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vAK 523.98

CPABHEHTTE HABJTToAAEMOTO B JIIIHUUIIp IIPOAOJTbHOIO troJrfl
c [oTEHrIr{AJrbHbIM B AKTUBHOT,T OEJIACTU HA COJTHIIE

B.lI. A6pauexxo, C.II. fonacror, B.E. IOpuuurun

flo qauuslrr oAHoBpeMeHH[,Ix ua6rrcgeuufi [poAoJrr,Hopo MarHr{THoro florc B JrHH[rx Fe I 5253 A u Hp
npoAorxeHo I.r3yqeHrie crpyKTypbr MarHUTHoro noJu aKTHBHoft o6lacru ua Coluqe. I,Icclegonauur
npoBoAHJrr{cb MeroAoM cpaBHeHris na6arcqaeuoro florrr c noreHrlr.raJIbHbIM, BbIrtrrcreHHblM no QorocQepnor,ay.
Merog no:noruJr orrpeAeJrrlr], nau6oaee BepoflTHyro pa3Hocrb nucor Qopuuposauuq ,lnHrrii Fel5253 Au Hp'
KOTOpaf An' r{ccneAyeMoro yqacrKa cocraBHJra 1300 xrtl. Yc,rauonleuo, vro.na6lrogaeuoe n Hp noJre MeHbrxe
[oTeHqHaJIbHOrO, BT,IqITCJIeHHOTO Ha BbrCOTe $Opr'lrpOraHnr Hp, 3rO pa3rEque o6rscueuo [pHcyTcTBr{eM B

xpot*loc$epe [o[epeqHblx SreKTpurlecKfix roKoB, MarHrrrHoe noJre Ko'rop6rx atrrrrnapaJrJrenbHo floreHrlrraJ[,HoMy.
Berr.ruHa'roKa Moxer Aocrl.Irarr' -3 . 10ll A. YxagaHsr xau6oaee BeporrHr,re nputrHHbr Bo3Hr.rKrroBeHr{fl.raKr,rx
roxon: gpefiQoBble roKL 3a crrer rpaAHeHTa AaBreHu.q nJra3Mbr H 3a crrer cHJrbr rpaBl{Tardr.rn. floruar, no axrasHori
o6racru, gHeprrrq MarxlrrHoro [oJrr grux roKoB He uuxe 1029-1030 epr. ,

flponegena oIIeHKa pa3Hosril AaBrer,ils rrJra3Mbr B xoJlMax norq H BHe Hx Ha Bbrcore Qopr'lr.rponannr tuuuu Hp.

COMPARISON OF THE OBSERVED IN HP LONGITUDINAL MAGNETIC FIELD WITH THE
POTENTIAL FIELD IN AN ACTM REGION ON THE SUN, by V.l. Abramenko, S.l. Gopasyuk, V.B.
Yurchishin. The study of the magnetic field structure in an active region on the basis of simultaneous observations in Fe
I 5253 A and Hp lines are being continued. Investigations are carried out through a comparison of the observed field
with the potential field, computed on the basis of observed photospheric field. Such method allowed us to derive the
most probable difference between line-formation levels (about 1300 km for investigated region). It has beeen
established that the strength of the observed in Hp field practically over the whole AR is smaller than the strength of the
potential longitudinal field, calculated on the level of I/p formation. Such a difference is being interpreted by the
presence of fansverse circular electric currents in the chromosphere. Their magnetic field should be antiparallel with
the potential field. The curent value can reach 3 . 101 I A. The following possibilities for such currents generation are
suggested: drift currents due to pressure gradient forces and/or due to gravitational forces. The total energy store in the
magnetic field of such current system is not lower 11.,r', 1929-1630 .rg (over the whole active region).

The difference between plasma pressure inside and outside the hills of magnetic field is evaluated.

3Aecs MLI npoAoJlxaeM Harrarble B [1] I{ccJreAoBaH[q crpyKTypr,r [orq aKTr.rBHorl
o6racrll rro AaHHbIM Ha6moAeHurl rrpoAoJrrHori cocraBJrflrouleri nonq B rr.rHr{qx Fe I 5253 A
tt Hp. flpu aHaJII{3e AaHHbIx Ha6rIoAeHLrIl r{cloJrb3oBaJrr,rcb pe3yJrbrarbr rlccJreAoBaHr,rri
aKrr4BHort o6racrr4 6280 uo HyMepaqur SGD [2], Ha6rroAaBurehcs25.09.1990 r. Il].

1. Marepua.n Ha6nroAelrnfi

,[rx nsyverulu HaMr{ 6rrnn nsmrr Ha6JrroAeHH, AByx AO 6703 u 67ll uo HyMepaquu
SGD [3], rpoBeAeuubrc 7,07,1991 r. O6e AO Haxogurrrcb B recHoM KoHraKre u sr,rfl.tracb
rracrbK) 6onruroro MarHr{THoro KoMrrJreKca. MarnurorpaMMa pa3Mepo[ 270" X 180"
oxBarblBaJra o6e AO. Koopgunarbl I{eHTpa MarHr{TorpaMMbr cocraBJrf,Jrr{ L = 8oW,
Q =24,5oN. Mu paccuarptrBarfit o6e AO KaK eArrHyro KoMnJreKcuyro o6racrb.

. fla6nrogeuna npoAoJrbHofi cocranrsrcqefi MarHr{THoro rroJu npoBoAr,rJrr{cb
oAHoBpeMeHHo B Jrr.rHr{sx FeI5253 A (Saxrop Jlange g= 1,5) ti B Hp(g = 1,07)c

@ B.I'I. A6pauenxo, C.IrI. lonaoox, B.B. IopvuruuH, 1995
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Da3DerueHtreM l" X 4", Bxognue qelz SorOueTpa rrpo^lrycKaJltr cBeT B A]IaIIa3oHe ot 35 go

iO,iA or qeHTpa qtn1frrnFe I 5253 A n oi 1001o 200 MA or lderrrpa JrrtHIrI{ Hp. Kanu6ponxa

KaHaJroB 
"u"rrtorpaQa 

nponoguJlacb B HeBo3MyII{eHnoft o6racru B HelocpeAcrseHuoft

6nugocru oT rlccJreAyeMoro yqacrKa [yTeM CABIrra JI[rHIil,I Or IIeHTpaJII;HOrO IIOJIOx(eHfifl' HA

Berurrrlny, coorBersrByror{Yrc cKopocrrl tl,9 t<ulc.

2. Cpanneuue xa6.lrogaeurx nonefi Ha ABJxr ypoBHqx

Ha puc. I a,6 tputeAeHbr Kaprbr ua6moAaeMoro [poAoJlbHoro rIoJIfl B luruasx Fe I
52$ LuHp. VIx aHaJrr{3 roKa3aJr xopouee coorBercrBtre crpyKTyp roJlr B IIeJI.M.

KoeeQnqlleHT KoppeJrrqurr, BbrarrrcJrennrrfi uo nceft uarxllrolpaMMe, cocTaBrrJr BenIIqnHy

0,913 t 0,0015. oguaxo I AeraJrrx MexAy crpyKrypaMr,I, nont Ha orllx ypoBnflx rMelorcs

cyqecrBexubre pa3n[rrtr . B xexoropbrx yqacrKax na6lrcnaercx I{HBepcH, 3HaKa noJlr,

a TaKxe uMe1,Tcfl MecTa, rAe [oJIe Ha ypoBue Hp IIpeBocxo[IIT Soroc$epnoe'
3ro cOrtaCyeTc{ c pe3yJIbTaTaMu14,5l, [oIyqeHHbIMI{ paHee. Taxofi xe xapaKTep cooT-

BeTCTBEf, cTpyKTyp rrOJL nO Ha6[IOAeH[gM B oTIIX xe ilUHusx oTMeqaJICfl HaMH I{

25.09.1990 r. [1].

25.09.1990 r.
0'1.07.1991 r.

0,20

-0,14

0,58
0,70

0,94
0,92

B ra6lrqe qpuBeAeHbr BeJIEqrHbr pas6aranca MarHnTrrblx TIoTOKoB p, oTHorIIeHIiIe Mar-

Hr{rHoro norori Ha6nroAaeMoro n llp uonx K rloroKy Ha6rloAaeMoro QotocSepHoro IIoJIf

A@ilt@(Fe), a raKx<e orHoruenr{e rroroKa rroreHlltraJrbuoro noJls (Dr(I/p) Ha Bblcore

sopr"rnponanut HpK rroToKy Qorocsepnoro noJrfl o(Fe). otHoruenns roToKoB IIo

"ud,rrton""rg"r 
n Hp uRel 5253 ^A upartuuecKl{ oAIIHaKoBbI AJIfl o6eux uoJlpHocTefi'

(Merognra BbrrrtrcJreHrrs [oreirqnanbuoro rroJrr Ir olpeAeJleHrrt Bblcorbl $oprtauponanua
,r"rr"HpAaercfl. nuxe.) flororu Bbrrrr{cJleHbl no Bcefi MarHfiTorpatrue, Pag6ananc

noToKoB pnpeAeneH KaK

lo^,1-lo"l^=--' l(Drl+l<D"l

flnx cpaaxexre B Ta6JII{qe rpuBegeHbl rarcKe AaHHbIe nas AO 25,@.1990 r'' ' 
Ta-6ruqa rroKa3brBaer, vro ua6nrcAaeMoe rrone y6blBaer c Bblcorofi 6ucrpee no

cpaBgeHgro c [oreHqHaJIbHbrM. Cxopocrr u3Meuentrfl noreHrlraJrbHoro noJIfl c Bblcoroft

upaKTuqecKll He 3aBucuT oT ctpyKTypu AO, B To xe BpeMf, cKopocTb y6lr,uanua rra6-

JlrcAaeMoro norq B raxgofi o6racru cBot u, [o-BITAI{MoMy, 3aBucr{T or ee cocroflHt{fl. u

C,ta4r.fi SBOIK)III{H.

3. Cpannexue Ha6nrcAaeMoro n.clp rroJrfl c rroreHql{aJrbHbrM

,[.rr roro rrro6Br Bbrflcgrrrb xapaKTep y6rrnaurx Ha6nloAaeMoro rIoJIfl c Bblcorolf, MbI

rrprrMeHtrn1 MerogrrKy cpaBueHrrfl Ha6nroAaeMoro xpouocQepHoro rIoJIt c rIoreHqlIaJIbHbIM.

B"*rop rrorerqgaui"d"o not, 6rrn nrrqucneH Ha ocHoBaHl{rr AaHHbIx o [po[oJlbrrofi
cosraBnf,rcIl{er roJls n QorocQepe ryTeM peIueHE KpaeBoft 3a[aqu Heftuana [6]. IIo-

puc. 1, Kaprsr npoAonLHoro MarHr,r,rHoro no.nq AO 6703 u6711 (no uyraepaqull SCD) xor'anaexcxoft o6lacru

7.O7.1ggl r. no na6mogeuncl{ s rrHI'Iqx Fel}v 5253 A 1a1 u ng(A
Cn.nournofi xupxofi luuuefi nponegeHa ruHuq pa3Aena norxpnocreft. Cnlol]rHsIuu roIrKI.lMH rxHHrlMrI npo-

BeAeHbr lr3oyponrn norc S-noarlpHogru, [rrpIrxoBr,IMl{-[ole N-nolxpuocrn'
Hgoaumru npoBeAeHbl uepea 50,200,500, 1000, 1500 l.c

6
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Puc. 2. Hsr'aeserue xoeQQuqlreHTa Kopperflquu (xpunar 1) rl cpegHert rro Kapre pa3Hocrrr HanpqxeHHoc-
refi npogolruoro noJrt (AH ) (xpunar 2) n sanucuruocur or pa3Hocrlr Brrcor MexAy ypoBHeM o6pa:onanru luuutr
FelX 5253 A r yponner"r, gnq Koroporo paccqnTaHo noreHr{HaJrbHoe noJre

Paguocrr B3cra MexAy Hanprxeuuocrbro npoAonbuoro noreHrg{aJrbHoro flor,fl. v rsuepeuxoft
HanprxeHHocrbtonoJlrtr,nlawuHp, floreuquarrnoelorepaccrrnTauonoHa6lrogeHrrrMB lvvsuFell,5253A.

TeHqI,IaJrbHafl cTpyKTypa rlor{ BbrrrEcJrrJracb B Kax<AoM y3Jre ceTKr.r MarHr{TorpaMMbr c
IrraroM 2" >< 4" Ha pa3rr{qHbrx ypoBHtx HaA Qorocsepoir Brrrorb Eo 6". [na raxgoro
ypoBH, [poAoJrL'Ha, CocTaBJIrIoqar{ UoTeHIII{aJIbHoro iloirfl. Ht cpaBHuBaJracb c Ha6Jrro-

AaeMbrM n Hp upoflolbEbrM [oJreM: B],rqllcrrrc, KossQr.rq[eHT Kopperqqur.r MexAy cTpyK-
TypaMr.r iloils Lr o[peAeJrrJracb pa3HocTb HalprxeHHocTerl B Kax<AoM y3Jre ceTKr{:

LH =lH,l-lHnrl.
Pesynrraru BbrrrucreHr.rri Kog$Or,rqrreHTa KoppeJrrquu [peAcraBJreHbr Ha pr{c. 2 (xpu-

Bas, l), Cna.rara KogQSuqrleHT KoppeJrflrluu yBerr.rqr,rBaercr, Aocrr.rraer Harr6oJrbrrrero 3Ha-
aIeHI,L Ha BLIcoTe or 1,5" Ao2", a 3aTeM yMeHblrraercr. OTMeTLIM, uto 25.09,1990 r.
XAPAKTEP I{3MCHEHI,Ifl KOO+SUIII4EHTA KOPPEIIqqU'I 6bII TAKI,IM X(E, HO MAKCI{MYM
coorBercTBoBaJr Bbrcore l" (cu. puc. 5 B u]). Kar H B u], Mbr floJraraeM, rrro Har{6onbrrree
3HaqeHLIe roeQ$uqueHTa Koppelqqulr crpyKTyp floJrs, [oreHr-U{aJrbHoro r{ Ha6rroAaeMoro
B HB, coorBercrByer cpeAHeli (no uaruu:rorpaMMe) pa3Hocrr{ Bbrcor (oruocl.l.relrnorl
Bblcore) o6pa3oBaulls yqacrKoB KoHTypoB rru:nurit, B Koropr,rx BeJrrrcb Ha6rroAeHar. OHa
cocraBrrrer B cpeAHeM Atfl7.07.1991 r. 1300 KM, a AJrfl 25.09.1990 r.700 rrrr. (KoneuHo,
pa3Hocrb Bblcor $opuuponanlrr ltuntrir orrr.rqaerc, Arra ilflTe:r,, $noxryloo I,t o6racrer:r BHe

$aorrynon lI, cKopee Bceto, B KaxAori AO oHa cBos. KpoMe roro, coinacno pacve'rau [7]
I{Meerc, pa3irfitllle Mex<Ay e$$extunurtuu rry6ruaMr{ o6pa3oBaHr{r rrapaMerpoB CroKca
i "v).c yverou Bbrcorbr Qopr,.rr.rponauufl. ratlruu Fe I 5253 A (-t+o rru [8] - -200 xr,r [91
3To 6rI43Ko coorBercrByeT 3HarreHllrc ypoBH, o6pa3oBauus rleHTpaJrbnori .racr[ truwin Hp,
roryqeHHoMy r.13 perrreHr,rs. ypaB}JeI1^Ws. lepeHoca rr MoAerrr{ arMoc+epbr coluqa [10, 11].

Kapra pa3Hoc"u AH r'lexgy [oreHlluaJrbHbrM rroJreM, BbrrrrcJreHur,rM Ha Bbrcore
$opnr.rponaHne. Hp(1,5"), rr Ha6JrroAaeMbrM B Hp roJreM rpr{BeAeHa Ha prrc, 3. flpax.ru-
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IICCKI{ TIO BCEI;I O6IACTU HA6JITOAAEMOE TIOJIE MEHI,IIIC IOTCHIII4AJIbHOIO, B OTAEJIbHbIX

Mecrax pa3rEque Aocrr.rraer 200 fc u 6onee.

fina xaxgofi Bbrcorbr 6rrno rrl.r[cJreHo cpeAnee rro Kapre 3HaqeHre pa3Hocrr,r (Afl ).
Peaynrrarrr srrqucfieHrlfi [pe[craBJreHbr Ha prrc. 2 (xpuuat 2). Ha6nrogaeMoe n Hp none
MeHbrue floreHrlr.raJrbHoro, BbrrrucJreHHoro [rrr Br,rcor BnJIorb go 4", a AJu noreHlll{aJr[,Hbrx
nonefi Bl,IuIe 4/'tloJle n Hp craHoBl{Tcfl 6omue loreHrlr.raJrbHoro. Ha ypoBHe Sopunpona-
uut. Hp(1,5") na6nroAaeMoe floJre MeHbrrre rroreHr,lr{aJrbHoro B cpeAHeM [o o6Jracru Ha

15 |c. O:ruerLIM, qro 25,09.1990 r. ora pa3Hr{rla cocraBJrflJra oKoJro 50 fc (cr'a. puc. 5 n [1]).
Taxoe pa3JrI,IrIIre MbI He cMofJrlr o6rqcunrr, nu orulr6xaltll BblrrucreHllfl rloreHllrlaJrbHoro
rrortc, Hr.r cABr{roM HyJrb-uyHKTa peurcrpaU[rr rrorq, Hu rxyMaMr{ MarHr,rrorpa$a. Taxur'l
o6pasou, r"ru y6ex<gaeMcq, qro rroreHUr.raJrbHoe floJre y6r,rnaer c slrcorofi MeAJreHHee
ua6nroqaeuoro rroJu AO. 3ro couracyercfl c pe3yJrETaraMr{ o roroKax (cu. ra6nuqy) u
cBr.rAeTeJrbcTByeT o [pr{cyTcTBr.rrr sreKTpr.rqecKr,rx ToKoB o xpor"rocsepe. flocxolrKy perrb
I{Aer o npogonraort cocraBJrrrorqerl uaruu:rsoro [oJrfl, To roKr{ grr{ AoJrxHbr 6urr,
ropl{3oHTaJIbHbIMLr. A rax xax [oTeHIII{aJIbHoe [oJre 6onbrue na6lrogaerraoro n Hp, To [oJre
grr{x roKoB AoJIxffio 6rtrr autuuapaJlJreJrbHo [oreurlr4aJlbHoMy [oJIIo.

4. [fonepeuubre aJreKTptlqecK[e roxrr

cpanuenue Kaprbr pa3Hocrr{ (puc. 3) c xapToir na6nrogaeruoro n Hp [poAoJrbHoro IIOJI,
(plrc. 1, 6) noxaaano, qro B xoJrMax ua6lrogaer'aoro [poAoJrbHoro rIorq 3HarreHr.re Al1, rax
upaBl{Jro, noJroxI,ITeJIbHoe u Berutrr{Ha ero 6orrure, qeM Ha nepuQeplru xoJrMoB. flpu erou
MaKcI,IMyM pa3Hocrr.r He BcerAa coBlaAaJr c MaKcr{MyMoM [oJrr. ,[na roro .rro6rr fipoaHa-
Jrl{3upoBarb cBr3b pa3Hocru LH c sefluqt,ruori MaKcrrMaJrl,Horo floJrr B xoJrMax, 6r,uo cge-
JraHo cJleAyuqee. flo xapte ua6nroAaeMoro B Hp flofls 6rrnr,r ar,rgeneHbr xoJrMbr c MaKcr{-
uarrHorl Harpfl)KeHHocrbro rroJrfl 6oluue 100 fc 1trx25.09.1990 r. lr 6olrure 60 lc gm
1.07.1991 r. u o[peAeJIeHr,I I{x rpaHrrrlbr Ha ypoBHe, coorBercrByroqeM [oJroBr{He
MaKcHMaJIbHoro 3uarreHllf, [oJrf, B xoJrMe. finx xaxgoro xoJrMa B [peAeJrax ero rpaHrrllbl
6r,lno nsg'ro MaKcrrMaJrbHoe 3HaaleHr{e pa3uocrrr LH, w era Berrrrr,rHa 6ltla conocraBJleHa c
MaKcr{MaJrbHbrM 3HaqeHr,reM rroJrfl B xoJrMe. Pesylrraru [pegcraBJreHbr Ha pr4c, 4. fine
To\IKr.r, rpuHaAJrexaulre rrrHaM AO 25.09. c H =-1924 lc, LH =784 lcu H = 1245 lcu
N'l = 4221c, ue Hacenbl Ha plrc. 4. O'rgenruo AJrfl rrorrfl N- r S-nonapHocrrr r,r orAeJrbHo AJrf,
xax<gofi o6lactu 6urN nponeAeHbl rtpqMbre MeroAoM Har{MeHr,rrurx KBaAparoB. Pnc. 4 rto-
Ka3bIBaeT, rITO qeM BbIIIIe MaKC[MaJIr,Haq Ha[pqx<eHHOCTb [OIq B xOIIMer ret'l 6OlrUre
pa3ruque Me)qy na6ffoqaeuuM r.r [oreHr{r,raJ[,HbrM [oJrrMrr (AH), B xax<goli o6nacru qnx
nonq N-norqpHoclrl4 (xnoctonoll) ora reHAeHrlra, pocra LH or H pu uons 6onee curbHaq.

O6paulaer Ha ce6s. BHI{MaHI{e ro, r{To flprr rex xe MaKcr,rMaJtHbIx rroJrrx B xoJrMax
3HarreHrrq pasHocrr.r AH 6onr,rue 25.09.1990 r. Cpegnxa ro Kapre pa3Hocrb MexAy
IIoTeHrIrraJrbHLIM [oJIeM Ha ypoBHe Hppr Ha1ilrcAaeMLIM B Hp [OreM TaKxe 6Onuure
25.09,1990 r. (puc. 2 w 5 s [1]). I,Is orHoilreHr{s rroroKoB (crrr. ra6nuqy) cneqye'r, vro
na6nrogaeuoe roJle s AO 25.09.1990 r. y6uuaJro c Bbrcorori 6srcTpee, qeM B KoMrrflercuori
o6rac'ru 7.07.1991 r.

7.01 .1991 r. 3aperl{crplrpoBaHo MarHr,rrHoe floJre B fleprroA orcyrcrBr4q npaKTr{qecKr.r
scqroll BcnElllerrHofi arrrnsnoctu (vepes 7 .r nocre 6onr,ruort BcrrbllrrKr,r 6alna 48 u la
cyrKI'I Ao roflBJIeHI{q uepnofi BcnbIIuKLI 6annaS/[3]). B genr, 3alr{crr nons25.09.1990r.

Ptc.3. Kap'ra pasnocreft AH r'aexgy HarlprxeHHocrbro noreHqrlaJrbHoro npoAoJrbHoro [oJrr, Br,lqncreHHoro Arfl
Bblcorbr $oplruponauuq r.rttti Hb0",5), r.r HanprxeHHocrrrc ua6rrcqaeMoro B Hp npogorsnono norq
7.O7.1991 r.

X(upuoli ttulaueit npoBeAeH ypoBeHb, t1e LH = 0. Cnrouur,rrus roHKrrMu .nLtHusMLt o6ogHaqeHrr yqacrKu, rAe
noTeHIIIlaJIbHoe nole 6olHue ua6lrogaeuoro r Hp, H urrpuxoBr,rMr{ - rle na6lrc[aeMoe noJre Bbrrle IIo-
TeHqlraIf,Horo.

llso:luuutr rpoBeAeHbr vepea 50, 100,200, 500 fc
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PnC.4. MaXcUuaJIbHat pa3HOsIb AH Ha;1pf,xenHoslefi B XOJIMaX npOAOnbHOro IIOJIS B 3aBnCuMOCTlr OT MaK-

cuMaJrbHofi Hanp,)r(eHHosm Ha6lpAaeMoro B L0 npoAonbHorro TIoJL B XOJIMe

pag,osrr AII s6rq11qrreHa Me)r(Ay rroreHquaJrbHbtM rrpoAoJlbHbtM noJreM AJIf, Bblcorbt 1", 5 n sa6lpAaeMBIM B

Hg,npo[onBHoM rroneM, 1,2 'N- rS-noarpHoslr AO 25.09.1990I' cooTBeTcfBe6moi 3,4 -N- uS-norrpxocttl

xdunrexcsoft olrracrfi 7.Ut .199 I r' coornercrseHno

6,;tlra Cauat BbIcOKafl BCubI[IerIHafl aKTIiIBItoCTB gTofi o6IaCTu, xoTf, BCIIbIIuKu 6bln[ He

ogeHb BblcoKtrx 6alnOr. EOlee TOrO' BO BpeMfl 3a[HcII rron' [pOII3OIuJIo ABe BcnrIIIIKIT

d;;; ii;;""o"pet*u"Hrro nocrre oKoHqaHrL san1,un - BclbIIuKa 6awa S b l2l.
Ha ocnone aHaJllr3a Bc11brurgqgofi arrnnnoct[ [ccJIeAyeMbIx o$nacreft Irart cx.rongrr

3aKJrK)trrirTb, rrTo 6oJree cr.rJIbHOe [I3MeHeHIIe Ha6JIpAaeMoro IIoJIfl C BblcoToft II 6OIbUIafl

BeJrrrrlnua orKJlorreHtr ero or rloreurlllaJrbnoro cBs3aHbI c 6onbureft ncnrrure'rHofi aKTUB-

HoCTbrO B MOMeHT saIIfrCfr.IIoJIr. EcIIu,eTo nOATBepAIITcf, AanbHeftilr,rMrl Ha6,ilIoAeHEflMItr' To

oTuorrleu[e MaTHIITHbIX II6ToKOB nollefi, Ha6nIoAaeMbIx B Hp n Fe I 5253 A, MoxeT

cny)srTb Kpurep[eM BcnblllleqHofi arrnsHocr[ o6JIaCTIr'

5. O6cYx<4enue Pe3ynbraroB

I,lcxOga Ilg npeAcraB rrelul.,tlTo oTKJIoHeHI{e Ha6IIIoAaeMoro B Hp upofionbuoro rrOJII oT

npoAoJrbrroro IIoTeIIqIlaJIbHoro, BbIaIIIcJIeIIHoro An, BbIcOTbi Qopuuponany Hp, o6ycflOB

JreHO HaJrrrrIIIeM rOpII3OHTaJIbHbrX TOKOB, IIpru(OAIIM K--BrIBOAy' qTo tIeM 6OJIbIue MaKCtr-

;fu;; pa3Hocr; AH s xorlre, TeM crrJrb,ee roK. Ha ocxosa*u* puc.4 r"rox<no sar-

JrK)trrrrb, qro BoKpyr xoJrMa rron, qnpKyJltrpyer roK. B rpy6oM. np[6nuxeHl{rr Mox(Ho

trorrvcrlrrb. rrro eror roK Kolrbrlerofi-. rlro6rr co3Aarb rIoJIe B 200 fc Ha ocII KoJIbrIa

ffi;il;'-ia; ;;;;rirrru KonbrreBoio roKa AorIxHa cocraBrlrrr 3 x 10rr A, qto

cpaBHnMo c BepTuKaJrbHbrMrr ToKaMtr B AO U2, 13) u flptrMepHo s 4G-50 pa3 6OJIbIue' qeM

AJrf, KOJIbIIeBbIx roKoB B HeBOSMyIqeHHbIX O6JIaCrf,x [14]'
Haruu uccJreAoBaHllfl rIoKa3aJII{' trro Beruquxa noJlt' co3AaBaeMoro ropIr3oHTaJIbHbIM

TOKOM, He 3aBr{ctrT oT [oJIflpHOCTII BHeIIIHeTo IIoJL H OllpeAen{eTcfl ToJIbKo ero a6co-

JITOTHrIM 3IIarIeHneM. OUenUgUO, IITO KOIbIIeBbIe TOKII B O6IacTu nOJIfl N-[Onf,pIIoCTIl
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AoJrxubr r{Merb HarrpaBJreHrae [o qacoBoft crpexe, s o6nactu udrc S-noncpHocr]I - [po-
THBOTIOJIOXHOE.

Hanffine roKa Moxer 6rrrs crcaaHo c prAoM rrplrrrnH: rpaAI{eHToM AaBJIeHu, rIJraSMbI,

cnnori rpaBr,rrarluu, cnequ$nxofi nuxoga MarHI,ITHoro noJlr, a raKxe 3a crler gauxenufi
lJra3Mbr. flpegnonoxuu, .iro tor o6yclorneu [epBbIMH AByMt nP[quHaMLr.

Ecnu eru roKH cBa3aHu c gpeftQoM rracrlrrl nog geficrnueM rpaAHeHTa AaBJIeH[, tI
HalpaBJIeH[e rIoJIq 9THX TOKOB aHTr{[apanJIeJIbHO BHeIIIHeMy nOJIIO, TO AaBJIeHI{e IIJIa3MbI

BHyrprr xoJrMoB AoJrxHo 6rrrs sHtue, qeM Ha nepuQepuu. fllotnoctr roKa B gToM cnyqae
oflpeAeJrrercfl corJlacHo [15] nupaxenueu ,

j = 4(sx vP),

rle VP - rpaAr{eHr AaBJTeHI{fl rIJIa3M6I, c - cKopocrb cBera.

Csssr MexAy euepruefi rroJu roKa rr pa3nocrbrc gan.neuufi B rIeHTpe MarH[THoro xoJIMa

r{ Ha ero nepuQepuu MoxHo oIIeHIrrb rr3 coorHoIIreH[L

P_p =(NI)2' 'u 8r
rge P n P6 - [aBJreH[re rrJra3Mbr BHyTpr{ MarH}rrHoro xoJrMa r{ Ha ero nepraQepun coot-
BETCTBEHHO.

OcHosrrsascr Ha [aHrrbrx ua6rrcgennft o BeruquHe pa3Hocru AH nanpax<eHnoctu uom
B xoJrMax, Imr nrr.rubrrrJrr.r pa3nocrr AP ra3oBoro AaBJTeHI{f, BHyrp}I n xa nepuQepuu
xoJrMa. IIpn L,H = 200 fc AaBneHrre [Jra3Mbr BHyrpu xoJIMa Bblrrre AaBJIeHI{II cHapy)<u

lplrMepHo Ha 1600 \uulcra2, Ecnn ngrrr cpeAHee rro Kapre 3HaqeHlre pa3Hocrlr
Harpf,xeHnocrefi (AH ) na6.rrcgaer'aoro n Hp u roreHrlr{aJlrnoro uolefi, ro 25.09:1990 r.
npeo6tagau[e ra3oBoro AaBJreHr.rr BHyrp[r xoJrMa HaA AaBJIeH[reM Ha ero nepu$ep[I{ B

cpeAHeM no AO cocraBJrrJlo -100 Aun/cr'l2, a7.07,t991 r. -10 gunlcvrz.

Toxu, o6yclouenHbre rpaAueuToM AaBneHrrf, rrJra3Mbl, cBt3aHbI TJIaBHbIM o6pasou c
gpefiQoM oJIeKrpoHoB

flpeftQonue roKr{ B floJre crrJrbr rnKecrr{ o6ycronrenbr B ocHoBHoM ABTDKeHI,IeM }roHoB.

florenqnalrna, gueprrfi [Jra3Mbr cBfl3aHa c euepruefi rroJl ToKa coorHorrleu]reM

- (LH\2
pgh = _Tf .

B uecrax nper{MyrqecrBeHHo ropr,r3oHTaJlrtroro rroJrr roKr{, o6ycroueuHbre rpaB}I-
rarIuoHHbIM gpefiQou,.rtaoryr 6urr BDKITrIMTI, TaK KaK Bo3MoxHo, arro 3uaarenr{t pguYP
no BeJrr.rqrirHe cpaBHEMBr, B qenorvr err{ ABa nuga gperi$oBbrx roKoB co34aror cr.rcreMy ro-
plr3oHTaJrburrx xonrqenbrx roKoB BHe 3aB[cl{Mocrlr or HaKJroHa uons, Onu KaqecrBeHrro
rro3BoJrf,ror o6rxorrirr ror Qarr, qro flo ncefi AO Ha6nrogaeuoe [poAoJrbHoe rroJre
ueiGrue lloreHrlrrallbrroro [oJrfl .

Oqenxu [oKa3bIBaK)T, arro nror<nrali [peAen BeJr]rqnHbr oHeprru MarH]ITHoro [oJlfl orr{x
ToKoB B cpeAHeM rlo o6nacrr 25.09.1990 r. cocraBJlser -1030 epr, u rplrMepHo -1029 epr
7,07,199 1 r., rrro, BeporrHo, orpiDKaer ypoBeHb Bc[blluerrHofi axruaxosrn.

Comaq{o MoAenu HeBo3Myrrleuuoft aruocQepu [10] Ha Bbrcore 850-1500 KM, qro rro
HaurrrM pe3ynbraraM coorBercrByer Bbrcore o6pasoraHm rlexTpanbHofi .racrn talauu H g,

AaBJreHue nJra3Mbr cocraBJrf,er oKoJro 20-1,0 auglcvrz, Mu nugrau, rrro pa3Hocrr gauenufi
rrJra3Mbr VP n cpegneM rro AO na 1*2 uopxgxa Bbrrue ro cpaBHeHI{Io c AaBJIeHITeM B rre-
Bo3MyuIeHHofi arr"rocSepe. CuexrpocxoflHecKlre ucclegoranur raKx(e rloKa3blBaror, trro
no Qnoxxy.nax [Jroruocrb nJra3Mbr Bbrrle, qeM B HeBo3uyrqenxori arr*ocSepe fl6, l7), vr

Mox(er MeHqrBc, B 3aBtrcllMosm or craArru pa3Brrrrrs Qnorxyna sa l-2 nopxgra [17].
Ha6nroAaeuoe yBenuqeHrre pa3xocru (AH ), cBr3aHHoe c rroBbrrueurleM ncurrureqrofi

aKTrrBuocrr{ (25.O9.1990 r.), ne nporuBopet{r.rr roMy, rrro Bo BpeM, BcnbrrrrKrr rporrcxoArrr
BbrHoc BerqecrBa B Bepxutre cflor xpoMocQeprt [18].
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E,clra naura ruflore3a o MexaHI{3Me reHepar{r{Ir roKoB BepHa, To flpeAJlox<ennr,ui Merog
rlo3Borlser [oJIytII{Tb uuoopr'.raqr.uo I{ o troJrsx AaBJreHr{fl r,r rrJroTHocTrd rrJra3Mbr n AO,
a raKxe BbrrrrrcJrrrr, rpaAr,reHTbr AaBJreHrrrr nJra3Mbr B MarHr{THbrx rpy6rax.

Anroprr rpr.rHocsr 6larogapHocm JLC. Ifto6ururony :a o6cyxgeuue npo6leM, cBr-
3aHHr,Ix c rny6unoti o6pa:onaxur lunlrli noulolrleHrrr , u H.14. Illensrnuori 3a rroMorrlb rrpr4
loAfoToBKe pyKoflr4cr.r.

Anperu, 1992 r.
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K TEOPUII PACIIETA IOJIflPI{3AUIIII
B KPbIJII,flX JIHHIIU IOTJIOIqEHI{fl

[.H. Pavxoncxuli

Ilpegnaraerca aJrroprrrM pacqera [oJrrprr3oBarrnoro n3ryqeHHc B KpbrrL,qx lr.runfi nououlenrlrt. Yqurslnaercq
AenonflpLI3aqurr cro.rxsoseuttfi. Merog cyqecroeHHo orIHpaercrr Ha tpaxropu:aqr.rro Qa:onori MarpHrlr,r.

,[ra lunuu CaI 4227 A pacrero, cpaBHHBarorcr c na6,rrcqeHnnllr.r Bprcxuepa [9], a raxxe c aHaJrorutrHbrMn
pacrreraMH Arovorrr' [71.

floxasauo, v'ro n (raaoaofi Ma'rpHr-(e, Ncnoassyeuofr,(roMoHT, Ao[yu{eHbr HeKoropr,re ouu6xn.
Ec,rH ssecru n rpasonyrc Marpnr{y xeo6xogur'rsre }rcnpaBreHuq, To [pH rrpuHqrrrx ,[rouonr 3Ha(reHrrqx

napaMerpoB arlrocQepu He floJryqaercq [oJrHoro coorBercrBHrr pe3yJrbraroB pacqeroB c Ha6r]oAeHrrqMr4 KaK B

nolloxeHnH MaKcr.rMyMa, TaK u B ulrreHcHBHosrH MaKcrrMyMa [oJrrpr.r3arlsu B Kpr,rJle IrrHnrr.

TO THE PROBLEM OF CALCULATING OF POLARIZATION IN THE ABSORPTION LINES WINGS,
BY D.N. Rachkovsky. Algoritm for the calculation of polarized radiation is proposed. Collisional depolarization is
taken into account. Method is based on the factorization of the phase matrix.

'Ihe calculations for the Cal 422'1 A line are compared with the Briikner [9] observations and also with the
analogous calculations of Dumont [7].

It is showrr that phase matrix of Dumont has some mistakes.
When Dumont matrix is properly corrected, no agreement could be achieved between calculations and observations

for atmospheric parameters, adopted in Dumont paper; the disagreement concerns both the position and the intensity of
polarization maximum in the line wing.

Ilonapr.r:aquu B Jtvur4flx [ouro[{eHuq B orcyrcrBl{e BHelrrHero MarHlrrHoro fiorq Moxer
BO3Hr,rKaTb BCJreACTBrre TaK Ha3r,rBaeMOrO pe3OHaHClrOrO MeXaHrr3Ma paccerHrrq. os o6rsc-
Hrercfl HaJrrrqrreM r.rHTepsepeHrl[[ r.r3nyqeH].rrl c oTAeJrbHbrx [oAypoBHerf aroMa, BcneA-
cTBI{e [peqeccrlu B cna6oM BHeIIIHeM MarHr{THoM rroJre KorepeHTHocTE, r,r3nyqeHr4fl Ha-
pyrxaeTcfl, r,r [oJrqpr,r3aqllfl paccerHHoro r.r3ryrreHr.rq Mox<eT I,IcrIe3aTb; 3To Ha3r,IBaeTcr{

@,[.H. Pavxoncxuii, 1995
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e$$errorrr XaHre. Tarr.rn o6pasou, E3yqeHr,re [oJIflprI3aIII{r4 r43ry'{eHldfl B JIITHI{I,I Moxer
lrMerb 3Har{eHr.re He roJrbKo AJr{ orleHKr,r [apaMeTpoB MoAeJrI{ atuoc$eplt, Ho I,I Arq OIIeHKI{

BeIUqr,rHbI Ma|HI{THOTO [OJrs, pa3pyllarculero gTy [orrlp[3al{urc.
B [1] YaugpaceKap [oJryrrr.rJr AJrfl ycpeAHennoti no a3l4Myry Sasonofi MarpI{IIbI B

cr{creMe [apaMerpoB Croxca 11, lrw,tpaxetue

B [2] nar'a yAaJrocb ero Saxroprr3oBarb orHocrrreJrbHo [apaMerpos p u Pr. B crzc'reue

rapaMerpoB C'roxca Is, Q Marpuqa R(p, pl) 3a[I{cblBaerct cJIeAyrcuII'IM o6pasou:

R(p,pr) = r(u.)'t(lr, ),
rAe

R(p,p,, =+('r'- P'xtu- u?) + Pt'P? r,').?(l 
l)

o)
,,lrt tt )'

u4 =1(r, p) - I i ft(p, p,)I(t, p ,)d1t, - S. (r,).'dr 2lr

(1)

'rur 
= (l ,i;:X;,)(l

(2)

(3)

Mo:xno [peAJroxrrrb HecKoJIbKo gKBl{BaJlerrrxux $opu runa (3), Ha[puMep, BBoA, B

cepegr.rHy (2) e4r,rnuvuylo Marpllqy
(t o\

, = [o 
"r)= ^'a, @)

rorAa AJrfl T(p) 6yqeM lrMerb

r(u)=r, ,-ru:,)(l d^)^ (s)
[0 3(l-P'

@arropusaqur Qaeoroft Marplrrlbr [o3BoJrfler 3HarrI,ITerbHo yflpocrl,ITb pelueHue 3aAaq

Teopuu nepeHoca u3ryqeHurr. B [2] uarrru 6ula paccuorpeHa 3aAaqa o6pasonanr.ra JTI,IH]rII

[por,I3BoJIbHbIMr.r ucroqurrKaMrit, Ho c flocrorunofi uo ouru.recrol:I rly6uue BepoflTHocrbro
Bbrx[Banr{r KBaHTa. B [3] Sarropr{3aqur Marp}rrlbr rro3BoJII,IJra ocyulecrBurr eAltrrfi
rroAxoA K pelueH[ro 3aAatr rrepeHoca u3JlyqeHus rrprt pe3oHaHcHoM pacceflHvrrt u pacceflHl/Iu

B MarHr{ToaKTuBHbrx Jrttutrj{x Arfl cryarafl MoAeJrr{ aruocQepu Mnnna-Sggr,trrrona. Odx-
Toplr3arlrrf, (2), (3) 6rrna lrcuonb3oBaHa B.B. I{saHosrru [4] Am cryqafl neiorepenrnoro
pacceflHilr. B r{eHTpe Jr[Hrru. B [5] anropurM rrrrcJreHHoro pefiIeHlrfl ypanneHufi [epeHoca
r{3JryrreH}rfl, pasnumrri B l2], 6lrl npuueHeH AJrs perueHuf, pa3rl{tlnblx crryqaeB
o6paeooanras tuuuir s xoHe.rnori u uony6ecxone.ruofi cpeAe c pa3rutIHbIMrI Qynrquauu
lepBrrrrHbrx r{croqHuKoB. Bepoatnocrb Bbr)KrrBaHru KBaHTa lrpu paccerHrlu [pInH]IMaIacb
nocrosnnorYr. Sroro orpauuqeHur, oAHaKo, Mox<Ho us6exatr, B [5] paccuarp]rBaJrocb
TOJIbKO pe3OHaHCHOe paCCeAHUe, KOrAa CTOJTKHOBeHLIfiMU B [pOqeCCe pacceflIIfifr. Mox<Ho

npeue6pevt. B t6l Ouronr rr Ap. pa3Br.rJrrr reopr{rc pe3oHaHcHoro pacceflHl{, c yrleroM
croJrKHoBeHtfr.. \ttt qacror, 6lngrrax K rIeHTpy rrvtmvlt, oTa reopl{t Aaer cylqecrBeHuo
HeKorepeuTHoe paccerHlre rro tracrore. [rx xpulreB Jr[rHr{r,I paccesul{e cql,ITaercs
KorepeHTHbrM rlo qacrore, H6cxonrKo MeHflercx $asonax Marpuqa I{ B BepoflTHocrb
Bbrx<uBaHr,rfl KBaHTa BBoAurcfl MHoxureJrb, sanncxuqufi or ygapuofi uupI,IHbI ntur,tttt t4

egrecTBeHHoro 3aTyxaHurl

,[alee, orpaHu.ruBa{cr rlacroraMu B KpbIJIbtx runnfi, urt o6o6tquu anroputu [2] na
clyvafi aaaucarqefi or o[TrrrrecKofi rny6uurr BepoflTuocrrr Bbrxr{BaHr,rrr KBaHTa, O6o6rqnu
TaKx<e Saxropusaqurc Sasonoft Marprrrlbr R npn flere coyAapeuuri. O6parur'r BHI{MaHue

Ha HeKoropbre orun6xu n $aaonofi Marpr.rqe R s [7], rAe ucnoJrb3yercs reoplrs Ouronra,
Byayr npoBeAeHbr raK)<e HeKoropbre rrrrcJreHubre pacrrerbr AJrf, JrrrHr,IE CaI4227 A,

Ypanuenua nepeuoca [3JryqeHr{, 3arrrrcbrBalorcq raK:

(6)
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K (x) =i i "*(- - ) n ,u,* ,u,,u,

L( x1 =i l.-r[-ol. *,u,ru.6 p '1. rr)
Tarrla o6pasou, .rucreHurIli aJrropr.rrM perrreHr{r ypaBHeH}r{ (10) ocraerca reM xe, qro

n [2]; tonrxo ueo6xoguMo troJroxr{rb B Bbrpax(euutx (23)-(3I) [2] c1 = 0,5, c2 = 0,25, a
KaxAyIo llerHylo crpoKy nuuefinofi cr{creMbr, x roropofi cBoAr,rrcr ypaBHeHr,re (10) upu
AucKperr,Barlr{r{ ero no t, neo6xoA}rMo yMHoxr{rsna E1/8.

Ovenragno, aITp 3aBr{crlMocrr },(t) or tr Hr,rKaK He orpaHr,rq}rBaer Bo3MoxHocrb qr{c-
JreHHoro peruenr{f, c}rcreMbr (10). Sror MeroA r.rMeer ro nper,rMyrqecrBo nepeA MeroAoM,
lprIMeHeHHbIM s [7], rrro Her rotreK AeJrenufl rro Il, nocKoJrrKy ,coorBercrByroque
rIHTerpaJrbI 6epyrcx rorrHo. IfanouHuu, rrro cpaBHeHrre c rrr{cJreHHbrMu pacqeraMrr Apyrux
aBTopoB AJU KoHeqHofi u uoly6ecroHeqnoli cpeA [oKa3aJro, qro Harrr aJrropuru o6ecne-
qr{Baer rorruocrb rryaZ5 ToqKax Aerrenur r 3-4 sHauaqr.rx quQpax.

tlrabnenuue pacqerbr ronrprr3arluu [poBeAeubr gna nunull CaI 4227 .4.. Ananorn.rrrre
pacqerbl 6unu cgenaHbr pauee C. flror'aoHr n [7]. Oguaxo B ypaBHeHr.rrx, upr{BeAeHHbrx B

[7], no HarueMy MHeHI{K), Aorryulenbr ouru6ru. floxaxeu ero. 3ro reu 6onee ueo6xogr,ruo,
TaK KaK rIo3BoJrI,IT o6rscHrtm ]IMeroulrrec, q[creHubre pacxoxAeHr.rfl B oKoHtrareJrbHbrx
pe3yJrbrarax, a raKxe [o3BoJrr,rr yrorrHr.rrb uauly $opuyJrr.rpoBKy Qasonofi Marpr{rlbr c
yqeroM Teopur Or"rrcura [6].

Couacrro [7] uueer'a ypaBHeHr,rq flepeHoca lr3ryqeHr,rq:

ury= Io(t,F)-f,ru' -,ii Ir:rr? -lxo(Fr)-3(t- pbQ$r)ldpr - s3,

ury= e@,tt)-$lr-u',i t(gp? -lxo(Fr)-3(l- pbo$t))dttt. (r3)

flepnr,ruurre ucrorrHr,rKlr Sf lt; onpe4eneuu:

rny6uua n

(e)

(10)

3gecr l,(t) - BeporrHocrb Bbrxr{BaHr{, KBaHTa [pr{ pacceflHVu;,c, - orrr4arecKafl
(r a crorax nulLrrt; S* (t) - n epBflrrHbre l4crorrHr.rKrr H3ryrleHflfl .

B negeu Qyurqlto ucrorrH[KoB

- ),"(il(t 0 \+.r -strl=f Io Et"ts.J{ %uirt.,p)dp.

3gecr uu olpeAerrHJrH

*,,,,-(l l-3p2 )I^(l.l)=l ''ott"r-[0 3(-p2))'

Ilogcrannaa (7) n (6), rrerKo rroJryyr.rrL, An, Qynrqua S(t)

s(.) = ry[; +){T 
K(rt-t'r)s(t')dr,' +T rrr.-t't)s-{r')at'},

rAe

(1)

(8)

R(p,p')= t,(u)[; I 
)o,u',

(11)

(12)

(t4)
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B(r) - Oymqna fllama; k](v), k6 - coorBercrBeHHo roe$QnqueHrbl rlorJrolldeP^rrfl. B

luteru r,r He[pepbIBHoM cneKTpe; l,2ys- co6rsercrBeHHo ecrecrBeHHas, u y1apr.afl

urrpuHbr nunufi; q(v) - HopManrl3onaunrtfi KoHryp Oor:rrra; Wr,u= Et.

B pa6ore [7] n nupaxenuu (14), nocKoJrbKy r.rHrerpaJl ro qacrore He rpeAcraBJ,,flercs.

Bo3MoxHbIM orlpeAenrrrb' rloJlaraercx Sfl = B(t) uru Qynrqr'lu olPeAeJrffeMoft no

loTeMHeHr.Irc gncxa Connltra K Kpalo. Boo6lqe roBopr, TIJIeH B (14), nponopquoiranruuft
,I(v), ruoxno ocraBrrrb n Sasonori Marpurle. Torga yrler coyAapenult cxaxercfl ToJIbKo

BBeAeHr{eM Ao[oJIHI{TeJIbHoro MHoxl{rem f(f + 2yd,
flpn yc = 0 ypasueHns (13) AoJrxHbr nepexoAr{rb B ypaBHeHl{.fl 9augpacerapa [1].
florarar n (13) Y6 = 0, nor}r.laelr

udl(r,P) = 1(r.u)-1 *r(v) -i ff'^ o\r dr ,ffi1, 1[o o)*

. +(;r{-[J,)ttrui - 1), 3(pi - r))1(r, p,,]ru, - afi * un,

oagonaq Ma:rplrqa R2, coorBeTcrByloqas sToMy ypaBHeHnro, 6yge'r uruers sug

*,tu,u,r=(i S).?(,,i[;J,)r,+l -1, 3(Fr? -1))

c gpyrorl cropoHll, MarpI4IIy rlangpacerapa R4 Mox(Ho 3aflucarb aHaJIorI4tIHo:

*oru,u,r = (i S).+(,i[i -i,)w- r, 3(p? - 1))

(ls)

(16)

(17)

( 18)

(1e)

Cpannuaax (18) u (19), MEr 3aMerraeM, rrro n (18) no nropofi qreH Aorxen 6rt'rr BBeAeH

Ao[oJIHHTenuustfi tunoxur"r" ;(; :,)
flp, Tc * 0 $aaonar Marpl{ua [roruout 3arucblBaercr{ creAyrcull4rra o6pasou:

Rp(rr,po) = r.(p)(3 
u,or r)trtu.l.

Bnoga roe$suqnent c, raroli, 'r'ro6r,r rpfi c = 0 lrrt nonyvanr'r Qasonyrc ruaT praqy Rp, a
flpl,I c = 1 - ruarpuqy R4, LIMeeM

(r O \-
R(trr,p6) = ro(p)[; r,,i aJrofuol.

Kar noxasr,rBaror pacqerbr, pgJreeBcKoe pacceflIjwe B He[pep[,IBHoM cneKTpe raK)Ke

loKa3brBaer 3aBrrcr.rMocrr, [or.flplr3arlur{ or rracrorbl BHyrpIr JIITHLII{. Srot run paccer.r.vls,

Mox<Ho raK)E(e BKJrroqrrrb n o6ulyro $oplayry gna $asonorl Marprrllbl. Torga 6yqe'r ygo6no,
MeHqrr ToJrr,Ko nocToruHble roe$QlrqlreHTbl, oAHI{M aJIropLITMoM [2] paccva'rllBaTb pa3-

flr,rqHbre Bapr{aHTbI MexaHIr3MoB o6pasonanua florqpl,I3allull.
Onpegenur'r $aaoryro MarpIrIIy:

, 
R(t, p, po ) = T(t, p)f(t, po )

r(t,p) = r.,(p)(r,[" 
^,?r,)= 

[(p)].(t).
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0
+

q 0,2 0,4 o,h qB /,"0
Ah, A

3asucur'{osrr creneHu [oJrrrpn3ar{Hu 6 or cueuqeur.u A }, A or qerrrpa JTHHHH Cal},4227 A npu p = Q,15

1 - ne eanlrcauluii or cueuleuuq A1, ruexaHusr'{ pa,reelcxoii norrrpH3ar{Hu Xl= O,ZS;2 - na6rrogeHua Eprox-

uepa; 3 ._ BbrrrucreuHc ,[rouour; 4 - sst'llcnenufl aBTopa npu rex xe napa]t{erpax, rrro n y firor'rour, H

npanr.r:rrHofi Qasonoft Marpur1e; 5 - ssr.rncreHrlrr aBTopa npn (;a:onofi n{arpnqe paccerrHr.rq, cooroercrnyrouleii
ypaBrreHusM ,[rcr'aoHr

Torga gnx 1"1(t) 144,2$) ronyqrM
t2 oo+kr(v)cl llf +2yr(l-c)l tz oo+kr(v)E,f /[I+2yr(-c)]l'-l 

oR+kc +k.(v) ) '-z 
oR +kc +kl(v) 8'

Teuepr B ypaBHeHr,r[ (10) nago roJrox<lrrr,
- (t o \?,(r)[; 

e ," r z)= ]"2 (t),

3llecb oR - xoe$QuqueHT poJreeBcKoro paccerHr{rr B HerpepbrBHoM c[eKTpe.
Otrterlzu, rrro npl{ c =Ou oR = 0, T.e. ArIfl $asonorl MarpI{IIbI Rp ypanueuve \rr1-.

$ynrqr.ur ucrorIHI{KoB S cranosurcq cKarqpHbrr'.r. B naurer:i Qopr'rynlrponxe uatprqrr R
LIMeeM Sh = 0,S, + 0.

Yucreuuue pacyer[,r 6unu nponeAeHr,r AJrr MoAenr,r a'n'aoc$epr,r [8]. flapar,.rerpbr rrr,rHlrr,r

Cal 4227 A 6r,rnlr nu6pauu reMI{ x(e, vro n [7]. [na $ynrqrar{ repBrrrnL,rx lrcrorrHr{KoB
S*(t) 6rrna [pr4uflTa 3aBrrcr{Mocrr,, rrMrrrr{pyroulafl rrprr lg(ts) < -2,5 uonegenrne $yurquu
SB2uSB3 [7], vto Aaer HecKorlbKo Jryrr[ree coBnaAeHrre c ua6rrogerurrMrr, qeM $ynrqlra
flraHra. Cogepx<anr,re CaI 6rrno raK>r(e yMeHbueHo n 2 paza no cpaBHeHr,rro c [7].
Pesynurarr,r pacqeroB r.rJrJrrocrpr.rpyer pr,rcyHoK.

flpexge Bcero paccMorpr.rM r(pr4Byro 1.3gecr rpr.ruflrr,r 3HarreHrrq Xl =O,ZS,?utr =tu'r18,
T.e. [peAloJrataercfl MexaHIr3M o6pa3oBaHnrr [oJrrrpr{3arlvrtr, He zaaucnlolwft or qacrorbr v,
Kax nr.rguu, HecMorp, Ha gro, r{Meercr olpeAeJreHHas 3aB[cuMocrb crefleHr{'norapr.rsaqur.r
BblxoAsulero Ir3ryqenufl or qacrorbr B rrpeAeJrax KoHTypa rfiHwr4. Bce gpyrr.re KprrBEre
paccaII4TaHbI [pI{ Op = 0 u c = 0, r.e. qlx Sasonofi MarpI{I-\bI OMroura [6].

Kpunaa 2 coorserc'rByer HecKonbKo cr.rMMerpr,r3oBaHHr,rM orHocrrreJrbHo ueHTpa rrrrHr,Iu
ua6nrcgeuuxrnr Eprornepa [9] cre[eHr{ ro[rpr.r3arlulr B lrtl.trru Cal 4221 A npu
sQ$errraauoMU-0, 15.
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Kpunaa.S coorsercrByer pbrrrucrenr{rM firor"rour [7] npn pt = 0,14.
Hauu pe3yJlbrarbl orMeseubl rprrori 4. Kax BrrAuM, pacqerbr AarcT HecKoJrbKo

MeHbIIIyK' BerruqrrHy MaKCLTMyMa rroJrspr,I3ar{rrr{ r.r gToT MaKcr,rMyM cMerrleH ua 0,1 A or
rIeHTpa rrvrnvlt, Eclu 6u uu nrr6panu coAepxaHlre Ca I, xax n [7], ro MaKcr,rMyM 6un 6rr

Kpnnaa 5 paccvurana gnx Qaeonofi uarpuqbr B roM ee Br.rAe, KaK oHa cJre[yer r{3
ypanneHufi firouonr (13). Kar Br.rAuM, oua HaxoAr,rrc, B xopoueM coorBercrBr{u c ee
BbItIIIcJreHrrruu. Buguuo orMerIeHHbIe pa3ruqus MexAy ypaBHeHr.rflMn [rcuonr u gaug-
paceKapa flBJrflrorcf, He oneqarKauu, a ourfi6rauu.

Ocxo'nnrre p$ynrrarbl floxasano, qro aflrop[TM pacqera pesouancuoft noJrflplr3ar{Hr.r,
flpeAnoxeHuuft naulr n [2], eSQeKrlIBHo pa6oraer v \trfl. saBucflulefi or t Bepo{Tgocrr.r
BbIxI{BaHH, KBaHTa rlprl paccerHrar.r. flo cpaBHeHr{ro c aJrrop}rrMoM, rrpr{MeHeHHbrM B [7], on
6olee eQQerruren, rix KaK Her roqex AeJreHr.ra lro p, a gr, Qasouofi r"rarplaqu,
rrc[oJrb3oBaHuoft n [7], oH Aaer Bbllrrpbrrrr etTe a 2 pa3a B rrlrcJre roqeK AeJreHr4s, uocKoJrbKy
ypaBueHr.re gnr Syurqun r.rcrorrHr.rKoB B gToM crtyqae craJrrpHoe.

OrMe.reurr HeKoropbre HeroarHocrll B ypaBHeHrrqx nepeHoca H3JryrreHlrfl, ceoprrrynn-
porauuux n [7].

o6o6qena Saxropusaqua Sasonori uarpuqbr paccesHr,rs. B uee BKJrroqeHa
Bo3MoxHocrb ytlera pgJleeBcKoro paccerHr.rfl B Herrpeprrniuou cleKTpe rl pacrrera
pe3ouaHcHoro pacc,er^nut. flprr Tc * 0.

flponegeHrt HeKoropble qucreuHbre pacyerbr rronsprr3aqru JtnuutrCaI 4226 A na xparo
gr'rcra Counqa (p = 0,15). flonyqeno HecKoflbKo 3aHrDKeHHoe 3naqeHrre crefleHu rroJrrp[-'3ar\uu, Maxcuuyu [oJlf,prr3all]Iu oKa3blBaercs cMerqeHHbrM orrocr{TeJrbHo na6lrogaeuoro
B CrOpOHy OT rIeHTpa ilutttt r,

Mafi 1992 r.
JII4TEPATYPA

l. Vandpacercap C. flepenoc nyvuc'roft enepruu. M.: llsg-ro lluoclp. anr., 1953. C. 59-267.
2. Patrcoecxufi,Q.H. llVlss. Kprrrr.r. acrpoQua. o6cepnaropuu. 1983,T,47.C.78.
3. Pavrcoecrcutt,[.H. llTawxe. 1993. T. 87. C, I l.
4. Llautoe B.B.ll Acrpog. xypn. T. 67, I.l! 6, C. 1233-1242.
5. fonaaorc C.H,, Pavrcoeacuil,4.H.-llVlss. Kpulu. aopoQus. o6cepnaropnn. 1983. T,47, C,65.
6.OmontA.,SmithE.W.,CooperJ.//Astrophys. J.1972.Yol.l25,N! t. p, 185-201.
7. Dumont 5., Omont A., Pecker J. // Solar Phys. 1973. Vol. 28, Nb 2. P,271-288,
8. Gingerich O., Noyes R.Q., Kalkofen W., Cuny Y. ll tbid. 197t. Vot. lB. p. 347-350.
9. BrucknerG, //2. Astrophys. 1963. Vol.58. P.73-81.

v4K523.94

JIIIJdiIIfl HCII.O83OA N XPOUOCOEPEHAI TEHbO COJIHEqHbIX TIflTEH
3.A.I[ep6axona

. , flo cnexrpamnuu na6.nrcAerusu l l corHeqxbrx rqren r lunuu HeI 10830 A nafi4eno ycvlre1ue eerny6nuu n
1,3 - 3,1 pa3a HaA TeHbIo orl{x nrreH rlo cpaBHeHr{ro c oxpyxarcqeft xfouocSepofi. 3ro yiunenue re r"rr"rr ot
pa3MepoB Terrrl ngrua, Ho ono 6onrrue Bo BcrrbrlueqHo-axrunitrx rpynnax.

..THEHEI IO$OALINE IN THE CHROMOSPHERE OVER THE UMBRA OF SUNSPOTS, bY Z,A.
Sclterbakoua. According to the observations of eleven sunspots in HeI 10830 A line it has been found, that iis depth is
1.3 - 3.1 times higher over the spot umbra as compared with circum chromosphere layer. The line intensity is not
dependent on the sunspot dimension whereas in flare active groups it is more pronounced.-

. BBeAeHrre

Cyulecmyroqrfi go crx rrop Ha6nroAareilrrrrfi uarepilail B rrrrur4La HeI 10830 A 
"ulTeHbK) coJrHeaIHbIx fltreH He6orar u uporl{Bopequs. Ha cfleKTpiJreruorpauuax, nony-

qeHHbIx Pacrou r Epr.rgxecou [1], n sroli nlrullll xopomo BrrAHbr r{eHTpbr c clrJrbHbrM

@ 3.A. Il{ep6axona, 1995
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Ta6lraqa I

228 Bcnr,rruru
2021.05.81

0,93

nq?

0,9 r

lorJIoIrIeHI{eM, cBr3aHHbIe c aKTI{BHbIMTI o6iracTsM,u. Ha Ar{cKe Connqa, oco6eHiro B

o6mr,rpurrx Qaxetrurrx [oJrsx, oKpyxarcqnx coJrneqHbre rurrHa.
fioctarovHo crrJrbHas Jruntrfl rrorJrorrleHr,r, reJr]ra (R6 = 177o u30Vo) HariAeHa B cneKTpe

xpoMoc$epbr HaA reHbrc AByx rrflreH oelieu u \p, [2],ora3alocr, rrro y [srHa c 66lrmuu
pa3MepoM TeHr.r rJry6uHa JrrrHlrLI 6oltrue. Anropu [oJrararoT, aITo eTo ycr.rJreHue o6r3aHo
HarpeBy xpot"toc$epu HaA [rrHoM MarHlrrorr{ApoAr,rHaMl{qecKr{Mr,I BoJrHaMr,r, ycr{JIeHHbTMI{ B
TEHI{ tIflTHA CIIJIbHbIM MATHI,ITHbIM IIOJIEM. YCnICTTue SToI:I IuHuI,I HaA IIeHTpoM TeHI,I AByx
IIfreH orMetraK)T TaKxe Eopoguna. ra flanyruen [3]. C apyrori croponrr, Jlafircov [4]
Ha6rroAaracb orreHb cfla'as, rru:f.ufl. HaA TeHbK, txrua (l|Vo), cpannuir,rax no. uy6nue c
r,nr,wefi B oKpyxarculeft xpouocQepe.

Mu upegnpfiHr.JItr [onbITKy ua 6onee o6mr,rpuou cleKTpocKonr.rqecKoM Marepr,raJre c
BbIcoKI{M [pocrpaHcrBeHHblM I{ c[eKTpaJrbHbrM pa3pemeHr4eM rrpoBecru 6onee geranrurul
aHaJru3 roBeAeHr,rs Jrr.rHr{u HeI 10830 A n xpouocQepe u4g reHbK, rrsrHa.

. Ha6.nrcAeHrr{

CnextporpaMMbl coJIHerIHbIx rlrreH a o6lacru rnuHuut HeI 10830 A uolyveHu Ha reJre-
cxoue ECT-2 Kprrucxor:r acrpo$usnvecxoft o6cepBaropurr Bo BropoM nopflAKe guspar-
quouuoir peurerKr.r c Ar.rcrepcuefi 0,83 A./ur,a.

,fluar"rerp nao6paxerurr Coruqa Ha rrleJru cuexrporpa$a 6bur paBeH 196 ur,r. Illupuna
ITIeJII{ cocraBnxna 0,05 MM, I{ peaJlbuoe pa3perueHr{e AeraJreft na gucxe c ytreroM KaqecrBa
r,rso6paxenns 6rrro He rytrue 2".Bpeux oKc[o3uqurr AJrfl flflTHa paBHrJrocb 10c, a pax
orpyraroulerl xporraocQeprr r.r qeirrpa Ar.rcKa - 5 c. fina o[peAeJreur,rq rapaMerpoB Apo)Ka-
Hr'rx uso6paxeHl,It Ha ITIeJTLI cnextporpaQa cHr{MaJrrrcb cneKTpbr Kpafl Ar,rcKa s o6racru
rtvtlJurr reJIrL c 3Kcno3l.Iquefi 30 c. @otorpa$r,rpoBaHr4e crreKTpoB ocyulecrBJrrrJrocL Ha
BblcoKorryBcrsrrremHofi uuSpaxporraarra.recxori [JreHKe I4- 1060B.

Ha pnc. 1 cxeMatn.recKlr npeAcraBJreHbr rpylrrbr corHerrHbrx flsreH, y roroprrx 6unr,r
loJryqeHbl c[eKTpbI n o6nactu lrunnkt HeI 10830A. OrHoues[e curHaJr-[ryM B cpeAHeM
cocraBJrrJro 30 grr Bcex loryqeHHblx c[eKTporpaMM. Illrpuxonxofi orMe.reHrr $nox-
KyJrbHbre [oJrs,. a Kpecrr,rKaMr.r - y3Jrbr BcrrbrrrreK uo Ho-QunrrporpaMMaM. xnpurre
flprMbre rrilHut4 rroKa3brBarcT [oJroxeulre UIeJI]r cueKTporpaQa.

Bcero HaMI,I paccMorpeHbl 4 axrunnrre rpylrrbr, B Koropbrx npoucxoAr,rJru ncurrumz, u 4
"cnoKofiHble" rpynuu 6eg gauerHux [prr3naKoB aKTrrBHocrn. B ra:xgorl rpyure r.r3yrraJrr,rcb
ToJrbKo re flrrua, Koropble BI{AHrI a ll.-e lorurorrleHr{r.r. Becr na6lro4arenrnrrfi uatepuan
coAepxr{TcflI ra6n. 1.

Pery.nrrarrr na6.nrcgeunfi

@otouerpnqecKaf, o6pa6orxa c[eKTporpaMM ocyulecrBJrrJracb na unxpo$oroMerpe
uHTeHcl{BHocrefi c 3allrlcblo AaHHbIx Ha MarHr,rrHylo JreHTy. Ha xax<gofi cnexrporpauue
cKaHl{poBaJrocb rro rrecKoJrrKo pa3pe3oB s o6racr[ Jr[rHHr.r HeI c pasperueHr{eM Ha [JreHKe
0,2"x2". \arttnefiwar. o6pa6orxa [poBoArrJracb Ha rrepcouaJrbHoM KoMnbrorepec

26.07.81

l 1.08.81

2l .08.8 I

19.05.81

0,82 22.05.81

28.05.81

r I .08.81

31.03.83
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0,88

0,94
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pnc.2. flpo$unn lrnulr HeI 10830 A n cnerrpe reHII coJrHeqHblx rlrreH rr xpoMoo$epe

1-3 - npoQnmr JIITHIM B TeHr nrreu;4 - rrpoQrnb JII'IHrlrr B xpovocQepe

[oMorrlbro [aKeTa rrporpaMM, pa3pa6oTaHHoro coTpyAHIlKoM o6cepBaTopuu C.I' Cepre-

EBbIM.
Kaxgufi creKrp HopMIIpoBaJIcs. K cBoeMy JIoKaJIbHoMy KoHrI{HyyMy. fIpI'IBf,3Ka K

AJr[HaM BoJrH r{ flocrpoeHue gucuepcllouuofi KptrBofi ocyqecrBJrflJlrrcb no Ha6[IoAaeMbIM B

cleKTpe rrufiifrsw aTMoCQepHOfr rogu. Paspeerr, [pIIHaAJIexauIue oAHoMy I'I ToMy xe
o6.5erry, ycpeAHsrtucr.- IlpoQunv fiv:autt leJITfl" I,IcnpaBJlrn[cb 3a 6JIeHAIIpoBaII[e

AJrrrHHoBoJrHoBbrM KpbrJroM Jrr4Hrrrlr SiI l, 10827,14 A uo MeToAuKe, orrrrcaHHof B crarLe
Il[ep6aronofi u gp. t5]. flpoounir4 rrfritutut, roryqeHHble_ HaA_TeHbrc rlf,Terr, 6bIJrI{

pe[yqupoBaHbr 3a pacceruHbrfi cier uerogoM, onrcaHublr'l M. Co6orrofi [6]. Bcero nduu
burro ,rbryoeHo 11 rpoefrileir'rtunnfiB rurruax c pa3rr{rrHblM par3MgpoM r.rx reuefi.

Ha pnc. 2 npegcrirneubr AJrrr rprrMepa npoQnnr ilvatut tfel lOa:O A n texr rpex coJr-

Herrubrx rrrreH, a raKx(e [po$unr $poruocQepbl 86illr3u aKT[BHoft o6racrl'I. ffa Bcex [ory-
rreuubrx npo$unax usuep.anacr my6uua rJIaBHoro KoMrIoHeI{Ta rpl,IrlJrera Rg B e[nH[IIax

KOHTrrHyyMa, eio UIlapI,IHa Llulp B aHrCTpeMaX Ha IIOJIoBtrHe I{HT9HCI{BHOCTII, OKBUBaJIOHT-

Hafl rrrupl{Ha BCerO Tpr,IIIJIeTa reJI}If, W;B vrfiilIfiiaHrCrpeMax' a TaK)Ke OTHoIueHIIe'rIy6nH

cI,IJIbHoro II ciladoro KoMIIOHeHTOB r = R0 IOSSdRO 1OSZS.

CpegnexoagparurrHbre ourll6Kn r.BMepeHrrfi [apaMerpoB rIpoQrrrf, JII'IHrIIi o[peAeJlflJlr{cb

ro MeroAy, npe[Jroxeuuoruy Il{ep6axosrrM r Ap. t7]. Onu coctaarflIturre 6onee 57o \trx
rry6unrr rrx:f.ifivt I,I He 6oJlee l07o iltts IloJrylunpuHbl

Ocnosurre AaHHbre rro r{3MepeHrrrM rrapaMerpon upo$nilfl nrtrttvtv. E TeHrr rlrrelr,
xporuocSepe u rIeHTpe gucra Colnrla HaxoAf,Tcr B Ta6JI. 2.. B aepxnefi 'racru ra6rl'rqbl
.rtnn"rrf"riu, pesyrruriru, An, rpyrur c cunrnofi EcrlbllrrerlHoft arcnrnocrblo, a B ruax<nefi

qacru- Alrr "c[oKofrHrrx" rPYnn.

O6cyxgenne pe3yJrbraroB

VIz ra6l, 2 swgtto, rrro rJly$r,rubr JrrrHr{E rJIaBHoro KoMrIoHeHTa rp[[Jlera HeI n

xpor"rocSepe HaA Tegbro [sreH B '1,,3-3,"L paaa 6onrue, rIeM B xpor,aocQepe r6nrasll rpy-IIIIbl

,rrr"r, ii t,7-3,1 pasa 6olrure, rreM B rIeHTpe ArrcKa. floriyuupunbl IIIrHurr MoryT 6bITb

6onrrue lrJrr MeHbrrre, rrooroMy ocHoBrrofi BKJTaA B u3MeHeHne gKBIrBaJreHTHbIx ruuplrH

rfrHr4u BHocRT ee rly6una.
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Ta6an\a 2

cos 0 Ro A1.r/2(A) Wr(r?A) ,(nartrerp reur,r

IIflTHA

llpurrevarrua

l,00
0,82

1,00

0,92

1,00

0,93

1,00

0,84

r,00

0,91

0,08

0,r8
0,30

0,17

0,2t
0,29

0,10
0,r7
0,31

0,06
0,07
0,22

0,r8

0,07
0,14
0,19

0,23

0,r8

0,1I
0,11

0,20

0;10
0,11

0,23

0,09
0,13
0,19

0,90

0,81

0,87

0,73

0,73
0,73

0,85

0,72

0,89

1,07

I,l1
0,77

0,84

0,70
0,77
0,80

0,93

0,86

1,01

0,84
0,77

0,85
0,63
0,82

0,63
0,53
0,7r

85

160

290

162

204
260

100

143
240

69

8l
229

210

63

137

195

286

196

104

100

195

100

100

182

90
136
182

4,0

3,0

2,7

4,2

3,9

3,7

3,8

4,2

4,0

3,0
2,8

3;r

3,0

27"

20"

I{enrp gucra
XpouocQepa
Teur nrT ua

I-leurp gucxa

Xporr.rocQepa

Tenr nsrna

I{eurp gucxa

XporraocQepa
TeHr'nqrHa

Ileurp qrzcxa

Xporr,roc$epa
TeHb nqrHa

Tesr nsrxa

I-{eurp gncra
XpolrocQepa
Teus nsrsa

TeHr ncrHa

Tesr ngrna

I{eHrp gucxa

Xpouoc$epa
TeHE nqrHa

I-leurp gucxa

Xpor',rocQepa
Tesr nsrua

I{eurp gucxa

Xpouoc$epa
TeHr nsrsa

I,00
0,87

1,00

0,88

I,00
0,94

4,0

4,3
4,1

3,4

3,8

4,4
4,0
3,3

3,8

3,8

2,5

2,8
4,2
3,6

10"

14"

t0"

20"

J

6"

5"

t8"

o'rnorueuuq KoMloHeHT Tpr,rrrJrera r Jrexar B [peAeJrax 2,5-4,1 rr, oqeBr{AHo, coor-
BercrBylor onTI4tIecKI{ ToJIcroIi cpeAe HaA TeHr,to rrrrreH. Kar nrguo rr3 Ta6Jr. 2 u pnc. 2,
ycvile}Il,e IILr}Iprrr B crleKTpax reHI{ nrreH He [OKa3[,rBaer 3aBr4cr{Mocrrr or pa3MepoB TeHrr.
Mox<uo roBopl{Tr, ToJIbKo o 66nruelr ycwrretktu orort Jrrrur{a HaA TeHr,}o rex firreFr,
Koropble npl4HaAnex<ar Bc[bIIrreqHo-aKTTTBHLIM rpynlaM. Taroe yc[rreHlre rlor;roqeH1r,
I'IHSpaKpacHoro rpllfiJlera reJII{fl HaA TeHbrc coJrHeqHbrx flqreu, [o-Br{ArrMoMy, Mox<er
CBI{AeT9JIbCTBOBaTb O HaJIIIqIIU AOIOJIHI{TCJIbHOTO I{CTOTIHI{Ka BO36yXAeHr4-g MeTaCTa6r.rrL,-
HOrO ypoBr{rr 235 retus.,

flo na6nrogeHllqM co cnyrHI,IKa "Cxarina6" n ynr.rpaSr,roJreroBr,rx ilptlwflx @oyran [8, 9],
Ooyran I'I Ap. [l0], Yenr n Moe [11] o'rrr,rernnr,r HaJrrrque B nepexo,qHoM cJroe HaA reHbro
I]TH BblcoKoreMlleparypHblx o6nacteri c srleKTpoHHorl TeMreparypori oKoJro 30 000-
70 000 K. I4cxogx r{3 eroro Mo){<Ho npeAfloJrox<[Tr,, rrro flpr{rrr.rHori yc:arre:rlar tprrtt4t4 norro-
uIeHI{, HeI 10830 A nag reurrc flBrficrc . BbrcoKoreMleparypHa, o6.nacrr,, npIaBoAq11laq K
AoloJIHIrTeJIL,HoMy 3aceireHfiIo MeTacTa6lrJrbHoro ypoBHq 235 renws oJreKTpoHHbrM yAapoM.

0cuonnrre BbrBoAEr

IIwtus, HeI 10830A ycr{rreHa B xpoMoceepe HaA reHb}o ilrrreH B 1,3 -
cpaBHeHr{ro c oKpyxarcqefi xpouoc@epoli.

Yculeuue JII,IHI{I{ rerl{q He 3aBr{cr{T or pa3MepoB TeHr.r rrrrHa, Ho oHo 6orrure so
Bcrrb[uerrHo-aKTr{BHLIX fpynflax.

Mafi 1992 r.

3,1 paea lo
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oEHAPyxEHuEKoPoHAJIbtIbIxAbIP"IIoHAEJITAEH}IflM
B JII{HI4}I HeI10830 A

E.B. MalanYuIeHKo

paccuarpunaeTcr MeToAHKa^ o6texrfinHoro o6uapyxeuux KopoHaJIbHLlX AbIp Ha xaprax co;ruqa,

noryr"rror* B JrltHltu HeI 10830 A, no qoyu Kp[Tepr.IrIM: npeBbIUeHH]o ,IpKocrlr H [oAaBJreHI'lto xpor'roc(lepHoIt

cerxlr. B KatrecrBe nepBoro 3Ta[a oHa BKJrroqaer yqer HeneplleHAl.rKyJlflpHocrH ocefi cxaulrponaHl'Is, yqer

noTeMHeHHf K Kpar6, nepeBoA Kap'I B leJllrOrpaQnvecxyro cI'IcTeMy KoopAHHaT. flpunogarca KapTbI' noIyqeHHbIe

24 v 25 ceura6pl 1990 r. u 14 Hronq 1989 r., ua KoTopL,tx o6uapyxeHr,t KopoHaJIbHLIe AI'lpbI IIo nepBoMy

Kpr.rTepHro - [peBblueHHe rrHTeHcuBHocTrr HaA ypoBHeM HeBO3MyUIeHHOTO cOluqa' flpeglarae'rca MeToAIIKa

onpeAenegrrrl KOHTpac'ra xpOrrlocQepuOii cer*H. KOnlt'IecTBeHHO noKa3aHo' 'lTo s o6Iacru xOpoualrHoii gupu

*o*"afu". xporrrocsepuoft i"r*, norr*"n, fitt auatuza npocrpaHc'rBeHHLIx qacror HCnorL,3oBarcq cexaeHrHblii

ararm:. O6napyxeuil o6lacrn c noganleuuOit xpOraoctpepnofi cerxofi, Ho c HHTeHcl.lBHOcTsro, ne npenltularOqeft

HeBo3Myu{eHHbIii yPonenl'

THE C0R0NAL HoLEs MAppING usING THE HeI 10830 A LINE OBSERVATIONS, bv

E.V. Malanushenko. A comprehensive technique for the coronal holes investigations and mapping using solar

otr".ruti*, in He 10830 A line according to twoiriteria: brightness excess and chromospheric network supression, is

suggested. First, non-perpendicular direction of cr and 6 axes, rim darkening and the heliographic coordinate conversion

should be accounted upon. The coronal holes mapping according to the first criterium: the intensity exsess over the

urp".L.t"a Sum taken during September z+ and'25,1990 and July 14, 1989 is revealed' Chromospheric network

black-and-white characteristics are qualified. According to the quantitative analysis, the chromospheric network

contrast is lower in the coronal hole region. The spatial frequencies are analyzed sequentially. The regions with

supressed chromospheric network and the intensities not exceeding the unperturbed level zire found.

Bnegeuue

KopouantHsre nr,rpbr xopouo BrrAHbr B peHTreHoBcKI{x JIytIax rr B yrbrpa+I{oJlere. B

JrrrHr,rr{ HeI 10830 A ux o6napyx(eHr{e BecbMa cy6'beKTuBHo I{3-3a cJloxHocrrr o[peAeJIeHwI

[oTeMHeHI{fl K Kparo, ypoBHrI HeBo3MyLIIeHHoro CoJIHI-Ia t,r o6napyxeHl'Ifl xpoMocSepuoIl

CeTKrl Ha KapTaX, Kpurepuarrlrz O6Hapy)Kenuq KOpOHan[,HbIx ALIp CJIyx<aT [OBbIIIIeHI{e

qpKocrr.r sa 247o I4 [OAaBJTeHI'Ie xpoMoc+epHoll cerKI'I.

Hanrert qenbro flBrrflercfl co3Aaur.re o6'r,eKTu^BHbIx MeroAoB o6Hapy)KeHufl KopoHailr,Hblx

Abrp 11o Ha6[ro[eHr.rqM B JrrrHr4r,r HeI 10830 A. ga ocHoBy B3srbl rpI'IBeAeHHbIe BbIIrIe

KpIITepI{I{.

Ha6nroAeHus

B re.renue [ocneAHrrx rpex Jrer o KpAO Ha renecKone ECT-2 [poBoAlIJIIrcb Ha6rlo

AeHlrq Conurla c yHI.{BepcaJIbHbIM creKTpo$oroMeTpoM B rruHlIE HeI 10830 A'
trluSoprvraquq 3alucblBaJlacb B BIrAe KapT coJIHeaIHofi noBepxHocTI'I [o MeToAI{Ke,

@ E.B. Ma.nanyurbnxo, 1995

22



oflrrcaHHofi n [1]. CrauupoBaHrre gr.rcra Connqa ocyilIecTBJrflJrocb rleJrocrarHbrM 3epKaJroM
rlo c[ I{ AoloJrHI{TeJIbHbIM uo 6 c urarou ot 1" tt 6oruue B 3aBI{cLIMocrr{ or [ocraBJIeHHbIx
3aAarr. Ha6rro4eunf, rrpoBo[r{Jrr{cb B [epBoM rroprAKe graQpaxqlronnor)r peurerKr{ c
Ar.rcfleporelt 1,5 A/ur'r.

Yuparneuue [poqeccoM na6nrogenuri ocyulecrBrqrrocb c noMorrlr,rc KoMlb]orepa, rrpl,I
eror',r uH$opMa\ws.3arrrrcblBaJracs n Safinu AJrf, rrocJreAyroqefi o6pa6orxu. Cxeua roly-
rreHr4fl lilr$opruaqnu or QoroueTpa TaKoBa, r{To pefr{crpr.rpyercfl BpeMf 3apflAa eMKocrr.r
KorrAeHcaropa Qororrrerpa Ao orpeAeJreHHoro ypoBHq, Ecnn uplr cKaHrrpoBaHr{r.r qeJrb

Qo'ror'lerpa BbrxoAr{T sa rpafi Connqa, To BpeM, roJryqeHrq nu$oprtlaqn[ o qpKocrr.r

3Haqr.rreJrbHo yBeJruqr,rBaeTcr. [osToMy B [pofpaMMe ylpaBJrenu.f, Ha6nrcgenraaun 6un
[peAycMorpeH yqer pa3MepoB Coruqa H ocyuecrBJrenr.re ua6rrogewufi. ToJrbKo [o Ar{cKy,
qTo coKpalqaJlo BpeMfl floflyqeHllq KapTr,r, Ho BHoc}rJro HeKol'opbre croxHocTlr B

o6pa6orxy Ha6rIoAeHLIfi. ,[nr uonurueHr{f, ToqHocur ua6rrcqeuurl u ylrelru[reHr.rr trryMoB
rIpHMeHqJIacb MeToAI{Ka LI3MepeHr.u cKoJrb3flqero cpelHero AJI' Kax[oro [r,rKceJra
nso6pa>xenna. [pyrort oco6ennoc:rbro a[flaparypEr r{ flonyrreuu],rx Kapr qBrr[acb
HerlepleHAlrKyrqpHocrb oceli cKaHr.rpoBaurrfl rrplr cKanrrpoBaHlrr{ [oBepxHocrn Coluqa,
fipuqeM 3HaqeHlre yrJra r.r3MeruJrocb rro BpeMeHr.r.

3a npeux Ha6rrcgeuuit ua eroft a[flaparype 6uno nonyveuo 6onruroe KoJr?rr{ecrBo Kapr
B IrLtHkr4 HeI 10830 A u n rprrJreralou{eu r ueri KoHTr,rHyyMe: 3a rrroHb-ceHrx6pr, 1990 r. -
oKoJro 30 xapr, 3a lrrour,-oKrx6pr 1991 r. - 6oree 60 rapr.

[epruunar o6pa6ota xapr. ,[nr sroro Heo6xoAr4Mo paepa6orar:r, yur.rBepcaJrbHyro

MeroAI,IKy nepnr,runorl o6pa6orxu Marepr{aJra, BKrroqarcqyro yrrer reMHoBoro roKa,
KoppeKqurc HeIrep[eH[rIKyJIspHocrI{ oceft, yver [oreMHeHr.m K Kparo, fiocrpoeHrre Kapr B

renraorp aQuqecKr,rx KoopAr.rHarax.
Yqet telrxoBoro roxa. fleperog AaHHbrx ua6lrogenurl B r.rHTeucr{BHocrr,r lr yarer reM-

HoBoro roKa rrpoBoAr.rrcq ro $opruyre I(i, j) = UT(i, j) - llT, r1e I(i, j) - 3HarreHr,r, r,rHreH-
clrnnocrert, fQ, il - AaHHbre, [ortyqaeMbre npu ua6lrogeHr{f,x, I - .reMuoaoft rox Soro-
Merpa, (i,7) - uouepa rrrKceJroB.

Yver ueneprlenArrKyJrrpuocrn ocefi cKaHHpoBaHus B noryqeuuorr nro6paxeHuu. flna
orIpeAeJIeHI,Ifl yrJra He[ep[eHArrKyJupuocrr,r 0 crpolmca 3aBrrcrrMocrb cyMMbr S(0) =
= E(l - F2(i, j - 1,0)) or 0,rge FQ, j- 1,0) - xoe$Quqr.renrbr Koppernt\L\r4 KaxAbrx AByx
rrocJreAyroqrrx cKaHoB Mex<Ay co6or1. 3arepr Arq yrla, [pr,r KoropoM gra cyMMa
MIrHIrMaJIbHa, [pol{3BoArrrcq KoppeKrlrtfl vHTercrtBHocrr{ B xaxcgofi TorrKe raso6paxeunx
Mero[oM nuuerlnorf lrHTep[orqqrrr{ Mer<Ay roqKaMri.

Yser notelrHeul{fl K Kparc. floreunenrae K Kparo aflfipoKcr{Mr,rpyerc, auart,rrn.recxofi
Syurcqueft, rpegJro)KeHHoft s [2]:

rfle p = cos V, \y = V(i, "t) - yrJroBoe paccrorHr.re roqKr.r or UeHrpa ArrcKa; I(tt) = I(pt(i, j)) u Io

- 3HaqqHr.r.q r,rHTeHcrrBHocrr{ B TorrKe (i, j) w B rIeHTpe Ar{cKa coorBercrBeHHo; tt,1J,w -
oM[EpI{tIecKI,Ie ilapaMerpbl, 3aBr,rcqulue or AJrr,rHbr BoJrHbr. Ilapar'rerput ra6ynr.rponaHbr Arq
IIIIpOKOTO AI{a[a3OHa AJII{H BOJIH, aITO IIO3BOJrqeT, a[[poKcr{Mr.rpy{ Mex<Ay TorrKaMI,r,
nr,I6pars 3HarreHI{, uapaMerpoB qna pa6ouerl AJrr.rHbr BoJrHbr. <Dynrqr.rx olpeAeJreHa AJrff
KBa3I{KoHTI4HyyMa, oAHaKo npu ua6nrogeHr4qx B Jrptrrrrr HeI 10830 A rr.rox<uo Aonycrr,rrb, qro
[oJIyqeHHLIe [apaMeTpbl UpLIMeHLIMsI B ,Ape cneKTpaJlbuori tranur,r. [ru npanlrnr,Horo
yqera [oreMHeHrrrl ueo6xoguttlo yrorrHI,ITL floJrox(eHrre rIeHTpa gucra Colnqa I,I IIIara
cKaHLrpoBaHLrs., a raK)Ke nogo6parr, KoppeKTr.rpyloqlre napaMerpbr /-;n !r 1621' r,rMeroullre
cML'IcJr rpaHI,Iq I,I3MeHeHI,Ix reoperr{.recKux 3naqeHur)i rroreMHeHr{s gnx o6pa6arbrBaeMoro
tlso6paxenut. 3areM rIpoIr3BoAI,ITca npeo6pasoBaHr{e r{HTeHcrlBHocreft s raxgofi TorrKe
uso6pax<enua no $opr,.ryne I(i, j) = [(l(i, j) - f.in)/(I.u* - I^i]li(i, j), rge ln in u 1.u* 3naveum,

,(p) = # = u+v(7-,i*rr"[3L).,r[u,,[5-t)-,"r],
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uoryqaeMbre flplr oflrr.rMrr3arlurr. flpoaegenue [oBepxHocu cqrraercf, yAoBJrerBopureJlb-

HLIM, ecrfi 3HarIeH[, HopMl{poBaHnoft ranrencl{BHocrll He 3aBlrctr or Ilo3ulluoHHoro
yrJra \r.

Ileperot uoo6paxeuufl B reoJrrrorpaSuuecxue KoopAunarbl. flpeo6pasonaHlae nao6pa-

:xentrfl yrracrKa floBepxHocru Comrqa n reauorpaQuqecKyrc cucreMy KoopAnHar npoBo-

Aurcfl c [oMorrlbrc rroeireMeHTHoro npeo6pa3oBaHl,Ifl AeKaproBblx KoopAIIHar u:o6pa-
xeHr{fl n relnorpaQuqecKyrc c}rcreMy no Qopr"rynaM us [3]. flocrpoeuue panHouepnofi

cerKrr sHa.reHuft ocyqecrBJrrerc, craHAaprHbIMLr MareMaruaIecKLIMIr cpeflcrBaMu [JIfl
o6pa6orxu rrco6paxeHuft .

Yporenr HeBo3MyrrleHnoft nonepxHocrlr onpe[eJlrerc, KaK MaKcI{MyM rl{crorpaMMbl
HopMr,IpoBaHnbrx uHTeHcurnocreft, [oc'TpoeHHori gna uonnofi xlPtrr. fhrna lrMeK,T IIIHTeH-

cusHoCru or 20 go 107o, QtorryJrbl - l0-8%o, BoJIoKHa -7-3Vo HIDKe HeBo3Mylr{errHoro

ypOBHfl, KOpoHanbHbIe AbIpbI - l-3%o BbIIIIe HeBo3MyII{eHHoro ypoBHf,, tITo corJlacyeTcfl c

qiHurrMr.r [4].
B xaqecrBe [p]rMepon o6uapyxeH[s KopoHaJrbHblx AbIp u aKTrrBHbIx o6pasonannfi uo

rpnrepuro ,pKocrlr Ha pflc. 1 npuqogrrcr Kaprbl 24 u25 cenrt6pt 1990 r. Cranraponanre
lpou3BOAIIJIoCb no u"eft nonep"HocTll Colnqa, pa3Mep [uKceJIa 34" X34", o6pa6otra
,rpouogrru"r Ao 0,9 paguyca. Ha upunegeuHblx KapTax BIIIHbI aKTIIBHbIe o6lacru,

"oorr"r"ruy-qlle 
B Ho o6nac.txr"r NOAA Nb 6278, 6279 a 6280 [5]' II BoJIoKHa. Ij i1p:u*

r o6nacrn.fi = 11o, L = 55" orrrerJrrrBo BrrAHa crpyKTypa pa3Meporta 6onee lO" x10o co

3HarreHurMr,r r{HTeHcuBHocTr{, [peBbllrraroqtlMrr Qon ua ZVo rl 6otee. Yqurrlsas yctofi-
rrl,rBocrb o6pasonanrr Bo BpeMeHu r,r ero pa3Mep, MoxHo [peA[oJIo)il'ITb, tITo ero Kopo-

HaJrbHat Ablpa.
Ha puc. 2 ,pru"g"ra KapTa 14 trtotrt 1989 r., uoryqeHHar c pa3pellleHue-u 

_51' 
X 5" u

nocrpoeHHafl B reJrrrorpaQuuecrux Koop[uuarax c pa3peueHrreM 1" x lo. Ha rapre
orpeAeireHbr ABe aKrrrBHbre o6Jracrr.I NOAA Nb 5589 u 5590 [6], u gse o6laorn, I'IMeIouryIe

rrpeBbrrrreHlre ugTeHcrrBgocrrr HaA Qonorra 6onee 2Vo la'rroganteEl{e xpoMoq$epnoft cerKrl,

Koropbre MoxHo r,rHTepflperrrpondrr KaK KopoHanruue 4upnl. IIo [6] TaKxe lrMelorcf, ABe

KOpOHaJIbHbIx AbIpbI B IICCJIeAyertaOfi O6laCrlI nOBepXHoCTU COIrreqHOTO AIICKa; ux

.roro*"rr" n xon$urypallllfl coBuaAaeT c [pIIBeAeHHbIMII Ha pl{c. 2. Ha rapre uM'eeTcfl'

TaKx(e o6nacrr c [peBbufleu[eM r.rHTeHcLIBHocrrr uag Sonou c KoopAuuarauu B = 15" u

L = 55o,oAHaKo crpyKTypHbre o6paaonaHl,Ifl, noxoxr{e ua xpor',rocQepnyb cerKy, u MaJrbIe

pa3Mepbr o6tacrurro3BoJrrror cAeJrarb BbIBoA, qro era crpyKTypa KopoHaJrbHofi gupofi ne

flBJl'fleTcf..

,[nr uoruureH[q HaAexnocru o6Hapy:reHLIrI KoponaJrbHblx 4up'6ula cAeJraHa noIrbITKa

paspa6orru MaTeMaTuqecKoro Kpureput, rIyBcTBrrTeJrbHoIo K Ir3MeIreHuflM B

xporraoc6epuori cege. ,[lx eroro 6un upurreueH ceKBeHrnrrfi analns, lnnarorquficx
cleKTpaJrbHbrM agalru3or*l Qynrqnft flpocrpaHcrBa I{JII,I BpeMeHu, ucuoJlb3yroqnfi cllcreMy

KycorrHo-rocrorulr5lx 6asuinrtx Synxqufi @ypre-YolruaUl. Atts' uao6paxcenux crpol{Jlcf

o6pae uyteu AByMepnoro yonu-upeo6pa3oBaHl{r uo Qopuyle
1

K 0,, = h2 r (i, j)w k?)w ta,

rge 1(i, j) - pacnpeAeneHlre r{HreHcrrBHocrlr, wk(i),wt(D - oAHoMepnue Qynxqnr Yonura,

m - sltcfio rrlrKceJr. Kaxgrrfi us roeSQuqueuToB Yonura,cBf,3aH c onpegenenuofi

npocTpaucTseHuOfi vactorofi, a ero BeJItrTILIHa IIO MOAyIIO xapaKTepl'I3yer nraag etofi
qacrorbr e o6ulyro KaprrrHy. Ilso6paxeur{e B rrHTeHcrlBHocrflx Mox<IIo noirytlrrrr,

o6parnrrrr,r npeo6p aaonaHl{eM

I * (i, i) = >KaN k(i)W tU)'

p,uru K1,,1pacloJroxil{Tb B [oprAKe y6rrnanua qacror, To KpynHoMacrura6nrre crpyK-

rypbr oflrrcbrBalorcs HarraJrbHblMu roeSSuqIreHTaMI,I, a 6olee MeJrKI4e AeraJlr'r - Aanb-

"Lfi*rrr. 
Ecuu neo6xoAl,IMo rlpol,I3Becrll roppexqurc uso6paxeHl{t, To MoxHo I'I3MeHI{Tb
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(:aHynurt) coorBercrByroqrre grr{M rracrorar'a roeSSI{qI{eHTL,I I'I 3areM BbITIOJIHI'ITL

o6parnoe rpeo6pa3oBaHI{e.

,[la ncclegoBaHl{fl IIpocTpaHcTBeHHbIx aIacToT 6ula slt6paHa IIpe[bIAyIIIa, KapTa,

rroryqeHHaq c pa3peueHlaeM, IIO3BoJIrtoqI{M I'ICcneAOBaTb xpOr'aOc$epuyrO Cerry. ,[na
BbrAeJreHHoro yaracrKa r{cxoAHoro [3o6paxeHllq 6bulo [ocrpoeuo I'I3o6paxeHl4e 30o x 30o

C pa3peueHrreM 0,5o X 0,5o, 3HaqI{TeJIbHO MeHIIIII,IM xapaKTepnoro pa3Mepa

xporraocQepuori cerKr4. flolyveuuar 6onee nogpo6naq qacrr Kaprbl rIpI'IBeAeHa Ha pr4c.-

3-, a,3aiey- Bbrrrr4cJreHbr nce roe$SuqrreHTbr Yonrua rI npu o6paruolvl npeo6pa3oBaHl'Il{

ocTaBJreHbI TOJIbKo O[lIcbIBaIouIIIe [pOcTpaHcTBeHHbIe cTpyKTypb] pa3MepOM Or 3,2" u

MeHbrIIe. Peaylr,rrpyrcqee Ll3o6paxeHl{e [pI{BeAeHo Ha plrc. 3,6.Bul.tto, aITo B o6JIacTIr

KopoHanbHoIl guprr uMeeT MeCTo IOAaBJIeH]IS xpOr'aocSepnoli ceTK[. Ognaro Ha KapTe

*u6roga"r"fl eule oAHa o6nacrb c roAaBJreHHoIi xpoMoc$epnofi cerroli, I'IHTeHcI4BHocrL

xOrOpoti He npeBbIIIIaeT ypoBHq HeBo3MyIIIeHHoIo CoJIHI{a. TaKI'IM o6pa3oM, TqIIbKo BTo-

pofoKpIITep[qoKa3blBaeTcflTaKx(eHeAocTaToIIHoAI,yBepeHHolooToxAecTB[eH[q
KOpoHaJIbHbIx AbIp.

Ilocxonr,xy rracTorHllri aHarrrr3 [OKa3L,rBaer xopouyro tlyBcrBlrrenbHocrb B orHolrleHrrlt

xpoMocQepHoil ceTKLI, To HeO6XoAI,IMO aHaJII{3I'IpoBaTb 3HaaIeII[fl rrpocTpaHcTBeHHr]J

rrircror AJrr KaxAort TorrKrr r.r3o6paxeHr,r.fl. flra eroro flpeAfiaraercq aJIrop]ITM, ocHoBaHHbIIr

Ha reopl{Ir pac[o3HoBaHua o6pason.
IIo xapie c KaxAbIM IIIKc9JIOM (1, ) cnx:r,InaeTcq "oKHo" pa3MepoM m X m rrvrcetr, A1fl

KoToporo Bblr{I{clqtoTCa xoeSQuqI{eHTbI Oyple-Yonua u IIccJIeAyrcTcq cJleAyrcIque

BeIr,r.II,IHbI: FO = KO,O - CpeAHee 3HarIeHI{e I{HTeHCI'IBHOCTLI B OKHe, KBaApaT KOTOpOII paBeH

cyMMe x1 KBa[paToB Bcex KoossuqueHToB 6e3 HyJIeBoro, I,IMercIqefi cMbIcJI AI',ICIIepcI'IlI;

"yn 
ru 12 BbrarlrcJr{orc, aHaJrorrrtlHo X1, Ho 6e3 yqera HyJIeBbIx I4 fiepBblx Ko3+OI'rqueHToB,

He llMerctqa fl. cTaTr4cTtlqecKoro aHaJlora. Pa:rraep oKHa I'I lopflAoK nx BufvparcTc' SM1I'I-

pr{qecKrr, pyKoBoAcTByflcb MacuTa6oM KapTbI I4 Tpe6oBaHlar.v,Lt AOCTaTOIIHOCI'}I pa3pe-

-"nrr. Anq o6pa6orru rapru 6un nr,t6pau pa3Mep oKHa 8 X 8 nuxcel, v1,u 40 X 4o' [nx
cKaHa co 3HaqeHr{eM B = 29" r{HTeHcrrBHocrb I,I noiryrleHHble c uc[oJIb3oBaHIreM

C9KB9HTHO;O aHanl{3a XapaKTepI'ICTLIKI,I B 3aBIICI{MOCTI'I OT KOOpAI{HaTbr L [pI{BeAeHbI Ha

pvc.4. floloxeuue cKaHa BLI6paHo TaKI,IM o6pa3oM,'ITo6bI cKaH flepeceKaJl KopoHaJlbHyro

norpy. Ha raxgorrl rpaSr.ffie [plrBeAeHbr 3HaqeHrls MaKCIIMyMOB rI{CTOrpaMM AJL

cooTBeTcTBylotqllx BeI[.I;H. I{s ipa$uroB BIIAHo' tITo B o6IacTI{ KopoHaJIbHoIl AbIpbI

lrMeeTcq 3HarrI,ITeJrbHoe [oBbIIUeHI,Ie ycpeAHeHHoIl I{HTOHCI{BHOcTll 14 yMeHLIrreHI'Ie

3HarreHrrri L1 u22, Heo6xogur,ao oTMerI{TL, tITo Ha rpaQllKe cL2Kpat KopoHaJft'Holi gstpl't

oarepqeHbr 6olee pesro, qeM Ha rpaQr,rKax, cBfl3auHblx c I4HTeHcI'IBHocrtMI{, u alerKo BI'IAHO

noAaBJIeHIIe M9JIKI,IX cTpyKTyp. Anall,re rpa$uKoB no3BoJIqeT cAeJIaTb BbIBoA o ToM' tITo c

rroMo[Ibto ceKBeHTHOfO aHaJrI,r3a Moxuo paccMaTpIIBaTb MaTeMaTI'IqecKI{ cTporo 06a

Kpr,rrepuq oAHoBpeMeHHo.^ 
[na nrr6panuoro paHee ytracTKa 6r,uu uocrpoeHbl KapTLI I'I3 3HarIeHUia FsuL1,

Koropbre [plrBeAeHL,r Ha pr.rc, 5. Ha rap're cpeAHux 3HarIeHLIIt orMealatorcq ABe o6Jracrl'I

uostiueuHbfi aprocru, oAHa cooTBercrByer KopoHaJlr,Holi gsrpe, Apyrafl - c[opHolf

o6nactu, o Koropori foBopr4Jrocb Bbrrrre, oAHaKO ITHTeHCI'IBIIOCTb ee [pI{ ycpeAHeHI{I.r

3Harrr{TeJIbHo cHr{xaercq. Ha rapre c X1 TaKxe Br,IAenslorc, ABe o6nacrl4 c TIoHITDKeHHbIMIT

3HaqeHIIrMII, flepBafl II3 KoTOpbIx CoOTBeTCTByeT KOpoHaJIbHoiI Ablpe' a BTopafl He IIMeeT

oco6eHHocTetl na xapre I,IHTeHCI{BHoCTeII. CpaBHeHI'Ie AByx KapT [oKa3LIBaeT' tITo ToJIL'KO

HAJIIIII}IC ABYX KPI,ITEPI'IEB OAHOBPCMEHHO NO3BOJIflCT YBEPCHHO OTO)KAECTBI'ITb

KopoHaJIbHy}o Ablpy' oAHaKo oI{epTaHI,Ifl I.paHI,III Ha 3TI,IX KapTax pa3JII,ItIHbI.

Ary gunoreilur-ero uccJreAoBaHl{q OCTaIOTCfl Bolpocbl, cBq3auHble c BLIpa6oTKOfi

eArrHoro Kpr4Tepr.r, tla11r1\z4s. KOpOHalrE,Hr,rx Abrp, floIyqeHIafl 6onee rto[po6Holl

uu$opuaqll, o ,* rpaHr,rqax. I,Iurepecno BL,IflCHI{Tb, aITO [peAcTaI]JIrtOT v3 Ce6fl CTpyKTypbI

na nOnepxnOCrU COnnqa C CI{JIEHO nOHIDKeHHrIM KOHTpaCTOU xpOr'IOCQepHOI:I CeTKI'I, HO He

,r"ar1r" oCO6eHHoCTerl n 14n1eHCrAsHOCTflx, I{ HaO6opOT, [OqeMy Ha KapTe C BLIA9IISHHOI}
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xpoMocQepHoli cerKofi orrIerJIlIBo npotBnflercfl Ha[paBJreHHocrb ,qeeK K o6racrr,r
KopoHaJrBHorf qrrprr, r.e. croeo6pa3Ha, ArrloJrrHar mpyrryp'a.

Moxcro cAerarr BbrBoAbr, vro Ha6nrogeurrs B nnnru HeI 10830 A, [poBoArrMbre Ha
BCI-2, u ux o6pa6orKa ro3Boirqror perrrarb 3aAaqy o6rexrr.rsHoro o6napyxeHr.u Kopo-
HaJrbHbrx Abrp.

Anrop rprruoclrr 6rarogapuocrr H.H. Crenansn 3a pyKoBoAcrno pa6orofi O.B. Yy-
MaKy 3a l{Aerc flplrMemeHilfl. ceKBeHTHoro aHaJrr,r3a gm o6napyxeHr{fl KoponaJrbHbrx Abrp.

Matr 1992 r.
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y[K 523.98

COBMECTHbIE PAMOHABJIIOAEHI,Ifl
COJIHETIHOTO 3ATMEIJl4fl. 11 IIrcJIfl 199L r.

C TEPPI4TOPUII KYBbI U MEKCI,IKII HA BOJIHAX METPOBOTO
AI{ArrA3OHA

().O. Oponcxrfi, M.M. florgnxxor, f.IrI. Illesqenxo* , O. Alrrapec,
P. Pogpurec, II. Creppa*

Bo npeur 3arMeun, Ha qacrorax 280, 260 u 235 Mfq xa6nroqarocr 3axpbrrr.re u orKpbrure r{croqHrrKa
paAl'Ion3ryqeHllc corHe.{Hofi uryuorofi 6ypu (IIIE). [.ne o6pa6orxu ronyqeHHbrx AaHHbtx npeAnoxeH MeroA
BbIAeJIeHI'L eQQerron 3arMeHnt, ncxarouarouluft Brfial/,v,e co6crseHHurx $lyxryaqufi uHTeHcuBHocrI
flccneAyeMoro [crorrHl{Ka. Brrecneno, qro IrrHpHHa rracrorHoro c[eKTpa $ayx,ryaqllfi IIIE yaenuunnaerc, no
Mepe pocra nx AJIIrreJIbHocrn. florox or [crorrHtrxa IIIE coc,ranrcn orono 26,3 .10-22 Br1uzyq. O6lac5
[3[yrreHn, IIIB nuela yrnoBr,Ie pa3Mepbl no ypoBHro norobrnnolt MoqHocrrr nopsAra2'x2']tpacnoJraranacb Ha
paccTorHl{I{ 0'08RO oT IIeHTpa nonyTeHl{ BocToqHoro rrTHa rpyflnbl nsren N 281. Ee eQQexrusnar
TeMneparypa oKa3aJlacb pannoft I"6q = 53 . 106 K. Bucora pacnoJroxeHur Hcrorru[Ra IIIB, oqenenuaa no
na6lrcqeHneu 3arMeHu, AByMc He3aBlcr.rMbrMr{ MeroAauu, 6srla B npeAenax 0,1 + 0,04Ro. flonyvexHrre
pe3ynbrarbl He nporlrBopeqar rllnore3e o6paaonauur IIIB ea cqer eQQexron paccerHue paAr{oBonH Ha
HeoAuopoAHosrrx gnexrpoHHofi nnorHocru colueqnofi a'ruoc$eprr.

JOINT RADIO OBSERVATIONS OF THE SOLAR ECLIPSE ON JULY ll, l99I IN CUBA AND
MExlco AT THE METRIC WAVELENGTHS,by Yu.F. Yurovsky, M.M. pozdnjakov, G.t.shevtshenko,
O.Alvarez, R.Rodrigez,P.Sierra.Thecoveringanddiscoveringofthesotarnoisestorm(NS)centerduringeclipseon
July 1 l, l99l have been observed at 280, 260 and,235 MHz. The method of the data treatment which is senietiveless to
the fluctuations of source is proposed. Extension of the spectrum of the NS fluctuations of source with the increase of
its duration was found. Flux from the NS source was of about 26 .3 . lO-22 W fu1H2. Region of the NS emission having
angular size of about 2 x2' and was located at distance 0.08Rs from the center of penumbra of the east's spot of the
spot group No 281. Effective temperature of the NS source was of ordei of 53 . 106 K. Height of the NS source above
photosphere was 0. I + 0.(XR6. The results of observations do not contradict the hypothesis on the origin of NS due to
radio scattering in the unhomogeneous solar corona.

@ Koruerrnn anropor, 1995

.*Kpuucxar acrpoQuuuecxaa a6cepnaropur. Kprru.**I,Iucrlrryr 
reo$uauxu u acrpoxolrwr, Ky6a.
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Ha6lrcqeuuf, coJrHeqnblx garuenr,rrl B paAr{oAua[a3oHe [o3BoJrsK)T BbrrBr{Tb Ha Ar,rcKe
Coauqa rrcrorrHr{Kr{ rroBblluenHoro paA]ror.r3JryseH\ts, u coflocraBlrrb rrx noJroxeHr{e c ourr{-
qecKr,r Br,rAlrMsrttru o6pasoBaHr{rMr{. flpu 6naronpr{rrHbrx oocrosrenrcrBax yHroBa, pa3pe-
marcqar cuoco6uocrr 3arMeHHoro MeroAa Ha6rrcgeunfi [peBocxoAl,rr Bo3MoxHocrrr cy-
rqecrByrcrqux Ha3eMHbrx paAuoreJrecKonon, B cBr3I{ c sruu 6rtra opraHu3oBaHa oKcue-

Wr\plfl, oretrecrBeHHblx yareubrx Alx ua6rrcAenuft sarMeuurl B rloiloce nonnoli Qasu n6nusr
r. Jla-flac (Oxcnax KannQopuur, Mexcnxa). PaproampoHoMuqecKafl rpynfla eKcneAHIIuu
pacnoJraraJra r,rHcrpyMeHTaMr,r AJrt na6lrcgenufi B Mr{JrJIrIMerpoBoM, caHTHMerpoBoM u Mer-
poBoM AI,Ia[a3oHax AJII{H BoJIH, .Iro o6ecue.rr{BaJro [oJIyqeHI{e cnegennfi o pa3rualHblx
cJrorx coJrHeuuoti aruocQepu.

PaguouotryveHr{e aKrr,IBHux o6lacrefi Comtqa B MerpoBoM AIlarB3oHe xApaKrepl,I3yercfl

AoBorrtHo cunrnoir u 6rrcrporl ugrrreH.rr.rsoctuo. flpra ua6nrogeuuax LI3 oAHoro rIyHKTa Ha

$one co6crBeHHbIx rapuaqnft I,IHTeHcI{BHocrI4 LIcrotIH}IKa AoBonbHo rpyAHo c
neo6xoguuorir roqnocrr,ro BbrgeJrlrru e$$ermr ero [ocrerleHHoro 3aKpbITIra AucKoM
Jlynr,l. Peurenr,re upo6neuu 3aKJlrc)qaercfl B lrcnoJlb3oBaHurr [apaJIJIeJIbHrtx na6mogeuuli
r{3 Apyroro rryHKTa, B KoropoM B paccMarpl,rsaeMrlfi HIITepBaJI BpeMeH}I I{cro}IHUK He

3aTMeBaeTcq. Pagnoctt yponneft [oToKa B,qByx [yHKTax B gToM crIyqae 6yger xnnarrca
rpsMbrM pe3yJrbraroM 3aKpbITI,II (otxputur) axtuauofi o6nactlt. Paayueetca,
xapaKTepr,rcrr{Kr{ anlaparypbr r o6oux [yHKTax Ha6nrcAeunft AoJIxHbI 6rtrt u4enruv-
HbIMII.

Vlcxogt rI3 grr.rx coo6paxeuufi Kpuucrar actpoQu3l{qecKa, o6cepaatopur
o6:oeguHula cBorr ycrrJrrrs no na6lroAeHrrrc 3arMeHrI{ c lt[ncrurytolnr reoQusuxn r,t

acrpoHoMr{r{ AH Ky6u, rye c 1972 r. rpoBoArrcfl peryJrrpHrte Ha6nrogenraa Connqa o
MerpoBoM Ar{a[a3oHe c [oMorrlbrc paAr{oreJrecKona, paapa6oraHHoro }r I,I3roroBJreHHoro B

KpAO. fina na6lrcgeHufi c reppr{ropuu.Mexcnrn 6un ugroroBJleH oKcrleAuquonultft
BaprraHT paAI4OTeJIeCKOIIa C napaMeTpaMLI, [O BO3MOXHOCTTI EAeHTUtIHbIMI'I

ycraHoBJrenHoMy B fanaue. floloca 3arMeHr{fl [poxoAI{JIa Ia no Ky6e, Ho raM ono 6rrlo
qacrr.rrrHbrM c MaKc[MaJnnofi $asofi 0,64. EnaroAap, reorpaSnvecxouy yAaJreHI,IK)

fasaHri or Jla-flaca (2400 xr'a), conocraBrrMrte o6crosreJlbcrBa 3arMeHl{fl HacryraJlu B

lasaHe npu6nusr.lreJlbHo Ha OAuH qac IIO3xe, qeM B Jla-flace, B pe3yJlbTaTe rlero

saxprrrue/orKpbrrr{e aKTrrBHbrx o6nacrefi npoHcxoAI{JIo B gTHx rIyHKTax B pa3rI,ItIHbIe
MOMeHTbT BpeMeHIr.

flogroroary aulaparypbr ra na6lrogeHfis s Jla-flace [poBoArJIa qacrb Mex(Aynapognori
rpyrrbr B cocraBe 0.@. IOponcxoro (pyxoBoAlrreJlfl oKcreplrMeuta), M.M. flosgnaxora u
O. Anrnapeca, n fanase -l.Vl, Illeo.reuxo, P. Pogpureca, fL Crepplt' Peaynrrarbl Ha-

6nrogenufi o6pa6atrtnaJrl,Icb B ta6oparopuu paAI,IoacrpoHoMI'Iu KpAO. SSeuepugu
3arMeHr{s gnr o6olrx nyHKToB 6ulu paccu}ITaHbl LI [peAocraBJIeHbI HaM corpyAH]IKoM
CAO A.H. Kop><anunuu.

1. Annaparypa

flocxonrxy paAr,roreJrecKonbr B o6oux [yHKTax orJrl{rraJrncb JrI,IIrrb HeKoropbIMI{
TexHoJrorr{qecKrrMu AeraJrqM}r (craquouapHrrtl tt oKcTIeAI,IIII{onHuri), To AJL o6ulero
[peAcraBJreHu, AocraroqHo npl{Becr}r [apaMeTpbl oAHoro rI3 HI{x'

Anrenna [peAcraBJrqer co6ori KoHcrpyKIILto ns 16 ceMLroJreMeHTHbIx aHTeHH tltna "BoJt-

nonort KaHar", cocraBrqrou{rrx oAHo rroJrorHo pa3MepoM 4x 4 u, flonorno aHTeHHbI pa3Ae-

JreHo Ha ABe paBHble lracrrr B rrJlocKocrr4 qacoBoro yrna, Koropble KoMMyrupyrorcfl p-i-n-
Ar4oAaMr{ (uogynarop) noovepegHo n Qase u uporgno@a3e c rlacrototi orolo 2000 Iq
(vac'rora ruogynaqnn). Hopr'ruponaHnrrir oTKJII{K paAl{orenecKona c taxorlt antenHori na

Lr3yqeHI,Ie TOqetIHOTO r{CTOtIHUKa B 3aBI{CI,IMOCTI,I OT erO yrJIoBoro IIoJrox<eHHt
orHocli?eJrbHo greKTp[qecxofi octl aHTeHHbI onucura'etc, B[,IpaxeHI{eM

U(r,6) = (l + cos <p, ;(l + cos rp6 )[cos(2g, ) + cos(2g + Aq)] x

x[l + cos(2gs )][1.+ cos(2t)][l + cos(26)] / 64,

32



g, = (2dfp I c)sint, 96 = (2rdfo / c)sin 6, Aq = n(/.p I fo -t),
rle / - yuroBaq KoopAr.rHara B [JrocKocrrr se6ecroro eKBaropa (uaconoir yron); 6 - yrJroBat

" Koopgl4Hara B nJrocKocrl{ cKroueHr,rq (yron crnoneuut); f, - pa6oual qacrora, Ha ro'ropofi
r.rccflegyercq aHreHHa; 

"fcp - yacrora nacrporiru Mogyrqropa (cpeguss); d - paccrotuue
Mexgy coceAnr{Mr.I aHTeHHaMr,r "BolHoBori xanar"; c - cKopocrb cBera.

Bo IE:6ex<aurre HeAopa3yuenuri rroAqepKHeM, qro orKJrrrK paAr.roMerpa rue aanaemcit
duazpauuott HanpaBfieHHocmu aHmeHHbL,Koropafl, $oprraupyerca s rarori cr{creMe KJraccr{-
qecKI{M cnoco6otr,t B coorBercrnuu c SasonbrM Ir aMrIJrI{TyAHbrM pac[peAeJreHrreM gJreKTpo-

MarHlrrHoro [orq B ulocrbcru pacKpbrBa aHTeHHbr. flocne cyMMrrpoBaHr,rtr gJreMeHTapHbrx

cocTaBJIgIouII4X CI{fHaJIa Ha Br,rXOAe aHTeHHbI LI TeM 6Olee IIOCne ero AeTeKTI{pOBaHI{f,
rEnSopr'.raqr.ra o Qa:e cocraBrrflrorqr{x cr{rHaJra reps,ercfl,, B pe3yJrbrare qero tro6r,re gatt-
seliruue MaHLTTIyJITIILTI{ c ero aunrrarygori npuHqunualtbHo He ilo?ym uaileHumb paapewarc-
ulyru cnocodnocma paduomenecKona, olpeAeJrqeMylo oTHoueHr,reM AJrI{HI,I BoJrHbr K
pa3Mepy aHTeHHbr. flpuueueuue Ar.rarpaMMori uogynaqr{lr B HarrreM cryrrae Bbr3BaHo

ApyTLIMI.I npI{aILIHaMrr. llsnecrno, qro Ha BoJrHax MerpoBoro Alrala3oua paAl{orpKocrb
He6a, csqgauHa, c paclpegeJleHHbrM r.r3Jryqenr{eM laraxrrxu, MeHrrercfl B 3aBr{crlMocrr,r or
HarpaBJleHrrx na6trogeuufi ot 200 go 2000 K. flpu nEr6paunux HaMr{ pa3Mepax aHTeHHbr
clrrHarl or raJIaKTIrtIecKoro $ona no Berr{ar[He cpaBHr.rM c cr{rHaJroM or HeBo3MyrrlenHoro
Conuqa I{, ecrecrBeHHo, ero HyxHo BbIr{I{Tarb rd3 cyMMapHofo [pl4HraMaeMoro cl{rHarra AJI{
loltyt1911r, cnegeuuli JrI4rrIL, o paA[orl3nyrreuuu Conuqa. Brrnolueulle erorl [porleAyprr
ocyqecrBlrMo pa3Jrr{qubrulr cuoco6auu. Moxno, Hanpr{Mep, qepe3 HeKoropoe BpeM,
rpoBecrl{ noBTopHbre ua6rrogenua'rofi o6nacrn ue6a, rge Haxogr{rrocb Conuqe B fleplroA
3arMeHlrq, Ir raKIrM o6pasornl HaIl'rI,I serLI.tI{Hy BbIrrLITaeMoro cr{rHaJra. Ognaro tarott rrle'rog
ArL gKcleAI,IqrroHHbIx ycnonr,rfi ne ygo6en, TaK KaK tpe6yercr B TerreHr,re AJrr.rreJrr,Horo
BpeMeHr{ rIoAAepx<rrBaTb Her,r3MeHHocTr, IIapaMeTpoB arIr1apaTyp[,r, trTo rpyAHo
rapaHTrrpoBarb rrpI,r ee notHori pas6opre rrpr.r rpaHcloprrrpoBKe, nu6o uyxuo
3Harrr,rTeJrbHo yAIIuHqTr, cpoKI{ 3Kc[eAr{rlr{r.r.

floerouy AJIfl yMeHr,IxeHI{fl Brrt4srttfl faraKTurrecKoro Qoua Ha BeJrr{rII{Hy
ua6lrogaervroro [oroKa Conuqa ML]r flpr{MeHrrnr.r gpyroft MeroA, ocnonannr,rri Ha MoAyJrsrILrr{

[lIarpaMMLI HaIpaBJIeHHOCTI{ aHTeHHLI, cyTL KOTOpOTO 3aKJIIolIaeTCfl B CJIeAy}OU{eM.
AH'reHna, noAKJrIotIeHHafl K nepeAarrrlrKy fiocroflHHorl uouluocrl{, B coorBercrBlrrr c
3aKOHOM COXpaHeHI{q gHeprul,I U3JIyrraeT B npOCTpaHCTBO OAr{HaKOBy}O MOrrIHOCTr,, HO B

pa3HL,Ix Ha[paBJreHlrqx, KaK npr.r cuuQaaHoM, TaK rr [prr flporr,rno$asuorra coeArrHeHr4rx ee
tIorIoBI,IH. Y.rr.rmtnaq oro rr rrplrMeHtfl [pr.rHrlr{[ B3ar{MHocrr4 [], r',rox<no yrBep)KAarb, rrro
ecJlrr aHTeHHa oKpy)KeHa paBnoMepHo aprofi c$epori, To KaK npn clrn$asHoM, TaK r{ [pr{
upo'rlrnoQa3HoM coeAI{HeHIrtx Ha ee Bbrxoge 6yger Bo3Hr{Karb cr{rHaJr ogrEnaronofi
MorqHocrl{. Ilocxorl,xy $asonr,rri AereKTop paAl.roMerpa Bbrlrrrraer orrr crrrHaJrbr, TO
oTKJIITK paArroreJrecKola Ha $oHonoe [3JrytreHrre 6yger orcy,rcrBoBarb. O'rcroga, n
qacrHocr[, cJleAyer, rrro lloJryqr{Tb paAr,roKapry (pacnpegeneHrre rrHTeHcrrBHocrrr crrrHaJra B

3aBI{cI{MocTI{ oT Ha[paBJlenua upuerrra) C [oMoIIIbto TaKorO paAIIoTeJIecKola HeBo3MOx<Ho.
Buecro paAIroKaprbl rroJIytrr{Tca npu6nrer.rreJrbHoe pacnpeAeJreHr.re rro nropor?
[poI,I3BoAHori. MtI He BbIqcHrrI,I, KaKyrc noJre3Hyro r.ru$opr'raqlto Mox(Ho rr3BJreqr, r{3
TaKOf O pacnpeAeJreHr,rrr.

Paguouuy.texrlre lanarT IrKI{ He {BJrqercs paBHoMepHbrM Bo Bcex Ha[paBJreHrrsx, oAHa-
Ko, KaK noKa3aJrI,I I43MepeHI,Iq [2], nosHr.rxaroulufi no erori npuarr{He r,reruarculur? crrrHaJr
cTaHoBI{Tc, cylUecTBeHHr,IM JII,IlrIb n gexa6pe-xHBape, KorAa HalpaBrreHrre ua Coluqe
npra6nux<aerc, K HalpaBJreHrrro Ha paAlro{pKr.ui qeurp falarruxa, r.e. Conuqe [poxoArrr
no o6ractu ue6a, rge BeJrr.rKrr [epe[aAbr qpKocrr.r.

Pesynr,rarr,I srI.rucreHull orKrII,IKa paArloreJrecKo[a rro [prrBeAeHHoMy Br,rue Bbrpax<e-
HI'IIo noKa3aHr,I B BI4Ae rpexMepHoro rpaSura Ha pr{c. 1. flo ocsr"r B ropr,r3oHTalruori
[IIocKocTI{ oTJIoxeHbI 3HaqeHlffi tlacoBoro yUIa / rI yrlla cKlroHeHr{f, 6 n rpagycax. flo
BeprI4KaJrI,I (ocr U(t,6)) - orxnux pagraorenecKorra B npor{eHTax K MaKcurr.ranruorir

2.Llsnecrus KAOI.89 33
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pnc. 1. BlrxoAsoft clrrsal paAHoMeTpa U(t,6) n npol{eHTax or U."* B 3aBIrcHMocTll oT yrJloBoro floJloxeHurl

TotreqHoro r{crotrHrrKa orHoclrrerl,Ho elexrpuvecroii ocH aHTetlHLI ( = 0' 6 = 0)

BeJrr{rrrrue U(0, 0). B csq:[ c cr{MMerpl{eft Sraryprr orHocI{TeJILHo nJlocKoctu 6 = 0 ua

pr{CyHKe rlpr{BeAeHa TOIIEKO ee tIaCTr,, CoOTBeTCTBytoqaq IOIOXI{TeJILHbIM 3HatIeHI{flM 6'

Bug r,r pa3Mep $urypsr cBI{AeTeJIbCTByIoT o ToM, tITo CIITHaJI Ha BbIxoAe paAI'IoTeJIecKoIIa

cyqecrBeHuo 3aBr{cr{T Jrr{trr}, or rtgJty.sefiufl., flpuxo[qu{ero I{3 HanpaBJIeHI'IIl B rlpeAenax

130o or gJreKTpr,rqecKofi ocu aHTeHHbr [o yrJry t n* 20" - rto yrJ]y 6. CnegonareJlEHo' ecJII4

B fipeneJrax 9TI4x Ha[paBneuutt I43JIyqeHI,Ie $oua panuoMepHo, To Ha BbIxoAe paAI'IoMeTpa

cr{rHaJra oT Hero He BO3HLiKHeT, B TO BpeMq KaK I'I3JIyrIeHIre TorretlHolo rrcTorIHIrKa,

Haxogfqerocf, Ha gJIeKTpLItIecKofi ocu aHTeHHbI (/ = 6 = 0), ora>xe:rcq [poMo-

lyrrr.rpoBaHH uu rua l00Vo.- 
An.reuua yKperrJleHa Ha [apaJrJraKTr.rrIecKoM floBoporuoM ycrpoiicrBe, cHa6)KeHHoM

[pr{BoAoM IIe qacoBoMy yrJly C KBaprleBoft cra6urrwzaquell qacTOTb] I'I sJleKTpo-

ylpaBJrreM1rM MexaHr{3MoM ABrlDKeHurI [o yrny cKJIoHeHIrr. floloca flpI4HI{MaeMLIx rlacroT

22iE3O0 Mlq, aureuHaq reMreparypa rrpu HaBeAeHITLI Ha HeBo3MyII{eHHoe COTIHIIe oKono

300 K, urr4pr,rHa rJlaBHoro JrerrecrKa ArrarpaMMr,I Ha[paBJIeHHocrlI -15o. flolnpusaqul
lprrHr4MaeMoro r43JryrreHrrs trfifieitmas,, eJreKTpIrrIecKI4Il BeKTop Jlexlrr B IIJlocKocrI'I yrJla

CKJIOHEHI{'I.
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Pa4uouerp MoAyJrf,rlr,roHHoro rr{[a, rrpflMoro ycur,enrts, AByxKauaJrbnufi c Bo3Mox-
Hocrbro uacrpoftxn Ha ABe lro6rre qacrorbr B [r,ra[a3oHe 22U300 Mfq. gynmBr{reJrbHocrb

[pr{ [ocrosnuofi npeueuu tr = 0,1 c panua LT = 0,6 K, uoroca flponycKaHr.r, KaxAoro
KaHaJra 10 MfrI. flna reryqeft xarr,r6ponru ycvreHufl. paAr,roMerp rrMeer acrpoeuHrrft ruy-
uonofi reueparop Ha JraBr{HHo-rrpoJrerHoM ArroAe, Hragro.racrorHa, qacr}, KaxAoro KaHaJra

cocror{T r,r3 cuHxpoHHoro Qumrpa, cuHxpoHHoro AereKTopa r.r BbrxoAHoro ycr,rJrlrreJrfl,
corJracyrcqero paArroMerp c caMorrucqeM rr{ra KCfI n auaroro-quQpoBbrM upeo6paso-
BareJreM 3BM. Becs 6lox paguor'rerpa repMocra6ulusuponaH c rorrHocrbro 0,5oC.

Peructpupyrcq[e yctpoficrna cocrosr rrs caMolucqeB rr,r[a KCfI gna Br.r3yaJru3aquu
ua6nrogaer'roro crlrHaJra r,r rllr$pouoro perl{crparopa Ha 6aae usuepnreJrbHo-BbrrrucJrr,r-
TeJIbHoro KoMrIJreKca (I,IBK) Vlcxpa-1256. flncxperusarlr{, aHaJroroBoro cr4rHaJra c Br,rxoAa
paAr4oMerpa rpol,I3Bogr,rrcs c qacrorofi 100 fr{ no KaxAoMy KaHaJry (100 orcueroa n 1 c).
Knanronanue crrrHaJra ocyulecrBrqercq Ha 512 yponueri (rovnocrs peu{crpaquu 0,5Vo
or U,nu*). Ilr,rQponort MaccI,IB B rlpoqecce.na6nrogeHrafi 3arrrdcbrBaercr. Ha v,vr:a:rrKaccerbr c
rIoMoIrIbIo IurarHoro uarnuroQoHa I4BK. MnnyrHue MerKH BpeMeHrr or KBaprleBoro rafi-
uepa I,IBK 3afl]IcblBarcrcfl Ha ry xe MarHr{rnyro JreHry BMecro 5998 u 5999 orcqeron
cI,IrHaJIa. Ha.ranrHul:t [ycK qacoB npor{3BoAr{Jrcs n o6onx [yHKTax rro curnaJraM ognori u
rorl x<e paAuocraHlluu WWV Fori Collins, Ho BpyrrHyro, B pesyJrbrare rrero rorrHocrb
rprrBr3Kr.r ganucerlr K rrrKaJre BceMr{pHoro BpeMeH}r W 6una nur:n -0,2 c. flpu o6pa6o1re ,
ua6nrcgennfi coBMeIrIeHLIe gauuceri no BpeMeHrr 6ulo ylyvureHo Ao BeJrr,rqr{Hbr 0,05 c no
MaKcr,rMyMy QyHxqulr ngaurrlnoli xoppenxqi,rn.

Kouctpyxqua paAlroreJrecKona s lasaue [peAcraBJrqer co6ofi crarlnoHapuyrc ycraHoB-
xy. Aureuua.pacrroJroxeHa Ha 6eronuou SyugarrreH:re, pagr{oMerp r.r perrcrpr.rpyrcque
ycrpofi crna HaxoAfl Tc, B KouAr,rqr{oHr.rpyeMoM noMerrlenr{rr.

Ha 6onee xecrKl,Ie ycJroBI,I{ pa6orrt paccqr.rraHa gKcleAr{rlrroHHaq auapa:rypa. B
TpaHc[opTHoM noJrox<eHI{LI BCe SJreMeHTbr paArroTeJrecKo[a tr gKcleAHrlr{oHHoe
cHapt)<eHlIe yKJIaAbIBaerc, B MeraJrJruqecxuli xourerirnep pa3MepaMrr 2,6x2 x 2 M, rto
TaKeJraxIrbIM flapaMerpaM coorBercrByroquri craHAaprHoMy rpaHcrroprnouy roHrefinepy.
B pa6overr,r [oJroxeul{u xourefinep cJryx}rr ocHoBaHr{eM aHTeHHbr, ra6oparopHbrM
[oMerrleHr{eM c geficrnyroqefi anuaparyporl u "rocr:uuuqefi" AJI, AByx ua6lrcgareneri. gna
pa3BeprblBaHuq pa[uoreJlecKorla I,r3 TpaHcloprHoro [oJroxeHr{s B pa6ovee rpe6yeru.32
uen./vaca, ffeo6xoglrrvrue AJL MoHTaxa aHTeHHbr [oA'r,eMubre ycrporicrna BxoArr B cocraB
IrrrarHoro o6opyponanr.rs rourefinepa. 3nexrporrr{TaHHe or cer}r 100-250 B, 50-60 fq,
norpe6nxeuafl Morr{Hocru 200 Br.

2. Yser oco6euHocrefi uecrurrx yc.rtonuri

na6nroqenua 3arMenr{q

O6crortelrcrBa 3arMeHI,IrI Ir MereoycJroBr{, n Jla-flace 6r,uu 6naro[ptrrubrMr,r AJtx
na6nrogeHlari, flonnaq $asa eatueHl,rfl [poAoJrxr{TeJrbHocrbro oKoJro 6 unu npolrcxoAr{Jra
s6ilusu Mecruoro EolyAHq [pr.r Bbrcore Conuqa HaA ropr,r3oHToM oKoJro 88o (uoutn n
eeulrre). Berep u o6naqnoctb orcyrcrBoBanlr. flrr.rxexr{e aBTorpaHcnopra rro reppr.rropr.rtr
Mex<AyuapoAHoro Jrarep, Ha BpeM, 3arMeHr4, 6r,rlo saupeqeHo, flogroMy cJryrl4;rur"
r.rHAycrpr.raJrbHbre paAr.ro[oMexu flpaKTr,rtrecKr,r ue o6ndpyxuBaJrr{cr,.

Oguaxo B oKpecrHocrrx Jla-flaca qacrora 235 Mfq oKa3aJracb 3aHrra uecrnofi paArro-
cranqnefi. flo etofi [puqI,IHe oAI{H KaHaJI 6rrn uepecrpoen Ha r{acrory 260 Mfq. Taxur"r
o6pasou, Qartr.r.recxu na6ruopeuur 3arMeHr,rrr npoBoAr.rJrlrcr, Ha qacrorax235 w 280 Mfq s
fanaue usa26O r.r 280 Mfq - s Jla-nace.

floctosHuas BpeMeHI,I Ha Bcex xanalax paAr,roMerpoa n o6oux nynxr:ax na6nrcgenrali
6una ycranoBJreHa panuofi 0,1 c. B Jla-flace B Terrenr,re 3arMeHr.r, HrrKaKr.rx HeoxrrAaH-
HOCTCft HC NPOI,I3OIIITO, UA6ITOAEHI,If, IIPOIUJII,I IIOJIHOCTbTO [O IPEAYCMOTPEHNOfi
[porpaMMe.

B lasaHe n6nugr,r MaKcrrMaJIbHoIi Sasu 3arMeur,r.f, HaqaJrrrcb cereBbre paArronoMexr,r, r{

3-5
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prc. 2. 3naqesgq nrorHocrlr noroKa paArorr3ryqeHflq ColHqa B HHTepBaJre *5 lHel:i or Aarbl 3arMeHurl no Ma-

repraanau [3]
Kpunax I - sa sacrore245 Mfq; 2 - Ha 2800 MIII

3areM rrpor.r3orrrJro orKJrK)qeHlre gJreKTporluralf'ififl. Bcero pafioHa Ha 45 MI,IH' OAHaKo

oTKJrrorreHue He [oBJIutJIo Ha HaLI6oJIee BaxHbIe IIHTepBaJIbI BpeMeHu: oT uepBoro
KoHTaKTa s Jla-flace Ao [oJrHoro 3aKpbrrrrfl aKTIrBHofi o6racrr B faBaue rI c MoMeHTa

HarraJra ee oTKpbrTr.rs Ao oKoHtlau[fl 3aTMeHI,If,. Eorree cyqecTBeHHble IIoMex]I BHecJIa

rpo3a, HarraBrrraf,c, Bo BTopofi rroJroBr,rHe 3arMeHI{f. Xota rposonble pa3psAbl Ha 3aIII{cI{

rrMeror crreqrrQuqecKuir Bnp\u orJrrrqarorc, rlo MopQoJrorI{lI or coJrHerrHblx Bc[JrecKoB, TeM

He MeHee r{x Melrarcqee Bo3AeficTBLIe Ha Ha6IIoAeHI,Ie ToHKoft cTpyKTypbl BcnJIecKoB

BecbMa cyilIecrBeHHo. B cBfl3u c 3Tr{M ArI, u3yqeHwl xapaKTepa paAuoll3ryqeHuf, CorHIIa B

AeHb 3aTMeHuf ucnoJrb3oBaJrucb 3arryrcv nepnofi rIoJIoBrrHbI 3aTMeHufl' cBo6oAHofi oT

paAr.rorroMex, flocxontry o6u1efi uactorofi'gnf, nyHKToB Jla-flac - lasaHa 6rrla tonxo
qacrora 280 MIrt, To co6crBeuHo 3arMeHr{e paccMarprlBaJrocb JrI,IIub Ha oTofi qacrore, a

3arrucu Ha AByx Apyrux qacrorax ucloJrb3oBaJrucb AJrfl oIIeIrKI,r u[pI,IHbI crleKTpa co6lmufi
IIIE.

3. O6qar xapaKTeplrcrfiKa corHerlHofi axtlrnnocrlr
HA rracTorax ua6ffo[enllfi B AeHE'3aTMeHIrf,

B paccuarplrBaeMoM Arrarra3oHe rracroT }rHTerpailbHaf, lrJrorHocrb floroKa paAuou3Jry-
qeHrrJr Connqa 10 u 11 uroJrs B 2-2,5 paza [peBbrruaJra cpeguee 3Hatreurre, Ha6JrrogaBlrreecfl

B rpeAbrAyrque r nocJreAyrotque 5 gnefi (pnc. 2,xpasan 1, vacrora 245 MIrI [3]). Ha 6oaee

KoporKofi BoJrHe (vacrora 2800 MIq, [3]) n etu AHrr coorBercrByrcI{ero rlrKa I{HreH-

CrrBHocTr{ He Ha6JIIoAanOCr (puC. 2, xpusat 2, gtrt KoTOpOfi IuKaJIy UOTOKOB HaAO

yMHox<Irrb ua 10). floror B AeHb 3arMeHr{fl Ha MerpoBblx BoJrHax 6rtr raglren'runrrr"r (puc.

3), u uo Mepe rroHr{xeHlrfl rracrorbr Ha6JrroAeHufi B ero cocraBe yBerntlllBaJrocb KoJII{qe-

cTBo y3Ko[oJrocHbrx KopoTKox[Byu{}rx BcrIJrecKoB 1-ro rnua. 3rO uogson[uo
xnaccusuqupoBarb Ha6JrroAaBruufica qeurp aKTlrBHocrH KaK I,IcrorrHI{K uryMoBofi 6yp[
(rrrE).

Ha puc. 3 u na gpyrux prrcyuKax n erofi crarbe c HecKoJrbKuMrI-KprrBbIMlI IuKaJIa loroKa

""rpu*e"u 
a o6rqenprmrrrx-egnrutqax Solar Flux Units (SFU-tQ-zz Brl(vr2' fq)) u x<ectxo

cB{3aHa Jrurub c oAHuM BepxHuM rpa$r.rrou, a Apyrue KpLIBbIe npoIr3BoIIbHo cMeIrIeHbI
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puc.4.3anucuMocTb Ko3QOr{qr{eHTa Koppetn\uu K oT pa3HOcTI{ qasror Ha6'rlloneuuir Lf H IJII'ITeJIbHOCTI{

co6urlrft AI

oTHoCr{TeJrbHO IuKaJIbI Bo I{36exaHI'Ie HaJIOXeHtryfl' 3altuceh' B pe3yJlbTaTe qero Aflfl HI'IX

rrrKaJra [oToKoB CJIyX(I1IT Jrl'rlrrb Maclrrra6oM.
--Eo""u""o KJIac;rOLIKaqI{oHHoMy oIIpeAeJIeHI{Io [peAnoJlaraeTc'' 'ITo IIIE cocToI{T u3

urupoKo[oJlocHoro KoHTI,IHyyMa ($ona IIIE), na KoTopblfi HaKJIaAbIBatoTcfl y3KoIIoJIocHbIe

KopoTKoxr.rByrrlue BcnrecKu 1-ro rnna [4]. onuonpeMeHHble Ha6[IOAeHu' Ha Tpex

qacrorax no3BoJr[Jrr,r oqeHr,rrb c[eKTpaJrbHire cnoficrna IIIE c [oMolr{blo cJIeAyIou{eIi

MeTOAuK[. [na pasgeneHrrs cocTaBIqrculfix IIIE upurtaenrJlacb III{spOBaf, 0l{nbTpal{I{f,

rrcxoAHbrx MacclrBoB AaHHbrx, f[pu erou rl3 HarlaflbHblx AaHHbIx BblqraTalocb cKoJlb3tulee

"p"gr"" 
A?n, .rro [prrBoAnno K ycTpaHeHUIO (ocIa6[eHl'Irc) B CIIrHaJIe cleKTpaJIbHbIx

cocTaBJrrroqux c qacToToit f < ULT.3ur", BbIqI{cJIflJIcfl KoeQ+uqueHT KoppeJllquu K(Lf 
'

LD Wrs.Bcex 3a.Fl,Icefi, I'IMeBIrrux pa3Hocrb IIeHTpanbHbIx uactor A/'

Pe:ynlrarrr [peAcTaBneHbr Ha pl{c. 4 aruge TpexMepHofi noBepxHocTll. 3naueuue opgu-

HaTbr Jrro6ofi ToIIKu [oBepxHocTl{ npeAcTaBJltret co6ofi nenuuuuy KosQO[IIHeHTa Koppe-

rrflwrurpr 3aAaHHur* r*nrrrru* iTrAT.3naqeufia K B rrJrocKocru K(Lf,LT), A/npu

AT = - cooTBeTcTByror xoeQQuqlleHTy KoppeflqqIau HeQuIbTpoBaHHbIx MaccI'IBoB

(o6osuaueuo ycJroBHo rar AT I *), oxgouarculgx Becb cI{rHaJI BMecre c KoHTI'IHyaJIbHofi

cocTaBJlf,Iolqeft. 3aBucuMocrr K(Al, AT) or A/o eroru c;1yqae q.Jra$afl, tITo cBIlIAeTeJIbcTByeT

o urrpoKonoJrocHosrr{ crrHaJra no KpafiHefi Mepe B Auara3oHe 235-280 Mfq.
fIO rraepe [cKJIIOqeHI{fl U3 CI'IrHaJIa BCe 6OIee AOJITOXI'IByIqIIX KoMIIOEeHT 3aBIIcI'IMOCTI'

X(if , tl)'or Lf ycutmnaercn', t4 \nn AT = 1 c K( f, AT) -+ 0 upu {,f > 35 Mfq' Ecnu yvectr'

qTO AeficTBI{TeJIbHafl pa3HoCTb IIaCTOT A/u:-Sa KOHeqHOft IUUpI'IHbI qOJIocbI [po[yCKaHlLI

KaHaJroB paArroMerpou rer"*" ua 10 MIlt yKa3aHHOfi HApilc.'4, TO [OIyrlaeTcs 3Har{eHlle

Lf, npn6in>xaroqeecfl K Tr{[urrgoMy 3HaqeHLIp rloJrocbl qacror Bc[JIecKoB 1-ro tlrua'

Yro6rr BbI'cHuTb, flBrfleTcfl,Jrr.r o6HapyxeHHoe noBeAeHI{e K(Lf, LT) o6IqI'IM cBoficTBoM

BCex uryMoBr,rx 6ypr, 6ulu uccleAoBaHbl IIO TaKOft )I(e MeToAIIKe Qparueutl'^,ry-E'
28.06.88 r, HarraJro ";;"pr; 

i [iSliyT,rpoAoJlxl{rerlbHocrb -zV;29.06's8 t' l8h57ot,

(2Om);26.10.88 r. 17b06i UT, (45"1)' Boapacrauue roeQ6uqueflra Koppersquu rpu yBe-

Jrr{qeHLIu AJII{TSJIrH9gT}I pacCMaTpIIBaeMbIx co6blT1fi OKa3aJIOcb O6IquM CBOficTBOM 9TUX
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IIIB. Ognaro qrrcJreHHafl BeJrurrlrHa roeoouqueHra Koppersqur{ BapbIIpoBaJIa B ruupoKrrx

npeAeJlax u, BO3MO1HO,6rtla CBfl3aHa C COCrosnue1yr artnarofi o6nacrra [5].

Tarru o6pa3orvi, xapaKrep K(Lf, LT) no3Bollser cAeJlarb cJleAyrcIqtre 3aK[IoqeHI'Ifl o

cBoficrBax IIIE, Ha6moAaBlrefics 11 urour 1991 r.:
1.''KopgrroxuByrrlue QJryKryaqur AJrr,rreJlbHocrblo Meuee 1 c 6uau ysKoroJlocHblMrr,

qro fBrsercfl xapaKTepHbIM [pI'I3HaKOM BCnJIecKoB 1-ro runa'
.2.llotoca 

qacToT, 3aHI,IMaeMafl Snyrtyaqnauu IIIB, yBeIuquBaercfl lro Mepe pocra ux

*T"{:ffiffHa 
rracrore 280 Mfq, noryqeHHble s fasaue u Jla-flace (prc. 5), roqru

uAeHrurrHbr (K = 0;98) u noeroMy rrpuroAHbr AJrf, coBMecruoft o6pa6otxu.

Vfuax, B AeHb 3aTMeHI{fl Ha HaIIIux qaCTOTax na6nrOgaaaCl IIIB, nOTOK u3JIyqeHIIf

roropoft cocraBJrrJr B cpeAHeM oKoJIo 30'tO-22 Bt/(u2'Iq). Xaparrepnoft oco6eHgocrblo

erofi IIIB 6una cla6a, BcflrecKoBas aKTr,rBnocrb Ha qacrorax, IrpeBbllrrarcuUx 235 MIq
(rpauuvuaa tracrora AJrr AaHHoft IIIE). BosHuKHoBeHI{e IIeHTpa aKTI'IBHocrIlt Ha MerpoBblx

uorr"ax 10-11 r,rrcns 1991 r. He conpoBoxAaJrocb 3aMerHbIMI,I I{3MerIeH[rIMr[ [oroKa B

CaHTLIMeTpOBOM Alla[a3oHe.

4. Pesynrtarrr na6nrogenrlfi satMeHul

O6rqufi BI{A 3a1114C[I IIJIOTHOCTU IOTOKa B TetIeHI{e 3aTMeHIIs ua Oguofi I{3 qaCTOT

(280 Miq, na-Ilac) [prrBeAeH Ha p]Ic. 6. Pesrue rI3MeHeHIltr BeJrrIq]rHbI noroga n paftoue

iSlr3gnr UT r.r 20i00,,UT coorsetcrByloT 3aKpbITI'Irc fi rocreAyrouleMy oTKpbITI{Io JIoKaJrb-

Horo LrcrorrHura. OrcyrcrBr{e oJryKTyaqufi iloroKa rr BcrrJrecKoB B TeqeHlle trHTepBaJIa Bpe-

rraenu 1g[4gr-lgh's^ UT, ndra ucrorrH]rK 6rrrl :arprn ArrcKoM JIyHrr, cBl{AereJlbcrByer o

ToM, trro gror rIeHTp aKTlrBHocru flr,nflrrcfirrcrollHl{KoM ua6nroAaarueitcs s etot geur IIIE'

SQSexrunurrfi paguopaguyc cOanqa RrQs onpeAeJlfleTcfl ro 3aTMeHHbIM [aHHbIM c

roMolrlblo rrrPaxeuux [4]

Ruoo = R' (4 / M)'t2.'

rge Rn - paruIyc Jlynu, Fg - AO3aTMeHHrtrYr noror Comtqa 3a BbISeTOM I'I3JIyrIeHut aKTUB:

nrlx o6nameir, M - ocTaToqnbrfi uoror B MaKcIIMaJIrnofi Qase 3aTMeHIIfl' B Omuqr,re or

na6lroAerurfi s caHru}4eTpoBoM Allana3oHe AJII{II BOJIH, B MeTpoBoM fuanasone na-sa

co6crBenuux oapuaquft uaornoqu noToKa IIIE F> oIIpeAeJIf,eTCf, IIeyBepeHHo, [osToMy

MbI BOC[OJIb3OBaJII{Cb AJL eTO BbItII{CileHHS nUpaXeUlrer"r [6]

lg Fz =-0, 5(t0, 19) + 2, 38(+0, l0) I g f , lIlnl,

rge/(n Mft1) uactora ua6nrogeuufi, a 3areM HaIuJII'r' qro R".b,D = l,2Rq (R6 - paptlc

Qoroc$epu connqa). Ha pnc. 6 xpnnax s7 - cooTBercTByeT 3aKpbITI'IK' Jlyttofi raKoro

paBHoMepHo u3;1yqarcqero AI.IcKa. Xog pealrnofi rpuaofi 3aKpbIrIL HeBo3MyIIIeHHoro
^Corrrqu i ,ntteprale BpeMeHn 19h15m-19h50'UT HecKoJIbKo.orJlrrqaercfl oT pacaleTlloro

trc-3a TOro, [o-BI{AI{MoMy, qTo paClpeAeJIeHIIe paA}IoapKocTII rro gucry Comrqa ::!::::"
HepaBHoMepHbIM; Ho 6onee onpe4eneHHble pe3yJIbTaTbI no oAHoMepHoMy cKau1t noJIyrII{Tb

HeJrb3f, II3-3a HeoAHo3HaqHocTlI npolleAypbl BoccTaHoBJIeHIIt paflpe[eJleHllt'

Cornaqro ouT[qecKuM AaHH6IM [7] 11 llo11 Ha AI{cKe Comrqa Ha6[IoAaloci oKoJIo

10 rpynn rf,reH. B reqeHue BpeMeHr{, roKa ucrorlHtrK IIIE 6rtl saxprtt Jlyuoft, Qlyrrya-
qrr^rroro*u (myrvrcr) Ha Harur,rx 3an[crx 6rur ullnltMallbHblMrr' [opflAKa l7o, o\rraKo

KaKr.rx-Jru6o [eperlaAoB ypoBHr, cBfl3aHHblx c 3aKpblTueu/OrxpurueM JIoKaJIbHbIx

rrcrorrHr{Kor, o6napyx<euo He 6blJro. 9to Aaer ocHoBaHI{e yrBepxflarb, lITo rpyrrrlbl IUITeH

J\& 267, 268,273,n4,275,280,283 u284 (no HyMepaquu [7]) ue 6rrur csxgaHbl IIa HaIUI{x

aracrorax c rrcroqHrrKaM[ rroBbrrrreHHoro !(3JryqeHl{f, c noroior"r 6olee 0,5'lO-22
Br/(r"r2'Iq).
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5. Yrnorrre pa3MepBI l{croqHl{xa nrynroroli 6ypu

Ha puc. 7 npegcranneu Sparueur 3arrncu 3arMeHI{s, coorBercrByroquft }IHTepBaJIy

BpeMeHr.r 3aKpbrrr{fl r{crorrHrlrKa IIIB s JIa-IIace. Bepxrux KpfiBas sBlrflercs.3arrplcblo [oroKa

"u 
,u"ror" Z|SO klfrl s larane. Ha pncynxe BrrAHo, tlro c MoMeHTa BpeMeHI'I 131t25256s + 1g

xoA Kpr,rBbrx Ha qacrore 280 Mfq Haqr.rnaer gaMerHo orrllqarbcr. I'InteHcusHocrb cI'IrHaJIa

n Jla-flace pe3Ko y6srnaer B cBr3lr c 3aKpblrrleM ucrorlHl{Ka IIIE, a s lanaHe Ha ero
rrgTeHcuBHomr gncx JIyHrr eqe He oKa3blBaer HI{KaKoro nosgeficrnnx. Ha ron xe puc.7
roKa3aHa KplIBafl xoAa I{HTeHcLIBHocrI{ Ha qacToTe 260 Mfq (Jla-flac), nug xotopofi
cBuAeTeJrLcTByeT o roM, arro o[peAeJII{Tb MoMeHT HaalaJra 3aKpbITI{fl axrfisHoft o6lacru uo

sarrurcutrr3 oAHoro rryHKTa AoBoJrbHo 3arpyAHI,ITeJrbHo lr3-3a co6ctneHurrx napuaqufi ypoBHfl

UCTOTIHI,IKA U3IYtIEHlIfl .

OgnonpeuenHo c yMeHbrrreHr{eM floroKa rrpoucxoAllJlo yMeHbI]IeHLIe aMIIJII'ITyAu Snyx-
ryaqnfi ru$. Uenecrgo, rITo [oJroxeHr{e r,rcrouHrlKoB u3ltyqeHlrq BclJIecKoB 1-ro trana u

r{crorrHrrKa KoHrrHyyMa IIIB naprrpyer B rpeAeJlax neroropofi o6racr[ [8]. Oguopaaorue
na6lrogenra 3arMeHlrt He BbrrBJrf,K)r etori ALIHaMLIKU, flooroMy I'Ix pe3yJlbrarbl MoxHo
paccMarplrBarb KaK "MoMeHTalbHoe" r,I3o6paxeHue ucrotIHI,IKa II[8, Yr'reuuueHl{e aMrIJr[I-

iygu Snyrryaqufi IIIE B reqeHr{e 3aKpbrrr.rf, r{croqHl{Ka 6yAeu uHreprperupoBarb KaK pe-

symrir Qayxryaqufi paAr.rospKocrlr no scefi rJroIqaAI,I lrcrorrHlrKa. B srol"I cJlyqae aMIrJIH-

ryga ua6nroAaeMbrx B oAHoM tr3 rryHKToB Snyrryaqufi 6yger eanuce"b or BeJrI{qI'IHbI He-

saxpurofi qacru HcrorrHuKa.
3$Qexr 3arMeHr{s ucrorrHuKa IIIB oupegersilcs,rl.aMfi KaK orHocllTeJlbHas pa3Hocrb

4p = {lFr(t) - s: (t)l - t4 (r) - ^t, 
(r)l} t IF'G) - S> (t)],

rge FE(t) - r,r3MeHeHE, rroroKa B nyHKTe, rAe 3aKpblTl{e/otxprrrze ucrotrHuKa B TeqeHlre

rrccJreAyeMorg uHrepBaJla BpeMeHI{ He flpoltcxoAutto, Fr(t) - II3MeHeHufl [oToKa B pe3yJlb-

TaTe 3aTMeHI{rI I{cToqHI{Ka IIIE, Sz(f) u Sr(r) - KpIIBbIe earplrrna/oTKpblTufl paBHoMepHo

u3ryqarcqero AI{cKa B coorBercrByroq[x [yHKTax ua6lrcgeuraft .

flpuuep o6pa6orxu AaHHbrx 3arMeHr{f, no raxoft MeroAI{Ke [oKa3aH Ha pl{c. 8' Kpunar 1

coorBercrByer orHocr{Teauroft pa3Hocrrr dF, nupaxeuuofi n upoqeutax. fina yMeHbIrreHI{,

BJtLrsHLlfl rrryMoB 3Ta Kpr,rBa, crJraxllBaJracb cKoJIb3flIIIlIM CpeAHIIM IpOAOJIXI'ITeJIbHOCTbIO

1 unn (rpnnas2 sa pnc. 8). Cxotrsaqaa rporl3BoAHax dFldt (rpunaa 3) or crnax<ennofi

pa3Hocr1a dF xsnsercr- oAHoMepHbrM paclpegeJleHueM paAuoqpKocrl{ rro ucrouuzry IIIE n

Ha[paBJreHr4]r ABDKeHT{, ttuvr6a Jlyurr. 3naqenrae dt 6sno art6pauo paBHbIM 1 unn, vro
coorBercrBoBaJro yrJroBoMy pa3peue :auto -22" .

Tarupr x<e o6pasou 6u;ro nonyveno pacrpeA erreHne pa4rlorpKocrl{ rto ucrotlHury IIIE .

no pe3yJrbratarrl Ha6lrogenuli ero orKpbrrrrl (puc. 9). O6e rpuotte xapaKrepn3ytorcfl
acr{MMerputruofi Sopr',roir u Halr4trueM Snyxryaqufi, coorBercrBytoulrx flpKuM AeraJrflM c

yrJroBbrMrr pa3MepaMr{ oKoJro 40", flpraueHflBrrrarc, HaMI{ MeroAura o6pa6orKl,I AaHHbIx
ycrpaHsJra BJrlrsHr{e rone6aulrfi rrHTeHcrrBHocrrr Ha yrJroBoe pac[peAeJIeHI,Ie roJIbKo flpu
ycJroBlr[ u3MeueHr,rr paAr,roqpKocru uo scefi [JrouaA]r I{croqHI{Ka. B cnssu c oTI,IM HaJrurII{e

geraneri Ha pac[peAeJreHr,ru paAfiospKocrli MoxHo paccMarpl,IBarb KaK cBI,I[er.eJIbcrBo

Toro, rrro Qnyrryaquu unTeHcrrBHocru IIIE Bbr3blBalorc, ,r3MeHeHI{eM paArlorpKocrll
pa3rr,rrrubrx qacteli o6aacru rI3JrylIeHI,Ir.

CpegHr,rfi pa3Mep o6racrr.r.reHepaqlru IIIE no ypoBHIo norosuHHol:I MoIrIHocrI{ rlo
HaruHM AaHHbrM fio[yarr{Jrcs paBHbrM 2' no o6onu cKaHaM. flepenag noroKa fipu 3aKpbITI'IH

rr orKpbrrur{ IIIE ua .ractore 280 MIq coctanun 26,3 ' lO'22 Br/(u2 ' fq). BocnoJrb3oBaB-

rrrrrcb r{3Becrnort cnsgrrc MexAy nefilr.ruHol:I rloroKa F r,r ycpeguennotl [o ucrorrul,IKy

xprocruofi TeMleparypoft I, nafigeu

T^ = Fnu I 2kdr, = 53. 106 K,
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rAe l, - AJrr{Ha B6JIHbI, ft = 1,38 . 10-23 Ax/ry?A, Q" - TeJIeCHbIIi yroJl, [oA KoTopbIM BI{ASH

I{CTOqHLIK.

3ua.renue ,pKocrgoft TeMlepatypbl, 3HarII{TeJIbHo flpeBocxoArll{ee KI{HerI'IqecKyrc TeM-

[epaTypy 3JreKTpoHoB B KOpOHe, CBr{AeTeJrbcTByeT o ToM, tITo MexaHI,I3M I,I3IyTIeHLL IIIE ue

renlonort, a ee BSJII{qI{Ha fl1ilflel1fl TulEtIHoIi AJIfl IIIE cpeAHeli rtaorquocru [4].

6. floroxenue tlcrorlHrtxa IIIB ua AlrcKe CoJrHqa

Ha puc. l0 npnnegen ocKr,r3 orrrut{ecK}rx o6pa3oBaHLIIl, Ha6rIoAaB[II{xcfl Ha AI,IcKe

Connqi 11 urcls 1991 r. flonoxenue rrf,reH onpeAeJleHo no {oroculluxaM ColHqa, rtorIy-
qeHHbrM n lasaHe B MoMeHr flepBoro KoHTaKTa u 13n36n'33s I-]T. KonQurypapfl u

HyMepaqlrfl rpymr fiflreH B3rrrbr rro AaHHbrM [7]. OxpyxHocrb I,I3o6paxaer AIIcK Connqa, na

Korobbrrt naHecenrr paAr,rou3oQorbr, nolyqeHHble B AeHb 3arMerufl. B Jla6opatopnu
pugrou.rpoHoMl{Ll KpAO c uotlciullto paAuoTeJIecKonaPT-22 Ha solie 1,95 cuc pa3pe-

rrreHr{eM 2.5' 191. Ha ecxuge [oKa3aHbI TaKxe npoeKIII{[ rpaerropuft I{eHTpa Jlyurt ua

ne6ecHyro c$epy AJIrI [yHKroB JIa-fIac r,r lasaHa. Paguyc Jlynu npu rocrpoeHl'If,x flpuHflT

paBHbrM 1,08R;. Ero ugueHeHu B TetreHr,re 3arMeHI,I[ u flepeMelr{eHlre flflTeH raa-ga o6rqero

BparrleHgr Coluqa He yqr.{TbrBaJrucb, TaK KaK cBfl3aHHble c grI{MIr eQQertaun ouu6Ku
6rrnu uenuue roqHocrl{ Haluux [ocrpoeHl'Ifi.

3arurpuxonannrrft MHoroyroyJrbHrrK, o6paaonaHnrtll nepeceKarcIquv'ucfl AyraMu'

Pnc. 10. Pacnoloxesue rpynn neTeH Ha Ar{cKe colsqa B AeHb 3aTMeHI.rq 1 l urons l99l r.
paguoraaoQorsr Ha BorHe 1,95 clr; TpaeKTopun qeHrpa IIyHtI u noJroxeHlre,lcrotrHlrKa IIIB sa'lacrore

280 Mlq (sarurpr'rxonauHt tft pora6)
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r43o6paxarcqrrMr{ rr.rM6 JIyHbr B MoMeHTr,r Haqara I{ KoHIIa 3aKpbITLIr/orKpbITI{q
r4croqu[Ka IIIE, oupegeJrfler Mecro pacfloroxeHus IIIB Ha [I{cKe Coluqa. Bn[cauurIIl e

MHoroyroJrbur,rr pou6 c gnofinori rurpuxonroli coorBercrBye:r eSQertuBHbIM pa3MepaM Ir

loJroxeHl,rrc ucrorrHr,rKa IIIE, uafigeHHbrM [o ypoBHIo uoronunnoli Mouluocrlr rro

lpor.r3BoAHbrM, rroKa3aHnbrM Ha prac. 8 n pwc.9. fenzorpaSnqecKlle KoopALIHarbI IIeHrpa
pornr6a: ?', = 26E, I = 27 S (X = 0,42, Y = 0,45).

Kar nugno Ha pr,rc. 10, ucrovuur IIIE pacuolararcs n6rnsIa rocro.Iuoli (xnocronoir)
qacrr.r rpyflrrbr rrflTeH N 281, rge npeo6naAaJra rox<Ha, [oJlflpHocrb MarHlrrHoro norq. Ha
Borruax caHTr{MerpoBoro Ar.ra[a3oHa ora rpy[fia nxreu 6EIra cBfl3aHa c AoBoJIbHo cla6uu
r{crorrHrrKoM S-rounoueurbr, paAr,rorpKocrb Koroporo [peBocxoALIJIa oKpy)KaroquI? Son
Jrr{rrrb Ha 60V0. ilns cpaBHeHLIf 3aMerIIM, qro n N-14/-KBaApaHTe nltuzu rpyrrbl n{TeH

Ne 273 B gTor AeHb Ha caHfr{MerpoB[,rx BoJrHax na6rrcgalcx 6olee uorqHr,tfi loralt,rrrlir
lrcrorrur.rK, paAr.rorrpKocrr, Koroporo n 1,8 pa:a [peBbluraJra oKpyxarc[Il4rl $on (ct',r. pr,rc.

10), uo raxux-lu6o eQSexron ero 3aKpbrrr{, Bo BpeM, 3arMeu[fl Ha BoJrHax MerpoBoro

Ar{arra3oHa Mr,I He o6Hapyxfirll.
Oupegeneur,re Br,Icorbl H r.rc.roqnura IIIE nag Qoroc$epofi no eQSerty rpoeKqlzl4

cBq3aHo c aflprropHbrM 3aAaHr{eM HeKOTOpOTO yCJIOBI{{, HanpLIMep IIpeAloJIo)KeHVfl. o
pacfloJrox<eEr{rr }rcToqHrrKa Ha [poAoJrx<eHr4II cofiHeqHoro paAl,Iyca, flpoxoAflqero qepe3

flrrHo arr:r.rnnofi o6tacur, Mrr npnuuuaeM 9To ycJIoBIre, xou I{3BecrHo, tITo IroJIox<eHI{e

rrcrorrHtrKoB IIIB nuorga 3Haarr{TerrtHo orKJrourrerc, or paALIaJIbHoro [l0]. Eclu nponecru
colne.+rr,rfi paArryc qepe3 r{euTp floJryreHlr socro.ruoll qacru rpyflflbl flflTeH N! 281, r'o
[oryqr,rM 3HaqeHr,re Bbrcorbr oKoJro H > 0,10 + 0,04Ro. HarTrgeunoe 3HarreHI,Ie crleAyer
paccMarpnBarb Jrrrlrrb rax npra6lrer,rreJrbHyto oIIeHKy HIlDKHero npeAeJla Bblcorbl ucrorlHu-
ra IIIB.

Oco6oro paccMorpeHr.ra'rpe6yer rpyflfla KoporKo)KlrByuqrx co6t,trr.rri, npoucrueA[rlrx B

r.rHTepBarre 13h35n3gs-13h36n12s UT na qacrore 280 Mfq y)Ke [ocrre 3aKpbITI{q ocHosHoll
qacrr{ r{crorrHrrKoB IIIE s Jla-flace. Ha puc. 11 floKa3alrbl B oAI{HaKoBolr,r uacru'ra6e coBMe-

u{euHr,re no RpeMeHrr yqacrKu sanrcerir, [orytreHHbre s JIa-IIace u s lasane. Jlerxo BI,IAerL,
rrro l{rrreHcrrBHocrb co6sturrTr n Jla-flace 6urna npu6nl{3lrreJlbHo BTpoe MeH[,Ixe, qeM B

larane. Cnegonarenbuo, rrx r{croarur{K sa2l3 6tttr 3aKpbIT AI,IcKoM Jlyntr. Oguaxo, yqLITL,I-

Baf noJroxelne Jl:avrla Jlynrr n oToT MoMeHr (nynrrrpua, Ayra Ha pl{c. 10), ue [peAcTaB-

rflercs. Bo3MoxHbrM oAHo3HarrHo cBq3arb o'rra co6rrrr.rq c paccMarpI,IBaeMbIM I,IcrotIHI,IKoM

IIIB,.rar KaK oAHoBpeMeHHo c HlrM rrpoucxoArrJro 3aKpbITI{e AoBoJIbHo pasnurol? rpy[rlbl
nsreu Nb 282. tlpu r4HoM B3ar{MHoM pacrorroxeHr{r,r rrflTeu lr Jlynrt (ua 1 v no3xe n fanane)
Ha Hatuux 3ailvrcflx cyrqecrBeHubrx HeoAHopoAuocreri, cBr3aHHbIx c 3arMeHI,IeM Ir rtpeBLI-

rrrarcrll{x orur,r6xn vzv,epertufi., o6uapyx<eno ne 6uro. B cnqgu co cKa3aHHLIM MLI cKJIoHHbI

cqr{Tarb yKa3aHHbI e Bc[JIecKI,I qacrbto p accMarpl'IB aeruoir IIIB .

7. 06cyx<genre pe3yrrbraroB

Bnprqnfir,re paccesnvs, paAnoBoJrH Ha HeogHopoAHocrqx comre.rHoli arr,aoc$epr,r upu o6pa-
3oBaHrrr{ Br{ArrMbrx pa3MepoB r.rcrolrurrKoB IIIE He BbI3bIBaer counenr,rft [1]. Ilocxolr,ry
He[peMeHHbrM pe3yJrr,TaToM pacce slf.u,. sBils.eTcq Bo3HuKHOBgHIte aUnlU'rygnoir
MoAynflrlrrrr pe3yJrbTrrpyrculero crfHaJra, To flpu onpeAeJIeHHbIx ycJIoBI{qx Bc[JIecKoByro
KoM[oHeHTy raKx<e Mox<Ho paccMarprlBarb KaK pe3yJlr,Tar pacceflrr,nr pagrononn [12].

Cyuecrneuno 14Brrwr:aute perynxpnofi pe$paxquu na QoplaupoBaHl{e AI,IarpaMMbI I{3ny-
rreH[fl IIIE [13]. Pe:ylsrarrr pacr{eroB [13] norasr,rBaror, rITo It3JIyqeHI{e IIIE cocpego-
TorIeHO B HeKOTOpOM KOHyCe, yIOJI paCKpbIBa KOTOpOTO 3aBfiC[tT OT BbIcoTtI I4cTotIHI4Ka

HaA cJroeM colueqnoit aruoc$epr,l, rge rloKa3areJlb flperoMfleHuq n = 0. Eoronaq
noBepxHocrr, KoHyca flBrflercfl raycrrarorl, 3a [peAeJrbl roropoli I{3JIyqeHI,Ie He BbIxoAI{T,

no s6[r,rgu erori goHr,r [Jroruocrr, oHeprr{r{ rroB[,rureHa rr3-3a KoHIIeHTpaIII4]r nyveri.
Orcy.rcrnue nosuyuleuuri B BeJrr4r{r4He floroKa Ha canTlrMerpoBtIx BoJIHax 10-11 r.tonq

cBr{AereJrbcrByer o roM, rrro e arrusHori o6nacru He flpo]rcxo[r,rJro cyutrecrBeHHblx I,I3Me-
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HeHr,rfi Qusuuecxux yclonuft. B cnxsu c grr{M MoxHo rrpeAlonoxurb, rrro Bo3pacraH[re B
gTu AHU floroKa Ha MerpoBbrx BoJrHax 6rtno nrrgnaHo reM, .Ito 3eMng nepeceKaJra
6oxonyro floBepxHocrb KoHyca Br{A}rMocrr{ r{crorrHr,rKa IIIE. 3ro flpeArroJroxeur,re
u36aBrfler or Heo6xoAlrMocru lrcKarb o6:oacuenue roMy, floqeMy oHeprrr.fl, r,rAyrrla, H3 HeAp
Connqa, Aocrr.rraer 6otee BbrcoKr,rx cJIoeB, orKyAa BbIxoAt4T MerpoBoe r.r3JlyaleHrlre, He
BbI3bIBafl BO3MyITIeH[e B HU){<HUX CJrOflX, OTBeTCTBeHHbTX Ha CaHTr{MeTpOByrO 9Mr{CCI{rO.

Bpeux B3alrMHoro 3aua3AblBaHr.tt tyueft. s6ausu KaycrrrKr,r Aocrr.rraer gonefi ceKyHAbr
[3], n pe3yJrbrare qero flpoucxoAur cJroxeHr{e r,rnTeHcr.rBuocrerlr (a ue arvrulraryg) peQparu-
poBaHHbIx BoJrH I,I B cocraBe pe3yJrbrl,Ipyrcqero c?rrHaJra r{cqe3aror (ycpeguarorca)
KoporKoxl{Bylrlue KoMnoHeHTbr lI2, l3l.3trIu Iraoxuo o6'rqcHr.rrb MaJroe Kor[qecTBo
BclJrecKoB 1-ro rr,rua n IIIE, ua6lrcganuerics no BpeMJr 3arMeHr{fl.

Kportte roro, cJroxeHrre I4HTeHcrrnuocrefi He 3aBrrcr{T or Sas cJraraeMbrx rr nooroMy
flBilflercg.6olee uLIpoKo[oJrocHbIM lpoueccoM, qeM cJroxeHrre KorepeHTHslX xote6aHuft.
C.negorarenruo, Qnyrtyaqrll{ cI,IrHaJra, upr{xoArrqero r{3 Kaycrl{Kr{, AoJrxHbr 6rrrr 6olee
IulrpoKorloJlocHblMu, qeM KoporKoxxByrrlr{e BcrrJrecKr.r 1-ro rrua. I,Iuenuo raKoe
cooruorneHr{e cneKTpoB o6uapyx<euo Bo BpeMr 3arMeHr.rr 11 urorq (o,a. puc. 4).

Y.rurrrsac KoopAr.rHarbr r{crorrur.rKa IIIE (cr.a. pnc. l0), uoxuo uairrw, qro yror
pacKpblBa KoHyca BuAI{Mocru 0 coctasnsn 11 rapna oKoJro 45o. flo Berr{r{r.rHe eToro yrura r{
nssectuofi rracrore Ha6rroAeHr,rfi c [oMorrlbro rpa$r.rxa, rpr,rBeAeHHoro n [13], oupeAeJrreM
Bblcory I,IcrogHI,IKa IIIE H = 0,lfio. Moxno orMerl{Tb yAoBJrerBopr.rreJrbHoe coBrrageHrre
BbrrrrrcJreHHofi rrrcornr r{crorrHuKa u uafrqeuuoir Bbrrrre rro eS$exry npoeKrluu,

.B ioorsercrBrrl{ c paccMarpl,IBaer"rori xonqenqneli o6pasonanuq IIIE ucrorrHr.rKr.r
KopoTKoxuBylrl[x BctIJrecKoB 1-ro runa AOJI)(HbI pac[oJrararbcf, BHyTpr,r KoHyca
BrrAuMocT[, T.e, AaJrblrre oT I{eHTpa AucKa, rreM I,IcTorrHI{K MeAJTeHHO UeUarcIqefica
KoMroHeHTbr (rcrovnur Qoua IIIB) [13]. floxnneHrre rpyrrbr BcrJrecKoB 1-ro runa s
r{HTepBaJre 18'35u30s-l846ml2s uT uocne 3aKpbrrr.r, r{croqHr{Ka sona nuolue
cooTBeTcTByeT sTOMy yTBepxAeHr,rrc.

Orcyrcrnr.re Ha MerpoBLrx BoJrHax [oBbrrrrerruoro r{3rryr{eHr,rs, r,6nusu Apyrux 6onrje
MoIrIHbIx ucTotrHlIKoB .l-xounonenTbl caHTI{MeTpoBoro Ar{ala3oHa (q.a. puc. 10) uo>xuo
o6T gcnrau reM, tITo oHu HaxoAuJII,Icb B MoMeHT 3arMeHr{rr n6lr.rglt ttuvr6a Connqa u B cBfl3u
c erI{M 3e}firg He [onaAaJra B KoHyc rdx r,r3ryqeHr,rrr, 6ouee ysrnir na MerpoBbrx BoJrHax r,r3-3a
Bilfiann;. peSpaxquu B KopoHe.

,Tarr,ru o6pa3oM, pe3yJrbrarbl ua6nrogeuufi 3arMeHr{r I 1 urcas 1991 r. cBrrAereJrbcrByror
B [oJrb3y rl4[ore3bl o6pasonanua IIIE sa cver e$$erroB pacceflHr,r, paArroBoJrH Ha HeoAHo-
poAHocrrx eJreKTpoHHor? nrornocrr.r corure.rHorl atr,roc$epr,r.

Brrao4sl

I,IsnoxeHHoe Bbrrue MoxHo KparKo pe3 rcMr4poBarb cJreAyrculr,u,l o6pasou
1. flponegeubl coBMecruue ua6nrogeguq 3arMeHua 11 rarcnq 1991 r. na ugeurravnori

amraparype rr3 AByx ygarreHHbrx ryHKToB Ha qacrorax 280,260 u 235 Mfq.
2, Paspa6otaHa MeroArrra o6pa6orxa saul,tceri 3arMeHr{fl, rrcKJrroqaroulas, Bfivatue

Quyrtyaqnfi r{HTeHcuBHocrI,I ucrorrHllKa Ha olpeAeJreHr,re ero yrJroBbrx pa3MepoB H rroJro-
>r.errtfl. Ha Ar,rcKe Coluqa.

3. Bo nperraa 3arMeHI{rI Ha AI{cKe Connqa 6ru o6napyx<eu JroKaJrbnrrfi ucro.rHr.rK paAno-
I(3IIy!IeHI,L MeTpOBOrO AHa[a3OHa, IOTOK OT KOTOpOTO npeBOCXOA]rJr IOTOK OT BCerO
HeBo3MyrrleHnoro Conuqa r{ cocraBJrflJr oKoJro 26,3 . lO-22 Br/(r"r2 . Iq).

4, Xapartep paAI.IoI,I3ryqeHIu JroKaJrbHoro rrcrorrur{Ka [o3BoJrr,rn xlaccuQraq[poBarb
ero KaK ucTorrHuK tr3lryt{elf,.ufl. uyr,aonofi 6ypn.

5. Hafigeuo, trro floJroca qacror, 3aHLrMaeMa{ orAeJrbHbrMr{ co6rlrnqr\,rr.r IIIE, ynelravr,r-
Baercf, rro Mepe pocra AJr[TeJrbHocrI{ errax co6r,rrlrrl.

6. Yrrosrte pa3Mepbl ucrorrHl,IKa IIIB cocrasns,rru2'x2'to ypoBuro uonorr,rnuor)r uoul-
HOCTI{,

7. 3$$erruBua, TeMreparypa r4cror*rrxa IIIB 6r,rna orono 53 . 100 K.
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8. Ilelrrp r6nyrregufl rrcrorrHrrKa IIIE r xaprunnoft nnocrocrfi HaxoAfirefl Ha paccrorHl'Iu

0,8R6 or qenrpa [oJIyreHII soctoqHoft qacrl'I rpynflbl n.flreH N 281.

9. Bucora ncrorrHr{Ka lrag $orocQepoft, oqeneHHafl rlo p_e3yJIBTaraM ua6lrogenufi
3aTMegr[fl AByMff HS3aB1ICIIM6IMH, MSTOAaMII, cocTaBJI{JIa OKOJIO H = 0,1RO.

10. IlonyvenHbre AaHHbre cBtrAereJrbcrBylor B noJlb3y ruroresbl o6pasooanur IIIB ga

cqer pacceflHrrfl paAtroBoJrH Ha HeoAHopoAHocrtx gJreKTpounofi IIJrorHocrI{ colneqnofi
aruoc$epu.

Anropu rpu3nareJrburr H.B. Eapanony fi U.I4, I-{nerxony 3a rpeAocraBJIeHIIe paAtro-

Kaprbr Coanqa Ha BoJIHe 1,95 cu 4o ee ny6nuxaquu'

Mapr 1992 r.

JITTTEPATYPA

l. Afiaeu1epz I .3. Anresnrr ynb'IpaKoporKl{x noln. M.: CsqetugAar, 1957 . C, 246'
2, Attaeapic O., Iopoacrcuft IO'iD. ll Come'*tble AaHHbIe. 1986. lG l0' C. 8'1-94.

3. Sotar-Geophys. Data prompt rpports. 1991. N 564. Pt

4. Xeneawioi B.B.Pagnowtryqemre CorHqa u rnaHer' M.: Hayxa' 1964, C.72,
5, Iopoecxufi Io.iD,, Anaaapec o. // I4an. Kpuu. acrpoQnr. o6cepnaropun. l9?1, T. 83, C, 6M8.
6. Aiueapec O., Iopoeacufr IO'@. // C.onre'uue AaHHbIe' 1979. N 2. C.104-107 '
7. C-onneuurtegalurue, 1991. N7.
8. Suzuki S. ll Ann. Tokyo AsEon. Obs. 1961. Ser. 2. Vol.2, N 2. P.75-124.
9. Bapauoe H.8., IleemrcoeJLH.ll flncx,uar "AcrpoH. xypu"' 1992. T. 18, N! 5. C' 467-4'16' .

10. Squeren A. // Ann. d'Astroph. 1963' Vol. 26' N 2' P. 97-152.
tt.SieinbergJ.L.,Auber-GiriudM.,LeblancY.,BoischotA. llAsron. Asrophys. l97L Vol. 10.P.362-376. .

12. Iopoecrcufi IO.<b, tl VLgt,Kpuu. acrpoQxs. o6cepnaropru' 1988. T. 80. C. 146-157'

13.Kipoeacuil IO.iD.Brrnrlnie ycnooufi pacrpocrpaHeHrfi paAuoBonH,B-:oll9:ry^fi KopoHe xa na6lroAaeMHe

""oftcrru 
*yrorux 6ypr uerpoBoro Anar&roHa romr. [en, s BUHI,ITI. 21.03.90. ]& 1506-890.

YIIK 524.3-85; 524.3-44

T,IOOEPEHIIIIAJIbIIbNI AHAJIU3 XUMUIIECKOTO COCTABA
KPACIIbD( IIIIAHTOB lSge II aTau

M.E. Eolpxyxr II.C. Canaxor

IluodeoexuuanruHrr cuoco6oM no orHorueHrrro K craHAapry ctTau HccneAoBaH xllMllqecxuft cocras

"r"o..d"i"i "r.io" 16ge. IIpu cJlegyloqrx 3raqeHrrrx napauerpon aruoc$epu TSge: fre = 3950 K' logg = 1,5,

Er=2,0xulc orpeAeneHbr pa3Hocm B coAepxaurrx Aloge l8 sJIeMerIToB n aruocSepax TSge u oTau' Ha ocHoBe

roropux 6un igelan BbrBoA o 6nugosru xrlMlrqecKoro cosraBa an"rocQep gTllx 3Be3A. Haure onpegelenue
coAepxaHr{r xeJre3a r arr'.rocQepe lSge couacyerc, c BbIBoAoM nccleAonanufi 144l 14 rrrauToB xtacca M o
ror,'.*ro Beruq[Hbr Aloge@ej rrb orro*errrro K sraHgapry oTau glr Hux Jlexar B npeAeJlax (-0,2 - +0,2)dex.

Anouanun ereMelrft)B,r-[poqecca n arrrlocSepe l8ge mcyrcrnyrcr.

DIFFERENTIAL ABUNDANCE ANALYSIS OF RED GIANTS ?Sge AND cTau,iy M.E.Boyarchuk,

LS. Savanov. On the basis of photographis spectrograms chemical composition of M0 giant lsge was found using

differential analysis relative to oTau] wittt the following parameters: r*r = 3950 K' logg= 1'5 and (, = 2'0 km/s we

obtained differinces Aloge lSge-aTau and made conclusions about similarity of element abundances in the

atnospheres of these stars. bui detemination of the iron abundance in 0te atmosphere of 18ge is in agreement with the

results by Smith and Lambert [,{-6] that Aloge(Fe) values with reference to oTau for M giants lie in the interval from

4,2 to +4,2. No enhancement of s-process elements is found in the atrnosphere of 16ge

B nguolnseMyro HaMlr [porpaMMy Ha6rloAeHrft ruraHToB cueKTpaJIBHoro KJIacca K
Qun lxnrcven prA 3Be3A, xnaccuQnqupyeMblx KaK IIo3AHLI9 K - panHue M-sneSgr:. fIO
cpaBHeHr{rc c ruraHTaM}r G8-f0 Cue*tprr erux 3Be3A Aaxe B rpaorofi o6racrla (},5800-

6700 A) o6nagaror 6olrbrrrrrM KornqesrBoM aroMHblx u MoJreKyJrtrpHblx JrlrHr{fi, lITo [eJraer
trpe3BbrqariHo 3arpyAHI,ITeJrbHbrM HaAexHbIe rI3MepeHI{, gKBI{BaJreHTHbIx IuupI'IH grux

@ M.E. Boapvyx, I4.C. Cananon, 1995
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JrI{HI,Ift BcJIeAcTBI{e B3aI,IMHoro 6renguponaHWr. t4 HeofipeAeJreuuocrefi B [poBeAeH]I[
HelpepblBHoro cneKTpa. fipyrax rpyAHocrb, Bo3Hr,rKaroqafl rtpu aHaJrr{3e 3Be3A groro rHIIa,
cocrol{T B ToM, tITo no flapaMerpaM cBor{x arMoc$ep (6onee H[3Kue 3HarreHr.rfl I,6 u 6oiree
BbIcoKI{e cBerLIMocrI{ no cpaBHeHraro c G-K-ruranraur,r) oHu Bbrxo[rr 3a npeAeJrbr
r{c[oJrb3yeMofi naur.r cerKr.r MogeJrerl arr',roc$ep [1]; nu6o HaxoArrrc, Ha ee rpaHurle. flaxe r
nocJIeAHeM crytlae npLIMeHI{Mocrb grr{x uogelefi oKa3blBaercfl [oA coMHeHI{eM [3-3a
BO3MOxHofO r,.cKaxeHIiLs, reMreparypnorf crpyxrypu uogenefi [1] n nepxnux cnosx. flo
erofi nprlvraue MbI nu6palu AJIf, Halrrero uccJreAoBaHurr cerKy ruogenert aruoc$ep [2],
oxBarblBaroulylo AlraUa3oH eQQexrunHLIx reMneparyp or 3200 K go 4000 K n sHa.reHufi
logg or 0,0 go 2,0dex. 3ru o6ctosreJlbcrBa 3acraBr.rJrr{ Hac HecKoJrbKo rro r{HoMy.B3rJrrHyrb
Ha aHaJrrr3 aruocQepu xoJroAHoro rrrraHra ysge (BS 7635, HD 189319), creKrpaJrbHa,
rlaccu$uxaqrl Koroporo conracno pa3Jrr,IrrHbrM JrllTeparypHbrM r{croqHr{KaM JrexHT B
rpeAeJrax or K4 go M0.

Ha6nrcgarenutrfi Marepr.raJr gnx ysge 6rrr nonyveH co crreKrporpaSou $oryca xyge
le_1"^9*o_t1 3TIII Kprrr'.rcxofi acrpo$Hgu.Iecxoli o6cepnaropNu n cnerrparbHoM Arrara3oHe
1"6700-5000 A c o6paruori gucnepcnen 6 Afuu ra 6oro"pa$u.recxux rJracrrrHKax Kodak
103 aF u 103 aD. O6pa6orra cneKTporpaMM r.r u3Mepeulre gKBr{BaJreHTHbrx ruupr,rH truutrk
rpoBoArrJrr.rcb ro craHAaprnorlr lreroguxe [3].

Peeynrrarrr nara6onee o6urupurrx uccJreAoBaHrlri xonogHux rr{raHToB cneKTpalrbHbrx
KJIaccoB M, Ms, S r.r c 6unr,r ony6ulrKoBaHbr crr,u,rrou u Jlau6epror"r t4-6]. ,[aa co-
rlocraBr{Mocrlt c IIttMvI MbI crapaJrr{cb oluparbcr Ha MeroAr,rKy Cuura n Jlau6epra npu
orrpeAeJreHrrr{ [apaMerpon aur.rocQeprr ySge. B.{acrHocrE, es$exrunra, ,erneparypa
Iu6 nrlfl erori sneegrr 6una ycranoBJreHa E3 3aBr,rctrMoctu Iu6-- (V - n,,ro"rpo"rrrori
HaMI{ Ha ocHoBaHl'lu AaHHbIx rag ctarefi Cunra u Jlau6epra. flo uarueri oUeure 7r* =
= (3950 r 50) K.

flpzurauax My = -0,2 [7] n suavenne 6onouerpr,rvecrori [olpaBKr.r BC = -1,25, Anq
3Be3Abr cleKTpaJrbHoro KJracca M0 t8] r{3 coorHorrreHr{,

log(LlLd = -0,4(Ma- 4,75)

JrerKo orleHr{rb cBerr.rMocrb ysge: L = 300Lo(log(LlLd = 2,4g),ConocraereHue c
eBoJrK'r{lroHHbrMr.r rpeKaMr{ Ha nJrocKocrnlog(LlLs) - rro (plrc. 3 n [5]) upr,raoAr.rr K BbrBoAy
o roM, qro Macca sneigu Jrex<r{T B rrpeAeJrax or 1,5M6 go l,gMg, a ee Haz6ole" u"po"rrrol
3HatreHue cocraBJrfler 1,6M6, B erou cJlyqae Beruqr,rHa ycKopeHr{fl cr,rJrbr rrxecrr{
o[peAeJrfl eTCq U3 COOTHOTUeHT4f,

logg = log(M I M 6( - log(Ll Ld + 4lo9Z,6 - 10,60g

lr cocraBJrrer l,5dex.
Orou'ratenrHo HaMI{ 6rtnr,r srr6paHbr cJreAyroq}re 3HaqeHr.rr napaMerpoB aruoc$epu

TSge: 7.0 = 3950 K, logg = l,5.Vlwes, B BuAy raK)<e paccMorpeHHbre Bbrrre oBoJrroqr{oHHbre
flapaMerpbr erofi sbes4tr, Mbr npfiruJrr.r K 3aKJrroqeHr{ro o roM, rrro ysge oKa3brBaerc,6rusrofi K cra'Aapry r.rccJreAoBauwfrr [4]o,Tau (ra6n. r). foanuoe o6croqremcrso
[O3BOJIfleT II3MeHI'ITL I'IC[OJIb3yeMyIO-HaMI,I paHee MeTOALIKy aHaJII43a arruOC$ep rr,rraHTOB
[3] u uccnegoBarb c[eKTp TSge gu$SepeHrir.raJrbHbrM cuoco6orra IIo orHorrreHr.rK, K cx,Tau.B naureu cr-yqae flpel'IMylrlecrno raxo.o [oAxoAa cocror{T B Bo3Mox<Hocrn ug6ex<arr
BrturflIdl,fl, eQSerta orrlonenuri or JITP B HaceJreHHocrsx ypoBHefi atoil,ros. Vlcuregoaanuz,

Ta6.nuqa I

3nesga Cnexrpals-
uuii xlacc

v-n Mln Mb M/Mo 7"O logS
9t

"ySge

oTau

K4_MO

K5+ lu
3,63

3,67

4,2
0,0

-t,25

-l ,l
3950

3850

1,6

1,5

1,5

1,5

2,0

1,9
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Cpauneuue xr.rMr,rqecKoro cocrara atuocQep lSge u oTau
Cogepxauue, onpeAeneHHbre rro Jrr{HrrrM nefirpalrHrrx gJreMeHToB, [peAcraBreHbt roqKaMll, rlo JIl.tHLlrM

HoHoB - KpecrnKaMr.I, orKpblTble KpyxKIr coorBercrByror pesynsrarau [14]

uocJreAHero AecqTI,IreTIrf, c oqeBuAHocTbK) rIoKa3aJII{, IITO AO[yqeHu, o JITP a

atuocSepax rr{raHToB no3AHr{x cneKTpaJrbHbrx KJIaccoB [puBoArr K c]IcreMarl{qecKrlM
our,r6KaM B orpeAeJleHuflx coAepxaHllfi [9, l0]. B upuuqune BJIurHrre eQSerra
3HarrrlreJrbHo cHux(aeTcs. ilpbr paccMoTpeHvu Jrtr]f.trit HefiTparbHblx sJIeMeHToB,

o6pasyrorquxcfl c BbrcoKr.rx ypoBHer:r u :l,unt4it lroHoB, oAHaKo He AJra Bcex SJreMerrroB TaKHe

rrvt]glvrrt Moryr 6rrrr nsr"repeHbr B crreKTpe 3Be3AbI (n oco6euuocrll ecJII{ yqeerb, tITo prA
eJreMeHToB rrpeAcTaBaeH MaJIbIM KoII{qecTBoM JILIHLIfi). [nq rrpoBeAeHpIf,
gfi$$epeuquaJrbHoro aHaJrr{3a Mbr B3qlu 3uarreHr,r{ oKBI{BaJreHTHbIx ilrapl,Iu JII{HIiIfi B

creKTpe cx,Tau ug crflrcna, ouy6rnKoBaHrroro s I l]. flocxonr,ry Ha6[IoAeHLI{ [11] n xemo-
3eJregor? o6racru c[eKTpa flpocruparorcs go 4560A, a Halrru - JII{Iub Ao 5000 A, ttuttwu
MHOrux oJreMeHToB, 3aperr{crprrpoBaHHbrx B Ar{arra3oHe },4560-5000 A, nauu'"e Moryr
6rrrr lrcnonb3oBanbr rpfi cpaBHeHr.ru. Bcero 6uro oro6pano 220 ntttnttir (ra6n. 2), o6u1ux

co crrucKoM [11], npnveu AorroJrHureJrbHbre Jrr{Hur{, }r3MepeHHble HaMI{ B c[eKTpe }S9g u He

Borxegrrrrre B AaJrbHerltmuit auatws, HMerorc, y aBTopoB B apxI,IBe Ha MarHurHoM HocI,ITeJIe u
Moryr 6utr npe4ocraBJreHbl xeJraroUr,rM. Cr,rcteua cuJI ocquJrJrrropoB, upuMeHeHna, B

HarrreM aHaJrr43e, coBrraAaer c ouy6lnxonannori HaMII paHee [prr uccJreAoBaruv K-rurantos
(o"r. naupuuep [3]), oAHaKo clreAyer rrMerb B BrrAy, vto gu$QepenlllraJrbHblft aHarI'I3

cno6ogen or HeonpeAeleuuocrefi, cBfl3aHHblx c 3HaqeHl{flMu loggf.

Kar yx<e yKa3brBaJrocb, B Harlux Bbrqr,rcJreHr,rflx [pI,tMeHrJII{cb MoAeJru u3 cerKI,I MoAeJrefi

aruocsep tZ), Pac.retr rpoBoAlrJrr{cb AJrrI AByx nao4enefi c eQSexruBHbIMu
rer'.rueparypauu 3800 n 4000 K (suaveuna logg B o6oux cryqatx cocraBJrrJrl{ 1,5), u
loryqeHHbre 3HarreHrla cogepxauufi oJreMeHToB.uo I{HATIBIIAyaJIbHrIM rrurwflla 6brlter

[poI{HTep[oJIlIpoBaHbI Ha 3HaqeHI,I, TeQ = 3850 K u 3950 K. Murpotyp6yrreurrraa
cKopocTb n amuoc$epe YSge 6rrua npnuata pannorit 2,0 xulc, cJIeAyf, pe3yJIbTaTaM

orpeAeJreHufi (, n aruoc$epax M-rr,rranron (cu. [4-6]). HaftAenurte B I{Tore pa3Hocrlr B

coAepx<aHl{rx gJIeMeHTon r aruoc$epax YSge u CX,Tau [puBeAeHbI Bo BTopoM ctol6qe
ra6t.2.

I4s pncynra, Ha KoropoM cpeAH[e BeJIUIII'IHrI

Aloge = logqrse" - logtoluu

[peAcraBJreHbr BMecre co cBor{Mr,r oruu6raulr o[peAeJreHrrt (ecnn oHH HaxoAunncl uo 5

ra 6onee nlrunxu) r.r ra6Jr. 3 cnegyer, rrro xr.rMlrqecrufi cocras aruocQeprt ySge orasancx
6nnsKr,1'r K xr{M[qecKoMy cocraBy aruoc$epu crauAapra clTau, a pa3Hocrl{ rlpaKTrrrlecKlr

yKJraAbrBaroTcfl B Alltana3Oue t0,2dex. Cogepx<anue xeJle3a B aTMocQepe lSge, onpe-
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Ta6tn4a 2

3,rellenr Et Iogs/
%,(^vsge) Aloge

I 2 3 4 5

Nal

6160,76

6t54,23
4982;83

AII
5557, I 0

siI
62M,48

6145,02

6l3l,58
5948,55

5665,56

Cal

6499,6s

6493,79

647t,67

6449,82

6439,08

6t69,56

6169,04

6166,44

6161,30

6t22,23

5590,12

5588,76

558t,97

5512,98

5260,38

ScI

s520,50

5484,62

5083,71

ScII

6320,85

6245,62

56s7,87

5552,25

5526,81

TiI
6336,11

6312,24

6303,76

6258,t1

6126,22

6091,18

6085,26

6064,63

5978,s5

2,10

2,10

2,10

3,14

-s,61
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5,08
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) \-)
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1,89
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, 01
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l ,85

t,44

1,50

l,-51
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I,77
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I,44
I,44

|,07
))7

l,05

1,05

t,87

-t,27
-t,57
{,95

-2,10

4,72
-0,84

-1,16

-t,23
-2,04

-0,82
--0,1 I

-o,69
4,52

0,39

-0,48
{,80

*1 ,14

-t,27
4,2',7

-{,57
0,36

-o,96
-{,45
-t,72

nt)
0,08

0,42

-1,77
-{,99
--0,56

-2,43
0,00

-1,66

-t,49
-1,48
-{,39

-t,31
-o,35

-1,47
*1,74

4,29

0,1 82

0,1 70

0,250

0,075

0,0s0

0,035

0,055

0,092

0,04.5

0,196

0,265

0,23s

0,245

0,315

0,224

0,195

0,r66

0,204

0,404

0,194

0,261

0,212

0,1 66

0,096

0,108

0,064

0,137

0,076

0,t25
0,r36
0,036

0,t27

0,t52
0,170

0,t90
0,243

0,208

0,164

0,231

0,192

0,161

-o,05

0,13

4,11
0,42

0,03

4,46

0,07

0,1 -5

0,21

0,28

0,00

0,27

0,2'1

-{,04
0,34

0,03

0,24

0,08

0,10

0,02

4,47

0,02

-0,36

-0,3 r

0,10

0,12

4,23
4,23
4,34

0,00

0,27

0,51

0,06

-,0,0.5
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T a 6ri u qa 2 (npogoaxeuue)

5965,83

5953, l6
5937,8t
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5648,5',7

5490,15

5460,50

5351 ,07

52s9,97

52t9,10
5201,09

5192,97

5 152,19

5147,48

5 I 13,45

5020,03

5016,16

VI
6452,31

6292,81

6285,16

6274,66

6256,91

6243,11

6216,3.6

6t99,19

6l19,53

6l I 1,65

6090,22

6081,45

6058, l7
6039,74

6002,64

6002,30

5657,45

5646,11

5632,47

5626.().1

CrI

6330,10

5649,37

5648,25

5628,65
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t,46
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0,n2
0,20r
0,205
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0,128

0,063
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-o,00
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0,04
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U,OJ
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-0,03
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0,03

-o,31

4,25

-2,67
4,70
-0,69

-t,00
-2,98

-2,90
-2,01
-2,03

-0,36
-o,81

-l,16
4,47
-2,44

-6,08

-r,00
-2,38
-l,65
-2,43

-2,74
-2,6'7
_r 55

-1,69
-{,98
-2,68
-2,44

-t ,71

-2,88
*1,52

-t,92
-l,55
-1,21
4,74
-l,53
4,76
-1,22
4,17
-l,31
-0,80
-{,89

-1,43

-l,46
-{,30

0,228

0,243

0,209

0,195

0,239

0,17 t

0,259

0,r39

0,116

0,2t5
0,1 78

0,294

0,294

0,1 50

0,203

0,t72

0,291

0,201

0,1 05

0,171

0,258

0,1l0
0,200

0,213

0,147
n )))
0,249

0,1'16

0,220

0,192

0,121

0,1 59

0,1 95

0,107

0,086

0,072

0,094

0,127

0,265

0,1r5
0,132

0,141

0,t44
0,t22
0,r09

0,102

0,1 l9
0,1l6

0,80

0,3 r

0,06

-o,l5
0,09

0,2'7

0,1 8

0,60

0,54

0,68

0,31

-o,t8
0,01

nA)
0,43

0,32

-0,1I
0,50

0,10

0,40

-0,09
0,59

0,04

0,45

0,30

0,15

0,01

0,49

0,08

0,49

0,t4
0,14

0,01

0,12

-{,16
0,06

0,21

0,33

-{,09
0,14

0,1 9

0,0 r

0,12

0,48

0,10

4,41
0,23

0,03

55



Ta 6 n u qa 2 (npogoaxeHue)

5929,70

5905,68

565 r,48

5641,45.

5636,71

56 19,60

5618,65

5586,76

5576,09

5569,63

5567,40

-5560,23

-s546,51

5543,94

5536,60

5522,46

5501,47

5491,84

5441,32

5411,03

s406,77

5393,11

s386,34

5379,58

5365,40

5364,87

FeII

65 16,08

6432,65

6247,56

6084,1 I

5991 ,38

5425,27

5414,09

5197,58

Col
645-5,00

6117,00

6093, l 5

5647,24

5530,78

5352,05

NiI
6532,88

6321,59

6204,61

6t'77,25

6178,81

6175,31

6l 30, l4

0,79
_) nt

-t,25
_r 51

-t,'77

-1,41
-{,3 r

-1,01
4,67
-2,80

-1,26

-l ,35

-l ,15

-3,80

-t,64
4d2
_) /,7

t,1l
-1,69

-t,76
-0,90

-1,83
,l,58

-1,18
0,06

-3,67
-3,68
1,45
-4,15

-),oo

-3,49
_-l s,
_) 6)

_t) ,5
2,49

-2,44
-1,56
-2,06

0,06

3,5 I

-3,1 9

-1 ,15

-3,68
0,53

4,72
-1,t2

0,076

0,103

0,063

0,121

0,076

0,107

0,100

0,250

0,176

0,202
0,1 80

0,090

0,r24
0,1 13

0,070

0,088

0,372

0,049

0,080

0,086

0,088

0,230
0;082

0,120

0,148

0,162

0,086

0,0s5

0,051

0,034

0,061

0,049

0,048

0,095

0,100

0,1 l7
0,1 36

0,105

0,149

0,100

0,140

0,1 87

0,086

0,1 l5
0,103

0,100

0,055

0,08

0,01

-0,04
-0,1 3

4,14
0,16

-.0,09

0,28

0,09

0,17

0,25

-0,06
0,35

--0,08

-0,1 I

-o,09
0,01

0,04

0,01

-0,r 3

0,56

0,28

4,32
-0,38
-0,03
-o,03

0,39

-{,0s
0,1 9

0,1 I

0,47

-,0,08

0,52

{,03

-{,13
0,0 r

0,07

4,25
-{,18

0,00

0,56

0,5"t

0,44

0,0s

-0,1 9

0,06

0,00

4,53

4,63

4,45

4,24

3,62

4,37

4,t9
3,35

3,42

3,40

2,60

4,42

4,35

4,20

2,82

4,19

0,95

4,17

4,29

4,40

4,35

3,23

4,14

3,68

3,56

4,43

2,88

2,89

3,89

3,19

3,15

3,20

3,22

3,22

3,63

r,78

1,74

2,28

t,1r
3,58

1,93

1,68

4,09

1,83

4,09

.4,09

4,26

56



Ta6ruqa 2 (oxoH.raune)

6128,98

6l I1,08

6108,13

6086,29

60t0']-,32

5996,74

5643,r0

5641,88

5637,12

5625,33

5593,73

s589,38

5462,49

5435,87

5137,07

YI
6435,02

Ztl
6143,18

6140,46

6t34,57

6127,48

5955,3s

BaII
6496,91

6141,73

CelI

6043,39

Prll
5352,40

NdII
5740,86

5414,73

5421,55

5416,38

5356,93

5255,51

5249,58

5089,83

EuII
6645,11

6173,05

1,68

4,09

1,68

4,26

1,68

4,23

4,r8

4,10

4,09

4,09

3,90

3,90

3,85

1,99

1,68

0,07

0,07

0,52

0,00

0, l5
0,00

0,60

0,70

t,2t

0,48

I ,16

0,99

0;14

0,86

I,28

0,20

0,91

0,20

1,37

1,32

-3,50

-1,05

-2,78
o,66

-3,49

-1,21

-1,46

-t,20
-1,00
-{,85
4,92
-1,33
-0,99

-2,58

-t,44

4,82

-l ,30

-1,32

-1,28

-1,06
-2,12

4,46
-o,16

4,22

{,63

-{,82

-1,09
4,94
-o,93

-0,07
--0,8s

0,14

-0,88

4,12
,{,96

0,13'7

0,082

0,1 93

0,080

0,126

0,063

0,0.58

0,080

0,081

0,065

0,066

0,059

0,109

0,143

0,200

0,1'73

0,r69

0,074

0,1.58

0,161

0,r30

0,27 |

0,250

0,027

0,015

0,071

0,036

0,057

0,04'7

0,028

0,1 82

0,r00

0,r34

0,057 
"

0,02 r

-0,09
0,06

-o,08
0,02

-o,03
0,17

0,1 -5

0,2'7

-0,25
4,t2
-0,03

-0,26
0,34

-0,.53

0,1 I

0,69

0,19

0,03

4,12
0,00

0,4-5

0,07

{,0.5

-0,1 0

-o,19

0,51

-0,45
4,43

0,08

-0,25
0,84

-0,25
0,41

0,08

0,07

<1



Ta6rllua 3

Aloge5r.-Aloge*1ru (vuc,lo luuutl) Aloge5*.-Alogeolou (vuclo lnHrlii)

NaI

AII
SiI
CaI

ScI

ScII

TiI
VI
CrI
MnI
FeI

0,04 (3)

-0,0s (l)
0,01 t 0,15 (5)

0,15 t 0,03 (14)

-0,22 (3)

-0,12 1 0,10 (5)

0,r3 r 0,04 (27)

0,20 r 0,07 (20)

-0,0s 10,15 (12)

0,00 (3)

0,14 r 0,09 (68)

Fell

Col

NiI
Zrl
Zrll
Ball
Cell
Prll
NdII

Eull

0,19 r 0,09 (8)

-0,08 r 0,05 (6)

0,09 1 0,06 (21)

0,1 I t 0,10 (5)

0,r6 (r)
0,01(2)

-0,1 r (l)
-0,20 ( r )

-0,06 r 0,16 (8)

0,08 (2)

AeJreHHoe rro IIIHI,IIM FeI, uOauureHo Ha 0,l4dex nO oTHolUeHI{}o K G,Tau. Cpeguurl
[36brroK cogep)KaHrrrl eJreMeHToB or Ti qo Ni, n:neureuHblfi ao (Il4cny I],1HI4I1, cocraBlrrl
+0,12dex, co[ocraBr{M c rorrHocrb}o Harrrrrx o[peAeneHrIri lr noguo><Ho cBq3aH c

He6o[[,uuM AeQI,tqlrToM MeraJrJ]oB B arMocQepe cxTau. Mtt He HaITITII{ cB}IAe'reJrE,crB

roHrlD{<eHHort Merarrrrrrrruocrr{ (Burorb lo (-0,6 + -0,4)dex) a'ruoc$ep M-rnrau'ron U2, 13).

Pesylsra'rr,r Ha[Iero aHaJII,I3a corrtacyrcTcfl c BbIBoAauu [5] o ToM, tITo BeIItlrII'IHII
Aloge(Fe) [o orHoueHl{}o K craHAapry o,Tau Jle){<ar B [peAeJrax 4,2 go +0,2dex.

Mr,r conocraBr.rn[ pe3yJrbrarr,r oflpeAeJreHr,rri coAepx<aHI,IIl Tsx(eJIbIx gJIeMeHToB B arMo-
cQepe ySge c ory6nrrKoBauHr,rM B [14]. YvurrrBa, pa3Jrr4alllrl B [pI4HLIMaeMbIx rapaMerpax
a.rr'aoc$ep Artq o6er4x 3Be3A (B [4] nrrvucilerfie, [poBoAlrn]Icb rlpu cneAyroqux
rrapaMerpax' IrS = 4000K, logg = l,5,Et = 2,0rwlc), MbI npIrBeJrH pe3ynbTarEI [14] r
pa3HocrqM Aloge rl cpaBunJrr{ c aHarorr4rrHblMl{ HaIIITMI{ BeJILITII'IHar'.ru (ua pI'IcyHKe

o6o3ua.reutr rpyx<ralrlr). Hecuorpx Ha 3HaqrrreJtnr,Ifi pa:6poc B onpefleneHllflx rq)Kerblx
sJIeMeHTOB OT JIIIHII?I K JII4HI4I,I KaK B Ha[IeM aHaJII,I3e, TaK LI B pe3ynbTaTax [14],
cyulecrBer{Hr,re pa3JrI,IrII{, BeJruyI,rH Aloge o'rcyrcrByrcT. Mo>xuo [peAIIoJIo)KI{Tb, tITo

yra:aunrril pas6poc B coAepx<aur.rrx, olpeAerqeMblx rro orAenlHo B3qrbIM lrttur"lttu, cBr3aH

c r{3MepeHuqMrr cna6brx .uuuur)i, Ha Koropbre BJrr,rflHr{e HeorlpeAeJleHHocrel? B [poBeAeHI{It
ypoBHq HerrpepblBHoro cleKTpa BeJII{Ka.

Bo nroporl rracrr{ AaHHoro rrccJreAoBaHr{, Mbr [pI{BeAeM pe3ynbrarbl aHaJIIr3a

3aperrrcrprrpoBaHHbrx c rroMorrlL,ro fl3C-rar',repbl cIleKTpoB ySge 6onee BblcoKoro
tpororretpr.rvecKoro KatlecrBa.

Aaroprr 6larogapxr JI.LI. An'rnnoBy 3a rroMorrIb B npoBepKe c[I4cKa oKBI,IBaTIeHTHLIX

rur{pr4H rrulatrir a cnerrpe ySge.

Anpels 1992 r.
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Y\K 524.352;524.33

nOJrfplIMETpIIfl H 6OTOMETPI,Ifl yTJIEPOAHOII MUPUA6I V CrB

0.C. EQuuor

flprnogercr pe3ynr,Tarbr UBVRl-Sorolaerpr{fl r noJrrprrMerpl{u yrnepoAHoft tuupugl,I V CrB no ua6'nrogeulrru

1987-1988 rr. a Kpuucxoft acrposusr.recxofi o6cepnaropun. PaccltorpeHbl IBM_eHeHI'rf IIBeTOBbIx u noncplr3a-

rlrroHHbrx xapaKTepncrr.rK 3Be3Abr B xoAe nyjlbcaqlroHHoro ql.IKJla. flpu ocla6leuuu 6aecxa 3Be3[a cHJIbHo

KpacHeer. B ro xe BpeMr B ee Lt3JryqeHl{r{ ycuruBaercrl KoporKoBonHoBa, KoMnoHeHTa, AOCTI{rarcUla,

,u*"rryru n $ase rr.rlruurvryua 6lrecxa. flapar*letprr rrauefisofi rtonrlplt3aIIurl TaKxe MeHrllorce c $aroft.. Crenexr

noJlrpr{3aur{fl MaKcrrMaJIbHa s o6racru M[HI{MyMa 6lecxa. Ar*,rnnuryga I'I3MeHeHHrl c'reneHlr norqpuaaqfiu

y6unaer or - l\Vo B rroJroce AoB -l,5Vo B floJrocaxRul. Ilpu nepexoAe or MaKcI{MyMa 6lecxa x MITHHMyMy

npo[cxoAr.rr rloBopor nnocKogru nonqpu3aqlrr{, BeJTHqLIHa Koroporo y6stnaer c pocroM AJII'IHrI BoJIHbl H MeHrlercq

or-l00oBnoJroceBgo30oBnoJroce/.OqeueuaBerIrqI{HauexsneagnofinoJltpl{3alluil-0,2Vou0=ll0'.
Co6crseHuar nonrpr{3arlfir x3nyqeHr{, V CrB uoxe'r 6ttrr npegcraulelra cynepno3uqlleft gnyx KoMnoHeHT:

11ocrorHgofi, rosHlriaroqeri B HecfiMgerpurrHofi oKono3Be3guoti nrtlenoft o6oloqxe, r'r nepelreuuofi, cne3aunofi,

no-Br,rAr,rMoMy, c KpynHoMacura6HbrMr{ HeoAuopoAHoc'rault atuocQepbl 3Be3A[,] lt/uru ssegAHoro Berpa.

Cparxenue ArrarpaMM rIBer-Beruqr,rHa u 6lecx-crenesb noJrtpL{3atluu Anfl V CrB c aHaJIor[rIHblMH AI{arpaMMaML

AJr, 3Be3A Apyrnx rHnoB c nbtJIeBr,rMlI o6oloqxauu npr{BoAlrr K Bl,tBoAy o roM, tITo MexaHI{3M[,I Bo3HI.{KHoBeHHs

IIonqpI{3aI{HLl y HI{X pa3nIIqHbI.

POLARIMETRY AND PHOROMETRY OF CARBON MIRA V CrB, by Yu.S. Efimov. Polarimetric and

photometric data of observations of barbon mira V CrB are given. The observations were made in 1987-1988 in

brimean astrophysical observatory. When star goes to the light minimum its reddening is enhanced with a maximum at

the time of lig-ht minimum. At the same time the shoftwave radiation is appeared with the maximum at the time of light

minimum to6. Both polarization parameters (degree and position angle of polarization) were also changed. The

maximum of the degiee of polariziltion in each band was observed at the time of light minimum. The range of
polarization degree decreased from l\Vo in B - band to 1,57o in R and / bands. The rotation of position angle was

bbserved wheristar paised from the maximum to the minimum of its brightness. The position angle rotation is

wavelength dependeni and decreased from 100o in the B - band to 30o in the 1 - band. The interstellar polarization was

estimated equal to - O,27o ivith the position angle 0 = ll0o. The intrinsic polarization of V CrB consists of two

components both of which are wavelength dependent. The constant component is connected with asymmetric

circumstellar dust envelope. The variable part of intrinsic polarization is produced by the large-scale variations of the

stellar atmosphere and/oi stellar wind. The comparison of color-magnitude and magnitude-degree of polarization

diagrams for.V CrB and other stars with circumstellar dust envelopes shows that the polarigenic mechanisms in these

stars are quite different.

Bneneuue

Hecuorpa Ha 6orbrxoe KoruqecrBo r,rccJreAoBaruit MI{prIA, 3Be3AbI SToro rlrtra B

3Haq[TeJrbHofi, Mepe ,BJrflrorcr 3araAoqHbrMI,I o6'beKTaMu. Ha6nroAarcIqeecfl B nocJleAuee

BpeMq yBefluqeHr,re r{HTepeca K r,r3yqeH[Io MrIpI{A cBfl3aHo KaK c pocroM Ha6[IoAarerbHblx
sogt\,Iox<Hoctefi, TaK I{ c ycflexaMfi B fi3yrreHrlr{ oKoJIo3Be3AHbIX O6OJIOqeK. cyqeCTBeHHbIfi
BKJTaA B rroHuMaHr{e SLI3LI.IeCK}IX [poqeccoB y MI,IpLIA MOryT AaTb [oJIspI{3aIII{oHHbIe
,rccJreAOBaHLIs. yx<e rrepBble TaKIIe Ha6IIOAeHI,In U, 2] nOKa3aJIII, IITO IIapaMeTpr,I
lr,rHefiHori floJrspr,r3arlun ux [3ryr{eHrrfl (crerreHb I{ rIo3t4I{I,IoHHbIft yroJl [JrocKocr]I
noJrgpld3arlrru) uenxrorcfl B xoAe [yJr[,caul{oHHoro III{KJra. Euno BbIrcHeHo, rrro

rroJrf,p[3arlufl Bo3HIIKaeT IIpu pacceflHvr:,, cBeTa 3Be3AbI B ee Soroc$epe I{JII{ B

oKoJro3Be3AHori o6ororrKe. ColocraBJreHrre I{3MeHeHI,Ifi IIBera, 6necxa I{ creleHlr
floJrflprr3aqr,Iu y caMori Muprr Krr:ra npuneJro K rloflBJreHl,uo "ubuIeBoI;I MoAeJrI,I" [3-5],
Cornacno gToli MoAeJII{ B o6JIacTu Qastr 0,8 (rar Ha3blBaeMaq ToqKa epyrrqrl{) B

aTMOcQepe 3Be3[bI IIOf,BJIteTCfl MeJIKa, [bIJIb, AarcII{afl pe3KLIfi poCT CTerreHH

loJrflprr3arlrr[. B raKoM cryqae [pr{ E3MeHeHrrrr pa3MepoB TIbIJI}rHoK AoJrxHbI MeHrrbcf, Irx
oflTr,rqecKr{e xapaKTepr,rcTr{Krr, trro Moxer 6rrtr o6napyxeHo flprr lIccJIeAoBaHI,IIr

IIoBeAeHufl rIBeToB r{ flapaMerpoB [oJrrpH3arIIrtI,I 3Be3AbI c Sa3ofi 6lecra. Hau6onee
[oAxoAflrrlr{Mrr AJI, TaKoro r{3yqeHu{ ffBflflroTcq yrJrepoAHble MEprrAbI, TaK KaK yrJrepoAHble

nbrJrr.rHKII {BJrrrOTCq He TOJTbKO CUJrbHbrMrr IIOTJIOTITTeJIflMI{, HO rA e$$eXrZnHbIMH IOJITIpU-

3aropaMH.
C gpyrofi cropoHbr, eqe B 1969 r. Xappr,rHrroHoM [6] 6rtno noragaHo, rrro reMneparyp-
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I{bIe BapI{aquI,I B arMocoepax xoJIoAHbIx rI{raHToB r.rJrr,r cBepxr[ranros Moryr [pI{BecrI{ K
Ha6nrogaelr,tslM y MHpITA 6onuuralr 3Har{eH[rM creleH]r [oJrflpr,r3ar{[I{, Bo3Hr,IKarou{[rM npr.r
aruoc$epuoM paccerHlln. EsIro [peAcKa3aHo raKxe ri3MeHeHr,re florqpr.r3arlnr{ B cneKT-
paJIbHbIx floJlocax. fieficrnurelbHo, raKaf, cnssr 6stra o6uapyxena y psl,a Mr.rpr{A pa3Hbrx
Tr{rroB [7, 8]. OrcrcAa cJreAoBaJro, qro [oflqpu3aqr,rrr Bo3ur{Kaer n $orocSepe rrpu paccefl-
uuu n ruefi u3ryrleHl{f, ruITeH ("nlreuHaa uogenr"). CyrqectnoraHr.re raKI,Ix rrrreH cBfl3bl-
BaeTcf, c HaJrI{q}reM y xoJroAHblx rIrraHToB r.rJrr{ cBepxrrrraHToB KpynHbrx KoHBeKTUBHbTX
flqeeK [9, 10]. B erou cnytrae floflBrqercfl Bo3MoxHocrr o6l,sculrrr oAHrrM Mexanr.r3MoM
KaK IrepeMeHHocrb [oJrflpu3aur.rr{, TaK lr [epeMeHHocrr Qorouerpr.rqecKyro rr, BosMoxHo,
crreKTpanbHyro.

TarNu o6paoou, B Hacroqlqee BpeMrr r{Me}orc, ABe KoHKypr,rpyroque MoAeJrrr Bo3Hr{KHo-
BeHHs noJrrpugarqrlfii, Koropble AJII KparKocrra 6y4ertr Ha3brBarb nrrresoft u nsrenxorlr.

. Ognaro cKyAuocrb na6rrcqenufi MlIpr,rA s o6racru Mr{Hr{MyMa 6recxa He [o3BoJrser
flpocJreAl,rrb 3a I{3MeHeHI,Isun 6recxa, rlBera r,r rroJrrpr,r3arl[[ I,t prccJreAoBarb r.I3MeHeHI,Ie

Qopuu ux c[eKTpaJIbHbIx 3aBlrcut'locrefi. Ha6lrogareJrbHbrx AaHHbrx rBHo HeAocraroqHo
qna rrt6opa roilutru r,ruori uogenu. floerouy n 1987 r. n KpAO 6brra na.rara pa'6ora no
cl{creMarl{tlecKoMy I,I3yqeHI,IIo rloJlrplr3ar{uoHHbrx lr Qororraerpr{rrecK[x cnoficrn prAa Mr{-
pu[ pa3Hblx rl{uoB c l{eJrbro flpocJreAr,rrb 3a r,r3MeHeHuqMu grrlx csoricrn c Qa:ori 6necxa,
K uacroauqeMy BpeMeHI{ nan6onee [oJrHbre pxgrr Ha6lrcgenufi nolyrreHbr AJrg M[rpr{A
V CrB, S CrB u T Her. flpegnapr.rrerrbubre pe3yJrbrarlr Harrrlrx Ha6arcgenurt V CrB n T Her
nplrBe[eHbr n [11].

Huxe I,I3Jrararorcfl pe3yJrbrarbr Qoror"rerpu.recKlrx rr noJrrpr{3arl[oHHbrx na6lrcgenufi
yrnepognofi MLTpLIArI V CrB. Couauro OKII3 [12] cuexrpalrnrrrl xnacc erofi 3Be3Abr
C6,2e. Enecr ee MeHrercf, B rrpeAeJrax or 6,"9 \o 12,m6 c [eptroAoM 356d63. 3neaga
pacrloJrox<eHa Ha BblcoKofi rarartraqecKori ur[pore (b = 5lo). V CrB flBorsercs,r{cror{Hr{KoM
unSpaxpacuoro rr3JryrreHr,rs IRAS 15477+3943, r{ro paccMarpr{Baercfl KaK yKa3aHr.re Ha
cyqecrBoBaHr{e y Hee, KaK r,r y Apyrux Mr{prrA, oKoJro3Be3AHoli uunenofi o6oro.xu,

Eonee paHHue lr3MepeH[fl floJlspr,r3arll,tu u3flyqenufl V CrB, npoBoAr{Brur,recr pa3HbrMu
Ha6nrogatelqMl{, oxBarblBalor AI,Ia[a3oHbr AJrrrH BoJrH or cnnerl o6racrr,I crreKTpa (nolo-
ca B) go 2 rrmrtr [13-18]. Y sne:grr 6rrna o6uapyxeHa [epeMeHHocrb crereHrr r{ yrJra
[JrocKocTH [oJlgpr43ar{urr co BpeMeHeM, [pualeM cTeIIeHb noJrrplr3arlr{u yBerr,Iqr,IBaJracb nplr
BxoAe 3Be3Abr B Mr{HrrMyM. Crenenr noJrrplr3arlr{r{ B oflTr,rtrecKort o6lactu Ha pa3nbrx $asax
BcerAa B HecKoJrbKo pa3 Bbrr[e, qeM B Ar[HHosorHoeorl o6nacrn, rAe oHa 6rrra ua ypoBHe
O,5-0,8Vo. Opnenraqua [JrocKocrr{ [oJrrpr,r3arlrr[ MenflJracb rro c[eKTpy [pHMepHo Ha 20"
npu flepexoAe or AJrr{HHoso[Honori o6nac'rra cleKTpa K KoporKoBonnosofi.

1. Ha6moqeHua

Ha6lrcgeuus V CrB rpoBoAlrJrr{cr n KpAO ya 125 cM reJrecKore A3T-11 c 5 uroHq
1987 r. no 20 uroNs 1988 r. I,IcnonrsoBaJrcr Qrnucxufi Sorouerp-noJrrpuMerp
KoucrpyKr{r{u B. flnuponrr [19], ro3Borqrcquir nponognrb r{3MepeHr{, oAHoBpeMeHHo B

flflTr{ floJrocax c[eKTpa UBVRI c rIeHTpaMr{ coorBercrBenHo 0,37, 0,44,0,53,0,69 n 0,83
r'rxlr. I,IncrpyMeHTaJrbHa, floJrrpr.r3arlr,rfl oflpeAeJrflJracb IIo 3Be3AaM c 6onrurori ra rvranori
roJrspr3arlrrefi r,rs cnrcxon l2o-22l.3nesgoli cpaBHerrrr{ cJryxrrJra 3Be3Aa SAO 64951 =
= BD+40"2932, Ely^ xoropofi npnnaaxoft x $o:rouerp[qecKr,rM craHAapraM us cuucxa [23]
6rrma onpegeJreHbr BeJrrrqrrubr r{ rlBera: V = 7,nt93, U-B = 1,"'99, B-V = l,'t56, V-R = 1,'125,

V-l = 2,"27 . Tunn.rHaq ourra6ra ueuepenufi 6recra cocraBrrler = 0,"101.

Pesynrtarur na6nrogeuurl co6paHbr n ra6n. 1, n ctor6qax xotopor? yKa3aHbI roJrrlaHcKa{

Aara JD, Sasa uo oJreMerrraM OKfI3, Har{MeHoBaHr{e fioJrocbr, KoJII{qecrBo nsuepeulrft N,
coorBercrByrcrqa, 3Be3AHar BeJrr{rrr{Ha MAG, crerreHb [oJrflpl,r3aql{n P u cpegneKBaApa-

TrrqHa, oruu6ra ee olpeAeJrehws, Cp, uo3lrl{I{oHHblfi yron 0 unocxoctu rIoJItrprI3aIIurI

B gKBaropr,raJrbHori clrcreMe I,I ero cpeAHeKBaAparurlHas orura6K8 o6 = 28,"65 (oplP) n
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2440000!
<Da:a flo.noca MAG P, o/o oP'oh 0, .put o0, rpaA

I 2 3 4 5 6 7 b 9

6952 0,91 8

6956 0,929

69.58

6960

6961 0,943

6978 0,991

6980 0,996

698 I

6991

s,49

0,35

0,0s
0,02

0,o2

U8
B8
V8
R8
/8
U2
B8
V8
R8
/8
U3
a8
y8
R8
/8
U3
B4
V4
R4
I4
U5
B6
v6
R6
t6
U4
B4
V4
R4
t4
U8
B8
v8
R8
18
U7
B8
y8
R8
18
U4
B4
V4
R4
I4
U8
a8
v8
R8
/8
ut2

16,0

13,2

8,4

6,5

4,9
16,0

t2,8
8,2

6,4
4,9

16,0

12,54

8,32

6,35
4,97

15,10

12,29

8,15

6,18
4,83

16,38

12,49

8,33

6,38
5,00

16,28

12,32

8,22
6,25
4,85

15,78

12,30

8,20
6,23
4,84

16,28

12,30

8,21

6,23
4,84

16,20

12,42

8,23

6,22
4,78

16,40

12,45

8,24

.6,21
4,76

16,20

2t,33
)o)
0,96
1.02

I ,13

4,12

0,78

0,99
1,t I

t7,32
5,36
0,77

0,98
1,03

I 1,86

4,60
0,61

0,97
I,05

25,43
4,48
0,65
0,96
1,03

12,81

4,54
0,54
0,90
0,92
9,76
4,57
0,56
0,89
0,93

t6,95
5,07
0,62
0,90
0,93

t392
4,14
0,39

0,85
0,78

12,01

3,69
0,43

0,75
0,80
2,51

0,0 r

0,01
qn,
0,1 9

80,7 7,2
49,3 3,4

8t,4 1,4

t06,7 0,6
106,8 0,4

0,24 47 ,3 t,7
0,07 76,0 2,5

0,02 108,0 0,s
0,02 106,8 0,4

17 ,fi 175,8 22,3
0,69 -50,3 3,6

0,05 80,6 r,8
0,02 108,9 0,s
0,02
8,61

0,30
0,10
0,02
0,02
8,18
0,34
0t07
0,01

0,02
3,65
0,18
0,03
0,02
0,02
5,23

0,16
0,05
o,o2
0,02
5,74
0,15
0,04 82,8 I,9

24,3 18,0

40,9 l,9
16,0 4,s
109,3 0,4
t01,1 0,6
42,6 8,9
lq5 ))
71 S ?'
108,8 0,4
108,1 0,6
4t,2 '7 ,9
39,7 I,l
75,6 l,-5

106,1 0,5

107,1 0,5

136,8 t4,t
36,2 1,0
715 ) \
107,6 0,1

t07,6 0,5

123,9 9,4
37,4 0,8

108,7 0,3

107,5 0,4
52,3 l(r,5
40,I 1,3

0,06 90,4 4,7
0,02 109,() (),5

0,01 108,0

0,l 5 40,7

0,03 82,0
0,02 107,2

0,02
2,16

1,1

1,9

0,7

0,6
20,3

106,s

65,0

0,935

0,940

0,044

7003 0,061

700.s 0,066
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7033 0,144

0,147

7040 0,164

7043 0,t72

7054

7065

7 166 0,517

B
V
R

I
U
B
V
R

I
U
B
v
R

I
U
B
V

.R
I
U
B
V
R

I
U
B
V
R

I
U
B
V
R
I
U
B
V
R

I
U
B
v
R

I
U
B
V
R

I
U
B
V
R
I

t2
12

t2
t2
5

8

8

8

8

4

4

4

4

4
4

4

4
4

8

8

8

8

8

4

8

8

8

8

I

4

4
4

4

4

4
4
4

4
4
4

4

4
4

4

4

4

4

4
I
I

4

4
4

3,75

0,57
0,78

0,78
t8,73

3,41

0,55

0,80

0,71

0;15

0,77
6,20
2,49

0,77
0,77

2,51

2,46
0,59

0,83

0,80
'7,74

2,10
0,55

0,83

0,75

I,44
0,81

0,96
0,84

1,86

2,14
1,69

1,57

0,1 3

0,03

0,01

0,01

12,97

0,13

0,06

0,04

0,24
0,1I
0,07
0,t I
2,15

0,l9

0,03

0,02
4,46
0,t3
0,04
0,02
0,02
a9a

0,1I
0,05

0,03

0,03

3,0
4,4
2,7

9,6
2,1

3,3

l,l
0,9

30,3

1,5

1,9

0,5

0,7

10,0

1,5

2,1
1,0

I,l
38,8

3,3
,a
0,8

0,9

7,6
2,9

1,9

0,8

0,6

4,5

2,1

0,5

0,5

18,9

2,1

o,'7

0,6

ao
0,8

14,48

8,26

6,2
4,76
16,2

12,50

8,23

6,18
4,73
16,2

8,16
6,07
4,60

16,14

12,61

8,30
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4,65

16,28

12,55

8,26
6,16
4,64

16,48

r2,75
8,40
6,22
4,70

t2,'79
8,41

6,22

36,0

8l ,4
1 03,1

103,1

32,3

36,s
7qq

102,7

100,9

32,1

88,4

98,8
95,7
40,7
'to ?

95,8
105,4

l0l ,9

34,5

39,7

95,6
t02,4
103,0

5 1,-l

46,8
96,2

102,4

100,9

57,4
42,7

100,3

104,2

t03,4
t 3,3

41,4

98,3

104,8

104,4

40,9

102,5

107,4

105,8

127,t
117,9

1t],0
116,4

I 15,0

ttl ,6

0,76 0,05

1,0

1,6

0,4
0,4

1'7,3

I,l
3,3

1,4

1,9

12,46 . 2,22

0,56 0,06

17,54 22,11
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0,69
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4,66 0,79
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0,07
0,02
0,03
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I 2 3 4 5 6 7 8 9
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7201 0,632

7216 0,657
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I
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R

I
U
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I
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R

I
U
B

V
R

I
U
B
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I
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4

4

4

4

4
4

4

4

4

3

4

4

4

4

4

3

8

8

8

4
4

4

4

4

4

4

4

4

4

19,86

17,66

11,26

8,21

6,49
20,88
18,04

tt,20
8,21

6,43

l8,00
16,87

10,40

7,44

5,68
17,82

t7':48

10,22

7,35
5,54

18,64

15,49

9,70
7,13
5,52
t6,0
t2,7
8,3

6,3

4,9

17,68

r,81

2,34

I,88
1,74

6,16
2,31

1,78

1,70

12,07

7,20
2,43

l,89
l,80

20,69
18,34

2,33
1,66

1,60

26,45
9,74
3,31

2,17
2,03

9,96
6,00
1,97

t,59
l,53

16,50

2,14

0,1I
0,03

0,02

l,83
0,10
0,03
0,03

6,84
2,tt
0,1I
0,05

0,05
8,54

r 1,30

0,14
0,08
0,07

3,35
0,9 r

0,08
0,04
0,04
4,74
0,26
0,2t
0,25
0,14

98,4 2t,5
101,9 24,9
120,3 1,4

|L6,7 0,-5

I1.s,5 0,3

13 r ,l 8,3

r 19,0 l ,3

I 16,6 0,5

il4,'7 0,5

t8,4 14,8

t37,9 8:2

I 16,6 I ,3

I 1.5,3 0,8

112,9 0,8

3,7 11,2

15 I ,8 15,8

I 19,5 I ,1
ll5,l t,4
r 14,5 t ,2
t35,4 3,6

I I3,5 2,7

l 18,2 0,7

I t2,7 0,5

r l 1,4 0,.5

108,8 t2,1
I 10,6 t ,2
104,0 3, I

99.9 4,s
102,1 2,1

rpaAycax' flna Hexoropblx Aar c [Jloxofi arMocsepHorl upospa.ruocrr,ro rrplrMeHrJracb
I{HTep[oJrrI{rIt I{3MepeHI{fi 6necxa [o cMexHbIM AaraM, B err,rx cJryqarx AaHHbre o 6recKe
AaHbI C OAHI{M AeCTTI{rIHbrM 3HaKOM.
Hadltndaeubrc uanteHeHu& 6necrca, noKaoamenefi 4aema u napailempor nonflpuaaquu, Ha
pzc. 1-5 [oKa3aHbI I{3MeHeHI4r 6lecra, crerreHlt [oJrrprd3arlrlru P (a npoqenr:ax) v r1o31t-
III{oHHoro yrJla nJlocKocrl{ roJrspl{saquu PA (r rpaqycax) c Qasori B loJrocax UBVRI.
Yepto'rxaul4 yKa3aHbI BerIaqI,IHr,I cpeAHeKBaAparr4r{Hbrx orur,r6ox uar,lepeurui. Ilparur,rur
KpecrI,IKaMH Ha pI,IcyHKax noKa3aHbr pe3yJrbrarbr ncex ony6nraKoBanHbrx Qorouerplr-rIecKI{x rr [oJlepl,IMerpzqecKl{x na6nrogenr.ut V CrB pa3Jrr{qHbrx aBTopoB [3-18]. ?Is-sa
cna6octlr 3Be3AbI B noJloce U roqHocrl [oJrrpr,r3arluoHHbrx na6nrogeHrr;r B orori 11oroce
Hrr3Ka.rr, u n ganr,nefiruerr,r er.r,I na6nrcAeHlrfl He aHaJllr3upylorcr.

Ha6nro4eunble MoMeHTbI MaKcIzMyMon 6necxa [paK"r,rqecKr.r coBlaAaror c BbrqrrcJreHgbr-
MI{ no sJleMeHTaM OK[3 n cMoMeHTaMI{ Blr3yaJtHbrxMaKcr,rMyMoBr{3 124].Kone6auwt
flpKocrl{ B pa3Hblx nonocak I4MeIor pa3Hyto aunmarygy. Har6oluuaq aMlrr,rryAa r{3MeHe-
nrafi 6necra Ha6rloAaracb B [oJroce B(Am = 6u), uar.rueurrlnafl, - B AJrr.rHHoBoJrHosofr o6rac-
ru (L,m = 2ot n \oilocax R Lr.f . MoueHru MrrHr.rMyMoB rrptrxoAs"cf, na $asy 0,6.

Bu,qno, qro crelenb norqpr,r3arl[fi pacrer npr,r upu6nuxeHr{rr K Mr.rHrrMyMy 6lecxa lr
Mr{HrrMaJrbHa s o6nacru MaKcr{MyMa ,pKocrr.r 3Be3Abr.

Marcrzuyt"ttl creIIeHl,I noflrpl,I3al{ur{ Bo Bcex [oJlocax Hacry[aror HeMHoro paHee, u6 ea-ge 0,5. Artaururyga ugueneHufi crefleH]i rtorqpr.r3arlur{ pa3[r{r{Ha B pa3HL,rx rroJrocax }r
[aAaeT c pocToM Airr{Hbr BoJrHbr or ='|Vo B noJroce B go = lvo B noiloce L
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Puc. 1. Ll:rr.rerreuuq 6lecxa VCrB n noaOce U (nepxunn tIacTL' plrcyHKa) creneut't ilOJtfrpfi3at\Ltrt P 'Vo u

no3rrI{HoHI{oro yrJIa nJlocKocrx noJIrpn3aul{Ir PA, rpag c r}a:oti
Beprurarrur,rr'rH qeproqKaMu noKa3aHbr cpeAHeKBa[parHrrtrbre otut'roKH r't:ll''repeuuii. ,[,luna veprouer coor-

Berfl'Byer 2o. Illrplrxonsre nllIIHI'r npoBeAeHbI rlepe3 tpa:y r''raxcllt"lylra 6lecxa

-50 L-
-o'2

llg\.reHeur.rq optreHTar{ur{ [JrocKocrr{ [oJlflprr3al{Ir[ IrMetor BoJIHoo6pa3HbIIf xapaKTep.

Ar'rnnr.gyga IIx MeHf,eTc, [O c[eKTpy I,1 [a[aeT OT l00o B tlgnoce B gO= 30o n uOloCe 1'

3alrerno TaK>I(e, rrTo MaKCrrMyMbr [o3r4rIIIOHHbrX yUIOB HaCTynarcT He B sa3e MI4HI{MyMa, a

Ha Sa3e 0.5.
Pas6poc pe3yJrbTaToB, fioryrreHHbrx pa3HbrMrr aBTOpaMLI B OAHI,IX I{ TeX )Ke cpasax

pa3Hbrx IILIKJIOB, OTpaxaeT, IIo-BI{[I{MOMy, peaJIbHbIe I{3MeHeIII{' IIapaMeTpoB

lorqpu3ar{ur4 or rlr.rKJr; K qrrKJry. Taxlle I,I3MepeHIrq 3aSxKcI4poBaHLI, B rlacrHocrl{, y S-

MrrprrAL,I R And t7,81 r yrJrepoAHol? MI4pIaAbI R Lep [25]. Clelyer, oAHaKo, r'IMerE' Il

BlrAy, rrTO B HeKOTOpbIx CJIyrIaflx IO3I{IIIIOHHbIe yTJILI ]'IMeIOT HeOIIpeAeJIeHHOCTL

* 90", 'rar KaK pa3Hr,re aBTopbr r{c[oJrb3y]oT cI,ICTeMbI OTCTIeTa yrnoB, oTruqarorquec.s

Ha 900.
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(Dorouerpur

14aueHeHtul noKa3ameneit tlaema. I4gueueulre 6necxa 3Be3AbI colpoBoxAaJlocb I,I3MeHe-

HrrrMrr ee r{BeroBbrx xapaKTepr{cux (puc. 6). B repxneft .ractr pllcyHKa Arfl cpaBHeHutl
rrprrBeAeHa Kpr{Bafl 6necra B fioJroce V. Buguo, qro I,I3MeHeHLII Bcex noxa:are;reli qnera
npoucxo/urJrrr cr{HxpoHHo r4 rrMeJrrr (reTKo Br,rpa)<eHHbtft sonuoo6pa:usrrl xapaKTcp.
Aunnuryga gTrlx ll3MeHeuntl gonolruo BeJIITKa I{ cocraBJlfler L(U * B) = 4"', A(B - \) = 3'',
A(V - R) = l"', L(V - I) = 1,"'5. Brr,recre c reM rluorAa ua6lroAarlrcr 6oluuue (> 1"')

orKJroucHrrfl norasarereri qrera U-B u B-V or rrJIaBuoro xo1a. fIo-nuAIrMoMy, oro cBq3aHo

c peanbHbtMr,r Bapr{aqr{flMl,I IIBera or I{I,IKJIa K IIITKJIy.

Brguo raK)Ke, rrro rrpr{ rraAeruu 6necra 3Be3Abr oHa crrJlbHo KpacHeer. B ro x<e BpeM, B

r.r3Jry(reHr.rr{ 3Be3Abr fioqB[flercq roly6oe [r3lyr1gsr" (loraaarelr, qnera U-B MLIHI4MaJTeH B
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Pnc. 6. I,I:r,reseur{rr noKa3areJrefi qsera U-8, B-V, V-R, V-l c (rasoii
Bepxuta (racrb pHcyHKa noKa3brBaer u3MeHeHHrr 6lecxa VCrB B floroce V. flpaltste KpecruKlr - pe3yJrb'I'arbl

u:r,repcHuft n: [3-18]
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Mr,rHlrMyMe 6necra). Axafiorr,r.rHoe rroBeAeHr{e rroKa3arerefi qneta U-B uB-V
ua6lroganocF y prAa loxubrrx Me-uuprag [26], 3ror e$$exr o6rscrrsercfl pa3irurrHbrM
BJrusnlreM TeMleparypnux r,ierrrenennfi z rasuenenufi cunu MoJreKyJrf,pHrrx uonoc TiO s
crreKTpe. flna yrnepo4nrrx udpug raKoe xe noBeAeHHe noraeareleir rlBera c Qa:ofi, rar u
y KucJropoAHblx MlIpr,rA, o6napyxeno, HacKoJrbKo yAaJrocb BbrrcHrrrb, BnepBbre.

OnpegelenHyro poJlb n na6arogaerrrux lrgireneHlrflx rlBera MorJro 6u r.rrparr r{3MeHeHr4e

r{HTeHcrrBuocrefi nonoc rourorrleHlrr coeguneuufi yrJrepoAa c Sasofi 6recra. Ho cornauro
r,rccJreAoBaHuro CenQopga [27] y V CrB crrJrbr MoJreKyJIspHbIx noJroc cra6o uenqrorc, co
BpeMeHeM, TaK rrro Ha6nrogaeulre u3MeHeulr, [oKa3arerefi qaera o6ycnounenbr rJraBHbrM
o6pasou Ir3MeHeHr{sMrr KoHTr.IHyyMa.

,[[,uazpauua Usem-senuquna, Bug rpeKoB 3Be3Abr Ha Ar{arpaMMe rlBer-BeJruqr,rHa
no3BoJrf,er B pflAe cryqaeBxor, 6u rpy6o oupefleJrrrrb rrp[poAy na6nrogaer"roro u3JryqeHu r

(pacceauue Ha [brJr]r, u3[yqeHue roprqero ra3a u Ap.). Ha puc. 7 [oKa3aHa raKafl.
Ar,rarpaMMa V, B-V gm V CrB, nocrpoeHHaf, rro crJraxeHHbrM Kp]rBbrM Snecra ]r r{Bera c
npI,IBJIeqeHI,reM Bcex ouy6rut(onaHHbrx AaHHblx [13-18]. Buguo, trro oHa rrMeer BrrA
'gnofinoft nerJrr{. Cnycx 3Be3Abr B. Mr,rHr,rMyM rr BbrxoA r.r3 Hero npoucxoALtr rro pa3HbrM

BerBf,M AlrarpaMMbr. Buaqane npu ocna6leuuu 6lecxa sa = l,n5' 3Be3Aa rony6eer ($asrr
0,0 - 0,3), 3areu npolrcxoAr,rr cr.rJrbHoe floKpacueHr.re 3Be3Abr, [pr.r KoropoM [oKa3areJrL,
qaera B-V Bo3pacraer ua 2* ($azw 0,3-0,6), [ocJre qero uporrcxogr{T Bo3Bpar K r{BeraM B

MaKclrMyMe 6necxa.
Ha puc. 8 uoraganrr AuarpaMMbr rlBer-Berr.rqfiHa rro Harur{M na6rrogennau n uorocax B,

V, R, I B rrpegeJrax oAxoro IU{KJra. Bugno, qro AuarpaMrr.ru V, B-V sa pnc.7 u 8 pasrur-
rrarorcf,, rrro yKa3brBaer Ha Bo3Mo>KHocrb pa3Jrr.ItrHoro xapaKTepa ugueueuuli noxagareaeri
rIBeTa B pa3Hbrx rIlIKJrax [epeMeHHocTr,r.

flossreHue HerlpepblBHoro rory6oro r{3JryqeHr.rf, B MuHr,rMyMe 6necra na6lroganocr y
3Be3A c rrbrJreBbrMr.r o6oro.rxaMr.r (R CrB [28]), PU Vul [29], WW Vul [30], UX Ori [30] n
Ap.) r4 JrerKo o6.rrcnserct paccearueM r,r3ryqeHr.r, 3Be3Abr Ha rracrr{rlax fibuu.r B ee\
oxonosresgrolt o6ono.xe. Bo Bcex gTr,rx cJryqaflx AlrarpaMMbr rlBer-BeJrr4rruHa r,rMeror
cneqn$r,ruecrr.rfi rng, sarracxlqntl or xapaKTepr.rcrux o6onor{K[ u rurra [brJreBbrx rracrlru,

Kar ugsecrHo, rrbrJrb flBilflercg BaxHbIM KoMnoHeHToM oKoJro3Be3gnrrx o6onoqeK y Mu-
pttg. Auanr.rs SotouerpuqecKr.rx na6nrogenlrfi yrnepoquofi Mr{prrAbr R For npr.rnen r
BbIBoAy, rrro MI,IHI4MyMbI ee 6necra Bbr3BaHbr KonAeHcar{nefi nrrnu B ee oKoJro3nesgnofi
o6onoqxe [31]. Ecnu y V CrB, Koropafl Toxe f,BJr{ercr yrJrepoAnofi ruupugofi, [porcxoAr,m
rarori xe npoqecc, xax y R For, ro Moxuo oxrrAarb, rrro Ar.rarpaMMa rlBer-BeJruvllna 6yger
rrMeTb KaKoe-To cxoAcTBo c cooTBeTcTByrcrrlHMr,r AUarpaMMaMr,r AJrfl 3Be3A C rrbrJreBbrMr4
o6ono.mal\,I[ (ecnu nruaxl,le usMeHeHr,ui t'rolexylapHbrx rroJroc Ha r{3MeneHr,rrr qneror uan6
uru yvreuo).

Cpanueuue Ar,IarpaMM rlBer-Beflr,rquHa AJrs V CrB c raK]rMrr Ar,rarpaMMaMH AJrfl y[oMrr-
Hyrbrx Bbrrrre 3Be3A [oKa3brBaer rrx cyqecrBeHHbre orJruqua, EgrancrreHHbrM cnor?crsoM
AI.rarpaMMbI qBerLBeruquHa AJIfl V CrB, Koropoe r,IMeer cxoAcrBo c raKr{M}r Ar{arpaMMaMr.I
AJrfl [pyrux 3Be3A, flBilfl,ercs, ee uerneo6pagnrrfi BrrA, KaK y R CrB. 3ro ogna.raer, rrro
o6pa3oBaHue [bIJreBbIx crpyKTyp r{ rrx pa3pyrueHr{e [por{cxoArr c pa3HbrM TeM[oM. OgHa-
Ko B ocraJrbHoM Ar.Iarpauurr V, B-V gtrt V CrB r{'Apyr[x 3Be3A cr{JrbHo orflr,rqarorcq,
yKa3bIBa, ua paairuqy crpyKTypbl I,Ix oKoJro3Be3AHbrx o6olo.rex u nporeKaroqlrx B Hrrx
npoqeccoB.

3. Ilo.nrpunerpr{fl

I'Iaaeueuua uadnrudaeuoti cmeneuu nonflpuaaquu c dnuuoit 6oJtHbt. Xapaxrepuori
oco6ennocrblo BoJIHoBbIx saeucuMbcretl glr xoJroAHbrx ruraHToB r{ cBepxrr{ranToB, B
rracrHocrr,r MHplrA, flBJrflerc, 6rrcrpr,rfi pocr creneHr{ iloflqpr,r3aqr.rrr B yJrbrpa$uonet z
ne6onruras (< lVo) [oJIrpI,I3aI{ui r gni.rnuononnosori o6racrr,r crreKrpa. Cuexrpo-
roJrspl,rMerpktfl. ps.Aa Mupr.rA [7, 8] uoxa3aJra, t{To y Mrrpr{A TrrroB M u S cneKTp
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rroJrflpr{3arlrrr qasro cBff3aH c rroJlocaMl{ [orJIoIr{eHI,Is TiO n ZrO' Couacno uccJreAoBaH}rlo

[7], cnexrp [oJrflpr,r3arlu[ yrJrepoAHoft t,rtpugu R Lep B o6JIacrH M[rHI'IMyMa 6lecra ne

r,rMeer oco6eHgocrefi,3a ucrrrcveHr.reM pe3Koro I{3MeHeHI{fl no3llquoHHoro yrJla uFra4eHus.

crerreHl,I [oJIf,pLI3ar(uLI B o6JIacrLI AIu; BoIH Kopoqe 5600A, a TaKxe floBopora yrJla

rrJrocKocrr{ nonrpniaqut4 B D-rrurroflx Harpfifl. flocnegyroque Ha6JlrcAe:afifl c 6olee

BbrcoKlrM crreKrpaJrbnbrM pa3perxeHueru [8] uirrrrru Kpyrofi pocr crereHn uorapuea(uu n

o6racru 4500-47004 v cBs3b roJrflpr.r3arlfiouHblx oco6eHnocrefi c ronosaMl{ noJloc

[oHIoII{eHIIfl C2.

flsruqnerHr,te na6nrogenlrfl rroJrf,pr{3alluu I,I3[yqeH[q V CrB B6ru3u MI'IHI'IMyMa 6lecra,
BbrnoJrHeHHbre IIIonoM [3], uoxasanu o6rtvnyro AJrfl MtIpuA KaprI'IHy 6rrctporo pocra

crerreHlr [oJrflpr{3arlrrn n ylrrpaQ[oJler Ir I,I3MeHeHI{e [o3I,IIII{oHHoro yrJra c glunot BoJrHbI.

Haruu I,I3MepeHI{, IO3BOJII{JIU 6Onee nOgpO6nO, UeU paHbIIIe' [pOCJIeAuTb 3a I't3MeHe-

H1rrMr,r 3aBI,IcI{MocTefi napauerpoB nOJIflpu3aI{H}I or IJII{HII BOJIHII C Qasofi 6necxa V CrB'

Kar u y Apyrux MI{pI{g, uoJIfpI{3aqI'Ix 6uctpo pacrer P 
yJI^blplQuoJIeT rpaKTI'IqecKI{ Ha

rcex qasai, [puqelvroror pocr MaKcuMaJIeH B o6rtacrrl $aa 0,6-0,8. Hau6olee 3uaqlrueJrb-

Hbre u3MeHeHrrrr rro31rrl[oHHoro yrJra c Sasoft Ha6[IoAalLIcb B KoporKoBoJIHoBoft o6flacru

cleKTpa. flonopor [JrocKocrr,r floJrf,pu3alluu [pI{ [epexoAe or MaKcuMyMa 6[ecKa K

MrrHHMyMy upenrtruan 120o.

4, O6c5nr<4euue pe3ynbraroB

flepeueunocrb crerreuri u yrila nJrocKocrrr [oJIflpI{3aII[I,I Mox<er 6bITr sr,lgnaHa

pa3HbIMI{ upptrlr{HaMr{. B qacruocr[, noBopor [JIocKocrI,I [oJIrplI3aIl[I'I Bo3HHKaer [pI{
npoxoxAeHr.rr{ cBera qepe3 HecKoJrbKo rroJltplr3ytoqux cpeA c pa3[I'IgHoIt oplreutaquefi
flJrocKocrrr [oJrrpu3arlura. Ha6nrogaetllafl noflrlpu3alll{fl cBera 3Be3AbI flBilflercs.

cylep1l63l,Iqnefi LrexsneaguOfi u CO6CTBeHHOfi [OJIflpI'I3aqI'II{, KOTopa,' B CBoK) OqepeAb'

MOX(eT COCTOflTb u3 nOCTOrHnOri u neperrlennOfi KOMSOHeHT. OtCrOga CIeAyeT' qTO B

[oJrrpu3arluu [3ryqeHus V CrB r{MeK,Tc, KoM[oHeHTbI c pa3Jrl{vHofi opneutaquell
rrJrocKocrl{ IloJrflpl{3aqlrra. Paccuorpl{M I'IX IIO OTAeJrbHocru'

Meilcaaesduan. noflapu\au,ua. llax KaK 3Be3Aa HaxoAl{Tcfl BbIcoKo HaA rlJrocKocrbto

lanarruxl'1, to uoxrio oxl{Aarb' trro Mex3Be3AHa{ noJlspn3allur V CrB HeBeJruKa'

Cornacno 1321 na BbrcoKr,rx raraKTr{qecKr,rx muporax Mex3Be3AHa, [oJrflprl3alltlfl' P^u*<

<3En_v. [nx oqeuxu Es-yBocrroilb3yeMc, 3aBlrcr,rMocrbto u36bITKa I{Bera or raJIaKT}Irre-

"*ofi -rportr [33]: EB-v= 0,050 cosec b. fitrt. rarraKTllqecKorlr ruuporrt b = 51" roJIytIIrM

orIeHKr{ 
-Eu-v=Om,06nPrru* ( 0,l8%o, finuna BoJIHbI MaKcIrMyMa crefleHrr ue*sresguofi

roJIrpI'I3aII[u corJlacHo [34] panua furu* = 0,555 - O,O3EB'., orKyAa noryqaeM Lnu* = 0'55p'

B 6nuxcafirur{x oKpecrHoc,rsx V CrB uer 3Be3A c I{3BecrHbIMI,I uapaMerpaMl'I noJIspI{3aIIuI4.

floerouy grra oqeuxu BeJrr,rrr[rHbr rrrexcsnesguoti uolapusaqrll{ B o6Jlactu uccnegyeuor?

3Be3Abr BOCnOJrb3yeMC' HarulrMl{ r'r3MepeHuqMlr noJItpu3aIu{I,I u3flyqeHufl 3Be3A CpaBH,eHI{{

sAo 64951 17m,'K2) grr V CrB u SAO 64617 (6,',',9, K0) ArIfl HaxoAflIlleficr n rolf x<e

o6nacrn He6a uupugu S CrB (ra6n.2). Buguo, .rto AefictnurerlbHo cre[eHb [olqpu3alluu
gTrrx 3Be3A corJracyercr c [pr,IBeAeHHofi sbture oqeuxolt, a opueHTaII]If, rIJIocKocrlI

[oJrflpu3aquu y o6eux 3Be3A rrpaKTlrtrecK[ oAI{HaKoBa I{ xapaKTepl{3yercfl [o3]IquoHHbIM

yrJroM 0 = 100o - 120o . Tarcru o6pasou, MoxHo [pI,IHrITb, trro^ Mex3Be3AHa, noJrflplr3allllq B

o*p""rrro"r, V CrB oIIeHI'IBaercq BeluaIIrHaMI{ P^ * o O,ZVo,}v^u* = 0,55[, 0 = l10o'

Tax xar Mex3Be3AHa, 11orspr.r3arlu, 3HaqI{TeJIbHo MeHbIrIe, t{eM Ha6r}oAaBluarcq, To B

AaJrbHeftIueM oHa He yquTblBaercr.
Ilocmoaruuafl KoilnoHeHma co1cmaeuruoil nonflpusal{uu. l4gs€cruo, rrro y,MI{pI'IA

cyqecrByror oKoJIo3Be3AHbIe flblJreBrre o6ono.rxr,r. floetolrly B[oJIHe Bo3MoxHo, tITo

*u*ur-no rucrb Ha6JrroAaeMofi [oJrrrpr{3aql,Il{ Moxer Bo3HIrKarb n tarotl, s o6u{eN{ clytlns
HecrrMMerplruuori, craqronapHofi unn rnregnenno MeHflrcIIIeIi csofi napaMe'rpbl nslresoli
o6ouo.rxq 3Be3AbL EcrecrseHuo flpeAfloJlararb, r{To oTa floJlrpl{5aqua cootnercrByer
Mr{HrrMaJrbHoMy ypoBHro [oJrflprr3arl[u, na6mogasmelicq Bo BpeMf MaKcrIMyMa 6lecxa.
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Ta6ruqa 2

O6rexr flo.roca P, o/o
oP, ok 0, rpag o0, rpaA

sAo 6495 I

sAo 64617

U
B

V

R

I
U

B

v
fi
I

25

25

25

25

25

3r

3l
3l
3l
3l

0,24
0,14

0,l5
0, l0
0,1 I

0,20

0,15

0,11

0,09

0,09

0,10

0,02

0,02

0,01

0,01

0,04

0,01

0,01

0,01

0,01

lLo,2
114,7

97,6

102,8
aqo

137,3

tzt,3
104,5

109,8

110,6

tt,2
4,8

4,0

3,4
3,0

6,1

2,6

3,3

3,5

4,2

Ta6rnqa 3

V CrB(max) B
V

1,5

0,5
R

I
40
75

0,75

0,'15

r00
98

flepervreuna, rlacrb florqpr.r3al{urr, Meugrorqas,cfl, B IxLIpoKI,Ix [peAeJrax, r.rMeer, r]o-
Br4Ar{MoMy, Apyryrc rp}rpoAy.

[na uponepKrr raKoro flpeAloJroxeHr,r, paccMorpr{M ArrarpaMMy [apaMerpoB cToKca &,
P, n uonocax B,v, R, 1 (puc. 9), Bzgno, qro Ha6JrroAaeMr,re rotrKr.r rpyflrr4pyrorcq BAorr,
rprMblx lru]/,riil, He [poxoAf,ull{x qepe3 HaqaJro KoopArrHar (xnpuue npaurre). O.lenrzguo,
tITo HarIpaBJreHI,Ie 3TI,IX [tuld.t4it oflpeAersercq rrJrocKocrbro fiper.rMyrrlecrBeHHori opr{eHTarlr{}r
neperr,reuuot? KoMloHeHTr,r [oJlsplr3a\fiv, a HyJrb-IyHKT OTCqera ee BeJruar]rH1,r
oflpeAeJlrerc, MI{}iLIMaJIbHbIM ypoBHeM Ha6JrroAaeruori uorapu3arryrrr. B e.rou cJryqs"
rlapaMerpbl [oJItrpI{3aIIIlrrI B MaKcI4MyMe 6recKa Aaror 3uaqeHll{ rrocroqHnor? KoMloHeHTbr
IloJlrpl43aql{u. flprnarrte raKI{M o6pasorrr 3HaqeHr,r, napaMerpoB flocrosuHori KoMrroHeHTbr
oKoJro3Be3AHOrl [Orrpu3arlr4r.r AaHbI B 

"a6L 
3.

Cpannr.rnaa AaHHr,re ra6r. I w 2, ilerco 3aMerI{Tb, rITo [o3l,IqtroHHbre yrJrbr rlJrocKocrtl
[ofiqpl'I3alluu V CrB B noJlocax R, 1 s o6racrr.r MaKcr.rMyMa 6necKa orre]rb 6nr.rsrr4 r
TaKOBbIM AJIq 3Be3A CpaBIIeHLIq I,I K [pr{HgToMy 3HarreHr{ro rlo3rrrlr.roHHoro yfJra
Mex3Be3AHoIi nonapusaq[u. TaK KaK Berr{rrfiHa Mex3Be3AHori rtorrpr.r3arlfiu [or{T1,1 B 3 pa3a
MeHLure norlrpl{3aIII{!I I{3JIyaIeHI{q V CrB B AJIr.rHHoBonHoBorl o6nacTr,r cneKTpa c
[paKTIITIeCKU tOtl x<e oprreHTarlrler?,'ro ocraetcq npLIHqTL, IITO Ha6I]OAAF|rlra,Icfl B rloJrocax
R ra 1 nonxpu3ar\vrs, B MaKcLIMylvIe 6recKa 3Be3Abr flBrflercfl, nocroqunori KoM[oHeHTofi
co6crBeHHor? nonaprasaqlrl{ LI3JIyqeHr{s V CrB u co3naercq ee oKoJro3Be3AHori nbrjreBor?
o6oro'IKoll. Connaqenne ee opl{eHTar{u}r c oprreHTarl[efi Mex3Be3AHori norapueaquu o
oKpecTHocTqx 3Be3AbI [O3BOJrqeT [olycTr4Tb, rrTo oTBeTCTBeHHas 3a ee [por{cxox<AeHrre
rIbIJIeBaf, o6oro'IKa opIreHTLIpoBaHa Mex3Be3AHbrM MarHI{TH6IM noJreM |anapruru. B
Apyrux [oJlocax nocrofHHaq KoMnoHeHTa OpteHTr{poBaHa r{Haqe r{, rro-BrrAr,rMoMy, r.rMeer
Apyryrc npI4poAy.

3anucurrrocrb yrrra florqpr,r3arlrrr{ or AJrr.rnbr BoJrHbr yKa3brBae" Ha ro, rrro B pa3ubrx
o6racrqx cneKTpa geticrnyrcr pa3uble MexaHr{3Mbr florqpr,r3arulr vtrw t4xror'r6llraqlrr,r.

ITepeueruuaa Ko.rilnoHeHma co1cmoeuruoil nottapuaa4iu.klz pnc, 9 nzgno, arro [oJrrp]r3a_
IIUrI B rlonocax B, V, R, l Lrenqe'rc, He roJILKo rro BeJrlrqr{He, Ho I,r no Ha[paBJreHr,rro. Hau6o-
JIee ,pKo 3TI'I I'I3MeHeHIu Br,IpaxeHbl B noJloce B, npa{eu r.{3MeHeHrr{ yrlra flpoucxoArrr B
[poMexyrorlu6rx $asax xpunofi 6lecra. Ber]r.rIluur grrrx [r3MeHeHr.ui ganexoBbrxoArr 3a
IlpeAeJlbl Bo3MoxHbIx ouru6ox Ha6rIoAeHLIIi Id norlxHlr crll{Tarbc, peaJrbHblMr{. O6tqcuurL,
rarori xapaKTep uguenenuri AoBoJrbHo rpyAuo. Bogtrox<nur,,r, .rprrr*rurura uory,r 6r,r:rr
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Puc. 9. .(uarpar'aMa napaMerpoB Croxca P, P, s nolocax B, V, R, 1

tleprouxal,ru noKa3aHbr BeJrr{qr,rHbt cpeAHeI<BaAparutrrrbrx olurr6oK. flprt'lr,tvlr xHpHblMH JtttIIHqMH noKa3aHo

IIoJroxeHrre rrJrocKocTH nper.rMyulecTBeHrrori oprreH'raqun nepeMeHIIofi Kor!{noHeHTbI co6clBerltloii noJIrIpH3aI{HH

n3nyqeHu, vcrB

Kpy[HoMacuTa6Hr,re Bapuallr{r,r paccelrRarcu]r.rx csor?cru aTMocsepEr 3Be3Abr, cBq3aHHLIe c
norBJreHlreM r{ r,rcqe3HoBeHr,reM B Heir 6om,mllx HeoAHopoAHocTeIl TeM[epaTypil vfvnv
rrJroTHocTrr [2]. CyulecrBoBaHr{e TaKr{x HeoAHopoAHocTeri [oIITBep>KAaeTcq pe3yrETaTaMr4
r{ccJreAoBaHr4fl Kpr4Bbrx 6recxa HecKoJrbKr4x MrrprrA. Tar, r pa6oTe [35] norasaHo, trTo

r{3MeHeHr{r 6necra Mr.rpnA qBrrroTcr{ cyIIepIIo3r,rqIlIerl AByx IIpoueccoB: cnyrrari-
Horo (Br,r3BaHHoro JroKaJrbHr,rMu OnyK'r'ya\uflMrt [oBepxHocrHor? flpKocru) 14 D\e-
TepMrrHr{poBaHHoro [epr{oAr{alecKoro. B03Mo)KHo 1'aK)<e pacceqH[e r,r3ryrreHr4q 38e3IIbr Ha

HeoAHopoAHocr.{x 3Be3AHoro Berpa ("6no6ax"). Kar usnec'rHo, TeM[ noreprr Maccbr
MrrprrAaMrr oareHb Br,rcoK (= l0-r Mglrol'), TaK rrro o6pa3oBaHue raKr4x HeoAHopoArrocrefi
BIIOIrHe AOIyCTr{MO. flplr nrO6Oii lrg erux rr{rroI'e3 Mo)KHo ox<rrAaTb floflBJreHr{rr
3HaqrrrelrbHr,rx oTKJroHeHr,rri qBeToBbrx r,r [orqp[3ar{r4oHHbrx xapaKTepr4c"frrK oT rrx
cpeAHero xoAa c $asofi. [rx perueHu, Bonpoca o rpr{poAe rrepeMerrHori [onflpr{3arlurr
,r3ryqeH[q V CrB Hyx<Hbr [poAon>Kr{TeJrbHbre Ha6r}oAeHI4q B pa3Hblx UI{Knax.

Ognonper,renuocrb (boroMerpHrrecKrrx rl tronqpuMerpr,rqecKrax r{3MepeHrrrt rr03BoJrre'r
npolecTrr erqe oAr{y [poBepKy [r,rJreBorl MoAeJrrr. tr{ccreAonaufiA cBfl3lr r{3MeHeHr{r? creneHrr
norrpr,r3aur.rrr c r,r3MeHelF.:1l',Mltl {pKocTr{ y 3Be3A Tr4na R CrB t36] ,r 38e3A c
anronenoAo6nrrur.r u3MeHeHuqMr,r 6necKa [30], y Koropbrx rr3MeHeHr.r, 6lecra, r{Bera rr
cTeneHI4 rloJlqpr43ar]E}r Bbr3BaHbr rr3MeHeHr,rrrMrr I]apaMeTpoB fibrJreBLrx o6C)Io.reK.
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rroKa3aJrr{, rITo c y6brBaHLreM 6recKa 3Be3Ar,r crefleHb loJrrpr.r3ar1[rr pacrer flo creneHHoMy
3aKoHy. Auaroru'ruoe cpaBHeHrre lrgueueuuri 6lecxa V CrB H [epeMeHHori rorrrnouenru
ee creneHu [orrpr.r3arl[rr roJrbKo rro Ha[rr,rM ua6lrcgeHuaM B rrorocax B,V, R, / (puc. l0) u
B ronoce V uo naruuM r.r BceM ony6rttrconaHHllM paHee AaHHT,IM [3-18] (puc. 11)

rroKa3r,rBaeT coBeprxeHHo Apyfyro KapTI,IHy, AaBa, eule oAHo noATBep)KAeHIre pa3rv\trs
norsprrreHHbrx MexaHrI3MoB y Mr{pr{AbI V CrB Lr Apyrllx rI,InoB 3Be3A c nLIJIeBbIMIT

o6o.lro.txaltu.

5. Brrnogu

AHarus rroryrlgg6or* Ha6nroAeHuri rro3BoJrrer cAeJrarb cJIeAyloLIIue BbIBoAbr:

l. Yr.rrepognaq M[puAa V CrB orHocr,rrc, K 3Be3AaM c KpyrrHoMacrura6nr,Ilrr,t Iz3MeHe-

Hltfll'z.t4 6necra, rIBera r,r flonqpu3allulr.
2. Llzueueuwq fioKa3arerefi qnera u [apaMerpoB nonrpu3arllrrr flpolrcxogrr clrHxpoHHo

c r.r3MeHeHrrsuu 6lecra.
3. florasareJrb rlBera U-B uetqercq B flporr.rBoQa:e c [oKa3areJIflMH IIBera B-V,V-R,

VJ,
4.flpu [epexoAe or MaKcr4MyMa 6J-recKa K Mr,rHr{MyMy 3Be3[a KpacHeer, Ho BMecre c reM

Bo3pacraer Aor.s KoporKoBoJrHoBoro u3ryrreHr,rq. flplr etorr.r crelleHb nonqpl43allrl]I pacrer
rr flpoficxoAr{T [oBopor flJrocKocrr{ nonqpu3arlurE. Maxcuuar[,Haq aMfiruryga tl:rueueutrll
ua6nrogalacr, B rroJroce B, lrunuualrleafl. - B [JII,IHHoBonHosoii o6racu'I cIIeKTpa.

5. I{nera 3Be3Abr r{ fiapaMerpr,r [onqpr43aqr{H'MeHrrrorcfl He rorlbKo B npeAerax oAHoro
III{KNA, HO t{ OT IIIIKIIA K III4KJIY.

6. OrIeHeua BeJrrrtrlrHa Mex3Be3AHol:r nolapu:aql{Ir B oKpecrHocrqx 3Be3ALI.

7. Co6crsegHafl flonqp[3ar{uq [3nyrreuur V CrB uuee'r flocrorHHyro rr nepeMeHHyro
KOMIOHOHTr,I, BOJIIIIIIIHbI KOTOpbIX 3aBnCflT OT AII'IHbI BOJIHbI.

8. floc:roqHHaq KoMnoHeHTa [oJlrpr.r3arlurr B AJrLIHHoBornosoIl o6lacru cneKTpa
BO3HrrKaer, rro-Br{ArltMoMy, B acrrMMeTpuvnofi crar{r{oHapHofi uruenoli o6olo.Ire 3Be3AbI c

rrJrocKocrbro paccer.tns., flaparrJreJrbHorl uaruu'rHoMy [oJIro lalaxruru B oKpecrHocrqx
3Be3AbI.

9. fleper'leuuaq KoMroHeHTa nonspr{3arlr{r.r B pa3HLIx o6nacrqx c[eKTpa MeHqercq He

ToJrbKo rro BeJrlrrII4He, Ho r{ IIo HalpaBJreHr{to Ir Bo3HI,IKaer u aruoc$epe 3Be3AbI.

10. [na V CrB Her yKa3aHrrri na o6pa:oBaHrre nbIJrLr s o6nacr[ TaK Ha3llBaeuoit ro.rclr
opyrqur s6luglr Qasu 0,8.

1 l. Her eAr,rHoro MexaHfi3Ma Bo3HrlKHoBeHvrs. \oilflpfi3aql,Ill B pa3Hblx ytlacrKax cleKTpa.
12. Mexann3M Bo3Hr{KHoBeHI{g noflqprl3ar{llu orJrr{qaercr or raKoBoro 11rq 3Be3A c

rrbrrreBbrMr4 o6ono.IKaMI.I runa R CrB lt rnesg c arroJreltoAo6uuttrrtt I,I3MeHeHI{JIMr 6tecra.
Arrop 6larogapeu H.H. flerposofi sa roMou{b npr.r na6nrogersr.xv ux o6pa6olre.

Mafi. 1992 r.
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y[K 524.336

Y3KOIOJIOCHAfl OOTOMETPIIfl ,IOJITOIEPI'IOAI'IIIECKIX
TIEPEMEHHbIX

B.II. Eypxaruer

@orouerpr.rqecxlre.Ha6.nroAeHl{, AonrorepuogrrlecKux npPeueunrtx RS-err.TCeq,1 oC-e-t np-oaegeubt c

noMoxlbro unrep$epenqnounrix Qulrrpor (1,."* = 4015 A u Imax = 4210 A) n 1991 r. He o6napyxeuo

xole6anufi 6lecxa ra npeur, KoporKoe no cpaBHeHrrlo c AnrrenbHocrblo IIrrK,IoB. flpu narpynnposaHl'Iu 6recxa n

TeqeHne 10 noqefi lff T Cep (norrroe rpCw oxorro 23 t) u 3 Ho'{eft [nt o Cet (noluoe npeur oxolo 5 v)

orKJroHeHr,rrl oT cpeAHero 3a Hoqb He npeBbllfx.atm4To 3a BpeMc or 5 uuu Ao 4 q.

NARROW-BAND PHOTOMETRY OF THE LONG-PERIOD VARIABLES, bY V,I, BUTNASuEV,ThE

narrow-band photometry (1,4015 A anCIL42l} A) has been carried out during 1991 for three variables (R Ser, T Cep

and oCet). No variationi with the time period more t}lan 5 min apd 4Vo anplitiude were deteoted in continuous T Cep

observations (total time 23'-for'10 nights) and o Cet (total time 5tr-for 3 nights) observations.

K AoJrro11epuoAr,rqecKr,rM 3Be3AaM orHocflT 6oltruotl KJIacc lrepeMeHHbIx,

noKa3brBag)qux 3HaqureJrbHbre (3m-9m) qr,rKruqecKue Ir3MeHeHrrf, 6necxa c fleprroAaMu or
80 no 1000 AHefi. MexAy reM cyulecrByror yKa3aHrrrl rla ro, rrro 6JrecK orAeJrbHblx 3Be3[

r4cnbrrbrBaer 3aMergbre (go necxonrKrrx Aecrrblx 3Be3AHoIi BeflI,IqI,IHbI) uSMeHeHI{fl 3a

BpeMfl, MaJroe IIo cpaBHeH[ro c AJrilTeJrbHocTbIo IITIKJIa, - oT HecKoJIbKrIX AHefi [1] lo
nicxonrxux Mr{Hyr. Crogxa 3aperr{crpr.rpoBaHHblx cKarlKoo6pa3Hblx }I3MeHeH}IIi c xa-

paKrepHblM BpeMeHeM 1-180 r',run rplrBeAeHa B [2].- 
B 6olqulrHcrBe cryqaeB KplrBbre 6necxa MupuA nocrpoeHbl rlo BI,I3yaJrbHbIM rrJII{ Qoro-

rpa4uqecKl,rM orIeHKaM, T.e. o6JraAaror HeBbrcoKofi TotlHocrblo. rlro x(e Kacaercfl

Qoroeuextpuqecfux Ha6rroAeHufi, To, KaK [paB]IJro, oHLI BbIrIoJrHrK)Tcfl B rlrupoKo-

rrono""urx $orouerpuvecKr,rx crrcreMax. TaK, HanpI,IMep, Ir3 KprrBblx 6necxa 10 rtauprag o

clrcreMe UBVRI , nprrBeAeHHbrx.SrreHoM [3], ruoxuo 3anoAo3pnrb AJL HeKoropblx 3Be3A

oTKJroHeHus oT uJIaBHofi KpI{Bofi c aMIIJIIlTyAofi 0n,1-0't,2 za speut or 3 4o 20 lnefi.
flocroltxy AoirrolepuoAutrecK[e [epeMeHHbre - .9To 3Be3AbI [o3AHLIx cleKTpaJIbHbIx

@ B.Z. Bypuauren, 1995
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Ta6rltqa I

423,32
t)l 1<

425,30
t)A 1)

440,32

448,30
451,28

453,31

454,3t
4-s-5,3 I

462,30
464,30

I,02
0,98

0,96

1,03

l,50
1,71

1,78

1,93

l,9&
l,98
))<
2,30

0,03

0,02

-0,04
- 0,05

- 0,06

- 0,14

- 0,13

- 0,14

- 0,05

- 0,09

- 0,11

- 0,16

465,32

472,30

474,29

4'75,28

477,29
478,30

419,30

480,28

481 ,30
485,28

486,28

2,36
2,60

2,',l3
)1\
2,80
2,84
2,88
2,93

2,96
3,04
3,10

- 0,13

- 0,14

- 0,1'5

- 0,13

- 0,18

- 0,15

- 0,09

- 0,19

-0,20
- 0,19

- 0,19

KJraccoB c CITJIbHbIMII MOneKyJrflpHbIMu loJrocaMl{, I{HTeHCI{BHOCTb KOTOpbIX. MeHgeTCS B

ie.renlre qurora, To rcHo, trro rrplrMeHeHlre uupoKorloJrocHblx SotouerpnuecKl{x cl4creM

BeAer K AorroJrHureJrbHori norepe roqHocru, .BbI3BaHHoIi IIBeToBbIMI,I eQ$ertauu, n
3arpyArrrrer peAyKrluu na6ruogerulfi, BbIrIoJrHeilHbIx B pa3Hblx o6cepnatopuax'

Tarnu o6pa3oM, AJrfl orBera Ha Boflpoc o KoporKoleplloAl{qecK}rx H3MeHeHrIrx 6necra
MrrpuA ueo6io[nruu no Bo3Mox<Hocrr,r mrorHble prgu ua6mo1ennil srtnorueuHtlx i
rarofi -nu6o y3KonoJlocHofi Soror"rerpusecrorlr cucreMe.

B Kpur'rcxgrt abtpo$u3uqecKoli o6cepaaropl,Ilr B TeqeHue l99l r' [poBeAeHa
y3Ko[oJrocHax $orouerprrf, Tpex AonrolepuoAuqecKl{x [epeMeunblx R Ser, T Cep, u o Cet.
Ha6nrcAenru Bbr[oJrHeubr c noMorrlbro Qorouerpa, ycraHoBJreHHoro Ha 70 ou pe$teKTope
A3T-8. flla peureuuq [ocraBfleHHori 3aAaqr{ rpr,rMeurJrr{cb ABa unrepQepeulll{oHHblx

$rarrpa, oAuH r{3 Koropbrx 6r,"ln qenrpupoban ua o6lactr, HaI4MeHee noABepxeHHylo
6reHguponanr,rro ()".u* = 4015 A, Al, = 76 A). B o6nacrr rpory-cKaHufl Apyroro, KpoMe

rroJrocbr oKucu rlrraua, roraAaer riu:aa Cal 4227 A (Iru* = 42lo A, AL = 100 A). Ha puc. I
loKa3aHbl [oJIocbI npouycKaulrg npl,rMeHennrrx QnurtpoB, HaJrox(eHHbIe Ha 3a[ucb
crreKTpa 3Be3Abr T Cep, loryqeHHyro s 1984 r. n Qase cnaga 6necxa, KorAa eMl{ccuf, B

rrvrnvnt I/6 6una uunuuanurofi.' Ha6ntteHuq repeMeHnofi R Ser (SAO lO!1:, :y:-^1".,4'12'; M5e-M9e, P = 356d)

BbrroJrHeubr orirocrrenrno 3Be3gbr cpaBHeHllf, SAO 101782 (mv =7'',3, G0). flonyueuuue
pe3yJrbrarbr [puBegeHbr s ra6r. I u ua puc.2. B nuxxeft qacru pucyHKa AJrfl o6erax aaesn

uoKa3aHbr lr3MepeHHble 3HarreHI{, uHAeKca 
\C=-2,51gW,

nqao

rile n4o15 fr fl42t0 - cpeAHue 3uaqeH[r orcrreroB ug 5-10 r.rsr"rBpenr,rft [pI{ BpeMeHIl

naxouneunx 10c.
B nepxnefi qacru pucyuKa noKa3anbl 3HaqeHI,L pa3Hocrl{ 6lecxa n $unrtpe M015:

Lm = -2,51g.n*!ort .,
fr.p4ors

I4nlrccrpaqneri nagexnocru rrprrBoAuMbrx pe3yJrb:raroB Mox<er cJryx<urb pas6poc
orAeJrbHbrx orrpeAelreHr,rfi norpyr cpeAHero 3HaaleHI,II AJr, 3Be3AbI cpaBHeHI,Ifl

C" =O*,2541 01,005. Cpegnernagparutuar orun6ra oAuoro nsuepenna, cocraBJr.rtoqa,
orolo U',O25,yKa3aHa B resofi uamn rpaQnxia.

Kax onguo, orKJroueHrrr [pr{BoAr{Mblx sHa.reHufl Lm u C gur R Ser oT HeKoropofi
crnax<eunofi rpurofi He upeBbrruaror 6onee .relr s 2 pa3a cpeAHefi oruu6ru ualrepeur,ut.
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Psc. 3. ?Iguenenus 6necxa H [HAei<ca C qae nepeuennofi T Sep
B nepxneft.racru plcyHKa yKa3aHEI Hoqu, KorAa npon3BoglrJrucb narpyJrbHue na6lrcqeulre

flpn ua6nrogeHuflx'repeMeHHoft T Cep (SAO Lg22g, mv = 5*,2 - ILm,3, M 5,5e - M 8,8e,
P = 388d) B KaqecrBe 3Be3Abr cpaBHeHr{, 6uta ngsra SAO 19214 (mv= 6rr,8; A2).
KonrpomHofi sneegori cJIyxI{JIa SAO 19211 (m=7m,8, A3). Pesynrrarur Qotolrerprrtt
[prrBeAeHbl Ha prrc. 3 fi s ta6u. 2. B Huxsefi .racru p]rcyHKa rroKa3aHbr rr3MepeHHbre
3HaqeHr.n r,rHAeKca Ctt ptrx 3Be3Abr cpaBHeHrrs r.r AJrfl KoHTpoJrbHori 3Be3Abt (C"2), i TarcKe
pa3Hocrb 6recxa Lmtz orux sBe3A r Sranrrpe l, 4015 A. CpegHxa orun6ra oAnoro
orlpeAeJleHtrfl (oKoJro 2Vo) yxasana B JreBofi aracrr,r KaxAoro rpaQuxa. flprurre JrrrHrilr

coorBercrByror cpeAHuM 3uaqeHr.rf,M: C"l = O^ ,ls1 + 0"',003, Ce2 = O* ,lg8t 0m,003,

Ln\-2=l*,467+0n,003. Kar nr.rgno, rr B groM cJryqae orxlonenns lr3MepeHHbrx
gHa'reHufi or HeKoropoit crraxeHlrori xpunofi gna T Cep He.upeBbrruarcr 6onee .re1vr s 2
pasa ouru6oK [r3MepeHr.rrt. Orueruu, vro uogo6Ho [oKa3areno U-B tr3MepeHHbre
3HaqeHr,rs r.rHAeKca C gocrrrarcr oKcrpeMaJrbHoro 3HaareHr,rfl B MaKcr{Myue 6necra.
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423,40

M9,38

452,31

453,36

454,35

455,3s

460,4s

464,32

465,45

476,42

477,42

4'18,33

479,34

480,35

481,33

486,32

516,43

517,35

524,42
\)\ 7)

526,31

527,22

528,20

2,80

l,89

I ,85

1,79

1,80

I,14

1,65

t,6l
|,54

I,45

1,44

1,47

1,43

1,49

1,47

1,50

0,57

0,47

0,11

0,05

0,06

0,02

- 0,02

- 0,36

-Q,32

- 0,31

- 0,30

-028
-0,27
-0,26
-024
-0,27
-027
-0,25
-a,24
_023

-0,25
-026
-0,27
-0,02
-0,02

0,09

0,06

0,1l
0,10

0;ll

529,31

530,34

534,32

535,34

540,35

54r,32

542,23

543,27

546,21

548,30

550,26

564,1 8

565,23

566,20

573,20

5'.76,35

582,11

603, I 7

620,17

626,18

633,14

678,21

)\
3

,(

- 0,05 0,1I

- 0,07 0,12

- 0,15 0,14

- 0,15 0,15

-0,23 0,12

-0,19 0,17

- 0,21 0,16

- 0,20 0,ls

-0,2r 0,1I

- 0,21 0,13

- 0,1 9 0,12

- 0,03 0,1 I

- 0,04 0,09

-0,01 0,08

0,09 0,04

0,21 0,l0
0,29 0,01

0,82 - 0,08

t,32 - 0,04

t,4'7 - 0,07

1,70 - 0,09

3,17 - 0,14

1,5

2,5

4
,)

2

I

Ta6nuqa3

566,38

573,31

576,38

603, I 9

0,02 0,06

0,I 8 0,07

o,27 - 0,06

0,90 - 0,06

I

)
620,21

626,19

633,19

t,43 - 0,04

1,53 - 0,09

t,69 - 0,07

Yclosus Ha6rroAeHr4rl He [o3BoJrr{Jr}r B TeqeHlre AaHHoro ce3oHa floflytrurb AocrarorrHo
nnornrrrt pf,A oI{eHoK ArIrI repeMeHuoli o Cet (SAO 129825, mv=2'',0-lO",l, M5e-M9e,

P = 332d), flony.lsllsore pe3yJrbrarbr [pe[craBJlenrr s ra6r, 3. Ha6nrogeH[q BbI[olHeHbI

orHocr{reJlbHo 3Be3AbI cpaBHenl{fl TlCet (SAO 129888, mv= 6',3, AO). KontpolnHaa

3Be3Aa-SAO129828(mv=9m,1,Mo)'Cpeguue3HaqeHI{sAa'3TI'IX3Be3A:
C"t = on',115 t 0", 005, C"2 = 0", 448 + 0'', 023, Ltt\-z = 5",394+ 0"', 018.

,[la uoracxa KoporKoflepuoAur{ecKux $nyrryaquri 6recra, [oAo6HbIx orMerIeHHLIM

HeKoTopL,IMI{ aBTopaMI,I l2), gtrt AByx 3Be3A T Cep I,r O Cet B TeqeHI'Ie HeKoTopblx

*e"*ol"*r, Horreir 6rrrtu uponeAeHbr rrarpyJlbHr'Ie Ha6rIoAeH[r. B nocneguux cron6qax
ra61..2 u 3 npune4eHbr AJrr{TeJrEHocrr{ rrHTepBaaoB narpyJtl{poBaHr{t. Tarue flarpyJrbHble

na6trogeuua BbrfloJrnflJrr{cb B ocHoBHortl o Qr,rnrtpe 
^A014 

A. Jrlrtrlb B TeqeHI,Ie goyx uouefi
(15.06.91 w 22.07.91) - n Qunttpe 7,,4210 A. [na yMeHbIIIeHI{n Brrufl:uvtfl $nyrryaquri
a.rrr,rocQepuori excrnnxqr.ul [4] 6lecx [epeMeHublx 3Be3A KoHTpoJII{poBaJIcfl c noMolrlbIo
3Be3A CpaBHeHI{rI.
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Plrc.4. HenpepbrBHar 3anucb S,recxa T Cep u o Cct
Kpyxru - orctrerbr or 3Be3A cpaBHeHrlq

Ha puc. 4 nr,n r,puv,epa [oKa3aHbI ycpegueHHr,re sa 100 c 3HarreHul cKopocrr{ crrera /?

Anq Hotlu 5.11.91, rorga 6lecr 3BesA cpaBHaaus 6r,ttr 6llrsor r 6necry rrepeMeHHr,rx.
3rua'reulrq ,? AJrfl 3Be3A cpaBHeHr,rrr [oKa3aHbr KpyxKaMr.r. Pasuep KpyxKor] coorBercrByer
pas6pocy oKoJIo lo/o, O6ryee BpeMr narpyrvpoBat:afl B TerreHrze ce3oHa cocraBuJro oKoJro
23 v Nrs T Cep ra oKoJIo 5 .t Arq o Cct. 3a 3To BpeM, He 3aperrrcrplrpoBaHo orrloueuurii or
cpeAHelo AJIfl AaHHLIX soqeti 6olee qeu sa 4Vo 3a BpeMq 6onee 5 ur,ru (norepr, BpeMeHrr Ha
3a[I{cb snesg cpaauerura).

Tarnlr,t o6pasornr, rrpoBeAeHHbre y3KoloJrocH[,]e $o'rouerpr.rrrecKr{e Ha6.nrogenza
Aonroflepl{oAlrrrecKllx fiepeMeHnsrx He [oKa3aln rore6anr.rrl 6necra, Br,rxoAqulllx 3a
[peAeJIbI oruu6or ualrepeHutt B TerreHr4e BpeMenHbrx rrHTepBarroB, cyuecrBeHHo MeHbrxr{x
lp olonxrrTeJlbHocTl{ qr,rKJIOB.

Antop rny6oro 6narogapeu C.C. fyslrro v ILIO. Anexceeny 3a roMorrlb s ua6rro-
\errflx, B.A. Bypuaruesoll w ILVI. Arcunenrrenoli sa roMorrlb e o6pa6or.re AaHHL,rx,
B.T. X(oronerorl - 3a floMou1b B r43roroBrreHr,rrr r,rJrJuocrpaqurl.

Mair 1992 r-
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YEK 524.3;523.841

KO OTIEPATI{BHbIE rrAEJrroIEHUf
BCITbIXIIBAIOIqEII KPACHOII KAPJIUKQBOII 3BE3[bI EV LAC

B 1989rOIy

A.B. Eepgrornn, P.E. fepu6epr, [f.B. Vltrsula, B.[I. Ma.nauyrreHxo
H.lI. Itraxoncxar, H.M. Illaxoncxofi*,

II. [araHo**, U.II. llanSepora, JI.A. Ilycrnrrbn[K*t*

flpunogerce pe3ynbrarbt KooneparuBHbrx xa6lrcgeuufi scnurxNsarouefi snesgu EV Lac n cenrr6pe l9b9 r.
3a 23,2 v Qotor*lerpuuecKoro narpync 3aperucrpupoBano l3 scnsrueK c aMnJrlrry[aMr{ B noJroce LU or }nt 2 lo
in,5. Cnextpaarnue ua6arcgenffi EV Lac sxe Bcnbr[reK o6udpyxu.rru Bapr{aqull oMr.rccr{oHHoro cfleKrpa, Koro-
pue uoryr 6urr orueceHbr 3a cqer Bpal{emrrl 3Be3Abr c HeoAuopoAHofi xporrroc$epofi, npt,t TaKort u]rrepnperarlnu
ua6nrogennft noro>kenue MaKcI{MaJrbHo rpxofi o6.nacrr.r xpouocQepu Ha 3Be3Ae n 1989 r. oKa3btBaerc,
AocrarorrHo 6augxltu K coorBercrBylouleMy noJroxeHr,rrc n 1987 r, Bunomresnrre floncpuMerpHqecKl{e
u3MepeHnc He nplrBenfi x o6uapyxeuuro 3HaqqMbrx.r,r3Menexufi noaapneaqrr.r 3Be3Abr Bo BpeMr BcnbrrrreK.

COOPERATM OBSERVATIONS OF FLARE RED DWARF STAR EV Lac IN 1989, by A.V. Berdyugin,
R.E. Gershberg, l.V. Ilyin, V.P. Malanushenko, N.t. Shakhovskaya, N.M. Shakhovskoj, I. Pagano, LP. Pan\erova,LA.
Pustilhik Results ofbooperative observations in 1989 September for the flare red swarf star EV Lac are given. For
23h.2 photometnc monitoring l3 stellar flares with amplitudes AU from 0m.2 to lm.5 have been registered. Spectral
observations out of flares have shown variations of emission spectra that may be due to rotation of the star with
heterogeneous chromosphere; in the case of such a model, the position of the brightest part of the chromosphere on the
star in 1989 was rather close to corresponding position in 1987. Polarimetric measurements did not show noticeable
variations of the stellar polarization during flares.

C 3 uo 10 ceura6pa 1989 r. n Kprtt"ry, Ha KaBKa3e r,r Ha Cr{qr,rJrutr6btru rpoBe[eHbr
narpyJrbHbre Ha6nroAeHEf, rpacuoli KapJrr,rKoBoft 3Be3Abr EV Lac. Kar r,r B ABe flpeAbrAyrque
KaMlaH[Iu 1986 u 1987 rr. U, 21, I{eJrb Ha6nrcAeHr.rfi 3aKJrrorraJracb Bo BcecropoHHeM
[3yqeHLIu aKl'?IBHosrII oAHofi u3 caMblx spKl{x 3Be3A ruua UV Cet. B xoAe orofi KaM[aHr{[
IlpoBoAt4irl4cb SoroMerpl{qecKl{e, crleKTpaJrbHbre r{ [oJrrpr.rMerpr,rqecKr.re narpyJrbHbre Ha6-
JTIOAeHT{' 3Be3Abr.

(Dorouerpufl rr KoJroprrMerpnfl

OotouerpuqecKl,Ift rarpyJrb EV Lac rpoBoArrJrcfl n Kprnacxoli o6cepBaropupr H.?I. IIIa-
xoBcKofi u vr.El. Plnrunuu 4 s 6 cenrsdpx tr989 r. Ha 70 cM peQneKrope A3T-8 Lr 7-ro
cenrz6pg - na L,25 cu pe$nexrope A3T-11; Ha6rroAeHu, BeJrlrcb na UBVRI $orouerpe-
rorspllMerpe [Iuupotrt [3] c nper"renu(ru paspeureHr{eM 23c: l0 c HaKarprrrBarcfl orcqer
or 3Be3Abr, croJrbKo x<e - or QoHa ne6a. B re.reHr.re 4 noveri, c 3 uo 6 ceurx6px, ud
nporrx<eHl{rr HecKoJrbKrrx .racon 6necx 3Be3Abr flarpyJrrrpoBarcq JLA. flycrr.rnrnuxou n
?I.fI.. flauQeporofi B noJloce U na 6r't ETA c rroMorrlbro cKopocrHoro olexrpo$oroMerpa
H3O t4l. floror QorootcvetoB, uocrylrarcquft c ererrpo$oroMerpa, perlrcrpnpoBaJrc{
2-npoqeccoplrblM KoM[JreKcoM IBK u CM-4 c npeuenu(ru paspeureuner*l go 4 Mi B Br{Ae
xpunofi 6neira, [apaJIJIenbHo IIIJIa perl{crparlr{Jr MoMeHToB BpeMeHu [puxoAa orAeJrbHbrx
$otonon B cnequaflr.I3r.rpoBaHHoM KoMrrJreKce Knanroxpone [5], upegna3HaqeHHoM AJrfl
lol{cKa IrepeMeHHocrtr Ha BpeMeHax or M}rKpoceKyHA Ao ceKyHA. 9 ceurz6pt 6necr snesgrr
laTpyJI[IpoBaJIcfl B TeqeH[Ie HecKoJIbKI,Ix tlacoB I/I. flaraHo na 61 cru pe$reKTope o6cep-
Baropuu Karannu.

@ Kornerrun anropon, 1995

**Kprrr"*a, acrpoSuauvecxar o6cepnaropur. Kpsrv.

* Acrpo$uauuecxaa o6cepna'ropua Kararnau. I1ralus.
--'Cnequalunar acrpoQlrsuvecxan o6cepnatopnn. Poccur.
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puc. 1. Bper,renHoe pacflpe[eJreHue naryynbHbrx ua6lrcgeufili'EV Lac xaunarryu 1989 r.
7:$brorrae'r:pnrnKprmy;2-neJrrpnMerpr{ruKpur"ry; 3-cnexrpalruuttuQoTor'lerpuqecxuft[arpynbHa

6 u ETA; 4 - QorouerPun na Cnqullru

Ha puc. 1 upegcranleHa cxeMa Aocrr,rrHyroro cyMMapHoro rIoKpbITI,If, Ha6rroAeHI'IqMI'r

3Be3JIbr B yKa3aHHbre Hoqrr. Mouex'ru MaKcI{MyMoB BcnbIIIreK, 3aperl{crpl{poBaHHblx

Qoroue'rpuqecKr{M [arpyJreM n Kpslrr,ry, orMerreHbl BeprlrKaJIbHLIMI{ orpe3KaMrr, [JrI'IHbI

Koropbrx rrpoflopqr{oHanssu aMrrJrr,rryAaM BcrIbIIrreK. Ilpr,r narpyntrpoBaHl{I{ 6lecxa EV Lac

4 u 6 cesis6ps. Ha J0 cM peQJleKrope B KpbIMy Ha BpeMeHHbIx rpoMexyTSaxl orMerIeHHbIx

Ha puc, 2 rnagparubrM; cKo6KaMr,r, KarrecrBo rLrALIpoBaHIrf, TeJrecKo[a 6tIrro HeyAoB-

rreTBopI{TeJIbHbIM, B pe3yJlbTaTe qero B [I'IaSparMy Qotorvlerpa BpeMeHaMI{ [o[aAaJI
o[Tr{lIecKuI:I c[yrHI{K 3Be3AbI; TotlHocrr, grl,Ix Ha6JIIoAeHI,IIi HI'I3Ka, I{ Mo){<Ho Jrl{rur,

yrBepx<Aarb, r{To Ha 9T1rx r{HTepBaJrax He 6r,lno uorqnblx I4 [po[oJr)KI{TeJIr,HbIx BcIrbIIrreK.

bo ,pe6 cpaBHr,rreJrbHo Heflpo[oJrxrrreJlbHblx Ha6JI]oAeHLrr:r n CAO 3aperrrcrpl{poBaHo

HecKonbKo MaJr[,rx [o aM[JILITyAe BC[JrecKoB ,pKocTrI 3Be3AbI IpOAoJIXITTeJIL'HOCTbIO B
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Pnc. 2. Kpunr,Ie 6aecxa EV Lac, eanucauuue B noJroce U y xoge Qorolrerpnvecxux ua6rrogeuuli e Kpur,ry
flo ocu opglruar orJroxeuo trrrcJro 3aperucrp[poBarHbrx 3a 1 0 c uunylr,con

l-3 c; Bo BpeMq [arpyJrr.rpoBau]r{ Ha cnqr,rnun He 6buru o6uapyxeuu BcrbrruKr{ c
aM[Jrr,rryAori A,U, ue flpeBbrrrrarcq ei4 O,m3 4.

Ha pr,rc. 2 gaw; Kpr.rBL're 6recxa EV Lac, 3anr,rcaHHbre n Kprrr'ry B rroJroce IJ, a n ra6.1^, I
co6paHbl KoJII{trecrBeHHLIe xapaKTepl{crr{Kl/r 3aperrlcrpr{poBaHHbrx Bc[bnueK: MoMeHTbr
uaxculrylron 6lecxa, [poAoJrxr4TeJIbHOCTI{ BO3fOpaHr{, T6Lt 3arjxa1un To ncm,trueK, lrx
sKBr{BarreHTHbre rpoAoJrxr.rreJrbuocrr{ p = IIQ r - Ii I l1ldt, rge l7u1s- cxopocrrr crrera Bo
BpeMrI BclbIIuKI'I n n cuoxolinoM cocrotrHl{I,I 3Be3AbI, aM[JrI{TyAr,I Bclrb[ueK n uonoce U u
[oKa3areJru rIBeroB U-B w B-V B MoMeHTbr MaKcr{MyMoB 6necra.

O6rqufi ypoBeHb BcflbllueqHoli axrlrnnoctl{ 3Be3Abr Mox<Ho xapaKTepr43oBarr, orgo-
rueHI{eM 2PlT,t,e. orHolrreHrteM cyMMbI oKBrrBaJreHTnux upogonxurelrnocreri sape-
rllcrpllpoBaHHblx BclbIIueK K flpoAoJrxrrreJrbHocrr.r narpyJrr,Hbrx na6trogenurt. flo
ua6rrogenuau EV Lac n Kpunay n 1989 r. B roJroce U ero o:ruorueHr{e cocraBils.ro 0,02,
trTo npaKTI'IqecKI'I coBuaAaeT co cpegnefi oqenroli e'ror7r nenr,r.rr4Hbr B Apyrr{e ce:onsr [6].Kax Esnecrno, aM[JII'ITyAa Bc[bIIrreK KpacHbrx KapJrr.IKoBbrx 3Be3A cl{creMarr4arecKr,r
loHl{x(aerct c [epexoAoM B AJII{HHoBoJrHoByIo o6nact c[eKTpa. B 1989 r. HaM He yAaJrocE,
3aperI{CTpI'rpOBaTb CTOJIL I'IHTeHCI{BHbIe BCIbIIIIK}I, y KOTOpbIx C AoCTaTOT{Hori roqsocrgo
Mox<Ho 6u;ro 6rr rr3Mepl,trb co6ctseuuoe rr3Jryqenrrre BcnbrrrreK B noJrocax R u I, a raK>Ke
[pocJleArrrb gBoJIIoIII{Io co6c"rBeHHblx IIBeroB Bcflr,rurerrHoro r{3[yqeHl,rfl, KaK gro 6brno
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- 0,91 + 0,05
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- 1,07 0,15

- 0,66 0,30

- |,24 0,07

0,14+0,10

0,42 0,20

0,20 0,31

0,78 0,26

0,10 0,27

0,06 0,12

-0,04 0,22

0,8

1,3

1,2

0,8

0,8

1,2

34

0,8
I,l
0,8

0,8

20

20

8

l0
6

9

58

20

l0
2

1,0

8.09.89

9.09.849

cAeJraHo ro Ha$JrroAeHr.rflM 1986 v 1987 rr. [1]. floetouy orpaHutll{Mcq JII'Iurb 3aMeqaHrleM'
rrro B MoMeHTbr MaKcr{MyMoB 6JrecKa BcrrbrrrrKl{ EV Lac 1989 r. 3aHI{MaIor Ha AByxqBeruofi

Ar,rarpaMMe (U-8, B-n Ty xe o6Jracrb, qro I{ BcnbIIuKI4 1986 u 1987 rr'

Cnextpanrnble Ha6JrpAeHI{a

Cuextpalrubre Ha6JrroAeHHfl EV Lac nponoguJll,Icb Ha 6u'i'erecrone B QoKyce He_curta'

flocrynaroulrri or 3Be3Abr rroroK Soronon pa3BoAllJrcr cBeroAeJrI{TeJreM Ha 2 npu6opa: n

cuexrporpa$ CII-L}4 c lO0O-xanaJrbubrM TeJreBr{3I{oHHblM cKaHepov, l7l u B cKopocrHoli
oJreKTpo+oroMerp. Cnerrpu, rloflyqeHHbre Ha crpo6ax reJreBrl3lroHHoro cKaHepa c pa3pe-

-""re* :-O A, perncrpnpoBaJll,Icb n 3BM CM-4 c BpeMeHHfIM pa3peIueHI'IeM' KoTopoe

rrplr o[IIcbIBaeMbIx na6lrogeHnax BbI6IIpaJIocr ot 30 Ao 300 c' r'Meprnoe" npeM! MexAy

crreKTpaJrLHbrMrr gKcno3ut\frfll.au, Heo6xoAI,IMoe Artq 3alucl{ rlaKo[JreHHoro c[eKTpa Ha

MarHr,rrHbIIi Hoc[TeJrb! eocraBflsfio 15 c, EnaroAapf, TaKofi MeroAuKe, MbI I{MeJIu Bo3'

MoxHocrb Becrr{ crrHxpoHHbre Ha6rroAeHur uepeMeHHocru 6r,ecra,c BbIcoKI'IM apeueuH(lrrr

pa3peIIIeHlIeM I,I OAHOBpeMeHHo perllcTpl{poBaTb Bapl',Iaqwu c[erTpoB Ha 'rIHTepBaJIax
BpeMegrr nopflAKa MrIHyT. flpu etou o6ulHocTb noToKa [p[xOATIII[x SoToHoB AIt
c.re*rpan"uoro u $o'roMerpr{rrecKoro [arpyJrt 3alrlfiqaJra or rpyAHocrel;, cBs3aHHbIx c

JrOKaJrbHbIMu e$SextaMl{ aTMoc$epbl, TpaKTOB I,I CPIcTeM perllcTpalluu, flp]Lcyqrx
Ha6rroAeHutM Ha pa3HeceHHblx He3aBI{cIrMbIx }IHcrpyMeHTax.

Kar yxe orMerraJrocr,, B xoAe Ha6rroAenuri na BTA'cKoJIbKo-HI{6ygr saueturte
BclbrruKg EV Lac o6napyxeurr He 6buru. floetouy aHaJIrr3 [oJIyqeHHbIx cneKTpaJrbHblx

AaHHbrx 6rrn opuentupoBaH Ha rrorrcKu ugueneur.rfi c[eKTpa 3Be3AbI, He cBq3aHHbIx @
BclbrrrrKaMu, :11kI6O Ha IIOIICKH eQSextOr cIa6blx BCIILIIUeK, He perl{cTpl'IpyeMblx
r4HArrBrrAyaJrrno. flpoqegypa paccMorpenufl, uoJryqeHublx 3auucelt, Koropaf, [poBoAllJracb

Ha c[eqrraJrbHo co3AaHHou gna o6pa6orKr{ c[eKTpoB fl3blKe Claupau [8], 6rtla cJreAyrcIrlafl.

Kaxgufi r1o5yqeHublfi cnexrp clepBa peAyIIpIpoBaJIcfl 3a HeoAHopoAHyIo qyBcT-

Br{TeJrbHocTb KaToAa ,r c[eKTpaJrbHyro rryBcTBuTeJIbHOCTb CKaHepa. 3areu c IIoMoIIlbIo
gafivcu crreKTpa aprorr.-HeoHoBoft raM[br [poBoAI,IJIacb eAuHoo6pa3Hafl [prrBfl3Ka KaxAoro

cler(Tpa K AJrr{HaM BorH. Bce peAyr{{,rpoBaHnble raKuM o6pa3oM IrHAI{BI{AyaJIbHbIe c[eKTpbI

6lrlu cyr,nuupoBaHbr lr AaBaJru cpeqnufi cleKTp 3Be3AbI BHe BcrIbIIrrKI,I. Ha gToM cyMMapHoM

cleKTpe c MaJrbrMr{ ruyMaMr{ 6rrnu nrtgeleHbl yqaCTKII BHe 3aMeTHbIx 3MI{CcI{oHHbIx u

a6cop-6quo*nrr* nrnrnii, rr rro 9Tr,rM ytracrKaM c floMolrlbto c[JIaI:IH-KpI,IBori 6l'tu nporiege_n

KBa3;KoHTuHyyM r,r3ryqeHr{rr 3Be3Abr. Ha pnc. 3 npunegeuu rIcxoAHbIIi cpegunfi cnexrp EV
Lac n cuerrp, peAyrlnpoBaHnbrri Ha rrpoBeAeHHblfi TaKITM o6pa3oM KBa3HKoHTI{ttyyu' Ha
pr,rcyHKe orMeqeHr,r Bce cneKTpaJrbHr,re AeTaJII{, [o[BeprHyTble [aJIbHefiI[eMy Konlr-.
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. Puc.3. CpeAHHft cneK.rp EV lac H creKTp, npnBeAeHHhrii K KBa3IrKoHTr.rHyyMy

rIecrBeHHoMy aHaJIIr3y, B XOAe KOTOpOTO OnpeAeJrrJrr4cb SKBr4BaJreHTHr,re [I[pr{Hbr 3Mr,rc-
cr{oHHbrx rrvHnfi Hg,H7'H6'H.+ HCarr u Hs u a6cop6quoHHbrx rrr.rHr{ri ).,4221 A Ca t u
X4780 A Ir'tgH, cKaqoK LIHTeHcI{BHocrr4 y roJroBr,r MoJreKyJrrpnoi norocr,r TiO },4955 A u
orHoIrIeHI'Ifl rloroKoB B HeKoropbrx oMllcctroHnblx JILlHtrrx. C nououlrro nsr6paunr,rx Ha
cyMMapHoM CIIeKTpe yqacTKoB KBa3I{KOHTr.rHyyMa Mbr [poBeJrr4 onlrcaHHyro flpor{eAypy c
xaxgofi r4HAr.rBrrAyaJrr,uorYr gaulrcrrc cleKTpa c cyMMapur,rMr.r c[eKTpaMlr aa rax<qyro ,i 4
uo.rerf 1r c cyMMapHbrM c[eKTpoM 3a BCe nOqU. B T.a6l,2 [pr4BeAeHbr AaHHbre, [oJryrreHHbre
no cyMMapHbrM crreKTpaM 3a oTAeJrr,Hbre Hoqr4 r,r IIo BceM HOrraM.

'la6n. 2 [o3BoJlrer npeA[oJIox(rITL 3HaarrrMble I{3MeHeHII, oMr,rccrroHHoro cneKTpa
3Be3At'I or HotII{ K Horru. ,[eIicT nurenbuo, B To BpeMq KaK BeJrrrarrrua cKaqKa y [peAeJra
yo.1"-lyr"rplotlr nolocrt X 4955 A fiO LI sKBr{tsarreHTuaq mupr.rHa a6cop6qzonnortr^nznuu
)t 4227 A Ca I rpaKrI{YecKI,I tlocroquubl, T.e. crreKTp Qonocsepuoro r{3Jryqeur{s He
MeHqercn, xpoNlocQepuble gMI,IccrIoHH[,Ie JruHI{r{ HpuH, n nepnyro r rrerBepryro Horrr.r
Ha6[rcI{eHLIIl 6rrlru qnHo cJla6ee, rreM B ABe Hotlr{ Mex<Ay nrauu. Ecllr yrrecrr,, rrro 11epuo[
Bpau{eHI{, EV Lac cocraBJrrer 4,38 cyr. [9], ro ecrecrBeHHo cqr{Tarr,, .rro 3 n 6 cenrx6px
3Be3Aa 6una o6paqena r 3eune norycQeporl, n ueur,ueri creleHrr norprrr.ori u"rr"rur1a1a
o6racrflMr.r, .rer\,r 4 u 5 cen, a6pa. Anarorr.r.ruaq MoAyrrrlr.ur xpor'rocsepuoro r{3JryrreHuq EV
Lac 6ura o6napy;xeua B Kpr,rMcrux na6rrog.eturx 19g6 r., rpuqeM MaKcuMyM
xpouoc$epnofi euuccru B r14:Hur1 H,, coor:nercrBoBarr ,rurrynny $orocQepuoro
u3ryrreHl'Iq' roroprtr? 6rtr o6ycnonnen o6paqgnrreM x 3eule nau6onee :aflqrHeHgorl
nonycQeprr 3Be3AbI [2]. Mox<uo AyMarL, rrro c rorrHocrbro Ao rroJrycyroK MaKctrMyM
xpor"roc$eprroro I'I3JIyqeHLrq EV Lac I{MeJr Mecro MexAy HarrrrrMr,r na6nrogenr.ra*rw 4_5 u i-6
ceHta6px 1989 r','r.e. JD 2441175,0 + 0,5. Ecnu BocroJrb3oBarsca e$er,.repr.rgori porl:uana
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q1

6,4
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14,4
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16,9

9,0

1,7

0,81
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0,45
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t2
6,3

10,4

6,8

15,6

l9,l

6,3

14,4

6,1

1,5

0,69

0,34

0,s2

0,88

16,2

6,8

1 5,5

7,9

1,6

0,84

0,21

0,41

0,95

6l
9

-r,J

3,7

t4,l

5,4

1,6

1,26

0,35

0,92

0,83

[9], ro oror MoMeHT coorBercrByer Oa3e 0,6 + 0,1. CpanHenue sToro pe3yJlbrara c prac. 1 n

[2] norasunaer, qro c 1987 no 1989 r. rleHTpaJrburtil rtlepuguan nau6olee 3a[f,THeHHoi{

uolycsepu 3Be3Ar,r CMecTr{Jrc, IIo ee [oBepxHocTr'r He 6oree qeu na 36ot36o.

i ,I"rio o6HapyxeHuir napnaqllir oMrrccrionnoro crleKTpa 3Be3AbI Ha 6oree KoporKI'Ix

BpeMeHHbrx r4HTepBaJrax Mbr paccMorpeJrrr r{HAIrBIrAyaJrbHbIe 3arLncLr cneKTpoB EV Lac,

rrOJryLreHHbIe C 9KCIO3I,IqIIIMI,I OT OAHOiI AO HeCKOJIbK]IX MlIHyT. Eunu [OActIHTaHbI

cpeAHeKBaAparLrr{HbIe pa36pocbr BerI,rrrl4H oKBI,IBaJIeHTHbIx [IlIpIrH' orHocI'ITeJIbHbIx I'IHTeH-

clrnuoc.rerl eMl{cctroHHblx Jrrtur.rri r{ I{HTeHcI{BHocreIl B Tpex yqacrKax cleKTpa 3Be3AbI,

cBo6oAH[,rx or nunuri r{ He coBlaAarcrqr{x c yqacrKaMll, nt't6pannotMl4 AJL npoBeAeHI'Is

*uuar*o"rrHyyMa. Oxasalocr, qro Aricflepcrru xapaKTepI,Ic'rI{K 3MI'IccIroHHbIx lnnrari
3Haarr{Mo [peBblrilaroT Ar.rc[epcrru ypoBuq He[pepblBHoro I'I3JIyaIeHI{q 3B€3ALI. Oguaro
CpuarEuecryrO npuqrHy TaKOTO pa3Il,tql4rl [OKa oAHO3HaqHo OnpeAeJII'I'rb He yAaeTcfl.

llo.uaplruerpua. Annaparypa H MeroAItKa Ha6nroAeHufi

I4suepeuux rraHefiHorl [oJrspr43arlu14 Lr3ry-uernr. EV Lac [poBoAI{JII{cb B

Kaccerp;HoBcKoM $oxyce Illaftuoscxoto 2,6 r'a pe$.rerropa (3TIII) c roMorllt'to
oAHoKaHaJIr,Horo roJIrIpI{MeTpa c 6r,Ic'rpr,Iu (33 o6/c) BpauleHlreM florqpu3al{[ouHoro
aHaJrr{3aropa [10, 11]. B oroM floflqplrMerpe cI{HxpoHHo c BpaLIIeHI,teM aHaJrl{3aropa

rrepeKJrrorrarorcs 4 cqer.rr.rKa r.rM[yJrr,cos O3Y, KaxAbIIi I,I3 KoropL,Ix crllrraer I{M[ynbcbl B

90-rpagycuux r{HTepBaJrax floJroxeur4fl. a*ailv3aropa. CpegHI{e llorlox(enrlq rnaruor?

rrrrocKocrrr aHaJrr{3aropa AJrfl Ka><Aoro calerr{IrKa pa3Jluqalorcfl Ha 45o. Ilprz etou
ycpeAHeHHbre 3a BpeMfl gKc[o3r,rquu 3HaqeHI,L 6e:pasrraepnblx napaMerpon Ctorca PX =

=Paor2$uPY=Psin28,rgeP-creneuurrHeriHollnoJIrpI,I3aIIunuO-no:r'rqllonnr,rri
yfoJr [JrocKocrl{ rroJrrpr{3aldl{rr B I{HcrpyMeHTanbHoIl cl{creMe orctlera, Bllqficrqlorcs [o
$opuynar'.r lll,12)

PX = 157,08(Nr - Nz) / (N, + Nr),

PY = 157 ,08(N: - N+ ) / (Nl + N4 ),

rge N1 ,Nz,N: frN+ - qr.rino KBaHToB (uunylr,con O3y), HaKolJreHH[,Ix B Kax<AoM I,I3 4
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crrerqr{KoB 3a BpeM, sKcro3rlrrlr{r{, a Ko3++r.rq}reHT 157,08 = rclZ ' 10070 - Macurra6HEIIi
MHoxI{TeJrb, Bo3HLrKa}oqufirtpnr.rHTelpupoBaHr{r{ rro 90-rpagycur'IM I{HTepBaJIaM rroBopora

aHa Jrr{3 aTop a Ir BbIp ax(eHl{Lr IIOJrfl pI,I3aIIlu,I B IIpOIIeHTax.

Tar xax npeueuufre r{HTepBaJrbr pa6orrr [ocJlegoBarerL'Ho BKlroqarcquxc.fl cqerr{I{KoB
rracrr.rrrHo rrepeKpbrBarorcq, To raxgrtll KBaHT perl{crpllpyercq ABaxAbI - uepnori u Bropofi
I]apaMr,r cqeTrr]rKoB, Aarcrqr{Mr.r coorBeTcTByroq[e [apaMeTpbl croxca. flolulte cyMMbI

rrMrryJrbcoB, HaKolJIeHHbte xaxgoli napoft crlerrrl{KoB, AoJIxHbI coBllaAarb, rrro o6ec[e-
qr.rBaer KoHTpoJrb rrpaBr,rJrbHocrr,r perr{crpaIluu lro6oro I,I3MepeHI{r. Taraq MeroAI{Ka
[o3BOIqeT IIpaKT[rrecKr,r o[HoBpeMeHHo II3MepflTb cBeToBbIe I]oToKIr, cooTBeTcTBytoq[e
pa3rl{rrHr,IM cocro{Hr{f,M [oJrqpl43aulru, u o6ecneql{Baer He3aBI{cI{Mocrb pe3yJlbraroB
usuepeuluir or 6trc:rpux r.r3MeHeHr,rft rolnoro cBeroBoro noroKa or 3Be3ALI [12]. B
Hacrof,rrlrrx Ha6[roAeHuflx [pHMeHrJracL, MoAepHLI3I.IpoBaHHaq cxeMa perrrcrpaqrlu
orcrreroB 4 c.rer.ruros c [oMo[Ir,rc JroKaJIbHoIi ce'ru 3BM, aHaJIor[aIHoIl onr.rcannoft s [3].

Bce nonaprMerpr.rilecK[e Ha6[IoAeHLL [poBoALIJrI{cr, c Qunlrporu U(I,S = 3650 A),
BpeMeHeM gKcno3r,rqrrlr (npeueuuuttl pa3perrreHr4er,a) 10 c rr areprypHoll guaQpantaofi 10".

@ou He6a perncrpr,rpoBaJrcs KaxAbr e 2040 Mr,rH B TeqeHue 40 c. O'rc.rerlt or Qoxa Bo Bcex

KaHaJIaX yCpeAHflJII.ICb, lrJrr{ IIHTep[OJrr{pOBaJII,ICb, I{ BbITII,ITaJII4Cb H3 CyMMapHblX OTCIIeTOB

"snesga + $ou" Bo Bcex crrerqr{Kax gnx raxqorl l0-ceryngnolt ercno:uquu. I4wcrpy-
MeHTaJIbHa, [oJrrpl'I3allufl yrrl'ITblBaracL, tro ua6lrogeulrqil'I EV Lac s cnorolinou
cocroqHl,Il{, BbruorrHeHHbIM B Te xe Hor{Ir, qro I,I 3apert{cTplrpoBaHHble BclbIIUKIr. flpu erou
r{3ryqeHI,Ie 3Be3AbI n clorotlnou cocroflHI,Ir{ ctlI{TaJIocb Herlorqpu3oBaHHbIM.
(I4ccnegonaul{e Bo3MoxHbIx MaJrbrx uauenenurTr [oJIfpI{3aIIuI4 BHe BcrIbIrIreK, cBrI3aHHr,Ix c

11-srHaMr.r ll gpyroir aKTr{BHocrbro 3Be3Abr, rpe6yer crrequaJlbHo uocraBJIeHHbIx
na6lrogenuft.) Cpegnxa oruu6xa r{3Mepeurr, 6espaauepublx rapaMerpon C'roxca gna

o[peAeJreHHorl ,rarurrl o6pasoru r{HcrpyMeHTalurori rtortrlpll3alltlt,t cocraBnf,rla 0,1-0,ZVo.
flonapusaquoHHbre na6nrogeuus EV Lac npoBogr.{Jllrcb HaMI,I B TeqeHI,Ie 5 uoqetl.

PacnpegeneHrre grr{x na6trogeuufi no npeueHr4 [oKa3aHo Ha pI,Ic. 1. I{x cylc'aapHafl
[pogoJrx<rrreJrbHogrb coctan[na 2 1 .I.

Anarus pe3yJlbraroB

3a npeua narpyJrEHbrx [oJrqpr{3arllroHHbrx na6nrogeHurl EV Lac n ceura6pe 1989 rr. 6rr-
rrrr 3aperrrcrprrpoBaHbr 4 scnrluxu 3Be3Abr c aM[JrLITyAoti 6oree 0,'',5 u 6otturee .rucro 6o-
Jree MeJrKr{x BclJrecKoB. (3arrrernlr, qro r,r3-3a HeKoropblx paslu.rutl Qo'rorr.rerpuqecKl{x
c}rcTeM u nper'reuu6ro pa3perrreHlra upu60poB, c KoTopbIMI,I [poBoAlllucr, Qotor'lerpl{qe-
crti,e rt [oJrflpl{MerpfltrecKr.re ua6trogenua Ha pa3Hblx reJlecKo[ax, aM[JrI,ITyAbI BcnbIIIreK,
3aperrrcrpr.rpoBaHHbre Ha [orqp[Merpe, Ha HecKoJrbKo corblx snergnoti BeJII,IaII{HE'I

orJrr,rqarorcfl or aMIJII{TyA Tex x(e Bc[bIIueK, [pI,IBeAeHHr,rx s ra6r. 1.) Ha puc.4 npeg-
craBJIeHbI 3aperrrcrpllpoBaHHrre c [oJrrpr{MerpoM KplrBbre 6necxa B noJloce U .reT srpex

yKa3aHHbrx BclbrrrreK BMecre c xoAoM 6espasrrrepuurx (uopr'rrponaunr,tx) flapaMerpoB
Croxca PXtPY.

Buecr:e c ocBo6oxgeHHbrMrr or BJrr{rHr,rfl r,rHcrpyMeHTanrHofi [oJIflpI,I3aIIIrI{ napaMerpa-
uu PX pt PY ya puc. 4 [peAcraBJreHbr r{x cpeAHeKBaAparrrrrHble [orpelrlHocrn, BbIrrI{cJIeH-

H[,re rro crarr{cruKe 3aperrlcrpl,IpoBaHHblx KBaHToB c yqeroM cpeAHero Qoua no $opuyle

ME(PX,PI) = 157,93 
^lN' 

/ N* , e)
rge N'- cyMMapHoe qrrcJro Qorouon, 3aperr.rcrpr.rpoBaHHblx lo BceM KaHaJIaM or 3Be3AbI c

QoHorrr, a N* - to x(e ql{cJro rrocJle BbIqI{TaHLrs cpeAHI{x orcrreroB o'r $ona.
Kar noragauo s [4-17], ropperrur,ui crarncr[.{ecxur? aHaJrI{3 [orrpI,I3aI{HoHHbIx

Ha6nro4enrfi cJreAyer flpoBoAr,rrb r,rMeHHo c [oMorrlbro 6eapasuepur,Ix [apaMerpon Ctoxca
PX u PY, a He creleHr,r florqpn3arl[z P. [erfcrnr.rreJrbHo, olpeAeJrfleMble HerrocpeAcrBeHHo

rr3 rr3MepeHHbrx orcr{eroB flapaMerpt r PX u PY rtpu AocraroqHo 6onr,ruoli crarlrcrl,IKe
3aperIIcTpI'IpOBaHHr,IX KBaHTOB IOAr{IIHTIoTCS HOpMaJIbHOMy 3aKOHy II AaIOT HeCMeIIIeH-
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Hyro orIeHKy r.rx ucrr{HHbrx 3HaqeHrui. B ro. xe BpeM, crerleHb [oJIflpE3aI{u}I
p=1(PX)2 -@1121%, flBlrflrorqarc, Heorpur{aremnofi senrquHor?; pacrpeAeJreHa rro

3Harrr{TeJrbuo 6oree cJroxuoMy 3aKouy r4 ee cpeAHee 3HaqeHlre ne 6yget necuelqeunori
oqeHxori pealruorf crelreHl{ non pI,BaIIun.

Puc. 4 rroKa3blBaer, rrro HI{ n ogxofi rag 4 scnrrutex ne na6nroAailr{cb crlcreMarrlrrecKrre.
Ir3MeHeHrirfl rrapaMe'TpoB rroJrtpr8arur{, BbrxoArrque 3a [peAeJIbI ecTecTBeHHoro pas6poca,
Bbr3BaHrroro crarllcrlrarecKnun orun6raun Ha6mogenufi. finr 6omurefi Hanrf,AHocrlr eroro
yrBep)qeHr.rfl Ha pI,Ic. 4, xpoue BelI,IqI,IH PX u PY, BbIpaxeHHbIx B [poqeHTax or uonnofi
uHTeHCI{BHOCTT{ CBeTOBOTO IOTOKa OT 3Be3AbI, MbI HaHeCJIU TaKXe OTHOIIIeHIT' gTI{X

lapaMerpoB K I,Ix coorBercrByloqllM ouru6rar'.r - PXIME n PYIME.I,Is rpaQuxoB BI,IAHo,

rrro HI{ oAHo u3 3aperrrcrpr{poBaHnblx sHa.reuufi [apaMerpoB floJrrplr3alllln He

rrpeBocxoAtrr yrpoeHHoft ouru6ru rrr Becb na6nrogaeurrft paa6poc rorleK coorBercrByer
nopuanrxori crarucrrffie.

flna nponepKu orcyrcrBrrr peaJrbHbrx ue]vreHeunfi [apaMerpoB noJrflplr3alllrtl Bo BpeMrI

BcnbrrrreK Mbr, cJreAyrr peKoMeuAar{uxu Krapxa n Cmrcapra [16], upnrtrenfirrut crarfrcrtr-
qecrrafi recr Ben.ra - Bapr{aHT F-rpurepua Oumepa AJIf, HepaBHorotlublx usuepeuufi. Stor
Tecr [oKa3aJr, trro Hu AJu ognofi u3 BcrrbrrueK BepoflTuocrb.HaJlrrqlrfl peaJrbHblx uglraenennfi
[apaMeTpoB [oJrrp]r3ar{rrr{ He AocTllraer 90Vo ypoBHs 3HaaluMocru tr,. cJreAoBareJrbHo,
Moxer 6uru npunara HyJIeBas rr{rrore3a 06 orcyrcrBuu uglrreneHrft noJIrpI,I3aII[u.

Kpor"re aHaJrr{3a orAeJrbHbrx usuepenufi c l0-cexyngublM BpeMeHeM uHTerplrpoBaHrlr,
Mbr [poBeJrrr crJraxrtBaHr.re AaHHbrx cKoJrb3flrrluM ycpeAHeHLreM no 5 nocregoBareJlbHblM
TorrKaM. flpu erou citnaxunanucb He[ocpeAcrBeHHbre orcarerb-I B KaxAoM I,rs 4 rauaros.
3ra upoqegypa rro3BoJrr.rJra rour{3urb crarl,rcrusecxne omu6rra b 5u2- 2,24 paza. Anauras
crJra>KeHHbrx AaHHbrx raK)<e [oKa3aJr orcyrcrBrre peaJrbubrx ngrrenenr.rfi [apaMerpoB IoJUI-
pfi3argurz. Ha BpeMeHax 50c, upearrurarolqnx 3o. 

,

. 3ax.nroseuue

3a 23 u Sorouerp[qecKr.rx rarpyJrbHbrx ua6rrcgeuufi EV Lac n centx6pe 1989 r.
3aperucrpr{poBaHo 13 rcurrruer. LIx o6rque QorouerpuvecKr{e Ir KoJlopllMerpurrecKue
csoficrsa coorBercrByror rlrluqHbrM Bc[brrrrKaM Ha erofi snesge. AHarug [oJrflprr-
3arllroHnbrx na6nrogeunfi rcnruuer B uoJroce U norasal, qro HI,r a ognofi ra 4 sape-
rucrprrpoBaHHbrx BcrrbrlrreK cpeAHefi. r,rxrencunuocrn ne na6arogaJlucb peaJrrnble
r{3MeHeHrtrr fiapaMerpoB nnnefisofi noJrrprr3arlur.r. floayuenrl cJreAyrcIq]re. oIIeHKu cBepxy
Bo3MoxHbrx [oJrsp]r3arluounux eQQeKToB: oHu AoJrx<Hbr 6uTb uenrure 57o ua BpeMeH]rblx
rrHTepBaJrax 10c n ueurrue 2-3Vo Ha [rHTepBanax 50c. flogBepxgeHa cyu{ecrBeHHar
HepaBHoMepHocrb aaeagnori xportaoc$epu erofi BcnbrxuBaloulefi snesgrr, flputleM
JroKaJru3arlrs nau6onee aKTlrBHbIx o6nactefi s 1989 r., [o-Br{ArrMoMy, He orJrr,rqaerc,
cyrqecrBeuHuu o6pasou or rori, qro 6rrra o6napyxena HaMlr B 1987 r.

Mrr 6narogapurr l.M. Becxnuy n C,?1, flengnecrnoMy 3a floMorqr n xa6nrogenrrrrx Ha
BTA r yaracrlre n o6cyx<genuu [oryrreHubrx AaHHbrx, JLA. Kosanr, f.A lap6ysony ra [I.B.
Huroiemo 3a floMorrlb B [oJrflplMerpuqecKux n Soror',rerpuqecKr,Ix na6nrogenrrx, I4.0.
Anexceeuy lr [.H. Illaxoncxouy 3a [oMorrlb n o6pa6orxe [oJryqeHHbrx AaHHbrx. .

Mah1992 r.
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OIIEHKA 3AIIflTHEHHOCT}I TPEX KPACHbIX KAPJII{KOBbX 3BE3T
MS Ser,,FK Ser u V 775Her

. IIO MHOTOUBETIIbIMOOiErEMKTPIIIIECK}IMHABJTrcAEH}IflM

U.rc. Alexceer, H.lI. Illaxoucxaa

^ [9|v-r"ol glerrpoQoror'aerpuqecxl.re {tBVRI-ua6aroyeHH, 'rpex aKTHBHbrx KpacHbrx KapJrrKoBbrx sneoq MS
Ser, FK-Ser u Y 775 Her, y roroprtx na6rrogaercr repeMeHHocrb ,rnna BY Dra. Anaarg ua6nrogeuuft noxa3aJr,
vro sQQertunHarl flnorlaAb reMrrblx rlrreu cocraBrfler l0-20Vo or noBepxHocrrr Sorocseprr, u ,r aa"r"purypu
ua 1000-1500 K Huxe, rreM y coorBergmyroqrx [eBo3MyrrleHgrrx eoroceep.

Onre.raercs rer{AeHrlwr: y.6onee ropeuux 3Be3A ncrsa roprqee.

THE FSTIMATION OF SPOTTEDNESS OF THREE RED DWARVES STAgS: MS Se r, FK Ser, V 725 HerBY USING MULTICOLOUR PHOTOELECTRIC OBSERVATIONS, Dy 1.Jr. Alekseev, N.t. Sininorirojo.
UBvRl-photoelechical bbservations of three BY Dra-type active red dwarves tras Ser, FK Ser and V 775 Her were
carried out. The analysis of observations show that effeativ,e,areas of dark starspots ue loeTvo or sterrar prrotosprreie
surfaces and spot temperatures are lower by.l0OO-1500 K as compared with ones of corresponding ,.ir1nuf
photospheres.

The tendehcy that hottef stars have hotter starspots was noted.

K nacroatqeMy BpeMeHu paapa6oraH prA aJrropHTMoB, Koropbre'rro3BoJrf,ror rro
MHoroIIBerHbIM SoroMerpuqecKlrM Ha6rIo[eHI,IsM Bparqaroqr{xcr 3Be3A c ueoguopognori
n_oBepxHocrllofi rpKoc"bro QorocQepbr orleHr.rrb napaMerpbr erori HeoAHopogHocru 11-71.I{elrro [aunoro uccnegorauux Srrno nory.rlrrb MHororlBerHbre enexrpo6ororrerprnvecxre
Ha6rroAeHr4fl rpex Kpacubrx KapJrlrKoB: MS Ser, (dK2, my= gm,3l), v zis rte, dro, i, =
= 8^ ,4) n FK Ser (dK5, mv = l}m ,9-LLm,5), y roropux paHee Ha6rroAaracb repeMeHHocrb
6necxa; [peAloJroxlrreJlbHo cBr3aHHar c reMHbrMr{ rrrruaMllt Ha rroBepxHocru Bpa-
ularouleftcr 3Be3Abr [8-11] (nepeuennocrb rrrra By Dra), rr or{eHlrrb IIo srrrM
Ha6nroAeHuflM pa3Mepbr rr TeMleparypy nf,TeH.

Ha6mogeHufl

Bce na6nroAeHr,rfl flpoBoAr,rJrr.rcr na 1,25-uerpoBoM TeJrecKo[e A3T-ll Kpuucxofi
acrpo$uarvecrofi o6cepBaropllu B reqeHr.re 10 uoqer? B r.rroJre-aBryere l99l r. B xa.recrse
rlpueMH[rKa [rcrloJlb3oBaJrcff IUITI{KaHarbHbIfi $orortrerp-uoJrflpuMeTp [2], pa6oraroqnfi npexllMe Qorouetpru{ B IrflT}I rloJrocax UBVRI-cucr.errarr. [lx xaxnofi-sBe3Abr 3a Horrb
[poI'I3BoA]IJrocb [oApaA no rp[I qurura ueuepenralit, cocToslrll{x lr3 nocJreAoBarenbHblx HaBe-
gerurfi Ha o6beKT, Ha 3Be3Ay cpaBHeul[f, I.r Ha KoHTpoJrbHyro 3Be3Ay; rrprr KaxAoM HaBeAeHu[
cHI{MaJIocb uo 4-5 orcqeroB c BpeMeHeM oKcuo3r{r{[u 10 c rax<grlfi. B ra.re6rr":su"ag
cpaBHe5uflx KOHTpOJIbHbIX uC[OJrb3OBaJrucb coorBercrBeHHo: gm MS Ser BD + 26"2762 u
BD + 25'3009; Ars FI( ser BD - 10"4658 u BD - 10"4656; Nffiy 775 Her BD + 24035g6 u
BD +23"3502.

@ IlI.rc. Alexceen, H.I{. Illaxoscxaq. 1995
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Ta6lnqa I

Ha6.rmAenns MS Ser n lrm,ne-aurycre 1991 r.

JD 24440000 + AU AB LV AR Lt

8455,8075

,8192
8456,8002

,8U2
8457,8040

. ,8099

,815?
8460,8001

,8061

,8120
8465,797t
8474,7887
8475,8060

,8130

,8209
8478,7702

,7774
,7845

-yt,ll
-0,09
4,07
-0,07
-0,08
-o,07
-0,04

0,08

0,08

0,08

-0,10
-0,04
-0,09
-0,08
-0,1 t

0,06
0,04

0,03

-ryt,03
-0,01

0,01

0,0r
0,01

0,02
0,ot
0,15

0,14

0,14
4,02

0,0s

-0,01
-o,01

0'"0 1

0,03
0,05
n05

,l ; o,o5

r,,4'06t

-0',,04
-0,04
-0,04
-0,03
-0,02
-0,01
-0,02

0,07

0,06

0,06

-0,03
0,06

-0,04
-0,03

0,04
0,04
0,05

0,06

-0'"09
0,08
0,01

-0,06
-0,06
-0,06
-0,05

0,03

0,02

0,02

-0,08
-0,01
-0,07
-0,07
-0,08

0,02
0,01

0,00

,,1(

-0,03
0,1 3

0,12
0,t I

. .) 0,07

0,1 8

0,1'1

0,l7
0,02
0,09
0,04
0,04

0,02

. t 0,16
0,r5
0,14

TA6anqa 2

Ha6lrcAennr FK Ser n nrc.ne-snrycre 1991 r.

JD 2440000 + AU AB AV AR Lt

845s,3601

,3679
,3765

8456,3231

,3296
,3362

84s7,3297

,3362
,3407

,3435
8460,3262

,331 8

,3378
847s,3389

1/15

,3460
15 16

8418,2970
ln 10

,3123
8479,3598

,3686

,3'174

-1",,08
-1,06
-1,12
-l,09
-l,08
-1,10
-1,26
-1,38
-1,29
-1,25
-1,48
-1,45
-1,52
-1,01
-1,03
-l,u
-1,10
-1,19
-r,20
-1,25
-1,37
-l,38
-1,46

-.ut,42
-0,40
4,44
4,45
-0,47
4,46
-0,41
-{,48
4,44
-0,45
4,M
p,40

4,43
4,32
-o,31

-0,33
-0,33
-0,45
-0,45
4,M
-0,56
-o,48
--0,55

-00t,02

-0,01
-0,04
-0,07
-0,07
-0,07
-0,01
-0,06
-0,03
-0,04
-0,03
-0,04
-0,02

0,07

0,08

0,07

, 0,08

-0,05
-0,06
-0,04
-0,1 5

-0,10
-0,1 4

jht,17

0,l9
0,1 8

0,1 5

0,l6
0,15

0,1 5

0,1'7

0,1 8

0,r6
0,17
0,20
0,17
0,30
oro
0.27

0.16

0, r,\

0. t?

0,1 7

0,1 5

0,1 5

0,1 I

0'',30
0,30
0,29

0,28
0,27
fi)1

0,12
0,30
0,3 r

0,3 r

0,29
nra
0,28
0,40
0,40
0,39
0,39
0,29
0,29
0,30
0,23
0,26
nr5

B ra6n.-1-3 [pr{BegeHbr 3qaqegr{fl floflyrreHHbrx AJrfl MoMeHToB Ha6nrcAeHuli pa3Hocrel:i

3Be3AHr,rx BeJII,IaII{H o6'LeKTa I,I 3Be3AbI cpaBHeHI{s A,my, Ha p[c. 1 [o Ha6nPAeHI'IfM B

er.rntrpe V nocrpoeubr Kpr.rBbre 6lecxa o6'beKToB c Sa3aMlI, . BbMI{CJIeHHbIMI{ IIo

orreMeHraM, oIIpeAeJIeHHr,lu Bonnou [8] nns MS Ser: max JD = 2444311't,96 + 9d,60 E u gttt'
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ooo
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Pltc. I' Kpunue 6necra MS Ser, V 775 I-ler u FK Ser no rra6,rrogeuum,l a Qrlnrrpe V

Y l7 5 Her: max JD = 2444338d,94 + 2(t,898 E, a gwr FK Ser - ro orreMeHraM, orpeAeJreHHbrM
9yrafinonur'.r Il]: min JD =2441939d,200 + 5,t,20 E.

3ru rprrnue n o6rqer'.r He flporr,rBoperrar uarlgeuur,rlr paHee [eplroAaM, io.ra $asrrMI{HIIMyMoB AJU Bcex o6:bexros He coxpaHr{nlrcb, t11g Moxer 6trru nrlsnaHo KaK Heroq_
HOCTLIO B OnpeAeJIeHI'I[ [epHoAoB,'taK vr peaJILHr,IMIl LI3M€H0HI,I{MI,I ron$r.rrypaquli nareH.
Ar'aulu'ryga xone6aulrll 6lecra B IloJroce V coc'rasrqra rro Harrrr{M naOnroaeguqrra (ra6n.
1-3,pr.rc. 1)yMSSer0"',15*0,1 ,02;yY775Her0,,1 ,12*0,,r,01;yFKSerOo,,20+0r,,03.
c^panuu_nar c aMrnr{ryAauu, uaftgeHubrMr,r paHee y MS ser - 0r,,12ig1, y y 775 Her - 0.,0g
[9]wy FK Ser-0'',1 [11], lroxuo orMerl{Tb pa3rr,rrrrq, uarn6oree cyrqecrBeHHrre gna FK
Ser. HenocrorHcrBo aMlnIrryALI [epeMeHHocrr.r, Bbr3BaHHorl nqrnoo6pasona,rerruofi
aKTI'IBHocTr,tO y KpacHblx KapJII{KoBbIx 3Be3A, oTMeqalocb paHee [7] u O61xCusJrOCb r{3Me-
HeHr{qMr,r pa3MepoB r,r ron$nrypaqurr [flTeH Ha floBepxHocrrr 3Be3A.

fila aualnsa Ir3MeHeHIalii qsera 3Be3A HaMrr 6rrnr,r pacor.rorpeHbr crarr{crr,rqecKr4e
3aBIrcI{MocTI{ Mex<Ay BeJII,IqLIHaMII LU, LB, AR, A1 a cooTBeTcTByIoUIr,rMr.r ser[.r[Har\au AV
AJL Bcex 3Be3A rlo AaHHEIM ra6n. 1-3. B ra6n. 4 npegcr:anneHbr yrJroBbre roe$Quqnenlrr
coorBercrByroql4x lunetiHr,Ix roppenxqlrti dmyldV it roe$$uqrreHTr,r roppennqlru r. B
nocnegueti crpoKe T a6t. 4 npeAcraBJIeHLr raKr{e )Ke AaHHbre gna EV Lac no na6nrcgenuxr"l,
rorryr{eHHblIu n 1986-1987 rr. na etoti x<e arraparype fepur6eproM, lllruurru r,r
Illaxoscxoli U). VIs ra6r,. 4 BIrAHo, r{To y Bcex 3Be3A aMrrrrrryAa nepeMegHocrr.r 6onuue s
KoporKoBoJluonoti o6nacru c[eKTpa, TaK trro c rroHrDKeHr{eu 6lecxa 3Be3Aa xpacuee'r. D.ro
coulacyeTcfl c [pelnoJlox<eHl{eM o reMrrepaTypHbrx HeoAHopoAHocTrx Ha [oBepxHocTrr
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Ta6nlrqa 3

Had.nrogeruu Y 775 Her I lrrole-asrycre l99l r.

JD 2440000 + AU
^B

LV AR AI

8455,33 I I

,3370
,3436

8456,3470
,3532

8457,855 I

,8606
,8664

8460,8507

,8s80
,8653

8456,8-s44

,8624
,8102

8475,8676
,87-53

,8826
8478,8340

,841 6

,8499
8479,89 I I

,8986
8492,8200

,82'75
,8354

,lut,33

-1,32
r 1)

-t,20
-1,21
-1,24

1,2t,

-l,25
-t,25

r aQ

-1,24
-1,19
-1,20
-l ,11

-1,3r
I ,31

-1,33
-t,34
-1,32
--1,33

-1,28
-1,19
-1,22
-1,19
-t,23

_0rr,6g

-0,68
-0,67
-0,58
-0,58
-0,63
-0,60
-0,63
-0,63
-0,65
-0,61
-0,57
-0,57
-0,55
-0,68
-0,67
-0,69
-0,70
-0,68
-0,69
-0,65
-0,57
-0,59
-0,56
-o,5e

=.ry"40

-0,40
-0,39
-0,31
-0,31
-0,35
-0,33
-0,35
-0,35
4,37
4,34
-0,30
-0,29
-0,28
-0,40
-0,39
-0,41
-0,41
-{,39
-0,40
4,37
-0,30
-0,32
-0,30
4,32

-1ut,28
-0,28
-0,28
-0,21
-0,21
-0,23
-0,25
_n ,5

-c,24
-0,?,5
-0,29

n '))

-0,24
-0,21
-0,27
0,28

-0,28
-0,28
_n rq

-0.29
-0,21
-o,1 5

-0,22
-0,20
-0.21

-.u1,26
-0,25
4,25
4,21
-0,20
4,23
4,22
-0,23
4,23
4,25
-0,22
4,20
-o,19
-0,18
4,25
4,25
4,26
-0,26
4,25
4,26
-0,24
-0,20
-0,21
-0,20
-0,22

Ta6nuqa 4

3re:ga dUIdV dBIdV r dRIdV dildv r

MS Ser
FK Ser
Y 775 Her
EV Lac

1,18r0,3
I ,39 t 0,49
|,29 + 0,04
0,82 t0,12

0,99 1,08 t 0,01 0,99
0,52 1,05 r 0,04 0,99
0,99 t,14 + 0,02 0,99
0,88 1,06 r 0,05 0,98

0,95 0,71 r 0,02 0,99
0.89 0,75 t 0,04 0,97
0,80 0,56 r 0,01 0,99
0,"t6 0,42 + 0,01 0,98

0,68 + 0,06
0,71 r 0,08
0,68 r 0,l I
0,60 r 0,1 -l

Bparqaloqeucfl 3Be3gbr KaK flpuqtaHe Ha6JrIoAaeMoIi nepeMeHnocrl4. Moxno orMerrrrb
Tarixe, rrro, xorfl dBldv fi dR/dV or 3Be3Abr K 3Be3Ae MeHrlorc, HecyulecrBeHHo, orJrl{t{url

BeJrrrrrr{H duldv kr dlldv y pa3Hbrx 3BegA 3HaqureJIbHbI, tITo Mo)Ke" cRI'IAereJIEcrBoBarb o

pa3Hbrx cooT,HorrleH[fx MexAy ]r3JryqeHI{f,MI{ cnoKofiHofi {:otoc$epbl }r IrsTeH y 3Be3A c

p a3Hori reMreparypol:I.

Onpege.rlenue flapaMerpoB salIrrrllenHbrx odracreli

Panee B aJrropurMax, flpuMeufleMbrx finx onpeqeileuilfl, IrapaMerpQB [flTerr rro

MHororIBerHbrM QorogneKTpuqecKuM Ha6irroAeHlrflM [1-6], paccMarpuBaJrocb oAuHorrHoe

l]flTgo KpyrJloll Soprtlu II cTpoLIJIacb TeopeTuqecKafl ripvB,afl 6aecra, KoTOpyrc Mox<Ho

rroAoruaTb K Ha6JIIoAeHI,IflM, MeHf,t pa3Mepbl [flT]Ia' ero TeM[epaTypy u [OIox(eHue Ha

Arrcxe 3Be3Abr. Bo3Hr.rKarlrque trplr gToM HeBfl3Ktr y6upafll,Icb BBeAeHI'IeM AorIoJIHureJIbHbIx

usreH. O6ir.rHo B TaKoM cry.r;e Mbr [olryqaJlIa iucoxoru[porHble nflTHa c 6orblrruMu
(nopagra 40o) yr:nonuMlr paAl,IycaMr. OAHaKo fepur6epr I4 Ap. [7] RbIcKa3aJILI rpeA-
[oJro)KeHue, arro raKoe peruenre'uox(er 6bITb MoAeJrbHo 3aBrrcrrMblM, flooroMy uu 6ygevt

o[peAeJrrrb esQerrnnnbre [JrorrlaA]r 3aIIqrHeHHbIx o6racreft u ux reMneparypbl' He AeJrafl

HlrKaKr(x flpegrroJrox(enufi o6 rrx KoH$Llrypaqusx. Ecnu otnoureHlre fioBepxHocr]rofi

flpKocrr.r flflTHa K fpKocTE $orocQepu- "a 
gax"orl glune BoJIHrI I panuo p1, a
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eSSerrnruat flnoqaAb [poeKII[u rrflTHa B eAtrHr{rlax rrJrorrlaAlr Br{[r{Moro rroJryruaprrfl
3Be3Abr - g, To aMnJrrrryga rone6auufi 6ilecra, Bbr3BaHHbrx.TaKrrM rrflTuoM, paBHa

Lmy=-2,51tt1,-a(1-Fr)1.' (1)

Kar nugHo, Mbr He Mox<eM orrpeAeJrr{Tb oAHo3HarrHo rrapaMerpbr 1, F, xapaKTe-
pr{3yroque coorBercrBeHHo pa3Mep r( reMrreparypy rrflrHa, pacloJrarar na6nrogenuauu
Jlr{rub B oguofi Qorouerpuuecrofi uonoce. floerouy BocloJrb3yeMcs Ha6rroAeur{ffMu B

IIoJIocax V.u 1, uro6rt yMeHbIIIHTb BJlr{flHr.re xportroc$epnofi eunccr.ru (naupnrrrep B Jrr{H4r,r

l/o, xoropaf, rrolaAaer B rroJrocy R) u eS$erroB rroreMHeuufl, K Kparc,, or Koropbrx
coruracno [4] uau6onee He3aB]rcHM qner (V-1).

flpeguoroxllM, qro pacflpeAeneHrre euepruu B cneKTpe rrrrHa raKoe xe, KaK,B cueKTpe
3Be3AbI 6onee uosgnero cneKTppJrbHoro KJracca, u 6ygerr.r r{crroJrb3oBarb ABa MeroAa olpe-
AeJIeHI{f, p1, ocHOnarurble Ha oToM rIpeArIOJIoxeHI{Ir. flepnrrfi MeTOA aHaJror[qeH [peA-
JIoxeHHoMy @ortou [1] u ocnonar Ha coo.THorrreHur{ Eapuca*3naHca, cBfl3brBarcrr{eM lro-
BepxHocrnym flpKocrb 3Be3Abr c ee noxasaieneu qrera [13]:

Qr=3,841-A(V-D, (2)

rpe A = 0,1688, a Qv - flapaMerp rroBepxHocrHori rpxocru, olpeAenfleMuli xax

Qv = 4,22M - O,lV + 0,51g<D = lglpn + 0,1 BC.

3gecr (D - yrronofi AnaMerp 3Be3Abr, BC - 6olorrrerpr.rqecKafl no[paBKa, Tpn - eeeexrua-
HiIfl reMreparypa QorocQepu. Orcroga

9, = r"fTof = dex4(Qlf - Ql|>l = dex(4 AD),

F, = FiPlFfh= dex[4D(A- 0,1)],

rge D - pa3Hocrr, uoxasa'rereri rlBera u3ryqeHu_s "cuoxofinori" $orocQeprr u [flTHa;

D=(V-Dph-(Y-I)sp.

Torga, c.c.fiTas. vto o([ = d(1), Mbr Mo)<eM 3alrrcarb
dex[4D(A - 0,1)] - I _ dex(-0,4A1) -l

dex(4AD) - 1 dex(-0,4AV) - I
3naqelm{ aMlnuryA LV n N orpeAeJrrrorcx us ua6nrogeunir, u r{3 ypaBueHr.rfi (1), (3), (4)
Bbrrr[crrrc)Tc, 9vu a,

fipyrofi MeroA llpeAng)crJlrr lepur6epr, I{nrnn ll Illaxoscra t t [7], Ouu, ucfiolr tyt. a6-
coJrrornble BeJII[tII{IrbI I{ IIBera pxga 6nusrux x Conuqy'xpacHbrx KapJrrrKoB cfleKTpaJrbrrbrx
KJIaccoB or K5 go M6,5, naurnr.r crartrcr[rrecKoe orHolreutre

le9;le$v = 0,35. (5)

C y'retou (5) peruaetca clrcreMa AByx ypaBHexuft (1) AJrr roJroc V u I oruocnreJrbHo aaFv.
Peeynrraru grr.{x Bbrrucrenuft g.nr Harrrux na6nrc4enrfi, [oryrreHHbre AByMrr Bbrrle-

onIICaHIIbIMIIt MeTOAaMtr, [peACTaBJreHrr s ta6il. 5,

(3)

(4)

Ta6auqa 5

3se:Aa Sp Tprt' K 0 0, 7.0,K

MS Ser

FK Ser

V 775 Her

dK2

dK5

dK0

4600

4130

4900

0,13 r 0,01
0,14 t 0,02
0,17 + 0,02
0,1 8 t 0,05
0,12 r.0,02
0,15 + 0,02

0,033 r 0,008
0,062 r.0,014
0,02t r 0,010
0,042 t 0,020
0,147 * 0,015
0,255 t0,025

2860 r 80
3080 r 80
2530 t 140
2710 t 150
3600 r 50
3900 I 60

4. Vznecrss KAO r. 89
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puc.2.3asuclrr{ocr6 TeMnepaTypbr ntTHa (a) u pasnocrn TeM[epaTyp QorocQeprr il n'THa (6) oT e@$exrnnuofi

TeMneparypbt Qoroc$ePu

B uepnofi cTpoKe ra6n. 5 AJI, Kax[ofo o6'beKTa HaXOASTCfl pe3yJIbTaTbI pacqeToB MeTo-

tr; itl:;;o nropori - MeroAoM Oorta [1]. BuAno, qro no MeroAy oorta-norytlaercr

HegKorrbKo Me6ee ,oron"""-Gu 200-300 Kj rlrrHo sa lo-Z1vo 6olr'ruefi e$Qexu'Innofi

IJIOUIaAI,I. BoeI\,IoxHo 3TO CBfl3aHO C TeM' IITO rlpIr BbIBOAe CTaTI{CTI4qecK[x cooTHo=

ruennfi (2) u (5) ucnoJIb3oBaJII'Icb pa3Hble ntl6opxu $orortaerpuqecKllx na6nro[enufi

3Be3A.
y'MS Ser u FK Ser (ra6n.5) rer"rneparypbl flrreH I',I I{x ocHocI{TeJIbHbIe pa3Mepbl

AoBorrb,o 6nraexu ,"*gy co6oft'u r xapirtepr-clgl_ay_ flqreH EV Lac [7]. Oguaro nIs
car"rofi ropavefi u3 paccMorpeHHblx 3Aecb 3Be3A -V 775 Her - T.n 3aMerHo Bblrue'

Ha nraxcreu rpaQraxe puc. 2 conomaBJreHbl reMfleparypbl rlrreH y KpacHblx 1"1-"11'^-:-
pasnorl Ton. Ha u"pr"e* rpa$uKe ptrc.2 rpeAcraBJleHa pa3HocTb MexAy TeMneparypola-

rrrHa lr reMreparypofi "c.rtrofiHofi; Qotoc6epbl B 3aBucl'IMocrt_or Tnrr. Kp_yxxaMlr rp.?1-

cTaBJreIIbI BbItItIcJIeHI{f,, BbIIIoJIHeHHbIe MeToAoM lepu6epra, Vlnau:r.a' Illaxoncrofi [7]'

6;t;;;r""u* a -'r,'reroAor"r @orta t1l' Ha puc' 2' KPgye AaHHbIx ra6r' 5' npeA-

"rurrr"rul 
oqeHKa T*o Au'bV I-ac (AM+,S) uo [aHubIM [7]; gne oIIeHKIa Anq BY Dra

(dMO) - rrepBafl, roryqeHHa, Hary M9194ou [7] ro AaHHrIM [esI'IAcoHa r'r HeSQa o

noJrocax V,l gtrt l97i r. (T"p=2950 - 3280K [15]), u Bropas' "".Iy-l:.""3' 
oortou ue-

roAoM [1] no na6nroAeHuf,M 1977 r. B rroJlocax v. u R. (rro = 3500K- I1l), a raK)Ke oueHKa

urrfu""rurpa unq Hb 80715 (dK3), rorl(e roryqe,Haq rIM MeroAoM [1] uo na6lroAeHI{'IM B

-n'o"u, tzi R lfro = 3230K [16i). flocneArr" lu" oIIeHKu Irn, noly'reHHble ro Ha6-

JrroAeHurM B rroJrocax v uR, u3o6paxeHbl TpeyroJIbHlIKaMfl v. EOUHUUU KpyxKoM Ha

p"J i rp"o*aBJreHa xaparrepuda rert 
"purypa 

coJr'errHoro IUITHa no ganur,'l [ 14] '
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Ha puc. 2 saMerHa TeHAeHIII{, K Bo3pacraHrrro KaK reMreparypbr mrHa; TaK ll pa3Hocrr{
TeMleparyp SmocQeprr u ruITHa y 6onee roptqrlx gBe3A, Ho AJrr 3Be3A co cleKTpanrrirrura
'KiIaccaMII [o3AHee .IeI*{ K1-K2 teMrleparypa nflTHa SaMerHo He 3aBr{cr{T or c[eK1paJrbHoro
KJIacca 3Be3AbI tr cocraBJlret 3000 K. AnanoruqHaf, TeH[eHqm 6rrna orMerrega @orrora n
AJTT SBesA runa RSCVn [17].

3axrrcseHue

flolyuenu MHoroIIBerHue QoroereKTpnarecKue Ha6nrogenraa B cr{creMe (JBVR:I rpex
aKTr{BHbrx KpacHbrx KapJrr.rKoBbrx saesgl MS Ser, FK Ser u V 775 Her, y roroprx na6-
nroAaercr nepeMeHHocrr 6Jrecxa, cBf3aHHar c reM[eparypnofi HeoAHopoAHOCTbK)

QorocSeprr nparqarcu1efic, 3Be3AbI. Ananng Ha6nrcgeuufi rroKa3aJr, vro e$QerrvB1afl.
lJIoIrIaAb reMHbIx rlrreu cocrarmer 1G-20Vo or nonepxHocru 3Be3Abr, a rrx reMleparypbr
na 1000-1500 K Hmr<e Qoroc$epuofi.

orMe.raercx reuAeHrtrrrfl K pocry reMrreparypb,r rrrrHa r{ pa3Hocrrr MexAy reuneparypofi
fittrmafi oKpyxarcqefi Soroc$epori y 6otee ropflrrr.rx 3BesA.

Mah l992r.
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vI.K524.7

HAEJIIOTEHI{fl IIEPEMEHHbIX BHETAJIAKTTIIIECKIIX
PAAIIOIICTOTIHI,IKOB HA qACTOTE 36IIq B 1991rOAy

I{.A. EygruHoBcKafl, H.C. Hecrepon, A.E. Bo.nrras

flpnnegeuu pe3yJrbrarbl na6nrogemd S0paguoucrovnuKoB Ha rrasrore 36 If\ n reqeHlre 1991 r. OrweqeHrr
3HarrEreJrbnbre rBMeHeH[, flflornosrefi noroxor y I I llcro.ruuxon,

oBSERVATIONS OF VARIABLE EXTRAGALACTTC RADrO SOURCES AT FREQUENCy 36 GHz rN
1991, by LA. Budzinovskaya, N.S. Nesterov, A.E. Volva;ch. The resuls of observations at 36 CHz of 80 radio souices
during 1991 are pre.sented. Significant variations of flux densities were detected for I I sources.

B 1991 r. B KpbrMcKofi acrpo$u3r.rqecKofi.o6cepBaropuI,I ipoAorxenbr Ha6JrrcAeflyffi
prAa rlepeMeHHblx BHeTaJIaKTI{IIeCKLIX paIUOUCTOIIH]IKOB LI3 lII{CJra Ha6ilIOAaBIIuxCf. B
TerreH[e [TTHaAIIaT[r JreT IIo corJlacoBaHHofi c QuucxuMr.r paAr{oacTpoHoMaMr{ nporpaMMe
t1-31.

Id'zlaepeuw. rloroKoB npoBoALIJII{cb c noMoulbro 22-t,retpoBoro paAr.roreilecKofla Ha
qacrore 36 flq, Pasuep rJIaBHoro JrerlecrKa Ar{arpaMMbr HanpaBJreuHocrrr aHTeHHbr Ha

@ pI. A. Bygruuorcxal, H.C. Hecrepon, A.E,, Borr,sau, 1995
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Ta6nuqa I

O431 +295
1228+126

1957+405

203'7+421

ypoBHe rroJIoBIIHHoft MOIIIHOCTI.I coCTaBJITJI =100". ,[lx Ha6rroAeHI,Ifi [pI'IMeHrJIcfl

cyneprerepoArrHHbrri paAr{oMerp c napaMerpl{qecKl,IM ycI,IJrI,ITeJIeM Ha BxoAe, I'IMeIoq[fi
uryr,rbryro reMneparypy 350 K r{ aryBcrBr,rreJrbHocrb oKoJIo 0,03 K rrpu flocroflHHol:I

BpeMeHr{ 1 c [4]. Ynpanneuue pex(rrMaMu pa6orbl paArroreJrecKora I{ paAlroMerpa,
upeo6pasoraul{e BbixoAHoro clIrHaJIa [plIeMHHxa n qr'rQpoBoli KoA u AailbHefiuraq
o6pa6orra ero rrpoBoAlrJrr,rcb c noMorr{bro r{3MepI{TeJIbHo-BbIrrI{cJII{TeJIbHoro KoM[JIeKca

vrBK-2151.
Merogura usuepenuri rrJrorHocrefi [oroKoB 6rua asarorl4qHa orucaHHoli B [5, 6]. Als

crrJg,Hbrx o6.rexron c [oroKaMr{ S > 1 flu HaBeAeHIre reJlecKo[a yrorlHflrocb flyreM cKaHrr-

pOBaHufl AnarpaMMoti uaupanleHHOCTI,I vepe3 HI,Ix [OOqepeAHO [O KaxAOfi I'I3.

eKBaroprraJrbubrx KoopAr{Har c[' u 6. 3ater"r [poI43BoAIrJIoc], I{3Mepenue anrensolf
rbuueparypu 7" ruerogorra "ON-ON" - uonepeueuHblM HaBeAeHpIeM Ha paAI,IoI{cror{HuK

rJraBHbrMr{ JIe[ecTKaMIr AI{arpaMM HanpaBJIeHHocTu aHTeunrt, Soprnlupyrcq[xcq npu

Ar,rarpaMMHofi uogynxquu. Cna6ue o6lexrrr (S < I fu) Ha6IIoAa[I'Icb MeroAoM "ON-ON"
c KoHTpoJreM HaBeAeHHfl rro ctrJrbHbrM ucrorIHI{KaM, HaxoAflIrluMcs. n6xlwgu, KaxAaa ceplra

ua6nroqennfi "ON-ON" cocrorJra us 4-16 qr,rKJroB. B pesylrtare cepl{I{ o[peAeJItJII,Icb

cpeAHee 3gaqeHr.re aHTeHHofi TeMrreparypbr Tau ee cpeAHeKBaAparuquoe orKroHeHue ol.
Kourpotr ycrirreunfl. paAuoMerpa r.r xanu6poaKa aHTeHHbIx reMfleparyp [poBoAI,IJrI4cb

11o curHaJry or reHeparopa [ryMa. Anreunrte reMfleparypbl or I,IccJreAoBaBIrII{xcfl

o6texTon KoppeKTr4poBaJrr{cb 3a [orJrorqenlre B arMoc$epe, oupegeJrf,Blrreecfl MeroAoM

pa3pe3OB, u nepecqrITbIBaJII,ICb B nJIOTHOCTI,I IIOTOKoB C yqeTOM Ha6[IoAeH[IIi
*anla6pouovHr,rx ucro.runron. ,flanuble AJrfl ralu6poaouHblx I{crotrHrIKoB corJracuo [7]
[peAcraBJreurr s ra6r. 1, B uepnofi KoJroHKe ra6[uIIbI AaHo Ha3BaHI{e IrcrolIHI'IKa B

cucreMe MAC, no n,ropofi - Apyroe, tracro ynorpe6nrelroe Ha3BaHI{e lrcroqHrlKa, B

rperr,eri .- III{KOBoe 3HaqeHLIe nJIoTHoCTII [oToKa, [OJlyqarcqeec, IOCJIe yqeTa

cor,r3Mepr{MocTr{ TeJrecHbrx yrJroB [cTorrHr,rKa I{ AI,IarpaMMbI HanpaBJIeHHocTLI; 3HarIeHlIe

nJrorHort [Jrorrrocrr,r noroKa [peAcraBJreHo B rrerBeprofi xonoxre. fira nnane, [pI{BeAeHbI

3HaqeHrrrr noJIHbIx IIoroKoB npLI reolleHTputrecKoM pacctoaunu 1 AU.
Tar xax eQsexrnnuafl nJrorrlaAb TeJlecKola Asq3aB]r1lCrt't.oT yrJra MecTa h, to ero ueo6-

xoAHMO yrrrrrbrBarb npr.r nepeBoAe aHTeHHbrx reMneparyp B flJlorHocr]r noroKos [8].
3ua.renus e$Qerrnnuoir nnoulagrr paAlroreJrecKola, o[peAeJIeHHbIe tro AaHHrIM
na6lrogennfi xanu6ponovHblx [rcrotlHuKoB 3a Hoqb, ecJrI,I zx 6uno AocrarorrHo, ll$l 3a

HecKoJrbKo noueli, anflpoKcuMrrpoBaJrucb 3aB[crrMocrblo BIrAa A"e = a sin ft + b cos h+c, a
roropori roe$$lrquerTbl, a, b w c otpegerrflrrucb MeroAoM HaI,IMeHbIIrEx KBaAparoB.

flouyuennrre raKlrM o6pasou 3HatreHuq xoeQ$nqueHToB I{cnoJrb3oBaJrl{cb AJrfl yqera
3aBucr{Mocrrr Au6 or ft npu uepecvere aHTeHHbrx reMleparyp or HccreAyeMEIx ucror{HllKoB

B rrJrorHocrlr rroroKoB. flpu pacuere cpeAHeKBagpatuvnorl ouu6rr,r nrrorHocrll fioroKa
yirr,rr[,rBarucr orun6xa uarr,repeuufi antennor? TeM[eparypbl o1 LI orrru6(a a[[poKcI{MaIII4I{
Asb 02, Tranuvurre 3HaqeHu{ 01 = 0,5+4Vo,c2= l+$/6. Ouenufluo, rITo rrplr raKofi
MeroAr{Ke o6pa6orru AaHHbrx aBToMarrrrrecKu yqurbrBatorcfl ouru6rla ltsuepeuufi,
Bo3rrrrKaprqrre BcJregcrBr{e r,rrlrrr,uwqi 1) ruyuon aurlaparypbl; 2) oruu6ox HaBeAeHI,tfl

TeJrecKona; 3) orun6or o[peAeJreH]rx roeQ$uqrreHTa rlorrloqeHllr; 4) uecra6unbHocru
roeQQuqueHra ycl{JreHlrf, paArloMerpa.
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05,94
27,99
07,8r
22,85
23,82
24,80
30,82

6,1I
5,84

6,00
6,00

6,r0
6,10
5,83

5,9 l
5,47
0,14

0,93

2,68

2,09
1<1

2,88
2,01

2,10
r,64
t,69
1,80

1,50

1,33

l,l6
t,04
2,45
,1?
1,23

t,28
1,7 5

1,28

t,39
4,60
555
5 75

4;10
4,'t I

-5,16

4,71
4,-50

5,60
4,t0
4,30
.5,07

5,19
4,54
0,34
3,06
111

3,41

2,61

2,41

3,01

3,21

2,50

0,45

0,09

0,10
0,2'7

0,24
0,44
0,1 3

0,49

0,27

0,tI
0,08
0,04
0,t9
0,17
0,20
0,17

0,21

0, l3
0,08

0,l6
0,05
o,2'7

0,1 I

0,05

0,64
0,09
0,0s
0,r3
0,0s
0,04
0,08
0,64
0,16
0,27
0,12
0,13

0,l0
0,52

0,28
0,30
0,31

0,35

0,4r
0,t7
0,21

0,10
0,06
0, r6
0,21

0,06
or5
n))
0,14
0,21

0, l0
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Ta6ruqa 2 (oxoHvauue)

t 2 3 4 5 6

2242+031

2245+029
2251+158

9l .06

9l .06

9l .06

9l .06

9l .06

9l .06

9l .08

9l .08

9l .09

9l .09

9l .09

9l .10

9l .10

91.10

9l.l I

09,11

09, l3
04, t4
08, 17

,o qa

30, 00
27,97
31,00
07 ,79
09, 89

18,93
22,87
23,84
24,88
14,82

0,47

0,s9

5,67

4,62

5,28
5,46

7,04
6,50
7,05
6,86

8,8,5

9,28
8,6-5

9,49
9,56

0,07

0,10

0,05

0,16

0, l9
0,16
0,r3
0,17
0,71

0,30

0,50
0,66
0,59

0,78

0,25

3C 454.3

B ra6u. 2 upegcraueHbr pe3yJrbrarbr Ha6JrroAennfi 45 KBa3apoB, 14 6na:apon, 9 rarar-
Tr{K, .6 sBe3A Harrreft fararruxu, I o6lacrs H11 u 5 ueoroxgecrBJleHHblx paA}IoucroqHl,I-
ron. B nepnoft KoJroHKe AaHo Ha3BaHI,Ie I{croqHuKa B cl,IcreMe MAC, no rropofi - Apyroe
Ha3BaHtre o6'beKTa, o rperuefi - roA r{ Mecsq ua6nrcgeHIafi, pa3[eJIeHHbIe roqKoli, B rrer-
reprofi - AeHb u Bceuupuoe BpeMf, ua6mogennft, B rurrofi - flJlorHocrb rloroKa, r ruecror?
KoJroHKe - ee cpeAHeKBaAparr{rrua, orur,r6ra. B uocnegneu napaMe"pe He yqreHa ouru6ra
a6corlorHbrx rroroKoB or xanu6poBorrHblx I,IcrorrHuKoB, cocraBJrrlolrlar oKoJro 3Vo U],
locKoJrbKy oHa He FilKHa flpu [ccJreAoBaHI,Iu [epeMeHHocTI{ }I3JIyrIeHrIr.

I,Is ganurrx ra6t.2 cJreAyer, qro B paccMarplrnaer"rrfi [epl{oA He. Ha6JlroAaJrocb Bapua-
qnfi nnornocrefi [oroKoB, [peBbrruarcqux ourn6xu r,rsuepenufi, y r{crorlHtiKos NRAO 150,
3C 111, 3CtzD,3Cl23, OL+093, DW 1548+056 u CTA 102.y o6rerron AOO235+164,
PKS 0735+178, OT+081, OX+076 u BLLac noroKr{.3Haqr,rreJrbHo yMeHbruuJrrrcb, a y
r{crorrHrrKoB CTD 20, PKS 0528+134, OJ+287 , 4C 39.25, 3C 273, 3C 454.3 npoll3olrrrro
yBeJrrrrreHue nJrorHocrr{ noroKa. Cnegyer orMerrrrb, rrro KBa3ap 3C 273 Bcero 3a [oJIroAa
ynennvnn [Jroruocrb rroroKa or :30 5ln n annape go :50.flu s urcHe. Bce ucrovuuru,
y Koropbrx orMerreHa [epeMeHHocrb B TeqeHHe roAa, r,r3BecrHbr xar 6rrcrpo[epeMeHHbre
[1-3, 9]. ,(na 4anruefiruero aHaJrr,r3a [oryrreHHbrx AaHHbIx neo6xogur'to Epl,rBJreqeHue
pe3yJrbraroB ua6nrogeurafi 3a Apyrue roAbr rr Ha Apyrux rlacrorax.

Mafi 1992 r.
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CIEKTPAJTbHO-nOJImUMETPIqECKI{E HAEJIT0IEHTTfl
IIWHUII}il2OL = 1,35 cu B OPUOHE KL

A.E. Bonrsa.r, JI.I,I. Marreenrio, H.C. Ilecrepon

B uor6pe l99l r. uauepeH cnexTp rluuulP,2O X = 1,35 cM r{sroqnrKa Opuon KL B Ana[a3oue JryqeBbrx
cxopocreft 6,5 - 10,5 xu/c: O6napyxeHbr ABe ocHoBHbre xoMnoHeHTEt ta 7 ,2 u 9,6 xulc. Hcro.rHllx HaxoAr.rnc, B

cocrorHHH nugxofi aKTI{BHocru. C'reueur lnrefixofi nonrpr{3arlHrr B MaKorMyMe Jr}rHr.M c ayuenofi cKopocrbK)
7 ,2 xulc yueurwmacr'or 65 Ao 43Eo flo qaBHeHurc c 19'19-1987 rr, flosuquorxtlft yrol nlocxocrrr roJrflprcatg.ru

c rer{eHueM BpeMeHI{ He ugueylstrcsu6tLn paneH -28o. I'Isuepeuu crenenr (= 57o) nnotwquouurui yrol (: -26")
nJrocKocrr{ noJrrpr$a4lrn r{3yqewni V = 9,6 xulc.

THE SPECTRAL AND POLARIMETRIC MEASUREMENTS OF H2O LINE 1.35 cm IN ORION KL, by
A.E. Volvach, L.l. Matveenko, N.S. Nestqov. Two main features at 7,2 and 9,6 km/s have been detected in the spectrum
of Orion KL water vapor line 1.35 cm measured in the radial velocity range 6.5-10,5 km/s in November of 1991, The
source was at stage of low activity. The degree of linear polarization at maximum of 7.2 kmls feature dropped from
: 65Vo to 43Vo after erratic intensity fluctuations observed in 1979-1987, It seeins that the position angle of linear
polarization remained constant during polarization decrease and was close to -28o The polarization degree (: 5Vo) and

position angle (- -26o) have been measured for 9.6 km/s feature polarized emission.

Bnegenne

flpoqeccu o6pa3oBaH[r 3Be3A ]r rrJraHerubrx crrcreM B ra3olbrJreBbrx o6lraKax
collpoBox<AaloTcfl MoIIIHbIM Ma3epHbrM U3ryqeHueM B JrrrHrrf,x HeKoTopblx MoJreKyJI.
Trnrqurtu [pl,rMepoM TaKoro ra3o[brJreBoro o6JraKa flBr'.flercfl o6lacrr n Opuone KL.
Cornacno Ul c 1979 ro 1987 r. B Hert nporrcxoArrJr[ 6brcrpbre rlr Bne3a[Hbre Bo3pacraHrrr
ilHTeHCr{BHOCTT{ riOM[OHeHTbr C JryqeBori CKOpOCTbTO OKOJTO 8 rr"r/C B Ma3epHofi rtrfrHAfi
[apoB BoAbr l, = 1,35 cM. [r, u3yqeur{, npoqeccoB, flpo[cxoArrqfix B o6nacrn sapoxAeHr{t
ilfiHHII r.r flpoBoArrqr{x K BclbrrrrKaM ll3ryqeHr{f, Tpe6yroTcfl cr{creMaTlqecKue Ha6rroAeHufl
o6lacrefi Bc[bIIrIeK. 3gecr rrpeAcraBJreHbr pe3yJrbrarbr c[eKTpaJrbHbrx u
roJrrpr{sarduoHHbrx rBMepeHHft ucroqHHKa Opuon KL n ruruuu H2O.l,= 1,35 cM B6ru3r.r
KoMnoHeIITbr c IyqeBOfi CKOpOCTbTO oKoJro 8 xrtr/c, npoBeAeHHbrx B Hos6pe 1991 r.

' AnnaparJpa u Ha6rroAenrfl :

Ha6rrogennff 6bulu BbIrIoJrHeHbr Ha 22-Me'rpoBoM paArroreJrecKone Kprrrracrori
acrpo$rasra.recKoli o6cepBaropun lI nos6ps. I99l r. fiuarpalaMa HarrpaBJreHxocru Ha
ypoBHe noJIoBIrHHofi MoITIHoCTI{ cocTaBJIfJra oKoJro 150". VlgvlepeHflf, flpoBoAr.rnucb c
IloMolrlbKr afluapaTypbl, flpl{MeHrloqelicfl upu untep$epoMeTpuqecKrrx Ha6JrrcAeHrrflx co
cBepxAJrrHHbrMr{ 6a3aMr.r. OrrcaHre ailraparypbr AaHo n [2]. Ter'aueparypa cucreMbr
cociaBrflra oKoJIo 1500 K, tryBcrBr{TeJrbHocrb paAfioMerpa trpll floJroce npuer"ra A/=
= 15 xlq - oKoJro 10 K. Anrexras reMreparypa [pr{Hr{MaeMoro u3ilyqeHufl
KOHTpOJTITpOBaJIaCb IIO CfirHaJry OT reHepaTopa [ryMa, AaBaBureMy cTy[eHbKy BbrxoAHoro
clrr-HaJra oxono 60 K.

finz nonap]r3alllroHublx r{3Mepeurrrt npuuenxncfl [oJrrptr3arop, tria6oraroulurt na
oSQexte @apager (Qepprrorrrrt crepxcenr B KpyHroM BoJrHoBoAe, rioueuqexnoM BHyTprr
colenoraga). Illuporaa creHKa flpsMoyronbHoro. BoJrHoBoAa, pacloJroxerrHoro [ocJre
KpyrJloro, 6rtla ycraHoBJIeHa BepTI,IKaJrbHo, T.e. [prrHrrManacb ropr{3oHTaJlbHafl
rrontplr3alltrff npu orcyrcrBlrl{ ToKa B coJrexorrAe. flpra rasr"reneHr{rr roKa B coJreuorrAe
[po[cxoAr{T [oBopoT nJlocKocTrr rIoJIrpH3arIErr [ptrHrrMaeMoro cl{rHaJra,

flpoQrnr creKTpa n6afisr KoM[oHeHTbr c nyqeBofi cxopocrbK) oKoJro 8 xu/c
orlpeAersrcf, nyTeM Ir3MeHeHIu qaqroTbr reTepoArrHa (cuutesaropa), r.e. cMerrleHr.reM

@ A.E. Borssav, JI.I{. Marneeuxo, H.C. Hecrepon, 1995
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Prc. l. Cnerrp ucforrHuKa rurnu H2O n Opuone KL

Pnc.2.3atucuMosrb aHTeHHofi reuneparypu Tu or yrna noBopora rrJrocKocru floJrrpr,r3arl[[ flpuufiMaeMoro
H3nyr{eHnc

Toqxu - AaHHbre na6lrcAeuufi, cnJrorlHa, ililHLra - pe3ynbra,r afinpoKcr,rMarlurr Kocr{Hycor{Aofi Alg
KoMnoilerrrbr c ay.renoft cxopocrrro 7 ,2 xulc (a) u 9 ,6 xulc (O

noJrocbr nplreMa rlo qacToTe c rlaroM 10 xfq c nocJreAyroqeft perucTpaq[efi 3aBr,rcuMoc'Tr{
BbrxoAHoro crrrHaJra or rracToTbr. Ha pr.rc. 1 npunegeu r,r3MepeHHbrfi c[eKTp lrcTorrHr{Ka
JtvHLrr4 H2O n Opnoue KL upn Hacrpor:rKe floJrrpr{3aropa Ha MaKcr,rMyM noJrflp}r3oBaHHoro
curHaJra B Jrr,rHlru oKoJro 10 rrta/c. 3ror pucynoK noKa3brBaer, qro B MoMeHT r{3MepeHr.rfi B

crreKTpe r{cTotlHuKa Opron KL ua6lrcgaJrlrcb ABe rru]f^rtt4 co cKopocTf,Mt4 oKolro 7,2 a
9,6xulc.

Ha pnc. 2 toxagaua 3aBrrcuMocrb ypoBHfl BbrxoAHoro cr{rHaJra paAr.roMerpa or yrJra
loBopora rrJrocKocru [oJrapr{3artrulr AJrs KoM[oHeHT c JrytreBbrM[ cKopocrrMlr 7,2 u9,6 tcvtlc
(o',r. pnc. 1). 3tu r,r3Mepeu[, flpoBoAr,rJrr{cb rrprr ycraHoBKe qacror, coorBercrByrcrqux
MaKCr{MyMaM Jrr,rHr.rfi. flonyvennrre AaHHLre a[npoKcrrMr{poBaJr}rcb, KaK 3To rroKa3aHo Ha
puc, 2,'KocI,IHycoI{Aofi nuga 7u = Acos[2(E - Sd] + C, rge 7u - anrennar reMlleparypa,
r{3MepreMaf, Ha BbrxoAe paAr,roMerpa, A - aunxluryga, E - yroJr uoBopora flJrocKocrr{
loJrrpr.r3arlurr [pr.rHr.rMaeMoro r.r3fiyqe[Vfl, Eg- yroJr, IIpu KoropoM Ha6flroAaercfl MaKc]rMyM

cr{rHaJra, u C- cpeguee 3HalreHl,re Tu . Crenenr norspr,r3arlur{ BbrrrucJrrJracb KaK P = AlC.
flosuquonnrrft yron rrJrocKocrr{ rroJrf,pr,r3arlun orrpeAeJrrircf, no napaJlJlaKTr.rqecKoMy yury B

MOMeHT Ha6rroAeHr4fi A $aZe Eg BrrrrCaHHOri KOCrrHyCOlrAbr.

5l
36

B ra6m,rqe AaHbr [ocJreAoBareJrbHo: Jryrre'Bbre cKopocrr,r HraBHbrx KoMrroHeHT cnexrpa V,

rrJrorHocru [oToKoB F, ruupuua Jrr.rHr.rfi Af, breuenr uorqpn3aqr,rr,r B MaKcr{MyMe JrtrHHrr P,
lo3r,rqlroHnbrfi yror rrJrocKocrr.r noJrrpr,r3ar{un q. YlzuepeHHbre aHTeHHbIe reMrreparypbr
flepecqurbrBaJr]rcb B rrJrorHocr[ [oroKoB [pr,r 3HarreHr.ru 9o+eKTr,rBHofi uloulagrr aHTeHHbr

2lO u2, Buguuar umpr,tna JII{HI,I}I [epecql,ITaHa B I{crIrHHyIo c yrleroM [oJIocbI rrpoflycKaHllf,
paArroMeTpa.
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O6cyxgexue pe3yJrbraroB

Bo nperax aKrI,IBHero replloAa 1979-1987 rr. B r3[ytleHur.r ficrorrunxa OpnoH KL
AoMlrHI,IpoBaJIo rI3JIyqeHI{e KoMrroHeHr c ryvenofi cKopocrbro oKoJro 8 xrta/c. flo gauHuu
PC[E-ua6lrcgeuufi c BbrcoKr{M yrJroBbrM r.r lracrorHbrM pa3perueHr.reM s o6nacru BcrrbrruK}r
6rrno nugereHo'HecKoJrbKo KoMrraKTHbrx r{croqHr.rKoB, [3flyqaBlrrl{x ryrr^Lru c ryareBblMr{
cKopocrrMr,r B r.rHTepBaJre 7,0_.8,7 xrt/c [1]. I4x otuocureJrbHbre r{3MeHeHr.rfl r{ olpeAeJrsJrr.r
npoQum :l,r4nt4r4, perr{crpupyeurrrl upu yMepeHHoM pa3perrreHr,rrr ro rracrore. floror or
Hee rorAa rr3MeHrJrcfl or 0,5 . 106 Ao 8 . 106 fu tll. Bo npeux BcrbrureK 1979-1987 n.
cTerreHb [orqpu3arllr{ u3JryqeHr,rfl rrcroqHr{KoB cocraBJrflJra 60-70Vo, a no3r.rqr{oHHufi yron
nJrocKocrrr rroJrrpr{3ar{Hlr r,r3MeH-f,Jrc, 91 *lJo AJu BbrcoKocKopocrHbrx gerantifi go 40o y
Hn3KocKopocrHbr)i, Ho 6brn npaKTr{qecKr{ [ocroqHHbrM Bo BpeMeHu Arrfl, raxAoli orAeJrbHo
B3rrori geraru [].

B yxaaaunoM Bbrrue Arra[a3oHe cKopocrefi Ha puc. 1 nugna roJrbKo KoM[oHeHTa c
ly.reaori cKopocrbro 7,2 xv,/c. Hauu 6rrru floryqeHbr crreKTpbr npu uacrpofixe
loJrflpuMerp a u Ha MaKcr{MyM [oJrflpr{3oBaHHoro cr{rHaJra (o',r. prac. 1) u npu HyJreBoM ToKe
loJrflprr3aropa. B e:rux AByx cocroflHr{fx paAr,roMerpoM [pl,rHnMaJrocb u3ryqeHue c florrru
oproroHaJrbubrMr.r flJrocKocrflM]r [oJrrp]r3aq[r. O6a c[eKTpa 6rtrra nogo6ubl rI [oKa3bIBaJII{
orcyrcrBue Apyrux KoMnoHeHT oKoJro V = 8 xulc,3a rrcKJIIoqeHneM ltnnilvt cV =7 ,2 xu/c, K
MoMeHTy Haruux Ha6rroAeHufi uponsoruJro yMeHbrrreHr{e cretreHl{ rroJrtprl3alluu ,ee
rr3JryqeHr{rr ilo 437o, Ho no3ilq}roHnurl yron [JrocKocTrr floJrflp]r3aur{u ocTaJrca [paKT]rarecKH
Her{3MeHHbrr'a (-28"). Illupuua lrurP.Lt]tr cocraBrrJra 51 xfq, qro 6JIII3Ko K MaKcI{MaJIbHoIf

rlrpr.rHe KoMnoHeHrbr cV = 8 ru/c, AocrllraBluefi 52 rfq n 1979-1987 rr.
flonxpuaaqrfl n3ryqeHra, o6[acrr,r co cKopocrbro oKoJro 9,6 xulc I{3MepeHa BrIepBbIe }r

cocraBlrJra oKoJro 5Vo, flottoxeHrre nJlocKocrr,r [oJrrprr3arlur{ ee u3rytleH}rfl B [peAeJrax
oruu6or coBlaJro c opl{elrraqueli nolxpraoBaunoro l{3ryqeHu, B JruHI{u 7,2 t<vtlc.

flourrrxa annpoKcr.rMarlr{u flofiyqennrrx upoQu:reit rur^nir xpnnofi laycca noKa3aJla,
r{To r{x npo$nan }IMeror 6onee cnoxnntri Br,rA rr, Beporrno, cocrorr LI3 HecKoJrbKEx

KoMrroHeHT. Tar, nuuua c nyuenoit cKopocrbto V = 7,2 ru/c r,rueet Hu3KocKopocrHyro, a

KOMTTOHeHTa sa 9,6 XVl/ C - BbTCOKOCKOpOCTHyIO COCTaBJITIOUITIe.

Kar 6lrno rroKa3aHo o [3], uexauuar'l o6pa:onauru lrHefiHoIi nolxplraaqull Ma3epHoro
r{3rytreH}rfl Mo)<er 6rrrr cnssau c [peMyrr{ecrneuuori opLIeHTaIIuerf cuuuos MoJIeKyJI B

u3ryqarcqeM o6BeMe. Torga [poxoAqu{ee qepe3 TaKyrc cpeAy u3ryrreHfie craHoBurcs
.nuHefino [oJrrprr3oBanubrM H ypoBeHb [oJrrrpr{3arlur{ Moxer Aosrurarb lOO7o. YuevblrreHl{e
creneHr{ [onflprr3arlrru or -65Vo Ao 43Vo rrcroqHrlKa c V = 7 ,2 KM/c Mox(er 6rttl artgsaHo
r{3MeHeHr{sMr.r aHr{3orpoflI,Irl Ir3JIyqeHI,Ir or 3Be3AbI, noa6yxgaroqefi o6naro, [JIu
r{3MeHeHrlrrrMu ycnonnfi B caMoM o6IaKe, [pr{BoArrIIr{Mr4 K HapyureH}rlo [peuMylrlecTBeHHofi
oplreHTar{uu MoJreKyJr. EcrecrseuHo, vro Moryr geftcrnonarr u o6a uexanueua.

Brrnoqrr )

B l,rcroqHllre Oprou KL n lunr.rn H2O c l, = 1,35 cM B o6Jracrl,I ryqeBblx cropomefi
oKoJro 8 xrta/c n noa6pe 1991 r. AoMrrHnpoBaJra KoMrroneHra c nyveaofi cKoposrbro 7 ,2 t<rtr/c,

flnoruocrt rroroKa or Hee 6rrra s 100-1000 pa3 Hrrxe 3HaqeHr,Ifi, Ha6nloAaBuruxcfl B rtrHuvr
V = 8 rculcs 1979-1987 rr. Illuplrua JrrrHr.ru 6rrna panua 51 xlq, crerleHb roJrrprr3allrrlr
cocraBrrJra 43Vo npu no3r,rqrroHHoM yrJre oKoJIo -28o. KounoHeHTa c V = 9,6 x*rlc
xapaKTepr{3oBaJracb cTeleHbro rroJrflpr,r3ar+{r{ oKoJro 5?o v \o3ut\l4oHHblM yHroM nJlocKoc:rrr
noJrfpII3aIIHU, parHrn'l -26o.

Mait 1992r.
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SItrEJIJIbH TIT CNBXTPOTPAO COO}IH. I. PACTIET OTITLIKI{

B.II.IIPounx

Onucaua oflrttr{ecKac cxeMa n KoHcrpyKrl[r o[reJrJrbHoro cnexrporpa$a BbIcoKoro pa3pelxeHl{s. flplmegeurt

xapaKTepHcTIIKII Ir flapaMeTpbl CnexrporpaQa B I{eJIOM II ero OTAenbHbIx o[TIIqecKIlx sJIeMeHToB' Aarcrcc

MareMarHrrecKge BbrKJraAK[, Heo6xoAstlrre Arc flocrpoeHI{e nso6paxeuur Mo3alrK]i cIIeKTpaJILHbIX flOJIOCOK B

QOxanrnolt nJIocKocTI,l KaMep I{ Ha MoHItTOpe KOMnbIOTepa' c qeJIbIo aBTOMaTTIeCKOTO BrIXOAa SIxeJIJIe Il

,ifrrro, na saganuufi yrac.ox cne*rpa. Teoper:uvecroe pa3pelreHlre cnexrporpaQa tro AByM nLKceJraM B KaMepe

c Soxycoru 2 r'l PasHo R = 178000.

THE ECHELLE SPECTROCRAPH SOFIN. I. OPTICAL DESIGN, bY V,I. PTONiK, ThE OPIiCAI diAgTAM ANd

mechanical construction of the cassegrain echelle high resolution spectrograph are described. The characteristics

puiura,.rr of spectrograph in full aid its separate optical element are givenh Some mathematical calculations

,...rr.V for the comfrsiion of the mosaic piciure, coniisting of numerous spectral orders, are given with the aim of

creation of p.og.u*, for the automatically going out of echelle and prism on the given wavelength. The highest

theoretical resoiirtion of spectrograph by two pixels with 2-meter focal length camera R = 
'178000'

1. O6rque xapaxrepcrnKu clleKrporpa$a

llgroronnenHbrri B Kpr,lucrofi acrpo+u3LIqecKoIi o6cepBaropl{I{ SIrIeJIJrbHbIfi

cueKTporpaQ BbrcoKoro pa3perlenu-s orHocllTcq K HaBecHbIM [pu6opaM I'1 rpeAHa3Haqeg

AJrs perllcTpaqr4ll c[eKTpoB 3Be3A B KaccerpenoBcKoM Qoryce 2,56-uetpororo TeJIecKo[a

NOr (No.aic optical tetescope; c MaKcI{MaJIbHbIM pa3peIIIeHI{eM R = 1,8 ' los (unu

0,02.&/urxcer B;6rac,rr.r Ho) u ruanur'ruron"it R = 3' lO4 (0,12 A/nurcel). Tpu cueunue

KaMeDbr c 6oKycaMr.r 2 u, I u u 350 uru AarcT B SoxaauHorir [JIocKocrI,I pa3Hble Al'Icflepc]rrl

or 0,'5+14/l,ll,l Ao 3+6 A/r,ar'a. KoncrpyKrlr.rs cneKTporpa$a ro3Borlrer HaxoAI'ITbcrI Ha

cneKTporpa6e ognonperrreHHo AByM KaMepaM c perrrcrprrpytoqllMl,I rpIreMHIrKaMI'r - fI3C-
MaTpr{rlaMrr, [epeBoA cBeToBoro flyr{Ka oT oAHOri KaMepbI K Apyroft ocyuIecTBJI{eTc,

[oBoporoM Ha 180o [prr3Mbr, pa3AeJrflrorqefi nopxgru. [uauetp KoJIJII{MIrpoBaHHoro flyqKa

128 ur'l trpu cBerocuJle reirecKoua 1 : 11.

Cuexrporpa$ cua6xen $ororugortr, a raKxe reJIeBLr3I,IoHHbIM Ir BI'I3yaJIr,HbIM

[oAcMorpaMr{ Ha rrleJrb. B npegrqeneBorl qacrr.r I{Merorc.fl I4crotIHlIK c[eKTpa cpaBHeHI{, I'I

JraM[a AJrs peurcrparlrrrr nJrocKoro noJrr. 3acBerKa ITIeJII{ Tofi rtrtu Apyrofi JIaM[oI?

ocyulecTBIlseTcs IIoBopoToM [eHTaIIpI{3M, ytrpaBJIseMbIx flporpaMMol?. f[porpaMMa

y[paBJrreT TaKxe 3aTBOpoM C[eKTpOrpaSa, SuIbTpaMI'I II BbIxoAOM Ha 3aAaHHyIo AJIIIHy

BOJTHEIT (ycrauonxa yuloB gIrIeJIJre Ir [prr3Mbl)
fa6apurr,r cfleKTporpa$a: 800 r'n',r BAoJrb ocu reJlecKorla u 1800 x 800 urnl B rJrocKocrl4,

.repr"rfi1*yrrrpHori K ocr{ TeJrecKona. Bec creKrporpa$a 240 xr 6es cneronpl{eMHlrKoB.

Xpaunrcx Cnegrporpa+ B cneql{aJIbHOM JIO)KeMeHTe, xOropurYr oTAelr{eTct oT

cnerrporpa$a ToJrbKo rrocJre Toro, KaK flocJreAur,rr? 3aKpe[IeH Ha TeJIecKo[e.

2. Onr[secra, cxeMa

On:rl,tqecxaq cxeMa clleKTporpa$a uorasaua Ha pwc, 1. Osa floxox(a Ha cxeMy

o[reJrJrbHoro c[eKTporpaSa 4-MerpoBoro reJlecKo[a MexaMepl{KaHcKofi o6cepBaropllll
Serro Tololo B rfr.uu [1] c rori Jrrrrrrb pa3Hr,rUeI:I, .rro B HaIxeIl cxeMe AI{aroHaJrLHoe 3epKarlo

KorrJrrrMaropa JroMaer cBeroBori [yrroK, r{Ayulrril or reJlecKoua Ha yroJl 6onrrue 'reM 90o (a

r{MeHHo, Ha 98o), B pe3yJrbrare rrero Ar.r$parrrpoBaHnblll nyr{oK rIocJIe orpax<eHl{.tt or
OrrreJrJre [poxoAI,IT rtoA [pqMr,IM yrJIoM K ocl,t TeJlecKola MexAy II{eJIr,rc I'I AI{aroHaJIbHbIM

3epKaJIoM KoJIJII,IMaTopa (Cr"r. puc. 1). B TaKofi cxeMe coKpalqaeTcrl B[,IHoc

KoJIJrrrMaTopHoro 3epKaJra or oclr reJlecKo[a, a ocb rpy6bl KoJIJII'IMaTopa Bo BpeMt

ua6nrogenlui cocraslser c Beprr{KaJlbto MeHbul{ft yro[. O6a 3TI{ o6croqreJrbcrBa
yMeHbIIIaIOT fHyTIre KOJIJIITMaTOpa'

@ B.lL flponnx, 1995
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Prrc. 1 Onr]rqecKar cxeMa cnexrporpaQa

HegocrarroM cxeMbl sBrflercs.To, qro grrreJrJre opueHTr,rpoBaHa pa6oqeli rroBepxHocrbro
BBepx, -[r3-3a rlero Heo6xoALIMo co6rroAarb BceBo3MoxHbre Mepbr upeAocropoxHocr]r or ee
3anblJreHlrr. Hanpnuep, KorAa crleKTporpa@ He Br{cr{T Ha reJrecKorre, eureJrJre BHyrpr.r
cuexrporpaQa AoJIxHa 6rrrr :axpura flJreKcrrrJracoBofi KpbrrrrKori, a.Becb cnexrporpaQ
HaKpbrT [oJrugT[IJreHoBbrM arexJloM.

Yron uex<gy rraAaroIr1uM Ha grueJrJre KoJrJrr.rMr,rpoBaHHbrM rr orpaxeHHbrM or Hee
gnQparzponaHHblM uyixauu paBeH 80, 3ro unHulraJrbnbrri yroJr, Koropr,rrt no3nonser ua
pa3yMHoM paccrorHr.ru or srrreJrJre (- I u) rroMecrErb rrplr3My, pa3AQrqrcqyrc nopflAKr{.
flp4sr'.ra r,r3roroBJreHa r.r3 creKJra K-8, xoporuo lpolycKarcrqero cBer BrrJrorb no 3600 A;
3a4lrfis [oBepxHocrb rrp[r3Mbl aJIIoM[IHHposaHa. Yror [prr3Mbr 17,02" nur6pan c raK[rM
pacqerolq, .Iro6rr npu grofiuoM [poxoxAeHI{I,I cBera qepe3 [pr.r3My paccrosHrre MexAy
coceAHI,IMI.r HlrrorrHblMrt cleKTpaMlr npn $oryce KaMepbr 2 rra cocranrrJro B cpeAHertl 1 r'lu.
flpr.r erou n rpafinefi cnnert o6nactlr creKipbr 6ynyr yganeHbr Apyr or Apyra Ha 1,8 uu, a n
nuQpaxpacnofi - ua 0,8 r'lu, B 3aBl{cl{Mocrrr or ycraHoBKr,r [pr{3Ma orKJroHfler
gnQparuponannufi [yqoK na 30o B Ty r.rJrrr Apyryro cropoHy or rJrocKocr[ crMMerprrr{
cnexrporpaQa, npoxoAqulefi vepea o[Tr.rqecKr.re octl reJrecKofla r.r KoJrJrr,rMaropa.

,{ne rauepu c[eKTporpaSa npegcraBJrrror co6ofi ql,tcro 3epKaJrbHbre cr{creMbr:
KaccerpeHa c Soxycor'r 2 u u Puvn-Kperrena c $oxycou I r*,r. Tperux KaMepa -
KaraA[o[Tpl{trecKa, crrcreMa c AByMr MeHr{cKaMn r,r $orycou 350 r'lrra, Onrr,r.recrue ocpr
KaMep Jrex(ar B IrJrocKogrLI, trepfleHArrKyrxplrofi onrlrqecxorl ocr{ TeJrecKoua. Ocr [oBopora
tlprr3Mbr, nepe6pacunaroulefi rlyqeK or ognori KaMepbr x gpyrori na 180", ssnfl,ircfl,
6uccerrpr.rcofi yrna Mer<[y o[TlrqecKr.rMrr ocrMr{ KaMep.
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3.Mexannqecxa, KoHcrpyKUHfl Kopnyca cnextporpaQa

Kopnyc cnextporpaSa cBapen ug r[crosori craJrr.r roJrrrluuoli 5 MM r.1 craJrbHtrx rpy6,
uMelou{ux roJrrrlrrHy crenoK -4 rr.ttr. Bepxnxx qacrb Koptryca uMeer BrrA KoHyca,
c[JrrocHyroro n ysrori qacrlr. Ilft.rpoxaa tracrL, KoHyca 3aKaHquBaercf, [ocaAoqHbrM
Qnanqeu cneKTporpa$a guar'aerporu 800 t'tra. K ysrori cnnrocrryrori qacrr.l KoHyca
rrprrBapeHa cpeAxrfl ocHoBHaq rpy6a cnexrporpaSa, Hecyqas Ha oAHoM KoHr{e y3eJr
slrreJrJre, Ha ApyroM - y3eJI rIpI,I3MbI. Korltluaropnal tpy6a [pr4BapeHa r ocuosuofi no
nceri grnne r,urtuir ux [epeceqeHuq [oA yrJroM TaK, rrro r,rx ocfi o6pa:yror yron 8o lr
repeceKalorcr Ha noBepxHocrl{ glrreJrJre B ee rIeHTpe. flo 6oralr ocsonsoft rpy6u nog
yrJroM 30o x ueft [pr.rBapeHbr gna narpy.6Ka, K Koropr,iM Kpertqrcq KaMepbr c
$orycuponoqHblMlr ycrpoficrnaul{ LI [prreMHlrKaMrr. Il{etn z Bcq rpuueneBa{ rracrb
Kperurrcf, Ha [pr.rBapeHHoM K ocHoBnoft rpy6e uraro rr HaxoArrcfl BHyrpr.r KoHyca. ,[ocryn r
IrIeJrI{ u upuqelenoti qacTlr ocyqecTB[flercrr qepe3 JrroKn, [MerouIr{ecq no o6e cropoHr,r
KOHyca.

4. I[elr cnexrporpa$a

Il{enl uaxoAl,ITcq Ha paccroqHllu 210 rur',r or [oca[orluofi nlocxocrr Qnanrla
cnerrporpa$a. fllocxoctb ITIeJII{ HaKJroHeHa K ocr,r reJrecKo[a [oA yrJroM 13,5o. Ycrauosra
IrrI4pIrHbI qeJILI [pO]I3BOAI{TCq aBTOMaTI{qeCKr{ BparrleHr,reM MI{KpoMeTpOBOrO Br{HTa
IrIaroBbIM ABI{rareJIeM. I{eua oAHoro ruara 0,14 urlr. MarclrMaJrbHoe pacKpr,rrr{e qeJrr{
0,4 rur',r.

OrpauuvnreJlb BLIcorbI c[eKTpa (gnr.rnr,r rqenlr) [peAcraBJrrer co6or? BTopyro rqeJrr,
pacloJrox<eHHyro [epeA ocHonuoli Ha paccroqHur.r 0,4 rr,ru rr lrepneHArrKyrqpHyro eri. U{e.lxr.r
uIeJrlI ofpaHrtsurerrs. cAeJIaHbI LI3 ToHKrlx (0,2 urtr) creKJI{HHL,rx uracr}rHoK, rroKpr,ITbrx
aJIIoMLTHI{eM. OrpannvureJlb IrIeJrI{ I{HAI{KarIr{r{ He I,rMeer. flpegnonaraercr, arro Bbrcora
ulerlu ycraHaBluBaercq Bpyrruylo uepeg ua6lroilettrflMlr, [cxogrr us Ha6lrogaeMoro Ha
SKpaHe MOHI4TOpa vrrtr Ir3 BI{3yaJILHOro [OACMOTpa AI{aMeTpa n:O6pa>xenr.rq 3Be3Abr.
Eapa6au AJL peryJIIrpoBKn Bblcorbl crreKTpa, T.e. rur{pr,rrbr rr{eJrra-orpaHuqlrrerq,
HaxoAI,ITcq BHyrprr Kopnyca cuextporpa$a. Becr y3eJr u{eJrrr cMoHTr{poBau Ha rponurefine,
roroprrfi JrerKo I{3BJIeKaercfl Hapyx<y r.r3.[peglrleJrenor? .racrra. ,[ocryu K MexaHr,r3MaM LrIeJrr4
ocyruecrBJlsercq qepe3 JIIoK, flpoAeJrannrrft B Kopnyce cnemporpa$a co cropour,r KaMepbr
c $oxycou 2 u.

B upurqeneuori .ractlr cnerTporpa$a pac[oJroxeHa crrcreMa $ororuga r,r Br{3yalrr,Horo
loAcMorpa Ha uIeJIb, a raK)<e JIaMlbI uJrocKoro rroJr{ lt cleKTpa cpaBHeHI{r. Ouur.recraq
cxeua nepe6pocKl,I cBera JIaMTIrI [JlocKoro uonx (fIfI) r{ JIaM[r,r c[eKTpa cpaonenur (CC)
Ha ilIe]rb cnextporpa$a c fioMolrlbto AByx neHTarrpr.rsul uora:aHa Ha prac. 2 (nonox<euzs J
u 4). Orpax<euxr,lfi or IrIeqeK IrIenI{ cBer JraMlr,r IIII uoculaerca n.roport neu.ranpusrraort u
cBeroyJIaBJrHBareJIb. IIpu $otorpaQr.rponanuu cleKTpa cpaBHeHr{q orpaxennr,rri or rr{eJr}r
cnetToputi-aprorronol? JIaMlbI [epeKpbrBaercfl crrer{I{aJrbHL,rM gKpaHoM, rrprrKpelJreHHr,rM K
ofipaBe [eHTa[pr.I3M, AJrrI Toro 'rT o6rr rrcKJrroqlrrb ero florragaHr.re Ha cBeronprreMgr4K
rtrArrpyrcqert cr,rcteurt. IleHranpusltbl rrMetor errle ABa [pyrux [olox<eur{s: [epBoe -
KorAa cBer 3Be3AbI, orpax<eHnblrf or qenu, flocL,rJraercrr Ha [p]reMHrrK rrrrarHoro
TeJreBI{3I{oHHoro noAcMorpa, rrMeroqeroc, Ha reJrecKone (nono;xeuue 2),wweiarpaJrbHoe
tIoJIoxeHrIe, KorAa [eHTanpLI3MbI He yqacrByror n pa6o're, a orpa)KeHurrri or rqerrr cBer
3Be3Abr HerrocpeAcrBeHHo ro[aAaer ua Qororr{A cfleKTporpasa (nonox<euue 1).

3a ulenuo Ha paccroflHur.r 60 rrn'r pacrroJrox(eH 6nor Qlrnr,'rpon. Bce $ulr,rpsl, n rorr,r
rr[cre u KoM[eHcarop us 6ecqnetuoro creKJIa, rrMelor ronrr{r4Hy 6 urra, cae:ronori qlrarvrerp
12 ur'r. Kpr,rnrre flpoflycKaHr/rx $unr,rpon fioKa3aur,r na puc. 3.

lcxeMa gacserxfl ulenlr naMfloft rlJlocKono non, H cneKTpa cpaBHeHufl ,BJrfferc, opuruua.nr,nofi paspa6orxoli
xrDxeHepa-xoHsrpyxropa A.Q. Jlaryrr.rua.
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prrc, 2. Onru.recKaq cxeMa nepe6pocxr.r cBe,r.a Jrar{rrbr nJrocKoro nole (flfl) u JIar{nbl crleKTpa cpaBtleHn, (CC) sa

rrlenb crreKTporpaQa c nouoqr,Io AByx nellTanpnrrt (noloxerrur 3 u 4)' nolo*errre /'- nepe6pocxa lr:o6paxeiua uleJrH u 3Be3Abr Ha {tororrg cnexrporpar}a; no.noxeuue 2 -
nepe6pocxa uao6pa>xeuua IIIerH Ir 3Be3Ar,r Ha TeJreBIl3HOHIlsIii nOgCuorp TeJIecKona
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5. Ko.nmlnrarop

Onruxa KoJrJrr.rMaropa cocror.rr n3 nJrocKoro AllaroHaJlbHoro 3epKaJIa AI,IaMerpoM 32 uu
n napa6oruqecKoro 3epKaJra Ar,raMerpoM 150 r'ar"r c $orycor'a 1396 uu. fiuaroua.nrnoe
3epKarro pacuoJroxeHo Ha paccroqHuu 310 tvt',r sa nxoguofi uIeJIbIo I,I JIoMaer cseronofi
KoHyc na 98o, ,fluauerp [apaJrJreJrL,Horo flyqKa, BblxoAtlrlero I43 KoJIJTI{Maropa,

orpeAelqercq cBerocl,uloft renecxona (1 : 11) la paBHrlercfl 128 ut"t.

Onpana 3epKaJra KoJrJrraMaropa cAeJraHa raKrrM o6pasou, tITo MexaH[3MbI IocrI,IpoBKI,I lI

Soryinponxu conr"reuleHbl, pacxoq +oxyclrposxr t5 uu. floetouy QoxycupoBKa
KoJrJrr,rMaropa Aeiraercfl oAr{H pa3 B [poqecce c6opru u Iocr]IpoBKI,I orIT]IKt{ cnerrporpa$a.
Ter',rnepatypHble Ir3MeHeHux .Qoryca KoJIJII,IMaTopa KoMleHcrpyloTcf Qoxycnporrofi
KaMep, KaxAaq r,r3 Koropbrx cna6xeHa cBorrM QoxycnponoqnblM MexaHu3MoM. Onpana

KoJrJrlrMaropHoro 3epKaJIa KperII,Irc, K Koprycy cnemporpaSa (ronnnuatopuofi tpy6e)
qepe3 nepexoAHoe KoJIbIIo grnuofi 200 utt't.

6.3urelne

gruenne u3ToroB[eria $npr"ror:r Milton Roy Company, rlMeer 79 rurp.lvlra ]I yroJl 6lecra
63,43o. Paauep 3arurpr{xoBauuofi nonepxxocrl{. 128 x 256 Mt'1. Yrnrt tlaAeHrlfl n
gn@paxqnn AJrfl cpeAHero floJroxeHr.rf, ollreJrJre coorBercrBeHHo paBHbI 67,43" u 59,43o,

flpn raxor"r yrne nageHr,rfl r,r AuaMerpe KoJTJII,IMI{poBaHHoro rryqKa 128 rrarra noclegnraft ne

Bnr{cbrBaeTcq B pa3Mepbr grrreJrJre, [ocKoJrbKy IIpoeKqLH ee Ha KoJIJII{MaTOpHOe 3epKaJIO

cocraBJrrer 128 x 99 rtlra (puc. 4). florepu cBera or 3Be3AbI Ha AByx cerMeHTax, BblxoAslqux

3a AJrrrHy grueJrJre, 
"o"rasfisror 

l3%o, 6\enuguo, yrueururur Qoryc KoJTJI]IMaropa go 1060

MM, Mbr uz1asuucs or [orepb cBera rrpu 3arroJrueHl{rr orlreJrJle. Oguaro oAHoBpeMeHHo c

e11ru, vro6bl He yIIaJIO pa3peIIIeHlIe, MbI 6ygeu BbIHyxAeHbI BO CTOJIbKO >I(e pa3

yMeHbrrlr{rb rrrupuHy rrleJrr.r, a 3To o3HaqaeT, qTo noTepl{ cBeTa yBeJrrrrraTct Ha 24Vo, B
pe3yJrbrare Mbr repfleM cnera 6onrrue, qeM BbIurpbIBaeM. Pasyrraeerca' 3To cnpaBeAJrI'IBo

,orri*o rorgb, xorga urr.IpnHa Ir{eJILI 3aMeTHo MeHbIue A[aMeTpa n:o6paxenua snesgrt. B
narubu cnyqae 1" = 0,13 ,u, a ,Opna rrbnafl :anlrpuHa IIIeJII'I AJL KaMgpbI C QOryco-u I u 2 w,

rar 6yger IIoKa3aHo Huxe, parna 0,02 MM I,I ToJIbKo AJL KaMepbI c $orycou 350 r"rrt'r oHa

panua0,08 uu, Cxeuu ganorueHus e[reJrJre cBeroBbIM nytIKoM B cpeAHeM u AByx xpafinux

noJro)<eHr{rlx eureJrJre rIoKa3aHbI uapuc, 4 u 5.

,Yot zutznzopntti
n!/qo,(

/Ttzoctoe
daaeotz.qatoe

Pxc.4. flpoerqHq SurerJre B ee cpeAHeM noJroxeHr.lu Ha KoJIJIHMa'rOpHoe 3epKaIo
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Pnc.5. 3anorselrlre gureJrJre cBeroBr,lM nyqKoM B ee AByx xpaliulrx floroxeH,rrx

7. Ilpurnra

fina pasgeneHr,rq cleKTpaJrb,r,rx nopqAKoB nauu ar,r6paHa [prr3Ma, [oroMy aITo o*a Aae?6onee paBHoMepHrte (verra peruetra) rruTepBaJrbr Mex<Ay coce[HrrMrr [opflAKaMr,r:
I{Metoqeec, B nplr3Me [aAeHLIe Allcflepcur{ c yBerl{rreHueM AJrI{HbI tsoJrHbr s gHa.r[renE,Holi
Mepe KoMneHcl'IpyeTcq yBelI{tIeHUeM HHTepBaJra AJrr,rH BonH Mex<Ay coceAHrrMrr rropqAKaMr4
no Mepe [epeABIrxeHI'Iq B KpacHyto o6lac'rr,, flpr,rsr'ra HaxoAraTcs Ha paccroqHura 1100 rrlrra
or suIeJIrIe; pa3Mep pa6ovux rpauel:i 158 X 162 uu. Cgenaua rprr3Ma lra crerla K-8,
Koropoe flBIlqerge. Har,r6olee oAHopoAHbrM; yror [p]r3Mbr 17,a2", flpu Taxolr yrJle ]rgnolinou flpoxox<AeHrrr{ cBera qepe3 [pr,r3My paccroqur.re Mex<Ay ropsAKaMr.r B cJryqae
HI4TotIHbIx c[eKTpoB paBHo B cpeAHeM I L,tr.l s KaMepe c Qoxycorra 2 r,l. 3anucuMocrr,
lllupr.rHbr r.rHTepBana MexAy cleKTpaMr{ or HoMepa noprAKa rloKa3aHa ua puc. 6.
Marcuualurut? uu, epoan 1,8 r'lr'a Aocrrrraercfl s o6rrairIa t" - 3700 A, lrwnr.lua6sirri 0,g5
MM - B o6ractz l" -8000 A, xo'roputtii 3areM oflsrb yBeJrlrrrr4Baercfl Ao 1 Milr s o6racrr,r
11000 A,

B sasucur{ocrl,r or [oloxeHllr [pr{3Ma orKJroHter rytrr,r Ha 30o n ry HJrr.r Apyryrc
cropoHy or ocHoBHoft nnocxocru - [JlocKocrlr KoJrnr{Maropa. Ocs flotsopora .rplnsnao,
BoKpyr on1tr'r'recroti ocrl [yrlKa Ha l80o flBlrflercs.6uccexrpucoft yrna MexAy orrrr,rqecKr.rMr4
octrMr{ KaMep. Pasueprr MoHoxpoMarr.rqecKoro flyrrKa, [aAaroqero Ha [pr.r3My, 121 x l3O
ur'l. flpr.r BbrxoAe r.r3 [pr.r3Mr,r ulrpr.rga ly.rxa yMeHb[raercs. c 12] Xo ltO r,lr*l (puc.7).
oTqactw IIo3"oMy nxognott 3parroK KaMep r,rMeer HeKpyuryro Soprray: B HalpaBrreHr{rr
AI'Ic[epcI{Ir gIIreJIne - 150 r'lr'1, I{ B Ha[paBJleHrrrr Arlclepcurr [pr.r3Mbr - 1 l5 (q,1. p"i. ly.
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' Pxc.7. Paruepu ceqeHr{r MOHOXpOMaT[rIeCKOrO [yUXagonpusuu Ir flocJle BbtxoAau3 IIee

8. KamePrr crexrporpa$

B ror"rnnerr cnerrporpasa Bxogflr Tpr.r KaMepbI C $Oxycurtuu paccTosgllsun 2, I tt
0,35 u. KaxAas r{3 KaMep 4r"reer QorycSpono.ruoe ympoficTBo' BMecTe c KoTopLIM oHa

cTartuTcfl,II CHI{MaeTc, co cnextporpa6a, .roetOory [pII cMeHe KaMgP IIoJIoxeHIIe $oryca

"" "ufy*u"Tcr. 
TorrHocrr Qorycuponku - qena oAnoro flerennq 0,05 r"t"r' flpra x<enarulu

MoxHo [oJIb3OBaTbcq no;r'OnuHofr ar1u \axe ll4 AerteHr,rs. Koncrpyxqnfl MexaHu3Ma

eorycnporxu no3BoJrrer ycrpaHrrb MeprBblfi/xoA. cueq[aJrbHofi perynupoBKori' Koropaa

l18

Bud ta npuJrly
co cmo/otlb/ Ju/er/7e

/7pu.zma 0 cpedrem
paaoveil /7o/7oJ/tcHuu
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PNc.8. OnruqecKafl cxeMa KoporK.oQoKycuoft KaMepbr (F = 350 urr.r)

3aoAHo cJIyxI{T 3axrrMoM $Oryca. Bce tpu KaMepLI B3arrMo3aMerrqeMbr. OAHaKo, trTo6br Bo
BpeMt Ha6rIoAeHI,IIl I,Is6exaTI, flyraHrrrlbr, oHr,r ycraHaBJrr,rBarorcs Ha cfieKTporpa$
oAHO3HarrHO, COTJTaCHO HOMepaM, yKa3aHHbrM Ha KaMepax r.r Ha Koplyce cleKTpofpaQa.
Coo'rnercrnyrcrqrre HoMepa yKa3aHbr raK)<e y MaxoBr,rrrKoB [epeKJraAKlr [pr{3Mr,r.

Karr.repa N1 c $oxycou Z M flBrqercq crrcreMorl Kaccerpeua co cJreAyrcrqrrMrl
IIapaMeTpaMLI:

Rr=-852,05 ,?=t 0=t60r,ar,r

Rz=-216'36 $=z'zsst d= 4o r'rr'r

Pac.reruoe KarrecrBo r,rso6pax<euua 6es yvera gnSpaxquu B KaMepe c F = 2 vr:

Ha ocs 6 uu or ool 9 uu or ocr
0,013.[ualrerp u:o6paxeuna, ur'r 0,00 0,0081

. Orxroueuue or raycconoft nJrocKosrr, MM 0,00

flapauerpu KaMepbr Nb 2 c SoxycoM 1 M:

dt=-34ov,v,

clr= 429 t

0 = 160 r"rr,r r1, = -366 
^r^,

@ = 60 r'ry dz = 356 xtu

-0,21 -0,448

4,5 ur,r or ocu 8,7 uru or ocu
0,004 0,015

-0,004 -0,2n

Pac.rernoe KarrecrBorr3o6paxeHr{Jr B KaMepe cF = I urvr

I:la ocu

,[ualrerp uso6paxeHux, lru 0,001

Orxroseulle or raycconoii nJrocKocrrr, 0,00
MM

B ger:rcrnu'reJrbHocrlr pa3Meprr r.r3o6paxeHr.rfl, B odekrx KaMepax JrrrMrrrr4pyrorc,
ALId)paKr{[oHHbrM Ar,rcKoM, Kol'opbrri paBeH -0,03 MM B KaMepe c $orycorvr 2 M u 0,015 s
KaMepe c SoKycoM I rr.r. Onr[.recKaq cxeMa KaMepr,r N3 c $orycopr 350 rr.rrrr rr3o6pa)KeHa Ha
puc. 8. B neri Bce rroBepxHocrr,r c$epr,rvecxrae; o6a MeHrrcKa r,r3 creKrra K-8. Ee
KOHCTpyKTr,rBHbre gJreMeHTr,r CJreAyrculrre:

Rt = -937'5

Rz = 4ls,z

Rr = -215'86
R2=-449,77
Rr = -1109,6
Rt=-367,00
Rs= 438'43
Ra=462'89

e2r = l '247

e|= n,2ztt

dt=25,72(K-8) 0= 150

dz= o
r/s=51,43(K-8) @=ls0
dq = 205,73

ds = -126,0
da= 170,6

Q = 1"70

Q =70

il9



?A727 A

de= 170'607

),,4864 A(HB)

d6= tlo,ltg
r.6563 A (ne)

do= r7o,ao

I 6 l\ I 6 A I 6 A

Pacqenroe KarIecTBo uso6paxetruf B noJle KaMepbI c F = 350 MM npllBeAeHo B

cJreAyroqefi ta6luqe. 3gecn d6- saguufi orpesoK cIIcreMbI B MM, / - paccrof,Hue roaIKI{ or
ocu n $oxalbHor:r nflocKocrr,r B MM, 6 - gnauetp u3o6paxeHl,Ifl Torleutloro HcrorIHIlKa, A -
orKJroHeHI,Ie or rlJlocKocrra faycca n uu.

0,00

6,055

12,l l1
l 5,1 39

0,011

0,012

0,017
0,023

0,001

-{,001
-{,005
-0,009

0,00

6,064
12,128

15,160

0,0r0
0,01 I

0,015

0,021

0,003

0,001

-{,003
,o,008

0,00

6,069
12,t39
15,175

0,0r 0,003

0,0r l 0,001

0,014 -0,004
0,020 -0,008

Paarr,repu r.r3o6paxeHl,Ifi uolyvenu B pe3yJlbrare pacrlera tpaexropufi 126 rryuefi,
pac[oJroxeHrrblx Ha ceMI,I 3oHax c paguycaMla or 30 Ao 75 r',ru. Bxoguax anepTypa
coBMeulaJracr c nepnofi onrl{alecKofi rloBepxnoclr[,rc.

I4s a6eppaqufi uau6otee 3aMerHa KpuBu3Ha floJlfl B KaMepe c F = 2 rra. B rperrerl
KaMepe KprrBI,I3Ha [OJrf, [paKT[rqecKr,r oTcyTgrByeT, a xpoMaTI{3M yBeIrueHU' I{ IIOJIOXeHWI

He flpeBbrrrraer 0,02 lrIra. BuuretupoBaHue CBeTa B IIeHTpe rroJl KaMep olpege[rleTc,
pa3MepoM BTopl4rrHoro 3epKaJra rlo oTHorueHrrro K [JIouIaArI cer{eHl{-f, MoHoxpoMaTl4rrecKoro
uyrrKa. [nx xauepll c $orycotvt 2 ttl ono cocraBJlrer -llVo, B KaMepe c $orycor"r 1 u
-24Vo r,r n rperlefi KaMepe -3OVo.B nepnofi KaMepe Br{Hbe{upoBaHlle pacrer K Kpalo [oJrf,
oqeHl, cra6o, B AByx Apyrux - 6oree 3aMerHo.

g. Cnerorarqnta. Paccesnue cBera Blryrpu cnerrporpaQa

3aqura BHyrpeHHero o6teua cuexrporpaSa or upoHrrKHoBeHrIrI rocropoHHero cBera

Aocrrrraerc{ [prMeHeHrreM cBeroBbrx [a6upuHToB Ha crblKax c KopuycoM cnertporpaQa
BCeX CreMHbrX KoxyxoB rr KpbrrrreK, a TaKxe B MecTax KpelJreHI,Ifl KaMep. c'reunrrun
xoxyxauu flBJrrK)TCf,: Kox<yx y3Jra gIrreJIJIe, KOX(yX y3Jra IrpLI3MbI' KQOXyX y3Jra

KOJTJTUMaTOpHOTO 3epKaJra, KpbrrrrKa y3Jra KperrJreHI,Ifl AIIaIOHaJTbHOTO 3epKaJIa
KoJrJrr{Maropa, KpbrruKu 6oxosrlx JrroKoB B npeAlrleJresofi .ractu Kop[yca. Cserosrre
na6rpnnrt,r npeAycMorpeHbr raK)Ke B Mecrax rpeureur,ia $orycuponorrHblx MexaHI{3MoB K
KaMepaM, KaMep K Koprycy cnexrporpaQa r4 B Mecrax KperJleHua CCD-lpueMHuKoB K

$orycrponorrHoMy MexaHI{3My.
Oco6oe BHrrMaHlre yAeJreno 3arrlr{Te BHyrpeHuero o6'beMa cneKTporpaQa or

rrpoHuKHoBeHr{, cBera }I3 upeAIrIeJIeBoI:I I{ 3alr{eJIeBofi .racrefi cnertporpaQa,
B npegqelenori .racru rrMerorcfl: ,pKafl JraMrra rrJrocKoro rroJrf,, JraM[a cleKTpa cpaBueHrrr,
[oAcBerKa uHAr.rKaropa uflpr{Hbr rrleJr}r, raH$paxpacnbre AarrnIK[ ncinoxeHuq [eHTa[pI]13M,

Aar.ruKu $ororuga rr, HaKoHer{, sogilroxHrrli paccerqnrui cBer or coceAHefi 6nugrofi xprofi
3Be3Abr. B sarqenenori .racru rMerorc{ Aarqr.rKr,r (cnerogr,roglr) uonoxceurrf, 3arBopa r{

Qunrrpon. SrcuepnuenraJrbHafl npoBepKa [oKa3aJra, qro pacceflHurrfi cser Me)KAy
[oJrocKaMu cneKTpa r{crorrHfiKa [JrocKoro floJrfl He upeBbl[raer 4Vo or flpKocrrl
6nuxariruux cleKTpoB, rrro BrrorHe Moxer 6rrrr o6ycnoBJreHo paccernl{eM cBera Ha

o[TuqecKux noBepxHocrrx, a raK)Ke paccerHl,IeM Ha BHyTpeHHI4x creHKax Kopnyca
6orosrrx gnSparrrponaHur,rx [ytrKoB. C rlensro yMeHbrrreHr{r [ocJreAHero na nuyrpenuux
creHKax rpy6 npunapeHu guaQparMbr, Koropbre 3aoAHo lr uprrAalor xecrKocrb Kopuycy.

[nr roro qto6rr cBer, orpaxennufi or $unr,rpor, He pacceuBaJrcr Ha rrrnurofi cropoHe
u{etreK rrleJrrr, Mex<Ay rrleJrbrc u Qunr,rpau[ ycraHoBJreHa graQparr"ra, Koropaq [po[ycKaer
ToJrbKo upouregurufi cKBo3b rrleJrb cBeroBoft xouyc. ,[rx yueuruenrfl paccefrHoro cBera
BHyrpr,r c[eKTporpaQa or rrcroqHr{Ka [JrocKoro rroJu r,r crreKTpa cpaBHeHrl, cBeroBoe
rrrrHo Ha rrleJrr{ or srl,Ix IrcrorrHI,IKoB Sopuupyerc, rrplr cBerocl{Jle rryqKa, crporo
ogr.rHaronofi co cBerocr{Jrofi tenecxona
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10. fHyrue cnexrporpatpa

BruqHI,Ie rHyrl{fl cnerrporpaQa Ha cMerqeHr{e cleKTpanr,Hor:i Jrr{Hrrr{ BAoJrb Ar.rcfiepcr.rr4
6r,uo onpegeJleHo oKcrIepIrMeHTaJrr,Ho Ha rerrecKone 3TIII. lnyrue rpoBeprJrocb ro,rrbKo B

lnocKocTlr Al{cllepcul{ 3[IeJrJre, KoTopa, coBrraAaer c llJlocKocrr]ro KoJIJIIrMaropa LIrrH
rlrloKocrblo cIrMMerpI,II{ Bcero crleKTporpaQa. flra eroro reJrecKo[ craBlrrcfl. B Mepr.r/ItraH rr
rtpu pa3rr.rqHbrx 3eHlITHbrx paccroqHr4qx, Koropr,re MeHrr.rrr4ct or 0o Ao 65o, $oro-
rpaQnponancfl crIeKTp cpaBHeHr{r roplrenor? JraMrrLr. Belra.lnsa cMerqeHr.r, or\eHrrBanacb B

Aorrlx pa3Mepa [IrKceJra - 
gJIeMeHTa pa3perxeH[q Marpr4rIr]r. Pe:ylrrarrr uslrepenurl

loKa3aHLI Ha p[c. 9.I42 pwcyuKa BI4AH0, tITo IrpI4 rr3N{eHeHrrr.r 3eHlrTrroro paccToqrrHq
'reJlecKola or l5o Ao 65o aM[JII{TyAa cMeIIIeHI4fl ltuturkr He npeBr,r]xaer oAHoro r}rKceJra, r.r.rrr{

0,02 r'lrra. I![arcuua.nruoe rHyrl{e Ha6rroAaercfl a6ruzn 3eHr{Ta rrpu r.r3MeHeHuu Z or 0" syo

15b. Xopouree BocIIpoIr3BeAeHIre pe3yJrbraror] ctsrrAerenE,crnyer o6 14x HaAexHocrr.r.

11. Kouqeurpaliuq cBera Blryrpr{ Ka)i(Aoro nopflAKs.
flpegenrnr,re yrJr,r rraxiroHa 3rueJrJre

Ypaonenrne, cBs3llBaron(ee na6nrogaeMyro Arr{Hy BoJr}IrrI B rIeHTpe flonq KaMepbr c
yuroM g[reJrrre e rr HoMepoM floprqKa t, aueer nug

(l)sin(67,43'+ e)+ sin(59,43'+ e) = Nklv,

fAe € - yroJl oTKJIOHeHI{,{ SIrIeJrJIe B 'ry I{nr4 Apvfyrc cTopoHy oT ee cpeAHero flollox<eHuq, a
N - 'racto lurpl{xoB n 1 ulr. flprE e = 0, r.e. B cpcAHeM noJro)<eHr,ur o[reJrrre, ypanueuue (1)
olpeAeJlfleT AJII'IHy BoJIHbI ).." gna cepelrrHll Ka)KAoro IIaHIIoro ropr[Ka, rAe KoHUeHTpaIIuq
CBCTA MAKCI,IMAIIrHA U IPI{HITA SA 1. IIAgETU{C KOHIIEHTPAIII,II,I CBETA BHYTPII NOP'AKA rro
o6e c:ropousr or \ o[ilcr,rBaercx (topuynort

/^ _[sin n&_ Xot1lo]2 [sinrrl2

rge 1,6 = 0,0225876 MM - IITIITHa BorIHbI ri rleHrpe 1-ro uopngxa (pa6our.re ropsAKr{ o.r 20 go
64). Peruaa ypaBHeHrre l2], npu 3aAaHHoM Ifll7,",wanpuMep paBHoM 0,5, uu HaxoAr{M A.[q
Ka){<Aoro [oprAKa gna rpai)inux sHa.reHuq ],:

x+ - r0 (3)
'"*- k+,r/n'

[Jrs Koropblx KoHIIeHTpaIIIm cBera yflana n 2 pasa rro cpaBHeurr]o c MaKcvruan61ror?
KoHl{el{Tpaquerl n qeurpe [oprAKa. Ovennguo, sinttlu = I gae'r' uau r.r = 0, a 3Harrr{T rr Elrt1y
uoJrHr,r (n uu) B rIeHTpe k-ro noplgra:

I" =Io lk=0,0225876/k. $)
OAue ug cnoricrs g[rejrrre 3aKJrrorrae.rc.fl B ToM, rrro coceAHr4e uoprrAKu crbrKyrorcq B

oArlH cneKTp 6e: neperranoxculu? uJrrr nporycKoB rpr.r IA/lx"= 0,40529.3,ro lerro nora_
3arr,, I{cloJlE,3yrr Bbrpax<eHue (3). B erou cJryrrae, o\reBr,rAHo, Aon)KHo r4Merb Mecro pa_
I]CHCTBO

ro -= ro
k+uln (k+1)-uln'

. orKyAa HaxoArlM, r{To l = nl2.Torga

= 0,40528.
l), Isinin / 2;-]'z

T=l- *r- )

(s)

(6)
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plrc. 9. 14:rvresetrHe noJroxeHHrr crreKTparbrroii lrutil,Ir Ha MaTpHI{e H3-3a rllyT srl cnex'rporpa<pa npu pa3Hblx

3eHHTIIbIX paCsrorHIIrlx 1'eJIecKoIIa

flolcraolrn tIncJIo u=r12 n $opuyny (3), uaxogllrvr gla lro6oro 3agaHHoro nop'AKa ero

rparlHre r,rJILI rpaHrltlHbte 3HatIeHI,Ifl {, u aur"* yxe lr3 Br,IpaxeHI'Ia (1) uaxogilN'{ 3Ha(IeHI'Ie

ytJra e - BeII,I.II,IHy oTKIOHeH[q SlUeJIJ]e OT CpeAHefO ttOIOXeHlII. ,[irl 'rOrO 't.tO6st

fipr.rBecrrr K qeHTpy florq KaMeprr {. nau6oJrburr{e oTKJIoHeHI{fl slrlerne r:pe6yxlrcn gnx

caMr,rx Hr43Kr,rx noprAKOB, pa6oraroulux r llrspaxpacuoti o6lacrn. Tar, n 20-u [opqAKe

oJlHorI3rpaftuux:Ha'reHulidt,=t1580A6ygeruIIeHrperorq[prE=3'0J"'Apyroe]"'t'=
= 11030 A - .,pu e= -2,56".

lpanu.rnrre yJrbl t gna 40-ro noPqAKa 6ygyt :naulrTeJlbHo MeHE,IUe: e= 1,49" (X =

= 5719,5) we=-1 ,364'(1, =5578,0 A). Paryueercq, KorurrecrBo cBera, raAaroulero Ha

orrreJrJre, 6yger parxoe 11p]I pa3HLIx yrJIax sueJIJIe. Hanpruep, ecJIII noTepl{ cBeTa Ha

o[reJr.rle B ee CpeAHeM norrbxerralr t = 0 Coc'ras l;1s'1pa l3Vo, TO B AByx xpalTrulrx [oJIoxeHI'Lx

oHr{ paBHr,r -l8o/o (e = +3,07") u -6Vo (e=-266')'

12. Pacctoqul{e Mex(Ay nopflAxaMu.

Henapar,nelr'Hocrb clreKTpaJIbublx noJIoc

Ka< yx<e yfloMr,rHaJrocb, yroJr [pr,t3Mbr 17o nr,r6pau c TaKI{M pacrleToM, 'l'ro6tt npu

ABOT1HOM fipoxox<[eHr{u nyvefi n palione 40-ro noprgKa paccTorlHrre Mex<Ay [op,AKaM',I

puo*rrro"o 1 ,n u $orarrr,lroir nJrocKocTlr KaMepbI c QOrycor..l 2 rt'1. CpeguuM noJIox<eHI4e-M

tlpr.r3Mbl MbI Ha3bIBaeM"TaKOe noJlox(eHl{e, flpl',I KOTOpOM BLIXOIIUIUe I',I3 [pI',I3MbI .rry'lfi 40-'

.i ,roprA.u (X = 5647 A; or*ro*a*orcs or ryveti, raAarc[dl{x Ha npl{3My, Ha yroJl V l^3^0",
[pI,I sToM yroJl [aAe}II{ fl' I|yarcfi Ha nepeAHlo}o rpaHr, np,I3MbI AoJIxeH cocTaBJIqTb U. - 12".
' Xog ny.ret:r n npusue E o6o3HaareHllq yUIOB [OKa3aHLI Ha puc' 10. I{Cxognr',tlru

[apaMeTpaMfiflBJrflIo.fc'-yrrlblO(=12"nF=5,o2".YroloruorreHlraly.IetiIIocJleBbIxoAa
,r-.tprrto, (yron ry) HaxoArrcq I'I3 cJIeAyloIIIux coorHoueHl4ii:

cr'=arcsin[(sino)/n], x'=2(a+B)-c[" e=arcsin(rsin€'), V=s-cr. (1)

flocrolljKy cx + p ecrs BeJrrrrrr{Ha flocroflHHar (yron npusrrlsr), ro orKJroHeHI'Ie [pI'I3ML,I

oT ee cpeAHero rlorroxe:Ht4fl Ha yrol ( paBHor{eHHo 3aMeHe c)( Ha c[ + ( n nepnou l'l

rrocrleAHeM ypanuenuax (7).

3asUC4t.{OCTL [OKa3aTeJL [peJIOMJIeHtTfl tl C'IeKrra K-8 Or ], npegcraUqeTcq B BI'IAe pflAa

nz = Ar + A2tJ * Artr' + A4X4 + A\N4 + A6I-8, (8)

rge l, nr,rpa;<eHo B MllKpoMerpax' a roe$$llrllreHTll At,Az, "' A6 I{Meror cneAy}oql4e

3HAIIEHTJI:
At=2,2699804, Aa= 7,6606834 10 ),

Az=-9,8250605' l0-3, zls= 1,1616952 10-s,

Aj--1,1017203.rc2. 46=-5,8130900 10-7'
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Pnc. Il. CxeNraru.recroe pacnoJroxerrHe coceArrHx cneK.r.paJrbHbrx noJrocoK
Crpelxu HanpaBJ'lerrbl B croporry yBeJur(rerrHq AJrHlrbt BoJrHr,r

l4uet glnuy Bonnbr B rIeHTpe Ka)KAoro rroprAKa ($opr'lyla (4) laer gro 3HarleHlre B

MunrllMerpax) u rloKa3areJlb [peJloMJreHu, rrprr3Mbr IInq oTori AJrrrHbr BoJrHbr, nerKo HariTr.r
JrLIHefiHoe paccrosHlle Me;r<Ay coceflHrrMrr [opqAKaM[ d(k, k + l) n $oxantHori rrnocKocrrr
KaMepbI c $orycor'a F:

cl(k,k+ l)=-h*r -yk= Ftg[,V(I1*')-y1f.111 (9)

Ha puc. 11 cxeMarI,IqecKLI Ir3o6pa)KeHo orHocr{TeJrbHoe noJrox(eHrre rtorocoK,
IPIIIIAATCXAUIIIX COCEAHUM IOPqAKAM. ,qII,IHA IOJIOBI'IHKI,I KAXAOTO CIIEKTPA, I'IJIII

paccroqH[e KpaIiHHx 3HatIeHHIl ],i ra ]"1 or UeHTpanbHori ArHE,r BoJrHbr 1,., panno / = F1,,n tg6,
fAe 6 HaxoAr,rTcs, yr3 ypaBHeH[q

sin 67,43"+sin(59,43'+ 6) = NkIr (10)

O.renrgHo, AJL I,+ > ),. sua.teHltl 6 r.r / floJrox(rrreJrbHbr, AJrrr I < f,. - oHr{ orprrqa.reJrb}rbr.

Ifonnaq Arrr{Ha cneKrpa paBua /(},i) - /(},;).
tlro6r,r o[peAeJlrrrb yroJl HaKJIoHa c[eKTpa AaHHoro flopflAKa tro orHo[reHrrro K

IIJIocKocrI,I, [apaJIJIeJIbHotit ulocxocrtr \ticilepcvlt SrxeJrrle (ua prEc. I - ropu:ouTarrr,Harl
rttHhrs,), HyxHo no $opnyne (9) onpegenurr, pa3HocrL, y(1,;) - yQ"b 

" 
pa3AeJrr.rrr, Ha IIJrr{Hy
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?0 J0 40 J0 60 70
//o,vep noptin'rz

Plrc. l2.3asucHt'{offb yI'JIa IlaK,'lollal cneKTpa or lror{epa flopflI(Ka

cneKTpa:

\'( /", ) - r,(Al )
t^^I-f

1(ti )-/(tl )

3anucur,rocrb yrJra T or HoMepa [opflAKa noKa3aHa Ha pllc. 12. B Qoranbnort flJrocKoqrll
KaMepbr c QoKycoM 2 u ta IpI{eMHIIK [oMeIIIaeTcf, oKoJIo Aecf,TI{ nopfAKoB, I,I

He[apaJrJreJrbHocTb MexAy KpaftHuMu rroptr[KaMrr Mo)<eT AoxoArrTb Ao 18', B CLIHefi O6[aCTI,I

crreKTpa (t = 50+60) u 5' - B KpacHori o6[acrr4 (k = 20+30). Teu ne MeHee LI3-3a MaJIorg

pa3Mepa [pueMHuKa (- 20 MM) TaKaf, He[apairJreJlbnocrb rIpaKTrrqecKI,I He3aMerua,
locKoJrbKy oHa eABa cocTaBJl{er 1 enelraenr MaTpIrqbI Ha Bceft ee AJrI'IHe.

13. Teopernqecxoe paapellreHlre cnextporpaSa

. Coraacno rexnr{qecKoMy 3aAaHrrro Ha c[eKTporpaQ a oAHor? rI3 ero KaMep AoJIx<Ho

6rrrr peaan3oBaHo c[eKTpaJrbHoe pa3peuenre R > l}s, vto $artruecKu flBr,flercfl.

MaKCr{MaJrbHo BO3MOXHbTM AJrf, Cnertporpa$a HaBecHOrO TIIIIa, KOTOpbIIi, KaK IpaBIIJIO,
orpaHr,IrleH [o pa3MepaM r,r IIo Becy, rrTo, B cBoro oarepeAb, HaKJraAbIBaeT orpaHI,IqeHrIrI Ha

A[aMeTp cBeroBblx [ytIKoB I{ pa3Mepbl SIrIeJUre.

Maxtnualrroe reoperr,r.recxoe pa3perrreHlre cflerTporpa$a olpeAeJltercrl He roirbKo
[apaMerpaMr{ errreJrJle, Ho [r pa3Mepor"r graspaKltrIroHHoro KpyxKa 3pu r Soralruor?
rrJrocKocrr{ KaMepbI, ro'roprrr:i Bllpa)Kaercfl $opuylolt

Q" = 2,441./D pas,

rge D - pa3Mep (n nanpannenr{r.r Aficnepcuu) uonoxpouatu.rbcxoro ryqKa, [aAaloqero Ha

KaMepy c[eKrporpaSa. 3gecr D nrrpaxeno B Tex xe eAI{HrrIIa{, qro r 1,. Konfi'recrso
aHrcrpeM, npnxoAflrrleecfl Ha Kpyxo* 5pr, paBHo

50

40

JO

20

d)," . CoS (l' ')

61" - :-: d) =:::L2.44-:.' dq'' Nk D

'orKyAa cJreAyer, rrro pa3peuaroqafl cr{Jla cnerrporpatpa R paBuqercq

^ l" Nk D D sintp+sin<p'_ tsin(90'-rp') sin<p+sin<p'
"' - 6f,. cos(p' 2,44 2,44X cosg/ 2,44)" cosg' '

t24

(11)

(12)

(13)

(14)



t\e L - AJrr,rHa o[reJrJre. Taxuu o6pa:ou, AJrg cleKTporpaQa c [apaMerpaMr{ e'- 59,43o rp =
= 67,43, D = 130 MM, L = 256 uu n o6nacrr,r H o uueeu6l, = 0,0234 u Ru = 2,95 . 16s.

_ B xauepe c $oxycor'a 2 u nuweilw,rfi glrar'rerp guQparqr,ronuoro Ar{cKa paneu 0,025 uu.
3to ueurure AByx [I{KceJIon (0,04 lrlr), cnegonareJrbHo, pa3peruarcq afl, cuia cuerrorpaSa
B pacqere Ha ABa rrr{KceJra (2u = 0,04rtru) ecrr, BeJrrrqtlHa, He3aBr{crrqaa ot },

R2n*
l, Lh NkTvF sin<p+sinq' F

6lzn* 61"".0,04 0,O4rcosg' cos q/ 0,04

vpar;aafi. Rzr*= 175000. finx rauepu c $orycor',r I u era Berr{trrrua 6y4er r z paza
MEHbIIIE.

Cnegyer 3aMerLITb, qro B orJIlItII{e or npr{HflTbrx upeAcraBneHrafi o rpM, vro Qoxyc
KaMepbI He AoJIxeH rlpeBbllrraTb $oxyca KoJIJTI{Maropa, noroMy qro ero [pi.rBoAr.rr K
loTepe uupoKolqenbHocTl{, 3Aecb, KorAa pe.rb r{AeT o peaJrrr3arlHr,r MaKcr,rMaJrbHo
Bo3MoxHoro (npegenruoro) pasperueHl,Ir, AaBaeMoro grrreJrJre, r{ KorAa KarrecrBo olrlrlfl.t
6nrgxo r gnQpaxquoHHoMy, a BxoAHafl rrleJrb sBJrrerc, HopMaJrbuori (r.e. parnoft gucxy
3pu xonlnuaropa), raKa, cxeMa BrroJrHe orpaBAaHa; yBerr,rqeH[e Qoryca riruepu rrMee;
cMbIcJr Ao rex [op, noxa ArQpaxquoHnurl ALIcK He craHer paBHbrM rur,rplrHe AByx nr{KceJroB.
B cryvae cool4H T aKax. claryaqrur Hacryrrur npr eoryce xar"repu F =3,2 r, ,o"ga 6y4er"r
r.rMerb R2n* = 285000. Ho n sro eule He npeAeJr: couracHo Kprrrepr.ro pener rpegeJr
pa3perrreHr.r, paBeH rroJroB[He AucKa 3pE, oAHaKo AJrr ororo HyxHo uMerb
Qorouetpuuecxuh KoHTyp rleHTpaJrbHoro gr,rQparrlrroHHoro MaKcr{MyMa, Arfl qero ero
AI'IaMerp AoJrxeH cocraBJrrrb xorr 6rt 6 nnrcenon unu 6onee. fina ororo Soxyc KaMepbr
AoJIx(eH 6urr ue MeHee 10 r'1. Taroe [peAeJrbHoe, r4Jrrr rpaHrrrrnoe, pa3perueHr,re
cneKrporpa0a R(Uz A) = 570000 yxe 6nr,rsxo K pa3peruarctrlefi cuoco6uocrr.r cauor?'grrreJrJre, Koropar, KaK rr3BeCTHO, paBHa pa3HOCTr,r XOAa Me)<Ay rpafinuuu JrytraMr.r
(otpaxceuuuMrr or rpafiuux urtpr.rxon), nupaxenHori B. eAr,rHlrrlax AJr[rHbr BoJrHbr. B narueu
cJryvae ero 6yger

* _ Llcos(e0'- q)jcos(eo.- q')l 
=2s6t?,?:+9:8611= 6e6000,l, 0,0006563

rge L - AJrr{Ha orrreJrJre.

flpunegeunue Bblure oIIeHKI,I c[paBeAJrr{Bbr roJrbKo B ToM cryqae, KorAa rrrupr.lga
nxognofi uleJr[ flBJrflercfl HopMaulnori, T.e. paBrra A]raMerpy 4uQpaxqr.ro"r,o"o
uso6paxeHrx KoJrJrlrMaropa 0,02 uv^, ntru 0,r5", Ynenra.reuue ruupur"r utren[ [pr.rBoAr.rr K
cHr,DKeHr,rro pa3perilarcqefi cunrr, oco6eHuo 3aMerHoMy B KaMepe c $oxycou 2 rvr. Tax,
Ha[pI{Mep, upu lrrupr.rue rrIeJIr{ 0,5", unu 0,065 r"rrvr, pa3perueHrre s o6eux KaMepax
craHoBrrrcr oArrHaKoBbrM r.r paauuu R = 92000.

14. IlponycxaHrre crreKrporpaea.
flpege.nrHax 3Be3AHafl Befl[qr.tHa

flponycxaune ourrirur cuertporpaQa 6es yveta rorepb rra uleJr[ cocraBJrfler -25-3OVo.flotepu Ha o[TrIKe cKJraAblBalorctr r{3 florepr npu oipaxeHr{flx or qerbrpex 3epKaJr,
norepb Ha npr.r3Me (pna upenouilenrfl,, oAHO OTpaxenue), Ha orueJrJre (otpaxenr,re r
He[oJrHoe [epeKpblTl.re KoJTJII{MI{poBaHHoro uyvra), Ha eKpaHr4poBaHrrr{ B KaMepax, Ha
Qunrrpe ra sarqurnorl rracruHe uepeg uarpuqefi.

florepn Ha'IrleJrrr gaBficflT or KaqecrBa raso6paxeuraa 3Be3gbr H rr]r{pr,rHbr rr{eJru, Koropa,
B CBOIO OqepeAb 3aB?ICLIT OT TOrO, KaKOe C[eKTpaJrbHoe pa3pelueHlle MbI XOTT,IM AOCTUrrb.
Hop:raanrnax (ona xe MI{HI{MaJrsuaa) runpr,rHa rrleJrr{ panna-0,02 rraru. flpu ueo6paxenuu
0,5" rarat uleJrb npo[ycrar -40vo cBera; .rpu raso6paxeHr,rrr t"-20%, Onrurraanrnas
rrrrlpuHa 6yget n 1,5-2 pasa 6onlure. floe:ror'ry B KatrecrBe cpeguefi BeJrr{alr{Hbr
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lpofirrycKaHll, qeJrIr MoxHo [pIrHrrL 40vo. TaruM o6pa3oM, npollycKaHl'Ie Bcero

crrerrpo.pa6a BMecre c rqenbro 6yA"t 
"o.tno 

rrffiL 0,l2, utu 127o. Orcroga ecp(lerruoHaa

lnoqaAb 3epKana TeJrecKola Ar.raMeTpoM 2,5 tt c yrIeToI,I nponycKaHl'If C[eKTpOrpaQa lr

caMofo TeJrecKorra (-80v0) npn cpeguerl 3arblJIeHHOcTI{ 3epKan, pallHa

S =n(125)2 0,12'0,8 cuz = 4500 cu2.

()r sne:nt,I HVJIeBOII 3Be3AHoi;i tscJIr{TIIIHLI CneKl'panLHoro K.rlaCCa AQV s 06IacTu

r ;b0di-;;'i;;;;;;Ar*;;;.":'io'rpr/(c'r2c' A)''r'' 625 xnaHr/(cu,c A)' or
3Be3Abr 7m nagaer 1 rsaHr/(crr{2c .A). C yrrcroM nponycKaHllq cneKTporpaQa tl'renecrona

Ha [pr{eMHr{K KaMepbt or snesgrt"Tnl na,qaer 4500 xnanr/(c ' A), rITo 3a ercno:uquro 1 'r n

.r"p"".r"t" na I nuxcel, lrnr.r 0,02A, AaeT roroK 3,21 'l}s rnanr/(nurcen' v)' 3to osHa'raet,

.rrl np, KBaHroBori sQQerrunuocru fI3C-MarpI{I{bI 407o or 3Be3I(bI 7' :a 1 'Iac
,ru*oarrrc, 1,3 .105 r,rMrrynbcoB ua 1 nrnrcer. Orcrcga Mo)<Ho 3aKJrto(IIrrb, tITo c

cooTrroirleHl4elrlS/N=100sa1'racnKaMepecF=2MMory'r6strr'noly'IeHblcIIeKTpLI
3Be3A Ao 10'n nrrro'ItlrerllHo'

15. Pe:ylsrarr,r lra6nrogeuufi

Pe:yls.rarst flepBblx ua6lrcgentlli c sI1CJIJILH6IM cfleKTporpa$olvr na 2,5 u rcleCr<Orle

NOT xparxo o[[caHbr B 3aMerKe 14.Tyolrrnneua12],sa Koropyro MbI ccblJlaeMclr. Couacso

[2] cuexrpaJrr,Hoe pa3peueHr{e cnexrporpacpa ro IiByM IIpIKceJraM oKa3aJrocb 6ru:ro r
iZbOOO n nepnofi *ir"p" lr r 85000 - ro nropor?, rlro rpaK'rr(IecKl{ coBnaAaer c HaIUeIl

oqeHKori. [panga, u *ur"p" J\b 1 raxoe pa3pe[Ieglle ua6lrolae'rcs T61LK6 o cpegueli
TIACTII MATPI{IIbI, IIO KPAflM OHO IIAAACT, BCPOqTHO' I{3-3A KPI{BI'I3HbI TONq'

gro xacae.rcq coo.1HorueHuq MexAy 3Be3AHoIl Reru.Itluofi, oruoureHl{eM cllruan/urylr I't

gKcrro3r,IUrrerl, To [pr,IBeAeHHbre B [2] srcnepuueHTaJllHble oII9HKIT raK)Ke BecbMa 6,qugxra r
'reopeTIrtIe cKIr o)KLII a eMbI M.

PaSpa6Orxa 3IIISJIJIbHOTO CtleKTpOIpaSa, rar I{ ero I'I3roTOBJISHI4e' B MaCTepcKllx

o6cepnaropr.ru 6EInr,r 6sr ueBogN{o>xnsr 6es caMoro aKT IrBHoro y1lacrl4fl I'r [oIIAepxKI'I co

cTopoHbr Ar{peKTOpa o6cepna.ropuu H.B. CreueHro, 3aMecTrrreJIq llIIpcKTopa
n.fi. fler.poBa r,r 3aBegyrorrl".o llo6oparoplreli cpr.r:rr.rrtl 3Bc3lI I'I TaJIaKTI4K P.E. leprrr6epra.

Our.r nplruunrar, y.ia"rr" n o6Cy>xgeHur{ KoHCTpyKIIuI{ [1 oI1,,(IeCKofi cxeur,t

"rr"*rpo.poSa, 
a 'rar><e B npoBe[eHulI IIcIEITaH[q cneK'IpOrpa$a ua 2,6-l'terponOrtl

TeJrecKorre r,ru. IIIariua. HeolluorparHbre KoHcynLTaI{t,tIi rlo reopIrI4 SIUeJIJILHLIx

cnerrporpacpos 6r,rrrr rrorr!{eHbr y ilpo$. B.K. Ilporocpena. [.M. llonon oKa3arr noMoIII},

B pacrreTe o[TrrKr4 AIq [purqelenoii tlacTt{. Bcelrt uu aB'I'op BLIpaxaeT rJIy6oKyK)

[pI,I3Ha'reJILHOCTL.

Mari 1992 r.
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9ItrEJIJIbII TIT CNNXTPOIPAO COOHH. II. KOHCTP)rKUI{fl

A.O. Jlaryrun

Cratre nocuuleHa onblTy co3AaHH, cJroxHoro coBpeMeHHoro cnexrporpa$a cBorrMrr cuJraMrr B ycroBucx
o6cepnaropull. ,(auo xpatxoe olucaHlre KoHcrpyKqlrl,t HoBoro nHcrpyMeHTa, paccMorpeuu oco6eusocr1t ero
ocHoBHbrx o[Tr{Ko-MexaHrrqecKxx y3roB, npxBeAeH prA lrllroupaquft.

THE ECHELLE SPECTROGRAPH SOFIN. II. STRUCTURE, by A.Ph. Lagutin.The paper is dedicared ro an
experience gained in development and construction ofa sophisticated up{o-date spectrograptrin the workshop ofthe
Crimean Astrophysical Observatory. The structure of the instrument is described, the peculiirities of main optical and
mechanical units are considered, the figures are presented.

B Kpr,tucrort acrpo$lrsuqecKofi o6cepBaropr.rr{ ro AoroBopeuHocrrr c Xerr,cr.rHcKr.rM
yHIIBepCI{TeTOM c[poeKTLIpoBaH I4 I,I3roToBJIeH aBToMaTI,I3I,IpoBaHHbrrt grueJrJrbHbrll CrreKT-
porpa$ BblcoKoro pa3peIUeHLIs. Otr ycranoBJreH Ha 2, 5-uerponoM TeJrecKore NOT B
o6cepBaropur.r Ha Jla-ranr,Ma (Kauapcrrae ocrpoBa, vlcr^auut). flpr.r6op rpeAcraBJrrer
co6oll cJIoxHbIIi KoMlJIeKc otlTl{rrecKr,rx, MexaHrrqecKptx r{ enerrponHlli ycrpor?crn
(crvr.'raruxe tl-31).

B nactoauletl crat,e paccMarpl4Barorc, MexaHl,rrrecKl,Ie gJreMeHTbI crreKTporpaSa u
oco6eHHocruI HeKoroplrx o[Tl,rKo-MexaHrrrlecKrrx y3JroB. 3gecr, TaKxe [peAflpr,rgrra
[olbITKa KocHyrr,c, [poqecca co3AaHLIfl npr.r6opa - Harrr orrbrr Moxer oKa3arbc,
[oJre3HbrM r{ BooAyrrreBIrrrcu{r,rM.

Honrui cnextporpaQ - npu6op Aoclaroquo croxcurrri, roqnr,rrl rr Aoporocrottr4nir -
co3AaBaJlcfl B ycroB[qx He6orb[Ioro onLITHoro [por{3BoAcrBa [pr{ o6cepBaropr,rg.
Pasyueetca, o6oco6reuHaq B ropax o6cepBaropr{r He pacnoJraraer Bo3Mo>KHocrrMr{
coBpeMeHHoro o[Tl{Ko-MexaHl{qecKoro upeAnprrert4s, kr c\e\waJrrrr3r,rpoBaHHoro KB. Ma-
JIorrllcJreHHoc'rr xnaluSnqupoBauublx pa6otuuron, npo6neurt Marepr{aJroB, r{HcrpyMeHTa,
craHoqHoro [apKa - Bce gro BecbMa ycJrox(Hqflo crpor{Tenr,crBo HoBoro upu6opa. Bo rr.ruo-
rflx cnyqasx HepeaJlbHocrb [plrMeHeHr4q Aocrr.rx<eHurf conpe*reunofi rexuwxu Br,rHyxAaJIa
perrrarr, uplr6opocrpor4TeJrbur,re 3aAar{[ AocryrrHbrMr{ HaM MeroAaMrr.

CnextporpaS ctpor,rnca rpI,I roAa. flepnure ABa 3aBeprxr{Jrr.rcb [po6Hori ycrinonxori ero
na 2, 6-rt'rerposl,ul tenecron 3TIII AJL onpegeJreHr,rq HeKoropbrx flapaMerpon. llcnuranua
AaJII{ [oJIox<I{TeJIbHbIe pe3ynll'aTll. Tpetuii roA yuIeJI Ha co3AaHr{e caMoro cJrox(Horo
arperara cneKrporpa$a - uplrqeJlesoli .Iacr[ - v ptr1a [pyr]rx y3JroB rr ycrporicrn. K rou-
Uy rOAa CTpOI{TeJII,CTBO 3aBepUIIJIOCb II3TOToIIJIeHI{eM JIOx(eMeHTa rr [porrr{x BC[O-
MofaTeJrbHbrx rEsgerzrl, a TaK)<e oTAeJrKOri r{ HarraAKorl upu6opa.

Ha npora><eHl{r.r rrerBeproro roAa cfleKTporpa+ ucrrr,r,rirsarcfi Ha Jla-flarrbMa, a B
Kplrucrofi o6cepBaropl4IE 6rtlr AorIoJrHr{TeJrbHo r,r3roroBJreHr,r K cnerrporpa$y o6BeKTuB
rperrell KaMepbI (/' = 350 urra), rraogepHl{3rlpoBaHusui ysen c.rerrpinin ort ulenlr,
croKcMerp Ir HeKoTopble Apyrue I{3AeJIIrr. (Crorcuerp, cr{creMa Br{3yaJrbHoro KonTporq r.r
HecKoJIbKo onTI{rIecKIIx y3noB crleKTporpa$a cKoHcTpyr.rposaHr,r A.B. fionronononuu.)

Cueqlr$nra o[blTHoro npol43BoAcrBa HaprAy c r{3BecrHbrMr.r l.pyAHocrf,Mrr r,rMser 1r
HeKoropble [pel{Mylrlecrra. Oguo LI3 HIlx - Aolycrr4Mocrb gKc[epr{MeHTa: rrpr{ u3ro-
TOBJIeHI{I'I c[eKTporpa$a ueroropble KoHcrpyKTopcKr{e pe[reHr{rr He [peAcTaB ilsJrrtcb
6eccuopultulr, Ho Bo3Mox<Hoct' [poBeAeHru ucnrrranuri r{ ofleparr{BHoro BHeceHr.r,
KoppeKTIrBoB yMeHbIrraJII{ plrcK. 3ro xe o6crostelrcrBo flo3Borrflno I{3roraBJrr{Barb y3Jrbr
6es np'egnapu, elnHoft rpaQr.ruecrofi rourporsnofi c6oprr.r. Ilpoqeccr,r rpoeKTr{poB a:n;p1fl vr
Ir3roroBJIeHI{q, B orJrI,ItII{e or rpaAl{Ilrouuori [ocJregoBareJlluocrllt, ruJrlr rapaJrJIeJrL,Ho,
KoHcrpyKTop coBceM HeHaMHoro onepexaJr nsroronu,relerl. flepnue AeraJrrr
cIIeKTporpa$a 6r,Inra Ha craHKax yxe rrepe3 HecKoJrbKo gnefi nocne HaqaJIa
KOHCTpyr.rpoBaHvrr,, B ro aper"u xax c'rpoureJrbcrlo oAHoro y3Jra cleKTporpa$a 6r[sqrocr,

@ A.<D. Jlaryrnu, 1995
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K 3aBeprrreHr{ro, y coceAugro y3JIa lrpoBepf JIacb B MeTaJIJIe BbIlIoJIHfleMoCTb

KOHCTpyKTopCKOTo pe[IeHI{x, Apyrue c6opKI,I 6rrnu eule B cocTorHI{I'I rpaouqecKux
nocrpbeuuil 14 pacrrAToB, a HeKoropble - B cra[I{u 3aMbIcJIa. I'I xorr pa3pa6oTq[Ky

[puxoAuJrocb HeMaJro BpeMeHr{ [poBoA]ITb B MacTepcKofi, npartraxa noKa3aJla, rITo npfi
gocruror"oM olblTe tarofi MeroA - crpo[TeJrbcrBo rro [pI{HqI,Ily "racro'tKfiHoro.rrre3Aa",
T.e. [pr4cTbrKoBKa rrocJreAyrcrqux SJreMeHToB no Mepe ycllelllHoro SKCIIepI'IMeHTI{pOBaHI4,I C

flpeflbrAyrrluMrr - BrroJrue o[paBAaJr ce6f,, HeyAa.rHblx peueul,Ifi noqru He 6blro, r{ rrocJle

sanepurenzr ocex pa6or oKa3aJrocb Bcero HecKoJIbKo He6oJIbIulIx HelrcloJrb3oBaHHblx

neranefi; a Bcero Aerarefi B cleKTporpaQe HecKoJIbKo coreH!
Bce AeraJrrr cnerrporpaQa cr{MMerprrqnrt nr,r6o cocraBJlrlor 3epKaJlbHo-cnMMerpuqHble

napu. Bce o[TrrKo-MexaHuqecKr,re y3Jrbr crreKTporpaQa pacrloJloxeHbl cI{MMerp}rrIHo I'IJIIT

c[MMerpuqHo B3a]IMo3aMeH-fleMbI. Cuuuerpr,r.rHa, KoMrIoHoBKa Hecyql{x I'I MaccuBHblx

gJreMeHToB rro3BoJrfler oxlrAarb 6onee 6naronpuarHoro pacflpeAeJleHufl ocraroqHblx
noBOAOK Kopnyca LI BecoBblx ge$oprvraqnfi npu6opa' nocKoJlbKy rro yCJIoBI'IIM
gKc[Jryararlfi]r cneKTporpa$a ero nJrocKocrb c]IMMerpLIri BcerAa BeprI{KaJr}Ha. O[acHocrb

rrorBJreHI,L HeAo[ycTI,IMrtx ruyrrfi Kop[yca [pI,I AJII,IHe npra6opa 6onee 2 u gocraro'ruo

peaJrbHa, cJIOxHafl ronQurypaq[, Kop[yca [eJIaeT HeHaAexHbIMI'I BbIBoAbI TeopeTu-
qecKl{x r4ccJleAoBaHuri, rrooroMy r4crroJrb3oBaJll{cb Bce Bo3MoxHocrll AJIa yMeHblrreHu,

BeporrHblx geQopruaqrafi :
' C eruu rcryuina B IIpoTI,IBopeq?Ie TeHAeHIILIfl BceMepHolo cHIDKeHI{fl' Beca 6ylyqerO
HaBqcHoro upu6opa. B peaylrrare geQopuaqlrl{ oKa3aJrllcb B npeAeJlax Aolycrl'IMblx, a Bec

upu6opa "nru," 
[peBbIcLIJI sagaHuofi BeJI]IquHbI: AonycKaeMbtft nec 250 rr, pe3yJIbTaT

B3Berrrr,rBaHI{rI 245 xr.
flepexogx or o6rqux saMe.raHr,rfi KpaccMorpeHl,Irc'KoHKperHbIxy3JroBcnextporpaQa,

cJregyer orMerrrrb, qro flpu paspa6orxe npu6opa co6rlloAafics [pnHI{I'Iu arperarHocrlI
(noyironori c6opru); oH pacflpocrpaHfercfl KaK Ha KpyrHble qacrll creKTporpaQa, tax,u
Ha orAeJrbgbre y3Jrbr u 6torlr Buyrprr orl{x qacrefi. ArperarupoBaHl{e I'IMeer csoefi qemlo
yupouleHlle MoHTaxa, peryJIlIpoBKrI I'I peMOHTa

CnerrporpaQ cocrol,IT I'I3 cJreAyrcIqux qacrell:

upfiuleJreBaf, aracTb;

y3eJr AuaroHaJlbHoro 3epKaJra;
o !3eJI KOJIJII{MaTOpHOro 3epKaJIa;

y3eJr sIUeJIJre;
y3erl [pI43MBI;
o6rextus KaMepbI f ' =2A00 utrl c $orycuponxofi;
o6rextnr KaMepbI .f' = 1000 ut*l c Qorycuponror?;
cLICTeMa BrI3yaJIbHOrO KOHTpOJI{ ;

Kopnyc cuerrporpa$a c KoxyxaMrlr, KpbrruKaMn n 6norou oJIeKTpOHLIKI{;

JroxeMeHT cuertporpa$a rI 3aIr{I{THbIe KpbIIIIKI'I.
(flpra6op KoMnJIeKTyercr raKx<e o6lerrr'rnoM /' = 350 r"t"r.)

Bce onrnro-MexaHnarecKrte arperarbr 3aKpelJIeHbI Ha Kop[yce crleKTporpaQa, Ipu
9TOM B3ar,rMHOe pacfloJroxeHr,re olTr{rrecKr{x gJIeMeHTOB COOTBeTCTByeT CXeMe OnTUKII

cnexrporpaQa (pnc. 1, a tarxe pnc. 1 n [1]).
fleparrrra no xOAy Cuera Orrrrro-MexaHl{rlecKur"r ycrpOfictBoM cfleKTporpa$a rBJIfleTc,

ero upnqdneBa, rracrb. Oua npegcraBJrrer co6ofi croxnrrfi arperar, n rotopuft BxoAar:
ysen ine*rpaJrbHofi uleJrr{; 6nor cneroQuJrbrpoB I,I 3arBopa; 6rox cuenrr pex<I'IMa pa6otrt;
yeen Qotoir,rAa; y3eJr JraMubr [JrocKoro [oJrr; y3eJr I{crorrHI,IKa c[eKTpa cpaBHeHI{r; 6JroK

onrurr.l gna TV-nogcMorpa; y3eJr croKcMerpa; rJlylrrureJlb Hepa6oalero nyalKa cBera or
JraMlbr rrJrocKoro nous. Bce orr,r He3aBr{cr,ruo co6upaeMble y3Jrbl o6're4lrnenu KopnycoM

upuqenerotl tacrn (pnc. 2).
. Brrcoras Hacbrrr{euHocrb flpr{uleJreBoro [pocrpancrBa BceBo3MoxHuuu ycrpoficrBaMu,

neo6xogzuuMl,r Airf, coBpeMenuoro crreKTporpa$a, 3acraBl{Jra l{cKarb HoBbIe KoH-

crpyKTr,rBHbre peureHlrrr. Kor,ruoHonxy..flpnutreJreBofi .lacru o[peAeJII{Jr upegroxenurrfi

l2g 
L



Pnc. 1. Cxeua pacfloroxeHuq ocHoB]r,rx 3JreMeHToB cnerrporpa(ta
/ - npuulenena, rracr[,; 2 - yzer. Afiaro]raJrr,Hono 3epxaJra; 3 - yset

3ueJrre; 5 - y:el npr,r3Mbr; 6 - o6rexrus KaMepbr f' = 2000 uu; 7
8 - npueuurlxu CCD; 9 - xopnyc cnexrponpa$a; ,10 - 6noK oJreKTporinKlt

KoJrrHMaropHoro 3epKaJra; 4 -yzet
- o6rexrus KaMepbr "f' = 1000 r,artl;

Pxc. 2. flpuqereBafl rracrb. Cxeua pacnoroxerrufl y3JroB ri 6aoxos
/ - cnexTparrnat ueJrb; 2 - 6.[ox.cseror]zlrrpon r{ 3arBopa; J - 6rox cMeHbr pexriMa pa6orr,r; 4 -yzet

Qoronragai 5 - ysen JraMrrr,r flJrocKoro norc; 6 - yzer, ucrorrHr{Ka crreK, pa cpaBHeHuq; 7 - 6ttox ollTrrKu AJrrt
TV-nogcuorpa; 8 - yrel croKcrrerpa; 9 - myururerr; 10 - ropnyc npruqelenofi vacru

5. I4'inecruq KAO r. 89 129
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HaM[r crroco6 y[paBflenl,Iq cBeroBbIMI{ [yrIKaM'Lr y qeJrr.r. Oco6ennocrb ero 3aKJrroqaercq B

TOM, TITO BMCCTO TPAAIII{I{OHHbIX JII4HEEK, PEBOJIbBEPOB I,I APYTI{X IOABI,DiKCK C SUTCATOPAUTT
(4na uogcuorpa, cneKTpa cpa\HeH[fl ra up.) 6rrr [c[oJrb3oBaH ruaronrrri ABr{rareJrb. Ha ero
BaJry x<ecrKo yKperrJreH 6rox ng AByx rreHTalpr,r3M, Koropbre BBogrrcfl B coorBercrByrorquft
rtyqoK [oBoporoM BaJra ABrlrareJu Ha o[peAeJreHHru:r yron, flpr,rueuenre nplr3M c qerubrM
rr[cJroM otpaxeHlaft sHaqI,ITeJILHo cHr{3r{Jro Tpe6oBaH[fl K TorrHocTr.r Boc[por{3BeAeHr,r,
rloJroxeHllfl flprlgM. Boguoxnocrb AucraHllr,roHHoro flepeKrrcrleHm nyuxon IIo3BoJII{JIa
aBToMarl{3r,IpoBarb rrpoqecc r,r3MeHeHr{q pexr{Ma pa6orbr cleKTporpaSa, Enor cMeHbr
pexr,rMa o6ecne.usaer rooqepeAHyro pa6ory rpaKroB (pnc. 2 n [1]):

qenr-QororuA rr rrleJrb-cr{creMa Br{3yaJrbHoro KoHTpoJrfl ;

rqenr-TV-uogcMorp;
JraMrra [JrocKoro floIq-u{eJlb;
rrcTorrHrrK cleKTpa cpaBHeHr,rr-u{eJrb.
Yaer cuexrpturbHofi rrleJrrr fiocrpoeH Ha 6ase craHgapruofi qeJrr{, co6pau Ha HecyqeM

xpoHu[eftne c SnanqeM u pacrloJroxeH onrro3r{THo no orHorrreHr.rrc x 6noxy cMeHbr
pexl{Ma; o6a ysra I{MeIoT OAI,IHaKoBoe Slauqenoe KpelJreHr,re B coocHbrx oKHax Koprryca
npurqelenofi qacrl{, upu Heo6xogI,IMocTI{ I{x MoxHo rroMeHrTb MecraMr{, y KaxAoro }r3 Hrrx
lpeAycMorpeua Bo3Mox<Hocrb peryJll{poBorraoro HaKJroHa BoKpyr ocrr oKoH. I-{eHr:p rqenu
JIexI{T Ha eroli oc[I, trro [o3BoJlf,er, He c6uBar rIeHTpa IIdeJrIr, orperyJrHpoBarb ee HaKJroH r{
orpa3rtTb ua4arotquli Ha Hee cBer B HyxHoM HalpaBireHr{ll. C erori xe ocbro oKoH coBla-
Aaer ocb HaKJIoHa neHTalpl,r3M, rrooroMy npu cMexe pexprMa pa6otlr ocrarcTc{ Her,r3-
MeHHbrMr4 paccrorHrre lr paKypc [pu3M ornocr.rreJrbHo rIeHTpa qem,r (pnc. 3).

Yron nepecraHoBKr{ [pr.r3M 27", Yror. HaKJroHa ulenu 13,5o. [uauaaou r,r3MeHeHr{fl
[pocBera uIeJrI4 uo IuupuHe or 0 go 0,4 uu; AHana3oH r{3MeHeHr{a rro Bbrcore o'r 0 go
4,0 uu, ycraHoBKa BpyrrHyro. Mexauragu qeJrrr B HoBoM BaprraHTe cocrr,rKoBaH c rrraroBbrM
ABI{raTeJIeM' qTO [O3BOJIfleT U3MeHrTb ruI4pI,IHy IIIeJIfi AIICTaHIII]IOrIHO; Ilpll STOM OAHOMy
uary coorBercrByer r{3MeHeHr.re mupr,rHbr ua 0,14 MKM; Bocupor{3BoAr{Mocrb - B [peAeJrax
oAHOTO Uara.

flepeg u{eJrblo Ha Koplyce rrpfiqeJreBori qacrra [peAycMorpeHo Mecro AJrfl y3Jra
croKcMerpa. flocnequrafi cua6xen HaflpaBJrqrculvrMu rt AB[rrareJreM c Br{HToBbrM Me-
xaHr{3MoM, rrro AoJrxHo [o3BoJrrrb BBoArrrb croKcMerp s cseroaofi [yrroK r,r BbrBoAr{Tb
o6parno ArrcraHrlr4oHHo.

Erox cseroSunrtpon fi 3arBopa pacloJroxeH 3a rrleJrbro. Ysen cseroQuarrpon co-
Aep)KHT vauKoo6pa3HyIo peBoJrbBepHyro oflpaBy c BoceMr,ro rHe3AaMr.r uog $nnrrprr,
yKperIJreHHyIo Ha BaJry luaroBoro ABl{rareJrfl n cua6xeuuyro crrcreMofi garvrnroo uo-
JIo)KeHHrI.3arnopou flBrlfl.ercfl. Uu[I,IHApuqecrufi o6rroparop, Koropurt yrpeuneH Ha BaJry
BToporo ruaroBoro ABlrrareJu r{ pacnoJroxeH BHyrpr,r rypeJrr,r c Surttpauz coocuo c uefi,
irro [o3BoJrHJro ABa orAeJrbHo peryJrupyeMbrx y3Jra - y3eJr su.nMpon u y3eJr 3arBopa -
o6t,eAr,rHlrrb B KoMlaKTHr,lfi o6quft 6nor. Clrena $utrrpon u pa6ora 3arBopa aBTo-
MaTn3I,lpOBaHbI..

Ocr 6noxa Qumrpon rI 3arBopa JIexHT B urocKocrr{ cuMMerpr4r{ cuexrporpaQa; s erofi
x(e IJIOCKOCTII JIexaT olTI{qeCKI{e Ocllt y3JIOB $Otoruga, JraM[r,r uJIOCKOTO rIOJIf, I{CTOrrHr,rKa
crleKTpa cpaBHeHlrfl LI OIITI{KI,I TV-uogCuorpa. Bce oTr{ ocrr flepeceKaroTcf, B rIeHTpe rrleJrr{
locJre I{3JIoMa Ha 3epKaJIaX II B [pI'I3MaX, a CaMII O[Tr{rIeCKLIe y3Jrbr pacfloJrox<eHbr
oeepoo6pasHo BoKpyr y3Jra IrIeJrI,I. Onra rce cna6xenrr rccrr,rpoBorrHbrMrr r.r KpelexHbrMr{
gJIeMeHTaMLI u yKpelJIeHbI Ha Kop[yce nprarqenenori qacrr{, Bce eru y3Jrbr B 6onuueri unr
uenrrueri uepe BABI{HyrbI rlepe3 coorBercrByrcrq[e oKHa Bo BHyrpeHHrcK, uoJrocrb
Kop[yca flpuqeJreBori vacrr.r, Ho r{x Kpe[exHbre Qnanqu HaxoAsrcf, cHapyxu, trro

Pnc.3. flpuuleJleBa, qactr. flouepevnufi pa:pes ($parueur pa6oveno ueprexa). Pacnoloxenue y3Jra rqenu 1a

6loxa cueisr pexurrla pa6oru B oKHax Kopnyca npurqelenoft vacru
,1 -ysello{.etui2-6.ttoxcuenupexuMa; J-6noxQunrrponr{3arBopa; 4-ysetcroKcMerpa;5-xopnyc,

(Yger ueru u croKcMe'rp - flepnufi napr.rarrr roHcrpyxqur.r.)
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Pltc. 4. Yser AI{aroHaJrbuoro 3epKana. BueurHHfi sug Prc. 5. Y:el KoJIJIHMaropHoro 3epKara

so3BoJlfler rlo6oft I,I3 Htrx rrr3BJreqb, He Hapyurafl rccrl{poBKlt ocraJlbublx, Kopnyc flplrule:
JreBor;r qacru npeAcraBrser co6ofi ToJlcrocreHHylo Kopo6Ky I,I3 aJrIoMIrHI,IeBoro c[JIaBa,

cocTblKoBaHHyro II3 AByX [oJroBI{H rr cI,IMMeTpLrqHyro oTHocIrTeJIbHO IIJIOCKOCTI'I CTbIKa.

Kporvre Mecr KpelJreHrrfl onrr{qecK}rx y3JroB, Koplyc I,IMeer IJIoITIaAKI,I AJL cTbIKoBKE ero c
KoprycoM creKrporpasa.

Bropofi [o xoAy cBera qacrbrc c[eKTporpa+a f,Brflercq ygeJr Al{aroHailbHoro 3epKaJIa

@nc. 4), OH cocrour LI3 3epKaJIa Ha c[afiAepHofi nognecre, ocl{oBaHl{fl c Slauqeu u

crrcreMbr K)crupoBorrHo-Kpe[exHblx BrrHToB. ,[eram co cnarlgepaMl{ I{Meer cHapyxu c$e-
purrecKyro rroBepxuocTb, I{eHTp rotOpofi cOB[aAaeT c IIeHTpoM 3epKaJIa. 3ta cSepa
UOKOIITC{ B KOHUTIECKOM THE3AE OCHOBAHI{' I'I MOXET B HEM HAKJIOHflT6Cfl NOA

Bo3AeficrBr4eM Br,rHToB oKoJro rpex B3arrMHo rlepneHAlrKyJrflpHblx oceft. flocryflareJlbHo
BAoJrb orr,rx ocefi 3epKaJro Moxer rrepeMerrlarbc{ BMecre c ocHoBaHueM. ,[ocTyrt K B]IHTaM -
qepe3 Hr.DKHlrIl nrOx Kop[yca cnemporpa$a,3aKpblBaeMuit lerrotlt xpuurxorl.

Tperra Kpy[Has qacrb - gro y3eJr KoJrJrrrMaropHoro 3epKaJra (puc. 5). Ott coAepxuT

3epKaJro B orrpaBe, nur$peeeponaHHofi 3aoAHo c ocHoBaHlIeM Ir cBs3aHHofi c uocJreAHrrM

nocpeAcTBoM locTrlpoBorrHo-KpelrexHblx BIIHToB, LI ABe [pocTaBKII, IIO3BOJITIOq]Ie AII-
cKperHo cMerrlarb 3epKaJro B r{anpaBJreHur,r SorycrapoBKl,I flpr{ HeAocrarorrHocrl{ xoAa

rocTr{poBor{Hhrx BuHToB. 3epxalo 3aKpe[JIeHo B o[paBe qepe3 TepMoKoMrIeHcaTopbI.

Kolnur"raropHoe 3epKaJro pac[oJroxeHo Ha cBo6oAHoM KoHIIe caMofi AJILTHHofi KoHcoJII{

cfleKTporpa$a - KoJIJII,IMalropHoIi tpy6u, AeSopMaIIu[ xoropoft BecbMa cyuIecTBeHHo

3aBficur or Beca y3Jra 3epKaJra. flo erorl [puql{He rtprllxJlocb rlo Mepe Bo3MoxHocru
o6fler.rarb KoncrpyKr{r.rrc. y3ert cocr.or.rr rr3 MuHI{MaJIbHoro qIlcJIa AeraJrefi, Ho Aocrl{rHyro
oro rleHoro coBMerrlenr{s Qynrqr,rfi HeKoropbrx I,I3 HrIx, 3eprano I,IMeer Irrecrb creneHefi
pBo6oAbr, cBr3brBaeMbrx AeBrrbro rocrEpoBouHbIMLI BI{HTaMr, Tpu Ir3 HHx nepeMeularor

OrrpaBy c 3epKaJroM B rrep[eHAr{KyirrpHblx OfiTIIqecKofi ocI,I Ha[paBJreHI{rx; Apyrfie rpI'I
napbr.Br{HToB cM-erqaror onpaBy BAoJrb ocrr, a raK)<e ocyulecrBJrslor ee HaKJIoHbI. B3arrMo-

CBT3aHHOCTb HeKOTOpbrx rOCTupoBOqHbIx AB[xeHI4fi COegaet Ir3BecTHbIe 3aTpyAHeHI'Ifl [p?I
rocrrrpoBKe r,r coKparqaer Ar{arra3oH Qoxycr,rponoqHoro [epeMeIr{eHI{JI 3epKaJra Ao 6-8 MM.

,., 3anoxenubre B KoHcrpyKrlr,r[ [pocraBKr,r Ao[ycKarcT $orycuponotlHoe cMeuleHlre Ao

2G;30 t*lu,

..,Bce orr{ flepeMerrleHrlfl r{Meror csoefi qemro oAHopa3oByto KoM[e]Icaqnro ouru6or
r,r3roroBJreHr{fl MexaH[qecKr.rx AeraJrerTr u eeprana; Iocrl{poBKa 3aBepuraercrl [JIorHbIM

3arrrrrBaHr{eM Bcex Br{HToB. Kpor're rocr{poBorrHofi SoxycupoBKl{, c[eKTporpa$ IlMeer

Sorycnponxy eKcrrJryarar{r{oHHyro, MexaH}r3MbI xoropofi pac[oJro)KeHut y rauep; $o-
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Puc.6. Yser srxeJrne Pr.rc.7. Yser npr3M6r

Kycl'IpoBaHile [poI{3BoAHTc, IIyTeM [epeMeIIIeHHfl [pIIeMHLIKa CCD. Bosnnxarorqve rlpu
.9TOM 3a Cqer 3a3opoB HaKJroHbI rlJrocKocrr{ Marpr.Irlbl HeBeJrI{KI{, a [O[eperrHlle cMeIr{eHI,IJI
ee orHocl{TeJrbHo I43o6paxeHrlt Ilpl.rMepHo paBHbr BeJrr,rrrr,rHe 3a3opa Ha HarrpaBJrf,rorq[x
MexaHlr3Ma, CootnornenHe pa3MepoB HaIIpaBJrsroqI,Ix H QoKycHbrx paccrosHr.rri TaKoBo,
aITo npll [epeHeceHIrI'I Toro xe MexaHI,I3Ma oofyc[poBKr,r Ha KoJrJrr,rMaTop cMerrleHrae ]r3o-
6paxeuzx 3a cqer 3a3opoB I{ HaKJroHa 3epKaJra Mouro 6rr crart Ha [opsAoK 6onrme.

flpn orpauurreHHblx rexHororutrecKr.rx Bo3MoxHocrflx rpyAHo rroBbrc[Tb rorrHocrb
HarIpaBJrflrcIrIHX; AOCTaTOaIHOe yBerr{qeHr,re AJr[Hbr HalpaBJrrroqrrx BeAer K 3Haqr{TeJrbHoMy
yBeJrI{tIeHI,trc BeCa; Ha[paBJrr]oqr{e Ha y[pyrux gJreMeHTax cJroxHbi B r,r3roroBJreHuu vr
o6bI'IHo I{MeK)T He6onruroli AI{a[a3oH rrepeMerr{euuri. 3ru H Apyr[e o6crosrentcrua
3aCTaBI{JIII oTKa3aTbcf oT pa3Melllenraa pa6overo QorycupoBorrHoro MexaHrr3Ma y KoJr-
Jrr{MaTopHoro -3epKaJra.

Yser xornl,IMaropnoro 3epKaJra Kpertr,rTcq x $naHqy KoJrJrlrMaropnori rpy6rr cleKTpo-
rpa$a u 3aKpbrBaeTcs ailtoMuilvteBbrM KoxyxoM.

tfe:rreptrru arperaroM cJreAyer cqr{Tarb y3eJr grrreJrJre (puc. 6). B cnoerra cocraBe oH
I{Meer glrreJlJre n onpade, MexaHu3M ToHKoro ABu)KeHlrq, [pocraBKy u uecyqr,rri Kopnyc.
Ils Quxcaquu gIrreJrJIe orHocureJrbHo orrpaBbr rrprrMeHeHbr peryJrr{pyeMbre
'yHrIBepcaJrbuue ouoplr-KoM[eHcaToprt. Mexaru.I3M ToHKoro ABH)KeHr,rfl ocyqecTBJrfleT
HaKJroHbI gIrreJIJIe oKoJIo ocl{, Jrex<aqerf s urocrocrr{ rurprrxoB rr napaJrneu6rott r.ru.
flpeqlrsnonuafl ocb KaqaHlrlr peaJrrl3oBaHa.[ocpeAcrBoM AByx rotrHbrx urapuxon, Jre)<aulrrx
B KoHr,rqecKr{x JryHKax olpaBbr orrreJrJre r,r Hecyqero Kopflyca,

,(nx ravaur'r, SIrreJIJre [pI{MeHeH apKcr.rHycHbrrir uexaur,rgM c Br.rHToBorl napofi. B
KaqecrBe rotrHoro BI{HToBoro MexaHrI3Ma I{crIoJrb3oBaH craHAaprHblrl uuxpolvrerp. Buur
rrepe3 nrrl{creleHuyto uySty coeAI,IHeH c IrraroBbrM ABr{rareJIeM. Ognouy urary,
coorBercrByer [oBopor glrreJrJre ua l" \truua rrJreqa MexaHr,r3Ma 120 rr.tr. flr,ranasou
'HaKJroHoB SrueJIJre - 6", \ttt, o6ecue.reurafl flocrorHHoro KoHTaKra sunTd r{ onpaBlr
ycraHoBJreHbl ABe IlpyxfiHlt. flonepxHocrf,Mll KoHTaKTa rBJrtrrorc, flpeqlr3r,roHHrrfi :ropeq
MI4KpOMeTpeHHOTO BIIHTa LI nOJrUpOBaHHag [oBepxHocrb roqHoro Ilrapl{Ka, HarJryxo
3aKpeuJreHHoro Ha o[paBe grrreJrJre.

Kax r{gaecrHo, upr{MeHeHnrtri :gecr, MexaHr{3M o6nagaer Henr,rneriHocrrro:

Ao = arcsin(A1.1/R);

ogecr ACI - np[parrleHr{e y"iu ,a*nora, R - g;ruua rleqa MexaHr{3Ma, AH - npupauleHr,re
Karera, 3aAaBaeMoe nrantosoli uapofi. Ho n upegenax ne6onuu[x yrJroB n6rrasu rorrKr{
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Pnc. 8. O6lexrrBbl KaMep/ = 1000 rur''r u,f = 2000 ut'.r

Pnc. 9. Mexann:u QOrycuporrrkar.aep c 6afiosernr,Iu rHe3AoM u 6afrosernuft $laneq npuer"rnuxa CCD

neperfi6a cr{HycorlAbr HeJrr{HeriHocrb SyHKTILIu MaJIa. 3To coorBercrByer noJrox(eHuK,,

KorAa dcb BrrHTa rrep[eHAr,rKyJUIpHa nfieqy, rrro I,I BbI[oJrHeHo B peaJIbHoM MexaHu3Me.

Kporrae Toro, HeJruHeftHocrb B AaHHoM KoHKperHoM cnyqae Lre rBilrercfl cyIqecrBeHHbIM

HeAOCTaTKOM, IOCKOJTbKy 3AeCb rJraBHoe -.EoCIIpoI'I3BOAIIMOCTb [OJIOXeHI',If, SIIIeJIJIe IIpU

rroBTopeHIII{ HOMepa IrMlyJlbca.
yser e[rerre xpenrarcx Ha errreJrJrbHoM KoHIIe KoIIIII{MaropHori I4 cpeAHeri rpy6 Koplyca

cfleKTporpa+a rr 3aKpblBaerct aJIK]MI'IHrreBbIM KOxyxoM.

flqrofi KpyIIHoft rlacTblo creKrporpa$ a flBllfleTcfly3eJl rpI'I3Mbr (prc. 7)' Stor arperar
coAepx<IrT cneKTpanbHylo upI,IsMy B O[paBe c TepMoKoMIIeHCaTOpaMU, M9XaHU3M TOHKOTO

ABTDK9HE1, BepTJIIor, MexaHII3M rtepeKrIloqeHrrfl pa6OTbI KaMep II Hecyqee OCHoBaHIIe.

3gecl ronxarcqufi MexaHlr3M c MI,rKpoMerpoM I,I uap[KI,I B KatlecrBe [oAIrrlIrIHrrKoB Te

xe, qTo II B IIpeAbIAyIIIeM y3JIe, Ho AaIIbIue yHu$I'IKaIII'If IIe pac[pocTpaEfleTcfl, ecJlu He

Crrr,rTaTb KoIITaKTHOTO mapl{Ka, KOTOpbIft TaK xe yKpelJIeH Ha OlpaBe u TOxe Ha

paccrorHtrr{ 120 rrar'r or ocr,r ra.raHr.rs. [uanason HaKJroHoB Irprr3Mbl - 2o, Taxuu o6pa3oM,

3[eCE [pIIMeHeH TaKOfi xe MexaHII3M C TeMI{ >xe [apaMerpaMn' T.e. OIHOMy I'IM[yJIr-Cy

cooTBercTByer HaKJIOH rIpI'I3MbI Ha 1".

flpusua n o[paBe rr Mexaurr3M ToHKoro ABrDKeHIrtf, co6paHbl Ha BeprJllore, Koropbllf
Moxer [oBopaquBarbcf, B rroArrrlruHuKax Hecylqero ocHoBaHI,IrI Ha 180" or y[opa Ao ynopa'

upuqeM ocb [oBopora coBuaiaer c ocbro cpeAHefi Tpy6bl Kopnyca crleKTporpa$a; I{HarIe

ronopf,, ocbro rroBopora flBJrflercfl 6r,rccerrpuca yrJra MexAy ocflMlr KaMep uJrlr MexAy

ocrrMlr KaMepHbIx rarpy6KoB Koplyca creKrporpaQa (puc. 1). B peoynbrare TaKofi

[epeKJraAKr{ nprr3Mbr BbrxoAsrque r,r3 Hee cBeroBble rlyqKlr HaflpaBJlflrcTcfl ]trrrdo B JreByto,

nu6o n ilpaByro KaMepy cnertporpa$a. 3ro [epeKflIoqeHue KaMep [poIr3BoAlITc, alepe3

ueiprauuurl MexaHu3M nyTeM BpaIIIeHIIf, BbIBeAeHHrIx Hapy)<y pyKorToK
IloArrpyxrlHeHHoro qepBfl Ka,

Yien upusubl KpeuIITc, Ha Kop[yce creKTporpa$a y rplr3Meuuoro KoHI{a cpegnefi

rpy6rr u 3aKpblBaerc, aJIroMI,IHIreBbIM KO)I(yXOM.

Cnegyrorque ro xoAy cBeTa KpyrHble qacrl,I - o6'beKrI,IBbI KaMep (puc. 8). Koncrpyrql'Ia
o6oux o6'beKTuBoB cxogHa: ry6yc c rJraBHbrM 3epKaJIoM B rHe3Ae c KoM[eHcaropaMl{ I{
BTopuqHoe 3epKaJIo ua cuaftgepuofi [oABecKe, a MexaHu3M $oxycuponrur ynuQuqr'rponau.

flocneAnrafi lrcrroJrb3yer [Be B[HToBbre flapbr 6omruoro ArlaMerpa - [paByrc u JreByIo -
C 3a)<uMaMlr, KOTOpbre [O3BoJr{rOT yMeHblrraTb lro$trr B [?pax B[JIoTb AO IOJIHOTO

croflopeHr.rfl. ,[uanaaox $orycnponru *7 urrr, rleHa AeIIeH]L IrrKaJIbI $orycnponxn 0,05 tuu.

Ygen saraHq1tBaercr, 6arionernrru coeAr,rHenrreM c IrocaAoqHbIM rHe3AoM rroA npI{eMHuK

{
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Puc. 10, Kopnyc cnexrporpa$a B JroxeMerne

CCD' B KoHcrpyKIII,IlI coAepxarcq ABe cr{creMbr Br.rHToB AJu rocrr.rpoBKr.r o6LeKTr.rDa
orHocr{TeJ[,Ho ocHoBaHrrf, y3Jra I,r [prreMHraKa orHocr.rreJrbHo 6arionera (puc. g),

Kpenxrcx y3Jrbr Ha Snauqax rauepuux narpy6ron Koplyca cnerrporpaea.

Cucreua BI'I3yaJIbHoro KoHTpoJIfl [oroxeHr.rq 3Be3Abr Ha rr{eJrr,r [peAcraBJrier co6ofi
xecrKylo rpy6y MaJIoro AI,IaMerpa c AByMfl orrlrtrecKr{Mtr c}rcreMaMr{ BHyrpr,r, Koropa,
I{MeeT BO3MOXHOCTb [epeMelrlaTbcr r,r ycraHaBnr,rBarbcf B oAHoM H3 TpeX pacrreTHbrx
nonox<euuri, AJrfl rrero.cHa6xeHa HanpaBJrrrorqnuu n SurcupyrcqrlMr{ er"renrintr. Tpy6a
nepeceKaer cseronolt IIyqoK Qo:rornga rI flJrocKocrb crrMMerpr{il c[eKTporpaSa-nog
lprMbIM yrJroM, ee oKyJIrpHbIe KoHIILI BbrBeAeHbr r,r3 Koplyca cfleKTporpa$a .repe:
HalpaBJrrroqlre BTyJrKrr,

Kopnyc cleKTporpa$a npegcraBJlser co6orl 3epKarrr,Ho-cr,rMMerpr.r(rHyro flpocrpag:
crBeHHylo KoHcrpyKrlr.uo cloxnori xou$urypaquu (puc. 10). Hnxnz, (racrr, xopuyca
rr3roroBJreHa u3 craJrbHrrx rpy6 Q 220 uu c roluluuofi creHKr{ 3-5 r,au. '3ru rpy"6u
o6pesaurr, cocraBJreHbr r{ cBapeHbr Mex<Ay co6ofi rarrr"l o6paaou, .rro pacnolo*"rrr" ,*
ocefi n lpocrpaHcrBe coBlraAaer c [pocrpaucrBeHHbrM pacloJroxeHr,reu ocerl uraBHbrx
cBeroBblx rIytIKoB cuexrporpa$a, r.e. tpy6t'I coocHbl rtyqKaM. ,[na nonrrureHr{{ xecrKocrr4
cpaBHI{TeJrbHo roHKocre_Hul,tx rpy6 BHyrpI,I HI{x B HyxHbrx Mecrax BBapeHbr KoJrbrleBbre
IunaHroyrbl ronlquuofi 5 uu, uonytHo cJlyxaque 4r,ra$parr,,raMr{ orpaHr{qeHr{, cBeroBbrx
rIytIKoB. Tpy6lr oKaHtlllBalorca Slauqauu qrra xpeunen[fl coorBercrByroulrrx orrrrrKo-
MexaHI4r{ecKI{X arperaToB I{ rIX CBeTO3aIqUTHbTX KOXyXOB; HeKOTOpbIe cTbIKOBOaIHbIe
[JrorrlaAKrr npr.rB apeHbr K rlr.rfir,rHApr,rqecxolir uonepxnocru rpy6.

Cnepxy x eT oli tlacrlr Kopfiyca npl,rBapeu xonycoo6pa:nrrfi pacrpy6, usroronnenuufi lrg
craJlbHoro rucfa ror[Ilrnorc'5 r'lu.,K tuupoxofi qacru pacrpy6a npuoapeu Snaneq @800
MM AJIfl npI'IKpelJIeHI,I{ cneKTporpa$a r:renecrony, Pacrpy6 nrrleer ABa 3aKpr,rBaroqrrxcrr
KpLIIIIKaMII JIIoKa AJII AocTyIIa K c[eKTpaJlbnori tqenn, a TaKxe oTBepcTr{, AJr, 11poxox-
Aeuua rpy6 ct{creMbl Brr3yaJlbHoro KoHTpoJrr, $ororuga r{ oJreKTpr{qecrlrx ra6enefi.

fira ylvrenr,ureHl{f, Beca npr.r6opa ra o6ner.reHzr Aocryna K ero y3JraM xecrxnri cranruori
Kopnyc AoBeAeH TOJTbKO AO IIX [OCalOaIHbrx Mecr, a caMu y3Jrbl 3aKpblTbr JrerKoc.beMHbrMl{
arfoMr,rur.reBbrMr{ KoxyxaMu. Cgnuecruo c KpbrruKaMH rr KoxyxaMrr Kop[yc cuexrporpa$a
BbInoJIHrer cBero3alrlllTuue Qyuxqul{; Bce crr,IKI{ 9Tr{x I{3AeJrI{fi cua6x<euut cnerostrMl,I
na6upranraur.r.
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Pnc. 11. CnexrporpaQ nepeA ornpaBKofi sa Jla-flalrua

cnapyxll Ha Kopflyce yKperrJreH BbrHeceHHbIIi 6nor elerrpoHuK]I (pnc' 11 n 12).

Jlox<er"renr c[eKTporpasa npeguasllatleH AJIfl 3aII+{Tbl npu6opa [pII MOHTaXe u

geuonraxe ero Ha reiecxoue, 11p]I TpaHcIIopTupoBKe u xpaHeHI{I{' a TaK)I(e A11' yAo6crBa

HanaAKrr cfleKrporpaQa r na6oparbprurx-ycrrour"*. Jlbxer'lenr rpeAcraBJ,er co6ofi

cBapHyro ryy6uiryro xbnmpyxquro ,n rrMeer ouopHoe KoJIbIIo, 3au{IlrHyrc paMy' eJIeMeHrbI

KpenJIeHI{fl creKTporpaoa u rpy3oBble upoylullHbl'--'Surqrr""re 
eymqnr Hecyr raKxe KpbIIrrKI.I KaMepHbIx [arpy6KoB ]I rpy3oBar KpbIIxKa

c pbrMaMI{, yKpeflJrfleMa, Ha ocHoBHOM olaHIIe cnerrporpasa'
'Ia6apurHrre pa3Mepbr cnexrporpasa B^JIoxeMeHre (Ipu cHrrofi cltcreMe BII3yaJIbHoro

KoHrpo;f, u Oei npuel1rruxoa) 22-OOx gOOx900 r'ar'l. Pasueprt a pa6oveu cocrof,Hrrl{

2100 x 1400 x 800 r'au'

3anepmar eror o6eop, xoTeJlocb 6rt eule 3aTpoIIyTb HeKoTopble Bolpocbl o6ulero

xapaKTepa.^n 
"rry 

pfl[a ,,puquH 3AecE He. orpa)KeHbl pe3yJlbrarbl MaKerI'IpoBaHr{f' rIcnbITaHI{'r

*or"tpy*r{rft lr nplrnleueHuq MareMaTl,IqecKoro aulapaTa - cTaTbfl HOCI{T Olll{Carelblftrft

,upu*r"p. BnpouLrra, upoBoAuBrrr,ecfl gKc[ep[MeHTbI n 6olruruucrBe cBoeM [puM]rrIrBHbI'

a 6orblxafl alacrb pacqeroB AocrarollHo rpI'IBI{aJIbHa'

3gecr TaK)I(e MaJro cKa3aHo o HaAexHOCTU lI3AeJI[fl I,I O npeA[pI{HrTbIx [onbITKaX ee

rroBbIIIIeHI{fl C [oMOIIIbIo prAa KoHcTpyKTOpcKlIx [pIIeMoB' He raCxilrO'IeHO' IITO

HeKOTOpbIe II3 HI,Ix ,anrUrrr, - CKa3aJIuCb "Op6utalruO-KoCMIHecKI{e" uepeCtpaxoBorlHble

"p"r"i'i"" 
paepa6orviaKa' KoHeqHo' eror creKTporpaQ: uagenue He B 6oprorou

[c[oJrHeHun, Ho, Br,rAr,IMO, ero cToftKocTb IIpoTI'IB AeIOCTIIpyrcqux Bo3AeficTBI4fi OKa3aflacb

AOBOJIbHO BbICOKOfi,,AOCTaTOqHO BCIIOMHI{Tb ero MHOTOqUcJIeHHbIe [Orpy3KII II BbIrpy3KI'I

no ,yr, 1a3 KpbrMa na Jla-flaurua - B r.rx qucrte neperpy3Ka C oAHoro cyAHa Ha Apyroe B

Arlauru.recKoM oKeaHe! - [ocre Koropbrx, oAHaKo, nalr ne [orpe6oBaJlocb Boc-

CTaHaBJIIIBaTb IOCTlIpOBry. Ha TeJIeCKOIIe HaIII aflflapaT UCIIbITbIBaJIC{ IIHTeHCIBHO I't

BCecTopoHHe; pByJIbTaTbI 6bulu BTIOJTHe yAoBJIeTBOpI4TeJIbHbIe'

To.rHogrr Mexan[.r;cKr.rx getanefi cnerrporpa$a, ,srotoureuHblx B MacrepcKofr o6cep-

BaTOpI{}I, OTHOCITSJI6HO HeBbICOKd. O4narO B OrIylCaHvtLr MeXaHI'I3MOB yIIoM14HaIorCt

ceKyHAbI rr Aaxe AoJTII Mr,rKpoMeTpa, Paayueerca, 9TO KI{HeMaT[qecKag TotIHocTb, 6e3

yrrera Bo3MoxHbrx geQopMiquft, isuoca lpyquxcfl noBepxnocrefi Ia np. Teu ne MeHee

p"UrUrUt TOIIHOCTb gOCratO.rUO BbICOKa. 3rO gOCtlrraeTc{ TeM, IITO BflUf,HUe HeTOqHO

I3TOTOBJIeHHrIX AeTaJIeIt [paKTI{qeCKIt }ICKJIIOqaeTC, [pI'IMeHeHileM B OTB'eTCrBeHHbIx

';
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Puc. 12, CnexrporpaQ r pa6oueu noJroxeHuu Ha

HopAux-reaecxone

MECTAX TOTIHbIX CTAHAAPTHbIX I,I3ACJII,III _

MI,IKpOMeTpOB, rrrapr,rKoB, rrleJrrr, [raroBbrx
ABr,rrareJreri u IIp.

YHnQuraqux oJreMeHToB vs1enrvrs, Hapsfly
c yrroMrHyTori npz onucaHr,rr{ rJraBHbrx afpe-
faToB, oxBaTbrBaeT TaKxe Bce ocHoBHbIe
AeraJru Kox(yxoB r{ KpbrrrreK. Ynu$uqupo-
BaHa KOHCTpyKI{LIfl .AarqI,IKa IIOJIOX<eHV[I, ruVr-
poKo npr{MeHf,rorqerocfl Bo MHorHx y3Jrax

cleKTporpa$a, a rarxe KoHcTpyKrIlu Ko-
HeITHOTO BbIKJIK)qaTeJIt, KOTOpbTM CHa6Xe-
Hbr [orrru Bce MoropHbre lpr{BoAbr. YnuQu-
rllrpoBaHbr HeKoTopbre KoMleHcaTopr,r r
rocTr,rpoBoqHbre 9JreMeHTbr,

I,I erqe acueKT - ocrerlrKa. O.IeHL .racro
BHerrrHr.rr? oug uayuuofi amraparypbr He upu-
HLIMAETCfl BO BHI{MAHI,IC - HC 3TO TJIABHOC.

Kcraru, He raK [pocro go6nrrca xorr
xarofi-ro sanbpurenuocru, Korga Ao[oJr-
HHTeJrbHbre tpe6onanua K r,rHcrpyMeHTy 3a-
qacTyro Bo3rII.rKaIoT B flpoqecce flpoeKTr,rpo-
Ba}llrg, AaXe Ha CTaAIII{ I,I3rOTOBJIeHrI,, a TO rr
npLI oKcrJryarar+ur. B cnyvae cnexrporpa$a
TaKr{x HeoxuAaHHocrefi 6rrlo MaJro; oAHaKo
TpyAHo oxorAarb, Ka3aJrocb 6rr, gaxe eAr,rHo-
o6p azw. oJreMeHToB, ecJrrr [poeKT[poBaHr{e
BeAercs "MerogoM [plrcrblKoBKu". TeM He
MeHee yAanocb r.rs6e)Karr, oKJreKTrrqHocrrr, cKopee Bcero rroroMy, rrro rrorrrr.r BCq
KoHCTpyKr{rq cfleKTporpa$a 6r,lna pa:pa6oraHa oAHr.rM KoHcrpyKTopoM, B oAHoM crr{Jre.

f.sruas. apxal{tlHocrs gIa:aliHa, u3rLIUrHq, "sarpyr.neunoc'rr" o6tscHrrorcq He roJrrrKo
BeCLMa CKpOMHEIMII BO3MOX<HOCTTMII OIE,IT]IOrO [pOTI3BOACTBa II I,I3HarIaJIr,HbItr{ r.r3O6uII4el'{
Kpyrnblx gJIeMeHToB Kopnyca, Ho I,I crpeMJreHr{eM gnsar)iuepa ocraBr{Tb KaK Mo)KHo MeHL,ure
ocTpbrx yrJroB B rrorryMpaKe [oAKy[orr,Horo [pocTpaHcTBa TeJrecKo[a.

Cnextporpa$ orpaureH B cBe'r'Jrr,re roly6ue roHa, rapMoHr,rpyloque c orpacrori
TeJrecKoIIa. Pyvusre opraHbl ynpaBJreHrrfl - 6apa6aur,r $orycupoBKrr, MaxoBr,rarKrr
nepeKnrctIeHI,Iq KaMep II pyKorTKI,I flepecTaHoBKrr rroAcMoTpoB - r,rMe[oT xopoIIIo 3aMeTHyto
vepHo-6enyro orAeJrKy. Jlox<euent I{ Apyrr{e cr,eMHr,re BcrroMorareJrbHr,re ycrporicrna
oKparxeubr n x<emrrr? qner.

B 3auro.teulre aBTop crll{Taer cBor{M Aoirroi"r BErpa3prl'b npir3Harenbnocrr, B.I,I. IIpo-
tl.vKy Lt A.E. Eyra.ry 3a Aonroe r{ nJrogorBopHoe corpyAHr,rrrecTBo B pa3pa6orKe
crleKTporpaSa, A.B. flo,rronolosy n JI.M. Hanononorii 3a KotcrpyKTopcKyro [oMotrlr,;
HaAo orMerlrrb raK)<e orpounr,rrii tpygoroir rrnag B.I4.'XrrpoBa, A.II. B.nacosa, 3.B. Kan-
cyAI{Ha, A.[. IIIanoruHI{Ka Ir Apyrlrx pa6oruuror MexaHr,rrrecKor? lracrepc<ofi r co:gauue
HoBoro yHr{KanbHoro upr.r6opa.

Maii 1992 r.
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3ItrEJIJIbHhtrft CfIEKTPOTPAO COOUH
III. CIICTEMA ABTOMATIIIIECKOTO YIPABJIEHI'Ifl

A.E. EYxau, JI.O. 3lornuxor

paspa6orana cusreMa ynpaBneHlrfl oIueJUrbHbrM cnemporpaQoM, no3Bonflrot{a, KaK B aBTOMaTI{qSCKOM

(6ee nrueurarer""rra on"puropa), rax II ,B pyqHoM pexHMax ynpaBnrTb BceMI{ ero y3naMl{. cncreua

o6ecneqlrnaer aBToMarurrecKyro ycraHoBKy saAaHHoft o6nasru crleKTpa' yAepxaHlre uao6paxeuur 3Be3Abr Ha

,q"rr, ,r"g"rue neo6xoglll*lrrx'Qumrpon, yflpaBneHl{e'3arBopoM, nepeBoA B pexuM TB-nogctrlotpa u

xalu6porxu, ycTAIIOBKy Tpe6yeuOfi urlrpunrr qeJlu. BHcoxag HaAexHocrb pa6orrr crsreuu Aocr[raeTcs 3a cqe'r

prAa cxeMHO-T",a*O'rO"rr"a*llX OcO6lnnOcrefi, CnequalrHO paSpa6OranuOft xOnrpOlrnO-uCnrrra'renrHOfi

annaparyp"l Ir MeroAr{Kr{ ficnurau[ftr Cronpoqerrruoe Ay6JIrrpoBaHIre rlo3BoJrrer npol{3BoArrrb peMoHr cl.greMbl

ynpaulen"r B MaKcr.rMaJrbHo cxarbre cporu. Buco4ne eKcrlnyarallrloHHble I{ MerpoJlor[qecKrle xapaKTepI'IcilrKI'I

no[TBepxAeHEI B pe3ynbrare ucnstranufi sa 2,5 lr NOT renecxone s La Palma'

THE ECHELLE SPECTROGRAPH SOFIN. III. THE AUTOMATIC CONTROL SYSTEM' D1A.B. BUKACh'

m.iiitiifri.ii- uoto.utic control sysrem of the spectrograph,which.allows to drive all its units both in fully

automatic and manual Ways has been dlscribed' The spectrograph has been.mounted on 2'5 m NOT La Palma

i;i;;;;pr and requires no duty operator. The control qystern gives a set of possibilities:_to hold up the stellar imageon

the slit, ro install necessary titris anA spectre interval, to operate the shutter, to ule TV monitoring and calibration

;;;;;6 ,.ty the width oi slit by some built-in functions of the system automatically. High reliability of the system

has been reacired by means of realization of new ideas in equipment and methods oftesting and some new ways of

cii"uii irginee.ing and technology, High technical characteriitics have been confirmed during use of the spectrograph

with NOT La Palma TelescoPe.

IIocraHoBKa 3aAaqn rlo y[paBJrerrrlrc c[exTporpaQoM

Koncrpyrqr,rlr r{ MerpbrorntrecKr{e xapaKTepucrllKfl Bo MHoroM onpeAeJrrlorcfl TIITIOM

flprrMerrreMblx gJIeKTponpIIBoAOB rl ClIcTeMofi ]Ix ylpaBJlegus. IIp] pa3pa6oTKe cIIcTeMbI

aBTOMaT[qecKoro yupaBJleHuf, c[eKTporpaQor"r 6rrno Heo6xoA[rMo peul{Tb pflA

;"**;ffi'f#lL*"rrre 
u ycraHoBKy c neo6xo4r,rMori rorrHocrbro pf,Aa orlrl{trecKrrx

eJTeMeHTOB B 3aAaBaeMoe AI{CraHIII'TOHHO TIOJTOXeHI'Ie;

- O6eCneqLITb AI{CTaHIIIOHHOe y[paBJIeHIIe JIaMIIaMI{ CneKTpa CpaBHeHut }I IJIOCKOTo

roJIF;

- o6ecne.rurb aBToMaru.recroe yAepx(aHl{e l,I3o6paxeHl{f, 3Be3AbI Ha rrIeJII{ cneKT-

porpaOa;
- tIcKJIIoquTb u3 BHyTpeHHfiX [OJIocTeri CnerrpOrpa$a gJIeMeHTbI C 3HaqI{TeJIbHbIM

TelroBbrAeregueM Bo LI36exaHrIe rtcKa>Ken:as,I,I3o6pax(eHuf, KoHBeKTI{BHbIMI{ rIoroKaMII;

- o6ec[e.r[Tb BbrcoKyro cra6r,urbgocrb r,r HaAexHocrb pa6orbl B >KecrKux reMllepa-

TypHo-Knl{MarullecKllx ycJroBrrrx.
- -gg 

pe*"Hr{fl er}rx 3aAaq 6bur co3AaH pflA opurLIHaJIbHbIx ycrpoficrB' qacrb Koropllx
3arr{uqeHa [aTeHTaMI'I.

.CtpyKTypacl|greMblaBToMaTIIqecKoroy[paBJIeHIIflcneKTporpasoM

SneXtpOlvrexaHIIueCKlI CI{CTeMa yIIpaBJIeHI{t C[eKTporpaQOM IIOCTpOeHa Ha IIIaTOBbIx

rrprrBoAax, IIc[oJIb3yIouIIIx AB]IraTeJIu C BoJIHoBbIM peAyKropoM TI{[a [BUI' Brrcorrae

oJreKTpoMexaHurrecKrre xapaKTepucrlrKlr ABlrraTererl cepl{u EBIII tl] AaJrrr'Bo3MoxGocTb

flocrpor{Tb crrcreMy yrrpaBJreHr{r crleKTporpa$oM 6es nprrMeHeHu, cJIoxHbIx. o6patnrtx
cBr3;ft, pegyKropo;, npeo6pasoBareJleft yrJIoBbIx JIlIHeIiHbIx nepeMeIIIeHI{fi rI fipyrux yc-

TporlcTB, TpaAIIqUOHHO [pr{MeHseMbrx B [peqI'I3r(oHHbIX gJreKTpoMexaHI{aIecKI'IX npuBo[ax'
' 

Ha prac. 1 [peAcraBJreHa o[Tr{Ko-MexaHr{qecKilf, cxeMa cneKTporpaQa, rloflclulrculaf, ero
pa6ory. Illaroirre ABrrrareJru III[-1, WA-2 n III[-5 runa [BIII-50 noropaulrBalor Ha

sagaHgrd yron (5,3j" u 1,25") peurerKy 6, upusuy 7 n yrrpaurrttor pacKpblTraeu rqenr'r ,1.

@ A.B. Eyxau, JI..D.3nornuxon, 1995
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Puc. l. <DyurqlloHarLHafl cxeMa y3JroB cnexrporpa$a, KoHTpoJrnpyeMhrx cncrelroii aBToMarurlecKoro y[paBJIeHIm
1-nxo,r1uatryeu,,2-TypeJrbrlursrpon,3-:arnop,4-quaroualrHoe3epKaJIo,5-xorrlttuarop,6-

perxerKa, 7 -npuzua,8 - nlocxoe 3epKaJro,9 - neuranptrsutt, l0 - nJlocKoe 3epKaJIo TV-xorrrpolr, -1-1 -
3epKaro JraMnbr flrocKoro notr., l2 - Soxyclrpytoula, rrrH3a, II{[ - urarossle ABt{rareJlIt

flpunog [ocrpoen Ha 6a3e BbrcoKoroqHoro Mr{KpoBr.rHTa. IJL $opr'ruporaH?L onopHr;Ix
TOrreK BO BCeX gTr{X Crytraqx pa3pa60TaHbr KoHr{eBbre Br,IKJrloqaTeJIIr, o6ecfiequBaloque
BOC[pOr{3BOAI4MOCTb He XyX<e 30" VtO COIOCTaBUMO C enr{Hr,rqHbrM rUarOM nnUrarena. ,[nA
cMeHbr $unrrpon 2 u ywauoaKr{ IIeHTaIIpfi3l{ 9 B 3aAaHHoe [oJro)KeHI{e nprrMeHeHbr

rrraroBbre ABr{rareJrrr lI7[-2 u III[-5 runa [BIII-80. fina SopuupoBaHrq oropHbrx rorreK
lprrMeHeHr,r o[ToeireKTpoHHble AaTaII4Kr.I Ha ocHoBe HK-cneroglroAoB, rITo Ilaer
BO3MOX<HOCTb AOCTr4rIb BOCIpOI{3BOALIMOCTI{ flOIOX(9HHq sr.rnrrpOn 2 W llelc,rartprstr'r 9
He xyx<e 5". \lt [plrBol{a 3arBopa 3 upuueneu maroBbrrl ABr{rareJrb III[-4 c aKTrrBHr,rM

poropoM rrna III[A-2OK, o6ecnerrrrBarorq]rri eglurr.rvuurl rlar B 22,5",.1'76 [o3BoJrr{er
[paK1'rrqecKvr cBecTLt K HyJrro paccerrBaeMyro gTr,rM [pr{BoAoM MouIHocTb. B ra.tecTse
r{croarHr{Ka c[eKTpa cpaBHeHH, [rc[oJrb3oBaHa cfleqrraJrr{3r{poBaHHas Th-Ar-nar'.rna (II2) c
HarpflxeHr.reM Bo36y)KAeHrr, [opflAKa 250-300 B. flna KoHrpoJlbHori :acserrll cleKTpoM
rrrocKoro rrorq B creKTporpa$ BBeAeHa raroreHHaq JraMra JII runa KfM-12-40. Ognaro,
BBr.rAy TOrO qTO BO BpeMrr CBeqeHI{' 3Ta JIaM[a paCCe[BaeT 6Onr,rUyrO MOTTtrHOCTE, (nOpagra
40 Br), BpeM.rr ee Heupepbrnnori pa6orbr x(ecrKo Jrr,rMr{Tr,rpyercrl c [oMorr{bro rartMepa,
BCTpOeHHOTO B CXeMy yflpaBrreHr.r{. As'roil4aTr4qecKoe yAepx<aHr.re 3Be3Abr Ha rr{eJrr{

Aocrr{raercr{ c [prrMeHeHrreM Qororrrga, [ocrpoeHHoro Ha 6a3e Q3Y 'runa EMJ-6256B
(Benuxo6purarvs.), BbrcoKorrrcrepe3r{cHoro gJreKTpoABrrrareJlq nepeMeHHoro roKa rr.r[a
f-31A-4 u orrrogJreKTpoHHr,rx LlK-garvrErax floJrox<eHrrrr rto c{, }r 6.

Oguoft r43 orJrr,ItrrrreJrr,Hbrx oco6euHocrerl cnerrporpa$a sBrsercq Bo3Mo)KHocrb ero
rocrr.rpoBKr{ 6eg 3BM, [ocKoorrbKy AJr{ KaxAoro orggJrbHoro QynxquoHaJrbHoro y3Jra

pa3pa6oraH cBorl He3aBr{crrMbrri 6nor ynparneur4q, flo3Borsroquri flplr HanaAKe yflpaBflqrb
coorBercrBytoql{M yc'rpollctnou B pytIHoM pex(I{Me. 3ru 6noru 6ullt ttlaxcllMaJrbHo
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Prrc. 2. Brrox-cxeMa crrcreMr,r aBToMaruqecKoro ynpaBrerrrrrr cnexrporparpor'r
BYP - 6:rox ynpaBnelrHs peruerxori, ByfI - 6lox ynpauertrr npu:uoir, KBI-KB2 - Konr(eBr>re Br,r-

KJ'rroirareJr[, BYJI-l u EyJI-2 - 6roxu ynpaueHuq JraMrraN{rr, ByfI-4 - 6rox ynpanreluq neHTanprr3Manru,'lK
Tr.rpncropHrrre cuJroBr,re xnrcqrl, 3K - 3JleKTpor{ubre KnIotIu, ,qAT - orrro3neKTpoxlrue I4K-ga'r'.rrrxu, IIYO -
6lox ynpanreuur dlu,rsrpalru, BY3 - 6,rox ynpaBneHHr 3arBopoi,{, ByOI- - 6,rox ynpanaeHur <po'r'ol'u11olr, [iYM
- 6lox ycururererl Moullrocrn, BBfl - 6,ror ssrcoxoBoJrbrrroro rrHTarrur, yC-3 - lruny:rscrrlrri ycllJrri'r'eJrr>

cllrrra:ros c @3Y

yrrr4(br.r{}rpoBaHbr, (rTo rro3BoJrr,rJro pa36urE cr.rcreMy ynpaBneHfiq cneKTporpacporu ua
rrerbrpe ocHoBHL,re,racrv (pve. 2)i

- 6lor yrpaBrreHru npr{3Mort (Byn) r 6noK yfipaBneHr{, perrerKort (EyP);
- 6ror yr,paBrerlr,n rraMflaMrr IIl, II2 (Eynl v ByII2) rr MexaHrr3MoM cMerrleHr.r,

rreHrarrpr{3M (E yrl-a) 
;

- 6lor yrpaBJreHlrfl Slrnsrpar,au (ByO) r.r 3a'rBopoM (Ey3);
- 6.rror Sororuga(EYOf).

KoncrpyxrnBHbre oco6eHHocru cilcreMbr
aBToMaTrrqecKoro ynpaBJreHr{fl cIIeKTporpa+oM

OcuoRHarr rracrrr crrcreMr,r yflpaBneHr,rfl pacnoJraraercl n rpeiire KAMAK, oIIHaKo
ycrpollcrBa flepBLItIHbIx flpeo6pa3oBarener;i cnrHaJ'ror] r{ oKoHerrHrrre cr.rJroBr,re yc'rpor?crBa
ynpaBneHtlq pacrroJro)KeHbr B Br4Ae oTAeJrbHrrrx KoHcrpyKTrrBHbrx 6JroKor] HenocpeICTBeHr,ro
r'ra Kopnyce cleKTporpacpa (ua pkrc. 2 Br,rAeJreHbr nyHKTrrpoM). Tar, r{MflynbcHl,rr;
ycl4nlI'rcJIL CTTTHaJIOB c O3y rI flepBr4rrHr]re [peo6pa3oBaTeJrr4 Cr4rHaJror] c
olrooJleKTpollHblx ZK-garvlrroB paclono)KeHbr B HerrocpeAcrseuHor:i 6lu:ocrlr or
I{CTOIIHI{KOB CI,ITHAJIOB. BCE OXOHE.IHbIC CI,IJIOBbIE ycTpOIlcTBa yflpaBJIeHI,Ifl pa3Meu{eHIrI B

o1){enr,HoM 6nore r{rrr[rr[puqecKorl QopMbr, 3aKpeIIJreHHoM Ha Kopnyce cneKTpofpaoa
rrocpeAcrBoM AByx xecrKrrx Tpy6 (puc. 3), nHy.rpu Koropbrx pacloJro)KeHL,r )Kry.r.br
ToKoHecyqr{x Ka6eJreI:I, coeAl{Hrroulrrx grrr ycrporicrBa co cleKTporpa$orra. Taxaq
KoHcTpyKIII4q o6ec[equBaer MI4HIrMaJIbHoe KoJrlirrecTBo Ir cerleHl,re roKoHecyqltx Ka-
6eteft, coeg[Hq]orqlrx crleKTporpa$ c Ilr{c'rauqrloHHrrr'a o6opygoBaHr4eM, rrro Aenaer
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Pnc. 3. Baor clrrosoft 3reKTpoHr4KH. Koucrpyxqlrx

HC3HAIII{TCJIbHbIMI,I NOTEPI4 B HIIX II CO3IAET U,I6KOCTb. KPOT'TC TOTO, TCIJIOBb]AEJIEHIIC

oKoHerrHbrx cr{JroBr,rx ycrpoiicrB He Hapyuaer TeMrlepaTypHllfi pex<I,IM c[eKTporpaQa. n()
orori x(e flpuqt,rHe gJreKTpoABrrarerrr, [pr{Boga $ororuga yAaJreH 3a trpe[eJrbr BHyrpeHHerl
rroJrocTr.r cfleKTporpasa r{ 3aKperrJreH c BHe[rHeir cropoHr,r ero Kopnyca.

flpuuqun AeficrBufl crrcreMrr

Kax rgsecruo l2], gw, ycraHoBKr.r nonq [3C-Naarpr,rllbr B HeKoropylo 3aAaHHyro o6racrE,
c[eKTpa Heo6xoAr,rMo npor,r3Becrrr fioBopor Ha yrJrbr 5,33o u 1,25o peruerKrr.r{ rrpr{3Mbr.
flogo6ur,rfi floBopor Mox(er 6r,r'rr, gocrr.rrHyr HecKoJrbKlrMlr c[oco6aMr.r. llssecrubr
MexaHrr3Mbr 13, 4l c Aarrrr.rKaMr.r o6parnor? cBfl3rt, ycraHoBJreHL,rMI{ HelrocpellcrBeHHo Ha
perxerKe r,rJrrr flpr43Me. Taxue MexaHr{3Mr,r o6ecne.rranaror orreHb BbrcoKyro rolrHocrr,
ycraHoBKI,I yrna (rar npaBI{JIo, oHa 3Hatrr,rreJrbHo flpeBbr[raer npr.rBeAeHHyro K yrny
pa3peuarcqyrc c[oco6Hoc'rr, fl3C-lraTpuqrr), Ho arpe3BLrrrarino cnox<nr,r r,r Aoporocrorrul[.
Ogaaxo 3aAarra flocrpoeulrt [pI,IBoAa, Totluocrr, Koroporo [peBbrrrraer pa3perua]ouyro
cuoco6noctr fl3C-rrratpuqbl, flpeAcraBlrflercs. coBeprxeuHo neqenecoo6pasuori, TaK KaK
oro, orreBlrAHo, He yryquaer flapaMerpoB r.r3MeprrreJrbnori crac:reurr. Kpovre roro, 6onee
u,vlsrafl. TorrHocrb [pI,IBoAa, [pl4BoArrrla{ K cMerr{eHrto c[eKTpa Ha [oJre ll3C-uarpwqr,r n
flpeAerrax 0,1-0,4Vo (l-4 uuxcen) npu nalu.lr{r{ cleKTpa cpaBHeHr,rr, [peAcraBJrrercq
B[oJrHe gonycruuori AJrfl 6oJrbrru4HcrBa cfleKTpoMerpr{qecKr,rx 3aAaq.

Ocnonrrnagcb Ha Br,I[rer,I3Jrox<eHHoM, 6r,rno upunaro perxeHr,re orKa3arLcq or [pr,rBoAa c
AaTqI{KaMI,I o6parur,tx csqseli B IIoIIr,3y 3HaqrrTeJrbHo 6olee [pocToro r.1 AerxeBoro
IuaroBoro [pI,IBoAa Ha ABIITaTeJIe C BOJTHOBbTM peAyKTOpOrra. flpuruenennrrri B SToM
rIpI,IBoAe ABrIrareJIb Tlrna [BIII-50 o6ecne.r[Jr rro3rrr{r4oHrrpoBaHr{e peuerKr{ c ruarolr 1'ra
norpeluHocrblo ycraHoBKrr + 2". flpuso[, [prr3Mbr aHaJrorr{rreH [pr4BoAy perxerKr{. Pa6oqr,rr?
xoA perIIeTKI,I cOcTaBJrfleT IIpu eror'r 19200 uaroB, a [p}r3Mbr -4500 tuaroB. Bnoxra
yrpaBJreHr{fl peureTrori (EyP) u npusvorlr (Eyn) (u'.r. puc. 2) pa6oraror ro npuurlr{ry
reHepaqrll{ cepl{I{ IrM[yJILcoB. rfacno rrM[yJrbcoB B ceprrrr (penepnaa rorrKa) rrpotrop-
III{oHaJIbHo yrJly noBopora pe[rerKkr prilv [pr,r3Mbr. Penepnax rorrKa 3a[r{cr,rBaerc{ B

3afloMuHatolquri perr.rcrp rs 3BM r4Jrrr c rryJrbra 6roKa BpyrrHyro. flo ror'range "flycr"
I4MlyJrbcbl c $uxcuponauuoll qacrotori flocrylaror Ha peBepclrsHrrri c.rerqr.ffi u
KOMMyTaTOp UaIOBOIO ABI{raTeJIr, Br,I3bIBaq Bpa[IeHI,Ie BaJIa B 3aAaHHOM Ha[paBJIeHI,I]I.
flo upr,rxoge lrM[yJrr,ca, HoMep Koroporo coBlaAaer c 3a[r{caHHr,rM B perrrcrp rrprcJroM,

cpa6a,rtnaer cxeMa cpaBHeHI{t rI flpepbrBaer reHeparlr{rc r.rM[yJ[,coB, rrocJre arero

ABIIDKeHI{e [IaroBoro ABI,traTeJL lpeKpalqaeTcr. flpu [epexoAe x gpyroil penepuori TorrKe
Becb BbIIIreonl4caHnrtli npoqecc fioBTopqercr, Irluerorqurlca Ha nrnqenoli naHeJrrr
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Prrc. 4. Brox y[paBJIettH, npu:trtot't

Aecqrr,rrrHbrrl rIHAr{Karop [peAHa3HaqeH AJU KoHTpoJL cocrosul{, 3aloMlrHaroqero
perr4rcrpa (penepuofi TorrKr,r ) u reryulero cocroflHllq peBepcilBHoro cqertll,IKa. Pexlru
rrHAr{Karlr{r{ Moxer 6rrrt sagan rr.160 rto KoMaHAe or 3BM, rl.{60 BpyaIHyIo c flyJrbra 6ltrxa.

flocle BKrroqeHuq rrfiTanufl. rr aBToMarrrqecKoro [epeBoAa npI,IBoAa Ha KoHIIeBoIi
BbrKJrrorrarerrb KBI (crrr. prc. 4), npousnogr,rrcfl o6HyJIeHI,Ie peBepc[Bnoro ctlerqlrKa, T.e.

cpa6arblBaHlre KoHIIeBoro Bl,IKJrloqareJrfl [pI{HI{Maerc, 3a HarIaJIo orcqera (nynenyro
rouxy). B pesynrra're ucnbrraHrrir 6rrno ycraHoBJreHo, trro ollu6Ka BbIxoAa B HyJreByrc

ToarKy, BbI3BaHHaq Hecra6r{JrbHocrbro cpa6arLIBaHI{, KoHqeBoro BblKJrroqareJrs fiplr
pa3Jll{r{Hbrx BHeIUHI4X yCJIOBI{f,X, He flpeBr,rilaer 2-4 [rara, rITo oKBI,IBaJIeHTFO 2-4
lr{KceJraM f[3C-uarpur{r,r, r,r, KaK cKa3aHo Bbrrrre, npeAcraBJrf,e'rcfl B[oJrHe Aonycrl{MblM.
I,Icxogr r,r3 AJrrrreJrbHoro pexr,rMa pa6orrt crleKTporpaQa u auautlreJlbHoll MouIHocrI{,
paccer{BaeMofi uaroBbrMpr ABrrrareJrqMrr Bo auyrpennefi [oJlocrrr cuexrporpa$a, Mox<Ho

3AKJIIOqI,ITb, IITO KOHBEKTI,IBHbIC IIOTOKI{, BO3HUKAIOUIUE B PE3YJIbTATE 9TOTO NUYIPU.

cuercporpaSa, Moryr cyrqecrBenHo cHr,r3r{Tr, KaqecrBo I,I3o6pa)KeHI,Iq Ha [3C-Nrarpl{qe.
Bo us6e)KaHr{e ororo [r{TaH[e ruaroBbrx ABr{r]areJreri B rrpl,IBoAax npIr3MbI I{ peurerKu
noJrHocrbro orKrloqae'rc, Bo BpeM, crorHK[r ua peuepnoli TorIKe. Kouanga orKJrtoqeHl{,
\ptranvx. Moxer 6trrr noAana BpyrrHyro c nyJrbra 6loxa r.rJrl{ or 3BM. BogurKa}oqafl rr3-3a

orKJrrotreHr{, $urcaqlru uaroBoro ABrrrareJrtr oruu6ra [pI{ groM He flpeBbluaer I ruar Ha

KAX<AOE BKJIIOqEHI{E_BT,IKJITOqEH}IE, IITO IIO BbIIIICI{3JIOXEHHbIM IPI{AII,IHAM BUOJIHE AOrIYC-
Tr4Mo. Cr{crer',ra KAMAK-KoMaHA 6rora yrpaBJreHr{fl npusuoft flpLIBeAeHa n cnegyrculell
'ra6nrqe:

Kouauga KAMAK
F8
F9
Ftl
F16

IJr,rrtoLrureuue tpyrrxqun

Bugava Q no rrpuxoqe B peneplryro'rouKy
To xc, no npuxoAe Ha Kolrqe,rble Rr,lKJllotlarerrl
C6poc pesepcuBrroro c(re'[trHKa
flycx ruaronoro ABHrareJu B npqNroM rranpaBJIellIH c 3anncblo
penepHori rouxu
'l'o xe B o6palrrorrr rranpaBJreHHn

Bxlllo.rerrue pexrrMa ynpaBJreHurr or 3BM
Orxlro.rerrue HuAuKaunrr cocrortutq peBepcHBnoro crrerrrlrKil rl

HanprlxeHHq nIITaHIrq utafoBofo I(BufaTenq
Bx,rro.reHne HrrAHKarrr'rg cocrotrrrHfl peBepclrBltoro ctrc'rrrnKa r'r

HanpqxelrHrr nHTarrHq uiafoBofo llBr{faTeIq

Fl8
Ft9
F24

F26
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Prrc. 5. Erox yrtpaBreHrrq nerrranpu3n{aMu
u,,, U,r, u1- rranprxerrHq ynpaBrcrrHq cHJroBbrMH KJrro(raMu, Bo36yxAeHHq (ras u ynpau;renu, Toplroxcrrr'rer{

,uat oBoro ABUritTen,I

fopa:go 6onee x(ecrKr,re rpe6oBaur,rfl K TorrHocrrr [prrBoAa flpeAEflBJrrrorcq K
rro3r4r{r4oHr4poBaHr4ro [eHTarrprr3M (6nor crraenbr per<r.rMoB), noerouy 3Aecb 6r,rJrr4 rrpr{-
MeHeHbr HecKoJrr,Ko r,rHbre TexHr{qecKHe pellleHllq. HenocnpouaBoArrMocTb [p}rBoAa B

npeAeJrax oAHofo ruara Br,r3r,rBaeT cyrqecTBeHHbre cMe[{eHr,rq npoeuupyeMofo Ha u{errb
rr3o6paxeHuq, II rrocKonbKy [eHTa[prr3Mr,] 3aKpe[neHr,r HelocpeAcTBeHHo Ha Bany
rrraroBoro ABr{raTeIq rr r{x rIeHTp Tqx<ecTr.r oTcTor{T Ha 3Ha(rrrTeJrr,HoM paccToflHr,rlr oT ocrr
ABr{raTelq, noMrrMo Tor.rHocTr{ flo3r,rrlr{oHllpoBaHI,t{, [pHBoA AoIIxeH o6ecfie'rHTr, HaAexHyro

$urcarluro B c'rarrrqecKoM cocrorHrrr.r. B pe3ynr,Tare rrcnbrraHr.rfi nu6op 6url ocranonleu
Ha AIlI,IrareJIe 'rrrfla ABIII-80, o6ecne.IrBarcrllgM eAl,rHlitlHrlrri luar 0,450, Bparr{a}ou{rrri
MoMeHT 0,6 H . M, MoMeHT I{HepIIurr 5. 10 4 H. u2 u [orpe6rqeMyrc Mo[]Hocrr, ne 6olee 60
Br. IIpu eroM rracloprHaq [orpeuruocrb orpa6orKr{ yrrra (crarr{rrecKaq) He npeBbruraer
*3'. Yse[ neuTaflpu3M Mox<er HaxoAlltrlc, B trerr,rpex Suxclrponanubrx floJrox<eHr{rx.
Koncrpyrqr.rrl y3ra raKoBa, tITo KaxAoMy nonox(eHr{ro coorBercrByer rr{eJlr, ruupnHor:i 0,8
MM Ha Henpo3patlHoM ceKTope, HaxoAqu{eMcq B flpope3r.r IIK onroe.neKTpoHHoro Aarrrr,rKa
(cr',r. puc. 5), Tounoctb cpa6arblBarws to cpe3y qeJrr{ TaKoro Aarrrr,rKa cpaBHr{Ma c
TOITHOCTbTO OTpa6OTKU yrJra CaMr{M ABrrraTeJreM r,r He ApeBbIIIr aeT 3' .

flna npegorBpauleurrs aBapr,rriHr,rx c]rryarluii B cryqae He[peABr,rAeHHoro BbrxoAa 6lora
leHTalprr3M r43 pa6oqero ceKTopa flpeAycMorpeHr,r KoHqeBbre BbrKJr]oqarenu KB1 uKB2.
flpu nrnrcveHr4rr flr4Tanr.rq y3er [eHTarrpll3M aBToMarr.rqecKr,r ycrauaBJrr,rBaerc, Ha
KoHr{eBori Br,rKJrrotrareJrb KB1.,[anee c nynbra 6loxa r{Jrr{ or 3BM s 3a[oMr,rHaroullrrl
perr4crp 3anrrcbrBaercq qrrcJro, coorBercrByroilIee Bbr6paHuoMy noJroxeur,Iro. IIo rolralrge
"IIycx" BaJr rrraroBoro ABrrrarenq Harrr,rnaer Bpa[Iarr,cq. Crrnalrr or I4K-ga'rvura
nocrylalor Ha peBepcr,rBHrrri crrerqr.x. flpu coBrra[eHr{r{ rr?rcJra B crrerrrr{Ke c rrrrcJroM,

3alr{caHHbrM B perrrcTpe, [poqecc Bpail-(eHr.rq BaJra uraroBoro ABr,rraTen, flpepbrBaercr, rrTo

coorBeTcTByeT nprrxoAy y3JIa [eHTa[pr{3M B 3aAaHHoe floJrox<eHrre. [nurare.ns 6rrn
ar,r6pau c yqeToM MoMeHTa I{HepqEr{ Harpy3Kr.r r{ BpeMeHrr ycraHoBneHrrq y3ra neHTarrprr3M
n 'rpe6yeuoe loJloxeHlre. llpu oroM BpeMfl [oJrHoro flpoxoxgeHr,ra pa6o.rero ceKTopa
cocraBuJro MeHee 2 c. IlocrorbKy rr3-3a 3HaarrrreJlr,Horo MoMeHTa rrHepr.Ir{rr 6Ern rrt6pau
ruaroBbrrl ABr,rraTeJrb c oTHocr{TeJrbHo BbrcoKori pacceuBaeMori MouIHocTb}o, 'r'o Bo
u36exaH[e KoHBeKTI{BHbIX .rloroKoB 6r,uo Heo6xo[rrMo o6ecue.rnrr, ee cHIrxeH]Ie Bo
BpeMq c'roqHKu ABr,rraTeIq.

143

aa
U.

/z- -;-\
=:

*

^I'
/s

Pe6. ccemqur

C-r. cVz4zezutt

Jaz. TteeucmTtll



Om JB/,/

um QJY

Onracannurt Bbrrrre c[oco6, cocroxuqnft n orrflrc.reHvul nytranvfl IrraroBoro AB[IrareJrfl B

cTaTr{qecKoM pexlrMe, IIo flpr{Yr,rHe HeyAoBJreTBopIrrelrHofi ToqHocTH B AaHHoM cJryrlae
oKa3arrcfl He[pr{eMJreMurta. [lr peureHr{, erofi upo6neurr 6rlro pa3pa6oraHo ycrporfcrBo
[5], nosnonarcqee cHrDKarb Haflpqr<eHue rtn"taHvs. B crar[qecKoM pexI,IMe 6oree .rervl s 3
pasa 6ee noreprr rotrHocrr{ [pr,rBoAa, flogo6noe cHrrxeHr{e Halprx<eHus coBMecrHo c
lpr{MeueH}reM HecraHAaprHoft Qopr',ryJrbr KoMMyrarlr{}r [o3BoJrHJro cBecru crarl,IqecKyK)
paccer{BaeMyrc MoqHocrb ABr,rrareJrfl K ypoBHrc 2-3 Br, qro He oKa3ailo 3aMerHoro
BJruflHfla Ha reMfleparypnurri pex<r,rM BHyrprr cuerrporpa$a, [rfl I{cKJrtor{eHI{s Blrttflr,rrs.
r4Hepr{rroHHofi uarpysxu Ha 3aropMoxeuHrtfi npLrBoA 6una aoegeHa peryJll4pyeMat
3aAepxKa r (cM. puc. 5), npenrrruarcr{afl BpeMs ropMoxeHrl I{ craIII{oHI{poBaHI,L y3rla
IIeHTaIIpu3M

Onucannrre Bbrrrre Mepbr, xax 6rrlo ycraHoBJreHo B pe3yJrbrare racnrrrannfi, oKa3aJlllcb

AocraroqHbrMr,r AJrs o6ecne.reHua rpe6yeuofr ro.tttocttt [o3HIII,IoHI{poBaHI{fl y3Jra

neHTarrprr3M. AnanornqHbre rexHr,rrrecK[e peuer'us, 6utttu [pI{MeHeHbI B [pLtBoAe y3Jra

Qlrnrrpon, rAe raKxe rrHeprluonHocrb Harpy3Kr{ [pr{BoAa BecbMa BeJIrrKa (yae.n Snurtpon
rrpeAcraBJrfler co6ofi S0-vunnuuerpoByro rypeJrb c 3aKperrJreHHblMu B HeIi BoceMbro

$lunrpauu). OAuaxo, B orJI[qI{e or y3JIa [eHTaupI{3M, TypeJrE, c Qulrrpaurn,
3aKpelJreHHafl. Ha Barry uraroBoro ABrirarerr, Bpalqaercq roJILKo B oAHy cropoHy, flo erol?
lprrrrr{He s 6roxe Sumrpon rrpnMeHeHbr Ana I,IK-AarqI{Ka LI He }IcloJrb3oBaHbl KoHIIeBbIe
BbrKrrrorrarelz. Ogran AarrrlrK cJryxr,rr gna $opr"rrpoBaHl{, uyleaofi TorrKrr, a qpyroli qla
ycraHoBKu B oAHo r,r3 BocbMr{ pa6ourax nonoxenr,ulr. B ocralrnoM 6roK y[paBJreHI,L

Qunrrp ar"rr,r He orrutraercr or 6nora yflpaBJreHlrf, [eHTalpI,I3MaMrr,

fina ycranoBKr,r 3aAaHHort urupuuur uleJrr{ [pr.rMeHeH uraronr,tft [pI,IBoA na 6ase
ABr{rareJr, [BIII-50. flplrnog flo3BoJrfler ycraHaBJrrrBarb IrrIrpLIHy ITIeJIII c rotlHocrbro +0,14
MKM, rrro [paKTuqecKr,r HeAocrrrxrrMo npu pyunofi ycraHoBKe, finx Qopr"rupoBaHl{,
onopHbrx ToqeK [pr{MeEeHbr [peqrr3uoHHbre KoHrleBbre BbrKJrroqaTeJrr{, o6ec[errr4Baroulr{e
rorperrrHocrb [pr.rBoAa B [peAeJrax t 1 uar ABlrrareJr, (0,25t). Kouctpyrqus [pIrBoAa
Iro3BoJlger 6eg cnux(eHil, TorrHocrrr [oJrHocrblo o6ecro.urr ABfirareJlb B craruqecKoM
pex<uue,,flnfl ylpaBJreHr{r rrpuBoAor*r paspa6oran 6roK, [paKT[rrecKrl uoJrHocrbK)
aHarorflqHbrfi .6noxy y[paBJreHrrrr npuar"rori.

Becrua saxuori cocraBHofi rracrbro cnexrporpaSa ,BJrrercf, 6rox ynparnennfl Kaillr.6-
poBoqH!,rML JIaMIaMI,I, xotoputi AoJrxeH o6ec[e.ruBarr up<iqeccrr rrx ALrcraHrII{oHHoro
BKrrrorreHr{, r{ BbrKJrrorreuua, Cuegyer yqecrb cJreAyroque orpaH}rrregrrfl, [peA'brBJrf,eMbre K

""IJfft""'ri, (0r". 6) nnocxoro rroJ* nr{raercfl roKoM 3A u paccer.rBaer Morrl,ocrb
nopf,AKa 40 Br; flpu eroM uycronofi ToK JraMrbr Aocruraer 50-60A. 3ua.rrr neo6xognr"ro
perur,rrb npo6leuu KoMMyrarllru JraMrrbr rr 3arrlrrrbr ee or rleperpeBa;
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- Arq 3axuraHI,Is JIaMIIr,I JI2 cuexrpa cpaBHeHlrx ueo6xogr{Mo HanprxeHr{e
nos6yx<geuuq rtop{AKa 250-300 B, vlro rpe6yer o6ec[erreHr.ra nagexuofi ]r3oJrrqr{r{ .or
6nr.relexarqrrx roKoflpoBoAqlq[x rroBepxHocrerl u 6noron Hr{3KoBoJrr,Tuofi enexrpouuxu;

- o6e xalu6poBorrHble JIaMTIbI rpe6yror cra6utlr:aqlirr pexrrMoB ropeHr,rfl gra o6ec-
fler{eHl{q cra6unr,uux ,pKocrHo-cneKTpaJlbHbrx xapaKTeprrcrux u coxpaHeH}r, pa6oro-
croco6Hocru B [peAeJrax [ac[oprHoro pecypca;

- Arq' [cKrroqeHr.rfl Bo3Moxuocrr,r BbrxoAa r,r3 crpo, @3y Qororlrga, ueo6xoAr,rMo
o6ecneqlrru 6noinponry o6e[x JraM[ B To BpeMr, KorAa Ha @3y uogaxo BbrcoKoe
HaIIprx<eHI{e.

C yverou BbIIrreI{3JIoxeHHoro 6ulo npnuxro perueHrre pa3Mecrr{Tr, 6lox ynpanneuna
JIaMTIaMIT HerIocpeAcTBeHHo Ha cnextporpa$e, no u36exanl,re [epeAaqrr rr3 ArrcTaHrllrouuofi
arraparypbt KAMAK ro coeAuHI{reJIbHoMy ra6elro (gnunofi 25 $ rr{Tarou{r{x
HaupaxeHlut gla xalu6poBoqnblx JraM[, rrro [pr,rBeJro 6r,r r yrenr.rveflurc ceqeHus. xa1enq
rr ycHJreHr,rrc efo r.r3oJrsr{Hr.r. Taxzu o6paaou, paspa6oraunoe ycrpoftcrBo yrrpaBJreHgfl
xalu6ponouHblMl{ JlaMrlalrau 6Etno uocrpoeHo Ha 6a3e KoMMyraropoB nepeMeHHoro roKa c
KIIroqaMlI Ha crrMMerpr{rrHbrx rnpucropax c olrosJreKTponuorf paonasrori.

_YcTpoficrno y[paBJreHI,Ia xanu6ponoqHbrMr{ raMnaMr.r (pui. 6) pa6oraer cJreAyrcrqr.rM
o6paeor"r. Ycrpolicrno [porpaMMHoro yrpaBrreuvls flo.KoMaHAe or 3BM wrr,r [yJrbra
pyqHoro y[paBJIeHLIfl qepe3 olroeJleK'rpoHHyro pa3Br3Ky BKJrrotraer rr,rplrcropHbrfi rnro.r
JraMnbI IlJlocKoro uolr JIl, B pe3yJlbrare qero JraMla 3ax<lrraercfl. ,flnr.rrenlHocrb Herrpe-
pLIBHoro ropeHl'Ifl JraMrIbI JI1 orpanlaveHa a[flaparHuu cloco6oM rr He Moxer rrpeBbrrrrarb
2o c. Ecnv JraMna JIl ne 6r,rra ublxnrcqeHa rro KoMaHAe or 3BM ,rr, ,yr"ru pyrrHoro
ylpaBJreHl'rs B TeqeHI{e gTOrO BpeMeHr{, To [por,r3BoAr,rTc, ee aBToMarr.rqecKoe ralreHr{e.
Kportae roro, ycrpoircrBo reMneparypnori 3arqlrrbr nocJre Ka)KAoro qr,rKJra ropeHr,r, JraM[br
JIl ocyrqecrBJrrer ee 6noxuponxy Ha. npeul ocrbrBaHrir, r{To cocraBJrr", npr6rrar,rreJrbHo
10-20 c' Bxnro'reHrae I,I BbIKrroqeHI{e rraM[br c[eKTpa cpaBHeHrrfl JI2- upousnogurca
aHaJIorI{YHblIra o6paaou, Ho BBI{Ay roro, yro ee paccel,IBaeMa, MolrlHocrb He3HaqLITeJrbHa,
BpeM, ee HeIIpepr,IBHOrO rOpeHI4q He OrpaHI{qLIBaeTCs I{ TeM[epaTypHa, 3arrlr{Ta He
ocyqecrBJrtetcr. Yc'rporicrno aarqr.rr:u $otoruga npor{3BoAr.rr gKcrpeHHoe orKJrrorreHr{e
o6eux JraMn trpu BKJIToqeHLII{ Sororuga r,r 3a[peqaer r,rx BKJrroqeHrre Ha Bce BpeM, ero
pa6oru' flna o6ecneqeHl,Iq cra6unr,nocrll {pKocrHo-cleKTpaJrbHr,rx xapaKTepr{crr{K B
ympor?ctne npeAycMorpenu cta6unu3aropbr pex<r.rMoB gna o6elrx na*u. farra, ^o6puror,

yctpofictno ynpaBJIeHLL raau6pono.rHbrMr{ JraM[arrlu o6ecneqr.rBaer flpoqeccbr r{x
BKJrIorreHI'rt H BbIKJIIorreHua,, cra6nx,u3alll{Io pex<LIMa r{x ropeHl{, I{ 3aullrry or rreperpeBa,
3aqI'ITy @3Y $otorl,IAa or [epe3acBerKl{, qro noeaonser coxpaur{Tb .rer,,rueparypnuri
6ananc cuerrporpa$ a r,r'arrcorurl p ecypc carrar,rx ranlr6po"o.r*,u* irarr.

ogHoli I{3 caMblx cJIoxHbIx npo6leu rBJrflJrocb co3AaHl,re Br,rcoKorryBcrBr{TeJrbHoro
$ororuga. flna nau6onee uonuofi peaJrr{3arlr{r{ Bo3Moxnocrefi cnertporpiea neo6xoqr.1,,ro
6lrno o6ecueqllTl HaAexHoe yAepxanr{e Ha rqeJrr{ 3Be3A c rpKocrnbrM Ar{arra3ogoM 6onee
120 aB (n upegenax 3-10 sne:guofi nerlr.ruurr), r.e. K cBero[pr{eMHr{Ky eororuganpeAtqBrrrucb qpe3Bbrrrartuo nrlcorue rpe6onauux , Vlcrrt:ffartus,.uau6oflee coBpeMeHHbrx
BbrcoKorryBcTBrrTeJlbHbrx [prreMHr,rKoB cBeTa [oKa3aJIII CJreAyroqee:

- coBpeMeHHbIe Marprrllbl Ha ocHoBe fl3C-ctpyrtyp ne o6ecnerrr{Baror Heo6xograrrroro
Al{HaMuqecKoro A}Iala3oHa Ir AJIq pearr.r3arlrrtr BbrcoKofi vyncrnnreJrbHocrr.r rpe6yror
lpI'IMeHeHI'Iq orHocrITeJIbHo rny6ororo oxJlaxAeHr{.fl r4 BBeAeHr{rr pexr,rMa uaronrerura,-uro
AeJraer Sotorug rpoMo3AKLIM rr cyqecrBeuHo cnr{x<ae'r ero 6ircrpogeficrnlre. florururr,ro
3TOrO, CTOr{MOCTb BbrcoKorryBcrBr4TeJrbHblx fl3C-rrlarpuq BecbMa BbrcoKa;

- rrerblpexKnagpanruru? 6nccerrop raKxe ne o6ecne.rranaer rpe6yeMoro Ar.rHaMu-qeCKOrO AI{a[a3OHa BBI{Ay BT,ICOKI{X TeMHOBbIX IIIyMOB MI{KpOKaHaIIr,Hbrx 1IJIaCTI{H;

- TeJreBl'I3l{ouurre tpy6xl{ B[oJrHe cuoco6ur,t o6ecne.r[rs rpe6yeurre AJrs nocrpoeHr,rs
Qororuqa [apaMerpbl, oAHaKo ycrpoficrna Ha r.rx ocHoBe BecbMa rpoMo3AKr.r, cJroxHbr B
nacrporfxe r,r Aoporocrosrqr,r [ 10] ;

- coBpeMeHHrre OgY yAoBJrerBopsror rpe6oraHr,rrrM K rryBcrBr.rrerbHocrrr, Ar,rHaMr{-
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Puc.7. Bnox ynpaBneHlrt Qororrgou

I - Asnrare,1o [prrBoAa MoAynrropa, 2 - onrosJrexrpoHHbre I,IK-Aarquxr'r, .J - crexlsnna, nJIacrI'IHa c

."p*"rir"r, 
""rropou,4 

- luns; OaOd", S - pa3pe3Ha, nnacruna gar Qopullponanun orrl{qecKoro cr'rrrana IIK
orITosJreKTpoHHbIx AarqLKoB; Uq - cvirxue uunylLcu c @3Y' Tl-:I4' ctpo6rt Ha BxoAax 1-4 c'{erq[xos' Ul'
U3 - cqersrte lrMllynl,cbl Ha nxoAax l -ro ll 3-ro cqerqxxos

rreCKOMy AIIaIIa3OIIy u 6rrc'tpOgefiCTBIlIO' oAHaKO He tBJIf,K)TCt naHOpaMHbIMI'I, .ITO Tpe6yeT

[pocTpaHcTBeHHoro ]rJrrI BpeMeHHoro Apo6JreHl{fl CBeTOBOTO IIOTOKa.
^ 

Errlu paccMorpeHbr ABa 6a3oBbre KoHrIe[qHLr [ocrpoeHut +ororl,IAa Ha O3y:
1. @ororug Ha qerbrpex oAHorlrnHblx @3Y c [pocrpaHcrBeHHblM pa3AeJIeHrreM cBero-

Boro floroKa Ha onroBo;oxbunrrx xryrax. flpu etou o6uapyxl,Irocb, trro [oAo6]IbIe cIIc-

,"ru, ,""u*a rpoMo3AKrr u Hegra6vilburr rir3-3a Heo6xoruIilocrlr KoM[eHcI'IpoBarb pa36poc

[apaMeTpoB@3Y(rer'auoBbleToKII'tIyBcTBI,ITeIIbHocTb'reM[epaTypHa,3aBl{cuMocTb
u r.A.).

2. Ootorug Ha oAHoM @3Y c BpeMeHHbrM pa3AeJreHLIeM cBeroBoro [oroKa. flpu eTou

cepbe3Hofi [po6fleMofi flBxlseTcr. [ocTpoeHl{e PI'IHxpoHHoro Bparllarcqerocfl ceKTopHoro

*ogynrropu. I\"r""rrurnn r'.rogynatopri [6, 7] ria 6aae gnraraterefi c roJrbIM (rpy6varrn'a)

poropoM r{ c}rHxpoH}rgaqueri'or raxoAarql{Ka }rIII{ Ha[prx(eHl'Ifl Bo36y>KAeHua Sas. B
uolobnofi crrcreMe rorrHocrb cr{Hxp.oH}r3arlu[ (flo3[quoHtlpoBaHl,Ifl ceKTopoB) aBlrflercfl

BecbMa Hr43Kofi !r 3aBr{c[rr or MHorr{x Sarropon (teuneparypbl, cocroflHl'If, cMa3KIr

ABr,rraTeJIfl I{ TaxoAaTqIIKa, HarrprxeHll Bo36yxgeuua QaS T.A'), KpOr"re Toro, TaKIIe

cr{creMbr cJIo)<Hbr B HacrpoliKe, TaK KaK oHIr 6arupyrcTc, Ha o6pa6otre aHaJroroBblx

CIITHAJIOB.

Cno6o4ur,tu or BbIIue[epeq]IcJIeHHbIx HelocrarKoB flBJlrercr pryq1!91aHHbII:I H

rpprMeHeHgbrfi HaMu $ororug, nocrpoeHHbtfi na 6ase @3Y runa EMJ-6256B rI Bblco-

KorficTepe3l,IcHoro eJIeKTpoABLIrareJIt nepeMeHlIoro ToKa rl'Ina f-31A-4 u onro-
oJreKTpoHgblx LIK-Aat.rrrKax rroJrox(eHr{, tro o u 6 (puc. 7). finura:reJlb sToro rrr[a
o6ecue.rusaeT upr,reMl{crocrb B 50 c-l. Ha nany ABrlrareJrg 3aKperlJreHa creKrflHHar

[JracrqHa'3, floroBr.rHa Koropofi loKpbrra 3epKaJrbHbIM cocraBoM, Ilotor cBera or IrIeJrI{,

rro[aAaf, Ha Hee, orpaxaercf, B [p]reMHoe oKHo ODy. B xaqectse AarqI'IKoB floJrox<eHllfl

3epKaJrbgofi [flacr;Hbr r{c[oJrb3oBaHs VIK orITogJreKTpoHHbIe Aarql{xra 2. O3Y tuua
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EMJ-62568 (Berurro6purauux) B pexr,rMe cuera $oroHoB c pa3pa6otannrru 2O-uauo-
ceKyHAHbrM rrMlyJrbcHbrM ycuJrnTeJreu,.o6ecueu[BaeT TeMHonori ror npn xorrfirarnofi
rervrnep'arype, eKBlrBaJreHturrfi I LTMuyJrbcy B ceKyHAy. Crpo6rr Tl-:T4, cQopuuponanuue
AarlIlIKaMlI, rro3BoJrrror c srrcoroir royHocrbro o6ecue'rurr BpeMeHHyrc [pHBfl3Ky cqer-
rrr,rKoB K noJroxeHr{ro 3epKaJrbuofi nnactr,utr. K npuuepy, ecJrr,r uao6paxeune 3Be3Abr:
cMerqeHo a cexroprl.l, u 3 (nanpaxeuws. Ul u U3, puc.7), ro ua BxoAe coorBercrByrcrqr{x
crrerquKoB 6ygyr upucyrcrBoBarl r,rMrryJrbcbr c !DOY. C.rl,Irrrnas cocrosHus cqerqr,rKoB,
3BM uocroruno Sopuupyer crrrHaJrbr, neo6xogr,ruue AJrfl KoppeKrlnr,r rroJroxeHr{,
TeJrecKola. ffecounennblMl{ Aocrol{HcrBaMr{ paspa6orannoro Sorou,rAa flBJrqrorcr:
muporufi AuuaMuqecKuti.4nauasou (6onee 120 gE6) BbrcoKoe 6ucrpogeficrnue (nop.agxa
20 lac) r{ rorrHocrb (upunegeuuas ourr,r6ra crrHxpoHu3aquu-nosrfiuoHr.rpoBauu, lre
rrpeBblllraer 3"), npocrora KoHcrpyxqun (n KarrecrBe cqerqfiKoB H cr,rHxpoHr,r3aropa-
rafiuepa B crrcreMy BKJrrorreHbI cepufiuo BbrrrycKaeMbre 6norR B craHAapre KAMAK),
JlerKocrb n nactpofixe 3a cqer'qr,r$ponoro SopuzporaHr{q curHaJroB. Kar rroKa3aJrr{
pIcnbITaHI{rI ua NOT-renecKole na Jla-flarrlr'aa [8], Qororug cueKTporpaQa nonuocruo
yAoBJreTBOpreT BCeM [peABsBrreMbrM K nerray rpe6oBa]fI]flaM r{ HaAexHo yAepxr,rBaeT Ha
rr{eJrrr 3Be3Abr BrrJrorb go 1G-12 3Be3AHbrx BeJruqfiH. . 

.

06ecneqenue HaAexHocrHbrx xapaKTepr{crtrK cr{creMbr

,[lr o6ecueqeHnfl 6egorxaguolt pa6orur cr{creMbr ylpaBJreHr.r{ cuer:rporpaSou 6rrlrz
IlpeArpr4HflTbr cireAyror{ue Mepbr:

1. flpu [poeKT[poBanau 6r,rna npegycMorpeHa oKcrrJryararlrrs grreMerrroB r{ 6roxos
clrcTeMbr Ha ypoBHe He Bbrrrre 4U507o oT npeAenbHo AorrycTr.rMoro pexr{Ma.

2, Cucreua 6rrna racuurana b uououlbro MHoroqeireBoro aBToMarr{qecKoro recrepa AJu
KoHrpoJrfl u nacrpofirul KAMAK-crcrena [9],

3. Czcteua BbInoJIHeHa B Tpoll{qecKoM rrcrroJrHeHr{r,r Ha rreqarHbrx rrJrarax c JryxeHr{eM
I{ npo[]rrKoli enoxcr.rguuMr{ JraKaM?r (puc. 8) rr HopMr,rpoBaHa K TeM[eparypaM B AHala-
gone -20...+70oC, otnocr,rreltHori BJraxHocrr,r go 98Vo, AaBJreHr{ro n upeqenax 570-
830 t'tu pr. cr., 6es orpannveurui x AJrr{TeJrbHocrra 6esocraHono.ruor:r pa6orrr u pa6oveuy
NOJIO)(EHI,IIO

Koucrpyxqlra paspa6otanHux 6noxon yflpaBrreHr,rrr [peAcraBJreua Ha puc. 8. O6qr.rfi rlq
AucraHrlr{oHnofi .racfl.r cucreMbr (auuaparyprr KAMAK) [peAcraBJreH Ha pr{c. 9. [na
MaKcI{MaJrbHoro ycKopeHua npoounarrn.rec(oro r,r anapufinoro peMoHTa crrcTeMa ylpaB-
JreHUx. cna6xena lOUVo 3VlIl (r.e. nceu cocraBubrM 6norau coorBercrBylor aHaJrorraqubre
6roxra n 3lIfI).

Plrc. 8, Konopyxqlu 6aoxon ynparnerruq B craH,qapre KAMAK
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. Pxc. 9. O6qufi nran lucranquoHnoft qacru cl{creMr'r ynpaBneHl{'

Pa:pa6oraun afl cficTeMarro3BoJrfleT B XesrKrIX KJII,IMaTnqecKLD( ycJIOBUflX AIICTaHIIIIOHHO

ylpaBJlfTb CneKTporpa+OM KaK BpyuHylo, TaK II B aBToMaTI{qeCKoM pexIIMe' rITO 3Ha-

trurerbHo coKparrrJro rpeux uogibronru ero K Ha6JrIoAeHI,IrM acrpoQrrcI'IqecKrrx o6'b-

eKToB, yJryquuro KaqecrBo [orytraeMbrx c[eKTpoB tr ycrroB,ufl pa6orbl Ha6rloAarerefi'
Cuequanruue TexHLIvecKI,Ie pelreHrlr' HanpaBJIeHHbIe Ha MaKc[MaJIbHyrc [pocToTy rI

yuusuraqnro gJIeKTpoHHbrx 6noron, a raKxe I,IcnoJrb3oBaHr{e cepuliHo BbIrIycKaeMbIx 6JI0-

*ou , cra"gapre KAMAK uogsoufifl]r cyqecrBeHHo cHli3rrrb cro]IMocrb cI'IcreMbI yrlpaB-

JreHr,rrr cneKTporpaooM.
Anropu urrpaXatot rly6oryrc upll3naTeJlbnoctr M.fI. JLauopenro, O.H. Maxrauy,

E.A. EQanoBy- 3a pa6orbr no u3roroBJreHr.rrc ocHoBHbIx 6JIoKoB cucreMbl aBToMa-

Tr4qecKoro y[paBJIeHI{' Cnextporpasou.

Mafi 1992 r.
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gmEJrJrbtrrni cnrxrporpAo coolrH
Iv. IPOIPAMMHOE OEECIEqEHI{E CIICTEMbI YIIPABJIEHI,Ifl

r,r rIEpBbrE pE3yJrbrATbI HAEJrrcAEnmi Ha HopAIrK-TEJIECKo[E

lI.B. [ImnH

flpunegeuo AeraJrbHoe orficaHI,Ie [porpaMMHoro o6ecneveuur, noA ynpaBJreHueM Koroporo npos3BoAsrc51
ua6nrogenur Ha cneKTporpaQe. K ocHonuuM AocrouHcrBaM nporpaMMHoro o6ecne.reHn, cregyer orHecrn'ero
ru6roc, r I'I HacrpalBaeMosrr Ha pa3JII,IqHbre xonQurypaqnr o6opyqonauua, npocrora n pa6orL r{ BsrnoJrHeHr,re
MHorr,Ix BcnoMorareJlburtx Qyuxqr.rfi, ueo6xogultrx B npoqecce na6lrogexufi Ha sroM cnexrporpa$e.
flpunegeuu fiepBbte pe3ynrTarbr ua6arcgeuuli,. Koropbre [oKa36rBaror Bbrcoxoe KaqecrBo ac[oJrHeHr{t
cnerrporpa$a u ero coorBercrBl{e pacqerHbrM flapaMerpaM. CnexrporpaS no3Borcer perflcrprrpoBarb 3Be3Abr
V=14ntcSlN=l0sa2vsxcnosrquucocneKrpanr,HrrMpa3peruenuelrR=170000.,(aercaKparKoecpaBHeHrrec
Apyrr,rMr.r rcBecrubtMr.r 3rrlerJrrHbrMr.r cneKrporpaQarr,ru Br,rcoKoro pa3peueHrrr.

THE ECHELLE SPECTROGRAPH SOFIN. IV. THE SOFTWARE AND THE FIRST
OBSERVATIONS ON 'l'HE NORDIC TELESCOPE, by t.V. llyin. The detailed description of rhe sofrware for
the observation procedure with the SOFIN spectrograph is described. The flexibility and portability for the different
hardware configuration, user-frendly interface, easy-to-use and the perfomance for t-he sopiisticatej auxiliary on-line
functions during observations are the most important advantage of the present software. The first observations results
are shown, the high quality and correspondence to the designed parameters are confirmed. The limiting magnitude of
about 7 = l4m yeld S/N = l0 during 2 hours exposure for the resolution power R = 170000. The brief discussion for the
most important similar high resolution 6chelle specrographs is given.

Baegexne

- 
CuexrporpaS COOIH ycranonneH JreroM 1991 r. ua2,56u Hopgnr-reJrecKore, (JIa-

ffarrua, Kauapcxue ocrpoBa, l4cnauw.). CnexrporpaS rnuaerca rroJrgocrbro aBToMa-
TI{3I{poBaHHbIM acrpoHoMI{qecKLIM [pu6opoM, B KoropoM 6oluulrscrno MexaHr{qecKr,rx
y3rroB yrpaBJrrrorcfl or KoMrrbK)Tepa. TaKafl cueqr,r$ura npr6opa orpeAerqerc, B lepByro
oqepeAb ycJroBtrrMr{ Ha6rroAeHr.rfi ua Hopgnx-reJrecKo[e, rAe Aocryrr K HeMy o.paruveu n
TeqeHue uo'rr'r. TexnoJrorl{{ Ha6Jrlogennrl Ha raKLIx reJrecKolax HoBoro [oKoJreH[, npeA-
noJlaraer npexAe Bcero [oJrHoe yupaBJreHr,re reJrecKo[oM r{ HaBecHoft annapa:rypofi or
KOMNT,}OTEPA. 3TI,I YCJIOBII' HAKJIAArIBAIOT OIPEAEJIEHHrIE TPE6OB aaWI HA CTPYKTYPY II
coAepxaHr,re rporpaMMHoro o6ecrerreHr.rfl creKTporpa+a. c oguofi cropoHbr; upoipiu_
MHa, cl{creMa ylpaBJIeHI'If, AoJIx<Ha 6rttt upocta n o6parqeun}r r{ rrousrHa ua6lrogatelro.
C gpyrofi croponbl, cl{creMa y[paBJreHr.r, AoJrxHa [oJrHocrbro Hc[oJrF,3oBarb Bce
co3MoxHocru' 3aJroxeHHble B cleKTfiorpa$e, AJIg roro trro6bi pa6ora c HrrM 6bura 6br
MaKcilMaJrLHo oQSeKTuBHofi. TaKuM o6pa3oM, [porpaMMHafl cucreMa yrrpaBJreHr,rfl AoJrxHa6rrrr lilrterureKTyaJrbHbrna uurep$eficbu uexqy ua6nrcgareleu r,r'cuerrporpa$orr,r a
BKJIIOIIATb BCE HEO6XOAI,IMbIE CPEACTBA AJIS TAKOTO O6IqCHI,I'.

Ha6urogeuue Ha gIrreJIJIbHoM clleKTporpa+e lpeAloJraraer r{cnoJrb3onauue fI3C-
Marprrq 6olHuoro Sopr"rata AJrt oxBara rax rraox<uo 6onuuero yqacrKa ra3o6paxeHr,rfl
sIrreJrJIorpaMMbI. Pa6ora c raKI{MI{ rrprreMHI{KaMLtrt3nyvemfifl HaKJraAbrBaer o[peAeJreHHyro
cnequQnry na lruSopuaqr{oHHbrri floroK BBr.rAv 6orburoro o6.beMa uonyvaeurix 4auutrx. C
lpyrori cropoHbl, npu ua6lrogeHl{sx peryIcrpupyercq cr{rHaJr c rr,ranori rrJrorHocrbro rroroKa
I'I3JrytIeHIlItr Ha sJreMeHT pa3pelrreHllfl r,rg-sa 6orrruroro c[eKTpaJrbHoro pasperueuux, 3ro
oco6enno 3aMerHo upu na6nrcgenr.rsx cla6rrx 3Be3A, KorAa cyqecrr"rrrr#r*JraA BHocr{T
co6ctneunrtrl ruyr"r fl3C-rtratpuqu. 3to npr,rBoAr.rr K 3aAaqe orrrrrMr,r3ar{u}r pexgMa pa6orrr
fl3C-rtaarpullbl, KorAa lyreM I,I3MeHeHI,Iz ynpaBJrrroqfix [apaMerpoB Aocrr{raerc, Mr.rHr{-
MaJrbHoe 3HaqeHHe reMHoBoro ToKa, MLIHr,rMI,I3Hpyerc.rI uryM crrIrTbIBaH[r, HaxoAgTc, ycJlo-
BI{fl TIOBbIIUeHH{ rIyBCTBIrreJrbHocrI{ B pa3HbIX C[eKTpaJrbHbrx Allana3oHax I{ T.A. TaXrae
MeroAbI orrlrM[3aII]rI4.pexI'IMoB II3C-rtaarpuIIbI Aalor cyrqecrBeHHoe [oBbrrrreHr.re eQ$er-
Tr{Buocrr{ ee pa6orur [1].

O 14.B. Irl.nrr.tr, 1995
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1. Ilporpa*ruuar xonQnrypar{I{fl

flporparvfi"firafl cucTeMa y[paBJreHr{r_ IlgcrpoeHa IIO fiepapxuqecKoMy lrpI'IHIIIItry u

cocrotlT I,I3 Tpex He3aBucI'IMbIx Mexgy co6oft qasrefi:

l. I,IHterpupoBaHHar rrporpaMMHaq o6ono.rxa, Koropafl BblrloJrHf,er Qynxquro I'IHIep-

Qefica ,"*gy na6nrogareneM I{ KoMIIbIoTepOM flpu [poBeAeHI'II4 acTpoHoMI'IqecKIlx ua6nro-

nenurl. Oua nXnrO.Iaet n Ce6g nCe neO6XOgI'IMbIe aJIrOpuTMbI' IIO KOTOpbIM UpOBOAflTC'

na6nrcgeuua Ha AaHHoM uHcTpyMeHTe lI BCe ueo6xOgutuue cpeAcTBa AJLI ylpaBJlegyafl' Ilpv-

BoAaMI,I npu6opa.
2. Ha6op rporpaMMHbrx cpeAcrB, Koropble cJlyxar roJIbKo gla pa6orrr c^fl3C-r'rar-

puqefi II BKJIIOIIaST nporpaMMbl cqI'ITbIBaHut, raln6ponxu II TecTupoBaHun n3C-MaTplIIIbI'
'--3. -p"g"rna oro6paxeH.r.r, noJryqennofi unSopMallur u rpeABapl'IreJlbHoft p:Iy.l11li-
6;*OleUufi. 3ra qaCir pa6OTaeT C II3O6paxeHIiIf,Mu I'I CneKTpaMlI I{ He 3aBI{.IIT OT allna-

paurofi ronQnrypaql{rl HaBecHoro o6opyAoBaHufl '
Taroft uonxon u6gsonset co3AaBaTb pa3Jrr{qHble clrcTeMbl perl{cTpallurr rr y[paBJreHI4'I

acTpOHOMuqeCK[Mlt upu6Opanau C MI{HTIMaJI6HbIMII 3aTpaTaM}I' TaK KaK [pI{ oToM BCerAa

BKIrOqarcTCg yxe TOTOB6Ie CpeACTBa' a [I3MeHfleTCg O6OnOqra CIICTeMbI y[paBJIeHI'LI' KoTO-

pafl, gaB:,1rcur roJIr,Ko or o6opyAoBaHl'Ifl '

flpyrofi oco6eHHocTbK) TaKoro IIoAxoAa flBIIfleTcfl pa3yMgafl opraHl'I3alluf, [oToKa AaH-

*rui"'rr*oxrax uusopuaqu, lpoxoAur qepe3 HecKoJrbKo ypoBHefi BbI3bIBaIouI[x lpo-
rpaMM. Haqano norora gauurri Soprtarapyror I{cnoJIHuTeJIBHbIe M6AyJII'I' a 3aKaHql{BaeTctr

oH Ha BepxHeM ypoBHe JrorflqecKoro yflpaBileHl{{. flpn upoxoxAeHul{ Kax[o[.o lI3 TaKI{X

erafloB,rporcxogm Ao6aBreHue crteq;S;'recKl'Ix oflucareilefi 06 o[peAeJIeHHoM AeI:IcrBI'Irr

B 3aroJroBoK LIH+OpMaIIuoHHOro safila.
Cracreua y[paBIeHI,Iq uanr.rCana Ha t3blKe C - san6Olee MOIIIHOM CpeACTBe AJIfl pelue-

Hr,rf, [oAo6Hbrx 3aAaq. Errla paspa6oraua cneql{aJlbHas 6u6trnoreKa oyHKIIUfi fl3blKa c,

KOTOpat [puMeHf,eTc{ AJIfl IIOCTpOeHI{g cI{cTeM ylpaBJIeHI{fl aCTpoHoMI{qecKI'IMI{ I',IHCTpy-

,"rru*, u o6pa6orxr,I AaHHBIX. B 6u6luoreKy BKIK)qeHbI pa3BlITbIe cpeAcTBa co3AaHI'Ia

O"orrror* rrrt"p6"riaoB'I,I MHoroypoBHeBoir cHcTeMbI MeHIo B TeKcToBoM I'I rpa$uqecKol\l

pe)<rlMax, ApeBoBIIAHbIe cTpyKTypbl Arq AI',IHaMUqecKoro xpaHeHufl AaHHbIX' CUCTeMa

yrrpurn"rr,ra ra6nprqaun, ApafiBepbr yrrpaBJIeHIIfl BHeIIIHefi uaMflTbIO AJI1 xpaHeuutr TaKI'Ix

6onrurnx o6.beMoB uuQoplraqurl *u* uso6paxenraa Il3C-uatpuqrt, rpaSuvecKl'rfi I'IHTep-

Qeftc nr,rcoxoro ypoBHJr AJrfl rrocTpoeHufl rpaQuqecKHx o6'beKTOB, B su3uqecKolf CIICTeMe

KOOpArIHar, qllIcreHHble MeroAbI o6pa6otxu AaHHbIx'

,[nx yupaoleHr{q cueKTporpa$or,a rpr4MeHtercfl KoMnbrcrep Gateway-2000 c upoqec-

"opo, 
intlt SO+SO lraxronaryu"roru 33 MIq, BHeruHflt raMflTb eMKocrblo 7 u6airc,

Bepgrrfi AI{cK eMKocTuo 200 r,a6afit). firx coxpaueHufl 6oJIbIuEx MaccHBoB HaKonJIeHHofi

r,rnsopr*,raquu cJIyxI{T HaKo[I{TeJIb ua crprrvruepnoll KaCceTe eMKocTbIo 200 v16airc' flpyrax
Bo3MoxHocrb cocrorrT B [rcuoJrb3oBaHl{rl MexMaIrII,IHHofi lttll,/]tthr cBfl3I'I Me>I<Ay IBM/PC u

puOo""t cTaHIII{efi Hewlett Packard, KoTopa{ o6nagaet HaKolI{TeIsMI'I 6o1tbulofi eMKocru

lra MarHurublx JIeHTax. O6uen [pOucxOAI'IT uO CKOpOCTnofi lr'Inun Ethemet rro.IpOTOKOJIy

o6r'aena FTP.

2. CucreuayrpaBJrelru, Il3C.'uatpnqefr

B ra.recrne [pr{eMH}rKoB r.r3flyrreHr.rs cJryxar fl3C-cncrertlbl BepcHI'I 3200 npol'ranolc-Tla

6rpru, AcrpoMeg (Anrnna) [2]. B cocran_-c_LlcreMbl BxoAflT ABe Kpl'Iocrarupooanulte fI3C-

Marprrrlbr npor.rog"ruu,frp"ry EEV_[3]: Kp]IcraJIJIbI P88100 pa3MepoM 298x1t52
.rr*i"n u p88200 pa3MepoM 77Oxll52 rI{KceJI, a raKx<e KourpoJrJrep ynpaBneHu'

r'rarpuqeft u unrep$eficHafl [JraTa B [epcoHaJrbHOM KOMlbIOTepe'

Iiurep$eficHas urara rpeAcraBJrfler us ce6,. RlSC-npoqeccop (npoqeccop c yMeHb-

-"r"ur*- na6oporvr uucrpyxqult), roropufi IIMeeT [porpaMMuyto IIaMTTI, II IIaM'ITb [aIIHbIx

c o6ter*ou.to 5t2 *rro-6irit. flauam gauHblx cJIyxIIT AJIfl xpaHeHllf ueo6pax<enur' BBoAU-

Moro c fl3C-uarpuqu. flporpaMMHafl flaMflTb cJIyxI4T AJL 3arpy3KI'I B Hee MIIKpOnpo-
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rpaMMHoro KoAa c rrepcoHaJrbHoro KoMnr,rorepa. Mr.rKporrporpaMMa RISC-npoqeccopa
Bbr[oJrHrer nce ueo6xogr{Mr,re ofleparlI,ru no yapaBJreHr.r]o fI3C-ua'rpr.rqeri uepe: rourpol-
Jrep, KaK, Harrpr{Mep, [ocbrJrKa yrrpaBJrflro]qrrx KoAoB, 3aAaurre uuQopr'.raquu o rariunpo-
naHua $asonbrx clrrnaJroB, yflpaBJreHr.re o6pa6orxori aHaJroroBbrx cr,rrHaJroB, [pr4eM AaHHbrx
c 16-pa:paguoro AI{[I u r.g. B o6u1er.a clyrrae Arq Br,r[orHeHlrr He3aBr,rcuMr,rx ouepaqr.rri
cyulecTByeT pflA oTAeJIr,Hr,Ix MlrKpo[porpaMM [JIf, qreHplfl fI3C-rvlarpul{bl, AJL ycTaHoBKr{
yrpaBrqroqux Hanpq>Keruir, glt qreHr.rfl uJrr,r ycraHoBrr.r :agaunori TeMleparyptr fI3C-
Marpr.rrlbr r4 T.A.

RISC-npoqeccop cBq3aH c KoHTpoJIrIepoM Marprrqbr rocpeAclBor\,r cKopocruofi uony-
gynnexcuorl IUI{HbI, Koropafl rrMeer l6 lunlul AaHHbrx u2 truuvu ynpaBneHur. Ilporoxon
o6ueua ocyqecrBJrrerc, [o craHAapry RS-422.

Kourponnep MarpI,IIIbI ocyqecrBJrrer [prreM r4 AeKoAlrpoBaHze qr,r$poBbrx KoMaHA or
RISC-npoqeccopa ?r ocyqecrBJrser Bce aHaJroroBr,re onepaqrrr c II3C-lra.rpr,rqeri.

Olucaunas crpyKTypa rro3Borrr{er AocrarorrHo 1116ro oflepllpoBart, c raxor;i lI3C-
rraarpraqeli. Ilporparvrrr,rr,rpyeMEle ylpaBrsroq[e Halpfl)KeHr4s rro3Borrlor [por43BoAr,r.rb
orITI{MI{3aII[rc pexI,IMoB pa6orrt B peanbHoM BpeMeHr{ B 3aBr4c}rMoc'u{ oT yctroBuit
ocBerleHHocrlr, cleKTpanrnofi o6lacrw r saganuofl TeMneparypr,r uarpr.rqu [4].
Ilporpauurapyernrrrrl xoeSQuqNeur ycvrretrrfl. Br,rxoAHoro ycvrLrrerrfl., BpeMq
LIHTerp[poBa:arzfl cvtrara, BeJ]I,I.II{Ha 6uunlrnra raKxe llo3BoJrruor fioAcrpaHBarb pe)KIIM
pa6orll rroA AaHHbIe ycnoBuq na6nrcgenrri. Ornagra ra nacrpofrxa c]rcreMr,t Mo>Ker
npoLI3BoAI,ITbcq roJIL,Ko [ocpeAcrBoM KoM[b]orepa c pa3Br,rrorl cucr:euori glrarnoc'rr,rru 6e:
I{clOJIr,3OBaHI{.a AOIIOJIHLITeJIbHbIX I{DKeHepHbIx CpeACTB, TaKIIX KaK, Ha[pI{Mep, qr,rtppOnr,IX

BOJrr,TMeTpOB.

flporpartruuoe o6ec[eqeHl,Ie, [ocraBJrqeMoe Quprrrorl Astromed, oprreHTlrpoBaHo Ha
pa6ory B o[epaqlroHuofi cuctelte UNIX u r,rMeer 6onr,ruol:r na6op cpeAcrB pa6orEr c fI3C-
lrarpurleri ilnfl pa3Jrr{rrHbrx rrpr{KnaAHErx 3aAaq. Korraurrorep, ynpaearroulrfi
cneKTporpa$or',r, pa6otaer roA yrpaBneHr4eM orepaqrronHori clrcrelrori DOS IBM/PC. B
qenqx coBMecrl,IMocrrr Ir BBI4Ay cuequ$u.rnocrri rexHr,rqecxux rpe6onawuit npu pa6ore c
uso6pax<enuarrlu B cr,rcreMe yrtpaBrteHr{q cuexrporpaQor',r 6r,rnu paapa6oranrr
c[eq]IaJrbHbre flporpaMMHr,re cpeAcrBa AJrrr ytrpaBJrenuq II3C-]',rarpuqeri.

Yrenue r.rso6paxennq c II3C-I\.IarpuqL,r ocy[{ecrBrqerc, :arpyarofi r,r 3a[ycKoM Mr{Kpo-
lporpaMMbl B flaMsrlt RISC-npoqeccopa c nocrreAyrorqr4M rIIrKrroM 3artqrct4 c.rllrrrnaet,roir
ruuSopr'raqIEl{ B [aMqrb AaHHbIx. Bnugy orpaHr{qeHHocru o6reua ilaMrrrt AaHHbrx RISC-
lpoqeccopa rrreHlle MarpI{IIbr r{ flepeHoc lru$opr,,raqur{ B [aMflTr, ynpaBJrsroqero [epco-
HaJIbHoro KoMflblorepa [poucxoAlrr B HecKoJrbKo gra[oB. IIo ruepe 3a[oJrHeHlrf 6y$epa
wuQopr'laqufl nepeHocllTc.fl B pacur4penHyro [aMflTb (expanded memory) KoMrrb[orepa,
pa6orarorqyrc rroA ynpaBfleHr.rq EMS-gparinepa.EcrecrBeHuo, rrro pacurr{peHu as \a-
Mqrb r.rctrorb3yercq KaK ocHoBHas, flalaflTb upu pa6o.re c uso6pax<enrrflMr,r. TaK KaK
o6t,err un$opr'aaqult, cqlrrblBaeMorl c Marpr{qbr 710 x 1152 nprrcen, cocraBJrrer
1850 rr.rno6atir. flolnoe BpeM{ crrr{TblBaHr{s 'rarorl Marpr.rrlbr cocraBlqer oKoJro
50 c, .mo oflpeAeJlrercf, ycraHoBKoli gna.reu[q BpeMeHr,r r,rHTerprrpoBaHr.rq r]brxoAHoro
CI{THAJIA.

Cpasy, [ocJre roro KaK u3o6pax<eHue repeHeceHo B pacu[peHHyro naMrrb, ouo
3anr{cr,rBaercfl Errfl, xpaHeHru Ha Ar{cK. llso6pax<eurie xpa:F,fiTcfl n FlTS-$opr.rare, [5] rar n
uar6olee coBMecrl{Mor',r $opuare flepeAaqr.r AaHHbrx, flprrHrrroM B acrpouoMlrr. 3naqenne
ITHTeHcI{BHocrI,I Kax([oro nl4KceJra xpauvrcs, rar gnyx6arTrroBoe rrr{cJro, npeo6pasoBaHuoe B

3HaKoBoe IIeJIOe [peAcTaBIIeHLIe [yTeM AeJIeHI{-I na 2. IlporpaMMa rrTeHr{rr rr3o6paxeHr.rq He
3aBI{cI{T or xapaKTepa [p]I6opa, Ha KoropoM oHo floryqeHo, r{ B 3aroJronor FITS-Qafina
3aflllcblBaloTc, Bce rrapaMeTpLI, KOTOpbIe ortpegelqIoTcfl TOJIrKo gannOrl uporpauuofi:
pa3Mepr,I fl3C-r',ratpul{bl, pa3MepLI [potl]rraHHoro parTrona uso6pa>xenr,ra, cnequ$uraqur
fI3C-r'rarpIrllbr, BpeMfl UT saulrcu uso6paxennx. flpyrne rapaMerpr,r FITS-$arlra 6ygyr
go6annenrr [porpaMMaMr{ BepxHero ypoBHrr, Koropbre Br,rgr,rBaror nporpaMMy rrreHr.r,
f[3C-ua:rpuqrr.
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I4so6paxeuvfl. xpaP.flTcs. so nHeurueft [aMflTrI IIo [pI,IHIII{ny creKa - KaxAoe HoBoe

3aMeulaer caMoe crapoe B crrr{cKe xpaHrlrMblx KaApoB. O6rI.rHo sHerrrHefi naMflTI'I xBaraer

AJrf xpageHr,L 3-4 rnso6paxeuuit, a creKoBafl opraHI,BaIIruI cyulecrBeHHo ycKopf,er npoqecc

pa6oTbr, TaK KaK He rpe6yercr AorroJrHr{TeJrbHaf, 3arpy3Ka KaApOB C A}rCKa.

3. Cpegctna oro6paxenu, roryqaeMofi un$opuaqun

,flauur,ttl pa3AeJI [porpaMMHblx cpeAcTB flBilfl.eTcs' cJIeAyIoqI'IM 3BeHoM B cTpyKType

(oM[JreKca ynpaBJleHl,rfl V He SAB]/ICUT OT TU[a IpI{eMHI{KOB I{3[yqeHl',r, I',I HaBeCHOfO

o6opygonaum.'flpunegeM CIII{COK OCHoBHbIx KOM[oHeHToB AaHHoro pa3AeJIa'

t.-nporpaura rrSyanr3aIIII[ IIoJIyrIeHHoro uro6paxeuns c fl3C-rtaaTpullbl Iftataer

rro6oe iro-6pa*"rre, 3anllcaHHoe n FITS-SopMare' u oto6paxaer Ha AI'Ic[JIee KoMllbrc-
.repa. Arruonufi npn"royrolurtui MapKep uo3BoJrrer BbIAeJIrrb $parueutlt I'I3o6paxeHI'IrI

c oqraQpooxon reryrqero noro*"r-. CyqectseHHblM 3Aecb flBfiflercflTo, rrro BBEAy orpa-

HLrqeHHocTI{ [aJI[Tpr,I AI{cIIJIet ,16 gnetauu u npu 6onuuou pa3Maxe AaHHbIx 1ro

auuuu:ry[e ueo6xbgur"ro r,rMerb Bo3MoxHocrb HaxoArlTb rlpeAeJrbI nau6onee
r,ru6oprraaruBHort qacrr{ u3o6paxeHr,rs. O6lr.rHo peaJrbHble [peAeJIbI I'I3o6paxeHI'Ifl_rlo

r,rHTeHcI{BHoCTLI OnpeAeJIf,IOTc, HI{3KIIM 3HaaIeHI{eM ypoBHrI CMeuieHI'L (bias) fI3C-
MaTpuqbl r,r sruqHrleM KOCMIltqeCKI',IX qacTuq.

2. flporpar,,rMa HaxoxAeuraa unsopuarunnofi qacrtl u3o6paxeHl4, BblrrllcJlfler pac[pe-

AeJreHI{e AaHHbrx J1o lrHTeHcr,rBHotTrIM u npol{3BoAl,tr: or6pacunaHl{e xBocroB eroro pac-

[pe4eJreH6fl. [pI{ 3aAaHHoM ypoBHe orcerrKr{. Yponeur orc€tIKI,I cocraBJrfler, o6w'*to, l-5Vo

On o6qero xoflu'IeCrna TOTIeK LI olpeAeJlf,eTc, KpyTII3HOrt paCnpegellrentoLfl, fialee [poqecc
rroBTopsercfl u B HeM yqacrByror roJrbKo.ToqKI{ c uHTeHcrIBHocrbK), nexaqeri B flpeAeJlax'

orpeAeJreHHblx ro upegugyqefi urepaquu. Taxofi upoqecc cxoAuTct K oAHoMy AuaIIa3oHy

raHrencusHoctefi 3a 2-3 I.ITepaquII. I'In$oprr'raqur o peaJlbHblx il unSopr'ra-
TrrBHbrx [peAeJrax r{HTeuc}rBHocrbft AonrcuBaerc{ s FITS 3aroJIoBoK u3o6pax<eHuq Ha

ALrCKe.
3. ftporpaMMa oro6pax<eHuf, pacnpeAeJreHu, uHTeHcrannoctefi flo3BoJlf,er Bbt6parr,

x(eJraeMbre [peAeJrbr r{HTeHcrrBHocreri gna BbIAeJIeHu, cuequQuuecKl{x neraJrefi n uso6pa-

xeHlrrr. 11pr erou Ecfl rlBeroBafl flaJrurpa 6yAet pacnoJlararbcr BHyrpI'I ort6pauuoro

Ar{a[a3oHa. Ha pnc. 1 upunegeua TurruqHafl rucrorpaMMa pacupeAeJleHl{f, rIHTeHc}rBHocre}I

lry yru"r*u ueo6paxeuuf, grrreJrJrbHoro c[eKTpa. flo ropuaoHTaJlbHofi ocl{ orJloxeHa

rrrKaJra I{HTeHcI{BHocTeIi, KoTopas cooTBeTcTByeT eAI{HI'IIIaM anaJroro-qrl$ponoro
npeo6paaonareJrs fI3C-uarpuqbr, a IIo beprl{KartnoIi ocl{ orJror<eHa qacTora

BcrperraeMocrr{ [r{KceJr gauuofi rrHTeHc}rBHocrI,I K o6lr{eMy KoJrl{qecrBy [I4KceJr B Marpl{qe.

flur pacupeAeJreHr.r, oupeAerserc{ 6onruruu KoJIuqecrBoM rII{KceJr, Ha Koropble [oflaAaer

$on ue6i MexAy c[eKTpaJrbubrMr.r [oprAraun. Xaocr pacflpeAeJleHl'If, orpeAerrfl'ercr.

NOJIC3HbIM HAKOIJICHHbIM CI{THAJIOM.

4. flporpauMa cyMMr.rpoBaHr{s flo KoJroHKaM IrJr[ crpoKaM u3o6paxeHuf, cryx(Iar AJr.s

BbrrrtrcJreHr{rr u oro6paxeHr.r, Ha6JrrcAaeMoro crleKTpa UJII{ pa3pe3a IIoIIepeK Arrcflepcuu.

5, flporparvgraa uapar',rerpl,I3alll4l4 nunnfi cueKTpa cpa;B:fle:f'.rrfl. CJIy)I(IIT gaa..6uctpOro

BbrqrrcJleHr,rg rroJroxegl{r, uHTeHcr{BHocrrI I{ urIpLIHbI Bcex SMHccI{oHHbIx lunnfi B yqacrKe

u3o6paxeHu, eIIIeJIJIbHoro c[eKTpa cpaBHeHus. Taxas npoqeAypa [pl{MeH'eTcfl' \fifl
oToxAecTBJIeHus cIIeKTpaJIbHbIx luHufi u SoxycupoBKI'I rl3o6paxenua. Cyrr aIIropI'ITMa.

cBoAurcq K ToMy, qro c noMorqbro MeAuaHHoft $narrpaltrI{lr HaxoAlrrcfl KpI{Bas KoHTI{HyyMa

r{ Bce JrrirHI{[, Jlexaque BbII[e olpeAeJIeHHOIO ypoBHfl HaA HIIM' an[poKc[IMI',IpyIOTCf

rayCcoBcKIIMII KoHTypaMu. Kpnoax *ontu"yyr'na o[peAeJlreTcf, KaK pe3yJlbTat ue4nannofi

ellnrrpaquu ,cxofinoro cneKTpa npr{ orrrrrMaJlbgoM pa3Mepe orna Qunrrpa.
Onruvranrnufi paeuep oKHa CooTBeTcTByeT TaKoMy pa3Mepy, upII KoTopoM KpltnIUI

Kog,rrrgyyMa cri6^n i^pyercfl., T.e. nepecraer I,I3MeHflTbc, [fill yBeJrlrqeHurr orna. flur
roro .rro6u. BblAeJrurb qtunutu cneKTpa cpaBueHl{f,, ueo6xoguno o[peAeJII'ITb nerlrfi
ypOBeHb r $ynxqula pa3HOCTI{ CIIeKTpa II KOHTUHyyMa' BbII[e KOTOpOTO JIexaT ]IcKOMbIe
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Puc. 1. TunII.rHrrft npurr,rep pacnpeAeJleHn, r{rTeHcr{BHocTert n nao6paxenrr{ grreJrJrbHoro clleKlpa 3Be3Abr

Jrr{Hr.rr{. Tarofi ypoBenb o[peAersercq KaK 30, rAe o ecrb Ar,rcflepcu, synxquu pa3Hocrr{.
fiucnepcar. HaxoA[Tcs 3a HecKoJIbKo urepaqnfi [yreM r{cKJlrorreHr{, I{g Bbrq[cJreuur? rex
Torlek, KoropBle llMeror MaKcI,rMaJrbHbIe orKJroHeHrrf, or cpeAHero 3Haqeur.rf,. Cpeguee
3HalreHrre pa3uocrlr no o[peAeneHr,rro AoJrxHo 6urr panno HyJrro,

4. Ynpau.nenne rpr{BoAaMn cnexrporpa{a

3ta .ractr [porpaMMHoro o6ecne,{eull BbI[oJIHfer ylpaBJreHr,Ie IdcuoJrHrrreJrbHblMl{
y3JraMu cnextporpaQa or KoMnblotepa. YupaaJreHr{e BeAercq qepe3 r,rntepQeftqrbre MoAy-
ma KAMAK, Koropble oquotlt cropouofi o6pauleusr K KoMlbrorepy AJrs [prreMa KoMaHA rr
BbIAaqu AaHHbIx, a 4pyrofi - K c[eKTporpaoy AJIg rlplreMa, flepeAatrn rorr{trecKr.rx cmHaJroB
ynpaBJIeHI,If, nprrBoAaMu. Bce enertpoHHble.MoAyJrr,r y[paBJreHr,ra pa6oraror ro [pr4Hrlr,rly
3a[poc-oTBeT, KOrAa ]I3 rlporpaMYbr BbrAaercf, KoMaHAa Ha r.rc[oJlHeH]re c colpoBox-
AaIouIlIM ero KoAoM onepaq[u I'I KoAoM IIoJIoxeHH, AaHHbIx, H npoucxoAl,Ir oxuganue
IlpuxoAa B KoMflblorep orBerHoro cI4rHaJIa 3aBeprrreHr.Irr BbrrroJrHeHr{rr eroro geficrnzs, Bce
eJIeKTpoHHbIe MoAyJrI{ yrtpaBreHzlr cuerrporpaSou paepa6oranbr lr o[prcanbr aBTopa-
uu n [6].

o6r'reu AaHHbrMr.r r{ KoMaHAaMLT Mex<Ay KoM[brorepoM r{ MoAyJrsrrau KAMAK ocy-
IqecrBJrfleTcfl qepe3 KorTpoJIJIep rpefita. Koutponnep, xoropuri 6lrl racuonr3oBaH B
pa6ote, nsauuogeficrByer c KoMnblorepoM uo flporoKoJry KaHaJra o6ulero [oJrb3oBar{u,
IEEE-488 GPIB [7]. Ertla cgenaua paspa6otKa crequaJrbHbrx rporpaMMHbrx MoAyJreri gna
peanlr3alllru [poToKoJIa o6ueHa rlo raKoMy untep+erlcy u y[paBJreHr{ro KoHTpoJrJrepoM.

flpuregeu onucaHlle nporpaMMHblx cpeAcrB glr pa6orrr c oJreKTpouHbrMil MoAyJrsMrr
yrrpaBJreHrl, cuerrporpa$ortl.

1. Mogynl ylpaBJreHlu tIoJIoxeHI{eM gurernrHorl qu$paxqnonnori peurerxofi u upus-
uofi paegeleHllfl nopflAxon. HaxnoH orl,rx olrr{trecKl{x gJreMeHToB orrpeAeJrrercfl KoJrr{qecr-
BoM IrraroB, orpa6atrtnaeMblx uraroBblM ABl{rareneu. [uaua3oH ABr,rxeHrrs peuerKr,r
cocraBrser r unQparpacuott o6naclu 19 200 rraroB r{ rprr3Mbr - 4500 ruaroB. eropocrr,
ABlrxeHI'L [pI{ HaBeAeHuu Ha crleKTpaJrbHyro o6nacB cocraBJrrer oKoJro 67 ruar/c u
onpeAeJlrerct rI{[oM IrlaroBblx gnurareleir. Taxuu o6pasolr, MaKcr{MaJrbHoe BpeMs
fio3l'IquoHl'Iposair?Is pelrerKu Ha ypoBue 20-ro nopagKa cocraBr{T cBbrrrre 5 vrr.ru. ftipeq
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HaaraJroM pa6oTbr Heo6xoALIMa I,IH[IIuaJIIt3aII]Ifl [pI'IBoAa IIyTeM ycTaHoBKI'I peIueTKIt I'I

rrpl,r3Mbl B HarIaJIbHoe IIoJIOXeHI',Ie AO AOCTIDIKeHIL IIOJIOXeHI',L KOHqeBOTo BbIKJIK)rIaTeJIf,'

OrnOcurenrHa, TotIHoCTb no3I,IquoHI{poBaHI'Ifl [pI'I [epexoAe I'I3 oAHoIi cleKTpaJIbHoIf

o6flacTr.r B Apyryrc I{ o6paTHO COCTaBJISeT 24 nata, IITO COOTBeTCTByeT AJIfl KaMepbI c

Sorycor"r 
')- 

*"rpu i-q [r{KceJIaM Il3C-r'latpuqu. A6conrornas rotl,ocrb
rrO3rrr{r{OH}IpoBaHUq AO }I IOCJIe nOntOpnOfi I4Hrr\uAilu3aIIuII COcTaBJIger OrOnO 10-15

[rafoB.
2. Mogyls ynpaBJreHuJr [oJrOXeHI{eM neHTalpu3Mbl AJIf, HaIIpaBJIeHUf oAHoro I',I3 Tpex

HCTOTIHIIKOB CBETA HA IIIEJIb: OT 3BE3AbI, OT JIAMUbI NJIOCKOTO TIOJIfl II CTIEKTPA 
"P"UU":\Y'

Harrou [eHTalpI43MbI 3aAaeTc, HoMepoM [g3I{IIIII{' B KoTopyto AoJIxHa [poI'I3oI'ITu ycTa-

HOBKA.

3. MoAynr y[paB[eHI,Iq BKJTIOTIeHI,IeM JIaMIIbI IJIOCKOTO IIOJIf, I{ CIIeKrpa cpaBHeHIIf,'

BrruOnmer pOJIb [pOrpaMMHOrO BKJIIoTIaTeJIfl JIaMI C AI'ISTaHIII{OHHbIM yIIpaBJIeHI4eM'

ouepaqr.If, nporacxogrlr npr,r BbrAaqe B MOAyJIb KAMAK creqIIaJIbHbIx yrpaBrlfloulllx

Syiixqlni.
4. Mogynr yflpaBJrerl{f,

irrler oKoao 0,1 c,

3arBopoM. Munraualrnoe BpeMt cpa6aT uaanuq 3arBopa cocraB-

5. Mogynr ylpaBJreHufl Sr'urrpauu orpe3aHllq

paMr,r ocyqecnBJl{ercfl rlyreM 3Arrldcll IIopfl AKoBOro

BbIAaqIr KoMaHAbI Ha ucIroJIHeHIre.

5. [porPauunuri untePQefic

flporpar"runrrft untepQeric c na6nrogaTeJleM fBIfleTcflI'IHTerpIIpoBaHHoft cpeAoli, KoTo-

puo u*rr-raeT B Ce6' yupaBJreHr,re BceMI,I TeMII [porpaMMHbIMI[ cpeAcTBaMI4' XOTOpbIe

6rrln ouucu"u, ,urrrr", B npo"purrnufi nutep$efic sarlaguBaloTcf, Bce SyHKIIUU,

KOTOpbre olpeAeJrfroT cuequQr,rry ua6urogenufi Ha AaHHoM npn6ope.

?InrepQefic peaJrrr3oBaH B Br.rAe MHoroypoBHeBoro MeHIo; raxArtfi ypoBeHb lPueu-
TupoBaH Ha AlIaJIor c na6urogatelleM I{ BbInoJIHeH[e orpegeJleHHux ouepaqufi' K?5I1"
Ec[OJIHIITeJIbHa, ollepaqrt, *otopu" n peSynrtate I'IMeeT Ha BbIxoAe I{3O6pax<eHI'Ie C ft3C-
Marp[rlbr, BHocur cBor ;arucfi s iaroronor FITS-$airna. flpoqecc Ha6rro[eHufi cocro]Ir B

BbrrroJrHeHI{I'I pfl Aa cJleAyroqux onep aquft . 
-

1. Ilonyvelrne reMHoBoro xalpa (bias frame) c I[3C-ruatp?IUbI' r.e. cqutbIBaHI'Ie MaT-

prrrlbr c nylenofi sKc11o3lllll{eir. Taxoe I'I3o6paxeHl4e uoKa3blBaeT ToHKyrc cTpyKTypy

""og"opofrocrefi 
uarpnqrr, o6ycnonrleH'yro pa3JIrIqHbIM 3HatreH[eM TepMogM[Iccu]I or

n"i"""i K'rI{KceJry. Hi uso6paxeul{e HaKJraAblBaercs raKxe aAAnrusHrui myM cquTbl-

Ba,tt1.., O6yCnonneunrrft uryr',rOrra BbIxOAHoTO upeo6pasOnaTeJlf CIIrHana fI3C-rtaaTpI'IIIbI'

TaxOe ,lro-6paxeHre ucrroJlb3yeTlfl. Ilptl gamuefiurefi o6pa6orxe IIyTeM ero BbIrI[TaH[' [I3

eCex uso6pax<enufi c nenynenOfi ercuosrnquefi. 9ro6rr yMeHbIIIIITb BKJIaA IIIyMa cqI'ITbI-

BaHr{f, 11pu BbIquTaHI,II,I AByx lrao6paxeH1rfi, npOuanOgl{Tgfl MHOTOKpaTHO9 CrII{TbIBaHI{e

TeMHoBOro KaApa c ilocJIeAyrcIqlIM ocpeAHenueM. BBUAy MaJIoCTI'I 3HarIeHI{a ulyMa cqI{TbI-

BaHr{fl EEV-ruirpuq cpeAgee u3o6paxeHr,Ifl AocraroqHo roJIytII'Irb ilo 2-3 KaApaM.

Crpyxrypa raKoro r.r3o6paxeHr,rfl [ocraroqHa cra6l,ulbHa ]I 3aBI{CI'IT B ocHoBHoM ToJIbKo or
r",ir""puryprr fl3C-r'aarprrlt , AaHHbIfi MoMeHT BpeMefII'L Cucrelraa TepMocTa6l'IilusallJ/,I4Ll

KoHTpoJrfl TeMleparypbr B clrcreMe y[paBJreHua fl3C-uatpuq rlo3BoJrfler [poI{3BoAI{Tb

lporleAypy cqlrTblBaHurl TeMHOBbIx KaApoB ncero 2-3 pa3a 3a Hoqb'
^ 2. flolyueHr,re c[eKTpa cpaBHeHufl. flo brr.r[cJIeHHbIM KoopAI'IHaraM [poI{3BoAI{Tct

uo3r.rqtroHltpoBaHl{e eul-eJlJre }I upI{3MbI n aagannrrfi c[eKTpaJI]Hufi ?ai_o1'-1t^::ry]
neHTafIpI,I3MbI B IOJIOXSHI{e C[eKTpa ipamreurax, 3aTeM AeJIaeTC, 3KC[O3IIqU'I C 3aAaHHbIM

BpeMeHeM HaKo[JreHru ]r [por43BoAr,r"cfl crrrlTblBaHlre lrso6pax< e:f.it4fl. c fl3C-r"ratpr'rqrr. Bce

erra oarepaqull BbI[OJIHrIIorca ognoft rOuangofi oT KoMnb]oTepa. [nlrnrt BOJIH, Ha3BaHI'Ie

"rr"*rpuru"ofi 
o6nacru u Qr,rsnvecrpre KoopALrHarbI noJloxeHl{fl SlrreJlne/uptlsuu

coxpagf,roTc, B Crreqlral51rori ra6ruue B [aMf,TI{ KOMlbIOTepa, KoTOpas Mox<eT

go6anmrrcr u rraoguSuqnpoBarbcq Ha6[Io[arereM'
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3. flonyvenue uso6paxeHl{, [JlocKoro rroJu BblrrolHqerc, aHarorurrHo upor{eAype
cleKTpa cpaBHeHHrI 3a I{cKlrorreHLIeM TOrO, qTO B pe3yrbTaTe rtoflyqaercs cpeAHee ugo6-
pax<eHr.re nyreM cyMMupoBaHr,rfl HecKorbKr.rx KaApoB c oAr.rHaKotsoft excnoeuquefi.
flpoqegypa ocpeAHeHuq [JrocKoro nong ueo6xogr,rMa AJu yMeHr,rueHr.r, crarr.rcrr.recrorir
orur,r6rn cl{rHaJra luyMa }r I]IyMa cqr.rrbrBaHr{fl [pI,I ycJroBuE, qro ypoBeHb HaKorrJreHHoro
curHaJra rlJrocKoro nons 6nugox K ypoBHrc HaKo[JreHHoro crIrHaJIa or 3Be3AbI.

4. Srcnosuqna na6nrogaeMoro o6rexra BbrrroJrHflerc, aHaJrou{trHo, Ho rrpr{ oroM garryc-
Kaercfl [porpaMMHbIti rariuep, xoropuri orcrrr,rrbrBaer BpeM, gKcrro3r,rqrr]r r4 rroKa3brBaer
Ha MoHI,ITope MoMeHTbI crapra rr oKoHrraHrrrr, upxuorlr u o6parnoft crrertu,rK BpeMeHI{.
Baxnuu, c rotrKr,I 3peHI{, na6nrogeunit, y.sr,g.erct ro, rrro ecrb Bo3MoxHocrb
nplrocraHoBttrb, a 3areM npoAoJIxLITb eKcrlo3rrrlr{rc, rra6o ocraHoBr{Tb oKcno3r,rqrllo I{
Haqarb crrl{TblBarb raso6paxeur.re. B sarororox FITS-SafiJra 3aflr{rrrercfl MoMeHT BpeMeHr.r B

UT, xorga 3arBop 6un orxprtr B Haqale LI 3aKpbrr B KoHr{e, a raKxe uurerpanruoe BpeMfl
sKCnO3r{rIWr,

flocne 3aBeplrrexl{s xaxgoti I{3 Bcex orrrrcaHHbrx lpor{eAyp rpor{3BoAr{Tc, BbrBoA
[oJIytIeHHoro uso6paxer^],1ls,Ha ALIcrIJree KoMrrbrorepa cpeAcrBaMr.r oro6paxeHlra unQop-
MarIlIil.

Cnegyroqaa Qyuxqux, Koropafl BKJrIorreHa B rrHTerpupoBaHHyro cpeAy, rro3BoJrrer
ou6lrparl H rpocMarpranaru raao6paxeHr{f,, Koropbre HaxoAflTcfl ,a gtac*e (browse and
quick look). flpra vrenur,r KaxAoro raao6paxenraa c fl3C-r'rarpr4r{br rpoucxoqur go6anueurae
arpn6yron r,r3 3aroJroBKa FITS-Sar?ta B JroKaJrbHyro 6asy AaHHbrx. flpu nxoge n $yuxquro'npocMorpa na gucuner:r BbrBoAr,rrcfl ra6nrqa, coAepxaqa{ cflficoK r,rMeroqr{xc,
nso6paxeHrait u nx arpn6ytu (nasnanue o6'rexra, cleKTpaJrbnar o6nacrl rr r.A,).
OcuosHoe Ha3HarreHr{e 4aHuoir [porleAypbr - ru6parr xypcoporra nyxuruir KaAp r,r
BblcBerr{Tb ero r.rso6pax<eHlle Ha Al,IcrrJree. fipyroe Ha3HatreHr,re cocror.rr B uerrarr4 Ha
rrpr.rHTepe clrrcKa ncex ua6ruogeunfi r,r:r,g.

' 6.CucreuarrosuuuoHr{poBanuflHacrrexTpaJrcnyroo6.nacrr

IJI uonyveuux nso6pax<eHl{, elueJrJrbnoro cneKTpa 3Be3Ar,r r sagaunoli cnexrpaurnor?
o6uactu, neo6xoguuo 3Harb, Ha cKoJrbKo ruaroB ruaroBoro ABr,rrareJrfl neo6xogiuo no-
BepHyrb perrrerKy rr Kpocc-Ar.rcnepripyrcqyrc rpr{3My. fiua roro .rro611 3axBarr.rrb B
ueo6pax<enne Apyrue I,IHTepecyrcqlre c[eKrpaJrrusre o6lacrr,r, HaAo 3Harb oKpecrHocrr,r
nu6pauxoro pafioua. [nx etrx qeneli cJryxr,rr c[erlr{aJrbHa, nporpaMMa, roropaa crpo-
r{T TeoperuqecKyro MoAeJrb c[eKTpa n $oxatr,uorir tnocrocrr{ c[eKTporpa$a u
rlso6paxaer s uefi fl3c-Marprrqy c peaJrbubrMr.r pa3MepaMu. I,Iso6pax"rri *orrypou
fl3C-r'latpnqblBJrflercfl MapKepoM Ha Ar{cnJree, *orop"rfi MoxHo nepeMerrlarb u nro6yo
cneKTpaJrbHyro o6nactr. flapar"retpbl o[TurrecKux gJreMenTon cnerr,porpa$a 6rlnz
onucaHu n [8].

Ha prc. 2 noxasaHo reoperl,IqecKoe lrso6paxenzb cnerrpa n $oxanurortr nlocrocru
cnertporpa$a' flo ropusonramnofi ocl{ orJrox<eu yron uarnbna grueJrJrbHofi pemerrn; n
KaMepe c $oxycou 2000 r',ru AJIITHa etori ocu paBHa 360 r,,rr,,r. flo aeprrxairnofi ocra
or'JroxeH yroJr rloBopora [pl{3Mbr, r{ AJrr,rHa oc}r coorBercrByer 63 r'Ilrl. flpu rarou
rracrura6e KoHTyp fI3C_-uarpuIIbI BbITsHyr ro Beprr{KaJru (770 nwrceJr rro Beprr{KaJrr{ r{
1152 no ropr.r3oHTaJrrr). Bnyrpr,r KaxAoro cne*rparinoro [oprgKa ypoBeHb KoHrIeHTparI]rr
cBe-Ta orueJlnruofi peruetxori IraAaer or IIeHTpa K KpaflM IIo Mepe orKJroHeHrrfl
gnSparnponaHHoro ryrrKa or yrrra 6necra peurerKr.r. Fia ga"no, prcyH*e ypoBeHb
KoHIIeHTpaquu AIrs Bcex nopflAKon nrr6pan paBHr,IM 407o, a r{eHTpaJrbHaf, Beprr{KaJrbHa,
JruErre' coorBeTcrByer KoHI{eHTpaIII{I'I cBeTa a LOO%o. Cuextpanrubre [op{AKr{ Ha pr,rcyHKe
BbIrJrflA{T B BI{Ae JroMaHbIx ttwtruit I{3-3a HeAocrarotrno 6onuuoro pa3perrreHr,r{
Br{AeoAr{clJrer, c Koroporo cHrro ero ueo6paxeHrae. rlo KparM r,rao6paxeur.rr'y"*;;;;
HAqAIbHAq IiI KOHEqHA! AJIIIHrI BOJIH I'I HOMEP IOPIAKA. IIPU UEPEUEUIEHI{II MAPKEPA C
KJraBilarypbr KoMrrbrcTepa ua grcnnerl BbrBo[lTC' grruna norus, u qLrrp" Marpr,rrlbr, HoMep
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Plrc, 2.'l'eoperlr(recKarr MoAeJrb c[eKTpoB B q)oKanb]lori nJIock()c'rll cIIeKTporpaq)a COq'}fill

flpr1royro,rslruK coorBercrByer pa3Mepar{ fl3C-uarpnrlrr ll52 x7'70 B Kan{cpe c OoKycor''l 2000 ux. Ilcttrp

l\{arprrrlbr BblcraBJreH Hzl JttrHHIO 1rc}" 6563 A

rropqltrKa, KoHrIeHTpaUr4f cBeTa pe[IeTKoIi B AaHHoLl o6nac'I[ I'I 3HarIeHI'le cleKTpaJlLHoro

pa3peueHr,rq B cooTBeTcTBr{rr c 3aAaHHoii rul4plrHor:r sxOAnofi qcnl'I. Bo:trlo><no TaK)KC

ooro""r, Ha II1CnJIeII B KpylHOM Mac[ITa6e IIoJIHOe I'I3O6pa)KeHI4e, Ko'ropOe 6yger
rrocrpoeHo Ha fI3C-Marp[qe - TeoperrrqecKyro grllcnnorpaMMy Anfl 6oJree le1'anbHoro
Br.rAa Bcex oKpecTHblx [opr{AKoB.

7. Pesynrra'rbl nepBLIX Ha6rrcAeHnfi Ha HopAIrK-TeJIecKorre

7. l . SutennuHble cneKmpo?pafbt 6bLcoKo?o paspetueHun

B narlrgecarbre roflbl cyufec'I'uoBaJro MHeHr.re, tITo rIoJlyqeHLIe 3Be3AHtIx crIeKTpoB c
Br,rcoKorl Ar.{clepcrrerl ro3Mo><Ho roJrr,Ko c noMoulbro clleKTporpa(boB KyAe Ha reJlecKofiax

6olr,uoro pa3Mepa [9]. OUnaro rcpBL,rri orblT LIcIIoJIb3oBaHI{fl 3IITeJIJILHLIX cleKTpo-
rpa+oB noKa3aJr, rrro oHtr r{Meror [per4MyulecrBa rlo orHotileHl{Io K cneKTporpaq)y Ky[e rto
pa3perxaroqell crne n 3-4 pasa [10]. Cra:auo 9To c TeM, tI'Io, HecMoTpq Ha pa3JIIltII'Ie B

pa3Mcpe KOJrJrr.rMrzpOBaHHOrO rryqKa rI [ocTOflHHoIl perrleTKLI, 'I'aKoIl BLIlIrpEIlx IIoIytIae'fcq
3a care.r 3Haarr4TeJrL,Ho 66m,urero yrJra 6JIecKa oIrIenJrLHoIl pelxerKpl (o6r,rvHo 63o-73") no

cpaBHeIIrIrc c yrJIoM B o6bI.IHoIl gf$$parquoHHoii perueTKe, Ko'ropaq rtpl'IMeHqc'fc, B

crreKTporpa+ax KyAe (orono 8,5").
nepnsrt ony6llrrosauHbrri oflr,rr pa6orr,r co 3Be3AHLIM SITIeJIJIrHsIM c[eKTporpaSoM B

ac.rpoHoMr.ru rprlHirJure)Krlr Kpr,ntcrort actpocpr.rsttuecKoi{ o6cepBaropllll [11] u oruocurca
r 1964 r. Tarorl cner.rporpa$, ycrarroBrrer{}Iblii B r}oxyce KyI.e 2,6 r'a lllartHoscKoro 'l'eJle-

crorra o6cepBaToprru, o6ecfie.ruBar pa3pcilaroulyrc cloco6Hocrl Ii = 50 000.

3rrrellr,nr,re crreKTporpa(rr,r nory.rlrrr 6orr,uJoe pacllpocrpaHeHI'Ie B acrpoHoMl{Ir,
oco6eHHo n cpoxyce Kaccerpeua rra rerrecKonax MaJIoro Ir yMepel{Horo pa3MepoB, IrItIr/{y

Tor() rrTo oHr.r /IaroT Har{Jryqmee corJracoBaHlre c oIITrrKOii 9IIIeJTJILHoTO crleKTporpacba nprl

orpaltr.rrreHHocrr.r pa3Mepa Konnr{Mr.lpoBaHHoro ryrlKa, Koropblfi cocrallJlrel'oKoJIo 100 r'lr'1.

156

44
43



Taxofi pa3Mep orpeAeJrflercfl KoHcrpyKrr,rBHbrMr,r oco6ennocrauu cuexrpp._$,d1fr.,'"p,
Koropblx He Bo3HrIKaer MexaHl,IqecKoe rHyrI,Ie, a raKxe pa3MepaMrr rasrordsrr.IbaeMrrx
sIIreJrrIbHbIx pe[reroK. fipyrurtr BaxHbIM $axtopou rBJrf,ercfl crouuocrt'i'erileij6nru:r
cnerrporpaQ Ha noprAoK AerrreBJre, qeM creKrporpaS ryge.

B t10] [pI,IBoAflTct AaHHbIe Ha i986 r. o AecrrKe pa3nr,rrrHbrx 3Be3AHbrx orueJrJrbHbrx
crlel(TporpaQax, xotopue [pl{MeHrlorc, B acrpoHoMur,r, YcraHonleubr raKr{e c[eKTpo-
rpa$r1 Ha pa3rr,rrrubrx reJrecKoflax or 90 cu qo 4 rr.r r{ r{Meror cneKTpaJrbHoe pa3perrreHr,re or
20 000 lo 150 000. I'Icuolb3ylorc, B ocHoBHoM o4nnaronlre eruellrnire peruerKr.{ c
79 rurp.lv.v, u yrnou 6necxa 0 = arctg2. B ra.lecrse Kpocc-,qucleprupyrcqero gIreMeHTa
ucloJrb3yercfl nprr3Ma gnofiuoro BHyrpeHHero [peJroMJreHr,r{, guoQparqr{oHHa, peurerKa c
uanort guctepcueit,lz6o censxrusHrui $unrtp MexAy rrleJrbro r{ KoirJrr{MaropoM.

Paccuo:rpuu Hara6onee coBpeMeHHbre sureJrJrbHbre cfleKTporpa$u srrcbxoro pa3pe-
rrreur{r, flpr{MeureMbre B 3Be3AHort acrpouot.ttr.

3urenrunrtfi cuexrporpaQ Hamilton r{3roroBireH s 1987 r. r.r ycTaHoBreH n $oxyce KyAe
3r'a IIIeI?HoscKoro reJlecrona Jlurcrofi o6cepraroplru [16, l7]. CuexrporpaQ o6ecne-
rrr{Baer pa3perrreHr,re R = 90000 npn ua6lrogeunra 3Be3A Ao V = l6,5rr,i cneripangror,,r
AI'Iala3oHe or 3400-1 1000A. Otnfi.rurelr,uoIi oco6esHocrrrc creKrporpaqa aaraerca ro,
rrro 3a oAHy gKclo3uIII{Io Mo)<Ho [oJlyqr{Tr, floqrrr Bcro Kaprr.rHy r,r:o6paxenr.ui eruenlrHrrx
cleKTpoB [pI,I MI,IHI{ManHrori BeJII{trI,IHe pa3AeleHuq [oprAKoB, Tax, upn r{c[oJlb3oBaHr,ru
fl3C-r',ratpu4t't t024x 1024 rHKceJI perllcrpr,rpyercf, oAHoBpeMeHHo oKoJro 100 uopagxon n
Ar.rara3oHe or 360G-9500A.

OgnonpeuenHa{ perrrcrpallu, cneKTpoB B rrrr{poKoM ArlalasoHe Bo3Mox(Ha rrpu Aocra-
ro'ruofi oAHopoAHocrH I,IHTeHcI,IsHocrefi B pa3Hbrx qacrrx c[eKTpa. Taxoe ycJroBr,Ie
craBl{Tct AJIfl Toro, 'rro6lt ng6ex<aft pxg upo6ner"r, cBr3aHHbrx c uenraneriuocrtro fI3C-
MarpI{IIbI I{ orpaHl,IqeHHocrb}o AfiHaMr.rqecKoro Ar{a[a3oua, Tpe6onaHr,re oAHopoAHocrr4
r{HTeHcI{BHocT eIl sHecro pag oco6euuocrert n KoHcrpyKrudro c[eKTporpaQa. Yron MexAy
o[TurrecKLIMU OCflMId KOJTJTI{MaTOpa I{ KaMepbr flBlrfleTcfl. BaxHbIM [apaMeTpoM onrr.r.recrori
cxeMbr cfleKTporpasa u paneu yrJry Mex<Ay [aAarcrqrrM n gusparupoBaHHbrM rlyqKaMu
eruelulnorl perrerKll. flpu ynenzveHl{Ll TaKoro yrra rpoucxoAr,rr repepac[peAeJreHr,re
sHeprrlu 143 I{eHTpa B KpblJrbf, n $yurrlr.Iu 6recra peurerKr{. floerouy 6rrlo nr,r6pano
orlrocl{TeJrbHo 6oll,Iuoe 3HaqeHI{e raKoro yrJra, Koropbrrir coctasrge'r l1o, vTo o6ecue.rlUlo
oAHopoAHocTb I,IHTeHcI{Bnocrefi BHyTpt4 KaxAoro [oprAKa. finr roro .{ro6lr o6ecne.rHE
6onee painouepuoe npolycKaHue cfleKTporpa$a n-ruupoKoM Ar,rara3oHe AJrr{H BoJrH or
ynrrpa$r,rotera Ao nn$paxpaorori o6racrra, 6uno cgelaHo [oKpbrrr.re Bcex 3epKaJrbHbrx
rloBepxHocreli cepe6poM co c[eqI{aJIbHbIM 3arr{r{THbrM cJroeM. Sro o6ecueqr,rflo
noBbIIIreHI,Ie flponycKaHr.rfl c[eKTporpaQa na 5-l5Vo Bo BceM Ar{arra3oHe AJrr{H BoJrH.

Cuexrpanruoe pa3pemeHl{e upoflopqlroHaJrbHo orHorueHr{ro A[raMerpa .KoJrJrrrMr{-
poBaHHoro rytlKa K ALraMeTpy reJrecKora. filx goctuxenl{s R = 60 000 Ar{aMeTp KoJr-
JrHMI{poBaHHoro [ytrKa 6ltn yaenuveu go 204 rurra u 6r,ua [pr{MeHeHa AocrarorrHo 6olbluas
srrreJrJrbHar peurerKa pa3MepoM 204x 408 MM, R = 2,31,6 rurp./uu. o6uacrr pa6ovnx
IroprAKoB cocraBrqfla 60-162. [nx pasnegeHn ropflAKoB rpr{Meurracb cr{creMa r.r3 AByx
rIp[3M, Koropble [peJIoMJIrIor [yqoK nog 6onr,uruM yrJIoM K orrlltrrecKofi ocu. flla
cBeAeHu, neo6paxcerul B KaAp fl3C-rnratpr,rqr,r 6ula r{3roroBJreHa cBeroclrrrb1afl,' BHeoceBaf, KaMepa Illuugra Fll,7 c MaJTL,IM Br{Hberr,rpoBaHr{eM r.r [JrocKr.rM noJreM
30 x 30 r',t',r.

CuerrporpaQ uosnolxer perlrcrpr,rpoBarb 3Be3Abr Ao l7m c S/N = l0 sa 4 rr eKc[o3r,rqur
c pa3perueur,reM R = 30 000.

fipyrzr"r [plrMepoM olrreJlJrbHoro cleKTporpaSa nrrcororo pa3perle yus. sntserc .

creKrporpa$ UCLES (The University College London Echelle Spetrograph), roropufi
ycraHoBJreH s 1988 r. n Qoxyce Hecurnra reJrecKola Blursrr.r lepmenr (Jla-flanuraa) rn a
Qoryce ryqe Alrrno-ancrpamaficKoro reJrecKona [14, l5]. Cnexrporpa$ o6ecneqnnaer
pa3pelreulle 30 000-1 15 000 B cneKrpaJlbHoM Auar.a3one 3000--1t6OOA. brnuqnrenurofi
oco6eHnocrblo AaHHoro cuertporpa$a flBilaercfl To, qro Kpocc-Ar.rcneprnpyrorqnfi gJreMeHT
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!,lrauerp 3epKana reJleqKona, n M 2560

Sxrttnalettr:urtrl (loryc, rrlrrl 28160

.[f,uatlerp KoJtrHMaroPa, I\{t\{ 128

<Doxyc xollttt*laropa, MM 1408

3urearbHaq peruerKa R-2, 79 rurp./r'lru' 128 x 254 ut''r

Pa6o.rnc noprAKlr c 20 no 60

Cnerrpa,rsHr,rri Auana3oll, A 1' 3500-1 1000

tI ucro nopcAKoB Ha CCD, I 6 l0

r6oooA 
M

.[I,rrHa cnexrpa, ],6000, A 22

onuruarruutfi pa3MeP ueru*, 25(0,18'1 56(0'41')

lr{KM 
.1fi ( 80 oooCnexrparruoe pa3peueHl{e 170 000

HaxonrerrHr,rircrrrHar 3a I u S/N=500, 1,5900A, y=5"t S/N= 300, )'6400A,V--7'tt

flpegenrttar Beruquua V'- lPtt S/N = l0:a 2 q 'S/N = l0 ea I q

Pa:rrep CCD, nuKcerbr I 152x770 1152x298

Paruep nttrceaa, uru 22,5 22'5

Jlrrrrefirrutrl pa:r,lep CCD, uu 25,9 x 17 ,3 25,9 x 6,7

Illyrrr c.UrT uInautu, rms 5,7e- 5,2e-

OaKTop rpeo6pa3oBaHne' le-IADU

Pa6o,ras rer{neparypa, K l2o

lI p rr nr e rr a II rr e. *l?a3[{cp trxogltoit [(e,'IH c yrleror{ nx"rala lrr(xppaKullll lla }' 656] A'

pactrorarac'rcfl l1o grrreJrnr,rrorl pelrrerKlr r{ coc'rolrr LI3 llocJrcl(oBareJlL}IocrrI Tpex KI}apue-

,rur* ,rprrrnr. Cttcxtpa.nsuOC pa3perueHl{e lueHfleTCf C rroMolIlLrc I\]tcTaIIq]IOTIHOIi CMeltLI

/lLlyx grrrcJrnr,Hr,rx perileroK ig Lr 31,6 ulrp./r'lM Itpu ucrtoJll3oBilHrII{ BueoceBoil xauepr'r

Utirrn1o F13. Euauerp KoJrnr.rMrrpoBalrrroro nytlKa paccN'Iarpl'rBaercrl KaK (pyHKIIiryI norcpll

CrlcTa IIa BxO/IHOI? r1leJll4 [pII CO6nrcAeH1,rfl ycnOBIL IUIIpOKOtUenLHOCTI'I' MuUltt'lyt'l TaKOII

(ryurquu /locrr.rfaercrl npu luaMerpe KoJIJII{Maropa220 N{M IilIcnoJIL3OBaHIrlI cJlaliccpa Ha

rlxoArroi.r rrlenrr, Koropr,rii cfioprulnpyir fl3o6paxeHre 3Be3AbI 0,6" x 4,2".

llpy.reu npolycKaHL;e 
^'raxoro cnallcepa cOcTaBflqeT 62% IIN{ec'fo 40o/o IIa

3K,lsareHTrIori IIIe1II, IITO COCTaBJlfler B BbrI'IfpbIIxe 0''5r'r', flplttuleuleltl lc B cneKTpofpa(De

lI3C-uarpr.rtla II IICTCKTOp CIICTeN'ILI C'IeI'a oOTOHoB, EoKCcH6Cpla rlo3BonqloT 3axllal'IITL
.r.oJrbKo rrac'rL crreKTpanr,Hrrrx noprllKoB (orolo 35), 'tro IIpI{BoIIIIr K i'lcIIoJrL30BaHIII()

crlcreML,I nO3I.ItlHOHl{pOBaHI'Iq Ha 3a/IaHHy}o cneKTpanbHyro o6nacrl'
Crrerrporpa$ nb:nclnaeT pcrlrcTprrpoBarL 3B.3IIIJI Ao 15,7'' c SiN = 10 za 2,5 tr

sKcIIo3lIlIrrLI c pa3peIxeHIIeN{ R = 80 000.

7.2. O6cyxdeHLte Hadnn:deHuit Ho cneKmpo?pacpe CO@14H

3utealssrtrl cleKTporpaql COOI'IH oTHoc[Tc,I K'ro1\{y Hr:MHororIlIcJIeHHoMy Knaccy

aCTp9HOMLItISCKI{X [p[6OpOB OIITI{qeCKorO lllla[a3oHa' KoTOpLIc I'IN'ISK)'I'orlcHL I]bIcoKoc

cneKTpanbl{oe pa3pctlleH}Ie ,I opl{eHTI'IpOBaIII]l Ha I(C'Iar'IbHoe I'I3y(ICHI',IC C'l'pyK'l'ypr'jl clle K-

'IpaJI I)HLI X JIIIHIII1'

B cnoliroii .r.a6nur1e IIpr4I]eACHLI O6uII4e rlapaMeTpLI BCeIi cuc'leMll TCIeCKoII -
cIcKTporpad) - rplreMIIIIK Il3Jryt1gsr,.

Ha ouc. 3 [p[seJIeH rrpr{Mep cpaBHeHl.t, JIaMIILI C IIOJILIM KaTo/loM Th-Ar B o6nacT'I Mg

L ++tr'A " 
g'g l" 4861 A o *ir.p. c (boKycHLIM pacc,oqllreN{ 1000 r'lr'a' Illr,pnua y:rtax

cileK.rpaJrr,Hrrrx JrtrHuii cooTBeTCTByeT 'I'eopeTI{tIecKoMy rlpocTpaHcTBSI{HOMy pa3pe111eHIIIO

B 2 rrflKcera u crreKTpaJrr'HoMy pa3pcruell11lo 80000' flprocrl, raMtrLI ollpe/Ienfler AnI{-

TC Jrr,HOC'rb 3KC[O3llIIIrlI, KOTOp afl cocTaBJIfl eT I 0- I 5 c'
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Prtc. 4. 3urer,rrnstri cnexrp :ne:gu Cupuyc V = -l,5ttt (AIV) s o6racru H1'),4861 A. 1+O-t noprAoK, 100-q xo-

'rrorrxa) u Mg},4481 A 150-ii nopx11ox,2l0-l xolouxa)
3xcnorurlna 45 c. CnexrpalhHoe pa3perxerrue 80 000

[Ia prlc.4 nprnnegeu cleKTp Cupuyca B Tex )Ke clreKTparrbHori o6lacrn rr KaMepe, rrro 1
rlpeAblllyqltft pucynor. finuna BoJIHrI Bo3pacraer cJrer]a HanpaBo, HoMepa riopr[KoB yBe-
JIIttIrrBaIorcq (c rpacur,rx go cnnnx) cBepxy nuras. Blrguo yxyArueHrre rryBcrBr,rrerrbHoc.r.r{
fI3C-r'rarpullbl I{ fipo[ycKaut,ts Kpocc-Arrcrreprupyrorqefi nprr3Mr,r e c[Heri o6,,rac,p1
clleK'rpa. Ha6nrcgaercrl [cKpI4BJIeHlre [oprAKoB, Koropoe He 3aBrrclrr or rrx rroMepa r{
cocraBrqer oKorlo l5 rolonor Marprrrlbr ua ll52 crpoK. Br,rcora crreKTpa n e.rori KaMepe
cocraBrqer oKoJro l0 xotonox Marpr,rqbr.
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3xcnosaqus l0 uuu. CnexrpaJlL'Hoe pa3peuerrue 170 000

Cnegyer o'I'MerI'ITs; TaK)Ke, rITo BerIIrrII4Ha BIrHLer[poBaHrrI Bo BTopoI? KaMepe [epe-

MeHHa u3aBttcvtr or HoMepa [oprAKa B IIeHTpe u3o6pax<eHu'' TaK' B KpacHoll o6racru s

partoHe 20-rO nOpxgKa BI{Hb9TI{pOBaHlle cocTall:rqeT 50o/o u MaKcIIMyM CBeTOBoro rIqTHa

rrprrxoArlTcq Ha HarraJro 11opqAKa (t0O ctpo*;. flpu gnuxeul4l{ B clrH}o}o o6nacTb, B palioH 50

lOpqAKa, MaKCIIMyM CMe[IaeTCq B[paBO Ao cTpoKI{ 700 II seII'I'II{Ha BI4HLeTI'IpOBaH[q no

Kp asM lr3opax<eHr{q cOcTaBJIfl eT 3M0o/o'' Ha pllc. 5 nor<agano u3o6pa)KeHr.re cneKrpa 3Ire:[-Ll^Y CVn r KaMepe c dlorycolr
2000 rurra. BllgHst rIy6oK[e rrr111llt1, flornorqe]Il491 D Na ]" 5893 A oKono3Be3A]IoIi o6oIo'IK[
3Be3Ar,r [o3AHero cfleK.rpaJrbHoro cKJracca c7 1. Ha pl4c. 6 IlpI4Be[eHa perlIcTporpaMMa

cleKTpa c JrrrHrrsMrr D Na. 3ne:1a Y CVn ,IBJITCTC' CBSpXIUTaHTOM, HaXOITIIqIIMC',I Ha

paHHe; cTaAIiI{ c6poca o6oIo'IKI4 [13]' Br'rgua'roHKas crpyKrypa rrr4tllir, o6ycIoBIeHHa'{

JIBr4)K9HII9M AI{cKpe'I'HbIx o6JIaKOB. CropOcrs AIIII)KeHIIa TaKI4x o6pa3OIIaHI'II1 cocTaBIqeT

6KOJTO 5 rl,r/c. TOHxaq cpOpr'aa AeTaneii noB'ropqeTcf B o6el4x I[HI'Iqx AyllneTa, I'1 ux 111IIpI'IHa

coorBercrBye'r 40 uA.
lrlcrpuoleuue [opflllKoB B AnrrHHoOoKycHoI:i KaMepo cocraBJlqer raKxe oKoJIo l5 rolo-

"o" 
rulp"rlr,r npfl o6or.ruorl Brrrcore cneKTpa 20 nurcea. I4crpunleuue [oprIAKoB B o6eux

KaMebax flporrcxoAr{T B HanpaBlreHr.rrr K cI{HeIi o6nacT[ B cTopoHy MeHbu]I'Ix nop,[KoB'

Benr.r.ntra u,p$"*ru BrrHberr{poBaHrrrl B KaMepe 2000 MM cocraBJlfie'r oKo.no 10olo'
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Puc. 6. PerusrorpaMMa orxeJrJrlHoro creKTpa 3Besgu Y CVn-5 (C7l) o o6.nacru DNa 1,5893 A
'Sxcnosuqnr 10 rrruu. Cnexrpanr,Hoe pa3perxesne 170 000. Oruouesue curnan/uryu 200. floaoca cyMMr.rpo-

BaHuJr cner<rpa no uro6paxenmo cograsnter 35 nuxcer

7.3. tlro noKa3aJr orrbrr Ha6JlroAenrrfi

flepnrrfi onbrr Ha6JrroAenr.rir Ha c[eKTporpaQe COOZH noxasan, qro Heo6xoAr.rMa

Aopa6orKa LIJII4 MoAI{SUKaIII{rI HeKoropbrx MexaHuqecKEx r{ oreKTpulrecKr.rx y3JroB,

flepaaa [po6reMa, c Koropofi [purrrJrocb clroJrKHyrbcfl Bo BpeMf, Ha6rroAeHr,rft, ] oro
HeBO3MOXHOCTb r,rcrroJrb3oBaHru IuraTHOrO sOrOrUga C[eKTporpasa, O[r{CaHHoro B [6,
12]. Eun pa3pa6orau $otorng, pa6oraroqrrrl no npuuqu[y MogyJrflrlr{r{ cBera 3Be3Abr,
KOTOpbIIt OTpaXaeTC' OT Bparqarcqerocr rroJryKpyrJroro 3epKaJra c rreTbrpbMrr AaTqr,rKaMr,r
rloJroxeHlrfl, c [ocJreAyroqefi perucrparl[efi cr{rHaJra c noMorrlbro @3Y. flo pa3Hocrr.r
HaKOIJIeHHOTO CErHaJra B qeTblpex CeKTOpaX BbIrr[ClgeTC' BeKTOp CMerr{eHI{t IOJTOX(eHI4,I

3Be3AbI, II paCCOTJIaCOBaHI{e IOCEIJIaeTCT B KOMlblOTep, KOTOpbrrf yflpaBJrf,eT TeJrecKorroM.

[nx roro .ITo6Er Bbrarr,rcJrrrrb raKori BeKTop Heo6xoAuMo, rrro6br uso6paxeur,re 3Be3AbI
nolaAaJro IIo KpafiHelf Mepe Ha ABa ceKTopa Bparqarcqerocfl MoAyJrrTopa, tITo nprrBoAlrT K
Heo6xogr{Mocrr,r pac$oKycr,rpoBarb u3o6pax<eHre 3Be3Abr Ao 5"-7"'(u3o6paxeHr,rr B

MecTe, rAe ycTaHoBJreH TeJrecKo[, cocTaBJrreT o6br.rHo 0,5"-1"), @ororurg Herrpr{eMJreM IIo
cJreAyroquM AByM [puquHaM. orreHb cneqr,rQuvHuM oKa3aJrocb r,r3o6pax<eHrre 3Be3Abr,
oTpDr(eHHoe oT uleqeK BxoAHofi rqeJrr.r c[eKTporpa+a. Taxoe r.r3o6paxeHr4e cocTor{T H3
rleTblpex qacTefi, cMeIIIeHHbIx B pa3Hbre cTopoHbr 3a careT oTpaxeHr{, oT rreTbrpex 3epKaJr,
I{3 KOTOpbIX COCTOST IIIeJIb I{ OrpaHr.rqr,rTeJrb BbrCOTbr C[eKTpa. TeneCrOu, Ha KoTopoM
BeAyrc, Ha6rroAeHr,rr, r,rMeeT aJrbT-a3r,rMyraJrbHyro MoHTr,rpoBKy r{, KaK [oKa3brBaeT olbrr
pa3pa6oTtrr,rKoB cr,rcTeMbr ylpaBJreHr{f TeJrecKo[a, AJrfl HaAexHoro rr{Ar{poBaHus
Heo6xoALrM Apyrofi [p]IHIII{[. B rurarrrou $ororuge renecrona rcrroJrb3yerq VI3C-
Marprrr{a pa3MepoM 256x256 rrrKcerr c ycfi[rrereM qpKocrr.r, Ha Koropyrc rpoeKTr,rpyerc,
rrprMoe r.rso6pax<enr,re o+cerHofi 3Be3Abr pa3MepoM oKoJro 5 x 5 ur,rrcen. I4ao6paxeHue
cra6blx 3Be3A Mox<er rlHTerpllpoBaTbcfl B rraMrrrlr yflpaBrqrorqero KoM[blorepa, xotopuri
lo3BoJIteT HaAe)IGO BbIqUCJII,ITb paCCOIJTaCOBaHIIe UOJIOXeHI{fl 3Be3Abr t4 C[pOrHO3I{pOBaTb
ero Ha cregyrcqufi MoMeHT BpeMeHr{,

6.klsaecrur KAO r. 89
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[nx nrrnon;1e1ufl nporleAypbr BbrcraBJreuufl 3BegAbI Ha uIeJIb cleKTporpaSa 6ura
lpr4MeHeHa o6rrqHas BlrAeoKaMepa, cotrprlxeHHar c reJreBrr3EoHHbIM MoHI'ITopoM Ha

rryJrbre yrrpaBneHuf, TeJrecKoloM. Bugeoranrepa 6rtn_a cocrblKoBaHa c oguoli us rpy6
Br{3yaJrbHoro floflcMorpa rrleJrr,r c[eKTporpaQa. Kar oKa3aJrocb, HeAocrarorlHafl

r{HTerpaJlbuaf, qyBcrB[TeilbHocrb rarori KaMepbI u 6ontuure rlorepu cBera B orITuKe

nu:yanruofi ,py6u, [prrBeJrr{ K ToMy, qro HaAexffio BbIcraBrITb Ha IrIeJIb cnertporpa$a
3Be3Abr cna6ee 7-8. oxaganocb HeBo3MoxHbIM. Taxyro KaMepy [peAiraraerc, 3aMeHnrb Ha

KoMMepuecKyrc TeJIeBr3oHHyrc c[creMy Ha ocHoBe fl3C-uarpullbl c oxJIaxAeHueM

oJreMeHToM flenrrre lo -10oC Ia pa6oTaloqyrc B MaJIoKaApoBoM pexl'IMe c BpeMeHeM

HaKolJregr,rfl or 0,04 [o 1 c, qro rro pacaleraM [o3BoJII{T BI{Aerb Ha reJIeBrI3rroHHoM

MoHr{Tope 3Be3Abr [pr{MepHo Ao 15n,. Bo fis6exaulre JI]rIrrHlIx [orepb B onrl{Ke raKafl

KaMepa 6yAer yCrarrOrlera n paliOue [prMofi BI'IAI'IMoCTI{ qeJIIl, KaK pa3 BMeCTo 6nOra

s"3:ffiLTHH;EX3,lu 
"o"rorr 

B roM, rrro Heo6xoArrMo qacro MeHrrrb rrrupr,r'y rrrelrlr

IIo xoAy na6lroAennft, 3HarreH[e roropoft onpeAeJlrercfl f,pKocrblo [porpaMMHblx 3Be3A,

neO6xOglrullM C[eKTpaJIbHbIM paspellleHllerta u tpe6yeMblM ypoBHbtrt naxOnneHH6ro

cr{rHaJra. fila ouepatranHoro n 6otee [pocroro BbITIoJIHeHI{f, etofi ouepaql{rl roroBlrrc,
cfleqrra;rbHbrfi eaexrpouno-MexaHr.rlrecKufi upuno"t ylpaBJleH[s urupunofi nxognori qeJII'r c

ATTCTaHIII{OHHbIM ylpaBJreHI{eM OT KOMUbIOTepa.

B cuerrporpaoe COOIIH He aBToMarrr3trpoBaHHbIMIt ocraJrl{cb flpolleAypa I'I3MeHeHrltf,

BbrcoTbr III9JIII, [epeKJIaAK]I [pII3MbI pa3AeJleHut [optAKOB flpu nepexoge r na6nro4euuau

o gpyrofi KaMepe , Qo*ycrpo"ra rar"rep. Taxx<e rpe6yerca nueurareJlbcrBo Ha6rloAareu
rpu repeKJrroaleHl{rl KoHrpoJIJIepa yupaBJIeHI{x c oguofi fl3C-ruatprllbl Ha Apyryrc rpr
repexoAe r gpyroft KaMePe.

3arurroqenue

Cuerrporpao COOI,IH 6rrl paccvuraH AJI, AocrI,IxeHI{f, MaKcLIMaJIbHo Bo3MoxHoro

c[eKTpaJlbHoro pa3peIueHI,IS, KOTOpOe, B KOH9qHOM CqeTe, olpeAeJlreTcfl KoHcrpyK-

rrrruip oco6eunocrsMlr npr{Merrf,eMoro reJlecKola. Tax, orpanraqennfl Ha ra6aputrt lr na

Bec creKTporpasa orpeAeJrsror reoMerpuro r4 pa3Mepbl ryqKoB cuexrporpasa. c gpyrofi

cropogbr, ucKrlorrlrreJrbHoe Kaqecrno uso6paxenl,Ifl 3Be3A Ha I'I3oJII{poBaHHor'I ropHoI'I

BepuruHe, I.Ae pacloJloxeH TeJIeCKo[, uo3BOJI[IJIO 3aJIOXUTb B pacqeT Ro3MOXHOCTb

p"'6or", c oqeui ysxofr u1enrrc rpu MrrHuMaJrbHbIx [orepflx Ha nerl. flpnr'aeHeHl4e Kpocc-

gr"r"p"rpyrorqefi uplr3Mbr [ocJre orrreJrJrbHofi peluerKu no3BoJrI'IJIo _I'Is6exatr 
HaKJroHa

""""rpurirur* 
rrr"r-ft B rlopflAKax, uTo cyuIecTBeHHo yrpoulaer o6pa6otry Ha6lrogeur'1ft'

I4gueneurae rpe6yeuorl Berr,rqr,rHbr cleKTpaJrbHoro pa3pelrreH[, ocyulecrBilfleTcfl [pocTbIM

nyreM - o"renofi-raMep, u3MeHeulreM rrrupuHbl IrIeJrI{, ru6o npoqeAypofi 6nnuunra upra

"rrruruurry 
fl3C-ruarpuqrr. Pag opIIrIIHaJIbHlx xoHctpyKTopcKl'Ix pe.meru'rfi o6ecne'IuJr

KoMuaKTHocg, xecrxoirb r,r cra6r.rJrbgocrb MexaHlrrlecKofi KoHcrpyKIII'Iu. B qelou rro llc-

[oJrHeHr,rK, 1a 11o xapaKTepr.rcrr{KaM COOI,IH oKa3aJlcf, Ha ypoBue aHaflorl{qublx euleJr-

JrbHbrx cnerrporpaQoB BblcoKoro pa3pelrreHllfl .

B garnro.reHue Bbrpaxarc, 6laro4apuocrb 3a 6ouruyrc noMolrlb rIpI{ BbIIoJIHeH{I H9-

KoTopblx tlacrefi etori pa6orrr cotpyfiuurau o6cepnatopura 0'B. Kaum'Iuy u C.trO. Kanl-
Mr,rHy.
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K BOTIPOCY O BJIIIflHIII,I
METOII,IKU OBPAEOTKI,I pEfIICTptIp)rEMbIX CUIHAJIOB

HA IIAPAMETPbI BCIIbIITEK IIEPEHKOBCKOTO CBETA ItrAJI

rc.JI.3rrcxun, A.II. KopuuenKo, A.A. Crenanan

flponeqeuo qIrcJIeHHoe MoAenl{poBaHr{e MeroAoM Monte-Kapro npoqecca perr{crpaqr,ru .repeuxoncxofi
BCTIEIIITKT{ IIIAJI rauua-T eJrecKorloM c MHoroxaHaJrhHbrM cBeTonplelranuxoru..floxa3aHo, qro [puMeHseMbre B
HacToflIqee BpeM, MeroAIlKu onpeAeneHH, fiapaMerpoB lrso6paxeHux BcnbrIrIKI{ He cBrrK)Tc, on,rBMaJrr,HblMr,r.
OqeueHu norpelJtuocrl{ onpeAeneHrrt pa3MepoB, [oJroxeHrrr.t,r opueHTarlr{H BcrrbrrrrKr.r, BJrurHHe Ha Hr{x
orpaHuqeulrocru rloJr, SpeHr{t AereKTopa u $oua HoqHoro ue6a. flpegloxeH aJrropr,rrM o6pa6o.rrr
ua6nrogarenrrblx AaHHbIx, uosnonarcquft c MaKcr,rMaJrbHo soglroxHofi ToqHocrbro oflpeAenrrr, napartrerpu
peruffprrpyeMbrx qepeHKoBcKr{x Bcrrbr[reK.

THE INFLUENCE OF DETECTED CHERENKOV FLASHES TREATMENT ON THEIR
MEASURED PARAMETERS, by Yu.L. Zyskin, A.P. Kornienko, AA. Stepanjan. Monte-Carlo simulation of the
Cerenkov flashes detection using Multichannel Image Camera (MIC) of VHE Gamma telescope was carried out. It is
shown that convential data processing techniques are not optimal. The flash dimension, location and orientation errors
were estimated. The error budget of the influencp of the limited field of view of the detector and night sky emission is
assessed. The optimal method of observational data processing of Cherenkov flashes is suggested,

Bregeuue

B uocneguee BpeM{ AereKTopbl, crpoflrrlr4e r,r3o6paxeHuf, qepeHKoBcKux BcflbrrrreK
IIIAJI, craJII{ urupoKo [plrMeurrbcfl B raMMa-acrpoHoMr,ru cBepxBbrcoKr,rx eHeprufi. Tarne
AereKTopbr yx<e pa6orarcr B o6cepBaropr{rx Yuuuna B CIIIA [1] z r Kprrucxofr
acrpoQu3l4rlecKoli o6cepBaropl{I.r B CHI [2]. Crpourcr cr,rcreMa AereKTopoB B KoJrJra-
6opaqnu HEGRA [3].

flpr'reunrre KaMepbI sTlix AereKTopoB cocroflT r.r3 cBfl3oK.SoroyMHoxr{Teneft (eOY), c
IloMolrlbrc KoTopblx oupeAeJrfltoTcfl [apaMeTpbr BcrrbrrueK, TaK.r{e, KaK rrrl{puHa, AJr}rHa,
Ha[paBJreHrre BbITlHyrocrLI. 3To AeJlaercg AJrs roro, vro6bl orAeJrI{Tb BclbllrrKr4,
cBr3aHHbIe c SJIeKTpOMaTHI,ITHbIMI{ KaCKaAaMLI, OT BCnbIIIIeK, CBg3aHHbrx c ,AepHo-
SrreKTpoHHbIMIr KacKaAaMrI, BbI3BaHHbIMr{ KocMI{qecKr{MH JIy.IaME cBepxBblcoKoli gHepruu.

Bnr,rgy orpaHrrrqe'Hocrr{ floJrf, spe*ufl. [.pr{eMHr{KoB rr rrrrcJra ody nony.raeMa; c ux
noMolrlbro un$opuaqu, o pacflpeAeJleHl{r,r cBera Bo BcnbrruKe orJrr,rqaerc, or rrcrr{HHofi.
Boupoc 06 o[TI'IMarbHoM pa3Mepe noJr, 3peHlrrr He raKori [pocrori, KaK Mox(er rroKa3arbcfl
Ha IrepBblfi B3rJrrA. flnr peureHus erofi npo6reMbr Heo6xoAuMo r{Merb AocraroqHo

@ IO.JI. 3ucxllH, A.fI. Koprruelrxo, A.A. C,renaHrtr, 199-5
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roApooHyro r,rHQopMarll.Irc 06 yrroBoM pac[peAeJreHr,rrr cBera Bo BcrIbIIrIKe IIpI,I pa3Hblx

paccrorHutx MexAy AereKTopoM H ocbro Jrr.rBHfl, a raK)r(e [plt pa3Hblx yrJlax MexAy ocbK)

JrIrBHfl II olrlrqecKoft ocrrc nplIeMHI{Ka cBera.
TeoperuuecKue pacqerbr yrnoBoro pacrpeAeJleHl{s cBera Bo Bc[bIIIIKax or IIIAJI

ge.narlacr yxe AaBHo n 60-x rogax (cu., Haflpr.rMep, [4, 5]). Oguaro eru pacrrerbl He AaBaJII{
Bo3MoxHocrr,r olpeAeJrflTb pacflpeAeJreHrre aMnJrI,ITyg n rvefixax MHoroKaHaJIbHoro cBero-
IIpIreMHr,rKa,

@ororpaSuqecK[e uao6paxeHur BcnbrrrreK 6lrnra uolyveHbl c rloMolrllro 3OfIa raKr<e
r 60-x rogax [6], Ho AJrfl eHepruu 1015 eB. B uacrorrqee BpeMJr noI{cKH I{crotIHI{KoB raMMa-

KBaHToB c uoMorqbrc qepeuKoBcKux AereKTopoB BeAyrcf, rIpH gHeprlll,t 10ll-1013 gB.

Ha6nrogareJrbHbre AaHHbre o xapaKTepe yrnoBoro paclpeAeJIeHI,L cBera AJII BcrIbIIrIeK

IIIAJI c eneprueft oKoJro l0l3 sB 6lrnn nuepnrre ouy6nraroBaHbl ua xon$epeHIIIrI{ tlo
KocMr{qecKr{M flyqaM n Eauranope, (Vl:agut, 1983 r.) [7]. Ertno rloKa3aHo, qro B cpeAHeM

AJr{ BcrrbrrueK c eHepruefi > 2 . lO13 sB 75Vo [oroKa tlepeHKoBcKofi scnbtrurI,r
cocpeAorotreHo B Kpyre paguycoM 0o,7 (eto coorBercrByer 3HaqeHl{ro xapaKTe-
prcrr{rrecKoro pa3Mepa 0 = 0o,52).

3areu norBI{JII,Icb 6olee AeraJIbHbIe AaHHbIe [8,9], uaxoAr[{[ecq B orHocI'ITerIbHo
xoporxeM couracr{I{ MexAy co6ofi.

Huxe 6yger uoraeaHo, trro [apaMerpbr BclbrrrreK tlepeHKoBcKoro cBera cyulecrBeHHo
rrcKaxalorcfl rIprleMHIrKaMu. Kportle roro, qepeHKoBcKlle BCIIrIIIJKI{ nofBJrtlorc, na $oue
cBerreHr.rrr HoqHoro He6a, vro raK)<e 3arpyArurer [oryqeHne AocraroqHo noruoft KaprI,IHbI
pacnpeAeJreHufl. cBeTa.

flpu perracrpaquu qepeHKoBcKr{x BcnbrrrreK IIIAJI gererropaM}I nepBoro [oKoJreHus,
KOrAa He CTaBr,rJracb 3aAaqa o[peAeJreHr,r, aMlJrr,rTyAbI cBeToBoro cl{rHaJra, Ilopor
per[crparlrrr{ nu6r,rpancx raKr{M o6pasoM, qro6r,t cryvarltnrte cpa6atreaHI,H [oporoBoro
ycrpoftcrna or Qnyrryaqnri, nusnaHHbrx cBeqeHI{eM HotlHoro ue6a, coc'raulrJllr AecrrKI,I
rpoqeHToB or o6rqero qr{cJra co6r,rrufi. Crperranenue ycraHoBI,ITb flopor perucrpaqfiI{
BcrrbrrrreK KaK MoxHo nnxe o6'rgcHrJrocb )KeJIaHI{eM [oBblcurb crarl,Icrl{qecKyIo
AocToBepHoCTL, perllcTpaqEl'I Bo3MoxHorO IIOTOKa raMMa-KBaHToB.

flpu pa6ore c AereKTopauu 2-ro floKoJreHr,rf, peqb IrAer He roJIbKo o perl{crpaqrlu
co6ururi, no u o6 olpeAeJreHI{I{ xapaKTeplrcrl{K Bc[bIIrrKH.

B nacroaulee BpeM, r,r3BecrHo MHoxecrBo Kpr,rrepr{eB ot6opa co6bITLrI:I, I,IHI{I{}I}Ipo-
BaHHbrx nepBr{trHbrMr,r raMMa-KBaHTartru [1G-12]. ,[ra peurennx srori 3aAar{u Ilpl{BJreKarcrc,
MeroAbr MHoroMepHoro crarlrcrrrrrecKoro auaJrr{3a [13-15], Bce etu MeroALI rI Kpl{Teprrrr
o6tegunaer oAHo - B r{x ocuoBe JrexHT auaJrr{3 flapaMerpoB r,rso6pax<eu.ras BcubIIrrKI{, a

r{MeHHo - ee pa3Mepon, Soput't, [oJro)I(eHI4, I,I oprIeHTaIIuu.
Pagnn.rue grllx flapaMetpon gna xgepubrx rr raMMa-JrI,IBHeit neserl,Iro. Kportre rofo, oHI{

LrMeror co6crBeHuyro Arrcnepculo, o6ycronJreHHylo QnyxryaqlraMl{ pa3Bl{Trrg IIIAJI s

aruocSepe, a raKx<e Ao[oJrHlITeJrbHyro Ar,Icnepcrrrc, Bo3Hr{KaIou{yIo B rlpoqecce peru-
crpar{fiu BcflbrrrrKrr u o6pa6otru rroJryqeHHoro curHaJra. CneAonareinbHo, xapaKTepucruKu
TeJrecKo[a rr aJrropr{TM o6pa6orxr.r AoJrxHbr 6rlrr sEt6paHbl TaKITM o6pasou, .rro6rt
Mr{Ht{Mr{SrrpoBarb eTy AouoJrHrITeJrbHyIo Alrcflepcrilo.

3uaqur e$Qexrunnocrb Jrrc6oro Kpr,rrepu, o'r6opa raMMa-co6blruft sasucrtr rrpexAe
Bcero or rorrHocru o[peAeJreHr.r, [apaMerpon uao6paxeHlr{ qepeHroncrofi BcIrbIIIrKI4

IIIAJI no na6opy aMrrJrr{TyA B KauaJrax perilcrpaquu raMMa-TeJlecrona 2-ro [oKoJreHI{r.
Ec,recrseHuo, arro grlr flapaMerpbr rr3MepflIorc{ TaKI{M TeJrecKoIroM c HeKoropr,IMI4
florperrrHoctalrlu (xax cTaT[IcTrrqecKoro xapaKTepa, TaK rr cucTeMaTI,IqecKI{MI,I)",
BO3Hr,rKaroqr4MlI no IlpuqrlHaM, o KoTopblx 6yget crasauo HI{xe.

Tarr.rlr o6paeou, Bo3Hr.rKaer 3aAaqa o[TxMrd3ar{rr}r aJrropI,ITMa oo6pa6orKla AaHHbIx
ua6nrogeuufi c rleJrbro nara6olee roqHoro o[peAeJreHI,Is pa3MepoB, rloJroxeH[L Ir opl{eHra-
quu uso6paxrent4s rrepeuKoBcKofi BcilbrurKu. flocxonr,ry [orpe[rHocru ,I3MepeHrlfl. rrapa-
MeTpoB BCnbrIIIKI4, BO3HUKaIOqrre B IIpOUeCce per]IcTpaql{I4, HocgT c'ra'rucru.recrnfi
xapaKTep (Snyxryaqur{ pa3MepoB, opueHTarlun u qpKocrl{ BcubIIrIKu, nyaccouoBcKl4e
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$nyxryaqralr qucrla Soroenerrpouon, pa6ora cxeMLI connaqennft), to eguncTBeHHo

Bo3MoxHbIM [yreM peuleHuq ganHorl 3aAatrlr fl.Brrs.ercfl qlrcrleHuoe MoAeJIupoBaHI{e

MeroAoM Monre-Kapno.
floguepxueM, rrro B AaHHoM lrccnegoBalIuIr uI.IpoKI{x arr'locQepnr,rx nr'rsueIl He

[poBoAr.rrcq MoAeJrr.rpoBaHlra IIIAJI, T.e. [por{3BoArlTcfl MoAeJrIrpoBaHLIe MeroAoM Moure-
Kapno He pa3Blrruq IIAII s aruocQepe 3eurn, a ucKJrtoqlrreJlbHo npoqecca perlrcrpaq[u
BcrrbrrrrKr{ MHoroKaHaJrbHbrM raMMa-TeJrecKorIoM. flplt erou B MoAeJII{poBaHI,Ie 3aKJIaAbI-

Baercfl Hafi[eHHa, r.r3 oKcrrepuMeHTaJrbHblx AaHHLIX rauSopr'aaqnn o6 wzofpaxeHllflx
rrepeHKoBcKr,rx Bcrrbrrrrex (npoponrHble I,I flofleperrHbte pa3Mepbl, I{x Al{cflepctrfl, tl
qacTOTHbIe pacrrpeAeJleHl{q, Koppelflql{fl Mex<Ay nur'.rr,r). Taxoft noAxoA o6IaAaeT pflAOM

lper{MyIr{ecrn, Bo-uepBbIx, orceKarorcq Ilolpocbl, cBq3aHHbIe c 3aBI'rcI'IMocrbto

pe3yrr[,TaroB pacqera or rprr.Hqroli rraogellr rvBHfl (uuoxecrneHHocrl{, ceqeHl{, B

oJIeMeHTapHbIx aKTax B3aLIMoAeIicrBr{fl, ytler paccer.urfl. I{ fiorJlolqeur4fl, BItvflHYLfl'

MarHr,rrHoro [oJrfl 3eMJrrr r.r r.A.). Bo-r'ropr,rx, noqBJlqercr Bo3Mox<Hocrb [poI'l3BonbHbIM

o6pa:ou BapbrrpoBarL, HelocpeAcrBeHHo BxoAHbIe rrapaMerpbl ll3o6paxeHI,Ix (uanplt'lep,
,"*n*o.rrtr-"qeurpaltnrre" co6r,rr[.s, 3aAarl [poI,I3BonbH[,Ie pa3Mepbl BcnblrueK I'I T'A.).

3ro rpafiue BaxHo, TaK KaK Aaer Bo3MoxHocrb orAeJII{Tb Alrcflepcl{to flapaMerpoB,

Bo3HlrKaroulyro B [poqecce perrrcrpal{I{Ll BcflbltrleK, or AI,IclepcIrI{ 3a crrer $nyxryaquli n

pa3Br{Tr4tr nurrr, r.-e. "co6c'rseuuoft" Ar.rclepcuu [apaMerpoB alepeHKoBcKux scnrtruex' B-
TpeTr,r{x, MHoTOKpaTHO yMeHb[IaerCq O6lel\4 nrt'ttlcleHtlIl, 'r.e. ueO6xOAI'IMOe AJL
[poBeAeHI,I-u pacqeToB MaUII{HHOe BpeMrI.

K negocrarKaM TaKoro MoAeJrI4poBaHlr, cneAyer orHecrl{ To, aITo B pe3yJIETare

pacrreroB MoxHo p.ailru roJIbKo re Ber[rrr{Hr,r, Koropble I,I3Mepqr[cb B [peAIuecrBoBaBIueM

i*".reprreure (rar, Ha[pr.rMep, Helt,3q natiru fioroK M]ooHoB o'r IIIAJI I'rJIrr [oJIyqI{Tb

xaxyro-lu6o uH$oprr.raqulo o xl{Mr{qecKoM coc'raBe nepBI{tIHE'Ix tlacrllu). 3'ro csqgaHo c

TeM, UTO TaKOe MOAeJT}IpOBaHI{e flBrrfle'tcs. [oJly3Mll{plrtlecKrrM, [ocKoJIbKy B Hero 3aJro-

x<eHa roJrbKo unQopuaqlu{ o rrepeHKoBcKlrx BcnbIIrIKax, uatigenuaa u3 Ha6[rcAeHuir.

1. Moge.rupoBaHl{e npouecca perrrc'rpaquu qepenKoncxofi ncnrrurxn
MHOf OSJIeIIeHTHLIM CBeTOnpneMHITKOM

Onuureu ocHoBHbre Ao[yuleur.rr, [pr4urrbre B MoAenI{poBaHI{I{. Kax ort'leqeHo BbIuIe,

Mr,r He flpoBo[r,rM MoAeirr,ipoBatfifl. pa3Bvrug IIIAJI. Bt'lecro 9Toro, MEI rrcnoJl['3yeM

$yuxquro pac[peAeJreHr{q flrorHocrr{ cBeToBoro rloroKa, co[ocraBJreHHylo c AaHHLIMI'I

*iOr-U"rrrrt. Bir6op arflpoKcllMl{pyrorqeir $ynxqlrr,r o6ocuonan s [16], rle oHa nr,l6pana

flocpe[crBoM colocraBJleHr{f, c AaHHbrMr.I Ha6r}oAeHlul .tepenroBcKrlx Bc[bIIrIer IIIAJI s

198i-19S6 rr. fie'rarrHoe orrrcaHrre orr,rx ua6rrogenraft uox<uo nafiTlr s [17,18]
(ua6nrogenufl rrpor43BoAr{rrucL, c rroMou{blo l9-raualsuofi rauepu). Oyurquu rrrlorHocrl'I

roroKa cnera rpr4Hr{Marlrrcb B BrrAe f(x,y) =f(r),.n" , {i' / a)2 +(y / b)', dflclz < o rrpw

rro6oM z> O.3Aecr a,b - xapaxrepr.rcrrqecKr,re rpoAoJrbuttfi ra uouepeuurrfi pa3Mepbl

BCTIbIIIIKII.
Paccua'rpun anucr, cpynxq Ltvr BWAa

f(r) - ,a, a> 0; f(z) - n-k' ,.tQ) - u' 
r" 

,

/(z) - (const - zo')tta, u> 0,JQ) - cosa kz.

C nonoulrro y2-rpurepw. Bce BLIueyIloMfHyTLIe npo6ur,te $yHrquu/(x,y) cpanulrnanucu

KaK c r{HArrBr,rAyaJrbHbrMr{ 3aperr{crpr4poBaHHllMll BclbIlrrKaMI{, TaK 11 co "cpegneir

ncnr,rugori'fnolyveHuort B pe3yJrr,Tare cyMMltpoBaHI{fl Bcex 3aperrrcrpl4poBaHHbIx co6t t'ruI?

c ycpeAHeHr{eM aMrrJrHTyA rro KaHaJraM [17]. Bsrno naftgeuo, rlro QopMa pqanr,noli

p"ar"rprpyeMori BclbrurKr,r Mox(er 6srrr annpoKcl{MlrpoBaHa rlpaKTl,Iqecxu xa>xgotf us

paccMaTpr,IBaer'G,Ix $ynxqr.ui. ognaxo npu

r65



corJlac[e c sKcnepI,IMeHToM 3HarII,ITeirbHo Bbrrrre, qeM AJrs Apyrux Synxqnl:r (npu conocran-
Irenuu co "cpegHefi ncflbrtrlKori" Iv=rs = 6,8, vro coorBercrByer p(y2) > 99Vo).

Bnegeu cucreMy AeKaproBblx KoopAr.rHar x0y, nexaqyro r Soxanurori nlocxocrr{, c
HaaIaJroM KoopALIHar Ha ocu cBeroflprreMuuxa (conuaAarculerl c olruqecKort ocrrc
TeJrecKo[a). Torga B KaqecrBe MoAeJII,I paclpeAeJreHvfl, ilHTe*cilBHocru qepeHKoBcKoro
cBera B Soraltuoli rIJrocKocrLI cBeronpneMur{Ka MoxHo r{crroJrb3onarr $yurqurc
IJIOTHOCT}I IIOTOKA

rge;r'= jrcosrp+ysin g:y'= -,vsing+y cosQ;r0,.y0 - noJro)KeHrre ueHTporrAa
n:o6pax<eulIfl.; a,b - npogotr,urtll u fioflepe(rHbrri xaparreprrcrrrqecKr,re pa3Mepbr r.r:o6pa-
)KeHU-fl; q - ero Opl{eHTaul,louusltl yro.n, 12 - cyurrrapnrlrl cnerosor; rroToK B Bcrrb[rrKe.

Cseroeort rroroK rrepeHKoBcKoro lr3Jry(reHr{r, flonaAarorqurl na l-r1 eo.royuno)K[Terrb,
paBeH

t i = K t, l! gQ, y) dxdy, e)
.\i

rqe 51 - o6nacrs Qoranr'nori nrocKocrrr, c roropor? co6upaer cser I-fi @3y (a HaueM
cJlytlae 3'ro r[ecTl{rpaHHoe BxoAHoe oKHo coorBeTcTBytoqero cBeToBoAa)| K rc -
roe$$vqneHT cBerorlepeAarlrl cBeroaoga (K1" < 1). Ilor'rurr.ro (repeHKoricKoro rr3rryrreHun, Ha

Qoroyuuox<r{Terb 3a BpeM, r4nTerpr{poBatfis cutr.alra t noflagae.r. rr3jryrreHfe HoqHoro
ue6a, paniroe

l,=q'S,,,rSilF, (3)

rle q - roe$SuqlreHT, 3aBllcqqluii o'r ceerlrMocrlr He6a s o6lacru ua6lro4euua, ,S,,, -
rIJroIrlaAL 3epKan, F - ux $orycHoe paccrorHlle, T - BpeM, r{Hrerpr{poBaHru BcflbrrrrKrr.
Tarru o6pa:ou, 3a BpeM, r{HTerp[poBaHr{, BcrrbuuKrr T Ha BxoA Ka)K[oro O3Y flo[aAaer
Ii=li + 1,1' xnauron, rge i = 1,...,N(N- qrrcJro KaHarroB cBeroflpr{eMnura), a aMrrJrrrl'yAa

cr.rfHaJra Ha BErxoAe Q3Y cocrasnqer

A; = l;t1i I;, @)

rAe Ii - rsaHTossrri Br,rxoA, a /i - roeQrptrrlrreHT ycpureHvrfl, r-ro <D3y.
Oguaxo BIrIpaxeHl{e (4) onr.rcrrsaer cpeAHee 3Ha(Ier{rre aMnJrr{TyAbr clrrHaJra, B To BpeMJr

KaK qlrcJlo Qo'roe.rre<rpoHoB Tl ; /i ucnr,irsrnaer $nyrr.yalll,Ir{, olrrcr,rBaeMbre 3aKoHoM
llyaccoua. Bbt.IlI'raq cpeAHee 3HaireHrre .rucra $onontrx $oroe.neKTpoHoB (noc'rolnnyro
cocl'aBrqrorqyrc), oron.rareJrbHo [oJryqaeM

A, = 11,li +n,li-\,lii
(s)

Br,tpax<euul (1)-(3), (5) noanonaror, 3aAaB KoHKperHbre napaMerpr,r MogeJrr.r lrso6pa-
)KeHI{q (a, b,l), rroJryrrraTr, na6op aMrrJrrrryA cr{rHaJroB {A;}, rytrr,rottlufr.ct ,ogeni*o
BcIIbIrrlKI{, 3aperucrpI{ponarnori MHoroKaHaJrr,Hr,rM raMMa-TeJrecKorroM. [nq
MOAeII,IpOBaHI,Ifl flpollecca perilcTpaulrlr BclbrrrrKrr nporr3BoArrTcq cneAyroqaf [porleAypa.

1. Pa:sIrpr,rnalorcfl npogolrurtti dlnn rI rro[epe.ruuri b;r, pa3Mepr,r zcxoguori BcfibrruKrr.
Yactorurte paclpeAeneHkrs, ortrx Beruqr.rH [pr4Hqrbr rJ Br{Ae HopMaJrbHbrx pacnpegelenr,rri
co cpeAHI{MI,I 3HaqeHI,IqMLI dlnn = 0o,6, binp = 0o,45, cpeAHeKBaAparr{rrHbrMr4 orKrropeHrrrMrr
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Oainp = 0",15, O6irn = 0o,12 I,I KooS+uqIreHToM KoppeJrf,Itruu Kot= 0,25 (npu raxux
3HaqeHrrflx a,b zaperucrpupoBaHHbre pa3Mepbr BcrrbrrrreK coorBercrBylor rtolyqeHHblM I{3

ua6nrogenufi qepeHKoBcKr.rx BcrrbrrrreK IIIAJI na raMMa-TeJlecxoue IT-48 s t99l r.l2l.
2. Pa:rrrpunhercq rroJroxeHue rleHTpor,rAa (qeurpa raxectra) BcTIbIIITKI{ n Qoxanrnofi

nJIocKocrI,I (roinp, )oinp) :

xginp = Poinn sin V6inp, )g;np = Pginp cos \'Ig;np,

rAe Voinp - no3r,rqrronHsrft yron BcfibrruKrr - [Meer [psMoyroJlbHoe paclpeAeJreHlle Ha

[oJrycerMeHre [- n,n); Poinp - yrJloBoe paccTof,Hl,Ie oT IIeHTpa cBeTonpueMHlrKa Ao ToqKu

rleHTpouAa - r.rMeer rpeyroJrbHoe (nunefiHoe Bo3pacraloqee) pacnpegeJleHl,Ie Ha cerMeHTe

IP.in, P.n*].
3. PasrrrprrBaercf, oHepruq IIIAJI E0. 3uepreruvecruft cnexrp rpI,IHrr crerIeHHbIM c

noxAsareneM c[= 2,65 s Ar.rarra3oHe eneprufi Emin + E,,u*, T.e. N(E)dE - E-d dE. flo
uolyuennofi oHeprr,ru E sbl.rucnserc, trr{cJro Soronon, flo[aAalouux Ha BxoA cBero-
upneunuxa 1p.

4. flo nr,rpaxeHr{rrM (1F(5) Bbrrrrcrqrorc, aMrrJrr,rryAbl cI4rHaJIoB Ha BbIxoAe (DDY {A;} c
yqeroM reKcaroHaJrbnofi ctpyxrypbr cBeroBognori Cucteuu, cBeqeHl,Ifl HorrHoro He6a,

lyaccoHoBbrx Snyxryaqnft, QoroeleKTpoHoB, Ar,rcKperu3aql,Il{ gJleKTp}IvecKoro cI,IrHaIIa,
orpaHrrtreHHocrrr Ar{HaMr{qecKoro Alra[a3oHa perl{cTpllpyroqefi ail[apaTypbl

5. I,Iuurupyercr pa6ora cxeMbr conuageHnfi, T.e. BcrrbIIIrKa caluraerc, 3aperlrcrplr-
porauuofi, ecJu4 B rpe6yeuou qucre coB[aAareJrbHblx KaHaJroB aMnJII{TyAa [peBbllrraer
fioporoByrc (xax upanuJro, flpu ua6lrogeHr.rsx na IT-48 upraueuxrorcr AByKparHLIe
coBlaAeHrrfl B rleHrpaJrbHux l9 coB[aAareJrbHbrx KaHaJIax 37-erelraenrHoro cBero[plleM-
tuxa l2l).

6. Lluurupyerc, npoqeAypa npeABaprarentxofi ceJIeKIIIII{ AaHHbIx, rpl4HflTa, flpu
o6pa6orre AaHHbrx IT-48 [2]. OT 6pacr,roarctca (ue BKJr]oqarorct n o6pa6orry) co6utur:
a) uueroqre MaKcr,rMyM Bo BHerrrHeM KoJrbqe cBerolplreMnuxa; 6) rrMercIql,te xota 6u oguo
3arrrKaJrr,rBaHue (aunruryAa B KaKoM-Jru6o us KaHaJIoB BbIIrIe I,IJIIT paBHa MaKclIMaJrbHoIf AJIf,
npeo6pasoaareJrfl 3apsA-Ilu0pa); r) cyrtt'aapuaq aM[ruryAa Koropblx unx<e uexotopofi
[oporoBoli. flonyuennrrfi n pesylrtate na6op aMlJrlrryA cI{rHaJIoB {Ai}, i = l, ...N (rge
N-.rucuo KaHaJroB cBerorrpueMnuxa) xnlaercfl MoAeJrbro perl{cTpl{pyeMoro u3o6pax<eHltfl
qepeHKoBcKori BcflbrurKr,r. ,fianruefiuaa o6pa6orra na6opa cHrHaJroB {A;} npousnoAurcfl rlo
rporleAype, noJrHocrbro ugenrraunofi o6pa6otre peaJrbHblx co6r,ttufi (.repeuxoncxnx
BcrrbrrueK IIIAJI), roryqeHHbrx B pe3yJrbrare Ha6JrroAeHr.rfi. Taraq o6pa6orxa npoBoAl,Ircfl c
qeJrbro olpeAeJreHr,rs qucroBblx xapaKTeplrcrllK pa3Mepa, sopvrt u oplIeHTaII[rr
qepeHKoBcKofr scnrrruxu

O6ogna.rula xi,yi(i = 1,...N) roopglluaru ocefi l-ro O3Y n Soralluofi nuocxoctu.
Torga npogolrutrfi cout H rro[epeqnrrrir bou, paauepu 3aperlrcrp[poBaHHoro uso6paxenua
BcflbrruK]r, a TaKxe oprleHTalluouuurir yron Q6ulr xap?KTepll3yroqufi nanpauenue
MaKcr{MaJrbHotir nutxnyrocrl{ BcrIbIIIrKIr, oflpeAeJrrtorcfl. tt3 coo:rnorueuratl:

o,,r, = (K,,"o 
"2g - Knsin 2rp+ xrrrir',p)''' ,

b,,,, : ( K,, sin 
2 

rp + K,, sin 2,p + K rr"o"' rp)''',

1 2K,^
Qnrt = 

J 
arcl9r'

rse Kr, = max(xi,x!rz),Kn - mn (xit,x!rr).

Ki, = L A,(x, - r-uu, )' / 2 Ai, x r, = 2 Ai(1, - t,,u,)' I 2 A,
iitt

(6)
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' Kr, = L A,(*,- ,*, Xy, - y1,, ) / I A, e)
ii

rou,=}A,x, l>,Ai,tout=LAili lLAi. (8)
iiii

3qecr rout, ;lout - KoopAr.rHarbr rleHTpor,rAa 3aperllcrplrpoBaHnoro u:o6pax<eHI4q.

Pasyueerca, [3MepqeMbre raMMa-TeJrecKoloM (aapernc'rpupooannr,re) pa3Mepbl aott, b.ttv
oplreHTarllrfl (porl oTJII'IIIaIOTCq OT I.ICXOAHbIX Ainp, binp, Qtnp, oCUOnUE'tt'ln $arropaMl4,
o6ycrannunarcilll{Ml{ gro orJrLItI}Ie, qBJlqtorcs:

. j a) orpauuveHHocrb rloJr, 3peHI,IrI AereKTopa, BcJIeAcrBrIe rotoporl tlacrb cBera He

per[ICTpI,IpyeTCfl, rITO IPI,IBOAI4T K yMeHr,[IeHI{Io 3aperIIcTpI'IpOBaHHbIx pa3MepOB rlo
cpaBHeHI{IO C I{CTLIHHbIMIT;

6) ronevuufi pa3Mep gucxperu:aqlln lrso6paxeHrrfl,He rto3Borqlou1ut]t'r'o.ruo rz:uepzrrb
pa3Mepbl Bc[bIIrreK, MaJIbIx no cpaBHeHl4to c [oJIeM 3peHl{q ognoro O3Y.

n) cne.reHne uovnoro ne6a;
r) uyaccononcrne Qnyxryaqrlr{ .r[cJra nlr6[BaeMblx c $ororaroAa gJIeKTpoHoB B

KaxAoM KaHaJIe perrlcTpalll,Ilr;
g) gucrperuaaql{, H3Mepr{eMLIx aMlJrI{TyA;

e) cenexqux rrpu perrrcrpal{urr Bc[],r[reK, Bbr3BaHHaa pa6otoii cxeMbl coanageulrri,
rrpuBogflrr{aq K 3aBl{cr{Mocrl{ BeporrHocrr{ perr{crpallurl or pa3MepoB, Qopr'lrr, [oro)KeHI,IrI

rr opileuTalluu u:o6pax<euua.
Br,rrueonucaHHoe MoAeJrr{poBaHr{e rlo3BoJlqer IIpoaHaJrI{3I{poBarE, BJIITTHI{e Kax([oro I43

nepearlrcJreHnrrx Sarropon. Kar yKa3brBaJrocb BbIIrIe, MoAeJII{poBanue rrpoll3Bollrll'c,
rrr{cJreuHo. flporpauua Hall{caHa Ha aJrroplrrMliqecKoM q3blKe Fortran n onepaquouHofi
cqcreMe VMS gna 3BM CM-1700. Cpegnee BpeMfl MoAerll{poBanua ognofi BcublrrlKrr

cocrasrqer - 5 c.

2. Meroguxa olpegeJreHrrs [apaMerpor nro6paxeuns rlepeHKoBcxoli scntluxu

Kax orMe.raJrocl, Br,I[re, [paKTI,IqecKr{ Bce flpl{MeHqloqtrecfl B Hacroqrqee BpeMf,

KpuTepr.ru or6opa co6rtrrari, r{HllrluupoBaHublx [epBIlqHbIMI{ Y-KBaHTaMI4, ocHoBaHr,I Ha

aHaJrr,r3e [apaMerpoB r.r3o6paxeHr.rq qepeHKoBcKoli Bcflblrxru. K coxaJleHl{}o, TorIHo

BoccragoBrrrr, uso6paxeHr{e KaxAorii saperucrpuponannorl Bc[bIIrrKI4 [paKTIlrrecKI{
HeBo3MoxHo, TaK KaK neng6ex<nr,r rrcKaxeurrrr, BHocIrMbIe psAoM o6'serrr.rsHstx $artopon,
[epeqr4cJreHHbrx Bbrrrre. Ilpegnox<eunrrri lrerog MoAeJII{poBaHI{s Aaer Bo3Mo)KHocrL

u3yqarb Blrrlflr,rte Kax<Aoro rs QamopoB B orAeJIbHocrLI, IacKJItotIas BJII{xHIIe Apyrrrx
Qaxropon. Ifens eroro r{ccneAoBaHlra - r'rogrQkrKat\Ltfl aJIropI{TMa orpeAeJIeHI,Iq
rapaMerpoB r,rso6paxeuua BcrbrruKr{ ($oprnlynrr (6) - (8) TaKI4M o6pa:ou, qro6u cBecrl{ K

MrrHr,rMyMy r{cKaxeHr,rf,, BHocr{Mr,re B r.rcKoMLIe BeJIIIIII{HbI KaK a[[apaTypofi, rar lt calroli
uerogurol? Irx Haxo)KAeHIrrI.

Paccuotput'l orAeJIbHo BJII{flHIre KaxAoro r,ra Qarropoe.

Bnuaruue Snyrcmyaqufi., caaaaHruatx co cee4eHueil ruovttozo ueda,

HA Onp ederTeHue napail.empo1 
^cnbwrcK.

@nyxryaquu aHoAHoro oAHoro roxa OOY, Bbr3BaHHbIe cBerreulreM HouHoro He6a, Moryr
cyuIecTBeHHO rroBJrr,rrTb KaK Ha ToqHocrb orrpeAeJreHEf, IIeHTpa TnKecTu Bc[bIIrrKI,I, TaK rI

Ha rorrHocrb orrpeAeneHr.rs BTopbrx MoMeHToB pacflpeAeJreHrlff tpKocrra. flocronrry
Snyxryaquu paBHoMepHo paclpeAelreHbr rro rroJIK) 3peHlrf, AereKTopa, ro nau6ollruee
BJI[rrHrre Ha rlapaMerpbl oKa3bIBaK)T KaHaJrbI, nar,r6oree y[aJreHHble or IIeHTpa BCfIbIIrrKlI;

floerouy AJrf, yMeHbrrreur,rfl rrcKaxe:auit ug cyMMlrpoBaHru ttcKJrroqarot nar6onee yAa-

JreHHbre KaHaJrbr (o"r. [19]), TaK KaK B Hux uHTeHc]IBHocrb cBeroBoro noroKa or Bc[bIrIrKu
MrrHr,rMaJrbHa. Hau [peAcTaBJIreTcr, oAHaKo, uro 6es pacqeToB HeJIb3fl o[peAeJI]ITb
xpnrepufi, rro KoropoMy r,r3 cyMMrrpoBaHr,rrr HyxHo l{cKrloqarb ror ulu unoft KaHaJr.
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Plrc. l' 3asncllMocrb 3aperHcrpupoBaHHoro pa3Mepa BcrrbrrrrKu llour o.r. 3aAarrHoro pa3Mepa It;n,, c !rreror4
(xpunrre I , 3) t 6ez y'lera (xpunrre 2, 4) {roxonoro cBerreurlq rrorrHoro ue6a npu pa3Jr]rrrHrrrx 3Hatrerrurx flopora
o6pe'3aH.t fl Pf

1,2-Pt=0i 3,4-Pr=10

Pttc.2.3aaucuMocrE 3aperilcipllponaxnoro noJroxeuuf, r{eHTpoI{Aa pour or r,rcxoAHoro pinp An, pa3ruqHbrx
suavexufi lrcxoqHbrx pa3MepoB ainp

Paguyc cneronprreMur,rKa P" = 1o,3

Yro6u ucKrrorrurb BtruaufieorpaHl{qeHHocrlr floJra 3peHr.rrr AereKTopa, Mbr paccMorpeJru
TOJTbKO BcrrbrrrrKr.r, 6Jlr,rsxue K rIeHTpy ero [oJrr 3peHHrr.

fina onpeger.enng, Kprrrepl{fl, uo KoropoMy r,r3 cyMMr.rpoBanr,rrr{cKJrroqarorc, KaHaJrbr
peHrcrpaq[[, HaIrau 6lrnra nponeAeHbl paCqerbr flapaMerpoB BcrrbrrrreK IIo orrr4caHHori arrue
lporpaMMe. flpn erou napaMerpbl Arfl cryqar, KorAa cBerreurre He6a [pr{paBHr{BaJrocb
HyJrro, cpaBHrIBaJII{cb c rIapAMeIpaM}r, HafiAeHHbIMlI [prr yqere cBetreHr{s HorrHoro He6a. y[3
cyMMlIpoBaHI{fl I{CKJIIoqaJIuCb KaHaJIbI, B KoTopblx c}IrHaJI 6un uenrrue HeKoTopofi
Qr'rxcnporanHori Berlltrlr:rrbt P1. Pesyarrarur pacqera rrpeAcraBJreubr Ha pr,rc. l. Pac.riru
npoBoAIIJILIcu 4I[ [prreMHoli KaMepbI Kpuucrofi acrpoQr,r3r.rqecKofi o6cepaaroprara,
cocro{qefi Il3 37 O3y, [Pr.rHlrMalolqux clrrHaJrbr c flqeriKrl pa3MepoM 0o,4 (orl. uogpo6uee
[2]). Kax BLIAHo I{3 pIIc. 1, naunnar c Pf =7 + 8 QoroeneKrpoHoB (S.r.), BJrr{flrrue ,o"rro"o
He6a Ha peflrcrpr{pyeMbre napaMerpbr craHoBr{Tc, HecyulecrBeHHbrM.

flonyvenurrft naur.r BbIBoA Moxer 6rrrr npraueHeH r{ K nro6ori gpyrorl KaMepe. Boupoc n
TOM' KAKOMY YPOBHI0 AI{CKpI,IMI{HaIII{H cooTBeToTByeT BeII,IqraHa P1, rotopyxr uu
Ha3bIBaeM [oporoM AIIcKpI,IM[IHaqnu. OoH He6a gaer 3a BpeMs r.rHTerpupoBaH]rfl c]rrHaJra
(40 uc) 4 Q.s. Auuuryga r.rMryJrbca n 7 + 8 Q.e. cooraercrByer elyxryaquu s ll-L}'
AlltcKperoB, TaK KaK cpegnrafi ToK l.IcKJrloqaercs B narueri affraparype, Bepoxruocrr rarofi
Snyxryaqur.r B oAHoM KaHaJre -,10-3. 3ra nerraqflHa r{ Moxer cJry)<rrrb opr,reHTr.rpoM AJry
au6opa flopora A?rcKpI{MI{Haq[n n urc6ori gpyrofi KaMepe. flonsruenne uopora Ar,rcKpr{-
MrrHaIIuu [pr'rBoAI'IT K pocry oluu6Klr lrsuepeurali flapaMerpoB. flo-nr,rgr.ruoMy, Ars 6onee
TOqHOTO O[peAeneHrr, [apaMerpoB BcrrbrrrreK HyxHo ]rcnoJrb3oBarb MaKcr{MaJrbHo Bo3-
Mo)KHoe qlrcJro KaHaJroB, B KoTopblx oTHocLrTeJIbHbIfi BKraA $ouOnoro cBeqeHI,rf, HoarHoro
He6a B cyMMapHyro aMrrJrr.rryAy cr{ruaJra He3uatrrrreJreH,

Bnuaruue o?paHuyeHHocmu nofin apetiltfl demercmopa u KoHevHocmu
pasilepoo flqeilKtt ruutepbt rua onpede,neHue ueHmpouda acnwutrcu

I4cnonrayx rrper{MyrrlecrBa MeroAa MoAeJrr.rpoBaHr.rfl r{3o6paxenrarl BcnbrrrreK,
paccMoTpr.rM SioT BOrIpOC B HeCKOJTbKO gTalOB.

Ha uepoou gTalre, qro6rt I{cKrK)rrI,ITb B[r.rqHLIe KoHeqHbIx pa3MepoB rveftrn, pacrrerbl
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Pnc. 3. 3anncnMosrb 3aperxcrp[poBauHoro noJloxeufi,
qelrrpolrAa pour oT 3aAaHHOro plr, nplr [PIIMeHeHIfl nopora

o6pe3aHu, P1=CyA6u, Anff pa3nLItIHbIx 3uarleHufi xogQ-

Ququerrra C1

Paalrep 3aAaHroft BcrlbtulKrt 4inp = 0o,6; paAlryc cBe-

TonpueMH[Ka Rc = lo,3

6ulu uponeAeHbl c oqeHr, MaJIoI:I

HOAIHOTO HE6A OTCYTCTBOBAJI,

Pf,p

KBaAparHorl ,qeriKorl pa3MepoM 0",02. flpu sroM QoH

' Cna.Iara 6uno paccuorpeHo BnrvrflHue orpaHuqeHHocrlr noJIfl 3penrlfl Ha oflpeAeJlenrre
"qenrpa rrx<ecrrir" BcnbrrrrKu (o"r. nrrpaxeHr,r, (8)). Peaynrratu pacqeroB uprIBeAeHbI Ha

puc. 2. fina upocrorbl paccMarpuBalrucb Bc[bIIuKI'I Kpyrrlofi Qopr"ru (a = b, e = 0; 3Aecb

e = 1 - bla - gtnunrr{r{Hocrb Bc[brrrrKr{). klz puc. 2 augto, qro a) 3aperlrcrpl{poBaHHoe
3HAIIEHI{E POUt BCCTAA MEHbIIIE }ICXONHOTO Pi,PI 6) [P}I PA3MEPAX BCTIbIIIICK, 3HAIIUTEJIbHO

MeHbrrrux pa3Mepa roJr, 3peuut cBerorlpueMHuKa (a ( R), 3aperl{crp}lpoBaHHoe
rroJroxeHlre pout [paKTuqecKl{ paBHo 3aAaHHoMy (Pout : Pinp) npu MaJrbIx Pinp oTJllrvne pou,

oT pinp Bo3pacTaer c pocToM Pinpi n) lreM 6oJrbrrre pa3Mep BclbIIrrKlI a, Tel{ cI,IJrbHee pout

oTruqaercfl oT pinp H TeM paHblue Haql{Haerc, HeJrl,IHefiHocrb 3aBHclrMoctlt poul (p1nr).

Ifenrpu rflxecru BcrrbrrrreK c AocraroqHo 6orbrullM 3HarreHI,IeM a npaKTI{aIecKI{ Bo BceM

[oJre AeTeKTopa onpeAeJrfliotcfl HeBepHo.

Yuenrureuue cucreMarnqecKor:r oruu6Ku onpeAeJreHr,rs pout l{Meer ABof,Koe 3HaqeH[e.

Bo-uepnrrx, flapaMerp pour orrpeAeJrfler [purleJrbHoe paccroflHlle [o oclr Irr4BHfl. B cryqae
rrccJreAoBaHlu HaupaBJreHHoro uoToKa, a TaK)<e cyu{ecTBeHeH [prr o[peAeJIeHuIr HeKo-
Topbrx KoopAr{HarHo-3aBucI,IMbIX Kp}ITepI,IeB Or6Opa y-KBaHTOB. BO-nroprtx, oIIIu6Ka B

olpeAeJreHr{r{ rIeHTpa TrxecTI{ [pIrBoArIT K He[paBI,IJIbHOMy OrIpeAeJreHI,Irc I{ ApyrUX
uapaMerpoB BcrbrrrrKrr (paarvrepon u opueHraqru, o'r. Sopuynrr (6), (7)). iloqpo6Hee oror
Bolpoc 6yAer paccuoTpeH HLDKe.

Otnnexaqcr or $nyrryaqfifi u KoHerrHbrx pa3MepoB qrrel:IKI,I, JIerKo [oKa3arb, tITo

orpaHutrr4Tb BirurHr,re Kpaf, uoJrf 3peHr.rrr AeTeKTopa Ha oIIpeAeJIeHLIe IIeHTpa Tfl)(eCTn }IJItr,
KaK ero [prrHrTo Ha3bIBaTb errle, IIeHTpoI,IAa BcrrblluK]r, Mox<Ho BBeAeHI{eM OrpaHuqeHEr
qucra KaHa[oB, yrr]rrbrBaeMbrx IIpu o[peAeJreHur{ rIeHTpoI,rAa, Taroro orpaH}IqeHHrI Mox<Ho

Ao6nrbcfl BBeAeHI,IeM rlopora AucKpI{MI,IHaquu P1=C1A^u*, rge C1 - lrocroflHHblli
xoe$Snqueur (C1 ( 1), A*.* - MaKclrMaJrbuafl r{3 Bcex KaHaJroB aMrJrr{TyAa. B cyMMLI-

poBaHr{e AJI, o[peAeJreHufl r{eHTpa TflxecT}r BclbrruKrr BBoAfTcf KaHaJIbI, B KoTOpbIx
aM[JrtrTyAa cHrHaJra 6offirue P1.

Pesymraur pacqeroB [peAcraBJreHbl Ha plrc. 3. BuAno, qro BBeAeH]Ie nopora P1

rro3BoJrfleT cyrqecTBeHHo pacuuprlTb o6IacTb rroJrfl 3peHrrq AereKTopa, B KoTopoft
[oJroxeHr,re rleHTpor,rAa o[peAeJrrrercfl EpaKTuqecKu 6es oum6or. flpn erou qeM 6orblue
BeJII{rII{Ha c1, TeM 60nr'Ure o6flacrb rorlHoro o[pe[eJreHr{, qeHTpouAa BcrIbIIuKlL

OAHaro B Aer:rcrBr,rreJrbHocrrr pa3Mepbr flrIeI:IKLI 3uaqurerbHo 6ofibrue 0",02 (u ero
orrpaBAaHo rto pflAy coo6paxeHr,rfi, na xoropbrx Mbr 3Aecb He 6yger"r octananrnnamcx).
Koneqnrrfi pa3Mep flqeriKr,r [prrBoA[T K ToMy, rrro orrrr{MaJrbHoe 3HaqeHue xoe$$uIII4eHTa
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Plrc. 4. PacnpeAeJreHr{e noaoxexnfi rIeHTpor,rAoB ncnuurex (.16, yg)
BcnbIIrIeK c pa3MepaMx dlnp = 0o,60; birp = 0o,45

a - pacnpeAeneur.rd sa4auurrx noloxesnfi (.rg;r' yg 1rr)i 6_a _
noaoxeHuft (x6 or1, y6 or1): Cr = 0,10 (O, 0,35 (a), 0,70 (z)

-1,0
o

1,0 o]o
fi

1rA

n rf oxalr,Holi nJr ocKoc,r'll .reJr ecKorril AJrq

pacnpcllejrelrrre 3aper.rrcl.pHporlar{rrblx

C1 BoBce ue 6nr'Isro x 1. [na I,IJrJIIocrpaII]IrtBrrtrflHns,xoe$$uquenra C1 Ha onpeAeJreHr{e
IloJroxeHl'Ifl IIeHTpoIrAa naur,I 6lur.r [poBeAeHbr pactrerbr, Aarcrq]re Bo3Moxuocrb yBr{Aerb,xar lreHserc, xapaKTep paclpeAeJreHr{r perucrpr,rpyeurrx (r.e. uarlgenHui [ocJre
o6pa6orxu) nonoxenrall I{eHTpo[AoB s sanuCul.rocrz or-roeQSr{rlzeHra C1. peay6rarrr
pacqeroB npeAcraBJreHbr Ha pr.rc,4 gJIa ncnnrruex 6onrruoro pa3Mepa: a=0",6o;0",15,
b=0",45+0o,12, aHapuc.5glarraanenbKlrxBcflbrrrreKie=0o,30+ Oo,Oj,h=0o207
-f 00,06. ,[ua yqo6crBa orIeHoK TaM xe [peAcraBJreHbr pac[peAereHr{q rIeHTpor.rAoB
I{cxoAHbrx (r,e. rno4raubrx B pacqerur) ncusnuex

kla paco'lorpenr,rf, prrc. 4 uoxno cAeJrarb HeKoropbre BbrBoAbr:
1) npu Hu3KoM [opore o6pesanux IIeHTpor.rAbr cMerrlarorc, K rIeHTpy r1oJ1g 3peHr4s

(puc.4,6);
2) uo uepe [oBbrrrreHr.r, ropora o6peaannx (puc. 4,o, e) pacrpeAeJreHr{e rIeHTpor.rAoB

pacrur{prercr, a craJro 6urrr, upr,r6rfixaerc{ K r4cxoAHoMy (or,r. pnc. 4, a), uo ogroup"r"rrro
ttoflBlrflercfl crpyKTypa, coorBercrByloqa, pacloJroxeHr{ro rqeeK cBerolpr{eMHraKa.

AHalorr.rqga, KaprrrHa Ha6lrcgaerca rr Ha pr,rc. 5, Ho sgect fl.gleucrafl. crpyKTypa
Haqr{Haer [of,BJrrrbc, yxe up]r 6olee Hr,r3Kr,rx loporax, a npu C1= 0,7.rerxo-rufrtr
paclroJrox<eHl{e I4 pa3Mepu 19 IIeHTpaJIbHbIx ,treeK npraeuuorl KaMepbr fT-48. Taroe
paclpe[eJreHr,re perplcrpr,IpyeMbrx nonoxenr.rfi rIeHTpo]rAoB o6tscuserc, TeM, rrro rrprr
noBbllrreHrlrr uopora AIICKpI4MTIHaIIETT [OJTOX(eHr.rfl rIeHTpor.rAoB onpeAefiqroTcr no 1 - 3
qqerirar\a.
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pnc. 5. lracnpe,[ererr]te no,roxerrrli rtcHTpoHAoB Bcnbl[IeK (.r1,, y11) a (loxall,llori njlocKocrll TeJlecKona Arrl

BcrrbnrrcK c pa3rtcpaMl{ a = 0',30; h = 0",20
['acnpelctteHua 1l-z coorBercrBytor pnc. 4

Taxuu o6pasor,a, c ognorl cropoHrrr, gaa oc.ira6leuru BtlHflHLlfl Kpaq Ilorq 3peHI'Iq

ueo6xogutlonoAHI,IMarbIloporAI{cKpr{MI{HaIIlruPt=CtA,r,n*KaKMo><HoBbllue,a,c,qpyrori
CTOpoHbr, rone.tut tt)i pa3Mep qrleeK AeTeK'rOpa rpe6yeT CHHxeHI'Iq 3TOrO flOpora.

[r, na*o*geHu, orlTr,rMaJrLHoro 3Harreuuq ros$$r.rqueura C1 ualrlr 6r,lln [poBeI{eHbI

pac(rerll cpeIIHelo 3HatIeHI'Ig BeJIIT[IITHLI

/, \2 , ,2\l/2
,1p = 

[(*,,,,,n 
- x,,,,,,) + (],inn - ro,*,J 

J

f/\e .\);np r{ }oinp - KoopArrHaTLI IIeHTpOI{Aa ucxoguori BcnblIrIKI'I (Cu. pa:g. I .), a x9,,,,1 tr }(k,ut -
KoopAtrHarr,r rleHTponAa coorBercrByroqer)i eIl :apeutc'rpfipoBaHHol;i BcnbllrrKlr. Pac'rerrt
6srm.r nponeAeHbr Anq pa3Jrr,rrrHr,rx yrJroBbrx pa3MepoB Bc[bIlIreK Ir [peAcTaBJIeHbI Ha pl{c. 6.

l4z puc.6 rulno, rrro c pocroru roeQ$uqr{eHTa C1 BerIIrrII4Ha dp cuattr]rla yMeHblxaercq'

BcneAcrlllle ocra6renuq B|tttfl,Hu,, Kpaq fiorfl, a 3areM Ha(IlrHae']f pacrl{ I'I3-3a yMeHL[IeHI4,
(rr{cJra ,(reeK, [o KoropbrM HaxoAI{Tcf flonoxeHl{e I{eHTpoIrAa. Cnegye'r raKx(e orMerlrrl,
rrTO OnTI,IMaIITHOe 3HarIeHUe C 1 nUUeftHO 3aBI4CI,IT OT pa3MepOB BCIIsIUIeK.

flocronr,ry [pr.r B[,rAeJreHr.rr.r r43o6paxeH]rIi BcrIbItxeK, BbI3BaHHbIx raMMa-KBaHTaMIT' Ha

cpoue ncnr,rilrcK or KocMI{qecKux ry-Iell ocHoBHoe 3HarIeHI4e IrMetoT BcnblrIrKI,I MaJrbIx

pu.r"pou (0o,30 - 0",45); n galrnerlureM Mbr 6yAer'.r noJlr,3oBarlcx roetpSllqrreHTOM

C t = 0,2, rar sau6onee [prreMneMbrM IIrq naHHLIx gHa.testlrl pa3MepoB BcfibllueK.

Cnegyc'r 3aMeTrrTr,, qTo orrTr{MaJrr,Hoe 3HarleHrae roeQQuqlleHTa C1 3aBI{cIrT Hc ToJILKO

or pa3MepoB [orq 3peHr.rfl AereKTopa n s.terixu, Ho L or Macrep-cplrHarra cxeMbl coBfia-
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460

440

420

1/,2 44 40 t; 451t 10 Pinp

Puc. 6, Ouru6xa u3MepeHHrI noroxeHHr ,1",,"porga 7p xax (lyHxqul nopora o6pe:atlua C1

Puc, T.3aaHclrN{ofl.r,3aperrrcrpupoBarrHoro pa3Mepa BcnLlrrIKIt llout or 3aAallHoro IloroxellHrl ee Uell'rpohIIa prrp

AJrr pa3rH(rHblx gtIa.IeHIrii HcxoAHblx pa3MepoB lrinp

Ae:elafr,, or o6nacrr,I paccroqHull R*,,^ qeHrpor{AoB BclbllrreK o'r IIeHTpa Ilorq 3peHI4q.

floerouy Bbr6op oror;i BeJrr{arr.rHLtr cnellyer AeJrarb orAeJIbHo Arq Kaxlloro KoHKperHoro
CJIyt1a,. Ilparga, HaJII{qiIe IIJIaBHOTO MI,IHIIMYMA AAET YBCPCHHOCTI,, 

(I1'O BCJIIIIII{H& C1 HC.I.?K

CI,IJIbHO 3 ABI'ICI4T OT O6CYXAEHHI,IX $AKTOPOB.

Bnuauue o?paHuveHHocmu norlfl. apeHufl demercmopa Ha uan4epeHue amopbtx lilorileHmoo

p ac np e d e n e H'u.n,fl'p K o cmu u o p ue H.ma u'uo Htto ? o y ? Jt a

OrpaHr.rvennocrb [oJr, 3peHr.rfl r{ KoHer{HbIe pa3Mepbl flqefiKl,I AereKTopa, 6esycnonuo,
oKa3brBaroT BltytflHt4e Ha orrpeAeJreHr,re BTopbIx MoMeHToB pac[peAeJIeHI,Iq {pKocTLI Bo

BCrIbIrrrKe asrr1,b6n1 I{ Ha OpI{eHTaIItroHHbIfi yroJr 90ut. Ha pr,rc.7 noxaganr,t 3aBI{cI{MocrrI

BeJIIIqI{HrI aour oT pacCTOrHI,Is Mex<Ay IIeHTpO[AoM BCIbIIIIKI{ Pinp lI IIeHtpoM IIoJL 3peHIIs

lpII pa3JII{qHbIx 3HarleHnflx ai11p. Pac.Ierrr CAeJIaHbI A[f or{eHb MaJIbIx pa3MepOB ,rIefiKIlI

(0',02) u 6e3 yqera cBeqeHufl HorrHoro He6a. B raKoM Baplralrre pacqeroB eAuHcrBeHHbIM

$arropou, BJrI{rIouItrM Ha I,IcKaxeH}Ie BeJrr.tqI,IHbI 4sg1, ,BJrflerc, orpaHHqeHHocrb IIoJL

3peulrfl AeTeKTopa, Hauot*auult, tITo pacrleTbl IIpOBOAI,IJIUCr AJII KaMepbI pa3MepoM
R. = 1o,3. VIz puc. 7 nngno, rrro Aaxe AJI, rIeHTpaJIbHo pacfioJlox<eHHblx Bc[bllueK
(pinp = 0o,0) c pa3MepoM ainp2 0o,4 qacrb cBera BcrrbrrrrKr{ oKa3blBaercfl BHe noJr, 3peHrlt

AeTeKTOpa r{ Bcnl,rrrrKa perr{cTprrpyeTcf, c MeHbIIII{M pa3MepOM 4out ( a1no. Auanutl{qecKull
pacqeT [oKa3aJr, trTo flpu rro6brx 3HaqeHllflx 4inp perucTprlpyeMaq AJIITHa BcflblrrlKll

aort ( & | ^,12, r.e. orpaHnqrrBaercfl ToJrbKo BerLrqr.IHoIi rroJlf, 3peHlrf, [e:reKTopa. V[z puc.7

BIIAHO TaK)Ke, qTO OTKJIOHeHIIO BCJII,I(II{HbI 46n1 OT 41nO paCTeT I{ C yBe[UqeHI'IeM pa3Mepa

BCrrbrrrIKlI Aiap, Lt ftO Mepe yAaJIeHI{rI BCIIbIITTKI,I OT IIeHTpa KaMepbI' T'e. C yBeJIIIqeHUeM p1pp.

floutrno, rrro r{3-3a [orepr{ qacrr,r r,rHSopMarIHu o pacflpeAeJleHulr cBera Bo Bc[bIIrIKe

r,rcKa>r(aroTcfl Bce [apaMeTpbr BclbrrrrK]I: pa3Mepbr (cu. prac. 7), Qopr"ra (rpyrlaa Bc[bIIrrKa

npr{ pinp > 0 craner gJrJrr{rrrr{qHofi), opneHraqus (rto Mepe [pI{6iII{xeHI{t K Kpalo AereKTopa

BcrrbrrrrKu oKa3brBaroTcq coppreHTr,rpoBaHHbrMLI IIperrMyIIIeCTBeHHO nepleHAuKyIIrpHo
HalpaBJreHrrro Ha ero qeurp).

Kar uoxagaJu{ pacrrerbl, yMeHbIuI,ITb orl{ IrcKaxeHlrfl MoxHo reM xe MeroAoM, KaKIIM

yMeHbrurrJracb orrrrr6Ka o[peAereH[q rroJroxeHl{fl IIeHTpoI{Aa, Oguaxo rrpu [oBbIIrreHI{u
flopora AucKpr,rMEHarl?ru oAHoBpeMeHHo c yMeHbrueHr,IeM AI{a[a3OHa U3MeHeHI,It perl{cTpl{-
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pyeMblx pa3MepOB 4our yMeHbIIIatOTCfl I{ a6COlroTHbIe 3HarreHr,ra aout, ,[lx uaxOxgenUa
o[TI{MaJIbHoro MeToAa o6pa6o'rxlr Heo6xoAuMo B flepByro otrepeAb olpeAeJrr,rTb Kpr,rTepr{lr,
IIo KoropblM 6yget naxogl{Tbcs onrl,IMyrra. I{em o6pa6orxra - orAeJreHr.re BcrrbrrrreK MaJrbrx
pa3MepoB, BbI3BaHHbIx raMMa-KBaHTaMrI, or 6olr,ruux (c aucoxuur{ 3HatreHlrlflMu a u b),
BbI3BaHHbIx agepuoli KoMnoHeHToIit xocl,ru.{ecxnx ryverir. Kpoue roro, BcnblruKr,r or
Ha[paBJIeHHOrO IOTOKa raMMa-KBaHTOB OpUeHTr,rpOBaHbI Ha I{CTOqHI,IK, rITO AaeT
Bo3MoxHocr[, BbrAeJrrrb r.rx na $one xaorl,IqecKlr paclpeAeJreHHbrx rro yrJry aApoHHbrx
BcrrbrrrreK. floerouy B KarrecrBe KprrreprreB oflrr{MaJrbHocrn 6run nr,l6paur,r cJreAyroq[e
BeJIUqHHbI: OTHOIIIeHT{' LAloo, L/o6U CpeAHeKBaAparr{rrHOe OTKJTOHeHI're OpUeHTarI[OHHOTO

yrra Oq. 3gecr Aa = (aorl)1 - (aour)2, rge (aor,)1 - oro cpeAHee 3HaqeHHe perr{crprrpyeMbrx
pa3MepoB BcnbIIIreK, Iacxognrtli pa3Mep Koropbrx (ainp)r = 0",45,(aou1)2- coorBercrBeHHo
To xe gtt (aino)2 = 0o,3. BsI6op grl,Ix 3Har{eHlrrl pasuepoB rro 6olrurofi roiryocu
uso6paxeuufl olpeAeJrfleTcfl TeM, arTo oHrr HaxoAflTcfl no pa3Hbre cropoHbr oT rpaHr{rlbr
pa3AeJreHru raMMa-KBaHToB or rrporoHoB, Koropafl paBHa [prrMepHo 0o,37. Auanorn.ruo
(binp)r = 0o,30 n (bi1ry)2 = 0",20.

Heo6xoguruo nogpo6uee o6rscHnrr flpor4cxoxAeHr,re BeJrrrqr{H 6 o vr c 6,,[na pacueron
MbI npIIHLIMaeM oqeHb MaJIeHbKI{e 3HaqeHI,It AJIfl Al,Icflepcl{u IIcxoAHbIx pi}3MepOB OinO =
0o,001. flucnepcua perlrcrprrpyeMbrx pa3Mepoa (or)ou1 n (ou)ot, Bbr3brBaercfl B rrpr,rHrlr,r[e

TpeMfl Sarropauu: a) Suy<ryaqrrrMr,r or cBeqeHr,rfl Horruoro ue6a; 6) r{3MeHeHr,reM dsul rro
rroirro 3peHr{fl AereKTopa, T.e. or qeHTpa K Kparo, u n) co6crneuuofi grcuepcraerf, cnssaHHor:r
c ryaccoHoBcKr{Mr.I $nyxryaquaMr{ r{lrcJra So'rosnex'rpoHoB B KaHaJrax perucrpaquu. 9ru

)Ke rrpuqr.rHr,r Bbr3brBalor Arrcnepc,ro ,,o opI{eHTaIILIoHHoMy yrny oq = i(Q.,,, - g,nn )'
flpulrenaerr,trrri naun MeroA MoAeJrr{poBannfl [o3Bolqer r{cKJrK)qurb BKJTaA B Ar{c[epcr{ro rro
a, bu q Arrclepcuu r{cxoAnbrx BeJr[qrrH, vro gaer Bo3Mo)<Hocrl 6oree HaAexHo
orrpeAeJrr{Tb oflrr{MaJrbHbrfi uerog o6pa6orrra. Eoree roro, AJrf, Toro r{To6br r{cKJrroqr.ITb
BJrr{rHHe gHeprr{r,r BcflbrrrrKr.r Ha Merog o6pa6otru, ]rccJreAoBaHl{e [poBoAIrJIocb AJrfl

AucKperHoro ua6opa eueprnfi. Taxuu o6pa3oM, MbI [oryqI,uII,I Bo3MoxHocrb rlpoBecru
AeraJrbHoe [rccJreAoBaHrre 3aBr{crrMocTr{ o[TuMaJrbHbrx rrapaMerpoB o6pa6or:xu or
napaMeTpoB BcEbrrrrKH.

Pac.re'rr,r flpoBoArrrl{cr, cJreAyroqurra.o6pa:olr. Brt.rllcrrtlrucr, BeJIrrqI{HbI Laloo, A'blo6, c*
Arq Bc[blureK c d;n, = 0",30 w ain, -0o,45 npa pa3J'rurrHbrx nopotax Ar.rcKplrM]rHarlr{r{,
Kauanu, B Koropblx aM[Jrr{TyAa crrrHaJra 6ula uenuue fiopora [rrcKpr,rMlrHar1[rr, B cyMMrr-
poBaHrre AJu onpeAeJrerilfl. aout, brur r,r q He BxoIlIrJIIl, IIo pesynrraraM pacqeroB
HaxoAr.rJrocr, 3HarreHr,re [opora ArrcKpr,rMr4Har{rrrr, cooTBeTcTByroqee MaKcr.rMaJrbHbrM
3HatIeHLleM LalOou A,blO6, a TaKxe MIIHI{MaJIL,HbIM 3HarIeHI4qM Oa. TarcKe pacverrt 6uln
npoBeAeubr Alq pa3[urrHErx 3naqeHlrti arr,rnnu'ryg cr.rrHarroB B ueHTpe BcfibrrrrKrr A.u*, T.e.

3Hbrx gxeprrr sx :l.uBHfl , Pesymrarr,r B [pencraBJreHsr n ra6rnqe:

Amax oq(0',45) Psn6 (aucxp.)

37

75

150

225

I,66
3,12
4,37

6,54

2,05
))<
3,66
5,81

200

lgo
90

7"

14"
8o

50

40

7

8

l0
7

Kar nugno r{3 Ta6Jrrrrlbr, orrr}IMaJrbrrbre 3Harleur.rff nopora AJra olpeAeJrell'un Laloon
Lblo6 ne BcerAa coBnaAaror c olrr{MaJrbHbrMn 3naqerttflMv, o[peAeJreHHblMlr no oe, Ho

6rRgxu Apyr K Apyry.
Orasatocr, qro orrrrrMaJrbHoe 3HaqeHue nopora ArrcKpr,rMr.IHaIIruI [paKT]IqecKIiI He

Menrercf, c u3MeHeurreM oHepru[. 3ror nrrnog raMeer 6onuuoe 3uarleuue. Cregyer orue-
T[Tb, rrro n pa6orax ronra6opaqulr Yunnna [pr{Hrrro ycraHaBJrl{Barl rlopor A}rcKpLr-
Mr{Harlru, panuufi o[peAeJleHHofi gone or cyMMapuoro c]rrHaJra: 0,5 - 1,07o [10], [19]. ]Ig
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Puc. 8. t{agrorHble pacflpeAeneHl{, no a3l{MyraJrr,HoMy yrry c[ Anc BcrrbrureK pa3JrrrqHbrx pa3MepoB Ha pa3JrrrqHErx
pacsrorHrrrx oT rletrrpa non, 3peHll, AeTeKTopa

R - gna'{eHlle KplrTepuc Yerct, yf,-rr- 3Haqenr,re Kprrepnr fft.rpcouai l.rrpr,rxoBr,re Jrr{Hr.ru - cpeAHrre 3HaqeHr.rr.

4-6: pacnpeAeJr e*ws Arq BcnblureK c a = 0",3 u b = 0o,21 z--e: a = 0",6, b = 0",4
Pacnpegeleuuea,z-AJrrBcnBrrrreKcqeHTpor,rAoMBKpyrepaAuycoMp=0.,6; 6,d-gtrtBcnr,rlreKc

rIeHT por,rAoM B r{HTepBaJre 0o,6 < p < 0o,8; a, e- 0",8 < p < lo,0

Halu[x I{CCJIeAOBaHLIII craHOsl,rrCq OqeBr.rAHbrM, rrTO TaKOr:r IIOAXOA AaJreK OT o[TrrMaJrbHOrO.
gucneuno BeJIurrHHa flopora Al{cKprrMrrHar{[]r [pu6JrH3I{TeJrbHo paBHa flopory AucKpr,r-

MI{HaIII]r $nyxtyaqufi qucJla QoroeJre(TpoHoB. ?Ig eroro Moxcio [peAfloJroxrrrb, qro rrplr
oTcyrcrBI,IrI cBeqeHl{fl HorrHoro He6a flopor AIrcKprrMr,rHarIHr{ AoJrxeH 6ul 6u paBHrTbct
uynro. O4uoBpeMeHHo rI3 SToro cJleAyer, qro BJrr.rrrHr.re Kpa, noJrs 3peH[I{ Ha o[peAeJreHrre
BTOpLIX MoMeHTOB HeJIb3, yMeHbIuI{Tb BBeAeHLIeM [Opora AI{CKpI{MIIHaIII{II.

Ter'l ne MeHee, KaK rIoKa3bIBaIor pacilerbr, pac[peAeJreHr{e perrcrpr{pyeMbrx Bc[brrrreK
IIo opr{eHTaqr.roHHoMy yrJry I Her{3orponHo. 3Ta He[3orponHocrb xopouo Br,rAHa flprr
IlocTpoerlul{ qacToTHoro pacflpeAeJreHr.rrr perucTpr{pyeMbrx BclbrrrreK IIo a3r,rMyraJrbHoMy
yrJly c[, T.e. yruIy MexAy HalpaBJIeHIreM BbITTHyTOCTT{ BcnbrrrrKr,r r4 Ha[paBJreHr{eM Ha r{er{Tp
cBeToIIptreMHr{Ka.

Ha pr.rc. 8 upegcranneHbl qacrorHr,Ie pac[peAeJreHrrfl rro a3r.rMyraJrbHoMy yrJry c AJrfl
BCIrbIIrreK pa3rI,IqHbIX pa3MepoB Ha pa3JruqHblx paccTorHr.rrx oT rIeHTpa rroJrfl 3peH}rf
AereKTopa. Xoporuo Br{AHo, trro Aaxe Arq Bc[blureK c ain, = 0o,3 B ioue 0o,8 < pinp ( 1",0
pac[peAeJreHr{e c}rJrbHo aHr{3oTpo[Ho, xoT' AoJr{ Co6brrr.rr?, perHcTpr.rpyeMbrx B gTofi
o6[acrl,I, i,I uenelnxa, [pu o[peAeJreHHbrx o6crof,TerbcrBax raKoe pacnpeAeJreHr{e Moxer
ycJIOx<HI4Tb LIHTep[peTaquP [OiIyqaeMDIx pe3yJrb,aToB. Yto x<e KacaeTc, Bc[r,r[reK C

a;np = 00,6, To I,Ix pacflpeAeJreHple Aaxe B IIeHTpaJrbHofi .racru noJrfl AereKTopa o6JraAaer
3aMeTHOr? aHLI3OTpO[Uefi .

Egrancrueuno [pI{eMJreMbIM crroco6oM rrporpaMHoro [cKJIIoq envfl BIruflHufl Kpafl rroJu
3peHrL Ha a3I{MyraJrbHoe pacIIpeAeJreHr{e BcubrrrreK ocTaeTcfl r{cKJrK)qeHr,re r{3
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paccMorpeHrrfl Tex BclbrIIIeK, AJL Koropblx 3To BJIIrrHue 3HarIIITeJIbHo. TaK, AJIfl MaJIbIx

BclbrrrreK (ainpo 0o,3) uox<no [ocraBrlrTb B KaqecrBe rpaHuquoro paccrorHlle Ao qeHTpa,

paBHOe 0o,6, a 6Otsurue BcIIbIIIIKI{ (C ainrT 0o,5) rOO6qe lrCKJIrcrIrITb ra3 paCCMOTpeHI{r'

reu 6onee, rrro BprA JIr{ BcrrbrrrrKr{ TaK}rx pa3MepoB Moryr 6rrtr csggaubl c raMMa-

KBAHTAMU. .
3arurroserrue

B garnroqenne ueo6xogllMo orMerr,ITb, qro npoBegeuHbIfi nalran amall.fr3, rIoKa3aJI, qro

Bo[poc o MeroAr{Ke o6pa6orru uso6paxeurft orurcgr He flBJlrercfl raKuM rlpocrblM,
KaKr,rM Moxer rroKa3arbc, Ha nepnrrfi B3rJIsA. flolyuaeuoe B pe3yJlbrate o6pa6orxu
uso6paxenue BclbruIKR Moxer BecbMa cyulecrBeHHo orJllrqarbcs or rrcrl{HHoro rlo prAy

upnvnn. Taxr.ruu. Qarroparran qBrflrorc, $nyxtyaqr,ru toxa @3Y, BbI3BaHHbIe cBerIeHI{eM

nb.Igoro H€6a, orpaHr{qeuHocrb floJrr 3peHrrr, rouevnrtft pa3Mep sqeftru AereKTopa u

Apyrue.
flpegnoxegHbrft HaMlr MeroA MoAeJrr.rpoBanm uso6paxenr,rft ncuuureK orJruqaercr, KaK

yx<e orMerraJrocb BrIIIIe, teu, vro no3BoJrger u3ytlrrrb BJIIIITHI{e KaxAoro $axropa r
orAeJIbHocrI{ u n nrc6ou xou6unaqura

B pesynrrare [poBeAeHHbIx HaMrI IIccJIeAoBaHIrfi norasauo:
1. rlro6rr hcKflro.rfiTb BJrrrflHrre Qnyxryaqnfi tora @3Y, BbISBaHHbIx cBeqeHueM

HorrHoro ue6a, neo6xoAuMo rlprr BbllltrcJreHrru [apaMerpoB trcKJrlorrarb KaHaJIbI, curHaJr B

Koropbrx He rrpeBbrruaer aM[JrrrryAy, coorBercrByrcIrlyrc Qlyrryaquu Ha ypoBHe

BepoflrHosrlr 10-3 - 10-4.

2, \nz 6onee. ToqHoro o[peAeJreHnr [oJroxeHrrl IIeHTpouAa neo6xoAl{Mo IrpI{

srr.rucneHfifi ero KoopAr{Har rrcKJrrorrarb KaHaJIbI c aunnurygoit cutuala At { Ct A.u*, rge

A.u* - MaKcr,rMaJIbHa, aM[Jruryla cr{rHaila B KaHaJIe, a BeruquHa C1 orlpeflenrercf,, c oAuoIf

cToporrbr, cootnorubuuerra uexgy'xapaKTepHblM pa3MepoM BcnblruKtr O = ",lab rl pa3MepoM

s.refixu. C gpyrofi cropoHbr, Qaxtopou, BJIrrrK)IqI,IM Ha orITI{MaJIbHoe 3HarreHrle BeJII{.II{HrI

C1, flBilflarcf, orpaHuqeHHocrb rroJr, 3peHl{f, AereKTopa. flpn SToM tII{cJro KaHaJIoB,

BKirK)qaeMbrx B cyMMr.rpoBaHr{e, oKa3blBaeTcf, paBHbIM rlptrMepHo 10 HesasucnMo oT

pa3Mepa Bc[bIIuK[I.
3. F-cIu B KaqecTBe KpIITepI,I' oTITUMaJIbHOST}I HAXOXAEHI{' BTOPbIX MOMEHTOB [P}IHflTb

MaKcuMaJrbHoe eHa.reHue nx xoesQnqueuron pa3pelueHl{f, LaloouLblc6, a gtt
oprreHTarluoHHoro ynra - Mr{HtrMyM Anclepcuu Oe, To orITI{MaJIbHbIft cuoco6 o6pa6orxu
pe3yJrbTaTOB usrvrepeHnfi 3aKJIIOqaeTct B LICKJIIOIIeHI,III I43 CyMMI'IpOBaHIu Tex KaHaJIOB, B

KoTopbrx aMrrJrr,rryAa cr.rrHaJra MeHbrrle flopora AncKpI,IMI,IHaqnu $nyrtyal{RH HotlHoro ue6a'

Hauorrauurra, rrro oH coorBeTcrByer SnyrryaqrlrM ToKa @3Y ua ypoBHe BeposrHocru
10-3 - 10-4. Sror peeynbrar upaKrurrecKrr He Meurercs, ecrrr yqecrb BJITTTHIIe xpaenofi
3oubr. flo-nugnuoMy, rrpr oupeAeJleH[tr BTopbIx MoMeHToB. MuHIrMaJrbHas oruu6ra
rroJryqaercf, flpu yqere Bcex KaIraJroB perl{crpaqull, KpoMe Tex, B Koropilx clrrgal cBr3aH

TOJTbKO CO CBerIeHIreM noqHoro He6a.

4. }I uaxoueq, cJIeAyeT oTMeTTITb, IITo oTpaHITqEHHOCTb TIOJI' ACTCKTOPA NPITBOAI,IT K

clrnurofi aHrr3orpo[rr,r B pacnpeAeJreul{I,I opueHTaqlroHHoro yqJra Bcublllrer. 3to
Hapyrueur.Ie I,I3oTpo[uu cBfl3aHo TaKxe c pa6ororl cxeMbl conuagennfi. Har"r

npeAcTaBJrfleTcr, ql'o.yMeHbrul{Tb grrr r{cKaxeHlrs [p[MeHeH[IeM raxux-nu6o MeToAoB

O6pa6Orru HeJIb3r. Bcurturlt, [CKaxeHHbIe BlI,IsHueM Kpafl rrOJL AeTeKTOpa, t.e, 6nugxue
K Kparo AereKTopa, AoJDKHbI I{CKJTK)rraTbcfl rr3 paccMoTpeHrlfl.

Mafi 1992 r.
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oB SOOEKTIBHOCTI{ IPIIMEHEHIIfl CBETOBOAOB
B CBETOIIPI,IEMHUKAX IIEPEHKOBCKI{X IAMMA.TEJIECKOIOB

BTOPOTO TIOKOJIEH}Ifl

.M. BnanuuupcKrrfi, P.f*. Mupsoan, 0.II. Hennop
' I4srraepena eQQexrr-rnnocrr cnetoc6opa KoHtrqecKoro $oxoua u3 oprcreKJra n $ynrrlnu yrna nageHra inero-

Boro [yrrKa; floxagaHo, rrro [pr,rMeHeH[e raKrrx Qoxouon B cBeronprreMirrrKax qepeHKoBCKux r&MM?-T€JIecKonoB
2-ro noxorennq nogsorser nosrrcr,rrr xoeQQuryrerrr r.rcnoJrb3oBanrrr cBera na uuoxrrrear 1,7. .

THE EFFICIENCY OF'LIGHTGUIDE APPLICATION. IN IMAGE CAMERAS OF GAMMA-RAY
CHERENKOV TELESCOPES OF 2-ND GENERATION,byB.M.Vtadimirsky,R.G.Miriojan,Yu.l.Neshpor.
The efficiency of lightcollection of the conical focons was measured as a function of incidence angle of the light, It was
shown that application of the focons in image cameras of Gamma-ray Cherenkov telescopes of -2nd generation may
increase the utilization factor of the. light up to 1.7.

Perucrpaqr,If, raMMa-KBaHToB cBepxBbrcoKoir gHepruu B coBpeMeHHbrx raMMa-
TeJrecKorlax ocyulecTBJrreTc, rryTeM BbrAeJreHr{r eJreKTpoMarHrrTHbrx KacKaAoB I,I3 qucra
3a$uKcupoBaHHbrx rurpoKux arMoc$epnbrx Jrr,rBueft (IIIAJI), o6ycloBreHHbr* KocMrr-
qecKIrMIiI JryyaMu. Taxoe BbrAeJrenrre ocyulecrBriercs, tr3 aHaJrlr3a r43o6par<eH[fi vepeH-
KoBcKux Bc[brrueK IIIAJL Texnraxa r.r3MepeHr,rft no4po6no orprcaHa B o63opHbrx crarbflx
11-41. t -

CretonpuelraHl{Kl{ raMMa-TeJrecKoloB 2-ro nororeHr,rr, c rroMorqbrc Koropblx floflyllarcT
r{3o6pa)<eHr.rfl rrepeHKoBcKr,rx BcrrbrrrreK ruAJI, [peAcraBJrf,]or co6ofi cBfl3ku Sotoyuno-
xurerefr; flpr,r c6opre raKoft cBfl3Kr{ @3Y ue Moryr pacroJrararbcq BrJrorHyro Apyr K
Apyry. Ho gax<e ecJrr.r gro oKa3aJrocb 6rr sosr\,roxHbrM, To MexAy KaroAaMr{ @3Y ace paBHo
ocraJrocb 6rr nexoropoe paccrorHl{e r{3-3a Harr,rrr}r, B HrIx KpaeBux eSSexroB. no orI,IM
rrpuqlruaM B TaKofi KoucrpyKrlr{Lr He}I36exxbr 3HatrurerbHbre norepr{ cBera. Kporrre roro,
u3o6pa)<eHue BclbrruKlr 6yger "uarnucr;rM": r{3 Bcero KoHTypa BcrrbnrlK}r, r{Merorqero

Qopry eJrJrrucor,rAd, 6yAyr 3apeu{crpr,rpoBaHbr roJrbKo re yqaprKn, Koropbre rrpoeKTu-
pyrorc, ua QororaroAbl. KaKue-rn6o gerarr,r B pacflpeAeJreHr,rrr rpKocrrr, oKa3aBruuecf, B

trpoeKrlnu Ha npoMexyrKr,r MexAy @3Y, se $urcupyrotcx.

@ E.M. Braguurpcxufi, PI' Mrpsoau, IO.H, Heunop, 1995
*Epeuaucxufi 

Sr.rguqecxufi uHcrmyr. Pecny6.nuxa Aplleuur.

T.I,Isseclfis KAO r. 89 177



Ligh tguids

__\72,---
PHt

Pnc. 1. Ieouerpr{s MHoroKaHaJrbHoro cBero[pr{eMHrlKa raMMa-Terec(ona, B KoropoM npxMeHeHbl cBeroBoAbl-

Qoxonu
Cnera - nug cnepxy; cnpaBa - Bug c6ory. floxagan xog nyueft, m6upaeutlx Qoxouot'l na Sororarog

. 9to6u u36exarb orllx rlorepb u "flflTHucroro" I,r3o6paxeHrlt,6bIJIo [peAJloxeHo rlpu-
MeHlrrb cBeroBoAbr [2]. 3ru cBeroBoAbr (puc. 1) [peAcraBJlrlot co6ofi KoHurrecKue

$oxoHu rroJrHoro BHyrpeHHero orpaxeHui, HaxoAfl[{t4ecfl B orITI.IqecKoM KoHTaKTe c
KaroAoM @3Y. BxogHbre oKHa cBeroBoAoB o6pasyror urecrrrrpaHHnK[I, BuJrorHyro
flpuMbrKaroqne flpyr K Epyry. BuxogHoe oKHo - Kpyr c AuaMerpoM, HecKoJIbKo MeHbIrrLlM

Ar,raMerpa $oroxatoga O3Y. Brrcora $oxona, r.I3.roraBJrllBaeMoro ,I3 oprcreKJla, 6rua
nrr6paua pacrrerHbrM uyreM I,I3 ycroBl{s onr}rMaJrr,Hocr[ cBeroc6opa,

flpnrraenenue cBeroBoAoB [o3BoJrser cyrqesrBeuno yBe[[uI,IT[, xoeQQuqr,reuT I{c[oJrb3o-
Banns. cBeToBoro IIoToKa I{ AoBecTI{ ero Ao 8V907o. Bes cneroso[oB TpyAHo Ao6uTbc,
3HarreHurr eroro xoe$QfiqrreHTa 6otee SOVo. Kpor"re roro, 6oJree paBHoMepHoe Ircnoirb3o-
BaHr{e cBeroBoro [oroKa Aaer Bo3Moxnosrr ng6exarb IrcKaxeHufi napauerpon (Qopuu)
rrepeHKoBcKofi scurtruxu, Koropble HeIiI36exHbI rrplt aHaJI[3e "[.f,THucroro" ltsoSpaxeur.u.

B cauou cBeroBoAe, rrorurruo, TaKxe nerg6excnu Heioropble [oreprl cBera, 3$Qer-
TrrBHocrb creroc6opa p oflI{cblBaerct coorHolueHrleM

p=(& lR 12 =(1-cosa1)i (l-coso),
rge R1 u Rz - coorBercrBeHHo paArrycbr. BxoAHoro rr BblxoAHoro oKoH, a c[ ]I o1 - yrJrbl

BxoAa lr BbrxoAa Mepr{Ar{oHaJrbHoro Jryrra. Yron cx, He Moxer IrpeBblruarb Kpl{T[qecKoro
3Har{eHr{s clmax (ycloBr4e rrpoxoxAeHufl qepe3 $oxon), o c[1 He AoJrxeH 6urr 60nrrue ue-
xoroporo 3Harreur.rrr, onpeAeJrfleMoro xoeQ$r,rr{r{euTaMr{ rrpeJroMJreurr.rl Marepl,IaJra Qoxoua,
MaTeprraJra BerrlecTBa, [prrMeHreMoro AJrfl uMMepcI,II,I, rI cTeKJra sotoxaro4a. B oprcTeKIe
I,IMeer Mecro uorJlolrleHue cneta, Kpcttre roro, flpu orKJroHeHI,rI4 rrcrorrH[Ka cBera or ou-
TrlqecKofi ocu Soxoua ycJroBrrr flpoxoxAeHrrs Hapyuarorc, u qacrb cBera repserca. [nr
roro .rro6u rracruqHo r,r36exarb ororo B[Iia rrorepb, Heo6xoAlrMo rIpLIMeHf,Tb $orourt,
vra o6pasyroular rBJrflercfl napa6orofi (uapa6ornvecrraft Soron) [3], tto oro rpeAcraBJlfler
3HaqurerbHbre rpyAHocrr.r [pu rr3roroBJreHr{u. flpn AoBoJrbHo 6omrurax yrJrax'q BxoAa

cBeroBoro ilyrrKa B cBeroBoA (g - aneprypnrni yror rerecxoua) orrr rroreprr Arrg KoHycHbIx

Soxouon Moryr 6tmr 3na.rnreJrbHbrMr{, r{ TorAa npr{MeHeHr.re $oronon Moxer oKa3arbc,

""Hffi:H33";Xl#;r, arepryp,brx yuroB AJrn HeKoropbrx raMMa-rerrecKoroB. ru*, ,u-
flptrMep,.AJrfl raMMa-TeJrecKoua lT-48 Kprrucrr,rri acrpo$nsn.recxoft o6cepaaropr.ru [1]
(ogun ereueHT ourrrqecrofi crcreubr reJrecKorra cocrorrr r{3 qerblpex 1,2-uetponrtx
3epKaJr c $oxycnur,r paccroflHr{eM 5 u) eror yroJl cocraBJrter He 6onee 15". [nx raulr,ra-
TeJrecKoua [4], xoroprrfi cocrorrr ua 19 cSepurrecKr,rx 3epKaJr Ar{aMerpoM 60 ct"r rax[oe c

$oxyomru paccroqHueM 5 u, aneprypurrfi yron ne 6onee 20". B o6cepnatopr,rr,Yr.rnnra
[5] guar',rerp orrrl,IqecKoro cocraBHoro 3epKaJra 10 r'a u $oxycuoe paccrorrlue 7,3 u,
aueprypnufi yroJr He 6olee 35o.
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Pnc.2, 3asucgl*{osrr BeJIITqI{Hbr coeroc6opa 01'yrna naAeH[r o cBeroBoro r{crorruuKa na Soxon

1 - oquuovur,tlt <D3Y, ucrovuuk cBera - JraMna HaKaJrr.rBaHrrr; 24 - A?y co creionogor"t, HcrorrHuKil cBera:
JraMnaHaKaJrrt,tuwt(2),c[3nyrreHr.reMBroJrocel,=3370,0+3371,5A(.l),"u3ryr{erfieMsnorocel.=
= 4000 + 4500 A (a)

Pnc.3,,[uQSepeHr{r{anbHarr 3aBHcnMocrb essex,rnnHocrs cBeroBoAoB or yrJra o,

flocronrxy flepeq[crenHbre Br{Abr florepb He [oAAarorcq npocroMy pactrery, To He
BloJrHe acuo, rarorl LIMeHHo Bbrrrrpbrru [oryqr.rrcfl [pu [puMeHeHr{r{ cBeroBoAoB B
y[oMsHyrblx raMMa-TeJlecKo[ax. B cnsgn c err.rM e$$exrunHocrr $orona B 3aBr{crrMocrn
or yrJla rtaAeHIlq cneta 6rtra [3MepeHa oKcnepr.rMeuTaJrbHo. Irlruepeuua [poBoAr{Jrr{cb AJrfl
KOHyCHOTO QOTOUa I{3 OprCTeKJra rrr[a cT, nprarr.renreMoro B raMMa-TeJrecKo[ax [1] n ta],
flornorqeune cBeroBoro [oroKa s o6uacru 40H50 HM TaKoro oprcreKJra Ha AJrr{He 30 rtlr',r
cocraBrqer ne 6olee 37o, fiuavrerp BxoAHoro oKHa cBeroBoAa, Bbrcora r.r ArlaMerp
BbrxoAHoro oKHa cocraBJrf,K)T coorBercrBeHHo 35 : 30 : 20 urtr.

, I4cuonraosaJrlrcb re xe caMbre @3Y, xoropbre crorr B cBerolpr{eMHnKax coorBercr-
Bytoulrlx raMMa-TeJrecKouon @3Y-130 u <D3Y-140, cnexrpanlHbre xapaKTepr{crr.rKr{ Koro-
pblx MaJIo pa3Jrl{qarorca, flpex<4e Bcero rr3MepeHr{fl [poBoAW:rucb c ]rcror{Hr,rKoM cBeTa B

nuge o6rtruoneHnort JraMIrbI HaKaJrr,rBaHrrrs Arfl ogr,rnorrHoro O5y-130 (puc.2, xpunaa 1) ra

ogy-130 co cBeroBoAolr (pnc. 2, xpunat 2) npu cJreAyroqrx ycJroBrux: pa3Mep Bbrxo[Ho-
ro oKHa u3ryqarefifl cocraBlqr 37 r"t'r u lr3flyqarerl 6r,rr yAaJreH or cBeronpueMnrrKa
(Ogy-130) Ha paccrosHue 6 u. Kpnnar 3aBr{cr{Mocr}r BeJruqr.rHbr cnetoc6opa or yrJra rra-
Aeurrrfl. c[ cBera or I{crorIHI,IKa (rauua HaKaJrr.rBaH[a) na crer:onog c @3Y-140 connagaer c
rfrunori 2 rua pnc.2, noerouy 3Aecb He npunbgntca,

Ilsuepeuur raK)<e npoBoAlrJrl{cb c [p]rMeHeHr{eM r,rMrryJrbcHoro Jra3epa rutaZl[Ifl4-5l3.
I4sryvar:enr Jra3epa - raeorrrrir, Ha MoJreKyJrrpHoM aiore, Ar{arra3oH uanyveuua }, =
= 3370,0 - 337 1,5 A. Cnet or Jla3epa [epeAaBaJrctr [ocpeAcrBoM BoJroKonuo-orrrr{qecKoro
iae:ronoga AuaMerpoM 0,4 uu c a[eprypHbrM yrJroM 30", ntrxognoe oKHo Koroporo pac[o-
JraraJrocb or cBeroflplreMrrr,rKa (Qoxon + {DSY) Ha paccroqHrau 3 u. I4suepeurx upo^-
BoArIJrrIcb B AByx guepreruqecKr{x Ar{a[a3or{ax Ha AJrr,rHe BoJrHbr }u=337O,0 - 3371,5 A
(cr"r. prac. 2, xpunat. 3) u c npeo6paeonaHr,reM groro rroroKa B rrrclyrreHrre B noJroce
4000 - 4500 A, gro coorBercrBoBaJro MaKcLIMyMy caeKTpaJrbHorTr vyncrnrnreJrbnocrr,r O3y-
140 (puc. 2, xpuaat 4). Pe:ynrrarbl Bcex nsuepenufi n $yHrqrag or yrJra raAeHr,rfl o( cBera
oT LICTOTTHI.IKa Ha CBeTOBO,q UpeACTaBJreHr,r Ha puc. 2, rAe IIo ocr{ y oTJIox<eHo 3HaqeHr.re
cBeroBoro noroKa B ycJroBHbrx eAr,IHI,Iqax.
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Vlz pwc. 2 npexge Bcero cne[yer, tITo rpaQuxn, fiolyrlgsrore AJL pa3Hblx

crreKTpaJrbHbrx Arrala3oHoB, xopouo cof,TacyroTcrl MexAy co6oli. 3asucuN.{ocrb BeJl[qI,IHbI

cBeroc6opa Arq Malblx 3HaqeHrlr? o = 0 + 20o o.renr 6rltsxa K Teoperla(IecKoll 3aBLIcuMocrIa

Br.rAa coscx,; Aflfl 6orbrx[x 3HaqeHr{r1 yrJra o( pearbHaq 3aBI,IcrIMocrb I{Aer 6oJlee Kpyro, tIeM

cosc[, r{To o6t s.cgs,etcfl. Ao[oJrHr{TeJrbHbrMr{ norepflMl{ Ilpt,t npoxoxAeHllIl cBera noA yrJIoM

vepes QoroH. Ha ocHoBaHr.rtr cKa3auHoro Bbr[re [r corlocraBJleHllq AByx 3aBI{cI'IMocreIi -
oUnori Arfl oAuHoquoro O3Y (o'a. prac. 2, r<pusax 1) rr gpyrori gna @3Y co clleroBoAoM

(rpunar 2) - uox<uo cAeJrarb BbrBoAbr o6 e$cpexruBHocrrr IIc[oJIb3oBaHI,Iq cBeroBoAoB

($orouon),
Ha puc. 3 npegc.rannena guQQepeHrIHairbHafl 3aBI,IcLIMocrL e$Sexrnnuocrl,I cBeroBoAoB

(o.rnorueuue BeJrr.rrrr{Hbr floroKa cBera c (roxouou K Be"[rltltlHe [oroKa cBera 6e3 $oroua)
or BeJrr{arr{Hr,r yrlra cx,, lla pucynra cJreAyer, rrro BIIJrorrr I{o yrnoB cx = 50o e$$errrnnocrr,
cBeroBoAoB 6onuue e[rrurlul,r, T.e. [pr{MeHeHI4e cBeroBo[oB npLIHocI,lT 3aMerHblfi ssl[r-
pr,rur. flpu oLIeHKe Bbrr,rrpbrrrra caeroc6opa Arq AaHHoro afleprypHoro yrJla reJlecKofia

ueo6xoglrlro yrrr{Tr,rBarr, orHorrreHr{e l,tHTerpanoB ! Irdall Irrdu. I4cnontsys rrpIlBe-

AeHHbre Bbrrrre [anHrre (puc. 3), uerpyuHo noActllITztrb, rITo ecJrLI q - 20", BbII{rpbIlrI

cocraBlqer - 807o, a nprr I = 35o- coorBercrBesttoT5To.
Taxrau o6pa3oM, MF,r flplrxoArrM K 3aKJrrorreHr{ro, rITo [pIrMeHeHI{e B cBerorlpIIeMHI{Kax

raMMa-TeJlei*o.rou 2-ro noxo;reHI{, rpoc'l'blx KoHycHbIx cBeToBoAon (Qorouoe), nlr-
[oJIHeHHbIx r,r3 oprcreKJra, Aaer 3Haqr,rreJllHblIi nrturpltur B KarlecrBe tlso6paxeHlra.

3auerlru, .rro 6or"" eQQer:runno [pr4MeHeHLIe napa6onuuecrux QoronoB, BbIIIoJIHeH-

HbIX I'I3 KBAPIIA.

Maii 1992 r.
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I,ICCJIE,qO B AHIIE TEJI EBII 3IIOHHO TO CNEKTP OMETPA
CPEAHEIO PA3PEIIIEHI4fl

A.A. IIIJrqnut{xos

flpoaHalnsupoBaH pq/I oco6eHnocreii HcnoJb3oBarruq qucppoooro reJIeBH3IlolIHoro cncKTpoMe'rpa cpeAHero

po.p",,r"rrr, pu6oroou1""o n <poxyce KyAe reJrecKorra MTM--500 Kpslr'lcxoti aclpo(rllslluecxoii o6cepoaroputl,

O,{egerttt no3gl1goHl1bre u (rorolre.rplr.recxue oul.t6xH, Ilo3HHKalouIHe B pa3JrlrqHr,lx pexlIr{ax pa6oru

KOMnJreKCa. I:Iaiigeuu ypaBHeHr.rc, yKa3LrBarculHe rra B()3MOXHOCTT, ytlera HeKoropblx cucreN{aruqecrtrx orult60x.

flponegeHu na6:rrcqenux IIeCKOJIT,KHX O6'reX'ron, Arrr KoTopLIx OnpeAeJIeHa roqllosrb u3MepeHlrq cneK'rpoB.

THE MEDIUM-RESOLUTION TV SPECTROMETER PEITFORMANCE TESTS, bY A,A. ShIYAPNiKOV,

The application specifications of the digital meclium-resolution 1'V spectrometer installed at Coude focus of MTM-500

telescope of the brirnean Astrophysical Observatory were analyzed. Positioning and photometrical erroros occuring

due to various.operational *odei ofthe installations are qualified. The rationels allowing to account on several

systematic arroro., u." defined. Several objects were observed and their spectrogram dimension accuracy has becn

identified.

@ A.A. lllncnuuxos, 1995
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Axtyanuroctb HoBoro B3rJrr[a Ha ne6onrurrre reJrecKorrbr AJrfl acrpoQusuuecxux rrccJre-
goaauuft o6ycnoaleHa 3HaqurerbHbrM [porpeccoM B pa3Br,rrr{r,r cBero[pHeMHoir Lt

BbrrrrrcJrr,rreJlHrofi texuuxl,r. Opranu3arlu ua6nrogennfi, He rpe6yrcu{ux etrcoroli
TotIHocrI{, Ha MaJrbIx reJlecKolax Moxer ocno6oqurr 6oluulre r,rHcrpyMeHTbr or
Heo6xoAI4MocrII pelxeHl,r, 3aAaq, Koropble HyxAarcTc, B 3Haqr.rrelbHoM Ha6JrroAareJrbHoM
BpeMeHI,I. Bosl'{oxuocrb [oJIytIeHI,rfl AJrrrreJrbHblx psAoB oAHorr.r[Hbrx ua6nrcgenufi
AocraroqHo cJIa6bIx oneeg (go 12't), nuercqrrx 3Haqr{TeJrbHbre rr3MeHer{ila B crreKTpe,
crr{MyJrr,rpoBaJra r,rHrepec r pa6oraM tto BBoAy n crpoft qnQpororo reJreBr,r3r{oHHoro
crreKTpoMeTpa.

flpnr'.reneulre reJleBI,I3lIoHHbrx KoMrrJrexcoa, o6ecueqr,rBaroulux quQponyrc perucrpaqr,rK)
nnQopr'aaqul{, I,IMeer MHoro flpel,IMylrlecrn [-3]. O4naxo Heo6xoguu caurrfi rrqarelrHrrft
aHaJII,I3 pa3JII{qHbIx florpellrHocTefi, coasauuurx c pa6oroli KAK caMr{x cBeTolpHeMHrrKoB,
TaK rI cncreM, B cocraB Koropblx oHH BxoArIT, I4ua.re Bo3MoxHbr r.rcKaxeHllfl uHQopuaquu,
r{To BflocreAcrBr.rr.r Moxer flpuBecrr{ K ee irenepuor'.ry roJrKoBaHr.rro.

Hexotoprre xapaKTepHble rrcKaxeHr{r, BHocr,rMbre B rrcxoAHyro nn$opr,aaqr,rrc flpu ee
perlrcrpaqul{ Ha TeJIeBLI3I{oHHori afl[aparype AJrfl cleKTpoQorouerpuvecxux l,rsr,,repenrari,
orlrcaHHoii o [4], n coqeraHr.{r co creKrpoMetpoM cpeAHero pa3perueHr,r, [5], 6trnu
I{3yqeHbI c IleJrbro olpeAeJreHuq'oco6eHuocreli rcnolb3oBaHr{fl eroro qra@ponoro
reJIeBI{3I{oHHoro crreKrpaJrbnoro KoMrrJreKca (LITCK) Ha reJrecKorre MTM-500 Kprnacxofi
o6cepoaroppru. Oco6oe BHI{MaHr{e yAeJrrJrocb oruu6xau, yqer Koropbrx Moxer noBbrcr{Tb
TorlHocrb [oryrraeMl,rx ua6lrogeuufi,

Perucr:paqu, c[er(TpoB rrporr3BoAr.rJracb Ha 0,5-uerpoaoM TeJrecKore (F = 6,5 u) c xpyr-
nori axo4nofi gr.ra$parruori guauerpou 0,2 uu (6"), sarrlenrrqeft uleJrb cneKTpoMerpa, rr
gnQpaxquonnolir peruerxofi 600 rurp./uu, pa6oraroqeli n uepnorra ropcAKe. Cnexrp npoeK-
TI{poBaJrc, na Qoroxaton rI3oKoHa nepneHArlKyrqpHo crpovnorl pa3Bep"Ke. I,InSopr'aaqr.rr
perlrcrprpoBaJlacb n lfi)O crpo6r,rponaHHbrx KaHaJrax. ,fiucndpcu, cueKTpoMerpa cocraBJrs-
JIa oKoJIo 1,6 A/raual. Pexlaurt HaKoIJIeHI{fl clrrHaJra Ha Mr,rrueHr{ flepeAaroqerl rerear4-
s[oHHoiI xauepil ([ITK), ocna6nenue Bl{Aeocr{ruaJra, HanprxeHr{e Ha MoAyJrrrope r.r Ko-
rEqecTBo cyMMllpyeMblx n 9BM KaApoB nog6npanocb B 3aBrrclrMocr[ or flpKocTr{ perrrcT-
pupyeMoro r,reo6paxeuur: Bpeux,3aTpaq[BaeMoe Ha 3alHcb oAHoro cleKTpa, cocTaBJrflJro
B cpeAHeM ne 6olee l'5 r"ruu AJrfl 3Be3Abr, 6uuarofi x lTot, [pu ycpeAHeHnu n 3BM
100 ra4pon.

1. I,Iccle4onanrre rro3r{quounoli cra6ulrxocr il
,[na r,rccnegoaaHl,Is cra6lrJrbHocrr,r rroJroxeHr{s rIeHTpoB Trxecrrr cleKTpaJrbHrrx ruuuri

GICD [pI{MeHflJIacE} JraMra c He-Ar-Ne-HanoJrHeHr.reM, Koropa, cJryxr,rr r cnerrporpaQe
Arf rroryqeHr,r, cneKTpa cpaBHeHr,r.rr,

Y.rurrrnac Bo3Mor<HbIe Bapr{aHTbr pa6or,r IITCK Bo BpeMrr peaJrbHbrx na6nrogenlrft r.r

IrrrarHoe pa3MeuleHlre cneKTpoMerpa, co cBeroupueunori qacrbro Ha noABrrxHofi nnar-
$oprrae (raperre), yKpelJreHHort n Qoxyce xyge 500-r'u'a reJrecKo[a Maxcyrona, ?rccJreAo-
BaJracb no3I4I"(rIoHHag cra6unurocm I{CJI [pr{ He[oABr{xHoM [oJroxeHr,ru reJrecKola u
KaperKl,r, [pr{ lrx coBMecTHoM BparrleH]rr,r I1I IIpII pa3AeJrbHoM BparrleHr.r[ TeJrecKo[a oTHo-
CLITeJIbHO KapeTKI,I.

flpra ueuognuxnou [oJroxeHI,IrI TeJrecKona r,r KaperKr{ rr3yqaJrc, yxoA c[eKTpaJrbHbrx
ttuuuit or [epBoHaqaJrbHoro rIoJIoxeHrL c rerIeHI/IeM BpeMeHu, cgqgaHHsIft c Bo3MoxHbIM
r.r3MeHeHr,reM napaMerpoB pa6oru eJreKTpoHHofi .racrfi IITCK. ,[la uolyvenr,rs neo6xo-
AI{MbIx AaHHbrx npou3BoAlrJrocb rro ABe 3aflucu c[eKTpa cpaBHeHurr vepes 15 Mr,rH B TeqeHrre
5 .r. 3ateu Bblql{cJrtJrocb [oJro)KeHr{e IICJI orHocr4TeJrbno [epBoro KaHaJra r{ HaxoA[Jrocb
cpeAHee [oJrox(eHr{e I{CJI uo AByM 3au[cqu. flo pe3yJrbraraM gKc[epr{MeHra 6rrru uo-
crpoeHbl rpaQuxr,r yxoga I{CJI c rerreHueM BpeMeHr{, rpr.rBeAeHHbre na puc. 1.

I4s rpa$rKoB BLrAHo, trro yxoA nIanufi IpI,IB6AI,IT K HeKoropoMy yMeHbIrreHLIrc pacrpa 11o

BeprI,IKaJrI{, T.e. JlrrHrru, pacnoJroxeHHble rro o6e cropouu or cepeAlrHbr KaApa, cMerr{alorct
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Pnc. 11 3aslrcrltocrb cMel{enus I-\CJI S, or npeuenu pa6orrr I-{TCK

Yxagaurt HOMepa KaHaJrOB, COoTBeTcTByIouI[e cpeAgeMy nOJIoxeHIIK) IICfl sa BCe BpeM'l OKclepIIMeHTa'

B npanou BepxHeM ynly noKa3as Macurra6 cMeuIeHI{' B xaHaJlax

pIIc. 2. 3asl{cl{lr{ocir6 orHocr,rreJrr,Horo cMerrleH}re I{QII S, oT yiJla c[ noBopora cl{creMbt reJrecKo[-tlleKTpoMerp-

flTK u noloxeHn.c cneKTpanbHrrx aunuli n B noJle cBeToIIpHeMHIrKa B KaHaJIax

c Teqegr.reM BpeMeHtr K rIeHTpy. flpu erou r,rMercT MecTo HeKoTopble slyrryaquu uolo-

xeHr.rft JrI{HLIft B npoqecce qraeqelrras. flpuuer'a B AaHHoM cflyqae $lyrryaqrau c pa3Hofi

aMnJrlrTyAofi [poucxoAur c]rHxpoHHo uo BceMy IIoJIT KaApa'

Yqntrlsaa b6xapyxennble reoMeTpl'IqecKl{e I{3MeHeH}rf, pacTpa. c TeqeHI4eM BpeMeHu'

oKa3aJrocb Bo3MOXHbTM OrrpeAeJreHue MaKcI{MaJIbHOro yxoAa IICJI s 3aBI{CIIMOCTI OT nO-

JroxeHllfl B KaApe.
Anatug AaHHbrx MaKcrrMaJrbHoro yxoAa [oJroxeHllft IIeHTpoB cneKrpaJlbHblx JII{HI{fi B

TerIeHrIe 1-rO .Iaca [ocJle HaqaJIa SKcnepI{MeHTa I'I tto npOuecTBIII{ 1,5 n 5 aI IIoKa3aJI' IITO

B TeqeHlre l.-ro.Iaca pa6oTbl IITCK yxoA JII'IHI{fi [o'BceMy [oJIIo KaApa He npeBbrIIraJI

0,5 ranara. ognaxo .io ,rpo-""trru i.t pa6oTbl yxon JII{HIIfi' pacnoJloxeHHblx 3a 800-M

KaHaJroM, yxe cocraBJlsn boaee 1,5 xanana (oxouo 3 A), xotq B IIeHTpaJIbHofi rlacTra KaApa

cMeuIeHI,Ie OcraJlocb B [peAeJlax TIoJIOBITHbI KaHaJIa'

,[na oupogeJreHr{f, rrpuquH ac]rMMerplrrrHocrrr MaKcI{MaJrbHoro cMelrleH}rf, IICJI oruo-

cuTeJrbHo IIeHTpa xafipa 6rtr neyven MaKc[IMaJIbHbIfi noqacoBofi yxoA JII{HI{fi' Ha

ocHoBaHIIIn aHaJII{3a KOTOporo MoxHo cAeJIaTb BbIBOA' IITO MaKCUMaJIbHOe CMeIIIeHI',Ie

Jrr.rHuft B Teqeurre 1-ro 'ra& pa6orbl a[[aparypbl cocraBJrter B ocHoBiioM ne 6onee 0'5

KaHaJra. flpu erou rrMeer Mecro upaKTuqecKn nbctosH'rlfi cficreMaruqecKl'fi yxog nunufi

uu"p*r"fiqacruKaApa(c500-roKaHaJrannrtrrre)uxaorl{qecKoecMeIrIeHHeIIeHTpoB
JrI{HI{fi B HI'DKHefi qacrfl KaApa' tITo ]r oflpeAeJlf,er acuMMerpnqHocrb B cMelrleHtru JrI{HI'rfi

rpu AJrrrreJrbHofi pa6ore IITCK.
Bo:uo>xuo, ,ro *p-ur*oupeMer"ure $lyxryaquu noJIox(eHI'Ifi I{CJI npoucxoAl'IJIII

BcJreAcTBIIe ,r"Uo"rut'o"Hofi TepMocta6llrllsaqrau Qorycupyroulefi I{ oTKJIoH'IouIefi

crrcTeMbl fITK upu [poBeAeHI'Iu eKc[ep]IMeHTa. OAHaKo ]I3MeHeH]Ie TeMuepaTypbl B

np"g"nu, t0,5o snmei., ,"'"grrcrseHHbft rpuqx_Hoft $nyxryaqlafi roJloxeHrlft ltfrHuk tt,

o-.rennAno, He BJrrrrer Ha I{x o6qee cMelrleH?re. Ho c rIeJIbIo MtrHuMII3aIIuI'r Bo3Mox<HbIx

olIIII6oK [o3IlqIIoHHbIx ll3MepeHllfi ueo6xo4uMa 6oJlee xecTKaf TepMocTa6I'IJIII3aIIufl

cBerorlpI{eMHUKa.
flannOe B1lrrrl1ue Ha reOMeTp[qeCK[e u3MeHeHIIt KaApa C TeqeHI{eM BpeMeHI{' a TaK)Ke

Ha KpaTKOBpeMeHHbre Qnyrryaqlru oKa3bIBaeT, BeporTHO' HeKOTOpafi HecTa6I{iIbHOCTb pa-

oor"'i rr""tpoHuofi uamr I{[CK
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Hallt.Iue cMeIrIeHI4rI I{CJI, sarncaqero or BpeMeHr.r rr or floJroxeHr{fl c[eKTparrnofi
rrLtHHH B [OJre KaApa, rpe6yer yqeTa IIpII flocJreAyrcrqefi o6pa6or:re crreKrpaJrbHr,rx na6ruo-
gennfr. B o6rqer'r cnyqae cMerrleHr,re S, auaercx Qynxqueli AByx rrepeMeuHbrx I v n, TAe t -
BpeMfl B rracax, upo[reAuee c HeKoTopoIo HaaIaJIbHoro MoMeHTa olpeAeJreHr{f floJroxeHl{fl
UCJI lo MoMeHTa, r xoropurir oflpeAeJrrercr cMerrleHr{e rulal'u4, a /4 - HoMep KaHaJra B

TeJreBr{3r.roHHoM pacrpe, coorBercrByroululi rIeHTpy crreKTpaJrbHoit luruwn n ua.ramurrir
MoMeHT. Oqerxa cMerr{eHrrfl Moxer 6urr uarigena Hg ypaBHeHUs.

s, = - t(n5,23.10t - 0, 196; + n 1, 0002 + 0, 06. (1.1)

Har.r6onee BepoqrHoe 3HarreHue cpeguerl KBaAparr.rrrnoir oruu6xu oAHoro [3MepeHrrq
cMe[{eHrlq rrpr{ I{crroJrb3oBaHr.rr{ (1.1) 6rrlo oqeHeHo [o pflAy, cocroq[IeMy r.rs uo4yrefi pas-
uocrerTr r,r3MepeHHoro [oJroxenr.ra I{CII u paccqr,rraHHoro rro ypaBHeHr,rrc. Benuquua oruu6-
KI{, oupeAeJreHHa, TaKI{M o6pasou, cocraBr{Jra 0,13 xanara, rrTo HaxoArrrcq B fipeAerax
roqnocrr{ 0,2 xauata, o6ecueqrnaertaofi upu onpeqenenuu I{CJI.

Cauoe 3IIaqI,IMoe BilvtsHme Ha [oJIoxeHI,Ie c[eKTpa B rIoJIe cBerorlp[eMHr.rKa Moxer oKa-
3bIBaTb HeAOqTaTOtIHa' x<eCTKOCTb SJIeMeHTOB KOHCTpyKT{r.rrr C[eKTpOMeTpa r,r TeJreBr{3r,roH-
uoI? xauepu . klcxaxeruwg, cBr3aHHr,Ie c Bo3Mox<HbrMr{ MexaHl{yecKlrMrr rHyrlrflMrr, 6r,uu rc-
cJreAoBaHbr npu coBMecrHoM BparqeHr,rr{ TeJrecKola rr KaperKr{ Qoryca KyAe c ycra-
HoBTIeHHsIMI{ Na neri cnextpouerpou u fITK. ,[nr oqenrr flpo[cxoAflrrl]rx rrplr oroM cMe-
qenufi I{CJI ocyqecrBrqrocb rlo ABe 3arucrr crreKrpa cpaBHenur qepe3 KaxAbre 15o no-
Bopora. Sxcuepr,Irrlenr [poBoAIrJIcfl B TerreHrre 30 r',run c rleJrb]o r.rs6e)Kaft, Harox(eHr,rq Ha
cMerrleHr{e lunurt I{x yxoga c rerreHrleM BpeMeHrr.

Pesylr,tarr,t usuepeurli [peAcraBJleHbr Ha pr{c. 2. Xopouro BrrAHo, sro [pr4 rroBopore
rrpor{cxoAr{T rocre[eHlrbrrl yxog IICJI no KaApy, xoropr,rrl cocraBrrrer B cpeAHeM 28 xa-
HaJIoB npla 150o [oBopora. 3'ro cyrqecrBeHuaq BeJrrrrrrrHa, Koropyrc ueo6xoguuo yqurbr-
Barb [pu o6pa6orre cleKTpoB, TaK KaK npu na6nrcge:,j^Lrflx, Haflpr.rMep oAHoro o6'bexra e
TeqeHlae rraca, yxoA c[eKTpa B floJre cBeronpr{eMHr,rKa cocraBr.rr 2,8 xa:erar,a rnu oxono 5 A.

Hapxgy c repeMelrleuuerra I-{CJI rlo KaApy 6rrno o6napyx(eHo pa3rr,rr{r4e s a6corrorHorr4
cMeIrIeHI{r{ :luuttit a oepxuefi r.r nr.rxneri qacrflx pacrpa [prr MaKcr,rMaJrr,HoM nonopore. Tar,
e palloue 900-ro KaHaJIa pa3Hocrb Mex(Ay HatraJrbHbrM rroJroxeuaeM c[eKTpaJrL,Hoit ttwsuu
Ao floBopora I{ oKoHqareJIbHbIM nocJre fioBopora cocraBrrJra 30 xananon, a o par;roue 120
KaHaJIa - 26 xavarros. Taroe pacxox<Aeur.re uorpe6onaJro auaJrr,r3a pa3Hr.rq Me)KAy
Har{aJIbHbIM [oJrox<eHr{eM UCII u [ocJreAyrculurrau. flo rpaSrarau BrrAHo, trro pa3Hocrb B

[oJIox<eHLIqx I-{CJI yaenr,rvllBaercq IlocrefleHHo c yBeluqeHr.reM yrJra rroBopora, flp]rqeM Ha
o6u1ee cMeu{eHr,re HaKJraAr,rBaerc, HeKoropoe HcKp}rBJreurre caMr.rx ltuuuft.,.rro oco6euHo
xopomo 3aMerHo B Br4Ae rr3JroMa Ha rpex caM[,rx Hr,DKHr.rx rpa$r,rrax.

Ovenltgno, qro [ocrelleHHoe I{3MeHeHr,re yrna HaKJroHa rpaQuron Ha pr,rc. 2 cauge-
TeJrbcrByer o6 r.rguenenur4 Ar.rc[epcrrr4 UTCK. Taxori flpoqecc Bo3Mox<eH B clyrrae B3a1rM-
Horo HaKJIoHa $ora.nrnori unocxocru cleKTpoMeTpa rr cBero[prreMHr{Ka (e cnyuae nony-
qeuuori MaKCIrMaiIbHoIlt pasnocru n 4 rauala - gro yror oKoJro 5o). Hanrvue r{3JroMa [pr4
6omurux yrJlax floBopora Mox<er cBr{AereJrr,crBoBar[, o6 ynetuveuur,r S-o6pa:nofi gr.rcrop-
cru 3OfIa [pI,I BpaiIIeHrz.u rer,eBnsttonnoir KaMepbr. Ognaro [oKa rpyAHo uafiru o6tqc-
Henr,re BJrrrrrnua ua S-o6pa3rryro Ar{cropcurc [oBopora reJreKaMepbr.

floryvenuue cMeIrIeHI{f, I{CJI npu rotsopore cr{creMbr Moryr HaprAy c rr.yrualrrE 6r,mr
o6ycnonlenbl BII{IHI,IeM MarHI{THoro nons 3eilaru. Ho yxasannoe nosgeficrBr{e ecJrrr }r
I{Meer Mecro, To oKa3brBaer cyMMapHbrfi c rHyrrulru e$Qexr.

?Is uponegenHoro aHaJIIr3a Brrrtfl:rrrr- ruyrlrir npr.r BpaqeHr{r,r MoxHo cgeJrarb BbrBoA o
ueo6xoguruocrll yqera Bo3HLIKaIoIqrrx [pu gToM cMerqenufi I{CJI. O6rquri yxog nrnurl npu
BpauIeHI{I,I S,. cocror.rt LI3 [poAoJrbHoro [epeMerrleHr,r, I-{CJI no rroJrro r{ rr3MeHeHlu
pa3Hocrl4 B CMeIIIeHLII n nepxuerl r.r uuxnetl arac'rrrx Ka[pa. Orsocur:elr,nyrc nenuvuuy S,.

Mox<Ho HaIITLI, gnas na.rarlHoe floJlo)Keuue I]CJI n u yrloil ct, coorBercrnyrorqrar? [oBopory
cl{creMr,I TeJlecKorl-cleKTpoMerp-TeJreKaMepa c MoMeHTa o[peAeJreHrrs, n. Ectun.
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Puc.3.3asucr{MocTb cMelrleHlrs IICII S, Or yrla noBopoTa TeJreCKOna C npOTHBOBeCOM 0 npH HeloABlIxHo]\{

noroxeHulr KaperKI,I QoKyca KyAe co crleKTpoMerpor'l u r[TK
yKa3aHr,r HoMepa KalraroB, cooTBeTcTByIOU{He llarla,'IbHoMy noJloxetlfiro IICII. B npaBoM HHX}IeNr yfJly

IIoKa3aH uacura6 cMeuleHHf B KaHarax

Br,rpa)KeHo B KaHaJrax, a cI - B tpaAycax, To ,sr. Mox<eT 6r,trr, oqeueuo II() ypaBHeHI'Iro

S,=-n(u2,646'rc-s +4,66'7'lo4)-c0,196+2,58' (l'2)

Cpegnxa KBaAparr{rrHaq o1111a6ra oAHoro [3MepeHI4q UCJtr e cJlyrlae Ircflorl3oBaHws (1.2)

olpeAerqeTc, aHaJIorutIHo ToMy, KaK I,I AJll ypaBHeuua (1.1), u cocTaBJLeT 0,7 raHala'

YrOn nOnOpOTa CI{CT9MbI CX, MoXHo 3aMeHI,ITb Ha BpeM, ,, [pouleArr1ee c HeKoTOporO Ha-

TIAJILHOIO MOMCHTA OTIPEACJICHI{q /,, IIEPE3 II3RECTHOE COOTHOIUEHI{E

a. =75t,

rAe, - BblpaxeHo B qacax.

C yverou (1.3) ypanneHve (1.2) npllMer BrlA

S, = - n(t3,96g-+ 4,667) lO4 - t2,94 +2,58'

( 1.3)

(1.4)

E[1e oAuu BapuaHr pa6orbr UTCK B cocraBe MTM-500 AorycKaeT 3aKperJIeHIIe

C[eKTpoIpaSa c tenenu3ugHnoli xar'repOfi HenoABlDKHo, KorAa TeJIecKo[ flepeMelllaeTcf,

OTHOcuTeJIbHO KapeTKII. B etOu CIyqae HaMarHI'ITIeHHOCTI'I Tpy6bl TeJIeCKo[a II npOT]I-

BoBeca Moryr oKa3brBarb cyrqecrBeHHoe BJII{rIHI{e Ha [o3tIq]IoHHyIo Hecra6l{JlbHocrb IICJI.

C qelrrO OnpeAeJIeHurI 3HaIII,IMOCTI{ TaKOTO B;1uqHIlq 6un npOoegeH gKClepI'IMeHT C Bpa-

rrleH[e]vt TeJIeCKo[a c [pOTI,IBoBeCOM BOKpyr qacOBOfi OCU np]I OnpeAeJIeHHoM [oJIOxeHlII'I

crreKTpoMeTpa u Te[eB;3uoHHori KaMepbi. Pe3yJIbTaTbI [peAcTaBJIeHbI rra puc' 3' [anuue
6urrra aunpoxclrMrrpoBaHbr KplrBbrMr.r Broporo nopf,AKa c IIeJIbIo 6onee uaruaAT: 1!:1-
cTaBJreHIIfl u ucKJIIoqeHI,Ig oTKJIoHeHI'Ifi or cpeAHero cMeIr{eHI{,I, cBfl3aHHblx c BpeMeHeM pa-

6orur IITCK r.r cra6uuu3a\Lrdit noJrox(eHlrfl KaperKu $oxyca KyAe IIpu noBopoTe

TeJrecKorra. AHarus ipaQuxoa noKa3brBaer, vto IICJI flperepreBalor cl{creMarl{qecKl'Ie

cMerrleHtlfl C TotIKOIi neperr6a B pafioHe, cOOTBeTcTByIouIeM 90o nOnOpoTa TeJIeCKo[a

oTHocuTeJlbro *up"t*r. HexOtopue OTJII'IIII'II rpaQurOn o6yCIOBIeHbI CIyqafiHbIMI'I

orKJroHegr4flrr,rz qin, Marcuuanurrfi yxo4 uuHufi or. HarraJlbHoro IIoJIoxeHIrIn, Koropblfi

Mox(er 6rtrr s .AaHHoM cJryqae o66scneH BJITIflHTIeM MarHrITHofi Maccbl' Ha6r[oAaerc{

B6ru3n 106-ro KaHaJIa I{ cocraBJlrer oKoJro 1,4 rauala'
,II,na yveta CilcTeMaTLIqeCKoIO cMelqenur I{CJI Sr,, o6yCloUIeHHoIO BJI}IqHtreM MarHlIT-

Hbrx Macc reJlecKoua n [porrrpoBeca 6buro nartAeHo aHaJII{TI{qecKoe BbIpaxeHI'Ie' B Koro-

poM, KaK u n (1,4), yroJr [oBopoTa 3aMeHeH Ha BpeMt t, a n - HoMep KaHaJIa' coo'fBeTcT-

nyroquri HaqaJrbHoMy roroxeHl'Ip IICJI:
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S,t=tltn(nl,ll7.l0-5 -2,418'lo-3)-tl,@l'10-2 +2,91'lo-2 +nl,oOo2-0,26. (1.5)

Kar E s [peAbrAyrqux cJryqarx, 6rr.na oupegeuena oruu6ra, Bo3HLrKatoUa, flpa pacrlerax
no (1.5), Koropafl cocraBl,IJra 0,15 rauana.

flo pesylrraraM rrccJreAonaurfi [o3]rr{}roHHorl cra6lrnr,nocrll IIeHTpoB cIIeKTparIbH[,Ix

ttwuuit MoxHo cAeJlarb BbrBoA o Bo3MoxHocrr.r yrrera c olpeAeJleHuoti uorpeurHocrbto Bcex

3Harrr{Mbrx cueIrlenrrt I{CJI n 3aBr{cr{Mocrr.r or pa3rlrrrHltx yclonutl pa6o'rrt IITCK \urr4 rrx
roru6ruaqufi. Ocuosurre ucKaxeHru, Bo3Hr{Karoulue rro flpotuecrBlrlr HeKoroporo BpeMeHI{

c MoMeHTa HarraJra pa6orrr IITCK, Bbr3BaHHbre [oBoporoM crleKTpoMerpa c rererauepofi
Ha KaperKe BoKpyr .racosori ocrr, [prr cJrex(eHr,Ir{ sa o6T,errol4 LrJII{ BJrI,If,uI{eu uaruu'ruofr
Maccbr reJrecKora Moryr 6urt yvrenbl ro ypaBHeHL{qM (1.1), (1.4) u (1.5) I4II'I B BIrAe

o6rqero cMeIrIeHI{q S xottl6ltuaqr.rri gnyx crraeuqeuullr, Koropoe uoxno ualitll, xar

S=S,+Sr,

ecJrr{ Bcs c}IcreMa HaxoArrrc, Bo BpaIrIeHlrIr I{ KaK

5=5r+S-,

(1.6)

(1.7)

ecJrr.r TeJrecKo[ c [poTI,IBoBecoM BpalqaloTcq BoKpyr He[oABI{xHon KapeTKI,I.

Munuuuraqrrs [o3[rr{r{oHHbrx rrcKaxeunfi uoxer 6rrrr, gocrurHyra rlyreM $I.rxcaquu ra-
perKr{ $oxyca KyAe B o[peAeJreHHoM rroJroxeHr,rr{, qro ueo6xognuo ucrloJlb3oBarb [pr{
Ha6ruogenuxx, rpe6yrouqnx nu coroft lro3lrqrloHuorYr T oquocrra.

OrMe.IeHHtIe cMelrleHlrfl He oKa3blBalor cyrqecrBeHnoto BJrI{rHI{fl [pI,I 3a[[cl{ oAHoro
c[eKTpa c xapaKTepHbrM BpeMeHelra 15 uuu, oAHaKo, yqeT cMeIqeHI4q c[eKTpa B [oJIe cBe-

TO[prreMHrrKa neo6xogrrrao [por,r3BoAr,rTb IIpu AJrrrTeJrbHbIx pagax na6nrogeuwit B TerreHlre

HOIII{ I,I B CIYqAE 3HAIII{TEJIbHOTO PA3II4I{I4fl TIO BPEMCHI,I PCTITCTPAIIUI{ CIIEKTPA
r{ccJreAyeMoro o6.lexta Ir c[eKTpa gnx rarn6poBKl{ rro AJrI.rHaM BoJIH.

3auerrau raKx<e, qro ypaBneHr.rx (1.1), (1.4) tl (1.5) y<aeunalor Ha Bo3Mox<Hocrl yalera
lto3lrlllroHHofi Hec:ra6lrutHocrl{, Ho Moryr r{Merb HecKoJrbKo Lruoir oug [pI{ 3aMeHe cBero-
[plreMur,rKa s IITK r.rJrrr cyqecrBenuoli KoppeKTr.rpoBKe pexr{MoB ero pa6orbl.

2. Il:yveuue QoronrerpurecKux xapaKrepl{crl{K

JI a6o p amo p ua te uccne d o a anua

Oco6ennocrs pa6orrr c tfICK 3aKJrrotraercf, B Bo3Mox<Hocru nr,l6opa pex<r{MoB, nau6o-
lee 6naronpr{rrxbrx AJm perrrcrparlr{r,r [ccJreAyeMoro uso6pax<eunl, Kpu'repuu orrr{MaJrr,-
Hocrlr nogo6paunsrx pex<r,rMoB o6ycroBreHrt ne6xogutrlocr[,to MI,IHLIMI{3aqlru uryMoB I{
COTJIaCOBaIIUeM aM[JII,I1]yAbI II3MeHeH[q CI{rHaIa C JII'IHeI{HLIM yqacT KOM AI'Ia[a3OHa tIyBCT-

Br{TeJrbuocrr,r a[[aparypbr. flocrequee ycJIoBIae flBr,flerefl, nau6oree aKTyaJIbHr,IM, ytlur[,I-
Ba, [plrMeHeHr.re B KaqecrBe cBero[pr{eMHlIKa I,IgoKoHa, KoropblIi npr AocrarorrHo
nrrcoxofi rIyBcrBr.ITeJrbHocrLI I,IMeer orpaHuqeHHr,tfi guuauravecxrafi gr.ranason.

llccregonanre So'rouerpfiqecKr.rx xapaKTepl,rcrr,Ix n na6oparopHblx ycJIoBI,IrIx [poBoAI,I-
Jrocb c rleJrbro onpeAeJreHr.rs lr.ruertHoc'ru orKJrr{Ka (peaxquu) {TCK na cserosoli cI4rHaJr.

3uas oco6eHHocrrr cBeronpueunofi a[[aparypbr, [paBr{JrbHee 6r,rro 6sr ronopurr, o6 usy-
rreHlrrr ee KBa3r{JrrrHefiuocru, Ho, yrrurl'rBa, no}IcK pe)KIrMoB c nalr6oree nunefiurtu y.Iacr-
KoM, coxpaHr,rM npr.rHrryrc TepMr.rHoJroruro. HapxAy c nnnelfuoct,to [poBepqracb raK)I(e
paBHoMepHocTb rryBcTBLITeJrbHoCTH CBeTO[p!IeMHI{Ka IIO IOJIIO [pI{ pa3HOM ypOBHe

CIITHAJIA.

[nx onpegenen[c ruHer:rHoc1]r{ orKJrr{Ka rrc[oJrL,3oBaJrcf, cry[eHqa'ruIit ocra6utem (CO)
c r.I3BecrHbIM orHocrrreJrbHblM IIpo[ycKaHr{eM cryneuefi, 3aflvcu Koroporo [poIl3BoAI{JILrcb
rpu pa3Jrr,rrrHbrx ocBerqenuocrr CO r{ Ha[prx<eHlru Ha MoAyJIrITope (HHM),
onpeAeJrrrouleM ToK crr[TbrBaroqero flyqa reJreBr,r3lronHort rpy6rr.r. fluana:ou r,r3MeHeHr,rrr
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Plrc.4.3asuclrl'.rocrb npHBeAeHHofi aunrurygr,r curHaJra /,,n or nponycranHq CO L npu pasHoii ocneuleuHocrr.r CO
qrs HHM 186 B (a) u 150 B (6)

Plrc. 5, 3asficuMocrl Toqrlosru onpeAeneHrrrr aMnrfiTyAbl cHrrraJ]a or ,1 grir HHM I 86 B kr) u 150 B (O

60

40

ClIrHaJIa IIO aMUII,ITyAe B O6O[x cJlytlaqx COCTaBJTTeT OKOJTO 100 pa:.
nl{HeliHocr}r orKJrrrKa cBero[ptreMHi{Ka aMrrJrr4TyAbr c}rtHanoB 1i 6r,rJr[
BeJrr{rlr{He MaKcr,rMaJrL,Hofo lpolycKaHlrq cTyneHu CO - l00vo:

1,,r, = I,'100 / /.",.

lls rpaQuroB, r,r3o6paxeHHbrx Ha pilc. 4, a, 6, nonyueHHbrx rpr{ HHM 186 u 150 B, nr,rg-
HO, rITO IIpII I43MeHeHI,II{ aMIJII,ITy[bI CI{rHaJIa flyqIIIe COIJIaCOBaH[Ie B Lr3O6pax<eHI,IlX CO
I{Meer Mecro [pI{ MeHbIrreM HHM. Eolee AeraJrbHoe u3yqeHue Jrr.rHeriHoro Ar{a[a3oHa yAa-
Jlocb IIpoBeCTI,I IIO 3aBI,IcI{MocT[I oTHocI{TeJIbHofi aMnlI,ITyAbI cl{rHaJra or oTHoct{TeJrbHofi
IrHTeHcrIBHocrLI cryleHeft CO npr HopMupoBKe Ha MaKclIMaJrLHoe [poflycKaHr,re rr aMnJrr,r-
Tyly COOTBeTCTBeHHO. Ananrag [OKa3aJI, IITO HeJILIHelinOCrr OTKJrr,rKa cBeTonpr4eMHr{Ka
HacrynaeT rIpI,I MaJrofi aMTIJII,ITyAe crIrHaJIa fi 6olbrreM HHM. Jlnnefinoc$ rpr{ MeHbrueM
HHM coxpaHsercr [pr,r r,r3MeueHr,rr{ crrrnaJra lro aMlJrr{Ty4e n 9 pa3, ra oKoJro 7 paz - npn
6onlureu, Ylvrenrureur,re Jrr.rHefiHocrr.r rrpu 6oJrbrueM HHM o6ycnoBreHo currxeHr{eM KoHT-
pacTa I,r yBeilI{qeHueM qyBcTBuTeJrbHocrH B o6racTI,I H[3Kux ocBerrleHHocrerl, rge raK)Ke
yBeflurruBaroTcg I,I otu[6Kl{.
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Prrc. 6, 3anucul,rocrb [pHBeAeuHoir avnrrrryqbr cfirHaJra /,,n or nponycxaunx CO L npu ocueuleliHoo'rlx CO,

orJrfilrarou{rrxcq n 1000 pa:

3asracr.rrraoc'rr ouru6or or aMlnr{TyAbr cr{rHaJra [peAcraBJIeHa Ha pl4c. 5a, 6. Bwiluo, rITo B

AaHHoM ALIa[a3oHe ugueuenurl grrrHaJra no aM[JrrrryAe ounr6xu cocraBJlfl]or B cpeAHeM He

6otee 3Vo. Blugrufi xog 3aBr{cr.rMocrerli oruu6oK or aMlJIIrryAbI crrHaJra flplr pa3Hblx HHM
no3BoJrr{Jr nafitu aHaJrr{TrrarecKyrc 3aBr,rcuMocrb Arlt o B flpol{eHTax or HHM LU,,, vt

r4HTeHCLIBHOCrr.r CrarUala 1:

o = (0, 147 Au,,- 13,65) 1-(0'04+34u"' 
10-3), (2.2)

rge HHM Bt,rpaxeHo B eAr{Hlrqax cqera KoHTpoJrbHoro quSponoro BoJlbrMerpa, a UHTeH-

crrBHocrE B eAI{HI{IIax cuera AI{[I.
Oco6oe BHr,rMaHlre 6slno ygeneHo r.rccJreAoBauurc rrnettuocrlr oTKJII{Ka I-{TCK no 3a[Ir-

cql.r CO, rroJryqenHbrM B pex<r,rMax, coorBercrByroqr{x peaJIbHLIM ycJloBrrrM ua6lrogenufi.
Tax, Ha puc. 6 npegcraBJreHbr rpaQuru 3aBr4crrMocrrl Br,IxoAHoro crrrHaJla or BxoAHoro An,
yclonurl, coorBercrByrorqux floryqeHr4ro nuSopuaqur.r o 3Be3Aax c paaHr.rrleri n 6necre s 7,5

sneaguofi BeJrr{rrI{HbI, T.e. rrpra lr3Meueur,rr{ ocBeu{enHocrl,I, co3AaBaeuorl CO oxono 1000
pas. Il[s pncyHKa Br{AHo, rrro no [plrBeAeHHbIM I{HTeHcIrBHocreM rpa$llrr,r 6nu:ro
loBToprrror Apyr Apyra, Ho flpr{cyrcrByer HeKoropa, HeJILIHeI;IHocrb B oTKJII,IKe na lranttli
cr{rHaJr. Jhauerinrul yaracroK rpunorl cBer-cr{rHaJl npI,I oroM coKpanlaerct a 2 paza. Oguaxo
npra 6onee AeraJrbHoM aHaJrr{3e rpa$r.xa Br,rAuo, qro tlyBcrBltreJrbHoclb 6r,rc'rpo [aAaer B

o6nac.rra Hr{3Krltx ocBerrleHuocrerl, a e'ro cBrrAereJrbcrByer o HegocraroalHotrl HHM. I{g ero-
ro cJrelyer, arro npu nu6ope 6oree outnuaJrbgoro pe)(I,IMa ecr[' 3allac Arq noBblruegllfl

ArrHaMr{rrecKoro Aua[a3ona [pI{ perrrcrpalllrlr cna6rtx o6terros.
Panuortrepnocrr, rryBcrBr.rreJrr,Hocrrr cBero[ptreMH]IKa IIo [oJIIo IIpu pa3HoM ypoBHe

cr4rHaJra orlpeAenqracb IIo panuorrrepnorTr 3acBeTKe $otoraroga. I,Iguenenue
OgBerrleHHoc.rr.r nog6upallocr, TaKIIM O6pa:ou, .I'ro6r'l rtortyquTb paBHooTcTorlqlre rro
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KaHana ,? flpu pa3nuqHoMPnc. 7. 3anucrMocrb aMfiJrr.rrygbr cnrHana N (s eAuuuqax cqera AII[) or HoMepa
ypoBne paBnoMepHofi 3acBerxn

aMlJrHTyAe cr{rHaJrEI Ha BceM Ar{a[a3oHe rryBcTBI{TerbHocTI,r. [na xax<qoro 3HaqeHr,r, ToKa
[poeKTopa rpor.r3BoArrJrocb rro 12 sarlwcei{ r.rHQopMar{[r.r B 3BM AJrf locJreAyroqero
pacqeTa oIIII,I6oK. flo ncerray floJrro cBero[pr{eMHr,rKa Ha paBHbrx paccroflHr.rqx 6r,rlo
Bbr6paHo 9 rover, coorBercrBytoulux 100, 200, 300, 400, 500, 600, 700, 800 r.r 900-r',ry
KaHaJraM. B pe:ynrrare 9Kc[ep[MeHTa 6rrn noryveu ua6op Kpr,rBr,rx, orpa)KarouIux
HepaBHoMepHocTr, r{yBCTBI4TeJIbHOCTI4 CBeTOnpIreMHI4Ka [O [OJrrO npfi pa3JrUrrHOM ypoBHe.
paBHoMepHori gacse'rr[ (pwc,7). Oruoruenue r,IHTeHcr,rBnocrerii cursaroB B pa3Hbrx KauaJrax

AOJrX<HO OCTaBaTr,Cs Her{3MeHH[,rM trpl,I r.r3MeHeHr{r{ ypOBHs paBHOMepHOti SaCne'rru, eclr.r
rryBcrBurerbuocrb He 3aBlrclrr or ypoBHq cr.rrHaJra. Ognaxo aHaJru3, uponegeuuur)i no
xoeQSuqueHTaM HopMIrpoBKI,I Ha LIHTeHcr,IBHocrr, B pa3JII,IaIHbIx KaHaJIax, IIoKa3aJr
o6parHoe.

Ha puc. 8 upegcranneno celrret)icrBo Kpr,rBbrx, flocrpoeHHbrx no 3Har{eHnxr,l xoe@Sr,r-
r{r{eHToB HopMr,rpoBKr,r Ha r,rHTeHcr,rBnocrb paBHouepnort 3acBerKlr s 600-Na KaHaJre [pu pa3-
lr{rrHoM ypoBHe ocBerrleHHoc'ru sororaroga. [.na flocTpoeHr{fl KprrBbrx 6srnu oro6paHur
aM[Jrr{Tygbr cr{rHaJroB, Jlexaql{e ua rrnerlurrx yrracrKax Kpr,rBbrx peaKqr{r{. Ecnu vyncrna-
TeJIbHOCTI, He 3aBI{CLIT OT ypOBHq CLrrHaJra, TO Kpr,rBble AOJTXHbT 6r,rllr Connac'rr, Brr6op
600-ro KaHaJIa Arq HopMllponrlt 6rtrt o6ycroBreH ueo6xograuocrr,lo MrrHr,rMr{3r{poBarb
ouru6xu, Bo3Hr{Karoque fipu yrrere HepaBHoMepHocrlr rryBcrBr{TeJrbHocrr,r no floJrro c
yqeroM ee HeJrr4HertHocrrr. O6rr.nro HopMr,rpoBKy [por{3BoArr Ha MaKcr.rMaJrbHyro r,rJrrr

MI{Hr{MaJrbHy}o aM[Jrr{TyAbr crrrHaJra, coorBercrByroilIero paBHoMepHori sacnerxe.
B gauuortr cryrrae HopMr.rpoBKa rrpor.r3BoA]rJracb lrooarepeAHo Ha r{HTeHcr.rBHocrb
paBHoMepHorir gacnerru B KaxAoM r4s AeBr.rfi r.rccJreAyeMbrx KaHaJroB [pr{ Bcex ypoBHqx
ocBerrleHHocTr,r, a 3aTeM HaxoAI{JIcfl KaHaJr, B KoTopoM ALtcilepcus. HopMr{poBorrHbrx
xoe$Qr,rqneHToB 6brJra MrrHHMaJrbHori. 3artaernrrl, oAHaKo, qro [pI4 o6pa6orre peanbHblx
Ha6rroAeHr.rfi uc[oJrb3yror crrraxeHHyro 3ar]rrcb paBuoMepHofi gacserxu. 3to nogeorqer
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yMeHbUlITb IXyMbI CquTl,IBaHI{q CBOTOIIpIAOMHIIKa' KOTOp},I€ B AaHHOM Cflyqae TaKXe MOUII{

cfioco6crBoBarr, 6orbrueri Avcilepclrlr HopMr,rpoBorrHbrx KooS+I,IUIIeHToB,
Aualug Bbr6opa aMrrJrrrryAbr cHrHaJra, Ha Koropbrri clegoralo npor.I3Bo,qIrrb

HopMrrpotsKy, rroKa3aJr, qro ypoBeHb paBHoMepHori sacserxu n 600-r'r KaHaJre 6lnxe rcero
pacnoJrox(eH K cpeAHeMy ypoBHro cr{rHaJra rro BceMy floJrro. To ec:rr, BeporTHo, AJI,
MI{HITMLT3aIIUI{ BO3MO)<HbrX OIIII,I6OK, CBs3aHHbtX C UelUnefiHOCTr,rO OTKJTT{Ka

cBeroIIpr{eMHr{Ka IIo IIoJrro, yqer HepaBuouepuofi rryBcTBLrTelbHocrI4 cJreAyer
[porr3BoAr.rTb, HopMupyq Ha cpeAHee 3HaireHr,re aMlJrr,rTyAbr cr{rHaJra, [oJryrreHHoro flprr
paBHoMepHoM ocBeu{eHr{r,r $ororaroga.

C qemro aHairl,r3a Bo3MoxHbrx o[r[6oK, cBq3aHHbrx c HerolrHocrblo olpeAefleHr,rq
ypoBHfl cr,rrHaJra 6r,tla uccreAoBaHa 3aBucr.rMocrb BeJrr.rrrrrHL'r cpeAHeKBaAparr{rrHoro
orKrroHeHr{, B [porleHrax or aMlJrr{TyAbr cr{rHaJra (pnc. 9). IIo raxgouy pxgy auaveuuri o
AJrrr AaHHoro ypoBHfl 6ulo uarigeHo cpeAHee. fpaQlrx cpeAHLIx 3uaqeuull o rloKa3blBaer,
qro orur6rpr B ocHoBHoM He flpeBr,rlxarct 3Vo IIo BceM aMlJrI{TyAaM cLIrHarIa ArIs Bcex
KaHaJIoB. B erofi cnsgr,r neo6xoAr{Mo orMerr,rrb, vro o6rqrrit xapaKTep 3aBI{cIrMocrI{
ouu6or or r{HTeHcrrBHocrr{ cr,rruaJra, flpeAcraBaennrrfi Ha prrc. 9, corlacye'rcq c AaHHrIMLI,
rprrBeAeHHbrM,wlf,a puc. 5a, 6.

IIo pesylr,raraM r4ccrregonanrfi nepaoHoMepuocrr{ rryBcrBr.rrerbnocrlr rro [oJIIo MoxHo
cAeJrarb BbrBoA, rrro MeHblrI,Ie rlcKaxeuux 6ygyt [pI,IBHeceHbl B I4ccJIeAyeMbIe
uso6paxeune rrpla ero o6pa6orre, ecrrr4 Arfl yqera HepaBnouepuori qyBcrB[TerbHocrr{
cBeTolprreMHr{Ka npr.rMeHsT}, paBHoMepuyro 3acBeTKy, ypoBeub ocBeuleuHoctu rotopoli
Jrex<r,rr n nepxnert qacru tranerfxoro yvdc'rxa 3aBrrcI{MocrI,I cBer-cIrrHaJI.

O 4eurca xapanmepucmuK KoilnneKca no acmpoHo"uuvecrcuu rua6nrcderuuau

,[nr analrsa orun6ox, Bo3Hr.rKa]oul]rx rrpt,r perucrpa\krur acrpoHoMl{rrecxoli uuSopMallurl
B pa3JrlrqHbrx pex<r{Max pa6oru IITCK, 6r,rra cgenaHa 3all,Icb creKTpoB HecKoJIbKLrx
o6texros c rr3BecrHbIMH xapaKTeprrcrr,rKaMr,L Tax, B r{acrHocrrt, Alrfl. aHaJr}I3a

Qoror'rerplrvecrori roqHocrrr perrrcrpaqnu r.r:o6pax<euufi npoaseoAlrJrlicb 3alvlcut c[eKTpoB
3Be3A - SorouerpuvecKr{x craHAaproB p,aHHlrx crierrpanrHr,rx KJraccoB, pacloJloxeHHblx B

o6nacru lC 4665 rr orrr{caHHbrx n [6,7]:

56
o/
89
57

7,51
8,80
9,84

I I,l3

0,121
0,226
0,231
0,481

0,09
0,t7
0,16
0,01

AO
AO
AO
A

Bce sanucu c[eKTpoB 6r,rnr,r npegnaprrreJrbHo o6pa6otanr,r c rleJrbro yqera HepaBHo-
uepuoft qyBcrBurerr,Hocrr{ cBerorrprreM:r.r4Ka fi [ryMoBoro cr{rHarr4. flpurr.reprr
lprrBeAeHHbrx c[eKTpoB 3Be3A [peAcraBJreHEr ua puc. 10.

Oruocurelruar Sorortrerpr{qecKar ror{Hocrb orleHrrBaJracr, rro AByM 3a[r{cqM crleKTpa
r<axgorf lr3 3Be3A, fina eroro cquralacb o B [porleuTax rro aM[JrrrrygaM crrrHaJra B KaHaJrax
c oAr.rHaKoBbrMr.r HoMepaMr.r AJrfl KaxAoro r{3 cleKTpoB. 3areu 6orno nolyveHo cpeAHee
3HarreHr{e o B lporlenTax no BceM KaHaraM; rAe ypoBeH[, caeKTpa 6srr saoegoMo Br,r[re
ypoBHlr rrryMoBoro crrrHaJra Mr.rHrlrMyM n 3 pasa, r{ ordeHeHo cpeAHeKBaApaTr4r{Hoe oTKrro-
HEHI,IE CAITIOfi O B gTI'IX KAHAIIAX. IPAQUTT 3ABIICI,IMOCTI{ CPCAHETO 3HAIIEHI.I' O B IPOI{EHTAX
or 3Be3AHori BeJrr.rrrr4Hr,r [o AByM AaraM c yKa3aHrreM rpaHr{r{ rr3MeHeHr{rr o [peAcraBJreHbr
Ha pr.rc. I 1. CpegHrrl ypoBeHb o[rr6ox ro AByM AaraM He rpeBbrrxaer lo%o, qro roBopr{T o
AocrarouHo nr,lcorori TorrHocrfi. Ecrecrnenno yBer[rreHlre oruu6ox [pr{ r.r3MepeHl{r{ crIeKT-
poB cJra6brx snesq. OguaKo B AaHHoM cJryyae r,rMeer Mecro rr HeKoropoe [peBbrrueHr{e o
HaA cpeAHr,rM ypoBHeM AJu cneKTpos 6oree apxor? 3Be3AL,I, rrro Moxer 6rtrr o6ycnoBJreHo
HeAocrarorruo BepHr,rM nrr6oporra pex<r{Ma pa6orrr UTCK.
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Puc. 10, flplrtvtepu aanuceii cfleKTpoB 3Be3A pa3JmrrHoro 6lecra paH[rHx cneKTpaJrbHbrx KJraccoB

Cnexrpu, o6osxaqersble qu$pauu 2 , 3 u 4, cMeu{eH[,r BBepx coorBercrBeHHo Ha 200, 500 n 650 epuuuq cuera
Aqn

Yvlt'rr,tnax, rrro c floMolrlbro oflIrcblBaeMoro crreKTpoMerpa lpeAfloJraraJrocb [poBoAr,rrr,
I'I3YqEHI,IE 3BE3A CO CJIOX<HbIM A6COP6qUOTTHO-3MI{CCIIOHHbIM CTIEKTPOM, 6I,UTI,1 UCCJICAOBAHT,I

otuu6KI,I, B03HI{Katoque. IIpI{ oIIpeAeJIeHLrr{ gKBr,rBaJreHTHbrx tulrprrH cIIeKTpaJIE,Hbrx Jrr{HI,III,
o6ycroBreHHble HeroqHocrr,Io [poBeAeHrrrr ypoBHfl HerlpepbrBHoro c[eKTpa. [.rrx eroro ne
MeHee l0 pas o[peAerruacr, oKBrrBaJreHTHaq mup[Ha Kax<Aofi yBepeHHo ugenru$ur1u-
pyeMorl cleKTpaJrlHofr. Jru:fl,}lfi B KaxAoM r,r3 c[eK1,poB AJI, pa3Hbrx gar. lpaQnr
3ABIICI{MOCTI'I OIUI{6OK OIPEAEJIEHI,IS sKBI,IBAJIEHTHOII IU}IPIIHbI TIPEACTABJIEH HA'PilC. 12.
O6rquli xapaKTep 3aBI{cI{MocrI,I o l{Meer reHAeHrlrrrc pocra B o6racrr.r MeH[,[rtrx
gKBI{BaJIeHTHLIx [II4pI,IH, IITO O6yCJIOBJIeHO 6orsrur.ru BJrr,rqH[eM OIIr[I6OK rlpOBeAeHr4q
KOHTr{HyyMa. HO S OCHOBHOM OruU6rU, CBq3aHHr,re C HeTOqHOCTbTO [pOBeAeHru
KOHTr{HyyMa, COCTaBJT{rOT He 6orblore 3Eo.

Oco6r,lrl uHTepec flpeAcraBrqna oqeHKa rorrHocrr{ o[peAeJreHrrq eKBr.rBareHTHr,rx rrlrrpr{H
cIIeKTpaJrLHbIx JILIHITI1 B pa3Hble AaTbr Anq 3Be3A pa3HOrO 6recKa. ,[ru oqeuru TotrHocrr{
IICIOJIL,3OBaJIaCb Cpe[HrIq oKBIIBaJIeHTHag. U]VIpLIIj,A CIIeKTpant,HbtX lraUUti, BbttIr{CJreHHaq nO
c[eKTpaM, [olyrreHHr,IM B pa3Hble garr,l. PesynETaTLI npeAcTaBJreHbr Ha prrc. 13. [InTe-
pecuo orMerrlTr,, qro, KaK rr fipu oUeHKe Qoror'aetpu.recxori Torruocl'ra, orilu6Ku B

oflpe!,eJIeHI{I4 oKBIrBaJreHTHbrx rxr{plrH HecKoJrr,Ko Bbrrrre Ans 3Be3A c 6lecr<opr 7"t,5. O6qat,
ToqHocrl onpeAeJleHr{s oKBI,rBaJreHTHbrx rrrr{pr{H rro AByM AaraM He xy)Ke l0o/o, -vao raK)Ke
coulacyeTc, c AaHHbIMI,I p[c. 11. Ha puc. 14 npegc'raureHbr 3arrrrcu cneKTpa oAHori r.r3

3BC3A, noJryrreHHr,Ie B pa3Hbie AaT[,r.
IIpu aHarLree $arropon,.cnoco6crByrourrx [oqBreHr4ro ourlr6oK, 6rrro orue.reHo, r11cr

He3HaquTeJIr,HOe r{3MeHeHr{e TOKa ryrra rereBr.rguouuorl'rpy6ru Mo)Ker npIrBoAI,ITl, K yBe-
JrlarreHr{ro 6 e2u 6olee pasa, B o6rqerr,r cryrrae nr,r6op onrr,rMaJrbHoro 1'oKa rryrra BJrrrrrer Ha
pa3Mep JII{HeI:IHoro ytracrKa B AI{arIa3oHe qyBcrBr.rTer[,HocTI,I cBeTolprreMHI,IKa I,I r]eJrrrrILIHy
ITIyMOB CqUTLIBaHI{tr. fIOCleAUre, B CBOrO Oqepe[b, OKa3brBa]OT B[rlrrflHue Ha TorrHocTb
[poBe[eHr4rl KoHTr,rHyyMa r,r orxr{6Kn o[pe[eJreHr,rrr eKB,rBaJreHTHr,rx txuplrH. ogHr.ru lra
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Pnc. 11. 3anucur,roclr, Qororraerpuvecxoii roqnocrlr onpeAere[rHrr r{HTeHcrrBHoc'rfi clrrHaJIa B cneKrpax or 6lecxa
3BejA Ans pa3Hbrx AaT

Cnloutsofi lusueii noKa3aH cpeguufi xog ouru6ox. ,(nr 6olrureii HarrqAHocrn lattll],te o6 oruu6xax g.nn

oguoft rl roii xe 3Be3ALl, noryqeHHr,Ie B pa3Hble Aarbt, pa:negeust Ha t0,l

Pnc. 12. 3anucur*locrs ourrl6ox B oflpeAeneHr,tn 3KBHBaJreHTHbrx rxupuH cneK'rpaJlbHbrx luauit 6W,, or W u,

o6yclouennurx HeroirHocrblo npoBeAeHHrr KoHTHHyyMa
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Pnc. 13,3asucfir'{ocru roqHocru onpeAeJreHuq 3KB}rBaJreHTHr,rx urnpltH cneKTpaJIb}IbIx ttuuuit oWo or 6,recxa

rrccJreAoBaHHr,rx 3Be3A m rro AByM AaTaM
Illrpuxonofi rnuueft noKa3aH cpegnuii xog ou.ru6ox B o[peAeJreHn 3KBUBaJIeIITHL'IX rxlrp]Ill luttuu l'lg,

cnlournoii lnuueii - cpeAHHfi xog ouru6ox, rroJryqeHHbrx npn oflpeAereuuu $orouerplr.tecxolii rovnocrn (cu.
prc.11)

Plrc. 14. flpr.taep ganuceft crreKTpa sreaqsl Kopff56, IIoryqeHHbIx B IIBe pa3ttbre Aarr'I
. I4HreHcusHosrb carHaJla B eAI.rHHIdax cvera AI(fI

BepxHlrfi rpa$nx cMeu{eH ua 200 eguuuq nnepx

rran6olee flpocrErx [pI{eMoB, fio3BoJrr]oulrrx yMeHbIU[T[, ruyMEI ctII,ITEIBaHLIq I,I HecKoJrsKo
yryquurr, TorrHocTb flpu o[peAeJreHr{r.r sKBr,rBaJreHTHbrx urrprrH, 

'.B[rfl.eTcfl Qrnr,rpaqrax ruy-
MoB npr{ rocneAyroqefi o6pa6o'rre.

B nporlecce o6pa6orxra [oJryqeHHr,rx Ha6r]oAeHuli 6r,tla oqeueHa Bo3Mor<Hocrt'
crJrax<r{BaHr.rq c[eKTpoB MeToAoM cKonl,3srrlero cpeAHero. Ha puc. 15 upegcraenenrt
Kpr4BbIe 3aBrrcr{MocTll oIII}r6oK B olpeAeJreHl4r{ SKBI{BaJIeHTHbIX UrIpI{H C[eKTpanLHbIX
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Plrc. l5.3aRucuuocrs rornrocrn onpeAeJrerrgn 3KBHBAIeHTHbrx rxrrpr*r cneKtnilJrbHr,rx JruHr{r:r ow.r o'r oKrra

IIoqcHeHhq B TeKgfe

Pxc. 16. Yqacrox cneKTpa ryMarrrrocru Opuoua

flo nnHuqn 1,49-59 OIII n I5007 OIII onpegenrnocr, orHo[reHre uHTeHcuBrroc'reri grr nponepxu ruuelinoctl.r
tryBcrBHTeJrhHocTr.r aIInapaTypbl
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Pnc. 17. Harirocrpa4rx Bo3Moxuosrr{ "cxreusanlu" crreKTpa

flo ocrM orroxeubr rurrrHa sorHbr X, r-r ]iHTeHcr,rBHocrb crrrHaJra N B eAnHlrqax cvera A[-{fI

JrurlJrifi. B 3aBrrcr{Mocrr{ or oKHa curax(r{BaHr,rr. Kpr.rnrre I vt 2 npegcraBrqror co6orl
OTHOCI'ITEJII,HL,IC I{3MCHCHI{f, BEJII{III{HbI 9KBI{BAIIEHTHOII II}IPIIHbI CIICKTPAJIbHOli TfiHN:,1l B

AByX CneKTpaX [pr{ cfJra)KrrBaH}rr,r crreK'r]poB c oKHaMrr or I Ao 5. IIpu SToM 3HarreH}re
gKBr{BaJreHTHOri U[pr,rHbr r{3MeHfleTcfl MaKCLTMyM Ua0,77o. B rO:Xe BpeMq OTHOCT{TeJrbHafl

our.r6Ka B onpeAeJreHr4r{ oKBr{BaJreHTHori urr{pr{Hbr rlo AByM c[eKTpaM (rpunaa 3)
yMeHr,rraerct cO,55Vo \o0,45Vo rrprr oKHe 3. Ananug rpa$rKoB pr,rc. 15 roKa3L,rBaer, arro

Sunr,T paqua [ryMoB HecKoJrbKo rroBbrrrraer rorrHocrb orHocrrreJrbHbrx r{3MepeHuft. Ognaro
He cJreAyeT 3a6r,rBaTb, rrTo B cJryqae [pr4MeHeHr{q TaKori Qunr,'rpaquu yxyArrraeTc,
pa3perrreHr{e cleKTpoB,

flponepxa JrlrHeriHocrr{ orKJrr{Ka cr{creMbr 6rrra clelaHa tro 3a[]rcrM crreKTpa
TyMaHHocTrr Oprona (puc. 16) c r{3BecTHbrM oTHorrreHrreM r,rHTeHcI,IBHocTrr Jr}rHrrri ABax([br
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Pnc. 18. flpr.["lep gariucH "cxrreeHHoro" cneK'rpa gsegArr DI Cep c yxasaHueu noloxesr.ttl rflHufi, Arc Koropbtx

Bo3MoxHa ugeuT ra$nxaquq

rrOHu3oBaHHOrO KECJIOpOAa. OlpeAeJIeHHOe aTOMHbIMII KOHCTaHTaMII 9To OTHOIIIeHIIe

cocraBJrf,er 2,97. IIo 7 cnexrpau 6rrnn oqeneubl rlHreucuBHocrrl JIrrHI.rfi M959 (OIII) u

1,5007 (OIII) n Hari-AeHo lrx orHorrrenue, Koropoe cocraBl{Jro 2,96 t 0,12. [ocraroqHo
xopoluee corJracue Mex<Ay TeopeTuqecKr{Mrl }I gKCnepUMeHTaJIbHbIMU AaHHbIMI,I (B

npeAenax 4Eo onru6oK) cnuAerenrcrByer 06 yAa.rHo no[o6paHHblx pexl{Max pa6orbl
IITCK r{ perr{crparluE cleKTpoB Ha JrlrHefiHoM yqacrKe qyBcrBllTerbHocr[ cBero-
IIpr,reMHI,IKa.

Y.urulsaq - orpaHlrrreH[rfl B KBa3r{oAHoBpeMeHHofi per}rcrpalluu cneKTpa yqacrKoM
oKoJro 1500 A, 6r,rno upoaeAeuo Qoplaanrnoe "cK[eI,IBaHue" cueKTpa B Auarla3oHe
TIYBCTBIITEJIbHOCTII CBCTOIP}IEMHI,IKA. HA PlflC, I7 IIOKA3AH CIIEKTP 3BE3AbI BD + 5"3481, A

,ri prc. 18 sauucn oAHoft u3 3Be3A co cJro)KHbrM gMl,Iccl{ol{Ho-a6cop6quouHblM c[eKTpot't DI
Cep. ffa o6onx rpaQurax yKa3aubr nan6onee cI{JrbHbIe rmnltu.,[la cnertpa D! lep
crpeJrKaMu [oKasaHbr rloJroxenr{fl rrytnyrir,AJls Koropblx Bo3Mo>rGa ugenruQuxaqnu [8, 9].

3axlroqeHne

B pesylr:rare upoBeAeHHbrx MHorocropoHHrlx uccJreAoBaHuri quQpororo reJle-
suguouuoro cleKTpaJrbHoro KoM[JreKca cpeAHero pa3pelrreHlrs telecxona MTM-500
KpAO 6rrrur uoly.reHbr HeKoropbre ero cpeAHr{e xapaKTepl{cruKu, oIIeHeHo BJrr{tHlre

pa3r[qHbrx pe)KuMoB pa6otu Ha Bo3Hr{KHoBeHI{e omu6oK I{ npoaHaJII,I3IrpoBaHbr

BO3MOXHOCTTI fiOBbIIUeHrrrI TorrHocrrr [oryqaeMblx ua6lroAeuufi .

Hexoropue r,r3 norytreHHbrx xapaKrepucrur I{TCK xopouo corJlacylorcfl c AaHHbIMI{
gcurrraullfi, [poBeAeHHbrx Ha reJreBusuoHHofi aruIaparype AJrf, c[eKTpoMerpr{qecKl,Ix E3Me-

penufi [3] s co.IetaHull c Apyr[M creKTpailruuu o6opyAoBaHIIeM Ha 2,6-MeTpoBoM Te-

JrecKorre IIIafina n 1986-1987 rr. Ilosrre xapaKTeplrcrrlKtr AaK,T Bo3Mo>Kuocrb [o-HoBoMy

B3rJrrHyTb Ha ucloJrb3yeMyr(, a[[apaTypy rIpII nJlaHupoBaHr,rr,r na6urogaTeJrbHblx 3aAar{ u
fBJrrK)TCf AaJreKO He nocJreAHr{Mr{ xapaKTeprrcTuKaMll lIccJIeAOBaHIrf, CTOJTb CUOx<nOfi U

*ffi:Hffi"#Xlr"r", 
Bbrpa3rrrb ucKpeHHroro npr,I3Harerrbuocrr B.B. flporogreaori

3a BHlrMaHrre K r,rccJreAoBaHr{flM u A.H. A6paueuxo 3a o6ecfleqeuue pa6otrr ailnapary-
pbr rr floMorqb B rrpoBeAeHAH HeKoropbrx SKcrIepuMeHToB, no6larogapurb rlx, a raKx<e

fI.fL [o6poHpaBuHa n K.K. Yynaera sa o6cyxgeuue pe3yJlbraroB I{.[oJre3Hble 3aMeqaHllfl

no reKcTy crarbl,I.

Hrons 1992 n.
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vilKs20.2

ACTPOHOMHIIECK}IE OKYJIflPbI

f.M. nonos, C.[I. Hexaera

-. I,Iayvenu sau6olee pacflpocrpaueHsue rrngr acrpoHoMflqecKux oxyJlflpoB u BbtqncreHbl llx a6eppaqlrr.
Pacc'tuT aurt HoBbre oxyrqpbl. c ynyqueHHbrM r.rcnpaBJrenrer.a a6eppaquft 4 6olrurr{M noJreM lpenrr,
[peAHa3HaqeHHbte KaK AJII Bl{3yaJlbHbrx ua6rrcqeur,rfi (uereopr,l H r{x cJreAbt, nepeMeHHbre seeagu), .raK r,r Anq
npoeKqr{u lrao6paxeHrae (xanpr.t*,rep Coanqa) Ha cBerofiprreMHnr(,

Oxyaapu Moryr npl{Meflrr},c;t nJIt ucfloJrb3oBaHr.rfl c o6rextlrnaur, xMeror{r.rMr{ orHocr,rreJrbHoe orBepcrxe Ao
I : 5; none 3pexrrc oKylnpon uoxe'r 6urr noprgxa 80o.

ASTRONOMICAL OCULAftS, by G.M. Popov, S.l, Nehaeva.The most well-known oculars are investigated
and their aberrations are calculated. New oculars with advanced aberrations and large field of view are dBsigned. These
oculars are intended both for visual observations (meteors and variable stars and so on) and for image projection (Sun
for example). Oculars can be used with lens up to f/5. Field of view of the new oculars may be about 80o-.

B uacroalqee BpeMfl acrpoHoMllqecKr{e oKyJrrpbr npr,rMeHsK)Tcfl B [pu6opax AJrf, Br.r3y-
aJrbHbrx,Ha6rroAeHr.rri uereopon u ux cJreAoB,wc3, KoMer, nepeMeHHbrx 3Be3A, a raKxe
IIp]I [poeKIII{Ir, HaIIpI{Mep r.Bo6paxeHuf, CoflHI{a Ha gKpaH r{Jrr{ cBeTonpueMHr{K, [pu ruA-
pupoBaHr.ru u Ap. Baxua, o6racTb [pr,rMeHeHu, cnerlr{aJrbHbrx oKyJrrpoB - upu6oprr gla
Ha6rIoAeHLIfi 3eulu I{ [JIaHer KocMoHaBTaMrr rr3 KocMoca, flpu fioJrere KocMoHaBTa no
Hu3Kofi oKoJro3eMHori op6ure lepeMerrleHr.re 3eMHofi [oBepxHocru [poucxoAr{T orreHb
6uctpo, He ocraBJlflf, o6bIrIHo BpeMeHr.r Ha nepeMerr{eHr{e reJrecKola AJu pacuupeHut
fi3y.IaeMoli [JroIrIaALr 3eMHofi noBepxHocrr4 (HanpuMep, c rleJrbro perlrcrparlr{rr JrecHbrx
nox<apoB, JreAoBofi o6craHoBKl.r B oKeaHax u Ap.).B errax ycJroBuf,x pacur{pegue.11oJrt
3peHurl npu6opa yBerutlllBaer I4H$opMaruBHocrb Ha6JrroAeHr,rri. 3ro cnpanegJrr,rBo raKxe r.r

Ars Ha6JUoAeHI{fi rroBepxuocru JIyHrr u lrJraHer KocMoHaBTaMr,r c Hr{3Kr{x op6?iT, npu
[oAJIere K HLIM, a B oco6eHHocrl,I Bo BpeMS nocaAKr,r. Cyqecrnyroulue rr,rrrbr oKyJrflpoB, KaK
I{3BecrHo [l-4], o6lapalor pf,AoM HeAocrarKoB (neonpaogauna, cJroxHocrb KoHcrpyKqr{rr
u cBq3aHHbIe c 3TI{M 6olrurrae [orepE cBera rr cBeropacceuBaHne, 6onHur,re ocrarorrHbre
a6eppaqufl, yxyArrraroqre KaqecrBo r.Bo6paxeHr{r). '

Mrr noxaxceM, qro r.rMeerc, Bo3MoxHocrb B pqAe cnylaeB yrytrur.ITb r,rclpaBJreHr,re
a6eppa4ufir u BeruquHy [oJle3Horo rtorf, 3penuq, KaK rrpaBr{Jro, He rrpu6eruur K cJroXHbrM
KoHcrpyKIII4rM oKyJlrpon ia ac$ep[qecKuM rroBepxHocrHflM. PaccMorp[M cHarraJra
a6eppaquu cyulecrByloql{x Hal{6oJree pac[pocrpaHexHbrx oKyJrflpoB, r{3yqeHHbrx HaMr.r
Torruo rlyreM pacqera xoAa rytrer:r na 3BM. 3auetuu, rrro o6brtrHo pac:rer oKyJrf,poB
lpo[3BoArT npu6rurxeHHblMu MeroAaMI{.([oJlb3yrcb a6eppaqrrrMu rpeTbero [oprAKa,
pacqeToM 6ecroue.ilro ToHKrIx acTl,IrMair.rqecKr.rx nyqKon), - 9To ,rracTo lrpr,rBoAr,rT K
ouru6orlHblM 3aKlrotreHuflM 06 a6eppaqr.rflx rrrHpoKlrx HaKJroHHbrx [yrrKoB,

flna ygo6ctBa cpaBHeH[fl QoKycHoe paccrorHr{e /0 paccMarpr{BaeMbrx oKyJrf,poB
npr.rMeM paBHbrM 25 uu, a Ar.raMeTp 3paqKa BbrxoAa 5 uu, qTo cooTBeTcTByeT

@ l.M. Ilonoe, C.I4. Hexaesa, 1995
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orHoclrreJrbHoMy orBepcrr4rc o6'r,eKTrrBa reJrecKorra A = 1 : 5. Ec'recrBeHuo, nogo6nrte
oKyJrnprr Moryr 6rrrs npr.rueHeHr,r 11 c N{eHee cBerocr,rJrbHbllrr o6reru{BaMlr. Jllrurl a

orreHb peAKI,Ix cryqa.f,x B TerlecKolax lp[MeHflerc, orlTI4Ka c 60lee cBerocl{JlbHlIrrar.r (A >
1 : 5) o6:r,errrrBaMrr; oHlr rpe6yror cleqlraJrbHbrx oKyJrflpoB,

1. XaparrepncrrrKu Han6oree pacflpocrpaHeHHr,rx oKyrcpoB

IlpocreriruuM oKynrpoM rurr.e'rcfl oAHoJrurH3oBrrrl; on o6nagaer orreHb MaJIbIM florleM
3peHr4r (He cnr,lure 20"),a rosroMy ero paccMarprrBarb MbI He 6ygeu. B uacroaulee BpeMrI

oH rrorrrrr He npr{MeHrre'rcq. Eoree cnoxHbre oKyJrrpbr (us gnyx ruus) runpoxo flpllMeHqrcT-
cq - oro oKynflpbr frcrirenca u Paucgeua. Pacclrorprrr,r r.rx noppo6Hee.

Orynrp frorireuca. Orynap lrcrlrenca (plrc. 1) cocror4T r{3 AByx roHKI,Ix JII{H3, pa3Ae-

reHHbrx 3Haqr,rreJrbHbrM Bo3AyruHbrM [poMexyrKoM. OH 6ur paspa6orau n XVII n.
frcfireucor'r c rleJrbro yBeJrrrqeHr.rr rrone3Horo lloJrfl 3peHLIfl TeJlecKo[a-pe$parropa, o6la-
IlaBruero o6'a,err[sol{ c BecbMa MaJrbrM orHocrrreJrbHblM orBepcruertr. @orycnoe paccrofl-
Hrre cllcreMbr r.r3 AByx 6ecrone.rno roHKlrx JIIIH3, KaK rr3BecrHo [1], r',rox<e'r 6ttrr, str.IucreHo
no npu6rlrx<euuofi Sopruyre

f=ft,fzl(fr+fr-d),
rge f, u /, - Qorycnbre paccroqHr.ra nepnor:i n n'ropofi rI{H3 oKylqpa, a d- paccroqHlle

Mex<Ay HLIMV. Paccrosnlte Po - or nocleguefi JII,IH3T,I Ao BxogHoro spavra ('rax

nagr,rsaerlr,rri pa6ovufi orpe3oK urr.r pa6ovee pacc'roaulre) - Mo)Ker 6rt'rt, onpegeJleHo no

$opt'lyle
Po = f2(fi - fr)/ Ut + .fz).

Eclr.r rnaana s. t rH3a r,rMeer KoHetrHyro rorrrr{r{Hy, ro Po 6yger MeHbuIe npu6nuslrrelrno
sa2l3 ront\r,rHbr rJra3Hofi lungtr. OcuoBHrrN,r AocrolrHcrBoM oKyJlflpa ftofirenca flBr,flercs,

no3MoxHocrr, r{c[paBJreHrq xpoMarr.r3Ma yBeJrLIqeHWs. - uau6olee ouacnofi Arq oKylrqpa
a6eppaquu. Yclonue r4crrpaBJreHr.rrr xpoMarrr3Ma yleJIIrqeHI,Is AJrs oKyJlspa I{3 AByx JILrH3,

corJlacHo Il] ut'leer nug

d 
= 

(frv, + fzvz) / (v, + v2 ),

rIIe vl rlr v2 - (rllcra A66e crer.na y neprori u nroporl rnHs. Ecr[ JrIrH3bI I{3roroBJIeHLrI I{3

ognorl MapKI,I creKJra, To ero Bblpa)KeHue yflpoqaercri

, .f, + .f,
u =-.

2

Maxcyros [1] pexor,.reuAyer cJreAyroque flapaMerpbr oKylqpa ftoI?renca, Koropble MbI

lepecqrrraJrrr [Jr, floJryqeHr{fl oKBr,rBaJreHTHoro $orycuoro paccroqHllq 25 r',1',r (o',r. ra6n. 1).

A6eppaquu oKyJrrpoB n o6pa'rnor'.r xoge ly.teti AaHEI B ra6r,.2: s'- paccroauue or oKyrqpa

Ao oceBoro firrua HaI,IMeHbrrIero paccerHlrl; cQepuvecKaf, flpoloJlbHa, a6eppaqux
Asi u Asi [rn oceBoro ryrrKa Au goH 0,35D n0,5D coorBercrBenuo (D-ArraMerp BbI-

Ta6rnqa I

)')\
)1 1\

r,52196 (K8)

r,0

11 1<

2,65

1,0

1,52196 (K8)

Oxy.rnp fiofirexca
fo=24r9mm, Po = 9,45rtrnr, s6 = -10'54mu

196'.



Pnc. l, OnT a.recKarr cxeMa oKyJrcpa lrciiresca
Pg-paccroxuue oT 3paqKa rla:a na6lIoAaTeJL Ao r[H3bI oKyrqpa, lt- rouxa nepecerreilHq ly.lei oceuoro

ny9Ka, rrAyrqero or o6rexrusa reJrecKorra

Puc.2. Ornu.recKarr cxeMa oKyJrrpa Pallcqeua

Puc,3. OnT i.recKarr cxeMa oKyrrrpa KerbHepa

I
f
I

PRc. 4. OnrzqecKafl cxeMa
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Ta 6n n4a 2

Oxy.nxprr raaccf, qecKne

"fO=25nru, 
A=l:5

I Oxynap -11,89 *0,96 -2,01 -0,5 0'14

Irofireuca
2 Oxynrp -5,85 -0,23 -0,47 -0'3 0'03

Paucgeua

3 Oxyrap 7,23 -0,19 -0'39 -0'07 0'026

Ke.nluepa
4 Currr'.rerpu- 18,78 -0,069 -0,14 -0'l 0'009

.lusrfr oxy-
nflp

-5 Oprocxo- 14,15 -0,13 -0,26 *0,067 0'02

nu.tecxr.Iri

oKynrp
6 C nutttecerr- 7,18 -0,081' -0,1 -0,094 0'0ll

HbtM 3parr-

KOM

7 3ptpne 10,42 -0,085 -0,17 -0'4 0,01

fI p r,r r*l e tr a H tr e. Bce pa:ueput npuBeAeHbl B MHJIlIIIMerpax.

0,42 0,64

0,17 0,19

0,16 0,37

0,15 0,75

0,14 r,8

0,t2 0,32
'\

a,077 0,12

-2,37 -5,03

-0,02 - 1,8

0,075 0,58

0,32 2,5

-0,03 2,26

0,18 0,93

0,55 1,43

N_b HagsaHHe s' As; L\i aric 6'(0') 6',

( I 8",8)

6',

(26',6)
N{
(1 8',8)

AX

(26',6)

Ta6lnqa 3

OxyleP Parrrc,qena

fo=24,9uu, Po = 7'18ru*r, s6 = 6,17mr'r, 2ril=40"

r, MM d,uu n ,., MM d,uu n

I ,52196 (K8)

-n,4
2,235

2l,975

l ,52196 (K8)

1,0

17,4 155

'Ia6,Tlrr{a tl

Oxylnp Kiillr,llePa

fo=24,02uu, Po = 9,0lru, s6 = 7,50nn, 2a=40"

l,6199 (Or3)

1,5399 (6K6)

1,0

l ,5 163 (K8)
1,5

<s

18,0

'I'a6ruua 
-5

CuurrrerPnvllr,lir oxY,uP

,fo = 25,0nrIrr, Po.= 18,9rulr, s6 = 18,87rr*r, 26 =40'

r, MM d,ww n ,., MM r/, uu n

30,6

-21,0

68,1

68,7

21,0

30,6

1,5

7,5

.0,1

t,6t64 (@2)

r ,s r 63 (K8)

1,0

'7"5

1,5

l,s 163 (K8)

l,6164 (@2)
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95,-5

13,5

-1 8,1

3l,l
46,2



A/ (18',8) Lt (26",6) Ar (18",8) LY (26",6) ...

4,43 (-5,1o/o)

4,22 (-2,6Eo)

4,28 (-3,3o/o)

4,40 (4,8o/o)

4,25 (-3,0Eo)

4,3 (-3,6Vo)

4,4 (4,7ok)

-t,27 (-t0,6vo)

0)2 (r,8Vo)

-l,27 (t0,6Vo)

4,97 (1 ,8o/o)

4,2t (-1,7o/o)

4,63 (-s,t%)

-1,17 (9,5o/o)

0,047 (0,55ok)

0,07 (0,87o)

0,047 (0,560/o)

0,03 (0,35o/o)

0,033 (0,39o/o)

0,16 (l,58ok)

0,078 (0,65ok)

0,17 (t,4Eo)

0,078 (0,65olo)

4,003 (4,024o/o)

0,015 (0,t2Ea)

0,23 (1,860/0)

7,18

9,0

9,45

)'t')

))^

18,9

-{,005 (-{,0610lo) -0,08 (4,66Vo) 19,2

Ta6"rruqa 6

Oprocxonuuecx[ii oxyrrp
fo=24,32u*t, Po = 19,2nrnr, s6 = 14,33uu, 2ro=40"

,., MM d,uu n ,., MM tl,uu n

aa1

32,3

3,s

1,0

6,5

1,5E91 (TK3)

lo
l,sld3 (K8)

3,0

6,5

-16,0
16,0

-32,3

1,6259 (BAtz)

1,s163 (K8)

' T a6r'v\a.7
Oxyrrp c nuuecefl[brM 3paqrroM

fo = A,89 wr, Po = 23,2vm, s6 = 7,23r,tw, 2 @ = 40"

108,6

-11 I

108,6

21,8

6,0
0,2

2,0

l l,5

- 4l,'7
24,9

-2.4,9

33,3

0,2
13,5

2,5

1,52196 (K8)
1,0

1,6321 (O13)

1,52196 (K8)

1,0

r,s2196 (K8)

r,6321 (ol3)

xoAHoro 3paqKa oKyrqpa); Lt'oC - flpoAoJrbHafl xpoMaTr.rrrecKaq a6eppaqvfl Arrfl. ily.rei| F, C.

fianee AaHr,I pa3Mepbl flsreu HaI{MeHr,[Iero paccefllatrfl, B MoHoxpoMarrrqecKr4x ryqax Am
OC0BOTO [y.IKa 6/ I{ AIs HaK[OHHbIx [yrIKOn (n Cro6rax yKa3aHbI 3HarIeHI4q yryra HaKJroHa CD

fiyqKa). Kpoue roro, [prrBeAeHbl: 3HaqeHuq Kpr.rB[3Hr,r rroJrs AX, r.e. paccrosnr,re co-
oTBeTcTByIOuIerO flflTHa paccesIj.ilg. OT IJIoCKOCTI{, B KoTopofi HaxOAr,rTCfl oceBori Kpy)KOK
Hal4MeHr,ruero paccefHlrn; Al{cropc[q A/, a rarx<e floneperrHbrri xpoMaTr,r3M yBeJrr4.reHr.rq Af.
Bctogy B cKo6Kax B Ta6JI. 2 gaw;3HarreHl,If, yrJra o), AJrfl Koroporo B!,rqtrcrreua a6eppaqufl.
Ws ra6r.2 ctegyer, rrro B oKyrnpe froirreHca oqeHb BeJrrrKlr c$eprr.recKar aleppar\vfl vt
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xpoMarr{3M Ha ocu. Xpouarusu yBefiItqeHllfl He BrroJrHe uc[paBJleH,.a ruITHa HarIMeHbIIrero

pacceflHutt 6'sHe ocu HeAolycrr,rMo BeJrrrKr{. Kpr,rouaua rIoJI{ HacroJlbKo BeJII{Ka, qro flpu
na6nrogeuuu o6rexros s6nlasu KpiL fiors 3peHLL oKyJrrp flptlxoAl,Ircn nepeQoxycupoBarb.
B ornonrenr,rr'Etlctopclrv oKyJIrp ltofirenca He AocTaToqHo Xoporu lI ycTylaeT MHorrIM

oKyJrrpaM (ra6n. 2). Overnguo, rrro oKyJrflp ftoftrenca cJleAyer [pI,IMeHflTb He co cBero-
cuJrbHbrM o6texrraaou (A = l:5), a nrarur, c HecBerocrrJlbHblMrr o6terrranauu, [ogroMy B

Hacrorrqee BpeMfl.oKyJup fiofireuca rprrMeHrercf, rJraBHbIM o6paeou B M[KpocKolax.
Oxylrp Paucgena. 3ror oxyrxp cocrorrr r,r3 AByx roHKlrx JILIH3, LlMetoullrx oAIrHaKoBoe

$oxycuoe paccro{Hue, rpuqeM d=fr=f2, vt =V2 (pnc,2).OguaroycJroBue d=fr=f,
npr.rBoAuT K orleHb MaJIoMy I{JII,I Aaxe OTprI{areJIbHoMy paccToanuro Po oT oKynlpa Ao

BbrxoAHoro 3parrKa (r.e. rnasa na6lrogarera). fina yMeHbIrIeHI{s groro HeAocrarKa JIIltH3bI

npn6ruor<aror Apyr K Apyry, go6lrnaacs nplreMJreMbrx gHa.{eHrll Po. flpunegeM flapaMerpbl

Tr{rrr{rrHoro oKyJrflpa Paucgena ug [2] (ra6n. 3). Ero a6eppaquu AaHbI B crpoKe 2 s ra6n,2,
orKyAa cJreAyer, qro B orJrrrqrre or oKyJrrpa ftoirreuca, I{Merou{ero orprlllareJrbnrtfi sagnulit

oTpe3oK s', Ans oKyJlflpa PaucgeHa s'> 0, vto ygo6no gm pa6orrt c cetxorl; anarloruquoft
oco6eunocrrro o6naparor u Bce paccMarpr,rBaeMble HI{xe oKyJrrpbl. Ero a6eppal{I{oHHble

rrf,THa HauMeHbrrrero paceesuufl 6'gla coornercrByloqrlx yrJroB o 3HaqnrerbHo Menbrlre,

HexeJrlr y oKyJlrpa ftofirenca; [oJre [pr{ 2a = 4Oo upaxt'nuecxlrt uJrocKoe, a Al{cropcurl
orreHb uala. C gpyroft cropoHbr, xpoMarlr3M yBelfii.g.eHua AY ue anorue uc[paBJIeH, zP?-

6o.ree paccrof,Hr,re Po r"ran6. 3auerrarra, qro xpoMarl{3M yBelI{tIeHLL Moxet 6um
r{cflpaBJreu coorBe:rcrByroulr,rM [epepacqerou o6'rextxBa, c. KoropblM I,IcuoJrb3yerc,
oKtJrfp;

Oxymp K&rrnepa. Orynap K6ntuepa (puc. 3) MoxHo ctrl,ITarb ycoBepIrreHcrBoBaHHbIM

oKyJrflpoM Par"rcgeua, y Koroporo ura3Har Jrr{H3a He oAuHor{Har, a cKJreeHa r{3 AByx JrrIH3.

flapauerprr TrrflurlHolo oKyJlflpa K0nr,uepa [2] laHlr a ta6r. 4, a ero a6eppaqun s ra6il.2
B crpoKe 3. OqeurAno, qro eror oKyJrflp lrMeer xoporuee uc[paBneHl,Ie KaK MoHoxpoMa-

TI,IqecKux, raK I,I xpoMarl{rrecKrrx a6eppaqnfi; ero [oJIe [paKTuqecK]r nJrocKoe, oAHaKo Ha

Kparc [oJrf, ero rurrHo 6'nanuennuero pacceflHufl 6ourule, a Aucropc]If, BeJIuKa. 3auetltu,
qro u oKyJrqp Paucgena Moxno ycoBepueHcrBoBarb, ycrpaHlrB B HeM xpoMarll3M yBe-

Jrr,rqeHrrfl lI ocraBuB 6es usltreHeHr{fl MoHoxpoMarl,IrrecK[e a6eppaqrui, ecfilr BBecrI{ B

rnagnofi Jrr,ru3e raK nasrlnaervmrfi xpoMarnqecruft paguyc, T.e. 3aMeHI,IB [pocrylo rJra3HyK)

Jrr{H3y cKJreeuHort ras AByx creKoJr c oArrHaKoBbIM cpeAHIrM uoKa3areJleM [peJloMJreHufl, Ho

pa3Jrr{rrHbrMu Aucflepcusuu. Tarori oKyJIflp 6yget uueTb o[TuqecKyrc cxeMy oKyJlapa

Kdnruepa, orruqascb or Hero flyqrrrr,rM rrcrpaBJIeHI{eM norleBblx a6eppaquft u 66luuuu
yuroM uons, 3ro flperrMyrrlecrBo AeJraercs oco6euno 3aMerHbIM npn 6onrruux uoKa-
3aTeJIfl X TIpeJIOMJTeHI{fl CTeKOJL

Cnuuerpuruufi orynap. Cuurraetpraunrul oxyrap (plrc. 4) cocrolrr I,I3 AByx oAI,IHaKoBbIx

cKJreeHHbIx KoMrroHeHTos, B orflu.rue or paccMorpeHnblx BbIIrre oKyJlflpoB, oH I{Meer 3Ha-
qurerbHo 6onrruee paccrorHlre Po u xoporuo r{crpaBJIeHHbIe oceBble a6eppaqnu. Ero
rapaMerpbr [2] nanrr s ra6r. 5. Ero [oJreBbre a6eppaquu 5'gua.rureJrrnrt ra 6rrcrpo pacryr
c yBeirHqeHLIeM uoJls 3peHIlrI (ra6t.2, cTpoKa 4); rprnusua norl lI AucTopcus y Hero TaK)I(e

dHa.rurerbHu. Ovenugno, gry cr,rcreMy qenecoo6pa3Ho IIpI{MeHrrb B Tex cJryrlarx, KorAa
rpe6yercx 6onruroe pa6o.ree paccrof,Hue Pg (uaupul"{ep B KoporKoSoxycuux oryrapax), c
,reu .rro6lr o6ecneqr,rrr Aocraroqnoe paccroflHlre or oKyJrrpa Ao rJra3a na6nrogarena.
flonegnoe noJre oKyJrspa He rlpeBbllrraet 40o.

Oprocxonuuecrufi oxyrrp. Oprocxonr.Iecrufi oKyJI{p (puc. 5) o6nagaer AByM, Bax-
HbrMu AocrorrHcrBaMlr - 6oluunu pa6ovr,rr"r paccroflHileM Po u nouu><eHnofi gr,rctopcuefi.

flapauerprr oKyJrflpa Aaubr B 'ra6n. 6 [2]. flole 3peHru y Hero [paKTI4vecKI,I [JrocKoe, Ho

rroJreBbre a6eppaquu 6'6r,lcrpo pacryr c yBeJruqeHr{eM yrura (D, a [ogroMy rloJre3uoe rloJre

ero MeHbrrre 40". Kax r{ cuMMerpr{vnr'rri orynxp, ero qenecoo6pa3Ho npl{MeHflTb rlpe-
rlMyrrlecrBeHHo AJI, ropotxo$oxycHblx oKyJIrpoB.

:
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Plrc. 5. OnruqecKarr cxeMa oprocKonurrecKoro oKyJrqpa

Puc.6. Onruqecraq cxeMa oKyJrrpa c BbrHeceHHr,IM 3paqKoM

Oxy.nap c BbrHeceHHbrM 3paqr(ou. Oxynxpu, uMeloque 6oluuoe ("6 < P0) pa6ovee
paccrorHlre Po or oKyJrrpa Ao rJra3a Ha6[roAareJrr, Ha3blBalorc{ oKyJIf,paMH c

BbrHeceHHbrM 3paqKoM,
Cuequanrurtfi orytap c BbrHeceHHbrM 3paqKoM rr 3HarrurerbHbrM rroJreM 3peHru onr,rcan

r [2]. On r{Meei cJrox<Hyro KoHcTpyKrlrro r{3 rrrrrr nuus (plrc. 6)l ero rapaMerpbr AaHbr B

Ta6il. 7 , a6eppaqnu - B ra6JI. 2, crp_ora 6. ?Is ta6r. 2 cnegyer, qro oKyJIflp I,IMeer BecbMa

xopouee rrc[paBJleHr{e a6eppaqru? 6'ua ocu, Ho ira Kpaflx florq oHu 3Har{LITeJrbHrt. f[one a
rrepBoM npla6nuxeuu[ Mox<Ho crrr.rrarb [JrocKrrM, Auctopcu, yMepeHHafl. floresHoe IroJre -
noprgra 40o. 3arraeruM, qro rar 6yger [oKa3aHo HrrDKe, aHaJIorHvHLIe pe3yJlbrarbl Moryr
6rrrr uonyvenbr B 3HarrureirbHo 6oree npocrbrx cucreMax, coAepxaqux Bcero rpll JILIH3bI.

Orynrp c.6onrruxu rroJreM spenne (runa SpQre). Kax ugsecrno [3], rraccuqecKlrMl{
oKyJrrpaMr{ c 6onrrurau [oJreM spenua sB:nflrorcs. oKyJrrpbr 3pSne. Cyqecrnyror rpu T[I[a
oKyJrrpoB 3pQne, uo uri paccuorpr{M ToJrbKo ogriu, uan6oJree xoporrro ucupaanenurtfi r
orHorrreHrrr.r a6eppaqufi u r,ruerculufi 3HaqureJu,Hufi nrtnoc 3paqKa Po. flaparuetpu
oKyJr{pa AaHbr B ra6r. 8 t2], Ero cxeMa orilEqaerc, or cxeMbr oKyJupa c BbIHeceHHbIM

3parrKoM ToJrbKo rropflAKoM pac[oJroxeHr,Ir JrlrH3 - flpocTafl JII,IH3a pacflOJrox<eHa MeXAy

AByMf, cKJreeHHbrMu. Ero a6eppaqnll [p]rBeAeHbI B ra6t.2, crpoKa 7. OvenugHo, qro rro
cBor{M caortcraaM oH HarroMrrHaer paccMorpennufi oKyJrrp c BbIHeceHHbIM 3parIKoM, Ho
r,rMeeT HecKoJrbKo xyAlxee ucnpaBJreHr{e AucTopcuu [pI,I IyquIeM [Ic[paBJIeHLIU [OJIeBbIX
a6eppaqnri. B qenou xe r{cnpaBJreuue a6epp.aqnfi na nepu$epuu floJrfl 3peHl{q KaK B

oKyJr{pe 3pSne, TaK r{ B oKyJrf,pe c BbrHeceHHbrM 3paqKoM ocraBJlser xeJrarb Jryqurero,
rrro qcuo [r3 cpaBHeHI,Is urreH Hal{MeHbrlrero pacceflPlhrr 6' (ra6t,2),

Mrr paccuorpe,.r[ uau6onee ynotpe6ureJrbHbre rI,InbI oKyJrflpoB, o[]IcaHHbIe B JrI,ITe-

parype. B nocnegHue roAbr paspa6oaaHu n 6onee cJrox<HBIe. oKyJrf,pbl c uoJIeM 80o-90o,
KaK npaBuJro, coAepxaulue ac$epualecKue noBepxHocrn. Ouu oqeHb rpyAHbI B

Ir3roroBJleH[rrr I,I He [orytr[ru paqpocrpaHenns. 3alretlrM, tITo Bce BbllrrepaccMorpeHnble
oKyJrflpbr flpuucloJrb3oBaHlr[ c MeHee cBerocr.IJrbHbrur,r o6rerulBaM]I(A,< l;5) gagyt
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Ta6ruua 8

Oxy,,rnp 3p$re
fo = 24,7 mu, Po = 22,0uu, s6 = l0'26r'ru, 2 o = 55o

i', NIM d,uw tl ,, t{M r/, tutt'l tl

190,52

-3 8,-5

_1 ) q7q

69,521

2,24
9,51

0,28

6,72

49,527
37,318

-37,3t8

62,853

0,28
tt,2

2,24

1,6321 (Or3)
l ,s2196 (K8)

1,0

r ,52 196 (K8)

l,52196 (K8)

1,6321(Ol3)

Ta6nuqa 9

Oxynnp Pa*rcAena uupoxoyrom,Hr,ti

Io = 24,97 uu, fo = 5,03runr, 2ol = 55o, s6 = 5,62nrnr

,-, MM d, ur't n ,-, MM r,/, rirlr t1

l,75283 (CTKg)

-24,922

7,477

t8,692

49,845

-49,845

9,969l,75283 (CrKg)

1,0

rytrll]ue pe3yJrbrarbr; IIpE SToM AaHHbre ra6Jr. 2 cn,egyet nepecql,ITarb AJIfl HoBoro
3HarreHufl'.e. OveuraAHo, IIpu eroM xpoMaru3M yBerr,rqel/.vfl, tr AHcropcuq He t3MeHflTcf.

. flpucryuur'.1 K paccMorpeHlrK) HoBbIx pa3pa6oraHHblx HaMI{ oKyJrflpoB.

2. Honue oKyncpbl

MognQnqnpoBaHHble oxynflpbr Paucqeua r KiinbHepa. kls ta6n. 2 nngno, 'rro
o6tr.rurrrl oKyJrsp Paucqena r{Meer yAoBJrerBopI{TeJIbHoe rrcrrpaBJreHlle noJreBblx
a6eppaqlrfi 3a r,rcKrroqeHlreM xpoMarr.r3Ma yBeruqeHur. 3ro upunoALIT K I{Aee pa3pa6orKrl
rur4poKoyroJrbHoro oKyJlrpa, I,IMeloqero cxeMy oKylqpa PaMc4eua. Hegoctaror oKyJlflpa

Paucgena - 3Haqurerbnafl c$epuqecKa, a6eppaq[, Ha oc]r - Moxer 6utr yuenrureH, ecJrlr

flpr,rMeHurb crekra c 6orburuM rroKa3areJreM [peroMJreHlrs. [eficrnutelbuo, KaK [oKa3aJrI,I

Harxu pactrerbr, rrpuMeHeHrre creKJra TK16 (n = 1,6126) [o3BoJrter yJryqurrlTb rlcrrpaBJleHue

KaK oceBbrx, TaK rr [oJreBbrx a6eppaqrr:r, a [oJre3Hoe noJre 3peHI{, yBerut{LlTb no 50o. Erqe
ryqrrrue pe3yJrbrarbr Aaer creKJro CTK9 (n = 1,7224), uosnontroqee rtoJlyvurb [oJIe
cBbrrue 60o; napauerpbr groro oKyJlflpa AaHbI B Ta6il.9, a6eppa4{u- B Ta6Jr. 10, ctpoxa I'
K coxalenuro, KJraccuqecKlre HegocrarKr{ oKyJrflpa PaMcAeHa I{MeIor Mecro I,I 3Aecb - 3To
MaJroe pa6oqee ;iaccroxuue P6 u xpoMarr3M yBeJrlrqeHllr. B 6tnourerurra xe [c[paBJIeHI{t
MoHoxpoMarr{qecKrrx a6eppaqnft ro rroJrro oH flpeBocxoAur Aaxe oKyJIrp 3pQle. 3aueualra,
TITO XPOMATHqECKYK' A6EPPAqUT JICTKO I,ICIPABI,ITb, BBEA' B UIA3HYrc JII{H3Y TAK

Ha3brBaeMyro xpoMaTlrqecKyro [oBepxHocTb, T.e. cKJIeuB ee rI3 cTeKoJI c oAI,IHaKOBbIM

cpeAHr,rM rroKa3aTeJreM flpeJroMneHr{rr, Ho c pa3JrI{TIHbIMI{ AucIIepcI,IrMn, Paguyc KpHBIlt3HbI

[oBepxHocTrl cKIefiKu.Bbr6r.rpaeTcfl TaK, rrTo6br ]rc[paBr{Tb xpoMaTu3M yBenl,ItleHrrf,; npu
9TOM B 3Harrr{TeJrbHofi Uepe OKa3bIBaeTCfl IrC[paBJIeHHbIM I,I xpOMaTU3M nOJIOX<eHUA Ha OCfi,

Onrnqecras cxeMa rroJlyaleHHoro oKyJrflpa aHaJroruqHa cxeMe oKyJrflpa K0lruepa, no
oTJrrrqaeTcfl oT [ocJreAHero 3HarruTe[bHo JIyqIIIuM [Ic[paBJIeHueM [oJIeBux a6eppaqufi
(sa ucrnroveHr{eM Al{cropcul,r r{ Kpr.rBr,r3Hbr noJlr), qro I{ [o3Borfler yBemqI,ITb rloJre Ao 600

u 6oree. Ilapauerprr rroAo6Horo oKyJrrpa ("axpouarusosauHrtfi Paucgen") npuBeAeHLI B

ra6r. 11, a6eppaqulr - B Ta6JL.10, crpora 2. 3auetuu, qro ocHoBHofi a6eppaquerf, orpa-
HtrqrrBaroulefi uole B rroAo6Hbrx oKyJrtpax, rBJrrerc, KplrBlr3Ha noirfl; ecJIIlt x(e [pI{MeHI'ITb

flepe$oKycr.rpoBKy npu u3yrreHrrl KpaeBblx yqacrKoB IroJIr, To, [o-BI{AI{MoMy, Bo3MoxHo

noryirru, 
"rq" 

66lturee uole.
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Pnc. 7. OnruqecKarl cxeMa oKyJIrIpa runa lOI4

Pnc. 8. OnrrqecKafl cxeMa lxflpoKoyronEHoro oKyJlrpa

MoguQnqupoBaHHbre oKyJrf,pbr r,I3 Tpex nHH3. OcHoBHbIM HeAocrarKoM rlpocrblx oKyJrt-

pOB, OIII,ICaHHbIX BbIIUe, flB:rrfleT)g. CpaBH[ITeJIbHO MaJIOe paCCTOqHUe Pg,IITO He [O3BOJIfleT

norytu.rrb KoporKo+oKycHbre oKyJrflpbr. Oguaro cpeAu rrpocrblx oKynflpoB lI3 Tpex JI[IH3'

fiMeercaoKyJrsp c Br,rHeceHHbrM 3parrKoM, ouucaHHbrft Maxcytonut"r [1] (puc. 7). 3tor ory-
Jrrp r,rMeeT 3HaqrrreJrbHoe pa6oqee paccTorHrle P6, corr3MgprlMoe c $orycnrrrvr
paccTosHlreM oKyJrffpa, xopouee uc[paBJreH[Ie oceBblx a6eppaqnfi Ir KpuBI{3HbI [ors' K
cox<aJIeHLIK), KaK [OKa3aJII{ HaIUU pacqeTbl ToqerlHblx Arrarpa]vrM, nqrHa HaI',IMeHbIrIero

pacceflHas.8'ua uepuQepuu noJrfl 3peHr{rr HeAolycrl4Mo BeJTI,IK}I, a flosroMy ero uoJre3Hoe

norre o*ono 30o. Menee 3HaarrrreJrbHbrM HeAocrarKoM eroro oKyJlrpa flBr.s.ercs.6onruras

Aucropcufl, He npeAcraBrsK)ulafl, BrrporreM, HeyAo6crBa upu ua6ruogeHrlrx. PycnHon [5]
ycoBeprueHcTBoBaJr gTor Tr{rr oKyJrrpa, BBeA, TDKeJrbIe cTeKJIa, oAHaKo I,I B 9TOM OKyilflpe

noJre 2({) = 40?. flaurnefiuee coBepueHcrBoBaH]re eroro oKyJrspa c noMoulbro.
orrrr.rMu3upyrcqefi nporpaMMbr Ha 3BM rro3BoJII{JIo 3HaqLITeJrbHo yflyqurll'rb roJIeBbIe

a6eppaqunj ero napar'aerpbl AaHbI i ta6n. 12, a a6eppaqur - B Ta6JL 10, crpora 3.

Ovenn4uo, vro uony.reHurtfi oxyaxp l,rMeer rroJle 3peHI,Itr oKoJIo 50o upu 3HatrurerbHoM
pa6o.reu paccroflHlrr.r (Po = 23,8 r',ru). 3ro yJryrrrlreHrle xapaKTep[cruK nolyrleHo qeHofi

HeKoroporo yxyArueHlr, a6eppaqflE Ha ocr{ r{ Arrcropcurr. B etot'r oKyilrpe [plIMeHeHbI
gonoircro geQrquruue crexna CTKIp r CTOIl, xoroprre He BcerAa gocTynnsr.

Oragrr3aercs, Moxno paccqurarb aHaJrorurrHbrfi Iulrpoxoyrorrurrfi oKyJrflp, Ho

r{croJrb3yroulufi o6rr.rurre creKJra TKl u TO4 u nuerolquli 6onuuoe pa6ovee paccroflHl{e
(PO = 27 ,7). Ero none 3peH[q raKxe Aocrrrraer 50" npu xopo[reM ucrIpaBJreHI,Ir rorreBblx

a6eppaqufi I,I KpIIBI,I3HrI nonx. flapaueTpbl eToro oxyJlrpa AaHbI B ta6n. 13, a6eppaqur - o

ra6r. 10, cTpoKa 4. 3tor oKyJItp TaKxe paccqllraH HaMII Ha 3BM c [oMoIIIbIo
o[Tr{Ml43llpyroulert uporpaMMbl. flogo6uo ApyrI,IM oKyIspaM, EMercIqlIM cxeMy,
r,rso6paxeulryro Ha plrrc. 'l , eToT oKyJIf,p IIMeeT 3HaqI{TeJIbHyIo A}IcTopcuro' fipyrofi
negoiraror groro oKyJrrpa - 3Haql{Telturtfi xpoltlarraeil yBerl{rreHl4fl .

Oco6o u[poxoyronbrrbre oKynflpbr rr3 nflTu.rruur. flpu Ha6rloAeHr,Iflx I{HorAa Bo3HI{Kaer

ueo6xogurraocrb rrMerb oqeHb 6orsuroe rroJre 3penurl - flopflAKa 70o-85o (nanpur,rep, upr'r

ua 6nrogeuurx rerecKoflIaqeixnx uereopoB, rIepeMeHHbIx 3Be3[, cJlexeHlrfl ga I4C3,
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T a 6 r u q a ll
AxpolrarulonaHHrrii oxy.rlp PamcneHa

fo= 24,90 urw, P6 = 5,05 r*u, 2@ = 600,% = 5,8C ,M

r, MM d,uu n ,., MM d,uu n

13,5
JA O))

1,0

6,477
t8,692

1Js87l CrO4)
1,75283 (CTKg)
1,0'

49,845

49,84s

g,969 l,75283 (CTKg)

-31,476
-22,|M

23,339

6,475
0,216

12,950

Ta6,ruqa 12

Oxy.rrap runa fOlI u3 TrxcJrbrx crexoJr

fo = 25 .M.M, Po= 2318 nru, 2(l) = 50o, ,i = l,:t ,*

1,82894 (TOl0)
1,0

1,75442 (CTKI9)

l7 ,267 2,102107 (CTO I I )

T a 6 r H q a 13

Oxyrnp rrna fOI,l ui o6r,r.rrrr,rx crcxo,r

fo = 25 mm, Po = 27 ,71ftr, 2co = 50o, s,i = 6,77 m*r'0

r, MM d,uw n /-, MM cl,uu n

3 1,098

-73,915
22,736

9,156
0,916

12,207

1,57033 (TKl)
1,0

1,s7033 (TKr)

-27,771
56,570

9,4 |,7587 (T@4)

Pt3y''Le}1.fis, noBepxHocrl,I 3eMrI,I c HIr3KI4x op6r,rr r4 npr,r [ocaAKe KocMr{rrecKofo Kopa6rfl).
flpn erolrl x<eJrareJrbHo I,IMerE oKyJrrp c MlrHr,rMaJrbHr,IM rrr,rcroM noBepxHocretl "c.rerlo -
Bo3Ayx':, co3Aarcullrx 6trwrcn r4 cBeropacceqHr.re; fipr.rMeHeur.ie acQeptrqecKrrx fioBepxHocreri

He)KeJIaTeJIbHo, BBI,IAy CJIoX(HOCTI{ I{x LI3TOTOBJIeHLTfl. CpaBHr,rTeJrr,HO IIpoCTOri oKyJrqp c
[orreM Ao 85o 6un onncan B [6]. K cox<aJleHlr]o, oH coAepx(r.rr 3apy6ex<Hbre creKJra,
HeAocTynHLIe B HacToqlqee BpeMfl. floerorray Mr,I EepecrruTaJrr,r gToT oKyJrrp, [cloJrr,3oBaB
oreqecrBeHHbre creKrra'lK4 u TO2; ero a6eppaqr.ru AaHbr B Ta6r. 10, crpoKa 5 (puc. 8).
flapauerpu oKyJlflpa AaHbI B ta6r. 14. Oveonguo, oKynrp r4Meer xopouee rcrpaBJreHrle
IloJreBblx a6eppaquft, KpoMe KpI,IBI{3HEI florq rl xpoMarr{3Ma yBerl{rreHr,rr, Koropbre
AoBoJIbHo 3HaqI,ITerbHLI. MbI [o[bITaJII,Icb yJIyquI{Tb r,rcnpaBJreHr,re gTl,rx a6eppaquri,
oIrTI{MI{3LIpyff clrcTeMy Ha 3BM c [oMoIIIbro c[el{}IaJrbHori nporparvrubr. flapaMeTpr,r
[oryqeHHoft crrcreMbr AaHr,r B ra6n. 15, a6eppaq[u - B Ta6Jr. 10, crpoxa 6. Ovenuguo, n
[oJryqeHHoM oKyJrrpe cyqecTBeHHo yflyqur,urocb r,rcflpaBJreHr,re Ha ocu, xpoMaTr43M
yBeJrI,IrreHI,L [paKTI{TIeCKLI }IClpaBJreH, Kpr{Br,r3Ha floJrfl TaK)<e yMeHr,trrr{rlacb; floJre 3peHr.rJt
ocTaJlocb [paKTI4rIecKII [pe)KHI{M - [oprAKa 80o. Pa6oqee paccTosH[e gTr4x oco6o
rll4poKoyrorbHbrx oKyJrf,po'r Pe = 20 uu tpu fs = 25 rv,y..

BrtureolracaHHble KoncrpyKluu oKyrqpoB no3Borqror HarlTrr Aocraroqno xopouee pe-
rrreHl{e AJI, Kax(Aofo qacrHoro c]lry\as. E,crecrneuuo, fiapaMerpr,r oKyrqpoB Moryr 6b]Tb
MacIrITa6lIpoBaHr,I K Tpe6yeMol:i Berl,trrl4He QorycHoro paccroflHr,rr (ece nruueolrrcauHbre
oKyJrrpbl IrMeroT $orycuoe paccTofl]f.r[|e fo = 25 M.M'). flpu nu6ope oKynspa crreAyeT pyKo-
BOACTBOBaTbCS CJreAyroqrrMr.r coo6paxeHr4rMr{:

l. Oxyaxpr,r c QoKycnr,rMrr paccroflHrflMvr nopr[Ka 5-7 r.arta r,r MeHee AoJrx<Hbr
I4MeTb gnaqr.rrelrur,rr? BbIHoc 3parlKa P0. B gToM orHotueHrrrr [peA[or{TtrTerrbHbr
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HFI

Ta6nuqa 14

Cnepxurupoxoyrolr,xrtfi oxY.neP

f0- 25,0 uM, Pn = 20122 uur 261 = {15o, so = 6,73 mu

r, MM d, ur'r n r, MM d, lru n

39,s80
44,761

45,279

22,640

6,314
0,1 54

2,31

18,789

-22,640
400,74

37,579
76,08 r

2,3t
0,154

5,390

1,61884 (TK4)
. 1,0

1,68747 (tO2)
1,61884 (TK4)

1,68'.147 $42)
1,0

1,61884 (TK4)

Ta6nuqa 1-5

Illupoxoyroltltblfi oKYnfl P,

f0 = 2510 rrnrr, P6 = 23,0 ulr.r 2co = 80o, s0 = 3,24 lrnr

32,885

-301,7t9
35,50
16,475

6,353

0,1 58

2,328
18,901

1,62 CrKl6)
1,0

r,74649 $A?)
152 (TK16)

-44,765
r703,15

26,656
41,01

2,328
0,1 58

11,621

t;74649 ('t@'1)

1,0

1,62 (TK16)

opTocKo[r{TIeCKLIIi oKyr{p, oKylqpbl c BbIHeceHHbIM 3parIKoM I'r 3p$'ne, a TaKx(e HoBbIe

oKyflqpr,r rr,r[a IOI'I II Ixl{poKoyroJrbHble (cu. ra6n. 2 w ra6t. l0).
2. Harrry.r-ee r{c[paBJreHrre Arrcropcrlr,r r,rMe]or KJlaccuqecKrre oKyJr{pbt Paucgeua u

oprocKolr4rrecK[I:I (CM. r a6t, 2).
3. [nx cBerocr{Jrbur,rx rr cBepxcBeroclrJrbHblx o6berrr.rsos HaI4rytIuLIMW fir;tsrorcr- t]114'

poKoyroJrbubre oKylqpbr (cu. ra6n. 10); na BTopoM Mecre crol{T KraccflqecKuri clruuet-
pr,rqHbui oKyrqp (o'4. ta6n.2).

4. Klaccl.r.recKr{e oKyrqpbr, 3a lrcKJr}oqeHLIeM oKyrqpoB ltofireuca, cl{MMerpl.ItlHoro tr

3p$le, rrMex)T [ocrarorrHo rrJrocKoe flone (Ta6n. 2); nosrle oKyJIrpbI B sToM orHoIrIeHI'IlI

MeHee 6rarOnpux'rHbl B[poqeM, cJIeAyeT I,IMeTr, B BI{Ay, rITO KpI{BII3Ha rrorrq [pI'I BI{-

3yaJrr,Hr,rx Ha6rroAenr.rqx o6brqHo KoMfleHcr.rpyercq aKKoMoAaql{efi tna3a Ha6JIroAareJlfl.

5. A6eppaqrloHHr,Ie fltrHa HarrMeHblrrero paccefl:flilfl' 6'no nolro 3peHlrfl xyx<e Bcero B

KJraccurrecKoM oKyrqpe lrcrirenca r{ Har,rJlytlmr,re B HoBbIx oKyJlflpax, oco6euHo B lxlrpoKo-
yrorrLHblx (cr'4. ta6l. 2 u ra6t. lO).

6. Hau6onuurrM xpoMarr{3MoM yBerr4rreuraq 06raflaer oKyrqp Paucgeua IxI{poKoyroJlb-
rrbrri, a raKx(e KJlaccrlqecKtlri oxynap Pavcgeua (o''1. 'ra6n. 2 u ra6n. l0).

"l . Hau6onturee rroJre3Hoe rroJre 3peHrrfl (80"--85') I{Metor cBepxuupoKoytoJlbuEII? tl
lxrrpoKoyroJrbHllli OKyJIrIprr (cr'4. ra6n. I0).

Anropu rpr{3HarenbHtr B.I,1. flpouury u IL[I. fio6poupautuy 3a rpocMorp pyKorlrcrr I4

rleHHr,re yKa3aHWs,.

Illnut 1992r.
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