ISSN 1024-588X. BicHuk JIbBiBcbkoro yHiBepcutety. Cepist chizuyHa. 2023. Bunyck 60. C. 36-43

Visnyk of the Lviv University. Series Physics. 2023. Issue 60. P. 36-43

YIK 520

PACS 07.

DOI: https://doi.org/10.30970/vph.60.2023.36
05.Kf, 07.07.Df, 07.68.+m, 42.25.Hz, 42.25Ja, 42.30.-d

MopaepHizaliisg TeJIeCKOIIIB JJis CIIOCTePe>KEHHS

Conig B AcTtpoHOMIiYHIiiT obcepBaTopil

JIbBIBCHKOTO HAI[IOHAJILHOTO YHIBEPCUTETY iMeHI

IBana ®panka

O. Bapan, €. Bosuuk, A. Ilpucaxuwnii,
I. ITincTpurau, I. CanbHiKOB

Jveiecorutll nayionarvrul yrwieepcumem iment leana Ppanka,
eya. Kupuaa i Megpodia, 8, 79005, Jlveis, Ykpaina
e-mail: evavovchyk@Qukr.net

V Acrponomiuniit obceparopii JIbBIBCbKOI0 HAIIOHAJIBHOTO YHIBEpCUTETY iMEH1
IBana ®@panka misi cocrepexkents COHIET BUKOPUCTOBYIOTH (pororesiorpad i
xpomocdepro-dorocdepunit Teneckon ADP-2. Tomano merasi mpoBeaeHuxX po-
0iT 3 MomepHi3amii X TEJIeCKOIMiB, 30kpeMa, y dororemiorpadi mMOBHICTIO 3a-
Mineno ontuyHy cucremy Ha 00’ektuB MTO-1000, a ayis peecrpariii 300paxKeHb
Comntg Beranosyieno mudposy dorokamepy; B Teneckoni ADPP-2 BcraHoBI€HO
HOBH{1 CHHXPOHHU IBUT'YH MEXaHI3MY BeJIeHHs 3 OJIOKOM YKUBJIEHHS 9€pe3 KBap-
noBuit reseparop; Jus Bukopucranis cydacaoi KMOH-kamepu moaudikoBano
onruuny cucremy ADP-2; nmposeneno poboTH 3 MOAEpHI3allil JOTOMIKHUX TIPU-
CTPOIB, dKi 320e31mevy0Th poboTy iHTEpdQepeHIiiiHO-ToNApu3aIiitHoro digbTpa
ITI®-4 (HoBHi TEpMOCTAT, €JIEKTPOHHUI TEPMOMETD J1Jis BAMIDIOBAHHS TEMIIEPa-
Typu Tpy6u Teseckona ADP-2 rouo). Ilogano cruciuit onuc npouenypu mare-
MaruaHOl 00pobKHU anux criocrepexkenb Conig. Bukonani 3Minu 1a10Th 3MOry
3HAYHO MiJIBUIIUTH TOYHICTH PEECTPAIIil, CIIPOCTIThH MPOBEIEHHS CIIOCTEPEKEHD
Ta 00POOKY OTPUMAHUX y IU(MPOBOMY BUTJISI pPE3y/IbTATIB.

KirouoBi ciioBa:  (ororeniorpad, xpomocdepro-dporocdepHuil Teneckor,
inTepdepentiiino-nongpusariitauii GiabTp, nudposa Gporokamepa, MOAepHi3a-
.

Beryn

Y Acrporomiusiit ob6cepBaropii JIbBIBCHKOro HamioOHATHLHOTO yHiBEpcuTery iMmeni IBa-

na ®@panka (AO JIHY) mus cuocrepexkennst COHLg BUKOPUCTOBYIOTH J[BA TEJIECKOIU —
dororemiorpad i xpomocdepro-dborocdeprnii Temeckon APP-2 [1]. Ognak 3 wacom mi
TEJIECKONHU, MPUAMAJIbHI TPUCTPOL JO HUX Ta JOMOMIXKHE OOJIaJHAHHS MOPAILHO Ta, (i-
3ugHO 3actapisu. Tomy BuHHKIA TOTpeda IX PECTABPYBATH Ta MOIAEPHI3yBaTH.
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1. ®ororemiorpacd gaa crocrepexxkeHb ¢orocdepu
CoHIiiga

Dororeniorpad OPI'-1 (Jleninrpajcpkuii onruko-mexaniunuit 3ason, CPCP), upuunba-
uuit y 1948 porri, y 3aBOACHPKOMY BUKOHAHHI MaB 00’e¢kTuB 3 miamerpom 0,1 M i (hoKyCcHOIO
BigcranHo 8,8 M [2], GyB BCcTaHOBIEHMI Ha KOJIOHY 3 €KBATODIAJIbHOK TOJIOBKOW. Ii-
nyBanns 3a COHIIEM BUKOHYBAJH BPYYHY 3a JOMOMOTOI0 BiJIMOBIIHOrO MpHUCTPOO. K
npuiiMaabaEil 3aci6 BuKopucToByBasm poromnactunn. Pororemiorpad BUKOPHUCTOBYBa-
Jau juis cucremarudHux ororpadivamnx crnocrepexersb dorocdepu COHIE IPOTATOM
morad 50 pokis: 3a 1956-2004 poku 3i6pano monan 14000 CKAAHUX MIACTHHOK 3 (POTO-
rpadiamu Comrs, orpumannmu Ha @I'-1. Ha puc. 1 moka3aHo CKaH-KOIIO OIHIET 3 TAKUX
doromnacrurok. Onep:kani pesyabratu 00’eaHagu y BuyTpinHii 6ank manux AQ. Te-
ep MPOBOIUTHCA POOOTA 3 MEpPEeBeIeHHs [UX PE3YJIbTATIB CIOCTEPEKEHb Y MUQPOBHii

dopmar.

Puc. 1: ®ororpadis Conng, axy orpumanu 4 ciuaa 1980 poxy 3a momomoroio dororesmsiorpada
oI-1
Fig. 1: A photograph of the Sun taken on January 4, 1980, using the FH-1 photoheliograph

3 mepexomoM acTpoHoMil Ha 1udOPOBi mpuiimMadi cBiT/ia BUPOOHUIITBO (POTOEMYITH-
ciiinux HociiB (HoTOmIacTUHOK 1 cremiaabHuxX MUPOKOGOPMATHUX KiHOILIIBOK) Ta LEeH-
Tpai3oBaHe 3a0e3MeYeHHsT HUMH aCTPOHOMIYHMX 0OCcepBaTopiit mpunuHuIocs. ToMy Bu-
kopucranus nudposoi dporokamepu s cnocrepexenb (orocdepu Connsg 8 AO JIHY
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crasio wemunydum [1]. 3uomenicts komnounentis ¢ororeniorpada PI-1 1 ocobiuBocti
#IOTr0 ONTUYHOI CXeMW He [1aju 3MOTM BHKOPHUCTOBYBATH HMOTO y MOEAHAHHL 3 IUMPOBUM
npuiimadeM, TOMy BUHHKJIA TOTpeba y HOBHIN 3amini 06’ekruBa. OCHOBOIO HOBOrO (hoTOre-
miorpada cras a3epkaabHO-TiH30BHi 00’ ekt MTO-1000 3 miamerpom 0,1 M i doxrycHOO
Bigcranuoo 1 M (muB. [3], c. 144). Inst fioro BCTAHOBJIEHHS] BUTOTOBHJIM HOBE KDITUIEHHS
JI0 TiAyI0901l CHCTEMH.

Ha meit momeHnT sik peecrpariiinuii 3acid BUKOPHUCTOBYIOTH IuMpOBy (hOTOKaMEPY
Sony Alpha 6000 (posmip cencopa 4000x6000 mikcesis, po3mip mikcens — 3,9 MKM).
s 11 crukyBanus 3 o6’ekrusom MTO-1000, sikuit mae cranmaprauii pib0OBUil BHXi-
auuit orsip (M42), upuabaiu Binnosigne Gaiionerne mMexaHiude kpimienss. JlonarkoBo
BUTOTOBJIEHO 3HIMHMI PO3CIIOBAY COHSAYHOTO BUITPOMIHIOBAHHS I OTPUMAHHS KaJIpiB
nytockoro mong (flat field). ¥V mepuiomy BapianTi 1i KaJpu OTPUMYBAJIM 33 JOMOMOTOIO
po3cioBava y BUIJISII IIJIOCKOTO €KPaHa, [JIst OCBITIEHHS SKOTO 0yJI0 HEOOXiIHO moBepTa-
T Tesieckor Ha 180° cTOCOBHO H1OT0 HOPMAJILHOIO TOJIOKEHHS IPU OTPUMAaHHI OCHOBHUX
kaapis. [licasa 2017 poky BHKOPHCTOBYETHCsI HOBU PO3CiIOBaY — HACAJKA HA 00’€KTHUB
3 MATOBOIO ILIIBKOIO, $IKa PIBHOMIPHO OCBiT/IIOE ameprypy. ¥ TakoMmy BapianTi poburu
MTOBOPOT TEJIECKOTA He TOTPIOHO.

Ha puc. 2 3o6paxeno dororeniorpad y 3aBoucbromy Bukonanuni (®I-1), a na puc. 3
— dororeniorpad micaa monepuizaii (ma 6a3i MTO-1000).

Puc. 2: ®ororeniorpadp PI'-1 Puc. 3: @ororeniorpad na 6a3i MTO-1000
Fig. 2: Photoheliograph FH-1 Fig. 3: Photoheliograph based on MTO-
1000

Bapa3 BegyThcs POOOTH 3 MOJAEPHI3aIil riyf04ol CHCTEMHU 3 METOI0 3aMiHH PYIHOrO
rijilyBaHHs HA MeXaHi4yHe.
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2. XpomocdepuHo-dorochepHuii Tejseckon ADPP-2

Xpomocdepro-gorochepumnii  Teneckon ADP-2, Buroronenwii JleHiHrpaschbKkuM
onruko-MexanidauM 00’exnanusamM (CPCP), Oyno BcraHOBIeHO Ha 3aMichKiil cras-
uii Acrponomiunoi obcepsaropii y 1957 pomni. e reneckon-pedpakrop 3 giamerpom
0,255 m i dokycuoro Biacramuio 5,406 m. Bin we OyB obsagHanuii iHTepdepeHIiiino-
moIApu3aIiitHuM (BiTbTPOM, TOMY MOXKHA OyJIO TPOBOIUTH JIWIIE CIIOCTEPEXKEHHST (hOTO-
chepu Conmga. Y 1963-1965 pokax, y pamkax MiKHApOIHOrO poky crokiitaoro CoHrid,
resieckon Oysio obiaanano diasrpom IIID-4 [4], wo gano 3mory crocrepiraru xpomocde-
py Conng y cnekrpanphiii sinii Hy,. Leit reseckon takox OyB obsrajiHanmii CHCTEMOIO
mBuIKOl (hoTopeecTparlii akTuBHUX Tporiecis Ha CoHI (aHATOTIYHOI 70 Ti€l, K Omu-
cana B [5]).

[Ticsist MOBroTpUBAIOrO BUKOPUCTAHHS BUHUKJIA TOTPEOa y MOBHOMY BiJIHOBJIEHHI Te-
Jieckona ta iioro mogepuizauii. Crapuil roAMHHUKOBHI MeXaHi3M BEIEHHs 3aMiHHIM Ha
HOBHII CHHXPOHHHUI ABUI'YH 3 OJJOKOM 2KHUBJICHHS 4Yepe3 KBapIOBHil reHeparop. Takoxk
6yno MomndikoBaHO MexXaHiKy (DOKyCyBaHHS ONTHIHOI CHCTEMH TEJIECKOIA.

V 3B’a3Ky 3 HEOOXiAHICTIO BUKOPUCTAHHS sIK MPUIIMAda BUIMPOMIHIOBAHHS CYYaCHOI
KMOH-kamepu Sony Alpha DSLR-A700 (po3mip cencopa 4256x2819 nikcenis, po3mip
nikcens — 8,5 MkM) 6yJ10 BUIOTOBJIEHO cucreMy Kpinuienns kamepu [6] i monudikoBano
ONTHWYHY CXEMY TEJEeCKONa — BCTAHOBJIEHO JOJATKOBY JIIH3Y JJist 3MiHEHHS TOJIst 30Dy [7].
Takox Oys0 memo 3MiHEHO BiICTaHB MiXK €IEMEHTAMM ONTHYHOI cxeMu. BCTaHOBJIEHO
po3cioBad Jjist OTPUMAaHHS KaAPiB ILIOCKOIO IoJisd. SOBHIMIHIA Buriis Teseckona ADP-2
MmicJsi MOJIEPHi3allil oKa3aHo Ha puc. 4.

Takoxk 6yJi0 pOBEIEHO POOOTH 3 MOIEPHI3aIli JOMOMIKHUX MPUCTPOIB, sKi 3a0e3-
mevyioTh poboTry iHTepdepentiiitno-monspusaniitaoro dinsrpa II1®-4. 3amicts cTaporo
JIAMITOBOT'O OJIOKA TEPMOCTATA BUTOTOBU/IN HOBUIT €JIEKTPOHHUI OJIOK YKUBJIEHHS HA OCHO-
Bl Cy4acHUX KOMIJIEKTYIOYUX 3 OJIOKOM KepyBaHHS, SAKWi A€ CTabiabHINTy pobody TeM-
neparypy (Biaxusnenns y mexax 0,05 °C) ta gae 3mory mocsiraru pobodol TeMueparypu
3a KOPOTLLUMI IIPOMIKOK 4acy, HiK crapuii repmocrar [4], mo nae ekoHomio B yaci wiu-
TOTOBKY TEJIECKOTA, 0 crocrepexkens nmpuban3uo 30 xe. Kpimmenus dinbrpa, sike y 3a-
BOJCHKOMY BapiaHTi BUKOHAHE 3a CXEMOIO “JIaCTiBYMH XBicT”, OyJI0 3aMiHEHO HA HOBE, STKE
CKJIAJIAETHCA 3 JIBOX AHOAOBAHUX (3 MOYOPHIHHAM) NJIACTUH 3 MIBKPYIJIMMU BHPi3aMu.
IlnacTunn obKyieeHi (peTpoM Ta OCHAINEHI aHKEPHUMH XOMYyTaMu-(PiKCATOPpAMU 3BEpXY.
Takwuit BapianT Mexani3my KpilJIeHHS A€ 3MOI'Y IIOJIEIIINTH BCTAHOBJIEHHS Ta PEryJiio-
BaHHA iHTepdepeHIiitno-moasgpu3amiinoro Giabrpa. TakoK BCTAHOBIEHO EJIEKTPOHHMIH
TEepMOMETD [IJIsi BUMIDIOBAHHS TEMIIEPATYPHU TPYOHU TEJIECKOTIa.

3. MaremaTudHa obpobKa 300pakeub CoHIIg

Vuacaigok mozepnizamii dororemiorpada wa 6a3zsi MTO-1000 ta xpomocdepro-
dorocdeproro resieckona APP-2 Bunukiia norpeda y HOBOMY aJropuTMi OOPOOKM JaHKX,
MPUIATHOMY JJIs POOOTH 3 BEIUKHMH MACHBAMHU BXiTHUX IM(POBUX 300paKeHb IHUCKA,
Comnrig. Po3pobsieno 1miricHmii makeT mporpaM s Imiel 3aaadi.

O6pobka 306pazkenn CoHllg, orpuManux 3a jgornomoroio teneckonis AQ JIHY, npo-
BOJIUTBCS Y TPU €TAIIN:
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Puc. 4: Teneckon ADP-2 miciis Mmonepnizaii

Fig. 4: AFR-2 telescope after modernization

e nepBuHHA 00pOOKa 300paxkennb Conus nporpamoro Solar Image Preprocessing (Bu-

JaseHasa 1e(peKTHUX 1 HesIKICHUX 300parkeHb, BUILTEHHS 3€I€HOr0 KaHATY, JeTe-
KTYBaHHs KaJPiB ILUIOCKOI'O 110Jisi, 00pi3aHHs KaapiB);

00’eqHAHHS 300pazkeHb 3a JIOIIOMOTOIO nporpamMu AviStack2
(http://www.avistack.de/) (kopessiujiina 06pobKa cepili 300paxkeHb — BU3HA-
YeHHsI BiIHOCHWX 3MIilleHb (DPArMEHTIB [Jis TOOYIOBH OIHOTO 300parKeHHST 3
KpalUM PO3/ILICHHSM );

BTOpWHHA, 00pOoOKa oTpuManoro 3o06paxkentsi Comist mporpamoro Solar Image Tri-
mming Tool (moBopor 306paxkeHHs, BAPYKOBYBaHHs: iHdopMalii npo micue, gary i
9ac CIOCTEPEIKEHHs ).

[puknan pesynabrary o6pobku cepii 300paxkenb COHIg, OTPUMAHUX 38 JIOIOMOIOIO

dororemiorpada AO JIHY micias momepHizalil, 300paykeHo Ha, puc. 5.

Cporozai TpuBaoTh pobOTH 3 BIOCKOHAJIEHHS I[HOIO IPOrPAMHOIO 3a0e3rneYeHHs.

Bucuosknu

[IpoBeneHo pEKOHCTPYKINIO Ta MOJEPHI3AII0 TBOX TEJECKOIIB /IS CIOCTEPEeKEHHS

Conrg B Acrponomiuniit o6cepBaTopii JIbBIBCHKOIO HAIIOHATBLHOTO YHIBEPCUTETY iMeHi
IBana @panka: ¢pororemiorpada ®I'-1, axuit qae 3mory orpumyBaru 306pazkentst COHISA
B iHTerpajsibHOMy cBiTai, Ta xpomocdepuno-dorocdepuoro reneckona APP-2, skuit nae
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Puc. 5: ®ororpadis Conus, sky orpumanu 9 Bepecus 2014 poxy 3a momomoroio dororessiorpada
na 6a3i MTO-1000 i3 Bukopucranusm dorokamepu SONY DSLR-A850: saica — onuu kaap i3
cepii 306paxkenn Connst (Bcsoro 120 kazpis, uac exkcro3umii koxHoro xkaapy 1/800 ¢, ISO 100),
cnpasa — KiHIeBe 300parkeHHs, OTPUMaHe IIJIAXOM KODPeJAIiiinoi o0pobku cepii 300paxkeHs i
HiJBUILEHHS] KOHTPACTY JeTaJjell 3a monoMoroio nporpavmu AviStack?

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 final
image obtained by correlation processing of a series of images and increasing the contrast of
details using the program AwviStack2

3obpaxkenust Conrg B siinii Boguaio H,,. Po3pobieno nporpamuuii naker Jijiss MareMaTud-
HOT 00p0oOKM 1P POBUX 300parkeHb aucka CoHIIs.

Bukonami 3MiHE m0mMOMAaraloTh 3HAYHO IiABUIMATH TOYHICTH PEECTPAIii, CIPOCTATH
[IPOBEJEHHS CIIOCTEPEXKEHb Ta OOPOOKY OTpUMAHUX y HMUMPOBOMY BHIVISI PE3YJIbTATIB.
Ile macts 3Mory mpomosxkutn cucremaruuni ¢pororpadiuni cnocrepexents Conmst B AOQ
JIHY. Orpumasni pe3ysbpraru TOMOMOXKYTh BUBYATH OCOOTMBOCTI 3aPOIZKEHHS i PO3BUTKY
akTUBHUX AUIAHOK HA COHIN, BUKOHYBATH Iy HU3KY OPUTIHAJIBHUX JOC/IIZKEHD sICKPa-
BOCTi XpOMOChEPHOI CiTKH, (DI3UIHIX YMOB y IPOTYOEPAHIIAX Ta iX PO3BUTKY TOIIIO.
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Modernization of telescopes for observing the
Sun at the Astronomical Observatory of Ivan
Franko Lviv National University

O. Baran, Ye. Vovchyk, A. Prysiazhnyi, I. Pidstryhach,
I. Sal’nikov

Ivan Franko National University of Luviv,
8, Kyrylo and Mefodiy St., 79005, Lviv, Ukraine
e-mail: evavovchyk@Qukr.net

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 H,. 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 modified 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 filter 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 filter was made to facilitate its installation and
adjustment; an electronic thermometer was installed to measure the temperature
of the AFR-2 telescope tube. Diffusers were constructed for both telescopes to
obtain flat-field images. To process the observation data, a complete software
package was developed using the AviStack2 program (http://www.avistack.de/).
These changes will significantly 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 filter, digital camera, modernization.



