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Ó Àñòðîíîìi÷íié îáñåðâàòîði¨ Ëüâiâñüêîãî íàöiîíàëüíîãî óíiâåðñèòåòó iìåíi
Iâàíà Ôðàíêà äëÿ ñïîñòåðåæåííÿ Ñîíöÿ âèêîðèñòîâóþòü ôîòîãåëiîãðàô i
õðîìîñôåðíî-ôîòîñôåðíèé òåëåñêîï ÀÔÐ-2. Ïîäàíî äåòàëi ïðîâåäåíèõ ðî-
áiò ç ìîäåðíiçàöi¨ öèõ òåëåñêîïiâ, çîêðåìà, ó ôîòîãåëiîãðàôi ïîâíiñòþ çà-
ìiíåíî îïòè÷íó ñèñòåìó íà îá'¹êòèâ ÌÒÎ-1000, à äëÿ ðå¹ñòðàöi¨ çîáðàæåíü
Ñîíöÿ âñòàíîâëåíî öèôðîâó ôîòîêàìåðó; â òåëåñêîïi ÀÔÐ-2 âñòàíîâëåíî
íîâèé ñèíõðîííèé äâèãóí ìåõàíiçìó âåäåííÿ ç áëîêîì æèâëåííÿ ÷åðåç êâàð-
öîâèé ãåíåðàòîð; äëÿ âèêîðèñòàííÿ ñó÷àñíî¨ ÊÌÎÍ-êàìåðè ìîäèôiêîâàíî
îïòè÷íó ñèñòåìó ÀÔÐ-2; ïðîâåäåíî ðîáîòè ç ìîäåðíiçàöi¨ äîïîìiæíèõ ïðè-
ñòðî¨â, ÿêi çàáåçïå÷óþòü ðîáîòó iíòåðôåðåíöiéíî-ïîëÿðèçàöiéíîãî ôiëüòðà
IÏÔ-4 (íîâèé òåðìîñòàò, åëåêòðîííèé òåðìîìåòð äëÿ âèìiðþâàííÿ òåìïåðà-
òóðè òðóáè òåëåñêîïà ÀÔÐ-2 òîùî). Ïîäàíî ñòèñëèé îïèñ ïðîöåäóðè ìàòå-
ìàòè÷íî¨ îáðîáêè äàíèõ ñïîñòåðåæåíü Ñîíöÿ. Âèêîíàíi çìiíè äàþòü çìîãó
çíà÷íî ïiäâèùèòè òî÷íiñòü ðå¹ñòðàöi¨, ñïðîñòÿòü ïðîâåäåííÿ ñïîñòåðåæåíü
òà îáðîáêó îòðèìàíèõ ó öèôðîâîìó âèãëÿäi ðåçóëüòàòiâ.

Êëþ÷îâi ñëîâà: ôîòîãåëiîãðàô, õðîìîñôåðíî-ôîòîñôåðíèé òåëåñêîï,
iíòåðôåðåíöiéíî-ïîëÿðèçàöiéíèé ôiëüòð, öèôðîâà ôîòîêàìåðà, ìîäåðíiçà-
öiÿ.

Âñòóï

Ó Àñòðîíîìi÷íié îáñåðâàòîði¨ Ëüâiâñüêîãî íàöiîíàëüíîãî óíiâåðñèòåòó iìåíi Iâà-
íà Ôðàíêà (ÀÎ ËÍÓ) äëÿ ñïîñòåðåæåííÿ Ñîíöÿ âèêîðèñòîâóþòü äâà òåëåñêîïè �
ôîòîãåëiîãðàô i õðîìîñôåðíî-ôîòîñôåðíèé òåëåñêîï ÀÔÐ-2 [1]. Îäíàê ç ÷àñîì öi
òåëåñêîïè, ïðèéìàëüíi ïðèñòðî¨ äî íèõ òà äîïîìiæíå îáëàäíàííÿ ìîðàëüíî òà ôi-
çè÷íî çàñòàðiëè. Òîìó âèíèêëà ïîòðåáà ¨õ ðåñòàâðóâàòè òà ìîäåðíiçóâàòè.
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1. Ôîòîãåëiîãðàô äëÿ ñïîñòåðåæåíü ôîòîñôåðè

Ñîíöÿ

Ôîòîãåëiîãðàô ÔÃ-1 (Ëåíiíãðàäñüêèé îïòèêî-ìåõàíi÷íèé çàâîä, ÑÐÑÐ), ïðèäáà-
íèé ó 1948 ðîöi, ó çàâîäñüêîìó âèêîíàííi ìàâ îá'¹êòèâ ç äiàìåòðîì 0,1 ì i ôîêóñíîþ
âiäñòàííþ 8,8 ì [2], áóâ âñòàíîâëåíèé íà êîëîíó ç åêâàòîðiàëüíîþ ãîëîâêîþ. Ãi-
äóâàííÿ çà Ñîíöåì âèêîíóâàëè âðó÷íó çà äîïîìîãîþ âiäïîâiäíîãî ïðèñòðîþ. ßê
ïðèéìàëüíèé çàñiá âèêîðèñòîâóâàëè ôîòîïëàñòèíè. Ôîòîãåëiîãðàô âèêîðèñòîâóâà-
ëè äëÿ ñèñòåìàòè÷íèõ ôîòîãðàôi÷íèõ ñïîñòåðåæåíü ôîòîñôåðè Ñîíöÿ ïðîòÿãîì
ïîíàä 50 ðîêiâ: çà 1956�2004 ðîêè çiáðàíî ïîíàä 14000 ñêëÿíèõ ïëàñòèíîê ç ôîòî-
ãðàôiÿìè Ñîíöÿ, îòðèìàíèìè íà ÔÃ-1. Íà ðèñ. 1 ïîêàçàíî ñêàí-êîïiþ îäíi¹¨ ç òàêèõ
ôîòîïëàñòèíîê. Îäåðæàíi ðåçóëüòàòè îá'¹äíàëè ó âíóòðiøíié áàíê äàíèõ ÀÎ. Òå-
ïåð ïðîâîäèòüñÿ ðîáîòà ç ïåðåâåäåííÿ öèõ ðåçóëüòàòiâ ñïîñòåðåæåíü ó öèôðîâèé
ôîðìàò.

Ðèñ. 1: Ôîòîãðàôiÿ Ñîíöÿ, ÿêó îòðèìàëè 4 ñi÷íÿ 1980 ðîêó çà äîïîìîãîþ ôîòîãåëiîãðàôà
ÔÃ-1

Fig. 1: A photograph of the Sun taken on January 4, 1980, using the FH-1 photoheliograph

Ç ïåðåõîäîì àñòðîíîìi¨ íà öèôîðîâi ïðèéìà÷i ñâiòëà âèðîáíèöòâî ôîòîåìóëü-
ñiéíèõ íîñi¨â (ôîòîïëàñòèíîê i ñïåöiàëüíèõ øèðîêîôîðìàòíèõ êiíîïëiâîê) òà öåí-
òðàëiçîâàíå çàáåçïå÷åííÿ íèìè àñòðîíîìi÷íèõ îáñåðâàòîðié ïðèïèíèëîñÿ. Òîìó âè-
êîðèñòàííÿ öèôðîâî¨ ôîòîêàìåðè äëÿ ñïîñòåðåæåíü ôîòîñôåðè Ñîíöÿ â ÀÎ ËÍÓ
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ñòàëî íåìèíó÷èì [1]. Çíîøåíiñòü êîìïîíåíòiâ ôîòîãåëiîãðàôà ÔÃ-1 i îñîáëèâîñòi
éîãî îïòè÷íî¨ ñõåìè íå äàëè çìîãè âèêîðèñòîâóâàòè éîãî ó ïî¹äíàííi ç öèôðîâèì
ïðèéìà÷åì, òîìó âèíèêëà ïîòðåáà ó ïîâíié çàìiíi îá'¹êòèâà. Îñíîâîþ íîâîãî ôîòîãå-
ëiîãðàôà ñòàâ äçåðêàëüíî-ëiíçîâèé îá'¹êòèâ ÌÒÎ-1000 ç äiàìåòðîì 0,1 ì i ôîêóñíîþ
âiäñòàííþ 1 ì (äèâ. [3], ñ. 144). Äëÿ éîãî âñòàíîâëåííÿ âèãîòîâèëè íîâå êðiïëåííÿ
äî ãiäóþ÷î¨ ñèñòåìè.

Íà öåé ìîìåíò ÿê ðå¹ñòðàöiéíèé çàñiá âèêîðèñòîâóþòü öèôðîâó ôîòîêàìåðó
Sony Alpha 6000 (ðîçìið ñåíñîðà 4000×6000 ïiêñåëiâ, ðîçìið ïiêñåëÿ � 3,9 ìêì).
Äëÿ ¨¨ ñòèêóâàííÿ ç îá'¹êòèâîì ÌÒÎ-1000, ÿêèé ìà¹ ñòàíäàðòíèé ðiçüáîâèé âèõi-
äíèé îòâið (Ì42), ïðèäáàëè âiäïîâiäíå áàéîíåòíå ìåõàíi÷íå êðiïëåííÿ. Äîäàòêîâî
âèãîòîâëåíî çíiìíèé ðîçñiþâà÷ ñîíÿ÷íîãî âèïðîìiíþâàííÿ äëÿ îòðèìàííÿ êàäðiâ
ïëîñêîãî ïîëÿ (�at �eld). Ó ïåðøîìó âàðiàíòi öi êàäðè îòðèìóâàëè çà äîïîìîãîþ
ðîçñiþâà÷à ó âèãëÿäi ïëîñêîãî åêðàíà, äëÿ îñâiòëåííÿ ÿêîãî áóëî íåîáõiäíî ïîâåðòà-
òè òåëåñêîï íà 180◦ ñòîñîâíî éîãî íîðìàëüíîãî ïîëîæåííÿ ïðè îòðèìàííi îñíîâíèõ
êàäðiâ. Ïiñëÿ 2017 ðîêó âèêîðèñòîâó¹òüñÿ íîâèé ðîçñiþâà÷ � íàñàäêà íà îá'¹êòèâ
ç ìàòîâîþ ïëiâêîþ, ÿêà ðiâíîìiðíî îñâiòëþ¹ àïåðòóðó. Ó òàêîìó âàðiàíòi ðîáèòè
ïîâîðîò òåëåñêîïà íå ïîòðiáíî.

Íà ðèñ. 2 çîáðàæåíî ôîòîãåëiîãðàô ó çàâîäñüêîìó âèêîíàííi (ÔÃ-1), à íà ðèñ. 3
� ôîòîãåëiîãðàô ïiñëÿ ìîäåðíiçàöi¨ (íà áàçi ÌÒÎ-1000).

Ðèñ. 2: Ôîòîãåëiîãðàô ÔÃ-1

Fig. 2: Photoheliograph FH-1

Ðèñ. 3: Ôîòîãåëiîãðàô íà áàçi ÌÒÎ-1000

Fig. 3: Photoheliograph based on MTO-
1000

Çàðàç âåäóòüñÿ ðîáîòè ç ìîäåðíiçàöi¨ ãiäóþ÷î¨ ñèñòåìè ç ìåòîþ çàìiíè ðó÷íîãî
ãiäóâàííÿ íà ìåõàíi÷íå.
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2. Õðîìîñôåðíî-ôîòîñôåðíèé òåëåñêîï ÀÔÐ-2

Õðîìîñôåðíî-ôîòîñôåðíèé òåëåñêîï ÀÔÐ-2, âèãîòîâëåíèé Ëåíiíãðàäñüêèì
îïòèêî-ìåõàíi÷íèì îá'¹äíàííÿì (ÑÐÑÐ), áóëî âñòàíîâëåíî íà çàìiñüêié ñòàí-
öi¨ Àñòðîíîìi÷íî¨ îáñåðâàòîði¨ ó 1957 ðîöi. Öå òåëåñêîï-ðåôðàêòîð ç äiàìåòðîì
0,255 ì i ôîêóñíîþ âiäñòàííþ 5,406 ì. Âií íå áóâ îáëàäíàíèé iíòåðôåðåíöiéíî-
ïîëÿðèçàöiéíèì ôiëüòðîì, òîìó ìîæíà áóëî ïðîâîäèòè ëèøå ñïîñòåðåæåííÿ ôîòî-
ñôåðè Ñîíöÿ. Ó 1963�1965 ðîêàõ, ó ðàìêàõ Ìiæíàðîäíîãî ðîêó ñïîêiéíîãî Ñîíöÿ,
òåëåñêîï áóëî îáëàäíàíî ôiëüòðîì IÏÔ-4 [4], ùî äàëî çìîãó ñïîñòåðiãàòè õðîìîñôå-
ðó Ñîíöÿ ó ñïåêòðàëüíié ëiíi¨ Hα. Öåé òåëåñêîï òàêîæ áóâ îáëàäíàíèé ñèñòåìîþ
øâèäêî¨ ôîòîðå¹ñòðàöi¨ àêòèâíèõ ïðîöåñiâ íà Ñîíöi (àíàëîãi÷íîþ äî òi¹¨, ÿêà îïè-
ñàíà â [5]).

Ïiñëÿ äîâãîòðèâàëîãî âèêîðèñòàííÿ âèíèêëà ïîòðåáà ó ïîâíîìó âiäíîâëåííi òå-
ëåñêîïà òà éîãî ìîäåðíiçàöi¨. Ñòàðèé ãîäèííèêîâèé ìåõàíiçì âåäåííÿ çàìiíèëè íà
íîâèé ñèíõðîííèé äâèãóí ç áëîêîì æèâëåííÿ ÷åðåç êâàðöîâèé ãåíåðàòîð. Òàêîæ
áóëî ìîäèôiêîâàíî ìåõàíiêó ôîêóñóâàííÿ îïòè÷íî¨ ñèñòåìè òåëåñêîïà.

Ó çâ'ÿçêó ç íåîáõiäíiñòþ âèêîðèñòàííÿ ÿê ïðèéìà÷à âèïðîìiíþâàííÿ ñó÷àñíî¨
ÊÌÎÍ-êàìåðè Sony Alpha DSLR-A700 (ðîçìið ñåíñîðà 4256×2819 ïiêñåëiâ, ðîçìið
ïiêñåëÿ � 8,5 ìêì) áóëî âèãîòîâëåíî ñèñòåìó êðiïëåííÿ êàìåðè [6] i ìîäèôiêîâàíî
îïòè÷íó ñõåìó òåëåñêîïà � âñòàíîâëåíî äîäàòêîâó ëiíçó äëÿ çìiíåííÿ ïîëÿ çîðó [7].
Òàêîæ áóëî äåùî çìiíåíî âiäñòàíü ìiæ åëåìåíòàìè îïòè÷íî¨ ñõåìè. Âñòàíîâëåíî
ðîçñiþâà÷ äëÿ îòðèìàííÿ êàäðiâ ïëîñêîãî ïîëÿ. Çîâíiøíié âèãëÿä òåëåñêîïà ÀÔÐ-2
ïiñëÿ ìîäåðíiçàöi¨ ïîêàçàíî íà ðèñ. 4.

Òàêîæ áóëî ïðîâåäåíî ðîáîòè ç ìîäåðíiçàöi¨ äîïîìiæíèõ ïðèñòðî¨â, ÿêi çàáåç-
ïå÷óþòü ðîáîòó iíòåðôåðåíöiéíî-ïîëÿðèçàöiéíîãî ôiëüòðà IÏÔ-4. Çàìiñòü ñòàðîãî
ëàìïîâîãî áëîêà òåðìîñòàòà âèãîòîâèëè íîâèé åëåêòðîííèé áëîê æèâëåííÿ íà îñíî-
âi ñó÷àñíèõ êîìïëåêòóþ÷èõ ç áëîêîì êåðóâàííÿ, ÿêèé äà¹ ñòàáiëüíiøó ðîáî÷ó òåì-
ïåðàòóðó (âiäõèëåííÿ ó ìåæàõ ±0, 05 ◦C) òà äà¹ çìîãó äîñÿãàòè ðîáî÷î¨ òåìïåðàòóðè
çà êîðîòøèé ïðîìiæîê ÷àñó, íiæ ñòàðèé òåðìîñòàò [4], ùî äà¹ åêîíîìiþ â ÷àñi ïiä-
ãîòîâêè òåëåñêîïà äî ñïîñòåðåæåíü ïðèáëèçíî 30 õâ. Êðiïëåííÿ ôiëüòðà, ÿêå ó çà-
âîäñüêîìó âàðiàíòi âèêîíàíå çà ñõåìîþ �ëàñòiâ÷èí õâiñò�, áóëî çàìiíåíî íà íîâå, ÿêå
ñêëàäà¹òüñÿ ç äâîõ àíîäîâàíèõ (ç ïî÷îðíiííÿì) ïëàñòèí ç ïiâêðóãëèìè âèðiçàìè.
Ïëàcòèíè îáêëå¹íi ôåòðîì òà îñíàùåíi àíêåðíèìè õîìóòàìè-ôiêñàòîðàìè çâåðõó.
Òàêèé âàðiàíò ìåõàíiçìó êðiïëåííÿ äà¹ çìîãó ïîëåãøèòè âñòàíîâëåííÿ òà ðåãóëþ-
âàííÿ iíòåðôåðåíöiéíî-ïîëÿðèçàöiéíîãî ôiëüòðà. Òàêîæ âñòàíîâëåíî åëåêòðîííèé
òåðìîìåòð äëÿ âèìiðþâàííÿ òåìïåðàòóðè òðóáè òåëåñêîïà.

3. Ìàòåìàòè÷íà îáðîáêà çîáðàæåíü Ñîíöÿ

Óíàñëiäîê ìîäåðíiçàöi¨ ôîòîãåëiîãðàôà íà áàçi ÌÒÎ-1000 òà õðîìîñôåðíî-
ôîòîñôåðíîãî òåëåñêîïà ÀÔÐ-2 âèíèêëà ïîòðåáà ó íîâîìó àëãîðèòìi îáðîáêè äàíèõ,
ïðèäàòíîìó äëÿ ðîáîòè ç âåëèêèìè ìàñèâàìè âõiäíèõ öèôðîâèõ çîáðàæåíü äèñêà
Ñîíöÿ. Ðîçðîáëåíî öiëiñíèé ïàêåò ïðîãðàì äëÿ öi¹¨ çàäà÷i.

Îáðîáêà çîáðàæåíü Ñîíöÿ, îòðèìàíèõ çà äîïîìîãîþ òåëåñêîïiâ ÀÎ ËÍÓ, ïðî-
âîäèòüñÿ ó òðè åòàïè:



40

Î.Áàðàí, �. Âîâ÷èê, I. Ïiäñòðèãà÷, À. Ïðèñÿæíèé, òà ií.

ISSN 1024-588X. Âiñíèê Ëüâiâñüêîãî óíiâåðñèòåòó. Ñåðiÿ ôiçè÷íà. 2023. Âèï. 60

Ðèñ. 4: Òåëåñêîï ÀÔÐ-2 ïiñëÿ ìîäåðíiçàöi¨

Fig. 4: AFR-2 telescope after modernization

� ïåðâèííà îáðîáêà çîáðàæåíü Ñîíöÿ ïðîãðàìîþ Solar Image Preprocessing (âè-
äàëåííÿ äåôåêòíèõ i íåÿêiñíèõ çîáðàæåíü, âèäiëåííÿ çåëåíîãî êàíàëó, äåòå-
êòóâàííÿ êàäðiâ ïëîñêîãî ïîëÿ, îáðiçàííÿ êàäðiâ);

� îá'¹äíàííÿ çîáðàæåíü çà äîïîìîãîþ ïðîãðàìè AviStack2
(http://www.avistack.de/) (êîðåëÿöiéíà îáðîáêà ñåði¨ çîáðàæåíü � âèçíà-
÷åííÿ âiäíîñíèõ çìiùåíü ôðàãìåíòiâ äëÿ ïîáóäîâè îäíîãî çîáðàæåííÿ ç
êðàùèì ðîçäiëåííÿì);

� âòîðèííà îáðîáêà îòðèìàíîãî çîáðàæåííÿ Ñîíöÿ ïðîãðàìîþ Solar Image Tri-
mming Tool (ïîâîðîò çîáðàæåííÿ, âäðóêîâóâàííÿ iíôîðìàöi¨ ïðî ìiñöå, äàòó i
÷àñ ñïîñòåðåæåííÿ).

Ïðèêëàä ðåçóëüòàòó îáðîáêè ñåði¨ çîáðàæåíü Ñîíöÿ, îòðèìàíèõ çà äîïîìîãîþ
ôîòîãåëiîãðàôà ÀÎ ËÍÓ ïiñëÿ ìîäåðíiçàöi¨, çîáðàæåíî íà ðèñ. 5.

Ñüîãîäíi òðèâàþòü ðîáîòè ç âäîñêîíàëåííÿ öüîãî ïðîãðàìíîãî çàáåçïå÷åííÿ.

Âèñíîâêè

Ïðîâåäåíî ðåêîíñòðóêöiþ òà ìîäåðíiçàöiþ äâîõ òåëåñêîïiâ äëÿ ñïîñòåðåæåííÿ
Ñîíöÿ â Àñòðîíîìi÷íié îáñåðâàòîði¨ Ëüâiâñüêîãî íàöiîíàëüíîãî óíiâåðñèòåòó iìåíi
Iâàíà Ôðàíêà: ôîòîãåëiîãðàôà ÔÃ-1, ÿêèé äà¹ çìîãó îòðèìóâàòè çîáðàæåííÿ Ñîíöÿ
â iíòåãðàëüíîìó ñâiòëi, òà õðîìîñôåðíî-ôîòîñôåðíîãî òåëåñêîïà ÀÔÐ-2, ÿêèé äà¹
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Ðèñ. 5: Ôîòîãðàôiÿ Ñîíöÿ, ÿêó îòðèìàëè 9 âåðåñíÿ 2014 ðîêó çà äîïîìîãîþ ôîòîãåëiîãðàôà
íà áàçi ÌÒÎ-1000 iç âèêîðèñòàííÿì ôîòîêàìåðè SONY DSLR-A850: çëiâà � îäèí êàäð iç
ñåði¨ çîáðàæåíü Ñîíöÿ (âñüîãî 120 êàäðiâ, ÷àñ åêñïîçèöi¨ êîæíîãî êàäðó 1/800 ñ, ISO 100),
ñïðàâà � êiíöåâå çîáðàæåííÿ, îòðèìàíå øëÿõîì êîðåëÿöiéíî¨ îáðîáêè ñåði¨ çîáðàæåíü i
ïiäâèùåííÿ êîíòðàñòó äåòàëåé çà äîïîìîãîþ ïðîãðàìè AviStack2

Fig. 5: A photograph of the Sun obtained on September 9, 2014 using a photoheliograph based
on the MTO-1000 and a SONY DSLR-A850 camera: left � one frame from a series of images
of the Sun (total 120 frames, exposure time of each frame 1/800 s, ISO 100), right � the �nal
image obtained by correlation processing of a series of images and increasing the contrast of
details using the program AviStack2

çîáðàæåííÿ Ñîíöÿ â ëiíi¨ âîäíþ Hα. Ðîçðîáëåíî ïðîãðàìíèé ïàêåò äëÿ ìàòåìàòè÷-
íî¨ îáðîáêè öèôðîâèõ çîáðàæåíü äèñêà Ñîíöÿ.

Âèêîíàíi çìiíè äîïîìàãàþòü çíà÷íî ïiäâèùèòè òî÷íiñòü ðå¹ñòðàöi¨, ñïðîñòÿòü
ïðîâåäåííÿ ñïîñòåðåæåíü òà îáðîáêó îòðèìàíèõ ó öèôðîâîìó âèãëÿäi ðåçóëüòàòiâ.
Öå äàñòü çìîãó ïðîäîâæèòè ñèñòåìàòè÷íi ôîòîãðàôi÷íi ñïîñòåðåæåííÿ Ñîíöÿ â ÀÎ
ËÍÓ. Îòðèìàíi ðåçóëüòàòè äîïîìîæóòü âèâ÷àòè îñîáëèâîñòi çàðîäæåííÿ i ðîçâèòêó
àêòèâíèõ äiëÿíîê íà Ñîíöi, âèêîíóâàòè öiëó íèçêó îðèãiíàëüíèõ äîñëiäæåíü ÿñêðà-
âîñòi õðîìîñôåðíî¨ ñiòêè, ôiçè÷íèõ óìîâ ó ïðîòóáåðàíöÿõ òà ¨õ ðîçâèòêó òîùî.
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At the Astronomical Observatory of the Ivan Franko National University of Lviv
(AO LNU) the photoheliograph is used to get images of the Sun in integral li-
ght, and the chromospheric-photospheric telescope AFR-2 gives images of the
Sun in the hydrogen line Hα. The article presents the details of the work
carried out to upgrade these telescopes. In the photoheliograph, the optical
system was completely replaced with an MTO-1000 lens, a new mount for
the guiding system was made, and a Sony Alpha 6000 digital camera was
installed to record images of the Sun. In the AFR-2 telescope, the old clock
drive mechanism was replaced with a new synchronous motor powered by a
quartz oscillator. The focusing mechanics of the telescope's optical system was
also upgraded. The AFR-2 optical system was modi�ed to use a modern Sony
Alpha DSLR-A700 CMOS camera. Also, work was done to upgrade the auxili-
ary devices that ensure the operation of the interference-polarizing �lter IPF-4:
instead of the old tube power supply for the thermostat, a new electronic power
supply based on modern components with a control unit that provides a more
stable operating temperature was manufactured; a new fastening mechanism
of the interference-polarizing �lter was made to facilitate its installation and
adjustment; an electronic thermometer was installed to measure the temperature
of the AFR-2 telescope tube. Di�users were constructed for both telescopes to
obtain �at-�eld images. To process the observation data, a complete software
package was developed using the AviStack2 program (http://www.avistack.de/).
These changes will signi�cantly improve the accuracy of registration, simplify
observations and processing of the results obtained in digital form. This will
make it possible to continue systematic photographic observations of the Sun in
the AO LNU.

Key words: photoheliograph, chromospheric-photospheric telescope,
interference polarizing �lter, digital camera, modernization.


