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Äàííîå ìåòîäè÷åñêîå ïîñîáèå ÿâëÿåòñÿ äîïîëíèòåëüíûì ìàòåðèàëîì ê
ïðàêòè÷åñêîìó çàíÿòèþ ¾Ââåäåíèå â ñèñòåìó ðåäóêöèè è àíàëèçà äàííûõ
àñòðîôèçè÷åñêèõ íàáëþäåíèé IRAF¿ êóðñà ¾Îïòè÷åñêèå íàáëþäàòåëüíûå
ìåòîäû â àñòðîôèçèêå¿ ïðîâîäèìîãî íà áàçå ÑÀÎ ÐÀÍ. Ìàòåðèàë èçëîæåí
äîñòóïíûì ÿçûêîì è ìîæåò áûòü èñïîëüçîâàí êàê àñïèðàíòàìè, òàê è ñòó-
äåíòàìè, æåëàþùèìè îâëàäåòü íàâûêàìè îáðàáîòêè ýøåëëå-ñïåêòðîñêîïèè.
Ïîäðîáíî ðàññìîòðåíû âñå íåîáõîäèìûå ýòàïû ðåäóêöèè. Ïî èòîãó âû-
ïîëíåíèÿ âñåõ ïóíêòîâ äàííîãî ìåòîäè÷åñêîãî ïîñîáèÿ èç äâóìåðíîãî
ÏÇÑ-èçîáðàæåíèÿ ñïåêòðà áóäåò ïîëó÷åí îäíîìåðíûé ýøåëëå-ñïåêòð îòêà-
ëèáðîâàííûé ïî äëèíå âîëíû.
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1 Îïèñàíèå

Öåëü äàííîãî ìåòîäè÷åñêîãî ïîñîáèÿ - ïîëó÷åíèå èç äâóìåðíîãî ÏÇÑ-
èçîáðàæåíèÿ (ðèñ. 1) îäíîìåðíîãî ñïåêòðà, îòêàëèáðîâàííîãî ïî äëèíå âîë-
íû (ðèñ. 2). Ïðîöåäóðà âêëþ÷àåò êàëèáðîâêó ÏÇÑ-äàííûõ, èçâëå÷åíèå ñïåê-
òðàëüíûõ ïîðÿäêîâ, êàëèáðîâêó ïî äëèíå âîëíû è íîðìàëèçàöèþ êîíòèíóó-
ìà.

Ðèñ. 1: Äâóìåðíîå èçîáðàæåíèå îáúåêòà. Ãîðèçîíòàëüíàÿ è âåðòèêàëüíàÿ îñè ñîîòâåòñòâó-
þò íàïðàâëåíèÿì âäîëü äèñïåðñèè è âäîëü ùåëè ñîîòâåòñòâåííî.

Ðèñ. 2: Ó÷àñòîê îäíîìåðíîãî ñïåêòðà îòêàëèáðîâàííîãî ïî äëèíå âîëíû.

Ïåðåä íà÷àëîì îáðàáîòêè ýøåëëå-ñïåêòðîâ (êàê è ëþáûõ äðóãèõ) íåîáõî-
äèìî óáåäèòüñÿ â íàëè÷èè êàëèáðîâî÷íûõ êàäðîâ òàêèõ êàê:

• bias (áàéåñ) � èçîáðàæåíèå ïîäëîæêè, ïîëó÷åííîå ïðè íóëåâîé ýêñïîçè-
öèè. ßâëÿþòñÿ ñîñòàâëÿþùåé âñåõ êàäðîâ áåç èñêëþ÷åíèÿ.

• dark (äàðê) � êàäð ñ èçîáðàæåíèåì òåìíîâîãî òîêà. Ïîëó÷àåòñÿ ïðè
ñúåìêå ñ çàêðûòûì çàòâîðîì. Ïðè îõëàæäåíèè ÷èïà äî íèçêèõ òåìïåðà-
òóð âêëàä òåìíîâîãî òîêà ñòàíîâèòñÿ íåçíà÷èòåëüíûì è äàðê íå ñíèìà-
þò.
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• �at (ôëýò) � èçîáðàæåíèå ïëîñêîãî ïîëÿ. Íåîáõîäèìî äëÿ ó÷åòà íåîäíî-
ðîäíîñòåé ÷óâñòâèòåëüíîñòè ïèêñåëåé ìàòðèöû.

• Ñïåêòð ñðàâíåíèÿ (í-ð, ThAr). Îí íåîáõîäèì äëÿ ïðèâÿçêè èññëåäóå-
ìîãî ñïåêòðà ïî äëèíàì âîëí.

Áåç êàëèáðîâî÷íûõ êàäðîâ ñïåêòðû ñàìîãî îáúåêòà áóäó áåñïîëåçíûì ìàòå-
ðèàëîì.
Ïåðåä íà÷àëîì ðàáîòû íåîáõîäèìî âûïîëíèòü ðåçåðâíîå êîïèðîâàíèå âñåõ
èñõîäíûõ ôàéëîâ. Òàêæå íåîáõîäèìî ïðîâåðèòü â êàêîé-ëèáî ïðîãðàììå (íà-
ïðèìåð, ds9) âñå êàäðû íà ïðåäìåò ñèëüíûõ îòêëîíåíèé. Åñëè êàäðû ïëîõèå,
èõ íåîáõîäèìî óäàëèòü èç îáðàáîòêè.

5



2 Íà÷àëî ðàáîòû ñ IRAF

2.1 Óñòàíîâêà

Íåîáõîäèìî âûïîëíèòü êîìàíäó mkiraf, à çàòåì îòâåòèòü íà íåñêîëü-
êî âîïðîñîâ îá èíèöèàëèçàöèè ôàéëîâ ñ ïàðàìåòðàìè è íàñòðîéêå òåðìèíàëà:

> mkiraf

Initialize uparm? (y|n): y
� initializing uparm
Terminal types: xgterm,xterm,gterm,vt640,vt100,etc.
Enter terminal type: xgterm
A new LOGIN.CL �le has been created in the current directory.
You may wish to review and edit this �le to change the defaults.

Ïîñëå ýòîãî â êàòàëîãå, ãäå ìû ðàáîòàåì, ïîÿâèòñÿ ôàéë login.cl. Ýòî
óñòàíîâî÷íûé ôàéë äëÿ IRAF, êîòîðûé ìîæíî èçìåíèòü âðó÷íóþ. Â ôàéëå
login.cl ìîæíî íàéòè ñòðîêè, êîòîðûå âûãëÿäÿò òàê:

set home = "/home/username/IRAF _ directory/"
...
set uparm = "home $ uparm/"

Ïåðâàÿ ñòðîêà - ýòî êàòàëîã, â êîòîðîì íàõîäèòñÿ login.cl, à äðóãàÿ
îïðåäåëÿåò ìåñòîïîëîæåíèå êàòàëîãà uparam, â êîòîðîì õðàíÿòñÿ òåêó-
ùèå ïàðàìåòðû êîìàíä. Ïðè ðàáîòå ñ äàííûìè ñ ðàçíûõ èíñòðóìåíòîâ,
ðåêîìåíäóåòñÿ ñîçäàòü îòäåëüíûå ñòàðòîâûå êàòàëîãè (îòäåëüíûå login.cl
è uparm) äëÿ êàæäîãî èíñòðóìåíòà. Ïî óìîë÷àíèþ â IRAF óñòàíîâëåí
ôîðìàò ôàéëîâ *.imh è *.pix. Óäîáíî óñòàíîâèòü ôîðìàò *.�ts. Äëÿ ýòîãî
íåîáõîäèìî â ôàéëå login.cl èçìåíèòü ñòðîêó:

set imtype = "imh"
íà
set imtype = "�ts"

Òàêæå ìîæíî óêàçàòü ïàêåòû è êîìàíäû, êîòîðûå áóäóò àâòîìàòè÷å-
ñêè ïîäãðóæàòüñÿ ïðè çàïóñêå IRAF. Äëÿ ýòîãî íåîáõîäèìî óêàçàòü èõ
íàçâàíèÿ â êîíöå ôàéëà login.cl:

imred
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ccdred
echelle
...
task [name] = [path]/[�lename].cl

Â ïîñëåäíåé ñòðîêå ïîêàçàíî, êàê ïîäêëþ÷àòü äîïîëíèòåëüíûå çàäà÷è,
êîòîðûå õðàíÿòñÿ âíå êàòàëîãà IRAF (îáû÷íî ôàéëû ñ ðàñøèðåíèåì .cl).

2.2 Çàïóñê

Ïåðåä òåì êàê íà÷àòü ðàáîòó íåïîñðåäñòâåííî ñ ñàìèìè ñïåêòðàìè,
íåîáõîäèìî îòñîðòèðîâàòü âñå ôàéëû ïî äàòàì è ïî âðåìåíè ïîëó÷åíèÿ.
Ëó÷øå ðàçáèòü êàäðû îäíîé íî÷è íà ñòîëüêî ïàïîê, ñêîëüêî áûëî ñíÿòî
ïîëíûõ ñåðèé êàëèáðîâîê. È íå çàáûâàåì ïðî ðåçåðâíûå êîïèè!
Åñëè ôàéëû èìåþò íåïîäõîäÿùåå ðàñøèðåíèå (IRAF ðàáîòàåò ñ ôàéëàìè
ôîðìàòà �ts), òî ïîìåíÿòü ðàñøèðåíèå ìû ìîæåì ñ ïîìîùüþ êîìàíäû:

> rename *.fts �ts �eld=extn

*.fts � ãîâîðèò î òîì, ÷òî îïåðàöèÿ áóäåò ïðèìåíåíà êî âñåì fts-ôàéëàì â
äàííîé ïàïêå (ñâîåîáðàçíàÿ ìàñêà äëÿ ôàéëîâ, ñ êîòîðûìè ïðîãðàììå íàäî
ðàáîòàòü).
×òîáû ñîçäàòü ñïèñîê âñåõ �ts-ôàéëîâ â äàííîé äèðåêòîðèè, âûïîëíÿåì
êîìàíäó:

> ls *.�ts > all_�les.dat

Íà âûõîäå ïîëó÷èì ôàéë all_�les.dat ñî ñïèñêîì âñåõ �ts-èçîáðàæåíèé,
êîòîðûå ñîäåðæàòñÿ â äàííîé äèðåêòîðèè.
Çàïóñêàåì òåðìèíàë Linux è çàïóñêàåì xgterm. Çàïóñê xgterm íåîáõîäèì
äëÿ ðàáîòû ãðàôè÷åñêîãî òåðìèíàëà IRAF:

> xgterm&

Òåã & ïîçâîëÿåò çàêðûâàòü òåðìèíàë, íå ïðåðûâàÿ ðàáîòû xgterm.
Ïîñëå çàïóñêà xgterm ìû îêàæåìñÿ â äîìàøíåé ïàïêå, à çàïóñê IRAF
íåîáõîäèìî ïðîèçâîäèòü èç êàòàëîãà, ãäå õðàíèòüñÿ ôàéë login.cl. Äëÿ
ïðîñìîòðà ñîäåðæèìîãî ïàïêè, â êîòîðûé ìû íàõîäèìñÿ, âûïîëíÿåì:

>ls
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Ïåðåõîä âíèç ïî äðåâó ìåæäó äèðåêòîðèÿìè îñóùåñòâëÿåòñÿ êîìàíäîé:

>cd ./folder_name

Êîìàíäà cd ../ ïîçâîëÿåò ïîäíÿòüñÿ ââðåõ ïî äðåâó íà îäíó äèðåêòî-
ðèþ.

Ïîñëå ïåðåõîäà â íåîáõîäèìóþ ïàïêó, ìû çàïóñêàåì ñàì IRAF (ðèñ.
3):

>ecl

Ðèñ. 3: Ïðèâåòñòâåííîå îêíî è ñïèñîê îñíîâíûõ ïàêåòîâ IRAF.

ecl> â íà÷àëå ñòðîêè òåïåðü ãîâîðèò î òîì, ÷òî ìû èñïîëüçóåì IRAF.
Ïîñëå çàïóñêà IRAF ïåðåìåùàåìñÿ â ðàáî÷óþ ïàïêó èñïîëüçóÿ êîìàíäó cd.
Äëÿ çàâåðøåíèÿ ðàáîòû IRAF èñïîëüçóåì êîìàíäó log out.
Âñå ïðîöåäóðû âûïîëíÿþòñÿ â èíòåðàêòèâíîì ðåæèìå ñ èñïîëüçîâàíèåì êî-
ìàíä IRAF. Â çàâèñèìîñòè îò ðîëè, âñå êîìàíäû ñãðóïïèðîâàíû â ¾ïàêåòû¿.
×òîáû âûïîëíèòü òó èëè èíóþ êîìàíäó íåîáõîäèìî ñíà÷àëà îòêðûòü ïàêåò,
âêëþ÷àþùèé ýòó çàäà÷ó, íàáðàâ èìÿ ïàêåòà. Íàïðèìåð, çàäà÷à apall íàõî-
äèòñÿ â ïàêåòå echelle, êîòîðûé íàõîäèòñÿ â ïàêåòå imred. Ïîýòîìó, ñíà÷àëà
ââîäèì èìåíà ïàêåòîâ imred è echelle:

×òîáû âåðíóòüñÿ ê ïðåäûäóùåìó ïàêåòó, èñïîëüçóåì êîìàíäó bye.
Èìÿ ïàêåòà, êîòîðîå âêëþ÷àåò êîìàíäó, êîòîðóþ âû õîòèòå ïðèìåíèòü,
ìîæíî óçíàòü â ñïðàâêå. Íàïðèìåð, â ñëó÷àå çàäà÷è apall (ðèñ. 5):

ecl> help apall
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Ðèñ. 4: Íåîáõîäèìûå ïàêåòû äëÿ âûçîâà êîìàíäû apall.

Ðèñ. 5: Ðåçóëüòàò âûçîâà help äëÿ êîìàíäû appall (èìÿ ïàêåòà óêàçàíî â çàãîëîâêå).

Ïðè âûïîëíåíèè çàäà÷ IRAF, íàðÿäó ñ âõîäíûìè è âûõîäíûìè ôàéëàìè
íåîáõîäèìî íàñòðàèâàòü íåêîòîðûå ïàðàìåòðû ñàìèõ çàäà÷. Ñïèñîê ïàðàìåò-
ðîâ âûçûâàåòñÿ êîìàíäîé eparam (epar), ïîñëå êîòîðîé èäåò èìÿ íóæíîé
êîìàíäû. Äëÿ òîãî, ÷òîáû ñîõðàíèòü èçìåíåííûå ïàðàìåòðû, ïðè âûõîäå îä-
íîâðåìåííî íàæèìàåì Ctrl d, à âûõîä áåç ñîõðàíåíèÿ èçìåíåíèé - Ctrl c.
Ïðèìåðû áóäóò ïîêàçàíû äàëåå.

2.3 Îòîáðàæåíèå äàííûõ

ÏÇÑ-èçîáðàæåíèå îòîáðàæàåòñÿ â ds9 (SAOIMAGE). Ïðîãðàììà ds9
çàïóñêàåòñÿ ÷åðåç òåðìèíàë ñ óêàçàíèåì èìåíè ôàéëà:

> ds9 �lename.�le

Èçîáðàæåíèå èç ñðåäû IRAF îòîáðàæàåòñÿ ñ ïîìîùüþ ôóíêöèè display.
Íèæå ïðèâåäåí ïðèìåð äëÿ ôàéëà ñ èìåíåì X.�ts:

ecl> display X.�ts 1 z1=1420. z2=1967.862
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Äèàïàçîí îòîáðàæåíèÿ íàñòðàèâàåòñÿ ïàðàìåòðàìè çàäà÷è display:

ecl> epar display

ïîÿâëÿåòñÿ ñëåäóþùèé ñïèñîê ïàðàìåòðîâ:

I R A F

Image Reduction and Analysis Facility

PACKAGE = tv
TASK = display
image = X.�ts image to be displayed
frame = 1 frame to be written into
(bpmask = BPM) bad pixel mask
(bpdispl= none) bad pixel display (none|overlay|interpolate)
(bpcolor= red) bad pixel colors
(overlay= ) overlay mask
(ocolors= green) overlay colors
(erase = yes) erase frame
(border= no) erase un�lled area of window
(select= yes) display frame being loaded
(repeat = no) repeat previous display parameters
(�ll = yes) scale image to �t display window
(zscale = yes) display range of greylevels near median
(contras= 0.25) contrast adjustment for zscale algorithm
(zrange = yes) display full image intensity range
(zmask = ) sample mask
(nsample= 1000) maximum number of sample pixels to use
(xcenter= 0.5) display window horizontal center
(ycenter= 0.5) display window vertical center
(xsize = 1.) display window horizontal size
(ysize = 1.) display window vertical size
(xmag = 1.) display window horizontal magni�cation
(ymag = 1.) display window vertical magni�cation
(order = 0) spatial interpolator order (0=replicate, 1=linea
(z1 = ) minimum greylevel to be displayed
(z2 = ) maximum greylevel to be displayed
(ztrans = linear) greylevel transformation (linear|log|none|user)
(lut�le = ) �le containing user de�ned look up table
(mode = ql)
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Äèàïàçîíû îòîáðàæåíèÿ ðåãóëèðóþòñÿ çíà÷åíèÿìè ïàðàìåòðîâ xmag,
ymag è ò.ä. ×òîáû çàâåðøèòü íàñòðîéêó ïàðàìåòðà, íàæìèòå Ctrl d èëè
ââåäèòå ñèìâîë äâîåòî÷èÿ :, à çàòåì q. Åñëè ââåñòè äâîåòî÷èå : è go, òî
çàäà÷à (â äàííîì ñëó÷àå display) íà÷íåò ñâîþ ðàáîòó.

2.4 Êðîññ-ðàçðåç èçîáðàæåíèÿ

Êðîññ-ðàçðåç èçîáðàæåíèÿ ïîëåçåí äëÿ îöåíêè ñïåêòðàëüíûõ äàííûõ.
Îí ïîëó÷àåòñÿ ñ ïîìîùüþ çàäà÷è implot. Çäåñü ïðèâåäåíû äàííûå äëÿ
ïëîñêîãî ïîëÿ â êà÷åñòâå ïðèìåðà:

ecl>implot �at.�ts

Ðèñ. 6: Êðîññ-ðàçðåç èçîáðàæåíèÿ ïëîñêîãî ïîëÿ. Çäåñü ïîêàçàí ñëó÷àé äëÿ 2046 ëèíèè
(ò.å. öåíòð ÏÇÑ-èçîáðàæåíèÿ) âäîëü íàïðàâëåíèÿ äèñïåðñèè.

Ïîÿâëÿåòñÿ íîâîå îêíî, â êîòîðîì ïîêàçàí êðîññ-ðàçðåç èçîáðàæåíèÿ
âäîëü ùåëè (ðèñ. 6). Äèàïàçîí îòîáðàæåíèÿ èçìåíÿåòñÿ ïóòåì ââîäà äâîå-
òî÷èÿ : è ÷èñåë ïèêñåëåé, òàêèõ êàê x 100 300, â ðåçóëüòàòå ÷åãî íà äèà-
ãðàììå áóäó ïîêàçàíû äàííûå ìåæäó çàäàííûìè çíà÷åíèÿìè ïèêñåëåé. Äëÿ
ïîëó÷åíèÿ áîëåå ïîäðîáíîé èíôîðìàöèè ñì. ñïðàâêó ïî çàäà÷å implot. Åñëè
îäèí ðàç íàæàòü ñ â ýòîì îêíå, òî áóäåò ïîêàçàí êðîññ-ðàçðåç âäîëü äèñ-
ïåðñèè (íàïðàâëåíèå ïåðïåíäèêóëÿðíîå íàïðàâëåíèþ ùåëè) (ñ=column). Ñ
íàæàòèåì êëàâèøè l ñíîâà áóäåò ïîêàçàí êðîññ-ðàçðåç âäîëü íàïðàâëåíèÿ
ùåëè (l=line). Äëÿ çóìèíãà èñïîëüçóåòñÿ íàæàòèå êëàâèøè e íà êðàÿõ íåîá-
õîäèìîé îáëàñòè. Äëÿ âîçâðàòà ê ïîêàçó ïîëíîãî èçîáðàæåíèÿ, íàæèìàåì
a äâàæäû. Åñëè íóæíî ïîñòðîèòü êðîññ-ðàçðåç íåñêîëüêèõ èçîáðàæåíèé, òî
èõ íàçâàíèÿ ââîäÿòñÿ â implot ÷åðåç çàïÿòóþ áåç ïðîáåëîâ. Ïåðåêëþ÷åíèå
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ìåæäó íèìè áóäåò îñóùåñòâëÿòüñÿ êíîïêàìè m è n. Âûõîä èç ïðîöåäóðû
implot îñóùåñòâëÿåòñÿ íàæàòèåì êëàâèøè q.
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3 Ïîäãîòîâêà ðàáî÷åãî ìàòåðèàëà

3.1 Ðàçáèåíèå êàäðîâ íà ÷àñòè

Ýòà ïðîöåäóðà íåîáõîäèìà, åñëè âû, íàïðèìåð, ðàáîòàåòå ñ äàííûìè ñî
ñïåêòðîãðàôà HARPS. Ó ýòîãî ñïåêòðîãðàôà â êàæäîì ôàéëå ñîäåðæèòñÿ
ñðàçó äâà èçîáðàæåíèÿ, ïîýòîìó â íà÷àëå ðàáîòû íàì íåîáõîäèìî ðàçäå-
ëèòü ýòè ñíèìêè. Äëÿ ðàçáèåíèÿ êàäðîâ íà ÷àñòè â IRAF ïðèìåíÿåì êîìàíäó:

ecl>imcopy name.�ts[1,inherit] a_name.�ts
ecl>imcopy name.�ts[2,inherit] b_name.�ts

öèôðà 1 îçíà÷àåò, ÷òî êîïèðóåòñÿ òîëüêî ïåðâàÿ ÷àñòü èçîáðàæåíèÿ;
inherit � èñïîëüçóþòñÿ îáå �ts-øàïêè; a_name.�ts � íîâîå èìÿ ôàéëà c
ïåðâîé ÷àñòüþ èçîáðàæåíèÿ áóäåò íà÷èíàòüñÿ ñ a (ãîëóáàÿ îáëàñòü ñïåêòðà),
à ñî âòîðîé ÷àñòüþ èçîáðàæåíèÿ ñ b (êðàñíàÿ îáëàñòü). Òàêèì îáðàçîì,
ïîñëå âûïîëíåíèÿ äàííûõ êîìàíä ìû ïîëó÷èì äâà íàáîðà ôàéëîâ, êîòîðûå
ñîîòâåòñòâóþò ñèíåé è êðàñíîé îáëàñòÿì.

3.2 Îáðåçêà îâåðñêàíà

ÂÀÆÍÎ! Íåîáõîäèìî ÷òîáû âñå èçîáðàæåíèÿ ñïåêòðà è âñåõ êàëèáðîâî÷-
íûõ êàäðîâ áûëè îðèåíòèðîâàíû ïîêðàñíåíèåì ââåðõ è âïðàâî (îäèíàêîâî).
Îáðåçêó îâåðñêàíà ìû ìîæåì ñîâåðøèòü òîé æå êîìàíäîé imcopy òîëüêî ñ
äðóãèìè ïàðàìåòðàìè:

ecl> imcopy name[1:2048,1:2048] new_name

èëè

ecl>imcopy *.�ts[1:2048,1:2048] *.�ts

êîïèðóåòñÿ ÷àñòü èçîáðàæåíèÿ ñ ðàçìåðàìè [1:2048,1:2048] ïèêñåëåé è
ñîçäàåòñÿ íîâîå èçîáðàæåíèå óæå áåç îâåðñêàíà. Äëÿ îïðåäåëåíèÿ îáëàñòè
îâåðñêàíà óäîáíî ïîëüçîâàòü ïðîãðàììó ds9. Äëÿ åå çàïóñêà â IRAF íåîáõî-
äèìî ââåñòè êîìàíäó:

ecl>!ds9

(çàïóñê êîìàíä Linux ïðè ðàáîòå â IRAF îñóùåñòâëÿåòñÿ ñ ïîìîùüþ
íàïèñàíèÿ ïåðåä êîìàíäîé çíàêà "!").
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3.3 Ïîâîðîò êàäðà

Åñëè íåîáõîäèìî ïîâåðíóòü èçîáðàæåíèå, òî íóæíî èñïîëüçîâàòü êîìàíäó
rotate:

ecl>rotate name new_name 180

÷èñëî â êîíöå êîìàíäû ãîâîðèò îá óãëå ïîâîðîòà èçîáðàæåíèÿ â ãðàäó-
ñàõ. Óêàçàíèå ïîëîæèòåëüíîãî óãîëà îñóùåñòâèò ïîâîðîò èçîáðàæåíèÿ
ïðîòèâ ÷àñîâîé ñòðåëêè ïî îñè X. Åñëè íåîáõîäèìî îòðàçèòü èçîáðàæåíèå
ïî êàêîé-ëèáî îñè (X èëè Y), òî èñïîëüçóåì êîìàíäó:

ecl>imcopy name[*,-*] new_name

â äàííîì ñëó÷àåò îòðàæåíèå ïî îñè Y. Ïðè ñîâïàäåíèè íàçâàíèÿ ôàé-
ëîâ name è new_name èçîáðàæåíèÿ ïåðåçàïèñûâàþòñÿ, à åñëè îíè
îòëè÷àþòñÿ, òî ñîçäàåòñÿ íîâûé ôàéë.

4 Îñíîâíûå êîððåêòèðîâêè

Â ýòîé ãëàâå êðàòêî èçëîæåíû ïåðâûå øàãè ðåäóêöèè äàííûõ, êîòîðûå
ñëåäóåò ïðîèçâåñòè ïðè ðàáîòå ñ ëþáûìè äàííûìè, íå òîëüêî ñïåêòðîñêî-
ïè÷åñêèìè. Íåêîòîðûå èç íèõ äîëæíû ïðèìåíÿòüñÿ âñåãäà, íåêîòîðûå - â
çàâèñèìîñòè îò èíñòðóìåíòà.

4.1 Ó÷åò bias

Ó÷åò bias äåëàåòñÿ ñ èñïîëüçîâàíèåì êàäðîâ ñ íóëåâîé ýêñïîçèöèåé.
×òîáû ïîâûñèòü êà÷åñòâî äàííûõ, íåîáõîäèìî îáúåäèíèòü íåñêîëüêî êàäðîâ
bias, ïðèíÿâ ìåäèàííîå çíà÷åíèå äëÿ êàæäîãî ïèêñåëÿ. Äëÿ ýòîé öåëè
èñïîëüçóåì çàäà÷ó imcombine. Ïðè âûïîëíåíèè eparam imcombine ïî-
ÿâèòñÿ ñëåäóþùåå îêíî ïàðàìåòðîâ:

I R A F

Image Reduction and Analysis Facility

PACKAGE = immatch
TASK = imcombine
input = List of images to combine
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output = List of output images
(headers= ) List of header �les (optional)
(bpmasks= ) List of bad pixel masks (optional)
(rejmask= ) List of rejection masks (optional)
(nrejmas= ) List of number rejected masks (optional)
(expmask= ) List of exposure masks (optional)
(sigmas = ) List of sigma images (optional)
(log�le STDOUT) Log �le
(combine= median) Type of combine operation
(reject = none) Type of rejection
(project= no) Project highest dimension of input images?
(outtype= real) Output image pixel datatype
(outlimi= ) Output limits (x1 x2 y1 y2 ...)
(o�sets= none) Input image o�sets
(masktyp= none) Mask type
(maskval= 0.) Mask value
(blank = 0.) Value if there are no pixels
(scale = none) Image scaling
(zero = none) Image zero point o�set
(weight = none) Image weights
(statsec= ) Image section for computing statistics
(expname= ) Image header exposure time keyword
(lthresh= INDEF) Lower threshold
(hthresh= INDEF) Upper threshold
(nlow = 1) minmax: Number of low pixels to reject
(nhigh = 1) minmax: Number of high pixels to reject
(nkeep = 1) Minimum to keep (pos) or maximum to reject (neg
(mclip = yes) Use median in sigma clipping algorithms?
(lsigma = 3.) Lower sigma clipping factor
(hsigma = 3.) Upper sigma clipping factor
(rdnoise= 0.) ccdclip: CCD readout noise (electrons)
(gain = 1.) ccdclip: CCD gain (electrons/DN)
(snoise = 0.) ccdclip: Sensitivity noise (fraction)
(sigscal= 0.1) Tolerance for sigma clipping scaling correction
(pclip = -0.5) pclip: Percentile clipping parameter
(grow = 0.) Radius (pixels) for neighbor rejection
(mode = ql)

Èìåíà âõîäíûõ ôàéëîâ óêàçûâàþòñÿ â ñòðîêå ïàðàìåòðà input
(bias1,bias2,bias3. . . ) ÷åðåç çàïÿòóþ (.�ts - ìîæíî îïóñòèòü). Â ñòðî-
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êå ïàðàìåòðà output óêàçûâàåòñÿ èìÿ âûõîäíîãî ôàéëà (í-ð, sbias). Êàê
àëüòåðíàòèâà, èìåíà âõîäíûõ ôàéëîâ ìîãóò áûòü ïðåäñòàâëåíû â âèäå
ñïèñêà (ôàéëà, êàæäàÿ ñòðîêà êîòîðîãî ñîäåðæèò îòäåëüíîå èìÿ ôàéëà).
Íàïðèìåð, âõîäíîé ôàéë bias_all, ñîäåðæàùèé íàçâàíèÿ ôàéëîâ bias,
áóäåò óêàçàí êàê @bias_all. Ïàðàìåòð combine äîëæåí áûòü óêàçàí êàê
median. Ïîñëå âûïîëíåíèÿ êîìàíäû áóäåò ñîçäàí ôàéë sbias.�ts. Äàëåå
ïîëó÷åííûé ôàéë sbias äîëæåí áûòü âû÷òåí èç âñåõ îñòàëüíûõ ôàéëîâ
êàëèáðîâêè è èç ôàéëîâ ñàìîãî îáúåêòà.
Äëÿ âû÷èòàíèÿ bias èñïîëüçóåòñÿ çàäà÷à imarith:

ecl> imarith name - sbias.�ts new_name

èëè äëÿ ñïèñêà ôàéëîâ

ecl>imarith @all_�les � sbias.�ts @all_�les2

, ãäå ôàéë all_�les2 ñîäåðæèò íîâûå èìåíà ôàéëîâ ïîñëå âû÷èòàíèÿ
sbias.

4.2 Òåìíîâîé òîê

Äàæå êîãäà íà äåòåêòîð íå ïîïàäàåò ñâåò, íà ìàòðèöå ìîãóò ïîÿâëÿòüñÿ
íåêîòîðûå îòñ÷åòû. Ýòî íàçûâàåòñÿ òåìíîâûì òîêîì è ÿâëÿåòñÿ ðåçóëüòàòîì
òåïëîâîãî äâèæåíèÿ ýëåêòðîíîâ â ÷èïå è ýëåêòðîíèêå. Òåìíîâîé òîê îöåíèâà-
åòñÿ ïî êàäðàì áåç îòêðûòèÿ çàòâîðà (dark). Åãî óðîâåíü çàâèñèò îò âðåìåíè,
ïîýòîìó ëó÷øå èñïîëüçîâàòü êàäðû dark ñ òåì æå âðåìåíåì ýêñïîçèöèè ÷òî
è íàó÷íûå êàäðû. Ó dark íóæíî óáðàòü îâåðñêàí è âû÷åñòü bias.
Ïîäãîòîâêà dark ìîæåò áûòü âûïîëíåíà ñ ïîìîùüþ çàäà÷è darkcombine,
êîòîðàÿ èñïîëüçóåò ccdproc. Áîëüøå èíôîðìàöèè ìîæíî íàéòè â help. Íà
õîðîøèõ ïðèåìíèêàõ òåìíîâîé òîê íåçíà÷èòåëåí, ïîýòîìó ýòîò øàã ìîæåò
áûòü ïðîïóùåí.

4.3 Ìàñêèðîâêà ïëîõèõ ïèêñåëåé

Íà ÷èïàõ ïðèåìíèêîâ ÷àñòî âñòðå÷àþòñÿ "ïëîõèå"ïèêñåëè èëè êîëîíêè.
Îíè ìîãóò ïëîõî ïîâëèÿòü íà íåêîòîðûå ïðîöåññû ðåäóêöèè. Åñëè ïëîõèõ
ïèêñåëåé è ñòîëáöîâ íå òàê ìíîãî, òî ìîæíî ïîäãîòîâèòü ïðîñòîé òåêñòîâûé
ôàéë. Êàæäàÿ ñòðîêà ýòîãî ôàéëà äîëæíà ïðåäñòàâëÿòü xbegin xend
ybegin yend äëÿ ïðÿìîóãîëüíîé îáëàñòè è x y äëÿ èçîëèðîâàííûõ ïèêñå-
ëåé. Íàïðèìåð:
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1671 1671 1 4095 //â ñëó÷àå ïëîõîãî ñòîëáöà
1780 560 //â ñëó÷àå ïëîõîãî ïèêñåëÿ

òàê áóäåò âûãëÿäåòü ñîäåðæèìîå íàøåãî ôàéëà ñ ïëîõèìè ïèêñåëÿìè,
íàçîâåì åãî íàïðèìåð badpix. Îïðåäåëåíèå êîîðäèíàò ïëîõèõ ïèêñåëåé
îñóùåñòâëÿåì â ïðîãðàììå ds9. Ìàñêà (ôàéë badpix) ìîæåò áûòü ïîëó÷åíà
ïóòåì âûäåëåíèÿ íà êàäðàõ bias ïèêñåëåé ñ íåíîðìàëüíûìè îòñ÷åòàìè.
Äëÿ èñïðàâëåíèÿ ïëîõèõ ïèêñåëåé èñïîëüçóåì êîìàíäó �xpix (ðèñ. 7):

Ðèñ. 7: ×àñòü èçîáðàæåíèÿ äî è ïîñëå ìàñêèðîâêè ïëîõîãî ñòîëáöà.

I R A F

Image Reduction and Analysis Facility

PACKAGE = proto
TASK = �xpix
images = @all_�les List of images to be �xed
masks = badpix.pl List of bad pixel masks
(linterp= INDEF) Mask values for line interpolation
(cinterp= INDEF) Mask values for column interpolation
(verbose= no) Verbose output?
(pixels = no) List pixels?
(mode = ql)

èëè
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ecl> �xpix @all_�les badpix

èëè

ecl>�xpix *.�ts badpix

4.4 Èñïðàâëåíèå ñëåäîâ êîñìè÷åñêèõ ÷àñòèö

Íà ïçñ-ìàòðèöó ïîñòîÿííî ïîïàäàþò âûñîêîýíåðãåòè÷íûå êîñìè÷åñêèå ÷à-
ñòèöû, ñîçäàâàÿ î÷åíü áîëüøèå îòñ÷åòû â ïèêñåëÿõ, íà êîòîðûå îíè ïîïàëè.
Ñëåäû êîñìè÷åñêèõ ÷àñòèö ëåãêî èñïðàâëÿþòñÿ êîãäà èçîáðàæåíèÿ (bias,
�at, ìíîæåñòâåííûå ýêñïîçèöèè îäíîãî è òîãî æå îáúåêòà) îáúåäèíÿþòñÿ,
íàïðèìåð, ïðîöåäóðîé imcombine. Äëÿ åäèíè÷íûõ æå èçîáðàæåíèé èñ-
ïîëüçóåòñÿ çàäà÷à lacos_spec/lacos_im â ïàêåòå stsdas. Çäåñü ñêà÷èâàåì
ñêðèïò: http://www.astro.yale.edu/dokkum/lacosmic/download.html
Ýòîò ñêðèïò êîïèðóåì â ðàáî÷óþ ïàïêó è ñîõðàíÿåì êàê locos_im.cl.
Çàïóñêàåì IRAF, çàõîäèì â ïàêåò stsdas. Äàëåå:

stsdas>task lacos_im = path/lacos_im.cl

ãäå path/ - ïóòü ê ïàïêå, â êîòîðîé ëåæèò ñêðèïò.
Ðåäàêòèðóåì ïàðàìåòðû:

stsdas>epar lacos_im

æì¼ì Ctrl d, äëÿ ñîõðàíåíèÿ èçìåíåíèé. Çàïóñêàåì ñêðèïò:

stsdas>lacos_im input output outmask

ãäå input � èìÿ âõîäíîãî ôàéëà, output � èìÿ ôàéëà íà âûõîäå, à
outmask � ôàéë-ìàñêà ñ ïîëîæåíèåì ñëåäîâ êîñìè÷åñêèõ ÷àñòèö. Ïî õîäó
ðàáîòû äàííîãî ñêðèïòà îòâå÷àåì íà íåêîòîðûå âîïðîñû, ïîñëå ÷åãî íàøå
èçîáðàæåíèå áóäåò î÷èùåíî îò êîñìè÷åñêèõ ÷àñòèö ïîëíîñòüþ.
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5 Ïåðâàÿ ýêñòðàêöèÿ ñïåêòðà

Äëÿ äàëüíåéøåé êàëèáðîâêè ñïåêòðîñêîïè÷åñêèõ äàííûõ (íàïðèìåð,
äåëåíèå íà ïëîñêîå ïîëå, ó÷åò ðàññåÿííîãî ñâåòà) óäîáíî ñíà÷àëà ýêñòðàãèðî-
âàòü âñå ñïåêòðàëüíûå ïîðÿäêè èç îäíîãî èçîáðàæåíèÿ, èñïîëüçóÿ êîìàíäó
apall. Ýòî äàñò ýòàëîííûå äàííûå äëÿ äàëüíåéøåé ïðîöåäóðû êàëèáðîâêè.
Ïåðåä çàïóñêîì îïðåäåëÿåì íàïðàâëåíèå äèñïåðñèè (ãîðèçîíòàëüíî èëè
âåðòèêàëüíî). Â ïàðàìåòðàõ ïàêåòà echelle (epar echelle) óñòàíàâëèâàåì
çíà÷åíèå 1 äëÿ ïàðàìåòðà dispaxi â ñëó÷àå ãîðèçîíòàëüíîé è 2 â ñëó÷àå
âåðòèêàëüíîé îðèåíòàöèè ïîðÿäêîâ.
Êàê óæå ãîâîðèëîñü ðàíåå, äëÿ çàïóñêà ïàêåòà apall íåîáõîäèìî ñíà÷àëà
ïåðåéòè â ïàêåò imred è echelle. Èñïîëüçóåì ñëåäóþùèå ïàðàìåòðû apall:

echelle> epar apall

I R A F

Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = apall
input = Y List of input images
(output = Y_ec) List of output spectra
(apertur= ) Apertures
(format = echelle) Extracted spectra format
(referen= ) List of aperture reference images
(pro�le= ) List of aperture pro�le images
(interac= yes) Run task interactively?
(�nd = yes) Find apertures?
(recente= yes) Recenter apertures?
(resize = yes) Resize apertures?
(edit = yes) Edit apertures?
(trace = yes) Trace apertures?
(�ttrac= yes) Fit the traced points interactively?
(extract= yes) Extract spectra?
(extras = no) Extract sky, sigma, etc.?
(review = yes) Review extractions?
(line = INDEF) Dispersion line
(nsum = 100) Number of dispersion lines to sum or median
# DEFAULT APERTURE PARAMETERS
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(lower = -5.) Lower aperture limit relative to center
(upper = 5.) Upper aperture limit relative to center
(apidtab= ) Aperture ID table (optional)
# DEFAULT BACKGROUND PARAMETERS
(b_funct= chebyshev) Background function
(b_order= 1) Background function order
(b_sampl -10:-6,6:10) Background sample regions
(b_naver= -3) Background average or median
(b_niter= 0) Background rejection iterations
(b_low_r= 3.) Background lower rejection sigma
(b_high_= 3.) Background upper rejection sigma
(b_grow = 0.) Background rejection growing radius
# APERTURE CENTERING PARAMETERS
(width = 5.) Pro�le centering width
(radius = 10.) Pro�le centering radius
(thresho= 0.) Detection threshold for pro�le centering
# AUTOMATIC FINDING AND ORDERING PARAMETERS
n�nd = 22 Number of apertures to be found automatically
(minsep = 5.) Minimum separation between spectra
(maxsep = 1000.) Maximum separation between spectra
(order = increasing) Order of apertures
# RECENTERING PARAMETERS
(aprecen= ) Apertures for recentering calculation
(npeaks = INDEF) Select brightest peaks
(shift = yes) Use average shift instead of recentering?
# RESIZING PARAMETERS
(llimit = -10.) Lower aperture limit relative to center
(ulimit = 10.) Upper aperture limit relative to center
(ylevel = 0.1) Fraction of peak or intensity for automatic wid
(peak = yes) Is ylevel a fraction of the peak?
(bkg = no) Subtract background in automatic width?
(r_grow = 0.) Grow limits by this factor
(avglimi= yes) Average limits over all apertures?
# TRACING PARAMETERS
(t_nsum = 10) Number of dispersion lines to sum
(t_step = 10) Tracing step
(t_nlost= 3) Number of consecutive times pro�le is lost bef
(t_funct= legendre) Trace �tting function
(t_order= 3) Trace �tting function order
(t_sampl= *) Trace sample regions
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(t_naver= 1) Trace average or median
(t_niter= 0) Trace rejection iterations
(t_low_r= 3.) Trace lower rejection sigma
(t_high_= 3.) Trace upper rejection sigma
(t_grow = 0.) Trace rejection growing radius
# EXTRACTION PARAMETERS
(backgro= none) Background to subtract
(skybox = 1) Box car smoothing length for sky
(weights= none) Extraction weights (none|variance)
(p�t = �t1d) Pro�le �tting type (�t1d|�t2d)
(clean = no) Detect and replace bad pixels?
(saturat= INDEF) Saturation level
(readnoi= 8) Read out noise sigma (photons)
(gain = 1.) Photon gain (photons/data number)
(lsigma = 4.) Lower rejection threshold
(usigma = 4.) Upper rejection threshold
(nsubaps= 1) Number of subapertures per aperture
(mode = ql)

Èìåíà âõîäíîãî è âûõîäíîãî ôàéëîâ óêàçàíû â ïåðâûõ äâóõ ñòðîêàõ.
Â çíà÷åíèè ïàðàìåòðà n�nd íóæíî óêàçàòü âåðíîå ÷èñëî ïîðÿäêîâ äëÿ
äàííîãî èíñòðóìåíòà.
Çàäà÷à apall âíà÷àëå èùåò îòäåëüíûå ýøåëëå-ïîðÿäêè â êðîññ-ðàçðåçå èçîá-
ðàæåíèÿ. Çàòåì îïðåäåëÿåò ïîëîæåíèå è ðàçìåð àïåðòóðû è ïðåäîñòàâëÿåò
âîçìîæíîñòü ðó÷íîé êîððåêòèðîâêè. Äëÿ âûïîëíåíèÿ ýòèõ çàäà÷ íåîáõîäèìî
óêàçàòü ïàðàìåòðû �nd, recente, resize è edit êàê yes. Äëÿ îïðåäåëåíèÿ
ðàçìåðà è ïîëîæåíèÿ àïåðòóðû, âû÷ëåíÿþòñÿ îòäåëüíûå ïîðÿäêè è îòñ÷åòû
â íèõ ñóììèðóþòñÿ âäîëü íàïðàâëåíèÿ ùåëè. Òàêèå ïàðàìåòðû êàê trace,
�ttrac è extract äîëæíû áûòü óñòàíîâëåíû êàê yes. Äðóãèå âàæíûå ïàðà-
ìåòðû:

# AUTOMATIC FINDING ... (n�nd): äàåò êîëè÷åñòâî èçâëå÷åí-
íûõ ñïåêòðîâ
# RESIZING PARAMETERS (peak and ylevel): åñëè ïàðàìåòð peak
óñòàíîâëåí êàê yes, òî ðàçìåð àïåðòóðû îïðåäåëÿåòñÿ êàê øèðèíà êðîññ-
ðàçðåçà èçîáðàæåíèÿ îòäåëüíîãî ñïåêòðà íà âûñîòå ïèêà ylevel. Íàïðèìåð,
åñëè ylevel ñîñòîâëÿåò 0.3, òî ðàçìåð àïåðòóðû ïðèíèìàåòñÿ ðàâíûì 30%
âûñîòû ïèêà êðîññ-ðàçðåçà.

Íà ïåðâîì ýòàïå ïàðàìåòðû extras è bkg äîëæíû áûòü óñòàíîâëåíû êàê
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no, â òî âðåìÿ êàê avglimi - yes. Ïîñëå çàïóñêà çàäà÷è, ïîÿâèòñÿ äèàãðàììà
êàê íà ðèñóíêå 8 (îêíî irafterm). Äëÿ èçìåíåíèÿ ïàðàìåòðîâ ïðîöåäóðû áåç
ïðåêðàùåíèÿ åå ðàáîòû â èíòåðàòèâíîì ðåæèìå äîñòàòî÷íî íàáðàòü â àê-
òèâíîì îêíå irafterm : ïàðàìåòð çíà÷åíèå. Íàïðèìåð: : function spline3.

Ðèñ. 8: Êðîññ-ðàçðåç èçîáðàæåíèÿ. Ðåçóëüòàòîì ïåðâîãî øàãà êîìàíäû apall ÿâëÿåòñÿ
îïðåäåëåíèå ïîçèöèè è íîìåðà ïîðÿäêîâ.

Ðèñóíîê 8 - ýòî ðåçóëüòàò àâòîìàòè÷åñêîãî ïîèñêà ïîëîæåíèÿ è ðàçìåðà
àïåðòóðû. Ïîëîæåíèå è ðàçìåð àïåðòóðû ìîãóò êîððåêòèðîâàòüñÿ ïðè
íåîáõîäèìîñòè. Äëÿ îïðåäåëåíèÿ öåíòðà àïåðòóðû íàâîäèì êóðñîð íà öåíòð
è íàæèìàåì n. Âåðõíÿÿ è íèæíÿÿ ãðàíèöû àïåðòóðû çàäàþòñÿ êíîïêàìè u è
l ñîîòâåòñâåííî. Íàâåäèòå êóðñîð íà àïåðòóðû è íàæìèòå d äëÿ åå óäàëåíèÿ,
íàæìèòå m ÷òîáû âðó÷íóþ îòìåòèòü àïåðòóðó, êîòîðóþ âû õîòèòå èçâëå÷ü.
Äëÿ ïîëó÷åíèÿ äîïîëíèòåëüíûõ êîìàíä, ñìîòðè ñïðàâêó (ââåäèòå ?).
Ìàñøòàá îêíà ìîæíî ìåíÿòü (ïîðÿäêîâ áûâàåò ìíîãî, è â ìàëåíüêîì îêíå
îíè ñëèâàþòñÿ). Äëÿ ýòîãî íàæèìàåì w è çàòåì êëàâèøåé å îòìå÷àåì ëåâûé
íèæíèé è ïðàâûé âåðõíèé óãëû îáëàñòè îêíà, êîòîðóþ íóæíî óâåëè÷èòü.
Âåðíóòü ïðåæíèé ìàñøòàá ìîæíî, íàæàâ w è à. Îñîáîå âíèìàíèå îáðàòèòå
íà êðàéíèå (ñèíèå è êðàñíûå) ïîðÿäêè. Âî-ïåðâûõ, â çàâèñèìîñòè îò ñïåê-
òðàëüíîãî êëàññà îáúåêòà ñèãíàë â ñèíåé èëè êðàñíîé ÷àñòè ìîæåò áûòü
ñëàáûì. Âî-âòîðûõ, ñèíèå ïîðÿäêè ðàñïîëîæåíû î÷åíü áëèçêî äðóã ê äðóãó,
à â êðàñíîé ÷àñòè ìåæäó ïîðÿäêàìè âîçíèêàþò èíòåðôåðåíöèîííûå ïîëîñû,
êîòîðûå ÷àñòî òîæå ðàñïîçíàþòñÿ êàê ïîðÿäêè.
Åñëè ïîèñê àïåðòóðû âàñ íå óäîâëåòâîðÿåò, òî ìîæíî îñòàíîâèòü çàäà÷ó
íàæàâ q è îòâåòèâ no íà âñå ïîñëåäóþùèå âîïðîñû, è ñíîâà çàïóñòèâ çàäà÷ó
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ñ äðóãèìè ïàðàìåòðàìè. Îñîáîå âíèìàíèå ñòîèò óäåëèòü íîìåðàì ïîðÿäêîâ.
×èñëà äîëæíû áûòü ðàñïîëîæåíû ñëåâà íàïðàâî áåç ïðîáåëîâ è äóáëèðî-
âàíèÿ. ×òîáû îòñîðòèðîâàòü àïåðòóðû, ïîäâåäèòå êóðñîð áëèçêî ê îäíîé,
íàæìèòå o, è ââåäèòå íîìåð, êîòîðûé âû õîòèòå ïðèñâîèòü äàííîé àïåðòóðå
â ýòîé ïîñëåäîâàòåëüíîñòè. Åñëè ïîëîæåíèå, ðàçìåð àïåðòóðû è íóìåðàöèÿ
ïîðÿäêîâ âàñ óñòðàèâàåò, òî ââåäèòå q è îòâåòüòå yes íà âñå ïîñëåäóþùèå
âîïðîñû. Ïîÿâèòñÿ äèàãðàììà ïîõîæàÿ íà ðèñóíîê 9.

Ðèñ. 9: Òðàññèðîâêà ïîðÿäêîâ ñïåêòðà. Ãîðèçîíòàëüíàÿ îñü - íàïðàâëåíèå äèñïåðñèè, à
âåðòèêàëüíàÿ îñü - íàïðàâëåíèå ùåëè (åäèíèöû èçìåðåíèÿ - ÷èñëî ïèêñåëåé íà ÏÇÑ)

Íà ýòîé äèàãðàììå ïîêàçàí ïðåäâàðèòåëüíûé ðåçóëüòàò òðàññèðîâêè ïî-
ðÿäêà, ãäå ãîðèçîíòàëüíàÿ è âåðòèêàëüíàÿ îñè óêàçûâàþò íîìåð ïèêñåëåé â
íàïðàâëåíèè äèñïåðñèè è ùåëè ñîîòâåòñòâåííî. Îáíàðóæåííûé ïèê ñïåêòðà
ïîêàçàí ñèìâîëîì +, â òî âðåìÿ êàê ðåçóëüòàò ôèòèðîâàíèÿ îáíàðóæåííûõ
ïèêîâ ïîêàçàí ïóíêòèðîì. Òî÷êè, àâòîìàòè÷åñêè èñêëþ÷åííûå èç ôèòèðîâà-
íèÿ îòìå÷àþòñÿ çåëåíûì.
Ìîæíî óâåëè÷èòü ïîðÿäîê ôèòèðóþùåé ôóíêöèè è/èëè èçìåíèòü äèàïàçîí
ôèòèðîâàíèÿ äëÿ ãîðèçîíòàëüíîé îñè. Ïîðÿäîê ôóíêöèè ôèòèðîâàíèÿ ìîæ-
íî èçìåíèòü, íàïðèìåð, íà 3, íàáðàâ íà äèñïëåå :order 3. Äèàïàçîí ôèòèðî-
âàíèÿ èçìåíÿåòñÿ ïóòåì íàæàòèÿ êëàâèøè s íà äâå ïîçèöèè íà äèñïëåå (äèà-
ïàçîí ôèòèðîâàíèÿ èíèöèàëèçèðóåòñÿ íàæàòèåì t). Ôèòèðîâàíèå ñ íîâûìè
ïàðàìåòðàìè çàïóñêàåòñÿ êëàâèøåé f. Îòäåëüíûå òî÷êè ìîãóò áûòü óäàëå-
íû íàæàòèåì êëàâèøè d (êîãäà êóðñîð íàõîäèòñÿ ðÿäîì ñ íåé). Òàêèå òî÷êè
ïîìå÷àþòñÿ ñèìâîëîì × . ×òîáû äîáàâèòü èõ îáðàòíî íàæèìàåì u. ×òîáû
îöåíèòü ñîîòâåòñòâèå, ìîæíî ïðîâåðèòü íåâÿçêè íàæàâ j, èëè îòíîøåíèå ìå-
ñòà ïîëîæåíèÿ îáíàðóæåííûõ ïèêîâ ê ðåçóëüòàòó ôèòèðîâàíèÿ êëàâèøåé k.
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Íàæàâ h, ìû âåðíåìñÿ â èñõîäíîå îêíî. Îïèñàííûå âûøå êîìàíäû ðàáîòà-
þò ïðàêòè÷åñêè äëÿ êàæäîé èíòåðàêòèâíîé ïðîöåäóðû ôèòèðîâàíèÿ â IRAF
(íàïðèìåð, â êîìàíäå continuum). Åñëè ðåçóëüòàò ôèòèðîâàíèÿ õîðîøèé,
òî ââåäèòå q è ïðèìåíèòå àíàëîãè÷íóþ ïðîöåäóðó ê ñëåäóþùåìó ïîðÿäêó.
Ïîñëå ôèòèðîâàíèÿ âñåõ ñïåêòðîâ ñîäåðæàùèõñÿ íà èçîáðàæåíèè, ïîÿâèòñÿ
ýêñòðàãèðîâàííûé ñïåêòð ïåðâîãî ýøåëëå-ïîðÿäêà (ðèñ. 10).

Ðèñ. 10: Ñïåêòð, ïîëó÷åííûé çàäà÷åé apall. Åäèíèöåé èçìåðåíèÿ ãîðèçîíòàëüíîé îñè íà
äàííîì ýòàïå ÿâëÿåòñÿ íîìåð ïèêñåëÿ ÏÇÑ.

Äëÿ âèçóàëèçàöèè ñïåêòðà óäîáíî èñïîëüçîâàòü êîìàíäó splot:

echelle> splot Y_ec 1

, ãäå 1 � ýòî íîìåð ïîðÿäêà, êîòîðûé ìû õîòèì îòîáðàçèòü.
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6 Ðàññåÿííûé ñâåò

Êàê ìîæíî âèäåòü íà èçîáðàæåíèè êðîññ-ðàçðåçà îáúåêòà (ðèñ. 11), îò-
ñ÷åòû ôîíà ìåæäó äâóìÿ ïîðÿäêàìè íå ðàâíû íóëþ èç-çà ðàññåÿííîãî ñâå-
òà âíóòðè ñïåêòðîãðàôà. Îöåíêà ôîíà äåëàåòñÿ ïóòåì ìàñêèðîâêè àïåðòóð
ñïåêòðà è ïðèìåíåíèÿ ïîâåðõíîñòíîãî ôèòèðîâàíèÿ äðóãèõ ðåãèîíîâ. Çäåñü
âû÷èòàíèå ôîíà äåëàåòñÿ òîëüêî äëÿ êàäðîâ îáúåêòà (òàêæå âû÷èòàíèå ôî-
íà äîëæíî áûòü ñäåëàíî äëÿ �at ïåðåä äåëåíèåì íà íåãî). Äëÿ ýòîé öåëè
èñïîëüçóåòñÿ çàäà÷à apscatter. Ïðèìåð íàñòðîéêè ïàðàìåòðîâ ýòîé çàäà÷è
ïðèâåäåí íèæå. Îíè àíàëîãè÷íû ïàðàìåòðàì êîìàíäû apall, òîëüêî íà ýòîò
ðàç èçîáðàæåíèå îáúåêòà, ê êîòîðîìó ýêñòðàêöèÿ óæå ïðèìåíÿëàñü, ìîæåò
áûòü èñïîëüçîâàíî êàê îïîðíîå èçîáðàæåíèå (ïàðàìåòð referen). Ïàðàìåòðû
�nd, trace è �ttrac óñòàíàâëèâàþòñÿ êàê no, à recente, resize, edit êàê yes.

Ðèñ. 11: Êðîññ-ðàçðåç èçîáðàæåíèÿ îáúåêòà â õîäå ðàáîòû ïðîöåäóðû apscatter.

Àâòîìàòè÷åñêè îïðåäåëÿþòñÿ ïîðÿäêè, ðåçóëüòàò ôèòèðîâàíèÿ â íàïðàâ-
ëåíèè ùåëè îòîáðàæàåòñÿ êàê íà ðèñóíêå 12. Ìîæíî êîððåêòèðîâàòü ôóíê-
öèþ ôèòèðîâàíèÿ è åå ïîðÿäîê. Êëàâèøà q çàâåðøàåò ïðîöåññ ôèòèðîâàíèÿ
äëÿ ýòîãî êðîññ-ðàçðåçà. Ïîñëå ÷åãî ìîæíî óâèäåòü ðåçóëüòàò ôèòèðîâàíèÿ
äëÿ äðóãèõ ñòðîê, ââåäÿ, íàïðèìåð, line 200. Åñëè ôèòèðîâàíèå â íàïðàâ-
ëåíèè ùåëè âûãëÿäèò ïðèåìëåìî, òî íàæèìàåì q èëè quit, çàòåì áóäåò ïî-
êàçàíî ôèòèðîâàíèå â íàïðàâëåíèè äèñïåðñèè êàê íà ðèñóíêå 13 (ýòî ìîæåò
çàíÿòü íåêîòîðîå âðåìÿ). Ìîæíî óâèäåòü êðîññ-ðàçðåç äðóãèõ êîëîíîê, íà-
ïðèìåð, column 2500 è ò.ä. Åñëè ïîäãîíêà óäîâëåòâîðèòåëüíà, òî ââîäèì q
èëè quit, òîãäà ïîëó÷àåòñÿ èçîáðàæåíèå ñ âû÷òåííûì ðàññåÿííûì ñâåòîì.
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Ðèñ. 12: Êðîññ-ðàçðåç èçîáðàæåíèÿ ñ çàìàñêèðîâàííûìè àïïåðòóðàìè. Ðåçóëüòàò ôèòèðî-
âàíèÿ ôîíà ïîêàçàí ïóíêòèðîì.

I R A F

Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = apscatter
input = X List of input images to subtract scattered lig
output = Xs List of output corrected images
(apertur= ) Apertures
(scatter= Y ) List of scattered light images (optional)
(referen= ) List of aperture reference images
(interac= yes) Run task interactively?
(�nd = no) Find apertures?
(recente= yes) Recenter apertures?
(resize = yes) Resize apertures?
(edit = yes) Edit apertures?
(trace = no) Trace apertures?
(�ttrac= no) Fit the traced points interactively?
(subtrac= yes) Subtract scattered light?
(smooth = yes) Smooth scattered light along the dispersion?
(�tscat= yes) Fit scattered light interactively?
(�tsmoo= yes) Smooth the scattered light interactively?
(line = INDEF) Dispersion line
(nsum = 100) Number of dispersion lines to sum or median
(bu�er = 1.) Bu�er distance from apertures
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Ðèñ. 13: Òî æå èçîáðàæåíèå, ÷òî è íà ðèñóíêå 12, òîëüêî â íàïðàâëåíèè äèñïåðñèè.

(apscat1= ) Fitting parameters across the dispersion
(apscat2= ) Fitting parameters along the dispersion
(mode = ql)
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7 Ïëîñêîå ïîëå

×òîáû èñïðàâèòü íåîäíîðîäíîñòü ÷óâñòâèòåëüíîñòè äåòåêòîðà îò ïèêñåëÿ
ê ïèêñåëþ, ïîëó÷àþò èçîáðàæåíèÿ ëàìïû áåëîãî öâåòà (�at) ñ òåìè æå
íàñòðîéêàìè ñïåêòðîãðàôà, ÷òî è äëÿ íàó÷íûõ ñïåêòðîâ (ðèñ. 6). Ýòè
äàííûå äàþò îöåíêó ÷óâñòâèòåëüíîñòè ñïåêòðîãðàôà, âêëþ÷àÿ çàâèñèìîñòü
îò äëèíû âîëíû.
Îáû÷íî èçîáðàæåíèÿ ïëîñêîãî ïîëÿ ïîëó÷àþòñÿ èç íåñêîëüêèõ êàäðîâ ïóòåì
ìåäèàííîãî óñðåäíåíèÿ âñåõ �at, êàê è â ñëó÷àå bias ñ ïîìîùüþ êîìàíäû
imcombine. Ó÷åò ïëîñêîãî ïîëÿ ïðîèñõîäèò ïóòåì äåëåíèÿ èçîáðàæåíèÿ
îáúåêòà íà �at. Îäíàêî ïåðåä ýòèì îáû÷íî �at íîðìàëèçóåòñÿ. Íîðìàëè-
çàöèÿ �at âûïîëíÿåòñÿ êîìàíäîé apnormalize (èëè ap�atten). Ïàðàìåòðû
apnormalize ñëåäóþùèå:

I R A F

Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = apnormalize
input = �at List of images to normalize
output = �atn List of output normalized images
(apertur= ) Apertures
(referen= Y ) List of reference images
(interac= yes) Run task interactively?
(�nd = no) Find apertures?
(recente= yes) Recenter apertures?
(resize = yes) Resize apertures?
(edit = yes) Edit apertures?
(trace = no) Trace apertures?
(�ttrac= no) Fit traced points interactively?
(normali= yes) Normalize spectra?
(�tspec= yes) Fit normalization spectra interactively?
(line = INDEF) Dispersion line
(nsum = 10) Number of dispersion lines to sum or median
(cennorm= no) Normalize to the aperture center?
(thresho= 10.) Threshold for normalization spectra
(backgro= none) Background to subtract
(weights= none) Extraction weights (none|variance)
(p�t = �t1d) Pro�le �tting type (�t1d|�t2d)
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(clean = no) Detect and replace bad pixels?
(skybox = 1) Box car smoothing length for sky
(saturat= INDEF) Saturation level
(readnoi= 0.) Read out noise sigma (photons)
(gain = 1.) Photon gain (photons/data number)
(lsigma = 4.) Lower rejection threshold
(usigma = 4.) Upper rejection threshold
(functio= spline3) Fitting function for normalization spectra
(order = 3) Fitting function order
(sample = *) Sample regions
(naverag= 1) Average or median
(niterat= 5) Number of rejection iterations
(low_rej= 3.) Lower rejection sigma
(high_re= 3.) High upper rejection sigma
(grow = 0.) Rejection growing radius
(mode = ql)

Îíè òàêæå àíàëîãè÷íû ïàðàìåòðàì êîìàíäû apall, è èçîáðàæåíèå îáú-
åêòà, ê êîòîðîìó ýêñòðàêöèÿ óæå ïðèìåíÿëàñü, èñïîëüçóåòñÿ êàê îïîðíîå
èçîáðàæåíèå (ïàðàìåòð referen). Ïîñêîëüêó èçîáðàæåíèÿ îáúåêòà è �at
ïîëó÷àþòñÿ ïðè îäèíàêîâûõ íàñòðîéêàõ ñïåêòðîãðàôà, òî ïîëîæåíèÿ ñïåê-
òðàëüíûõ ïîðÿäêîâ íà èçîáðàæåíèè â ïðèíöèïå îäèíàêîâîå. (Ïîëîæåíèÿ
ñïåêòðîâ íà CCD-èçîáðàæåíèè çàïèñûâàþòñÿ â ôàéë êàê apNAME â
äèðåêòîðèè database, ïîýòîìó íå ñëåäóåò óäàëÿòü èëè ïåðåìåùàòü ýòó
äèðåêòîðèþ.)
Äëÿ ññûëêè íà ôàéë, èìÿ ôàéëà óêàçûâàåòñÿ â êà÷åñòâå ïàðàìåòðà referen.
Ýòàëîííîå èçîáðàæåíèå ïðåäñòàâëÿåò èç ñåáÿ äâóìåðíûå äàííûå ïåðåä ýêñ-
òðàêöèåé, à íå èçâëå÷åííûå îäíîìåðíûå ñïåêòðû. Ýòàëîííîå èçîáðàæåíèå
èñïîëüçóåòñÿ äëÿ ïîèñêà àïåðòóð è òðàññèðîâêè ñïåêòðà. Â ýòîì ñëó÷àå
ïàðàìåòðû �nd è �ttrac äîëæíû áûòü óñòàíîâëåíû êàê no. Ïîëîæåíèå
è ðàçìåð àïåðòóðû îïðåäåëÿþòñÿ äëÿ �at äîïîëíèòåëüíî, ïîòîìó ÷òî
èçîáðàæåíèå îáúåêòà è ïëîñêîãî ïîëÿ â öåëîì ìåæäó ñîáîé ðàçëè÷àþòñÿ.
Ñëåäîâàòåëüíî, ïàðàìåòðû recente è resize äîëæíû áûòü óñòàíîâëåíû êàê
yes. Ê ñîæàëåíèþ, â ñïèñêå ïàðìåòðîâ apnormalize íå ñóùåñòâóåò peak
è ylevel. Îíè ïðèâåäåíû îòäåëüíî â ñïèñêå ïàðàìåòðîâ apresize, êîòîðûé
âûçûâàåòñÿ èç apnormalize ñëåäóþùèì îáðàçîì:

R A F

Image Reduction and Analysis Facility
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PACKAGE = echelle
TASK = apresize
input = List of input images
(apertur= ) Apertures
(referen= ) Reference images
(interac= no) Run task interactively?
(�nd = yes) Find apertures?
(recente= no) Recenter apertures?
(resize = yes) Resize apertures?
(edit = yes) Edit apertures?
(line = INDEF) Dispersion line
(nsum = 1) Number of dispersion lines to sum or median
(llimit = -20.) Lower aperture limit relative to center
(ulimit = 20.) Upper aperture limit relative to center
(ylevel = 0.4) Fraction of peak or intensity for automatic wi
(peak = yes) Is ylevel a fraction of the peak?
(bkg = no) Subtract background in automatic width?
(r_grow = 0.) Grow limits by this factor
(avglimi= yes) Average limits over all apertures?
(mode = ql)

Èçâëå÷åíèå �at ïðîèçâîäèòñÿ apnormalize êàê â apall äëÿ ñïåêòðîâ
îáúåêòà. Òåì íå ìåíåå, òàê êàê èñïîëüçóþòñÿ ýòàëîííûå äàííûå äëÿ òðàññè-
ðîâêè ñïåêòðà, íå íóæíî íè÷åãî äåëàòü ðóêàìè. Ïåðâûé ýêñòðàãèðîâàííûé
ñïåêòð îòîáðàæàåòñÿ êàê ðèñóíîê 14. Òàêæå íà äèàãðàììå ïîêàçàí ïðîôèëü,
àïïðîêñèìèðóþùèé äàííûå. ×òîáû óëó÷øèòü ïîäãîíêó, ìîæíî èçìåíèòü
ôóíêöèþ è ïîðÿäîê ôèòèðîâàíèÿ, íàïðèìåð :function spline3 è :order
9 ñîîòâåòñòâåííî. Ìîæíî òàêæå èçìåíÿòü äèàïàçîí ôèòèðîâàíèÿ äâîéíûì
íàæàòèåì êëàâèøè s, ÷òîáû èñêëþ÷èòü íåïîäõîäÿùèå ÷àñòè ñïåêòðà èç
ïðîöåññà ôèòèðîâàíèÿ, í-ð ïèêñåëè, çàòðîíóòûå ¾ïëîõèìè¿ ñòîëáöàìè.
Íàæàòèå f âûïîëíÿåò ïåðåôèòèðîàíèå ñ íîâûìè ïàðàìåòðàìè. Íàæàòèå q
îñóùåñòâëÿåò çàâåðøåíèå ïðîöåäóðû ñ äàííûì ñïåêòðîì è îñóùåñòâëÿåò
ïåðåõîä ê ñëåäóþùåìó. Ýòà ïðîöåäóðà ïðèìåíÿåòñÿ êî âñåì ýøåëëå-ïîðÿäêàì
ñïåêòðàì.

Ðåçóëüòàò ìîæíî óâèäåòü c ïîìîùüþ êîìàíäû implot. Íîðìàëèçîâàííûé
�at âûãëÿäèò êàê ðèñóíîê 15. ×àñòü, â êîòîðîé îòñ÷åò ðàâåí òî÷íî åäèíèöå,
ÿâëÿåòñÿ âíåøíåé ÷àñòüþ àïåðòóðû, ò.å. îáëàñòüþ ìåæäó äâóìÿ ñïåêòðàìè,
ãäå ñâåò (ñóùåñòâåííûì îáðàçîì) íå îáíàðóæåí. Ðàçáðîñ, îáíàðóæåííûé â
àïåðòóðàõ, óêàçûâàåò íà íåîäíîðîäíîñòü ÷óâñòâèòåëüíîñòè äåòåêòîðà.
Äåëåíèå èçîáðàæåíèÿ îáúåêòà íà �at ïðîèçâîäèòñÿ ñ ïîìîùüþ êîìàíäû
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Ðèñ. 14: Ïîäãîíêà ôèòèðóþùåé êðèâîé ê âûäåëåííîìó ñïåêòðó �at.

imarith:

echelle>imarith Xs / �atn Xsf

, ãäå íîðìàëèçîâàííûé �at � �atn.�ts, à ðåçóëüòàò äåëåíèÿ íà �at -
Xf.

Ðèñ. 15: Êðîññ ðàçðåç �at âäîëü íàïðàâëåíèÿ ùåëè.
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8 Ýêñòðàêöèÿ îäíîìåðíûõ ñïåêòðîâ

Ýêñòðàêöèÿ ñïåêòðà ïîñëå âû÷èòàíèÿ ðàññåÿííîãî ñâåòà èç ñïåêòðà îáú-
åêòà è äåëåíèÿ íà �atñíîâà ïðîèçâîäèòüñÿ ñ èñïîëüçîâàíèåì êîìàíäû apall.
Íèæå ïðèâåäåí ïðèìåð íàñòðîéêè ïàðàìåòðîâ äëÿ ïåðâûõ 16 ñòðîê:

I R A F

Image Reduction and Analysis Facility

PACKAGE = echelle
TASK = apall
input = Xsf List of input images
(output = Xsfec)Listofoutputspectra
(apertur =)Apertures
(format = echelle)Extractedspectraformat

(referen = Y )Listofaperturereferenceimages

(profile =)Listofapertureprofileimages
(interac = yes)Runtaskinteractively?
(find = no)Findapertures?
(recente = yes)Recenterapertures?
(resize = yes)Resizeapertures?
(edit = yes)Editapertures?
(trace = no)Traceapertures?
(fittrac = no)Fitthetracedpointsinteractively?
(extract = yes)Extractspectra?
(extras = no)Extractsky, sigma, etc.?
(review = yes)Reviewextractions?

Ýòó ÷àñòü íå íóæíî çàïóñêàòü â èíòåðàêòèâíîì ðåæèìå (óñòàíîâèòå äëÿ
ïàðàìåòðà interac çíà÷åíèå no), îäíàêî, íóæíî êîíòðîëèðîâàòü ïðîöåññ íà
ýòîì ýòàïå, â ñëó÷àå äàííûõ ñ íèçêèì ñîîòíîøåíèåì ñèãíàë-øóì.
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9 Êàëèáðîâêà äëèí âîëí

Âûøåóïîìÿíóòàÿ ïðîöåäóðà ïðåäñòàâëÿåò îäíîìåðíûå ñïåêòðû îòäåëü-
íûõ ýøåëëå-ïîðÿäêîâ êàê ôóíêöèþ îò íîìåðà ïèêñåëÿ. Êàëèáðîâêà ïî äëèíå
âîëíû ïðîèçâîäèòñÿ ñ èñïîëüçîâàíèåì ñïåêòðà ñðàâíåíèÿ (í-ð, ThAr ëàìïà),
ïîëó÷åííîãî ïðè òåõ æå íàñòðîéêàõ ñïåêòðîãðàôà, ÷òî è ñïåêòð îáúåêòà. Ëà-
áîðàòîðíûå äëèíû âîëí îòäåëüíûõ ëèíèé êàëèáðîâî÷íîãî ñïåêòðà èçâåñòíû.

9.1 Èäåíòèôèêàöèÿ ñïåêòðàëüíûõ ëèíèé ñïåêòðà ñðàâíåíèÿ

Âîçüìåì äëÿ ðàáîòû ñïåêòð ThAr. Ñíà÷àëà ñïåêòðû ThAr ýêñòðàãèðóþò-
ñÿ ñ èñïîëüçîâàíèåì apall êàê è ñïåêòðû îáúåêòà. Â ýòîì ñëó÷àå ïîëîæåíèå
è ðàçìåð àïåðòóðû äîëæíû áûòü òàêèìè æå êàê è äëÿ îáúåêòà. Ò.å. ïàðàìåò-
ðû �nd, recente, ..., �ttrac îïðåäåëÿþòñÿ êàê no, à ôàéë îáúåêòà (ïåðåä
ýêñòðàêöèåé) çàäàåòñÿ êàê ýòàëîííûé ôàéë (ïàðàìåòð referen). Äëÿ îïòîâî-
ëîêîííûõ ñïåêòðîãðàôîâ ýòàëîííûé ôàéë ìîæåò áûòü òàêèì æå, êàê è äëÿ
äðóãèõ øàãîâ. Çàòåì ïîëó÷àåòñÿ ñïåêòð, êàê íà ðèñóíêå 16.

Ðèñ. 16: Ïðèìåð ñïåêòðà ñðàâíåíèÿ. Ýòà äèàãðàììà ïîÿâëÿåòñÿ â ïðîöåäóðå ecidentify.

Ñëåäóþùèì øàãîì ÿâëÿåòñÿ èäåíòèôèêàöèÿ ñïåêòðàëüíûõ ëèíèé è îïðå-
äåëåíèå äëèí âîëí. Äëÿ ýòèõ öåëåé ïîëåçíî çíàòü îõâàò äàííûõ ïî äëèíàì
âîëí. Îáû÷íî, äëÿ êàæäîãî ñïåêòðîãðàôà åñòü ñâîè àòëàñû, â êîòîðûõ îòìå-
÷åíû íàèáîëåå ÿðêèå ëèíèè ñïåêòðà-ñðàâíåíèÿ è èõ äëèíû âîëí. Äëèíà âîëíû
êàæäîé ThAr-ëèíèè îïðåäåëÿåòñÿ ñðàâíåíèåì ïðèâåäåííîãî âûøå ãðàôèêà è
àòëàñà.
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9.2 Èäåíòèôèêàöèÿ äëèí âîëí ëèíèé è ìàñøòàáèðîâàíèå äëèí
âîëí

Èäåíòèôèêàöèÿ äëèíû âîëíû äëÿ êàæäîé ëèíèè ThAr ïðîèçâîäèòñÿ ñ
ïîìîùüþ êîìàíäû ecidentify:

echelle> epar ecidentify

Íàçâàíèå ñïåêòðà-ñðàâíåíèÿ äàåòñÿ êàê ïàðàìåòð images, â òî âðåìÿ
êàê coodli íàñòðîåí íà linelists$thar.dat, ÷òî îçíà÷àåò ñïèñîê ëèíèé ThAr
ðåàëèçîâàííûé â IRAF. Â ïðîöåññå âûïîëíåíèÿ ýòîé çàäà÷è îòîáðàæàåòñÿ
ñïåêòð, êàê íà ðèñóíêå 16. Ìîæíî óâåëè÷èòü ãðàôèê èñïîëüçóÿ ðåæèì
window (êëàâèøà w), êàê â ñëó÷àå splot. Íàâåäèòå êóðñîð íà îäíó ýìèñ-
ñèîííóþ ëèíèþ è íàæìèòå m. Çàòåì ïîÿâëÿåòñÿ îòìåòêà íàä ýìèññèîííîé
ëèíèåé. Óêàæèòå åå äëèíó âîëíû, óêàçàííóþ â àòëàñå ThAr äàííûõ. Äëÿ
êàæäîãî ýøåëëå-ïîðÿäêà ñëåäóåò âûäåëèòü íåñêîëüêî ëèíèé, ðàñïðåäåëåí-
íûõ êàê ìîæíî áîëå ðàâíîìåðíî ïî âñåìó ïîðÿäêó. Äëÿ óäàëåíèÿ îøèáî÷íî
èäåíòèôèöèðîâàííîé ëèíèè íàâåäèòå íà íåå êóðñîð è íàæìèòå d (îòìåòêà
ìîæåò îñòàòüñÿ íà îêíå. Â ýòîì ñëó÷àå ïîâòîðíî ïîñòðîéòå ãðàôèê ñ ïîìî-
ùüþ êëàâèøè r). Ìîæíî ïåðåéòè ê ñëåäóþùåìó ïîðÿäêó ñïåêòðà èñïîëüçóÿ
êëàâèøó k (è âîçâðàò ê ïðåäûäóùåìó ïîðÿäêó ñ ïîìîùüþ j). Ýòà ïðîöåäóðà
ïðîèçâîäèòñÿ äëÿ êàæäîãî ïîðÿäêà ñïåêòðà. Íà ïðàêòèêå íåêîòîðûå ïîðÿäêè
ìîæíî ïðîïóñòèòü.
Åñëè èäåíòèôèêàöèÿ ëèíèé çàâåðøåíà, íàæìèòå f, ÷òîáû ïîäîãíàòü ôóíê-
öèþ ê èäåíòèôèöèðîâàííûì ëèíèÿì, îáåñïå÷èâàÿ ñâÿçü ìåæäó ïîëîæåíèåì
ëèíèè íà äåòåêòîðå è äëèíîé âîëíû. Ðåçóëüòàò àïðîêñèìàöèè âäîëü íà-
ïðàâëåíèÿ äèñïåðñèè îòîáðàçèòñÿ êàê íà ðèñóíêå 17. Òî÷êè ñ ñèëüíûìè
îòêëîíåíèÿìè ìîæíî óäàëèòü êëàâèøåé d (óêàçàâ íà íåå êóðñîðîì). Ïî-
ðÿäîê ôóíêöèè ôèòèðîâàíèÿ èçìåíÿåòñÿ ïóòåì ââîäà :xorder 4, :yorder
3, êîòîðûå ñîîòâåòñòâóþò ôóíêöèÿì âäîëü íàïðàâëåíèÿ äèñïåðñèè è âäîëü
íàïðàâëåíèÿ ùåëè. Íà ðèñóíêå 17 ïîêàçàí ðåçóëüòàò ñîîòâåòñòâóþùåé
ïîäãîíêè (êîëè÷åñòâî äàííûõ âåëèêî ïîòîìó ÷òî ýòî ðåçóëüòàò àâòîìàòè÷å-
ñêîãî ïîèñêà ëèíèé). Ãðàôèê â íàïðàâëåíèè ùåëè ïîêàçûâàåòñÿ íàæàòèåì
êëàâèøè x è o (êëàâèøè x è p ñíîâà ïîêàçûâàþò ïîäãîíêó â íàïðàâëåíèè
äèñïåðñèè). Åñëè ðåçóëüòàò ôèòèðîâàíèÿ âàì íðàâèòñÿ (ñðåäíåêâàäðàòè÷íîå
îòêëîíåíèå îáû÷íî ìåíüøå 0,01 äëÿ xorder=yorder=3), òî âûéäèòå èç
ýòîãî ðåæèìà íàæàòèåì q (ãðàôèê ïîäîáíûé ãðàôèêó 13 ïîÿâèòñÿ ñíîâà).
Êëàâèøè l âûïîëíÿåò àâòîìàòè÷åñêèé ïîèñê ëèíèé Th èñïîëüçóÿ ñïèñîê
ëèíèé, âêëþ÷åííûé â IRAF. Ìàêñèìàëüíîå ÷èñëî àâòîìàòè÷åñêîé èäåíòè-
ôèêàöèè óêàçàíî â ôàéëå ïàðàìåòðîâ ecidentify êàê maxfeat. Ðåçóëüòàò
ôèòèðîâàíèÿ ñíîâà ïîêàçûâàåòñÿ íàæàòèåì êëàâèøè f (íà ýòîò ðàç ìíîãèå
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ëèíèè èäåíòèôèöèðîâàíû êàê ïîêàçàíî íà ðèñóíêå 16). Èçìåíÿåì ïàðàìåòðû
xorder è yorder ÷òîáû ïîëó÷èòü óäîâëåòâîðèòåëüíîå ñîîòâåòñòâèå. Îáû÷íî
çíà÷åíèÿ xorder = yorder =4 äàåò õîðîøèå ðåçóëüòàòû. Çàâåðøåíèå
ïðîãðàììû èíèöèàëèçèðóåòñÿ êëàâèøåé q.

Ðèñ. 17: Ðåçóëüòàò èäåíòèôèêàöèè ëèíèé ThAr è ôèòèðîâàíèÿ. Ðåçóëüòàò ôèòèðîâàíèÿ
(åäèíèöû èçìåðåíèÿ �A) ïîêàçàí êàê ôóíêöèÿ îò íîìåðà ïèêñåëÿ â íàïðàâëåíèè äèñïåðñèè.

Åñëè ïðè ïåðâîé èäåíòèôèêàöèè âðó÷íóþ âîçíèêàþò ïðîáëåìû, òî àâòî-
ìàòè÷åñêàÿ ïîäãîíêà ìîæåò ïðèâåñòè ê íåâåðíûì ðåçóëüòàòàì. Ïîëó÷åííûå
ãðàôèêè èäåíòèôèöèðîâàííûõ ëèíèé è ôèòèðîâàíèÿ äîëæíû áûòü ïîäðîá-
íî èçó÷åíû. Ðåøåíèå ïî ïðèâÿçêå ê äëèíàì âîëí â öåëîì îòëè÷àåòñÿ ïðè
êàæäîé íàñòðîéêå ñïåêòðîãðàôà, íî â ïðåäåëàõ îäíîé íàñòðîéêè äîëæíî
áûòü îäèíàêîâûì. ×òîáû ïðèìåíèòü åãî êî ìíîãèì ñïåêòðàì ThAr íóæíî
èñïîëüçîâàòü çàäà÷ó ecreidentify:

echelle> ecreidentify newThAr_ec refe=oldThAr_ec

, çäåñü newThAr_ec.�ts - ýòî íîâàÿ ýêñïîçèöèÿ ThAr, äëÿ êîòîðîé
ìû õîòèì íàéòè ðåøåíèå, a oldThAr_ec.�ts � òà, äëÿ êîòîðîé ðåøåíèå
ìû íàøëè ðàíåå. Â èòîãå äîëæíî ïîÿâèòñÿ:

ECREIDENTIFY: NOAO/IRAF V2.12.1 aokiwk@sb31 Wed 16:15:48
20-Jun-2019
Reference image = oldThAr_ec, Re�t = yes
Image Found Fit Pix Shift User Shift Z Shift RMS
newThAr_ec 784/784 784/784 0.0381 0.0634 1.06E-7 6.3E-4

Ýòî îçíà÷àåò, ÷òî ïðîöåäóðà íàøëà è ïîäîáðàëà âñå ëèíèè, êîòîðûå
èñïîëüçîâàëèñü äëÿ ýòàëîííîãî ñïåêòðà ThAr. Ìîæíî ïåðåñìîòðåòü è
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èñïðàâèòü ðåøåíèå äëÿ íîâîãî ñïåêòðà êîìàíäîé ecidentify.

9.3 Êàëèáðîâêà ñïåêòðîâ ïî äëèíå âîëíû

Òåïåðü øêàëà äëèí âîëí, ïîëó÷åííàÿ ecidentify èëè ecreidentify ïðè-
ìåíÿåòñÿ ê çâåçäíûì ñïåêòðàì. Ñíà÷àëà çâåçäíûé ñïåêòð ñâÿçûâàåòñÿ ñ
ïðèâåäåííûì âûøå ñïåêòðîì êîìàíäîé refspectra:

echelle> refspec Xsf_ec refe=oldThAr_ec

, çäåñü Xsf_ec.�ts ñïåêòð çâåçäû ñ âû÷òåííûì ðàññåÿíûì ñâåòîì, ïî-
äåëåííûé íà �at è ýêñòðàãèðîâàííûé, à oldThAr_ec.�ts ñïåêòð ñðàâíåíèÿ.

Îáû÷íî ñïåêòð îáúåêòà ñîñåäñòâóåò ñ äâóìÿ ýêñïîçèöèÿìè ThAr, èç
êîòîðûõ îäèí áûë ñäåëàí äî, à âòîðîé ïîñëå ñïåêòðà îáúåêòà. Â refspectra
ìîæíî óêàçûâàòü áîëåå îäíîé ññûëêè ÷åð çàïÿòóþ. Â òàêîì ñëó÷àå ïàðà-
ìåòðû sort è select îïðåäåëÿòñÿ ïîñëå òîãî êàê áóäåò âûïîëíåíà èòîãîâàÿ
êàëèáðîâêà, ò.å. ñ êàêèì âåñîì êàêîé ýòàëîííûé ñïåêòð áåðåòñÿ. Äëÿ áîëåå
ïîäðîáíîé èíôîðìàöèè ñìîòðèòå help refspectra. Êàëèáðîâêà ñïåêòðà ïî
äëèíå âîëíû ïðîèçâîäèòñÿ êîìàíäîé dispcor:

echelle> dispcor Xsf_ec Xsf_ecw

Çàòåì ïîëó÷àåòñÿ ñïåêòð, îòêàëèáðîâàííûé ïî äëèíå âîëíû Xsf_ecw.�ts
(ðèñ. 18).

Ðèñ. 18: Ñïåêòð îòêàëèáðîâàíûé ïî äëèíå âîëíû. Ïîñòðîåí ñ ïîìîùüþ êîìàíäû dispcor.
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9.4 Íîðìàëèçàöèÿ êîíòèíóóìà

Ñëåäóþùèì øàãîì ÿâëÿåòñÿ íîðìàëèçàöèÿ ñïåêòðà ïóòåì ïîäáîðà ôèòè-
ðóþùåé êðèâîé. Ýøåëëå-ñïåêòðû îáû÷íî èìåþò ïèê ýôôåêòèâíîñòè âáëèçè
öåíòðà ÏÇÑ, è íèçêèå îòñ÷åòû ïî êðàÿì. Ïðèìåð ïîêàçàí íà ðèñóíêå 18,
ãäå îòñ÷åòû â îáëàñòè ñ ìåíüøèì çíà÷åíèåì äëèíû âîëíû äîâîëüíî íèçêèå.
Â òàêèõ ñëó÷àÿõ, íåêîòîðàÿ ÷àñòü ñ î÷åíü íèçêèìè îò÷åòàìè ìîæåò áûòü
âûðåçàíà. Îáðåçêó ïåðâûõ 600 ïèêñåëåé, íàïðèìåð, ìîæíî âûïîëíèòü ñ
ïîìîùüþ êîìàíäû imcopy:

echelle>imcopy Xsf_ecw[601:4100,*] Xsf_ecwt

Íîðìàëèçàöèÿ ïðîâîäèòñÿ ñ ïîìîùüþ çàäà÷è continuum:

echelle>continuum Xsf_ecwt Xsf_ecwtn.�ts

Íà ðèñóíêå 19 ïîêàçàí ïðèìåð ïîäãîíêè ôóíêöèè ê ñïåêòðó, ãäå ëèíèè
ïîãëîùåíèÿ èñêëþ÷åíû èç ïîäãîíêè. Ôóíêöèÿ ôèòèðîâàíèÿ è åå ïîðÿäîê
èçìåíÿþòñÿ ïóòåì ââîäà :func spline3 è :order 5 ñîîòâåòñòâåííî. Äèàïà-
çîí ôèòèðîâàíèÿ çàäàåòñÿ òàê æå êàê â ñëó÷àå apnormalize êëàâèøåé s.
Ôèòèðîâàíèå çàïóñêàåòñÿ êëàâèøåé f. Êëàâèøè h, j è k ïîêàçûâàþò ñïåêòð
ñ ïîäãîíêîé, íåâÿçêàìè è îòíîøåíèåì (ñïåêòð ñ íîðìàëèçîâàííûì êîíòè-
íóóìîì) ñîîòâåòñòâåííî. Åñëè ðåçóëüòàò óäîâëåòâîðèòåëüíûé, òî íàæèìàåì
q, òîãäà ïîÿâèòñÿ ñïåêòð ñëåäóþùåãî ïîðÿäêà. Ïðîöåäóðà ïîâòîðÿåòñÿ äëÿ
êàæäîãî ïîðÿäêà. Íà ðèñóíêå 20 ïîêàçàí ïðèìåð íîðìàëèçîâàííîãî ñïåêòðà.

Ðèñ. 19: Ïðèìåð ôèòèðîâàíèÿ êîíòèíóóìà.
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Ðèñ. 20: Ïðèìåð íîðìàëèçîâàííîãî ñïåêòðà.
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