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Âñòóï

Áàãàòî âiäêðèòòiâ ñó÷àñíî¨ àñòðîíîìi¨ ïîâ'ÿçàíi ç âèêîðèñòàííÿì
ñïîñòåðåæåíü ó âèñîêîåíåðãåòè÷íèõ äiàïàçîíàõ âèïðîìiíþâàííÿ. Â
àñòðîôiçèöi âèñîêèõ åíåðãié ðîçãëÿäà¹òüñÿ, ãîëîâíèì ÷èíîì, êîðî-
òêîõâèëüîâà ÷àñòèíà åëåêòðîìàãíiòíîãî ñïåêòðó: ðåíòãåíiâñüêå i ãàì-
ìà-âèïðîìiíþâàííÿ, à òàêîæ íåéòðèíî i êîñìi÷íi ïðîìåíi. ×èì âè-
ùå äiàïàçîí åíåðãié, òèì âàæ÷å ó íüîìó ñïîñòåðiãàòè, i òèì ìåí-
øå ìîæíà âèÿâèòè äæåðåë íà íåái. Òîìó îá'¹êòàìè äîñëiäæåííÿ ñà-
ìå ðåíòãåíiâñüêî¨ àñòðîíîìi¨ ¹ íàáàãàòî áiëüøå äæåðåë, íiæ ãàììà-
àñòðîíîìi¨ òà íåéòðèííî¨ àñòðîíîìi¨. Ó æîðñòêèõ äiàïàçîíàõ âèïðî-
ìiíþþòü, â îñíîâíîìó, àêðåöiéíi äèñêè i äæåòè êîìïàêòíèõ îá'¹êòiâ,
ïóëüñàðè i çàëèøêè Íàäíîâèõ. Ðåíòãåíiâñüêå òà ãàììà âèïðîìiíþ-
âàííÿ íå ïðîõîäèòü êðiçü àòìîñôåðó Çåìëi, òîìó àñòðîíîìi÷íi ðåíò-
ãåíiâñüêi òà ãàììà äæåðåëà ñïîñòåðiãàþòü ç íàâêîëîçåìíî¨ îðáiòè.
Ïåðøi ðåíòãåíiâñüêi äæåðåëà áóëè âiäêðèòi ó 1967 ð. çà äîïîìîãîþ
áàëiñòè÷íèõ ðàêåò ç ðåíòãåíiâñüêèìè äåòåêòîðàìè. Ïåðøèé êàòàëîã
ðåíòãåíiâñüêèõ äæåðåë áóâ çðîáëåíèé çà äîïîìîãîþ ñóïóòíèêà �Óõó-
ðó�, çàïóùåíîãî íà îðáiòó ó 1970 ð. Öåé êàòàëîã ìiñòèâ ïîíàä 300
äæåðåë. Ïåðøèé îãëÿä âñüîãî íåáà â ðåíòãåíiâñüêîìó äiàïàçîíi áóâ
çðîáëåíèé çà äîïîìîãîþ êîñìi÷íîãî òåëåñêîïà �ROSAT�, ÿêèé ïðà-
öþâàâ ç 1990 ïî 1999 ðð., i ìiñòèòü ïîíàä 150000 äæåðåë â äiàïàçîíi
äî 2 êåÂ. Çàðàç íà îðáiòi ïðàöþþòü áàãàòî ñïåöiàëiçîâàíèõ ðåíòãå-
íiâñüêèõ òåëåñêîïiâ (íàïðèêëàä, �XMM-Íüþòîí�, �×àíäðà�, �Suzaku�
òà ií.).

Íàéêðàùi êîñìi÷íi ãàììà-òåëåñêîïè - öå îáñåðâàòîðiÿ �Êîìïòîí�,
ùî ïðàöþâàëà ç 1991 ïî 2000 ðîêè i îáñåðâàòîðiÿ �Ôåðìi�, ùî ïðè-
éøëà ¨é íà çìiíó ó 2008 ð. Öi îáñåðâàòîði¨ îáëàäíàíi òâåðäîòiëüíè-
ìè äåòåêòîðàìè, ùî ðå¹ñòðóþòü ÷àñòèíêè ç åíåðãiÿìè âiä 20ÌåÂ äî
300ÃåÂ. Ôîêóñóâàííÿ ãàììà-ïðîìåíiâ íåìîæëèâå. Êîñìi÷íi ãàììà-
îáñåðâàòîði¨ ìîæóòü ñïîñòåðiãàòè âñüîãî êiëüêà ñîòåíü äæåðåë, àëå
âñi âîíè ¹ äóæå öiêàâèìè ç íàóêîâî¨ òî÷êè çîðó.

Ñïîñòåðåæåííÿ ñó÷àñíèõ òåëåñêîïiâ çáåðiãàþòüñÿ ó åëåêòðîííié
ôîðìi i ÷àñòî íàäàþòüñÿ äëÿ øèðîêîãî êîëà íàóêîâî¨ ñïiëüíîòè,
ùî äîçâîëÿ¹ îòðèìàòè áiëüøå íàóêîâèõ ðåçóëüòàòiâ. Ìiæíàðîäíèé
ïðîåêò ç ðîçïîâñþäæåííÿ àñòðîíîìi÷íèõ äàíèõ ñïîñòåðåæåíü ÷å-
ðåç iíòåðíåò íàçèâà¹òüñÿ �Âiðòóàëüíà îáñåðâàòîðiÿ�. Ñåðåä ñåðâiñiâ
âiðòóàëüíî¨ îáñåðâàòîði¨ ñëiä íàçâàòè UkrVO, ùî áóëà ðîçðîáëåíà
Óêðà¨íñüêîþ àñòðîíîìi÷íîþ àñîöiàöi¹þ, à òàêîæ àðõiâè íàçåìíîãî
îãëÿäó �SDSS� i êîñìi÷íèõ òåëåñêîïiâ iì. Ãàááëà i �SOHO�. Â 2006
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ðîöi â Êè¹âi áóëà ñòâîðåíà Óêðà¨íñüêà âiðòóàëüíà ðåíòãåíiâñüêà i
ãàììà-îáñåðâàòîðiÿ VIRGO.UA. Iíiöiàòîðàìè ¨¨ ðîáîòè ñòàëè Íàóêî-
âèé öåíòð îáðîáêè äàíèõ ãàììà-ñóïóòíèêà INTEGRAL (Øâåéöàðiÿ),
Êè¨âñüêèé íàöiîíàëüíèé óíiâåðñèòåò iìåíi Òàðàñà Øåâ÷åíêà (ÊÍÓ)
i Iíñòèòóò òåîðåòè÷íî¨ ôiçèêè iì.Ì.Ì. Áîãîëþáîâà ÍÀÍ Óêðà¨íè
(IÒÔ) (Êè¨â). Çàðàç äî ñêëàäó VIRGO.UA âõîäÿòü 3 êîìï'þòåðíi
êëàñè: íà ôiçè÷íîìó ôàêóëüòåòi ÊÍÓ, â IÒÔ i â Ãîëîâíié àñòðîíîìi-
÷íié îáñåðâàòîði¨ ÍÀÍ Óêðà¨íè. Íà VIRGO.UA ïðîâîäèòüñÿ îáðîáêà
ñïîñòåðåæåíü äàíèõ ãàììà-ñóïóòíèêiâ �Fermi�, �INTEGRAL� i �Swi-
ft� òà ðåíòãåíiâñüêèõ ñóïóòíèêiâ �XMM-Íüþòîí�, �×àíäðà� i �RXTE�.
Äîäàòêîâó iíôîðìàöiþ ìîæíà çíàéòè íà ñàéòi VIRGO.UA [7].

1 Îáðîáêà ñïîñòåðåæåíü îáñåðâàòîði¨ �×àíäðà�

1.1 Iñòîðiÿ ñòâîðåííÿ êîñìi÷íî¨ îáñåðâàòîði¨ �×àíäðà�

Ðåíòãåíiâñüêà àñòðîíîìiÿ áåðå ñâié ïî÷àòîê iç êîñìi÷íèõ àïàðà-
òiâ, ùî âèÿâëÿëè ìiñöåïîëîæåííÿ ÿäåðíèõ âèáóõiâ íà Çåìëi; òåïåð
âîíà äîïîìàãà¹ âiäêðèâàòè òà¹ìíèöi Âñåñâiòó. Àòìîñôåðà íàäiéíî
çàõèùà¹ ïîâåðõíþ íàøî¨ ïëàíåòè âiä êîðîòêîõâèëüîâîãî åëåêòðîìà-
ãíiòíîãî âèïðîìiíþâàííÿ, òîìó ðå¹ñòðàöiÿ ðåíòãåíiâñüêèõ êâàíòiâ
íåçåìíîãî ïîõîäæåííÿ ìîæëèâà ëèøå íà âåëèêèõ âèñîòàõ. Ðåíòãåíiâ-
ñüêå âèïðîìiíþâàííÿ ñàìèõ âèñîêèõ åíåðãié ìîæíà âiäíàéòè çà äîïî-
ìîãîþ iíñòðóìåíòiâ, ðîçìiùåíèõ íà áîðòó ñòðàòîñòàòiâ, ïðîòå óâåñü
ðåíòãåíiâñüêèé äiàïàçîí âiäêðèâà¹òüñÿ ëèøå ïðè âèíåñåííi àïàðàòó-
ðè áåçïîñåðåäíüî â êîñìi÷íèé ïðîñòið.

Ïåðøi åêñïåðèìåíòè òàêîãî ïëàíó áóëè çðîáëåíi â êiíöi 1940-
õ ðîêiâ â ÑØÀ ïiä åãiäîþ Ïåíòàãîíà. Ïðàöiâíèê âàøèíãòîíñüêî¨
Âiéñüêîâî-ìîðñüêî¨ äîñëiäíèöüêî¨ ëàáîðàòîði¨ Ãåðáåðò Ôðiäìàí ïî-
áóäóâàâ ìîäèôiêîâàíèé ëi÷èëüíèê Ãåéãåðà, ÿêèé äåòåêòóâàâ êâàíòè
âèñîêî¨ åíåðãi¨ i òîìó ìiã âèÿâèòè àòìîñôåðíèé ÿäåðíèé âèáóõ (öå i
áóëî îñíîâíîþ öiëëþ). Â 1949 ðîöi Ôðiäìàí òà éîãî êîëåãè ïî÷àëè
âiäïðàâëÿòè íîâi ëi÷èëüíèêè â êîñìîñ â íîñîâèõ êîíóñàõ íiìåöüêèõ
ðàêåò �Ôàó-2�. Âiäðàçó æ ïåðøèé çàïóñê ïðèíiñ âàæëèâó iíôîðìà-
öiþ � âèÿâèëîñü, ùî Ñîíöå âèïóñêà¹ ðåíòãåíiâñüêi ïðîìåíi. Ó 1964
ðîöi Ôðiäìàí òà éîãî ñïiâðîáiòíèêè ïåðøèìè âèÿâèëè ðåíòãåíiâñüêå
âèïðîìiíþâàííÿ Êðàáîïîäiáíî¨ òóìàííîñòi, ùî âèíèêëî íà ìiñöi âè-
áóõó íàäíîâî¨ â 1054 ðîöi.

Òàêîãî ðîäó ëi÷èëüíèêè âñòàíîâëþâàëèñü íà ãåîôiçè÷íèõ ðàêå-
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òàõ, ïðîòå äëÿ ñèñòåìàòè÷íîãî ïîøóêó êîñìi÷íèõ ðåíòãåíiâñüêèõ
äæåðåë íåîáõiäíi äîâãîòðèâàëi íåïåðåðâíi ñïîñòåðåæåííÿ. Òîìó íà
ïî÷àòêó 1960-õ ðîêiâ äåêiëüêà àìåðèêàíñüêèõ àñòðîôiçèêiâ äiéøëè
âèñíîâêó, ùî äåòåêòîðè ðåíòãåíiâñüêîãî âèïðîìiíþâàííÿ ïîòðiáíî
âñòàíîâëþâàòè íà ñóïóòíèêîâèõ ïëàòôîðìàõ. Ñåðåä íèõ áóâ âèïó-
ñêíèê Ìiëàíñüêîãî óíiâåðñèòåòó äîêòîð Ðiêàðäî Äæèàêêîíi. Â 1962
ðîöi éîãî ãðóïà âiäêðèëà Ñêîðïiîí Õ-1 � ïåðøå ðåíòãåíiâñüêå äæå-
ðåëî çà ìåæàìè Ñîíÿ÷íî¨ ñèñòåìè. Äî 1966 ðîêó åêñïåðèìåíòè íà
ðàêåòàõ òà ïîâiòðÿíèõ êóëÿõ äîçâîëèëè àñòðîôiçèêàì iç ÑØÀ òà
Àíãëi¨ âèÿâèòè áiëüøå 30 òàêèõ äæåðåë. Öå ïåðåêîíàëî ïðàâëiííÿ
NASA â äîöiëüíîñòi çàïóñêó ðåíòãåíiâñüêîãî ñóïóòíèêà. Â ïðîåêòi
âií íàçèâàâñÿ �X-Ray Explorer�, ïðîòå ïiñëÿ âèõîäó íà îðáiòó áóâ ïå-
ðåéìåíîâàíèé â �Óõóðó� (�ñâîáîäà� - íà ìîâi ñóàõiëi). Âií áóâ çàïó-
ùåíèé 12 ãðóäíÿ 1970 ðîêó, â äåíü íåçàëåæíîñòi Êåíi¨, ç ïëàòôîðìè
ïîáëèçó ¨¨ áåðåãiâ. Óõóðó ïðîïðàöþâàâ áëèçüêî äâîõ ç ïîëîâèíîþ ðî-
êiâ, à îòðèìàíi çà éîãî äîïîìîãîþ äàíi ñòàëè äæåðåëîì áàãàòüîõ âiä-
êðèòòiâ. Öåé àïàðàò çàðå¹ñòðóâàâ 339 ðåíòãåíiâñüêèõ äæåðåë, â òîìó
÷èñëi i îá'¹êò â ñóçið'¨ Ëåáåäÿ, ÿêèé ñòàâ ïåðøèì â iñòîði¨ àñòðîíîìi¨
ïðåòåíäåíòîì íà ðîëü ÷îðíî¨ äiðè [6, 4, 5].

Óõóðó áóâ ðåíòãåíiâñüêèì ñóïóòíèêîì, ïðîòå íiÿê íå òåëåñêîïîì.
Áóäü-ÿêèé òàêîãî òèïó iíñòðóìåíò ïîâèíåí ìàòè îïòè÷íó ñèñòåìó,
ùî çäàòíà çáèðàòè i ôîêóñóâàòè âèïðîìiíþâàííÿ, ùî ïðîõîäèòü ÷å-
ðåç àïåðòóðó. Íi÷îãî ïîäiáíîãî íà Óõóðó íå áóëî. Âñå ôîêóñóâàí-
íÿ ïîëÿãàëî â òîìó, ùî ðåíòãåíiâñüêi ïðîìåíi ïåðåä ïîïàäàííÿì â
ãàçîðîçðÿäíi äåòåêòîðè (ôàêòè÷íî òi æ ëi÷èëüíèêè Ãåéãåðà) ïðîõî-
äèëè ÷åðåç âóçüêó ùiëèíó-êîëiìàòîð. Öÿ àïàðàòóðà äîáðå ðå¹ñòðó-
âàëà òî÷êîâi äæåðåëà, ïðîòå íå áóëà ïðèäàòíà äëÿ çéîìêè ïðîòÿ-
æíèõ îá'¹êòiâ. Äæèàêîííi öå ïðåêðàñíî ðîçóìiâ. Ùå â 1960 ðîöi âií
ó ñïiâàâòîðñòâi ç àìåðèêàíñüêèì âèçíà÷íèì ñïåöiàëiñòîì ïî êîñìi-
÷íèì ïðîìåíÿì Áðóíî Ðîññi îïóáëiêóâàâ ñòàòòþ, ùî ìiñòèëà ïåðøó
â ñâiòi ïðèíöèïîâó ñõåìó ðåíòãåíiâñüêîãî òåëåñêîïà ç ôîêóñóþ÷îþ
äçåðêàëüíîþ ñèñòåìîþ. Ïîáóäîâàíà âîíà áóëà íåñòàíäàðòíî, òàê ÿê
ðåôëåêòîðè çâè÷àéíèõ �îïòè÷íèõ� òåëåñêîïiâ âiäáèâàþòü ïðîìiíü,
ùî ïàäà¹ ïiä áóäü-ÿêèì êóòîì, ïðè÷îìó âîíè ñòâîðþþòü çîáðàæåí-
íÿ ç ìåíøîþ àáåðàöi¹þ, ÿêùî öåé êóò íå äóæå âåëèêèé. Òîìó ãîëîâíå
äçåðêàëî òàêîãî òåëåñêîïà âiäêèäà¹ ïó÷îê ñâiòëà íàçàä äî àïåðòóðè.
Ç ðåíòãåíiâñüêèìè êâàíòàìè ñèòóàöiÿ äåùî ñêëàäíiøà: ÷åðåç ñâîþ
âèñîêó åíåðãiþ âîíè ïðàêòè÷íî íå çàëîìëþþòüñÿ â ðå÷îâèíi (à çíà-
÷èòü, íåìîæëèâî ñòâîðèòè ðåíòãåíiâñüêi �ëiíçè�) òà íå âiäáèâàþòüñÿ,
à ïîãëèíàþòüñÿ ïðè áóäü-ÿêèõ êóòàõ ïàäiííÿ, îêðiì ñàìèõ âåëèêèõ
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Ðèñ. 1: Ñèñòåìà äçåðêàë äëÿ ðåíòãåíiâñüêîãî òåëåñêîïà ÕÌÌ-Íüþòîí.

(ïðèáëèçíî 90 ãðàäóñiâ). Òîìó äëÿ ñòâîðåííÿ åôåêòèâíîãî ðåíòãå-
íiâñüêîãî äçåðêàëà ïðîìåíi, ùî íàäõîäÿòü íà äçåðêàëî, ïîâèííi ïðè-
õîäèòè ìàéæå ïàðàëåëüíî äî âiäáèâàþ÷î¨ ïîâåðõíi. Äàíà ñèñòåìà
äçåðêàë ïîêàçàíà íà Ðèñ. 1.

Ðîçðàõóíêè ïîêàçàëè, ùî äçåðêàëî äëÿ ðåíòãåíiâñüêîãî òåëåñêîïà
ïîâèííî ìàòè ôîðìó ïàðàáîëi÷íî¨ ÷è ãiïåðáîëi÷íî¨ òðóáè, ùî çâóæó-
¹òüñÿ äî îäíîãî êiíöÿ. Ðåíòãåíiâñüêèé ïðîìiíü ïðîõîäèòü âñåðåäèíó
ç øèðøî¨ ñòîðîíè i ïiñëÿ âiäáèòòÿ âèõîäèòü ç âóæ÷îãî êiíöÿ. Ùå
â 1952 ðîöi ôiçèê-îïòèê Ãàíñ Âîëòåð (H.Wolter) âiäìiòèâ, ùî äëÿ
ïîòðiáíîãî ôîêóñóâàííÿ íåîáõiäíi äâi ïîñëiäîâíî âñòàíîâëåíi âiäáè-
âàþ÷i ïîâåðõíi. Â ñâîþ ÷åðãó Äæèàêîííi òà Ðîññi çðîçóìiëè, ùî äëÿ
çáiëüøåííÿ ÷óòëèâîñòi òåëåñêîïà êîæíèé ôîêóñóþ÷èé áëîê ïîâè-
íåí ìàòè äåêiëüêà âêëàäåíèõ îäíà â îäíó òðóáî-ïîäiáíèõ äçåðêàë
ç îäíîþ öåíòðàëüíîþ âiññþ.

Äæèàêîííi ðàçîì ç ôàõiâöÿìè ó ðåíòãåíiâñüêié àñòðîíîìi¨ äóìàâ
ïðî âåëèêèé ðåíòãåíiâñüêèé òåëåñêîï ùå äî çàïóñêó �Óõóðó�. Â òðàâ-
íi 1970 ðîêó â NASA áóâ íàïðàâëåíèé ïðîåêò iíñòðóìåíòà ç 5 ïàðàìè
äçåðêàë äiàìåòðîì äî 105 ñàíòèìåòðiâ. Îäíàê ó Âàøèíãòîíi âèðiøè-
ëè çáåðåãòè êîøòè i çàòâåðäèëè áiëüø ñêðîìíèé âàðiàíò ç âîñüìè
äçåðêàë. Ñïî÷àòêó éîãî íàçâàëè �HEAO-2� (High Energy Astronomy
Observatory-2), à ïiñëÿ çàïóñêó � íà ÷åñòü À.Åéíøòåéíà. Ñàìå öÿ
îáñåðâàòîðiÿ, ÿêà áóëà çàïóùåíà 13 ëèñòîïàäà 1987 ðîêó òà ïðîðî-
áèëà äî êâiòíÿ 1991 ðîêó, i ñòàëà ïåðøèì ðåíòãåíiâñüêèì òåëåñêîïîì.
�Åéíøòåéí� ìàâ ðîçäiëüíó çäàòíiñòü áëèçüêî 5 êóòîâèõ ñåêóíä i ðå¹-
ñòðóâàâ ðåíòãåíiâñüêi êâàíòè â äiàïàçîíi 200 åÂ � 20 êåÂ. Öÿ ñòàíöiÿ
âïåðøå çäiéñíèëà âèñîêîÿêiñíå ñïåêòðîãðàôóâàííÿ çàëèøêiâ íàäíî-
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âèõ i âiäêðèëà âåëèêó êiëüêiñòü äóæå ñëàáêèõ ïîçàãàëàêòè÷íèõ äæå-
ðåë ðåíòãåíiâñüêîãî âèïðîìiíþâàííÿ.

Â 1980-90 ðîêè äåÿêi ¹âðîïåéñüêi êðà¨íè, ÑÐÑÐ òà ßïîíiÿ âiäïðà-
âèëè â êîñìîñ íåìàëî ðåíòãåíiâñüêèõ òåëåñêîïiâ òà ñóïóòíèêiâ (ñà-
ìèì ïîòóæíèì áóâ íiìåöüêèé ROSAT ç 80-ñì äçåðêàëàìè, ùî äiÿâ
ó 1990-99 ðîêàõ). Îäíàê æîäåí ç íèõ íå çìiã äîñòàòíüî ïîêðàùè-
òè ÿêiñòü ñïîñòåðåæåíü, çðîáëåíèõ �Åéíøòåéíîì�. Àñòðîíîìi¨ XXI
ñòîëiòòÿ ïîòðiáåí áóâ iíñòðóìåíò, ÿêèé ìàâ áè áiëüø øèðîêi ìîæëè-
âîñòi. Ñàìå òîìó â 1976 ðîöi Äæèàêîííi òà éîãî êîëåãà Õàðâi Òà-
íàíáàóì íàïðàâèëè â NASA íîâi ïðîïîçèöi¨ ç öüîãî ïðèâîäó. Ïiñëÿ
öüîãî Âàøèíãòîí âèäiëèâ ðåñóðñè íà ¨õ äîñëiäæåííÿ, i ïðîåêò íà-
áðàâ îôiöiéíîãî ñòàòóñó. Ìàéáóòíþ îáñåðâàòîðiþ íàçâàëè �AXAF�
(Advanced X-Ray Astrophysics Facility). Çàäóìêà áóëà ãðàíäiîçíîþ
�- òåëåñêîï ç 6 ïàðàìè äçåðêàë ç ìàêñèìàëüíèì äiàìåòðîì 120 ñì,
çäàòíèé ðå¹ñòðóâàòè â ñòî ðàç ìåíø ÿñêðàâi ðåíòãåíiâñüêi äæåðåëà,
íiæ �Åéíøòåéí�. Êîíòðàêò íà âèãîòîâëåííÿ òåëåñêîïà áóëî çàòâåð-
äæåíî ëèøå â 1988 ðîöi. NASA îñòàòî÷íî çàòâåðäèëà ñêîðî÷åíèé
ïðîåêò ëèøå â 1992 ðîöi, à ïiñëÿ 4 ðîêiâ îïòè÷íà ñèñòåìà òåëåñêî-
ïà áóëà çìîíòîâàíà i âiäïðàâëåíà äëÿ ïåðåâiðêè â Öåíòð êîñìi÷íèõ
ïîëüîòiâ iìåíi Ìàðøàëëà. Êàëiáðóâàííÿ òà âèïðîáóâàííÿ ïðîäîâ-
æóâàëèñÿ ïiâðîêó, i áóëî ïiäòâåðäæåíî, ùî äçåðêàëà òà ðå¹ñòðóþ÷à
àïàðàòóðà áóëà çðîáëåíà iäåàëüíî i âñi ìîäóëi ïîâíiñòþ ãîòîâi äî
ðîáîòè. Äî ðå÷i, ðåòåëüíiñòü âèãîòîâëåííÿ äçåðêàë öüîãî òåëåñêîïà
äîñi çàëèøà¹òüñÿ íåïåðåâåðøåíîþ: ïîõèáêà ïîëiðóâàííÿ íå ïåðåâè-
ùó¹ äåêiëüêîõ ðîçìiðiâ àòîìiâ, à çàãàëüíà òî÷íiñòü ïîçèöiîíóâàííÿ,
ìàéæå òðèìåòðîâèõ, âêðèòèõ iðèäi¹ì, ïëîùèí, ñêëàäà¹ 1.3 ìêì. Íà-
çâó òåëåñêîïó âèðiøèëè îáðàòè íà âiäêðèòîìó êîíêóðñi, ùî çiáðàâ
ìàéæå 6 òèñÿ÷ çàÿâîê iç 61 êðà¨íè. Ïåðåìîæöÿìè âèÿâèëèñÿ øêîëÿð
iç øòàòó Àéäàõî Òàéëåð Äæîíñîí i êàëiôîðíiéñüêà â÷èòåëüêà Äæà-
òèëà âàí äåð Âií. Ñàìå âîíè çàïðîïîíóâàëè íàçâàòè îáñåðâàòîðiþ
�×àíäðîþ� íà ÷åñòü îäíîãî ç íàéáiëüøèõ àñòðîôiçèêiâ XX ñòîëiòòÿ
Ñóáðàõìàíüÿíà ×àíäðàñåêàðà.

Äî ìîìåíòó çàïóñêó �×àíäðè� íà îðáiòi �òðóäèëîñü� (àáî âæå íå
ôóíêöiîíóâàëè) äâà äåñÿòêè êîñìi÷íèõ àïàðàòiâ, ïðèçíà÷åíèõ äëÿ
ðå¹ñòðàöi¨ ðåíòãåíiâñüêîãî âèïðîìiíþâàííÿ. Îäíàê íîâà îáñåðâàòî-
ðiÿ âiäðàçó æ äîâåëà, ùî âîíà ìîæå �ïðàöþâàòè� ÿê ìiíiìóì â 50
ðàçiâ êðàùå çà ñâî¨õ ïîïåðåäíèêiâ. �¨ êàìåðà âèñîêî¨ ðîçäiëüíî¨ çäà-
òíîñòi ìîæå îòðèìóâàòè ÿêiñíi çîáðàæåííÿ ç òî÷íiñòþ äî 0.5 êóòîâî¨
ñåêóíäè. I â öüîìó �×àíäðà� äî öèõ ïið íå ìà¹ àíàëîãiâ (íàïðèêëàä,
¹âðîïåéñüêèé ðåíòãåíiâñüêèé òåëåñêîï �XMM-Íüþòîí�, çàïóùåíèé 4
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ìiñÿöÿìè ïiçíiøå ìà¹ ðîçäiëüíó çäàòíiñòü â 5-14 êóòîâèõ ñåêóíä).
Íàâiùî âçàãàëi ïîòðiáíà ðåíòãåíiâñüêà àñòðîíîìiÿ? I â íàøié Ãà-

ëàêòèöi, i â äàëüíüîìó êîñìîñi ¹ áàãàòî îá'¹êòiâ íàñòiëüêè ãàðÿ÷èõ,
ùî ìàêñèìóì ¨õ âèïðîìiíþâàííÿ çíàõîäèòüñÿ â ðåíòãåíiâñüêîìó äi-
àïàçîíi. Òàêèìè ¹, íàïðèêëàä, ðåíòãåíiâñüêi ïóëüñàðè � íåéòðîííi
çîðÿìè ç ñèëüíèìè ìàãíiòíèìè ïîëÿìè, êîæåí ç ÿêèõ ìà¹ â êîìïàíü-
éîíàõ çâè÷àéíó çîðþ. Ãàç, ùî ïåðåòiêà¹ ç öi¹¨ çîði íà òåìíó íåéòðîí-
íó ñóñiäêó, íàãðiâà¹òüñÿ äî ñîòåíü ìiëüéîíiâ ãðàäóñiâ i âèïðîìiííþ¹
ðåíòãåíiâñüêi êâàíòè. Ïîòóæíå ðåíòãåíiâñüêå âèïðîìiíþâàííÿ âèíè-
êà¹ i ïðè ïîïàäàííi ðå÷îâèíè íà ÷îðíó äiðó. Ùå îäèí öiêàâèé îá'¹êò
äîñëiäæåííÿ � ðåíòãåíiâñüêi áàðñòåðè, êîñìi÷íi ðåíòãåíiâñüêi ñïàëà-
õè, ÿêi âèíèêàþòü ïðè áåçïîñåðåäíié ó÷àñòi ÷îðíèõ äið òà íåéòðîííèõ
çið. Äæåðåëîì ðåíòãåíiâñüêîãî âèïðîìiíþâàííÿ ìîæå ñòàòè i ãàðÿ-
÷èé ðåíòãåíiâñüêèé ìiæãàëàêòè÷íèé ãàç, i çîði áóäü-ÿêîãî òèïó, â
òîìó ÷èñëi ñàìi ìàëîïîòóæíi êîðè÷íåâi êàðëèêè, i íàâiòü ïëàíåòè.
Òîìó çðîçóìiëî, ùî áåç ñïîñòåðåæåííÿ íåáà â ðåíòãåíiâñüêîìó äià-
ïàçîíi íàøi àñòðîíîìi÷íi çíàííÿ áóäóòü äóæå îáìåæåíèìè [1].

1.2 Îòðèìàííÿ äàíèõ òà ïåðâèííà îáðîáêà ó ïàêåòi
CIAO

Äàíi äëÿ îáðîáêè ç îáñåðâàòîði¨ �×àíäðà� çíàõîäÿòüñÿ â åëåêòðîí-
íié áàçi äàíèõ HEASARC [8]. Öÿ áàçà ìiñòèòü äàíi, ùî áóëè îòðèìàíi
áàãàòüìà îáñåðâàòîðiÿìè òà òåëåñêîïàìè. Äëÿ îòðèìàííÿ äàíèõ ïî-
òðiáíî ëèøå âêàçàòè íàçâó îá'¹êòà â ðîçäiëi Archive äàíîãî ñàéòó òà
îáðàòè íàçâó òåëåñêîïà, ç ÿêîãî âè ïëàíó¹òå çàìîâèòè ãîòîâi äàíi
(â íàøîìó âèïàäêó Chandra). Ïiñëÿ öüîãî íåîáõiäíî âèáðàòè ðîáî÷ó
ïàïêó, â ÿêié áóäå ïðîâîäèòèñü îáðîáêà, i çàâàíòàæèòè â íå¨ äàíi.
Âàðòî âiäìiòèòè, ùî ìîæíà âèêîðèñòîâóâàòè ëèøå òi äàíi, ùî çíà-
õîäÿòüñÿ áiëüøå 1 ðîêó â àðõiâi, òàê ÿê äî íîâiøèõ äàíèõ, äîñòóïó
íåìà¹. Â äàíîìó ðîçäiëi áóäå ïðåäñòàâëåíî ïîñëiäîâíiñòü îáðîáêè íà
ïðèêëàäi ñêóï÷åííÿ ãàëàêòèê À2124.

Ïåðø çà âñå, ïîòðiáíî ïðîâåñòè ïåðâèííó îáðîáêó äàíèõ, êîòðà
ðîçïî÷èíà¹òüñÿ ç ðîçàðõiâóâàííÿ äàíèõ. Â îïåðàöiéíié ñèñòåìi Li-
nux öþ ïðîöåäóðó, ÿê i áàãàòî iíøèõ, çðó÷íî âèêîíàòè ó êîìàíäíîìó
ðÿäêó (òåðìiíàëi) íàñòóïíîþ êîìàíäîþ:

tar -xf name.tar
unix% tar -xf w3browse-173292.tar

äå w3browse-173292.tar � íàçâà íàøîãî àðõiâó. Ïiñëÿ âèêîíàííÿ äà-
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íî¨ îïåðàöi¨ ïîäèâèìîñü, ùî ìè îòðèìàëè, çà äîïîìîãîþ êîìàíäè ls:
unix% ls
3238 cda.harvard.edu w3browse-173292.tar

ßê áà÷èìî, ìà¹ìî òðè ôàéëè, òî÷íiøå äâi ïàïêè i íàø ïîïåðåäíié
àðõiâ. Îòîæ, íàäàëi íàì ïîòðiáíà ëèøå ïàïêà ç öèôðàìè, â äàíî-
ìó âèïàäêó 3238 (íîìåð ñïîñòåðåæåííÿ äàíîãî îá'¹êòà íà òåëåñêîïi
×àíäðà, iíøèìè ñëîâàìè ObsID äàíîãî îá¹êòà.) Ïåðåéòè â äàíó ïà-
ïêó ìîæíà çà äîïîìîãîþ êîìàíäè cd:

unix% cd 3238/

Çíîâó âèêîðèñòà¹ìî ls äëÿ òîãî, ùîá ïåðåãëÿíóòè ¨¨ âìiñò:
unix% ls
oif.fits primary secondary

Òàì áóäå äâi ïàïêè i ôàéë oif.fits, ÿêèé íàì íå ïîòðiáíèé. Íà
âiäìiíó âiä îáðîáêè äàíèõ ÕÌÌ-Íüþòîí, äëÿ îáñåðâàòîði¨ ×àíäðà
íå ïîòðiáíî âèêîíóâàòè êàëiáðîâêó ôàéëiâ, òàê ÿê â ïàïöi primary
óñi ôàéëè âiäêàëiáðîâàíi i ïðèâåäåíi äî íîðìàëüíîãî âèãëÿäó, òîáòî
¨õ ìîæíà âèêîðèñòîâóâàòè âiäðàçó. Îêðiì öüîãî, ïàïêà primary ìi-
ñòèòü îñíîâíi ôàéëè, ÿêi ïîòðiáíi äëÿ ðîáîòè â ïåðøó ÷åðãó. Â ïàïöi
secondary çíàõîäÿòüñÿ äîïîìiæíi äàíi. Ìè áóäåìî âèêîðèñòîâóâàòè
ïàïêó primary, â êîòðó ïåðåéäåìî çà äîïîìîãîþ êîìàíäè cd i ïðî-
ãëÿíåìî ¨¨ âìiñò çà äîïîìîãîþ êîìàíäè ls:

unix% cd primary
unix% ls
acisf03238_000N002_bpix1.fits.gz
acisf03238N002_evt2.fits.gz
acisf03238_000N002_fov1.fits.gz
acisf03238N002_full_img2.fits.gz
acisf03238N002_1_sum2.html
acisf03238N002_full_img2.jpg
acisf03238N002_1_sum2.ps
acisf03238N002_src2.fits.gz
acisf03238N002_2_sum2.html
acisf03238N002_src_img2.jpg
acisf03238N002_3_sum2.html
orbitf138024300N001_eph1.fits.gz
acisf03238N002_cntr_img2.fits.gz
pcadf138312521N002_asol1.fits.gz
acisf03238N002_cntr_img2.jpg

Áà÷èìî áåçëi÷ àðõiâîâàíèõ äàíèõ, êîòði äëÿ ïî÷àòêó ðîáîòè ïîòði-
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áíî ðîçïàêóâàòè. Çðîáèòè öå ìîæíà çà äîïîìîãîþ êîìàíäè gunzip
*.gz, à äëÿ ïåðåãëÿäó ðåçóëüòàòó âèêîðèñòà¹ìî êîìàíäó ls:

unix% gunzip *.gz
unix% ls
acisf03238_000N002_bpix1.fits
acisf03238N002_3_sum2.html
acisf03238N002_full_img2.jpg
acisf03238_000N002_fov1.fits
acisf03238N002_cntr_img2.fits
acisf03238N002_src2.fits
acisf03238N002_1_sum2.html
acisf03238N002_cntr_img2.jpg
acisf03238N002_src_img2.jpg
acisf03238N002_1_sum2.ps
acisf03238N002_evt2.fits
orbitf138024300N001_eph1.fits
acisf03238N002_2_sum2.html
acisf03238N002_full_img2.fits
pcadf138312521N002_asol1.fits

1.3 Ðîáîòà iç çîáðàæåííÿìè

Âiäðàçó âàðòî ñêàçàòè ïðî òå, ùî äëÿ òî÷êîâèõ äæåðåë òà ïðîòÿ-
æíèõ àíàëiç â CIAO ïðîâîäèòüñÿ ïî-ðiçíîìó. Îáðîáêà äàíèõ òî÷êîâèõ
äæåðåë ¹ ñêëàäíèì ïðîöåñîì, ïðîòå, ùå ñêëàäíiøå îáðîáëÿòè äàíi
ïðîòÿæíèõ îá'¹êòiâ, òàêèõ, ÿê ñêóï÷åííÿ ãàëàêòèê àáî çàëèøêè íà-
äíîâèõ. Ïðîöåñ óñêëàäíþ¹òüñÿ ÷åðåç ïðîñòîðîâi çìiíè â äåòåêòîðàõ.
Âåëèêà êiëüêiñòü ðiçíîãî ðîäó çàâäàíü ç ïðîòÿæíèìè äæåðåëàìè ¹
íåïîòðiáíèìè ïðè àíàëiçi òî÷êîâèõ. Òîìó â äàíîìó ðîçäiëi áóäå ïðåä-
ñòàâëåíî ìåòîäè îáðîáêè äàíèõ äëÿ ïðîòÿæíèõ äæåðåë; ïðèêëàäè
ïðåäñòàâëåíi äëÿ àðõiâíèõ äàíèõ Chandra ACIS [1].

1.3.1 Ïîáóäîâà êðèâî¨ áëèñêó

Äëÿ ïîáóäîâè çîáðàæåíü, êðèâî¨ áëèñêó i ñïåêòðà, à ñàìå öå ¹ íà-
øîþ ìåòîþ, íàì ïîòðiáåí ëèøå îäèí ôàéë ç óñiõ âèùå íàâåäåíèõ.
Îñíîâíèì ¹ ôàéë ç ñóôiêñîì evt2.fits, êîòðèé âèêîðèñòîâó¹òüñÿ
äëÿ âñiõ ìîæëèâèõ àíàëiçiâ öèõ äàíèõ. Òåïåð ïîãëÿíåìî íà ñàìå çî-
áðàæåííÿ íàøîãî ñêóï÷åííÿ. Äëÿ öüîãî âèêîðèñòîâóþòü ïðîãðàìíå
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çàáåçïå÷åííÿ CIAO. Ùîá éîãî ïiäêëþ÷èòè, ïîòðiáíî iíiöiàëiçóâàòèñü
(çàïóñòèòè ïðîãðàìíå çàáåçïå÷åííÿ), òîáòî ïðîðîáèòè íàñòóïíi êî-
ìàíäè (ÿêùî âè ïðàöþ¹òå íà ôiçè÷íîìó ôàêóëüòåòi ÊÍÓ iìåíi Òà-
ðàñà Øåâ÷åíêà):

unix% csh
unix% source /virgo/scripts/login_ciao.csh
CIAO configuration is complete...
CIAO 4.2 Monday, November 30, 2009
bindir : /home/virgo/software/CIAO-4.2-x86_64/bin

Öå îçíà÷à¹, ùî ïðîãðàìíå çàáåçïå÷åííÿ CIAO ïiäêëþ÷åíî i òåïåð ìî-
æëèâå éîãî âèêîðèñòàííÿ. Îòîæ, ïîäèâèìîñü íà ñêóï÷åííÿ A2124,
äëÿ öüîãî âèêîðèñòà¹ìî ïðîãðàìíèé ïàêåò ds9, ÿêèé çàïóñêà¹òüñÿ
íàñòóïíèì ÷èíîì:

unix% ds9 acisf03238N002_evt2.fits

Íà Ðèñ. 2 íàâåäåíî ïðèêëàä îòðèìàíî çîáðàæåííÿ A2124.

Ðèñ. 2: Çîáðàæåííÿ 3Ñ295 ç ðîçìiðîì 512 íà 512 ïiêñåëiâ.

Ñïî÷àòêó ïîòðiáíî çàäàòè ðåãiîí, äëÿ ÿêîãî áóäå ïðîâîäèòèñÿ
àíàëiç. Íàâîäèìî êóðñîð ìèøi íà çîáðàæåííÿ i ïðè íàòèñêó ëiâîþ
êíîïêîþ ìèøi ç'ÿâèòüñÿ êðóã, à ïðè ïîäâiéíîìó íàòèñêó, ìîæíà ïå-
ðåãëÿíóòè êîîðäèíàòè öåíòðà â ðiçíèõ îäèíèöÿõ àáî çðîáèòè ¨õ òà
ðàäióñ êðóãà òàêèì, ÿêèì ïîòðiáíî â çàëåæíîñòi âiä çàâäàííÿ. Çáå-
ðiãà¹ìî ðåãiîí: çíàõîäèìî âêëàäêó Region, âèáèðà¹ìî Save i çáåðiãà-
¹ìî ïiä iìåíåì À2124.reg. Íàòèñíóâøè äâi÷i ïî ðåãiîíó, âè ïîáà÷èòå
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òàáëèöþ ç êîîðäèíàòàìè öåíòðà òà ðàäióñîì êðóãà ó ôiçè÷íèõ êîîð-
äèíàòàõ òåëåñêîïà. Ðàäióñ íàì ïîòðiáåí äëÿ ñòâîðåííÿ àíàëîãi÷íîãî
çà ðîçìiðîì ðåãiîíó äëÿ ôîíó çîáðàæåííÿ. Â ôiçè÷íèõ êîîðäèíàòàõ
ðàäióñè ðåãiîíiâ áóäóòü ñêëàäàòè 225 îäèíèöü. Íàçâà ôîíîâîãî ôàé-
ëà � À2124_bkg.reg. Òåïåð âiêíî ds9 ìîæíà çàêðèâàòè i ïåðåéòè äî
êîíñîëi. Ïðîãëÿíåìî, ùî áóëî ñòâîðåíî íîâîãî:

unix% ls
A2124_bkg.reg
A2124.reg
acisf03238N002_2_sum2.html
acisf03238N002_full_img2.jpg
acisf03238N002_3_sum2.html
acisf03238N002_src2.fits
acisf03238_000N002_bpix1.fits
acisf03238N002_cntr_img2.fits
acisf03238N002_src_img2.jpg
acisf03238_000N002_fov1.fits
acisf03238N002_cntr_img2.jpg
orbitf138024300N001_eph1.fits
acisf03238N002_1_sum2.html
acisf03238N002_evt2.fits
pcadf138312521N002_asol1.fits
acisf03238N002_1_sum2.ps
acisf03238N002_full_img2.fits

Ç'ÿâèëèñü íàøi ðåãiîíè A2124_bkg.reg òà A2124.reg. Òåïåð ïåðåéäå-
ìî äî êðèâî¨ áëèñêó. Âîíà áóäó¹òüñÿ çà äîïîìîãîþ êîìàíäè dmextract
íàñòóïíèì ÷èíîì:

unix% dmextract infile="acisf03238N002_evt2.fits \
[sky=region(A2124.reg)][bin time=::10]"
outfile=ltcrv.fits bkg="acisf03238N002_evt2.fits \
[sky=region(A2124_bkg.reg)]" opt=ltc1

Çâåðíiñòü óâàãó, ùî âñå ïðîïèñó¹òüñÿ ÷åðåç ïðîáië. Òóò �\� ïîçíà-
÷à¹ ïðîäîâæåííÿ ðÿäêà, infile = �acisf03238...fits�� íàçâà âõi-
äíîãî ôàéëó, â ÿêîìó âêàçó¹ìî íàçâó ðåãiîíó, äëÿ ÿêîãî áóäåìî âè-
çíà÷àòè êðèâó áëèñêó, òà êiëüêiñòü áiíiâ ïðè ãðóïóâàíi (äëÿ äàíî-
ãî âèïàäêó áóëî âçÿòî 10), outfile=ltcrv.fits � íàçâà âèõiäíîãî
ôàéëó. bkg=�acisf03238...fits� � êîìàíäà äëÿ âiäíiìàííÿ ôîíó
(íåîáõiäíiñòü âèêîíàííÿ äàíî¨ ïðîöåäóðè âèçíà÷à¹òüñÿ â çàëåæíî-
ñòi âiä çàäà÷i), opt=ltc1 � äîïîìiæíà ôóíêöiÿ, ÿêîþ ñïîâiùà¹òüñÿ
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ïðîãðàìíîìó çàáåçïå÷åííþ, ùî ïîòðiáíî ñòâîðèòè ñàìå êðèâó áëè-
ñêó (ltc1), òàê ÿê äàíà êîìàíäà âèêîðèñòîâó¹òüñÿ i äëÿ iíøèõ çàäà÷.
Ïåðåãëÿíóòè êðèâó áëèñêó ìîæíà çà äîïîìîãîþ ïðîãðàìíèõ ïàêåòiâ
fv àáî Prism. Öå ïðîãðàìè äëÿ ïåðåãëÿäó òà ïîáóäîâè fits-ôàéëiâ. Â
äàíîìó âèïàäêó âèêîðèñòîâó¹òüñÿ Prism: âiäêðèâà¹ìî ó âiêíi Prism
ñòâîðåíèé ôàéë ltcrv.fits i áóäó¹ìî êðèâó áëèñêó.

1.3.2 Ïîøóê òî÷êîâèõ äæåðåë íà ìàòðèöi

Ïðè ñïîñòåðåæåííi ïðîòÿæíèõ äæåðåë, íà ìàòðèöi ÷àñòî ìiñòè-
òüñÿ âåëèêà êiëüêiñòü òî÷êîâèõ îá'¹êòiâ, íå ïîâ'ÿçàíèõ áåçïîñåðåäíüî
ç ïðîòÿæíèìè. Õî÷à òàêi îá'¹êòè íàóêîâî ìîæóòü áóòè öiêàâi ñàìi
ïî ñîái, ïðîòå âîíè ìîæóòü áóòè äæåðåëîì ñêëàäíîñòi ïðè àíàëi-
çi äèôóçíîãî âèïðîìiíþâàííÿ ïðîòÿæíèõ äæåðåë. Òîìó ïðè àíàëiçi
òîãî ÷è iíøîãî îá'¹êòà ¹ êîðèñíèì âiäôiëüòðóâàòè çîáðàæåííÿ íà ìà-
òðèöi âiä òî÷êîâèõ äæåðåë, íàïðèêëàä, ïðè âèçíà÷åííi ðàäiàëüíîãî
ïðîôiëþ ïîâåðõíåâî¨ ÿñêðàâîñòi, ùîá óíèêíóòè ïîìèëêîâèõ ðiçêèõ
ðîçðèâiâ. Òàêîæ öå ïîòðiáíî ïðè ôiòóâàííi ñïåêòðiâ ðiçíèìè ìîäå-
ëÿìè, òàê ÿê öå äîçâîëèòü óíèêíóòè çñóâiâ òi¹¨ ÷è iíøî¨ ìîäåëi âiä
ñïîñòåðåæóâàíîãî ñïåêòðó. Âèäàëåííÿ òî÷êîâèõ äæåðåë ç ôàéëó ïî-
äié äëÿ áóäü-ÿêîãî ç öèõ çàâäàíü ¹ äóæå ïðîñòèì ïðè âèêîðèñòàííi
êîìàíäè dmcopy ó ñåðåäîâèùi CIAO. Îäíàê, ïåðøèé êðîê ïîëÿãà¹ ñà-
ìå ó âèÿâëåííi öèõ äæåðåë. Ïàêåò CIAO Detect ìiñòèòü äâi êîìàíäè,
ÿêi çàáåçïå÷óþòü ìîæëèâiñòü ðîáîòè â ñêëàäíèõ ïîëÿõ ç òî÷êîâèìè
òà ïðîòÿæíèìè îá'¹êòàìè: vtpdetect òà wavdetect. Ïðîâåäåìî íàëiç
îá'¹êòà íà ïðèêëàäi äðóãî¨ êîìàíäè.

Wavdetect ïðàöþ¹ ó äâà åòàïè. Ñïî÷àòêó âií âèÿâëÿ¹ ìîæëèâi ïi-
êñåëi äæåðåë â íàáîði äàíèõ. Ïiêñåëi ç äîñèòü âåëèêèì ïîçèòèâíèì
çíà÷åííÿì êîðåëÿöi¨ âèäàëÿþòüñÿ iç çîáðàæåííÿ ÿê ïåðåäáà÷óâàííi
äæåðåëà, à íàñòóïíi ñïiââiäíîøåííÿ âèêîíóþòüñÿ â îäíîìó ìàñøòà-
ái. Íà äðóãîìó åòàïi ãåíåðó¹òüñÿ âèõiäíèé ñïèñîê ç ïåðøîãî åòàïó â
êîæíîìó ìàñøòàái. Öÿ êîìàíäà âiääiëÿ¹ áëèçüêî ðîçòàøîâàííi òî-
÷êîâi äæåðåëà i çíàõîäèòü ïðîòÿæíi (äèâ. Ðèñ. 3). Äëÿ îòðèìàííÿ
âèêîðèñòîâó¹òüñÿ ëèøå ôàéë iç ñóôiêñîì evt2. Ïðèêëàä ïîêàçàíèé
äëÿ îá'¹êòà 3Ñ295 (ObsID 578). ×åðåç âåëèêå íàâàíòàæåííÿ äàíó êî-
ìàíäó ðåêîìåíäó¹òüñÿ çàïóñêàòè äëÿ çîáðàæåííÿ ðîçìiðîì íå áiëüøå
1024×1024 ïiêñåëiâ.

unix% dmcopy "acisf00578N003_evt2.fits[ccd_id=7] \
[bin x=3848:4360:1.0,y=3860:4372:1.0]" s3_img.fits
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Äëÿ ïåðåãëÿäó ôàéëó ïîòðiáíî âèêîðèñòàòè ds9:
unix% ds9 s3_img.fits &

Äëÿ çàïóñêó wavdetect ç áàçîâèì íàáîðîì ïàðàìåòðiâ íåîáõiäíî ëè-

Ðèñ. 3: Çîáðàæåííÿ 3Ñ295 ðîçìiðîì 512 íà 512 ïiêñåëiâ áåç (ëiâîðó÷) òà ç
(ïðàâîðó÷) òî÷êîâèìè äæåðåëàìè.

øå âêàçàòè iìåíà âõiäíèõ òà âèõiäíèõ ôàéëiâ. Çàïóñêà¹òüñÿ äàíà êî-
ìàíäà íàñòóïíèì ÷èíîì:

unix% punlearn wavdetect
unix% pset wavdetect infile=s3_img.fits
unix% pset wavdetect outfile=s3_src.fits
unix% pset wavdetect scellfile=s3_scell.fits
unix% pset wavdetect imagefile=s3_imgfile.fits
unix% pset wavdetect defnbkgfile=s3_nbgd.fits
unix% pset wavdetect regfile=s3_src.reg
unix% wavdetect
Input file name (s3_img.fits):
Output source list file name (s3_src.fits):
Output source cell image file name (s3_scell.fits):
Output reconstructed image file name (s3_imgfile.fits):
Output normalized background file name (s3_nbgd.fits):

Äëÿ âiäîáðàæåííÿ âèõiäíî¨ êàðòèíêè çàñòîñó¹ìî ds9:
unix% ds9 s3_img.fits &
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Òàêîæ äàíó ïðîöåäóðó ìîæíà âèêîíóâàòè ïðè íàÿâíîñòi êàðòè åêñ-
ïîçèöi¨ (exposure map):

unix% punlearn wavdetect
unix% pset wavdetect infile=s3_img.fits
unix% pset wavdetect outfile=s3_expmap_src.fits
unix% pset wavdetect scellfile=s3_expmap_scell.fits
unix% pset wavdetect imagefile=s3_expmap_imgfile.fits
unix% pset wavdetect defnbkgfile=s3_expmap_nbgd.fits
unix% pset wavdetect regfile=s3_expmap_src.reg
unix% pset wavdetect expfile=s3_0.71keV_expmap.fits
unix% wavdetect
Input file name (s3_img.fits):
Output source list file name (s3_expmap_src.fits):
Output source cell image file name \
(s3_expmap_scell.fits):
Output reconstructed image file name \
(s3_expmap_imgfile.fits):
Output normalized background file name \
(s3_expmap_nbgd.fits):

Ùîá ïåðåãëÿíóòè ñïèñîê óñiõ äæåðåë ïîòðiáíî âèêîðèñòàòè êîìàíäó
dmlist:
unix% dmlist "s3_expmap_src.fits[cols RA,DEC,PSF_SIZE]" data
Data for Table Block SRCLIST.
ROW RA DEC PSF_SIZE
1 212.8558538789 52.1797387065 0.51768761873245
2 212.8847083521 52.1878910087 0.61479145288467
3 212.8640791885 52.1921762232 0.47023788094521
4 212.8362796737 52.202181660 0.40190586447716
5 212.8351087846 52.2029039026 0.40246158838272
6 212.8475613372 52.2255903030 0.53206640481949
7 212.8714240484 52.2259177730 0.62263220548630
8 212.8842308305 52.227961680 0.75592726469040
9 212.8067711419 52.2281781731 0.59245705604553
10 212.8236615527 52.2284789414 0.55507236719131
11 212.8310964079 52.2335976922 0.60252219438553
12 212.8362660158 52.2366611370 0.65922313928604
13 212.8626620537 52.2375255009 0.75592726469040

àáî öå æ ñàìå ìîæíà ïåðåãëÿíóòè â Prism:
unix% prism s3_expmap_src.fits &
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Äëÿ âèäàëåííÿ öèõ äæåðåë âèêîðèñòîâóþòü êîìàíäó dmcopy òà ïà-
ðàìåòð exclude ó íàñòóïíîìó âèãëÿäi

unix% dmcopy ``acisf..._evt2.fits [exclude \
sky=region(src.reg)]'' without_ps_evt2.fits

äå acisf..._evt2.fits � ôàéë ïîäié ç ÿêîãî ïîòðiáíî âèäàëèòè òî-
÷êîâi äæåðåëà, src.reg � ôàéë ç ñïèñêîì òî÷êîâèõ äæåðåë, à íàçâà
âèõiäíîãî ôàéëó áåç òî÷êîâèõ äæåðåë � without_ps_evt2.fits.

1.3.3 Ïîáóäîâà êàðòè åêñïîçèöi¨

Âèçíà÷åííÿ âëàñòèâîñòåé äèôóçíîãî âèïðîìiíþâàííÿ âiä ïðîòÿ-
æíèõ îá'¹êòiâ ìîæå áóòè óñêëàäíåíî ïðîñòîðîâèìè âàðiàöiÿìè ïiä
÷àñ åêñïîçèöi¨. Íàïðèêëàä, äåòåêòîð, ÿê i ïðîãðàìíèé ÷iï, ìîæóòü
ñòâîðèòè �ïîìèëêîâå� ïðîñòîðîâå çîáðàæåííÿ â ñïîñòåðåæóâàíîìó
äæåðåëi. Êîðèñòóâà÷i ìàþòü çìîãó âèðiøóâàòè öi ïðîáëåìè çà äîïî-
ìîãîþ êàðò åêñïîçèöié. Êàðòà åêñïîçèöi¨ äëÿ öüîãî íàáîðó äàíèõ ¹
åôåêòèâíîþ ïëîùåþ ïðè çàäàíié ïîçèöi¨ íåáà ïðîòÿãîì ñïîñòåðåæå-
ííÿ.

Êîìàíäà mkexpmap ñòâîðþ¹ êàðòó åêñïîçèöi¨, ùî ìîæå áóòè âèêî-
ðèñòàíà äëÿ ïåðåòâîðåííÿ âiäëiêiâ çîáðàæåííÿ â ïîòiê. Îá÷èñëåííÿ
êàðòè åêñïîçèöi¨ ¹ íi ùî iíøå ÿê îáðàç åôåêòèâíî¨ ïëîùi ïðè êîæíié
ïîçèöi¨ íà íåái. Ðîçãëÿíåìî ïðèêëàä. Äëÿ ïîáóäîâè êàðòè åêñïîçèöi¨
ïîòðiáíî íàñòóïíi ôàéëè evt2, asol1, msk1 òà pbk0. Äàëi áóäå ïðè-
âåäåíî ïðèêëàä äëÿ ïîáóäîâè êàðòè åêñïîçèöi¨ äëÿ îá'¹êòà G21.5-09
(ObsID 1838).

Ñïî÷àòêó ïîòðiáíî âèêîðèñòàòè ñêðèïò fluximage. Ïðè éîãî çà-
ïóñêó ïîòðiáíî çàáåçïå÷èòè òiëüêè âõiäíèé ôàéë ïîäié. Äàëi ñàì
ñêðèïò áóäå ÷èòàòè iìåíà, ïîâ'ÿçàíi ç äàíèì ôàéëîì ïîäié. Òîìó
ïîïåðåäíüî ïîòðiáíî, ùîá óñi öi ôàéëè çíàõîäèëèñü ó îäíié ïàïöi.

Â äàíîìó âèïàäêó ñêðèïò áóëî çàïóùåíî äëÿ ACIS ÷iïó, ccd_id=7
òà äiàïàçîíó åíåðãié 0.5�7.0 êåÂ:

unix% punlearn fluximage
unix% pset fluximage infile= \
"acisf01838N002_evt2.fits[ccd_id=7]"
unix% pset fluximage outroot=flux
unix% pset fluximage bands=broad
unix% pset fluximage binsize=1

Çàïóñòèâøè äàíèé ñêðèïò ç ïàðàìåòðîì verbose=1, ìîæíà ñïîñòåði-
ãàòè çà ñàìîþ ïîáóäîâîþ êàðòè åêñïîçèöi¨ â ðåæèìi îí-ëàéí:
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unix% fluximage verbose=1
Running fluximage...
Version: 29 September 2011
Input events or image files \
(acisf01838N002_evt2.fits[ccd_id=7]):
Output root of data products? (flux):
Image binning factor (0:) (1):
Energy bands, comma-separated list, min:max: \
center in keV
or ultrasoft, soft, medium, hard, broad, \
wide, CSC (broad):
Using CSC ACIS broad science energy band.
Bad pixel file acisf01838_000N002_bpix1.fits found.
Mask file acisf01838_000N002_msk1.fits found.
PBK file acisf084245776N002_pbk0.fits found.
Creating aspect histogram(s).
Creating binned images.
Creating instrument map(s).
Creating exposure map(s).
Exposure map limits: 0.000000e+00, 2.975940e+06
Writing exposure map to flux_7_2.3_bin1.expmap
Exposure-correcting image(s).
Cleaning up intermediary files.
The following files were created:
The binned counts image is:

flux_0.5-7.0_bin1.img
The clipped counts image is:

flux_0.5-7.0_bin1_thresh.img
The exposure map is:

flux_2.3_bin1.expmap
The exposure-corrected image is:

flux_0.5-7.0_2.3_bin1_flux.img

Àáî æ öå âñå ìîæíà ïðîðîáèòè ïî êîìàíäàì. ßê âæå çàçíà÷àëîñü
âèùå, âèêîðèñòîâó¹ìî äiàïàçîí åíåðãié 0.5�7.0 êåÂ, òîæ ñòâîðèìî
ñïèñîê ïîäié â äàíîìó äiàïàçîíi, äëÿ öüîãî âèêîðèñòà¹ìî êîìàíäó
dmcopy:

dmcopy "acisf01838N002_evt2.fits[energy=500:7000]" \
acis_1838_evt2.fits

Ñòâîðèìî çîáðàæåííÿ äàíîãî îá'¹êòà, ÿêèé ó êiíöi áóäå íîðìîâàíèé
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êàðòîþ åêñïîçèöi¨, àëå ïåðåä öèì íàì ïîòðiáíî çíàòè ñïèñîê ÷iïiâ,
ùî âèêîðèñòîâóþòüñÿ ó ñïîñòåðåæåííi. Âîíè çáåðiãàþòüñÿ â êëþ÷î-
âîìó ñëîâi DETNAM â ñïèñêó ïîäié, òîìó:

unix% dmkeypar acis_1838_evt2.fits DETNAM echo+
ACIS-012367

Ó íàøîìó âèïàäêó âèêîðèñòîâóâàëèñü 6 ÷iïiâ äëÿ ñïîñòåðåæåííÿ
(0,1,2,3,6,7). Ìè ìîæåìî çíàéòè ôiçè÷íi êîîðäèíàòè íàøîãî äæåðå-
ëà, âèêîðèñòîâóþ÷è ds9 äëÿ âiçóàëiçàöi¨ acis_1838_evt2.fits. Âîíè
âèÿâèëèñü áëèçüêèìè äî õ = 4072, ó = 4249. Òàêîæ ìè ìîæåìî âè-
êîðèñòàòè êîìàíäó dmcoords äëÿ ç'ÿñóâàííÿ ÷iïà, ùî çíàõîäèòüñÿ
áåçïîñåðåäíüî ó öèõ êîîðäèíàòàõ. Âàðòî âiäìiòèòè, ùî óñi ôàéëè
ïîâèííi áóòè ââåäåíi àáî ó âèãëÿäi ñïèñêó àáî ó âèãëÿäi òàáëèöi. Äà-
ëi ðîáèìî íàñòóïíå:

unix% cat pcad_asol1.lis
pcadf084244404N002_asol1.fits
dmcoords acis_1838_evt2.fits asolfile=@pcad_asol1.lis
dmcoords>: sky 4072 4249
(RA,Dec): 18:33:33.594 -10:34:06.34
(RA,Dec): 278.38998 -10.56843 deg
THETA,PHI 1.267' 5.93 deg
(Logical): 4072.00 4249.00
SKY(X,Y): 4072.00 4249.00
DETX,DETY 4250.13 4112.47
CHIP ACIS-S3 370.58 383.72
TDET 4287.58 2085.72
dmcoords>: q

Öå íàì ãîâîðèòü ïðî òå, ùî ïîòðiáíèé íàì ÷iï � ACIS-S, à ccd_id=7.
Äàëi íàì ïîòðiáíî îáðàòè ðåãiîí íàâêîëî öåíòðàëüíîãî äæåðåëà i,
âèêîðèñòîâóþ÷è ds9 , çáåðåãòè éîãî ó ðîáî÷ié äèðåêòîði¨, â íàøîìó
âèïàäêó öå obj.reg

unix% cat obj.reg:
# Region file format: CIAO version 1.0
circle(4072,4249,35)

Ìîæåìî âèêîðèñòàòè öåé ôàéë äëÿ îòðèìàííÿ ñïåêòðà îá'¹êòà â äi-
àïàçîíi åíåðãié, à òàêîæ çíàéòè ìàêñèìóì âèïðîìiíþâàííÿ. Âèêî-
ðèñòîâó¹ìî dmextract äëÿ ñòâîðåííÿ ãiñòîãðàìè ïðèéíÿòèõ ïîäié ÿê
ôóíêöiÿ åíåðãi¨:

unix% punlearn dmextract
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unix% pset dmextract infile="acis_1838_evt2.fits \
[sky=region(obj.reg)][bin energy=500:7000:20]"
unix% pset dmextract \
outfile=obj_1838_histogram_energy.fits
unix% pset dmextract opt=generic
unix% dmextract
Input event file (acis_1838_evt2.fits \
[sky=region(obj.reg)] \
[bin energy=500:7000:20]):
Enter output file name \
(obj_1838_histogram_energy.fits):

Êîìàíäà dmstat âèêîðèñòîâó¹òüñÿ äëÿ çíàõîäæåííÿ ìàêñèìóìó âè-
ïðîìiíþâàííÿ íà ãiñòîãðàìi. Âèêîðèñòàâøè dmlist, ìîæíà çíàéòè
âiäïîâiäíó åíåðãiþ äëÿ âiäïîâiäíèõ ïîäié:

unix% dmstat
"obj_1838_histogram_energy.fits[cols count_rate]"
COUNT_RATE[count/s]

min: 0 @: 3
max: 0.015920916107 @: 62

mean: 0.0055332286649
sigma: 0.003904907356
sum: 1.7982993161

good: 325
null: 0

unix% dmlist
"obj_1838_histogram_energy.fits[count_rate > 0.015]/
[cols energy,count_rate]" data,clean
# ENERGY COUNT_RATE

1730.0 0.01592091610690
1750.0 0.01579354877805
1770.0 0.01592091610690
1810.0 0.01566618144919
1830.0 0.01579354877805
1850.0 0.01515671213377

Òîáòî, äëÿ öüîãî íàáîðó äàíèõ ïiê âèìiðÿíîãî ñïåêòðó ñòàíîâèòü
∼1.7 êåÂ. Äàëi íàì ïîòðiáíî ñòâîðèòè ãiñòîãðàìó äëÿ ÷iïà, äëÿ öüî-
ãî âèêîðèñòà¹ìî êîìàíäó asphist:

unix% cat pcad_asol1.lis
pcadf084244404N002_asol1.fits
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unix% punlearn asphist
unix% pset asphist infile=@pcad_asol1.lis
unix% pset asphist outfile=asphist_7.fits
unix% pset asphist evtfile=\
"acis_1838_evt2.fits[ccd_id=7]"
unix% asphist
Aspect Solution List Files (@pcad_asol1.lis):
Aspect Histogram Output File \
(asphist_7.fits[ccd_id=7]):
Event List Files (acis_1838_evt2.fits):

Äàëi ïîòðiáíî ðîçðàõóâàòè iíñòðóìåíòàëüíó êàðòó, îñêiëüêè åôå-
êòèâíà ïëîùà äçåðêàëà âèêîðèñòîâó¹òüñÿ äëÿ ñòâîðåííÿ iíñòðóìåí-
òàëüíî¨ êàðòè, à ñàìà ïëîùà çàëåæèòü âiä åíåðãi¨, òî íåîáõiäíî âè-
ðiøèòè äëÿ ÿêî¨ åíåðãi¨ ïðîâîäèòè ðîçðàõóíêè. Â íàøîìó ïðèêëàäi
ìè áóäåìî ââàæàòè ìîíîåíåðãåòè÷íèé ðîçïîäië ôîòîíiâ äæåðåëà ÿê
1.7 êåÂ:

unix% punlearn mkinstmap
unix% pset mkinstmap obsfile="asphist_7.fits\
[asphist]"
unix% pset mkinstmap outfile=instmap_7.fits
unix% pset mkinstmap maskfile=\
acisf01838_000N002_msk1.fits
unix% pset mkinstmap pbkfile=\
acisf084245776N002_pbk0.fits
unix% pset mkinstmap dafile=CALDB
unix% pset mkinstmap detsubsys=ACIS-7
unix% pset mkinstmap pixelgrid=\
"1:1024:#1024,1:1024:#1024"
unix% pset mkinstmap spectrumfile=NONE
unix% pset mkinstmap monoenergy=1.7
unix% mkinstmap
Output File Name (instmap_7.fits):
Energy Spectrum File (see docs) (NONE):
Energy for mono-chromatic map [keV] (0.1:10) (1.7):
Pixel grid specification x0:x1:#nx,y0:y1:#ny \
(1:1024:#1024,1:1024:#1024):
Name of fits file + extension with obs info \
(asphist_7.fits[asphist]):
Detector Name (ACIS-7):
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Grating for zeroth order ARF (NONE|LETG|HETG) (NONE):
NONE, or name of ACIS window mask file \
(acisf01838_000N002_msk1.fits):
NONE, or the name of the parameter block file \
(acisf084245776N002_pbk0.fits):

I ëèøå òåïåð âèêîðèñòà¹ìî mkexpmap äëÿ ñòâîðåííÿ êàðòè åêñïîçèöi¨:
unix% get_sky_limits 1838_img_s3.fits verbose="1"
Running: get_sky_limits
version: 25 March 2011
Checking binning of image: 1838_img_s3.fits
Image has 1080 x 1080 pixels
Pixel size is 1 by 1
Lower left (0.5,0.5) corner is x,y= 3643.1, 3853.4
Upper right (1080.5,1080.5) corner is \
x,y= 4723.1, 4933.4
DM filter is:
x=3643.1:4723.1:#1080,y=3853.4:4933.4:#1080
mkexpmap xygrid value is:
3643.1:4723.1:#1080,3853.4:4933.4:#1080,

äàëi âêàæåìî íàñòóïíå:
unix% punlearn mkexpmap
unix% pset mkexpmap instmapfile=instmap_7.fits
unix% pset mkexpmap outfile=expmap_7.fits
unix% pset mkexpmap xygrid="3643.1:4723.1:\
#1080,3853.4:4933.4:#1080"
unix% pset mkexpmap asphistfile=asphist_7.fits
unix% pset mkexpmap useavgaspect=no
unix% pset mkexpmap normalize=no
unix% mkexpmap
Aspect Histogram File (asphist_7.fits):
Output File Name (expmap_7.fits):
Name of Instrument Map (instmap_7.fits):
grid specification syntax x0:x1:#nx,x0:x1:ny /
(3643.1:4723.1:#1080,3853.4:4933.4:#1080):
Use Average Aspect Pointing (no):
Exposure map limits: 0.000000e+00, 4.986713e+06
Writing exposure map to expmap_7.fits$

Êàðòó åêñïîçèöi¨ ìîæíà ïåðåãëÿíóòè â ds9 (Ðèñ. 4). Êîëið òî÷êè âiä-
ïîâiäà¹ ïîòîêó â ôîòîíàõ/ñì2/ñ/ïiêñåëü.
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Ðèñ. 4: Êàðòà åêñïîçèöi¨.

Çìiíà åêñïîçèöi¨ ïîáëèçó êðà¨â ìàòðèöi ìîæå óòâîðþâàòèñü çà
ðàõóíîê òàê çâàíèõ �ãàðÿ÷èõ� ïiêñåëiâ. Òîìó ïiñëÿ ñòâîðåííÿ êàðòè
åêñïîçèöi¨ ¨¨ ïîòðiáíî î÷èñòèòè âiä òàêèõ ïiêñåëiâ. Äëÿ öüîãî âèêî-
ðèñòîâóþòü êîìàíäó dmimgthrest:
unix% punlearn dmimgthresh

unix% pset dmimgthresh infile=1838_img_s3.fits
unix% pset dmimgthresh outfile=1838_img_s3_clean.fits
unix% pset dmimgthresh expfile=expmap_7.fits
unix% pset dmimgthresh cut=1.5%
unix% pset dmimgthresh value=0.0
unix% dmimgthresh
Input dataset/block specification (1838_img_s3.fits):
Output dataset/block specification (1838_img_s3_clean.fits):

Òóò âñòàíîâëåíî ïîðiã 1.5% âiä ìàêñèìàëüíîãî çíà÷åííÿ íà êàðòi
åêñïîçèöi¨. Âñi ïiêñåëi ç ìåíøèì çíà÷åííÿì íå áóäóòü âðàõîâóâàòèñü.
Äàíèé ïîðiã ìîæíà çìiíþâàòè â çàëåæíîñòi âiä ïîñòàâëåíî¨ çàäà÷i.
Äëÿ ñòâîðåííÿ çîáðàæåííÿ â îäèíèöÿõ ôîòîíè/ñì2/ñ/ïiêñåëü ïîòði-
áíî ðîçäiëèòè çîáðàæåííÿ íà êàðòó åêñïîçèöi¨. Öå ðîáèòüñÿ çà äîïî-
ìîãîþ êîìàíäè dmimgcalc:

unix% punlearn dmimgcalc
unix% pset dmimgcalc infile=1838_img_s3_clean.fits
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unix% pset dmimgcalc infile2=expmap_7.fits
unix% pset dmimgcalc outfile=1838_img_s3_norm.fits
unix% pset dmimgcalc operation=div
unix% dmimgcalc
Input file #1 (1838_img_s3.fits):
Input file #2 (expmap_7.fits):
output file (1838_img_s3_norm.fits):
arithmetic operation (div):
warning: CONTENT has 1 different values.
warning: DETNAM has different value...Merged...

Òåïåð ìîæíà ïîäèâèòèñü íà öåé ñàìèé îá'¹êò â îäèíèöÿõ ïîòîêó
(Ðèñ. 5) i ïîðiâíÿòè ç ïîïåðåäíiì.

Ðèñ. 5: Çîáðàæåííÿ ñêóï÷åííÿ ãàëàêòèê ïðè âðàõóâàííi êàðòè åêñïîçèöi¨.

1.3.4 Îòðèìàííÿ òà ìîäåëþâàííÿ ïðîôiëþ ïîâåðõíåâî¨ ÿñêðà-

âîñòi

Îäíèì iç îñíîâíèõ çàâäàíü ïðè àíàëiçi ïðîòÿæíèõ äæåðåë ¹ ðîç-
ðàõóíîê ðàäiàëüíîãî ïðîôiëþ ïîâåðõíåâî¨ ÿñêðàâîñòi. Äëÿ ñêóï÷åíü
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ãàëàêòèê äàíèé ïðîôiëü ¹ îñíîâíèì äëÿ îòðèìàííÿ òàêèõ õàðàêòå-
ðèñòèê, ÿê ãóñòèíà ãàçó òà ïîâíà ìàñà ñêóï÷åííÿ. Ó öüîìó ðîçäiëi
áóäå ïîêàçàíî, ÿê îá÷èñëèòè ïðîôiëü ïîâåðõíåâî¨ ÿñêðàâîñòi ç âèêî-
ðèñòàííÿì CIAO òà ïðè ðîçáèòòi çîáðàæåííÿ íà êîíöåíòðè÷íi êiëüöÿ.
Îòðèìàíèé ïðîôiëü ìîæå áóòè äàëi ïðîìîäåëüîâàíèé çà äîïîìîãîþ
ïðîãðàìíèõ ïàêåòiâ Sherpa òà Xspec äëÿ ñòàíäàðòíèõ ìîäåëåé, íà-
ïðèêëàä, β-ìîäåëëþ, ùî i áóäå ïðîäåìîíñòðîâàíî, àáî âëàñíîþ ïðî-
ãðàìîþ.

Ïîòiê ïîâåðõíåâî¨ ÿñêðàâîñòi ìîæíà âèçíà÷èòè øëÿõîì ïîäiëó
÷èñëà âiäëiêiâ ó âiäïîâiäíîìó ðåãiîíi íà ïëîùó äàíîãî ðåãiîíó. Äëÿ
äàíîãî çàâäàííÿ íàì ïîòðiáåí ôàéë iç ñóôiêñîì evt2, âèêîðèñòà¹-
ìî âæå çâè÷íå ñïîñòåðåæåííÿ 1838 äëÿ îá'¹êòà G21.5-0.9. Ñïî÷àòêó
ñòâîðèìî ñïèñîê ïîäié äëÿ äiàïàçîíó åíåðãié 0.5�8.0 êåÂ:

unix% dmcopy \
"acisf01838N002_evt2.fits[energy=300:8000]" \
acis_1838_evt2.fits

Äëÿ ïîáóäîâè ðàäiàëüíîãî ïðîôiëþ âèêîðèñòîâóþòü dmextract, àëå
ïåðåä öèì ïîòðiáíî ðîçáèòè çîáðàæåííÿ îá'¹êòà íà êîíöåíòðè÷íi
êiëüöÿ. Äëÿ öüîãî âèêîðèñòà¹ìî ïðîãðàìó ds9:

unix% ds9 acis_1838_evt2.fits &

Äàëi â ñåðåäîâèùi ds9 ïîòðiáíî ïåðåéòè äî Select region, ïîòiì äî
Shape i îáðàòè Annulus. Ïiñëÿ íàòèñíåííÿ ëiâîþ êíîïêîþ ìèøi íà
ñàìîìó ðèñóíêó ç'ÿâèòüñÿ êîíöåíòðè÷íå êiëüöå (annulus), íàòèñíóâ-
øè ïî ÿêîìó äâi÷i ëiâîþ êíîïêîþ ìèøi, áà÷èìî âiêíî äàíîãî ðåãiîíó
ç êîîðäèíàòàìè öåíòðà òà ðàäióñàìè âíóòðiøíüîãî òà çîâíiøíüîãî
êiëåöü. Â äàíîìó âiêíi ìà¹ìî çìîãó îáèðàòè âëàñíi êîîðäèíàòè. Â
íàøîìó âèïàäêó öå êîîðäèíàòè ìàêñèìóìó âèïðîìiíþâàííÿ. Ó ïðà-
âîìó âiêíi ìîæíà ñòâîðèòè áóäü-ÿêó êiëüêiñòü êiëåöü, ç ÿêèìè çàâ-
ãîäíî ðàäióñàìè. Ñàìå âiêíî ìà¹ âèãëÿä, ÿê ïîêàçàíî íà Ðèñ. 6.

Äëÿ íàøîãî âèïàäêó îáëàñòü çîáðàæåííÿ áóëî ðîçáèòî íà 38 êi-
ëåöü ç ôiçè÷íèìè êîîðäèíàòàìè x = 4072, y = 4246. Ïiñëÿ òîãî, ÿê âè
çãåíåðó¹òå ñâî¨ êiëüöÿ, âè ïîáà÷èòå ùîñü íà çðàçîê íàøîãî ïðèêëàäó,
çîáðàæåíîãî íà Ðèñ. 7

Ïiñëÿ öüîãî ïîòðiáíî çáåðåãòè öi êiëüöÿ â ðîáî÷ó ïàïêó. Äëÿ öüî-
ãî ïîòðiáíî íàòèñíóòè â ds9 ïî âêëàäöi Region i ïåðåéòè äî Save
regions, íàçâà çáåðåæåíîãî ðåãiîíó annuli.reg. Âàæëèâî òå, ùî ïi-
ñëÿ öüîãî ïîòðiáíî ïåðåçáåðåãòè äàíèé ôàéë ó ôîðìàòi CIAO, öå âè-
êîíó¹òüñÿ â òîìó æ ds9. Òàêîæ íàì ïîòðiáíî ñòâîðèòè ðåãiîí äëÿ
âðàõóâàííÿ ôîíó. Éîãî áóëî âèáðàíî òàê, ÿê ïîêàçàíî íà Ðèñ. 7. Äëÿ
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Ðèñ. 6: Çîáðàæåííÿ âiêíà ç õàðàêòåðèñòèêàìè ñòâîðåíèõ êîíöåíòðè÷íèõ
êiëåöü.

Ðèñ. 7: Çîáðàæåííÿ äæåðåëà ç êiëüöÿìè (ëiâîðó÷) òà ðåãiîí çîáðàæåííÿ
äëÿ âðàõóâàííÿ ôîíó (ïðàâîðó÷).

ïåðåãëÿäó äàíèõ .reg ôàéëiâ âèêîðèñòîâóþòü êîìàíäó more:
unix% more annuli.reg
# Region file format: CIAO version 1.0
annulus(4072,4246,10,15)
annulus(4072,4246,15,20)
annulus(4072,4246,20,25)
.
. (etc.)
.
annulus(4072,4246,190,195)
annulus(4072,4246,195,200)
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òàê ñàìî i äëÿ ôîíîâîãî:
unix% more annuli\_bgd.reg
# Region file format: CIAO version 1.0
annulus(4070,4250,200,225)

Êîðèñíèì ¹ âèäàëåííÿ òî÷êîâèõ äæåðåë, ùî ïîòðàïèëè â îáëàñòü
êiëåöü. Äëÿ íàøîãî âèïàäêó öå çîáðàæåíî íà Ðèñ. 8.

Ðèñ. 8: Ëiâîðó÷: Âèäiëåííÿ òî÷êîâîãî äæåðåëà. Ïðàâîðó÷: Çîáðàæåííÿ áåç
íüîãî.

Äàíèé ðåãiîí íà ïðàâié ïàíåëi Ðèñ. 8 áóâ çáåðåæåíèé ÿê cir.reg,
äëÿ éîãî âèäiëåííÿ âèêîðèñòîâó¹ìî êîìàíäè dmcopy òà exclude:

unix% dmcopy "acis\_1838\_evt2.fits
[exclude sky=region(cir.reg)]"
acis_1838_excl_evt2.fits

Ðåçóëüòàò ìîæíà ñïîñòåðiãàòè íà ëiâîìó çîáðàæåííi Ðèñ. 8. À äàëi
çàïóñêà¹ìî êîìàíäó dmextract äëÿ ñòâîðåííÿ ðàäiàëüíîãî ïðîôiëþ:

unix% punlearn dmextract
unix% pset dmextract infile="acis_1838_evt2.fits \
[bin sky=@annuli.reg]"
unix% pset dmextract outfile=1838_rprofile.fits
unix% pset dmextract bkg="acis_1838_evt2.fits \
[bin sky=@annuli_bgd.reg]"
unix% pset dmextract opt=generic
unix% dmextract
Input event file \
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(acis_1838_evt2.fits[bin sky=@annuli.reg]):
Enter output file name (1838_rprofile.fits):

Âìiñò ôàéëiâ ìîæíà ïåðåãëÿíóòè çà äîïîìîãîþ:
plist dmextract: unix% dmlist 1838_rprofile.fits cols
Columns for Table Block HISTOGRAM
Col Name Unit Type
20 NET_COUNTS count Real8
21 NET_ERR count Real8
22 NET_RATE count/s Real8
23 ERR_RATE count/s Real8
24 SUR_BRI count/pixel**2 Real8
25 SUR_BRI_ERR count/pixel**2 Real8

SUR_BRI âèçíà÷à¹òüñÿ ÿê NET_COUNTS/AREA (êîëîíêè 20 i 8, âiäïîâiä-
íî); SUR_BRI_ERR � öå NET_ERR/AREA (êîëîíêè 21 i 8). Âiäìiòèìî, ùî
îñêiëüêè ïîâåðõíåâà ÿñêðàâiñòü âèçíà÷à¹òüñÿ ç êîëîíêè NET_COUNTS,
òî êàóíòè ôîíó áóëè âèäàëåíi íàñòóïíèì ÷èíîì:

NET_COUNTS = COUNTS-[(BG_COUNTS/BG_AREA)*AREA].
Òîìó íåìà¹ íåîáõiäíîñòi âðàõîâóâàòè ôîí îêðåìî ïðè ìîäåëþâàííi
äàíèõ. Íàðåøòi íàì ïîòðiáíî äîäàòè ùå îäíó êîëîíêó, ùî âèçíà÷à¹
ñåðåäèíó êiëåöü (rmid):

unix% punlearn dmtcalc
unix% pset dmtcalc infile=1838_rprofile.fits
unix% pset dmtcalc outfile=1838_rprofile_rmid.fits
unix% pset dmtcalc expression="rmid=0.5*(R[0]+R[1])"
unix% dmtcalc
Input file (1838_rprofile.fits):
Output file (1838_rprofile_rmid.fits):
expression(s) to evaluate (rmid=0.5*(R[0]+R[1])):}

Äàëi ïåðåãëÿíåìî âìiñò äàíîãî ôàéëó
dmlist 1838_rprofile_rmid.fits'[cols R,RMID]' data
Data for Table Block HISTOGRAM}
ROW R[2] RMID
1 [10.0 15.0] 12.50
2 [15.0 20.0] 17.50
3 [20.0 25.0] 22.50
4 [25.0 30.0] 27.50
5 [30.0 35.0] 32.50
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Äàëi âèêîðèñòà¹ìî ïàêåòè ChIPS äëÿ âiäòâîðåííÿ íàøîãî ïðîôiëþ
òà Sherpa äëÿ ôiòóâàííÿ:

unix% chips
-----------------------------------------
Welcome to ChIPS: CXC's Plotting Package
-----------------------------------------
CIAO 4.3 ChIPS version 1 Thursday, December 2, 2010
chips> make_figure("1838_rprofile_rmid.fits
[cols rmid,sur_bri,sur_bri_err]")
chips> log_scale(XY_AXIS)
chips> quit

Ðèñ. 9: Ëiâîðó÷: Ïðîôiëü ïîâåðõíåâî¨ ÿñêðàâîñòi. Ïðàâîðó÷: Ìîäåëþâàííÿ
β-ìîäåëþ äàíîãî ïðîôiëÿ.

Äàëi çàïóñòèìî Sherpa äëÿ ôiòóâàííÿ ïðîôiëþ:
unix% sherpa
-----------------------------------------------------
Welcome to Sherpa: C
XC's Modeling and Fitting Package
-----------------------------------------------------
CIAO 4.3 Sherpa version 1 Thursday, December 2, 2010
sherpa> load_data(1, "1838_rprofile_rmid.fits
[cols rmid,sur_bri,sur_bri_err]")
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sherpa> set_source("beta1d.src")
sherpa> src.r0 = 105
sherpa> src.beta = 4
sherpa> src.ampl = 0.00993448
sherpa> freeze(src.xpos)
sherpa> fit()
Statistic value = 233.766 at function evaluation 88
Data points = 38
Degrees of freedom = 35
Probability [Q-value] = 3.08377e-31
Reduced statistic = 6.67902

src.r0 121.817
src.beta 3.94547
src.ampl 4.47076

sherpa> plot_fit()
sherpa> log_scale(XY_AXIS)
sherpa> limits(X_AXIS, 10, 200)
sherpa> limits(Y_AXIS, 0.0001, 10)
sherpa> quit

Äëÿ ôiòóâàííÿ ìè âèêîðèñòàëè β-ìîäåëü, ÿê îäíó ç íàéêðàùèõ äëÿ
îïèñó ïðîôiëåé ïîâåðõíåâî¨ ÿñêðàâîñòi [3]. Ðåçóëüòàò ìîäåëþâàííÿ
ïðîôiëþ ìîæíà áà÷èòè íà Ðèñ. 9.

1.3.5 Ñòâîðåííÿ çîáðàæåíü

Ñòâîðåííÿ çîáðàæåíü ¹ âàæëèâèì ïðè ïðåäñòàâëåíi ñâî¹¨ ðîáîòè
÷è íà êîíôåðåíöiÿõ, òà ïðè íàïèñàííi ñòàòòåé. Ñòâîðåííÿ ÿñêðàâèõ
ðèñóíêiâ ¹ îñòàííiì êðîêîì ïðè ðîáîòi ç ïðîòÿæíèìè äæåðåëàìè.
Òàêi çîáðàæåííÿ íiÿêî¨ íàóêîâî¨ iíôîðìàöi¨ íå íåñóòü, òîìó ¨õ íå
âàðòî iíòåðïðåòóâàòè ó ôiçè÷íîìó ðàêóðñi.

Îòîæ, íà ïî÷àòêîâîìó åòàïi ïðè ðîáîòi, íàïðèêëàä, ç ñêóï÷åííÿ-
ìè ãàëàêòèê, ïîòðiáíî ïîçáóòèñÿ òî÷êîâèõ äæåðåë. Ïðîðîáèìî öå çà
äîïîìîãîþ wavdetect òà exclude, ÿê áóëî îïèñàíî âèùå. Äëÿ îáðîá-
êè ïîòðiáåí ëèøå ãîëîâíèé ôàéë ç ñóôiêñîì evt2, äëÿ ïðèêëàäó áóëî
âçÿòî ãðóïó ãàëàêòèê NGC4038/39. Ñòâîðèìî çîáðàæåííÿ ç ïîòði-
áíèì íàì ðîçìiðàìè, íà ÿêîìó çîáðàæåíà íàøà ãðóïà ãàëàêòèê òà ¨¨
äèôóçíèé ãàç:

unix% punlearn dmcopy
unix% dmcopy "acisf00315N004_evt2.fits/
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[energy=300:7000]/
[bin x=4004.5:4404.5:1,y=3625.5:4025.5:1]"
diff_image.fits

Äàíèé íàáið êîìàíä ñòâîðþ¹ çîáðàæåííÿ ðîçìiðîì 400 íà 400 ïiêñå-
ëiâ. Äëÿ øâèäêî¨ îáðîáêè äàíèõ, ïðè ñòâîðåííi äèôóçíîãî çîáðàæå-
ííÿ, ðåêîìåíäó¹òüñÿ âèêîðèñòîâóâàòè ðîçìið çîáðàæåííÿ íå áiëüøå,
íiæ 500 íà 500 ïiêñåëiâ. Ñàìå ñòâîðåíå çîáðàæåííÿ ìîæíà ïîáà÷èòè
íà Ðèñ. 10.

Ðèñ. 10: Ëiâîðó÷: Çîáðàæåííÿ NGC 4038/39 ðîçìiðîì 400 íà 400 ïiêñåëiâ.
Ïðàâîðó÷: Âèäiëåííÿ òî÷êîâèõ îá'¹êòiâ íà ðèñóíêó.

Äëÿ ïîøóêó òà âèäàëåííÿ òî÷êîâèõ äæåðåë çàïóñêà¹ìî íàñòó-
ïíèé áëîê êîìàíä:

unix% punlearn wavdetect
unix% pset wavdetect infile=diff_image.fits
unix% pset wavdetect outfile=sources.fits
unix% pset wavdetect scellfile=sources_scell.fits
unix% pset wavdetect imagefile=sources_image.fits
unix% pset wavdetect defnbkgfile=sources_bkg.fits
unix% pset wavdetect regfile=sources.reg
unix% pset wavdetect scales="1 2 4"
uni\% pset wavdetect ellsigma=4
unix% wavdetect
Input file name (diff_image.fits):
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Output source list file name \
(sources.fits):
Output source cell image file name \
(sources_scell.fits):
Output reconstructed image file name \
(sources_image.fits):
Output normalized background file name \
(sources_bkg.fits):

Äàíèé íàáið êîìàíä ñòâîðèòü ôàéë sources.fits, â ÿêèé çãåíåðó¹,
òîáòî âèäiëèòü, óñi òî÷êîâi äæåðåëà. Äàëi ïîòðiáíî ïðîñòî âiäêðèòè
äàíå çîáðàæåííÿ ó ds9 i çáåðåãòè âèäiëåíi îáëàñòi ó ôàéë ç ðîçøèðåí-
íÿì .reg. Äëÿ âèäàëåííÿ ¨õ ïîòðiáíî âèêîðèñòàòè êîìàíäó exclude,
òàê, ÿê áóëî ïîêàçàíî ó ïîïåðåäíüîìó ðîçäiëi. Â ðåçóëüòàòi îòðè-
ìà¹ìî çîáðàæåííÿ, ÿêå ìîæíà áà÷èòè íà ëiâié ïàíåëi Ðèñ. 11. Äëÿ
ñòâîðåííÿ �êðàñèâîãî� çîáðàæåííÿ äàíèé ðèñóíîê ïîòðiáíî çãëàäèòü.
Ðîáëÿòü öå çà äîïîìîãîþ êîìàíäè aconvolve:

unix% punlearn aconvolve
unix% pset aconvolve infile=diff_image.fits
unix% pset aconvolve outfile=smoothed_fill.fits
unix% pset aconvolve
kernelspec="lib:gaus(2,5,1,10,10)"
unix% pset aconvolve method=fft
unix% aconvolve
Input file name (diff_image.fits):
Kernel specification (lib:gaus(2,5,1,10,10)):
Output file name (smoothed_fill.fits):

1.4 Ðîáîòà çi ñïåêòðàìè

Âèêîðèñòîâóþ÷è ðiçíi êîìáiíàöi¨ êîìàíä ó ïðîãðàìíîìó çàáåçïå-
÷åííi CIAO, ìè ìà¹ìî çìîãó ñòâîðèòè ñïåêòðè äëÿ ôîíó òà ñàìîãî
äæåðåëà. Êîìàíäà specextract äîçâîëÿ¹ àâòîìàòèçóâàòè óñi êðîêè
ðàçîì äëÿ øâèäêîãî ñòâîðåííÿ ñïåêòðiâ ÿê äëÿ ïðîòÿæíèõ, òàê i
äëÿ òî÷êîâèõ îá'¹êòiâ. Äëÿ öüîãî íàì ïîòðiáíî ìàòè ôàéëè ç ñó-
ôiêñàìè evt2, asol1, bpix1, pbk0 òà msk1 â ðîáî÷ié äèðåêòîði¨.
Ïðèêëàä ïðåäñòàâëåíèé äëÿ ARP220 (ACIS-S, ObsID 869). Êîìàí-
äà specextract ìà¹ äóæå ïðîñòèé ñèíòàêñèñ:
Äëÿ CIAO 4.2
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Ðèñ. 11: Çîáðàæåííÿ ãðóïè ãàëàêòèê NGC 4038/39 áåç òî÷êîâèõ äæåðåë
(ëiâîðó÷) òà ç âèçíà÷åíèìè òî÷êîâèìè îá'¹êòàìè (ïðàâîðó÷).

specextract infile="evt2.fits[sky=region(src.reg)]" /
bkgfile="evt2.fits[sky=region(bkg.reg)]"
outroot=extended pbkfile=pbk0.fits grouptype=NUM_CTS
binspec=15

àáî äëÿ CIAO 4.3:
specextract infile="evt2.fits[sky=region(src.reg)]" /
bkgfile="evt2.fits[sky=region(bkg.reg)]" bkgresp=yes
outroot=extended pbkfile=pbk0.fits
asp=pcad_asol1.fits
mskfile=msk1.fits
grouptype=NUM_CTS binspec=15}

Ñïî÷àòêó ïåðåâiðèìî ñâié aspect solution ôàéë:
unix% cat pcad_asol1.lis
pcadf078246822N003_asol1.fits
unix% punlearn specextrac
unix% pset specextract infile=\
"acisf00869N003_evt2.fits/
[sky=region(simple.reg)]"
unix% pset specextract outroot=simple
unix% pset specextract bkgfile=\
"acisf00869N003_evt2.fits/
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[sky=region(simple_bkg.reg)]"
unix% pset specextract asp=@pcad_asol1.lis$
unix% pset specextract pbkfile=\
acisf078247287N003_pbk0.fits
unix% pset specextract mskfile=\
acisf00869_000N003_msk1.fits
unix% pset specextract badpixfile=\
acisf00869_000N003_bpix1.fits
unix% pset specextract weight=yes correct=no
unix% pset specextract grouptype=NUM_CTS binspec=15

Ïiñëÿ öüîãî ïîòðiáíî ëèøå çàïóñòèòè íàñòóïíèé ñêðèïò ç ïàðàìå-
òðîì verbose=2 äëÿ ÿâíîãî ïåðåãëÿäó, â ðåçóëüòàòi îòðèìà¹ìî:

unix% specextract verbose=2
Source event file(s) \
(acisf00869N003_evt2.fits\
[sky=region(simple.reg)]):
Output directory path + root name for \
output files (simple):
Should response files be weighted? (yes):
Apply point source aperture \
correction to ARF? (no):
Combine ungrouped output spectra \
and responses? (no):
Background event file(s) \
(acisf00869N003_evt2.fits\
[sky=region(bg_simple.reg)]):
Create background ARF and RMF? (yes):
Source aspect solution or histogram file(s) \
(@pcad_asol1.lis):
pbkfile input to mkwarf \
(acisf078247287N003_pbk0.fits):
mskfile input to mkwarf \
(acisf00869_000N003_msk1.fits):
Running: specextract
Version: 6 October 2011
Checking source input files for readability...
Checking background input files for readability...
Extracting src spectra for item \
1 of 1 in input list

34



Running tool dmextract using:
>>> dmextract "acisf00869N003_evt2.fits\
[sky=region(simple.reg)]
[bin PI]" simple.pi wmap=\
"[energy=300:2000][bin det=8]"
verbose=2
Creating src ARF for item 1 of 1 in input list
Running tool sky2tdet using:
>>> sky2tdet "acisf00869N003_evt2.fits[sky=\
region(simple.reg)]
[energy+ 300:2000][bin sky=1]" simple.asphist
"simple_tdet.fits[wmap]" clobber=yes
Running: remove_extra_time_keywords
version: 21 Apr 2011

infile=simple_21Apr_tdet.fits[wmap]
no keywords were deleted from \
simple_21Apr_tdet.fits[wmap]

Running tool mkwarf using:
>>> mkwarf "simple_tdet.fits[wmap]" \
simple.warf simple.wfef
spectrumfile= egridspec=0.3:11.0:0.01
pbkfile=acisf078247287N003_pbk0.fits
mskfile=acisf00869_000N003_msk1.fits verbose=2
Creating src RMF for item 1 of 1 in input list
Searching for P2_RESP calibration file...
Running tool calquiz using:
>>> calquiz "simple.pi[WMAP]" telescope= instrument= \
product=SC_MATRIX
calfile=CALDB outfile=y echo=yes
Using mkacisrmf...
Running tool mkacisrmf using:
>>> mkacisrmf CALDB simple.wrmf "simple.pi[WMAP]" \
0.3:11.0:0.01 1:1024:1 PI 0 INDEF INDEF \
CALDB verbose=2
Grouping src spectrum for item 1 of 1 in input list
Running tool dmgroup using:
>>> dmgroup "simple.pi[SPECTRUM]" \
simple_grp.pi NUM_CTS 15.0 \
binspec= xcolumn=channel ycolumn=counts verbose=2
Updating header of simple.pi with RESPFILE and \
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ANCRFILE keywords.
Running tool dmhedit using:
>>> dmhedit simple.pi none add RESPFILE \
simple.wrmf verbose=2
Running tool dmhedit using:
>>> dmhedit simple.pi none add ANCRFILE \
simple.warf verbose=2
Updating header of simple_grp.pi with RESPFILE and
ANCRFILE keywords.
Running tool dmhedit using:
>>> dmhedit simple_grp.pi none add RESPFILE \
simple.wrmf verbose=2
Running tool dmhedit using:
>>> dmhedit simple_grp.pi none add ANCRFILE \
simple.warf verbose=2
Extracting bkg spectra for item 1 of 1 in input list
Running tool dmextract using:
>>> dmextract "acisf00869N003_evt2.fits\
[sky=region(bg_simple.reg)]
[bin PI]" simple_bkg.pi wmap="[energy=300:2000]\
[bin det=8]"
verbose=2
Creating bkg ARF for item 1 of 1 in input list
Running tool sky2tdet using:
>>> sky2tdet
"acisf00869N003_evt2.fits[sky=region\
(bg_simple.reg)][energy+
300:2000][bin sky=1]" simple.asphist \
"simple_bkg_tdet.fits[wmap]"
clobber=yes
Running: remove_extra_time_keywords
version: 21 Apr 2011
infile=simple_21Apr_bkg_tdet.fits[wmap]
no keywords were deleted from \
simple_21Apr_bkg_tdet.fits[wmap]
Running tool mkwarf using:
>>> mkwarf "simple_bkg_tdet.fits[wmap]" \
simple_bkg.warf
simple_bkg.wfef spectrumfile= egridspec=\
0.3:11.0:0.01 \
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pbkfile=acisf078247287N003_pbk0.fits
mskfile=acisf00869_000N003_msk1.fits verbose=2
Creating bkg RMF for item 1 of 1 in input list
Searching for P2_RESP calibration file...
Running tool calquiz using:
>>> calquiz "simple_bkg.pi[WMAP]" telescope= \
instrument= product=SC_MATRIX \
calfile=CALDB outfile=y echo=yes
Using mkacisrmf...
Running tool mkacisrmf using:
>>> mkacisrmf CALDB simple_bkg.wrmf \
"simple_bkg.pi[WMAP]" 0.3:11.0:0.01 1:1024:1 \
PI 0 INDEF INDEF CALDB verbose=2
Updating header of simple_bkg.pi with RESPFILE and \
ANCRFILE keywords.
Running tool dmhedit using:
>>> dmhedit simple_bkg.pi none add RESPFILE \
simple_bkg.wrmf verbose=2
Running tool dmhedit using:
>>> dmhedit simple_bkg.pi none add ANCRFILE \
simple_bkg.warf verbose=2
Updating header of simple.pi with BACKFILE keyword.
Running tool dmhedit using:
>>> dmhedit simple.pi none add BACKFILE \
simple_bkg.pi verbose=2
Updating header of simple_grp.pi with \
BACKFILE keyword.
Running tool dmhedit using:
>>> dmhedit simple_grp.pi none add \
BACKFILE simple_bkg.pi verbose=2

Â ðåçóëüòàòi ìè îòðèìà¹ìî íàáið ôàéëiâ, âèêîðèñòîâóþ÷è ÿêi, ìè
ìîæåìî ñòâîðèòè ñïåêòð íàøîãî äæåðåëà. Âiçóàëiçàöiÿ òà ïîäàëüøà
îáðîáêà ïðîâîäÿòüñÿ çà äîïîìîãîþ ïàêåòiâ Sherpa àáî Xspec [2].

Source:
simple.pi ungrouped spectrum
simple_tdet.fits WMAP from sky2tdet
simple.warf weighted ARF
simple.wfef FEF weight file
simple.wrmf weighted RMF
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simple_grp.pi grouped spectrum
Background:
simple_bkg.pi ungrouped spectrum
simple_bkg_tdet.fits WMAP from sky2tdet
simple_bkg.warf weighted ARF
simple_bkg.wfef FEF weight file
simple_bkg.wrmf weighted RMF

1.5 Êîìàíäè i äîäàòêîâi ïîñèëàííÿ

Íèæ÷å íàâåäåíî ñïèñîê êîìàíä, ùî íàé÷àñòiøå âèêîðèñòîâóþ-
òüñÿ ïðè îáðîáöi äàíèõ.

Íàçâà Ïîÿñíåííÿ
aconvolve Âèêîðèñòîâó¹òüñÿ äëÿ ñòâîðåííÿ

çãëàäæåíèõ çîáðàæåíü.
csmooth Âèêîðèñòîâó¹òüñÿ äëÿ ñòâîðåííÿ

çîáðàæåíü òà çãëàäæåííÿ.
dmcopy Âèêîðèñòîâó¹òüñÿ äëÿ ôiëüòðóâàííÿ,

ïåðåéìåíóâàííÿ òà ðåäàãóâàííÿ
ñïèñêó ïîäié òà ñàìèõ çîáðàæåíü.

dmextract Âèêîðèñòîâó¹òüñÿ äëÿ ñòâîðåííÿ
ñïåêòðiâ òà êðèâèõ áëèñêó.

mkexpmap Âèêîðèñòîâó¹òüñÿ äëÿ ñòâîðåííÿ
êàðòè åêñïîçèöi¨.

specextract Âèêîðèñòîâó¹òüñÿ äëÿ ïðîòÿæíèõ
îá'¹êòiâ ïðè ãåíåðàöi¨ arf
òà rmf ôàéëiâ.

wavdetect Âèêîðèñòîâó¹òüñÿ äëÿ âèÿâëåííÿ
òî÷êîâèõ äæåðåë íà ìàòðèöi
äëÿ ïîäàëüøîãî ¨õ óñóíåííÿ.

Äîäàòêîâó iíôîðìàöiþ ç óñòàíîâêè ïðîãðàìíîãî çàáåçïå÷åííÿ,
îáðîáêè äàíèõ òà àíàëiçó îòðèìàíèõ ðåçóëüòàòiâ ìîæíà çíàéòè âåá-
ñòîðiíêàõ òåëåñêîïó �×àíäðà� [9, 10, 11].
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1.6 Êîìàíäíi ôàéëè

Ïåðøèé êîìàíäíèé ôàéë (ñêðèïò) âèêîðèñòîâó¹òüñÿ äëÿ îòðèìà-
ííÿ äèôóçíîãî çîáðàæåííÿ.

#!/bin/csh
csh
source /virgo/scripts/login_ciao.csh
echo "Create of DIFFUSE EMISSION IMAGE"
echo "Input files:evt2.fits, coordinates
[bin x=..:..:1,y=..:..:1] "
echo "Create an image of the region (dmcopy)"
punlearn dmcopy
dmcopy "acis_evt2.fits[energy=500:7000]
[bin x=..:..:1,y=..:..:1]"
diff_image.fits
echo "Detect the point sources (wavdetect)"
punlearn wavdetect
pset wavdetect infile=diff_image.fits
pset wavdetect outfile=point_sources.fits
pset wavdetect scellfile=point_sources_scell.fits
pset wavdetect imagefile=point_sources_image.fits
pset wavdetect defnbkgfile=point_sources_bkg.fits
pset wavdetect regfile=point_sources.reg
pset wavdetect scales="1 2 4"
pset wavdetect ellsigma=4
wavdetect
echo "Remove the point sources from matrix"
punlearn dmcopy
dmcopy "acis_evt2.fits \
[exclude sky=@point_sources.reg]"
acis_excl_evt2.fits
echo "Remove the point sources diffuse image"
punlearn dmcopy
dmcopy "diff_image.fits\
[exclude sky=@point_sources.reg]"
diff_image_excl.fits
echo "Smooth the diffuse image.."
punlearn aconvolve
pset aconvolve infile=diff_image_excl.fits
pset aconvolve outfile=smoothed_diff_excl_image.fits
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pset aconvolve kernelspec="lib:gaus(2,5,1,10,10)"
pset aconvolve method=fft
aconvolve
echo "DONE."

Ïðè ðîáîòi iç çîáðàæåííÿìè ÷àñòî ¹ êîðèñíèì íàêëàäàííÿ òîãî æ
çîáðàæåííÿ îäíå íà îäíå ïðè ðiçíèõ åíåðãiÿõ ôîòîíiâ. Íàñòóïíèé
êîìàíäíèé ôàéë ðîçáèâà¹ çîáðàæåííÿ íà òðè ç ðiçíèìè åíåðãiÿìè
ôîòîíiâ i íàêëàäà¹ îäèí íà äðóãèé, ùî äîïîìàãà¹ ïîêðàùèòè âèÿâ-
ëåííÿ ïåâíèõ ñòðóêòóð â ñêëàäi îá'¹êòà.

#!/bin/csh
csh
source /virgo/scripts/login_ciao.csh
echo "This script build true_colour \
image of cluster
in three range of energy"
echo "input acisf_evt2.fits, and \
coordinates of image
[bin x=..:..,y=..:..]"
echo "START BUILD THE IMAGE (RESIDUALS IMAGE) \
OF CLUSTER"
echo "Create the soft image"
punlearn dmcopy
pset dmcopy infile=\
"acisf_evt2.fits[energy=500:1500]
[bin x=..:..,y=..:..]"
pset dmcopy outfile=soft_image.fits
dmcopy
echo "Create the medium image"
punlearn dmcopy
pset dmcopy infile=\
"acisf_evt2.fits[energy=1500:2500]
[bin x=..:..,y=..:..]"
pset dmcopy outfile=medium_image.fits
dmcopy
echo "Create the hard image"
punlearn dmcopy
pset dmcopy infile=\
"acisf_evt2.fits[energy=2500:7000]
[bin x=..:..,y=..:..]"
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pset dmcopy outfile=hard_image.fits
dmcopy
echo "Build true colour image"
punlearn dmimg2jpg
pset dmimg2jpg infile=soft_image.fits
pset dmimg2jpg greenfile=medium_image.fits
pset dmimg2jpg bluefile=hard_image.fits
pset dmimg2jpg outfile=truecolour.jpg
pset dmimg2jpg maxred=1 maxblue=1 maxgreen=1
pset dmimg2jpg showgrid=yes
pset dmimg2jpg gridsize=60
pset dmimg2jpg fontsize=1
dmimg2jpg
echo "_-----------DONE-------------_"

Íàñòóïíèé êîìàíäíèé ôàéë áóäó¹ ñïåêòð äæåðåëà.
#!/bin/csh
csh
source /virgo/scripts/login_ciao.csh
echo "Building the source and background
spectrums for the cluster"
echo "infile acis_evt2.fits, \
sources.reg, sources_bkg.reg, "
echo ``_asol1.fits, _msk1.fits, _bpix1.fits''
punlearn specextract
pset specextract infile=
"acis_evt2.fits[sky=region(sources.reg)]"
pset specextract outroot=source
pset specextract bkgfile=
"acis_evt2.fits[sky=region(source_bkg.reg)]"
pset specextract asp=@pcad_asol1.fits
pset specextract pbkfile=acis_pbk.fits
pset specextract mskfile=acis_msk1.fits
pset specextract badpixfile=acis_bpix1.fits
pset specextract weight=yes correct=no
pset specextract grouptype=NUM_CTS binspec=50
specextract verbose=2
### The output files are the next:
### Source:
### source.pi -> ungrouped spectrum
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### source_tdet.fits -> WMAP from sky2tdet
### source.warf -> weighted ARF
### source.wrmf -> weighted RMF
### source.wfef -> FEF weight file
### source_grp.pi -> grouped spectrum
### Background:
### source_bkg.pi -> ungrouped spectrum
### source_bkg_tdet.fits -> WMAP from sky2tdet
### source_bkg.warf -> weighted ARF
### source_bkg.wrmf -> weighted RMF
### source_bkg.wfef -> FEF weight file
### source_bkg_grp.pi -> grouped spectrum
echo "Group all files...."
grppha clobber=yes source.pi source.grp comm='chkey
RESPFILE source.wrmf & chkey ANCRFILE source.warf &
chkey BACKFILE source_bkg.pi & group min 50 & exit'
xspec
echo "DONE."

Äàëi â ñåðåäîâèùi Xspec ìîæíà ïðîàíàëiçóâàòè äàíèé ñïåêòð.
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2 Îáðîáêà ñïîñòåðåæåíü ñóïóòíèêà Fermi/LAT

2.1 Çàãàëüíi âiäîìîñòi ïðî òåëåñêîï Fermi/LAT

Êîñìi÷íèé òåëåñêîï Ôåðìi áóëî çàïóùåíî 11-ãî ÷åðâíÿ 2008-ãî ðî-
êó. Ñïî÷àòêó âií íàçèâàâñÿ GLAST (The Gamma ray Large Area Space
Telescope), àëå ïiçíiøå áóâ ïåðåéìåíîâàíèé ó Ôåðìi. Äâà îñíîâíèõ
iíñòðóìåíòè íà éîãî áîðòó � LAT (Large Area Telescope) òà GBM
(GLAST Burst Monitor). LAT âèêîðèñòîâó¹òüñÿ äëÿ çâè÷àéíèõ ñïî-
ñòåðåæåíü äæåðåë, â òîé ÷àñ ÿê GBM � â îñíîâíîìó äëÿ ñïîñòåðå-
æåíü ãàììà-ñïàëàõiâ.

Îòæå, LAT ñïîñòåðiãà¹ íåáî â äiàïàçîíi åíåðãié âiä 30ÌåÂ äî
∼1ÒåÂ, õî÷à �íîðìàëüíèì� äëÿ íüîãî ââàæà¹òüñÿ äiàïàçîí 100ÌåÂ �
300ÃåÂ. Íèæ÷å 100ÌåÂ çðîñòàþ÷èé ôîí ñèëüíî óñêëàäíþ¹ îáðîáêó
äàíèõ, à âèùå 300ÃåÂ ìîæëèâi ïðîáëåìè iç êàëiáðóâàííÿì iíñòðó-
ìåíòà. Ôåðìi áóâ ñïåöiàëüíî çàïóùåíèé òàêèì ÷èíîì, ùîá ïîñòié-
íî ñêàíóâàòè âñå íåáî: ïîâíèé îáåðò íàâêîëî ñâî¹¨ îñi âií ðîáèòü
çà ∼1.6 ãîäèíè, à îãëÿä âñüîãî íåáà � çà äâà îáåðòè, òîáòî 3.2 ãî-
äèíè. Òåëåñêîï iíêîëè ïåðåñòà¹ îáåðòàòèñÿ i íàâîäèòüñÿ òiëüêè íà
îäèí îá'¹êò, àëå òàêå òðàïëÿ¹òüñÿ ëèøå â îêðåìèõ âèïàäêàõ. Òàêèì
âèïàäêîì ìîæå áóòè ðàïòîâèé ñïàëàõ àáî ðiçêà çìiíà ïîâåäiíêè ÿêî-
ãîñü iç îá'¹êòiâ, ùî ÿâëÿ¹ îñîáëèâèé iíòåðåñ äëÿ íàóêîâöiâ (òàê çâàíi
Targets of Opportunity, àáî ToO). Ïðèêëàäîì òàêîãî ÿâèùà ¹ ñïàëàõ
�ñòàíäàðòíî¨ ñâi÷êè� � ïóëüñàðó ó Êðàáîâèäíié òóìàííîñòi ó âåðåñíi
2010-ãî ðîêó. Òàêîæ ìîæëèâèì ¹ àâòîìàòè÷íå íàâåäåííÿ òåëåñêîïó
íà ãàììà-ñïàëàõè, çàðå¹ñòðîâàíi iíñòðóìåíòàìè LAT òà GBM..

ßê âiäîìî, áóäü-ÿêèé òåëåñêîï áóäó¹ çîáðàæåííÿ òî÷êîâîãî äæå-
ðåëà íå ó âèãëÿäi òî÷êè, à òðîõè éîãî ðîçìàçó¹. Ïðîôiëü öüîãî �ðîç-
ìèòòÿ� íîñèòü íàçâó PSF (âiä àíãëiéñüêîãî Point-Spread Function),
i éîãî øèðèíà âèçíà÷à¹ ðîçäiëüíó çäàòíiñòü òåëåñêîïó. Ó âèïàäêó
Fermi/LAT PSF äóæå ñèëüíî çàëåæèòü âiä åíåðãi¨:

θPSF = 2(E/1ÃåÂ)−0.8 ãðàäóñiâ (95% äîâið÷èé iíòåðâàë),

òàêèì ÷èíîì, ÿêùî íà 100ÌåÂ-àõ âií ñêëàäà¹ 10 ãðàäóñiâ, òî íà
100ÃåÂ-àõ � âñüîãî ëèø 0.2 ãðàäóñè.

Öi îñîáëèâîñòi ñóïóòíèêà ñëiä âðàõîâóâàòè ïðè àíàëiçi îòðèìàíèõ
ç íüîãî äàíèõ.
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2.2 Çàâàíòàæåííÿ äàíèõ

Äàíi Fermi/LAT ìîæíà çàâàíòàæèòè ç îôiöiéíîãî âåá-ñàéòó òå-
ëåñêîïó [12]. Äàíà ñòîðiíêà äëÿ çàâàíòàæåííÿ äîñòàòíüî ïðîñòà ó
êîðèñòóâàííi.

Äëÿ àíàëiçó íåîáõiäíî çàâàíòàæèòè ôàéë iç çàðå¹ñòðîâàíèìè ôî-
òîíàìè (photon file), òà ôàéë, ùî âêëþ÷à¹ iñòîðiþ ïîëîæåííÿ òà
îði¹íòàöi¨ ñóïóòíèêà â ïðîñòîði (spacecraft file). Ñëiä ìàòè íà
óâàçi, ùî ÿêùî âìiñò ôîòîííîãî ôàéëó çàëåæèòü âiä äiëÿíêè íå-
áà, ÿêó âè îáðàëè, òî ôàéë ñóïóòíèêà çàëåæèòü ëèøå âiä ÷àñó, òîáòî
ÿêùî ïîòðiáíî ïðîàíàëiçóâàòè ñïîñòåðåæåííÿ äâîõ îá'¹êòiâ çà îäèí
i òîé æå ïðîìiæîê ÷àñó, òî ôàéë iñòîði¨ ñóïóòíèêà äîñòàòíüî çàâàí-
òàæèòè ëèøå îäèí ðàç.

Äëÿ ïðèêëàäó, ìîæíà çàâàíòàæèòè äàíi äëÿ âiäîìîãî ïóëüñàðó
ó Êðàáîâèäíié òóìàííîñòi, íàïðèêëàä, ç 1-ãî ñåðïíÿ ïî 24-òå âåðå-
ñíÿ 2010-ãî ðîêó. Äëÿ öüîãî â ïîëi Object name or coordinates ïè-
øåìî Crab, à â Observation dates ñòàâèìî 2010-08-01 00:00:00,
2010-09-24 00:00:00. Çàâàíòàæèìî äàíi äëÿ iíòåðâàëó åíåðãié 1-
300ÃåÂ, äëÿ ÷îãî â ïîëi Energy range (MeV) ïèøåìî 1000,300000.
Òàêîæ îáèðà¹ìî çâè÷àéíèé òèï äàíèõ (LAT data type: photon) òà
ñòàâèìî ãàëî÷êó íàâïðîòè Spacecraft data, ùîá çàâàíòàæèòè iñòî-
ðiþ ïîçèöiþâàííÿ ñóïóòíèêà.

Äàëi òèñíåìî Start search. Íà íàñòóïíié ñòîðiíöi ñåðâåð ïîâiäî-
ìèòü íàì, ùî çàïèò óñïiøíî ïðèéíÿòèé, äîäàñòü êîðîòêó iíôîðìàöiþ
ùîäî íüîãî òà çàïðîïîíó¹ ïîñèëàííÿ, çà ÿêèì ìîæíà áóäå çàâàíòà-
æèòè äàíi. Öþ êîðîòêó iíôîðìàöiþ âàðòî çáåðåãòè êóäèñü, òàê ÿê
âîíà ìîæå ïiçíiøå çíàäîáèòèñÿ � ÿê ìiíiìóì, ùîá íàãàäàòè, ùî ñàìå
ìè çàâàíòàæèëè. Íàïðèêëàä, ìîæíà çáåðåãòè ¨¨ ó ôàéë Query.txt,
ÿêèé ìàòèìå íàñòóïíèé âèãëÿä:
Equatorial coordinates (degrees) (83.6331,22.0145)
Time range (MET) (302313600,306979200)
Time range (Gregorian) (2010-08-01 00:00:00,2010-09-24

00:00:00)
Energy range (MeV) (1000,300000)
Search radius (degrees) 15

Òåïåð ìîæíà ïåðåéòè ïî çàïðîïîíîâàíîìó ïîñèëàííþ, çà÷åêàòè,
ïîêè ñåðâåð çàêií÷èòü ôîðìóâàííÿ çàìîâëåíèõ íàìè ôàéëiâ òà çà-
âàíòàæèòè îñòàííi.
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2.3 Çàñòîñóâàííÿ ôiëüòðiâ

Ñåðâåð Fermi íàçèâà¹ ôàéëè çðó÷íèìè äëÿ êîìï'þòåðà, àëå íå
äëÿ êîðèñòóâà÷à, iìåíàìè íà êøàëò

L100924055816E0D2F37E91_PH00.fits.
Êðàùå çìiíèòè ¨õ íà ùîñü ïðîñòiøå, íàïðèêëàä, ph.fits òà sc.fits
äëÿ ôîòîííèõ ôàéëiâ òà ôàéëiâ iñòîði¨ ïîçèöiþâàííÿ, âiäïîâiäíî.
Âàðòî çàóâàæèòè, ùî ÿêùî äàíèõ áàãàòî, ñåðâåð Fermi ëþáèòü ðîç-
áèâàòè ¨õ íà îêðåìi íåâåëèêi (ïiñëÿ ïåðåéìåíóâàííÿ íåõàé âîíè íàçè-
âàþòüñÿ ph0.fits, ph1.fits, ph2.fits i ò.ä.). Öå ìîæå áóòè çðó÷íî
äëÿ çàâàíòàæåííÿ äàíèõ, àëå äîäà¹ áàãàòî äèñêîìôîðòó ïðè îáðîáöi,
òîìó ðàäèìî ñêëåþâàòè ¨õ â îäèí ôàéë ph.fits, íàïðèêëàä, íàñòó-
ïíèì ÷èíîì:

mv *PH00* ph0.fits
mv *PH01* ph1.fits
mv *PH02* ph2.fits
mv *SC* sc.fits

echo -n "Processing EVENTS extension... "
ftmerge 'ph0.fits[events],\
ph1.fits[events],ph2.fits[events]' \
events.fits clobber=yes lastkey="TStop"
fdelhdu events.fits[2] confirm=no proceed=yes
echo "Done!"
echo -n "Processing GTI extension... "
ftmerge 'ph0.fits[gti],ph1.fits[gti],\
ph2.fits[gti]' gti.fits \
clobber=yes

fdelhdu gti.fits[1] confirm=no proceed=yes
echo "Done!"
echo "Combining files..."
fappend gti.fits[gti] events.fits
echo "Removing temporary files..."
mv -f events.fits ph.fits
rm -f gti.fits
echo "Done!"

Âè ìîæåòå çàïèñàòè öi êîìàíäè ó äåÿêèé ñêðèïò (êîìàíäíèé ôàéë)
òà çàïóñêàòè éîãî ïðè ïîòðåái.

Òåïåð ìîæíà, âëàñíå, i âiäôiëüòðóâàòè îòðèìàíi äàíi. Íàâiùî öå
íåîáõiäíî? Â ïåðøå ÷åðãó, öå ïîòðiáíî çðîáèòè òîìó, ùî íå âñi ïî-
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äi¨, ùî ¨õ ðå¹ñòðó¹ ñóïóòíèê, íàñïðàâäi ¹ ôîòîíàìè � ¹ ùå êîñìi÷íi
ïðîìåíi òà iíøå (ìîæëèâå) �ñìiòòÿ�, ÿêå òàêîæ ïîòðàïëÿ¹ íà äåòå-
êòîð. Fermi ñàì âèçíà÷à¹, ÿêi ïîäi¨ ÷îìó âiäïîâiäàþòü, àëå îñêiëüêè
âií íå çíà¹, ùî ñàìå íàì çíàäîáèòüñÿ, òî ó ôîòîííèé ôàéë ïîòðà-
ïëÿ¹ âñå. Âçàãàëi, ðåêîìåíäàöi¨ ùîäî ôiëüòðiâ ìîæíà çíàéòè íà ñàéòi
Fermi/LAT [13]. Çâè÷àéíèì ôîòîíàì âiäïîâiäà¹ êëàñ 2, ñàìå éîãî ìè
i âiäôiëüòðó¹ìî.

gtselect evclass=2
Input FT1 file[] ph.fits
Output FT1 file[] ph_f.fits
RA for new search center (degrees) (0:360) \
[] 83.6331
Dec for new search center (degrees) (-90:90) \
[] 22.0145
radius of new search region (degrees) (0:180) \
[] 10
start time (MET in s) (0:) [] 302313600
end time (MET in s) (0:) [] 306979200
lower energy limit (MeV) (0:) [] 1000
upper energy limit (MeV) (0:) [] 300000
maximum zenith angle value (degrees) (0:180) \
[] 105

Done.

Çíà÷åííÿ êîîðäèíàò, ïî÷àòêîâîãî òà êiíöåâîãî ìîìåíòiâ ÷àñó, âiä-
ïîâiäàþòü íàøîìó çàïèòó (îò íàâiùî áóâ ïîòðiáåí Query.txt).

Òåïåð ïîòðiáíî âðàõóâàòè, ùî ñóïóòíèê ìiã ïðàöþâàòè íå âåñü
÷àñ. Ìîæëèâi ïåðåáî¨ â øòàòíié ðîáîòi iíñòðóìåíòà âðàõîâóþòüñÿ
øëÿõîì âèêîðèñòàííÿ GTI (Good Time Interval). Ùîá äîïèñàòè GTI
äî íàøèõ äàíèõ, ïîòðiáíî âèêîðèñòàòè êîìàíäó gtmktime:[-0.5ex]

gtmktime
Spacecraft data file[] sc.fits
Filter expression[] DATA_QUAL==1 && LAT_CONFIG==1 \
&& ABS(ROCK_ANGLE)<52
Apply ROI-based zenith angle cut[] yes
Event data file[] ph_f.fits
Output event file name[] ph_f_g.fits

Òåïåð ìîæíà ïðèñòóïàòè âëàñíå äî àíàëiçó äàíèõ.
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2.4 Ñòâîðåííÿ çîáðàæåíü

Ùîá ïîäèâèòèñü, ÿê âèãëÿäà¹ ïóëüñàð â ãàììà-äiàïàçîíi � âèêî-
ðèñòà¹ìî êîìàíäó gtbin, âèêîðèñòàâøè âiäôiëüòðîâàíi äàíi.

gtbin
This is gtbin version \
ScienceTools-v9r17p0-fssc-20100906
Type of output file (CCUBE|CMAP|LC|PHA1|PHA2) \
[] CMAP
Event data file name[] ph_f_g.fits
Output file name[] ph_cMap.fits
Spacecraft data file name[] sc.fits
Size of the X axis in pixels[] 220
Size of the Y axis in pixels[] 220
Image scale (in degrees/pixel)[] 0.1
Coordinate system (CEL - celestial, GAL -galactic) \
(CEL|GAL) [] CEL
First coordinate of image center in degrees \
(RA or galactic l)[] 83.6331
Second coordinate of image center in degrees \
(DEC or galactic b)[] 22.0145
Rotation angle of image axis, in degrees[] 0
Projection method e.g. \
AIT|ARC|CAR|GLS|MER|NCP|SIN|STG|TAN:[] CAR

Îòðèìàíå çîáðàæåííÿ (Ðèñ. 12) ìîæíà ïîäèâèòèñÿ çà äîïîìîãîþ
ïðîãðàìíîãî ïàêåòó DS9.

Çâè÷àéíî, ¨¨ ìîæíà ùå òðîõè ïîêðàùèòè. Íà åíåðãi¨ â 1 ÃåÂ 68%
ôîòîíiâ, çàâäÿêè PSF, ðîçìèâàþòüñÿ ó êðóæå÷îê ðîçìiðîì 0.8 ãðàäó-
ñà, òàê ùî îòðèìàíå çîáðàæåííÿ âàðòî çãëàäèòè ãàóñiàíîþ (iç äîñòó-
ïíîãî ó DS9 âîíà íàéáëèæ÷å äî iñòèííî¨ ôîðìè PSF) ç ÿäðîì ó 8 ïi-
êñåëiâ � àäæå ìè áóäóâàëè êàðòèíêó â ìàñøòàái 0.1 ãðàäóñà/ïiêñåëü.
Òàêîæ âàðòî äîäàòè êîîðäèíàòíó ñiòêó, ñêàæiìî, ó ãàëàêòè÷íèõ êî-
îðäèíàòàõ. Ðåçóëüòàò ïðåäñòàâëåíî íà Ðèñ. 13

Îòðèìàíå çîáðàæåííÿ íàáàãàòî ïðè¹ìíiøå îêó, íà íüîìó íàâiòü
âèäíî ïëîùèíó Ãàëàêòèêè.

2.5 Ïîáóäîâà êðèâî¨ áëèñêó

Äëÿ òîãî, ùîá ïîáóäóâàòè êðèâó áëèñêó, ñëiä âèáðàòè òiëüêè òi
ôîòîíè, ÿêi ïðèéøëè âiä íàøîãî äæåðåëà. Áóäóâàòè ¨¨ ìè áóäåìî â
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Ðèñ. 12: Çîáðàæåííÿ äiëÿíêè íåáà íàâêîëî ïóëüñàðó ó Êðàáîâèäíié òóìàí-
íîñòi.

òîìó æ iíòåðâàëi åíåðãié, ùî é çíiìêè 12 òà 13, òîáòî 1�300ÃåÂ. Íà
åíåðãi¨ â 1 ÃåÂ PSF òåëåñêîïó Fermi/LAT ñêëàäà¹ 2 ãðàäóñè (ïî 95-òè
ïðîöåíòàõ ôîòîíiâ) i ëèøå ñïàäà¹ iç çáiëüøåííÿìè åíåðãi¨, òàêèì ÷è-
íîì áóäå äîñòàòíüî çiáðàòè ôîòîíè ç êðóæå÷êà ðàäióñîì ó 2 ãðàäóñè
íàâêîëî íàøîãî ïóëüñàðó.

gtselect evclass=2
Input FT1 file[ph.fits]
Output FT1 file[ph_f.fits]
RA for new search center (degrees) (0:360) \
[83.6331]
Dec for new search center (degrees) (-90:90) \
[22.0145]
radius of new search region (degrees) (0:180) \
[10] 2
start time (MET in s) (0:) [302313600]
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Ðèñ. 13: Çîáðàæåííÿ äiëÿíêè íåáà íàâêîëî ïóëüñàðó ó Êðàáîâèäíié òóìàí-
íîñòi, çãëàäæåíå ïî 8-ìè ïiêñåëÿì òà ç íàêëàäåíîþ êîîðäèíàòíîþ ñiòêîþ
â ãàëàêòè÷íèõ êîîðäèíàòàõ.

end time (MET in s) (0:) [306979200]
lower energy limit (MeV) (0:) [1000]
upper energy limit (MeV) (0:) [300000]
maximum zenith angle value (degrees) (0:180) [105]
Done.

ßê âèäíî, âêàçàíi ïðè ïîïåðåäíüîìó âèêëèêó êîìàíäè, ïàðàìåòðè
çàïàì'ÿòîâóþòüñÿ, òàê ùî ìîæíà ÿâíî âêàçàòè ëèøå òå, ùî ïîòði-
áíî çìiíèòè, â íàøîìó âèïàäêó � ðàäióñ êðóæå÷êà. Òåïåð çàñòîñó¹ìî
ôiëüòðè.

gtmktime
Spacecraft data file[sc.fits]
Filter expression[DATA_QUAL==1 &&\
LAT_CONFIG==1 && ABS(ROCK_ANGLE)<52]
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Apply ROI-based zenith angle cut[yes]
Event data file[ph_f.fits]
Output event file name[ph_f_g.fits]

I, íàðåøòi, ïîáóäó¹ìî êðèâó áëèñêó, ñêàæiìî, iç êðîêîì ó 5 äíiâ
(432000 ñåêóíä). Äëÿ öüîãî ñêîðèñòà¹ìîñü êîìàíäîþ gtbin iç ïàðà-
ìåòðîì LC (ùî îçíà÷à¹ Light Curve � êðèâà áëèñêó):

gtbin
This is gtbin version \
ScienceTools-v9r17p0-fssc-20100906
Type of output file (CCUBE|CMAP|LC|PHA1|PHA2) \
[] LC
Event data file name[] ph_f_g.fits
Output file name[] ph_lc.fits
Spacecraft data file name[] sc.fits
Algorithm for defining time bins (FILE|LIN|SNR) \
[] LIN
Start value for first time bin in MET[] 302313600
Stop value for last time bin in MET[] 306979200
Width of linearly uniform time bins in seconds[]\
432000

Äëÿ òîãî, ùîá ïðàâèëüíî âðàõóâàòè, ñêiëüêè ñàìå ÷àñó ñóïóòíèê
ðåàëüíî ñïîñòåðiãàâ íàø ïóëüñàð, ïîòðiáíî ðîçðàõóâàòè åêñïîçèöi¨
äëÿ êîæíîãî ìîìåíòó ÷àñó (ó �áiíi�) íà êðèâié áëèñêó. Öå ðîáè-
òüñÿ êîìàíäîþ gtexposure, ÿêà äîïèøå ðåçóëüòàò ó ôàéë êðèâî¨
áëèñêó. Äëÿ òîãî, ùîá ïðàâèëüíî îá÷èñëèòè åêñïîçèöiþ, ïðîãðàìi
gtexposure ïîòðiáíî òàêîæ âêàçàòè ñåðåäíié ñïåêòðàëüíèé iíäåêñ
äæåðåëà. Â äàíîìó âèïàäêó ìè âèêîðèñòà¹ìî çíà÷åííÿ, íàâåäåíå ó
2-ìó êàòàëîçi òî÷êîâèõ äæåðåë Fermi/LAT [14] � −2.2.

gtexposure
Light curve file[] ph_lc.fits
Spacecraft file[] sc.fits
Response functions[] P7SOURCE_V6
Source model XML file[] none
Photon index for spectral weighting[] -2.2

Òóò ìè òàêîæ âêàçàëè, ÿêó ìîäåëü ÷óòëèâîñòi iíñòðóìåíòó âè-
êîðèñòîâóâàòè � P7SOURCE_V6. Öå âàæëèâî, àäæå öi ìîäåëi ïîñòiéíî
ïîêðàùóþòüñÿ. P7SOURCE_V6 ðåêîìåíäîâàíà äëÿ îáðîáêè ñïîñòåðå-
æåíü òî÷êîâèõ äæåðåë [13], òîìó ìè ¨¨ i îáðàëè.
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ßêùî â ïîëi çîðó áàãàòî áëèçüêèõ äæåðåë, òîäi äëÿ ïðàâèëüíî¨
îöiíêè ïîòîêó ïîòðiáíî âêàçàòè ¨õíi ñïåêòðè ÷åðåç ïàðàìåòð Source
model XML file. Â íàøîìó âèïàäêó öå íå ïîòðiáíî, òîìó ïàðàìåòð
çàëèøåíèé ïóñòèì (none).

Òåïåð ìîæíà íàìàëþâàòè îòðèìàíó êðèâó. Ó ôàéëi ph_lc.fits,
ÿêèé ìè îòðèìàëè, ¹ ï'ÿòü êîëîíîê: Time, TimeDel, Counts, Error
òà Exposure. Ïåðøà i äðóãà � öå ñåðåäèíà òà øèðèíà áiíó âiäïîâiäíî,
òðåòÿ i ÷åòâåðòà � êiëüêiñòü ôîòîíiâ â áiíi òà ïóàñîíîâà ïîõèáêà
¨õ ÷èñëà, à îñòàííÿ � åêñïîçèöiÿ. Êðèâó áëèñêó âàðòî áóäóâàòè â
îäèíèöÿõ [ôîòîíè/(ñì2· ñåê)], äëÿ ÷îãî êiëüêiñòü ôîòîíiâ ó áiíi ñëiä
ïîäiëèòè íà âiäïîâiäíó åêñïîçèöiþ. Ðåçóëüòàò ìîæíà ïîáà÷èòè íà
Ðèñ. 14.
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Ðèñ. 14: Êðèâà áëèñêó ïóëüñàðó ó Êðàáîâèäíié òóìàííîñòi.

2.6 Ñòâîðåííÿ ñïåêòðó

Ó ïîðiâíÿííi iç ïðîöåäóðîþ îòðèìàííÿ ñïåêòðiâ âiä ðåíòãåíiâ-
ñüêèõ òåëåñêîïiâ XMM-Íüþòîí òà ×àíäðà, ó Fermi/LAT âñå òðîõè
ñêëàäíiøå. Ñêëàäíiñòü ïîëÿãà¹ â òîìó, ùî PSF ó Fermi/LAT âåëèêèé
i çàëåæíèé âiä åíåðãi¨. Íà ïðàêòèöi öå îçíà÷à¹, ùî ó êîæíié îêðåìié
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òî÷öi êàðòèíêè çìiøó¹òüñÿ âèïðîìiíþâàííÿ âiä êiëüêîõ ñóñiäíiõ îá'-
¹êòiâ i ðîçäiëèòè éîãî ìîæëèâî äàëåêî íå çàâæäè. Òà ñàìà ïðîáëåìà
âèíèêà¹ i ç ôîíîâèì âèïðîìiíþâàííÿì � äëÿ ñëàáêèõ îá'¹êòiâ íåìà¹
ñïîñîáó ñêàçàòè, ÷è ïðèéøîâ ïåâíèé ôîòîí âiä îá'¹êòó ÷è âiä ôîíó.

Ùîá âèéòè iç öi¹¨ ñèòóàöi¨, ó ïðîãðàìíîìó çàáåçïå÷åííi Fermi
Science Tools ðåàëiçîâàíèé áiëüø çàãàëüíèé ïiäõiä, çàñíîâàíèé íà
âèêîðèñòàííi ïðèíöèïó ìàêñèìàëüíî¨ ïðàâäîïîäiáíîñòi (àíãë. likeli-
hood).

Ãîëîâíà âiäìiííiñòü âiä àíàëiçó ðåíòãåíiâñüêèõ ñïåêòðiâ òóò ïî-
ëÿãà¹ â òîìó, ùî, îñêiëüêè âèïðîìiíþâàííÿ îêðåìèõ äæåðåë íå ìî-
æíà ðîçäiëèòè, àíàëiçóâàòè ¨õ ïîòðiáíî ðàçîì. Îñêiëüêè â çàãàëü-
íîìó âèïàäêó íåâiäîìî ÿêi/ñêiëüêè äæåðåë ¹ ó ïîëi çîðó, ìè ìóñè-
ìî âèñóíóòè ïåâíå ïðèïóùåííÿ ùîäî öüîãî, âèõîäÿ÷è iç âiçóàëüíîãî
àíàëiçó îòðèìàíèõ çîáðàæåíü òà/÷è iç áiëüø ñòðîãèõ ñòàòèñòè÷íèõ
ìåòîäiâ ïîøóêó äæåðåë. Ôàêòè÷íî ïðîãðàìíîìó çàáåçïå÷åííþ ïî-
òðiáíî ïåðåäàòè ñïèñîê îá'¹êòiâ ó ïîëi çîðó iç ¨õíiìè ñïåêòðàëüíèìè
ìîäåëÿìè. ßêùî äîñëiäæóâàíèé îá'¹êò çíà÷íî ÿñêðàâiøèé çà ñâî¨õ
ñóñiäiâ, òî íèìè ÷àñòî ìîæíà çíåõòóâàòè. Íà ïðàêòèöi ãàðíîþ iäå¹þ
¹ ïî÷èíàòè iç îñòàííüîãî äîñòóïíîãî êàòàëîãó òî÷êîâèõ äæåðåë, ùî
âèïóñêà¹òüñÿ êîìàíäîþ Fermi [14].

Äëÿ òîãî, ùîá çàäàâàòè ñïåêòðàëüíi ìîäåëi äæåðåë, ïàêåò Fermi
Science Tools âèêîðèñòîâó¹ ôàéëè ôîðìàòó XML. Äëÿ àíàëiçó äî-
ñòóïíi êiëüêà ïðîñòèõ òèïiâ ñïåêòðiâ, òàêi ÿê ñòåïåíåâèé, ñòåïåíåâèé
iç åêñïîíåíöiéíèì îáðiçàííÿì òà êiëüêà iíøèõ. Ïîâíèé ¨õ ñïèñîê ìî-
æíà ïåðåãëÿíóòè íà âiäïîâiäíié âåá-ñòîðiíöi òåëåñêîïó Ôåðìi [15].

Äëÿ áiëüøîñòi äæåðåë ãàììà-âèïðîìiíþâàííÿ ñïåêòðè ¹, çà ñâî-
¹þ ïðèðîäîþ, íåòåïëîâèìè. Ìåõàíiçìè ïðèñêîðåííÿ âèñîêîåíåðãåòè-
÷íèõ ÷àñòèíîê, ùî ñòâîðþþòü öå âèïðîìiíþâàííÿ, çàçâè÷àé ïðèçâî-
äÿòü äî ñòåïåíåâî¨ ôîðìè ñïåêòðó. Âiäõèëåííÿ âiä îñòàííüî¨, ïîâ'ÿ-
çàíi, íàïðèêëàä, iç äîñÿãíåííÿì ìàêñèìàëüíî¨ åíåðãi¨ ïðèñêîðåííÿ
÷è ïîãëèíàííÿì ãàììà-ïðîìåíiâ íà ¨õ øëÿõó äî ñïîñòåðiãà÷à, ¹ òà-
êîæ ìîæëèâèìè i çàëåæàòü âiä òèïó îá'¹êòà (íàïðèêëàä, ïóëüñàðè
òà àêòèâíi ÿäðà, çàçâè÷àé, ìàþòü iñòîòíî ðiçíi ôîðìè ñïåêòðó).

Äëÿ ñïðîùåííÿ, òóò ìè áóäåìî âèêîðèñòîâóâàòè ìîäåëü ñòåïåíå-
âîãî ñïåêòðó, ÿêà ìà¹ íàñòóïíèé çàãàëüíèé âèãëÿä:

dN

dE
= P ·

(
E

E0

)−Γ

(1)

Òóò P ¹ íîðìîþ ñïåêòðó, E0 � õàðàêòåðíîþ åíåðãi¹þ, íà ÿêié ïîòiê
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÷èñåëüíî äîðiâíþ¹ íîðìi, à Γ ¹ ñïåêòðàëüíèì iíäåêñîì, ùî âèçíà÷à¹
íàõèë ñïåêòðó.

Äàâàéòå ñòâîðèìî ôàéë iç ñïåêòðàëüíîþ ìîäåëëþ íàøîãî ïóëü-
ñàðó. ßê ìè áà÷èëè ðàíiøå iç Ðèñ. 13, ïîáëèçó ïóëüñàðó ¹ ùå îäíå
ÿñêðàâå äæåðåëî (2FGL J0521.7+2113, çãiäíî ç 2-èì êàòàëîãîì òî-
÷êîâèõ äæåðåë Fermi/LAT). Òàêîæ ïðèñóòí¹ ñóòò¹âå ôîíîâå âèïðî-
ìiíþâàííÿ ïðåäñòàâëåíå äâîìà êîìïîíåíòàìè � íåiçîòðîïíîþ ãàëà-
êòè÷íîþ òà içîòðîïíîþ ïîçàãàëàêòè÷íîþ. Fermi Science Tools ìà¹
ìîäåëi äëÿ îáîõ öèõ êîìïîíåíò. Îòæå, íàø ôàéë src_model.xml âè-
ãëÿäàòèìå íàñòóïíèì ÷èíîì (�\� îçíà÷à¹ ïåðåíîñ):

<?xml version="1.0" ?>
<source_library title="source library">

<source name="iso_p7v6source" type="DiffuseSource">
<spectrum \
file="$(FERMI_DIR)/refdata/fermi/diffuseModels/
iso_p7v6source.txt" \
type="FileFunction">
<parameter free="1" max="1000" min="1e-05"
name="Normalization" \
scale="1" value="0.74"/>
</spectrum>
<spatialModel type="ConstantValue">
<parameter free="0" max="10.0" min="0.0" \
name="Value" scale="1.0" value="1.0"/>
</spatialModel>
</source>

<source name="gal_2yearp7v6_v0" type="DiffuseSource">
<!-- diffuse source units are\
cm^-2 s^-1 MeV^-1 sr^-1 -->

<spectrum type="ConstantValue">
<parameter free="1" max="10.0" min="0.0" name="Value" \
scale="1.0" value= "1.20"/>
</spectrum>
<spatialModel \
file="$(FERMI_DIR)/refdata/fermi/diffuseModels/
gal_2yearp7v6_v0.fits" \
type="MapCubeFunction">
<parameter free="0" max="1000.0" min="0.001"
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name="Normalization" \
scale="1.0" value="1.0"/>
</spatialModel>
</source>"

<source name="2FGL J0521.7+2113" type="PointSource">
<spectrum type="PowerLaw">
<parameter free="1" max="1000.0" min="1e-8" \
name="Prefactor" scale="1e-09" value="1.0"/>
<parameter free="1" max="-0.7" min="-5.0" name="Index" \
scale="1.0" value="-1.93"/>
<parameter free="0" max="2000.0" min="30.0" name="Scale" \
scale="1.0" value="100.0"/>
</spectrum>
<spatialModel type="SkyDirFunction">
<parameter free="0" max="360" min="-360" name="RA" \
scale="1.0" value="80.449"/>
<parameter free="0" max="90" min="-90" name="DEC" \
scale="1.0" value="21.22"/>
</spatialModel>
</source>

<source name="Crab pulsar (2FGL J0534.5+2201)"
type="PointSource">
<spectrum type="PowerLaw">
<parameter free="1" max="1000.0" min="1e-8"
name="Prefactor" \
scale="1e-09" value="1.0"/>
<parameter free="1" max="-0.7" min="-5.0"\
name="Index" scale="1.0" value="-2.14"/>
<parameter free="0" max="2000.0" min="30.0"\
name="Scale" scale="1.0" value="100.0"/>
</spectrum>
<spatialModel type="SkyDirFunction">
<parameter free="0" max="360" min="-360" name="RA" \
scale="1.0" value="83.632"/>
<parameter free="0" max="90" min="-90" name="DEC" \
scale="1.0" value="22.02"/>
</spatialModel>
</source>
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</source_library>

ßê âèäíî, äëÿ íàøèõ äâîõ òî÷êîâèõ îá'¹êòiâ ìè çàäàëè òèï ñïå-
êòðó ñòåïåíåâèé (ïàðàìåòð spectrum type), âiäïîâiäíó íîðìó ñïå-
êòðó P (ïàðàìåòð Prefactor) â îäèíèöÿõ 10−9 òà ñïåêòðàëüíèé iíäåêñ
Γ (ïàðàìåòð Index). E0 (ïàðàìåòð Scale) çàëèøèìî ðiâíèì 100ÌåÂ
� öåé ïàðàìåòð íå âïëèâà¹ íà âèçíà÷åííÿ ñïåêòðó; ôîðìàëüíî íåîá-
õiäíèõ äëÿ îáåçðîçìiðþâàííÿ, öåé ïàðàìåòð çìiíþþòü ëèøå ó äåÿêèõ
ñïåöèôi÷íèõ âèïàäêàõ, ùî ìè ¨õ òóò ðîçãëÿäàòè íå áóäåìî. Çâåðíiòü
óâàãó, ùî ÿêùî ñïåêòðàëüíèì ïàðàìåòðàì ìè äîçâîëèëè âàðiþâàòè-
ñÿ ïiä ÷àñ ïiäãîíêè (àðãóìåíò free = �1�), òî êîîðäèíàòè îá'¹êòiâ ¹
ôiêñîâàíèìè (àðãóìåíò free = �0�). Ïðîãðàìíå çàáåçïå÷åííÿ Fermi
Science Tools íå äîçâîëÿ¹ îäíî÷àñíî âèêîíóâàòè ïiäãîíêó i òîãî, i
iíøîãî.

Òåïåð, êîëè ìè ïiäãîòóâàëè iíôîðìàöiþ ïðî ñïåêòðè, äàâàéòå âè-
áåðåìî äàíi äëÿ àíàëiçó. Äëÿ êðàùîãî âèçíà÷åííÿ ñïåêòðó çàâàíòà-
æèìî âñi äîñòóïíi äàíi äëÿ íàøîãî ïóëüñàðó. Äëÿ öüîãî ó ôîðìi íà
ñàéòi çàâàíòàæåííÿ çàìiñòü äàòè íàïèøåìî START,END. Ôiëüòðàöiþ
çðîáèìî òàê ñàìî, ÿê ìè ðîáèëè ó ïîïåðåäíiõ ðîçäiëàõ, òiëüêè çìi-
íèìî êiíöåâèé i ïî÷àòêîâèé ìîìåíòè ÷àñó.

gtselect evclass=2
Input FT1 file[ph.fits]
Output FT1 file[ph_f.fits]
RA for new search center (degrees) (0:360) \
[83.6331]
Dec for new search center (degrees) (-90:90) \
[22.0145]
radius of new search region (degrees) (0:180) \
[2] 10
start time (MET in s) (0:) [302313600] 239557417
end time (MET in s) (0:) [306979200] 341973363
lower energy limit (MeV) (0:) [1000]
upper energy limit (MeV) (0:) [300000]
maximum zenith angle value (degrees) (0:180) [105]
Done.

gtmktime
Spacecraft data file[sc.fits]
Filter expression[DATA_QUAL==1 && LAT_CONFIG==1 \
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&& ABS(ROCK_ANGLE)<52]
Apply ROI-based zenith angle cut[yes]
Event data file[ph_f.fits]
Output event file name[ph_f_g.fits]

Ñàìà ïðîöåäóðà ïiäãîíêè ¹ äîñòàòíüî ðåñóðñî¹ìíîþ, i ùîá õî÷
òðîõè ¨¨ ïðèñêîðèòè, êîìàíäà Ôåðìi ðîçáèëà ¨¨ íà êiëüêà åòàïiâ.

Ñïî÷àòêó áóäó¹òüñÿ äåÿêèé êóá äàíèõ, ÿêèé ìiñòèòü â ñîái ÷àñ,
ÿêèé òåëåñêîï ïðîâîäèòü, ñïîñòåðiãàþ÷è íà ïåâíó äiëÿíêó íåáà, ÿê
ôóíêöiþ êóòà ìiæ íàïðÿìêîì íà îá'¹êò òà âiññþ Z òåëåñêîïó. Öåé
êóá äàíèõ íàçèâà¹òüñÿ livetime cube.

Ïîòiì ðîçðàõîâó¹òüñÿ åêñïîçèöiÿ ÿê ôóíêöiÿ êîîðäèíàò íà íåái â
ìåæàõ çàäàíî¨ äiëÿíêè.

Êîëè çàâåðøåíî âèùåíàâåäåíi êðîêè, âèêîíó¹òüñÿ ïiäãîíêà äàíèõ
çàäàíîþ ìîäåëëþ.

Livetime cube ðîçðàõóâàòè ïðîñòî, àëå äîñòàòíüî äîâãî. Ðîáè-
òüñÿ öå ïðîãðàìîþ gtltcube:

gtltcube
Event data file[] ph_f_g.fits
Spacecraft data file[] sc.fits
Output file[] ph_expCube.fits
Step size in cos(theta) (0.:1.) [] 0.025
Pixel size (degrees)[] 1
Working on file sc.fits
.....................!

Òåïåð ïîáóäó¹ìî êàðòó åêñïîçèöi¨ (ôàêòè÷íî, ðîçïîäië åêñïîçèöi¨
ÿê ôóíêöi¨ êîîðäèíàò íà íåái äëÿ êiëüêîõ çíà÷åíü åíåðãi¨ ôîòîíiâ)
çà äîïîìîãîþ ïðîãðàìè gtexpmap:

gtexpmap
The exposure maps generated by this tool are meant
to be used for *unbinned* likelihood analysis only.
Do not use them for binned analyses.
Event data file[] ph_f_g.fits
Spacecraft data file[] sc.fits
Exposure hypercube file[] ph_expCube.fits
output file name[] ph_expMap.fits
Response functions[] P7SOURCE_V6
Radius of the source region (in degrees)[] 22
Number of longitude points (2:1000) [] 120
Number of latitude points (2:1000) [] 120
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Number of energies (2:100) [20]
The radius of the source region, 22, should
be significantly larger (say by 10 deg)
than the ROI radius of 15
Computing the ExposureMap using ph_expCube.fits
....................!

Ðîçìið äiëÿíêè, äëÿ ÿêî¨ áóäó¹òüñÿ êàðòà, ïîâèíåí áóòè çíà÷íî
áiëüøèì ðîçìiðó äiëÿíêè, ÿêó ìè àíàëiçó¹ìî, ùîá ìîæíà áóëî ïðà-
âèëüíî âðàõóâàòè âêëàäè îá'¹êòiâ çà ìåæàìè ïîëÿ çîðó. Ñàìå öå íàì
ïðàâèëüíî ïiäêàçó¹ gtexpmap ïðè çàïóñêó. Òóò ìè âêàçàëè âèêîðè-
ñòàòè 20 çíà÷åíü åíåðãi¨ (ìiæ ìàêñèìàëüíèì i ìiíiìàëüíèì, îáðàíè-
ìè íà ïîïåðåäíiõ êðîêàõ). Öå âïëèâà¹ íà òî÷íiñòü àïðîêñèìàöi¨ åôå-
êòèâíî¨ ïëîùi, ùî âèêîðèñòîâó¹òüñÿ ïðè ïiäãîíöi ñïåêòðó. ×èñëî 20
ðåêîìåíäîâàíå ðîçðîáíèêàìè Fermi/LAT.

Òåïåð ìîæíà çàïóñòèòè ïiäãîíêó ñïåêòðó (ñëóæáîâi ïîâiäîìëåí-
íÿ â êiíöi îïóùåíî):

gtlike
Statistic to use (BINNED|UNBINNED) [] UNBINNED
Spacecraft file[] sc.fits
Event file[] ph_f_g.fits
Unbinned exposure map[] ph_expMap.fits
Exposure hypercube file[] ph_expCube.fits
Source model file[] src_model.xml
Response functions to use[] P7SOURCE_V6
Optimizer (DRMNFB|NEWMINUIT|MINUIT|DRMNGB|LBFGS)\
[] DRMNFB

...

gtlike äîçâîëÿ¹ ïîïåðåäíüî çãðóïóâàòè ôîòîíè íà êiëüêà iíòåð-
âàëiâ ïî åíåðãi¨, ùî ìîæå ïðèñêîðèòè ïiäãîíêó. Öiíà çà ïðèñêîðåííÿ
� ìîæëèâà ãiðøà òî÷íiñòü âèçíà÷åííÿ ïàðàìåòðiâ ñïåêòðó. Â íàøî-
ìó âèïàäêó ñïåêòð ðîçðàõîâó¹òüñÿ äîñòàòíüî øâèäêî, i íåîáõiäíîñòi
ó òàêîìó ãðóïóâàííi íåìà¹. Ñàìå òîìó ìè ïðè àíàëiçi âèêîðèñòîâó-
¹ìî ñòàòèñòèêó Unbinned. Îïòèìiçàòîð ìîæíà îáðàòè íà ñâié ðîçñóä
� éîãî âèáið âïëèâà¹ íà ÿêiñòü ïiäãîíêè òà íåîáõiäíèé äëÿ íå¨ ÷àñ.
Êîìàíäà Ôåðìi ðåêîìåíäó¹ âèêîðèñòîâóâàòè DRMNFB äëÿ øâèäêîãî
ïîïåðåäíüîãî ïîøóêó ïàðàìåòðiâ ïiäãîíêè i NEWMINUIT äëÿ ¨õ óòî-
÷íåííÿ.

×åðåç äåÿêèé ÷àñ gtlike ïîâiäîìèòü íàñ ïðî ðåçóëüòàòè ñâî¹¨ ðî-
áîòè (ïî÷àòîê âèâîäó îïóùåíî):
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....
Photon fluxes are computed for the energy range
1000 to 300000 MeV

2FGL J0521.7+2113:
Prefactor: 0.7295 +/- 0.105018
Index: -1.9423 +/- 0.0381131
Scale: 100
Npred: 975.072
ROI distance: 3.06483
TS value: 2309.86
Flux: 8.81455e-09 photons/cm^2/s

Crab pulsar (2FGL J0534.5+2201):
Prefactor: 52.1329 +/- 1.69684
Index: -2.34417 +/- 0.0101579
Scale: 100
Npred: 19226.3
ROI distance: 0.00559374
TS value: 105643
Flux: 1.75882e-07 photons/cm^2/s

gal_2yearp7v6_v0:
Value: 1.00561 +/- 0.00379973
Npred: 88995.6
Flux: 4.75454e-05 photons/cm^2/s

iso_p7v6source:
Normalization: 1e-05 +/- 0.0267264
Npred: 0.0592768
Flux: 7.09122e-11 photons/cm^2/s

WARNING: Fit may be bad in range [1000, 1330.01]\
(MeV)

WARNING: Fit may be bad in range [2352.71, 3129.13]\
(MeV)

WARNING: Fit may be bad in range [127513, 225562] \
(MeV)

Total number of observed counts: 109197
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Total number of model events: 109197

-log(Likelihood): 1371734.45

Elapsed CPU time: 316.98

ßê áà÷èìî, äëÿ êîæíîãî äæåðåëà iç ôàéëó ìîäåëåé gtlike âè-
âîäèòü ïiäiãíàíi ïàðàìåòðè ñïåêòðó òà ¨õ ïîõèáêè. Öi ïàðàìåòðè òà-
êîæ àâòîìàòè÷íî çàïèñóþòüñÿ ó ôàéë results.dat. Âåëè÷èíà TS (âiä
àíãë. Test statistics), ÿêà íàâåäåíà äëÿ êîæíîãî îá'¹êòó, îêðiì äâîõ
êîìïîíåíò ôîíó, âèçíà÷à¹ äîñòîâiðíiñòü äåòåêòóâàííÿ äæåðåëà. Äëÿ
äîñòàòíüî âåëèêèõ çíà÷åíü TS (∼ 10) äîñòîâiðíiñòü äåòåêòóâàííÿ (â
îäèíèöÿõ σ) äîðiâíþ¹

√
TS, òîáòî íàø ïóëüñàð çàðå¹ñòðîâàíî íà

ðiâíi
√
105643 ≈ 325σ.

Íàñïðàâäi ñïåêòð íàøîãî îá'¹êòà ìîæå i íå áóòè ñòåïåíåâèì, öå
áóëî ëèøå íàøå ïðèïóùåííÿ. Ó íàøîìó âèïàäêó öå ñïðàâäi òàê: â
ÃåÂ-íîìó äiàïàçîíi ñâiòèòü ÿê ñàì ïóëüñàð, òàê i òóìàííiñòü, ùî éîãî
îòî÷ó¹. Àëå äëÿ òîãî, ùîá ïîáà÷èòè ôîðìó ñïåêòðà, òðåáà âèêîíàòè
ñïåêòðàëüíèé àíàëiç, äëÿ ÿêîãî âæå ïîòðiáíî ïðèïóñòèòè øóêàíó
ôîðìó ñïåêòðó.

Äëÿ òîãî, ùîá âèéòè iç öüîãî çà÷àðîâàíîãî êîëà (çíàííÿ ôîðìè
ñïåêòðó íåîáõiäíå äëÿ òîãî, ùîá âèêîíàòè ïiäãîíêó, àëå ñàìà ïiä-
ãîíêà íåîáõiäíà, ùîá îòðèìàòè óÿâëåííÿ ïðî âèãëÿä ñïåêòðó) ìè
çðîáèìî íàñòóïíå. Îñêiëüêè ñïåêòðàëüíèõ ëiíié ó ãàìà-äiàïàçîíi íå
áóâà¹ (îêðiì, ìîæëèâî, ëiíié ðîçïàäó/àíiãiëÿöi¨ òåìíî¨ ìàòåði¨), òî
ìè ìîæåìî î÷iêóâàòè, ùî ñïåêòð çìiíþ¹òüñÿ ç åíåðãi¹þ ïëàâíî. Òà-
êèì ÷èíîì, ÿêùî ìè ðîçiá'¹ìî íàø iíòåðâàë åíåðãi¨ (1�300ÃåÂ) íà
äåÿêó êiëüêiñòü ìåíøèõ, òî ìîæåìî î÷iêóâàòè, ùî â êîæíîìó ç íèõ
ñïåêòð áóäå äóæå áëèçüêèé äî ñòåïåíåâîãî. ßêùî öå âèÿâèòüñÿ íå
òàê, ìè çàâæäè ìîæåìî çáiëüøèòè êiëüêiñòü öèõ ìàëåíüêèõ iíòåðâà-
ëiâ, çìåíøèâøè ¨õ øèðèíó. Ñëiä ìàòè íà óâàçi, ùî òàêó ïðîöåäóðó íå
ìà¹ ñåíñó ïîâòîðþâàòè íåñêií÷åííî, àäæå Fermi/LAT ìà¹ ñêií÷åííó
åíåðãåòè÷íó ðîçäiëüíó çäàòíiñòü, ïðèáëèçíî ðiâíó 10%.

Äëÿ ïðèêëàäó, ðîçiá'¹ìî iíòåðâàë 1�300ÃåÂ íà 15 ìåíøèõ ó ëîãà-
ðèôìi÷íîìó ìàñøòàái � òàê çðó÷íiøå, àäæå ìà¹ìî äâà ïîðÿäêè ïî
åíåðãi¨. Îñêiëüêè íàñ öiêàâèòü íå ôîðìà ñïåêòðó â êîæíîìó îêðåìî-
ìó iíòåðâàëi, à ëèøå ñóìàðíèé ïîòiê, òî ìè �çàìîðîçèìî� ñïåêòðàëü-
íi iíäåêñè äæåðåë ó ôàéëi ç ìîäåëÿìè, äîçâîëèâøè ïiäãîíêó ëèøå
íîðì ñïåêòðiâ. Öå ðîáèòüñÿ ïðèñâîþþ÷è ïàðàìåòðó free çíà÷åííÿ
íóëü ó ñòði÷êàõ ôàéëó ìîäåëåé, äå âèçíà÷åíî ñïåêòðàëüíi iíäåêñè.
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Òàêèì ÷èíîì ìè ïðèøâèäøèìî ðîáîòó ïiäãîíêè i îäðàçó îòðèìà¹-
ìî îöiíêó ïîòîêó íà êîæíîìó iíòåðâàëi � âîíà òåïåð ïðÿìî âèçíà-
÷à¹òüñÿ ïîõèáêîþ íîðìè, ùî ¨¨ íàì ïîâiäîìèòü gtlike. Çâè÷àéíî,
äëÿ òàêî¨ ïðîöåäóðè çðó÷íiøå îãîðíóòè êîìàíäè ó äåÿêèé ñêðèïò,
ùî äîçâîëèòü çðó÷íî áóäóâàòè ñïåêòðè ç çàäàíèì íàïåðåä ÷èñëîì
åíåðãåòè÷íèõ iíòåðâàëiâ. ×èòà÷àì ïðîïîíóþ íàïèñàòè òàêèé ñêðèïò
ñàìîñòiéíî, ÿêùî ¹ òàêà íåîáõiäíiñòü.

Òåïåð, ìàþ÷è íà ðóêàõ ðåçóëüòàòè ïiäãîíêè ñïåêòðó ó âñiõ 15 ií-
òåðâàëàõ, ìîæíà íàìàëþâàòè ñóìàðíèé ñïåêòð. gtlike ïîâåðíóâ íàì
ïàðàìåòðè, ÿêi ìîæíà ïðÿìî ïiäñòàâèòè ó ðiâíÿííÿ 1, ùîá îòðèìàòè
äèôåðåíöiéíèé ñïåêòð dN/dE. Ñëiä ïàì'ÿòàòè, ùî íîðìà ïðè ïiä-
ãîíöi âiäðàõîâó¹òüñÿ â îäèíèöÿõ 10−9. Îäèíèöi âèìiðó îòðèìàíîãî
òàêèì ÷èíîì ñïåêòðó � [ôîòîíè/(ñì2· ñåê · ÌåÂ)]. Çàçâè÷àé ìàëþ-
þòü E2dN/dE, òàê çðîáèìî i ìè. Òàêîæ ìè ïåðåâåäåìî ÌåÂ-è ó åÂ-è.
Ðåçóëüòàò ïðåäñòàâëåíî íà Ðèñ. 15.
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Ðèñ. 15: Ñïåêòð ïóëüñàðó ó Êðàáîâèäíié òóìàííîñòi (íàñïðàâäi, ñïåêòð íå
ñàìîãî ïóëüñàðó, à ïóëüñàðó òà òóìàííîñòi, ùî éîãî îòî÷ó¹)

Îñêiëüêè ìè âèêîðèñòàëè ìàëi iíòåðâàëè ïî åíåðãi¨, òî ìîãëî òàê
ñòàòèñÿ, ùî â äåÿêèõ ç íèõ îïèíèëîñÿ á çàìàëî ôîòîíiâ. Öå ìîæíà
êîíòðîëþâàòè âåëè÷èíîþ TS, ÿêà ïîâiäîìëÿ¹òüñÿ ïiñëÿ êîæíî¨ ïiä-
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ãîíêè. ßêùî TS ñòà¹ ìåíøèì çà 10, òî äæåðåëî çàðå¹ñòðîâàíå â òàêî-
ìó iíòåðâàëi íà ðiâíi ∼ 3σ i îöiíêà ïîòîêó ðàçîì iç ñâî¹þ ïîõèáêîþ
ìîæå áóòè íåâiðíîþ. Òàêèì ÷èíîì, ðåçóëüòàòè íàøî¨ ïiäãîíêè â òà-
êèõ iíòåðâàëàõ âèêîðèñòîâóâàòè íå ìîæíà. ßêùî ¹ íåîáõiäíiñòü õî÷à
á îòðèìàòè îáìåæåííÿ íà ïîòiê âiä äæåðåëà â òàêié ñèòóàöi¨, òî ñëiä
âèêîðèñòîâóâàòè áiëüø ñêëàäíèé àíàëiç, ÿêèé ïîòðåáó¹ âèêîðèñòàí-
íÿ ìîâè ïðîãðàìóâàííÿ Python (ñàìå äëÿ íå¨ iñíó¹ iíòåðôåéñ Fermi
Science Tools, ÿêèé äîçâîëÿ¹ áiëüø ãíó÷êå îïåðóâàííÿ äàíèìè).

Íà îñòàíîê ðåêîìåíäó¹òüñÿ ðåãóëÿðíî ïðîãëÿäàòè íàñòóïíi iíòåð-
íåò-ðåñóðñè:

• Ñòîðiíêà Fermi/LAT âiðòóàëüíî¨ îáñåðâàòîði¨ VIRGO.UA [16];

• Îôiöiéíà äîêóìåíòàöiÿ òåëåñêîïó Ôåðìi [17].
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Çàêëþ÷íi çàóâàæåííÿ

Àíàëiç äàíèõ � ÷àñòî íå ïðîñòà ñïðàâà, àëå íå ñëiä çàáóâàòè, ùî
ãîëîâíå íå äàíi, à òå, ùî çà íèìè ñòî¨òü. Íåâiðíî âèêîíàíèé àíàëiç
ìîæå âèêðèâèòè ðåçóëüòàòè, i ïðèçâåñòè äî öiëêîì iíøèõ, ñêîðiøå çà
âñå íåïðàâèëüíèõ âèñíîâêiâ. Àëå íå ñëiä ðîáèòè àíàëiç ïðîñòî çàðàäè
àíàëiçó. Íàäìiðíå éîãî óñêëàäíåííÿ (ó âèïàäêó Fermi/LAT, ñêàæiìî,
âêëþ÷åííÿ áàãàòüîõ äæåðåë äî àíàëiçó, âèêîðèñòàííÿ çàíàäòî âóçü-
êèõ åíåðãåòè÷íèõ iíòåðâàëiâ) òàêîæ ìîæå ïðèâåñòè äî âèêðèâëåíèõ
ðåçóëüòàòiâ. Òîìó, åêñïåðèìåíòóéòå! Åêñïåðèìåíòóéòå, îöiíþþ÷è ðå-
çóëüòàòè çi çäîðîâèì ãëóçäîì. Ïàì'ÿòàéòå, ïðîãðàìíå çàáåçïå÷åííÿ
ïèñàëè ëþäè, òîæ âîíî íå çàñòðàõîâàíå âiä ìîæëèâèõ ïîìèëîê.

Ó öüîìó ïîñiáíèêó ïðîäåìîíñòðîâàíî îñíîâíi åëåìåíòè îáðîáêè
äàíèõ ×àíäðà òà Fermi/LAT, ÿêi íàé÷àñòiøå âèêîðèñòîâóþòüñÿ ó
ïîâñÿêäåííié ðîáîòi. Ïðîòå, ðiçíi ñèòóàöi¨ i ïèòàííÿ, ùî íà íèõ øóêà-
þòü âiäïîâiäi ñïîñòåðåæåííÿìè, ìîæóòü äèêòóâàòè ñâî¨ óìîâè, iñòî-
òíî çìiíþþ÷è çàãàëüíó ïðîöåäóðó, íàâåäåíó âèùå.

Ïîäÿêè

Àâòîðè âèñëîâëþþòü ùèðó ïîäÿêó ðåöåíçåíòàì äàíîãî ðóêîïèñó,
áåç âàãîìèõ çàóâàæåíü êîòðèõ äàíèé ïîñiáíèê íå áóâ áè çðîáëåíèé
íàëåæíèì ÷èíîì. Òàêîæ âèñëîâëþ¹òüñÿ ïîäÿêà îñîáèñòî Âàâèëîâié
Iðèíi Áîðèñiâíi çà ñïðèÿííÿ ó äðóöi òà ðåäàãóâàííÿ äàíîãî ïîñiáíè-
êà, à òàêîæ Äîáðè÷åâié Äàð'¨ Âiêòîðiâíi çà äåòàëüíó ïåðåâiðêó òà
Iâàùåíêî Ãàííi Þði¨âíi çà òåõíi÷íå ðåäàãóâàííÿ ïîñiáíèêà.

Ïîñiáíèê ïiäãîòîâëåíî â ðàìêàõ ïðîåêòó Öiëüîâî¨ êîìïëåêñíî¨
ïðîãðàìè ÍÀÍ Óêðà¨íè ç íàóêîâèõ êîñìi÷íèõ äîñëiäæåíü.
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