpr4rl 12,31 .B gpyrr,rx cxeMax sa6nrogenr.rfi ll3Mepsercfi nyqeBarl cKopocrb' ycpeAHeHHaE

no 
"".*y uucxy connua r.rJrlr lro ueroropofi ero qacrr{, Hanptluep, a [19] nporo4I'utucr ua6'

rroAeg1afl llerrlepoBcKr.rx clIBHroB B crreKrpe u3rlyqeHl,lr or Bcero Coluqa, a e [18] I'I3MepE-

Ilacb pa3Hocrb MexAy qeurpa:rruoft (r<pyroeoli) u xpaerofr (ronrqerofi) 3oHaMrI coIIHeqHo-

ro A[cKa. Uyncruurelruocrr ua6lrogeuui gauHoro rLI[a x co6crseHur,rvr xore6anfisM xa-

paKrepn3yercff raK Ha3bIBaeMhIM fipocriraHcrBeHHbIM $Unrrport'r [1 7]

rAe

Vxp

2r f rII
00

1 zr'p.IIVIxp o r,
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- cpeAHr're [yqeBbre cKopocrrr or qeHrpiurbHofr r,r KpaeBo i sor, v n (p, tr) _ 3HaqeHr.re ,I) re-nofr cropocur B roqKe c florrffp,brMr.r Koop,]rHaraNtr pr4r *ru rlucK. ior.qu; a rpi:oyr"-qlu [oTeMHeHr.rs K Kparc;

2n r, 2rRI\ = { l n @) p dp d)r. r*o = i"'i h (p) pdpd)t'o o o rr

- orHocr,rrerrbHbre _qpKocru ueurpanbHofi u rcpaenofi sou,
V^u* = rnax I V, (p,]r)l ,p' I

R - ua6rrogaetvrrrfr paElr{q E,z,cKa, rr - pawrycqeurpalrxofr :ouu (Ala ua6lrcEennfi rlorHo-ro AI,ICKa, OqeBI,IAHO, /r = R) .

oruocurenruo HenoABr,rxuoro ua6ruoAarerrff cKopocrb ocupmnarfi 3JreMeHTa ra3a .Ha
aoBepxHocrr.r ConHrla [20]

ATv=-+ (vov)t - (tv;vo,
dt

II. Vl - cKopocTb EBr.D(eEr.rr AaHHoro arreMeHra, cB.E3aHHa, c BparrleHr.reM, yur.rrrraax, uroVo= S2rsinfe, :at.J exp(imq - iat),rpllycrroBr.ru O =const noryr{aeM
Y=-i(a-mg)t.

flycrr coraauro (23)

t = (ap,Yf * 4 V7YT * c1ie, X Vny?) 
"-t<ot,

rAe EI.IfI p-lll9(Q= 1,b7=ct=O; AJrfl Hu3KoqacroTxbrxg-MoE bt= l,al=ct=0; gnr r.rr,rogc1=1, a7=br=O. Torga 4nx KoMrroHeHToB BeKTopa cKopocrlr a @epuuecxor'ar"raraKOop,4uHar noJrrraeM

V, = - i(a -mQ)a/f exp (- iat);
i(a - mQ\

Ys =--:-- ^: (bpf + mctYT)exp (_ ili,t);
sin B

(<o - mdl].
Ve = :--. * (mfuy + cp\)exp (_ i<^rr) ,' sin8

rAe

DT = sino!# = u (t + i yfr.r-(/ + t) J (D Wr ;-at}

J(l) =

(26)

(27)

Hapngy co c$epnuecxofi cucrervroli KoopAr,rHar (r, g 
, g) c nonxpuofi ocrrc oz, uaupanreunoi

BAonb ocrr BpauleHwr co.rruqa, paccMorpr{M cr,rcreMy xoopgr.rri, (r, @, iD), "orrpr"" o.ixoropoii neprreHAHKyn.rrpHa n;rocKocrr,r 3Krrlrflrllru, a yrol @ orcqurrrsaercfl or HaupaBne_
Hilfr Ha na6rrogarenx (oc2ox). rrorapnr,re Koopl[.rHarbr (p, ].) ua ru.rcKe cBr3auur.o .6.pr_qecKltMrr Koop[uHaraMu O u @ cJreAyroqr.rMx coorHorrreur,rf, Mr,r :

() = arccos (psin).),
Q = arcsin (pcostr/sin @) .

Tenepr Anfl pacrlera lyvesoti cKopocrr{ B TorrKe c Koop4rHar aMLr p,}, neo6xogauo nafir,
cBff3r' MexAy KoopAHHaTaMU 8, g u @, o. BsauNrHoe pacrroroxeHr,re [Byx clrcreM Ko.p4n-uar y4o6uo xapaKreplr3oBarb rpeMfl yrnaMr.r 3frnepa: i-, 1,6 .flpu arou repexoA or clrcreMr,r



c yulaMn @ u O r gpyrofi, cssgaHofi c ocblo BpaIueHI'Ir Coluqa, Moxer 6ntrr sbtnorHeH

nocpeEcrBoM Tpex flocnegoBarenbHblx rloBoporoB: 1) noaoporoM Ha yrofl 7 BoKpyr ocu

OZ: q nouopoio, Ha yrolr i roxpyr soaofi ocu OX t 3) roBoporoM Ha yron 6 rorpyr
r.rosoir ocru OZ @wc. Zj. Ilycrr ro.uca,4 na cQepe rlMeer Kooppsaru @ ra O. TorAa Al.s

cQepuuecroro rpeyrolbuurca Zz A [olyqaeM

cosB = cos i .cos@ + sini .sin@ 'cos Inl2 - (Z - O) I .

orcroga B = arccos [cosf .cos@ + sini .sin@ .sin (7 - o) ] . .ll,na arruyraJlbHoro yrna I'IMeeM

9=rl2-!-6,
rtre p - yro:rt zzA cQeplluecxoro rpeyronbHHKa..IIlx 3roro rpeyroJIbHI'IKa I'IMeeM

sinp = sin@ cos(7 - A) / sin B.

Pge. 2t Baaurvtroe pacnonoxenlle AByx
cucrerr c$eprvecKl{x xoopAuHar: cl{cre-
Mbr, cB.g3aHHoft c ocrro BpaureHlls Conuua
(ocr Oz), u cllcreMbl c uonxpHofi ocrro
OZ, neprrengnr<yfiapHofi IrJlocKocrl{
3KJIIIITrUKI{
OX - HanpaBrreuuc Ha na6rnoAatenq,
OT - twrl*tt Ytnos

ogaarco, uocKonbKy yron p H3MeHffercff Ha lIHTepBaJle 10,2n), Heo6xolplMo oflpe[enl{rb

TaKxe cosp, .Ihx roro xe c$ep[qecKoro rpeyroJlt'HllKa

cosO = cosi .cos I + sini'sinB'cosP

Orfioga cosp = (cos@ -cosi. cos0)/sini ' sinB. TorAa, ;l = arcsin(sinpr), ecnra sinpr ) 0, u

;t;0unr.rsinp ( 0ucosp > 0,nxaue lt =n-arcsin(sinpr). flpoerqurc Hanrr3per{r.rfl

BeKTOpa cKopocTr'r yEo6Ho Bbrr{uclr,ITb qepe3 eIO KOMIOHeHTbI B [eKaproBblx KoopAI',IHaTax

l2rl:
Y, = V*(cos6 . cosT - cosi' sin 7' sin 6) + Vr(- sir.6' cosT + cos I' sinT' cos6) +

+ V,(sini. sinT) '

3Aecr

V* = V, sin8. cos g + /g cosf ' cos I - Yrsn 'p;

V, = Vrsi11| ' sin rp t l/6cosf ' sin I + Vrcosq ;

Y, = V, cos8 - Zgsin8 .

Hapr,rc.3-5npegcraoJleHblpe3yIIbTaTbIpacrleToBpac[pe[eleuufrlyreaoicropocrua
npoa"rrru nu grr"^conHua A,nfl pa3Hbrx TI,In_oB, Ilttttutr ypoBHfl [poBeAeHbI qepe3 oAI'{HaKoBbIe

,'"rapr-u, AV= (V^ * - V*iItl,rge Y^u*uVo* - MaKcIrMaJIbHoe I'I MI'IHI'lMzlnbHoe 3Ha-

,arr, ,yna"ofi cropocir grff raxlofi MoAbI, flonoxr4renrHble 3HaqeHI'Ifl IIoKa3aHbI cruo1-

HbrMu JII4HI{ffMr.I, OTpII(aTeIIbHbre - IXTpIlXOBbrrrAu, IlpegnolarilJlocb' qTo ocb -'p-lTTy
ColUrIa HaKIIOHeHa OT BepTLIKaJIU r na6rrOAaTellrc Ha MaKCI{MaJIbHo Bo3MoxHbtil ytoil t 

'
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t'e' i = 7"; 7=6 =0' orueruna, qro uIfl p- u g.yao!\ rcone6auui c qerHbrMr4 3HaqeHr4,Mr.r
cyMMbI I +mrapruua cr'reuleuufi cl,IMMerpr,rqHa orHocr,rrerrbHo sKBaropa, a B crryqae, Kor-
ila I + m - HeqerHoe rll4crlo, aHTI'IcI{MMerpr.Iua. KaqecrBeuHr,re pur*irroB rrpocrpaHcrBegHbrx
Kaprr'rHax cl'reuleuuri Hau60ree orqerrrrrBo Br.rAHbr 4rr" cryru, lml=g,l = s (c,r. puc. 3).B couacuu c npoBeAeHHbIM BbIIre aHzuIlI3oM o6racrefi puarpoarpuneHlrff BoJrH ern rcore6a-
HIrfl cKoHueHTpLIpoBaHbI B 3KBaropllzuruofr goue..fta uusrcouacrornnrxg-*og (cna. puc.3,6)
MaKcI'IMaIIbHbIe aMIUII'ITyEbI [yqeBblx cxopocreri Eocrl,IrarcTcfl Ha Kpatrx corlHeqgoro [uc-Ka' qro o6ycuoareuo npel'IMyuecrBeHuo roplr3oHTaJlbHbrMrl cMerrleHr.rflMr,r BeurecrBa npr,r Ko-ne6auusx. B cnyuae r -MoA EBr{xeH[fl upe4Cranrxrcr co6ofi ueloqKy euxpefr , ,r."uroprartu_uoi o6lactr, Kaxgovry Buxprc Ha puc,3, e coornercrByer cr,rcreMa AByx flqeeK [oloxr4Terrb-
HbIx u orpl'IuarerlbHblx cMeureHuft, pacloroxeHHbrx Apyr I1o[ trpyroM BAorrb Mep[Ar,raHa
cIrMMerpI'IqHo orHocl4TerlbHo 3KBaropa. floorovry KaprrlHa cueqeuufi aHrr4c4MMerprrnu or-
Hocr4rerrr,Ho sKBaropa B orrrr{que or p- rl g-MgE. hs Q$ u (26) crreAyer, vro $yHxqr.ru rorca
D;tfr r.lao[.p = - (co - mQ)c/f exp(- i<,_rf) r.rvreroi rarcofr'xe nuA, r{ro rr paguamuufr rolr-
TIOHEHT CKOPOCTI,I *,g' P.MOA V, = - i(U - MQ)A{f CXP(- i,t) (ZA ICKIIIOIICHI,IEM CEBI,ITAno $ase ua r 12). cnegorarerbHo, KaprHHa ,,uuui,r ro*u pn, puaar)rprrueMbrx r,rHepr{r4oHHbrxvog (m = -8, I = 8) aurrr4r'rr raK xe, KaK puc.3,o, ,o ,ara4arBr,re cABr,rra no sase ua r 12cI'IMMerpI'IrIHa orHocI'ITerIbHo IIeHTpiuIbHoro MepuAr,iaHa, IIpr groM crJrorrH6re rr IgTpr,rxoBbrenuHu|r cooTBercTBylor BI'IxpeBLIM ,[BI{xeHI4flM c npoTr,IBorroJIoxHbrMI{ HaflpaBJreHr,rflMrd.

.[,nx nnepqroH,blx MoE c rlapaMerpaMr4 * =- ,,1 =9 notyuarorofl ABe rleroqKr,r ruxpefrK ceBepy r'r K rory or.sKBaropa (crr, pr.rc. 4,e). finuruwoBorrHoBbre. rcone6auua. rr.r.ri*,
3HaqeHI'I'EMI4 I t lm I (puc' 5 r'r 6) yNe He rloKa3blBaror gaueruoil KoHueHrpaqupr aMrururyAbr
cnrerueuuri B 3KBaroprtturruofr o6nacrr.r. Crcopocrlr BAonb nyqa 3peHufl pacfipetreneHbr ,qnflnlrx 60ree r,rJrr,r MeHee paBHoMepuo rro BCeMy ErlCKy. I,Ie npr,ree4euubrx Ha prrcyHKax pac[pe_
E.eteuui'r nrleBblx cropocreli MoxHo raKxe cAerrarb BbrBoA, qro .qaxe cpaBHr4TerlbHo ue6onr-ruori naxnon ocl4 BpaIrIeHI'Ir, (wa 7") 3aMerHo u3MeHser clrMMerpr4rc Kaprr.rHbr crteuleulrit
orHocI,ITerIbHo npruotl [lIHllI,I,,BocroK _3a1a4,, Ha [I,IcKe,

Pacqerrr rpocrpa'crBeHHbrx srurrrpon (25) ormonHeHbr ArrE ua6nroAeur.rfi gu$sepeu_
ql'r.rlbHoro cr4rHarla rurta "qeHrp-rcpafr" c pa[EycoM qearpa.uruofr 30Hbr 11 = o,oon itslu pna ua6moAeuzfr uonuoro [rlcKa [19] . rlpexae Bcero orMerr,rM, qro ec[]r 6rr nrocrcocrr
corlHeqHoro 3KBarOpa roqHo coBllaauru a rrocKocrbrc 3KJrI,IrrrI,IKr{, TO B [aHHbIX CXeMiX Ha-6nrcAenr'rfr peracrpllpoBalucr 6rr rulrlb Mogbr rone6auufi c r{erHbrMt4 3'arre'r.rflMr,I cyMMbr1 +7tt Allfl-Koropblx Kapr[Ha [pocrpaHcrBeHHbrx ctuerqeulrfr cr,IMMerpr,rlrHa orHocrlTerlbHo
sKBaropa. B s'rnorHseu,,rxc.E paHee B [22, 23] pacqerax [pocrpaH.TBe'Hbrx ernrrpoeflpe.q[olariuocb' qro ue6onr[rrur HaKrIoHoM IulocKocrr.r coJlueqHoro 3KBaropa K 3Krrr4rITr,I-Ke MoxHo npene6pevr. flosrot'ry I{HTepecHo }Iccle[oBarb, HacKorrbKo rorlHo BbrrrorHflercs3ro npeAfioJroxeHue' u oIIeHI'ITb Bo3MoxHocTn ua6nrcgeuri uog c HeqeTHbrMr.r 3Haqe'[fiMr,rI + m . Pe:yrrrarrr pacqeroB DJttr na6rroAerurfr rr{[a ,,r1eurp-rcpafr,, 

npegcraenenrr
Ha p[c' 7-9' Ha puc.7 rIoKa3aHbI 3HaqeH,tr, flpocrpancrBeHubrx $-urpo, B 3aBlrcr{Mocrr4or cre[eHlr / Eus n'roA c m = l. Cnnou*rrrrrfiiltlHns.vtvcoe[ltueubr rorrKr,r, coorBercrByrcruflep-MoAaM, rrrrplrxoBbrMr,r - g-MoltraM. flpocrpaucrBeuHbre Slurrrpu AI8 r _MoE paBHr,r Hyrro.3Ha'Ieuus lpocrpaHcrBeHnblx $rrrrrrpon gnr noog c qer*rirNau i + m , so m* / nparcrlrueorcuHe orrll'Iqalorc.fi or HaHeceHHbIx Ha pucyHKe. I,Is srux pe3yrrbraroB, B qacrHocrLr, cileayer,tlro Ha6rrc[e*utr rvfla "qerrp-rpafi" Hau6olee qyBcrBr.ITelbHbr K p-MoEa rvt c r = 0=4 u uuz_KoqacrorHbrM g"-MotraM C I = 7, 2, 4, 5 , floorotvty rtpu aururr,r3e c[eKTpoB MOUTHOCTI,T rone6a-ruri s uepryrc oqepeEb crreEyer rbrrarbcfl ,ganrrbrurpoBar' y"uJurrurc MoAbr, Bnw,nuue
HaKJIOHa TUIOCKOCTI{ COJIHeT{Horo sKBaropa K IJIOCKOCTI,I SKIII,IITI,IKI,I Ha BerIuqHHbI rlpocrpaH-
crBeHHbIx $rurrpoo,qJlfl MoA c qerublMr4 I * moraeurocb HecyuecrBeH'brM: MaKcrrMrlrrbHoe
oTHocI{TerIbHoe r{3MeHeHr{e He [peBbrruaer 5%. Bonee guarurrerr6HbrM oKa3ilrrocb BrlrrffHl,re HalpocrpancrBeunnre $rurrrpbr Arrff MoA c HelrergbrMr,r flapaMerpaMr.r I + m . 3as[c[Moc;
IlpocrpaHcrBeHHbrx $unrrpoe or crelleHra I IJls. rvrol, c m =l 

'_ 
I npuneAeHr,r Ha pr.rc. g.

Baxno, qro rfyBcrBareJlbuocrb ua6nrogeuufi rc rone6anurM 3Toro rr.rrra Moxer Aoxogr4Tbgo 30% tro cpaBHeH]Irc c r{yBcrBl'ITerlbHocrbro K Mo[aM crlerHbrMrr3Har{eHI,IrMI,r I +m.1to
o6crosrenrcrBo Moxer 6rrtb secrr,a cyqecrBeHHbrM ,,pln rr3rreur,r[ BpaurarenbHoro pacuen-
12.3sK.79i 
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Ptrc, T.3asHcurtlOCG [poCTpaHCTBeHnUX QUnrtpoB oT cTeIIeHI{ c$eplruecrux rapMoHI'IK / AIg r"'otr c

m = l: axyc"twecKrx (cnnounr ax ntwu'.) r.r Juyrp"unr.rx rpaurruqrroHauix (urpuxorax nI{Hu'I) npH ua6nro-

!,eHuflx Tu[a "ueHTP - xPafi"

Puc. 8, To xe, I{To ua p:?,c. 7,En.,I Mo[ c m = l-l

Iregr{fi qaCTOr KolefiaglIft C 9ALIHaKoB6IMI'I /, HO pa3nI'lIHbIMu m C UeIIbIo oflpeAeneHlttr CKo-

pocrr.r BHyrpeHgero BpauIeHI,Ifi ConnUa. 3ast,tcl4lu{ocrr or rrt [pocTpaucrBeHHblx Sulrrpoe
pr,, *ou . 6,".,po"aHHbIM / lr rreqerl{r,tMl,I 3HaqeHI,IfiMI,I cyMMbI l + m orasu|acb cpaBHI,I.

rerrbHo cna6;fr (cr"r, UAa rpl'IMepa p,Ic.8, t*el =12)'Ha pfic' 10 14 ll roKa3aHblpe3yrlbra-

rbr pacqeToB [pocTpaHqTBenUrrx Srurrtpor DIfl Ha6nmtreHl'Ifr AOIUepOBCKI'IX CABIIIOB' yopeg-

HeHHbrx IIo BceMy Ar{cKy conuua. Kar nragno, Ha6nrc[eHl'Ifl 3TOrO TI{IIa qyBcTBI',ITeIIbHbI II}lIlIb

K caMbrM Hr.r3lrr4M MoAaM Kole6aHl,Ifi (/ < 3)'aMoALIcHeqerHbIMI'I I +m npoaellElorcff

cra6ee, r{eM B AIl00epeHuuaJlbgblx Ha6nIoAeHI'{flx'

Herpyg,uo y6it\wbcn, qro Ha6rlrc[eHufl ryqeBblx cKopocrefi' ycpeE'HeHHbIx IIo o6JracrflM'

CI,IMMeTplIrrHbrM oTHocI,ITeIIbHo UeHTpa collHeqHoro AI'IcKa, He [o3BO'IflIoT 3aperucTpl{poBaTb

OcHoBHofi TOpOI,IAanbHbrfi rovrroUenT BeKTopa CMeUIeHI{i trn'I }'IHepUHOHHbIx MoA [pI4 rrrc6oM

y,re HaKJIOHa OCu BpaqeHnfl COIIHUa K IIJIOCKOCTI'I oKIII'IIITI'IKI'I' ,II,nq [OrcasarellbOTBa' cne[yfl

l24l ,lepehgeM or clrcreMbr.KoopAllgar (8, p) c flonflpHqfi ocblo BloIIb ocu Bpauleul'ts conu-

Ua B cr{creMy *oopArru, 1r9r', ,') . noniprofi ocblo, HaflpaBneHHofr Ha Ha6rlrcAarerlff' Tor[a'

)^{I'ITbIBA'' qTO

I
Y{ (s,d= > d**'Yr '(8",p'),

m --t

rW dkm'- SyHrcqIar Buruepa [25], ironyuaevus (24) u (26)

vu, = - 5'@.-rTn' cp'd!,*,yr'(t',,p')exp(- iat),
m'= -l SlnU

vt=^l-(<,.r- m91c1dt^^ '# exp( -rc^rr)'
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Puc.9

Puc. I I Puc.10

Pnc' 9' 3asilcilMocrb [pocrpaHcrBeHHllx OunETpoB or a3rrMyrarbHofi creueuu m Afiflp.o1cI = 12utteqer-H6rMr,r 3HaqeHr.r.rrMr,r cyMMLr I + m npfi ua6mogeuumr rnua ,,qgkr:p _ xpafi,,
O6osHa.reu[g re ,(e, qro ga pnc. 7

Plrc. 10. To xe, uro Ha pHc. 7, gnx rrog cm= I npu ua6nrogeuurx nyqeBoil cKopocrr.r, ycpetrHeHHofi ,,o
BceMy AncKy Coluqa

Prc. l l, To xe, uto Ha puc, 10, [nfi MoA c m = I _ l

OUEAU4UO, IITO A3HMYTAJIbHbIfi KOMIIOHEHT V9 HC ,II,AET BKIIAAA B CKOPOCTb BIIOIIb IIWA
3peHr.rfi, flpu ycpegneHr.rr{ KoMnoHe*ra,Vs, nJy.ny g, ace.ruru.*o* n;";; ;0';'i;;;
o6par.nrcfl B Hyrrb BBr.rAy roro, qro ytm (g,, g\. *"ipii*,,g,); ; ;p;;;,":; ;oo;r;il;;
uee cnaraeMoe roxAecrBeHHo paBHo uyrrc, flosroMy fipu ua6nrofieur.rax r.rgepuxogHbrx MoA
He cleAyer npoBoAllTb ycpeEHeHue JIfIeBof cKopocrll rro KoJIbueBbrM 3oHaM, cI,IMMerpr.rrIHbIM
oTHOCI,rTeIrbHo ueHTpa colHeqHoro Ar,rcKa,

3axnroqerryre

Bo anyrpeunux o6nacrflx Congua Bo3MoxHbr co6crBeHHbre r[ApoAr,IHaMFIecKr,re Korle6a-
HI'I-E Tpex TIIIOB: aKyCTI'IgeCKIIe, BHyTpeHHI'Ie rpaBI,ITaUI,IoHHLIe rl I,IHepUuOHHbIe. OHr,I pa3nrr-rlaloTc'E KaK IIo c[eKTpaM r{acToT, TaK I'I IIo [pocTpaHcTBeHHbIM paC[peAeneul,IffM aMIIIII.ITyg
cMexreHrlfi BeurecrBa. IlpocrpancraeHHafl crpyKrypa MoA 3aBwcur or flapaMerpoB oo[acrefi,B Koropblx 3axBarblBalorc.E rI'IApoEI,IHaMrrqecKr,re BorrHbr. O6nacru ,u*"uia (4rave, paronunr-
HbIe [oJIocrI4) npegcraurllor co6ofr cllMMerpl,rqHbre orHocr,ITerlbHo sKBaropa KonbueBbre
3oHbI, [porExeHHocrb Koropblx IIo u]Ipore 3aBI,IoI{T or Berruqr,rH flolepeqHbrx KoMrroHeHToB
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BorrHoBofo BeKropa, a MecToIIOJIoXeHI'Ie H pa3Mep BAOIIb paAI'IyCa - or pac[peIIeIIeHI',IH BHyT'

pu CorHua cKopoarr.r 3ByKa r.r qacrorbr Bpynra-BrficnnN..[ga arcyctlluecKl'Ix MoA BepxHsfl

ipanrrqa o6[acTI,I 3axBara HixopTcfl HelocpetrcTBeHHo [oA rloBepxgocTblo, raM, rge qacToTa

rcone6auufi 11p11611fi1xaeTcfl K IIOKaIIbHoMy 3HaqeHulo qagTorbl Epynra-BrfrCfi11,a, a Hqll;6.gflfr

orrpeAenffercff Ir3 ycfioBr.rfl paBeHcTBa ropLI3OHTaJIbHOfr oa3OBOfi CKOpOCTU BOIIHbI IIOKaIIb-

HoMy 3HaqeHI,IIo CKopoCTll rayrca, BUyrpeUnUe rpaBI{TaII}IoHHbIe Kone6anl'Ifl 3axBaqeHLI B IIy-

rMCTofr 3OHe, AJIfl HI43KorIaCToTHbIX MOA HI{XHfffl I'I BepXHtrfl oTpaxarcU[e rpaHI'IUbI paCIIOJIo-

xeHbr TaM, rAe qacTora KOne6aHLr[ paBHa 1r. o6lacrr 3axBara I4Hep{ItoHHbIx BoJIH flpe[craB-

nfler roHKlrfi nogsorocQepulrfi cltll He3OOeKrI'IBHofi KoHBeKUI'M' rAe 1y'2 utureer r[yqo-

Kufi MItr{I'IMyIvt, PacnpegereHl'Lr JI}^IeBbIx cKopocrefi B [poeKIII'Iu Ha [I4cK Conuua raKxe pa3-

NI,IIIHbI: EIfl BHYTPEHHI,IX TPABI.ITAIIIIOHHbIX MOE MAKCI'IMZ}JIbHbIE AMIUII{TYTbI CKOHUCHTPHPO-

BaHbr B6il113t4 nrarvr6a, a fnfl I{HepqI{oHHbIx xopoluoBl{EHaBI'IxpeBaflcTpyKTypa cMeuIeHI'Ifi'

npoarpun"rueHHble OEIIbrpbI, xapaKrepl'I3yloq[e qyBcrBl'IrelbHocrb Ha6JIrlAeHIlfr K MoAaM

Co6CrSeHH,x KOle6;HI,Ifr, ,,o ,,OpfAKy BeJII'IqI,HbI He OTJIuqaIorCfr ,,.r' Kone6aHI'Ii pa3'blx

THTTOB I,I saBt41fiT B ocHoBHOM OT CTefleuefi C$epruecKllx IapMOHUK' KoTOpbIe 3a['aloT IIoBepx-

HocrHyrc crpyKrypy Kone6aHr.rfi. Ha6nrcUe,ui lyqeBoi cKopocrl'I, ycpeAHeHHofr ro BceMy

;;;;;i;;;i;;";i'[19], r Ha6rrcreHr.rn pir3Hocrl,I ryqeBblx cKopocrefr or ue'rparbHoi I'I

KpaeBofi 3oH I18] qyBCTBI,IrenbHbI IIpeI'IMyuIeCrBeHHo K aKyCTI'IqecKI{M LI BHyTpeHHI'IM

rpaBr.rrarluoHgblM Mo[aM, g.;.If Koropblx [pocrpaHgTBeHuaff KapTI'IHa cMeuleHllfr cllMMerpllq-

Ha orHoc[TeIIbHo sKBaTopa (C uernrrrvru 3HarIeHIItrMI'I cyMMbI crelleuefi CQepruecKllx rapMo-

IrlrK / +Z). Oguaro BcleAcTB[e He6ollb1lloro HaKJ]OHa III0CKoCTI'I co[Her{Horo gKBaTopa

K rrJIocKocrI,I SKrrr,rlrr4Krr Bo3MoxHbr Ha6nrctreH11E TaKxe I'I aHTI'IcIlMMerpI'Iq]IbIx naog (c ne-

qeTHbrMr,r 3HarreHLIfML{ I + m), qTo IIpeEcTaBflfleTcfl BaxHbIM AIIfl onpefeJleHl'Ifl CKopocrI'I

BHyTpeHHero BpaUIeHI,If, Colnqa tro BpaIIIaTeIIbHoMy paCUeUIeHI'Irc qaCrOT' .ftrr o6uapyxeuua

r.rHepUlIoHHbIx MoA Hao6XoALIMo IIpI{MeHflTb cxeMy Ha6ntotreHllfr' KoTOpafl He 6blna 6u Cupr-

Merpr,rqHoi oTHocI'ITerIbHo ueHTpa conHeqHoro AI{cKa'

Mat 1987 r.
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v.IlK 523.9

ONPETENEHI,IE BHYTPEHHETO BPAI(EHI,Ifl CONHIIA
IIO PACIqENNEHI{M IIACTOT AKYCTI,IIIECKHX MO,U KOIIEEAHI4ff

A.I. Kocosuqes

Paapa6oran MeroE onpe,qeneura yrnonofi \Kopocrr.r Bpaulen[fi Comrqa B 3aBucr.rMocrl.r or paILuyca vuruporEr Ha ocHoBe BKB-npu6nmenlrx n unneicuu A6eni. flo uprepullrnrca EaHHETM sa6nronerut naftae-
Hbr yrrroBar ckopoorb B_rnoc-KgcTrr eKBaropa upu 0,06 < r/R < 0,g r.r uuporuoe EuooepeHur{arr6HoeBpaxleHne tpu 0,4 < r/R < 0,9. Yctanorneno yMeHl[reHr4e rulrporHoro gr.r6eepenquanilro"o upur1"rr"
B Ayirficrofi 30He, a raKxe BbrnoJrHeHr,re Bo BHe[rHeft uacrlr nyurc]oft goHrr y"rouffi rrupoEuHaMfirrecKoft
ueycroft uun ocu,r BpaxleHr,rf, ,

THE DETERMINATION OF THE INTERNAL ROTATION OF THE SUN BY USING THE
-RoJA-TIONA-L 

'FREQUENCY 
SPLITTING BETWEEN acousric oiclrarro1 nrobBs, rvA.G. Kosovichev. - A method to determine the solar angular velocity as a runcfion of radius and latitudeis presented in terms of the WKB approximation and Abel inversion. tjrire'thr ,;"ii"bit;;;;,;;-ir,r#;d

the angular velocitv in the vicinity. of the equator for 0.06 < r/R < 0.9 aia iadial variation or tn Utltroi-nal differential rotation for 0.4 ( r/R < 0.9.
It has been found that the latitudinal differential rotation is much smaller in the radiative zone thanin the convective zone. A criterion of hydrodynamic instability is ruriteJior the outer prri.rirr" r^Iir-tive zone.

B cuexrpe MouIHocrI{ aKycr}IqecKl,rx "[frI,IMr.IHytHrtx" vroE xone6aH[fi Ha6nlogaerca
roHKafl crpyKrypa []IKoB, cBff3aHHa.8 c BpaIIIeHaeM Coluqa [1-3] . I4suepeugrre pa3gocrlqacror MexAy ar,rKaM[ B roHKofi crpyKrype naoryr 6rrrr uc[oJrb3oBaHbr Nts, Haxox,ueHr,rfl
3aKOHa BHyrpeHHero BparrleHlr.a, rrro flpeEcraBll.fier 6onburofi r,rHrepec wfr.u3yqleHvtr BrryrpeH-
Hero crpoeHufi. t4 EuL]f.aM.I'IKI'I CorIHIIa, Teop[fi suesgnofi KoHBeKrIr,ur u MexaHr,r3Ma Ar,rHaMo,a raKxe EII.fi oflpe,qeneHllfl rpaBI,IraIII{OHHOro KBaApynoJrbHoro MoMeHra ConHrIa 14-71 .

MoAu co6ctBeHHblx Kone6aH[fi xapaKTepr{3yrorcfl rpeMfl rleloqr4cleHHbrMr,r flapaMerpaM1{:
paAHiIrIbHbIM rIopflAKoM ltJ-crerleHbrc c@eprve,crofi rapMour.rKr,r I u aswvtyrutbubrM flopffA-
Ko:na m, flplrHlrMarouuwt (21 + 1) ouauenufi: -1, -l * 1, . , . ,l - l, /. Jfto6ue ,qra *ogurip,
HeKoropblx SnrcupoaauHblx 3HarIeHI,Ifix n lt / c ogIaHaroBbrMr,r tro a6conmruofi Beruqu;e,
Ho [porI'IBorIoIroxHbIMu rlo 3HaKy r{HEeKcaMlr m \peacraBnflror cofofi BOrrHbr, 6eryruue
B rlporl'IBorlofloxHblx HanpaBneHl4rrx B,qorrb coJrHeqHbrx Ilapaflfiefleft c oAr,rHaKoBofi Qa:onoficKopocrblo. Eutu avnlturyEbl 3rI,Ix BoJIH paBHbr, ro B pesynbrare r,rx cfloxeHr,rfl [oflyqaercfl
croflrlee KoJIe6aH?re c $urcuponaHHblM pacflpeEerreHueM aM[Jrr,rryAbr Ha rroBepxgocrr,r ]r
'Iacrorofi e)n,1,3?Bt4cflulefi rolbKo or uaparraerpoa nul.floerouy ni, orayr"r"lrra BparueHr,rff
B crleKTpe MoIrIHocrI'I coBflarlu 6rI gce [I,(KI,I, coorBercrByroull{e MoAaM c oAr{HaKoBbrM[I
n w l, uo pa3nI'IqHbIMI'I m. Bpatpuvre cHI,IMaer 9To Bbrpox,qeHue: BorrHa, 6eryutax B Ha[paBJre-
HI'II{ BpaIqeH[.E' yCKOp.fieTCfl, lI IIOSTOMy ee qaCToTa BO3paCraeT, a BoJIHa, 6eryulaA n O6par-
Hyrc cropoHy, 3aMeAllffercfr' vt cBfl3a]f^a c 6olee Hu3KI,IMr,r qacroraMr.r, B peayrurare e cne*}pe
o6pa3yrorcff Myrrbrr,rflrrerHbre crpyKrypn uz (21+ l)-nrrcoa, paccrofrw4fl. MexAy KoropbrMrr
flpo[opqlloHilfibHbl yflIoBofi crcopocru BeIIIecrBa BHyrpr.r Conuqa, ycpe4uennofi 

" 
,e*oropur*

BecoBbIM MHoxI{TeneM no o6nacru pacnpocrpaHeur{ff Korre6aHui, flocronbKy Mogbr Bbrco-roi creuenu / gaxsaqeHrl B [oBepxuocrHblx cfloffx, To rrx pacule[rleHrre 3aBuc[rr Jrr{rx6or yrnorofi cKopocrll BPaueurs 3rI,Ix cfloeB. Mogrr Ne c ura"rulr /.npoHuxaror rny6oxo
BHyrpb u [oeroMy coEepxar ruSopruaqurc o BpauleH]rr,r rny6oxr,rx cnoes. Cfle,qosarinruo,
3Hafl [apaMerpbl pacuelllleHl'If B AOCTaTOT{HO IUI,rpoKoM El4arra3oHe /, uoxuo [oflbrrarbcfl
Haitru,.KaK l{3MeHaercff 3aKoH BpauleHus BAorrb corrHerrHoro paEllyca. B Ha6ntoAeul{.sx
,4ls xaxEofi MyrlbrHrlrlerHofr crpyrrypbr orlpeEerr.f,rorcfl napaMerp /, uacrora c^r ocuos6ofi
uogu (npz m = 0) u paanocru a' rvrexfly 

-qacroraMr,r 
Apyrux MoA [aHHoro Myrrbrufl;rerar qasrorofi <1. flepur,re uogpo6nrre EaHHbIe o BparqarenbnoM pacqeuregur,r qacror rone6a-

nwir Nts' l=7*100 npegcraBJreHbl B [2] .oguarco oHr,r Kac;rorctr ru4rub ceKropr{arrbHbrx
MoE c m = t /, pacnpocrpaaeHl{e KoTopblx IIo Iullpore orpaHl{qeHo ysrcofi ernaropr.ranruofr
3oHofi. floarouty c ux noMoIIIbIo MoxHo ollpeEenr.rrb 3aBr{cr,rMocrb yrnoooft c*opoary o,
pa4nyca JIIIIITb B IlJlocKocrll sKBaropa, B nocregree BpeMff rryreM atufirsa apivreunJx
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pfEoB Aoni1epoBcKl,Ix cABI,IroB AByMepHoIo ll3o6paxeHx.E ColnUa yEillrocb ll3Mepllrb 3a'

Br,rcr,rMocrb paculellneHllfl qacroT aKycrl{qecKl,Ix MOA Or [apaMeTpa m u c\e[aTb IIpeABapI'I'

rerrbgbre BbrBoAbI o IuLIporHoM guQQepeuqHaIIbHoM BpaIIIeHI'IE BHyrpeHHI'Ix cnoeB [8' 9] '
Baxuofr :agauefi cefrqac flBJrflerc.fl paspa6orra Mero,4oB BoccraHoBJIeHI4fl BHyTpeHHero Bpaue-

Hr,Ifl IIO AaHHbIM Ua6lrc[euufi.
C varetraruqecxofi TorrK[ 3peHr4a ara o6paruafl 3a$aqa frr.ilflercfi. HeKoppeKTHofi a rott'r

cMbrcJle, qTo MilJIbrM I,r3MeHeHLIflM BXOEHbTX AaHHbIX MOryT COOTBeTCTBOBaTb CKOnb yroAHo

6olrurue r43MeHegr.rfl perueHlrfl [4, 101 , flostonly peureHl,te, ycrofiql4Boe K oIx[6KaM I'I3Mepe-

nuft, naoxuo [onyrr[Tb [I,IIub [pr{ HeKoropbrx aflp]IopHblx IlpeA[onoxegrgx. B qacrHocrl'I'

n [1 1, 12) Haiageua 3aBr,iclrMocTb yrnoBofr cKopocrrl oT paA]ryca B KJIacce Kycor{Ho-[ocToflH'

Hrx qyHxurafi, :agaraev6rx se6ollruuM rrl,tcfloM [apaMerpoB, O6parnax 3aAarla craHoBl{Tc.fl

ycrofiurarofi, 14 ee peilegr.re HaxoA]ITca rro MeroAy HauMeHbIxItx KBaAparoB. OEHaro MoEenI'I

3roro rr,rfla Moryr oKa3arbcfl cJrr,[uKorrr rpy6uuu rI He rlepeAaBarb AocraroqHo [oEpo6Ho

roHKylo crpyKrypy BHyrpeHHero BPaulesra. .[pyrofi eogNloNHrril IIoAxoE cocrol'Ir B [-o]ICKe

pelrenufi s-*ru.C. HerrpepbrBHbrx 4ra@sepenqupyeMblx Synrcutlft. B srott clyqae ueo6xoAlt-

Mo r,rcfloJrb3oBarb HeKoropufi npuuqlrn or6opa coflocraBl,IMblx c Ha6rIIoAarerIbHbIMI'I AaHHbIMI'I

peuenufi. Taxofi or6op uoxer 6rrrr npousreAeH, HaIIpI,IMep, no [pI{HUuny nrr6opa MoAerIlI

Mr,rHr.rMirrrbHofi cnoxHocrr.r [ 10] .

Xaparrepur.re AI[.rHbr BoIIH Ha6nrcAaeMbrx aKycrLIqecKI,Ix MoE, MaflbI rlo cpaBHeHI'Irc c

corrHeqgbrM pagr,rycoM. Ouu rarcxe Matrbr IIo cpaBHeHI4Io c xapaKTepHbIM MacIxTa6oM I'I3Me-

HeHr,rfl IIrIorHocrI,I t,t reMfleparypbl BHyrpI{ o6nacrefi 3axBara Mo[' C[eAoBareIIbHo' EJIff

TeoperlrqecKoro oflucau].rff 3rr.rx MoE MoxHo npI,IMeHI,ITb acI,IM[TorI'IqecKI4fi [oAxoA: BKE-

npr6rr*.nre [13] rnu nyrreByro reopr,trc [14] . Kar 6ruo noxagaHo B [14, l5] , acur'lnroru-

qecKoe IIpu6[uxeHI,Ie o6ecfieqr.rBaer [ocraroqHylo rorlHocrb [pI{ paccMorpeHl'Ilr aKycrl'Iqec-

Kr{x MoA r,r B ro xe BpeMff cyulecrBeHHo yflpoulaer pe1geul{e o6paruofi 3agarlla,

Halrei u,enrro 6ruo pa3Br.rrr,re acr.rMrrrorr,rqecKoro [oAxoEa [14] K aHarII'I3y BpaulareJlbHo'

ro pacuelnegr4fl rracror aKycrr.rqecKrrx Kone6auufi I{ o[pe[eneHl'Ie 3aBIlcI'IMocrI'I yrloBofr

a"opo.r, BpaxleHr4fi coluqa or paAr,ryca g 1llfiporbr Ha ocHoBe AaHHbIx 12,91 , B BKE-npu'

1tuxes;glu 3aAaqa cBo[r{rcfl K ],rHrerpurbHoMy ypaBHeHI4Io Aoenfl, ArIfl peIxeHI.{E Koroporo

npr.rMeuffercfi Sopruyna ras [16] , ne rpe6yroulaa AI.rQQepeuqupoBaHl'Is Ha6nrcflarenbHblx

Airnur*. flocle[Hr.le aflflpoKcnMr.rpyrorcfl culax],IBarculvrvtul curufiHaun c nrt6opoM IlapaMer-

pa crnaxr,rBa1ufl, Ha ocHoBe Kprrrepr,rn KBa3I4oflTI,IMaJIbHocrI,I [10]. Touttocrb [oJIyrIeHHbIx

peUreUr,ri OIIeHuBaeTcfl Ha MOAenbHbIx IIpI{Mepax u C IIOMoUIbto "rnasupeafibHoro qHCIIeE-

Horo 3Kcnep[MeHTa".

1. AcnrvrnrorruecKoe BblpaxeHue

A]Ifl BpauIaTe[f,IIOrO paclqeruIeHlrfl !I]aCTOT aKyglr{llecKHx MOII

Bygervr r,lcxoAl,rrb lI3 coorHorxelfifi lEt florlpaBoK K qacroraM HepaMarbHblx MoA co6cr-

BeHHbrx KoIe6aHLIfir IIoJIyqeHHoro n [17] Mfr $yuafl' apoll3BoJlbHoro BpaIUeHIlfl:

a' = mRE, (1)

rAe

I Sz (r,
0

R
R= I

0

+ *lzF? 4L 2:!
L ' dB sint)

B) (-a' + 2 ab) f4)' *

-ff\ ke'lsinBdo'

po 12 dr

(2)

R
J = ! por2 1a2 + I (l + l)bz) dr.

0

3gecr R - paryyc Conn4a, Po (r) -
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cKopocrb Bparqeruls n c$epuuecrcux Kooptrg.rHarax (r, B, g), a(r\ u b(r) _ Qynxuuu, 3a[arc-
UII'IO 3aBI'IcuNIocrll or PaWUca paAuanruofr I'I raHreHul4,Inruofr ronanoHeHr BeKropa cMerueur.rfl
rone6arufi t a coorn erc rp,Ut4 c orrpeAerreHuff Mlr :

l,= aQ)F{ (o) exp (im s + i u t),

dF:@)
to = D @ -;u exP(ims+i a t),

Ev = b(r) # Fi"riqexp (ims+i a t),

rEe Pr- (B) - HopMr.rpoBaHHafl [pflcoeEr.rHeHHafl 0yrucur.rs Jlexangpa.
PaccMorpr'rM aarcou grs$epeHrlr.ranbHoro BparrleHr{fl roaapga-Xapar I I 

g] :

a Q, B)l2n = o6(r) + e1(r) cos2B + e2(r)cosaB = 3, Ao|)cos2k0.

llogcrannxr gro BbrpaxeHr.re a (2), flonyr*M 
k=o

2R
& = ) I A*e)pof drll-a, +2ab+ ft-t(/+t)+

k =O 0

+ k (2 k + 3\1 b2l M*,t,^ -k (2 k_t) brM*_r,t,^7 ,

rAe

7fd

M*J,^ = I (Pi")' cos2kl sinl d 0.
0

IIpn /) I

M*r,^-%f [,-hlr
- [orI'IHoM qeruofi creneHll or rIepeMeHHott t = mla/7Q + l). .IIJrx uocneAyrollefr o6pa6orrcu
EaHHbrx ua6rrogenr,rfi HyxHo Bbrpa3r.rrr, Mt,t,* qepe3 fior]rHourrJlexaugp a Pn1t1,

Mo,t,^(t) = Po(t)= 1; Mr1,*G) = - @z-p,)13;

Mrt,^(t)= (213s) pq(t) - (4121) p2Q) + Qlls) po(r).

flua rrtwIcleHl'Ifl I'rHrerpanoB B (5) nocnonr3yeMcff n3BecrHbrMr.r perxeH]rfiMr,r Anfi p-Mo[
ypannexnfr Hepa4rirrrbubrx ocqlrrrntrulrr n BKE_npu lnuxeuuu llgl

a (r)= - &*q 111 - Llla:'z,,r,,^(i.u,o, - ;). tlt
C,

b (r) = -+ (11_-N2 yqzr)% cos (| 4 a r- 1\ 
,p(;erk;, \,, "' - i ), (8)

3ByKa, t t--t/NilrTr*nrudnc";r;;;;;;;, N * qacrora ,ruryr..r, lipyura_ Bail-a)
cua, k, = : g-tl /a21% 1t-ttp /u21/, - pa,r,rzurbHoe BorrHoBoe qrcro, rt _ pailvyc BHyr_
peHuefi ToqKI,I floBopora aKycr[qecrofr aolur,I, rge k, = 0 v u = L1. AcuwtttoruqecKr,re 6oprury-
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nbr (7), (8) uprartaenllMbl IIuIIIr npu rlrr. Blnusu rorleK loBopora perueHl4e Rblpaxaercfl

;.p.; Oy;"uri enpr. flogcraanax BblpaxeHl,tfl Arfl co6crBeHurtx Syttxurafi e (5), yrlorpe6-

Jrflr acr4Mrrorl{qecKl,Ie Qoprrayru A'e. AopouHI'IubIHa 120] wx }rHrerpanoB 
"ol 

OLHIuuil
3ftpu u yqr,rrbrBafl, qro [nff paccMarpl,IBaeMblx BbIcoKoqacToTHbIX ?l|/lOD, Q" ) C"r' t4

u2 ) N2, HaxoELIM

2Rl 
^

B. * -c? ; Mr,,t,* I 
- 

1t - Lila" )-% au gl a''
k=o ,t QC

Coorsercrseuuo

Rl
J * c? i -1-1r -Lr/a:\-%ar.

't 
QC

Oxouqarelr,tto acr,rMnrortrrtecKoe BblpaxeHfie EIfi Bpau]arerlbHoro pacueuleHufl co6crgeu-

Hbrx qacToT 3arIE[IeM B BI'IIe

a

a'/zn=-mZ drM,r1,*,
k=O

(e)

ranraupn/)1

os'f2 n = -7n Eo Pro tm7,/ t tt :+ th.

1,, - 
L?/o)2)-% e1, Q)dr

2

t
k=0

( 10)

(11)

(12)

(13)

3gecr nnegeur,I o6osHaqelus

R

I
Or=

Rl
.r -(1
,t C

t_
Bi=00+=Q,

3

5

a'/2n = L 2 ,anfo1-m1t1.
k=l

, k = 0,1,2,

- L?/0,\-'h dr

2_
+ --:9r,t)

3avreruu, wo Op 3aBficnr or rrapaMerpa Lfa=t/T[Jf)t.. Coonroureuur (9), (11) s
rracrgoM crryqae a6.prr"a*o.o BpaureHr.rfl Sl, (r,0).= S}o (r) coBnaEalor c BIIBeEeHHrIMI{

IaSov [1a] na o"*or. ny,rroi reopu]I. Ooprvryna, aHarlor]IqHafl (11), nonyueHa raKxe

s lztl.
ru*r* o6pa:ou, cof1racHo (11) uaparyreTpbl pacueruleHl{f, tIacToT aKycT[qecKux MOE

orrpeEerflrorcn KaK LlHrerpuulbHble cpetrHue yrnonofi cKopocrl'Lp'"I:'11--1-1--:^6L"::g
pac[pocTpaHeHlrE MoE C BecoM, 3aBI4CflUI]IM OT CKOpOCTII 3ByKa c ]I ropu3oHTiIIIbHOI',I

io*rror.rrur $asorofi' cKopocrlr rone$auuft ur= arfl. O6nacrr pacnpocrpaHeHl{fl B4qnb

pawyca oflpeEerlflerco ,, ]"rorra ur(cII orpaHl'IqeHa cHI'I3y rotlroft IloBopora c r = rt'
^ peaynnrairr ua6nrcgennfi u [8, 9] npeUcra3;leHbl He B roM BI'IEe (10), roroprrft ecrecr'

BeHHO BbITeKaer I,13 TeOp[]I, & HecKoJIbKo rIo-I',IHOMy:
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Herpygno noryrurb cnasr xoa$Sru[enroB Bp c A p:

B, = Ar-'/rAr_ u/ruAu,

Er = -'/z ,4, - o/, trr,
E, = -'/u fr.

Oueuugno, c noMoIIIbIo nuuefiurrx coornoureuufi (12), (14) rnroxno uafirr napauerpu
,f)6, vepe: Koropbre onpe[e[ffrorcfl 3aBr.rctrMocrr.r ,f)1(r) B 3aKoHe epaqeH[s (4):

Oo =l-r + a, + 4; Or = -5 f, - t+fr;
Az=21 4. (l s)

(14)

Ognaro npr4 3roM cyMMr,rpyrorcfl At,tcrrepcuu oum6orc, flonyqaeMbrx r,r3 ]r3MepeHr.rfi nellr-
uuu ,[y, B peeylrrate Op nonyuarorcr c norpeurHocraMu, HaMHoro [peBbrrflarcurnrw ouru6xu
nsr'repeuufr 2u. floororr,ry n 122] 6ruo yrcasauo, qro rpu ueparavnofr o6pa6orxe ua6nrcgeurft
cfie[yer..ollpeAeJlffrb cpa:y rcoas$uurreHrbr 86, uepe3 Koropbre HenocpeAcrBeHHo ]r3 coor-
soureuufr rr.rua (11) uaxogrrca rapaMerpbr 3aKoHa upauleHur 

" $opnae
A (r, 0)12 r = Bs(r) + B 1Q) Pz (cos 0) + B2e) pa (cos 0). ( 16)

3aueruvr, ,.ro-Iu B cBolo oqepeAb fiBJrflIorc.fi r,rHTerpaJrbHbrMr,I cpe[Hr.rMr,r BerfirltHaMu flpu
3aqalavu O (r, 0) B Br,r[e

aQ,0)l2r= [Ar(r)Pl(cos 0)-(z/)Az?)P](cos0) +(E/r)Ar(r)Pl(cos0)l/sing. (17)
Ilpuvervr Ha rloBepxHoctu Coluqa no AaHHbrM crreKTpocKonr4rrecKr{x uarurepeuyfr [23]

,4i = 435 Hfq; A\= 21 ul.a; -4$ =-4 nfu. (18)
Tarrt'r o6pa:ou, $oprraa 3aIIuor 3aKoHa grlssepeuuraaJrbuoro BpauleHr.rfl Henocpe[crBeHHo

cBfl3aHa co croco6orul ilpeAcraBneHux ua6lrcgareJrbHbrx [aHHbrx. flosroruy nepauvnyro
o6pa6orrcy pe3ynbraroB ua6nrogpunfr cneAyer npoBorurrb rarc, vro6br 3areM flonyqarb 3aKoH
Bparqeuu.s s xenaeN4ofr $oplre 6ee uepecuera [o coorHorrreHr.rfiM (12), (14), (15).

Huxe tvttl [orIbITaeMc-E oflpeAerllrrb 3aBr.rcr{Mocrr{ or pagr.ryca 3KBaropl,Ii}Jlbuofr yraonofr
cKopocrlr S-2s (r) n 3aKoHe BpaureHr.rfl (4) no [aHHr,rM l2l u [9], uprrMeHfl.E Bo BropoM
cnyqaerepBoecoorHorueHr.reu: (15),araKxeuarirunapauerpuAy(r),(k= 1,3,5)n (17) no
4auurrrr.r [9] .

2. Merog pe[reunf, o6parnoft 3aAaru

. Cooruo[reuut (11) npegcraursror co6ofi criHrynqpHbre rrHrerpaJrbHbre ypaBHeHsfi Er6
Qynxqrr; f2r(r), onpeAerrflroqux paAr.ranbHy,,urrcr*ocrr ru$+epeHullzurbHoro Bpaue-
uux' Ilpeo6pa3yeM r.rx K Br.rAy, ygo6lror'ry Er-s wrcneHHbrx pacqeroB. 

^cr.gyr 
[14] , sBeneNa

HOBL,re fiepeMeHHbre

, = \n(l*t)la= Lfa; y=rlc.
C uelrro noBLIUreHI,Iq roqHocrlr BKB-upu6luxeHrlrr [pr,r MaJIbrx / cgelaerr 3aMeHy ,/f|-n
ua (/ + %) U5l. Tax xarc ArIs craHEaptuofr uogerr.r BuyrpenHero crpoeHr,rfl Cor*rua nepe-
MeHHafl y trBnfle'Ictt MoHoroHHo y6rIsalouefr $yurcIlrlefr paryyaa, To ee MoxHo npr,rgfiTb 3a
HoByIo [epeMeHHylo I{Hrerp[poBaEufi vtrpuBecru (11) K craHAaprHoMy ypaBHeHnro A6ers

b v a(v\dvzl --# = "r(x),* l/'-x" )" (1e)

rEe

e@) ='/rOr,h, h(y) =+L
d lnY (20)



(21)

Peuffs ypaBHeHHe (19), npr II6MSIIII,I (20) vroxuo Hafirn gasvcw1roctl Ot or y v r 
"

_ Bxonxurnft a upaaylo uacm (21) nsuepaevrrft [apaMerp BpalqarenbHoro pacueruleHllfl
-Op onpegeneu Errfl AlrcKpernbrx guaqeuxft crerleHefi c$epuuecrnx rapMoHI,IK / lr co6crseH'
Hbrx qacror c^rr,7. CnegoeareJrbHQ, nepeMeHuafl x raKxe rIpI,IHI,IMaer McKperHble 3HarIeHI'Ifl.

.[la pacueron ygo6uo paccMarpr,rBarb x KaK He[pepbrBHym BelHt[{Hy I,I rlyreM I,IHrqpnorIffIII,M

goonpegennrr Opro sceft o6flacrr,r 3Haqeur.Ifi x. Kar orMeqeHo s [15] , MareMarl'IqecKoe

o6ocHoBaHr.re eMucrBeHHocrr.r raKoro upoEoJlxeHl{fl rlpeEcraBlfler o6ulyrc upo6neuy g;lx

acr.IMIITOTUqeCKlIX MeTOEOB.

.[,nn peruenn.rr ypaBHeHI,Ifl (19) aocuonb3yeMcfl Sopvrynoft I,IHBepcur A6ens us [16],
He rpe6ynqeft grQrfepeHrlr{poBarr.rn $yuruuu f (x) u o6ecrewlBalourefi 6olee BbIcoKyK)

TOITHOCTb IIO CpaBHeHr,Irc C Up]IHfiTbIrr,rU A [ 14, 15 ] :

- b vhfu\dv
f(x) = Au! ;rfr , b= Rlc(R).

, l/'-x')

eo)=it## i#+y,.1 (22)

.$ra arru.rcneHr,rfl lrHrerparroB c oco6ennocrrrc s (22) Ip]IMeHLIM iulropllrM l24l ua ocHoBe

rcy6uuecrcux cflIaxllBalou${x crutafinos,
Tarnu o6pa:ona, 3aEaqa BoccraxoBrreHl{fl paErlzlnbHoft saaucxrvrocrr yrnoaofi cKopocrl'I

cBogrcfl K [ocrpoeHl,Irc crlraxllBaroIqero cunaftna St(x), an[poKcl4Ml'IpyrcUero EaHHbIe

na6rrcgeuufi Op. Heo6xoAlrMo ) {r{TbrBarb, rrro o6rrqno lrprr [epBLIrIHofi o6pa6orre'AaHHble

na6nrcEeguft ycpeEgflrorcff cHaqafia rro BceM na6nptraeuuM MoAaM ffts raxEofi crerIeHI'I

l, SAre,u nO apynna* L1OE C 6mlSrUirnr /. B pe3yIlbTaTe nOnyqaIOTC, 3HaqeHI'Iff O7r, Cpe[HI{e

rro HeKoropbrM lIHTepBaIIaM rrepeMenHoft x. CneEoBarerlbHo, crrfiaftH Heo6xoAI'IMo crpol'ITb

He lto 3uarreguavr Synrqn]I B HeKoropbrx y3rloBblx rorlKax, a rro ee ]IoKarIbHbIM cpetrHl{M.

llocroffiry na6nrcEarensMr,r qacro yKa3brBalorcfi He KoHKperHbIe MoAbI, rlo KoropblM

npoBOEI,UoCb yCpefHeHI,Ie, a TOIIbKo I,IHTepBIIJI qacTor, ro 6yEeu cql'IraTb' IITO 3a[aHbl

llHTerparrbHbre cpeEHI{e BI,IEa

Ix1+-Ax1

"1" Sr @)dx.
1

x1--Ax1

(23)

B coorsercrsug c o6qefr reopuefr [25] crualtr-Syuruux 56(x) naxogt4rcflv3 ycnoB]r.fl

Mr,rur,rMyMa peryfiff pLI3yloulero QyurquoHala
bN

MolSr,l = a IIS'f (x) l'? dx +' 2 p; [(Sr (xi)) - 9,,,rf',
a i= |

r,qe o - [apaMerp crJra)rgaBaHr,rfi, p; - B€coBbre MHoxl'ITerIu. Ecnw Aonycrl4Tb, qro oruu6rcrl

nauepeuufri. *opp.rrpoBaHbl, ro cne[yer rpllHfirb pi= llo? [24] . Karc la3BecrHo, cnlafiH

oEHo3HarIHo orlpeAelltreTcfl MHoxecTBoM ero 3uaqeuufi, npuuuntaeMblx B y3nax. 3ru gua'te-

Hr{tr HaxoAflTctr rr3 crrcreMrr tuueftnrrx ypanueuufi, Koropafi nollyqaercfl u3 ycttoButt x{t4H11'

uyr,ra $ynrcryrouua (24)' 
ilapanaerp q xapaKrepr.l3yer rna[Kocrr crurafrua 124,25]. IIpu a. = 0 uolyqaercfl rHrep-

norrrrronnrfi cnniffu, uir *oropo.o (Si.(xi)) =A*,t. OAnaxo rarcoli cuafru ulreer ue$u-

3r.tqeCKI,Ie nrnOO6pasUrle npOI,I3Bo[HbIe, qTo CIIJIbHo I'ICKaxaer pelxeHl4e ypaBIIeHI'Ifl A6els'
Kporvre roro, cl,rcreMa nr.rsefrnrtx ypauuenufi AJIfi 3HaqeHI,Iit cwaftua B y3nax oKa3blBaercfl

U1OXO o6yClOnnenuOfr, ,l noOrOty ee peIxeHI'Ie UeyCroti'n'rno,,.i< o[n.l6rarta u:vtepeHui'

flpu a -+ -.Crurafis Bblpox,u,aercfi B npflMylo ttuuttlo (gla ncex x,5" = 0) . Cnegonatenr'uo,

lapaMeTp q CJIeAyeT nr,r6parr raK, uro6u [Onyql'Irb [OCraToqHo ToqHoe npr'I6lUxeuue r
rr3MepeHHbrM 3HaqeHI,I.EM ,i t ,o xe BpeMfi o6ecnewrrr ycrofi'uErocrb petlreHi{'I rc oum6rcav

180

(Sr )i

(24)



I{3MepeHLIfi. Cyulecrsyrcr pa3nr,rrrHr,re cuoco6r,r nrr6opa q. Har6onee turzpoKo pacfipocrpa-
ueu nu6op e r{3 Kpurepr.rfl HeBfl3Kr{ U0,24,25] rarc KopHfl ypaBHeHtrfl

lfl1
1v i=1O.

r[e .S;(x) - cnnafrH Arfi napaMerpa crnaxr4BaHr.r.fl &. O4riaxo Hauu pacqerbr noKa3alu,rrro
Anfl [aHHbIx Ha6n]oAeHufr [2] rcpureplrfr Hesasrcu Bl,rrroJrHfiercfi n]rrrrb nprr a+q, r.e. 4rlrr
"cnuurrcou uagxux" cnnairHoB, KorAa lrcqe3aror JroKanr,Hbre Aerarrr4 Synrcqr,rr.r S2r(r).
Ilooronry MbI npIaMeHLInrr Apyroe [paB]rJro, Ha3brBaeMoe Kpr.rrepueM KBa3r,Iorrrr4Marrb]rocr]r
[10] : n KaqecrBe a nrt6uparocb HaIIMeHb[ree r,r3 3HaqeHr4il a ) 0, peanu:yrouluxrorcarr,ur,rfr

Mr4HprMyM $yurryru
v(o) = 1la(ds[ldu)112.

flpu6nuxenur,Ifi auarlrg roqHocrl,r rolyqeHHoro perueHl,Ifl [poBo[Iancfl Ha ocHoBe "rsagu-
pearrbHoro 3KcneprrMeHra" 1261, xoroprrri 3aKJrroqaercfl B cnegylouev. flnx ronyqeuHoro
gllxeHurl Or(r) no coorHotueHuflM (11) Brlrrrr4crrfirorcfl TorrHbre BbrxoAHbre EaHHbre
Or(xi) Anfl MoAertbHoro 3Kcnepr4MeHra. 3arev rc uuv go6arrnetct cnyuairHafl rlorpeu-
Hocrb c ypoBHeM oi, Lr filfi flofiyrreHHbrx raK[M o6pa:orvr "rcnailupearrHbrx [aHHbrx', erioer,
HaxoAr,rrcfl peueHr4e. .[auuas [poueAypa noBropflerc.fi MHoroKparHo Anfl pa3fir,rqHbrx pearu-
3au[fr ilryMoB, 14 nonyqarcurl4ec.E pas6pocrr B peilreHrrflx rro3BoJrflror npu6luNeuuo cyAr4Tb
c norperxHocrr4 perueuflfl o6paruofi 3a[awr.

Hapxgy c rna,uKI,IMIa perrlellprfiMr,r, nonyqaeMbrMrz c noMoulbro crrnaliuon, Mbr paccMarpr.r-
saru 6oree rpy6rre MoAerI[ corlHeqHoro BpauleHr,rfl, 3aAaBaeMbre B Klacce KycorrHo-IrocrorrH-
uux Syurcqufi. Tarcrae MoAenu BnepBbre rrpr4MeHfinr.rcr u [11]. Oura conocraBr.{Mbr c r4Mero-
u\vMuatr AaHHbIMI4 ua6lrcgeulti u IIo3BoJIflIor onpeAeJrllrb ocHoBHbre qepTbr BHyrpeHHero
BPaUeuus. Cooruoureullx (1 1) B 3roM cnyqae cBo.qqrcfi K nepeonpeAeleHuoii cr{creMe
luuefruux ypaeueuufr, Koropa-fi peuaercff no Merogy HarrMeHb[rr{x KBagparoB. flla gauuux
t9] 3ror MeroA oKa3a;Icff ueycroti.utnr,rM, 14 rlo3ToMy npraMeHflncr{ perynapfisoeaHurrii
Mero[ HaI,IMeHb[Ir{x KBaAparoB l27l c err6oporra napaMerpa perynflp}r3arlr4}r Ha ocHoBe
I(pI,ITepI4.fl KB a3r.IonTLIMarrbHOCTII.

3. Peaylrraru recroBbrx pacqeroB

3S$errunuocrb Meroga npoBepflnacb Ha Mo[eJ]bHbrx 3aAarrax. .II,la ororo 3aAaBaJracb
HeKoropafl 3aBI{cI4MocTb yuonofi cKopocrl{ or paA}Iyca, orpaxarculafl xapaKrepHbre qepTbr

[peAnorlaraeMoro peanbHoro BpaureHltq. 3arev peuaracb rpflMaq 3a[aqa, T.e. onpegenflnr,rcb
reoperl'IqecKI4e rlapaMerpbr BpaularenbHofo pacuenreHprq qacroT. 3rurra napaveTpaM npr,r-
nucblBaJlllcb oruu6ru peanbHblx na6nrogeHufi, I1 peuanacb o6paruax 3aAaqa. Corocrasneliue
pe3ynbraroB c llcxogHbrM npoQlrnena ,flo (r) no:nonrlrro cyAr4rb o rrpuroAHocrrl [aHHoro
MeTO[a.

O4aH ua6op I4cKyccrBeHHr,rx AaHHbrx, MoAenr{pymunh va6mogeu:ru l2), ony6luronaH
e [1a] . 3aeucrN4ocrb Os(r) w l14l noKa3a]ra Ha prlc. 1,a urrpr,rxlyurrupuofi nuuueil.
fiauuue [14] pacc.rutaHbl Ha ocHoBe o6ulero BbrpaxeHr4, (1) 6e: r4crrolrb3oBaHua BKE-npr.r6-
rirxeHlI-fl, no3ToMy pellleHue o6paruoir 3a[aqr4 Arrn 3Tr.rx AaHIIbrx rro3Bonr{er oUeH].ITb rrpuMe-
rII,IMocrb acr.rMrrrorprqecKoro rroAxop.a Mfl o6pa6orxu peanbHbrx AaHHbrx. flauuue [14]
IloKa3aHLr Ha puc. 1,6 anepxy B 3aBr4cr4MocrH or paArrycoB rcqeK noBopora, trpr4 Koroprrrx
npoucxoAllT orpaxeHue aKycrlrqecKr4x roreOauuri eo arryrpeHHlrx cJroffx Conrrqa. Orru
Bbllr4cneHbr gnx ua6:rrc4aeMbrx MoA r,r3 ypaBHeHun rrf c(rr)= Llco. lopu:ourarrlrbre orpe3Klr
IIpflMbIx rloKa3blBaror rlHrepBanbr ycpeAHeur4fl fipn flepBr4rruoi.r o6pa6orrce Ha6nlolleHr4ri B

[2] ; oeprrarcaJlbHbre - onnt6rcu, BbrBe[eHHbre r.{3 peanbr{brx r43MepeHufr. Cuouuar rrrilat4tt -
crJraxlrBa]oultzti cuafiu, nocrpoeuurtfr 11o 3TI.{M [aHHrlIM [pLI 3HarIeHI4LI napaMeTpa o, uailgerr-
HoM IIIrI peanbHbrx [aHr{brx [2] . Cnnoruu.afi ilutLtt Ha pprc. 1,a noxasrrnaer BoccraHoBJren-
Hyrc 3aBucrlMocrb yrnoBofi crcopocrz or paAr.ryca, a rurpr4xoBrrre flr.rHr{u -- rpaun[br pa:6poca
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JZr,/SZ;

'/
szo/szj

4/ la S/r

4a r/,( 4a r/R
Pxc. l. Pe:ylrrarLl onpeAeneHrrrl 3l<Baropr{anrHofi yrnoroft cxopoc"ru oo(r) (a) rro MoAe]rbHrrM AaH-
trsrv [14] (O
rt - pa+Vycbt roqeK noBopora aKycruqecKHx MoE, Of = OU, Hlq - yrfioBas cKopocTb Ha [oBepxHocTH
Corurla

Puc. 2. To xe, qro Ha ptrc. l, ,qls ruo[elruofi yrnoroii cKopocru c Bapr4aqprsMr.r B KoHBeKTHBHoft gotte

sHaqeuplfi yrnoBofr cKopocrl,I, flonyqeHHbre B pe3ylbrare "xnasrpeaar,Horo gKcrlep]IMeHTa"
[o 20 pa3nuqHbrM peanr.r3aqr4ffM rilyMoB. Kar nuguo, peueHr,re o6paruofr 3a[aqlt xopouo
nepeAaer (xorr u c 3aMerHbIM cuIaxuBaH?IeM) ocHoBHbre qeprbr r,rcxo&Horo 3aKoHa Bpa-
UICHI,Ifl.

Kar yxe orMerlarocb, gltn reopui,t corHerruoro AlrHaMo 6onrruofi uHrepec flpegcraBrrffer
BeJrr,rrMHa rpamesra yrnoBori cKopocTr,r B KoHBeKTr,rBHofi 3oHe. fitrt uzyueuus pa3pelIlarc-
qefi cnoco6uocrl4 MeroAa B 3Tori o6[acrl4 B paccMorpeHHbrfr Bbrrxe lrogenr,nrrfi 3aKoH Bpa-
uleHr,rfl 6o6arreuo Bo3MyrrleHrre ttpv r > 0,8 R s Brrle orpe3Ka cr,rHycoHAbr c aMnjlHryAofr
0,1 S2d. Pesynr,rarrt pacqeroB (puc. 2) rloKa3brBarcr, qro otuu6Kr4 orrpeAerreur,rff yrnoBofi
cKopocTu cIIUnIKoM BeJIr{Kr{, qTo6br MOXHO 6rrro c[eJrarb yBepeHHbre BbrBoru,r o rpaAI{eHTe
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Puc. 3. To xe, qro Ha plrc, 2, uo ouru6ru ustrlepenufi
yMeHHUeHBI z 2paw

Pnc. 4. Pesynrtarrr onpeAeneHrfi gKBaropr,raJrbHoft yrno-
aofi cropocru B KJracce KycoqHo-flocroxuurrx @yurqufi
no EaHHr,rM .Unsans uXapau 12)
Bepruxanrurre o!pe3r(H [oKa3brBaK)T pas6pocu, noly-
qarcuuecfl npu 4o6arneur.ru [yMa

yrnoBofi cKopocrl{. [IptE yueuurueHuu o[rr{6oK r.r3MepeHr,rfr B 2 pa3a KaqecrBo BoccraHoBrre-
HrIff Slo (r) cyqecraeHuo yJrln{tuaerc{ (prc. 3), oguaro HeolpegeneuHocrr, B oepxuefr uacrn
KoHBeKTIIBHofr 3oubl Bce eule BerII,lKa, Bepoaruo, ee MoxHo yMeHbrrrl,rrb, ecrrl{ rlp}IBrleqb
EAHHbIE EI,fi MOtr C BbICOKIIMI,I / > IOO, TOqKI,I IIOBOPOTA KOTOPbIX NCXAT 6IIII3KO K IIOBEPX-
Hocrl{ CorIHIIa. CoorBercrByloul{e Ha6flrc[erurfl yxe BbrrrorrueHbr B HecKorrbKr,rx o6cepBa-
TOpI{ffX, HO TOqHOCTb 3TI,IX EilI{HbrX TaKXe eule HeAOCTaTOqHa Enfl yBepeHHbrx BbrBoEoB o
xo[e yuroBoft cxopocrn (cvr. o6sop [6] ),

Taruu o6pa3oM, pe3yfibrarbl rucrleHuoro Motrel]IpoBaur,r.fi rroKa3brBaror rrpr{roguocrr,
paccMorpeHaoro MeroAa Alfl BoccraHoBrreu[ff 3aBr.rcrrMocrr{ yuroBofi cKopocrr.r or pa[fiyca.
.[4] rrnlt.ruux oum6oK r.rsueperuail Hafilofibwafi HeofipeAerreunocrb perreHr.rfi ronfraercfl B
BepxHe[ qacrrr KouBeKT]rBHofi o6onoqrn.r.r B rIeHTpaJrbHoM ff]Ipe.

183

.l



4. Peaynrmru o6pa6orxu ua6nrcAerufi

,[auHrre .[rosanr u Xaprn [2] . 3rN AaHHbre flpeAcraBnflIor co6ofr cpeAHHe 3HaqeH[q Bpa-

nlarerrr,Horo pacure[neHr,Ifi aKycrlrqecKr,rx MoA ceKTopI.{aJIbHbIx role6anufr (m= ll ) n raurep-

Balre rracror 2,1-3,7 rurlrl gnr / or 1 Ao 100. YcpegHeHue npoBoAxnocb IIo oceruHa6lrc4ae-

MbrM MoAaM c o,q,r{HaKoBbrMr,r crerreHflMu / . Bcero [peEcraBrleHo 37 3HaqeHLIfr c^1/, uonyveuurtx
uo 180 Mo[aM.

Ia: (6) cfieAyer, qro LrIfl ceKropLIilJIbHbIx rapMoHI'IK Q m= ! I sce BerI[w'IHbI Mr,t,^ = 0,

KpoMe cilylqafi.k =0'.MoJ,m= 1. floeror!,ry pacueureHr.re qacror Wfl 3Trrx Mon, 3aBllcur B oc-

HoBHoM or 3KBaropr,ralrHo[ yrnoeofi cKopocrr{ % (r ), xorff trpla Mitrlblx / , rar BI4AHo lr3

(6), sanucuuocrb Bpau-leHr,rfi or ruuporbr Moxer oKa3blBarb olpeAerleHHoe srl4qHi'le. Ho

3AeCb OHO He yqr{TbIBaJIOCb.

Ha puc. 4 noxaaanr,r pe3yJrbrarbr olpeAeneHr,rf BuyrpeHHero Bpauleul,Ifl B Krlacce KycoqHo-

flocroflHubrx Qynr<ur,rv. Ouu xopolro cornacyrorcfl c aHaJIor]IqHbIMI.I pacqeraMll, BrIIIoTIHeH-

HbrMr,r B [11, 12] , uo 6es ilpI,IMeHeHI,tfl BKB-nprE6nuxeul{fl LI c yqeroM BKIIaAa xax,u,ofr u:
180 na6nro[aeMbrx Mo[. Mr,r xe ucloJrb3oBaJrr,r roJrbKo cpeAHI,Ie xapaKrepl,tcruru(xi, Ax;)'
4la xax4ofi us 37 rpynn role6asufi. O4Haxo ouru6rcu, nolyqeHHbre B KBa3I,IpeaJIbHoM 3ttcne-

szr/sz;
/,f r-r-

4/ 48

Pxc.5. To xe, qro ua puc. 1, no AaHr{r,rM ,[rcsanq uXapsu l2l

szr,/sz)

'\f\l ==,\\

4/ 4a
Puc.6. To xe, rrro Ha p[c. 5, ]ro u3 [aHHbrx ]tcKrrroqeHbr rnaueur.rx 6u nplr / = 90 lr 100

y'R484/

I



Ptc.7. To xe, qro Ha p[c, 4, no gauxrrn
Epayua u Moppoy [9]

Pnc. 8. To xe, trro Ha plc. 5, uo gaxurtu
Bpayua u Moppoy [9]

/;4

,lr,lrl/ 4/
It

4f f/i

4/ /,s r/,( 4/ 4a r/,(
Pnc. 9. Pcsynrrarbr onpeAen^e-H[.8 flapaMerpot A, (a), A, (a u Ao k) B 3aKoHe BpaureH[fi (17) no
AaxHbrM Epayua u Moppoy [9]
06ognaqexr.rr r" *",.rioru'prn", r.af'='artufq,,af;=21 nfq, af =-orrfq-auaueuun fla roBepx-nocru Com-rqa

t3.3aK.1gj 
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Puc, 10, To xe, uro na Puc. 9, B KJIacce

KycoqHo-nocroxuurrx Syuxuuft

pr{MeHre, 3aMerHo 6olrure [peEcraBneHnux n [1 l,l2l , oco6enno npu rf R> 0,9, Ho 6nrI3KI'I

r Hafigeunr,wr Tygu 1281.
Pe:yrrraru oflpe[enenr.rff Oo (r) rryreM r{HBepcv$ A1errfl c IIoMouIbIo cuafinos rpllBe-

[egbr Ha pr.rc. 5. OH1,t rcaqectgellno cor[acyrcrcff c [peAbIAyIlIHMu. O[uarco o6paqaloT Ha

ce6s sru{Naau[e pe3Kue Bapua\lz,Lt yrnoaoft cKopocrlI B KoHBeKTI,IBHofi 3oHe, Koropble IIpe-

BocxoAffT rro BeruIrMHe cflyqafiHbre ouru6rclt. Kar suAuo Ha s_epxHei r{acrl,I p}'Ic.5, otn eapua-

qt,tu o6ycrroBIleubr uIaBHbIM o6pa3oM EByMfl 3HaqeHI,IfMLI Qo 4lrq I = 90 r.r l00(rpafinue
ToqKlr c[paBa). B [11] yxe o6paularocb Bur,rMaHlre Ha crlrlbHoe orrlurme srrxAByxBerIuqI'IH
oT ocTaJrbHbrx, cBfl3aHHOe, BepoffTHO, C CUCTeMaTr,rqeCKlrMr{ Our[6KaMLI. o6pa6orxa Ha6nIoEe'

nufi [9] (o"r. nrxe), roErBepx,qaer 3ro flpegrlonoxeHl{e. Ecnlr l,tcKrllorurb yKa3aHHbIe [Ba
3HaqeHr.r, 0e, ro [oBeEeHr{e Oo (r) oKa3brBaercff Aocraroqno TITIaBHbIM (puc.6): MeJIKo-

Macrura6Hbre BapuaquE rlpu rlR ) 0,5 naxoEf,rcff B rlpeAenax oun'I6oK.

Aarrr5re Epayna n Moppoy [9] . Pesynrrarbr o6pa6orKr{ Ha6nrcfenuir sruv.t4 aBropaMla

[peAcraBleHbr B BI,IAe cpe.qHnx IIo HeKoropblM rpyflIlaM vog roesQuq]IeHroB Ak pnga (13) .

.[anurre oxBarbrBaror ruo4u role6aHufi s r,rHTepBilne / ot 15 go 99, Koropble pa36urbl Ha

14 rpynn, cocroffuuxr,t3 BcexHa6Jrro4aeMbrx xone6anlrfi B qacroruoM EllanasoHe 2,5-3,5 tvtfu
g,;nfl Tpex flocrreAoBarerrbubrx sxaqeu[fi / . 3ru [anHue, [oMI{Mo 3KBaropl,IarlbHoro BpauIeHLIs,

rro3Borrffror nait[ [sr"reHenr{r c rny6uHofi ur.rpornoro rurQ$epeulluaJlbHoro Bpelqeslafl'

3xaaropuanrnoe Bparuenr,re r.r3yqaflocb HaMr,r flyreM perueHllfl o6paruofi 3a[aru lrl.fl' Betil4'

w,rH Os =j, + A3 + As, ourta6Kr4 Koropbrx BbrrucrrsJrr{cb KaK cyMMbI oIxrI6oK coorBercr-
Byroullrx Alr.Pesymrarbr rrpeAcraBrreubr Ha puc.7 u 8. IIo cpanueul{Io c [pe[bIAynrI{MI{ oHI'I

noKa3brBarcr cyrqecrBeuuo 6onee ruasurrfi xog S2o (r) 6es pesrux usMeueuufr B KoHBeKTI{B-

Hofr soHe. OlHarco r{Meercff KarIecrBexHoe corllacue: yuroBafl cKopocrb rrocrelleHno yMeHb-

ruaercfl nrny6r tro rfi x' 0,5 + 9,6 r4 Earrbue pacrer. He ucxnroqeno, qro 6oree turaBrafl 3aBu-

crMocrb S)o (r) tro AaHHbrM [9] crreaua c 6onrurruu r,rHrepBarlaMl{ ycpeauerrrtfl [aHHbIx.
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_ Axaloruquax o6pa6orra, BbrrrorrHeHnafl tro or,qerrbHocrr,r ffrx rcooeSzrrr4euToB trr, tr3 vt
A5,Aaer flapaM€rpbl 3aKoHa BpaEIeH[r(17) (puc.9ra 10).HesrrcoraxrorrHocTbr.r3MepeHr,rs
BeJII'IquH A3 nA5 [oKa He llo3Borlfler cEeIIaTb yBepeHHbre BbrBoAbr o6 ueueseullu c rny6r,ruofi
rulrpornoro grS$epenrl]ralrbHoro Bparqenus. Teu ue MeHee qerKo rrpocflexr.rBaercfl yMeHbrue-
HI{e [apaMerpa A3 tpu nepexoAe or KoHBeKrr.tBHofi 3oHbt r ny,nrciofi (r!R x0,7), qro o3Ha-
qaet 6oree cJra6oe r{3MeHeHHe yrnonoir cKopocr}r c rrruporofi a rny6orcrx crroffx.

5. O6cyxgerue pe3yrbraroB H BbrBoAbr

ftrx oupegexeHr{.a BHyrpenuero Bpauenr.rq rto pacuerureHr,rrc qacror co6crseuurrx xone6a_
nufi upuueaanocr BKB'npu6nuxenue. flpu eroM Anfl 3aBr,rcr.rMocrr.r yrroaofi cKopocrr.r or
pa4uyca [oJlyrurlocb uurerpilrlbnoe ypaBneHlre A6ens. Ouo peruaaocr no Soprrayne a6eresofr
urtBepcfivr 6es E[QOepeHu]IpoBaHLIfi upaaofr vacrr. Peeynrrairr na6nrcgenr.rfi-anupoKcr.rMr.rpo-
Brr[ucb rro lepeMeHHofri(l + l2)l<': crmrutBarourl.rMr,r xy6Nuecruun crnaftsanau.

Ha ocHose recroBblx pacqeroB rloKa3aHa eQQexrruuocrb AaHHoro [oExoAa. Hafrgeuo, uro
yMeHbIxeHIre ourr6ox usuepenuft a 2 pasa rlosBorr]rr cyurecrBeuHo floBbrcr,rrb AocroBepHocrb
onpeEerleHl'Ifl yrnoroft cKopocrl,I, oco6enro B qeHTpirJrbuoM ffEpe u sHeunefi qacr[ xogser-
rrnnofi o6olorrKu.

llo gaunrtna.4tosarrs u Xapnra [2] yrounena 3aBr.rcr,rMocrb yrnoaofi cKopocrlr Bparueurrfl Ha
sKBarope or paAl'Iyca, uaftgenuaa panee a[Il] B Krracce Kycorrno-rrocroffHHbrx QyHrqufi.
Ilogrnepx4eHo 6brcrpoe BparrleHr.re corrnelrHoro a4pa. B o6nacrr.r r/R < 0,3 y.noru" ,"opo"ru
Bo3pa_craer r qeHrpy c xapaKrepHbrM rpaEr.reHrorvr (7 t 3) x 1C|-3 nrq/ru. IIpu r * 0,06R
Oo/nd =2,7 ! 0'8. Cavraa ueHTpilrlbnaro6racrr Connrla HeEocrylHa u3yrreHr.rrc c rroMoulbro
p'MoA. .[ocroaepnocrb MIIHLIMyMa yrnonofr cKopocrr{ r pafione rlR x 0,3 rro111nrar1acb cy-
IIIecrBeHHo HI'Ixe, rIeM 6ruo yxaeauo a [11] . B nepxuefi qacrr.r KoHBeKruruofr sourl uafiEeurr
MerlKoMaclura6uHe aapuaqr.rr ymoaofi cKopocrlr. Ho our,r, BepoflTno, Bbr3BaHbr 6olrurnuu
crcreMar[qecKl{Ml'I oum6rauu usntepenrfr l2l Am rr.rog c / = 90 u 100, raK KaK pacqerbr 1ro
AaHHbIM [9] He [oKa3blBarcT auarlorrlr{Hbrx aapwaguir. Bcregcrrre ororo rroKa Henb3;1 c[e-
rlarb o[peEeneHHblx BbIBoEoB o BeJrI,rrMHe r.r 3HaKe rpaAr.reHTa yrnoaoi cKopocrr,r B KoHBeK-
rrsnofi 3one - saxuefiuerr rrapaMerpe reopxfi corrnequoro rurHaMo.

flannue Bpayra u Mopproy [9] noanonxror orrpeAerrurb KaK yrnoByrc cKopocrb Bpaulenns
Ha gKBarope npu O,4 (r/R ( 0,9, raK r.t xapaKrep r.r3MeHeHu*. c rnylunofi urrpornoro gue_
Qepenquanrnoro BparueHux. Bpaqenue Ha ?KBarope KarrecrBeHHo couacyeris c uaftAeu-
HbIMI'I IIo AaHHbIM [2] . Ho 3aBuc]IMocrb or pag]ryca 6onee uraaHaa, qro Moxer 66rr csrsago
c_6oniln'ruu I'IHTepBanaMLI ycpeAueHr.rtr pe3yJrbraroB muepeurfr rtpll [epBytrrnofi o6pa6orre.
Illupornoe gu06epeHqr,rrrrrbHoe Bpauenue a tyuncrofi ,or, .yrqicraenHo cna6ee, qe* rru
[oBepxHocrl,I u B KoHBeKTEsHofr goue.

B [29] [oKa3aHo, qro rur{porHoe 4r.r$$epenqhirrrbuoe Bpaulenue r uywrcrofi 3oHe Moxer
6-rrrr neycrofi'&rsrIM. Kpurepnft Heycrofiuaocru Kearel,tua-leruuronrua Errfi rrapaMerpoB
Ay uMeeT P,LI\

Ar lA\ - t,t6A?lA8x - t,t As Mss < o.

.[44 uafrgernblx HaMI,I 3aBLIcLIMocrefi oH srrnorurercf, B cloflx, flplrMbrKarorq[x K KoHBeK-
rranofr sone (0,6 1r lR I 0,7) -

Heonpe4enennocrb BoccrauoBrlennff Buyrpeuuero Bpauleuna Moxer 6rrrr yvrerurueua,
ec[]I Ilpll uepauwofi o6pa6otre naogrr xone6aHnfi rpyunnpoRarb He orEerrbuo rro [apaMer-
paM Qil /, a no lrx orHolueHuro(l + y)|l.i,. Orrvrerurr,r rurxe, qro acr4Mrrrorrqecx[fi uogxog
IIO3BOJTf,eT HaxOElrTb yuroByro cKopocTb BHyTpeHHero Bpauenus He TorrbKo B.napaMeTpr.r-qecrofi Qoprvre (4), (16) wnw (17), Ho lr s o6qeM nuge O(r ,0),ecnw r.r3Mep.Erb Bpaua-
rerrbnoe pacuerureHr.re qacror B 3aBr,rcr,rMocrr,r or EByx [epeMennbrx(l + l)lail (l+ t/)lm.
3aqaua o6pauleuur B oroM cryIae cBoArdrctr K peuelrr,rp AByMepnoro yparnennr Abeirs.- 

,-

Aarop Bblpaxaer 6narogapHocrl B.fl. Apcerrrry u I0.[. non-o"y rinonerno. o6cyx4enue.
Arpenr 1987 r.
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CPABHI4TEIIbHbIE XAPAKTEPI,ICTI,IKH
COBPEMEHHbIX IIPHEMHHKOB I,I3JIYqEHH'

A.E. Eyxau

flpelnoxena HoBa.s MeToArrKa ao oapegeJreHr{ro qflcJla rpaAar{ufi nl, yKnaAblBaroil{rxcfi B rlorlocy flo-
rpeu[rocteii peanbHofo cBeroflp]reMHltxa. Ha ocHoBaHr{I,I grofi MeroAuKI,I B},IBeAeHbI Qoprtrylrr gnx
orrrcKarru, m \pu BosqefrcrBr,ru pa3rrr4qurrx Sarctopon: uyMoB npu6opon, ilx xsantosoft s$@errltu-
HocTlr, BpeMeHH pa3peureHfir, roqHocTr.r u:r'repeuuft u AP, c rloMoulblo etux Qoptr.tyn olpeAeJIfiIOTcfi LIH-

OopMauuoHHr,re xapaKTepr,rcrr,IKr{, fio3Bo]rrrorque cpaBHl,rBarb pa3nr,IqHble rL{n6I cBeronpuertlHrtcon. flpu-
BeAeHLr cpaBHr,rrenEHEre r{H@opMaquoHHbre xapaKTepucrr,rKr,r An, fI3C-MarpI,rrbI, trHcceKropa, (D3Y u
rn6puAuoro npu6opa (gaccerrop N 3OII), pa6oratouero B pexI.IMe cqera KBaHroB,

COMPARISON CHARACTERISTICS OF COI\N/ENTIONAL LIGHT DETECTORS, by A,B. BU-
kach. - A new method for a determination of the number of mgradations that are contained into the
error bar of real light detector is described. Based on the method im question the formulae lbr a determi-
nation have been deduced with the account on the following parameters: instrumental noise, quantum
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efficiency, time resolution, the accuracy of measurements, etc. These formulae allow us to compate
different types of light detectors. Comparison characteristics for CCD array, dissectors, photomultipliers
and a hybrid device (dissector with image tube) operating in a quantum counting mode are described.

B Hacroaulee BpeM-fl HaqilJlocb uHTeHcrBHoe fipuMeueHr,re B acrpoQr,r3r.rqecKr.rx [ccrreAo-
BaHlrEx AByMepHbrx <[oronpueuur.rKoB-Ar{cceKropoB, II3C- u $oroAuoguux Marpr,ru, r}16-
pI,IEHbx [p[6opoB Ha ocHoBe SOII r Ap. B cBfl3r,r c srrrM AocraroqHo cJroxHofr craHoB],rr-
cff 3aAarla cpaBHeHLIff LIx gKcfl[yaralll{ouHbrx xapaKTepr.Icrrar a au6op onrurrannur,rx Qo-
TolplIeMHI,IKoB prlfr. gauHoro 3Kc[epr{MeuTa. Karlrvru xe Aocror,lucrBaMr.r o6naAaror
COBPEMCHHbIE IIPIIEMHI,IKI4 I,I3NYIICHI.Ifl, KPOMC OqEBI,IAHbIX, T.E. MHOTOKAHAIIbHOCTI{, [AHO.
paMHocTr{, BbrcoKoro [pocrpaHcrBeHHoro pa3peueHHfl? Haurefr :a4avefi KaK pa3 r,1 flB-
rrfiercfr uairu rrerog cpaBHeHI,Itr orEerrbHbrx Qororpueruuurcoa MexAy co6ofr u c cy-
IrIecrByIoIlII'IMI'I paHee. C nomoulrrc raKr,Ix urrpoKo r{cfioni,3yeMbrx o6o6ueflHbrx xapaK-
TCPI,ICTI,IK, KAK OTHOIUEHI,IE CITHAN/UrYIU, .{I(B [1], UOPOr !{YBCTBI,ITEIbHOCTI,I, MI'IHI,IMYM
IlorpeluHocru E T.E., I{erIb3rI oAHo3narrHo oxapaKTepl.r3oBarb pa3rIr,IrIHbIe [p[6opbl, orJrr{-
qaloullreca IIo fipr.rHur,rfly treficrBr.rfl. I,Ianecruo, uro rlo pEAy flpuqr,rH npaKTr.IqecKr.r He

Hnrrrflll ull{poKoro IIpl{MeHeHufl uuQopuarytoHHble Kpr,rrepl,Ill, AocraroqHo oobeKTI,IBHbre I4

He3aBr{cr{Mbre or crroco6oB pei}[]r3aur.ru aunaparyprr [2] .

Ouennrr o@$exruanocrb HecKorrbKr.rx Oororrp[eMHr.rKoB, paccMarpr,rBafi Bcero ogr.rH
SireMeHT pa3JroxeHlrfl, B rr,rarpuqe 3To oEHa flrrefiKa, y Ar{cceKropa - oAHo ns uofloxeuufi
uIerII{, a 4la O3Y [peErloJroxuM, qro y Hero nepeg SotoxarogoM pacloloxeHa coorBer-
crByloula.E ulelr. PacctvtoTpl{M cnyuair, xorga upuoopbr pa6oraroT B pe)KI,IMe cvera @orouon.Ilycrr r,rMeercr rgeaururrfr @oroupuertu.rr, fiorrHocrbro upeo6pasyloului rcax(Arri
KBaHT cBera B IIM[yJIbcbI Sororoxa /y'"rr*, flpoaegeu c [oMorrlbro sroro lplrflopa Dfltr
I,I3MepeHI.Ift BblcoKocra6l{nbHoro }IcroqHI{Ka cBera, cpeAHflt I,IHTeHcI,IBHocrb.lVBx Koroporo,
Ha[pI'IMep' cocraBrltrer 100 rcBanros cBera B ceKyHEy. Ha er,rxoge npu6opa rurr 6ygerra pe-
rrlcrpl{poBarb B KaxEbIe orEerrbHbre MoMeHTbr BpeMeHrr qI,IcJIo uMIIy,IbcoB, r{3Melr.firoulfix-
cff B [peAelax or 90 Eo 110, ecnu pas6poc gnaqesufi He [peBbrrraer cpe[HeKBaAparr.rqHoe
oTKJIoHeHI{e + o(i/."r*) : + 10. flpn eagaunorvr rcoe$Slrqr{eHre goBeprarelrHofi Bepoflr-
gocrr K = I cneEyloulee 3HaqeHHe I,I3MepreMofi serlrril,rHrr (yuenuvunacb trpKocrr, Hc-
rouHurca) MoxHo orJIr,Iqr.ITb or flpeAbrgyulero fir{rub B ToM cfiyqae, Korga cpeguee 3rra-
tIeEI'Ie panno 121rcaapry/c.Menqyoruna?Icpe,qHr,rMrr3uarreHr.rflMr,r uxoguofr uentrwrurr y'y'r*

[oflyqae-rcfl neroropufr [poMexyToK , t4Jtu cryte[rxa Ai, paBHaff B HarrreM npurrlepe 21
(puc. 1). flporxxenuocrb cry[eHby A, Mexgy trByME flpo]r3BorrbubrMr.r, Ho.pa3rr.rqaeMbr-
MII I'IHTeHCIIBHOCTTMIT cuera l[ u Nr+t orrpeAerrr,rM xax anre6patrqecKyro cyMMy gIIcIIep-

cuir D (lr,) , D (Nt*), r.e, Ai = Kl JD@j + JD W;j l.Buacrnovcayqae,KorAa
orcr{erbl rrogruHxrorca 3aKoHy flyaccoua, Li = K(Jf, * .rEJl = ZX1@+ K2. ?ru
cryrleHbKr,r [pr{HtrTo Ha3brBarb rpaEaur.raMr.r12, 8-11, 13] , Bennwrua cry[eHeK 3aBr4cr,rr or
SHarIeH[ft nxoguoi r.rHTeHcrrBHocrr,r cBera rlr*, neruwrnrr oum6ru o(ff"or*), ypoBHff
uryr'ra (rcpuaas 2 rua puc, 1) r{ Apyr[x Saxropor. Bugno (cu. puc. 1), uro, Harrpr{Mep,
[pl't HiuIHqru,I IUyMOB IIpOT.EXeHHOCTb CTyneHbKt4 yBeilvt+]f1BaeTcfr., yt TorAa qr{cfio rpaEa-
wfr s 3aAaHHoM I{HrepBaJIe 6yget vreurure. Ecrecrseuuo, qr,j c yBer,fi,seluevr,Ay' nporx-
xeHHocrb cryfleHbKl{ pacrer, Ho orHocr,rrenbHafl cpeAHeKBaApar[r{Has olru6xa reKyuero
I'I3MepeHI,Iff 6(ffr) yMeHbllraercfl (, = I + -). Ecnr.r r{3BecrHo qr,lcJro cryfiesei,t utru rpaAa-
qnfr, eruacrrBarouluxcrr B [onocy florpeuHocrei usueputenruoro npr6opa, To l,roxrro
yxe EocraroqHo lpocro l{cflorlb3oBarr raxSopvaquoHubre l<pvffepuv AJrfi cpaBrrl,rrerrsoi
oueuKr Soroupr,rerururrcoe [8, 9].

O$raxo He EcerAa MoxHo rlerKo orlpeAerrl,rrb MareMarur{ecKoe BbrpaxeHr.re, no3BoJrflro-
II\ee HafrTI'l qucrto rpaAaqr,Ifr, rrucunarcuuxcr{ B nonocy florpe[rHocrefr peatruoro npu-
6opa c yrleroM reMHoBbIx roKoB, rcsau:roeofr eQserrrznnocru $oronpreMHuKa, "rrlepr-
Boro" BpeMeHr,I amraparypbr r.r Epyrrrx Sarropoa, a raKxe B crryqae, KorAa 3aKor{ pacrrpe-
AeIIeH}I.s oTcqeToB HeLI3BecTeH. Hl,reuuo cfioxHocrb pacrlerHbrx $opvyn EI]r onpeAenerr]rs
qficfia rpaAaUuft u cgepxcaBaer r4c[orrb3oBaHr,re ru$oprrlaquor{Hbrx Kpr,rrepr{eB.

[Iarrr.r npeg,-naraercff Hosrrft [ogxoA K onpeEefleHr,rrc wrcla rpagaqr,rfi. cyr:r, :roro ue-



//6r,fionox/c

2/ 6, /// .4Uor",unn/c ,Ul Itl t/,

Puc. 1. floloca norperruoctefi QoT oupuerrrHlrxa
1 - IJpu orcyrcrBr{r{ torr'.ex, 2 - npH ypoBHe rxyMa trtrI =50 HMn/c

Puc, 2,3asucnMocrb oruocr4Tenurofi cpegueKBagparfiqllofi outu6xlr 6 (Xlsx) or fla[arcr{ero ua Qoronpuer"r-
HHK cBeroBoro noroxa /y'r^

roAa pacqeTa 3aKlrroqaercfi B 3aMeHe peanbHolT ttoJIoCbI tlofpeluHo0Tefr uerOropofi ernu'
BarreHTHofi, Ho r.rMeroxlefr To xe 3HaqeHr.{e gurpon}rrl, r.e. BHocflulefr raKoe xe Ae3I'IH$op-
MarryroHHoe [eficrB14e 12, 3) . 3ro 4elaercfl c UeJIbIo ynpoqeHt1fl flpolleAypbl oflpege-

rreuufl qrrcJra rpa[auI,tfr u 6onee flonuoi xapaKTepucrtlKlr flpfi6opa Bo BceM AI'IHaMIiqec-

KoM [r{arra3oHe pa6orbr. B pe3yrrbrare Mbr rlolyqaeM Bo3MoxHocrb paccMarpuBarb

nro6bre fiorpelllHocrr,I c [pou3BoJIbHbrM 3aKoHoM pacnpe[efieHl,Ifl, rITo qaule Bcero I,I Bcrpe-
qaercfl Ha [paKTr,rKe.

Paccvorpulvt KparKo cyrb npegnaraeMoro Mero[a oflpeEeneullfl rpa[aqui. C :a4au-

lrrrl,r rcoe$QuUrleHroM AoBeprrenbHo[ BepoflrHocrl4 ( pe3ynbrar orAenbHoro I{3MepeHlrfl

-A[ uaxo4urcfl B r,rurepBane

N, - Ko(&)< NilVi +Ko(ff,).
C yueroru,r roo$srqr,reura K orHocl,IreflbHafi cpegHeKBaAparv'umafl orrrrl6Ka

,7t/ ,oru
,4\r,ttmn/c

(r )

perrrcrpaI.II,ir{

I o(1/; )
paBHx - 6 (1/, ) Ha ocHosaHI,ItI H3BecrHoro ofipe[eneHufl HHrerpana HaHAeM,KNi
lnouaAb so , orpaHrlqennylo orHocrlrenbnofr cpeAHeKBa[parllqHoil ouru6Koi 6 (1/, ) ,

r.e. [onyuupuHy Ilonocbl fiorpelrlHocre k uz (puc. 2) .

xK Iso:/ -_6(/v,)dll.
XgK

3a x' r,r xK 1rpt,rMeM 3HarIeHI,Ie Bepxllei u uuxuefi rpaHI'IqbI AITHaMI'IqecKoro Auala3oHa
lp[eMHr,rKa r.r3rryqeHr,rff. flonrsyrcn H3BecrHoi reopeMofr lrleunoua 12-41 , 3aMeHI'IM noflo-
cy norpeurnocrefr c [por,r3BorrbHbrM 3aKoHoM pacflpe[eneuufi paBuoMepHofr, Ho I,tueroqei
TO )I(e 3HarIeHlIe 3HTpOnUlr, T.e. flpflMOyrOJIbHI,rKOM, IMeIOUIIIM Ty )I(e rllloua[b, qTo I{ IIoA

KpfiBoi, orpaHl,IqeHHoil 6(1V;*). Torga ornocl,lrellr,Haf cpeAHeKBaAparI,IrIHaff olxu6Ka oA-

Horo r,r3Mepenux (crr.r. pwc.2) paB:f,a

6"p = So/@" -xr)'
190
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I,Icxo4uax eHrpolr,rfl Arfi norocbr rrorpeuHocrefr c paauovepnbrM 3aKoHoM paclpe4ene-
Hr.rfl,r.e. P(A) = ll@"- x"),panua [2]

xK

fl (//) : ! P (N)lnP (N) dN = ln (x* - xs) . (4)
xfi

YcronHar xe 3urporll,rfl ,4rlt paBHoMepuoro 3aKoHa paclpe[eneHr.rff Moxer 6urr nolyueua lr:
l2l:

2A 2L

r4e { = 1/6.p - a6colrcrnaa florperxHocrb e4r,rur,rr{Horo r{3Mep€,Hr{fl.
Torga c yqeroM (a) u (5) KoruqecrBo ruQopuaryra, 3apeu{crpr{poBaHnoe B pe3ynb-

Tare r,r3MepeHr,rfl, orrpegeJrr{u rar [2] :

S = H (N)- H (NIN) = ln (x* - x") l2L, = lnm. (6)

Oronqarelr,No qucno rpagaqrafi m, pa3ilyr,.taeMoe B nro6oi flofioce norpe[IHocreil, uai,r-

[eM, [pr,rMeurrB pauee nonyqeHHbre coorHo[reHr,rt (2) u (3):

xx-rn 1 xx
= * I 6(N)dN.

Lt\ Xg

Tarclru o6pasona, Mbr rloJlywul,r Bbrpaxeuue, orJll,Iqarculeecf, or r,I3Becrublx Qoprtryn no
olpeAeneHxro rpagaqri gocrarouxofi npocroroi. B coorsercrBfiu c (7) qeu 6onrure
ruIoIr1aAb, orpaH[rreHuaa rpr,ruofi oruoc]areJrbHofi cpeguercaagparuwoft ouu6ru 6 (1/r ),
rer'l 6oluue m, lTlyvrw cBero[p[eMur,IKa, ero "MeprBoe" BpeMff (n cnyuae O3Y ll 4l,rcceK-
topa) yrreuruaror AlrHaMraqecrufr gnauason uplr6opa, a 3HarMT, rr yMeHbrxarcT rrrloulaAb,
orpaur,rqeHHyrc rpueofi 6(llr), qro BeAer K yMenbrrreHato m. TarNrvr o6pasou,'{ro6rr
ofipe4enl{rb m, ueo6xogttMo orbrcKarb MareMarl{qecKoe Bbrpaxen[e Arrff 6(1/i) c yqeroM
LlHTepecyrcurlx SKcnepflMeuraropa Qaxropoa r{ flporrHrerp]rpoBarb ero, 3areu uafirn
olpetreJleHnbrfi ltrterpar, B3rB BMecro xA Lt xK BepxHroro II Hr,rxuroro rpaH[qy r{HTepecym-
rrle f o Ar{HaMr.rrle cKof o Arrafla 3oHa, u fio ny wlTb m

flprareger'r HecKorrbKo flpr,rMepoB oflpeAerreHr,rfl ra, Bocnonr3yeMcfi nafigennuru rrrpa-
xeHLIeM (7) W" oflpeAeneHr{fl qucna rpaEaqr.rfi, roropoe MoxHo 6rruo 611 3aper}rcrpr{-
poBarb c l{[eulrrbHbrM rIp[eMHI,IKoM caera. .U,nq 3aKona flyaccoHa, KoropoMy IloAr{I.rl{ffrorcff

1

6(1/r) = --:-, r.r rorla
! flr*t,

(8)

rAe nBx - qucfio KBaHToB cBera B egr{Hr.rqy BpeMeHr4, I t., - BpeMtr orcnosuqlru, Ecun
Hr4)I(Hffff rpaHI{IIa AI,IHaMurIecKoro Al{afla3oua paBHa HyJIIor.trH = 0, a eepxuafi xK = nBx,To

m" : 6/i1r),/;;. (e)
orcrcga crreAyer, qro MaKcr,rMzrnbuo pa3rrr,rqr.rMoe qucrro rpaga4rfi paBHo cpeAHeKBaApa-
TI'IrIHoMy orKJIoHeHLIrc axognoft BerrHqr.rHbr. 3ror pesyarrar BrrorlHe 3aKoHoMepeH II [paK-
rI'IsecKI'I oqeBuAeH, Coornourenne (9) npu 1( = I 6ruro flonytreHo B.B. Apreivreaurvr [5]r Y'K. Beficrvranorvr [6] , fus BbIBo[a ororo coorHorrreHr.rfl r.rMr{ rpr.rMeHfrnacb Epyrafl
MeroEI'IKa, Koropaff He no3Borll4rla o6o6ulurr uonyueuurfr pe3ynbraT Ha LIccneAoBaHr,Ie
peaJrbHbrx cBerorrplreMHr.rKoB, Ha auxoge peanbHoro npu6opa perficrp]Ipyerc_a /y'""r*
I'IMrIynbcoB 3a BpeMff gKcflo3ll{alr /r. KornuecrBo 3aper[crpr.rpoBauubrx ]rMflyflbcoB Ha

@oue co6craeuubrx rrryMoB n,,, olpegerrfferctus l7l:
lLo,*=(e1nr* +n*)t., (10)

191

oTcrleTbr Ha BbrxoAe cBeTo[prreMHl,rKa, rlorperuHocTb

xK 1
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r, l/ ko*t,

"(#) :il: (s)
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I[e €1 - HHTerpanbHbrfr KBaHroBbrfr Br'IxoA cBeToqyBcTBr.rrenbHoi rroBepxHocrH. orno-
cuTerrbHyro cpeAHeKBaAparr,rtlHyrc ouu6rcy Ll'sMepetufl BbrxoAuofi Berruqr,rHbr /y'ro,* uafritevr
npl{ ycnoBIIlI, rITo 3aKoH pacapeAefieHl,lfl HeH3BecTeH, Tor[a

I
6 (I/Bo,x)

t/G,t""- - "*te
(11)

3gecr uyxno flogqepKHyrb, rlro coorHorueH[e (11) He cleAyer nyrarb c o6uqno ucnorb-
ryeuofi Qopruryxou t7) trrfl onpeqerreHr{s cpeAueKBaApar[qHofr olru6xu, r.e. 6(,a/"*).
flogcrauna 6(ffur*) s (7) n flpo]rnrerpnpoBaB, oKoHqareJrbHo nonyquM rlpu xH = 0
14 xK = nBx

(12)

Kor4a ucronb3yercfl ll3C-ruarpraqa, y Koropofr cyqecrnyror rorrbKo rxyMbr cw{rbrBaHr,rs,
ro n (10) r (11) I?,,, He 3aauctrr or /r. B sroM cnyqae qrcro rpaAa\vfi mM grx rarcoi
Marpr.rrlbr oIIpeEerrff eTcfl r,r3

l_
m* =i: (\fr,q'n; +n; -,,fr:").t( -

!nt, lapuv,epa, flplrBegeuHoro Ha pr,rc, I n B coorBercrut4n c (12) , uucno rpagaqui
yMeHbrurfiocb c mv = 7,8 [o m* = 5,3 trpu ypoBue IuyMa rz- =S0uwr,lcuer = I B g1rua-

MI,IqecKoM Aua[a3oue orucK = l2L ao x* = 10,
I,Icnonrayx coorllorueHr.re (12) Anfl orpegerrenllfl rpagarlui ua ypoeHe rryMa, rlerKo

MoxHo rufrru lrH@opvraquoHurri uopor qyBcrBr{rerrbHocru npu6opa. Onpegerrr,rM ero
KaK lucrro @orouon, neo6xo4lrtvrrtx 4rtfl flepegaqu nepnoft rpailalg:au, r.e. KorAa m = l.
Peuu,rs ypaBHen[e (12) orHocrrerrbuo nBx, HafiAeM ,ucro $orouoB Ha Bxoge cBerorlpl4-
eMHrrKa, [pI,I KOTOpOM Ha BbIXOAe MOXHO rIOlyrMTb CI,ITHaII, T.e, pa3[LIqUTb OEHy flepBylo
rpaAarlr.rp:

(1 3)
Kn"=*(K+zr/nfll.

Ecnu onpegenutr ouru6rcy r ornoruewue cutuatfuryM grrfl uucna $oronoB, paBHoro LIH-

$oprrraquouuoMy aopory qyBcrBr..rreflbnocrr4, ro oHlr coorBercrBeuHo paBHbr 6(lL*) >
2 70Vo, R < 1,41. I,In$oprvraqlroxuufi nopor r{yBcrBr.rrerrbuocrr,r npe[craBrreH ua puc. 3

ArIfl €I =0,2u €1 =0,4 fipLtto=lwK =l,.[Irsll3C'rnlarpaUbl,ycraHoBrleunofiua3TItl
c flut = 12 srerrponoB oH paBeH 20 Soron/c.oJreMegT. flpulreuenue ll3C-rrrarpuqbr c ntu =
= 180 gJreKTpoHoB Errff trocrlrxeHr{ff Toro xe lopora rpe6yer yBenrqeHr,ra 3Kc[o3r,ruul{
s 12 pas, Tarcnu o6pasorr,t, c rroMourbro floryqeHnoro coorHorueHr.rs (13) BcerEa MoxHo
cpaBHr{rb upn6oprr uo csoefi npeAenrHofi o6uapyxr,rrenruofi cuoco6nocrr.L LIs puc. 3

BrErIo, .rro EucceKTop lrMeer BecbMa Htagrcui flopor nr r,r3-3a roro, qro y Hero co6crseH-
HbIe rlryMbr oqeHb MareHbKlle (0,1 nun/c.onervreur), Taxne Korr[qecrBeHHbre oqeHKI,I

npn6opor uoryr 6rrrr BecbMa oSQerruaHu r.r [prr or6ope HecKorIbKr,Ix gK3eMUItrpoB

cBeTo[p]Ie MHI,IK OB IA3 HeK OTOpOTO IIX rMCrIa.

OorosHoft HegocraroK r,r3MepuTerrbHoft anuaparypbr, pa6orarollefr no Merogy cuera Qo-
TOHOB, 3aKrlroqaercfl B HaJII{IMLI [pOCqerOB I,IMtryrIbCOB, BO3Hr,rKaroUI[X r,r3-3a KOHeqHOTO

BpeMeHr{ pa3perllexr,rff anflaparypbl r ("ueptaoe" opeur), C yueroir,r r rII,Ic[o 3aperflcrpl{-
poBaHHbrx r.rM[yrlbcoB Ha BbIxoAe arl[apaTypbl paBHo

ffruo = tr(esnr* + n-) [1 -r(e1 nr* + n*)f ,

a oTHocuTerrbHyro cpeAHeKBaEpaT[uHyro ouu6ry safitrepr r,I3 cooTHorrlenlltfl

6o=
L rf$^n". ilfl

\trc^;;.n; [i -r1e1 n,,x + n,.)l\[C

(14)

(1s)
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Puc. 3. Htt$opMauI.IoHHBIfi nopor qyBcrBr.rreJrrHocru nfl EIrl EByx sHaqeufifi xsaHTosofi sQ@exrunuoc.rn
etr=0,2(1) ue1 =0,aQ)

PHc, 4. 3asucl{Mocr6 qucna rpaAarr}ril m (xpuaue l-4 u m) }r orHorrreHu, curuan/uryu R (xpunrre 1 u
R) or aenruuHrl BxoAHoro cBeroBoro rroroKa
3asucElvrocru R w m paccwraHbl ,qlrfi ypoBHn uyMa ,2[t = 100 uMn/c, 1 - I]^pu orcyrcrBffH myrrzon. tlncno
rpa,qaqr,rfi (xpuraa 4) paccuuraao flpu ypoBHe uyMa, paBHoM 20 uvnf c

3gecr yueubrueHr,re 69 uporacxoAr,rr 3a cqer roro, rrro /!Bx yBenr,ItMBaerc.fl, a pocr ,?Bbrx

orpaHr{rMBaer r, lL,rcflo rpaAaqufr rns ofipe\eilr.rM rro flpeArroxeHHoft HaMr.r MeroElKe
pacqera, [crorrb3yE BbrpaxeHra (7) r (15) :

*o = 4 { Jet n"-= n;- tfr;- -]= ,n lt- ''fr Gx"-"tl"-fr| o+ t/fnJ^) 
},,, u,- K t' '-- 4\/r tr+r,6(ern"-+n*)le-\/G)J'--'

llonyueuHue coorHolueHl,It (12) n (16) flo3Borrflror oflpegerrurb flts B 3zBt4crrMocrr,I
or IIflTII [apaMerpoB. B odnacrn ne6onruttx I,IHTeHcIIBHocreft, rge Brfi4fiHne r oqeHb MaJro,
!trIcJIeHHo mu, paf;fro mo.

Ilpexge rreM )rKa3arb Ha aper,rMyrrlecrBa rrpeErraraeMoft Merotrr.rKr.r ouerucu @oronpra-
eMHI,IKoB, paccMorpr,tM ocHoBHbre orrrr,rrmf or paHee r,rcnonb3yeMblx @oprrayn, Ha puc. 4
rIpLIBeEeHo qugro rpagaur,rfi, paccqr.rraHHoe rro (9) u (12), [p]r €1 = l, K = 1, t, = 1
y! ftu = 100 urrn/c (rpnaue 1,2).!ls a:aaln3a or4x rpaSrrcoB Br,rEHo, rrro c pocroM tlBx
tucrlo rpaAaguit npudttuxaercf, K LIAearIbHoMy. 9ro CBfl3aHo c reM, rrro rtpu MarreHbKr4x
BXOEHbIX I'IHTeHCI,IBHOCTflX BnI{flH}Ie UIyMa BeITI,IKO, a 3aTeM CBOtrI,ITCfl [paKTUrIeCK[
K Hyrrrc.

I4gealuroe rMciro rpaAaqafi, paccq[raHHoe no $opvrynaM, r.rcflorrb3yevruvr C.B. fype-
BrqeM [8], E.o, Kapauerrnorvr r,r B.c, ocxananou lql , P. Karnrncovr u !,.J1, Palncortr
[10] u EpyTLIMI{' fipeEcraBrexo xpunoft 3. B naqare trrrarra3oga oHo Mairo orrr[qaerca or
rMcfia rpaAarl]Ifi, paccunranHbrx IIo Har[LrM $opivrynavr, a c pocroM ttBx 3TO OTJIr,rrMe
cocraBrrser l4l pasa. 3ro pasnuw.re cBfl3aHo c reM, qro floJroca florpeuliocrefi y srux
aBropoB orlpeEeJlflercfl Berll,IqllHofi tKol\/2'[8], Ho B coorBercrBrrr,r c reop[efi II,B. Ho-
.BrrrlKoro [2] uonocu norperlrnocrefi c ro.ucn 3peHr.rf rrpaB]rrrbuoro yrrera Ee3ux$oprvra-
III{oHHoro AeftcrBfiff rloMex EonxHbI coorBercrBoBarr t.Ko. To xe caMoe orHocfiTcfi tl
K qlrcfly rpaqaquft, o[peEeneHHoury a uonoce [orperrrHocrefi c ruyrvraur (rpr,raar 4) t9l .

Taxnvr o6pa3oM, coornolueul,tfl (9), (12) n (16) 6onee ro.rHo orurcbrBaror rpoqecc
I{3MepeHI{fl cseionrrx [oroKoB BBr{Ay Soffiruero npu6nuxenna r< pearnuofi noloce u,
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uraBHoe, rro3BoilflIoT yr[ITbrBarb IIorperllHocrr,r r.r3MepeHl,Ifr flpu np6oM 3aKoHe pacflpeAe-

JIEHI,Iq.

I4urepecHo cpaBHr,ITb raKyro rurrpoKo flp].rMeHfeMyro xapaKTep[cr]rKy, KaI( orHolueH]Ie
clrrHarra K ruyMy -R,crn (ou. puc.4), B uaureu c[yqae, trpn orcyrcrBull IuyMa MaKc]I-

MarrbHo Eocrr,rxr{Moe rrr4crro rpararyufi m, florrHocrbro coBlaAaer c Rr, (xpzaax 1), tar xax
flpr.r oTcyTcTB!4L4 nn BbrpaxeHrre pstn R, vr mn oaul,J.aKoarr, flpr oAI{HaKoBoM ypoBHe

rrlyMa rru = 100urvrn/c wK= 1s Ha.ranetrfiafla3oHaoTHorrreHr{e cI{rHUrar uryrr,ry (xpu-
naa R) MeHbrrre, rreM qucro rpaga4uir (xpurax 1) npr,rr,aepno a 2 pata, uo n garrnefirueu
npu6ll.rxaercfr. K m, 9ro osua,{aer, r{To B o6aacru galr6olee c[rrbuoro Blrr4flHvtfl rxyMoB
ornolleHr,re curnar/uryna q[creHHo flpr.rMepHo sl,5-2 pa3a HI{xe, qeM ql,Icno rpagaryIfi.
Taxurvr o6pa:ovr, TaKaff xapaKTepucrl,rKa, KaK orHorrenlre cl{rHt}rra K ruylvry [paKTuqecKu
coB[aAaer c rlrcnoM rpaAaqufi, paccqr{rauubrrra no $opruryrc (12), yql,IrblBalouefr tonrxo
n^. Xorr. coBflaEeur.{e R u m qucro ycloBHoe, TeM He Meuee 3To o6croflTerrbcrBo rlo3Bo-

Jrfier [Ir,rpol(o [crlolrb3oBarb BMecro R u R, ql,tcflo rpalaqlti, uo [p]I groM yql{TblBarb He

TorIbKo ntn, Ho fi apyil4e Qaxropu.
Paccvrorpuu Arfi [pr.rMepa oAHy ]r3 MHoxecrea un<fopnaarlr{onHbrx xapaKTep}IcrI,IK -

nu$oprraaquounlrfi xoa$$r.rquenr noJle3Horo feficrsus rl 12], I,In$oprvraqHoxurul
KII.[ - 3ro Haur-rrgHufi oruocurelrunrfr rroKa3areJrb, npurognrrfr AJrfl cpaBnexr.rfl caMblx
pa:no o 6pa aurrx u sue pe urul He 3aB r,rcr,rMo or [pr,rHur{[a geircrr.ua upn6o pa :

11, = lgmf lgmn, (11)

Tarclrrur o6pa3oM, r.trSopnraquonsrri KII.II, xapaKrepr.r3yer Korrrlqecrno lruSopua4rlr,
peirfibHo uoryuaeuoi B pe3ynbrare Hsuepeuufi (lgm), K flpeAerlbHo Bo3Mox(HoMy KonI{-
qecrBy rau$opnaaqr.rr.r (lg m"). Ha pnc.5 npegcrauer rls EJrfr fl3C-ruatpr.rqbl [pI{ pa3[I,Itt-
HoM ypoBHe ruyMa, xgaurogofr e$@exuEnnocrr{ r,r BpeMeHr,r HaKorueHrfl. MaKcI,IMiIrIbHo

Eocrr4xuMoe 3uaqeHrle uu$opruaquonuoro KIIA, paBHoe 94% (rpueaa 1), craeur Marpl{uy
B pfl[ caMbrx s$Sexruanux lr3Mepr,rrerrbHbrx npr,r6opoa. .IIls <D3Y I{ EllcceKropa MaKcI{-

vranrsrrfi ou paBeu 88%,Lls pr.rc.5 nr,rguo,qro 3uaqllrenbHble ypoBHI,IIxyMa (n- = 100gnex-
rpou/c.onerraeHT, Kpr,rBaq 4) 6onwrc Brruflror na un$opuaquouurrfi KII! ruatprrrbl, qeM

6oree nugrcaa a$Serraeuocrr (rcpr,raan 3), Ecnr Il3C-rurarpllqa He uMeer Epyrux [IyMoB,
KpoMe rxyMoB cqurbrBaHr{r, ro ee o$Serrr,rBHocrb 3HarmTeirbno tloBblrrlaercfl. 3ro nuguo
r{3 cpaBHeHr,rfl Marpr,Irlbr pnc, 5, [ryMbl roropofr 3aBI,Icrr or /, (rcpunan 2),I,I Epyroro
rr4[a Marprrrlbr, ruyMbr roropoi 3aBr{cfir or BpeMeHra orcrioellqun (urtpuxoraa rpnaaa).

.fua cpaaueurax $oronpreMHr,rKoB BHe 3aBr,rcr,rMocrl4 or BpeMeHr,I gKcIIo3LIq[u u xooS-
Qurlr.renra r( aregeu HeKoropyrc xapaKrepr4crr.rry (rpagaqltousr,rft rputepnfi), paBHyIo

ly = (mf mr)2 (1 8)

onpeAeneunaE TaKr{M o6pasovr P,en'w4mlcla 16 [o3Bo]rfleT cpaBHr'IBarb pearrbHo EocTLI-
xr{Moe rMcno rpaEarrlrfi pasnnuaeMbrx cBerorrprreMHlrKoB tro cpaBHeHI,IIo c MaKcI,IMtuIbHo

Bo3MoxHbrM r,r paBHbrM 1. Paccuorpr4M ocuoBHoe ornr{ql{e f5 or .[KB (geftcrnyloqufi
xsaHrosufi arrxog), oflpeEerraeMoe KaK KBaEpar ornourerurfi c[rHaJIa K uryMy Ha BxoAe

r{ BbrxoAe upu6opa. Ulrcueuno B o6rracrr,r Milrrbrx r.rurencl,IBHocrei .[KB Eaer 6onuuee
3naqeHr4e, ueu 16. B o6nacur xe 6ortb[Mx rroroKoB r,r 6e3 yqera BnufiHufl r 9TI{ xapaKTe-
pr,rcrr,rKlr flpaKr[qecKr,r coBrlaEarlr. B qenou xapaKrepl{crurr AKB u rpaEalrfioHnrfi xpu-
repaft ue [cKfiroqaror Epyr Apyra, a, uao6opor, Eorrorrnrlor, Hau6onee .Iacro .UKB rlcnorlb-
3yeTcf IIpI,t cpaBHr,ITerlbHofi oueHKe npn6opon rorEa, KorEa r,r3BecrHbl TorIbKo Be]IIIq[IHbI
orHorIIeHr{E cr,IrHaJra K rrryMy Ha BxoEe I,I BbxoAe,

IpaEaunourmrfi xpurepafi rpe6yer 3HaHr.rr o Soronpneunure 6omrullx AaHHbIx, rr tro-
groMy ero qenecoo6pasno r{cnoJrb3oBarb nprl or6ope pa3flr,rqHbrx gK3eMlrrlffpoB Qoronpu-
eMHI{KoB, Anff cpaBHrlTenruoft orlerKr,r.un$oprvraqr,rouurrx csoficrB npr{6opoB r{ B Epyrux
clyqaflx,

Ha pr.rc. 6 npegcraareH rpagaur{onnufi xpurepfiir wn HecKonbK}Ix cBerorlp}IeMHuKoB,
xapaKrepr.r3yrorurft qyscrBr.rreJrbHocrb otrHoro 3rreMeura pa3rloxelmfl (ulenr nepetr O3Y,
oEr,rH gJreMenr B glacceKrope n fl3C-rvrarpr,rqe) , Ecll;w O3Y r El{cceKrop I{crorlb3ynrcfi
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Pnc, 5. Ifur[opuaUnoHnrrfi ros$suqlrenr noJre3Horo Aeftcrsufl Am tl3c-Marpurlbr rrpu pa3nxqurrx napa-
Melpax
1 - e7, = Or4, fr.,t= 12, t" = 7 ci
2 - e7, = 0,4, ff:flt= 12, te = IOO ci
3 - e1 = 0,3, trru= 12, t? = I ci
4 - e\ =o,4, ilut= 300, to = 1 c (urrpuxoaaz KprrBalr gn mM)

Pttc,6. IpagaryoHrrrfi Kpurepufi B 3aBr.rcnroq[ or ua,qarouero cBeroBoro noroKa
{!:eo 1 - npn qrr= 12 enor(apoxoB, 2 -h*= 180 grrcKrporroBr Er{cccKropa .. npu,2,, = O,l lavrnlc (3) iOgy -^ rrplr nrrl = 19 wmlc (4) r ru6pupror6 npu6opa SOII c $.rccerropoM npu n , = O-,0 f urvru/c 

'(5j 
;n* =OrO0l wv.u/c (6)

c I,IMIIyrrbcHbrM ycr{nr.rreIreM c BpeMeHeM pa3perueHr,lfl, r = 50 HC, ro, KaK crreAyeT r,r3 pac-
rreroB, Eo [rHTeHcl{BHocrefi 106 soron/c.srreMeHT Ir erqg 6nugorc K €}r a 3areM cr4rrbHo
rlaAaer, B sroNa clyqae ErHaMrrlecKr.rfi EI,IanasoH McceKTopa, corureHeHHoro c oEHoKac-
KaEHrIM 9OfI (rpnaan 2), npuvrepno a 100 pa3 6oJrbrrre, rreM y Ogy. 9ro Eocraraercs
3a cqer H[3Koro ypoBHfl ruyMa y Er{cceKropa (nopagSa 0,1 nvm/c.enervrenr). Tar, ua-
rIpHMep, [pr{ Ha6rroEeHr,rsx rpoourrE Ho B cneKrpe 28 Cyg c McceKropou r $orcyce
KyEe 2$ M TeJIecKorIa 3a. 5 MLIH B KoHrrrur{yMe B cpeAHeM HaKa[JurBaercfl 3500 r,rrr-
nynrcon [12].

Il3C-rvrarprqar ycraHoBJreHHafi Ha 3TIil c [ryMaMr,r flepeHoca 12 3rreKrpouoB r,t c
€1 = 0,4 B Er.rHaM[qecKoM grlalrasoHe or 100 go 2.10s$oroH/c.3rreMexr r,rMeer f6 or
15 ao 38%, r.e. 9ro caMbrfi e@Qexruautrft crerorpueMur,rK, ugnecrnufi Eo cr.rx nop.
llpn rex xe Ealtr{brx, Ho c rrryMaMr.r B 180 grreKTpoHoB ll3C-vrarpr,rqa yxe nMeer or 2,5
Eo33%, Bttgtto, .rto [IyMbI oKasbmanr oqeH6 cr{rrbHoe B]rr,rffHr.re..ftr cucreurr, peafitr3yro-
lr1efi crler Soronoa, T.e. KorAa AI{cceKTop cocrbrKoBaH c rpexKacKagumrra 3OII, 16 He

rlpeBblllraer €l QoroKaroEa SOII (crrt.prac,6). flgnarr,rruecK]rft Auartason cgaranyr a o6-
IIacTb oqeHb MaIIbIX I{HTeHcI,IBHoCTeft, Ho orpaHfirleH CBepxy, 3ro orpanuueHr,Ie onpeEerr.E-
ercflr Bo-[epBbrx, obrcrpoAeilcrsueN{ flpr.rMeHfleMoir 3BM, a Bo-BIopbrx, BpeMeHeM rro-
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Ooronpuerrarolx nr1, maX, @O'
TOs/gneMeHT

mcp {ucno gneveg-
TOB

H npr.n = t
6Nr/eneuenr

H,6ur

Ta6rr.rqa 1

o9v
JlrcceKrop
9OII + gnccertop
II3C-ruarpuua

819
882
199
210

1

2s0 x60
250 x60
385 x 576

cnecBeqeHr.rf, flroMr.rHooopa 3oIL lloorouy l4cl]orlb3oBaHlle EaHHbx [p[6opoB MOXer

6urr rornrco Arrfl Ha6rrcreHI,If, oqeub crta6blx o6beKroB.
Bce uprlregeuubre pacr{erbr flpoBogr,u]rcb ILrrfl o[HosneMeHTHbIx Qoronpr,rertanurcon

c floMorqbro fioflyqeHHbrx coorHorreHr{i (12) u (16), npoaeaeM HeKoropble oqeHK],I EBy-
MepHbx rrpr{eMHr4KOB r,I3nyqeHr4ff. flpegcraarxercfl }rHTepecHbIM O[pe[eIII{rb MaKCI'IMaJIb-

Ho Bo3Moxnoe Konr4qecruo rn$opmauuu (unQopMarllrouuylo eMKocrb) [11] pasnuunrrx

upn6opon. Ilpe4nonoxa,rM, qTo B cpeAHeM ql{cno rpa4au4il mcp EIIfi Bcex flqeeK MarpI'IqbI

o[r,rgaKoBo, Taxoe xe mcp v.o>r{to HailT:a u Arl.fi trLlcceKropa, ToItra LIH+opMaII}loHHaf eM-

Kocrb Fl EByMepHOrO $ororpuervrullKa onpe[en flercfr 113

H = n'lg2msr,6lu, (19)

ry\e n - rycrro flqeeK a ll3C-lrarpwle firru o6ulee rMcJro He3aBr,IcI,IMbIx noloxenufi urenrl

Ha 0oroKaroAe,4r{cceKropa,
B ra6nr.rUe [pI,IBeAeHbI pacqerbl I4u$opMaql4ouuoft ervrroctu H Nrs O3Y tl McceKropa

npr,r €r = 0,2, r = 50 Hc rr reMHoBbrx roros l0 r.{M[/c Ha 3rIeMeHT uO,l ul.r.rtf c Ha 3neMeHr

coorBercrBeuno. Vraclo rpagaUufi y II3C-rrlarplIIIbI otrpe[ellffIlocb nprt ycnoBI,IrI €1 = 0,4,
d fltst = 12 oxercrpouoa .

l4s Ta6[[Ubr Br.I[Ho, qro fl3C-trlarpllqa MaKcI4MaIIbIIo Moxer Aarb [pLIMepuo B

200 ruc. pa3 6orrbrue 6ur uuQoprvrau[u, rreM <D3Y. Ilpr.rrraeHeul4e Al,lcceKropa 6e3 6y<bep-

uoro SOII nreuee o$$eKrIaBHo, Ho trpt,r crbIKoBKe c ogHoKacKalHnrrvr 3OfI 112] u uc'
[orrb3oBaHr,rr4 flocJrecBerleHus. ua 50% Aalor yxe Bbll,lrpbllx B LlH0opMauraormofi eMKocrI'I

rroqrr,r B 104 pas,
B garnroqenue orMeruM, qro flpeArroxeHa HoBafl MeroEI,IKa ofipeAeneHl4fl o$Qerrra-

HocTr,I nplreMHr,rKoB r4stryqe:,1it4fi, ocHoBaHHafl Ha a[IapaTe reopEll LIHoopMaUI,II4 I,I MaTeMa-

Tl,IqecKofr cTaTr,IcTIrKI,L Ona [ossofiser 6onee o$@erruauo, qeM Ao 3Toro 6bulo l{3BecT-

Ho, o11pe[eflflTb Korl]rqecrno nnsopnaauufi, peaJrbuo perllcrpfipyeMoe Soronprnevul,IKoM,
lpr4 nro6brx florpeuuocrtx c [porl3BonbHbrM 3aKoHoM pacfipeAerlenl,Ifi. 3ro o6croqterlbcrBo,
a TaKXe [OlyqeHHble COOTHOIUeHI4S AaIoT Bo3MoXHOcTb [poBoru4Tb KaK a[pI4OpH[,Ie oUeH-

Kr.r pa3pa6arbrBaeMbrx acrpool,I3l4tlecrux npu6opoB, raK I,I afiocrepl{opHo oqeHl4Barb pe-

3yJrbrarbr na6lroAenraft. B nocae[ufle roAbr oco6eHHo Bo3poc lluTepec K TaKI'IM oqeHKaM

B cBff3u c r.rcfiorrb3oBaruelr 3BM [pu [poBe[eHr,Irl Ha6rIIoAeHui, Kor[a 3HaHI,Ie KoJII,IqecrBa

r.trSoprnraqulr Ha Bxo[e [plleMHr,tKa uso6paNeultx craHoBI'ITcfl Heo6xo[I'1MbIM.

Anrop r4cKpeHHe fipr,r3Hareneu B,O, KapanerfrHy u P. Karurucy 3a oqeHb IreHHoe 06-

cyx,qeHr,Ie rlpo 6n e MbI rpa[aql4o HHoro K pl,lre pil fl

Anpenr l9B7 r.
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