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MHAEKCHI FPYMN CONMHEYHbIX NATEH
AnAa ponrocPoO4YHoOro nNPOrHO3MPOBAHUA FrEOMAHUTHOU AKTUBHOCTU

Ha mamepuanax Ha3eMHbix HabnodeHuli cosiHe4yHol ¢homocgpepbl, a makxe MexXOyHapOOHbIX OaHHbIX 2e0Ma2HUMHOU 1ocmu,
u3yYeHbl COMTHEYHO-3eMHbIE C8SI3U Ha 8PeMeHHbIX UHmepeanax e decamku nem. [lony4eHbl Ookazamesnbcmea CyujecmeoeaHusi CUHXPOHHbIX
eeKoebIx eapuayull HanpsHKeHHOCMU Ma2HUMHO20 MoJisl, Naow,adu u MPOMsXEHHOCMU KPYMHbLIX 2Py CO/IHEYHbIX MsAMeH, Komopbie Hapsdy ¢
YMOoYHeHHbIMU Napamempamu ux 11-nemHux eapuayull u KOpPPeISAYUOHHbIX ces3ell C 2e0Ma2HUMHBIMU UHOEKCaMu 10360J1sIom MPo2HO3Uposamsb
2€0Ma2HUMHYI0 803MYyWEeHHOCMb.

Knroyeenle croea: cosiHe4Hasi aKmueHOCMb, YUKST COSTHEYHOU aKmueHOCMU, 2Pynibl COIHEYHbIX MSAMEH, MPO2HO3UPO8aHUe 2eoMazHUMmMHoU
akmueHocmu.

N. Lozitska, Ph. D. in Phys. and Math. Sci.,
V. Efimenko, Ph. D. in Phys. and Math. Sci.
Taras Shevchenko National University of Kyiv, Kyiv

SUNSPOT GROUPS INDICES FOR LONG-TERM PREDICTION OF GEOMAGNETIC ACTIVITY
The solar-terrestrial relations were studied at intervals of ten years on materials of ground-based observations of the solar photosphere and
international geomagnetic activity data. We have obtained evidence of synchronous secular variation of magnetic field, area and length of large
sunspot groups, which together with their parameters of 11-year variations and correlations with geomagnetic indices allow us to predict
geomagnetic perturbation level in the next cycle of solar activity.
Keywords: solar activity, cycle of solar activity, sunspots groups, predict of geomagnetic activity.
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TENECKON AnA CNOCTEPEXEHb ®OTOC®EPU COHLUA

CriocmepeeHHs1 COHSIYHUX MIsiM Ha AcCmpPOoOHOMI4Hili o6cepeamopii po3noyanocs e 1923 p. 3 1951 p. eenucb homozpaghiyHi
crocmepexeHHs 3 eUKopucmaHHsIM ¢homonnacmuHok. llepexid 3 gpomonnacmuHok Ha CCD-mampuyi nompebye modepHizayii
abo 3amiHuU meneckona. 3pobneHuli aHani3 3 ypaxyeaHHsaM napamempie CCD npuilimaya doeodumb HeobxiOHicmb euz20mos-
JIeHHs1 HO8020 merneckona. Bynu eukoHaHi po3paxyHKu, MoOOes08aHHSI i @U20MOBJIEHHS MmeJsiecKona MOXX/IueocmsmMu
AcmpoHomiyHoi o6cepeamopii KHY. Bunpo6ogyeaHHsI mesieckona 3 KaMepor rokasanu, ujo sikicmb 306paxeHb 3adoeinbHa,
po3dinbHa 30amHicmb mesieckona sidnoeidae po3paxoeaHili, a mesieckon 3 Yugpoeor KaMepor MOXe eUuKopucmosygamucs
0Onsi ompumaHHs 3HiMKie gpomocgpepu CoHysi. CepedHsi moMusiKa eu3HayeHHs1 Yucna Bonbgha He nepesuwye 10 %.

Knroyoei cnoea: pomocgpepa CoHuysi, meneckon, CCD-mampuys.

Bctyn. 3 1923 p. cnoctepexeHHs COHSYHMX nnam i dakeniB y Kuesi posnoyaB obpaHun avpektopom KuiBcbKoT
acTpoHoMiuHoi obcepBaTopii npodecop YopHun C.[. 3 pedpakropom Nepua (D =70 mm). 3 1924 p. go 1937 p. kuiBChKi
CMOCTEPEXEHHS COHSYHMX MM BuKopucToByBanucs Lltopixcbkoto obcepBaTopieto Ansg Bu3HaveHHs yuicen Bombda, wo
nybnikyBanucsa Heto B "Astronomische Mitteilungen" i B "Bulletin for Character Figures of Solar Phenomena". B Ananax
obcepsartopii [1] ony6nikoBaHO CTAaTUCTUYHI CMOCTEPEXEHHS COHAYHMX NNsM i dakeniB 3a 1916—-1935 pp. 3 1937 p. paHi
crnocTepexeHb Hanpaensanuck kKomicii 3 gocnigkeHb CoHusa B TAO AH CPCP (MynkoBo).

Y 1941-1944 pokax 3a iHiuiatmBn AcTpoHoMi4HOT obcepsatopii i JAILL Gyna cTBopeHa Mepexa COHSYHMX obcep-
BaTOpi, sika 3abe3nedyBana noTpebu BivcbkoBuX. Ha coHsauHii ctaHuii OAIL i KAO B eBakyauii y CBepanoBCbKy
crnocTepexeHHsa Oynu poanovarti y rpygHi 1941 p. i Benuca 3 3" i 4" pedppaktopamm Llelica, ski npogoexyBanucb y Kuesi
nicns NoBepHeHHs 3 eBakyauii 3 TpaBHa 1944 p. 3 BukopucTaHHAM 5" komeTolwykaya ®payHrodepa. MNoToYHI 3BeAeHHS
COHsIYHUX AaHux cteoptoBanuck AO Ta IBMIPAHowm i gpykyBanucs B "[dekagHbix o63opax” (BugaHHa ISMIPAH), nisHiwe B
AcTpoHomiyHomy umpkynspi (AH CPCP, KasaHb).

© €dimeHko B., KamiHcbkun C., 2015
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Y 1948 p. peKkoHCTpyhoBaHO poTochepHUn Terneckon i NpoTybepaHL-CNeKTPOCKOm, SKi BUKOPUCTOBYBaNuUcsa Ansi
croctepexeHb dotocdepn CoHusa [2]. Y 1951 p. npuabaHo doTtoreniorpad cuctemm MakcyToBa, Micnsa 4oro BidyarsbHi
CMOCTEPEXKEHHS COHSIYHMX MAIsIM 3aMiHUnM cpoTorpadiyHmmn. 3a gopydeHHAM AcTpoHOMIYHOT Pagu o6cepBaTopist BUKOHYE
060B'a3kn yeHTpa Cnyx6u CoHus. 1957 p. npuabaHo Ta BCcTaHOBNEHO doTocdepHo-xpomocdepHuin Teneckon APP-2, Ha
SIKOMY BeyTbCSl CNOCTEPEXEHHS 3a nporpamoto cnyx6u CoHuda. 3 1960 p. BukopucToByBanuca nnactuHkn ASTRO dipmun
AGFA, 3 1971 p. nnactnHkm FU-5 cipmn ORWO. TMicns npunMHeHHs nocTadaHHs nnactuHok FU-5 Bnpogoex 2001-2010 pp.
doTtocepa CoHusa 3HiManack Ha doTtonniBky NMPM-3L, ska 6nusbka 3a CBOIMM XapaKTepucTukamm 00 (POTOMMacTUHOK
FU-5 dhipmn ORWO.

B ocTtaHHi poku 3 nniBkol HeobxigHoro copmaty (12x9 cM) i SIKOCTi TeX BUHMKNM YCKNagHeHHsi. BpaxoBykoun
obCcTaBuHK, O CKNanucsd, a Takox CBITOBY TeHAeHLilo nepexody Ha CCD-matpuui sk CBiTNOHaKonNuyyBansHOro enemMeHTa
3'aBunack iges po3pobutu i BUroTOBUTM TENECKON, SKuii Mir 6u npautoBaTi 3 Takoto MaTpuueto [3]. B skocti CCD-npuiimada
Oyno BupilLeHO BMKOpUCTATU MaTpuuio umdpooi kamepn Canon 450D. Ha xanb Teneckon A®P-2 He pospaxoBaHui ans
BMPILLEHHS LibOro NUTaHHA TOMY Lo AiameTp 306paxeHHs COoHUA Ha CBITNOHaKonuyyBanbHOMY enemeHTi (poTonnacTuHui
abo dpotonnisui) gopisHioe 78 Mm — Habarato Ginblie Hik HeobxigHo Ana CCD-npuimada. 3meHwutn po3mip CoHus B
doKanbHI NoWWHiI 6e3 YyTNMBOro NOripLUEHHST AKOCTI 300paXkeHHS Ha »Kalb HEMOXINBO.

Y uih poboTi CTaBUTLCA METOI AAaTU MOXIMBICTL BUKOPUCTATU 3000yTUIA AOCBIT BUrOTOBMNEHHA Terneckona 3 CCD-npwuii-
mMa4veMm kamepu Canon 450D.

BubGip ontuyHoi cxemu. Kopekuis xpomatuyHoi abepadii Teneckony A®P-2 BukoHaHa 3 ypaxyBaHHSM BUKOPWUCTaHHS
doTorpacivyHnx nnactuHok FU-5 i mae goBruii "xBicT" B YepBOHIl i iHppayepBoHin obnacTi, Ao sikol poTonnacTuHkm FU-5
He yyTnuBi, ane yytnuea CCD-maTpuus. Liew dakTop € HanbinbLIoK NepeLLKoaoro Woao 3acTocyBaHHA Teneckona APP-2
i B AesiKii Mipi CTPUMY€E BMKOPUCTaHHSA NiH30BMX 06'eKTUBIB 3 BeNukuM dokycom anst CCD-npuiimadis. Tomy BMGip onTuyHOT
CXeMMU MILIOB Y HaNpsIMKY A3epKanbHUX CUCTEM, ki MPUHLIMMOBO BiNbHi Big xpomaTuyHoi abepadii [4, 5].

[nsa HoBoro Teneckona 6ynu BUCYHYTi Taki BUMOTU:

1. posainbHa 3gaTHICTb He ripwe 1 cekyHau ayru;

2. po3mip 306paxeHHs CoHUs B ¢poKamnbHiN NNOWMHI NOBMHEH MaKCMMarnbHO BMKOPUCTOBYBATWM KOPWUCHY NIOLLY
CCD-matpuu;;

3. po3ginbHa 34aTHICTb B KyTOBIM Mipi 3anexuTb TiNbkv Big AdiameTpa ob'ekTvBa Teneckona i po3paxoBYETbCH MO
dopmyni, 3actocoBaHii Peneem ans noagiviHMX 3ipok, i ika nigxoanTb Ans 6inbLIOCTi BUNAaAKiB CNOCTEPEXEHb B Aiana3oHi
5000-5500 A: a = 140"/D. Takum 4mMHOM AiameTp 06'eKTMBA Teneckona He NoBuHEH ByTn MeHwe 140 Mwm;

4. po3mip 306paxeHHss COHUsl MOBMHEH BYyTW TPOXM MEHLUMIA HiXXK Mana CTopoHa maTtpuui umdposoi kamepu Canon
450D. Matpuus mae BxigHe BikHO 22x15 mm i giameTp CoHus BignoBigHO NoBWMHEH OyTWM MeHwWwe Hix 15 mm, 6axaHo c
HEeBENWUYKUM 3anacom;

5. macwtab 306paxeHHs B dhoKamnbHilA NMOLWMHI 3anexuTb Big KyTOBOro po3Mipy crnoctepexHoro ob'ekta Ta dokyca
ONTUYHOT CUCTEMW | BUPaxXoBYETbLCS 3a dhopmynoto: [ = Fetg(y) = F+0,5/57,3

Hanpuknag, ons giametpa 306paxeHHss CoHus 14 MM, dOKyc onTUYHOI cucTemu gopiBHioe 1600 mMm. 3 mMeTolo 3MeH-
LIEeHHs1 nonboBux abepauii: koMM Ta acTurmatuamy, pobumo Bubip BigHocHoro oteopy 1:10. Togi giameTp o6'ekTmBa
ctaHoBuTb 160 mMm, TO6TO BignoBigae BUMOram po3dinbHOI 34aTHOCTI. Taki BUMorn gobpe y3roaxytTbCs 3 ONTUYHOK
cuctemoto KacerpeHa (puc. 1). Matoun giameTp ob'ekTvBa Ta dokanbHy BiCTaHb MOXHa po3paxyBaTW OMTUYHY CXemy.
Cuctema KacerpeHa € nBoasepkarnbHoLo, i po3paxyHok He € cknagHum. byna BukopuctaHa nporpama "ATMOS", ska mae
rpadiyni 3acobu npeacTaBneHHs pesynbTaTy.

Y 1abn. 1 HaBegeHo pes3ynbTaTM Po3paxyHKy MapameTpiB ONTUYHOI CXeMu Tereckona 3a [OMOMOrok nporpamu
"ATMOC". Ha puc. 2 nogaHo reomeTpuyHi po3mipu 300paxkeHHs1 30pi Npu po3dhoKyCyBaHHiI Ha Pi3Hill BiACTaHI Bifg LeHTpa.
BuaHo, Lo no BCbOMYy MOM0 reoMeTpuyHe 300paKeHHsi TOYKOBOro ob'ekTy He BMXOOWTb 3a Mexi kona Epi (Airy Diam),
To6TO Bignosigae Bumoram "optical diffraction limited" — akicTb onTU4YHOT cucTemMn obmexeHa andpakLieto.

MopenioBaHHS Ta BUroTOBNEHHA. [INs KOHCTpytBaHHA Teneckona Oyna BMKOpUCTaHa nporpama TpPUBUMMIPHOTO
mogentoBaHHa — SolidWorks (http://www.solidworks.com/). 3a ii gonomoroto ©ynv 3mofenboBaHi getani Teneckona, Ta
3pobneHi ix kpecneHHsi. Ha puc. 3 HaBegeHa 3MoaensoBaHa Tpyba Teneckona B po3pisi.
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Puc. 1. OnTnyHa cxema Teneckona
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Puc. 2. FTeomeTpuuHi po3mMipu 306paxxeHHA 30pi Npy po3dpoKyCcyBaHHI Ha pi3HiN BiacTaHi Big LeHTpa nons

Teneckon BurotoBnsBcs Ha 6Gasi AcTpoHoMiyHOi o6cepatopii KHY. [nd 3MeHweHHA CBITNOBOro noToKy OyB
BMKOPUCTaHWIA MOBHO anepTypHui inbTp 3 nniBku "AstroSolar" Himeubkoi dipmn "Baader”, aka Big3depkanioe 99,999 %
cBiTna (no iHcdopmauii BMpPOOHMKA) i Mae OMNTUMYHY SKICTb NJocKonapanenbHUX CcknsHux inbTpiB. Teneckon Oy
BCTAHOBIEHMIN Ha MOHTyBaHHA APP-2 nopy4 3 MOro Knacu4yHow Tpyooro 3 niH30BUM 06'ekTMBOM. MOHTYBaHHSI Teneckona
ADP-2 pyxe siKicHe, BUIOTOBIIEHE 3 ypaxyBaHHSAM 3HAaYHWX HaBaHTaXeHb i LMKOM 34aTHe HecTu Ha cobi gopaTtkoBe
yCTaTKyBaHHS, SKUM € B LibOMY BUMNaAKy HOBUI Teneckon Ans cnoctepexeHb potocdepu CoHus.

Y 1abn. 2 HaBefeHO NOPIBHsIHHA Yucna nnam (n) i obuncneHnx yucen Bonbda anst okpemmx gat keiTHs 2013 p. 3a
JaHumun canty http://www.solen.info/solar/ i oTpumaHux 4ucna nnsm (n*) 3i cnocTtepexeHb BUrOTOBNEHUM A3epKanbHUM
Teneckonom 3 uucpoBod kamepoo Canon EOS 400D. O6GuucneHi uncna Bonbcda 3a gaHumm  canty
http://www.solen.info/solar/ (W) i 3i cnoctepexeHb HoBuM Teneckonom (W*) gna 17.04, 22.04 i 23.04 craHOBRATb
BignosigHo 89, 83, 81 ogmHuub i 91, 70, 73 oanHuui. CepeaHsa noxmbka BU3HayeHHs yucna Bonbdga He nepesuitye 10 %.

Tab6nuusa 1. Po3paxyHOK ONTUYHMX KOMMOHEHTIB

BxigHi aaHi Po3paxoBaHui pe3ynbTtar
Effective Focal Length 1600 Primary Curv. Radius -1114.000
F1 (primary focal len) 557 Secondary Curv. Radius —607.668
D1 (primary diameter) 160 S (primary-sec. dist.) —358.938
E (primary foc. plane) 210 D2 (second.mirr. diameter) 60.26
Df (field diam.in mm) 15 Magnification 2.873
Back Focal Length 568.938
Linear Obstruction % 37.66
Aperture Ratio 10.00
Ls (light shield length) 38.08
Lp (light shield length) 180.98
Ds (light shield Diam.) 74.78
Dp (light shield Diam.) 45.79

3pobrnieHi 3HiMkn CoOHUS 3a OOMOMOrow HOBOro Teneckona i kamepu Canon 450D no fkocTi 306pakeHb LINIKOM
BignosigatoT notpebam crnoctepexeHb doTochepu CoHudA. Y BMNagkax CrokiMHOT 3eMHOi aTMocdepu Ha 3HiMkax CoHus,
3pobneHnx 3a 4OMOMOroK HOBOrO Tereckona My MOXEMO CMoCTepiratv rpaHynsilo, Lo € AoKa3oM AOCTaTHIX OMTUYHKX
MOXXINMBOCTEW HOBOro Teneckona (puc. 4).
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Puc. 3. Tpy6a Teneckona B po3pi3i Puc. 4. 3HiMOK akTUBHOI ob6nacTi AR

Tabnuusa 2. MopiBHAHHA Yncna nnsam Ta yucen Bonbda ana okpemux aar kBiTHA 2013 p. 3a AaHUMKM canTy
http://www.solen.info/solar/ (n) i oTpmaHux Nnpu cnocrepexeHHAX BUrOTOBIIEHUM TENIeCKOMOM
3 uncppoBoto potokameporo Canon EOS 400D (n*)

17.04 22.04 23.04
Ne AR n n* Ne AR n n* Ne AR n n*
11719 3 3 11723 3 2 11726 34 26
11721 5 3 11726 42 32 11727 3 4
11722 6 10 11727 8 6 11728 2 1
11723 21 21 11729 2 2
11724 4 4

BucHoBku. MopiBHAHHSA 3HiIMKIB COHLSA, 3po0bneHnx 3a 4ONOMOroK HOBOIO Tenleckona Ans cnoctepexeHb hotocdepmn
CoHus, Ta 3HiMKIB dpoTochepu 3a gaHumum cauty http://www.solen.info/solar/ pgatoTe 3mory 3poOuTU BMCHOBOK, LLO
BUKOPUCTaHHA A3epKarnbHOro teneckony B noedHaHHi 3 CCD-kameporo € UINkoM AouinbHUM B crnioctepexxeHHsax CoHus.
Bunpo6oByBaHHs1 Teneckona 3 Kamepol Mnokasanu, WO AKiCTb 3006paxkeHb 3a40BiNbHa, po3finbHa 34aTHICTL Teneckona
BiQMOBIOae pO3paxoBaHil a Terneckon 3 LMGPOBOK KaMepow MOXEe BUKOPWUCTOBYBATMCA A7 OTPMMAaHHS 3HiMKIB
dotoccepn CoHus. CepegHa nomunka BusHadeHHs yncna Bonbda He nepesuye 10 %.
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TENECKON OnAa HABNKOOEHUUA ®OTOCPEPLI COJNTHLA

Bu3syanbHble HabodeHusi CONIHeYHbIX NsimeH Ha AcmpoHomu4eckoli o6cepeamopuu Havanucb 8 1923 2. C 1951 2. eenucb ¢gpomozpadpu-
4Yeckue HabnodeHusi ¢ ucnonb3oeaHueM c¢pomonnacmuHok AGFA u ORWO. [lepexod c¢ ¢pomonnacmuHok Ha CCD-mampuybl mpebyem
ModepHU3ayuu unu 3aMeHbl meseckona. BbinonHeHHbIl aHanu3 ¢ yyemom napamempoe CCD npuemHuka Aoka3bieaem Heo6xodumocmb U320-
moeJsieHusi H08020 mesieckona. bbinu ebinosHeHbI pacdemsl, ModeslupogaHue U U320MmoesieHUe meJsieckona 603MOXHOCMSAMU ACMPOHOMUYeCKoU
o6cepeamopuu KHY. UcnbimaHu Kona ¢ Kamepoll Moka3sasau, Ymo Kayecmeo u3obpaxeHuli ydoe. p NIbHOe, pasp wjasi
crnoco6Hocmb Mmesieckona omeevaem pacyYemHoli a mesieckon ¢ Yughpoeoii kamepoli MOXem UCMosb308ambCs Onisi MOJy4YeHUs] CHUMKO8
gpomocepepsi ConHya. CpedHsisi owubka onpedeneHus Yucen Bonbga He npesbiwaem 10 %.

Knro4doei cnoesa: gpomocgpepa CoHysi, meneckon, CCD-mampuya.

V. Efimenko, Ph.D. in Phys. and Math. Sciences,
S. Kaminsky, Eng.
Taras Shevchenko National University of Kyiv, Kyiv

THE TELESCOPE FOR OBSERVATION OF THE PHOTOSPHERE OF THE SUN

Visual observation of solar spots on Astronomical observatory began in 1923. Since 1951 photographic observation with use of photographic
plates of AGFA and ORWO were conducted. Transition from photographic plates to CCD matrixes demands modernization or replacement of the
telescope. The made analysis taking into account the parameters a CCD matrixes of the receiver proves need of production of the new telescope.
Calculations, modeling and production of the telescope were executed by opportunities of Astronomical observatory. Tests of the telescope with
the digital camera showed that quality of images satisfactory, resolution of the telescope answers settlement and the telescope with the digital
camera can be used for receiving pictures of the photosphere of the Sun. The average error of definition of numbers of Wolf doesn't exceed 10 %.

Keywords: photosphere of the Sun, telescope, CCD matrix.



