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Ïîñòóïèëà â ðåäàêöèþ 14 íîÿáðÿ 2017 ã.

Àííîòàöèÿ. Îïèñàí ìåòîä ïîâûøåíèÿ òî÷íîñòè ïðè âûïîëíåíèè �îòîìåòðèè çíà÷èòåëüíîãî ÷èñ-

ëà îáúåêòîâ â èçîáðàæåíèè. Ïðîäåìîíñòðèðîâàíû ðÿäû íàáëþäåíèé çâåçä äî è ïîñëå èñïîëüçîâà-

íèÿ ïðåäëàãàåìîãî ìåòîäà. Ïðåäñòàâëåíû êîý��èöèåíòû ïàðíîé êîððåëÿöèè äëÿ âûáîðà îáúåêòîâ

ïîëÿ, ïî êîòîðûì âûïîëíÿåòñÿ �îòîìåòðè÷åñêàÿ ðåäóêöèÿ. Ïîêàçàíî, ÷òî ïðèìåíåíèå ìåòîäà íà

êîíêðåòíîì ïðèìåðå ïîâûøàåò òî÷íîñòü îöåíîê áëåñêà â 3.6 ðàçà.

ABOUT INCREASING PHOTOMETRIC ACCURACY FOR SETS OF PANORAMIC OBSERVA-

TIONS, by A.A. Shlyapnikov. A method for inreasing auray in performing photometry of a signi�ant

number of objets in an image is desribed. Series of stellar observations before and after using the

proposed method are demonstrated. We present oe�ients of pair orrelation for the seletion of �eld

objets for whih photometri redution is performed. The appliation of the method on a spei� example

was shown to inrease the auray of brightness estimates by a fator of 3.6.

Êëþ÷åâûå ñëîâà: êàòàëîãè, �îòîìåòðèÿ, àíàëèç

1 Ââåäåíèå

Êîððåêòíûé ó÷åò èçìåíÿþùèõñÿ óñëîâèé íàáëþäåíèé ÿâëÿåòñÿ îñíîâíûì êðèòåðèåì äëÿ ïîëó-

÷åíèÿ âûñîêîòî÷íûõ �îòîìåòðè÷åñêèõ èçìåðåíèé. Ñóùåñòâóþò ðàçëè÷íûå ñïîñîáû äëÿ âûáîðà

çâåçä ñðàâíåíèÿ ïðè èññëåäîâàíèè ïåðåìåííûõ îáúåêòîâ. Â äàííîé ñòàòüå ïðåäñòàâëåí ìåòîä, îñíî-

âàííûé íà êîððåëÿöèîííîì àíàëèçå �îòîìåòðè÷åñêèõ ðÿäîâ, ïîçâîëÿþùèé çíà÷èòåëüíî ïîâûñèòü

òî÷íîñòü îöåíîê áëåñêà. Â îñíîâå ìåòîäà ëåæèò óòâåðæäåíèå, ÷òî äâå çâåçäû, ðàçíåñåííûå â ïîëå

ðåãèñòðèðóåìîãî èçîáðàæåíèÿ ó÷àñòêà íåáà, êàê è óäàëåííûå îäíà îò äðóãîé â ïðîñòðàíñòâå, íå

ìîãóò ñèíõðîííî èçìåíÿòü ñâîé áëåñê, åñëè ýòè èçìåíåíèÿ íå îáóñëîâëåíû àòìîñ�åðíûìè è/èëè

èíñòðóìåíòàëüíûìè �àêòîðàìè.

2 Êîððåëÿöèîííûé àíàëèç �îòîìåòðè÷åñêèõ ðÿäîâ è âûáîð çâåçä

ñðàâíåíèÿ

Äëÿ àíàëèçà óñëîâèé íàáëþäåíèé, âêëþ÷àþùèõ: èçìåíåíèå ïðîçðà÷íîñòè àòìîñ�åðû, âîçìîæíîå

ýêðàíèðîâàíèå êóïîëîì âõîäíîãî îòâåðñòèÿ òåëåñêîïà, îøèáêè âåäåíèÿ ÷àñîâîãî ìåõàíèçìà, íåñòà-

áèëüíîñòü ðåãèñòðèðóþùåé àïïàðàòóðû è äðóãèå, áûëè îòîáðàíû 12 çâåçä â äèàïàçîíå 11

m
�14

m
.
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�èñ. 1. Èçìåíåíèå áëåñêà îòîáðàííûõ çâåçä ñ òå÷åíèåì âðåìåíè

Ïî çàâèñèìîñòè èíñòðóìåíòàëüíîé çâåçäíîé âåëè÷èíû îò âðåìåíè ïîëó÷åíèÿ èçîáðàæåíèé äëÿ îòî-

áðàííûõ îáúåêòîâ, ïðåäñòàâëåííîé íà ðèñ. 1, âèäíî, ÷òî óñëîâèÿ íàáëþäåíèé ìåíÿëèñü, ïðè÷åì ýòî

ñêàçûâàëîñü íà âñåõ àíàëèçèðóåìûõ îáúåêòàõ â òîé èëè èíîé ìåðå îäèíàêîâî. Ñ öåëüþ âûáîðà

îáúåêòîâ, ïî êîòîðûì ñëåäóåò ïðîâåñòè ó÷åò îáíàðóæåííûõ èçìåíåíèé áëåñêà, áûëè ðàññ÷èòàíû

êîý��èöèåíòû ïàðíîé êîððåëÿöèè ïî âñåì 12 çâåçäàì.

Êîý��èöèåíòû ïàðíîé êîððåëÿöèè ðàññ÷èòûâàëèñü ïî ñëåäóþùèì ñîîòíîøåíèÿì:

a =
n
∑

i=1

m1i; b =
n
∑

i=1

m2i; c =
n
∑

i=1

m1
2

i
; d =

n
∑

i=1

m2
2

i
; e =

n
∑

i=1

(m1i ×m2i). (1)

Ïî íàáîðó �îðìóë (1) îïðåäåëÿëîñü ïÿòü ïîñòîÿííûõ, âû÷èñëåííûõ íà îñíîâå çíà÷åíèé èíñòðó-

ìåíòàëüíûõ çâåçäíûõ âåëè÷èí, íàéäåííûõ ïîñëå îáðàáîòêè ïîëó÷åííîãî ðÿäà íàáëþäåíèé. Çäåñü:

m1 è m2 � åäèíè÷íûå îïðåäåëåíèÿ çâåçäíûõ âåëè÷èí äëÿ ïåðâîé è âòîðîé çâåçä ðÿäà (i = 1, i = 2,
... i = n); a � ñóììà çíà÷åíèé m1 äëÿ ïåðâîé çâåçäû; b � ñóììà çíà÷åíèé m2 äëÿ âòîðîé çâåçäû;  è

d � ñîîòâåòñòâåííî ñóììû êâàäðàòîâ çâåçäíûõ âåëè÷èí, îïðåäåëåííûõ ïî âñåìó ðÿäó íàáëþäåíèé,

è e � ñóììà ïðîèçâåäåíèé çíà÷åíèé m1 è m2 äëÿ âñåãî ðÿäà. Ïîñëå îïðåäåëåíèÿ çíà÷åíèé a, b, , d

è e ïî �îðìóëå (2) ðàññ÷èòûâàëñÿ êîý��èöèåíò ïàðíîé êîððåëÿöèè R ìåæäó çíà÷åíèÿìè èíñòðó-

ìåíòàëüíûõ çâåçäíûõ âåëè÷èí äëÿ ïåðâîé è âòîðîé çâåçäû ðÿäà. Çàòåì îïðåäåëÿëñÿ R äëÿ âòîðîé

è òðåòüåé çâåçäû, òðåòüåé è ÷åòâåðòîé è ò. ä.

R =
e− a× b/n

√

(c− a2

n
)× (d− b2

n
)
. (2)

Âñå äàííûå ïî îïðåäåëåíèþ êîý��èöèåíòîâ ïàðíîé êîððåëÿöèè äëÿ 12 îòîáðàííûõ çâåçä ïðåä-

ñòàâëåíû â òàáëèöå 1. Çäåñü â ïåðâîé ñòðîêå è ïåðâîé êîëîíêå óêàçàíû íîìåðà (U0900 134+...)

îáúåêòîâ ïî êàòàëîãó USNO-A2.0 (Ìîíåò, 1998), â îñòàëüíûõ � ñîîòâåòñòâóþùèå êîý��èöèåíòû

ïàðíîé êîððåëÿöèè. Ïî òàáëèöå âèäíî, ÷òî ñâÿçü ìåæäó èçìåíåíèÿìè óñëîâèé íàáëþäåíèé äëÿ

âñåõ ðàññìàòðèâàåìûõ îáúåêòîâ åñòü, è îíà áëèçêà ê ëèíåéíîé çàâèñèìîñòè. Äëÿ ó÷åòà èçìåíå-

íèé áûëè îòîáðàíû òðè îáúåêòà: � 22599, 27263 è 38619 ñ íàèáîëüøèìè êîý��èöèåíòàìè ïàðíîé

êîððåëÿöèè (èõ çíà÷åíèÿìè âûäåëåíû â òàáëèöå æèðíûì øðè�òîì).
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Òàáëèöà 1. Êîý��èöèåíòû ïàðíîé êîððåëÿöèè äëÿ äàííûõ, ïðåäñòàâëåííûõ íà ðèñ. 1

� 22519 22599 24302 27263 28448 30337 31227 32598 33929 36221 38619 40163

22519 1.000 0.941 0.942 0.933 0.843 0.917 0.938 0.930 0.929 0.893 0.942 0.940

22599 0.941 1.000 0.991 0.990 0.822 0.984 0.994 0.991 0.988 0.916 0.992 0.972

24302 0.942 0.991 1.000 0.987 0.794 0.985 0.986 0.993 0.989 0.899 0.994 0.977

27263 0.933 0.990 0.987 1.000 0.779 0.984 0.981 0.989 0.989 0.903 0.995 0.975

28448 0.843 0.822 0.794 0.779 1.000 0.812 0.792 0.778 0.786 0.843 0.787 0.859

30337 0.917 0.984 0.985 0.984 0.812 1.000 0.969 0.983 0.988 0.934 0.981 0.975

31227 0.938 0.994 0.986 0.981 0.792 0.969 1.000 0.992 0.982 0.889 0.981 0.972

32598 0.930 0.991 0.993 0.989 0.778 0.983 0.992 1.000 0.988 0.899 0.992 0.970

33929 0.929 0.988 0.989 0.989 0.786 0.988 0.982 0.988 1.000 0.898 0.982 0.981

36221 0.893 0.916 0.899 0.903 0.843 0.934 0.889 0.899 0.898 1.000 0.904 0.941

38619 0.942 0.992 0.994 0.995 0.787 0.981 0.981 0.992 0.982 0.904 1.000 0.969

40163 0.940 0.972 0.977 0.975 0.859 0.975 0.972 0.970 0.981 0.941 0.969 1.000

Ñ öåëüþ óìåíüøåíèÿ âëèÿíèÿ ñîáñòâåííûõ îøèáîê èçìåðåíèé êàæäîãî èç îòîáðàííûõ îáúåê-

òîâ èõ ñðåäíèå çíà÷åíèÿ óêëîíåíèé îò ñðåäíåãî çíà÷åíèÿ èíñòðóìåíòàëüíîé çâåçäíîé âåëè÷èíû

èñïîëüçîâàëèñü äëÿ ó÷åòà èçìåíåíèé óñëîâèé íàáëþäåíèé âñåõ îñòàëüíûõ îáúåêòîâ. �åçóëüòàòû

�îòîìåòðè÷åñêîé ðåäóêöèè äëÿ 12 àíàëèçèðóåìûõ îáúåêòîâ ïðåäñòàâëåíû íà ðèñ. 2.

�èñ. 2. Èçìåíåíèå áëåñêà îòîáðàííûõ çâåçä ïîñëå ðåäóêöèè

Êàê âèäíî èç ðèñóíêà, ó÷åò èçìåíåíèé â óñëîâèÿõ íàáëþäåíèé ïðèâåë ê âûðàâíèâàíèþ �êðèâûõ

áëåñêà� ðàññìàòðèâàåìûõ îáúåêòîâ. Ïðè ýòîì âûðîñëà è âíóòðåííÿÿ òî÷íîñòü èçìåðåíèé îáúåê-

òîâ. Ïîñëåäíåå ïðîèëëþñòðèðîâàíî â òàáëèöå 2. Çäåñü â ïåðâîé ñòðîêå, êàê è â òàáëèöå 1, óêàçàíû

íîìåðà îáúåêòîâ. Çâåçäî÷êîé îòìå÷åíû îáúåêòû, ïî êîòîðûì âûïîëíåíà ðåäóêöèÿ. ∆ m, σ � íåðåäó-

öèðîâàííàÿ ñðåäíÿÿ èíñòðóìåíòàëüíàÿ çâåçäíàÿ âåëè÷èíà è ñîîòâåòñòâóþùàÿ åé îøèáêà è ∆m
ðåä

,

σ
ðåä

� ðåäóöèðîâàííàÿ ñðåäíÿÿ èíñòðóìåíòàëüíàÿ çâåçäíàÿ âåëè÷èíà è ñîîòâåòñòâóþùàÿ åé îøèá-

êà.
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Òàáëèöà 2. Ñðàâíåíèå äàííûõ àíàëèçèðóåìûõ îáúåêòîâ äî è ïîñëå ðåäóêöèè

� 22519 22599* 24302 27263* 28448 30337 31227 32598 33929 36221 38619* 40163

∆ m 13.466 12.213 11.737 11.454 13.583 11.791 12.214 11.411 13.019 13.033 11.264 12.516

σ 0.057 0.067 0.064 0.064 0.053 0.065 0.068 0.070 0.068 0.047 0.065 0.055

∆m
ðåä

13.466 12.213 11.737 11.454 13.583 11.791 12.214 11.411 13.019 13.033 11,264 12,516

σ
ðåä

0.023 0.006 0.007 0.005 0.039 0.011 0.010 0.009 0.009 0.029 0.005 0.017

Àíàëèç äàííûõ, ïðåäñòàâëåííûõ â òàáëèöå 2, ïîêàçûâàåò, ÷òî ïðîâåäåíèå ðåäóêöèè íå ïîâëèÿëî

íà ñðåäíåå çíà÷åíèå èíñòðóìåíòàëüíîé çâåçäíîé âåëè÷èíû îáúåêòîâ. Ýòî óêàçûâàåò íà òî, ÷òî

èñïîëüçîâàííûé ìåòîä íå âåäåò ê ïîÿâëåíèþ ñèñòåìàòè÷åñêîé îøèáêè. Ñ äðóãîé ñòîðîíû, âûðîñëà

òî÷íîñòü â îïðåäåëåíèè ñðåäíåãî çíà÷åíèÿ èíñòðóìåíòàëüíîé çâåçäíîé âåëè÷èíû. Òàê, ñðåäíÿÿ

òî÷íîñòü â îöåíêå èíñòðóìåíòàëüíûõ çâåçäíûõ âåëè÷èí äëÿ âñåõ 12 ðàññìîòðåííûõ îáúåêòîâ äî

ðåäóêöèè (áåç ó÷åòà îøèáîê äëÿ îáúåêòîâ, ïî êîòîðûì ïðîâîäèëàñü ðåäóêöèÿ) ñîñòàâëÿëà 0

m
.061,

à ïîñëå ðåäóêöèè ñîñòàâèëà 0

m
.017, ò. å. âûðîñëà â 3.6 ðàçà.

3 Çàêëþ÷åíèå

Î÷åâèäíî, ÷òî ïðåäëîæåííûé ìåòîä ïîâûøåíèÿ òî÷íîñòè íå ÿâëÿåòñÿ óíèâåðñàëüíûì. Ïîäáîð çâåçä

ñðàâíåíèÿ äëÿ èññëåäóåìûõ ïåðåìåííûõ ïðåäïîëàãàåò ó÷åò ïîêàçàòåëåé öâåòà, áëèçîñòü ê èññëåäó-

åìîìó îáúåêòó, ñîîòíîøåíèå çâåçäíûõ âåëè÷èí è äðóãèå êðèòåðèè. Îäíàêî ïðè îáðàáîòêå âñåõ îáú-

åêòîâ â ïîëó÷àåìûõ èçîáðàæåíèÿõ îïèñàííûé ìåòîä ïîçâîëÿåò âûäåëèòü çâåçäû ñ ìèíèìàëüíûìè

îòíîñèòåëüíûìè èçìåíåíèÿìè áëåñêà. Äëÿ âñåõ îñòàëüíûõ îáúåêòîâ, ïðèìåíÿÿ ðåäóêöèþ, ìîæíî

óâåëè÷èòü âåðîÿòíîñòü îáíàðóæåíèÿ íîâûõ ïåðåìåííûõ â íàáëþäàåìûõ ïîëÿõ.

Äëÿ îòðàáîòêè ìåòîäà èñïîëüçîâàíû íàáëþäåíèÿ îáëàñòè íåáà ñ àñòåðîèäîì 148 Gallia, âûïîë-

íåííûå íà 702-ìì òåëåñêîïå ñ ÏÇÑ-êàìåðîé ST-7 â îáñåðâàòîðèè èì. ïðî�åññîðà Í.Ä. Êàëèíåíêîâà

Íèêîëàåâñêîãî ãîñóäàðñòâåííîãî ïåäàãîãè÷åñêîãî èíñòèòóòà â 1999 ãîäó, ó÷àñòíèêîì êîòîðûõ ÿâ-

ëÿëñÿ àâòîð (�óçèé è äð., 2000).

Îòìåòèì òàêæå, ÷òî ïðåäëîæåííûé ìåòîä ñåé÷àñ ïðèìåíÿåòñÿ äëÿ îáðàáîòêè íàáëþäåíèé òðàí-

çèòîâ ýêçîïëàíåò íà òåëåñêîïå ÌÒÌ-500 Êðûìñêîé àñòðî�èçè÷åñêîé îáñåðâàòîðèè ñ ÏÇÑ-êàìåðîé

Apogee U6. Ïðè ýòîì, ó÷èòûâàÿ ìàëóþ äîëþ èçìåíåíèÿ áëåñêà çâåçäû, óäàåòñÿ ïðîèçâîäèòü àíàëèç

òðàíçèòíîãî ÿâëåíèÿ ñî ñðåäíåé òî÷íîñòüþ 0

m
.005.

Ëèòåðàòóðà

�óçèé Ñ.Ñ., Ïàíüêî Å.À., Õåé�åö È.Ì., Øëÿïíèêîâ À.À. // Òðóäû ïåðâîé ìåæäóíàðîäíîé êîí�å-

ðåíöèè ÊÀÌÀÊ 99. / �åä. ×óðþìîâ Ê.È. Âèííèöà. 2000. Ñ. 227.

Ìîíåò (Monet D.) // USNO-A2.0: A Catalog of Astrometri Standards. U.S. Naval Observatory Flagsta�

Station. 1998.


