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COMPACT STAR-FORMING GALAXIES: THE FRACTION OF THERMAL EMISSION
IN THE RADIO CONTINUUM AT 1.4 GHZ

The fraction of thermal (free-free) emission in the radio continuum at the frequency of 1.4 GHz is derived in 193 compact star-forming galaxies
(CSFG). These galaxies with detected radio emission represent the subsample of a larger CSFG sample of about 14 000 galaxies (Izotov, Y.I,
Guseva, N.G., Fricke, K.J., Henkel, C.: Mon. Not. R. Astron. Soc. 2016, 462, 4427) selected from the Data Release 12 of the Sloan Digital Sky Survey
(SDSS) (Alam, S., et al.: Astrophys. J. Suppl. Ser. 219, 12, 2015). We use the 1.4 GHz fluxes from the FIRST (Becker R.H., White R.L., & Helfand D.J.:
1995, ApJ, 450, 559) and NVSS (Condon, J.J., Cotton, W.D., Greisen, E\W., et al.: 1998, AJ, 115, 1693) catalogues. The fluxes of the thermal compo-
nent at 1.4 GHz are derived from the extinction- and aperture-corrected fluxes of the HB emission line in the SDSS spectra following to (Caplan, J.,
& Deharveng, L.: 1986, A&A, 155, 297) and are compared with the total fluxes in radio continuum.

The distribution of the fraction of thermal emission A at 1.4 GHz is similar to the log-normal one. Its median values of 6 % and 14 % are derived
respectively with the Hg emission line fluxes which are non-corrected and corrected for aperture. We consider these values as lower and upper
limits and discuss their uncertainties introduced by aperture corrections. The derived fractions of thermal emission are similar to those found
previously for different types of star-forming galaxies.

We study the dependence of A on various parameters and find strong correlation with the equivalent width of the HB emission line W and the g-
r colour index I. The A value increases with increasing of the equivalent width W at a fixed colour index | or with increasing of the colour index | at a
fixed equivalent width W. In the general case, when both W and | are varied, we obtain the relation |og(A) = C,+C, (W -W,)+C,(I-1,) where Wy = 29.3,
lo=0.342, C1 =-0.884 £ 0.02, C>=0.0044 % 0.001 and C3 = 0.23 £ 0.13. Additionally, we find that the fraction of thermal emission at 1.4 GHz is lower
for older starbursts.
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KueBckuit HauMoHanNbLHbIN yHUBepcuteT uMeHn Tapaca LLeBYeHko

KOMMNAKTHbIE M’ AJIAKTUKU C AKTUBHbIM 3BE3OOBEPA30OBAHUEM:
TENNOBOE U3NYYEHUE B PAONOKOHTUHYYME HA YACTOTE 1.4 I'T4

Bbina onpedeneHa 4Yacme Mensio8020 KOMMOHEHMa & MOJIHOM U3Jly4eHuU 8 paduoKoHMuHyyme Ha yacmome 1.4 Ty om 193 koMnaKmHbIxX 2a-
JNlaKmuK ¢ akmueHbIM 38e3do06pa3oeaHueM. PacnpedesnieHue amoli eenu4uHbl 611U3KO K J102-HOPMasibHOMy ¢ meduaHoli mexdy 6 % u 14 %. Yacmb
eo3pacmaem c yeenuvyeHuem EW(Hp) 3keueaneHmHol WupuHU 3MUCCUOHHOU nuHUU Hg npu nocmostHHHOM uHOeKkce yeema g-r, unu yeenu4eHuu
uHdeKkca yeema g-r npu nocmosiHHol EW(Hp) 3keusaneHmHoli wupuHe aMuccuoHHol nuHuu Hg. HalideHa 3aeucumocmb om ob6oux napamempos
odHoepemeHHo. [lpu yeenuyeHuu eo3pacma ecnbiwKu 38e30006pa308aHuUsi Yacmb MEN/I08020 U3JTyYeHUs1 yMeHbwaemcs. He o6HapyeHo cma-
mucmu4ecku 3Ha4uMoli 3agucuMcmu om obunus msKesnbIX 3/1eMEHMOs.

Knioyeenie crosa: 2anakmuku ¢ akmueHbIM 38e30006pa3ogaHueM, usslyyeHue 8 paduoOKOHMUHyyMe, mernyoeoe ussy4yeHue.

YOK 523.985
B. llo3anubkun, a-p dis.-mat. Hayk
AcTpoHomiuyHa o6cepBaTopis KuiBcbkoro HauioHanbHoro yHiBepcuTtety iMeHi Tapaca LleByeHka, Kuis

BMMIPIOBAHHA NOKANBbHUX MATHITHUX MONIB Y COHAYHOIO CMANAXY
3A PO3LWLENMNEHHAM EMICIMHUX NIKIB Y AAOPAX CNEKTPANBbHUX MNIHIN

HocnidxeHo coHsiyHul cnanax 19.07.2000 p. 6any M 5.6 / 3N, wjo euHuk e akmueHil 30Hi NOAA 9087. CnocmepexHuli ma-
mepian ompumMaHo Ha ewenbHOMY criekmpozpaghi 20pU30HMaNIbLHO20 COHAAYHO20 mesieckona AcmpoHoMidyHoi o6cepeamopii
Kuiecbko2o HayioHanbHO20 yHieepcumemy imeHi Tapaca LUleg4eHka. JlokanbHi Ma2HImMHi nosnsi y yuboMy crnasiaxy eumiprosasnu 3a
po3wensieHHsIM eMiciliHux nikie niHil Fel 5269.54, Fell 4923.93, Ho, HB, Hyi D3. OcHoeHa idesi Memody 6a3yembcsi Ha MoMy, U0
cnanaxoea ewmicisi @ desikux crneKmpasibHUX NiHisix 4imko po3dinssemnscsi Ha 0ei koMnoHeHmu: (1) 6inbw WUpPOKy i HenosnsIPu3o-
8aHy i (2) eyx4y i nonsipu3soeaHy, 3i 3Ha4YHUM 3eeMaHieCbKUM po3ujensieHHsIM. Lje eka3zye Ha 8OKOMIMOHEHMHY cmpyKmypy maa-
HimHo20 nons, i3 cymmeeo pi3HUMU Ma2HIMHUMU NosIMU i mepMoAuUHaMiYHUMU yMoeaMu y 080X KOMMNOHeHmax. 3aedsiku mo-
My, wo nonsipuzogaHa emiciss documb yrneeHeHo 8i0dinsiembcsi 8i0 Hernosnsipu3o8aHol, MOXHa 8UMIPSIMU JIOKallbHi Ma2HimHi
nons 6esnocepedHbo y Apyeill (cCunbHil) KOMMIOHeHmI, MPuMoMy He3asexHo 8i0 ¢phakmopa 3anoeHeHHs. Byno 3'acoeaHo, wjo y
sSICKpagoMy 8Yy3J1i Yboe2o cranaxy, ikull MPoeKmyeaecsi Ha niemiHb COHSIYHOI NsiMuU, e¢hekmueHe MazHimHe nose B.yy niHisx Fel
6301.5 i 6302.5, sumipsiHe no po3uwjernseHHO hpayHzogheposux npogpinie, dopieHrosano 900 'c. OOHak po3uwiernieHHs eMiciliHux
nikie y niHisix Ha, Hp, Hy i D3 eidnoeidae 1000 I'c, 1400 I'c, 1450 I'c i ~ 0 eidnoeidHo, 3a eenu4uHu noxubok 30-50 I'c dns 3a3Ha4ve-
Hux niHit Fel i 6nu3bko 100-150 I'c Ans iHwux niHil. Taka po36ixHicmb pe3ynbmamie iMogipHO noe'sizaHa 3 mum, w0 y eunaoky
niHit Fel 6301.5 i 6302.5 eenu4uHa By 8idobpaxae Kinbka napamempis, y momy qucni eenu4uHy ¢poHo8020 rnossi, pakmop 3a-
MOBHEHHSI i HanpyXXeHicmb JIOKallbHUX MoJlie y cusnbHil KoMrnoHeHmi. Ha npomueazy ybomy, daHi no nidisx Hy, Hp, Hy i D3 eido-
6paxaromb rnepesaxHo JI0KaslbHi MOJIsA 8 CUNbHIl KOMMNOHeHMI i eka3yromb Ha HEMOHOMOHHUU Po3rnodin Ma2HIMHO20 nosns 3
sucomoro, 3 (1020 MaKCUMYMOM Ha XpoMocgepHOMYy pieHi COHAYHO20 cnanaxy. PaHiwe e ybomy cnanaci, npu no6ydoei lio2o
Hanieemnipu4Hoi modeni, 6y5o eusiesieHO floKanbHe MidcusieHHs Ma2HimHo20 Mosisi Ha ¢homocghepHOMY pieHi, Npu4yomy (020
eenuyuHa docsizana 1500 Ic. Lji daHi nidmeepdxyrombcsi NPAMUMU 8UMIPHO8aHHAMU Po3uensieHHs1 eMiciliHux nikie y niHisx Fel
5269.54 i Fell 4923.93, 32i0HO 3 sikumMu Maz2HimHe nosie y cnanaxy 6yno 1250+ 100 'c. Takum 4YuHOM, y 3a3HayeHOMYy cnasnaxy
icHyeaso npuHaliMHi dei dinsiHKu (Moxueo, dea NJIOCKUX Wapu) JIOKaJIbHO20 MidcusIeHHsI Ma2HImHO20 NoJisi.

Knro4oei cnosa: CoHue, COHAYHIi Ma2HiIMHI nosisi, COHsIYHI cnanaxu, ewersbHi 3eeMaH-CreKmpozapamu, po3wernsieHHs1 emicil-
HuXx nikie, nokanbHi Hanpy>xeHocmi MazHimHoz20 noss 'y pomocghepi i xpomocgpepi.
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BcTyn. HuHi HanpyXeHicTb nokanbHWX MarHiTHUX nonis Ha CoHui gobpe Bigoma nuile Ans COHAYHMX MNAM, e BOHa
3a3Buyal nepebysae B mexax 2100-2700 I'c gnsa Benukmx nnam [8] i 3pigka goxoamTe Ao 4000-5000 I'c. 3apeecTpoBaHo
nuwe oAvH BMNadoK, KOnuW usa HanpyxeHicTb gopisHioBana 6100 c [7]. i gaHi BignoBigawTb cnocTepeXeHHsAM i3 dhakTo-
pOM 3anoBHEHHS f, GNIN3bKUM A0 0AuHULI, TO6TO f=1. OaHaK OTpUMaHi CMOCTEPEXHI CBIAYEHHS LLOA0 TOrO, LUO L CUMbHiLLi
MarHiTHi nons, 6nm3bko 8 KI'c, TakoX ICHYIOTb Y BEMMKMX COHSYHMX NMsiMax, ane TaMm BOHM MaloTb HEBENWKWUIA (hakTop 3ano-
BHeHHs, f < 0.2—0.3 [10, 13]. BucHoBOK Npo MarHiTHI nonsi HanpyXeHicTio 8o 7.5 kl'c y MiBTiHI COHAYHUX MnsM 3pobneHo
Takox y pobori [6].

Y MeTOAUYHOMY PO3YMiHHI, BENWYMHY FOKaNbHOrO MarHiTHOro rMons MoXHa HafiiHO BU3HaunTK no edekty 3eemaHa
nvLie 3a OHOHMACHOrO BUKOHaHHSI ABOX YMOB: (1) pakTop 3anoBHEHHs f MarHiTHUM Nornem BXigHOT anepTypu 6nunsbkuii oo
oauHuui (f=1) i (2) marHiTHe none mae 6yTU HACTINBKU CUINbHMM, LU0 BiANOBIOHI 3€EMaHIBCbKI G-KOMMOHEHTW CMOCTEepiratoTb-
Cs1 MOBHICTIO PO3AiNeHMMMN CreKTpanbHO, TOOTO TXHE 3eeMaHIBCbKe PO3LUENTIEHHs] AAH 3HAYHO binblue 3a CnocTepeXeHy
cnekTparnbHy NiBLUMPUHA AA1/2 LMX KOMIOHEHT.

[nsa coHsAYHMX cnanaxis ymoBa (2) He BUKOHYETbCSl, 0COBNMBO ANs eMiCiiHMX BUSIBIB edhekTy 3eemaHa B NiHisiX BOAHIO.
Y Takux BUNagkax peecTpyloTb Aesike eddekTMBHE MarHiTHe nosne Bef, WO Bigobpaxae cepedHI0 BENWUYUHY i HAXWI CUNOBUX
NiHi MarHiTHOro NoNsi Mo MMOLLi BXiAHOT anepTypu Teneckona a TakoX TepMOAUHaMIYHI edekTn. Y nepLiomy HabnvkeHHi
BENNYMHA Beff € 6nM3bKOK0 40 CepeaHbOro 3HaYeHHsi NO3A0BXHBOT KOMMOHEHTN B| MarHiTHoro nons. [ns coHsyHUx cnana-
XiB LiSi BEMNUYMHA € Pi3HOK0 B pisHUX poBoTax, Bif Kinbkox coTeHb Ao ~10* [c, 3anexHo Bif NOTYXHOCTI crnanaxy, cnekrparb-
HoT niHiT (TOOTO BMCOTM B aTMocdepi) i MeToaukn BUMIptoBaHHA (ouB. Hanp., [4, 11, 12]). HeogHopa3oBo cnocTepirascs
LikaBuiA BUNAZOK, KOMNW Benu4unHa Befty BepXHil boTocdepi i 30Hi TemnepaTypHOro MiHimymy 6yna GinbLuoto, HixK y rmmbLumnx
wapax. OfHak, ypaxoByloun 3a3HavyeHy BULLe HEOOHO3HaYHICTb (Di3MYHOro cMucny napameTpa Bef, 3anuwanocs Bigkpu-
TUM MUTaHHS: Le AifcHe NiACUNEHHSs HanpyXeHOCTi MarHiTHOro nomnsi Ha BepXHbOMY PiBHI aTtMocdepn Yu Tinbkn edektu
3MiHM opieHTaLil Moro cunoBmx MniHin?

[ns po3B'asaHHs Liel npobnemu BaXnNmBo Te, WO crnanaxoBy emicito B niHisx Fel iHogi MoxHa po3ginuty Ha ABi KoMMno-
HEHTU: LUMPLLY HEMONSAPM3OBAHY i BYX4Y nonsipudoBaHy [9]. IMOBIpHO, Taka ABOKOMMOHEHTHICTb eMiCil BigobGpaxkae ABOKO-
MMOHEHTHY CTPYKTYPY MarHiTHOro norisi B KapTMHHIN NIOLWMHI, NPUYOMY Mnonsipu3oBaHa (posLiensieHa) KOMMOHEHTa Bido-
Opakae xapaKTepuUCTUKM MarHiTHoro nonsi 6esnocepeaHbLO B MOr0 MPOCTOPOBO HEPO3AINBHUX (CyOTENecKoniYHNX) CTPYKTY-
pax i3 nigcuneHum MarHiTHUM nomnem, Todi Sk HenonsipnsoBaHa (Hepo3swenneHa) — y cnabwomy oHOBOMY NOri y MPOMiX-
Kax MK LMMWU CTPYKTypaMmu. Y TUX BUMNagKax, Komnu nonsipu3oBaHy eMicito MOXHa BNEBHEHO BiAOKPEMUTM Bif HEMNonsipm3o-
BaHOI (Hanpuknag, ypaxoBytouu ii MeHLUYy crneKkTpanbHy LUMPUHY i MEHLLY OOBXWHY Kpun BignoBigHMX Npodinis), MOXHa
BMMIpPSATM 3€EMaHIBCbKE PO3LLENIEHHS Y ManomacluTabHilni KOMMOHEHTI i3 cunbHUM nonem 6e3nocepeaHbo, Mo CnekTparb-
HOMY po3LienneHHto npodinis / = V uiei komnoHeHTH | 6e3 koHKpeTn3auii hakTopa 3anoBHEHHS NIOLLi anepTypu L€t KOM-
noHeHToto. H. Jloauubka BiANOBiAHY BENWYMHY MarHiTHOro Mons ouiHoBana no niHiax Fel i 6yna BoHa B Mexax 1.5-3 kl'c
ans oTocepHUX BUCOT COHAYHOro cnanaxy [9].

MeTolo cTaTTi € aHanoriYHMM aHania cnocTepeXxeHb NOTYXXHOrO cnanaxy B MiHiAX 3anisa, BOAHIO i renito, Wo J03BONsE
OLHMTK MarHiTHI nons sk y poTocdepi, Tak i xpomocdepi.

MaTtepian cnoctepexeHb i npodini cnekTpanbHUX niHiK. CnocTepexHUn martepian OTPUMaHWiA Ha eLlenbHOMY
cnekTporpadi ropmsoHTanbHoro coHsvHoro teneckona AO KHY [1] i ctocyeTbest cnanaxy 19 nunHa 2000 p., SIKMA BUHUK B
akTmBHiIn 30Hi NOAA 9087 i maB 6an M 5.6 / 3N. KoopanHaTu sicKpaBoro By3nvka cnanaxy, sk JOCNIfKeHO y cTaTTi, Oynu
14°S, 15°E. Ynpogosx 6"54™15% — 8"30m05% UT otpumanu 10 3eemaH-CriekTporpam, Lo MpeacTaBnsAloTb OAgHOo4YacHI
crnocTepexeHHs koMbGiHaLlii cTokcoBMxX napameTpis [+ V Ta | — V B iHTepBani gosxuH xeunb Big 4000 go 6600 A. Yci cnek-
Tpu Bynun cdoTorpadoBaHi Ha dotonnatiskh ORWO WP3 npu ekcnosuuisx 15-20 c. Huxye aHanisyetbcs nuiie MOMEHT
7"12M UT, 6nusbknil 4O MakcUMyMy crianaxy.

Cnncok BMBpaHKX CrieKTpanbHMX MiHii nogaHo B Tabn. 1. Po3wmndpyBaHHsA XiMiYHOro enemeHTa, AoBxXuHa xeuni A (A),
eKBiBaneHTHa W1pU1Ha niKii y cnekTpi cnokinHoro CoHus W (mA) i noTeHuian 36ymkeHHs HWKHLOro Tepma EP (eB) Hasege-
Hi 3rigHo 3 MoHorpadieto [15]. EdekTnBHi dakTopun JlaHae ger NiHi Fe | BignosigaoTe nabopatopHnm BenuymHam [17], a
ONS HWKWX NiHIN — TEOPETUYHUM 3HAYEHHSM Y NpunyLeHHi LS-3B'a3Ky.

Ta6bnuuys 1
Cnucok gocnigXeHUX cnekTpanbHUX MNiHin
Ne n/n ) EnemeHT [oBxuHa xBuni Exiiap’:ﬂ;ma 32;:;::‘::; EdektTuBHMi dpakTop
i HomMep MynbTUNNETy A (A) W (mA ) EP (eV) NaHpe gesr
1 Fel — 15 5269.541 478 0.86 1.208
2 Fel — 816 6301.51 127 3.65 1.669
3 Fel — 816 6302.50 83 3.69 2.487
4 Fell — 42 4923.93 167 2.89 1.70
5 HI-1 (H,) 4340.47 2855 10.15 1.06
6 HI-1 (Hp) 4861.33 3680 10.15 1.05
7 HI-1 (He) 6562.80 4020 10.15 1.05
8 Hel -11 (D3) 5875.6 - 20.87 1.06

Cnig 3ayBaxuty, WO NofaHi B Tabnuui cnekTpanbHi NiHii OpMyOTbCS, 3aranoM, Ha pi3HMX BUCOTax B aTmocdepi
CoHug. Tak, kpuna ninii Fel 5269.541 dopmytoTbCca nepeBaxHo B cepefHin dotocdepi (Ha BucoTi h = 300 km), Toai AK ii
eMICiliHi nikn — y BepxHiii doTocdepi i 30Hi TemnepaTypHOro MiHiMymy (Ha BucoTi h = 400-500 km). MpnbnNn3Ho Ha Uil xe
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BUCOTI popmytoTbCca 1 eMicivHi nikn ninii Fell 4923.93. Jinii Fel 6301.5 i 6302.5 chopmyloTbCA 3a3BUYal Takox Yy
cepegHin gotocdepi (h = 250-300 km). EmicinHi nikn BogHeBux niHii Ha, Hg i Hy dopmytoTbcs Ha pisHUX BUCOTax
y xpomocdepi (h = 800-1500 kM), MpU4YOMYy MOXHa OuiKyBaTW, WO MNiHiA Hy OpPMYeETbLCA Ha HaWHWXKYIA BUCOTI i3
3a3HayeHoro fgianasoHy. HapewrTi, niHia renito D3 opMyeTbCca B NepexigHin 30HI MiXX XpoMocdeporo i KOPOHO, LLO
Bignoeigae BucoTi 6nm3bko 2000 km [3].

CnocTepexeHi npodini / £ V ninin Fe | 6301.5 i 6302.5 y cnanaxy 6ynu cyto dopayHrodepoBUMM i MOMITHO po3Luenre-
HUMK (puc. 1), Toai Ak y niHisx Fe Il i BogHo BoHU Bynu emiciiHo-abcopbuinHumu, i3 poswwenneHMmn emiCinHuMmK nikamu
B A4pax niHin (puc. 2i 3).

7=

T T T T T T T T T T T T T T T 1
-1000 -500 o 500 1000

A ( MA )

Puc. 1. CnoctepexeHi npodini / + V nixin Fel 6301.5 i 6302.5 y gocnimkeHomy cnanaxy. 3asHavyeHuMm niHiam Fel
BignosiaaloTh 3HaYeHHs abeumcu AL = -500 i +500 mA, Toai ik TenypuyHMM niHiam O, — 3HadYeHHs AL = 0 i +750 mA
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Puc. 2. CnoctepexeHi npodini I + V niuii Fell 4923.93 y pocnigkeHoMy cnanaxy

1.6—
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Puc. 3. CnocTtepexeHi emiciiHi npodini / + V ninii Hy pasom i3 ppayHrocdepoBmmMmu npodpinsammn Hanénumxunx
hoTocepHmMx niHin, wo sBianosigaoTb AL = -800 i +900 MA. TOHKMMM NYHKTUPHOIO i CYLiNLHOIO NiHiAMK
nokasaHi BignoBigHi 6icekTopyu cnocTepexeHux npodinis

OUuiHKM MarHiTHOro MOns B 30Hi cnanaxy 34iNCHIOBanM Ha OCHOBI NPSIMUX BUMIpIOBaHb 3€EMaHIBCbKOrO pO3LLEnneHHs
eMicinHunX nikiB y aapax niHin. Hanpuknag, i3 puc. 2 BugHo, WO po3LLenneHHs eMicinHux nikiB y aapi niHit Fell 4923.93 npu-
6nuaHo aopisHioe 46 mA. Beaxalouu, WO LS BenMuMHa BiAMOBIAAe NOABOEHOMY 3€EMaHIBCLKOMY PO3LLENMEHHI0 Al
(HaBNVXKEHHs MO3O0BXHBLOrO MAarHiTHOro nons), Maemo Todi AAx = 23 mA. [ani BUMKOPUCTOBYEMO BidoMy dOpMyIly
A= 4.67x10"1% gerrA?B, | Gepyuum [0 yBarum 3HaveHHs ger=1.70 3 Tabn. 1, oTpuMyemMo kaniGpoBOYHYy hopMmyny
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B = 5.2x10* AAn, oe B —y rayccax (I'c), a AAv — B A. I3 ujei bopmynu, 3a AAn = 23 mA maemo B = 1200 I'c 3a BenMUMHY
noxmnbok BumiptoBaHb 6nmn3bko + 100 c. MNpakTuyHo Take x MarHiTHe none (1250 £ 100 'c) 6yno BUMipAHO NO po3LenseH-
HIO eMicinHMX nikiB niHii Fel 5269.54. Y doToctepHux niHiax Fel 6301.5 i 6302.5 marHiTHe none BMABUNOCHL OOHAKOBUM,
6nm3bko 900 Mc npu BenuyuHi noxmnodok + (30-50) .

EmicinHi nikv niHin BogHo 0ynn AOCUTb iIHTEHCMBHUMM, TXHi LLEeHTparbHi iIHTEHCMBHOCTI gocsiranu 3HadeHb 1.6—1.8 wono
PiBHA HAMBMMXKYOro KOHTUHYYMY, i TaKoX NOMITHO poswienneHnmu (puc. 3). BignosigHi marHiTHI nonsa gopisHioBany 1000,
1400, 1450 'c ansa niHin Ho, HB i Hy, BignosigHo. Emicis B niHii D3 Hel 6yna cnabkoto (piBHA 1.1 W0A0 KOHTUHYYMY) | He
Mana noMiTHOro posLuensneHHs (B = 0).

[ BOKOMMNOHEHTHICTbL eMicii cnanaxy i MeToA OLiHKM JIOKaNiIbHUX MAarHiTHUX NOJIiB. Y CNOCTEPEXEHOMY crnanaxy
Oynn BUSIBNEHi 03HaKM OBOKOMMOHEHTHOCTI eMicii B NiHiax Fe | Ta Fe Il, aHanoriyni TMM, siki paHiwe Bxe 3ragyBanucsa [9].
Lle intocTpye puc. 4, oe nokasaHo cnocrepexeHi npodini / + V'y cnanaxy (1), a Takox 3a mexamu cnanaxy (2), Ha Bigaani
6 Mwm Big nepworo Micus. MoxHa NoMiTUTK, WO Ha BiACTaHAX BiA UeHTPY |AA| > 130 MA ewmicis y crnanaxy € npakTu4HoO He-
NonspM30BaHo0, OCKiNbKku npodini / + V TyT npakTuyHo 36iratoTbes (CTPOro Kaxyyu, TyT BCe-Taku € AesKi TOHKi BiMiHHOCTI
uux npocpinis, ane B Ui poboTi X He aHanidykTb). BBaxatoum, WO HenonapusoBaHa emicis cnanaxy € ONTUYHO TOHKOH
(tn<< 1) i ii posnogin € raycconogibHum He Tinbku 3a [AA| > 130 MA, ane i 3a |A)| < 130 MA, oTpumyemo npodink wiei emicii
(3) ik pesynbTaT BigHIMaHHs Npodinst (1) Big Npodins (2) 3 ypaxyBaHHAM AiNnsHKK ekcTpanonsuii |AA| < 130 MA, ae npodini
(1) BonoBHeHi NMOBIPHMM PO3NOAINOM iHTEHCUBHOCTI (1 @) 3a rayccosoro npoding. Togi npodini nonspusoBaHoi emicii (4)
OTPUMYIOTb SIK pesyrnbTaT BiAHIMaHHA cnocTepexxeHoro npodins (1) Big cymu npodinis (2+3).

Baxnueo 3ayBaxutu, wWo emicii (3) i (4) BiApi3HATLCA He nuLle BENUYUHOKO Nonsipusadii, ane n cnekTpanbHOo LWn-
puHoto. CriekTparibHa niBLIMPpUHA NOMAPWU3oBaHoi emicii, Ali2(4), € 6nmsbkolo go 100 MA, Togi sik HenonspusoBaHOi
AAir2(3) = 170 MA. OpHak dppayHrodeposuin npodine (2) LWe LWMpLInii, Ans Heoro Ali2(2) = 200 MA. L BigMIHHICTb WMpK-
HV Npo@iniB SBHO BKa3ye Ha Te, WO TePMOAMHAMIYHI YMOBM € Pi3HMMM B PI3HUX MiCLAX cnanaxy i 3a noro mexamu. Beaxa-
04K, WO B 3a3HAaYEHOMY BUMNAAKy MEPEBaXHO 3MIHIOETbCHA Temnepartypa, Moxemo 6aunTu, Lo KiHeTUYHa TemnepaTypa B
MicuaxX popmMyBaHHSA NONSPU30BaHOI eMICii CYTTEBO 3HMXKEHA MOPIBHAHO 3 TUMU MicUsaMK, Ae POopMyeETbCA HENONApM3oBaHa
emicisi. IHWKMKM crioBamm, CUIbHI MarHiTHI NOMNs CyTTEBO 3HWXYIOTL TeMnepaTtypy. Llei ecekt nobpe Bigomuii y macwwitabax,
[OOCTYNHMX Arsi NPOCTOPOBOrO pPO3AiNeHHs: aaxe TemMnepaTtypa B COHAMHMX MsiMax 3HUXKeHa Maiike y ABa pasu, Todi SK y
npotybepaHuax — npubnusHo Ha aBa nopsgku. O6'ektn 0box TUNiB, sIK BiAOMO, € nepeaycim o6'ekTamu 3 nigcuneHum mar-
HiTHUM nonem. LLlogo coHsuHmMx cnanaxis, TO B HUX AificHa LWMPWHA eMmiciil y niHiax Fel moxe goxoantu o 10-30 mA [14].

MpoTe ToAi NPMPOAHMM € NPUMYLLEHHS, WO, BUAINMBLUKM 3a3HA4YE€HNM METOAOM CreKTparnbHi KOMMOHEHTU eMicii cnana-
Xy, MW OOHOYACHO PO3AiNunu BKMagmM i NPOCTOPOBO Hepo3dineHunx o6'emiB emicii cnanaxy. To6To nonspusoBaHa emicisi (4)
Bigobparkae BHECOK NKLLIE CUMbHOT KOMMOHEHTU MarHiTHoro nons, 6e3 Bknagy "oHy". IHWUMK cnoBamu, 3a criekmpasnbHUM
PO3WEenIeHHsIM KOMIIOHeHM (4) mu 3HaxoOumo He eghekmusHe (ycepedHeHe) MagHimHe rorne, a floKarnbHe, sike gidrnosioae,
gopmarnbHo, hakmopy 3anoeHeHHSs f = 1 Onsa cunbHOI cybmeneckoniyHOI KOMIOHeHMU.

3Bigcu BUNNMBae Takuii NPOCTUA METOANYHUI BUCHOBOK: Haeime He po30ifsryu emicii cnanaxy mak, siK ye rnokasaHo
Ha puc. 4, a nuwe 8uMIproOYU PO3UEINIEeHHST CUMbHUX eMICItHUX rnikig y cknadHUX eMiciliHo-abcopbuitiHuX npoinsx mniHid,
MOXHa 8UMIPAMU JOKasbHi (a He egheKmueHi, ycepedHeHI) MagHimHi rnosns.

oo — 1 T T T T T T T 1
0 2 4 6 8 10
Bik cnanaxy 3opeyTBOPeHHS T, st MIH. POKiB

Puc. 4. NopiBHAHHA npodiniB I + V niHii Fell 4923.93:
1 — cnocTepexeHun cnanax, 1 a — anpokcumalis LeHTpanbHOi YacTUHU Npodinto rayccoBMM po3noainom,
2 - pinsiHKa 3a MeXamm cnanaxy, 3 — Henonsipu3oBaHa eMicifi, 4 — nonsipusoBaHa eMicif
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MokasoBuiA WoA0 UbOro € puc. 3, Ae nofaHi cnoctepexeHi emiciiiHi npodini / + V niHii Hy a Takox bicekTopu umx
npodinis. MNopiBHIOIOYKN Ll PUCYHOK 3 puC. 4, MOXHAa NOMITUTH, LLO TYT AOCUTb CKNaAHO BiAOKPEMUTU MONSPU30BaHY KOM-
MOHEHTY eMicii Big HenonapuaoBaHoi. BogHovac TyT fobpe BMAHO iHWWIA edheKT — nporpecuBHe 30iMnbLUEHHSA PO3LLENEeHHS
GicekTopiB Npu nepexogdi 3 piBHs iHTeHcuBHOCTI 1.0 Ao piBHA iHTEHCUBHOCTI 1.4, TO6TO B A4PO iIHTEHCMBHOI emicii. Came Le
36inbLUeHHs posLuenneHHs BicekTopiB i € NPSAMOI0 BKa3iBKOK Ha ABOKOMMOHEHTHICTb eMICii i Ha Te, L0 CMOCTEePEXHY OLHKY
rloKanbHOro MarHiTHOro Nomns y cnanaxy MOXHa OoTpumaTth Mo MakCUMarbHi BENUYUHI po3LLenneHHsl, To6To Ha BepLUMHi
eMicinHoro nika. Xo4a B 3a3Ha4YeHOMy BUMaAKy cepefHe po3LenreHHs emiciHux nikis ninii Hy signosigae 1450 Ic, Ha Be-
pLWuHi umx nikie poswennenHs gocsrae 1900 'c. O4eBMAHO, OCTAHHSA BenuMYMHa € Hanbrnmk4or 4o AiNCHOT NokanbHoi Ha-
NPY>XEHOCTi B CyOTENecKoniYHNX CTPYKTypax cnanaxy Ha XpoMocepHOMY PiBHi.

MoCKiNbKM BUMIpIOBaHHA MarHiTHOro nosnis no niHiax BogHw Ho, Hp i Hy, a Takox no niHii D3 Hel pobunucsa ogHakoBo —
Mo PO3LLENIIEHHI0 EMICIHMX MNiKiB — TO oTpumaHi gaHi (B = 1000 'c, 1400 I'c, 1450 I'c i = 0, BignoBigHo, Npu noxmbkax 100—
150 lc), 3 ypaxyBaHHAM BUCOT POPMYBaHHS LUX MiHi (OUB. BULLE), BKa3ylOTb Ha foKarnbHe No BUCOTI NiACUMEHHSA MarHiT-
HOro norns y Xxpomocaepi. IHaKLe KaxKy4n, BOHW BKa3yloTb Ha fOKanbHe MiaCUeHHs NO340BXHbOI KOMMOHEHTM FTIOKanbHOro
MarHiTHoro nons. Ampke cnig ypaxyeaTu, L0 Xo4ya B LibOMY BUMNaAKy pe3ynbTaTu He 3anexaTtb Big dpakTopa 3arnoBHEHHS,
BOHW MOXYTb 3anexatu (BHacrnigok HENOBHOIO PO3LLENIEHHS 3€EMaHIBCLKUX G-KOMMOHEHT) Bif, OpiEHTaLii CUnoBMX NiHIA y
Opyrin (CUMbHIA) KOMMOHEHTI.

BuUcHOBKMU. Y cTaTTi akUEHTOBaHO yBary Ha TOMYy, LLO BMMIpIOBaAHHA MarHiTHUX MOJIB y COHAYHMX cnanaxax no pos-
LLeNMeHHI0 eMiCiiHMX MikiB y siApax eMiciiHo-abcopbuiriHux npodiniB niHi dakTuuHo BigobpaxatTe He edekTBHe (yce-
peaHeHe) MarHiTHe none Bef, @ NokarlbHe MarHiTHe Morie B CUIbHiA KOMMOHEHTI cnanaxoBoi emicii. To6To, y HabnmkKeHHi
[OBOKOMMOHeHTHoro nons ("doH" 3i cnabkvm nonem + manomacilutabHa KOMMOHEHTA i3 CUIbHUM NMOMEM) € MOXIUBICTb BU-
3HAYUTU BENUYMHY MarHiTHOro nons 6esnocepeaHbO Y NPOCTOPOBO HEPO3AiNbHIM ManoMacluTabHi KOMNOHEHTI, MPUTOMY
Hes3anexHo Big (hakTopa 3anOBHEHHA MIOLWi Lie KOMMOHeHTo. Y pgocnigxkeHoMy cnanaxy 19.07.2000 6any M 5.6 / 3N
BenuymnHa nokanbHOro nosns y xpoMmocdepi BusiBunacs pisHo no pisHMx xpomocdepHux fniHiax, a came 1000 Ic, 1400 Ic,
1450 I'c i = 0 no niHiam Ha, Hg, Hy i D3, BignosigHo. Lli AaHi, ypaxosyoun BUCOTU POPMYBaHHS 3a3HaYeHuX NiHin i Benuyn-
HM NOXMBOK BMMIpIOBaHb, BKa3dyloTb H8 HEMOHOTOHHMIN PO3NOAIN MarHiTHOro Nons 3 BUCOTO, 3 MOr0 MakCMMYMOM Ha Xpo-
MOCEPHOMY PiBHI COHAYHOro cnanaxy. Y LUbOMy X Miculi cnanaxy posLienneHHs doTocdepHux niHii Fel 6301.5 i 6302.5
Bignosigano marHiTHomy nonto 900 'c, ogHak LA BenuyuHa Bigobpaxae He Tinbky rnokanbHe MarHiTHe norne, ane i gakTop
3aMnoBHEHHS, | TepMoguHamiyHi edekTn. o6 ouiHUTK BENUYUHY NokanbHOro MarHiTHoro nons y cotocdepi, 6yno sumips-
HO PO3LLENSIEHHA eMiCiiHUX MikiB y NiHiax Fel 5269.54 i Fell 4923.93, i 3rigHO i3 LMW BUMIPIOBaHHAMM, HaMNPYXEHICTb 10~
KanbHWX MOMiB MPOCTOPOBO HEPO3AINbHUX MarHiTHUX noniB y Aiana3oHi oTochepHUX BUCOT OUHEHA BENUYMHO
1250 + 100 c. YpaxoByoun Takox paHiwe onybnikoBaHi pesynbtatv nobyaoBu HaniBemnipuyHoOi MoAeni Lboro crnanaxy
[6], MOXXHa AiTM BUCHOBKY, WO B HbOMY OYB HEMOHOTOHHWUIA PO3NOAIN MarHiTHOro Nons 3 BUCOTOHR, LLO MaB ABa MakCUMYy-
MUW: OAMH MaKCUMyM Y Aianas3oHi oTochepPHUX BUCOT, a iHWUN — Y Xpomocdepi. [ns NOpPiBHAHHS Crig 3ayBaXXuTW, LO iH-
LWUMMM aBTOpaMu Big3Hayanucb y cranaxax sik MOHOTOHHI 3 BUCOTOK 3MiHW MarHiTHoro nong [1, 2], TaKk i HEMOHOTOHHI
[5, 6], ogHak we He Byno BigMiYeHO 0gHOYACHO ABa MakcuMymu nons y dotocdepi i xpomocdepi.
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MEASUREMENTS OF LOCAL MAGNETIC FIELDS IN A SOLAR FLARE BY SPLITTING
OF EMISSIVE PEAKS IN CORES OF SPECTRAL LINES

We present study of solar flare of 19 July 2000 which arose in active region NOAA 9087 and had M 5.6 / 3N importance. Observational material
was obtained with the Echelle spectrograph of the horizontal solar telescope of the Astronomical Observatory of Taras Shevchenko National Uni-
versity of Kyiv. The local magnetic fields in this flare were measured by the splitting of emissive peaks of the Fel 5269.54, Fell 4923.93, H,, Hg, H,and
D3 Hel lines. The basic idea of the method is based on the fact that the flare emission in some spectral lines is clearly divided into two components:
(1) wider and unpolarized, and (2) more narrow and polarized, with significant Zeeman splitting. This is indication to the two-component structure of
the magnetic field, with substantially different magnetic fields and thermodynamical conditions in these two components. Due to the fact that the
polarized emission is quite confidently separated from the unpolarized, it is possible to measure the local magnetic fields directly in the second
(strong) component regardless of the filling factor. It was found that in the bright place of this flare, which was projected on the sunspot penumbra,
the effective magnetic field Berrin the Fel 6301.5 i 6302.5 lines measured by splitting of the Fraunhofer profiles, was 900 G. However, the splitting of
emissive peaks in H,, Hp, Hy and D3 lines corresponds to 1000 G, 1400 G, 1450 G and about zero, respectively, with errors of 30-50 G for above-
named Fel lines and about 100-150 G for other lines. This difference in the results is probably due to the fact that in the case of Fel 6301.5i 6302.5
lines, the Besr value represents several parameters, including the value of the background field, the filling factor, and the intensity of the local fields
in the strong component. In contrast, data on the Hy, Hp , Hy, and D3 lines mainly reflect local fields in the strong component and indicate the non-
monotonous distribution of the magnetic field with height in solar atmosphere, with its maximum at the chromospheric level. Earlier in this flare,
when constructing its semi-empirical model, local amplification of the magnetic field at the photospheric level was discovered, and its value
reached 1500 G. These data are confirmed by direct measurements of splitting of emissive peaks in Fel 5269.54 and Fell 4923.93 lines, according to
which the magnetic field in the flare was 1250 + 100 G. Thus, in this flare there were at least two regions (possibly two flat layers) of local amplifica-
tion of the magnetic field.

Keywords: Sun, solar magnetic fields, solar flares, Echelle Zeeman-spectrograms, splitting of emissive peaks, local magnetic fields in the pho-
tosphere and the chromosphere.

B. Nosuukun, a-p dous.-mat. Hayk
AcTpoHoMuMYeckan o6cepBaTopus KueBckoro HaumoHanbHoro yHusepcuteta umeHun Tapaca LleByeHko, Kues

W3MEPEHUE NOKAJIbHbIX MAFHUTHbIX NOJNEX B CONHEYHOW BCMbILWKE .
NO PACLLUEMNEHUIO QMUCCUOHHbBLIX NMUKOB B AOPAX CMNMEKTPAJIbHbIX NTMHUN

Uccnedyemcs conHevHasi ecnbiwka 19.07.2000 2. 6anna M 5.6 / 3N, komopasi eo3Hukna e akmueHoli o6nacmu NOAA 9087. HabnrodamenbHbili
Mamepuan 1MoJly4eHo Ha aulesie-criekmpozpaghe 20pU30HMaILHO20 COIHEYHO20 mesieckona AcmpoHoMuyeckoll o6cepeamopuu Kueeckozo HayuoHa-
JNIbHO20 yHUeepcumema umeHu Tapaca LlleeueHko. JlokanbHble MagHUMHbBIE MOJIsi 8 3MOU 8CMbIWKe U3MEPS/IUCH 110 PacuiensieHur0 3MUCCUOHHbIX
nukoe nuHul Fe | 5269.54, Fe Il 4923.93, Hu, Hp, Hy u D3. OcHoeHasi udesi MemoOda 6a3upyemcsi Ha MOM, YMO BCMbIWeEeYHasi IMUCCUSI 8 HEKOMOPbIX
crnekmpanbHbIX JIUHUSX YéMKo pa3desisiemcsi Ha 08e KOMNOHeHMbI: (1) 60/1ee WUPOKYIO U HENOSAPU308aHHYIO U (2) 60s1ee Y3KyHo U Mosisipu308aHHYH,
€O 3Ha4YumMesIbHbIM 3eeMaHO8CKUM pacujerieHueM. 3mo 2080pum o A8yXKOMIMOHEHMHOU CMPYKmMype Ma2HUMHO20 MOJisl, C CYyU,eCimeeHHO Pa3HbIMU
Ma2HUMHbIMU NOMISAMU U MePMOOUHaMU4YeCKUMU yCII08UsIMU 8 3mux 08yX KOMNoHeHmax. bnazodapsi momy, Yymo nonsipusoeaHHasi amuccusi docma-
MOoYHO yeepeHHO omaesisiemcsi OMm HernoJsisiPu308aHHOU, MOXHO MOMePSIMb JIOKaslbHble Ma2HUMHbIe M0Jisi HernocpedcmeeHHO 80 emopoli (cusibHOU)
KOMIMOHeHme, npu4yeM He3asucumo om ¢hakmopa 3arnosiHeHusi. Bbilo 06HapyeHo, YMo & SPKOM y3esiKke 3moli CrbIWKU, KOMOPbIl MPoeKMuposascs
Ha noslymeHb CO/IHEYHO20 NsimHa, 3¢hghekmusHoe MacHUMHoe rone Ber 6 uHusix Fel 6301.5 u 6302.5, usmepsiHHOe o pacujenseHuro hpayHaoghepo-
8bix npogpunell, pasHo 900 'c. OGHaKo pacujensieHus1 3IMUCCOHHbIX MUKo8 8 sIuHusix Hy, Hp, Hy u D3 coomeemcmeyem 1000 I'c, 1400 I'c, 1450 I'c u =0
coomeemcmeeHHo, Npu eesnu4yuHe owu6ok 30-50 I'c Ons ykasaHHbIx nuHuli Fel u okono 100-150 I'c dnsi dpyaux nuHuli. Takoli pa36poc pe3ynbmamoe
8€pOosIMHO cesA3aH ¢ meM, Ymo & cry4ae nuHuli Fel 6301.5 u 6302.5 eenu4uHa Besr ompaxaem HeCKOJIbKO Napamempos, 8 MOM Yucrie 8e/IU4UHY hOHO-
8020 10151, (hakmop 3arnosIHeHUs1 U HanpsXXeHHOCMb JI0KaslbHbIX rnosieli 8 cusibHol KoMrnoHeHme. [TpomueononoXHo amomy, 0aHHbIe Mo JuHuUsX Ho,
Hs, Hy u D3 ompaxatom @ 0CHO8HOM JIOKaslbHble 0JIs1 y CUIbHOU KOMIMOHEHMe U 2080psim O HEeMOHOMOHHOM pacnpedesieHUU Ma2HUMHO20 Moss ¢
ebicomoli, C €20 MaKCUMYMOM Ha XpPOMOCGhePpHOM ypOo8He COJIHEYHOU ecrnbiwkKu. PaHee 8 amoli ecrbiwkKe, Npu MOCMpPOoeHUU ee MosyaMnupu4ecKol
modenu, 6b1710 06HapyXeHOo JI0Ka/lbHOe ycusleHUe Ma2HUMHO20 MoJsisi Ha ¢homocghepHOM ypoeHe, NpuyeM e2o eesuyuHa docmueana mam 1500 Ic.
3mu daHble nodmeepkdaromcsi NPSIMbIMU U3MEPEHUSIMU pacujensieHusi 3MUCCUOHHbIX nukoe e nuHusix Fel 5269.54 u Fell 4923.93, coanacHo kKomopbiM
Maz2HuUmHoe noise 8o ecnbiwke 6bi10 1250 + 100 I'c. Takum o6pa3om, e AaHHOU ecrbilKe cocywecmaoeaarso no kKpaliHeli Mepe dee obr1acmu (803MOX-
HO, d8a M/I0OCKUX CJI051) JIOKa/IbHO20 yCUIeHUS] Ma2HUMHOR20 MOJIs.

Knioyeenbie cnoea: ConHye, coslHeYHble Ma2HUMHbIE MOJIsl, COSTHEYHbIe 8CMbIWKU, duiesie-3e3MaH-CrieKmpozpaMMbl, pacujensieHue 3MUcCUoH-
HbIX MUKOB8, JIOKalbHbI€ HanpsHKeHHOCMU Ma2HUMHoz0 noss e gpomocghepe u xpomocghepe.
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B. EdimeHko, kaHA. di3.-maT. Hayk
AcTpoHOoMiyHa o6cepBaTopis KuiBcbkoro HauioHanbHoro yHiBepcurteTy imeHi Tapaca LLleBYeHka

ACTPOHOMIYHA OBCEPBATOPIA KNiIBCbKOIO HALIOHANBHOIO YHIBEPCUTETY
IMEHI TAPACA LUEBYEHKA Y 2017 POLII

Ha noyamok 2017 p. y wmami AcmpoHomMiyHoi o6cepeamopii npayroeano 53 npauyieHuKu, 3 HUX Haykoseuie — 28, y momy 4u-
cni 6 dokmopie Hayk i 17 kaHOudamie Hayk. [Jo cknady o6cepeamopii exodsimb cekmop acmpomempii ma mManux min coHsT4YHol
cucmemu (3as. CEKmMopom KaHO. ¢pis.-mam. Hayk B.B. KnewjoHok), eiddin acmpodgpisuku (3ae. 8iddiny 0-p ¢piz.-mam. Hayk, npodp.
B.l. XXdaHo8) ma dei cnocmepexHi cmaHuii (JlicHuku, Mununoesudyi).

Ynpodoex poky eukoHyeanucsi 6ro0xemti memu: "®yHdameHmanbHa ¢izuka ma Modesli eUCOKOeHep2emuYyHuUx acmpogisu-
4HUX feuw”, Haykoeul KepieHUK O-p ¢bi3.-mam. Hayk, npog. B.l. )K0aHoe; "KocmivyHi YuHHUKU 3eMHuUX Kamakni3mie. Crnocmepe-
JKeHHs1, aHani3, iHgpopmamus3sayis", Haykoeul KepieHuUkKk 0-p ¢pisz.-mam. Hayk B.K. Po3eH6yw. Mosnodi Haykoeuyi o6cepeamopii euzspa-
JIU KOHKYPC Ha ¢biHaHCyeaHHs1 MOn100ixHOI memu "Mynbmuxeusnbosi GoCiOXKeHHs1 KOCMiYHUX G)Kepes1 2aMa-8unpoMIiHIO8aHHs 8 pam-
kax CTA-npoekmy", Haykoeuli KepieHUK KaHO. ¢bi3.-mam. Hayk B.O. [ToHoMapeHKo.

OcHoeHi Haykoei peaynbmamu. 3Hali0eHO MomeHyiliHe GXkepesio mMpunsemy KOCMIiYHUX MPOMeHie 3 eHepaiaMu suwje
10%eB — mazHemap SGR 1900+14. [JocnidxeHo moxnuei eusieu npuckopeHHsi Kl 3anuwkom HadHOEOI, Npu cnanaxy siKoi Hapo-
duecsi macHemap SGR 1900+14.
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