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NGC 4151: ÈÍÔÐÀÊÐÀÑÍÀß ÔÎÒÎÌÅÒÐÈßÂ 1985�1996 ãã.
Infrared photometry in 1985�1996.

Abstract. The results of the JHKL photometry of the central 12′′ region of the Seyfert
galaxy NGC 4151 (type Sy 1.5), carried out in 1985�1996, are presented.

Óñòàíîâëåíî, ÷òî á�îëüøóþ ÷àñòü ñâîåé ýíåðãèè ñåéôåðòîâñêèå ãàëàêòèêè èçëó÷àþò
â ÈÊ-äèàïàçîíå â ðåçóëüòàòå ïîãëîùåíèÿ è ïåðåèçëó÷åíèÿ çíà÷èòåëüíîé ÷àñòè
îïòè÷åñêîãî è óëüòðàôèîëåòîâîãî èçëó÷åíèÿ ÿäðà. Ñåéôåðòîâñêàÿ ãàëàêòèêà NGC 4151
äîñòàòî÷íî ÿðêà â áëèæíåì ÈÊ-äèàïàçîíå, åå íàáëþäåíèÿ ìîæíî ïðîâîäèòü ñ âûñîêîé
òî÷íîñòüþ, ÷òî, â ñâîþ î÷åðåäü, ïîçâîëÿåò ïîëó÷èòü íàäåæíûå îöåíêè ôèçè÷åñêèõ
ïàðàìåòðîâ ãàëàêòèêè. JHKL-ôîòîìåòðèÿ NGC 4151 íà÷àòà íàìè â 1985 ã., è ê ìàþ
1996 ã. ãàëàêòèêà íàáëþäàëàñü îêîëî 40 íî÷åé.

Íàáëþäåíèÿ ïðîâîäèëèñü íà 1.25-ì òåëåñêîïå Êðûìñêîé ñòàíöèè ÃÀÈØ ïðè
ïîìîùè InSb ôîòîìåòðà. Óãëîâîé äèàìåòð âûõîäíîé äèàôðàãìû 12′′, ïðîñòðàíñòâåííîå
ðàçäåëåíèå ïó÷êîâ ïðè ìîäóëÿöèè ñîñòàâëÿëî 30′′, è, ñëåäîâàòåëüíî, ÈÊ-ÿðêîñòü
öåíòðàëüíîé ÷àñòè ãàëàêòèêè îïðåäåëÿëàñü ïî îòíîøåíèþ ê ÿðêîñòè ïåðèôåðèéíîé
÷àñòè, ðàñïîëîæåííîé â 30′′ îò öåíòðà. Ïðîâåäåííûå íàáëþäåíèÿ ïåðèôåðèéíûõ
îáëàñòåé ãàëàêòèêè ïîêàçàëè, ÷òî èõ JHKL-ïîòîêè íå ïðåâûøàþò ïîðîãîâûõ
çíà÷åíèé. Â êà÷åñòâå ôîòîìåòðè÷åñêèõ ñòàíäàðòîâ èñïîëüçîâàëèñü çâåçäû BS 4550 (äî
ìàðòà 1994 ã.) è BS 4845 (ñ ìàðòà 1994 ã.). Ðåçóëüòàòû ôîòîìåòðèè ãàëàêòèêè ïðèâåäåíû
íà ðèñ. 1�4, íà êîòîðûõ ïðåäñòàâëåíû JHKL-êðèâûå áëåñêà ãàëàêòèêè çà 1985�1996
ãã., êðèâûå èçìåíåíèé ïîêàçàòåëåé öâåòà (J−K) è (K−L) çà òî æå âðåìÿ, äâóõöâåòíûå
äèàãðàììû [(J−H), (H−K)] è çàâèñèìîñòü èçìåíåíèé J-áëåñêà îò ïîêàçàòåëÿ öâåòà
(J−K).

Àíàëèçèðóÿ äàííûå, ïðåäñòàâëåííûå íà ðèñóíêàõ, ìîæíî ñäåëàòü ñëåäóþùèå
ïðåäâàðèòåëüíûå âûâîäû:

1. Áëåñê 12′′ öåíòðàëüíîé îáëàñòè ãàëàêòèêè NGC 4151 ñ 1985 ã. ïî 1996 ã.
óâåëè÷èëñÿ, ïðè÷åì àìïëèòóäà L-áëåñêà ñîñòàâèëà îêîëî 1.m2, à J-áëåñêà 0.m6. Äðóãèìè
ñëîâàìè, ïðè óâåëè÷åíèè áëåñêà öåíòðàëüíîé îáëàñòè, ãàëàêòèêà ñòàëà êðàñíåå. Òàêèå
èçìåíåíèÿ áëåñêà è öâåòà îçíà÷àþò, ÷òî â èçëó÷åíèè 12′′ îáëàñòè ãàëàêòèêè ïðèìåðíî
ñ 1990 ã. íà÷àë ïðîÿâëÿòüñÿ õîëîäíûé èñòî÷íèê èçëó÷åíèÿ.

2. Åñëè ïðåäïîëîæèòü, ÷òî JHKL-èçëó÷åíèå 12′′ îáëàñòè ãàëàêòèêè ÿâëÿåòñÿ
÷åðíîòåëüíûì, òî â 1985�1988 ãã. ñðåäíèé ïîêàçàòåëü öâåòà (J − K) ñîñòàâëÿë
ïðèìåðíî 0.m43, è ýòà âåëè÷èíà ñîîòâåòñòâóåò èçëó÷åíèþ ÷åðíîãî òåëà ñ òåìïåðàòóðîé
îêîëî 6000 Ê, â 1994�1996 ãã. ñðåäíÿÿ âåëè÷èíà (J −K) ñîñòàâëÿåò ïðèìåðíî 0.m7,
è ÷åðíîòåëüíàÿ òåìïåðàòóðà ñîñòàâëÿåò îêîëî 4500 Ê; ñëåäîâàòåëüíî, ÷åðíîòåëüíàÿ
òåìïåðàòóðà äîïîëíèòåëüíîãî èñòî÷íèêà ∼3500 Ê.

3. Êîëåáàíèÿ JHKL-áëåñêà â 1985�1988 ãã. (ðèñ. 4, øòðèõîâàÿ ëèíèÿ I) è
1994�1996 ãã. (òîò æå ðèñóíîê, ëèíèÿ II) ìîæíî îáúÿñíèòü ïåðåìåííûì ïûëåâûì
êîìïîíåíòîì; ïðè ýòîì, åñëè ïûëåâûå ÷àñòèöû â ïûëåâîì îáðàçîâàíèè òèïà
ìåæçâåçäíûõ, òî èçìåíåíèÿ áëåñêà â ïåðâûé èíòåðâàë íàáëþäåíèé ñîîòâåòñòâóþò
èçìåíåíèÿì ïîêàçàòåëÿ öâåòà E(B−V ) íà 0.m6, à âî âòîðîé èíòåðâàë � íà 0.m3.

Ðåçóëüòàòû äåòàëüíîãî àíàëèçà íàøèõ íàáëþäåíèé áóäóò îïóáëèêîâàíû.

Astron. Tsirkulyar � 1557 3 October 1998



Ðèñ. 1. Èçìåíåíèÿ JHKL-áëåñêà
NGC 4151 â 1985�1996 ãã.

Ðèñ. 2.Èçìåíåíèÿ ïîêàçàòåëåé öâåòà
NGC 4151 â 1985�1996 ãã. Òðåóãîëüíèêè
îòíîñÿòñÿ ê (J −K), êâàäðàòèêè � ê
(K−L).

Ðèñ. 3. Äâóõöâåòíàÿ äèàãðàììà [(J−H),
(H −K)] äëÿ NGC 4151. Êâàäðàòèêè �
íàáëþäåíèÿ ãàëàêòèêè â 1985�1996 ãã.,
bb � ïîêàçàòåëè öâåòà äëÿ èçëó÷åíèÿ
àáñîëþòíî ÷åðíîãî òåëà.

Ðèñ. 4. Äèàãðàììà áëåñê�öâåò ïî
íàáëþäåíèÿì ãàëàêòèêè NGC 4151 â
1985�1996 ãã. Øòðèõîâûå ëèíèè (I) è
(II) îòíîñÿòñÿ ê èçìåíåíèÿì J-áëåñêà
è ïîêàçàòåëÿ öâåòà (J−K) â ñëó÷àå,
êîãäà íà ëó÷å çðåíèÿ åñòü ïûëåâàÿ
îáîëî÷êà/îáëàêî ñ ïûëåâûìè ÷àñòèöàìè,
ïîäîáíûìè ìåæçâåçäíûì. Äëèíà ëèíèè
(I) ñîîòâåòñòâóåò E(B−V ) = 0.3, ëèíèè
(II) � E(B−V ) = 0.6.

Ãîñ. àñòðîí. èí-ò Î.Ã. Òàðàíîâà, Â.È. Øåíàâðèí, À.Ý. Íàäæèï
èì. Ï.Ê. Øòåðíáåðãà O.G. Taranova, V.I. Shenavrin, A.E. Nadzhip
119992 Ìîñêâà
taranova@sai.msu.ru
Ïîñòóïèëà â ðåäàêöèþ 25 îêòÿáðÿ 1996 ã.
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ÌÎÄÅËÜ ÐÀÑÏÐÅÄÅËÅÍÈß SNe Â ÑÏÈÐÀËÜÍÎÉ ÃÀËÀÊÒÈÊÅ
Model distribution Of SNe in a spiral galaxy

Abstract. A model distribution of type II supernovae in the disc of a spiral galaxy is
presented. The radial distribution of the SNe surface density and their distribution perpen-
dicularly to spiral arms are modeled.

Ïðè ìîäåëèðîâàíèè ýâîëþöèè ðàçëè÷íûõ ãàëàêòè÷åñêèõ îáúåêòîâ ïðåäñòàâëÿþò
èíòåðåñ íå òîëüêî òàêèå èíòåãðàëüíûå õàðàêòåðèñòèêè âñåé ïîïóëÿöèè, êàê îáùåå êîëè-
÷åñòâî îáúåêòîâ, èõ ñóììàðíàÿ ìàññà è ñâåòèìîñòü, íî è èõ ïðîñòðàíñòâåííîå ðàñïðåäå-
ëåíèå.

Ñòðîèëîñü ðàñïðåäåëåíèå äëÿ çàâèñèìîñòè ïîâåðõíîñòíîé ïëîòíîñòè σ îò ðàäèóñà,
êîòîðîå ñðàâíèâàëîñü ñ íàáëþäåíèÿìè (O.S. Bartunov, I.N. Makarova and D.Yu. Tsvetkov,
A&A. 1992, 264, 428) (ñì. ðèñ. 1a). Ïîâåðõíîñòíàÿ ïëîòíîñòü ââîäèëàñü ñîãëàñíî òîé
æå ðàáîòå: σi = Ni/π(2i − 1)4 kpc2, ãäå Ni = 0.5ni + 0.25(ni−1 + nn+1), ni � êîëè÷åñòâî
îáúåêòîâ â i-ì áèíå.

Ðèñ. 1à Ðèñ. 1b

Astron. Tsirkulyar No. 1557 5 October 1998



Òàêæå áûëî ïîñòðîåíî ðàñïðåäåëåíèå âñïûøåê SN ïåðïåíäèêóëÿðíî ñïèðàëüíîìó
ðóêàâó (ðèñ. 1b). Îòñëåæèâàëîñü ìåñòîïîëîæåíèå çâåçä â äèàïàçîíå ìàññ îò 1.6M¯ äî
63M¯. Ñïåêòð ìàññ � ñîëïèòåðîâñêèé (α = 2.35).

Ðàññìàòðèâàëèñü äâóõðóêàâíûå ãàëàêòèêè. Çâåçäû ðîæäàëèñü òîëüêî â ñàìîé
ñïèðàëè ñî ñëó÷àéíûìè ñêîðîñòÿìè, ðàñïðåäåëåííûìè ïî Ìàêñâåëëó. Íàèáîëåå
âåðîÿòíàÿ ñêîðîñòü, Vnv, ïðèíèìàëàñü ðàâíîé 30 êì/ñ (ìàëûå èçìåíåíèÿ ýòîãî
ïàðàìåòðà íå îêàçûâàëè çíà÷èòåëüíîãî âëèÿíèÿ íà ðåçóëüòàòû).

Íà ðèñ. 1a ïðåäñòàâëåíû ðàñïðåäåëåíèÿ ïëîòíîñòè ÷èñëà âñïûøåê äëÿ äèñêà ñ
ïëîòíîñòüþ, óáûâàþùåé ïî çàêîíó exp(−r) (I) è ïî çàêîíó 1/r (II). Äëÿ ýêñïîíåíöèàëüíîãî
äèñêà áûëî ïðîâåäåíî óñðåäíåíèå ïî óãëó çàêðóòêè α (Ê. Ðîëüôñ, Ëåêöèè ïî òåîðèè
âîëí ïëîòíîñòè, Ì.: Ìèð, 1980). Êðèâûå III è IV ïðåäñòàâëÿþò ñîáîé íàáëþäàåìûå
ðàñïðåäåëåíèÿ äëÿ ñâåðõíîâûõ òèïà II è äëÿ ñóììàðíîãî ðàñïðåäåëåíèÿ ñâåðõíîâûõ
âñåõ òèïîâ.

Êðèâûå äëÿ ýêñïîíåíöèàëüíîãî äèñêà õîðîøî îïèñûâàþò íàáëþäåíèÿ.
Àâòîð âûðàæàåò ïðèçíàòåëüíîñòü Î.Ñ. Áàðòóíîâó è Â.Ì. Ëèïóíîâó.

Ãîñ. àñòðîí.èí-ò Ñ.Á. Ïîïîâ
èì.Ï.Ê. Øòåðíáåðãà S.B. Popov
119899 Ìîñêâà Â-234
Ïîñòóïèëà â ðåäàêöèþ 10 îêòÿáðÿ 1994 ã.
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ÏÐÎÑÒÐÀÍÑÒÂÅÍÍÀß ÏËÎÒÍÎÑÒÜ ÒÅÑÍÛÕ ÄÂÎÉÍÛÕ
ÇÂÅÇÄ Â ÎÊÐÅÑÒÍÎÑÒÈ ÑÎËÍÖÀ

Spatial Density of Close Binary Stars in the Solar Neighbourhood
Abstract. The spatial density of close binary stars in early evolutionary stages are

evaluated taking into account the e�ects of observational selection. The spatial density of
these stars is about 15% of the total star mass density in the solar neighbourhood.

Ñâåäåíèÿ î ïðîñòðàíñòâåííîé ïëîòíîñòè äâîéíûõ çâåçä âàæíû äëÿ
òåîðèè çâåçäîîáðàçîâàíèÿ è òåîðèè ýâîëþöèè çâåçä. Îíè ïðåäñòàâëÿþò ñîáîé
¾íàáëþäàòåëüíûé ìàòåðèàë¿, ñ êîòîðûì ñðàâíèâàþòñÿ ðåçóëüòàòû òåîðåòè÷åñêèõ
ðàñ÷åòîâ.

Â äàííîé ðàáîòå èññëåäîâàëèñü òåñíûå äâîéíûå çâåçäû (ÒÄÇ), íàõîäÿùèåñÿ
íà ðàííèõ ñòàäèÿõ ýâîëþöèè. Òàêèå ÒÄÇ ìîãóò íàáëþäàòüñÿ êàê çàòìåííûå
ïåðåìåííûå. Â êà÷åñòâå íàáëþäàòåëüíîãî ìàòåðèàëà èñïîëüçîâàëèñü ñâåäåíèÿ î 3795
çàòìåííûõ ïåðåìåííûõ çâåçäàõ (ÇÏÇ) èç ¾Êàòàëîãà ïðèáëèæåííûõ ôîòîìåòðè÷åñêèõ
è àáñîëþòíûõ ýëåìåíòîâ çàòìåííûõ ïåðåìåííûõ çâåçä¿ Ì.À. Ñâå÷íèêîâà è
Ý.Ô. Êóçíåöîâîé, êîòîðûé ñîäåðæèò íàèáîëåå ïîëíûå ñâåäåíèÿ î ÇÏÇ.

Â äàííîì êàòàëîãå âñå ÇÏÇ ðàçäåëåíû ïî ñëåäóþùèì òèïàì:
ÐÃÏ � ðàçäåëåííûå ñèñòåìû ãëàâíîé ïîñëåäîâàòåëüíîñòè (ÃÏ), ãäå îáà êîìïîíåíòà

ÿâëÿþòñÿ çâåçäàìè ÃÏ, íå çàïîëíÿþùèìè ñâîè âíóòðåííèå êðèòè÷åñêèå ïîâåðõíîñòè
(ÂÊÏ);

ÏÐ � ïîëóðàçäåëåííûå ñèñòåìû, ãäå áîëåå ìàññèâíûé êîìïîíåíò ÿâëÿåòñÿ çâåçäîé
ÃÏ, à ìåíåå ìàññèâíûé ñïóòíèê � ñóáãèãàíòîì, áëèçêèì ïî ðàçìåðàì ê ñâîåé ÂÊÏ;

ÊÐ � êîíòàêòíûå äâîéíûå ñèñòåìû ðàííèõ ñïåêòðàëüíûõ êëàññîâ, ãäå îáà
êîìïîíåíòà áëèçêè ê ñâîèì ÂÊÏ, ïåðèîäû ïðåâîñõîäÿò 0.d5, ñïåêòðû ãëàâíûõ
êîìïîíåíòîâ íå ïîçäíåå, ÷åì F0 � F2, ãëàâíûå êîìïîíîíòû è ñïóòíèêè ìàññèâíûõ ÊÐ-
ñèñòåì áëèçêè ê ÃÏ, à ñïóòíèêè ìàëîìàññèâíûõ ÊÐ-ñèñòåì ëåæàò íåñêîëüêî ïðàâåå ÃÏ
è â áîëüøèíñòâå ñâîåì îòíîñÿòñÿ ê ñóáãèãàíòàì;

KW � êîíòàêòíûå ñèñòåìû òèïà W UMa, ãäå îáà êîìïîíåíòà ñðàâíèòåëüíî áëèçêè
ê ñîîòâåòñòâóþùèì ÂÊÏ, ïåðèîäû êîðî÷å 0.d5, ñïåêòðû ãëàâíûõ êîìïîíåíòîâ áîëåå
ïîçäíèå, ÷åì F0, áîëåå ìàññèâíûå êîìïîíåíòû áëèçêè ê ÃÏ, à áîëüøèíñòâî ñïóòíèêîâ
ðàñïîëîæåíî ëåâåå ÃÏ;

∼KW � ñèñòåìû, ïîäîáíûå KW � ìàëîìàññèâíûå ñèñòåìû (F�K), íå ÿâëÿþùèåñÿ
êîíòàêòíûìè, íî áîëåå òåñíûå, ÷åì ÐÃÏ-ñèñòåìû ñ òàêèìè æå ìàññàìè, è ñõîäíûå
ïî ìíîãèì õàðàêòåðèñòèêàì ñ ñèñòåìàìè òèïà ÊW. Íàáëþäàåìàÿ ÷èñëåííîñòü ÇÏÇ
ðàçëè÷íûõ òèïîâ ïðèâåäåíà â Òàáë. 1.

Òàáëèöà 1

Òèï ÇÏÇ ÐÃÏ ÏÐ ÐÑ ÊÐ ÊW ∼ÊW Âñåãî
N 434 2200 237 467 304 153 3795
% 11.4 58.0 6.3 12.3 6.0 4.0 100

Êàê âèäíî èç òàáëèöû, ñðåäè íàáëþäàåìûõ ÇÏÇ íàèáîëåå ìíîãî÷èñëåííû
ñèñòåìû ñ ñóáãèãàíòàìè (∼65% îò îáùåãî ÷èñëà ÇÏÇ), ò.å. ïðîýâîëþöèîíèðîâàâøèå
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ñèñòåìû. Îäíàêî íàáëþäàòåëüíûå äàííûå ñèëüíî èñêàæåíû ýôôåêòîì íàáëþäàòåëüíîé
ñåëåêöèè è íå îòðàæàþò èñòèííîé ÷èñëåííîñòè èññëåäóåìûõ ñèñòåì. Íàìè ïðè
îöåíêå ïðîñòðàíñòâåííîé ïëîòíîñòè ÒÄÇ áûëè ó÷òåíû ýôôåêòû íàáëþäàòåëüíîé
ñåëåêöèè, ñâÿçàííûå ñ âåðîÿòíîñòüþ îòêðûòèÿ ÒÄÇ êàê çàòìåííûõ ïåðåìåííûõ
(Ì.À. Ñâå÷íèêîâ, Î.Â. Åðåòíîâà, Àñòðîíîìî-ãåîäåç. èññëåä., Ñâåðäëîâñê, 1991, ñ.75
è 88), à òàêæå ñ íåïîëíîòîé èññëåäóåìîé âûáîðêè (Î.Â. Åðåòíîâà, Ì.À. Ñâå÷íèêîâ,
Àñòðîíîìî-ãåîäåç. èññëåä., Åêàòåðèíáóðã, 1993, ñ.72). Âåðîÿòíîñòè îòêðûòèÿ ÒÄÇ êàê
çàòìåííûõ ïåðåìåííûõ âïåðâûå áûëè âû÷èñëåíû ïî èíäèâèäóàëüíûì êðèâûì áëåñêà
â çàâèñèìîñòè îò q, M1, A è i.

Â òàáë. 2 â ïåðâûõ äâóõ ñòðîêàõ ïðåäñòàâëåíû ïîëó÷åííûå çíà÷åíèÿ ïðîñòðàíñòâåííûõ
ïëîòíîñòåé ÒÄÇ ðàçëè÷íûõ òèïîâ è èõ äîëÿ îò ïîëíîé ïðîñòðàíñòâåííîé ïëîòíîñòè
ÒÄÇ. Äàëåå, çíàÿ ñðåäíèå çíà÷åíèÿ M1 è M2 äëÿ ÒÄÇ ðàçëè÷íûõ òèïîâ, ìû îöåíèëè
ïðîñòðàíñòâåííóþ ïëîòíîñòü çâåçä�êîìïîíåíòîâ ÒÄÇ η, âûðàæåííóþ â M¯/ïê3.

Òàáëèöà 2

Òèï ÇÏÇ ÐÃÏ ÏÐ ÐÑ ÊÐ ÊW ∼ÊW Âñå
n · 10−6 ïê−3 660 160 20 60 290 100 1190

n, % 51.2 12.4 1.5 4.65 22.5 7.75 100
η · 10−6M¯/ïê3 1700 305 45 131 452 178 2810

Êàê âèäíî èç òàáëèö, ïîñëå ó÷åòà ýôôåêòîâ íàáëþäàòåëüíîé ñåëåêöèè äîëÿ
ÒÄÇ ðàçëè÷íûõ òèïîâ îò èõ îáùåãî ÷èñëà âåñüìà ñóùåñòâåííî èçìåíèëàñü. Ñèëüíî
óìåíüøèëñÿ ïðîöåíò ïðîýâîëþöèîíèðîâàâøèõ ÏÐ- è ÐÑ-ñèñòåì. Ñèñòåì ÐÃÏ, åùå íå
ïðîøåäøèõ ñòàäèè ¾ïåðåìåíû ðîëåé¿ êîìïîíåíòîâ, ïðèìåðíî â 3.5 ðàçà áîëüøå. ÷åì
ÏÐ- è ÐÑ-ñèñòåì âìåñòå âçÿòûõ. Ýòî êà÷åñòâåííî ñîãëàñóåòñÿ ñ òåîðèåé ýâîëþöèè
ÒÄÇ, ñîãëàñíî êîòîðîé ñòàäèÿ ïåðâîãî îáìåíà ìàññ â ÒÄÇ çíà÷èòåëüíî êîðî÷å,
÷åì âðåìÿ ïðåáûâàíèÿ èõ â ñòàäèè ÐÃÏ. Áîëüøîå ÷èñëî KW-ñèñòåì. ïî-âèäèìîìó,
ñâèäåòåëüñòâóåò îá èíîì ìåõàíèçìå èõ ïðîèñõîæäåíèÿ, íàïðèìåð, â ðåçóëüòàòå ïîòåðè
ÒÄÇ óãëîâîãî ìîìåíòà ïîä âîçäåéñòâèåì çâåçäíîãî âåòðà.

Ïðåäñòàâëÿåò èíòåðåñ ñðàâíåíèå ïðîñòðàíñòâåííîé ïëîòíîñòè ÒÄÇ ñ îêîëîñîëíå÷íîé
çâåçäíîé ïëîòíîñòüþ. Ñîãëàñíî Ê.Ó.Àëëåíó (Àñòðîôèçè÷åñêèå âåëè÷èíû, Ì., Ìèð,
1977, ñ. 446), íà äîëþ çâåçä ñïåêòðàëüíûõ êëàññîâ O�K ïðèõîäèòñÿ îáùàÿ ïëîòíîñòü
∼ 18.8 · 10−3M¯/ïê3 (çâåçä ñïåêòðàëüíîãî êëàññà M ñðåäè íàáëþäàâøèõñÿ ÇÏÇ ïî÷òè
íå âñòðå÷àåòñÿ). Íàéäåííàÿ æå ïëîòíîñòü âñåõ ÒÄÇ, íàõîäÿùèõñÿ íà ðàííèõ ñòàäèÿõ
ýâîëþöèè, ñîñòàâëÿåò ∼ 2.8 · 10−3M¯/ïê3 (Òàáë. 2). Ñëåäîâàòåëüíî, â îêîëîñîëíå÷íîì
ïðîñòðàíñòâå ïðèìåðíî 15% çâåçä âõîäÿò â ÒÄÇ, íàõîäÿùèåñÿ íà ðàííåé ñòàäèè
ýâîëþöèè.
×åëÿáèíñêèé ãîñ. óí-ò Î.Â. Åðåòíîâà Ì.À. Ñâå÷íèêîâ
434136 ×åëÿáèíñê O.V. Eretnova M.A. Svechnikov
Ïîñòóïèëà â ðåäàêöèþ 25 èþëÿ 1994 ã.
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ÎÁ ÎÄÍÎÌÎÄÀËÜÍÎÑÒÈ ÔÓÍÊÖÈÈ
ÌÅÒÀËËÈ×ÍÎÑÒÈ ØÀÐÎÂÛÕ ÑÊÎÏËÅÍÈÉ

On Unimodality of the Globular Cluster Metallicity Function
Abstract. Probability considerations show that secondary peaks in the metallicity func-

tion of globular clusters have no statistical signi�cance.
Â ðÿäå ðàáîò îòìå÷àëîñü, ÷òî â ôóíêöèè ìåòàëëè÷íîñòè øàðîâûõ ñêîïëåíèé (ØÑ),

êðîìå ãëàâíîãî ìèíèìóìà, åñòü åøå âòîðè÷íûå ïèêè (ñì. íàïðèìåð, Ë.Ñ. Ìàðî÷íèê,
À.À. Ñó÷êîâ. Ãàëàêòèêà. Ì., Íàóêà, 1984 è ññûëêè òàì æå; R. Zinn, JRAS Can, 1990,
84, 89; S. van den Bergh, ApJ, 1993, 411, 178). Îòñþäà ñäåëàí âûâîä î íåñêîëüêèõ
àêòèâíûõ ôàçàõ ýâîëþöèè Ãàëàêòèêè,êîòîðûå ÷åðåäîâàëèñü ñ ýïîõàìè ïîäàâëåíèÿ
çâåçäîîáðàçîâàíèÿ.

Ñåðüåçíîñòü ýòîãî ðåçóëüòàòà î÷åâèäíà. Ïîýòîìó ñëåäîâàëî áû ïðîâåðèòü, íàñêîëüêî
äîñòîâåðíû ôàêòè÷åñêèå äàííûå, ò.å. èìåþò ëè âòîðè÷íûå ïèêè ñòàòèñòè÷åñêóþ çíà÷è-
ìîñòü. Ýòî è ñîñòàâëÿåò öåëü äàííîé ðàáîòû.

Íà Ðèñ. 1 ïîêàçàíà ôóíêöèÿ ìåòàëëè÷íîñòè 128 ØÑ ïî äàííûì íàèáîëåå ïîëíîãî
íà ñåãîäíÿøíèé äåíü ñïèñêà (N.B. Suntze�, T.D. Kinman, R.P. Graft, ApJ, 1991, 367,
528). Çàìåòåí âòîðè÷íûé ïèê âûñîòîé â 9 åäèíèö â îáëàñòè ìåòàëëè÷íîñòè −0.6 →
−0.5. Åñòåñòâåííî çàäàòüñÿ âîïðîñîì, íå ìîæåò ëè îí áûòü ðåçóëüòàòîì ñëó÷àéíîé
ôëóêòóàöèè.

Íà Ðèñ. 2 ïîêàçàíî òî æå ðàñïðåäåëåíèå, â êîòîðîì, îäíàêî, íà÷àëî èíòåðâàëà
ïåðåíåñåíî íà 0.05 ïî ìåòàëëè÷íîñòè. Êàê âèäíî, êàðòèíà óæå íåñêîëüêî èçìåíèëàñü.

Òåïåðü ðàññìîòðèì òîëüêî ïðàâóþ ÷àñòü Ðèñ. 1 â îáëàñòè îò −1.20 äî −0.20. Çäåñü
âñåãî 42 ØÑ, à ÷èñëî èíòåðâàëîâ ðàâíî 10. Åñëè áû ðàñïðåäåëåíèå â äàííîé îáëàñòè
áûëî ðàâíîìåðíûì, íà êàæäûé èíòåðâàë ïðèøëîñü áû ïî 4ØÑ. Êàêîâà æå âåðîÿòíîñòü
òîãî, ÷òî ïðè ðàâíîìåðíîì ðàñïðåäåëåíèè ãèïîòåòè÷åñêîé ãåíåðàëüíîé ñîâîêóïíîñòè â
îäíîì èç èíòåðâàëîâ ïîÿâèòñÿ ïèê â 9 åäèíèö?

Ëåãêî âèäåòü, ÷òî âîïðîñ ìîæíî ñâåñòè ê çàäà÷å î áðîñàíèè 10-ãðàííîãî êóáèêà.
Ïîëüçóÿñü èçâåñòíîé ôîðìóëîé Pm,n = Cm

n pmqn−m, ïîäñòàâëÿÿ m = 9, n = 42, p = 0.1,
q = 1 − p è ñóììèðóÿ ïî âñåì ãðàíÿì, íàõîäèì, ÷òî ñîîòâåòñòâóþùàÿ âåðîÿòíîñòü
ðàâíà 14%. Ñþäà íàäî äîáàâèòü åùå p10,42, p11,42 è ò.ä., òàêæå óìíîæåííûå íà 10.
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Òîãäà ïîëó÷àåì 20%. Ýòî çíà÷èò, ÷òî ïèê âûñîòîé íå ìåíåå 9 åäèíèö ñ äîñòàòî÷íîé
âåðîÿòíîñòüþ ìîæåò áûòü ðåçóëüòàòîì ñëó÷àéíîé ôëóêòóàöèè.

Ìîäåëèðîâàíèå ñ ïîìîùüþ ñëó÷àéíûõ ÷èñåë ïîêàçàëî, ÷òî ñðåäè ìîäåëüíûõ
êâàçèñëó÷àéíûõ ðàñïðåäåëåíèé âñòðå÷àþòñÿ òàêèå, êîòîðûå íå ìåíåå âûðàçèòåëüíû,
à èíîãäà äàæå "ëó÷øå ÷åì â äåéñòâèòåëüíîñòè. Îòêàçàâøèñü âîîáùå îò îáúåäèíåíèÿ â
èíòåðâàëû, íàõîäèì, ÷òî ðàñïðåäåëåíèå 42 ØÑ ïî 100 äåëåíèÿì øêàëû ìåòàëëè÷íîñòè
îò −0.20 äî −1.20 ïî÷òè â òî÷íîñòè ïóàññîíîâñêîå.

Èòàê, âñå ýòè ïîäõîäû ïðèâîäÿò ê åäèíñòâåííî âîçìîæíîìó âûâîäó: âòîðè÷íûé
ïèê íå èìååò ñòàòèñòè÷åñêîé çíà÷èìîñòè è ïðåäñòàâëÿåò ñîáîé ðåçóëüòàò ñëó÷àéíîé
ôëóêòóàöèè. Äàëüíåéøåå íàêîïëåíèå äàííûõ è óâåëè÷åíèå îáúåìà âûáîðêè ñ
íåîáõîäèìîñòüþ ïðèâåäåò ê ¾çàìûâàíèþ¿ ýòîãî ïèêà.

Ñîîòâåòñòâåííî âîçíèêàåò âîïðîñ î ôàêòè÷åñêîé îáîñíîâàííîñòè òåõ ôèçè÷åñêèõ
ìîäåëåé, êîòîðûå, êàê íà ôóíäàìåíò, îïèðàþòñÿ íà ïîäîáíûå ïèêè.
Àñòðîíîìè÷åñêàÿ îáñåðâàòîðèÿ À.Ì. Ýéãåíñîí
Ëüâîâñêîãî óíèâåðñèòåòà A.M. Ejgenson
290005 Ëüâîâ, Óêðàèíà
Ïîñòóïèëà â ðåäàêöèþ 27 èþíÿ 1994 ã.
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ÂÑÏÛØÊÀ ÑÈÌÁÈÎÒÈ×ÅÑÊÎÉ ÇÂÅÇÄÛ AG DRA
Â ÈÞÍÅ 1994 ÃÎÄÀ

Flare of the Symbiotic Star AG Dra in June 1994
Abstract. Photometric observations of the symbiotic star AG Dra in the UBVR �lters

were carried out in January and June 1994. An outburst with amplitudes of 2.m28, 1.m78,
0.m99, 0.m57 in UBVR, respectively, was found.

AG Dra ÿâëÿåòñÿ íàèáîëåå àêòèâíîé çâåçäîé ñðåäè ñèìáèîòè÷åñêèõ çâåçä. Èçó÷åíèå
áëåñêà ñèñòåìû ïðåäñòàâëÿåò áîëüøîé èíòåðåñ.

Ïî íàáëþäåíèÿì AG Dra â ñïîêîéíîì ñîñòîÿíèè, ïðîâîäèâøèìñÿ â 1974�1979 ãã.,
L. Meinunger (IBVS, 1979, No. 1611) îáíàðóæèë ïåðèîä èçìåíåíèé áëåñêà â ÓÔ-ëó÷àõ
P = 554d ñ àìïëèòóäîé ∼ 0.m8. Â 1981�1982 ãã. âî âðåìÿ ìàêñèìàëüíîé àêòèâíîñòè
AG Dra, íàáëþäåíèÿ â UBV ïîêàçàëè ðàçíîãî ðîäà êîðîòêî- è äîëãîïåðèîäè÷åñêèå
èçìåíåíèÿ (D. Chochol, L. Hric, A. Skopal, J. Papou�sek, Skalnat�e Pleso Contr., 1984, 12,
261). Â 1984 ã. ïîñëå íåñêîëüêèõ ëåò íèçêîé àêòèâíîñòè ñèñòåìû W. Wenzel (IAU Circ,
1985, No. 4038) îáíàðóæèë âñïûøêó.

Â ÿíâàðå è èþíå 1994 ã. âØÀÎÀÍÀçåðáàéäæàíà íà òåëåñêîïå Öåéññ-600 ïðîâîäèëèñü
ôîòîýëåêòðè÷åñêèå íàáëþäåíèÿ AG Dra â ôèëüòðàõ UBVR. Çâåçäîé ñðàâíåíèÿ
è êîíòðîëüíîé çâåçäîé áûëè âûáðàíû BD+67◦925 è HD 145454. Â òàáëèöå ïðèâåäåíû
ðåçóëüòàòû íàøèõ íàáëþäåíèé.

Òàáëèöà

JD 2449... U B V R n
360.508 10.52 10.99 9.70 1.00 5
364.539 10.54 11.02 9.71 0.97 3
371.497 10.54 11.00 9.71 0.99 3
513.417 8.85 9.90 9.13 1.31 5
515.378 8.61 9.64 8.97 1.39 4
517.470 8.26 9.24 8.72 1.53 3
522.391 8.62 9.73 8.99 1.41 4
523.293 8.33 9.48 8.79 1.54 2
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Êàê âèäíî, â ÿíâàðå 1994 ã. AG Dra íàõîäèëàñü â ñïîêîéíîì ñîñòîÿíèè. Íàáëþäåíèÿ,
ïðîâåäåííûå â èþíå 1994 ã., óêàçûâàþò, ÷òî áëåñê ñèñòåìû âîçðîñ íà 2.m28, 1.m78, 0.m99,
0.m57 â ôèëüòðàõ UBVR, ñîîòâåòñòâåííî; íàèáîëüøåé àìïëèòóäà èçìåíåíèÿ áëåñêà áûëà
â ôèëüòðå U . Ïðè÷èíîé ýòîãî ìîæåò áûòü âñïûøêà, êîòîðàÿ ïðîäîëæàëàñü â ïåðèîä
íàøèõ íàáëþäåíèé (9�19 èþíÿ 1994 ã.).
Àñòðîôèçè÷åñêàÿ îáñåðâàòîðèÿ Õ.Ì. Ìèêàèëîâ Kh.M. Mikailov
ÀÍ Àçåðáàéäæàíà Í.À. Ãóñåéíîâ N.A. Huseinov
373243 Øåìàõà, Àçåðáàéäæàí
Ïîñòóïèëà â ðåäàêöèþ 1 àâãóñòà 1994 ã.
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HM ÑÒÐÅËÛ: ÔÎÒÎÃÐÀÔÈ×ÅÑÊÈÅ ÍÀÁËÞÄÅÍÈß,
ÝÂÎËÞÖÈß ÊÐÈÂÎÉ ÁËÅÑÊÀ
HM Sge: Photographic Observations,

Evolution of the Light Curve
Ðåçþìå. Ïðèâåäåíû ðåçóëüòàòû 307 ôîòîãðàôè÷åñêèõ íàáëþäåíèé HM Sge (1960�

1991 ãã.). Êðèâàÿ áëåñêà ïîñëå âñïûøêè ïîêàçûâàåò ñëîæíóþ ýâîëþöèþ îò òèïà β Lyr
(JD 2442625�2443430; n = 43) ñ àìïëèòóäîé ∼ 2m ê àëãîëåïîäîáíîé (JD 2443662�
2444906; n = 125) ñ àìïëèòóäîé 0.m5, D = 0.P 2 ñ çàìåòíûì ýôôåêòîì îòðàæåíèÿ. Ïåðèîä
ýòèõ âàðèàöèé 531.d915 ïîëó÷åí ïåðèîäîãðàììíûì àíàëèçîì íà ÝÂÌ ïî èíôðàêðàñíûì
íàáëþäåíèÿì Î.Ã. Òàðàíîâîé è Á.Ô. Þäèíà è ÿâëÿåòñÿ îïðåäåëåííî îðáèòàëüíûì.
Êðèâàÿ áëåñêà â ÈÊ-äèàïàçîíå îáúÿñíÿåòñÿ ýôôåêòîì îòðàæåíèÿ.

The analysis of the light curve variation of HM Sge was made on the basis of 307 plates
taken with the 40-cm astrograph (Crimean Station of the Sternberg Institute) in 1960�1991.
For brightness estimates, we used comparison stars from the list of standards of R.Noskova
et al. (Variable Stars Suppl., 1979, 3, No. 18, 755). For faint stars, the author made some
corrections in the list.

For an accurate determination of the known period value of 540d, we re-processed 80 IR
observations JD 2443722�2449141 (O.G. Taranova and B.F. Yudin, Pis'ma AZh, 1982, 8,
No. 2, 90, 1982) according to a summary of R.I. Noskova (private communication). Software
used for the period determination was written by the author on the basis of the Dimming
method. A part of the periodogram with the maximum at P = 531.d915 is shown in Fig. 1.
The average light curve with this period value is shown in Fig. 2. All the photographic
observations (JD 2442625�2445500, n = 115) were re-processed with this period.

After the burst of HM Sge in 1975, discovered by O.D. Dokuchaeva, the light curve became
relatively stable starting from JD 2442625. However, there were some variations around the
average level. The rise of light, obtained from pg-observations (Fig. 3), shows some delay.
The average brightness remained constant during this observational interval (Fig. 4). The
light curve of Fig. 4 has an eclipsing appearance with P = 531.d915 and with two minima at
phases of 0.0 and 0.55.

A detailed analysis has shown that the light curve is a superposition of two types of
oscillations. During the �rst three years (JD 2442625�2443430), the light variations reminded
of a β Lyr-type star with an amplitude of up to 2m(Fig. 5). It apparently has eclipses
separated by 0.5P . This can be explained by presence of two dense clouds � presumably,
dust clouds at two opposite sides of the orbit of one of the components (polar ejecta? �
see also J. Solf, A&Ap, 1984, 139, 296). The system of clouds seems to have a precession
motion, because the variability character changes during the next interval JD 2443667�
2444906 (n = 60, Fig. 6). Deep minima vanished; a wide minimum (D = 0.2P ) with a depth
of 0.m5 takes place near phase 0.0. The re�ection e�ect (a brightness rise by 0.m1) is noticeable
at the edges of the main minimum (phases 0.15 and 0.75P ).

Let us return to Fig. 2. On the average light curve, a shallow (∼ 0.m1) minimum in the
infared can be noted. This minimum may be also caused by eclipses at phases 0.P35 and
0.P85.

The eclipsing character of the light curve of HM Sge has a dominating signi�cance. In
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this case, the IR light curve with the amplitude of 2m(Fig. 2) can be with a great probability
caused by the re�ection e�ect.

Since 1982, a light decline of HM Sge down to 12.m7 has been observed; during this interval,
the orbital-period e�ects did not appear completely. A single wave was observed, which could
be caused by the re�ection e�ect. Precession e�ects also took place (O.D. Dokuchaeva and
N.E. Kurochkin, Variable Stars, 1988, 22, No.6, 863).

Photographic observations can be distorted by systematic errors due to the stellar-image
halo and unusual energy distribution in the spectrum. For these reasons, the pg-observations
may be not comparable with the photoelectric ones.

Basing on its variability, HM Sge must be classi�ed as a new class of cataclysmic stars
with nova-like phenomena in bursts. One of the components of such a system with a long
orbital period is usually a giant.

Fig. 1�6

This work was supported by a grant of the Astronomy Program of the Russian Federation
(Project Manager V.P. Goransky).
Ãîñ. àñòðîí. èí-ò Í.Å. Êóðî÷êèí
èì. Ï.Ê. Øòåðíáåðãà N.E. Kurochkin
Ïîñòóïèëà â ðåäàêöèþ 11 èþëÿ 1994 ã.
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ÑÅÐÏÅÍÒÈÄÛ: ÏÎÈÑÊ ÏÛËÅÂÛÕ ÎÁÎËÎ×ÅÊ
Serpentids: A Search for Dust Shells

Ðåçþìå. Àíàëèç ðåçóëüòàòîâ JHKLM -ôîòîìåòðèè òðåõ ñåðïåíòèä è îäíîãî àëãîëÿ
ïîêàçàë, ÷òî â èçëó÷åíèè êàæäîé èç ýòèõ äâîéíûõ ñèñòåì íàáëþäàåòñÿ èçáûòî÷íîå
(ïî îòíîøåíèþ ê èçëó÷åíèþ çâåçä) èçëó÷åíèå â ñïåêòðàëüíîì äèàïàçîíå λ > 3.5 ìêì.
Ïðîâåäåííûå ðàñ÷åòû ïîêàçûâàþò, ÷òî ÈÊ-èçáûòêè ó íàáëþäàåìûõ çâåçä â îñíîâíîì
ñâÿçàíû ñ èçëó÷åíèåì èõ îêîëîçâåçäíûõ ïûëåâûõ îáîëî÷åê. Òåìïåðàòóðà ïûëåâûõ
÷àñòèö â íèõ îêîëî 800 Ê. Îïòè÷åñêàÿ òîëùèíà � ìåíåå 0.02 íà äëèíå âîëíû 1.25 ìêì.

The problem of existence of circumstellar envelopes in W Ser-type stars and other types
of close binary systems is important for the theory of stellar evolution. KX And, RX Cas,
V367 Cyg (W Ser-type stars) and TX UMa (an Algol-type star) were observed in the hope
of detecting the radiation from circumstellar dust envelopes. JHKLM photometry of these
stars was obtained in 1976�1995 at the Crimean Astrophysical Observatory using PbS (before
1985) and InSb photometers attached to the 125-cm telescope during the period of 1976�
1995. Table 1

Mean J magnitudes and colour indices
Star J J −H J −K K − L L−M

5.84 0.48 0.63 0.23 0.05
KX And 0.14 0.08 0.06 0.07 0.15

7 7 7 7 7
6.54 0.59 0.84 0.25 0.02

RX Cas 0.19 0.06 0.03 0.04 0.10
17 17 17 16 16
5.57 0.27 0.45 0.32 0.11

V367 Cyg 0.21 0.04 0.06 0.08 0.14
18 18 18 14 14
6.83 0.19 0.24 0.08 0.27

TX UMa 0.24 0.06 0.07 0.10 0.19
15 15 15 5 5

Standards were selected from the work of Johnson H.L., Mitchel R.I., Iriarte B., Wi�sniewski
W.Z. (CLPL, 1966, 4, 99). The errors of the observations do not exceed 0.m05 in the JHKL
colours and 0.m15 in the M colour for all the stars. The spectral types and radii of the stel-
lar components in these binary systems, distances and interstellar extinction, as well as the
data about orbital periods for them, were taken from the articles: Akan M.C., A&SpSci,
1987, 135, 157; Guinan E.F., Koch R.M., Plavec M.J., ApJ, 1984, 282, 667; Harmanec P.
and Horn J., IBVS, 1977, No. 2823, 4; Taranova O.G., PAZh, 1987, 13, 502). Table 1 lists
average observed values of the J-brightness and colour indices, their rms deviations and the
number of observing nights. It is clear that the rms deviations re�ect mainly the variations
of values due to orbital motion. Figures 1 and 2 show dereddened two-colour plots, both for
observed and normal stars (Koorneef J., A&A, 1983, 128, 84). The solid line (I) in Fig. 1, 2
illustrates the colour indices of a black body (5000 K), surrounded by a dust envelope with
interstellar-type grains at a temperature of 800 K. Points at line I correspond to a change of
the optical thickness from 0 to 0.1 at 1.25 µm. The sizes of the symbols in Fig. 1 and 2 are
close to the errors of the observations.
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From Table 1 and Fig. 1, it follows that the radiation at λλ1.25 − 2.2 µm belongs to
the stellar components of the observed binary systems. For normal stars (B0�K2) without
circumstellar envelopes, the colour indices (K − L) and (L−M) are less than 0.m15 and 0m

respectively. Table 2
Parameters of the dust circumstellar envelopes

Parameter/Star KX And RX Cas V367 Cyg TX UMa
Fd(M), 10−18 W/cm2µm 5 2.7 7.5 1.9
τ(1.25) 0.016 0.024 0.016 (0.015)
Td, K 800 850 950 (900)
Rd, 1013 cm 11 7.5 10 (2)
Ld, 1033 erg/s 20 2 44 1
Md, 1023 g 7 3.3 5.9 (0.2)

Note to Table 2. Fd(M) is the mean �ux of the dust envelope at 5 µm.

Fig. 1 The two-colour (J−K, K−L)0 diagram.
Triangles denote observations of TX UMa, cir-
cles � V367 Cyg, crosses � KX And, squares �
RX Cas. Solid and dashed lines represent nor-
mal stars (Koorneef, 1983).

Fig. 2. The two-colour (L − M, K − L)0

diagram. Notation is the same as in Fig. 1.
Curve (I) see text.

From Table 1 and Fig. 2, we see that all the objects have colour indices (L−M) greater
than 0m, and, consequently, infrared excesses at λ > 3.5 µm are present. Our analysis has
shown that these excesses are due to dust envelopes, while the contribution of radiation of
the gas envelopes is small (less than 20% in the �ux), even for V367 Cyg, which contains the
hottest stellar component. The calculated parameters of the circumstellar dust envelopes for
all the stars observed are listed in Table 2. The data of Table 1 were used for the calculations,
and we supposed that dust grains in the envelopes are similar to interstellar particles.
Ãîñ. àñòðîí. èí-ò èì. Ï.Ê. Øòåðíáåðãà Î.Ã. Òàðàíîâà
119899 Ìîñêâà Â-234 O.G. Taranova
Ïîñòóïèëà â ðåäàêöèþ 25 îêòÿáðÿ 1996 ã.
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ËÓ×ÅÂÛÅ ÑÊÎÐÎÑÒÈ HD 187399 = V1507 CYG
Radial Velocities of HD 187399 = V1507 Cyg

Abstract. HD 187399 is a spectral binary, containing a massive invisible component.
Twelve spectrograms of HD 187399, obtained on the 6-meter telescope during 1982�1983,
are analyzed. Radial velocities are measured for spectral lines of di�erent elements. Balmer
lines of hydrogen have a complex structure: they consist of absorption components of the
B9 star and P Cyg-type pro�les. As a whole, radial velocties, obtained from HeI, SiII, and
MgII lines, follow the orbital curve derived by Merrill (1949).

HD 187399 ïðèíàäëåæèò ê ãðóïïå ñïåêòðàëüíî-äâîéíûõ çâåçä ñ áîëüøèì çíà÷åíèåì
ôóíêöèè ìàññ: f(M) = 2.72, M1/M¯ = 4.0 è M2/M¯ = 6.8 (V.L. Trimble, K.S. Thorne,
1969, ApJ 156, 1013). Ñïåêòðàëüíûé êëàññ ãëàâíîé çâåçäû îöåíåí êàê B9eq (P.S. Swings,
O. Struve, 1943, ApJ 98, 91), ñïåêòð áîëåå ìàññèâíîé çâåçäû íå íàáëþäàåòñÿ, ÷òî
ïîñëóæèëî ïîâîäîì äëÿ ïðåäïîëîæåíèÿ î ïðèñóòñòâèè â ñèñòåìå HD 187399 è äðóãèõ
ïîäîáíûõ ñèñòåìàõ êîëëàïñàðîâ èëè íåéòðîííûõ çâåçä (Ya.B. Zeldovich, O.H. Guseinov,
ApJ, 1965, 144, 840).

Èñïîëüçóÿ 12 ñïåêòðîãðàìì, ïîëó÷åííûõ â 1982�1983 ãã. íà ÎÇÑÏ ÁÒÀ Çåëåí÷óêñêîé
îáñåðâàòîðèè (II êàìåðà, äèñïåðñèÿ 9 �A/ìì), ìû îïðåäåëèëè ëó÷åâûå ñêîðîñòè HD
187399. Ñïåêòðîãðàììû ïðîìåðåíû ñ ïîìîùüþ îñöèëëîñêîïè÷åñêîãî êîìïàðàòîðà ÑÀÎ
ÐÀÍ, ïîñòðîåííîãî íà áàçå ìèêðîôîòîìåòðà. Ìåòîäèêà èçìåðåíèé è äàëüíåéøåé îáðà-
áîòêè ðàçðàáîòàíà â ÑÀÎ Å.Ë. ×åíöîâûì (ñì. Â.Â. Ñîêîëîâ, Å.Ë. ×åíöîâ, Àñòðîôèç.
èññëåä., 1984, 18, 8).

Òàáëèöà
1 2 3 4 5 6 7 8

Äàòà JD2445... H HeI SiII MgII CaII ϕ
30.07.1982 181.50 −89 +5.5 +16 +19 +14 - 0.605
1.08.1982 183.54 −110 +10.1 −2 −3 −4 −2.8 0.678
2.08.1982 184.58 −122 +0.8 −17 −16 −18 −4.7 0.715
8.08.1982 190.63 −113 −143 −140 −142 −6.1 0.931
9.08.1982 191.82 −109 −147 −150 −156 −5.0 0.965

10.08.1982 192.58 −100 −152 −135 −142 −145 −4.0 0.000
11.08.1982 193.50 −107 −111 −103 −110 −6.8 0.034
13.08.1982 195.58 −76 −30 −22 −17.5 0.0 0.108
23.07.1983 539.67 −88 +40 +41 +31 −7.6 0.410
24.07.1983 540.42 −81 +44 +50 +47 +4.5 0.437
6.08.1983 553.46 −107 −125 −117 −122 −6.7 0.903
8.08.1983 555.60 −103 −146 −145 −149 +0.7 0.981

Ëó÷åâûå ñêîðîñòè HD 187399, ðåäóöèðîâàííûå ê öåíòðó Ñîëíöà, ïðèâåäåíû â òàáëèöå,
ñîäåðæàùåé ñëåäóþùèå äàííûå: äàòà íàáëþäåíèé (1), þëèàíñêèå äíè (2), ëó÷åâûå
ñêîðîñòè ïî âîäîðîäó (3), ïî HeI (4), ïî SiII (5), ïî MgII (6), ïî CaII (7) è ôàçû (8).
Âåðîÿòíàÿ îøèáêà èçìåðåíèé p = ±5.4 êì/ñ.
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Ëèíèè âîäîðîäà èìåþò ñëîæíóþ ñòðóêòóðó. Ïðîôèëè Hδ, Hγ, Hβ ñîñòîÿò èç ëèíèé
ïîãëîùåíèÿ çâåçäû B9 è ëèíèé òèïà P Cyg (ñìåùåííûå â êîðîòêîâîëíîâóþ ÷àñòü
ñïåêòðà àáñîðáöèÿ è ýìèññèÿ), ïðèíàäëåæàùèõ ðàñøèðÿþùåéñÿ ñ ïåðåìåííîé ñêîðîñòüþ
îáîëî÷êå (ñì. ðèñóíîê). Êîìïîíåíòû ëèíèé ïîãëîùåíèÿ çâåçäû è îáîëî÷êè ðàçäåëÿþòñÿ
â ïðîôèëÿõ áîëåå âûñîêèõ, ÷åì Hζ , ÷ëåíîâ áàëüìåðîâñêîé ñåðèè è â òåõ ôàçàõ, â
êîòîðûõ ñêîðîñòè çâåçäû è îáîëî÷êè ðàçëè÷àþòñÿ çíà÷èòåëüíî (ôàçû 0.2�0.7).

Ëó÷åâûå ñêîðîñòè, îïðåäåëåííûå ïî ëèíèÿì HeI, SiII è MgII, õàðàêòåðèçóþò, â
îñíîâíîì, ñêîðîñòü îðáèòàëüíîãî äâèæåíèÿ è íàõîäÿòñÿ â õîðîøåì ñîãëàñèè ñ ýëåìåíòàìè
îðáèòû Ìåððèëëà (P.W. Merrill, ApJ, 1949, 110, 59).

Ëèíèè H è K CaII ñîñòîÿò èç íåñêîëüêèõ êîìïîíåíòîâ (Í.Ë. Èâàíîâà, ÀÖ, 1983,
� 1291). Â òàáëèöå ïðèâåäåíû ñêîðîñòè ìåæçâåçäíîãî êîìïîíåíòà K CaII. Ñðåäíÿÿ
ëó÷åâàÿ ñêîðîñòü ìåæçâåçäíîãî êàëüöèÿ ðàâíà −3.5 êì/ñ.

Â çàêëþ÷åíèå âûðàæàåì áëàãîäàðíîñòü ñîòðóäíèêàì ÑÀÎ Å.Ë. ×åíöîâó è Â.Å.
Ïàí÷óêó çà ïîìîùü â ïîëó÷åíèè ñïåêòðîâ.
Áþðàêàíñêàÿ àñòðîôèç. îáñåðâ. Í.Ë. Èâàíîâà N.L. Ivanova
378433 Áþðàêàí, Àðìåíèÿ
ÑÀÎ ÐÀÍ Ç.Ó. Øõàãîøåâà Z.U. Shkhagosheva
357147, Êàðà÷àåâî-×åðêåññèÿ, Í. Àðõûç
Ïîñòóïèëà â ðåäàêöèþ 18 àïðåëÿ 1994 ã.
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ÂÍÅÇÀÏÍÛÅ ÏÀÄÅÍÈß ÁËÅÑÊÀ
ÍÎÂÎÉ 1967 = HR Del Â ÌÈÍÈÌÓÌÅ

Sudden Brightness Fadings of the Nova 1967 = HR Del
in Its Minimum Light

Abstract. Long-term photometric monitoring of the Nova HR Del 1967 in its minimum
light have for the �rst time revealed sudden transient fadings of the Nova brightness, in
addition to orbital minima, ultrashort-period (∼ 82s) variations and brightness decreases in
the orbital light curves.

Ýëåêòðîôîòîìåòðè÷åñêèå íàáëþäåíèÿ HR Del ïðîâîäèëèñü íà òåëåñêîïå ¾Öåéññ-
600¿ Øåìàõèíñêîé àñòðîôèçè÷åñêîé îáñåðàòîðèè ÀÍ Àçåðáàéäæàíà ñ ïîìîùüþ ôîòî-
ìåòðà ÀÔÌ-6 ìåòîäîì ñ÷åòà ôîòîíîâ. Áûëè ïðîâåäåíû áûñòðûå ôîòîìåòðè÷åñêèå èçìå-
ðåíèÿ â ñâåòîôèëüòðàõ UBVR ñ äèàôðàãìîé 43′′. Â êà÷åñòâå ïðèåìíèêà èçëó÷åíèÿ
èñïîëüçîâàëñÿ ÔÝÓ-79. Íàáëþäåíèÿ âûïîëíåíû äèôôåðåíöèàëüíûì ñïîñîáîì, ñ èñïîëü-
çîâàíèåì î÷åíü áëèçêèõ çâåçä ñðàâíåíèÿ. Ðåçóëüòàòû âûâîäèëèñü â öèôðîâîì âèäå íà
ÝÓÌ-23. Âðåìÿ íàêîïëåíèÿ ñèãíàëà äëÿ êàæäîé èçìåðåííîé òî÷êè ñîñòàâëÿëî 10 ñ.
Ñòàáèëüíîñòü ýòèõ äåñÿòèñåêóíäíûõ èçìåðåíèé ñâèäåòåëüñòâîâàëà î ñîñòîÿíèè àòìî-
ñôåðû. Ïðè íàáëþäåíèÿõ èñïîëüçîâàíû êàðòû îêðåñòíîñòåé èç ðàáîòû Barnes T.G.,
Evans N.R. (PASP, 1970, 82, 889).

Ðèñ. 1

Íà ðèñ. 1 ïðèâåäåíà ÷àñòü
êðèâîé áëåñêà HR Del,
èçìåðåííîé îòíîñèòåëüíî
ñòàíäàðòíîé çâåçäû, ïî
íàáëþäåíèÿì 2/3 àâãóñòà
1994 ã. Ýòè íàáëþäåíèÿ äàëè
íàì âîçìîæíîñòü âïåðâûå
ïðîñëåäèòü ïîëíóþ êàðòèíó
âíåçàïíûõ ïàäåíèé áëåñêà
Íîâîé HR Del â ñâåòîôèëüòðå
B, èäåíòè÷íóþ äëÿ ïîëÿðîâ �
âñïûõèâàþùèõ íîâîïîäîáíûõ
çâåçä, òàêèõ êàê TT Ari è äð.
(Tremko J., Babaev M.B. et al.,
Publ. Observ. Skalnate Pleso,
1990, 20, 69).
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Èçìåðåíèÿìè îõâà÷åíà 2.1-÷àñîâàÿ ÷àñòü îðáèòàëüíîãî ïåðèîäà, è â êàæäîì
ñâåòîôèëüòðå îáíàðóæèâàþòñÿ óçêèå (4�5 ìèí) âíåçàïíûå ïàäåíèÿ áëåñêà, èìåþùèå
ñòðóêòóðó ðàçíîé ãëóáèíû â çàâèñìîñòè îò äëèíû âîëíû. Òàêèå âíåçàïíûå ïàäåíèÿ
áëåñêà õîðîøî çàìåòíû â ñâåòîôèëüòðå B (ñì. ðèñ. 2). Òàê êàê â ôèëüòðå
B áûëî ïðîâåäåíî áîëüøåå êîëè÷åñòâî èçìåðåíèé, íà ðèñ. 2 õîðîøî çàìåòíû
ðàçäâîåíèå, àìïëèòóäà è ïðîäîëæèòåëüíîñòü âíåçàïíûõ ïàäåíèé áëåñêà Íîâîé HR Del.
Íàáëþäàåìûå ïàäåíèÿ áëåñêà íå çàâèñÿò îò ôàçû îðáèòàëüíîãî ïåðèîäà.

Äëÿ îáúÿñíåíèÿ òàêîãî ýôôåêòà ìîæíî ïðåäïîëîæèòü, ÷òî âíåçàïíûå ïàäåíèÿ áëåñêà
íàáëþäàþòñÿ â ðåçóëüòàòå ïîãëîùåíèÿ èçëó÷åíèÿ îò èñòî÷íèêà, íàõîäÿùåãîñÿ âáëèçè
áåëîãî êàðëèêà, ïàäàþùèì ïîòîêîì âåùåñòâà. Èñõîäÿ èç ýòîãî, íàì ïðåäñòàâëÿåòñÿ,
÷òî òàêèå âíåçàïíûå ïàäåíèÿ áëåñêà, îñîáåííî â ñâåòîôèëüòðå B (0.4m â òå÷åíèå 4�5
ìèí), îáóñëîâëåíû çàòìåíèåì îáëàñòè èçëó÷åíèÿ íåñòàöèîíàðíûìè ñãóñòêàìè ýêâàòî-
ðèàëüíîãî êîëüöà âîêðóã äâîéíîé ñèñòåìû è ñòðóåé àêêðåöèðóþùåãî âåùåñòâà.

Ðèñ. 2.

Ïðîäîëæèòåëüíûå íàáëþäåíèÿ çâåçä òèïà HR Del ìîãëè áû ïîäòâåðäèòü áëèçîñòü
õàðàêòåðíûõ èçìåíåíèé áëåñêà ïîëÿðîâ ê òèïè÷íûì íîâûì çâåçäàì è íàëè÷èå ó íèõ
êëî÷êîîáðàçíûõ äèñêîâûõ îáîëî÷åê è ñòðóé àêêðåöèðóþùåãî âåùåñòâà.

Øåìàõèíñêàÿ àñòðîôèç. îáñåðâàòîðèÿ Ì.Á. Áàáàåâ
èì. Ì.Í. Òóñè ÀÍ Àçåðáàéäæàíà M.B. Babaev
Àçåðáàéäæàí, 373243, Øåìàõà, ïîñ. Þ. Ìàìåäàëèåâà

Ïîñòóïèëà â ðåäàêöèþ 8 àâãóñòà 1996 ã.
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ÇÀÃÐßÇÍÅÍÈÅ ÍÀÁËÞÄÅÍÈÉ ÊÎÑÌÈ×ÅÑÊÈÕ
ÈÑÒÎ×ÍÈÊÎÂ ÑÎËÍÅ×ÍÎÉ ÐÀÄÈÀÖÈÅÉ
Contamination of Observations of Cosmic Sources

with the Solar Radiation
Ðåçþìå. Ñðàâíåíèå êðèâûõ ïåðåìåííîñòè ðÿäà èñòî÷íèêîâ γ-èçëó÷åíèÿ, íàáëþ-

äàâøèõñÿ ñ êîñìè÷åñêèõ àïïàðàòîâ (3C 273, Mrk 421, Êðàáîâèäíàÿ òóìàííîñòü), ñ
êðèâûìè èçìåíåíèé ÷èñåë Âîëüôà W¯ ñîëíå÷íûõ ïÿòåí ïîêàçûâàåò âûñîêóþ ñòåïåíü
êîððåëÿöèè. Ýôôåêò ìîæåò áûòü âûçâàí ïîòîêàìè ýíåðãè÷íûõ ÷àñòèö îò àêòèâíûõ
îáëàñòåé íà Ñîëíöå, âîçäåéñòâóþùèìè íà àïïàðàòóðó äëÿ èññëåäîâàíèÿ γ-èçëó÷åíèÿ.
Çàäåðæêà êðèâûõ ïåðåìåííîñòè γ-èçëó÷åíèÿ îòíîñèòåëüíî âàðèàöèé W¯ ïîçâîëÿåò
îöåíèòü ñêîðîñòü äðåéôà ýíåðãè÷íûõ ÷àñòèö îò Ñîëíöà ê îðáèòå Çåìëè (∼200 êì/ñ).
Òàêèì îáðàçîì, ñòàâèòñÿ ïîä ñîìíåíèå äîñòîâåðíîñòü íàáëþäàâàøåéñÿ ïåðåìåííîñòè
êîñìè÷åñêèõ γ-èñòî÷íèêîâ íà âðåìåíí�ûõ ìàñøòàáàõ ∼1 ìåñÿöà.

A comparison of variations of cosmic sources in UV-, X- and γ-rays with those of the
solar activity reveals the evident similarity, which suggests the possibility of contamination
of receivers with the solar radiation. These phenomena were noticed by us in the observations
of NGC 5548, NGC 4151, 1E 1740−29, 3C 279, Crab Nebula and others (Kurochkin N.E.,
Astron. Tsirk., 1993, No. 1555, 3; 1994, No. 1556, 7).

The recently published observations of 3C 273 in the γ-ray range of 0.05�10 MeV (Septem-
ber 1994, McNaron-Brown K. et al., ApJ, 1997, 474, L85) give new material for a compar-
ison. The γ-ray observations were carried out during 19 days between days 244 and 263
of 1994 (Fig. 1). Relative Wolf numbers W¯ of sunspots are given in Fig. 1 according to
Solar�Geophysical Data (Prompt Reports, 1994�1995, 1).

The similarity of the curves in Fig. 1 is noticeable, but a complete agreement may be
achieved with a time delay of 6.5 days (W¯ numbers preceding). The regression of the γ-ray
�uxes with delay ∆t ≈ 6.d5 is shown in Fig. 2. The relation of the γ-ray radiation in 3C 273
with the sunspot activity is almost functional (taking into account the possibility of errors
of measurements).

It is natural to explain the 6d delay by the travel time of active particles from the Sun
to the Earth orbit with a drift velocity of ≈ 267 km/s.

More detailed observations were published for the object Mrk 421 by Buckley J.H. et al.
(ApJ, 1996, 472, L9) and Wagner S. et al. (A&ApSS, 1996, 120, 495). The observations
of this BL Lac-type object at multiple wavelengths from optical (λ6500 �A) to γ rays were
continuing for nearly a month, from April 20 to May 17, 1995. The plots of optical variations
of Mrk 421 and W¯ numbers is given in Fig. 3. The best agreement between the data may
be achieved with a time delay of ≈10 days (W¯ numbers preceding), the delay corresponds
to a mean drift velocity of the solar particles of ≈174 km/s.

The similarity of the two curves of variations in Fig. 3 is striking, the details of the light
curves mimic one another minutely. The arrows in Fig. 3 mark the steps on the descending
branches of the curves of Mrk 421 and W¯ that coincide in time with a delay of 10d. The
three-peak structure of the maximum in 3C 273 is repeated, too (Fig. 1). These jumps and
steps in the W¯ numbers may be explained by active regions disappearing behind the limb
and appearing from the limb of the solar disc (`active longitude'). The local maxima in

Astron. Tsirkulyar � 1557 23 October 1998



observations with instruments placed near the Earth orbit follow in time these jumps and
steps.

Active regions on the solar disc may persist for a few months with some drift; thus, some
signatures of quasiperiodicity may arise in the power spectra ¾active longitudes¿. Appearance
and disappearance of active regions with di�erent properties, scatter of particle directions
and velocities on the solar disc distort the correlations in long-term observational series. A
similar case was discussed by us for the Crab Nebula (γ-ray observations, Harris M.J., ApJ,
1993, 416, 601; Kurochkin N.E., Atsron. Tsirk, 1994, No. 1556, 7). The curves of the Crab
and W¯ for the time interval of the observations between days 20 and 200, 1986, are given
in Fig. 5 (with time delay ∆t ≈ +12d). With this delay, it seems essentially visible that
we indeed have two realizations of the same process with small disturbances. The relation
between the γ-ray intensities and W¯ numbers at a shorter time interval (1986, days 25�100)
is almost a function (Fig. 6). The total similarity of the shape and character of the γ-ray
and W¯ curves is visible at other time intervals, too, but possibly with other delays and
amplitude ratios.

The correlations with solar activity, revealed in the observations of cosmic sources, call the
space satellite observations in question; even ground-based optical observations of quasars,
nuclei of galaxies, and other exotic objects at all wavelengths (especially in UV) are doubtful.
We can suppose that the charged solar particles, carrying their own magnetic �elds, induce
parasitic electric currents and �elds in the devices, changing their normal readings. With
the variability so widely spread, the problem of standardization arises. The measurements
of the sources broadly spaced over the sky may be di�erently distorted by di�erent particle
beams, but in most cases the relation with the Sun is nevertheless visible.
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Ãîñ. àñòðîí. èí-ò èì. Ï.Ê. Øòåðíáåðãà Í.Å. Êóðî÷êèí1

119991, Ìîñêâà Â-234 N.E. Kurochkin
Óíèâåðñèòåòñêèé ïðîñïåêò, 13
Ïîñòóïèëà â ðåäàêöèþ 1 èþëÿ 1997 ã.

1Íèêîëàé Åôèìîâè÷ Êóðî÷êèí ñêîí÷àëñÿ 28 èþíÿ 2003 ã.
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ÔÎÒÎÌÅÒÐÈß ÏÐÎÒÓÁÅÐÀÍÖÀ ÏÎ ÐÅÇÓËÜÒÀÒÀÌ
ÍÀÁËÞÄÅÍÈß ÏÎËÍÎÃÎ ÑÎËÍÅ×ÍÎÃÎ ÇÀÒÌÅÍÈß

11 ÈÞËß 1991 ÃÎÄÀ
Photometry of the Prominence Observed

During the Total Solar Eclipse of July 11, 1991
Abstract. Solar prominences during the eclipse of July 11, 1991 were observed. The

results of their photometry in the H and K CaII lines are presented. Intensity and height in
absolute units are given.

Íàáëþäåíèÿ ïðîâîäèëèñü íà ïîðòàòèâíîé òåëåñêîïè÷åñêîé óñòàíîâêå ñ
óâåëè÷èòåëüíîé ñèñòåìîé è èíòåðôåðåíöèîííûì ôèëüòðîì íà λ3950 �A ñ ïîëóøèðèíîé
60 �A è ïðîïóñêàíèåì â ìàêñèìóìå 16%. Ñâåòîñèëà óñòàíîâêè 60/3300 ìì. Â ïîëîñó
ïðîïóñêàíèÿ ôèëüòðà ïîïàäàëè îáå ëèíèè H è K CaII. Èñïîëüçîâàëàñü ôîòîïëåíêà
ÔÍ-64 ñ ÷óâñòâèòåëüíîñòüþ 260 åä. ïî øêàëå 0.85. Íà ñíèìêàõ çàðåãèñòðèðîâàíû
ÿðêèå ïðîòóáåðàíöû íà çàïàäíîì êðàå ñîëíå÷íîãî äèñêà â èíòåðâàëå ãåëèîãðàôè÷åñêèõ
øèðîò îò −3◦ äî +25◦ è ïðîòóáåðàíåö íà âîñòî÷íîì êðàå. Ñ öåëüþ èçó÷åíèÿ ñòðóêòóðû
çàïàäíîãî ïðîòóáåðàíöà ïðîôîòîìåòðèðîâàí ó÷àñòîê íåãàòèâà, îòíîñÿùåãîñÿ ê
ìîìåíòó 18h53m20s UT, à òàêæå êàëèáðîâî÷íûå ñíèìêè äåâÿòèñòóïåí÷àòîãî
îñëàáèòåëÿ. Çàïèñü ïðîèçâîäèëàñü íà äåíñèòîìåòðå ÀÄÌ-1 â øêàëå ïëîòíîñòåé
ïî÷åðíåíèÿ ñ êâàäðàòíîé ùåëüþ 50 ìêì, âûðåçàâøåé íà ôèëüòðîãðàììå ó÷àñòîê
3.5′′ × 3.5′′. Ðàçìåð ùåëè ñîîòâåòñòâîâàë ïðåäåëüíîìó ðàçðåøåíèþ ôîòîïëåíêè.
Íàïðàâëåíèå ôîòîìåòðè÷åñêèõ ðàçðåçîâ âûáðàíî ïàðàëëåëüíî íàïðàâëåíèþ äâèæåíèÿ
Ëóíû îòíîñèòåëüíî Ñîëíöà. Çàïèñü èíôîðìàöèè ñ äåíñèòîìåòðà ïðîèçâîäèëàñü
íà ìàãíèòíûé íîñèòåëü ÝÂÌ ÑÌ-1420 â FITS-ôîðìàòå (D.S. Wells, E.W. Greisen,
P.H. Harten, A&ApSS, 1981, 44, 363). Äëÿ îáðàáîòêè áûë âûáðàí êàäð, ñíÿòûé â
êîíöå ïîëíîé ôàçû çàòìåíèÿ, ãäå õîðîøî âèäíû ïðîòóáåðàíöû è ÷àñòü õðîìîñôåðû.
Íà Ðèñ. 1 ïîêàçàíû èçîôîòû çàïàäíûõ ïðîòóáåðàíöåâ ñ øàãîì, îáðàçóþùèì â
îòíîñèòåëüíûõ åäèíèöàõ ãåîìåòðè÷åñêóþ ïðîãðåññèþ: 2.5, 5, 10, 20, 40, 80, 160.
Ìàêñèìàëüíîå ïðîñòðàíñòâåííîå ðàçðåøåíèå ïîëó÷åííûõ ñíèìêîâ ïðîòóáåðàíöà
3000 êì, ÷òî ïîçâîëÿåò ïðåíåáðå÷ü íåðîâíîñòÿìè ëóííîãî êðàÿ. Êîíåö ýêñïîçèöèè
ñîâïàäàåò ñ ìîìåíòîì òðåòüåãî êîíòàêòà. Çà 22s (ñåðåäèíà ýêñïîçèöèè) Ëóíà
ñìåùàåòñÿ ïî ñîëíå÷íîìó äèñêó íà 2900 êì. Ïîýòîìó ìîæíî ïðåíåáðå÷ü ñêðûòîé
÷àñòüþ ïðîòóáåðàíöà. Â ðåçóëüòàòå áûëà îöåíåíà âûñîòà ïðîòóáåðàíöåâ íà çàïàäíîì
êðàå ñîëíå÷íîãî äèñêà: ¾þæíûé¿ ïðîòóáåðàíåö � (1.23 ± 0.03) · 105 êì, ¾ñåâåðíûé¿
� (3.60 ± 0.03) · 105 êì. Èñïîëüçóÿ äàííûå ôîòîìåòðèè, ìîæíî íàéòè èíòåãðàëüíîå
èçëó÷åíèå ïðîòóáåðàíöà. Íàáëþäàåìàÿ èíòåíñèâíîñòü èçëó÷åíèÿ åäèíè÷íîé ïëîùàäêè,
ïåðïåíäèêóëÿðíîé ëó÷ó çðåíèÿ,

I(h) = βE0 exp(−βh) = βE(h), (1)
ãäå E0 � èíòåãðàëüíîå èçëó÷åíèå ïðè h = 0, ò.å. â íàøåì ñëó÷àå ó êðàÿ Ëóíû; β
� ãðàäèåíò ýìèññèè. Äëÿ ïðèâÿçêè èíòåíñèâíîñòè ïðîòóáåðàíöà â äàííîé ëèíèè ê
èçëó÷åíèþ õðîìîñôåðû íåîáõîäèìî çíàòü âûñîòó âûáðàííîé òî÷êè õðîìîñôåðû è çíà÷åíèå
îòíîñèòåëüíîé èíòåíñèâíîñòè íà äàííîé âûñîòå. Íà ìîìåíò ñåðåäèíû ýêñïîçèöèè ëóííûé
êðàé çàêðûâàë 2900 êì õðîìîñôåðû. Ñëåäîâàòåëüíî, áëèæàéøàÿ ê ëóííîìó êðàþ
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èçîôîòà (5 íà ðèñóíêå) ñîîòâåò-
ñòâóåò ýòîé âûñîòå. Ïî äàííûì
Ð. Òîìàñà è Ð. Àòåÿ (Ôèçèêà
ñîëíå÷íîé õðîìîñôåðû, Ì.:
Ìèð, 1965., òàáë. 56), íà
âûñîòå 3000 êì â ëèíèè H ÑaII
ëîãàðèôì èíòåíñèâíîñòè E(h)
èìååò çíà÷åíèå 15.4. Ãðàäèåíò
ýìèññèè íà ýòîé âûñîòå β =
0.7 · 10−8 ñì−1. Òîãäà, ñîãëàñíî
ôîðìóëå (1), èíòåíñèâíîñòü
I = 1.75 · 107 /(cm2 · c · ster). Â
ïîëîñó ïðîïóñêàíèÿ ôèëüòðà
âî âðåìÿ íàáëþäåíèé ïîïàäàëè
äâå ëèíèè CaII � H è K.
Ñèëû îñöèëëÿòîðîâ ëèíèé H
è K èìåþò îòíîøåíèå 1/2.
Äëÿ îöåíêè ìîæíî ïðèíÿòü
îòíîøåíèå èíòåíñèâíîñòåé ýòèõ
ëèíèé òîæå 1/2. Ñóììàðíàÿ
èíòåíñèâíîñòü õðîìîñôåðû â
îáåèõ ëèíèÿõ íà âûñîòå 3000 êì
áóäåò IΣ = 5 · 107 /(cm2 · c · ster).
Ìàêñèìóì èíòåíñèâíîñòè ïðî-
òóáåðàíöà è èíòåíñèâíîñòü
õðîìîñôåðû íà ýòîé âûñîòå
èìåþò îòíîøåíèå 32:1
(ñì. èçîôîòû 5, 160 íà
ðèñóíêå). Òîãäà ìàêñèìàëüíàÿ
èíòåíñèâíîñòü ïðîòóáåðàíöà
I = 1.6 · 109 /(cm2 · c · ster).

Ãîñ. àñòðîí. èí-ò À.Å. Ùóêèí
èì. Ï.Ê. Øòåðíáåðãà A.E. Shchukin
119899 Ìîñêâà Â-234
Ïîñòóïèëà â ðåäàêöèþ 4 ìàðòà 1994 ã.
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ÒÎÍÊÀß ÑÒÐÓÊÒÓÐÀ ÌÀÃÍÈÒÍÎÃÎ ÏÎËß
ÀÊÒÈÂÍÎÉ ÎÁËÀÑÒÈ ÏÅÐÅÄ ÂÑÏÛØÊÎÉ

The Magnetic Fine Structure of Active Region before a Flare
Abstract. The relation between the magnetic �eld strength and equivalent width of the

lines before a �are can be explained by an assumption about the presence of �ne-structure
elements (FSE) in active regions. The result allows us to suppose that there is some prob-
ability of the FSE penetration across the zero line of the longitudinal magnetic �eld into
opposite-polarity regions.

Ðîñò ìàãíèòíîãî ïîëÿ H ñ ðîñòîì ýêâèâàëåíòíîé øèðèíû ëèíèé W â ñîëíå÷íîé
àòìîñôåðå îòìå÷åí âî ìíîãèõ ôîòîñôåðíûõ îáðàçîâàíèÿõ (Ñ.È. Ãîïàñþê, Èçâ. ÊðÀÎ,
1985, 72, 159; V. Semel, A&Ap, 1981, 97, 75). Ìû ïîïûòàëèñü îáíàðóæèòü ýòó ñâÿçü â
ðàéîíàõ àêòèâíîé îáëàñòè ñ ñîëíå÷íûìè âñïûøêàìè.

Ïîëÿðèçàöèîííûå ñïåêòðîãðàììû ÀÎ N 101 ÑÄ áûëè ïîëó÷åíû 14 ìàðòà 1989 ã. íà
òåëåñêîïå ÀÖÓ-5 ÓÀÔÎ ÐÀÍ â ÷åòâåðòîì ïîðÿäêå ñïåêòðîãðàôà ÀÑÏ-20 ïðè äèñïåðñèè
2.6 ìì/�A äëÿ ó÷àñòêîâ ïîâåðõíîñòè Ñîëíöà, ðàñïîëîæåííûõ íà ðàññòîÿíèÿõ 6′′ è 12′′
îò ëèíèè ðàçäåëà ïîëÿðíîñòåé çà ∼ 20 ìèí äî ïðîèñøåäøåé â ýòîì ìåñòå ÀÎ âñïûøêè
áàëëà 1n íà çíà÷èòåëüíîì (∼ 20− 25′′) óäàëåíèè îò ãëàâíûõ ïÿòåí ãðóïïû.

Ïðè îáðàáîòêå ñïåêòðîâ èñïîëüçîâàëèñü ÷åòûðå ëèíèè íåéòðàëüíîãî æåëåçà (ñì.
òàáëèöó, îáîçíà÷åíèÿ îáùåïðèíÿòûå), ðàñïîëîæåííûå ðÿäîì ñ óçêèìè ëèíèÿìè àòîìàð-
íîãî êèñëîðîäà, ÿâëÿþùèìèñÿ óäîáíûìè ðåïåðàìè ïðè ôîòîìåòðèè.

Òàáëèöà

No. Ëèíèÿ E, lg(gf) W ôîòîñô. Ôàêòîð ni = Si/S0

λ, �A ýÂ íàáë. ðàñ÷. Ëàíäå ôîòîñô. íàáë. ðàñ÷.
1 6290.97 4.73 −0.69 66 63 1.50 0.82 0.89 0.85
2 6297.81 2.22 −2.74 77 80 1.00 0.98 0.92 0.85
3 6301.51 3.65 −0.56 137 121 1.67 1.24 1.50 1.59
4 6302.51 3.69 −1.14 91 93 2.50 1.00 1.00 1.00

Îïðåäåëÿëàñü ïîëíàÿ ïëîùàäü ïðîôèëåé êðóãîâîé ïîëÿðèçàöèè Si ëèíèé, ò.å.
âåëè÷èíà, ïðîïîðöèîíàëüíàÿ ñèãíàëó ëÿìáäàìåòðà.

Â ãðàôå 9 òàáëèöû ïðèâåäåíû íàáëþäàåìûå âåëè÷èíû Si ëèíèé, íîðìèðîâàííûå íà
çíà÷åíèå S0 ëèíèè Fe I λ6302.5 �A, ò.å. âåëè÷èíà ni = Si/S0. Ñðàâíåíèå ýòîé âåëè÷èíû
ñ W äàííûõ ëèíèé ïîêàçûâàåò, ÷òî â ðàéîíå ËÐÏ çàâèñèìîñòü H îò W ñóùåñòâóåò,
áëèçêà ê àíàëîãè÷íîé çàâèñèìîñòè äëÿ ôîòîñôåðû (ãðàôà 8) è ôëîêêóëà (Ñ.È. Ãàíäæà,
Ñîëíå÷íûå ìàãíèòíûå ïîëÿ è êîðîíà. Íîâîñèáèðñê, 1989, 2, 93), êîëè÷åñòâåííî áëèçêà
êàê äëÿ ðàéîíîâ îáåèõ ïîëÿðíîñòåé, òàê è äëÿ ó÷àñòêîâ ïîâåðõíîñòè, íàõîäÿùèõñÿ íà
ðàññòîÿíèÿõ 6′′ è 12′′ îò ËÐÏ.

Ìû ïðîâåëè ðàñ÷åò ïðîôèëåé ëèíèé ïî ìîäåëè àòìîñôåðû, õîðîøî îïèñûâàþùåé
íàáëþäàåìóþ ñâÿçü H è W â ôîòîñôåðå (À.Â. Áàðàíîâ, Í.Í. Áàðàíîâà, Ãëîáàëüíûå
âàðèàöèè Ñîëíöà è ôèçèêà àêòèâíûõ îáëàñòåé, Âëàäèâîñòîê, 1993, ñ.30). Â ðàñ÷åòàõ
ïðèíÿòî a = 0.02, ∆λ0 = 30 ì�A, H = 520 Ý, γ = 45◦, µ = cos θ = 0.8, ÷òî ñîîòâåòñòâóåò
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åå íàáëþäàåìîìó çíà÷åíèþ. Ðåçóëüòàòû ðàñ÷åòîâ ïðèâåäåíû â ãðàôå 10 òàáëèöû. Ìû
âèäèì, ÷òî ðàññ÷èòàííûå ni ëèíèé áëèçêè ê íàáëþäàåìûì.

Ïðèíèìàÿ óêàçàííóþ ìîäåëü äëÿ îáúÿñíåíèÿ çàâèñèìîñòè n îò W , íóæíî
ïðåäïîëàãàòü, ÷òî îáëàñòè ñ ïîëåì çàíèìàþò ∼0.15 îò èçó÷àåìîé ïîâåðõíîñòè, èíà÷å
íàáëþäàåìûé êîíòðàñò, â ñëó÷àå îäíîðîäíîñòè àòìîñôåðû â ãîðèçîíòàëüíîé ïëîñêîñòè,
ïðè µ = 0.8 ñîñòàâëÿë áû ∼1.41. Ôàêòè÷åñêè, îí íàõîäèòñÿ íà óðîâíå 2�3%.

Ñëåäîâàòåëüíî, íåîáõîäèìî ïðåäïîëàãàòü íàëè÷èå ó ËÐÏ â ÀÎ òîíêîñòðóêòóðíûõ
(ÒÑ) ýëåìåíòîâ ñ ñèëüíûì ìàãíèíûì ïîëåì.

Â ñëó÷àå ñïðàâåäëèâîñòè âûñêàçàííîãî ïðåäïîëîæåíèÿ â ðàéîíå ó ËÐÏ ìîæåò
ðåàëèçîâàòüñÿ î÷åíü ëþáîïûòíàÿ ôèçè÷åñêàÿ ñèòóàöèÿ.

Íàáëþäàåìàÿ íåéòðàëüíàÿ ëèíèÿ ïðîäîëüíîãî ïîëÿ â ýòîì ñëó÷àå ÿâëÿåòñÿ, ñòðîãî
ãîâîðÿ, íå ëèíèåé ðàçäåëà ïîëÿðíîñòåé, à ìåñòîì, ãäå êîíöåíòðàöèÿ ýëåìåíòîâ ðàçíîé
ïîëÿðíîñòè îäèíàêîâà. Ëèíèÿ ðàçäåëà ïîëÿðíîñòåé â ýòîì ñëó÷àå äîëæíà áûòü ñâÿçàíà
ñ âîøåäøèìè â äàííóþ îáëàñòü ýëåìåíòàìè äðóãîé ïîëÿðíîñòè. Â ðåçóëüòàòå îíà áóäåò
èìåòü î÷åíü ñëîæíóþ ôîðìó, ñâÿçàííóþ ñ ëîêàëèçîâàííûìè â îòäåëüíûõ ìåñòàõ ãðóï-
ïàìè ÒÑ-ýëåìåíòîâ ïðîòèâîïîëîæíîé ïîëÿðíîñòè èëè äàæå ñ îòäåëüíûìè ýëåìåíòàìè.
Ïðè ýòîì äîëæíû ñóùåñòâîâàòü è î÷åíü áîëüøèå ãðàäèåíòû ìàãíèòíîãî ïîëÿ, ÷òî
ìîãëî ñóùåñòâåííî ïîâëèÿòü íà ìåõàíèçì ñîëíå÷íûõ âñïûøåê â óêàçàííîé îáëàñòè.

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ÐÔÔÈ (êîä ïðîåêòà 94-02-03788).
Óññóðèéñêàÿ àñòðîôèçè÷åñêàÿ îáñåðâàòîðèÿ À.Â. Áàðàíîâ A.V. Baranov
ÄÂÎ ÐÀÍ Í.Í. Áàðàíîâà N.N. Baranova
Ïîñòóïèëà â ðåäàêöèþ 23 ìàÿ 1994 ã.
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ÂËÈßÍÈÅ ÒÅÌÏÅÐÀÒÓÐÛ ÍÀ ÇÀÂÈÑÈÌÎÑÒÜ
ÌÅÆÄÓ ÍÀÏÐßÆÅÍÍÎÑÒÜÞ ÌÀÃÍÈÒÍÎÃÎ ÏÎËß

È ÝÊÂÈÂÀËÅÍÒÍÎÉ ØÈÐÈÍÎÉ
ÑÎËÍÅ×ÍÛÕ ÑÏÅÊÒÐÀËÜÍÛÕ ËÈÍÈÉ

The Temperature In�uence on the Relation between Magnetic
Field Strength and Equivalent Width of Solar Spectral Lines
Abstract. The model of the solar atmosphere with a small temperature gradient and a

temperature higher than its photospheric value may explain the relation between magnetic
�eld strength and equivalent width of the spectral lines if we infer the presence of �ne-
structure magnetic elements in the photosphere.

Ïî 25 ñïåêòðàëüíûì ëèíèÿì ïîñòðîåíà òåìïåðàòóðíàÿ ìîäåëü àòìîñôåðû Ñîëíöà,
îáúÿñíÿþùàÿ, â ïðåäïîëîæåíèè îäíîðîäíîãî ïî âûñîòå ìàãíèòíîãî ïîëÿ H,
íàáëþäàåìóþ çàâèñèìîñòü H îò ýêâèâàëåíòíîé øèðèíû ëèíèé (Ñ.È. Ãîïàñþê, Èçâ.
ÊðÀÎ, 1985, 72, 159 [1]; M. Semel, AsAp, 1981, 97, 75 [2]; Â.Ã. Ëîçèöêèé, Ò.Ò. Öàï,
Êèíåìàòèêà è ôèçèêà íåáåñíûõ òåë, 1985, No.1, 50 [3]).

Ïðè ðàñ÷åòàõ ñäåëàíû ñëåäóþùèå ïðåäïîëîæåíèÿ: ñïðàâåäëèâîñòü ñèñòåìû óðàâ-
íåíèé ïåðåíîñà Óííî, H = 520 Ý, óãîë íàêëîíà ñèëîâûõ ëèíèé ê ëó÷ó çðåíèÿ 45◦,
äîïëåðîâñêàÿ ïîëóøèðèíà ëèíèé 25 m�A, ïîñòîÿííàÿ çàòóõàíèÿ α = 0.02. Ïîëàãàëîñü,
÷òî îòíîøåíèå êîýôôèöèåíòà ïîãëîùåíèÿ â öåíòðå ñïåêòðàëüíîé ëèíèè ê êîýôôèöèåíòó
ïîãëîùåíèÿ â íåïðåðûâíîì ñïåêòðå çàâèñèò òîëüêî îò òåìïåðàòóðû, ÷òî ñîáëþäàåòñÿ â
ôîòîñôåðå ñ äîñòàòî÷íîé äëÿ êîëè÷åñòâåííûõ ðàñ÷åòîâ òî÷íîñòüþ. Ìîäåëü èìååò âèä:
(âåðõíÿÿ ñòðîêà � lgτ , íèæíÿÿ � Θ = 5040/T ):

1.0 0.5 0.0 0.0 −1.0 −1.5 −2.0 −2.5 −3.0 −3.5 −4.0 −4.5 −5.0
0.55 0.69 0.77 0.79 0.80 0.81 0.84 0.88 0.89 0.89 0.94 0.98 0.84

Ðåçóëüòàòû ïðèâåäåíû â òàáëèöå (ñì. ñëåä. ñòð.), â ãðàôàõ êîòîðîé äàíû
ïîñëåäîâàòåëüíî: äëèíà âîëíû ëèíèè λi, ñèëà îñöèëëÿòîðîâ gfi, ïîòåíöèàë
âîçáóæäåíèÿ íèæíåãî óðîâíÿ Ei, ýôôåêòèâíûé ôàêòîð Ëàíäå gi, ýêâèâàëåíòíàÿ
øèðèíà Wi, âåëè÷èíû Hi äàííîé ëèíèè, íîðìèðîâàííûå íà âåëè÷èíó H0 ëèíèè FeI
λ5253 �A(íàáëþäàåìûå è ðàññ÷èòàííûå). Çâåçäî÷êîé ïîìå÷åíû ëèíèè ñî ñëîæíûì
ðàñùåïëåíèåì.

Äëÿ ñîãëàñîâàíèé íàáëþäàåìîãî â ôàêåëå è ðàññ÷èòàííîãî ïî ìîäåëè êîíòðàñòà
íåîáõîäèìî ïðåäïîëîæèòü, ÷òî ýëåìåíòû ñ ðàññ÷èòàííîé àòìîñôåðîé çàíèìàþò ∼ 0.15
ñîëíå÷íîé ïîâåðõíîñòè. Ýòî òðåáóåò ââåäåíèÿ ïðåäïîëîæåíèÿ î òîíêîñòðóêòóðíûõ
ýëåìåíòàõ ñ ñèëüíûì ìàãíèòíûì ïîëåì.

Â ïîñëåäíåé ãðàôå ïðèâåäåí èñòî÷íèê äàííûõ, áóêâîé Á îòìå÷åíû ðåçóëüòàòû
ñîáñòâåííûõ èçìåðåíèé.
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Òàáëèöà

Ëèíèÿ lg(gfi) Ei, Ôàêòîð Wi, i = Hi/H0 Ññûë-
λi, �A ýÂ Ëàíäå m�A íàáë. ðàñ÷. êà
4489.8 −3.97 0.12 1.500 89 0.91 1.01 [1]
5145.1 −3.22 2.20 1.833 44 0.69 0.52 -
5162.3 −0.10 4.18 1.400 154 1.49 1.57 -
5166.3 −4.20 0.00 1.800 115 1.22 1.24 -
5217.4 −1.19 3.28 1.500 102 1.35 1.36 -
5229.9 −1.10 3.28 1.500 124 1.41 1.41 -
5247.1∗ −4.95 0.09 2.000 60 0.63 0.49 -
5250.2 −4.94 0.12 3.000 65 0.55 0.46 -
5253.5 −1.72 3.28 1.500 81 1.00 1.00 -
5269.5∗ −1.32 0.86 1.200 478 2.28 2.10 -
5302.3 −0.89 3.28 1.500 157 1.62 1.56 -
5324.2 −0.32 3.21 1.500 334 2.22 2.05 -
5367.5∗ +0.23 4.41 0.875 157 1.81 1.66 -
5397.1∗ −1.99 0.91 1.425 239 2.20 2.26 -
5225.5∗ −4.79 0.11 2.250 71 0.71 0.59 [2]
5226.9∗ −0.77 3.04 2.167 160 2.09 1.78 -
5242.5∗ −1.00 3.63 1.000 80 1.21 1.29 -
5243.8∗ −1.25 4.26 1.500 63 0.74 0.78 -
5250.6∗ −2.19 2.20 1.500 202 1.42 1.31 -
4808.2∗ −2.75 3.25 1.333 27 0.81 0.28 [3]
5232.9∗ −0.23 2.93 1.300 346 2.25 2.18 -
6291.0∗ −0.69 4.73 1.000 66 0.85 0.87 Á
6297.8∗ −2.74 2.22 1.500 77 1.02 0.95 -
6301.5∗ −0.94 3.65 1.667 137 1.28 1.21 -
6302.5 −1.24 3.69 2.500 91 1.04 0.99 -

Ðàáîòà âûïîëíåíà ïðè ïîääåðæêå ÐÔÔÈ, ãðàíò 94-02-03788.

Óññóðèéñêàÿ àñòðîôèçè÷åñêàÿ À.Â. Áàðàíîâ
îáñåðâàòîðèÿ ÄÂÎ ÐÀÍ A.V. Baranov
Ïîñòóïèëà â ðåäàêöèþ 23 ìàÿ 1994 ã.
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Ê ÂÎÏÐÎÑÓ Î ÐÀÂÅÍÑÒÂÅ ÔÓÍÊÖÈÉ ÈÑÒÎ×ÍÈÊÀ
Â ËÈÍÈßÕ ÌÓËÜÒÈÏËÅÒÀ

On the Problem of Equality of the Source Functions
in the Lines of a Multiplet

Abstract. The problem of the conditions of equality of source functions in individual
lines of a multiplet is considered on the basis of the general expression for this function.

Àíàëèç óñëîâèé ðàâåíñòâà ôóíêöèé èñòî÷íèêà â îòäåëüíûõ ëèíèÿõ ìóëüòèïëåòà
âûïîëíåí íà îñíîâå îáùåãî âûðàæåíèÿ äëÿ ôóíêöèè èñòî÷-íèêà â ëèíèè Sli:

Sli =
2hc2

λ5

[
giNlφ (∆λi)

glNiD0ψ (∆λi)
− 1

]−1

=

=
2hc2

λ5

[
exp (C2/λTex) φ (∆λi)

giNlφ (∆λi)
D0ψ (∆λi)− 1

]−1

, (1)

êîòîðîå ïîëó÷àåòñÿ ïî ìåòîäèêå Ìèëíà (E.A.Milne, Handbuch Aph 3, Chap. C, Berlin,
1930) ñ èñïîëüçîâàíèåì ñîâðåìåííîãî ïðåäñòàâëåíèÿ î òîæäåñòâåííîñòè ïðîôèëåé
êîýôôèöèåíòîâ ñïîíòàííîãî è âûíóæäåííîãî èñïóñêàíèÿ ψ (∆λi) è îòëè÷èÿ èõ îò
ïðîôèëÿ ïîãëîùåíèÿ φ (∆λi) (Ã.Ñ. Ëàíäñáåðã, Îïòèêà, M.: Íàóêà, 1976, ñ.738; ñì.
Ã.Ô. Ñèòíèê, ÀÆ, 1980, 57, 1016). Èñïóñêàíèå ïðèíèìàåòñÿ èçîòðîïíûì. Âåëè÷èíà D0

îçíà÷àåò îòíîøåíèå êîýôôèöèåíòà èñïóñêàíèÿ ê êîýôôèöèåíòó ïîãëîùåíèÿ â öåíòðå
ëèíèè (∆λi = 0), φ(0) = ψ(0) = 1. Îñòàëüíûå îáîçíà÷åíèÿ îáùåïðèíÿòûå.

1. Èç (1) ñëåäóåò, ÷òî ðàññìàòðèâàòü íóæíî áëèçêî ðàñïîëîæåííûå ìóëüòèïëåòíûå
ëèíèè, âîçíèêàþùèå ïðè ïåðåõîäàõ ìåæäó äâóìÿ óðîâíÿìè ñ íåçíà÷èòåëüíûì ýíåðãå-
òè÷åñêèì ðàçëè÷èåì ïîäóðîâíåé, òàê ÷òî è äëèíà âîëíû λ è òåìïåðàòóðà âîçáóæäåíèÿ
Tex äëÿ âñåõ ëèíèé ìîãóò áûòü ïðèíÿòû îäèíàêîâûìè íà êàæäîì óðîâíå â àòìîñôåðå.
Áëèçîñòü çíà÷åíèé Tex îáåñïå÷èâàåò äëÿ êàæäîé ëèíèè ìóëüòèïëåòà ïðàêòè÷åñêóþ
îäèíàêîâîñòü âåëè÷èíû Sli èç-çà íåçíà÷èòåëüíîñòè èçìåíåíèÿ ôàêòîðà Áîëüöìàíà
exp(C2/λTex) â (1). Òàê, äëÿ ðàçëè÷íûõ ëèíèé òðèïëåòà ÎI ó λ7775�A òåìïåðàòóðà
Tex íàõîäèòñÿ â ïðåäåëàõ 6565±2K íà ãëóáèíå τ = 0.15. Ñîîòâåòñòâóþùåå èçìåíåíèå
â ôàêòîðå Áîëüöìàíà � â ïðåäåëàõ 0.09%, ÷òî ñîâåðøåííî íåðàçëè÷èìî â âåëè÷èíå
Sli äëÿ ðàçëè÷íûõ ëèíèé òðèïëåòà OI. Àíàëîãè÷íûé ðàñ÷åò äëÿ çåëåíîãî òðèïëåòà
MgI ïîêàçûâàåò, ÷òî íàèáîëüøåå èçìåíåíèå â ôàêòîðå Áîëüöìàíà ìåíåå 0.9%, ÷òî
ýêâèâàëåíòíî èçìåíåíèþ â çíà÷åíèè Tex äëÿ îòäåëüíûõ ëèíèé (ïîäóðîâíåé) íå áîëåå
13K, ò.å. âåëè÷èíû Sli äîñòàòî÷íî òî÷íî ðàâíû äëÿ ðàçëè÷íûõ ëèíèé òðèïëåòà.
Ïîä÷åðêíåì çäåñü, ÷òî òåîðåòè÷åñêîå ðàññìîòðåíèå ðàâåíñòâà ôóíêöèé èñòî÷íèêà
â îòäåëüíûõ ëèíèÿõ òðèïëåòà MgI â ñîîòâåòñòâèè ñ ôîðìóëîé (1) ñîãëàñóåòñÿ ñ
íàáëþäàòåëüíîé ïðîâåðêîé (J.H. Waddell, ApJ, 1963, 137, 1210).

2. Âî âñåõ ïðåäûäóùèõ ðàáîòàõ ïî ìóëüòèïëåòíûì ëèíèÿì àâòîðû ïðåäïîëàãàëè,
÷òî ôóíêöèÿ èñòî÷íèêà â ëèíèè Sli ïîñòîÿííà âíóòðè ëèíèè. Èíà÷å ãîâîðÿ, èìååò ìåñòî
èëè ËÒÐ èëè ïîëíîå ïåðåìåøèâàíèå âíóòðè ëèíèè, ïðè êîòîðîì âûïîëíÿåòñÿ ðàâåíñòâî

φ (∆λi)

D0ψ (∆λi)
= 1, (2)
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äëÿ êàæäîãî ∆λi, ò.å. ñóùåñòâóåò ïîëíîå ðàâåíñòâî ìåæäó ïðîôèëÿìè êîýôôèöèåíòîâ
ïîãëîùåíèÿ è èñïóñêàíèÿ. Â ýòîì ñëó÷àå, ïðè ðàâåíñòâå òåìïåðàòóð âîçáóæäåíèÿ Tex,
è âåëè÷�èíû ôóíêöèé èñòî÷íèêà Sli äëÿ ðàçëè÷íûõ ëèíèé ìóëüòèïëåòà, ñîãëàñíî (1),
òàêæå ðàâíû. Â òàêîì âàðèàíòå ìåòîä ìóëüòèïëåòíûõ ëèíèé è ïðèìåíÿëñÿ çàðóáåæ-
íûìè àâòîðàìè (L. Goldberg, ApJ, 1958, 127, 308; J.T. Je�eries, Spectral Line Formation,
Massachusetts, 1968).

Â ñâîèõ ðàáîòàõ ïî èññëåäîâàíèþ ëèíèé ìû ñ ñàìîãî íà÷àëà (ñì. Ã.Ô. Ñèòíèê, ÀÆ,
1975, 52, 553) îòêàçàëèñü îò óïðîùàþùåãî ïðåäïîëîæåíèÿ î ïîñòîÿíñòâå âåëè÷èíû
Sli âíóòðè ëèíèè, à, ñëåäîâàòåëüíî, îò ïðåäïîëîæåíèÿ ðàâåíñòâà (2). Áûëî ïðèíÿòî,
÷òî òîëüêî ïðèìåíåíèå ìåòîäà áåç êàêèõ-ëèáî çàðàíåå äåëàåìûõ ñîîòâåòñòâóþùèõ
ïðåäïîëîæåíèé äîëæíî äàòü îòâåò íà âîïðîñû, âûïîëíÿåòñÿ ëè ËÒÐ (ò.å. ðàâåíñòâî
Sli = Sc) è ñîîòíîøåíèå (2) èëè íåò. Òàêîé ïîäõîä ê âîïðîñó äåëàåò íàø ìåòîä
èññëåäîâàíèÿ ëèíèé ìóëüòèïëåòà ïðèíöèïèàëüíî îòëè÷íûì îò ðàíåå ïðèìåíÿâøèõñÿ
ìóëüòèïëåòíûõ ìåòîäîâ. Âòîðûì âàæíûì îòëè÷èåì ìåòîäà ÿâëÿåòñÿ îòêàç îò èñ-
ïîëüçîâàíèÿ êàêîé-ëèáî êîíêðåòíîé ôîðìû ïðîôèëÿ êîýôôèöèåíòà ïîãëîùåíèÿ
çàðàíåå äî ïðèìåíåíèÿ ìåòîäà. Ôîðìà ýòîãî ïðîôèëÿ ïîëó÷àåòñÿ ëèøü â ðåçóëüòàòå
ðàñ÷�åòà. Ïðàêòè÷åñêîå ïðèìåíåíèå ìåòîäà ïîäòâåðäèëî ïðàâèëüíîñòü èçëîæåííîãî
âûøå ïîäõîäà ê ïðîáëåìå (Ã.Ô. Ñèòíèê, 1975, 1980; Ã.Ô. Ñèòíèê, Ñá. ¾Ãîä ñîëíå÷íîãî
ìàêñèìóìà¿, Ì., 1981, 2, 19; G.F. Sitnik, IAU Symposium N 138, PPI8, Kiev, 1989).

3. Ðàâåíñòâî çíà÷åíèé Sli äëÿ îòäåëüíûõ ëèíèé ìóëüòèïëåòà èìååò ìåñòî è ïðè
ïåðåìåííîñòè Sli âíóòðè ëèíèè. Ýòî îïðåäåëÿåòñÿ îäèíàêîâûìè âíåøíèìè óñëîâèÿìè è
èõ èçìåíåíèåì ñ ãëóáèíîé äëÿ èçëó÷àþùåãî è ïîãëîùàþùåãî àòîìîâ. Âíåøíèå óñëîâèÿ,
òàêèå, êàê ñëó÷àéíûå äâèæåíèÿ ýòèõ àòîìîâ è ñòîëêíîâåíèÿ èõ ñ äðóãèìè ÷àñòèöàìè,
îïðåäåëÿþò ïàðàìåòðû ïðîôèëåé êîýôôèöèåíòà ïîãëîùåíèÿ è èñïóñêàíèÿ íà êàæäîì
óðîâíå â àòìîñôåðå. Äëÿ øèðîêîãî êëàññà ìóëüòèïëåòîâ äîñòàòî÷íî òî÷íî âûïîëíÿåòñÿ
ðàâåíñòâî ôóíêöèé èñòî÷íèêà â îòäåëüíûõ ëèíèÿõ. Ìåòîä ïðè ìèíèìóìå îãðàíè÷åíèé
íà òåîðèþ ïîçâîëÿåò íåïîñðåäñòâåííî âûâåñòè ðàçëè÷íûå ôèçè÷åñêèå ïàðàìåòðû
àòìîñôåðû.

Ãîñ. àñòðîí. èí-ò èì. Ï.Ê. Øòåðíáåðãà Ã.Ô. Ñèòíèê1

119991, Ìîñêâà Â-234 G.F. Sitnik
Óíèâåðñèòåòñêèé ïðîñïåêò, 13
Ïîñòóïèëà â ðåäàêöèþ 20 èþëÿ 1994 ã.

1Ïðîôåññîð Ãðèãîðèé Ôåäîðîâè÷ Ñèòíèê ñêîí÷àëñÿ 14 îêòÿáðÿ 1996 ã.
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ÇÀÏÀÄÍÛÉ ÄÐÅÉÔ ÊÐÀÑÍÎÃÎ ÏßÒÍÀ ÞÏÈÒÅÐÀ
Westward Drift of the Red Spot of Jupiter

Abstract. The drift of Jupiter's Red Spot on the time interval of 1963�1992 is brie�y
analyzed. In�uence of the Sun and Solar-system planets on Jupiter's atmospheric processes
is suspected.

Íàáëþäåíèÿ Þïèòåðà â ïåðâîé ïîëîâèíå 1993 ã. íà 10-ñì ìàêñóòîâñêîì òåëåñêîïå
â Âîëãîãðàäå ïîêàçàëè õîðîøóþ âèäèìîñòü Áîëüøîãî Êðàñíîãî Ïÿòíà â ÿðêîé þæíîé
óìåðåííîé çîíå. Öâåò Ïÿòíà îñòàâàëñÿ êîðè÷íåâàòî-êðàñíûì, êàê è ïðè íàáëþäåíèÿõ â
Àáàñòóìàíñêîé îáñåðâàòîðèè â 1991 ã. Ïîñëå äîñòèæåíèÿ ìàêñèìóìà âîñòî÷íîãî äðåéôà
(â ñòîðîíó âðàùåíèÿ ïëàíåòû) â 1987 ã. Ïÿòíî ïîêàçûâàëî ïðàêòè-÷åñêè ëèíåéíûé
äðåéô â çàïàäíîì íàïðàâëåíèè ïî äîëãîòå âòîðîé ñèñòåìû äî 1992 ã. Ýòè íàáëþäåíèÿ
ïðîâîäèëèñü íà 25/40-ñì ðåôðàêòîðå, ïàðàëëåëüíî êîíòðîëèðîâàëèñü íà ìàêñóòîâñêîì
òåëåñêîïå â Âîëãîãðàäå è ïðîäîëæàëè ñåðèþ ïîçèöèîííûõ íàáëþäåíèé ÁÊÏ Þïèòåðà
1963�1986 ãã. íà 30-ñì ðåôðàêòîðå â Âîëãîãðàäå. Íåîæèäàííûì ôàêòîì â 1993 ã. îêàçàëñÿ
ñêà÷îê â ëîêàëèçàöèè Ïÿòíà ñ 30◦ íà 45◦ ïî λ. Ñðàâíèâàÿ ïðåäûäóùèé ìèíèìóì â
1972 ã. íà äîëãîòå 355◦ è ìàêñèìóìû â 1967�1968 ãã., 1979�1980 ãã., ìîæíî âèäåòü
çèãçàãîîáðàçíûé õîä äðåéôà ÁÊÏ ïî äîëãîòå ñ íåêîòîðûì îáùèì îòêëîíåíèåì ê çàïàäó
(â ñòîðîíó óâåëè÷åíèÿ äîëãîòû). Ýòî ìèíèìóìû: 355◦ � 1972 ã., 15◦ � 1987 ã.; ìàêñèìóìû:
25◦ � 1967 ã., 55◦ � 1979 ã., è ðàñêà÷èâàíèå àìïëèòóäû çèãçàãîâ: ∆20◦ ïî ìèíèìóìó è
∆30◦ ïî ìàêñèìóìó. Àíàëîãè÷íûé õîä îáùåãî äâèæåíèÿ áûë îáíàðóæåí çàïàäíûìè
íàáëþäàòåëÿìè â õàðàêòåðå èçìåíåíèé ëîêàëèçàöèé Áåëûõ îâàëîâ þæíîé óìåðåííîé
ïîëîñû è ïîäòâåðæäåí íàøèìè íàáëþäåíèÿìè â 1963 ã. Òàêèì îáðàçîì, íà çíà÷èòåëüíîì
âðåìåíí�îì îòðåçêå íàéäåíî äîïîëíèòåëüíîå ïîäòâåðæäåíèå ñâÿçè â õàðàêòåðå äâèæåíèé
ðàçíûõ îáúåêòîâ â àòìîñôåðå ïëàíåòû (Àñòðîí. âåñòí., 1990, 24, 337). Òåì ñàìûì
ïîäòâåðæäàþòñÿ òåîðåòè÷åñêèå ðàçðàáîòêè è ÷èñëåííîå ìîäåëèðîâàíèå ïðîöåññà ïðåâðà-
ùåíèÿ ìåëêîìàñøòàáíûõ âîçìóùåíèé â åäèíûé âèõðü (G.P. Williams, Advances in Geo-
phys., 1985, 28a, 381). Ïîñêîëüêó ïî Â.Ï. Òðóáèöûíó ïëàíåòû-ãèãàíòû � àäèàáàòè÷åñêèå
îáúåêòû, òî íàáëþäåíèå çà ïîâå-äåíèåì ÁÊÏ äàåò èíôîðìàöèþ î ôóíäàìåíòàëüíûõ
èçìåíåíèÿõ â àòìîñôåðíûõ ïðîöåññàõ íà Þïèòåðå, ñõîæèõ ñ ìåäëåííûìè ìàíòèéíûìè
äâèæåíèÿìè â íåäðàõ ïëàíåò. Ñóùåñòâåííûì îòëè÷èåì ïðîöåññîâ íà Þïèòåðå ìîæåò
ñëóæèòü ôàêò õîðîøåé âèäè-ìîñòè ñî÷íîãî öâåòà ÁÊÏ â 1963 ã. ïî ñðàâíåíèþ ñ âèäè-
ìîñòüþ â 1993 ã. Ïðîöåññû 1963 ã. ìîæíî ñðàâíèòü òîëüêî ñ àíàëîãè÷íûìè â êîíöå
ïðîøëîãî âåêà. Ïåðèîäû èçìåíåíèé â àòìîñôåðàõÞïèòåðà è Çåìëè ñîâïàäàþò ñ èçìåíå-
íèÿìè â ñîñòîÿíèè àòìîñôåðû íà Ñîëíöå. Ýòî ïîäòâåðæäàåò íåîáõîäèìîñòü åäèíîãî
ïîäõîäà ê èçó÷åíèþ äèíàìèêè íåóñòîé÷èâûõ ñðåä â åäèíîì ãðàâèòàöèîííîì ïîëå Ñîëíå-
÷íîé ñèñòåìû. Òàê, â íà÷àëå 1980-õ ãã. ìíîãîêðàòíî îòìå÷àëèñü ñëó÷àè ïðîõîæäåíèÿ
öåíòðàëüíîãî ìåðèäèàíà Áåëûõ Îâàëîâ þæíîé óìåðåííîé ïîëîñû Þïèòåðà ñèíõðîííî
ñ òî÷íîñòüþ äî ìèíóò ñ âðàùå-íèåì Çåìëè (ñ ó÷åòîì ñóòî÷íûõ ïåðèîäîâ). Ýòî óêàçûâàåò
íà âëèÿíèå ïîëåé Çåìëè, Ñîëíöà èëè ãðóïïû ñîñåäíèõ ïëàíåò íà äâèæåíèå îòäåëüíîãî
îáúåêòà â àòìîñôåðå äðóãîé ïëàíåòû.
Âîëãîãðàäñêîå îòäåëåíèå Â.À.Çèíîâüåâ
Àñòðîíîìî-ãåîäåçè÷åñêîãî îáùåñòâà V.A.Zinov'ev
Ïîñòóïèëà â ðåäàêöèþ 6 ÿíâàðÿ 1994 ã.
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ÎÖÅÍÊÀ ÂÛÑÎÒÛ È ÑÊÎÐÎÑÒÈ ÏÎÄÚÅÌÀ
ÎÁËÀÊÎÂ, ÂÎÇÍÈÊØÈÕ ÏÐÈ ÂÇÐÛÂÀÕ

ÔÐÀÃÌÅÍÒÎÂ Q ÊÎÌÅÒÛ ØÓÌÅÉÊÅÐÀ�ËÅÂÈ 9
An Estimate of the Height and Ascent Velocities
for Clouds from Explosions of the Q-Fragments

of the Shoemaker-Levi 9 Comet in the Jovian Atmosphere
Abstract. Brightness increases at the Jovian limb were recorded at 1994 July 20.d822,

20.d840 at λ560 nm and 20.d836 at λ 380 nm. The heights of the hot clouds were estimated
to be 200, 800, and 1500 km and ascent velocities as 0.3, 1.2, and 8 km/s respectively.

Êîìåòà Øóìåéêåðà�Ëåâè 9 (Ø.�Ë.) áûëà îòêðûòà çà ãîä è 4 ìåñÿöà äî åå
ñòîëêíîâåíèÿ ñ Þïèòåðîì. Ñ 16 ïî 22 èþëÿ 1994 ã. áîëåå äâóõ äåñÿòêîâ êðóïíûõ
ôðàãìåíòîâ îäèí çà äðóãèì âõîäèëè â àòìîñôåðó Þïèòåðà. Ðàçìåðû èõ áûëè îöåíåíû
ïî íàáëþäåíèÿì, ïîëó÷åííûì ñ êîñìè÷åñêîãî òåëåñêîïà Õàááëà, è ñîñòàâëÿëè îêîëî
îäíîãî èëè íåñêîëüêèõ êèëîìåòðîâ. Ïàäåíèå êàæäîãî ôðàãìåíòà ñîïðîâîæäàëîñü
ìîùíûì âçðûâîì â àòìîñôåðå Þïèòåðà, ïðîèñõîäèâøåì íà íå âèäèìîé ñ Çåìëè
ñòîðîíå Þïèòåðà. Âñëåäñòâèå åãî âðàùåíèÿ ýòè îáëàñòè ÷åðåç íåñêîëüêî äåñÿòêîâ
ìèíóò ïîÿâëÿëèñü íà ëèìáå. Çíàÿ ìîìåíòû âçðûâà è ïîÿâëåíèÿ ÿðêîãî îáëàêà èç-çà
êðàÿ äèñêà, à òàêæå êîîðäèíàòû ìåñòà âçðûâà, ìîæíî îöåíèòü âûñîòó ãîðÿ÷åãî îáëàêà,
ïîÿâèâøåãîñÿ ïðè âçðûâå.

Ôðàãìåíò Q êîìåòû Ø.�Ë. 9 áûë îäíèì èç ñàìûõ êðóïíûõ. Ïðè ïîäõîäå ê Þïèòåðó
îí ðàñïàëñÿ íà äâà: Q1 è Q2 (Circ. IAU 1994, No. 6020). Ïðîöåññ äðîáëåíèÿ ôðàãìåíòîâ
ïðîäîëæàëñÿ ïðè âõîæäåíèè èõ â àòìîñôåðó ïëàíåòû 20 èþëÿ 1994 ã. Óñëîâèÿ
âèäèìîñòè Þïèòåðà áûëè òàêîâû, ÷òî ïàäåíèå ðàçëè÷íûõ ôðàãìåíòîâ ñåìåéñòâà Q
ðåãèñòðèðîâàëîñü íà ðàçíûõ îáñåðâàòîðèÿõ Åâðîïû.

Â Êðûìñêîé àñòðîôèçè÷åñêîé îáñåðâàòîðèè íàìè áûëè ïðîâåäåíû ôîòîìåòðè÷åñêèå
íàáëþäåíèÿ äèñêà Þïèòåðà âî âðåìÿ ïàäåíèÿ íà íåãî ôðàãìåíòîâ Q. Ïðîèçâîäèëèñü
öèôðîâûå çàïèñè âèäåîñèãíàëà îò âåðòèêàëüíîé ïîëîñêè, ðàñïîëàãàâøåéñÿ íà äèñêå
Þïèòåðà â íàïðàâëåíèè ñ ñåâåðà íà þã è ïðîõîäÿùåé ÷åðåç ìåñòî îæèäàåìîãî
ïîÿâëåíèÿ ãîðÿ÷åãî îáëàêà. Òî÷íîñòü ôîòîìåòðèè ñîñòàâëÿëà îêîëî 3%. Ðàçðåøåíèå
ñîñòàâëÿëî îêîëî 8′′ èç-çà íèçêîãî ïîëîæåíèÿ Þïèòåðà íàä ãîðèçîíòîì.

Íà ëèìáå Þïèòåðà áûëè çàðåãèñòðèðîâàíû òðè ýôôåêòà: äâà ÿðêèõ è îäèí ñëàáûé.
Ïåðâûé èç íèõ âèäåí íà äâóõ ôîòîìåòðè÷åñêèõ ðàçðåçàõ, ïîëó÷åííûõ â ìîìåíòû
âðåìåíè UT 19h42m51s (20.d8215) è 19h43m38s (20.d8220) â ñïåêòðàëüíîé ïîëîñå øèðèíîé
îêîëî 30 íì ñ ýôôåêòèâíîé äëèíîé âîëíû 560 íì. Óâåëè÷åíèå ÿðêîñòè íà êðàþ äèñêà
ñîñòàâèëî 21% è 16% îò ÿðêîñòè ýêâàòîðèàëüíîé çîíû. Ìîìåíò íàøåé ðåãèñòðàöèè
ïðàêòè÷åñêè ñîâïàë ñ ìîìåíòàìè, ïîëó÷åííûìè íà îáñåðâàòîðèÿõ Ïèê äþ Ìèäè è
Êàëàð Àëòî (Circ IAU No. 6032, 1994). Ýòî ìîæíî èíòåðïðåòèðîâàòü êàê ïîÿâëåíèå
ãîðÿ÷åãî îáëàêà, âûçâàííîãî âçðûâîì ôðàãìåíòà Q2, êîòîðûé ïðîèçîøåë ñîãëàñíî
íàáëþäåíèÿì îïòè÷åñêîãî ýõà îò Èî â 19h31m (20.d813), ò.å. çà 12 ìèí äî ïîÿâëåíèÿ
îáëàêà íà ëèìáå (Â.Ì. Ëþòûé, Â.Ã. Ìåòëîâ, Àñòðîí. âåñòíèê, 1996, 30, 107). Îöåíêà
âûñîòû îáëàêà äàëà çíà÷åíèå îêîëî 200 êì. Îøèáêà ýòîé âåëè÷èíû ñîñòàâëÿåò
ïðèìåðíî −100/+200 êì, ÷òî âûçâàíî ïîãðåøíîñòüþ îïðåäåëåíèÿ êîîðäèíàò ìåñòà
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ïàäåíèÿ ôðàãìåíòà, ñîñòàâëÿþùåé ïî äàííûì Í.Ñ. ×åðíûõ è äð. (Àñòðîí. âåñòíèê,
1996, 30, 133) îêîëî 2◦. Ñðåäíÿÿ ñêîðîñòü ïîäúåìà îáëàêà ñîñòàâèëà íå ìåíåå 0.3 êì/ñ.

Âòîðîé ñèëüíûé ýôôåêò áûë çàðåãèñòðèðîâàí íà òðåõ ôîòîìåòðè÷åñêèõ ðàçðåçàõ
â òîé æå ñïåêòðàëüíîé îáëàñòè â ìîìåíòû UT 20h09m03s, 20h09m40s è 20h11m22s

(20.d840), ïðè÷åì ÿðêîñòü åãî óìåíüøàëàñü è ñîñòàâëÿëà ïðèìåðíî 30%, 23% è 14%
ñîîòâåòñòâåííî îò ÿðêîñòè ýêâàòîðèàëüíîé çîíû. Â UT 20h12m49s îí ïðàêòè÷åñêè
îòñóòñòâîâàë. Ýòîò ýôôåêò áûë çíà÷èòåëüíî áîëüøå ïåðâîãî. Ìû îòîæäåñòâèëè åãî ñî
âçðûâîì ôðàãìåíòà Q1a, êîòîðûé, ñîãëàñíî íàáëþäåíèÿì Â.Ì. Ëþòîãî è Â.Ã. Ìåòëîâà,
ïðîèçîøåë â ìîìåíò UT 19h58m48s (20.d8325). Ñ ìîìåíòà âçðûâà äî ïîÿâëåíèÿ îáëàêà
íà ëèìáå ïðîøëî 10 ìèí. Âçðûâ áûë áîëåå ìîùíûì, âûñîòà îáëàêà ñîñòàâèëà îêîëî
800 êì ñ ïîãðåøíîñòüþ 300 êì, à ñðåäíÿÿ ñêîðîñòü åãî ïîäúåìà 1.2 êì/ñ.

Ñëàáîå ïîÿð÷åíèå íà ëèìáå Þïèòåðà áûëî îáíàðóæåíî â ìîìåíòû UT 20h02m05s

è 20h02m53s (20.d836) íà çàïèñÿõ, ïîëó÷åííûõ â ÓÔ-îáëàñòè ñïåêòðà ñ ýôôåêòèâíîé
äëèíîé âîëíû 380 íì. Åãî îòîæäåñòâëåíèå íåîäíîçíà÷íî. Âîçìîæíî, îíî âûçâàíî ïàäå-
íèåì ôðàãìåíòà Q1a, è òîãäà îíî ñòàëî âèäèìûì íà ëèìáå ÷åðåç 3 ìèí ïîñëå âçðûâà.
Â ýòîì ñëó÷àå îöåíêà åãî âûñîòû äàåò çíà÷åíèå îêîëî 1500 êì ñ ïîãðåøíîñòüþ îêîëî
500 êì, à ñêîðîñòü åãî ïîäúåìà ñîñòàâëÿåò îêîëî 8 êì/ñ. Íå èñêëþ÷åíà âîçìîæíîñòü
îòîæäåñòâëåíèÿ åãî ñ áîëåå ðàííèì ïàäåíèåì îäíîãî èç ìåëêèõ ôðàãìåíòîâ ñåìåéñòâà
Q. Íàøè íàáëþäåíèÿ è äàííûå äðóãèõ íàáëþäàòåëåé ñâèäåòåëüñòâóþò î òîì, ÷òî
ôðàãìåíò Q, â îòëè÷èå îò ìíîãèõ äðóãèõ ôðàãìåíòîâ, ïðåäñòàâëÿë ñîáîé âåñüìà ðûõëûé
êîíãëîìåðàò, ÷òî ÿâëÿåòñÿ óêàçàíèåì íà íåîäíîðîäíóþ ñòðóêòóðó ïåðâîíà÷àëüíîãî
ÿäðà êîìåòû. Òî÷íîñòü îïðåäåëåíèÿ âûñîò è ñêîðîñòåé ïîäúåìà âåùåñòâà ìîæåò áûòü
ñêîððåêòèðîâàíà ïîñëå áîëåå òî÷íîãî îïðåäåëåíèÿ êîîðäèíàò ìåñò ïàäåíèÿ îòäåëüíûõ
ôðàãìåíòîâ.

Êðûìñêàÿ àñòðîôèçè÷åñêàÿ îáñåðâàòîðèÿ Â.Â. Ïðîêîôüåâà
334413 Êðûì, ï/î Íàó÷íûé V.V. Prokof'eva
Èí-ò òåîð. àñòðîíîìèè ÐÀÍ Ë.Ã. Êàðà÷êèíà
191187 Ñàíêò-Ïåòåðáóðã L.G. Karachkina
Àñòðîíîìè÷åñêàÿ îáñåðâàòîðèÿ ÊÃÓ Â.Ï. Òàðàùóê
252053 Êèåâ V.P. Taraschuk
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ÇÀÊÎÍÎÌÅÐÍÎÑÒÈ Â ÄÂÈÆÅÍÈÈ ÏËÈÒ
È ÃËÎÁÀËÜÍÀß ÀÑÈÌÌÅÒÐÈß ÇÅÌËÈ
Regularities in Motion of the Lithospheric Plates

and Global Asymmetry of the Earth
Ðåçþìå. Îáíàðóæåíà ãëîáàëüíàÿ àñèììåòðèÿ â ñòðîåíèè è äèíàìèêå Çåìëè ïî

îñîáåííîñòÿì ðàñïîëîæåíèÿ è äâèæåíèÿ ëèòîñôåðíûõ ïëèò, óñòàíîâëåíû èõ ñâÿçè ñ
ãëîáàëüíîé ñòðóêòóðîé è ýâîëþöèåé ôèçè÷åñêèõ ïîëåé Çåìëè.

In the �rst turn, we de�ne the centers Oi of plates Pi; for these, we take epicenters of their
centers of masses. We de�ne the latter ones for model plates assumed to be spherical, rigid,
homogeneous "shells"with constant thickness and contours corresponding to the present-day
boundaries of the plates. Geographic coordinates ϕ, λ of the centers of the main plates are
given in the Table. The Table lists also velocities v of the centers, their latitude (vϕ) and
longitude (vλ) components in the Earth System of Coordinates (ESC) as well as angular
velocities of proper rotation of the plates φ̇ (with respect to corresponding axes COi which
connect the Earth center of masses C and plate centers Oi). Note that the coordinates of the
plate centers Pi were calculated by the trapezium method. The total number of the trapezia,
which approximated the plates, was 88. The abbreviations for the plate names used in the
Table and henceforth are: AF � African, EA � Eurasian, PA � Paci�c, IN � Indian, NA
� North-American, SA � South-American, AN � Antarctic, AR � Arabian, CO � Cocos,
NA � Nasca, PH � Philippines, CA � Carribean. Kinematic parameters of the plates were
computed on the basis of the well-known kinematic models of absolute motion of the plates.

Basing on the analysis of the kinematic parameters listed, we found the following impor-
tant regularities in the arrangement and motions of the plates.

I. The positions of the plate centers on the Earth surface correspond to the coordinate
planes of a certain geocentric Cartesian frame CxLyLzL, placed asymmetrically with respect
to ESC. We will provisionally call this frame lithospheric system of coordinates (LSC), since
it re�ects the global structure of the lithospheric shell. On the Earth surface, the poles
of these axes have the following geographic coordinates: CxL (ϕ = 0◦, λ = −3.◦5), CyL

(ϕ = 28.◦5, λ = 86.◦5), CzL (ϕ = 61.◦5, λ = −93.◦5). Consequently, the CxL axis lies in the
Earth equator plane and is directed toward the west coast of Africa, the polar axis CzL is
directed toward Hudson Bay.

I.1. Centers of the plates AF, AR, PH, PA, NA, SA are located near a big circle on the
Earth sphere; the plane of the circle is inclined at angle IL = 28.◦5 to the Earth equator and
has a longitude of the ascending node λL = −3.◦5 (we will call this circle the "equator"of the
lithosphere: it lies in the CxLyL plane of the LSC).

I.2. Centers of the plates NA, CO, (CA), NA, AN, EA lie near the big circle on the Earth
sphere, which coincides with the meridian λ = −93.◦5 of the ESC (the plane of this meridian
also coincides with the coordinate plane of the LSC).

II. Centers of the plates AF, AR, PH, PA, NA, SA are evenly spaced along the equator
of the lithosphere: they are located near vertices of the inscribed regular hexagon (with the
exception of the angular distances between the centers of the plates AF and AR (40◦), AR
and PH (80◦).
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Table

Plate ϕ λ v ϑϕ ϑλ φ̇
(◦) (◦) (cm/cent) (cm/cent) (cm/cent) (◦/Myr)

AF 1.25 13.92 287 184 220 0.009
EA 51.11 88.16 216 �22 215 �0.254
PA 2.11 201.72 625 285 556 �0.001
IN �21.09 111.17 602 474 371 0.063
NA 58.89 265.73 195 �13 �190 0.436
SA �22.36 312.27 129 112 �63 0.045
AN �84.00 52.36 82 15 �81 �1.027
AR 21.83 46.21 496 349 352 0.078
CO 10.36 276.07 991 839 528 1.277
NA �21.01 267.78 840 75 837 0.574
PH 19.00 134.00 388 132 �154 �0.770
CA 18.00 281.50 65 57 32 0.207

III. Centers of the plates AF, AR, PH, PA, NA, SA (we will say that they form the
lithospheric belt) tend to move mainly along the equator of the lithosphere.

III.1. Centers of the eastern-hemisphere plates (AF, AR, PH, PA) drift toward the upper
point of the lithosphere equator (in the ESC), i.e. toward the pole of the CyL axis in the
Tibet region, whereas centers of the western-hemisphere plates (NA, SA) � toward the lower
point.

III.2. There is a less pronounced trend in the motion of the plate centers toward the
northern hemisphere of the LSC.

III.3. The centers of the plates EA, SA, and IN tend to move along the parallels and
meridian of the LSC, respectively.

IV. Centers of the plates of the AF, AR, PH, PA, NA belt have greater velocities then
those of the plates AN, NA, EA, CA located at high latitudes.

V. Angular velocities of the proper plate rotation of the lithosphere belt are low as
compared to those of the high-latitude plates (except for the young oceanic plates NA and
PH).

V.1. According to their values of φ̇, the plates are divided into two groups: PA, AF,
SA, IN, AR with angular velocities |φ̇| ∈ (0 − 0.08) and CA, EA, NA, PH, AN, CO with
|φ̇| ∈ (0.21− 1.28).

These geometrical and kinematical properties of the plate motion disclose asymmetry in
the structure and evolution of the Earth. In the �rst turn, this refers to the lithospheric shell
and mantle of the Earth. Apparently, we can consider the above results as direct indications
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to existence of global relative motions of the Earth shells, its outer and inner core at geological
timescales.

A preliminary analysis of the regularities found in the plate motions allowed us to estab-
lish important features of global structure of the Earth physical �elds, their evolution and
interconnection with respect to LSC. Here, we only note that similar features were revealed in
the structure of the gravity and magnetic �elds (peculiarities in the geoid heights, magnetic
�eld drift, etc.), surface �ows of the outer core, heat �uxes from the Earth interiors, relief of
the outer core, spatial structure of the Earth free oscillation, paleomagnetic reconstruction,
climate, plate structure and �gures, tectonic structure of the plates, lithosphere, crust, and
seismic zones, in geography of the continents and oceans.

This work was supported by the Russian Foundation for Basic Research (project code
95-05-15638A).
Ãîñ. àñòðîí. èí-ò èì. Ï.Ê. Øòåðíáåðãà Þ.Â. Áàðêèí
Ïîñòóïèëà â ðåäàêöèþ 30 ìàðòà 1994 ã. Yu.V. Barkin
Ïîñëå äîðàáîòêè 25 ìàÿ 1995 ã.
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ÂÅÊÎÂÎÅ ÄÂÈÆÅÍÈÅ ÏÎËÞÑÀ ÇÅÌËÈ:
ÝÔÔÅÊÒ ÏÎÄÄÂÈÃÀ ÏËÈÒ

Secular Motion of the Earth Pole: E�ect of Subduction of the Plates
Ðåçþìå. Íà îñíîâå ïðåäïîëîæåíèÿ, ÷òî ïîääâèã (¾âêëèíèâàíèå¿) îêåàíè÷åñêèõ

ëèòîñôåðíûõ ïëèò ïðèâîäèò ê ýôôåêòó ¾àêêóìóëÿöèè ìàññ¿ â çîíàõ ñóáäóêöèè è
èõ îêðåñòíîñòÿõ, îïðåäåëåíû âåêîâûå âàðèàöèè êîìïîíåíò òåíçîðà èíåðöèè Çåìëè.
Ïîêàçàíî, ÷òî âñëåäñòâèå óêàçàííîãî ýôôåêòà ïîëþñ îñè âðàùåíèÿ Çåìëè ñìåùàåòñÿ
ñî ñêîðîñòüþ ϑ = 0.′′376 1

T
(T - âåê) â íàïðàâëåíèè λ = 56.◦2W.

Subduction zones are zones of wedging-in of the oceanic lithosphere. Their location on
the Earth surface is clearly de�ned by relief features. In the �rst turn, these are deep-sea
trenches and conjugate volcanic-island arcs, as well as high-mountain structures like the
Andes or the Himalaya in the case where subduction takes place beneath a continent. A
complete list of the subduction zones (by names of conjugate geographic structures) with a
total extension of 39,000 km is given in the Table. Well-developed kinematic theories of plate
relative motion allow us to readily calculate the rate per unit time (T =century) of mass
transfer from the oceanic lithosphere to the subduction zones.

In the vicinities of the subduction zones, the mass distribution undergoes a complicated
restructuring, a�ecting gravimetric and seismic observations. The main features of the sub-
duction zones are: (1) when the plates (the superimposed and subducted ones) overlap, a
concentration of excess masses takes place; (2) seismic data indicate to a �nite extension of
the subduction zones (from more than 150�300 km to 700 km), and the wedge-shaped edge
of the oceanic plate penetrates the astenosphere at an angle of 30◦�50◦; (3) a ¾bump¿ of
the geoid with an amplitude of about 80m in the western part of the Paci�c Ocean indicates
to the presence of excess masses in this region, due to immersion of cool (and, consequently,
heavy) plates into the mantle.

In the present study, we are basing on the assumption that the plate wedging-in e�ect
leads to a considerable restructuring and accumulation of lithospheric masses in the vicini-
ties of the subduction zones (mechanism of ¾mass injection¿ into the astenosphere with a
subsequent resorption of the masses at long geological timescales). This implies that the
components of the Earth tensor of inertia, its rotation, and the position of its center of
masses must experience secular variations.

Table lists secular variations of the geopotential parameters Ċ21, Ṡ21, due to plate subduc-
tion for each of the subduction zones selected. Table also contains components of the speed
of the secular motion of the Earth rotation axis pole in the Greenwich system of coordinates.

When computing the variations of Ċ21 and Ṡ21, we divided the subduction zones into
short arcs (∼ 60) and in subsequent calculations assumed them to be material points. We
solved a dynamic problem about rotation of an isolated deformable body, using the equations
of motion in the Andoyer variables. This yielded compact analytical formulae for the rates of
the secular motion of the rotation-axis pole, due to slow (secular) variations of its dynamic
structure. After some natural simpli�cations, these formulae are reduced to

ẋ = −0.′′2702(Ċ21 · 109)
1

T
, ẏ = −0.′′2702(Ṡ21 · 109)

1

T
.

The last line of the table lists the summary secular variations. Their magnitudes imply
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Table
Contribution of subduction zones to the variations of geopotential parameters Ċ21, Ṡ21 (in
units 10−9 1

T
and to parameters of the secular motion of the Earth rotation axis pole ẋ, ẏ

(in units arcsec/T )

No. Subduction zone Ċ21 Ṡ21 ẋ ẏ

1 Zond Isls �0.047 �0.107 0.′′013 0.′′029
2 Philippines �0.041 0.057 0.011 �0.016
3 Ryukyu Isls �0.072 0.095 0.019 �0.026
∗4 Marian Isls �0.116 0.083 0.031 �0.022
∗5 Nampo, N.Honshu Isls �0.180 0.132 0.049 �0.036
6 Hokkaido, Kurile Isls �0.311 0.125 0.084 �0.034
7 Aleutian Isls �0.324 �0.048 0.088 0.013
8 Kermadec Isls 0.197 0.001 �0.053 0.000
∗9 Tonga Isls 0.182 0.016 �0.049 �0.001
10 New Hebrides 0.098 �0.017 �0.027 0.005
11 Solomon Isls 0.038 �0.017 �0.010 0.005
12 New Brittany Isls 0.006 0.001 �0.002 0.000
13 Antilles 0.049 �0.097 �0.013 0.026
14 Sandwich Isls �0.053 0.032 0.014 �0.009
15 South Cordilleras

(Central-America Trench) �0.382 �0.142 0.103 0.038
16 Andes

(Peru�Chile Trench) �0.176 0.661 0.048 �0.179
17 Himalaya 0.044 0.383 �0.012 �0.103

Summary e�ects �0.776 1.157 0.′′210 �0.′′313

that, according to the e�ect studied of mass addition of oceanic plates in all the subduction
zones, the Earth rotation axis pole commits a secular motion at a rate of ϑ = 0.′′376 toward
the direction of longitude λ = 56.◦2W. Note that this result was obtained for the density of
the plates immersed ρ = 3.3 g/cm3 and for their stationary thickness of 80 km.

The approach used in this work makes it possible to study the role of individual subduc-
tion zones as well as that of various groups in the secular variations of the geopotential and
the Earth rotation. For instance, it is quite possible that the e�ect of ¾mass accumulation¿
depends on the types of plate subduction. Asterisks in the table denote the sections of plate
subduction with considerable length of the wedge. If we exclude these values, we get the
following parameters of the pole secular motion: ϑ = 0.′′222, λ = 76.◦9W.

This work was supported by the Russian Foundation for Basic Research.
Ãîñ. àñòðîí. èí-ò èì.Ï.Ê.Øòåðíáåðãà Þ.Â.Áàðêèí
Ïîñòóïèëà â ðåäàêöèþ 30 ìàðòà 1994 ã. Yu.V.Barkin
Ïîñëå äîðàáîòêè 25 ìàÿ 1995 ã.
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ÎÏÐÅÄÅËÅÍÈÅ ÊÎÎÐÄÈÍÀÒ ÐÀÄÈÎÇÂÅÇÄ
ÍÀ ÏÀÑÑÀÆÍÎÌ ÈÍÑÒÐÓÌÅÍÒÅ

Determination of Radio Stars' Coordinates
by Means of a Transit Instrument

Abstract. Basing on the observations on the photoelectric transit instrument, the cor-
rections of the positions of 20 radio stars from the Bordeaux meridian circle catalogue were
determined in the Time Service of the Sternberg Astronomical Institute.

Ïðîáëåìà ñâÿçè îïòè÷åñêèõ è ðàäèî êîîðäèíàò íåáåñíûõ îáúåêòîâ âåñüìà àêòóàëüíà
è èíòåðåñíà. Îíà óæå ìíîãèå ãîäû àêòèâíî ðàçðàáàòûâàåòñÿ êëàññè÷åñêèìè àñòðî-
ìåòðèñòàìè. Äëÿ åå ðåøåíèÿ èñïîëüçóþòñÿ íàáëþäåíèÿ íà àñòðîãðàôàõ è ìåðèäèàííûõ
êðóãàõ.

Èçâåñòíûé èíòåðåñ ïðåäñòàâëÿåò èñïîëüçîâàíèå äëÿ ýòîé öåëè ôîòîýëåêòðè÷åñêèõ
ïàññàæíûõ èíñòðóìåíòîâ Ñëóæá âðåìåíè. Ìàññîâîñòü íàáëþäåíèé íà ïàññàæíûõ èíñòðó-
ìåíòàõ äàåò èì íåêîòîðîå ïðåèìóùåñòâî ïåðåä äðóãèìè ìåòîäàìè.

Òàáëèöà
PPL FK5 m∗ (5) (6) (7) (8) (9)

1 81831 1002 4.8 0 5 20.143 −5.7 −2.8 11.4 5
2∗ 90149 27 4.3 0 47 20.332 24.3 0.9 1.6 101
3∗ 146173 107 2.8 3 2 16.771 4.1 −6.8 2.3 58
4 29054 4.6 4 18 14.611 50.3 8.7 5.0 6
5 15047 178 4.3 4 54 3.008 66.3 10.8 3.7 33
6∗ 175888 206 2.6 5 32 0.392 −0.3 −4.3 3.4 36
7 400076 2.2 5 40 45.533 −1.9 4.0 4.4 4
8∗ 32699 398 5.2 10 35 9.701 57.1 8.1 1.7 104
9∗ 18276 472 4.0 12 33 28.947 69.8 9.4 2.3 104
10 18337 5.7 12 48 39.465 60.3 2.0 2.1 97
11 159616 5.2 13 16 46.531 9.4 12.2 8.0 5
12 165855 5.2 18 27 12.507 0.2 −7.2 5.0 17
13 81887 705 3.7 18 50 4.797 33.4 −0.6 3.6 22
14 84645 4.8 20 17 47.204 38.0 −0.3 1.0 192
15 239206 5.2 21 41 32.870 −14.0 2.8 9.5 5
16 140575 5.9 21 44 31.333 14.8 2.4 8.0 5
17 23328 5.1 21 56 39.155 63.6 6.8 4.7 16
18 141947 5.9 22 53 2.278 16.8 4.9 6.0 14
19∗ 64456 890 4.1 23 37 33.852 46.5 −0.2 1.2 132
20 89159 5.9 23 49 40.967 36.4 6.3 4.9 16

Â ïðîãðàììó íàáëþäåíèé Ñëóæáû âðåìåíè ÃÀÈØ íà 1992�1993 ãã. áûëî âêëþ÷åíî
20 ðàäèîçâåçä èç êàòàëîãà àâòîìàòè÷åñêîãî ìåðèäèàííîãî êðóãà â Áîðäî ¾Optical posi-
tions of 221 radio stars obtained with the Bordeaux automatic meridian circle¿ (Y.Requi�eme,
J.M., AsAp Suppl, 1991, 89, 311).
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Äåâÿòü çâåçä èç ýòîãî êàòàëîãà íàáëþäàëèñü è ðàíüøå, ò.ê. îíè âõîäÿò â ïðîãðàììó
Ñëóæáû âðåìåíè ÃÀÈØ. Ïîïðàâêè ê ïðÿìûì âîñõîæäåíèÿì ýòèõ äåâÿòè çâåçä áûëè
ïîëó÷åíû ïî íàáëþäåíèÿì ñ 1987 ïî 1993 ã. Äëÿ îñòàëüíûõ ðàäèîçâåçä ïîïðàâêè ïîëó-
÷åíû ïî íàáëþäåíèÿì çà 1992�1993 ãã.

Îáðàáîòêà ïðîâîäèëàñü â ñèñòåìå êàòàëîãà FK5. Ïîïðàâêè ê ïðÿìûì âîñõîæäåíèÿì
îïðåäåëÿåìûõ çâåçä íàõîäèëèñü ïî ãðóïïå èç 10�11 îïîðíûõ çâåçä FK5 ïî ôîðìóëå
Ìàéåðà. Êàê ýòî îáû÷íî ïðèíÿòî â ïðàêòèêå Ñëóæá âðåìåíè, ïî ãðóïïå çâåçä íàõîäèëàñü
ñðåäíÿÿ ïîïðàâêà ÷àñîâ U , à ðàçíîñòè U −U ðàññìàòðèâàëèñü êàê ïîïðàâêè ê ïðÿìûì
âîñõîæäåíèÿì ðàäèîçâåçä.

Ïîëó÷åííûå ïîïðàâêè, èõ ñðåäíèå êâàäðàòè÷íûå îøèáêè è ÷èñëî íàáëþäåíèé äàíû
â ñòîëáöàõ (7), (8), (9) òàáëèöû. Çâåçäî÷êàìè îòìå÷åíû 9 çâåçä, íàáëþäàâøèõñÿ â
òå÷åíèå 7 ëåò. Íîìåðà çâåçä äàíû ïî êàòàëîãàì PPL è FK5. Â ñòîëáöå (5) ïðèâåäåíû
ïðÿìûå âîñõîæäåíèÿ çâåçä ñ ó÷åòîì ïîïðàâîê, ïîëó÷åííûõ íàìè. Ýïîõà è ðàâíîäåíñòâèå
2000.0. Ñîáñòâåííûå äâèæåíèÿ çâåçä âçÿòû èç êàòàëîãà Áîðäî. Â ñòîëáöå (6) ïðèâåäåíû
ïðèáëèæåííûå ñêëîíåíèÿ â ãðàäóñàõ.

Íàäî îòìåòèòü, ÷òî ÷àñòü ïîïðàâîê ïîëó÷èëàñü íåóâåðåííî, òàê êàê ðÿä íàáëþäåíèé
ñëèøêîì êîðîòîê. ×àñòü æå ïîïðàâîê, íåñîìíåííî, çàñëóæèâàåò âíèìàíèÿ. Ìîæíî
ïîëàãàòü, ÷òî èñïîëüçîâàíèå î÷åíü áîëüøîãî ìàññèâà íàáëþäåíèé Ñëóæá âðåìåíè äàñò
ïîïðàâêè ê êîîðäèíàòàì ðàäèîçâåçä ñ âûñîêîé òî÷íîñòüþ.

Ãîñ. àñòðîí. èí-ò èì. Ï.Ê. Øòåðíáåðãà Í.Ñ.Áëèíîâ N.S.Blinov 1

119991, Ìîñêâà Â-234 Ã.Ì.Áëàíê G.M.Blank
Óíèâåðñèòåòñêèé ïðîñïåêò, 13 Å.Í.Ôåäîñååâ E.N.Fedoseev
Ïîñòóïèëà â ðåäàêöèþ 5 ìàÿ 1994 ã.

1Ïðîôåññîð Íèêîëàé Ñåðãååâè÷ Áëèíîâ ñêîí÷àëñÿ 29 àâãóñòà 2002 ã.
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ÌÅËÊÎÇÅÐÍÈÑÒÀß ÀÑÒÐÎÝÌÓËÜÑÈß
ÍÀ ÊÂÀÇÈÏËÎÑÊÈÕ ÊÐÈÑÒÀËËÀÕ,
Î×ÓÂÑÒÂËßÅÌÀß ÂÎÄÎÐÎÄÎÌ

Hydrogen-Sensitized Fine-Grain Emulsion with Quasi-T-Crystals
Ðåçþìå. Îïèñàíà àñòðîôîòîýìóëüñèÿ íà êâàçèïëîñêèõ êðèñòàëëàõ áðîìèñòîãî

ñåðåáðà.
As we know, the �rst report on photographic plate hydrogen hypersensitization (hyper-

ing) is dated 1871 (a USA patent). A new interest to the topic appeared in the 1930s, after
the work of Robert Kozlowsky at Agfa Wolfen. Kozlowsky was the inventor of gold sensitiza-
tion. In the 1950s in Russia the action of hydrogen on thick nuclear emulsions was studied,
too. Strong fogging, especially at increased temperatures, was observed. Another period of
intense interest in hydrogen hypering was connected with the work of Babcock, James and
Lewis at Eastman Kodak. In 1974, they found a marked lowering of reciprocity failure after
hydrogen hypering, an e�ect important for astronomy. In 1975 the use of warm hydrogen
was suggested. It must be noted that hydrogen hypering acts in an independent way from
other sensitisers, so it can produce ultimate e�ciency.

It appears that hydrogen acts as a slow chemical reducing agent, aiding the formation
of an AgAg quasimolecule with hole-accepting capability on the faces of the silver halide
crystals. It preferentially locates on the cubic faces of the crystal. Chemical sensitizers such
as gold and thiosulphate react better on the octahedral faces, so their action is independent.
A photochemical reaction, the mechanism for which was suggested by James, allows the two
electrons given by the AgAg quasimolecule to react with two interstitial Ag+ ions, forming
a stable Ag2 subcenter, growing to a latent image subcenter of at least four silver atoms.

Good hypering was urgently needed to use the three new 1-m Zeiss Jena re�ectors put in
operation in good dark sites in the Middle Asia. Having a rather low focal ratio of F/13.5,
these Ritchey�Chr�etien telescopes cannot reach the sky background with unhypered 103aO
or ZU21.

At that time it was found that ZU21 shows no increase of sensitivity when hypered at
room temperature. Warm H-hypering was tried in a double-walled tank with circulating
water. A thermistor near the plates was not used, only the temperature of water being
measured. The plates were put into the tank, which was pumped out to 2 × 10−2 mm Hg,
then heating was turned on and the tank �lled with hydrogen. The typical time of hypering
is 45 min at 46◦C. The temperature must be adjusted so as not to give a strong chemical
fog. After hypering the plates cool in air.

A communication from the Chemistry Department of the Moscow University proposed
a very good method of storing hydrogen. This is probably a German invention � a powder
of a special alloy having a strong hydrogen absorbing capability. A two-litre cylinder of this
alloy absorbs about 200 l of hydrogen at 2�3 atm pressure. The desorbed hydrogen is cleaner
than the one which has been absorbed. Such accumulators have been used at the Sternberg
Institute for several years.

In the late 80s the hypering tank and the technology were transferred to the Sternberg
Institute, where they proved to be reliable. At this time it occurred to us to develop an
emulsion with ¾T¿ (tabular) crystals and coat it on glass ourselves. The emulsion would be
slow, but designed for use with hypering (Fig. 1).
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The aspect ratio of the new-emulsion crystals is 3�6, and the developed crystals have
dimensions 0.95�1.25µm, 70% falling in the limits 1.08±0.08µm. The new emulsion, NT-
1A, is of the non-dye-sensitized silver bromide type, with an addition of 3% silver iodide.
Before hypering it can be stored at room temperature for at least one year (Fig. 2). Hypered
plates can be stored between +4 and +8◦C for about one month (Fig. 3). After hypering the
new emulsion has the sensitivity of unhypered 103aO or ZU21, but the graininess is much
better.

The �rst astronomical tests of NT-1A have been published in the ESO Mess., 1993 March,
p. 57.At normal sky background it gives a limiting magnitude by about 0.m8 better than
ZU21, and its astrometric qualities are also better. The NT-1A works well in light pollution,
the Carte du Ciel astrographs at Pulkovo and Tashkent showing limiting B ∼ 16m.
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During the winter of 1992�1993, NT-1A plates on 1.7-mm glass (2.6 mm is also available)
were tested at the 80-cm Schmidt camera near Riga in Latvia. The 24×24-cm plates were
successfully bent mechanically for a focal length of 240 cm. They show a better limiting
magnitude and a more detailed picture of dark nebulae in M31, due perhaps to better
granularity and acutance of the new emulsion, not yet measurable during our laboratory
sensitometry (Fig. 4).

Thanks are due to David Malin for improving the English of this article.

152140, Ïåðåñëàâëü-Çàëåññêèé Ä.Ê. Ìèõàéëîâ
ïë. Ìåíäåëååâà 2, ÍÏÎ ¾Ñëàâè÷¿ D.K. Mikhailov
Ãîñ. àñòðîí. èí-ò èì. Ï.Ê. Øòåðíáåðãà Ï.Â. Ùåãëîâ1

119991, Ìîñêâà Â-234 P.V. Shcheglov
Óíèâåðñèòåòñêèé ïðîñïåêò, 13
Ïîñòóïèëà â ðåäàêöèþ 21 èþíÿ 1994 ã.

1Ïðîôåññîð Ïåòð Âëàäèìèðîâè÷ Ùåãëîâ ñêîí÷àëñÿ 19 äåêàáðÿ 2001 ã.
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Î ÍÅÊÎÒÎÐÛÕ ÎÑÎÁÅÍÍÎÑÒßÕ
ÀÒÌÎÑÔÅÐÍÎÉ ÖÈÐÊÓËßÖÈÈ,

ÁËÀÃÎÏÐÈßÒÍÛÕ ÄËß ÕÎÐÎØÅÃÎ ÀÑÒÐÎÊËÈÌÀÒÀ
On Some Features of Atmospheric Circulation

Favourable to Good Seeing
Ðåçþìå.Ìåòåîðîëîãè÷åñêèå ñèòóàöèè, ïðè êîòîðûõ â ÿñíóþ íî÷íóþ ïîãîäó ïðîèñõî-

äèò îïóñêàíèå âîçäóøíûõ ìàññ, áëàãîïðèÿòíû äëÿ îñëàáëåíèÿ àòìîñôåðíîé òóðáó-
ëåíòíîñòè. Âîçìîæíî, îíè èìåþò ìåñòî â öåíòðàëüíîé Àíòàðêòèêå.

In 1976�1990 an extensive program of site testing, using a calibrated photoelectric polar
seeing monitor (PSM), a folding interferometer, microthermometers, a sodar and having
meteorological support was done in the Middle Asian region of the USSR, Crimea and
Caucasus.

Seeing measurements with the same calibrated PSM have shown a considerable variation
of excellent image percentage at di�erent mountain sites (À.E. Guryanov et al., Sov. Astr.,
1991, 35, No.3, 310�313).

Site β(FWHM), arcsec
0�0.6 0.6�1.2 ≥1.2

Crimea 0% 45% 55%
Almaty 0 5 95
Maidanak 5 65 30
Sanglock 40 55 5

A question rose: why is the seeing at Mt.Sanglock is so extremely good?
The late Orest V. Deminev, chief meteorologist at the Weather bureau in Dushanbe,

Tajikistan, and amateur astronomer, explained this phenomenon in such a way:
(1) The summit of Mt.Sanglock lies in a zone of low wind velocity due to interaction

of the W�E motion of the atmosphere and the air descending from high Pamir summits
situated to the East. This layer was detected in the 1950s by free balloon sounding.

(2) The summit of Mt. Sanglock is drained by deep canyons, allowing the air cooled by
contact with the ground to �ow down. It is replaced by low-turbulent air descending from
the upper layers of the atmosphere. The absence of wind allows this �ow to go undisturbed.
Air temperatures of about −20C were measured during clear nights in August at 0.5 m above
the ground, the temperature at 2 m being +160C (P.V. Shcheglov et al., Astron. Tsirk. No.,
1971, 606, 7).

(3) A �ash of very good images was observed with the PSM during three nights in August
1977 at the mediocre site of Maidanak. O.A. Lyapina et al. (Comptes Rendus Acad. Sci. Uzb.,
1981 , 10, 28�30) have found, that a strong cyclone several hundred kms from Maidanak
caused a descending motion of air at that mountain.

The wind pro�les during clear nights are given for Mt. Sanglock and Mt. Maidanak in
Fig. 1 (after A.E. Guryanov et al., AsAp, 262, 373�381, 1992).

It is possible that such conditions could be found in other geographic locations. In par-
ticular, a down�ow of cold air is observed from the Antarctic plateau, and low-turbulent
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descending air can be expected in the central part of this continent, in the region of inter-
section of air �ow lines (Fig. 2).

Fig. 1. Wind pro�les at Sanglock (1)
and Maidanak (2) during site testing.

Fig. 2. Direction of near-ground wind
in Antarctic.

Ãîñ. àñòðîí. èí-ò èì. Ï.Ê. Øòåðíáåðãà Ï.Â. Ùåãëîâ1

119991, Ìîñêâà Â-234 P.V. Shcheglov
Óíèâåðñèòåòñêèé ïðîñïåêò, 13

Ïîñòóïèëà â ðåäàêöèþ 25 èþíÿ 1994 ã.
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Î ÍÀ×ÀËÅ ÏÐÎÈÇÂÎÄÑÒÂÀ ÝÎÏ Â ÑÑÑÐ
On the Beginning of Image Converter

Production in the USSR
Abstract. The production of infrared image converters in the USSR began in 1942.
Êàê õîðîøî èçâåñòíî, â êîíöå 40-õ ãîäîâ â ÑÑÑÐ áûëè âûïîëíåíû ïèîíåðñêèå

ðàáîòû ïî ôîòîãðàôèðîâàíèþ àñòðîíîìè÷åñêèõ îáúåêòîâ è ñïåêòðîâ íî÷íîãî íåáà â
èíôðàêðàñíîé îáëàñòè ñïåêòðà ïðè ïîìîùè ýëåêòðîííî-îïòè÷åñêîãî ïðåîáðàçîâàòåëÿ.
Ýòî ïîçâîëÿåò äóìàòü, ÷òî ê òîìó âðåìåíè ñëîæèëàñü îïðåäåëåííàÿ òðàäèöèÿ
ïðèìåíåíèÿ ýòèõ ïðèáîðîâ è èìåëèñü äîñòàòî÷íî êâàëèôèöèðîâàííûå ñïåöèàëèñòû
â ýòîé îáëàñòè. Â íàñòîÿùåå âðåìÿ â îòå÷åñòâåííîé ëèòåðàòóðå ïîÿâèëîñü íåñêîëüêî
óïîìèíàíèé î ðàáîòàõ ïî ÝÎÏ òîãî ïåðèîäà.

Ìû çíàåì, ÷òî ÝÎÏ ñ êàòîäàìè S1 è S25 ïðèìåíÿþòñÿ â ïðèáîðàõ íî÷íîãî âèäåíèÿ
(Â.À. Îðëîâ, Â.È. Ïåòðîâ, Ïðèáîðû íàáëþäåíèÿ íî÷üþ è ïðè îãðàíè÷åííîé âèäèìîñòè,
Ì.: Âîåíèçäàò, 1989). Â êíèãå ¾Îðóæèå ïîáåäû¿ (Ì.: Ìàøèíîñòðîåíèå, 1985, 238)
ñîîáùàåòñÿ, ÷òî âî âðåìÿ Ñòàëèíãðàäñêîé áèòâû ïðèìåíÿëèñü ðàçðàáîòàííûå ÃÎÈ è
ÂÝÈ áèíîêóëÿðíûå ÈÊ-âèçèðû äëÿ ñàïåðîâ è äëÿ íàáëþäåíèÿ ñèãíàëüíûõ îãíåé òàíêîâ
è áðîíåìàøèí íî÷üþ.

Â êíèãå ¾Ñ.È. Âàâèëîâ � î÷åðêè è âîñïîìèíàíèÿ¿ (Ì.: Íàóêà, 1991) ñî ññûëêîé íà
Â.È. Êðàñîâñêîãî óïîìèíàåòñÿ, ÷òî â àïðåëå 1943 ã. íà âûñøåì ãîñóäàðñòâåííîì óðîâíå
Ñ.È. Âàâèëîâó áûëî ïîðó÷åíî ðóêîâîäñòâî ïðîáëåìîé ðàçðàáîòêè ÝÎÏ; âñêîðå îí áûë
íàçíà÷åí óïîëíîìî÷åííûì Ãîñóäàðñòâåííîãî êîìèòåòà îáîðîíû.

Ë.Ã. Ëåéòåéçåí - ê.ò.í., ëàóðåàò Ãîñóäàðñòâåííîé ïðåìèè, îêîí÷èëà ÌÝÈ â 1938 ã. è ñ
1938 ã. ïî 1993 ã. ðàáîòàëà íà Ìîñêîâñêîì ýëåêòðîëàìïîâîì çàâîäå. Òåìîé åå äèïëîìíîé
ðàáîòû â ÌÝÈ áûëà ðàçðàáîòêà ïåðâîãî â ÑÑÑÐ ñóðüìÿíî-öåçèåâîãî ôîòîýëåìåíòà
ÑÖÂ-1. Íà ÌÝËÇ îíà ñòàëà ðàáîòàòü â ãðóïïå ïî ïðîèçâîäñòâó ôîòîýëåêòðîííûõ
ïðèáîðîâ ò.í. ãàçîðàçðÿäíîé ëàáîðàòîðèè. Ïðèâîäèì êîíñïåêòèâíîå èçëîæåíèå åå
âîñïî-ìèíàíèé, îòíîñÿùèõñÿ ê ýòîìó ïåðèîäó.

¾Â íà÷àëå âîéíû ìóæ÷èíû áûëè ïðèçâàíû â àðìèþ, è â ãðóïïå îñòàëîñü äâà
èíæåíåðà - Ò.Í. Ðàáîòíîâà, îêîí÷èâøàÿ ÌÝÈ â 1937 ã., è ÿ. Â öåõå ôîòîýëåìåíòîâ
âûïóñêàëè òîãäà ôîòîýëåìåíòû ñ êàòîäîì S1 äëÿ çâóêîâîãî êèíî.

Ïîñëå ðàçãðîìà íåìöåâ ïîä Ìîñêâîé íà çàâîä íà÷àëè âîçâðàùàòüñÿ îñòàâøèåñÿ
â Ìîñêâå ñîòðóäíèêè, îòïðàâëåííûå â îòïóñê 16 îêòÿáðÿ 1941 ã. Ñòàëè ïðèáûâàòü
ýâàêóèðîâàííûå ëåíèíãðàäöû ñî ¾Ñâåòëàíû¿. Â íà÷àëå 1942 ãîäà íà çàâîäå ïîÿâèëñÿ
Ï.Â. Òèìîôååâ, çàâåäóþùèé ëàáîðàòîðèåé ýëåêòðîííûõ ïðèáîðîâ ÂÝÈ; ìû ñëóøàëè
êóðñ åãî ëåêöèé â ÌÝÈ. Îí ïðèíåñ ðàçðàáîòàííûé èì ÝÎÏ � ïðèáîð, ïîçâîëÿþùèé
íî÷üþ õîðîøî âèäåòü ïðîòèâíèêà, îñòàâàÿñü äëÿ íåãî íåâèäèìûì.

Ïðèáîð áûë âûïîëíåí ïî ñõåìå Õîëñòà, äèàìåòð ðàáî÷åãî ïîëÿ ñîñòàâëÿë 20 ìì. Íà
âõîäíîå îêíî èçíóòðè íàíîñèëñÿ êàòîä òèïà S1. Òîò ôàêò, ÷òî â ïðèáîðå ïðèìåíÿëñÿ
ýòîò êàòîä, äåëàë öåõ ôîòîýëåìåíòîâ åäèíñòâåííûì ìåñòîì, ãäå ÝÎÏ ìîã áûòü
ñðàâíèòåëüíî áûñòðî âíåäðåí â ïðîèçâîäñòâî. Îñíîâíîå îáîðóäîâàíèå, ìàòåðèàëû
è êâàëèôèöèðîâàííûå ðàáî÷èå èìåëèñü. Âûïóñê ÝÎÏîâ ìîæíî áûëî îðãàíèçîâàòü
íà áàçå öåõà ôîòîýëåìåíòîâ � ê òàêîìó âûâîäó ïðèøëè ãëàâíûé èíæåíåð çàâîäà
Ð.À. Íèëåíäåð, Ï.Â. Òèìîôååâ è íà÷àëüíèê ëàáîðàòîðèè Ô.Ñ. Êîíîâàëîâ.

Astron. Tsirkulyar � 1557 49 October 1998



Ïî ëåãåíäå öåõ ñîõðàíèë ñâîå íàçâàíèå öåõà ôîòîýëåìåíòîâ; åãî íà÷àëüíèêîì
íàçíà÷èëè À.Á. Çóéêîâó, õîðîøåãî îðãàíèçàòîðà, çàìåñòèòåëåì � Ï.Â. Òèìîôååâà.
Ðàáîòíîâó è Ëåéòåéçåí íàçíà÷èëè òåõíîëîãàìè � Ðàáîòíîâà âåäàëà îïåðàöèÿìè îòêà÷êè
è ôîðìèðîâàíèÿ ôîòîêàòîäà, à ÿ � îñòàëüíûìè îïåðàöèÿìè è ñäà÷åé ïðèáîðîâ âîåííîé
ïðèåìêå.

Â öåõå íàøëèñü ðàáî÷èå âñåõ ñïåöèàëüíîñòåé � ïîìíþ çàìå÷àòåëüíîãî ñòåêëîäóâà,
¾áîãà îãíÿ¿ Âàñèëèÿ Æèäèêîâà. Ðàáîòíèêè öåõà ïîëó÷èëè óñèëåííîå ïèòàíèå è áåëûå
õàëàòû, ÷òî âûçâàëî íà çàâîäå ëåãêóþ ïàíèêó, ò.ê. äî ýòîãî â áåëûõ õàëàòàõ õîäèëè
òîëüêî ìåäèêè, è óâåëè÷åíèå èõ êîëè÷åñòâà ìîãëî îçíà÷àòü êàêóþ-ëèáî ýïèäåìèþ.
Òåõíè÷åñêîé äîêóìåíòàöèè íå áûëî � åå ðàçðàáàòûâàëè ïî îïûòíîìó îáðàçöó. Îò ÂÝÈ
â ýòîì ó÷àñòâîâàëè Ì.Ì. Áóòñëîâ, Å.Ã. Êîðìàêîâà, Â.Â. Ñîðîêèíà, Ê.È. Þìàòîâ,
íà÷àâøèå îáó÷àòü ðàáî÷èõ. Ïîëó÷àòü õîðîøèå êàòîäû ñòàëè äàëåêî íå ñðàçó � ìåøàë
ýêðàí; ïðèøëîñü óäàëÿòü åãî íà âðåìÿ ôîðìèðîâàíèÿ ôîòîêàòîäà à çàòåì, óæå â
îòêà÷àííîì ïðèáîðå, ñòàâèòü íà ìåñòî. Ëþìèíîôîð ýêðàíà íàíîñèëñÿ íà ïðîâîäÿùóþ
ïðîçðà÷íóþ ïîäëîæêó. Ïîÿâèëèñü è íîâûå, íåîæèäàííûå äåôåêòû � ñâåòÿùèåñÿ òî÷êè
è äð.

Ê íàì ÷àñòî ïðèåçæàë Ñ.È. Âàâèëîâ, âïîñëåäñòâèè ïîäêëþ÷èâøèé ê ðàáîòàì ïî
ÝÎÏàì À.À. Ëåáåäåâà � ñ 1943 ã. àêàäåìèêà, êîòîðûé ïîñëå äëèòåëüíûõ èññëåäîâàíèé
(îí òùàòåëüíî èçó÷àë ôîòîêàòîä â ìèêðîñêîï) âûÿñíèë ïðè÷èíó ïîÿâëåíèÿ ÿðêèõ
òî÷åê. Îêàçàëîñü, ÷òî ïðè ýòîì íàáëþäàåòñÿ õîëîäíàÿ ýìèññèÿ ñ îêàçàâøèõñÿ íà êàòîäå
ìèêðîïûëèíîê. Âïîñëåäñòâèè, êîãäà ñáîðêó ñòàëè âåñòè â îáåñïûëåííûõ ïîìåùåíèÿõ,
ýòîò ýôôåêò èñ÷åç.

Ê êîíöó 1942 ã. ñòàëè ïîëó÷àòüñÿ îòäåëüíûå áåçäåôåêòíûå ýêçåìëÿðû ÝÎÏîâ.
Èõ ðàçðåøàþùàÿ ñïîñîáíîñòü èçìåðÿëàñü â òåìíîé êîìíàòå ïî ìèðàì ñ âçàèìíî
ïåðïåíäèêóëÿðíûì íàïðàâëåíèåì øòðèõîâ. Èçìåðèòåëüíîå ïîìåùåíèå, åäèíñòâåííîå
èç âñåãî òåõíîëîãè÷åñêîãî öèêëà, îõðàíÿëîñü ÷àñîâûì, è äîïóñê â íåãî îñóùåñòâëÿëñÿ
ïî ñïåöèàëüíîìó ïðîïóñêó. Îäíàæäû ìîëîäåíüêèé ÷àñîâîé íå âûäåðæàë è ñïðîñèë:
¾×òî ýòî âû òàì äåëàåòå â òåìíîòå?¿

Ñîòðóäíèêè çàâîäà âûåçæàëè â âîèíñêóþ ÷àñòü, ãäå ïðèáîðû íî÷íîãî âèäåíèÿ
ïðîõîäèëè èñïûòàíèÿ â ïîëåâûõ óñëîâèÿõ. Âñå óñòðîéñòâî ïðåäñòàâëÿëî öåëûé àãðåãàò
� íà ãîëîâå çàêðåïëÿëñÿ áèíîêëü ñ äâóìÿ ïðåîáðàçîâàòåëÿìè è îïòèêîé, âûøå �
èíôðàêðàñíûé ïðîæåêòîð. Áëîêè ïèòàíèÿ íàõîäèëèñü â ðàíöå çà ñïèíîé.

Öåõ ïðîäîëæàë âûïóñêàòü ÝÎÏû, ïîñòàâëÿÿ íåñêîëüêî äåñÿòêîâ òðóáîê åæåìåñÿ÷íî;
ðàáîòàëè áåç âûõîäíûõ è îòïóñêîâ.¿
Ìîñêîâñêèé çàâîä Ë.Ã. Ëåéòåéçåí
ýëåêòðîâàêóóìíûõ ïðèáîðîâ L.G. Leiteisen
Ãîñ. àñòðîí. èí-ò èì. Ï.Ê. Øòåðíáåðãà Ï.Â. Ùåãëîâ1

119991, Ìîñêâà Â-234 P.V. Shcheglov
Óíèâåðñèòåòñêèé ïðîñïåêò, 13
Ïîñòóïèëà â ðåäàêöèþ 15 èþëÿ 1994 ã.

1Ïðîôåññîð Ïåòð Âëàäèìèðîâè÷ Ùåãëîâ ñêîí÷àëñÿ 19 äåêàáðÿ 2001 ã.
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ÍÅÈÇÂÅÑÒÍÛÉ ÏÅÐÅÂÎÄ XVII ÂÅÊÀ
ÍÀ ÐÓÑÑÊÈÉ ßÇÛÊ

ÏÅÐÂÎÉ ÊÍÈÃÈ ¾ÀËÜÌÀÃÅÑÒÀ¿ ÏÒÎËÅÌÅß
An Unknown Russian Translation of the First Book of

¾Almagest¿ by Ptolemy Made in XVII Century
Abstract. In October 1994 an unknown Russian translation of the �rst book of Almagest

by Ptolemy was found in the library of the Moscow State University. The translation was
made about 1684�1689. The contents of the translation is brie�y reviewed.

Â îêòÿáðå 1994 ã. àâòîð îáíàðóæèë â îòäåëå ðåäêèõ êíèã è ðóêîïèñåé Áèáëèîòåêè
ÌÃÓ ðóêîïèñü ïîä íàçâàíèåì ¾Ìàòåìàòè÷åñêîãî ñî÷èíåíèÿ êíèãà ïåðâàÿ¿, êîòîðàÿ
îêàçàëàñü íåèçâåñòíûì ïåðåâîäîì íà ðóññêèé ÿçûê ïåðâîé êíèãè ¾Àëüìàãåñòà¿ Êëàâäèÿ
Ïòîëåìåÿ, âûïîëíåííûì â êîíöå XVII âåêà.

Òàáëèöà
Íàçâàíèÿ ãëàâ â ïåðåâîäàõ ¾Àëüìàãåñòà¿

Ãëà- Ðóêîïèñü ÌÃÓ Ïåðåâîä
âà Âåñåëîâñêîãî
1 Ïðåäèñëîâèå Ââåäåíèå
2 Î ÷èíå ñèÿ íàóêè Î ïîñëåäîâàòåëüíîñòè èçëîæåíèÿ
3 ßêî íåáî áóäåò êðóãëîâèäíî Î òîì, ÷òî íåáî èìååò

è êðóãëûì âèäîì îáðàùàåòñÿ ñôåðè÷åñêîå äâèæåíèå
4 ßêî áóäåò çåìëÿ êðóãëîâèäíà Î òîì, ÷òî Çåìëÿ

ïî âñåì ÷àñòåì â öåëîì èìååò âèä ñôåðû
5 ßêî çåìëÿ â ñåðåäèíå íåáà Î òîì, ÷òî Çåìëÿ íàõîäèòñÿ

ïîëîæåíà áóäåò â ñåðåäèíå íåáà
6 ×òî çåìëÿ ÿêî ïóíêò áóäåò Î òîì, ÷òî ïî ñðàâíåíèþ ñ íåáåñàìè

ê íåáó ïîëîæåíà Çåìëÿ ÿâëÿåòñÿ òî÷êîé
7 ßêî çåìëÿ íå äâèæåòñÿ ìåñòíûì Î òîì, ÷òî Çåìëÿ íå ñîâåðøàåò

äâèæåíèåì èëè îòìåíåíèåì ìåñòà íèêàêîãî ïîñòóïàòåëüíîãî äâèæåíèÿ
8 ßêî ïåðâàÿ äâèæåíèÿ â íåáå Î òîì, ÷òî â íåáå ñóùåñòâóåò äâà

áóäåò ñóãóáà ðàçëè÷íûõ âèäà ïåðâûõ äâèæåíèé
9 Î íàóêå îñîáíûõ ÷àñòåé Î ñïåöèàëüíûõ ïîíÿòèÿõ

10 Î êîëè÷åñòâå ïðàâûõ â êîëåñè Î âåëè÷èíàõ ïðÿìûõ â êðóãå
11 [Íåò íàçâàíèÿ] Òàáëèöà ïðÿìûõ â êðóãå
12 Î êðóæåíèè â ïðåìîæíûõ Î äóãå, çàêëþ÷åííîé

ìåæäó ñîëíöåâîðîòàìè
13 Òåîðåìàòû ïðåäïîëîæåííûå Ïðåäâàðèòåëüíûå òåîðåìû

ñôåðè÷åñêèì ïîêàçàíèåì äëÿ äîêàçàòåëüñòâ ñôåðèêè
14 Î îêðóæåíèõ â ðàâíîäåíñòâåííîì Î äóãàõ, çàêëþ÷åííûõ ìåæäó

è êîñâåííîì êîëåñè ðàâíîäåíñòâåííûì è íàêëîííûì
ê íåìó êðóãàìè

15 [Íåò íàçâàíèÿ] Òàáëèöà ñêëîíåíèé
16 Î âñòóïàõ â ïðàâîì ñôåðè Î âîñõîæäåíèÿõ â ïðÿìîé ñôåðå

Astron. Tsirkulyar � 1557 51 October 1998



Áîëåå òî÷íóþ äàòèðîâêó ðóêîïèñè óäàëîñü âûïîëíèòü ïî âîäÿíûì çíàêàì
(ôèëèãðàíÿì) áóìàãè, êîòîðûå ñîîòâåòñòâóþò èíòåðâàëó 1684�1689 ãã., ò.å. ïåðèîäó
ïðàâëåíèÿ öàðåâíû Ñîôüè. Ëè÷íîñòü ïåðåâîä÷èêà ïîêà âûÿñíèòü íå óäàëîñü, âîçìîæíî,
ýòî áûë Íèêîëàé Ñïîôàðèé èëè ïåðåâîä÷èê ðóññêîãî ïðèêàçà Ïàâåë Íåãðåáåöêèé.

Ïî èçîáðàæåíèÿì ïðèáîðîâ Ïòîëåìåÿ � ìåðèäèàííîãî êðóãà è êâàäðàíòà, óäàëîñü
óñòàíîâèòü, ñ êàêîãî îðèãèíàëà áûë ñäåëàí ïåðåâîä. Ýòî ëàòèíñêèé ïåðåâîä ïåðâîé
êíèãè ¾Àëüìàãåñòà¿, èçäàííîé â 1549 ã. â Âèòòåíáåðãå Ýðàçìîì Ðåéíãîëüòîì ñ
ïðåäèñëîâèåì Ôèëèïà Ìåëàíõòîíà â âèäå ñòèõîâ íà ãðå÷åñêîì ÿçûêå. Íàäî ñêàçàòü, ÷òî
Ðåéíãîëüò ñäåëàë íå äîñëîâíûé ïåðåâîä ãðå÷åñêîãî òåêñòà ïåðâîé êíèãè ¾Àëüìàãåñòà¿
íà ëàòèíñêèé ÿçûê, à åãî èçëîæåíèå, áëèçêîå ê îðèãèíàëó.

Ðóññêèé òåêñò, êàê è îðèãèíàë, ðàçäåëåí íà ãëàâû. Èõ íàçâàíèÿ ìû ñðàâíèëè ñ
íàçâàíèÿìè òåõ æå ãëàâ ïî ñîâðåìåííîìó ïåðåâîäó ¾Àëüìàãåñòà¿ È.Í. Âåñåëîâñêîãî.

Â ðàáîòå À.È. Ñîáîëåâñêîãî (Ïåðåâîäíàÿ ëèòåðàòóðà Ìîñêîâñêîé Ðóñè XIV�XVII
âåêîâ. Ñá. Îòäåëåíèÿ ðóññêîãî ÿçûêà è ëèòåðàòóðû. ÑÏá, 1903, 74, No.1) óäàëîñü íàéòè
îïèñàíèå äðóãîãî ñïèñêà òîé æå ðóêîïèñè, õðàíÿùåãîñÿ â Ãîñ. Ðîññèéñêîé íàöèîíàëüíîé
áèáëèîòåêå è ïîñòóïèâøåãî òóäà â 1830 ã. èç ñîáðàíèÿ ãðàôà Ô.À. Òîëñòîãî.
Ïåòåðáóðãñêèé ñïèñîê îòëè÷àåòñÿ îò ìîñêîâñêîãî ëèøü îòäåëüíûìè ñëîâàìè; íåäàâíî
îí îáíàðóæåí â ÃÐÍÁ Ã.Ï. Ìàòâèåâñêîé.

Âñå ïîäïèñè ê ðèñóíêàì ðóññêèé ïåðåâîä÷èê îçàãëàâëèâàåò ñëîâîì ¾íàóêà¿. Ýòî åãî
ïåðåâîä ãðå÷åñêîãî ñëîâà σχoλιωµ, îçíà÷àþùåãî îáúÿñíåíèå, êîììåíòàðèé. Áîëüøèíñòâî
æå ãðå÷åñêèõ ñëîâ, êàê è â ïåðåâîäå Ðåéíãîëüòà, îñòàâëåíî áåç ïåðåâîäà.

Â. À. Áðîíøòýí1

V.A. Bronshten
Ïîñòóïèëà â ðåäàêöèþ 22 ôåâðàëÿ 1995 ã.

1Âèòàëèé Àëåêñàíäðîâè÷ Áðîíøòýí ñêîí÷àëñÿ 1 ôåâðàëÿ 2004 ã.
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ÑÎÇÂÅÇÄÈÅ ÄÐÀÊÎÍÀ ÊÀÊ ÊËÞ×ÅÂÎÉ ÝËÅÌÅÍÒ
ÄÐÅÂÍÅÊÈÒÀÉÑÊÎÉ ÀÑÒÐÎÍÎÌÈ×ÅÑÊÎÉ

ÊÀÐÒÈÍÛ ÌÈÐÀ
The Draco Constellation as the Clue Element
of the Ancient Chinese Astronomy Outlook

Abstract. A connection between the S-shaped pattern of the Taoist traditional symbol
of the Great Limit Chart (GLC) and the S-�gure of the Draco constellaton is reconstructed.
A special class of constellations � ¾Ribbon Constellations¿ � is de�ned (Draco, Serpens,
Hydra, and Eridanus). A kinematic relationship between the Ribbon Constellations is de-
termined.

Äðåâíåêèòàéñêèå ïàìÿòíèêè ïèñüìåííîñòè, â ÷àñòíîñòè, ¾È öçèí¿, óêàçûâàþò íà
âàæíóþ ðîëü ñèìâîëà Äðàêîíà â æèçíè Äðåâíåãî Êèòàÿ â äîïèñüìåííóþ ýïîõó. Â
ôèëîñîôñêîì ïëàíå ýòà ðîëü, â êîíòåêñòå êóëüòóðû Äàî, îñâåùåíà â ìîíîãðàôèÿõ
[ñì. À.Å. Ëóêüÿíîâ, Ñòàíîâëåíèå ôèëîñîôèè íà Âîñòîêå, Äðåâíèé Êèòàé è Èíäèÿ,
Ì.: Èíñàí, 1992; À.Å. Ëóêüÿíîâ, Èñòîêè Äàî: Äðåâíåêèòàéñêèé ìèô, Ì.: Èíñàí, 1992;
À.Å. Ëóêüÿíîâ, Äàî ¾Êíèãè ïåðåìåí¿, Ì.: Èíñàí, 1993].

Â ðåçóëüòàòå àíàëèçà ýòèõ ðàáîò è â ðàçâèòèå àñòðîíîìè÷åñêèõ àñïåêòîâ ýòîé
ïðîáëåìû, íàì óäàëîñü ðåêîíñòðóèðîâàòü ñâÿçü ìåæäó âàæíåéøèì öåíòðàëüíûì
ïîíÿòèåì äðåâíåêèòàéñêîé êóëüòóðû Äàî � ïîíÿòèåì è ñèìâîëîì Âåëèêîãî ïðåäåëà
è ñèìâîëè÷åñêèì èçîáðàæåíèåì ñîçâåçäèÿ Äðàêîíà. Ëîãè÷åñêèì ñëåäñòâèåì ýòîãî
ôàêòà, êàê íàì ïðåäñòàâëÿåòñÿ, ìîæíî ñ÷èòàòü óñòàíîâëåíèå òàêîãî ñîáûòèÿ, êàê
âîçíèêíîâåíèå íà íåáåñíîé ñôåðå ïðîòÿæåííûõ è óçêèõ ñîçâåçäèé, ñîñòàâëåííûõ
èç íè÷åì íå ïðèìå÷àòåëüíûõ íåÿðêèõ çâåçä. Ìû ïðåäïîëàãàåì, ÷òî ýòè ñîçâåçäèÿ
òèïîëîãè÷åñêè ìîãóò áûòü ñâÿçàíû îáùèì ïîíÿòèåì � ¾ëåíòî÷íûå ñîçâåçäèÿ¿.

Ê ëåíòî÷íûì ñîçâåçäèÿì, ïîìèìî ñîçâåçäèÿ Äðàêîíà, îòíîñÿòñÿ ñîçâåçäèÿ Çìåè,
Ãèäðû è Ýðèäàíà. Îêàçàëîñü, ÷òî ñóùåñòâóåò ñîäåðæàòåëüíàÿ âíóòðåííÿÿ ñâÿçü â
âèäå êèíåìàòè÷åñêèõ ñîîòíîøåíèé äëÿ ëåíòî÷íûõ ñòðóêòóð ýòèõ ñîçâåçäèé, î÷åðòàíèÿ
êîòîðûõ òðàäèöèîííî ïðèíÿòû äðåâíåé àñòðîíîìèåé ñî âðåìåí ñîñòàâëåíèÿ çâåçäíîãî
êàòàëîãà Ïòîëåìåÿ è åùå áîëåå äðåâíåãî îïèñàíèÿ êàðòû çâåçäíîãî íåáà ïî Àðàòó.

Ñ ó÷åòîì äðåâíåêèòàéñêîãî ïðîèñõîæäåíèÿ ñîçâåçäèÿ Äðàêîíà, ìîæíî
ïðåäïîëàãàòü, ÷òî ýòà íàáëþäàòåëüíàÿ òðàäèöèÿ èìååò, ïî êðàéíåé ìåðå,
äðåâíåêèòàéñêîå ïðîèñõîæäåíèå. Â ñîîòâåòñòâèè ñ ðåçóëüòàòàìè ïðåäâàðèòåëüíîãî
àíàëèçà, íà÷àëî ôîðìèðîâàíèÿ óêàçàííûõ ëåíòî÷íûõ ñîçâåçäèé îòíîñèòñÿ ê ýïîõå
îêîëî 100 òûñÿ÷ ëåò òîìó íàçàä. Ïðè ýòîì ïðîöåññ ôîðìèðîâàíèÿ ýòèõ ñîçâåçäèé
ïðîäîëæàëñÿ íåñêîëüêî äåñÿòêîâ òûñÿ÷åëåòèé. Òàêèì îáðàçîì, îíè, âîçìîæíî,
ïðèíàäëåæàò ê äðåâíåéøèì ñîçâåçäèÿì â àñòðîíîìèè.

Ëîãè÷åñêèì ðàçâèòèåì äàííîé êîíöåïöèè ÿâëÿåòñÿ òàêæå íàøå óòâåðæäåíèå î òîì,
÷òî ñîçâåçäèÿ Ãåðêóëåñà è Îðèîíà ñëóæàò ñèíõðîííûìè âðåìåííûìè ìàðêåðàìè è
âîçðàñò èõ âîçíèêíîâåíèÿ íàõîäèòñÿ ïðèìåðíî â òîì æå äèàïàçîíå, ÷òî è âîçðàñò
ëåíòî÷íûõ ñîçâåçäèé.

Ñëåäóåò îòìåòèòü, ÷òî ñèìâîëèêà ëåíòî÷íûõ ñîçâåçäèé îòíîñèòñÿ ê ñàìûì
àðõàè÷åñêèì ôîðìàì çîîìîðôíûõ ñèìâîëîâ ïðèðîäíûõ ñèë � çìåÿì è äðàêîíàì, ÷òî
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òàêæå óêàçûâàåò íà ãëóáîêóþ äðåâíîñòü ïðîèñõîæäåíèÿ ýòèõ ñîçâåçäèé. Êëþ÷åâûì
ýëåìåíòîì ýòîé äðåâíåéøåé ñèñòåìû, ñâÿçàííîé ñ õðîíîëîãèåé, öèêëè÷åñêèì
èñ÷èñëåíèåì âðåìåíè, âåäåíèåì êàëåíäàðÿ è ìàðêèðîâêîé ñòîðîí ñâåòà, ÿâëÿåòñÿ
ñîçâåçäèå Äðàêîíà. Òðàäèöèîííî âàæíåéøóþ ðîëü îêîëîïîëÿðíîé îáëàñòè è ñîçâåçäèÿ
Äðàêîíà ïîä÷åðêèâàåò è èçâåñòíûé ñïåöèàëèñò â îáëàñòè àñòðîíîìèè Äðåâíåãî Êèòàÿ
Äæ. Íèäõýì [J. Needham, Science and Civilisation in China, vols. I�V, Cambridge, 1954�
1971].

Ïðåäïîëàãàåìàÿ êàðòèíà äðåâíåêèòàéñêîé íàáëþäàòåëüíîé ïðàêòèêè áàçèðóåòñÿ
òàêæå íà ôóíäàìåíòàëüíîé ðîëè ïîñëåäñòâèé ÿâëåíèÿ ïðåöåññèè â íàáëþäàòåëüíîé
ïðàêòèêå äðåâíèõ öèâèëèçàöèé.

Îäíèì èç òàêèõ âàæíåéøèõ ïîñëåäñòâèé ÿâëÿåòñÿ ýôôåêò ñìåùåíèÿ òî÷åê ðàâíî-
äåíñòâèé è ñîëíöåñòîÿíèé íà ýêëèïòèêå, âûðàçèâøèéñÿ â ÷åðåäîâàíèè ÷åòâåðîê ñîçâåçäèé
çîäèàêàëüíîãî ïîÿñà, îòìå÷åííûé â ðàáîòàõ ä.ô.-ì.í. À.À. Ãóðøòåéíà [A.A. Gurshtein,
On the Origin of the Zodiacal Constellations, Vistas in Astronomy, 36, pt. 2, 171�190, 1993].

Ñì. òàêæå ïóáëèêàöèþ: E.N. Kaurov, Astron. Astrophys. Trans., 9, 249�250, 1995.

Ìåæäóíàðîäíîå àñòðîíîìè÷åñêîå îáùåñòâî Ý.Í. Êàóðîâ
119992, Ìîñêâà, Óíèâåðñèòåòñêèé ïð., 13 E.N. Kaurov
Ïîñòóïèëà â ðåäàêöèþ 3 ôåâðàëÿ 1995 ã.
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ÏÀÌßÒÈ ÀËÜÁÅÐÒÀ ÏÅÒÐÎÂÈ×À ÃÓËßÅÂÀ
30 ìàðòà 1998 ãîäà ïîñëå òÿæåëîé íåïðîäîëæèòåëüíîé áîëåçíè ñêîí÷àëñÿ ÷ëåí

Ðåäàêöèîííîé êîëëåãèè Àñòðîíîìè÷åñêîãî öèðêóëÿðà, èçâåñòíûé ó÷åíûé-àñòðîìåòðèñò
âåäóùèé íàó÷íûé ñîòðóäíèê ÃÀÈØ äîêòîð ôèçèêî-ìàòåìàòè÷åñêèõ íàóê ïðîôåññîð
Àëüáåðò Ïåòðîâè÷ Ãóëÿåâ.

À.Ï. Ãóëÿåâ ðîäèëñÿ 3 äåêàáðÿ 1927 ãîäà â ñåìüå âîåííîñëóæàùåãî â ã. Åëüöå.
Â 1933 ãîäó ñåìüÿ ïåðååçæàåò â Ìîñêâó, ãäå â 1935 ãîäó îí ïîñòóïàåò â øêîëó. Â
äàëüíåéøåì îí çàêàí÷èâàåò æåëåçíîäîðîæíûé òåõíèêóì, à â 1948 ãîäó ïîñòóïàåò íà
ìåõàíèêî-ìàòåìàòè÷åñêèé ôàêóëüòåò Ìîñêîâñêîãî Óíèâåðñèòåòà, êîòîðûé ñ îòëè÷èåì
çàêàí÷èâàåò â 1953 ãîäó. Ïî îêîí÷àíèè àñïèðàíòóðû ÌÃÓ À.Ï. Ãóëÿåâ ïîñòóïàåò
íà ðàáîòó â ÃÀÈØ ÌÃÓ, íå ïîêèäàÿ åãî óæå íèêîãäà, è ïîñëåäîâàòåëüíî çàíèìàåò
äîëæíîñòè îò ìëàäøåãî íàó÷íîãî ñîòðóäíèêà äî âåäóùåãî íàó÷íîãî ñîòðóäíèêà. Â
1959 ãîäó èì áûëà óñïåøíî çàùèùåíà êàíäèäàòñêàÿ, à â 1989 ãîäó � äîêòîðñêàÿ
äèññåðòàöèÿ.

Êðóã íàó÷íûõ èíòåðåñîâ À.Ï. Ãóëÿåâà îòíîñèëñÿ ê ïðîáëåìàì êëàññè÷åñêîé
ôóíäàìåíòàëüíîé àñòðîìåòðèè, ãäå åìó ïðèíàäëåæèò ìíîãî îðèãèíàëüíûõ èäåé
è çàêîí÷åííûõ ðàáîò. Îñîáîãî óïîìèíàíèÿ çàñëóæèâàåò åãî àáñîëþòíûé êàòàëîã
áëèçïîëþñíûõ çâåçä, ïîëó÷èâøèé øèðîêóþ ìåæäóíàðîäíóþ èçâåñòíîñòü. Â ïîñëåäíèå
ãîäû À.Ï. Ãóëÿåâ óñïåøíî çàíèìàëñÿ îòîæäåñòâëåíèåì ïåðåìåííûõ çâåçä â îáçîðíûõ
çâåçäíûõ êàòàëîãàõ, ñ êàêîâîé öåëüþ èì áûëè òùàòåëüíî èññëåäîâàíû äåñÿòêè
òûñÿ÷ ïîèñêîâûõ êàðò, ÷òî ïðèâåëî ê ñîçäàíèþ ñîîòâåòñòâóþùåãî êàòàëîãà, ñòîëü
íåîáõîäèìîãî â ìåæäóíàðîäíîé àñòðîíîìè÷åñêîé ïðàêòèêå.

Â íàó÷íîé ðàáîòå À.Ï. Ãóëÿåâà îòëè÷àëà âûñî÷àéøàÿ ïðîôåññèîíàëüíîñòü è
îãðîìíàÿ òðåáîâàòåëüíîñòü, â ïåðâóþ î÷åðåäü, ïî îòíîøåíèþ ê ñåáå. Íåâîçìîæíî
ïðèïîìíèòü ñëó÷àé, êîãäà êàêîå-ëèáî åãî óòâåðæäåíèå áûëî áû îïðîâåðãíóòî.

À.Ï. Ãóëÿåâ áûë ÷ðåçâû÷àéíî îáðàçîâàííûì ÷åëîâåêîì, êàê â îáëàñòè àñòðîìåòðèè,
òàê è â äðóãèõ îáëàñòÿõ àñòðîíîìèè è íå òîëüêî àñòðîíîìèè, ÷òî ïîçâîëÿëî åìó
óñïåøíî âåñòè áîëüøóþ ðåäàêòîðñêóþ ðàáîòó. Âîîáùå åãî èíòåðåñû è óâëå÷åíèÿ áûëè
î÷åíü ðàçíîîáðàçíû è âåçäå îí äîñòèãàë óñïåõîâ. Äîñòàòî÷íî óïîìÿíóòü î òîì, ÷òî â
ñòóäåí÷åñêèå ãîäû îí áûë ÷åìïèîíîì ÌÃÓ ïî áåãó íà ñòî ìåòðîâ.

À.Ï. Ãóëÿåâ íåèçìåííî îòíîñèëñÿ ñ áëàãîæåëàòåëüíûì âíèìàíèåì ê íóæäàì
îòäåëüíûõ ëþäåé è êî âñåì ïðîÿâëåíèåì îáùåñòâåííîé æèçíè ñâîåãî ðîäíîãî
èíñòèòóòà. Ìíîãî ëåò îí áûë ïðåäñåäàòåëåì Ìåñòêîìà ÃÀÈØ, ÷ëåíîì è ïðåäñåäàòåëåì
ðàçëè÷íûõ íàó÷íûõ è îáùåñòâåííûõ êîìèññèé, äîáèâàÿñü â êàæäîì äåëå êîíêðåòíûõ
ñîçèäàòåëüíûõ ðåçóëüòàòîâ.

Àëüáåðò Ïåòðîâè÷ Ãóëÿåâ áûë íàñòîÿùèì ðóññêèì èíòåëëèãåíòîì, ÷ðåçâû÷àéíî
ìÿãêèì, âåæëèâûì è ÷åëîâå÷íûì, è ÷ðåçâû÷àéíî òâåðäûì, íå ïîñòóïàþùèìñÿ íè â
÷åì, îòñòàèâàÿ îáùå÷åëîâå÷åñêèå è íàó÷íûå ïðèíöèïû.

Ñâåòëàÿ ïàìÿòü î íåì íàâñåãäà îñòàíåòñÿ â ñåðäöàõ âñåõ çíàâøèõ åãî.

Äðóçüÿ è êîëëåãè
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ÏÐÀÂÈËÀ ÄËß ÀÂÒÎÐÎÂ
ÀÑÒÐÎÍÎÌÈ×ÅÑÊÎÃÎ ÖÈÐÊÓËßÐÀ

Àñòðîíîìè÷åñêèé öèðêóëÿð ïóáëèêóåò ñòàòüè ïî âñåì îòðàñëÿì àñòðîíîìèè:
êîñìîëîãèè, âíåãàëàêòè÷åñêîé àñòðîíîìèè, Ãàëàêòèêå, ìåæçâåçäíîé ñðåäå, çâåçäàì,
Ñîëíöó è ñîëíå÷íîé ñèñòåìå, íåáåñíîé ìåõàíèêå, àñòðîìåòðèè, àñòðîíîìè÷åñêèì
èíñòðóìåíòàì è ìåòîäàì, èñòîðèè àñòðîíîìèè. Ïðåäïî÷òåíèå îòäàåòñÿ êðàòêèì
çàìåòêàì, ñîäåðæàùèì èíôîðìàöèþ, êîòîðàÿ òðåáóåò ñêîðåéøåãî ðàñïðîñòðàíåíèÿ
(îòêðûòèÿ ñâåðõíîâûõ, íîâûõ, êîìåò, âàæíûå íîâûå òåîðåòè÷åñêèå ðåçóëüòàòû è ò.ï.).
Ðåêîìåíäàöèÿ â ïå÷àòü (ñ îáîñíîâàíèåì íåîáõîäèìîñòè ñðî÷íîé ïóáëèêàöèè) äàåòñÿ
ñåìèíàðîì, ñïåöèàëèçèðóþùèìñÿ ïî ñîîòâåòñòâóþùåé òåìàòèêå ïîñëå îáñóæäåíèÿ
ðàáîòû íà ñåìèíàðå.

Ïðèíèìàþòñÿ ñòàòüè, íàïèñàííûå íà àíãëèéñêîì èëè íà ðóññêîì ÿçûêå (ñ ðóññêèì
èëè àíãëèéñêèì ðåçþìå ñîîòâåòñòâåííî).

Íåîáõîäèìî ïîäàâàòü ñòàòüè â âèäå, ïðèãîäíîì äëÿ ýëåêòðîííîãî
âîñïðîèçâåäåíèÿ. Ñòàòüè, ïðèíÿòûå ê ïóáëèêàöèè, ïîìåùàþòñÿ â WWW-ñåðâåð
ÀÖ (http://comet.sai.msu.ru/ac/) è ñòàíîâÿòñÿ äîñòóïíûìè äëÿ âñåõ ïîëüçîâàòåëåé
Internet. Ñ ýòîãî ìîìåíòà ñòàòüÿ ïîëó÷àåò íîìåð è ñòðàíèöû ÀÖ è ñ÷èòàåòñÿ
îïóáëèêîâàííîé â îòêðûòîé ïå÷àòè.

Îáúåì ñòàòåé, êàê ïðàâèëî, íå äîëæåí ïðåâûøàòü 4 êèëîáàéò òåêñòà ñ ìèíèìàëüíûì
êîëè÷åñòâîì ðèñóíêîâ è òàáëèö. Òåêñò ñëåäóåò íàáèðàòü â LATEXå, èñïîëüçóÿ ñòèëåâîé
ôàéë `atsirk.sty' è, â êà÷åñòâå øàáëîíà, ôàéë `sample.ltx'. Ôàéëû íàõîäÿòñÿ â
óïîìÿíóòîì ñåðâåðå ÀÖ, à òàêæå ìîãóò áûòü âûñëàíû ïî çàïðîñó ýëåêòðîííîé
ïî÷òîé. Èëëþñòðàöèè æåëàòåëüíî ãîòîâèòü â ôîðìàòå âåêòîðíîé ãðàôèêè ïðè ïîìîùè
ïðîãðàìì òèïà Adobe Illustrator, Corel Draw, Origin è ò.ä. è ïîäàâàòü â ôîðìàòå eps.
Ññûëêè íà ëèòåðàòóðó äàþòñÿ â ñêîáêàõ (Kippenhahn R. and Thomas H.-C., A&A,
1983, 124, 206), èñïîëüçóþòñÿ ñîêðàùåíèÿ, ïðèíÿòûå â áîëüøèíñòâå æóðíàëîâ ïî
àñòðîíîìèè: ÀÆ � Àñòðîíîìè÷åñêèé æóðíàë; ÏÀÆ � Ïèñüìà â Àñòðîíîìè÷åñêèé
æóðíàë; ApJ � Astrophysical Journal; AJ � Astronomical Journal; A&A � Astronomy and
Astrophysics; MNRAS � Monthly Notices of the Royal Astronomical Society è ò.ä.

Ñòàòüè ïðèñûëàéòå ïî ýëåêòðîííîé ïî÷òå íà àäðåñ gmr@sai.msu.ru; åñëè ñòàòüÿ
íàïèñàíà ïî-ðóññêè, æåëàòåëüíà êîäèðîâêà DOS (cp866).

Â ñëó÷àå òðóäíîñòåé ñ LATEXîì, êîìïüþòåðíûì îáîðóäîâàíèåì, ýëåêòðîííîé
ïî÷òîé, ðåäàêöèÿ ïîêà ïðîäîëæàåò ïðèåì ñòàòåé â îáû÷íîé ôîðìå íà áóìàãå (ñì.
Ïðàâèëà äëÿ àâòîðîâ â ÀÖ No. 1543�1548).

Â êîíöå óêàçûâàþòñÿ èíèöèàëû è ôàìèëèè àâòîðîâ (ïî-ðóññêè è ïî-àíãëèéñêè),
íàçâàíèÿ ó÷ðåæäåíèé è àäðåñà ýëåêòðîííîé ïî÷òû.
Ãîñ. àñòðîí. èí-ò èì. Ï.Ê. Øòåðíáåðãà Ã.Ì.Ðóäíèöêèé
Ðîññèÿ 119991 Ìîñêâà G.M.Rudnitskij
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