
Èññëåäîâàíèå ñëàáûõ ãàëàêòèê â ïîëå ãàììà-âñïëåñêà GRB 021004È. Â. Ñîêîëîâ,1 Ò. À. Ôàòõóëëèí,1 À. Ñ. Ìîñêâèòèí,1 Áðàäæåø Êóìàð,2 Þ. Â. Áàðûøåâ31Ñïåöèàëüíàÿ àñòðî�èçè÷åñêàÿ îáñåðâàòîðèÿ, Íèæíèé Àðõûç, 369167, �îññèÿ2Èññëåäîâàòåëüñêèé Èíñòèòóò ÍàáëþäàòåëüíûõÍàóê Àðèàáàòòà (ARIES),Íàèíèòàë, 263129, Èíäèÿ3Èíñòèòóò Àñòðîíîìèè Ñàíêò-Ïåòåðáóðãñêîãî �îñóäàðñòâåííîãî ÓíèâåðñèòåòàÈññëåäîâàíû äàííûå BVRI-íàáëþäåíèé ïîëåé ðàçìåðîì 4�.3 x 4�.3 ñ ðîäèòåëüñêîéãàëàêòèêîé GRB 021004. Íàáëþäåíèÿ áûëè ïðîâåäåíû íà ÁÒÀ/SCORPIO â äåêàáðå2002 ã. Âðåìåíà ýêñïîçèöèè 2600 ñåê. (B), 3600 ñåê. (V), 2700 ñåê. (R), è 1800 ñåê. (I).Ïîñòðîåíû öâåòîâûå äèàãðàììû äëÿ âñåõ ãàëàêòèê ïîëÿ (S/N>3) è çâåçäîîáðàçíûõîáúåêòîâ â íåì (òàêèõ 23). Ïðîâåäåíû äè��åðåíöèàëüíûå è èíòåãðàëüíûå ïîäñ÷åòûãàëàêòèê âî âñåõ 4 �èëüòðàõ äî ïðåäåëà, ñîîòâåòñòâóþùåãî S/N>3 (311 îáúåêò): 28.5(B), 28 (V), 27 (R), 26.5 (I). Îïðåäåëåíû �îòîìåòðè÷åñêèå êðàñíûå ñìåùåíèÿ ãàëàêòèêïîëÿ è ïîñòðîåíî èõ ðàñïðåäåëåíèå äî z ≈ 4. Äëÿ ðîäèòåëüñêîé ãàëàêòèêè GRB 021004
zphot=2.215, a zsp=2.329. Ïî ðåçóëüòàòàì äè��åðåíöèàëüíûõ è èíòåãðàëüíûõ ïîäñ÷åòîâñîçäàí êàòàëîã ãàëàêòèê îáíàðóæåííûõ â ïîëå, â êîòîðûé âêëþ÷åíî 183 îáúåêòà, ÷òîñîîòâåòñòâóåò ñëåäóþùèì çíà÷åíèÿì çâåçäíûõ âåëè÷èí: 26.0 (B), 25.5 (V), 25.0 (R), 24.5(I). 1. ÂÂÅÄÅÍÈÅ1.1. �ëóáîêèå ïîëÿ ÁÒÀ�ëóáîêèå ïîëÿ - ýòî ïðîåêòû äåòàëüíîãîèçó÷åíèÿ îòíîñèòåëüíî íåáîëüøèõ ó÷àñòêîâíåáåñíîé ñ�åðû. Òàêèå ïðîåêòû îñóùåñòâëÿ-þòñÿ íà áîëüøèõ òåëåñêîïàõ è äëÿ íèõ õà-ðàêòåðíà áîëüøàÿ ãëóáèíà (z>=0.5), áîëü-øèå âðåìåíà ýêñïîçèöèè (îò íåñêîëüêèõ ÷à-ñîâ äî íåñêîëüêèõ ñóòîê è äàæå ìåñÿöåâ) èìàëàÿ ïëîùàäü (îò êâàäðàòíûõ óãëîâûõ ñå-êóíä äî íåñêîëüêèõ êâàäðàòíûõ ãðàäóñîâ). Íàòåëåñêîïå ÁÒÀ ÑÀÎ �ÀÍ (6ì) çà âñå âðåìÿåãî ðàáîòû áûëî ïîëó÷åíî ìíîæåñòâî ãëóáî-êèõ ïîëåé, íåêîòîðûå èç êîòîðûõ, ïîëó÷åííûõ

ïî ïðîãðàììå îïòè÷åñêîãî îòîæäåñòâëåíèÿ γ-âñïëåñêîâ, ïðèâåäåíû â òàáëèöå 1 [3℄.1.2. Ïîñòàíîâêà çàäà÷èÖåëüþ ýòîé ðàáîòû ÿâëÿåòñÿ âûäåëåíèå èèññëåäîâàíèå äàëåêèõ ãàëàêòèê ãëóáîêîãî ïî-ëÿ GRB021004, íàáëþäàâøåãîñÿ â ïðîãðàì-ìå îïòè÷åñêèõ îòîæäåñòâëåíèé γ- âñïëåñêîâ.Äàííûå ïî ýòîìó ïîëþ óäàëîñü ïîëó÷èòü âäîñòàòî÷íî õîðîøèõ íàáëþäàòåëüíûõ óñëîâè-ÿõ. Äëÿ åãî îáðàáîòêè íåîáõîäèìî áûëî ïðî-âåñòè ïåðâè÷íóþ ðåäóêöèþ ïðÿìûõ ñíèìêîâ,âûäåëèòü íà èçîáðàæåíèè ñëàáûå ãàëàêòè-êè, ñäåëàòü �îòîìåòðèþ â ÷åòûð¼õ �èëüòðàõ



2(B,V,R,I), îöåíèòü óãëîâûå ðàçìåðû ãàëàêòèêè �îòîìåòðè÷åñêèå êðàñíûå ñìåùåíèÿ, ïî-ñòðîèòü çàâèñèìîñòè ìåæäó ðàçíûìè íàáëþ-äàåìûìè âåëè÷èíàìè.2. ÍÀÁËÞÄÅÍÈß È ÎÁ�ÀÁÎÒÊÀÄÀÍÍÛÕ2.1. ÍàáëþäåíèÿÔîòîìåòðè÷åñêèå íàáëþäåíèÿ ïîëÿ ðîäè-òåëüñêîé ãàëàêòèêè γ-âñïëåñêà GRB021004áûëè ïðîâåäåíû 30 íîÿáðÿ è 1 äåêàáðÿ 2002ãîäà íà 6-ì òåëåñêîïå ÑÀÎ �ÀÍ. Óñëîâèÿ íà-áëþäåíèé áûëè �îòîìåòðè÷åñêèå ñ êà÷åñòâîìèçîáðàæåíèÿ 1.3 óãë. ñåêóíäû, èçìåðåííûìêàê ïîëíàÿ øèðèíà íà ïîëîâèíå ìàêñèìóìà(FWHM) èçîáðàæåíèÿ çâåçäîîáðàçíûõ îáúåê-òîâ â ïîëå. Ïëîùàäêà öåíòðèðîâàëàñü íà êî-îðäèíàòû ðîäèòåëüñêîé ãàëàêòèêè α2000.0 =

0h26m54s.4, δ2000.0 = +18o53′44′′.42, ÷òî ñî-îòâåòñòâóåò ãàëàêòè÷åñêèì øèðîòå è äîëãîòå
b = −43o35′37′′.1, l = 114o54′34′′.3.Â íàáëþäåíèÿõ èñïîëüçîâàëñÿ ïðèáîðSCORPIO (Spetral Camera with OptialReduer for Photometrial and InterferometrialObservations)[15℄, óñòàíàâëåííûé â ãëàâíîì�îêóñå 6-ì òåëåñêîïà ÑÀÎ �ÀÍ. Â êà÷åñòâåïðèåìíèêà èçëó÷åíèÿ èñïîëüçîâàëàñü ÏÇÑ-ìàòðèöà TK1024 �îðìàòà 1034×1034. �àçìåðýëåìåíòà ðàçðåøåíèÿ ñîñòàâëÿåò 24 ìèêðîí,÷òî ñîîòâåòñòâóåò óãëîâîìó ìàñøòàáó 0.289′′íà ýëåìåíò.

2.2. Ïåðâè÷íàÿ ðåäóêöèÿ äàííûõÍà÷àëüíàÿ ðåäóêöèÿ äàííûõ âêëþ÷àëà âñåáÿ âû÷èòàíèå ýëåêòðîííîãî �íóëÿ�, äåëåíèåíà ïëîñêîå ïîëå, âû÷èòàíèå ñëåäîâ èíòåð�å-ðåíöèè â �èëüòðàõ Rc è Ic, óäàëåíèå ñëåäîâêîñìè÷åñêèõ ÷àñòèö. Âñå êàäðû, ïîëó÷åííûåâ îäíîé öâåòîâîé ïîëîñå, ñóììèðîâàëèñü.Ñóììàðíûå êàäðû áûëè ïðèâåäåíû ê îäíîéîðèåíòàöèè è ê åäèíîé ñèñòåìå êîîðäèíàò.�àçìåð îáëàñòè ïåðåñå÷åíèÿ ñóììàðíûõèçîáðàæåíèé âî âñåõ �èëüòðàõ ñîñòàâèë
4′.05′′ × 4′.16′′.Â êà÷åñòâå íà÷àëüíîé ðåäóêöèè äàííûõèñïîëüçîâàëàñü ñòàíäàðòíàÿ ìåòîäèêà, ïðè-ìåíÿþùàÿñÿ ê ÏÇÑ-äàííûì. Âñÿ ðåäóêöèÿäàííûõ ïðîâîäèëàñü ñ èñïîëüçîâàíèåì ïàêåòàESO-MIDAS 1.

• Âû÷èòàíèå ýëåêòðîííîãî �íóëÿ�:Íà íà÷àëüíîì ýòàïå îáðàáîòêè äàííûõïðîèçâîäèòñÿ êîððåêöèÿ çà òàê íàçûâàå-ìûé ýëåêòðîííûé �íóëü� (bias). Òàê êàêîí ÿâëÿåòñÿ àääèòèâíîé ñîñòàâëÿþùåéðåçóëüòèðóþùåãî ñèãíàëà íà ÏÇÑ, ýëåê-òðîííûé �íóëü� âû÷èòàåòñÿ èç äàííûõ.Íà ïðàêòèêå èñïîëüçóþòñÿ íåñêîëüêîìåäèàííî óñðåäíåííûõ êàäðîâ �íóëÿ�,÷òî ïîçâîëÿåò èçáàâèòüñÿ îò ñëåäîâ êîñ-ìè÷åñêèõ ÷àñòèö è óìåíüøèòü ñîáñòâåí-1 MIDAS (Munih Image Data Analysis System) ðàñïðî-ñòðàíÿåòñÿ è ïîääåðæèâàåòñÿ Åâðîïåéñêîé ÞæíîéÎáñåðâàòîðèåé



3íûå øóìû.
• Âû÷èòàíèå òåìíîâîãî ñèãíàëà:Ìàòðèöû òèïà TK1024 èìåþò äîñòà-òî÷íî ìàëûé òåìíîâîé òîê, êîòîðûéíå âíîñèò çàìåòíûõ ïîïðàâîê â ðåçóëü-òèðóþùèé ñèãíàë. Ïîýòîìó, â äàííîéðàáîòå ïîïðàâêà çà òåìíîâîé òîê íåïðîèçâîäèëàñü. Â îáùåì æå ñëó÷àå, äëÿêîððåêöèè çà ýòîò ý��åêò â òå÷åíèåíî÷è äåëàåòñÿ íåñêîëüêî ýêñïîçèöèéïðè çàêðûòîì çàòâîðå ñ äëèòåëüíîñòüþòàêîé æå, êàê è â ñëó÷àå ýêñïîçèöèéäëÿ èññëåäóåìûõ îáúåêòîâ. Äëÿ ïîíè-æåíèÿ øóìîâ ïðîèçâîäèòñÿ ìåäèàííîåóñðåäíåíèå ïîëó÷åííûõ êàäðîâ è çàòåìðåçóëüòàò âû÷èòàåòñÿ èç èñõîäíûõäàííûõ.
• Äåëåíèå íà ïëîñêîå ïîëå: Íåîäíî-ðîäíîñòü ÷óâñòâèòåëüíîñòè ýëåìåíòîâÏÇÑ ìàòðèöû êîððåêòèðóþòñÿ äåëåíè-åì íà ïëîñêîå ïîëå. Ïëîñêîå ïîëå ïî-ëó÷àþò ïóòåì îáëó÷åíèÿ ïðèåìíèêà âêàæäîì èç �èëüòðîâ èñòî÷íèêîì ðàâíî-ìåðíîé çàñâåòêè. Îáû÷íî äëÿ ýòîãî èñ-ïîëüçóþò ÿðêîå âå÷åðíåå è óòðåííåå ñó-ìåðå÷íîå íåáî èëè ëàìïó íåïðåðûâíîãîñïåêòðà, îñâåùàþùóþ êðûøêè ãëàâíîãîçåðêàëà. Äëÿ óäàëåíèÿ ñëåäîâ êîñìè÷å-ñêèõ ÷àñòèö è âîçìîæíûõ îáúåêòîâ äå-ëàåòñÿ íåñêîëüêî ýêñïîçèöèé ñî ñìåùå-íèåì è äàëüíåéøåå ìåäèàííîå óñðåäíå-íèå ïîëó÷åííûõ êàäðîâ.

• Óäàëåíèå ñëåäîâ êîñìè÷åñêèõ ÷à-ñòèö: Îäíèì èç íåäîñòàòêîâ ïðèáîðîâ ñçàðÿäîâîé ñâÿçüþ ÿâëÿåòñÿ èõ ÷óâñòâè-òåëüíîñòü ê êîñìè÷åñêèì ÷àñòèöàì. Ñó-ùåñòâóþò ðàçëè÷íûå ñïîñîáû âûäåëå-íèÿ êîñìè÷åñêèõ ÷àñòèö, íàïðèìåð âû-÷èòàíèå ìåäèàííîãî ñðåäíåãî íåñêîëü-êèõ êàäðîâ èç äàííîãî. Â äàííîé ðàáîòåáûë èñïîëüçîâàí àëãîðèòì, ðåàëèçîâàí-íûé â ïðîöåäóðå FILTER/COSMIC ïàêåòàMIDAS.
• �Êîñìåòèêà�: Íåðåäêî èìåþùèåñÿ äå-�åêòíûå ýëåìåíòû (êàê ñ Ïîíèæåí-íîé ÷óâñòâèòåëüíîñòüþ, òàê è ñàìîïðî-èçâîëüíî ãåíåðèðóþùèå çàðÿä) ìîãóòîñòàâëÿòü ñëåäû ïîñëå íà÷àëüíîé ðå-äóêöèè. Äëÿ óñòðàíåíèÿ òàêîãî ðîäà äå-�åêòîâ, èìåþùèõ �èêñèðîâàííîå ïîëî-æåíèå äëÿ äàííîé ìàòðèöû, ïðèìåíÿåò-ñÿ èíòåðïîëÿöèÿ îòñ÷åòîâ ïî îêðåñòíî-ñòè.
• Âû÷èòàíèå ñëåäîâ èíòåð�åðåíöè-îííîãî �óçîðà�: Äëÿ òàê íàçûâàåìûõòîíêèõ ìàòðèö (thinned CCD, òàêèõ êàêTK1024) õàðàêòåðíî ïðèñóòñòâèå â ðå-çóëüòèðóþùåì ñèãíàëå èíòåð�åðåíöè-îííîãî �óçîðà� (fringes), îñîáåííî â êðàñ-íîé ÷àñòè ñïåêòðà (�èëüòðû R è I).Ýòî ñâÿçàíî ñ ïðàêòè÷åñêè ìîíîõðîì-íûì èçëó÷åíèåì àòìîñ�åðíûõ ýìèññè-îííûõ ëèíèé. Äëÿ êîððåêöèè ýòîãî ý�-�åêòà ïðèìåíÿåòñÿ ìåòîä ïîñëåäîâà-



4òåëüíûõ ñìåùåíèé. Ïîëîæåíèå �óçîðà�íà ÏÇÑ ìàòðèöå îáû÷íî ñòàáèëüíî â òå-÷åíèå íàáëþäàòåëüíîé íî÷è, ÷òî ïîçâî-ëÿåò îòäåëèòü åãî îò îáúåêòîâ. Â õîäåíàáëþäåíèé äàííîãî ïîëÿ ìåæäó ýêñïî-çèöèÿìè ïðîèçâîäèòñÿ ñìåùåíèå òåëå-ñêîïà.Âåëè÷èíà ñìåùåíèÿ çàâèñèò îò êà÷åñòâàèçîáðàæåíèÿ â äàííóþ íî÷ü, è âûáèðà-åòñÿ òàêèì îáðàçîì, ÷òîáû ïîëîæåíèåîáúåêòîâ â êàæäîì ïîñëåäóþùåì êàä-ðå íå ïåðåêðûâàëîñü ñ ïðåäûäóùèì. Òè-ïè÷íûå âåëè÷èíû ñäâèãà ïðè �îòîìåò-ðè÷åñêèõ íàáëþäåíèÿõ ñîñòàâëÿþò 30ýëåìåíòîâ ìàòðèöû èëè ≈ 9 óãë. ñåêóíä.Äàëåå èç ðåäóöèðîâàííûõ (âû÷òåí ýëåê-òðîííûé �íóëü�, ïîäåëåíî íà ïëîñêîå ïî-ëå è óäàëåíû ÷àñòèöû) êàäðîâ âû÷èòàë-ñÿ �îí è ïîëó÷åííûå êàäðû óñðåäíÿ-ëèñü ñ ïîìîùüþ ìåäèàíû. Òàê êàê èí-òåð�åðåíöèîííûé �óçîð� ÿâëÿåòñÿ àääè-òèâíîé ñîñòàâëÿþùåé, ïîëó÷åííûé êàäðâû÷èòàëñÿ èç ðåäóöèðîâàííûõ äàííûõ.
• Àñòðîìåòðèÿ: Ïðèìåíåíèå ìåòîäà ïî-ñëåäîâàòåëüíûõ ñìåùåíèé òðåáóåò íàïîñëåäíåì ýòàïå ðåäóêöèè ñâåäåíèÿâñåõ êàäðîâ â êàæäîì èç �èëüòðîââ åäèíóþ ñèñòåìó êîîðäèíàò. Ýòà çà-äà÷à âûïîëíÿëàñü ñ ïîìîùüþ ïðîöå-äóð ALIGN/IMAGE è REBIN/ROTATE ïà-êåòà ESO-MIDAS. Ïåðâàÿ ïðîöåäóðà îñ-íîâàíà íà âû÷èñëåíèè ãåîìåòðè÷åñêî-

ãî ïðåîáðàçîâàíèÿ (ñäâèã, ïîâîðîò, ìàñ-øòàáèðîâàíèå) äàííîãî êàäðà ê îïîðíî-ìó ñ ïîìîùüþ íàáîðà ðåïåðíûõ îáúåê-òîâ. Îáû÷íî èñïîëüçîâàëîñü 7−15 îïîð-íûõ îáúåêòîâ. Äëÿ áîëåå òî÷íîé àñòðî-ìåòðèè èñïîëüçîâàëèñü çâåçäîîáðàçíûåîáúåêòû, ÷òî ïîçâîëÿëî äîñòèãàòü òî÷-íîñòè 0.2 − 0.5 ýëåìåíòà ìàòðèöû ïðèâû÷èñëåíèè ñäâèãà. Äàëåå ïðèâåäåííûåêàäðû ñêëàäûâàëèñü.2.3. Àñòðîìåòðè÷åñêàÿ ïðèâÿçêàÄëÿ îïðåäåëåíèÿ ýêâàòîðèàëüíûõ êîîðäè-íàò âûäåëÿåìûõ îáúåêòîâ, ðåäóöèðîâàííûåêàäðû ïðèâÿçûâàëèñü ê ñèñòåìå ìèðîâûõ êî-îðäèíàò íà ýïîõó 2000. Äàííàÿ ïðîöåäóðàïðîèçâîäèëàñü ïðè ïîìîùè ïàêåòîâ wstools,ds9 è êàòàëîãà USNO, ñîäåðæàùåãî êîîðäèíà-òû çâåçä. Êàòàëîã áûë ïîëó÷åí ïîñëå çàïîë-íèÿ �îðìû íà www-ñòðàíèöå USNO Flagsta�station [16℄, ãäå çàäàâàëèñü êîîðäèíàòû öåí-òðà ïëîùàäêè, å¼ ðàçìåð è äðóãèå ïàðàìåòðû.Äëÿ îáëåã÷åíèÿ ïðîöåäóðû îòîæäåñòâëåíèÿ ññàéòà çàïðàøèâàëèñü èçîáðàæåíèÿ ïëîùàäêè,êîîðäèíàòû îáúåêòîâ êîòîðîé íåîáõîäèìî ïî-ëó÷èòü. �àçìåð ïëîùàäêè áðàëñÿ ðàâíûì 7mõ 7m óãëîâûõ ìèíóò, ÷òîáû îíà íàâåðíÿêàâêëþ÷èëà â ñåáÿ èññëåäóåìóþ îáëàñòü. Â êà-÷åñòâå îïîðíîãî êàòàëîãà âûáèðàëñÿ êàòàëîãUSNO-B1.0, ñîäåðæàùèé áîëåå 1,000,000,000îáúåêòîâ è ÿâëÿþùèéñÿ ïîñëåäíèì êàòàëîãîìïðîåêòà USNOFS PMM.



5Îïîðíûå çâåçäû, ïî êîòîðûì ïðîèçâîäè-ëàñü ïðèâÿçêà ê ìèðîâîé ñèñòåìå êîîðäèíàò,äîëæíû áûëè óäîâëåòâîðÿòü ñëåäóþùèì êðè-òåðèÿì:
• Îáúåêòû äîëæíû áûòü çâåçäîîáðàçíû-ìè, à èõ öåíòðû äîëæíû áûòü îïðåäå-ëåíû ìàêñèìàëüíî òî÷íî äëÿ áîëåå êà-÷åñòâåííîé ïðèâÿçêè;
• Îáúåêòû íå äîæíû áûòü ïåðåêîïëåíû;
• Îáúåêòû íå äîëæíû áûòü ñëèøêîì ñëà-áûìè, ãäå â îïðåäåëÿåìûå âåëè÷èíû ìî-æåò äàòü âêëàä �îíîâûé øóì;
• Îáúåêòû ïî âîçìîæíîñòè íå äîëæ-íû èìåòü ñîáñòâåííûõ äâèæåíèé, èëèäîëæíû âûáèðàòüñÿ îáúåêòû ñ ìèíè-ìàëüíûìè ñîáñòâåííûìè äâèæåíèÿìè,÷òîáû ìèíèìèçèðîâàòü îøèáêó, ñâÿçà-íóþ ñ òåì, ÷òî ïðèâÿçûâàåìûå êàäðû èîïîðíûå êàòàëîãè áûëè ïîëó÷åíû â ðàç-íîå âðåìÿ, çà êîòîðûå çâ¼çäû ìîãóò çà-ìåòíî ñìåñòèòüñÿ;
• Îøèáêà îïðåäåëåíèÿ êîîðäèíàò îïîð-íûõ çâåçä äîëæíà áûòü ìèíèìàëüíîé;
• Îïîðíûå îáúåêòû íå äîëæíû íàêëàäû-âàòüñÿ äðóã íà äðóãà.Òàêèì îáðàçîì, áûëî âûáðàíî 6 çâåçä, ïîêîòîðûì îñóùåñòâëÿëàñü ïðèâÿçêà ïðè ïîìî-ùè ïàêåòà wstools. Îøèáêà àñòðîìåòðèè ñî-ñòàâèëà 0.2 óãëîâûõ ñåêóíä.

2.4. Ñîâìåùåíèå êàäðîâ è ïîñòðîåíèåîáùåãî ïîëÿÄàëåå, ðåäóöèðîâàííûå è ïðèâÿçàí-íûå ê ìèðîâîé ñèñòåìå êîîðäèíàò êàäðûïðè ïîìîùè ïðîöåäóð ALIGN/IMAGE èREBIN/ROTATE ïàêåòà ESO MIDAS ñîâ-ìåùàëèñü ìåæäó ñîáîé è, òàêèì îáðàçîì,îïðåäåëÿëàñü îáëàñòü, îáùàÿ äëÿ âñåõ êàäðîâ,â êîòîðîé ïðîèçâîäèëñÿ ïîèñê îáúåêòîâ (ñì.ðèñ 2). 2.5. Âûäåëåíèå îáúåêòîâÄëÿ ïîèñêà è ìàññîâîé �îòîìåòðèè îáúåê-òîâ â ïîëå áûë èñïîëüçîâàí ïðîãðàììíûé ïà-êåò SExtrator [6℄. Ïàêåò ïîçâîëÿåò èçìåðÿòüíåñêîëüêî âèäîâ çâåçäíûõ âåëè÷èí, ïîýòîìóïðèâåäåì çäåñü êðàòêîå ðåçþìå àëãîðèòìà èç-ìåðåíèé:
• Èçî�îòàëüíàÿ âåëè÷èíà îïðåäåëåíà êàêèíòåãðàë ïîòîêà ïî îáëàñòè ñ èíòåíñèâ-íîñòüþ âûøå çàäàííîãî ïðåäåëà.
• Èñïðàâëåííàÿ èçî�îòàëüíàÿ âåëè÷èíàîïðåäåëåíà ñëåäóþùèì ñïîñîáîì: ïðî-�èëü îáúåêòà àïïðîêñèìèðóåòñÿ äâó-ìåðíîé ãàóññèàíîé è, èñõîäÿ èç íàéäåí-íûõ ïàðàìåòðîâ, ââîäèòñÿ ñîîòâåòñòâó-þùàÿ ïîïðàâêà ê èçî�îòàëüíîé âåëè-÷èíå.
• Àâòîìàòè÷åñêàÿ âåëè÷èíà áûëà âïåð-âûå îïðåäåëåíà â ðàáîòå [10℄. Âû÷èñëÿ-



6åòñÿ ïåðâûé ìîìåíò r1 =
P

rI(r)
P

I(r) . Â ðà-áîòå [10℄ áûëî ïîêàçàíî, ÷òî äëÿ îáú-åêòîâ ñî çâåçäîîáðàçíûìè, ñòåïåííûìèè ýêñïîíåíöèàëüíûìè ïðî�èëÿìè, ñâåð-íóòûìè ñ ãàóññèàíîé, ïðèìåðíî 92% ïî-òîêà çàêëþ÷åíî â àïåðòóðå ðàäèóñà kr1,ãäå k ≈ 2. Â ïàêåòå SExtrator îïðåäå-ëÿåòñÿ ýëëèïòè÷åñêàÿ àïåðòóðà ñ ãëàâ-íûìè îñÿìè ǫkr1 è kr1/ǫ, ãäå ǫ - ýëëèï-òè÷íîñòü.
• Àïåðòóðíàÿ âåëè÷èíà îïðåäåëåíà êàêâåëè÷èíà, èçìåðåííàÿ â êðóãîâîé àïåð-òóðå, çàäàííîé ïîëüçîâàòåëåì.Ïîëíàÿ âåëè÷èíà îïðåäåëÿåòñÿ ðàâíîé àâòî-ìàòè÷åñêîé, åñëè â ñîîòâåòñòâóþùóþ àïåðòó-ðó äàííîãî îáúåêòà íå ïîïàäàåò ñîñåä ñ áëåñ-êîì, êîòîðûé èçìåíÿåò çâ. âåëè÷èíó äàííîãîîáúåêòà áîëåå, ÷åì íà 0.1 çâ. âåëè÷èíû. Â ïðî-òèâíîì ñëó÷àå âûáèðàåòñÿ èñïðàâëåííàÿ èçî-�îòàëüíàÿ âåëè÷èíà.Â êà÷åñòâå ïðåäåëà îáíàðóæåíèÿ îáúåêòàáûëî âûáðàíî 2σ ïðåâûøåíèå èíòåíñèâíîñòèíàä �îíîì, ãäå σ - �ëóêòóàöèÿ �îíà. Ýòîñîîòâåòñòâóåò èçî�îòàì 27.56, 26.64, 26.62 è

25.22 çâ. âåëè÷èíû íà êâàäðàòíóþ óãë. ñåêóí-äó â B, V , Rc è Ic �èëüòðàõ (∼ 1% îò ÿðêîñòèíî÷íîãî íåáà).Àïïðîêñèìàöèÿ �îíà � î÷åíü âàæíàÿ ïðî-öåäóðà ïðè àâòîìàòè÷åñêîì ïîèñêå îáúåêòîâ.Ïîýòîìó ïîñòðîåíèå �îíà êîíòðîëèðîâàëîñü�íà ãëàç�. Àïïðîêñèìèðîâàííûé �îí ïðîâå-ðÿëñÿ íà îòñóòñòâèå ñòðóêòóð îêîëî ÿðêèõ

îáúåêòîâ è ðåçêèõ �ëóêòóàöèé íà ìàëûõ ìàñ-øòàáàõ (ìåíüøå, ÷åì 5 − 7 FWHM2). Íàéäå-íûé êàíäèäàò ñ÷èòàëñÿ ðåàëüíûì îáúåêòîì,åñëè îí ñîñòîÿë íå ìåíåå, ÷åì èç ÷åòûð¼õ ñî-åäèíåííûõ ìåæäó ñîáîé ýëåìåíòîâ ìàòðèöû.Âñåãî áûëî îáíàðóæåíî 637, 771, 1169 è 615îáúåêòîâ â B, V , Rc è Ic �èëüòðàõ ñîîòâåò-ñòâåííî. Ñëåäóåò îòìåòèòü, ÷òî êàòàëîã ìî-æåò ñîäåðæàòü îøèáî÷íîå îáíàðóæåíèå èç-çàý��åêòîâ �ëóêòóàöèè �îíà. Äëÿ âñåõ îáú-åêòîâ êàòàëîãà áûëè èçìåðåíû èçî�îòàëü-íàÿ, àïåðòóðíàÿ è ïîëíàÿ âåëè÷èíû. Ìàññîâàÿ�îòîìåòðèÿ îáúåêòîâ â ïîëå ïîçâîëÿåò íàìîïðåäåëèòü ïðåäåëüíóþ çâ. âåëè÷èíó. Ïðåäå-ëîì îáíàðóæåíèÿ ñ÷èòàëàñü ñðåäíÿÿ çâ. âå-ëè÷èíà îáúåêòîâ ñ îòíîøåíèåì �ñèãíàë-øóì�S/N=2. Òîãäà ïðåäåëüíûìè çâ. âåëè÷èíàìèáóäóò 28.0, 27.5, 27.0 è 26.0 â B, V , Rc è Ic�èëüòðàõ ñîîòâåòñòâåííî.2.6. ÔîòîìåòðèÿÂñå íàáëþäåíèÿ âåëèñü ñ èñïîëüçîâàíèåì�èëüòðîâ, êîòîðûå â êîìáèíàöèè ñ êâàíòî-âîé ÷óâñòâèòåëüíîñòüþ ÏÇÑ ìàòðèöû ðåàëè-çîâûâàëè �îòîìåòðè÷åñêóþ ñèñòåìó, áëèçêóþê ñòàíäàðòíîé Äæîíñîí-Êðîí-Êîóçèíñ [4℄.Èíñòðóìåíòàëüíûå âåëè÷èíû îáúåêòà èç-ìåðÿëèñü ñëåäóþùèì îáðàçîì:
maper = −2.5 · log(

F

Texp

) −
k

cos(Z)
, (1)2 FWHM - ïîëíàÿ øèðèíà íà ïîëîâèíå ìàêñèìóìàçâåçäîîáðàçíîãî ïðî�èëÿ



7ãäå F - ïîòîê îò îáúåêòà (â îòñ÷åòàõ) â çà-äàííîé àïåðòóðå, Texp - âðåìÿ ýêñïîçèöèè(â ñåêóíäàõ), k - êîý��èöèåíò àòìîñ�åðíîéýêñòèíêöèè è Z - çåíèòíîå ðàññòîÿíèå (âãðàäóñàõ). Êîý��èöèåíòû àòìîñ�åðíîé ýêñ-òèíêöèè áûëè âçÿòû èç ðàáîòû Íåèçâåñòíî-ãî (1983) [1℄ è ñîñòàâèëè ñîîòâåòñòâåííî kB =

0.34, kV = 0.21, kRc
= 0.15 è kIc

= 0.1 çâåçä-íîé âåëè÷èíû. Â ñëó÷àå çâåçäîîáðàçíûõ îáú-åêòîâ äëÿ âû÷èñëåíèÿ èíñòðóìåíòàëüíîé âå-ëè÷èíû èñïîëüçîâàëàñü òàê íàçûâàåìàÿ ïî-ïðàâêà çà êîíå÷íóþ àïåðòóðó. Òîãäà âûðàæå-íèå äëÿ ïîëíîé âåëè÷èíû çàïèñûâàåòñÿ êàê
m = maper − δm,ãäå maper - çâ. âåëè÷èíà, îïðåäåëÿåìàÿ âûðà-æåíèåì (1) è δm - ïîïðàâêà çà êîíå÷íóþ àïåð-òóðó, îïðåäåëÿåìàÿ èç èçìåðåíèé êðèâûõ ðî-ñòà äëÿ ÿðêèõ çâåçäîîáðàçíûõ îáúåêòîâ â ïî-ëå.Äëÿ îïðåäåëåíèÿ îøèáîê èçìåðåíèÿ çâ. âå-ëè÷èí âû÷èñëÿëîñü îòíîøåíèå �ñèãíàë/øóì�:

S

N
=

F
√

F/g + A · σ2
,ãäå F - ïîòîê îò îáúåêòà (â îòñ÷åòàõ) â çà-äàííîé àïåðòóðå, g - êâàíò ïðåîáðàçîâàíèÿ (âýëåêòðîíàõ/îòñ÷åò), A - êîëè÷åñòâî ýëåìåíòîââ àïåðòóðå è σ2 - äèñïåðñèÿ �îíà (â îòñ÷åòàõ).Çàòåì âû÷èñëÿåòñÿ îøèáêà:

σm =
2.5

ln 10
·

σF

F
=

2.5

ln 10
·

1

S/NÔîòîìåòðè÷åñêàÿ êàëèáðîâêà ïðîèçâîäè-ëàñü ñ ïîìîùüþ ñòàíäàðòíûõ çâåçä èç êà-òàëîãîâ Ëàíäîëüòà (Landolt, 1992) [11℄ è

Ñòåòñîíà[14℄. Äëÿ ïåðåõîäà îò èíñòðóìåíòàëü-íûõ âåëè÷èí ê ñòàíäàðòíûì èñïîëüçîâàëèñüñëåäóþùèå ñîîòíîøåíèÿ:
B − b = CB

0 + CB
1 · (b − v)

V − v = CV
0 + CV

1 · (b − v) (2)
Rc − r = CRc

0 + CRc

1 · (v − r)

Ic − i = CIc

0 + CIc

1 · (r − i),ãäå CB,V,Rc,Ic

0 , CB,V,Rc,Ic

1 - íóëü-ïóíêòû è öâå-òîâûå êîý��èöèåíòû, b, v, r, i - èíñòðóìåí-òàëüíûå âåëè÷èíû è B,V,Rc, Ic - âåëè÷èíû âñòàíäàðòíîé �îòîìåòðè÷åñêîé ñèñòåìå. Íóëü-ïóíêòû è öâåòîâûå êîý��èöèåíòû îïðåäåëÿ-þòñÿ èç íàáëþäåíèé è �îòîìåòðèè ñòàíäàðò-íûõ çâåçä, à çàòåì ëèíåéíîé àïïðîêñèìàöèåéñèñòåìû óðàâíåíèé (2). Òèïè÷íûå îøèáêè ñî-ñòàâèëè ñîîòâåòñòâåííî 0.01− 0.02 çâ. âåëè÷è-íû äëÿ íóëü-ïóíêòîâ (C0) è 0.01 − 0.05 äëÿöâåòîâûõ êîý��èöèåíòîâ (C1).3. ÎÖÅÍÊÀ ÔÎÒÎÌÅÒ�È×ÅÑÊÈÕÊ�ÀÑÍÛÕ ÑÌÅÙÅÍÈÉ3.1. ÌåòîäèêàÄëÿ ãàëàêòèê ïîëÿ áûë ïðèìåíåí ìåòîäîöåíêè �îòîìåòðè÷åñêèõ êðàñíûõ ñìåùåíèé,ðåàëèçîâàííûé â ïðîãðàììíîì ïàêåòå HyperZ[8℄. Â äàííîé ðàáîòå ïîñòàâëåíà öåëü îöåíèòüêðàñíûå ñìåùåíèÿ äëÿ âñåõ ïðîòÿæåííûõ îáú-åêòîâ, îáíàðóæåííûõ â ïîëå ðîäèòåëüñêîé ãà-ëàêòèêè GRB 021004.



8Îïðåäåëåíèå ñïåêòðîñêîïè÷åñêèõ êðàñíûõñìåùåíèé äëÿ ñîòåí ñëàáûõ îáúåêòîâ â ãëó-áîêèõ ïîëÿõ äîñòàòî÷íî ñëîæíàÿ è òðóäîåì-êàÿ çàäà÷à, òðåáóþùàÿ áîëüøèõ çàòðàò íà-áëþäàòåëüíîãî âðåìåíè. Íî äëÿ ìíîãèõ çàäà÷âïîëíå ïðèåìëåìûìè îêàçûâàþòñÿ îöåíêè �î-òîìåòðè÷åñêèõ êðàñíûõ ñìåùåíèé, êîòîðûåäåëàþòñÿ ïî ðåçóëüòàòàì ìíîãîöâåòíîé �î-òîìåòðèè. Òî÷íîñòü òàêèõ îöåíîê îêîëî 10%,íî ýòîãî ÷àñòî âïîëíå äîñòàòî÷íî äëÿ ñòàòè-ñòè÷åñêèõ èññëåäîâàíèé ñâîéñòâ äàëåêèõ îáú-åêòîâ. Ìíîãîöâåòíàÿ �îòîìåòðèÿ ìîæåò ðàñ-ñìàòðèâàòüñÿ êàê ñïåêòð î÷åíü íèçêîãî ðàçðå-øåíèÿ, êîòîðûé ìîæíî èñïîëüçîâàòü äëÿ îöå-íîê z. Èíîãäà òàêèå îöåíêè íîñÿò ïðåäâàðè-òåëüíûé õàðàêòåð, îñîáåííî äëÿ ñëàáûõ îáú-åêòîâ, ïåðåä ïðîâåäåíèåì áîëåå ñëîæíûõ íà-áëþäåíèé íà ñïåêòðîãðà�å.3.2. Íàñòðîéêà ïàêåòà HyperZÂ êà÷åñòâå âõîäíûõ äàííûõ â ïàêåòåHyperZ èñïîëüçóþòñÿ BV RcIc âåëè÷èíû è èõîøèáêè äëÿ ïðîòÿæåííûõ îáúåêòîâ â ïîëå,ïîãëîùåíèå â íàøåé �àëàêòèêå, ñïåêòðàëü-íîå ðàñïðåäåëåíèå ýíåðãèè ãàëàêòèê ðàçëè÷-íûõ òèïîâ, ïàðàìåòðû êîñìîëîãè÷åñêîé ìîäå-ëè, ðàçëè÷íûå çàêîíû ýêñòèíêöèè â ãàëàêòè-êàõ. Ïîãëîùåíèå â íàøåé �àëàêòèêå áûëî âçÿ-òî ðàâíûì E(B − V ) = 0.025 îãëàñíî êàð-òàì ïûëè èç ðàáîòû [12℄. Â êà÷åñòâå ìîäåëü-íûõ ñïåêòðàëüíûõ ðàñïðåäåëåíèé ýíåðãèè áû-ëè ïðèíÿòû áèáëèîòåêè ìîäåëüíûõ ñïåêòðîâ

(øàáëîíû, øàáëîííûå ñïåêòðû), ïðåäîñòàâëÿ-åìûå ïàêåòîì HyperZ. Ìîäåëè îòëè÷àþòñÿ òè-ïîì èñòîðèè çâåçäîîáðàçîâàíèÿ. Ýòî ëèáî ïî-ñòîÿííûé òåìï, ëèáî ýêñïîíåíöèàëüíîå ïàäå-íèå èëè íà÷àëüíàÿ âñïûøêà çâåçäîîáðàçîâà-íèÿ â âèäå äåëüòà-�óíêöèè.Äëÿ çàêîíîâ ýêñòèíêöèè áûëè âûáðàíû âà-ðèàíòû, ïðåäñòàâëåííûå â ïàêåòå HyperZ. Ýòîòàêîé æå çàêîí, êàê è äëÿ íàøåé �àëàêòèêè,çàêîíû äëÿ Áîëüøîãî è Ìàëîãî ÌàãåëàíîâûõÎáëàêîâ è çàêîí ýêñòèíêöèè äëÿ ãàëàêòèê ñîçâåçäîîáðàçîâàíèåì. Ýòè çàêîíû îòëè÷àþòñÿíàêëîíîì êðèâûõ â äàëüíåì óëüòðà�èîëåòåè, ãëàâíîå, íàëè÷èåì èëè îòñóòñòâèåì ïîëîñûïîãëîùåíèÿ ãðà�èòà íà 2200�A .Äèàïàçîí ïîãëîùåíèÿ çàäàâàëñÿ îäèíàêî-âûì è ñîñòàâëÿë AV = 0.0 − 3.0 çâ. âåëè÷èíñ øàãîì 0.3. Êðàñíîå ñìåùåíèå áûëî çà�èê-ñèðîâàíî â äèàïàçîíå z = 0.0 − 5.0 ñ øàãîì
0.1. Èñïîëüçîâàíà êîñìîëîãè÷åñêàÿ ìîäåëü ñ
H0 = 70êì ñ−1 Ìïê−1, ΩM = 0.3 è ΩΛ = 0.7.Âûáîð çàêîíà ïîãëîùåíèÿ ñóùåñòâåííîâëèÿåò íà ðåçóëüòàòû, òî åñòü âàæíî ó÷è-òûâàòü îñîáåííîñòè çàêîíîâ ýêñòèíêöèè äëÿîöåíêè �îòîìåòðè÷åñêèõ êðàñíûõ ñìåùåíèé.Äàëåå áûëè îòîáðàíû îáúåêòû, äëÿ êîòîðûõâåðîÿòíîñòü èìåòü âû÷èñëåííîå êðàñíîå ñìå-ùåíèå áîëüøå èëè ðàâíà 0.9. Îêîí÷àòåëüíûéêàòàëîã ñîäåðæèò 183 îáúåêòà â äèàïàçîíåêðàñíûõ ñìåùåíèé îò 0.05 äî 3.8.Â ðåçóëüòàòå ðàáîòû ïàêåòà HyperZ äëÿêàæäîãî èç îáúåêòîâ ïîìèìî îöåíêè êðàñíî-ãî ñìåùåíèÿ ìîãóò áûòü íàéäåíû è äðóãèå ïà-



9ðàìåòðû. Íàïðèìåð, ñïåêòðàëüíûé òèï ãàëàê-òèêè � îí îñíîâàí íà ïîäîáèè ðàñïðåäåëåíèÿýíåðãèè â ñïåêòðå îáúåêòà îäíîìó èç òåîðåòè-÷åñêèõ øàáëîííûõ ñïåêòðîâ.Íà �èñ. 8 ïðèâåäåíà ãèñòîãðàììà ðàñïðå-äåëåíèÿ îáúåêòîâ ïî z. Íà �èñ. 7 ïðèâåäåíûäèàãðàììû "Ôîòîìåòðè÷åñêîå êðàñíîå ñìåùå-íèå - çâåçäíàÿ âåëè÷èíà". Â ýòîé ðàáîòå èñ-ïîëüçîâàí çàêîí ïîãëîùåíèÿ Seaton (MW). Îíäàë õîðîøåå ñîãëàñèå �îòîìåòðè÷åñêîé îöåí-êè êðàñíîãî ñìåùåíèÿ ðîäèòåëüñêîé ãàëàêòè-êè ñî ñïåêòðîñêîïè÷åñêèì z (ñì. íèæå), õî-òÿ áîëåå êîððåêòíûé àíàëèç ïðåäïîëàãàåò îò-äåëüíîå èññëåäîâàíèå êàæäîãî çàêîíà ïîãëî-ùåíèÿ è ñðàâíåíèÿ ñ âûáîðêàìè ãàëàêòèê ñèçìåðåííûìè êðàñíûìè ñìåùåíèÿìè.Â çàâåðøåíèè â ðàáîòå ïîñòðîåíà äèàãðàì-ìà Õàááëà äëÿ ðîäèòåëüñêèõ ãàëàêòèê ñ èç-âåñòíûìè êðàñíûìè ñìåùåíèÿìè. Äëÿ ñðàâ-íåíèÿ å¼ ñ òàêîé æå äèàãðàììîé äëÿ ãàëàê-òèê ïîëÿ ñíîâà èñïîëüçîâàëèñü ðåçóëüòàòûìàññîâîé �îòîìåòðèè ãàëàêòèê â ÁÒÀ-ïîëåãàììà-âñïëåñêà GRB 021004. Äëÿ ãàëàêòèê ïî-ëÿ áûë ïðèìåí¼í ìåòîä îöåíêè �îòîìåòðè-÷åñêèõ êðàñíûõ ñìåùåíèé, ðåàëèçîâàííûé âïðîãðàììíîì ïàêåòå HyperZ [7℄.3.3. Íàáëþäàåìûå ïàðàìåòðû ðîäèòåëüñêîéãàëàêòèêè GRB 021004
BV RcIc �îòîìåòðè÷åñêèå íàáëþäåíèÿ ðî-äèòåëüñêîé ãàëàêòèêè GRB 021004 áûëè ïðî-âåäåíû íà ÁÒÀ [3℄,[13℄ ïî ïðîãðàììå îïòè-

÷åñêîãî îòîæäåñòâëåíèÿ ãàììà-âñïëåñêîâ âÑÀÎ �ÀÍ. Â ýòîì ðàçäåëå ïðèâåäåíû çíà÷å-íèÿ âåëè÷èí ðîäèòåëüñêîé ãàëàêòèêè ãàììà-âñïëåñêà GRB021004, îïðåäåëåííûå ìåòîäà-ìè, îïèñàíûìè âûøå.Íà �èñ. 2 (ïðÿìîé ñíèìîê â B) äëÿ�èëüòðà B ñðåäè 311 ïðî�îòîìåòðèðîâàííûõòàêèì îáðàçîì îáúåêòîâ ïîêàçàíî ïîëîæåíèåðîäèòåëüñêîé ãàëàêòèêè. Ñîîòâåòñòâóþùèåçíà÷åíèÿ íàáëþäàåìûõ çâåçäíûõ âåëè÷èíâ êàæäîì �èëüòðå: B=24.434(+/-0.132),V=24.006(+/-0.099), R=24.174(+/-0.154),I=23.437(+/-0.170). Îíè ïîëíîñòüþ ñîîòâåò-ñòâóþò îöåíêàì, ñäåëàííûì â [3℄, [13℄.Ôîòîìåòðè÷åñêîå êðàñíîå ñìåùåíèå îêàçà-ëîñü áëèçêèì ñïåêòðîñêîïè÷åñêîìó: zphot =

2.215 ([9℄, zsp = 2.329) Îïðåäåëåíèå êðàñíîãîñìåùåíèÿ ñ ïîìîùüþ HyperZ-øàáëîíîâ îîò-âåòñòâóåò ïîäãîíêå òåîðåòè÷åñêîãî, øàáëîííî-ãî ñïåêòðà ãàëàêòèêè ñï. òèïà E, ñ íàáëþäàå-ìûì øèðîêîïîëîñíûì BVRI ñïåêòðîì ïðè xisquare = 0.003 (Probability: 99.980). Ýòà ïîä-ãîíêà ñîîòâåòñòâóåò çàêîíó âíóòðåííåãî ïî-ãëîùåíèÿ Seaton (MW) ñ óãëåðîäíîé îñîáåí-íîñòüþ íà ∼ 2200A. (�ëàäêèå çàêîíû ïîãëîùå-íèÿ äàþò áîëüøåå çíà÷åíèå xi square è ìåíü-øóþ âåðîÿòíîñòü.)Èç íàáëþäàåìûõ âåëè÷èí âèäíî, ÷òî ðîäè-òåëüñêàÿ ãàëàêòèêà ïî âñåì ñâîèì Ïàðàìåò-ðàì òàêàÿ æå, êàê è âñå îáû÷íûå ãàëàêòèêèñî çâåçäîîáðàçîâàíèåì.



10Òàáëèöà 1. �ëóáîêèå ïîëÿ ÁÒÀ
γ-âñïëåñê Äàòà Ôèëüòðû PSF FWHM Texp,ñåêGRB970508 Àâã 1998 BVRI 1′′.3 600x7, 500x4, 600x5, 400x5GRB971214 Èþëü 1998 VR 1′′.2 600x1, 600x1GRB980613 Èþëü 1998 BVR 1′′.3 700x1, 600x1, 600x3GRB980703 Èþëü 1998 BVRI 1′′.3 480x1, 320x1, 300x1, 360x1GRB990123 Èþëü 1998 BVRI 1′′.5 600x1, 600x1, 600x1, 600x1GRB991208 Ìàðò 2000 BVRI 2′′.1 300x6, 300x5, 180x7, 180x2GRB000926 Èþëü 2001 BVRI 1′′.3 500x5, 300x5, 180x25, 120x15GRB021004 Äåê 2002 BVRI 1′′.5 600x6, 450x13, 180x15, 120x14

�èñ. 1. Ïðÿìûå èçîáðàæåíèÿ ðîäèòåëüñêîé ãàëàêòèêè â ÷åòûðåõ �èëüòðàõ è ïîäîáðàííûéøàáëîííûé ñïåêòð



114. �ÅÇÓËÜÒÀÒÛ4.1. Êàòàëîã îáíàðóæåííûõ îáúåêòîâÎêîí÷àòåëüíûé êàòàëîã ñîäåðæèò îáúåê-òû: 183 ãàëàêòèêè è 22 çâåçäû (ðèñ 2 è òàá-ëèöû 2-5). Äëÿ ãàëàêòèê îïðåäåëåíû êðàñíûåñìåùåíèÿ, êîîðäèíàòû íà êàäðå, ìèðîâûå êî-îðäèíàòû, çâ¼çäíûå âåëè÷èíû è èõ îøèáêèâ ÷åòûð¼õ �èëüòðàõ, ýëëèïòè÷íîñòè, ýëîíãà-öèè, êëàññû çâåçäîîáðàçíîñòè, áîëüøèå è ìà-ëûå ïîëóîñè âïèñàííûõ ýëëèïñîâ è ñîîòâåò-ñòâóþùèå ïîçèöèîííûå óãëû. Â òàáëèöàõ 2-5ïðèâåäåíû íåêîòîðûå èç ïåðå÷èñëåííûõ ïàðà-ìåòðîâ.4.2. Íàáëþäàåìûå ñîîòíîøåíèÿ äëÿ ñëàáûõãàëàêòèêÁûëè ïîñòðîåíû öâåòîâûå äèàãðàììû (B-Vîò V-R, V-R îò R-I), çàâèñèìîñòè ïîêàçàòåëåéöâåòà îò çâåçäíûõ âåëè÷èí, äè��åðåíöèàëü-íûå è èíòåãðàëüíûå ïîäñ÷åòû ãàëàêòèê (ñì.ðèñóíêè 3-6).5. ÇÀÊËÞ×ÅÍÈÅÏðîâåäåíî èññëåäîâàíèå ãëóáîêîãî ïîëÿðàçìåðîì 4.05 õ 4.16 óãë. ìèíóòû ðîäèòåëü-ñêîé ãàëàêòèêè ãàììà-âñïëåñêà GRB 021004ïî äàííûì BVRI íàáëþäåíèé íà òåëåñêîïåÁÒÀ ñ ïðèáîðîì SCORPIO, êîòîðûå áûëè ïî-ëó÷åíû â õîäå âûïîëíåíèÿ ïðîãðàììû îòîæ-äåñòâëåíèÿ ãàììà-âñïëåñêîâ.

Â êàòàëîã ãàëàêòèê, îáíàðóæåííûõ â ïî-ëå, âêëþ÷åíî 183 îáúåêòà ñ ñîîòíîøåíèåì ñèã-íàë/øóì áîëüøå 3 â êàæäîì �èëüòðå, ÷òî ñî-îòâåòñòâóåò ñëåäóþùèì çíà÷åíèÿì çâåçäíûõâåëè÷èí: 26.0 (B), 25.5 (V), 25.0 (R), 24.5 (I).Ïðîâåäåíû äè��åðåíöèàëüíûå è èíòå-ãðàëüíûå ïîäñ÷åòû îáíàðóæåííûõ îáúåêòîââî âñåõ 4 �èëüòðàõ äî ïðåäåëà, ñîîòâåòñòâó-þùåãî S/N > 3 (311 îáúåòîâ): 28.5 (B), 28 (V),27 (R), 26.5 (I). Âðåìÿ ýêñïîçèöèè 2600 ñåê.(B), 3600 ñåê. (V), 2700 ñåê. (R), è 1800 ñåê.(I).Ïîñòðîåíû öâåòîâûå äèàãðàììû äëÿ âñåõãàëàêòèê ïîëÿ (S/N>3) è çâåçäîîáðàçíûõ îáú-åêòîâ â íåì (òàêèõ 23).Îïðåäåëåíû �îòîìåòðè÷åñêèå êðàñíûåñìåùåíèÿ ãàëàêòèê ïîëÿ äî z ≈ 4, èñïîëüçî-âàëñÿ çàêîí ýêñòèíêöèè - Seaton(MW).Îïðåäåëåíû áîëåå òî÷íûå çíà÷åíèÿâåëè÷èíû ðîäèòåëüñêîé ãàëàêòèêè ãàììà-âñïëåñêà GRB021004: B=24.434(+/-0.132),V=24.006(+/-0.099), R=24.174(+/-0.154),I=23.437(+/-0.170). Ôîòîìåòðè÷åñêîå êðàñíîåñìåùåíèå îêàçàëîñü áëèçêèì ñïåêòðîñêîïè÷å-ñêîìó: zphot = 2.215 (zsp = 2.329); χ2: 0.003,Probability: 99.980, Type: E, çàêîí âíóòðåí-íåãî ïîãëîùåíèÿ Seaton (MW) ñ óãëåðîäíîéîñîáåííîñòüþ íà ∼ 2200A.ÁËÀ�ÎÄÀ�ÍÎÑÒÈÀâòîðû âûðàæàþò áëàãîäàðíîñòü Âàñèëüå-âó Àíäðåþ Àëåêñàíäðîâè÷ó çà ïîëåçíûå îá-
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�èñ. 2. Îáíàðóæåííûå â ÷åòûðåõ �èëüòðàõ îáúåêòû. Êðåñòèêîì âûäåëåíà ðîäèòåëüñêàÿ ãàëàêòèêà

�èñ. 3. Öâåòîâûå äèàãðàììû äëÿ îáíàðóæåííûõ îáúåêòîâ
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�èñ. 4. Çàâèñèìîñòè öâåò-âåëè÷èíà äëÿ îáíàðóæåííûõ îáúåêòîâñóæäåíèÿ è ñîâåòû, Êîìàðîâîé Âèêòîðèè Íè-êîëàåâíå çà ïîääåðæêó è ìåòîäè÷åñêóþ ïî-ìîùü â îáðàáîòêå äàííûõ è íàáëþäåíèÿõ.Ýòà ðàáîòà áûëà ïîääåðæàíà ãðàíòîì �ÍÏ2.1.1.3483 Ôåäåðàëüíîãî àãåíñòâà îáðàçîâàíèÿ
�Ô. Ï�ÈËÎÆÅÍÈÅ

1. Íåèçåñòíûé, Ñ.È.Àòìîñ�åðíàÿ ýêñòèíêöèÿ â ÑÀÎ èÑÑÑ� - 1976-1980Èçâåñòèÿ ÑÀÎ, 17, 26, (1983)2. Ò. À. Ôàòõóëëèí, À. À. Âàñèëüåâ, Â. Ï. �å-øåòíèêîâ. Ôîòîìåòðè÷åñêîå èññëåäîâà-íèå ñëàáûõ ãàëàêòèê â ïîëå ãàììà-âñïëåñêà GRB 000926
Ïèñüìà â Àñòðî�èçè÷åñêèé Æóðíàë, 30, 323,20043. Ôàòõóëëèí Ò. À.Ôîòîìåòðè÷åñêîå è ñïåêòðàëüíîå èñ-ñëåäîâàíèÿ ðîäèòåëüñêèõ ãàëàêòèêêîñìè ÷åñêèõ ãàììà-âñïëåñêîâ(Äèññåðòàöèÿ íà ñîèñêàíèå íàó÷íîé ñòåïåíèêàíäèäàòà �èç.-ìàò.íàóê)
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�èñ. 5. Äè��åðåíöèàëüíûå ïîäñ÷åòû ãàëàêòèê â ÷åòûðåõ �èëüòðàõÓÄÊ 524.7-732:520.84. Bessell, M.S.UBVRI passbandsPASP, 102, 1181, (1990)5. E. Bertin and S. Arnouts, Astronomy andAstrophysis, 117, 393, 19966. . Bertin E. and Arnouts S.SExtrator: Software for soureextrationAstron. Astrophys. Suppl. Ser., 117. 393 (1996)7. Bolzonella et. al. 20008. Bolzonella, M.; Miralles, J.-M.; Pell�o, R.Photometri redshifts based on standard

SED fitting proeduresAstronomy and Astrophysis, v.363, p.476-492(2000)9. Fynbo, J.P.U.; Gorosabel, J.; Smette, A.;Fruhter, A.; Hjorth, J.; Pedersen, K.; Levan, A.;Burud, I.; Sahu, K.; Vreeswijk, P.M.; Bergeron,E.; Kouveliotou, C.; Tanvir, N.; Thorsett,S.E.; Wijers, R.A.M.J.; Castro Cer�on, J.M.;Castro-Tirado, A.; Garnavih, P.; Holland, S.T.;Jakobsson, P.; Møller, P.; Nugent, P.; Pian, E.;Rhoads, J.; Thomsen, B.; Watson, D. &Woosley,S.On the Afterglow and Host Galaxy of
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�èñ. 6. Èíòåãðàëüíûå ïîäñ÷åòû ãàëàêòèê â ÷åòûðåõ �èëüòðàõGRB 021004: A Comprehensive Study with the Hubble Spae TelesopeAstrophys.J., 633, 317, (2005)10. Kron R. G.Photometry of a omplete sample offaint galaxiesAstrophys. J. Suppl. Ser., 43, 305 (1980)11. Landolt, A.U.UBVRI photometri standard stars inthe magnitude range 11.5-16.0 aroundthe elestial equatorAstron.J, 104, 340-371, 436-491, (1992)12. Shlegel, David J.; Finkbeiner, Douglas P.; Davis,

MarMaps of Dust Infrared Emission forUse in Estimation of Reddening andCosmi Mirowave Bakground RadiationForegroundsAstrophysial Journal v.500, p.525 (1998)13. Sokolov, V.V; Fatkhullin, T.A.; Komarova, V.N.;Moiseev, A.V.GRB021004, late time optialobservationsGCN#1717 http://gn.gsf.nasa.gov/gn3/1717.gn314. http://adwww.dao.nr.a/adbin/wdb/astroat/stetson/query.15. SCORPIO: Spetral Camera with
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�èñ. 7. Äèàãðàììû "êðàñíîå ñìåùåíèå - çâåçäíàÿ âåëè÷èíà"äëÿ îáíàðóæåííûõ îáúåêòîâOptial Reduer for Photometrialand Interferometrial Observationshttp://www.sao.ru/�moisav/sorpio/sorpio.html16. USNO Flagsta� station: Integrated Image and Catalogue Arhive Servie(http://www.nofs.navy.mil/data/FhPix/
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�èñ. 8. �èñòîãðàììà z



18# RA De R mag Error A B Θ Elliptiity Z % Type4 6.7513942 18.9673156 22.982 0.065 2.077 2.017 -19.27 0.029 2.455 99.990 Burst6 6.7569324 18.9637779 22.449 0.057 2.429 2.077 -46.64 0.145 0.420 95.520 Burst7 6.7690351 18.9535352 23.902 0.130 2.171 1.303 49.06 0.400 0.410 99.930 Sb8 6.7287482 18.8897327 19.602 0.048 4.553 3.624 29.35 0.204 0.350 99.440 E10 6.7357566 18.8931875 20.191 0.048 3.702 3.484 3.76 0.059 0.450 98.920 Burst12 6.7061027 18.9187270 23.850 0.096 1.724 1.562 -37.67 0.094 1.750 99.800 Burst15 6.7336192 18.8915674 23.954 0.101 1.628 1.547 7.16 0.050 0.655 100.000 Im16 6.7311820 18.8979110 24.012 0.102 1.879 1.260 52.26 0.330 0.530 99.970 Burst17 6.7425961 18.8885127 22.930 0.082 2.668 1.861 -88.43 0.303 0.725 98.500 Burst18 6.7024788 18.9172453 22.077 0.054 2.635 2.464 31.56 0.065 0.615 99.970 E20 6.7282291 18.9010007 23.277 0.079 2.503 1.779 52.79 0.289 0.725 99.830 E21 6.7055368 18.9151454 23.114 0.076 2.483 2.093 -17.57 0.157 1.460 98.870 Burst27 6.7366199 18.8992503 23.439 0.078 2.118 1.452 -87.19 0.315 2.775 99.820 Sd29 6.7371365 18.9001780 21.933 0.053 2.723 2.447 48.22 0.101 0.435 96.280 Burst30 6.7418456 18.8969388 23.494 0.112 2.220 1.719 20.11 0.226 0.405 99.780 Burst31 6.7261123 18.9062088 21.960 0.055 2.498 2.307 -26.04 0.076 0.355 98.190 Burst32 6.7251349 18.9071259 23.233 0.093 2.508 1.875 -30.05 0.253 1.720 99.920 Burst33 6.7292699 18.9064962 24.263 0.114 1.472 1.303 59.90 0.115 2.195 94.430 Burst34 6.7312920 18.9070180 23.100 0.070 2.320 1.569 -42.97 0.324 0.430 99.940 Burst35 6.7323410 18.9071068 21.086 0.050 5.466 2.463 -12.78 0.549 0.715 90.680 Burst37 6.7334381 18.9053957 24.043 0.105 1.739 1.406 -2.71 0.192 2.095 87.200 Burst38 6.7301424 18.9086318 22.980 0.074 2.695 2.272 80.49 0.157 3.300 99.990 Burst39 6.7055591 18.9306061 20.337 0.049 4.999 3.596 35.40 0.281 0.520 94.570 E40 6.7452603 18.8970867 23.673 0.125 2.008 1.888 -33.24 0.060 2.045 98.080 Burst41 6.7094162 18.9287798 20.816 0.049 4.922 2.445 39.95 0.503 0.595 94.970 Burst42 6.7458050 18.8962622 23.077 0.100 2.590 1.733 -22.66 0.331 1.200 99.940 S043 6.7058092 18.9282392 22.277 0.057 2.994 2.168 -45.99 0.276 0.555 99.880 Burst44 6.7394420 18.9029221 22.607 0.066 2.427 1.662 -75.29 0.315 1.095 99.980 E48 6.7148027 18.9039917 20.999 0.049 3.372 2.312 38.00 0.314 0.455 99.500 Burst51 6.7213398 18.8987454 22.053 0.052 2.541 2.317 -37.56 0.088 0.710 99.920 Im54 6.7357035 18.9095458 23.751 0.105 2.608 1.177 -38.20 0.549 1.880 93.270 Burst58 6.7099749 18.9329219 20.688 0.049 3.152 2.578 44.84 0.182 0.550 98.720 Burst59 6.7335179 18.9118569 24.070 0.100 1.466 1.173 -48.54 0.200 0.945 99.930 Burst60 6.7376701 18.9097209 21.040 0.049 3.455 2.344 -63.99 0.321 0.395 99.620 Sa61 6.7454978 18.9028604 23.038 0.076 3.301 1.889 -49.71 0.428 2.255 97.310 Burst62 6.7217604 18.8994724 21.408 0.050 3.790 2.736 -65.25 0.278 1.150 99.930 S063 6.7067053 18.9362001 24.231 0.127 1.585 1.556 6.20 0.018 1.785 99.090 Burst64 6.7505419 18.8989599 21.840 0.053 3.196 2.428 45.59 0.240 0.235 93.710 E69 6.7391198 18.9092049 21.157 0.050 3.426 2.850 -48.73 0.168 0.410 99.380 Sa75 6.7230615 18.9243530 21.227 0.049 2.826 2.562 -34.01 0.093 0.410 99.950 E78 6.7133037 18.9337768 22.055 0.055 4.627 2.348 -63.39 0.492 0.435 96.490 Burst79 6.7138983 18.9336618 22.048 0.052 2.492 1.988 -46.21 0.202 1.050 99.630 Burst81 6.7283115 18.9207835 21.437 0.050 2.714 2.082 -51.35 0.233 0.550 99.070 E82 6.7119154 18.9348154 24.368 0.121 1.741 1.073 -50.70 0.384 0.970 99.960 S084 6.7268226 18.9237995 22.847 0.065 2.431 1.776 -53.73 0.269 1.155 99.900 Burst86 6.7280011 18.9240078 22.251 0.056 2.658 2.140 -23.10 0.195 0.660 99.550 S88 6.7042242 18.9426016 23.813 0.117 2.020 1.433 -82.58 0.291 3.495 96.700 Burst90 6.7172032 18.9338649 23.955 0.102 1.801 1.482 -23.89 0.177 0.215 99.230 BurstÒàáëèöà 2. Êàòàëîã îáúåêòîâ, ÷àñòü 1



19# RA De R mag Error A B Θ Elliptiity Z % Type92 6.7330470 18.9209324 23.714 0.115 2.223 1.170 1.64 0.474 1.925 98.830 Burst94 6.7267878 18.9268011 22.746 0.073 2.874 1.953 -77.94 0.321 1.255 99.590 Burst95 6.7278274 18.9263300 23.795 0.143 1.660 1.236 -55.46 0.256 1.585 99.950 Burst96 6.7063872 18.9446722 23.354 0.095 1.844 1.740 -18.47 0.056 0.500 99.910 E98 6.7126000 18.9400384 23.148 0.105 2.301 1.877 -45.06 0.184 0.605 99.800 Im100 6.7378932 18.9184430 21.249 0.050 3.041 2.554 30.97 0.160 0.105 99.950 Burst101 6.7149644 18.9377266 24.755 0.159 2.062 0.819 -55.35 0.603 1.930 99.360 Burst102 6.7436320 18.9133905 22.967 0.095 2.417 1.977 57.70 0.182 0.500 99.980 S0104 6.7415506 18.9154723 23.001 0.075 2.151 1.976 19.49 0.081 1.030 100.000 Burst106 6.7214662 18.9349512 20.290 0.048 3.587 3.363 -32.56 0.063 2.230 99.250 Burst107 6.7218867 18.9359942 21.334 0.050 2.852 2.724 -9.52 0.045 0.450 99.980 Im110 6.7254046 18.9323878 24.553 0.129 1.306 1.185 -3.71 0.092 1.090 99.960 E112 6.7314115 18.9274752 23.356 0.100 2.335 1.788 21.24 0.234 0.595 100.000 S113 6.7489911 18.9123715 22.853 0.070 2.715 2.155 -52.13 0.206 0.645 100.000 E114 6.7372852 18.9230343 22.224 0.058 3.263 2.453 70.60 0.248 0.390 99.560 Burst116 6.7540226 18.9091978 21.288 0.050 3.308 2.441 78.50 0.262 0.350 90.210 E117 6.7274964 18.9319061 24.463 0.142 1.761 1.341 54.14 0.238 0.575 99.000 Burst118 6.7125589 18.9449319 25.115 0.188 1.336 0.746 16.83 0.442 0.510 100.000 Burst120 6.7112376 18.9476321 22.030 0.059 3.300 2.313 50.36 0.299 0.455 99.740 S0121 6.7372927 18.9254377 21.767 0.051 2.658 2.189 -24.78 0.177 0.410 95.920 Sa122 6.7230357 18.9381070 24.137 0.166 1.721 0.962 86.30 0.441 2.805 99.990 Burst124 6.7330954 18.9300425 24.123 0.151 1.536 1.053 -76.79 0.314 0.350 86.370 Burst126 6.7587893 18.9097985 20.601 0.049 3.836 3.334 33.44 0.131 0.400 86.390 Burst130 6.7222917 18.9416459 20.471 0.049 3.866 3.689 -21.19 0.046 0.295 99.980 E132 6.7343068 18.9323693 21.758 0.052 3.137 1.919 59.43 0.388 1.085 98.950 E133 6.7377290 18.9281921 24.153 0.100 1.332 1.287 -10.30 0.034 0.640 99.650 Burst135 6.7333383 18.9337670 23.109 0.069 2.416 1.519 24.85 0.371 0.350 99.910 S0136 6.7312538 18.9360021 22.456 0.057 2.979 1.954 -21.09 0.344 0.440 98.440 E137 6.7306339 18.9373340 20.209 0.048 3.677 3.230 36.52 0.122 0.445 98.650 E138 6.7382999 18.9309822 20.045 0.048 3.210 2.526 51.20 0.213 0.380 91.080 Burst140 6.7370856 18.9325982 21.369 0.051 3.834 2.793 -35.86 0.272 2.970 99.920 Burst142 6.7485327 18.9227745 20.594 0.049 4.587 3.421 22.91 0.254 0.635 97.280 Burst143 6.7443569 18.9262072 22.590 0.061 2.449 2.312 -10.35 0.056 0.645 99.850 S0149 6.7418611 18.9277195 22.640 0.064 2.975 2.208 -66.72 0.258 0.500 96.220 Burst150 6.7330770 18.9373888 22.674 0.062 2.493 1.749 37.32 0.298 0.350 96.560 Burst151 6.7543455 18.9176410 21.419 0.051 3.386 2.719 -46.55 0.197 0.400 87.660 Burst154 6.7231809 18.9465777 23.279 0.082 2.316 1.664 -50.62 0.282 0.650 99.490 E155 6.7205488 18.9486985 21.158 0.049 2.837 2.675 -32.09 0.057 0.405 99.650 Burst160 6.7525150 18.9248278 23.262 0.088 2.001 1.508 44.36 0.247 0.410 92.240 Burst162 6.7262278 18.9480101 23.390 0.096 2.556 1.541 -18.54 0.397 0.510 99.980 Burst163 6.7504344 18.9274951 23.031 0.078 2.284 1.739 -34.22 0.239 0.585 100.000 Burst164 6.7594479 18.9177523 22.361 0.056 2.469 1.848 -0.08 0.251 0.790 99.990 Burst165 6.7202390 18.9557674 21.090 0.050 3.802 2.299 -47.04 0.395 1.040 99.790 E166 6.7683269 18.9134646 22.453 0.060 3.135 2.103 51.00 0.329 0.560 97.040 E167 6.7460564 18.9339038 21.861 0.055 4.577 2.252 -37.72 0.508 2.415 89.890 Burst168 6.7624998 18.9205217 20.229 0.048 5.429 2.674 -3.17 0.508 0.240 99.590 E169 6.7274636 18.9512759 23.291 0.098 1.982 1.717 14.27 0.134 0.460 99.850 Burst170 6.7632633 18.9146873 22.265 0.061 4.744 2.267 18.97 0.522 0.785 99.990 BurstÒàáëèöà 3. Êàòàëîã îáúåêòîâ, ÷àñòü 2



20# RA De R mag Error A B Θ Elliptiity Z % Type171 6.7525083 18.9236118 23.797 0.103 1.719 1.446 27.85 0.159 0.980 99.830 Burst172 6.7225254 18.9563701 21.539 0.053 4.891 2.665 77.86 0.455 0.800 98.490 E175 6.7430550 18.9391190 20.728 0.049 3.182 3.089 -19.42 0.029 0.350 98.320 E176 6.7717478 18.9140033 22.542 0.058 2.699 2.033 -79.96 0.247 0.300 99.960 S0177 6.7710887 18.9160211 20.045 0.048 5.174 3.112 81.96 0.399 0.145 88.850 Burst178 6.7589031 18.9264474 23.565 0.097 2.783 1.709 -23.73 0.386 1.295 99.750 E179 6.7446613 18.9398396 24.373 0.129 1.752 1.250 -21.71 0.286 2.265 95.530 Sb180 6.7264041 18.9561536 23.627 0.086 1.850 1.632 57.80 0.118 0.450 99.490 Burst182 6.7259926 18.9576953 21.324 0.051 3.735 2.886 -53.47 0.227 0.415 99.180 Sb183 6.7665266 18.9225650 23.425 0.078 1.863 1.733 6.12 0.070 3.035 99.180 Burst184 6.7504314 18.9367025 23.250 0.073 2.036 1.678 34.36 0.176 0.710 99.830 E186 6.7729341 18.9177654 22.312 0.057 2.811 2.307 -12.73 0.179 0.840 99.850 Burst187 6.7428610 18.9433375 22.145 0.054 3.146 2.197 -26.56 0.302 0.575 97.760 E188 6.7481237 18.9395324 19.631 0.048 4.419 3.544 -59.63 0.198 0.100 89.820 Burst189 6.7622995 18.9272361 24.744 0.161 1.605 1.169 38.40 0.272 2.330 99.980 S0190 6.7647690 18.9268173 18.623 0.048 4.689 4.309 -6.05 0.081 2.005 99.990 Burst191 6.7541836 18.9350243 24.942 0.155 1.227 0.938 -34.79 0.235 2.760 94.010 Sd192 6.7564952 18.9337142 23.958 0.144 1.414 1.348 -24.95 0.046 1.440 99.910 Burst193 6.7381025 18.9496895 24.586 0.133 1.333 1.177 -58.65 0.117 2.085 99.950 E194 6.7752579 18.9180312 22.204 0.055 2.536 1.979 -19.45 0.220 0.350 99.750 E198 6.7564601 18.9360949 23.941 0.151 1.607 1.113 -67.05 0.307 1.035 99.760 E199 6.7520206 18.9401844 23.593 0.089 2.627 1.381 10.56 0.474 1.190 99.680 Sa200 6.7321157 18.9584521 21.132 0.050 3.576 2.819 -27.46 0.212 2.455 99.990 E202 6.7605864 18.9314421 23.600 0.094 2.861 1.424 65.14 0.502 2.450 100.000 Burst205 6.7331715 18.9635145 23.048 0.071 2.313 2.155 41.70 0.068 0.995 99.970 Burst206 6.7530430 18.9410513 21.999 0.056 2.762 2.264 -62.94 0.180 0.360 99.470 Burst207 6.7326850 18.9651619 21.780 0.051 2.432 2.290 36.43 0.058 0.300 98.730 S0208 6.7511606 18.9492483 21.261 0.050 2.786 2.548 -24.11 0.085 0.050 99.980 E209 6.7459979 18.9538171 23.276 0.075 2.233 1.624 -38.00 0.273 2.265 96.730 Burst210 6.7386826 18.9576147 21.413 0.052 3.700 2.580 48.97 0.303 0.100 99.990 Im211 6.7408262 18.9594988 23.127 0.088 3.987 1.476 58.88 0.630 1.335 91.000 Burst212 6.7776323 18.9278721 23.463 0.082 2.024 1.731 41.15 0.145 2.505 99.960 Burst214 6.7494303 18.9531993 22.746 0.066 2.287 1.997 29.62 0.126 1.815 88.150 Burst216 6.7666520 18.9379382 23.462 0.122 2.501 1.399 -43.17 0.440 2.260 99.770 Burst219 6.7356422 18.9664179 23.828 0.113 2.314 1.430 -50.28 0.382 0.050 99.990 S220 6.7341067 18.9589247 22.648 0.067 2.542 2.141 50.06 0.158 2.090 99.990 Burst222 6.7690442 18.9387618 22.830 0.066 2.385 1.965 -45.93 0.176 0.555 99.960 Sa224 6.7622651 18.9454525 23.963 0.129 1.723 1.167 -49.25 0.323 2.635 99.180 Sa225 6.7326210 18.9628032 21.668 0.053 4.197 1.976 -80.87 0.529 0.750 99.970 Sb226 6.7563472 18.9416330 24.189 0.111 1.639 1.287 -12.54 0.215 1.975 99.640 Burst229 6.7778193 18.9350354 20.060 0.048 3.848 3.395 -4.38 0.118 2.335 98.240 Burst232 6.7386272 18.9693037 23.388 0.117 2.524 1.401 -82.57 0.445 0.350 99.830 Burst234 6.7684073 18.9444066 22.783 0.071 2.243 2.024 33.94 0.098 0.450 99.930 S0236 6.7230807 18.8945183 23.927 0.104 2.001 1.431 -69.78 0.285 2.265 98.600 Burst237 6.7624847 18.9504623 23.143 0.090 2.117 1.727 -50.93 0.184 1.665 91.760 Burst242 6.7399926 18.9729042 20.365 0.048 3.984 2.893 -86.99 0.274 0.390 92.300 Burst243 6.7526236 18.9634728 22.415 0.063 2.742 2.217 66.55 0.191 0.390 98.010 Burst244 6.7556480 18.9619019 22.713 0.064 2.557 1.750 53.68 0.316 2.220 97.480 BurstÒàáëèöà 4. Êàòàëîã îáúåêòîâ, ÷àñòü 3



21# RA De R mag Error A B Θ Elliptiity Z % Type249 6.7529914 18.9288353 24.528 0.186 1.629 0.973 2.74 0.403 1.340 100.000 S250 6.7587620 18.9214606 23.781 0.128 1.868 1.380 -30.13 0.261 0.295 99.880 Burst251 6.7601180 18.9234034 23.604 0.094 1.826 1.556 32.26 0.148 3.695 99.790 Burst257 6.7709314 18.9388985 23.701 0.122 1.835 1.429 -5.32 0.221 2.065 99.930 Burst259 6.7713246 18.9503185 24.279 0.144 1.103 0.501 89.53 0.546 2.950 90.880 Burst262 6.7399152 18.9497944 23.633 0.105 2.680 1.952 -25.90 0.272 3.305 99.950 E264 6.7252848 18.9449157 24.101 0.128 2.223 1.609 -29.12 0.276 2.405 95.140 S265 6.7322505 18.9426029 24.240 0.157 1.487 1.022 44.88 0.313 0.635 100.000 Sa268 6.7421957 18.9593653 24.362 0.166 2.201 1.406 -69.58 0.361 2.695 96.410 Sd269 6.7459558 18.9607601 24.038 0.166 1.677 1.430 38.54 0.147 3.540 99.900 Sa271 6.7343845 18.9654988 23.510 0.128 1.640 1.435 -47.48 0.125 3.800 87.610 E272 6.7426444 18.8917468 23.186 0.106 2.120 1.636 60.39 0.228 0.495 99.270 Burst274 6.7448906 18.8886102 23.669 0.109 2.148 1.379 -16.61 0.358 3.600 99.990 Burst275 6.7470753 18.8968668 24.030 0.156 1.605 1.014 -44.01 0.368 1.390 99.590 Burst277 6.7346553 18.9027207 24.655 0.183 1.423 1.141 35.47 0.198 1.635 96.560 Burst278 6.7299996 18.9017787 24.900 0.159 1.918 0.701 54.44 0.635 1.530 99.990 E279 6.7307257 18.9060285 24.005 0.160 1.525 1.201 20.44 0.212 1.665 96.430 Burst281 6.7317820 18.9082760 24.037 0.112 1.973 1.415 -18.91 0.283 2.260 99.990 Burst282 6.7424519 18.9049482 22.455 0.065 3.378 1.967 11.62 0.418 0.350 99.020 Burst283 6.7442023 18.9115360 24.703 0.141 1.391 1.059 47.77 0.239 2.240 100.000 Burst284 6.7494647 18.9100215 23.967 0.134 1.804 1.208 -43.74 0.330 2.635 99.990 Im285 6.7483167 18.9166267 23.927 0.110 1.999 1.173 35.16 0.413 0.535 93.320 Burst286 6.7401317 18.9248120 23.490 0.098 2.237 1.546 -42.31 0.309 0.430 89.410 Burst287 6.7398958 18.9205145 24.562 0.140 1.787 1.020 -14.99 0.429 2.670 97.450 S0288 6.7357648 18.9217685 23.792 0.125 1.426 1.284 20.96 0.100 1.685 99.990 Burst289 6.7302260 18.9126764 23.928 0.160 3.339 0.867 -46.04 0.740 0.420 98.610 Burst290 6.7290354 18.9142986 23.422 0.109 2.211 1.813 -49.87 0.180 1.290 99.670 S0291 6.7257716 18.9075410 23.756 0.094 2.035 1.415 -36.30 0.304 2.090 99.720 Burst294 6.7164892 18.9055719 23.101 0.085 3.120 1.616 -72.57 0.482 0.100 99.990 Burst297 6.7041489 18.9357052 20.802 0.050 4.402 3.699 34.14 0.160 0.515 85.610 Burst298 6.7090313 18.9381792 23.041 0.089 3.789 1.971 -54.30 0.480 0.640 99.750 Sa299 6.7156201 18.9356332 23.920 0.101 2.655 1.027 -51.73 0.613 1.115 99.990 Burst300 6.7195287 18.9395636 24.084 0.109 1.873 1.334 -33.51 0.288 0.315 100.000 Burst302 6.7356819 18.9288233 24.821 0.143 1.144 1.013 -47.51 0.114 2.695 100.000 Burst304 6.7302887 18.9218180 25.109 0.268 1.198 0.903 -44.68 0.246 1.265 99.910 Burst305 6.7164892 18.9055719 23.101 0.085 3.120 1.616 -72.57 0.482 0.100 99.990 Burst308 6.7114628 18.9055225 25.485 0.186 1.024 0.594 -86.17 0.420 1.660 98.740 E310 6.7036108 18.9143316 23.163 0.092 3.002 1.722 -39.10 0.426 1.495 98.900 Sd311 6.7284450 18.9284654 24.174 0.154 1.481 1.099 -19.94 0.258 2.215 99.980 EÒàáëèöà 5. Êàòàëîã îáúåêòîâ, ÷àñòü 4


