
OT3hIB 

oqm:n:HaJibHOro onnotteHTa o pa6oTe liopoeuKa AJieKcaHJJ.pa BacuJILeeuqa «COJIHEqHblE 

BCIILIIIIKH MAJIO:U: MOIIJ;HOCTH B JIHHHH Ha», npe,ucrnaneHHOH Ha coHCKaHHe 

yqeHOH CTeneHH ,AOKTOpa q>H3HKO-MaTeManfqecKHX HayK no cneu;HaJibHOCTH 1.3.1 - <l>H3HKa 

KOCMOCa, aCTPOHOMH&. 

Mccne,noBaHIUI COJIHeqHI,IX BCnbIIIIeK - TPa,1]:J,IU:HOHHOe HanpaBJieHHe COBpeMeHHOH q>H3HKH 

ConHu:a. OcHOBHOe BHHMaHHe npHBJieKaIOT Ha1-16onee :mepmqHbie H3 HHX, C 3Hepm&MH .n:o 1032 

3pr H 6onee, BBH.UY B03MO)l(HbIX reoJq>q>eKTHBHbIX npO&BJieHHH. HeKOTopy10 HHTpHry 

npe,n;cTaBJI&IOT BCnbIIIIKH Ha COJIHU:eno,n;o6HbIX 3Be3,n;ax, Ha KOTOpbIX Ha6JIIO,AaIOTC& BCnbIIIIKH C 

3HeprH&MH, erue Ha HeCKOJibKO nop&,n:KOB 60JiblIIHMH COJIHe'IHbIX. PaHee ycTOH'IHBbIM 6b1JIO 

Bbipa)l(eHHe «xpoMocc)>epHbie BCnbIIIIKH», nOCKOJibKY OHH Ha6JIIO,AaJIHCb KaK pe3KHe y&ptieHH& B 

xpOMOCq>epHOH JIHHHH H-aJibq>a. Tenepb, rnaBHbIM o6pa30M nocJie HaqaJia KOCMHqecKOH 3pbI , Mbl 

npHHHMaeM, 'ITO OCHOBHa& JIOKaJIH3aUH& BCDbIIIIKH npoHCXO,AHT B 6onee BbICOKHX qacT&X 

COJIHe'IHOH aTMocc)>epbI, tieM xpOMOCq>epa. O,n:HaKO, Mbl 3HaeM, 'ITO c)>opMHpOBaHHe MarHHTHOH 

CTPYKTYPhl - HCTOqHHKa BbICKOJHeprnqHoro co6bITH& - npOHCXO,UHT B q>OTOC<pepe, a CaMO 

co6bITHe - B KOpOHe. TaKHM o6pa30M, xpOMOC<pepa KaK npoMe)l(YTOqHbIH CJIOH HrpaeT oco6y10 

pOJib JlJI& nOHHMaHHSI npoHCXO)l(,lleHHSI co6MTHSI. KpynHI,Ie COJIHeqHJ,Ie BCnbIIIIKH ( CKa)l(eM, 

peHTreHOBCKOro KJiacca X) - ,UOCTaTQqffO pe,llKOe &BJieHHe. B TO )Ke BpeM&, Conttue npOH3B0,UHT 

rpOMa,llHOe qffCJIO CJia6bIX BCnbIIIIeK - MO)l(HO CKa3aTb, qTo BCnbIIIIKH MaJIOH MOIUHOCTH 

COCTaBJI&lOT 'IHCJieHHO OCHOBHyIO qaCTb BCilbIIIIe11HOH aKTHBHOCTH. Ho, KaK HM CTpaHHO, B 

nocne,n:Hee BpeMSI TaKHM cofo,ITHSIM Ha xpOMOC<pepHOM ypoBHe y,n:emmOCb He TaK MHOro 

BHHMaHHSI. B nocne,UHHe ,uecSITHJieTHSI nOSIBHJiaCb H,neg O TOM, qTo MaJibie BCnbIIIIKH MOrYT 

IIPO.IlBHHYTh Hae a perneHHH Ba>KHOH CTapOH rrpo6neMbI: HarpeBa BepxHeH aTMOCq>epbl ConHu:a. 

3TO B 3Ha11HTeJibHOH CTeneHH aKTYaJIH3HpyeT HX CHCTeMaTH1leCKOe H3ytieHHe. KpoMe Toro, B 

q>yH,naMeHTaJibHOM CMbICJie Ba)l(HO cpaBHHTeJlbHOe H3yqeHHe CBOHCTB BCnbIIIIeK, KOTOpbie Mbl 

Ha3bIBaeM MaJibIMH, H Ha3bIBaeMbIX «60JibIIIHMH». Bee 3TO .uenaeT pa6oTy 8JITY8JlbHOH . 
.[(OKTOpCKa& ,n:Hcceprnn:HSI A.B. IiopOBHKa, KaK :}TO CJie,uyeT H3 Ha3BaHHSI, KaK pa3 

noCBSIIu;eHa HCCJie,llOBaHHIO BCnbIIIIeK MaJIOH MOiu;H0CTH, rJiaBHblM o6pa30M, Ha ypoBHe, 

COOTBeTCTBYIOiu;eM H3Jiy11eHHIO B JIHHHH H-aJibq>a. 

CTPYJITYP8 JJ.HCCepTauuu: pa6oTa COCTOHT H3 BBe,UeHHSI, 5 rnaB, 3aKJII01leHH&, cnHCKa 

JIHTepaTyp1,1 H ceMH npHJIO)l(eHHH. Otta 60Jibllla& no o6'beMy, xoporno HJIJIIOCTpttpoBaHa. 

Bo BBe,n:eHHH cq>opMyJIHpOBaHI,I ueJIH H 3a,uaqH pa6oTI,I, o6ocHOBaHa ee aKTyaJibHOCTb, 

YKa3aHbl Hay11Ha& HOBH3Ha, npaKTH'feCKa& 3Ha1IHMOCTb H CTeneHb ,A0CT0BepH0CTH pe3yJibTaT0B. 

ITpirneneHhI 0CH0BHbie Il0JI0)KeHH.SI, BhIH0CHMhie Ha 3aiu;HTy. OCTaJihHhie He06XO.IlHMbie JJieMeHTbl 

TaK)l(e npHCYTCTByIOT. 

B rrepBOH rnaae npHBO,UHTC& o6IIIHpHbIH ofoop HaIIIHX COBpeMeHHblX 3HaHHH H 

npe,n:crnaneHHH o conHetIHbIX acn1,1mKax. O6cy)l(,n:eHhI «cTapa&» KJiaccmlrn1<aU:H& BCnhIIIIeK, 

OCHOBaHHa& Ha Ha6JIIO,UeHH&X B JIHHHH H-aJibq>a, H «HOBa&» - no peHTreHOBCKOMY H3Jiy11eHHIO, a 

TaK)l(e q>a3bl BCnbIIIIeK B pa3HbIX ,UHana3oHax BOJIH. M3JIO)l(eHbI B03M0)1(Hble MOL{eJlbHbie 

TeopeTHqecKHe npe.UCTaBJieHHSI O MexaHH3Max BCnhIIIIeK. OTMe11y ofoop HCCJie,UOBaHHH 

«BHen.SJ.TeHHbIX» BCIIbIIIIeK, C0CTaBJI&IOII{HX no qifCJieHH0CTM HeCK0JH,K0 npoueHT0B OT o6mero 
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KOJilftieCTBa. B KOHUe rnaBhl .n:enaeTCSI 3aKmoqem1e, qTO rrpHpo.n:a H pOJib BCilbillleK MaJIOH 

MOIUHOCTH - o6neKTa HCCJie)lOBaHHH B )lHCCepTaUHH - eme )laJieKa OT npo.si:cHeHH.sl, H HX H3ytieHHe 

Ba)ICHO H aKTYaJihHO. 

f JiaBa 2 nocB.si:IUeHa CTaTHCTHqecKHM HCCJie)lOBaHH.slM napaMeTpOB BCnbilllCK. PaccMOTpCH 

o6lllHpHbIH MaTepHan no BCnbilllKaM KaK B JIHHHH Ha, TaK H B peHTfeHOBCKOM .imana30He no 

.n:aHHhIM Me)K)lyHapo,uHoro acnbillleqHoro rraTpym1 H cnyTHHKOB GOES 3a 1972-2017 rr. 
MaTepHan O'ICHb IIOJie3HbIH, O,llHaKO 3,Ueci, cne,uyeT c,uenaTI, HeKOTop1,1e 3aMeqaHI.UI. Ha pHCYHKax 

2.9, 2.12 H HCKOTOpbIX ,upyrnx pacnpe.n:eneHHSI qacTOT BCTpeqaeMOCTH BpeMeHHbIX xapru<TepHCTHK 

BCIIbllllCK HMCIOT BblpIDKeHHYIO HerayccOBCKYIO q>OpMy. TT03TOMY BblqHcJieHHe cpe,llHero 

apHq>MeTH'IeCKOfO 3Ha'IeHHSI H ero )lOBepHTeJihHbIX npe,ueJIOB IIO MaCCHBaM, IIpHBe)leHHbIM Ha 3THX 

pHCYHKax, HMelOT JlJijl HHTepnpeTaUHH orpaHHqeHHbIH xapaKTep. 11muocTpauHeH 3TOfO .HBJij{IOTC.H 

pa3JiffqH.H THIIOB cpe,llHHX, rrpHBO)lHMbIX B Ta6n0:uax, HaqHHM c rn6n.2.6 H .nanee: Me,nHaHbI, MO,Ltbl 

H apmpMeTHqecKoro cpe,uuero. KaK npe.ncrnansreTcsr, 6brno 6b1 HHTepecHo 3.UeCh npoaecrn 

HCcrre.noBaHH.sl IIO annpOKCHMaUHH BH)la pacn pe.uerreHHH. Cynsr IIO npHBO,llHMblM pHCyHKaM 

B03MO)KHbI caMbie pa3Hbie He-rayccoBbie pacnpe,ueneHm1: TTyaccoHa, Beii6yrrna, rrornopManbuoe. 

Bo3MO)KH0, TaKOe HCCJie,llOBaHHe npOJIHJIO 6bI CBeT Ha q)H3HKY rrpoueccoa. 11HTepeceH pHC. 2.24. 
ABTOp H3 Hero .nenaeT BbIBO,ll: «BCIIbllllKH MaJIOH MOIUHOCTH, cymecTBeHHO onrnqasrcb IIO IIJIOIUa.nH 

B JIHHHH Ha, MoryT HMeTb :rneprHIO, COilOCTaBHMYIO B OIITHtJeCKOM ,nHaila30He C KpyrrHhIMH 

BCilbllllKaMH». 3TO, 6e3yCJIOBHO, crre.nyeT H3 pHCYHKa. Ho SI fo,1 3)leCh no6aBHJI, tJTO pacrrpe,ueJieHJUI 

no JHeprn.HM ,llJI.H OilTHqecKHX BCIIbIIIleK OT,L{eJibHbIX KJiaCCOB s, 1 H 2-4 6JIH3KH K JIOrHOpMaJibHbIM 

H o6pa3YIQT pa3,z:teJibHbie IIOIIYJI.slUHH, 'ITO MO)KeT rosopHTb 06 HX q>H3HKe, pa3JIHqaIOIUeHCH B 

HCKOTOpbIX ,neTam1x. J,fa pe3yJibTaTOB rnaBbl 2 SI 6bI OTMeTHJI HOBbIH pe3yJihTaT O CBH3H BpeMeHH 

BeTBH pocTa .si:pKOCTH MaJIOH BCIIbllllKH H IIOJIHOH npo,nOJI)KHTCJibHOCTblO nocne.nHeH. KpoMe Toro, 

OtJeHb BeCOMO BblfJI.sl,LtHT npaKTHqecKHH pe3yJibTaT - 6a3hl ,naHHbIX COJIHC'IHblX BCilbillleK B 

OIITHtJeCKOM H peHTreHOBCKOM .nHaila30Hax, co.nep)KaIUHe xapru<TepHCTHKH 6onee CTa Tbic.si:q 

BCnhillleK 3a 1972-2017 r r ., ony6nHKOBaHHhie MHpOBhIM UettTpOM .lJ:aHHbIX P AH. 

r JiaBa 3 IIOCBSIIUeHa HCCJie,L{OBaHHIO rrpocTpaHCTBeHHOfO pacrrpe.ueneHHSI BCilbillleK MaJIOH 

MOIUHOCTH. A13TOpOM ycTaHOBJieHO, tJTO 3TH BCilbllllKH rpynIIHPYIOTC.sl B ueHTpbl BCIIblllletJHOH 

aKTHBHOCTH H CBSl3aHbl C o6naCTSIMH HHTeHCHBHOfO BbIXO.na MarHHTHblX IlOTOKOB. 3TH ueHTpbl 

)KHBYT OT 1.6 )lO 9 CyTOK, HCtJe3aIOT H 3aTeM BHOBb IIOSIBJI.sllOTCSI TaM )Ke cnycrn 1-5 COJIHCtJHbIX 

o6opOTOB. 3TO 3aKJIIOqeHHe KpaiiHe BIDKHO )lJIH IIOHHMaHHSI q>H3HqecKHX YCJIOBHH q>OpMHpOBaHHH 

rrpe,llBCilbIIIletJHOH CHTyau HH H MO)KeT rrpOJIHTb CBeT Ha reHepaUHIO MafHHTHbIX IlOJieH Ha CoJIHI.{e. 

I1HTepeCHbIM SIBJISleTC}I rroJiytJeHHbIH <paKT O IlOHH)KeHHH BCTpeqaeMOCTH MaJihIX BCilbillleK B 

o6JiaCT}IX, r .n;e rrpOH30H.D.eT KpynHM BCIIbIIIIKa, 3a .uec.si:TKH qacon )lO pa:3BHTHSI IIOCJie,UHeH: 

MarHHTHM 3Heprn.si: HaKaITJIHBaeTCSI nepe.n KPYIIHbIM co6hITHeM. 3.necb OTtJeTJIHBO 

rrpocMaTpHBaeTC.SI npaKTHtJCCKHH pe3yJihTaT ,llJI.SI KpaTKOCpOtJHOfO rrporn03a KPYTIHOH BCilbI IIIKH H 

oueHKH ee reo3<p<peKTHBHOCTH, HCXOM H3 IlOJIO)KeHHSI Ha BH)J.HMOM ,llHCKe CoJIHUa. 

B r JiaBe 4 OIIHCaHbl OCHOBHbie HCCJIC)J.OBaHHSI COJIHCtJHbIX BCilbllllCK MaJIOH MOIUHOCTH ITO 

tta6moneHHSIM a JIHHHH H-aJib<pa. B HatJaJie rnaBhl OIIHCaH npHMeH}leMhIH HHCTpyMeHTapHii: 

xpOMOC<pepHbIC TeJieCKOilbl - IlOJIHOfO .llHCKa H )J.Jijl tta6JIIO)J.eHH}I OT.lleJibHhIX aKTHBHblX o6rracTeH. 

ABTOP rrpHHHMaJI Herrocpe,uCTBCHHOe yqacn1e B OTJia)J.Ke H Ha6JIIO,lleHH.HX Ha HHX. 0TMCtJY, tJTO 

fo,IJIH ycoaepllleHCTBOBaHbl MeTO.llhl o6pa60TKH H306pa)I{eHHH ConHua KaK Ha 3neKTpOHHhIX, TaK H 
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Ha 4loTorpaq>HtieCKHX H0CHTemi:x. Ba)KHI,IM srnm1eTC.SI pa.3,nerr 4.2, B KOTOpOM o6c)')lmaeTC.SI 

YHHKaJibHbrn acTpoKJIHMaT EanKanbcKon acTpocp11311qecKon 06cepsarnp1111. B pa.3,nerre 4.4 
npe,nCTaBJieH0 HCCJie,ll;0BaHHe 6orree 130 MaJlblX BCIIblilleK. Ba)l{HbIMH 3aKmoqeHIDIMH 

npe.ncTaBJI.SIIOTCSI pe3yJibTaTbl, norryqeHHbie no B03MYII.leHH.SIM xpoMoccpepHbIX CTPYKTYP nepe.n 

BCIIbllIIKaMH (KaK KPYIIHbIMH, TaK H MaJiblMH). ITepBbie B03MYII.leHH.SI - Ha Macmrn6ax paCCTO.SIHHU 

.n;o C0TeH TbIC.SltI KM OT 6y.n;ymeu BCIIblillKH (norraraIO, qTQ 3,[(eCb M0)KeT 6bITb KaKaH-TO CB.Sl3b C 

rnraHTCKHMH .srqei:iKaMH KOHBeKU:HH) H BTOpble - Ha MacmTa6ax paCCT051HHH .uec51TK0B TbICRlJ KM. 

3TH pe3yJibTaTbl TaK)Ke cnoco6cTBYIOT pa3pa60TKe H0BbIX MeTO,ll;OB KpaTK0CpoqHoro nportt03a. B 

.nsyx nocrre.n;HHX pa3.nerrax rnas1,1 H3JI0)KeHo no.npo6Hoe 113yqett11e .n;syx aKTHBHbIX o6rracTeu, B 

K0T0pbIX npoHCXO,ll;HJIH BCIIbIIIIKH. CpasHeHHe npe,ll;BCIIblIIIeqHblX H3MeHeHHU 4l11311qeCKHX 

napaMeTp0B, TaKHX, HanpuMep, KaK pocT rpa.nHeHTa MarHHTH0ro IIOJIH, npHB0,ll;HT aBT0pa K 

Bbmo.n;y, qT0 MeXaHH3MbI BCIIbIIIIeK pa3HOU M0IIIH0CTH npHHU:HIIHaJibH0 He 0TJIHqaIOTC.SI. 3To 

JIHIIIHHU pa3 CBH,ll;eTeJibCTByeT 06 aI<TYaJibH0CTH rrpo.n;erraHHOU pa60Tbl 0 MaJibIX BCilbIIIIKax. 

B Il.SITOU rnase paccMaTpHBaIOTC.SI « BHerrnTeHHbie» BCilbIIIIKH a CIJ0KOHHbIX o6nacrnx 

Corrttu:a. PaccMaTpHBaeTC.SI HX .n;l-lHaMHKa, C0IIYTCTBYIOIIIHe xpoMoc4lepHbie CTpYKTYPbI, H3MeHeHHSI 

xpoMoccpepbl .uo BCnbllIIKH, MarHHTHbie II OJI.SI. r JiaBa 60Jibillrul no 061,eMy H co.uep)KaHHIO. BnOJIHe 

JI0fHtieH pe3yJibTaT aBT0pa, lJ.T0 nepe.n BCIIblillKOU B HeB03MYIIleHHbIX o6rraCT.SIX np0HCXO.UHT 

aKTHBH3au:H.SI xpOMOCcpepHbIX CTJ)YKTYP· ABTOp ou:eHHBaeT BpeM.SI aKTHBH3au:HH xpoMocq>epbl 

nepe.n BCIIblillKOU KaK 10-60 MHH. Xorn paccMaTpHBaeMbie BCnbllIIKH np0HCX0,[(SIT BHe II.SITeH, a 

pa6oTe YKa3bIBaeTC.SI, qT0 HM npe.nIIIeCTByeT nep110.n 3B0JIIOU:HH aKTHBHOU o6rracm, 

conpOBO)K,ll;aIOIIIHUCSI B03MYII.leHHeM o6IIIHpHbIX norreu TOHKOU CTPYKTYPbI xpoMocq>epbI. 3To 

Ba)l{HbIH BbIB0,n;. qTO KaCaeTC.SI MarHHTHbIX noneu, aBTOp o6ttapy)KHBaeT, qTo BCnbIIIIKH Marron 

M0IIIH0CTH B03HHKaIOT B6JIH3H JI0KaJibHbIX K0p0TK0)KHBYlllHX JIHHHU pa.3.n;eJia noJIHpHOCTH 

MarHHTH0ro II0JIH npu BCIIJibITHH H0BblX MarHHTHbIX II0T0K0B, qTo npHB0.O:HT K pocTy rpa.nHeHTa 

n0JI.SI, KaK H ,[(JI.SI KpyIIHbIX BCnbIIIICK. 

Ou:eHHBaH .n:11ccepTau:uoHHYIO pa6oTy A.B. EoposuKa B u:erroM, 3aMetJ.y, tIT0 npo.nerraHa 

60Jiblllrul pa6ora no Il0JIYtICHHIO q>aKTHqecKHX .n;aHHbIX 0 BCnbIIIIeqHbIX rrpou:eccax Ha COJIHU:e H HX 

npe.nHKTopax, llOCTOBepHOCTL H o6ocHOBSHHOCTL c.n;enaHHbIX aBTOp0M BbIB0.[(0B He Bbl3bIBaeT 

C0MHeHH.SI. B ,[(HCCepTal.{HH norrytieHI,I HOBLie ct,yn)laMeHT3JlbHble pe1yJ1bT3Tbl. OcHOBHOe 

BHHMaHHe y.n;erreH0 BCilbIIIIKaM MaJIOU M0II.lH0CTH. ITonyqeHO, qTo no psr.n;y napaMeTp0B 0HH He 

ycTynaIOT KpyIIHbIM BCnbIIIIKaM H MCXaHH3MbI BCnbIIIIeK pa3HOU M0II.lH0CTH npHHU:HIIHaJibH0 He 

0TJIHtiaIOTC.SI. AKI.(eHT BHHMaHH.SI c.uerraH Ha xpOMOCq>epHblX BCnbIIIIKax no tta6J110.UeHHSIM a JIHHHH 

H-aJibq>a. 3aMeqy 3,n;ecb, qTo HMeIOTCSI TeopeTHtICCKHe coo6pa)KeHIDI, qT0 ycKopeHHe 3JieKTp0H0B 

BO BCIIbIIIIKe npoHCX0.D:HT HMeHH0 B xpoMoccpepe, II0CK0JibKY B Kopoue IIJI0TH0CTI, IIJia3Mbl 

He,ll0CTaT0tJ.Ha ,llJI.SI ycKopeHH.SI qffcJia 3JieKTp0H0B, THIIHlJ.HbIX ,ll;JIH BCIIbIIIIKH (Zaitsev V ., 

Kronshtadnov P., and Stepanov A. // Solar Physics, 291, 2016). 3m npH.n;aeT eme 6om,IIIYIO 

SKTY3JILHOCTL pa6oTe, C,ZleJiaHHOU aBTOp0M. 

PeJyJibTaTbI, BbIHCCCHHbIC Ha 3aII.lHTY, M0)KH0 npHHHTb. Aarnpeq>epaT C00TBeTcTByeT 

co.nep)KaHHIO .UHCCepTaU:HH. 

CtIHTa10, qrn pa6ora «COJIHEqHhIE BCilhllllKH MAJIOH MOI.QHOCTI1 B JH1HMH Ha» 

y.noarreTBopsreT BceM Tpe6oaaHIDIM, npe.zu,.SIBJUieMbIM BAK K .Il0KT0pCKHM .IlHCceprauIDIM no 
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cneumuu,H0CTH 1.3.1. - <l>H3HKa K0CM0Ca, aCTJ)0H0MH.sI, a ee aBT0p AneKCaH,np BacHJibeBHtI 

EopOBHK 3aCJIY)l(HBaeT npHCy)l(,neHH.sI CTeneHH )l0KTopa <pH3HKO-MaTeMaTHtieCKHX HayK. 

O<pHUHaJibHbIH 0ilil0HeHT: 

HaroBHUbIH IOpHH AHaTOJibeBHtI, 

,U0KT0P <pH3HKO-MaTeMaTHqecKHX HayK, 

,nHccepTaUIHI 3ammueHa no cneuirnm,HocTH 

01.03.03 - <l>H3HKa ConHua. 

3aMeCTHTeJib .D;HpeKTopa no HaytIHOH pa6oTe, 

<I>e,nepanbHoerocy,napcTBeHHoe 

6IO.D;)l(eTHOe yqpe)l(,D;eHHe HayKH 

fnaBHasI (TTyJIKOBCKasI) aCTp0H0MHqecKasI 

o6cepBaTOpH.sI PocCHHCKOH aKa,neMHH HayK 

(fAO PAH). 

A,npec: 196140, CaHKT-TTeTep6ypr, 

TTynKoBcKoe rnocce, 65, Kopn. l 

Tene<poH: +7 812 363 7258, 

email: nag-yury@yandex.ru 

18.09.2024 IO.A. HaroBHUbIH 

4 




