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THE OBSERVED NEUTRAL MANGANESE LINE PROFILES
IN SOLAR SPOTS, PLAGES, AND QUITE REGIONS

O. Andriyenko

Jlunus He#TpanbHOrO Mapranua 539.5 HM OblTa BKIIIOUEHA B JIOJITOBPEMEHHYIO IporpamMMy HaOmonenuit Cosrn-
I1a Kak 3Be3/bl Ha oocepBaropuu Kut-Iluk. B otnmame ot npyrux ¢orocepHbIX THHAN 3Ta JTMHAS MMOKa3ana 00Ib-
IIyI0 TIEPEMEHHOCTD C IIMKJIOM COJIHEYHOM aKTUBHOCTH. AMIUINTYABI BapHAalMi SKBUBAJCHTHOH INUPUHBI M LIEH-
TpanbHOH riryOuHbI 6onbine 1 %. JInHUS cTaHOBHUTHCSA cilabee B MAKCHMYME W CHIIbHEE B MUHUMYME [IUKJIA COTHEY-
HOH akTuBHOCTH. [logoOHOE «XxpoMochepHOe» MOBEACHHE SBIACTCS 3aral0UHbIM.

Mnl 539.5 sBisiercss O4eHb YyBCTBHTENBHOW K Temreparype. OnHako, He0OX0-IMMO TPEAONOKHUTh, YTO TEM-
neparypa dorochepsr n3menserca nouty Ha 3 K, ato0b1 00bscHUTE HaOMoOAaeMble Bapuanuu [1]. Bmecre ¢ Tem o
HaOJroIeHUSIM JInHNK yriaepona 538.0 HM ObLIO yCTaHOBJICHO, YTO Temieparypa ¢otochepbl MeHsAETCs He Oojee
qem Ha 1.5 K [2].

Kak noxasanu HJITP-pacuers! [3], nuuus 539.5 HM sABIgeTCS YyBCTBUTEIBHON K ONTHYECKON HaKadKe JPYToi
aunaum Mapranna. Jluaus Mnl uvl (279.48 um) nepekpoiBaercs ¢ nuauei Mgll k (279.5 M), MOCKONBKY JIMHUA
539.5 HM ¥ UV] UMEIOT OJMH U TOT K€ HIDKHHUH YpOBEHb BO30Y’KAEHHS, ONTHYecKas Hakauka oT juHun Mgll k
yYMEHbIIaeT HACEJICHHOCTh 3TOr0 YPOBHS U MUHUSA 539.5 HM cTaHOBHUTCS ciabee.

B st0ii pabote mpeacTaBieHbl pe3ybTaThl HAOIIOICHNH, MOTYYCHHBIX B oOcepBaTopuu Tepckorn u B obcepBa-
topuu Tetize. B 2002—-2003 rr. HabmroneHus BEIOpaHbIX tuHIA Mnl npoBoamuck B odcepBaropun Tepckon (3100 m,
Henrpansusiit KaBka3). HaOmogeHNs MPOBOAMINCH B PA3IWYHBIX IATHAX, (DaKeNbHBIX IUIOIMANKAX W CIIOKOWHBIX
obnactax. beumn Be1Opans!l muaWHN ¢ oauHakoBEIME (0.0 5B mng muamit 539.5 u 543.3 5M) u pasaevu (2.14 3B s
mmann 542.4 aM u 3.07 3B mst muamum 601.7 HM) HIDKHUMH YPOBHSIMH BO30YKICHHS, YTOOBI IIPOBEPHUTH TUIOTE3Y
ONTUYECKOHN HaKauKHU.

B 2004 r. Obui mipoBeeHbI HaOMroAeHu auHUE 539.5 HM u 543.3 M Ha Teneckorie VTT B obceparopun Tetine
(2400 M, o. Tenepude). bbun nosydeHs! MpoQuIM JIMHUI B CHOKOHHBIX 00JACTAX OT IIEHTPa K KPar COJHEYHOTO
nucka. Taxoke ObUIO cieTaHO HECKOJIBKO CKAaHOB aKTHBHBIX 00J1acTei (¢ MpopMIsIMU TMHUMA B KQXKIOW TOUKE CKaHA).

Bapuanuu npoduseir auauu 539.5 HM OT HEHTpa K Kparw COJHEYHOIO IMCKa MOATBEPKAaT (GorochepHoe
MPOHMCXOXAeHHE TUHUM. Bce HabmoqaeMble THHUN HEWTPAJIbHOTO MapraHIa ociabieHbl B ¢akenax W yCHUIICHBI B
msTHaX. VI3 HaOmoneHni HEBO3MOXKHO MOATBEPANTH WIIM ONPOBEPTHYTH THIOTE3Y ONTHYECKOH Hakadku. HeoOxo-
nuMo nposecTr TouHble HIITP-pacuers!, cnocoOHbBIE BOCTIpOM3BECTH HaOM0oqaeMble PO JIMHUN, YTOOBI pas-
ranaTh 3araaky Juaua Mnl 539.5 am.
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Neutral manganese 539.5 nm line was included in a list for long time Sun-as-a-star observations at Kitt Peak ob-
sevatory. Unless other photospheric lines included in the program this line showed an outstanding variability during
solar cycle. Amplitudes of the variations are more then 1 % for equivalent width and central depth. The line be-
comes weaker in maximum and stronger in minimum of solar activity cycle. Such a “cromospheric” behavior is ra-
ther enigmatic. It is still unclear what cause this variability.

Mnl 539.5 nm line is very sensitive to temperature. Still about 3 K amplitude of photosphere temperature chang-
ing with solar cycle is required to fit the manganese line variations (S. Erkapic and I. Vince, 1995). From the other
hand Gray and Livingston (1996) obtained 1.5 K amplitude of the temperature variations from observations of car-
bon 538.0 nm line.

Doyle et al (2001), using NLTE calculations, have shown that Mnl 539.5 nm line is sensitive to the optical
pumping of other manganese line. Namely the Mnl uv1 line (279.48 nm) overlaps with the Mgll k line (279.5 nm).
As 539.5 nm and uv1 lines have the same lower excitation level, optical pumping from Mgll k line decreases popu-
lation of the level and Mnl 539.5 nm line becomes weaker.

This work aims to shed some new light on the problem. It presents results of observations obtained at Terskol
observatory and at Teide observatory. During 2002—-2003 years observations of Mnl 539.5, 542.4, 543.3 and 601.7
nm lines were made at Terskol observatory (3100 m, Central Caucasus). Observations of different spots, plages and
quite regions at various heliocentric angles were made in order to collect some statistics. Lines with the same (0.0
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eV for 539.5 and 543.3 nm lines) and with different (2.14 eV for 542.4 nm line and 3.07 for 601.7 nm line) lower
excitation levels were chosen to check the optical pumping hypothesis.

In 2004 observations of Mnl 539.5 and 543.3 nm lines were made on VTT solar telescope at Teide observatory
(2400 m, Tenerife). Line profiles in quite regions from center to limb of the solar disk were obtained. Also scans of
several active regions (with full line profiles in every dot of a scan) were made.

Center-to-limb variations of 539.5 nm line confirm that it is formed in photospheric layers. All the lines are weaker in
plages and stronger in spots. From the observations it is impossible to confirm or reject the optical pumping hypothesis.
Accurate NLTE calculations, that can represent observed profiles, are required to solve the Mnl 539.5 line enigma.
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DECAMETER RADIO PULSES IN THE SOLAR CORONA
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OfHUM U3 HHTEPECHBIX BUOB CIOPAJNYECKOTO COIHEYHOTO PaguoM3IIyuyeHHs], Ha0II0JaeMOro B JeKaMeTPOBOM
JIMaTa30He JUTHH BOJIH, SIBJISTIOTCSI BCIUIECKH criekTpansHoro tuma I11d. PerynspHsie MHOTONETHHE H3MEpEHHs Xa-
PaKTEepUCTHK TaKUX BCIUIECKOB C HCIIOIB30BaHKUEM paauoTesieckona Y TP-2 mo3Boauin NOIy4uTh YHUKANIBHBIH 9KC-
NepUMeHTaNbHbIH MaTepuan [1]. B HacTosiee BpeMs BHUMaHUE HCCleoBaTeIe B 3HAUUTEILHON Mepe HallpaBJe-
HO Ha CO3JJaHUE aJICKBaTHON (PM3MUECKON MOAENH, OOBACHSIIONICH MOSBICHUE U Pa3BUTHE UCTOYHUKOB PaJNOU3ITY-
yenus L1Id-tuma B comHevHO# KopoHe. s HHTepIpeTani HeKOTOPhIX JaHHBIX HAOJIONCHUH YCIICNIHO HCIIOJIB3Y-
€TCsl IPOCTasi MOJENb UMITYJIbCHOTO KOPOHAIBHOTO UCTOYHUKA PAJUOU3IYICHUS HA BTOPOH rapMOHHUKE JIOKAIBHOM
IIa3MEHHON 9aCcTOThI KOPOHBI, BUAMMOTIO B NPSMBIX U OTPAKEHHBIX Ty4ax [2]. B yacTHOCTH, Takas MOJENb MO3BO-
JSIET TIOHATh, OYEMY ITPY NPUOIMKEHIH 00JIaCTH HCTOYHUKOB M3JTyYEHHS K [ICHTPAIFHOMY COJIHEUHOMY MEpHIHa-
Hy BO3HHMKA€T BPEMEHHOE PACHICIUIEHUE B y3KOIMOJOCHBIX 3JEMEHTAaX TOHKON CTPYKTYpBl IUHAMHYECKOrO CIEKTpa
1 POpPMHPYETCsI HXOTOA00HAs KOMIIOHEHTA BCIJICCKOB C HapacTarollei 3a1epkkoit. B To ke BpeMs HaOmroneHus [ 1]
MOKa3aJIM, YTO 3X0-KOMIIOHEHTa MOXET OBbITh KaK MPOCTOH (aMILIUTYAHO-BpEeMEHHOW Npoduiib Ha OTAEIHHOW Ya-
CTOTE, KaK MpPaBHJIO, ABYrOpOBIi), TaK U CI0XKHOHN (aMILUTUTYIHO-BPEMEHHON NMPOQUIL UMEET KBa3HIIEPUOJMYECKUI
xapakrep). IIpy 5TOM 3aJepKKu MeXIy 3X0-BCIIECKAMH MOTYT JOCTUTaTh OOJNBIIMX 3HaueHHH (Oosiee S5 ¢ Ha ya-
ctote 25 MI'n). [IpuBeieHHbBIE 3KCTIEpUMEHTATIBHBIE (GaKTHl He OOBACHIIOTCS B paMKaXxX BBIIICYITOMSIHYTOM MPOCTOit
MOJIETIH UMITYJIbCHOTO KOPOHAIBHOTO MCTOYHMKA PAIMOM3IIYYEHHs, MOCKOJIbKY B YCIOBHUIX C(EpUIECKH-CUMMET-
PUYHON KOPOHBI Takas MOJETH JaeT MaKCHMAIBHYIO 33IepPKKy MEXIy BCIUleckamu, paBHyH 3.1 c. B pabore [1]
BBICKa3aHa TMIIOTE3a, COTTIACHO KOTOPOH ()OPMHUPOBAHHE COITHEUHBIX AEKaMETPOBBIX BCIUIECKOB C 3X0-KOMIIOHEHTa-
MH MIPOMCXOIUT B OCOOBIX TeMOPU3NIECKUX YCIOBHIX COJHEYHON KOPOHBI B MPUCYTCTBHU KPYITHOMACIITAOHBIX
PETYISAPHBIX HEOAHOPOJHOCTEH AIIEKTPOHHOH MIOTHOCTH.

B nanHoit paboTe Ha OCHOBE MHTETPAIBHOTO IPEICTABICHHS BOJHOBOTO I10JIS1 B BUE MHTEP()EPEHIMOHHOTO NH-
Terpajia MpoBeJIeHO UCCIIEI0BaHNE CPEHEro MPOGHIIs AeKaMeTPOBOrO PaJHMOMMITYJIbCA, MPOILIEAIEro Yepe3 Heo -
HOPOJHYIO COJIHEUHYIO KOPOHY, C YIETOM PACCESIHUSA Ha TypOYIEHTHBIX HEOJAHOPOTHOCTIX U CHIBHOM PerymnspHOM
pedpakumy Ha KpynHOMAacIITaOHBIX JETEPMHUHUPOBAHHBIX HEOJHOPOJHOCTSX 3JIEKTPOHHOH miioTHocTU. [Ipu 3Tom
MIPEIIONaraeTcsi, YT0 HCTOYHHUK, PACIIONIOKEHHBIH B KOPOHE, SIBJIIETCS M30TPOIHBIM, TOUYSUHBIM U U3JIy4aeT Ha BTO-
poii rapMOHHKE JIOKAJIBHOH IIa3MEHHON YacTOTHI UMITYJIbC MaJION JINTENbHOCTH. C IMOMOIIBIO YHCIEHHOTO MOJIe-
JPOBAHUS ITOKA3aHO, YTO B YCJIOBHSIX NMPHUCYTCTBHA B CIy4alHO-HEOTHOPOJHON KOPOHE PEryJsIpHBIX KpyIHOMAc-
MmTaOHBIX HEOJHOPOIHOCTEH 3JIEKTPOHHOM INIOTHOCTH JIOKAIM30BAHHOTO THIIA BO3HUKAET PETyJISIpHAs MHOTOIyYe-
BOCTb, KOT'/Ia N3Ty4YE€HHE NMPUXOANUT B IYHKT HAONIOAEHHS 10 HECKOJBKHUM ITyTSIM C Pa3IMuHBIMH BPEMEHHBIMH 3a-
nepxkamu. Takum 00pa3oM, B MPUEMHHUKE, HAPSAY ¢ OCHOBHBIM IMPSIMBIM CUTHAJIOM, (OPMHUPYIOTCS HECKOJIBKO 3XO0-
BCIUIECKOB. Pacuersl cpeaHuX mpoduield JeKaMeTpoBOTO MMITYJIbCA M €T0 3X0-BCIUIECKOB BBIIIOJHEHBI C YYETOM
MOTJIOIIEHNS 3a CUET CTOJKHOBEHUN B KOpPOHAJIbHOU IazMme. UMcneHHOe MOAEIMpOBaHME INOKA3ajo, YTO MaKCH-
MallbHasl BpEMEHHas 331€PKKa MEX/y MPsIMbIM CUTHAJIOM U OIHUM U3 €T0 3X0-BCIIJIECKOB MOXKET COCTaBJIATh 11 ¢ mpu
PAacIoI0KEeHIH CTOYHHIKA PaTHON3ITydeHNs BOIU3H IIEHTPAILHOTO COTHEYHOTO MepHaraHa. PaboTa BrINoNHEeHA 1IpH
MOJIICPYKKE TPaHTA BEAYIIMX HAYyIHBIX 11koi1 PO — HIII-477.2003.2, a Takxe rpanta PODU-03-02-16229.
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Representing one of the interesting varieties of sporadic solar radio emission observed in the decameter wave-
length are spectral type Il1d bursts. Regular multi-year measurements of characteristics of such bursts with UTR-2
radiotelescope made it possible to obtain unique experimental material [1]. At present the researchers are directing
their main efforts towards developing an adequate model to explain the appearance and evolution of the sources of

101


mailto:saf@iszf.irk.ru

CeKLﬂl}l «Conneunoe U3ly4eHue u Mexicnianemmnas cpeda»

type I11d radio emission. For interpreting some observational data a simple model of a pulsed coronal radio source at
the second harmonic of the local plasma frequency, which is observed directly and after reflection, is successfully
used [2]. In particular this model let us understand why temporal splitting in narrow-band elements of dynamical
spectrum appear and a burst echo-like component with an increasing delay is formed when the source region ap-
proaches the central solar meridian. At the same time the observations [1] showed that the echo component can be
both simple (the intensity-time profile has a two-peaked form as a rule) and complex (the intensity-time profile indi-
cates quasi-periodic character). In addition, the delays between echo-bursts can reach high values (longer than 5 s at
the frequency of 25 MHz). These experimental facts are not explained in the framework of the above-mentioned
simple model of a pulsed coronal radio source, since in the case of spherically symmetric corona this model give the
maximum delay between echo-bursts equaled to 3.1 s. According to a hypothesis discussed in [1] the formation of
solar decameter bursts with echo components takes place in the solar corona under special heliophysical conditions
in the presence of large-scale regular electron density inhomogeneities.

Here, based on an integral representation of the wave field in the form of the interference integral, a mean profile
of a decameter radio pulse propagated through the inhomogeneous solar corona is investigated. Scattering of the
emission by turbulent inhomogeneities and strong regular refraction on large-scale determinate electron density in-
homogeneities are taken into account. In addition, the coronal source is assumed to be isotropic, point-like and emit
a pulse of small duration at the second harmonic of the local plasma frequency. By using a numerical simulation it is
shown that regular multipathing appears in the presence of the localizated regular large-scale inhomogeneities of
electron density in the randomly-inhomogeneous corona, i.e. the emission arrives at the observing point following
several paths with different temporal delays. Thus, several echo- bursts are formed at the receiver along with the
main direct signal. The mean profile calculations of the decameter pulse and its echo-bursts are performed taking
into account collisional absorption in the coronal plasma. The numerical simulation has shown that the maximum
temporal delay between the direct signal and one of its echo-bursts can be equal to 11 s for the case of the radio
source located near the central solar meridian. This work was done under state support grant No. NSh-477.2003.2
for Leading Scientific Schools of the Russian Federation and the RFBR grant No. 03-02-16229.
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B mepuon makcumyma comHewHo# akTuBHOCTH 2000—2001 rr. HaOmomancs psa sSpKUX COOBITHH ¢ ydacTHEM
npotoHoB. OCHOBHBIE JJaHHBIE, UCIIOIB3YeMble B paboTe, MoTydeHsl Onarofapst kocMuueckomy ammapary Ulysses,
KOTOPBII B TO BpeMsi HAXOJWJICS Ha BBICOKHX IIUPOTaX HA PACCTOSHHM HECKOJBKHX ACTPOHOMHYECKHX €IUHHUI] OT
Connua, n kocMuyeckomy anmnapaty GOES, xotopsiit Haxonuicst Bozne 3emiu. KauecTBeHHbIH aHanM3 JaHHBIX
(Hac B OCHOBHOM MHTEPECYIOT BpEeMEHHbIE PO HHTEHCUBHOCTH IPOTOHOB) OBIII IPOBEAEH HECKOJIBKUMH yde-
HeIMH. OCHOBHBIE BBIBOJIBI Cieqyronue: 1) MakcuManbHas HHTeHCMBHOCTh Ha GOES MeHsieTcst Ha HeCKOJIBKO I10-
PSIKOB OT COOBITHSI K COOBITHIO, B TO BpeMst kKak Ha Ulysses HHTEHCUBHOCTH H3MEHSIOTCS BCETO B HECKOJIBKO pas; 2)
HACTYyIUICHHE MaKkCUMalbHOH nHTeHCcUBHOCTH Ha Ulysses 3anep:xuBaercs Ha 100—350 mun no cpaBHenuto ¢ GOES;
3) HabmomaeTcsi BRIpaBHUBAHNE MHTCHCHUBHOCTEH Ha 00OMX KOCMHUECKHX allllapaTax 4depe3 4 IHA MOcie Hayana
coObITHs. BeposATHO, MPOTOHBI B TeueHHE NMepBhIX 30 4acoB paclpOCTPaHsUIUCh B MEXIIAHETHOM IIPOCTPAHCTBE B
OCHOBHOM BJIOJIb CHJIOBBIX JIMHMHA MarHUTHOTO TIOJIS TIOCJIE MX HETOCPEICTBEHHOW MHXKEKIIMU B CHIIOBBIE TPYOKH
Bo3nie ConHua (WK Ha HeM), a ronepevHas Audy3ns uMena MecTo B OoJiee TI03THUE MOMEHTBI BPEMEHH, U, BO3-
MOXHO, €10 MOXHO OOBSCHHUTH BHIDaBHUBAHUE MTPOQHIICH.

B pamkax npeanoXeHHOTO CleHapHs B HacTosIIeH paboTe paccMaTpuBaeTcsi HECKOJIBKO MOJIeIel pacnpocTpa-
HEHUS COJHEYHBIX NMpoToHOB BOJM3M ConHia. Hanbosnee ynauno moBeneHue BpeMEHHBIX NMpoduield HHTEHCHBHO-
CTH YZHAeTcsl ONUCAaTh NPU MOMOIIU PELICHUS COOTBETCTBYIOLIETO YpPAaBHEHUS MEPEHOCA, OJHUM M3 TPAaHUYHBIX
YCIOBHH KOTOPOTO SIBJISIETCS HHTEHCHBHOCTH IIPOTOHOB BCIEACTBHE AN (Y3NOHHOTO PacTIpOCTPAHEHUS B TOHKOM
cnoe BOmu3u Conana. [lpeamonaraercs, 9To 9aCcTHIBI MOKUIAIOT UCTOYHHK TIOCTETIEHHO W PACIPOCTPAHSIIOTCS NpH
3TOM TO cepruIecKoi moBepXHOCTH. Jlajee OHM MOMaAaloT B CHIOBBIE TPYOKHM M MCIBITHIBAIOT AU((Y3UIO BIOJB
TUTOCKUX APXHMMEIOBBIX CIIHpajiel (B IUNIOCKOCTH SKJIMITHKN) WIM «HAMOTAHHBIX» HAa KOHYC CTIMpajiell Apxumena
(Ha HeHyJNeBBIX MUPOTax). B manHO# Mozenw cuntaercs, uTo Tu(GQy3nun Monepek JUHUH HeT U BCe YaCTHIIBI HaX O-
JITCA B CHIIOBOH TpyOKe, XOTS B AEHCTBUTEIBHOCTH €CTh 00OCHOBAHMS, KOTOPBIE TOBOPST O HAMYNH MOTIEPEIHOM
mud¢dysun. Bunumo, B nanpHeimeM ee Ha/l0 YUNTHIBaTh. TakxKe Mbl IpeHEOPETIIN KOHBEKIMEH U B3aUMOACHCTBH-
eM c JBIKYyIeicsa cpenoil. He yunThiBanoch BiMsiHHE yIapHBIX BOJH U 3ddekra koporanuu. Jlenarorcs OLeHKH
BPEMEHHBIX W TPOCTPAHCTBEHHBIX XapaKTEPUCTHUK MCTOYHHMKA M MApaMETPOB MEXKIUIAHETHOTO paclpoCTpaHEHUS
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NpOTOHOB. [10-BHOMMOMY, OCHOBHOH BKJIaJ] B ITOBEACHHE BPEMEHHBIX NPO(HiIell HHTCHCUBHOCTH BHOCHT HE MEX-
IUIAHETHOE PaclpOCTPaHEHNE YaCTHll, a IpoLecchl, npoucxonsimme Ha ConHue. BeposTHo, B nanpHeiinem pacmpo-
CTpaHEHHE NMPOTOHOB BJIOJIb JIMHHUI MarHUTHOT'O IIOJISI MOKHO CUUTaTh 0OOCHOBaHHBIM M HEOOXOIUMO paccMaTpH-
BaTh MOJICJIH, OIMCHIBAIOLIME MOBEICHUE CaMOro UcTtouHuka. EcTh nmpenmonoxenne, 4to Ha COJHIE CYILECTBYIOT
00nacTH BOJIU3H MOJIOCOB, BHYTPU KOTOPBIX HHTEHCUBHOCTH NPAKTHYESCKH HE H3MEHSIOTCS OT COOBITUS K COOBITHIO,
a BBIIIEAIINE B MEXXIIAHETHOE IPOCTPAHCTBO YACTHIIBI U3 STHX PAOHOB PacIpOCTPAHSIIOTCS B OXHOPOJHOM KOHYCE
(uM B MHOI reoMeTpUYecKol CTPYKTYpe), B pe3yJibTare uero u BpeMennsle npoduiu Ha Ulysses BenyT ce0st cxoa-
HBIM 00pa3oM BO BCEX cilydasX. Tak Kak CUMTaeTcs, YTO BCIBIMIKH 00pa3yroTcss Ha HU3KUX Imuporax CoisHua (<
30°), To, BO3MOXKHO, CYIIECTBYET HHOW MEXaHN3M (TIOMHUMO OJHOPOIHOH and¢ys3mu mo cdepe), CiocoOHBIH «Iepe-
OpachIBaTh» YacTh YaCTHII C SKBATOPa Ha MPUIOIIOCHBIE 00JIaCTH.

In the period of maximum of solar activity in 2000—2001 years there were several striking events with a participant
of protons. In this work we use data mainly from the spacecraft Ulysses (high latitudes and about 3 astronomic units
from the Sun) and from the spacecraft GOES (ecliptic plane and 1 astronomic units from the Sun). A qualitative analy-
sis of the data was made by several scientists (we are interested mainly in the time profiles of the protons’ intensities).
Striking results of this analysis are: 1) maximum intensities on the GOES change very strongly (several orders) from
one event to another, on the Ulysses there are not such large changes and maximum intensities are roughly equal in all
events; 2) beginnings of the maximum intensities on the Ulysses are late for 100-350 minutes in comparison with
GOES; 3) there’s a smoothing of the time profiles on the both spacecrafts in about 4 days after the beginning of the
events. Probably, during first 30 hours of an event protons propagate in the interplanetary medium mainly along of
magnetic field lines with diffusion after their injection into magnetic tubes near Sun (or on them), but cross-field diffu-
sion begins influence much later (probably, it is accountable for the smoothing of the time profiles).

In the frame of the considered scenario in this work we check up some models of the propagation of the solar pro-
tons near Sun. The model which best describes the time profiles of intensities on the both spacecraft is the next: pro-
longed injection at Sun + coronal diffusion after injection + interplanetary propagation along of the flat spirals of Ar-
chimedes (in ecliptic plane) or along of the coiled on a cone of spirals of Archimedes (more high latitudes). We are
neglect of the convection, shock waves, cross-field diffusion, corotating effect. But in this model we can adequate de-
scribe the behavior of the time profiles on the both spacecraft. We are estimate of the time and space characteristics of
the source of protons and their parameters of propagation in the interplanetary medium. Apparently, behavior of the
source of protons at Sun but not the interplanetary propagation endows the main contribute to the behavior of the time
profiles. Also it is possible that there is a mechanism which creates regions near the Sun’s poles of almost equal inten-
sities of protons and so there are near equal intensities in all cases on the Ulysses.

PACIIPOCTPAHEHUE PAJIMOBOJIH B MOHOC®EPE U MEXIIJIAHETHOW ITJIA3ME:
KOPOTKOBOJIHOBBIE ACAMIITOTUKH METO/IA IIJTABHBIX BO3MYIIIEHUI PITOBA

SA.A. WiaomuH

MocKoBCKUHM TOCYIapCTBEHHBII YHUBEpcUTET, MOCKBa
ilyushin@phys.msu.ru

RADIO WAVE PROPAGATION IN THE IONOSPHERE AND INTERPLANETARY PLASMA:
SHORT WAVE ASYMPTOTICS OF THE RYTOV APPROXIMATION

Ya.A. llyushin

B pabote monydeHbl U MPOAHATU3UPOBAHBI ACUMITOTUYECKUE MPHUOIMKEHUS ISl KOMIUIEKCHOW (pa3bl TOJS B
HEOJTHOPOIHOM Cpeie B paMKax MeTojia IIaBHBIX Bo3MyeHuil PeitoBa (MIIB). O6cyxaaeTcss BO3MOXXHOCTh MPH-
MEHEHUS TIOyYEeHHBIX aCUMIITOTUK MPHU PEIIEHUH MPAKTUYECKUX 3a7a4d PacpOCTpaHEHHs PaIMOBOIH B HOHOCHEPE
U MEXIUIAHETHOM IjIa3Me.

OnHUM W3 MIMPOKO PACTIPOCTPAHEHHBIX MPHUOIMKEHHBIX METOJOB PEIICHUs MPSIMOUN 3a/Jauu pacCesHus dJIeK-
TPOMArHUTHBIX BOJIH SBJIICTCS METOJ IUIaBHBIX Bo3mymieHuit (MIIB), npemnoxennsiit C.M.PriToBEIM. MeTon, B
YaCTHOCTH, PUMEHSIICS MPH aHAJIH3e PAacIpOCTPAHECHUS BOJIH B TypOyseHTHOH atMocdepe [1] u nonocdepe ¢ He-
onHOpOoHOCTSIMU [2]. B pamkax MeTona KOMILIEKCHas (a3a ImoJis MPECTaBIACTCS B BUIC HEKOTOPOTO OECKOHEYHO-
TO0 aCUMIITOTHYECKOTO psa, ClaraeéMble KOTOPOTO yIOBICTBOPSIFOT OCCKOHEYHOW CHCTEME CBSA3aHHBIX TU(QepeH-
UaNBbHBIX YpaBHEHM. B HacTosmel paboTe HCCIeqyIOTCsl aCHMIITOTUKH TEPBBIX CIATaeMBIX psAaa KOMIUIEKCHON
(haspl oS B Tpesiesie OONMBIINX BOTHOBBIX YHCEI.

KowmmnexcHas ¢aza BOJTHOBOTO MOJIS YAOBIETBOPSET yPaBHEHUIO

AD+(VOY +k2 —q(F)=0.
Cornacuo MIIB, oHa npejicTaBisieTcsl B BUE psijaa
D(F) = Dy (F) + v, (F)+ V2D, (F)+ VD, (F)+v'D, (F)+ ..,

YJIEHBI KOTOPOTO YJIOBJIETBOPSIIOT OECKOHEUHOH IETIOUKe YpaBHEHUIA:
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AD, +(VD, ) +k? =0,
I
AD, +2VD VD, =q(T),
AD, +2VD VD, = —(Vd, ),
HepBoe YpaBHCHUE 3TOU LCIIOYKHU OIMUCBIBACT PACIIPOCTPAHCHUEC HeBO?)MyHIeHHOﬁ naﬂa}omeﬁ BOJIHBI B CBO60[[-

HOM TIPOCTpaHCTBE. Bce ocTaybHbIe ypaBHEHHS 9TOH LEMOYKN Pa3IHYal0OTCs JIHIIb IPABBIMU YacTAMH. ACHMIITOTH-

I _
Ka Ie€pBoOro HpI/I6J'II/I)K€HI/IH (1)8.31:1 CD1 (r ) C TOYHOCTBIO OO0 YJICHOB TPETHEIO MOpAAKaA 110 k 1paBHa

®1<F>=<D0<F>—;—kjq(hdu%q(h I SATICE

i oq(r)
8k’ oz

z
Jrsz'(z—zl)2 Aiq(ﬁ)dz1 J‘ALq )dz, +
16k” <

B pabote HalieHbI BBICIIHE KOPOTKOBOJHOBBIC aCHMITOTHYECKHIE MPHUONIMKECHUS pelIeHN ypaBHeHHs | enpm-
ronbia MmetonoM MIIB. IIponenaHs! yncIeHHBIE OIIEHKH MTOMYIEHHBIX ACHMIITOTHK, U TIPOU3BEICHO CPABHEHUE HX C
TOYHBIMHU PEIICHUSAMH ypaBHEHHs ['eIbMronbia Al MIMPOKOTO KJIacca pPacCeMBAIOIIMX MOTCHIMATIOB. YKa3aHBI
TPaHMIBl PUMEHUMOCTH PAaCCMOTPEHHBIX aCHMITOTHYECKHX MNpuOmmkeHnii. OOOCHOBAaHO MNPEIOYTHTEILHOE
NPUMEHEHHE NIEPBOTO MPUOIIIKEHUS, T.€. «(ha30BOTo dKpaHay, MPH PEIICHUH 33ja4 paccesHUs METPOBBIX U Oojee
KOPOTKHUX BOJIH Ha THIMYHBIX HEOJJHOPOJHOCTSIX HOHOC(EPHOH TIIa3MBbl.

Hacrosimas pabota yactuuno moaaepkana rpantamu PODU 02-05-65350 u 03-05-06301.
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The asymptotic approximations of the complex phase of the wave field in the inhomogeneous medium within the
smooth inhomogenities method by Rytov are obtained. The possibility of the practical utilization of these asymptotic
solutions in the problems of wave propagation in the ionosphere and interplanetary plasma is discussed.

One of the best known approximate techniques for solution of direct scattering problem of the electromagnetic
waves is the method of smooth inhomogenities, first proposed by S.M.Rytov. The method, in particular, has been
applied to the wave propagation problems in the turbulent atmosphere [1] and the ionosphere with inhomogenities
[2]. According to the method, the complex phase of the field is performed in the form of the infinite asymptotic se-
ries, terms of which obey the infinite system of the coupled differential equations. In the present paper, the short
wave asymptotic expansions of the first terms of the series of the complex field phase are investigated.

The complex phase of the field obeys the equation

AD +(VOY +K2—q(F)=0.
According to Rytov, it is expanded into the series
D(F) =@, (F)+ v, (F)+ V2D, (F)+ VD, (F)+ v, (F)+...,
terms of which obey the infinite system of equations:
AD, +(VOD, ) +k? =0,
AD, +2VO VD, =q(r),
AD, +2VD VD, =—(Vd, ),

The first of these equations describes the propagation of unperturbed incident wave in the free space. All the re-
maining equations differ to each other only in their right-hand sides. The asymptotic expansion of the first approxi-

mation of the complex phase @1({') up to third order terms k° is

r r i Z 1 z
q)l(r)=CD0(r)—EJ;CI( )dz+4|(2 4k2:[0 Z Z1 A q rl)dzl
[ i r i oq(r
g J () Ala(h)dn+ g | ALQ(E)dZﬁW—a(Z )
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In the present paper the short wave asymptotic expansions of the Helmholtz equation solutions by the Rytov
technique are calculated. The numerical estimates of all the obtained asymptotic solutions are performed for wide
class of the scattering potentials. The domains of applicability of various approximate solutions are determined. The
first order approximation, i.e. the so-called “phase screen” approximation, is shown to be most reliable and applica-
ble to the problems of the scattering of the electromagnetic waves of meter band and shorter on the typical small
scale inhomogenities of the ionospheric plasma.

The present work is partially supported by RFBR (RFFI) grants no. 02-05-65350 u 03-05-06301.
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THE PECULIARITIES OF SOLAR FLARE-PRODUCTIVE ACTIVE REGIONS
ACCORDING THEIR RADIO EMISSION

V.M. Bogod, %L.V. Yasnov, “4V.S. Kotelnikov

Bcermpiieussle mponeccsl ABISI0TCA Haubosiee ipKUMHU IPOSIBICHUSIMUA COTHEUHON aKTUBHOCTH, a UX M3Y4YEHUE —
OJlHA U3 aKTyaJbHBIX IPOOIEM COTHEYHOH (QHU3HUKH.

B paboTe aHanu3upyroTCs HOBBIC SBICHUSA, OOHAPY>KCHHbIE B PaIUON3TYICHUN BCIBIIIEYHO-IPOAYKTHBHBIX aK-
TUBHBIX oOnacteii CoyHIA, IO JTAHHBIM MHOTOBOJIHOBBIX CIIEKTPalbHO-NOJISIPU3ALHOHHBIX HAOMIOICHUH Ha paguo-
teneckone PATAH-600 B nepuon ¢ 2000 no 2004 rr.

310 3ddexT ABOWHON MHBEPCUH 3HAKA TTOJIIPU3ALMHI, KOT/Ia TIEPEe BCIBIIIKONW JBAXK /B TPOUCXOIUT CMEHA 3HA-
Ka TOJISIPU3alNH PaJHoON3IIydCHHUS aKTHBHON 00JIacTH, IPH U3MEHEHHH YacTOTHI B Y3KOM YaCTOTHOM AHaIa3oHe.

Jpyroii adexT mposiBiseTcs B MUKPOBOJIHOBOM «IIOTEMHEHHN», KOTOPOE 3aKIIOYaeTCs B HAOIIOAaeMOM CH-
CTEMaTHYECKOM YMEHBIICHUN PaJHOsSPKOCTH aKTUBHOM 00JIaCTH 38 HECKOJIBKO CYTOK /10 BCHIBIIIKH [1].

Hamu Ob1110 BiccIe10BaHO HECKOJIBKO MEXaHW3MOB, KOTOPHIE MOTYIM IPUBECTH K ABOWHON CMEHE 3HaKa MOJIIPH3aLiH:

— JIMHeHoe B3auMo/ieficCTBHE BOJH B 00JIaCTH KBa3HUIIOIEPEYHOTO MarHUTHOTO TO0JIA,

— JIMHeHoe B3auMo/ieficTBHE BOJH B 00JIaCTH KBa3HHYJIEBOTO MarHUTHOT'O TOJIA,

— paccestHie paJMOBOJIH Ha BOJHAX BHICOKOYACTOTHOI MIa3MEeHHON TypOyJIeHTHOCTH,

— pacmpocTpaHEHHEe PagHoOBOJIH B aTMoc(hepe ¢ HaNUIHEeM XOJIOJHBIX WM TOPSAYNX BOJOKOH IO OTHOIICHHIO K
(hoHOBOH TIIA3ME,

— pacrpocTpaHeHHe PaJHOBOJIH Yepe3 TOKOBBIE CIIOH C Pa3InYHON CTPYKTYpOH,

— TeHepalys PaJANOBOJIH B MATHUTHBIX «IMax).

Bruto nmokazaHo, 4yTo Hanbosiee BEPOSTHBIMHU M3 HUX SIBISIOTCS: PACIPOCTPAHEHNE PaJMOBOIH Yepe3 TOKOBBIN
CJION, CTAaOMIM3UPOBAHHBIN CIa0BIM TONEPEYHBIM MArHUTHBIM IIOJIEM, W T€HEepalys PaJHOBOIH B MarHUTHBIX
«sIMax», B KOTOPBIX HallpaBJIeHUE MarHUTHBIX CHJIOBBIX JIMHUH MEHSET CBOW 3HAK M0 OTHOIICHHIO K HAOJFOIaTEIIoO.

B pabote [2] ObII0 MOKa3aHO, YTO CYIIECTBEHHBIE M3MEHEHUS B HEIIOTCHIMAJbHOM MAarHUTHOM IOJIE, TPOM30-
menmue ¢ 13 no 14 wutons 2000 r., mpuBEIH K NEPECOSAMHEHHIO MarHUTHBIX CHJIOBBIX JIMHHUH, KOTOPOE, B CBOIO
ouepelb, SBUIOCh HEMOCPECTBEHHON MPUYNHON MOITHOI MPOTOHHON BCHBIKY, npoun3omennei 14 uroms 2000 r.

CoriacHO HaIlUM HCCIEIOBAaHHUIM, OOHAPYXKEHHBIH 3PPEKT «ITOTEMHEHH» YKa3bIBaeT HA YMEHBIICHHE IUIOT-
HOCTHM MarHUTHOW SHEPTUH B MCTOYHHKE, YTO NPUBOAMT K TOHMKEHHUIO MO BBICOTE B COJIHEYHOH armocdepe rupo-
PE30HAHCHBIX YPOBHEH, a Clie0BaTENIbHO, K MOHIKEHUIO UX JJEKTPOHHOW TeMIepaTyphl U YMEHBIICHHUIO HHTEH-
CHUBHOCTH paguou3IydeHus. [IoCKoIpKy paguon3IydeHne pearupyer Ha MpeIBCIBIIICYHbIE TPOIECChl B aKTHBHOM
00J1acTH CyIIECTBEHHO paHbIIE IIPOSIBICHUI B CTPYKTYype (oTOCHEpHOr0o MarHUTHOTO TOJIS, TO 3TO YKa3bIBAET, YTO
nporecc 6ojiee OTYETIIMBO PACHPOCTPaHSETCS U3 KOPOHBI HA OoJiee HWKHME CIIOM. JTO elle pa3 JOKa3blBaeT, 4To
Npe/IBCIBIICYHBII Npoliecc HaYUMHAETCs B 00jiee BEICOKMX O0JIACTSX COJIHEUHOM aTMoc(ephbl M TOJIBKO 3aTeM IIpo-
ABJsIETCS B (POTOC(EPHBIX MATHUTHBIX MOJISX.

Takum 00pa3oM, CAaHTUMETPOBBIN AMANa30H JUIMH BOJH SBJIseTCS HanOoJee NMepCIeKTUBHEIM B IUIaHE M3YYEHHS
W JAWArHOCTHMKH TIPEABCIBIIICYHON IUIA3MBl, [UIS MCCIENOBAHMS KOTOPOW HEOOXOAMMBI MHOTOBOJHOBBIE MHCTPY-
MEHTHI ¢ 00Ol ¢ dhekTuBHON TUIoMIankto. [Tokazano, uro ucnonnr3zoBanue PATAH-600 nns nenei JUarHOCTHKU
TUTa3MbI BecbMa 3(p(PeKTHBHO. A codueTaHNe Ha3eMHBIX PaJUOHAOII0AEHUI COBMECTHO CO CITyTHHKOBBIMHU 0OcepBa-
TOPHUSIMH, JAOIUMH HH(GOPMAIHIO B PEHTTEHOBCKOM, YIBTPA(hHOIETOBOM M ONTHYECKOM JHANIA30HAX, OTKPHIBAET
MIMPOKKE BO3MOYKHOCTH TI0 IIPOTHO3WPOBAHHIO BCITBIIIIEYHON aKTHBHOCTH COJIHIIA M TEOMAarHUTHBIX BO3MYIIICHHH.

CIIHCOK JINTEPATYPbI
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Flare processes are the brightest events of solar activity and its study is a actual problem of solar physics. Here
we study the new phenomena, detected in radio emission of flare-productive active regions with using the radiotele-
scope RATAN-600 during 2000-2004.

First, the effect of double polarization inversion of radio emission which appeared before the big flare. This in-
version is occurred in narrow frequency range.

Another effect is detected as microwave “darkening”, because the active region radioemission systematically de-
crease during several days before the flare [1].

We have studied several mechanisms responsible for double inversion effect:

— linear interaction waves in the quasi-transverse magnetic field,;

— linear interaction waves in the quasi-null transverse magnetic field;

— scattering of radio waves at the waves of high frequency plasma turbulence;

— radio wave propagation in the solar atmosphere with cold or hot plasma domains;

— radio wave propagation in the solar atmosphere through the current sheets with different structures;

— radio wave generation in magnetic field “holes”.

It was shown, that the most probability may be the propagation radio waves through current sheets and the gen-
eration in magnetic field holes.

In [2] it was shown, that the most essential variations in nonpotenial magnetic field, is occurred during July 13—
14, 2000. It get the coalescence to magnetic field lines, which in turn is the reason of powerful proton event genera-
tion on July 14, 2000.

Our study is shown that the combination of radio, X-ray, EUV and optics ranges is opened the big opportunities
for prediction of solar flare activities and geomagnetic disturbances.

YCKOPEHUE KOCMHMYECKHX JIYYE B TEJIMOCPEPE
B.M. JIBopuukos, M.B. KpaBuogsa, B.E. Cno6HoB

WuctutyT comreyno-3emuoi ¢pmuku CO PAH, UpkyTck
rina@iszf.irk.ru

COSMIC RAY ACCELERATION IN HELIOSPHERE
V.M. Dvornikov, M.V. Kravtsova, V.E. Sdobnov

B pamkax mozenn momynsnun Kocmudeckux iydeil (KJI) perynasipHbIMH 371€KTpOMAarHUTHBIMU TIOJIIMH T€IIHO-
cdepsl 110 TaHHBIM O BapHalMsX KeCcTKOCTHOTro criektpa KJI onpe/iesieHbl U3MEHEHHsI SJHEPTHU YacTHIl B 3aBUCHMO-
CTH OT MX JKECTKOCTH. [10JIydeHBl aHAIMTHYECKOEe BBIpaKCHHE ISl OTIMCAHUS 3TOH 3aBUCHMOCTH HA OCHOBE pelle-
HHS YpaBHEHUs JIBIXKEHMSI 4aCTHI B Apei(hOBOM NPHOIMKEHHH U BBIpaXKEHHE JUIsl )KecTKocTHOro crekrpa KJI B
MIMPOKOM JHalia3oHe YHEepruil. BripakeHue Ui crieKTpa COJEep KUT YeThIpe IMapaMeTpa, XapaKTepHU3YIONIUX H3Me-
HeHud sHeprun KJI 3a cyeT moTeHIIManbHON, BUXPEBOH U MOJSAPU3AMOHHON COCTABIIAIONINX NEKTPUIECKOTO IO
renrocdepsl, a Takke pasMep odsracTeil ¢ HeCTAIIMOHAPHBIMH JIEKTPOMATHUTHBIMH TTOJISIMH.

Bripaxxenne mist cnextpa KJI mogydeHo B IpeaNoNoKeHUH, YTO Ha TPAGKTOPUU CBOETO ABWXEHUS U3 ['aTakTHKH K
3emiie YacTHIbI, HApsly C TIOTEPSIMU HEPTUH M3-3a Jpeiida MPOTUB MHIYLIHUPOBAHHOTO JICKTPHIECKOTO IO TeIN0-
cepbl, MOTYT YCKOPSITbCSA B CTPYKTYpax MEXKIUIAHETHOT'O MAarHUTHOTO TIOJISl ¥ COJTHEYHOH KOpPOHBI, B KOTOPBIX OHHU
MOT'YT OBITh 3aXBa4€HBI, €CIIM UX JJAPMOPOBCKHUII pajilyC MEHBIIIE pa3MEepPOB 3TUX CTPYKTYP, a HANPSDKEHHOCTH MOJIS
BO3PACTAET BO BPEMEHH U IPEJICTaBISIET COOO0M MarHUTHYIO JIOBYIIKY (HarpuMep, MeTiIeo0pasHyio cTpykTypy). Kpome
TOTO, MPU BO3pAaCTaHUHM TOKOB, (POPMHUPYIOIINX HaHHbIE CTPYKTYPBI, O KPUTHYECKHX 3HAYEHHH MOXKET MPOU30MTH
Pa3pbIB TOKOBOM LIETTH, CONPOBOX/IAIOIINICS M3-3a OOJBIION €€ MHIYKTHBHOCTH B3PBIBHBIM ITPOLIECCOM C BHICHIITIAHU-
€M YCKOPEHHBIX YaCTHII B COJHEUHYIO aTMOC(EpY U MX BBIXOJIOM B MEXKIUIAHETHOE IPOCTPAHCTBO. PacmnpocTpaHsisich B
HEOTHOPOAHBIX MarHUTHBIX TOJISIX COJTHEYHOM KOPOHBI M resoc(epsl, MOTOK YCKOPEHHBIX YacTHIl MOJISIPU3YETCS 13-
3a TOr0, YTO HPOTOHBI U ANIEKTPOHBI APEH(PYIOT B MPOTUBOIIOJIOXKHBIE CTOPOHBI, B PE3YJIbTATE YETO MPOUCXOJUT Pasjie-
JIEHWE 3aps/I0B ¥ BO3HUKAET Pa3HOCTh OTEHIIMAJIOB MEXXTy TPaHUIIAMHU TIOTOKA BIOJIb TPAEKTOPHUI MarHUTHOTO JIpeii-
(ha, 9TO MPHUBOIUT K T€HEPAIIMH BO3PACTAIOIIETO BO BPEMEHH HOJIIPU3AI[IOHHOTO JIEKTPUIECKOTO MO M, KaK CIe-
CTBHUE 3TOTr0, MOJSPHU3ALMOHHOTO Jpetia (POHOBBIX YacTHI] IIa3Mbl coiHeuHoro Berpa (CB), colHeuHOH KOpOHBI U
TaJIAKTUHYECKUX KOCMHYECKUX JTy4deil, IMEIOIIEro COCTABIISIONIYIO CBOSH CKOPOCTH BIOJB 3TOTO 3JIEKTPUIECKOTO IO,
YTO MPUBOJANT K YCKOPEHHUIO YaCTHII, JAPMOPOBCKHUIT paJyc KOTOPHIX MEHbIIIE pa3MepOB JIaHHBIX CTPYKTyp. YacTu-
Il XK€ C JJAPMOPOBCKUMH PaIlyCaMH, TPEBBIIAIOIIAMH Pa3MEPhl 3TUX CTPYKTYP, IIPEOJ0IEBAIOT Pa3HOCTh MOTEHIIN-
aJI0B NOJIAPU3ALUOHHOIO AJIEKTPHUYECKOTO MO U TEPSIOT YaCTh CBOEH SHEPIHH.

C y4eToM MOJYYEHHOTO BBIPAXKECHHUS OINPEeIeHBl MIHOBCHHBIE 3HAYCHHS MapaMEeTPOB JKECTKOCTHOTO CIEKTpa
MPOTOHOB I10 AaHHBIM Ha3eMHBIX U CIYTHHKOBBIX M3MepeHni nHreHcuBHOCTH KJI B okTsi6pe—HOos10pe 2003 1. 1 Ha
OCHOBE TTOJIy4€HHOH MH(DOPMAITMH MPOU3BEICHBI OLEHKH XapaKTEPHCTHUK AJIEKTPOMATHUTHBIX TOJIEH TeIrocheps
3a UccIeyeMblii Iepuo/,.

[Ipu aHanm3e MCHOIB30BANNCEH JaHHBIC HAOMIOACHUH MHTEHCHBHOCTH MPOTOHOB B YHEPTeTHYECKHX AWana3oHax 15—
44, 39-82, 84-200 u 110-500 M»>B, moxyuennsie Ha cirytHrke GOES-10, n nansbIe 0 rnodansHoi nHTeHCHBHOCTH KT,
MOJy9€HHBIE METOJIOM CHEKTporpadudeckoil rio0anbHOW CHEMKH MO HA3eMHBIM H3MEpPEHHSIM Ha MHUPOBOH CETH
CTaHLUI HEUTPOHHBIX MOHUTOPOB.
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TTokazano, 4T0 3a OJIMH COTHEYHBIN 000POT JI0 IKCTPEMAIILHBIX COOBITHI B OKTIOpe—HOs10pe 2003 r. B Tex obma-
CTsX rearocdepbl, B KOTOPHIX HAOIIOJAICH 3TH COOBITHS, TPOUCXO/ANIIA TeHEPALHSI MATHUTHOTO TTOJIS.

Ha ocHoBe comocTaBjieHHs MOJy4YeHHOH WH(OpMALKK CO 3HAYCHHUSAMH MAPAMETPOB MEXIUIAHETHON Cpeiibl
(TJIOTHOCTH, CKOPOCTH, TeMIepaTyphl mia3Mbl CB, Hamps»KeHHOCTH MarHUTHOTO MOJIs), HEMOCPEICTBEHHO H3Me-
PCHHBIX Ha CITyTHHUKAX, MIOKA3aHO, YTO B OTACIbHBIC MOMEHTBI HAOIIOMAIOTCS CHHXPOHHBIC BapHAIlMK TaKUX Iapa-
metpoB CB, kak CKOpOCTh U TeMIieparypa, ¢ napamerpamu xecTkocTHoro crnekrpa KJI, xapakTepu3yronMu Besn-
YHHY BUXPEBBIX U MOJISIPU3AIUOHHBIX JCKTPUUCCKUX MOJICH TeTHOC(ephl, HA OCHOBE YETO CIIENIaHbl BEIBOJBI O (U-
3MYECKUX MPOIIECCaX, OTBETCTBEHHBIX 3a TUHAMHUKY Tia3mel CB.

Within the context of the model of cosmic ray (CR) modulation by regular electromagnetic fields of heliosphere
and according to the data of variations of the rigidity CR spectrum changes of energy of particles depending on their
rigidity are determined. The analytical expression for description of this relation is obtained on the basis of the solu-
tion of the particle motion equation in the drift approximation as well as the expression for rigidity CR spectrum in a
wide energy range. The spectrum expression contains four parameters describing CR energy change due to poten-
tial, rotational and polarization components of the heliospheric electric field, and also sizes of areas with non-
stationary electromagnetic fields.

The expression for CR spectrum has been obtained on the supposition, that on a path of their motion from a Gal-
axy to the Earth and along with energy losses because of drift against an induced electric field of the heliosphere, the
particles can be accelerated in structures of the interplanetary magnetic field and solar corona, in which they can be
captured if their Larmor radius is less than the sizes of these structures, and the field intensity increases in time and
is like a magnetic trap (for example, looped structure). Moreover, when currents which form these structures in-
crease up to critical values there can be a current circuit break. Because of high inductance if the circuit the break is
accompanied by explosive process with the eruption of accelerated particles into solar atmosphere and interplanetary
space. During its propagation in inhomogeneous magnetic fields of solar corona and heliosphere the flux of acceler-
ated particles is polarized because the protons and electrons drift in opposite directions that results in charge separa-
tion and potential difference between borders of the flux along magnetic drift pathways that results in generating a
polarization electrical field, increasing in time, and, as a consequent it, polarization drift of background structures of
plasma of a solar wind (SW), solar corona and galactic CR having component of the speed along this electrical field,
that results in a beam acceleration, the Larmor radius which one is less than the sizes of the these of structures. The
particles with Larmor radiuses superior the sizes of these structures, overcome a potential difference of a polariza-
tion electrical field and lose a part of the energy.

With allowance for of obtained expression the instantaneous values of parameters rigidity spectrum of protons un-
der the data of ground-based and satellite measurements of their intensity in October—November 2003 are determined.

Taking into consideration to obtained momentary values the parameters of the rigidity spectrum of protons using
the data of ground-based and satellite measurements of the CR intensity in October—November, 2003 and on the
base obtained the information. We have estimated the characteristics of electromagnetic fields of the heliosphere for
investigated period.

Under analysis was using observations data protons intensity in the energy ranges 15-44, 39-82, 84-200, and
110-500 MeV to obtained from GOES-10 satellites and obtained by the method of spectrographic global survey
from ground-based measurements at the worldwide network of neutron monitor stations.

It is shown that for one solar rotation to extreme events in October—November, 2003 in those regions of helio-
sphere, which this events are observed, was occur the generation of magnetic field.

On the basis of comparison obtained information with values the parameters of interplanetary medium (density,
speed, temperature of plasma SW, intensity of magnetic field), directly measured on the satellites. It is shown that at
some instants is observed synchronous variations the parameters such as speed and temperature with the parameters
of the rigidity spectrum of CR characterizing the size of rotational and polarization electric fields of heliosphere. On
the basis of that the conclusion about physical processes, accountable for a plasma dynamics SW are made.

BAPUAILIAU TAPAMETPOB MEXKIIJIAHETHOM CPEJIbl U U3BMEHEHU S )KECTKOCTEM
TEOMATHHUTHOI'O OBPE3AHUSI KOCMHWYECKHX JIYYEM B HOSIBPE 2004 I

B.M. IsopHuxoB, M.B. KpaBunosa, A.A. Jlykopaukosa, B.E. Cro6noB

Wueruryt conneuno-3emHoi gpusnku CO PAH, MpkyTck
luk@iszf.irk.ru

INTERPLANETARY SPACE PARAMETER VARIATIONS AND CHANGES OF GEOMAGNETIC
CUTOFF RIGIDITIES OF THE COSMIC RAYS IN NOVEMBER 2004

V.M. Dvornikov, M.V. Kravtsova, A.A. Lukovnikova, V.E. Sdobnov

ITo naHHBIM Ha3eMHBIX U CITYTHHKOBBIX U3MEPECHUI MHTEHCHBHOCTH KocMuueckux sydeit (KJI) uccnenoBaHsl Ba-
pHAaLMKU KECTKOCTHOTO CIIEKTpa MPOTOHOB B dHEPreTUYeckoM auana3oHe ot 15 MaB no mecsitkos I'39B. Onpenenensl
MapaMeTpbl MOJICIEHOTO XKeCTKOCTHOTO criekTpa KJI 3a ka1l yac HaOJMFOICHHH, ¥ TI0 UX 3HAYCHUSAM IPOU3BEJICHA
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OLICHKA XapaKTEPUCTHK JICKTPOMATHUTHBIX IOJIEH CONHEYHOW KOPOHBI M IeJIHOC(Epbl, OTBETCTBCHHBIX 332 MOIIHOE
criopaguieckoe sBiieHue B Hosiope 2004 1.

IIpu comocraBneHNH BpeMEHHBIX Mpodmieli nHTeHCHBHOCTH KJI ¢ TOBeneHmeM mapamMeTpoB >KECTKOCTHOTO
cnekrpa KJI cnenan BeIBOZ, uTo m3MeHeHHe nHTeHCHBHOCTH KJI (B pamMKax MCIIONB3yeMOH MOJENHN) MPOUCXOTUT,
BO-TIEPBBIX, BCJICACTBIE BPEMEHHBIX BapHaluil M IPOCTPAaHCTBEHHON HEOAHOPOAHOCTH ITOTEHIMANIA WHIYIUPOBAH-
HOTO 3JIEKTPHYECKOTO MOoJs (MapaMeTp Agy), BO-BTOPBIX, BCIEACTBUE YCKOPEHHS YacTHI] B METIE00Pa3HbIX CTPYK-
Typax KOPOHAJIBHBIX M MEXIUIAHETHBIX MarHUTHBIX IOJICH, TIEpPEMEHHBIX BO BpeMeHHU (mapameTp f), U, B-TPETbUX,
U3-32 YCKOpEHHs (DOHOBBIX YACTHI[ MOISAPH3AHOHHBIMHU 3JEKTPUUCCKUMH TOJSIMH, BOHUKAIOLIMMH IIPH PacIpo-
CTpPaHEHHH YCKOPCHHBIX B COIHEYHON KOPOHE YaCTHIl B HEOJAHOPOIHBIX TMOJISIX refrochepsl (mapamMmeTp o).

Cyns o noBeneHuIo apamerpa Ry, KoTopslii m3meHseTcs B mpeaenax ot ~0.7 mo ~5 I'B, pasmep obnacteii ¢ He-
CTALHOHAPHEIMH 3NEKTPOMATHUTHBIME TONSAME Ha opbute 3emmu coctapmser ~10'-10" cm.  HampsokeHHOCTS
MarHMTHOTO TIOJISl B 9THX 00JlacTsX (IOBeAeHHE MapaMeTpa [3) 3a cueT BpeMEHHBIX BapHUaliii MOXKET YMEHbBIIATHCS
MOYTH [0 HYJICBBIX 3HAUCHNUH, a YBEIMUNBATHCS IPUMEPHO B 2 pasa.

3HayeHus mapaMeTpa o BapbupyloT B npenenax ot ~0 go ~0.3, a Agy — ot ~0.4 10 ~1.4 I'>B. [lonmxenue uH-
tencuBHocTn KJI ¢ kectkocthio R > Ry B meprnoasl @opOyni-a¢dekToB 00ycaoBIEHO BO3pacTaHUEM IapameTpa
Agy (mOTEpH SHEPTUM B MHAYLUMPOBAHHBIX 3JIEKTPUYECKUX IOJIAX) M MOTEPSIMH SHEPTMU YACTUILl HPU IIPEOJOJICHUH
Pa3HOCTH MOTEHIINAJIOB, BO3HUKAIOIIUX MPH MOISPHU3AINHI TOTOKOB YCKOPEHHBIX YaCTHI] IIPU MX PacHpPOCTPaHEHHHN B
TIOJISIX TeTTHOC(EPHI.

HUccrnenoBansl BpemenHsie npodrmn mmeneHnit XKI'O mpu R, = 4 I'B coBmectHO ¢ Dy-mHOEKCOM 32 HOSOpPB
2004 r. MakcumanbHbBIe TIOHIDKEHHS TIOPOTOBBIX JKecTKocTer mpu R, = 4 I'B 3a paccmatpuBaeMslii mepuox HaOI0-
JIATMCh OJHOBPEMEHHO ¢ MHUHHMAaIbHBIMM 3HaueHUsIMU Dg-unaekca 8 u 10 HosOps u coctamsiin okono 0.8 I'B,
XOTs 3Ha4eHust Dg-MHeKca B 9T MOMEHTBI 3HAYNUTEIBHO Pa3HITCS Mexay coOoil. M3 aHanm3a MHUPOTHBIX 3aBUCH-
moctelt AR ot R; cienyer, uro makcumanbHble noHIKeHUS JKI['O HaOmMIONaroTCsl P MOPOTOBBIX JKECTKOCTAX
R.=3-4 I'B Ha ¢aze cnaza u B rinaBHOM (ha3e MarHUTHBIX Oypb, a Ha (ha3ze BOCCTAHOBJICHUS IIMPOTHBIN 3 dexT nme-
eT 00paTHYI0 3aBUCUMOCTbD, T.€. MaKcUMalbHble noHmkeHus JKI'O HaOIr0qar0TCs B MPUIKBATOPHAIBHBIX 00JIACTSIX.

Ha ocHOBe npoBeeHHBIX HCCIEJOBAHUI MOXKHO CAETIATh CIEAYIOIINE BBIBOABIL:

Het ogHo3HauHOM cBsizu Mexy usmenenusmu JKI'O u Dg-unnekca.

HIupotasie 3aBucumoctn u3MeHeHHH JKI'O 0T OPOTOBEIX JKECTKOCTEH MHpETEpreBarOT 3HAUYUTEIbHBIC H3MEHe-
HUS Ha Pa3HBIX ()a3ax MarHUTHBIX Oypb.

[NomydeHHbIe pe3ysbTaThl MOTYT OBITH MCIIOJIB30BaHBI [UI TECTHPOBAHMS PA3IMUYHBIX MOJEIeH MarHUTOChep-
HBIX TOKOBBIX CUCTEM U MX JUHAMHKHU B IEPHUOIBI TEOMAarHUTHBIX BO3MYIICHHH.

Using the data of ground-based and satellite measurements of the cosmic ray (CR) intensity we have investigat-
ed variations of the rigidity spectrum of protons in a energy range from 15 MeV to tens GeB. Parameters of the
model rigidity spectrum of CRs are determined for every hour of observation. Using their values we have estimated
the characteristics of electromagnetic fields of the solar corona and a heliosphere that were responsible for powerful
sporadic phenomenon in November 2004.

Comparing with time structures of intensity CR with behaviour of parameters rigidity spectrum CR it is drawn a
conclusion, that change of intensity CR (within the limits of used model) occurs, first, owing to time variations and
spatial heterogeneity of potential of the induced electric field (parameter Aey), secondly, owing to acceleration of
particles in looped structures coronal and interplanetary magnetic fields, variable in time (parameter ), and, the
third, because of acceleration of background particles by the polarizing electric fields arising at distribution of parti-
cles accelerated in a solar corona in non-uniform fields of a heliosphere (parameter o).

By conducting parameter R, which changes within the limits of from ~0.7 up to ~5 GB, the size of areas with
non-stationary electromagnetic fields in an orbit of the Earth makes ~10°-10" cm .Intensity of a magnetic field in
these areas (the behaviour of parameter ) due to time variations can decrease almost up to zero values, and in-
crease, approximately, in 2 times.

Values of parameter o varies within the limits of from ~0 up to ~0.3, and Aey — from ~0.4 up to ~1.4 GeB.
Downturn of intensity CR with rigidity R > Ry during the periods of Forbush-effects is caused by increase of param-
eter Agy (losses of energy in the induced electric fields) and losses of energy of particles at overcoming the potential
difference, streams of the accelerated particles arising at polarization at their distribution to fields of a heliosphere.

Time structures of cutoff-rigidity changes are investigated at Rc = 4 GB together with a Dy -index for Novem-
ber, 2004. The maximal downturn threshold cutoff-rigidity at Rc = 4 GB for the considered period observed simul-
taneously with the minimal values of a Dg-index on November, 8th and 10 and made nearby 0.8 GB though in value
of a Dg-index during these moments it is considerably separated among themselves. From the analysis dependences

R, from R; follows, that maximal downturn cutoff-rigidity are observed at cutoff-rigidity R, =3-4 GB on a phase
of recession and in the main phase of magnetic storms, and on a phase of restoration the latitude effect has inverse
relationship, i.e. maximal downturn cutoff-rigidity are observed in areas near equator.

On the basis of the lead researches it is possible to draw following conclusions:

1. There is no unequivocal communication between changes JXI'O and a Dg-index.

2. Latitude dependences of changes cutoff-rigidity from cutoff-rigidity undergo significant changes on different
phases of magnetic storms.
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3. The received results can be used for testing various models maruurochepusix TokoBsix Systems and their dy-
namics during the periods of geomagnetic indignations.

HOBBI METO/I OITPEJEJEHUS HAITPABJIEHHUS IIONTEPEYHOI'O
HOJIA BEKTOP-MAIHUTOI'PAMM

HU.M. MeiibsikoB, I'.B. Pynenko

Wueruryt conneuno-3emHoi guznku CO PAH, MpkyTck
ivan_m@mail.ru

NEW METHOD OF DIRECTION DEFINITION OF TRANSVERSE FIELD
OF VECTOR-MAGNETOGRAMM

I. 1. Myshyakov, G.V. Rudenko

Knaccuueckuii crmoco0 perieHus mpoOIeMbl T-HEOMPEACICHHOCTH BEKTOPHBIX HM3MEpPEHHI TOmNepeyHoro (oto-
cepHOro MOJIsI OCHOBBIBAETCS HA COTTIACOBAHUH C OPUEHTAIIMEH PACUETHOIO MOTSHIMAIBLHOTO T0Jisl. OYEeBUIHO, YTO B
Cllydae 3aMETHOrO OTKJIIOHEHHUS OT MOTEHIMAIBHOCTH IMOJISI MATHUTHBIX 00JIACTeH J0JIs1 HeMPaBHJIbHBIX HAMpPABICHUN
MOTEPEYHOT0 OIS, OMPEACIEMbIX B Y3/1aX U3MEPEHHUH, MOJKET ObITh CYIIeCTBEHHA. MbI Ipe/ijiaraeM MeTO/l PEIICHHS
yKa3aHHOU MpOOJIEeMbl, OCHOBAHHBIN HCKIIIOUUTENHLHO Ha 00pabOTKE JOKAIbHBIX KOJIHYSCTBEHHBIX XapPAKTEPHCTHK
JIAHHBIX U3MEPEHHH U UCTIONB30BAHHUHU CIIeACTBUI TeopeMbl CTOKCA s IPOU3BOJILHOTO BUXPEBOTO MOJIS.

Hamu mipeicTaBisitoTCst pe3yabTaThl, HUTFOCTPUPYIOIIME XOPOIIEe BOCCTAHOBICHUE HAMPABICHUN MMOIEPEYHOTO
MOJISL B y3J1aX MOJICIBHBIX MarHUTOTPaMM aHAJIMTHYECKU 3a7aBacMOr0 OECCHIIOBOTO TOJIS ¢ HEOJTHOPOIHBIM IMapa-
metpoM o (rotB=ou(r)B). [ls1st cpaBHEHUS IPUBOIATCS Pe3yIbTaThl 00paOOTKH TEX e MArHUTOIPaMM KJIACCUYECKUM
CII0co00M.

The classical decision of w-uncertainty problem of transverse photosphere field measurements is based on the
coordination with orientation of a calculated potential field. It is obvious, if a field of magnetic areas appreciably
deviates from potential field, the share of wrong directions of a transverse field determined in units of measurements
can be essential. We offer a method of the decision of the specified problem based exclusively on processing the
local quantitative characteristics of the given measurements and using the consequences of the Stocks theorem for
any vortical field.

We represent results which illustrates good restorations of a transverse field direction in units of modelling mag-
netograms of analytically set force-free field with non-uniform parameter o (rotB=a,(r)B). For comparison the re-
sults of processing the same magnetograms by a classical way are submitted.

ONPEJEJJEHUE MEPUIAOHAJIBHOMN IIUPKYJIALIMA HA COJHIIE
IO ABUKEHUSAM TPACCEPOB

C.B. Oaemckoii, JI.JI. Knuarunon

WuctutyT conHeuno-3emMHoi puzuku CO PAH, UpkyTck
olemskoy@list.ru

DETERMINATION OF MERIDIONAL CIRCULATION ON THE SUN
FROM TRACERS’S MOTIONS

S.V. Olemskoy, L.L. Kitchatinov

Coneprkanue HacToseld paboThl OTHOCUTCSL K TpaccepaM MPOU3BOJBLHON MPUPOJIBI, HO Ul ONPEACICHHOCTH
paccMaTpuBarOTCs COTHEYHBIC IISITHA.

CoOCTBEHHBIC TBIKCHUS IATEH SBISIOTCS OOBEKTOM JOCTATOYHO YACTHIX HCCIICHOBAHHUMA MPAKTUYECKH C Cepe-
JHUHBI XIX cronerwus. CI/ICTeMaTI/I‘[eCKI/Ie HCCIICAOBAHNA MEPUANOHAIIBHBIX TEYEHHUH 10 CMCUICHUAM COJIHCYHBIX
IIATEH TPOBOANIINCH TyOMI/IHeHOM. OH HCIIOJIB30BAJI JAHHBIC TPMHBUYCKOI'O KaTajora 3a pasHbI€ MECPUOAbI, OTACIIb-
HO HCCIeRys] KOPOTKOXHUBYIIME TPYIIBI ISITEH M TPYMIBI MATEH C MPOJODKUTEIFHOCTRIO KU3HU 00Jiee OJHOTO
obopora ConHra.

OcHOBHas 3aKOHOMEPHOCTb, MPOCIIEKHUBAIOIIASCS Kak B paboTax TyoMHHEeHa, Tak U B OoJiee MO3JHUX HCCIIe10-
BaHMSX W SIBISIIOIIASICS HA CETOHSIIHUIN JA€Hb OOUIENPHUHATHIM (aKTOM, COCTOUT B ClieAytolieM: msTHa ¢ |¢| < 16°
JBIDKYTCS K DKBATOPY, a ISITHA, PACIIONIOKEHHBIC Ha 00JIee BBICOKHMX IIUPOTAX, — K MOMIOCY. JIaHHOE 3aKIF0UYCHUE
nmpeamnojara€t, 4To paCCUYUTAaHHBIC CPEIHUEC NBUKCHUSA 110 Ka)K}IOﬁ LHHpOTHOﬁ 30H€ OCHOBAHbI Ha O)IHOpO]lHOﬁ cTa-
TUCTHYCCKON COBOKYITHOCTH, YTO M JJA€T MOTPENIHOCTh, CBA3aHHYIO C HEOJAHOPOIHOCTHIO PACIPEACICHUS TPACCEPOB
IO IIMPOTE.

Jiist onipeienieHus riI00aibHBIX TSUSHUH HCIOI3YIOT CMEICHHSI IATEH 32 KOHEYHBIH WHTepBal BpeMeHu. CooT-
BETCTBYIOIIYIO CPEIHIO CKOPOCTD, T.€. OTHOIICHHUE CMEIICHHUS K BEIMYMHE BPEMEHHOTO UHTEPBaJIa, YCPETHSIIOT 10
aHcaMOuro TpaccepoB. HeoOX0MMOCTh yCcpeHeHUs CBsI3aHa C MPUCYTCTBUEM B JBIDKCHHSX IISATCH CIIyYailHOHM co-
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crapisronteil. CiryqaiiHbIe JBIKEHHS, HAPSAY ¢ IUPOTHOI HEOIHOPOIHOCTHIO pacpeieeHus IATEH, 1 IPUBOIAT K
HOTPEIIHOCTH B ONPEACICHUH MEPUIHOHAILHOTO Te4eHHs. O4eBUIIHO, YTO NPU HAXOXKJCHUH CMEIECHNI KOHEUHbIE
TIOJIOXKEHHS OIIPENIEIISIOTCS 10 00JIee «CTaphIM» IIATHAM, YeM HadaibHbIe (BpeMs CMEIICHHI MOXKET COCTaBIATH OT
HECKOJIBKUX CYTOK JIO ICCATKOB CYTOK JUIS peKYpPeHTHBIX IsiteH). LlIupoTHOE pacnpeneneHne nsaTeH 0OBIYHO HMeeT
MaKCHMyM Ha HEKOTOPOH IIUPOTE (', TAK YTO YaCTOTa IMOSBICHUS IATEH YMEHBIIAETCS OT (' KaK MO HalPaBJICHUIO
K IIOJIIOCY, TaK M K 3KBaTOpy. M3-3a cirydaiiHBIX Oy)KIaHUH MATEH JOJDKHO NMPOUCXOANUTH MTU((GY3HOHHOE CTIIaXKHU-
BaHHUE TAKOTO PACIIpeeNICHNs, T.¢. UL OoJiee CTaphIX ITEH paclpeneieHHe HMEeeT MEeHee BEIPAKEHHBIH MaKCHMYM
1 0oJIee IUPOKUE «KPBUIbs. ECIIM HE yYHTHIBATH 3TO OOCTOSATENBCTBO, HO CUUTATh, YTO BCE M3MECHEHUS B IIHPOT-
HOM pacHpeIelICHUH IISITEH CBA3aHbl UCKIIIOUNTEIBHO C PErYJISIPHBIM MEPUIHOHAIBHBIM T€UEHHEM, TO JOJKHO 00-
HapY>KUTBCS JIOKHOE PACTEKaHUE BEIECTBA OT IMMPOTHI ¢'. Takoil pe3ynbTaT u OBLT MOTYYEH PAIAOM aBTOPOB, IIPHU-
4eM IIMPOTa, OT KOTOPOH MPOUCXOAUT pacTeKaHUe, CMEIAETCs K KBATOPY B TEUEHHE IMKJIa aKTHBHOCTH.

Takum 00pa3om, CTaHIAPTHBIE METO/bI OIPENCIICHHUsI MEPUIMOHAIBFHOTO TEUEHHS TI0 TpaccepaM, B YaCTHOCTH,
O IBWOKEHHSIM IISATEH, 110 BCEi BEPOSTHOCTH, IOJIBEPKEHBI MeTOqYecKOi ommoOke. Omrbka, 04eBHIHO, BOSHUKAET
U3-3a HEOJAHOPOJHOCTH paclpelielieHns TpaccepoB Mo mupore. B paboTe mpeanaraeTcs NpoCTOH METOJ ee ycTpa-
HeHus. [IpyMeHeHne 3TOro MeToja NMPHBOAUT MEPUIMOHAIBHYIO LUPKYJIALHUIO, ONpEASIIEMYIO 10 Tpaccepam, B
COOTBETCTBHE C JaHHBIMHU I'eJIMOCCHCMOIIOTHH.

O6cyxnaeMbie 3PEKTH MOTYT IMETh 3HaUCHHUE [T HAOIOACHNI MepHINOHAIBHBIX TEUCHNH Ha 3Be3/1aX.

The content of the present work concerns to tracers of the any nature, but for definiteness sunspots are considered.

Proper motions of spots are object of enough frequent researches practically from the middle of XIX century.
Regular researches of meridional currents determined by displacement of sunspots were carried out by Tuominen. It
used data of the Greenwich catalogue for the different periods, separately investigating short lived sunspot groups
and spots with life time more than one turn of the Sun.

The basic law detected both in Tuominen’s works, and in later researches and being for today the accepted fact,
consists in the following: spots with |p| < 16° move towards pole, and spots located on higher latitudes — towards
equator. This conclusion assumes that the calculated average drifts in each latitudinal zone are based on a homoge-
neous statistical population, as gives an error connected with inhomogeneity of distribution tracers over latitude.

In the present paper an easy method for removing the error is suggested. The method, when applied to detecting
the meridional circulation from sunspot motions, brings the result in agreement with helioseismology data on the
meridional flow. The effects discussed may be significant for observations of the stellar meridional flows.

OBPA30OBAHHUE PE3OHAHCHOM JIUHUU BA 11 4554 A B COTHEYHOM ATMOC®EPE
B.J1. OabmeBckuii, H.I'. lllyknna

I'maBHast actporHommueckas ooceparopuss HAH Ykpaunsl, Kues
sya@mao.kiev.ua

FORMATION OF THE BA II 4554 A RESONANCE LINE IN SOLAR ATMOSPHERE
V.L. Olshevsky, N.G. Shchukina

OO6pazoBaHue CIIEKTPaAIBHBIX JIUHAN U MEPEHOC M3IYUYEHHS — JOCTATOYHO AKTUBHO M3ydaeMmas 001acTb COTHEU-
HOH (u3nkn. OCHOBBI HCCIIEOBAaHUH B 3TOM 001acTH OBIIH 3aJI0)KEHHI emie B cepeanne 20-ro cronetus GyHAaMeH-
TalbHBIMK paboTamu Yanapacekapa, MwiHa u qpyrux. OgHako B TO BpeMs HabJo1aTebHas anmaparypa He JaBa-
J1a BO3MO>KHOCTHU HU3y4aTh TOHKYIO CTPYKTYpY JIMHHI 1 OCHOBHOE BHUMAHHE YAEISIIOCh H3YYEHUIO HKBUBAJICHTHBIX
MIMPYH JUHUHA U X BapUanusaM, a TaKKe 36eMaHOBCKOMY PaclICIUICHHIO B CHIIBHBIX MOJISX aKTHBHBIX 00pa30BaHMH.
Briocnencteun, ¢ pa3BUTHEM MHCTPYMEHTAIBHON 0a3bl, MOSBHIACH BO3MOXKHOCThH IOJIydaTh HAOJIOAEHUS ¢ OOJb-
IIMM CIIEKTPAJIbHBIM Pa3peIleHHeM, YTO, B CBOIO OYepe/lb, IOCTABUIIO 3a7a4y TEOPEeTHUECKOro 000CHOBaHMS o0pa-
30BaHus npoduiei auHui. Ha ocHoBaHMM Teopun oOpazoBaHus npoduiis 1 HabI0JaeMOro KOHTYpa MOXKHO TIpO-
BOJAMTH UCCIEOBAHMS CTPYKTYpbl atMocdepsl ConHia. 31ech OOBIIOE pa3BUTHE TIOMYYWIM TaK Ha3bIBACMbIE MH-
BEPCHOHHBIE METO/IBI, KOTOPBIE IUPOKO MPUMEHSIOTCS, B YaCTHOCTH, JUIS M3ydeHus Konebanuil B ¢porochepe. 3Ha-
HHUE TeOpuH 00pa3oBaHMs MPOPHIT HEOOXOIUMO H U HCCIEIOBAHNS MAarHUTHBIX ITOJICH M CBA3aHHBIX C HUMH aK-
TUBHBIX 00pa30BaHMH, HX MEJIKOMACIITA0OHOH CTPYKTYpHI. Takxke CrieKTpajbHbIe NCCIETOBAaHNUS MPUMEHSIOTCS IS
U3yUYECHHsI COJTHEUHBIX KOHBEKTUBHBIX JIBIKCHHH.

J1st Toro 4ToOBI TEOPETHYECKN PACCYUTATh KOHTYP CIIEKTPaIbHOM JIMHUN, HEOOXOJMMO PELINTh 3a/1a4y O Tepe-
HOCE M3JIy4eHHs B JaHHOHM JuHMU. Pemenue sToii 3amaun TpeOyeT 3HaHUS (U3NYECKUX YCIOBHH B arMocdepe, a
TaKXkKe CTPYKTYphl U3y4aeMOro aToMa M HAaCeIEeHHOCTEN pa3aM4YHbIX YPOBHEH Ha pa3HBIX BbICOTax. JlaHHbBIE O Hace-
JICHHOCTH YPOBHEH HEMOCPEICTBEHHO IMOJYYHTh HEBO3MOXKHO. {1t aTOro TpeOyeTcs 3HaHHWE TEOpUH 0Opa3oBaHUs
JIMHWH, 9TO TOPOXKJIAeT HEKOPPEKTHYIO 3a1ady, KOTOPYI0 MOXHO PEUINTh TOJBKO YHCICHHO. OJHAKO BO3MOKHBI
HEKOTOpBIE YIIPOIIECHUS — HamlpHMep, BBEJCHHE YCIOBHUS JIOKAJHFHOTO TepMOIMHaAMH4YecKoro paBHoBecus (JITP),
KOTOPOE MCKIII0YAeT M3 PAcUYeTOB 3a/1a9y O HACETICHHOCTAX YpOBHEH. JIJI1 HEKOTOPHIX 3IE€MEHTOB Ha ONpEAETICHHBIX
BBICOTAX 3TO MPEAIOIOKEHHUE BBIOTHICTCSA C JOCTATOYHO OOJBIION TOYHOCTHIO. Ha HEeM O0CHOBaHO OOJIBIIMHCTBO
WHBEPCHOHHBIX MeTo/0B. Ho, Kak moka3aHo B paborax Pyrrena, lllykunoi, Tpyxunso BysHo U npyrux, [uist TUHAN
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MHOTHUX 3JIEMEHTOB (KHCIOpPOJ, MapraHel, *eJe30 | Ip.) 3TO MPEAIONI0KEHNE HE BRIMOIHsIEeTCA. B Hame# pabote
Teopus oOpazosanns nuHEE Ba Il 4554 A crpomtes ¢ ydaerom He-JITP >deKToB ¢ MOMOMBIO KOMIIIEKCA TIPO-
rpamm, pa3paboTtanHsix LlyknHON AT pemreHus 3a1a9 IepeHoca n3IydeHns pu oTkiIoHeHuax ot JITP.

bapuii sBIIs€TCA OTHOCUTEIBHO MAJOU3YyYEHHBIM DJIEMEHTOM. J[0 CHX HOp NpPaKTUYECKH HEUCCIIEIOBAHHBIM
ocraeTcs criektp m3nmyderns Ba 11, s Heckomapko paboT mocBsmeHs! Oapuio B conmHedHOU (poTocdepe. OmHako
PE30HAHCHBIE JIMHUHM 3TOTO JIEMEHTa, K KOTOPHIM OTHOCHTCS U juHUA 4554 A, MOryT GBITH MCHONB30BAHBI MPH
u3ydeHuu Kojebanuii B atmoctepe, B Full-Stokes monspumerpun. [lepebie pabOThl B 3TOH 00MaCTH MPUHALICKAT
Tandberg-Hanssen (paBaoBecue Gapus B atmocdepe Connua) u P. Pyrreny (Teopus oOpa3oBaHusl U BapHalluu
ueHTp—Kpait ;s muamu 4554 A). BriocneacTBuy myGiMKaimii, MOCBSIIEHHBIX HCCIIEIOBAHMIO JIMHUIN Gapus B CIEKTPE
ComnHia, NpakTHYECKU HE OBLIIO.

B narueii paboTe u3ydaeTcs HepeHOC M3Ty4eHUs M 00pa3oBaHue pe3oHaHCHOM muaun 4554 A. Jlunus o6pasyet-
cst mpu mepexoze 6p° — 6S% U ABIAETCS caMoil MHTEHCHBHOI W3 BCEX CONHEUHBIX THHMIT Gapus. I10 THTEpaTypHBIM
HCTOYHHMKAM M aTOMHBIM 0a3aM JaHHBIX (OCHOBHBIC naHHbie monydensl w3 NIST atomic database) Gbura mocrpoena
MOJIeNTb aTOMa, KoTopasi BKIrfoyaeT 38 ypoBHeil, 99 cBs3aHO-CBA3aHHBIX IEPEX0I0B U 37 CBA3aHO-CBOOOIHBIX Tepe-
x010B. CHIIBI OCIIMJUIATOPOB B3SITHI U3 JIUTEPATYPHI, a CEUCHUS (POTOMOHHU3AINH PACCUNTHIBAINCH HA OCHOBE METOA
KBaHTOBOTO Ae(ekTa, paspaboranHoro CuroHoMm u [lmuem. Jlanee ypaBHEHHE NepeHOCAa M3ITYUYCHHUS U JAHHON
MOJIETIH aTOMa U Pa3NuYHBIX MoJenel atMochepsr CoHIa PemaeTcst YUCICHHO U CTPOSITCS MPOQUIN JIMHNAH, KOTO-
pbie 00pa3yroTCsl B pa3INuHbIX YCIOBUSX. JJaHHBIE, TTOydeHHBIE IIyTEM MOJCIHPOBAHMS, INIAHUPYETCSI CPAaBHUTH C
Ha0MoaaeMbIMH IPOQUIIIMU, KOTOpBIE ObLIN TOJTy4eHbl B Hiojie 2005 I. Ha HeMeIKOM OallleHHOM BaKyyMHOM Telle-
ckorte (VTT) obceppatopuun MucTuTyTa actpodusuku Ha Kanapckux octposax, Mcnanusi, coBmectHo ¢ E. XoMeHko.

CIIUCOK JINTEPATYPbI
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Peach G. // Memories of Royal Astronomic Society. 1967. V. 71. P. 13.

Rutten R.J. // Solar Phys. 1977. V. 51. P. 3-24.

Rutten R.J. // Solar Phys. 1978. V. 56. P. 237-262.

Tandberg-Hanssen E. // Astrophys. J. Suppl. Ser. 1964. V. 9. P. 107.
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Formation of spectral lines and radiative transfer are the fields of major interest in solar physics. Fundamental
works in this area of research were made by Chandrasekhar, Milne and others in the midst of 20" century. But ob-
servational technique at that time didn’t permit to study fine structure of spectral lines. Main interest concentrated on
the study of equivalent line widths, their variations and Zeeman line splitting in strong magnetic fields of active re-
gions. Later, with the development of instrumental base, observations with higher spectral resolution appeared
which gave a possibility to study line profile. Thus a problem of line profile formation appeared. Basing on a theory
of line formation and observational data it is possible to study structure of solar atmosphere. Spectral observations
give most information about Sun. Big progress was reached in the development of the so-called inversion methods
which are widely used in the study of photospheric oscillations. Knowledge of the line formation theory is required
for the investigation of magnetic field structure which is connected to the active formations on the Sun. Also spec-
tral observations are used to study convective motions in the photosphere.

To theoretically calculate line profile one needs to solve radiation transfer equations for the given line. Solution
of this task requires knowledge of atmospheric parameters, atomic structure of absorbing element and its level popu-
lations through the atmosphere. The last requires the knowledge of radiation field. The problem is incorrect in math-
ematical sense because atmospheric models are investigated from the spectral observations. But there are some pos-
sibilities to simplify the problem. It is commonly used consideration of the local thermodynamic equilibrium (LTE).
Under this condition the atomic levels populations depend only on local temperature and could be easily calculated.
For some elements on certain heights this consideration is precise enough, thus most inversion methods are based on
it. But as shown in the works of Rutten, Trujilio Bueno, Shchukina and others for many elements (oxygen, manga-
nese, iron, etc), there are large departures from LTE even in the photosphere. In our work theory of Ba II 4554 A
line formation is built taking into account non-LTE effects using special software developed by N.G. Shchukina for
the solution of radiative transfer equations in stellar atmospheres.

Barium is relatively poorly studied element. Spectrum of Ba Ill is practically unknown. But resonance lines of
Ba Il may be used for studying acoustic oscillations in the photosphere, in full-stokes spectropolarimetry. Just a few
works are devoted to the study of solar Barium. In the first works by E. Tandberg-Hanssen and R. Rutten 4554 A
line formation was studied in the chromosphere and photosphere. But atomic and atmospheric models in their works
were very simple because of the lack of computational power at that time. Since that there were no publications
which investigated Ba Il lines formation on the Sun.

Resonance 4554 A line of singly ionized Barium is formed in 6p— 6s” transition. It is the strongest line in solar
Ba Il spectrum. We collected information from different sources (both literature and web resources; the most infor-
mation was taken from the NIST atomic database) on Barium atomic structure and developed atomic model which
includes 38 levels, 99 bound-bound transitions and 37 bound-free transitions. Oscillator strengths were also taken
from literature. Photoionization cross-sections were calculated following the works of Peach and Seaton basing on
quantum defect method. We calculate numerical solution of radiative transfer equations for different atmospheric
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models and investigate line profiles emerged under different conditions. We plan to compare computed results with
observational data received during July 2005 on Vacuum Tower Telescope (VTT) on the Observatorio del Teide,
Tenerife, Spain.

K BOITPOCY Ob YCKOPEHUH 3JIEKTPOHOB 1 HOHOB B COJTHEUHBIX BCIIBIIIKAX
N.B. Opemnna, 5.B. ComoB

Tl'ocynapcrBenHslit actponomudeckuit nHetutyT uM. [1.K. Illtepabepra MI'Y, Mocksa
ivo@sai.msu.ru

ON THE ELECTRON AND ION ACCELERATION DURING THE FLARE ON 28.10.2003
1.V. Oreshina, B.V. Somov

PaccmaTpuBaeTcs BOpoc 0 MecTe yCKOPEHHUS JICKTPOHOB M MOHOB B COJHEYHBIX BCTbIMIKax. braromaps cryt-
anky RHESSI, 3anymennomy 5 ¢espains 2002 r., BrepBbIe OIyYeHB H300paskeHHs M3ITydeHus B TuHIA 2.2 MaB.
OnHUM U3 OCHOBHBIX Pe3yJIbTaTOB HAOJIOJICHUH CTal0 HECOBIMAICHHE UICTOYHUKOB raMMa- U )KECTKOTO PEHTTEHOBC-
KOr0 M3JIy4eHUH. ITO O3HAYaeT, 4To JIMOO MOHBI, 00YCIOBIMBAIOIINE raMMa-U3y4eHHe, U JJIEKTPOHBI, IPOAYIIH-
pYIOIIIKE KECTKOE PEHTI€HOBCKOE M3JIYYeHHE, YCKOPSIOTCS B Pa3HBIX MECTaX COJHEUHON KOPOHBI (MOJEIb DMCIIN),
100 OHM JBIDKYTCS OT 0OILETo MecTa yCKopeHus K orocdepe 1o pazHbM TpaekTopusim (Mozeib JKapkoBoii). Mbl
HCCIEyeM BOTIPOC O TOM, KaKas M3 MPEAJIOKEHHBIX MOJETIeH HAMITydIInM 00pa3oM COTIacyeTcs ¢ TOHNOJIOTHEH KO-
POHAIEHOTO MarHUTHOTO ToJst. i aHamm3a BeIOpaHa Bembimka 28 okta0ps 2003 . Ha ocHoBe doTocdepHoii Mar-
HUTOTpaMMbl pudopa MDI Ha crytHrKe SOHO OBITa MOCTpOCHA TOMOIOTHIECKAs MOJICTh KOPOHATBHOTO MarHUT-
HOTO TI0JIs1 aKTUBHOM 00macTr. B coBokymHOCTH ¢ HAaOIIOACHUSIMH TaMMa- U JKECTKOTO PEHTTCHOBCKOTO M3ITyUCHHH,
aHaJIU3 TOIOJIOTUHU MOATBEPXKAACT MPEANOoIOKEeHHEe 00 OTHOBPEMEHHOM YCKOPEHHH MOHOB U JIEKTPOHOB B 00IIEM
TOKOBOM CJIO€ Ha BEpIIMHE cenaparopa. Takoi BEIBOJ CAETIaH Ha OCHOBAaHUM CIICAYIOIIErO:

CyliecTByeT eAMHCTBEHHBIH Cenaparop, NepecoeJMHEHHEM Ha KOTOPOM MOXKHO OOBSICHUTH CYIIECTBYOILIHE UC-
TOYHUKH n3idydeHus. Hamuuue AByX mapajieNbHBIX CEMapaTopoB, HA OJJHOM U3 KOTOPBIX YCKOPSUIUCH Obl MOHBI, a
Ha APYTOM 3JICKTPOHBI, HCKITIOYAETCS.

Ecnu MOHBI 1 3JIEKTPOHBI YCKOPSIOTCS Ha Pa3sHbIX CEMapaTopax, MOJKHO OKHIATh NMOSBICHUS FaMMa- M pPeHTre-
HOBCKMX MCTOYHHMKOB Ha 3HAYMTEILHOM YAAJIEHHH IpPYyT OT Apyra. [y paccMaTpuBacMOW BCHBIIIKH HEHTPOWIBI
muHuH 2.2 M»aB sBistoTcst Kak ObI IPOJOIDKEHHEM PEHTTCHOBCKUX JIEHT. boiee Toro, oHM pacoiokeHsl 0 OAHY U
Ty K€ CTOPOHY OT PEHTI€HOBCKHUX MCTOYHHUKOB B OOEHX JICHTaX, YTO OCTABIIIET BICUATIICHUE B3aUMOCBSI3aHHOCTH
MPOIIECCOB YCKOPEHHSI.

B mMozenu OMcnn yTBepKIaeTCs, 9YTO HOHBI M 3JIEKTPOHBI TOJDKHBI YCKOPSATHCS Ha CerapaTropax pa3HON BelIHYH-
Hbl. HaGmro1eHust MOKa3bIBal0T, YTO HCTOYHUKH FAMMa-U3JIy4eHHUs PACIION0KEHBI Ha TAKOM )K€ PACCTOSHUH IPYT OT
Jpyra, 4TO M UCTOYHUKH KECTKOTO PEHTTCHOBCKOTO M3JIy4eHUs. Jlake MPEeArooknB, YTO OHU SBISIFOTCS OCHOBA-
HUSIMH JIBYX CETIapaToOpOB, CIIOKHO OKUJIATh, YTO OAWH N3 HUX ObUI ObI 3HAYMTEIIFHO BBILIE JIPYTOTO.

3ama3/pIBaHUE TaMMa-M3JydeHUS] OTHOCHUTEIBHO JXECTKOTO PEHTI€Ha MOXET OBITh OOBSCHEHO pa3In4MsIMU
(hopMUpOBaHUI TOPMO3ZHOTO M3ITYIEHUS 3IIEKTPOHOB U JuHHHU 2.2 M3B, Bo3HHKaIomel B mpoliecce CHHTe3a AehTe-
pHs, ¥ HE IPOTUBOPEYUT TEOPUH OJTHOBPEMEHHOTO YCKOPEHHMS HOHOB U 3JIEKTPOHOB B 00IIIEM TOKOBOM CJIO€.

Bwmecre ¢ TeM MBI He OTBepraeM HEI0 YCKOPEHHS MOHOB M AJIEKTPOHOB Ha Pa3HBIX cemaparopax. Bo3moxHO,
MoTIOOHKIH Tpollecc UMea MecTo BO Bemblmke 23 utons 2002 r., koraa HaOIogaICs €IMHCTBEHHBIM HCTOYHHUK TaM-
Ma-HU3ITy4eHHNs, PACTIONIOKEHHBIH B CTOPOHE OT PEHTTC€HOBCKUX UCTOUHUKOB.

Pa6ora moxnep:xana rpaatom PODOU 04-02-16125-a.

The question on the electron and ion acceleration during solar flares is investigated. RHESSI, launched on 2002
February 5, provides first gamma-ray images of 2.2 MeV emission. One of its main results is a displacement of hard
X-ray sources with respect to gamma-ray (2.2 MeV) centroids. It implyies that either ions, causing gamma-ray
emission, and electrons, producing hard X-ray emission, are accelerated in different places of the solar corona (Em-
slie model), or the both kinds of particles move from a common accelerating region along different trajectories
(Zharkova model). We investigate the question which model is in the best agreement with the magnetic field topolo-
gy of the active region. The flare on 2003 October 28 has been chosen for analysis. On the base of the photospheric
magnetogram obtained by MDI/SOHO, the topological model of the coronal magnetic field of the acrtive region has
been realized. The analysis of the topology along with the gamma-ray and hard X-ray observations confirm the idea
of simultaneous acceleration of ions and electrons in a common current layer on the separator’s top. This conclu-
sion is based on following grounds :

There is only one separator which can explain observed emission sources. The existence of two parallel separa-
tors for ion and electron acceleration in different layers is excluded. In the case of ion and electron acceleration on
different places, one could expect appearance of gamma- and hard X-ray sources displaced ones from others. But
this flare shows the 2.2 MeV centroids located on the hard X-ray ribbons’ ends. In addition, the gamma-ray sources
are situated on the same side from X-ray sources for both ribbons. That makes us believe that accelerating processes
are related.
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The Emslie model insists that the ion acceleration requiers longer separators than the electron acceleration. The
observations show that gamma-ray sources are located at the same distance one from another as the hard X-ray
sources. Even if we assume that they are the footpoints of two parallel separators, there is no cause to expect that
one of these loops would be much longer than another.

A delay of the peak time of gamma-ray emission with respect to the peak time of hard X-ray emission can be ex-
plain by different mechanisms producing bremsstrahlung emission from electrons and the 2.2 MeV line which is the
result of deiterium synthesis. So, this delay does not contradict to the idea of the simultaneous acceleration of ions
and electrons in a common current layer.

At the same time, we don’t reject the theory of the ion and electron acceleration on the different separators. It is
possible that such a process occurred during the flare on 2002 July 23, when only one gamma-ray centroid located
far from all the hard X-ray sources was observed.

This research is supported by RFBR grant 04-02-16125-a.

PEJATUBUCTCKOE YCKOPEHHUE YACTHI B IEPECOEJUHAIOIINX
TOKOBBIX CJIOSIX

A.B. Opemuna, b.B. ComoB

locynapcrBenHslii actpoHomudeckuii naetutyt um. [1.K. Hltepudepra, Mocksa
avo@sai.msu.ru

RELATIVISTIC PARTICLE ACCELERATION IN A RECONNECTING
CURRENT LAYER

A.V. Oreshina, B.V. Somov

Habmonenns aktuBHBIX oOnacteil Ha CONHIIE B Pa3IMYHBIX WANa30HAX JUIMH BOJIH CBUAETECIHCTBYIOT O TOM,
YTO IPUYMHONW OCBOOOKIECHHS SHEPTUH M YCKOPEHHS YacTHIl BO BCIIBIIIKAX SBISETCS MarHUTHOE NEPECOCTUHEHHE.
B o0macTsx CONpPHUKOCHOBEHHS NPOTHBOIMOJIOXHO HANpPaBICHHBIX MAarHUTHBIX ITOTOKOB (POPMHPYIOTCS TOKOBBIE
CJIOM, B KOTOPBIX HEPTHS MAarHUTHOTO IOJ IpeoOpa3yeTcs B TETUIOBYIO M KMHETHYECKYIO SHEPIHIO IUIa3Mbl U
YCKOpSIEMBIX 4acTHI. Pacuer opOHMT 4acTHIl B TOKOBBIX CJIOSX NMPEACTABISACT MHTEpPEC VI MOCIEAYIOMEH OLCHKU
SHEPrUM YacCTUI], UX IOTOKOB U CIIEKTPOB.

B nanHO# paboTe Mojay4eHo aHAJIMTHYECKOE PEIICHNE PENITHBUCTCKUX YPAaBHEHUH JIBY)KEHHUS 3apsDKEHHBIX Ya-
CTHUI] B IEPECOCTUHSAIOIIEM TOKOBOM CJIO€.

MarHuTHOE MoJjie B cioe npezcraBieHo B Bune B = By (—Y/a, —é‘ | sign X, é:” ), anextpuueckoe E = (0, 0, Ep);

3leCch @ — TOJIIIMHA cios, By, Eo, f e cf" — KOHCTaHTHI. VcXomHbIe YpaBHEHUs YCPEIHEHBI 110 KOJICOAHUSIM YaCTHII

B MarHUTHOM II0JI€.
Penrenne OmuCBIBaET YCTOMYMBOE JABMKEHHE, IIPU KOTOPOM YaCTHIA OCTAETCS B CJIOE€ CKOJIb YTOJHO JOJTIO, I10-
KHJasi €ro TOJIbKO B pE3yJIbTaT€ KOHEUHOCTH €ro HPOAOJBHBIX pa3MepoB. HaiineHsl yclOBUS yCTOHYUBOCTH,

2 2 2 2 2
HaJlaraeMble Ha JJIEKTPUYECKOE U MAarHUTHOE mouist B cioe: Eg >>E&1 By, E;>>| & é:” | B.

HpI/I HX BBINIOJTHEHUU OCHOBHOC YCKOPCHHEC YaCTHUI[ O CKOPOCTHU IMOpAAKa CKOPOCTHU CBETA MPONUCXOAUT BIAOJb
QJICKTPHUICCKOI'O MOJIA: IVZ| ~ C; CKOPOCTb JABMI)XCHMS YACTHUIl B IICPNCHAUKYJIIPHOM HaNpaBJICHUH B MJIOCKOCTH CIOS

TaKke OTIMYHA OT HyJIsl, HO 3HAYMTENBHO MEHBbLIE MPOJOIBHOM: |Vy|= € || By /Eq [<< €. DHeprus, npuoGperaemas

YaCcTHIIEH, MPOMOPIHOHAIILHA BPEMEHH, MIPOBEJICHHOMY €if B clloe: & = ymc2 = (Eo/Bo)(t/ty) mc? , e ty = mc/gBy,.
YacTHIIBI ¢ 3apsiIaMH Pa3HbIX 3HAKOB IBHIXKYTCS B MPOTHBOIOJIOKHBIX HATIPABICHUSIX BIOJIb JJICKTPUIESCKOTO TOJIS.

IMocnemHuit BRIBO COTIACyeTCs ¢ HenaBHUMY HaOmoaeHussmu cnytHiuka RHESSI, koropsie mokasainu, 4to uc-
TOYHHKH JKECTKOI'O PEHTTEHOBCKOTO U3IYYCHHUs, O0YCIIOBIICHHOTO 3JICKTPOHAMH, U TaMMa-H3JIy4eHHsI, CBA3aHHOTO C
MPOTOHAMH, TIPOCTPAHCTBCHHO Pa3CIICHEI.

AHaIUTHYECKUE PE3YNIbTAThl IPUMEHHUMBI IS IMUPOKOTO TUAITa30Ha (PU3UIECKUX YCIIOBHUIA: OT aKTHBHBIX O0Ja-
cteii B atmocdepe ConHIA 10 KOPOH aKKPEIUOHHBIX JTUCKOB U T.II.

Jiist citydast MarHUTHOTO TepecoeJHeHus B KopoHe COJHIIa IPOBEICHO CPaBHEHHE aHATUTHYCCKUX PEIICHUN C
pe3yabTaTaMH YUCICHHOTO PEIICHHs MCXOMHBIX (0e3 yCpemHEHHs MO KOJICOAHWSAM) YpaBHCHHH IBIDKCHUS, IMOJ-
TBEPIUBIIICE BHIBOJIBI aHAIMTHYECKOTO METO/IA.

Pabota noxnepkana rpantom POON 04-02-16125-a.

Multiwavelength observations of active regions on the Sun suggest that magnetic reconnection is the cause of
energy release and particle acceleration in solar flares. In the regions where magnetic fluxes of opposite directions
contact, reconnecting current layers are formed; in them, the magnetic field energy is converted into the thermal and
kinetic energy of plasma and accelerated particles. Computations of particle orbits in the current layers are of inter-
est for further evaluating the expected energy gains, particle fluxes and spectra.
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This paper presents an analytical solution for relativistic equations of motion of charged particles in a reconnect-
ing current layers. The magnetic field in the layer is described by the expression B = B, (-y/a, =&, sign x, §" ), and

the electric one E = (0, 0, Eo); here a is the thickness of the layer, By, Eo, &, , and 5" are constants. The equa-

tions have been averaged over the particle oscillations in the magnetic field.
The solution describes a stable motion, i.e. when a particle stays in the layer until it reaches its edges. Stability

conditions are found imposed on the electric and magnetic fields in the layer: Eg>>&7 By, E;>>| &, &| By
Under these conditions, main acceleration, up to speed of light, occurs along the electric field: |v,|= c; the veloci-
ty in the perpendicular direction in the layer plane is non-zero but significantly smaller: [v,j=c |, By /Eq |<<c . The

particle energy gain is proportional to the time the particle stays in the layer: € = ymc? = (Eo/By)(t/ty) mc? , rae
to=mc/gBy . Particles with positive and negative charges move in opposite directions along the electric field.

This conclusion is in good agreement with recent RHESSI observations which have shown that hard X-ray
sources, caused by electrons, and gamma-ray sources, related with protons, are spatially separated.

The analytical results are applicable for wide range of physical conditions: from active regions in the solar at-
mosphere to coronas of accretion disks and so on.

For the case of magnetic reconnection in the solar corona, the analytical results have been compared with numer-
ical solution of the full (without oscillations averaging) equations. This has confirmed the conclusions of the analyt-
ical approach.

This research is supported by RFBR grant 04-02-16125-a.

HAYAJIBHASL CTAJIUSI ®OPMUPOBAHMS JIOKAJIBHBIX AKTUBHBIX OBJIACTEM TPU
CBEPOCE MATHUTHBIX MOJEMR U3 30HbI JUHAMO B COJTHEYHYIO ATMOC®EPY

J.B. Pomanos, K.B. PomanoB, B.A. Pomanos, U.B. Cemenos, H.M. HuukoBa, E.B. lllanaruna

KpacHosipckuii rocyiapcTBEHHBII TOProBO-9KOHOMHYECKUH HHCTUTYT, KpacHospck
kostya@Kkgtei.kts.ru

MAGNETIC FIELD EMERGING FROM DYNAMO ZONE INTO SOLAR ATMOSPHERE
AND BIRTH OF LOCAL ACTIVE ZONES

D.V. Romanov, K.V. Romanov, V.A. Romanov, 1.V. Semeonov, N.M. Nichkova,
E.V. Shalagina

B pabote uccrnenyercs pa3BuTHe HEYCTONUMBOCTH MEAJICHHOW BOJIHBI KOJIEOAHH TOHKOW MarHUTHOW TpyOKH,
PacIoNIOKeHHOW B BEPXHHX CJIOSIX 30HBI JuHaMo [1]. Onucan (pu3uueckuii MexaHH3M HEYCTOWYHMBOCTH: MPU CMe-
IIIEHWH BEIEeCTBA BJOJb TPYOKH BO3HHUKAIOT O0JIACTH TOBBIIIEHHOW M MOHIKEHHOW mioTHOCTU. Cuiia Apxumena
MPUBOJUT K TObeMY 00JacTell ¢ MOHMKEHHOW MJIOTHOCTBIO raza. HaTspkeHue CHIIOBBIX MarHWTHBIX JIMHHM Tpe-
MSATCTBYET BCIUIBIBAHUIO Pa3peKEHHBIX YUYACTKOB MarHUTHOW TpyOku. Eciy HanmpsskeHHOCTh MAarHUTHOTO TOJIST Ma-
Jla, aMIUIMTY/Aa BO3MYIICHHUS 3KCIIOHEHIMAJIbHO pacTeT. Ha HelmHelHo#l cranuu pa3BUTHS HEYCTOHMYMBOCTH (oOp-
MUpPYETCS apOvHas CTPYKTypa MarHUTHOTO NoJsl. BemiecTBo cTekaeT u3 BCIUIBIBAIOIIEH YaCTH MarHUTHOTO TOTOKA B
omyckaromryrocs. [IoTok BemecTBa K OCHOBAHHIO W COOTBETCTBYIOMIMK MOTOK HMITYJbCca MPHUBOMAT K (DUKCAITUH
HIDKHEH 9acTH 1OJ THOM KOHBEKTHBHOM 30HBI B BEPXHHX CIIOSX 30HBI JHHAMO. BO3HHKAIOT KoNeOaHUSI C Mayoit
aAMIUTUTYAOH, paCIIPOCTPAHSIONINECS BIOJIh CHJIOBBIX MAarHUTHBIX JIMHUK U3 MOA(OTOCHEPHOTO YPOBHS B BEPXHIOKO
YacTh APOYHOM CTPYKTYPBI, pacrooKeHHOH B KopoHe CoJHLa.

CIIUCOK JINTEPATYPbI

1. Alekseenko S.V., Dudnikova G.l., Romanov V.A. et al. Magnetic field instabilities in the solar convective zone // Rus.
Eng. Thermophys. 2000. V. 10. P. 243-262.

Instability of the slow magneto-sonic wave propagating along a thin magnetic tube is investigated. Tube seats at
upper layer of the dynamo zone of the Sun [1]. Physical mechanism of the instability is pointed out: a plasma flow
along a tube leads to density perturbation with resulting Archimedes force pulling up the regions of density deple-
tion. Tension of the magnetic field lines provides restoring force which nevertheless may fail to stabilize the tube
and give rise to the exponentially growing instability. At the nonlinear stage of instability development a magnetic
tubes form arcs with plasma flow directed downward (to the sinking base of the arced loop). This flow and corre-
sponding momentum transfer fix the bottom of the arc in the upper layer of the dynamo zone. Small amplitude oscil-
lations excited at the base of arc propagate along the tube to the apex of the arc in the solar corona.

3BOJIIOIHA BUXPEBOI CTPYKTYPHI MATHATHOI'O MOJIA ITPU IMTOJBEME
B COJIHEYHYIO ATMOC®EPY
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EVOLUTION OF THE TWISTED MAGNETIC FIELD DURING THE RISE
TO THE SOLAR ATMOSPHERE

D.V. Romanov, K.V. Romanov, V.A. Romanov, |.V. Semeonov, N.M. Nichkova,
E.V. Shalagina

B paGore uccnemyercst BRIHOC MarHUTHBIX MOJIEH Majlol HaIpsyKEHHOCTH W3 30HBI INHAMO B COJIHEYHYIO aTMO-
cdepy ¢ oOpazoBaHHEM KOPOHAJBHBIX JbIp. B 30He nMHAMO paccunMTaHbl KPUTHYECKUE 3HAYEHUS HAINPSDKEHHOCTH
MarHMTHOTO TI0JIS1 B 3aBUCHMOCTH OT TJTyOWHBI, OTIEJISIOINE PEKUMbI BBIHOCA MAarHUTHOTO TOJISI B COJIHEYHYIO aT-
Mochepy OT PeXKIMOB HETMHEHHBIX Ty IbCAI[Md MATHUTHOTO TIOJIS B TIpe/ieNiaXx KOHBEKTUBHOM 30HBI ¢ 00pa3oBaHUEM
CYNeprpaHyIsIIii KOHBEKTHBHBIX TeueHui Ha CoHIE.

PaccunteiBacTcsl BpeMEHHAs 3BOJIONMS BUXPEBOTO MATHUTHOTO TIOJIS M YacTOTa BPAIIEHUS MArHUTHOH TPYOKH
BOKPYT IEHTPAIBHOW OCH MPHU HOABEME MAarHUTHOTO II0JIST B COJHEUHYIO aTMocdepy. 3aKkpyTka BUXPEBOTO MarHUT-
HOTO TIOJISL B JIMAMPYIOIIEM M BEZOMOM IIATHAX Ha (hoTOC(HEpPHOM ypOBHE UMEET Pa3HbIC 3HAKH U ONPEAEIIETCS 110-
JSIPHOCTBIO MarHuTHOrO moist CosHoa Kak 3Be3fsl. YacToTa BpamieHHs TpyOKH Ha (hoToc(epHOM YpOBHE HIDKE
YPOBHSI pETUCTpPAIMHU 110 HAOIF0IaTEIbHBIM JJAHHBIM.

Emergence of the small intensity magnetic field from dynamo zone in the solar corona and subsequent coronal
holes formation are studied. Critical intensity of the magnetic field is found as a function of the depth within dyna-
mo zone region. Critical intensity separates regimes of the nonlinear oscillations within convective zone (thus con-
tributing to the super-granular flow) from the regimes of the direct field escape to the solar atmosphere.

As tube rises to the solar atmosphere the temporal evolution of the twist (as well as the rotation speed with re-
spect to the tube’s axis) are calculated numerically. At the photosphere level magnetic field twists in the leading and
following spots have different signs and they are defined by the global polarity of the Sun-as-a-star magnetic field. It
is shown that rotational speed of the tube is below the resolution of the modern tools.
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Bousokna, mii npotyOepaHIibl, SBISIOTCS TPOSBICHUSIMHN akTHBHOCTH COJIHIIA, KOTOPBIE MEPHOINIECKH BO3HH-
KalOT B COJHEYHOW arMocdepe B Bujae OONBIINX, CHJIBHO BBITIHYTHIX TI'a30BBIX 00JIakoB. BojokHa oTnmyarorcs
OoJpIIel O CPaBHEHHIO C OKPYXKAKOIIEH Cpeloi IMIIOTHOCTRIO H MEHBIICH TeMriepaTtypoil. B oOpa3oBanum, cymie-
CTBOBAHUH M Pa3pyIIEHHH 3THX 00beKTOB Ha COJHIIE OIPEAEISIONIYI0 POJIb HI'PAIOT MArHUTHBIE OIS M JBHKCHHUS
BellecTBa. B nanHOW paboTe mperncraBiieH 0030p METONOB, a TAKXKE PE3YJIbTaTOB, KOTOpPBIE AAIOT METOIBI, IO
HAOJIFOICHUIO MATHUTHBIX MOJICH U T0JIeH CKOPOCTEil B 001aCTH BOJIOKOH.

Bce nabmonaemsle Ha CosHIIE BOJIOKHA JEIAT HA J[BA THIA: CIIOKOITHbIE M akTHBHBIE. CIIOKOWHBIE BOJIOKHA pac-
MOJIarar0TCs BHE aKTUBHBIX 00JIaCTeH, a Takke BOMM3M nomocoB CoJHIA, CYIIECTBYIOT HAa MPOTSDKEHUH HECKOIBKUX
CYTOK, IIPH 3TOM MEJIEHHO M3MEHSSCh. AKTUBHBIMH BOJIOKHAMH Ha3bIBalOT OOBEKTHI, BOZHUKAIOIINE B AKTHBHBIX
00nacTsX, a TakKe BOJIOKHA CIIOKOWHBIX 00JIaCTeW, B KOTOPHIX HAOJIOAaeTCsl BHE3AMHAs aKTHBHU3aIUs. AKTHBHBIC
BOJIOKHA, KaK PAaBUJIO, 3TO KOPOTKOKUBYIIHE 00pa30BaHUsL.

JIBKeHMe IIa3Mbl UMEET CIOKHBIM XapaKTep, HO BMECTE ¢ TEM MOXKHO BBIJECIHUTb TPH COCTABJIAIOIIUE JABUKEHHUS:
CTaIMOHAPHY0, KojebaTenbHylo U TypOyieHTHyto. [Ipn uccieoBaHny cTallMOHAPHBIX MOTOKOB U3MEPSIOT IPOJIOIb-
HYIO COCTaBJISIIOILYIO0 BEKTOpa CKOPOCTH ¢ romMotnipio 3¢ dexra Jlorurepa n nomnepedynyto KOMIOHEHTY Yepe3 oTcie-
JKMBaHHE JBWKEHUS OTIEIBHBIX 3JIEMEHTOB B INIOCKOCTH M300pakeHHs. [lomydeHHble 3HaUeHHsI CKOPOCTEH JIeKaT B
npenenax ot 0.5 mo 15 km/c. KonebarenpHble IBMKEHNS U3MEPSIIOT B OJIHOM U TOM XK€ MECTE BOJIOKHA IT0 3P deKTy
Jlomepa B TeUeHHE JAIMUTENBHBIX IPOMEXYTKOB BpeMEeHHU. BeIIH BEIABICHBI KOpoTKomepuoaudeckue (>10 mun), moi-
ronepruonudeckue (40—80 muH) n cobctBeHHBIe (20 MMH) KoslebaHUS B BOJOKHAX ¢ ammumtyxon 0.15-2 xm/c. Uc-
cleZloBaHNE TypOYIEHTHBIX CKOPOCTEl BOZMOXKHO ITO CPENICTBAM aHAIN3a YIIMPEHHS MPOQMIS CHEKTPAIbHON JTH-
HuH. TypOyJIeHTHBIE CKOPOCTH B BOJIOKHAX cOCTaBISIOT 3—10 km/c.
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[lepBBIe OIIEHKH MarHUTHOTO MOJsI OBUIH MPOBEACHBI B MPOTyOEpaHLax IO IBMXKCHUSIM OTACNBHBIX 3JIEMEHTOB
BEILECTBA B TPEIONIOKCHNN PABEHCTBA IUIOTHOCTH SHEPTUH MarHUTHOTO MOJS M IUNIOTHOCTH KHMHETHYECKOH HEP-
run aewkenns Marepun (HY/8m ~ pv?/2). DTOT METOX JaeT BETHUMHY MOJYIs BEKTOPA MATHHTHOrO mois. IIpo-
JOTbHAS COCTABIIAIONIAsi MATHUTHOTO TIOJIA M3MepsiIach ¢ momonibio dddekra 3eemana (pacuieryieHne CIIeKTpab-
HOH JINHUM Ha OTJEJIbHBIC KOMIOHEHTHI B MPUCYTCTBUM MAarHUTHOTO MOJISL, BEIWYMHA PACHICIUICHHS IIPSIMO IIPO-
MOPLIHOHANbHA BEJIMYMHE MAarHUTHOTO MOJS). 3HAYEHHE MAarHUTHOTO IOJSI MOJKHO MOJYYIHTh, HCHONB3YS 3((PEKT
XaHze, I 4ero aHaNIW3UPYIOT MOJSIPH3ALMUIO H3TYYCHUS M TPOBOJAT pacdeT BEIMYMHBI HANPSIKEHHOCTH U
HaIpaBJIeHUs BEKTOPA MarHUTHOTO T10JIs. BenunHy MarHUTHOTO 1OJISI MOKHO TIOJTyYHTh U3 aHAIN3a paliou3IIyde-
HU. Bee mepeunciieHHpIe MeTOBI NAl0T coriacyromuecs pe3ynbratel: < 30 ['c — ciokoitabie u < 70 I'c — akTHBHBIE
BOJIOKHa. PaccMoTpenue mMop¢oiornyeckux 0coOCHHOCTEH BOJIOKOH B PAa3IMYHBIX CHEKTPAIBHBIX JIMHUAX TaKKe
JaeT MHPOPMAIMIO O CTPYKTYPE MarHUTHOTO I10JIS1 B BOJIOKHAX.

W3BecTHO, 4TO BM)KEHME IUIa3Mbl 1 MArHUTHOE T10JIE TECHO B3aUMOJCHCTBYIOT Mexay coboii. Tak, Obuto ycra-
HOBJICHO, YTO B BOJIOKHAX CHJIBHBIM IIPOAOJIHBIM MAarHUTHBIM TIOJISIM COOTBETCTBYIOT 00J1aCTH ¢ OOJIBIIMMHU CKOPO-
CTSIMU JIBHDKEHHMS BEILIECTBA I10 JIy4y 3peHHs. DTO (pakT TOBOPUT O TOM, YTO BEIIECTBO TEYET BIOJb CHIOBBIX JIMHHUN
MarHMTHOTO MOJIA. 3Ha4eHUs (PU3NUECKHX MapaMeTpOB BEIECTBA B BOJOKHAX TAKXKE IMMOKA3BIBAIOT, YTO DHEPTHUS
MarHUTHOTO MOJI 3HAYUTENBHO TPEBBINIACT KHHETHIECKYIO YHEPTHIO ABMKEHHS BEIECTBA U WI'PAECT JOMUHHPYIO-
IIYO POJIb B CYIIECTBOBAHUH BOJIOKOH.

Filaments and prominences are the appearances of solar activity, which periodically arise in solar atmosphere as
big and strongly elongated gas clouds. The filaments differ from the environment with the larger density and smaller
temperature. The magnetic fields and substance motion play the determinant role in filament dynamics. The review
of methods for magnetic and velocity field observations and results are presented in this work.

There are two types of observed solar filaments: quiescence and active. Quiescence filaments are located outside
the active regions and nearby solar poles. They exist and slowly change during several days. The active filaments
are the objects, which arise in active region and quiet region filaments with sudden activation. As a rule, active fila-
ments are the short-live formations.

The plasma motions have a complicated character, but on the other hand it is possible to extract three constitu-
ents of motion: the stationary, the oscillation and the vertical one.

In the case of stationary fluxes the longitudinal component of velocity vector is measured with the use of Dop-
pler effect and transverse component of velocity vector is measured by tracing motion of single elements in the im-
age plane. The obtained velocity is 0.5-15 km/s. The oscillation motions are measured in the fixed filament position
with the help of Doppler effect during the long-time period. Short-period (>10 min), long-period (40-80 min) and
eigenfrequency (20 min) oscillations in the filaments with amplitude 0.15-2 km/s were found. The vertical velocity
investigation is possible through the analysis of spectral line profile widening. The vertical velocities in the fila-
ments are 3-10 km/s.

The first magnetic field estimations were carried out in the prominences with by motion according to the single
elements under the assumption of equality of magnetic field energy density and substance motion kinetic energy
density (H%/8r ~ pv?/2). This method gives the value of the magnetic field vector module. The longitudinal magnetic
filed component was measured using the Zeeman effect (the spectral line splitting on separate components in the
presence of magnetic field, the splitting value is in direct proportion to magnetic fields value). The magnetic fields
value is possible to determine with the help of Hanle effect by analyzing the radiation polarization and calculating
intensity value and magnetic field vector direction. The analysis of radio radiation can also give the value of mag-
netic field longitudinal component. The methods mentioned above give consistent results: < 30 G for quiescence
filaments, < 70 G for active filaments. The study of filament morphological features in different spectral lines can
provide information about magnetic fields filament structure.

It is well known that the plasma motion and magnetic fields interact closely with each other. It was determined
that strong filament longitudinal magnetic fields correspond to the regions with larger substance motion velocity
along the ray-of-sight. This fact indicates that the substance flows along the magnetic field lines. The filament phys-
ical parameter values show that the magnetic field energy greatly exceeds the substance motion kinetic energy and
plays the dominating role in filament existence.
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