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IONOSPHERIC EFFECTS DUE TO MAGNETOSPHERIC STORMS AND SUBSTORMS
D.V. Blagoveshchensky

®un3uKa 0KOI03EMHOTO MPOCTPAHCTBA, OCOOCHHO C TOYKH 3PEHUS] KOCMUYECKOH MOTO/bl, B HACTOSIIIEE BPEMS SIB-
JsieTcsl 00JIaCThIO 3HAYMTENHFHOTO BHUMAHHMS yYEHBIX-HCCIIEOBATENCH U OTHOCUTCS K YHCITY BaXKHBIX, aKTYyaJbHBIX
HalpaBJIeHUH B Hayke. [IpencraBieHus 0 KOCMHYECKON TOTO/IE, T.€. 0 JUHAMHYECKNX, CHIIBHO MEHSIOIIUXCS MIPOLEC-
cax B OKOJIO3EMHOH cpefie, BKIIFOUaroT yciuoBust Ha CONHIE, B MEXIUIAHETHOM IIPOCTPAHCTBE, B CHCTEME MarHUToChe-
pa—moHochepa—armochepa 3emmn. M3MeHEeHH KOCMITYECKO# MOTOIBI BIMSIOT HA Ka4eCTBO (DYHKIMOHHUPOBAHMS KakK
KOCMHYECKHX allapaToB, TaK U CUCTEM CBSI3M, OPHEHTAlNH ¥ HaBHTAIUH, YHEPTETUUECKHX JIMHMH 1 11p. HeGnaromnpu-
ATHBIC M3MEHEHHUS CTIOCOOHBI OTPHLATEIbHBIM 00pa30M CKa3aThCs HA Ha/JEKHOCTH JJaHHBIX CHCTEM, a B HHBIX CIIy-
Yasx MOJHOCTBIO BBIBECTH MX M3 CcTpos. [103TOMy upe3BbIMaifHO BaXXHOW 3a/aueil sABISETCS NpEACKa3aHue M CMAT-
yeHune 3p(HeKToB KOCMUYECKOH OTO/IBI.

Hacrosiiee coo0uieHne OCBSIIICHO BOIPOCaM, CBSI3aHHBIM C PELICHHEM MpoOJIeMbl BIMSHHUS MarHUTOC(EpHBIX
BO3MYILEHUI (MarHUTHBIX Oyph, CyOOyph) Ha HOHOC(hEPY M pacrpocTpaHeHne paaroBosH. OHU BKIIIOYAIOT OIHCaA-
HHE ¥ (hu3nuecKoe OOBSICHEHHE HOBBIX IKCIIEPUMEHTAIBHBIX JaHHBIX B TIOBEJICHUH MOHOC(HEpPHI U XapaKkTepe pac-
npoctpanenuss BU-paanoBosH. ITH HCCe0BaHUs HAIPABICHBI HA MOUCK (M3MYECKUX MPEJABECTHUKOB Oyph HIIH
cy00ypb U IpeclieyloT 11eIb Pa3pabOTKH CIOCOOOB U aJrOPpUTMOB IIPOTHO3MPOBAHMUS Havala pPa3BUTHSI aKTUBHOM
(azer Oypu nnu cyo0ypH ¢ 3a0J1arOBpeMEHHOCTHIO B HECKOJIBKO YaCOB.

B ocHOBy aHanm3a IMOJ0XKEHB! YHUKAIbHBIE 3KCIICPUMEHTAIbHBIC TaHHBIE M TEOPETHYECKHE HCCIICTOBAHUS Ba-
puanuii HoHOC(hEephl ¥ PaCIIPOCTPAHEHMS PaJUOBOIH B MEPHOABI, MPEIMICCTBYIONINE HaYaTy aKTHBHOH (asel Oypu
Wi cy00ypH. DTH TIOAXOABI ABIIAIOTCS OPUTHHAIBHBIMH U HETPaIUIINOHHBIMH.

B coolmieHnn ocBenaoTcs CUcTEMaTH3alus U aHaJIN3 CYIIECTBYIOIINX 3KCIICPUMEHTAIBHBIX JaHHBIX U TEOpe-
TUYECKUX MPEICTABICHUN; CXeMa Pa3BUTHsI NMPEIBAPSIONINX Bo3MYyIleHUE (Oypro, CyOOypIo) SIBIICHUI U ONMUCAHKE
(u3MUECKUX MEXaHU3MOB, MOJTBEPKIAIONIMX PEATbHOCTh HPEIOKEHHONW CXeMBbl B TapaMeTpax HoHoc(ephl U Xa-
paKTepUCTHKaX PaJMOBOJIH; MIPUHIMIBI CO3/1aHusl (DYHKIMOHAIBHOW MO/IeNn HOHOC(epHO-MarHuTochepHoil mias-
MBI C y4ETOM BapHallMii, XapaKTePHBIX JUISl pa3IMUHbIX (a3 BO3MYIICHHSI.

C ToukM 3peHHs NPUKIATHBIX 3a]ad MpeaJaracTcsi cxeMa MOCTPOSHHMS aJrOpHTMa NPOTHO3MPOBAHUS Havaa
MarHuTHo# Oypu wim cy00ypH Ha OCHOBE aHaJIM3a NPEIBO3MYILEHHOIO MMOBEACHHUS HOHOC(EPHI U MapaMeTpoB pa-
JIoBOJIH. DopMyIupyrOTCs BO3MOXKHBIE pEKOMEHIannK Ut opranusanni KB-paanocssizu nepen BO3MYIICHHEM,
BO BpEMsI U TIOCIIE HETO.

B nccienoBaHusax UCIOIB30BANIOCH CIeAyIoIIee 000pyIOBaHHUE:

— MHOTOKaHaJbHBINA JoruepoBckuit KB-kommieke, pacnonoskeHHbl Hemaneko oT Caskr-IletepOypra, KoTOpbIit
TMO3BOJISICT IPOBOANTH U3MEPEHHMS OJTHOBPEMEHHO HA YETBIPEX TUArHOCTHYECKHX PAANO0Tpaccax pas3iIndHOl IMHBI (OT
1000 no 10000 xm). [lepepaTuuKy CTaHIMI BCEro MUpPa MOTYT OBITh HCTIOJIB30BAHBI B KAYECTBE JUATHOCTHUECKHUX;.

— CeTh CTAaHIWI HAKJIOHHOTO 30HAWpPOBaHMS MOHOC(hepsl U Manblid pagap «B30H» B pexxume HaKIOHHOTO 00-
PaTHOTO paccesHHs.

Hanmnaeie INTERNET: marauromerpoB nemoukn IMAGE u nonozonmor Illsenmu u @unnsamun — Kupysa,
Jrokcene, Ycana u CogaHKIOIIS.

From the point of view of the space weather, physics of the terrestrial environment as a very important and topi-
cal part of the science is at present the area of the close attention of many scientists. Dynamical and time-variable
space weather includes the conditions on the Sun, in the interplanetary space as well as in the magnetosphere-
ionosphere-atmosphere system of the Earth. Variations of space weather impact on quality of operation both the
cosmic apparatus and systems of communications, orientation and navigation, energetic lines and so on. Unfavora-
ble variations capable by negative ways to influence on reliability of mentioned systems and sometimes to put out of
action them completely. Therefore main problem here is forecasting and moderating the space weather effects.

This presentation is dedicated to some questions associated with solving the problem of the magnetospheric dis-
turbance (magnetic storms, substorms) impact on the ionosphere and radio wave propagation. They include descrip-
tion and physical explanation of the new experimental data concerning the ionosphere behavior and character of the
HF radio wave propagation. These investigations are directed on finding the physical storm/substorm fore-runners
and pursue the goals to elaborate the methods and algorithms of forecasting the expansion phase onset of a storm or
substorm some hours in advance.

Unique experimental data and theoretical investigations of the ionosphere variations and radio wave propagation
during periods before the expansion phase onset of a storm/substorm are laid at the analysis basis. These approaches
are original and not traditional.
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This presentation contain the following: systematization and analysis of existent experimental data and theoreti-
cal ideas; scheme of phenomena development before the disturbance (storm/substorm) and consideration of physical
mechanisms confirming reality of the suggested scheme in parameters of the ionosphere and radio wave propaga-
tion; principles of creation of the functional model of the ionosphere-magnetosphere plasma with regard to its spe-
cific variations during the different phases of a disturbance.

From the point of view of applied tasks it is proposed a scheme of construction the algorithm of forecasting the
magnetic storm or substorm onset on the basis of analysis of pre-disturbed behavior of the ionosphere and parame-
ters of HF radio waves. Some possible recommendations for arranging the HF radio communications before, during
and after the disturbed conditions are formulated.

Research facility. The HF multichannel Doppler equipment (located near St. Petersburg) allows to carry out
measurements simultaneously on the four diagnostic radio paths of the different lengths (from 1000 to 10000 km).
World-wide broadcasting transmitters could be used as some diagnostic stations.

The network of oblique ionospheric sounders and the small radar BIZON (an advanced digital ionosonde in a
backscatter mode).

The INTERNET data of the magnetometers chain IMAGE and the ionosondes of Sweden and Finland: Kiruna,
Lycksele, Uppsala, Sodankyla.

3KCIEPUMEHTAJIbHBIE UCCJEJOBAHUSA NEPBUYHBIX KOCMUYECKHUX JIYUER
BbICOKHWX U CBEPXBbICOKHUX SHEPTMI1 HA YCTAHOBKE «TYHKA»

H.M. Byanes, JI.A. Ky3bMu4eB

HpkyTckuil rocyjapCcTBEHHBIN YHUBEpCUTET, MIpKyTCK
nbudnev@api.isu.ru

THE EXPERIMENTAL STUDY OF PRIMARY COSMIC RAYS OF HIGH AND ULTRAHIGH EN-
ERGY WITH “TUNKA” ARRAY

N.M. Budnev, L.A. Kuzmichev

Ipupona mepuyHbx KocMuaeckux nyder (ITKJI) BRICOKHX M CBEPXBBICOKHX IHEPTUH, UX UCTOYHUKH M MeXa-
HHU3MBI YCKOPEHHMS — OIHA U3 CaMBIX HHTEPECHBIX 3a]1ad COBPEMEHHO acTpod3uku. B Mupe co3nan psx ycTaHOBOK
JUISL M3yUEHHs YHEPreTHIECKHUX CIIEKTPOB | saepHOro coctasa ITKJI ¢ suepruit Gompme 10™° 53B: EAS-TOP, KAS-
CADE, CASA-BLANKA, YAKUTSK, AGASA u np. Haubosee napopmMatuBHbIM MeToa0M uccienoBanus [1KJI B
qmanasone sHepruii 10°-10" 5B sBusiercss METO PeruCTpaLii YePEHKOBCKOTO H3/TydeHHs IHPOKHX aTMOCHEPHBIX
nuBHeit (ILIAJT), poxnaroniuxcs npu B3aumopeiicteun I1KJI ¢ armocdepoit. Mnest MeTona cocTout B TOM, 4TO C I10-
MOIIBIO PacIpee/IeHHON Ha MOBEPXHOCTH 3eMJIM CUCTEMBI (DOTONPHEMHUKOB U3MEPSIOTCS MPOCTPAHCTBEHHO-Bpe-
MEHHbIE XapaKTEPUCTHKU uYepeHKOBckoro ummynbca ot HIAJL. Mcxoas M3 KONMYECTBa YEPEHKOBCKUX (POTOHOB,
MOXHO OIPENEeNINTh SHEPTUIO YacTuIpl, mopoausnier LIIAJI. Mapopmarms o Macce 9acTUIBI MOXKET OBITh HOTyde-
Ha M3 Xapakrtepa npojonsHoro pazButus HIAJL, rmaBHEIM 00pa3oM M3 MOJOXKEHHS €ro MakcumyMma. J[Ba mapamerpa
OYEHb YYBCTBUTEJBHBI K ITOJIOXKEHHIO MAaKCUMyMa JIMBHS. OMH — KpyTH3HA (DYHKIMH MPOCTPAHCTBEHHOTO pacipe-
nenenus (PITP) yepeHKOBCKOTO cBeTa, IPYro — AIUTEILHOCT UMITyJbca cBeTa. Hampasnenne nmpuxoja rnepBud-
HOHM 4YaCTHUIIBI OY€Hb TOYHO BOCCTaHABJIMBAETCS IO BpeMEHaM cpadaThiBaHMs (HOTONPUEMHHUKOB. XapaKTEPUCTUKU
YEepEeHKOBCKOTO MMITYJIbCA 3HAUNTEIBHO MEHbIIE (UIYKTYHPYIOT 110 CPABHEHUIO C 3apshHKeHHOH kommoHeHnToi LITAJL,
MMEHHO NT03TOMY YePEHKOBCKHHM METOA 1 00J1agaeT HaWIydIed TOYHOCTBIO.

B 50 kM k 3amagy oT 10’KHOH OKOHEYHOCTH o3epa baiikan pacnosnoxeHa yctaHOBKa «TyHKay, KOTOpas SABIAETCS
KpyITHeIel 4yepeHKOBCKOW YCTaHOBKOH, peaHa3HaueHHoH U1t u3ydenus LITAJI Beicokux sHepruil. B Hacrosmee
BpeMs OHa BKJIFOUAET B ce0s 25 MMPOKOYTOJIBHBIX HHTETPAIBbHBIX JETEKTOPOB Ha 6aze (oTompuemunkoB «Kaazap-
370» u 4 nerexrtopa Ha 0aze poroymHoxureneit Torn-EMI D669, B kotopsix onpenensiercs: hopmMa 4epeHKOBCKHX
umys6coB ot LIIAJL. JleTeKToph! pasMeliieHbl BHYTpH KBaapaTa miomasio okoso 0.1 km®. B pesysnbrate 06paGoT-
KM JIAHHBIX O 2 MITH COOBITHH, 3aperuCTPUPOBAaHHbIX Ha ycTaHoBKe «TyHKay, moiydeH auddepeHnnanbHbIA SHepreTuye-
ckuii criektp [1KJI B obmactr sneprwuii ot 0.5 [15B 1o 100 [13B. Cnextp nmeer peskuii uznom npu suepriu 3 I1sB. Huke
M3JI0Ma CIIEKTp MMeeT CTENeHHOH BHJ ¢ moka3aTeneM 2.65 £ 0.01. IIpu snepruwm Boime 6 [13B cnexTp anmpokcuMu-
pyercs creneHHoM QyHkmen ¢ mokazarenem 3.07 = 0.05. B obnactu sHepruii ot 3 no 6u [I3B cnektp enuHoi cTe-
NeHHOH (YHKIMEH He ONMCBIBAaeTCsl. MaccoBbIi cocTaB MPaKTUYECKH HE 3aBUCHUT OT dHepruu B obmactu 1-10 I1>B
U 10 a0COJIOTHOH BeMMYKMHE HE MPOTUBOPEYUT rumorerndeckomy cocray IIKJI (p:He:CNO:Fe = 0.3:0.3:0.2:0.2)
(<InA> = 1.75). Ilpu nanpHei1eM pOCTE SHEPTHU HAOMIOAAeTCs OBICTPOE YTSHKEIICHHE COCTaBA.

B Hacrosimiee BpeMs IOATOTOBIIEH NPOEKT ycTaHOBKH «TyHKa-133y, ruromaas KOTopoi OyneT OKoJio KBaapat-
HOTO KHJIOMETPA, YTO TO3BOJHT NMPOBECTH M3MEPEHUS SHEPTeTHIECKOTO CIeKTpa U saepHoro cocrasa [1KJI BmuoTs
JI0 SHEPTUHU 108 5B.

The origin and acceleration mechanisms of high and ultrahigh energy primary cosmic rays (CR) is one of the most

interesting problem of the modern astrophysics. There are several different installations to study energy spectrum and
mass composition of CR with energy more than 10" eV: EAS-TOP, KASCADE, CASA-BLANKA, YAKUTSK,
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AGASA etc. The Cherenkov method is the most informative one to study CR in the energy range 10™°-10" eV. The
idea of the method is follow. A number of Cherenkov photons produced by charged particles of Earth Atmospheric
Shower (EAS) is proportional particles number and, consequently, to energy of the nuclear which have caused it.
The mass of a primary particle may be determined from character of longitudinal development of EAS, mainly,
from location of its maximum. Two parameters are very sensitive to the last: one is a steepness of a lateral distribu-
tion function of the Cherenkov light, second is duration of a light pulse. The arrival direction of a primary nuclear
can be found with accuracy 0.5 degree assuming the spherical shape of the Cherenkov light front from shower and
using the times where the photodetectors was hit. The parameters of a Cherenkov pulse fluctuate much smaller in
comparison with one for charged component of EAS. It is important reason why Cherenkov method have advantage
compare with other one.

The Cherenkov array “Tunka” is located at distance 50 km to the west from a southern end of the Lake Baikal.
The array comprises 25 “Quasar-370” phototubes with 37 cm photocathode diameter and 4 detectors of pulse form
with photo multipliers Torn-EMI D669. Detectors are distributed inside a square with the area near 0.1km? The
energy spectrum and mass composition of CR with energy 0.5 PeV - 100 Pev were got as a result of data processing
about 2 millions the events. The spectrum has a “knee” at energy 3 PeV. Below the knee the spectrum can be ap-
proximated with the slope 2.65 +0.01. At energy is higher 6 PeV the spectrum slope is 3.07 £0.05. In energy diapa-
son 3 — 6 PeV the spectrum can not be approximated by power fuction. The mass composition practically does not
depend on energy at energyf 1 - 10 PeV and its absolute value does not contradict hypothetical structure CR
(p:He:CNO:Fe = 0.3:0.3:0.2:0.2) (< InA > =1.75). At the large energy fast increasing of mass is observed.

The project of Tynka-133 array is discussed. This array will have size one square kilometer. Energy spectrum
and mass composition of CR up to energy 10*® eV will be investigated with Tunka-133 with good accuracy.

CYIECTBYIOT JIU ®OTOHBI?
A . Tnagyn
MocKoBCKUi (PU3UKO-TEXHUUECKHH HHCTUTYT (TOCYapCTBEHHBIH YHUBEPCHUTET)

gladun@gephys.mipt.ru

«Kaoswcowil husux oymaem, umo owu 3naem,
umo maxoe omon. A nompamun 6cro
JHCU3HB, YMOOBL YIHAMb, YMO MAKOE (hOMOH,
U 00 CUX NOP 3MO20 He 3HAI0Y.

A. DHHIITEHH

B stom rogy ucnonusiercs 100 et 3HAMEHUTHIM CTaThsIM AnbOepTa DHWHINTEHHA, OKa3aBIINM pelIaioliee BIHs-
HHE Ha Pa3BUTHE COBPEMEHHOI (DU3UKH.

B 1905 r. A. DitHmTEHH OITy0IMKOBAI IECTh CTAaTEH.

1. «O06 oxHO# SBpUCTHYECKON TOUKE 3pEHHs, Kacarolieiicss BOSHUKHOBEHHS U NPEBPAIIEHUS CBETa» (O CBETOBBIX
KBaHTax U GoTodnekrpudeckoM sddekre). CTaThs MOCTYIIIA B peAakiunio xypHana «Annalen der Physik» 18 map-
ta. OHa puHecia aBTopy HobemeBckyro nmpemmto 3a 1921 rox (mpucyxaera 9 vosopst 1972 r.). CraThs Oblia Hanu-
caHa paHbllIe JJOKTOPCKOHN HccepTann.

2. «HoBoe ompenenenne pa3MepoB MOJIEKYID», MocTynmia B pexakiuo 30 anpenst. 9To ObuIa JOKTOpPCKast AHC-
ceprauus A. DUHIITENHHA, KOTOPYIO OH 3alluThI B L{fopuxckom yHUBEpCUTETE.

3. «O nBWXEHHHU B3BEUICHHBIX B MOKOSIIEHCA KUAKOCTH YaCTHIL, TPeOyeMOM MOJIEKYIISIPHO-KHHETHUECKOH Teo-
pueii TertoTh» (0 OPOYHOBCKOM JIBMXKEHHHM), OCTYIHIA B penakiuio «Annalen der Physik» 11 mas. Ctatbs sBiisi-
€TCsI IPSAMBIM CIIEZICTBHEM €T0 JOKTOPCKOW AUCCEPTAIIMOHHON paboThI.

4. «K 37eKTpoANHAMUKE IBHXKYIIMXCS TeI». DTO IepBas CTaThsd MO CIHEIHMAJIbHOI TEOPUH OTHOCHTEIBHOCTH.
[Tomyuena Tem xe xypHaiaoMm 30 HiOHS.

5. «3aBUCHT JIM MHEPLUS TeNa OT cojepxalleiicss B HeM 3Hepruu?» JTo BTOpasd cTaThs A. DWHIITENHA MO cIie-
MaIbHOM TeopuH OTHOCHTENbHOCTH. OHa comepxut cootHourerue E = mc®. [lomydeHa pefakiueii Toro xe xyp-
Haya 27 ceHTa0psi.

6. «K Teopun OpPOYHOBCKOTO ABIKEHUs». DTO BTOpasi CTaThs, HamMcaHHas A. DWHIITEHHOM 0 OpPOYHOBCKOM
npwxeHnd. [onydena sxxypHaiom «Annalen der Physik» 19 nexa0psi.

B nexnuu nmaercst koMMeHTapuii ctaTbu 1. Borpoc, mocTaBieHHBIH B 3arylaBUM, MPEJCTaBISETCS aOCypaHBIM
JIMILIb Ha MepBbIi B3rsd. Jleso B TOM, 4YTO B paMKax HEPEISITUBUCTCKONW KBAHTOBOM TEOpUH, I'ZIE B3aUMOAECUCTBUE
AJIEKTPOHA C AJIEKTPOMATHUTHBIM TIOJIEM OMHCHIBAETCS MOIYKJIACCHYECKH, THIIOTE3a O CYIIECTBOBAHNHU (HOTOHOB HE
siBIIsieTCSl HeoOXoauMou. J{ns oObsicHeHHs 3ak0HOB (poTodhdekTa oHa TpeacTaBiseTcss U3MUIIHEH. UTo ke Ha ca-
MOM Jiefie mokasan DiHmTelH? KakoB COBpeMEHHBIN B3I Ha MpUpoAy GhoToHa?

B nexunu crenaHbl HONBITKYA OTBETHTH HA 3TH U IPYTHE BOTIPOCHL.
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NCCJIAENOBAHUA B3AUMOCBA3U JIEKTPOMATHUTHOT'O ITOJIA 3EMJIA
KPAMHEHHU3KOYACTOTHOI'O JUAIIA3OHA C TPABUTAIIMOHHBIMH ITOJISIMHA
TEOPU3NYECKOI'O U ACTPO®PU3NYECKOI'O TPOUCXOXKJIEHUA

JL.B. I'pynckas, B.A. E¢pumon, M.IO. ®egotoB, M.C. Coxosos, B.H. Mopo3os, A.B. Kuceues,
A.B. Tapacos, A.A. 3akupoB

Bragumupckuii rocy1apcTBEHHBI YHUBEPCUTET, Biagumup
grunsk@vpti.vladimir.ru

INVESTIGATIONS OF THE INTERACTION BETWEEN THE ELF EARTH ELECTROMAGNETIC
FIELD AND THE GRAVITATIONAL FIELDS OF GEOPHYSICAL AND ASTROPHYSICAL ORIGIN

L.V. Grunskaya, V.A. Efimov, M.Yu. Fedotov, M.S. Sokolov, V.N. Morozov,
A.V. Kiselev, A.V. Tarasov, A.A. Zakirov

PaccmoTpeHa 3amada 0 paclpOCTPaHEHUH BO3MYIIEHMH JIEKTPUYECKOTO MO U3 MOHOC(EPHl B HIKHIOIO aTMO-
cdepy C yIeTOM KOHETHOH AIEKTPHUIECKOI ITPOBOUMOCTH 3eMHOM KOpEI. I10 pe3ynpraTaM CHHXPOHHBIX PEerucTpamnuit
Ha CETH Pa3HECEHHBIX B MPOCTPAHCTBE CTAHIMIN: IKCIIEPUMEHTAIIBHOTO MOJUIOHa BllaAMMUPCKOTo rocy1apCTBEHHOTO
yauBepcureta (Bnl'Y), crannmu Ha pamunodpmsmaeckom dakynsrere Bal'yY, mepenocHoit cranmm B ITTO HULL I3A
(Cankr-IletepOypr) — ocymiecTBieHa 00pabOTKa ¢ IOMOIIBIO ONTUMAIBFHOTO NPHEMHHKA U MOJTYYCHBI TOCTOBEPHBIC
OLICHKH aMILTUTY/] CIIEKTPaJIbHBIX KOMIIOHEHT 3JIEKTPUYECKOTO MOJISl B IPU3EMHOM CJIO€ aTMOC(EphI B YJIbTPaHU3KO-
vyacrotHoM (YHY) nmana3oHe, paccunTaHbl OTHOIICHHS! CHTHAJI/IIYM M BEPOSTHOCTH OLIMOOK Ha 4acTOTax TepMOrpa-
BUTAIIMOHHBIX COJIHEYHBIX NPHIMBOB. PacuinpeHa ceTh CTaHIMH M OpraHU3aLUM, BKIIOYEHHBIX B MPOrPaMMy 3KcIie-
PUMEHTANIBHOTO M TEOPETHYECKOTO HCCIIeIOBAaHHS B3aUMOCBS3€H MEXIY 3JICKTPOMArHUTHBIMU U TPaBUTALMOHHBIMU
HOJMSMU B Ipu3eMHOM cnoe: Bal'V — MOHUTOPHHI 3J€KTPUYECKOTO M MAarHUTHOTO IOJI B IPU3EMHOM cioe 14-
KaHAJIbHBIM MIPUEMHBIM KOMIUIEKCOM Ha SKCIEPUMEHTAILHOM IOJIMTOHE U 5-KaHAJIBHBIM IPHUEMHBIM KOMILJIEKCOM B T.
Brnagumupe; UBMHWPAH — nannsie peructpanuii MmarautHoro noist 3emny; FANI MI'Y —peructpanus JaHHBIX Tpa-
Bumetpun; [TO — HULL A3A — peructpanus Bapuanuil 3JI€KTPOCTATHICCKOTO MO 3eMJIM U pa3padoTKa Mojerneit
BO3JICICTBUS JTyHHO-COJIHEUHBIX IIPUIMBOB HAa 3JIEKTPUYECKOE MOJIe MpU3eMHOro cnos; Kazanckuil rocy1apCTBEHHBII
YHUBEPCHUTET — pa3paboTKa HOBOTO HANpaBJICHHSA B TEOPHH TPABHUTALMH, CBSI3AHHOTO C MCCIIEJOBAHUEM 3JIEKTPOMAr-
HWUTHBIX SBJICHWH, WHAYIMPOBAHHBIX I'PABUTAIIMOHHO-BOJHOBEIMHU 3((EKTaMu; CO3IaHNe MOJENCH ITOBEACHHS 3JIEK-
TPOJMHAMUYECKUX CUCTEM, JIEUCTBYIOIINX Ha ()OHE rPaBUTALIMOHHBIX BOJIH; YIIbIHOBCKUH TOCYAapCTBEHHBIN YHUBEP-
CHTET — pa3paboTKa METOJIOB BHICOKOPA3PELIAIOIIET0 CIIEKTPAILHOTO aHaIN3a YKCIIEpUMEHTaIbHBIX AaHHBIX. Obecre-
YeH PEeKUM PA3HECEHHOTO B MPOCTPAHCTBE CHHXPOHHOTO MOHHTOPHHIA 3JIEKTPOMArHUTHBIX TOJIEH KpaiiHe HHU3KOYa-
CTOTHOTO JHarna30Ha Ha CeTd cTaHiuii (husmueckuii nonmurod Bial'Y, crannus paanodusnueckoro kopmyca Bial'V,
craanus [TO HUIL I3A, TAUII MI'Y), HO3BOJISIIONINI HCIIONB30BATh MPEUMYIIECTBA PAa3HECEHHOTO B TPOCTPAH-
CTBE MpHeMa 3JIEKTPOMArHUTHBIX MOJIEH MPU BBIIEIICHUN BO3AEHCTBUS JTYHHO-COJTHEUHBIX NPIJIMBOB U IT'PaBUTAIIMOH-
HO-BOJIHOBBIX MCTOYHHMKOB. Pa3paboTaH mepeHOCHON NMpPHEMHO-PErnCTpUPYIOMNA KOMIUIEKC Ul €ro YCTaHOBKH Ha
BBIC3/IHBIX ITyHKTaX pabOThl, CIy>Kallui sl HEMPEPBHIBHBIX PErMCTpalnii 3JeKTPUYECKOTO OIS MPU3EMHOTO CIIOS
aTMocdepbl ¢ MPUBSI3KOA K cucTeMe eAnHOro BpeMeHH. [IpoBeieHo TeopeTHyeckoe MOJEINPOBAHNE HICKTPHICCKUX
MPOIIECCOB B IPHU3EMHOM cjioe atMocgepsl. BriepBrie Ha OCHOBE 00TraToOro KCIEpHMEHTABbHOTO MaTepuaa, Hoiry-
YEHHOTO 0 HEMpPEPhIBHBIM CHHXPOHHBIM PETUCTPALMSIM 3JIEKTPUYECKOTO0 M MAarHUTHOTO TOJIS NMPHU3EMHOIO CIIOS B
teuenue 1997-2004 rr., uccnenoBanbl craTuctuueckue coiicrsa nosieid B KHY- u YHY-nuanazone. Bnepseie ¢ no-
MOIIBIO PAJHOTEXHUYECKOTO METO/a ONTUMATIBHON 00pabOTKH IKCIIEPUMEHTAIBHBIX JAHHBIX 0 MOHUTOPHHTY DJIEK-
TPOMArHUTHOTO TOJIA MPU3EMHOTO CIIOSI aTMOC(ephl Ha CETH Pa3sHECEHHBIX B MPOCTPAHCTBE CTaHIUH 3a nepuoa 1997—
2004 rr. yjaanoch OLEHUTh aMIUTUTYIbI M (Da3bl Ha 4acTOTax JIyHHO-COJIHEYHBIX MPUIMBOB. JlOCTOBEPHO BbIJEIICHBI
3¢ deKThl BO3ACHUCTBUS TEPMOTPABUTALMOHHBIX COJIHEYHBIX MPUJIMBOB U psifia IPaBUTAOHHBIX JIYHHBIX ITPUJIMBOB Ha
ANIEKTPUYECKOE MOJIE TPU3EMHOTO CJI0sl aTMOC(EpPBI; OlIEHEHbI OTHOIICHUE CUTHAJ/IIYM W BEPOSITHOCTH OIIMOKH Ha
4acTOTax MPUIMBOB U FPAaBUTAI[IOHHO-BOJTHOBBIX HCTOYHUKOB.

Pabota ocymecTBiena npu noanepxkke Poccuiickoro GoHna GpyH1aMeHTaIbHBIX HCcieloBanuii: rpaHTel POOU
Ne 01-05-64652, Ne 04-05-64895.

A task about the dispersion of the electric field disturbance out of the ionosphere into the lower atmosphere was con-
sidered taking into account the finite electric conductivity of the Earth surface. According to the synchronous recorders on
the set of the separated in space stations: VSU experimental field complex, a station in the building of the University radio
department, a portable station in the MYO SIC DMA, there was clone processing with the help of an optimal receiver, and
the were received true estimations of the amplitudes of the electrical field spectral components in the atmosphere surface
lower layer in the ULF-range, there were calculated the signal/noise ratios and the probabilities of error on the frequencies
of the termogravitation of solar tides.The net of the stations and organizations included in the programme of the experi-
mental and theoretical investigations of the interconnections between the electromagnetic and gravitational fields in the
surface lower layer, was expanded: VSU-monitoring of the electrical and magnetic field in the surface lower layer with
the 14-channel receiving system on the experimental ground and with the 5-channel receiving system in Vladimir; 1ZMI-
RAN — the data of the recording of the Eart magnetic field; GAISH MSU — recording of the gravimetry data; MGO SIC
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DMA — recording of the electrostatic Earth field variations and the elaboration of the models of the moon-solar tides influ-
ence on the electrical field of the surface lower layer; Kazan State University — the elaboration of the new direction in the
gravitation theory connected with the investigations of the electromagnetic phenomena induced by the gravitational wave
effects; making of the models of the behavior of the electrodynamikal systems, acting on the background of the gravita-
tional waves; Ulyanovsk State University — the elaboration of the methods of the experimental data spectral high permis-
sion analyses.There has been provided the mode of separated in space synchronous monitoring of the ELF electromagnet-
ic fields on the set of stations (VSU physical proving ground and its station on the building, MY0 SIC DMA station,
YAISh MGU) allowing to use the advantages of the separated in space receiving of the electromagnetic fields while ex-
tracting the influence of the moon and solar tides and the gravitational — wave sources.A portable receiving and recording
system has been developed for installing it at the outside posts of the work which is used for continuous recording of the
surface lower layer electrical field of the atmosphere with the control tie to the common timing system.There was simulat-
ed theoretically the electrical processes in the atmosphere surface lower layer.On the basis of the rich experimental materi-
al received from the continuous synchronous recording of the electrical and magnetic field of the surface lower layer for
the period from 1997 to 2004 there have been investigated for the first time the statistical properties of the fields in ELF
(extremely low frequency) and ULF (ultra-low frequency) range. It was managed to estimate for the first time the ampli-
tudes and phases on the frequencies of the moon — solar tides with the help of the radiotechnical method of the experi-
mental data optimal processing according to the monitoring of the atmosphere surface lower layer electrical field on the
set of the separated in space stations for the period from 1997 till 2004. There were extracted for sure the effects of the
thermogravitational solar tides and a number of the gravitational moon tides on the atmosphere surface lower layer electri-
cal field; there was estimated the signal — to — noise ratio and the probabilities of error on the tide frequencies and the grav-
itational — wave sources.
The work is carried out with supporting of grants RFBR N 04-05-64895, Program STP Ne209.06.01.035.

TPEXMEPHAA CTPYKTYPA TEOMAT'HUTHOI'O XBOCTA/KOPOHAJIBHOTO CTPUMEPA N
KNHETUYECKHUE NPUBJINKXEHUA K JAJTBHUM OBJACTAM MATHUTOC®EP

'B.M. I'v6uenxo, ‘B.B. 3aiines, °X.K. Bupnart, “M.JI. Xoxauenko, X.0. Pykep

1I/IHCTI/ITyT npukinagaon ¢pusuku, PAH, Hmxauit HoBropon, Poccus;
ZI/IHCTI/ITYT KocMuueckux uccinenosanuii, AAH, I'pau, ABcTpust
ua3thw@appl.sci-nnov.ru

3D MAGNETOTAIL/SOLAR STREAMER STRUCTURE AND KINETIC APPROACH TO FAR
REGIONS OF MAGNETOSPHERES

/.M. Gubchenko, V.V. Zaitsev, ?H.K. Biernat, °M.L. Khodachenko, ?H.O. Rucker

MsI npeiaraeM HOBBIH TOAXOA K CaMOCOTJIACOBAHHOMY PEIICHHIO OCHOBHOM MPoOiIeMbl (YU3UKH KOCMHYECCKOM
IIa3MBl, Kacaromencsi o0pa3oBaHUs MAarHUTHOTO XBOCTA (MJIM COJTHEYHOTO CTpHUMEPa) B IOTOKE COJHEYHOTO BeTpa
(CB), ucxons W3 caMOCOTIACOBaHHOTO PEIICHHS KHHETHYECKOTO YpaBHEHUs BiacoBa COBMECTHO ¢ ypaBHEHHAMHU
Makxcsemia [1]. OcHoBHBIME 6a30BBIMHU 3JI€MEHTaMHU, (HOPMUPYIOIMIMMU TOHKYIO TpeXMEpHYIO CTPYKTYpy (3D), sBs-
IOTCSI TOKOBBIC CJIOM, MarHUTHBIE OCTPOBA M MarHUTHBIC KT'YTHI, KOTOPBIE JOJDKHBI OBITH CAMOCOTIIACOBAHHEI C TIOTO-
KOM U UCTOYHUKOM MArHvMTHOTO MOJIA IMpHU PEHICHUMN 3a1a4u. BHenmHni MCTOYHUK MardHUTHOTO ITOJISI HAMU paccmar-
pHBaeTCs Kak Cyrneprno3uius MarautHoro aumoist (M/]) u marautHOTO Toporaa (MT). DTH HCTOYHUKY TOTPYKEHBI B
MOTOK TIJIa3Mbl COJTHEYHOTO BeTpa. M/] He cBsi3aH ¢ yactunamu miaa3mbl CB 1 TONBKO 9acTUYHO CBS3aH C a3UMYTaJIbHO
OTHOPOITHBIM pACTIpeICIICHAEM 3aXBaUCHHBIX YaCTHUI, (GOpMHUPYIOMKM KoJblieBoi Tok. MT mosiBisieTcst B pe3ynbTare
HEOJTHOPOIHOTO pacipeeneHus mo asumyty uactuil B Ml u3-3a motoka CB. CB paccMaTpuBaeTcs Kak TOTOK TOps-
4eil 0ECCTONKHOBUTEIHHOM IJIa3MbI ¢ MAKCBEIUIOBCKOHM (DYHKIMEH pacmpeneNieHns, KOTOpas BO3MYILEHA AJIEKTPpOMAar-
HUTHBIMH TIOJISIMH, BO30YKIaeMbIMH HCTOYHUKOM. Bo3myItieHus: (GOPMHUPYIOT CaMOCOTIaCOBaHHY0 ¢ moyisimu 3D To-
KOBYIO cucteMy B (hopMme xBocta. MBI mpearnonaraeM, 9to qacTuisl CB He 3aXBaThIBAIOTCS MAarHUTHBIME TOJISIMH, a
JIMIb UMEIOT BOSMYIICHHOC ABHUKXCHHUE OTHOCHUTCIBHO HCXOIHOI'O HpHMOIII/IHeI\/’IHOFO. B »sron CUTYyallMu B KAa4E€CTBC
HAYaJIbHOTO IIara K PemeHuto ciokHou 3D-3amaun MokeT OBITh MPUMEHEH JIMHEHHBIN MOJX0J], KOTOPBIH BBIpaXKaeT
UHTETPalbHbIM OTKJIMK HAa BO3ACHCTBUE IEKTPOMArHUTHOTO IOJI HA IUIa3My B TEPMUHAX AUIIEKTPUUECKOW IPOHMU-
[IAEMOCTH TOpsiUeii OECCTONKHOBUTEIBHON IUIa3MEL. PesynpTrpytomas Maraurocepomnonodnas 3D-ctpykrypa chop-
MUPOBAaHa ABYMSA THUIIAMH HUJITAHAPUYICCKUX TapMOHHK: FapMOHPIKOﬁ «IAHEWHBIX TOKOBY» U FapMOHHKOﬁ «COJICHOU-
JIATTBHBIX TOKOBY». IlepBas rapMoOHHKa 0Opa3oBaHa IBYMs MPOCTPAHCTBEHHO PAa3HECCHHBIMH U MPOTHBOIIOJIOKHBIMU
JIMHENHBIMHA TOKaMH, HaIpaBJICHHBIMA BAOJIb ITOTOKA, U OHA MOXKET OBITH Ha3BaHA MUIMHAPUICCKUM JTUTIOJIEM. Ora
rapMoHuka reHepupyercs MJI-komnoHeHTON wucTouHuka. CoyieHoMJallbHasi TapMOHUKA accouuupyercs ¢ ©-
CTPYKTYPOH TOKOBOW CHCTEMBI C «HEUTPaIhbHBIM TOKOBBIM CIIOEM» BHYTPH M 00pa30oBaHa CyMepIO3UIINEH ABYX coJe-
HOUJIOB C IIPOTHUBOIIONIOKHO HATIPABICHHBIMU TOKAMH. DTa TAPMOHHUKA MOXET OBITh Ha3BaHA TAKXKE HMIMHIPUICCKUM
TOPOUIOM. HaHHaﬂ TapMOHHWKA MOABJIACTCA HU3-3a MT-KOMITOHEHTBI B ICTOYHHKE MArHUTHOTO TOJIS. 3HepFI/I${ IoCTy-
MaTeIbHOIO JIBWKEHUS MOTOKA JUCCUIMPYET Ha paccestHUe YacTHIl TUIa3Mbl MAarHUTHBIM TI0JIEM B CBSI3U C PE30HAHC-
HBIM 3¢ dextom Jlanmay a1 9acTUI], UMEIONIIX MaIyl0 CKOPOCTh OTHOCHTENBFHO MarHuTHOro mosist. OGa Tuma rapmo-
HUK BBIPAXKAIOTCS Yepe3 CHCHUAIBHYIO XapaKTePHUCTHUCCKYIO (DYHKIHIO, Y KOTOPOW B KAa4eCTBE MapaMeTpa MPHCYT-
CTBYET «KMHETHYECKOE» MarHUTHOE 4YHciIo PeifHombaca. DTO YHCIO B CBOIO OYepeh BRIPAKEHO Yepe3 CIICIHAIbHBIN
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MaciTad MpOCTPAHCTBEHHOHN AuCIiepchy Ma3Mbl [2]. JlaHHas yHKIMS aHU30TPOITHA M UMEET MEUICHHOE CIIaJaHne
BJIOJIb 110 IOTOKY OT MCTOYHUKA M OBICTPOE areproINYecKoe CIaaHue MEePIEeHINKYIISPHO HOTOKY C HEKOTOPBIM IIe-
PHOJOM MPOCTPAHCTBEHHON MOAYIALMH. B pe3ynpTaTe MBI MOTy4aeM CPaBHUTEIBHO OBICTPOE CrafaHne ®-4acTu To-
KOBOW CHCTEMBI I10 CPABHEHHUIO C TOKOBOM CUCTEMOM IIMIIMHAPHYECKOro Iumnods. [IpoctpancTBeHHast MOAy SIS 00y-
CIIOBIINBAET TOHKYIO CTPYKTYpY 3D-TOKOBOW CHCTEMBI, COCTOSIIIEH U3 TOKOBBIX CIIOEB M MarHUTHBIX JKI'yTOB. MarHuT-
HBIE XKTYTHI TOSIBIAIOTCS B TOKOBOW CHCTEME LIMIIMHAPUYECKOTO OIS, 3 TOKOBBIE CJIOH MOSIBIISIIOTCS. B TOKOBOM CH-
CTeME IWIMHIPUYECKOTO TOPOHAd. DT TOHKOCTPYKTYPHBIE 3JIEMEHTHI MOTYT OOBSCHUTH MPHPOAY CTPYKTYp, OOHA-
PY’XMBaeMbIX B TEOMarHWUTHOM XBOCTE M CTpUMEpaX, a TAaK)Ke BO3HUKAIOLIMX MPH YHCICHHOM MOJAEIUPOBAaHUH. MBI
BBIYHCIIIM TIOTJIONICHNE SHEPTUH B MOTOKE NMpH (POPMHUPOBAHHU XBOCTa/cTpuMepa McTouyHHkamu tuma MT u M/
O PEeKTHBHOCTB 3TOr0O MPOIIECcCa ONPEAENASTCS BEIMYMHON «KMHETHYECKOT0» MarHUTHOTO uKcna PeifHombaca.

CIIUCOK JINTEPATYPbI
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in a Collisionless Plasma // Sov. J. Plasma Phys. 1988. V. 14, N 3. P. 186-190.

We propose a new approach for selfconsistent solution of the basic space plasma problem on magnetotail (or solar
streamer) 3D structure formation by the solar wind (SW) flow in terms of the Vlasov Kinetic equation. Basic 3D struc-
ture elements are current sheets, magnetic islands and magnetic ropes which are formed during plasma flow with exter-
nal source interaction. The external source of the magnetic field we treat as a superposition of a magnetic dipole (MD)
and a magnetic toroid (MT) and it is considered submerged inside SW flow. The MD is connected mainly with non
SW plasma currents and it is produced only partly by the homogeneously distributed particles trapped in the planetary
(or solar active region) magnetic field. Whereas the MT appears due to asimuthal asymmetry of population of the
trapped particles in the original MD like field. The SW is considered as a hot, collisionless plasma with maxwellian
velocity distribution function which fly from infinity and at arrival to the source region on selfconsistent way is dis-
turbed by generated e.m. fields. Disturbances produce electric current flow around the source in taillike form. We as-
sume that the wind particles are not trapped by magnetic field of the 3D structure and their direct trajectories are only
slightly disturbed by e.m. fields. Thus, as the initial step, the linear approach can be applied to the plasma particles and
we treat e.m. respond of plasma in terms of its tensor of dielectric permittivity. The 3D magnetosphere-like structure
generated is formed by two different types of magnetic field cylindrical harmonics: the “line-current” harmonic and the
“solenoidal” one. The first type of the harmonic has the form of two opposite line-currents running along the flow and
can called cylindrical dipole. It is generated by the MD component of the magnetic source. The “solenoidal” harmonic
is associated with the “theta-type” current structure with “neutral sheet” formed as a superposition of two solenoids
with opposite currents. It can be called cylindrical toroid. It appears due to the MT component of the external magnetic
source. Direct energy of the SW flow is dissipated by Landau mechanism connected with inertia of small group of par-
ticles located in velocity phase space which are under the “resonance” condition and are in the rest relative to magnetic
field. Both types of harmonics are expressed via a special characteristic function parameterized in terms of magnetic
Reynolds humber depending on the new specific plasma dispersion skin scale which appeared first in this problem [1].
We get a slow power law asymptotic decay in the downward direction of the plasma flow, whereas in the direction
perpendicular to the flow we get a fast aperiodic decrease with a certain spatial modulation. This results in a faster spa-
tial decay of the “theta-type” configuration as compared to the “line-current” one. Spatial modulation scale normalized
on our skin-scale and has slow power law increase with distance from the sources. Spatial modulation effect explains
fine structure elements magnetic ropes and current sheets. We get magnetic rope substructures in cylindrical dipole and
current sheets substructures in cylindrical toroid. These fine elements are selfconsistent with flow and resemble ob-
served structures in geomagnetic tail and streamer and similar to structures which can be seen in numerical modeling.
We calculated energy absorption of the flow for the tail/streamer generation by MD and MT source. Effectivity of it
depends on value of “kinetic” magnetic Reynolds number.

AIIMMAPATYPA JJISI UCCJIEAJOBAHUA APKOCTU JTHEBHOI'O HEBA

Kusko CtosnnoB 7KekoB, Anres IlerkoB Manes, I'apo XyracoB Mapaupocsin, Kynio UBanos Ilasnazos,
Cruausn ’KuskoB CTOSIHOB

HuctutyT KOocMuueckux ucciienoBanuu bonrapekoit akageMun HayK
zhekovz@yahoo.com

INSTALLATION FOR RESEARCH OF THE BRIGHTNESS OF THE DIURNAL SKY

Zhivko Stoyanov Zhekov, Angel Petrov Manev, Garo Hugasov Mardirosyan, Kunyu Ivanov Palazov, Stiliyan
Zhivkov Stoyanov

HCO6XOI[I/IMOCTB MMpoBEACHUA I/ICCJ'IG,HOBaHI/Iﬁ SAPKOCTHBIX XapaKTECPHUCTUK PACCEAHHOI'0 CBE€Ta JAHEBHOI'O 6e300-
JIAYHOrO HeOa B ONTHYECKOM JAUAIa30HE COJTHEYHOT'O CIICKTpa BbI3BaHA TEM, YTO B 3TOM OHOJIOrMYECKH aKTHBHOM
CIICKTPaJIbHOM JUAIIa30HE BBITTIOJTHEHO OTPAHNMYCHHOC YHCIIO OKCIICPUMEHTATIbHBIX pa60T.
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JuddhepeHnmanbHbie U3MEPEHUS pacCEIHHON paJiMallii B Pa3HOOOPa3HBIX ONTHYECKUX CUTYallUsAX B aTMochepe
3eMiH MPOBOIMIIHMCH peliko. OHAKO BaXKHO OTMETHTH, YTO B HCCIJICIOBAaHUAX SPKOCTH JHEBHOrO Heba CyLIecTBEH-
HbIe OLIMOKU BHOCAT ClieAytoIue (GaKTopbl: OTCYTCTBHE KOHTPOJIS CTAOMIEHOCTH ONITHYSCKUX CBOMCTB aTMOC(EphI
BO BpeMs m3MepeHui, apdext Popbca (B ynpTpadHOIETOBON YacTH CHEKTpa), M TMONAJaHue PACCESHHOTO CBETa
He0a pasIMYHON KPaTHOCTH U3-3a OOJIBIIOr0 TEJIECHOTO yIila alnnapaTyphl.

W3zBecTHO, uTO Anddy3HAS pamuanis MOXKET CIyKHTh HCTOYHUKOM HH(pOpMannuu 00 ONTHYECKHUX CBOMCTBaX at-
Mocdepbl. OIHAKO CYUTACTCS, UTO MOTJIOIIEHHE B 030HE YMEHBIIIAET HHTEHCUBHOCTD BBICOKUX IOPSIAKOB. BenencTeue
TIOTJIOIIEHHSI MEHSIETCS HE TOJIBKO SIPKOCTh, HO M CTETICHb TOJIIpU3aluu Heba.

Llenbto Hactosmieil paboTHl SBISETCS KOHCTPYMPOBAaHHWE M OIMCAHUE amIaparypbl JJIsl UCCIETO0BAHMS SIPKOCTH
JHEBHOTrO Heba Ha Teppuropun LllymeHckoro miato.

[IpencraBnena 6JI0K-cXeMa annapaTypHOro KOMILIEKca U ee JeHCTBHeE.

Hcxonst U3 akTyalbHBIX TPeOOBaHMIT MCCIIEOBATH SIPKOCTh JHEBHOTO HeOa B PasHOOOPA3HBIX Ieo(pU3MYECKUX
YCIIOBHSX, IPEIIOIaraeTcsi NPOU3BECTH KOMIUICKCHBIH aTMOCHEpHO-ONTHIECKHH IKCIIEPUMEHT C BO3MOXKHOCTBIO
BKJIIOYCHHMS alllapaTypHOr0 KOMIUICKCA B COCTaB MOOMIIBHOM CTaHIMH.

The necessity of scientific research of the bright characteristics of the scattered light of the diurnal sky in the op-
tical scope of the sunny specter arouses from the fact that a limited number of experimental developments have been
carried in this biologically active spectral scope.

Practically, there are few differential measurements of scattered radiation carried out in various optical situations
of the Earth atmosphere. It is very necessary to note that the following factors contribute for significant mistakes
when researching the brightness of the diurnal sky: lack of control of the optical properties of the atmosphere during
the measurements, the Forbs effect (in the ultraviolet part of the specter), and the presence of scattered sky light at a
big field of vision of the installation.

It is known that the diffusion radiation can be a source of information for reading the properties of the atmos-
phere. The opinion that the absorption of the ozone decreases the intensity of the ultraviolet radiation is established.
Due to the presence of absorption, not only the brightness is changed, but also the degree of polarization of the sky.

Proceeding from the contemporary requirements for complex atmosphere experiment, the aim of the current
work is construction and description of an installation for research of the diurnal sky at the territory of the Shumen
plateau which is characteristic of the upper terrains of North-East Bulgaria.

A block scheme and the operation of the installation are presented.

Proceeding from the contemporary requirements for research of the brightness of the diurnal sky in various geo-
physical conditions, it is proposed that a complex atmosphere and optical experiment should be carried out with the
possibility to include the installation complex in the composition of a mobile station.

POJIb KOCMUYECKOI ¥ TPOITIOC®EPHOM MOTOHBIX CUCTEM B TYPBYJIM3ALIUN
BEPXHEIl HOHOC®EPbI

A.B. 3aam3zoBckuii, FO.M. SImnojbcknii

Pannoacrponomuueckuit unctutyT HAH Ykpaunsl, XapbkoB, Y kpanHa
zaliz@rian.ira.kharkov.ua

UPPER ATMOSPHERE TURBULIZATION: THE ROLE OF THE TROPOSPHERIC AND SPACE
WEATHER SYSTEMS

A.V. Zalizovski, Yu.M. Yampolski

B nexrmu paccMaTpuBaroTCs BO3MOKHOCTH BIUSIHUS KOCMUYECKON U TPOMOC(EpHON MOTOJHBIX CHCTEM HAa MOHO-
cheproe F-paccesiHre. B 0CHOBY MOJIOKEHBI Pe3yJIbTaThl aHAIM3a JAHHBIX BEPTHKAIBHOIO 30HIUPOBAHUS HOHOC(DE-
PBI, MOHUTOPHUHTA TEOMAarHUTHOW aKTHBHOCTH M MeTeoHabmonernit 3a 1993-2003 rr., momy4yeHHbIE B AHTApKTHKE Ha
YKpanHCKOW cTaHInM «AkajgemMuk Bepranckuiiy. MH(MOpMannoOHHBIME NapaMeTpaMy, WLTIOCTPUPYIOIAMH COCTOS-
HHE Tponoc(epHOi Morosl, SBISIOTCS CKOPOCTh M HalpaBJIeHHE MPU3EMHOI0 BETpa, KOCMHUYECKas 10roJia OIHCHIBa-
eTCsl BO3MYIIEHHOCTHIO MAarHUTHOTO TOJIS. BbUIM ycTaHOBJIEHBI JiBa MEXaHW3Ma OOpa30BaHMs HEOJAHOPOIHOCTEH B
nonocgepe. IlepBriii cBA3aH ¢ pacrpocTpaHeHWEM aTMOc(epHBIX TpaBUTaUMOHHBIX BOiH (AI'B) or moBepxHOCTH
3eMi Ha BBICOTBHI HOHOC(EPBI, BTOPOH — € BIMSHHEM BO3MYIIEHHOCTH I'€OMarHuTHOTO 1oJjs. CTeneHp BO3IEHCTBHA
MarHuTHOTO TOJA Ha F-paccestHue Bo3pacTaeT BO BpEMsI MAKCHMyMa COJTHEYHOM aKTHBHOCTH M MPEUMYILECTBEHHO
BOMM3M paBHOACHCTBHUU. B 3uMHMe mecspl B FOKHOM moymiapuy ctaTUCTHYecKasi cBs3b dddexra ¢ BOZMYIIEHHO-
CTBIO MarHUTHOTO TIOJIS1 OCTIA0EBAET, B TO XK€ BpEMsI YCHIIMBAETCS BIMSHHE MOTOMHBIX MPOIEccoB B Tpormocdepe. Be-
POSTHOCTH HaOMFONIEHNS F-paccesHHs B 3TH MECSIbl 3aMETHO BO3PACTaeT B CIIydae yCTONYMBOTO CEBEPO-BOCTOYHOIO
BETpa y MOBEPXHOCTH 3E€MIIH TI0 CPAaBHEHHUIO CO BpeMEHeM, KorJia IpeobiaaeT oro-3amnaassiii nepesoc. Ilommmo ce-
30HHOTO X0J1a, 3aBHCUMOCTh TypOynm3amuu F-obmactu oT TporochepHoil moroas UMEET AOBOJIBHO CUJIBHYIO CYTOY-
Hylo Bapuaimio. Iloy4eHHbIe SKCIIepIMEHTAIbHBIE PE3YIIBTAaThl UCIONIB3YIOTCS JUISl BBISICHEHUSI OCOOEHHOCTEH TeHe-
paurn AI'B B Tporocdepe 1 nx pacnpocTpaHeHHs: Ha HOHOC(epHbIe BBICOTBL. O0CykaaroTcsi (PU3NUECKHE MEXaHH3-
MBI ¥ MOJIEJIH TIEPEHOCa SHEPTUH BO3MYIIIEHUH OT HEUTpaIbHOM aTMOc(hepbl K HOHU3UPOBAHHBIM 00JIACTSIM.
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The possible effect of space weather and tropospheric weather systems on the ionospheric spread-F is consid-
ered, based on the results of analyzing the data of vertical ionospheric sounding, levels of geomagnetic activity and
weather monitoring in 1993 through 2003 that were obtained in Antarctica at the Ukrainian station “Akademik Ver-
nadsky”. The informative parameters illustrating the tropospheric weather condition are the speed and direction of
the surface wind, whereas space weather is described by the level of geomagnetic field disturbance. Two mecha-
nisms of ionocpheric irregularity formation have been established. One is connected with the propagation of atmos-
pheric gravity waves (AGW) from the Earth’s surface to ionospheric altitudes, while the other with the effect of
geomagnetic field disturbance. The degree of influence of the geomagnetic field on spread-F increased during max-
imum solar activity, mainly close to the equinox. The statistical connection between the spread-F and geomagnetic
field decreased during winter months in the Southern hemisphere, while the impact of weather processes in the trop-
osphere became stronger. The observation probability of spread-F during these months normally increases for peri-
ods of steady North-Eastern wind near the surface, compared with the periods of predominantly South-Western air
mass transfer. In addition to the seasonal run, the dependence of F-region turbulization upon tropospheric weather
demonstrated a rather strong diurnal variation. The experimental results obtained are used to clarify the details of
AGW generation in the troposphere and their propagation to ionospheric heights. The physical mechanisms and
models of transport of the disturbance energy from the neutral atmosphere to the ionized regions are discussed.

METEOPOJIOI'MTYECKHUE 3®PEKTbI B OKOJIO3BEMHOM KOCMHUYECKOM ITPOCTPAHCTBE
3.C. Kazumnposckuii

WucruryT conneyno-3eMHol ¢gusnku CO PAH, UpkyTck
ekazimirovsky@hotmail.com

THE METEOROLOGICAL EFFECTS AT THE NEAR-EARTH SPACE ENVIRONMENT

Edward Kazimirovsky

Tepmocdepa u noHochepa ABIAIOTCA KaK YaCTbIO OKOJIO3EMHOIO KOCMHYECKOTO NPOCTPAHCTBA, TaK M BeChMa
M3MEHYMBOH 00nacThio BepxHel arMocdeps! 3emnn. Hamma nuBmmmsanus 3aBHCHT OT (YHKIMOHUPOBAHHS pila
TEXHOJIOTHYECKHX CHCTEM, Ha KOTOpble (M3MYECKHE M XMMHUYECKHE IPOILIECCHI, POUCXOSIINE B TOH o0nacty,
OKa3bIBAIOT CYIIECTBEHHOE BO3AeHcTBHE. [103TOMYy MX M3ydeHHE, a TaK)Ke MOHUTOPHHI' M ONEPATHUBHBIA ITPOTHO3
U3MEHEHHH B cucTeMe TepMochepa/noHocdepa UMEIOT 3Ha4eHHE AJIsI OCBOCHHU OKOJIO3EMHOI0 NMIPOCTPAHCTBA, JUIL
paboTHl KOMMYHHKAIIHOHHBIX ¥ HABUTAIIMOHHBIX CUCTEM. [ [pHUMHON N3MEHYHBOCTH CHUCTEMBI SBIISIOTCS H3MEHEHUS
BHEIIIHETO BO37eHcTBUS. Bo3nelicTBie cBEpXy — 3TO MOTOKH COJTHEYHOTO MOHHM3HMPYIOUIETO M3IYYCHUS M YHEPTHUY-
HBIX YaCTHI], JJICKTPUUECKHE TI0JIS1 U TOKH, BO3HUKAIOIINE W MEHSIOIMINECS B IIPOLIEcCe B3aMMOIEHCTBHS COTHEUHOTO
BETpa, MarHuTocdepsl 1 HOHOCHEPHI.

Ho cymecTByer u Bo3zeiicTBue cHU3Y — OT 0oJiee INIOTHBIX Tponocdepsl U cTpartocepsl, Toi obmacTu arMo-
cdepbl, KOTOPYIO HM3y4yaeT Kjaccuueckas MeTeopoJiorusi. VIMEHHO Tam TeHepHpyeTcs M PaclpOCTPaHSETCs BBEPX
IMIMPOKUH CHEKTp BHYTPEHHHX BOJH — IJIAHETAPHBIX, IPHINBHBIX, aKyCTHKO-TPAaBUTALIMOHHBIX. ['pO3bI, yparaHsl,
TOPHA0, TAH(QYHBI N JaXe 3eMJIETPACCHUS TaKKe MOTYT CTaTh IPUUMHON M3MEHEHUH B HOHOC(epe. AHTPOIIOTEeH-
HOE BO3/IeHICTBHE, BO3MOXKHO, IPOCIIEKUBACTCS U JI0 BHICOT BepXHEH aTMochepsl.

B neximn mpezncTaBieH KpaTKUi 0030p 3KCHEPUMEHTAIBHBIX PE3yJIbTaTOB, CBUJIETENIBCTBYIOIMX O HAIMUUN 3a-
METHBIX METEOPOJIOTHYECKHX 3P PEeKTOB (0COOEHHO /IS CPEIHUX IMPOT U MarHUTHO-CHIOKOMWHBIX YCIIOBHIA). A3pOHO-
mus ci1ost D noHocdepsl, 3UMHsISE aHOMaJIHS TTOTJIOIIEHHS PaJOBOJIH, IEpeMEIaioecs HOHOC(HEPHbIE BO3MYILICHUS,
HE30HAIBHOCTh M PErHOHAILHBIE OCOOCHHOCTH BETPOBOTO PEKUMA TepMOC(hepbl, MOSBIIEMOCTh U CTPYKTYpa Criopa-
JMYECKHX MOHOC(EpHBIX CII0eB, HEOAHOPOTHOCTH B MOHOChepe (F-paccesHue), NI3MEHYMBOCTh KPUTHIECKHX 4acTOT
ciost F2, u3MeHeHus1 BepTHKAIBHBIX TPOQHIIeH 3JeKTPOHHOW KOHIEHTPALMK U OOIIETO AJIEKTPOHHOTO COJEPIKaHUs —
BCE 3TO CJICIyeT pacCMaTpPHBATh B CBSI3M C TPONOC(HEPHBIMH M cTpaTochepHbIMHU nporieccamu. «MoHocdepHas moro-
Jia» KaK COCTABIIAIOIIAsT «KOCMHYECKOH MOrob» (T.€. U3MEHEHUsI OTO JIHs KO JHIO U OT 4aca K 4acy) eIle K IyT CBOETO
OOBSICHEHUsI B JIOTIOJIHEHHUE K KJIMMATOJIOTHYECKUM, TeTMOIUKIMIECKUM 1 CE30HHBIM BapHallUsiM.

The terrestrial thermosphere and ionosphere form the most variable part of the Earth's atmosphere. Because our
society depends on technological systems that can be affected by thermospheric and ionospheric phenomena, under-
standing, monitoring and ultimately forecasting the changes of the thermosphere — ionosphere system are of crucial
importance to communications, navigation and the exploration of near-Earth space.

The reason for the extreme variability of the thermosphere-ionosphere system is its rapid response to external
forcing from the various sources, i.e. solar ionizing flux, energetic particles and electric fields imposed through the
interaction between the solar wind, magnetosphere and ionosphere as well as coupling from below (“meteorological
influences”) by the upward propagating, broad spectrum, internal atmospheric waves (planetary waves, tides, gravi-
ty waves) generated in the stratosphere and troposphere. Thunderstorms, typhoons, hurricanes, tornados and even
seismological events could have observable consequences in the ionosphere as well. Releases of trace gases from
human activity have the potential to cause a change in the lower and upper atmosphere.

A brief overview is presented concerning the discoveries and experimental results that have confirmed that the
ionosphere is subject to meteorological control (especially for geomagnetic quiet conditions and for middle lati-
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tudes). The D-region aeronomy, the winter anomaly of radiowave absorption, wave-like travelling ionospheric dis-
turbances, the non-zonality and regional peculiarities of the lower thermospheric winds, the sporadic-E occurrence
and structure, spread-F events, the variability of electron density profiles and Total Electron Content, variability of
foF2, etc., should all be considered in connection with tropospheric and stratospheric processes. “lonospheric
weather”, as a part of space weather, (hour-to-hour and day-to-day variability of the ionospheric parameters) awaits
explanation and prediction within the framework of the climatological, seasonal, and solar-cycle variations.

HEJIMHEMHBIE BOJIHBI B KOCMHUYECKOM IJIABME
I'.H. Kuuuruu

WuctutyT comneuno-3emHoit ¢puznku CO PAH, Upkyrcek
king@iszf.irk.ru

NONLINEAR WAVES IN SPACE PLASMA
G.N. Kichigin

B noxmazme paccmarpuBaeTcsl posib HEMMHEHHBIX BOJH B KOCMIYEcKOi mmazme. OCHOBHOE BHIMAaHHE YIEIEHO ca-
MOMY pPAaclpOCTPaHEHHOMY THUILy BOJH — JIEHTMIOPOBCKHMM BOJIHAM. BriepBble OCHOBONOJAraroliue pe3yabTaThl NpU
HCCIIeJOBAaHUN HEJIMHEHHBIX JICHTMIOPOBCKIX BOJIH B IUIa3Me OBLTH TOJTyYeHHI B padoTax [1—4], rme paccMaTpuBaiuch
YCTAaHOBHBIIIHECS TIOCKUE BOJHBI B OE3rpaHUTHON XOJIOJHON OSCCTONKHOBUTEIHHOM TIa3Me, COCTOSIICH U3 AIIEKTPO-
HOB, KOTOpPBIE CYATAINCH XOJOIHBIMHU, M HOHOB, KOTOPBIE MPEAIIONIArajIuCh OECKOHEYHO TAXKEIBIMU U HETIOJBHKHBIMH.
B pa6otax [1-4] 115 TEHIMIOPOBCKHX BOJIH IOJIy4YeHBI (POPMYJIBI, U3 KOTOPBIX CIEIYeT, YTO aMIUTUTY/a JJIEeKTpHIe-
CKOTO TOJISl ¥ 4aCTOTa BOJIH SIBISIIOTCS (DYHKIMEH MPEAEIbHOM CKOPOCTH 3JIEKTPOHOB B BOJIHE, IPUYEM BEJINYMHA ITON
CKOpPOCTH HE OmpeJeNieHa, TaK KakK SBJSIETCS HEeN3BECTHOW KOHCTAHTOW, W TIO 9TOW MpUYMHE MoydeHHbIe B [1-4] pe-
3yNbTaThl (PAKTHYCCKU HE AT MONHON HH(OPMALIUK O CBOMCTBAaX BOJH. B HacTosiel paboTe, UCIOb3Ys HCXOIHbIC
ypaBHeHUsI padoT [1—4], MBI IOTHOCTBIO PEIINIIN TIOCTABICHHYIO 33a7aqy, T.€. ONPEACIIIIN apaMeTpPhI, TIPH KOTOPBIX
CYIICCTBYIOT HEIWHCHHBIC PEIICHHs, HAIUTH aHAIUTHICCKHE (POPMYIIBI, KOTOPEIE OMPEIENIIOT BCE XapaKTCPUCTHKU
BOITH, & Tarxke MPO(GUIIb BOIHEL. MBI MOKa3aH, YTO aMIUIUTY/a TOTEHIINANA, [UTHHA BOJHBI M YacTOTa HEIHHEHHBIX
BOJTH 3aBHCST OT [IBYX MapameTpoB: 1) ¢a3oBas cKOpOCTh, 2) aMIUTUTYAA JIEKTPUICCKOTO OIS BOJH. [ 9acTOTHI
HEITMHEHHBIX BOJH MBI MTOTYYHIN TOYHYIO H BECbMa MPOCTYIO (hOPMYITY.
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AwbdeE

In the report the role of nonlinear waves in space plasma is considered. The basic attention is given to the most
widespread type of waves — Langmuir waves. For the first time basic results at research of nonlinear Langmuir waves
in plasma were received in works [1-4], where the steady-state flat waves in boundless cold collisionless plasma were
considered . Plasma was composed from cold electrons, and ions, which assume indefinitely heavy and motionless. In
works [1-4] for Langmuir waves the formulas are received, from which follows, that amplitude of an electrical field
and frequency of waves are function of electrons speed limit, and the value of this speed is not determined, as it is a
unknown constant, and for this reason received in [1-4] the results actually do not give the complete information on
properties of waves. In the present work, using the initial equations of works [1-4], we completely have solved the
task, i.e. we have defined parameters, at which there are nonlinear waves, we have found the analytical formulas, which
determine all characteristics of waves, and also structure of a wave. We show, that amplitude of potential, length of a
wave and frequency of nonlinear waves depend on two parameters: 1) phase speed, 2) amplitude of an electrical field
of waves. For frequency of nonlinear waves we have received the exact and rather simple formula.

HNUCCIIEJOBAHMUE I''IOBAJIBHBIX PESOHAHCOB B ITIOJIOCTH 3EMJISI- HOHOC®EPA
C.A. KoaecHuk

Cubupckuit GU3NKO-TEXHUIECKUH HHCTUTYT
serkol@elefot.tsu.ru

RESEARCH OF GLOBAL RESONANCES IN THE CAVITY EARTH-IONOSPHERE
S.A. Kolesnik

HWctopus uccnenoBanuii anexrpoMarauTHEIX (OM) nosneit kpaitae Huskux gactoT (KHY) Geper cBoe Havano B 1a-
nekux 50-x rr. mpormuioro Beka, koraa Bnepsbie B.O. lllyman TeopeTnueckn paccyuTai CIeKTp COOCTBEHHBIX YacTOT
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rJI00aJIFHOTO pe3oHaTopa 3eMiIsi—HOHOC(Eepa, OTMETHB POJIb I'PO30BBIX Pas3psiOB KaK €CTECTBEHHBIX HCTOYHHUKOB
KHY-konebanwnii [1]. BriocnencTBum cymiecTBOBaHHE PE30HAHCHBIX YacTOT OBLIO YKCIIEPUMEHTATHHO BBISBICHO M.
Banscepom u Y. Baraepom B 1960 r. [2]. OHE 00HApY UM PE30HAHCHBIE MAKCHMYMEI, CYIIIECTBYIOIINE B €CTECTBCH-
HOM DM-1ryMOBOM (hOHe, KOTOpPBIC HAOIIOIAIKCH B JAIBHEHIIIEM B pa3HOE BPEMST Pa3IMIHBIMA aBTopamu [3-5].

Oco0pIit HHTEpEC K IIyMaHOBCKUM PE30HAHCAM B paMKaX IPOOIEMBI COBpeMEHHOH DM-3KOIOTHH 3apoAmics B
70-x TIT. IPOILIOTO BeKa, KOTJa ObLIa BRIABMHYTA THIIOTE3a O BOSMOXKHOCTH BIUSHHSA DM-TIOJIeH Ha JKUBBIE Opra-
HI3MBL. B wactHOCTH, OM-curHansl KHU-nmamazoHa MOTYT BEICTYTIaTh B KQU€CTBE BHEITHUX CHHXPOHM3HPYIOMINX
CHTHAJIOB I ONOPUTMOB OpraHU3Ma YeJIOBEKa U BBICIINX TO3BOHOYHEIX [6].

[Ipobnema u3ydeHust Tpupoab! GOPMHUPOBAHUS COOCTBEHHBIX YacTOT IIYMaHOBCKOTO PE30HATOPA, C TOYKH 3pe-
HUS pasno(U3UKH, re0(pU3UKH U 3JIEKTPOMArHUTHOM SKOJIOTHH, OAPa3yMeBaeT PacCCMOTPEHHE LIEIOr0 KOMILIEKCa
3aJ]a4, TaKUX Kak: OIpEe/IeIeHNe CBOMCTB UCTOYHUKOB BO30YXICHHSI pe30HaTOpa (IPOCTPAHCTBEHHOI'O PACIIONIOXKe-
HHS, CIIEKTPAIBHBIX XapaKTEPUCTUK, I3MEHEHUS] HHTCHCUBHOCTH M3JIy4€HHs HCTOYHHKOB BO BPEMEHN); pacCMOTpe-
HHE TIPOIIECCOB PACHPOCTPAHEHUs] DPAAMOBOJH B IOJOCTH 3eMIS—HOHOC(Epa; BBIABICHHE IHIICKTPUUCCKUX
CBOMCTB HM)XKHEH MOHOC(EPHI B MIIAaHETAPHOM MacIITabe B 3aBUCUMOCTH OT BPEMEHH CYTOK, CE30HA rofia M TEJNo-
reo(pU3NIEeCKUX YCIOBHH.

K HacrosimemMy MOMEHTY BPEMEHH HAKOIUIEH OOJBINION 3KCIIEPUMEHTAIbHBIN MaTepHall M0 MCCICAOBAHUIO
OM-pe3onancoB KHU-muamazona. OxHako pa3po3HEHHBIC SKCIIEPUMEHTAIBHBIE JaHHBIE W HEOONbIIas MPOIOIIKHU-
TENBHOCTh IPOBOAMMBIX paHee HAONIOACHHH HE MO3BOJIAIOT IMOCTPOUTH IOJHYI KapTHHY HPOCTPAHCTBEHHO-
BPEMEHHOI'O paclpe/ie/ieHHs Pe30HaHCHBIX YacTOT B IUIaHeTapHOM Macmrabe. OZHUM U3 BO3MOXKHBIX CIIOCOOOB
peuieHus }laHHOﬁ HpO6HeMLI SABIACTCA ONIPEACTICHUC PE3OHAHCHBIX YaCTOT MECTOJaMU HEIPEPBIBHOTO MOHHUTOPUHTA
Y MaTeMaTH4eCKOT0 MOJICINPOBAHUS.

[TpoBoxumeie ¢ mapta 1997 r. B Tomcke B CubupckoM (pHU3NKO-TEXHHYECKOM MHCTUTYTE U3MepeHust DM -noneit
KpaﬁHe HU3KHX YaCTOT B PEKUME HETIPCPBLIBHOI'O MOHUTOPUHT'A MTO3BOJINIA HAKOIIUTH 60J'II)IHOI7[ 06"I)GM YHUKaJIbHBIX
JTaHHBIX. MeTonuka NMpoBeJeHus U3MepeHuit [7, 8] Mo3BosIeT ONpeAesITh OCHOBHBIE PE30HAHCHBIE XapaKTEePUCTH-
KU (4aCTOTHI, aMIUTUTYABI U TOOPOTHOCTH) IS IEPBBIX MO TII00ATFHOTO pe30HaTOpa 3eMilst — HoHocdepa.

W3BecTHO, 94TO pe30HAHCHBIE XapPaKTEPUCTHKU B 3HAYUTEIHHOW MEpE 3aBUCST OT MCTOYHUKOB BO3OYXKICHHMS, a
TaKKe YCIOBUH pacmpocTpaHeHns DM-BOJIH BHYTPH pE30HATOpa M JMIJIEKTPUUECKUX CBOWCTB CTEHOK pE30HATOpa
[9]. BBL10 3KCHEPHMEHTANIBEHO YCTAHOBIICHO, YTO PE30HAHCHBIC XapaKTEPUCTHKH MIPETEPIIEBAIOT H3MEHEHHSI BO Bpe-
MeHHU. [ KaKIoW pe30HAaHCHOW YacTOThI MMEET MECTO IOf0Basi MOBTOPSIEMOCTh. Takke y KaJOH pe30HaHCHOH
4acTOThl €CTh CBOM XapaKTEPHBI Ce30HHbIN X0, Hapsaay ¢ Ce30HHBIMU U3MEHEHUSIMHU, UMEIOT MECTO U3MEHEHHS C
MacmTaboM NopsiaKa CyTOK U MEHee.

[Tpu paccMOTpeHNH BOINPOCa O PacIpPOCTPAHEHHUH PaJHOBOJIH B aTMocdepe 3eMil HeoOXOIMMO yYUTHIBATH HE
TOJIBKO OTpakaTeJbHbIE CBOMCTBAa MOHOC(EPHI M MOBEPXHOCTH 3€MIIH, HO U MOTJIONIEHHE PaJHOBOJIH HOHOC(EPHOI
TUIa3MOM, y4eT KOTOPBIX BO3MOXKEH TOJIBKO Ha KOJIMYECTBEHHOM YPOBHE OIMCAHMUsS pacCMaTpUBaeMoil 3ajauH, T.€. B
HaiieM ciiyyae (MHOXECTBO HCTOYHMKOB M HECTAllMOHAPHAs, HEOHOPOAHA HOHOC(hepa) — Ha yPOBHE MaTeMarnye-
CKOT'O MOJICIIUPOBAHUSL.

Takum 006pazoM, MOsIeNIb IPOCTPAHCTBEHH-BPEMEHHOTO PACTIPEIEIEHNs CIIEKTPAJIbHBIX XapakTeprucTHK DM-pona
KHY-auana3oHa 1o/pKHA BKITIOYATh B ce0s B KAUECTBE OCHOBHBIX COCTABHBIX YaCTEH:

— MOJIeJIb CPe/Ibl PacIipOCTPAHEHUS PaJHOBOJIH;

— MOJIeJIb HICTOYHUKOB PaINON3ITYICHHS;

— MOJIeITb pacyeTa aMIUIUTYIHO-YaCTOTHBIX XapakrepucTuk IM-dpona KHY-aunama3ona.

[IpeaBapuTenbHble pacyeTsl MUIAHETAPHOTO PACIpPECTICHUs] PE30HAHCHBIX YacTOT MPOBOJAMIIUCH CIEAYIOIIUM
o6pa30M. Ha ocHOBEe MHOTOJIETHUX CITYTHHUKOBBLIX JaHHBIX I1O FpOSOBOﬁ aKTUBHOCTHU Oblia IOoCTpOC€HAa MOJECJIb HUC-
TOYHHKOB W3JIy4YCHHUS B IJIAHETAPHOM MaciiTabe. B kauecTBe KOJUUECTBCHHOW XapaKTEPUCTUKU ObUIO BHIOPAHO
YHCIIO P03, NPUXOSIIMXCS HA SMHUILY IUIONIAHU, B 3aBUCHMOCTH OT CE30HA I'0J]a U MECTHOT O BpeMeHH. B pe3yiib-
TaTe 06pa60T1<1/1 CITYTHUKOBBLIX JTaHHBIX OBLIIO 3aME€YCHO, YTO MHTCHCUBHOCTH I'PO30OBBLIX pa3psJ0B HE 3aBUCHUT OT
rojia HabJIIO/ICHHS, T.€. HE 3aBUCUT OT YPOBHS COJTHEYHOH aKTHBHOCTH. JTOT (PaKT MO3BOJIMI B MOJIENIM HCTOUHUKOB
W3JTy4eHNS] HCKITIOYUTH 3aBUCUMOCTh OT 11-JIeTHero IMKiIa COJHEYHON aKTUBHOCTH.

[anee, OT KaXJI0ro UCTOYHUKA 10 BCEBO3MOXKHBIM HAIPaBJICHUSIM PAaCCUMTHIBANIACh dP(EKTHBHAS THIIECKTPH-
YecKasi IPOHUIIAEMOCTb, PEIIAJIOCh XapaKTEPUCTHYECKOE YPABHEHNE U B KaX/IOW TOYKE IPOCTPAHCTBA HAXOAWJIACH
cpeaHsisl pe3oHaHCHas 4actoTa. J{s pacyera KOMIUIEKCHOW AMAIEKTPHUYECKOH MPOHUIIAEMOCTH HCIIOIb30BAIINCH
riobanbHble Mogenu noHocdeps! (IR1-90) [10] u repmocdepst (MSISE-90) [11]. [lanee 3T 9acTOTH yCPEIHSINCH
10 COOTBETCTBYIOLIUM MozaM. sl Apyroi TOUKK NPOCTPAHCTBA MPOBOJMINCH aHAJOTMYHbBIE PACUEThl YXKE 10 JpY-
ruM TpaekTopusaM. CymMMapHas KapTHHA IUTAHETAPHOTO paclipeeNiCHHsI IIEPBBIX TPEX PE30HAHCHBIX YacTOT MOKa3a-
Ja, 94TO HanOOJIbIINE 3HAYCHUSI PE30HAHCHBIX YaCTOT JIEXKAT B 00JACTH IKBATOPA, T.€. B MECTE HAXOXK/JCHHUSI OCHOB-
HBIX UICTOYHHUKOB MU3JIyYCHUS.

B PEIYNbTATE MPOBCACHHBIX YUCJICHHBIX PAaCUC€TOB ObLT IMPOBEACH CpaBHHTeJ’IBHBIﬁ aHaJIn3 pE3yJIbTaTOB YUCJICH-
HBIX PACY€TOB C SKCICPUMCHTAJIBHBIMU JTaHHBIMU. XOpOH_ICC KaQ4Y€CTBCHHOC W KOJIMYECTBECHHOE COTIJIaCHUC TOBOPUT
00 aZieKBaTHOCTH pa3pabOoTaHHOW MaTeMaTHYECKOH MOJIEITH.
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The history of researches electromagnetic (EM) fields of the lowest frequencies (ELF) takes the beginning in far
50th years of the last century when for the first time V.O.Schuman has theoretically calculated a spectrum of own
frequencies of the global resonator the Earth - ionosphere, having noted a role of lightning discharges as natural
sources of ELF-fluctuations [1]. Subsequently existence of resonant frequencies has been experimentally revealed
by M.Balser and C.Wagner in 1960 [2]. They have found out the resonant maxima existing in natural EM-
background which were observed further at various times by various authors [3-5].

Special interest to Schuman’s resonances within the framework of a problem of modern EM-ecology has arisen
in 70th years of the last century when the hypothesis about an opportunity of influence of EM-fields on alive organ-
isms has been put forward. In particular, EM-signals of the ELF-range can represent itself as external synchronizing
signals for biorhythms of an organism of the person and the supreme vertebrals [6].

The problem of studying of the nature of formation of own frequencies the Schuman’s resonator, from the point
of view of radiophysics, geophysics and electromagnetic ecology, means consideration of the whole complex of
tasks, such as: definition of properties of sources of excitation of the resonator (a spatial location, spectral character-
istics, change of intensity of radiation of sources in time); consideration of processes of distribution of radiowaves in
a cavity the Earth—ionosphere; revealing of dielectric properties of the bottom ionosphere in planetary scale depend-
ing on time of day, a season of year and helio-geophysical conditions.

By the present moment of time the big experimental material on research of EM-resonances of the ELF-range is
accumulated. However, separate experimental data and small duration spent before supervision do not allow to con-
struct a full picture of space-time distribution of resonant frequencies in planetary scale. One of possible ways of the
decision of the given problem is definition of resonant frequencies by methods of continuous monitoring and math-
ematical modelling.

Spent since March, 1997 in Tomsk in the Siberian Physical and Technical Institute of measurement ELF EM
fields in a mode of continuous monitoring have allowed to accumulated great volume of the unique data. The meth-
od of carrying out of measurements [7, 8] allows to determine the basic resonant characteristics (frequencies, ampli-
tudes and qualities) for the first fashions of the global resonator the Earth - ionosphere.

It is known, that resonant characteristics appreciably depend on sources of excitation, and also conditions of dis-
tribution of EM-waves inside the resonator and dielectric properties of walls of the resonator [9.] has been experi-
mentally established, that resonant characteristics undergo changes in time. For each resonant frequency annual re-
peatability takes place. Also each resonant frequency has characteristic seasonal changes. Alongside with seasonal
changes with scale about day and less take place.

By consideration of a question on propagation of radiowaves in an atmosphere of the Earth it is necessary to take
into account not only refrective properties of an ionosphere and a surface of the Earth, but also absorption of radio-
waves by ionospheric plasma which account is possible only at a quantitative level of the description of a considered
task, i.e. in our case (set of sources and a non-stationary, non-uniform ionosphere) — at a level of mathematical mod-
elling.

Thus, the model spatially — time distribution of spectral characteristics EM of a background of the ELF-range
should include the basic components:

- model of the environment of propagation of radiowaves;

- model of sources of a radio emission;
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- model of calculation of amplitude-frequency characteristics EM of a background of the ELF-range.

Precomputations of planetary distribution of resonant frequencies were carried out as follows. On the basis of the
long-term satellite data on storm activity the model of sources of radiation in planetary scale has been constructed.
As the quantitative characteristic the number of the thunder-storms, falling unit of the area has been chosen, depend-
ing on a season of year and local time. As a result of processing satellites of the data it has been noticed, that intensi-
ty of lightning discharges does not depend on one year of supervision, i.e. does not depend from a level of solar ac-
tivity. This fact has allowed to exclude dependence on a 11-years cycle of solar activity in model of sources of ra-
diation.

Further, from each source on every possible directions effective dielectric constant is calculated, the characteris-
tic equation was solved and in each point of space was calculated an average resonant frequency. For calculation of
complex dielectric constant global models of an ionosphere (IRI-90) [10] and thermosphere (MSISE-90) [11] were
used. Further these frequencies were averaged on corresponding fashions. For other point of space similar calcula-
tions already on other trajectories were carried out. The total picture of planetary distribution of first three resonant
frequencies has shown, that the greatest values of resonant frequencies lay in the field of equator, i.e. in the location
of the basic sources of radiation.

As a result of the carried out numerical calculations the comparative analysis of results of numerical calculations
with experimental data has been carried out. The good qualitative and quantitative consent speaks about adequacy of
the developed mathematical model.

MOJIEJIb OBPA3OBAHUSI COJTHEYHOM CUCTEMBI B EIMHOM MEXAHU3ME
POXKIEHHUA COJTHIOA

B.B. Ky3neuos
WucerutyT KocMohu3uky U pactpoctpanenus paguoBois JIBO PAH n. ITaparynka, Kamyartka

vk@ikir.kamchatka.ru

THE MODEL OF SOLAR SYSTEM FORMATION IN THE SINGLE MECHANISM
OF THE SUN BIRTH

V.V. Kuznetsov

[pensnoxeHa NMPUHIMITHAIBHO HOBas MOAENb 00pa3oBaHUsl U 3BOJOUUN COJHEYHOW CHUCTEMBI B €HMHOM Me-
XaHu3Me poxeHus 3Be3bl — Connna. Hannuue ¢pakranbHocTy, ckeitmuara u 6udypkaunu B CoHEUHON cucTeme
MOYET TOBOPHUTh O TOM, YTO B MOMEHT ee 00pa30BaHUs MMEIU MECTO Tpolecchl camoopranu3anuu. OneHka Besu-
4yuHBI (pakTanbHOi pasmepHoctH (D) ruianerapHbix paccrosiauii (R) or Homepa maneTsl (n), D = InR/In n nokaza-
7a, yTo D BHYTpeHHHX IUIaHET OAWHAKOBA M paBHA 1.75, a y BHEIIHUX BO3pacTaeT 1o Mepe yBenudeHus n ot 1.97 y
nosca actepousioB 1o 2.6 y Henryna. Xapaktep 3aBucuMocTtr D(n) moka3pIBaeT, 4T0 BHYTPEHHHE MIaHETH (HopMu-
POBAINCH B YCIIOBHSX, OTIMYAIONIMXCA OT YCJIOBHH (DOPMHMpOBaHHMS BHEIIHMX IUIaHET. B mpomuecce oOpazoBaHus
ConHe4HOI cucTeMbl B 00JIaCTH TOsICa aCTEPOMIOB TPON30NLIa OndypKanus, pa3ieNuBIIas €ro Ha IBE pa3InuHbIe
cramuu. K MoMeHTy OMdypKalyu MpOTOCOIHEYHBIH AUCK OB pa3OMT HA KOJbLA M B KaXXIOM M3 KOJEIl HadaJcs
npouecc GOPMUPOBAHUS TUIAHET.

Ipouecc popmupoBanust ComnHIla, MIIAHET U MX CITyTHUKOB €AMH, €0 BPEMsI IPUMEPHO PaBHO BPEMEHU (OPMHU-
poBanust CostHIIa. JTa NOCBUIKA OTPEJIEINeT «ropsSuril» MEeXaHU3M 00pa30BaHMS IJIAHET M CIyTHUKOB COTHEYHOH
CHUCTEMBI.

IIpobnema obpazoBanust ConHia, 3eMiH, APYrux MJIaHET U UX CIYTHUKOB — OJIHA M3 CAMBIX CTapbIX MPOoOIeM,
BOJIHYIOIIMX Y€JIOBEUECTBO. MexaHu3M 00pa30BaHUS IIAHETHl UrpaeT NMPHHLMINAIBHYIO PONb U ONpeneisieT ee
(u3ndeckne CBOWCTBA U 0COOEHHOCTH IBOJIONNK. B TeueHune nmociegHux 50 jeT MpUHATO paccMaTpUBaTh TOJIBKO
OJIMH M3 JIBYX BO3MOXHBIX CIIeHapHeB 00pa3oBaHus 3eMJIH U JAPYTUX IJIaHEeT. DTO CIEHApUH, 0 KOTOPOMY 3eMiis
MIOCTETIEHHO, B TeueHune npuMepHo 100 MIH. JIeT, «CKIIenBaiach» M3 INIaHeTO3UMalIel, BOSHUKAIONINX B IPOTOILIA-
HeTHOM oOnake. Takol MeXaHNW3M NPHUBOIUT K 00pa30BaHUIO «XOJIOAHOW» IUIAHETHI, TAK KaK BCE TEIJIO, KOTOpOoe
BBIJIEIISIETCSI TIPH €€ POPMHUPOBAaHNM, U3ITydaeTcsi B KocMoc. [Ipyroil BO3MOKHBIH MeXaHN3M 00pa3oBaHUs IUIAHETHI
— OBICTpOE CKaThe ee BEeUIecTBa 3a CUET caMOrpaBUTalWH. [Ipy 3TOM BEIIECTBO IIAHETHI, B TOM YHCIE U 3eMIIH,
OKa3bIBaeTCsS HarpeThIM JI0 BBHICOKOW TeMIEpaTypbl, a TEeIUIO, BbLAENISIONIeecs MpH 00pa3oBaHNM, 3alacacTcs B ee
Henpax. Hampumep, BemecTBO 3eMin IpU TaKOM CIIoco0e «U3TOTOBIICHUS) OKa3bIBACTCSI HAIPETHIM JI0 TEMIIepaTy-
pst ~ 30 000 K [1]. Temnepatypa BemiectBa Onurepa B MOMEHT ero 00pa3oBaHus, COTJIACHO OLIEHKH, aHAJIOTUYHON
[1], oka3siBaeTcs mopsiaka 300 000 K u T.11.

Mexaau3M 00pa30BaHUs XOJIOMHOW 3emMiid U Ipyrux riaHeT COTHEYHOW CUCTEMBI CUUTAETCS OOIIEPUHSITHIM.
OpHAKO COTIIaCHO KCIEPUMEHTAIBHBIM JaHHBIM aCTPOHOMHHU M acTPO(U3NKH 3TOT MEXaHW3M HE MOJIYYIHI HU OJI-
HOTO MOATBEpKAeHHA. 110-BUANMOMY, NIEPBEIA «yAap» MeXaHH3MY XOJIOJHOTO 00pa30BaHUS IJIaHET OB HAHECEH
1I0CJIE UHTEPIIPETallUU AAHHBIX, [IOJYyYEHHBIX KocMuueckumu anmnaparamu «lInonep-X» n «IInonep-XI», ¢ nomo-
b0 KOTOPBIX 25 JeT ToMy Ha3aa ObUIO OOHAPYKEHO MOIIHOE TEIUIOBOE M3NTyueHue, ucxoasimee oT KOmurepa [2].
B »THX sKCHepUMEHTaxX Tak ke OOHapy»eHa BBICOKas CHMMETPHUS TpaBUTAIMOHHOTO nois HOmurepa, xapakTepHas
JUISL TA30BOTO mIapa. ABTOD [2] oleHWI TeMIiepaTypy LeHTpaibHOl yacTu KOnmurepa 1o BeJIMYMHE TEIIOBOrO OTO-
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Ka U3 ero Heap. JTa TeMIeparypa okasanach paBHoi 165 000 K, uTo mpuMepHO B 1Ba pa3a HIKE, €M Hallla OlleHKa
(cm. puc. 4). Tlocne OTKpPBITHS TEIUIOBOTO M3MydeHus KOmurepa BO3HUKIIA JUCKYCCHUS O TOM, YTO TIPEJACTABIISAET CO-
6oit FOmmuTep: TtaHeTy wim 3Be3My. 3aMETHM, YTO B IIOCIICAHEE BpeMsl MOSBIINCH PabOThHI, B KOTOPHIX, HAIIPUMEDP
Kak B [3], aBTOpHI IOITycKaroT, 4yTo Henpa FOmmrepa, kKak v IpyTrux IUIaHEeT TUTaHTOB, Topsane. Bropoit «ymap» me-
XaHU3MY XOJIOJHOTO OOpa3oBaHM IUIAHET OBII HAHECEH OTKPBITHEM «KOPHYHEBBIX KapIIMKOBY» — MH(PaKpacHBIX
3Be3/1, 3aHUMAIOIINX 110 Macce MPOMEXyTouHoe mojoxkerne Mexry FOmurepom n Comnauem [4—6]. Bo3nukna mapa-
JIOKcanbHasl cutyanus: FOnuTep — miiaHeTa XOJ0AHAs, B HEJpaX KOTOPOI BOJOPOA HaXOAMTCS B JKUIKOM, U JIaKe
TBEPAOM COCTOSHMHM, a2 KOPHYHEBBIA KapinK, Macca Kotoporo Bcero B 10 pa3 Gonblue, yem y lOnurepa, — 3Be31a
(xots n uHOpakpacHas). HakoHew, pe3ysbTat, MOJTYUYCHHBIH B caMOe MOCJIEAHEEe BPEMS C HCIOIb30BaHUEM BHEAT-
MocgepHOro Teieckona Xab6aa [7], MOXKHO CUMTATh TPETBHUM M CaMbIM PEHIUTEIBHBIM «YAapoM» MO XOJIOIHOHN
mojenu. B [7] npuBeneHsl pe3yapTaThl HCCIIEAO0BAHUI CIIEKTPOB MPOIYCKaHUS TalaKTHYECKOTO 3JIEKTPOMAarHUTHO-
TO U3JIy4eHHUs B IIMPOKOM JHaria3oHe JUIMH BOJIH IpH npocBeunBanuy circumstellar disks in the Orion nebula. Bo3s-
pacrt storo circumstellar disks me mpesbrmaet 100 000 sret. CornmacHo o0ImenpuHATON MoAeTH 00pa3oBaHU IIAHET
B TAKOM JIMICKE JTOJDKHBI HAXOANTHCS TUIAHETO3UMANH, PAaCCEHBAIOIINE 3TO M3irydeHue. OHaKo 0xnmaeMoro shdek-
Ta MOTJIOLIEHUS IEKTPOMAarHUTHOTO M3Iy4eHHS He OOHapyKeHO. ABTOpHI [7] NPHILIN K BBIBOAY, UTO IUIAHETH B
3TOM JHCKE y’Ke CPOPMHUPOBAINCH, XOTS UX BpeMs (hopMupoBaHus 3HaYHTEIpHO MeHbIIe (B 1000 pa3!), uem crexy-
€T U3 MPHUHATOI MoJeny (OPMUPOBAHUS [IAHET.

Yro xe Takoe miaHeTsl? OKa3pIBaeTCs, TaKas IIOCTAaHOBKA BOIPOCA BIIOJIHE CBOEBPEMCHHA M aKkTyalbHa. [laH-
Hble 110 OOHAPY)KEHHIO IUIAHET B JPYIMX 3BE3JHBIX CHCTEMaxX M M3YyYEHHUIO IUIAHETAPHBIX TYMaHHOCTEH — CBOE0O-
Pa3HBIX «KOJBIOENEil» MIaHeT, NOTyYeHHBIE C TOMOUIBIO TejiecKona Xa00i1a B caMble TOCIeTHUE TOIbl B MEK3BE3 -
HOH aCTPOHOMUH, BIIOJIHE OMPaBABIBAIOT NPUBJIICYHCHUEC BHUMAHUA K TaKOMY, Ka3ajloCh 6])1, BE€CbMa TpHUBHAJIbHOMY
Bompocy. Ha ctpanumax sxypuana Science [8] u B Internet [9] B 2001 r. pasbirpanack quckyccus Ha temy: “What is
a Planet?” Ota quckyccust mokasaia, 4To OJHO3HAYHO OTBETUTH HA MOCTABJICHHBIH BOIPOC MOKA HET BO3MOYKHOCTH.
BeposiTHO, €10 B TOM, YTO XOJIOAHAS MOAEIb 00pa30BaHUs IJIAHET HAXOJUTCS B IPOTUBOPEUHH C TaHHBIMH, Kaca-
IOIIMMHUCS TPOOTIEMBI (POPMUPOBAHKS TUIAHET, OTYYEHHBIMHU B MTOCIIEAHEE BPEMSI.

[Ipemmaraemas Mmonens oopa3zoBanus ComHedHOU cucTeMBI [10] B eIMHOM MEXaHHU3ME C POKIACHHUEM 3BE3IBI —
CorHIIa TBITAETCS PELIUTH NIEPEUNCIICHHBIE TPOOIEMBI:

— FOnuTep, Kak u Apyrue MIaHeTHI-THTAHTHI, — IIaHeTa ropsdas. (MOXKHO clienaTh MpeAroaokeHne, YTO HCTOY-
HHKOM TEIJIOBOTO TOTOKa IOmuTepa MoxeT ObITh, HaIpUMeEp, MEXaHN3M PEKOMOWHALMK HMOHW3UPOBAHHOTO B MO-
MEHT 00pa30BaHusI IIAHETHI BOJIOPO/IA);

— KopuuHeBble Kapiuku, — eCTECTBEHHBIE B IPUPOJIe 00pa30BaHMsl, CBS3YIOIIUE 3BE3/Ibl C Fa3000pa3HbIMU IL1a-
HeTaMu-TuranTamu. (OLeHUB BHYTPEHHIO TeMiepaTypy KopHuHEeBBIX KapIUKOB, MOKHO MPEINOTI0KHUTh, YTO JeH-
CTBYIOILMI B X HEJIpaXx MEXaHNW3M COCTOUT B CHHTE3€ BOJOPO/ia U3 IPOTOHOB U HEHTPOHOB).

— OuenenHoe BpeMs oOpazoBanus wianeT (A 3emun npuMepHo 10 000 neT) cymecTBeHHO MeHbIe | MITH JIeT,
YTO COOTBETCTBYET OlleHKe Tpooma [7] M 3HAUUTENHFHO MEHBINE MPHUHATONH OLIEHKH BPEMEHH 00pa30oBaHUSA 3eMIIH
nopsaka 100 miH ser.

U, nakoner, cornacHo Teopeme ['ezersi, KOTopast yTBEpIKAAET, YTO MOJTHOTA U HETIPOTHBOPEYMBOCTD B PAMKAX OJ1-
HOI1 JIOTHYECKOI CHCTEMBI He COUYETaroTCsl, Mozienb oOpa3zoBanus 3emiun 1 Bcell COHEYHOM CHCTEMBI, IPETeH Ty Ha
BO3MOXXHYIO TTOJTHOTY KapTHHBI, HE MOXKET HE COZIEpKaTh HEKOTOPBIX HESICHOCTEH M jaxke mpoTuBopednii. OcHOBHAS
UJIesl COCTOUT B JIOKA3aTEJILCTBE, Ka3aJIOCh ObI, OUYEBUAHOTO (haKTa, uTo Bce eMeHThl COTHEUHOH cHCTeMBI (3Be37a,
TUTAHETHl 1 CITyTHUKH) 00pa3oBaICh OAHOBPEMEHHO M B €AMHOM IIpoliecce. JTOT BBIBOJ HPHBOJHUT K MEPECMOTPY
CHUCTEMBI B3TJIA 0B Ha 3BE31bl, KOPUIHEBLIC KapJIMKU, OOJIBIIINE U MaJIbIE IIAHETHI U UX CITYTHUKU.
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The model of Solar System formation and evolution in the single mechanism of the Sun birth is present. Fractal
dimensions, scaling, and bifurcation in the Solar System bear evidence of self-organization at the moment of its
formation. Fractal dimensions (D) defined by planetary distance (R) vs. planet number (n) logarithmic relationships
(D = IgR/Ign), are the same (1.75) for the terrestrial (inner) planets and increase with n for the giant outer planets
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from 1.97 in the asteroid belt to 2.6 in Neptune. The behavior of the D(n) function shows that the inner and outer
planets formed in different conditions. The process of the Solar System formation must have undergone abrupt bi-
furcation in the region of the asteroid belt whereby the protosolar disc split into several disks and the formation of
iron-rocky planet cores proceeded within each disk, by the same mechanism that produced the Sun. The Sun, the
planets, and their satellites apparently formed in a single process, by the "hot" mechanism, and the formation of the
planets and the satellites was only slightly longer than the Sun formation.

3KCHEPUMEHTAJIBHBIE PATUO®U3NYECKHUE UCCJIEJJOBAHUS BEPXHE ATMOC®EPBI
B BOCTOUYHOW CUBUPU

I'.A. Kepeouos, B.A. Kypkun, A.Il. [Torexun

WucTuTyT comueuno-3emHuoit ¢pusuku CO PAH, Upkytcek, kvi@iszf.irk.ru

B wmcciemoBanmsax BepxHEH arMocdepsl, SBIAIOMICHCS KIIIOYEBHIM 3BEHOM B IIPOIECCax  B3aMMOJICHCTBHA
HEUTpaTbHON W MOHW30BAaHHOM Ta30BBIX 000J09YeK 3eMiIH, panno(u3ndecKkne MEeTOIbI TUCTAaHIIMOHHON qHarHOCTH-
K{ urparoT BaxkHeHmyro poirs. B UC3® CO PAH co3nan KOMITIEKC HHCTPYMEHTOB, C TIOMOIIBIO KOTOPBIX BEIYTCS
HCCIIEZIOBAaHNS BEPXHEH aTMoc(epsl M pPacpOCTPaHEHHS PaJHOBOIH B OOMIMPHOM PETHOHE CEBEPO-BOCTOKA CTPa-
HBL. B ero cocraB Bxomar Mpkyrtckuit pagap HP, no3Bomstromuil u3MepaTs NpOCTPaHCTBEHHO-BPEMEHHBIE pacIpe-
JIeTICHUS TapaMeTpoB HOHOC(Eph (KOHIEHTPALNH, TEMIIEPATYp HOHOB U JICKTPOHOB, CKOPOCTH Apeida) 1 Xapak-
TEPUCTUKHU CPEIAHEIINPOTHBIX KOTePEHTHBIX 3X (PaguoaBpOpbl); MHOTONO3UIIMOHHBIM HOHO30H HAaKJIOHHOTO 30H-
JIUPOBaHUs € JIMHEHHOW MOAYJIALUEN 4aCTOThI, KOTOPBIM COCTOUT U3 TPEX MEPENAroIUX IIYHKTOB U OJHOIO IPUEM-
HOTO, SIBJIAETCS Ba)KHEHUIIMM 3BEHOM poccuiickoi cetu JIYM-HOHO30HI0B U MO3BOJSET MPOBOAUTH HCCIEIOBAHUS
KPYIHOMACIITa0HOH CTPYKTYpBI U IMHAMUKU MOHOC(EpHI B OOIIMPHOM peruoHe; nsa auruzonga DPS-4 (Upkyrck,
Hopunbck), Ha KOTOPBIX BEIYTCS HENPEPbIBHBIC HAOIIOEHUS CPETHELIMPOTHON 1 cyOnossipHoit noHocdep. HMccine-
JOBaHUA MPOBOJAATCA Ha OCHOBE PETYJIAPHBIX Ha6HIOILCHI/Iﬁ " CIICHHAJIbHBIX OKCIICPUMEHTOB, B OCHOBHOM HaIlpaB-
JICHHBIX Ha M3YYeHHE BO3MYILEHHH HOHOC(EPHI BO BpEeMs I€OMArHUTHBIX Oyph M MX BIUSHUS Ha paclpOCTpaHEHHE
panuoBonH. IIpyu 3TOM HUCNONB3YIOTCS TEKYLIME JaHHBIE O COCTOSIHUM KOCMHYECKON MOTOMbl, YTO MO3BOIMIIO 3ape-
THCTPUPOBATH OOJNBIIYIO YaCTh MOIIHBIX BO3MYICHU MOCIEIHUX JIET.

B noxmazne mpencTaBieHsl ONMCaHUE KOMITIEKCA Pagro(GU3NIECKNX HHCTPYMEHTOB H PE3yJbTaThl MCCIENI0BA-
HUHA HOHOC(EPHI U PACHpPOCTPAHECHUS JEKaMETPOBBIX PAJHOBOIH B CEBEPO-BOCTOYHOM permoHe Poccum mmst pas-
JIMYHBIX CC30HOB U I'COMAarHUTHBIX yCHOBHﬁ.

OU3NYECKUE MOJEJIN CBSI3U B CUCTEME JIMTOCOEPA-ATMOC®EPA-UOHOCDEPA
B.A. JInuneposckuii

Wucturyt ¢pusuku 3emnn uM. O.10. HImunra PAH, Mocksa
liper@ifz.ru

PHYSICAL MODELS OF LITOSPHERE-ATMOSPHERE-IONOSPHERE COUPLING
V.A. Liperovsky

B nexuuu OyneT naH KpUTHUIECKUI aHATIHU3 CYIIECTBYIOINX 3KCIIEPUMEHTAIBHBIX PE3yJIbTaTOB M TEOPETHIECKUX
NPE/ICTABICHUH 0 MEXaHN3Max JINTOC(EepHO-NOHOCHEPHOIT CBSI3H, 00YCIIOBICHHON CEHCMUYECKOH aKTUBHOCTBIO Ha
3aKITIOYMTENIFHOM CTaluK MOATOTOBKY 3€MJIETPSICEHHS, 332 HECKOJIBKO JTHEH Nepe]] CHIIbHBIMH 3eMIIeTpsiCeHUusIMH. [lo
CETONHSAIIHETO JHS HE CYIIECTBYET OOLIETIPHHATON TOUKH 3pEHHUs, TO3BOJIIOIEH HHTEPIPETUPOBATH HAOIIOACHHS
BO3MYIIECHUH B HOHOC(Epe ceCMUYECKH aKTUBHBIX PETHOHOB, XOTSI HET HEJJOCTaTKa B THIIOTE3aX.

1. I'unoTes3a «aKyCTHKO-TPaBUTAIMOHHBIX BOJIH», BO30YXK/IaeMBIX BOIU3U MOBEPXHOCTH 3eMin Onaromaps psamy
MPOIIECCOB, CBA3AHHBIX C MOATOTOBKOM 3eMIIETPSICEHHUH, — «aKyCTUKO-TPAaBUTAIIMOHHAN), B COOTBETCTBHH C KOTOPOH
TeHepHpyeMbIe B 00JIaCTH IMOATOTOBKU 3eMIICTPSACEHHH aTMOC(hEpHBIE aKyCTUKO-TPABUTAIIMOHHBIE BOJHBI Paclpo-
CTpaHIOTCA Yepe3 artMochepy U, TOXOIS 10 HOHOC(EPHBIX BBICOT, MPUBOIAT K BOSMYIIEHHIO HOHOC(EPHI, 61aro-
Jlapsi CTOJIKHOBEHHSIM MOHOB ¢ HelfrpargaMu. CaMu BOJTHBI MOTYT OBITh CBSI3aHBI C «IIOPIIHEBBIM» JABHXEHUEM 3€M-
HOHM KOpBI, IMEIOIIEH OJIOKOBYIO CTPYKTYpY, C HECTAOMIILHBIMH TEIUIOBBIMU aHOMAIIMSIMH, BBI3BAHHBIMH BBIXOI0M
MapHUKOBBIX Ta30B B aTMOC(EPY B Pa3IOMHBIX 30HaX 36MHON KOPBI.

2. I'nnore3a «MouduKaMy TPOBOANMOCTH B IIPU3EMHOM CJIo€ aTMoc(epbl IpH MHXEKIUH pajgonay. [Ipu BbI-
JIeTICHUH paJIoHa IIPOUCXOJUT JONOIHUTENbHAsE HOHU3AIMS U MOJU(UKAINS KBa3UCTAL[MIOHAPHOTO JIEKTPUUECKOTO
TOJIST MeXTy 3emiieil 1 noHochepoit Ha JOCTATOYHO OONBIINX TOPU3OHTAIBHBIX MACIITabax M, CIEA0BATEIHHO, POCT
BEPTUKAIBHOTO TOKa MEKAY 3eMHOH MOBEPXHOCTHIO M MOHOC(epoii. [IOBBIIEHHBIN 3JIEKTPUYecKUi TOK MO u-
LUPYET HOHOC(EPHOE NMEKTPUIECKOE MOIe, KOTOPOE, B CBOKO OYepeab, MOAU(UIMPYET HKOYNIEB HarpeB B cioe E.
CoOTBETCTBEHHO, CIEACTBHEM OyaeT BEpTHKAIbHOE ABIKCHHE IUTa3Mbl U BO3HHKHOBEHHE MOHOC(EPHBIX HEOIHO-
POIHOCTEH C XapaKTepHBIM BPEMEHEM CYIIECTBOBaHMS HECKOJIBKO YaCOB.

3. «AKYCTHKO-3JIEKTpUUECKas», WIK rurnore3a Bo30yxaeHus «Es—reneparopa» u MUHH-TOKOBBIX CHCTEM B HOY-
HoM E-oGmactu monocdepsl. CornacHo 3Tod rumorese, oObscHsOMEH HoHOChepHbIe 3((GEKTH HA JTOCTATOYHO
OJIM3KMX PacCTOSHHUAX B HECKOJIBKO COTEH KMIOMETPOB OT OyAYLIMX SIHIEHTPOB, IIPEAINOJarajoch HAJINYNE aKy-
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CTHYECKUX UMITYJIbCOB B 00JACTH MOJTOTOBKH 3E€MJIETPICCHHUH, ITOAHUMAIOIINXCS 10 HOHOC(HEPHBIX BBICOT U T'EHE-
PHUPYIOIINX 3JIEKTPUIECKUE MO B CIIOPAJUIECKHUX CIIOSIX.

4. «Pe3oHaHCHAs» THUIOTE3a IMpEAIoJaracT HAJMYHE PE30HAHCHBIX KOJIeOaHWH B cHCTeMe 3eMisi—HOoHOcdepa,
IPY KOTOPBIX 3Ta CHCTEMa, BUIUMO, BO30YKAaeTCsl, IPOUCXOJUT PacKadka 3JIEKTPOMArHUTHBIX KoJicOaHNH, HarpeB
U JanpHeHmme ero cieactsusd B E-o0macTn.

5. «OnekTporpaBUTAMOHHAs THIIOTE3a», COTIACHO KOTOPOH B 00JIACTH MOATOTOBKH NMPH HAIWYHAHU a3PO30JIEH U
JIOTIOJTHUTENbHON MOHU3ALWK NPU BBIJCJICHUH PaJIOHA BO3HHUKAIOT AJIEKTPOrpaBUTalnoHHbIe DpeHkeneBckue rene-
paTopsl 1 MHHU-TOKOBBIE CUCTEMBI C BPEMEHAMH JKM3HHU TOPsAKAa HECKOJIBKUX MHUHYT. HecrannonapHoe paszene-
HHE 3aps70B B OTIENBHBIX 00JlaKkax a’spo30Jed MPUBOIUT K BCIUIECKaM MH(PAKPACHOTO M3IYYEHHS U K Iepenade
BO3MYILIEHHUI SJIEKTPUUECKOTO MTOJIsl BBEPX, B HOHOChEPY.

6) «DneKkTpOMarHUTHas» THIOTE3a, COMNIACHO KOTOPOH JTUTOChHEpHbIC BOMYIICHHUS 3IEKTPOMATHUTHBIX MOJCH
HETOCPEICTBEHHO MepelatoTes uepe3 arMocdepy B HoHochepy.

MOXHO IpeAronarats, YT0 pealbHO B IPHPOAE PaOOTAET COBOKYITHOCTh Psi/ia MEXaHIU3MOB, O HEKOTOPBIX U3 KO-
TOPBIX 3€Ch CKa3aHO. MOTyT OBbITh M APYTHE MEXaHU3MBI, IX OTHOCHUTEIBHBIC POJIM MaJIO H3YyUCHBI.

The critical analysis of modern experimental results and theoretical models of litosphere-atmosphere-ionosphere
coupling, caused by seismic activity during the last stage of earthquake preparation process, a few days before the
strong earthquakes will be presented. The universally point of view to interpret observations of ionospheric disturb-
ances above seismic regions does not exist up-to-date, in spite of the existence of the host of hypothesis..

1. «The acoustic-gravity waves» hypothesis. These waves are generated close to the Earth surface due to a num-
ber of litosphere processes, caused by earthquake preparation. According to this hypothesis atmospheric acoustic-
gravity waves propagate from region of earthquake preparation through atmosphere up to the ionospheric height and
due to ion-neutral collisions produce ionospheric disturbances. The waves may be produced by the «piston» move-
ment of the Earth crust, which has block structure and also with unstable thermal anomalies, caused by pollution of
thermal gases in the atmosphere in fault zones of the Earth’s crust.

2. The hypothesis of «modification of conductivity in the near-ground atmosphere under the radon injection». By
radon injection additional ionization takes place, quasy-stationary electric field between the Earth’s surface and the
ionosphere is modified on the great areas, and vertical current between Earth’s surface and ionosphere increased.
Electric field in the ionosphere is modified, and in its turn the Joule heating is modified too. Also as a consequence
the vertical plasma shifts and ionospheric inhomogeneous regions arise. The character time of their existence is
about a few hours.

3. «Acoustic-electrical» or the hypothesis of «Es-generator and mini-current systems » in the night E-region of
ionosphere. This hypothesis allows to interpret ionospheric effects close to the epicenters of the future earthquakes —
up to a few hundred km. According to the hypothesis acoustic impulses from the region of earthquake preparation
propagate up to the ionospheric height and generate electrical fields in sporadic layers.

4. «The resonance» hypothesis supplies the existence of resonance oscillations in the local system: the Earth-
surface-ionosphere. Before earthquakes due to electromagnetic oscillations generated in this system the E-region
heating takes place and a few further effects arise.

5. «Electric-gravity» hypothesis. Due to this one electric-gravity Frenkel generators and mini-current systems
arise above the region of earthquake preparation under the presence of aerosols in the atmosphere and additional
ionization caused by radon injection. The character time of these systems is about a few minutes. Non-stationary
charge separation in clouds leads to splashes of infra-red radiation and to propagation of electrical disturbances up to
the ionosphere.

6. «Electromagnetic» hypothesis. Due to this hypothesis electromagnetic fields disturbances generated in the li-
tosphere directly penetrate through the atmosphere in the ionosphere and cause ionospheric disturbances.

One could suppose that really before the earthquakes a combination of a few mentioned mechanisms takes place.
Some other mechanisms could be also, theirs relative input is little studied up to now.

®U3NYECKAS APAJIMTMA CAMOOPI AHU30BAHHOM KPUTUYHOCTHU U
EE IPUMEHEHME JIUIA N3YYEHUA SPYIITUBHBIX IPOIECCOB HA COJIHIIE
ALP. OCOKHH, MLA. JIuBHuig
oK ocyzaapcTBeHHbIi actpoHoMudeckuit mHCTHTYT UM.ILK. IlITepubepra, arno@sai.msu.ru;
N3MUPAH, maliv@mail.ru
PHYSICAL PARADIGM OF SELF-ORGANIZED CRITICALITY AND ITS APPLICATION FOR
STUDY OF SOLAR ERUPTION PROCESSES
A.R. Osokin, M.A. Livshits

CoBpeMeHHOE Pa3BUTHE HEIIMHEHHON TMHAMHKH CBA3aHO ¢ (JOpMHpPOBAaHMEM HOBOM MapajnurMbl, KOTOPYIO MOKHO
OIIpEeNIeNTUTh KaK MapagurMy cIOKHOCTH. B cdepy ee mHTEpecoB momnagaroT HEOOpPaTUMO Pa3BHBAIOLIMECS CIIOXKHBIC
CHCTEMBI (3KOHOMHKA, SKOJIOTHs, CUCTEMBI BOOPY)KEHHUH, OOIIECTBO), MPOIIECCH B EIIOCTHBIX MHOTOKOMITOHEHTHBIX
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cucteMax (conHeuHas arMoc(epa, 3eMHast Kopa, TexHocdepa). B mocneHux cirydasx Ba)KHO MCIOJIB30BaHHE HOBOM
MApagUTMBbI ISl NCCIIEA0BAHMS KATACTPODUIHBIX COOBITHH.

CoOpITHE BOCIPHHUMAETCS HaMHU KaK KaTacTpO(QHYECKOE UM OMAcHOE, TONBKO €CIM OHO JMOO OKasbIBaeTCs
HEOKHJAHHBIM (T.€. €r0 HE YAAeTCsl MPEACKa3aTh), TMO0 SKCTPAOPIUHAPHBIM (T.€. BBIACIACTCS U3 Psia POJACTBEHHBIX
eMy CcoOBITHIT), OO U TO M Apyroe cpazy. B obomx cirygasx MOXKHO 3aKJIIOYHTh, 9TO CHCTEMA, MOPOXKIAIONIAst 3TO
COOBITHE, SIBIACTCS CI0XKHOM, TTOCKOJBKY OT NMPOCTBIX CHCTEM €CTECTBEHHO OBIIO OBl 0XKMAATH MPO3PAYHOCTH H MPEA-
CKa3yeMOCTH, C OJHOH CTOPOHBI, M EANHOOOPA3HOTO MOBEACHHS — C IPYTOH.

Ha mMaTemaTH4yeckoM ypoBHE CIIOXKHOCTh HEPA3phIBHO CBSA3aHA C HEJIMHEHHOCTHIO OMUCAHMS.

Ha ¢usnueckom ypoBHe ommcaHue, Kak MPaBUIIO, BOZMOXKHO JIMIIb B CTATHCTUYECKUX TEPMUHAX, KaK TO: IUIOT-
HOCTb BEpOATHOCTHU, KOPPETALYS, JIAIYHOBCKUE MIOKA3aTeIH, MaTEMaTHIEeCKOE OXKUIAHUE, IUCTIEPCHUS U T.11.

Ha ¢uocodckom ypoBHe Hanbosee CyIIECTBEHHBIM SBISETCS OCO3HAHHE TOTO OOCTOSTENHCTBA, YTO YeM OoJiee
M30IIpEeH U crelnuduueH MeXaHu3M HEKOTOPOIO SIBICHUS, TEM PEXe OHO JIOJDKHO PEaM30BBIBATHCA. A TOCKOJBKY
MPAKTUYECKN BCE CKOJNBKO-HNOYb Ba)KHOE MJIM MHTEPECHOE B IMPHPOJE TaK MM MHAYE CBSI3aHO CO CIOXKHOCTBIO, TO
JeXKaIUe B €€ OCHOBE MEXaHU3MBI JOJKHBI OBITh IIPOCTHI X YHUBEPCAJIBHBIL.

Kax ke CoeqMHHUTB CIIOKHOCTD C «IIPOCTOTON M YHUBEPCAILHOCTRION? Hamo cocpenoTounThcs Ha yHHBEPCATBHBIX
HETIMHEHHBIX MEXaHM3MaX, MPUBOISIINX K CII0)KHOMY MOBEIICHUIO, TPEOYIOIEMY CTATHCTHIECKOTO OITHCAHUSL.

OTaM4nTENbHOM 9ePTOIl MHOTHX CIIOJKHBIX CHCTEM SIBIISFOTCSI CTEIICHHBIC 3aKOHBI PacHpeeNeHIs BEPOSTHOCTEH
(C3PB). T.e. cTaTuCTHYECKHE XapaKTEPUCTHKH MPOUCXOAAMINX B HUX COOBITHIH OOBIKHOBEHHO MMEIOT IIOTHOCTB Be-
POSTHOCTH BUAA

p(x)~ x~),
IJie OKa3aTelb O OOBIYHO JICKUT B JHAIA30HE OT HYINS 10 eOUHHIBL. [Ipy cTaTHCTHYECKOM OMMCAHUM KaTacTpod n
CTUXUHHBIX OCACTBUI 3TO paclpe/iesicHUe SBISICTCS MPAaBUIIOM, IPAKTUUECKU HE 3HAIOLIMM HCKIIoUYeHHi. B kauecTBe
KJIACCHYECKOT0 NMpHUMepa MOXKHO NMPHUBECTH 3akoH Puxrtepa—I yreHOepra: 3aBUCUMOCTD KOJIMYIECTBA 3eMIIETPSACEHUH OT
WX SHEPTUH OTPENesieTcs 3ToH GopMyInoit ¢ o = 2/3 s 3eMIeTpsICEHU ¢ MarHUTY Mo MeHee 7.5 u ¢ o= | mig 6o-
Jiee CHJIbHBIX.
JIis IpoCTHIX cUCcTeM Hanboee TUITMYHBI SKCTIOHEHITHAIBHOE

p(x) ~e™
1 HOpMaJbHOE (TayCcCOBO)
(x=m)?
p(X) ~e 20?2

pacnpezneneHus. IlepBoe ONMCHIBACT MOBEICHHUE «3IEMEHTAPHBIX» OOBEKTOB: TaK PacIpEACNICHbI, HalpHUMep, Tele-
(hOoHHBIE Pa3TOBOPHI MO MPOJOIDKATEIEHOCTH WIIM MOJIEKYJIBI ra3a 1o 3Hepru. HopmambHOMY pacnpeieNieHHio oa-
YMHSIOTCS. BEJIMYMHBI, MOJYYAIOMINECs] IPH CIOKEHUH OOJBIIOr0 YMCila HE3aBUCHMBIX CITyYalfHBIX CIIaraeMbIX, I10-
9TOMY JJI CJIOXKHBIX CHCTEM (eCiI OHMMATh MX KaK COCTOSIIHE M3 OOJBIIOrO YHCiIa 3IEMEHTOB) MOXHO OBIIO ObI
OXXHaTh NMEHHO IayccoBOM craTUCTHKU. OHAKO, KaK MOKa3bIBAIOT IPHUBEJICHHBIC BBIIIE IPIMEPHI, 3TO 3a4acTYIO HE
Tak. PasHuIa Mex Iy HOpMalIbHBIM M CTETICHHBIM paclpe/elIeHUIMI HOCUT He (opMabHbIiA, a IPUHIMIAAIBHBIN Xa-
paxtep. Ecnu ctaTuCTHKa CHCTEMBI ONTUCHIBAETCS HOPMAJIBHBIM paclpeielieHueM, To cBeime 99.7 % coObITHI OTKIIO-
HsIeTCsl OT CPeIHEro 3Ha4eHus M He Gonee 4eM Ha 3G (T.H. IPaBHUJIO TPEX CUTM), a, CKaXKeM, 3a 5G BHIOMBACTCS U BOBCE
MEHee OJTHOTO COOBITHS Ha MIIIHOH. [Ipu 3TOM MOSIBIsIETCS: BO3MOXHOCTD «3aKOHHOY» NpeHeOpedb 04eHb KPYITHBIMU
COOBITHSIMH, CUUTAsI UX MPAKTHYECKH HEBEPOSITHBIMH, T.€. MOXKHO OTPE3aTh XBOCT PACIPEEIeHHs. DTOr0 IPUHIMITH-
AJILHO HEJb3sl CJIeNaTh /ISl CTETIEHHOT'O Psiia, — HET CPEeIHEro MaciiTada, K KOTOPOMY TATOTEIOT TapaMeTpbl COOBITHIA.

Cpasy MOYKHO CKa3aTh O IIMPOKO M3BECTHOM PACIpPEACIICHHU apaMeTPOB COJHEUHBIX BCIIBILIEK 110 CTEIIEHHOMY 3a-
KOHy. DTO M paclpeeNneHne yHepruy, rae o = 1.45 £+ 0.15, xotopoe B HacTosimiee BpeMs MPOBEPEHO HA MPOTHKEHUH
BOCBMH TOPSIIKOB BenmukHbl E. Boniee Toro, creneHHON BUI UMEIOT TakyKe pacrpe/IeNeHus! BCIBIIIEK 10 aMILIUTY/IE
(muky MomrHOCcTH) P M amurensHOCTSIM T C MOKa3aTeNsIMM, COCTaBIIIOIIMME COOTBETCTBEHHO op = 1.75 = 0.15 n
or = 1.6 £ 0.6. (3HaunTeNbHAS HEOIPEIENIEHHOCTh B 3HAUCHUSIX MOKa3aTeleil OOBACHAETCS HE TOJIBKO HEJOCTATKOM
CTATHUCTHKH, HO M CJIO)KHOCTBIO CBEJICHUSI B €IMHYIO CHCTEMY JTaHHBIX, OJIyY€HHBIX B Pa3HBIX JIMAIa30HaX 4acToT).

Ecnu crenenHoe pacnpeiesieHie UMEET NPUHIMIHAILHOE 3HAUCHUE JUTsl TOHUMAaHUsI TIOBEACHHS CIIOXKHOW CHCTe-
MBI, B HallleM CJIydae COJIHEYHOH aTMOC(epbl, €CTh JIN COOTBETCTBYIOIINE ITOH 3aJade IPEACTaBICHHs] HEIMHEHHON
JMHAMUKH JUI1 HOBOTO OTIMCAHMA?

MoskHo ucnosp3oBath «Teopuro camoopranuzoBanHoil kputianoctn» (Self-Organized Criticality (SOC)), cdop-
MynupoBaHHY0 B 1987 r. bakom u Tanrom [1].

MO>KHO TIOSICHHTh CMBICIT CAMOOPTaHH3aIMK CUCTEMbI B KDUTUYHOE COCTOSIHHE, CPAaBHUB Pa3BHUTHE JIABUHBI ¢ (Op-
MHPOBAaHHEM YEIMHEHHOTO HMITyJIbCa-COJIMTOHA. Pa3BuTHE HENMHEHHOro Ipolecca TUMA COJIMTOHA IPOHUCXOINT
TOJBKO B CJIydae TOHKOW MOJACTPOMKM SHEPIHH, BBI3BIBAIOIICH JIBIKEHHE, W COOTBETCTBYIOIIEH €€ JMCCHUIAINU.
(HauanbHble ¥ IpaHUYHbIC YCJIOBUSI HE JIOJDKHBI MPENSTCTBOBATH PA3BUTHIO HENMHEHHBIX MPOLECCOB 3TOTO JIBHXKE-
HUs.) B mpupoze BbINOMHEHHWE TakWX YCIOBHI XOTS M BO3MOXKHO, HO SIBIISIETCS JIOCTATOYHO pEIKMM (K CYACTHIO,
BCIIOMHHM XOTsI OBI O I[yHAMH, T.€. BOJIHE-COJHUTOHE, B IHmiicKoM okeane 26 aexadpst 2004 t.).

[pu camoopraHu3alny *e CUCTEMbI B KPUTHUECKOE COCTOsTHUE (DYHKIIMSI, OITUCHIBAIOLIAs TUCCHIIAIINIO, U3MEHSET-
Csl TAKUM 00pa3oM, KOTOPBIK 00ecreyrBaeT JOCTAaTOYHO JJIMTEIbHOE CYILECTBOBAHUE €€ B KPUTHUECKOM COCTOSTHHUH,
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T.e. CUCTeMa cama, 0e3 BHEITHUX MOJICTPOCK MEPEXOIUT (CBATMBACTCS) B KPUTHIECKOE COCTOSTHHE U3 JII000TO APYroro
nonoxxeHus. OueBUIHO, YTO CYLIECTBYET HEKOTOPBII yNpaBIsSIOIUil mapaMeTp, KPUTHUECKOE 3HAUE€HHE KOTOPOro U
COOTBETCTBYET caMOopraHm3anin. Harmprumep, ropka mmecka MpH HACHIIAaHUK MECYMHOK CBEPXY 0 HEKOTOPOTO yriia
HaKJIOHAa 00pa3yroIeil KOHyca pe3ko He pa3pyIIaeTcs, a IPH MPEBBIIICHIH 3TOTO 3HAYCHUS yTiIa 00pa30BaHME JIABHHEI
MECYMHOK SIBJISIETCS HeM30C:KHBIM. KakIplii MOXKET HaONI0JaTh 3TOT MPOIECC BO3HHUKHOBCHUS IECUYAHBIX JIABHH U
MOACTPOWKH HAaKJIOHA TOPKHU B MIECOYHBIX Yacax.

W BOT 4TO HEOOXOANMO OTMETHTH. B OmmChIBaeMOM cilydae HAaKJIOH TOPKH 3aBHCHT TOJIBKO OT B3aUMOJCHCTBHUIL
MEXIY OTACTbHBIMH MECUNHKAMA — MaJICHPKUMH 3JIEMEHTAMHU CHCTEMEI TI0 CPaBHEHHUIO C CAMHUMH JIaBUHAMHA. B 3ToM
Cllydae MBI TIPHHIIUIHAIEHO HE MOKEM BBIJCIUTH MapaMeTp 3TOTo IpoIiecca, «OTBETCTBEHHBIN 32 00BEM CXOMAIINX
maBuH. Tornma u pactupenencHre oobeMa JJaBUH JOJDKHO OBITh CTETIEHHBIM, YTO M IIPOMCXOAUT HA caMoM jene. Kerarw,
TEOPHIO0 CAaMOOPTAHN30BAaHHON KPUTUYHOCTH €IIe WHOTJa HA3BIBAIOT TEOPHEW TOPKU MECKa, ITOCKONBKY HMEHHO 3TY
MO/IeTIb UCTIOJIB30BAIN POJJOHAYATBHUKY TEOPHH.

[epexons k mpoOiieMaM COJIHEYHBIX BCIIBIIIEK, MBI TaK)Ke, 3Hasl O pacHpe/iesieHHH UX MapaMeTpoB IO CTEHeH-
HOMY 3aKOHY, IPUHIIAITUAIBEHO HE MOXKEM BBIJCIUTH MACIITA0, KOTOPBIA MOXKHO CUMTATh OCHOBHBIM IJIsl OTUCAHHUS
MI'JI-B3aumMoieliCTBYS B CO3/JAHUM COOTBETCTBYIOIIEH MOAEIIH.

CrouT CKa3aTh, YTO MOIBITKA OOBSICHHUTH CTEIICHHOE pacIipeieieHhe BCIBIIeKk B pamkax MIJ[-teopun Oblna
npeanpuaaTa Pozaepom u Basanoit [2] B 1978 1. OmHako, Kak ¥ CIEAOBAJIO0 OXXHUIATh, B Helf BO3HUKAET HEKOTOPHIH
MacmTad SHepIruH, MEHbIIE KOTOPOTO CTETICHHOE paclipe/ieieHie Hapymanock. HabmonaTenpHbIe JKe JaHHbIC TOKa-
3BIBAIOT, YTO CTENCHHOH 3aKOH PAaCIpPOCTPaHACTCS BIUIOTh IO YPOBHS YHEPTHI PEHTT€HOBCKUX MHKPOBCIIBIIICK.

B 1991 r. momoxeHus TEOPHH CaMOOPTaHU30BAHHON KPUTHYHOCTH BIIEPBBIC OBLTH WCITOB30BAHBI IJI1 MOACIHPO-
BaHMS CONTHEYHBIX BCHBIIEK. B cBoeit padote Jlto n ['amunbToH [3] MpeAmonoXuim, YTO caMa COJHEYHas KOpOoHa
HAaXOJUTCS B CAMOOPTaHU30BAHHO-KPUTHUIHOM COCTOSHUU. PONb NECYMHOK BBHIMOTHSIN CHIBHO 3aKpyUeHHbIE MarHUT-
Hble noist. IIpuBomoM Mopenu (MECYMHKH, MaJaroliie CBepXy) CIYy>KWIM BCIUIBIBAIOLIME MAarHUTHbIE NMOTOKH. IIpu
HaKOIUIEHUU JJOCTATOYHO OOJBILION MX IUIOTHOCTH HMPOUCXOIUI MPOLIECC MAarHUTHOTO NEPECOCANHEHHMS, JTaBUHON 3a-
TparuBaroluii OosblIMe 00beMbl KOPOHBI C MarHUTHBIM 1ojieM. Ilojo0OHas JaBHHA TNEpECOSAMHEHMI CUUTallach
BCTIBIIIKOM, SHEPTHUs, BBIACIAIOMAsICS MPH JUCCUIIAIMM MarHUTHOT'O TOJIs, — SHepruei Bemblmky. JIto u ['aMumisToH
MOJTYYMIJIA XOPOIliee COBMAJICHUE paclpeesICHNsI YHEPTUHN CMOJICTUPOBAHHBIX JIABUH-BCIIBIIIEK C HAOIIOAaEeMBIM CTe-
TICHHBIM pacIipeAelIeHUeM SHepTHH BeIbIek Ha CoJHIe.

Orta paboTa cama BbI3Baia 1enyto JaBuay SOC-monerneii —3a 10 et okono 30 crareil B M3BECTHBIX JKypHAJIax.

Hamo otmeTnTh OMH BaKHBIM HeIOCTAaTOK Mojeieit Jlro, [aMmIbTOHa M MX TOCNeIoBaTeNie — OTOPBaHHOCTH a0-
CTPaKTHBIX TIPENICTABICHUA O COJHEYHON KOPOHE B COCTOSHHH CaMOOPTaHW30BAaHHON KPUTHIHOCTH OT XOPOIIO W3-
BECTHBIX pEaJIbHBIX HAOMIOATEFHBIX JAHHBIX O MOSBICHUH aKTHBHBIX 00JacTel, BCILIHIBAHUN MAaTrHUTHBIX MTOTOKOB,
Pa3sBUTUM COIYTCTBYIOUIHX BCIBIIIKE MPOIECCOB U T.JI.

DTOT HEJOCTATOK MBI MOMBITATHCH HUCIPABUTH, TPEMIokuB cBor0 SOC-Mozenb comHeuHsix Bembiiek [4]. Mer
MpeKJIe BCETO BUIETH 3a7ady B HAHOOJBIIEM NMPUOIIDKEHUN K pealbHbIM (PU3NYECKUM IIpolieccaM, HabIro1aeMbIM Ha
Comnaue. IIpu 3TOM MBI HCXOAMIH U3 6a30BOTO IJIsI CHHEPTETHKH MIPEANONI0KEHHUS, YTO CPEeIH MHOXKECTBA PAa3TMIHBIX
MPOLIECCOB JIOJI0XKEH OBITh OAWH TOMHHUPYIOIIUH, OTBETCTBEHHBIH 32 BBIJCJICHHE OCHOBHOM JIOJIN 3HEPTUH, MOJ] KOTO-
PBIH Tak WM MHAuE MOJICTPANBAIOTCS BCE OCTAIbHBIE.

DHeprus, MOCTYIMAalMmas B XpoMocdepy, 3aKIo9eHa BO BMOPOKCHHOM B IUIa3My MAarHUTHOM IIOJIE, HMEIOIIEM
KoH(puTypanmio Tpyook. AHanmm3 MaraurorpamMm CoJHIIA ¢ BEICOKHM pa3pelleHHeM MOKa3bIBaeT, YTO Ha ero IMOBEepX-
HOCTH TIOCTOSTHHO BO3HHKAIOT M MCYE3aIOT HEOOINBIINE TETEThKH, IepeIlUIeTCHHEe KOTOPBIX HarmoMuHaeT kKoBep. KoH-
(urypanms «koBpay» OBICTPO MEHSCTCS, IPUYEM JIOKATbHOE YBEIWYCHHE SIPKOCTH COBIAJAET C MCYC3HOBEHHEM IeTe-
JIeK, KOTOpoe 0003HaYaeT, 4YTO BCE OHH NEePECOCIMHIITUCE U Hcue3n. CaM 3TOT (akT B KOPHE MEHSIET CYIIECTBYIOIINE
B3MUIIBI HA MarHUTHYIO aKTUBHOCTH COJIHEYHOH aTMOc(ephl, Tak KaK HaJHIHe TAaKOTO MAarHUTHOTO KOBpA OLIYTHMO
MOBBIIIAET 00BEM IHEPTUH, AOCTYITHOM JJIsl TOJIOrPeBa KOPOHBI, MMOCKOJIBKY Ka3aBIIascs paHee MarHUTOHEUTpaIbHON
(dhoTocdepa okazbIBaeTCs COCTOSAIIEH U3 00JIaCTeN CMENIAaHHOM MOJIIPHOCTH.

Y4uTHIBast 3TO 0OCTOSTENBECTBO, MBI TIOJIOKHIIN B OCHOBY Hallled MOJIENH MPECTaBICHIE O MATHUTHBIX 3JIEMEHTaX,
SBJISIIOIIUXCS TOYKaMH BbIxo1a B (hoTocdepy MeakomMacmTabHbIX TPYyOOK BMOPOKEHHOTO B [Ia3My MarHUTHOTO T10JIA,
MapauIeNbHBIX APYT APYTY M HamlpaBleHHBIX 1o panuycy ComHna. [Ipu 3ToM MBI Ipenonaraem, 9To Mporeccsl, mpo-
UCXOJAUINE C MAarHUTHBIM IOJIEM B KOPOHE, SIBIISIIOTCS CIEICTBUEM MPOLIECCOB, MPOUCXOSAIIMX C MATHUTHBIMU dJIe-
MeHTamMH B (oTocdepe, T.e. YTO JOMHUHUPYIOIINH TIPOIIECC MPOUCXONUT TaM, T€ COCPEOTOYEHAa OCHOBHAs JIONIS Be-
HIECTBA ¥ YHEPTHH.

[Ipu MoxenupoBaHUU MBI paccMaTpuBad GoTocdepy Kak ABYMEPHYIO PEHICTKY ¢ MEPHOIUYSCKIMHU YCIOBHIMHU
Ha rpaHulax, B siueiikax KOTOPOH MOIYT pacloJiaraTthCsi MarHUTHBIE DJIEMEHTHI, BEJIMYMHA KOTOPBIX U3MEPSIETCS 1ie-
JIBIMU YKCJIaMU. 3HaK 3TUX YUCEJ ONpeeNsieT HalpaBiIeHre Mo, a BEIMUMHA — SHEPTHI0, 3aKIIIOUEHHYIO B 2JIEMEHTE.
Ion nmefictBueM TypOyJIEHTHOTO IBIDKEHMS IUIA3MBI AJIEMEHTHI MOTYT IMEPeMEeNIaThCs M0 MOBEPXHOCTH (OTOCHEpHI.
Ecnu mpy 3TOM MarHUTHBIN 3JIEMEHT IOMAACT B SYCHKY, T/Ie HAXOAUTCSA XOTS OBl OJIFH AJIEMEHT MPOTHBOIOIOKHOTO
3HaKa, TO MEXIy HUMH MPOUCXOIUT aHHUTHIISIINS (€CITH B sTUeiKe HaXOTUTCS HECKOJIBKO MPOTHUBOIOIOKHO 3apsDKeH-
HBIX JIEMEHTOB, TO BRIOMpAETCS HAyraa OJUH M3 HHUX), 3aKITIOYAONIAsICsS B YMEHBIICHUH HA IUHUIYY UX aOCOITFOTHBIX
BEJINYMH (ECIIH B pe3yNbTaTe 3JIEMEHT CTAHOBHUTCS HYJIEBBIM, TO OH HMICU€3aeT). BriaenuBIIascs npu 3ToM SHEPrus BBI-
3BIBAET BOJIHY BO3MYIIEHHS IIa3MBbI, PACIIPOCTPAHSIONIYIOCS B pa3HbIe CTOPOHEI, B pe3yJIbTaTe Yero KaXKAbIi U3 dJie-
MEHTOB, OKa3aBIINXCS B sSUCHKE, IJIe TIPOU30IIIA aHHUTHIISAIHS, IIEPEMEIIACTCs B SIYCHKY, CIy4aliHO BRIOPAHHYIO Cpe-
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JI BOCBMH COCEHUX. DTO MOXKET, B CBOIO OYEPEb, IPUBECTU K AaHHUTWIALUSIM TaM U T.A., T.€. K Pa3BUTUIO JaBUHbI
AHHUT WL,

OmncaHHast MOJETD ABISIETCSI CAMOOPTaHU30BAaHHO KPUTHIECKOH, T.€. HE3aBUCUMO OT Ha4aJIbHOTO COCTOSIHHUSI 9BO-
TFOLMOHNPYET K KPUTHYECKOH TOUKE, B KOTOPOH XapaKTepPHU3yeTcsl CTEIICHHBIMU 3aBUCHMOCTSIMH.

B nanpHeiimem OBUTO yYTEHO NBIDKEHHE 3JIEMEHTOB B HAIIPABICHHH HEHTpabHON JHHUH CpemHero (HhOHOBOTO
MAarHUTHOTO I0JI1 aKTUBHOW 00J1aCTH, KOTOPOE MOXKET MIPUBOAUTH K MIEPECOCAMHEHHUIO B 00JIACTH Kaclia, BBI3bIBAs TEM
CaMBIM BCIIBIIIKY W MOJJICP)KUBAs €€ CYIIECTBOBAHIE B TCUCHUE OMPEIEICHHOTO BpeMeHH. Kpome Toro, amst m3ydae-
MOI MOJIEJIM COJIHEUHBIX BCIIBIIIEK pa3dpaboTaHa KOMIIBIOTEPHAsh NPOrpamMma, BU3yaIU3UPYIOLas NPOLEecC Pa3sBUTHS
BCIIBIIIEYHOTO COOBITUS B peKUME MyJIbThUIbMA. TakuM 00pa3oM Mbl MOXKEM HaOJII0JaTh MOJEIb Pa3BUTHS BCIIBIII-
KU — JIaBUHBI 110 HEUTPAJIbHOM JIMHUM M U3yYaTh Pa3BUTHE HE aOCTPAKTHBIX COOBITHIA, a TIPOIIECCOB, COIIOCTABUMBIX C
HaOJIIoIaTeIbHBIMU JaHHBIMH.

B 3akiroueHne Hafo OTMETUTbH, YTO MCHONb30BaHUE «Teopun caMOOPraHU30BaHHON KPUTHYHOCTI JUIS MOJAENH-
POBaHUS COHEYHOH aKTHBHOCTH, KPOME OOBSICHEHHUSI CTEIICHHBIX 3aKOHOMEPHOCTEH, aeT apryMEHTHI B MOJIB3Y TOTO,
YTO CaMO BO3HHKHOBEHHE OOJIBIIION BCIIBIIIKK HE MOXKET PACCMaTpUBATBCS KaK CTPOTO IETEPMUHHPOBAHHBIN IIPOIIECC,
a TIpeICTaBIsIeT cO0OH SBIICHHUE, KOTOPOE MpU JaHHOM cocTossHnr MI'J[-Koduryparmy MOKeT WiIH MOSBUTHCS, HIIH HE
HOSIBUTHCS, T.€. CYIIECTBYET TOINBKO HEKOTOPAsi BEPOSTHOCTD €TO BO3SHUKHOBEHHS.

MoskHO momyctuts, uto B MI'/I-KoHHTYpanyy, HarmpuMep, MpH BCIUTBITHA HOBOTO MarHUTHOTO ITOTOKA, HAJI (oTo-
cepoii MOXKET HaKaIUTMBAThCS SHEPIUsl, M30BITOYHAS 1O OTHOIICHHIO K 3HEPTHH MOTEHIMAIBHOTO HOst. D(heKTs
OCBO60)KZleHI/IH 3TOM OHEPIruv MOT'yT NMPOUCXOAUTH WJIN JOCTATOYHO YaCTO MaJIbIMU NMOPUUAMU, UIIK PEIAKO, HO MPUBOAA K
MOIIHBIM TporieccaM. C 3TUM XapaKTepoM OCBOOOK/ICHUS DHEPTHHU M CBSI3aH B OCHOBHOM BEPOSITHOCTHBIN XapakTep I0-
SIBJICHHS BCTIBIIIKU. DTH COOOpaXKEHUsI HECKOJIBKO M3MEHSIFOT MO/IXO0 K IPOrHO3MPOBAHUIO COJTHEYHBIX TPOLIECCOB.
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The modern development of nonlinear dynamics is connected to formation new paradigm, which can be defined as
paradigm of complexity. In sphere of its interests there is irreversible developing complex systems (economy, ecology,
arms systems, society), processes of complete multicomponent systems (solar atmosphere, terrestrial xopa, techno-
sphere). In last cases to use new paradigms for research of catastrophic events is important.

The event is catastrophic or dangerous for us, only if it is appears unexpected (i.e. it is fails to predict), or extraordi-
nary (i.e. there is allocated from a number of related events), or both at once. In this cases it is possible to conclude: the
system that the inducing this event is complex, as from simple systems it would be to expect both a transparency and a
predictability, on the one hand, and uniform behavior — with another.

At a mathematical it is indissolubly connected to nonlinearity of the description.

At a physical, as a rule, it is possible only in the statistical terms: density of probability, correlation, Lyapunov pa-
rameters, mathematical expectation, dispersion etc.

At a philosophical it most essential is the comprehension of the circumstance that the more the mechanism of some
phenomenon is specific, the less often it should be realized. And as practically all little more important or interesting in
a nature is connected to complexity, the basis mechanisms should be simple and are universal.

How to connect complexity with "by simplicity and universality"? It is necessary to concentrate on universal non-
linear mechanisms resulting in complex behavior, that requiring statistical description.

Distinctive feature of many complex systems are the power law distributions of probabilities. |.e. statistical charac-

teristics of events is ordinary having density of probability of a kind
p(x) - Xf(lﬂx) .

The parameter o usually locate from zero to unit. For the statistical description of accidents and acts of nature this
distribution is a rule practically without of exceptions. As a classical example there is Richter- Gutenberg low: the de-
pendence of quantity of earthquakes on their energy is determined by this formula with o ~ 2/3 for earthquakes with
magnitude less than 7.5; and with o ~ 1 for stronger. Precisely as are distributed: hurricanes o~ 0.4+0.6, and also
floods and tornados a =~ 1.4; the area of wood fires a ~ 0.59; fluctuations of exchange indexes a = 1.40; weight of ava-
lanches.

Of simple systems are most typical exponential

and normal (Gauss)
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distributions. First describes behavior of "elementary" objects: so, for example, telephone conversations on duration or
molecule of gas on energy are distributed. The sizes which are turning out at addition of the large number independent
casual composed, therefore for complex systems submit to normal distribution (if to understand them as consisting
from the large number of elements) it would be possible to expect of Gauss statistics. However, as show above-
mentioned examples, it frequently not so. The difference between normal and power distributions has not formal, but
basic character. If the statistics of system is described by normal distribution, more than 99.7 % of events deviates av-
erage value m no more than on 3o (so-called “three sigma rule”), and for 5o less than one event on a million is out of at
all. Thus there is an opportunity "lawfully" to neglect very large events, considering them practically improbable, i.e. it
is possible to cut off a tail of distribution. It cannot be made for a sedate number, - there is no average scale, to which
the parameters of events gravitate.

At once it is possible to tell about well- known distribution of parameters of solar flares in the power law. They are:
distribution of energy — where o = 1.45+0.15, which now is checked up during eight degrees of E. Moreover, power is
kind the distributions of flares on amplitude (peak of capacity) P take place also, and duration T with parameters mak-
ing accordingly ap = 1.75+0.15 and or = 1.6+0.6 (significant uncertainty of parameters is explained not only lack of
statistics, but also complexity of the item of information in uniform system.)

If the power distribution has basic value for understanding of behavior of complex system, in our case of a solar
atmosphere, how it is possible to use new performances of nonlinear dynamics for the new description?

For this purpose it is possible to use the Theory of self-organized criticality — SOC, that is formulated in 1987 by
Bak and Tang [1].

It is possible to explain the idea of self-organizing of system in a critical state, having compared development of an
avalanche with formation of a lonely pulse-soliton. The development of nonlinear process such as soliton occurs only
in case of tuning of energy causing movement, and appropriate its dissipation. (the initial and boundary conditions
should not interfere with development of nonlinear processes of this movement.) In a nature the performance of such
conditions is possible, but is rare enough (fortunately, let's recollect even a tsunami, i.e. wave-soliton, at the Indian
ocean of December 26, 2004).

At self-organizing system in a critical state the function describing dissipation, changes thus, which provides long
enough existence it in a critical state. That is the system itself, without external fine tunings passes (is dumped) in a
critical state from any other situation. It is obvious, that there is some managing parameter, which critical value corre-
sponds to self-organizing. For example, a sand pile to sand from above up to some inclination of forming of an inclina-
tion sharply does not collapse, and at excess of this value of a inclination the formation of an avalanche sand granules is
inevitable. Everyone can observe this processes of occurrence of sandy avalanches and tuning of an inclination sand-
pile in a sand-glass.

Also that is necessary to note. In a described case the inclination of pile depends only on interactions between sepa-
rate granules, - small elements of system in comparison with avalanches. In this case we essentially cannot allocate
parameter of this process "responsible™ for volume of descending avalanches. Then also distribution of volume of ava-
lanches should be power, as occurs actually. By the way, the theory self-organized criticality still sometimes name as
the theory of sand pile, as this model was used by ancestors of the theory.

It is necessary to tell, that attempt to explain power distribution of flares in frameworks MGD- theory was is under-
taken by Rosner and Viana [2] in 1978. However, as well as it was necessary to expect, there is some scale of energy, it
is less which power distribution was broken. The observant data show, that the power law is distributed down to a en-
ergy of x-ray microflares.

In 1991 the idea to explain power distribution of the theory self-organized criticality were used for modeling solar
flares. In the work by Lu and Hamilton [3] have assumed, that solar corona is in self-organized critical state. The role
of sand granules was carried out by the strongly twirled magnetic fields. The drive of model (granules falling from
above) was served by magnetic flows. At accumulation their large density suffices there was a process magnetic recon-
nection; avalanche of them touching the large volumes of a corona to a magnetic field. The similar reconnection ava-
lanche was considered as flare, energy allocated at dissipation of a magnetic field - as energy of flare. Lu and Hamilton
have received good concurrence distribution of energy of the simulated avalanches of flares with observable power
distribution of energy of flares on the Sun.

This work itself has caused the whole avalanche SOC of models, — for 10 years about 30 clauses in known maga-
zines.

It is necessary to note one important lack of models of Lu, Hamilton and their followers are abstract performances
about a solar crown in a status self-organized criticality and well known real observant data on occurrence of active
areas, magnetic flows, development of processes, accompanying flare, etc.

This lack we have tried to correct, having offered SOC model of solar flares [4].

So we propose a different approach to the self-organized critical description of solar flares. Our model is based up-
on new observation data on the structure of the magnetic fields in the solar atmosphere. While observed at a high reso-
lution the solar surface resembles a car-pet consisted of microtubes of magnetic field. Local energy releases are related
with simplification of the carpet structure or with disappearance of microtubes.

We can characterize the microtubes only by theirs two-dimensional coordinates and theirs magnetic field by the
amount of accumulated energy.

Characterized in such way microtubes will be referred to as magnetic elements. The absolute value and the charge
of element describes accumulated energy and the direction of the field of the microtube respectively. In our model the
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release of energy corresponds to a partial annihilation of magnetic elements of opposite signs (oppositely directed mi-
crotubes).

Our model is a simple cellular automaton representing the active region by means of a two-dimensional rectangular
lattice with periodic boundary conditions. Each lattice cell can contain one or more magnetic elements or it can be
empty.

Any release of energy in a cell causes an outward disturbance wave. This wave carries out all elements from the cell
to its neighbors picked out at random among eight adjacent cells. These elements can also cause annihilations there
resulting in an avalanche of annihilations. Such avalanche is nothing else than flare. If the transfer of elements doesn't
give rise to new annihilations then the avalanche is over and repeats.

In this model we neglect any motion of plasma in an active region except from disturbance wave forced by the en-
ergy of annihilations. This assumption is reasonable since there is no significant convection in the chromosphere.

The model self-organizes into the critical state regardless initial conditions.

Further the movement of elements in a direction of a neutral line was taken into account that can result to reconnec-
tion in area "kasp", causing thus flare and supporting its existence during the certain time. Besides for investigated
model of solar flares the computer program for visualization process of development flares "in a mode animation” is
developed. Thus, we can observe model of development of flare — avalanche on a neutral line and to study develop-
ment not of abstract events, and processes comparable to the observant data.

In summary it is necessary to note, that use of the Theory of self-organized criticality for modeling solar activity
except for an explanation of power laws gives arguments that occurrence of the large flare can not be examined as the
strictly determined process, and represents the phenomenon, which at the given status MGD can either appear, or not
appear, i.e. there is only some probability of its occurrence. 1.e. there is only some probability of its occurrence.

The effects of dissipation of the energy can occur or enough frequently by small portions, or rare by powerful pro-
cesses. To this character of dissipation of energy also is connected, basically, probability character of occurrence of
flare. These reasons are changed by the approach to forecasting solar processes.

IMPOEKT UHTEPBOJI-OKCIHHEPUMEHT Y®CHUIIC - UBMEPEHUSA B 30HE
ABPOPAJIBHOI'O OBAJIA 1 PE3YJIBTATDI

'K. Naxazos, ‘A. Mamnes, 1A, boues, ICr. Cnacos, 1. CroeBa, 'B. Taiues, M. ITonos, 1. I'euos,
K. Kexos, °T. Mapaupocusiy, *A. Ky3mum, °B. IIpoxopenko, *H. Ecmonr, ‘K. Unkos, “A. Cannykos

entpanbras naGopatopus comHedHo-3eMHbIX cBsizeit, BAH, Codusi, Borrapus (kpalazov@stil-sz.org);
Huctutyt kocmuueckux uccnenosanuit BAH, Codwus, Boarapus;
3I/IHCTHTyT kocMmuueckux uccienosannii PAH, Mocksa, Poccus;
4I/IHCTI/ITyT TOYHOM MexaHuku u ontuku, Cankt-IlerepOypr, Poccus

OpmHOM W3 OCHOBHBIX MeJed M 3aJad MEXAyHapOJHOTO KOCMHYECKOro mpoekTa MHTepOon sBiseTcs
UCCIIEIOBAHUE COJHEYHO-3€MHBIX B3aUMOJCHUCTBHM B 30HE aBpPOPANbHOro oBana. ONTHYECKHHA SKCHEPUMEHT
YOCUIIC (ympTpaduoneroBas cHCTeMa JJIs HCCIIeIOBaHUS TTOJSIPHBIX CUSHUN) peanm3oBaH ¢ UV- criektpomeTpoM
YOCUIIC Ha ciyTHHKE «ABpOpaibHEIA 30HI»; B MpoekTe MHTEpOOIN MpemnonaraeTcss H3MEpeHHe IMUPOTHBIX MPO-
(uneil MHTEHCHBHOCTH 3MHUCCHH BEepXHEH MOJIIpHOWH aTMoc(epsl, MPOXOIAIINX Yepe3 OKPECTHOCTH IMOJHOKHOMN
TOUYKHU CUJIOBOI TMHUU MarHUTHOTO NOJsI, HA KOTOPOH B MOMEHT U3MEPEHUN HAXOIUTCS CITy THUK.

Cnexrpomerp Obl1 pa3paboraH M H3roToBieH coBMecTHO Crapa-3aropckuMm QuimnanoMm LleHTpansHOM
nabopaTtopun coiHeyHO-3eMHBIX cBsi3eil BAH, CankT-IleTepOyprckuM HHCTUTYTOM TOYHON MEXaHUKH U ONTHKH, U
WuctutyToM Kocmudeckux uccienoBannii PAH. OCHOBHBIM NPEeMMYIIECTBOM AMCTAHIIMOHHOTO METOJA SIBIISIETCS
BO3MOKHOCTh M3MEPEHHH pacipeneIeHnii MHTEHCUBHOCTH BBIOPAHHBIX AMHUCCHI OJJHOBPEMEHHO Ha OOJBIION MIIO0-
ain, onpeaensieMoi mojieM u300pakeHus U BbIcoTol cnyTHuka. B Y®-cnekrpomerpe YDOCUIIC yron nons 3pe-
HHs cocTaBisieT aomu rpaayca (0.3°), a peanbHas IMPHHA CIEKTPaNbHOI monock! 32 A. sMepenus pacrpeieneHuit
MHTEHCUBHOCTEH SMHCCHI B 00JACTH BaKyyMHOTO ynbTpaduosieTa UMEIT ocoboe MpeuMyliecTBo Oiaarogaps mo-
TJIOUIEHUIO yIbTPa(HONIETOBOTO H3IY4EHHs HOACTHIAIONINM CIOEM MOJEKYJISIPHOTO KHCIOpOJa B 001aCTH KOHTH-
nyyma Illymana-Pynre (1300-1600 A ¢ makcumymom B o6actu 14001425 A). B nepBblii ciekTpasbHbIi HHTEp-
BaJI IpUOOpa, IIEHTPUPOBAHHBINA Ha MMHY BojiHbI 1304 A, nonanaer usnydeHne caMoif HHTEHCHBHOM SMHCCHH aTO-
MapHOTO KHCJIOpOJa, TpejicTaBsomeii coboii Tpurier (1302-04-06 A). Bo BTOpoit criekTpabHblii HHTEpBA U3-
MEpeHUil CIIEKTPOMETpa MONaacT U3JIydeHHe CIIMHOBO-3aIPEIIEHHOro Jy0eTa aToMapHOro KHCIopo/a ¢ JUIMHOM
BOMHBI 1356-9 A, B036y»kmaeMoro B MONAPHBIX CHSAHHUAX. B TpeTheM criekTpanbHoMm uHTepBane 1493 A nsmepsercs
n3iydeHne aromapHoro azota. I[Ipudop YPCUIIC noctpoeH 1o KinaccH4eckor cxeme OecIeneBoro crekrporpada
C TUIOCKOW MU(PAKIIMOHHON perieTkod. M3mydenne oT HaOM0IaeMOi B KOHKPETHBIH MOMEHT BpPEMEHH O0JIaCTH
CBEUEHHS, pa3Mep KOTOpOoH ompeaensiercs yriioM mnois 3peHus 0.3° u BBICOTON CIyTHMKA, HAIIPABISAETCS IUIOCKUM
3epKaJioM B PUOOD.

JumaMerp MrHOBEHHOH 00JacTH CBEUEHHS, OXBATHIBAEMOM MPOCTPAHCTBEHHBIM YTJIOM IIOJIS 3PEHUS C BBICOTHI
amores CIIyTHHKa, cocTaBisieT nmpumepHo 100 kM. V3MepeHus mpy nepecedeHny moIeM 3peHHs 00JIaCTH CBEUSHHUS
(CkaH) OCYIIECTBIIAIOTCS 1O MEpPEe BpAIICHUS CIYTHHKA BOKPYT CIIMHOBOM OCH B IUIOCKOCTH, NPEHEHINKYISIPHOU
HanpaBneHuto Ha ConHie. [ HaBeneHHs Ha BBHIOpAaHHYIO OONACTh aBpOPAIBFHOTO OBajla B ONTHYECKOW CXeMe
Y®-criexkrpomerpa YOCUIIC 05110 1perycMOTPEHO, YTOOBI €ro BXOJHOE IUIOCKOE 3€pPKajl0 MMEJIO BO3MOXKHOCTH
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HepeMeIaThesl OT CPEIHEro MoJIoKeHus Ha yroa +£11° ¢ menkum marom (Bcero 102 mo3unuu, AuamnasoH yrios, 00-
Pa3oBaHHBIX C 0CBI0 X B IIIOCKOCTH COJHIIE—CITYTHUK—3€MJIS, COCTaBJIsIeT oT 38 10 82°).

PexuM m3MmepeHHil CHEKTpOMETpa CHHXPOHM3YETCs OT UMIIYNbCa, NMOCTYMAIOUIET0 OT KaHAJACKOTO MMMIDKEpa
UVAI B MOMEHT BpeMeHH, KOTa ero CIIeNHaIbHbIN JaTYHK IepecekaeT ropu3oHT 3emin. Ilocie momydeHus CuH-
XPOHMMITYITbCa B OTCYeTa BpeMeHH 3anepKku ciekrpoMerp Y OCUIIC nemaet 36 n3MepeHuit ¢ 3a1aHHBIM BpEeMEHEM
SKCIIO3WIINH, W 3aTeéM NOJy4eHHas HH(opMarus mepemaeTcs B cucTeMy cOopa HaywHoil mH(popmammu (CCHU)
CIyTHHKa. B apyrom pekume paboThl CHEKTPOMETPA MPOBOAMINCH KBa3WHETIPEPHIBHBIE M3MEPEHMSI 0€3 BHEUTHEH
CHHXpOHM3anuu. B 3ToM pexume mpubop menan 288 n3MepeHnit ¢ 3a1aHHBIM BPEeMEHEM SKCIIO3UITNH, TTI0Ka He T0-
CTynana KoMaH[a 00 N3MEHEHUH PeXHUMa.

Co Bropoii nekanmpl OkTsiOpst 1996 r. mpoBogunuck n3mepenus. IlpencraBiieHbl NpenBapUTENbHBIE PE3YJIbTAaThI
u3MepeHus npousieii MHTEHCUBHOCTH KUCIOPOAHBIX aMHccHii 1304 1 1356 A | mosydenHble BO BpeMsi OIHOTO U3 CKa-
HOB 19 okTs0ps 1996 r. Ha opOute 216 Bo BpeMst cyOOypH B BO3MYILIEHHBIX T€OMarHUTHBIX YCJIOBHSIX, KOr/ia HaOJona-
nvch nossipasle cusiaug Oamna 11111, ITokasana MarauTorpamMma, mosydeHHas ¢ HOMoIIbio MarHuTomerpa MMAII-3,
TaK)Ke yCTaHOBJIEHHOTO Ha 60pTYy «ABpopaibHoro 30H1a» BMecte ¢ Y OCUIIC.

Ha otnenbHoOi gurype mokaszaH BHI Ha CEBEPHYIO 3eMHYIO TOJIyC(epy C BBICOTHI CITyTHHKa B MOMEHT MMEPEHUH.
VCII0BHO MOKa3aHO PacIoNIOXEHHE aBPOPAILHOTO OBaja IPH IJIaHETapHOM MHIeKce K, = 5+ (1 TpexyacoBOro MH-
TepBaina ¢ 21 110 24 a4 19 oktst6pst 1996 ). [Nosne 3peHust CIeKTpOMETpa TIEPECEKII0 aBPOPATBHBIN OBAJ MO XOpJIE Yepe3
paHHUI YyTPEHHUH CEKTOP, 3aTEM BOJIb MOJSIPHOTO Kpasi TIOJYHOYHOTO aBPOPAILHOTO OBaJla, a 3aTEM Yepe3 BEeUepHHUH
cextop.IlonHOXXHAsT TOUKa MAarHUTHOW CHJIOBOI JIMHUM OKa3ajach B yTpeHHeH yactu oBana. Ee pacueTHble KoopAnHa-
TbI B MOMEHT BpeMmenu 22:49:03 UT mis BeicoTsl 150 kM ObUTH clieayromue: reorpaduueckas mupora 74.3°, reorpa-
(uueckas moarora 32.7°, reomarautHoe mecTHOe Bpems MLT = 3.04 4, BbicoTa TeHU Hghage = 647 kM. YTpeHHsIS
4acTh CIIEKTPOMETPHUIECKOTO CEYEHHs OBaja Mpoiia HaJ CKaHAMHABCKHAM IOJIyOCTpOBOM. PaccMoTpeHa MarHuTo-
rpamma, nonyuennas B Kupyne (Lat = 67.8°, Long = 20.4°), koTopast OKa3bIBaeT, YTO U3MEPEHHs POBOIUINCH B
KOHIIE MaKCUMaJbHOH (a3pl cyOOypyu 1 Hadane ¢as3pl BoccTaHOBIEHMS. [I0Ka3aHbI TakxKe IPOCKINS OPOUTHI CITyTHH-
Ka B KOOpAMHATAX WHBapruaHTHas mupoTa—MLT. Bpems, 61m3Kk0e K MOMEHTY CHEKTpO(OTOMETPHYECKUX N3MEPEHHH
(22:49:00 UT) noxka3ano >xupHoi Toukoi. B 22:49:03 cmyTHUK HaXOJWICS B TOUKE CO CICIYIOUIMMHU KOOPIUHATAMU:
uHBapuaHTHas mmpoTa 71.0° u MLT = 2.31 4. Beicota MakcuMyMa H3ITy49eHHS KUCTIOpOAHBIX Y D-smuccuii (1304 u
1356 A) cocrapmser 150 km.

PAJIMOACTPOHOMUYECKUE METO/Ibl UCCJETOBAHUSA COJTHEYHOM ATMOC®EPBI

J1.B. IIpocoBenxnii, C.B. JlecoBoit

NucTtutyT comueuno-3emuoi ¢pusuku CO PAH, proso@iszf.irk.ru

Hab6monerns ConHna B paJnoIuana3oHe JAIOT BaXKHBIC CBEACHUS O IIPOIECCaX, MPOHUCXOIAMNX Ha CaMOM
Omm3Kkoit kK HaM 3Be3ne. OcoOOEHHOCTH TeHEPalud M PaCcIIPOCTPAHCHUS PAIHOBOIH OT MHJUIMMETPOBOTO JI0 METPOBO-
TO JUANa30HOB JUTHH BOJH IO3BOJIIIOT MOTYYaTh HHPOPMAILIHIO O TPEXMEPHOI IMPOCTPaHCTBECHHONW CTPYKTYpE ILIa3-
MEHHBIX 00pa3oBaHuil B aTMocdepe CoiHIa, CymTuTh 00 UX M3MEHEHHSX B IMIMPOKAX BPEMEHHBIX MacmTabaxX M Ha
BBICOTaxX OT (hOTOC(EpHI IO KOPOHBL. B COBOKYITHOCTH ¢ HAONIONCHUSAMH ONTHYSCKOW YaCTH COMHEYHOTO CIIEKTPa,
PEHTIEHOBCKOT'0 M YJIbTpadHOIETOBOIO M3IIydeHus paauoHaboaeHus CoiHIa AT BO3MOKHOCTD MPEACKa3bIBATh
KOCMHMYECKYIO TIOTOAY, Pa3pelInTh CYIIECTBYONIE TPOOIEMBI COMHEYHO (hU3HUKH.

PAJJMON3JIYYEHHUE COJIHIA U OKOJIO3EMHBIA KOCMOC
I'.s1. CMoabKOB

WuctutyT conHeuno-3emHoi puzuku CO PAH, UpkyTck
smolkov@iszf.irk.ru

RADIOEMISSION OF THE SUN AND THE ENVIRONMENT
G.Ya. Smolkov

Pagnonsnydenne CoiHIIa HE MPUHOCUT 3aMETHOM SHEPTMH B MEXIUIAHETHYIO CPely M B OKPECTHOCTH 3E€MIIH.
[TosToMy npsiMOTO BO3AEHCTBHS Ha 3TH 00JACTH U reo(pU3NIECKy0 0OCTaHOBKY OHO He oka3biBaeT. Ho oHO conep-
KHUT OYCHb TOJIE3HYI0 MH(GOPMAIMIO O COOBITHUSX B CONHEYHOW aTMocdepe, OMPEeAeIIONuX XapakTep pa3BUTHSA
COJTHEYHO-3EMHBIX CBS3€H M yCIOBHH KOCMHUYECKOW MOTOABI. D((HEKTUBHOCTD MCTIOIB30BAHMS TaAKOH HH(OPMAITUH
3aBHCUT OT METO/IOB W TEXHHWKH PETHCTPAILlMN COTHEYHOTO paJMOM3IyUYeHHs, YPOBHs ero uHTepnperanuu. Uubpop-
MaIys B OCHOBHOM COTJIaCyeTCsI C JaHHBIMHM, TIOJIy9aeMbIMU Ha3eMHBIMH U OPOUTAIEHBIMU 00CEPBATOPHUSIMH B IPY-
TUX JHMana3oHax JJIMH BOJIH, MOXET CYLIECTBEHHO HMX IOMOJHATH, HO PaJHOM3IyYeHHE MOXKET OBITh M €IMHCTBEH-
HBIM MCTOYHHUKOM CBEJICHHH O mporieccax, npoucxoasamux Ha ConHue. B Hem ah(eKTHBHO NMpOSsBISIOTCS Mponec-
CBbl HaKOIUIEHUS M TpaHC(OpPMAIMM MAarHUTHOW SHEPruH, 3apoXKIeHHE U OCOOCHHOCTH Pa3BHTHs aKTUBHBIX 00Ja-
CTeH, BCIBIIMIEK M BHIOPOCOB KOPOHAIBHOW Macchl, (JOpMHPOBaHME M YCKOPEHHE IOTOKOB JHEPTHYHBIX YacTHUI,
yJlapHbIe BOJIHBI B COJTHEYHOU aTMoc(epe U reianocepe, KOpOHAIBHBIE JBIPHl U JIp. PaguonpusHaku mMoAroTOBKH
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BCIIBIIIEK U 0COOCHHOCTH MX PaJHOCIIEKTPOB IO3BOJIMIIM CYIIECTBEHHO Pa3BUTh Hay4HbIE OCHOBBI IIPOTHO3UPOBA-
HHS BCIIBIIEK U BEIOPOCOB KOPOHAJIBEHOM MAacChl, CTEIICHH M XapakTepa HX reod(GeKTHBHOCTH. MOHUTOPHHT COJTHEY-
HOW aKTHBHOCTHU B PaJMOM3IYYCHUH HE 3aBUCHUT OT IIOTOTHBIX ycioBuil. IIpu 3ToM HabmonaroTesi NposBICHHS BCEX
(hopM CONHEUHON aKTUBHOCTH B KOPOHE, NPHYEM, YTO OCOOCHHO BaKHO, Ha ()OHE CONHEYHOTrOo aucka. OIeHWBATH
HaNpsDKEHHOCTh MarHATHOTO TIOJISL B KOPOHE BO3MOYKHO JI0 CHX HOP TOJIBKO MO XapaKTEPUCTHKAM €€ PaJIHOU3ITyICHHS.
Pa6otsr Pagnoactpodusudaeckoit obcepatopru NC3® CO PAH B 3ToM HanpaBieHnu noaaepxanbl CHOMp-

ckuM otnenennem PAH n Muno6prayku PO: ®HTII «Actporomust», YHUKansHbE ycTaHoBKH — 01-27 (CCPT) u
BeAylue Hayunsie mkosl — HIIT-477.2003.2.

The radioemission of the Sun does not bring appreciable energy to interplanetary environment and in a vicinity of
the Earth. Therefore of direct influence on these areas and geophysical conditions it does not render. But it contains the
very useful information about events in a solar atmosphere determining character of development of solar-terrestrial
connections and conditions of space weather. The efficiency of use of such information depends of methods and engi-
neering of registration of solar radioemission, level of its interpretation and art of radiodiagnostics of potential geoeffi-
ciency of solar events. It basically will be coordinated with data, received ground and orbital observatories in other
ranges, can essentially them supplement, but can be the only source of information about processes occurring on the
Sun. In its the processes of accumulation and transformation of magnetic energy, origin and features of development of
active areas, flares and coronal mass ejections (CME), formation and acceleration of fluxes of energetic particles, shock
waves and coronal holes in a solar atmosphere and heliosphere are effectively shown . Radiosignatures of preparation
of flares and the peculiarities of their radiospectra have allowed essentially to develop scientific bases of forecasting of
flares and CME, degree and character of their geoefficiency. The monitoring of solar activity in radioradiation does not
depend on weather conditions. Thus the displays of all forms of solar activity in a corona are observed, and, that is es-
pecially important for localization began of events, on a background of a solar disk. To estimate of a magnetic field in
a corona it is possible till now only under the characteristics its of radioemission. The modernization of using solar ra-
diotelescopes and the creations of ones of new generation are arranged.

The works ISTP Radioastrophisical observatory in this direction are maintained by the RAS Siberian Branch
and Ministry of Education and Science of Russian Federation: FSTP "Astronomy", Unique installations - #01-27
(SSRT) and Leading scientific schools - NSh-477.2003.2.

JJABOPATOPHBIE DOKCIHIEPUMEHTBI 11O IMHAMMUKE TOKOBBIX CJIOEB 1 BCIIBIHIEYHBIE
IMPOLECCHI B IIJTABME

A.l'. ®pank, C.1O. boraanos, C.I'. Byrpos, H.I1. Kupuii, B.C. MapkoB

Wuctutyt obme#t ¢pusuxu um. A.M. Ilpoxoposa PAH, Mocksa, Poccust
annfrank@fpl.gpi.ru

LABORATORY EXPERIMENTS ON THE DYNAMICS OF CURRENT SHEETS, AND
FLARE-TYPE PHENOMENA IN PLASMAS

A.G. Frank, S.Yu. Bogdanov, S.G. Bugrov, N.P. Kyrie, V.S. Markov, A.M. Prokhorov

®opMHPOBaHUE TOKOBBHIX CIIOEB, PA3NEIHIIONINX MATHUTHBIC CHIIOBBIC JTMHUU PAa3IMYHBIX (MM MPOTHBOIOIOXK-
HBIX) HAIMlPaBIICHUN, — HEOOXOIUMOE YCIIOBHE JIJIsI OCYIIECTBICHHS POLIECCOB MATHUTHOTO TIEPECOSINHCHUS B BEI-
COKOTIPOBOJIAIIEH 3aMarHn4eHHOH azme. DopMHUPOBaHHE TOKOBOTO CIIOsI 00ECTIeYNBAET HAKOTIIEHUE M30BITOUHOM
MarHUTHOM 3HEPruH, KOTopasl 3aTeM MOXKET BBICBOOOXKIATHCS, IpeoOpasysich B APYrue BHIBI dHepruu. Mmerorcs
BECKHE OCHOBAHMS CUHMTATh, YTO MAarHUTHOE MEPECOCTUHEHNE JISKUT B OCHOBE CaMBIX Pa3IMYHBIX SBICHUI BCIIBI-
IIEYHOTO THIA, TAaKUX Kak BcbIKK Ha CoJlHIlE W 3Be3/ax, cy0O0ypu B MarHuTocdepax 3eMiu U IPYrUX IUIAHET,
HEYCTOWYHMBOCTH CPbIBa B TOKOMaKaX, ObICTpast epecTpoiika MarHUTHOM CTPYKTYphI B KOHGHUTYpalusix ¢ o0palieH-
HBIMH TIOJISIMH, B Z- 1 O-THHYAX ¥ T.II. B MarHUTHBIX KOHQUTYPAISIX TOCTATOYHO CIIOKHOH CTPYKTYPHI TOKOBEIC
CJIOM MOTYT BO3HHUKATh JIMIIH B HEKOTOPHIX BBIIEICHHBIX O0IACTSIX MPOCTPAHCTBA M HauboJiee M3BECTHRIA IpUMep —
OKpECTHOCTb HYJIEBOH JIMHUH X-THIIA IByMEpHOTo (2D) MarHUTHOTO 1oJisi. DBOIOLHS TOKOBBIX CJIOEB, C(HhOPMHPO-
BaHHBIX B MarHUTHBIX 2D-TOJSIX C HYJIEBBIMU JIMHUSMU, aKTUBHO HCCIIEJIOBAJIaCh KaK TEOPETHUYECKH, TaK U IKCIIe-
PUMEHTaIBHO. Y CTaHOBJICHO, YTO TOKOBBIE CIIOH, B OKPECTHOCTH KOTOPBIX COCPEI0TOYEHA N30BITOYHAS MarHUTHAs
SHEPTHsl, MOI'YT HaXOJIUTHCS B METAaCTAOMIIFHOM COCTOSIHUM B TE€YEHHE BEChbMa IPOJOIDKHMTENIBHBIX WHTEPBAJIOB
BpEeMEHH. 3aTeM MEeTacTaOMIIbHAs CTaJMs HBOIIOLMH MOXKET BHE3AITHO NPEPHIBATHCS Pa3pbIBOM CJIOS, BO BpEMs KO-
TOPOTO HAOJIOIAOTCSI OCHOBHBIE MPOLIECCHI, XapaKTepHbIE IS SIBICHUH BCIIBIIIEYHOTO THIIA, B TOM YHCIIE OBICTpPBIE
W3MEHEHHNS TOTOJIOTUH MarHWTHOTO II0JI, MHTCHCUBHBIA HarpeB IIa3Mbl, TeHEpalns BHICOKOCKOPOCTHBIX ITOTOKOB
TUTa3MBl, YCKOPEHNE 3apsOKEHHBIX 9acTUI. BHYTpeHHSS MarHUTHAs CTPYKTypa CJI0A B 3HAYUTEIBHOHN CTENICHHU OTIpe-
JIeNsieT 0COOCHHOCTH MarHUTHOTO NEPECOSTUHEHNS U IMyTH NPeoOpa30oBaHNs MarHUTHOM SHEPTHH: JIHOO0 B TEIUIO-
BYIO 9HEPTHIO IUIa3MBbI, THO0O0 B KWHETHYECKYIO SHEPTHIO IJIa3Mbl M YCKOPEHHBIX YaCTHII.

B Hacrosmiee Bpemsi HauOOJBIINI MHTEPEC MPECTABIIOT MCCIIEIOBAHUS MPOIIECCOB MATHUTHOTO IMEPECcOeTUHE-
HUS B TpexMepHbIX (3D) MarHUTHBIX KOH(QHUTYPAISIX, KOTOPBIE SIBIISIOTCS HE TONBKO Oosee obmmmMu, yeM 2D-koHpu-
Typalyy, HO W HauOoJiee TUIMYHBIMU KaK JJIsI acTpOPHU3NIECKUX OOBEKTOB, TaK WM VI JTAOOPATOPHBIX YCTAHOBOK.
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DKCIepUMEHTAITLHBIE UCCIICI0BAHUS MAarHUTHOTO NepecoequHenus B 3D-kordurypanusax 0pumn Havatel B 1990-x TT.
B CIA, fAnonnn u Poccun. Co3maHHBIE YCTAHOBKU CYIIECTBEHHO PA3IMYAIOTCS 10 T€OMETPHUH (KOJIBIIEBBIC WIIH
JIMHEHHBIE TOKOBBIE CJIOH), BDEMEHHBIM XapaKTEPUCTHUKAM, MapaMeTpaM IIa3Mbl, MATHUTHBIX MOJICH U 3JeKTpuye-
CKUX TOKOB. BbIJIO 00HApYXKEHO, YTO TOKOBBIE CIOH MOTYT (OpMHUpOBaThCs B 3D-KOH(MUTYpalusiX, B OKPECTHOCTH
HYJIEBBIX TOYEK M X-JIMHUNA. BbUIN BBISIBICHBI 3aBUCUMOCTH MEXIY CBOHCTBAMH TOKOBBIX CJIOEB M CTPYKTYpPOW HC-
XOJHBIX MarHuTHbIX 3D-KoHGUrypanuii, B TOM YKCJ€ BIHSHHE MPOAOJILHON KOMIOHEHThl MAarHHUTHOTO TOJI,
HaTpaBJICHHOW BIOJL X-MHHUHU. B pe3ynpTarte aHaiam3a MPOCTPAHCTBEHHBIX PACIPEACICHUN MJIOTHOCTH IUIA3MBI,
3JEKTPUYECKUX TOKOB M MArHUTHBIX IMOJICH ObUTH 0OHApYKEHBI JIBa HOBBIX 3P dekTa. Bo-mepBrIX, 3TO YMEHBIIICHUE
CTCTICHHU CXKATHUSA IUIa3Mbl TIPU YBEIUYCHUU MPOIOJIBHOTO MOJS, T.€. MOCTEIICHHBIN MepeXxo] K HEC)KUMAEMOH Tia3-
Me, 4TO 00YCIIOBJIEHO YCHUIICHHEM B CJIO€ IIPOJIOIBHOTO Mojst. Bo-BTOPHIX, 3TO AedopMariys ciios, BEI3BaHHAS B3au-
MOJIeHICTBHEM MPOIOIBHOTO MOJIS ¢ BO30YKIACMBIMH B CJIO€ TOKaMH XO0Ja.

Takum 00pa3zom, HCCIeIOBaHMs JMHAMHUKH TOKOBBIX CIIOEB B J1a0OPaTOPHOI Ia3Me MO3BOJLSIIOT CYLIECTBEHHO IPO-
JIBUHYTHCS B IOHUMAHUH TIPUPO/IbI BCIIBIIICUHBIX SBICHHI.

Pabora BeImoHEeHa TIpH YacTHYHON o epskke PODU, mpoekt 03-02-17282, » MHTLL, mpoekT 2098.

The formation of a current sheet, which separates differently directed magnetic field lines, is a key prerequisite to
magnetic reconnection processes in highly conductive magnetized plasmas. The occurrence of a current sheet provides the
magnetic energy accumulation, which can be followed by a fast liberation and transformation of this energy into other
forms. There are good reasons to believe that magnetic reconnection constitutes the basis for various flare-type phenome-
na, such as solar and stellar flares, substormes in the magnetospheres of the Earth and planets, sawtooth instabilities in
tokamaks, rapid changes in the magnetic field structure in reversed-field pinches, Z- and ®-pinches, etc. In the complex
magnetic configurations, current sheets can form in distinct regions, the best-known example being the vicinity of a null-
line of X type in the two-dimensional (2D) magnetic field. The evolution of current sheets in the 2D magnetic fields with
null-lines was actively investigated both theoretically and experimentally. It was established that the current sheet could
accumulate an excess of magnetic energy and could exist in a metastable state over a prolonged period of time. In many
cases the metastable stage was interrupted by the sheet disruption, which displays principal features of flare-type events:
rapid changes in the magnetic field topology, intense plasma heating, generation of plasma flows and accelerated elec-
trons. The internal magnetic structure of the sheet imparts some typical features of the magnetic reconnection, especially
the dominant form of the magnetic energy conversion: either into the thermal plasma energy or into the kinetic energy of
plasma flows and accelerated particles.

There is a strong trend now towards the research of magnetic reconnection in the three-dimensional (3D) magnetic
configurations, which are not only more general than the 2D ones, but also more typical for astrophysical objects and
for laboratory plasma confinement devices. Experimental studies of magnetic reconnection in the 3D configurations
were initiated in the 1990s in the USA, Japan and Russia, while the various experimental devices differ significantly by
their geometry (annular or linear current sheets), time-scale, parameters of plasmas, magnetic fields and electric cur-
rents. It was revealed that current sheets could be formed in 3D configurations with topological singularities, such as
isolated null-points and X lines. Of a principal importance is the correlation between characteristic features of a current
sheet and the structure of the initial 3D magnetic configuration, especially an impact of the guide field aligned along
the X-line. The analysis of spatial distributions of the plasma density, electric currents and magnetic fields allowed re-
vealing two effects of the guide field. The first one is a progressive decrease of the plasma compression ratio in re-
sponse to increasing the initial guide field. This effect displays a gradual transition to the behavior of uncompressible
plasma, and it is due to an enhancement of the guide field inside the sheet. The second effect is the sheet deformation
caused by interaction of the guide field with the Hall currents excited in the sheet.

In summary it may be concluded that investigations on the dynamics of current sheets produced in the well-
controlled laboratory plasmas can give us a better insight into the nature of various flare-type phenomena initiated
by the magnetic reconnection processes.

The work is supported in part by the Russian Foundation for Basic Research, grant 03-02-17282, and by the In-
ternational Science & Technology Center, project 2098.

®OPBYII HOHNXKEHUA U DOP®EKTBI TEPMUHATOPA
B ATMOC®EPHOM 3JIEKTPUYECTBE KAMYATKHA

H.B. Yepnesa, B.B. Ky3neuos

WHcrutyt kocMmodu3uku n pacripocrpaHenus paguosoiH JJBO PAH, n. [Taparynka, KamuaTtka
vwk@ikir.kamchatka.ru

FORBUSH DECREASES AND TERMINATOR’S EFFECTS
IN KAMCHATKA’S ATMOSPHERIC ELECTRICITY

N.V. Cherneva, V.V. Kuznetsov

Coobmiaercst 00 HcciIe0BaHUAX aTMOC(HEPHOT0 IEKTPUIECKOTO TI0JIsl, BHIIIOJIHEHHBIX B reou3ndeckoii oocep-
Batopuu Ilapatynka UKUP IBO PAH. Ananusy nojseprajluch JIHIIb JHU C Xopouled nmorogoil. B pesynberate
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NPOBEICHHBIX HAOJIIOACHUH BBISBICHBI S(QEKThl TEPMHUHATOPA: ICKTPHUYECKOE OJIe BO3pAcTacT B MOMEHTHI pac-
CBeTa MPaKTHYECKU PETYJAPHO, U 3HAUMTEIHHO peke Takoi ddpdekT Habmromaercs Ha 3akare. BennunHa a¢dekra
He npesbimaeT 20-30 % oT cpenHeit BenmuuuHbI 0. Houbto 1 3MMO¥ HaNpsKEHHOCTh aTMOC(EPHOTO 3IIEKTpHUe-
CKOTO TOJIA BBIIIE, YEM JHEM U JIETOM. B mHH Xopolmeii noroisl B MOMEHTHI IPOXOKACHHUS TEOMArHUTHBIX BO3MY-
MIeHu# ogHOBpeMeHHO ¢ PopOym-MOHIKEHISIMA HAOMonamiuch 3 (eKThl MOHIKEHU BeMUIHHb 1Moy CTeneHb
TIOHIKECHUS TIOJIST KOPPEIHPYET CO CTENEHBIO TOHMKECHUSI HHTCHCUBHOCTH HEMTPOHOB Ha CYNIEPMOHUTOpAX. 3apern-
CTPUpPOBAHBI CIlydall OJHOBPEMEHHOH perucrpaund 3pQexToB TepMuHaTopa Bo BpeMsi DopOym-noHmwkeHui. B
BapUalusIX 3JEKTPUIECKOTO OIS 3TH 3PPEKTH UMEIOT OANH MOPSIIOK.

[Ipupona arMocqepHOro MEKTPUYECKOTO MO OCTAETCsl HESICHOW, HECMOTPsI Ha 0OJIBIIOE KOJMYECTBO HCCIIe-
JIOBAHMH, MIPOBOJMMBIX B Pa3IMYHBIX cTpaHax. Jlo HelaBHEro BpeMEHH CUUTAJIOCh, YTO BOSHUKHOBEHUE aTMoc(ep-
HOT'O 3JIEKTPUYECKOTO TOJIsl ITOJTHOCTBIO OTPEJIeNsieTCsl TPO30BOH AesATeNbHOCThI0. HaKomIeHHBIN B ITOCIEAHUE OB
Marepual, UMEIOINH OTHOLICHUE

It is reported about the atmospheric electrical field investigations, which were carried out at Paratunka geophysi-
cal observatory of IKIR FEB RAS (Institute of Space Physical Researches and Radio Wave Propagation, Far East-
ern Branch of Russian Academy of Sciences). Only “fair-weather” days were analyzed. As the result of the per-
formed work terminator’s effects were discovered: the electrical field increases regularly at dawn and less frequently
at sunset. The quantity of the effect doesn’t exceed 20-30% of the average field value. At night time and in winter
the atmospheric electrical field’s strength is higher than at daytime and in summer. The effects of field value de-
crease were observed on “fair-weather” days at the moments of geomagnetic disturbance passing simultaneously
with Forbush decreases. The degree of the field decrease correlates with the degree of neutron intensity decrease on
supermonitors. Some cases of simultaneous recording of terminator’s effects during Forbush decreases were regis-
tered. These are the effects of the same order in the electrical field variations.



