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CITUCOK COKAIIIEHUN

KA — xocMmuuyeckuii anmapar

Johkoh — smonckmii KA mist HabmoaeHuii CojiHLIa B AUaria3o-
HE MSTKOrO peHTreHa

SOHO — amepuxkanckuii KA 11 MHOTOLIEJIEBBIX PETyIsSIpHBIX
HabmoaeHuit CoJHLA

TRACE — amepuxkanckuii KA a1 HaOMoOOeHUI C BBICOKUM
MPOCTPAHCTBEHHBIM paspeiueHreM CosHila ¢ QuIbTpaMu B YJIbT-
paduoJieTe

Mt. Wilson — amepukaHcKasl COJIHEYHO-3Be3JHasl TopHasl 00-
cepBaTopus

MIT — MexnyHapoaHbiii reopusudeckuit roa (IIporpamma
1957—59 rT.)

KpAO — KpbiMckasi acTpodusuueckasi oocepBaTopusl

MIJl — marHuTHasT TUAPOJMHAMMKA

CuoMU3MHUP — HbiHE «MHCTUTYT COJTHEUHO-3eMHON (PUBUKU»
(UC3®D) B UpkyTcke

AO — aktuBHas o6aacTb Ha CoJHIIEe

MAC — MexayHapoaHblii aCTPOHOMUYECKUII COI03

MFT — Magnetic Flux Tubes — TpyOKM MarHMTHOTIO MOJISI

JAY® — nanekas yabrpaduosieToBast ClieKTpajibHas 00JacTb 13-
JIy4eHUSI

KOPOHAC — Coserckuii KA 151 KOMIUJIEKCHBIX HaOIIOAeHUI
ConHua

CA — coJiHeYHas1 aKTUBHOCTD

MK — HMHCcTUTYT KOCMUUYECKUX uccaeaoBaHuil Poccuiickoi
aKkaJleMMU Hayk

I'AWNII — TocynapcTBEHHBIM AaCTPOHOMMUYECKMI WHCTUTYT
uMm. lltrepuGepra MI'Y

PODUN — Poccuiickuii ¢oHa (PpyHIaAMEHTAIBHBIX KCCJIeI0Ba-
HUW

KBM (CME) — xopoHajbHbBIE BHIOPOCHI Mace

Wind — aMepMKaHCKMU CIyTHUK AJIsSI U3MEPEHUsI MapaMeTpOB
COJIHEYHOI'0 BeTpa



CnrcoK COKPAIIEHHAT 5

GONG — MexayHapo/iHasi IporpaMma Ha3eMHBIX I'eJIMOCeiC-
MUYECKUX M3MEPEHUM

K3 — xonBexkTuBHasi 30Ha Ha CoOJIHIIE

JI3 — 30Ha ayuyucroro nepeHoca Ha CouHle

Ho — cnextpanbHasi iMHUsI Bogopoaa

BMII — GeccuyioBoe MarHUTHOE I10JIE

HII'b — nBuxxeHue tuna I'pomeko—benabrpamu

HNUII® — uHTepdepeHTHO-MOIIPU3ALUOHHBINA Y3KOMOJOCHBIN
CBETOPUJILTP

ClV, FeXIIb ap. — cnexrpanbHble JuHUKU YD B criekTpe
ConHua

KKCA — KpynHoMaciuTabHblii KOMIUIEKC COJHEYHOU aKTHB-
HOCTH

OUAH — ®Dusuyeckuii MHCTUTYT AKageMUN HayK

CD — conHeyHble gaHHbIe (OIOMIETEHD)

I'AO — I'maBHas actpoHommyeckast oocepBaropusi (I1ynkoBo)

SGD — Solar Geophysical Date — exeMecsiuHblii MHpOpMaLIU-
OHHBII XKypHaJ COJTHEUHBIX HAOMIOIeHUI

KJI — KopoHaJibHasl JbIpa

CB — cosHeyHbIi BeTep

BCB — BBICOKOCKOPOCTHOM COJIHEUHBIA BETEP

KMII — kpynHomacumtabHoe MarHMTHOE IOJIe

COSPAR — MexayHapoaHasi opraHM3alus o UCCJeJI0BaHU-
sIM B KOCMOCE

HUPDOU — HayuHo-uccienoBaTe IbCKUiA pagro@ru3ndecKuil MH-
ctutyt (H. HoBropon)



INPEANCIIOBUE PEJAKTOPA

Momnorpadust ipodeccopa, 3acay:KeHHOIo aesTesst Hayku Poc-
cuiickoit Penepatmn .M. MormieBckoro — 3To oaHa U3 TEPBbIX
MOTMBITOK paccka3aTb O HOBOM HAaIlpaBJICHUU B WU3yYEHUU MaJio-
MacIUTabHOIM (TOHKOI) CTPYKTYpPbl B COJIHEUHOI 3aMarHUYEHHOM
IJIa3M€ Ha pa3IMYHbIX YPOBHSX aTMOC(depsl 1 B TTOAPOTOCHEPHBIX
CJIoSIX. DTO HOBOE HalpaBjJCHUE B KCCJIEIOBAHUU COJTHEYHBIX SIB-
JICHUI LIMPOKO pa3pabarbiBaeTcsl B TeyeHue mnociaeaHux 30 jert.
Oco0blii MHTEpEeC 3TO HampapjicHUE padoT B reJMo(pU3MKe IOIy-
YUJIO C JOCTVXKEHUEM BBICOKOTO MPOCTPAHCTBEHHOI'O pa3pellcHUsI
COJTHEUHBIX N300pakeHMI (BKIIOYast U3BMEPEHUSI MATHUTHOTO MOJIsT),
KOTOpPOE yaaeTcs Iojyyarb Ha Kocmudeckux annaparax (KA). Ha-
yyHas ¢ ycrielrHoil padbotbl Ha KA «Ckaitns0», Ha KOTOPOM yaa-
JIOCh OTKPBITh Y U3YYUTh KOPOHAIBHbBIE JIbIPbI, PEHTT€HOBCKUE «TOY-
KW», U Jp., U O HACTOSIILIEr0 BPEMEHM, YCIIEIIHbIE KOMILIEKCHBIC
HaOmonenusa Ha KA «Johkoh», «SSOHO», «TRACE» u np., Haxo-
ISITCS B LEHTpe BHUMAHUS Trearnodu3nkoB. Cpeayu Ha3eMHBIX MC-
cJieloBaHUI MpoOJieMbl TOHKOU CTpyKTypbl Ha CoJIHIIE CleayeT
OTMETUTD YCIICIIHbIE HAOMIOACHUS Ha CTpaToChEepHOU CTaHLIMU
[TyakoBckoii oocepBatopun B Hadasie 70-x romgoB. B 310 ke Bpemst
3a pyOexKOM M y Hac Hayajau OypHO pa3BMBAThCS UCCASIOBAHUS
HEJIMHEMHBIX SIBJICHUI B 3aMarHMYE€HHOM rja3Mme (B 4YaCTHOCTHU, B
Mucturyrax AH B H. HoBropone, B Mockse, C. Ilerepoypre, Ho-
BocuOMpcKe) U opopMIIach MeXIUCIIMIIIMHapHasl Hayka «CuHep-
retuka». C pa3BUTHEM padOT MO IeJTMOCeHCMONIOruu (0COOEHHO Ha
KA SOHO) ynanoch BbISIBUTH Psii OCOOEHHOCTEN B CTaHAApPTHOM
Moaenn CotHIA M J0Ka3aTh, YTO CTPYKTYpU3alMsl OXBAaTbIBAET BCE
rryorHsl Ha CosHie. Bce 3T0 He MOIJIO IIPOUTHM MUMO paOOThI
reavodusnyeckoin nadoparopuu USMHUPAH, kotopoit MHorue
roabl pykoBoaua D.M. MoruieBcKuid.

B teuenue nmocnegHux 25—30 yieT aBTOp MOHOTrpau MHUILIUK-
poBaJl MCCAEIOBaHUS psifa OCOOCHHOCTE! SIBJIEHUM COJIHEYHOM
AKTUBHOCTU C MPUBJIEYEHUEM AOCTUKEHMIA (PUBMKM HEJIMHEMHBIX
SIBJICHUIA B MJla3Me, CUHEPreTUKU, (ppakTaJbHOU reoMeTpuu. AB-
TOp TIBITAJICS TI0Ka3aTh, CKOJIb MOJE3HBI B M3YYEHUM COJTHEUYHBIX
SIBJICHUIA TIOHSITUSI CUMHEPIreTUKU O CTPYKTYpU3aLUM (PU3MUECKUX
cpen, ppakTajax M COJMTOHAX. DTO B MOJHOW Mepe HalllIo OTpa-
>KEHME B IpeajlaraéMoil yuTaTeisiM MOHOrpaguu.
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CraenyeT OTMETUTD, YTO B cpejie reJIMoU3UKOB TaKue TTOHSITHS,
KaK COJIUTOHBI U (pakTajbl, a TAK:KEe BO3MOXHOCTU UX IPUMEHE-
HUSI K 00BbsICHEHUIO siBJeHUi Ha CoJIHLE — HEe HaLIM ellue J0JIXK-
HOTro BHUMAaHMUS.

ABTOp MoOHOTrpaduu MHOMNBITAJICS MOKa3aTb, YTO TPYAHOCTU B
HNOHUMAaHWUM, HaIlpMMeEpP, COJHEYHBIX BCIBIIIEK B paMKax MarHu-
TOTUIPOJIUHAMUKY CIUTOLIHBIX CPEJ MOTYT ObITh pa3pellieHbl B paM-
KaxX HOBBIX TMPEACTABICHUI O TOHKOW CTPYKTYpe 3aMarHU4Y€HHOM
ia3Mbl ((PpakTaIbHO-KJIACTEPHBIX 3J€MEHTax), U CUHEpreTuJec-
KOro mojaxoja K HaOJogaeMoil IpOCTPaHCTBEHHO-BPEMEHHOMN
CTPYKTYpU3allMM 3aMarHudeHHo# mja3mbl Ha CoJIHIIE.

OTMeTUM, 4TO €CJIM MOHSATHE O COJMTOHAX, KaK YeAWHEHHBIX
BOJIHOBBIX KOJICOAHUSIX B HEJIMHEIHOW Ccpejie, KOTOPOE LIMPOKO pa3-
BMBAJIOCh B TeueHHMe 0oJjice MOoJyBeKa OOJbIIUM YUCIOM (PUBMKOB,
MU3yYaBIIUX SIBJICHUSI B HEJIMHEMHBIX Cpeiax, TO BBeIeHHOEe MaH/1e/b-
opotoM B 80-x rogax MoHsITHUE O dpaKTaaax, KaKk MCXOIHbBIX JI€MEH-
Tax T€OMETPUYECKOIO MOHUMAHUSI (PPAKTATBHOIO «ILUMpa», JAJEKO
elle He JOCTUIJIO HY:KHOW MoJHOTHI. [loHamoOwmi1oCh NMPUMEHUTH
HETIOMYJISIPHBINA pa3faea] MaTeMaTUuKy ¢ JPOOHBIMU ITPOU3BOIHBIMU,
YTOOBI HEPEUTU OT PpaKTaJIbHOU TeoMeTpUU K (PpakTaabHOM (HU3U-
Ke. DTO oTpa3mwyioch U B MoHorpaduu .M. MoruieBckoro.

MHoroJjieTHUI1 OIBIT COJHEYHMKa-HabmoaaTe sl MoMor aBTOpy
HaAWTU JOCTATOYHO YOEIUTETbHbBIC SKCITEPUMEHTAbHbBIC J0KA3aTe/Ib-
CTBa pealbHOCTU (ppakTajabHOI CTPYKTyphl Ha CosHie. Bmecte ¢
TeM, aBTOP BBEJI B KHUTY psii HOBBIX TMIIOTE3 (Hampumep, O Kaye-
CTBEHHOM I10J00MM MeX1y (pakTajJbHBIM MHOXECTBOM, 00pa3o-
BaHUEM (pPaKTaJIbHBIX KJIACTEPOB M KBAHTOBOW MEXaHUKOI), KO-
TOpbIE MOTPEOYIOT AajbHEWlIero pa3BuTusi. CBsI3b ¢ KBAaHTOBOM
MEXaHUKOM TaKOro HOBOI'O HampaBJIeHUS! KaK «CaMOOPraHU30BaH-
Hasl KPpUTUYHOCTD», IIO3BOJISIET 00J1e€ TTTyOOKO MOHSITH OOILIMIA CMBICT
9TUX UCCeJ0BaHUI He ToyibKo It CosHia.

KHura He mpereHayeT Ha ITOJHOTY 0030pa MHOIOYMCJIEHHBIX
paboT B 3TOI 00JIaCTU B IIOCeAHUE Toabl. MoHorpadus cTpouTcs,
B OCHOBHOM, Ha Martepuajax UCCIeJOBaHWI aBTOpa U €ro COaBTO-
POB, KOTOpBIE BBIMOJHEHBI 3a nociaeanue 25—30 yet. Takoe orpa-
HUYEHME, €CTeCTBEHHO, COKpaTuJio o0beM MoHorpaduu. Ho 31O
OrpaHUYEHME MO3BOJUIO 00Jiee TMOJHO M3JIOXUTh UCTOPUIO U pe-
3yJIbTaThl MCCAEIOBAaHWI aBTOpa, YTO, BO3MOXKHO, OIpPaBAaHO s
nepBO MOHOTrpadpuu B 5TOM OOJIACTH.

noktop ¢.-m. H. B.H. O6punko



IMPEANCIIOBUE ABTOPA

Hacrosiuasa moHorpadust mocBsilieHa U3y4eHNIO TOHKOM CTPYK-
Typbl 3aMarHM4eHHON Iuia3Mbl Ha CoJjiHile, oOpa3oBaHUSI U 3BO-
JIIOLIMM MaKPOCTPYKTYP SIBJICHUI COJJHEYHOU aKTUBHOCTU, COCTOSI-
LIMX U3 MarHUMTO-TOKOBBIX MaJOMAacCIUTaOHbIX 3JIEMEHTOB.

ABTOp 0Oo0Jiee MOJIyBEKA 3aHUMAETCSI SKCHEPUMEHTAIBHBIM MC-
cJieloBaHMEM COJIHEYHOM akTuBHOCTU. Euie B KoHue 40-X roaos
MpOLLIEeAIeTO BeKa HaM CTajlo SICHO, YTO CYIIECTBOBABIIME B Te
roanl kjaccuyeckue mpenacrtaBieHusi o CoyiHuUe (CM., Hampumep,
kHury B.A. AMmOapuymsiHa «Teopermnueckast actpodusuka» 1939 u
Jp.) HEIOCTATOUYHBI JJIsI TOHMMAHMUSI CJIOXKHBIX siBjieHM HA CoJIH-
1e. HeobGxoaum ObLT yyeT TOKOB (HEIOCTYITHBIX IPSIMBIM M3Mepe-
HusM Ha CoJIHIIE) U UX MarHUTHLIX Ttoyieid. Enie B Hayane XX Beka
B obcepBaTopumn Mt. Wilson BriepBble OBLJIO U3MEPEHO OOIlIee Mar-
HutHoe nojie ConHiua, a B 1913 r. — MarHuTHBIC HOJIS IISITEH IO
a(ppeKTy 3eeMaHOBCKOI'O pacllerieHsI MarHUTOYYBCTBUTEIbHBIX
JHUit potocdeprl. 3ateM B nepuod 1917—24 rr. B Toi ke o0cep-
BAaTOPUU MPOBOJUINUCH PETYISIPHbIE U3MEPEHUSI MAarHUTHBIX MOJIEH
naTeH (cM. Katajor obcepBatopuu Mt. Wilson). Y ToabKO 110CTe
BOIHBI TIPOSIBUICS MHTEPEC K aHAIM3y IUIa3Mbl ¢ MATHUTHBIM IIO-
JeM (mepBble nyoaukauuu AnbpBeHa KoHLa 40-x, u Hadana 50-x
roJioB, KOTOpPbI€ CTaJld HaM 3HAKOMBI I103K€e M3-3a MOCIEBOCHHBIX
yciaoBuii). HeoOxoamMmMocTh M3ydyeHust MarHUuTHOTo 1oJist Ha CoJtH-
1Ie 3acTaBWJIa aBTOpa B BeCbMa HEMOAXOISILUX YCJIOBUSIX (OTCYT-
ctBue B U3MUP” GoibLIOro COMHEYHOTO TEJIECKONA U T.JI.) TOCT-
pouThL BMecTe ¢ coaBTopaMu B 1952—53 rr. mepBblidi COTHEUYHbIA
dotosnekTpuueckuii maruutorpad (MoruneBckuit u ap., 1954).
CoOpaHHBI HAMM U3 HE COBCEM MOAXOISIUMX JeTajeii U Y3JI0B
TOPU3OHTAJILHBIM TEAECKON U CHeKTporpad aBTOKOLIMMALIMOHHO-
ro TUIA C TpeMs Ipu3MaMu (KOTOphIe 3aTeM OB 3aMeHEHBI TU@-
dpallMOHHON pelleTKol, OAHOW M3 MePBbIX, M3TOTOBJICHHBIX B
I'ocynapctBeHHOM onTtuyeckoM MHCTUTYTe D.M. I'epaciMOBBIM)
ObLJ1 y HAC NEepBOM yCTAHOBKOI 1Mo MarHUTomMeTpruun CoaHua. CMOH-

*

MN3MMUP nepewen B cuctemy Akagemun Hayk CCCP B 1959 r. C tex nop
oH crtan nmMmeHoBatbess U3MIMPAH.
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TUPOBAHHBIA MOIYJISILIMOHHBINA (POTORJIEKTPUISCKUIA MarHutorpad
MO3BOJIMJI HAM M3MEPUTh BIIEPBble MAarHUTHOE MOJIE MSTHA U CO-
ceqHero ¢akena. M3aMepeHMsT MAarHMTHOIO MOJISI MPOU3BOAUINCH
no 3¢ dekry 3eemaHa MyTeM CKAaHUPOBAHUS IO BCEMY KOHTYPY
MAarHMTOUYYBCTBUTEJbHON JTUHUU. OQUeBUAHO, YTO TaKas METOIMKa
TpeboBajla OTHOCUTEIbHO [JIMTEIbHOTO yACpXKaHUSI M30pPaHHOTO
yyacTka n3obpaxeHuss CoJjiHLIa Ha BXOJHOM 1eau crekTporpada,
YTO MPEACTABIISLIIO OOJIbILIME TPYTHOCTU. M Bce XXe MpOBECTH MPUH-
LIUTMUAIBHO Ba)KHbIE MEPBbIE MATrHUTOMETPUYECKUE HM3MEPEHUS
MarHuTHbIX noneid Ha CojHue yaaaock. O4eBUIHO, YTO CUCTEMA-
TUYECKME U3MEPEHUsI MATHUTHOTO TI0JISI TpeOOBaIU OOJIBILIOIO Te-
JIECKOITa 3aBOJICKOI'O M3TrOTOBJIEHMSI C COOTBETCTBYIOILIMM CIIEKTPO-
rpa¢om. Ham ero ¢ 60JbLIMM TPYIOM yIaJd0Ch MOCTPOUTD JIMIIDL K
60-M romaMm, korga u Havyaaucb B USMUPAH cucremarnueckue
AKCIIEPUMEHTAIbHbIE MUCCIeI0OBaHWSI MarHUTHbIX ToJieit Ha CoJiH-
1e. B TeyeHMe BBIHYXXIEHHOTO 3KCIIEPUMEHTAJIBHOTO <«IIPOCTOS»
MPOBOJUINCH J1a0OPATOPHBIE MOACIMPOBAHUSI HOBBIX CXEM MarHu-
Torpada, peryjasipHble HaOMIOACHUSI XpOMOCKhEPHBIX SIBJICHUI Ha
ConHle M BU3yaJlbHbIE M3MEPEHUSI MAarHUTHBIX MOJIEH IISITEH, B
YaCTHOCTH, IO TIporpamMme MexayHapoaHoro I'eodusnyeckoro rojga
(MIT) (1957—59). D1 mMartepuaabl BOLLUIM B OOLIMI KaTajgor IO
utoraM MI'T. BrepBbie B 5TO BpeMsl ObLT YCIEIIHO MPOBEASH IKC-
MEPUMEHT MO U3MEPEHMUIO MAarHUTHOTO MOJIsI B XpoMocdepe (B Ipo-
TyOepaHlie) ¢ McIioab30BaHueM nHTepdepomeTpa Padbpu—Ilepo, a
3ateM Ha MarHutorpade (Momma, 1968). B 1952 r. Ha obGcepBaro-
punu Mt. Wilson ba06kokoM ObLT TTOCTpOoeH HepBbIid HPOTOITCKTPU-
yecKuii MarHuTorpad, KOHCTPYKLIUIO KOTOPOro (M3MEpEHUsl O/i-
HOBPEMEHHO B IBYX KPbUIbSIX CIIEKTPAIbHON JIMHUW) BIOCJIEICTBUU
MHOBTOPSUIM ApyTue ucciaenoBaTennd. Mcmoib3ysa 0osblioi OalleH-
HBIIA TEJIECKOIl, OHU CMOTJIM IOJIyYUTh IEpBble KapThl hoTOoChep-
HBIX moJieit. CIycTs HECKOJIBKO JIET MOCJIe HAalUMX MEPBLIX U3MeEpe-
Huit MarHUTHBIX mojieit, A.b. CeBepHblii B KpbiMcKkoii AcTpodu-
3uueckoit oocepsatopun (KpAQO) cMor BMecTe ¢ COTpYIHUKAMU
Ha HOBOM OallleHHOM TeJIeCKOMNe HayaTb YCHELIHbIE WU3MEPEHUS
MAarHUTHBIX TI0JIEH B aKTMBHBIX 00JacTaX. BHauase B |» & 3aTeM H

BCE€ KOMITOHEHTHI (TTocienoBaTesibHO) BekTopa B . CoTpyaHUKM
M3MHUPAH B.A. Uouma 1 B.H. O6punko cmorm B 1959—60 1r.
BIIEpPBbIE ITOCTPOUTH BEKTOP-MarHuTorpad ¢ OogJHOBPEMEHHBIM M3-
MepeHMeM Bcex KoMMoHeHT nousi B. B 50—70 rr. 8 KpAO,
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MU3MUPAH, a 3atrem B Upkyrcke, B Cub I3MMHUP ycrienHo mpo-
BOJMIMCH WCCAEAOBAHUSI MarHutoruapoauHamuku CosHua. 9To,
KaK HaM KaxeTcsl, MOOyIMJI0 3anaJHbIX IeIM0o(PU3MKOB TaKXKe Ha-
yarh uccieaoBaHus MarHeTusMa CoJsiHLA, UCITOIb3YsI OO/IbLLINE COJI-
HEYHbIE TeJaecKOombl. OTMETUM, YTO 3HAYMMOCTb BCEX 3THUX ITMO-
HEpCKUX paboT cTajla OYEeBUJIHOM, B YACTHOCTHU, B CBSI3U C CO3/a-
HYEM OOJIBLLON IpyIIon ¢prU3nMKOB HOBOrO OOILIETr0 HAITpaBJIEHUST —
MarnutHoit rugpoguHamMuku (MI/1). OHO BO3HUKIO B CBSI3U C
paboTaMu MO SIAEPHOMY CUHTE3Y.

JleTanbHble HAOMIOAECHWSI MAarHUTHBIX T10JIEH B aKTUBHBIX 00JIa-
ctax (AO) ComHila nipuBe Hac B KoHIIE 60-X TOJ0B K IIPEAIIOII0-
JKEHUIO O XapaKTepHOM MaJioMaclUTaOHON CTPYKType MarHMTHOIO
nojig Ha ConHie. Pe3yiabTaThl OB OITyOJMKOBaHBI B 1968 1. Ha
bynaneiurckom cumiiosuyme MexayHapoaHOro ACTpOHOMHUYECKOTO
coro3a (MAC), u, B Oosiee mojiHOM Buae, Ha 5-i1 KoHcyabrauuu
counanmctuyeckux crpad B Ilorcmame (I'JIP). Cnoyctsa Tpu roga 3a
pyOexXoM OBbLIM ITOJYYEHBI MOATBEPXKIACHUS TOro, 4YTo 0osblie 90%
MarHUTHOTro Motoka Ha COJIHIIE COCPEIOTOUYEHO B TOHKOCTPYKTYP-
HbIX (pUJIAMEHTAPHbIX MArHUTHBIX TPyOKax, Ha3BaHHBIX B MOHO-
rpaduu [Tapkepa (1982) MarHUTHBIMU TpyOKaMu IIOTOKa (magnetic
flux tubes, MFT).

HoBrele Bo3mMoxkHOCTH 110 M3ydeHro CoJIHIIA Y €T0 MAarHUTHOTO
MO/ OTKPBUIUCH MPU UCMHOJb30BAHUU COJTHEYHBIX MPUOOPOB Ha
aMepUKaHCKOM obuTaeMoM KocMmueckoM armapare KA «Skylab»
B 1972—73 rr. Ha «Skylab» 61711 BriepBble OOHAPY>KE€HbBI, B MSITKOM
PEHTIreHe, KOPOHAJIbHbBIE JbIPhI, MHOXECTBO SIPKMX PEHTI€HOBCKUX
TOUEK M CJOXKHAasI CTPYKTypa akKTUBHBIX obOjacteit (AQO), cocTosi-
LIMX U3 DMUCCUOHHBIX apoK, YKa3bIBalOlIas Ha BIAUSIHUE MarHUT-
HBbIX ITOJIell Ha JBUXXEHHE COJIHEUYHOM Iuia3Mbl. B mociegHue roabl
(c Hauana 90-x rogoB) BeCbMa YCHEIIHO ITPOBOISTCSI MCCJIEI0BA-
HUg Ha sroHckoM KA «Johkoh» (Msirkme X-nmy4yu), ¥ Ha amepu-
kaHckux KA SOHO, TRACE (B manekoM yiabsTpaduosere), Mar-
HUTOMETPUUYECKUX U TeJIUOCECMOJIOrnyeckux mnapameTrpoB. Ha
MEPBOM COBETCKOM CIIEMAIBHOM COJTHEYHOM aBTOMAaTUYECKOM CTaH-
i «KOPOHAC» Ob1 yCTaHOBJIEH KOMILIEKC MPUOOPOB: CHEKT-
poreauorpad B gajiekoil yJabTpaduroIeTOBON 00JIaCTHU CIIEKTpa,
U3MEpUTEJb MITUMUHYTHBIX TJIOOAMbHBIX Koiaebanuii CoJiHLa, ce-
pust TIPUOOPOB JJISI UBMEPEHUST COJTHEUHBIX KOCMWYECKMX JIy4yeid,
COJIHEYHOIro BeTpa. AHa/IM3 MOJYYEHHBIX Pe3yJbTaTOB KOMILIEKC-
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HbIX u3MepeHuit Ha KOPOHAC cyiiecTBeHHO JOIOMHMII HA0III0-
neHust CoHLa, KOTOpPbI€ paHblIIe CTABWIMChH Ha JIPYTMX COBETCKUX
KA u Ha 3ongupyrommx pakerax. Ilomyyennbsle Ha aTtux KA yHu-
KaJIbHbIE MaTepraibl, KOTOPbIe TEepb PEryJsipHO MepeaaroTcs Mo
cucteMe MHTEPHET, mupoko Mcnojib3yloTcsi reJmo@u3nKamu.
OHU CylIEeCTBEHHO M3MEHUWJIM HAalllM MPEJACTABICHMSI O COJIHEUHBIX
SIBJICHUSIX.

B Hauvane 80-x romoB XX Beka Hayajo pa3BUBaATbCS HOBOE Ha-
MpaBJeHUEe HCCAEAOBAaHMUSI CUCTEM pPa3MYHON TPUPOIbI, COCTOS-
X U3 MaJOMACIUTAOHBIX COCTaBJISIONINX (CMHEpPreTMKa Io Tep-
MUHoJorun XakeHa, 1980; cepuu kuur U. Ilpuroxuna u ap.). A B
1982 romy mosiBMiach ocHoOBoOIIOAararolias padora MaHuaeaboporta,
KOTOpBIIA BBEJ ITOHSTHE O B3aMMOACUCTBYIOLIMX MCXOAHBIX CaMO-
MOAOOHBIX 3JIEMEHTAaX, Ha3BaB MX (ppakTajaMu. DTO MOCIYXKUIO
HayajioM ¢pakTajpHoil reomeTpur. CUHepreTka paccMarpuBajia
B O0OILIEM BHJE 3aKOHOMEPHOCTH OOpa30BaHUSI U Pa3BUTUSI MAJIO-
MacCllUTaOHbBIX B3aUMMOJCHCTBYIOLUMX COCTABJSIOLINX, M3 KOTOPBIX
00pa3yroTcsl MaKpOCTPYKTYPHI JII0O0OUM mpupoasl. B ocHoBomoara-
folIeil padore MaHaeapOpoTa BIEpBbIE BBEICHO IMOHSITUE O dDpak-
TaJiIbHOM MHOXecTBe. 1o ero omnpeaeneHuo, «ppakraaoM Ha3bIBa-
€TCS1 CTPYKTYPa, COCTOSIILASL U3 YACTEI, KOTOPbIE, B KAKOM TO CMbIC-
Jie, MOJOOHBI 1iejioMy». MM Xe BBedeHO IOHITHE (PpaKTaIbHOI
pazMepHocTu Xaycaopda—be3ukoBuya, KoTopast SIBASIETCS YMUCJICH-
HOM XapaKTepUCTUKOI (ppaKkTajibHOro MHOXecTBa. Hike MBI Heo-
JHOKPATHO BO3BPATUMCS K OTUM ITOHSITUSIM. A TI0OKa OTMETUM, YTO
CUHEpreTuKa, Kak M (ppakrtajabHas reoMeTpusi, ObICTPO 3aBoeBaia
BceoOILee nmpu3Hanue. HaunmHasa ¢ ynmoMstHyToil paGoTsl B 1969 .,
JojiokeHHoi B IloTcmame, aBTOp B T€UEHME BCEX MOCJIEAYIOLINX
JIET BBICTYIIAJ ¢ cooOI1IeHUsIMU Ha cuMIiio3duyMax B Ilosblie, BeH-
rpuu, I'IP (cM. xBazumepuoauvyeckuii xypHan «Phys. Solar
terrestrial»), Ha KoH(pepeHuusx B [lynkoBo, Mockse, [lyumiuHo, B
HMpkyrcke, n, KoHeyHo, y cedss B USMUPAH. B stux noknagax
MbI MBITAJIMCh MCHOJIb30BAaTh HOBBIE HAIpaBieHUsI (CUMHEPreTUKY,
(ppakTabHO-KIACTePHbIA aHaIM3, U T.1.) JJISI TIOHMMAHUS CJIOXK-
HBIX SIBJCHUU COJIHEYHOW aKTUBHOCTU, KOTOPHIE HE YIaBaIOCh
npocto 00bsicHuTh MI'J1 crutonrHbix cpen. CuHepretuka u ¢pak-
TaJIbHbIE MHOXECTBA pa3padaThIiBAJIMCh B MIEPBhIC TOJIbI 0€3 MPUJIO-
JKEHMS K aCTpO U reJModu3uke. DTarl reOMeTpUIECKOro Or1McaHust
(paxkTajsoB U ceryac npeBaJupyeT HajJ aHATUTUYECKUM T10IXOJ0M.
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ITo3xe MBI K 3TOMYy Bo3BpatuMmcs. Ho ceiiyac otMeTnm, 4TO CH-
HepreTvka U (ppakTajabHbIi aHAJIU3 €lle He 3aHSIIA JIOJKHOTO Me-
cra B reqmuodusuke. Ilpuxoaurcst mpeogoseBaTb KOHCEpBATU3M U
Ha martepuagax sKcnepumeHToB (HabmoaeHust CojHLa) yoexaaTh
HE TOJIBKO B TOJIE3BHOCTH, HO M HEOOXOAMMOCTH UCMOJIb30BaTh 3TO
HOBO€ HaIlpaBJICHUE HcclenoBaHuii. llenblo HaACTOSIIEH KHUTU
SIBASIETCSI, TIPEXKIE BCEro, J0Ka3aTeJbCTBO IPUMEHUMOCTU DTHUX
HOBBIX HAIIpaBJICHUIA 1JIsI TIOHUMAHUS TIPUPOABI SIBJICHUI COJTHEY-
HOI aKTMBHOCTU. B OCHOBY HacToOsl11Ieil KHUTU TTOJOXEHBI Tepepa-
OOTaHHbBIE TIpeXXHUE MYyOJUKALMU aBTOpa U COABTOPOB M pPadOThI
MOCJEIHUX JIET, B KOTOPBIX CAeJaHa MOITbITKA UCIIOJb30BaHUS T10-
JIOXKEHUM CUHEPTreTUKU U (PpaKTaIbHOIO aHajiu3a I TTOHMMAaHUSI
SIBJEHUN coJIHeUHOI akTUBHOCTU (CA).

ABTOpPY 3HakKOMbl TeopeTuyeckue padortnsl JI.M. 3eneHoro,
A.B. MunoBaHoBa, BbirtotHeHHbIEe B MHCcTUTYTe KOocMmuueckux Mc-
ciaenoBanuii (MKW), paborer B.M1. AOpaMeHKO U COaBTOPOB, BbI-
nojiHeHHble B KpbIMcKoUl AcTpodu3nueckoil oOcepBaTOpUU, He-
koTtopblie padoTel B TAUIII, B IlynkoBo, B UHcTUTYyTE CONTHEUHO-
3emMHoll ¢usuku B Upkyrcke, u ap. M, koHedyHo, psig padoOT 1o
9TOI TeMaTUKe, BBITIOJHEHHBIX 3a pydoexoM. Ho MbI cuutanu xe-
JJaTeJIbHBIM B OCHOBHOM I10JIb30BaThCsl pa0OTaMU, BBIMTOJHEHHBIMU
aBTOPOM, 4acCTO ¢ coTpyaHuKamu otaena ¢usuku Coanoa B.H. O6-
puiako, H.C. Iunosoii, b.A. Moumoii, T.H. Baabuyk, u ap. Oco-
00 g xouy 1ob6aarogapuTh Moero coaBsTopa psiaa padot, H.C. Iu-
JIOBY, 3a IMOJIE3HbIE OOCYXXIECHUSI U MOMOILb MPU MOATOTOBKE KHU-
TW; PSII WJTIOCTPALIMI COJTHEUHBIX COOBITUI, KOTOPBIE €10 TTOTYYEHbI
no MHTEPHET, noMmelieHsl B KHUTE.

DTy KHUTY HMKaK HeJib3s paccMaTpuBaTh KakK 00001Ialoluni
0030p no ¢paktanam Ha ComaHile. Hy:kHO y4uThIBaTh, YTO (Ppak-
TaJIbHBIM aHaIM3 IIUPOKO MCIIOJb3YETCs ceiyac B acTpopU3UKe
(cm., Hanpumep o630p Perdang. Vistas Astron. 1990), reodu3suike,
O6uodu3uke, COLMOJIOTNM, 9KOHOMUKE U T.J. 3a pyOekOM 3TOMY
HampapJICHUIO KCCJIEIOBAHUI MOCBSILIAIOTCS CTAaTbM B CIIELMAJIb-
HBIX XXypHajax U KHUrax (Hanpumep, >KypHai «Chaos», cepyu KHUT
U3aaTeNIbCTBA «Springer»), cOOpHUKAX MaTepualoB KOHGepeHIIUA
U T.a. YacTMYHO 3TU AaHHBIE Mbl MCIIOJb3yeM, OroBapMBasi yKa-
3aHHYIO crielimpuKy daHHOU MoHorpadguu. ToabKo B IOCIEIHUE
roJbl Hayaja pa3BUBATLbCSl aHAJUTUUYECKAsi CTOPOHA (PpaKTabHOM
(pU3UKU C UCHOJb30BAHMEM YPABHEHMI C APOOHBIMU IIPOU3BOJI-
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HbiMU. Takue paboThl ychenrHo BeayTcss B Poccum B KazaHckom
yHuBepcutere (Hurmatynun u ap.) u ap. Ho atu Teoperuueckue
paboThI TI0Ka ellle Majao MCIIONb30BAJIUCh reJIMoPu3nuKaMu, 3a UC-
kiaoueHueM padot JI.M. 3eneHoro u A.B. MuioBaHoBa.

ABtop OnaromapeH cBouM coaBtopaM B USMUPAH u aupex-
MY MHCTUTYTA, CO3JABILIMM OJIarONPUSITHBIC YCAOBUSI IS PaOOTHI
1o 3Toi Temaruke. YacTb Halux pabOT BBINMOJAHEHA NpU (PUHAH-
cooii nopnepxke POPU (psa rpantoB 3a 1996—99 rr.), 32 uTO
aBTop BbIpaxaeT POD®U GirarogapHOCTD.

HackojbKo HaM M3BECTHO, 3Ta KHUTA SIBJISIETCS TEPBOI ITOIIBIT-
KOl OCBETUTHb MEPCHEKTUBHYIO IPOOJIEMY CUHEPTeTUKHN (paKTa-
JIOB B MPWJIOXEHNM K COJTHEYHOI akTuBHOCTM. Hu B Hameit crpa-
He, HU 3a pyOexKoM, KpOME MHOXKECTBA OTIEJbHBIX pabOT IO 3TOM
TeMaTHUKe, HET CKOJIbKO-HMOYyAb 00001IAI0IIMX KHUT IO CUHEpre-
TuKe 1 ¢ppaktaaaM Ha CoJHIIE.

ABtop 6marogaput P.E. T'epmibepra u I'.C. MBanoBa-Xo0J10aHO-
ro, KOTOpPbI€ HACTOSITEJIbHO COBETOBAJIM €My HamucaTrb 3Ty MOHO-
rpaduio.
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CoutHiie, Oynyuyr 0OBIKHOBEHHOI 3BE3/101 CIIEKTPaJIbHOIO Kjiacca
G2V, ecTecTBEeHHO, MCCIEIOBAJIOCh aCTPOHOMAaMU BCEMM JOCTYII-
HbIMU METOJaMU Haubosiee TiiaTeabHo. C pacliupeHrueM BO3MOX-
HoCTeli (ITOSIBJEHMEM HOBBIX METOAOB, MPUOOPOB) POCIM HallU
3HaHUsI 0 COJIHLIE KaK OIPEAC/ISIIOIIEM UCTOYHUKE SHEPTUU BCETO
cyliecTBylonlero Ha 3emJe. Jlojarue roasl ucciaeaoBaTed OrpaHu-
YUBAJIMCh CUCTEMATUYECKMMU HAOJIIOJEHUSIMU COJIHEUHBIX IISITEH.
Ho, HaunHas ¢ cepeautbl 19-ro Beka, Koraa BHe3alIHO OOHapyXU-
JIM COJTHEYHYIO BCHBIIKY (ysIpueHMEe B OKPECTHOCTU OOJIBILION TPYII-
Mbl ISITEH), BCJIEA 3a KOTOPOM Hayajaach OOJibllasi TeOMarHUTHasl
Oyps1, MOSIBWINCH TTOASIpHBIC CUSIHUSI U T.J., BO3HUKJIA TUIIOTE3a O
BO3MOXKHOCTH, HapsiAy ¢ MCIYCKAHMEM 3JICKTPOMArHUTHBIX BOJIH,
KOPIYCKYJISIPHOTO M3JIy4EeHMUs] B ILLMPOKOM DHEPreTUYECKOM JMa-
nazoHe. C OTKpbITHEM MarHUTHOTO T10Jist Ha CoJjiHLe 1o 3P deKTy
3eeMaHa — paclIeIUIEeHMs] MAarHUTOYYBCTBUTEIbHBIX CIIEKTPAJIbHBIX
JMHUL (B Havajie 19 Beka) cTajgo SICHO, YTO HEJOCTAaTOYHO pac-
cmatpuBatrhb CoJIHIIE KaK PaBHOBECHBIN TOpsSIYMiA ra30BBIA 1Iap
OmaeHa. Ho mpolio mouTtu mosBeka, rmoka ObLJIo OCO3HAHO, YTO
DJIEKTPUYECKME TOKM PA3HOro MacluTada M UX MarHUTHBIE ITOJISI
UTPAIOT BAXKHYIO (€CJIM HE OIPEACSIOILYI0) POJib B IOSIBICHUU U
pa3BUTUM psja JOKAIbHBIX SIBJICHUI COJHEYHOU aKTUBHOCTU B
dotocepe, xpoMmochepe U KOpoHe: MITHAX, (pakeaax, BOJOKHAX,
MpoTyOepaH1IaxX, BCIIbILKAX, KOPOHAABHBIX CTPYKTYpax, KOPOHaJIb-
HBIX BBIOpOCax Macc U T.I.

Craenyet ydyecTb, YTO JJISI COTHEYHOM IIa3Mbl JOCTYITHBI TOJIBKO
U3MEPEHUs] MAaTHUTHOIO TI0JIsI, B OTJIMYME OT HA3€MHOI ILIa3MBbl,
rJe MOXHO U3MEPSITh KakK TOK, TaK U MarHUTHOE Tojie. MHOro4mc-
JICHHBIC TIOMBITKU MPSIMBIX U3MEPEHMI ToKa (MIM Pa3HOCTU I10-
TeHIIMAJIa) 110 YIIMpEeHUIO TUHUI Bojgopoaa (1o a¢ddexrty IlTapka)
rokKa He Jaji ONpeaeJIeHHOTO pe3ybTaTa, T.K. KOHTYpP CIeKTpaib-
HOI JIMHUU OIIPEACISIETCS] PSIAOM TPYAHO YUYMTHIBa€MbIX (DAKTOPOB
(TypOyJI€HTHOCTb, Pa3Hbl€ CKOPOCTU ABMXKEHMSI BELUECTBA Ha pas-
HBIX BBICOTaX U T.I.).
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Co Bpemenm pabor Sweet (1969), CripoBarckoro C.U. u np.,
MOSIBUJIACh TUIIOTE3a O MPOLECCe MAarHUTHOIO ITepecoeaHEeHMUS,
KaK MCTOYHMKA COJTHEYHBIX BCIbIIIEK. MHOIOUYMCIEHHbIE TUITOTE-
3bl U HAOMIOJEGHUSI B TEUEHHE MOYTU MOJIyBEKa TaK U He MPUBEIU K
OAHO3HAYHOMY TTOHMMAaHMIO SIBJEHUSI COJIHEYHBIX BCHbIlIEK. B
HOCJeIHNUE TOAbI C IMOSIBIEGHUEM psifa KOCMUUYECKMX aIllapaToB CO
CHEKTPaAJIbHBIMM, MAarHMUTHBIMU U Jp. MPUOOPAMU YIAIOCh HAKO-
UTh TOUCTUHE OTPOMHBINA MaTepHasl HAOMIOJCHMIA, TO3BOJISTFOLLI
LIUPOKO 00CYKIaTh (HO HE MOJydaTh MOKa OJHO3HAYHOIO pelle-
HUS) TPUPOJY 3TOTO YIAMBUTEIBHOTO SIBJICHUS. MBI YITOMSIHYJIU
BCIIBIIKY KaK OAHO M3 MPOSIBJICHUIN COTHEYHOI aKTUBHOCTH, SIBHO
oTpaxaloieecss B MarHUTHOM Tosie 3emin. B mocienHue ronapl,
yctaHoBkoii Ha KA SOHO koponorpados (C1, C2, C3) ¢ BHe-
IIHUM 3aTMEHMEM, BBISIBUJIOCH BCIIBILLIEYHO-MOJO0HOE SIBJICHUE
KOPOHAaJIbHBIX BEIOPOCOB Macc (KOpOHaJIbHBIN BeIOpoc Macc (KBM)
v coronal mass ejection (CME)). DTo gBieHUE OTIMYANOCh OT
BCIBILLIEK IIPEXAe BCEro 3HAYMUTEbHO OOJBbLIEH MPOIOJIKUTEIb-
HOCThIO (1+2 cyTok). Ilo psay (peHOMEHOIOTMYECKUX XapaKTepuc-
UK BenbllIKU 1 CME okazanucek nonooHbsiMu (MoruneBckuii 9.U.,
O6punko B.H., Illunosa H.C., 1998). D10 gBusieTcsi apryMeHTOM
B MOJIb3y UX (PppakTajabHOU MPUPOAbI, yKa3biBas Ha nogodue (MH-
BAapMAHTHOCTD) SIBJIEHUI pa3HOro maciuTtada. Takas ke MHBapuaH-
THOCTb Pa3JUYHBIX SIBJIEHUWIM COJHEUHOW aKTUBHOCTU (AKTHUBHBIC
001aCTU pa3JIMYHBIX pa3MepPOB M MHTEHCHMBHOCTU, U Jp.), OTJIMYa-
IOLLIMXCSI TTO BEJIMYMHE SHEPIMU U MOLIHOCTU SIBJICHUI, YKAa3bIBACT
TakKe Ha PpakTaJIbHO-KJIACTEPHYIO MPUPOY SIBJICHUIA COTHEYHOM
akTuBHocT (CA) pa3HOro BpeMEHHOTO U IIPOCTPAHCTBEHHOIO
MaciuTada. MoILUHBIIM TOMYOK K Pa3BUTHUIO MCCAEAOBAHUM (pU3U-
YeCKOUW MpUPOJbl SIBJIEHUIN COJTHEYHON aKTMBHOCTU, C YYETOM -
(beXTUBHOM poOJIM MarHUTHBIX nojieil B S0—60-x romax ObUI CBA3aH
C OBICTPBLIM pa3BUTUEM MArHUTHOM rugpoarHamuku (MI'/1) B nipu-
JIOKEHUHU K 9KCIEpUMMEHTaM I10 siaepHoMy cuHTe3y. Ho mpobiema
MTI'] B npuioxeHuu K CoyHIy oKa3ajach, B CyLIHOCTH, Tropa3io
CJIOXKHEe MpexXae BCero M3-3a HaOJoJaeMoil OOJIbILION AVMHAMMWY-
HOCTU U CJIOKHOCTU CTPYKTYP COJHEYHBIX SIBJICHUI Pa3HOI'0 Mac-
mraba (BKaoYasi TypOyJI€HTHOCTb, HEJMHEMHbIE SIBJICHUSI U T.1.).
[TpsiMbIMU HAOJIOACHUSIMU MOXHO MCCJIEA0BATh COJHEYHYIO KO-

POHY U XxpoMocdepy, 0COOEHHO B MOCJEAHUE T'OJIbl C OCYLLIECTBJIC-
HueM mpoektoB KA JOHKOH, SOHO, TRACE, WIND u ap.
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HccaenoBanust GpotocdepHbIX SIBJICHUI COJHEUYHOI aKTUBHOCTU U
KPYIMHOMACIITAOHBIX MAarHUTHBIX T10JIei JOCTUTIA BEICOKOTO YPOBHSI
MPOCTPAHCTBEHHOIO0 M BPEMEHHOI'O pa3pellieHUs] ¢ MPUMEHEHUEM
MarHutorpaoB (B T.4. BEKTOP-MarHUTorpaoB), U TaXOMETPOB
(M3MepuTesieil CKOpOoCTH), YCTAHOBJIEHHBIX Ha YCOBEPLIEHCTBOBAH -
HBIX OOJIBIIIMX HA3€MHBIX COJIHEUHBIX Tejeckornax u Ha oopty KA.

OaHUM M3 BaXHBIX PE3yJIbTAaTOB KOMILJIEKCHBIX MCCIEI0BaHUI
(dotochepbl, XpoMOCHEPEL U KOPOHBI SIBUJIOCH HPEACTABICHUE O
tecHoii MI'J] cBsI3M sIBJIeHUWIA Ha pa3HbIX BbicoTax. Onpenessiio-
M siBiasieTcst potochepHoe 1osie, Kak HauboJiee mouiHoe. U,
€CTECTBEHHO, BO3HUKAET BOIIPOC O MPUPOJI€ MArHUTHOTO ITOJISI IO/
dotochepoii. [IpopwiB B 3TOi1 00sacTU cAenaia reJimoceimcMolio-
TUsl, JTOCTUTILAS TOJBKO 3a IMOCJAEIHUE TOAbl OTPOMHOI TOYHOCTU
NPy OAHOPOJHBIX AIUTEIbHBIX U3MepeHUssx Ha KA (SOHO u ap.)
U TpU BBIMOJHEHUU Ha3zeMHBbIX ceTeBbIX mporpamMmm GONG u ap.
IToadoTochepHbie mapaMeTpbl OOPEACISIOTCS MO JaHHBIM PacHpo-
cTpaHeHHUsI BO Bcell moadoTocdepHO cpene HU3KOUYACTOTHBIX
(0 ~ 5-MUH) 3BYKOBBIX KOJIEOAHUI. DKCIEPUMEHTHI U METOIbI aHAa-
Jim3a (B YaCTHOCTM, pellieHue OOpaTHLIX 3a7ay) B IeJrMoceicMoIIo-
I'MM BO MHOT'OM Pa3BUBAJIMCh HA OCHOBE JABHO Pa3BUTOM CeliCMO-
Jorun 3emian. OHU JOCTUIIM MCKITIOUMTEIBHO BBICOKOW TOUYHOC-
Ti. Ho TeopeTtnyeckasi CTopoHa reJimoceiicMOJIOTMA TTI0Ka HE MOXKET
00BSITH U OOBSICHUTH OJHO3HAYHO BECh 3KCIIEPUMEHTAIbHBIIA Ma-
Tepuaj. B KkayecTBe mpumepa yKaxkeMm, 4TO B TE€OPUM TIeJIMOCEIC-
MOJIOTMU MTPUHMMAETCSI, YTO OTPaKEeHUE p-MOJ KOJeOaHUII TPOUC-
XOJUT MOJIHOCTbIO OT (poTtochepbl. Mexay TeM 4acTb SHEPIUU p-
MOJ MOXET TYHHeJMpoBaTh (IpOHUKATh) U3 PoTocPepn B
MepPeXoJJHOM CJIoe, B XpoMmochepe U KOpPOHE.

OrpoMHBI M pa3HOOOpa3HbIA MaTepuay O MarHUTHBIX U JUHA-
Muueckux sipjaeHusix Ha CojHile TpeOyeT MpUMEHEHUsSI HOBBIX He-
JIMHEMHBIX METOJIOB aHaau3a, MPU KOTOPBIX MepapXusl COTHEYHBIX
SIBJICHUI U Tr100aibHoe COJIHIIE pacCMaTpUBAIOTCSI KaK HeEJTMHE-
HbI¢ TUHAMUWYECKNE XaOTUIECKME U CTOXAaCTUYECKME CUCTEMBI pa3-
Horo Maciutaba. Ilpouecchl CTpyKTypu3alLyMu W 3BOJIOLIMU COJI-
HEYHBIX SIBJICHUI COOTBETCTBYIOT 3aKOHOMEPHOCTSIM CUHEPIeTUKM.
DTa HOBasl MEXIUCLUIUIMHApHAs HayKa Ipu3BaHa M3y4daTb IpPO-
LIECChl CaMOOpraHuU3allud HePaBHOBECHBIX SHEPIreTUYECKU OTKPbI-
TBIX CUCTEM, COCTOSILIMX M3 MHOXKECTBA B3alMOJCHCTBYIOLLUX HC-
XOJIHBIX CTPYKTYpHBIX 2iieMeHTOB (Haken, 1983). OnHoii 13 BeTBeit
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CUHEpPreTUKU SBJsIeTcs (ppakTajlbHO-KJIacTepHblidi aHaimmu3 (Feder,
1991), mo3BojsIOLIMi MMOHATH 00pa3oBaHNWE MaKPOCTPYKTYPHBIX
CUCTEM, KOTOPbIE COCTOSIT M3 CAMOIIOJOOHBIX MUKPOCTPYKTYPHbBIX
WCXOMHBIX COCTAB/ISIIOIIMUX ((PpaKTalibHbIE 3JIEMEHTbI MHOXECTBA).

Llenapio HacTosIEi MOHOTpadUu SIBASIETCS PACCMOTPEHUE TIPU-
JIOKEHUSI CUHEPreTUYECKMX MPUHLMUIOB U (PpaKTaabHO-KJIaCTep-
HOroO aHa/M3a K HAOMI0JaeMbIM JIOKAJIbHBIM SIBJICHUSIM COJTHEYHOM
AKTUBHOCTU U IIOIIbITKA IIOJIYYUTh MPEACTABICHUE O IVIOOAIBbHOM
cTpykType CosHLIA ¢ yY4EeTOM HOBBIX AAHHBIX TeJIMOCEHCMOJIOTHMN,
M3ydeHUs1 HabogaeMbIX Ha pa3HbIX YPOBHSIX (KOpoHa, XxpoMmocde-
pa, potocdepa) ABICHUN COTHEUHON akTUBHOCTU. [Ipu aToM yuu-
TBhIBAETCS, YTO NMpruMeHeHre MI'Jl CruiolHoM cpeabl B psiae ciayda-
€B HE BCErJa OIIpaBIaHO.

CoBpeMeHHas1 Jutepatypa no ¢usuke CoiHlla BecbMa OOLLIUP-
Ha (Priest E.R. u gp., 1981). I[IpoGieme TOHKOI CTPYKTypbl MarHu-
TOILIa3MbI, (T.€., €CJIM TUIOTHOCTb MArHUTHOIM SHEPIruu IpeBaau-
PYET, €, > €y T Ererus TAC €, — MJIOTHOCTh MATHUTHOM SHEPIUH,
€am Y ey — COOTBETCTBEHHO TJIOTHOCTA KMHETUYECKOW M Tell-
JIOBOIA 3HEprumr), Kak Ham MpPEeACTABISICTCS, YACISIeTCS AOCTaTO4-
HO€ BHMMaHue. 1o ycioBue (B = ¢, /¢e, < 1) peasmsyercs B 1uias-
Me XpoMocdepbl 1 KOpPOHbI. MexXay TeM MHOIOYMCJIEHHbIE COOp-
HUKHW JOKJIAA0B Ha KOH(MEPEHLMIX, KOTOPbIe ITOCBIILIEHBI TOHKOMI
CTPYKTYpE, TIpA €,; < € T oy T-€- B > 1 (4TO MOXKET OBITH B
dotochepe mim noa porocdepoil, rae GopMUpyeTCsI TOHKAST CTPYK-
Typa MarHuTHoro moJisi Ha CoJiHILIe), He TIPOSIBISIIIA JTOKHOTO
VHTEpeca, KOrja €,, — OTHOCUTEJIbHO Maso. [Ipobiema obpazosa-
HUSI «TOHKOM CTPYKTYpbl» MarHuTHoro 1oyst Ha CoJsHiie BooOIle
SIBJISIETCS, TIO-BUAUMOMY, Beayllei B (pusuke ConHua. Hanpumep,
Schroter E., Vazquez M., Wyller, 1987, u np. noka3aau, 4yTo M3y-
YeHUE TOHKOI CTPYKTYPhl MOXET ObITh BEAYIIUM B U3YyYEHUU MPU-
POIbI, KaK COTHEYHBIX SIBJICHUI, TaK 1 0011ero noHnManus CoaH-
11a Kak 3Be3Abl. MBI MOIBbITaeMCs, B TIpeAeaax HallUX BO3MOXKHOC-
Tei, MoKa3aThb, YTO 3TO UMEHHO TaK.

®OpakTansl Ha CoHIIE — 3TO COBOKYITHOCTH (MHOXECTBO) CBO-
€00Pa3HbIX MATOMACIITAGHBIX (pa3mep < 107 ¢M.) «<KHPITMYUKOB» C
COOCTBEHHBIMU 3aMKHYTbIMHU TOKaMM (MarHUTHBIMU MOJSIMU),
MMEIOIINX TIpUMevaTe/IbHbIe CBOMCTBA 00pa30BbIBATh XapaKTePHEIE
COBOKYITHOCTU (KJ1acTepbl). M3 HUX 00pa3yloTcsi MaKkpoarperaTbl —
SIBJICHUSI COJIHEYHO akKTMBHOCTU. B paboTe mokazaHo, 4TO, MC-
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MOJIb3Ysl XapaKTepHbIE CBOMCTBA (PpakTajJbHBIX arperatoB, MOXKHO
€CTECTBEHHO OOBSICHUTHL HAOJIIOJAeMbIe SIBJICHUSI COJTHEYHOM aK-
TUBHOCTMU.

KHura cocroutr m3 BBeAeHUsI U 1eCTU I1aB. B mepBoil riase
obcyxaarorcd TpyaHoctd MI'Jl cruioliHoi cpenbl, B YaCTHOCTHU, B
TEOPUM COJIHEUYHBIX BCIIBbIIIEK. [TpUBOIUTCS COMMTOHHAS TUIIOTE3a
COJIHEYHBIX BCHBIIIEK KaK IMPUMEP aJIbTePHATMBHOIO IOJIXOJa B
MOHUMaHUUM BCIIBIIEK C UCHOJb30BAaHUEM M TOHKOM CTPYKTY-
pbl 3aMarHU4YeHHOM 1a3Mbl. COJIMTOHBI BO3HUKAIOT B TYpOY/IU30-
BAHHOM 3aMarHUYEHHOM I1a3Me MPU SYEE€YHOM KOHBEKIIMU B KOH-
BeKTUBHOI 30He CoJjHIIA.

Bo BTOpOIJi I1aBe paccMaTprBaeTCs BO3MOXHBIM MeXaHU3M 00-
pa3oBaHUsI TOPOUIATBHBIX (PaKTaAIOB U (PpaKTaJIbHBIX KJIaCTEePOB.
Ha ocHoBaHuM HaOJIOAEHUI TTOKa3aHO, YTO (ppaKTajabHbIEC arpera-
Thl €CTECTBEHHO OOBSICHSIIOT PsI, CBOMCTB IISITEH, KOMIUIEKCOB IIsI-
TeH U aKTUBHBIX 00JIacTeil, KOPOHAJBHBIX ABIP, aKTUBU3ALIUIO BO-
JIOKOH M CBOMCTBA COJIHEYHOI'O BETpa.

B TpeTbeii raBe paccMaTpuUBaIOTCS CBOMCTBA Cpeabl ¢ 00pas3o-
BaHMeM, pacragoM U auddysueil ¢pakTaibHbIX 3JeMeHTOB. [lo-
Ka3aHO, YTO B TaKOM Cpele BO3HUKAIOT YCJIOBUSI CaMOOPTaHU30-
BAaHHOU KPUTUYHOCTH.

B yeTBepTOil rnaBe paccMaTpuBaIOTCsI YCIAOBUSI BOSHUKHOBEHMUS
Ha CoJyHLIE XapaKTepPHOTIO MOPOTOBOI0 COCTOSIHUSI CaAMOOPTaHM30-
BAaHHOW KPUTUYHOCTHU. YCTOMUYMBOCTb TAKOIO COCTOSIHUSI OIIpedc-
JIIeTCS CTAaTUCTUYECKON (PyHKLMEN pacrnpejesieHUust (pakTajioB B
MPOCTPAHCTBE U BO BpeMeHU. Takast pyHKIIUS SIBIASIETCSI PELUCHMU-
eMm ypaBHeHUs1 Poxkepa—Ilianka.

B ngrToit rnaBe moka3zaHo, YTO HajJuyKe B COJIHEUHOW ILJa3Me
JUCKPETHBIX (ppaKTaJIbHBIX 2JIEMEHTOB MEHSIET PsIJi €€ CBOICTB,
Harpumep, CKOpocTh TUddy3un, NepeHOC SHEPIUU U T.J1.

B 1ecrtoii rinaBe BecbMa KpaTKo oOcCyxXigaeTcsl mpobsiema mnep-
BUYHBIX MCTOYHUKOB SHEPIUM COJHEYHOUM aKTMBHOCTU. DTa IIPO-
OJeMa MMEET CaMOCTOSITEIbHOE 3HAYEHME M CIIE Majio M3y4deHa.
Ho ee obcyxneHue nenaet Bcio mpobsemMy (ppaktanoB Ha CosHLE
0oJiee TIOJTHOM.

B 3akntoueHuM moaBOASITCSI UTOTU U BBICKA3bIBAIOTCSI MPEAJIO-
KEHUST O JaJbHEHIIeM pa3BUTUU SKCIIEPUMEHTAIBHBIX U TEOPETU-
yecKUX padboT no ¢ppakTajbHON IeOMETPUU COJTHEUHOU aKTUBHOC-
4. [lpuBeneH OOLIMPHBINA CIMCOK LIMTUPOBAHHOM JIMTEPATYypHI.
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M, CILTOIITHOM CPEJbI 1 ITPOBJIEMbI
COJIHEYHOU AKTHMBHOCTHA

Ewme B 1979 r. Ilapkep B cBoeii MmoHorpapumu «Kocmuueckue
MarHUTHbIE MOJIsT» (pycCKMii nepeBoa B 1982 r.) nmokasai, 4To a3u-
MYTaJIbHO€ MArHUTHOE I10JIE B TOHKOM CJIO€ Y OCHOBAHMSI KOHBEK-
TUBHOI 30HBbI, I'Ie peaU3yloTcsl YCI0BUS 3ddeKkTa ow-AUHAMO,
COCTOUT M3 TOHKOCTPYKTYPHBIX (PMIaMEHTApHBIX TPYOOK C OOIb-
L0 MarHUTHOM HampsiKE€HHOCTBIO (~105 ['c). DT TpydKM, mosay-
YUBIIME Ha3BaHME «MarHUTHBIE TPYyOKM moToka» (Magnetic Flux
Tub’s (MFT)), kak nmoka3zaHo B cepumu nocjeaHux padot (Parker,
1999), BcrbIBalOT M HEPABHOMEPHO pacceuBaloTcs 1o doTtocdepe
B BUae Q — 3JeMEHTOB, 00pa3ylolluX akKTUBHBIE 0OjacTUu. OHU
MEPEHOCIT TAKXKe 4acThb TerjoBoil (=0,2%) sHeprum, KOTOPYIO MBI
(puxcrpyeM Kak U3BMEHEHUE «COJTHEYHOI MOCTOSIHHOM» — IJ100aIb-
Horo obuiero m3nydyeHus (irradiance) Connua. 9mm MFT B non-
(doTochepHBIX CHOSIX TEOPETUYECKU pPacCMATPUBAIMCH PSIIOM aB-
topoB Spruit (1979), Golub et al. (1980). IIpakTiueckn, gaxe IIpu
cpeaHeM IPOCTPAHCTBEHHOM pa3pelieHNM, TOHKOCTPYKTYPHBIE
(punaMeHTapHble MarHUTHBIE CTPYKTYPbl XOPOIIO BUIHBI, HAIlpU-
Mep, B monyreHn naTeH. B 1968—1969 rr. MormaeBckum u Jp.
ObL1a MpeaioKeHa KauyeCTBEHHAsl MOJIe/b IISITHA, COCTOSIILIAs M3
TOHKOCTPYKTYPHBIX (d < 700 xMm > 17+0”,5) MFT. I1o3xe, Takass MoO-
JieJib MsITHA, pa3padoraHHas [lapkepoM, rmoaydyuia Ha3BaHUE <«IISIT-
Ho-crareTt». Enre mo Hameit padotel (1969), A.b. CeBepHbIii,
U3MEPSISI C BBICOKMM pa3pelieHUEeM MAarHUTHBIC MOJIS TISITEH B
KpbiMckoil AcTpodpusznueckoii oocepBaTopumn, o0OpaTji BHUMaHUE
Ha 4acTo HaOII0JaeMyI0 TOHKOCTPYKTYPHOCTD OIS IsITHA. Ho miinb
Ha ABCTPaJIMICKOM COJIHEYHOM CHUMIIO3UyMe MeXayHapoaHOTo
ActpoHomuueckoro Coroza (MAC) (1972) Oblmu 1IpuBEACHBI BbI-
COKOKAauyeCTBEHHbIE MarHUTorpammbl (otocdepbl, Ha KOTOPHIX
BBIACJISUIMCh U30JIMPOBAHHBIC OT ITSATEH MarHuTHhIEe «Toukn» (MFT).
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Puc. 1. ToHkas cTpyKTypa MarHUTHOTO TMOJISI MSITHA.

N3 crateu (MormneBckuii u ap.) Ha cummnosnyme MAC Ne 35, 1968 r., c. 217.
ABTODPHI BIIEPBBIC MPEIJIOXUIN CUUTATh, UTO MAaTHUTHOE I0JI€ MATHA COCTOUT
13 COBOKYMHOCTHM LIEMOYEK TOHKOCTPYKTYPHBIX MAarHMTOTOKOBBIX 3J€MEHTOB
pasmepoM < 107 cm.
CTpyKkTypHasi cxeMa MarHMTHOTO TOJIsI TISITHA:

1 — dotocdepa; 2 — monyTeHb; 3 — BO3MOXKHBIM KPYTrOBOil TOK BOKPYT T€HH;
4 — mone gapa; 5 — cyOrpaHyJbl KOHBEKTHUBHBIX SlUeeK; 6 — CyOrpaHyIIbl,
OKpyKawliire (POHOBOE MarHUTHOE MOJIE.

Spkue MarHuTHbIC TOYKU B (pakeaax Moaydriv Ha3BaHue «(DUJIUT-
pw». I1pu nonere B 1972—1973 1. KOcMuueckoro amnmaparta «Skylab»
ObLIM OOHapyXeHbl Ha Bceil moBepxHOocTU CosiHLIA MajioMaciuTad-
Hble (>2+3”) sipKue PEeHTIr€HOBCKUE TOYKMU.

BnocneactBum okazanoch (IIpU COBMEIIEHUM PEHTTCHOBCKUX
CHUMKOB C BBICOKOKAYECTBEHHBIMU MAarHUTOrpaMMaMM), YTO PEH-
TI€HOBCKUE «TOYKW», KaK MPaBUJIO, TMOKPBLIBAIOT (hOTOChEpHBIE,
TECHO PACITOJIOXEHHbBIE, TOUEUHbIE MarHUTHbBIE NoJis1 N 1 .S moJtsip-
Hoctu (puc. 2). Ha cummosnyme MAC B Ilpare B 1975 1. Crendiio
BIiepBbie IpeactaBui 063op mo MFET. TTozxe (1991, Solanky et al.)
B SHLIMKJIONEeau4YecKoi KHure «Solar interior and atmosphere» (1991)
IpUBEIU KpaTKUii, HO colaepxKaTeJbHbId 0030p padot o MFT.
EctecTBeHHO, MeXly 9TUMU OTMEUYEHHBIMU JaTaMU ObLIIO MHOXe-
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Puc. 2. Konus marHutouasTporpaMmMbl MpoA0JbHOTO (BH) MarHuTHOTO TOJIS
Ha oTocdepe OTHOTO M3 YIACTKOB B OKpecTHOCTH AO B IIeHTpaJbHOU 30HE
auvcka ConHua. benblit BeT — N-TIOJASIPHOCTD; YEPHbIM — S-MOJSIPHOCTb.
CaMble MaJible «<MATHUTHBIC TOUKW» < 1+2” 00pa3yloT KiaacTtepbl (COBOKYITHOCTH)
BOKPYT CYHEpPTpaHyJl U STYEEYHYIO CTPYKTYpy OmmossipHoit AO.

CTBO SKCIICPUMCHTAJIBHBIX 1N TCOPCTUYCCKUX pa60T 110 DTOW TeMa-

TUKe (CM. OOLLIMPHYIO IUTEpaTypy B «Solar interior and atmosphere»
ed. Cox A.N., Livingston T.C., Matthews M.S.).
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PazputuemM Haleii mepBoii mybiukalyu B Tpyaax byngamemt-
ckoro cumnosuyma B 1968 r. sBuiace padora (1969), B koTopoii
cJiejlaHa MOIbITKA ITOCTPOUTH €AUHYIO MOJAEIb COJHEYHON aTMo-
cdepbl B KoHBeKTHBHOI 30He CoiiHua (K3), cocTosiiyo n3 poHo-
Boit u auckpetHoii (MFT) cocrasisiomux. I1ozxe O6punko B.H.,
BMecTe ¢ HameBckuMm B.M., pelmim HeMHEWHYIO 3a/1a4y paBHO-
BECHS TOHKOCTPYKTYPHOTO MAarHMTHOIO 3JIeMEHTa B 00JacTv JIy-
YKUCTOrO paBHOBecHs. B 4aCTHOCTH, MMM MOJTy4YeH HIDKHUIA TIpejies
Ce4YeHUsT PAaBHOBECHOI MarHUTHOM «TpyOKu» ~ 70 KM. DTU pe3y/ib-
TaThl JIETJIX B OCHOBY JOKTOpCcKOi mucceprauuu B.H. O6punko, u
WU3JIaHHOI MM BIIOCJICACTBMM OJHOI M3 MEPBBIX PYCCKUX KHUT IO
TOHKOM CTPYKType MarHuTHOro mnossi «CoJjIHeYHbIe MITHA U COJI-
HeyHast akTUBHOCTE (CA)».

bosabinoe yuciao pador mo MFEFT TeopeTHUUYeCcKOro M 3KCrepu-
MEHTAJILHOIO XapakTepa, B YaCTHOCTHU, MCHOJb3YIOLIMX HalJII0ae-
Husa B UK-nuamnazone, B 80—90 rogax, ObLI0 MOCBSILEHO PaCCMOT-
PEHUIO YCTOMYMBOCTU, BOJHOBBLIM IIpOlieCCaM, DHEProliepeHocy B
MFT. IlpencraBiasitoT MHTEpeC COOPHUK JOKIAAOB U JUCKYCCHIA
Ha cumno3uyme Ha KaHnapax «The role of fine-Scale magnetic fields
on the structure of the solar atmosphere (ed. Schroter E., Vazquez
M., Wyller A., 1987). OcHoBHOe BHUMAaHHE B COOPHMKE YIEJICHO
SIBJIGHUIO MarHMTOKOHBEKIIMU (slY€eYHOM KOHBEKLIUU 1oJ (HOTO-
cepoit), npu KOTopont €, < €,,,, +€,,0,, (II0 TEDMUHOJIOTUA 3TO HE
MarHurorniasmal!), BOJHOBBIM IpolieccaM MepeHOoca BellecTBa U
noast B MFT, ¢BsI3Mu MarHUTHOIroO IOJSI C KOHBEKLIME B KOHBEK-
TuBHOI 30He (K3), cTpykType akTuBHBIX siBJieHUMI Ha CoJjiHlle, U
BornpocaMm obpaszoBaHusi U pacraga MFT. Bce paccMmoTpeHHBIe
BOIIPOCHI PELIAINUCh B paMKax Kjaaccuueckoil MI'J ajist cruioniHomn
cpenbl. [lonoOGHOE ke pacCMOTpeHUE TOHKOCTPYKTYPHBIX 3JI€MEH-
TOB IIpOBeAEHO B U3BecTHOUW MoHorpaduum E. Priest «Solar
magnetohydrodynamics» (pycckuii niepesosa 19835r). MojaenbHbie
pacdyetel MFT psiza aBTOpOB BBITJISIAST BIIOJHE 3aKOHYEHHO, XOTSI
JeTaJIbHbIE COITOCTABJICHUSI C HAOIIOACHUSIMU MPAKTUUYECKU HE
NpPOBOAUANCH. TOMBKO B MOCAEAHME TOAbI 3TO CTAJO BO3MOXKHbBIM
Mo BbICOKOKauyecTBeHHbIM HabmoaeHusiM Ha KA «TRACE» Pac-
npeaeaeHue TepMOAUMHAMUYECKUX TapamMeTpoB (temneparypa 7,
IUIOTHOCTD #, AaBiieHue P u np.) B npeaenax MFT tpeOyroT cBepx-
BBICOKOI'O TPOCTPAHCTBEHHOI'O pa3pelleHUsI, KOTOpPOe IT0Ka elle
HeaocTynHo. Kak ycumTh MarHuTHY10 HanpskeHHOCcTb B MFT no
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KMJIOTaYyCCOBBIX BE€JIMYMH, KOTOpbIe HaOItogarTcs B doTocdepe,
KaK BOOOILE TEHEPUPYIOTCS CTOJIb TOHKOCTPYKTYPHbIE HUTEBMII-
HbIe YCTOMUYMBBIE MArHUTHBIE TPYOKM IIpU MArHUTOKOHBEKLIMU B
KOHBEKTHUBHOM 30He (K3), Kak 00pa3yloTcsi U 3BOJIOLUOHUPYIOT
aKTUBHBIE 00JIACTU, TISITHA, BOJOKHA, KOPOHAJIbHbBIC CTPYKTYpPhI (B
armochepe MFT cTaHOBSTCA MATHUTOIUIA3MEHHBIMU, T.€. €,, >€,) —
BECb 3TOT KpPYyI' BOIPOCOB IIOKA €llie He peuieH B pamkax MIJ]
CILUIOIIIHOM CPEJIBL.

Y1006bI 060CHOBAaTHL HEOOXOAMMOCTh HOBOIO MOAX0Aa K MpooJie-
M€ COJIHEYHOM MJ1a3Mbl C TOHKOCTPYKTYpHbIMU 371eMeHTamMu (MFT),
Mbl OTMETHUM HEKOTOpPbIE TPYAHOCTU, KOTOpPbI€ BO3HUKAIOT IPU
PACCMOTPEHMM COJIHEYHBIX SIBJICHUM B paMKax Kyaccuueckoin MIJI.
[Tpexnae Bcero 3ametuM, 4yto 1uia3mMa ¢ MFT goimkHa nmpuobpeTarb
psi HOBBIX CBOMCTB TTOJJOOHO TOMY, KaK MEHSIIOTCSI CBOMCTBA KIJI-
KocTH ¢ Iry3bIpbKaMu (OctpoBckuii, 1976). B cooTBeTcTBUM C pa-
ootoit Xpuriok A.I'. (1988) B HecxkumMaeMoOM KUAKOCTU SHEPIeTU-
YEeCKUI CIEeKTp My3bIpbKOB KBaHTOBaH. HaumMeHbllMM ypoBHEM B
(pyHKIIMM pacripefeieHUs] TI0 UMITyJbcaM o0jagaeT cepruiecKu-
CUMMETPUYHOE JBMKEHME CTEHOK Iy3bipbka (Jlanpay—JluBiiuii,
ruapoanHamuka. M: «Hayka», 1986). KBaHrtyeTcss m pamnanbHOe
JIBVXKEHME MYy3bIpbKOB, paccMaTpMBaeMoOe KaK OJUH U3 TUITOB KOJI-
JICKTUBHBIX BO30YXXIEHMI, Ha3BaHHBIX OabysoHamMu. B3ammopeii-
CTBUSI MeXAy 0abjioHaMU CBSI3aHbl C paguadibHBIMU MYJIbCALUSIMU
noTeHuMaga 6abJ0HOB.

Kaxk OyzneTt nmokazaHo HUKe, MOJOOHBIE K€ CBOMCTBA UMEET (ppak-
TaJIbHAsI cpela. DTa aHAJIOTUSI C Iy3bIpbKOBOM KMJIKOCTbIO HE Oe-
3ocHoBarejqbHa. B MFT BHemHee razoBoe gaBieHue P =

BHCIII.
= Puyrp. T B?/8n, T.e. P > P 1 MFT wurpaet poib «Iy-

BHCIII. BH .
3bIpbKa». DTO MeEHSIeT CBOICTBa Hﬂaygll\)/[bli KoaddutimeHT 1uddy-
3UH, MOJABWKHOCTb, IIEPEHOC SHEpruu 1 mojsg u T.1. Kak mokasa-
Ho B pabote Alexander S. Orbach R. I (1982 r.), Bo (bpakTanbHOM
cpelie BO3HUKAIOT JIOKAJIM30BaHHbBIC KOJICOaHUsI Ha OIpeIe/ICHHbIX
4acToTax, MOJIyYMBIINE Ha3BaHUE — (PPAKTOHBI (aHAIOT GAOIIOHOB
B IMy3bIPbKOBOM XUJAKOCTU). [IMOTHOCTL pacnpeneneHusi ppakTo-
HOB IO 4acTOTaM MMEET, B CHJIy MaclUTaOHOW WHBApUAaHTHOCTH,
CTEIIEHHO! BUA. DTO yKa3bIBaeT HA (PPaAKTAIbHYIO CTPYKTYPY ILI1a3-
Mbl ¢ MFT.

HoBoe HampapieHue B U3ydyeHUM (ppakTaJbHbIX CBOMCTB CBSI3a-

HO yXe ¢ aHaJIUTUYECKUM MOJIX0A0M K (ppakTajbHOM cpelie, BMeC-
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TO OOBIYHOTO, Mayllero or Manaensopora (1982), reomerpmyec-
Koro aHaauza dpaktaabHOcTU. KoJjiebaTelbHbIN acleKT aHaiu3a
dpaxranpHOI cpennl (3ocumoB B.B., JIamires JI.M., 1995) Becbma
nepcrnekTiBeH. Ho B mpuioXXeHUM K COTHEYHBIM SIBJICHUSIM MMe-
I0TCSI TOKa TOJbKO mepBble paboThl (3eneHbiit JI.M., Munosa-
HOB A.B., 1992, 1996), KoTOpBIE MBI KOPOTKO PACCMOTPUM HILKE.
['maBHas TpyaHOCTb B MPUWJIOXEHUM 3TOr0 HOBOTO TOAX0Aa K COJI-
HEYHBIM SIBJICHUSIM — 3TO OTCYTCTBHE JOCTATOYHO IJIMTEIbHBIX U
TOYHBIX JAHHBIX HAOMIONEHWI CIEKTPOB KOJEOAHMI COJIHEUHBIX
SIBJICHUIA, €CJIM HE CUYUTATh M3YYEHUSI 5-MUHYTHBIX COOCTBEHHBIX
3BYKOBBIX KoyiebaHuit Ha CoJjiHIIe, Ha pe3yJibTaTaX KOTOPBIX OCHO-
BaHa BCY TI'EJIMOCEMCMOJIOTUS.

C HayvajoM peryJsipHbIX HaOJIOACHUI M300pakeHUl B MSITKOM
pentrene Ha KA «Johkoh», B nanekom YO (A = 191 A, 170 A, 304 A
u 1.4.) 1 Ha KA «SOHO» crano oyeBUAHBIM, YTO Xpomocdepa,
MepexoaHbIil cioit (XpoMmocdepa/KOpoHa) U KOPOHA COCTOST U3
0o0JibLLIOro Habopa apoyHbIX (IETEJIbHBIX) CTPYKTYp Pa3HOTO pa3-
Mepa, 3TO YOeIUTEIbHO YKa3bIBaeT Ha OMPEALISIIOLIYIO POIb CTPYK-
TYPU30BAHHOI'O MarHUTHOTro Mo, cBsizaHHoro ¢ MFT dotocde-
pbl. Tak 4TO, maxe MpM OTHOCUTEIbHO MajaoMm uuciic MFT BHe
AKTUBHBIX 00J1acTeii (C Y4ETOM OrpaHMYEHHOIO MPOCTPAHCTBEHHO-
ro paspelleHus] U HU3KON UYYyBCTBUTEJIBHOCTH MarHUTOTrpadoB),
Biisinue MFT Ha Bce cBolicTBa I1a3Mbl aKTUBHBIX obJiacteii (AQO)
JOJDKHO OBITh OYEHb CYILECTBEHHBIM.

[IponmmoctpupyeM HekoTopble TpyaHocTh MIJl cruiomiHoMi
cpelbl, BO3HMKAIOIIME IIPU OOCYXIAEHUU MNPUPOAbl COJHEUYHDIX
BCIIBIILIEK, KOTOPBHIM ITOCBSIIIEHO MOMCTHMHE MHOXECTBO padoT.
CTOUT OTMETUTD, YTO ITU XK€ TPYAHOCTU UMEIOT MECTO TPH aHAJIU-
3¢ psja JpyTUX SIBJIEHUM COJTHEYHOM aKTUBHOCTU: KOPOHAJIbHBIE
BeIOpochl Macc (Coronal Mass Ejection — CME), pa3sutue AO,
npobGsemMa HarpeBa KOpOHbI, U T./.

Kak ormeuasnoch BbIllle, MTOYTU IMOJBEKA TOMY Haszal, ¢ OOJb-
IIIMM 2HTY3Ma3MoOM, ObLJla HayaTa TeopeTudeckasi pa3padoTKa I'v-
MOTE3bl O MPOLECCaX MATHUTHOTO MEPECOCAMHEHMSI, KAK OCHOBHO-
ro sBjieHus: B AO, pUBOISILETO K KOMILUIEKCY SIBIGHUIA TIPU COJI-
HEYHbIX BCIbllIKaX. CoMHEYHbIE BCIBILLKU MPOSIBISIIOTCS B pe3KOM
JIOKQJIBHOM YSIpPUEHMH IUIa3Mbl B ILIMPOKOM CIHEKTPaJILHOM Juaria-
30He oT Y@ 510 pagudoauana3oHa, HampuMep, B BUJIE ABYXJEHTOU-
HbIX OMMCCHUOHHBIX MOJIOC, YCKOPEHUM YacCTUll JO0 SHEPruu COJI-
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HEYHBIX KOCMUYECKHUX JIy4yeil, BhIOpOce ILIa3MEHHBIX O0JIaKOB 3a
Mpeaesibl aKTUBHBIX o0acTeil u T.4. OJHAKO HAKOIUIEHUE MaTepu-
aJI0B HAOJIOACHMI MOCTAaBUJIO MeEpell TEOPETUKAMU Psif CIOXKHBIX
BOIIPOCOB, PACCMOTPEHHbIX, B YACTHOCTHU, B paboTte «Physics of the
Sun» (ed. Sturrock P., Holzer T. et al. V. II, 1986).

Kputnueckmnii aHanm3 TpyJIHOCTEN TEOPUU BCHBIILIEK CBOIUTCH,
B YaCTHOCTM, K PEILUEHUIO CJAEAYIOLIMX BOIMPOCOB:

a) Yrto mpuBOAUT K BCIUIBIBAHUIO MArHUTHOIO ITOJISI OT (pOTO-
cdepnl B xpomocdepy U KOPOHY, TIe IMPOUCXOAUT OBICTPOE Mpeo0d-
pasoBaHWE€ MArHUTHOIM DHEPIMU B BMUCCHIO BCIbILKKU? JlnHaMu-
yecKue M3MeHeHUsI Ha hoToc(pepHOM YPOBHE TP BCIIBILIKE HEBE-
JINKHU, a 3aMEeYEHHbIE U3MEHEHUS «1Ipa» (CKPELMBAHUSI) CUJTOBBIX
JIMHUIM BOU3M JIMHUM CMEHBI MarHUTHOM MojsipHOoCcTU B AO He
MPUBOAWJIM K OAHO3HAYHBIM pe3yJbTaTaM: B Psiie CAydaeB LIUD
MPU BCIIbILIKE Y JMHUU CMEHbI MOJSIPHOCTEM YMEHBILIAETCS, YTO
JOJDKHO YKa3blBaTh Ha pealv3aliuio dHepruili TokoB. OQHAKO OT-
MEYaI0Ch HE MAJIO CIYYaeB POCTA «ILKPa» BO BpeMsI U I10CJIE BCIIbILLI-
Ku. [laxke Mpu BBICOKOM BPEMEHHOM pa3pelleHUU, MPaKTUIECKU
HE OTMEYaJOCh B aKTUBHBIX 00JIACTSIX C MSITHAMU, 1€ MPOUCXOIM-
JIU BCIIBILIKY, U3MEHEHUSI KOHBEKTUBHBIX IBUXKEHUI B (poTOochepe.

06) KakoBa cKOpoCTb MPOHMKHOBEHWSI MAarHUTHOTO MOJISI U3
(doTochepnl B BHICOKOIIPOBOISIIYIO ITUIa3My XpoMocdepbl 1 KOPO-
Hbl? [IBmzkenust MFT B ¢poTocdepe MOryT NpUBOAUTDL K HEJIMHEN-
HOM TypOY/JIE€HTHOCTU, YTO CIHOCOOCTBYET «IIPOTAJIKMBAHUIO» (Mep-
KOJISILIMM) MAarHUTHBIX TI0JIEH U MOSIBJICHUIO TUPUHTAa HEYCTOMYM-
Boctu MFT, T.e. KOHBepCUU MAarHUTHOMU SHEPTUU B KUHETUUECKYIO
U TeIUIoBYIO sHepruu. IIpocTpaHcTBeHHasI 1Kajda 3TUX IPOLIECCOB
OoJibllie ILUKaJbI 00LIero moroka moJisi AO, HeoOXOAUMOTO IJisl
BCIBILIKH.

B) I'e HakammMBaeTCsi MAarHMTHAsI SHEePrusl BCObILKU? B Kopo-
He? Peuyb ME€T O HAKOIUJIEHWU DHEPIUU > 103—10%! apr. IT0 Tpe-
oyeT pocTta HarpsekeHHocTU 110181 1o 400—500 I'c B O0JbIIIOM 00BE-
Me ~6-10% cM . MaruutHoe TaBieHIe B 3TOM cjiyyae Ha 2—3 TI0-
psiika 00JiblIe OKPYXKAIOLLIEro JaBJIeHUsI KOPOHAJIbHOM I1a3Mbl. Kak
yIepXaTb TaKOi MpPOLIECC HAKOIUIEHUSI B OrpaHUYEHHOM OObeMe
JI0 Hayajla BCIbILKK? BBeneHue MoHATHsS OECCUIOBOrO MarHWT-
HOro 1101 (T10JIe TTapaJUIeJIbHO TOKY), T.€. [ B xrot B | wym rot B =
= J = aB, tne o = const (B TPOCTEIIIIEM cilyyae) HE periaeTt
Borpoca. B pabore Aly J.J. (1989) Obl10 MmokazaHo, 4YTO MpeAc/b-
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HBIA pOCT 3HEPIrur OECCUIOBOIO MATHUTHOTO IOJSI HE MOXET ITpe-
BOCXOJUTb DHEPryi0 MOTEHLMAJAbHOIO TOJISI B JBAa pa3za. DTO He
pelaeT BOIpoca O COXpaHEHUM HAKOILJIEHHOM 3HEPrur B XpOMOC-
depe 1 KopoHe, HeobxoauMoii s BerbllueK. He siceH MexaHu3Mm
ObIcTporo (B mpeaejiax BPEeMEHU MMITYJbCHOM (pa3bl BCIIBILLIKU)
MepeHoca U pealns3alid HAKOIUIEHHOH B OOJIbIIOM OObeME Mar-
HUTHOI 3HEPrUM B KOPOHE B OTHOCUTEJIbHO HEOOJIBLION MO pas-
MepaM 00JIaCTU BCHBILIKKW. DTOT BOMNPOC CTAaBUIM €I1lIe B CBOEH
kHure Kartan, IlukenbHep u LHutoBuy (1997). Onu obGpatuan
BHMMAaHME Ha TO, YTO IPOTEKAHUE TJIa3Mbl C ITOJIEM, DHEPIUs KO-
TOPOTo JOJKHA PeaIn30BaThCsl 3a KOPOTKOE BPEeMsI BCIIBILLIKM, TIPO-
XOJUT B Y3KOM TOKOBOM KaHase. Ilociennuii odOpa3yeTcst poTH-
BOITOJIOXKHO HampaBJIeHHBIMU IMEPECOCAUHSIOIMMUCS MarHUTHBI-
MU nojagmu. Ilporekaromas riazMa ¢ MojeM IpU 3TOM JOJDKHA
nocturatb ckopoctu V ~ C (CKOpPOCTHM CBeTa), UYTO MCKJIIOYAETCSI.
PaznuyHble paccMOTpEHHbIE MEXaHU3MbI, B T.4. BO30YXJEHUE
yIApHOU BOJIHBI, aHOMabHas1 TpaHchopmanus J, (J, — Tok nomne-
PEK MOJIST) TP BHICOKOM OTHOILIEHUM TEMIIEPATypP T”/ I'(IinT, —
COOTBETCTBEHHO BAOJIb U IMOIIEPEK MOJIs), peaan3alusi TOKOB B XpO-
MOC(EpPHBIX METISIX ¢ BO30YXICHUEM PE3UCTUBHOTO KMHKA U Jp.
He MPUBOJAWIM K TOHUMaHUIO HAOMI0JaeMbIX siBJIeHU. OTMETUM
emie, yro B padore (Kondrashov, et al, 1999), rme paccMorpeHa
TpeXMEpPHAasi MOJEJIb CTOJKHOBEHUIM HenmpepblBHBIX MFT (00bIYHO
OrPaHMYMBAIMCH TUIOCKUM ABYMEPHBIM paCCMOTPEHUEM ) MTOKA3aHO,
yTOo MarHuTHoe nepecoeauHeHre MFT ¢ moJjieM pa3HoOro Harpas-
JIEHUS JajdeKo He Bcerna npoucxoaut. B psae ciydaeB MET moryrt
mobo nedopMUPOBATHCS, JUOO MPOXOISIT MUMO JpYyr Apyra 0e3
MOJHOTO B3aUMMOJCHCTBUS, U J0JisI TepecoeguHeHHbIXx MFT
COCTaBJISIET MaJIyl0 4acTb SHEPruu OT MUX OOILEro MarHMTHOIO
MoTtoka. PaccMoTpeHue BCHBIINIEK TPeOyeT MOCTPOECHUS TPEXMeEp-
HOW MOJEJM TOKOB, WJIM ABOWHBIX CJIOEB, U BO3OYXIECHUSI aHO-
MaJIbHOTrO comnpoTtuBieHus. Ho 1 B 3TOM ciiyyae HeT YBEpEHHOCTH
B yCIIEXe.

[IpoBeneHHbIT pa3d0op HEKOTOPBIX TPYAHOCTEH B MOHMMaHUU
OpUPOABI BCIBILIEK B paMKax kiaccuueckorn MIJl emie He 1moJi-
HbII: 1S psiJa BCObIILIEK UMEeT MecTo cMeleHHoe Ha 0,5—1 yaca
MOCJIeyIoIee MOCTIPYINTUBHOE 3HEPrOBBIACICHUE, MPU KOTOPOM
MPOTOHBI MOTYT YCKOPSThCS A0 3Heprum > [9B (I'ura siexTpoHo-
BosbT) (Yeprtok, 1990). IlepeunciaeHHble TPYAIHOCTU, IPU pas3pa-
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OOTKax HOBOM MOJAEIN BCIIBILIEK, MOTYT OBITh, BEPOSITHO, KaK-TO
pa3pelleHbl, €C/IM y4eCThb JIUCKPETHYIO TOHKOCTPYKTYPHOCTb 3a-
MArHMY€HHOM IUIa3MBI.

VYkazaHHble TPYTHOCTH BO3HMKAIOT U TOI/IA, KOTAA MbI MbITAEM-
Csl TIOHSTh MPUPOAY U 3BOMIOLMIO 3aMarHUYEHHON TypOyJICHTHOM
IUIa3Mbl, U B JAPYIUX SIBJICHUSIX COJTHEYHOI akThuBHOCTHU. [Ipu pac-
CMOTPEHUM COJIHEUHBIX SIBJICHUH, (Aaxke ¢ MajbIM IPOCTPAHCTBEH-
HBIM pa3peireHueM (= 5”)), BO MHOTHX CJIy4yasiX IIpUMEHMMA CXeMa
MTIJl cnjomHoOi cpeibl, €CAU MbITAaThCs pellaTh MOCTaBJAEHHbIE
BBIIIIE 331a4M C YYETOM JUCKPETHOCTU TIJIa3MBI.

OmHako ciieayer ydecTb, 4To > 90% MarHMUTHOro MOTOKa Ha
ConHue ompenensieTcss TOHKOCTPYKTYPHBIMU 3J€MEHTaMu, M T0-
CTPOCHME PEeATUCTUYECKON MOAECIU COJHEYHBIX SIBJICHUIA C HEoO-
XOJUMOCTBIO JOIKHO YYUTHIBATh CBOMCTBA TOHKOCTPYKTYPHBIX 3J1€-
MeHTOB (MFT) u m3MmeHeHus1 mapaMeTpoB IiadMmbl (auddysus,
OPOBOAMMOCTb, PHEPrOIEPEeHOC, BA3KOCTb U T.A.), COAECpXKallei
TOHKOCTPYKTYPHbIE 3JI€MEHTbI. be3 3Toro TpyaHO CTPOUTb MOAE/b
COJTHEUHBIX SIBJICHUII aKTMBHOCTU, aAeKBaTHYIO HaOmoaeHusiM. B
ATOM CBSI3M MHTEPECHO OTMETUTb, YTO B TYpOYJIM30BAaHHOI IMJa3Me
TOKOBOI'O CJIOSI BCIIBIIIKM, Kak Tokasan I[lycteuibHUK (1997), Bo3-
HUKAEeT YHUBEPCAJIbHbI CTENEHHON CIIEKTP TOHKOCTPYKTYPHBIX
2JIEMEHTOB, TAKOM K€ KaK M CHEKTP YCKOPEHHBIX, BHICOKO3HEp-
TMYHBIX YaCTHUL. DTO yKa3bIBaeT Ha BOBHUKHOBEHUE B TypOYJEHT-
HOW cpede BCIbILKM (ppakTaabHBIX 3JEMEHTOB M (PpakTaaIbHOCTU
Bcell cpeabl. Ho manbHellnmne TeopeTUUECKUE MOMACIU TPEOYIOT
0oJiee TMOJTHOTO U3YYEHUS BCETO «CliEHApUs» MMOATOTOBKU U pa3BH-
TUSI BCIIBILLEK.

CaM 1pouecc MarHMTHOTrO TepPecOeIMHEHUsT BbI3bIBAET MHOIAA
caMmble IIPOCThIE BOIIPOCHI: B CJIOXKHBIX ITSITHAX «0» MAarHUTHOU KOH-
¢urypayu (T.e. B IITHAX, I1¢ B OJHOM MOJYTEeHU PaCIIOJIOXKEHBI
nmojis N 1 S noJIpHOCTH) B MPSIMOM KOHTAaKTe UTUTEIHLHOE BPEMS
HaxOJSITCSI MAarHUTHBIC 1TOJIsT NV 1 S TIONSIPHOCTH, YTO HE BBI3bIBACT
MarHUTHOW aHHUTWISILUM JaXKe BO BpeMsl JMHAMUYECKUX M3MEHEe-
HUI TIsITeH (B T.4. NpPU BCIbIIIKAX). DTO yKa3bIBa€T Ha TO, YTO
OPSIMOM KOHTAKT MPOTUBOIIOJIOXKHO HAITpaBI€HHBIX MarHUTHBIX
MoJieid HEAOCTAaTOYEH AJIsI MarHUTHOro mnepecoeauHeHus. Heobxo-
JIUM BHEILIHUI (PakTop (2JIEKTPUUYECKUU TOK B OPTOTrOHAJIbHOM
TUIOCKOCTY KOHTAaKTa MPOTUBOIOJIOXKHBIX MATHUTHBIX TTOJICi), TIpH-
BOISIUMIA K TIepecoeaHeHn0. M HesICHO, KaK BO3HMKAaeT TaKOM
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TOK U TIOJYYUM JIM MBI IIPU 3TOM IOJIOXUTEIbHBINA BBIXOJ 3HEP-
My, KOTopasi MPeBOCXoAuIa Obl SHEPIUio, 3aTpadyeHHYIO0 Ha Haya-
JIO MAarHUTHOTO TI€peCcOeIUHEHUS].

YkazaHHbIe BbIllIE TPYIHOCTU 3aCTaBJISIIOT MCKATh aJIbTEpHATUB-
HbIE TUIOTE3bl UISI COJTHEYHBIX BCIbILIeK. Tak B Hauieil padote
(1986) mpemroxkeHa TMIIOTE3a COJTUTOHHON MOJEIN BCITBIIIKM.

[Tpu 11000#1 MOAETN COTHEYHBIX BCIbILLIEK MMEPBUYHBIE UICTOYHM-
KM DHEPIUM JOJDKHBI OBITH CBSI3aHBI C TTOA(POTOCHEPHBIMU CIOSIMU
KOHBEKTUBHOM 30HbI (K3), T.K. MarHuTHOE Moje, KaKk MCTOYHUK
SHEPTUU BCIIBIICK, HE MOXET TeHEpUpPOBaThbCsl HU B XpoMocdepe,
HU B KOpoHe. Peyb MOXET MATU O KaKOM-TO IlepepaclipeacacHuun
noasi B AO, 00 omnpeaesieHHOM CTPYKType M AMHAMKKE T0JIsl Ha
dotochepe. Ho u B tuHamuke potocdepHBIX IIPOLIECCOB OIpe/Ie-
JISIOLLYIO POJIb TOJDKHBI UTPaTh CTPYKTYpHbIE oOpa3zoBaHus AO 1on
doTtocdepoii (s;ueeyHast KOHBeKLIUSI, U T.1.). CleayeT Takxke y4ecTb,
YTO caMa BCIIBbIIIKA (HAIprUMep, ABYXJICHTOYHAsI) BBHIMJISIAUT B BUJIC
CIJIOLIHOM JIGHTHI TOJILKO IMPU HAOJIIOJEHUM B LIEHTPE CIEKTpasib-
Hol uHuM, HanpuMmep Ho. [Tpy HaOMIOAEHUSIX B KPBUIbSIX JTUHUA,
¢ (uabTPOM C Y3KOI MOJIOCOHN IPOMYCKAHWSI, BUIHBI TOJIBKO OT-
JeJIbHbIE Y3JIbl U «TOYKW». CIUIOLIHOE CBEYEHME JIEHT BCIBIIIECK —
pe3yabTaT TOC/AEAYIOLIEro IepepacnpeaeyieHus: (paccesiHue, BO3-
OyXJeHUe) M3IydeHUsI U3 YKa3aHHBIX SIPKUX «TodyekK». OTMETUM,
YTO JaXe TP HE OUYEHb BBICOKOM IPOCTPAHCTBEHHOM pa3pellie-
Huu (3+5”), HaOmMogaeMoe BCILIbIBAIOIEe HOBOE MArHUTHOE IOJIe
(B T.4. MPUBOJSIIIEE K BCIIBILKE) COCTOUT M3 MaJIOMACLUTAOHBIX
«TOUEK» U «y3€JIKOB», KOTOPhIE MOTYT, B pe3yJIbTaTe IMpoliecca CTPyK-
TypU3aliiM, 3aTEM COCTBHIKOBBIBATHCSI, 0Opa3ysl MsITHA U 2JIEMEHTHI
dakenos («puaurpu») (Schmieder at al., 2000).

Takum obGpazom, mpobiieMa TEPBUYHBIX MCTOYHUKOB SHEPruu
BCITBIILIEK W JIPYTMX HECTALIMOHAPHBIX SIBJACHUI (HAIlpuMmep, aKTh-
BM3allMsl U pacnaj Ha 4acTU BOJOKOH) COCTOMT B BO3MOXHOCTHU
MOCTPOCHUSI MOJEIM BCILIbIBAaHUSI U3 MOAPOTOChEPHl OTIEIbHBIX
MaJIOMacCIITA0OHbIX MAaTrHUTHBIX 3JIEMEHTOB MarHUTHBIX TPYOOK ITO-
toka (MFT), nnu BoaHoBbix nakeroB MFT. OgHoii u3 ¢gpopm Tta-
KOT0 TIpolecca MOTYT ObITh BOJJHOBBIE BO3MYILEHUS B «ILIEIN» T'pa-
HULIL STY€eYHOI KOHBEKLMUU noadoTochepHOM 3aMarHu4eHHOM cpe-
abl. B aTOM ciydae cienyeT ucXoauTh U3 TOTO, YTO B Xpomocdepe
Y KOPOHE TIIa3MEHHBINA GakTop B = €,,4/€var (€ — YACJIBHAS ILIOT-
HOCTb KMHETUYECKOM U MAarHUTHOM 3HEPrun), Kak npaBujo, MeHb-
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1ll€, WJIM MHOIO MeHbIle, JaXe MPU CaMbIX MUHMMAJIbHbBIX 3HAYe-
HUSIX €,,- Ha oadoTocdepHbIX YPOBHAX TUIA3MEHHBIA (pakTop B
pe3ko pacteT oT 1 go 20+30 BOJM3M OCHOBaHUS KOHBEKTUBHON
30HbI (K3). TakuM 06pa3zom, BCIO BO3MOXHYIO AUHAMUKY MArHUT-
Horo mnous onpeaessaiorT B K3 (B oTiMune oT CoIHEeYHOM atMocde-
Pbl) KOHBEKTMBHbIE JIBVKEHMSI TypOYJICHTHOM 3aMarHMYeHHOM I11a3-
Mbl. MarHuTHoOeE T0Jie CJAeAYeT 3a CTPYKTYPHBIMU MOTOKAMMU TI1j1a3-
MbI B KOHBeKTUBHOM 30He (K3). Hanuuue 1oKaibHBIX 1 INI00ATBHBIX
TOKOB JIEJA€T BEPOSITHBIM TO, UTO MAarHMTHOE IMOJI¢ B KOHBEKTUB-
Holi 30He GeccunoBoe (bMII). beccunoBoe mose 310 Moje ¢ TO-
KOM M MMHUMAQJIBHOM 2Hepruei (Tak Xe, KaK W NOTEHLaTbHas
SHeprust MarHuTHoro nojs). Ilo onpeneneHuio aas GeCCUIOBOro
maruuTHoro nonst (BMIT) rot B = o B, rie oo = const — JMHE-
HbIA ciydai, i o = o(r, ) — HequHeriHoe BMII. K coxarne-
HUIO, MHOTHE aBTOPhI paCCMaTPUBAIOT OECCUIOBOE MAarHUTHOE MOJIe
ToJbKO TipU B << 1. JIviub B padoTtax Schrinevasan, Tompson (1974)
BIEPBbIE MOAPOOHO PaCCMOTPEH peaibHbIl ciaydait BMIT npu f > 1.
Oxazanock, ytro bMII ipu B > 1 MOXeT CyllIecTBOBaTh B CTallMO-
HApHOM CJIy4ae, TOJbKO €CJIM JABVIKEHME COOTBETCTBYET YCIOBUIO
rotV = oV, (o0 = const — quHENHBIN caydail, oo = ofr, ) — He-
JIUHEHHBIN). B 2TOM cilyyae cuurTaeTcs, 4TO o OJHO U TOXE, KakK
JIJIsI MAaTHUTHOTO MOJIsI, TaK W JJIs1 ABVXKEHUIA. DTO JIBUXKEHUE TUIIA
benbrpamu. OTMETHMM, YTO IIOYTHM Ha JABa JECSITUIICTUSI paHbIIE,
TAKOIo TUIA JABUXKEHUS ucciiegoBan npodeccop KazaHckoro yHu-
BepcuteTa I'poMeko. Tak 4yTo, cipaBeJIMBOCTUA paiu, Mbl B JaJlb-
HelileM OyaeM Ha3bIBaThb TAKOTO pojAa ABMXKEHME ABUXKEHUEM [ 'po-
Mmeko—bensrpamu (JII'b). MBI OynemM HCIIOAB30BaTh YCJIOBUS HE-
ckmuMaeMoil xujakoctu, T.e. gradV = 0. B cpene ¢ OeccrioBBIM
MarHUTHBIM mnojem asrxkeHue I'pomeko—bensrpamu (bMIIT+/11'Db)
B CTallMOHAPHOM CJlyyae peaau3yeTcs I10100Me B3aMMOCBSI3aHHBIX
JBVKEHUWI MJIa3Mbl U TI0JISI. DTO CIIPaBEIJIMBO B pa3IMYHBIX MACILI-
TabaX KOHBEKTUBHBIX ABMKECHMUI (sl4yeeuyHasi KOHBEKLMSI, KPYITHO-
MacluTabHble TOTOKU U Ap.). Ha 3Ty 0coOeHHOCTH MBI OOpaTUIN
BHUMaHMe elle B 1986 r., mbITascb pacCMOTPETb BOIIPOC O HEJIU-
HEMHBIX BOJHOBBIX ABMIKEHUSIX B cpelie ¢ OSCCUMIIOBBIM MarHUT-
HbIM T0JiIeM U ABuxkeHueM I'pomeko—bensrpamu (bMII+AI'D).
OCHOBHOI1 pe3yJbTaT, KOTOPBI ObLI ITOAYYeH — 3TO BO3MOXHOCTD
oOpa3oBaHMsI, pacHpocTpaHeHUs] M BCIJILITUS MIJ]-CONMMTOHOB:
YeIMHEHHBIX CJ1a003aTyxalolnX BOJHOBBIX MMITYJbCOB B ILIa3Me,
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KaK BO3MOXHBIX HOCHUTEJIE 3Heprur COJIHEUHBIX Bcmblliek. Cy-
LLIECTBYET OTPOMHAasl JIMTEpaTypa O COJMTOHAX B Pa3/IMYHBIX Cpe-
nax. B 3aBUCMMOCTH OT XapakTepa M HPUPOAbI BO30YKIAIOIINUX CUJT
U CBOICTB Cpelbl, COJIMUTOHbI MOTYT OIMCBLIBAaTLCSI, B OCHOBHOM,
TpeMsl Tunmamu ypaBHeHuii: KaproBera—ae Bpuza, HeluHEHHbIM
ypaBHeHHeM lllpenvHrepa u ypaBHeHrMeM cUHYC-I'OoplioH (CMOTpH,
HanpuMmep, kHury Jlanga I1.C. «HenuHeliHble KojeOaHUSI U BOJI-
Hbl», 1997). IlocnenHue aBa ypaBHEHMsI HAMU HE MCIOJIBb3YIOTCS,
T.K. OHM Yallle OTHOCSITCSI K CIy4asiM BbICOKOYACTOTHBIX BO3MYILLIE-
HUIi, KOoTopble B KOHBeKTUBHOI 30He (K3) Ha CosHue Bpsia au
BCTPEYAIOTCSI.

PaccmaTpuBaemast HUXKE TUIOTE3a, SIBASSICh adbTePHATHUBOM
OOLIENPUHSITON MOJENIN BCIIBIIEK, KaK CJEJACTBUS MarHUTHOIO
MepecoeIUHEeHNS, JIMIIeHA TeX TPYJAHOCTEH, KOTOPbIE YKa3aHbI
Boillle. OT™MeTUM, 4TO 3Ty runortedy Mbl (I'epuidepr P.E., Moru-
nesckuii D.M., Oopuako B.H., 1987) nbitannch ncnoib30BaTh IS
00BSICHeHMSI MOILLHBIX BemblllieK Ha 3Be3gax Tuma UV-Kurta. Cpasy
K€ TMOJYEepKHEM, YTO SHEPrusl BCHBILIEK HA 3THUX XOJOMHBIX Kap-
JIMKOBBIX 3Be3Jax Ha 3+4 mopsaka MPEeBOCXOJUT 3HEPrUIO BCIIbI-
ek Ha CousHie. CripaBe IMBOCTh OJHOTO U TOTO K€ OOBSICHEHUS
cJIeIlyeT paccMaTpuBaTh KaK J0KA3aTeIbCTBO (PPAKTATBHOCTU T11a3-
MBI C MOJIEM B 3TUX 3Be3gax U Ha CoJHILIe.

[Tpu GeccrnoBoM MarHUTHOM IToJie 1101 poTocepoit, Tae Ias3-
MeHHBbII dakTop B = ¢, /¢, = 10—30, c HEOOXOAUMOCTBIO BO3HUKA-
€T CJIOXHAs CBA3b IBVDKEHMIA U 1o, JIprxkenus tuna ['pomexo—
benbrpamu (1.e. rotV = o) ) yka3eBaloT Ha IIyOOKYyIO (pu3nyec-
KYIO aHaJIOTUI0 TaKOTo ABUXEHMS IIJIa3Mbl U O€CCUJIIOBOTO
MArHUTHOroO MoJst (3(PPEKT «3aMOPOXKEHHOCTHU» MOJISI MPU BbICO-
KOI 3JIeKTPONPOBOJHOCTU ILIA3MBI).

COOTHOIIEHUS UTSI BpEMEHHBIX M3MeHeHnit B u V , womoct-
pupyole GopMaIbHO UX T0J00Me, HE 03HAYaloT paBHOIPABUS
B uV npu B > 1. Onpenensionieit SIBASIETCS S9HEPIUsl ABVKECHUS
ma3mel, 1 BMII moacTpanBaeTcst moa 3aJjaHHOE ABMXKECHUE IJIa3-
MbI. DTOT KJIacC ABUXeHUM ['poMeko—benbTpaMu B HECXKMMAEMOM
cpelie IPpUBOIUT B CTALIMOHAPHOM CJIydyae K CJIEAYIOIIEMY YCIOBUIO
(S.R. Schrinevasan, Tompson, 1974):

Vx(VV)B =a(VV)B, (1.1)
V x(BVYW = o(BV)V. (1.2)
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O06a ypaBHEHMS OOJDKHBI BBIIIOJHSITHCS COBMECTHO. 151 ycTOi-
YMBOTO Ccaydasi (JIMHEMHOro) oo = const. (B 001LIEM cydae oo — MCeB-
JocKaysipHast (pyHKIIMSI KoopauHaT U BpeMeHU). IlepBoe ypaBHe-
Hue (1.1) onpenenser nepeHOC CKOPOCTU MPU HATUYUU TpaauCHTA
MArHUTHOIO TI0JIsI, TOI/IAa KaK TOK B BbipaxkeHuM (1.2) — mepeHocC
MarHUTHOIO IOJISI TIPU HaJIMYWKM TpaaueHTa ckopocTu. OmepaTop
«1ot» Haja «KOHBEKLIMEH» ONpeacssieT «ToK». B pe3yabpTare 310 npu-
BoUT K Hymo cuiy Jopenua (Vx B)x B =J x B =0 310 crpa-
BEJJIMBO JJISI TIOJIOMJAIbHBIX U TOPOUJAIBHBIX KOMITOHEHT MOJIS
B u neuxenust V . Jlanee Mbl paccMaTpUBaeM BOJHOBBIE BO3MY-
1LIEHUST BOJIM3U JIMHUU CMEHBI MATHUTHOM MOJISIPHOCTU, AOITYCKasl,
yro B = 0, B, # 0, V| = 0, V| # 0. 910 COOTBETCTBYET HAO/MIOACHH-
sIM BCIHBILIEYHOIO ovyara Iiepej BCIIBIIIKOW. MBI paccMarpuBaem
BOJIHOBO€ BO3MYILIEHUE BOJIM3U «IIJIOCKOW MarHUTHO-CKOPOCTHOM
aMmb», T.€. BV, = 0; grad B, = grad V, = 0;Bobnactuz = 0 — A,
e A Bo3aMoxHast ryouna monst AO, T.e. ~ 10° cm. Torma

2 217
a@ziiz u a@;z > 0. (1.3)
z>0-h

PaccmarpuBaeMasa HaMu cpelia CYLIECTBEHHO HEJIMHENHA; KOH-
BekTUBHBIE WwieHbl (V'V)B u (BV)V He paBHbl Hymo. st pac-
CMaTpUBaeMbIX HaMM OTHOCMTEJIbHO AOJIOMNEPUOIUYECKUX
(r 2 10 C) BO3MYIUEHUM B CpelAe C M3MEHSIOLLICUCS IMIOTHOCTBHIO
IIpU CKOPOCTU 3ByKa Ha AJIUHE BOJHBI A > 5 10*=10° cM mosBIsi-
eTcsl 3HauMmasl ciadas aucriepcus. Jucnepcus BO3HMKAeT M3-3a
pa3anM4YHoOl (pa30BOM CKOPOCTU B IIa3Me C MaJalolleil Mo KOopar-
HaTe Z IUIOTHOCTBIO: BBICOKME YAaCTOThI OOTOHSIIOT OCHOBHYIO HU3-
Ky1o yactoty. TakuM oOpa3om, Mbl UMEEM 3aJ1a4y O pacIipocTpaHe-
HUM BOJIHOBBIX BO3MYILLEHMI B HEJIMHEMHON cpele co ciaadoii oT-
punareabHO aucrnepcuein. [lomoOHBIE 3agauv MHTEHCHUBHO
pa3pabaTbiBaCh Sl pa3JU4YHBbIX Mo0 KonebaHuii. Crietuduka
Hallleii 3aJJa4u COCTOUT B TOM, UTO B CpeJie¢ UMEET MECTO OECCUIIOBOE
marHutHoe noJjie (bMII) u aBuxenue I'pomeko—beastpamu (1I'G).

BriOpaHa cucTema JeKapTOBBIX KOOPJAMHAT C OCbIO Z, HampaB-
JICHHOH BBepX K (oTocdepe.

Tak kak

(VV)B =i (Vgrad B,) + j(Vgrad B,) + k(Vgrad B.)

TO
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Vx(VV)B =i 9 (Vgrad B,) —i 9 (Vgrad B,) +
oy 0z

= WVerad B.)— 7 — (Verad B
+J 6z( grad B,) — j ax( grad B,) + (1.4)

—|—/€(i Vgrad B,)— IZ(i (Vgrad B,)),
0x dy

i, j k — eIMHUYHBIE BEKTOPHI.

ME1 paccMaTpyBaeM MOINEPEUYHBIE BO3MYLLEHUS JIOKAJIBHO-O/I-
HOPOJIHOTO MOJISI B INIOCKOCTHU (X, V), MEPIECHANKYJISIPHOI HaIpaB-
JICHUIO pacIpOCTPAaHEHUsI BO3MYILUECHUS BIOJb OCU Z.

Torna B = By + gradBdz = By +b , tne b — BeKTOp BO3MY-
LIEHUS MOJIs.

b =1{b,,b,,b,} ={grad B,b,; grad B,b; 0}. (1.5)

Vs
CunTaeM, 4TO BO3MyLLEeHHUe Manoe, T.e. |b|/|B| << 1.
C yuerom dopmyar (1.1) u (1.2), (grad B, = 0), a Takxke (1.1) n
(1.4) MoxHO 3amuMcaTb

0 ~ _
Q(be) =—a(Vb,), (1.6)
0 =\ =
a—y(Vbx) =a(Vb,), (1.7)
0 7 \_ 0
E(be) =% Vb,). (1.8)

Bsoaum BexTop a(Vb,, I7by_, 0) , KoTOpHhIA 0003HAYAET CKOPOCTH
MepeHoca BO3MYILICHUS 10Jis B 110 HampaBieHuto BekTtopa V' . Ecim
CUYNTaTh, YTO UMEEM BOJIHOBOE BO3MYILEHUE, TO BEKTOP @ COOT-
BETCTBYET TI'PYIIIOBOM CKOPOCTH PacHpOCTPaHEHUSI BO3MYILUCHUS:

oa

8zy = —aa,, (1.9)
a(;’; —oa,, (1.10)
da, Oa,

= . 1.11
0x dy ( )
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[TpomuddepenpyeM 1epBbie 1Ba ypaBHeHUS 110 Z. C ydyeToMm
(1.9, n 1.10) monyuaem

82

azazy = —0 65; =—o’a,, (1.12)
2 0

f;f; S 52’::-—a2ax. (1.13)
Z

Tpetbe ypaBHeHue (1.11) He siBiISIeTCSl HE3aBUCHMMBIM: €ro He-
TPYJIHO MOJYYUTH Ipeodpa3oBaHMEM MNEPBBIX IBYX ypaBHeHUI (1.9
n 1.10) ¢ yuetom rpannyHoro ycjosus (1.13).

W3 (1.13) cnenyer, uto a, = a, = a, T.e. MBI TOJTYINIIHA

d%a
~— +a’a=0. (1.14)
0z
AHEUIOFI/I‘{HBIG Hp€06pa3OBaHI/I$I MOXHO ITPOBCCTU IJId YpaBHC-
HIs BECKTOpa CKOPOCTU. B sToMm CJIydya€ BOSMYILICHHUE CKOPOCTU v

HacT

V=V,+0. (1.15)

Cunrtaem Takke, 4to |v|/|V| << 1 W BO3MyILEHHBI BEKTOp U
3aaeTcs

U= E{vx,vy,vz } = E{gradvxdx, gradvydy,O}. (1.16)

Beomum Bektop d{Bv,, Bv,, 0} , KOTOpBIi O3HAYaeT TPYIITOBYIO
CKOPOCTbH pacIIipOCTpaHEHUSI BO3MYILEHUSI U 10 HAITPaBJIECHUIO BEK-
TOpa JIOKAJbHOrO MarHUTHOro mnojsi B. COOTBETCTBEHHO MOJTY-
YylIM ypaBHEHUE BHUOa

o%d

82+a%:0. (1.17)
Z

Ypasaenusd (1.14) u (1.17) 10/KHBI YIOBJIETBOPSTHCS OJHOBPE-
MeHHO, ecii B cpene peamsyercss bMII n gsukenue I'b, T.e.
BO3MYILICHHE TIPOXOJUT OJHOBPEMEHHO B MOJI€ U1 B CKOPOCTU IIPU
COXpPaHEHUM WHTETPAJbHOIO COOTHOLLICHUS
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29 2
[ a*dc= [ d%dr, (1.18)
(1) (7)

rme T — o0beM paccMaTpPMBAEMOIO CJIOSI BO3MYILEHUS MO TOMIO U
ckopoct. Mcnosb3yst TeopeMy O cpemHeM, MOJIyYaeM:

<> =<d>=U. (1.19)

YpaBHEeHME CBSI3M MBI HOJYyYUM, ecau npomuddepeHupyeM

nepBoe ypaBHeHue (1.14) mo ¢ m yytem, 4TO % =V — dazoBas

CKOPOCTb BO3MYILLIEHUS, U CIOXUM C MIpoauddepeHLIpOBaHHBIM
no z ypaBHeHueM (1.17). C yuerom (1.19) nonaydaem

3
2 Y LY L 1)—U 0.  (1.20)
ot 0z z

Takum o6pa3zoM MBI MOJYYMM HEJIWHEMHOE ypaBHEHME, OJIM3-
Koe K ypaBHeHu1o Kaprosera ne Bpuza. s bMII u AI'b copa-
BeMBO cooTHouueHue (EpmakoB dD.A., 1981)

uv =v?, (1.21)
sin2@ =V?2/C?. (1.22)
T.x. y Hac V << C (C — cKOpOCTb CBeTa), TO HalpaBjeHUe Ppa-

30BOIi 1 IPYINOBOM cKopocTeit coBraaatot. M3 (1.21) cnenyer U = V.
Torna ypaBHeHne (1.20) nproOpeTaeT clieylolnii BUI:

ouU ouU U+1 93U
2 LU +1 =0, 1.23
5 + U + ) SRR (1.23)
NJINn
ouU oUu 90U 1 ou U 93U Y
iU - ~ 1.24
ot + 0z + 07° o? 0z + o’ 973 52 -+ )

[TapameTp a kyOuW4yeckM 3aBUCUT OT k,. MBI paccmaTpuBaem
HEJIMHEWHYIO cpeay cO ¢j1aboil OoTpULATEIbHON AucHepcreil B 00-
JJaCTU HEBBICOKMX 4acToT. B mmmMHOBOMHOBOM Iipenene (kK — Ma-
JIO€) pasjaraeM IMCNEepPCUOHHOE COOTHoEHUe a = a(k) + iaf(k) B
pan Teiinopa U orpaHMYMBAEeMCs IBYMsI WICHAMU Pa3jI0KECHUS:
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a = Coko —Bkg + ...

B cuctemMe orcuera, MBUXKYIIEHCS CO CKOPOCThIO C, TIONydaeMm:

U=U(x—-Cyl).
1 ¢
TOFI[B. 11oJryqyacM MHOKHMTCIIb 5 = 2k—2 1IIpA 1TOCJICAHEM YICHE
a

0
ypaBHEHMS (BBICLLE Mpon3BoaHOI). UneH crpaBa B (1.24)

o)

BhIpaxaeT 3¢p@PEKT NUCCUTIALINN, KOTOPBIM B HallleM CJIyd4ae MOX-
HO mnipuHATh =0. MBI, y4TsI OTHOCUTEJHHO CIa0YyI0 IUCCHUIIALINIO,
MPUHSIIA YCJIOBHO, YTO €10 MOXHO NpeHeOpeddb IpU pacrpocTpa-
HEHWM COJIMTOHOB B paccMmarpuBaeMoil cpeme ¢ f>1. B obmem
CIydae CHAEAOBaIO OUEHUTH KO3IMOUUUEHT MOTJIOLUEHUS Vo, U
pewratb ypaBHeHue Kaprtosera ne Bpusza—byccuHecko (B mpaBoii
U ‘
YacTU ypaBHEHUS JOJKEH CTOSATD YWIEH V 4, —3) (Kamomues b.b.,
0x
1988). Torma okoHYATeIbHOE YpaBHEHME MIPUOOpETAeT MPUBHIY-
HBIN BUJ ypaBHeHUs: KaproBera ne Bpusa (nmpm 3aMeHe KOOpauHa-
THI Z Ha X):
oU 09U G U _,

+U

1.25
ot ox  2ky Ox’ (1.2

3agada paccMaTpuBajach NMpU OTPULIATEBHOI AUCIIEPCHUU, T.C.
Coaz(w;) < Cga3z(m,) npu @y > o,

MoxxHo ObuT10 ypaBHeHMe (1.24) mpomHTErpupoBaTh, paccMmar-
puBasi 3aj7ady BO BCEM OObEME, HE OrpaHMYMBASICh OOJIACTBHIO Y
«HEWUTPAJIbHOM JUHUN» , U TIEPENTH B cUcTeMy KoopauHat U = U(x —
— Gy, tne Cy — daszosas ckopocTb. Toraa (1.24) npeobdbpasyercs B
OOBIKHOBEHHOE A depeHInaIbHOE YPaBHEHE, peIIEHUEM KOTO-
poro ObuIa ObI CMCTeMa HOPMaJbHBIX BOJIH. HO npu Takom mpeod-
pazoBaHuu ypaBHeHue (1.25) maet (cormacHo KagomiieBy b.b., 1988)

C, d*U U?
ﬂ dx2 =4q —|—CU—T, (126)

IJ€ ad; — TOCTOSIHHAs MHTETPUPOBAHUSI, KOTOPYIO MOXHO TIpU-
HITH =0.
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Torma

2
G d°U _ 0w (1.27)
2k dx? 2u

e W = (—cU?%2) + (U?/6) moxHO paccmaTpuBaTh KaK MOTEH-
LyaJl Heprun, x — BpemMsi, U — KoopauHaThl TOUYKU. BeIpaxeHue
(1.27) omuchIBa€T ABMXKEHUE MATEPUAIBHON TOYKU C «MaCCOM»
Cy/2ky>. Kpusast cBsism W-U mmeeT MUHUMYMHL nipn u = 2C, U
3C,. Konebanus 1o kpuBovi W npoucxonsr T1ak, 4yto B Touke U = 0
(YEeOMHEHHBIIA UMITYJIbC) UMEET MECTO BPEMEHHAS 3aIepxKKa, OIl-
penendollasg [UpUHY A-UMITyIbCA.
Pewenne ypaBHenust Kaprosera ne Bpu3za:

U=Uyh2[(x—ct)/A]", (1.28)

Ime A — IMMpUHA COJMMTOHA, ch — KOCHUHYC TUIIEpOOIMUYECKUIA.
[ToncraBus (1.28) B ypaBHeHue (1.24), monydyaem

uy =3C,, A? = @ wm AU, = 6L20 =const. (1.29)
Ck(] ko

YpaBuenue (1.29) BrIpakaeT OCHOBHOE CBOMCTBO COJIMTOHA —
MPOU3BEACHUE KBaJapaTa €ro LIMPUHBI HA aMIUIATYAY SIBJISIETCS
MOCTOSIHHOM BEJIMYMHONM. DTO COOTHOLUCHWE MEXIY aMIUIUTYIION
1 LLUMPUHON COJIMTOHA MOXET CIYXXUTh 3KCIIEPUMEHTAIBHON IIPO-
BEPKOM TOr0, YTO PaACIIPOCTPAHSIOLICECS MMITYJIbCHOE BO3MYILEC-
HUE JEUCTBUTEIBLHO COJUTOH. CKOPOCTh COJIMTOHA OOJIBLIE JTOKAb-
HOM CKOpOCTHU 3ByKa. OmpoKkuabIBaHNE HEJIMHEMHOUW BOJIHBI KOM-
MEHCUPYETCSI AUCIEpPCcUeii. DTO oOecIIeYnBaeT COXPaHsIEMOCTh
conmutoHa. Ecm Uy < 3C,, To U He mOXOAUT 10 HYJISl, U PELUEHUE
CTAaHOBUTCSI MEPUOAUYECKUM, T.€. MBI IMEEM CEPUIO MAYIIUX JAPYT
3a IPYrOM COJIMTOHOB.

Ternepb pacCMOTPUM BO3MOXHYIO MOJIEIb BBIXOaa Ha poTochep-
HbIA ypoBeHb MI'JI-conuToHa npu stueedHOi KOHBeKIIr. OTMETUM,
YTO KaK IOTOK HEJMHEWHBIX BOJH, TaK M MOTOK OOpPa30BaBLUMXCSI
oT HUX MIJI-COMMTOHOB MMEIOT TEHIACHIIMIO NPUA pacIpocTpaHe-
HUM camodokycupoBatbcsi. CaMo@OKyCcHMpOBaHUE COXpaHSIETCS
JaXe B MpEeAeIbHOM CJIydae pacnpoCTpPaHEHUSI OQHOIO COJIMTOHA
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(Kamomues, 1998). B cpene ¢ orpuniaTe/ibHOI AUCHEPCUE U C pa-
CTYLUEN aMITUTYION paCCMOTPEHHBIN «TJIOCKWI» COJIMTOH UCKPUB-
JsieTcsi. B pesynbraTte MCKpUBICHUSI BO3HUKAET 3(MEKT (POKyCcH-
POBKU: 00JIACTH TMOBBILLIEHHON aMIUIMTYIIbl CMELIAETCSI 10 OCU «y»
(Uy > 0), u B nipouecce pacnpoCTpaHEHUsI MOSIBJSIIOTCS KoJieOa-
HUSI C caMOCXaTueM. DTO YCKOpSieT MpOLECC pacHpOCTpaHCHUS
COJJUTOHA U COXPAHSIET €ro 3HEPTrUIo.

B Hamieil runoreze 06 0O0pa30BaHMM ITOTOKA COJMTOHOB Kak
HOCHUTEJICI SHEPIUM BCIBILIEK pacCMaTpUBAETCs Ciydyail, Korma B
OCHOBAaHUU STYEEYHOM KOHBEKLIUM oOpasyeTcs, corjiacHo Hurburt,
(1987), CyOKOHBEKTUBHBII 2JIEMEHT — BUXPb XWJIa (KBagpyHoJb).
JpyruM oOOCHOBaHMEM BapHaHTa MpUXOIa HadaJlbHOM SHEPTrUu
BCHBIIIKA K OCHOBAHUIO STYEEYHOM KOHBEKIIUM MOXKET CIYXUTh
cepust padot Parkera (1995), noka3aBiiero, 4To OT OCHOBaHMSI KOH-
BEKTUBHOI 30HHI (K3), rme mporcXomuT ow-AWHAMO, BCILIBIBAIOT
Q-06pa3Hble BUXpU CHJIBHO 3aMarHUYeHHOU mia3Mmbl (| B| =
~ 10*10° T C), HECyLUME ¢ COOOM MOMOJHUTEIBHBIN TEMJIOBOM MO-
TOK. B 2TOM BapuaHTe MoKa OCTaeTcsl OTKPBITBIM BOIIPOC, KOIJa 1
B Kako€ MECTO IIOIafgacT 3TOT 3aBUXPEHHBIN Q-miaazmoua. Ho
WUMEHHO OH (WIM CYOKOHBEKTUBHBIN KBAAPYIOJb) SIBISIETCS Iep-
BOIPUYMHON MOCAEAYIOLIEei BCOBIIUKUA. T.K. a3uMyTaJibHasE KOM-
MOHEHTAa MarHWTHOIO MOJs KBaAPYHOJs IIPEISTCTBYET WAYLLIEMY
CHU3Y MOTOKY Teria («TeruioBasi TeHb» 110 TepMuHouornu Ilapke-
pa), TO CO BPEMEHEM BO3HUMKAET JJIsI 9TOr0 KBaApyImoJsl HEYCTOI-
ynBocTh KenbBuHa—I'enbmrosibua. KBagpynoib HaYMHAET BCILIbI-
BaTh MEXIY «CTEHKaMMW» 3JIEMEHTOB SYeeYHOM KOHBEKIIMU (CM.
puc. 3). IIpu ero ABMKEHUM BBEPX B HEJIMHEHMHON Cpejie TeHEpH-
PYIOTCSI 3BYKOBBI€ BOJTHBI. OHM, KaK TMOKa3aHO BhILIE, TIEPEXOISIT B
COJIUTOHBI, T.K. C POCTOM aMIUIMTYABI IIPOLIECC ONPOKUIBIBAHUS
BOJIHBI KOMIIEHCUPYETCsI cadoi aucnepcueit. @U3nyeckuii CMbICIT
ypaBHeHUs (1.24) coCTOUT B TOM, UTO JIEMICTBME HEJIUHEWHOrO (BTO-
pOro) 4jcHa KOMIICHCUPYETCS B PELICHUU TPETbUM YJIEHOM, KOTO-
pblii onpenensieT 3¢p@HEKT TUCIIEPCUM.

M3 npuBeaeHHOro cjiaeayeT OCHOBHOM BBIBOJ, UTO €CTECTBEH-
HBIE€ BOJIHOBBIE BO3MYILIEHUSI CPENIbl (B HAILIEM CiIy4yae B moadoTOC-
(bepHBIX CJI05IX) B IPOLIECCE PAaCOPOCTPAHEHMS B HEJIMHEMHOM cpeae
C Majarollieil MIOTHOCTBIO MEepeXOoAsaT B JUCKPETHBIE COJUTOHHBIC
Bo3MmylIeHUs. B Haieit panneit padore (1986) paccmarpuBainch
COJIUTOHBI, HECYLUME AOCTAaTOYHYIO SHEPruio sl BCOBIILUKU. Mo-
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S

-
h?'x;"w’& 30
56« (0%,

Puc. 3. Cxema gueeuHoil KOHBeKIIMU B K3.

HavanbHbIli TOTOK TEMIOBOW 3HEPruu (60), UAYILIUI U3 sapa JyYUCTON 30HHI,
1 OMNpEne/sIolni SIBIeHUs COMHEYHOM aKTUBHOCTH, BO30YXIAaeT STUYCCUHYIO
KOHBeKLIMIO B TypOyseHTHOM mnasMe K3. CyOKOHBEKTMBHBIE BUXPU B OCHO-
BaHUM STUYEEUHON KOHBEKLIMU (BUXPU XWJIa — MATHUTHBIE KBAAPYIIOAM) UMEIOT
TEHIEHIIWIO BCIUIbIBaTh 10 JuHuUU «PP» (Pivot Point), Bo30yXmasi MarHUTO-
3BYKOBbIE€ BOJIHBI. [Ipy HaJMUMKU HEIUHEWHOCTU CpeAbl U CJIaboi AUCIepCUm
nociaeaHue nepexoadar B MIJI-conuToHbl (cxema Cyrybo KauyecTBEHHas )

IIeTb BCITHIIIKKA MOXHO MCITOJIb30BaTh He Toabko Jis1 ConHIa, HO,
BEPOSITHO, IS IPYTMX COTHLETTOAOOHBIX 3BE3 1 IIJIs KJIAcCa BCIThI-
xuBawomx 3Be3n (I'epwbdepr, 1988 u ap.). CesizaHO 2TO, HpexXae
BCEro, ¢ TeM, YTO B 3TOW MOAENAM HET OrpaHUYEHUI IO BEJIMUMHE
SHEPruM OIUCCHUIIALIAM, HET XKECTKOIO0 OrpaHUYEHUS Ha «ClIeHApWii»
BCITBIIIIKM UM Ha YCJIOBHMS, KOTOpble K HUM mpuBomaT. Hamuuue
noadorochepHOro Ha4aJIbLHOrO BOJTHOBOrO BO3MyllieHUSI B K3 gB-
JISIeTCS €CTECTBEHHBIM, a TpeoOpa3oBaHue BOJH B AUCKPETHEHIC
COJIUTOHBI SIBJISIETCST TAKXK€ €CTECTBEHHBIM CJICIICTBUEM HEJIMHET-
HOCTU Cpeabl U HaJWuMsl CIadoi NUCTIEPCUN Ha PacCTOSIHUM TN -
HBI BOJIHBI BO3MYIICHMSI.
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B mocnemHue ronbl cTajao BO3MOXHBIM OMNMCHIBAaTH (PpaKTajib-
HBI€ CTPYKTYpbl aHAJIUTUYECKMU, MCIIONb3ys amnmnapaT nuddepeH-
LMAIbHBIX YPaBHEHUIA ¢ ApOOHBIMUA Nponu3BogHEIMU (CaMKo U 1p.,
1987, Milovanov, 1994) BcruibiBamoliiyio B KOHBEKTUBHOI 30HE
(pakTanbHO-KIACTEPHYIO CTPYKTYPY pacCcMaTpUBAIOT KaK 3PYNTHUB-
HBIIA o4Yar BCHBIIIKUA WM KOPOHAJIBHBIA BHIOPOC MAacc U CUMTAIOT,
YTO 3TO €CTh (PpaKTaJbHBINA OCLLIATOP. OH 3alUTHIBACTCS STYeeU-
HOM KOHBEKIMEH («TepMOCTaT» OCUUJIISITOpa) U TYpOYJIEHTHOC-
Thl0. MoJieab (ppakTaJbHOIO OCLIMJUISITOPA OIMMCHIBAECTCSl YpaBHE-
HUEM TUIIa

2—v
‘;Tf’m%—"cp _0. (1.30)
3nechk ®(C, r, ) — GyHKIMOHAT SHEPTUU (PPaKTAIBHOU CTPYK-
TYPBI; @y — OIPEIETUTEND XKECTKOCTA (MHEPTHOCTU) (HDpaKTaIbHO-
ro ocuuysstopa; 1 + v = D — dpakTajibHast pa3MEepHOCTb TaHHOM
cTpykTypsl (Camko, u ap., 1987).

Ocuwugrop thna (1.30), cocTosiumii 3 caMmonogoOHbBIX B3au-
MOJIEHACTBYIOIINX (PpaKTaIbHBIX KJIACTEPOB, 3aTyXaeT 3HAYMTEIBLHO
MeIJIECHHEE OOBIMHOIO OCLMLISITOpA, XOTs B ypaBHeHUM (1.30) HeT
Koo duLMeHTa TpeHUs. 3aTyxasi, OCLIAJUISITOP OTIAET CBOOOIHYIO
SHEPrUI0 B BUAEC XapaKTePHBIX IJIs1 (ppaKTaJbHOM Cpenbl BOJIH —
¢dpakToHOB. B cuiy HETMHEMHOCTU U IUCIIEPCUU CPEIbl, TaKOW
OCLIMJLISITOP MOXET JIMTEJIBHOE BpPeMsl M3/1y4YaThb SHEPIUIO B BUAC
MI'1-comnuToHOB. I10TOK COTATOHOB BHIHOCUT SHEPIUIO BO3MYILE-
HUI B XpoMocdepy 0€3 CylleCTBEeHHBIX NU3MEHEHUI OOLLEH CTPYK-
TYpBI CPEAbI, HO BO30YXJIaeT P 3TOM KPYroBylO BOJHY. Bo3MOX-
HO, YTO Takoi ciydaii ormrcaH B padbote KocosuueBa n 2XKapkoBoii
JUIST BenbIKA 9 mrons 1996 r. DToT cirydail npuBeneH Ha puc. 4.

[Tpumep BemblIKK, KOTOpYIo 3apeructpupoBaii Ha KA TRACE
B simHuu CIV, nipuBeneH Ha puc. 3. Llernouka sipKux BCHBILICYHBIX
YYaCTKOB MOXKET OTpaKaTh mocjenoBaTeJbHbIA Bbixoa MI/1-comm-
TOHOB.

B pasButHEe COJMTOHHONM TMIIOTE3BI CAEAOBAIO OBI MPOCICAUTH
BO3MOXHBIE 3(pEKTHI peaym3aluu, 1ehopMaluid U UCYEC3HOBEHUS
MI'J1-comaTOHOB BO BcIbllKe. HO 3TO BBIXOAUT Hajieko 3a mpeae-
JIBI JAaHHOI KHWTW. Beap COMMTOHHAS TMIIOTE3a, 3TO TOJBKO BO3-
MOXHBIN ITpUMeEP MPEeACTaBICHUS] TUCKPETHONM CTPYKTYPhI COJTHEU-
HOW 1m1a3Mbl. OrpaHUYNMCSI TOJIBKO HECKOJIBKUMM 3aMEYaHUSIMU:
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5%4

5 0 0

Puc. 4. Konus cHumKa, KoTtopblit 061 nofaydyeH KocoBuueBbiM 1 2KapKoBoii
no gaHHeiIM KA SOHO (2000 r.).

Ha cHuMKe BUAHO, UTO OT LIEHTpa Hayaja BCIBILIEUHOIO BBIOPOCA PaCIIpoOCT-
paHsieTCs KoablieBoe Bo3MmyleHUe. Kobllo pacmmpsercsi co CKOpPOCThIO
~50 xm/c, m ero pa3mep mocturaet ~ 1,2-10" cm. 3areM mosBIAeTCS aHAJIO-
TMYHOE BTOPOE KOJIbIIeBOE Bo3MYyLIeHMe. Bembika 9 urong 1996 r. 6pu1a peHT-
TeHOBCKOTo Kiacca X - 2.6. ABTOpPBI pacCMaTpuBaIOT 3TO HOBOE BCIIBIIIEYHOE
SIBJICHUE, KaK «CoJIHLeTpsiceHue» (Sun Quake).

a) Eciau sHeprusi conurToHa goiuia o Gorocdepbl, HO OKa3a-
JIaCh HEJOCTAaTOYHO OOJIBIION, TO U3-3a TyHHEJIbHOro s dexra co-
JIMTOH IIPOHMKAET 4Yepe3 IepeXOIHbI ciaoii doTocdepa/XpoMoc-
depa ((Ah~2 108 cMm) u auccunupyet. [lpu peskom (Af < 107" )
paclIMpeHUU TI0JIsI (TOKOB) COJIMTOHA MPOMCXOIUT B3PBIBOIIOA00-
HOE 3HEProBbIACICHNUE C PE3KUM POCTOM 3JEKTPUYECKOIO MOTEH-
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11ajia, CIIoCOOHOI0 YCKOPSITh MPOTOHBI IIa3Mbl 10 sHeprum CKJI
(COJTHEUHBIX KOCMUYECKUX Jiyuyeil). OMHOBPEMEHHO C 3TUM BOKPYT
«TOYKHU BCIUIBITHSI» 00Opa3yeTcsi B xpoMocdepe KOIbLEBOe ysipde-
Hue. MHorue HaOmomaTe M HEOTHOKPAaTHO OTMEYald KOJIbLIEBhIC
BCOBIIIKA B Hou ¢ LEHTpaabHBIM BO3MYLLIEHUEM, MOATBEPKIAIO-
IIIUM 3Ty KapTUHY.

0) Ecnu HavanbHasi, noaBeAeHHAs K OCHOBAHUIO STYECUYHOI KOH-
BEKIIMM SHEPIUsl BO3MYILEHMS TOCTaTOYHO BEJIMKA, TO MBI UMEEeM
MTOTOK CaMO(OKYCUPYIOLLIMXCS COJTUTOHOB. YacTh 3HEPrUU 3TUX CO-
JJUTOHOB peain3yeTcsl TaK, KaK OMUCAHO BbILIE IS OMHOTO COJIM-
TOHA. 3aTeM oOpa3yeTcsl pacIpOCTPaHSIOIINIACSI B Xpomochepy U
KOPOHY TMOTOK OCJa0NeHHBIX, HO C(OKYCUPOBAHHBIX COJMTOHOB,
00pa3yoIMX BCHBIIEYHBIE apPK B COOTBETCTBYIOILLIEM 3aMKHYTOM
(apo4HOM) MarHUTHOM MoJie. Takoil mpouecc, ONMMCaHHbINA B psiie
TEOPETUYECKUX padOT, MOXKET IMPOIOJKATHCS TOBOJIBHO J0OJTO (B 3a-
BUCHIMOCTU OT aMIUTMTYIbI U LLIMPUHBI COJJUTOHOB) U HEOJHOKpAT-
HO TIOBTOPSITECSI B TOM K€ WJIA COCEIHMX MecTaX. TaKoBa BO3MOX-
Hasl Ka4eCTBEHHAasl KapTWHa Pa3BUTUSI BCITBILIKHU, COIVIACYIOLIASICS
C HaOJIIONECHUIMMU.

B nemaBHelt pabote Hamumx Kosuier, KopameBa B.A., YepHo-
Ba I'.Il. u Xunacaku (2000) nmpoBeeH aHaJIM3 IBYX BCIIBILIEK 4 U
28 Hos0ps 1997 r. no HabmoaeHnssM Ha KA Johkoh (SXT, HXT).
Ha ¢done tenioBoii nmiaa3Mel ¢ TeMrieparypoii ~6 MK oGHapyXeHbI
MHOTIOYHCJ€HHBIE BEICOKOTemIiepaTtypHbie (18+50) MK yyactku co
CJIOXKHOM IIPOCTPAHCTBEHHO-BPEMEHHOM CTPYKTYpPOUH, pasMep KO-
Topoii ~2000 KM. DTU CTPYKTYpbl HEYCTOMUYNUBEL: OHU POXKIAIOTCS B
pa3HBIX MeCTaxX, B3aMMOACKCTBYIOT MEXAy COOOIl M pacragaroTcs.
[To MpomOMKUTETEHOCTU CYLIECTBOBAHUSI UX MOXHO pa3le/uTh HA
KOPOTKOXHUBYIIHE MajoMaciuTaOHbIe (<1”) M KBa3ucTalMOHAPHEIE
TOrO k€ MaciuTada (f > HECKOJbKWX MUHYT). Bmojib MarHWUTHOI
METJIM 3TU Tropsiure M XOJOMHbIE TUCKPETHBIC 3JeMEHTHI 00pa3yloT
KBa3UYCTOMUNBBIC «TUPIIHOBI». [Ip1 5TOM coxpaHSEeTCSI CaMOCTO-
SITEJIBHOCTh KaXKJI0U M3 COCTaBJISIIOIIMX IO MOMEHTa pacraja Bcex
2JIEMEHTOB.

OTMeTM, YTO B LIUTUPOBAHHON BHIIIIE pabOTe HE YIOMWHAKOT-
csl MyOIMKaALMK psija aMEpUKAHCKUX MCCeaoBaTe/ieil Mo Tak Ha-
3pIBacMoMy «moss» (Berger et al, 1996; Berger et al, 1999; u np.).
Onu Haomonamm Ha KA TRACE (pa3peunieHue ~1”) BO BCHBIIIKax
A B Ipeaeaax KpyIMHOMACIUTAOHBIX METEJIbHBIX BHIOPOCOB aHAIO-
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rMyHble MajioMaciuTaOHble (<1”) sgpKue HeyCTOWYMBBIE TOYKU B
JIMHUSIX JaJIeKOro yJjbTpaduosera, O4eHb MOXOXHWE HA TO, YTO OT-
Mmedamn KosaneB m ap. Humke MbI Oosiee IeTaabHO pPacCMOTPUM
cepur paboOT aMEepUKAHCKMX YYEHBbIX.

DHeprus gpkux 3aeMeHToB y KoBaneBa u ap. onpenessieTcs
BemmurHOi 2 -10?7 opr. ABTOPHI TIPEATIONOXIIIN, YTO OCHOBHAs
OHEPIUsl BCIIbILIEK (~1031 9pr) U3Ay4yaeTcsi B COBOKYIHOCTU 3Jie-
MEHTOB C HEpa3pelleHHbIM MOKa IIPOCTPAHCTBEHHBIM pa3MepoM
< 2000 kM. B xoHeyHOM UTOre MPUILIN K 3aKJIIOUYEHUIO, YTO ITU

VU g,
ch”ax

SKCIEPUMEHTAJbHbIC PAOOTHI MOXHO CUMTATh B KaKOM-TO Mepe
CBUJICTEILCTBOM CITPABEAJIMBOCTH COJUTOHHOM rurote3bl. OnHako
TpeOy1OTCs elle JadbHellne, NPEUMYLLECTBEHHO SKCIIE PUMEHTAJb-
HbI€, MCCJICJIOBAHUSI C BBICOKUM IIPOCTPAHCTBEHHO-BPEMEHHBIM
paspelieHrueM, 4YToObl 0OOCHOBATh PealbHOCTb COJMTOHHOMN T'MIIO-
Te3bl BenblleK Ha CoiiHie. CyliecTBYeT psii TEOPEeTUYECKUX pa-
oot (Hanpumep, AnbkoB B.B. u ap., 1980), koTopbie paccmarpu-
BaJId pPOXJIEHUE COJJMTOHOB U BUXpeil 3 Xxaoca. OJHAKO B KOHBEK-
TUBHOM 30HE MMEET MECTO CTPYKTYPMPOBAHHAs KOHBEKLIUSI, a HE
XaoC, U MO3TOMY TPYIHO JOMYCTUTH IPOU3BOJBHOE POXICHUE CO-
JIUTOHOB B KOHBEKTUBHOI 30HE.

Tenepb pacCMOTPUM KpPaTKO T€ TPYAHOCTH, KOTOPbIE€ BCTpedaeT
MI'J1 cnijioliHOM cpeabl B MHTEPIIPETALMN APYTUX SIBJICHWUI COJIHEY-
Hol akTuBHOCTU. [Ipexae Bcero, pedyb MAET O HAOIIOJAEMON TOH-
KOI CTPYKTYpE€ COJIHEUHOM ILIa3Mbl C (ppaKTaabHBIMUA CBOMCTBAMMU.
Kak yxxe orMeuasnoch Bbllle, (ppakTajaMU YCIOBHO Ha3bIBAIOT Cpe-
1y, B KOTOPOM KPYIMHOMACIUTAOHBIE Y MaJIOMAaCIITAOHbIE MCXOIHbIC
BJIEMEHTBI CaMONOJOOHBI, T.€. MBIl MMEEM MHOXECTBO, COCTOSIIIECE
M3 DJIEMEHTOB Cpelibl, B KOTOPOIl peayiM3yloTCsl T€OMETPUUECKOE U
(usznyeckoe camoriogodue Mo TpeM KOOpAWHATaM, WJIM TOJIBKO IO
nByM. IlocnenHue Ha3bIBalOTCsl apOUHONOTOOHBIMY MHOXKECTBAMMU.
B Hamem ciyyae ocHoBHasi yactb (> 90%) MarHMUTHOroO ITOTOKA,
HaOJogaeMoro Ha (potocdepe, KOHLEHTPUPYETCSI B MaJioMacilTad-
HeIx, /<107 cm, JUCKPETHBIX 2JIeMeHTaX. B cooTBeTCTBUU C 3aKOHa-
MM CUHEPreTUKH, B3ZaMMOJECUCTBME MEXIY STUMU 3JIEMEHTAMU MPK-
BOJUT K CaMOOPraHMU3allMK arperatoB (MPOCTPAHCTBEHHBIX CTPYK-
Typ), KOTOPbI€ MBI BOCIPMHUMAEM KakK MsITHA (WJIX TPYIIIbI [SITEH),
(hakesbl (COBOKYITHOCTh 3JIEMEHTOB, Ha3BaHHBIX (DUIMIPHU), aKTUB-

DJIEMEHTHI SBJSIOTCS coquToHamu thna U = U, +
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Hble oOsactu. IlocnenHue cBSI3aHBI ¢ MATHUTHBIM MOJIEM, U COBO-
KYITHOCTBIO KOJUIEKTMBHBIX JIBMIKCHMIA Ha Pa3IMYHBIX BHICOTAX OT
dotocdepnl 10 KOopoHbl. C HUMU CBSI3aHbl KOPOHAJIbHBIC JbIPbI U
OIpeJie/IeHHbIE CTPYKTYPbl KPYITHOMACIITAOHOTO MarHUTHOIO TIOJIS.
Bce o111 cTpyKTYpBI, dHEpreTMYeCcKH CBsI3aHHbIC C TT0APOTOC(hEepHBIMUA
CaMOOPraHU30BaHHBIMM TTOTOKAMM T1JIa3MBbl 1 TI0JISI, TTIOAYYUIIN YCJIOB-
HO€ Ha3BaHMUE — KPYMHOMACIUTAOHBIE KOMILIEKChI COJTHEYHOM aK-
tiBHOCTY KKCA (Moruneckuii u ap. 1997). Haiua 3agavya B najib-
HEWIIIEM COCTOUT B TOM, YTOOBI BBISIBUTH IPOILIECCHI OOpa30BaHUS
VICXOAHBIX CaMOITOJOOHBIX 2JIEMEHTOB, M MX COBOKYIHOCTHU (KJjac-
Tepbl). DpakTaibHbIe MHOXECTBA IIMPOKO PACIIPOCTPAHEHBI B MPU-
pozae: ¢ MaciuTradaMy OT J1A0OPATOPHBIX A0 CKOIUICHWIA 3BE3M, Ta-
JakTUK 1 T.1. Harra 3amagya, B OCHOBHOM, COCTOMT B OKCITEPUMEH-
TAJIbLHOM OOOCHOBaHUM cylliecTBOBaHUSI (ppakTayioB Ha CoJHIiIe.

CyllecTByeT psii YUCTO TEOPETUYECKUX padOT, B KOTOPBIX U3
OOILLIMX MTPUHILIMIIOB CYILIECTBOBAHUSI TYpOYJIEHTHOM IJ1a3Mbl HEIOC-
PEACTBEHHO CJIEAYET BO3MOXKHOCTb 00pa3oBaHUs (paKTaJIbHBIX
ajieMeHTOB. Tak B (pyHmameHTaspHOU padoTe Erzan et al. (1995)
MoKas3aHo, 4YTo AP @py3MoHHO-OrpaHUUYEHHbIEe TYpOYJIeHTHbIE I1J1a3-
MEHHbIE arperatbl MMEIOT TEHACHLIMIO 00pa30BbIBATH (PpaKTalb-
HbI€ 2JIEMEHTBI U COBOKYIMHOCTM (KjacTepbl). Tem 0OoJjiee BaxKHBI
9KCMEpUMEHTAIbHBIE pabOThHl (M B YaCTHOCTU, HAOIIOACHUS e-
TaJIbHBIX COJIHEUHBIX SIBJICHUIA) JJISI TIOATBEPXKACHUS YCIOBUIL 00-
pa3oBaHUSI U pa3BUTUSI PpaKTaIOB U (PpaKTaJIbHBIX KJIACTEPOB.

Leaprii psiT CIIEKTpOrpaMM COJIHEUHBIX BCITBIIIEK, KOTOPBIC ITO-
JIy4eHbI C TOPU3OHTAJILHBIM TejieckonoM B KHeBCcKoil oOcepBaTo-
puu Jlosukum u ap. (1999 r.), mokasanu, 4To B JUCKPETHBIX «TO-
YEYHBIX» YSIPUEHUSIX BCITBILLIEK MPUCYTCTBYIOT KUJIOTayCCOBBIE Mar-
HUTHBIE TTOJI. Takast CTpYKTypa ¢ HEYCTOMYMBBIMU «TOUYCYHBIMUI»
KIJIOTayCCOBBIMM MOJSIMU B aKTUBHBIX 00JIACTSIX, CBUAECTEIbCTBYET
O CIIPaBEIJIMBOCTU HE TOJBKO MOACIU TOHKOW CTPYKTYpbl MarHu-
TorJja3mbl B poTochepe U xpomocdepe, HO U BO3MOXKHOI peain-
3allMU COJTUTOHHOM MOJie M BCIbIIeK. HoBble HAOMIOAeHUS BCIIbBI-
mek ¢ BoicokuM paspemieHneM Ha KA TRACE (1999) noxa3biBa-
IOT, YTO BCHBIIIKA COCTOUT U3 HECKOJIBKMX 04aroB, TJ¢ UMEET MECTO
«TOYEYHOE» ySIpUYeHHE B MSITKOM peHTreHe u gajiekoMm YD (Berger
et al., 1999), (cM. puc. 5).

Ilepexon MI'l comuToHa M3 TLUIOTHOM cpenabl (poTtocdephl) B
xpomocdepy CBsI3aH ¢ ObICTpOIl AUCCUIIALIMEl OCHOBHOM SHEPruu
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JUCKPETHOIO COJIMTOHA, M IIOCJEAYIONIel KOHIEHTpalued u ¢do-
KYCUPOBKOM OCTABILUEMCS SHEPIrUU, KaK YKa3aHO BBILIIE.

He meHbliie TpyaAHOCTH, YeM IIpU IMMOHMMAHWM BCIBILLIKK, BO3-
HUKAIOT MPU TOMBITKE O00bsICHEHUs] B pamkax MIJ] cruiouiHoit
cpeabl sIBJieHUSI KOpoHalbHbIX BblOpocoB Macc (CME), kortopsie
aKTUBHO Hcciieaytorcst npudopamu Ha 6opty KA SOHO u ap. Ha
KA SOHO ycraHoBieHbl KOpoHOrpadbl ¢ BHELUHWM 3aTMEHUEM,
MO3BOJISIIOLLME TTPOCIEINTh ((PUKCUPYST SIPKOCTb, CKOPOCTb U T.[.)
BbIOPOC KOPOHAIBHOTO BelecTsa 10 = 30R, (cucreMa KopoHorpa-
doB ClI, C2 u C3). B npuHuune CME — 3T0 Takxke BCHBILLIEYHbIN
(B3pBIBHOI1) MPOLIECC, KOTOPBIA 4YaCTO HAYMHAECTCS C DPYHTHUBHOIO
MpOTyOepaHIlla U 3aTeM OXBAaTbIBACT BO3MYILIEHUEM (MOSIBICHME
CUCTEM HEYCTOMYMBBIX apOK, IMOBTOPHbIE BHIOPOCHI M T.JI.) Ipak-
TUYECKU 00JiblIyI0 4YacTbh noBepxHoctu CoaHua. Otanune CME
OT BCHBILLIEK COCTOUT B TOM, YTO BECh IPOLIECC MPOTEKAET 3HAUM-
TeJIbHO MeIJICHHEE, YeM BCIIbILIKA, B TCUEHUE OT JECSITKA YacoB JI0
1—2 cyrok. Kak noxkazaHo B pabdote (Morunaesckuit, O0puako,
[MunoBa, 1999), HecMOTPsI Ha pa3IMyve BPEMEHHBIX U ITPOCTpaH-
CTBEHHBbIX (M, BO3MOXHO, 9HEPreTUYECKMX) MACLUITA0OB, BCITbILLIKU
1 KOpoHaJIbHbIE BEIOpochl Macc CME BecbMa 11o100HBI. DTa MPUH-
LIATIMAJILHO BaXkHasi MHBAPMAHTHOCTb CBOMCTB, HE3aBMUCSIIAS OT
MacliTada sIBJaeHUsI, OyaeT yuyTeHa HIEKe, TIpYU pacCCMOTPEHUN dDpak-
TaJIbHO-KJIACTEPHOU KOHLIEMLMU COJIHeUHOI ma3mbl. Ho 3aech
HEO0X0AMMO TMOAYEPKHYTb, YTO OTHOCUTEJIBHO OBLICTpOE (CYTKM)
U3MEHEHUE B TONoJoruu marHuTtHoro tmosti mipu CME gBisercs
JOTIOTHUTEJIBHBIM apryMEHTOM HPOTUB IpocToro npuioxeHust MIJ1
CIJIOLIIHOM cpeabl K OOBSICHEHUIO COTHEYHBIX sIBJICHUM. B paccMoT-
PEHHOM HMXKE MOJAEJIM COJUTOHHOI BCITBILLIKM BaXKHO HE TOJIBKO
TO, YTO BCIIBILLKM MOXHO OOBSICHUTH 0€3 IIPUBBIYHOIO MIEPECOSa-
HEHUsI, a TO, 4TO, B Ipeaeiax HearHerHoit MI'Jl coaHedHoi mia3-
MbI MOXHO TTOJIYYUTb Psi JMCKPETHBIX MAarHUTOIIA3MEHHBIX CTPYK-
Typ, COCTaBJISIIOIIMX B KOHBEKTUMBHOI 30HE CBOEOOpPA3HBINA COJIU-
TOHHBIN Tra3. 3aMeTHUM, YTO €CJIM CYLIECTBYET COJUTOHHBINA Ta3, TO
OH MMEET CBOEOOpa3Hble CBOMCTBA M3-3a TOrO, YTO COJUTOHBLI HE
B3aIMOJICHCTBYIOT MEX]y 000, He MHTEephEPUPYIOT, MOTYT «IIPO-
XOAUThb» Yepe3 COCEIHMUI COJMTOH 0e3 U3MEHEHUId, U T.A.

B nHameit padore (1980) ToueyHass sMuCCHsI MPU BCIIBIIIKE Ha-
omonanach Ha OaleHHOM Tejneckorne ¢ puiabTpoM MITD-OnroH.
[TopoGHast ToueyHasi AMUCCUS BCIIBILLIEK OTMEUYaJIach W APYTrUMU
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Puc. 5. JAByxneHtouHast Bcrbiinka B auHund CIV. (cM. B TEKCTe)

aBTOpaMu B T1ociennue roanel (Berger et al, 1996; Berger et al, 1999;
KosaneB u ap. 2000; u ap.). B kayecTBe MUIIOCTpALIMU TOTO, KakK
BBITVISIIUT BCIIBIIIKA C BBICOKMM IIPOCTPAHCTBEHHBIM pa3pellcH-
eM (=1”), MOTYT CIIy>KUTb HAOIIONCHMSI, KOTOPhIE TToJIydeHbl Ha KA
TRACE B muauu CIVA 1550 A. Ha puc. 5 npuBeneH dparMeHT u3
¢dunbMa B yKazaHHOU JIMHMUM, 1Ist Benbiuky 20 ssaBaps 2001 .
CHumok (HeratuB) noarotorneH H.C. IIioBoit Kak pa3HOCTb
MHTEHCUBHOCTEM ABYX cOceqHUX (Af ~ 2OS) KaJapoB, KOTOpbIE Ie-
penatrorcsa no kaHany MHTEPHET ans cpenHero MomeHTa
= 18h41m3OS, KOIJa JIBYXJICHTOYHAsl BCIIBIIIKA B 1LIEHTPaJbHOI
yacTU JMCKA IOJHOCThIO pa3Bmiack. OCOOBIM MHTEpEC MpecTaB-
JISIET Pe3KO HEOJHOPOAHASI CTPYKTYpa BCHBILIEYHBIX JICHT: MOCJIe-
JIOBaTeJIbHbIE MECTa YSIpUYCHMSsI, IepeXoisilyve B LENOYKY I'PYIIIIb
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TOYEYHOU sMmMccun. B OKpecTHOCTHM BCIIBIIIEYHBIX JICHT, B MECTax
AO ¢ ¢uaurpm, MOXHO 3aMETUTh LIETIOUYKM MEHSIIOLIUXCS 1O SIp-
KOCTM JMCKPETHBIX 2JIEMEHTOB ILIa3MBbl «IMOSS».

Bropoii nimocTpanuein siBiaseTcs puc. 6 UIT BCIBILIEYHOTO
BBIOpOCA M3 MSITHA B BUJE TOYTU 3aMKHYTOM Ayru. Puc. 6 mocrtpo-
€H TaK e KakK puc. 5, HO 151 cjaadoil Berbiuku 6amia SF/C2.4 ¢
koopmuHatamu S11°W62° must cpennero momenra ¢ = 127527515,
XapakTepHO, YTO Ha BEpPLUMHE BCIBILIEYHOM IYTM BUIEH ITIOTOK
TOHKOCTPYKTYPHBIX 3JIEMEHTOB <«IMOSS».

O1tr Kaapsl U3 o0bluHbIX (PrbMOB BeIbiliek (KA TRACE) no-
Ka3bIBaIOT, CKOJIb CYILLECTBEHHBI TOHKOCTPYKTYPHBIE 23JIEMEHTHI B

Puc. 6. Cnabasa Bcnbiuka 6.12.2000 r. ¢ 3MUCCUOHHBIM JICHTOYHO-AYTOBBIM
BBEIOPOCOM M3 sipa ISATHA (3aMEYaHKSI B TEKCTE).
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g

Puc. 7. ®parmeHt u3 ¢uibMa yuyactka Ha Connue B auHuu CIV 1550 A,
nonyueHHbIr Ha KA TRACE c¢ paspemeHueM <1”.

atMocepe AO mepexomHoro cjaosi. To, 4To BBIOPOC MPOMCXOMIT
U3 TISITHA, YKA3bIBAET, UTO JIEMEHThI «MOSS» MAarHUTOYYBCTBUTEIb-
HbI, T.€. COAEPXKAT 3JI€MEHTApHble TOKM M WX MarHUTHBIC IOJIS.
JIi1st wutrocTpaly Buaa smucenu B iU CIV A 1550 A (u3 duis-
Ma, nojiydeHHoro Ha KA TRACE), mbl npuBoauM Ha puc. 7 (Hera-
TiB) (pparmMeHT obuero Buaa AO Ha CoJjHIIE U €€ OKPECTHOCTH.
ITo BceMy moJit0 Kajapa BUIHBI CIY4aifHO PACIIOJOXEHHbBIE TOYEY-
HblE DMHUCCUOHHBIE YSIpYeHUs («MmoOsS» M «OJIECKU») Pa3IUIHOIO
pa3mepa (<17—0”,5). Takue ke moss-3J1eMEHTbl 00pPa3yloT U KJiac-
Tepbl (COBOKYITHOCTH) JIBYX BUAOB. B okpecTHOCTM msiTHa (OTMeE-
YEHO CTPEJIKOI) mOoSS-2JIEMEHTbl HEOJHOPOIHO 1M TECHO paclioJia-
rarotcs B Mectax (pakesibHoi ob1actu AO. BHe AO kiacTepsbl «To-
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YEUYHBIX» 3JIEMEHTOB («MOSS») OYePUYMBAIOT KOHTYPHI CyleprpaHyI
(3aMKHYTBbIE U pa3pbIBHLIE).

Becb cHUMOK MOXHO, IO CyTH, pacCMaTpuBaThb KaK MarHUTO-
rpaMMy MarHWTHOTO TOJisI C BBICOKMM pa3pelIeHUEM B MEPexXoji-
HOM obGiact xpomocdepa/kKopoHa. Puc. 6 ¢ apoyHbIM BBEIOPOCOM
«IMOSS»-3JIEMEHTOB M3 IISITHA MOATBEPXKJIAeT MX MarHUTO-TOKOBYIO
npupoay. Mbl, uMeeM OCHOBaHME CUMTATb, YTO 3TO U €CTb CAMO-
nogooHble (pakTaiabl. OHU CHOCOOHBI CaMOOPraHM3O0BLIBATHCS B
KJ1aCTePhl, MOAYMHSISICh BIUSTHUIO BHELIHEr0 MarHuTHoOro mnoJisi, AO
u cyneprpaty. OTae/ibHbIe 2JE€MEHThI €lle He 3axXBayeHbl B IPO-
LIECCE BOJIHOBOTO B3aMMOAEUCTBUS. ToO, 4TO «TOYKW» ((ppakTayibl)
HECKOJIBKO OT/JIMYAIOTCS Ha CHMMKE MO pa3MepaM M IPKOCTH MOXK-
HO OOBSICHUTH BPEMEHHBIMU BapualUsIMU, WA TEM, UYTO OOJIbIINE
«TOUKW» — TaKXe KJIacTepbl (HO MaJIOM COBOKYITHOCTH). B oTiau-
YUM OT BCIBIIIEYHBIX AeTaneil (puc. 5 m puc. 6), KOTOpblE BO3-
MOXHO TPaKTOBaThb KaK COJIMTOHBI, «TOUYE€UHbIe» (DpaKTabl KBa3u-
CTallMOHApPHBI: BpeMsl BbICBEUMBAHMUSI — JECSITKM CEKYH[, a B KJja-
cTepax — MHOI'O MUHYT U 0ouiee.

[TopobHy1o Xe KapTUHY (HO ¢ MEHBILUMM pa3pelleHMeM) MOXHO
HAOJII0IaTh U B JIMHUSIX C BBICOKOU (KOPOHAJIBHOM >10° K) temme-
patypoil. B 3ToM MOXHO yOeauThCs TyTeM HaJI0XKEHUsI CHUMKOB B
CIV u FeXII u gp., a Takke CHUMKOB B «XOJOIHBIX» JIMHUSIX XPO-
Mmocdepbl (CaK). Ilpeacrout aeraabHOE HabHEMILIEE UCCIIEI0BA-
HHUE MTOJOOHBIX (PUJIBMOB, MOJIYYEHHBIX C BBICOKUM MPOCTPAHCTBEH-
HBIM paspeiieHeM. Ho mpuBeneHHble nmocTpaumuu (puc. 5, 6, 7)
MOKa3bIBAIOT, YTO (ppaKTajbHbI€ JEMEHTHI PEaIbHO CYILECTBYIOT B
atmecdepe CoitHila, ¥ YTO Hallle JaJbHelllee pacCMOTpeHue Ppak-
TJIbHBIX MHOXECTB BITOJIHE OOOCHOBAHO HAOJIIOIEHUSIMU, B 4aCT-
HocTH, Ha KA.

OTMeTuM, YTO JUCKPETHBIE COCTABJISIIONINE BCIBIIICYHBIX apoK,
MOJHUMASICh BIOJb MAarHUTHOTO MOJIsI, HEPABHOMEPHO YCKOPSIIOT-
csl U, NOCTUTHYB BEpIUMHBI, MOTYT IMPUOOPECTH CKOPOCTH TEILIO-
BBIX IIPOTOHOB M 3JIEKTPOHOB KOPOHAIBHOU cpeabl (3(PPeKT «3ax-
Bara»). [1pn 3TOM MPOUCXOIUT 3aXBaT ropsiueii KOpOHAJIbHOM IJ1a3-
Mbl MArHUTHBIM MOJ€M COJUTOHOB. OTUM MOXHO OOBSICHUTH
0OJIBLIYIO SIPKOCTb BEPLIMH apOYHbIX 00pa30BaHUi MPU BCIIbILLKAX.

PaccMoTpeHHBI MexaHU3M 00pa30BaHMSI AUCKPETHBIX 3JIEMEH-
TOB COJIHEUHOM MJja3Mbl (00pa30BaHME COJMTOHOB M COJJMTOHHOTO
«ra3a»), a TakxKe (ppakTaabHbBIX 3JI€MEHTOB, SIBJISIETCSI TOJBKO IpU-
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MEpOM JUCKPETU3AlIMM CIUIOIIHON cpeabl — aTMocdepbl CosHIla
1, BEpOsITHO, moadoTochepHOil Mjaa3Mbl KOHBEKTUBHOI 30HBI.
Huxe nmpuseneM u apyrve npuMepbl €CTECTBEHHOIO 0Opa30BaHUS
JVUCKPETHBIX 3JIEMEHTOB, KaK OCHOBHOM COCTABJISIOLIEU COJIHEY-
HOW TIJIa3MBl.

PaccMoTpuM elie Te TPpyAHOCTH, KOTOpble BcTpeyaeTr MI/L
CIUIOLLHOM CpeAbl MPU MHTEPIIPETALUMU APYTUX SIBIGHUM COJHEY-
HOM AaKTUBHOCTU.

JleTanbHble MCCIEA0BAHWSI PA3BUTUSI KOMIUIEKCOB I'pyI ISTEH
(MoruneBckuii, Illunnosa, 1998) mokaszaau, 4TO 3BOJIIOLIMS KOM-
MOHEHT KOMIIJIEKCa I'PYIII ISITEH YAUBUTEIBHO T10J00HA: IJIOILAAN
M3MEHSIIOTCSI BO BPEMEHU IMOYTU TMapaUieIbHO, XOTs I'PYMIIbI MO-
IYT OBITH CYILIECTBEHHO Pa3IMYHBbIMU. XapaKTepPHBbIE OCOOCHHOCTU
(pa30BbIX JMArpaMM KOMIUIEKCOB IMOKA3bIBAIOT, YTO, B IEPHO/I BCIIbI-
11IEK, KpUBasl 3BOJIIOLIMM OINUChIBaeT nemiu. HakoHell, B KOMITIEK-
cax TPYHII MSITEH BBIACJISIETCS XapaKTEPHOE MECTO BBIXOJA SHEPIUM
U BCIUIBITMSI HOBOIO IOJISI, IMOJy4uBlIee Ha3BaHue «Pivot Point»
(«oceBast TOUKa»), KOTOPOE XapaKTEepU3YETCsl TBEPAOTEIbHBIM Bpa-
nieHMeM. Takasi CBsI3b B IpyInax ISITEH YKa3bIBae€T Ha CYLIECTBO-
BaHue noadoTocHEepHOro KPyImHOMACIITAOHOTO MAarHUTHOI'O MOJIs,
OO0BEIUHSIOLIETO KOMILIEKC MsaTeH. [logodue B pa3BUTHMU pa3HbIX
TPy MSITEH B MSITEHHOM KOMIIJIEKCE yKa3bIBaeT TakKxKe Ha (pak-
TAJIbHYIO CTPYKTYPY T'PYIIII MSITEH, CBSI3aHHBIX KPYITHOMACIUTAOHBIM
KOMIUIEKCOM. M3MeHeHus1 B rpymmax (B T.Y. BCIIBIILKNA) TPOUCXO-
JSIT 32 BpeMeHa MHOTO Kopoue, yeM T < L/R, rie L — caMOMHIyK-
LIMSI KpylmHoOMAacIuTabHoro noJjisi, R — cornpotunieHue. [1oHsaTh Ty
CBsI3b B paMkax MI'Jl CcIJIOIIHOM cpelabl BeCbMa TPYAHO, T.K.
L>10%+10° cm.

Eiie 6osee cioxubiM, B pamkax MI'JI cIiioniHoi cpelibl, Ipe-
CTaBJISICTCS TaK Ha3bIBAEMbIA KPYITHOMACIUTAOHBINA KOMILJIEKC COJI-
HEYHOU akTUBHOCTH, ynomuHaBwuiicsi Bbilie (KKCA), BBeneH-
HBI B pabote (Mormnesckuii, Oopuako, Hlmtosa, 1997). B KKCA
BXOJIMT aKTHMBHAs 00JIACTh (MJIM KOMILUIEKC TPYIIIbI MSITEH), KOPO-
HaJIbHasI AbIpa, pacIlojoXKeHHas JajieKo, HO cBsg3aHHas ¢ AO, wiu
B HEIOCPEACTBEHHOM KOHTakTe ¢ AQ, 1 KpyImTHOMACILITAOHOEe Mar-
HUTHOE MOJIe, YaCcTO CE€MJIOBOM CTPYKTYpbl. Takoil ycTOWYMBBIN
KOMILJIEKC 3aHMMAaeT I0 Iuiolaau Oosiblie moayaucka CoJsHIa.
M3meHeHusT B TaKOM KOMIUIEKCE IMTPOUCXOAAT JOCTATOYHO OBICTPO,
3a BpemeHa T << L/R. B colHe4HoOIl cpeje ¢ KpymHOMACIITaOHbIM
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TOKOM (MArHUTHBIM IIOJIEM) IOHSITh TaKWe OBICTphIe BapHalllu,
13-3a 00JbLION CAMOMHAYKLIMMA, HEBO3MOXKHO.

Haubonee HarasiiHO BUJIHO IIPOTHUBOpeYre HAOMIOJSHUN B COJI-
HEYHOU KOpoHe (0COOEHHO Ha 3aTMEHHBIX CHUMKAax C BBICOKUM
paspelieHuemM) ¢ TeM, 4yto cieayet u3 MI'Jl cruiomiHoi cpenbl. Best
KOpPOHA CTPYKTYpPUPOBAaHA: LIJIEMOBUJIHbBIE CTPYKTYPbl, BHICOTHBIE
apKu U, 0OCOOEHHO, HUTEBUIHbBIE MTPOTSKEHHbIE TOHKHUE (< 17) 1yuwn,
yxoasiuue 0e3 U3MeHEHUI 3a Ipeieibl BAAUMOCTHU (> JecCsIiTKa COJI-
HEYHBIX paanycoB). Bce 3T TOHKOCTPYKTYpHbIE€ KOPOHAJILHBIE
0o0pa3oBaHusI HE COOTBETCTBYIOT KputepussiM MI'Jl ycroitunBocTu
Caitnemena u Kpyckonma—IllacdpanoBa (1975) st 3akpydeHHBIX
MAarHUTOIJIa3MEHHbIX «HUTeH» (MuxaitnoBckuii, 1977). Ycroitum-
BBIMU HOJDKHBI ObITh LMJIUMHIPUUYECKUE CTPYKTYPbI, Y KOTOPBIX
d/l = 10 (rne d — nnaMeTp «<HUTU», [ — ee IJINHA), TOTAA KaK B KO-
poHe HaOJIIOJAIOTCSl BECbMa YCTOMUMBBIE «HUTWU» C d/I > 10°—10°.
[Tpyu gnvHe, 3HAYUTEIBHO TPEBLILIAIOLLIEH YCJIOBUSI YCTOMUUMBOCTU
IIa3MEHHOTO LHWJIMHAPA C MPOA0JbHBIM TOKOM, C HEM30E€XKHOCThHIO
BO3HMKAIOT MUHYEBBIC CXKATUSI C MOCJEIYIOLIMM pa3pbiBOM Bceit
CTPYKTYPBI.

Oco0bIii MHTEpEC TPEACTABISIIOT HOBbIE HAOMIOACHUS TIEPEXO/I-
HoI obsiactu xpoMocdepa-kopoHa (Berger, 1999), koTtopast paHb-
11I€ IPUMHMMAJIACh 32 TOHKUIA CJIOM C BHE3AIIHbIM CKAYKOM TeMIIe-
paTypbl OT 10* mo 10° K. HoBble HabGMONCHNSI C BBICOKAM po-
CTPAHCTBEHHBIM pa3pelleHMEM IMOKa3alIu, YTO MepexogHasi 00J1acTb
HE TOHKWI CJION, U B HEMl HA (POHE «XOJOMHOM» maa3Mbl (7'~ 10° K)
HaOII00aeTCsl XapaKTepHasi COBOKYITHOCTb MaJIOMAacCIUTaOHbBIX TOH-
KOCTPYKTYPHBIX HEYCTOMUYMBBIX 3JIEMEHTOB (C COOCTBEHHBIMU 3aM-
KHYTbIMU TOKaMu, U 1> 10 K), koTopble aBTOpbI Ha3BaIU «IMOSS».
M xoTs1 mipupoja «moss» elle Majao u3ydyeHa, BakeH cam (akT Cy-
IIECTBOBAHMSI JUCKPETHBIX TOHKOCTPYKTYPHBIX MarHUTOILIA3MEH-
HbBIX 2JIEMEHTOB U B II€PEXOJHOM 30HE.

OO1LMI1 BEIBOJI; TOHKOCTPYKTYPHOCTDH COTHEUHOM I1J1a3Mbl HA BCEX
BBICOTax atMocdepbl U 1101 (PoTocdepoii SABISIETCS TJIaBHOM OCO-
OCHHOCTBIO COJIHEYHOM 3amMarHu4yeHHo# ria3mMsel. To, uto moxa ¢o-
ToCc(epoil CylLIeCTBYIOT TOHKOCTPYKTYPHbIE MarHUTOILIa3MEHHBIE
(prnaMeHThI, CleAyeT TakXke M3 3KCIIEPMMEHTOB IO IOIJIOLLICHHUIO
P-mo00br (5-MUHYTHBIX) 3BYKOBBIX KojieoaHuii B msaTHax U AQO. Tak
o u3MepeHusIM criekTpa koyieoanuii B AO ¢ nisitHamu (Bogdan et
al, 1997) MHTEHCUBHOCTb 5-MUHYTHBIX KosiebaHuii Ha > 30% 3aHu-
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J)KeHa I10 CpaBHEHMIO C cOoCeIHeill HeBO3MYyllieHHOU (oTocdepoii.
AT1oT 3P (PeKT CBSI3aH C XapaKTepHbIM PE30HAHCHBIM ITOIVIOLLIEHU-
eM P-mo00bl B «<HUTEBUJIHBIX» MAaTHUTHBIX TpyOKax msiteH u AO noj
dotochepoii. JItoOOTIBITHO B 3TOI CBSI3M OTMETUTh, UTO B HAllIMX
(Morunesckuii, O6punko, 1973) mepsbix ke MIMTEIbHBIX (o<1”)
U3MEPEHUSX CIIEKTpa KoJjeObaHuli B IIPOCTOM MSITHE, 5-MUHYTHBIA
MaKCUMyM TIOYTU OTCYTCTBOBAJ IO CPaBHEHMIO C BBICOKUM MaK-
cumymoM, ¢ nepuogom 180 c. Kcratu, 310 OBLIO IIEepBOE OIpeae-
JIeHUEe 3-MMUHYTHBIX KOJe0aHWii B MarHMTHOM IOJi€ COJIHEUHOTO
MgITHA (OMHOBPEMEHHO 3-MMHYTHBIC KOJI€OaHUsI B CIIEKTpe JOIUIe-
POBCKOIT cCKOpOoCTU B IIsiTHe oOHapyxul Bakers). [To3xe 3-MuUHyT-
HbIe KOJIeOaHMsI TLIATEIbHO MCCICIOBAINUChH PSIAIOM aBTOpoB. OHU
TEHEPUPYIOTCS B MepexogHoM ciioe doTtocdepa-xpomocdepa U He
MTPOHUKAIOT B KOHBEKTHMBHYIO 30HY. MIMeloTCsI U Apyrue sKCrepu-
MEHTaJIbHbIE IeJIMOCEMCMOJIOTUYECKIEe JaHHble HAOMIOASHMUI T10/1-
doTochepHOii 3aMarHMYEHHOU TLIa3Mbl, HAIIpUMEpP, METOJ, KOJIb-
HEeBbIX AUArpaMM, JaHHble 00 aHOMaJbHOM Koa(ddulmreHTe anud-
¢y3um u Ap., yKasblBawllye Ha JUMCKPETHYIO CTPYKTYypU3aLUIO
I1a3Mbl B KOHBEKTUBHOI 30HE.




I'1asa 11

_ 0 BO3BMOXHON IPUPOJIE
TOHKOU CTPYKTYPbI COJJHEYHOU TLIA3MBI

MbI yXe paccMaTpuBaad psii BOIIPOCOB, CBSI3AHHBIX C HaOJIIO-
JIEeHUSIMU, KOTOpbI€ TPYIHO MOHSITH B pamkax Teopun MI'JI crtori-
HOI cpeabl. Mbl NpeanojoXuiau, 4To, BBeIs MpeAcTaBJICHUE O
JVCKPETHOM TOHKOCTPYKTYPHOM COCTABILIONIEN COJITHEYHOM 3amar-
HUYEHHON IIJIa3Mbl, MOXHO MOIBITATbCS MPEOJ0JETh OTMEUYEHHBIS
TPYAHOCTU, TIOJYYUTh IIPOBEPsieMble HAOIIOACHUSIMU HOBBIE MPE/I-
CTaBJIECHUSI 00 2BOJIIOLMU SIBJICHUU COJIHEUHOW aKTUBHOCTU U O
CTPYKTYPHBIX OCOOEHHOCTSIX BHYTpeHHero ctpoeHusi CoyHlIa Kak
3Be3[Ibl. DTU TIPEACTABJICHUSI O JAUCKPETHOU CTPYKType 3aMarHu-
YEHHOH IJIa3Mbl UMEIOT BCeoOlliee 3HaYeHNE, U TIOTOMY TaKUe UC-
cJIeIOBaHUST JUCKPETHOM CTPYKTYPBI COJIHEUHON IIa3Mbl SIBJISIIOT-
Csl BaXXKHBIM HOBBIM HAaIlpaBJ€HUEM WCCJIEIOBAHUIA, U MOTYT CUM-
TarbCsd HOBOW ITApaavrMO.

Hcropus 310i1 mpobiieMbl MOXKET OBITh OTHeceHa elie K S50—60-M
rogaM XX Beka. OHa cBsI3aHa C BBIXOJOM KHUTrM A.A. BiacoBa
«Cratnyeckue (PyHKIUU pacrpeae/ieHUs», B KOTOPOl YeTKO pa3-
JIeJIeHbl CBOMCTBa JabopaTOpHOM M KOcMMYecKoW Tuia3mbl. Eciau
JJIs1 1a00paTOpHOI MJIa3Mbl BCE MHTEIrpajbl COXpaHEHMS U CaMo €€
CYLLECTBOBAHUE OMPEACISIIOTCS CTEHKAMM COCyda, B KOTOpOU OHa
MoJiydeHa, TO JUISI KOCMUYECKMX OOBEKTOB HEMPOHUIIAEMBIX CTe-
HOK HeT, 1 BiacoB BBea MOHSITUE COOTHOIUEHUSI CTPYKTYPHOCTU:

[ fG.pydr< @B, T,T,p..1), 2.1)

rae f (x;, p) — cratuctryeckass QyHKUMS pacnpeAcieHUs COCTaB-
JSIIOIIAX paccMaTprUBaeMoli Iuia3Mbl B (pa3oBoM 00beMe (Vv), & —
(byHKIIMOHAJ, YCTAaHABJIMBAIOIIWI B3aMMOCBSI3b BEKTOPOB MAarHUT-
HoTO 1ol B, TokoB J , Makpockopoct U , IIOTHOCTH p, APYTHX
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napaMeTpoB M BpemeHU f. HepaBeHCTBO Hymo (pyHKIIMOHaia ®
00eCneuYnBaeT CaMOCOXPAHSIEMOCTh KOCMUYECKOM (B T. Y. COJIHEY-
HoIT) Tia3Mbl. @yHkumoHan @ ornpenensieT HepacXoAMMOCTh (DYHK-
LIMU pacipeie/ieHUs U er0 MOMEHTOB, T. €. BCE€ 3aKOHbI COXpaHe-
HUSI, TIPYM YCJIOBUM (KaK YBUJIMM HMXKeE) OoOpa3oBaHUsI psia AMCK-
PETHBIX CTPYKTYp. XapaKTepHOIl OCOOEHHOCTbIO ypaBHeHMs (2.1)
SIBJIIETCSI TO, UTO TNPHY 3aAaHHOM MOTEHLMaNe B3auMOAEHCTBUS s
COBOKYIHOCTU 3JIEMEHTOB JIIOOOro Maciutadba oOpasyeTcsl psia Juc-
KPETHBIX CTPYKTYp (o BiacoBy — «m1a3MonioB»), Tpy CYLLECTBO-
BaHUM KOTOPBIX BO3MOXKHA COXPaHSIEMOCTb Bceil cucTeMbl. Pelie-
Hue (2.1) yooBiieTBOpsIETCS TIPU BIOJIHE OINPeAeIEHHBIX JUCKPETHBIX
3HAYCHUSIX TTAPaAMETPOB, OIPEACIISIOIINX MePaAPXUIO TIPOCTPAHCTBEH-
HO-BPEMEHHBIX TOIIOJOTUYECKUX CTPYKTyp. Kak yroMuHamioch
BbIlle, (TJ1. 1), nepapxusi TOHKOCTPYKTYPHBIX 2JIEMEHTOB, ICHCTBU-
TEJIbHO, CBOMM CYIIIECTBOBAHMEM OOECIIEYMBAET 3BOJIOLIMOHHOE
pa3BUTHE SIBJIEHUI COTHEYHOI akTUBHOCTU. CleayeT y4ecTb, UTO
MajoMacluTaOHble 3J1eMeHThI cojiHeuHol mia3mbl (MFT mo Ilap-
Kepy, 1982) nMeroT orpaHuyeHHOE (4acTO KOPOTKOE) BpeMsI Cyllie-
CTBOBAHMSI, KOTOPOE MEHbIIIE BPEMEHU XWU3HU T€X WJIM WUHbIX SIB-
JIGHUIA aKTUBHOCTU. DTO O3HAYaeT, UYTO AUHAMMUYECKUE SIBJICHUS
non ¢otocdepoit (Kak MepBUYHBIA UCTOUYHUK CTPYKTYP COJIHEU-
HOU arMocdepbl) ACUCTBYIOT MJIMTEIbHO, KOMIICHCUPYS pachal
HEYCTOMUMBBIX MCXOJHBIX MaJOMacCIUTAOHBIX COCTaB/ISIIOIIMUX. Ta-
KOl mpolecC AJIUTEJIbHON TeHepalMM CTPYKTYPHBIX 3JIEMEHTOB
00eCneUnBaAETCSl JOIOJHUTEIbHBIM TIPUTOKOM TEIUIOBO 3HEPruMu,
pacxoayeMoil Ha BO30YXJEHHE DJIEMEHTOB COJIHEUHON aKTUBHOC-
TU. DTOT «UM30BITOYHBIN» (IIPEBBIIAIOIINN «HOPMAJIbHYIO» CBETH-
mocTh ConHua B 11-jeTHeM 1LMKJIe B cpeaHeM Ha 2—3%) sHepro-
MOTOK, CBSI3aHHBIN C MPUXOJOM TEIJIOBOTO «MMITYJIbCa» K OCHOBA-
HUI0O KOHBEKTUBHOI 30HBI, MEHSIETCS 3aMeTHO B MacluTabe
HUKIndecko akTuBHOCTU ConHua. OgHa U3 O0COOEHHOCTEM
(kpome 11 m 22-ieTHell LUKIMYHOCTEI) 3TOr0 <«U30BITOYHOIO»
TEMJIOBOTO MOTOKA COCTOUT B CYLLUECTBOBAHMM IS HETO Mepuoaa B
2—3 rona (KBa3uBYXJeTHME Bapualuu) . B HemaBHO omy6amko-
BaHHOI1 padore (Dzeimbowski et al, 2000) mpuBeaeH psig HOBBIX
pe3yJIbTaTOB TeIMOCEMCMOIOTMYECKUX MCCIEA0BAHUM 10 HaOJII0-

* OTMETMM, UTO KBa3MIBYXJIETHHME BapMalliM B T€OMArHWTHOM IIOJIe BIIEp-
Bble BbigBWI FO.Jl. Kanunuh, eiie B Hauane 50-x romoB XX Beka.
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neHusM Ha KA SOHO. IlpoBens 12 midTeaIbHBIX M HEIIPEPBIBHBIX
(o 72 nHg) cepmii HabmoneHnid B 1996—1999 rr., aBTOpHI MOMY-
YUIA CJCAYIOLIME PEe3YIbTaThl:

a) CyuecTByeT 2—3 JIETHSISI KBa3UIIEPUOANUYHOCTh MOBTOPEHUIM
pacripeacieHUM OUCKPETHBIX 30H BO3MYILIEHWI BO BCEM KOHBEK-
TABHOWM W YaCTAUYHO B JIyYuCTOU (o rayouH r/Ry ~ 0,5) 30HaX;
aMIUTUTYJa MaKCUMYMOB BO3MYIIEHUS JOXOAUT IO MArHUTHOMY
roimo 10 60 KI'c. Takum o06pa3oM, KBa3uABYXJIETHIE BapHallui Ha
CoJiHLIE HOCSIT IJIOOAJBHBINA XapakTep.

0) MmeeTt mecTo HapacTarolasi acpepuyHOCTb COJIHEYHOIO JIUCKA,
B OCHOBHOM, B Ipu3KBaropuaibHOM (115°) osice (AR/ Ry = 10_4),
gocTuriiasi MmakcumyMma K 1998 r. JlaabHeilllve HaOMOAeHUS T10-
KaXyT, BEpOSITHO, KAKOB OOLLMIA TIeproJ TaKoil achepUIHOCTH, U
CBSI3aH JIM OH C «MaJIbIM» (KBa3WJABYXJIETHUM) WU «0oabluM» (11-
JIETHUM) LUKJIAMMU.

Takue rnobanbHble U3MEHEHUS B IyonHax CoJIHIIA HEBO3MOX-
Hbl 0€3 JOMOJHUTENBLHOIO (32 CUET CBEPXCTALIMOHAPHOIO MEpPEeHO-
ca U3Jy4YeHMEeM) MOTOKA SHEPruu U3 siapa. MoxkeT OH BOZHUKHYTb
TakXke IMpu ObICTpoii (f ~ 109 C) TPAHCIIOPTHUPOBKE Yepe3 JTYUYUCTYIO
30HY (JI3) muckpeTHOro TermjIonoToka. DTOT Marepuayn Oosee Je-
TaJIbHO o0cyxaaeTcs B pabore MBaHoBa-XojgoaHoro u ap. (2001).

CaMo cynlectBoBaHue crtanmoHapHoro CosHIa oOecreunBacT-
cs pacxoaoM Ooublieit yactu (~0,8—0,9) 3Toil «M30BITOYHOI» TETI-
JIOBOII BHEPrUM Ha SIBJICHUSI COJTHEYHOUM aKTUBHOCTU. M 30BITOK
(0,1%) peructpupyeTcs B BUAE KBa3UABYXJIETHEH TePUOINYHOCTA
o01ero coaHeyHoro usnydeHus: (irradiance). Tak 4to conmHeyHast
aKTUBHOCTb oOecIlieynBaeT cTalidoHapHOCTh Bcero CousHlia. DTa
cxema, TpeOymollasi JaJlbHEHIIero 3KCIeprMMEHTATBHOIO O0OCHO-
BaHUsI, JIOJDKHA paccMaTpUBAThCs KaK AOITYCTMMasl TMIIOTE3a.

Jlnst aHanm3a BeipaxXeHus (2.1) paccMOTpUM cJiydaid IIpOTOHHO-
3JIEKTPOHHOI TJ1a3Mbl B OCECUMMETPUYHOM MArHUTHOM Tosie B U
C KOHBEKTHBHOIl ckopocTbio U . Eciau Mcrnonb30BaTh JOIMOIHU-
TEJIbHO CUCTEMY ypaBHeHMII MakcBelia, TO TOr/a CTaTUCTUUYECKast
dyukuus 6yner (Bmacos, 1936)

f(r,p) = Rp(rz — ut)exp _ £ +al |, (2.2)
kO,

rae
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: e

I = Rsind(U, + UC A). (2.3)

3nech p — MPOCTPAHCTBEHHAs TJIOTHOCTb MaJOMAaCIUITaOHbBIX
9JIEMEHTOB C KOOpAUHaTaMu r, ¥, 2, ob1leli sHeprueid F, Makpo3a-
psanoM e, U Maccoii M; A. — KOMIIOHEHTa BEKTOP-MOTEHIAAIA
MarHUTHOTO MOJsi; k©, — SHEPrusi Ciy4yalHbIX ABMXXEHUI Mallo-
MAacCIITAaOHBIX 2JIEMEHTOB; R U a — IIOCTOSIHHbIE HOPMUPOBKHU.
Oco0eHHOCTb MoydYeHHOM (pyHKLMMU pacrnipeaeieHus (2.2) u (2.3)
COCTOMT B TOM, YTO OHa caMa CTAaHOBUTCSI aHM3OTPOIHOI C BBIIe-
JICHHBIM HarpaBJIeHUEM pacIipeie/ieHUs 110 TIOJI0 MCXOAHBIX TOH-
KOCTPYKTYPHBIX 3JIEMEHTOB, C ONpeJeJIeHHBIM BEKTOPOM UX IUd-
¢y3uu. JIpyroii ocobeHHOCThIO (PYHKIMI pacrapeneieHus (2.2) u
(2.3) gBnsieTcd TO, YTO AaXKe IMPU «MOCTOIHHOM» MarHUTHOM II0JIe
B=rtotA= C, (¢, F) MOTYT IIPOUCXOAUTH U3MEHEHUS CTPYKTYPhI 1
SHEpPrun cuctemsl, ecin C (4, ) aanadbaTUYECK! U3MEHAETCA. DTO
MIPOTUBOPEUYUT U3BECTHOI TeopeMe bopHa 0 HEM3MEHHOCTU (PYHK-
LMY pacripenesieHns B cucteMe ¢ B = const. CMBIC MOJYYEHHOI
3aBUCUMMOCTU (PYHKILIMU pacipeesieHUs OT IMOCTOSTHHOTo (Mv ¢1abo
U3MEHSIIONIET0) BEKTOpa MArHMTHOTO MOJISI COCTOMT B TOM, YTO
U30/JMpOBaHHasi, HO CTPYKTypMpOBaHHasl, 3aMarHMyeHHas Ia3Ma
CTPEMUTCSI B PABHOBECHOM CJiyyae K MUHUMYyMYy 3Hepruu. Mar-
HUTHOE MoJie (IMMOTeHLMaJIbHOE WJM OeCCUJIOBOE), COCTOSIIEE U3
I1a3MOMUIOB, OIpeAesIsieT TaKylo ONTUMAJIBLHYIO CTPYKTYpPY, B KO-
TOPOIi MPU OTCYTCTBUM BHEILIHWX BO3MYILLUEHHUI (ITPUTOKA IHEP-
M) peaausyeTcsl HauboJiee BEPOSITHOE COCTOSIHUE BCE yCTOMYM-
BOI CHCTEMBbI. DTO HE 3HAYUT, UTO B KAaKOM-TO €€ YaCcTu He Hapy-
1maetcst paBHoBecue. Ho B cuy BBeieHHOTro BiacoBbIM MOHSITHSI O
HEJIOKAIbHOI cTatTucTmiyeckoil Mexanuke (Biacos, 1978), nokaib-
HbIE BO3MYILEHMSI CAMOOPIaHU3YIOT BCIO CUCTEMY TaK, YTO PaBHO-
BECHE COXpaHSETCs KakK Lejioe. DTU TMpeacTaBAeHUST BaKHO YYUThI-
BaThb U IIpU aHaAJIMU3€ COJHEYHOUM AKTUBHOCTU MPU YCJIOBUM, UYTO
MJa3Ma COASPKUT MHOKECTBO AVMCKPETHBIX CTPYKTYPHBIX 3JI€MEH-
TOB. IIpMHLMII KBAaHTOBAHUS SHEPTUU CUCTEMBI 3JI€MEHTapPHBIX
YaCTHILL C COXpaHECHUWEM CTALIMOHAPHOCTU CHUCTEMBI JIEXKUT B OCHO-
B€ KBAHTOBOII MeXxaHMKM. B Haluem ciyyae 5TO NMPUMHLMIT Takxke
peaym3yeTcss B Makpocucteme. B 4acTHOCTH, Takoi IOJIXO0H OKa-
JKETCSl MOJIE3HbIM JJIsI TIOHMMAHUS SIBJIEHUSI KOPOHAJIBHOIO BbIO-
poca Macc (CME), nmpu KoTOopoMm JOKaJIbHOE BO3MYIIEHUE (Ha-
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MpUMep, SPYIITUBHBINA HpoTyOepaHel]) MOXET M3MEHUTb TOII0JIO-
I'MI0 MarHUMTHOIO TIOJISI 4acTU (MJIM BCEro) COJTHEYHOIO JMUCKa C
MOCJeIYIOIIUM 3aTyXaHUEM U C BO3BPaTOM B MCXOOHOE COCTOSIHME.
Ecny npuHATL 0003HaUeHue, 4to </ > CpemHss HarpsKeHHOCTb
MarHUTHOTO TOJISI MCXOJHBIX 3JIEMEHTOB, TO, MPOUHTETPHMPOBAB
(pyHKUMIO paciipelieIeHUsI IO SHEPIUSIM, MOXEM MEPEUTU K COBO-

KYITHOCTU OTUCKPETHBIX MArHUTHbBIX MOMCHTOB ﬁzj:

b [HE =Y m,. (2.4)
- E j=l1

[ToTox Bcex aTHX 3JIeMEHTOB (¢ ydyeToMm Bkiaaga (2.2) u (2.3)),
TTOTYYNM:

n n
M=) K/Vim;,—im;y KiVm;. (2.5)
j=1 j=1

3mech K' — nuHeitHbI Ko3ppuumreHT aud@y3nun, KOTOPbIA
onpeaesercsa npu audpdepeHUpoBaHun GyHKUMKM (2.2). Henu-
HelHbI Koahduiment mubdysnn KM MoxHO MoTyduTh, aud-
depeHpys pyHkumo (2.2) ¢ ydetoMm (2.3) 1o koopauHatam (y
Hac 1o ocu 7). Ilpu 3ToM MOSIBIISIIOTCS ABa cjlaraeMbIX (M3-3a rpa-
IMEeHTOB ckopocty VU, M MarHuTHOTrO moist V B) mpomnopimo-
HaJIbHbIE m, T. €.

KM =—Cm(aVU +BVB) =m,S;. (2.6)

3aeck C, oo U B COOTBETCTBYIOLLME KOAPPULMEHTHI TTPONOPLIK-
OHAJIbHOCTH; (DYHKLMS S; OMpe/IessieT HeJIMHEHHBII MOTOK in; —
BJIEMEHTOB IPU HAJIWYMM TPaJUEHTOB CKOPOCTU U MOJIsl. 3[eCh
YUUTBIBAETCSI B3aUMOJCUCTBUE MEXIY M-3JIEMEHTAMM Ha MaJlbIX
PACCTOSIHUSIX ¥y TI0O CPABHEHUIO C XapakKTePHBIM pa3Mmepom L pac-
cMaTpuBaeMoi o01Lei CTpyKTyphl. CylleCTBEHHO, YTO aHU30TPOII-
HOCTb (DYHKIIMM PACIIPE/IC/ICHNsI SJIEMEHTOB /1; BBbI3BaHA CTUMY-
JupoBaHHOI auddy3ueii, o0yCIOBICHHON IpaJUEHTAMU CKOPOC-
™ u nojsd. Crnenysa padore (TamanoB, 1983), MOXHO 3BOJIOLIMIO

m j QJACMCHTOB IIPCACTABHUTDL BBIPAKCHHNCM

m _
8t] +divIl = Fi(m;, m,, ...m,, r, 1), (2.7)
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rae n_zj — JIWHAMWYECKHUE TEPEMEHHBIC HAIIlC CUCTEMBI TOHKO-
CTPYKTYPHBIX MAarHUTOITJIA3MEHHBIX 3JIEMEHTOB, ¥ — UX KOOpPIAUHA-
T, ¢ — BpeMs, GpyHKIUs F onpenesnseT MYJIbTUILUIMKATUBHOCTD
HEJIMHEVWHOCTH B3aMMOAENMCTBUSA A-3JIEMEHTOB, [I — IIOTOK DJIe-

meHToB ;. [loactaBuB B (2.7) BeipaxkeHus (2.5), (2.6), noayyum

om B L
@—t:F(ml, My, ..M, F,t)—
" , , v (2.8)
—div ZKj Vm; +divm; ZKJ- Vm; .
j=1 j=1
31ech m; — MarHUTHBIA MOMEHT i-T0 (OPAKTAUTBHOTO JIEMEHTA

MAarHMTHOTO T10JI51, HAIIpUMEP, aKTUBHOM o0Jsiactv; GbyHKUMA Fi m; ,
r;, f) — OIpenessieT NapHble B3aMMOJIEHCTBUS MATHUTHBIX MOMEH-
TOB C NPOCTPAHCTBEHHBIMU U BPEMEHHBIMU KOODIWHATAMMU 7; U f;
KJ-NL — HeJMHeNHbI KoadduumueHT anuddy3umn, KoTopast ornpeae-
JISIET TIPoLiecc 00pa30BaHMS U pacliaga MarHUTOILUIa3MEHHBIX CTPYK-
TYp. DTOT HEJIMHENUHBIN KO3 ULIMEHT OIpeacseTcs MPUOJIMKEHHO

KakK
KM =(NVU+VB), (2.9)

rme U u B COOTBETCTBEHHO BEKTOPAa CKOPOCTM M MATHUTHOTO
10J1s1 (POHOBBIX MarHUTHBIX MOJIEH, B IIpeaeaX KOTOPbIX CYLIE-
ctyeT AO. Torna

n
> Km; =E (2.10)
J

roe F — sHeprus, KoTopasi HeooxoaumMa Ajisi o0pa30BaHUS U DBO-
JIOLIMYA MAarHWTO-TUIa3MEHHBIX CTpYKTyp. Ecom B (2.8) m; mpen-
CTaBUTb YEPE3 CPEIHIO BEJIUYUHY </, > U dm; — QIyKTyauuu
3JIEMEHTOB MarHUTHOTO MOJIA, T.e. m; = <m;> + dm;, TO mocie
nmoactaHoBKM (2.9) u (2.10) B (2.8) U COOTBETCTBYIOLIETO Mpeobdpa-
30BaHUSI MOJIYYUM:

0(dm;)

_ 9 .
— KMm. 2 (5m. 2.11
o m; 52 (dm;) ( )



58 I'naBa II. O BO3MOXHO! TPUPOJE TOHKOI CTPYKTYPBl COJIHEYHOM ITIA3MBI

JIuHeliHbi yieH nuddy3un BhIIAAACT, T.K. SIBISETCS PElLIeHU-
eM ypaBHeHUS (2.8) B IMHEMHOM MpUOJIMKEeHUU. PellieHre BOJIHO-
Boro ypaBHeHUs (2.11) MOXHO MCKaTb B BUJE

= 8m; expli(w;t — k,r)] = 8m’ expli(w’t — kr)]. (2.12)
J

31ech caesiaHO YMPOLIeHUE: BMECTO pelleHust B Buae psiga Dy-
pbe ¢ HADOPOM YACTOT ®; U BOITHOBBIX YUCEI K; OCTaBJICH JUTSL TIPO-
CTOThI TOJIbKO OJMH YJICH Ha Pe30HAHCHOM qaCTOTe o', Tocse nog-
craHoBKM (2.12) B (211) ¢ yuetoMm (2.10) monyyaem Jisi aMILIATY-
apl daykrtyauumii dm; ypaBHeHue tuna Llpenunrepa:

~ 2 ~
i@(Sm) _E 0 (dm)

o o (2.13)

Otcroma ciaeayer:

a) dm; (r, f) o3HaYaeT (PJIyKTyallui MarHUTHOTO TIOJISI, KOTOPbIE
B COBOKYITHOCTU OIPEACSIOT BEPOSITHOCTh UBMEHEHUSI CTPYKTYPHI
noJst, Harpumep, AO;

0) CocTosiHME B MPOLIECCE IBOIIOLIMU U3MEHSIETCSI IUCKPETHO B
COOTBETCTBMU C 3aJaHHBIM AUCKPETHHIM 3HAaYe€HHEM CBOOOIHOI
sHeprum E;

B) OBomoumio AO MOXHO paccMaTpuBaTh, KakK MOCJEI0BaATE/Ib-
HOCTb AUCKPETHBIX KBAa3UPaBHOBECHBIX COCTOSIHUIA C IIIaroM, KO-
TOPBIN OTIPEAECISIET JUCKPETHOE E.

Cnenaem HeOOJIbIIOE OTCTYIUICHUE, pACCMOTPEB CTPYKTYPhI IUC-
KPETHBIX 2JIeMeHTOB. /0o CUX Mop Mbl OrpaHUYMBAIUCH OOLIMMU
BbIPAXXEHUSIMU UISI SHEPTUU £ AUCKPETHBIX (TOPOUIAIBHBIX) DJie-
MEHTOB. MbI MOI/IM MOKa3aTh, YTO B TYpOYJIEHTHOI 3aMarHWYeH-
HOW IJIa3Me BHELIHWE LIyMbl (JIIOObIE XaOTUYECKHE BO3ACICTBUS)
MPUBOISAT K KAYECTBEHHOI MEpPEeCTPOMKE pekrMMa — MOSIBICHUIO
HOBBIX CTALIMOHAPHBIX HE3aTyXalolIUX TePUOJIUYECKUX OCLIJIISI-
LI — BO3HMKHOBEHMIO YIHOPSAOYEHHBIX CTPYKTYp. B cuIbHO He-
PaBHOBECHBIX OTKPBITBIX CUCTEMaX CYIUECTBYET TEHICHLIUSI K ca-
mMoopranmuzauuu (Xapcrxemke, Jledep, 1987).

Mgl paccMOTpesiM BO3MOXHYIO TUIIOT€3y OOpa30BaHMSI B KOH-
BeKTUBHOM 30HE (K3) TopoumanbHbIX MIa3MEHHbIX MajJoMacluTad-
HBIX 3JIEMEHTOB, IIPU 3TOM BOIIPOC O BEJIMYMHE SHEPTUM COBOKYII-
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HOCTU 3TUX 3JEMEHTOB (COJMTOHBI J1 3TO, WA AUCKPETHBIC BJie-
MEHTApHbI€ TIa3MOUIbI) HE pelaeTcsi. YToObl MOMYyYUTh pelleHNE
ypaBHeHUs1 Kaprosera—ae Bpusa He 11 TJIOCKOM, a IJIsk TpeXmep-
HOI CTPYKTYPbI JUCKPETHBIX 3JIEMEHTOB, HY>)KHO ObLIO pelliaTh JBY-
MepHoe ypaBHeHue KagomueBa—IleTrBuaiuBuau. O1o yBesio Obl HAcC
JTAJICKO 3a paMKW HacTodiieii MoHorpadpuu. [103ToMy MBI OorpaHu-
YMCS OLEHKAMU BHeprurM FE COBOKYITHOCTUM COJUTOHOB MyTEM
KA4eCTBEHHOI'0 CPaBHEHUSI TaKOW CUCTEMbI C TOITOJOTUYECKUMMU
coautoHamu (KamuatkoB A.M., 1982). CnpaBeiiMBOCTbL TaKOro
cornocTtaBiieHUs1 ciaeayeT u3 padotel IlerBuamiBuiu, Iloxorenona,
(1986), B koTopoit ypaBHeHus Kaprosera—me Bpuza u YepHu (s
BUXPEBBIX BOJIH), MO CyTH, PacCMaTpUBAIOTCS KakK Iuia3Ma C yeau-
HEHHBIMM, TOPOUIATBHBIMUA, BUXPEBBIMU 2jIeMeHTaMU. MCXOIHBIM
ypaBHEHMEM SBJISIETCS cripaJbHOCTL B MI'Jl, KoTOpas sBisieTcs
WHTETPAJIOM ABUKEHMUS

I= [ Arot4dV (2.14)
V)

rme A — BEKTOp—HOTEHILMAJ MarHUTHOTO TIost B = rot A .
[Ipn cranmmoHapHOM TeYEeHUM MMEEM CHUCTEMY MCXOIHBIX YpaB-
HEHUM

divB =0; divl =0; rot[V B] =0,

o 2 - _ 2.15

(VV)V:_lv p—l—B 4! (BV)B. 2.15)
p 87 4mp

DTU ypaBHEHMSI YAOBJIETBOPSIIOTCS, €CJIM JABUXKEHHE TIJIa3MBbl
MIPOMCXOJUT IO MAarHUTHBIM CUJIOBBIM JIMHUSIM CO CKOPOCTBIO,

V = +B/(4np)"”, (2.16)

N JaBJICHUC TTOJYUHACTCA YPAaBHCHUIO

B2
P+ —=P_ =const, (2.17)
8m

BBoauTtcst Bropoii MHTerpaa ABUXKEHUST — MOMEHT KOJM4YeCTBa
JIBVDKCHUSI, KOTOPBI CTAOMJIM3UPYET «PACIUIbIBAHUE COJIUTOHAY:
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szf[w]dV:%(pﬁ)1/2BOR4, (2.18)

)

3I€Ch p — CPEIHsISI JJOKaJbHA IJIOTHOCTb, X — CMEIIEHUE COJIU-
TOHa, By — nosie Ha 0oBLIOK Ocu Toporaa, R — paanyc COJIMTOHA.
Torga sHeprusi coauToHa (YeAMHEHHOrO TOPOMJIA) IIPU YCJIO-

pun £, = E,

2 2
B
pv’  B*

T .2 p3
dV =—BifR". 2.19
7 - 0 (2.19)

32

£-f

)

M3 coxpaHeHust nHterpanoB aBvixkeHust [ u M cneayer:

R=M?*/AnpD)"*; By =8(p/m)"? I/ M . (2.20)

Ecnu npuHATH TVIOTHOCTH IIa3Mbl KOHBEKTUBHOM 30HBI (K3)
o momesm Spruit (1991) p = 1,6 .10 r-em >, Toripu R = 107 cMmu
By =5 10% ¢ mosnyuum suepruio Topouna =2,5-10% apr. Bpems
>KV3HU COJUTOHA-TOPOUIA MOXHO OLICHUTh, €CJIU OIPEACIUTh 13-
MEHEHIE SHEPruu

2p2
4E _ L[ jray ~ EBIR (2.21)
a5 ¢

rae { — OpoBOAMMOCTD (IO TadJwiie Spruita), ¢ — CKOPOCTb CBETAa,
j — Tok. Torna

E/Cifm At ~ (R?/c?. (2.22)

B Hartrem ciydae At = 103 c.

OueBUIHO, YTO MPUBEAECHHbIE OLIEHKU HOCSIT CKOpee WJIIIOCT-
paTUBHBIN XapakTep, XOTsI HEKOTOPbIM T€CTOM MOTYT CIYXUTb U3-
MepeHHbIe JaHHble «moss» Ha KA TRACE, eciu npuHsITb, 4TO
SIpKM€ TOYKM B MarHUTO-IUIa3MEHHOM CTpPye COOTBETCTBYIOT TOPO-
nnansHeIM conuToHaMm. Ilo omernkam aBTOopoB (Berger et al., 1999),
R = 107 cm, 9HEPIrUsi SMUCCUU OJHOTO TOpOUjaa = 1025+10263pr.
ITonyyeHHOE 3HAYEHME BpeMEHM KU3HU Ha TIOPSIOK MEHBIIIE OLIeH -
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K1 1o dopmyne (2.22). Mbl gomycTujiv, 4TOo HaOr0gaeMble Ha
TRACE sgpkue «Touky» MOgOOHBI TEM TOPOUIHBLIM ILIa3MOHAM,
KOTOpbIe T€HEPUPYIOTCS B KOHBEKTUBHOI 30HE C BPEMEHEM XKM3-
: t = (R = 10° c.

[TpuBeneHHbIe rpyOble OLIEHKM DHEPIUU, BPEMEH KU3HU U JIp,
WUTIOCTPUPYIOT TOJIBKO BO3MOXHBIE 3HAYEHUSI 3TUX ITapaMaTpoB.
[Tpou3Bos B olieHKaX HAYMHAETCS C BEJMYUHBLI R, KOTOpYIO MpU-
HUMaeM 3a BHYTpPeHHUI, Habojiee BEPOSITHBINA pa3Mmep TypOyJIeH-
THOCTU B KOHBEKTHMBHOW 30HE. TOJbKO JaJibHEHIINE DKCIIEPUMEH-
Thl HA TRACE (Mnu Ha apyroMm coBpeMeHHOM KA), npu KOTOpbIX
pasMepsI SIPKUX «TOYEK» B MATHUTHOI CTpye orieHuBaoTes ~107 ¢,
MOTYT CJIY>KMTb OTIpaBIaHUEM MPUBEACHHbBIX OLIEHOK. DKCIIEPUMEHT
0Ka3aJl, YTO NPUBEICHHbIC OLICHKM SHEPTUMU U BpeMeHM (pak-
TaJbHBIX 3JIEMEHTOB (CM. pUC. 5), M XWU3HU COJUTOHA OJM3KU K
peabHBIM.

OOlee 3akJIIOYEHUE COCTOMT B TOM, YTO TOIOJOTMYECKU (U1
€My NOAOOHBII) COJMTOH, B MPUHLIMIIE, MOXET 00eCeUYnTh IHEep-
TMIO BCIIBIIIKM TTPU PE3KOM IEPeXojie U3 IMJIOTHOM KOHBEKTUBHON
30HbI (K3) B Oosiee paspexeHHYyo cpeay atMocdepbl (IepexoaHo-
ro ciost). Kak ykaseiBajioch BbIIIE, TIPY IYJILCALIUSIX TOPOUIOB B
MardHuTHOM noje K3 npoucxoaut «MarHuTHas Hakayka», KoTopas
oLieHMBaeTcs: Koadduimentom yeunenus K = |B|/| By| = —4Vt/| B|.
3nech )/ — KOHBEKTMBHAS CKOPOCTb, R — [UIMHA GOJIBLLIOK OcU
wiasmonna; Torna K = 102, Takve mia3MOuIbL ¢ B, = 10* T'c repsi-
IOT Ha rpaHulie GoTocdepbl SHEPIUIO TaK, YTO 000COOJIEHHBIE TO-
pouabl (coKycupoBaHHbBIE MaKpOIOJeM ILIa3MEHHON CTpYyH)
COXpaHSIIOT TOJIBLKO 1/10 cBoeil sHeprun, U Ha YpOBHE II€PEXOIHO-
ro CJ0S UX DHEPrus CPaBHUBACTCI C IPUBECACHHOW OLIEHKOWU
~ 5-10% spr (¢ yuerom Hakayku). Eciim uMeTh B BUIY BCIBILIKY,
TO B UMITYJIbCHOM (base TpeOyercst >10° MMCCUTTUPYIOIINX TOPOU-
JOB. DTO MPUMEPHO COOTBETCTBYET TOMY, YTO 3aperucTpHMpOBAHO
Ha TRACE B 1oToKe SIpKIX 3JIeMEHTOB BCHBIIIKHA (CM. pUc. 5 1 6).

AkTtuBHas obyiacth (AQO) Ha CoJiHle Win KoMiieke AO 3aHu-
MalroT OTHOCUTEJILHO MaJiblii 00beM CoaHua (MU ee KOHBEKTHB-
HOW 30HBI). Pazmepsl ee 1o TomuumHe > 0,2+0,3 R,: KOHBEKINS BO3-
OyXHaeT KpynmHOMaclUTaOHbIe KoJeOaHUSI pa3IMYHON MOMIbI, KO-
TOpbIE€ TIPUBOASAT K TypOyJIeHTHOCTU. Toraa B y3KOM KaHaJie CBSI3U
AO (mm xomiuiekca AO) BO BCe KOHBEKTMBHOM 30HE OyayT pac-
IPOCTPAHITHLCS IPOCThIE BOJHBI, T. €. BOJHBI C MPOU3BOJIbHOI aM-
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mnTyaoi. OHU MOTYT IPUBOAUTL K YCUJICHUIO MAarHUTHOIO ITOJISI
NP MArHUTHOM «HAaKauyke» U U3TMOHBIM KOJICOAHUSIM 3JIEMEHTOB
m; . OLEHKHU [TOKA3bIBAIOT, YTO B MOJEJIM KOHBEKTMBHOM 30HBI (K3)
Spruit KoapdULIMEHT YyCUIEHUS MOJIS =102

PaccmoTpuM xapakrep B3aMMOIEWCTBUI 3JIEMEHTOB in; WU M, .
Mx ycI0BHO MOXHO pa30UTh Ha CTaTUYECKYIO M BOJHOBYIO YACTU.
MarHuTHas 3Heprus napbl /m,; M i, OyIeT COCTOATb U3 IBYX YacTeN

Wia=E{3 +Efy =(E;+ E; + E|5)™ + Ef;.  (2.23)

3nech

EM =mi +m3 + [ m(r)my(r)Go(r,dydr,  (2.24)
(r)

rne G (r,d) = Gy (| r, — r, |) — Gynkuus I'puna T MOTEHLIN-
ana Jlebas.

Ecin snemMeHTsl m; U m, KOJEOIIOTCH € YaCTOTaMU ) U 0, U
dazamMu @; M 9, TaK, YUTO Q = ®; — Wy; @ = @ — ¢y, a JIEKTPOMAr-
HUTHOE TPEHNE C OKPYXKAIOIIEN CPEdoil = e !, TO Toraa

ES, = [ ir)iiy(ry) SO QR/VSING f 5 g
o (rj;mm)mz(m T (2.25)

OCOOGEHHOCTBIO ATOr0 MHTEP(PEPEHIIMOHHOIO 4YieHa SIBJISIETCS
TO, YTO B 3aBUCUMOCTU OT 3HAYEHMSI MapaMeTpoOB ¢ 1 /Yy IHEprus
BOJITHOBOI'O B3aMMOJICMCTBUS MOXET OBITb OOJIbIlIE€ WM MEHBIIE
HYJISI, UYTO OIpEJeJIsieT, B COBOKYITHOCTHU C APYTUMU UjieHaMmu (2.23),
MPUTITUBAHUE WA OTTAJKMBAHWE B3aMMOJICHCTBYIOIIMX 3JIEMEH-
TOB My U m,. KaKk BUIHO M3 U3JOXEHHOIO, CUCTEMA, COCTOSLIAS
13 (GPOHOBON TIa3Mbl U BKPAIVIEHHBIX JUCKPETHBIX COCTABJISIIOLINX,
NpU OTCYTCTBUM BHEIIHUX T'PaHUYHBIX YCJIOBUH, ompeneaseTcs
CTaTUCTUYECKON (PYHKIIMEN pacnpeaeeHUsT B3aUMOACICTBYIOLINX
MUKpO3J1eMeHTOB. COCTOSIHME MaKpOCUCTEMBbI ONpeaeasieTCsl JUC-
KPETHBIM 3HAYEHUEM SHEPIMM MUKPOIJIEMEHTOB 1 XapaKTePOM UX
B3aUMOIECUCTBUS.

Jlo cux mop MBI HE KOHKPETU3UPOBAIM MHPUPOJIY U CBOMCTBA
CaMOOPraHU3YIOLLIUXCS MUKPO3JIeMeHTOB. B o011eM ciiyyae Teopu-
el caMoOopraHu3allMu CUCTeM MHOXECTBAa JUCKPETHBIX MUKPOIJIC-
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MEHTOB C 00pa30BaHMEM COOTBETCTBYIOILIMX MaKPOCTPYKTYp 3aHU-
MaeTcsl HOBasi, OBICTPO MPOrpecCUpYIoLast MeXIUCLUUIUTMHAPHAS
HayKa — cuHepretmka. Ha cooTHolleHMe AUCKPETHOro U HeIlpe-
PBIBHOTO, B3aMMOCBSI3b IMOPSIJKA M Xaoca B Pa3UYHBIX CHUCTEMax
oOpawanu ceoe BHMMaHue A. [lyankape, /Ix. HeiimaH, A. TiopuHr.
Ho copmynmmpoBaTh peaAMeT U METO/Ibl pelleHNs 3aJady CUHEpre-
TUKHM B Halle BpeMsl cMorin XakeH, [IpuroxuH u ap.

CraenmaeM KpaTkKoe OTCTYIUIEHME M IIOSICHUM, YTO OOpa3oBaHUE
MaKpOCTPYKTYp B Cpelie B3aUMOACHCTBYIOLLMX MaJOMAacCILITaOHbIX
BJIEMEHTOB CJIEAYyeT M3 OOLLUMX MPUHLMIIOB CUHEPreTUKM (XakeH,
1983) — Hayku o camMoopraHuzaliii, — (pyHJIaMeHTaJIHLHOM CBOM-
CTBE HEPaBHOBECHBIX, SHEPIeTUUECKU OTKPBITHIX HEJIMHEMHBIX CH-
creM. CuHepreTMka HOCUT BeCbMa YHMBEpCAJbHBIM XapakTep U
MIPUMEHUMA K JIIOOBIM 3HEPreTUYECKM OTKPBITHIM HEJIMHEIHBIM
1 HEepaBHOBECHBIM cucTteMaM. OCHOBBI CUHEPIreTUKM HECKOJbKO
MO-pa3HOMY M3JI0XE€HbI B MOHorpagun XakeHa (1983) u B kHure
[Tpuroxuna (1985). B nociaeaHeir OCHOBHOE BHUMAaHUE YIEISIETCS
poleccaM, JaJIeKMM OT TEpMOAMHAMUYECKOro paBHOBecHs1. B sHep-
TFeTUYECKU OTKPBIThIX CUCTEMaX TaKOi MOAXOJ CBsI3aH C 00pa3oBa-
HUEM JUCCUNATUBHBIX CTPYKTYp, Ha TpaHulle (pa30BbIX 00JaCTE.
Bropoe Hayano TepMOAMHAMMKY YKa3bIBAET «CTPEy BPEMEHU», T.€.
B KaKOM HaIlpaBJIeHUU cjeAyeT OXMAaTh xon mpouecca. Ilpuro-
>KUH BbIJIBUTaeT CJICAYIOLIUE UICU:

a) HeoOpaTtumbie mpoliecchl peajbHbl TaK K€, KaK M o0paTu-
MbI€;, OHM HE€ SIBJISIOTCS CJAEACTBUEM MPUOIKEHHOIO OIMCAHUS
00OpaTUMBIX IIPOLIECCOB;

0) HeobGpatumble mpoliecchl UIparoT KOHCTPYKTUBHYIO pOJIb B
dusuke, xumMuun, ouosoru M T.J. OHU ONPEeaeISTIOT BO3MOXKHOCTD
BO3HMKHOBEHUSI AUCKPETHBIX CTPYKTYP, BO3MOXHOCTH CaMOOpra-
HU3ALMU B SHEPreTUUYECKU OTKPBITHIX HEJMHEMHBIX CUCTEMAaXx.

XakeH U ero mocJieoBaTe/JIM pacCMaTpUBaIOT U MPUMEHSIOT, B
OCHOBHOM, CTaTUCTUYECKNE METOJbl OINMMCAHUSI HEPaBHOBECHBIX
JTUCCUIIATUBHBIX MPOLIECCOB B CaMbIX Pa3HOOOPA3HbIX OOBEKTAX
3HAHUM: PU3MKE, XUMUU, I€OJIOTUNU, SKOHOMUKE U T.A. HecMmoTps
Ha CTOJIb Pa3HOOOpa3HbIe 00JaCTU NMPUMEHEHUSsI, yIAaeTCs MOoKa-
3aTh, YTO IPOLIECChl 0Opa3zoBaHMs, SBOJIOLMU U pacraja OTKpPbI-
TBIX 3HEPreTMYECKUX MaKpPOCUCTEM CJICAYIOT OJMHAKOBBIM 3aKO-
HOMepHOCTSIM. Hanuune HecKOJIbKUX IMapaMeTpoB mopsjika (T.e.
apaMeTpoB, OIMNPEAC/SIOIIMX pa3BUTHUE BCE CHUCTEMbI) CO3IaET
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CUTyaluIO, OJIM3KYI0 K HOBOMY COCTOSIHMIO. DTO U €CTh OUdypKa-
uusi. B aToM mnpoliecce nepexoga BO3HUKAET ONpeae/ieHHAs! CBSI3b
MEXIY IMapamMeTpaMH HOpsiaka («[IPUHLIUI COHNOMYMHEHUS»), TaK
YTO ONpEAE/ISIIOIIMM JaHHOE MpeoOpa3zoBaHUe, OMQYpKaLIUIO, OC-
TaeTCs TOJIbKO OJMH mapameTp. Mcmoab3oBaHME CTaTUCTUYECKON
TEOPUU HEPABHOBECHBIX IIPOLIECCOB (HE3aBUCUMO OT IPUPOIBI Ca-
MUX MHUKPOOOBEKTOB) MPU CUHEPreTUUYECKOM B3aMMOACHCTBUU
JTVCCUMIATUBHBIX CTPYKTYp IIPUBOAMUT K IIPOLIECCY CaMOOpraHu3a-
LMW MakpocucTeMbl. [lepexon oT 1aMMHApHOIO TEYEHUST K TypOy-
JICHTHOMY MPOMCXOIUT Yepe3 MOCAea0BaTeIbHOCTL (Pa30BbIX Mepe-
XOJIOB, 4Yepe3 OrpaHMYEHHBIM PsIA CaMOOPraHU3YIOIIUXCSI CTPYK-
TYPHBIX COCTOSIHUM.

DTO KpaTKoe M3JIOKEHUE HEKOTOPBIX MPUHIIUIIOB CUHEPIeTUKU
BIMOJIHE TIPUMMEHUMO NpPU OIMMUCAHUU TPOLIECCOB CTPYKTYPU3ALIMU
3aMarHMYE€HHOM COJIHEUYHOM IIa3Mbl HA Pa3HbIX YPOBHSIX, OT KOH-
BEKTUBHOI 30HBI JO BBICOT POTOCPhPEPpHO-XPOMOCHEPHO-KOPOHAJIb-
HbIX CTPYKTYyp. PaccmarpuBaemasi cucteMa SHEPreTUYeCKM OTKPbI-
ta. IIpuTOoK »HEpPruM UAET W3 sSApa U JYYUCTOU 30HBI, a OTTOK
SHEPIrUu — 4Yepe3 oOpa3oBaHME AUCCUIIATUBHBIX CTPYKTYpP B LLIM-
POKOM ITPOCTPAHCTBEHHO-BPEMEHHOM CIIEKTPE C MOCIAEAYIOLIEH
YaCTUYHOM AuccUIalueit (morepeil sHepruu) B BUJIE COJTHEYHOTO
BeTpa, IJ100aJIbHOrO M3JIy4eHUsI («COJHEYHOM IMOCTOSIHHOI»), BOJI-
HOBOTO U3JTy4eHMUSI, SIBJICHUI COJIHEUHOU aKTUBHOCTU BO BCEM CITCK-
TPpaJIbHOM JMana3oHe, W IeHepalMu BbICOKOIHEPTUYHBIX YaCTHIIL
(comHeYHbIe KocMuuecKue Jydu). HenmHeiitHOCTb cpelibl, HepaB-
HOBECHOCTb M HaJIMYKE ONMPEACTIEHHOIO B3aMMOACUCTBUSI «MUKPO-
COCTaBJISIIOIIUX» C HEOOXOJIMMOCTbIO MPUBOJSIT K 00pPa30BaHUIO
pa3zHOOOpPa3HbIX MAKPOCTPYKTYpP SIBJIEHWIH COJHEUHONM aKTHUBHOC-
tA. [loaTOMY TIpMEHEeHNre METOAOB UM MPUHIIMIIOB CUHEPreTUKU
IJIsT TIOHMMAHUWSI IPUPOAbI SIBJICHUI COJTHEYHOU aKTMBHOCTU HE
TOJIbKO ONpaBIaHO, HO SIBJISIETCSI HEOOXOAMMBIM.

[TpobGaema HeynopsimoUeHHbIX MAKPOCTPYKTYP OCHOBAHA Ha Xa-
PaKTEpHOM CBOMCTBE MAcCIUTAOHON MHBAPUAHTHOCTU (CKEUIMHTIA)
MMKPOCTPYKTYPHBIX cOCTaBJisitollux. B MaTeMaTuke dpakrai npes-
CTaBJISIET MHOXECTBO TOYEK B METPUUYECKOM MPOCTPAHCTBE, IJIS
KOTOPOTO HEBO3MOXKHO OIPEACIUTbh TPAAULIMOHHbIE Pa3MEPHOCTMU:
JUIMHY, TJI01Iaab, 00beM. 3agadya U3MEPEHUI TaKX MHOXECTB CBO-
IUTCSI K ONpeAesieHUI0 pa3zMepHocTu Xaycaopda—be3nkosuua,
KOTOpasl IMO-pa3HOMY BBIUMCIISIETCS [JISI CTATUYECKMX M BPEMEH-
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HBIX psigoB. @pakTanbHble (POPMBI CBOMCTBEHHBI OIPOMHOMY YMC-
JIy IPOLIECCOB U CTPYKTYp. MaHaeasOpoT MnpeacTaBuil MaTeMaTu-
YeCKO€ BBIpaxKeHHUE IS OOIIMX 3aKOHOMEPHOCTEll reomMeTpuyec-
KUX CBOMCTB (pusmueckoro Mupa. Ocoodbie yCI0BMSI BO3HUMKAIOT TIpU
00pa3oBaHUM MaKPOCTPYKTYpP, KOTJa «MUKPOSJIEMEHTAMMW» SIBJIS-
FOTCSI CAaMONIOAOOHBIE CTPYKTYphl — (bpaKTaibl. DTa BETBb CaMOOP-
raHu3alM CTPYKTYPHBIX arperatoB M3 (paKTaJIbHBIX 3JIEMEHTOB
MMeeT CBOM XapaKTepHbIii MaremMaTuuyeckuii anmapaTt (Mandelbrot,
1982). ®@akTryecku, M paHblle Mbl YK€ WCIONb30BaIN (PpaKTasb-
HYI0O CaMOOpraHu3aluio, MpUHKUMAasl, YTO COJIHEYHas Iula3Ma Co-
CTOUT (B COIVIaCUU C HAOJIOAECHUSIMM) M3 MaJOMAacCIITAaOHBIX 3Jie-
MeHTOB-(PpakTasoB. 1 B JaHHOM cJiydyae Iojo0ue camoopraHmu3a-
KU (ppakTaJIbHBIX KJIACTEPOB (COBOKYITHOCTEM) MHBAPMAHTHO JIJISI
pa3HoOro Maciurtada, M IJs IPOoLEeCCOB, KOTOPbIE MPOTEKAIOT B 111~
POKMX BpPEMEHHBIX MacluTabax. DTO CBOMCTBO HEJIMHEWHBIX sIBJC-
HUM, Y KOTOPBIX B TIPOLIECCE Pa3BUTHUSI pacXoasTcs (pa3oBble Tpa-
E€KTOpMM, B TOM UYMCJe, BCIEJCTBUE OCOOEHHOCTEN HayaJabHbIX yC-
JoBuii. CpaBHMBAaTh B 3TOM CJIydae HYXKHO HE TPaeKTOPUHU IBYX
cucTeM, a boJiee CI0XKHbBIE Pa30Bble XapaKTePUCTUKHU, OMPEACIISIIO-
e BHYTPEHHME CBOMCTBa M3ydyaeMoro mpoiiecca. Ha dazoBoii
TUIOCKOCTH TaKUM OOBEKTOM SIBJISIETCSl aTTpakTop. B dazoBom mpo-
CTpaHCTBE JJIsSI HEJIMHEWHOM CHUCTeMbl MCHOJIb3yeTCsl «CTpaHHBIN
aTTPaKTOpP», KOTOPLI 00J1agaeT HEOOBIYHBIMU T€OMETPUYECKUMU
CBOMCTBAaMU — KAHTOPOBOM XapaKTEPUCTUKON (MHOXKECTBO, TIOCT-
POEHHOE IO OMPEACICHHOMY MPUHLNITY) WIN (PpaKTaIbHOM CTPYK-
TypOli COBOKYITHOCTHM CaMOITOJOOHBIX 3JIeMEHTOB. [IpenmyiecTBo
TAaKOro MOJX0Ja B IMOHMMaHMU 3BOJIIOLIMU Pa3HOOOpPa3HBIX COJI-
HEUHBIX SIBJICHUH COCTOWUT, TIPEXAE BCErOo, B TOM, YTO MbI MOXEM
HE BHMKAThb B IMIOHMMaHNE BHYTPEHHEU CTPYKTYPbl MUKPOIJIEMEH-
TOB, KOTOPHBIE, B psiAe CydaeB, HAXOASTCS 3a IpeieiaMu IIPOCTPaH-
CTBEHHO-BpEMEeHHOro paspelleHust ppaktaaoB. OCHOBHOE BHUMAa-
HUE CJIeIyeT YVAEISTh DBOJIOLIMU CUCTEMbI, pacCMaTpUBasi 3aKOHO-
MEpPHOCTU 00pa3oBaHUS MakKpodpaKTalbHBIX KJIACTEPOB —
arperatoB. BaxkHO moOmYepKHYTb, YTO CUHEpPreTudecKu-gppakTaib-
HBIM MOJXOJ, KaK YBMIWM HIDKE, CHUMAET MHOTUE TPYIHOCTU B
MOHMMaHUU TIPUPOJABLI COJIHEYHBIX SIBJIEHUI MpU TPaIULIMOHHOM
ncnoiab3oBaHuu MIJ] cruiomrHoi cpeibl, 0 KOTOPBIX T'OBOPUIOCH
Bbile. OTMETHMM, HarpuMep, CYLIECTBOBAHME BeCbMa IPOTSIKEH-
HBIX TOHKOCTPYKTYPHBIX MarHUTOIJIA3MEHHbBIX «HUTEH» B KOPOHE,
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psia TIpoOJieM COJIHEUHBIX BCIIBIIIEK (HAKOIUIEHHWE W peaM3allysl
SHEPTUN), CTPYKTYPbl M 3BOJIIOLWM COJHEYHBIX IATEH U T.a. Cu-
HepreTUYeCKu-(ppaKTaJbHbIM I1OAXOJ CIIOCOOCTBYET MOJYYECHUIO
LIEJJOCTHOM KapTUHBI OOpa30BaHMSI M pacriaga CTPYKTYp COJIHEU-
HbBIX SIBJICHUWI, ONPEIEIISIET UX «CTPEay BpeMeHU» pa3BUTUS. MoOX-
HO HaJESIThCS, YTO TAKOM ITOJXOJ MMEET BCEOOIlee 3HAYCHUE IS
acTpopu3nyecknx oObEKTOB, HAYMHAsI OT COJTHEYHOIO BETpa U 10
TeJl «O0JIbIION acTpOPU3UKIU» (CTPYKTYpPU3ALIMS B 3B€3MHBIX CKOII-
JICHUSIX, TATaKTUKax U T.1.).

BaxneitiimM cBoiicTBOM (paKTaJIbHON Cpeabl SIBJISIETCS CaMo-
noaooue (MHBapMaHTHOCTb), KOTOPYIO HETPYIHO BbISIBUTb U B KPYIT-
HoMacIUTaOHbIX arperatax. OIUH U3 TIPUMEPOB TAKOTO CAMOITOI0-
OMs paccMaTpUBAJICS BbILIE, KOTJa OOCYXIaJlach aHAJIOTHS COJI-
HEUYHBIX BCIIBILIEK W SIBJIEHUSI KOPOHAJbHBIX BBIOPOCOB Macc
(Coronal Mass Ejection — CME). HecmoTpsi Ha sIBHOE pasinyue
MPOCTPAHCTBEHHOIO0 M BPEMEHHOI'O MAacClUTAa0OB 3TUX SIBJICHUM,
yIaJ0Ch BBISIBUTH IOJ00ME psiza cBOMCTB CME 1 BCIBIIIEK, UYTO
yKa3bIBaJI0 HAa (PPaKTaJIbHYIO TPUPOAY MArHUMTOMIa3MEHHBIX MakK-
posieiieHuit Ha CoJIHLIE.

pyrum nipuMmepom (pakTaaIbHOCTU MarHUTHBIX T1oeil Ha Coll-
HIIE MOXET CIYXUTb cepusi pabor Ab6pamenko 1 ap. (1999). Uc-
MoJIb3ysl BeKTOpHbIe MarHutorpammbl [lekuHckoii obcepBaTopun
s psiga AO, aBTOpbI BBIUMCIISIIM MACIUITAOHYIO MHBApUAHTHOCTD

1 TOKOBYIO CIUPAJIBHOCTb TOJST /1, = f B.(V x B),dr. Pacuernl
V)
MPOBOAWJIMCH B MEPUOIbI, OJU3KME K COJHEUHBIM BCHBILIKAM, C
LIEJIBIO OMPEACICHUS IIPEIBECTHUKOB BCIIBIIIEK B U3MEHEHU Mar-
HUTHOro ToJist. OKazajaoch, YTO B OOJBIIMX MHpeaeiaX MpOCTpaH-
crBeHHoro paspewueHus (ot 15000 km go 1500 kM), nmociaeaHuii us
KOTOPBIX OJIM30K K Mpeaesly IPpOCTPAHCTBEHHOTO pa3pelleHUsT Mar-
HUTOrpaMM, COXpaHSIeTCS MaclluTaOHas WHBApUAHTHOCTb (CKeli-
JIVHT). DTO yKa3bIBaeT Ha CYIIECTBOBaHUE (PpaKTaJIbHON CTPYKTY-
pbl MarHUTHOTO 110151 AQO. [IJ1s1 BBISICHEHUST TOTO, KaKUe IIPOLIECChI
W3MEHEHMSI MOJISI U TOKOB CBSI3aHbI CO BCITbILIKAMM, aBTOPbI Bbl-
YUCJISUIM CKEMJIMHT TOKOBOI CIUPAIbHOCTUA B paJuaJbHOU COCTaB-
JISIOIIEM MAarHUTHOTO MOJISI B, M yOenWIIMCh, YTO KaK MAarHUTHOE
oJjie, TaK ¥ TOKOBAasl COMPaJTbHOCTb BO BpeMs BCIBILLIEK MEHSIETCS
MO BCEU BbICOTE OT NMOAPOTOCGEPHBIX NIyOUH (IO CHEKTPaIbHbIM
HabOmoaeHUsIM AnmrkaeBod u ap. 1993), 10 KOpoOHaJIbHBIX BBICOT.
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Jviccunanus monepeyHoro porocdepHOro moJs sIBJsIeTCsl TIePBO-
MPUYUHON 3Hepruu Bembliliek. CaM TpoLecC SHEeProBbIACICHUS
BCIbIlIeK onucaH Mmonenbto Parker (1987) MuxpoBcrbilek (Mo-
nenb SOC — self-organized criticality), T. €. aHHUTWJISILUUA 4YacTU
MaJIOMacIUTaOHbIX MarHUTO-TOKOBBIX 2JIEMEHTOB. /11 Hac B pgaH-
HOM CJIydae CYLIECTBEHEH HE CTOJIBbKO caM IIPOLIeCC peaM3aliu
SHEPTUM TIOJISI TIPU BCIBILIKAX, CKOJBKO SKCIIEPUMEHTATbHBIE TT0/I-
TBEPKICHMSI CYILECTBOBAaHMSI B MarHUTHoOM Iiojie AO (dpakraib-
HOI CTPYKTYphl. [Ipoliecc MUKpOBCIbILLIEK BeCbMa MOJ00EH TOMY,
yTO HaOMOJaaM amepukaHubl B moss'e (Shrijver at al, 1999) u
KoganeB u ap. (2001) B msirkom peHtreHe. OtmetuM, uto Ilapkep
pasBUJI MO0 MUKPOBCIIBIIIEK KaK MeXaHM3Ma HarpeBa KOPOHBI.
Hanmyue nmpocTpaHCTBEHHOM MHBAPUAHTHOCTU (CKEMIMHIa) B Mar-
HUTHOM TOJI€ 1 TOKOBOU CITMPAJTBLHOCTU SIBJISIIOTCS TPSIMBIM MO/ -
TBEPKAEHUEM (PPAKTATbHOCTA MAarHUTHOIO MOJIsSI COTHEYHOM ILIa3-
Mbl B AO. CrpykrypHast (pyHKIMSI OJISI MAarHATHOTO MOJISI UMEET
creneHHol xapakTtep (Koctiomenko, TumamieB, 1998). DTo Takke
apryMEHT B T10JIb3Y (DpaKTaabHONM MPUPOALI MAarHUTOILIA3MBI COJI-
HeyHou aTtMocdepbl U MoadoTocdepHBIX CJI0eB (A0 U3MEPEHHbIX
OKa HEeOOJIbIINX IIYOUH).

B kauecTBe 060cHOBaHUS (ppakTajabHOI CTpyKTypbl CoJHLIA Ha
BceX BbicoTax (0T ¢gotocdephl 40 ocHoBaHUS K3) MOXHO MCHOJIb-
30BaTh BPEMEHHbIE PSIAbI TJIOOAJIBHBIX XapaKTEePUCTUK COJHEUHOM
akTuBHOCTU. B pabotax Koctiomenko n Tumamona (1998) n Ca-
JaxytarHoBou (1999) HezaBUCHMMO OBLI IIPOBEICH TAKOM aHAIW3
BPEMEHHBIX PSJIOB Pa3IMUHbIX MHAECKCOB COJTHEYHON aKTUBHOCTH.
Mcnonb3yst psia riodabHbBIX MHASKCOB: ynciaa Boabga, MHTeHCUB-
HOCTb paguounsiiydyeHust Ha A = 10,7 cMm, OoJIOMeTprUUECKUIA MOTOK
n3nydeHud (irradiance), 4MCIO BCIIBIIEK M Jp., PaCCYMTHIBACTCS
CIHEKTP MOLLIHOCTU M CTPYKTYpHasi GYHKIIMSI BTOPOTO MOPSIAKA IS
BpeMeHHoro psiza. OKazaaoch, YTO CHEKTP MOLIHOCTU JIJISI HU3KHUX
YacTOT pa3/IMYHBIX WUHJEKCOB OIIPEIE/IsIeTCS MPOCTHIM CTEIIEHHbBIM
BBIpAXXCHUEM:

o=f"F (2.26)

rae B — mocrosstHHas, OJIM3Kas K €AMHUILIE, a f — 4acTOoTa COOBITHUIA.

Pacuet criekTpajibHOI MOLIHOCTU, HATPUMEDP, BPEMEHHOIO psiaa
nHaekca U(f), onmpenessieTcsi aBTOKOPPEISITOPOM CTallMOHAPHOTO
npoiecca
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W) = <UHUL + D>, (2.27)

rae [ — 1ar BpeMEHHOro psija.
B kxauectBe BTOpOIi XapaKTepUCTUKN BPEMEHHOTO Psiia WCIOJIb-
3yeTcst yacto pasHoctb MomeHToB ®V(/) mopsiaka P (06bIMHO Ge-

pyT P = 2), njisi CTpyKTypHOI YHKIIUU

D) =< Uy — U+ 1) > (2.28)

ITocnenHee u ecTth CTpyKTypHasi (pyHKIIMSI BTOPOTO TOPSIIKA.

AHaJIOTMYHBIN BUI UMEET CIIEKTP MOIIHOCTU JIST (PIUKKep-3]-
dexTa (T. €. IMUCCUU BJIEKTPOHOB C KaToJa). DTO J0KA3bIBaeT,
yto COJIHIIE B TJIOOAJBLHOM CMBICIE MNpeacTaBiisieT coboil dpak-
TAJIbHYIO CUCTEMY. AHAJIOTMYHO MOXHO PAaCCUUTATh CIEKTP MOILLI-
HOCTHU, a TaKXKe CTPYKTYPHYIO (PYHKIIMIO JJISI KPYITHOMACIITAOHBIX
MarHUTHBIX I1OJIH, BBIIEJIMB MX IO OJHOMY M3 IIpuU3HAKoB (2.27
n 2.28).

Kak BO3HMKAIOT B COJIHEUHOM MarHUTOILUIa3Me€ CaMOMNOAOOHBIC
(dpakTanbl, T. €. CaMOMOJZOOHBIC MCXOAHBIE JIEMEHThI, KOTOPHIE
MNpU CJIydaifHbIX JBUXKCHUSIX, B3aMMOACUCTBYIOT MEXIy CO00ii, U
00pa3yloT (pakTajbHble COBOKYITHOCTU (KJ1acTephbl)?

OnHa M3 BO3MOXHBIX TMIIOTE3, INMpeajoxeHHas Hamu (Moru-
sgeBckuit, 1989), cocrout B cienytomieM. B TypOyseHTHOI cpene
3aMarHMYE€HHOM IJIa3Mbl KOHBEKTUBHOI 30HBI, (1a 1 B aTMocdepe
ComnHua), uMeeTcsl LEJbIii IMPOKUI CHEKTP MPOCTPAHCTBEHHBIX
HEYCTOMYMBBIX 2JieMeHTOB. [lpu nBukeHum B cinabom (pOHOBOM
MarHUTHOM II0JI¢ IIPOMUCXOJUT 3JEKTPOIOJISIpU3aLis ¢ TeHACHIIM-
el LUMJIMHAPUYECKHMX 3JIEMEHTOB K 3aMbIKAaHUIO U OOpPa30BaHUIO
TOKOBO-IIa3MEHHBIX TOPOMI0B. BbKMBAIOT (T. €. COXpaHSIIOTCSI Ha
HEKOTOPOE BpeMs) Te MajoMallTaOHbIE TOPOUIbI, KOTOPBIE COOT-
BETCTBYIOT BHYTpE€HHeMY (Haubosiee 4acToO BCTPEUAEMOMY) MacCll-
Taby TypOyiaeHTHOCTU d. boJjbllime Topouabl B TypOYyJIEHTHOMR cpe-
Je, TaK Xe KaK M OYeHb MaJjible, He BbIKMBAIOT M3-32 CTOJIKHOBE-
Huit. Takum oOpa3oM, €ciiu B HEKOTOPOM 00beMe 3aMarHU4YeHHOMN
Iia3Mbl UMEET MECTO IIPUTOK DHEPIUU, KOTOPBIM ITOJAEPKUBACT
TypOYJIE€HTHOCTb, BO3HMKAET COBOKYIMTHOCTb CaMOITOAOOHBIX TOPO-
WUI0B MPEUMYILLIECTBEHHOro pa3Mepa d (€CTeCTBEHHO, ¢ HEKOTOPbIM
pa3opocoM pasmepoB). Takas KapThHa MpeAcTaBieHa Ha puc. 8.

AHAJIMTUYECKU ATOT IMPOLECC MOXHO OMNMCATh, UCHOJb3YSI UC-
XOJIHO€ YpaBHEHHE€ MOMEHTOB
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el e
‘i "cocncoYHasa" moaa is ‘\ "KMHK" Mopa
KonebGaHun konebGaHun

Puc. 8. BepxHss yacTh pUCyHKa — CX€Ma BO3MOXHOTO «CLIEHapusi» 00pa3o-
BaHMS (ppaKTadbHBIX TOPOMIHBIX 3JIEMEHTOB. B HMXKHEW 4YacTM pUCYHKa —
cxeMa B3auMoAeUcTBUS (AYKTYMPYIOWUX (pakTaJlbHBIX 3J€MEHTOB,
PacCMOTPEHHBIX B TEKCTE.

aa—lt/:Vx(?xf)—?(l‘[—I—%Vz)—l—ézAP/pg. (2.29)
[TpumeHuB onepatop «rot» K BbIpaxeHUIO (2.29), nojydyum
0w = =
i VxV xw)+e, xV(Ap/p), (2.30)
rie m:va;n:@:chyK. (2.31)

B anusorporHom ciyvae (V, = 0), moyiyyaeMm

8(00 -~ 5’
ot 0o

Ap
p

, (2.32)
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YpasHenue (2.32) onuchiBaeT KoJjicbaHUsI Topouaa B chepuyec-
KMX KOOpAMHATaxX BOJIM3U PE30HAHCHOM YacTOThI . OTMETUM, UTO
COTJIaCHO BBIpaxKeHU1o (2.25), ABa COCeTHMX MArHUTOIJIa3MEHHbBIX
Topouaa OyayT B3aMMOACICTBOBATb HE TOJbKO M3-3a MOJOXUTE/Ib-
Horo 3HavyeHus E| ,, (cM. popmyay (2.25)), HO ewlle OTOMY, 4TO B
TypOYJIEHTHOII cpelie 110 BHYTPEHHEMY («3aXBAYEHHOMY») MATHUT-
HOMY MOTOKY MPEANOJI0XUTEIbHO OYAyT pacIpOCTPaHSITbCS Mar-
HUTO3BYKOBbIE BOJIHbBI, KOTOPbIE MPUBOIAT K AeopMaliid TOPOU-
OB («COCUCOUYHOI» U «KMHK»-MOJaM HEYCTOMYMBBIX KOJEOaHMIA).
Ho mnipu sTOM BHOAB IMydyKa «3aXBaye€HHOI» 3aMarHMYEHHOM IIjIa3-
MbI OYIyT PaclpOCTPaHSITbCSI MAarHUTO3BYKOBbIE BOJIHBI, KOTOPHIC
CO37aayT BOKPYT TOPOMIOB HEPAaBHOBECHOE (B «IULIEBOM» TIOCKO-
CTM) PEaKTMBHOE BOJIHOBOE AamjieHue. IlociaeaHee OyaeT HpuBO-
IUTh K COMVKEHUIO COCEIHUX TOpouaoB. Takoe «HaHU3bIBAHUE»
MarHUTOIJIa3MEHHBIX TOPOUAOB 0O0pa3zyeT «IMHEWHBIN» KJIacTep
(bpakTadbHBIX TOPOUIOB.

OTtMeTuM, YTO MOJOOHBIN Xe IIpolecc oOpa3oBaHUSI AIVMHHONI
LIETTOYKHU MY3bIPHKOB UMEET MECTO B ITy3bIPbKOBOM XUAKOCTU (Oc-
tpoBckuit JI.A., 1976). PasHuiia cocTOUT TOJIBKO B TOM, UTO B Ha-
1IeM cJydae MPOMUCXOJUT €CTeCTBEHHOE HapacTaHWe MarHUTHOTO
MOTOKA BIOJIb LEMOYKU. Takas Liernoyka MarHMTHBIX TOPOMJOB (OHU
COXPaHSIIOT CBOKX MHAMBUAYAJIBHOCTb, T. €. HE CJIMBAIOTCS M3-3a
JOCTATOYHO CWJIBHOTO BHYTPEHHEro MarHUTHOI'O MOJIS WU 3aMK-
HYTOIO TOKA) COXpaHSIeTCsl IMPU CIYyYailHOM CTOJKHOBEHUM C I10-
JTOOHOI LIEMOYKOM, KMHEeTUYEeCKasd SHEprusi U ob1as macca KOTo-
poii MOXeT IIpeBauMpoBaTtb. B cojHe4yHOII KOpoHE Takasi TOHKO-
CTPYKTYpHasl (HUTEBMIHAS) 1IeITOYKa MOXKET IIPOCTUPATHCSI Ha JII000e
paccTtosiHue BOIIpeku KputepusiMm MIJl HeyCTOMYMBOCTU AJIsI
CILIOLLHBIX Cpel, O KOTOPhIX peub 1iuia B riaaBe 1. Beixon momooHoit
dpakTanbHOU (caMOIIOIO00HOI) 1IETIOUKU MaJOMAacCIITaOHBIX TOPO-
MJIOB, B 3aBMCUMOCTM OT HaIlpaBJIEHWS BHELIHETO CJaboro mar-
HUTHOTO TTOJIsSI, MOXET 00pa30BaTh 3aMKHYTbIE CTPYKTYPbI, apK1 U
BECh «KECTKHUM KapKac» CTPYKTYP COJIHEYHOU KOPOHBHI.

OTMeTUM elle OJHO BaXXHOE OOCTOSITeNbCTBO, BO3HMKAIOILIEE B
COJIHEUHOU KOpPOHE MpH HAJIMYUM KEeCTKOro (ppakTajlbHOIO KJac-
tepa, ipu B = 30-50 Ic; n > 1010 CM_3; T > 2+5 MK. MarautHoe
nojie (PpakTaJIbHOTO KjacTepa JeCTBYEeT, B OCHOBHOM, BJIOJIb OCHU
KJIacTepa M HE BIMSACT HA OKPYXXAIOLLYIO TOPSYYIO Pa3pekKEHHYIO
(T < 10°K: n < 107108 CM_3; B < 1+3 I'c) nna3my KOpoHBI. DTO 3Ha-
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YUT, YTO cjaboe (C MOYTH HYJIEeBBIM MArHUTHBIM I1OJIEM) KOPO-
HaJIBHOE BELECTBO BHE (DPAKTAIBHBIX KJIACTEPOB (B = €,,/€ras < 1)
MOXeT IMpeTeplieBaTh AMHAMUYECKOE pacllMpeHMUEe COIJIacHO OC-
HOBHOI (McxonHoit) uaeu Parker (1963) o comHeuHOM BeTpe, AOC-
TUTAas1 HA HEKOTOPOM paccTtossHuM oT CoJIHLIA CBEPX3BYKOBOM CKO-
pocTu. DTO He KacaeTcsl (paKTaJbHBIX KJIACTEPOB, BBIIEAIIMX W3
doTtochepbl 1 XxpoMochepbl U COXPAHUBLLUMX JOCTATOYHO TUIOTHYIO
IU1a3My IPU BBICOKOI TeMIlepaType U 3aMKHYTOM MarHMTHOM IIOJIC.
Bricka3zaHHasg 3aech TMIIOTE3a, BO3MOXHO, pellaeT npodyeMy cra-
LIMOHAPHOTO COJIHEYHOTo BeTpa. B KauecTBe KOCBEHHOIo apryMeHTa
MOXHO MPEAIIOJOXKUTh, YTO BHYTPEHHME TIIAHETHI COJTHEYHOM CHUC-
T€Mbl, KOTOpbIE HE MMEJIM COOCTBEHHOro MarHMTHOro mnoJjs (JIyHa,
Mepkypuii, Mapc co cjiabbIM I10JIEM), MOIVIM B IIPOLIECCE 3BOJIIO-
LIMM TOJHOCTBIO MJIM YaCTUYHO MOTEPSITh aTMOocepy Tak XKe, Kak
9TO IIPOUCXOAUT BO BHelIHel KopoHe CosHia. DTo, KOHEYHO, He
KacaeTcsl BbIOpoca KOpoHalIbHBIX Mace (saBiaeHue CME), BCObILIEY-
HBIX IPOLIECCOB M MOTOKA BELLECTBA U3 KOPOHAJIBHBIX AbIP, TAC UMe-
€TCSl OTKpBITasi KOH(MUIrypaluss MarHUTHOro mnoJjst. OTMETHUM, 4TO
CTALIMOHAPHBIMA COJIHEYHBIM BETEP MO MPEIJIOXKEHHOM TMITIOTE3E J0JI-
>KE€H OTJIMYAThCSI MOHVXKEHHOM IMJIOTHOCTBIO U TTOBBILLIEHHOM CBEpPX-
3BYKOBOI cKopocThio. Ha Bbicokux (¢ > 30°) mmporax, rae criopa-
JUYECKUe BCIIBIIIKM U BBIOpOCHI KOpOHaNIbHBIX Macc (CME) nmouytu
HE TPOUCXOJIST, CTALIMOHAPHBIIA COJIHEUHBIN BETEp JACUCTBUTEIBHO
COOTBETCTBYET IIPEAIOKECHHOI TMIOTE3e. DTO CTAJIO OCOOEHHO SIC-
HBIM TIpU U3MEPEHMSIX COTHEYHOro BeTpa Ha KA «Yimccuc», KoTo-
pbIii TIPOBOAUJ U3MEPEHME BbILIE M HUXE TUIOCKOCTH SKJIWUMNTUKM.
CrpaBeyIMBOCTU paau CjieayeT HAallOMHUTb, YTO PaIMO0aCTPOHOMM-
yeckue u3MepeHUst (M0 CUMHLIISLIMSIM 3B€3/1) COJHEUYHOIro BeTpa
BHE SKJIMIITUKU, KOTOpBIe HadaJl MHpoBOAUTH ele B 50—60 romax
B.B. ButkeBuu B @MAHe, ¢ 6onbimM paguorHTEpGEepOMETPOM Ha
MeTpOBOM auvana3oHe (B 1965 r.), mpeniectBoBayii pe3yibratam KA
«Ymaccucr». Ilocnenyrolye M3MepeHus ¢ 9TUM OPUTMHAIBLHBIM pa-
JUOUHTEPPEpOMETPOM MOATBEPAUTIA POCT CKOPOCTU COJTHEUYHOTO
BETpa C POCTOM LUMPOTHI MPU UBMEPEHUSIX BHE IKIUNTUKMU.
PaccMoTpeHHYy10 BhILIE MOeIb 00pa3oBaHUs (PpaKTaIbHBIX dJIe-
MEHTOB M KjactepoB Ha CoJjiHLE, CleAyeT CUMTaTh TOJbKO BO3-
MOXHBIM «CLIEHapUeM», KA4eCTBEHHO COIIACYIOIIUMCSI ¢ HEKOTO-
pbIMU HaOmoaeHUSIMU. [IpSIMBIX 3KCIIEpUMEHTATbHBIX JaHHBIX B
OJb3Y PACCMOTPEHHOM MOJAE/IM, K COXaJleHUIO, MoKa HeT. Teope-
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TUYECKM, BOIIPOCAMM CTPYKTYpPU3ALIMU B HEJIMHEUHBIX cpedax 3a-
HUMAJICS psif aBTOPOB (CM. HarpuMmep, cepuio COOpHUKOB « Henu-
HeliHbIe BOJIHB» HMKeropoackmx ceMuHapoB, Iof peaakuueii Ia-
noHoBa—I'pexosa u ap.). Heckoabko nHaue 3Ty npobieMy periaim
B UHctutyte IlpuxknagHoin matematuku PAH (Camapckuii u ap.,
1987). HenuHeitHOCTh cpelbl 00eCIeUMBaeT MHOXKECTBO BO3MOXK-
HbIX HAIpaBJIEHWI 3BOIIOLMU JIUCCUMIATUBHOrO Ipoliecca, U BO3-
HUKHOBEHME MPU 3TOM JUCKPETHBIX IIPOCTPAHCTBEHHO-BPEMEHHBIX
CTPYKTYpP (IIPOLIECCHI «C OOOCTpEeHMEM»). DTO XapaKTepU3yeT BHYT-
PEHHIOIO YITOPSIIOYEHHOCTh, 00pa30BaHUE CTPYKTYP, U UX CaMOOP-
raHu3aluio B Ipolecce 3Bomonnr. KOHBEKTUBHASI 30HA U aTMO-
chepa CoJiHLIA BOOJIHE COOTBETCTBYIOT TaKMM HEJMHEMHBIM Cpe-
JaM, KOTOPbIE€ OIMMCHIBAIOTCS KBAa3WJIMHEHHBIM MHapabOIMYeCKUM
ypaBHEHMEM BTOPOTO MOPsSAKA, TUIIA:

98 _ 9 k@i om). (2.33)
ot or or

3pecb B — BEKTOpP MArHWTHOTO TIOJS TUIA3MBI (B OOLLEM CITy-
qae BMeCTo B (F) MOXET CTOSTh TeMmrieparypa 7, KOHIICHTPAIUH A,
u ap.); KNL(B) — HeJUHEeWHbI Koa(dpduuueHT audPy3uun
KNP = K\B’; r — xoopauHaTa (31eCh TMHEHHBIN CTydaid); OB —
crerieHHast (pyHKIMS UCTOUHMKA: Q B = qoB B. Ky, gp,0 > 0; B > 1.

PexxuM «c obocTpeHMeM», T. € MOJydeHUEe pacTylleil B OrpaHM-
yeHHOU obmactu byukuuu B(r, 1), Bo3uukaer mpu K& = KOBG,
rae G = const > 0, U TakKe MpU CTENEHHOU (PYHKIIMM UCTOUHMKA.
IIpu ompeaeaeHHOM COOTHOIICHUM KM wu Q(B(r)), B pacrteT co
BpeMeHEeM — o0pa3yeTcsi NPOCTPAaHCTBEHHO-BPEMEHHAsI CTPYKTY-
pa. IIpu Takom nmoaxozae sICHO BBICTYIIAET CTENIEHHAs! HEJIMHEMHOCTD
cpefbl, T. €. Bce IapamMeTphbl UMEIOT CTEIEHHYIO 3aBUCUMOCTb. Mc-
XOJIHO€ YpaBHEHHE PELIACTCS METOJOM pas3iceHUs1 PYHKIUI (Ha-
npumep, B(r, ) = W1)0(r)). [lonydeHHbIC pelLIEeHUS B SJUIAIITAYEC-
KUX QYHKIUSIX ONPEASISIIOTCS YMCIEHHBIMU 9KCIIEPUMEHTAMU TIpU
pa3IUYHBIX COOTHOLUECHMSIX KNL(B) u Q(B).

HNcxonHoe KBa3maMHEHOE MapaboJM4yecKoe ypaBHEHUE 2-TO
nopsiika MOXKHO OOOOILMTh HA MHOTOMEPHBINA CJIy4yaii:

0B _ 3 0 (w7 9B, o7
_ KNL(B B). 2.34
5~ g | KB OB) (2.34)

i
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TIOC
KM (B(r)) = K;B®; G = const > 0,

_ _ (2.35)
O(B) = qyBP, B >1, g, = const.

Bce BbILIen3IOKEHHOE, pa3padboTaHHoe aBTopamu (CaMapcKuii
u ap., 1987) B npuaoKeHUM K TEIJIOBBIM JUCKPETHBIM CTPYKTY-
paM, MMPOBEPSIOCh MHOTOYUCIEHHBIMU YUCAEHHBIMU SKCIIEPUMEH-
TaMM, WU Ha 3KCHepuMeHTax ¢ «T-cioem» (TEIIOBOM CJIOH, B Jia-
36pHOM TEpMOsiae U Ap.).

B nmpunoxeHnn K COMHEYHON 3aMarHWYEHHOM TuIa3Me Ba KHbI
MPUHLMMUAIbHBIE BBIBOALI 3TON TEOPUU:

a) B HenuHelHOI cpele ¢ UCTOYHMKOM C HEOOXOJIMMOCTbHIO
00pa3yloTcsl AMCKPETHbIC AVCCUTIATUBHBIE CTPYKTYpPHI, LS-pexum,
B>c+ 1

6) CyluecTBEHHO, UTO MPX 3TOM MMEET MECTO CTeIEHHAasl HeJIu-
HEMHOCTh MapaMeTPOB CPelbl, T.€. MPOSBIsIeTCs (PPaKTaIbHOCTbD.

[TocnenHee ykasbIBaeT Ha TO, YTO JUCKPETHBIE CTPYKTYpPbl Ha
ComHile caMOITIOJOOHBI 1 MHBApPUMAHTHBI IIs1 (ppaKTaJbHBIX MHO-
JKECTB pa3IMyHOro Maciurtada (B. T.4. ¢ppakTaJbHBIX KJIACTEPOB).
BTomy 001IEMY MOJOKEHWIO JOJKHA COOTBETCTBOBATH J1I00asl TEO-
pusi oopazoBaHusi ppaxkraigoB Ha CosHie. PaccMoTpeHHas1 Bbille
BO3MOXHAasi MOACIb (ppakTayM3aliiid B KOHBEKTMBHOM 30HE M aT-
Mocdepe ConHlia HE NPOTUBOPEUYUT OOIIMM MPUHLMUIIAM CTEIeH-
HOM HEJIUHEUHOW CpEIBbI.

B arom maparpage, Kak HaM HpeACTaBIsIETCS, yIaJd0Ch ITOKa-
3aTh, YTO Haauuue (PpakTaJbHO-KJIACTEPHOUN CTPYKTYpbl, B 4acCT-
HOCTU, B COJIHEUHOUM KOpPOHE, €CTECTBEHHO MOXET pellaTb HEKO-
TOpbIe MPOOJIEMBbI, KOTOPhIE OKA3aJIMCh HEpa3pelIMMbIMI B paMKax
MI'/l cruioluHoO# cpenpbl.

Co BpeMeHHU MOSBJIEHUS MNepBbIX (PYHIAMEHTAJbHBIX padOT
Mandelbrot (1982) no ¢dpaxkTaabHbIM CTpyKTypaM ((pakTaabHOU
re€OMETPUU) OBICTPO PA3BUIIOCH HOBOE HAyYHOE HAIlpaBJICHUE TIO0
HUCCJIEJOBAHUIO IPOLIECCOB O0pa30BaHUSI U CBOMCTB JUCKPETHBIX
(ppakTabHBIX CTPYKTYP B SHEPreTUYECKM OTKPBITHIX HEJTMHEIHbBIX
cucTeMax Tpou3BoJibHOro Mmaciurada. MpaxkrajibHO-KIacTepHas
cpela JoJDKHA 00agaTh YCJIOBUSIMU YCTOMUMBOCTU, SHEPrOEMKOC-
ThbIO, MOABUKHOCTBIO, CTPYKTYpU3aLIUEH.

OnHOI M3 OCHOBHBIX XapaKTePUCTUK (PpaKTaJbHBIX CTPYKTYD
IBJISIETCST pa3sMepHOCTh Xaycanopda—besukoBuua D — apobHasa
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BEJIMUYMHA, IIPEBOCXOSIILAST TOIIOJOTMYECKYIO Pa3MEepPHOCTD (d) pac-
cMmarpuBaeMoii cucteMbl. PpakTanbHasi pa3MEepPHOCTh CTAHOBUTCS
OoJiee HarJISITHOIM, KOTJa Mbl paccMaTpyMBaeM M3MeHeHue [), KOTO-
poe orpeaeisieTcsi CBOOOIHOM aHeprueit cucteMol. B 3aBucuMocTu
OT UCXOJHOTO Matepuaja (IMCKPETHbIA BPEMEHHON psig WM, KakK
9TO 4acTo OBIBAET B reJMo(u3uKe, OTIASIbHBbIC M300pakeHUS —
CHUMKU, MarHUTOIpaMMbl aKTUBHbBIX 00J1aCTel ), BEIYMCIECHUE (PpaK-
TaJIbHOU pa3MEepHOCTH ITPOU3BOAUTCS MO-pa3HOMY. BpeMeHHOI psif,
cornacHo (Higuchi, 1988), onpenensier nmpouecc obpa3oBaHUsI U
SBOJIIOLIMIO MaKPOCTPYKTYpPhI. Torma MCHoab3yeTcsl KOPPeasiOH-
HOE€ COOTHOILIICHWE TUIIa

lim HmG(r, ry, ) =g — 1) = —r) 9D (2.36)

(o0 1 1> 12 11 1"

TAe | U ¥, — KOOPAMHATHI TOYEK MPOU3BOJIBHO KOPPEIUPOBAHHOM
CTPYKTYpPBI. DTO O3HA4YaeT, YTO B IIpeesiaX OrpaHUYMBaIOIIEro KOH-
Typa 3aJaeTcsi MHOXECTBO B3aMMOJEHCTBYIOLIMX MCXOJHBIX CaMO-
MOAOOHBIX 3JeMEHTOB ((ppakTajaoB), KOTOPhIE B pe3yJbTaTe CJIy-
YailHbIX ABMKEHUI M B3aMMOJEHCTBUII 00pa3yloT KjaacTephbl (arpe-
ratel). TakuM 00pa3oM MOXHO OIpeaeiuTh, HampuUMep,
(ppakTasbHYIO0 Pa3MEPHOCTb BPEMEHHOIO psijia JJIUTEIbHBIX Helpe-
PBIBHBIX M3MEPEHUII MapaMeTpPOB COJHEYHOTO BeTpa (Harpumep,
anroput™m Higuchi, 1988).

[Ipu pacuere ¢paktanbHOii pa3mepHOCTU (D) MO OTAEIbHBIM
cHuMKaM dortocdepsnl (TsiTeH, (pakeaoB U T.1.), WIM MO COJIHEY-
HbIM MarHuTorpamMMaM, Hamu ObUI IIPUMEHEH METOM U3MEPEHMUS C
MPOU3BOJBHBIM MaclUTaboM «d» nepumerpa L(6) u rowaau A(J),
HanpuMmep, IsiTHa. M3MepuTebHbII MaciuTad «&», B IPUHIIUIIE,
crpemutcd K Hymo. g nnddy3moHHO-orpaHMYeHHBIX arperaton
(HammpuMep, MSITHO, KOopoHaiabHas asipa u T.4.) Penep, (1991) BBea
KO PULIMEHT

_ LE1"?
[4(3)]"
DTO BBIpaXeHME MPUBOIUT K IIPOCTOMY COOTHOILLICHUIO (C TOY-

HOCTbIO J0 MHOXUTes = 1):

D 21g L(8) .
lg A(3)

u (2.37)

(2.38)
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TecToM 3T0I (POPMYJIBI AJI1 YCTAHOBJICHUSI (PpaKTaJIHLHOM CTPYK-
Typbl Ha CosHue ciayxuia marHurorpamma By AO 6891 (SGD)
nupu R, = 50 cM nosydyennasa 29.10.91. Ilpu & = 0,5 MM u
o = 1 MM Obutn mosydeHsl 3HaueHuss Dys = 1,53 u Dy, = 1,53,
T.€. BbIOOP M3MEPUTEIBHOr0 MacuiTaba «d» HEeCylleCTBEHEeH. AHa-
JIOTUYHBbIC 3HAYeHMs D ObLIA ITOJIy4eHBI TIPU UCIOJIb30BAHUM Mar-
HUTOrpamMMbl Toi XXe AQO, B TOT XXe JeHb TOJYYEHHOH C HU3KUM
OpOCTPAHCTBEHHBIM pa3pemeHueMm (10”) Ha obOcepBaTOoOpuUM
Okayama, Torga Kak B MEpBOM Cjydae MCII0Jb30Bajach MarHuTO-
rpaMMa KuTalickoii obcepBaTopum Beijing ¢ nmpoCTpaHCTBEHHBIM
paspenieHueM 3”. [loxydyennsie 3HaueHus (D, = 1,53 u Dy = 1,53)
YKa3bIBAalOT HAa COXpaHEeHME MAacIITa0OHOW MHBAPUAHTHOCTH, YTO
XapakTepusyeT (ppakTaJlbHyIO0 CTPYKTypy arperata (AO).

Bropoii Tect ppakTaabHOCTU M3MeHeHUsI KoHTYypa AO 6891 Obu1
npoBeAceH Mo cHUMKaM B MITkKoMm peHTtreHe SXT-Johkoh 28—30
ceHTsa10psa 1991 r. CooTBETCTBYIOIIME U3MEPEHHBIE 3HAYECHUS KO-
appunmenta auddysum no meromy Lawrence at al (1995) nmpuse-
JIeHbI B TaOIMIIE 1.

Koadbdpunment nuHeiHoi nuddy3mmu MarHUTHOTO TOJISI OObIYHO
~ 1+10 kM?/c, TOroa KaK B HALlEM ciiydae oH okasancs ~10° km?/c.
J1s1 (ppakTaJbHBIX arperaToB XapakKTepeH HEJIUMHEUHBbIA Koa(pdu-
oueHT muddy3un. AHAJIOTUYHOE 3HAYCHUE HEJIMHEHNHOTO KOo3(d-
pumenTa audPy3rn ObLI0 MOJYyYEHO MO (POTOCHEpHBIM MATHU-
torpammamM B padote (Lawrence, 1991). Ilocne psina ynpollueHUid B
9TOi paboTe mosydeHo Bbipaxkenue wist K = K'® wim

lg (KNL / KL) = ©lg r, (2.39)

rne KX — xosddurment muneitHoi muddysuu, r — paccTosiHue,
MPOIJIECHHOE COBOKYIMHOCTBIO (ppakTaibHbIX 2JeMeHTOB. IlapameTp
O onpeaessicss dKCIEPUMEHTAJIBHO.

Taonuuma 1. N3mepennnie ko3gdumuentsl auddysun B AO

Jlarbl K, km2/c
28.09.91 888
(1) 29.09.91 1250
(2) 29.09.91 883
30.09.91 1480
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Mpb1 usmepsiim © 1o 10-Tu xapakTepHbIM Toukam rpaHul; AO
6391, xotopas HaOmoganach 28—29 okTda0psg, Mo 5 CHUMKaM 3a
KaXXJbliA I€Hb, Yepe3 HeCKOJIbKO YyacoB. B Hallem ciydae © oka3za-
Jock 0,25. D10 6imM3Ko K 3HadyeHuto © = (0,32, kotopoe ObLIO IO-
JyyeHo B padote (Lawrence, 1991). Huxe Oyayt npuBeaeHbI apy-
rve IpUMephl MPOoBepKU (PpaKTaIbHO-KJIACTEPHOM CTPYKTYPHI JJIST
AO u ConHua (ToyHEe, KOHBEKTMBHOM €ro 30HbI U aTMOC(EphI)
KaK IIeJIOTO.

Ceityac ciaeayeT IokasaTb, YTO BapualMu (pakTajJbHON pas-
MEPHOCTH D XapakTepU3yIOT 3BOIOLMIO M DHEPIeTUKY COJIHEYHBIX
arperaTtoB, 4TO CJEAYyeT M3 CaMOro MpUHIIMIIA CTPYKTYPHOI camo-
OpraHu3aluyy 3aMarHM4YEeHHOM COJIHEYHOM IJIa3MBbI.

PaccMoTtpum 06a3oBoe ypaBHeHUE cUHepreTuku (XakeH, 1985)
s GpakTaabHOM pa3mepHocTu D

8(9—1: = F(D,r,t)—divI . (2.40)

3nece KD, r, ) — HenuHeliHag (QYHKIUS JIOKAJbHOTO (F, 1)

B3aMMOJEMCTBIS MUKPO M ME30-3JIEMEHTOB, JAMOIINMX, COOTBET-

CTBEHHO, 3HaueHus1 D pjag N u S mMarHUTHBIX Toeid. Bekrtop [

OIpPEAEIAET NOTOK KOMITIOHEHT D. B of1ieM ciyyae JTMHEHHOM Dt
u Hemmueiion DVC IndPy3un HoIydum

% = F(D,r,t)—divY. KVD, —divDY KN-VD;, (2.41)
J J

rae j — BbIIEJIEHHbIE OCHOBHBIE ydyacTku AO ¢ N- u S-noasaMmu.
[Ipu HepaBHOBECHOM B IPOLIECCE IBOMIOLMU COCTOSIHMM AQO Ju-
HeilHou nuddy3ueit MoXHO TpeHeOpeub. Torna BeIpakeHUE s
D! MOXHO TIpeacTaBUTh Tak:

DM = pl + DM (2.42)

31ech Dol — (pakrajabHas pasMEPHOCTh PABHOBECHOW CHCTE-
MBI, COOTBETCTBYIOILIEI MUHUMYMY CBOOOAHOI 3Hepruu AO, D —
Bapualys (ppakTaJbHOI pa3MepHOCTU B Ipoliecce 3BoJoLuu. Be-
mmumaa D' siBnsiercst pemnenueM ypaBaeHwst (2.41) mipu TuMHei-
HOM npubakeHnu. Toraa nmoacraHoBka (2.42) B (2.41) naet ypaB-
HeHue auddy3unu
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D _gnpd’D.
ot or?

(2.43)

[Ipennonaraercst, yto KoadpduieHT AMdPy3u B CIOKOMHBIX
ISITHAX HE 3aBUCUT OT KOOpAMHAT, Torma K- # Ar). OmHako st
CJIOXKHBIX Tpynn (cM. Harmpumep, Tadiuny I) koadppuumeHT aud-
dby3um HeqmHeeH. B atom ciyuae koaddument K 3aBucut ot
KoopauHathel r. Toraa, cormacHo padoraM MuHctutyra Ilpuknan-
Hoit marematuku PAH (Camapckuii, 1987), ypaBHeHue (2.43) nipe-
oOpa3syeTcs:

oD 0

= = | KM@ D==
ot or

2.44
or ( )

o)

D10 MapabdojiMyecKoe KBa3WIMHEHOE YpaBHEHHE NMEET pelle-
HUE€ B BUJE psiJa AMCKPETHBIX 3HAYEHMIA, KOTOPBIC OIPEACIISIIOT
BHYTPEHHIOIO YIOPSIIO0YEHHOCTh (caMoopraHusainuioo). B Haiem
c/lydyae JUCCUMATUBHBIE CTPYKTYPbl 3aMarHUYEHHOM TJ1a3Mbl BbI-
HOCSITCSI ITOCJIEAOBATEIbHO KOHBEKTUBHBIM JBVKEeHWEM. MarHur-
HOE MOJIe MTPU STOM MyJIbCUpyeT (Oerylie UMNYabChl). Takoro poaa
KoJiebaHMs B ISITHAX UCCIEAOBAIUCh PSIAOM aBTOpoB (Moruiesc-
kuii, IlexpTuar 1 1p., 1969). OT™MeTHM, 4TO 3-MUHYTHBIE KOJIeOa-
HUSI MAarHUTHOTO TI0JIs1 B MATHE Ha ¢oTochepHOM YpPOBHE yAaI0Ch
BIIEpBBIe HAOMOAaTh Ha OaileHHOM Tejieckonie MISMUWPAH ¢ mar-
HuTorpagowm euie B Hayase 70-x rogoB (Morunesckuii u ap., 1972).
K coxaneHuio, aToMy pe3yJbTaTy B T€ TOAbI HE MPUIAIN OOJIBIIO-
ro 3HaueHusi. B nociaeaHee BpeMst Brynildsen et al. (2000) wuccie-
JOBa 3-MUHYTHBIE KojieOaHUsI Hajd TSITHAMU, aHAJU3Upys Bpe-
MEHHBIE CepUU peructpaumu B JuHusx OV 629 A, NV 1238 A u
1242 A, u B xpomocdepHoit sunuu Sill 1260 A B AO 8378. Oxaza-
JIOCh, YTO 3-MHHYTHBIE KOJIeOaHUSI UMEIOT MUK OOJIBIINIA, YeM pa-
Hee oTMedaoch. OCOOEHHO BaKHO, YTO BBISIBIISIETCSI SIBHASI HEJIW-
HeiHoCTh KosiebaHuii. [IpoBeaeH TeCT HEJIMHEMHOCTU KoJieOaHU
0 ONTUYECKM TOHKMM JIMHMSIM aKyCTUYECKMX BOJIH (IIPOHOPLIAO-
HaJIbHOCTb p2). OO6OHapyXeHHOEe pacIpoCTpaHEHUE HEJIUMHEMHBIX
aKyCTUYECKMX BOJIH HaJ IISITHAMM B XpoMocdepe M IepexoaHOM
30HE MOXKET ObITb O00OIIECHO U JJIsI CiIydasl KojeOaHWii HaJl aKTHB-
HbIMU oOJyiacTsIMU. Hanuuue HeJMHENHHBIX BOJH B COJIHEYHOM aT-
Mocgepe MOXeT MMEeThb 1 0oJjiee OOLIMii MHTepec (Harmpumep, IS
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HarpeBa KOPOHBI U T.A.). DHEPrusli B3aUMOJEUCTBUSI CTPYKTYPHBIX
2JIEMEHTOB TIpU HEJMHEHHON auddy3un

aE = KD, (2.45)

e @ — HOPMaIM3YIOIIUN KO3 UIIMEHT CBOOOJHON 3Heprun F
paccMaTpuBaemMoi cucteMbl. Torga u3 (2.44) ¢ yuetom (2.45) mno-
JIYIUM:

a2
9 _ 50D,

o = (2.46)

ITockonbky paccMmaTrpuBaeMast pakTajibHasI CUCTEMa NEPKOJISI-
LIMOHHA (T. €. UMEET MECTO MPOTEKAHUE SHEPIUM), TO HA TPAHULIC
«(pazoBoro nepexoga» (f), rae mpekpallaeTrcsl HapacTaHue Qpak-
TaJIBHBIX 3JIEMEHTOB, MMEEM CJICIYIONINEe TPaHUYHBIC YCIIOBUS IS

(2.46)

pl =0 u 22| _y. (2.47)

f 6”ﬂn f

YcinoBue (2.47) yka3zblBaeT Ha OTCYTCTBME MOTOKa (PpakTasioB,
OTIPENEIIEMOTO HOPMAIBHOM (7,) TPOU3BOIHOU. CyIlIECTBEHHO, YTO
D nimeeT KosiebaTeIbHOE PELIEHUE, YTO COOTBETCTBYET KBAa3UIMEPU-
onudeckoi sBomouu AO ¢ BO3MOXHOCTBIO OBICTPOI MepecTpoOii-
KU CTPYKTYphl. Ec/M MCTOYHUK CBOOOMHOIM 3HEPruM HcUYepIiaH
(£ ~ 0), Tomn3 (2.46) cnenyer: D = const.

ITocTostHHasg a onpenensercs auHeliHol nuddy3uein. CripaBe-
JIMBOCTb COOTHOLLEeHUS (2.45) ObLia SKCNEPUMEHTAIbHO MPOBEpe-
Ha o marHutorpamme AO 5395 ot 11 mapra 1989 r. 3navenust D
onpeaeasuiich no gopmyse (2.38) 1Mo rpaHUYHBIM W30JUHUSIM B”
dotocpepHoro marHutHoro mnojs aast N u S noasipHoctu. OHU
oKazanuchb noutu paBHbiMuU: D¢ = 1,52 u Dy = 1,53. [1pu onpene-
JaeHun Dg 110 N30JIMHUAM HII 1500 I'c n 1900 I'c 6bLIO MOTYYEHO
COOTBETCTBEHHO: Dyg ;5090 = 1,58 1 Dg 1999 = 1,69. Takum obpasom,
JJISI yY4aCTKOB ¢ OOJIBLLION HAMPSKEHHOCTBIO MO (T. €. OOJIbLION
SHepruei noJsi) moxkasareab D yBenuuuBaeTcs. O0JacTh, MO KOTO-
po¥i orpeaesuioch D, OTHOCWIACh K I0KHOW YaCTU OYEHb CJIOXHO-
ro ISITHA MAarHUTHOM «d» KOHuUrypauuu. B sToMm mecte Hab01a-
JINCh MOILIHBIE XpOMOC(HEPHbIE BHIOPOCHI, KOTOPbIE CBUACTEIbCTBO-
BaJIi O peajrM3ali CBOOOJHONM SHEPruu. AHAJOTMYHbIE U3MEPEHUS



I'naBa II. O BO3MOXHO! MPUPOJE TOHKOI CTPYKTYPBI COJIHEYHOWM TUIA3MBI 79

ObUIM TIpOBeAeHBI HaMK Ha MarHutorpamMmax B AO 6891 ot 29 ok-
16ps1 1991 r. B nokanbHbBIX MecTax, riae HaOJIoJaJIUuCh BCITBIILIKHU,
BeymunHa D poxomna 1o 3HadyeHus 1,89.

B 3aBepuieHune oOlLei XapakKTepUCTUKU (DPaKTaIbHOCTU COJI-
HeyHbIX AO ynoMsiHEM KpUTEpHUil YCTOMYMBOCTU BO30OYAUMOI Cpe-
bl (pa3Max KoJsiebaHuii), KOTOphIA orpenensieTcs: corjacHo (Pe-
aep, 1991) yucnom Xepcra:

H=D—d, (2.48)

rae D — dpakrtanabHast U d — Tonojorudyeckasi pasmepHoctu. Ilpu
H < 0,5 cucrema ycroituuBa, anipy H > 0,5 — nuHaMU4eCKu Heyc-
toviunBa. g nmpuBeaeHHBIX Bbilne mpruMepoB AO 5391 1 AO 6891
JIoOKaJbHble 3HauyeHUs] H B MecTax peaju3alvdd CBOOOJHON 3HEp-
iy okasammch > 0,5, T. e. AO nuHaMu4ecku HeycTtoiurBbl. CooT-
HolueHue (2.48) mosBoJisieT, corinacHo beppu, onpeaensite pak-
TaJIbHYIO pa3MepHOCTb pacCMaTpuBaeMOIO0 MHOXKECTBA, MCIIOIb3YsI
MMPOCTOE COOTHOLIIEHWE

D=(5-P)/2 (2.49)
rac B — IIOKas3aTcJjib B CIICKTPC MOLIHOCTU
y=r"h (2.50)

3necp 1 < B < 2; f— yacrora SIBJICHUS.

MDeHOMEHOJIOTUYECKUIT aHaIM3 BCIbllleKk B AO 1 KpyInmHoOMAac-
INTAOHBIX (OXBaTBHIBAIOIIUX YaCTO OOJIBIIYIO YaCTh COJTHEYHOM I10-
BEPXHOCTHM) SIBJIEHMI KOpOHabHbIX BbIOpocoB Macc (CME), npo-
BedeHHBIN B padore (Mormaesckuii, Oopunko, Ilumosa, 1999),
MoKas3ajl, YTO CYLIECTBYET 3HAUYUTEJbHOE I10JI00MEe 3TUX SIBJICHUIA.
DTU gaHHbIe HAOTIOAEHUN SIBJSIIOTCSI TIPSIMBIM CJIEACTBUEM (pak-
TaJIbHO-KJIACTE PHOM CTPYKTYPBI PACCMOTPEHHBIX SIBJICHU B JIOKAJIb-
HbIX (B AQO), U KpynmHOMAacCIUTaOHbIX MarHUTHbIX moJjisix (KMII).
B sHepreTmyeckoM 1 IpoOCTPAaHCTBEHHOM MACIITA0ax 3TU SIBJICHUS
CYLLIECTBEHHO pa3M4aloTCsI, HO COXPaHSIIOT XapaKTePHYIO I (ppak-
TAJIbHBIX CUCTEM NPOCTPAHCTBEHHO-BPEMEHHYI0 MHBApPMAHTHOCTb.

Ho cux mop (1 panee B miase III) Mbl MCHOIb30BaI ITOHSITHE
(pakTaJILHOrO MHOXECTBA, HE ITOJHOCTBIO PACKPbIBASI MPUPOIY
HUCXOJHBIX cocTaBiisitolux. IIpaBma, B paccMoTpeHMU HaOJIOae-
MbIX TOHKOCTPYKTYPHBIX 3JIEMEHTOB KpPaTKO O0CYyXJIajlach TMIOTe-
3a oOpa3oBaHMS TOPOUAAIBHBIX MAarHUTO-TUIa3MEHHBIX CTPYKTYp-
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HBIX COCTaB/ISIIOIIMX 0€3 JT0CTAaTOYHOI0 OOOCHOBAHMSI UX CBOMCTB.
MBI KpaTKO 3TOT BOIIPOC PACCMOTPEIU Bbillie (CMOTpU pUC. S—7)
o pe3yabTataM skcrepuMeHTOB Ha amepukaHckoM KA TRACE.

Bo uzbexxaHue Hegopa3zyMeHMit, CaeayeT YeTKO OMPeAeTUThb pas3-
JIMYME MEXIY COJIMTOHOM U (PpaKkTajioM.

CoUTOHBI — 2TO yeAWHEHHBIE BOJHOBBIE BO3MVIICHUSI B 3a-
MarHU4YEHHOM, B HallleM cJiydae COJIHGUHOM, IuiasMe. XapakTep-
HbIM cBoMicTBOM MI'JI-coimToHa (KaK U COJIUTOHA B JIFOOOI cpese)
SIBJISIETCSI €r0 HEeMHTep(hepHUPYEMOCTb. DTO 3HAYMUT, UTO COJIMTOH
He B3aMMOJIEMICTBYET C cebe IMomoOHBIM 0Opa3oBaHUEM: T. €. He-
BO3MOXXHO 0Opa3oBaHME B3aMMOJICHICTBYIOIIETO MHOXECTBA WJIU
CTPYKTYpbI-arperaTa, YyTo XapakTepHo sl (GpakTaaoB . Mbl Mnpu-
BOJWJIM COJJUTOHHYIO TMITOTE3Y BCITBIIIEK KaK BO3MOXHYIO ajlbTep-
HATUBY LIMPOKO PACIPOCTPAHEHHBIM TIPEACTABICHUSIM O MarHUT-
HOM II€peCOCAMHEHUN (AaHHUTUJISILUN) KaK UCTOYHUKE SHEPruu
COJIHEYHBIX BCIIBIIIEK U APYTrUX 3pynTUBHLIX sBjeHud (CME, pac-
najg BoJoKOH U T.1.). ComutoHsl Ha CoJjiHIe, KaKk paccMaTpuBa-
JIOCh BBIIIIE, 9TO PE3YJIbTAaT PACIPOCTPAHCHUS BOJIH B HEJIMHECMHOM
U caabo AUCHEepPCHON cpeae. DHEPrusl MOTOKA COJUTOHOB MOXKET
OBITh JTOCTATOYHOU I OOBSICHEHWUSI BCIIBILICYHBIX SIBJICHUM Ha
Connue. M Toabko B mocjieaHee BpeMsl MOSIBISIOTCS JaHHbIE Ha-
OrofeHUM (TOYe4yHble, WM JOKaJIbHbIE, sSIpKuMe oOpa3oBaHUsl B
Mectax auccurnauuu MIJI-CoMMTOHOB), MpU KOTOPBIX BO3MOXHA
peanu3alus BCEro MHOrooOpasusl SIBJIEHUI IIPU BCIIBILIKE: YCKO-
PEHMIA YaCTUL] COJTHEUHbIX KOCMUYECKUX JIyuyell, BCIIECKOB MUC-
CUU B IIUPOKOM CHEKTPaJbHOM JMana3oHe U BbIOPOCOB 3aMarHu-
YeHHOH IUIa3Mbl B OOJIBILIMX Ipejesiax SHepIuid (BKJIoyast U yaap-
Hble BOJIHbI). COJIMTOHBI (TOYHEE MX IOTOK, B T. Y. LIEMOYKHU
HEB3aUMOJICHCTBYIOIINUX YEAUHEHHBIX BOJIH) BO30YXIAIOTCSI B IIPO-
1IeCCe pacHpoCTpaHEHWUs 3BYKOBBIX BOJH, W, B KOHEYHOM CYETE,
OHM MOJIHOCTBIO JUCCUTTUPYIOT.

CBoIicTBa COJIMTOHOB, KaK HEJIMHEMHBIX YeAWHEHHBIX BOJH HE
B3aMOACUCTBOBATh MEXIY COOOI, He TpUCYIIU (PpaKTaJIbHOMY
MHoxKecTBY. CaMorogo0OHbIe PpaKTaabHbIE 3JIEMEHThI IIOTOMY CIIO-
COOHBI 0OpPa30BBLIBATH CTALIMOHAPHbBIE WMJIM HEYCTOMUYMBBIE MaKpO-
CTPYKTYPhl B «KakoM-TO Mepe MoJ0O0HbIe» (Mo MaHaeanopoTy)

* Ecnm commToH umeeT (payKTyMpPYIOLIUN «XBOCT», TO TPU COJMKEHUU ABYX
COJIMTOHOB MOXET TMOSIBUTBCS HEYCTOMUYMBAs Iapa COJMTOHOB.
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MajlOMAacCIUTaOHBIM 3JIEMEHTaM, MO0 aKTUBHO B3aUMOACUCTBYIOT
Mexay coooii. [Tpu 3ToM BO3MOXHO CYILIECTBOBAaHME OJHOBPEMEH-
HO ¥ CBOOOJHO IepeMelalolmxcsl ppakTaJlbHbIX 2JIEMEHTOB U yXKe
BITOJIHE CAMOOPraHU30BAHHBIX MaKPOCTPYKTYPHBIX (PpaKTajbHbBIX
arperatoB. B kauecTBe WLTIOCTpaLlMM K CKa3aHHOMY ITPUBEACHBI
cHUMKU, KoTopble noaydeHol Ha KA TRACE B Y® nuamna3zoHe
yepe3 uHTepPpepeHuroHHbie GpribTphl. B padote Handey et al (1998)
OPUBEJCHO JIeTAJIbHOE OIMcaHue 3Toro Ipudopa. B dokanpHOM
rjiockoctu Tejeckona (F = 30 cM) ycTaHOBJIeH UHTEp(EPEHLIMOH -
HbBII1 UIBTP ¢ To0coil ~20 A Ha OCHOBHO# [UTMHE BOJIHBI 1548—
1550 A, rae pacrionoxeH pe3oHaHcHBI nyoier aunuu C IV. Ko-
HEYHO, B 3TOI MOJOCE MMEETCS WU KOHTMHYYM, M TOJOCY MOXHO
paclIMpsITh HA0OPOM HMHTEeP(PEPECHLUMOHHBIX (UJIBTPOB A0 JIMHUU
HILo (A = 1216 A). Mbl cTO/Ib MOAPOOHO OMUCHIBAEM IMPUOOP
TRACE, 4To0BI sicHee ObUIM pe3yabTaThl, IIpUBEASHHBIC HA puc. 5—7.
CpbeMKa BeJeTcsl Ha COOTBETCTBYIOLLEH MaTpUlie TaK, YTO C (PUIBLT-
paMy IpOCMaTpUBAETCs] OAHOBPEMEHHO AMAIla3oH C TemIeparTy-
poii ot 6000°K mo 1 MK, T.e. oT HIXHEeiT XpoMocdephl 10 Tepe-
XOJIHOM 0bJiacTu XxpoMocdepa/KopoHa. [ 1TaBHOe JOCTOMHCTBO T0JTy-
YEeHHBIX Ha Kajpax ¢ujibMa M300pakKeHUil, 3TO OYEHb BBICOKOE
MPOCTpaHCTBeHHOE pa3pelueHue <1”. T.K. aTu MaTepuaabl HaOIIOe-
HUI TOJIBKO HAYMHAIOT M3y4aTbCsl, Mbl OIPAaHUYMMCSI CJICAYIOLI-
MU 3amMedyaHussMu. PesoHaHcHbld ayosaer C IV ciabomMarHUTOUYB-
CTBUTEJICH (C HU3KUM dakTopoM JlaHe), 1 CHUMKHM MOJTydeHbl Oe3
aHam3a noJisipuzanuu. M Bce ke CHUMOK (puc. 7) MpeACTaBiIsSIeT
co00i1 cMeCh IUCKPETHBIX «TOYEK», MOJIOXKEHNE KOTOPBIX OTOOpa-
JKAIOT B KAKOM-TO CTEIIEHU 3HAYEHUSI CTPYKTYPUPYIOILLIETO MarHuT-
Horo nojs. Ilo cytu gena, Mbl BUAMM YHUKAJIbHYIO MarHUTOrpam-
MY C BBICOKMM (IIpeleJIbHBIM B JAHHOE BpEeMsI) MPOCTPaHCTBEH-
HbBIM pa3pelieHueM. Ha cHumkax (puc. 5—7) 4eTKO BUIHBI
(¢pakTanbHbIe KJIacTepbl, OOpa3ylolIMe T'paHULbl CyINeprpaHys, U
MHOXECTBO TOYEK Pa3IMYHOU MHTEHCUBHOCTU, CIyYaillHO Hepeme-
LIAIOIIMXCS 110 BceMy noso (mpu rpocMmotpe ¢puiibma B CIV). Ha
CHUMKe (puc. 6) XOpOllIO BUJIEH CTPYWHBII BBIOPOC (PpaKTATBHBIX
9JIEMEHTOB M3 caMOro siapa IsTHa (MJIM U3 TpaHULbI ITSITHA-IOIY-
T€HU), YTO SIBHO CBUIETEJIBCTBYET O MAarHUTOIUIA3MEHHOI MpPUPO-
JIe UCXOOHBIX (PpaKTaIbHBIX 3J1eMeHTOB. OTpOMHBIN MaTepuall Ha-
omoaenuii TRACE, Ha KOTOpbIX (PUKCHUPOBAIMCH BCHOBIIIKUA U,
BO3MOXHO, HayaJibHbIN T1poliecc CME, Oyner ene usydatbest. Yto
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MPEACTABISIOT COO0M 3TU «sIpKUe» (ppakTajlbHbIe 2jieMeHThI? OHU
COOTBETCTBYIOT (DPaKTAJIbLHBIM CBOMCTBaM: CAaMOITOA00MI0, BO3MOXK-
HOCTH B3aUMOJEUCTBUS U 00pa30BaHUSI KIaCTEpOB — 00JIee CII0XK-
HBIX MaKpOCTPYKTYpP; OHU COXPAHSIIOT CBOIO MHAMBUIYAJIBHOCTb,
BO3MOXKHOCTb CAyYalHBbIX OJYKJIaHUU U T.1.

Mgb1 moka MOXeM IIpeariojiararb, 4ro IMpu JabHEUIIEM pOCTe
MPOCTPAHCTBEHHOTO pa3pelleHUs] KaXIbliA 2JeMEHT OydeT IMpei-
CTaBJISITh CO00M BUXph XWJjIa. DTO KBAJAPYyIIOJb B IIpeAesiax MaJioi
oKpyXarleil cdepbl, 3a mpeaejaMyd KOTOPOM 1MoJie MOTeHIMalb-
Ho. Takyio TeopeTnueckyio moaeib ctpout [lapkep (1995). Cyuie-
CTBOBaHME BHUXpell Xujulia clieyeT U3 oOpa30oBaHUsSI B TypOYJICHT-
HOW cpene mapaMeTpUUeCcKUX OCLUMJUISITOPOB (pelleHue ypaBHEHMS
Matbe). D10 mpeanosoXeHue AOIIyCKaeT 0Opa3oBaHUE MPOTSIKEH-
HBIX «TUPASIHO», KaK OTMedYajaoch B rjase I, U B TypOyJIeHTHOM
cpelne — obpa3oBaHME COCIUMHEHUI ABYX BCTPEUHbIX MarHUTOILIA3-
MEHHBIX TOPOMIOB, T. €. oOpazoBaHue BuUxps Xwuuia. HezaBucumo
OT 2TUX TIpeanoyoxeHuii, Haomomaemoe Ha TRACE Bbicokoe mpo-
CTPAHCTBEHHOE pa3pelleHUe TMTO3BOIMIIO HATJISIHO MPEICTaBUTD CeOe
(ppakTaTbHOE MHOXKECTBO B IIEPEXOIHOM 30HE XpoMocdepa/KopoHa.

B pambueiiineM (ri. III—IV) Mb1 Oyaem paccMmarpuBaTh Makpo-
arperatbl, ONnpeaeasaTh (PakTabHYIO pa3sMepHOCTh U T.O. Mcxon-
HbIMHM JOJDKHBI OBITH OMpeleieHHbIe, HanOoee IIpaBaONOI00HbIC
MOJIeJIbHBIE MPeACTaBIeHUST 0 (ppaKTaJbHBIX dJIEeMEHTaX, HabJIoaa-
eMmbix Ha CoutHie.

Takum oOpazom, B 1. Il MBI paccMOTpenn BO3MOXHBII Mexa-
HU3M O0Opa3oBaHUsI CaMOIOAOOHBIX (DpaKTalbHbIX 3JIEMEHTOB Ha
ConHile ¥ MoKa3aiau, YTO MCHOJIb30BaHNWE MOACSIU COJHEYHOI 3a-
MarHU4YEeHHO! IJIa3Mbl €CTECTBEHHO PELIAET HEKOTOPhIE BOIPOCHI;
HarnpuMmep, YCTOMUYMBOCTb HAOJIOJAeMbIX IPOTSLKEHHBIX HUTEBUI-
HBIX CTPYKTYp B KOpoHe, U Jp. PaccMoTpenu Ha mpumepax KOHK-
PETHBIX COJIHEYHbIX HaOMoAeHUI MarHuTorpammbl AQO, noaTsep-
KJarolye (QpakTaabHO-KIACTEPHYIO CTPYKTYPY B SIBJICHUSIX COJI-
HEYHOW aKTUBHOCTU, U IMOJYYUJIUM OOBIYHO NPUMEHSIEMBbIE
YUCJEHHbIE XapaKTepUCTUKU (PpakTanoB ((ppakTajabHylO pasmep-
HOCTb), BapuUallii KOTOPbIX XapaKTepU3YIOT U3MEHEHUE SHEPruu
¢dpakTagbHON CTPYKTYPHI.




I'masa 111

CUCTEMbI ®PAKTAJIbHO-KJIACTEPHbBIX
CTPYKTYP HA COJTHIIE

Bo (dpakTaibHOIl cucTeMe B MOJHOM Mepe peau3yroTcCsl 3aKO-
HOMEPHOCTU CUHEPIreTUKU: M3-3a aKTUBHOTO B3auMMOAEUCTBUS
(ppakTabHBIX 2JIEMEHTOB, C HEOOXOAUMOCTbIO, 0OPA3yIOTCSl IMCK-
peTHBIE arperaThl. Bpems «ku3Hu» oTaeabHOro GpakTajJbHOTO 3JIe-
MEHTa XapaKTepU3yeTCsl «CBEPXMEIJICHHBbIM» pacrlajgoM, T.e. 3aTy-
xaeT He 1o 3KkcroHeHTe (HurmarynuH, 1986), yto Gosbliie BpeMeHU
JUICCUTIALINY HEB3aUMOJCHCTBYIOIINX COCTaBJsIIOLIMX. Bpems cy-
1LIECTBOBaHUSI (DPaKTAIbHOIO KjacTepa 3HAYMTEIbHO IIPEBbILLIACT
BpeMsl «KWU3HW» OTACIBHOIO 3JIEMEHTa, MO0 AMCCUIIALIMSI KJacTepa

n
MIPOUCXOIUT MTPU 3HAYUTETbHOM MAarHUTHOM TIOTOKE ¢ = Z o, , e
i=1
¢; — MArHUTHBIA MOTOK OTAEJBHOTO (PPAKTATBHOTO 3JIEMEHTA
Kkjactepa. [isi KoHBeKTUBHOM 30HBI CoOJHILIA, IAe B TYpOYJIEHTHOMI
3aMarHU4YeHHOM IJa3Me MPOUCXOJUT HEMPEPLIBHOE POXIACHUE
(ppakTaNbHBIX 3JIEMEHTOB U KJIAaCTEPOB, BaXkKeH OajlaHC POXIEHHBIX
U pacnaBlUMXcsl ppaKkTalbHbIX 2JIeMeHTOB. [1pu paccmoTpeHuu coli-
HEYHOU (PpaKTAITbHO-KIACTEPHOU CHUCTEMBI MOXKHO MCIIOJIb30BaTh
HEKOTOpPbIE ITOJIOXEHHUSI M3 padOT MO KPUTUYECKUM SIBJICHUSIM
B cpejJax ¢ pa3MHoxeHUeM U auddysuein (Muxaitnos A.M., Yno-
poB U.B., 1984). Takue sHepreTM4ecKu OTKPBITbIE CHUCTEMBI HE-
PaBHOBECHOI'0 MOTOKOBOro TUIIA 0Opa3yloTcsl M3 MajgomacluTab-
HBIX 3JIEMEHTOB CaMOOPIaHU3YIOIIUXCS B YIOPSIAOYEHHBIE MaKpO-
arperaTtbl. OTO COOTBETCTBYET (PpaKTaTbHO-KJIACTEPHBIM CBOMCTBAM
COJIHEYHBIX SIBJICHMI B KOHBEKTUMBHOM 30He COJIHIIA, U B €ro ar-
Mocpepe. PazMHOXeHME JTOKATU30BaHO B OIPEIeICHHbBIX ITPOCTPAH-
CTBEHHBIX 00JIACTSIX B MMPOM3BOJIbHBIE MOMEHTBI BpeMeHH. B Takoii
cpelie BO3MOXHA B3pbIBHASI HEYCTOMUYMBOCTbH; HAYMHASI C HEKOTO-
pOro mopora, KOTOpbIii OmnpeaeisieTcsi KOHKYPEHLIME pa3MHOXKeE-
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HUSI U Juccunanmeii (pacmagoM), peaM3yloTCsl YCTOWYMBBIEC paB-
HOBECHbIE CUCTEMbI MCXOJHBIX 3JIEMEHTOB. DTOT MOPOT YCTONUYM-
BOCTH, OIpEIeasIeMblii IPUTOKOM 3HEPIMM W3BHE, HAIIOMMWHACT
(ba3oBbII1 MEepexon BTOPOro poja.

[IpocTeiiliee BbIpaxkeHue [JisI TaAKOW CUCTEMbl OMMCHIBACTCS
CTOXaCTMYECKUM JIU(pdepeHIMATIbHBIM YpaBHEHUEM TUIIA:

@z—om—kf(z‘)n. (3.1)
ot
31ech n — KOHLIEHTpALMs 2JIEMEHTOB, 0. — IMOCTOSIHHAsI CKOPO-
CTU pacriajga, a f{f) — ciay4yailHO BapbUpylollasi CO BpEMEHEM CKO-
pPOCTb pPa3MHOXEHUsI. DTO ypaBHEHHUE MOXHO YCJIOXHWUTbH, BBES
ele HeJaMHeHyo 1uddy3uto dpakTajbHbIX 2J1eMEHTOB K N Tor-
na (3.1) nmpeoGpa3yercsi:

2
on = —an—l—f(t,r,Sc)n—KNLﬂ.
ot or?

31ech, 00 — UMEET TOT XK€ CMbICJI, YTO U B BeIpaxkeHuu (3.1), f (¢,
r, 00) — Bapumpylomass ¢GyHKLIUS IeHepauuu (pakTajioB B MO-
MEHT { TIPY JOMOJHUTEIbHOM MPUTOKE SHEPIMU 0C B JAHHOM Me-
cre ¥, KM — xosbdunment HenuHerHoi muddy3un bpakTaios.
CkopocTh pacriaga gppakTajoB @ MOXKXHO B MEPBOM NPUOIMXKEHUN
CYMTATh TTOCTOSIHHOM. OTO clieAyeT U3 aHaIUTUYECKOIOo BbIpaxke-
HUSI JJISI CKOPOCTU MOTEPU SHEPruu (PpakTajioB, KOTOpasl BbIUMC-
JISIETCSL MO YpaBHEHUIO 3Hepromorepb (PpakTajioB. YpaBHEHUE C
IPOOHBIMU cTeeHsIMU TTpon3BoAHBIX (HurmaryimH, 1986) 1mo3Bo-
JIIeT 3TO caejiaTb. B 3ToM ciyyae m3MeHeHUe sHeprum E (pak-
TaJILHOTO KJIacTepa 3aJaeTcsl YpaBHEHUEM:

(3.2)

OVE v, OVE
=K

otY or’

3nech 0 < v < 1, KM — kosddurment HemuueitHoit muddy-

3un PpaxktanoB. PeuieHue ypaBHeHUs (3.3) B 00001IEHHBIX (PYHK-

LSIX MOKA3bIBAET, YTO 3aTyXaHUE (ITOTEPs SHEPruu (PpakTaabHOTO

KjacTepa) MpoOMCXOJUT cBepxMemieHHo (o Hwurmaryauny). Dto

3HAQYUT, YTO B HAIIEM CJIy4a€ MOXHO JI€MCTBUTEJIBbHO CUYMTATh

o = const. OTMeTUM, 4TO ypaBHeHME (3.3) ¢ APOOHBIMU TIPOU3BO/I-
HbIMU JAeT BPEMEHHOM XOoA AJIs1 DHEPIUU:

(3.3)
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E=vihv=1//0<p<l. (3.4)

Takum obpasoM, rosydaercs Jis1 E cTenmeHHOM CIeKTp, Xapak-
TepHBINA 1J1s (ppakTaIbHO-KJIAcTepHbIX cpea. Ocobo OTMETUM, YTO
OJHOM M3 BaXHEWIIMX XapaKTePUCTUK (paKTaabHBIX cped (s
byHKIIMM pacripenesieHnsI, CIIeKTpa MOIIHOCTM Ha HU3KUX 4YacTo-
TaX U T.1.) SIBJISIETCS CTENEHHOI CIEKTP. DTUM MOXKHO BOCIIOJIb30-
BaTbCsl JUISl YCTAHOBJIEHUSI (DPAKTATbHOCTU pa3iuyHbIx cpea. MH-
BAapUAHTHOCTb CHEKTPOB ST Pa3/IMUHBIX CHUCTEM SIBJISIETCS IIpsi-
MBIM CJIEICTBUEM (PPaKTAILHOCTU paccMaTpuBaeMoil cuctemMbl. B
cllyyae, Korga MOXHO IpeHeOpeub camoauddysueil B ypaBHEHUU
(3.2), nosyyaem:

<n(t)> = ny exp(—or)®, (3.5)

rae @ SBISIETCS MHTErpajoM mpousBojsiieii pyHkumnu fz, v, 60):

o[6()] = exp| [ f()6(t)dt | ). (3.6)
0

31ech T — BpeMsl cylllecTBoBaHUS (ppakTana. bymeM cuuTathb
HE3aBUCUMbIMU MPOU3BOASILINE (PYHKLIMM BO BCEM OOBEME CUCTE-
MbI. O003HAYMM MHTEHCUBHOCTD «BCITBIIIIEYHBIX» pa3MHOXKEHUIA J(7,
t, 0, 7). Torna:

=3I me—1)), (3.7)
j=t

rmen(t) = lopu0 < 1 < 1, un(t) = Omput < Out > 1,
31ech Ty, — MOJHOE BPEMSI «KU3HU» (PPaKTATBHOTO 3JIEMEHTA.
3akoH Bo3pacTaHusl (Pa3MHOXKEHMS) CO BpEMEHEM OyJIeT:

<n(t)y>= ny exp[m(e’™—1) — o)1], (3.8)

I7Ie m — CpeaHee YMCIIO POXICHHBIX (PpaKTalOB B €AVWHUILY Bpe-
MEHMU, Ny — HadaJlbHasi KOHLUEHTPaLWs.

[Topor HEYCTOMYMBOCTU JOCTUTAETCS MIPU CPEIHEM YMCIIC POXK-
JEeHHBIX (PpaKTaJIOB 3a €AUHUIY BPEMEHHM:

my, = a(e’ -1, (3.9)
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Ipu J; << 1 (cmaboe pasmHOXeHUC) My, = a/Jy. m,, COOTBET-
CTBYET MpeAebHON KOHLUEHTpALMU (PPpaKkTagoB MPU CaAMOOPTaHU30-
BaHHOM 00pa30BaHMU KJIACTePOB B JAHHOM MECTE (7), Ip1 HAJIMYUU
MPUTOKA SHEPTUU O B MOMEHT ?, U TIPU UHTEHCUBHOCTHU 3aPOXKICHUS
(pakrtanoB J(¢, r, on). bosee MmosHOE MpeACTaBICHUE O MPOLIECCE
caMOOpraHmM3aliMi B cUCTeMe ¢ (ppakTajaMu (KOHBEKTMBHASI 30HA,
HarpuMep) ciaeayeT u3 ypaBHeHus (3.2), ¢ yuetom auddy3uu. Torma

on NL 8271
—=Jnrm-K"" ——on. 3.10
Y n(r) py%) (3.10)
D10 ypaBHeHHE (DOPMATBHO COBIIAJAET C JIMHEMHBIM ypaBHEHM-
em llpeayHrepa ¢ MHUMBIM BpeMeHeM 1 noteHuuaiom U = Jn(r).
Ob1iee ero peuieHue (0e3 ydyeTa HEIIPEPHIBHOTO CIIEKTpa) IHpe/-

CTaBJIACTCA OAUCKPCTHBIM pH,Z[OMZ
n(r,t)y=> Ceo,(r), (3.11)
i

rae C; — HOPMUPYIOLIMIA MHOXMTENb, A; — COOCTBEHHBIE 3Ha-
YEHUS1 JUCKPETHOTO CIIEKTpa, ¢r) — (DYHKIIMS B3aUMOJEWCTBUS
dpakTanos. HMCKpETHbIN CHEKTP KOHLEHTpaLUu (PpakTajoB Ha
(oTtochepe oTpaxaeT XapaKTepHYIO JUCKPETHYIO UEPAPXUIO CTPYK-
TYPHBIX 3JE€MEHTOB: T'PaHyJbl, ME30TPaHYyJIbl, CyleprpaHybl,
TMTaHTCKME TpaHyJbl (B T.4. aKTMBHBIE 0O0JacTH, COCTOSIINE W3
HECKOJIbKMX CYIIeprpaHyJl), CTPYKTYpbl KPYITHOMACIUITAOHOTO Mar-
HUTHOTO T10J1s1. Takast AIMCKPETHOCTh CTPYKTYp, OTpaXalollasi TaK-
K€ MepapxXuio DHEPIUU 3TUX CTPYKTYp, OTMeYaaach HaOJIOgaTe N sI-
MU (HarpuMmep, Mc. Intosh, 1992), Ho He HaxoausiIa CBOEro OoObsIC-
HEHUSI.

Cy1iecTBOBaHME IMCKPETHBIX MOBTOPSIONIMXCS YIaCTKOB Ha
ConHue — MnosiBJIeHUs OOJIbLINX TPYI ISITEH, OTMEUEHHbIE B pa-
o6ote Gaizauskas et al (1994), 1 Ha3BaHHBIX «nestes sunspot», TakxKe
CBSI3aHO C MPOCTPAHCTBEHHOM JUCKPETHOCTBIO «aKTUBHBIX JTOJITOT».
[TpumepoM MOTYT CIy:KUTh MOLIHbIE AO «d»-KOH(PUTYypallUu B
MapTe 1989 1. u B mone 1991 1. OHM NOSBISIMCEH Yepe3 ABa roja,
MPakKTUYECKU, HE TOJIBKO Ha OAHOM JOJTOTe, HO Ha TOM Xe LIUPO-
Te (¢ = 30°). Takoe kBaHTOBaHME MeCT AO OoTpaxkaeT OTMEUYCHHYIO
JUCKPETHOCTb (PpakTaJbHO-KJIACTEPHBIX cUCTeM. «['He3dga TsTeH»
yaanoch BeIsIBUTH (Brouwer, Zwaan, 1999) B pe3ynbrare ¢ppakTaib-
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HO-KJIACTEPHOTO aHaJM3a BO BpEeMEHHOM psiny HaOmoaeHnii 1959—
64 rr. PasMmepbl LIEHTPOB «THE3I» CO CPEAHUM pPa30poCOM OKa3a-
Jch ~2° 1o A, U ~1° 1o @. Bpems cyiectBoBaHMs THe3Aa ~ 10 7
o6opoToB CoJiHLIa, CKOPOCTh apeiida ~3+5 M/c.

MarHuTHbIe 1oJisi pakeJoB 0Ka3alucCh CTATUCTUUECKU CaAMOIIO-
nooHbl. He3aBucumo oT Maciutada siBjeHMsI, (paKTajJlbHas pas-
MepHOCTb paBHsIack D = 1,45+1,60. dpakraabHOe caMoIiogooue
OOHaApyXMBAETCsI M IIPM BPEMEHHOM 3BOJIIOLMN MEJIKOMACILTA0-
HBIX CMELLEHUI y3eJIKOB SIpKOCTU XpoMocdepHoil ceTku. B pam-
Kax CUCTEMBbI C (PpaKTaJIbHBIMU COCTABISIOLIMMU, JUCKPETHOCTU
BO3pacTalIUX CTPYKTYp, KOTOpbIe HAOMIOAAIOTCSI B MArHUTHOM
noyie ¢oTtocdhepbl, MOJYYMUIIM €CTeCTBEHHOE 0O0bsicHeHue. [1oao0-
HOE XK€ MpPeACTaBJIeHUEe KOHLIEHTpalKu (ppakTajaoB ObLIO MOJyYe-
HO BbIllle M3 0a30BOro ypaBHEHMUSI cUHepreTuku (XakeH, 1983).
JuvckpeTtHsiii ciekTp (3.11) umeeT moporoBoe 3HayeHUe, T.€. KpU-
TUYECKOE 3HAUY€HME KOHILEHTpauuu (GppakTajoB B KjIacTepe:

My =3 Cie (1), (3.12)

31ech T — O3HA4YaeT BpeMs CYLIECTBOBaHUS (PPAKTaIbHOTO 3JI€-
MEHTa, a A; — COOCTBEHHbIC TMCKPETHBIC 3HAYEHUS CIEKTPA.

Boeipaxenust (3.11) n (3.12) mist coekTpa (ppakTalbHbIX 3Ji€-
MEHTOB JOMNYCKAIOT BO3MOXHOCTb B3aUMOAEUCTBUSI U UHTEpPEPEH-
A0 pa3AeiieHHBbIX (PpaKTaJTbHbIX KJIACTEPOB, €CJIM OHM CBSI3aHBI
KPYITHOMACIUTAOHBIM MArHUTHBIM MOJiIeM. Tak, BEpOSITHO, MOXHO
OOBSICHUTb 00pa3oBaHUE KPYITHOMACHITAOHBIX KOMILUIEKCOB COJI-
HeuyHoi akTuBHOCTU (KKCA), KOTOpbhIe MOJIy4EeHBI SKCIIEPUMEH-
TaJlbHO B pabote (Mogilevsky et al., 1997). KoMnoHeHTbl KOMII-
JeKkca (aKTUBHBIE 00J1aCTU, KOPOHAJIBHBIE JbIPbI) MMEIOT CBOM Xa-
paKTepHbIE CIEKTPbI paclpeneaeHuil ppakTaabHbBIX 2JIEMEHTOB, HO
OOBEAUHSIOTCS MOCPEACTBOM KPYITHOMACIUTAOHOTO MarHUTHOI'O
noyasi. CBs3b 3Ta JOCTATOYHO YCTOMYMBAsi, U OCHOBHBIM MCTOYHU-
KOM 3HEpPruy BO3MYLLUEHUSI B KOMIUIEKCE KPYITHOMACILUTAOHOM COJI-
HeyHol akTuBHOCTU (KKCA) sIBISIIOTCSI aKTUBHBIE OOJIACTH.

Bboiliie Mbl KaXablii pa3 oTMeYaau, YTO poxKJaeHUe PpakTajioB U
(bpakTasbHBIX KJIACTEPOB TPEOYET JOIMOJTHUTEIBHOIO IIPUTOKA SHEP-
run O0¢(r, f) JUISL TOTO, YTOOBI COXPAHSUICS HEOOXOAMMBIA YPOBEHD
TypOysneHTHOCTU. Bormpoc 006 sHeproucroyHukax CA Oyaetr pac-
cMoTpeH Hipke. Ceilyac MBI YIIOMSIHYJIU 3Ty HpOOJeMy B CBSI3U C
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TeM, 4YTO OBLJIO HNpUHATO cyuTaTh pacnag AO — IIpolecCOM II0JI-
HOI aHHUTWISILUMA MarHUTHOro 1oJisi. OJHaKo, Kak MoKa3ajiu Mpo-
cteie olieHKU Ilapkepa, moiaHoe BOCIIpOM3BeJCHUE MArHUTHOIO
MOTOKA, HAIlpuMep, B COJIHEYHOM LIMKJIE HEe IPEeBOCXOINT ~3% oT
obOuiero MaruutHoro noroka Bcero CosiHuoa. C ydetom < 2+3%
MOTEPU MArHUTHOIO ITOTOKAa B COJTHEYHOM BETpe, OCHOBHAsI 4acTb
MarHuTHoro mnoJisi CosiHLIa nmocje BCIUIbITUS B poTochepy Bo3Bpa-
11IaeTCsl CHOBA B KOHBEKTHBHYIO 30HY (K3) B mporecce «cansellation»
(TTorpy>keHus1 MarHMTHOM mapbl). DTO 3HAYMUT, YTO JJISI MOJAEpXKa-
Hus 6anaHca (pacnan-poxaeHue dpakTajabHoi cpeasl B K3) Hemo-
CTAaTOYHO aaradaTUUYeCKUX MPOLECCOB KOHBEKIMU. Ecau cuutars,
yto MarHutHoe rmojie CA mosIBAsieTCsl B pe3yJbTaTe om-IMHAMO
(M BO30YXJIEHUSI Y OCHOBaHUSI KOHBEKTUBHOU 30HBI BOJIH Poc-
cOu u T. 1), TO 3Heprust AuddepeHuUanTbHOro BpaieHus CoJHLa
u3pacxojgoBajach Obl Bcero 3a kakue 1o 500+700 net (1o olieHke
ITapkepa). CyiuecTByrolasi CTallMOHApHOCTh HUKANYeCKOoi CA BO3-
MOXHa, ecii K ocHoBaHMIo K3 noaxoauT, ¢ ornpeaeeHHOl nepu-
OAWYHOCTBIO, TOMOJHUTEIBHBIN TEIJIOBOM TTOTOK OT siApa U JIy4u-
CTOI 30HBI. DTa 3HEPIusl, pacXoAysIiCb B KOHBEKTHBHOI 30HE, IO/I-
JIepKMBaeT OajaHC poxkaeHUsl/pacrnaga (pakTaIbHBIX KJIaCTEPOB C
Y4ETOM KOHEYHOIO BPEMEHU MX CYLLUECTBOBAHUSI U IOI'PYKEHUI
(«cansellation») B K3, a Takxke «oTpaboTaHHBIX» B poTochepe dppak-
TaJIbHBIX MAarHUTHBIX MOTOKOB.

PaccMoTpum psin mpuMepoB U3 HAOMIOACHUI SIBJIEHUMN COJIHEY-
HOI aKTMBHOCTU, B KOTOPBIX WCITOJb30BaHNE (ppaKTaJbHBIX CHUC-
TE€M, MO3BOJIMJIO OOBSICHUTb MX CBOMCTBA.

IIatHa: biaarogapst moo6e3Hoctu nokoiiHoro B.H. KaprmHcko-
ro Mbl MOJYYMJIU KOMUU (POTOreMOTPaMM COJTHEYHOU CTpaToC-
depHoii craniuu IlynkoBckoit oocepBaTopun. Ha cHuMKax m300-
paxenus CosHlia, TOJYYeHHBIX ¢ TejaeckonnoM B.A. Kparta u ero
COTPYAHUKOB, TPOCTPAHCTBEHHOE pa3pellieHre gocturaio ~07,2.
Ha cHuMKe criokoiiHoro msitHa (puc. 9), mojiydeHHOro mpu IoJie-
te 30 urona 1970 r., mogyTeHb IISITHA MMeEJIa Pe3KO OYEPUYEHHYIO
«3ybuaryto» rpanuiy. @paxkranabHast pa3MepHOCTb, U3MEPEHHAs! 0
dbopmyne (2.38), okazanace pasHou D,,, = 1,59, a g BHyTpeHHEN
rpanuubl noayrenu D, = 1,55. B pabore MxcaHosa (1982) npuse-
JIeHbI (POTOMETPUYECKIE IKBUICHCUTHI 3TOro mnsitHa. HecMoTpst Ha
CJIOXKHYIO CTPYKTYPY OTHX DKBUACHCUT, U3MEpEeHHasl (ppakTajgbHast
pa3MepHOCTh MpU TpeX pazmmuHbIX sIpkocTax (0,42; 0,62; 0,71 or
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spKocTu (orocdepsl) okazanach COOTBeTCTBeHHO D, = 1,46;
D, = 1,45; D; = 1,46.

bauzocth 3HaYyeHUI 3TUX (paKTaJbHBIX pa3MEpPHOCTEU CBUIC-
TEJIbCTBYET 00 MHBAPUAHTHOCTU (PpaKTAIbHBIX KJIACTEPOB MO BCEM
MOJIYTEHU CIIOKOMHOTO IISITHA, T.€. HAJIMYUU CaMONOJ00Us CTPYK-
Typ IISITHA IIPU pa3JIMYHbIX MaciuTabax. MpaxkTaabHass pa3MepHOCTD
cHUMKa nsaTHa (puc. 10) mojiydeHHOro Mpu YETBEPTOM IOJIETE CTpa-

Puc. 9. bonablioe CrokKoitHOE MATHO, MOJy4eHHOE CTpaToc(epHOi cTaHIueln
ITynkoBo. ®pakTasbHasg pa3MEepHOCTb TIPUBEICHA B TEKCTE
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Puc. 11. Kormms cHuMKa pa3BUBamONIeHcs aKTUBHOM TPYMIIBI MATEH, TOJY-
yeHHOro Ha crpatocgepHoii craHuuu ['AO, npu yeTBepToM mojete B 1973 r.
®pakrajabHble Pa3MEPHOCTU KaXIOTro ISITHA IPUBEACHBI B TEKCTE
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Puc. 12. Konus ¢punsrporpammel B Ho, monydeHHoii B U3MUPAH Ha GattieH-
HOM TeJIeCKOTIE C Y3KOMOMOCHBIM GUIABTpoM «OnToH» AL = 0,5 A. Ha cHUM-
K€ BUJHA CYIIEpPIOJIYyTeHb B XpoMocepe BOKpyr Oosbiioro mnsatHa. Ee ¢pak-
TaJbHasl Pa3MEePHOCTDb MPUBEICHA B TEKCTE.

YacTM M M3MEHWJIMCh T'paHULIbl BHYTPEHHEH ITojyTeHu. M3mepeH-
Hble HaMU (paKTaJibHbIe Pa3MEPHOCTU OKAa3aJUCh CJICIYIOIIUMMU:
a) JUISi BHYTPEHHEN I'paHULbI MOJyTeHU (0e3 yyeTa CBETJIOr0 MOC-
ta) D == 1,52; ¢ yaetom Mocta D = = 1,56; my1d BHEIITHEI I'paHN-
bl iostyteHn D = 1,55; 6) mist Tpex BHyTpeHHUX rpanuil Dy = 1,56;
D, = 1,42; D; = 1,56; nns BHeluHeii rpaHuubl D = 1,56.

[IsitHO, cHsaTOe MioiepoM (1973) Mmeno TUIIMYHYIO CITOKOM-
HYIO CTPYKTYpPY, HO C IOKHOW CTOPOHBI Ha HEro HakJaJbIBajach
CJIOXKHAsI YaCTb ITOJYTeHU, OKPY>KaBILLask TP HEOOIbIIMX S1Ipa MSTHA.
@paxkranbHasi pa3MEPHOCTb BHYTpeHHEH rpanuubl D, = 1,5, BHewlI-
Hell rpaHulbl (0e3 oxHou yactm) D, = 1,47. [lng nonoaHuTe b-
HOIA TTOJTyTeHU BOKPYT Tpex snep D, ,,, = 1,62.

CornocTapiisisi Bce M3MEPEHHbIE HaHHbIe D TSI CIIOKOMHBIX TIsI-
TE€H, MOXHO 3aKJIIOUYWThb, UYTO OHU COOTBETCTBYIOT TEOPETUUECKOMY
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3HaYeHMIO (paKTaJbHOI pa3sMEpHOCTU MpU aHOMAIBHOU JUdPy-
3uM. [Ipy OTKJIIOHEHUM OT CIIOKOMHOM CTPYKTYpbl pacTeT (ppak-
TaJlbHasI pa3MepPHOCTb. MBI 3TO MOIJIM I10Ka3aTh TaKXKe IO CHUM-
kaMm ctpatocepHoit ctanuuu ['AQO. [lpu yeTBepTOM MoOJIETE CTpa-
TochepHoit ctaHuuu ['AQO Ha CHUMKE BbIAEJIsIJIach LieNoYyKa
pa3BuBarolmxcs I1siteH. MpakTajibHble pa3MEepPHOCTU 3TUX IISITEH
(C BOCTOKA Ha 3amaj) OKasaJuChb COOTBETCTBEHHO: D, | = 1,64,
D,y = 1,48, D,,, = 1,48, D,, = 1,54, D, 5 = 1,52, Dy, = 1,46,
D,ma = 1,54. AAnpo NS okpyxeHHOe ele He ChOPMUPOBABLICHCS
MOJIyTEHbIO, UMEJIO COOTBETCTBEHHO D5, = 1,65u D, 5 = 1,70.

DdpakTajlbHbIE pa3MEPHOCTHU JJISI aKTUBHBIX 00JIACTEH, M3MEpPEH-
HbIE MO U30JUHUSIM MarHUTHOTO TIOJISI, B BUJIE MPUMEPOB IIPUBO-
JVIKCH BhIlIe. TaM pa3MepHOCTH OIpeaesINCh pa3aeabHO 11 N
1 S MarHUTHOM TOMSIPHOCTU. M30JMHUM MarHUTHOM MOJISIPHOCTU
y BHEIIHEN I'paHMLbl UMEIU (PpaKTaIbHYIO Pa3MEPHOCTb PEryJsip-
HOW CTPYKTYpbl. @paKTajabHble KJIACTEPHI MPOCIEKUBAIOTCS B XpO-
Mocdepe (o ¢uisTporpammam B H,) 10 BHELIHEN TPAaHULIBI CYIIEp-
HOJYTeHU, T.€., 3HAYMUTEJbHO JaJibllie BHEIIHEU T'paHULbI MOJY-
TeHU naTHA. Ecnm BO BHewHe# rpanuue noayrenu D, ,, = 1,47
(mst msitHA 3a 19.06.89), To cTpykTypupoBaHHble H, — BOJOKOHIIA
npoctupamucs o 1,8 pamuyca nsitHa u D, = 1,42 (8). bauskue
3Ha4YeHUs D JJIs1 TIOJIyTeHU MSITHA U €r0 CYIIEPIIOJIYTeHU B XPOMOC-
depe MITIOCTpUPYIOT PPAKTATBHYIO TEOMETPUIO MPU TPEXMEPHOM
pPacCMOTPEHMM 3aMarHMYe€HHOM ILIa3Mbl IMSITHA.

AHaJIOTMYHBIA pe3yabTaT nojydid AdopameHko u ap. (1998),
13 aHajm3a MmaruutorpamMmmbl AO. MHBaprMaHTHOCTB pa3MepoB (CKeli-

JINHT), U CHUPAJIbHOCTH WHTErpaja f Arot A COXPPAHSIJIUCH IO
JOCTUTHYTOIO MPOCTPAHCTBEHHOIO Pa3pelICHUs] MAarHUTOTPAMMBI.

OOpazoBaHMe ITOJYTEHEBBIX (PpPAKTaJAbHBIX KJIACTEpPOB ISITHA
CBSI3aHO C PacIpOCTPAHECHUEM SHEPIMM B 3aMarHUYEHHOMU ILIa3Me.
Takoii mpouecc MPOHUKHOBEHUS (MEPKOJSLIANA) OMPEACTAETCS
MOCJe0BaTeAbHBIM POCTOM KJjlacTepa IpY B3aMMOJEHCTBMU CaMO-
MOJ0OHBIX TOHKOCTPYKTYPHBIX 37eMeHTOB. [lpouecc nmepkossiuyu
MMeEET ITOPOroBOoe 3HAUYEHNME BEPOSITHOCTU B3aMMOACKMCTBUS (ppak-
TaJIbHBIX 2J1eMeHTOB. Ilpu BeposgTHOCTH B3ammoaeincTBus P >
> Puop = 0,59 (Haken, 1983) mpoucxoaut HapainiBaHue Kiactepa.
Ilpu P < Py, pe3KO MpeKpaliaeTcst poCT KJIacTepa, U MEHSIOTCS
CBOMCTBA cpedbl («Mcue3aeT» IMOJyTeHb MSITHA). DTOT MEPKOISILIM-
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OHHBII Mpolecc MoJo0eH ¢a30BOMY MEPeXoay BTOPOTO poja U ec-
TECTBEHHO OOBSICHSIET XapaKTePHYIO PE3KYIO I'PAHUILY IOJTYyTeHU IIsIT-
Ha. B xpomocdepe, npu cylieCTBEHHO MEHbIIEH MJIOTHOCTA U MEHb-
IIEM 3HAYEHUM MATHUTHOTO TI0JIst, TOPOTrOBOe 3HaUYeHUe P, MCHb-
uie, yeM B poTocepe. ITo 0OBSICHSIET HAJIMUUE OOJIbLIMX Pa3MEPOB
CYNEpPIOJYTeHU B XpoMocdepe. DKCIIEpUMEHTAIbHBIC JTaHHBIE O
MarHUTHOM MOJI€ IISITHA IOKa3bIBaIOT, YTO T'PAaHULIbI ITOJyTEHU
MEHBbIIIe, YeM M3MEpPEeHHas rpaHulia MarHUTHOTrO IoJs IsitHa (1,8
R.4p). D10 3HAUUT, 4tO P MOCTUTAETCS ONMXKE K TIATHY, XOTS
MarHuTHOE IoJIe €l JajJeKO He paBHO Hymo. PpakraabHasi MO-
JeJIb MSITHA €CTECTBEHHO 2TO 00bsicHsieT (MoruneBckuii, 1994).
HN3meHeHue ppakTajbHON pa3MepHOCTU [ MOXET CIYyXUTh Me-
poit aBomont AO. Poct D xapakTepusyeT ycJIOXHEHUE (Ppak-
TaJIbHO-KJIACTEPHON CTPYKTYPbI, U CBSI3aH C YBEJIUYEHUEM CBO-
0omHOM sHeprur MarHUTHOTO moast AO. MoxXHO BBECTU YMCIICH-
HYIO XapaKTepUCTUKY 3TOTro rnpouecca P = dD/dt — npou3BoaCTBO
dpaktanpHO cTpykKTypHOoCcTU AQO. Eciam mpuHsSITH, YTO IJISI CTa-
TUYHOro yctoituuBoro nsatHa (i AO) D = 4/3, o npu pocte D
10 5/3 u Beiie (HO <2), IPOU3BOACTBO CTPYKTypHOocTM P = 1/3
OyzneT oTpaxaThb yBeaumdyeHue cBoooaHoi sHepruu AO. Ilpu P > 0
nmeetr Mecto pasputue AO, a npu P < 0 — pacnan (yrnpollueHue
cTpykTyphl) AO. 3aech ymMecTHa aHajorus ¢ sHrponuei IleHHO-
Ha § = Z P, In(1/ P;) . Onnako mipu Gonbumx 3HadeHusix P > 1,6,
1
yTOo HabmomaeTcs B CI0XHbIX AQ, IpeBalMpyeT MPOLECC CaMOOP-

raHu3alyy MaKpOCTPYKTYp M aHAJIOTHUSI ¢ DHTPOIIMEH TepsieTcs.

M3 paccMoTpeHHBIX HaMU, 0oJiee JeCSITU, CaMbIX MOILIHBIX BCIIbI-
IIEYHO-aKTUBHBIX oOzacteii B 1989—91 rr. Mbl mpuBeaeM B Kade-
CTBe wutnocTpauuu gaHHble 1o ogHoit AO SGD 6659 B utone 1991 .
B TaGmmiue 2 npuBeaeHsl 3HaYeHUsT [, MU3MEPEHHBIC MO M30JIMHUSIM
npoaoabHoro N u S moJjiipHOCTed MarHUTHOTO ITOJIS H” JlaHHBIE
OTHOCSITCSI K mepuoay InpoxoxaeHus: AO LeHTpaJIbHOroO MepuanaHa
Connua. B tabmuue 8D = Dy — D (mucbanmance dpakraabHOR pas-
MEPHOCTH).

B Tabnuue 3 mpuBeneH mpumep U3MEeHEHUSI (PpaKTaabHOMI
pa3MepHOCTH Toii ke AO B TedeHHe uyeTbipex 000opoTtoB CoJHIIA.

Tabmuua 2 WUIIOCTpUPYET MEpPY M3MEHUYMBOCTU (PpaKTaJIbHONI
pa3MEpHOCTH B T€UeHME IISITU OHei. Tabauia 3 moka3biBaeT 3BO-
JIIOLMOHHBIE U3MEHEHUs (ppakTasibHOM pasmepHocTd AO. U xots




I'naBa 1. CUCTEMBI ®PAKTATILHO-KIACTEPHBIX CTPYKTYP HA CONHIIE 95

Tadoauma 2

Hara DN Dg D sD
5.06.91 1,71(0) 1,62(8) 3,33(4)

6.06.91 1,64(8) 1,48(6) 3,13(4) —0,19(9)
7.06.91 1,61(8) 1,60(7) 3,22(5) +0,09(0)
8.06.91 1,66(4) 1,61(6) 3,28(0) +0,05(6)
9.06.91 1,71(1) 1,54(3) 3,24(4) —0,02(6)

Taonunoa 3

Ilara DN Dg IMpumeyanue

14.04.91 1,56(6) 1,58(7) [TosiBieHMe OMMOJISIPHON TPYNIIBI
14.05.91 1,52(5) 1,57(7) J106aBUJIOCh HOBOE MOJIE

6.06.91 1,48(6) 1,64(8) MaxkcumaiabHast CJIOKHOCTh
(6 Bcrbiek Oamna XI11/3B)

7.07.91 1,64(3) 1,49(6) Pacrman AO, HO ogHa MpoOTOHHAs
BCOBIIIKA B N-MarHUuTHOU yactu AQ

YUCJEHHO Bapuanuy [ OTHOCHUTEJIBHO He BEJIMKU (MMU TPYAHO
OJAB30BAThCsI JJIsI MPOTHO3UPOBAHMSI CYILIECTBEHHBIX M3MEHEHUIA
B AQ), OHM TOKAa3bIBAIOT, YTO (ppakTajibHasl pa3MEepPHOCTb — U3Me-
HSIOLIAasICsl BeJIMYMHA, XapakKTepuayrolas spoonunio AO.
DpakTajibHasi pa3MEPHOCTb KOPOHaNbHBIX AbIp. KopoHasibHbIE
neipbl (K1) BriepBbeie HaOmoganuch Ha KA Skylab B Hauvane 70-x
rogoB. OHM XOPOILIO BBIASISIOTCS MIPU HaOMOAeHUSIX B JIMHUSIX He
(Hel-304 A, Hel-10830 A) B MSIrKOM PEHTFEHOBCKOM AMAara3oHe
(Ha KA Johkoh) u B muHMsIx panekoro Y® (A = 171 A — Fe IX/X,
L = 195 A — FeXI) Ha KA «SOHO». KopoHabHBIE ABIPBI Xapak-
TEPU3YIOTCSI OTHOCUTEJILHO 00Jiee HU3KOM SIPKOCTBIO, YeM OKpY-
Kampliasi KopoHa, 0ojiee HM3KOM IIOTHOCThIO (1 < 7 10’ CM_3),
Top/xp < 10° K° MPU CpEAHEN TeMIlIEpaType CIIOKOMHOM KOPOHbI

e/
Tkop = 1+2 10° K. KopoHasbHbIe IBIPHI B CPEIHUX IIUPOTAX 3a-

HUMAaIOT 00Jibly10 maow@as (= 0,01+0,05 miowaau aucka), U pac-
MOJIATAIOTCS B YHUMNOJSIPHBIX MAarHUTHBIX MOJISIX HPEUMYIIECTBEH-
HO OTKPBITOI KOH(pUTypalmu (C CHWIBHO pacXOMSIIAMCSI MarHWT-
HbIM nosieM). HabGmoaenus nocaenHux jetr Ha KA «SOHO»,
«Johkoh» 1 1p. mMOKa3bIBAIOT, YTO B IMPOLIECCE IBOIOLMU OJIU3KO-
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pAacCIoIOXEHHBIE K KOPOHATBHBIM AblpaM Y4acTKud N U .S HOISIpHO-
CTU, COMMKAsICh, CO3JAIOT KaK Obl €AWHYI0 KOPOHAJBHYIO ABIPY.
Ha rpanuiie cOmmxkeHUs1 MOXET 0Opa30BaThbCsl HEYCTOMYMBOE BO-
JIOKHO TIOBBILLIEHHOIM 3MUCCUM (CM. caydaid oT 28.12.99 r., UepTok
nu ap., 2000). B atom ciyyae TpyagHO OTJIMYUTH, NMPOUCXOAUT JIU
COOBITHE MOSIBJICHUSI BOJIOKHA B KOpOHE, Win Ha cThike KJI/xpo-
Mocdepa B BUJIE BHEAPEHHOTO <«I10JyOCTpoBa». B Takom ciiyuae
MOXET BO3HMKHYTh I'pyIINa ISITEH B KOPOHAJIbHOI Abipe. OTMETUM
Takxke, 4yTo MarHuTtHoe moJjie KJ[ BecbMa CJIIOXKHO MOXET M3Me-
HATBCS ¢ BeIcoToi. Tak, Hampumep, B padore boposuk (1995) mipo-
BOJMJIOCH OIpeAeICHUE MAarHUTHOTO MOJISI B LIIMPOKOM CIIEKTPaJib-
HOM paauo-auanazoHe (ot 0,8 mo 30 cm). MarHuTHoe moJie Ha
BBICOKOI 4acTOTe, T.¢. BOJM3U HWXKHEH Xpomocdepbl, OLICHUBA-
Joch B 2+5 I'c, Torma kak Ha HU3KUX 4acTtoTax, (T.e. Ha 3+10 ThIC.
KM. BbIlIe) goxomuiao a0 10+12 I'c. Bo3M0OXHO, 4TO 1 B 3TOM CJIy-
yae, K]l mepecekano BOJIOKHO. Takue, OTHIOJb HE YHMKAaJbHbIE
SIBJICHMSI, TPEOYIOLIME JaTbHEMIIEro N3yYeHu s, yKa3bIBalOT Ha CI0X-
HocTb cTpyKTyphl K/I, cBsizaHHbIX ¢ AO B KKCA. IlpunosatocHbie
K1, koTopbie, Kak IpaBuio, HaOI0AA0TCs B TOAbl MUHUMYMa WU
HU3KOI aKTUBHOCTU, BBIICJSIIOTCSI OTHOCUTEJILHOM CTallMOHAPHO-
CTblO, M 3HAK MArHUTHOTO MOJISI COOTBETCTBYET MAarHUTHOMY MOJIIO
N n S momocosB. CpenHemmmpoTtHble K] pacmoiaraiorcss Ha «IIO-
BEPXHOCTU UCTOYHUKA» (A = 2,5Rg) B MECTax MaKCUMYyMa KPYITHO-
MacIUTaOHOI0 MarHUTHOTO MoJjisi. Kak mpaBuiio, cpelHeIIpPOTHBIE
K/I, pacrionaratorcst B mpsiMoM KoHTakTe ¢ AO, W1 TECHO CBSI3aHbI
C HUMM TTOCPEICTBOM OIPEACICHHBIX CEIJIOBBIX CTPYKTYP KPYITHO-
Mac1ITabHoro MaruutHoro noJis. I1o rpanuiie K/I (oObdHO B Oosiee
HU3KOLLUMPOTHOI €€ 4acTu) pacrojaraloTcsl MarHWTHBIE, PaJuo U
onTuyeckue 11ermouku, otkpeiTele .M. Yeptkom (1999). Onmnoit
U3 XapaKTepHbIX O0COOCHHOCTel cpeaHelnpoTHhix KJI sBisieTcs
NATeAbHas (B TeueHue 5—8 060poToB CoJIHIIA) SMUCCHUST BBICOKO-
CKOpPOCTHBIX V = 650+800 KM/C NMOTOKOB IUIa3Mbl OTHOCHUTEIHHO
HU3Koi (n y opobutsl 3emiau < 5+10 CM_3) KOHLIEHTpaLU. DTU
notokd oT K/l oTBeTCTBEHHBI 3a TMOBTOPSIOLIMECS (PEKYPEHTHBIC)
reoMarHuTHbIe Bo3myleHus (MoruneBckuii, 1995). B mpenenax KT
Ha0I0JaI0TC MaJIoMaclUTAOHbIE peHTTeHOBCKUE TOYKM, a MHOIAA,
B HeogHopoaHou miaa3Mme KJI, HabmogaroTcst ObICTpOU3MEHSIIOII -
ecsl, apKOIOJOOHbIe, SIPKHUE CTPYKTypbl. Kak oTmMeuayjoch BHILIIE,
K/, Bxonst B KpynmHoMaciutadHbeiii Kommieke ColHEYHOM aKTUB-
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Hoctu. Camoe 3aragoyHoe B K/l — 5TO KakoB MexaHU3M IeHepa-
LM U UCTOYHUK BHEPTUM, OMPEACIISIIOLIMNIA BBIXOJ BbICOKOCKOPO-
CTHOro reo3¢d@eKTUBHOrO COJIHEYHOro BeTpa. TeruioBoii MOTOK B
Hikenesxaneit (mox KJ1) mepexomHoit 30He paseH =6 -10* apr/cm’c.
OTMmeTuM, 4TO JJIS1 CIIOKOMHOTO COJTHEYHOrO BeTpa TpeOyeTcs mpu-
TOK DHEPIUH, IIPEBBILIAIONINIL 6 10 3pF/CMZC, TOrJa KakK pajaua-
LMOHHBbIN motok KJI MeHee uiu paBeH 1,4 10 9pr/CM2c. Ennn-
CTBEHHBIM MCTOYHUKOM OSHEPIrUy UM BElIECTBA, KOTOPBIA MOXET
o0ecreynBaTh JJIMUTEIbHbIA BBICOKOCKOPOCTHOIM re03¢deKTUBHBIMI
cojiHeuHblid Betep ot K] siBnsiercss AO, nmpuMbIKaroliast Uil CBs-
3aHHag ¢ K. Yapuenusi peHTreHOBCKMX TodyeK B K/l («MHUKpo-
BCTIBIIIKI») MOTYT BBUICISATH Hepruio < 1022 apr. Dro Gosee dem
Ha MIITh IMOPSIKOB MEHBIIIEe caMoii ciadoii (kiaacca «C») COJIHEU-
HOM BCIIBILUKU. DPYNTUBHBIE BBIOPOCHI PEHTIEHOBCKMX CTPYH U3
coceqHux AO HeomHokpaTHO oTMevyaymch Ha KA «Johkoh». Ho 310
UMIYJILCHOE SIBJICHWE HE MOXET 00ECIeUUTh KBAa3UCTALIMOHAPHBIN
BBICOKOCKOPOCTHOM COJIHEYHBIN BeTep B Te€YEHME MHOTUX 00OpO-
toB Conama. CymmapHast MorHocTh amuccru KJT =3 <10?° spr/c.
Ecmu ponyctutsh, yto Bce (10—20) peHTreHoBcKMEe «Todku» B KJI
BHE3aITHO BCIBIXHYJIU, TO MOIIHOCTb 3TOTO IIpoliecca ObLIa ObI
< 2.10% 9pr/c, 4TO Ha TPU TOPSIJIKA MEHbIIE SMUCCUM KOPOHAJIb-
HOM JIBIPHI.

Cpenu psima npemnoxeHHbIX Mopaeneid KJI, Hambosiee moyiHOM
MpEeaCTaBIISICTCSI MOMIEb, TIpemtoxkeHHas Yammeem (1988). Ona npen-
CTaBJsIeT CO0OI €CTECTBEHHOE Mpodo/LKeHue padot Yaiues u
HIumosa mo Teopuu CIOKOMHOro coiaHeyHoro BeTtpa B MI'Jl Typ-
OyJeHTHOH, chepuyeCKU-CUMMETPUYHON OKOJOCOJHEYHOM
(r £ 20+30Ry) nnazme. PelueHune ypaBHEHUI CaMOCOINIACOBAHHOM
ogHoxuakoctHoit MI'/l B kopoHansHOI mima3zMe K/l paccmarpuBa-
eTCS TIPU HaJIUYMKM HMCTOYHMKA alb(pBEHOBCKMX BOJH. OCHOBHOE
MTOJIOXKEHUE BTOW MOJEJIM COCTOUT B TOM, YTO MAYIUWNA CHU3Y IO-
TOK HEPrUM B BUAE HU3KOYACTOTHBIX aIb(PBEHOBCKUX BOJIH PE30-
HAHCHO TOTJIOIIAETCs Ha 60pmmx BbicoTax (= 10Rg). DTo npuso-
JUT K «OXJaxaeHUo ocHoBaHus» K/ u (opmupoBaHuIo CBEpX-
CKOPOCTHOTO COJIHEUHOT'o BeTpa. bojbliasgs pacXxoaMMOCTb
MarHuTHoro mnoJst K criocoG¢cTByeT 60/blleMy HOHMXEHUIO TeM-
rneparypbl U MJIOTHOCTU B KopoHe K/I. DTo moutu BOBoe yBeINMYM-
BaeT CKOpocTh cojiHeuHoro BeTpa (CB). Ilockonbky sHeprus CB
Hag K], o moaenn aBTOpPOB, JOJDKHA OBITh TaKOW ke, Kak U B
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cnokoiitHoM CB, TO mpu 0GO0JBIION CKOPOCTU YMEHBIIAETCSI KOH-
LeHTpauus 1ia3Mel (6o VN = const).

B 51001, Ka3agock Obl, HauOoJIee MMOAHO pa3pabOTaHHON MOJe-
JIU, HE YYUTBIBAETCSI DKCIIEPUMEHTAIbHBIN (AKT CYLLIECTBEHHOM
cBs3u KJI ¢ 61M3KO pacnoio;KeHHOM (MM HaxoIslLelcs B Tpsi-
MOM KOHTaKTe) aKTMBHOI 0OO0JIAaCTbIO M aKTUBHBIMM BOJOKHAMM.
[TpakTruecku, BO BCeX APYrMX TEOPHUSIX COJIHEUHOro Betpa u3 K/
MPUHUMAETCSI, UTO IEPEHOC 3HEPrur oT (PoTocdepsl 10 HECKOJIb-
Kux pagnycoB CosHLA MpoUCXOAUT Oyiaromapsl reHepaluyd BOJIH
AnbdBeHa. [Ipy 5TOM He paccMaTpMBAETCs MCTOYHMK BO30YXKIe-
HUS 9TUX BOJIH. HekoTopoe BUIOM3MEHEHIE 3TOr0 OOLIEro MOIX0-
na caejaaHo B pabore Ofman L, Dorilo M, (1997). B Heii Hayajib-
HbI€ 3BYKOBbIC BOJIHBI B K/l mocrerteHHo mepexoasaTt B MI'JI-conu-
ToHbI. Pelnaercs 3amada o Bo30yxaeHuu MIJl-conuToHOB mipu
pacpoCTpaHEHUM 3BYKa BIOJb «MAarHUTHOW CTEHKW» (ypaBHEHHUE
benbsamuHo-OHO). [Iuccumnanust COMUTOHOB HE pacCMaTpPpUBAETCS.
CB, mo MHEHMIO aBTOPOB, 3TO 1 eCTb MOTOK MIJI-COJMTOHOB.

BbixogoM u3 nepeyncaeHHbBIX TPYTHOCTEH MOXET CIYXUTh YUYeT
(ppakTanbHOCTH TpaHuLbl K/I. DKCrieprMMeHTaIbHBIM MaTepuaioM
1711 paccueTa ppakTajbHOU pazMepHocTd rpaHul K]l mocmyxuau
OpPUTUHAJIbHBIE CHUMKHM B MATKMX x-7y4yax (0,3+6,0nM), koTopbie
opumm mosnydeHbl Ha KA «Skylab» (MormneBckuii, 1995) u KA
«Johkoh» [opurMHajbHBbIE CHUMKU B X-JIy4aX ObLIM IIPEIOCTaBJIC-
Hbl HaMm 1ipod. I'ypman (CIIA)]. B xayecTBe yCTOMYMBOM I'paHU-
bl KJI MBI uCIoib30Baiv JaHHbIE (HauOoJiee 4eTKue) HalJIroje-
Huii Ha KA «Johkoh» mpunotocHoit K/ 8 mas 1992 r. ®pakranb-
Hasg pa3MepHocTb D okazanack paBHOU 1.39(5). AHAJOTMYHO IS
KI npu S-nomoce (21—23 cents6psi 1993 r.) paBHSUIMCBH, COOT-
BercTBeHHO, 1.43(8); 1.41(3) u 1.47(5). Kak BuauMm, cTaloHap-
HOCTh rpaHuLbl OpunoiatocHbix KJI okasamach ycToiiumBoit (1o
(dpakTanbHOU pazMepHocTH). Huciao Xepcra Obu10 6osblie 0.5, 4yTo
CBUJIETEILCTBYET O IIOCTOSIHCTBE T'paHul] IpunomocHbix K. st
npunoocHbiXx K/l moanuTka 3HEPruv MPOUCXOIUT, MO-BUIUMO-
MY, OT COCEIHMX IPUIIOJIOCHBIX (DAKEIOB, IJISI KOTOPBIX MpPSIMbIE
W3MEPEHUSI MATHUTHOTO TIOJIST 1Al 3HAYEHUS TTOpsiIKa KUIorayc-
ca (MakapoB u ap. 1997). CyuiecTtBoBaHUE XapaKTEpHbIX CTpyii-
HBIX «ILIETOYEK» HaJ ITOJII0OCAaMM YKa3bIBa€T HA HAaJIU4YME UCTOUYHUKA
COJIHEUHOTO BeTpa. DTO MOATBEPAUIM MPSIMbIe U3MEPEHUS COJI-
HeyHoro BeTpa Ha KA «Ulysses», mpoBeaeHHBIC B CepeIMHE CCH-
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Ts0pst 1994 1. Ha pacctositHuM = 2a.e. U3mepeHHast ckopocth CB
okazanach = 750 km/4, 1.e. K/I neiiCTBUTENBHO SIBJISIIOTCS MCTOY-
HUKOM CBEPXCKOPOCTHOI'O BETpa.

I'panuiy KJI mMoXHO paccMaTpuBaTh, KaK Iepexo] OT 3amar-
HUYEHHON (puaamMeHTapHOM mja3mbl okpyxatouiei cpeabl (KKCA
i AO) u mna3mbel K/ ¢ paguaabHbIMUA (puIaMeHTaMU, KOTOPHIE
yXOaSIT B OeCKOHeYHOCTh. KonuuyectrBeHHO rpaHuny K MoXHO
HOJIYYUTh BBIUMCIEHUEM (paKTaJlbHOU pa3mepHocTu D = 21gl/1gA,
rne L — nepumetp, A — niowaas KJI, namepsieMbie B MpOM3BOJIb-
HBIX MAacCIUTAOHBIX €IMHUIIAX, B TIPUHLIMIE CTPEMSIILIMXCSI K HYJIIO.
Kaxk 010 moka3zaHo BbIIIE, U3MEHEHUS (PpaKTaaIbHOU pa3MepHOC-
TU, OTpeAeIsiiolIe Bapualrio 3HeprornoToka 1o rpanuue K/,
3aJal0TCsl BapaKeHUEM

oD _ 0| gy 0D (3.13)
ot or or

e KVt — xoadbduiment HenuueitHoi amdbdysun
K" (Rt) =Ky (R1)r®, (3.14)

rae r — o0O3HayaeT ABYMEPHYIO KoopAuHATy mpu auddy3uu Ha
JIBYMEPHOM (PpakTaJbHOM pEILETKE, Ky(rt) — JIMHEUHBIA KO3(]-
¢dunmenT apymepHoii nuddy3uun. [lapameTtp 6 ompeaeaseTcst 3Kc-
nepuMeHTanbHo. [Ipu D = 1,56+0,08 mosayderno 6 = 0,25+0,04
(Lowrence, 1991). KBa3uiuHeiiHoe napaboanyeckoe ypaBHEHME
(3.13) nMeeT psm TUCKPETHBIX MAKCMMYMOB Bapyaluy (ppakTaib-
HOM pazmepHocTu D(rif) . MakcumyM B peliieHuu ypaBHeHus (3.13)
nornajgaeT Ha gppaktanbHyto rpaHuny KJI, roe BEpOSITHOCTbH B3au-
MOJEHCTBUS MEXIY (DpPaKTATbHBIMU 3JIEMEHTAMU UMEET MOPOroBOe
3HauyeHue P = P, ,. Kak mokasbiBalOT pe3y/ibTaThl YUCICHHOTO
MOJEIUPOBaHUS, (DpaKTalbHas PasMEPHOCTb 3TOTO BHYTPEHHETO
MEePKOJISILIMOHHOIO KjacTepa nmpuHuMaet 3HaueHue D = 1,89 £0,03.
Hamnpumep, ripyu BoIHOBOM MpUpOAe KaHATU3UPOBAHHOTO ITPOTE-
KaHus (IepKOJISIIMKU) CcBOOOMHAsI sHeprusi £, mo (pakTajibHBIM
KJacTepam, OMpeaesisieTcsl BbIpaXkeHUEM

E=K D/a, (3.15)

riae a — HopMUpymomuii KoadduimeHT cBoOoaHo saHepruu. [1om-
CTaBUB SMITMPUYECKHE 3HAYEHUSI BCEX MapaMeTpoB, MOXHO Olie-
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HUTb MOTOK SHEPIMM 4Yepe3 €IMHUYHOE JIBYMEPHOE CEeUYeHHE I'pa-
Huubl K/1. OueHku nokaszanu, yto £ > 2 10° apr/cMm c. Orta BelIu-
YMHa, IpeBbIIIAIIAs pagualMoHHbIM moTok KJI, MoxeT 3Hauyu-
TeJbHO (B 2—3 pasza) yBeJIMUYMBATBCS MPU aKTUBHBIX IIPOLIECCAX
(Hanpumep, Bapuauuu @parmeHToB BojokHa B AO) B KKCA, B
KoTOpbIii BXoguT KII.

[Tpumepom mMoxet cayxuth ciyyail B KKCA B aBrycre—aekao-
pe 1996 r. B mepnon riaybokoro MMHAUMYMa COJTHEYHOIO IIMKJIA U
Hayaja HOBOro, 23-ro, oauHaauatujeTHero rnepuoja Ha CoJiHle,
Habtogancs €IMHCTBEHHbI KoMIuliekc: ounossipHass AO B S-110-
Jycdepe ¢ aKTMBHBIM BOJIOKHOM ((parMeHThI BOJIOKHA OBICTPO
M3MEHSUIMCh), TIpUMBIKaBLIIas K W-rpaHuiie orpoMHON MPOTSIKEH-
Hoctu (mmoutu g0 N-nomoca) K. Drta KJI moayduia mpyu MHOIO-
YUCJACHHBIX MCCIAEAOBAHUAX (JOJOXEHHBIX HAa CUMIIO3MYyMax B
1997 1, B Crokronpme, Bo ®pannuum, u B ['omnaHaumn) coOCTBEH-
Hoe uMs <«elephant’s trunk». IIpoBeneHHas MO 3TOMY SIBJICHUIO
MexXayHapoaHas rmporpamma «Whole Month Sun», B KoTOpoii pac-
CMaTpUBAJIMCh HAOMOAeHMS 3a TOJIHbIN 000poT CoJiHLa (¢ 8 aBry-
cta 1o 10 centsa6pst 1996 r.), 1mokasayia, 4YTO Ha BCell MOBEPXHOCTHU
CosHIIa OBLT TOJBKO €IMHCTBEHHBIN 00BbeKT akTuBHOCTU: KJI1
cBsi3aHHas ¢ AO. B ceHTsa0pe—oKTs0pe y BocTouHOM rpaHuubl AO
nosiBiiack euie K/12, conmpsckeHHasl 110 MAarHUTHOMY MOJIO (CM.
puc. 13). XapakTepHO, YTO BbICOKOCKOPOCTHOI COJIHEUHBII BETEP
(BCB) no usmepenusim Ha KA Wind Ha opbute 3emiau coxpaHsiia
(Banbuyk, Morunesckuii, 2001) or K11 N-noasprHoctb, K/11 pac-
roJjiarajach Ha XoJiMax N-MarHUTHOM MOJSIPHOCTU (pOTOCHEPHOTrO
nosst. BCB ot K12, pacnosoxeHHOi Ha S-1ojie B S-Tojylapuu,
coxpansi1 3HaK nojsipHoct B BCB Ha opoute 3emuu. I1poBeaeH-
HBII pacyeT 10 BpeMeHHOoMY psiny udMepeHuii Ha KA Wind meto-
nom Higuchi (1988) cpenHeil ¢ppakTagibHON pa3MepHOCTH B Teue-
Hue JaByX 00opoToB CoJiHLA (CeHTSIOPb—OKTIOph) Jajl 3HAauYeHUE
D = 1,45+1,50 xaK 111 MAarHUTHOTO MOJISI, TaK M JUISI HOTOKA TIa3MBbl.
B oTaenbHBIX ydyacTKax BPEMEHHOIO psiga, HE COOTBETCTBYIOILIMX
CKOPOCTHOMY COJTHEYHOMY BETpY, (DpakTajbHasi pa3MePHOCTb JOXO-
nuna o 1,80+1,85, uto 6M3K0 K XapaKTepUCTUKE TYpOYJIM30BaHHOM
mia3Mbl. DpakTanbHble pa3MepHOCTH ¢ N 1 S MOJSIPHOCTBIO (CBSI-
3aHHble ¢ KJI1 1, coorBeTcTBeHHO, ¢ KJ[2) 0Ka3aauch OMMHAKOBbI-
Mmu. HakoHeu, Ha 3anmycy MarHUTHOTO TI0JISI U MJIa3Mbl B BBICOKO-
CKOpOCTHOM cojiHeyHoM BeTpe (BCB) nHabmopanuch daykryauuu
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29.08.96 P=20.36; B =7.13; L =269.22

MarHuTtorpamma obceppatopumn CtaHdopa
N

K02
19.42 UT S

AQO + BONOKHO NYHKTUP - --

cnnoLliHasa - +

Puc. 13. CxeMa pacrnioioxeHus: I1ByX KopoHaJbHbIX Obip (K1 — TpaHaKBa-
TopuajibHasi N-MarHuTHoM nonsipHocTr, U KJ12 — 1oxxHasi KopoHaabHast AbIpa).
Ha cxeMe mokazaHO aKTMBHOE BOJIOKHO, KOTOpPOE€ Mepecekano (akeabHYyIO
obmactb N M § MarHMTHOM TIOJNSIPHOCTU. DTU XpOoMOCHEePHO-KOPOHATIbHBIC
o0pa3oBaHMsl HAJTOXEHbI HAa KapTy KPyMHOMACIITAOHOTO MAarHUTHOIO TOJIsI
(cxeMs B3gTa u3 Solar Geophysical Date (SGD)). ®pakrajabHble pa3MepHOCTU
n orpaxenre KJ/I1 m KJI2 B CKOPOCTHOM COJTHEYHOM BETPE MO M3MEPCHUSIM
Ha KA Wind npuBeneHbl B TEKCTE

(mo £20nT) NpoaOLKUTEIbHOCTBIO = 15+20 MMHYT. DTU UMITYJIbC-
HbI€ BCIUIECKM 3HAYUTEJILHO MPEBBILAIOT (Ha 1,5—2 nopsiaka) TypOy-
JIEHTHbIE (PIYKTyallMU B CIIOKOMHOM COJTHEYHOM BETpE. DTO MOXET
CBUJIETEJILCTBOBATh O CYILIECTBOBAHUMU B BBICOKOCKOPOCTHOM COJI-
HeuHoM BeTpe (BCB) aucKpeTHbIX MarHUTO-TUIa3MEHHBIX 00JIaKOB,
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Ux (GSE)
km/c
Uy (GSE)
Km/c
Uz (GSE)
Kkm/c
N, NOHBI
of 1 . . : \ .
25 IX. 27.1X 29.1X 1. X 3. X. 90
1 2 3
U x (GSE) jgg
Km/c %00
- 800
-700

Uy (GSE) ?Eg

Kkm/c 100
50
o
—50
Uz (GSE) 188
KM/C had
o
-3
N, MOHBI -198
40
30
20
10
o
20. X. 22, X 24, X. 26. X. 28. X. 30. X. 90

Puc. 14. ®parMeHThl perucTpalmnm MapamMeTpoB COJTHEYHOIO BETPA B OKPECT-
HocTu 3eman Ha KA Wind B TeueHue aByx 060oporoB CosiHIIa, TPOXOXICHMUS
KA1 n K2 B ceHtss6pe n okTsiope 1996 T.

Ha xaxmoii ueTBepke 3amuceit JaHbl TTOCIeI0BaTeIbHO: MOAY/Ib cKopocTu CB,
JBa HamnpaBJICHUSI BEKTOpa CKOPOCTU (MO KOOpAMHATAM y U Z), MOAYJb KOH-
neHTpanun noHos CB.

Llndpamn cBepxy, B KakaoM o0opoTte, 0003HaueHo: | — mepuon mpoxoxiae-
Husg K/1; 2 — npoxoxaenue AO; 3 — nepuon npoxoxaeHus KJ/I2.
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Puc. 15. ®parMeHThl 3anycu MapaMeTpPOB MArHUTHOTO MOJISI B COJIHEYHOM
BeTpe Ha opbute 3emuu 1o HabOmoaeHnsIM Ha KA Wind, nmpu mepBoM IIpo-
XOXAeHUU KopoHajbHbIX Ablp KA1 u KI2.

OO0o3HaueHus 1, 2, 3 Te Xe, yTO U Ha puc. 14.
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Puc. 16. ®parMeHTHl 3aMMCcH TTapaMEeTPOB MArHUTHOTO IIOJISI B COJTHECYHOM
BeTpe Ha opouTe 3eMJIn 1o TaHHBIM M3MepeHuit Ha KA Wind mipu BToppaHOM
MPOXOXAEeHNU KOopoHanbHbIX Abip KJI1 n KII2.

O06o03HaueHus T€ Xe, YTO U Ha puc. 14.
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(bpakTaJbHBIX arperaToB, KOTOPbIe TEHEPUPYIOTCS B KOPOHAJIbHBIX
apipax CosHua. Xapaktepuctuku BCB mo uzmepenusim Ha KA
Wind y opOuThl 3eM/IM COXpAHUIUCH IPAKTUUECKU O€3 CYIIEeCTBEH-
HbIX M3MEHEHUI B TeYECHUE aHaJIM3MPOBAHHBIX JIBYX OOOpPOTOB
ConHua. CoxpaHuiach Takxke MX reod(@@deKTUBHOCTb: B IOTOKE
KA1 — B, cocraBnsioiias U «3¢pKaIbHOCTb» B, ¥ B, KOMITOHEHT
MIPUBOAMUIN K Pa3BUTUIO F€OMAarHMTHOM BO3MYILEHHOCTH, 3HA4U-
TEJIbHO MPEBBILIAIONIECH T€OMarHUTHYIO BO3MYILIEHHOCTh oT KJI2.
Psan uccnenomareneii (Sreenivasan, 1991, Burlaga, 1991, 1992),
VICTTIOJIB3YsI BpeMeHHbIe psiabl usMmepennii CB, koTopble mpoBoan-
JIUCh Ha HeCcKOJIbKUX KA, pa3HeCEeHHBIX B IIPOCTPAHCTBE, WJIM JIaH-
Hble ogHOoro KA 3a miurtesbHOE BpeMsl, YCTAHOBUJIM TaK Ha3bIBae-
MYIO0 MyJIbTU(MpaKTaIbHYIO CTpYKTYpY CB. BDT0 03HavaeT, yto B CB
CYLLIECTBYET HECKOJBKO (CMEKTp) (ppakTajibHbIX arperatoB C pas-
JIMYHBIMU 3HAYEHUSIMU (PppaKTajabHON pa3MepHocTU. Ilpu sTom
cieayeT ydyecTb, uTo B CB peanmsyercst He camoriojgodue, a camo-
adPpUHHOCTD, T.€. TTOAOOME TOJIBKO IO ABYM KoopAuHaTam. B pa-
o0otax MunosaHoBa u ap. (1993; 1996) npoBeaeH aeTalbHBINA TEO-
peTudecKuii aHaian3 caMmoadPUHHOCTU MarHUTHOTO 110Js1 B CB mo
nm3MepeHussM Ha KA ISEE-3 nHa paccrosauu 0,2+0,8a.e.
[Tpennonaranock, yro MaruutHbie ctpyu (MFT) B CB renepu-
PYIOTCSI KpYyIHOMACIUTAOHBIMU (PpakTaJbHBIMA MarHUTHBIMU T1O-
J9MU Ha ¢oTtocdepe. ABTOPBHI pacCUMTAIU CIEKTP BO30YKIECHHBIX
3BYKOBBIX KOJIcOaHMII Ha (ppaKTaJabHOI CeTKe. DTO MOJYUYCHO ITy-
TEM PELIeHUsI BOJHOBOTO YpaBHEHWUSI ¢ APOOHBIMM IIPOU3BOIHbI-
MU. YIIPOILLIEHHO MYJbTU(PPAKTAIBLHOCTL MOXKHO IPEACTaBUTh, KakK
Hatop B CB ¢pakTaabHbIX 001aKOB C pa3IMYHBbIMU IapaMeTpaMu.
CnoxHas ctpyktypa CB uccienyercst moka nmo KA, pacrosgoxeH-
HBIM B IJIOCKOCTHU SKJIMOTUKM, TaK 4YTO IPOCTPAHCTBEHHAsI CTPYK-
Typa (ppakTaJbHbIX 00JAKOB BOCCTAHAB/IMBAETCSI, B OCHOBHOM, T€-
opeTndyecku. ECTb ocCHOBaHUSI MpearosaraTb, YTo BHE SKJIUIITUKMU
ctpykTypa CB cyniectBeHHO MeHsieTcs (HadmoaeHust Ha KA Ulissis).
DTO clieyeT TakKe U3 pas3iudusl XapaKTepUCTUK MTPUITOJIOCHBIX U
cpeaHelMpoTHbIX K/I, M M3 JaBHO BBINOJHEHBIX PagdoacTPOHO-
Mmudeckux maMepeHuit CB mo cumHmmiasiuuu 3Be3n (ButkeBuu,
1960). Oxa3zanock, 4TO € YBEJIMYEHMEM PACCTOSIHUS OT IJIOCKOCTHU
SKJIMIITUKM PaCTET CKOPOCTh CIIOKOMHOIO COJTHEYHOI'O BeTpa. DTO
K€ MOATBEPXKAAIOT HAOIIOIeHUS HATIPaBJIEHUI KOMETHBIX XBOCTOB,
KOTOpbIE€ TPOBOAMIMCH NPU Pa3IMYHOM ITOJOXKEHUU KOMETHI BHE
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SKIUNTUKU. DPpaKTalbHO-KJIACTePHBINA MOAX0A K MCCIEIOBAHUIO
KOPOHAJIbHBIX JAbIP MOXET €CTECTBEHHO OOBSICHUTHL HEKOTOPbIEC Xa-
paktepHbie cBolicTBa KI/I.

Bosiokna (mporybepaHiuibl). bojiee Beka u3ydaroTcsl BOJIOKHA Ha
ceT obcepBaTOpuii, BeaylIMX HaOJIOJEHUSI C TeJeCKOINaMu, CO-
NPSDKEHHBIMU € Y3KOMOJIOCHBIMU (AL < 0,5+0,25 A) Ho unHTepde-
PEHLIMOHO-TOJISIPU3ALUMOHHBIMU (PUALTpaMU (TMIpeXae — CO CIeK-
Tporesorpagdamu). CyllecTByeT MOMCTUHE OTPOMHBII MaTepuasl
HaOJIIOIEHUI, KOTOPBI, OCOOEHHO B MOCJEIHUE IOJibl, KAYECTBEH-
HO CYLIECTBEHHO YIYYIIWICS: TOCTUTHYTO BBICOKOE ITIPOCTPAHCTBEH -
HOe pas3pellieHHde U JIeTaIM3UPOBaHa CBSI3b BOJIOKOH C MarHUTHbI-
MU noJsiMU (KpyrnmHoMaclutabHbiMU U TtosiMu AQ). MHTepec K
9TUM HUCCJIEIOBAHUSIM BO3POC B CBSI3U C OOHApyXeHHBIM 3(PdeK-
TOM BHE3alTHOTO MCYE3HOBEHMSI BOJIOKHA, MPUBOISILIMM K POCTY
KOPITYCKYJISIPHOTO U3IyYeHUsl (reodPeKTUBHbBIE MOTOKM 1 COJI-
HeuHble KocMuueckue ayur). Ha puc. 17 npuBeneH npumep pac-
naga Ho-BojsokHa (A), SXT-duabTporpammbl, cHsTor Ha KA
Johkoh (B), u Hameit KOMIbIOTEpHOII 0OPAOOTKM (PUILTPOIpPaM-
MbI SXT-Johkoh (C). Ilporpamma KOMITbIOTEpPHOI 00pabOTKU Opu-
I'MHAJIBHOTO CHUMKA BBIJEJSIET MEeCTa ¢ HAaMOOJbIUUM T'PaJUeHTOM
sgapkocTu. ToHKUeE sIpKUe JUHUU COOTBETCTBYIOT, KaK MPaBUJIO, Mar-
HUTHBIM CIJIOBBIM JuHUSIM. Ha kommbsrorepHoM cHumke (C) BUjI-
Ha CJI0XKHasl CUCTEMa apOYHBIX CTPYKTYP B MSTKOM PEHTIE€HE, KO-
TOpBIC BBLICISIIOTCSI MIPU KOMIbBIOTEpHOIT 00padoTke SXT-dbuiabt-
porpammMbl. C MCUE3HOBEHUEM BOJIOKOH, TMOJHBIM WJIM OTAEJIbHBIX
ero parMeHTOB, CBSI3aHO SIBJICHUE KOPOHAJIBHOIO BBIOpOCA Bellle-
crBa (CME), craBiiee JTOCTYIIHBIM HAOMIOAEHUSIM IPU MCHOJIB30-
BaHuu Ha KA kopoHorpagoB ¢ BHelnHUM 3atMeHueM (KA SOHO).
B pamkax MI/l cIlomIHBIX Cpell MOCTPOEHBI MOJIEIN CITOKOMHBIX
U aKTUBHBIX BOJIOKOH. OCOOBII MHTEpeC BbI3BaI paboThl S Martin,
n ee coaBTopoB (1997), KoTOpble MO BHICOKOKAYECTBEHHBIM
Ho-punsTporpaMmaM McciieI0Bavd OJJHY BaXKHYIO 0COO€HHOCTD BO-
JIOKOH: HarpaBJieHUEe «OTPOCTKOB» BOJIOKHA.

DTU OTPOCTKU CBSI3aHbI C MATHUTHBIM MOJIEM M HaIlpaBJIEHbI 1O
pazHomy B N u § nonycdepax CosHila. DTO IOATOJIKHYJIO PsiJI
TEOPETUKOB K MOCTPOCHMUIO MOJIE/IEi MArHUTHOTO MOJIsI BOJOKHA U
ero okpectHocteli. CylleCTBEHHBIM HEIOCTAaTKOM BCEX 3TUX pa-
00T, KaKk HaM MpPeACTaBJISIeTCs, SIBJSIETCS OYE€Hb OrpaHUYEHHBIN
MaTepuall HeIOCPEACTBEHHBIX (IIPSIMbIX) HAOMIOACHWUI MarHUTHBIX
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IOJIEM C BEKTOp-MarHuTorpa-
domMm, U xapaxkTepa IBUKEHUSA
I1a3Mbl B CAaMOM BOJIOKHE 1 €r0
okpecTHOcTsIX. OcTtaeTcss Hepe-
IIEHHBIM BOIIPOC: KaKOBBI UC-
TOYHUKU DHEPrUU, U KaKOB
«CUEeHapui», NMPUBOIAIINN K
HOJHOMY (MJIM 4YaCTUYHOMY)
pacnajay BOJOKHa?
Paccmorpum sty mpobiemy
HECKOJIbKO TtoapobHee. Cucte-
MaTU4YeCKUE TPAIULIMOHHbBIC Ha-
OroneHMs1 BOJIOKOH B MenoHC-
Kol obcepBaTtopumn (PpaHiius)
npuBev nx aBropoB (Muradian
et al, 1988) Kk ycraHOBJIEHUIO B
aKTUBHBIX BOJIOKHAX 0CO0Oro
yJacTKa BbIXOJla SHEPTUM BO3MY-
1IeHM1sI, Ha3BaHHOro MMu «Pivot
Point» («oceBas Touka»). «P.P»
BBIIEJISIETCS XapaKTepPHBIM TBEP-
JIOTeJIbHBIM BpallleHMeM, TaK YTO
MPOTSKEHHOE BOJIOKHO KakK Obl
MOBOPAYMBAETCSI BOKPYI HEro.
Ham ynanoch 3aperectpupoBaTh
«CLIEHApU1» pasBUTUS U TOCIIE-
JyIOoLIero pacmnaja BOJOKHAa

Puc 17. Ilpumep adpdekra pacnaga
BoJIOKHA (A), BOJOKHO 0003HAUYE€HO
crpenkoit, SXT-Johkoh cHuMOK-opu-
ruHan (B), U mociie KOMIIbIOTEPHOM
oopabotku (C). Cuumok (C) mpen-
CTaBJISECT JMHUU PABHOIO TpaJueHTa
SIPKOCTH, TOJTyYe€HHBIE ITPU 00pabOTKe
Ha KOMIbIOTEPE OPUTMHAIBHOMN (DUJTb-
tporpammMmbl SXT (B MSATKOM PEHT-
reHe), noiayueHHoil Ha KA Johkoh.
AKTHBHBIE BOJIOKHA B Ho-(pHUIbTpO-
rpamme, noayueHsl B USMUUPAH.
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Puc. 18. [lpumep pe3koii akTMBU3aLMM BOJIOKHA MPpU ¢Jiaboi Berbiike B AO.
Hab6monenust Morunesckoro 3.U. u Ilunosoit H.C. Ha Teneckone K. Lleiica
C Y3KOIMOJ0CHBIM (puabTpoM (AL = 0,25) co casurom nosockl. (Kopodosa 3.B.,
Morunesckuii 3.W., lunosa H.C., Astron. and Astrophys., 1991, v.305, p.643).

16 aBrycta 1991 r., mpu HaGbmoaeHUAX (> 6 4acoB) ¢ TEJIECKOIIOM
(F = 8 M, d = 250 mm) u UTTD-Onrron- Ho (nosoca 0,25 A, ¢ Bos-
MOXHOCTBIO OBICTPOTO MEPEMEIIEHUST Y3KOM IMOJOCHI B OOJIBIINX
npenenax 16 A). JletaqbHblil aHAIM3 3TOro cilyyasl ONUCaH B pa-
o6ote Kopobosa u ap., (1991). Mbl nipuBeaeM TOJBKO HECKOJbKO
CXEeMaTUYECKMX PHUCYHKOB M3 3Toi padotsl. Ha puc. 18—20 npuse-
IeHbl (parMeHTHl pa3BUTUS aKTUBU3aLUMU BojokHa. Ha pwuc. 19
MOKAa3aHO MOCJEI0BaTEIbHO MOJIOKEeHWe BoIoKHA ¢ 12 mo 17 aBry-
cta. PucyHok unmoctpupyeT cyuiectBoBaHue «Pivot Point», co-
BIIABIIICIA ¢ MECTOM CYOBCIIBIIIIKM M pacliajoM K 16 aBrycra He-
oonbioit rpynnbl ngteH (N6979). CywectBoBanue Pivot Point
OTMEUYEHO M B aKTUBHBIX 00JIACTSIX. B HMX MOryT mocjienoBaTeAbHO
BBIICSATHCS 2—3 TaKUX ydacTKa, Iomnajgaroliye Jaxe B LIEHTP BeCh-
Ma CJIOKHBIX MSITEH «0»-KOH(MUIypaLUuu, Wi BOJIMU3U TPAHULL CJIOXK-
HbIX T19TeH. CyluecTBeHHO, 4To Pivot Point sBisieTcst MECTOM MM-
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Puc. 19. ITonoxeHne aKTUBHOIO BOJIOKHA, ISITEH, W ¢Jaboi BCObIIKU B NO
AA 6774. 16.12.91. Crpenkoii o60o3HaueHO MecTo Pivot Point. Llngper — naTer
HaOJIIOACHUIA BOJIOKHA.

MyJIbCHOT'O BbIXOJA SHEPrur BO3MYlLLUeHUs BOJIOKHA (B AO sHeprus
pacXoayeTcsl Ha U3BMEHEHME CTPYKTYpPHhI IISITEH WM BCIbIIKK). MBI
HOMBITAIMACH TIOCTPOUTh BO3MOXHYIO Mojenb Pivot Point, kak oj-
HOTO M3 KaHaJIOB BbIXOAA 3HEPruu 13 1noadoTocdepHbIX I1yOuH,
YUMTBIBAIOIIYIO TOHKOCTPYKTYPHOCTb ((PpaKkTalbHOCTh) ILIa3Mbl B
KOHBEKTUBHOU 30HEe CosiHia. BoJIOKHO, Kak M3BECTHO, pacriojia-
raeTcs Mo JMHUU pasaesia MarHUTHOM nossipHoCcTU (N/S) Kak KpyTi-
HOMAaCIITaOHOro, Tak U JoKaabHOro (AQO) MarHuTHBIX T10J1€H. [1oc-
JlegHee o3HayaeT, yTo Pivot Point MoxeT pacnosiaraTbcsl HaJ KaHa-
oM, coeaAuHAIIIUM (GoTochepy ¢ OCHOBAHUEM S4YE€CUHON
koHBeKIMU (puc. 19). CornacHo cxeme MmarHuToKOHBeKLIMKA Hulbert
(1987), ocHOBaHUE STYEEUYHOI KOHBEKLIMM HAXOAMTCS Ha TIIyOWHE
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Puc. 20. (1) IlonoxeHue KpacHOro M CHMHEro CMEIUEHUs] Kpbuia JuHuu Ho
B BOJIOKHE; cBepxy — NV, ciieBa — F.

~ 2+3.10° em, e T = 2,4-10° K° u p = 81073 F/CM3. CoracHo
9TOI MOJEJIN, B OCHOBAaHMUU, 110 JMHUM pa3aesia HAIIpaBJIeHUN KOH-
BEKTUBHBIX ABMXKeHUI (Ha (otocdepe 3TO COOTBETCTBYET JIMHUU
pasiesa MarHUTHOWM MOJIIPHOCTH), 00pa3yeTcsl CYyIepKOHBEKTUB-
HbI m1azMou, (TIa3MOWA, BO3HUKIIMIA Y HUXKHEH T'paHULbI s4e-
€YHOM KOHBEKIIMM) C COOCTBEHHBIM MAarHUTHBLIM T10jieM. «OCHOBA-
HUE» sIYeeYHON KOHBEKIIMM HaXOJUTCs MoJ KojedaTelbHbIM
BO3JIEHICTBMEM KpPYyITHOMAacCIUTAaOHOro 1oJjis, T.K. AO (B. T.4. BOJIOK-
Ha) BxoasaT B KpynHomaciutadHbiii Komrmieke CojlHeUHO aKTUB-
Hoctu (KKCA). 3aMKkHyTOE T10/Ie CYNepKOHBEKTUBHOI TpeXmep-
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HOM SIYEMKU Mpe/ICTaBIIsIeT cOO0M mapaMeTpuyeCcKUil OCILISITOP,
1 COOTBETCTBYET pELUICHMIO ypaBHeHMSI Xuuia—Marbe. DTO mpu-
BOAUT K 00pa3oBaHUIO BUXps1 Xwuia B maazMouae (MoruieBcKuid,
1998). B, KOMIIOHEHTA 3TOTO TOJIST TOPMO3UT MUAYIIMN U3 TIYOUHBI
MOTOK Teruia («TeruioBast TeHb» no TepmuHonoruu Ilapkepa). Bos-
HUKAET JIOKAIBHBINA TPAIUCHT TEMIIEPATYPhl, YTO IMTPUBOJIUT K BCILIbI-
M0 BUuxpst Xuiaiaa. B kanane Pivot Point, raoe Buxpb Xuina jaeii-
CTBYET KakK IIOPIICHb, BCIUIbIBASI, TCHEPUPYIOTCSI HU3KOUYACTOTHBIC
MarHUTO3BYKOBbIC BOJIHbI. OHU pacnpOCTPaAHSIIOTCS B Cpejie C YObI-
Balollell TJIOTHOCTbIO, UTO MPUBOJMUT K MOSIBJAECHUIO CJIa0ON Auc-
nepcun. DTo, Kak OIMCAaHO B IaBe I, mpuBOAUT K 0Opa3oBaHUIO
LIETTOYKU T10CJIeI0BaTEIbHOCTU YEAUHEHHbIX HEB3aUMOJEHCTBYIO-
myx MI'J1-comuToHOB (T.€. BOJIH).

Ho, T1.x. kaHan Pivot Point npeacrtaBisieT co0oii «MarHUTHYIO
CTEHKY», TO B JAHHOM cJlydyae CjeAyeT MCII0JIb30BaTh HEJIMHEMHOE
ypaBHeHHe beHbsIMMHO—OHO

- - 2
@ﬂzl? ob —B 0 Hb)=0, (3.16)
ot or or?

raie b — BEKTOp BO3MYILIEHMUSI;

p T |b]
H(b) =" — — , 3.17
(b) ﬂ_{olijrblu (3.17)

['unpbepToBO MpeoOpa3oBaHue BekTopa b .
Pewiennem (3.16) aBiasgeTcsi AByMEpHBI, (10 HOBBIM MEPEMEH-
HbIM b U 1M ) aireOpanyeckuii COJUTOH

— an2 _
b=———; M=46/adcy, (3.18)
ST 4+M
3IeCh § = r — An; A = aq/4; a — aMIUTUTY/a COJIMTOHA, C7— CKO-
POCTb «COCUCOYHOI» HeJIMHEeWHOM BOJHBI. Ilocie ympoiieHust mo-
JIy4yaeM

g
QHE?

3neck £ — OTHOCHUTEbHAsI aMIUIMTYyJa BO3MYILLEHUS JaBJACHMUSI,
H — BbICcOTa OTHOPOAHOM aTMocdepshl, § — TeKyllas nepeMeHHasl.

a(8) = a(0) exp ;@ =nO)exp(&/2HE ). (3.19)
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B namem ciaydae mosydaem:

a) SKCIOHEHLMAJIbHO PACTYLUYIO aMIUIUTYAy COJWTOHA, KOTO-
DPBIii PACTIPOCTPAHSIETCS C TIYOMHBL 7 = 10° CM M MOCTHTAeT 3Hade-
Hust osist a = 10° Te.

0) UMITYJIbC MAarHUTHOTI'O BO3MYILLEHUSI, JIOKAJTU30BAaHHOTO B CO-
JINTOHE, TEPEMEINAIOIINUINCI CO CBEPX3BYKOBOM CPEIHEM JIOKAIb-
HOW ckopocTbio >10° cm/c.

B) IIOTOK MarHATHOIM 3HEPTUM, MEPEHOCUMBIN LEMOYKOM COJIN-
TOHOB (1 > 3) Moxer mocturatb ~10% opr.

DTN OLEHKU HOCIT TOJBKO WMJTIOCTPATUBHBIN XapakTep, T.K.
BBIOOp MapaMeTpOB HayaJbHOIO BO3MYIIEeHUSI M yciaoBuii B K3
(Moaenb Spruita 1974) B3sthl Aj1s1 HeBo3MylLIeHHOTo (BHe AO) Coi-
HI1Ia BecbMa MpPOU3BOJIbHO. OIHAKO, HECMOTPSI HA 3TO, Mbl BUAUM
BO3MOXKHOCTb ObICTPOI TPAHCIIOPTUPOBKM SHEPryM Mo KaHaiy Pivot
Point. Peanmuzanyst stoil sHepruu MI'J1 conuToHa ciaenyeT TOil Xe
CXeMe, YTO OIMcaHa B rjaaBe | JJ1g COJTMTOHHOI MOAEIU BCHBILIEK.,
Ot1anyre B JaHHOM Cilydae COCTOMT B TOM, YTO MOCJE€ BbIXoAa U
JUCCUMALIMU DHEPTUU COJIMTOHA, MPUBOASIIEH K BO3MYIICHUIO
BOJIOKHA WJM CTPYKTYpbl AQO, BCIUIBIBAeT BUXpb XUJIJIa, BO3OYIUB-
1IMiE HeOOJIbIIIOe BO3MYIIEHHE. DTO HAOMI0JAeTCsl JMOO B BUIE
pacnaga saep nsatHa (B AQO), 1ubO0 B BUIE JUCKPETHBIX «TOUYEY-
HbIX» MarHUTHBIX I10JIeli, IO KOTOPbIM MOXHO CYIUTb O TOM, TI€
pacnoJjioxeHa «mowaaka» Pivot Point. UMeHHO Takue aBa ciaydast
npejacTaBiaeHHbl Ha puc. 3 U puc. 19. Craenyet oOpaTuTh BHUMaHUE
Ha TO, YTO, B paMKax MpPeII0KEHHOU MOAECIU, MOXHO OOBSICHUTH
He TOJIbLKO aKTUBM3alMIO (pacraji) BoJOKHA U Je(POopMaLUIO CI0XK-
HbIX saep B AO ¢ «Pivot Point», HO 1 JaBHO HaOJIOJaEMOE SIBJIC-
HUe oOpa3oBaHUsI criuMpaibHOM CTpyKTypbl AO (MorunaeBckui,
1982). Bua crimpalibHOI CTPYKTYpbl MAarHUTHOTO ITOJISI TIPU BBIXOAE
SHepruu Buxpsi XWljia Xopollo BujaeH Ha puc. 21 u 22. Ho no-
CKOJIBKY B CJI0XHBIX AO Takoro poja BbIXOA SHEPIUU B BUJE BUXPS
Xuia MOXeT HEOTHOKPATHO ITOBTOPSITHCS, TO B MPOLIECCE IBOIIO-
i AO mpuoOpeTaeT SICHO BbIPaXK€HHYIO CHUPAIbHOCTb. Takoit
cJiyyail HaMM JIeTaJIbHO OMNUCAH B KOJIJIEKTUBHOI padote (Moru-
JIeBCKUi 1 1p., 1986).

CnupaibHble IBUXKEHUSI B HeJIMHEHOoMN noadotochepHOil cpe-
Jie BO30Y>KIAlOTCS B IPOLIECCE BCIUIBITUSI CTPYKTYPUPOBAHHOM I1J1a3-
MBI ¢ TtoJieM. CripajibHbIe BOJIHBI B cpejie (Iu1a3Me) ¢ IMCKPETHBIMU
9JIEMEHTAMM MCCJIEIOBAJIMCh PSIAOM aBTOpPOB (Hampumep, [laBbi-
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Puc. 21. Cxema pacnonoxkeHus TSITEH B CJAOXHOM, MHoromnsteHHoit AO B
utojie 1982 r. Ha pucyHke BUAHO, uyTO msATHA N U S MOJSIPHOCTU OOpa3yloT
JIOKa/IbHbIE (0OBbEAMHEHHBIE CIUIOIIHON JIMHUEN), M30THYThIE IO CHUPAIH,
napajuie/ibHble CTPYKTYpPHI (CM., HarpuMep, 12—13 urona u ap.). Takas KkBa3u-
criupajbHasi CTPYKTypM3alMsl TSITEH oTpaxaeT noadoTtocdepHbie Crupaib-
Hele napkeHus B AO. IlgTtHa 0003HaUYeHBI TOYKAMU, MECTA LIEHTPOB BCITBI-
IIEK — KPEeCTUKAMM, CIUPAJIbHBIC LIETIOUKU TISITEH — CIIOLIHBIMU JIMHUSMU.
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Puc. 22. Cxema pa3BUTHSI CIIMPAJIBHON CTPYKTYPHOCTH PACIIONIOXEHUS NATEH
(nronb 1982 1., rp.203 CD) B TeueHue 5 odoporoB ConHua. BuaHo, uro criu-
pansHOCTH Tpyrnmbl N203 CD nyullie BbIpaxkeHa B MEPBBIX ABYX O0OpOTax.
[TosiBeHre HOBBIX TPYIIN HATEH, B MOCASAYIOUIMX 000POTaX, YCIOKHSET CIIU-
PaJIbHYIO CTPYKTYPY KOMIUIEKCA, XOTS €lle 3aMETHAa CIMPAJIbHOCTh B €r0 XBO-
CTOBOHM YacTh. 3aMeTeH Takxke nuddepeHUnaIbHBIII CABUT, KOTOPHI HE3HA-
YuTEJIeH B MEPBBIX ABYX 0o0oporax. CTpeaky yKa3bIBalOT MPEUMYILLIECCTBEHHOE
HATpaBJCHUE ABWKCHUS TISITEH.

noB, Muxaiiios, 1987; Ilepuena, Ilanduion, 1982). O6pa3zoBaHue
CIIMPAIBHBIX CTPYKTYp LIETIOYKON ITSITEH OTpaXKaeTcsl SICHO B XpO-
Mocdepe 1 Jaxe B BEICOKOTEMITEpaTypHOI TIa3Me KOpPOHBI. Takue
MCCJIEJOBAHMSI MPOBOAMIMCH, Harmpumep, B padorax (KopobOosa,
MoruneBckuii, 1991), n ap. CoupajbHble BOJHBI BO3HUKAIOT B
akTUBHBIX cpenax. [loa mociegHUMI MOHMMAIOT (DOHOBYIO TIJIA3MY
C B3aMOJICHCTBYIOIIMMHU 3aMarHMYEHHBIMU TIa3MOMAAMM, OOpa-
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3yIOLLIMMM KJIacTepbl. B moadoTocdepHoil 1miazmMe 310 (ppakTajib-
HbI€ KJIACTEPbI, YUYACTBYIOLLME BO BCIUIBITUU COJIHEUHBIX MSITEH B
AKTUBHBIX 00JIACTSIX.

IToasenem kparkuii utor riaebl 111. Mbl mokaszanu, 4yTto cucte-
MBI (PpaKTaJTbHO-KJIACTEPHBIX CTPYKTYP MOTYT paccMaTpUBaThCs B
paMKax TEOpMU Cpel C pa3MHOXEHUEM, pacrajoM U auddys3ueii.
DTO MO3BOJISET MOHATh HAOTIOAAEMYIO UEPAPXUIO TUCKPETHBIX pa3-
MEPOB MAarHUTHBIX CTPYKTYp SIBJICHUIA COJIHEUHOU aKTUBHOCTU, OT
rpaHyja A0 KPyIMHOMAacCIUTaOHbIX MAarHUTHBIX TToJiel. Jlanee MbI 1oc-
JISJOBATEJIbHO PACCMOTPEIN PSiJ XapaKTepPHBIX, 9KCIIEPUMEHTAJb-
HO HaOMI0maeMbIX CBOMCTB msIiTeH, AQO, KOpOHAJIBHBIX JBIP, BOJIO-
KOH U TPYIMIT MSITEH, KOTOPbIE €CTECTBEHHO OOBSICHSIIOTCSI HATMYU-
eM cucTeM (pakTaJbHBIX KJacTepoB B moadortocdepHoii K3.
DpakTanbl TAKXKE MPUCYTCTBYIOT B U3MEHSIOLLIMXCSI CTPYKTYpaX Xpo-
Mocdepbl 1 KOpoHHI. TlocienHee MOXHO HNPOUITIIOCTPUPOBATh Or-
POMHBIM YHCJIOM CHUMKOB M (PUIBMOB, KOTOpbI€ IMOJYYEeHbI Ha
KA SOHO, TRACE, Johkoh B n1yyax MsSrkoro peHTreHa U JUHUSIX
najekoro Y® (Gallagher P et al, 2000). ITo skcrniepuMeHTaJIbHBIM
JAHHBIM (COJTHEYHBIMM M3MEPEHUSIMU COJIHEUHOI'O BETpa B MEX-
mwiaHeTHoU cpene (Cosmic Winds and the Heliosphere, 1997)) yc-
TAaHOBJIEHA TE€CHAasl CBSI3b CBEPXCKOPOCTU coJiHeuHoro BeTpa (CCB)
C TMapoil KOPOHAJIbHBIX AbIp N 1 S MOASIPHOCTU, NIPUMBIKABILINX K
ournoJisipHOIM akTUBHOM obyiactu. Okazanock, yTo B CCB Ha opOu-
Te 3eMJIM COXpaHWJIaCh MAarHUTHAsI HOJSIPHOCTb UCTOYHUKOB (KJI).
OtMeyeHo, 4To 10 JuMTeabHbIM HabOmoaeHusM CA Ha KA col-
HEUYHBI BeTEp MMEET MYJbTU(MPAKTAIBHYIO CTPYKTYypy. Paccmor-
peHa MOoJie/Jb BbIXOJa SHEpruyd BO3MYIIeHUs BOJIOKOH U AO B xa-
pakTepHbix MecTax Pivot Point, BOKpyr KoTopoii obopauyrBaeTcs
BoJjiokHO (Pivot Point mMmeeT TBepaoTeabHOe BpalleHue). OTme-
TUM, 4TO, OCOOEHHO BO BCIIBIIIEUHO-AKTHUBHBIX OOJIACTSIX, MOTYT
ObITb HeckoJibKO Pivot Point, T.e. yuactkoB AO, rae ¢ HauOobllen
BEPOSITHOCTBIO MOTYT HAYMHATHCSI BCIIBILIKU.

OnHUM M3 BaXHEWIINX Pe3yJIbTATOB MPOBEJICHHOIO PaccCMOTpe-
HUS SBJISIETCS TO, YTO CIHEKTP MOIIHOCTU SIBJEHWUM CTOJIb Pa3HbIX
0 XapaKTepHBLIM ITapaMeTpaM COJHEYHOI aKTUBHOCTHU, SIBJISICTCS
CTEIIEHHBIM CIIEKTpOM Tura daukkep-addexTa. [IpocTpaHCcTBEH-
HO-BpEMEHHAas MHBAapUAHTHOCTh BBIsIBIsAETCS Dypbe-aHATIU30M
(ompeneseHreM CIIEKTpa MOLIHOCTU U T.A.) JIMTEJIbHBIX BPEMEH-
HBIX PSIJIOB MHAEKCOB COJTHEYHOU aKTMBHOCTHU.




I'maBa IV

CTPYKTYPHAS YCTOMYUBOCTH
OPAKTAIBHBIX CPE/
(CAMOOPT'AHN30BAHHAA KPUTUYHOCTD)

M3 paHee npuBeIeHHOIO BO BTOPOI IJIaBE€ PACCMOTPEHUS Clle-
JIYET, UYTO B COBOKYITHOCTU (DPaKTaIoB U (PpakTaJibHbIX KJIACTEPOB,
MpU ONpeJe/ICHHBIX YCIOBUSIX IIPUTOKA SHEPIUU, HEOOXOAMMOM ISt
reHepalud TOHKOCTPYKTYPHBIX 3JIEMEHTOB, MOXET BO3HUKHYTH
MOPOroBasi KOHLEHTpaLMs. DTy BO3HMKILYIO CHUHIYJISIPHOCTH I10-
poroBoii KoHueHTpauuu ¢paxkTtajioB Robinson (1994), Bas et al
(1988), Ha3zBajiM CaMOOPraHM30BAHHOM KPUTUYHOCTbIO. OcobOEeH-
HOCTb TAKOT'O COCTOSIHUSI CUCTEMBI, HE3aBUCUMO OT IIPUPOIbI OOBEK-
TOB, pa3MEPOB, COBOKYITHOCTU U T.A. UMEET MPUMEYATEeIbHOE CBOM-
ctBO. CTaHOBUTCS BO3MOXHOI, MOCJE ITOCTUXKEHUSI MOPOrOBOM
KOHLIEHTpaLMWU, TEHASHLIMSI UMITYJIbCHOTI'O COpOCa BelleCTBa U SHEP-
T C BO3BPAaTOM B MCXOJIHOE ITOPOrOBOE COCTOSTHUE. DTOT IIePEeXO/I
MPOUCXOJUT CAMOOPraHM30BaHHO.

B o0iuem ciyyae cnekTp MOLIHOCTM ¥ TaKOro MOpOroBOro Co-
CTOSIHUSI, pACCUMTAHHOIO IO BPEMEHHOMY pPsiay (IJISI COJTHEYHBIX
SIBJICHUIA JJIMTEJIbHBIN Psii UHAEKCOB COJIHEUHOM aKTUBHOCTH) UMEET
CTEIIEHHOE BbIpaxkeHue Tulia (paukkep-s3Pdexra:

y=vP (4.1)

rie v — 4acToTa COOBITMH (Harmpumep, oOlllee YMCIO BCIIBIIIEK,
CME, u 1.1.), 20,8 < B < 1. JI11 pa3muyHBIX CUCTEM U MapaMmeT-
POB CTEIEHHON IoKa3aTe/ib MOXET ObITb COOTBETCTBEHHO JAPYTUM.
OtoT MeToxn no3soiisgeT (Lu & Hamilton, 1991) otHOCHTEIHEHO TIPO-
CTO, U3 HaOMIOACHWI, MOJIYYUTh 3aBUCUMOCTb YMCJa BCHBILIEK C
osHeprueil >F B Bune M(F) = E7Y, tne r = 1,4. To xe m1a pacmpe-
IeAeHUS UHTEHCUBHOCTY BeIblek: =P, N(P) = P~ % rtme o = 1,8.
ABTOpPBI UCMOJIB30BAJIN 3TOT METOJ JJIs PelleHWs 3aJa4u O Harpe-
BE KOpOHBI MMKpOBCIbILKamMu (uaes [lapkepa).
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Kputrnyeckast camoopraHu3sainysi Cpelbl MOXET pear30BaThbCs
B OIIPEACIECHHOM MECT€ AUHAMUYECKON CUCTEMbI, CTUMYJIUPYS
IpOLeCC BO3MYIIEHUS MO BCEW CHUCTEME IIpU pacIpoOCTpaHEHUU
nMmnyabca. CaMoOOpraHM30BaHHAsI KPUTUUHOCTb, KaK COCTOSIHUE C
MMHHUMYMOM O€CCUJIOBOTO MJIM MOTEHLMAABHOIO MAarHUTHOTO T10JIsI
Y KMHETUYECKOI SHEPTUM, COOTBETCTBYET aTTPAKTOPY MJISI JaHHOM
CUCTEMBI. ATTPaKTOPbl — 3TO OCHOBHbIE 2JIEMEHTHI (Pa30BOTO MOP-
TpeTa OAWHAMUYECKOU CHUCTEMBI. K aTTpakTopy <«HOpUTSTABAKOTCS»
(bazoBbie TPACKTOPUU DBOJTIOLIMOHUPYIOLIEH cucTeMbl. B 0o0liem
cJlyyae CTeNEHHOM CIIEKTP YaCTOThI COOBITUIA 1O TTapaMeTpaM SHep-
'Y U UHTEHCUBHOCTHU BCIIBILIEK MOATBEPXKAAeT (PpakTaIbHYIO MPH-
poay BcrbilleyHbIX sBaeHu Ha CosHue. Oxaszajoch, YTO Takasi
CTEIIEHHAsI 3aBUCUMOCTb XapaKTepHa I MHOXECTBAa IPUPOIHBIX
SIBJIEHU, KOTOPBIE 00YCJIOBJIEHBI CAMOOpraHu3alieii ciiyJaitHo B3a-
UMOJIEMCTBYIOILMX 2JIEMEHTOB ((PppakTasioB).

Boiire, ipu paccMoTpeHnu 0ajnaHca oOpa3oBaHMS, Pa3BUTUS U
pacnaga BO (ppakTalbHOM MHOXECTBE, MOJyYeHHOE BhIpaxkKeHHE
OaimaHca, ¢ ydetoM auddys3umn, GopMaabHO OTOXACCTBISIJIOCH C
JIMHEWHBbIM ypaBHeHueM lLllpeauHrepa.

[TomyyeHHOE BBIpaXXK€HME IJISI AUCKPETHOIO CHEKTpa

n(r,t) = z Ce ™o, (4.2)

(rme ¢; — GyHKUIMS B3aUMOJEUCTBUS COCTABHBIX TUCKPETHBIX 3JIe-
MEHTOB, C; — HOPMUPYIOLLMI MHOXMWTEJb) AaHAJOTUYHO TOMY, 4TO
MMeeT MECTO B KBAHTOBOII MexaHUKe, Hampumep, JJIsi SHepreTh-
YeCKUX YpPOBHEM aTroma Bojgopoda. Pe3oHaHCHBIN ypOBEHb COOT-
BETCTBYeT MMHUMYMY SHEpPruM atoma Bojoponaa. PopMaabHO U B
HalleM ciaydae AOCTUXKEHME CaMOOPraHM30BaHHOW KPUTUYHOCTU
(ppakTaTbHOIO MHOXECTBA 3aJaeTCsl BbIpakK€HUEM

n,, (kt) = Zc,.e—%f(pi () (4.3)

DTO COOTBETCTBYET YCTOMUMBOMY MUHUMYMY SHEPIUU BCEU CHUC-
TeMbl. [loaToMy npu Bo3MylueHur (COpoc BeLIECTBa, HAIpUMEP, B
seiieHnd CME) cuctema cama, cTpeMsich K 9HEPreTUIEeCKOMY MUHU -
MYMY, CAMOOPTaHM3YETCSI U JOCTUTaeT YCTOMYMBOIO COCTOSIHUSI.

AHaJTorM4yHOEe pacCMOTPEHUE ONTUMAJIbHOU (PpakTaJbHON pas-
MepHOCTU (cM 1i1. II) ObLTO TI0JIydeHO JJIsl Bapuauuii ¢ppakTaJabHOMN
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pa3MepHOCTH, ¢ ToMolblo ypaBHeHus lllpeaunrepa. T. K. nm3Me-
HEHUS1 (ppakTaJbHOI Pa3MEPHOCTU XapaKTEPU3YIOT M3MEHEHUE
SHEPIUU CUCTEMBbI, TO U 3[1€Ch HE YyIMBUTEIbHA aHAJOIMS C KBaH-
TOBOM MexaHuKou (ciaenctsue ypaBHeHus1 Lllpeaunrepa). KoHeu-
HO, 0011Me UAeH, NeHCTBYIOLIE CUJIbI M T.JI. KBAHTOBOM MEXaHUKU
COBEpIIEHHO JIpyTue, 4eM BO (PpakTalbHOM MHOXKECTBE, U YKa3aH-
HbI€ aHAJIOTMU HOCIT cKopee (popmayibHbIM xapaktep. Ho To, uTto
BO (PpaKkTaJIbHOM MHOXKECTBE peub HIET O JUCKPETHBIX CaMOIIO-
JOOHBIX COCTaBJISIIOLLMX, AEJAeT HeCJAydalHbIM aHajaoruio @pak-
TaJIbHOTO MHOXECTBA C KBAHTOBOUM MexaHuKoi. CaMoopraHu3o-
BaHHAsi KPUTUYHOCTb (PPAKTAJIBHOTO MHOXECTBAa COOTBETCTBYET
CTPEMJICHUIO K DHEPreTUUYeCKOMY MUHMMYMY M YCTOMYMBOCTH KakK
1 B KBAaHTOBOI MEXaHMKE.

MeTton caMoOpraHu30BaHHON KPUTMYHOCTU TIOJYYMJI LLIMPOKOE
NpUMeHeHue, ocoOeHHO B reodusuke (cericMmonoruu, u ap.). B
reJJMopu3nKe ACTA0TCS MOKa TOJBKO OTAE/IbHBIE padoThl. Bormpo-
Cbl IPUPOABI COJTHEYHBIX BCHBILIEK, KOPOHAIbHBIX BHIOPOCOB Macc
(CME), HarpeBa KOPOHBI U JIp. MOTYT IIOJYYMThb PA3BUTUE C IPU-
MEHEHMEM METOJa CaMOOPraHM30BaHHOI KpuTtudyHOCTU. [Ipupona
ATOrO0 METOAA, TI0Ka, KaK HaM IIPEACTABJISICTCS, €1le HEAOCTATOUYHO
packpbiTa. HeomnpeaeneHHbBIM OCTAae€TCsl CIOCOO AOCTUMXKEHMUS T10-
porosoro coctosiHus. [logobre MeTona caMoOpraHM30BaHHO Kpu-
TUYHOCTU B KBAHTOBOM MEXaHMKE KaXeTCS HaM HeE TOJbKO KOp-
PEKTHBIM, HO W IE€PCHEKTUBHBIM JIs1 JAJbHEUIIMX MCCIeI0BAHUIA
B reJiJMo(u3uKe. DTOT IMOAXO0J MOXET ObITh 00Jiee MPOCTbIM U Ha-
TJISIAHBIM, Y€M CJIOXKHBIE pacyeThl CTOXAaCTMUYECKOU (DYHKIIMU pac-
npejeeHus BO (ppakTaJbHO-KJIACTEPHOM cpelie (CM. HIKe). DTUM
OOBSICHSIETCSI TO, YTO Mbl Ha4YaJld pacCcMaTpuBaTh METOJ CaMOOpra-
HU30BAaHHOU KPUTUYHOCTU ¢ (popMyinl (4.3), cieayrolien u3 ypaB-
HeHus1 IlpenuHrepa misi AUCKpeTHOM (DYHKIIUU pacIIpeacIcHUsI.

Cratuctuueckasi o6padoTka rjiiodajJbHbIX COJHEYHbIX MHAECKCOB
AKTHBHOCTU M IMapaMeTpOB MEXILJIAHETHOU cpeabl IOATBepAuIa
crpaBeIMBOCTb BbipaxkeHUst (4.1) misi CoJiHLIA.

Chauana aBropbl (Robinson, 1994 u Bas et al., 1988) obHapyxu-
T 3(PPEeKT caMOOpPraHN30BaHHOM KPUTUYHOCTHU JIJISI CHITYYUX CPEll
B J1a0OpaTOPHBIX YCJIOBHUSX. PacyeTbl MpOBOAMINUCH C MCIIOJb30Ba-
HUEM MeToda <«KJETOYHBIX aBTOMAaToB». [IpMHIUIMAIBHO BaXXHO,
YTO TAKOWU K€ TIOJIXO, OCTACTCSI CIIPABEATUBbIM, HE3aBUCHUMO OT pa3-
MEpPOB 1 MacllTada paccMaTpuBaeMbIX SIBJIeHMIA. Tak, eciu UCIOJIb-
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30BaTh MHJECKC KPYIMHOMACIUTAOHBIX MarHUTHBIX Toieir (KMII), Tto
BbIpaxkeHue (4.1) ocraercsa cripaBeauBbiM (CanaxytauHoBa, 1998).
D10 NMpUBOIUT K 3aKmodyeHro, yTo KMII Ha pa3iuMyHBIX YpOBHSIX
Connua (B K3, B atMmocepe CosHia) Takke COCTaBJISIIOT COBOKYII-
HOCThb (KJj1acTepbl) MPOCTPAHCTBEHHO-MHBAPUAHTHBIX JIEMEHTOB C
XapakTeprucTukamMu ¢pakTtaioB. O0pa3zoBaHMe TaKUX KPYITHOMACIII-
TaOHbIX MAarHUTHBIX T10Jiei (KMII) MoXeT ObITh pe3yJbTaToOM JMHA-
Mo-3¢dekTa (T.e. ow-IMHAMO) B OCHOBAaHUM KOHBEKTUBHOM 30HBI
(De Luka et al, 1991), coBokynHoctu Buxpeii Poccou (Tuxomolios,
1998), cchepmuecku aunonbHbIX Buxpeid Xua (Parker, 1995), Bcruibl-
BalOIIMX B BUJIE -3JIEMEHTOB ¢ oCHOBaHUsI K3, rae crpaBeaiBbI
ycinoBust auHamo-addexra (Parker, 1995) u ap. Beidbop mexaHu3ma
reHepaunu KMII MoxeT ObITh MOJyYeH MpHU JaJTbHEHIINX BbICOKO-
TOYHBIX TeJIMOCEHCMOJIOTMYECKUX MCCIEIOBAHUSIX.

B pa6ote Tuxomosiona (1998) npeniaraercst opuriHajabHast KOH-
LEIMUMsl COJJTHEYHOU UMKIUMYHOCTU. OTBeprasi, Mo HEKOTOPbIM CO-
OOpaXeHUsIM, TEOPUIO AUMHAMO, THXOMOJOB JOMYCKAET BO3MOX-
HOCTb TeHepaliM MarHUTHOIO T10Jis1 B ocHoBaHUM K3 B Buje BUX-
peii PocOou 1 mociaeayolyo UxX 3BOIIOLMIO.

OtMeTHM, YTO OpU JTIOOOM BO3MOKHOM MEXaHM3MeE JOITyCKaeT-
Csl, 4TO IS Pa3JUYHbBIX SIBJEHWI MOTYT JIe/AICTBOBATh Pa3UYHbBIC
MeXaHM3Mbl 00pa3oBaHUsI (ppaKTaJbHO-KJIACTEPHOM CTPYKTYPHI.
OHU TIPOSIBISIOTCS OT MacIITA0OB OKeaHUYeCKUX TeueHuii, B Kpac-
HoM 1isiTHe HOnuTepa, U 10 pa3zMepoB COBOKYNHOCTU [‘ajakTuk
(Perdung, 1990), rme mexnay sjaeMeHTAMU COBOKYIHOCTU AEUCTBY-
10T JaJlbHUE KOPPEJSILIMOHHbIE CBSI3U.

To, yTto cucreMa (ppakTaJbHBIX KJIACTEPOB, AOCTUTAsI IIOPOro-
BOl KOHLEHTpAaLUMUU, UMeeT TEHASHLMUIO K CaMOCOXPAaHSIEMOCTH,
OBLIO MOJY4EHO YUCTO 3KCIIEPUMEHTAIBLHO. DTO MOXKHO ITOHSITh,
€CJIM BCIIOMHUTH, YTO IMOPOroBasi KOHLEHTpPALUs COOTBETCTBYET
MMUHUMYMY 3HEpPruM B o0llIeM (0a30BOM) ypaBHEHUU CHUHEPIeTU-
KM, KOTOpO€ CBOJAUTCS K JIMHEIHOMY ypaBHeHuIo IllpemsuHrepa.

B peanbHOli TypOyIM30BaHHOM IIa3Me KOHBEKTMBHOI 30HBI U
armMocdepe CoiHiua 3agadya o (GyHKLIMU pacrpeneaeHus] dpakra-
JIOB YCJIOXKHSIETCS HEOOXOAUMOCTBIO yYETA IIIYMOBBIX BO3MYIIICHUM.
[ToaTOMY mpuxoauTcsl paccMaTpuUBaThb CTOXACTUYECKOE YpaBHEHNE
Il (QYHKIMKM pacripeneneHus f(r, 1) = g, rae ¢ — B OOLLIEM CJIy-
yae BekTop. Torma ucriosnb3yercst 6a30Boe ypaBHEHUE CUHEPIeTH-
K1, ypaBHeHUe JlaHKeBeHa:
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g=N@{G, o)+ F@). (4.4)

3nece N (g, o) — (YHKUMS HEIMHEHHBIX B3aMMOICHCTBUIA
BJIEMEHTOB ¢ ; 0. — YIpaBJsiolunii napameTp (o0 = o?)); GYHKLMS
F (/) — dnykryupyomme cuibl TypOylIeHTHO# cpeabl. [10CKOIbKY
H(f) 3aBUCUT TakxXe OT BEKTOpPA COCTOSIHMSI ¢ , TO TOJydaem aud-
(bepeHLIMAIBHOE YpaBHEHUE BUJA:

dg ~ N(q,o)dt + dF(t,q)dt (4.5)

PaccmaTpuBaeM cuctemMy BOIM3M KPUTUYECKMX TOYEK PaBHOBE-
CUs, M CUMTAeM BiIMsSHME DYHKUMM F Majioii BeJIWYMHOM, T.e.
dF = 0. [Ipy HEKOTOPOM 3HAYEHUU YIIPABJSIOIIETO MapamMeTpa o,
MyTeM PELICHUSI YOPOILLUEHHOro ypaBHeHUs (4.5) mpeobpasyercs:

q =N(q,0) (4.6)

I[Ipu ¢ =g, +& nonydyaeMm JIMHEAPU30BAHHOE YPABHECHUE IS
BO3MYILLICHHOM COCTaBISIOLLICIH:

g(t) = L(1,0)g(?) (4.7)

rae L(t, o) — nuddepeHunanbHbIid onepaTtop. Peuiernue (4.7)

g () =e My, (1) (4.8)

3nechb A, — COOCTBEHHBIE 3HAYEHUSI CUCTEMBI. CTOXaCTUYECKOE
ypaBHeHUe JlaHXeBeHa CBOJAMUTCS IIPYM 3TOM K YpaBHEHUIO ISl T1a-
pameTpa nopsiakosB. [locne psiga mpeodpazoBaHuidl (cM. XaKeH) Mbl
MPUXOIMM K cToxacThudeckomy ypaBHeHMIo Pokepa—Ilianka, Tuna:

TS ) = ZQf f (4.9)

[Ipu HekoTOpbIX yCa0BUSIX (ApeiidoBble ABUXKEHUS, U KOAPPU-
HUEeHT TUPPy3und — TIOCTOSIHHbBIEC) ITOJy4aeM HPUBBIYHOE CTOXAaC-
tnyeckoe ypaBHeHue Mokkepa—Ilnanka (4.10).

bosee noyiHOe H0Ka3aTeIbCTBO, MPUBEICHHOE BbIIIE, TTOJIYYCHO
W3 aHaJI3a CTOXaCTUYECKOTO YPaBHEHUSI JJIsI IIPOMU3BOJIbHOMN (PYHK-
UMy pacrpeneneHust f{r, f), Kotopoe 3agaercsl ypaBHeHUeM PDok-
kepa—Ilmanka (XakeH, 1985):
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2
F 1 O 1)
ot 2 " 9dq,0q, g,

1

Koadppuuuenr nudodysun:

Ku) =2 (8080 )i Aw="0. @1

31Iech ¢; U ¢q;, — KOOpAWMHATBI (DPAKTATIOB B OTPAHUYEHHON 00-
JacTu KpynHomaciutabHoro marHutHoro mnoJjisi (KMIT), obGiuas
yepTa cBepXy 00O3HayaeT ycpeaHeHue (cpeaHue 3HadyeHust), A(f) —
K03 PuULMEeHT cHoca. YepTa Oo3HAYaeT yCpeaHEHUE T10 MPOCTPaH-
CTBY Bapuauuii & — KoopauHart. PelleHue 1Jisi CTOXaCTUYECKOTrO
ypaBHeHUsI (4.10) MoxXeT OBITh ITOJIYY4E€HO, €CJIU paccMaTpuBaTh
KOHKPETHBIEC YCJIOBMSI B KOHBEKTMBHOU 30He. OHU (auddy3ust u
MexXaHU4eCKUil CHOC, ApeidoBble ABVKEHUSI, I CKOPOCTb JIBM-
KEHUSI (PpaKTaabHOU COBOKYITHOCTU) JOJKHBI ObIThb M3MEPEHbBI
MeTogaMu reauoceiicmosiorn. [1ocTOSSHCTBO M YCTOMYMBOCTD K
BO3MYILIEHUSIM POCTPAHCTBEHHO-BPEMEHHOI (DYHKIIMU paciipe/ie-
neHus f(q) Bo BceM o0beMe, NP 3aJaHHbIX YCJIOBUSIX B K3, sBiisi-
€TCSI BeCbMa BaXKHOM IIPUHIUIIMAJIBHO HOBOI 3agadeil OymaylIux
ncciaegoBanuii. Croxactuueckoe ypaBHeHue Pokkepa—Ilmanka
(4.10) MOXHO pelIMTh YUCIEHHO, €CJIU U3BECTHBI XapaKTePUCTUKU
Cpellbl, B YaCTHOCTH, CYILLUECTBYET JIM JCTAJILHOE PaBHOBECHUE, IPU
KOTOPOM MOXHO TIOJIyYMThb pelleHuWe B KBagaparypax (B T.4. YMC-
JIeHHO). B o01ieM ciiyyae He0OX0AMMO pellaTh YpaBHEHUS ¢ Jpo0-
HbIMM MPOU3BOAHBIMU. HecMOTpsi Ha CI0XHOCTb 3aJa4yu IMoJaydye-
HUSI CTOXaCTUUYECKOM (PYHKILIMM pacHpelesieHUs B TypOyJIM30BaH-
HOI cpene, BaKHO MOAYEPKHYTh, YTO B JAHHOM cCJIydyae pelleHMe
cyluecTByeT. B Hauiem ciaydyae Mbl MOXEM OIPaHUYMTBCS TOJIBKO
MOCTAHOBKOM 3agauyu, U (POPMYIUPOBKON BO3MOKHBIX TECTOBBIX
reJIMOCEMCMOIOTMUECKUX IKCIIEPUMEHTOB (XOTSI Obl B OrpaHUYEH-
HBIX 30HaX), MPU KOTOPHIX MOXHO IIOJYYUTh HEOOXOAMMBIEC ITa-
paMeTpbl Cpelbl, XapaKTePpUCTUKU HEJIUMHEHUHOro KoadduiieHTa
andPy3un KNL, U TapaMeTpa «CHOCa» (JABMXXEHHUSI BCEH Cpendbl)
A(?). TIpocToii MeTONI «KJIETOUYHBIX aBTOMATOB» C JOHOJIHUTEIBHBIM
y4eTOM aHaJIOTMM C KBAaHTOBOW MEXaHUKOM, YIPOILUAET IMOAXOd K
MOHMMAHMIO CMBbICJIA CAMOOPraHU30BaHHOU KPUTUYHOCTHU. DTO T10-
JydyaeTcsl 0e3 omnpenesieHus] KPUTUYECKOrO COCTOSIHMSI CTOXaCTH-
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yeckoil (pyHkimu u3 ypaBHeHUst Pokepa—Ilnanka. Mbl orpaHu-
yuMCsl TI0Ka TOJIBKO 3TUM 3aMedyaHheM, MO0 ocTaeMcCsl B paMKax
(dpakTaJbHOU TEOMETPUU.

[MTonbiTka smnupudecku (mo GorocdhepHbIM JAHHBIM) NOJYYUTh
MHTerpajbHble XxapakTepuctuku AQO 06e3 rnoucka TpexmMepHoOi (PyH-
KMy pacrpeaeieHus: ppakraioB B K3 Obuta npeanpudsaTa Yyma-
koM O.I'. (1991). Dta pabora MTIOCTPUPYET, KAK HAM IpeacTaB-
JISIeTCSI, HEBO3MOXXHOCTh IIOJIYYEHUSI PELUCHUS 3aJa4d IIPOTHO3U-
poBaHus pa3zButust AQO, 6e3 o01uero (MM YaCTHOIO) PELLeHUS IS
(byHKLMM pacnipeneaeHUust ppakTaJabHbIX KJIACTEPOB BO BCEM O0ObE-
Me AO. ABtop paccMaTpuBail AO, Kak clIy4ailHyI0O COBOKYITHOCTH
BJIEMEHTOB, KOTOPbIE TMOJYMHSIIOTCS CJIy4aliHBIM CTOXaCTUYECKUM
(pyaxkusam (Harpumep, sHTporment llleHoHa). MHTerpajibHbIE Xa-
pakTepucTuku st AO BBOISTCS KaK 3JEMEHTBI CTOXaCTUYECKOTO
ypaBHeHUsI Pokkepa—I[lmanka. @pakragbHble CaMOIIOIOOHBIE DJIe-
MEHTBHI 3aKOHOMEPHO B3aMMOJAEUCTBYIOT, COXpaHSISI CTEIEHHYIO
UHBApUAHTHOCTh U HEJIMHEUHBbI KoadduuureHT auddy3uu. Mx
COBOKYMHOCTb COXpaHSET 3aKOHOMEPHYIO (DYHKIIMIO pacIipeacsie-
HHUSI, & MAKPOCTPYKTYpPbl COXPAHSIIOT MogoOue (pakTalbHbIX 2JI€-
MEHTOB.



[maBa V

CBOMCTBA IINIA3BMbI CO CTPYKTYPHLIMU
JUCKPETHBIMHA COCTABJIAIOHNINMU

Mo cux mop Mbl paccMaTpMBAJIM COJHEYHYIO 3aMarHMYeHHYIO
rmjia3My, oopailasi BHUMaHUE Ha CBOMCTBA caMuX (paxkTajoB U
KJIacTepoB. MHOXECTBO TeOpeTUUECKMX padboT mo ctpoeHuto MFT
TaKXX€ OTHOCWJIOCH K PELIEHUIO 33Ja4 O CTPOEHUM YCTOMYUBBIX
MarHuToruiasMeHHBIX Tpyook (MFT). Mexay TeM, eciau 3TU Teo-
peTuyeckre padoThl MOKA TPYJAHO MPOBEPUTb B COJHEUHBIX YCJIO-
BMSX, TO BIIOJIHE pe€ajlbHA 3agaya yyeTa U3MEHEHMH CBOMCTB COJI-
HEUYHOM ILIa3Mbl C JUCKPETHHBIMU (PpaKTaJIbHBIMU 3J€MEHTAMU.
OpnHa u3 paHHux Hammx padot (Moruaesckuii D.U., 1969) Oblna
MHOCBSIIIEHA 3TOM, BIOJHE pPeaJbHOM, SKCIEPUMEHTAJIbHO IIPOBE-
pseMoit 3agade (Mormnesckuii D.U., 2000, 1976, 1975).

[Tpexae Bcero HeEOOXOAUMO OBLIO YOEIMTHCSI, YTO MaJIOMACIII-
TaOHbIE AMCKPETHbIE 3aMarHUYEHHBIC 2JIEMEHTHI PEaJbHO CYIle-
ctBy1oT Ha CoJsHle.

Ewie B Havasne 70-x romoB (Morunesckuii, 1971) Mbl momnbiTa-
JIUCh 3KCMEPUMEHTAJIbHO J0Ka3aTh peajbHOCTh MaJOMAacCIlTAOHBIX
JUCKPETHBIX MAarHUTOHECYILMX 3JIEMEHTOB B MAarHUTHOM nojie AQO.
bb110 mpoBeaeHo ciieaylolliee SKCIEPUMEHTATbHOE MCCIeJOBaHIE.
Ilepen BxomHo# 11eabIO0 crieKTporpada ¢ marHurtorpadpom Ha Oa-
meHHoM Tejieckorie U3MMPAH ycranasimBajiach KioBeTa € XKUJI-
KOCTbIO (ciadbiii BogHblid pactBop NaCl). Ilpu nmogade BbiCOKOYa-
CTOTHOI'O 3JIEKTPOCUTHAJIAa Ha 3JIEKTPOJibl KIOBEThI MEHSJICSI ITOKa-
3aTesib MPEJIOMJICHUST XHUIKOCTH TaK, YTO B MPOLLEILIEM CBETOBOM
Jlydye MOrJjia BO3HMKHYTb pa3HOCTh (a3 B mpeaeaax *A/4. 3a KioBe-
TOM CTaBUWICS MOJISIpOMI, a oObIYHBIN MoayassTop ¢ KDR youpacs.
MeHsis1 4acTOTy CUTHaJIa YJAbTPa3BYKOBOIO F'eHepaTopa MOXHO ObLIO
Hoy4yaTh Ilepes 1IeJIbI0 B KIOBETE psif TOPU3OHTAJIBHBIX ITOJOCOK
(«CTOSIYME BOJIHBI») C 3aIaHHOM Pa3HOCTbIO onTUYecKoro xoaa. [pu
BBICOKHMX yactoTtax curHana (10*+10° T'n) Ha 1wenm cnektporpada
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MOSIBWIKCH o4YeHb y3kue (=07,1) mosockl ¢ *A/4. Eciu BbicoTa
MOJIOCKM COBIIaAaja ¢ pa3MepoM MNPEeArnojaraeMoro AUCKPETHOTrO
MarHUTHOI'O TI0JISI (MJIM KPaTHBIM €My YMCJIOM), TO MarHuTorpad
JaBaJl ONITUMAJIbHBIN 110 aMIuIMTyae curHaj. CKaHUpys MO 4acToTe
M0JaBa€MOr0 BBICOKOYACTOTHOIO CUTHAJIa, MOXHO OBbUIO BBISIBUTh
MUHUMAJIbHBIE pa3Mepbl JUCKPETHOM COCTaBISIIOIIEH MarHUTHBIX
aeMeHTOB B 1uiazMe AO. HecMoTpst Ha TpyAHOCTU 3KCIIEPUMEHTA
(CKMAOKOCTh OBICTPO 3aKumajia, U IOJOCKU A/4 pa3zmasbIiBaJIUCh;
MPUXOIUTIOCHh OXJIAXKIATh KIOBETY CIELUUATbHBIM XOJOJUIBHUKOM)
MpM MHOTOKPAaTHOM €ro ITOBTOPEHUM YAAJOCh BBISIBUTH CPEIHUIA
MUHUMAJIBHBII pasMep IUCKPETHOM MArHUTHOM COCTABJIIOILEH,
KOTOpbIi1 okazaics >07,1+07,2. (Morunesckuit, 1971)".

[pyrast TpyIHOCTb 3TOI0 3KCIIEpPUMEHTAa COCTOsIa B HEOOXOIM-
MOCTHU yuyeTa ApoxaHusi uzoopaxeHus CoyHua Ha wenu. st aTo-
TO UCIIOJBb30BAJICSI BTOPOI, MapauiejibHO padOTaBIIUI MarHUTO-
rpag BTOPOTO CIEKTPaJbHOIO KaHaja ¢ OOBIMHBIM MOIYJISITOPOM
KIIP, HO B HEM HCII0JIb30BAIaCh MArHUTOHEUYBCTBUTEIbHAS CIIEK-
TpajabHasl auHUSI. BTOpoii KaHayl, €CTECTBEHHO, PErUCTPUPOBA
JIpOXaHUsT U300pakeHUs1 Ha BXOAHOM 1eau crekTporpada. XoTs
MPOAOKEHUE SKCIIEPUMEHTA MOIJIO JaTh MPEeACTaBICHUE O AWHA-
MMKE U BPEMEHHBIX BapUallMsIX AJUCKPETHBIX 3JIEMEHTOB, C TEXHMU-
KOl TOTO BpEMEHU 3TO HE YIaJIOCh caeyiaTb. OCHOBHOI pe3yJIbTaT
9TOro BKCIIEPUMEHTA — IMOATBEPXIACHUE HAMUYUS JUCKPETHBIX
MajOMaclUTaOHbIX U, MO-BUAMMOMY, CaMOMNOJOOHBIX 3JI€MEHTOB.
B Te rogpl 310 OBLIO BaxkKHBIM BBIBOAOM JJIsI OOOCHOBAHUSI peaib-
HOCTM JUCKPETHBIX 2JIEMEHTOB B COJIHEUYHOI (poTocdepe.

Yto usMeHsieTCs B ILUIa3M€ ¢ MAarHUTOHECYILLMMU JUCKPETHBIMU
anemeHTamMu? Ilpexnae Bcero ciaeayeTr oOpaTUTb BHUMaHUE Ha TO,
YTO MpU OOBIYHBIX M3MEPEHUSIX MArHUTHOTO MOJISI I10 pacllerie-
HUIO CIIEKTPaJbHBIX JUHUN (M0 3PdekTy 3eemMaHa) UCIIOIb3YeTCs
crnekTporpad co wieabto. /Jlaxe mpu BbICOKOM COBPEMEHHOM ITpPO-
CTPAHCTBEHHOM pa3spelieHUun (<3”) Mbl (paKTUUYECKU, YCPEIHSIS
3 deKT 1o 1Iean, U3MEPSEM HE MAarHUTHYIO HAIPsKEHHOCTD H,
a MarHUTHYIO uHaykuuio B = pu H . B cpeae ¢ mamoMaciuTabHBbI-
MU aeMeHTaMu (<107 cM) MHOXKUTETb WL OTHIOIb HE PaBEH €AVMHU-
e. OH umeeT, Mnpexae Bcero, pa3Hbie 3HaueHust B N 1§ MarHur-
HBIX MOJISIX:

[TonHoil myOGnauKayu Bceid pabOTHI HET.
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Mg # Wy # 1, (5.1)

T.¢. ripu kJjaccudeckoM div H = 0 umeeMm divB # 0. MarHuTHbIi
MOMEHT 3JIEeMEHTAapHOM cocTaBJstolleil oobekTa paBeH (Jlangay mu
JIvBumi, 1982)

Vi

m=— 1
4n(1 — n)

Hy=<p> M, (5.2)

rne V; — oobem sneMeHTa, H, — BHelHee (OHOBOE TONE, 4 1 —
MOCTOsSTHHAsA, paBHas 1/3 mis cdepsl, a aasg Topouna n < 1.
HepaBenctBo (5.1) siBisieTcsl clieACTBMEM TOro, 4TO Ha IleId
MarHurorpada 4ucio 3JIEMEHTOB C MOMEHTAMU g WU my B pas-
HbIX TOYykax pa3ianuyHo. IlocinemHee HepaBeHCTBO (5.1) ompenens-
eTcsl (YHKIMEH pacHpeaeieHUsI UCXOMAHBIX 2J1eMEHTOB ((dpakTa-
JIOB) B TypOYJEHTHOW aHM30TpoITHON Iia3me. DyHKIMsST pacripe-
IeJIeHUSI OTUX DJIEMEHTOB (OPOCTPAHCTBEHHAS IIJIOTHOCTD)

BbIpaxkaeTcst ypaBHeHUeM bosbiiManHa B ¢opme Biacopa (1936)

‘Zf; +div,f +divy (V) =0, (5.3)

. [ WV, ndv
<V >= - :
[ f(g. 0.V 1)t

31ech ¢ — KoopauHaTa LEHTpa 3JEMEHTa, , 17, ! — COOTBET-
CTBEHHO CKOPOCTb, YCKOpeHME U BpeMsi. Mbl MCIIO/JIb3yeM CTaTUC-
TM4YecKoe ypaBHeHue bosbiiMaHa B ¢dopme Biacosa, nbo mpuHu-
MaeM, 4YTO KOHLEHTpalusl (PpakTaJoB HEBEJIUKA, TaK YTO IMapHbI-
MU CTOJKHOBEHUSIMU MOXHO IMpeHeOpeub (0eCCTOJKHOBUTEIbHAS
cpena). Oynkums f(g, v, V, 1), onpenessisi pacnpeaesieHue gpak-
TAJIOB («MCXOMHBIX» 2JIEMEHTOB) CIy4YaiiHO OPMEHTHPOBAHHBIX B Typ-
OyJIEHTHOIi1 cpelie, NMpU CAydalHbIX ABUXKEHUSIX, TIPUBOAUT K yKa-
3aHHOMY 3P dexTy pazmmuusg N 1 S mojeil B IMJIOCKOCTU BXOJHOM
mead MarHutorpada. M3aMepeHHbIII MarHUMTHBIN MOTOK

(5.4)

<O>=<Oy >+ <05 >= Y SuH;+> S;ujHy, (5.5
i J
rae S; = 5} — IUIOLIAAb LIEIU, Ha KOTOPYIO MPOEKTUpYIOTCs S u N
oyieMeHTbl. O4eBUIHO, YTO
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(On )= (0s). (5.6)

DTO CIpaBeJIMBO MPU CKAHMPOBAHUU 10 IIEIU OO0 COJI-
HEYHOIO sIBJIeHUsI WK npu uaMepeHusix «CojiHle Kak 3Be3aar.
Orcroga cienyer:

a) JaBHO W3BECTHBIA IJIMTEIbHO CYLLUECTBYIOLIUIA AucOaiaHC
MarHUTHBIX TOTOKOB B AQ oTpaxaeT TUMHAMUKY (PYHKILIMU pacrpe-
nenaeHus f(g, v, V, 7, B AO;

0) n3MmepeHust «CosHlle Kak 3Be31a» 3a NOJHbIIM 000poT CoJTH-
11a XapakTepu3yloT U3MEeHeHUe (PYHKIIMU pacrpeesieHUsl B KPYII-
HOMAaCIUTAOHBIX M JIOKAJIbHBIX MAarHUTHBIX MoJisix. JAucbdanaHc Mar-
HUTHOTO TOTOKAa B M 3[eCh JUTUTENBHO CYLLECTBYET.

OTMeTuM, YTO cUCTeMaTUYeCKMe U3MepeHUsT AucOaiaHca Mar-
HUTHOTIO IoTOKa, HanmpuMep B AO, HecyT Mosie3Hy10 MH(popMaluio
0 AuvHaMuKe noadoTocPepHbIX ABUXKEHUM U OOLIMX IepeMelle-
HUI COBOKYITHOCTHU JUCKPETHBIX 2JIEMEHTOB, ONpPEISISIOIINX PyH-
KLMIO pacripenesieHus f(g, v, V.1,

st ppakTalbHO COBOKYITHOCTU MOXKHO BBECTU IMOHSITUE «Mar-
HUTHOM TemIiepaTypb» 6,,, U3MEPSISl €€ B 9HEPIeTUYECKUX EAUHU-
nax. [Torok I (GpakTaJbHBIX 2JEMEHTOB B PA3JIMYHBIX YACTAX KOH-
BEKTUBHOM 30HbI TOTAA ONPEACISICTCS IpadiueHTOM MAarHUTHOU TeM-
rneparypbl U KOHLEHTpauueu (n), T. €

I =(grado,, + grad n)a, (5.7)

raie a — HOPMUPYIOLIMIA MHOXUTEJIb. MarHuTHoOe 1oJie B JaHHOM
MeCTe

A=S"H+H,, (5.8)
i

e H f’ — nonte i-ro (paxTana, a H, — BHelHee (POHOBOE TI0JIE
(ycpeaHeHHOe Tosie OJm3iexalunx (QpakTajoB U (OHOBOE II0JIE
KMI). dns onpenenenust H I-“) MOXHO BBeCTU MOHsTUE 3PdeK-
TUBHOTO paauyca [lebasi, ciaemyiouiee U3 ypaBHeHus (5.3)

1/2
9 m

R m el ——— N 5.9
P dnp,, M -9)

rae p,, — IUIOTHOCTh (PpakTajJioB B TaHHOM Mecte, M — MarHur-
HbII MOMEHT dpakrana, R;, — XapakrepusyeT 00beM, B KOTOPOM
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MPOSIBJISIETCSI MAarHUTHOE BUSIHUE (ppakTaia ((PpaKTaJlbHOTO KJla-
crepa). @pakTaabHbIil KJIACTEp B TYpPOYJEHTHOU cpelie MMEeT COoO-
CTBEHHYIO YaCTOTy KOJICOaHUIA 16_1 MU MOXET IepeMelaTbCcd I10
BHELLHEMY 1010 H,y, co31aBast JOMOJHUTEIBHYIO aHU30TPOITUIO MPU
HaJIU4YMKM Sl4€E€YHOU KOHBEKLMM. 3a BpeMsl T ABUXKEHUS IO MO0
H, 311eMeHTOB (KJ1aCTEpOB) IMPOUCXOIUT UX CMEIIIEHUE HA paccTo-
aHue R;. Ota camoauddys3usi onpeacnsieTcsi BbIpaXXeHUEM
2
k=R (5.10)
61
TunuuyHoe BpeMsl >KM3HU (PPaKTaJIbLHOIO 2JIEMEHTA OIPEACIsSICT-
Csl BbIpaxk€eHUEM

T =T, exp —th , (5.11)

m

rne W > 6, — 3Heprust akTMBalMM (PPaKTAIBHBIX SJEMEHTOB
1uiu kjaactepoB. OHa onpeaesieTcsi BO3MYLUEHUEM (POHOBOTO OIS
H,» ¥ CTCICHBIO BO3MYLICHNUSI CTPYKTYPUPOBAHHOIO IIOJISL. Torma
BeIpaxeHue st camonnuddysum (Bas et al, 1988):

2 w
—t

K = exp o . (5.12)
67,

PaccMoTpuM, JOIOJHUTENBHO, KaKle CBOMCTBA MOSIBISIIOTCS B
Tako# cpene (mnasma ¢ ppakranamu). Ecam A p — rpaguMeHT nosd
B (I0KanmpHOE Mose), TO
OB -
—— =n,VB, (5.13)
ot

rae h, — MarHuUTHasK BSI3KOCTb.

[ToTok (dpakTaJbHBIX 3JIEMEHTOB MPU CKOPOCTU |/ U (PYHKLIUM
pacripeieieHus f U3 CTaTUCTUYECKOro ypaBHeHUs (5.3) OyueT

o= [ fdx=p, <V>. (5.14)
(X)

3nech X — 3G GEKTUBHBIN 00beM (PPAKTAIBHBIX SJIEMEHTOB, P, —
00BbEMHAs KOHLIEHTPALMS DJEMEHTOB, T.€. P, =<f Jdx>, & —
X
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MOTOK 3JIEMEHTOB T1py b dy3nu, ¢,. — OOLIMI TTIOTOK SJIEMEHTOB
BMECTE ¢ (POHOBBIM MOJIEM.
MN3MmeHeHre MoTOKa BCEX 2JIEMEHTOB 3a BpeMsl Af OyleT

Ady =<V > IAt [ p,dS, (5.15)
S

JIB>KeHMe paccMaTpUBAETCs B LIVUIMHAPUIECKOM TToJIe: [ — IIn-
Ha mpoOera B 3TOM MoJe 3a BpeMs Af, S — cedeHue LMIMHIpA.
C apyroii ctopoHbl, obias auddysus u3 (5.13)

A9y = Am, [ ABdS . (5.16)
S

CpaBauBast (5.15) ¢ (5.16), noayyaem

<V>1{p,ds
S

| A0y | _ —R,I,, (5.17)
[A6r ], [ABdS
N
<V>I i}
rae R, = — MarHuTHoe yunciao PeitHompaca. MHOXUTE b
Mm
[, HaXOIMM CIIEyIOLMM oOpa3oMm:
E:ZEi—i—Eg (5.18)
i
14001
AB =AY B, +ABy ~<AB > +AB . (5.19)
i
31ech Z?,- — 1oJe ¢dpakTaJbHbIX 3JIEMEHTOB, BO — ((oHoOBOE
oJIe.
Torna

[ ABdS = [ALBidS + [ ABydS =
s s ! s (5.20)
=1[p,dS + [ABydS ~ 1 [p,dS

S S S
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T. K.
[ ABydS >0 npu 1>0. (5.21)
S
CrnenoBarenpHO, MHOXUTEIND /,, 13 ypaBHeHUs (5.17) Oyzner paBeH
[ pndsS
I, =35——>1. (5.22)
[ aBds
s

Orcrona cienmyeT, 4YTo T.K. 4Yucjao PeitHosbaca 111 KOHBEKTHUB-
HOWM 30HBI R > 103+105, TO MarHUTHBIN TOTOK, T.€. AUPPy3us, Npu
HaJIMYMU JUCKPETHBIX 2JIEMEHTOB OyJIeT Ha HECKOJIBKO IOPSIIKOB
OoJibllie, YeM B OJHOPOIHOM cpele 0e3 JNUCKPETHBIX COCTaBJISIIO-
HIMX. DTOT pe3yJIbTaT COOTBETCTBYET HaOMOACHUSIM TUdEPy3un BO
¢dpaxransHoi cpene (Lowrence, 1991).

Jlpyroe xapakTepHO€ CBOMCTBO ILJIa3Mbl C JUCKPETHBIMU (Ppak-
TAJIbHBIMU 2JIEMEHTAMM, 3TO HecOaJaHCUPOBAHHOCTh MArHUTHOTO
IIOTOKA, T.€. 20y # 204 I TpyNNbI MATEH TaKyl0 HECOAIAHCUPO-
BaHHOCTb oTMevan euie Hale. /Ins dakenoB ((JIOKKYJIOB) IIPOBE-
PUTH BTOT JUCOAIAHC TpyAHEE W3-3a HEONpPEeACEHHOCTU T'PaHUIL
(pakes0B U, YacTo, pe3Koil HEOTHOPOIHOCTU paclipeaceHUs MOJIs
B Hux. OgHako Takue monbITku jaenaymuck (e Arep, 1962). dug
AKTUBHBIX 00JIACTEli, 4aCTO, MOTOK OJHOU MOJISIPHOCTU B 2+3 pa3a
OPEBOCXOJUT IIOTOK APYrou moysipHocTu. MI3BECTHO, UTO U3MEpe-
HUusl «CoJiHLIe KaK 3Be3Ja» JaloT HEKUI MepeMeHHbI psij Hecba-
JJAHCUPOBAHHOI'O MAarHUTHOIO IMOToKa. OOBSICHUTDL 3TOT AUCOAIaHC
HEJIOCTATOYHBIM TIPOCTPAHCTBEHHBIM pa3pelleHeM HE yAaeTCs: C
pOCTOM paspellieHusl aucdanaHc coxpaHsercs. [ToHsITh 3TO MOXHO
TOJIBKO C YYETOM TOrO, YTO Xy # 2dg OTpaXaeT M3MEHUYMBOCTH
(GyHKIIMK pacrpenceHUsT TUCKPETHBIX 2JEMEHTOB, KOTOpbIE, KakK
yKa3bIBaJOCh BbIllI€, MPOCKTUPYIOTCSI Ha 1eJu MarHurtorpada.
Kpome Toro, B KpynHomacluTabOHbIX arperatax (yHKIUM pacIipe-
JeJIEHUsI MOTYT ObITb pa3auyHbIMU. OTMETHUM, YTO pedyb MUAET O
JucOajiaHce IMOTOKOB MAarHUTHOM MHAYKIIMM M3-3a HepaBEeHCTBA
uy(r, 1) # ug(r, £), TOrIA Kak sl HANPSIKEHHOCTM MAarHUTHOIO
nonst X Hy = 2 Hg, uro cnenyeruz div H = 0.

Hakonel1, Bcs iMHaMuKa sSIBJICHUI COJTHEYHOM aKTUBHOCTU (BbIO-
pPOCBI, CTpYHHBbIE NBWXKEHUSI, U T.I.) KOHTPOJUPYETCS HE TOJbKO
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MarHUTHBIM MOJieM, HO U (DYHKLMEN pacrpeaesieHusl JUCKPETHBIX
3JIEMEHTOB B IIa3Me. DTO JIETKO MPOWUIIOCTPUPOBATh MHTErPAIOM
IBYKeHUST bepHymiu B o0leM Bue:

2
P —l—%sz + pgh+ < w(nt) > HT = const . (5.23)

3nech P — mawieHue; KuHetnueckas 1/2pV?2, u noreHLMAab-
Hasi pgh, SHEPrUM; TTOCIECIHUI YJIEH — SHEPrus MoJIsl.

M3MeHeHusIMU TIOCEAHETO 4YjieHa MOXHO BapbUpOBaTh, APYTrUe
napaMeTphl: JaBjJeHUE P, KMHETUYECKYIO SHEPIUIO, BBICOTY CJIOSI
(TIOTEHLIMAJIbHYIO SHEPIUi0), U HAOOOpOT, Baphaldyd HapaMeTPOB
(P, Eis Eror) IPMBOJAT K UBMEHEHUSM CPEAHETO MATHUTHOTO TTOJIA.

Takum obpa3oM, HaJIM4YKWe JUCKPETHOTO MHOXKECTBA MarHUTO-
HECYLIUX COCTaBISIOLIUX B POHOBON MJa3Me B 3HAYUTEJIbHOI CTe-
MEHU onpeaensaeT QyHIaMeHTaIbHbIE CBOMCTBA BCEi MATHUTOILIA3-
MeHHOI cpeabl CostHLA.

Bce ommcaHHOE BbIlIE HAITOMMHAET MPOLECC YHOPSIOYCHUS
(deppomarneTkoB. [IpyHIMNIMATBHOE OTAMYKME B HAIIEM CJIy4dae
COCTOUT B TOM, YTO HaM Heu3BeCTHA (DYHKLMUSI B3aUMMOJCHCTBUS
(ppakTasoB U MOTYT ObITh MOJYYEHbI TOJIBKO KOI(PMULIMEHTHI AaJTb-
HUX KOpPPEJSILMOHHBIX CBSI3ei Mexxay (pakTtajamMu U (ppaKTaib-
HbIMM KJactepamu. Mepapxuss MakpocTpykTyp Ha porocdepe, He-
CyLLMX MH(popMaLMIO 0 (PpaKTaJIbHbBIX B3aUMOJCUCTBUSX U CTPYK-
Typu3aliu, MOXET OBbITh OTOXAECTBJEHA C B3aMMOJIeHiCTBUEM
(¢dpakTajioB HE BO BCEl KOHBEKTHMBHOI 30HE, WM JIaXe HE B €e
BEepXHEHW 4YacTH, TIe BaXkHa gyeeyHas KOHBeK1Ms. Bce 3To 3amaun
Oyayllei reauoceiicMoioruu. I[IprBeneHHOE BBIILIE JOJDKHO OBLIO
TOJIbKO WJUIIOCTPUPOBATh U3MEHEHUSI CBOMCTB ILIa3Mbl C «BKparl-
JIeHHbIMW» (ppakTajiamu. Takasi njaa3ma U3MEHSIEeT XxapaKTepHbIe 3Ha-
YEeHUS NOJBUXXHOCTHU, BI3KOCTU, TEIUIOIIPOBOAHOCTU M APYTUX MaK-
ponapameTpoB. [lo-BuayMoMy, B COJIHEUHbIX HAOIIOAEHUSIX CTE-
MeHb BIUSIHUS (DPAKTAJIOB B IIA3MEHHOI Cpe/ie MOXKHO IbITaThCS
BBISIBUTb, M3y4yasl JMHAMUYECKUE SIBJICHUS B XpoMocdepe U KOpo-
He, CTeNeHb YCTOMUYMBOCTM KOPOHAJIbHBIX apoK M retTejib u T.a. Ha
TO, YTO (PpaKTajJbl CYLLIECTBEHHO MEHSIOT MaKpPOCBOMCTBA ITIa3MBbl,
YKa3bIBalOT, HarpuMmep, orpeaecacHus koadduimeHta nuddy3uu
(Lowrence et al, 1995), koTopslii oka3ajcs Ha 2—3 MopsiJiKa BBILIE
«KJIJACCUYECKOro» B OJHOPOJHON IIa3me.
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B HenaBHeM coobieHun Ha COSPAR-2000, KocoBuueBa u jp.,
OTMEYaJI0Ch, YTO MO TI'€JIMOCEMCMOIOIrMYECKUM AaHHBIM HaOJroaa-
eTCSI OTHOCUTEIbHO OBICTpBIA MmoabeM MarHuTHoro 1oasa AO. Ilo
n3mepeHussM Ha SOHO, ¢ reamoceiicMuueckum npudopom MDI,
(Kosovichev, 2000) na rnyoune, noa ¢porocdepoii, 1,8 10° cM B 06-
Jactu pacnoJjioxeHust AO, ckopocTb nmojabema moJst ~1,3 10 cM/c,
YTO BBILIE MpeacKazaHHoro paHee (~5-10% cm/c). HaGmomaemoe
pa3Butre AQO MOKa3bIBaeT, UYTO IISITHO (POPMUPYETCSI B pe3yJibTaTe
MOCJIEA0BATEIbHOM KOHLICHTPAllMM MarHUTHBIX 2JieMeHTOB (MFT).
B nmondorochepHoii cTpykType, Habmoaasieicda 20 utoHs 1998 r.,
BOJIHA BO3MYIIIEHHUS OblIa HA TPETh OOJIbIIE, YEM CKOPOCTb I10IbE-
ma mosst. Ha ty6uae ~4 -10% cMm ambBeHOBCKast CKOPOCTh BOJHBI
BO3MYILEHUSI COOTBETCTBYET MarHUTHOMY Tojiio ~18 kI'c. ®dpak-
TaJlbHOE MHOXKECTBO, Onarogapsi JajJlbHUM KOPPEJSILIMOHHBIM CBSI-
35IM MEXIY 3aMarHMY€HHbIMU (PPaKTATbHBIMU 3JIEMEHTAMU WJIU
KJIaCTepaMHU, JOIIyCKAeT ObICTPOE pacIpOoCTpaHEHUE BO3MYILCHUS
MArHUTHOTO MOJisI. DTO, MO-BUAMUMOMY, U OTMETUJIU TIeJIMOCeiic-
muueckue npuodopsl (Kosovichev, 1999, 2000).

HoBoe HampaBieHMe HcClIedoBaHUIN (PpaKTalbHOM Cpeabl OT-
KpbIBA€T aHAIM3 BO30YXIEHUS 1 PacIpOCTpaHEHUsI HU3KOYaCTOT-
HbIX BOJIH (3ocumoB, JIssmiies, 1995). Mcnoab3oBaHKe 5TOro METOAA
MCCAEA0BAHMSI COTHEYHOI Cpeabl, MPaKTUYECKH, €lle He HayaTo.
Mexay TeM, Jaxe TOJbKO SKCIEPUMEHTAIbHBIM (haKT CHMKEHMS
MHTEHCUBHOCTH 5-MUHYTHBIX p — BOJH B AO Ha =20+40% yka3bi-
BaeT Ha BO3MOXHOE PE30HAHCHOE ITOIJIOLIEHUE p-MOoJ KoJieOaHWit
B MECTax IMOBBILIEHHON KOHLEHTpalUuMu (ppakTaJbHBIX KJIACTEPOB.
BDTO MOXET 0Ka3aTbCsI OCOOEHHO BaXKHBIM MPU aHAJIN3E T'eIUOCEH-
CMOJIOTUYECKMX MCCICOOBAHUIM.

B nipocTeiiinem Buae Bompochl KoJieOaHUM 3aMarHM4eHHOM T1J1a3-
MbI OTHCJbHBIX SIBICHUIA COJJHEYHOM aKTMBHOCTU CTOSIIA €Ille Ha
paHHeMm otane aHanu3a (Mogilevsky, Shelting, 1969; Moruaesc-
kuii, 1975). B pabotax (MoruneBckuii, Oopuako, llleastunr, 1972,
1973), B KOTOpBIX BIIEpBbIE OOHAPYKE€HbI 3-MMHYTHBIE KOJICOAHUS
MarHMTHOTO MOJISI B MSITHE, I10KAa3aHO, YTO KoOJieOaTeJIbHBIN pe-
KMM, B mpouecce 3Bomouun AQO, xapakTepusyeTcsl OIlpejesieH-
HBIM CIIEKTPOM KOJiIeOaHMiII MarHUTHOTO MoJisl U ckopocTu. [1poBe-
IeHHble Ha MarHutorpadge OaineHHoro teiaeckorna UISMHUPAH B
60+70 romax cepum konebanmii B AO TIOATBEpAWIN MTPEAIIOIOKE-
HUE, YTO B IMPOLIECCE IBOJIOLUNM 3aMETHO M3MEHSIETCS BUJL U JAXKE
XapakTep crekTpa KojedaHuii moas u ckopoctu AQO.
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MoxHO ObLIO OXMAATh, UTO XapaKTepHbIe U3MEHEHMSI CIIEKTpa
KOJIeOaHUIA EII i I7|| MOTYT WCITOJb30BaThCS WIS KPAaTKOCPOUHOTO
nporHo3upoBaHust pa3Butus AO. OgHako, IPOMO3AKOCTb B MOJY-
YEHUHM CIIEKTPOB M UX aHaJM3e He TI03BOJIIM TOrAa JOBECTU ITY
3aga4y J0 NoJaHOro paspeiueHuss. OCHOBHBIMU TPYJIHOCTSIMU B ITPO-
BEACHUM TaKMX HA3€MHbIX HAOIIOIEHUN SIBJISIUCH: TPYJAHO YYWThI-
BaeMoe aTMocdepHoe JApoxXaHue, HEOOXOAUMOCTb AJUTEIBHOIO
TUIUPOBAHUS, Y MIPAKTUUECKAs HEBO3MOXHOCTh MOJTYYEHUSI OJHO-
POJHOIO psijia 32 HECKOJbKO YacoB HaOMoaeHUi B yciaoBusx Ilom-
MOCKOBbBsI. K coxaneHnio, HU B OAHOW M3 MHOTOYMCJIEHHBIX MPO-
rpaMM HabmoaeHuit Ha KA HeT 3agayy mo IOJIyYEHUIO CIIEKTPOB
Kojiebanuii AO. Mexay TeM, UMEHHO BO3HUMKHOBEHME U DBOJIIO-
st koyedbaHuit mapametrpoB AO, rpanun K/I, BOJOKOH U T.JI. He-
CYT MH(pOpMALIUIO O CHNEKTPaJbHON CTATUCTUYECKOU (PYHKLUU
(¢dpakTaJIbHOTO MHOXKECTBAa JAHHOIO COJHEYHOTO OOBEKTa, T.€. O
caMoM TIpUpoJe CTALlMOHAPHOIO M BO3MYIUIEHHOIO COCTOSIHUSI U3Y-
yaemoro gBieHus1 Ha CoiHile. /laxe Takoii, Ka3ajaoch Obl, IIPOCTON
BOIIPOC — OTJMYAIOTCS JIM CHEKTPhl KojiebaHuii OEeCCUIOBOIO U
MOTEHLIMATBHOIO MOJIeil, HEe IMOCTaBJIEeH B MporpaMMax 3KCIepu-
MEHTOB Ha KOCMMYECKMX aIlraparax.



I['maBa VI

O HEPBUYHbIX NCTOYHUKAX SHEPTUN
COJIHEYHOU AKTHMBHOCTHA

DTta TeMa HaMM HEOJHOKpaTHO obcyxpanach (MorujieBcKkui,
1996, 1998), 160 ckob mOAPOOHO HU OOCYXKIATh CBOMCTBA (ppak-
TaJIbHO-KJIacTepHOU cpeabl Ha CoTHIIE, OCTAeTCSI OTKPBITHIM BOII-
pOC O TOM, KaKOB, Y TJe PacrnojioKeH JOMOIHUTEIbHbBI UCTOUHUK
SHEPIruu, KoTopasi odbecrneurmBaeT odpa3zoBaHue (ppaKTalbHO-KJIac-
TEPHOU CTPYKTYphl B KOHBEKTMBHOU 30He U aTMocdepe CoJHIIA.
DTO 2HEPrus, COCTABJISIONIAS BCETO HECKOJBKO MPOLIEHTOB OT 00-
1miero noroka uziaydeHus: «CoyiHIA KakK 3Be3[bl», JOLKHA HMMETb
SIBHO LIMKJIMYECKYI0 MEePUOAMYHOCTb (2—3-jeTHioto, 11-j1eTHioro,
22-JIeTHIO10, BeKOBY10). EciiM cuuTaTh, YTO MarHUTHOE I1oje (T.€.
TOKOBBI€ CTPYKTYpPblI) BCE€X COJIHEUHBIX SIBICHUI aKTUBHOCTH, TaK-
K€ KaK U KpyIHOMACIUTAOHble MarHUTHBIE TOJISI, OOYCJIOBJICHBI
JrnHamo-3(pdekToM (HauboJjiee BeposiTHasE U OoJiee MOJIHO pa3pa-
OoTaHHas1 TEOpUsl), TO UX UCTOUHUKM DHEPTrUU JOJKHBI ObITH 1100
B OCHOBAaHUM JIyYMCTOM 30HBI, JIMOO Ha IMOBEPXHOCTU siApa, IIe
ele ACUCTBYIOT ycioBus (temneparypa 7' > 1,5 10’ K, mioTHOCTB
p, = 115 I-CM >, CBOOTBETCTBYIOLIEE OOWMIME BOAOPOAA W TeJiusi)
LIeMOYKU TepMosijiepHOro cuHte3a 4H = “He. Bmecrte ¢ Tem, B
JIYUMCTOM 30HE€ JOJDKEH CYIIECTBOBAaTh MEXaHU3M OTHOCHUTEIBHO
OBICTPOM TPAHCIIOPTUPOBKU 3TOM DHEPTMM COJHEYHOU AKTUBHOC-
™. M3-3a 00JIbLIOI HENMmpO3pauyHOCTH IJIOTHOU TLIa3Mbl JIYYUCTOM
30HBI HEOOXOIMMBIN GBICTPBI dHepromepeHoc, =~ 10°+10° ¢, He-
BO3MOXEH. [lepeHoC sHEprum Jy4UCThIM M3JIyYeHHEM Ha MHOTIO
HOPSIAKOB IIPOJOJLKUTENIbHEN TPeOyeMoro.

I'esimoceiicMoliornyeckue JaHHBIC YKa3bIBAalOT HA TO, YTO I'eHe-
palLusi MarHUTHOTO MOJISI MPU JUHAMO-3(@deKTe BO3MOXHA TOJIBKO
BOJIM3M OCHOBaHUSI KOHBEKTUBHOI 30HBI, IJI€ MPOM3BOJHAS YIJIO-
BOM CKOPOCTHU II0 BpEMEHU IMpeTeplieBaeT 3aMeTHOe U3MEHEHUE, 1
CYLLIECTBYET CHUPATBLHOCTD (-3¢ (PEKT), M3-3a Pa3IUIHOTO MEePUO-
Jla BpalLUEHUSI KOHBEKTUBHOM 30HBI (B CPEAHEM 27d) U JIy4UCTOU
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30HBI (= 28"). Takue ycnoBus sl ow-AuHaMoO 3P deKkTa He cyliie-
CTBYIOT ITyOOKO I104, KOHBEKTMBHOM 30HOI. TaM Morio Obl coxpa-
HUTBHCSI TOJIBKO PEJIUKTOBOEC MarHUTHOE MoJjie (T.e. IoJie, 3aXBayeH-
Hoe U cxaTtoe B mpolecce ¢opmupoBaHusi ComHIIa KakK 3Be3/bl).
Ho 3a Bpemst = 5 10° ner cyuiectBoBaHus CoJjiHLIA 3Ha4yeHUE pe-
JIMKTOBOTO T0JIs1 U3-3a Anddy3un, Kak MoKa3biBaloT oleHKU (Kur-
qamHOB, 1998), He momkHO mpesbimaTe 107 Tc.

MOHUTOPUHT MHTEHCUBHOCTU COJHEYHBIX HEUTPUHO yKa3bIBa-
€T Ha KBasUpEryJspHble MMITYJbCHbIE M3MEHEHHUS T0TOKa, KOTO-
pbi€ MOTYT OBITh CBSI3aHbl C YCJIOBUSIMM BOJIM3U COJTHEYHOIO SIApA.
Peyb ypeT He 0 3aHMKEHHOM MHTEHCUBHOCTU HEUTPUHHOIO ITOTO-
Ka, KOTOPBIA CBA3BIBAIOT YaCTO C HEUTPUHHOM OCILUISALIMEN B
MOIePEYHOM MAarHMTHOM MOJie, HallpruMep B KOHBEKTUBHOI 30HE,
a 0 peayJibHbIX (QIYKTyalMsIX HEUTPUHHOIO IOTOKA.

B pa6orte (Morunesckuii u ap. 1996), paccMarpuBaiach TMIIO-
Te€3a pacIpoCTpaHEHUsI TEIUIOBBIX MMITYJIbCOB SHEPTUU OT T'paHUII
HeogHopoaHoro sjapa. CyliecTBYIOT JM JOCTaTOYHble O0OOCHOBA-
HUS 3TOU rurorte3bl? Ha BpeMeHHBIe BapualMU B CIIEKTPE 31EKT-
POHHBIX HEMTPUHO V,, KOTOPBIE MOTYT YKa3bIBaThb Ha CIIOpAINYeC-
KO€ TIOSBJICHHUE <«TOpSUMX MATEH» Ha IoBepXHOCTH sipa CoJrHIIa,
oopatui BHuMaHue Bahcall (1993). B obuieii enouke TepMosiaep-
HbIX peakluii B ssape CoJiHLa

Be + ¢ — 'Li + v, (6.1)

DHEpPrus COJHEYHBIX 3JIEKTPOHHBIX HEWTPUHO V, PaBHa
862,27 koB, TOrAa Kak B JaOOPATOPHBIX YCIOBUSIX DHEPIUS V, MPU
Takoil peakuuu paBHa 861,84 koB. CnekTpajibHasl JIUHUS OEpUII-
JIMEBBIX HEUTPUHO V, HA COJIHIIE pa3MBIBACTCS M3-3a BBICOKOW TEM-
neparypbl siapa. Ilpu cnopaiuyeckoMm TOSIBJEHUW «TOPSIYMUX TTsI-
TeH», MOXHO OXWJIATh IOSIBJICHUS <«TOPSIYUX» U <«XOJIOJHBIX» -
HUIl B cnekTtpe v,. K coxajseHuto, 1moka 3KCIEPUMEHTBI HE
MO3BOJIMJIM YBEPEHHO YCTAaHOBUTH TaKoi 3(pdeKT Jaxke MpU MOIILI-
HbIX BCIbIIKax (13 19 ciaydaeB apdekT HabmoaaICs1 TOJBKO 3 pasa).
TpeOyroTcst gajbHeIIMe HaOII0AeHNS HA HOBBIX, BHICOKOUYYBCTBU-
TeJbHBIX HEUTPUHHBIX Tejaeckonax. Teopetuuecku, (Bangakypos,
1993, Bahcall et al, 1982), cyluecTBoBaH1e CBOEOOpPA3HOIO «IIepe-
MEILUMBAHUI» B SApPE€ BO3MOXHO: OHO CJIEAYET M3 YCIOBUM YCTOM-
yuBOoCTH siapa Ha CoHIe.

JpyruM sKcriepMMeHTaIbHBIM MOATBEPKICHUEM CYILECTBOBA-
HMS HECTaLlMOHAPHOTO TEIJIOBOIO IoToka oT sapa CosHila MOTyT,
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B MPUHLUIE, CAYKUTb AJAHHbIC O BapHUalLlUsIX g-MOO0bl KOJCOAHUIA,
KOTOpbIE Mbl PACCMOTPUM HUKE.

TenoBble UMMYJLCHI B HEJIMHEWHOM, SHEPreTUYECKU OTKPbI-
TOW TUIOTHOM ILIa3Me€ JIYYUCTOI 30HBbI (JI3) Moryr reHepupoBaTh
LEMOYKY MyJIbCHUPYIOIINX ABTOCOJIUTOHOB. OHU CIOCOOHBI, BO30YXK-
Jasicb Ha 4acTOTe g-Modbl siipa, MEPEHOCUTh, C JJOKAJTbHOU 3BYKO-
BOIi CKOPOCTBIO, TEIUIOBYIO 3HEPIUI0 (HECKOJIbKO IPOLIEHTOB OT
OOILIeTO JYYUCTOro IMOTOKa) K obyiacth BOMM3M rpaHuisl K3/J13.

PaccMoTpuM 3TOT BOIIpoc HEMHOTO T1oJpoOHee. B 30He ayunc-
TOTO TIepeHoca (JIy4ucToi 30He) Ha mryomHe ot 0,7 no 0,3 Ry MoryT
00pa30BaThCsl TEIJIOBBIE JTUCKPETHBIC NUCCUIIATUBHBIC CTPYKTYpHI,
eClIi OT MoBepxHOCTU sapa (uctouyHuUK (7)) pacopocTpaHsieTcs
TETIOBOI «MMITYJIbC»  OOlliee KBAa3WIMHEHOE YpaBHEHME, MOJe-
Jpyrolliee 00pa3oBaHUE TUCCUIATUBHBIX CTPYKTYP B HEJIMHEHHOE
cpene, npeaioxeHo mareMatukamu UIIM PAH (Camapckuii u nip,
1987; Kypmiomos, 1979, 1983):

o o0, ., . 0T

v o W= (r) ar)+Q(T), (6.2)
rne (1D = q,T P. koo durment termmonposoaroct WW(r) =
= I/I/O(T)Ga 4o, I/I/an > 09[3 > 1.

[TpocTpaHCTBEHHO OrpaHUYEHHbBIC TEIUIOBbIE CTPYKTYPhl BO3HU-
KaroT Npu pexuMme, koraa § > o + 1 (LS-pexum). CrenieHHas 3a-
Bucumocts W', u Q yKa3bIBaeT Ha (ppakTaJbHYIO MPUPOAY OOpa-
3YIOLLIUXCSI CTPYKTYP.

B nyumctoili 30He cyuiectByeT auddepeHIMaIbHOE BpallcHIe

o C))
or
BaeT IMepeHOC MOMEHTa YyIJIoBoro BpaileHUuss. PopmMupoBaHue JIo-

KaJIbHBIX AVICKPETHBIX CTPYKTYP B JIYYUCTOM 30HE MOXKET ITPOUCXO-
IATH TIpY HequHelHoW auddy3nmm (M3-3a HaIU4US TPagueHTOB
TUIOTHOCTU M cKopocTu V). CoBMECTHOE ACHMCTBUE TEILIOMPOBOJI-
HOCTU U AUGdYy3Uu OMpeAesieT IBYXKOMIOHEHTHOCTb IJIa3MBbl.
ba3oBas cucrema napabonmyeckux ypaBHEHUN CTPYKTYpHU3aLM TIPU
9TOM OydeT

1o cepuyeckoit KoopauHarte 0(r), T.e. # 0. D10 obecrieun-

TepMuH «MITyIBC» YIIOTPEOJISIETCSI HECKONBKO YCIOBHO. DTO MOTYT OBITh
HeCTaLMOHAPHBIE MPOAOIKUTEIbHBIC «UMMY/ILCHI COTHEYHON aKTUBHOCTH»,
U 3aMOJYJUPOBAHHBIC, HAIPUMEDP, KBAa3WIBYXJIETHUE BapUallMU TEILJIOBOTO
MMOTOKA.



136 I'1aBa VI. O NEPBUYHBLIX MCTOUHUKAX BSHEPTMM COJHEYHONM AKTUBHOCTH

T _ 9 () Oy 4 m (7,7, 4)
or or or 6.3)
vV 9, oT '
kM NLFE(TV. A
HpI/I HavdaJIbHBbIX YCJ'[OBI/IHX
T(r,0)=Ty(ry); r >0,3Rg 6.4)

Vir,0) =Vy(ry).

3nech HenuHelHas GyHkuus Fi(T, V, A) = F(T, V, A) — onpe-
JeJIsIeT B3auMojeiicTeue TeruionpoBogHocTu ( W) u nuddys3un (K),
napamMeTp A XapakTepu3yeT BHEIIHUI 3HEPrOMCTOYHMK: HEOTHO-
poaHocty T Ha TMOBEPXHOCTU SiJipa, CBSI3aHHBIC CO CBOEOOpPA3HBIM
HEyCTOMUMBBLIM NepeMelBaHreM (Bangakypos, 1993). KauecTtBeH-
HBII aHa3 cucteMbl (60.3), mpoBeaeHHbI Kepriep n1 OcunoBbiM
(1989), mpuBen K IMpeacTaBICHUIO 00 aBTOCOJIUTOHAX — YeIWHCH-
HBIX TEIJIOBBIX JUCKPETHBIX CTPYKTypax. Bo3MoXHBI Tpy BapuaHTa
ABTOCOJIMTOHOB: CTalIMOHAPHbIE, ¢ OEryLMM HMMITYJbCOM, U ITyJib-
cupyroiiye. st 3aaa4 OTHOCUTEIBHO OBICTPOU TPaHCIIOPTHUPOB-
KM 3HEPrMM OT siApa K OCHOBAHWIO KOHBEKTHMBHOI 30HBI, IJI€ OHA
pacxonyeTcst UIsI BO30OYXXICHUSI BCEX SIBJICHWI COJTHEYHOM aKTHB-
HOCTU, MPEACTABJSIIOT MHTEPEC IYJbCUPYIOIIME ABTOCOJUTOHHI.
YacToTa myJibcallMM MOXET COOTBETCTBOBATb g-mode KOJieOaHMIA
cojiHeuHoro sijpa (Cristensen-Dalsgard, Berthomien, 1991), u pas-
Ha < 100 mI'u. YtoObl obecrnieyuTh HaOMOJaEMbIe SIBJICHUSI COJI-
HEYHOI aKTUBHOCTU M BapuallMM CBETUMOCTHU, MOTOK SHEPIUU,
MEPEHOCHMOI ABTOCOJMTOHAMH, JOJDKeH ObITh > 107 apr/c. D10
< 10728, toe S, — obmast ceruMocTs ConHIa. B «cTaHmapTHOI
Mojean CoJjiHIIa» BpeMsl 3Heprorepegadyu, ¢ JIOKaJIbHOU CKOpOC-
ThIO 3BYKAa, MYJbCUPYIOLLMMU aBTOCOJUTOHAMU (IIpU g-mode KoJie-
Gauwmit) 6ymer > 10° c.

g-M0o0bl KoaebaHuil, uaymmx u3 sapa CoJiHLa, IMoKa elle He
OOHapyXeHbl, TaK KaK OHHU ITOJHOCTbIO TOIJIOLIAIOTCS B CpeaHei
yacTU KOHBEKTHMBHOI 30HBI. B mpuHIMIIe, KojebaHUsI U3-3a HEYyC-
TOMYMBOCTU aBTOCOJMTOHOB, MOTYT MPOUCXOJUTb U HA COOCTBEH-
HOW 4acToTe ), OJM3KOW K 4acTOTe g-M0O0bl KOJEOAHWIA.

bhICTpBIi (OTHOCUTEIBHO JIYYMCTOIO MEPEHOCA, KOTOPbIA Ha
> 10°+10% MeJJIeHHel) sHeprorepeHoc B JaydyucToil 3oHe (JI3), u
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TpaHCHOPTUPOBKA K KOHBEKTUBHOI 30He (K3) 1 dpoTochepe Heyc-
TOMYMBBIX aTOMOB JIMTUS, OCPUIUIMS, pacCMAaTPUBAINCh, HaIpu-
Mep, B padote Schatzman (1991). IIpeanojorasoch, 4YTo B Jy4MUC-
TOU 30HE MOTYT BO30YXJAaTbCSl BHYTPEHHUE I'PaBUTALIMOHHBIE BOJI-
HbI, CBSI3AHHBIC C TEIUIOBOM HEYCTOMYUBOCTHIO.

B npobaeme nourcka g-mood KoaedaHuii BO3MOXEH U JPYTroi 3K-
CIIEepUMEHTAJbHBIU Moaxon. OxwumaaeMble NEPUOABl g-M0OO0
> 20+60 munyT. [ToaHOE VX TTOIVIOIIEHUE NOJLKHO HMPOMCXOAUTH B
CpeAHEl YacTu KOHBEKTMBHOM 30HbI. HO mpopoibHbie g-modbl KO-
nedaHuii, y ocHoBaHusi K3 u BbIlle, BCTpEYarOT KPyIMHOMACIUTA0-
HbIE MarHUTHBIE CTPYKTYpPHI. [1pomobHbIe KoeOaHus g-M00bl JO-
>KHBI BO30Y:KJaTh (Ha CBOEI 4acToTe) BOJHBI AJb(BEHA B a31MMYy-
TJIbHOM KOMIIOHEHTE KPYITHOMACILITAOHOI0 MAarHUTHOTO IIOJIS.
CroJib HU3KOYACTOTHAs BoJIHA AlbdBeHa, 0e3 CYLIeCTBEHHOIO
MHOIJIOLIEHMSI, AODKHA CBOOOJHO IIPOXOAWUTH BCIO 4YacThb KOHBEK-
TUBHOM 30HBI U BBIXOAWTb Ha BBICOTHI > XxpoMocdepsl. [1pu Hami-
YMU JIOKAJBHOTO PAJMOMCTOYHUKA TMPOPE30HAHCHO MPUPOIbl (Ha
natHamyu B AO), npuiueainasi BojHa AJibpBeHa AOMOIHUTEILHO
MOAYJUPYET U3JIYyYEHUE PAAMOUCTOUYHMKA, HAllpuMep, Ha BOJIHE
> 10 cM. MHorouyucjieHHbIe HAOMIOACHUS CHEKTPOB KOJieOaHUIA
(rammpumep, padotsl B H.-HoBropoae 8 HUP®U, Kobpuna 1976,
I[Taxomosa 1980, u ap.) mokazajiu, 4TO HapsiAy C OTHOCUTEIbHO
KOPOTKONEPUOJHBIMHU, CYLIECTBYIOT U JIOJIONEPUOJHbIE KOjeha-
Hug ¢ > 2060 munyT. [lociaenHne CyliecTBEHHO BBIICISIIOTCS I10
cBouM xapaktepuctukaM. Eme B 1974 r. nosiBuiack padora Wolfa
(1974), B KOTOpPOIi BbIABUTaJaCh TMIIOTE3a O BO30YXIACHUU HU3KO-
YAaCTOTHBIX KOJIEOAHUI B CIIEKTPE JOKAJIBHOTO PaJUOMCTOYHUKA 32
cyeT BustHUS siipa CojsiHoa. C Tex mop K 9TOol TMIoTe3e He BO3-
BpAlLIA/IMCh, XOTSI, KAK Mbl BUAEIU, 3TO MPEATIOJOXEHNUE YKJIaIbl-
BaeTCsl B Hallly CXEMY O IePBUYHBIX UCTOUHUKAX SHEPTUM COJTHEU-
HOM aKTUBHOCTHU.

Konebanust HU3KO4acTOTHOrO paauou3nydyeHus Ha BoyHe 10,7 cMm
TECHO CBSI3aHBI C KBa3WIBYXJICTHUMU KOJEOAHUSIMU OOIIEro M3Jy-
yeHus1 ConHua (MBaHoB-XoJiogHbi, Moruiesckuii, UepTtomnpyn,
2000). Ha »TO yKa3bIBa€T CTAaTUCTMYECKM IIOJYYE€HHAasl, UX MOYTHU
(pyHK1LIMOHAaIbHAs CBsI3b (KO3 IULMEHT KOPpEeIsiLUU IO cTaHaap-
Ty OTKJIOHeHUI paBeH = 0,95). C npyroii ctopoHsl, B padortax O0-
punko, Ileastunr (2000), moka3zaHo, YTO KBa3UJABYXJIECTHUE KOJIC-
O0aHMs CYLLIECTBYIOT B KPYMHOMACIUTAOHBIX MAarHUTHBIX MOJIsIX. Ta-
KM 00pa3oM, g-modbl KOJeOaHWIA MOTYT OBITh BBISIBJIEHBI, €CJIU
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OyIeT JoKa3aHo, YTO KoJjiebaHue sipa IepeJacTcsl B IyYUCTOM 30He
ABTOCOJIUTOHAMU, U MMEIOT MECTO BO30YXKJICHUSI HU3KOYACTOTHBIX
BOJIH Ab(pBeHa Ha yactote g-m00 B K3. 3arem mocienyeT nx Bbi-
X0l B XxpoMocdepy, U Bo3aeicTBre (MOAYJISILIMS) HU3KOYACTOTHBIX
KOJIeOaHUIA JIOKAJbHOM SMUCCUM PAIUOMCTOYHUKOB U MarHUTHO-
ro MoJjisi aKTUBHOU 00JIaCTH.

DTa cxeMa OTHOCUTEJbHO OBICTPOro 3HEprornepeHoca oT sapa K
JIyUMCTOM, a 3aTeM U KOHBEKTMBHOI 30HE, TpeOyeT, eCTECTBEHHO,
JayibHeuiero ooocHoBaHus. HeobxoauMmocTsb, ogHako, Takoi (1iau
JIpyroii) cxeMbl OBICTPOIi TPAHCIIOPTUPOBKU 3HEPTUU CJEAYET U3
TOr0, YTO 3HEPIUsl sapa, KOTopask onpeaessieT COJTHEUYHYI0 aKTUB-
HOCTb (~1+2% ot oO1uero cBeTtoBoro nmoroka CoJiHIIA):

a) He moxet 3apoxnatbcst HU B JI3, Hu B K3, roe HeT co0-
CTBEHHBIX MCTOYHUKOB DHEPIUM,

0) B mpolecce MeaIeHHOM TPaHCIIOPTUPOBKU OOILETO U3Iyye-
HUs, (OIMMCAHHOTO YpaBHEHUEM JYUYUCTOrO IEpeHOca C y4eTOM
MOIJIOLIEHUS ), JaXe BO3MOXHAasl yaapHasi BOJIHA MOCTENEHHO Te-
pSIET DHEPIUIO, U DMUCCHUS UCcYe3aeT. DTO 3HAUMUT, YTO IPU TOJIBKO
JIYUYMCTOM TPAHCHOPTUPOBKE DHEPIMMU, Mbl HE MOTJMU Obl BUACTH
BapUally B sIIpPe W JIYYUCTOU 30HE Aajiekoro mpountoro. C apyroi
CTOPOHBI, OBICTPAsl SBOJIIOLIMS U peaiu3alyisli SHEPTUU COJTHEUHOM
aKTUBHOCTHU IIpPEIOXpaHsIeT COJHEYHOE SIAPO OT HEeCTalllOHApHOC-
Teli, oOyciaBiauBas OOIlIYI0 YCTOMUYMBOCTH Bcero CosHua. Pery-
JISIPHO CYLIECTBYIOLIME KBa3WJABYXJETHHUE BapMallMM COJIHEYHOM
«ITIOCTOSTHHOI» TECHO CBSI3aHbI C KBaAPYMHOJIbHBIM OOLLIMM MarHMUT-
HbIM 11oJieM CosHuIa. DT0 MOXKHO OXMIATh, UCXOASl U3 MTPUBEICH-
HOI TMIIOTE€3bl MOIYJISILIMKA HAa YacTOTE g-MOObl PAIUOU3IYyYECHUS B
JIOKQJIBHBIX PaJUOUCTOYHMKAX. M XOTSI romoBbie BapUalliu OOLLEe-
TO COJIHEYHOT'O M3JIyYeHUsI cocTaBistioT ToiibKo 0,3+0,2%, ux tec-
Hasl CBSI3b C COJIJHEUHOM aKTMBHOCTBIO JEMCTBUTEILHO BaKHA JIJISI
MOHUMAaHUS TIPUPOJbI TIPOLIECCOB OBICTPOTO SHEProrepeHoca Ter-
na B JI3, u mocnenyromux siBjaeHuin B K3, ¢ obpaszoBaHueM (ppak-
TaJIbHBIX KJIACTEPOB SIBJICHUI COJIHEUHOU aKTUBHOCTU.

Becb 2TOT Kpyr BonpocoB O IMpUpOe NEepBUYHBIX MCTOYHUKOB
SHEPIUM COJIHEYHOU aKTUBHOCTH, XOTSI OH W OYE€Hb BaxKeH JJIs
MOHMMAHMS BCEro, 4To MU3Jarajoch B MPeAbIAyLUIMUX I1aBaX, Mbl HE
OyaeMm oOcyxXaaTh ceilyac 6osiee aetanbHO. IIpexie Bcero rmoromy,
YTO B BTOI 00JIaCTU BEAYTCS €llie MHTEHCUBHBIE UCCIEIOBAHUSI, U,
KpOME TOI0, 3TO BBIXOAUT 3a paMKW HACTOSIILEH MOHOrpadguu.
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B xHure caenaHa mornbITKa IOKa3aTb, YTO HauOoJiee MEpCIIeK-
TUBHBIM IIyT€M B U3YYECHMUU MPUPOALI COTHEUYHOU aKTUBHOCTUA MO-
XKET ObITh 2(PPEKTUBHOE UCMOJIL30BAaHUE HAOIIOACHUIA C MPEAE)ib-
HO BO3MOXHBIM MPOCTPAHCTBEHHBIM W BPEMEHHBIM Pa3pellICHUEM.
I[Togo6HO TOMyY, Kak B CBO€ BpeMsl OCTaBaJIUCh HEMOHSITbIMU MPU-
poja TeIlula, 3JEKTpUYecTBa U T.A., II0Ka HE ObLIM pa3BUThI METO-
bl CTaTUCTUYECKON M aTOMHOM (PU3MKM, TaK M HBIHYE MOCTPOE-
HUE aJeKBaTHbIX HAOJIOAECHMSIM TIPEACTABJICHUI O TIPUPOJAE COJI-
HEUYHBIX BCHBIIIEK, KOPOHAJbHBIX BHIOPOCOB Macc U T.I.
HEBO3MOXHO 0€3 pa3BUTUSI METOJIOB CUHEPIreTUKM 1 (PppakTajlbHO-
ro aHamu3a. OHU MOTYT IO3BOJIUTh IOHATh, KaK U3 MUKPOIJIEMEH-
TOB CTPOSTCS MaKpoarperarbl SIBJICHWHA COJHEYHOU aKTUBHOCTH.
Mbl MOMNBITAIMCH MOKa3aTbh 3TO € MCIIOJAb30BAaHUEM pPE3yJbTaTOB
COJTHEUHBIX HaOJIIOAeHUI (Ha3eMHBIX, U ¢ IpUOopaMu HA KOCMMU-
yeckux amnmnaparax). B kHure nmpuBeaeHbl, ¢ OINpeAeieHHbIM 000-
CHOBaHMEM, psiJi TUIOTE3 M IIPEeACTABJICHWII aBTOpa O HauboJliee
BaXKHBIX U TPUHLMIIKUAIBHBIX Mpo0jeMax (PU3NKU COTHEYHOI aK-
TUBHOCTHU. ABTOP IO3BOJIMJI ceO€ BbICKa3aTh, (MHOrAA HEAOCTATOU-
HO O00OOCHOBAHO) Psil TUITOTE3 TOJIBKO IIOTOMY, UTO €r0 MHOTOJIET-
HUI ONBIT MOKAa3al, YTO B paMKax INMPUHSITHIX MPEACTABICHUIN HET
MEePCIEKTUBBI MMOCTPOCHMUS 1LIeJIbHOM KapTUHBI 00pa30BaHUS U pa3-
BUTUSI SIBJIEHUIA COJIHEUHOI aKTMBHOCTM. Tak, Hanpumep, MoJib3y-
SICb TOJIBKO JAHHBIMU O CBOMCTBAaX COJIHEUHBIX SIBJICHUIA B (hOTO-
cdepe, xpomocdepe U KOpPOHE, HEJIb3s JaxKe CTaBUTb BOIIPOC O
MEPBUYHBIX MCTOYHMKAX 3HEPruu 3TUX siBJieHUI. Becbma nepc-
IMEKTUBHOM CTajla HAyKa — TeJIMOCEMCMOJIOTHS, ITO3BOJISIOIIAS «3ar-
JsiHyTh» B Heapa CosiHua. B TpakToBKE JaHHBIX MOTYT OBITH I10-
JIE3HbI OOLLIME TTOJOXEHUS! CUHEPreTUKU U (PpaKkTaJIbLHOIO aHaau-
3a. ABTOP MHOMNBITAJICS 3TO YACTUYHO ClejaTh, IMOHUMAsI, YTO MbI
1oKa MOXeM, B JIYULIEM cjydae, pacCMaTpUBaTh 3Ty MPOOJeMy «Ha
(u3mueckoM ypoBHE», a TOYHBIE paccyeThl — Jejio Oymymero. YU
9TO HECMOTPSI Ha TO, UTO IO TOYHOCTU DKCIEPUMEHTA IeJIMOCEIiC-
MOJIOTHSI 3aHMMaeET, ITO-BUAMMOMY, IIepBoe MecTo B ¢pusuke Coii-
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HIa. ['mnore3a 0 COMUTOHHOI TIPUPOAE COTHEUYHBIX BCITBIIIIEK, SIB-
JISISICh aJIbTEPHATUMBOUM OOILLEITPUHSTBIM MPEACTABJICHUSIM O IIPO-
11eccaX MarHUTHBIX II€PeCOSAMHEHUI, MOXET pa3pellrTb MHOTUE
cJIoXXHbIe MpobaemMbl conHedyHoir MIJI. OnHako TOJIbLKO B IOcCJie-
JHUE ToAbl C JOCTUXKEHMEM BbICOKOTO (<1”) mpoCTpaHCTBEHHOIO U
BpemeHHoro paspenieHuss Ha KA TRACE MoxHO HaaesaThCcs Hali-
TU peaJibHble apryMEHTHI B IMOJIb3y COJUTOHHOM runorte3bl. Ho 310
IMOKa TOJILKO IMepBblIe MpsSMbIe J0Ka3aTeJbCTBA B II0JIb3Y Hallei
TMIOTE3bl, KOTOPAsi, B CJAydyae JOCTATOYHOTO €€ MOATBEPXKAECHUS
HaOJMIOACHUSIMU, MOXKET KapAMHAJIBHO U3MEHUTD TIPEACTABICHUS O
MPUPOJIE COJTHEYHBIX BCIBILIEK.

AHaJIOTUYHOE TOJIOKEHUE MMEET MECTO B IMOHUMAaHUU TPUPO-
IbI KOpOHaJIBHBIX BEIOpocoB Macc (CME), Bo3MyllieHUIT BOJIOKOH,
MpUPOJbl KOPOHANBHBIX JIbIp. B pamkax ¢ppakTaibHO-KJIaCTEPHOM
TeoOpuu, KoTopasi ucrnojibdyercst 1t CoHla, MOXHO ITOHSITb, Ha-
npumep, rmouyemMy mnocie Hadajia CME B Buje 3pylnTUBHOTO MPOTY-
OepaHua (cyryoo JioKajJbHOE€ BO3MYILIEHME) Yepe3 HECKOJIbKO 4Ya-
COB HaOJIIOJACTCS U3BMEHEHUE TOMOJOTMM MAarHUTHOTO TTOJISI Y CBSI-
3aHHbIE C OTUM SIBJIEHUS] B BUJE CUCTEMbI aKTUBHBIX apOK M T.JI. Ha
OOJIbLIEN YaCTU BUAUMOTO AMCKa 1, 4acTO, B 3aJIMMOOBBIX SIBJICHU-
sax. B pamkax MI'J] cruiomHoOM cpeabl ¢ y4eTOM OOJIbILION CAMOUH-
JOYKIIMU KPYIHOMACIUTAOHBIX TOKOB, OMNpEJSIsIIOIINX KPYITHOMAC-
1ITaOHbIE MarHUTHBIEC TI0JIsI, TJIOOAJIbHBIE OBICTPbIE M3MEHEHUS
BOOOI1IE HEOOMYCTUMBI.

JvckpeTHbIe cocTaBisiiolive ((ppakTaabHble 3J€MEHTBI U UX
KJIaCTephl) CYLLECTBEHHO MEHSIIOT CBOMCTBA IJIa3Mbl B KOHBEKTHB-
Hoi 30He U atMocdepe CosHua. Bo3dHukaer aHomanbHast 1uddy-
3Usl Ha 2+3 mopsiaka 00Jibllie OOBIYHOM; M3MEHSIOTCS MapaMeTphl
MPOBOAMMOCTHU, TEIJIONEpEeHOca, SHEProTpaHCIIopTa. DTO MOJATBEP-
XIaeTcsl psiioM HabmoaeHuii. ToabKo (pakTajibHO-KIIaCTepHBIE
MpeACTaBIeHUST OODBSICHSIIOT Psii OCOOEHHOCTEN CTPYKTYp M JAMHa-
MHMKH COJTHCYHBIX SIBJICHUM. BO3PACTAIOIIUN JUCKPETHBIM pasMep
«CIIOKOWHBIX» SIBJIEHWI B COJIHEUHOM 3aMarHMYeHHOM Tu1a3Me (rpa-
HYJIBbI, CynieprpaHyJ/ibl, TMTAHTCKUE I'PaHyJIbl U T.1.); OTPOMHAasI MO/~
BVDKHOCTD SIBJICHUI COJIHEUHOU akKTMBHOCTU (CA); OTHOCHUTEJIBHO
OBICTPBIN SHEPTroOIepeHoC U T.I.

Kak yka3beIBajioch BbIlIE, CYILLIECTBYET (POpMasibHasI aHAJIOTUSI B
npoueccax camoopranuzaiuu CA, B oTOOpe YCTOMUYMBBIX CTPYK-
TYp, KOTOpble (pOPMaJIbHO OIMCHIBAIOTCSI JIMHEHHBIM YpaBHEHUEM
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IIpenunrepa. Ham mipeacTapiisieTcsi, YTO 3TO HE TOJIBKO POpPMaJIb-
Hasl aHaJIOTUsI, HO €llie He JO KOHLA IMOHSIToe (U3MUECKOE POJ-
ctBo. Tak, B maBHeit pabore (MormneBckuii, 1971) cmemana mo-
MbITKA WCITOJb30BaHUS (PEHOMEHOJOTMUYECKO TEOpUM CITMHOBBIX
BOJIH 2JIEMEHTAPHbIX YAacTULl B OOOCHOBAHWM KO0JiIeOATEJILHOIO pe-
KMMa TOHKOCTPYKTYpHOU MarHuToruia3mMbl AO. Bo3aMoxXHBI U 00-
Jiee COBpPEMEHHBIE MOAXOAbl C MCMOJIb30BaHMEM arrapaTa KBaHTO-
BOIi MEXaHMKM, HaIlpuMep, TOJKOBAHUE CTOXaCTUYECKOM (PYHK-
LMW pacripeaencHusl ppakTaabHbIX JIEMEHTOB KaK BEPOSITHOCTHOM
¢dyHKIIMM, a ee KBagpaTa — KaK DHEPreTUYEeCKOM Mephl IJIOTHOCTU
(ppakTaIbHBIX 3IEMEHTOB B JAHHOM 00beMe. BO3MOXHO, YTO «ITpUH-
LIMTT COOTBETCTBUSI» KBAHTOBOM MEXaHUKU SIBIASIETCS CBSI3YIOLLIMM
3BEHOM ¢ (ppaKTaJbHO-KJIacTepHOU Teopueit. KoHeyHo, Bce 3T
BOMNPOCHI — JAEJ0 OyayluX McCieaoBaHUii. Bblllie MBI HEOTHOK-
paTHO MOJYEPKMBAJIM, YTO COJIMTOH — OBTO HEJMHEWHasi BOJIHA
(yenvHEeHHas1 WJIM CUCTE€Ma), HE B3aMMOJCUCTBYIOLIAS C JIPYTUM
comutoHoM. PpakTajbHbIe 3JIEMEHTBI — 3TO MCXOJIHBIE CaAMOIIO-
JOOHBIE CTPYKTYPHBIE AUCKPETHBIE CTAallMOHApHbIC OOpa30BaHUSI
(«gacTulibl») B HeJMHENHON cpene. PpakrTanbl, B OTIIMYKUE OT CO-
JIUTOHOB, B3aMMOACUCTBYIOT MeXAy CO0OIi, co3gaBasi KJacTepbl U
MaKpOCTPYKTYPhI, KOTOPbIE 110 HEKOTOPBHIM XapaKTepPUCTUKaM ITO-
JOOHBI (ppaKTaJIbHbIM 37eMeHTaM. POOHUT COMMTOHBI U (ppaKTalibl
TO, UTO OHU TMPUCYLIU HEJIMHEHHBIM cpegaM. B aumanasoHe sHep-
rum, umerollein Mmecto Ha CosHile, 3TU onpeaeaeHus BepHbl. Ho B
KBAHTOBOI 3JIEKTPOAMHAMUKE IIPU BBICOKMX M OYE€Hb BBICOKHUX
sueprusix (E >> 10°:10* MaB) B Hekotopsix pabotax (c6. «Comu-
TOHBI B JeucTBUM» 1981) COJMTOH TPaKTyIOT KaK CBOEOOPA3HYIO
4yacTUlly, a OTCYTCTBUE B3aUMOJACHCTBUSI — XapaKTEPHbIMU 3Haye-
HUSIMU CITMHOB 1 T.J. B 9TOM NposiBiIsieTCs1 JaBHSISI IpoOJieMa Tpak-
TOBKU MOHSITUSI «4aCTUIIA-BOJIHA» B KBAHTOBOI MEXaHUKE.
Kaxxyiiasicss moka HeKOTopasi HEeOIpeAeJeHHOCTb B pa3nyniu
COJIUTOHOB M (PPpaKTajOB CICAYET U3 OTHOCUTEIbHOU «MOJIOJAOCTI»
9TUX HOBBIX pa3[esioB (DU3UKU HEJIMHEUHBIX cpe. st yciioBuii Ha
CoJiHLIE pa3nuyre COJUTOHOB M (PPaKTaJIOB OUYEBUIHO, HECMOTPS
Ha HEKOTOPYIO X 00IIHOCTh. McIio/ib30BaHME B reTMO(PU3UKE ITUX
MOHATUIA, KaK HaM MNpPEeACTaBJISIeTCSI, HE TOJbKO OIpaBIaHO, HO U
HeobOxonumo. M 2To HecMOTpsl HA TO, UTO TpeOyeTcsl U3MEHEeHUe
OOLLIMX YCTAHOBUBILUUXCS TIPEICTaBJICHUI O (DU3UKE SIBJICHUI COJI-
HeuyHoU akTuBHOCTU. Ho cam mopasutenbHblil (pakT HaOMOgaeMOin
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TOHKOCTPYKTYPHOCTH COJIHEYUHON 3aMarHMYEHHON ILIA3MBblI HE MO-
KET ObIThb MOHAT B pamkax MIJ] crjioliHbIX cpel. DTO UM ObLIO
OCHOBHOM 11eJIbI0 HacTosIIeli MOHOorpaduu.

[Tockoibky 3Ta KHUra — MOHOrpadus, a He 0030p COBPEMEH-
HOI'O COCTOSIHUSI MPOOJIEMbI, TO aBTOP CU€J BO3MOXHBIM, B OCHOB-
HOM, MCIOJIb30BaTh CBOU (BMECTE C COABTOpaMM) ONyOJIMKOBAaHHBIE
pabotbl. MHorue pabotbl Py3maiikuna A.A., HaroBuusiHa E.1O.,
Harosuiipina FO.A., Makapenko H.I'., © MHOTMX WHOCTpaHHBIX
aBTOPOB, IO-pPa3HOMY PELUABLIMX 3Ty Xe& Mpo0JjeMy, HAMU, K CO-
JKaJIeHWIO0, HE OCBELUEHBbI, T.K. 3TO Pe3KO YBEJIUYUIO Obl 00BEM
KHUTHU, U OHa IoTepsiia Obl «cTaTyc» MoHorpaduu. YactmyHo 3TO
KOMIIEHCUPYETCSI OOJIbILIMM CIUCKOM LIMTUPOBAHHOM JIMTEPATYPHI.

Ectb 0HA OCOOEHHOCTh B UCTOPUU KBAaHTOBOI MeXaHUKHU, KakK
OCHOBHOro (gpyHaaMeHTa siiepHOM (PU3UKU U dHepreTuku. IloHa-
JOOMJIOCH YETBEPTh BeKa JJIS HaXOXASHUs OOLIMX IpeacTaBIeHUI
00 OCHOBax KBAHTOBOI MEXaHWUKH, TBOpLIAMU KOTOpOoii ObutH [ 11aHK,
OuHiuTeH, [e-bpoiinb, bop, aiizen6epr, 1 ap. U atu kopuden-
(pU3BUKHM MO-CBOEMY TOJKOBAIM Jyadu3M «4acTUIIA-BOJIHA», OT DIi-
HILUTEMHOBCKOTO «bor He urpaet B KOCTU», 10 OINPEASIEHHOIO IMO-
HSATUSL BEPOSITHOCTA — TMCU-QYHKIMM (), KAK OCHOBHOI XapaKTe-
PUCTHUKM B KBAaHTOBOI MeXaHMKe. TakoBa JIOTMKa HayKH.

Cunepretuka u (QpakTaJabHBIA aHAJIU3 3aBOCBAIM LIMPOKYIO
NOMYJISIPHOCTh B Pa3jIMUHBIX obOjacTsax: Pu3rke, XUMUU, OMoPu-
31Ke, reoPu3uKe, 9KOJOTMu, COLIMOJIOTUM, U T.J. BCEro 3a JBa-Tpu
necatunetusi. B renmodusuke cuHepretuka M (ppakTajabHbI aHa-
JIU3 MHTEHCUBHO pa3BuBatoTcst Bcero 10+15 ner. Bo3moxkHo, 4yTo
HEKOTOpPbIA KOHCEPBATU3M U OCTOPOKHOCTH B IPUMEHEHUM 3TUX
HaMpaBJICHUI MCCEeI0BAHUS B reJIMOPU3UKE CBSI3aH C TE€M, 4TO,
cKaxeM, (ppakTaJbHBIM aHAJIM3 BBICTYIIAET MOKa KaK reoMeTpuyec-
KOoe MMoHMMaHue IIpupoasl (mo ManHaeasopoty). BHeapsiemble aHa-
JIMTUYECKUE METOJbI, CBSI3aHHbIE C PelLIEHUEM YpPaBHEHM ¢ Ipo0-
HbIMU NPOU3BOAHBIMU, MPUBEAYT K pa3BUTUIO dpaKTajabHOU (Pu-
3UKMU.

Hacrosiinasi MmoHorpagusi, KaKk roBopuJioch BHauyaje, He IIpe-
TEHJyeT Ha ITOJHOTY OCBELLUEHHUSI 3TOil MpoOseMbl. MBI cunTaiu
MOJIE3HbIM M3JIOXKUTH YacTh UCCAEAOBAHUIL B 3TOM 00JIACTU, KOTO-
poie mpoBomwich B USMUWPAH B TeueHne nmpuMepHoO Tpex Jecs-
TUJIETUIL aBTOPOM B COJIPYKECTBE C JPYrMMHM COTPYJIHUKAMU Ie-
Jmodusnyeckoi saboparopuu. JOCTUTHYTBIE pe3ybTaTbl (HOBBIM



SAKTIOYEHUE 143

HOAXO0JI B MOHMUMAHUM COJIHEYHBIX SPYNTUBHBIX SIBJICHUM, CTPYK-
TYphl TISITEH U WX KOMILJIEKCOB, MPUPOAbl MCTOUHUKOB DHEPryiM
COJIHEUHBIX SIBJICHUI U COTHEYHOIro BeTpa U T.J1.) IOKA3BIBAIOT, YTO
U30paHHBIN TIyTh IMepCneKTUBEeH. Pa3pelneHue 3Tux npodlieM Tec-
HO CBSI3aHO, HAIIpUMEP, C IeJIUOCEUCMOJIOTMEN, KOTOpas JAET UH-
gopmalio 0 BHYTpEHHEM CTPOCHUM, B YACTHOCTH, KOHBEKTUB-
HOI 30HBI U MEPBOUCTOYHUKAX SHEPTrUM COJHEUHON aKTMBHOCTU.
DD PeKTUBHBIMU MOTYT ObITh METOJbI U3YyYEHUSI HEJIMHEMHBIX Cpej
C 3apoxJeHueM, pacrnajoM U auddys3reirl MajoMaclUTaOHbIX 2Jie-
MEHTOB IPU CaMOOpraHu3aluy (CMHEPreTUKa) KpyImHOMACIITAO-
HBIX SIBJIEHMI akKTMBHOCTU Ha CosHie. Mbl NONBITAJIMCH 3TO I10-
Ka3aTh, IIOHUMasl, YTO 3TO TO0Ka TOJbKO HAYyaj0 pelIeHUs Mmpooe-
Mbl. BaXXHOCTb MMOHMMAaHUS IIPUPOAbLI COJHEUHBIX SIBJICHUIA,
OIpeae/ISTIOIINX KJIMMAT M 9KOJOTUI0 3eM/IM, Bapuallid MarHuToO-
chepnl, noHOCchepbl, Ouochepbl U KOCMUYECKOI ITOrOAbl B MEXK-
IUTAHETHOM IMPOCTPAHCTBE, HE BBI3bIBACT COMHEHMI. PaccMoTpeH-
Hble B KHUIe MeTOJbl (PpaKTalbHO-KJIACTEPHOIoO aHajau3a HOCST
ob1mii xapaktep. OHM CTaJIM IIUPOKO MPUMEHSITHCSI B Teo(U3UKe,
reoJIOTUU, OKEaHOJIOTMU, OMOo(PU3MKe, COLMOJOIMU, SKOHOMUKE,
1 Jaxe B UCTOpUYecKMX Haykax. C apyroil CTOpOHbI, HEKOTOPbIE
pe3yabTaThl MO WU3YYEHUIO COJTHEYHON aKTUBHOCTU 3(P(PEeKTUBHBI
IpY aHaIM3€e psida HECTALMOHAPHBIX 3Be3/ (HalpuMmep, BCIIbIXUBA-
foime 3Be3abl Thiia UV-Kurta u ap.), 3Be3a1HBIX acCOLMAaLMi, CTPYK-
TypU3aliMM TaJaKTUYECKMX CKOIJIEHUM U T.1.

CnenaB mnepBblii LIar B U3ydeHUM (ppakTajgoB Ha CoJIHLIE, MOX-
HO HAJESIThCS Ha TOJIydeHME HOBBIX BITEYAT/ISIIOIIMX JOCTUKCHUIA
OpU TIOCISAYIOIIMX JUIMTEeAbHBIX HcciaenoBaHussx ComHila Ha KA
tuna TRACE, SOHO, Johkoh u npoektupyembix HOBbIx KA Tuna
«CoyHeyHbI 30HI» U KA, ¢ ITOMOIIBIO KOTOPBIX MOXHO OyIeT
U3y4aTh COJIHEUHBIEC SIBJICHUSI C OTHOCUTEIbHO OJIM3KOIO PaccTosi-
HUus (¢ opoutbl Mepkypust u ap.). HazeMHble ucciegoBaHUsi Ha
BBICOKOKAUE€CTBEHHBIX COJHEYHBIX TEJIEeCKONaX, KOJIJIEeKTUBHBIC
IporpaMMbl Ha CETH OJHOTUIHBIX TeJIMOCEUCMUYECKUX WHCTPY-
MeHTOB (Hanpumep, GONG u ap.), mporpaMmmbl COBMECTHBIX MC-
cJieJOBaHU, HAIIpUMep, KOPOHAJIBHBIX BLIOPOCOB MAacC, TECHO CBSI-
3aHbl C MCCJIeJOBAaHMSIMM Ha KOCMUYECKUX arraparax. B ocHoBe
aHaJI3a 3TUX HAOMIONEHWI BaXKHYIO POJIb JODKHBI ChITpaTh METO-
JbI ppakTajbHOro aHaau3a. IlociaeaHuii JokeH repeidTi ot ppak-
TalbHOU TeOMETPUM K aHAJIUTUUYECKUMM MeETOoJaM, B 4YAaCTHOCTU,
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pellIeHUIO YpaBHEHUI ¢ JPOOHBIMU MPOU3BOIHBIMU, OIPEICICHUIO
CTaTUCTUYECKUX (PYHKIUI pacnpeneacHUss (PpakTaJoB B pa3inu-
HBIX HEJIMHEMHBIX cpelax u. T.JI.

YuuTthiBasi HOBM3HY U MAacIUTAOHOCTb PacCMaTPUBAEMbBIX IIPO-
0J1eM, aBTOpP CMEET HaAesITbCs, YTO KHUTA MOXKET BbI3BaThb PsIJI Ce-
PBbE3HBIX KPUTUYECKUX 3aMeUaHUii, a Takxke OJiaroxeaTeIbHbBIX
COBETOB. 3apaHee 0Jarogaplo KoJiJier, KOTOpble HE OCTAHYTCSl paB-
HOAYILIHBIMU K TOMY, YTO M3JI0XEHO B KHUIC, U BCE 3aMeYaHUs
npoly npucbuiath 1o aapecy: Poccus, 142190, r. Tpouuk Moc-
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