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Pacnpenesienue ceknuii o peajibHbIM NOMEIIEHUSM U BUPTYAJIbHOMY IPOCTPAHCTBY

Jlennb Hemenu/Bpemst

Kondepenu-3aa (Zoom 1)

Komnara 200 (Zoom 2)

Komnuara 202 (Zoom 3)
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HAMATHU YIHEALIINX KOJUJIET.

BKJIAJL B ®U3UKY ILTA3BMbI COJTHEYHOM CUCTEMBI:

OoT TEOPUU U JKCIIEPUMEHTA K  ITPAKTHYECKOMY
HPUMEHEHUIO.

Ky3uneunos B./1,
HU3MUPAH, 2.Mocksa, 2. Tpouyx, Poccus, kvd@izmiran.ru

B nokname, mnocesmeHHoM namsaTu cotpyaHukos M3MHWPAH B.B.benoro, 1O.J1 Kyrxkaw,
10 4 Pyxuna, FO0.M.Muxaiinosa, C IL.I'afigam, ymenmux B 2020-2021 rr., pacckas3piBaeTcst 00 UX
BKJIaJI€ B HICCIIEOBAHUS O Pu3nke mia3Mbl CONHEYHOH CHCTEMBI.

HA.¢.-mu. Bsuecnas Brnagmmuposuu bensiii, maypear ['ocymapcrBenHoit mpemun Poccuiickoit
@Deneparun, BHeC OONBLION BKJIAI B HCCICJOBAHUS HECTAIMOHAPHBIX SIBJICHUH B HOHOC(epe
pannopu3MUecCKUMH METOJaMH, B KHHETHYECKYI0 TEOPHMI0 KBAHTOBBIX SIBJICHMH B Tula3me. B
NOCJIEAHUE TOABl €ro HaydHble HHTEpechbl ObUIM CBsi3aHBl ¢ 000OIIEeHHeM (IyKTyalHOHHO-
JUCCUMIATUBHOM TEOPEMBI Ha CIy4ail HEOMHOPOAHOMW IUIa3MBbl, C Pa3BUTHEM METOJa TOMCOHOBCKOIO
paccesiHUsl, SABJISIOLIErocss OHUM M3 OCHOBHBIX METOJIOB IUArHOCTUKH IJIa3MbL.

H.¢.-m.H. HO3ed Hdanunosnu XKyrxna, naypear ['ocynapcreennoii npemun CCCP, BHec Oonbioit
BKJIaJ] B TEOPETUUECKHE U HKCIIEPUMEHTAIIbHBIE ICCIIeIOBAHMUS TUIA3MEHHBIX poueccoB Ha ComHIe.
UM BBINONHEHBI TEOpeTHUeCKHe padoThl MO KojeOaTenbHONW KOHBEKLWH, MO KoJeOaHUsIM B
CoJHeUHbIX msiTHax, MI'J] BoJlHAM B MAarHUTHBIX TPyOKax W B CONHEYHOW atMocdepe u np. OH
BHEC CYILIECTBEHHBIH BKJIaJ B COCTaBJIEHHME HAYYHOH NPOTPaMMbl KOCMHUYECKHX COJHEYHBIX
npoektoB cepurt KOPOHAC (KOPOHAC-U, KOPOHAC-®, KOPOHAC-®OTOH), B NOATOTOBKY
U peajM3alMio Ha STUX CIyTHHUKAX 3KCHEPUMEHTOB MO M3YUEHUIO r1o0anbHbIX KojeOannii ConHua
(axcniepumenTel JIUPOC-U, ANDPOC-D, COKOJI).

H.¢.-m.1. FOpuit Axosnesnu Pyxun, naypeat I'ocynapctBenHoii npemun Poccniickoiit @eneparum,
BHEC OOJIBINON BKJIAJ B M3YUEHHUE IIJIA3MEHHBIX U 3JIEKTPOMArHUTHBIX MPOLECCOB B OKOJIO3EMHOM
KOCMUYECKOM TIPOCTPAaHCTBE, B MarHutochepe u uoHochepe 3emMian METOIOM aKTHUBHBIX
SKCMEPUMEHTOB U panuoromorpaduu. C ero ydacTueM OCYLIECTBIEH LENbIH Pl KOCMHYECKUX
NPOEKTOB B PaMKax OTEUECTBEHHBIX M MEXAyHApOAHbIX mporpamm («Omega», «3apamnua 1,2y,
APAKC, «Cnonox», PORCUPINE, CRRES, AIIOKC u ap.), cepust sxcnepumentos Ha MKC.

H.¢.-m.H. FOpuit Muxaiinosnu MuxaiiyioB, BHeC OOJIBIION BKJIAJ B UCCIIEOBAHIE HU3KOYaCTOTHBIX
BOJIHOBBIX MPOLIECCOB B OKOJO3€MHOM KOCMHYECKOM MPOCTPAHCTBE U MexIuiaHeTHou cpene. [lon
€ro pyKOBOJICTBOM ObLTa pa3paboTaHa anmmapaTtypa sl pErHCTPalii HU3KOYaCTOTHBIX MPOIECCOB B
kocmuueckoi miasme (AHY-2ME), koTopasi B Te4eHHe MHOTHX JIeT YCIEIHO (yHKIIMOHHPOBAJA
Ha cnytHukax «MHTepkocmoc—18, 19, 24, 25», «Opeon-3», «Kocmoc-1809»,. Obu1 aKTHBHBIM
yuacTHUKOM TpoekTa « BEI'A», 3aHnMancs uccie1oBaHusIMHI CEHCMO3JIEKTPOMArHUTHBIX SIBJIGCHUM C
WCTIOJIb30BAHUEM CITyTHUKOBBIX M HA3€MHBIX JAaHHBIX, MOATNOTOBKOW HAy4yHOW amnmapaTrypbl i
CIyTHHUKOB TipoekTa «HMoHochepay.

K.¢.-m.H. Cepreii IlerpoBuu laiimam, pykoBoautens LleHTpa MpOrHO30B KOCMUYECKOW TOTOIBI
U3MMHPAH, Brec Oonbimoii BkIagy B co3paHue LleHtpa, pa3paOoTKy METOAMK MPOTHO3UPOBAHHS
KOCMUYECKOH morozel, B odecneuenne decriepedoitnoii padorsl LlenTpa u cHaOeHne MporHo3aMu
opranmsanuii Pockocmoca, MUC u apyrux BegoMcTB. AKTUBHO B3aHMOJIEHCTBOBAN CO CPEACTBAMU
MaccoBOH MH(POPMALIUH 11O BOMIPOCAM KOCMHYECKON MOTOBI.



Muxaua Uropesuy Ilanack — nyTh B HAyKe

Kaneraes B.B.

Hayuno-uccneoosamenvckuii - uncmumym  s0epnoit  Quzuku  umenu J[.B.  Crobenvysina
Mockosckoeo eocyoapemeennoeo ynueepcumema umenu M.B. Jlomonocoea, 2. Mockea, Poccus

IIpodeccop Muxaun Hropesuu IlaHacox, AHUPEKTOp
HayuHo-nccienoBaTenbCcKoro MHCTHTYTA SIEPHON (DU3HKH
MI'Y, mocBATHJI HaydHbIM HCCIenoBaHUsAM Oomee 50 ner
ceoeil xxu3Hu. Hayunele nuarepecer M. Ilanacroka cBsi3anbl
¢ acrtpodpusukoii m (U3UKOH KOCMOCA: WCCIIEIOBAHUEM
KOCMUYECKOH  paamanuy, MarHutochep TUlaHET U
KOCMHMUYECKHX JIyuel ¢ IOMOILIBI0 KOCMHUYECKUX U Ha3€MHBIX
sKCrIepUMeHTOB. MM mony4enbl pyHAaMeHTaIbHbIC HAayUHbIC
pe3ynbTaTel B OONACTH  MCCIENOBAaHUS KOJBIIEBOIO TOKA U
pamuanMoHHBIX TMOACOB B MarHutochepe 3emmun. M.H.

ITanacrok — aBTOp YHHUKaJbHBIX 3KCIEPUMEHTOB Ha
CITyTHHUKAX, KOTOPbIE NMPUBENN K OTKPBITUIO HOBOTO SIBIEHUS
B OKOJIO3EMHOM  MpOCTpaHcTBe —  (hOPMHPOBAHUS

PagMalMOHHOTO TM0ICAa 3€MJIM, COCTOSIIEr0 W3 YaCTHIl
AHOMAJIbHBIX KOCMUYECKUX JIy4del. B xozme skcrepuMeHTOB Ha
6opry cnyraukoB "TaresiHa-1" (2005), "Taresaa-2" (2009),
"Bepuos" (2014), “Jlomonoco” (2016) ObuM TOJMyYEHBI
SKCIIEPUMEHTANIbHBIE ~ PE3YJIbTaThl MO OKCTPEMANbHBIM  SIBJIEHUSIM B armocdepe 3emin:
TPAH3UEHTHBIM JICKTPUYECKUM Pa3psiaM B €€ BEPXHHUX CIIOSIX.




MUXANJI UBAHOBHUY BEPUT'MH N JIABOPATOPUSA K.U. TPUHI'AY3A

KortoBa I'.A., be3pykux B.B.

HUKHU PAH, 2. Mockea, Poccus, kotova@iki.rssi.ru

Il'op Hazam ymen w3 xwm3Hu Muxaun Msanosuu Bepurwnn, pykoBogusiuuii Jlabopatopueit
MEKIUTAHETHON M OKOJIOTUIAHETHOH 11a3Mbl ¢ 1988 ., maboparopuel, CO3TaHHON| U BO3TJIABIIIEMON
HA TPOTSDKEHUH HECKONbKUX necsrunernii mpodeccopom K.M. I'punraysom. 18 nexadpst 2020 r. He
CTAJI0 BENYLIEr0 COTPYAHUKA JAOOPATOPHH SHTY3HACTa 3KCIEPUMEHTANbHBIX HCCIIENOBAHUN
KocMu4eckol tuasmel Banepusi BacunbeBnmua Adonmua. B 2015 1. ymen w3 KU3HH TaKxke
BEAyIINHA COTPYAHUK JTa0OpaTOPUH, YENOBEK, OONamaBIINH yHHKAJIbHBIM TAJAHTOM (PU3HKaA-
skcnepuMenTatopa, AHatonuii [lerposuu Pemuzos.

Jloknaag TMOCBALIEH MNaMsATH BBIJAIOLIETOCS YYEHOr0 W OYeHb XOpPOUIero 4eJoBeKa
M .U BepurnHa, a Tak:ke MaMsiTH BCEX YIIEAIIUX COTPYaHUKOB JlabopaTtopuu.



ITAMATHU UT'OPA CTAHNCJ/IABOBNYA BECEJIOBCKOI'O

AxoBuyk O.C.

HHUHAD MT'Y, 2. Mockea, Poccus; olesya@dec].sinp.msu.ru

B 2020 roxy ymién u3 >KU3HU BeAYLIHH CIEIMaaUCT B 00acTh (PU3UKHU T1/1a3Mbl, TVIaBHBIN
HayuHbl cotpyaHuk HUUA® MI'Y, noktop ¢us.-mart. Hayk, npodeccop Urops CraHHC/IaBOBUY
Becenorckuii (17.12.1940-30.12.2020).

Ero o0macTbi0 HayuyHbIX HMHTEpecOB ObulM (U3MKa KOCMUYECKOM I171a3Mbl, acTpoH3MKa,
TeopeTuueckass (Gu3uKa, sifepHast ¢usuka, ¢usuka CosnHila, ¢usuka reavocdepsl, ¢uUMKa
MarHuTocgepsl, GU3NKa COMHEUHO-3eMHBIX CBsi3eld, OMOpH3MKa.

Hawnbonee Ba)kHBIE pe3yJ/bTaThl OTHOCATCS K TEOPUM DPEKOMOHWHAI[MM 3/1€KTPOHOB U HOHOB B
YaCTUYHO MOHU30BaHHOU IUIa3Me, K KHHeTUUeCKOW TeOpUH AUHAMHUeCKHX I1/1a3MeHHBIX TPOL[eCCOB
B atMoc(epe CosHIla U COJTHEUHOM BeTpe, K TeOPeTUUeCKOMY MOJeINpPOBaHUI0 MeXKIJIAHETHOI'O
MarHUTHOT'O TIONSI W Pa3BUTHIO MeTOZAOB Ge3pa3MepHOro MacHITabHOrO aHaan3a B KOCMHUECKOH
rjasme.

BecenoBckuii . C. — aBTOp MHOI'OUMC/IEHHBIX HAyUHBIX MyO/MKAl[Mii BBICOKOTO YPOBHS: 2
MoHorpaguu, okono 200 crateil. Ha mpoTsbkeHHM Bcell cBOell HayuHOM JesTe/IlbHOCTU aKTUBHO
COTPY/IHMYAJ C YUeHbIMH MHOI'MX HayuHbIX 11eHTpoB Kak B CCCP u P®, Tak u 3a pybexom: B
CHIA, Kanage, beneruu, ®@paniuy, ['epmanny, OUHIAHLUN.

BecenoBckuii U.C. BE/M aKTHBHYIO IpelofiaBaTe/bCKylo paboTy B MOCKOBCKOM YHHBEpCHUTETE.
Yuran Kypchl JeKi{uii B MeXXayHapoJHOM LieHTpe TeopeThdeckol ¢usuku B Tpuecte (Mtanusi) u B
YuuBepcurete 1. Tykyman (ApreHtuHa). PykoBogmn paboToll CTyAeHTOB, aclHpaHTOB,
COHCKaTeJsiel.

BecenoBckomy U. C. ObIIO TIPUCBOEHO TOYETHOE 3BaHWE «3ac/yKeHHBbI HayUHBIA COTPY/JHHUK
MockoBckoro yHuBepcureTa». bbut HarpaxxeH Mesianbpo Desepalii KOCMOHaBTHKY Poccun.
[Tamsate 00 Vrope CranuciaBoBuue BecenoBCKOM, KPYITHOM YUYeHOM M 3aMeyaTe/IbHOM YeJIOBEKe,
HaBCer/la COXpPaHUTCS B CepiljaX TeX, KOMY BbIaja yJaua ¢ HIM paboTaTb UK MPOCTO OOIIaThCS.



Esrenmnii bepexko. «OTnyck 310 He MOBOJ He X0AUTb HA padoTy»

C.A. Crapoayones

HKOHUA CO PAH, 2. Axymcx, Poccus, starodub@ikfia.ysn.ru

Hoknan mnocesimeH >ku3HU U pabore bepexko Esrenmst I'puropeseBmua (15.12.1952-
28.11.2020 rr) - o nmercree, yuebe B OMIIL Nel8 u na @msPake MI'Y, o ero mytu B SAkyTuro u
CTAaHOBJICHUH TaM HacTosimero ydeHoro - aupekropa MKOMA CO PAH um. K0T Iladepa.
bepexxko E.I. (BEI') siBnsiercss onHUM M3 CaMbIX SIPKUX U TAJAHTIMUBBIX MpeAcTaBuTeNen SkyTckoi
IIKOJIBI TTO KOCMO(U3HKE, UCCIIENOBaTENEeM acTPOPH3UKH KOCMUYECKHX JIydel U (PU3UKH IJIa3Mbl -
YUEHOr0 ¢ MHUPOBBIM MMEHEM. XapaKTEepPHOH ero ueptoil OBUIO TPENEeTHOE OTHOLIEHHE K JH000M
pabote 1 0cob0e BHUMaHUE K TINATEIbHON MMOCTAaHOBKE (PU3NUECKOI 3aa4r. A €ro CJIoBa KOTITYCK -
3TO HE TOBOJ HE XOOUTh Ha PaloTy» yKe JaBHO CTAJH CPENH €ro YUEHHUKOB M KOJUIeT apopu3MoM.
BEI' Obu1 MHTEPECHBIM M PA3HOCTOPOHHUM YEJIOBEKOM, C HHM MOXKHO OBLIO OOCYXXIarb CamMble
pa3IUYHBIE BOMPOCH! OT pabOYNX MOMEHTOB JI0 CJIOXKHBIX )KH3HEHHBIX CUTYaLHi.

Kak-to B Hauane 90-x Bech TeOpOTHEN, B KOTOpoM 1ox pykosoncteoMm BEl'a pabortan aBrop,
BBITMOJHSJI BECbMa BAKHBIN XO30OTOBOP - BO BHEYPOUHOE BpeMsl IEPEBOAUI C aHMIUNHCKOTO
CTPOUTENIbHYIO NOKYMEHTALUIO s 34aHus «Bpiciieil mKonsl My3blkn» B AkyTun». B pesynsrare
2-x MecsiuHOM pabotel ObuT 3apaboran uenbiii PC 286 «Oenoit cObopkny»! C ero momomipio BCKOpe
OBUIM TIONyYeHBI HOBBIE, OPUTHHAJIBHBIE PE3YJIBTaThl 10 YCKOPEHHIO KOCMHUYECKHX Jy4deid B
OCTaTKax CBEePXHOBbIX. OJHOBpPEMEHHO aMEPUKAHCKUM KOJUIeraM YAajloCh MOJYYUTh pelleHue
AaHAJIOTMYHOM 3ajadu, HO C CUJBHO YIPOLIEHHBIMHU [apaMeTpaMd U C HCHOJIb30BaHUEM
cynepkoMnbroTepHoro kinactepa Cray. brnaronaps ¢pusndeckn 000CHOBaHHON 3aMEHE TEPEMEHHBIX
1 OPUTHHAJIBHOMY aJITOpUTMy, NpemyokeHHOMy BEI'OoM, MeTon 4YMCIE€HHOro peleHus CIOXHOU
CHCTEMBl YpPaBHEHHH OKa3ajcs HAcTONbkO 3(dextuBHbIM, uTO Teopernkam HUKOUA ynanoch
MOJYYUTh COMOCTAaBUMBbIE PE3yNbTaTbl Ha MPOCTOM M MeaJieHHOM KommbroTepe. Ilocnenyroimuii
noknan BET'a ma ICRC1993 B Kanrapu Bbi3Banm Oonbmioil pe3oHaHC U ObUT OCOOO OTMEYEH B
TOKJIa/Ie ParopTepa Ha 3aKII0YUTEIbHOM 3aCEIaHN KOH(EPEHIHH.

Jpyrast ctopoHa *ku3HH EBrenust I puroppeBuya 3T0 €ro yBJI€Y€HHE CIOPTOM - OH ObLT B
KypCe BCEX INIABHBIX HOBOCTEH CIIOPTUBHOM JKM3HH U B CTPaHe, U 32 pyOekoM. A BO BpeMsl OTITyCKa
4acTo OBIBAJ BMECTE CO CBOMMH KOJUIETaMHU-TEOPETHKAMHU Ha TIPUPOJE — B CIUIABAX HA KaraMapaHax
B paiione Jlenckux Cronbos no peke byoroma. ITo nnnnmaruee BEI'a npemusi, nonydyennast B 1984
teopernkamu MK@UA na xonkypce pabor CO AH CCCP, 6puta morpadeHa Ha mpuoOpeTreHne
Karepa, Ha KOTOPOM TIOTOM OB COBEPIIEH HE OUH NajJbHUN moxox 1o JleHe.

Hy>xHO OTMeTHTB, UTO, IIPU BCEX CBOUX AOCTOMHCTBAX U HE3aBHCUMOCTH B CY>KAEHUSX, CaM
BEI" He crecHsIcs 00paTUThCS B 3aTPYIHUTENBHBIX CUTYALMSIX 332 COBETOM K KOJUIETaM, KOTOPBIX OH
UCKPEHHE YBaXKall 3a HMX MNPOQECCHOHANIM3M M JKU3HEHHYH mno3uiuio. OCoOEHHO Terio OH
OTHOCHJICSI K BeTepaHaMm Benmkoil oredectBeHHOH BOHHBL Omnbir oOmenuss ¢ BEI'om oxazan
OobIIOe BINSHUE HA €r0 YYEHUKOB MPH UX CTAHOBJICHUHU KaK YUEHBIX.



IHNPOI'HO3 AKTUBHBIX ®A3 24 IINKJIA 1 HAUYAJIA HOBOT'O 25 ITUKJIA
O KOCMHNYECKHUM JIYUAM. Ouenka 10CTOBEPHOCTH MPOrHO3Aa.

Kosao0s B.1.

Hucmumym xocmodhuzuueckux uccreoosanuii u asponomuu um. FO.I'. lllagepa, CO PAH,
Hrymcex, cosmoprognoz(@mail.ru

IMTo wm3yueHuro nuHAMUKH (IYKTyaldii MHTEHCHUBHOCTU TaJaKTUYECKHX KOCMHYECKHUX
Jdydell Ha pa3nuyHbIX (pazax Tekymero 24 MuKJIa W Havaja HOBOTO 25 IHKiIa OOHAapyKeH
NMEePeXOaHbIH PEKUM K axkmuenoii (haze comnednoro uukina. http://www.forshock ru/predlong html,

KOTOpBIM oOmpeAensercs IO HAIMYUI0 MNpeJBeCTHHKA B KOCMHYECKUX Jydax. MOMEHTHI
pEerucTpallud MPEeABECTHUKOB B KOCMHUYECKHX JIyuyaX COBMAJAlOT C Ha4dajloM Hepecmpoex
MarHUTHOIO NOJI B KOMILUIeKkcax akTuBHOcTH Ha ConHue. B urore, mo KOCMHYECKUM Jiyuyam
6nepeble NaH CPEIHECPOUHBIN MPOrHO3 aKTUBHBIX (a3 11-IeTHEro CONHEYHOro IMKJIA B TEUCHHE
Bcero 24 mukia ¢ 3abmaroBpemeHHOCTBIO AT1=2+1 obopora Connua. IlposeneHa 3asepra
Pe3yJIbTaTOB CPEAHECPOUHOTO (Ha Macmrade ycpenHeHust 27 JqHEH) MOHUTOPHHIa KOCMUYECKHIX
Jy4eld W MPOTrHO3a aKTHBHOHM (asbl (B MEPHOA PETUCTPALMU cepuiinvix COOBITUH) 24 umkia ¢
JaHHBIMH TIPSIMBIX M3MepeHui Ha kocmudeckmux ammaparax CIIA, ACE. B gacTtHOCTH: MOmyJIs
MEXIJIAHETHOTO MAarHUTHOTO MOJIA M CKOPOCTH IJIa3Mbl COJIHEYHOIO BETpa, a TaKXke IOTOKa
HU3KO3HEPTUYHBIX MPOTOHOB C 3Heprueil nopsanka ~1 MbsB. 1loka3ana 4OCTOBEPHOCTb MPOTHO3A:
nauana 24 uukna, Gasel pocma, $aspl makcumyma, Gasel nepenontocosku, reod3hGEeKTUBHON (a3bl
Hauana eemeuy chaoa U, 1OCTATOYHO HEOXKHUIAHHOH (asel akmueuzayuy B OKPECTHOCTH MUHUMYMa
24 nukna.
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BPEMHA, rogw!

Pucynok 1. PesybpTaTsl 3aBepku mporao3os: http://www.forshock ru/predlong html (BepTukanbHble
CTpeNKH) aKkTUBHBIX (a3 coiHeyHoro mukmna Ne 24 mo pesynbratam OOHApPY)KEHHs] TEPEXOIHBIX
pexkumoB B mapamerpe (aykryarmii ['KJI - 1aHHBIMH NPsIMBIX U3MEPEHUH CKOPOCTH COJTHEUHOTO

BeTpa Ha Kocmuyeckux anmaparax CIIA, ACE.



©®OPMA COJIHEYHBIX ITUKJIOB 1 CPEAHECPOYHBIE KOJIEBAHUSI
COJIJHEYUHOU AKTUBHOCTH

MIu6anosa A.C."**, Coxonos J.J."%4, Oo6puako B.H.%, llunun B.B.’

'MI'Y umenu M.B. Jlomonocosa, uzuueckuii paxymsmem, 2. Mockea, Poccus
‘U3MHUPAH, 2. Tj pouyx, 2. Mockea, Poccus

*UC3® PAH, 2. Hpxymck, Poccus

*Mockosckuii yenmp hynoamenmansnoi u npuriadnoii mamemamuxu, 2. Mockea, Poccus
as.shibaloval@physics.msu.ru

ITomumo xopomo u3BecTHOro |l-meTHero nLMKIAa B BapUaLUsIX COJHEYHOM aKTUBHOCTH
MOXXHO BBIACIUTh MEPUOANYECKHE H3MEHEHMS C MEHBIIUMH XapaKTEepPHbIMH BpPEMEHAMH, OT
HECKOJIBKUX MECSIeB 10 5 — 6 neT. Mbl paccMaTpuBaiu 5-6-neTHue KoyiebaHus (OKOJIO MOJIOBUHBI
OCHOBHOTO IIMKJa), HaOMrogaeMbie B M3MEHEHHUSX YHCIA CONHEYHBIX MSATEH W HANPSKEHHOCTU
IUTIONBHOM cOCTaBJsitoLeld MarHuTHOro nojisi Connia. ConocTaBieHne ¢ pa3udHbIMU MOACISIMU
MArHUTHOTO JMHAMO TMO3BOJIIET OMPEACNIUTh BO3MOMKHYIO MPUPOAY TOAOOHBIX KOJICOAHHIA.
Iloxoxuii pe3yapTaT yaaeTrcsi BOCOPOU3BECTH B MOAEAU AMHAMO C HEJIUMHEHHBIM H3MEHEHHEM
napamMeTpoB. [[MKJI aKTUBHOCTHM B 3TOM CJydae MOJIy4YaeTCs aHTAPMOHHYECKHMM U COAEPIKUT
JOTIOJTHUTEJIbHBIE TEPUONAUYHOCTH MMOMUMO OCHOBHOWM. OCHOBa 1151 3aaHUs] HEJMHEWHOCTH B
TEOPETHUECKON Moaenu — 3P (PEeKT MarHUTHOM IJIaBy4ECTH.

Brenenne peryisipHbIX ocumusinuii a-3pQexTa B MOIENb HE AaeT HYXKHOTO pe3yJjbTaTa.
H3meHeHUs] ¢ KB3UMEPUOAOM 5 JIeT MpH TOM BhIpakeHsl ciabo, u moxpysmpyercs 11-meTHee
KosiebaHue, YTO HETOXOXKE Ha PeasibHO HAOMIOIaeMy 0 KapTHHY.

B pesynbTaTe ucciaenoBaHus Mbl A€Ia€M BBIBOJ O CBA3U 5-0-JETHUX BapHUaLlUil aKTUBHOCTH
C TIpOLIECCaMH HEJIMHEMHOTO HACBIIIEHUsST ANHAMO B Henpax CoHia.
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24 IIAKJ COJTHEYHON AKTUBHOCTHU U DBOJIIOLNA MATHUTHBIX
MOJIEH ITATEH MO U3MEPEHUSM HA BCT-2 KPAO PAH

Axtemos 3.C. , llan 10.T., Knuopun H.U., Manamyk B.M.

KPAO PAH, Hayunviii, Kpvim, azis@craocrimea.ru

Ha ocHoOBe BHU3yaNbHBIX HAONIONEHWH PACLICIICHUS 3€eMAHOBCKHMX KOMIIOHEHT JiuHNH Fel
6302.5 A, nposenennbix Ha bamennom comreunom teneckone (BCT-2) KpAO PAH, nccienosana
5BOJIFOLIMST YCPEIHEHHBIX 34 pa3JIMYHbIE MPOMEKYTKM BPEMEHHM 3HAYE€HUNW MArHUTHOTO MOJIs
COJTHEUHBIX TsATeH 3a nepuon ¢ 2010 nmo 2018 r., HanpspkeHHOCTh KOTOpBIX > 1500 I'c (Bcero 4771
uzMepenuit). OGHapykeHo, uTo, B OTiM4Me OT uncen Bomibda, ycpennenHoe 3a 3 Mecsia, moaronaa
WIW TOJ, MAar"HuTHOE MOJIe MSTEH CO BPEMEHEM CYILIEeCTBEHHO He MeHsercsa. bonee Toro, oHO
odeHb c1abo BO3pacTaeT U K KOHIY 24 nukia akTuBHOCTH COJHIIA JOCTHUTaeT MaKCUMyMa, TOTTa
Kak 3HadeHWs uucen Bompdpa npubmoxarorcs k Hymo. IlonydeHHble pe3ysbTaThl
CBHUJIETEJILCTBYIOT O BO3MOKHOM Ba)KHOW POJIM «OTPULIATEILHOIO MArHUTHOIO [ABJICHUS» MPHU
bopmupoBannu nsATeH BONM3KM noBepxHOCcTH CoHIA.

Pabora BrimosHeHa pu yacTruHON noanepkku Munodpraykun HUP Ne 0831-2019-0006.
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3AKOH /I’KOs 1 IBE ITONIYJIALUWNU I'PVYIIIT COJIHEYHBIX ITATEH

Harosunupia HO.A., OcunioBa A.A., IleBrioB A.A.

I'AO PAH, 2. Canxm-Ilemepobype, Poccus, nag-yury@yandex.ru

Ha ocHoBe nannbix Karamora comneunoit nesrenbHocTH P.C. I'HEBBIIEBOM pPaccMOTPEHO
U3MEHEHHE YIjla HAKJIOHA K 3KBATOPY OCEW rpymm conHedHbIX msaTeH B 1954-1989. IIpusenensr
apryMEHTBI B TOJIb3Y TOTO, YTO ISl BBIYUCICHHS THAT-yIiia [ Hy»KHO YYHUTBIBATH W3MEHEHHE

renquorpauieckoii CeTku ¢ mupoToi. lIpemioskeH HOBBIM TOAXOA K JSKCIEPUMEHTATBHOMY
HAXOXKICHUIO 3aBUCUMOCTH [ = f(¢), OCHOBaHHBII Ha BBIYHCICHUU PA3JHUYHBIX OIIEHOK
TUMTUYHOTO WJIM «CPEAHErO B ITUPOKOM CMBICTIe» 3HaUeHUs [ B N30paHHBIX HHTEPBAJAX MHUPOT ¢ .
IToka3aHo, 4TO A UCIIOJB30BAHHBIX JAHHBIX MO BCEM IPyMINaM MATEH KJIACCUYECKUN — JINHEUHBIN
— 3aKkoH Jl>xost mpencTasisier coOOi JHIIb MepBOe MPUOIIKEHHE U TONBKO ISl ITHPOT OT -25° 110
+25° 3a ux mpenenamMu OH HEJMHEEH, YTO MOATBEPIKNAeT BbIBOJ APYTHUX aBTOPOB, CAEJAHHBIN MO
naHHeIM MayHT-Busncon. OcHOBHOW pe3yJbTaT MPOBEIEHHOTO HCCIENOBaHUs. PacCMOTpEHHe
OTHEJIbHO KPYyNHbIX Aoaroxusyuux rpynn LLG u Menkux kopoTkoxkuByiiux SSG nokasano, 4To
3aBUCHUMOCTb [ = f(¢) UMeeT y HUX KapOUHAJIBHO pa3nuyarluics xapakrtep. KpyTusHa

JUHEHHBIX YYaCTKOB Takke 3Ha4MMO oTim4aercs, (HakioH LLG OGomsine). Bece 3To roBopur o
peasbHOM Pa3IMYUU CBOWCTB IPYII ABYX MOIMYJISILUMA.

Pabora nognep:kana rpanTom nporpamMmbl MOH P® Ne 075-15-2020-780.
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HEPNO/bI BPAHIEHUA OBLIEI'O MATHUTHOT O IOJIA COJTHIA

Xanenuyk B.U., Koros B.A.

Kpuvivckas acmpogpusuvecrkas obcepsamopus PAH, noc. Hayunvrit, Kpsim, Poccus,
han(@craocrimea.ru

IIpoBenén anamm3 m3mepenuii odmero marautHOro mnojst (OMII) ConHia mo u3MepeHHsIM
pa3HbIX obcepsaropuii 3a 1968-2019 rr. B cnekrpax MOIIHOCTH BPEMEHHOIO psifa HaOM0gaeTcs
MakCUMyM B oOmactu mnepuomoB BpameHuss ComHIA C MOIIHBIM ITHKOM Ha YacToTe,
COOTBETCTBYIOLIEN CHHOAUYECKOMY nepuony 27.169 cyT.

OnHako [eTanbHBIM aHaNMM3 C MOCTpoeHHeM (a3oBOH auarpaMMmbl U IPUMEHEHHEM
MOIU(ULIMPOBAHHOTO BeiBeT-aHaMM3a (st pukcupoBaHHOM (a3bl KojgeOaHUs) MOKa3al, YTO
ocHOBHbIMM mnepuogamu BpaweHuss OMII ssrnsarotes P;=27.030 cyt u P2>=26935 cyr. Onu
oOHapy>kuBaroTCs Ha (a3zoBoii Auarpamme (puc. 1, mokasansl 3HaUeHH pa3 A TpoOHOro nepruona
P=27.000 cyT). HaxioH npsiMbIX Ha 5TOM rpaduke yKka3bplBaeT Ha cMermeHne (asbl konedaHus co
BpPEMEHEM U NO3BOJIIET ONpeAeNuTh TOYHOE 3HaUeHNe MEPHOIOB.

PLL i T T L0 — T
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ML . . +  Amplitude of 27.030 d with Fixed Phase 0.576 |
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Puc. 1. ®azomas amarpamma and TpoOHOTO TEpHOAA
P=27.000 cyr. HaxioHHBIC JHHUH HOKA3BIBAKOT
cMmemeHue (pasel MeprHoAa W COOTBETCTBYIOT 3HAUCHMSIM

Puc. 2. M3MeHeHNE aMIUTUTY 1Bl KOJCOAHHH EPHOAOB P;
u P, co BpeMEHEM, BBIUHCICHHOC I (PHMKCHPOBAHHOM
(a3l (OTpHIATENBHBIC 3HAYCHHS AMIUIHTY] O3HAYaIoT,

P;=27.030 cyr (cunomHas nuHuA) U P>=26.935 cyT
(ayHKTHp).

4yT0 KOICOAHWC HAXOAWUTCA B  mpoTuBo(ase mo
OTHOMLICHHIO K HAYAIbHOM, MOJOXKUTEIbHBIC — B (pase).

Ha puc. 2 nokasaHo u3MeHeHHEe CO BpEMEHEM aMIUIUTY/bl JBYX MEPHUOAOB, ONPEAENeHHOE 10
MOAU(HUIMPOBAHHOMY METONY BEHWBIIUT-aHANIN3A, TIe 3aduKkcupoBana (asa u nepuon konedanus, a
aMILUTUTYAa MOXKET MpPUHUMATh OTPULATENbHBIE 3HAYEHUs, €ClIu KojeOaHHe HaxOOUTCS B
npotrBodaze Mo OTHOLICHWIO K HAa4YaJbHOW, W MOJIOKUTENbHBIE — eciau B (ase. Bupno, uro
KoeOaHusl CBA3aHBI MEXAy COOOW M HaXOmsTCS B OAMHAKOBOW (pase B mmkmax 21 u 23, HO B
npotuBodase — B uukiax 22 u 24. buenns mexny nepuonamu P; u P> cocrasisiror 21 ron.

OcHoBHbIM nepuopoM BpaiieHus OMII crenyer cuurtaTh, MO-BUAUMOMY, £, MOCKOJBKY
aMILTUTYAa ero KoyuebaHusi MeHseT CBOW 3HAK OT LUKJA K LIUKIY, YTO COOTBETCTBYET IOBEICHUIO
MarHuTHbIX nojei Ha CosHue.

Moxno 3axmounTb, uto ConHue mposieasier cebdss B OMII kak NpenMyIeCTBEHHO
TOPU3OHTAJIBHBI MAarHUTHBIA IWUNONL (TIOMHUMO BEPTUKAJIBHOIO), KOTOPBIA Bpammaercs ¢
CHHOAMYECKUM TepuoaoM 26.935 cyT, MeHsisl CBOH 3HaK Ha MPOTHBOMNOJIOXKHBIN NMPUOIU3UTEIEHO
kaxaele 10.5 ner.
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O IPUPOJIE ABYXJETHHUX KOJESAHHUI COJTHEYHOM AKTHBHOCTH

Kleeorin N., Rogachevskii L., Kysanaun K. M.

BGU, Beer-Sheva, Israel, nati@bgu.ac.il, gary@bgu.ac.il

UBMUPAH, . Mocksa, Poccus, kuzanyan(@izmiran.ru

Boxasr Poccbu [1] nmpencrasnsiror coOoii BaxkHOE aTMOC(EpPHOE M OKEAaHHUYECKOE SIBIICHHE U B
COBOKYTTHOCTH OOBSICHAIOT Takue 3(PPeKThl aCHMMETPHH «XOJIOJHO — JKAPKO» MEXAY 3aMagHbIM U
BOCTOYHBIMH TOJYIIAPHSIMU 3€MJIH, & TIPU yuéTe cTpaTu(uKanuy 1ioTHOCTH 3 dexTsl Tuna «Ii-
Hunbito» u «Jla-Huubs» (T. H. MemieHHble BOJHBI PoccOu [2]). He uCKIIFOYEHO, OJHAKO, YTO 3TH
BOJIHBI WIPAIOT 3aMETHYIO poiib U B KoHTekcTe ¢usuku ConHua u 3Be3n. B Teopum 3BE3HBIX
nynbcanuil (cMm., Hampumep, [3]) 3T konebaHHMs YacTO HA3BIBAIOT KPYTUJIBHBIMH U MPU 3TOM
CHEeUHATBbHO TOAYEPKUBACTCS, YTO 3TH KOjieOaHus He ocecuMMeTpuuHbl. Haobopor, B ¢usuke
ConHua, KpyTHIBHBIMH KOJEOAHHMSIMA NMPUHSTO Ha3bIBATH OCECHMMETPUYHBIE BOJHBI KOJeOaHMIt
30HAJBHBIX TEUEHHUI C mepuoaoM okojo 11 jer, [4]. DTH BO3MYIIEHHS] CKOPEE BCEro SIBIISFOTCS
Pe3yJbTaTOM BO3IEHCTBUS KPYITHOMACIITAOHBIX CHJI AMIIepa, CBA3aHHBIX CO CPEOHHMM MojeM [5],
[6], [7]. YUro Obl m30exkaTh MyTAHUILI, MBI B NajbHeWmeM OyneM Ha3blBaTh M3y4YaeMOeE SIBJICHHE
npocTo BojHaMu PocOu, BO3MOXKHO MOAH(UIIMPOBAaHHBIMU MarHUTHBIM TIoJieM CoJTHIIa.

B nokmame paccmarpuBaeTrcs BONPOC O BO3MOXKHOH TMPHUPONE JBYXTOOUYHBIX KoOJeOaHMI
COJTHEUHON aKTHBHOCTH. B KauecTBe BO3MOXKHOIO MEXaHM3Ma 3THUX KOJeOaHHs PacCMaTPUBAOTCS
MOIU(HUIMPOBAHHBIE CpeOHUM MarHuTHeIM mnoneM ConHua BosHbl PoccOm. Ilokasano, uTO
CyliecTByeT Heckoiabko Mox (okomo 38) BomH Poccbu, obecneunBarOmNX ABYXTOJHUYHBIC
konebanusi. Cpeau HUX BBIIEICHHOW MOmOH siBisiercss mona ¢ (=7, m=1. MMeHHo 3Tta mMona

MOXKET CYIIECTBOBATh OMHOBPEMEHHO KaK B KOHBEKTHUBHOM, TaK U B JIy4UCTOU 30He COHIIA, BJIUSS
OHOBPEMEHHO KaK Ha COJHEYHYI) AaKTHUBHOCTb, TaK M, BO3MOXHO, Ha HEWTPUHHBIA NOTOK,
MOZYJHPYS SIACPHBIE PEAKLUH B LEHTPAJbHON YaCTU JIyYHCTOMN 30HBI.

C. G. Rossby //J. Mar. Res. 1939 V. 2, P. 38.
T. Elperin, N. Kleeorin & 1. Rogachevskii // Phys. Rev. E 2017 V. 96, P. 033106

H. Saio // Astrophys. J., 1982 V. 256, P. 717.
B.J. LaBonte, and R. Howard // Solar. Phys. 1982 V. 75, P. 161.
M. Schusler // Astron. and Astrophys. 1981, V. 9, L17-186.

H. Toshimura //Astrophys. J., 1981, V. 247, P. 1102.
H.H1. Knnopun, A.A. Py3maiikun // [Iucema B Actporom. xxypHain, 1984, T. 10, C. 925.

SO Db b b
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O BKUIAIE TYPBYJIEHTHOI'O JUHAMO B 'EHEPAIINIO
MATHHUTHOI'O ITIOJIA B HEBO3SMYIIEHHOU ®OTOC®EPE COJIHIHA

Aopamenko B.J.!, IOpunmun B.B.?

I @I'EYH KPAO PAH, n. Hayunwiii, Kpvim, Poccus, vabramenko(@gmail.com
°BBSO NJIT, Big Bear City, CA, USA

AHanM3 TPOCTPAHCTBEHHOTO CIIEKTPa MOINHOCTH MarHuTHoro monst [1] Tpex obnacrei
HEBO3MYIIEHHOU oTocdeps! (kopoHaNbHAs bIpa, 001acTh HEBO3MYyLIIEeHHOro COJTHIA B 3aKPBITHIX
noJisix U (IIOKKyJIbHAs 30Ha) o gaHHbiM SDO/HMI nokasan odeHb OMU3KUil HAKJIOH criekTpa -1.0
+ 0.05 B unaTepBane npumepHo or 20-10 o 2.4 Mwm. D10 mpeamnosaraer, 4ro OAWH U TOT JKE
MEXaHWU3M TeHepalMu MarHuTHOro moast (TypOyjeHTHoe amHamo) paboraer 1o Bcel
HeBO3MyIeHHON ¢orocdepe. CpaBHEHHE MPOCTPAHCTBEHHOIO CHEKTPa MOILIHOCTH MArHUTHOTO
noJis, mosmydeHHoro no HabmonenusMm Near InfraRed Imaging Spectropolarimeter (NIRIS, Goode
Solar Telescope, GST, Big Bear Solar Observatory), co CIeKTpoM KOJIMOTOPOBCKOTO THIA (HAKJIOH
-5/3) MO3BOMMIIO HAM 3aKIFOYUTh, YTO MO MEHbIIEH Mepe 35% MarHUTHOW SHEPrHH B AHAINA30HE
3.5-0.3 MM HEBO3MOXKHO OOBSCHATH KOJIMOTOPOBCKUM KackasioM (ApoOJIeHHEM KPYIHBIX CTPYKTYP
Ha Oonee menkue) u TpeOyer OOBACHEHUS APYTMMH MEXaHW3MaMHU T'€HEPalUd MAarHUTHOTO IOJIS
WINA TIepeadu SHeprud BRoib crekTpa. OnHO u3 Hambosiee BEPOSITHBIX OOBSCHEHHMH — padorta
TypOyJieHTHOrO MuHAMO B hoTochepHoM u oadoTocHepHOM CIIOSX.

Hannbie HaOmonenmii uHctpymerta NIRIS (Puc.1) Opumn comocTaBieHsl ¢ OTHOBPEMEHHBIMU
Habmonenusimu SDO/HMI nnst ogHOro m Toro ke ydactka Ha moBepxHoctu Comuna. JleranpHoe
COIOCTAaBJICHHE MOKA3ao, uTo B Tex Mectax, rae SDO/HMI perucrpupyer oOumpHbie MarHUTHBIC
3JeMeHThl HampsbkeHHOCcThio He Bbime 700 I'c, NIRIS peructpupyeT OaHy HIM HECKOJIBKO
MarHuTHBIX TPpyOok mmamerpoMm 200-400 kM m HampspkeHHOCTBIO monst 1000-2000 I'c. Takum
oOpaszoM, mpsiMble HAOJFOAEHUS TMOKA3bIBAIOT NMPUCYTCTBUE KUJIOTAYCCHBIX TPYOOK B COJTHEYHOU
dorochepe. bomee TOro, oOxazanmoch, YTO KHJIOTAYyCCHBbIE TPYOKH HMMEIOT TEHIACHLUIO
IPYIIITUPOBATECS B MEKTPAHYJBHBIX TPOCTPAHCTBAX B HEMOCPEACTBEHHONW ONM30CTH OT Tak
HA3bIBAEMBIX SIPKUX TOUEK, BUAUMBIX ¢ momMoinbio GST B muanm TiO (cM. Puc.1, ciesa).

PaGora BemonHena npu noanepskke rpanra PH® 18-12-00131.

& 4 } D 2 i -

Pucynox 1. Vwuactok cnokoitHoro Comuua mno manHeiM  NIRIS/GST/BBSO: cmpaBa —
MarHuTorpamma (3eJeHble, CHHUE, KpacHble KOHTYpBl coorBeTcTBYOT 10, 100, 1000 I'c). Cnesa —
Ta k€ MarHurorpamma, HanoxxeHnass Ha GST-u3o0paxenne B muaun T10.

1. Abramenko V.1, Yurchyshyn V.B. // MNRAS 2020. V. 497, P.5405.
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Bapuaijuu napaMeTpoB AUHAMO I{UK/Ia B 3aBUCUMOCTH OT NePHO/a BpallleHNsA
CoHnia

1Ty B.B.,
WHcTuTy T conHeuHo-3eMHOM pu3nky, MpKyTCK

OO6cy>kmatoTcs pe3y/IbTaThl PACUeTOB HeJTMHEMHBIX MOZelel TUHAMO JIJIsl CO/THEUHBIX aHa/IOrOB C
NepyoAaMH BpalljeHus B AuamnasoHe oT 1 o 30 aHel. PaccMoTpeHO MoBe/ieHHe pasnyHbIX
rapaMeTpOB MarHUTHOI'O 1MK/A, TaKMX Kak Mepuoj, [UHAMO LUK/, aMIVINTY/a, BApHalliy TIOTOKa
MarHUTHOM Hepruy ¥ CBeTUMOCTH, a TakKe 3¢ ¢peKTUBHOCTh IPOU3BO/CTBA MarHUTHOM
cnvpanbsHOCTH. KrHeMaTHuecKde MOJe/ld JUHAMO, IOCTPOeHHbIe C Y4eTOM He/IMHeHHOro o-
5(ppekTa 1 MarHUTHOMH I/1aBy UeCTH, [10Ka3bIBaIOT YMeHbllleHNe Tlepro/ida MarHWTHOI'O LIMK/a U
O7IHOBPeMeHHbII pOCT aMIVIUTY/bI LIUK/IA C YMeHbllIeHHeM [1epuo/ia BpalljeH s 3Be3/bL.
[TpocTpaHCTBeHHO-BpeMeHHasi CTPYKTypa JUHaMO-BOJIH MarHUTHOW akKTUBHOCTH B
KHMHeMaTHye CKHX MOJe/IIX COOTBETCTBYeT BoHaM ITapkepa-MommMyphl. 3B&3/bl C TePHOLOM
BpalljeHUs MeHee 10 CyTOK MOKa3bIBalOT HeCTal|lOHapHbIe O/IrOBpeMeHHble Bapyallid MarHUTHOU
aKTUBHOCTH. HeKnHeMaTHue cKrie MOZIe/d IMHAMO YUUTBLIBAIOT 0OpaTHOe BAMSIHYE MarHUTHOTO
rnons Ha ¢ depeHIMaNbHOe BpallleHUe Y [lepeHOC Tell/la BHYTPY KOHBeKTHBHOU 30HbL. OHHU
MIOKa3bIBalOT HEMOHOTOHHOe M3MeHeHUe Nlepuo/ia IMHaMO CO CKOPOCThIO BpalljeHust. Mojenu s
TIepro/[0B BpailieHus MeHee 10 aHel IMOKa3bIBalOT HECTAIJMOHAPHYIO SBOMIOLMIO C HeOOMbIIIM
yBe/IMUeHHeM I1epro/ja JWHAMO [IpH yMeHbllIeHUH NTepUo/ia BpallleHus 3Be3/ibl. HekrHeMaTHuecKue
MO/Ie/T1 TTIOKa3bIBalOT POCT MarHWTHOI'O ITI0TOKA, F'eHepUPYeMOro JUHAMO, C YBe/IMueHeM CKOPOCTH
BpalljeHys. J11s1 3Be3/ibl, Bpalljatollleics C IeprojoM /iBa /IHS1 U MeHee, CyllieCTByeT ANUHAMO-
HacblllleHHe. HacblllleHHe apaMeTpoB MarHUTHOM aKTUBHOCTH COIPOBOXK/jaeTcsl Aellpeccreit

I depeHIMaIbHOIO BpallleHUs] U U3MeHeHreM HallpaB/ieHrsl MepHIMOHa/IbHON [IUPKY/ISLIUK.
[TpocTpaHCTBeHHO-BpeMeHHasi CTPYKTYpa BOJIH MarHUTHOM aKTUBHOCTH Ha 3Bé3/]aX C IIepHOOM
BpallleHus: MeHee 5 CyTOK O/iM3Ka K JMHaMO a/BeKTUBHOIO THIIA, TIPH KOTOPOM TepHOJ, [IUK/Ia
Ollpe/ie/IfieTCsl MepU/MOHAIBHOM LIMPKY/IALUel.

Jluteparypa:

Pipin, V. V., Solar dynamo cycle variations with a rotational period, arXiv:2008.05083, accepted in
MNRAS, doi:10.1093/mnras/stab033
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CTATUCTHUYECKHUE NCCJEJTOBAHUS KOJIMYECTBA U IIJVIOIIAJIEN
AHTU-XEJIOBCKUX AKTUBHBIX OBJIACTEM
B IIEPUO/I C 1989 1O 2019 I'T.

JKykosa A.B.', Xubicroa A2, AOpaMeHKO B.I.!, Coxounos I[.I[.3’4’5

leAO PAH, nem. Hayunsiii, Kpvim, Poccus, anastasiya.v.zhukoval@gmail.com
HC30 CO PAH, 2. Hpxymcx, Poccus, hlystoval@mail.iszf.irk.ru

SMIY umenu M. B.Jlomonocosa, 2. Mocksa, Poccus, sokoloff.ddagmail.com

4 < 5 5
‘Mocroeckuii yenmp pyHoamenmansHoi u NpUKIAOHoll mamemamuxu, 2.Mockea, Poccus

SUSMUPAH umenu H.B.Ilywxosa, 2. Tpouyx, . Mockea, Poccus

Hannsie nacrpymentos HMI/SDO u MDI/SOHO, a taxxke Debrecen Photoheliographic Data
MO3BOJIMIIM TTOJIYYUTh CTATUCTUKY 8703 akTuBHBIX obnactei (AO), MOSIBISBIINXCS HA COMTHEUHOM
nucke B nepuoa ¢ 01.01.1989 mo 31.12.2019. 277 u3 uccnenopanabix AQ ObUTH ONpeneaeHbl KakK
aHTH-XEHJIOBCKIE TPYNITbl COMHEYHBIX MsATeH. lIpn nx mneHTH(UKALNN NPUMEHSIIUCH KPUTEPHH,
npenjoxkeHHele B padore [1]; WCHONB30BAIMCh MaHHBIE Katajmora aHTH-XennoBckux AQ,
noctymnHoro Ha caiite KpAQO https://sun.crao.ru/databases/catalog-anti-hale.

[Iponomkenue wMcclenOBaHU, HadaThix B pabore [2], mokazano crieayromee. BoisiBieHHOE
paHee BO3pacTaHHE OTHOCUTEJIBHOIO KOJIUYeCcTBa aHTU-XeinoBckux AO B MUHUMyMéE HECKOJIbKUX
UKIOB [2, 3], Obut0 OOHApPYKEHO Takke U B MUHUMyMe 24-r0 nukia. MckimoueHue U3 BhIOOPKU
Pa3JIMYHBbIX MOAMHOXKECTB aHTU-XeNHNoBckuXx AO He U3MEHSeT pe3yJbTaT KauecTBEHHO. JlaHHBIH
pe3yJbTaT MOATBEPIKIAET MPEATONOKEHNE O IPOSIBICHUH (DIIYKTyalIMOHHOTO (MeIKOMacTabHOro)
IMHAMO B MOMEHT HAUMEHBINIErO BO3ACHCTBHS II00ATBHOTO TUHAMO (B COTHEUHOM MHUHHMYME).

IIpoBeneHo cpaBHEHNE BPEMEHHbBIX U3MEHEHUI OTHOCUTEIBPHOIO KOJMYECTBA U OTHOCUTEIbHBIX
rwiomanei antu-Xeinosckux AQ, oxBaTblBarolliee TPU COJIHEUHBIX MMHHMyMa. BricoTa mukoB B
MUHHUMYMe€ [l OTHOCUTENbHBIX IUIOINaJei B 1I€JIOM HECKOJIBKO HUKE, YeM I OTHOCUTEIBHOIO
konnyectBa AQ. D10 0OBsiCHAETCsT OONBIION noJjei Manbix (B OCHOBHOM MeHee 20 M.J.1I.)
KOPOTKOXKMBYIIMX (MEHEe Tpex MAHeW) rpymnm cpenam Bcex aHTH-XeinoBckux AQ, KOTOphIe
cocTaBysroT Oosee Tpern BbIOOpKH (98 u3 277). B ciyuae MCKIFOYEHUST TAKUX TPYII U3 BHIOOPKU
BBICOTA MUKOB JUIsl OTHOCUTEJIbHBIX IUtomanei aHTu-Xeinosckux AO mpeBblllaeT BHICOTY MUKOB
IUIE OTHOCUTENPHOTO HX KOJHYECTBA. JTO MOXKET CBHIETENBCTBOBATH O HECKOJIBKO OOJIBIINX
pasMepax MarHUTHBIX TPyOOK aHTH-XeinoBckux AQ Mo CpaBHEHUIO TPYOKaMH OOBIMHBIX TPYIIIL

Bo BTOpOM MakcHMMyMe KaXIOrO W3 HMCCIECJOBAHHBIX LUKJIOB OBUIO OTMEYEHO IOSBICHHE
OEJbTa-CTPYKTYp €  aHTH-XEHJOBCKOM OpHUEHTAlMel MarHUTHOTO TOJs, CYILIECTBEHHO
NPEBBIIAIINX 1O Tuomanu ooeraHble AQ. DTO cormacyercss ¢ JaHHBIMH O Ooyiee BBICOKOM
ynensHOM (mpuxopmsiiemcsi Ha onaHy AQO) wmarautHoM mnotoke AQ ¢ HapyUICHUSIMU
3aKOHOMepHOcTe Teopun auHaMo [4]. [losiBleHHe OMOJHUTENBPHON SHEPTHH, yCHIMBAOIIEH
MarHuTHBIA MOTOK AO BO BTOPOM MakCUMyMe, TaKK€ MOXKET OBbITb CBSI3aHO C BO3IEHCTBHEM
(bIYKTYalMOHHOTO JTUHAMO B MOMEHT, KOT'Ia BIMSIHUE II100aIbHOrO THHAMO HAYMHAET OCIabeBaTh.

A X. Gnaromapur 3a momaep:kky rpant POOU 19-52-45002. Pabora A K. u B.A. dacTuaHo
BbimosiHeHa B pamkax HHP 0831-2019-0006. Pabora A.X. BbIIONHEHa B pamkax 0a30BOro
¢unancuposanus nporpammsl PHU 11.16.

1. Zhukova A.V., Khlystova A.I, Abramenko V.1, Sokoloff D.D. // Solar Phys. 2020. 295. 165.
2. Sokoloff D.D., Khlystova A 1., Abramenko V.I. / MNRAS. 2015. 451. 1522.

3. McClintock B.H., Norton A A., Li J. // Astrophys. J. 2014. 797. 130.

4. Abramenko V.1, Zhukova A .V, Kutsenko A.S. // Geomag. Aeron. 2018. 58. 1159.
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KOPOHAJIBHBIE JIBIPBI 24-I'0O0 IHUKJIA 11O HABJIIOAEHUAM SDO

Anapeea O.A., Aopamenko B.U., Manamyk B.M.

KpAO PAH, Hayunwiil, Kpeiu, Poccus, olgal@craocrimea.ru

ITo manueiM HabmroneHwit nHCTpyMeHTOM Atmospheric Imaging Assembly (AIA), kanan 19.3
HM, Ha OopTy Solar Dynamic Observatory (SDO) uccnenoBaHa 3BOJIOLHS KOPOHAJIBHBIX JIbIP
(coronal holes, CHs) na mporsskenuun 24 nwmkna. s mokammzammu  CHs u ompeneneHust ux
mIomaned Mbl BOCMONb30BanuCh 0a3oil [enmodusmueckux codvrtrii HEK - Heliophysics Event
Knowledgebase. Hamu Obln co3maH MacCHB €XKEIHEBHBIX CYMMAapHBIX IUIOIAAEH KOPOHAJIbHBIX
aeip (Sch) 3a mepuon 13.05.2010-31.12.2020 rr. (Ha Puc.1 BepxHsas nmanens - Sch Bceit BunnMoit
noBepxHocTu aucka ConHina, cpenusis u HwkHsAsS — Sch ceseproii (N) wu woskHO# (S) momycdep).
Lenbro qanHON pabOTHI OBUIO MPOAHANTM3UPOBATh, KAK MEHSUTHCH ruiommany u jokanusauus CHs Ha
ConHLe B 3TOT MEPUO, UMEITUCh JIM Pa3IH4usl B IUIOMAAsX, 3aHATbIX CHS B pa3HbIX MONyLIApHsX,
BBISIBUTH OCOOEHHOCTH MOBEACHHUS MONISPHBIX U HermoJsipHbiXx CHS B pasHbix (aszax uKia.

B pabore ormeuena N - S
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eXeJHEeBHas CyMMapHas
wiomans nojspHeix CHs yBenuuuBaercs B MUHUMyMax COJIHEYHON aKTHMBHOCTHU M CHUYKAeTCs B
MaKCUMyMe LUKJa. DTO COrjlacyercs ¢ o0mmuM mnpeacrasieHneM o nojsipabix CHs, kak OCHOBHOM
UCTOYHUKE AunojbHoro MarHutHoro nojist Conxua. Ilpu 3TOM BTOpOE€ MNOAMHOXKECTBO —
BbIeieHHbIe HeroysipHble CHS, MoKa3bIBalOT MHTEPECHOE, HE HAOMOIaeMoe paHee MOBEeIeHHE Ha
¢aze cnaga coMHEUHON aKTUBHOCTH. VX miiomann MeaieHHO yObIBalOT OT MAKCUMyMa COJTHEYHOTO
HuKiIa 10 MuHuUMyMa. KauecTBEHHO 3TOT TpeHI COINIaCyeTcs C YMEHbIIEHHEM IISITeHHON
AKTUBHOCTH K MHHUMYMY, YTO TIO3BOJISIET MPEANONIOKUTh HATNUNE (PU3UUECKOHN CBSA3H STHUX ABYX
SIBJICHUH.
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OHPEAEJIEHUE ILIOTHOCTH W TEMIEPATYPbl KOPOHAJIbHBIX
HETEJb METOAOM BAHUECOBCKOI'O AHAJ/IM3A 1O JAHHBLIM

SDO/ATA
AHdunorentos C.A.

HC3® CO PAH, 2. Hpxymck, Poccus, anfinogentov(@iszfirk.ru

3amava ompeneneHus TUIOTHOCTH M TEMIIEPAaTypbl OTACIBHBIX CTPYKTYP KOPOHAJBHOH IIa3MbI
BaXXHA KaK JUId TOHUMaHMA (PYHIAMEHTANbHBIX (U3MYECKHX TPOLECCOB, MPOTEKAOIINUX B
COJTHEYHBIX AKTHUBHBIX OOJIACTSX, TAK W JUJIS 3ala4dl MPOTHO3a COJHEYHOH akThBHOCTH. OcCoOyrO
BAYKHOCTb 3TH CBEACHUS NMPHOOPETAIOT B KOHTEKCTe KopoHanbHONU MI JI-ceticmonorun. Hampumep,
U3MEPEHUs TUIOTHOCTH U KOHTPACTa IUIOTHOCTH IIJIa3Mbl HEOOXOIUMBI JISL OTIPEAEIICHNS BETMYHNHBI
KOPOHAJIbHOT'O MarHUTHOTO TOJISl TIO HAOJFOIEHUSIM N3THOHBIX KOJIeOaHUI KOPOHAIBHBIX METENb.

B nokmame mpenctaBieH METOXN OMNpPENeNeHUs] IJIOTHOCTH M TEMIIEPATyphbl IUIA3MbI CTPYKTYD
COJTHEYHOH KOPOHBI, TAKUX KaK MAarHUTOIUIA3MEHHBbIE TETIH U CTPYH, MO JAHHBIM HAOJIONeHUN
SDO/AIA. Meronuka OCHOBaHAa Ha YHCJIEHHOM MOJEIHPOBAHUU IMONEPEUHBIX MNpoduiei
TEMIepaTypbl W IUIOTHOCTH B TETIE U IOCIEAYIOIIEeM pacueTe WHCTPYMEHTAJIBHOTO OTKIIHMKA
SDO/AIA. KopoHanbHblE METIM W CTPYH MOAEIUPYIOTCS, KaK H30TEPMUYECKHE CTPYKTYpPBI
LUIMHAPUYECKOH (Gopmbl. PaamanpHelii mpoduib TUIOTHOCTH 3amaercs mnpodmiuem DmmuTelHa.
Takast mnapamerpusanusi TIO3BOJNSET, B YaCTHOCTH, PEryJUpOBAaTh IUIABHOCTb W3MEHEHUS
NapaMeTpPoOB IUIA3Mbl Ha TPAHHUIIE MEXKAY TUIOTHOH BHYTPEHHEH YacThIO CTPYKTYPBI U Pa3PSKEHHON
¢doHOBON TUTa3MOM. 3aTteM pemaercs: ypaBHeHHe nepeHoca KY® uznydeHus B ONTHYECKU TOHKOM
pesxxume Ui UcKyccTBeHHbIX KY® m3o0paxkenuit B 6 kaHamax SDO/AIA. Paspaborannas
YHCICHHAs MOJEeNb KOPOHAIBHOH CTPYKTypbl uMeeT mnopsaka 20 cBOOOOHBIX NapameTpos,
OMHUCHIBAIOLINX KaK CBOHCTBa caMOW MeTNH (IWIOTHOCTh M TEMIIEPATypy), TaK H H3JIyUYeHHE
¢donoBol asmel, HaOFOHaemoe SDO/AIA.

Hnsa onpeneneHust GPU3MYECKUX TapaMeTPOB KOPOHAJIBHOH IJIa3Mbl B KOPOHAJIBHOW NETIE WIIH
CTpye, CBOOOIHBIC MapaMeTpbl MONEIH JOJDKHBI OBITh BBIOPAaHBI TakuM O00pa3oM, YTOOBI
o0ecreynTh HauTydllee COriacue pPe3yIbTaTOB MOIEIUPOBAHUS C HAOMIOATEIbHBIMU TaHHBIMU. B
paMKax MpeCTaBICHHOIO NCCIEAOBAHUS TaKas 3ajada peraercs MeTonom baiiecoBckoro aHanmsa
¢ nmpuMeHeHneM Mmerona Monrte-Kapno mo cxeme Mapkosckoii nenu. [lannas meronosnorus Obuia
NPOTECTUPOBAHA HAa HECKOJBbKUX KOPOHANBHBIX METJSX, BKIIOYAs KaK «XOJOAHBIE» METIN
CTIOKOMHBIX AaKTHBHBIX oOOjacTeli, Tak u Oonee ropsauMe BCIBIIIEYHBIE NEeTIH. Bo Bcex
PACCMOTPEHHBIX CIy4asx YAAJIOCh C XOpPOIIEH TOYHOCTBIO M3MEPUTh TEMIIEPATypy, MIOTHOCTb H
TOJIIIMHY KOPOHAJIBHBIX METENb.

Hccnenosanue BeinonHeHo npu noaaep:xke PO®H B pamkax mpoekra 18-29-21016 Mk.
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HAMATHU YIHEALIINX KOJUJIET.

BKJIAJL B ®U3UKY ILTA3BMbI COJTHEYHOM CUCTEMBI:

OoT TEOPUU U JKCIIEPUMEHTA K  ITPAKTHYECKOMY
HPUMEHEHUIO.

Ky3uneunos B./1,
HUBMUPAH, 2.Mockea, 2. Tpouyx, Poccus, kvd@izmiran.ru

B nokname, mnocesmeHHoM namsaTu cotpyaHukos M3MHWPAH B.B.benoro, 1O.J1 Kyrxkaw,
10 4 Pyxuna, FO0.M.Muxaiinosa, C IL.I'afigam, ymenmux B 2020-2021 rr., pacckas3piBaeTcst 00 UX
BKJIaJI€ B HICCIIEOBAHUS O Pu3nke mia3Mbl CONHEYHOH CHCTEMBI.

HA.¢.-mu. Bsuecnas Brnapmmuposuu bensiii, nmaypear ['ocymapcrBenHoit mpemun Poccuiickoit
@Deneparun, BHeC OONBLION BKJIAI B HCCICJOBAHUS HECTAIMOHAPHBIX SIBJICHUH B HOHOC(epe
pannopu3MUecCKUMH METOJaMH, B KHHETHYECKYI0 TEOPHMI0 KBAHTOBBIX SIBJICHMH B Tula3me. B
NOCJIEAHUE TOABl €ro HaydHble HHTEpechbl ObUIM CBsi3aHBl ¢ 000OIIEeHHeM (IyKTyalHOHHO-
JUCCUMIATUBHOM TEOPEMBI Ha CIy4ail HEOMHOPOAHOMW IUIa3MBbl, C Pa3BUTHEM METOJa TOMCOHOBCKOIO
paccesiHUsl, SABJISIOLIErocss OHUM M3 OCHOBHBIX METOJIOB IUArHOCTUKH IJIa3MbL.

H.¢.-mu. F03ed Jdanunosuu XKyrkna, naypear ['ocynapcreennoii npemuu CCCP, BHec Oonbiioit
BKJIaJ] B TEOPETUUECKHE U HKCIIEPUMEHTAIIbHBIE ICCIIeIOBAHMUS TUIA3MEHHBIX poueccoB Ha ComHIe.
UM BBINONHEHBI TEOpeTHUeCKHe padoThl MO KojeOaTenbHONW KOHBEKLWH, MO KoJeOaHUsIM B
CoJHeUHbIX msiTHax, MI'J] BoJlHAM B MAarHUTHBIX TPyOKax W B CONHEYHOW atMocdepe u np. OH
BHEC CYILIECTBEHHBIH BKJIaJ B COCTaBJIEHHME HAYYHOH NPOTPaMMbl KOCMHUYECKHX COJHEYHBIX
npoektoB cepurt KOPOHAC (KOPOHAC-U, KOPOHAC-®, KOPOHAC-®OTOH), B NOATOTOBKY
U peajM3alMio Ha STUX CIyTHHUKAX 3KCHEPUMEHTOB MO M3YUEHUIO r1o0anbHbIX KojeOannii ConHua
(axcniepumenTel JIUPOC-U, ANDPOC-D, COKOJI).

H.¢.-m.1. FOpuit Axosnesnu Pyxun, naypeat I'ocynapctBenHoii npemun Poccniickoiit @eneparum,
BHEC OOJNBIION BKJIAJ B M3YYECHHE MJIA3MEHHBIX U 3JIEKTPOMArHUTHBIX MPOLECCOB B OKOJIO3EMHOM
KOCMHYECKOM TMPOCTPaHCTBE, B MarHurocepe u uoHOCPepe 3eMid METONOM AaKTHBHBIX
SKCMEPUMEHTOB U panuoromorpaduu. C ero ydacTueM OCYLIECTBIEH LENbIH Pl KOCMHYECKUX
NPOEKTOB B PaMKax OTEUECTBEHHBIX M MEXAyHApOAHbIX mporpamm («Omega», «3apamnua 1,2y,
APAKC, «Cnonox», PORCUPINE, CRRES, AIIOKC u ap.), cepust sxcnepumentos Ha MKC.

H.¢.-m.H. FOpuit Muxaiinosnu MuxaiiyioB, BHeC OOJIBIION BKJIJ] B UCCIIEIOBAHIE HU3KOYaCTOTHBIX
BOJIHOBBIX MPOLIECCOB B OKOJO3€MHOM KOCMHYECKOM MPOCTPAHCTBE U MexIuiaHeTHou cpene. [lon
€ro pyKOBOJICTBOM ObLTa pa3paboTaHa anmmapaTtypa sl pErHCTPalii HU3KOYaCTOTHBIX MPOIECCOB B
kocmuueckoi miasme (AHY-2ME), koTopasi B Te4eHHe MHOTHX JIeT YCIEIHO (yHKIIMOHHPOBAJA
Ha cnytHukax «MHTepkocmoc—18, 19, 24, 25», «Opeon-3», «Kocmoc-1809»,. Obu1 aKTHBHBIM
yuacTHUKOM TpoekTa « BEI'A», 3aHnMancs uccie1oBaHusIMHI CEHCMO3JIEKTPOMArHUTHBIX SIBJIGCHUM C
WCTIOJIb30BAHUEM CITyTHUKOBBIX M HA3€MHBIX JAaHHBIX, MOATNOTOBKOW HAy4yHOW amnmapaTrypbl i
CIyTHHUKOB TipoekTa «HMoHochepay.

K.¢.-mu. Cepreii Ilerpouu laiigam, pykoBoautenb l[eHTpa MpOTHO30B KOCMUYECKOW MOTOIBI
U3MMUHPAH, BHec Oonbmioii Bkian B co3naHue LleHTpa, pa3paboTKy METOAMK MPOTHO3HPOBAHUS
KOCMUYECKOH morozel, B odecneuenne decriepedoitnoii padorsl LlenTpa u cHaOeHne MporHo3aMu
opranmsanuii Pockocmoca, MUC u apyrux BegoMcTB. AKTUBHO B3aHMOJIEHCTBOBAN CO CPEACTBAMU
MaccoBOH MH(POPMALIUH 11O BOMIPOCAM KOCMHYECKON MOTOBI.
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T'EJIMOCEMCMOJIOT TYECKHE HABJIIOJEHUA ITPOIECCOB
COJIJHEYHOI'O AMHAMO

Kocosuues A.I.!, Tetmur A.B.z, Munusx B.B.?

'New Jersey Institute of Technology, Newark, U.S.A., alexander.g.kosovichey @njit.edu
*MI'Y, 2. Mockea, Poccus, ‘HC3® CO PAH, 2. Hprymcxk, Poccus

AHanmn3 reNnuoCeNCMOJNIOTHYECKUX HaOmoneHwit BHyTpeHHeld auHamukn ConHuma Ha
MPOTSAKEHUH ABYX IMOCJEIHUX LIUKJIOB COJHEYHOM aKTMBHOCTH IO3BOJISIET MPOCIEIUTh Pa3BUTHE
MPOIIECCOB COJIHEYHOTO AMHAMO IO BCEH riyOWHE KOHBEKTUBHOM 30HBI M CBSA3ATh MX C MOIEIAMU
COJHEYHBIX LUKJIOB. HabmronarenbHble naHHbIE, NMOJMYYEHHbIE ¢ KOCMHYECKHX ammapatoB SOHO
(1996-2010) wu SDO (2010-2020), mnpexacrapnstoT coOOW  U3MEPEHHs]  BHYTPEHHETO
muddepeHInaabHOro  BpalleHHWs, MEPUAMOHAIBHOW  HUPKYJSIIUH,  TEPMOJUHAMHYECKUX
rapaMeTpoB U UX MPOCTPAHCTBEHHO-BPEMEHHBIX BapHaLlUil.

B pesynprare aHanuza JaHHBIX BBIABJIEHBI CTPYKTYpa U JUHAMUKA 30HAJIbHBIX TEUEHU IIa3MBbl,
OTpakarolllie IMpOLeCChl reHepaluu U nepeHoca MarHUTHbIX nosedl BHyTpu Connua. Ilokasano,
YTO aKTHUBHBIE IMUPOTHI U OOIACTH CUIIBHOTO MOJSIPHOTO MOJIst Ha MoBepXHOCTH COJHLIA COBMAA0T
¢ 00JacTsIMU TOPMOKEHHS 30HAIbHBIX TEYEeHUH («KPYTHJIbHBIX Kojebauwuii»). Habmomaemas
CTPYKTypa 30HAJIBHBIX TEUEHHWH W WX IIMPOTHAS M paguasibHAs MHUrpauus B TIYOOKHX CIOSIX
KOHBEKTHBHON 30HbI COOTBETCTBYIOT JHWHAMO-BOJIHAM, MPEACKA3aHHbIM TEOpUSAMU [UHAMO U
yucneHabiMu MI'J] Monessivu,

AHanu3 AaHHBIX MOKa3al, YTO Pa3BUTHE HOBOIO COJHEYHOrO LMKJA HAYMHAETCS HA BBICOKUX
muporax (~60°) B OCHOBaHMU KOHBEKTMBHOM 30HBI BO BPEMS MAKCMMyMa INPEAbIIYLIErO IHKIA.
3areM mpoliecc MUIPalliy 30HAJIBHBIX TeYeHUN kK noBepxHocTH CoJHLA pa3aensercs Ha Be BETBU:
OvIcTpyIO (32 1-2 roga) MUrparuio B BEICOKOIIUPOTHOM 30HE U MEJICHHYIO MHUTPALIUIO Ha CPEIHUX
U HU3KUX wmuporax B TeueHue ~10 ner. Ilpu 3TOM ycTaHOBJIEHO OmpeneNsollee BIHSHUE
MOMMTOBEPXHOCTHOT'O CJIOSI CIBUTOBBIX TEYCHHH («JIENTOKJINHBDY) B (DOPMHUPOBAHUU «IHATPAMMBI-
0aboukn» comHeyHOW akTUBHOCTH. Ha moBepxHOCTH (OPMHUPYETCS IIHPOTHO-BPEMEHHAS
auarpamMma «IMpOTSDKEHHOro» 22-JeTHEro LUKJIAa 30HAJbHBIX TEUYEeHUH, paHee HU3BECTHOIO U3
HaOJFOICHUH TOMITIEPOBCKUX CKOPOCTEH U CTPYKTYPhI COTHEUHON KOPOHBI.

Habmonaemble Bapuany MEPUAMOHATBHONH LUPKYJSLHUN TakXKe COOTBETCTBYIOT LIMPOTHO-
BPEMEHHON CTPYKType «IPOTSLKEHHOTO» COMHEYHOTO IMKJIA. DTH BapHAIMU MPENCTABIIOT COOOH
LUPKYJISILUOHHbIE SYEHKM BOKPYr 30H NsTHOOOpasoBaHus. HOBBIM aHamm3 mokasai, dYTO
LUPKYJISILHOHHBIE STYEHKH HE CBSI3aHBI C BTEKAHUEM IIA3Mbl B AKTUBHBIX O0JIACTAX, KaK CUUTAJIOCH
paHee, a OTpakarT rI00AIbHBIE POLECCHI COTHEUHOTO JUHAMO, TaK KaK OHU HaOJIOAA0TCS U TIPU
OTCYTCTBUH aKTHBHBIX O0JIACTEH BO BPeMsI COIHEYHOTO MUHUMYMa.

PaszpaboTanHas B paMKax TEOPUH CpPEeIHEro noJjsi camocornacosanHast MI'Jl Mozmesb CoHEYHOTO
IUHAMO HAaXOAHUTCS B XOPOIIEM KAa4€CTBEHHOM U KOJMYECTBEHHOM COTJIACHH C HaOJIOACHUSMHU.
Mopnenb MOKa3bIBa€T, YTO HAOMIOJaeMble BapuUaldl BHYTPEHHUX TEYEHUH W SIBICHUE
MPOTSAKEHHOI'O COJIHEYHOTO L[MKJIa CBSI3aHbl C BO3AEICTBHEM MarHUTHOIO IOJIS HA KOHBEKTUBHBIN
TeIJIONEePEHOC M COOTBETCTBYIOIICH MOMYISILIUEH MEPUIUOHANIBHBIX TeueHui. Moeab 0ObsICHSET,
MOoYeMy HaNpPsS>KEHHOCTD MOJISIPHOTO MOJIsl B COJIHEYHOM MUHUMYyME MPEACKa3bIBAET MOCIEAYIOIIHMI
MaKCHMyM, M YKa3blBa€T Ha HOBblE BO3MO)KHOCTHM TIPOTHO3a COJIHEUHBIX LHUKJIOB IO
reJIMOCEHCMOIOTNYECKUM JaHHBIM.

1. Kosovichev A.G., Pipin V.V.// ApJL 2019. V. 871. P. 20.

2. Pipin V.V, Kosovichev A.G. // ApJ 2019. V. 887. id. 215.

3. Pipin V.V., Kosovichev A.G. // ApJ 2020. V. 900. Id 26.

4. Getling A.V., Kosovichev A.G., Zhao, J. //ApJ 2021, in preparation.
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JOJI'OBPEMEHHASA AKTUBHOCTb MOJIOAOI'O KAPJINKA V833 TAU

Kaunosa ML.M. (1), Bonaaps H.W. (2), Crenanos P.A., (3), Coxonos .[. (4, 5, 6),
®pux ILT.(3)

(1) FAHLI MT'Y um. M.B. Jlomonocoea marial@sai.msu.ru mkatsoval@mail.ru

(2) Kpvivckas acmpoghusuyeckas oocepsamopus PAH, Hayunsiil, Kpvim
(3) Uncmumym mexanuku cnaoutnvix cped CO PAH, I[lepmo

(4) Quzuueckuii paxynsmem MI'Y um. M.B. Jlomonocosa

(5) USMHUPAH um.H.B.Ilywkoea, Tpouyk, Mockea

(6) Mocrosckuii yenmp hynoameHmansHoil u NPUKIAOHoI mamemamuxu, Mockea

Marnutsast akTuBHOCTh COJNHLIA JEMOHCTPUPYET LIUKINYECKOE MOBeIeHHEe, KOTOPOe 4acTo
BCTpeUaeTcst U y 3BE311 MaJiblx Macc. PoTomMeTpudeckue psabl A U3yUYeHUs 3BE3IHON aKTUBHOCTH
SIBJIIIOTCS aHAJIOTaMHU psoB 4rcel Bomnbda, mockonbky CBs3aHbBI C Pa3BUTHEM IISITEH HA
MOBEPXHOCTH 3BE3/Ibl, MPUBOISIINM K IEPEMEHHOCTH ee Onecka. J{onroBpeMeHHbI MOHUTOPHHT,
JOTIOJIHEHHBIN JaHHBIMH (POTOTpapUUECKUX apXUBOB, AAET BO3MOKHOCTD MOJIYYHTh KPHBBIE
Onecka qmuHOM 0koJio 100 nieT. Y HEKOTOPBIX 3BE3]] IEMCTBUTEILHO BBISIBJICHBI OOJIee MITH MEHEe
perynspHble LUKIBL OQHAKO Apyrue 3BE3/bl JEMOHCTPUPYIOT IBOHHBIE U Ja’kK€ MHOKECTBEHHbBIE
LIUKJIBI, 9TO TPeOyeT OTASNBHOIO PACCMOTPEHHS — HEOOXOIUMO OTIAENINUTh KACTUHHBIE) LIUKJIIBI OT
cToxacTuueckux Bapuauuil. COOTBETCTBYIOLNI BEeHBIET-aHAIN3 UCIIOJIBb30BaH AJI aHAJIN3a
KOMIHIJIITUBHOTO PSia JAHHBIX O JOJTOBPEMEHHBIX M3MEHEHUsIX OJiecka MOJIOIOH OBICTpPO
Bpamaromerics 3se3abl V833 Tau (K2.5 V) mmunoit 120 ner. Okazanoch, YTO HHTETPATbHbIN
BEUBJIET- CIEKTP 3Be€3/bl B UHTEpBajie OT 3 70 100 neT MeHseTcs 0 CTENEHHOMY 3aKOHY U
CPaBHUM C YaCTOTHBIM COJIHEUHBIM CIEKTpOM B uHTepBaje oT 0.1 1o 10 net. B cnextpe 3B€31b1
HET BBIIEISIONIMXCS TIMKOB, KaK 3TO HaOmoaaercs st 11-1eTHero CoMHEYHOro UK.

Mpr1 obHapyxuiH, 4To Habmogaemble Bapuauuu V833 Tau ¢ xapakrepHbIMH BpeMeHamu 2—50 nieT
JOJDKHBI OBITH CONIOCTABUMBI C U3BECTHBIMH KBA3UIIEPHUOIUUECKUMH COTHEUHBIMU
CpPeAHECPOUYHBIMHU BapHALMAMHU, TOTAA KaKk UCTUHHBIN Iukya V833 Tau, ecnu OH CyIIECTBYET,
JIOJI’KEH COCTABJIATh OKOJIO BEKA WM Aake A0JblIe. DTOT BbIBOA HE MPOTUBOPEUUT OXKUIAHUAM
TEOPHUH 3BE3NHOIO AMHAMO. JIeHCTBUTENBHO, YPOBEHb AKTUBHOCTH 3TOU 3B€3/1bI OUYE€Hb BBICOK U
COOTBETCTBYET HACBILIEHHOMY PEXXUMY 3BE3AHON aKTUBHOCTH, PU KOTOPOM IWHAMO YCHIIUBAET
KBa3HMCTAL[HOHAPHOE MAarHUTHOE TI0JI€ C XaOTHYECKUMH U3MEHEHHUSIMH, HO 0€3 SIPKO BBIPAKEHHOTO
nukia. OIHAKO HeNb3sl MCKIIFOUUTh CUTYalHio, pu koTopoit V833 Tau umeert, no cytu
HecTabMIIbHOE AMHAMO, M TOTAA JITUTEbHOCTD IUKJIAa MEHSETCs B HHTepBaje nepuonos 10—40 yer.
IlosTOMYy >kenaTenbHO NPOAOLKATE MOHUTOPHUHI AKTUBHOCTH 3TOM 3BE3/bL
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BOCXOJAIIME ITOTOKN BEIECTBA B AKTUBHbBIX OBJIACTAX
COJIHIA

Taaros A.l'., bepe3un U.A.

Kucnosoockas I'opuas acmponomuveckas cmanyus I’ AO PAH, Poccus, tlatoviwmail.ru

B nanHO# paboTe MBI M3y4aeM NOTOKH BeLIECTBa Ha M300paskeHMsIx nojHoro aucka ConHoa B
guann  H-anmba 1m0 nmaHHBIM - HAONMIOAGHWS]  TATPYJBHOTO  COJIHEYHOrO  TeJIeCKOTNa-
cnekrporenuorpada, yCTaHOBIEHHOro Ha l'OpHOW acTpoHOMHYeckoil craHiuu B KucnoBoncke
(Poccust). Temeckonm perucTpupyer MOJNHBIA MPOQWIb CIEKTPAIBHBIX JIMHUHA, YTO MO3BOJISIET
UCCIIEIOBATh UX XapaKTEPHCTUKU B AKTHUBHBIX U CHOKOHHBIX obnactsax Connua. Tenmeckom Bemer
HerpepbiBHbe HaOmoneHuss CojJHLA CO BpPEMEHEM CKaHHWPOBAHHS AMCKA OKOJO OFHON MHHYTHI.
MBI BBITTOTHWIN aHATH3 TAaHHBIX HaOmonenuii B mepuoya 09.2015-07.2020 rr.  OOHapy:keHO, 4TO B
akTUBHBIX oOmactTsix ComHua, BUAUMBIX Ha aucke CoJHLIA Kak OOJNacTH SPKOW MHTEHCHBHOCTH,
MPUCYTCTBYIOT BOCXOJALME IIOTOKM BewlecTBa. (CpenHss CKOPOCTb BOCXOISIIUX IOTOKOB
COCTaBJISIET OKOJIO Va~500 m/s. MakcuMabHbIE CKOPOCTU B SIPKHX OOJIACTSIX MMEIOT MaKCHMyM
pacnpeneneHust Vi ~ 2000 m/s. CkopocTh cnabo MeHsieTCsi OT (a3bl COTHEUHOTO IIUKJIA, IIOMAH
U OTHOCHUTEJIbHOH SIPKOCTH aKTHBHBIX OOJIacTel M HaIpaBJIeHA, MPEHMYIIECTBEHHO, BEPTHUKAIbHA
BBEpX.
Pabora BemonHena nmpu yactuuHoN noanepxkke IIporpamver OOH PAH 12.
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BJIMSIHUE B3PBIBHBIX ITPOIIECCOB HA COJIHIIE HA MATHUTHBIE CBOMCTBA
TEHU COJIHEYHBIX IATEH

3araiiHoBa IO.C.I, ®aiinmreiin B.I'.

1 — 2. Mocksa, Tpouyk, U3SMHPAH, 2 — 2. Upxymck, HC3® CO PAH

Korma B3pbIBHBIE mTpomecchl ¢ OOJBIINM HSHEPrOBbIAENECHHUEM (BCHBIIKH, BO3HHKHOBEHHE
KOPOHAJIBbHBIX BBIOpOocOB Macchl (KBM)) nmpoucxoast B aktuBHBIX obnactsx (AO), popMupyeMbIx
COJIHEUHBIMH IIAITHAMM, TO OHHU OKAa3bIBAIOT BJIMSIHUE HA CBOWCTBA ISAITEH, B TOM YHCIE HA
MarHUTHBIE CBOHCTBA T€HH IsiTeH. JlaHHas paboTa sIBIIIeTCs MPOIOJKEHUEM HAIlUX MCCIeNOBAHUI
O BJIUSIHUM B3PBIBHBIX NPOLIECCOB HA XaPAKTEPUCTUKU MArHUTHOIO MOJIA B TEHU COJIHEYHBIX ISTEH
AO. B astoii paboTe MBI IPOBENN CPABHUTEIbHBINA aHAIN3 BIHAHUS B3PbIBHBIX MPOLIECCOB HA J1BE
XapaKTePUCTUKU MOJIsI. YIVIbl CHJIOBBIX JIMHUN MOJSA K PaguajJbHOMY HAINpPaBICHHUIO O U3 LIEHTpPa
ConHua 1 BeIMYHMHY MarHUTHOro nous B. B kadecTBe XxapakTepUCTUKU YIJla HAKJIOHA JTMHUM MOJIS
MBI UCIIOJIB30BAJIM MUHUMAJIbHBIN U CPEJHUN B Npeaesax TeHU MATHA YIVIBI Omin U Oayv. B KadecTse
Mepbl MAarHUTHOT'O MOJIsI UCHOJIb30BAJIMCh MAKCUMYM MarHUTHOM MHAYKUHMH Bpax U €€ cpengHee B
npenenax TeHW 3HaueHue By, AHanMM3upoBajIMCh MEepUOABl BpeMeHH +/- 6 4acOB OTHOCHUTEIBHO
Hayana Bcnblky. [Ioka3aHo, 4TO B3PBIBHBIE MPOLECCHI OKA3BIBAOT CUJIBHOE BIUSHUE HA Opin U Uay,
NPUBOASA K pa3HOOOpa3HBIM U3MEHEHUSIM MOBEIEHHS STUX XaPAKTEPUCTHK MOCIIEe Havyaia BCIIBIIIKH,
BKJIFOYAsl PE3KHE CKAYKU C YBEJIMUEHHEM MM YMEHBIIEHHUEM YIJIOB B HECKOJNbKO (BILUIOTH 10 10)
pa3. I3MeHeHus co BpEMEHEM Umin U Oay YACTO HE KOPPENUPYIOT APYT C APYTOM, HO UX MOBEIEHUE
OKa3bIBaeTCsl OJIM3KMM B COOBITHSIX C CHJIBHBIMH BeNbIIKamMu U ObicTppiMu KBM. Brusiane
B3PBIBHBIX NPOLECCOB Ha Bpax U Bay Okazanmoch Gonee yMepeHHbIM (pa3HOOOpa3Hble M3MEHEHHs
MOJIsI OT HECKOJBKUX AECATKOB 10 npumepHo 400 I'c mocie Hayana BCHOBINIKKA MPU XapaKTEPHOM
3HaUeHUH Bpax ~2500 I'c 1 Bay~1900 I'c mepen Hawanmom Bcmbiuku). Eme omHa ocoOeHHOCTH
MOBENIEHUS Oppin U Olay, & TAKIKE B 1 B,y BO BCEX pacCMOTPEHHBIX MSITHAX — HaIW4YUe KojieOaHUM
STHUX TAPaMETPOB MArHUTHOTO TOJA C PA3IUYHBIMU 4acToTamu. J{ist OOJbIIOro KoJM4ecTBa
OTOOpaHHBIX TSITEH, B KOTOPBHIX HAONIONAINCh 3aMETHBIE U3MEHEHHs! YIJIOB M/WUJIH XapaKTePUCTUK
1oJisi, ObLTM TIOCTPOEHBI U COMOCTABJIEHBI CIIEKTPBI MOIHOCTH KOJIEOAHUHN Omin U Oay U Bmax 1 Bay.
JUns rpynmel MATEH ¢ Pe3KUMH W3MEHEHHMsSIMH YIJIOB WJIM TOJsl B MOMEHT Hadaja BCHBIIKH (t0)
CHEKTPBI MOIHOCTH OBLIIM COTIOCTABIIEHBI IJISl IEPUOIOB BPEMEHH 10 U TOCe t0. AHAJIN3 MMOKa3al,
YTO UMEKOTCS pPa3jinyusl B CHEKTPAaxX MOIIHOCTH YIJIOB M NOJsA. BO3MOXHBIE NPUYMHBI 3TOTO
paznuumst odOcyxkparorcs. Pabora BeIMONHEHA MPH 4aCTUYHOW moaaepikke rpanra POOU 20-02-
00150.
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OCOBEHHOCTHU HNOBEJAEHHNA TOKOBbLIX CHUCTEM B OBJACTAX PA3HBIX
MATHHUTO-MOP®OJOI'MYECKHUX KJACCOB

®Dypcesik 10.A., Aopamenko B.U., Kykosa A.B.

Kpuvivckas acmpogusuveckasn obcepsamopusi PAH, 298409, n. Hayunwiii, Pecnybnuxa Kpuim,
Poccus, yuriy fursyvaki@mail.ru

Ha ocHOBe HaHHBIX O KOMIIOHEHTaX BEKTOpPa MAarHUTHOrO Mol B Qorochepe, MonydaeMbIx
npudopom Helioseismic and Magnetic Imager Ha 6opty Solar Dynamics Observatory (HMI1/SDO)
OBUIM BBIYMCIIEHBI NMApaMeTPbl MATHUTHBIX TMOJIEH M 3JIEKTPUYECKHX TOKOB Myl 69 aKTUBHBIX
obnacreit (AO) 24-ro uukna conHeyHOW akTUBHOCTH. AQ ObUM pa3ieNeHbl MO MAarHuTO-
mMopdonoruueckum kiaccam [1]: Ounonsipasie AQO, MOTUUHSIONINECS 3aKOHAM TEOPHUU JTUHAMO
cpennero noJst (3akoH Xeiina, 3akoH Jos 1 T.11.) kiaaccuupoBanbl kak peryssipasie AO (knacc
A);, yHUnOnsipHBIE TATHA — Kak kyacc U; Bce ocrambHble — Heperysipubie AO — kak kimace B.
BeruncieHHbIe TapaMeTpbl TOKOB OBUTH COMTOCTABIICHBI CO BCIIBIIIEUHBIM UHAECKCOM [2]. TlomyueHsr
crenyromne pesynbtarel: 1) Hambonee BbICOKas KOppensmusi MapaMeTpoB TOKa C YPOBHEM
BCIBIIIEYHOH aKTHBHOCTH HAOMIIOAETCS U IBYX MapaMeTpoB. CyMMapHOro 0€33HaKOBOTO TOKA B
AQO, (xoahdumuent koppemsinuu [upcona k = 0.69, Puc. 1), u cpenneit 6€33HAKOBON IJIOTHOCTH
BEPTUKAJIBHOTO 3yekTprdeckoro Toka (k = 0.65); 2) Haubonee cuibpHbIE BCIBIIKH PEHTTEHOBCKIX
kiaaccoB M u X Habmomarotcs B AO, UIsI KOTOPBIX BEJIMYMHA CpeHel Oe33HaKOBOW IIOTHOCTH
BEPTHKAILHOTO TOKA IpEBBIIaeT mnoporosoe sHadenme 2.7 MA % 3) Ilpu comocrasneHHM
MapaMeTpPoB 3JEKTPUYECKOTO TOKa C MOP(OIOrMYECKMM KJIACCOM MOJKHO BBIACIUTH TPYIITY
VHUINOJISIPHBIX ~ 00JacTell, Ui KOTOPBIX MapaMeTphl 3JIEKTPUYECKOrO0 TOKa OyAayT HMeThb
CPaBHUTEJIBHO HU3KHE 3HaueHus. AHamu3 69 AO no3Bossier 00HApYKUTh B CPEIHEM 0DOJIee BHICOKHE
3HAYEHHSI MMapaMeTPOB HJIEKTPHUYECKOro TOKa sl objactedl rpymmel B, 4To MOXKeT ykas3wlBaThb Ha
JOTMOJHUTENBHYIO HAKa4yKy SHEpruu B NOA(POTOCHEPHBIX CJIOSX AaKTHBHOH OONAacTH 3a CHeT
MEXaHU3MOB JIOKAJIbHOTO THHAMO.

Pabora BeIMOTHEHA NPU YaCTHYHON noanepskke rpantoM PH® 18-12-00131.
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Puc. 1. I'padpuk 3aBUCHMOCTH MEXAY BEIMYMHON CyMMapHOro O€33HaKOBOIO TOKa U
BCIIBIIIEYHBIM HMHJEKCOM, BBIYMCIEHHBIM 3a BpeMmsi MoHuTopuHra AQO. ®uoneroBbIMH TOUKAMH
oTMedeHbl obacTH knacca U, 3eneHbIMH — Kilacca A, KPaCHBIMH — «O0JIaCTH-HAPYIIUTEIN» KJacca
B. Pasmeprl TOUKHM NPOMOPLHOHAIBHBI BEJIHMYMHE MArHUTHOTO NOTOKa obmacth. UYUepHbIMH
KBaJIpaTUKaMH JONOJHUTENbHO oTMeueHbl AO ¢ HapylLIeHHeM 3aK0Ha nossspHocTel Xeiina.

1. Abramenko V.1, Zhukova A.V., Kutsenko A.S. // Geomagnetism and Aeronomy 2018. Vol.
58.P. 1159.
2. Abramenko V.1 // Astrophys. J. 2005. Vol. 629. P. 1141.
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UCCJIEIOBAHUE TUHAMUKHA 3ATYXAHHUA AKTUBHBIX OBJIACTEN

ILnornuxoe A.A., Kynenxo A.C.

Kpovivmckas acmpoghuzuueckasn obcepeamopus PAH, plotnikov.andrey.alex(@yandex.ru

B pabote mpoBeneH aHaNM3 OTUHAMUKH 3aTyXaHHs aOCONIOTHOIO MArHUTHOI'O MOTOKA AJsi OOJBIIOro
KoJMuecTBa akTUBHBIX oOnacreit (AO). BeimeneHue yuacTka 3aTyxaHusi U3 rpaduka 3aBHCHUMOCTH
BEJUYMHBI MOTOKA OT BPEMEHU MPOU3BOIMIIOCH aBTOMATHUECKH. AJTOpUTMOM ObLIH 00paboTaHBI
nauaeie SDO/HMI ¢ 2010 mo 2018 ron, BeIAEIEHBI YUACTKHU 3aTyxXaHus st 839 aKTHBHBIX 00JacTel.

Ha puc. 1 nmokazaHa 3aBHCHMOCTb MHTEHCHBHOCTH 3aTyXaHus MOTOKa OT MAaKCHMAJIBHOT'O 3HAYUCHUS
notoka B AQ. B uenom, HaOmonaercsi, uto ckopocts yracanuss AQ mponopiuoHaibHa MAKCHMAJIEHOMY
MOTOKY B 00NAacTH, OAHAKO 3aMeTHA rpymmna o0jacTel, 3aMeTHO OTKJIOHSIOMIAsCs OT oOmei
3aBUCHUMOCTH. Pas/:[eneHI/Ie 10 MarHUTHOH K.]'IaCCI/I(bI/IKaL[I/II/I MMOKa3bIBACT, UTO 5Ta rpymnmna COCTOUT U3
yHUnONSApHEIX AQO.

IMono6ueIi 3 dexT MoxKeT ykas3piBaTh HA OCOOYIO MATHUTHYIO KOHGUTYpanuto yHUIOIIpHbIX AQ.
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MHTEHCMBHOCTb 3aTyXaHWA MAarHMTHOTO NOTOKA, MKC/H

10% 102 1022

MaKcMmanbHblA MarHUMTHbBIM NOTOK, MKC

Puc. 1. 3aBucuMOCTh MHTEHCHBHOCTH 3aTyXaHHSI MAarHUTHOT'O MOTOKAa OT MAaKCHMAaJIbLHOT'O MarHUTHOTO
notoka. CuHUM nBeToM BbiAeneHbl yHunossspaeie AQ. IlpsmeiMu moka3aHa JUHEHHasT perpeccust s
OBYX rpynn — yHUNOJSIPHBIX AQ 1 BCEX OCTaJIbHBIX.

Pabota nonnepxana rpantom PH® Ne18-12-00131.
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OCOBEHHOCTH DBOJIOIINN MATHUTHOTO ITOJISI 1 JIVYEBBIX
CKOPOCTEHN B AKTUBHOUM OBJIACTHU Nel12673

I'onoBko A.A., Canaxyraunosa U.N.

HC3D CO PAH, 2. Hprxymck, Poccus, golovko@iszfirk.ru

AxtuBHast obnmacte Nel2673 moka3ana BBICOKYKO BCHBIIIEYHYK) aKTUBHOCTh U Tpou3Bena 4
BCObIIKN Kijacca X 6, 7 u 10 centsiOps 2017 r. M3yueHno 3BOMIOLMM MArHUTHOTO TOJSI B HEH
nocesiteHs! pabotsr [1-3].

IlpoBeneH aHanu3 MarHUTOrpaMM MOJHOTO BEKTOPAa M KapT JYy4Ye€BBIX CKOPOCTEH,
nojiy4eHHbIx 5-8 ceHTsOps 2017 r ¢ nomompio wuHCTpyMeHTa SOT Hinode, wumerorero
MPOCTpaHCTBeHHOE pasperneHne 0327, ¢ WCHOJIB30BAHHEM MeETOJAa MYJNbTU(PAKTATBHON
cermeHTauuu [4]. Ilnomanr HOBBIX MarHUTHBIX MOTOKOB AOCTHUIJIA 3HAYUTENbHON BEIUYMHBI U
nokasaja CuibHyI BapuadenmbHOoCcTh. B mepuon 9 -13 wac UT 6 centsiOpsi, xoraa mpoU3OILIN
rOMOJIOTHYHBIE BCTIBIIKH 0ayoB X2.2 u X9.3, cKOpoCTh H3MEHEHUSI MArHUTHOTO ITOTOKA TIOCTHIJIA
AHOMANBEHO GOMbIIOH BerunHbl 4x 107! Mkc/uac. OreHka TOH BENUHHHbI 33 6-4aCOBOI UHTEpBam 3
ceHtsiopss B pabore [1] cocraBuia 1.12x4x10*"  Mxc/uac. MarHurorpaMmbl, TOJyYEHHbIE
HETOCPEACTBEHHO BO BpPEMsl OSTHUX BCHBIIIEK, IOKa3adu OBICTPYK) [WHAMHUKY MAarHHTHBIX
TPAH3UEHTOB B OKPECTHOCTH OCHOBHOMW JIMHUM pa3zielia MOJSIPHOCTEH, a KapThl Ty4EBbIX CKOPOCTEH
BBISIBUJTH OOJIACTH CHUJIBHOW MMEPEeMEKaeMOCTH MeJTKOMacIITaOHONW CTPYKTYpbl. DTH OCOOEHHOCTH
HCYE3aI0T B MHTEPBAJIbI BPEMEHU MEKAY BCIBIIIKAMMU.

Pabora BbIMONHEHAa B paMkax 0a30BOro (UHAHCHPOBAHMSA NPOTrPaMMbl (PYHIAMEHTAIbHBIX
Hay4HbIX uccnenosanuii ®HU I1.16.
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Puc. 1. Bpemennoii xon cymmapHoro (0e3 3Haka, B €IHHHIAX 10% Mkc) marHuTHOrO ToToka F
akTUBHOH oOnactu Ne 12673 B comocTaBlieHUH CO Bemblimkamu Oamna X.

1. Sun X., Norton A.A.//Res. Notes of the AAS. 2017. V.1. doi: 10.3847/2515-5172/aa9be9.
2. YangS. et al//Astroph. Journ. Letters. 2017. V.849. L21.

3. HouY.J. etal //Astron. and Astroph.2018. V619.A100.

4. Golovko A.A., Salakhutdinova 1. // JASTP 2018. V. 179. P. 120.
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PA3BPABOTKA JJUATHOCTUKH IIJIASMEHHBIX CTPY1
B KOPOHE COJIHIHA

KaabT™Man T.I/I.l, Haxkapsikos B.M.l’z, Crynumun A.F.3,
AH(pUHOTeHTOB CA., Jyknuesa M. B

'Cneyuanvras acmpogpusuuecxas oocepeamopusi PAH, C.-Ilemepoype, Poccus, arles@mail.ru
’Centre for Fusion, Space and Astrophysics, Physics Department, University of Warwick, UK
*Cankm-Ilemepoypeckuii I'ocyoapemeennsiit yuusepcumem, C.-Ilemepbype, Poccus

" Uncmumym conneuno-semmnoii pusuxu CO PAH, 2. Hprymex, Poccus

*Max-Planck-Institut fur Sonnensystemforschung, Gottingen, Germany

HccnenoBanusi mmasMeHHbIX cTpyi (plasma jets) B conHeyHOW artMocdepe SIBISIFOTCS
AKTUBHO PAa3BHBAIOIIUMCS HAYYHBIM HANpPaBICHHEM HCCIEJOBAHUH KAk B  KOHTEKCTE
byHnamMeHTaNnbHON (U3MKU IJIa3Mbl U TUIA3MEHHOHW acTpOU3MKH, TaK U B paMKax pa3padoTku
METO/IOB MPOTHO3MPOBAHUSI KOCMUYECKOH moroabl. KonmumupoBaHHbIe JTydeo0pasHble CTPYKTYPHI
perucTpupyroTcsi B peHTreHoBckux u EUV nmanHpix Habmonenuit. ComyTCTByrOIIUE CTPYSIM
SIBJIEHUS] TIPOSIBIIIIOTCSL B paauoauanazoHe. HaOmoneHWe IUIa3MEHHBIX CTPYHHBIX H3JIy4eHHH
OHOBPEMEHHO B PA3JIMYHBIX AHAMA30HAX MO3BOJSIET AETAIbHO M3YYNUTh KaK MX WHHLUHUPOBAHHE,
SHEPTHI0, JAWHAMHKY W KOJUIMMALMIO, TaK M CBA3aHHbIE C HUMH IUIA3MEHHBIE MPOLIECCHI:
HEYCTOWYHBOCTb, TYPOYJIEHTHOCTD U YCKOPEHHUE 3aPSKEHHBIX YaCTHII.

B nmoxmane muckyTupyroTcs HaOMOMATENbHBIC MApaMeTPhl PATUOU3IYyUEHHS] B COOBITHSIX,
CBSI3aHHBIX C IUJIA3MEHHBIMHU CTPYSIMH, B 3aBHCHMOCTH OT MeXaHW3Ma 00pa3oBaHUs, YCIOBHH
usnydeHus W sBomouuu crpyil. Ha ocHoBe Karamora ropsaux crpyit B kopoHe ConHua
NPEACTABICHbl HAOMIONEHUS TUIA3MEHHBIX CTPYH B pasiuyYHbIX AuanazoHax. OCHOBHOE BHUMAaHHE
yIEJIEHO CTPYSIM B CHJIBHBIX MAarHUTHBIX TOJISIX aKTUBHBIX obsacted. 1T HEKOTOPBIX COOBITHH,
COBMAJAOINUX IO BPEMEHH C HaOMoAeHWsMH Ha3zeMHbIX HHCTpymMeHToB PATAH-600, CPI' u
Nobeyama RadioHeliograph, mnpencraBieHsl COOTBETCTBYIOIINE aHHbIE MHKPOBOJTHOBOTO
nuanasona. Jlannaele HMI ucnonb3yroTcs sl peKOHCTPYKLMM MAarHUTHOTO MOJII B HUXKHIOHO
KOopoHy u conocrtasistoTrca ¢ gaHHeiMu PATAH-600 u CPI'. IlpeacraBneHa Bu3yanu3anus
IUHAMUKHU 1O JaHHBIM AIA B pa3HBIX CHIEKTPAIBbHBIX JIMHUSX.

Pazpaboran mMeTox aBTOMATHYECKOTO MOWUCKA CTPYH B ONHOPOIAHBIX BPEMEHHBIX CEPUsIX
n3obpaxkeHuit B kpaitHem yibTpaduosiere no nanabiM SDO/AIA. Meron OCHOBaH Ha BBIICICHHUH
KOHTPACTHBIX JeTalieil Ha n300pakeHUsIX «Oerymeil pasHocT» (pasHOCTH MHTeHCHBHOCTEH EUV-
U3Jy4eHUs1 B cocenHrue MoMeHThl BpeMeHu, 1t SDO/AIA — 12 ¢). HalineHHble BpeMeHHBIE PSIbI
KOHTPACTHBIX JETajeld [ajnee aHAIM3HMPYIOTCS MO PsAAy MNapaMeTpoB (KOJUYECTBO IHKCETEH,
BBITSIHYTOCTh, JUIMHA BPEMEHHOro psina), (OpMHUPYIOTCA TaONUIBI C yKa3aHUEM I1apameTpoB
NPEAToIaraéMbIx CTpyH U BUIeO]aiibl ¢ H300paKeHUSIMH HHTEHCHUBHOCTH, OeryIuel pasHOCTH U
npeanojaraeMbx CTpyi). [anbHelmed 1enbl0 NPUMEHEHHs METOAMKH SIBISIETCS ONpencieHHe
(U3NIECKIX MEXaHU3MOB, OTBETCTBEHHBIX 32 I€HEPAIHIO, KOJUTMMALIUIO U TUHAMHKY TIa3MEHHBIX
cTpyit B armochepe ComHia.

BeimonHEeHO TeopeTHuUecKOoe MOAENUPOBAHWE AMHAMUKU JIMHEHHBIX  AJbBEHOBCKHX
BO3MYLICHUH Ha IUJIA3MEHHBIX CTPYsX. BBIBENEHbI OUCIEPCHOHHBIE YPABHEHUS, yCTAHOBJIEHBI
KpUTEpUH TOsABICHUA 3(PQPEeKTOB BONH ¢ OTPULATENBHOH SHEPrued W KPUTEPUH X
HEyCTOMYHUBOCTEH.

PabGora BbmonmHeHa mnpu moxpaep:kke Poccuiickum  poHaoM  PyHIAMEHTAIBHBIX
uccaenosanuil, npoext Ne 18-29-21016.
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HoBblii KATAJ0I CHHONTHYECKUX KAPT H KAPT KOPOHAJIBHBIX IbIP HA OCHOBE
manabix SDO/AIA 193A

Hagapuonos E.A, Kocosuues A.I'., Tnatos A.I'.

MI'V, e. Mockea, Poccus, egor.myposti@gmail.com

Koponanbubie apipel (K1) mpencTaBisiFOT MHTEPEC HE TOJMBKO B aCMEKTe 3amad ONepaTUBHOTO
MPOTHO3a KOCMHYECKOW TOTOMBI, T.€. KPATKOCPOYHBIX SIBJICHHH, HO U Ha CYIIECTBEHHO OOJBIINX
BpeMEHHBIX MacmuTabax. B sTom ciydae ynoOHBIM HHCTPYMEHTOM CTAHOBHTCS CHHONTHYECKAs
kapra. TpaguLMOHHO 1711 €€ IOCTPOEHUs IPOM3BOAUTCS CKJEMKa KapT KOPOHAJIBHBIX ABID,
MpeIBapUTENIbHO JETEeKTUPOBaHHBIX Ha nucke ConHua. Bo3Hukaer, ogHaKo, TPyIHOCTb, CBS3aHHAs
¢ u3MeH4YuBOCThIO KOHTYpoB KJI Bo Bpemenu. Cmoco0 pemeHuss 3TOM MPOOJeMbl MOKET
CYLIECTBEHHO BJIMSATH PE3YJIbTAT MOCTPOCHMs KapTel. B HameMm noaxone cHavana MNPOUCXOOUT
ckietika n3o0pakeHnii nucka CosHIa B CHHONITUYECKYIO KapTy, a 3aT€M IIPOM3BOIUTCS BBIACICHHE
KJI. nst BeIAENEeHUsT KOHTYPOB MbI HCIOJIb3YEM CBEPTOYHYIO HEMPOHHYIO CeThb, OOYUEHHYIO Ha
IUCKOBBIX H300pakeHMsIX. 3amMedaTelIbHBIM 00pa3oM ajropuTM OKa3bIBAETCS MPUMEHHM K
CHHONTHYECKUM KapTaM 0e3 MOMOJHUTEIbHON aanTaliy, 9TO MOAYEPKUBAET €r0 YHUBEPCAIbHbIN
xapakrep. CoOpaHHBIN apxXUB CHHONTHYECKUX KapT M KapT KOPOHAJbHBIX IbIp 32 2010—2020 .
noctyneH B FITS u JPEG ¢opmarax Ha caiire https://sun.njit.edu/coronal holes.

Jnsa m3ydenus: GpusnuecKkux CBOHCTB coOpaHHBIX KapT KJI MBI mpoBenIH COMOCTaBICHUE C
CHHONTUYECKMMH KapTaMM MarHWTHBIX MONel. B kadecTse mpumepa, HA pUCyHKe | mpencrasiieHa
LIMPOTHO-BPEMEHHAs AuarpaMMa MarHuTHbIN nosiel BHyTpU K/I 1 yCpeaAHEHHBIX BAONb [IHUPOTBHIL.
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Pucynoxk 1. IllupoTrHO-BpeMeHHass nuarpamMma MarHutHoro nojisi BHyTpu KJI (cuHue m kpacHble

00J1aCTH) ¥ MArHUTHOTO TIOJIS, YCPEAHEHHOTO IO BCEM TOJTOTaM (ceprlii (hoH).

== .
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Conocrasnenne nByx kapt, KJ| 1 MarHuTHBIX MoJieH, MO3BOJISIET npocienuts GopmupoBanne K/
Ha BBICOKMX INUPOTAaX MArHUTHBIM IIOTOKOM, MUIPHUPYIOIIUM C HHM3KMX W CPEIHUX IIHPOT
(ocTaTkamMu MarHUTHOT'O MOTOKA aKTUBHBIX 00OJacTeil). B TO jke Bpems, MOYKHO BUIE€Th, YTO TAHHBIN
CLIEHAPUI He SIBISETCS €UHCTBEHHBIM.

Pabora BemosHeHa mpu yacTuuHOM noaaepskke PH® (rpant Ne 20-72-00106).
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ANATHOCTUKA PATHAJIBHBIX TEUEHMUI IJIA3MbI BOCHOBAHUH
KOPOHAJIBHOMU J1bIPbI ME/VIEHHBIMN MATHUTO3BYKOBbBIMU
BOJIHAMMUA

Hakapsakos, B.M. !2

ICII6® CAO PAH, 2. Canxm-Ilemep6ype, Poccus, vhakariakovi@googlemail.com
XUniversity of Warwick, Coventry, UK

MenneHHble MarHUTO3BYKOBBIE BOJHBI HaOmonaroTcs B kopoHe CONHLA KaK MEPUOIAMYECKHE
BO3MyLIEeHUsI MHTeHCHBHOCTH KY® msnmyuenus, Oeryimue BIOJb MPENNONaraeMoro HarpaBlIeHHs
MarHUTHOTO MoJisi. B HenmonBu:kHOM cpene (pa3oBas CKOPOCTh BOJH AAHHOTO THUIA ONPENENSETCs, B
OCHOBHOM, TeMIIepaTypoll u3Jydarollell Iia3smbl. AHanM3 pagualbHO PacCHpOCTPAHSIOLIUXCS
NEePUOIUYECKUX BO3MYINEHUI WHTEHCHBHOCTH, HabOmromaeMbIx Ha BbicoTax 1.02-1.23 pamuyca
ConHua B nepbeBbIX MJIA3MEHHBIX CTPYKTYypax B MOJSIPHBIX KOPOHAJbHBIX Ablpax B KY® kananax
uHctpyMeHTa SDO/AIA, TO3BOJSIET WHTEPHPETHPOBATH MX KAaK YCKOPSIOLIUECS C BBICOTOM
Oerymme BO3MYIUEHUS KOHLEHTPALMM IUIA3Mbl, BBI3BAHHBIC MEUICHHBIMH MAarHUTO3BYKOBBIMH
BONHamMu. berymue BO3MyILIEHUs SBJISIOTCA KBa3UMNEPHUOAUYECKUMHU, C MHUKAMU CHEKTPAJIBbHON
MOIIIHOCTH B paiione 5-9 muuyT. Habmomaemas CKOpOCTb Oerymmx BO3MYIIEHHH yBEIMINBACTCS
npumepHo ¢ 111 km/c mo 161 km/c, 4TO MO3BONSIET OLEHUTH PaUAIbBHOE yCKOpeHHne Kak 183+12
M/c?. OuenuBas annabaTHYECKYIO CKOPOCTh 3ByKa B MEPHEBBIX CTPYKTypax Kak MOCTOSHHYIO,
okojo 91 kMm/Cc, U TpUHMMAs JaHHOE 3HAYE€HHE 3a CKOPOCTb MEIUICHHBIX BOJIH B HEMOABM)KHOW
cpene, Mbl MOXXEM CBsi3aThb HAONIOAaeMO€ YCKOpPEHHE C PagualbHBIMH KBa3UCTALMOHAPHBIMU
TEYEHUsIMU IUIa3Mbl, MUTAIOLIUMU COJHEYHbI BeTep. CKOPOCTb MAaHHBIX TEUYEHHH pacTer ¢
BBICOTOM M JOCTUTAET BEJIMYUHBI B HECKOJIBKO JECSITKOB KM/C Ha BbicoTe 1.23 pammyca ConHia.
AJNbTepHAaTUBHBIC MHTEpHpeTaunn Habmromaemoro s¢dexra MOryT ObITh OCHOBaHBI Ha 3(dexTe
KOHEYHOH BEJIMYHMHBI apaMeTpa 3 U TeIUIOBOM AuCOaNaHCe B TUTa3Me KOPOHBL

Pabora Beimonnena npu noanepxkke Poccuiicknm GoHIOM (QyHIAMEHTAIbHBIX UCCIIEIOBAHMIH,
npoekt Ne 18-29-21016.
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JUATHOCTHKA CBOICTB ©YHKIIMU HAI'PEBA KOPOHbBI COJTHIIA
C IIOMOIbIO HOBOI'O CEUCMOJIOT'HYECKOI'O METOA

Koaorkos JLIO.!?, Hakapsakos B.M.>2, Takenduan T.?

Y Uncmumym Conneuno-3emnoit @uzuxu, CO PAH, 2. Upxymck, Poccus,
D.Kolotkov. ll@warwick.ac.uk

XUniversity of Warwick, Coventry, UK

3CII6® CAO PAH, 2. Canxm Ilemepoype, Poccust

Jna  cymectBoBaHusi ropsiueii  kopoHbl ConHma TpeOyeTrcs HemnpepbIBHBIA  HArpes,
KOMIIEHCUPYIOIUI MOTEPU OJHEPIMM HAa ONTUYECKH TOHKOE W3JIy4YEHHE U IPOJAOJBHYIO
TEIUIONPOBOAHOCTh B Oosee XoJomHyro xpomochepy. IIpupona MexaHM3Ma HarpeBa COJIHEUYHOM
KOPOHBI OCTA€TCsl OAHOH M3 INIABHBIX 3arafiok B COBpeMeHHO (pusnke ConHua.

B nmanHOM mokmaze MbI MPENCTABIsieM HOBBIM TMOAXOJ AJIST ONMPEAENICHHs] CBOMCTB (DYHKIMU
HarpeBa KOPOHBI, OCHOBAaHHBIH Ha KOMOWMHAIIMM TPSIMBIX HAONMIONEHUI KOPOHBI U TEOPHUHU
BO3MYLICHUSI TEIUIOBOIO paBHOBecHs. [lOka3aHO, YTO TOHKHMI KOPOHAJIBHBIA TEIUIOBOH OanaHC
MOXeT OBITh JIETKO HApylIeH JIIOOBIMH  CKUMAOIIUMH  BO3MYILIEHHSMH, HAIMpHUMED,
MarHUTO3BYKOBBIMH BOJIHAMH, PETYJSIPHO HaOMOZaeMbIMH B KOpoHe. Takue BO3MYyLICHHUS
TEIUIOBOTO PABHOBECHS BBI3BIBAIOT OOPATHYIO PEAKLMIO, IPUBOS JIMOO K MOTEPE SHEPTUU BOJHBI,
00 K TONYYEHHWIO 3HEPTUHM OT HCTOYHUKA HAarpeBa, TakuM o00pa3oM SIBISSICH HOBBIM
€CTeCTBEHHBIM MEXaHU3MOM OOMEHA SHEPrHH MEKAYy MArHMTO3BYKOBBIMH BOJHAMU M IUIA3MOMN
KOpPOHBL. B pexume, KOrga BOJIHA MOJNYYAaeT AOMOJHHUTENBHYIO SHEPTHI0 OT HCTOYHHKA HArpesa,
KOpOHAaJIbHasl MJ1a3Ma sIBJIAE€TCS aKTUBHOM cpefoi s BOJIHBL. DTO MOKET MPUBOAMTH K Pa3BUTHUIO
TEIUIOBBIX HEYCTOMYMBOCTEH B KOpOHE: OBICTPON KOHAEHCAIMM TUIA3Mbl, CBSI3AHHOW C
HEYCTOWYMBOCTBIO SHTPONMUHUHONW MOAb! ((hOopMHUpysT MPOTyOepaHIbl MM KOPOHAJIBHBIA TOXKID),
WU YCWJICHHIO aMIUTUTYAbl MENJICHHOH MAarHMTO3BYKOBOW MOAbl. B nuHEHHOM pexnmMe
XapaKTEePHbIE BPEMEHHBIE MACIITa0bl 3THX HEYCTOHYMBOCTEH COCTABISIOT OKOJIO HECKOJBKUX
MHUHYT B LIMPOKOM [HMAaNa3sOHe THUIWYHBIX YCJIOBUH COJHEYHOH KOPOHBI. JlaHHBIE BpeMeHa
XapaKTEePU3yIOT, HACKOJBKO OBICTPO KOPOHA BOCCTAHABJIMBAET CBOE TEIUIOBOE PABHOBECHE WM
CTQHOBUTCSI TEPMOJMHAMMYECKH HEYCTOMYMBON B 3aBHUCHUMOCTH, B YAaCTHOCTH, OT KOHKPETHOIO
BbIOOpa (pyHKLINHN HArpeBa.

C ucnonp3oBaHuEM pa3padOTaHHOTO MOAXOMA IMITMPHUYECKH TOJTYyYEHbI MapaMeTpbl QyHKIIIH
HarpeBa, HeOOXOAWMBIE AJisi HAOMIOJAEeMOUN JOJNTOXKUBYINEH W TEPMOAMHAMUYECKH CTaOUIBbHON
KOPOHBI, B MPHUCYTCTBHM HaOJMIOMaeMbIX BOJHOBBIX Bo3Mmymuenuidl [1]. IlpoBemena oueHka
BO3MOYKHOCTH CYIIIeCTBOBAHUS CTaOMiIbHON KOpoHbI 1t Rosner-Tucker-Vaiana moneneii Harpesa.
[IponeMOHCTPUPOBAHO, YTO NI AOCTATOYHO CUJIBHBIX MAarHUTHBIX moned (Bemme 10 I'c B
cniokoitHo# kopoHe u 100 I'c B ropsueil u MIOTHOW TUIa3Me aKTUBHBIX 00JacTel, TaK Ha3bIBAEMOE
«TmpudIImKeHne OECKOHEYHOTO TOJIS») BHIOOP 3aBUCUMOCTH KOPOHAJIBHOW (PYHKIHMH Harpesa OT
MarHMTHOTIO TOJIsl HE BIUSET Ha JUHAMUKY MEJJIEHHBIX MarHUTO3BYKOBBIX BOJH [2].

1. Kolotkov, D. Y., et al. // Astron. Astrophys. 2020. V. 644, P. A33.
2. Duckentfield, T. J., et al. // Astron. Astrophys. 2021 (in press, eprint arXiv:2011.10437).
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MMPOBJEMA HAT'PEBA COJIHEUHOI KOPOHbBI 1 MUKPOBOJIHOBOE
HUKJIOTPOHHOE U3JITYUEHUE

®Daeiimman I'.J1., Aupunorentos C.A., Crynumun A.I'., Ky3nenos A.A., Nita G.M.

New Jersey Institute of Technology, Newark, NJ 07102, USA, gfleishm(@njit.edu
OTU um. A.D. Hogpe, Poccus, 194021, Cankm-Ilemepbype, llonumexnuveckasn yi., 26

Buemnsst odnacte armochepnr ConHia, comHeyHasi KOpoHa, ropasno ropsiaee (1 MK u Bbie),
yeMm BuanMasi noBepxHocTh Conaua, potocdepa (6000 K). ITouemy 310 mpoucxomut u Omaromapst
KaknM (PU3MYECKUM MEXaHM3MaM KOPOHA HArpeBaeTcsl A0 MUJUTHOHOB TPAagyCOB OCTaeTCs OXHUM
U3 KPYyNMHEHIINX HepelleHHbIX BompocoB B (m3uke ComHua u 3Be3n. BusyanpHOe cpaBHEHHE
u3zobpakenuit CoNHIIA B BAKYYMHOM YJIBTPa(hUOIETOBOM THAIIA30HE JJIMH BOJIH ¢ (HoToCchepHbIMU
MarHATOTPaMMaMH TOKa3bIBA€T, 4YTO SPKOCTb AKTHBHBIX OO0NACTeH, TIAe KOHLEHTPHUPYIOTCS
CUJIbHbIE MAarHUTHBIE IOJIs, 3AMETHO BBIIIE, YeM objacteil cnokoiinoro CojHia. DTO B3aUMOCBSI3b
yKa3blBaeT HA BAXKHYKO pOJIb MAarHUTHOTO SHEPrOBBINEJICHHUS B HarpeBe KOpoHbL IllosTomy
OOJBLIIMHCTBO TEOPUH HAarpeBa KOPOHBI ONMHPAIOTCS HA TECHYIO CBSI3b MEXKAY CTPYKTypou
KOPOHAJIbHOTO MAarHUTHOTO TIOJISL M TETIJIOBOH IIa3MOM. JTa CBsI3b OCHOBBIBAETCS HAa ABYX (pakTax:
(1) MarHUTHOE TOJIe — 3TO OCHOBHOM MCTOYHUK 3HETHUH B KOPOHE M (2) epeHOC Teria B OCHOBHOM
MIPOUCXOAUT BJIOJIb MATHUTHOT'O TOJIsI, TOTIA KaK MEePeHOC TeIlla MOoMepeK MoJis CUIIbHO MOJaBJIeH.

Tem He MeHee, elle He YCTAaHOBJICHbI HU TOYHBIH (PU3NYECKHI MEXAHM3M KOPOHAJIBHOTO
HarpeBa, HU (DEHOMEHOJOTMYECKHE B3aMMOCBSI3M MEXKIy CBOHCTBAMU TMONIs (TaKUMH Kak
HANPSKEHHOCTD, 3aKPYTKa U T.IL.) M TEIJIOBOH Ia3Moil B KOpoHe. B 3HaUMTENbHON cTeneHn 3TO
MPOMCXOUT MOTOMY, YTO OCHOBHAsI MH(pOpPMALHS O HarpeBe KOPOHBI MOJydaeTcss U3 HaOMoaeHUH
BAKyyMHOTO YJbTPa(QHUOJETOBOTO MM MATKOTO PEHTTEHOBCKOTO HM3JIyUYEHHUH, KOTOPbIE HE 3aBHCAT
SIBHBIM 00pPa30M OT MarHUTHOTO TIOJIS.

B mpencraBisiemoMm noxmaze oOCykKmaeTrcss ajlbTEPHATUBHBIH, IMOKA €IIe IMPAKTHYECKH HE
UCCJIEIOBAaHHbIH MOAXOJ, MWCMOJNb3YIOINUNA TEIUIOBOE paguousyuyeHue KOpoHbl. (CHOBHbIE
NPEeUMYIIeCTBA PATUOMBIYUYEHHUs JUII MHCCIICAOBAaHUS Harpesa KOpoHbl crexyromue: (1)
pPaMOU3TyYeHHEe HEMOCPECTBEHHO YYBCTBUTEIBPHO K MATHUTHOMY MO0, (2) OHO MOXKET OBITh KaK
ONTUYECKH TOJICTBIM, TAaK U TOHKHUM; (3) He 3aBHCHT OT 3JIEMEHTHOTO COCTaBa Iia3Mbl. B olmem
cilydae JUIs TIOJYy4EHUs TTOJTHOM KapTHHBI HarpeBa KOPOHBI Hy KHBI HAONIOACHNS HA MHOTUX Paguo
4acTOoTax.

B nanHOM cooluieHny, B Ka4eCcTBE MPUMEPa, PACCMATPUBAIOTCS PAIUO JaHHbIE TOJBKO Ha JBYX
gacrorax: 5.7 I'To (CCPT) u 17 I'Tu (NoRH), ¢ ynopom Ha nukioTpoHHOe msnydenue Ha 17 [T
[1]. MBI BBIOpaIM MOAXOASINYIO JUIsl JAHHOTO UCCIENOBaHUS akTUBHYHO obOmacth 11520, koTopas
COIEPKUT HECKOJBKO TMPOCTPAHCTBEHHO pAa3feNieHHBIX ONTHYECKH TOJCTBIX M  TOHKHX
LUKJIOTPOHHBIX ~ MCTOYHUKOB. MBI  PEKOHCTPYHUPOBAIM KOPOHAJIBHOE MArHUTHOE  TIOJE
MOTEHINAJbHBIM U OECCUJIOBBIMA METOJAMH M 3alOJHMJIM TOJYYEHHbIE MAarHUTHBIE KyObI
TEIJIOBOM MIa3MOM B COOTBETCTBHE C PAa3BUTOM HAMU METOAOJIOTUH MapaMeTPUUYECKOro Harpesa
KOPOHBI. 3aTeéM Mbl CHHTE3UPOBAJIM paauo KapTbl ¢ momombio makera GX Simulator mns
Pa3NUYHBIX 3HAYEHMH MapaMeTpPoB, OINMUCBHIBAIOLINX TAPAMETPHUECKUH HarpeB KOPOHBL JTH
CHUHTE3MPOBAHHBIE KAPThl CBOPAYMBAIIHICH C TUarpaMmoi HarpasyieHHOCTH NoRH u konmniecTBeHHO
(TIOTMKCENbHO) CPaBHUBAJIMCH C KapTOH, mony4ueHHOH u3 Habmoneruin NoRH. DTo uccnenosanne
SAPKO  IEMOHCTPUPYET  HCKIIOYHTEIBHO  BBICOKYIHO  YYBCTBUTENIBHOCTH  LIMKJIOTPOHHOTO
paguoWIydeHHss K JeTajlsM KOPOHAJIbHOIO HarpeBa W, KakK CJEACTBHE, JaeT O4YeHb JKECTKUE
OTPaHWYEHUSI HAa €ro BO3MOJKHBIE MEXAHHM3MbI, KOTOpPBIE HEBO3MOXKHO OBbLIO OBl MOJYYHUTH
TPaIULOHHBIMU METOIaMH 0€3 MUCIIONIb30BaHUS Pali0 JaHHbIX.

1. Fleishman G.D., Anfinogentov S.A., Stupishin A.G., Kuznetsov A A, Nita G.M. // Astrophys.
J. 2021. In press.
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HABJIIOJAEHHUA B INHUU HE 1083 NM HA TEJIECKOIIE BCT-2 KPAO
B 1999-2018 I'T

Anapeesa O.A., Manamyk B.M.

KpAO PAH, Hayunwiii, Kpvim, Poccus, olgal@craocrimea.ru

Jluausa He 1 1083.0 um (Hel) - HanOonee cuiibHast TpUILIETHAS JUHHUA HEWTPAIbHOTO TS,
MO3BOJISIFOINAST UCCNIEAOBATh (PM3MUYECKHe CBOWCTBA BEpXHEH Xpomochepbl U MEPEeXOTHOro Cios
MEXKIy Xpomochepor U KOopoHOW. MMeHHO B 3TOH JIMHUM, KOTOpas obOpa3yercs B BepxHEH
xpomocdepe Ha BeicoTe okoso 2000-3000 kM 1 BO30YkKmaeTcs yiabTPa(roIeTOBBIM H3IIYYEHUEM,
BO3MOXKHO Habumonath kopoHanbHbIe AbIpbl (KJI) ¢ 3emum. Dta nuHNUSA — JIUHUS MOTJIOIICHUS, B
K]l ona cranoButcsi crnabee, U 3TO MPUBOAUT K TOMY, YTO H3JIyu€HHE B HEH MO CPABHEHHIO C
COCETHUMHU 4YacTsIMH KOPOHBI OkasbiBaeTcsi Bhime. KJ[ B smmuaum Hel Oonee spkue, uem
OKpY2Karo1lasi KOpoHa.

B 80-x romax mpomioro crojierus B “KpbiMckoil actpodusudeckoit obcepparopuu’ mOJ
pykooacresoM H.H. Ctenansin Obutn HauaThl paboTHI MO MOATOTOBKE TEXHUYECKUX BO3MOXKHOCTEH
U mporpammHoro obtecmeueHust ansi HaOmonenuin B jauaMA Hel. beuta paspaborana cucrema
npoBeneHus: HaOroneHui 1 00padoTkn n3obpakeHnit. OpraHu30BaH €KETHEBHBIE MOHUTOPHHT U
onepaTuBHOe TpenctaBienue naHHbix HabmogeHuil B INTERNET, cosmanbr oOmmpHble 0a3b
na”HbIX. 270 mo3ojuio KpAO yuacTBOBaTh B HAL[MOHAJbHBIX U MEXIYHAPOIHBIX MPOrpaMmax
Habmonenuit "Ciy:x6a Comnma”, "SpaceWeather" u npyrux. Habmonenus B muanm Hel 8 KpAO
npoBoaATCst Ha OameHHOM comHeuHoM Teneckone bCT-2 ¢ audpakiuuoHHeIM criekTporpadoM U
YuusepcanbHbiM criekTpodoromerpom (YCD) (Crenansia u ap., 2000). C nomombo YCD MOKHO
nojiy4ath n3odpakeHusi scero CoNHIA, WM OTHENbHBIX YYaCTKOB AUCKA. B kKadecTBe mpueMHOro
yCTpPOHCTBA Ha BbIXOAE criekTporpada ucnonb3yercs: ¢oroymHoxkutens ®OVY-83 mmm  I13C-
kaMmepa. JlocTaTouHO BBICOKAsl UyBCTBUTENBHOCTb 3TUX MPHUEMHHUKOB IO3BOJISIET NMPUMEHTh Y CD
s uccnenosanus Conmnua B Onmuskoii mHppakpacHOW obOnacTu, B 4yacTHOCTH, B JuHuUU Hel
CepBucHbIe TPOrpaMMBbI MO3BOJISIOT B T€UEHHE HECKOJIBKUX MHUHYT Y4YEeCTh ITOTEMHEHHE K Kparo U
npoaHau3upoBaTh m3odpaskenue mis seiiBieHuss K/ Ha Puc. 1. M3o0paxkenue CoHIa B JTHHAH
Hel, monyuennoe na Teneckone bCT-2. Ciesa HeoOpaboTanHOe m300paskeHUe, CIIpaBa - ¢ y4eTOM
MOTEMHEHUS K Kparo.

CrAO/TST-2

Puc. 1. Uzo6paxkenus: Connua B iuanu He 1083.0 nm

Habmonenns B muauu Hel nposopsites peryssipao ¢ 1999 roga mo Hacrosiimuii MOMeHT. B
2020 roxy BBIMOJIHEHA MOIEPHH3AIMS Mpolecca HaOmonenwit. B manHoe Bpemsi GopMmupyercs
kaTanor nzobpakeHuil nucka ConHua, mosydeHHbIx Ha Teneckorne BCT-2 B 1999-2018rr., no
MozepHu3aun. PparMeHThl KaTalora 1 €ro OnMucanne OyayT NPeACTaBICHbI B JOKJIAAE.

1. Crenansit H.H. u np. // U3B. Kpbeimck.actpodus. obceps., 2000. T.96 C. 194,
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SLOW MHD WAVES ABOVE SUNSPOTS AS A PROXY OF MAGNETIC
HELICITY

Sergey Anfinogentov, Kirill Kuzanyan and Shangbin Yang

ISTP, Irkutsk, Russia,
IZMIRAN, Moscow, Russia, kuzanyan(@izmiran.ru
NAOC, Key Lab for Solar Activity, Chinese Academy of Sciences, Beijing, China

TpéxmuHyTHble KosiebaHua HabaopaloTca B aTmochepe NPaKTUYECKM KayKAoro COJIHEYHOro nATHA.
CoBpemeHHble HabitogaTesibHble UHCTPYMEHTbI MO3BOJIAIOT OTC/IEXKUBATD UX AUHAMMUKY HA Pa3HbIX YPOBHAX
COJIHeYHOM aTmocdepbl OT TeMNEePaTYPHOro MUHUMYMA U Xxpomocdepbl JO ropAYeid KOPOHa/IbHOM Naasmbl,
BUOMMOW B /IMHUAX KpaiHero yntpadpuonetosoro (KY®) gmanasoHa. JaHHble KonebaHua npeactasasioT
cobol MarHMTO-akycTo-rpaBuTaunoHHble (MAI) BOJIHbI, KOTOpble PacNpOCTPAHAIOTCA BOOJ/Ib CHUJIOBbIX
JIMHUA N3 HUXKHUX YPOBHEW cosiHeyHoW aTmocdepbl B KOPOHY. B ycAOBMAX CMABHOrO MarHUTHOro nons
atmocdepbl TEHU NATHA, MarHUTHoe aaBneHune npeobnagaeT Hag rasogMHaMUYECKMM, U pacipocTpaHeHue
MAT BOJIH MpPONCXOaUT BAO/Ib CUIOBbLIX IMHUA MarHUTHOTO noJjA. B 30He TemnepaTypHoro muHumyma MAT
BOJIHbl MOABEpPKEHbI CU/IBHOW AUCNEPCUU, KOTOPAA XapaKTepu3yeTcA YacTOTOM aKyCTUUECKOW OTCEYUKM.
Mepuop oTceuku coctasafeT 2.5 — 3 MUHYT A/19 BEPTUKANIbHOTO pacnpocTpaHeHusa BOJH U MOMKeT 6biTb
3aMeTHO anunHHee (oo 10 mMuH M Bosee), ecM CUIOBblE JIMHUM MarHUTHOTO MOJA HaK/IOHEHbl. Takum
obpasom yacToTa OTCEUKM MOMKET OblTb U3MepeHa U3 HabaaeHUA U HecéT MHbOoPMALUIO O HaK/IoHe
MarHMTHOIo MoJIA B 30HE TeMMepaTypHOro MUHUMYyMa U xpomocdepbl, a clefoBaTe/lbHO MOXKeT OblTb
MCMoNb30BaHa A/Aa WM3MepeHua sToro napametpa [1]. MNMomuMo 4YacToTbl OTCEUKM CENCMONOTUYECKYIO
MHbOpPMALUIO O FTEOMETPUN MAarHUTHOTO MOJIA U PACCTOAHUIO MEXKAY PAa3/IMUHBIMU CNOAMU HECYT 334EPKKU
W NpoCTpaHCTBeHHble cmelleHnAa MAI BOJIH, BO3HMKalOLWME MPU UX PacrnpoCTPaHEHUU MexKay CAoAMU
CO/IHEYHOM aTmocdepbl, HabALaEMbIMU B PasHbIX CMEKTPasbHbIX KaHanax. WM3amepeHHble 3a4epiKKu
No3BOJIAIOT U3MEPUTb Pa3oBylo ckopocTe MAT BoJIH B Npeano/ioXeHUn Mmoae/bHbIx BbicoT GopmMUpoBaHUA
CNeKTpanbHbiX AMHUA [2]; [3] MM OLEHUTL BLICOTHOE PACCTOAHME MEXAY W3NYUYALWMMKU CAO0AMM,
npeanonarasn, Yto BoJIHa PacnpoCTpPaHAETCA CO cpefiHel cKopocTblo 3ByKa [4]. YnomaHyTble uccienoBaHusA
BbIABWU/IN HECOOTBETCTBUE MeNKAY WU3MepeHHOW ¢a30BOM CKOPOCTbIO U XapaKTEPHbLIMU 3HAYEHUAMMU
CKOpOCTU 3BYKa B Xpomocdepe. NMpUYMHa 3TOro HECOOTBETCTBUA MOMKET COCTOATb KaK B OT/IMUUU peasibHbIX
BbICOT GOPMUPOBAHUA CMEKTPASIbHLIX JIMHUA OT MOAE/bHbIX, TaK U B OTCYTCTBUM y4y€Ta AMCNepcUun npwm
cpaBHeHWU $a30BOM CKOPOCTU U OXULAAEMON CKOPOCTU 3BYKA. JlOMOJHUTENbHBIN YYET NPOCTPAHCTBEHHbIX
CMelLleHUI (Npoekuun nytm pacnpoctpaHeHua MAT BO/IHbI Ha KapTUHHYIO MJOCKOCTb), U YIr/1a HaK/IoHa
MarHUTHOro NossA (Mo 3KCTPanoAAUMKM WM MO YacToTe OTCEYKM) MO3BONAET HE3aBUCMMO WM3MEPUTb KaK
BbICOTHOE paccToaHME MeXay cioamu GopMUPOBAHUA U3JIYYEHUA B PasHbIX CMEKTPAsIbHbIX JIMHUAX U
dbasoByl0 cKopocTb pacnpocTpaHeHusa BosHbl [5]. Kpome Toro, Habawogaembie cmelweHua MAI BosH
onpefenaAoT asMMyTaslbHbIA Yrosl OpuMeHTaLMM MarHuTHoro nosdA. lpocTpaHcTBeHHOe pacnpeneseHue
OAHHOTO yr/a AaéT BO3MOMHOCTb [MarHoCTUpoBaTb Ha/IMuMe 3aKPYyTKM MarHUTHOro MojA Ha ypoBHe
TemnepaTypHoro MMHUMyMa-xpomocdepbl NATHA.

1. D. Yuan, R. Sych, V. E. Reznikova, and V. M. Nakariakov, “Multi-height observations of
magnetoacoustic cut-off frequency in a sunspot atmosphere,” Astr. Astrophys. v. 561, id.A19, 2012.
2. N. I Kobanov, A. A. Chelpanov, and D. Y. Kolobov, “Oscillations above sunspots from the
temperature minimum to the corona,” Astron. Astrophys. Vol. 554, 1d.A146, 6 pp., May 2013.

3. V. E. Reznikova, K. Shibasaki, R. A. Sych, and V. M. Nakariakov, “Three-minute oscillations
above sunspot umbra observed with SDO/AIA and NoRH,” Astrophys. Journal, Vol. 746, Issue 2,
id. 119, 10 pp. (2012)., Sep. 2011.

4. A. S. Deres and S. A. Anfinogentov, “Measurement of the formation heights of UV and EUV
emission above sunspot umbrae from observations of three-minute oscillations,” Astron. Reports,
vol. 59, no. 10, 2015.

5. A. Deres and S. Anfinogentov, “Probing the Sunspot Atmosphere with Three-Minute
Oscillations,” Sol. Phys., vol. 293, no. 1, 2018.
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MOJIAPHOCTD CJIABBIX MATHUTHBIX MOJIEM COJTHIIA

Bepuosa E.C., Tsacro ML.H., Bapanos T2

'CII6 punuan USMHUPAH, 2. C.-Ilemeptype, Poccus, elenavernova96@gmail.com
‘OTH um. A. . Hoge, 2. C.~[lemepbype, Poccus, d.baranov @bk.ru

HccnenoBanel CBOWCTBA MAarHUTHBIX noJiei orochepsr ConHIa, B YACTHOCTH, pacnpeneieHne
nosiell pa3HON MONSIPHOCTH MO COJHEYHOM MOBEpXHOCTU. B KauecTBe HCXOOHBIX AHHBIX
UCTIONB30BAJIMCh CHHONTHYECKHE KapThl (oTochepHOro MarHMTHOro mnois HarmoHanbHON
Conueunoit Ob6cepBatopun Kutr Iluk 3a 1978-2016 rr. C moMOLIpl0 METOAAa BEKTOPHOTO
CYMMHUPOBAHHS BBIICJICHA HEOCECUMMETPUYHAs KOMIIOHEHTa MarHuUTHoro mnousisi. OOHapyskeHbI
0COOEHHOCTH HEOCECUMMETPUYHONH KOMITOHEHTBI CIIa0bIX MAHUTHBIX IOJIEH, KOTOpast H3MEHSIeTCs
B NPOTHBO(dA3e ¢ MOTOKOM 3TUX mosield. MarautHble nonsg B<S I'c cOCTaBISAIOT CyIIEeCTBEHHYIO
yacTh oOmero MaruutHoro mnoyiss CojHI@A, Tak Kak OHH 3aHMMarT Oojee 60% momanu
dotochepsr.

Ha nuarpamme mupora-Bpemst 1uist cabblx MarHuTHBIX nojei (B<S5 I'c) sipko mposiisieTcst BO
BCEX 4YeThIpex LHUKJIaxX dYepefoBaHHE IOJIOC C JOMMHMPOBAHHEM OJHON M3 MOJSPHOCTEN -
MOJIOKUTENBHON UM OTpULATeIbHON. HakIoH monoc roBOpUT O CMELIEHUN NOJIeH ONpeneaeHHON
MOJISIPHOCTH T10 HAIPABJICHHUIO K moyrocaMm. HaOmromaroTest mooce! aByx THMOB. Ilosockl mepBoi
TPYIIIBL, TO-BUAMMOMY, OTHOCATCSI K Tak Ha3biBaeMbIM Rush-to-the-Poles. DT1o mosock! ¢ mupuHOH
MOPSIZIKA TPEX JIET, KOTOPbIE HAYMHAIOTCS MPUOMU3UTENBbHO Ha 40° 1 UMEIOT Ty K€ MOJISPHOCTD, YTO
U XBOCTOBbIE MsATHa. OHU JOXOIAT O BBICOKUX IIUPOT UM BBI3BIBAIOT MEPENOIIOCOBKY MOJSAPHOIO
nojisi. OgHAKO, KPOME 3TUX MOJIoC, Ay OoJblied 4acTu nukia (crmaj akTMBHOCTH, MUHHMYM U
MObEM AKTUBHOCTH) CYLIECTBYIOT OoJiee y3KHe TOJIOChl 00enX MOJSIPHOCTEH (C MIMPUHON MEHBbIIe
OJHOTO TOna), KOTOpbIE OT 3KBaTopa MAOXOAAT MOYTH 10 mnoiroca. Habmromaercst Oombimoe
pa3zHoOOpa3ue 3THX MOJIOC, KOTOPble HauOOJee OTYETIMBO BUIHBI B FOJKHOM IOJNYIIAPHUU B TEX
ClIy4asix, KOTJa I0KHBIM MOJI0C UMEET MOJIOKUTENbHYIO NOJIpHOCTD. [lomydeHs! OLleHKH MIUPUHBI
MOJIOC Pa3HbIX MOJIAPHOCTEH M MEPUOAWYHOCTH MX MPOSBIEHUS B PA3HbIX LIUKJIAX COJHEYHOU
AKTUBHOCTH.
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ITTYBUHHOE CTPYKTYPUPOBAHUWE COJ/IHIIA

I'aBproceBa E.A.

WS PAH, 2. Mockea, Poccus, elena.gavryuseva@gmail.com

AHanu3 cTpyKTyphbl poTochepHbIX MarHUTHBIX T0/Iel, BpallleHUs] U X BpeMeHHble BapHUaljuu
TMIO3BOJIU/IU YCTaHOBUTH

—- CyllleCTBOBaHHE YCTOHUMBOM JONTOTHON CTPYKTYpPbl MArHUTHOTO I10JIS,
— OIpe/le/IUTh ee reOMeTPUUECKYI0 CTPYKTYPY,

— YCTaHOBHTb Ha KakKoi IiyOrHe oHa popMHpyeTcs,

— Kak JJO/Ir0 CyIIleCTBYeT,

— Korjia Haubosiee SIBHO TIPOSIBIISIETCS U

— € KakoH CKOPOCTEIO BpdIideTCs.

1. Gavryuseva E.A. // 2018. arXiv:1802.02450 astro-ph.SR.
2. Gavryuseva E.A. // 2018. arXiv:1802.02692 astro-ph.SR.
3. Gavryuseva E.A. // 2018. arXiv:1802.02461 astro-ph.SR.
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AHAJIN3 ®U3NYECKUX XAPAKTEPUCTUK ITOJISIPHON
KOPOHAJBLHOI JbIPLI HA COJIHLIE B MUKPOBOJIHOBOM
JIMATIA3OHE JITMH BOJIH

Toay0ouuna O.A.

CII6 @ CAO PAH, 2. Cankm-Ilemep6ype, Poccus, golubchina olgal@mail.ru

B noxnane mpencrarieH 0030p pe3ybTaTOB MCCIIEIOBAHUS MOJSIPHON KOPOHAJIBHOW JBIPBI HAJl
CesepubiM nosmocom CogHila o HabmroaeHusiM Ha paauoteneckonax bITP, PATAH - 600, PT- 22
(KPAO), NoRH u npyrux panuoteneckonax ¢ ucnoyszoanueM aannubix (EUV SOHO/EIT) [1 - 4].

Habmronenne conmneuHoro 3atmenus 29.03.2006 r Ha PATAH — 600 m03BOJMIIO BIEpBbIE
OTpeNeNnTh pacrpeaeeHe sipKoCTHIX TemnepaTyp Hal CeBepHbIM nojrocoMm CosHLA B Ipeaenax
MIOJIIPHOM KOpOHAJIBbHOHN AbIpel HAa COJHIIE B INUPOKOM IHATa30HE CAHTHMETPOBBIX IJIMH BOJH (A =
1.03, 138, 2.7, 6.2, 13.0, 30.7 cm) Ha wuntepBane paccrosHuii (1.005-2.0) Rc ot menrtpa
ontuueckoro mucka Comana (Rc — pagumyc onrtudeckoro mucka CosHIa). AHaNIM3 3THX
MOJIYY€HHBIX PE3YJIbTATOB Ha CAHTUMETPOBBIX [UIMHAX BOJIH C TPUBJICYEHHEM OIyOJMKOBAHHBIX
naHHbIX (1974-2016 rr.) napyrux aBTOPOB TMOATBEPAMJI PE3KOE YMEHBLIEHHE SPKOCTHBIX
TEMIEPATyp PAAHOU3NIYICHHUS MOIAPHONH KOPOHAIBHON ABIPHI BOJMU3U COJIHEUHOTO JIUMOa Ha A > 6
CM; OTCYTCTBHE BHUAUMOCTH MOJISIPHON KOPOHAJIBHOM JBIphI HA KOPOTKUX CAHTHUMETPOBBIX JJIMHAX
BomH (1.03, 138, 2.7 cM); UAEGHTHYHOCTb TEMIEPATYpPHBIX CBOWCTB mosipHOH KJ[ u
HuskomnpoTHeIx K] HezaBucHMO OT ux pacnosioxkeHus Ha CoyHLE U, CIeJOBaTeNbHO, OT UX
OpraHu3aluy B T[EepUOJ MHHHMMyMa COJIHEYHONW aKTUBHOCTH, HalJeHHOEe pacrpeeeHne
3JIEKTPOHHOM IJIOTHOCTH ¢ paccrosiHueM ot umba CoHua 1o nByx paanycos CoNHIA B mpenenax
MOJIIPHOM KOPOHAJIBHOMN ABIPBI COTJIACYETCA C pe3ysbTaTaMu HabroneHuil B Oeiom ceTe.

Pabora BhIMOJIHEHA B paMkax rocyaapcrseHHoro 3ananust CAO PAH B wactu "lIpoBenenue
®ynnamentanpHbix Hayunsix Mccnenosanuiit”.

1. Borovik V.N.// Lect. Notes Phys. 1994V, 432 P.185.

2. Golubchina O.A., Korzhavin A.N., Tokhchukova S. // Astrophys. Bull. 2011.V. 66. No. 4.
P. 488 .

3. Bachurin AF., Eriushev N.N., Tsvetkov L.I. // Izv. Krymsk. Astrofis. Obs.1974. V. 52,
P. 180.

4. Gopalswamy N., Shibasaki K., Thompson B. J., DeForest C. // Geophysical Research. 1999.
V. 104. AS. P. 9767.
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XAPAKTEPUCTHKHN U HEPCHEKTHUBbI TEKYIIEI'O 25 TUKJIA
COJTHEYHOUN AKTUBHOCTMU: ITIEPBbBIN I'O/I PABBUTUSA

HNimkos B.H.

HU3MHUPAH, 2. Tpouyx, Mockea, Poccus, ishkovi@izmiran.ru

B sanBape 2020 r. cria’)keHHOE OTHOCUTEBHOE YHUCIO COJTHEUHBIX MSITEH BIEPBbIE MOKA3aJI0 POCT
rnocjae MakcuMmyma 24 conHevHOro nukia B anpene 2014 r, OTKpbIB TEM CaMbIM O4EPEIHON 25 LUK
COJIHEYHOW AaKTUBHOCTU — BTOPOM COJIHEYHBIA LHKJ, OMSTh K€, BTOPOW 3MOXH MOHUKEHHOMU
COJIHEYHOM aKTUBHOCTU HA JOCTOBEPHOM psifieé OTHOCUTENBHOIO YHUCJIA COJTHEYHBIX MATeH. Tekymui
25 comHeuHBIH LUKJ HAYaJICs ¢ PEKOPAHO HU3Koro 3HadeHust W*=1.3 (1.8 B HOBOH cucreme), HO
yke B koHIE HostOpst 2020 . (11 mec. pa3Butusi) Ha BuauMbIi nuck Conxua B FOskHOM monyimapun
BBIIJIA repBast Oojbias rpynmna msaTeH (Sp max ~1000 mam). IlepBble npu3HAKK €€ MOABICHUS U
JoKanu3anuu Ha 00paTHOi ctopoHe COJTHIIA MOCTYIWIN OT CETH TeJTUOCEHCMOIOTMUECKOU CITyKObI
GONG 14.11, uTo MO3BOJMUJIO JATh MPOTHO3 €€ BhIxoAa Ha BUAuMbIN auck ComnHma 23.11. AxtuBHas
obnacTp ObLTa CIIOKOWHOMN € MPOCTON OUITONIAPHON MarHUTHOM KOH(UTyparueil H, COOTBETCTBEHHO,
C HU3KOM BCIIBIIIIEUHON aKTUBHOCTBIO — BCero 10 BCmbIlek peHTreHoBCKoro kiacca "C".

Co BpeMeHH NOSBJIEHUS [IEPBOM IPYIIbI COJHEUHBIX MSTEH C MOPSAKOM MOJIAPHOCTH TEKYILEero 25
coimHeuHoro wmwkina (aeryct 2017 r) m po ¢QopmMampHOrO Hadana LHUKJIA AaCUMMETPHU
MSITHOOOPA30BaTeNIbHON AEITEBHOCTH MO MOJYIIAPUsIM TPAKTH4YeCKu He Obio. OgHAKO ¢ HavyaioM
3HaUMMON TATHOOOpazoBaTeNbHON akTuBHOCTH (OKTsIOpp 2020 1) akTHBHBIE OOJACTH FOYKHOTO
nonyrapusi cranmu npeodnanars (17 nporus 3 Ha 31.12.2020). D10 K€ OTHOCHUTCS U K TIOSIBIICHUIO
COJIHEUHBIX BOJIOKOH. KpHBasi TUHAMHKY CIVIAKEHHBIX dnces Bonbga 3HaAYMMO OTOILIa OT KPHBOM
pocra mporenmero 24 COJHEYHOrO HUKJIA M KAa4eCTBEHHO BOILIA B OONACTh XapakTEPHYIO IS
cpennux CLI, 4To M HE yIUBUTENBHO, T.K. MO NpaBwty ['HeBbeBa-Oisi, HECOMHEHHO padoTaroImemMy
Ha TOCTOBEPHOM Psiieé COJIHEUHBIX LUKJIOB BHYTPH 30X COJIHEYHOW aKTUBHOCTH, TEKYIIHMH 25 LUK
JOJDKeH OBITh CpeqHel BeNWYMHBL. B 3TOXM MOHIMKEHHOW COJHEYHOW AKTHBHOCTU HCKITFOYAOTCS
BBICOKHE LIUKJIBL.
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CTATUCTUYECKAS CBS3b COJTHEYHOM [TIOCTOSIHHOM C
YN CJIAMU BOJb®A JJIS1 PA3SHBIX IUKJIOB AKTUBHOCTH COJIHIIA.

Jlantyxos A.U., Jlantyxos B.A.

UBMUPAH e. Mocksa, Poccus, a. laptukhoviaomail.ru

YCTaHOBIIEHA CTATHCTUYECKAas HEJNMHENHAash HEMOHOTOHHAs 3aBUCUMOCTb CPEIHECYTOYHBIX
BEJIMYMH COJTHEYHOW «IOCTOSIHHONW» OT CyTO4HbIX uucen Bonbda. Ilpemnmoxken  Qusuueckuii
MEXAaHU3M 5TON HEJIUHEHHOW 3aBUCHMOCTH, B OCHOBE KOTOPOH JIEXKUT YYET BCIUIBITUS MAarHUTHBIX
obnakoB m3 ropsunx Henp COJHIA W MOHIKEHHOH TeMIepaTypbl BHYTPHU COJHEYHOrO ISITHA.
Ilokazano, uyto motok wusnydeHus ConHua s 11-T€THUX LUKIOB C BBICOKOM W HHU3KOM
AKTUBHOCTBIO CYIECTBEHHO Pa3HBIA M, KPOME TOrO, OH BbIlIe Ha (a3e pocTa, yeM Ha ¢asze craga
UKJIa. DTH OCOOEHHOCTH HANO YYHTBHIBATH NMPH BOCCTAHOBJIEHWU COJIHEYHON NOCTOSHHOW Ha
OCHOBE CYyTOUHBIX uuces Bonbda.

CratucTH4ecKH CpeIHsisl 3aBUCHMOCTh COJIHEYHOW MOCTOSTHHOH S oT umcen Bombpa W Ha
OCHOBe HMaHHBIX 3a 1976-2018 rr. uMeeT cleAyromue XapakTepUCTUKU. MPHU pocTe uncen Bonbda
ot 0 mo 180-190 crarucTUYecKu CpeAHsisl BEJIMYMHA COJIHEYHON MOCTOSIHHON S(W) yBenumuuBaercs
oT S(W=0)=1360.434+0.004 10 Smax—1361.3740.03 B1/M?%, a mpu AanbHeilleM pOCTE YHCEN
Bonbha no makcumanbhbix 3HaueHn W~400 BeMUMHA COJTHEYHOW MOCTOSIHHOW YMEHBIAETCSI OT
MaKCHMAJbHOMH BEMMYHHbI Smax 10 1360.34+0.22 B1/M%, xoTopas 6nuska x S(W=0). TlokaszaHo, 4to
BEJIMYMHA TIOTOKA COJIHEYHOW 3Hepruu S Ha (pase pocTa CONHEYHOTrO IMKJIAa BBIMIE, YeM Ha dase
crana B cpenHem 3a 1976-2018 rr. na Benuuuny AS=0.2 Br/m?.

3ameuaHue. OTH pe3yJbTaTbl IMOJy4YeHbl HA OCHOBE aHalu3a HOBBIX, CYLIECTBEHHO
CKOppeKTHpPOBaHHBIX B Hrosie 2015 T. maHHBIX CyTOYHBIX uncen Bonbha u yTOUHEHHOTO psina
CPEHECYTOUHbIX 3HAuU€HUN COJHEYHONW TNOCTOSHHONW. OHM KauyecTBEHHO COIJIaCylTCs C
HEKOTOPBIMH pe3yJIbTaTaMH, TIOJYYeHHbIMU B paboTre [1] Ha OCHOBe aHaM3a JAHHBIX COJIHEYHOMN
NOCTOSTHHOM 1 uncen Bonbga 3a 1976-2010 rr, HO €CTh U 3aMETHBIE KOJIMYECTBEHHBIE PA3JINUHSL

1.- JlantyxoB A .., Jlantyxos B.A.// UnxenepHas pusuka. 2012, Ne 5. C. 50-59.
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IBOJJIOINUOHHBIE N3MEHEHUA NCTOYHUKA HOJAPHOI'O
MAT'HUTHOI'O ITOJIA COJIHOA B MUHUMYME 2008 'OJA

Mep3asikos B.JL., bapaunos /I.I'., Bepuosa E.C.

H3MHUPAH, 2. Mocxkea, e. Tpouyxk, Poccus, mvl@izmiran.ru

IIpoBenéH cpaBHUTENBHBIN aHAIN3 CBONCTB UCTOYHHUKA MOJIIPHOrO MarHuTHoro noss ConHIa B
MUHUMYMax COJHeuHOH akTuBHOCTH 1986 1., 1996 r. 1 2008 r. AHaNU3UPOBAIUCH FEOMETPUUECKHE
napameTpsl MOJSPHBIX MepbeB U (HOTOCepHbIe MATHUTHBIC MONA. | €OMETpUs MOJSPHBIX NEPhEB
U3y4asach 1O CTPYKTypaM COJTHEUHBIX KOPOH, HAOJIIOAaeMbIX BO BpeMs IMOJIHBIX 3aTMeHni ConHna.
dotochepHble MArHUTHBIE TIOJST U3YYaIIICh 110 CHHONITHYECKUM MarHUTHBIM KapTam o0cepBaTopuu
Kitt Peak.

bruto ycranoByeHO, 4TO B MUHUMYyMax 1986 r. u 1996 r. n3y4yaeMblil HCTOYHUK UMEET CBOMCTBA
MArHHTHOTO «3apsifa», Haxomsmerocss Ha ynaigenun 0.67 + 0.2 Rgy, (B pagmycax CojHia) ot
neHTpa ConHua. DTH CBONCTBA HCTOYHHUK HMMEET Ha CHaje M POCTe COJHEYHOW aKTUBHOCTH B
uHTepBaine (asbl conrevHoro nukia -0.2 — +0.2. B muaumyme 2008 1. KOHGUTYpaI¥st MOISIPHBIX
NepbeB IOKA3bIBAET, UYTO «3apsim» pacronokeH Ha 0.65 Rgn, a mo maHHbIM (oTrochepHbIx
MAarHUTHBIX TIOJIEH 3TOT «3apsn» JOJDKEH HaXOauThes Ha paccTosiHuu 0.55 Ry, Takoe paznuuue B
MOJIOKEHUN «3apsiia» O3HA4aeT, 4YTO MOJSIPHBIM HCTOYHUK W3MEHWI CBOK CTPYKTypy IO
cpaBHeHUIO ¢ MuHUMyMamMu 1986 r. m 1996 r. HM3menenuss MOryr kacaTbCs 3aBUCUMOCTH
HATIPSUKEHHOCTH C PAacCTOSHHEM /(0 # 2) WIN/M IeOMETPUM MATHUTHBIX CHIOBBIX JIHHHIA,
KPUBU3HA KOTOPBIX C YyJaJ€EHHEM OT IMOJIOCAa YBEIMYMBAEeTCA. B ciiydae W3MEHEHHs TOJIBKO
HANPSKEHHOCTH C PACCTOSIHMEM ITOKAa3aTellb CTENEHN HCIBIThIBACT BapHauuio oT n = 1.4 npu ¢asze
mukna -0.2 no n = 0.9 npu ¢asze nuxna +0.2.
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YacToTHBIC XapPaKTePHCTUKU AMILIATYIHO-BPEMEHHOH TMHAMUKY BapHALMIA YUC/Ia
COJIHeYHBbIX nsiTeH 11-1eTHero comHevHOro nukIa (17-24 nuKIJIbI COJTHEYHOI
AKTHBHOCTH).

Mopozosa E.H.. besponusix MLI1. , [letpyxoBuu A A.

UKU PAH, morozova.eveeniya20l4i@yandex.ru

B pabore mpoBeneH aHamu3 aMIUIMTYJHO-BPEMEHHOW NWHAMHUKH BapHALMH YHCIIA COJHEUHBIX MATEH
(SSN) st geTbIpex 4acTOTHBIX (dacToTa B equHHUIax 1/cyT.) auamasonos: f1= 0.009-0.005; 2= 0.005-
0.002; 3= 0.002-0.0015; f4=0.0015-0.0011. Bapuauu f1 (nepuoxn 0.304-0.54r.) u £2 (mepuon 0.54-1.37
r.) otHOcsTCs K Rieger-type Bapuanuii (Rieger-type, nepuonst <lroga ). Bapuanuu 3 (nepuog 1.37-1.83
r.) u f4(mepmon 1.83 -2.5 r.) oTHOcATCS K KBasu-OMeHaNbHbIM BapuanusiM (quasi-biennial-QBO,
nepuoasl ~ 1-3 r.). Bapuanun B BbIIEIEHHOM YaCTOTHOM JIMAIMA30HE MOJYYar0TCs MPH BBIYUTAHUU ABYX
OoT(UIBTPOBAHHBIX (CrTaAKEHHBIX) CyTouHbIX BenmuuH SSN. Hampumep, nuamnason fl= 0.009-0.005
I/cyr. Bbimensiercss ¢unbTpamu P1=0.00-0.009 1/cyr. m D2=0.00-0.005 1/cyr. Jns Bcex IMKIOB
BBIMUCIIEHBl KO3()(QHULIHUEHTH KOPPEJSLIUI MEXKAY BapHALUSMH aMIUTUTYIbl B BBIJEJIEHHOM YaCTOTHOM
IUarna30oHe U BEJIMYMHOHN CrIIaXKeHHOW cOOTBeTCTBYIOMMM prmbrpoMm amruutyasl SSN. [logydeHsr cie
AyIOoLue pPe3yJbTaThL
1.Yacrorubiii aunamaszon fl u f2. BHyTpM IHMKJIOB aMIUIMTyZa YaCTOTHBIX BapHALMid H3MEHSIETCS, OT
MaKCUMAJIbHBIX 3HAaYeHWH BOMM3M Makcumyma Ha (ase Bospactanmsi uucia SSN (mHorma Ha (ase
BO3pacTanus win crnaga SSN) 10 MUHMMAJbHBIX BEJUYMH BOJM3M MHUHUMYMOB WHTEHCHBHOCTH SSN.
Her npsimoii pyHKUMOHATBHON 3aBHCUMOCTH aMIUINTYAbl YACTOTHBIX BapHAalMi OT AWUHAMUKU YHCIA
SSN kak BHYTpH LHKJA, TaK U MEXAY LUMKJIaMHU. AMIUIUTYAAa YaCTOTHBIX BapUallUi BHYTPH LIMKJIOB
moxayiupyetcs 11-nernumu Bapuanmsivu grciaa SSN. s 8 uukiaoB ko3 PUIMEHTH! KOPPETSILIII MEXIY
aMIUTUTYIOM YacTOTHBIX Bapuauuii 1 uncinoM SSN Bapeupyrotcst ot 0.63 no 0.35. Jlns nuanasona fls
teueHue 1932-2020 r. perucTpupyrOTCs NEPUOANYECKHE BApHALIMU aMILUIUTY bl C epuoaaMu 156 u 158
aHew, nnsi nuanasoHa f2 ¢ mepmomamu 320 m 396 mHeH (s BBIMHCIEHHS] CHEKTPOB MOIIHOCTH
HCIIOJIb30BaHbI CYyTOYHBIE 3HAYEHUN AMITTUTY bl BapHUAaLHil).
2.YacroTHerii auanazol {3 u f4. B 17-20 nukiax aMIomMTyga 9acTOTHBIX Bapuanuidi moxysupyercs 11-
JeTHUMH BapuanusimMu uynucina SSN, HO K03(D(PHULIMEHTBI KOPPENALUH MEXIY aMIUIUTYAOH YaCTOTHBIX
Bapuauuii U unciaoM SSN nocratouno Huskue <0.35. Ilocnme 20 nukna B 21-24 1mmkiaax 3HAYUTENBHO
MEHSETCA [OMHAMHKA aMIUINTYAbl 4YacCTOTHBIX Bapuauuid, 1l-neTHsas Mopyssuus, B OCHOBHOM,
NPOSIBJIIETCST B BHJE IBYX Pa3fesIeHHbIX MAaKCHUMYMOB aMIUIMTYIbl BONMM3M ABYX MakcUMyMmMoB SSN u
MHUHMMyMa npu MuHAMyMe SSN, Ha ¢asze Bo3pactanust u cmaga SSN aMIUTUTYyABl BapUALMA MaJbl.
YacToTHBIE XapaKTEPUCTUKH aMIUIMTYAbl BapUaLUi 3HAYUTENBHO pasnuyarorces Mexay 17-20 u 21-24
uukiaamMu: B 17-20 umMkgax MOXKHO BBIAEIUTh KBa3UIIEPUOAUYECKHE Bapyualuu ¢ nepuogamu ~ 1.2-1.5 .,
B 21-24 uukiax amIUIUTyAbl BapUalMid W3MEHSIOTCS XaoTwuHo. Jlns nmamazona f3 B crekTpax
MOILHOCTH aMILIMTYIbl BapHaLUil IHUKOBBIE 3HAYEHUsI MOLIHOCTH PErUCTPUPYIOTCA AJs mepuonos 1.25
r, 1.33r,1.52r. u 1.8 r, nqna nuanaszona {4 mukoBbie 3HAYEHUST MOIIHOCTH — I epuoaoB 2.3 1., 2.5
T. 151 32 T.
3.9¢pexr I'uesbrmena (Gnevyshev Gap -GG). Dpdexr I'neBbiuena (I1') nposBnsiercs B auHamuke SSN
BHYTPU LIMKJIAa B BHUAE JBYX MakcMMyMoB HHTeHCHBHOCTH SSN (M1 um M2 - cnBOeHHbIE MakCHMyMBbI)
BOJIM3M MaKCUMyMa IIMKJIA, Pa3IeJICHHbIX MO BpeMeHn ~ 1-3 r. CaBOeHHBIE MAKCUMYMBI MTPOSIBIISIFOTCS B
OUHAMUKE CTNIXKEHHBIX BeMuuH SSN 1y1st Beex 8 1ukioB, mpu 3toM st 17-22 uuknos M1>M2, nnst 23
u 24 nuxnos M2>M1. B nuHamuke aMIUIMTYbl YaCTOTHBIX Bapuaiuii Ol mposiBiasercss mo- pa3sHOMYy B
pa3HBIX YACTOTHBIX pAuamasonax. Jlms nguamasonma vacror fl w 2 gns 17-20 uukinoB Ha ¢oHe
3HauuTeabHONW 11-meTHell MoaymALMM TPYIHO BbLAGNUTH Bapualuu, Bbi3BaHHble OI'. Jlna nuamazoHa
vyactor 3 u f4 pgns 17-20 umknos u g guanasoda vyactor fl u 2 gua 21-24 1uxiioB BO3MOXKHO C
BiaustHMEeM DI CBsi3aHO M3MeHeHue (a3l MOMYJSLUH aMIUTUTYAbl Bapuanui mocie MUHUMyMa SSN
Mexkny AByMmsi MakcumyMa. st quanasona wacror 3 w f4 mgna 21-24 uuknos DI mposiBisieTcst Kak
KBA3UIIEPUOANIECKIE BAPUALIMH aMIUTUTY Akl BOMM3Ku MakcuMyMmoB SSN ¢ nepuogamu ~1.5-2.5 .
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POTAIIMOHHBIE CBOICTBA MOJISAPHBIX KOPOHAJIbHBIX JIBIP

Cmupnosa B.B.!, Puexokaiinen A.”, CoioBbeB A.A.°

'"KpAO PAH, nem. Hayunwiii, Pecnyonuxa Kpvim, Poccus, vvsvid.smirnova@yandex.ru

*Vuusepcumem Typry, 2. Typxy, Quuisnoust
*T'AO PAH, Canxm-Ilemepoype, Poccust

B mocnenHee Bpemsi, OCHOBHBbIE HMccienoBaHusi KopoHanbHbIX nblp (KJI) HampamieHbsl Ha
MOZIENIUPOBaHNE HMX (U3NYECKHX MMApaMETPOB C ILENbI0 HM3YUEHHUS IPOLECCOB, NMPUBOMAMINX K
MOSIBJICHUKD YCKOPEHHOIO COJIHEYHOrO BeTpa. B MeHbIel CTemeHM 3aTparuBaeTCsl aHaIu3
BpeMeHHbIX Bapuauuil KJI U ux poTalMOHHBIX CBONCTB, B MpPEAesax OAHOIO COJHEYHOrO LIUKJIA,
YTO KpaliHe HeOOXOANMO ISl TOCTPOSHHS aIeKBATHBIX TeopeTndeckux monenen K1,

B Hactosimeldi pabore mpoBOAMTCS HCCIENOBaHME Bapualuil miomaneil momsipabx K/, ¢
nepuogamu 8-9, 13-15 u 26-29 npueit. I'pannusl mnomaneii KJI mpenTudummpoBanich aByMs
meronamu: 1. «Coronal Hole Identification via Multi-thermal Emission Recognition Algorithm
(CHIMERA)», srimenstomuii KJI Ha ocHoBe Tpex ynbTpaduoneTopbix nummit 171, 193 u 211 A
[1]; 2. Cermenranuu K]l ¢ moMOIIbIO0 HEHPOHHOW CETH, HA OCHOBE yJbTpaduonaeToBol tuHuH 193
A [2]. Kaprel pacmpenmeneHus HWHTEHCHBHOCTH B JIMHHAX OBbLTM TONyYeHbl C IIOMOIIBIO
urcTpyMenta Atmospheric Imaging Assembly (AIA), ycTaHOBIEHHOM Ha KOCMHUYECKOM armapare
Solar Dynamics Observatory (SDO).

B pesynpraTe aHanm3a JaHHBIX, OBUTM BBISIBJICHBI MEPUOAbI BPEMEHHBIX BapHaLUN
IUIOLAAe MOJSIPHBIX KOPOHAJIBHBIX AbIP B MHTepBanax 26-29, 13-15 u 8-9 gueli, npuueM nepuon
8-O nHel uMelN O4YE€Hb HU3KYH aMIUIUTYAY, B CPABHEHHUH C JPYTUMU NEPUOJAMH.

HccnenoBanusi CEKTOPHOH CTPYKTYphI KpynmHOMacumTabHoro MarautHoro mnoist CosHia,
npoBeneHHble B paborax [3, 4] moOKasamu, 4UYTO CHHOAMYECKHE TEPUONbl  BPAILEHHS
KPYITHOMACIITaOHBIX CTPYKTYP MAarHUTHOrO MOJsi cocTaBisitoT 26-30, 13-14, u 8-10 mHeit, s
IByX-, 4YeTbIpeX, H IIECTUCEKTOPHOH CTPYKTypsl oOmero wmarautHoro mons ConHia,
COOTBETCTBEHHO.

Hcxopst w3 pe3ynpTaToB aHanu3a Bapuauui muiomaned nomsapHeix KJI, a Takke, w3
pe3ynbTaToB padot [3, 4], ObL1 cienaH BbIBOM, YTO mepuoasl 13-15 u 8-9 mHell, MOTyT SBISATHCS
MPOSIBJICHUEM CEKTOPHOW CTPYKTYPBI 001Iero MarautHoro nosist CoyHa.

Hpyroe oObscHenne mnepuoma 13-15 nuel, oOHApy>K€HHOro B BapHALMsIX IUIOLIanEH
nossipHeIx KJI, MoskeT OBITH CBSI3aHO € MPOSIBJICHHEM POTALMOHHOTO 3(d¢dekra, kornga MarHUTHas
OCb HAKJIOHEHAa OTHOCUTENbHO ocH BpaiieHus ConHua. B TakoMm ciydae, NposiB€HUE AOJITOTHOM
acumMetrpun KJI Taxke MOXKET ABJIATbCS CIEACTBHEM HM3MEHEHUs yIJa HAKJIOHA MarHUTHOW OCH
OTHOCUTENIbHO OcH BpaieHust ConHLa.

B pabore [5] 6but0 mokazaHo, uTo nepuon Bpatienus siapa ComHia cocrasisier 7-9 nueit. C
YUETOM 3TOTO Pe3yJIbTaTa MOYKHO MPEATIONIOKNTE, YTO OOHAPYKEHHBIH B Hawel padbore nmeprox 8-9
IHEH 1151 OJISIPHBIX KOPOHAJIBHBIX AbIP, BO3MOXKHO, MOAYJHPOBAH BpallleHHeM COJTHEUHOTO siipa.

1. Garton T.M., Gallagher P.T., Murray S.A. // JSWSC 2018. V. 8. ID. A02.

2. lllarionov E.A | Tlatov A. G. // MNRAS 2018. V. 481. Iss. 4. P. 5014.

3. Obridko V.N.,, Shelting B.D. // Sol Phys. 1999. V. 187. P. 185.

4. Bacunwsesa B.B., Makapos B.1., Tnatos A.I'. // Tpynst CC3®-2003 2003. c. 59.
5. Fossat E., Boumier P., Corbard T. et al. // A&A 2017. V. 604. ID. A40.
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OCOBEHHOCTHU NNEPEXOJA K HOBOMY PEXXKUMY I'EHEPAIIUN
MAT'HUTHOI'O ITOJIA COJIHIOA

Crapxosa JL.HU.

HU3MHPAH PAH, 2. Mocksa, 2. Tpouyx, Poccus, starkoval@izmiran.ru

Hzygaercst mpobiemMa NOHMKEHHOH reHepauny MarHuTHOro noist CoJHIa, KOTopast MpoU30LIUIa
Ha cmage 23 comHeyHoro mwmkyga. C 3TOH wenbto ObUT MPOBENEH aHaNM3 KOH(pUrypauuu
KOPOHAJIBHOrO MarHuTHoro nosist ConHua B MuHuMyMe 23 — 24 conHeuHbx nukiioB. OOHapyIKeHO,
YTO T[EOMETPUYECKHE MapaMeTPbl KOPOHAJIBHBIX ILIJIEMOB, KOTOPBIE OTPAXKAOT KOPOHAIBHYIO
MarHUTHYIO KOH(HUIypaumuro, CyLIeCTBEHHO OTIHMYAOTCs OT curyannu B XX Beke. Kpome Toro,
NpOBeNeHa OLEHKAa aMIUIUTYAbl 24 CONHEYHOro nukiaa mo uucay Bonbda. [na ounenku Oblia
HCIOJIb30BAHA 3aKOHOMEPHOCTDb MPEALIECTBYIOINUX LIUKJIOB MEXKAY HANpPSKEHHOCTBIO MOJSIPHOTO
MAarHUTHOTO MOJiI B MUHUMYME COJHEYHOW AKTMBHOCTH M MOCJIEAYIOIIUM MAaKCUMyMOM 4YHCIA
Bonbgda. Tlonydena omenka BeanmuuHBI MakcuMyma 24 comHeuHoro mukna 118.8 uncna Bonbda,
KOTOpasi OTJIMYAeTCsl He3HauuTeapbHO <~2% oT HabmrogaeMol BeNMYMHBI. Y CTAHOBJICHHBIC
0COOEHHOCTH MOTYT OBbITh HHTEPIIPETUPOBAHBI KK MEPEXO K HOBOMY PEKHMY, KOTOPBIN MPHUBET K
MOHMXEHHOW MOLIHOCTH I'€HEepaluy MarHuTHOro nojs. Ilpu sTom nepexone M3MEHWINCh YCIOBUS
reHepalyy MOJOUAANBHON KOMIIOHEHTBl MAarHWTHOIO MOJs B MUHUMyMe 23 — 24 CONHEYHBIX
LIUKJIOB. A YCJIOBHSI T€HEPALUH TOPOMIAIBHON KOMITIOHEHTBI OCTAJIUCh TAKUMH, KAKMMH OHH ObLIN
B XX Beke.
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MPOCTENIIEE JIMHEHOE INHAMO COJIHIA W HOBbIII MEXAHU3M
HEJIMHEMHON CTABWIN3AIIUH

Crapuenko C.B.

Hucmumym 3emno20 maenemusma, uonocghepsi u pacnpocmpanenisi paouosonn um. H.B.Iyuikosa
PAH (U3MHUPAH), Kanysccroe wocce 4, Tpouyk, Mockea, 108840
E-mail: sstarchenko@mail.ru

BexTopHOe npousBeneHne CKOPOCTH TeUEHHSI HA MarHuTHOe nosie D — onpeaenstommii
UHTPEIUEHT YPaBHEHUsI MArHUTHON nHAyKUuK. Hanbonee o01men3BeCTHBIM MPUMEPOM OLIEHKH
anHaMo-3¢dexrta D sBnsercs reHepanns yCpegHeHHOTO TOPOUIAIbHOTO MArHUTHOTO TIOJIS S 13
MOJIONJIAJIbHOTO /' 33 cUeT IpafilieHTa yrioBoi ckopoctu Bpaiuenus (). [Ipocreiimas 0-mepHas
nuHelHas monenb: dS/dt = - Q'F ecnm npenebpeub MarHuTHON nuddy3ueil. 3aMmbplkaeT HUKI anbha
s¢dext a Ha rnodanpHOM Macmrade L: d//dt = oS/, KOTOpBIH, BO3MOXKHO BIIEPBBIE, OTPEAEISIETCS
37€Ch MapaJlJIeIbHON POTOPY CKOpPOCTH KoMIoHeHTo# D u3 cunosoro ypasuenust Hasbe-CTokca.
PesynpTupytoliee rapMoHHYeCKOe pellieHue, O-BUANMOMY, SIBJII€TCS] HAUIPOCTEHIEH MOENbIO
nukya ConHeyHoN akTUBHOCTU. MIcX0/s U3 TeTmoceiCMOIOTHYeCKUX JaHHBIX O {)' U U3BECTHOIO
22-1e€THETO NMePUoa AKTHBHOCTH, 3T MOJEJb 1aeT COTJIACOBAHHYIO C HAOMIOACHUAMH H
HE3aBUCHMBIMH HUCCIenoBaHMsIME onleHKy o = 0.1 m/cex u S/F = 20.

ITapannenbHas 31eKTpUYECKOMY TOKY KOMIIOHeHTa D U3 CHUJIOBOrO ypaBHEHHUS MOJy4YaeTcs
00paTHO MPOMOPLMOHAIBHON YCPEIHEHHOMY MAarHUTHOMY TIOJIO HJIH 3JIEKTPUYECKOMY TOKY. DTO
337a€T HOBBIM CHUHIYJISPHBIM TUN HEJIWHEHHOCTH, KOTOPBIA BO3MOXKHO IO3BOJUT HAWTU
3¢ (eKTUBHOE pelIeHHe aKTyaJbHBIX NpodieM pe3koro BeiaeneHus 3>Heprun (B CoOMHEUHBIX
BCIBIIIKAX, CYMEPBCIBINIKAX Ha 3Be3Jax M TJA. W T.II.) U OrPOMHOH BAPUATHBHOCTH WU
NEePEMEKaeMOCTH MarHUTHBIX MMOJIEH BO MHOTUX HATYpaJbHBIX, JJa0OOPAaTOPHBIX U YncieHHbIX MI'/]
nuHamo. llocnenHee mnposiBiseTcs, HanmpuMep, B COJHEUHBIX MATHAX, COCTOSIIMX H3 CHUJIBHO
KOHLEHTPUPYIOLIUXCS] MATHUTHBIX XKT'YTOB PE3KO BBIAEISAIOLIUXCS TI0 CPABHEHHUIO C OKPYKAIOIUMHU
«pa3Ma3aHHBIMUY» CPABHUTEIBHO CIa0bIMU (OHOBBIMU MOJsIMH. COOTBETCTBYIOINAS HEITUHEHHAs
cTadmin3anusi MPOUCXOIUT 3a MPHUMEPHO ABA XapPAKTEPHBIX BPEMEHHM MarHUTHOW nuddysuu u
YCTAHOBHBILIHNECS BETMYNHBI TIOJSI COTIIACYIOTCS € HAOIO JaeMBIMH TTOJISIMH.
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I[Iporuo3uposanue psiga yucea Boabga meronamn MammHHOro 00y4eHus

HIuoaes A. H.

MI'Y umenu M.B. Jlomonocosa, e. Mockea, Poccus, alexshibaevi@yandex.ru

B pabore paccmarpuBaercs BO3MOXKHOCTH MPOTHO3HPOBAHUS COJHEYHBIX ILHKJIOB METOAAMHU
MaIIUHHOTO OOydeHusi. sl 3TOro mpHBiIEKaeTcs METOAbl HAa OCHOBE JEPEBHEB pPELICHUN:
RandomRorestRegressor u XGBoostRegressor ¢ ycpeaHeHneM 3THUX NMPOrHO30B. PaccmarpuBaercs
IOCTOBEpPHast 4acThb psima uucen Bonbdpa 0Oe3 kBasuaByxieTok (M 0Oojee BBICOKOHACTOTHBIX
KOMIIOHEHT), T.€. OJHOBepUINHHBbIC UKJIBI ¢ 10 u manee. IIporHo3 Tekymiero 3HaueHHs psiia X;
onupaercss Ha N NpenblAyluX 3HAYEHUH X;_y, ... ,Xj_q M CKaHUPys 3TOT IPOTHO3ZUPYIOLIHM
MaccHB IO BCeMy OOydYaroleMy MAacCHBY CTPOUTCS MOIeNb mporecca. UYToObl anropuTMbl
yJIaBIUBAIA HU3KOYACTOTHBIE M CPENHEYACTOTHBIE 3aKOHOMEPHOCTU psina uncen Bonbda, mmuHa
MPOTHO3UPYIOMEro MaccuBa N BBIOMpAETCs B mpeaeiax 6-7 LUKJIIOB.

[TonGop onTUMAaNbHBIX MapaMeTPOB MOACTICH.

OcHoBHOW HacTpauBaemblii mapamerp st RandomForestRegressor — max features (umcno
NPU3HAKOB JUIs BbIOOpa pacuieryieHnss) . B kadecTBe Mepbl OIIMOKM TPOTHO3a ILHKJIA
ucnons3oBanace RMSE(kopenbp m3 cpemHekBampaTuuHON ommOku). Bapbupys max_features u
oleHnBast mocienosareabHo omuOKy RMSE Ha otnoskeHnbix 22, 23 u 24 nukiax, Obu10 nogodpaHo
ONTUMAJIbHOE 3HAUEHHE MapaMeTpa, MUHUMHU3UPYIOIYIO OMIMOKY MPEeNCKa3aHUsl HAa OTJIOKEHHBIX
LUKJIaxX.

Hdns  XGBoostRegressor  monOupananch, aHAJIOTHYHBIM 00pa3oOM, ONTHMAJIbHbIE 3HAYCHHS
CIEAYIOMUX TapaMeTPoOB: n_estimators(4ucio aepeBbeB B anropurme), max_depth(makcumanbhas
riyOuHa nepesa), min_samples leaf(MuHUMaIBPHOE YHCIIO OOBEKTOB B INCTE(KOHEUHAS BEPIINHA)).
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I[Iporuo3uposanue psiga yucea Boabga meronamn MammHHOro 00y4eHus

HIuoaes A. H.

MI'Y umenu M.B. Jlomonocosa, e. Mockea, Poccus, alexshibaevi@yandex.ru

B pabore paccmarpuBaercs BO3MOXKHOCTH MPOTHO3HPOBAHUS COJHEYHBIX ILHKJIOB METOAAMHU
MaIIUHHOTO OOydeHusi. sl 3TOro mpHBiIEKaeTcs METOAbl HAa OCHOBE JEPEBHEB pPELICHUN:
RandomRorestRegressor u XGBoostRegressor ¢ ycpeaHeHneM 3THUX NMPOrHO30B. PaccmarpuBaercs
IOCTOBEpPHast 4acThb psima uucen Bonbdpa 0Oe3 kBasuaByxieTok (M 0Oojee BBICOKOHACTOTHBIX
KOMIIOHEHT), T.€. OJHOBepUINHHBbIC UKJIBI ¢ 10 u manee. IIporHo3 Tekymiero 3HaueHHs psiia X;
onupaercss Ha N NpenblAyluX 3HAYEHUH X;_y, ... ,Xj_q M CKaHUPys 3TOT IPOTHO3ZUPYIOLIHM
MaccHB IO BCeMy OOydYaroleMy MAacCHBY CTPOUTCS MOIeNb mporecca. UYToObl anropuTMbl
yJIaBIUBAIA HU3KOYACTOTHBIE M CPENHEYACTOTHBIE 3aKOHOMEPHOCTU psina uncen Bonbda, mmuHa
MPOTHO3UPYIOMEro MaccuBa N BBIOMpAETCs B mpeaeiax 6-7 LUKJIIOB.

[TonGop onTUMAaNbHBIX MapaMeTPOB MOACTICH.

OcHoBHOW HacTpauBaemblii mapamerp st RandomForestRegressor — max features (umcno
NPU3HAKOB JUIs BbIOOpa pacuieryieHnss) . B kadecTBe Mepbl OIIMOKM TPOTHO3a ILHKJIA
ucnons3oBanace RMSE(kopenbp m3 cpemHekBampaTuuHON ommOku). Bapbupys max_features u
oleHnBast mocienosareabHo omuOKy RMSE Ha otnoskeHnbix 22, 23 u 24 nukiax, Obu10 nogodpaHo
ONTUMAJIbHOE 3HAUEHHE MapaMeTpa, MUHUMHU3UPYIOIYIO OMIMOKY MPEeNCKa3aHUsl HAa OTJIOKEHHBIX
LUKJIaxX.

Hdns  XGBoostRegressor  monOupananch, aHAJIOTHYHBIM 00pa3oOM, ONTHMAJIbHbIE 3HAYCHHS
CIEAYIOMUX TapaMeTPoOB: n_estimators(4ucio aepeBbeB B anropurme), max_depth(makcumanbhas
riyOuHa nepesa), min_samples leaf(MuHUMaIBPHOE YHCIIO OOBEKTOB B INCTE(KOHEUHAS BEPIINHA)).
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IMPUUYNHBI HEYCTOMYNBOCTU IHNEPUOJA «IUKJIA TJISINCBEPT A»
IMu6aes U.I.', IlInGaes A.W.2

TU3MUHPAH, 2.0. Tpouyx, 2. Mockea, Poccus, ishib@izmiran.ru
2MIY umenu M.B. Jlomonocosa, . Mocxkea, Poccus

[Monsitne «umkn [msiicbepray BO3HUKIIO U3 aHAN3a HEOONBIIOro OObeMa NAaHHBIX Psiia YUCE
Bonb(a, koTOphle XapakTepU3yIOTCs Pa3JIMYHON CTENMEHBIO JOCTOBEPHOCTH M C KIIOYEBOH POJIBIO
ukjIoB 5+7 muaumyma Jlansrona (M/]).

B Tpuanareix rogax MpOLLIOro CTOJNETHS MpH aHamu3ze mepBuix 16 mwmkmos [siicOepr [1]
OTMETHUJ MEPUOANYHOCTh MX MAKCUMYMOB B CEMb — BOCEMb LIMKJIOB, & MO3XKE Aaj] YTOYHEHHOE
3HaueHune Tiepuona -- okojo 80 ymer. B paborax, cmemaHHbIX 3a mocienuue 60 jer (pasHbIMH
aBTOpaMU B pda3Hoe 6pems), STOT Tepuon oneHuBaercs B mnpeneiaax 80 -- 110 jer. Psan
HCCIIenoBaTeNel BRIIENAIOT KOHKPETHOE 3HaueHne nepuona uukna [siicoepra B 88 ner. Tak kak
pasHbIe aBTOPBI aHAMM3UpPOBATH psin WSN pasmudaHoi niauebl, TO B padote [2] wmcciaemoBaHO
BIIUSTHUE JJIMHBI Psiia Ha STOT MEPUOI U OTMEUEHO:

- ynopaoouennstil poct nepuoaa ot 82 no 110 ner (BepTuKanbHas OCh B TOAAX) NPHU YBEIHMUESHUU
miHbL psiaa ot 18 10 24 mmkioB (ock OX B IIUKIIAX — HAYAJIO [TUKJIA U €10 MAKCUMYM) §
— YETKO MPOCJIEIKUBACTCS JIOKAJIIbHOE TIPOSIBICHNUE 88-JI€THEW rapMOHUKH Y CTAPOU BEPCHUH PsA.

11013 apHCHMOCTS MIepHO A2 ATMPOKCHIHD YTOLIETO : HeycroiiunBocTe (pOCT) OLIGHKH mepHOna

{05 CHHMYCA OT AIOHBI PSAA, HOBAS BEPCHS (+). . | «BEKOBOI rapMOHHUKH CBsi3aHa c
= : YBEJIMYEHUEM JIOJHM JOCTOBEPHBIX JaHHBIX
LI (uukJIOB) B aHajgu3e, Tak kak psg WSN (=

. Wrest U Wtool) BkirouaeT BOCCTaHOBJIEHHBIH
201 e + psn Wrest ¢ 1749 nol849 r u nanee naHHbIe

.. . PEryisApHbIX HAOMIONEHWH — IOCTOBEPHBIN
- : ‘ ‘ psin  Wtool. OObenuHeHne  OTPBIBOYHBIX
19 X 21 2 3 24 JaHHBIX c pa3InYHBIMU IUIOTHOCTBIO

HaOJIFOZICHNH, aMIUIMTYOHBIM pa3pelieHneM M MaclITaOMPOBAaHHEM HAPYLIMT COINIACOBAHHOCTH
BPEMEHHBIX ()PArMEHTOB Pa3HOro macinrada (Hampumep, CTPYKTypa LHUKJIOB M UX B3aUMOCBSI3b),
YTO NPOSBUIOCH MpU (OpMUpOBaHUU psima Wrest. Mbl nMeeM He TOJBKO HECOIIACOBAHHOCTH
XapakTepUCTHK psAnoB Wrest u Wtool, HO n mpOTUBOPEUNBOCTH MAPaMETPOB caMoro psina Wrest [3].
3a aCHMINTOTHKY POCTa MEPHONa «BEKOBOW» TaPMOHHUKH, T. €. TNPU HHUBEIHUPOBAHWUU POJH Psina
Wrest, MO)XHO B3sITb MEPHOI amMMpOKCHMHUPYIOIEro cunyca psima Wtool pasubiii 150 romam [4].
Torma manpHe#mas, ¢ y4€TOM 3TOrO, KOPPEKLUsl MaHHBIX Wrest (aivHa psina, IUIOIIAAN LIUKIIOB)
OTpPa3|TCs, C OOJBINON BEPOSITHOCTHIO, HA MUHUMyMe JalbTOHAa U MOXKET U3MEHUTD MTOHITHE «LIUKJT
Insiicbepray. PasymHo rToBOpUTH He 0 «umkie IusiicOepra», 3aes3anHoro Ha MJ, a o
IUTHHHOTIEPUOJHOH KOMIIOHEHTe, COOTBETCTBYIOIIEH psiny Wtool M CKOPPEKTHPOBAHHOMY psAY
Wrest.

1. Gleissberg W. A long-periodic Fluctuation of the Sun-spot Numbers // Observatory. V. 62, 1939, 158 —
159.

2. Illubacs A.W. 3aBUCHMOCTb MIEPHOIOB «BEKOBOI» FAPMOHHKH OT MPOTSHKEHHOCTH MCCICAYEMBIX PSIOB
JUTSL cTapoii B HoBoU Bepcui psaa uucen Bombga // Tpyaer XV konpepeHumu Momoapix yueHsrx — 2018.
WKW PAH, Mocksa, 2018, 154 — 157.

3. ubace WI. Crapas u HoBas Bepcuu psma uucen Bonpda: corinacoBaHHOCTE XapaKTCPHCTHK
BOCCTaHOBJICHHOH M HHCTPYMEHTAIbHOU yacTel psaos // Tpyxer Beepocc. exeronHol koHdpepeHunu no ¢u-
suke Comnua: ConHeuHas U comHeuHo-3eMHas puznka -- 2019, [Mynxoso, Cankr —IletepOypr, 7 — 11 okraOps
2019, 463 — 466.

4. Umxos B.H, HluGaes WU.I. Llukner comHeuHOH aKTHBHOCTH: OOIIME XapaKTCPUCTHKHA M COBPEMCHHBIC
rpanutpl nporaosuposanus // Uzsectus PAH, cepust dusndeckas. T. 70. Ne 10, 2006, 1439 — 1442,
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SPATIAL AND TEMPORAL PROPERTIES OF THE SOLAR CYCLE FROM
RATAN-600 MICROWAVE OBSERVATIONS

A. V. Shendrik, V. M. Bogod, K. M. Kuzanyan, T. I. Kal’tman, and E. A. Kurochkin

Special Astronomical Observatory of R.A.S., St Petersburg branch, Russian Academy of Sciences,
Russia, ashend90@gmail.com
IZMIRAN, Russian Academy of Sciences, Moscow, Russia, kuzanyan(@izmiran.ru

The study involves the obtainment of regular tracers of the solar cycle in the radio range by
activity manifestations in the chromosphere and corona. Our research method consists of the
systematic processing of the RATAN-600 radio data at frequencies 3—18 GHz obtained during more
than one cycle of solar activity and their comparison with other databases of time series
characterizing the magnetic activity of the Sun at the photospheric level. In the first phase of this
work, we identified an array of approximately 600 active regions that evenly covers all phases of
solar cycle 24 in approximately 9 years, for which we reliably identified the local radio sources
based on RATAN-600 data, as well as data from other databases, such as spacecraft of the Space
Weather Prediction Center of the National Oceanic and Atmospheric Administration and the Solar
Dynamics Observatory. The sample is statistically homogeneous and evenly distributed over solar
latitudes in both hemispheres. The statistical relationships between the sunspot areas and the
parameters of intensity and polarization of local radio sources are obtained. It is shown how the
spectral flux density of local radio sources in the chromosphere and corona at different frequencies
increases with the increase in the sunspot area (and, consequently, the magnetic flux). The estimates
of exponents of this dependence are obtained [1].

1. A.V. Shendrik, V.M. Bogod, K. M. Kuzanyan, T.I. Kaltman, and E.A. Kurochkin “Spatial and
Temporal Properties of the Solar Cycle from RATAN-600 Microwave Observations”//
Geomagnetism and Aeronomy V. 60 N 8 P. 999-1006. 2020.
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HOBBIII CTATHCTUYECKHWI AHAJIA3 YUCEJ BOJIb®A C UX BPEMEHHBIMU
MMPON3BOJAHbIMH

Axosaesa C.B., Crapuenxo C.B.

Hucmumym 3emno2o maenemusma, uonocgepst u pacnpocmpanenisi paouosonn um. H.B. Ilyuixosa
PAH (U3MHPAH), Kanyscckoe uiocce 4, Tpouyx, Mockea, 108840
E-mail: svyakovi@izmiran.ru

IIpemnaraercss opurnHanbHOe it Gu3uku COJHIA CTATUCTHYECKOE HCCIENOBAHUE YHCEN
Bonbeda W 1 ux BpeMeHHBIX ipou3BoaHbIX W' mocpencTsoMm Moaudukannu “Stem and Leaf Plot”
METOINK, KOTOPBIE YacTO MCIOJB3YIOTCS ISl aHAJIM3a SKCIIEPUMEHTATIbHBIX JaHHBIX B PAa3JIMYHBIX
obnacTsax 3HaAHUI. APTYMEHTHUPYETCS BBICOKAs NETATBHOCTh M TOJIE3HOCTh TAKUX MPOUEAYpP NpU
UHTEPIPETAllNA (CTATUCTHYECKH HEOOBIYHBIX» MAacCHBOB AaHHBbIX. HeoObryro mns W Gonbiioe
OTKJIOHEHHE OT HOPMAJIbHOTO PacHpeieseH s, KOoraa HanOoJiee BEPOsITHbIE 3HAUEHHsI OKOJIO 15-TH,
a CpeNHEKBaIpaTHUYHOE, MenuaHHoe u cpenHee. 100, 653 u 785. MHaue OT HOpPMaJbHOIO
pacmpeneneHus: OTKJIOHSIOTCS W', KOTOpble HauboJiee BEpOSITHBI BOJIM3M MUHUMYMOB aKTUBHOCTH
npu W' okono -5/ron, a MmenuaHHoe U cpennee:. -4.95 (u3-3a Oonee mmutenbHON (pasel mageHUs
aktuBHOoCTH) U 0.00 (u3-3a mpeobnamaromell UUKIUYHOCTH). llpw 3TOM CpemHeKBampaTUdHOE
W'=372, uro oOOyCIOBJIEHO «TSKENbIMU XBOCTaAMH» C MakcUMalbHbIM W'=147 a BOmu3m
MakCUMyMOB akTuBHOCTH W' «pasmaszan» ot 2 no 108/rox. CootsercrByromme MI'J] nuHamo
OLICHKH BBIAAIOT TE€HEPUPYIOIIYID KOHBEKTUBHYIO CKOPOCTb TMOPSKA HECKOJBKUX M/CeK U
rinoOanbHbIi anbda 3 ekt mopsaKa IecsIThIX 0T M/CEK.
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JIUATHOCTHUKA JJEHI'MIOPOBCKHX BOJIH B COJTHEYHOW ITJIA3SME
HA OCHOBE CIHEKTPOB ITOINEPEYHbBIX SJIEKTPOMATHUTHbBIX
BOJIH, TEHEPUPYEMBIX B IUIABME HA JIBOMTHOH IIVIASMEHHOW
YACTOTE

Kyapsasues U.B.}, Karbrman T.H.?

'OTH um . A.@. Hoghgpe, 2. Canxm Canxm-Ilemepoype, Poccus, Igor.Koudriavtsev@mail.ioffe.ru
? Cankm-Ilemepoypecxuii punuan CAO PAH, 2. Cankm Canxm-Ilemepoype, Poccust

PanuoussydeHne COTHEUHON TUIA3MBbl SIBJIIETCS] OMTHAM U3 OCHOBHBIX UCTOYHUKOB MH(OPMALIUN
0 ¢usmyeckux mnpoueccax, npoucxonsmux Ha CojHie. ITO U3IyYEeHHE MOXKET HMETh Kak
TEIIOBYIO Tipupony (cm., Hampumep [1, 2]), Tak U HETEIJIOBYK), B TOM YHCIIE TEHEPUPOBATHCS
THPOCHHXPOTPOHHBIM M TOPMO3HBIM MEXaHU3MAMU MPU PACTIPOCTPAHEHUH OBICTPHIX 3JIEKTPOHOB B
MArHATOAKTUBOW Mmia3Me [3-0] WM TeHepHpOBaThCs IUIA3MEHHOU TypOyleHTHOCThIO0 [7-9]. B
MOCJIEIHEM Cllydyae TeHepalus T[ONEPEYHbIX JJEKTPOMATHUTHBIX BOJH HAa 3JIEKTPOHHOMN
TUTA3MEHHON YacTOTE€ Mpe MOMKET MPOUCXONWTHh TPU PACCESTHUM JICHTMIOPOBCKHMX BOJIH Ha
3JIEKTPOHAX U MOHaX muasMmsl [7]. Kpome 3Toro, B raasme BO3MOXKHO U3JIyuy€HHE HAa YAaCTOTaX OKOJIO
2@,, KOTOpoe oOpa3yercs mNpu CIAUSHUM JBYX JIGHIMIOPOBCKHX BOJH [7,8]. Ilpu stowm,
JICHTMIOPOBCKasi TYpOYJIEHTHOCTh MOJKET T'€HEPUPOBATHCS, HAMPUMEpP, TIOTOKAMHU OBICTPBIX
3JIEKTPOHOB, YCKOPSIEMBIMH BO BpEeMsI COJHEUHBIX BCIBIIIEK. TakuMm 00pa3oM, peructpanus
pPanIUOM3Iy4YeHNsT OT AKTUBHBIX OOpPA30BAaHMI HAa COJIHIE TMO3BOJISIET AMATHOCTUPOBATH KaK CaMy
COJIHEUHYIO TIJIa3My, TaK U ONPEAENsITh XapaKTEPUCTUKHN BbICOKOIHEPTETHYHBIX 3JIEKTPOHOB.

C 1enpl0 IMAarHOCTUKY MAPAaMETPOB JIEHTMIOPOBCUX BOJIH (YIJIOBOE paclpeneeHne U CIIEKTP) B
TOKJIa/Ie PACCMATPUBAIOTCS CIIEKTPAJIbHBIE OCOOEHHOCTH 3JIEKTPOMArHUTHBIX BOJIH, TEHEPUPYEMBIX
B IUIa3M€ MPH IMOMAPHOM CJIMSHUH JIEHTMIOPOBCKHX BOJIH, U OCOOCHHOCTH HAIPaBICHHOCTH HX
U3JIy4YeHMsI IS PA3JIMYHbBIX TUIIOB CIIEKTPOB U YIJIOBBIX pacIipeaeeH il JIa3MEHHBIX BOJIH.

Pabora BeImoHEHA NpH noanepskke Poccuiickim GoHAOM (PyHIaMEHTATBHBIX UCCIIEIOBAHNH,
npoekT Ne 18-29-21016.

1. XKenesusixkos B.B. Uznyuenne B actpopuzndeckoit masme. M, «Anyc-K», 1997. 528¢
2. Bogod V.M, Kal'tman T 1., Peterova N.G., Yasnov L.V.// Cosmic Research. 2017.
V.55N1.P 1-11.

3. Nakariakov V.M., Anfinogentov S., Storozhenko A A., Kurochkin E.A ., Bogod V.M.,
Sharykin ILN., Kaltman T.I.// The Astrophysical Journal. 2018. V. 859. N 2. article id. 154,
8,2018

4. Fleishman Gregory D., Loukitcheva Maria A., Kopnina Varvara Yu., Nita Gelu M., Gary
Dale E.// Astrophys. J. 2018. V. 867. L. 1. article id. 81, 11pp, 2018

5. Gary D E,, Bastian T.S,, Chen B, Fleishman G.D., Glesener L..// Science with a Next
Generation Very Large Array, ASP Conference Series, Vol. 517. ASP Monograph 7.
Edited by Eric Murphy. p.99

6. Gary Dale E., Chen Bin, Dennis Brian R., Fleishman Gregory D., Hurford Gordon J.,
Krucker Sam, McTiernan James M., Nita Gelu M., Shih Albert Y., White Stephen M. and
Yu Sijie// Astrophys. J. 2018. V. 863. Issue 1. article id. 83, 9 pp

7. B.H. LiprroBuy, Teopust TypOyneHTHOH miasmbl. M, Atomuzaar 1971.424 c.
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BJIUAHUE ITAPAMETPOB TYPBYJEHTHOCTH BHUCTJIEPOB HA CIIEKTP
MHUKPOBOJIHOBOT'O M3JIYYEHUA BCIIBIIITEYHOU NETJIN

MeabuukoB B.®. /. ®unartos JI.B.

! I'naenas (Iynkosckas) acmponomuyeckas oocepeamopust PAH, Cankm-Ilemepoype,
v.melnikov(@gaoran.ru

’H UAHCE20POOCKUTL 20CYOAPCMBEHHbII APXUMEKMYPHO-CIMPOUmensHulil yHueepcumem, Huowcnuii
Hoszopoo

HccnenoBanus LUKIOTPOHHOW HEYCTOWYMBOCTH BUCTJIEPOB B paJUALlMOHHBIX IOsACaX 3eMIU
BBISIBUJIO TPU PEXKUMA MHUTY-YIIIOBOH MU y3UU SHEPTHUHBIX 3JIEKTPOHOB Ha TYpPOYJIEHTHOCTH
BuctiepoB [1-3]: cmabyrw (r > olv), ymepennytw (/v < t < ¢l/v) n cunbnyto (r <IV), rne t —
XapakTEepHOE BPEMs, 32 KOTOPOE MUTY-yroJl 3IEKTPOHA M3MEHSETCSl Ha yroi 7/2, ¢ — npobodHoe
OTHOIIIEHWE MAarHUTHOH NOBywmku, / — €€ mojymiuHa. PerneHue cranuoHapHOW 3amaum (C
HE3aBUCSIIEH OT BPEMEHU MOIIHOCTBIO HMCTOYHHMKA YACTHI) TOKA3aJlo, YTO Pa3HbIM pEeXKUMaM
COOTBETCTBYIOT pa3Hble HAOOPHI MapaMeTPOB 3aXBAYCHHBIX B JIOBYIIKE M BBICBHIMAIOIIUXCS U3 HEE
YaCTHUL. DTO OTHOCHUTCS K KOHLEHTPAIMH, BPEMEHH JKU3HHU, SHEPTETHUYECKOMY M MUTU-YTJIIOBOMY
pacnpeneneHusiMm dactui. llepexom OT pexxuma cinadoil K peXuMaM YMEPEHHOW M CHIIbHOU
i py3un 3aBUCUT OT MOLTHOCTH CTALIHOHAPHOTO UCTOYHHUKA YaCTHLL.

B pabore [4] pemeHa HecTarMoHapHas 3ajada, B KOTOPOH YYHTBIBAETCS, YTO HETEILIOBBIC
3JIEKTPOHBI UMIYJIBCHO, HO B T€Y€HHE KOHEYHOI'O BPEMEHHU, MHIKEKTUPYIOTCS B HEOAHOPOJHYIO IO
MAarHUTHOMY IOJIIO M IJIOTHOCTHU IJIa3Mbl BCIBIIIEYHYIO NETNI0. B HacTosmeM noKaaae MOKa3aHo,
YTO MPU 3a1aHHOM BPEMEHHOM NpOoQrie MOIHOCTH WH)KEKLUN HETEIUIOBBIX 3JIEKTPOHOB BCE TPU
pesknma TypOyientHod auddysun (cmaboi, yMepeHHOH U CHIIbHOH) MOTYT pPeajn30BaThCS
onHoBpeMeHHO. [Ipu 3TOM Ka)knoMy U3 peKMMOB COOTBETCTBYET CBOW SHEPreTUUECKUI THANa30H B
CTHIEKTPE BJIEKTPOHOB. YCTAHOBIIEHO, YTO OOpaTHOE BO3IEHCTBHE CHOPMHPOBABIIETOCS CIEKTPa
TypOyJIEHTHOCTH BHCTJIEPOB 3HAYUTEIBHO H3MEHSET XapaKTePUCTUKU MPOCTPAHCTBEHHOTO,
BPEMEHHOIO, MUTY-yIJIOBOIO M JHEPreTHYECKOro pacHpeneieHuil >JIeKTpoHOB. B wacTHOCTH,
SHEPreTHUYECKUN CHEKTP 3JeKTPOHOB Ha uHTepBaie 30 k3B — 10 MbsB MoxeT ucCHObITBIBATH
nepexo/bl OT OoJiee MoJororo kK 0ojiee KPyToMy U omsATh kK Oosiee monmoromy. Kak ciencrsue, 310
NPUBOAUT K M3JIOMaM 4YacTOTHOIO CIIEKTpAa T'MPOCHUHXPOTPOHHOTO M3JIYUYE€HUs, YTO Ba)KHO
YUYHUTBIBATh MPH PAAUOIUATHOCTHKE IMAPAMETPOB BCIBIICYHOHN TETIH.

Pabora BrmonHena B pamkax ['ocynapcTeeHHoro 3amanust Ne0041-2019-0019, npu wactuaHOR
nonaep:kke Poccuiickum GpornoMm GyHAaMEeHTaTbHBIX UCCeNOBaHUM, MPoekT Ne 20-52-26006.

1. Kennel C F., Petschek H.E. J.Geophys, 1966, V.71, Nel, P.1-28.

2. becnanos I1. A, Tpaxtenrepu B.1O. Ansdpenonckue mazepsr, UITGAH, 1986, -190c.
3. Bespalov P A, Zaitsev V.V, Stepanov A.V. ApJ, 1991, V.374, P.369-373.

4. Filatov L.V, Melnikov V.F. Ge&Ae, 2020, V.60, P.1137
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CTPATUOUKALINSI ATMOC®EPBI 1 HOTOK AJIb@BEHOBCKHUX
BOJIH 110 PE3YVJIbTATAM HABJIIOAEHUU JOIVIEPOBCKHUX
CKOPOCTEH

Han 10.T., Crenanos A.B., Konbuiosa 10.I'.

KpAO PAH, nem. Hayunvei, yur_craol@mail.ru

B macrosimee Bpemsi mMeercsi OONBIIOE KOJMYECTBO MAHHBIX, CBHIETENBCTBYIOIIUX O
CYIIECTBEHHOM BKJIaZi€ ajdb()BEHOBCKUX BOJH B HAarpeB XpoMmocdeprl, MepexomHoil obmactu u
koponbl Comnua [1,2]. Mexay TeM mpu OIEHKE MOTOKA BOJHOBOW SHEPTUH MO HAOIIOIaeMbIM
aMIUTUTYAaM JOTUIEPOBCKUX CKOPOCTEH ¢} 0OBIYHO HE MPUHUMAETCS] BO BHUMaHNUE CTpaTh(pukanms
arMocdepbl. B 4acTHOCTH, yCpeqHeHHas 10 BPEMEHH IJIOTHOCTh MOTOKA YHEPTHH alb(BEHOBCKUX
BOJIH [* HaxOOWUTCS € TOMOIIBIO XOPOIIO H3BECTHOTO COOTHOWIECHHS [3,4], MOJYy4EeHHOTrO IJis
onHOpOHOH cpenbl: I = (p6V?/2)Va, rie ¢ — NNOTHOCTb MIa3Mbl, Va — anbpBEHOBCKas CKOPOCTb,
YTO MPEACTABIIACTCS CIUIIKOM IpyObIM MPUOINKEHNEM K PEabHOCTH.

B nacrosimeit paboTte paccMaTpuBaeTcsi pacpOCTPaHEHUE ATb(PBEHOBCKUX BOJH C YYETOM
crpatudukauun u3oTepMuueckoi armocdepsl. IlokazaHo, YTO ecnum B HIDKHEH arMocdepe
(porochepa/xpomocdepa) Comnna nepuon BoaH ' >> 4xH/Va = 25-300 ¢, rne H — xapakrepHas
IIKaJia BBICOT, TO YaCTO HCTIONb3yeMast (GopMyia Uil OLEHKH MMOTOKA, MPUBEICHHAS BBILIE, MOXKET
MPUBONTH K 3aHWKEHHBIM B HECKOJIBKO Pa3 3HaYeHHUAM /. DTO OOBSICHAETCS] aHTAPMOHUYECKUM 1O
MPOCTPAHCTBY XapaKTEPOM PACIPOCTPAHEHUs BOJH B CTpaTU(UIIMPOBaHHON cpene. CrnenaH BBIBOJ
0 HEOOXOAUMOCTHU yueTa CTpaTuuKau aTMOoc(hepbl NP OLEHKU MOTOKA alb()BEHOBCKUX MOA [
o HaOJMIOAEHUSIM JIOTUIEPOBCKUX CKOpoCTel o), B mepByro odepenb, B Xxpomochepe Connua, rae
MaKCHUMaJIbHasi CKOPOCTb V' MOXKET OCTUraTh COTEH KUJIOMETPOB B CEKYHAY.

Pabora BbImoNHEHA TP YacTHYHOH (hrHAHCOBOM noanep:kke MunoOpHayku (HUP Ne 083 1-
2019-0006) u rpanta PO®U (Ne 20-52-26006).

1. Mathioudakis M., Jess D.B.,-Erdélyi R. // Space Sci. Rev. 2013. V.175. P.1.

2. Van Doorsselaere, T., Srivastava, A.K., Antolin P. et al. // Space Sci. Rev. 2020. V.216. 1d.140.
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HPEABCIIBIINEYHAA JTUHAMHUKA KOPOHAJIBHOI'O MAT'HUTHOI'O
NOJIA U DJIEKTPUYECKHNX TOKOB B AKTUBHOI OBJIACTH NOAA
12673

Ilauu A.B., MeabunkoB B.®,

I'AO PAH, 2. Cankm-Ilemepoype, Poccus, alexandershain.5(@gmail.com

OCHOBHBIM MpPEAMETOM HCCIEAOBAHUS SIBISETCS AMHAMUKA IPOCTPAHCTBEHHON CTPYKTYpBI
MAarHUTHOTO TIONS W JJEKTPUYECKHMX TOKOB B AaKTHBHBIX IPEABCIBIIIEYHBIX OONACTSIX.
PacnipeneneHrie MarHUTHOTO MOJII B KOPOHE BOCCTAaHABIMBAJIOCH B HEJNMHEHHOM OECCHIIOBOM
npudmkeHnn ¢ moMmomibid Meroaa [1] mo manubiM uHCTpymMeHnta SDO/HMI. Ocoboe BHMMaHWE
yneneHo aktuBHoU obnactu NOAA12673, u3BecTHOI Onaronapst NpOUCLIEIINMU B HEH MOLITHBIM
BenbimnkaMm 4-7 centsiOpst 2017 roma. 3Hanme 3BomrouMU 3D-CTPYKTYypbl MarHUTHOTO ITOJIS
MO3BOJIMJIO paccuuTaTh 3D-pacnpeneneHuss 3JE€KTPUYECKUX TOKOB U HUX IPOCTPAHCTBEHHYIO
nuHamMuKy. IlpoaHanusupoBaHO MOBENEHUE CHUJIOBBIX JIMHUH MO U TOKOB, COOTBETCTBYIOLIMX
SApYAHIIIM TETIsIM B yJIbTPa(UONETOBOM HM3JIY4EeHHHM IO AaHHbIM HHCTpymMeHTa SDO/AITA.
IIpoBenén BU3yasbHBIN MOUCK MPOCTPAHCTBEHHBIX M BPEMEHHBIX OCOOEHHOCTEH BOCCTAHOBJICHHOTO
MarHUTHOTI'O TOJISl U 3JIEKTPUUECKUX TOKOB, KOTOPbIE€ MOIJIM MOCHIY>KUTh TpUITepaMu Bembliek. Jls
COBMECTHOI'O aHali3a WCIIONB30BAIMCh JaHHble O JUHAMUKE paclpefeNeHus sSpKOCTU
MHKPOBOJIHOBOTO M3JIy4€HHsI, 3aperucrpupoBanHoro Pagnorenuorpadpom Hobesima.

1. Rudenko, G.V., Myshyakov, L1 // Solar Phys. 2009. 257, 287.
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MODULATIONAL INSTABILITY OF FAST SAUSAGE MODE AS ONE OF
THE POSSIBLE MECHANISMS FOR QUASIPERIODIC PULSATIONS
DURING THE SOLAR FLARES

Naga Varun Y

SAO RAS, Nizhny Arkhyz, Russia, naga.varuny(@gmail.com

Quasiperiodic pulsations (QPPs) are regularly observed during solar flares all across the
electromagnetic spectrum from the vicinities of the flare. The fact that they occur during the solar
flare can help us to understand and diagnose the flaring process. Over a period of time many
mechanisms for the emergence of QPPs were proposed and they can be broadly classified into two
categories namely load/unload mechanisms and magnetohydrodynamic (MHD) mechanisms [1].
Within the category of MHD mechanisms a part of the observed QPPS can be explained or modelled
using the nonlinear fast sausage mode of the coronal loops. As the fast sausage modes are highly
dispersive in the long wavelength domain, the nonlinearity can be studied in an envelope
approximation for moderate amplitudes with the help of the so-called nonlinear Schrédinger equation
(NSE). Such a NSE with cubic nonlinearity was earlier derived by [2] and is given by the following
expression:

‘<6W+V6Lp)+ ¥ | swwpE =0
e Y hpg) T O gm TOrIR =

Here W - the complex sausage radial velocity, a,c —nonlinear parameters and V, is the group velocity
of the quasi-monochromatic fast sausage wave. One of the interesting solutions to such a NSE is
given by the frequency renormalized plane wave (FRPW) solution, which has the form: y(z,t) =

AeiiA\/;(Z_Vgt) , where A is the amplitude of the fast nonlinear sausage mode. Such a solution represents

a globally coherent sausage mode, where the entire cylinder radially expands with the velocity
amplitude A. Although FRPW is an exact solution for the NSE equation, it is instable to perturbations.
This instability is called the Benjamin-Feir instability or modulational instability [3] because the
perturbations are modulated due to nonlinearity and the instability exponentially increases breaking
the coherent state into small pulses and the necessary condition for such an instability is given by
ao > 0, which is called as the Lighthill criterion.

We have numerically solved the NSE of fast sausage mode and found quasiperiodic oscillations
for every pair of nonlinear parameters (a, o) satisfying the Lighthill criterion. Although the FRPW is
interesting, it should be rare to find such a coherent state in coronal loops of the quite region.
However, one can imagine the formation of a global coherent mode in active regions as follows:
Active regions are essentially nonpotential and there is current flowing through the coronal loops,
which gives rise to a compressional magnetic field. If the current is too large, we observe the so-
called pinch effect. Now if for some reason the current is cut off then the over pressure caused due to
the magnetic field pushes the walls of the loop outwards. This state can indeed be described by the
globally coherent FRPW, which is modulationally instable.

Our analysis shows that we observe quasiperiodic oscillations in the radial velocity at various sites
of the coronal loop. As velocity and displacement act in the same direction, the loop’s radius
fluctuates with the radial velocity thereby inducing corresponding density perturbations along the
loop. This suggests a mechanism for the formation of QPPs.

The work was accomplished due to the government contract of the SAO RAS approved by the
Ministry of Science and Higher Education of the Russian Federation.

1. Nakariakov V. M., Melnikov V.F. // DOI 10.1007/s11214-009-9536-3
2. Mikhalyaev B.B., Ruderman M. S. et al / DOI: 10.1134/S0016793216080168
3. Zakharov V.E., Ostrovsky L.A. // Physica D 238 (2009) 540-548
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O MPUPOJE KIIII B CJABOM COJTHEYHOHN BCHBIIIKE 11O JAHHBIM
PAJAUOTI'EJIMOT'PA®OB HOBOI'O ITIOKOJIEHUA

Kynpusinosa E.I'.!, Konorkos J.10.>%, Kamanosa JL.LK.2, Kyapsisuesa A.B.2, Tan Y.-M.4,
Pug X.A.C.3

L T'AO PAH, 2. Canxm-Ilemepbype, Poccus, elenku@bk.ru

2 UC3® CO PAH, 2. Hpxymck, Poccus

I Vopurcxuii Viuusepcumem, 2. Kosenmpu, Benuxoopumanus

* HAO KAH, 2. Iexun, Kumaii

> Omoen Qusuxu xocmoca u knumama, Yuueepcumemckuii konneoxc Jlonoona, Benuxoopumanusi

Kpasunepuognueckue mnyiabcanmu (KIIII) sBisroTcst dacto HaOMOZaeMbIM U UMEIOLIAM
Pa3IMYHYO0 PUPOAY SIBJICHUEM B M3JIyUE€HHUH COJTHEUHBIX BCIIBIIIEK Pa3IMYHON MOIHOCTH B Pa3HbIX
CTHEKTPAJIbHBIX AMANAa30HaX. AHAIN3 5TUX SBJICHUN MO3BOJISIET Iy OKe MOHATH MPUPOAY MPOLIECCOB
NepeHoca 3HEPruu B COJHEYHON IUIa3Me, a Tak)kKe YJyYIIUTh Hallle NMOHMMaHHWE MEXaHU3MOB
COJTHEYHOH BCTIBIIIKUA. MBI IPEACTABIISIEM PE3yJIbTAThl HCCIEAOBAHNN COOBITHS, MPOU3OIIEAINETO Ha
¢dasze cmana COTHEYHOU BCHBIIIKH PEHTIEHOBCKOrO Kjlacca MomHocth M4, HalGmoneHust 3Toro
COOBITHSI OFHOBPEMEHHO [JBYMsl HHCTPYMEHTAMH HOBOTO TmokojeHus — Cubupckum
pamuorenuorpapom (4-8 I'T'w, Poccust) m pagmnorenmuorpapom MUSER (0.4-2 I'Tu, Kurait) —
BB npucyTcrBue KIIII ogHOBpeMEHHO B MMKPOBOJIHOBOM U METPOBOM Juana3oHax.
KorepeHTHOE n3nyueHne MOKa3bIBAET KBA3UIIEPUOANUYECKNE Y3KOMOJIOCHbIE BCINIECKH B JUAINA30He
0.4-0.8 I'Tx ¢ xapakTepHBIM BPEMEHHBIM MACIITaOOM IMOPSAAKA 5 ¢ U TOHKOHW CTPYKTYpOH BHYTpPHU
Kaxnoro Bcruiecka. B nuamaszome 4-8 ITu mHadigensl Oonee ponromepuoamueckue KIIIT,
JIEeMOHCTPUPYIOIIHe HeOONbIIOe YMEHbIIIEHHE TIEPUOIa O BpeMeHeM ot 35 ¢ 110 25 ¢. Lenbto paboTsr
SIBJISIETCSl BbISIBJICHME HAJIMYUS WIM OTCYTCTBHUSA CBsi3u Mexay aAByMs Bumamu KIIIT ¢ momorinsro
aHamm3a X OCOOEHHOCTEH B ABYX BUAAX MU3JYUYEHHMs, a TAKXKE CIEKTPAIBHON M MPOCTPAHCTBEHHOMN
uHpopmannu. Ha ocHOBaHWM MPOBEASHHOTO UCCIEIOBAHUS IPEIIIOKEHBI U 00CY KAt TCs Hauboee
BEPOSITHBIE CLIEHAPUH PA3BUTHSI COOBITHS.

UccnenoBanue BbIMONHEHO Tpu (puHaHCOBOWM mopnepkke rpanta POOU u JloHmoHCKOro
Koponesckoro O6mectsa Ne 21-52-10012.
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KBASHIIEPHOUYECKOE SHEPI'OBBIIEJIEHHUE B TPEXJIEHTOUHOM
COJIHEYHOU BCIIBIIIKE

3umosen U.B., apbikun U.H.

HUKH PAH, . Mocksa, Poccus, ivanzim(@iki.rssi.ru

[IpencrapneHsl pe3ysIbTaThl aHANM3a HAOMOMeHUH kBasunepuoandeckux mynbcaruii (KIIIT) ¢
nepuoaoM P=54+13 ¢, obHapyxeHHbix mo nanHeiM RHESSI Bo BpeMst TpeXJIeHTOYHON COTHEYHON
Benbiiiku M1.1 06:49 UT 5 wmrona 2012 r. KIIII nposBasiroTCs BO BPEMEHHBIX MPOQPUIISIX
temneparypsl (T) u meper smuccun (EM) ceepxropsiueii mnasmsl (T~30-50 MK), HO He BUIHBI B
npodunsax mapamerpoB ropsueir tiasmel  (T~15-20 MK) npu anmpokcumanuu —CHeKTpa
PEHTT€HOBCKOTO HM3JIy4YEHHUS] BCIIBIIIKHA CIEKTPOM TOPMO3HOTO H3JIYYEHHUS IBYXTEMIIEPATypPHOU
T1a3Mbl (OJHOTEMIIEPATyPHOE NPUONMKEHHE TaeT IUIOXYIO aIlMpOKCUMALMI C 0ojiee BBICOKON
HeBsi3kol). Bpemennsie npodpunn T u EM cBepxropsideil miasMbl HaXOAATCS B TPOTHUBO(dase.
Kpome toro, KIIII ¢ aHamoOru4HBIM MEpPUOAOM OOHAPYKUBAIOTCS BO BPEMEHHOM TIpOduie
CTHIEKTPAJIbHOTO WHIEKCA HETETUIOBBIX 3JIEKTPOHOB, €CJIM HAOMIONAeMbIi PEHTTCHOBCKUI CIEKTP
anmnpOKCUMHUPOBAaTh KOMOHMHALMEH CIEKTPOB TOPMO3HOTO U3JIYyYEHHS OOHOTEMIIEPATypPHOU
MaKCBEJUIOBCKON IJIa3Mbl U HETEIUIOBBIX 3JIEKTPOHOB. IIpu 3TOM cTeneHHON CNEeKTp HETEIJIOBbIX
3JIEKTPOHOB O4Y€Hb MATKUM ¢ nmokasareseM oT -7 10 -9. KIIII He 3aMeTHBI B pEHTT€HOBCKOM MOTOKE
no manaeiM RHESSI u GOES, a Takke B pannogansbix. KIIII compoBokaatoTcst nepeMermeHnem
“ONWHOYHOTO” PEHTTEHOBCKOTO MCTOYHHMKA CO CKOPOCTHIO He Bbilie 150 km/c (CpenHsis CKOPOCThb
okojJo ~20 KM/C) BOOJNB LEHTPAJILHOW BCHBIIIEYHOH JIeHTHI Ha® y3kuM (<5 Mwm) “s3bikom”
OTPULIATENIbHON MAarHUTHOW TOJIIPHOCTH, BBITSHYTHIM (~20 MwM) Mexay AByMsl OONacTsIMu
MOJIOXKHUTEIBPHOH mossApHOCTH. MBI mHTeprnperupyeM HaOmomaemsie KIIII kak pesynbrar
MOCJIEIOBATEIBHBIX 3TH30/I0B DJHEPTOBBIAEICHHUS B PAa3HBIX MArHUTHBIX TpyOKax (MeTsx)
BCIbIIEeYHOH oOmacTu. OOCYKIAr0TCS BO3MOXKHBIC TPUTTEPBI “‘pacmpocTpaHsitomerocs (poHTa
SHEProBbIIEIeHUs (MArHUTO3BYKOBbIE BOJIHBL, “XJIOMAMOIIME OCHMJUISIIAM TOKOBOTO  CJIOS,
TEIUIOBAsi HEYCTOMYHUBOCTb TOKOBOTO CJIOSs, aCHMMETPHYHAS 3Py MATHUTHOTO JKIyTa U Ap.), &
TaK)Ke€ BO3MOJKHOCTb HHCTPYMEHTaIbHOTO nporcxoxaeHmst KIIIT.
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AKECTKOE PEHTTEHOBCKOE U3JIYUHEHUE HA HAYAJIBHOI
CTAIUN COJTHEYHOUN BCIIBIIIKAN U CTAAUU TPEJIBECTHHUKA

Hla6anun A.H., Yapuxos 10.E.

OTU umenu A. . Hoppe PAH, 2. Canxkm-Ilemepoype, Poccus, Shabalin I'TI(@yandex.ru

B conHeuHBIX BCHBINIKAX Ha paHHEW CTaAWM, B TEPBBIE CEKYHABI, YacTO HaOMOmaeTcs
KOPOHAJIbHBIH UCTOYHHUK B JKeCTKOM peHTreHoBckoM (JKP) msnyueHnn HapaBHE ¢ U3Iy4YEHUEM U3
xpomochepsl. B nmannol paborte ObLTH mMpoaHANU3MPOBAHBI BO3MOJKHBIE MEXAHH3MBI, KOTOpBIC
mornu Obr oOycnouth mosiieHue JKP MCTOYHMKA B BEpIIMHE B TEpPBblE CEKyHABI Pa3BUTHUS
Benbluky. IloTok TopmoszHoro JKP u3nydeHus MNpoONOpLMOHANEH KOHLEHTpPALUu IUIa3Mbl U
YCKOPEHHBIX 3JeKTpoHOB. (ClienoBaTeNbHO, B OCHOBE NPUYMH IMOSIBIEHUS TaKOro MCTOYHMKA
JOJIKHBI JIE)KATh MEXAaHW3MBI, BbI3BIBAIOLIUE 3aXBaT U YJEp>KaHHE YCKOPEHHBIX 3JIEKTPOHOB B
BEPLIMHE H/MJIHM BBI3BIBAIOIINE JOCTATOYHO OBICTPOE YBEIMUYEHHE KOHLEHTpauuu riasmel. Cpenu
PAacCCMOTPEHHBIX MEXaHM3MOB - MOJEb KOJUIANCUPYIOIIEeH JIOBYUIKH, B KOTOPOH B pe3yJjbTaTte
C)KaTUsl MarHUTHOH TPyOKH B KOPOHAJBHOH YaCTH CYINECTBEHHO YBEJIMYMBAETCS KOHLEHTPALUS
mwiasmbl. “Konnanc” BbI3BaH M3MEHEHMEM WHAYKIMM MarHUTHOTO MOJ B KOPOHAJbHOH 4acTu
neTny npu eé penakcauuu. PaccMoTpeHa Mozenb, B KOTOPOil B MAarHUTHOMN I€TJe MPUCYTCTBYIOT
HMOHHO-3ByKOBBIE ()POHTBI, BO3HHKAIOIIHUE TPH T€HEPALUH HOHHO-3ByKOBOW TypOyJIEHTHOCTH C
yposaeM W*/ngTe=10"* Ha 0OpaTHOM TOKe B 0OJAaCTH CHIBLHOTO MHAYKIMOHHOTO 3JEKTPHUECKOTO
nons. Takke paccMOTpeHa MOJieib, B KOTOPOH MPOUCXOAUT yBeJINUeHHEe KOHLIEHTPALUH I1a3Mbl B
BEPILIMHE METNH 3a c4eT 3ddekTa “ncnapeHuss’ XpoMoc(epHOH TIa3Mbl MPU €€ HArpeBe MyuKaMu
YCKOPEHHBIX 3JIEKTpOHOB. M3 aHanusa moneneil MOXKHO 3aKJIFOUYMTb, UYTO SIPKYIO BepiuuHy B JKP
IUana3oHe Ha HAadaJlbHOM CTAaguHM BCIBIIIKH, MOXET o0ecredynTb JUO0 pe3Koe YBeIHMueHHe
KOHIIEHTPALMU TUIa3Mbl B IPOILECCE PENaKCallid MAarHUTHBIX MOJed (MOAeNb KOJUIANCHPYIOLIeH
JIOBYIIKH), THOO MEXaHU3M IPEIBAPHUTENBLHOTO HAIPEBA METENb, KOTOPBII COMPOBOXKIAETCS POCTOM
KOHLIEHTPALIUH TJ1a3Mbl 0€3 yCKOPEHHUS JIEKTPOHOB A0 3Hepruil Beiue 20-30 k3B.

Pabora nopnep>xana I'panrom PH® Ne 20-72-10158
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I'EJIMOCEVICMHUYECKOE BO3MYIIEHUE B COJTHEYHO¥ BCIBINIKE
BE3 (Q@®P®EKTHUBHOI'O» YCKOPEHHUS DJIEKTPOHOB

Hlapeixun U.H.

HKHU PAH, 2. Mockea, Poccus, ivan.sharykin(@phystech.edu

B pabote paccmarpuBaeTcsi colHEYHast BCTbIIKA kKiacca M1.2, npousommeninas S uroyist 2012 r.
06:49 UT B aktuBHOW oOmactu NOAA 11515. CobbiTHe mpuMeyaTenpbHO T€M, YTO B HEM ObLIO
OOHApy’KEHO TeMOCEHCMUYECKOe BO3MYLICHHWE, HECMOTPsl HAa MaJblii  TOTOK JKECTKOTrO
PEHTIE€HOBCKOIO M3JIy4eHus B Auamnasone 25-50 k3B u ouenp msirkuii cnektp mo gaHHbIM RHESSIL
JlaHHBIA (paKT UHTEPECEH TE€M, YTO YCKOPEHHBIE HJIEKTPOHBI OOBIYHO PACCMATPUBAIOTCS TJIABHOM
MPUYMHON TeHEpalHu TeIHOCEHCMUYECKUX BO3MyLIeHuil Ha ypoBHe ¢otocheprr. [Ipu sTom
MIOTOKHU JKECTKOTO PEHTT€HOBCKOTO M3JIyUYE€HUs SIBJISIIOTCS OCHOBHBIM IPOSIBJICHHUEM HETEILIOBBIX
3JIEKTPOHOB. DOJBIIMHCTBO M3BECTHBIX COJIHLETPACEHUN NETEKTUPOBAJIOCH B  COJHEYHBIX
BCIIBIIIKAX C OONBIIMMHU MOTOKAMH KECTKOTO PEHTI'CHOBCKOI'O H3JIyUEHHs] Ha BBICOKHMX SHEPTHSIX
(xax muauMyM 110 100-300 x3B). [laHHBIH (akT yKa3plBaeT HA SIBHYIO CBSI3b MEXy YCKOPEHHBIMU
YacTUI[AMH W MOIIHBIM 3HeperosbienienneM B (orocdepe. PaccmarpuBaemoe coObiTHe
MIPOTUBOPEYUT CTAHAAPTHON KapTHHE. AHalu3 JOCTYIHBIX PEHTI€HOBCKUX CIEKTPOB IO JaHHBIM
RHESSI mnoxka3biBaeT, 4TO0 UX MOXHO OOBSCHHUTH IBYyMsl crocoOamu. PEeHTreHOBCKMI CHEKTp B
nuanasone 25-50 k3B 00bsICHSIETCS CTENEHHBIM 3aKOHOM C MHAEKCOM OKOJIo 7-10, 11b0o HajudueM
cBepxropstaei iasmsl ~30-50 MK. B Tom u npyrom ciy4ae He MOHATHO, KAKUM 00Opa3oM MOKHO
BO30YyANTh AOCTATOYHO CHIIBHOE IeIMOCEHCMHUCEKOE BO3MYILIEHHE B INIyOOKHX CJIOSIX COJTHEYHOU
atMochepbl. M3 pe3ynpTaToB aHanNM3a PEHTICHOBCKUX CIHEKTPOB IOJYYEHBl HEKOTOpBIE
¢du3nUecKre OIEHKH MapaMeTPOB TEIUIOBOH IIA3MBbl, YCKOPEHHBIX 3JIEKTPOHOB, IOTOKOB SHEPTHH
pasnuuebIX BUIOB. OOCYKOAIOTCA MEXaHM3Mbl FE€HEPAINU TeIMOCEHCMUUCEKOr0 BO3MYLICHHST BO
BpEMs1 JAHHON COJTHEYHOMN BCHBILIKU.
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KBA3I/ICTAHI/IOHQPHI>II‘/JI HAT'PEB 1 MHUKPOBCIIBIIIIKHA B PA3BUBAIOIIENCA
N30JIMPOBAHHOU AKTUBHOHU OBJACTH

AnteiHieB A.T., MbimbsakoB U U., Memankuna H.C., @emortosa A 1O.

HC3D CO PAH, 2. Hprxymck, Poccus, altyntsev@iszf.irk.ru

OOcCy»knarTcst CBONCTBA M MPUYUHBI TOBBIMIEHUS B Te4eHHe 14 4acoB MHKPOBOJHOBOTO U
MSTKOTO peHTreHoBckoro wusnydeHus AQO 12635, compoBokAaeMoro mocienoBaTeNlbHOCTBIO
MUKPOBCIIBIIIEK PEHTIeHOBCKOrO Kiacca B u C. MukpososHbl Habmonanuck Ha Cubupckom Panno
I'enmuorpadge B nuanasone yactotr 4.5 — 7.5 I'Tn B M30IMPOBAHHON aKTUBHON oOnacTu 8-9 denpas
2017 r. B o»T1oT mepwon HaOMIOOANOCH YMPOIIEHHWE MATHUTHOH CTPYKTYPhI U YCHIICHUE
BEPTUKAJBHBIX TOKOB, PACIpeNeNeHHBIX IO 3amaJHOW 4YacTH akTUBHOW oOjactu. [lonmrocpounoe
YBEJIIMYEHUE SPKOCTH MPOUCXOAWUJIO, KOrAa BEPTHUKAJIbHBIA TOK MPEBBILAJ] 3HAYEHUE 6x10"A. B
3TO BpeMs Mepa SMUCCHH, pacCuuTaHHas 1o peHTreHoBckuM naHHbiIM GOES, noseinena u
obecrnieunBaeT HaOMIOZAEMbI TPUPOCT TEILIOBOTO TOPMO3HOTO H3JIYYeHHS B MHUKPOBOJHax. Ha
5TOM KBa3U-TIOCTOSIHHOM (pOoHe HAOIIOIANIOCh OKOJIO JBYX [ECSITKOB MHKPOBCIBIIMIEK MSTKOTO
PEHTTEHOBCKOIO U3JIYYEHUsI C JIIUTEIbHOCTHIO 6-10 MUHYT. B ’K€CTKOM PEHTT€HOBCKOM JHaIa3oHe
BCIUieCKH peructpupyrorcst B kaHanax RHESSI 1o 25 x3B. B coOOTBETCTBYIOIIUX MHKPOBOJHOBBIX
BCIUIECKaX OOHAPYKEHbl MMITYyJIbCHAST W TJAJKas COCTaBJsromue. MIMOylnbCHOE U3NydeHue
PETUCTPUPYETCS B Havajle BCIUIECKA B Auana3oHe 4actoT 4.5-7.5 I'T'u, u ero CnexkTp yka3blBaeT Ha
TUPOCUHXPOTPOHHBIA MEXaHU3M TreHepaunu. MOoJenupoBaHUE CHEKTpa MOKAa3bIBAET, YTO
HETEIUIOBBIX 3JIEKTPOHOB MaJIO, HO HUX DJHEPrus IOCTUIaeT HECKONbKHMX coTeH K3B. I'maakas
KOMIIOHEHTa BCIUIeCKa mpeoOmanana B wm3nyueHud Ha 17 [T u reHepupoBasuCh TOPMO3HBIM
MexaHu3MOM. lloJ0keHUsT UCTOYHUKOB BCIUIECKOB M JOJTOBPEMEHHOIO M3JIyYEHHUs] COBMANANIU
apyr ¢ apyrom Ha dvacrote 17 ITn w Onmu3ku K TOJOXKEHUSM MOIEIBHBIX HCTOYHHKOB,
paccuntaHbix 1o EUV-usnydenuro. PacyeTsl MarHUTHOrO moJis MOKA3aid, YTO MOJIOKEHUE
o0JjacTu BBINENIEHUS] SHEPTUU COOTBETCTBYET CTA0MJIBHO CYIIECTBYIOMIEMY MYYKY MAarHUTHBIX
HUTE C TOKOM, M OHEPrUYHbIE YaCTULIbl PENTAKCUPYIOT HAJ MACHUTHBIM OCTPOBOM,
PACTIOJIOKEHHBIM MKy TOJIOBHOM M XBOCTOBOM YaCTSIMU aKTHBHOM 00JIaCTH.
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Altyntsev A.T., Meshalkina N.S, Fedotova A.Yu., Myshyakov L1, 2020, ApJ, 905, 149
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ANHAMHUKA ITPOUHECCOB OXJIAKAEHUS IVIA3MbI BO BPEMS ®A3bI
CHAJA COIHEYHOU BCHBIIIKN 11O HABJIIOAEHUAM HUKHUX
CJOEB COJTHEYHOU ATMOC®DEPDBI

Kamanosa JI.K.1, Bpymoa A.-M.2, Jlapuonosa A.U.3, Kynpusinosa E.I'.3, Motbix U./.4

1 Huemumym conneuno-semnoii pusuxu CO PAH, Uprymck, Poccus, lkk@iszfirk.ru
2 Yuueepcumem 2. Bapsuk, Kosenmpu, Beauxobpumanus
3 I'nasnas (Ilynxoeckasn) Acmponomuveckas oocepsamopus PAH, Cankm-Ilemepo6ype, Poccus

4 Upxymckuii 2ocyoapcemeennviii yHueepcumem, Upxkymcek, Poccus

daza craza COMHEYHON BCIBIIIKNA OOBIYHO MPUBJIEKAET MEHbIIE BHUMAHUS, Y€M UMITYJIbCHAS
¢aza, BO BpeMst KOTOPOH MPONCXOAUT Hauboee SHEPreTHIECKU MOIIHBIE MTPOLIecChl. TeM He MeHee,
UMEHHO 5Ta (pa3a BCIBIIIKUA MPEACTaBIsieT CcOOOM B3aMMONEHCTBHE IPOLIECCOB OXJIAKACHHUS,
OnpeAenseMbIX MOTEPSIMH 3a CYET M3Jy4YE€HHUs U TEMJIONPOBOAHOCTH, M MNPOLECCOB
SHEPTOBBIIENCHUs] Pa3NIUUHON npuponsl. OnHoit w3 mpobneM mpu ucciaenoBaHuM (asel crana
SIBJIIETCSl BBIICJICHHME TOH YaCTH BPEMEHHOrO NPOQMIA BCHBIIKH, KOTOpas ONpPEeseTcs
npoIeccaMy, CBSI3aHHBIMU C MOTepel sHeprun. B Hacrosiiee BpeMs pa3paOoTaH aHATUTHYECKUH
1a0JIOH, OMMCBHIBAIOIINI MPOLIECChl OXJAKACHUS TOJBKO KOPOHAJIBHOW ILIa3Mbl, M3JIyHaKOLIeH B
peHTreHoBcKoM nuanas3one [1]. Llensto manHO# paboTh! OBLIO MONYYUTh YCPEIHEHHBIH BPEMEHHON
npodmib (pasel cnana COMHEYHOW BCIBIMKU UtA Oonee TIyOOKHX M XOJOMHBIX CJIOEB CONHEYHOH
arMocdepsl W ToAoOpaTh aHAMUTUYECKHE WIA0JOHBI, HAWIYYIIUM OOpa3OoM OIUCHIBAOIINE
3BOJFOLIUI0 UHTEHCUBHOCTHU U3JIyYEHHUSI.

Mpsl mpencTaBisieM pe3ysbTaThl HUCCHENOBaHMA (hasbl Clafa COMHEYHBIX BCIBILIIEK B
cnekrpanbHbIx nosnocax SDO/AIA 1600 A, 1700 A u 304 A, KOTOpbIe TPAAULINOHHO CBSA3BIBAIOT C
u3aydeHueM xpomocheprl u 00jacTH TeMmIepaTypHOro MuHUMyMa. Hamm ObUIM BOCCO3IaHBI
BpPEMEHHbIE MpOpWIN CONHEYHBIX Bemblmek CONHIA-KaK-3Be3Mbl, IOJYUYEHHbIE C TMOMOIIBIO
m3zo0paxkernii SDO/AIA, 3a 2011-2014 = Ha ocHOBaHMH 3THX BpeMEHHBIX npoduieii Obutn
PEKOHCTPYHPOBAHBI METUAHHbIE BPEMEHHbIE MPOQIIN I KAXKIOH U3 CIEKTPAJIbHBIX MOJI0C. MBI
UCTIONB30BAIM BPEMEHHbIE MNPOQUIN TOJNBKO TeX COOBITHUH, TIne 3aTyXaHWe HWHTEHCUBHOCTHU
MPOMCXOIWIIO MEIJICHHO M HENpPephIBHO 0€3 MPUCYTCTBUS 3HAYUTEJIbHBIX HOBBIX BCILIECKOB. Jlyist
PEKOHCTPYKLMH AHAJIUTHYECKOrO InabjoHa ObUT MCIMOJB30BAaH MOAXON, OCHOBAHBIH HAa METOE,
YCIEIHO NMPUMEHEHHOM K BCIBIIIKAM B OeloM cBeTe, HAaOMOAaBINMXCS Ha Kapiuke M4 [2].
OO6cyxnaroTcss BO3MOXXHOCTH HUCIIOJIB30BaTh MOJYYEHHbIE aHAJTUTUYECKUE AOIOHBI IJIsT OITHCAHUS
nporeccoB Ha (pase crmaga, a TaKXKe pPe3yNbTarhbl, MONYyYEHHBIE MPH CPAaBHEHUH MEIHAHHBIX
BPEMEHHBIX Mpoduiel Kak Mexay coOOH, Tak M C pe3ylbraraMu MOICIHPOBAHHSA, a TAKXKe C
pesysbrataMi HaOMFOEHMA 3BE3IHBIX BCIIBIIIEK.

Pabora BbImonHeHa B pamkax 0asoBoro (punaHcuposanusi mporpammel @HU 11.16, mpu
JacTUYHON moxgnepikke Poccuiickum (oHIOM (yHIAMEHTAJIbHBIX HCCIENOBAHUH, MPOeKT Ne
17-52-10001 u the Royal Society International Exchanges, mpoext IEC/R2/170056.

1. Gryciuk M. et al. // Solar Phys. 2017, V. 292, P. 77.
2. Davenport J. A - R. et al. // Astrophys. J. 2014, V. 797, P. 122.
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MNpocTpaHCTBEHHOE M BpeMeHHOEe pacnpeneeHne sHepPrMn B COTHEYHOM BenbllwKe 16 dpespana
2014 ropa
r.r. MotopuHa, 4. ®newman, L. Kleint, G.M. Nita, E.P. Kontar

lnasHas (Mynkosckaa) ActpoHommuecKkas Obcepeatopusa PAH, CankT-MeTepbypr, Poccus,
motorinagalina@gmail.com

dHeprMa MarHUTHOro MOJIA, BblAE/AKLWANACA BO BPeMA COJIHEYHbIX BCMbleK, NpeobpasyeTca B
Apyrve TUMbl SHEPrUM, KOTOpble MOTYT BKAKOYATb HETEM/IOBYHO SHEPTMKO YCKOPEHHbIX 4acTul,
TEM/IOBYIO 3HEPTrMI0 HarpeToM BCMbIWEYHOM MAa3Mbl, KMHETUYECKYID 3HEPrU0 KOPOHa/bHbIX
BbIBPOCOB Macchl, AXKeToB, TypbyneHTHOM nnasmbl. [poueccbl M MapameTpbl, ynpasAasowme
pasnpedeeHneM BbICBOBOXKAAaEMOM SHEPTUM MEXAY STUMKM KOMMNOHEHTaMM, 4O CUX MOP OCTatoTCA
OTKPbITbIM BOMPOCOM.

B HacToswen paboTe npeacTaBAeH aHanAM3 3HepreTMdeckoro 6anaHca Mexay TenaoBow,
HeTen1o0BoM WM KUHETUYECKOM KOMMOHEeHTaMW BO BpemMs CcoJIHeYHOM BcnbiwKkn SOL2014-02-
16T064620 (C1.5), umetollein 04MH KOPOTKUIN HETEM/IOBOM BCM/IEKC BO BpeMA MMMY/IbCHOM ¢asbl.
Ha ocHoee paHHbix SDO/AIA u RHESSI 6blna nposeseHa OUEHKa BCrbleYHOM naasmbl. s
OLIEHKN KMHETUYECKOW 3Heprum NpoBedeH aHa/M3 yAbTpadmMoieToBbIX AaHHbIX co cnyTHMKa IRIS.
[na oLeHKN HeTENI0BOM 3HEPIUM BblAN UCMOAb30BaHbl MUKpoBoiHoBble (NORP) 1 peHTreHoBCcKMe
(Konus-Wind) paHHble coBmecTHO ¢ 3D moaenmnposaHuem. MoaydyeHHble pesy/ibTaTbl MOKa3bIBaIOT,
4YTO reoMeTpuA BCMbIWKK coraacyetca ¢ mopdosiormei Tpex NeTesib; HeTeM/OBble 3/IEKTPOHbI
HaxoOAaTcA TO/IbKO B OAHOM MeT/e, OCTa/bHble ABe MNeTAM SABAAKTCA TeMNJ0BbIMM; BKAAL
HeTen/J0BOM SHEPIrMU COTNAcyeTcs C TeMN/J0BOM SHeprvewn, pacnpedesieHHOM MO MNeTAAM; BKAag
KMHETUYECKOM 3HEpPTrMK B OBLLLYHO SHEPreTUKY BCMbIWKK NpeHebperkumo man. PaboTa Bbino/iHeHa
npu noaaepkke rpaHta PH® 20-72-10158 (MoTopuHa I'.T.).
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IPYIITUBHBIE COBBITHUA 21.06. 2015 I'. 11O HABJIIOAEHUAM
MHNKPOBOJIHOBOI'O U3JIYUEHUSA AO NOAA12371

Kypouxnn E.A.!, Tlereposa H.I'.!, Tonunio H.A.2

1 ClIo® CAO PAH, 2. Canxkm-Ilemepbype, Poccus
2CII6 'V, o. Cankm-Ilemepoype, Poccus

IIponomkeHa paspaboTka METOOB MPOTHO3UPOBAHUS COJTHEYHBIX BCIBIIEK C MCTIOIb30BAHUEM
HaOMOIeHUT B MHKPOBOJHOBOM auama3oHe BoymH [1]. IlpuBemeHbl pe3ynbTaThl aHaIHM3a
Habmomenuit  aktuBHOM obOmactu (AO) NOAA 12371, B KBa3sHCIOKOHHOM COCTOSIHUU
OTJINYABIIENCA TMOBBILEHHONW SPKOCTBK) M3JYYEHHs HAa MHUKPOBOJHAX U MOPOAUBLIEH
MHO’KECTBEHHBIe SpynTUBHBIE coObiTusA. [lo Habmonenusim mHa PATAH-600 B mepuon coObITHs
21.06.2015 r. 3apuKCHPOBAHO PE3KOE KPATKOBPEMEHHOE HM3MEHEHHE CTPYKTYPhl HM300pakeHUs
UCTOYHUKA MUKpOBOJNHOBoro wm3nyueHus Hag AO NOAA 12371, mnpennonoXuteabHO
UHTEPIPETHPOBAHHOE KPATKOBPEMEHHBIM HAIPEBOM ILIa3Mbl HaJ OOJIACTHIO NeNbTa-KOH(PHUrypanuu
MarHUTHOrO mnosisgs B XBocTOBOM uacTh AQO. B 3TOT MOMEHT oOTMedaercs pa3BUTHE CHIJIBHO
BBITSHYTOH Y@-meTin Hajx PasHONOJSIPHBIMU ISITHAMH M 00Opa3oBaHHE MEXAY HUMH YSIPUYCHUS.
bnaronapst Beicokoii uyBcTBUTENBHOCTH PATAH-600 npu nossipu3aluOHHbBIX U3MEPEHUAX YAAEeTCs
B pamkax Hekoi wmozenun MII nokanmu3oBaTh NOJOXKEHHE O0Naka, B KOTOPOM IPOUCXOAUT
BBICBEUMBAHUE WJIH YCKOPEHHNE OBICTPBIX YACTHII.

Pabora BemmonHeHa B pamkax rocymapcrBeHHoro 3amanuss CAO PAH, yrBep:kmeHHOTo
MuHHCTEpPCTBOM HayKH U BhICLIEro oOpasoBanus Poccuiickoit @enepannu.

ERENFEERE (o (e ) Y T

SRt et s i e L i

Puc.1. AO NOAAI12371 na muoroBoiHOBBIX (3-18 I'Tm) ckamax PATAH-600 B mapamerpax
Crokca R (cmesa) u L (cmpaBa) 21 wrons 2015 r. B MOMEHT MPOXOXKIEHHUS IEHTPAJIBHOTO
MEpHUINaHa, HAJOXKEHHBIX Ha ()OTOTeIHOTPAMMY.

1. Kypouknr E.A., Ilereposa HI'., Tomunno H.A., [llenapuxk A.B. O ¢usndyeckom cmbiciie
kputepusi Tanaka-Enome, Tesucel [larHanuaroii exxeromHoil koH(epeHimu "®dusznka miasMbl B
comueunol cucreme" 10-14 despans 2020, UKW PAH https://plasma2020.cosmos.ru/
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BPEMEHHBIE 3AIEP KK ME/KAY CYB-TEPATI'EPIIOBBIM N
MATI'KUM PEHTTEHOBCKUM U3JTYYEHUEM COJIHEYHBIX
BCIHBIIIEK: HABJIIOAEHWA N UHTEPIIPETALIUSA

Cmupnosa B.B., Ilan }0.T.!, Mopraues A.C.?, Moropuna I'.I'.*#, Bapra M.*

'"KpAO PAH, nem. Hayunwrii, Pecnyonuxa Kpeim, Poccus, yvsvid.smirnoval@yandex.ru

*HHI'Y um. H.H. Jlobauesckozo, Huocnuii Hoseopoo, Poccust
*I'AO PAH, Canxm-Ilemepoype, Poccus
*Astronomical Institute ASCR, 251 65 Ondrejov, Czech Republic

Bormpoc o npupozae pactymero ¢ 4actotol (TIOJOKUTENBHOTO) CIEKTpa CyO-TepareproBoro
(cy0-TI') wW3NydeHUs CONIHEYHBIX BCIBIMEK O CHUX IMOpP OCTaeTcs mpeameroM auckyccmit. K
HACTOSIIIEMY BPEMEHH MPEIJIOKEHO OKOJIO AECATKA PA3IMYHBIX MEXaHHU3MOB CyO-TepareproBOro
u3TydeHusi. Mexay TeM, AeTaNbHbIA CPAaBHUTENbHBIN aHAIN3 BPEMEHHBIX MPO(UIIeH U3ITydYeHUs B
Pa3MUYHBIX HUATa30HaX 0 CHX MOp He MmpoBoawics. Panee ams 15 BCHBIIEK ¢ MONOKHUTEIBHBIM
HaKJIOHOM criekTpa B cy0-TI'm nuamasone ObUIO MOKa3aHO, YTO HAOMIOAAEMbBIA HAKIOH MOYKHO
OOBSICHUTb  NE€HCTBMEM TEIJIOBOIO TOPMO3HOTO MEXaHHM3Ma, CBSI3aHHOTO C  HAarpeBOM
XpOMOC(EPHOI MIa3Mbl YCKOPEHHBIMU B KOpOHE 35ekTpoHamu [1]. B wacTHOCTH, cornacHo pabote
[1] momxen wHabmomatecsi s¢dexkt Holinepra, T.e. makcumym cyO-TI'l u3nydeHUs] TOJDKEH
HACTYIIUTh HA HECKOJBKO MHHYT paHbIIE MAKCHMyMa MSTKOTO PEHTI€HOBCKOTO H3IYYECHHS.
OnHako BpPEMEHHBIE 3a€PKKH MEXAYy NPOPHUISIMH H3JIyYEHUS B PA3JIMYHBIX JHANa30HaX He
UCCIIEIOBAIUCH, YTO MOTJIO 3HAYUTENILHO MOBJIUATD HA C/IEJTaHHBIC BHIBOBI.

B npencraBnenHoii pabote, ucxons u3 coObITUH, pacCMOTPEHHBIX B pabote [1] u mpyrux
pe3yibTaToB HaOMIOAeHUH, Mbl BbIOpanu 11 BCIHBINIEK C MOJOKUTEIBHBIM HakJIOHOM cyO-TIn
CHEKTPa W CPaBHWIHM BpeMeHHble mpodmmm cyO-TI'l U MSIrKoro peHTreHOBCKOTO H3JIyYeHHs Ha
NpEeIMeT Halu4yusl BPEMEHHBIX 3aJEpXKEK MEXIy MakCUMyMaMH C TOYHOCTBIO 10 30 c.
Habmonennst MATKOTO PEHTTEHOBCKOTO H3JydeHMsl BCHbIIeK B kaHamax 1-8, 0.5-4 A 6bumm
noixydeHbl o paHHeIM KA GOES. Bpemennvie npodunm cyO-TI'm m3nmyueHus BCHbIIEK Ha
gacrotax 93, 140, 210, 230, 345, 405 I'T'u Brirouanu HabOMATENIbHBIE JaHHBIE, TMOJYYCHHBIE HA
paanoreneckonax PT-7,5 MI'TY um. H.D. baymana, SST, KOSMA, BEMRAK.

B pesynbrate kpocc-koppensiuoHHoro aHamusa, ¢yo-TI'n coberrusi Obutu pa3neneHbl Ha
nsa tuna: 1. motok cyO-TI'm usnmydeHus oneperxaer Mo BPEMEHH MOTOK MATKOTO PEHTTE€HOBCKOTO
m3nydeHuss Ha 2-9 munyT, Il Xapaktep moBeaeHUsT COOTBETCTBYHOLIMX IIOTOKOB B CpPEOHEM
copmanaet. [Ipu 3TomM 5 coObITHII peHTreHOBCKOTO Kiacca X OTHOCHIMCH K | Tumy, Torma kKak 5
BCHbIIIEK Kjacca M - k Tuny 1L

Caenan BBIBOL O TOM, YTO MPEANOJNOXKEHHE O AOMUHHPYIOLIEM BKJIaje TEeMNIOBOro
MeXaHN3Ma MU3Jy4YEeHUs B MOJIOKUTENbHBINA criekTp cyO-TI ' n3mydeHns BCHbBIIEK AOBOJBHO YacTO
HE COryjacyercs C NpencKasaHHsAMU Teopuw, pas3Buroil B pabore [1]. Ilpenmomaraercs, 4To
MOJIOXKHUTENbHBIA HakIOH cyO-TI11 ciektpa coObitnii THna 11 MOkeT onmpenensiTbCsi MEXaHU3MaMHU
W3JIy4EHHs] HE TOJIBKO TEIJIOBOM, HO U HETEIMJIOBOW MPUPOABI, KOTOPHIE PEATU3YIOTCS B PA3IMYHBIX
CJIOSIX COJTHEYHOH atMoc(hepsl.

Pabora BbIMONHEHA TpU YacTUYHON noanepkke MunoopHayku HUP Ne 0831-2019-0006 (Llam
10.T.), rpantoB PO®U Ne 20-52-26006 (Cmupuosa B.B., Mopraues A.C.) u PH® 20-72-10158
(Moropuna I'T".).

1. Kontar E.P., Motorina G.G., and Jeffrey N.L.S., et al. // A&A 2018. V. 620. ID. A. 95.
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O IMPOUCXOKJIEHNN PA/IMOBCIVIECKOB II TUITIA

Yepuos I.11., Pomuues B.B.
HU3BMUPAH, 2. Mockea, 2. Tpouyx, Poccus * e-mail: gchernovi@izmiran.ru

ComnHeunble paguoBcrieckd 11 Tvma sIBSIOTCS OAHUMU K3 Hanbosee MOIIHBIX COOBITHN B
paguonsnyuenny CO/MHIJA B MeTPOBOM JHariasoHe JJIMH BOMH. OOIeNpHHSATO, UTO areHTOoM,
BO30OyxarommM Bcrteckd 11 Tuma, siBistoTcss 6ecCTONMKHOBHTeNTBHBIE YAdpHBIE BOMHBL. B mx
WCC/Ie[IOBAaHUSX Celyac C/IOKWIACh CJIOXKHAsl CHUTYal[usi, KOIJ]a Y>Ke BBIIUIM JeCSITKU pabor c
MOAIPOOHBIM U3/I0KEHHEM CBSI3U YIapPHBIX BOJH (MCTOYHUKOB BCIIIeckoB 11 THma) M KOpoHa/IbHBIX
BbIOpocoB Maccel (KBM), Ho 6Ge3 aHa/mM3a MeXaHU3MOB pa/[MOU3/TyUeH sI, 6e3 uero HeBO3MOKHO
MOHATh KaK Hauajio U3/y4yeHHs, TaK W CBA3b BCIUleckoB Il Thma B MeTpOBOM JuariasoHe C
MeXXIUTaHeTHbIMH  Bcruleckamu 11 tuma. KpaTtkuii 0030p mociegHux paboT IOKas3bIBaeT
pa3HO0Opa3HbIM MOAXO/ KaK K TeOpeTHUYeCKUM MO/JIe/ISIM, TaK U K aHa/IH3y HalIio/ieHui, [TOpoi He
OUeHb CTBIKYIOIMXCS MeXAy co0oi. IlpuueM 3TO CBf3aHO He TONBKO C HCIIOb30BaHUEM
PasIMUHBIX MOZe/Iel 37IeKTPOHHOM IIJIOTHOCTH, HO TpeK/e BCEro C pa3/IMYHbIM IIpe/CTaB/IeHueM
O THUIIe YapHOW BOJIHBIL.

IIpoBefieHHble 3/jeCh OLIEHKH I10Ka3a/M, YTO IpY 3TOM 3HaueHMs uyucia Maxa rpeBbIiany
KpPUTHUECKHe 3HaueHHs] B paMKax OyHeMaHOBCKOM HeyCTOHUHMBOCTH. B paMKax Apyrux mopeneit
HeT CTPOTHUX OrpaHUuYeHUH Ha MepleHUKY/ISIPHOCTb (PPOHTA U OCTAIOTCSl HeSICHBIMU IIPUUMHBI
KaK HauaJjia, TaK 1 KoH1ja u3tyueHus I tuna. KnoukoBarasi CTpyKTypa M3/IyueHus BIIO/He TIOHATHA
B paMKaX OyHeMaHOBCKON HeYCTOHUHMBOCTH CO CTPOrOH IepreHAHKY/ISIPHOCTbIO (PPOHTA, KOrja
TNepIeHANKY/ISIPHOCTE ( + 2°) MO)KeT MHOT'OKPaTHO HapyIIaThCsl, 0COOeHHO Ha (uIaHrax yJapHOro
¢ponta. OtcyTcTBUe Berylecka 1l Tvma ellje He 03HauaeT OTCYTCTBHE Y/japHOU BOJHBL.

CraTbs HarlpaB/eHa B Meyath B Astrophys. J.
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"HEYJABIIUECA" DPYIINMUHU COJIHEYHBIX BOJIOKOH

®duaunnos B.I1.

Hucmumym 3emno20 maenemusma, uonocgepst u pacnpocmparenusi paouosonn um. H.B. Ilyukosa

(U3MHUPAH), 2. Mocksa, 2. Tpouyx, Poccus, bfilip@izmiran.ru

CosHeuHble BOJIOKHA (MMPOTYOEpaHIIbl), KOTOPBIE BHE3AIMHO HAYMHAIOT OBICTPO MOJTHUMATHCS BBEPX,
T.€. CTaHOBSTCA OPYNTUBHBIMH, WHOIZIA 3aMEIJIIIOTCS M OCTAHABIMBAIOTCS HA OTHOCHUTENBHO
HeOonbIoNH BbIcOTE. [IpHYMHBI, MO KOTOPBIM 3PYILUH OKa3bIBAIOTCS "HECOCTOSIBIIUMHUCA", BO
MHOTOM He SICHbl. Mbl MpOaHaJU3UpPOBAIN OKOJO MOJYyTOpa JECATKOB HEYAABLIUXCS SPYNLUN
BOJIOKOH, HAaOJIIOAABINNXCS B 3TIOXY MakCUMyMa 24-ro COJHEYHOro uukia. OTCyTCTBHE 3aMETHOTO
M3BUBAaHUs MPOJOJBHON OCH BOJIOKOH INPH 3PYILUU HE aeT OCHOBAHUH MpeAnojaraTb BUHTOBYIO
HEYCTONYMUBOCTb B KaueCTBE TpUrrepa 3pynuuii. Pacuersl NOTeHIIMAIBHOTO MarHUTHOTO MOJIS Hal
UCXOIHBIM TIOJIOXKEHHEM BOJIOKOH TITOKAa3bIBAIOT KaK MOHOTOHHYIO, Tak H CEIIO0OPa3HYIO
3aBHCHMOCTb MHAEKCA YOBIBaHUS MOJISL OT BBICOTHL. B mocneaneM ciydae moBOpOT rOPHU30HTAIBHOM
COCTAaBJISIIOIIEH TOJsS BBIE CEMJIOBHHBI cocTaBisier Oosee 100° OTHOCHTENBHO HCXOIHOTO
HarpasieHus. BHemmHee noJe Bbie 3ToH 00JacTH MPEBPaLaeTCs U3 yAEPKUBAIOIIEr0 MarHUTHBIN
JKI'YT B BBITAJKHUBAIOIIEE €r0 HaBepX. bbICTpoe ABM)KEHME BOJIOKOH HAYMHAETCS C BBICOTHI, Ha
KOTOPOH 3HAa4YeHHE HHIEKCa YOBIBAHUS OKOJIO €IWHUIIBI, WM HECKOJNbKO MeHblie. Hambomee
BEPOSITHON CHJION, CIIOCOOHOI OCTAHOBUTH MOIBEM BOJIOKHA, SIBISIETCS TPABUTALINS.
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CBA3b MEXKIY JJATEJBHOCTHIO M BEJIMUMHOM YCKOPEHUS
KOPOHAJIBHBIX BBIBPOCOB MACCBHI B UMITYJIBCHBIX BCIIBIIIKAX

Crpymuckuii A.B., I'puropseBa W.Y0O.%, Jloraues FO.].?, CagoBexnii A. M.

KU PAH, 2. Mockea, Poccus, astrum(@iki.rssi.ru,
’I'AOPAH, . Cankm-Ilemep6ype, Poccus
S HUUAD MT V, e. Mocksa, Poccus

Kaxkast mocienoBatenbHOCTh mporeccoB Ha CONHIIE MPUBOIMUT K IMOJIOKHUTEIBLHOW OOpaTHOM
CBSI3M MEXIy JABWJKEHUEM W HarpeBOM IUIAa3Mbl, YCKOPEHUEM »JJIEKTPOHOB, a B HUTOre, K
(hOpMUPOBAHHIO KOPOHATBHBIX BBIOPOCOB Macchl (KBM), ynapHBIX BOJH U YCKOPEHUIO MPOTOHOB?
Bo3MOXxHBIN OTBET HAa 3TOT BOMPOC JaeT CPABHEHHE TPeX MMIYJbCHBIX Bembimek (SOL2012-07-
06T01:37 M2.9, SOL2017-09-06T08:57 X2.2 u SOL2017-09-06T11:53 X9.3), B KOTOpBIX
3JIEKTPOHBI YCKOPSUTHCH 0 PENATUBUCTCKUX SHEPTHH, HO TONbKO Bembimka SOL2017-09-06T11:53
X9.3 conpoBoxkpaanace KBM u yckopeHueM npoTOHOB. BHIHO nBa pa3iauuuss HMMIYJBbCHBIX
Bembiiek 0e3 KBM: 1) oHu ObLIM  OrpaHMYEHbI BBICOTOH, KOTOpas XapaKTepHa Iis
panuomsnyderust 1415 MI'm (BepxHsis xpomocdepa); 2) B HUX MAKCUMyM MeEPbl 3MHCCHH
3aMa3abpIBajl OTHOCUTEIbHO MAKCHMyMa TEMITEpaTyphl Ha BpeEMs MEHee 2 MUH.

Ecnu cuurars, uTo Benbiika 1 KBM depnatoT 3HEPrui0 M3 OJAHOTO pe3epByapa, TO 3TO BpeMs
3ama3fplBaHUsl MOXHO paccMaTpuBaTb, Kak XapakrepHoe Bpems yckopeHus KBM —
CYLIECTBOBAHHE IOIMOJHUTEIHHOTO MPUTOKA SHEPTUU, BO3MOKHBIN pa3dpoCc BpEeMEHH yCKOPEHUS
KBM crnenyer M3 TEOPETHYECKUX OIEHOK MaKCHUMAaJbHOW BEIWYUHBLI yckopeHuss KBM, 3nadeHuit
€ro MHHUMAJbHOM ¥ MaKCHUMaJbHOW CkopocTH. OrpaHHYeHHE 110 BBICOTE OMPEaesieT
HEOOXOMMOe MAarHUTHOE TOJIe IS Pealu3aliid MAaKCUMAJIbHOW CKOPOCTH M YCKOPEHUs, KOTOPhIe
OTpPaHUYEHBI JIOKATBHOH CKOPOCThIO AnbdBeHa. CpaBHEHUS OLEHOK U HAOIOEHUH MOKa3bIBAET,
4TO HEOOXOAMMAsl JJIUTENbHOCTh YCKOPEHUSI TIPHU €r0 MaKCHMAJbHOW BEJIMYMHE NI Peau3aiiu
meskmaHeTHoro KBM 6buta gocturayTa Tosibko B codbrtun SOL2017-09-06T11:53 X9.3.

OueHKy MUHUMAJIbHOW BEJIMYMHBI PABHOMEPHOTO YCKOPEHUS U, COOTBETCTBEHHO,
MaKCUMAJIbHOW €ro JUIMTEJIbHOCTH [AeT CIIMBKA AamnmpOKCUMAIUN HAONIONEHHUN TOJOXKEHUS W
ckopoctu KBM no nanusiMm LASCO C2 ¢ 3aBUCUMOCTSIMH €T0 TIOJIOXKEHHUSI U CKOPOCTH OT BPEMEHH
pyu  paBHOYCKOpeHHOM aBmwkeHuU. Cuurtas, yto KBM craproBan ¢ Ry=1.25Rs B MOMeHT
Makcumyma temrepatypsl, st SOL2017-09-06T11:53 X9.3 monyuaem: yckopenue 2.0 Km/c? pu
JUIUTENBHOCTH yCKOpeHust 790 ¢, Hadajno paBHOMEPHOIO ABUXKEHUS CO CPEIHEH CKOpOCThrO 1571
kv/c Ha 2.1Rg. Ilpm Oonbmmx BeIMYMHAX HAYAJIBHOTO YCKOPEHHUS CTAHOBUTCS HEBEPHBIM
MPEIIONIOKEHHE O PABHOYCKOPEHHOM JIBIDKEHUH, 32 OBICTPBIM UMIYJIBCHBIM YCKOPEHHEM JTOIKHO
clenoBath ciaboe JIUTETbHOE YCKOpeHue. Y HAac HeT BO3MOXKHOCTH MPOBEPHUTH B 3TOM COOBITHH
CLeHapUll HePaBHOMEPHOMEPHOIO YCKOPEHHEM, Tak Kak orcyTcTBoBain HabmomeHwss KBM Ha
<3.93 Rg.

Pabora momnepskana cybcunmsamu o temam «Ilnazma» (ABC u AMC) 1 « DHeproBbIIeIeHNE»
(MIOT), rpantom POOU — 19-02-00264 (FOWNJI).
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_0 CBsA3U YCKOPEHUA SJIEKTPOHOB U TIPOTOHOB 10 BBICOKHUX
SHEPTHUH C IPOONECCOM MATHUTHOI'O NEPECOEIUHEHWA B UMITYJIbCHOH
®A3E SPYIOTHBHOM COJTHEYHOM BCIBIIIKH.

Kypr B.F.I, HOmkos B.IO.I, Iaaxun B2

L.HUHAD MI'Y, 2. Qusuveckuit gh-m MI'Y e. Mockea, Poccus, vgk(a) srd.sinp.msu.ru

VYcKkopeHne 4acThll 0 BBICOKHMX DHCPTUM W HArpeB MIa3Mbl B UMIYJIbCHOW (ha3e CONHEYHOU BCHBIIIKH
IPEACTABIAIOT COOOH CIEACTBHS MArHHUTHOTO IIEPECOCIUHEHHS B KopoHe. [amma-m3mydeHme OT
SHEPTUYHBIX HOHOB U 3JICKTPOHOB OBLTO 0OHAPYKEHO U MoApoOHO uaMepeHo a0 sHepruu 100 MsB-I53B ¢
1980 roxa B mmnynecHOU daze He Oonee 4yeM B 10 3pynTHUBHBIX COOBITHAX. ITH H3MECPCHUS YHUKATBHEL
OHHU NPEAOCTABIIOT HAM CIUHCTBCHHOC MPIMOE (XOTS M BTOPHUYHOE) 3HAHUE O CBOHCTBAX YCKOPHUTEICH,
JCUCTBYIOIIMX B COMHEYHOH Bemelmke. MBI mepecMaTpuBacM — HAIOH  TEKYLIHEC 3HAHHUA O
BBICOKOZHCPTHYHOM U3NIYyUCHHH, COMOCTABIAS W3MCHCHHS €ro COCTaBa M CIHCKTPA C BPEMCHHBIM
TMOBEACHHEM CKOPOCTH MATHHMTHOTO mepecoeauneHus B kopone ¢ (f). Tlapaaurma ceromHsImHero gms -

«MOIIHOCTh YHCPTOBBIACICHUS MPOMOPLHOHATPHA CKOPOCTH MATHUTHOTO MEPECOCIUHEHUS, OMUPACTCS B
OCHOBHOM HA PE3yJIbTaThl comoctaBicHus MakcumabHbIX OTOKOB HXR ¢ E<100 k3B, SXR u dlsxr/dt ¢
makcumanpHeiMu  sHaueHmsMu @ (f).  Comocrasienus BPEMEHHOTO TIOBEACHHS (P () ¢ >tuvm

XapaKTCPUCTUKAMH SHEPTOBBLACICHUS MANOYHCICHHE U HE JAlOT OAHO3HAYHBIN oTBeT. ComocTaBicHHE
3BOIIOIIMN CKOPOCTH MarHUTHOTO TIEPECOEIUHEHH C MTOBeAeHNEM raMma-u3iaydeana Ey>500 kaB panee ve
MPOBOJWIOCh. JTO HIITYUCHUE CO3AAETCS HE TONBKO PEATUBHCTCKHMH 3NEKTPOHAMH, HO U MPOTOHAMHU C
sHeprusmu >10 MaB 3a cuet Bo3OykacHHS V-TUHHH. MBI HCCIEAOBATN HMITYIBCHYIO (Pa3y HECKOIBKUX
SPYNTHUBHBIX BCIBIIIEK C LENBIO BBIABUTH CBSI3HM MEXKIY O3BOJIOIHEH CKOPOCTH MAarHUTHOTO
nepecoeauuenns @(f) 1 SPPEKTHBHOCTBIO YCKOPEHHS BMEKTPOHOB M MPOTOHOB A0 BBICOKHX DHEPTHIA.

MBI COMOCTABUIN H3MCHCHUS CIICKTpPa BBICOKOOHCPIUYHOIO raMma-mu3iIyuCHHud C (;O(I} B HCCKOJBKHX

JUCKOBBIX  coObITHAX, u3MepeHHbIx Ha  KOPOHAC-®/COHI' wu  Fermi/LAT.  OcHoBHbIC
SKCIICPUMCHTAITBHBIC (PaKTHL.

1. Koporkue, mmmrensHocThio 10-15 €, BCIIecKH TOPMO3HOTO raMMa-HU3IyUSHHS 3IEKTPOHOB C 3HEPTHAMHA
BIIOTh 10 60 M3B ObuT0 H3MEpEHBl B caMOM Hadane UMIYJIbCHOU (asel Bo Bembimke 28-10-2003 r.
(KOPOHAC-®/COHI). Tlotoku HXR ¢ E<100 k3B, SXR u dlsxr/dt cBHACTEIBCTBYIOT O TOM, YTO
SHEPTOBBLACICHHE ObLTO HEBEIHKO. BpeMeHHOE paspeiieHie npocTpaHCTBEHHBIX M3MEpeHUH B vHuA Ha,
tak 1 B EUV He mo3BomsieT OTCIEKMBaTh Takoe OBICTPOE M3MEHEHHUE MAarHHTHOM CTPYKTYPBI, KOTOPOE
obecrneunBaio Obl cTONb 3(h(HEKTUBHBIN MPOLECC YCKOPSHUSL.

2. Mbl TOATBEpAWIN paHEE HW3BECTHBIM (akr 00 YCKOpPeHHM HpOTOHOB A0 sHepruit 10-60 M»aB,
OTBCYAOLINX 32 BO3OVKICHHE Y3KHX Y-THHHH, OXHOBPEMEHHO C YCKOPCHUEM BIICKTPOHOB HU3KHX SHEPTHH,
B CAMOM HAYale UMITYITLCHOM (Da3bl BCIBIIIKH.

3. l'amMma-u3aydeHue oT pacnaia IMOHOB, HE HAOMIOAANOCh B MEPBBIX 3MNU304aX YCKOPEHHUS HE3aBUCHMO OT
YYBCTBUTEIBHOCTH JETEKTOPA U ATUTCIBHOCTH UMIYIbCHOH (a3l

4. OCHOBHOE 3HEPrOBBIICICHHE BCIBIIKH HAYHHACTCS TOMBKO TOCTE TOro MoMeHTa, korma @ (I)

JOCTHTACT MAaKCUMyMa W HAYHHACT PE3KO magaTk. lIpomecc mepecOCAMHCHHS MPOIOIKACTCS 3aTeM
JOBOIBHO M0ir0. ['aMMa-w3NIydcHHC OT pachasa IMHOHOB BO3HHUKACT B 3TO KC BpeMs, 3a |-3 MUHYTH
JOCTHTACT MAKCUMYMAa U 3aTEM CIATACT, CACAYS 32 BPEMCHHBIM XOJA0M CKOPOCTH TICPCCOCTUHCHUS,

B kadecTBe MILTIOCTpALMK MBI MPEACTABISICM MOAPOOHOE HMCCICIOBAHUE VHHUKAIBHOH Bembiku 28-10-
2003 r. DTa BCHBIIIKA YCTKO MOKA3BIBACT, YTO OCHOBHOC HHCPTrOBBIACICHUC HAYMMHACTCS TOJBKO IMOCIC
MPOXOXKACHII MaKCHMyMa CKOPOCTH TCPCCOCAMHCHHS MAarHUTHOTO IMOTOKA. BETUYHHBI KOPOHATBHOTO
JNEKTPUIECKOTO OIS, IOTOKOB TOPMO3HOTO HM3IMyUeHHUs NpH 3HEpruax ~ 60 MaB, n ramma-u3nydeHus ot
pacmnaga MHOHOB ObLIM CAMBIMU BBICOKAMH 3HAYCHHUSIMHU, U3 KOTA-TH00 HAOIIOAABIIMXCS BO BCIIBIINKAX HA
Comnire.
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YCJ0OBUS YCKOPEHUS DJEKTPOHOB JIO SHEPTHI BOJIEE 100 k3B
B KOPOHAJIBHOM UCTOYHUKE

Mepsaskos B.JI.

H3MHUPAH, 2. Mocxkea, e. Tpouyxk, Poccus, mvl@izmiran.ru

Paccmotpena curyanust ¢ yCKOpPEHHEM 4acTHUI[ B KOPOHAJIBbHOH 00JacTH BO BpPeMsl COJTHEYHOMN
BCnbIIKH. [Ipennoxeno oObsicHEHHE HAOMOIAEMOMY YCKOPEHHIO 3JIEKTPOHOB A0 dHepruii > 100
kB B pamkax HOBOH KkoHIenuuu conHeuHoil Bembimku [1]. [Ipeamonaraercsi, 9To yCKOpeHHE
YaCTHUL] MPOUCXOIUT B OKPECTHOCTH MArHUTHOW OCOOEHHOCTH X-TUMa. DTy OCOOEHHOCTh CO3JAI0T
30HBI JIOKAJILHO YCUJIEHHOT'O MarHUTHOTO MOJISI IO Pa3Hble CTOPOHBI HEUTPAIbHON JINHUHA AKTUBHON
obmacti. BcenenacTBue MarHMTHOW TNMEPEMEHHOCTH TAaKHX JIOKAJIBHBIX 30H BO3HUKAET BUXPEBOE
ANIEKTPUYECKOE ToNe. AHalN3 YCIOBUHW B KOPOHAJIbHOW 00JaCTH TMOKa3all, 4TO Ha MPOLECC
YCKOPEHHsI 3JIEKTPOHOB HAKIIAIBIBAET OrpaHHYEHUE HeycToHunmBOCTh JlpammMonma-PosenOumrora.
ITpu Takoit HeycTOHUMBOCTH 3P (PEKTHBHASI HACTOTA CTOJIKHOBEHUH 3JIEKTPOHOB PaBHA THPOYACTOTE
MIPOTOHOB ~10'B. B CJlydae TUIHYHBIX YCJIOBHH B KOPOHAJIBHOH 00JAaCTH YCKOPEHHS MarHUTHAs
HanpspkeHHOCTh B~10 I'c u BenuunHa 3JIEKTPUYECKOro IMoJis E~10 CI'C. U B 3Toi CUTyauuu
3JIEKTPOHBI MpruodpeTaroT 3Hepruto 10 ~10 k3B, Eciu ske B KOpOHAIbHOI 00IaCTH HANPSIKEHHOCTh
MarHUTHOTI'O TOJIsl OKaXXeTCsl Ha MopsAAoK MeHblie B~1 I'c, Torna BO3MOXKHO yCKOPEHUE 3JIEKTPOHOB
10 sHepruu ~1MosB.

1. MepansikoB B.JI. // Tpyner koHdpepeniun "CosmHeuHass W COMHEUHO-3¢MHasi (pru3mka-2020".
2020. 'AO PAH. C.-Iletepbypr. C. 209.
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YCKOPEHHUE KOPOHAJIBHBIX BBIBPOCOB MACCBHBI U 3APS’KEHHbBIX
YACTUI B JUIMTEJBbHBIX COJIHEYHBIX BCITBIIIKAX

I'puropsea U.10., Ctpymunckuii A.B.

I'AO PAH, 2. Cankm-Ilemepoype, Poccus, irina.2014.irinal@mail.ru

ConHeuHble BCIBILIIKH C JJIMTEIBHBIM Y-U3JYYEHHUEM SIBJISIFOTCS TPEIMETOM MPUCTAIBHOTO
myueHust (Hanpumep, [1]). OOHapykeHHe SBHOTO CXOACTBA B NMPUYMHHO-CJIEICTBEHHBIX CBSI3SIX
XOTs1 OBl Y OJTHOH Mapbl TAKMX COOBITHI MOMOTAeT YTOYHHUTh HAIIN MPENCTABJICHHS O €ro MPHUPOJIE.
U3 cmucka, ykazaHHoro B pabore [l], MBI paccMOTpenn JB€ SPYNTHBHBIE BCIBIIIKH,
COIIPOBOKAABINUECS UIUTENbHBIM Y-u3iydernem (> 100 MsB, Fermi LAT) — sato M3.7 u X2.8
bamna no knaccupukarmu GOES, 3apeructpuposannsie 07 mapta 2011 roma [2] u 13 mas 2013
roma [3].

HaGmonenns X-senpimku 13 mast B ontiueckoM nuanazoHe (SDO_AIA) nmo3BoSHIIN OLIEHUTH
BEJIMUMHY YCKOPEHHs KOPOHAIBbHOTO BbiOpoca Maccel (KBM) B Hawane mogbeMa MAarHUTHOTO
xryTa (~4.88 km/c* Ha paccrosiHun ~1.15 pamuyca ComHua ot nenrpa aucka [3]) Ha dase pocra
Msirkoro  peHTreHoBckoro (SXR-) mnydenusi. Haubosee 3HaYMMBbIE NPOSBICHUS YCKOPEHUS
3apspkeHHBIX vacTul (okectkoe peHtreHockoe (HXR-) msnmyuennme: RHESSI m ACS SPL v-
usnyuenue: Fermi LAT) nabnronanuce Ha ¢paze SXR-cnana. Korna KBM goctur ckopoctu ~ 2190
kM/c Ha paccrosiHuu 6 pamuycoB (SOHO LASCO C2/C3) [3]. UHbIMEH clOBaMH, HETEIJIOBbIE
npoLecchl HAOMIOJANKNCh HA TOCTIPYNTUBHON (hasze Bemblmkn. Takum ske oOpasom, Ha ¢ase pocTa
npoucxoauyio yckopenue KBM u B coObitiu M3.7 (¢ mocreneHHbIM pocToM u cmagoM SXR-
m3nyuenus: B kaHanax GOES), a sddextuBHOE yckopeHme 3apspkeHHbIX ydacTUll — mocie SXR-
MakcUMyMa. JTO Obula TepBas BCHBILKA C JIUTENBHBIM Y-U3JyYCHHUEM, 3aperHCTPUPOBAHHAS
Fermi LAT [2].

MpI cunTaeM, 9TO YCKOPEHHE MPOTOHOB, C KOTOPBIM, MO-BUANMOMY, CBSI3aHO JJTUTEIBHOE -
U3JIy4eHue, B 00OMX CIydasix MPOUCXOAMIIO Ha MOCT3PYNTHUBHOW (haze Bcmbiuku. M 3Ta padora
npeacTaBisieT coOOH erne OUH apryMEHT B MOJb3Y JJIHTEIBHOTO BCIBIIIEYHOIO CTOXACTHYECKOTO
YCKOpPEHHUsI TPOTOHOB [2, 4].

Pabora, Bemonnennas ['puropsesoit U.FO. ('AO PAH), ocymectsieHa 3a cuer cyOcunuu
nporpamMmbl  «JHeproeeiieneruey, CrpymmuHckum Ab. (MKMW PAH) — 3a cuer cybcuaun
nporpammsl «lInazmar.

1. Share, G.H., Murphy, R.J., White, S.M. et al. // Astrophysical J. 2018. V. 869. P. 182.

2. Ackermann, M., Ajello, M., Albert, A. et al. / Astrophysical J. 2014. V. 787. P. 15.

3. Gou, T, Veronig, Astrid M, Liu, R. et al. // Astrophysical J. Let. 2020. V. 897(2). id. L36.

4. Crpymunckuii A b., I'puropsesa U .10., Jloraues KO .U, Cagosckuit A M. // ®uzuka [Tna3zmer
2020. T. 46(2). C. 139.
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CTATUCTUYECKHUE CBA3U ME/KAY COJIHEYHbBIMHA
KOCMMYECKNUMU JTYYAMU, PAANOUN3JITYYEHUEM II TUIIA 1
KOPOHAJIBHBIMU BLIGPOCAMM BEHIECTBA

Basuaesckas L.A.L*, Jloraues F0.1.%, Haii6or E.N.2, Baracosa H.A.2, Tun3oypr E.AJ3,
HNmkos B.H.*3, JIasyrun JI.JI.2, Hryen M./.2, Cyposa I.M.2, SIxoBuyk O.C.2

{®UAH, 2. Mockea, Poccus* bazilevskayagal@lebedev.ru
HUHA®D, 2. Mockea, Poccust

SUMT, 2. Mockea, Poccust

‘UBMHPAH, 2. Mocksa, 2. T; 'pouyk, Poccus

’I'l] PAH, 2. Mocxksa, Poccust

Hsydenue ycia0BUH yCKOPEHHUs 3aPsKEHHBIX YaCTHL, CBSI3aHHBIX C B3PbIBHBIM
sHeprosoieneHneM Ha CoHIe, AeMOHCTPHUPYET UX OonbIoe pasHooOpaszue. XapakTepUCTUKU
COMYTCTBYIOILIETO raMMa-, PEHTT€HOBCKOTO U PaIUOU3IIyYeHUs], a TAKXKE MapaMeTPbl KOPOHAJIBHBIX
BBIOPOCOB BEIIECTBA 3HAYUTEIBHO OTIMYAIOTCS OT cOOBbITHS K coObITHIO. MH(pOpManms 00 3Tux
XapaKTepUCTHKAX HaKaruiuBaeTcsl B KaTanore COMHEUHBIX MPOTOHHBIX COOBITUN 24-TO IIMKJIA
COJIHEYHOH akTuBHOCTU. CunTaercs, 4ro paguousinyderue Il Tuna cBuaeTeIbCTBYET O
pacrpocTpaHeHUH yIapHO# BoHEI B KopoHe ConHua. B psime pabot HalineHa TecHas CBsI3b MEXKIY
panuomnsny4yerneM Il Tuma u kopoHanbHEIMU BeIOpocamu Bemectsa (KBB), koTopsie BHOCST BKIazn
B YCKOPEHHE YaCTHUL BBICOKUX HEPTUH — CoMHeuHbIX kocmudeckux sydeit (CKJI). Onnako cBsizu
mexny CKJI, Bcnpikamu, paguousnyudenueM Il Tuna u KBB HeonHoszHaunbl.  Cratuctudeckue
UCCJICIOBAHMSI, OXBATHIBAIOIINE Pe3yIbTaThl HAOMOAeHMI, coOpanHbix B Katanorax CKJI 3a 23 u
24 1UKITBI COJIHEYHOW aKTUBHOCTH, HAIPABJICHBI HA TIONCKH HAU0OJIEe YaCTO Peain3yeMbIX
CUTyaL Ui, NPUBOALIUX K MOSIBJIEHUIO BBICOKOOHEPTHUUYHBIX YACTHULl B MEXKIIJIAHETHOH cpefe.

Pabora nopnepsxana rpanrom POOU Ne 19-02-00264.
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MMPOTHO3 COJTHEUHBIX BCIBIIIEK U ITIPOTOHHBIX COBBITUI C
HCIOJb30BAHUEM MAIIVMHHOI'O OBYUEHHS: TEKYIIWI
HHPOI'PECC U BBI3OBbI

Canbixos B.M.

Yuueepcumem Llmama /[picopoacus, o. Amaanma, CILLA, ysadykov(@gsu.edu

IIporHo3 CONHEYHBIX BCIBIIEK W MPOTOHHBIX COOBITHH SIBISIETCS OJHOW M3 MPHOPUTETHBIX
3amau ¢usmku Conaua u ConHeuHO-3eMHBIX cBszel. [10CTOSAHHO yBenmuuMBarOIIecs OOBEMBI H
Ka4eCTBO HAaOJIOMATENbHBIX NaHHBIX, a TAK)KE MPOrpecc B pa3paboTKe METOAOB MALIUHHOTO U
riy0okoro oOy4eHuss U HEeOOXOIMMBIX BBIUHCIHTEIBHBIX MOIIHOCTEH, MO3BOJIIIOT TECTHPOBATH
pa3NIUYHBIE AJITOPUTMBI MAIIUHHOTO OOYUYEHHsI U MPOTHO3a COJMHEYHBIX coObITmii. HecMoTpst Ha
3TO, OMNEPAaLMOHHBIE LEHTPbl TMPOrHO3a COJHEYHOW AaKTUBHOCTH BCE €II€ HCIOJBb3YIOT
CTaTUCTHYECKHE MOMICTH U KOPPEKTUPOBKH HKCIIEPTOB.

B nmanHOM noOKmaze mpencTaBieH KpPaTKUH CyObeKTUBHBIA 0030p TEKYIIEro COCTOSHUS
npoOIeMBI MPOrHO3a COJIHEUHBIX COOBITHIA (BCIIBIIIEK M MPOTOHHBIX cOOBITHIT). B Havyane noknana
NPOMJLUTFOCTPUPOBAH CTATHCTUYECKHMHA MPOrHO3 TAKUX COOBITUH, CKOPPEKTUPOBAHHBIA 3KCHEPTaAMU
U npumeHsieMblii Ha naHHbii MoMmeHT B lLlentpe Ilpenckazanuit Kocmuueckuii Iloronst NOAA
(SWPC NOAA, CIIIA). Jlanee pacCMOTpPEeHO MpencKa3aHHe BCIBIIIEK W MPOTOHHBIX COOBITHH C
MOMOIIBI0 MAIIMHHOTO OOyYeHHS Ha OCHOBE CBOHCTB (IECKPUNTOPOB) AaKTHUBHBIX obnactel u
npeamecTyromei akTuBHOCTH CONHIA, W TPHUBEINCHBI Pe3yJbTaThl U3 padbor aBtopa. Takke
NPUBEACHBI PUMEPHI YCIEITHOTO MPUMEHEHHSI METOIOB TTyOOKOoro o0ydeHHs B 3a7a4ax MpPorHo3a
COJTHEYHBIX COOBITHH.

B 3aBepmennn nokmama pa3zoOpaHbl HamOonee 3HAYMMBbIE, Ha B3IJBSI aBTOpa, MPOOJIEMBI
MPOTHO3a COJIHEYHBIX BCIIBIIIEK M TMPOTOHHBIX COOBITHH, & MMEHHO: 1) CIOKHOCTh CpaBHEHUS
pPe3yJbTaTOB MPOTHO3a M3 Pa3HBIX MCTOYHHMKOB (CTaTell M LIEHTPOB NMPOTHO3a), 2) 3aBHCUMOCTH
BCIIBIIIEYHONH AKTUBHOCTH OT LMKJA M €ro (asbl, 3) MCIONB30BAHUE CHJIBHO CKOPPETUPOBAHHBIX
IECKPUNITOPOB UIs MALIMHHOTO 00y4eHust; 4) mpobieMa UaeHTUP UKL POAUTEIECKON aKTHBHON
00JacTH [UIsI KOHKPETHOTO COOBITHS;, 5) CUCTEMAaTUYECKHE UCKAKEHUS NECKPUIITOPOB MATHUTHOTO
MOJIs1 OT LEHTPa K JIUMOY; 6) 3aBUCIMOCTh METOZIa U MHTEPIIPETALH OOy4YEeHUsT OT KOHEUHON Len
nporHo3a. Jlokian MOOYEpPKUBAET, YTO NPHUMEHEHHWE MAIIMHHOTO OOy4YeHMs Uil MPOrHo3a
COJIHEUHBIX COOBITHI SIBJISIETCS WHTEHCHUBHO pPa3BHBAOLIEics Hay4dHOH obnactero. OmHako s
TOro, 4TOOBI pa3pabOTaHHBIE aJrOPUTMBI OBLUIM HCIIONB30BAaHBl B OMNEPALMOHHBIX LEJSX,
HeoOxonuMo OoJiee aKKypaTHOE CPaBHEHHE C TEKYIIUMH ONEPALlMOHHBIMU IPOTHO3AMH.
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YCKOPEHHME 2JIEKTPOHOB BO BCIIBIIIIKAX: MUKPOBOJIHOBOE
KAPTOI'PA®HUPOBAHUE

Anreianes' A.T, Mewmankuxa' HC. Delimman’ 'L, JIbicenko” A.JL

' HC3® CO PAH, 2. Hpxymex, Poccus, altyntsev@iszf.irk.ru
> OTH um. A. D HODDE, PAH, 2. Cankm-I[lemepoype, Poccus

HccnenoBaHo mepBUYHOE SHEPTOBBIACNIEHHE B HadainbHOW (pase Bcmbinuku 4 asrycra 2011 r.
(M9.3). Bo Bpemsi 3pynuuu BOJIOKHA Mepen HMMITYJbCHOH (pa30il BCIBIIIKK HAOMIOIANACh
YHHUKAJIbHAsL TOCIEeNOBATEIbHOCTh CHHXPOHHBIX HIMPOKOMOJOCHBIX CYONHMKOB B JKECTKOM
PEHTI€HOBCKOM M MHUKPOBOJHOBOM H3JIy4eHHMHU. JleTaqpbHO MPOaHAIN3UPOBAHBI HAOMIOIEHHS B
Pa3JMUHBIX AMANa30HaX M3JIydeHUs HadalbHOIO 3Tala 3TON BCIBILIKU. 3ajadyeil HccienoBaHus
SABJSUTUCh KOJMYECTBEHHBIE OLICHKH (PU3MYECKHX MapaMeTpoB MCTOYHUKOB CYONUKOB —
pa3Mepbl, MArHUTHBIE MOJIs1, 3HAYEHUS IUNIOTHOCTH U T.J. C LIEJIBI0 CY>KEHUs] CIMCKAa BO3MOKHBIX
MEXaHU3MOB YCKOPEHHUSI.

Ha cBeToBBIX KpPHBBIX paA3NMYHBIX YaCTOT (IHEPTUH) MHUKPOBOJHOBOTO U
PEHTI€HOBCKOIO U3JIy4EeHUS HabromaeTcst COOTBETCTBUE MEXKAY CcyOmHrKamu.
IIponorKUTENPHOCTE CYyONMKOB B [Uana3oHe Hepruil ¢oroHoB 26-293 k3B B npenenax 0,7-1,8
CeK, a BpeMeHa MoabeMa U craja cyonmka conoctaBuMbl. ClieIOBaTENbHO, 3aXBaT 3JEKTPOHOB B
NETIN MaJl, U 3JIEKTPOHBI PEIAKCUPYIOT B XPOMOC(HEPHBIX OCHOBAHHUSX METIIH.

CriexTpaibpHble HM3MEpPEHHs] TOKA3ajH, 4YTO TMOSBJICHHE CYONHMKOB BBI3BIBAJIOCH
MMITYJIbCAMH 3JIEKTPOHOB CO cremeHHbiM criektpom (0,8-3,2)x107E > s1/(ksB ¢). Amamms
cyOnmkoB, HaOMIOMAaBIIMXCS B pa3HbIX KaHamax Fermi/GBM W pmaHHBIX Ha pasHbIX
paauovyacToTax, MOATBEPAWI MNPEANONOKEHUE O KPATKOBPEMEHHOM MMITYJbCHOM MHXKEKLUU
YCKOPEHHBIX 3JIEKTPOHOB HAa PacCTOSTHUHU OKOJO 20 MM OT mecTa BBICBINAHUS 3JIEKTPOHOB B
xpomocdepy.

MonenupoBaHue IOKAa3ajo, 4YTO Ui MOSIBIEHHUS HAOMIOAaeMbIX MHKPOBOJIHOBBIX
CcyOMKOB HEOOXOIMMO YBEJIMYEHHE B MCTOYHHMKE YHCIA YCKOPEHHBIX 3JIEKTPOHOB Ha 30-50%.
Bpewms ux ynep:kaHus BO BCHBIIIEYHBIX METJIAX HE MPEBBILIAECT JOJECH CEKYHABL, YTO YKa3bIBAET
Ha MYYKOBBINA XapaKTeP YIVIOBOIO PaCHpeneNeHns YyCKOPEHHBIX IEKTPOHOB.

ITapameTpsl Mmua3Mbl MU MArHUTHOTO IIOJII BO BCHBILNIEYHBIX METVISIX OLEHEHBI C
MIOMOUIBI0 TPEXMEPHOTO MOAEIUPOBaHUs. HU3Kk04aCTOTHOE MUKPOBOJHOBOE H3JIydeHUe Ha 5,7
I'T'1 reHepupOBAIOCH B MPOTSKEHHBIX METJISAX, & BBICOKOYAacTOTHOE Ha 17 u 34 1T, cBA3aHHOE C
PEHTI€HOBCKMM H3Jy4€HHEM, H3JIy4ajoCh B KOPOTKHX CEBEPHBIX meTisax. Pasmep obmactu
yckoperus: < 10 Mm. OneHka HanpspKEHHOCTH YCKOPSOIIETO 3iekTpudeckoro mosst ~0,1 B/wm,
4TO, IO KpalHel Mepe, Ha MOPSIAOK BhIIIE, YeM BeanduHa nous Jpaiicepa.

Pesynbrarel HaOMIOAEHWH MPAKTUYECKH HCKJIIOYAIOT TOMYJSIPHBIE MEXaHHU3MBI
CTOXaCTUYECKOrO0 YCKOPEHHMs], KOTOpbIE IOJIKHBI T€HEPUPOBAaTb, B OCHOBHOM, W30TPOIIHbBIE
pacripeneneHusi YCKOPEHHbIX 4acTuIl 3a cueT 3((EeKTUBHOTO yIJIOBOTO PACCESHUS HacTHUI] Ha
TypOyJIeHTHOCTH. B MaHHOM COOBITHH 3JIEKTPOHBI OBICTPO YCKOPSJINCH IO HECKONBKUX COTEH
k3B BIOSME MarHUTHOTO MO (BpeMst yCKOpeHHs Kopode 50 Mc), B CTOJIb BBICOKUH TEMIT TPYAHO
OOBSICHUTB B PAMKaX CTOXAaCTHYECKUX YCKOPHUTEIbHBIX MOZIEIEH.

MoskHO Tpearnonarath, 4To B 00iacTu yckopeHus: popmupyercst TypOyJIeHTHas cpena
C MHOJKECTBOM MECT MEPECOCIMHEHHUS B OOJIACTH BCIIBILIEUHOTO KACIa, /1€ CTydaiiHbIM 00pazom
(bopMHUpyeTCsT MHOXKECTBO TOKOBBIX Cii0eB. M3BECTHO, YTO MpPU TPAJUIMOHHOM YCKOPEHHUHU B
OIHOM TOKOBOM CJIO€ TPYAHO MOJYYUTh CIEKTP HETEIJIOBBIX 3JIEKTPOHOB CO CTENEHHBIM
3aKOHOM. B ciydae TypOyJNI€HTHOTO NEpPECOSNMHEHHsI CO MHOTMMH TOKOBBIMH CJIOSIMH
CTATUCTUKA YCKOPSIFOIIUX JJIEKTPUUECKHUX IMOJIEH MOXKET CJIE€J0BAaTh CTATUCTUKE BJIEKTPUUECKHUX
MOJIEH B TOCTYITHBIX TOKOBBIX CJIOAX.
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BEPOSITHOCTD BBIXOJIA ®OTOHA B YCJIOBUSX 3BE3/THBIX

ATMOCODEP
Bbeaosa O.M., beruxkos K.B.

TAUII MT'Y, . Mockea, Poccus, whitecanvas05122010@mail.ru

B pamkax momenu bubepmana—CoboneBa—XoncTeliHa NPOBEOCHbI YHUCIEHHBIE PACUETHI Be-
POSITHOCTH BbIxo#a (POTOHA M3 HEMOABIKHOTO OIHOPOOHOIO IJIOCKO—TAPAJJIENbHOIO CJIOs, Ma-
paMeTphbl KOTOPOTO COOTBETCTBYIOT 3BE3NHBIM arMocdepam. BeraucieHus: BBIMOIHEHB! Tt IPOodH-
nen Jlomnepa, Jlopenua, @oirra u CBEPTKU AOIIEPOBCKOrO U XOJIBLIMAPKOBCKOIO KOHTYPOB. B ciy -
yae KOHTypoB Jlomnepa, JIopenna, XonbumMapka pacu€Thl COMOCTABJIEHbI C U3BECTHBIMU B JINTEPATY -
pe acUMITOTHYECKUMH TipubmkeHusiMA [ 1], a 11t koHTypa Jlomiepa TakKe COMOCTaBJICHbI C aHa-
JTUTUYECKOr anmnpokcumanuil [2]. g npodunsa Dolirra yrouHeHa U3BecTHas [3] aHamUTHYECKast
anMpoKCUMAalsl YHCIEHHBIX PACYETOB, BHIMOJHEHHBIX 0€3 YCPEOHEHHs BEPOSTHOCTH TIO YIJIOBBIM
nepeMeHHbIM. HakoHew, /i CBEPTKH OIIIEPOBCKOrO M XOJBbIIMAPKOBCKOTrO Mpoduied momyyeHa
aHAJIMTUYECKasl aAlPOKCUMALIHS, paHee He oIy OJIMKOBAaHHAsI B JITEPATY PeE.

1. Harupruep I .U., Jlekuuu o Teopun nepeHoca usnydenus, n3a-so Cankr-IlerepOyprekoro
yHuBepcurera, 2001.

2. Apruzese J.P.// J. Quant. Spectrosc. Radiat. Transfer 1980. V. 23. No. 5. P. 479.

3. Apruzese J.P. // J. Quant. Spectrosc. Radiat. Transfer 1985. V. 34. No. 5. P. 447.
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BOCCTAHOBJEHUE TPOOPUIS XPOMOC®EPHDBIX JUHUII B
CHOKOHMHBIX 1 AKTUBHBIX OBJIACTAX COJIHIA

bepesun U.A., Tnaros A.T.

Kucnosonckas I'opnast Acrponomudeckast Ctanimst 'AO PAH, Poccwns, iberalex@yandex.ru

B noknanme mpencrasneH aHanmu3 cepuii HaOmoneHW mnoiHOoro npoduus nuann H-aasda B
CONMHEYHOH  Xpomocdepe. AHaIM3 OCHOBAaH Ha  JAaHHBIX  MATPYJIBHOTO  TeEJECKOMa-
cniektporenuorpada, pazpadorannoro Ha Kucnosonckoii ['opHoit ActpoHomuueckoit CTaHIMH U
bynkumnonupyromero ¢ 2015 r. Teneckon BeneT HenpepbiBHbIE HaOM0aeHUsT CONHIIA CO BpEMEHEM
CKaHMPOBAHMS TUCKA OKOJIO OAHOH MHHYTBL. PaccMoTpeHa mpobiema H3MEpeHHs MapaMeTpoB
muann H-anmbda ¢ mpuMeHeHHeM pa3IM4HbIX METOAOB ammpokcumauuu npoduisa. Mcciaenosana
BO3MOJKHOCTh OTPENENICHUs] JOMIUIEPOBCKOrO CcMemeHnss B JuHuM H-aapda ¢ momombro
CBEPTOYHBIX HCKYCCTBEHHBIX HEHPOHHBIX ceTeil. Takke paccMOTpeHBl XapakTepHble (HOPMBI
npodmns H-anbpa B axTuBHBIX obOnmactsx ConHua w 3BOMOUMS MpOQuIs JUHUK B Tporecce
(bopMUpOBaHUS COTHEUHON BCIBIIIKH HA TIPUMEPE BCIIBIIIKHA X-KJ1acca.

Pabora BremonHena npu yactuuHON nogaepskke Iporpammer OOH PAH 12
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IMAPAMETPBI KOPOHAJIbHOM IIJTA3MbI, KOPOHAJIBHBIX
BbIbPOCOB MACCBIL, 1 PATUO BCIIECKOB 11 THUIIA B 23 U 24
HUKJIAX COJITHEYHOU AKTUBHOCTHU

Bbunenxo U.A.

TAUII MT'V, 2. Mockea, Poccus, bilenkolasai.msu.ru

CornacHo coBpeMeHHBIM mpencrasineHusM panuo Berutecku I tuma (PBII) renepupyroTcs
MAarHUTOTUAPOANHAMUYECKUMHU YAAPHBIMU BOJIHAMY, pACHPOCTPAHSIOIUMUCA B COJHEYHOU
KOPOHE U MEXIUJIAHETHOU Cpefe, U CUUTAIOTCS MPOSIBJIEHUEM YAAPHBIX BOJH B PaAuO AHAMNA30HE.
Habmronenus ceuaerenscTByrOT, yTo PBII MOryT coOmyTCTBOBAaTH COBEPIIEHHO PA3HBIM SIBICHUSIM
COJTHEYHOW aKTHBHOCTH: BCIIBILIKAM BCEX KJIACCOB, KOPOHAIBbHBIM BbIOpocam maccel (KBM) Bcex
THUIOB, OHU MOTYT PErHCTPUPOBATBCS Npu B3aumonenctsuu 1Byx KBM, mpu B3aummonernctsun
yIApHBIX BOJH CO CTPUMEpPAMH, C COOBITUSIMH COJHEUHBIX OJHEPrH4HbIX dYacTul. OmHako
MIPOBOAMMBIE B MOCIIEIHEE BPEMsT UCCIISIOBAHUS MTOKA3aJH, 4TO HU caMu 1o cebe Bembimku, KBM,
yIapHbIE BOJIHBI, HU UX TApaMeTPhl WA UX COYETAHUS HE SIBIISTFOTCS ONPENeNSIOIUME (pakTopaMu
s reHepanuu PBIL beuio ycranosnaeHo, uTo xotsa uncio PBII Beilne B MakCuMyMe COJIHEUHOM
AKTUBHOCTH, & B MHUHMMYyME€ OHHU TPAKTHUYECKH HE HAONIONAOTCS, OHU IUIOXO KOPPETHPYIOT C
MIAITEHHON aKTUBHOCTBIO.

B nanHO# pabore u3ydaercst posib Cpenbl, B KOTOPOH PaCIpOCTPAHSIIOTCS YOApHbIE BOJHBL, Ha
ycnoBusi HeoOxonumble ansi reHepanuu PBIL JleranbHO aHAMU3HUPYIOTCS 3aBUCUMOCTU YUCA H
napameTpoB PBII u cBsasanneix ¢ HumMu KBM oT Takux napaMeTrpoB IJIa3Mbl KaK HaIPsDKEHHOCTD
MAarHUTHOTO MOJIsA, INIOTHOCTh U TEMIIEPATypa IIa3Mbl Ha paccTossHusX peructpauuu PBII.  Takxe
nojayyeHnl 3aBucumoct mapamerpoB KBM  composoxparomuxcs PBII ot 3HaveHwui
anb(PBEHOBCKOW CKOpPOCTH, 4uCia Maxa W WX UUKIWYeckue Bapuauud B 23 u 24 1ukiax.
Paccmotpens! paznuuusa napamerpos KBM u PBII B 23 u 24 nuknax.

IlonyueHHBIE pe3yabTaThl CBUAETEIBCTBYIOT, YTO MapaMeTPhl MIa3Mbl CPEAbI ABISAIOTCS OAHUM
U3 BOKHEHIINX (PAKTOPOB ONPEAEISIOIINX YCIOBUSI KOTOPBIE CIIOcCOOCTBYIOT reHepariu PBIL.
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PE3YJBTATHI PACYETA ONITUYECKOM CUCTEMBI 1JI5S1 HAYYHOI
AIIITAPATYPBI « COJIHIE-TEPAT'EPII»

Kpamnun A.A., ®ununnos M.B., Jloraués B.W., Maxmyrtos B.C., Kaaunun E.B., CtoxkkoB
10.1., Makcymos O.C., Opyios A.A.

Quzuveckuit uncmumym um. I1LH. Jlebeoeea PAH, 2. Mockea, Poccus, mfilippov@/frtk.ru

B nanHO#l nokname TpencTaBIeHbI pPe3yJabTaThl 3Tama pacdyera HAyyHOW ammapaTyphbl
«COJIHLIE-TEPATEPLI» [1]. IIpoBeneHs! mepBUYHBIE pACYEThl ONTUYECKOTO TPaKTa (TeJIECKOomna).
C NMOMOLIbID KOMIIBIOTEPHOI'O MOACIUPOBAHUA 6bIJ'II/I OMNPEACIICHBI ONTHUMAJIBHBIC TMapaMETPhI
TEJIECKOTIA.

Jlnist IpoBepKH pacyeToB ObLT pa3pabOTaH U U3TOTOBJIEH OJHOKAHAJBHBIA MAaKeT, BKIFOYAIOIIHIT
B cebs Teneckon KaccerpeHa ¢ CHCTEMOI FOCTUPOBKH M KOPIYC, MO3BOJSIOIIUI OCYIIECTBIISITH
nepeMeIleH sl IeTEKTOpa TeparepLoBoro usny4enus. [Ipu usrorosneHny Makera Oblia oTpadoTaHa
TEXHOJIOT'UA LH.]'II/I(l)OBKI/I 3CPKaJL brun MNPOU3ZBCACHBI TMOATBCPXKAAOINUE PACUCTBI HCIbITAHUA
TEJECKOIIa B BUAUMOM OINITHYECKOM AHAaIla30HE.

B noknaze mpuBeneHbl METOOMKA PAacyeTOB, OMKMCAHHE KOMITBIOTEPHOW MOJENU TEJIeCKOTa,
MECTOAHKA TMPOBCACHUA WU PE3YJIBTATHI BKCHepHMeHTaHbHOﬁ MPOBEPKU BBIMHUCICHHDBIX 3HAYECHUHU
napaMmeTpoB Teneckona HayuHoil annapatypsl « COJIHLE-TEPAT'EPLL».

1. B. Kanunuu , M. B. @ununmos, B. C. MaxmyTos, O. C. Makcymos, HO. U. Ctoxkos, A.
Kpamnun, I'. H. U3maiinos, B. B. Ozonun. // Kocmuyeckue uccnenoanus, 2021, T. 59,
1,

C.3-8.

E.
A.
No
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BCIVIBITUE MATHUTHOI'O TIOTOKA B AKTUBHBIX OBJIACTAX
HEPE/I] BCIIBIIIKAMMN

Kyuenko A.C., Aopamenko B.H., IlnoTHuKOB A.A.

KpAO PAH, n. Hayunwiii, Kpvim, Poccus, alex.s.kutsenko(@gmail.com

Haubonee MoOIHBIE CONHEYHbIE BCIBIIKH POUCXOAST B AKTUBHBIX OOJACTSIX CO CIIOKHOU
MarHuTHOH cTpykTypoil. Tak, HaOmoaeHUs MOKa3bBatOT, yTOo 90 MPOLEHTOB BCHBILEK Kiacca X
MPOM3BOIATCS AKTUBHBIMH O0JIACTSMHU € O-KOH(pHUrypanuen coriacHo kiaccupukanum Xeina (TeHu
MPOTHBOMOJIOXHBIX MArHUTHBIX MOJSIPHOCTEH Haxomsrcs B oOmel noaytenn). Ilo sTol mpuuune
BONPOC MOSIBJIEHUS] TAKUX CJIOXKHBIX MATHUTHBIX CTPYKTYP BBI3bIBA€T MHTEPEC.

AHanu3 BBOJIONMH AKTUBHBIX OONACTSIX C O-CTPYKTYPOW BBISIBMJI HETHIPE BO3MOXKHBIX
MexaHu3Ma ux ¢opmuposanus [1]. /IBa W3 HUX MOAPA3yMEBAIOT OJHOBPEMEHHOE BCIUIBITHE
HECKOJIPKUX MAarHUTHBIX JKI'YTOB, OPUEHTHPOBAHHBIX OCOOBIM 00pa3oM APYr OTHOCHTEIBHO APYTa.
OnvH UX MEXaHW3MOB — BCIUIBITHE HOBOTO MAarHUTHOTO MOTOKa BOJMU3M yke c(hOpMHUpPOBABIIEHCS
«CTapOi» MarHUTHOM CTPYKTYpbL. UeTBepThIi CLIeHApUN — BCIJILITUE MATHUTHOIO JKI'YTa C CUIIBHON
CKPYYEHHOCTBIO MAarHUTHBIX CHJIOBBIX JIMHUI, UYTO MPUBOAUT K BO3HUKHOBEHUIO HEYCTONYMBOCTHU
(kink instability), nepopmaumu ocu xryra U (POPMHPOBAHUIO O-CTPYKTYPOH NPU CHIBHOM
COMKEHUH MATEH MPOTUBOIIONIOXKHBIX TOJSIPHOCTEH. B mocnenHem ciyqae TeOpeTHIECKHe MOIEIH
NPEACKA3bIBAIOT OYEHb BBICOKYI) CKOPOCTh HapacTaHHWs MArHUTHOTO IMOTOKA B (hOPMUPYOIIEHCS
BCIUTBIBAIOIIEH aKTUBHOI obnactu (Hampumep, [2]).

B nanHOi#1 paGoTe MBI MPOBOAUM HCCIIENOBaHHE (POPMHUPOBAHMS BCIBIIIEYHO-TPOTYKTHBHBIX
aKTUBHBIX oOnacTed, (oOKycHpysCh Ha aHaiM3€ BCIUIBITHSI MArHUTHOTO IIOTOKA Tepen
BO3HUKHOBEHHEM CHUJIbHBIX BCIBIIIEK. B 4acTHOCTH, MBI XOTUM YCTAHOBHUTB, KaK 4acTO NMPUYUHON
CHJIHBIX ~ BCTBIIEK  CTAHOBUTCS  BCIUIBITHE  HOBOTO  MArHMTHOTO  TOTOKa  BOJU3HM
cpopMHpOBABIIEHCS MATHUTHONW CTPYKTYPBI, & TAK)KE BBIICHUTH, HAONIOMAETCS JIU NPU BCIUIBITHU
MarHUTHBIX O-CTPYKTYP MOBBIIIEHHBIE 3HAUEHUSI CKOPOCTH HAPACTAHUSI MATHUTHOT'O TIOTOKA.

Jlns uccnenoBaHuss Mbl UCTIOJNB3yeM HaOmoneHus: nactpymentos SOHO/MDI u SDO/HMI,
OXBaThIBasl BpeMEHHOW mHTepBad ¢ 1996 mo 2020 rr. IlpoananusupoBaHo Oonee 50 aKTHBHBIX
oOmacTeii, B KOTOPBIX HAOIOIAIHUCh BCIBIIKH Kitacca M5.0 u Bbime.

[IpenBapuTenbHbIE PE3yIbTATHl MOKA3bIBAIOT, YTO HAMOOJIEe YaCTO BOSHHUKHOBEHHE CHIIbHBIX
BCIIBILIEK TPEIBAPSETCs] BCILIBITHEM HOBOIO MAarHUTHOTO IOTOKA BOJM3HM YK€ CYIIECTBYIOLIEH
CTa0MIIbHOW OWMOJISIPHON WIJIM YHMITONSIPHOH CTPYKTYpPBI, B TO BpPeMsl KaK BCILIBITHE CJIOXKHOM,
BCIBIIIEYHO-TIPOAYKTUBHON CTPYKTYPBl B 00JacTsX HEBO3MYLIEHHOH (otocdepbl Habmomaercs
3HAYUTEIIBHO PEKE.

B noxnane taxxke NpUBOAATCS PE3yJIbTAThl aHATN3a CKOPOCTH HAPACTAHUSI MATHUTHOTO MOTOKA
BO BCITBILIEYHO-NIPOYAKTUBHBIX aKTUBHBIX O0JIACTSX.

Pabora BemonHena mpu noanepskke Poccuiickoro HayuHoro ponaa, mpoekt 19-72-00027.

1. Toriumi S., Wang H. // Living Reviews in Solar Physics 2019 V. 16, no. 1
2. Knizhnik K.J., Linton M.G., DeVore C.R. // The Astrophysical Journal 2018, V. 864, P. 89.
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COJIHEYHBIE BCIIBIIIKH, 3BAPEI'MCTPUPOBAHHBIE HA DOHEPI'UAX
BBIIIE 1 M3B B OKCITEPUMEHTE KONUS-WIND B 1994-2017 I'T.

Jbicenko AL, ®aeiimman I'Jl., ®penepuxc .., loneneuxunii C.B., Oxaeiinuxk @.I1.,
Ceunkun /1.C., Yaanos M.B.

OTH um. A.D. Hoghgpe, Canxm-Ilemepoype, Poccus, alexandra.lysenko(@mail.ioffe.ru

N3nydeHne COMHEYHBIX BCIBIMEK HAa dHeprusix Bbiie 1 MsB HaOmomaeTrcs OTHOCHUTENHHO
penKo, B JuTeparype 3a BCE Bpemsi HAOMIONEHHI OMUCAaHO MEHee COTHH TakuxX COOBITHH. DTO
BBICOKOOHEPTHYHOE HU3JIyueHHE OOYCJIOBICHO TOPMOXKEHHEM PEISITHBUCTCKUX JJIEKTPOHOB U
SIACPHBIMU PEAKLUSMHU, B KOTOPbIE BCTYMNAKOT YCKOPEHHBbIE MOHBI C MOHAMM ILUIa3Mbl COJHEYHOMN
armoceprr. Takum 0Opa3oM, ramma-M3JIy4eHUE COJIHEYHBIX BCIMBIIIEK — OJIWH M3 OCHOBHBIX
METONIOB TUArHOCTHKU yCKOPEHHBIX HOHOB. DkcnepumenT Konus-Wind nponosmkaercst ¢ 1994 r. o
HACTOsIIIee Bpemsi W, Onaromapsi MECTOHAXOKIEHHI0O B MEXKIUIAHETHOM IPOCTAHCTBE, MPOBOIUT
HabOmonenust ConHIIA MPAaKTUYEeCKU HEMPEepPhIBHO Ha MpoTsikeHWH Oosnee 26 neT. 3a 3TO Bpemsi
Konus-Wind 3apeructpupoBan 93 coJIHEYHbIE BCHBIIIKKM Ha JHeprusix Boime 1 MsB. Mel
MPEACTABNISIEM KaTaJIOT 3TUX COOBITHIA, X XapAKTEPUCTHKH B TaMMa- U JKECTKOM PEHTTEHOBCKOM
Jana3oHax.



78

N3YUEHMUE 3D CTPYKTYPBI JIEKTPUUECKOI'O TOKA B
MOJIEJIbHON AKTUBHOI OBJIACTHU COJIHLIA

HeuaeBa A.B., 3umosen U.B., Hlapsixun U.H., Chen F.

UKHU PAH PAH, . Mockea, Poccus, nechaeva.abl@phystech.edu

B Hacrosiimee Bpemst onpeaenenue 3D CTPyKTYphI SJIEKTPUUECKOTO TOKA B aKTHBHBIX O0ACTIX
(AO) ConHIa >KCIepUMEHTANIBHO 3aTPYIHEHO. DTO BO3MOYKHO HITH B OUEHb PEIKUX CITyHasix, WITH C
MPUMEHEHUEM aJITOPUTMOB 3KCTPATIONALNH MArHUTHOTO TOJSI, KOTOPbIE MOTYT BHECTH B JaHHBIC
onpenenénuble pusnyeckue AOMyIIeHus U BblYucIuTeNnbHble apredakTer. [losToMy B 3TOM padote
ucnonb3ytorcss maHHeie 3D MI'Jl monenupoBanusi ogHoit AQ ¢ NMOMOINBIO YUCIEHHBIX KOIOB
MURaM [1] ¢ pacripocTpaHEHUEM B COJTHEUHYIO KOPOHY.

OTH MOJENbHbIE JaHHBIE MO3BOJIIN MOJYUYNUTh HHPOPMALHMIO O CTPYKTYPE 3IEKTPUIECKOTO
TOKa W €r0 OTHOIIEHUU C CUJIOBBIMHU JIMHUSIMU MarHuTHOro moiyii B AQ. B wacTHOCTH, MONy4eHO
yKa3aHue Ha HENPUMEHUMOCTb almpOKCUMALIMH FOPH30HTAIBHONW COCTABIIAIOMIEH HIEKTPUIECKOTO
TOKA TOPU30HTAJIBHOM COCTABIISIONICH TpagueHTa BEPTUKAJIBHOro MarHutHoro nojis B AO [2] B
pamMkax wmozenmu. Takke TONyd4eH pe3yjibTaT O Mpeodiafaroliel TropU30HTAIbHOCTH
BIIEKTPUUECKOro ToKa Ha (otocdepe: B OONbIIUHCTBE MUKceneld MoaenbHoit AQ TopU30OHTaIbHAS
cocraBysiromas Oonblle, 4eM BEPTHUKAJbHAs, YTO COTJIACYyeTCs C HEKOTOPBIMU Pe3yJbTaTaMH,
MOJIyuYe€HHbIMU paHee [3].

[Mony4yeHHble pe3ynbTaThl HCCenOBaHUS MoaenbHOH AQ  MOryT ObITh TOJE3HBI IS
JOaTbHEWIIEro MOHUMAHUS (PU3MUECKUX MPOLECCOB, MPOUCXOoAsmuX B peanbHbix AQ CoHia.

1. Chen F., Rempel M., Fan Y. // The Astrophysical Journal 2017. V. 846. P. 26.

2. Fursyak Yu.A., Abramenko V.1. // Astrophysics 2017. V. 60, P. 544.

3. Puschmann K.G., Ruiz Cobo B., Martinez Pillet V. // The Astrophysical Journal Letters 2010.
V. 721. P. L58.
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CHEKTPBI BBICOKOI'O PASPEIIEHUSA BCIIBIIIEYHO-
HPOAYKTUBHBIX CTPYKTYP MATHUTHOI'O ITOJIA 1O JTAHHBIM
MHOTI'OA3BUMYTAJIBHBIX PAJTUHABJIIOAEHUIT COJTHIIA

HA PATAH-600.

OBunnuukosa H.E.

CII6o® CAO PAH, o. Cankm-Ilemepb6ype, Poccus, n.e.ovchinnikoval@gmail.com

[IpennokeH HOBBIA MOAXON K aHAIM3y MHOrOa3uMyTaibHbIX HabmomeHuit ConmHIIA BO BCEM
IMana3oHe YacTOT AEHCTBYIOIIETrO CIEKTPONOIAPUMETPHUYECKOTO COJIHEYHOTO KoMmruiekca (3—
18 I'Tm) PATAH-600 B paMkax mapayienbHoro pakTopHOro aHanu3a [ 1] MHOrOBOJTHOBBIX TaHHBIX.
B ananu3 BO3MOXHO BKJIOYEHHE [aHHBIX, MOJYYEHHBIX MpPHU IOMOIIU HOBOTO IPHUEMHOrO
koMmruiekca auamnazoHa 1-3 ['Th, mocne BBOma ero B skcmyaraunto [2]. Merton mno3BoJsier
OHOBPEMEHHO TOJy4aTb CIHEKTPbl BBICOKOIO pas3pellieHus] BCEX OTAENbHBIX HCTOYHUKOB
panuounsnydeHust Ha ConHLEe A KaKJOro MOMEHTa BPEMEHU Ha MPOTSKEHUH BCEro Nepuoaa Ux
HAOJIFOIEHUS], YTO JaeT BO3MOXKHOCTb OTCJIEINUTh HAYaJIO PA3BHUTHS BCIIBILIEYHOrO IMPOLECca IO
nanHbiM Habmonenuit Conauna Ha PATAH-600. Pe3ynbraTel COrnacyroTcsl ¢ JaHHBIMH PacueTOB
BCIIBIIIEYHO-TIPOAYKTUBHBIX CTPYKTYp MarHUTHOIO MOJsl B MECTax CpblBA MAarHUTHOTO TOTOKA
[3, 4]

MeTtoa MO3BOJISIET TAK)KE MPOU3BOANTL HE3aBHCUMYIO KaJHMOPOBKY HAHHBIX, IMOJYYEHHBIX HA
COJTHEYHOM KOMIUIEKCE, IO CIEKTPAIbHOW IUIOTHOCTH MOTOKA (POHOBOTO PAAMOHM3ITyUeHHs (T.H.
«crokoitHoro CoHIay) NMpu OTCYTCTBUH BO3MOKHOCTH KaJMOPOBKH MO UCTOYHUKAM. JIByMepHbIe
ArarpaMMbl HATPAaBJIEHHOCTH aHTEHHbI HA BCEX UIMHAX BOJH PACCUMTBHIBAIOTCS B MPUOIIKEHUH
¢dusnveckoil ontuku. Beinenenne GoOHOBOrO M3My4YEHUsT MPOU3BOAUTCS TOCPEIACTBOM TEH30PHOTO
pas3JoXKeHUs MacCUBa JaHHBIX, UMEIOLIEro eIMHCTBeHHOe pelieHue [1]. B maccuB BkirouaroTcs
pesynbraTel HaOmoneHnii ConHLA B TMEPUON MHUHUMAIBHOW AKTUBHOCTH U PE3YJIbTAaThI
HaOMIOEHUH, aHaTU3UpyeMble B JAaHHBIH MOMEHT. AHAJOTHYHO MPOHCXOOUT BbIIEICHUE
PamUOU3ITyYeHUsT OTACNbHBIX HCTOYHIKOB B aKTUBHBIX 00JIaCTSIX.

1. Bro R. // Chemometrics and Intelligent Laboratory Systems 1997. V. 38. No. 2. P. 149.

2. Lebedev M K., Ripak A M., Bogod V.M. // Proceedings of the All-Russian Conference
“Ground-Based Astronomy in Russia. 21st Century”, Nizhny Arkhyz, Russia, September 21-25,
2020. P. 413.

3. Shuhong Yang et al. // The Astrophysical Journal Letters 2017 November 10. V 849. No. 2.
P. L21.

4. Aiying Duan et al. / The Astrophysical Journal 2019 October 10. V 884. No. 1. P. 73.
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HNHBEPCUA CIIEKTPOIIOJAPUMETPUYECKUX JAHHBIX B MOJAE/IU ATMOC®EPBI
MUJ/IHA-3JJIMHT' TOHA C TIOMOINBIO MAINMHHOT'O OBYYEHUA

InorankoB A.A.l, Kusizesa U.C.2, Measenesa T.B.?

1) Kpvimckaa acmpoghuzuueckasn obcepeamopus PAH, plotmikov.andrey.alex(@yandex.ru

2) Canxm-Ilemepoypeckuii 20cyOapcmeenHblii YHUGepCcumem

PasButne  CHEKTPOMONSIPUMETPHYECKHX  HCCICAOBAHMM  MO3BOJIMJIO  NOJydYaTh  JaHHBIE O
IPOCTPAHCTBEHHOM paCIpelielieHHH IapaMeTpoB COJHEYHOH aTtMocdepsl C BBICOKOH TOYHOCTEHIO.
Bwmecre ¢ Tem, pacTymmue nIpoCTPaHCTBEHHOE U CIIEKTPAIIbHOE pa3pelleHie TPUBOIIT K 3HAUUTEIbHBIM
BBIYHMCIHTENbHBIM M, KaK CJIEICTBHE, BPEMEHHBIM 3aTpaTaM Ha pelleHne OOpaTHOW 3amadd T.H.
«KJIACCHYECKUMMI) METOAAMH ONTHMHU3ALIIH.

AJNIbTEPHATHBHBIM MOAXOAOM MOKET CIY)KHTh MPUMEHEHHE METOJOB MAIIMHHOIO OOy4YeHHs, B
YaCTHOCTH, HEHPOHHEIX ceTell. B TaHHOM Cliyuae anmmpOKCUMAIAS UCKOMBIX 3aBHCHMOCTEH MPOCTHEIMH
(GYHKIHSIMH TTO3BOJISIET MOJYYUTh 3HAUUTENbHBIA BBIUTPHIIT B CKOPOCTH BHIYHCIICHHIA.

B kauectBe BbIOOpKH s OOyueHus ObLiM mpuMeHeHbl maHHble nHCTpymMeHta Hinode/SOT/SP u ux
unBepcus naketom HAO/MERLIN. /lanHbIli HMHCTPYMEHT BeAET HempepbiBHbIe HaOmoneHus ¢ 2008
roja. ITo MO3BOJISET NOAYUHTh OOJIBLION HAOOP AAHHBIX, YTO MOJIOKUTEIBHO CKa3bIBAETCSl HA TOYHOCTH
uHBepcuu. JIJi1 CHIDKEHHS 3aBHCUMOCTH OT OCOOEHHOCTEH WHCTPYMEHTA, BMECTO HMCXOAHBIX
CIEKTPONOJSIPUMETPUUECKUX ~ JAHHBIX Wit OOyueHHsT MPUMEHSUTHCh  UX  HUCKYCCTBEHHO
CreHepHPOBAHHbIE AHAJIOTH.

3auacTyi0 B momoOHbIX paboTax oOyueHHe MPOW3BOAMTCS Cpa3y Ui BCEr0 BEKTOpa MapaMeTpoB
atmMocdepbl. OnmHako ObUIO YCTAHOBJIEHO, YTO pas3HbIe MapaMeTpbl OOYydYaroTCs CO 3HAYMTENIBHO
PA3TUYAOIIENCS] TOUHOCTBIO. DTO MPHBOIUT K TOMY, YTO MPH OJHOBPEMEHHOM OOyUYEHHH HEKOTOPHIE
napameTpsl OyOyT JOMHHHPOBATH, YTO MOMEIIAET MCKOMON HEHPOHHOW CETH MMETh MPHEMIIEMYIO
TOYHOCTB ISl IPYT'HX mapaMmerpoB. B manHol paboTe ObL1 mpUMEHEH APYroW MoAXod — OOy4YeHHe U
MOCTIENYIOIINE IPUMEHEHIE HAOOPa OIHOMAPAMETPUUECKAX HEHPOHHBIX CETEH.

JIaHHBI METOA MHBEPCHH MOKA3bIBAET XOpOLlIee KAUECTBEHHOE COIJIACHE C pe3yjbTaTaMH HUHBEPCUU
HAO/MERLIN.
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TIME-DISTANCE DIAGRAMS OF TRANSVERSE OSCILLATIONS OF
SOLAR FILAMENTS

Smirnova V.V.}, Jelinek P.?

'CrAO RAS, Nauchny, Crimea, Russia, vvsvid.smirnova@yandex.ru

University of South Bohemia, Ceské Budéjovice, Czech Republic

Numerical two-dimensional MHD simulation of waves propagation in a double-structured solar
filament have shown the existence of transverse oscillations of the filament with periods of 7.4 and
4.2 minutes [1]. Here, the magnetic configuration of a double-structured filament, was represented
as a flux function, which was immersed in the solar atmosphere proposed by Avrette and Loeser
(2008) [2].

A significant disadvantage of this work [1] is the lack of a description of new observations which
would confirm results of the simulation.

In this work, we analyzed time-distance diagrams of the intensity variations of solar filaments
observed in the chromospheric line 304 A with the Atmospheric Imaging Assembly instrument on-
board Solar Dynamics Observatory spacecraft. The detailed study of data series of 3 filaments were
carried out in order to identify transverse oscillations. Time-distance diagrams have shown the
presence of transverse quasi-periodic oscillations of the filaments with periods of 20, 8.2 and 4.1
minutes. The duration of data series ranged from 1.5 to 3 hours, with the cadence of 12 and 24 s.

In contrast to previous studies, where single dense filaments were simulated [3], our results have
shown that the model of a double-structured filament with two flux ropes is in good agreement with
observations.

1. Jelinek P., Karlicky M., Smirnova V.V, Solov'ev A.A. // A&A 2020. V. 637.P. 7.
2. Avrett E. H. and Loeser R. // ApJS 2008. V. 175. P. 229.
3. Zhou Y .-H., Xia C., Keppens R., Fang C., Chen P. F. // ApJ 2018. V. 856. P. 179.



82

HATPEB COJTHEYHOM KOPOHBI TIOTOKAMMH TEILIA U3
KOPOHAJIBHBIX MATHUTHBIX CTPYKTYP

Crenanos A.B.!, 3aiiues B.B.2, Kponmraaros I1.B.2

'TAO PAH, C-Ilemepoype, Poccus, astep44@mail.ru; *HII® PAH, Huxcnuii Hoseopoo, Poccus

OmnpeneneHsl IMOTOKM TeMJa M3 TOPSYMX MArHUTHBIX TM€Teb M MAarHUTHBIX TPyOOK B
okpyskatouryro kopony [1]. Ilokasano, 4ro ropsiame MarHuTHble TPyOku (cmukyunel 1l Tuma)
ABISAIOTCS Oonee 3(PPEeKTUBHBIM HCTOUHHKOM HArpeBa KOPOHBI IO CPABHEHHUIO C TOPSTYUMH
MarHUTHBIMH METJISIMU, TaK KaK B [TOCJIEAHEM ClIydae TEIJIOBble IOTOKU B KOPOHY CYLIECTBEHHO
OTrpaHUYeHbl 3aMKHYTOW CTPYKTYpOW MarHuTHOro mojs. Jlas KoMIeHcaluu pagualiOHHbIX
TIOTepb 1 OTePh Ha TETLIONPOBOAHOCTE U3 KopoHs! (~ 102 spr/c) pedyerca 10* ropsunx cnuxy,
YTO COCTaBJIsIET OKOJIO 1% OT Konu4ecTBa CHHKYJ, OXHOBPEMEHHO HAONIONAIOIINXCS HA IHCKE
Connua. OCHOBHBIM MCTOYHMKOM 3HEPTUH [UIsl HarpeBa KOPOHANbHON IIa3Mbl SIBIAETCS
dorocdepHass KOHBEKIHMS, T€HEPUPYIOIIAass B OCHOBAHHUSIX MArHUTHBIX METEIb M MArHUTHBIX
TpyOKOK 3mexTpuueckue Toku ~ 1011 — 1012 4. Jluccunanus 3nexTprueckix TOKOB TIOBIITEHA H3-
38 HOHHO-aTOMHBIX CTOJIKHOBEHHUH U CBSI3aHHOM C HUMU ITpoBoauMocTH Kaynunra. 9To npuBoauT
K JIBYM B&XHBIM 3((pekTam — K HarpeBy Iia3Mbel B MArHUTHBIX CTPYKTypax A0 TEMIIEPaTyphl B
HECKOJIbKO MUJUJIMOHOB I'PaJyCcoB U K BOSHUKHOBEHHUIO TIOTOKOB ropsideil MmiasMbl U3 OTKPBITHIX
MarHUTHBIX TPYOOK B KOPOHY. MHKEKIMsI ropsiueil Mmiia3Mel CBA3aHA C HATPEBOM 3JIEKTPUIECKUMU
ToKaMu (HOoToCHEepHBIX OCHOBAHHUU TPYOOK, BO3PACTAIOIIUM TPH CIOPATUYECKOM YBEITUYCHUH
ckopocTtu porochepHOl KOHBEKIINH, HATIPUMED, B PE3yJIbTaTe S-MUHYTHBIX KOJIeOaHUH WK TIpU
pasBuTHH HeycroiunBocTH Penest -Taiinopa. B pesynbprare ckopocTh Harpea (porochepHbIX
OCHOBAaHUH TPYyOOK KOJBLEBBIMH TOKAMH HAUYMHAET INPEBBIIIATb PAJUALMOHHBIE MOTEPH, YTO
MPUBOAUT K CKA4YKy IpajleHTa AaBJIEHUs U BO3HUKHOBEHMIO MHXKEKLIMU ropsdeil miasMbl U3
OTKPBITOTO KOHI[Aa MAarHUTHOH TpyOKH B KOpOHY. IIpu 3TOM MOTOKM ropsideil rmiasMsl U3 CIIUKYJI
KOMITEHCHPYIOT MOTEPI0 KopoHanbHOM Maccsl, 10°-10'° kr/c, yHOCHMOIT CONMHEYHBIM BETPOM.

1. Zaitsev, V.V, Stepanov, A.V., Kronshtadtov, P.V. // Solar Phys. 2020, V.295, P.166.
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HOPMAJIBHBII U AHOMAJIBHBIN D®®EKT JOILUIEPA IPU T'EHEPAIIMU M
3ATYXAHUHU TYPBYJIEHTHOCTH BHUCTJIEPOB B YCJIOBHUSIX BCHBIINIEYHON
HETIN

®duaaros JI.B.!, Meabuuxos B.®.2
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filatovivi@yandex.ru

2 I'nasnas (Ilynkosckas) acmponomuveckasn obcepeamopusn PAH, Canxm-Ilemep6ype

BricTpble (HETEIUIOBBIE) HJIEKTPOHBL, HMHXKEKTHPOBAHHBIE BO BCIBIIIEYHYI —TETIIIO,
TeHepUPYIOT MHUKPOBOJHOBOE M KECTKO€ PEHTreHOBCckoe wu3iydeHue [1]. XapakTepUCTUKH 3THX
U3Jy4EHUI ONpeneNstoTCss MAarHUTHBIM TOJIEM U paclpefesieHHeM HETEIUIOBBIX 3JIEKTPOHOB I10
SHEPrusM M MUTY-yIJaM B KaxAoH Touke mneriu. [as uccnenoBaHMsl 3TUX paclipeneseHHi
HEOOXOMMO PacCMOTPETh B3aUMOJEHCTBHE SJIEKTPOHOB C YaCTHUIIAMU IUIA3Mbl TETIH U
BOJIHOBBIMU NOJISIMH B Hel [2,3]. B pabote [4] MBI paccMOTpenH, Kak OTPasnuTCs Ha pacipeaeIeHnN
HETEIUIOBbIX JJIEKTPOHOB M UX THUPOCHHXPOTPOHHOM H3JIyYEHHH MX CaMOCOIIaCOBAaHHOE
B3aMMOJIEHICTBHE C BHCTIIEPOBCKOHN TypOYJIEHTOCTBIO, 3aMOJHSIOMIEH BCIBIIIEUHYO neTiro. lpu
5TOM VUYUTBHIBAIUCH TOJBKO BHUCTJIEPBI, PACIpOCTPaHSIOLIMECS BAOJb IMETIM IO HaIpaBJIEHUIO
MarHUTHOTO MOJIsl. DTO CIpaBeAJMBO KOTJAa IJla3Ma BHYTPH BCIBILIEUHBIX METENb IUIOTHEE, YeM
CHapy>kH, YTO IMPUBOAUT K BOJIHOBOJAHOMY, KBa3UIIPOJOJbHOMY PacHpOCTPAHEHUIO BUCTIIEPOB [2].
Bmecre ¢ Tem, B MarHuTocepax akTHBHBIX O0JACTEHl BO3MOJKHO CYIIECTBOBAHHE BCHBIIIEUHBIX
neTeNb, B KOTOPBIX IUIOTHOCTD IUJIa3Mbl HE OTJIMYAETCS 3aMETHO OT IJIOTHOCTH IUIa3Mbl BHELTHUX
MarHuTHBIX TPyOOK. B 3TOM ciiydae BHCTIIEpPBI MOTYT PAacIPOCTPAHATHCS MO OOJBIIUMH YIIIaMH K
MarHuTHOMY ToJro[3].

B3zaumopeiicTBue Mexay 3HEPrUUHBIMU 3JIEKTPOHAMH U BUCTJIEPAMH, B KOTOPOM IIPOUCXOAUT
KaK paccesHue 3JEKTPOHOB MO MUTY-YIJIaM, TaK U TeHepaLus (3aTyXaHHe) CaMUX BUCTIIEPOB, HOCUT
pe3oHaHCHBIH Xxapaktep. [Ipu 3TOM HEOOXOOMMO YYHTHIBATH JOIUIEPOBCKOE CMEIIEHHE YacTOTHI
U3Jy4eHUsl JBIDKyLlerocst djekTpoHa. Ilpu mOpodoipHOM — pacnpocTpaHEHUM  BHUCTJIEPOB
CYIIECTBEHEH TOJBKO HOpManbHBIA 3ddext [omnepa, Torma Kak Ui BHUCTIEPOB,
PACIIPOCTPAHSIOMIMXCS TTOA OOJIBIIUM YIJIOM K MAarHUTHOMY TOJIO, 3HAYUMBIM MOXKET CTaTh U
aHomaJbHbIH 3 dekt omepa.

Lenpto HacTosIIElH pabOTHI ABISETCS PACCMOTPEHHE MOJENH COrIACOBAHHOTO PE30HAHCHOTO
B3aUMOJIEIICTBUSI  HETEIUIOBBIX JJIEKTPOHOB C  BUCTJIEPaMH, PaCHpOCTPAHAIOLIMMUCS — BO
BCIIBIIIEYHON TMeTJie MOJ MPOU3BOJIBHBIM YyrioM. Mbl NPOBOAUM OLIEHKY CTENEHU BIUSHUS
BEJIMYMHBI 3TOrO yIjla Ha IUTY-YIJIOBOE, 3HEPreTUHECKOe U NMPOCTPAHCTBEHHOE paclpereseHus
3JIEKTPOHOB U ONpEHeNsieM OTJIMYUTENbHbIE OCOOCHHOCTH, CBS3aHHbIE C HOPMAaJbHBIM U
aHOMaJIbHBIM 3¢ dexTom Jlorepa.

Pabora BeimosnHeHa B pamkax ['ocymapcreennoro 3amanust Ne0041-2019-0019, npu yacTuyHOH
noanep:kke Poccuiickum GpoHmoM PyHIaMEHTATBHBIX UcclenoBanuid, mpoekT Ne 20-52-26006.

Kamnan C.A., prrosuu B H. ITnasmennas actpodusuka. Hayka, M., 1972, -440c¢
Bbecnanos I1.A., Tpaxrenrepu B.1O. Ansdpenorckue mazepsr, UTIPAH, 1986, -190c.
Mamnbuesa O.A., UepHos I I1. Kunematnka u ¢pusuka Hebec. Ten. 1989. T.5, Ne6. C.44-54
Filatov L.V, Melnikov V. F. Ge&Ae, 2020, V.60, P.1137
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KOHIHEHTPAIIUA BECCNJIOBOTI'O MAI'HUTHOI'O ITOJIA B KOPOHE
COJIHIHA U CKPYYEHHOCTb MAT'HUTHBIX ITETEJIb

Han 10.T., Crenanos A.B., Konbuiosa 0.,

KpAO PAH, nem. Hayunvi, yur crao@mail.ru

PaccmarpuBaercss MarHUTOCTATHUECKOE PABHOBECHE OCECHMMETPUYHBIX LMJIMHAPHUECKUX
TOKOBBIX JKTYTOB B YCJOBHSX COJIHEUHOW KOPOHBI. OOCyXmaercs BO3MOJKHOCTb KOHLIEHTPALMU
CHJIbHBIX MAarHUTHBIX TOJIEH B HEWTPAIM30BAHHBIX U HE-HEHTPATM30BAHHBIX IMOTOKOBBIX TPyOKax,
KOTZla a3UMyTaJbHas KOMIIOHEHTa MAarHHUTHOTO TIOJsl BO BHEIIHEH oO0jacTu  sBIsETCS
COOTBETCTBEHHO PaBHOH JINOO OTIMYHOM OT HYJIS, IPU PA3IMYHBIX 3HAYCHUST 3aKPYTKH MarHUTHBIX
cwioBbix juHui @. Ha mpumepe oOoOmenHoN OeccHUIOBOM MAarHUTHOW KOH(UIypalMii KryTa
I'onpna—Xoina mnoka3aHO 4YTO HE-HEUTPAIU30BAHHBIE TOKOBBIE OKIYTbl, B OTJIMYHE OT
HENTPaAIN30BaHHBIX, CIIOCOOHBI OOECTIEYNTh KOHIIEHTPALMH MArHUTHOTO TOJIsT BOJNIM3U OCH TPYOKH
B IECATKU pa3 MPEBOCXOIsImue (OHOBBIE 3HAYEHMs IOJII TMPU CPABHUTENBHO MAaJbIX YrJjax
3akpyTkn (@ < 10m). Ha oCHOBE MOJIy4EHHBIX pPE3YJIBTATOB AHAIM3UPYETCS MPOHCXOXKIECHUE
CKPYYEHHBIX MArHUTHBIX 1osiel B kopoHe CosHia.

PaGora BhIONHEHA NTPH YaCTHYHOH (hrHAHCOBOM noaaep:kke MunoOpHayku (HUP Ne 083 1-
2019-0006) u rpanta POOU (Ne 20-52-26006).
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XPOMOC®EPHBIE CIIUKYJIbI U CKOPOCTH B KOPOHE

Axyuuna I'.B.

TAUIIT MT'Y, 2. Mockea, Poccus, yakuninal@sai.msu.ru

[IpencraBnen kpaTkuii 0630p pe3ynbTaToB HaOMIOAeHHN XpoMmochepHbix crnukyn I Tuma, wx
CBsI3b ¢ poTOCHEPHBIMI MArHUTHBIMH TOJSIMH M BO3MOXKHOH POJIM B IEPEHOCE SHEPTUU U HArpeBe
COJTHEYHOH KOpOHBL Xpomocdepa O4YeHb TUHAMUYHA, HEOMHOPOAHA W M3MeH4nBa. CHUKYIbI —
OCHOBHBIE 3JIEMEHTBI TOHKOH CTPYKTypbl XpoMoc(epbl MOIYT HIrpaTh PELIAOLIYI0 POJb B
SHEpPreTHKe BHELIHEH COJIHEYHOH arMocdeprl M OBLIM TNPENJIOKEeHbBl B KadeCTBE HCTOYHHMKA
BBICOKOW Temreparypbl kopoHsl. OOpa3oanmne crimkyn Il Twma, mo-BUIUMOMY, TECHO CBSI3aHO C
nporeccaMi MarHUTHOTO TepecoequHeHuss B KopoHe. Kpatko o0CyKmaroTcsi HEKOTOpbIe
TPYAHOCTH, BO3HHUKAWOIIWE TMpH HHTepnperauun Habmonenud. KpymHomacmraGHble |
MeJIKOMacIITadHble CTPYH U BOCXOASIINE TIOTOKM, HaOiromaeMble B HIDKHEH armocdepe
cnokoiiHoro CojHIIAa M WrpalOT BaXXHYIO pOJIb B IEPEHOCE MacChl U DHEPrUU U3 IUIOTHOH
xpomocdepsl B KOpoHy. OQHAKO UX MPOUCXOXKACHUE U CBSI3b C JMHAMHUKON MArHUTHBIX IMOJIEH 1O
CHX TIOpP HEIOCTAaTOYHO M3y4deHbI U uccienoBaHbl. Crimkyosl 1l Thma Obutn BriepBble 0OHAPY KEHBI
Ha m3oGpaxennax Hinode B mummm Ca I (2007 r.), mokassiBaioT ckopocT (50-150 km ¢ V).
Habmronennss cnimkyn Il tunma ¢ momompbro crnekrporpada IRIS m HazemHbix obcepsaropuii
BBIIBWIN HAJIM4YUE O4Y€Hb BBICOKUX ABH:KeHUH nopsaka 100-300 km ¢!, U3MEPEHHBIX B MJIOCKOCTU
HeOa. [leranpHas puznyeckasi MpUYUHA U POJIb B OOECIIEYEHNN MacChl U SHEPTUU KOPOHBI OCTAIOTCS
B 3HAUUTENbHONH CTEeNeHH Heu3BeCTHbIMU. CBsi3aHHbIE C 3TUM TPYAHOCTH B MHTEpIpeTaluu
COJIHEYHBIX JAaHHBIX B OCHOBHOM BO3HHMKAIOT MH3-32 OrPAHUYEHHOI'O MPOCTPAHCTBEHHOIO
pa3perIeHus 1 CIOKHOCTH XPOMOC(hepHL.

Hauunas ¢ 1965 r. B I'AHUllle npoBoauinch UCCIEAOBaHUs ABWXXEHUs IUIA3Mbl B COJHEUHOMU
KOpPOHE C MOMOIILI0 HHTEP(hEpOrpaMM KPacHoi 1 3eneHol kopoHanbHeX muamil Fe X 6374A u Fe
XIV 5303 A B0 BpeMms MOMHBIX COMHEUHBIX 3aTMEHHiT. BBUTH Oy 4eHbl JOMIEPOBCKHE CKOPOCTH B
MaJIbIX 0GBEMOB KOPOHBI 10 160 KM ¢, UTO BBI3BANIO HEKOTOPYO KPUTHKY, OCKONBKY CKOPOCTH
o HabroneHnsM He npesbimand 20-30 kM ¢, TIpodunu THHAI UMEIOT CIOXKHYIO (OpMy, HTO
UHTEPIPETUPYETCA KaK CBUIAETENbCTBO CYLIECTBOBAHHWA B KOPOHE MHOXECTBA MEJKUX
IBIKYIIUXC 00BEKTOB. B pesynbrare mepecMorpa paHee mojy4eHHbIX npoduneit muanu Fe XIV
5303 A 6binmu oleHeHbI 3HaUYEHMs TypOYIEHTHBIX CKOpOCTeid, B paboTe mpemcTaBieH KpaTKHii
0030p TypOyJNEHTHBIX W VIOPAJOYEHHBIX [BWKEHWH IUIA3Mbl B  COJHEYHOH KOPOHE.
AHaNMM3UPYIOTCST CKOPOCTH B CIIOKOMHBIX KOPOHAJIBHBIX 00JACTSAX, KOPOHAIBHBIX METJISX,
KOPOHAJIbHBIX IBIPAaX M IMOJIOCTH BOKPYT CIOKOHHBIX MpoTyOepanueB. CraenaH BBIBOJ O TOM, HYTO
paznuune TYypOYJEHTHOCTH B PAa3JIMYHBIX CTPYKTYPHBIX OOpa3OBaHUSIX KOPOHBI CBS3aHO C
M3MEHYMBOCTBIO MAarHuTHOro mnouss. MccnenoBaHbl CKOPOCTH HAaNpaBi€HHbBIX JBUXKEHUM s
PA3NIUYHBIX CTPYKTYp B KOpoHe. Ilo-BmaumMomy, TypOyJIE€HTHBIE CKOPOCTH CPaBHHUMBI IO CBOUM
BEJIMYMHAM C JIOIUIEPOBCKUMH CKOPOCTSIMH, HO B TO K€ Bpe€Msl OHH HECKOJbKO MEHbIIE.
HccnenosaHa cBsA3b HETEIUIOBLIX CKOPOCTEH € XapakTepUCTUKaMU MarHUTHOTO MOJIS.
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JAHAMHKA CKOPOCTEN COJTHEYHOI'O BETPA HA ®A3E CIIAJA 24 IIUKJIA
COJIHEYHOM AKTUBHOCTH IO OJTHOBPEMEHHBIM HABJIFOJIEHUSIM
MEXILTAHETHBIX MEPIIAHUM HA YACTOTAX 327 M 111 MTI'1J,

Yameii I.B." , Jlykmanos B.P.!, Troan6ames C.A.", Toxymapy M.2

'~ @usuveckuit unemumym um.I1.H.Jle6edesa PAH, chashey@prao.ru

- ISEE, Nagoya University, Japan

IIpencraBnensl pe3yabTaThl CPABHEHUSI CKOPOCTEH CONTHEYHOIO BETPA, MOJIYUYEHHBIX IO
WU3MEPEHHSIM MEXKIUIAHETHBIX MEPLIAHUI Ha TpexaHTeHHoU cucteMme Harolickoro ynusepcurera
Ha yactore 327 MI'tt u onunounoii antenne BCA ®UAH na yacrore 111 MI't;. Habmronenus
OXBATBIBAIOT MEPHOA JUTUTENLHOCTD 6 JIeT Ha (hase criaga 24 UKIIa COTHEUHOW aKTHBHOCTH.
HUcnonpzosano Oonee 100 mHAMBUAYaTbHBIX 3aMHUCei KOMMakTHOTO paguoucrounnka 3C 48 u
MPOTSKEHHOT0 aHu30TponHoro ucrounnka 3C 298. Koppensuus exenHeBHbIX 3HAU€HUN
ckopocTH cocTasisgeT okono 50 % nis ucrounuka 3C 48, cpenHerofoBble 3HAUEHUs B IIpenenax
omHrOOK COBMAIAIOT M UCIIBITHIBAIOT U CHHXPOHHO U3MEHSIOTCS B LIMKJIE aKTUBHOCTH. JLo1st
ucrtounnka 3C 298 koppensiust 0koio 25 %, UMeeTcst CHCTEMaTHIECKUN CABUT MEXKITY
CpeaHerofoBbIMH 3HaYeHUSIMU. OOCYKIAFOTCSI BO3MOYKHBIE TPUYHHBI PA3JIMYHS B CKOPOCTSX

AJI TIPOTSAZKEHHOTO UCTOYHUKA.
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ConocrasieHue JaHHBIX PAIHO3ATMEHHBIX JKCIIEPHMEHTOB MPH 30HAHMPOBAHHHU
OKOJIOCOJTHEYHOH MJIA3MBI € JJOKAJTbHBIMH H3MEPEHHSAMH XAPAKTEPHCTHK KOCMHYECKOH
IJIA3MbI B OKPECTHOCTH 3eMJIH.

A.N. E(l)I/IMOBl, JLA. JIyKaHnHal, B.M. CMI/IpHOBl, Hn.B. qameﬁz, M.K. Bépz{3’4, M. HeTIIO.]'lel4

Y Opsasuncruit punuan Huemumyma paduomexwmuxu u snexmponuxu um. B.A. Komenvnuxosa PAH,
2. Opsaszuno, Poccus

2Qusuveckuii uncmumym um. IL.H. /lebeoeea PAH, 2. Mockea, Poccus

3HHcmumym acmpoHomuu um. Apeenanoepa bounckozo ynusepcumema, 2. boun, I'epmanus

Unemumym uccnedosanus oxpyscaroweii cpedvr Kénsncxozo ynusepcumema, . Kénon, I'epuanus

e-mail: efimov(@ms.ire.rssi.ru

[IpencraBneHsl pe3ynbTaThl aHAIN3a HAOMIOACHUH NMPOMCXOAMBINNX B OKpecTHOCTH ConHIA
SKCTPEMAJIbHBIX COOBITHI C UX MPOSIBJICHUSMH B OKOJIO3€MHOM KOCMHUYECKUM IpOCTpaHcTBe. st
HabmroneHust odnacredt HOPMUPOBAHUS M YCKOPEHUSI COTHEUHOTO BETPa UCTIOIB30BAIUCH TAHHBIE O
GayKTyanusix 4YacTOThl PAJMOCHTHAJIOB, TMOJYYEHHBIX NPU TNPOBEICHUU PaJAUO3aTMEHHBIX
SKCIEPUMEHTOB ¢ MoMolnbto kocMmudeckux amnmnapatroB GALILEO, MARS EXPRESS u VENUS
EXPRESS. IlokazaHo, yto mnocie reHepauuu Ha CoOJIHLIE MOTOKOB BO3MYILIEHHOH IJa3Mbl Ha
opbute 3emMiu PEruCTPUPYIOTCS YBEJIUYEHUS CPEOHUX 3HAYEHUH KOHLEHTPALHUU 3apsDKEHHBIX
gacTull U ux Bapuauuii. [TokazaHo, 4TO BBIOPOCHI BO3MYLIEHHOH IIa3MBbI, 3apPETHCTPHPOBAHHBIC
NPU PAIUO30HAUPOBAHUN BOCTOYHBIX OOJIACTEH COJIHEUHOW KOPOHBI, MHUIMHUPYIOT NMOSIBICHHE HA
opbute 3eMii MAaKCUMYMOB KOHLIEHTPAIMH 3apPSDKEHHBIX 4acTHLl (IIPOTOHOB), KOTOPBIE BO MHOTO
pa3 MOryT mpeBbiiaTh (OHOBBIE 3HAYEHHUS] STOH XapakTepucTHku. DOpMUPOBaHHE JTHUX
MaKCHUMyMOB TPOUCXOOUT [BYMsl MyTsSMH. B mepBOM ciydae MOTOKM BO3MYIUEHHOH [MJ1a3Mbl
MPOXOIAT KaK 4Yepe3 TPacCy pPaguoCBs3H, TaK M B HANPABICHUH 3€MJIM, W depe3 3...5 CyTOK
IOCTHUTAIOT €€ OPOUTBI, BBI3BIBAS YBEIMUEHHE KOHLIEHTPALNHN 3aPsKEHHBIX YaCTHL], KOTOPOE MOXKET
ObITh OOHApYKEHO MPHOOpPaMH, YCTAHOBJIEHHBIMH Ha OOpPTY HMCKYCCTBEHHBIX CITyTHHUKOB 3€MJIH
(WIND, ACE u nap.). B apyrom ciydae Ta ke oOnactb oOpa3oBaHUS BO3MYIIEHHBIX MOTOKOB
Ta3Mbl, Bpamaromascs: sMecte ¢ ComHIeM, MPOIOJDKAeT TeHepUPOBaTh BBHIOPOCHI KOPOHAIBHOMN
MacChl, ¥ TOTZA B OKOJIO3EMHOM IPOCTPAHCTBE TAKXKE PETUCTPUPYIOTCS IMOBBIIICHHBIC 3HAUEHUS
XapaKTEPUCTHK IUIA3Mbl C 3amMa3[blBAHUEM OTHOCHTEIBHO IEPBOrO CIIydasi OKOJIO YEeTBEPTH
nepuona spammenus: CoiHIa, Koraa 3Ta 00JacTh HAXOAUTCS HAIPOTUB 3EMITH.

Pabota BemosnHeHa B pamkax I'oczaganus.
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AHAJIN3 HOBEJAEHHUSA ITOTOKA HOHOB COJIHEYUHOI'O BETPA B
OBJIACTU OBEPIIYTA MEXKILJIAHETHOI YIAPHOIM BOJIHBI

bopoaxosa H..JI.I, CanyHoBa O.B.l, EceneBuu B.F.Z, 3acrenkep F.H.l, Epmonaesn 0.1}

i . ;
Hucmumym xocmuyeckux uccneooeanuii PAH, 2. Mockea, Poccus, nlbor(@mail.ru
2 -
Huemumym conneuno-zemnoii pusuxu CO PAH, 2. Hpxymck, Poccus

ITo nanHpiM masmeHHoro crnexktpomerpa BMCB, ycranosnenHoro Ha KA CIIEKTP-P,
HCCIIENOBAIACh CTPYKTypa TEYEHHUS IUIa3Mbl COJIHEYHOTO BETPa 3a PAMIIOM MEXKIUIAHETHON
ynapHoit BoiHbL. Ocoboe BHUMaHUE OBbUIO yaAeNeHO 00acTH OBEPINyTa, B KOTOPOH HAOMIOIAIOTCS
KOPPENUPOBaHHBIE, 3aTyXalIue IpH YAAJEeHUH OT pamma KojeOaHUs MOTOKAa WOHOB U
MarHUTHOTO TOJsA, CPOPMHPOBAHHBIE NBYMs MOMYJSIIMSMU HOHOB. BTEKAIOIIMM COJIHEUHBIM
BETPOM H MYYKOM OTPAKEHHBIX BPAINAOIINXCSI HOHOB.

Ha ocHoBanuu ananmusa 20 nepecedeHuil (POHTOB MEKILIAHETHBIX YAAPHBIX BOJH, B KOTOPBIX
HaOJIIOIATUCh OBEPINYTHI B BEJIMYMHE MMOTOKA MOHOB M MArHUTHOTO MOJIS, OBUIO TIOKA3aHO, YTO
OBEPIIYThI OOPA3yIOTCSA HE TOJBKO y CBEPXKPUTUYECKHX YIOAPHBIX BOJH, HO M y TeX, Y KOTOPBIX
yrcna Maxa MeHbIIe WM NPUONIKAIOTCS K 3HAYEHHIO MEePBOTO KPUTUYECKOro uucia Maxa.
ITomyueHo, 4TO BeNMYMHA OBEpLIyTAa BO3PACTAaET C POCTOM uMcia Maxa W BENMYMHBI COKATHUS
MarHuTHOTro noJst By/Bj.

[TonyueHO TakKe, YTO OLEHKH IJIMHBI BOJHBI KOJIEOAHWH NMOTOKAa MOHOB M OLCHKH JJINHBI
oOmacTu 3aTyxaHMs S5THUX KoJeOaHUIl XOpOIIO KOPPEeNHpYIT C BEIMYHHON THpopagnyca
3aXBay€HHBIX HOHOB.
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Iosenenne nonos He++ Ha ppoHTE MEKNIAHETHONH U OKOJI03€eMHOM yIapHBIX
BOJIH

Canynosa O. B., bopoakosa H. JI., 3actenxep I'. H., Epmoaaes 10. H.

HKU PAH, 2. Mockea, Poccus, sapunova olgal@mail.ru

B pabore mposeneHo MccienoBaHUE BapUALMil MapaMeTpOB MOHOB JABAKIbI HOHH3UPOBAHHOTO
requst (He++ mimm a-vactuiel) Ha GPOHTE MEKIUIAHETHOH M OKOJO3€MHOW YAAapHBIX BOJIH IO
IaHHBIM TIa3MeHHoro crnekrpomerpa BMCB, ycranosnenHoro Ha crnyTtHuke CIIEKTP-P.
Bricokoe BpemeHHOe paspetnenne criektpomerpa BMCB (0.031 ¢ ms BexTopa motoka u 1.5 ¢ -
11l CKOPOCTH, TEMIIEPATypbl M KOHLEHTPALIMH) TO3BOJIIIIO U3Y4aTh CTPYKTYPY (ppoHTa yaapHOi
BOJIHBI KaK 110 U3MEPEHUsIM MIPOTOHHON KOMIIOHEHTHI COJTHEYHOrO BETPa, TaK U MO U3MEPEHUSIM
a~yactul. [lonyueHo, uro abComOTHAsE KOHLEHTpauus HOHOB He++ 3a ppOHTOM MeKIIaHeTHON
YAApPHOH BOJIHBI YBEJIMYMBAETCs, & OTHOCUTENbHAsl KOHLEHTpauus HOHOB Het++ mnanpaer.
CpenHsisi OTHOCUTENBbHAS KOHIIEHTpauusi MOHOB He++ 3a (pOHTOM yZmapHOH BOJHBI OKa3anach
HECKOJIbKO MeHbIne (Ha ~ 9%), yemM B HeBO3MylieHHOW obmactu. IlomydeHa xopormas
KOppesiLysl MeKAY U3MEHEHHEM OTHOCUTENIbHOM KOHLIeHTpauuyu noHoB He++ u yriom 6Bn.

IIpoBeneHo cpaBHEHHE BapualMii aOCOMIOTHON M OTHOCHUTENIbHOM KOHLEHTpanuuu MOHOB He++
npu nepecedeHny PpOHTa MEKIUIAHETHOH U OKOJIO3€MHOH yIapHBIX BOJIH.
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BAPUAIIMUA I'EJINA B PA3JIMYHBIX KPYITHOMACIHITABHBIX
ABJIEHUAX COJTHEYHOTI'O BETPA

Xoxjaues A., Pazanuesa M.O., Paxmanosa JI. C., Epmogaes F0.U., Jlonkuna U.T'.

UKHU PAH, 2. Mocksa, Poccus, aleks.xaal@yandex.ru

B pabore paccmarpuBarOTCs BapuaLMH JBAXKAbl HOHU3WPOBAHHBIX MOHOB TeNus (0-4acTHII) B
comHeyHOM BeTpe. Kak mnpaBmiio, MOBBIIEHHOE COMEPKAHME TeNUsl SBISIETCS MPU3HAKOM
HEKOTOPBIX KPYMHOMACINTAOHBIX CTPYKTYP COJIHEYHOTO BETpPa — HAIPUMeEp, MArHUTHBIX OOJIAKOB.
Onnako MenkoMaciuTaOHbIe BapHallMU CONEPKAHMS TeIHs HE BCETZa YKa3bIBAIOT HA CMEHY THIIA
TEYEHHS, OHU MOTYT BO3HUKATh B PE3YJIbTATE JIOKAJIBHBIX MTPOLIECCOB B IIA3ME.

HccnenoBaHne OCHOBAaHO HAa KOPPEJSIMOHHOM aHAJIM3€ BPEMEHHBIX PSIOB IUIOTHOCTEH
NPOTOHOB, TeNUsl U OTHOCHUTEJIBHOTO CONEPKAHMS TeNHs, U3MEPEHHBIX Ha IBYX KOCMHUYECKHX
annaparax CIIEKTP-P u WIND, Haxonsdmuxcs Ha 3HAUUTEIBbHOM pAacCTOSHUM JAPYr OT Apyra.
Paccmorpensr m3mepenust npubopa BMCB (CIIEKTP-P) u mpubopos SWE, 3DP (WIND).
Beigenensl nIUTENbHBIE WHTEPBAJIBI C BBICOKMM B ILEJIOM YPOBHEM KOPPEJSIIMHA MEXIy
COOTBETCTBYIOIIMMH HM3MEPEHHMSIMH Ha pAa3HBbIX CHYTHUKAX W TMPOAHATU3UPOBAHBI HM3MEHEHUS
k03¢ uLmenHTa JTOKaNbHON KOPPENSIMH OTHOCHUTENIHOTO COIEPIKaHUS Teus Ha KOPOTKHX
nofbpIHTepBajax. lccnenoBaHa 3aBUCHMOCTH YPOBHSI JIOKAJIbHOW KOPPEISALIMKA OT Pa3JIMUHBIX
MapaMeTpPoB IUIA3MBbl COJIHEYHOTO BETPAa U OT PACCTOSIHHS MEXKIY KOCMHYECKHMH armnaparaMmyd B
miaockoctr  neprneHaukyaspHoit  ymaMu  ComnHne-3emuss.  OmpeneneHa  NPUHAIIEKHOCTD
aHAM3UPYEMbIX HHTEPBAJIOB H3MEPEHHH K KPYNMHOMACIITAOHBIM THIAM TEUEHHH COJHEYHOTO
BETpa Ha OCHOBE Karajora KpymHomacwmTaOHbIX sBneHuid ftp://ftp.iki.rssi.ru/pub/omni/catalog/ wu
BBISIBJIEHA CBSI3b JIOKAJBHOTO KO3 ((PUIIMEHTa KOPPEISILIN C KPYITHOMACIITAOHBIM TUIIOM TE€YEHUSI.

[TokazaHO, YTO YPOBEHb JIOKAJBHOH KOPPEJSIUH 3aBHCHT OT CKOPOCTH TIPOTOHOB U
OTHOCHUTEJIBHOTO CTaHAAPTHOTO OTKJIOHEHHsS COOTBETCTBYIOIIErO Tlapamerpa W JOCTUTAeT
MaKCHUMaJIbHBIX 3HAYEHHUH B C)KATOM IJIa3Me Mepeln MarHUTHBIMH OOJlakaMH, a MUHHUMAaJbHBIX — B
MEJJICHHBIX KBa3UCTALIMOHAPHBIX IMOTOKAX COJHEYHOrO BETPA U B TeIHOC(HEPHOM TOKOBOM CIIOE.
Takoke BBIABICHBI JIOKAJIbHBIE TUIA3MEHHBIE HEOOHOPONHOCTH — OOJIACTH, TAE CYLIECTBEHHBIC
U3MEHEHUsI CONEpKaHMs renusl HaOMIOMAIOTCS TOJNBKO HAa OJHOM KOCMHUYECKOM ammapare, U
OmpeneNeHbl WX OCHOBHBIE cBoiictBa. Kpome Ttoro, B paboTe paccMOTpEeHbl W3MEHEHUs
OTHOCHTEJIBHOTO COAEPIKaHUS Telusl B MarHUTHBIX OOJlaKaX M MOKAa3aHO, YTO COAEpIKaHUE Telus
PacTéT MpPU YBEIMYEHUH MOAYJSI MEXIIJIAHETHOTO MAarHUTHOTO TMOJISI U NPU YMEHbIIEHUH OeTTa-
napamerpa B ~ | MJIH. KM OOJIAaCTH B LIEHTPE MArHUTHOTO OOJIaKa.

Pabora nognep:xana PODU, rpant Ne 19-02-00177.
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MEJKOMACIHITABHBIE HEOJHOPOAHOCTHU B COJTHEYHOM BETPE:
HABJIOJEHUA, XAPAKTEPUCTUKH, HCTOYHUKNU

Kynpssuesa A.B., Ilpocoseuxunii /I.B.

HC3®D CO PAH, 2. Hpxymck, Poccus, kudryavtseva@iszf.irk.ru

Ha n3o06pakenusix kopoHorpados 6eoro csera BUAHBI MOTOKHU Ia3MBbI, MEPEMEIIAIOIIHECS OT
ConHua — conmHeunelii Betep. OH HEOMHOPONEH TO CBOEH CTPyKType: Oosiee sipKHe U TUIOTHBIE
MIOTOKH BEIIECTBa, (OPMHUPYEMBbIE CTPUMEPAMH, HAOMOJAI0TCS B SKBATOPHAIBHBIX T€IHOIINPOTAX,
a MeHee IJIOTHBIE — B TOJSIPHBIX OOJACTSIX, I/I€ MPAKTHYECKH BCErAa CYINECTBYIOT KOPOHAJIbHBIE
aeipel. [TomMuMO XOpomo HASHTHHULIUPYEMbIX KOPOHAJIBHBIX BBIOPOCOB MACChl, B IOTOKax
COJIHEYHOI'O BeTpa Pa3jMYHUMBbl rOpa3fo MeHee spKue HEOJHOPOAHOCTH, UMEIINNE BBITSIHYTYIO B
paguanbHOM HampasiieHuH (GOopMy M pa3MbIThie Kpas. Takue MenkoMaciiTaOHble HEOTHOPOTHOCTH
HaOJIOMAI0TCS TTOCTOSIHHO, HE3aBHUCUMO OT TeJIMOLIMPOTHI M HAJIWYUS SPYNTHBHBIX MPOLIECCOB HA
Connue. IlpuHATO CUMTATh, YTO MOAOOHBIE HEOMHOPOAHOCTU TPACCHPYIOT MOTOKH COJHEYHOTO
BETPa, HE UMEIOT COOCTBEHHOW MAarHUTHOW CTPYKTYpPBhl M PACIPOCTPAHSIOTCS BIOJb OTKPBITHIX
CUJIOBBIX JJMHMHM MarHUTHOTO MOJIS.

beun ompeneneHbl XapaKTEPUCTUKU PA3JIMYHBIX MEJIKOMACIITaOHBIX HEOAHOPONHOCTEH B
nepuon ¢ 2009 mo 2014 rom mo nanHbeM kKoponorpadoB STEREO na paccrosHusx mo 15
COJHEYHBIX paguycoB. Habnronaemble HEOIMHOPOTHOCTH XapaKTEPU30BAIUCH OTCYTCTBHEM SIBHO
BbIPAKEHHONH MAarHUTHOM CTPYKTYpBI, YIJIOBBIMHU pazMepamu ~ 3° u cpenHell ckopoctbo 175 + 30
KM/c (B TpPOGKIMHM HAa IUIOCKOCTh m300pakeHus). MHccnenoBaHuWe HYacTOTHI —IOSIBICHUS
HEOAHOPOMHOCTEH B TOJSIPHBIX OOJACTSAX COJIHEYHOW KOPOHBI IIOKA3aJI0 BO3PACTAHUE WX
KonuyecTBa Ha (asze pocTa I[MKIA COJHEYHOW AKTUBHOCTH. BO3MOXHBIE HWCTOYHUKU
HEOIHOPOAHOCTEH OIpPEAeNsUINCh B YJIbTPA(QUONETOBOM OHANa30HE IO TaHHBIM KOCMHYECKHX
obcepBatopuit  STEREO wu SDO. IlonmyueHHBIE pe3yabTaThl COTMJIACYIOTCS € WMEIOIIMMUCS
TEOpUsIMH O (POPMHUPOBAHUM MONOOHBIX HEOITHOPOTHOCTEH HAa TPaHULAX OTKPBITOH M 3aKPBITOH
KOH(pHrypaunuii MarHUTHOTO TTOJIS.

Pabora BrimonHeHa B paMkax 0azosoro ¢puHancupoBaHus npoekra @HU 11.16.
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CBOICTBA 1 ICTOYHUKH JJHEBHOI MATHUTOC®EPHI MAPCA

Baiicoepr O.J1., lllyBanos C.JL

UKHU PAH, . Mocksa, Poccus, shuvaloviajiki.rssi.ru

Topsiyast nnasmennas obojouka Mapca Obuta oOHapyskeHa Ha cryTHukax Mape-2,-3 u -5. C
2014 r. cnyrank Mapca MAVEN mo3BosuiI [eTaibHO HCCIENOBATh 3Ty 00oJouky. bmaromaps
stomy B MKW PAH Obuto yCTaHOBJIEHO IMOCTOSIHHOE CyIlecTBOBaHME TOHKOW, ~ 200-300 kwm,
MarHUTHO-TUIA3MEHHOH 00O0JIOUKH, SIBISIFOIIEHCS] THEBHBIM NPONOJDKEHHEM MarHuTocdepsl Mapca
Y BIUSIOIIEH Ha MOTEPH I1a3mMbel Mapcom.

JlaeBHasi MarHuTOC(epa SIBISETCS MPOMEKYTOUYHBIM 3BEHOM MEXKIY BHEIIHUM ITOTOKOM
ropstueil COTHEUHOM TUIa3Mbl U XOJIOAHOM M1a3Moii noHocdepsl BHyTpH. HaceneHne marauTochepsl
COCTOUT M3 JABYX KOMIIOHEHTOB. pa3OorpeToll M YCKOPEHHOH IIa3Mbl HMOHOC(EpPHl U HOHOB
9K30c(ephl, YCKOPEHHBIX MHAYKIHUOHHBIM 3JIEKTPHUECKUM TIOJeM OOTeKaroleil COJXHEYHOH
IUIa3Mbl. DTH YCKOpPEHHBIE MOHBI Ojaromapsi OONBIIOMY THPO-pPaguyCy CBOOOTHO NMPOHUKAKOT B
BEPXHHUH CIIOH MOHOC(EPH U HArpeBarOT U YCKOPSIFOT HOHOC(EPHBIE MOHBL. JTO HOBBIH MpOLECC
o0OpazoBaHUsi MArHUTOC(HEP U UX POIH B TOCIEAYIOMINX aTMOC(EPHBIX MOTEPSIX.

227" YOAPHAS

3K30CPEPA

log10(eflux)
[eV/(eV cm®s sr)]

107 T

105

number
ensity [om™]
np/(np +n)

A TR

d
=S
k=
e

OpOuTa KOCMUYECKOr0 anmnapara 1 OCHOBHbIE
oOmacTu masmMeHHoi obonoukn Mapca

.z>0

z<0

07:57 07:58 07:59 08:00 08:01 08:02 08:03 08:04 08:05
ur

Marnutocdepa (B oBaje MEXAY BEPTHKAISIMH)
MekIy HoHOC(hepHI (CeBa) U IOTOKA pa3orpeToi
Ha yJlapHOH BoJe ruta3Mel (cnipasa). Bepxaue 3
MaHEeNU — IUArPaMMbl BPEMsI-3HEPTHsI TPOTOHOB,
0O u0;"

1. O.L. Vaisberg, S.D. Shuvalov. Properties and Sources of the Dayside Martian Magnetosphere,
Icarus, vol. 354, 15 january 2021, 114085.
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HAB/IIOJEHHE HEYCTOYUBOCTH ILTA3BMbI B OBJIACTH MEKAY
MOHOC®EPOII M OBTEKAIOIIMM IIOTOKOM HA JIHEBHON
CTOPOHE MAPCA

Kum K.W.12, Ilysanos C./1.!, BaiicGepr O.J1.1
(1) UKH PAH, 2. Mocksa, Poccus

(2) MOTH, 2. J[oneonpyonvrit, Poccus

kim.kit@iki.rssi.ru

IIpouecc B3aMMONEHCTBHSI COJTHEYHOrO BETpPa C IUIA3MEHHOW OOOJIOYKOW IUIAHET, Y KOTOPBIX
OTCYTCTBYET COOCTBEHHOE TIJIOOATbHOE MArHUTHOE IIoJie, Hampumep, Mapc, oTiu4aercss Ot
HaOJIIOIaeMOro y IUIAHET C pPa3BUTBIM MAarHUTHbIM mosieM. OJHAKO HEKOTOpbIe SIBJICHUS
HabmonaroTest y odonx THNOB rutaHeT. [Ipu o0TekaHNH COTHEYHBIM BETPOM IUIA3MEHHON 000JIOUKH
TUTAHETBbl (POPMHPYIOTCS HEYCTOHUMBBIA CIOH MeXAy OOTEKaroImMM NOTOKOM W HOHOC(hepoi
IJTaHETHL.

HanHas paboTa MOCBSINEHA AaHATM3Y M HMHTEPNPETALNU AAHHBIX HOHHOTO CIIEKTPOMETpa
STATIC u marautomerpa MAG cnyrauka MAVEN npu nponére ckBo3b 1aHHbIN cioii. Bo Bpewms
mpojieTa B 3TOM CJIO€ 3aperrCTPUPOBAHBbI KoneOaHus KoHueHTpaumu woHoB H+, O+ u O2+
Habmromaemble CTPYKTYpBl TPEABAPUTENBHO ACCOLMHPYIOTCS C BHXPAMH HEYCTOHYHMBOCTHU
KenpBuna-I'enemronsua [1]. OcHoBHBIM HCTOYHUKOM HOHOB O+ u O2+ B NaHHOM CJIOE SIBJISIETCS
BepxHsist noHochepa Mapca. Ilpu stom Habnronaercs yckopenue noHoB O+ u O2+ OT HECKONBKUX
5B 1o k3B Ha MacmTabe BpeMeHU OT HECKOJIbKIX MUHYT.

IIpoBenen amanu3 yraoeeix crnektpoB H+, O+ m O2+ B mpuOopHOH cuCTeMe KOOPAMHAT H
CUCTeMe KOOpJUHAT, CBsi3aHHOM ¢ MapcoM. Taxxke ¢ MOMOIIBIO JUarpaMM KOMIIOHEHTa CKOPOCTH —
KOHLEHTpaluss [2] mnpoBepeH KpUTepHil perucTpauuud BHUXpsi HeycToiiuuBocTH KenbBuHa -
I'enbMronblLia U3 JaHHBIX U3MEPEHUIN OJJHOTO CITyTHUKA.

1. Ruhunusir, S., et al. (2016), MAVEN observations of partially developed Kelvin-Helmholtz
vortices at Mars, Geophys. Res. Lett., 43, 4763—4773, doi:10.1002/2016GL068926.

2. Hasegawa, H., M. Fujimoto, K. Takagi, Y. Saito, T. Mukai, and H. Re'me (2006), Single-
spacecraft detection of rolled-up Kelvin-Helmholtz vortices at the flank magnetopause, J.
Geophys. Res., 111, A09203, doi:10.1029/2006JA011728.



94

OOPBYII-DOPEKTHI U MATHUTHBIE OBJIAKA

Aoynuna MLA., AOyHuH A.A., besioB A A., Epomienxo E.A., OneneBa B.A.,
Hpamymxuna U.H., asik H.C., fAuke B.I'.

Hucmumym 3emuno20 maenemusma, uonocghepsi u pacnpocmpanensi paouosons um. H.B. Iyukosa
PAH (U3MHPAH), 2. Mocksa, 2. 1pouyx, Poccus, abunina@izmiran.ru

B pabore m3yuaercs BIUSHHE MAarHUTHBIX OOJIAKOB HAa BapHWALMU TUIOTHOCTU KOCMHYECKHX
JAydel, PpEerucTpUpyeMbIMH HEHTPOHHBIMH MOHHTOPAMH, U  BBIACISIFOTCA — CTaTUYECKHE
3aKOHOMEPHOCTH, a TaK)X€ XapaKTepHble OCOOEHHOCTH MAarHUTHBIX 00jakoB. PaccmarpuBaroTcs
252 @opbymr-addexra, CBsI3aHHBIE C BBIASIEHHBIMH MAarHUTHbIMH oOsakamMu. ONUCBHIBAIOTCS
MOBEICHNE COJTHEYHOTO BETPA, MapaMeTPOB KOCMUYECKHX JIydell M T€OMAarHUTHOH aKTHMBHOCTU BO
BpeMsI MPOXOXKACHUST MAarHUTHBIX 00J1lakoB MUMO 3emuid. Ha BepxHe# manenu pucyHka MpuBeneHbI
JaHHbIE CKOPOCTH COJHEYHOTO BETPAa M MEXKIUIAHETHOIO MAarHWTHOTO TIOJA, Ha BTOPOH CBEpXYy
MaHeTn — TUIa3MEHHasi OeTa U TeMIlepaTypHBIH WHAEKC, Ha BTOPOH CHU3Y NMAaHENIH MPEICTaBICHO
MOBEICHNE IJIOTHOCTH U aHU3OTPONMUH KOCMHUYECKUX JydeH, Ha HIDKHEH MaHeIn — WU3MEHEHMs
reOMarHUTHBIX UHAEKCOB (Kp u Dst). BeprukanpHast muaus — Bpemst peructpanun SSC.
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Pucynok. IloBeneHune OCHOBHBIX NapameTpOB COJHEYHOrO BETPA, KOCMHYECKUX Jy4ell Hu
I€OMAarHUTHON AaKTUBHOCTH BO BpeMsl MPOXOXKIEHHs MAarHUTHOrO oOnaka (3akpalieHHas
NpSIMOYTOJIbHAS 001acTh) MUMO 3eMin 6—8 HosiOpst 2015 T.

AbGynnna M.A., AGyvaua A A., benos A A. moxaepxkansl rpanrom PH® Ne 20-72-10023.
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AHAJIN3 ®OPBYHI-DO@®EKTOB B UIOJIE - CEHTABPE 2012 1.

JlykoBHHKOBAa A.A.

HC3®D CO PAH, 2. Hprxymck, Poccus, luk@szf.irk.ru

ITo maHHBIM CHYTHUKOBBIX M HA3€MHBIX HAOMIOACHHMI KOCMHYECKHX Jydeld Ha MHUPOBOU CeTH
CTaHUMH HEHTPOHHBIX MOHUTOPOB Hccienoanbl @opOymr — 3ddexTrr B mrone—centsiope 2012 .
MeTozoM criektporpadudeckoit rimodaipaol cremku (CI'C). Metong CI'C mo3Bossier uccienoBaTh
BapHallUM JKECTKOCTHOIO CIEKTpa, AHU30TPONMM M HM3MEHEHHUsl JXECTKOCTeH T'eOMarHUTHOIO
oOpe3aHust 3a KaKAbIHA 4ac HAOIOIEHUH.

Jna aHanmu3a MCMONb30BAINUCh YCPEIHEHHBIE 32 YacoOBble WHTEPBalbl JaHHbIE HA3EMHBIX
U3MEPEeHUIl Ha MUPOBOW CETH HEMTPOHHBIX MOHUTOPOB (44 CTaHLIMM), a TAK)KE NAHHbIE CITYTHUKA
GOES-13. Ilpu coBMECTHOM aHallM3€ AAHHBIX Ha3€MHBIX U CIYTHHUKOBBIX M3MEPEHMI, B paMKax
mozaenu Monyisimuu KJI perynsipHbIMH 3JEKTPOMATHUTHBIMU TOJISIMH TeIHOC(ephl, MOTydeHb
JKECTKOCTHBIE CIIEKTPbI BaApHALUN MEPBUYHBIX KOCMHUYECKUX Jydel Ha opbure 3emmu. OnpeneneH
BUJ CIEKTPa AaMIUIUTYJ MOIYJSIIMM Ha pPa3HbIX CTaAMAX HCCIenyeMbIx coObituii  (aser
MaKCHUMaJIbHOH MOMYJISILINY, CTIaJa U BO BpeMsi BOCCTaHOBIIeHMs1). [ [puBeeHbI MOKa3aTeu CIEKTPOB
BapHALINl KOCMUYECKUX Jy4el B OTAEIbHBIE MEPHOABI HCCIETYEMOTO COOBITHSI.

Pabora BbImoOnHeHa B pamkax 0a3oBoro (puHAHCHpPOBaHHS NpPOrpaMMel PyHIAMEHTAIBHBIX
HayuHbIX uccnenoBanuil 11.16. PesynbraTel monydensl Ha obopynoBaHuu LleHTpa KONIEKTHBHOTO
nojip30BaHus «AHrapa» http://ckp-rf.ru/ckp/3056/ u YHukanbHOM HayuyHOH ycTaHOBKH «Poccutickas
HAIIMOHAJIbHASI HA3€MHasl CeTh cTaHImil kKocMudeckux Jtyueit (Cers CKJI)».
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NCCIEAOBAHUE KOI'EPEHTHBIX CTPYKTYP B COJTHEYHOM BETPE
11O JAHHBIM PARKER SOLAR PROBE

Bunorpagos A.A.'% Anekcamaposa O.B.2, Aprembes A.B.!°, Maksimovic M.?, Bacuibes
A.A.! lerpyxkoBuu A.A.!, Bale, S.*°

YUKU PAH, 2. Mockea, Poccus, isashavinogradovi@gmail.com
2L ESIA Observatoire de Paris, PSL, Meudon, France

3Institute of Geophysics and Planetary Physics, University of California, Los Angeles, CA, USA
* Space Sciences Laboratory, University of California, Berkeley, USA
> Physics Department, University of California, Berkeley, CA, USA

TypOynentaslie GayKTyanuy COJTHEYHOrO BeTpa 00JaaloT NepeMeKaeMOCThIO —
NPOCTPAHCTBEHHO-HEOAHOPOIHBIM pacipenesieHueM Buxpeii, odpasyromux TypOyIeHTHBIN KacKaz.
B nanHoI paboTe MbI H3ydaeM MmepeMexaeMyro Ty pOyJIEHTHOCTb B COJTHEYHOM BETPE 10 JAHHBIM
cinyTHUKOBOHN Muccun NASA/Parker Solar Probe Ha paccrosHuu 0.17 a.e. ot ConHua. Mbl
HCIIONIb3Y €M COBMELIEHHBIE JAHHBIE MATHUTHOTO MOJIS, IOJyY€HHbIE HHCTPYMEHTAMHU
FIELDS/Search Coil u Fluxgate Magnetometers, a Takke ZaHHbIE H3MCPCHUH MOMEHTOB (YHKLIMH
pacnpeaencHus HoHoB npu momoru SWEAP/SPC.

CoBMelieHHbIe TaHHbIE H3MEPEHNH MarHUTHOTO MOJIsl UMEIOT paspelueHue 3.4 Mc, 4To
MO3BOJISICT PAa3PeIINTh IMUPOKHIA TUANa30H MaciITaboB OT MHEPLHOHHOTO auamna3oHa va MI'J]
MacmTadax, 10 cy0-HOHHBIX MacIITabOB. MBI OMpenensieM KOrepeHTHBIE CTPYKTYPBI IPHU TOMOIIH
BEHBJIET aHAJIN3a KaK JIOKAIM30BAHHOE BO BPEMEHH BO3PACTAHUE IIJIOTHOCTH YHEPTUU KOeOaHuH
ot MI'J] 1o KMHETUYEeCKHX MacITa0OB.

Mp1 onipeniessieM 4acToTy HaONFOJeHUsT KOTEPEHTHBIX CTPYKTYP, KO3(PUIIHESHT 3anOTHEHUS
CHUTHaJIa CTPYKTYyPaMH B 3aBUCHMOCTH OT MacIITada, a TakyKe TOMOJOTHIO MArHUTHOTO TOJIS.
Ob6cysxnaercst poJib KOTEPEHTHBIX CTPYKTYP B HATPEBE COJTHEYHOTO BETPA.
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BOSMYUIEHHUA  COJIHEHHOI'O BETPA, COITPOBOXKIAEMBIE
KPATKOBPEMEHHBIM HU3MEHEHUEM 3HAKA PAJIUAJIBHOI'O
MATHUTHOT O TOJIsA, HABJIIOJJAEMBIE SOLAR ORBITER.

A. Fedorov. P. Louarn, T. Horbury, C. Owen, J. Kasper, S. Bale and the SWA-PAS, MAG,
SWEAP, and FIELDS-MAG teams

IRAP UPS CNRS, Toulouse, France, andrei.fedorovi@irap.omp.eu

Kocmuueckas obcepBatopust EBponeiickoro Kocmuueckoro Arencrsa Solar Orbiter (SO) Opuna
3anymena B (espane 2020-ro rofa, U yKe B HIOJIE MECSIIE 3TOTO JK€ TO/a, MbI MOJYUUJIH TePBbIe
"in situ" maHHBIE, BKJIIOYAOIWE (QYHKLUUH pPaCHpPEAESICHHs IPOTOHOB, 3JIEKTPOHOB, TSIKEIBIX
MHOTO3apsITHBIX MOHOB M BEKTOP MarHuUTHOro mojisi. B 310 ke Bpemsi Parker Solar Probe (PSP)
HACA noaxomun k odepegHoMy mnepurenuro. 27-ro centsops 2020 roma oba KOCMHYECKHX
amnmaparta ObUTH PacroJIOKEHbI IPUMEPHO Ha OJHOW U TOU ke KappHHITOHOBCKOH HOJTOTE U Ha
O4YeHb OJM3KMX [OJATOTax. MarHWTHbIE W IUIA3MEHHBIE NaHHBIE, IOJYYEHHBIE B 3TO BPEM,
MOKa3bIBAIOT, YTO IO KpailiHed Mepe B HEKOTOpble MOMEHTHI, 00a ammapaTel BUAAT ILIA3MY,
YCKOPEHHYK) B OJHOM W TOH € KOPOHAJIBHOM Ablpe. BHYTpPH TakuX BPEMEHHBIX HHTEPBAJIOB
MarHuToe mose, um3mMepeHHoe SO, UCHIBITBIBAET KPATKOBPEMEHHBIC MEPEBOPOTHL, IMOXOKHE HA
"switchbacks", mocrosuHo Habmonmaemblie PSP. MBI mpoaHamu3upoBaiu BO3MYIUEHHUS (DyHKIIHH
pacripeqieNieHus TPOTOHOB BHYTPHU O3THX TI€PEBOPOTOB, UYTOOBI MOHATH, SIBISIIOTCS JIM 3TH
BO3MyLIeHMs "ocTatkamMu" oT "switchbacks", HaOnmromaemerx ouenp Gnusko ot ConHua. B Hauane
CBOETO JIOKJIaJa s OCTaparCch KpaTko ommcath "in situ" mpubopsl, ycraHoBiaeHHble Ha SO U 1aTh
0030p MepBbIX TaHHBIX.
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ITAMATHU UT'OPA CTAHNCJ/IABOBNYA BECEJIOBCKOI'O

AxoBuyk O.C.

HHUHAD MT'Y, 2. Mockea, Poccus; olesya@dec].sinp.msu.ru

B 2020 roxy ymién u3 >KU3HU BeAYLIHH CIEIMaaUCT B 00acTh (PU3UKHU T1/1a3Mbl, TVIaBHBIN
HayuHbl cotpyaHuk HUUA® MI'Y, noktop ¢us.-mart. Hayk, npodeccop Urops CraHHC/IaBOBUY
Becenorckuii (17.12.1940-30.12.2020).

Ero o0macTbi0 HayuyHbIX HMHTEpecOB ObulM (U3MKa KOCMUYECKOM I171a3Mbl, acTpoH3MKa,
TeopeTuueckass (Gu3uKa, sifepHast ¢usuka, ¢usuka CosnHila, ¢usuka reavocdepsl, ¢uUMKa
MarHuTocgepsl, GU3NKa COMHEUHO-3eMHBIX CBsi3eld, OMOpH3MKa.

Hawnbonee Ba)kHBIE pe3yJ/bTaThl OTHOCATCS K TEOPUM DPEKOMOHWHAI[MM 3/1€KTPOHOB U HOHOB B
YaCTUYHO MOHU30BaHHOU IUIa3Me, K KHHeTUUeCKOW TeOpUH AUHAMHUeCKHX I1/1a3MeHHBIX TPOL[eCCOB
B atMoc(epe CosHIla U COJTHEUHOM BeTpe, K TeOPeTUUeCKOMY MOJeINpPOBaHUI0 MeXKIJIAHETHOI'O
MarHUTHOT'O TIONSI W Pa3BUTHIO MeTOZAOB Ge3pa3MepHOro MacHITabHOrO aHaan3a B KOCMHUECKOH
rjasme.

BecenoBckuii . C. — aBTOp MHOI'OUMC/IEHHBIX HAyUHBIX MyO/MKAl[Mii BBICOKOTO YPOBHS: 2
MoHorpaguu, okono 200 crateil. Ha mpoTsbkeHHM Bcell cBOell HayuHOM JesTe/IlbHOCTU aKTUBHO
COTPY/IHMYAJ C YUeHbIMH MHOI'MX HayuHbIX 11eHTpoB Kak B CCCP u P®, Tak u 3a pybexom: B
CHIA, Kanage, beneruu, ®@paniuy, ['epmanny, OUHIAHLUN.

BecenoBckuii U.C. BE/M aKTHBHYIO IpelofiaBaTe/bCKylo paboTy B MOCKOBCKOM YHHBEpCHUTETE.
Yuran Kypchl JeKi{uii B MeXXayHapoJHOM LieHTpe TeopeThdeckol ¢usuku B Tpuecte (Mtanusi) u B
YuuBepcurete 1. Tykyman (ApreHtuHa). PykoBogmn paboToll CTyAeHTOB, aclHpaHTOB,
COHCKaTeJsiel.

BecenoBckomy U. C. ObIIO TIPUCBOEHO TOYETHOE 3BaHWE «3ac/yKeHHBbI HayUHBIA COTPY/JHHUK
MockoBckoro yHuBepcureTa». bbut HarpaxxeH Mesianbpo Desepalii KOCMOHaBTHKY Poccun.
[Tamsate 00 Vrope CranuciaBoBuue BecenoBCKOM, KPYITHOM YUYeHOM M 3aMeyaTe/IbHOM YeJIOBEKe,
HaBCer/la COXpPaHUTCS B CepiljaX TeX, KOMY BbIaja yJaua ¢ HIM paboTaTb UK MPOCTO OOIIaThCS.
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JIOKAJIBHO YCKOPEHHBIE JJIEKTPOHBI B COJITHEUYHOM BETPE —

NX CBOMCTBA 1 BKJIA B OBIIYIO KAPTHUHY IIATY-YI'JIOBBIX
PACHPEJIEJEHNN

0.B. Xaﬁaposal’ 2

YYBMUPAH 2. Mocksa, 2. Tpouyx, Poccus, habarova@izmiran.ru
> UKH PAH, 2. Mockea, Poccus

[Toka3aHo, YTO B COJIHEYHOM BETPE CYLIECTBYIOT IBE IMOIMYJSILMUA HEPTUUHBIX 3JIEKTPOHOB.
YacTb CBEPXTEILIOBBIX JJIEKTPOHOB poskaaercs B Kopone ComnHua (Kak v MPeArnonaraioch paHee), a
Apyras 4acThb BO3HHKAET BCJEJCTBHE JIOKAJbHBIX IPOLIECCOB YCKOPEHUS HEMOCPEACTBEHHO B
conHedHoM Betpe [1]. Bropast monyssiuus He Obuta u3ydeHa paHee. Mexay TeM, €CTb OCHOBaHHMS
M0JIaraTh, 4TO JIOKAJBHO YCKOPEHHAs MOMYJISALMS OKa3bIBAET 3HAYUTENIbHOE BIMSHUE HA BHJ MUTY-
yrnoBoro pacmpenenenus (ITYP) »1ekTpoHOB, 4YacTO HCHONB3YIOLIErOCs Uil JAHATHOCTHKH
JIOKaJIbHOTO HAMpaBJIeHHss MarHuTHOro moJsi. I[lpuBenenbl pesynbTarthl cpaBHenus PIC-
MOZIeJTMPOBAHMS TIOBENEHHs YaCTULl BOJM3U MEPECOSTUHSIIOINXCSI TOKOBBIX CJIIOEB M MarHUTHBIX
OCTPOBOB C HaOJIOAEHHSIMU in situ; MOKa3aHbl MPUMEPbl THMUYHBIX mMarrepHoB B I[IVP,
XapaKTePHbIX IS JIOKAJIbHOTO YCKOPEHHs! YaCTHL. BBISBJIEHO, YTO pe3Kue najeHus HHTeHCUBHOCTH
notoka (heat flux dropouts), a Takke OJHOBpPEMEHHOE HAOJIOACHHE TIOTOKOB CTPAJIOB
NPOTHBOIOJIOXKHOTO HampasieHus: (counterstreaming strahls) B IIVP — ectecTBeHHOe cienctsue
NPUCYTCTBUS JIOKAJBbHO YCKOPEHHBIX 3JIEKTPOHOB B IUIa3ME€ COJHEYHOro BeTpa. JTO peliaer
npoOsiieMy TPYAHOCTEH MHTEPNpeTalyu 3TUX OCOOEHHOCTeH KakK CIEACTBHS PA3OMKHYTOCTH WM
3aMKHYTOCTH JIMHHUII MAarHUTHOTO MOJsl MCKJIIOYHTENbHO Ha HCTOYHUK B KOopoHe. Kpome Toro,
yMeHbIleHHe 3(PQPEKTUBHOCTH MArHUTHOTO TMEPECOSNWHEHHS] M yMEHbIIEHHe TeHepaLusl
YCKOPEHHBIX 3JIEKTPOHOB C PACCTOSIHUEM JIETKO OOBSCHSET MaJeHue yaebHON TNIOTHOCTH CTPAJIOB
npu yaaneHuu ot ConHua.

Pabora BemonHena B pamkax rpanta PH® 20-42-04418.

1. Khabarova O., Zharkova V., Xia Q., and Malandraki O. E., 2020, Counterstreaming strahls
and heat flux dropouts as possible signatures of local particle acceleration in the solar wind, The
Astrophysical Journal Letters, 894, L12, https://doi.org/10.3847/2041-8213/ab8¢cb8
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IBOJIONUA KHHETUYECKUX MATHUTHBIX JIBIP B ITPOIECCE
HEPEHOCA COJIHEYHBIM BETPOM

Iloranos A.C.

HC3D CO PAH, Hprkymcxk, Poccus, potapovwiszf.irk.ru

OnHUM U3 BaXKHBIX 3JIEMEHTOB TYPOYJIEHTHOCTH COTHEYHOTO BETPA SBJSIFOTCS TaK HA3bIBAEMBbIE
"mMarHuTHble AbIpE" (MJl) — pe3kue BpeMeHHbIE MOHWKEHHs HaNpPsDKEHHOCTH MEKIUIAHETHOTO
marauTtHoro nosis [ 1]. Tlpocneskena sposounst kunernuecknx M/I B xozme ux mepeHoca COMTHEUHBIM
BeTpoM. Mcnonb3oBamuch 1-¢ nannble MmaranromerpoB ACE 1 Wind Bo Bpemst nepemenienus KA
Wind ot maraurocdeps! B Touky mubpauun L1 Ha (oHE MPOXOXKIEHHUS MATH BBICOKOCKOPOCTHBIX
noTOKOB. M3ywamuce wu3MeHEHHs pasmepa W (HOPMbI MArHUTHBIX JbIp, HAOJIOJABIINXCS
corjacoBaHHo cHaudana Ha KA ACE, a 3arem, B pe3yibraTe UX nepeHoca IOTOKOM BeTpa, Ha KA
Wind. Beuto orodpano 15 M/I, ckopocTk nepeHoca KOTOPBIX MEXKIY CIYTHHUKAMU OTKJIOHSJIACh OT
pacuetHoi He Oonee yem Ha 15%. U3 Hux 9 M/l OTHOCATCS K TMHEHHOMY THUITY MATHUTHBIX JBIP, 5
MJl BpamarenpHOro THINa, W eme oaHa Habmomanach Ha (POHE XAOTHUECKOrO MOBEICHHUS
kommnoHeHT MMII [2].

XapakTtep sporornu MJ B Xone ux mepeHoca ObUT pa3HOOOpa3eH — OT MOJHOTO COXPAHEHUS
(bopMBI 10 3HAYUTENHHOTO €€ M3MEHEHHUS KaK B CTOPOHY YIIyOJIeHHs ABIPbI U YKPYYEHHS ee
¢bpoHTa, TaK U B CTOPOHY 3HAYMTENIBHOTO €€ pacruibiBaHus. B nByx coObrrusax MJL Obutn kak Obl
«3aKOHCEPBHPOBAHBI». X pa3Mep W (GopMa MPAKTHYECKH HE MEHSJINCh BO BPEMsl MEPEHOCa Ha
paccrostaue oonee 600 Toic. kM (puc. 1).

OOcyxnmaeTcsi BO3MOXKHOE MONYJSILIMOHHOE Bo3nelicTBue MJl Ha BOJHOBBIC SIBIEHUS B
marauTochepe. HamMedeHbl myTH gampHEHIIEro N3y4eHns 3BOTIOIMHA MATHUTHBIX JIbIP B COJTHEYHOM

BETPE.
PaGora Beimonnena npu noanepxkke PODU, npoekt 19-05-00574.

1. Zurbuchen T H. et al. // J. Geophys. Res. 2001. V. 106. P. 16001.
2. Potapov A.S. // Planet. Space Sci. 2020. V. 192. Article 105066.

13.02.2000

ACE
Wind

0:57:31 ~ 0:58:31 0:59:31 1:00:31UT ACE
1:47:27 1:18:27 1:19:27 1:20:27UT Wind

Puc. 1. Jluneiinas (6e3 Bpamenust Bekropa MMII) marauTHast apipa, HaOMIOABIIAsICSl CHaYaIa Ha
ACE, a cnycrst mpumepro 20 muayT — Ha KA Wind. /[Ba anmapaTta HaXOAMIUCH MOYTH HA OJJHOM
paavaNbHOM JIyde Ha PACCTOSHUU OKOJIO 670 TBIC. KM APYT OT Apyra.
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AHAJIN3 BIIMAAHUSA B3AUMOJAEMCTBYIOIUX BO3MYIIEHIIA COJHEYHOI'O
BETPA HA BAPUAIIMHU I'AJJAKTUYECKUX KOCMUYECKUX JIYUEHU

Hlnsik H.C., Besios A.B., AOynun A.A., AOynnna ML.A., Epomenko E.A.,
OuneneBa B.A., Sluke B.I'.

Huecmumym 3emno20 maenemuzma, uoHocgepst i pacnpocmpanenus paouo6o.
um. H.B. Ilywrxoea PAH (M3MHUPAH), 2. Mockea, 2. Tpouyx, Poccus, nshlyk(@izmiran.ru

Ha ocnoBe 0a3pr manabix @opOym-addextor u MexruaHeTHbx BosmymeHui (FEID)
NPEACTaBICH aHajiW3 Bapualuil rajakTHdeckux kocmuueckux Jydedt (KJI) m usmeHenus
pa3NMUYHBIX ~ XapakTepucTuk PopOym-3¢¢pekToB, CBA3aHHBIX C BIMSHAEM Ha  3eMITO
B3aUMOJIEHCTBYIOIINX BO3MYINEHUH COJHEYHOrO BeTpa. PaccMOTpeHBl cCiiydyal MapHOTO
B3aUMOJICHICTBHSI BBICOKOCKOPOCTHBIX TOTOKOB M3 KOPOHAJIBHBIX JIbIP M KOPOHAJBHBIX BHIOPOCOB
Macchl 3a mnepuopn BpemeHu ¢ 1995 mo 2019 rr., npuseneH aHamu3 MNOBEAEHUs MapaMeETPOB
COJTHEYHOTO BETPA, MEKIUIAHETHOTO MArHUTHOTO TIOJSI U BapUALIMA KOCMUYECKHUX JIy4eH ISl IBYX
TUINOB B3aUMOJECUCTBYIOIINX BO3MYLIEHNUI COJTHEUHOTO BETpA.

Ha pucyHke HWXKe TNpPUBEAEH NpPUMEP TMOBENCHHUS HEKOTOPbIX TMapaMeTpoB (MOIYJb
MEKIUIAHETHOTO MAarHUTHOTO TOJIS, CKOPOCTh COJHEYHOrO BETPa, BapHaLWU IJIOTHOCTH (Ag) U
SKBAaTOpHANIbHAS COCTaBJsIOIIast annzoTpormu (4xy) KJI, reomarautHeie unnekcel (Dst, Kp)) npu
B3auMoeiicTBUM BeIOpoca kopoHaibHOH Maccel (CME) u moroka u3 kopoHanpHO# nbipel (CH). B
JaHHOM cllydae MoJo0HOe MapHOe B3aMMONEHCTBHE BO3MYIIEHUI COJHEYHOTO BETPA BBI3BIBAET
ycunerne 3QQeKxTa BIUSHUS KOPOHAIBHOM ABIPBI, YTO TPOSIBIAETCS B OOJbIIEM H3MEHEHUHU
Bapuauuii mIoTHOCTU U aHu3oTponuu KJI u ycuineHnn reOMarHuTHON aKTUBHOCTH.
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Puc. Ilogedenue ocnosHvlx napamempos CONHEYHO20 6empd, KOCMUYECKUX Jjayuyeil u

2eOMACHUMMNOI  AKMUSHOCMU NPU  83AUMOOTHCMEUU KOPOHANbHO20 6biopoca maccet (CME) u
nomoxa uz kopouanvnoii ovipsr (CH) 6 mae-urone 1995 2.

benos A.B., AGynun A A., Abynuna M.A. nognepsxanel rpaatom PH® Ne 20-72-10023.
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ON THE RATIO OF DRIFT AND DIFFUSION IN THE MODELS OF GCR
PROPAGATION IN THE HELIOSPHERE

M. B. Krainev!, M.S. Kalinin®, 0.P.M. Aslam?, M.D. Ngobeni?**, M.S. Potgieter*

!Lebedev Physical Institute, RAS, 119991, Moscow, Russia
“Center for Space Research, NWU, Potchefstroom, South Africa

*School of Physical and Chemical Sciences, NWU, Mmabatho, South Africa
“Retired

*E-mail: mkrainev4d6@mail.ru

Presently, due to the large dimensions and incomplete experimental study of the heliosphere, the
main coefficients of the transport equation (TPE) for the propagation of galactic cosmic rays (GCR;
models of the solar wind and heliospheric magnetic field (HMF) etc.) are still mostly postulated. It
is known that some of the detailed features of GCR observations can be described using different
sets of TPE coefficients. For example, the proton spectrum observed at the Earth during sunspot
minimum for a given HMF polarity A can be described with particle drifts considered and with both
relatively high and low diffusion coefficients used. We call these two cases high- and low-diffusion
approximations. However, if one repeats calculations with the same diffusion coefficients but with
an opposite A, the results, respectively, weakly or strongly deviate from the previous spectrum due
the opposite directions of particle drift. So these two variants of choosing diffusion coefficients can
cause weak- and strong-drift effects based on approximations made for all relevant modulation
parameters.

If we consider detailed aspects of the observed GCR distribution in the heliosphere (for example,
the latitudinal intensity gradient etc.) it turns out that the whole set of observations is better
described by high-diffusion (and hence weak drift effects) approximation. However, we hope that
investigation in the low-diffusion (and hence strong drift effects) approach, in conjunction with
other methods, can assist in understanding of how GCR drift contributes to GCR modulation. In the
talk we illustrate with numerical calculations and discuss these questions.
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MOJYJIANUS TATAKTHUECKAX KOCMAUYECKUX JIVUEMR
B 2D u 3D MOJAEJIAX 'EJINOCPDEPDI.

Kamuaun' M.C., Basunesckas' I A., Kpaitnes! M.b., Ceupxesckasa! A K.,
Caupxesckuii! H.C., Acmam? O ILM., Hro6enn? J1., ITorrurep® M.C.

1- Quzuyuecxuii uncmumym um. I1.H.Jlebeoesa PAH, o. Mockea, Poccus, e-mail.
kalininms(@lebedev.ru

2- [[enmp kocmuyeckux uccneoosanuti Cesepo-3anaonozo ynueepcumema, Ilomuegcmpym,
FOorcnan Agppuxa,

3- yeonuncs uz llenmpa kocmuueckux uccieoosanuii Cesepo-3anaono2o yHueepcumema,
Homyepcmpym, FOxncnas Agpuxa.

B pabore mpoBemeHBl pacuérbl MHTEHCUBHOCTH  TaJaKTHYECKUX  IPOTOHOB B
MOCJICIOBATEIPHBIX MHUHUMYMaxX COJIHEYHOW akTuBHOCTH 23/24 wu  24/25 umkIos,
OTJIMYAIOIIUXCS 3HAKOM obmero marHutHoro nojsi ConHia. Pacuér mpoBommiicss B pamkax
pemenust ypasHeHuss monysiuuu B 2D m 3D BapuanTax npu OAMHAKOBOM MOIENU
renuocepbl. ENWHCTBEHHBIM  MEHSIFOIIMMCS  MapaMeTpoM Uil IOCIIENOBATEIbHBIX
MHUHHMYMOB COJTHEUHBIX LIMKJIOB ObLIA MOJSIPHOCTh A=*1 rennocdepHOro MarHuTHOTO TOJIS.
CpaBHeHue pe3yJbTaTOB ONMCAHUS MHTEHCHBHOCTU IOKA3aJ0, YTO OMHMCaHHe B paMkax 2D
YPaBHEHHMs, SIBJIAIOLIETOCST PE3YyJIbTATOM NPEABAPUTEIBHOIO YCPEAHEHUs IO [OJITOTe
nosnHoro 3D ypaBHeHHUs, NPAKTUYECKU COBNAAAOT C YCPEIHEHHBIMU M0 JOITOTE PEIICHUSIMHU
nosHoro 3D ypaBHeHHs. DTOT pe3ysbTaT SIBJISIETCS CIEACTBUEM B3aUMHON KOMIIEHCALUU
JONTOTHBIX BapHalMii MHTEHCUBHOCTH B CEKTOPHOH 30He renmocdepsl B 3D ypaBHEHHH,
00yCNOBNIEHHBIX Ipei(pOBbIM MEXaHM3Ma MOIYJISILIMH, 3aBUCSIIUM OT 3HAKa TeIHOC(epHOro
MarHUTHOTO MOJIsl. Pe3ynpTaTsl pacyéToB Mo 0OOMM PacYETHBIM BapUaHTaM COMOCTABIISIINCH
C JAHHBIMH CTpaTOC(EepHBIX H3MEPEHHH WHTErPAIbHOW WHTEHCUBHOCTH IPOTOHOB C
sHeprueit T > 100 MaB, nposogumeix 8 PHAH.
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MOUCK AKTUBHOM OBJIACTH COJIHIIA U OHNPEJAEJEHUE EE TAPAMETPOB B
KAPTAX PACCEAHHOT' O COJIHEYHOT O JIAUMAH-AJIb®A U3JTYUEHUA

ABaeeBa A.C.l’z, H3monenos B.B.1’2’3, Karymkuna O.A2

IHH V BIID, avolosatykh(@hse.re
2 KM PAH
5 MI'Y um. M.B.Jlomonocoea

Hayunbiii pykosoauresnb: U3monenos B.B., 1-p ¢pus.-mar.Hayk
UKU PAH, MT'Y um. M.B./lomonocosa, HUY BIIID

Conneunsie JlaiimaH-anbda GOTOHBI paccenBarOTCs HA HEHTPAIBHBIX aTOMax BOIOPOJA, KOTOPBIE
MPOHUKAIOT B reinocdepy 13 Mek3BE3HOTO mpocTpaHcTBa. bruio mokaszano (Bertaux et al., 2000),
YTO JaHHBIE O paccestHHOM JlaifiMaH-anbgha H3IydeHuN MOTYT OBITh HCIIOJIB30BAHBI JJISI

OOHapy KeHHsI aKTUBHBIX obyactell Ha 0OpaTHOM (HEBUAUMON ¢ 3eMITN B TaHHBIH MOMEHT) CTOPOHE
Connua. Tax xak akTuBHbIe 00smacTu CosHIA U3y4aroT OoJbIne (POTOHOB, YEM CITOKOWHBIC, OHU
OCBEIIAIT OOJBIIE ATOMOB M BHOCSIT JJOTIOJIHUTEIIBHBIN BKJIAJ] B PETUCTPUPYEMOE U3ITyUEHHE. ITO
TOTOJHUTENBPHOE H3JIyUeHHE MOKHO OOHAPYKUTh Ha TIOJHBIX KapTax paccessHHoro Jlaliman-anbda
U3JIY4EHUS 1aXKe B TOM CJIy4ae, eCiid aKkTHBHOCTh HaXOAUTCs Ha oOpaTHoii cropoHe ConHua.

B nanHoili pabote peanusyeTcs MOAEIb PACCMAaTPUBAEMOTO SIBJICHNUS, & TAKXKE MPEAJIaraeTcsi METON
peweHnst 0OpaTHOM 3aa4u — ONIPEEICHHUS TapaMeTPOB aKTUBHOH 00JIACTH MO JaHHBIM U3MEPEHUH
JlaiimaH-anbda n3nyderns Ha kocMuaeckoM armapate SOHO (mpubop SWAN) u MogenbHOMY
pacnpeneneH0 MexX3Be3JHOTO BOAOpOoa B rearocdepe. TOT METON O3BOJISIET ONPENETUTh
MECTOIIOJIOKEHNE aKTHBHOM 00J1acTH (IONTOTY M LIMPOTY ), a TAKXKe KOMOMHALIMIO €€ pa3Mepa U
MHTEHCUBHOCTU. MeTon anpoOrupoBaH Ha MOJENbHBIX KapTax U IMOKa3bIBAET XOpOIIee
coorsercTBUe. C NCTIOIB30BaHNEM MOEH NTpoBeaeH aHanu3 naHHeix SOHO (SWAN) B nrone
2016 ronma 1 moyy4eHb! OLIEHKU MTapaMeTPOB aKTUBHON O0JACTH Ha OIpeesIeHHbIE MOMEHTHI
BpeMeHU. [lonyueHHbIe HAIIMM METOIOM MapaMeTphbl aKTHBHOM 00J1acTh (ONIToTa U IUPOTA)
CPaBHHUBAIOTCS C MOJIOXKEHUEM BUAUMBIX Ha n300pakeHnsax COJHIA, MTOTYYEHHBIX KOCMHUYECKUM
annapatom STEREO.
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OCOBEHHOCTHU PACIIPEJAEJIEHUSA MEK3BE3/JIHOI LI B
I'EJIMOC®EPE. BJINAHUE HECTAIMOHAPHOCTH
I'EJINMOC®EPHOI'O TOKOBOI'O CJIOA.

TL'onenko E.A."*?, U3moaenos B.B."*?

' Hncmumym xocmuueckux uccneoosanuii PAH, 2. Mockea, Poccus, eg24(@yandex.ru

‘Uncmumym npoénem mexanuxu umenu A.FO.Huwnunckozo PAH, 2. Mockea, Poccus

*Mockosckuii 2ocydapemeennviii ynusepcumem umenu M.B.Jlomonocosa, 2. Mockea, Poccus

I'enmuocdepa ABMKETCS] OTHOCUTENBHO JIOKAIBHOW MEXK3BE3THOHN Cpenbl, KOTOpast COCTOUT
U3 MJIa3MEHHOM, HeUTpanbHOH [1] 1 mbiieBoit KoMMOHEHT. M3-3a OTHOCUTENBHOTO JBUIKECHHUS
YACTHUIBl MEXK3BE3IHOUN MbUTH MPOHUKAIOT B renuochepy. JIMHAMHUKY NBIKEHUS THIIEBBIX
YyacTul B renuocdepe, IIaBHBIM O0pa3oM, ONMPenessiioT TPU cuibl. cuia JlopeHma, cuia
IPaBUTAIIMOHHOTO TMPUTSKEHUST ©W CUJIa PaAualMOHHOrO OTTajdkuBaHus. B Hammx
npenbInymux padboTax Mbl MOKA3aJId HATMYUE CHHTYJIIPHOCTEH [2] 1 00yacTeil MOBBIMIEHHOM
KOHLEHTpallUl B paclpefeNeHud TMbUlM [ cilydas IUIOCKOTO  CTalMOHApHOTrO
renoc(epHOro TOKOBOTO CJI0s, Haxomsmerocs: B (hase (OKyCHPOBKH, a TAKXKE HCCIIEA0BAIN
BIIUSTHUE IUCTIEPCUU CKOpOCTel mbuth [3] Ha ymomsiHyThie 0ocoOeHHOCTH. B peanpHOCTH,
reauocepHblii TOKOBBIM CIIOW IUIOCKMM M CTalMOHAPHBIM HE SIBIISIETCS BCJIACTBUE
Bpamenus: CoJIHIIA BOKPYT CBOEH OCH, a Takke 3P PeKToB, CBSI3aHHBIX C UKJIAMU COJTHEYHON
aktuBHOCTH. llenp nmaHHOW ~— paboThl - WCCIENOBaHWE BIHAHUS HECTALMOHAPHOCTU
requocepHOro TOKOBOTO cjios Ha (opMHUpOBaHUE OCOOEHHOCTEH B pacHpeneeHun
KOHLICHTPALIUH.

Jlns onucaHusl IBUKEHHUS MEK3BE3THON TBUTH MCIIONB3YeTCs KHHETHYECKHHA MOXO,
KOTOPBII COCTOUT B PELICHHH KHMHETUYECKOTO YPaBHEHHUS A (PYHKLUHU pacrpeneneHus mo
ckopocTsM. JIBrkeHne renmmocepHOro TOKOBOTO CJIOSI CKJIAABIBAETCS M3 JIBYX BpPAIICHUH -
“OBICTPOro” BpaIlEHUs] C MEPUOJOM B 25 CYTOK BOKPYT OCH COJIHEYHOTO BpAIIECHUS U
“MEeIJICHHOr0” BpalleHUs ¢ MepuoaoM B 22 roma (u3-3a LUKJIOB COJTHEYHOW aKTHBHOCTH)
BOKPYI OJHOH M3 OCEeH, Jekalledl B IJIOCKOCTU SKIUNTUKU. PerieHue KUHETHYECKOro
ypaBHeHUs1 nposoauTcsi MeronoM Monre-Kapno. Ilpu nodaBnerny yka3aHHOTO ABMIKEHUS
TOKOBOTO CJIOSI pacnpeaeNieHne KOHLEHTPALIMH MEK3BE3THOM ML CYIIECTBEHHO MEHSETCS.
B ciiydae xonmogHOTO ra3a Bce CHHIYJISIPHOCTH B paclpeelIeHnH KOHLIEHTPALUH CMEINAI0TCs
BHU3 110 HAIPABJICHUIO JBIDKEHHs HaOEraroLero noToka MexX3Be3JHON cpeabl (HanpaBieHne
downwind). MogenupoBaHue A YACTHLl PA3JIMYHBIX Pa3MEPOB, YIOBJIETBOPSIIOIINX
pacrpeneNeHnIo YacTHI 110 pa3MepaM B MEK3BE3IHOM Cpenie, MOKA3bIBAET, YTO B HEKOTOPHIE
MOMEHTBI BPEMEHH OOJIACTH TOBBIIIEHHONW KOHLEHTPALMH OOpPa3yrTCsl W B HANpPaBIECHUH
upwind, 9TO MOXeT OBbITb WHTEPECHO B KOHTEKCT€ AaCTPOHOMHYECKUX HAONIOAeHWHA U
TUTAHUPOBAHUSA Oy AYLIMX MUCCHUI IO UCCIENOBAHUIO MEK3BE3THOM MBLITH.

[1] Izmodenov, V.V., Alexashov, DB, 2015, Astrophys. J. Suppl., V. 220, 32
[2] Mishchenko, A.V., Godenko, E.A ., Izmodenov, V.V, 2020, MNRAS, V. 491, 2808
[3] T'onenxko, E.A., U3smonenos, B.B., 2021, ITucema B actpoHOMHUUECKUH KypHaAJI, ToM 47, 1
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NCCIEJOBAHUE DOPDPEKTA ITAPAJIVIAKCA TTOTOKOB
T'EJIMOC®EPHBIX SHEPT MUHBIX HEVTPAJIbHBIX ATOMOB

bamoxun U.U., H3monenon B.B.

UKU PAH, e. Mockea, Poccus, igor. baliukin(@gmail com

DHepruunble HeWTpadbHble aToMbl (DHA) 00pasyroTcst B mporecce nepe3apsiiki MPOTOHOB
COJTHEYHOT'O BETPa C aTOMaMH BO BHYTPEHHEM YIIAPHOM ciioe (00JacTi BO3MYLIEHHOTO COJIHEYHOTO
BETpa MEKIy BHYTPEHHEH yOapHOH BOJHOHN M relnomnaysol), Tae mia3mMa CUiibHO Harpeta. [lotoku
OHA BOmopona HecyT ONpeAessIoIy0 HHPOPMALIUIO O CBOWCTBAX IpaHUIlbI renuochepsl. Hamu
Obuta pa3paboTaHa 4YHCIEHHAs MOJENb PACHpPEAeNieHHsT >HEPTUYHbIX HEUTPabHBIX aTOMOB
BOonmopona renurocdeproro npoucxoxnenus (Baliukin et al., 2020), koTopasi kadyecTBeHHO (M BO
MHOTOM KOJIMUECTBEHHO) BOCIIPOU3BOIUT CTPYKTYpy motokoB DHA, HaOmomaemyro B JaHHBIX
KOocMHUYeckoro ammaparta Interstellar Boundary Explorer (IBEX), xotopeiii ¢ 2008 r. mpoBOIuT
u3MepeHust Ha opbure 3emin mpu nomoinu uHCTpyMenta /BLEX-Hi (B nnanaszone sHepruii ot 0.3 1o
6 ¥3B). HoBU3HA U OpUTHHATBHOCTH Pa3pabOTaHHON MOMENU COCTOUT B €TATBHOM KHHETUYECKOM
MOAXOAe ISl MOJENHUPOBAHUs paclpefeNieHus HaJl-TePMaJbHOW KOMIIOHEHTBI — 3aXBauy€HHBIX
MPOTOHOB, KOTOPBIE POXKIAIOTCS B OOJIACTH CBEPX3BYKOBOI'O COJHEYHOIO BETPA M 3aXBATHIBAKOTCS
reJrnocepHbIM MAarHUTHBIM ITOJIEM.

B pamkax paspaboraHHOil Mopmenu ObUTH pPAacCMOTPEHBI PA3JIMYHbIE TPACKTOPUHU
KOCMHYECKHX MHCCHH (C HCIOJIb30BAHHEM OJHOTO M JIByX KOCMHUYECKHX aIapaToB), a TaKXKe
U3y4YeHbl TPAHMIBI TMPUMEHUMOCTH 3(deKTa mnapaakca Uil ONPENeIeHUs] PACCTOSHHS [0
UCTOYHUKOB poxnaeHust JHA u3 BHyTpeHHero ymapHoro cios. B wactHocTH, Obuta paccMoTpena
KOHIIeNIMs KOCMUYECKON MUCCUU C JIByMsl alnapaTaMu, 3allyIeHHbIMHU B IJIOCKOCTU SKJIUNTUKHU B
MPOTUBOMOJIOXKHBIX  HAIMPAaBJIEHUAX NEeprIeHANKYJIApHO HanpasieHuto aABwkeHus ConHua
OTHOCUTEJIBHO JIOKAJIBHON MEX3BEe3HON cpefbl. bbul BBINOIHEHBI PACYE€Thl CHHTETUYECKUX KapT
HeOa B morokax OHA, KOTOpele CHMYJUPYIOT HAOMIOAEHUS KOCMHYECKHX —AallapaTos,
HAXOMSIIMXCS Ha Pa3jMYHBIX PACCTOSHUSIX B 3a/JaHHBIX HAIpaBlEHUSAX. Pe3ynbTaTel JaHHBIX
pac4yeToB OyAyT MOJIE3HBI IS TUTAHUPOBAHUA OyIyIIUX KOCMUYECKUX MUCCHH, TAKUX KaK IIHPOKO
obcyxnaemble cetiuac muccuii Interstellar Probe (NASA) v Interstellar Express (CNSA, Kuraii).

Ucnonrp3oBanne >3¢dexra nmapauiakca Ha OCHOBE CHHTETHYECKUX MOAEIbHBIX KapT Heba B
notokax DHA mo3Bonmmio caenarh 3akIFOYEHHE, YTO UCTOUHMKHN renuochepHsix DHA Bomopona B
HaIpaBJICHUHN HaOETaIoero MOTOKa MEX3BE3THON Cpeabl HAXOAATCS Ha PACCTOSTHUM MopsaKa ~87-
94 a.e. or Connua. JlaHHbIN pe3yabTaT XOPOIIO COTJIACYETCS ¢ MOACIbHBIM 3HAYEHHUEM PACCTOSTHUS
~91 a.e., mOJIy4YeHHBIM B Ciydae, KOI7la B Ka4eCTBE MOJENbHON Mepbl PacCTOSHUS A0 MCTOYHUKA
IUIs 331aHHOTO JIyya 3pEHHUsl MCIIOJIb3YeTCs B3BELIEHHOE BEJNYMHON MHTEHCUBHOCTH POXKIEHUS
OHA apudmernieckoe cpennee.



107

PA3BUTHE TYPBYJIEHTHOI'O KACKAJIA 3A OKOJIO3EMHOI
VIAPHOI1 BOJIHOI1 IIPH COOKOIHBIX YCJIOBHSAX B COJTHEYHOM
BETPE

Paxmanosa JI.C., Ps3anuesa M.O., 3actenkep I'.H., Epmonaes 10.1.

HKH PAH, 2. Mockea, Poccus, rakhlud@gmail.com

UccnenoBanne AMHAMUKY XapaKTEPUCTHK TypPOYJIEHTHOCTH TUIA3Mbl 32 OKOJIO3EMHOM yaapHOH
BOJIHON TIPOBOJWIJIOCH B TIOCJIETHUE OBl HA OCHOBE MHOT'OYHCIICHHBIX ) TAHHBIX TAKUX MUCCHH, KaK
Themis, Cluster, MMS, a Taxxe poccuiickoro cnyTHika CriekTp-P. Pe3ynbTaTsl CTaTUCTHYECKUX
UCCIICIOBAaHUIA CBHUAETEIBCTBYIOT 00 3BOMIOIMU TYypOYJIEHTHOrO Kackaga NpU MepeceueHUH
TUIA3MOH COJIHEYHOTO BETPa OKOJIO3EMHOW yAapHOH BOJIHBI U ABWKEHHH BIITyOb MarHurocnos. C
OPYyroil CTOPOHBI, aHAJNHM3 XapaKTEPHCTHK TypOYJEHTHOCTH TIPU OTHENBHBIX IEPEeCeYeHHUsIX
MarHUTOCJIOS YKa3bIBAET HA Pa3JIMuMs B JUHAMUKE TypOYyJEHTHOTO Kackaja B OTHENBHO B3STHIX
coObiTusix. Ilpu 3TOM (pakTOpBI, OMpenessIIoINe Pa3INyuus B Pa3BUTUH TYpOYJIEHTHOrO Kackaja
IIPU PaCIpPOCTPAHEHUH TIA3MBI 33 OKOJIO3€MHOM yJaPHOU BOJIHOM, O CUX MOP HE UCCIEAOBAINCH B
NOCTATOYHOH Mepe.

B nansoii pabote pasBurHe TypOYJIEHTHOrO Kackana aHAJIM3HPOBAIOCH IJIT HECKOJIBKHX
COOBITHII Ha OCHOBE OIHOBPEMEHHOT'O OIPENENICHUS] XapaKTePUCTHK TYypOYJIEHTHOCTH B IBYX U
0ojee pa3HECEHHBIX TOYKaX BHYTPU MArauTocios. lIpoBogmiock CpaBHEHHE IMapaMeTpoB
YAaCTOTHBIX CIEKTPOB (DIYKTyalil MOTOKAa MOHOB W/HJIM MOXYJISI MarHUTHOTO TOJISI B TUAIa30He
gactoT 0.01-10 I'y, KOTOPBIH COOTBETCTBYET MEPEXOAY OT MHEPLIMOHHON 001acTH TypOyJIEHTHOTO
KackaJa K JHUCCUMATUBHOW. BbUIO BBIMOJHEHO cpaBHEHHE (HOPM M HAKJIOHOB CIIEKTPOB MEXKIY
coOOM, a TakKe COIMOCTaBJCHHE C TPENCKA3aHUSIMH TEOPUH, PACCMATPHUBAIOLINX PA3BUTYIO
TypOyJeHTHOCTb. AHANM3 TPOBOAWJICS Ui CIHOKOHHBIX YCJIOBHH B HaOErarwleM IOTOKe
COJIHEUHOTO BETpa, YTO HaOoaeTcst OONBIIYIO YaCTh BPEMEHH U, CIEIOBATEIbHO, MPEICTABISET
0coObIil MHTEpEC ISl UCCISNOBAHUS BJIMSHHUSI COJHEYHOIO BETPAa HAa MPOLECCHl B MarHutocdepe.
JlMHaMUKa XapakTepUCTHK TypOyJIEHTHOrO Kackala pacCMaTpUBAJACh Ui PAa3IMYHOHN JIOKAJIbHOM
TOTIOJIOTMH OKOJIO3€MHOH yaapHOH BodHbL [loka3aHo pasnuuue B AMHAMUKE TypOYJIEHTHOTO
KackaJja B 3aBUCHUMOCTH OT VYIAJEHHOCTH TOYKH BXOJAa JIOKAJBHOTO O0BEMa IUIa3Mbl K
MOACOJIHEYHOW TOYKE YAAPHOW BOJHBL, a TakKXke Uil KBa3sW MapajulelbHOM U KBas3H
NEPNEHAUKYJISIPHON Y IaPHOM BOJIHBL.

Pabora BeImosHEeHA NpU oanepskke rpanta PO®U 19-02-00177 a.
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MACHITABBI IEPEXO/IA K PEKUMY JUCCHUITAIIMU B PA3JIMUHbIX
TUITAX TEHEHHUA COJIHEYHOI'O BETPA.

Psazanuesa M.O.l, PaxmanoBa .JI.C.I, Epmogaes IO.I/I.I, JoakuHa I/I.F.l, 3acrenkep F.H.l,
Yecaaun JI.C.!, lladgpanxosa 51.°, Hemeuek 3.%, Ipex JI.

"HKH PAH, 2. Mockea, Poccus, orearm(@gmail.com
? Charles University in Prague, Czech Republic.

C mnosiBJeHHEM H3MEpEeHUN MapaMeTpPOB MEXIUIAHETHON cpelpl C BBICOKUM BPEMEHHBIM
pa3pelLIeHneM Ha4ajoCh aKTUBHOE M3yUEHUE XapPaKTEPUCTHK TYpOYJIEHTHOCTH B COJIHEYHOM BETpE
B IIMPOKOM JHara3oHe macmraboB. B ToM uucie, mociemHee BpeMs MPHCTAIbHOE BHUMAaHHE
yoemsieTcss HMCCIeNOBAHUI0 OCOOEHHOCTEH TypOYJIEHTHOrO Kackala Ha HOHHO-KHUHETHYECKUX
MacmTabax, OTBETCTBEHHBIX 3a Harpes Iuia3Mbl. HecMoOTpsi Ha WM3MEHUMBOCTH TYpOYJIEHTHOTO
KackaZa BO BPEMEHH, Uil YKa3aHHBIX MAcIITa0OB XapakTePHO M3MEHEHHE HAKJIOHA CIIEKTpPa, T.€.
U3JIOM, HAa HEKOTOPOH 4acTOTe, CBSI3aHHBINA C MEepexofoM K Ipoleccy AUCCUIaLuu 3Hepruu. B
NpeAIecTBYIOIUX paboTax HE YAABAJIOCh YETKO BBIACNUTb EIUHBIA XapaKTePUCTUUECKHUN
TUTA3MEHHBIA MacTad, ONMpeAessioIni U3JI0M Ha CHeKTpe (IyKTyauuil MeXXay WHEPLUOHHOH U
TUCCUTIATUBHON OOJIACTBIO CIIEKTPA, OIHAKO B psiie padoT OBUIO BBIABIEHO COOTBETCTBUE H3JIOMA
Pa3HBIM XapaKTEPUCTHUECKUM YaCTOTAM JUIS PA3JIMUHBIX 3HAYEHHUH TUIA3MEHHOTO mapaMerpa Oerta.
B nammx paborax paHee OBUIO BBISIBJICHO, YTO B (hOpMUPOBaHWH TypOYJIEHTHOrO Kackaaa
OTIPENEISAIOIIYIO POJIb UTPAET THUI KPYITHOMACIITAOHOTO TEUEHHUS! COJTHEYHOT'O BETPA, B KOTOPOM OH
pa3BuBaercsa. B ToM umcne, 11 MOTOKA TUIa3Mbl BHYTPH MarHUTHBIX 0OjakoB MC, B oOmacTsix
ckatust nepen HUMH Sheath u B oOnmacTsx cokaTHsl mepen BBICOKOCKOPOCTHBIMH TTOTOKAMH H3
kopoHanbHbIX Ablp CIR HabmomaroTcss 3HAUMTENBHO Ooyiee KpyThle CHEKTPhl (PuykTyauuid Ha
KUHETHYECKHX MaciuTadax IO CPaBHEHUIO CO CIIOKOWHBIM COJHEUYHBIM BETPOM U CMEINEHHE
YacTOTHI M3JIOMa B CTOPOHY BBICOKMX 4acTOT. B maHHOI paboTe Ha OCHOBE aHaiIHM3a CIIEKTPOB
¢bnykryanuii motoka nMoHOB mo u3MepeHusM npudopa BMCB nHa KA Croektp-P mposeneno
CpaBHEHHE YacCTOTHI U3JIOMa CHEKTPa MPH Mepexone OT MHEePLHMOHHOH K AMCCUIIATUBHOW objacTtu
IUIA  pasHbIX KPYNMHOMACINTAOHBIX THUIOB COJIHEUHOTO BETPa C  XapaKTePUCTHUECKUMHU
IJIa3MEHHBIMH 4aCTOTaMH, OINpPENeJeHHbIMH ISl TOrO ke MOMeHTa BpeMeHU. llokasano, 4Tto ans
obnacteli komnpeccun miuasmsel Tuna Sheath u CIR, rme, xak mpaswmio, B, <l, u3noMm cmexrpa
bnyKTyanuii CTAaTHCTUYECKH COOTBETCTBYET YaCTOTE, ONMpenessieMoil rTupopaanycoM rpotoHa. [lpu
3TOM KakK [IJIsI MENJIEHHOTO CIIOKOHHOTO TeueHHs, ¢ ONM3KOH BeMMUMHON [, Tak u A
BO3MYIIEHHBIX TTOTOKOB, CBSI3aHHBIX C MEKIUIAHETHBIMH TPOSIBICHUSIMH KOPOHAJBHBIX BBIOPOCOB
maccel, rae Pp<<l, Takoe cooTBeTCTBHE HE ObUIO OOHapyxeHO. Taxke MOKa3aHO, YTO B
MENJICHHOM CIIOKOHHOM COJTHEYHOM BETPE H3JIOM CHeKTpa OJM30K K 4acToTe, ONpenenseMoin
WHEPLMOHHON IIMHON mpoTtoHa. TakuMm oOpa3oMm, MO BCeH BHIUMOCTH, INPH NEpeXoae u3
MENJICHHOTO B OBICTPBIN COMHEYHBIN BeTep HAOIFOAETCsl CMEHA PEXKMMOB AMCCUTIAIINHN, YTO MOXKET

UTpaTh POJib B HArpeBe IUIa3Mbl Ha TPAHMIAX PA3HOCKOPOCTHBIX MOTOKOB. PadoTa BBIMOIHEHA MpU
noaaepxkke rpanra PO®H Ne 19-02-00177a.
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JTUHAMO BO BHEIIIHEM TEJUOUIINCE: TIPOBEPKA MO
UMEIOIIAMCS JAHHBIM KA BOSIJTVKEP 2

Benenbkas E.C.

Deoepanvroe cocyoapcmeennoe 0100JcenHoe 0OPA306AMENbHOE YUPeNCOeHUe 6bICULECO
obpazoeanus «Mockoeckuil eocyoapemeennvtii ynueepcumem umenu M.B.J/lomonocosay, Hayuno-
uccneooeamenvckui uncmumym soepnoi gouzuxu umenu J[.B.Crobenvyvina (HUUAD MI'Y) e.
Mockea, Poccus, elena.belenkaya.msu(@gmail.com

Bo3mokHBII MexaHW3M pa0OThl IWHAMO BO BHEINHEM TeJUOLINCE ObLT MPEIIOKEH IS
OOBSICHEHHsS] yBEJIMYEHUS] MAarHUTHOTO TOJs Ha ceBepHoil renwomays3e ¢ 0,2 mo 0,4 #HTn OGes
U3MEHEHUsI €ro HampaBlIeHHs], HaOI0aeMoro KocMudeckuM ammapatom Bosipkep-1 (benenbkas,
2015). Cyms mo pesynbraram 3TOH paboOThl, Takoro ke s¢dexra crenyer OXKUAaTb U TPHU
nepeceYeHny 0KHOHN reuonay3bl "Bosmkepom-2". B Hactosmeii pabore ¢ 3TOM TOYKU 3peHHS
AHANU3UPYIOTCST HUMEIOLINeCs] [aHHble, MOJyuYeHHble KOCMMYECKHUM ammnapatoM 'Boskep-2".
Oxazanoce, uto «Boskep-2» H3Mepui pe3Kkoe YBEJUYEHHE MArHUTHOIO IOJii Ha FOXKHOHN
renuomnayse ot ~ 0,5 no ~ 0,65 uTn. 3MeHeHne HanpaBieHUs] MATHUTHOTO TOJISt ObUIO HEOOBIIUM
(B mpenenax 3°). DT OCOOEHHOCTM MAarHUTHOTO TOJISI AHAJIOTUYHBI TeM, KOTOpbIE OOHapy KU
«Bosmxep-1», M HUX MOXHO UHTEPIPETUPOBATb C [OMOILIBID TOrO K€ MeXaHHU3Ma.
PaccmatpuBaemas 3ajjaua yCUJIEHUs] MArHUTHOTO TOJI HA TeHoMNay3e 3a CueT NeWCTBUS JHHAMO
MOXET OBITh aKTyaJlbHOH W [Jsl YCHJIGHHS MAarHUTHOTO TIOJsI Ha TpaHHuIe actpochepsl
(MarHuTOC(EPBI) OBICTPO BpAIIAKOIIEHCS HAMArHUYEHHON 3B€3/IbI (3K30IIJIAHETHI).

Pabota Beimonnaena npu yactuuHoi nonnep:kke MUHUCTEPCTBA HAYKHU W BBICIHIET'O
OBPA30OBAHMUA P® (rpant Ne 75-15-2020-780).

1. Belenkaya E.S. // Solar Phys. 2015, V. 290, 7, P. 2077. doi: 10.1007/s11207-015-0741-9.
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AHAJINTUYECKOE ONUCAHHME NMEPEXOJJHON OBJIACTH B
TEJJMOC®EPE OT PABHOBECHOJ ILTA3MbI K HEPABHOBECHOI

Boicukaingo ..

MI'OY, e. Mockea, Poccus, filvysi@yandex.ru

Campbiil nerkuil raz — 31neKTpoHHbIH raz. OH NepBBIM MOKHIAET pas3juyHblE IJIa3MEHHbIE
CTPYKTYPBI U acTpodu3mdeckre OObEKThI, I7I€ IEKTPOHBI HAXOIATCA B BUAE CBOOOIHOTO rasa, B
KOTOPOM H3-32 MaKCBEJUTH3alMH (PYHKIUHN pacnpeneseHust SJIEKTPOHOB MO SHEPTHsIM, IMOCTOSHHO
dbopmMupyeTcss TOTOK BBICOKO JSHEPTHYHBIX 3JIEKTPOHOB, MOKUIAOINUX TaKUE KyMYJIATHBHO-
IUCCHUMATUBHbBIE CTPYKTYpHI [1]. DTO NpUBOAUT K KBA3U-IIOCTOSSHHOMY IOJIOKUTEJIbHOMY 3apsily He
TOJIBKO TIOJIOXKHUTEJIbHOTO CTON0a IUIa3Mbl, CTPAT, MOJNHHHA, KATOAHBIX ISITEH, HO W 3BE3N U
BO3MOXKHO rajakTuk. Hannuue KBa3u-NMOCTOSTHHOTO 3apsfa Yy 3Be3[] U PE3KOro YMEHbILIEHUs
TUIOTHOCTH YHWCJIa YaCTHL, OT PACCTOSHUS O UX LEHTPa, MPUBOAUT K OoJiee CHIIBHOMY HAarpeBy
3JIEKTPOHOB B AU OT 3BE3]] B 3JIEKTPUUECKOM I10JI€ MOJIOKUTENBHO 3apsyKeHHON 3BE3/bl, U Ila3Ma
37€Cb CTAHOBUTCS HEPAaBHOBECHOW, T.€. TemIepaTypa 3JIEKTPOHOB YCTaHABJIMBAETCS BbILIe
TEMIIEpaTypbl HOHOB M HEWTpaNpbHOro rasza. (OTO NPUBOOUT K PACCEMBAHUIO BO3MOXKHOTO
KOMITEHCALIHIOHHOTO CJIOSI U3 3JIEKTPOHOB).

HnTepdepenus (B3anMOneHCTBIE) TPABUTALIMOHHBIX M 3JIEKTPUYECKUX MOTEHIHAIOB 0 CHUX
1op, KaK MPaBUJIO, UTHOPHPYETCsl acTpoU3NKaMH MPH MCCIIEeNOBaHUU coiHeyHOro Berpa (CB) u
IPYTUX IUIa3MEHHBIX BETPOB OT 3B€3J M HUX CKOIUIGHMM — rajakTuKk. BosMoxkHO, mnepBble
COOOpakeHHs1 O TOM, YTO 3BE3bI MOJIOKUTEIBHO 3apsiKeHbl, Bbicka3an Poccenann B 1924r. [2], a
nepBblie OLeHKH BeanunHbl 3apsina Conana B 300 K, ynepkuBaro1iero 3J1€KTPOHBI Y TIOBEPXHOCTH
Connua, cpenan Oaaudrrod B 1926 r. [3]. Ortor 3apsn ConHua COOTBETCTBYET 3HAUEHUIO
HAPYIIGHNH 3JEKTPOHEHTPANbHOCTH HA HHUYTOXKHOM ypoBHe 1,8-103¢ u  BosHmkHOBEHHMIO
OTPaKAIOIIUX KYJOHOBCKHX 3€pKaJl He TOJBKO IJIsl MPOTOHOB, HO U 1uist anbda-dactui [1]. O Tom,
YTO TpHU TNojydeHHOM 3apsine CoNHLa BCe MPOTOHBI M alb(ha-dyaCTHULIbI MMOKUAAT MOBEPXHOCTH
ConHua u netstT B rexvochepy DIOUHITOH He Aorafancs. 3aMedaHue DIIUHITOHA O TOM, YTO B
ConHue HOWKHO OBITH pa3felieHne 3apsiioB, OOBIMHO UTHOpUpYeTcs B uccienoBaHusx ConHua u
rearocdepbl. ITO MPOUCKOIUT MOTOMY, UTO 3P (PEKT MOTyUEeHHBIN B pe3yJIbTaTe ero pacueToB, Kak
cKasan DaauHrToH, "abcypano ciabd" Ha nosepxHocTu Conaia [3]. Y Bce acTpodu3uK OBEPHUIIH,
9TO poJib 3apsina ConHIa (M rajakTHK) BCIOAY B 3Be310-Chepax HUUTOKHA.

B nanHO#l paboTe aHAIUTHUYECKH, 1O MOAETH MOJOXHUTEIbHO 3apsUKEHHOW Tenrocdepbl ¢
rnobanbHbIM TOKOM [1], mccinenoBana mepexomHast oOnacte (B renmmocdepe) OT PaBHOBECHOH
IUTa3Mbl Y TIOBEPXHOCTH MOJIOKHUTEIBHO 3apspkeHHoro ConHia (Ha BbicoTax mopsiaka 1000 kM ot
nosepxHoctd ConHua) kK OOMacTH HEPABHOBECHOW IUIa3Mbl C MAaKCHUMAJIBHOW TeMITEpaTypon
3JEKTPOHOB 10 1-2-X MIITHOHOB rpaaycoB Ha pacctossausx ot Conaia B 10-30 panuycos ConHua.

Ha paccrosuusix or Connma mopsiaka 1000 kM noMuHupyromuMm 3¢gdexrom B moBeaeHHH
3apSKEHHBIX YaCTHI (TAKUX KaK SJIEKTPOHBI, MPOTOHBI, ajb(pa-4acTUIBl U Ap. TOJOKHUTEIBHO
3apsiKeHHbIe YacTulpl ¢ Z/M > 0,107) ssnsiercs 3apsig ConHia [1], posib KOTOPOTO Ha MOBEPXHOCTH
ConHIla HUYTOXKHA WM a0CYpAHO ciaba Mo DAMUHITOHY, HO CTAHOBHUTCS CYIIECTBEHHA B 00JaCTH
PE3KOro MaIeHus TUIOTHOCTH YMCJIa YaCTHII B TeIHochepe.

1. Vysikaylo P.I. Ryabukha N.S.// Herald of the Bauman Moscow State Technical University,
Series Natural Sciences, 2020, Ne 6(93), pp. 88-106. http://vestniken.ru/catalog/phys/thph/954 html

2. Rosseland S. // Monthly Notices of the Royal Astronomical Society, 1924. Vol. 84, No. 308,
pp. 720-728. http://articles.adsabs harvard.edu/pdf/1924MNRAS . .84..720R

3. Eddington A.S. with a new foreword by Chandrasekhar S. First published 1926. Reissued in
the Cambridge Science Classics series 1988. pp. 407. https://freedocs xyz/pdf-364186111
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OLEHKA HAITPABJIEHMS ITPUXOJA ®POHTA MEXILJIAHETHOI
YJIAPHOU BOJIHBI ITPU AHAJIN3E OTJAEJbHBIX KBM-COBBITHIT

I'pomos C.B., 3araiinosa 10.C., I'pomosa JI.H.

HU3MHUPAH, 2. Mockea, Tpouyk, Poccus; sgromov(@izmiran.ru

Ha mnepBoM »Tame B3aMMOAEHCTBHSI MEXIUIAHETHBIX KOPOHAJIBHBIX BBIOPOCOB  MAacChI
(Interplanetary Coronal Mass FEjection - [CME), conpOBOXIa0IMUECS] MEKIUIAHETHBIMU YIAPHBIMU
BostHamu ([nterplanetary Shock Wave - ISW), ¢ marautocdepoil 3eMii perucTpupyercs CKauoK B
marHuTHOM mone 3emim (Sudden Commencement - SC) pa3HOW HMHTEHCHMBHOCTH, KOTOPBIA B
HEKOTOPBIX CIIydasX MOXKET MHULUHPOBATH PA3BUTHE MArHUTHOH Oypu, mpencTaBisisi coOOH ee
BHe3armHoe Havaso (Storm Sudden Commencement - SSC). Ha ammuutyny u Bpemsi Hapactanust SC
KpPOMe CKOPOCTH MEKIUIAHETHOH yAapHOW BOJIHBI U AMHAMHUYECKOTO JABJIECHUS COJHEYHOrO BETpa
OKa3bIBaeT TAK)KE BIMSHUE HampasieHue npuxona ¢ponrta ISW (Selvakumaran et al, 2017).
Buesanmnoe nauwano Oypu (SSC) onpenensiercs mo pe3koMy yBeaHUeHUI0 H-KOMIIOHEHTHI
r€OMarHUTHOTO TIOJIsA, KOTOPOE MPOUCXONT Ha Beell 3emiie n 0003Ha4aeT Ha4YaI0 MarHUTHOH OypH.
Oto Bpemst ¢ukcupyercs B karajgore SC TAGA (htip:/isgi.unistra.fr). YtoObl OLEHUTH
HanpaBJIeHHe Tpuxona (PpOoHTa MEXKIUIAHETHOW YOApHOHW BONHBI mo BpeMeHH crapta SSC Obun
orobpanbl nBa ICME ¢ ucrounukamu ¢opmuposanust B CesepHom (21.06.2015 02:36 UT) u
HOxxnom (14.07.2017 01:25 UT) mnonymapun ConHua u conpoBoxaaBmmxcs ISW. Ilpu
B3anMozeicTBIM ¢ MaruuTochepoit 3emiu onu BbzBamu SSC 22.06.2015 8 18:33 UT u 16.07.2017
B 05:59 uT c MOCJIEA0BABIINMU 3a HUMU MarHUTHLIMU Oypsamu
(http:./www.srl.caltech.edw/ACE/ASC/DATA/level3/icmetable2. htm).  AHanu3upoBajoCh  BpeMs
crapra SSC mns cobprrmii 22.06.2015 u 16.07.2017 mo maHHBIM C CEKYHIHBIM BPEMEHHBIM
paspemenuemM, noctynHbiM B cetd INTERMAGNET (okono 40 oOcepBatopuii ceBeproro u 20
obcepBaropuil 0KHOTO monyinapuii). [ 3tux coObITHi BIOMHEHA OlleHKa mosiBiieHus1 SSC kak
(yHKIMA T€OMAarHUTHOW IIUPOTBI M MecTHOro BpemeHH. Ilokazano, uro ¢ mpuxomom ICME x
3emne crapr SSC Ha pasmUYHBIX HA3€MHBIX MArHUTHBIX OOCEpBATOPHSIX HE SIBISIETCS
OHOBPEMEHHBIM: BpeMsi crapta SSC Ha pa3auyuHBIX 00cCepBaTOpHUAX B OOOHMX CIydasx OKa3aloCh
Pa3NIUYHBIM, U pacupeaesieHne BPEMEH BHE3AIMHbBIX HA4aJl COCTABIIET NECATKH CEKYHI.

Pabora BeimonHeHa B pamkax ['ocymapcrBenHoro 3amanus Ne 01200953488, mpu yacTHUHON
noanepxke Poccuiickum pornom pyHnaMeHTanbHbIX nccnenoBaHuil, mpoekt Ne 20-02-00150.

1. Selvakumaran R.,. Veenadhari B., Ebihara Y Kumar, Sandeep, Prasad D.S.V.V.D.(2017)
The role of interplanetary shock orientation on SC/SI rise time and geoeffectiveness. Advances in
Space Research 59 1425-1434.
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KATAJIOT KPYITHOMACIITABHBIX SIBIEHHWI COTHEYHOI'O BETPA B 2019-2020rr

Jlonkuna W.I'. , Epmogaes F0.U., Epmosniaes M.1O., Xoxsaues A.A.

UKHU PAH, 2. Mockea, Poccus, yermol(@iki.rssi.ru

B mHacrosimee Bpems B Karajore kpynmHOMacmTaOHBIX siBIeHHH conHeuHoro Berpa (CB),
pacrionokeHHOro Ha caiire ftp:/ftp.iki.rssi.ru/pub/omni/, comepxarcsi maHHBIE WACHTU(DUKALMU
tunoB CB 3a mepuon 1976 mo 2019rr u 3a 292 nust 2020 rona, MOATOTOBIEHHBIE HA 0a3€ YaCOBBIX
nanabix  OMNI2. B karajore naeHTU(UIMPOBAHBI 3 THNA KBa3HCTALMOHAPHBIX NOTOKOB CB:
rexrocdepnsiil Tokosbli cnoit (HCS), BeicokockopocTHbie moTokn (HSS) M3 KOpOHANBHBIX ABIp U
MeJJICHHbIE TIOTOKHU M3 KOPOHAJBHBIX CTPUMEPOB, U 5 Bo3MyIueHHbIX THIOB CB: obnmactu cxxarus
nepen OvicTppiMu moTokamu HSS (CIR), mexmuiaHeTHble TNPOSBICHUS BBIOpPOCA KOPOHAJIBHOH
maccel (ICME), kotopsie MoryT BJHO4aTh B ceOst MmarauTHbie odnaka (MC) u Ejecta ¢ obnactamu
ckaruss Sheath (SHEmc u SHEe] cooTBeTCTBEHHO), NPEIIeCTBYIOIINEe UM, a TaKxke
MexruiaHeTHas ynapHasi BomHa (IS). B macrosimee Bpemst Karamor kpynHomacmTadubix Tumnos CB
(ftp://tp.iki.rssi.ru/pub/omni/) 3a wuHTepBand 1976-2019 roabl CONEPIKUT CJAEAYIOINEE YHUCIIO
coobrrmii: CIR — 1369, Ejecta -1776, MC — 217, Sheath — 1012, marHuTHbIX Oypb ¢ MUHUMYMOM
Dst <- 50 uTn — 1087. PaGota BeimonHeHa nipu noanepkke PODU, rpant 19-02-00177.
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Ho HOIVIOIEHUE I'OPSTYHUX IOHUTEPOB HD189733b 11 HD209458b
O BJINAHUEM U3JIYYEHUA POAUTEJABCKOU 3BE3/1bI

Mupomunuenko WU.b., [aiixucnamos U.D., Bepesyukuii A.I'., Berposa E.C., llapunos C.C.

HJID CO PAH, HI'TY, 2. Hoeocubupck, Poccus, mib383(@gmail.com

MopgenupoBanoch BiusiHHUE Lyo U3yueHus poauTeNbCKO 3Be3/1bl Ha NorouieHne B 1nHuu Ha
atMocdep ropstanx rornutepoB HD189733b u HD 209458b. Ilepenoc Lya (hOTOHOB BBIUUCIISIICS
meronoM Monte Kapio. 3anaya pemanack B pUOIMIKEHUN U30TPOITHOTO YACTHYHO KOT€PEHTHOTIO
paccestHusi. ATMocdepa mpeanonaranach ChepudecKkd CUMMETPUYHON C 33aJaHHBIMU TPOPUIISIME
Temreparypsl U OOBEMHOH IUIOTHOCTH aToMoB Boxpopoxa. Ilpodumu 00BEMHON MIOTHOCTH
BO30Y KIE€HHBIX ATOMOB BOAOPOAA MOJIyUEHBI C UCMIOJB30BAHUEM TPEXMEPHOTO ra30JMHAMHYECKOTO
MonenupoBanuss [1] npu pasnuusHbIX 3HaudeHwsx mnapamerpa XUV, a Takke pasiMUHBIX
M3HaYaJbHBIX cocTraBax atMocdep anst HD 209458b: n3HauanbHO MOJEKYJSIPHONW MITH M3HAYAIBHO
aToMHOH. @OpMBbI TMHUHN U3JTyUeHUs 3B€3]1 B3AThI U3 [3].

ITo pesynpTataM paboThEl MOXKHO CHENATh 3aKIOUEHHE, YTO TPAH3UTHOE MOTJIOIEHHE TOPSTINX
IOnmurepos B muunn Ho 3HaumrensHO 3aBUCHT OT Lyo HM3iyueHHs 3B€3Abl, HO HE MOXKET OBITH
NOJHOCTBIO UM 00bsicHeHO. Jlist mmaner HD189733b u HD209458b ¢ aTtomaproii armocdepoii
pacyer Mmokasaj, YTo MOTJIOLIeHNe B LieHTpe JuHUM nopsiaka ~0.5% ¢ mupunoit ~40 kM/c, 9TO, BCE
JKe, He MOXKeT OOBSICHUTh B TIOJHOM Mepe HaloaaeMble naHHbIe [4]: moryiomieHue Ha ypoBHe 1.5
% u mupuHON ~60 km/c. [Ipu 5TOM MOTNIOMEHHE TPOUCXOAUT B ciioe ~1.5 pagnycoB IIaHETH, I
KOHLIGHTpaLusl BO3OYXKIEHHLIX Ha BTOPOH ypoBeHb aToMOB Bomopoda Oombme 100 cm™.
HnrtencuBHocTh XUV HE3HAUNTENBHO CKa3bIBAETCS HA IMOTJIOIIEHWH, TaK KaK B Ca00 BIUSET Ha
KOHIIEHTPALMI0 aTOMOB B mnoromaromeM cioe. s cayuas HD209458b ¢ monexymisipHOH
aTMocdepoii nmornomenue okasanock MeHee 0.1%. TTornomenune obpasyercst B mpeaenax mojoCcTH
Pomra nnaseT, rae CKOpOCTb HUCTEUEHHUs elle HeBenuka. [losToMmy MMpuHa JUHUM HOTMJIOLIEHUS
XOPOIIIO COOTBETCTBYET TEMIEpPaTyPHOMY MakcuMyMy Tepmocdepsnr (1-1.5)-10* K. Takum obpazom,
u3MepeHus: B Ho mo3BOJSIFOT, MOTEHIMATIBHO, 3apErUCTPUPOBATh pa3ayBaHue BepXHEH arMochepsl
ropsunx OnurepoB 3a cyeT MOIVIOIIEHUS MOHU3YIOUIeH paguanyuu pOAUTETIbCKUX 3BE3.
CpaBHEHHE MONYYEHHBIX PE3YJbTATOB C pabOTaMU IPyTHX aBTOPOB [5], a Takke ¢ HaOJIFOAaeMbIMU
JaHHBIMU [4] MO3BOJSIIOT CHAENaTh BBIBOJ, UYTO MOMHUMO 3Be3AHOr0 Lyo u3nydeHus], 3HaUUTeNNbHbIN
BKJIAJl B TIOTJIOLIEHHE MOTYT BHOCUTb BHYTPHUATMOC(EpHBIE MPOLECCHI, MPUBOASIINE K POXKACHHUIO
Lya ¢oroHOB, B TepByI0 oOdYepedb 3JEKTPOHHOE BO30ykaeHue B OOJACTH MakCUMyMa
TeMIeparypbl. TO Mpeanoaraercs 0ojee AeTalbHO UCCIEI0BATh B AajbHENIIEH padoTe.

Pabora BemonHeHa B pamkax npoekta PH® 18-12-00080, mpoexkta PODPU 20-02-00520 u
IIpoexT MuHHCTEpCTBA HAayKHW U BBICIIEro obpaszoBaHust Ne075-15-2020-780 «Teopernueckue u
SKCIIEPUMEHTANIbHBIE HCCIENOBaHUS (POPMHUPOBAHUS W HBOJIOLUHM BHECOJNHEYHBIX CHCTEM U
XAPAKTEPUCTHK SK30IUIAHET», CyO-KOHTpakT «YHCIEHHOE MOIENUPOBAHHE A3POHOMHHM, Ta30BBIX
000JI04eK M MarHutocdep ropsuux 3K30IUIAHET, MHTEprpeTanus HaOJMFOMaTeNbHBIX NaHHBIX TI0
TPAH3UTHOMY TOTJIOIIEHHUIO JIMHUH, JabopaTOpHOE MOIENUPOBAHHE OTACIBHBIX IPOLIECCOB B
asmMocepe ropsuMx SK30mIaHeTy. IlapajuienbHOe KOMITBIOTEPHOE MOJENUPOBAaHHE OBLIO
BBIMIOJTHEHO TIpU TIOMOINM CYNEPKOMIIBIOTEPHOro IeHTpa MOCKOBCKOIO TIOCyJapCTBEHHOIO
yHHUBepcUTeTa, MEXKBEIOMCTBEHHOTO cynepkommbioTepHoro ueHtpa PAH — Cubupckoro
cynepkommetotepHoro ueHtpa CO PAH, cynepkommberorepHoro uentpa Hosocubupckoro
rocyJapCTBEHHOTO YHUBEpcHUTETa 1 MekBenoMcTBeHHOTro Kiactepa PAH.

1. Shaikhislamov L. F. et al. /Monthly Notices of the Royal Astronomical Society 2019.
2. Odert P. et al. Modeling the Lya //arXiv preprint 2019. arXiv:1903.10772.

3. Bourrier V., des Etangs A. L. //Astronomy & Astrophysics 2013. V. 557. P. A124.

4. Cauley P. W. et al. /The Astronomical Journal 2016. V. 152(1). P. 20.

5. Huang C. et al. /The Astrophysical Journal 2017. V. 851(2). P. 150.
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BAPUAIINN HAITPABJIEHUA IIOTOKA COJTHEYHOI'O BETPA B
PA3/IMYHBIX TUITAX TEYEHUA COJTHEYHOI'O BETPA.

MockagaeBa A.B., Pazanuesa M.O., Epmoaaes 10.U., Jlonkuna WU.T'".

HKH PAH, 2. Mocksa, Poccus, orearm(@gmail.com

CTaOubHOCTh HAMpPABJICHUS MOTOKA COJIHEYHOTO BETpa SIBNIETCS AaKTyallbHOW 3amaded st
NPOTHO3a KOCMHYECKOH moronel. PaHee HEOTHOKpPAaTHO OBLIO MOKAa3aHO, YTO HEBO3MYIUEHBIN
COJIHEUHBIH BETep pACHpPOCTPAHSETCS, KakK MPaBHJIO, PAAMaJbHO, TOTAa KaK 3HAUYUTENbHBIC
U3MEHEHHs] HAINpaBJIeHUs MOTyT HaOmIo#aTbcss B OOJACTAX B3aMMOMACHCTBHUS TIOTOKOB C
Pa3NIUYHBIME CKOPOCTAMH, HampuMmep B obmactsx Sheath, npeamecTByrOIIMX MEXIUTAHETHBIM
NPOSIBJICHUSIM ~ KOPOHAJIBHBIX  BbIOpOocOB Macchl wimm  obrnactsax CIR, mpemmecTByrommx
BBICOKOCKOPOCTHBIM TOTOKaM W3 KOpOHaNmbHBIX Ablp [1, 2]. B mannHO# paborte aHanm3mpyroTcs
CTaTUCTHYECKUE PACHPENeNIEHHsT BEJIMYUH JOITOTHOrO () M MUPOTHOrO (0) YIrJIOB HampaBJIeHUs
MIOTOKA COJTHEYHOTO BETPA, a TaKXKe MX BapHalMi Ha MacIITadax OT HECKOJIbKUX AECATKOB CEKYHJ
70 4Yaca C HUCIOJNb30BaHUEM H3MepeHuil Ha kocmudeckoM kopabme WIND. Takxe mpoomurcs
CPaBHEHHE AHAIM3UPYEMbIX paCIpenejeHUH B CIIOKOHHOM COJHEYHOM BETPE M B Pa3JIMYHBIX
KPYIHOMAcIITaOHbIX THIIAX TEYEHHs, C MOMOINBI0 KaTrajora KPyMHOMAacIITaOHBIX SIBICHUN
cosHe"wHOTro BeTpa Ha ftp://ftp.iki.rssi.ru/pub/omni/catalog [Epmonaes u ap., 2009]. BeisiBneHo, 4to
s komrnpeccnonHbix THNOB TedueHuss SHEATH u CIR HabmomaroTcss MakCUMAaIbHbIE 3HAYCHHS
MOJYJIsSl TOJTOTHOTO () W MMPOTHOTO (0) YIJIOB, a TakXKe WX BapHAIMii, MPU 3TOM BEPOSTHOCTH
HabOmomeHust Oonbinx (>5°) OTKIIOHEHMH OT pPagHallbHOTO HAIPABICHHS TAaKXKe 3HAUYUTENbHO
BO3pactaer. llpu 3TOM mMoOKa3aHO, YTO NMPU YMEHbIIEHUH MaciuTada (GpuyKTyaruid 3aBUCUMOCTb OT
Tuna BeTpa ocnabesaer. Takke pPacCMOTPEHBI 3aBHCUMOCTH BEJIMYUHBI U (PIyKTyauui yrios
HANpaBJICHUs] OT 3HAYCHWH IapamMeTpoB IUIa3Mbl B COJHEYHOM BeTpe. PaboTa BhIMONHEHa mpu
noaaep:xkke rpanta POOH Ne 19-02-00177a.

1. Yermolaev Y. L., Lodkina I. G., Nikolaeva N. S., Yermolaev M. Y. 2017, Solar Physics, 292
(12),193, https://doi.org/10.1007/s11207-017-1205-1

2. Yermolaev, Yu. I, Nikolaeva N. S., Lodkina, I. G. Yermolaev, M. Yu., 2009, Cosmic Res.
47 (2), 81-94, https://doi.org/10.1134/S0010952509020014



115

11-JIETHUI UTHAEKC JIMHEMHBIX KOHOUT YPALIUI
IJIAHET BEHEPA, 3EMJISL, FOIIUTEP 1 COJTHEYHASI AKTUBHOCTD

B. II. Ox;onkoB
ovpetrovich@yandex.ru

B  nmanHOW  pabore umCHONB3yeTCs  SBONIOLMS  BBEAEHHOTO  aBTOPOM  Iapamerpa,
XapaKkTepusyIoIlero B3aUMHOE TIOJIOKEHHE IIJJaHeT — CpeAdHed 3a JeHb Ppa3HOCTU
reJINOLEHTPUYECKUX OJTOT AJs napel miaHeT. PaccMoTpens! nmonapHo miaHeTsl Benepa, 3emis
u IOnurep. Ilo MMUHMMaNbHBIM OTKJIOHEHUSM IUIAHET OT JIMHUU, NPOXOIslled uepe3 HUX U
ConHue mpu pacroyIOKEHUH IDIaHET NO OxHy cTopoHy or ConmHia (TUlaHeTbl HaXOAATCS B
COEIMHEHNH), a TAK)KE MPH PACIOJIOKEHNH TUIAHET MO pasHble cTOpoHbI oT CoNHIA U Ha OTHOHN
JUHUA C HUM, paspaboran wuHpmekc (JEV), onuceBatommii 11-Te€THUH LUK CONHEYHON
AKTUBHOCTU. OTH TpHU IIJIaHEThl B CBOEM ABW)XEHMHU BOKpyr CoNHILA CO3Jal0T JIMHEHHbIE
koHpurypauuu ¢ Conamnem. M stu mnanets! - Benepa, 3emins u FOmutep- B CBOMX JTHHEHHBIX
koH(purypauusx umeroT 11-nerHuii uuki. Kpome Toro, mpoBeneHsl pacyeTbl CPENHUX Pa3HOCTEH
IJs1 4eTelpex IIaHeT ¢ ydactheMm MuaHeTsl Mepkypuil. Ilokasano, uro Mepkypuil He
BIUCBIBaeTCs B 11-neTHue nuHeliHble koHburypaimu mianer Benepa, 3emns u FOnurep u nHe
y4acTByeT B MaKCUMajJbHOM TIpaBUTALMOHHOM BozfelicTBuu Ha ConHue. ToJbKO MIaHEThI
Benepa, 3emns u lOmmrep B CcBOMX JHMHEHHBIX KOHPHUrypauusx uUMeroT 11-meTHHi UKL
IIpoBeneHo conoctasieHue uxaexca JEJ ¢ COTHEUHON akKTUBHOCTBIO U [TOKA3aHO, YTO CPElHUE
11-nernne nepuonuuHocTH B uHAekce JEV w B conHeuHoit aktuBHocTH 3al000-neTHuit
WHTEpPBAJl BpEMEHHU COBIANAIOT C TOYHOCTBIO 10 BTOPOro 3Haka mocie 3amsroit (11.07 mer). Dto
yKa3bIBa€T Ha BO3MOXHYIO CBsi3b uHIekca JEV ¢ 11-1eTHUM LUKJIOM COJHEYHONH aKTUBHOCTH.
I1naHeTs! BAMSIIOT Ha CONIHEYHYIO AKTHBEHOCTD.

1. Okhlopkov VP, 11-Year Index of Linear Configurations of Venus, Earth, and Jupiter
and Solar Activity, B xypHane Geomagnetism and Aeronomy, wsnatenbctBo Maik
Nauka/Interperiodica Publishing (Russian Federation), Tom 60, Ne 3, ¢. 381-390

2. OxyionkoB B.II, 1l-nerHwii wHmekc NuHEWHBIX KoH(purypammii mmaner Benepa,
3emns, FOnurep u conHEUHast aKTUBHOCTb, B JKypHale [ eomaenemusm u aspOHOMUAL,
usnatensctBo Hayka (M.), Tom 60, Ne 3, ¢. 393-403

DOI: 10.31857/S0016794020030141
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AHAJIN3 JTAHHBIX TETEKTOPA COJIHEYUHBIX KOCMUYECKHX
JIYUEHU

Haabmun B. C.'2, Ctaganuyk E. M3 4, Xamuros T. M.1>2
y

IM®TH (HUY), 2. Jloneonpyousiii, Poccus
2 USAHU PAH, 2. Mockea, Poccus

S HUY BILI3, . Mockea, Poccus

*UKHU PAH, 2. Mockea, Poccus

E-Mail palminvi@me.com

B »sToii pabore MBI mpeacTaBisieM J1a0OPATOPHBIA MPOTOTHUN OETEKTOPAa YaCTHI] COJIHEYHOM
sueprun (SEP), kotopeiii Oymer paboTaTe BMECTE C IPYTHMH KOCMHUYECKUMH NPUOOpaMH, 4TOOBI
natb HaMm Oonbine nHpopmanun o gpusuke SEP. Ilpubop npenHazHaueH Uit perucTpaliy MPOTOHOB
1 3JIEKTPOHOB ¢ KnHeTudeckou sHeprueit ot 10 no 100 MsB u ot 1 1o 10 M3B cooTBETCTBEHHO.
JleTekTop OCHOBaH Ha CIMHTWIIILMOHHOM LWJIMHAPE, Pa3fAeIeHHOM Ha OTHENbHbIE AMCKH, YTOOBI
nonyunth Oosbine wHpoOpMarmu 00 oOOHapykeHHbIX yacTurax. CUUHTHJUBIIHUOHHBIA CBET OT
M30JIUPOBAHHBIX CETMEHTOB COOMPAETCS] ONTHYECKIMH BOJIOKHAMU M PETHCTPHPYETCS C TIOMOLIBIO
KpeMHUEBbIX QoroyMHoxuteneit (SiPM). Kananbl nerexTopoB ObUIM OTKaJIMOpPOBAHBIL, B Clydae
NPOTOHOB €CTh MUK bparra, mosToMy MOXHO NMPOU3BOAWUTH KAJIUOPOBKY IO TEM K€ YaCTHIIAM,
KOTOpBIe feTekTupyeM. s Kaxxaoro kaHaia ObUIO TOJTYYeHO SHEPTeTHIECKOe Pa3peLIeHre.

[Tonueii ananmus Qopmbel curHana TpeOyeT IOBOJBHO OBICTPOH SJIEKTPOHMKH M OOJBIION
BBIYUCIIUTENbHOW MOIIHOCTH, YTO HE BCErAa JOCTYITHO Ha KOcMHUYeckoM kopabie. Iloatomy mbl
paccMOTpeNu APYTyIo MpoLeaypy ananusa. Mues Merona COCTOUT B TOM, YTOOBI 3apeTrHCTPHPOBATH
BpeMsl, B TE€UEHHE KOTOPOrO CHTHAJ MPEBBIIIAET 3aJaHHBIA IMMOPOT, a 3aT€M BOCCTAHOBUTH €0
aMIUTUTYly Ha OCHOBE LIMPUHBI CHTHAJA, & HE €ro BBICOTHI MJIM HHTErpana. DJEKTPOHHUKA B
HACTOSIIIIEE BPEMsI HAXOAUTCS B CTaAWUU pa3paOOTKH, HO B 3TOH paboTe MBI MPHUBOAMM JIHIIb
HEKOTOpbIe COOOpa’keHUs,, OCHOBAHHBIE HA IAHHBIX OT MIOOHOB, POXKICHHBIX B armocdepe, u
MPOTOHOB, MOJIyYEHHBIX Ha yckopurese. B o0oux ciydasx maHHBIA MOAXOM MO3BOJIMI IOCTATOYHO
XOpOIIO BOCCTAHOBUTH pACHpEIENIeHHe CHUTHAaNa, TO €CThb MOJYYHUTb IOJHYK HH(POPMALHIO.
OrpannueHneM sIBISIETCA TO, YTO (YHKIHIO, O KOTOPOW BOCCTAHABJIMBAJICS WHTErpajl CUTHA,
HEJb3sl OHKCTPANOJINPOBaTh Ha OoJbInue >HEpruu, Tpedyercs cBoH aHamm3. Takum oOpasom,
OTKaJIMOPOBAHHBIN AETEKTOP C HOBOH 3JIEKTPOHUKOW CMOJKET BOCCTAHABIIMBATH CIIEKTP CHTHAJIOB
IS 9aCTHL BBIOPAHHBIX SHEPTUH.
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SKCHOEPUMEHTAJIBHBIN CIIEKTP BAPHAIIMI KOCMUYECKHNX

JYUYEN B IINPOKOM IUAIIA3OHE )KECTKOCTEI IO JAHHBIM
AMS-02

Aunxke B.I'., beanos A.B., lllabik H.C., KoGenes ILI'., Tpeduaosa JLA.

Hucmumym 3emno20 maenemusma, uonocghepsi u pacnpocmpanenisi paouoeonn um. H.B. Ilyurxosa
PAH (U3MHUPAH), 2. Mockea yanke(@izmiran.ru

B pabote ays ranakTHHecKuX KOCMHYECKUX Jy4ueH B Auamasose xkectkocred 1-50 GV, k xotoprim
YYBCTBUTCIBHBI HCUTPOHHBIC MOHHTOPBl M MIOOHHBIC TCJICCKONEBI, JKCICPHMCHTATIBHO HAWICH
TPEeXNapaMeTPUICCKUH CIEKTP BapUAlUi KOCMUYCCKUX Jy4eH MO JAHHBIM MAarHUTHBIX CIIEKTPOMETPOB
AMS-02 u OGamnonHoro crparochepHOro 30HAMpOBaHMs. HalineHo, YTO B NEPUOA OTPULIATCTIEHOM
nonsapHocTd MarHutHoro monsg ConHoa HaOMIOJACTCS CTEICHHOW CIHEKTP BapHAUWi C  CHIIBHBIM
SKCIIOHCHIMATBHEIM 3aTyXaHHeM B obmactu Oompmux xectkocted. [lpu cMeHe moOnSpHOCTH B Hauame
HOBOTO 24-r0 COJTHEYHOTO LIMKJIA HA MOJIOKHTEIBHYIO MOSPHOCTh CIEKTP BapHALMH KOCMHUYCCKUX Ty4UCH
MEPEXOAUT B YUCTO CTENCHHOU crekTp. OTX0J OT SMIOMPHYESCKH 330aBACMOr0 K SKCICPHUMEHTAIIBHO

HaWJCHHOMY CIEKTPY BapUalUi MO3BOJUT CHSTh P HEOMPEACICHHOCTEH M MOBBICUTh TOYHOCTh AHAIN3A
HA36MHOW CETU IETEKTOPOB.
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Ipumep pezynremama ananusza O7ist NeEpuOOq OMpuyamensvHoil (Cresa) u noaoicUmenvHoll (cnpasa)
HOJNAPHOCIU  MENCHIAHEMHO20 MACHUMHO20 hois. Ha cpeOnux namensix NOKA3aH®L CHEKMPb

yacmuy 6 mexywuil u 0a306wtii MoMeHm epemenu. Hailoennvie HA uUX OCHOBe CneKmpbl 6apuUAyil
NOKA3AHbI HA HUNCHUX NAHEJISIX.

BBIBO/IbI

1) ITo nanaeIM AMS-02 criekTp BapHanuii KOCMUYECKHX Jydel B [uamna3one xectkocred 1-20 GV

XOPOIIO OMHUCHIBAETCS] CTEMEHHBIM CIIEKTPOM, MOIYJIMPOBAHHBIM SKCIIOHEHTON B 00JIACTH BEPXHUX
JKECTKOCTEN

— -7 _
v=a,R 7 exp(—R/R,)
2) B nepuon orpunarensHoii nonsipaoctd A<O MarHuTHOTo nojst CoHIa HaOII01aeTCst CTENEHHOM
CIEKTP Bapualuil C CUJIbHBIM 3KCIOHEHIUANbHbIM 3aTyxaHueM. Ilpu cmene nonsprHoctu A>0 u

Hayaja HOBOTO 24-rO COJHEYHOrO LHKJA CHEKTP BapualMUil KOCMHUYECKUX Jy4deld MEepexXOAuT B
YHUCTO CTETIEHHOM CITEKTD.
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KOHOUT'YPAIIUA MATHUTOCO®EPHOI'O TOKOI'OB CJIOA

AprtembeB A.B.

HKU PAH, 2. Mockea, Poccus; UCLA, Los Angeles, USA ante0226(ayandex.ru

[IpoctpancTBeHHbId MacmTad W HWHTEHCUBHOCTH MAarHUTOC(EPHOTO TOKOBOTO  CJIOS
OTIPEAENSIOT KOHPUTYPALMI0O W JIUHAMUKY BCEH XBOCTOBOM 00MAacTH MarHUTOC(hEepbl U, Kak
CIEJCTBUE, KOHTPOJHMPYIOT WHULIUAIM3ALIMID U TPOTEKAHUS TaKUX OHEPreTHYeCKH-BAKHBIX
MpoLeccoB, kKak Marautocepusie cybOypu. B 3ToM moOkiaae TpeaCTaBIeHbI CTATUCTHYECKUE
OaHHbIe MO OajaHCy IMJIA3MEHHOTO MABJCHHUS W HATSHIKEHWH CUJIOBBIX JIMHUA MArHUTHOTO ITOJIS
BI0JIb MarHuToc(epHoro ciiosi. OCHOBBIBAsICh Ha U3MEPEHUSIX TJIa3MEHHBIX TOKOB M MArHHTHBIX
nonieft cyTHukamMu Muccu MMC 1 yuuThIBasi BKJIaJ SHEPTUYHON KOMIIOHEHTHI HOHOB B JIaBJIeHUE
MJIa3Mbl, YAAETCS TTOKAa3aTh, YTO B HanOoJiee MHTEHCUBHBIX (M HanOOJiee TOHKHIX) TOKOBBIX CIIOSIX
OamaHC HATSOKEHUS CUJIOBBIX JIMHHUUM TpeOyeT HaNW4usi aHW30TPOIHOTO WM HETUPOTPOITHOTO
MIa3MEHHOro naBjieHus.. WHBIMU clioBamu, HaOJIOMaeMble TOKOBBIE CJIOM CJIMIIKOM BBITSIHYTHI
BJIOJIb MAarHUTOC(HEPHOTrO XBOCTA, YTOOBI TPAAMEHT AABJIEHHUS IUIA3Mbl MOT YPAaBHOBECHUTH CHITY
HATSDKCHUST CHJIOBBIX JIMHUN. [Ipw 5TOM Takue BBITSIHYTbIE WHTEHCHUBHBIE CJIOM HAOJIOAOTCS B
OTCYTCTBUH IJIA3MEHHBIX TIOTOKOB U COCTABJISIFOT CYIIECTBEHHYIO YacTh Habmonenuit (o 10%).



119

CPABHUTEJILHBIN AHAJIN3 ANHAMHUKH TOKOBBIX CHUCTEM COJIHEYHOM
BCIIBIIIIKU U MATHUTOC®EPHOU CYBBYPU

3umosen U.B., Aprembe A.B., llapsikun U.H., Nishimura Y.

HUKH PAH, . Mocksa, Poccus, ivanzim(@iki.rssi.ru

[1na3mMeHHbIE MPOLIECCHI, JISKAIHE B OCHOBE TAKHUX DJHEPreTUYECKH-MOIIHBIX SIBIEHHI Kak
COJTHEYHbBIE BCIIBIIIKHA U MarHUTOC(epHbie CyOOypH BO MHOTOM CXOJHBI, HO CYIIIECTBEHHAsI Pa3HUILIA
B MJIA3MEHHBIX XapaKTEPUCTUKAX DTHUX CHCTEM, a TaKKe Pa3Nu4us 3KCIEPUMEHTATbHbBIX TaHHBIX
MPEMSITCTBYIOT UX CPaBHEHUIO OoJjiee YyeM Ha CXEMaTHYHOM ypoBHe. B mpencraemsemoit pabore
NPEANPUHSITA TIOMBITKA MMEPEUTH OT TaKOr0 CXEMATHYHOTO CPABHEHHSI K KaYeCTBEHHOMY YPOBHIO
IUI OTHENBbHOTO THIA TPOIECCOB, WUIPAFONIMX 3HAYUTENBHYIO POJb B PAa3BUTUM BCIBIIIEK U
cy00ypb. Peub uaét o popMUpOBAaHUM CHCTEMbI TOKOB, COEUHSIOIUX 00JIACTh YHEPTOBbIAEIEHHUS
(B KOpOHE JUIsl BCHBIMIEK U B XBOCTE MarHuTochepwl mist cyOOyph), 3alOJHEHHY Topsidei
pa3pekeHHOW Ta3Moi, W 00JacTb, 3aNOJHEHHYI) XOJOIHOH CTOJKHOBHUTEIBHOM IJIa3MOM
(xpomocdepa/porochepa u nonochepa, coorsercTBeHHO). Ha npumepe aHanmm3a IBYX COOBITHIA -
OJTHOM BCIIBILIIKH M OHOM CyOOypH - MPOBENEHO Ka4eCTBEHHOE CPaBHEHHE PA3BUTHUSI U Pa3Py LIIEHUS
TOKOBBIX CUCTEM B MPHUBsI3KE K POPMHUPOBAHUIO MOMY AU YCKOPEHHBIX YaCTUIl M UX BBICHITAHHIO
B xpomochepy/dorochepy unmu nonochepy. Ilokazano, 4ro odonM cucTeMaM MPHUCYIIN CXOTHbBIE
OCHOBHbIE BPEMEHHBIE MOC/IEAOBATEIPHOCTH U XapaKTePHAS SBOJIFOLHS TOKOB.

HccnenoBanue BBIMONHEHO 3a cueT rpanTta Poccuiickoro HayuHoro ¢onnma (mpoekt Ne 17-72-
20134).
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HABJIOJEHUE MEJKOMACHITABHOI MATHUTOILIABSMEHHOI
CTPYKTYPbBI BO BPEMSI MPOJAOI)KUTEJBHON JUIIOJNU3AIIMA B
BJIN/AKHEM I'EOMAT'HUTHOM XBOCTE CIIYTHUKAMUN MMS.

Maubixus A.1O., I'puropenxo E.E.

HKH PAH, 2. Mocksa, Poccus, anmaurdreg(@gmail.com

UccnenoBanue MenkoMacmTaOHBIX CTPYKTYp M IPOLIECCOB B MarHutochepe 3emiu 1o
HElaBHETO BPEMEHHU ObLTH OrpaHHYEHbl OTCYTCTBUEM KOCMHUYECKUX MUCCHH C JOCTATOYHO BBICOKUM
BPEMEHHBIM pa3pelieHneM U3MEPEeHUH, TeM OoJiee He CyIeCTBOBAJIO MHOTOCITY THUKOBBIX MUCCHI €
MaJIbIM TPOCTPAHCTBEHHbIM pa3HeceHueM. IlepBrple ucCcrenoBaHMs TaKUX MaclTabOB CTaiu
IOCTYITHBI CPaBHHUTEIBHO HENAaBHO, Korma mapa cnyTHukoB muccuu Cluster B 2013-2014 rony
HAXOMWINCh HAa PACCTOSHUM MOPSAKA 3JIEKTPOHHBIX MaciuTa®oB. JlanmpHeiee pasBUTHE TaKHX
WCCJIEZIOBAHMN CTAJIO IOCTYITHO C 3aIyCKOM KocMuueckoit muccun MMS B 20161, B nanHoii pabote
npexncrasiensl HabmoneHus 06.07.2017 01.37-01.55 UT MMS B xBocTe MarHuTochepr! 3eMin Ha
paccrosiuuu X ~ — 18 3Rg (Rg — panuyc 3emMiin) U pe3ysibTaThl aHAIHU3A JIBYX MOCEIOBATEIbHBIX
NPONOJDKUTENbHBIX ~AWNONM3auuii . B maHHbIX punonuzamwsix  Obuto  BbIEJIEHO 10 4
IUTOIN3aUMOHHBIX PpoHTa ([AP), nMerommx ckopocTu pacnpoctpanenus ot 130 km/c no 360 km/c
U XapakTepHble MacmTadbl OT ~ | 10 ~ 5 MOHHBIX THpopaanycoB. HOBbIE MHOTOCITYTHHUKOBBIC
HaOJIFOIEHUST TIO3BOJIMJIN KaK IPOBECTH HAOIOIEHHS] MEIKOMAcIITaOHOM TOKOBOH CTPYKTYPBL, TaK U
oueHuTh €€ Macmtad (< 0.4 HOHHOTO THPOPaaNyCca) U HHTEHCUBHOCTB IJIOTHOCTEH TOKOB (0T 10 1o
60 HA/M?) CBSI3aHHBIX C 3TOH CTPyKTypoi. Takke MOKa3aHO, YTO MENKOMACIITAabHAsh TOKOBAs

CTPYKTypa UMEET CIOKHYIO TPEXMEPHYIO KOH(PUTYPALIHIO.

Pabora BeimonHeHa npu noanepkke rpanta PO®H Ne 19-32-90009.
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KAIIITA PACHPEAEJIEHUA U TYPBYJIEHTHOCTD B
MAT'HUTOC®EPE 3EMJIN

Antonosa E.E.'?, Ctenanosa M.B.?, Opunnnuxos U.JI.!, Kupnuues U.I1.2, CoTHnkon
H.A.!, Bopo6nes B.I'.4, fironkuna O.W.4, Myaunen M.C.!, Muts C.K.!

HHUH soepnoii usuxu umenu JI.B. Crobenvyvina MI'Y umenu M.B. Jlomonocoea
2Uncmumym Kocmuueckux Heenedosanuii PAH

I University of Santiago de Chile

*Honspuviii I'eoghusuueckuii uncnmuntym

IIpoBeneHHbI aHANMM3  ANNPOKCHMALMA B  MAarHUTOCHOKOHHBIX — VCJIOBUSIX  (PyHKUUH
pacrnpeneneHust HOHOB U 3JEKTPOHOB B MarHurocepe 3emnu kanmna-pacnpeneneHusivu. Kanma-
pacripenieNieHusi  ONMHUCBHIBAIOT ~ XapakKTEepPHblE IS yCIOBHA B OECCTOJIKHOBHTEIBHOM
MarHuTocepHOi MiIa3Me (QyHKIUN pPACTPENENeHUs] ¢ MAKCBEJUIOBCKUM SIIPOM U CTETIEHHBIM
XBOCTOM. Brimenensl ycnoBust U 00JacTH, B KOTOPBIX A-TlapaMeTp Kamma ammpoKCHMALHi
NOCTUraeT MaKCHUMAJIbHBIX 3HAYEHUM, YTO COOTBETCTBYET NEHCTBHIO MHTEHCHUBHBIX IPOLIECCOB
TepMaJIN3alNY, T.€. NPHONMKEHUs (YHKIUHM paclpenesieHus K pacrpeneieHnto Makcsesa.
DopMHUpOBaHUE CTETIEHHBIX XBOCTOB Yy (PYHKIMH paclpenesieHuss U NMPOLECCOB TepMan3aluu
SBJISIETCS  CJIEICTBUEM CYILIECTBOBAHMS BBICOKOTO YPOBHA TypOYJIEHTHbIX (IyKTyarmid B
marHutocepe. CyMMHPOBAHBI Pe3yJbTaThbl H3Y4YEHHs] MAarHuToc(hepHOi TypOyJNEHTHOCTH B
IIUPOKOM JAHMANa30He MacIiTabOB M BPEMEHHBIX HHTEPBAJOB, CBS3M TYpPOYJIEHTHOCTH B
marHurocepe ¢ TypOyJIEHTHOCTBIO COJIHEYHOrO Berpa M MarHutocnos. llokaszaHo, 4TO
KpynmHoMaciuTabHasi MarHuTocepHas KOHBEKIHMsS MOXKET pacCMaTpPUBATbCA B KadeCTBE
UHTerpajtbHOro Macimrada maraurocdepHoii TypOyaenTHocTu. O6cysxaena npuMeHIMocTs MI/]
NoAaXona K ONHUCAHMI0 MarHuTochepHoH TypOyJEeHTHOCTH U TeHepalud BO3MYILIEHHIH,
ONHUCBHIBAEMBIX B PAMKaX MAarHUTHOTO NEPECOCAUHEHU.
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3aBHCHMMOCTDH MOKA3ATEJIS MOJUTPONBI IVIA3MbI OT KANNa-NapaMeTrpa B
YCJI0BHSIX MAarHUTOC(EpbI 3eMJIH.

Kupnuues .11, 1, Amnrtonosa E.E. >1

1 y e
OI'BY nayku Hncmumym xocmuveckux uccineoosanuii PAH, 2. Mockea, ikir(@iki.rssi.ru
2 y N
Hayuno-uccneoosamenvckuii uncmumym soepnoii puzuru umenu /[.B. Crobenvysina
Mockosckoeo eocyoapemeennozo ynusepcumema umenu M.B.Jlomonocoea, 2. Mockea

Marnutochepa 3emiu TpencrapisieT cOOOW THUTaHTCKYIO JTA0OPATOPUIO ISl M3YUYEHUs
NPOIECCOB B OECCTONKHOBHUTENBHOM IUIa3Mbl.  T€OPETUYECKHH aHATM3 M PE3YJIbTaThl
SKCIIEPUMEHTANIbHBIX ~ HAONMIOACHWH TOKa3bIBAIOT, YTO OECCTONKHOBUTENbHAs IUia3Ma ¢
HEJIOKAJIbHBIMA JAJIbHUMH B3aUMOJCHUCTBHSIMU C TEYEHHEM BPEMEHU peJaKCUPYeT K Karma
nonoOHBIM (PYHKIUSIM pacpeIeieHHs], ¢ IOCIenyoei MakcBeun3anue. IIporeccer penakcanmm
B HACTOslllee BpeMs CPaBHUTENBHO MaJl0 HCCIIEJOBaHbl, HO HE BbI3bIBAET COMHEHHE HX
3aBUCUMOCTb OT MaKpOCKOMMYECKUX 1apaMeTpOB ILIa3Mbl.

[IpoBeneH aHamM3 XapakTEPUCTHK JIOKAJIBHOW SHTPOIMUH IJIa3Mbl B YCIOBUSIX MarHUTOC(HEpbI
3eman BOJMM3M 3KBATOPHAIBHON IUIOCKOCTH C HCIIOJNIb30BAHMEM MAaHHBIX HAOMIOACHUH MHCCHUU
THEMIS 3a 4 rona (2007-2010 rr.). BeineneHs! CrieKTpbl HOHOB HA T€OLIEHTPUYECKHX PACCTOSHHSIX
ot 3 10 20 Rg BONM3HM 3KBAaTOPUATBHON TUIOCKOCTH, MO3BOJIIOIINE TTPOBOIUTH AMIPOKCUMAIUIO
CIEKTPOB OJHUM Kamma pacnpeneneHueM. OmnpeneneHbl NapaMmeTpbl TaKUX aNMpOKCHUMALMHM.
[Ipennonaranochk, YTO M3MEHEHHE SHTPOIHMU OIHCBHIBAETCS 3aKOHOM MOJHUTPOMNBI B 00JACTAX C
ONpeAesieHHbIM IJa3MeHHbIM mnapameTrpoM. OrnpeneneHO yCpeAHEHHOE 3HaueHue IoKas3aTens
MOJIUTPONBI B 3aBUCUMOCTH  OT  BEJIIMYMHBI  K-TapaMeTpa  Kalma  anmpoKCHUMAIlui,
XapaKTEPU3YIOIIET0 JKECTKOCTh BBICOKOHEPIHMYHOTO XBOCTa (PYHKUIMHU pacmpeneneHus Npu
muddepeHHaum mIa3Mel O 3HAYEHUIO TNIA3MEHHOTO mapaMeTpa 3.
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COITPA’KEHHBIE HABJIFOJAEHHUS ABPOPAJIBHBIX OMET'A CTPYKTYP
B MATHUTOC®EPE

AnarenkoB C.B., Auapeesa B.A., I'opnees E.W.

CIIol'y, e. Cankm-Ilemepoype, Poccus, apatenkoviwmail.ru

Jlns aBpopajbHBIX OMEra CTPYKTYp, PErHCTPHPYEMBIX CEThIO Ha3eMHBIX KaMep BCero Heda
npoekta THEMIS, 6b111 0TOOpaHs! conpsikeHHble CyTHHKOBBIE HaOmoneHust muccuit THEMIS u
MMS. B pabore MBI CpaBHHBAeM MOPTPET MArHUTOC(EPHOrO HCTOYHHKA aBPOPAJBHBIX OMera
CTPYKTYp, TOJly4eHHBIH B TI00ambHbix MI'J] cuMyisinusix, CO CIyTHUKOBBIMHU HabmroaeHusiMu. B
YaCTHOCTH, YJAaeTCs BbIIEIUTb IUIa3MEHHbIE CTPYKTYpbl C CYLIECTBEHHO OTJMYarolleincs
KOHLIEHTpaLuel M TeMIepaTypoil, KOTOpble MOTYT SIBIATbCA ClEAYIOLeH cTaguedl 5BOJIOLUU
HECTAILMOHAPHBIX CTPYHHBIX TeueHuii (BBF).

Pabora nposenena B pamkax npoekra PH® 19-77-10016.
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MHOI'OYACOBAA TNHAMUKA IIVIASMEHHOT O CJ1IOA "
NOHOC®EPBHI ITOCJIE IOBOPOTA MMII K IOT'Y

Ianos E.B.!, Ceprees B.A.2, Kyobimkuna M.B.2, Maabixun, A. 103, I'puropenxo E.E.?
\KFU, Graz, Austria, evgeny.panov@oeaw.ac.at

LHUHU® um. B.A. @oxa, CII6I'Y, Canxm-Ilemepoype
SUKU PAH, Mockea

[Tonb3ysick HOHOC(EPHBIMU U HA3€MHBIMU HAOJIIOIEHISIMH BO BPEMsI MHOTOYaCOBOT'O MPOJIETa
MMS B xBOCTE MarHUTOC(ephI MOCIIE MOBOPOTA MEKIIAHETHOTO MATHUTHOTO TIOJIS K FOTY, MBI
OTCJIEKUBAEM N3MEHEHHsI B KOHPUTypalMy U IUHAMHUKE IJIA3MEHHOTO CJI0S COBMECTHO C PeaKIuen
Ha 5TH m3MeHeHus B noHocdepe. Mexnay 18 u SUT MMS nokpsin pactosiaue ot 8 10 19 R (Rg —
panuyc 3emMiin) ABUTASCh U3 BHYTPEHHEH MArHUTOC(EPHI paaUATBHO OT 3eMJTH B TUIA3MEHHOM CJIOE.
BBuny cnaboii aktusHocTH (SML ~ -100 nT), cOOBITHE MOKET OBITH OTHECEHO K MEPHOAY
CTaLMOHAPHON KOHBEKLIMH, MOAMUTBEIBAEMOE ¢ HOUHOU CTOPOHBI. Ha HOUHOH CTOpPOHE, BO BpeMs
cBoero nposniéta MMS rabmonan ceputo HeOonpinnx aktusnsauuii (BBF), BkimrouaBmyio B ceOs
YEeTKO BBIPAKEHHYIO TIOCIIEI0BATENbHOCTD AUNonn3anuii. MoHoC(epHBIi OTKINK aKTHBH3ALUN 1
JAHHOM MOCIeNOBATEIBPHOCTH OB BUAEH B 000MX MONyIapusax Ha Mepuanane [ peHnanamny.
ITonb3ysich afanTUBHOM MOJIENIBIO, a TAK JK€ UCCIIeNYsl JaHHbIe SHEPTHUHbIX 3JIEKTPOHOB C
POES/NOAA, Mb1 00cy>kmaeM CBsi3b MeKAy rinobanbHoN KoHpurypauueit ommkHero (Xesm > -20
RE) xBOoCTa MarHuTocheprl, HAOMOIAeMBIMU aKTUBALUSIMH Ha MMS U OTKJIMKOM Ha HUX B
CONPSKEHHON BBICOKOLIMPOTHOM YaCTH aBPOPAILHOIO OBaja.
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IHAPAMETPbBI MATHUTOC®EPBI IOIIUTEPA, BOCCTAHOBJIEHHBIE
IHO MATHUTOTI'PAMMAM JUNO.

Aunekcees U. U., benenbkas E.C., Jlappyxun A.C,, Jlykamenko A.T., Ileacuonepos U.A.

Deoepanvroe  2ocyoapcmeennoe  0100dcemuoe  00pA306AMENbHOE  YUpedcOeHue  GblICULe2O
obpazoeanus «Mockosckuii 2ocyoapemeennvtii ynueepcumem umenu M.B. Jlomonocosa», Hayuno-
uccnedoeamenvckuti uncmumym soepuoti Quszuku umenu J[.B. Croodenvyvina, 119992, I'CII-1,
Mocksa, Jlenunckue 2opwi, oom 1, cmpoenue 2. Poccus, iialexeevi@mail.ru

DKBaTOPUATBHBIA TOKOBBIH Auck FOmurtepa, (GOpPMHUPYIOIMICS MPU PaaUATBHOM pPas3jéTe
MarHUTOCQEpPHOM TTa3MBbl, SBISIETCS TJIABHOW MarHUTOC(EPHOM TOKOBOH cUCTeMOM. TOKOBBINA AUCK
IOnutepa Hapsiy ¢ MOTOKOM COJIHEYHOIO BETPa U MEXKIUIAHETHBIM MarHUTHBIM IOJIEM OIpenensieT
CTPYKTYpPY M pa3Mepbl rurantckoit mMaruurocdepsl FOmurepa. Bo Bpems monéra KA Juno mo
opOuTe UCKYCCTBEHHOTO cnyTHUKA FOmuTepa 3a mporenmme 4,5 rona ¢ MoMeHTa niepexona KA Ha
3Ty opbuty B urose 2016 roxa, o cosepini 30 06OPOTOB BOKPYT IUIAHETHI IO CHIIbHO-BBITSIHY TOH
SIUTUITHYECKOH MpHUNossipHOi opOure. Ilpy 3TOM maHHBIE C MEPUHOBHBIX YYACTKOB TPACKTOPHH,
KOTa amnmapar COMMKANICS C IUIAHETOH, MO3BOJIUIM YTOYHHUTH MapaMeTpPhbl AWIIOJNS, & MarHUTHOE
Nojie AMCKa YIAJOCh ONPENeNUTh [0 W3MEPEHHMsM NOJsl B CpenHedl Marautocdepe, Iae H3-3a
HAKJIOHA TUTIONS K OcH BpameHus KA mepecekan IIOCKOCTh AMCKA IBAXIbI 32 KaKAbIH 000pOT
IOnurepa Bokpyr cBoeii ocu. B pabdote [1] Obuta mocTpoena moaeab Gopmbl AUCKa U PO U TOKA
B HEM, KOTOpas fana jydllee K HACTOsIEeMy MOMEHTY COBIAACHHE MOJEIBHOIO MOJA ¢ JAHHBIMU
M3MEPEeHU BEKTOpa MArHUTHOTO MOJIs BIOJIb TpaekTopuu Juno. OnTuManbHble apaMeTpbl MOJieu
ObutH TIONTy4deHbI B [2] mist 19-ti 06opoToB Juno. Kpome TOro, HCONB3ys TY K€ METOIUKY, ObLITH
paccuntanbl napameTpsl aucka FOmnurepa nnst snoxu Galileo, nnst Becex 35-tu oboporos KA.

MpsI npeanaraemM cxeMy, KOTOpPast O3BOJISIET, OCHOBBIBASICh HA OTBIOCTUPOBAHHBIX 110 JaHHBIM
MarHUTOMETPOB MapameTpax AMCKa B MOJENU [2], onpeaenuTb BeIMYNHY MAarHUTHOTO MOJS AucKa
B ueHtpe FOmuTepa, AUMONBHBIM MarHUTHBI MOMEHT JUCKAa U MarHUTHBINA MOTOK, KOTOPBIN AUCK
NePEHAIPABIISIET U3 CEPALEBUHBI MArHUTOC(EPHI B XBOCT B HOYHOH CTOPOHE, ISt Kakaoro odopora
KA. Otu napaMeTpsl NO3BOJISIIOT OLIEHUTH MOJHYIO 3HEPTHIO IIa3Mbl JUCKA U BEJIMYUHY MOJS B
MOJICOJIHEYHOH TOUKE MAarHUTONAay3bl. MBI MPOaHATM3UPOBAIIN, KAKHE BBIBOZBI O pazMepe odiactu
OTKPBITBIX JIMHUH Ha yPOBHE HMOHOC(EPB! M O MOJOKEHHHU IJIABHOIO OBaja TOJSIPHBIX CHUSHHUNA
IOnmurepa MOXHO chenaTh Ha OCHOBAaHWHM TIONYyYEHHBIX pe3yibTaToB. B mokmanme obcyskmaercs
BpPEMEHHas JMHAMUKA MarHUTOC(Ephl U €€ N3MEHYHBOCTb OT 000pOTa K 000pOTY.

ABTOpBI BBIPAKAIOT ONarogapHOCTh NMpaBUTENbCTBY Poccuiickoit @epepanmm u MUHUCTEPCTBY
BBICLIETO 0OpazoBaHus U Hayku P® 3a mopneprkky mo rpanty 075-15-202-780 (N13.1902.21.0039).
Hannsie KA Juno v Galileo 6siin moy4ens! ¢ momoinbio Planetary Data System (PDS; https://pds-
ppiigpp.ucla.edu).

1. TIlencuonepos U A., benenbkas E.C., Anekcees M1.1., Monens TokoBoro aucka FOmurepa c
napamMeTpamu, ONTUMU3UPOBAHHBIMHU TI0 U3MEPEHHUSIM MArHUTHOTO IOJIT BO BPEMsi MUCCHIA
Juno u Galileo /| Kocmudeckue ucciaenoanusi, Tom 59, Ne 2, 2021.

2. Pensionerov LA, et al. Model of Jupiter’s current sheet with a piecewise current density // J.
Geophysical Research: Space Physics. 2019. V. 124. Ne 3. P. 1843-1854.
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ACCELERATION OF IONS IN JOVIAN PLASMOIDS: DO MAGNETIC
FLUCTUATIONS PLAY A ROLE?

Kronberg E. AL, Grigorenko E. E.2, Malykhin A.2, Kozak L.3, Petrenko B.3, Vogt M. F.4,
Roussos E.s, Kollmann P.6, Jackman C. M.7, Kasahara S.s, Malova Kh. V.9, Tao C.m, Radioti
A.ll, Masters, A2,

Ludwig Maximilian University of Munich, Germany kronberg@geophysik.uni-muenchen.de

2Space Research Institute, Russia;

‘Kyev Taras Shevchenko University, Ukraine;

“Boston University, USA;

Max Planck Institute for Solar System Research, Germany;
%Johns Hopkins University, USA;

"University of Southampton, UK ;

SUniversity of Tokyo, Japan;

°Lomonosov Moscow State University, Russia;

T ohoku University, Japan;

“Université de Liége, Belgium;

2Imperial College London, UK

A rapidly rotating Jovian magnetodisk dominated by oxygen and sulfur needs an additional energy
input to account for the observed energy density. There are many acceleration mechanisms for ion
energization in the magnetotail. We investigate the effectiveness of ion acceleration to supra-
thermal energies for multiple species and for different levels of electromagnetic fluctuations in
plasmoids of the Jovian magnetotail and compare it the situation at Earth. We use ion observations
and magnetic field measurements by the Galileo spacecraft. Our model predicts that
electromagnetic fluctuations in plasmoids play an essential role in the acceleration of heavy and
hydrogen ions, as in terrestrial case. The observations show a decrease of the oxygen and sulfur
energy spectral index gamma at ~30 to ~400 keV/nuc with the electromagnetic wave power
indicating an energy transfer from the waves to particles, in agreement with the model. The wave
power threshold for efficient acceleration is 10s of nT2/Hz, as in terrestrial plasmoids. However,
this is not observed for hydrogen ions. This indicates that processes other than wave-particle
interaction are more important for the acceleration of these ions or that the time and energy
resolution of the Galileo observations is too coarse. The results are expected to be confirmed by
measurements by the Juno spacecraft.

1. Kronberg E. A. et al., //JGR 2019//d01:10.1029/2019JA026553
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MOJAEJIMPOBAHUE MATHUTOC®EPBI 'OPAYEI'O IOIIMTEPA U
HABJIIOJATEJABHBIE ITPOABJIEHUA

Ilajixucaamos! N.®., Xogauenko!? M.JI., Mupomnugenxo! U.B.

1) HJI® CO PAH, 2. Hosocubupck, Poccus, ildarsi@ngs.ru
2) Space Research Institute, Austrian Academy of Sciences, Graz, Austria

Ileprie HaOMIOMATENBbHBIE CBUAETENBCTBA PACIIMPEHUS W HCTEUEHHsS] SK3OIUIAHETHON
arMocepbl ObUTH MOJTydeHBI B pe3yJibTaTe OOHAPYKEHUsT TPAH3UTHOT'O MOTJIOMIEHUS Il TOPSTYero
FOnurepa HD-209458b. C 2004 . m1st Hero ObUTH CAENAHBI CIIEKTPATbHBIE U3MEPEHUS TEIECKOMOM
Xab6n B BY® muanazone B nuHusx Lya, pesonancHeix muamsx CI, OIL, Silll. CoBokymHOCTB
JaHHBIX M YHCJIEHHOE MOJAEIHPOBAHME IIOKA3bIBAOT, 4YTO BepxHss atMmochepa HD-209458b
pasayTa B pe3ysbTaTe HarpeBa MOHU3YIOIIMM H3JIy4€HUEM 3BE3Abl 3a Ipenensl nonoctu Poma u
UCHBITBIBACT TUAPOJUHAMUYECKOE CBEPX3BYKOBOE HCTEUEHHE.

BrusiHue mniaHeTapHOrO MArHUTHOTO TMOJII HA HCTEYEHHE BEpXHEH aTMoc(epbl TopsIux
SK30IUTAHET  OCTAeTCsl  aKTyajnbHOH  mpolOsemoii.  CamMoOCOriacoBaHHOE  MOJEIHPOBAHUE
IUTAHETAPHOTO BETPa B MPUCYTCTBUH COOCTBEHHOIO MArHMTHOTO IOJIA IUIaHETHI B 2D reomerpun
OBLJIO BIEPBBIE pean30oBaHo aBTopamu B padore [1]. s HD-209458b 2D pacders! moka3aiu, 4To
KpUTHYECKass BEJIMYMHA MArCHUTHOTO IOJsl, MPHU KOTOPOM TNOTEeps MacChl 3HAYUTENBHO
yMeHblIaercs, cocrtasiasier npumepHo 0.3-1 I'c na skBarope. Ilomydennele pesyibpTaTel IO
CTPYKType MarHuToc(epbl ObUIH MPUMEHEHBI JJIsl aHAJIN3a APYTod OYeHb BAKHOW 3a7auu (PU3UKU
ropsiYMX 3K30IUIAHET, KOTOpasi aKTUBHO pPACCMATPHUBAETCSl B MOCJIEOHUE TOAbl — BO3MOXHOE
panuon3aydeHre MarHUTHBIX FOpsSYMX FOMUTEPOB U €ro perucrpaius Ha 3emie [2].

Jo Hacrosimmero BpemeHu riodansHoe 3D MIJl mopmenmpoBaHue B paMKax KOTOPOTO
paccMaTpUBAETCsl B3aUMOJEHUCTBUE INIAHETAPHOIO TEYEHUs C 3aMarHUYE€HHBIM 3BE3HBIM BETPOM C
yY€TOM MAarHUTHOTO TIOJSI TUIAHETHI PAa3BHBAJIOCh HA OCHOBE YK€ MMEIOLINXCS acTpO(H3HUecKux
konoB. B Hameli pabore mnpumeHsieTcss KOA, BIEpBbie pa3pabOTaHHBIA CHEHATBHO IS
MOZENUPOBAHMS TOPSYUX 3K30IUIAHeT. JTO moTpeboBaj0 HMHTETPUPOBAHUS  MAarHUTHOW
ra3ONMHAMUKH  B3aUMOMEHUCTBYIOIIMX  CBEPX3BYKOBBIX IOTOKOB €  MHOTOKOMIIOHEHTHOU
a’POHOMHUEN M pacueTOM MOTJOLIEHUs B CHEKTPAJbHBIX JUHUSAX B 3D reoMeTrpuu 3BE3QHOM
cucTeMbl. MBI NMPUMEHSIEM CXeMy pacdyera YpaBHEHUS HHIYKIHH B TPEXMEPHOH chepuyueckon
cHUCTeMe KOOPIWHAT. DTO TOpa3lo CIOXKHEee, 4eM OOBIMHO HCIOJb3yeMas IeKapToBa CHUCTEMA
KOOPJAMHAT, HO MO3BOJISIET MAKCUMAJIBHO TOYHO YY€CTh €CTECTBEHHYIO F€OMETPHIO 3a[1a4H, a TAKXKe
ONTUMAJIbHO Pa30UTh HA STYEHKHU PacCMaTPUBAEMYIO O0JACTb.

MpbI paccuuTany KapTUHY IUIAHETAPHOrO TedeHus ropsiiero rornutepa HD-209458b mpu
napamerpax, KOTOpble OOBIMHO MPEANOJIararoT AJil pacCMaTPUBAEMONH CHCTEMBI U Opajnch HAMHU
panee mpu pacderax 3D razogmHamMuueckuM KomoMm 0Oe3 yuera MarauTHoro mons [3]. s
oOHapy>keHHsT HaOJIONATENbHBIX MPOSBICHUH OBUIO PACCYNTAHO NPH PAJUYHBIX BEIUYMHAX
JTUTIONIBHOTO MAarHUTHOTO TMOJIs TUTaHeThl nornomenue B guHusx Lya, CI, OIl, a Takke BnepBble 11s1
3TO TUTAHETHI B IMHUK MeTacTabmibHOro renus 1083 M.

Pabora BhImonHeHa B pamkax npoekta MunoOprayku 075-15-2020-780, npoektoB PH®-18-12-
00080, PO@®U-20-02-00520.

1. Khodachenko M.L. et al. // The Astrophysical Journal 2015, 813:50
2. Weber C. etal. // MNRAS 2017, 469, p.3505-3517
3. Shaikhislamov LF. et al. // MNRAS 2020, 491(3), 3435-3447
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CBsA3b MATHUTOC®EPBI 1 HOHOC®EPHI IOIITMTEPA C YYHETOM
ACUMMETPUUN MATHUTOC®EPBI

Ilencuonepos M. A., beaenbkan E. C., Anekcees . U.

pensionerovia@gmail.com

Deoepanvroe 20cyoapcmeennoe 6100xcemnoe 00pa306ameIbHOe YUpeHCOeHUe BbICUIe20
obpazoeanus «Mockosckuil 2ocyoapemeennvtii ynueepcumem umenu M.B.Jlomonocosay,
Hayuno-uccneoosamenvckuii uncmumym soepnoii gpuzuxu umenu J{.B.Crodenvyvina (HUHAD
MI'Y), 119234, I'CII-1, Mockea, Jlenuncxue 2opet, 0om 1, cmpoentue 2,

Baxknoit ocobennocTero Marautochepsr FOmuTepa siBseTCS HaJIMYUE MOIIHOTO MCTOYHUKA
IUTa3MBl BHYTPU MarHutocepsl — BYJKaHHYECKH akTUBHOro cmyTtHuka HMo. Mo BeiOpaceiBaeT
okosio 1000 kr BemecTsa, KOTOPOE BIOCIEACTBUU HOHM3MpyeTcs. BOMM3M TiaHeThI 5Ta mia3ma
BpALIAETCsl MPAKTUYECKU TBEPIOTEIbHO BMECTE C ITUIAHETON, OJHAKO C yAAJIEHUEM OT Hee yIJIoBas
CKOPOCTh HA4YMHAET TMOCTENEeHHO CHWXKaTbCs. llommep:kaHue KOBpalleHUs O0ecreunBaeTCs
nepenadeii MOMEHTa HMMIYJbCa OT IUIAHEThI K MarHuTocdepHoil miaasme. KimroueByro ponb mpu
5TOM WrpaeT B3auMopencTBue Marautochepsl u moHochepsl (M-U B3ammopeiicteue). Tokosas
cucreMa M-UM B3auMOAEHCTBHS COCTOMT U3 pPagHAIBHBIX TOKOB B 3KBATOPE MAarHUTOCQEpHI,
NeIepPCeHOBCKUX TOKOB Ha HOHOC(]epe, a TakKe MPOAOJIbHBIX TOKOB, 3aMbIKAFOIINX HX.

B paborte [1] Obut0 HaHO KOJNMYECTBEHHOE OMHCAHHME HTOTO TPOLEcca IJIsl CAydast JUIOIBHOTO
MarHuTHOro moys. B pabote [2] ObutM mOJy4YeHBI peIIeHHs ISl MOMAENH, BKJIIOYANOIEH TOoJje
TokoBoro aucka FOmmrepa. B padorax [3] u [4] Obuta moka3aHa CBSI3b MEKIY BBITCKAMOIINMH H3
noHoc(eprl TPOmONBHEIMH TOKaMu M-W CBsI3W WM TJaBHBIM OBAJIOM TOJSPHBIX CHUSTHUHA Ha
KOnurepe. B paGore [4] Opuio nccnenoBaHo BiusiHue Ha M-M CBsi3b MOIYJISIIMH MPOBOAUMOCTH
HMOHOC(EpBI 3IEKTPOHAMHU, BBICBHINAIOIIMMHUCS B paliOHE IJIABHOTO OBajia MOJSIPHBIX CUSHUHA. Bpuio
MOKA3aHO, YTO 5Ta MOAYJSIIMS OKAa3bIBAET CYIIECTBEHHOE BIIMSHHE HA NMPOPUIN MPONOJBHBIX U
panuaNbHbIX TOKOB.

HsBecTtHO, uto Maramrocdepa IOmuTepa CymecTBeHHO acHMMETPUYHA. B 3aBHCHMOCTH OT
MECTHOTO BPEMEHU MEHSIOTCS YIJIOBAass CKOPOCTh IUIa3Mbl, BEJIMYUHBI MArHUTHOTO TOJS M
IJIOTHOCTH TOKOB (cM. Hampumep [6,7]). Ctaunonapubsie moaenu M-H CBsI3U CYIIECTBYIOIINE HA
JAHHBIA MOMEHT SIBJISIIOTCS aKCHUAJIbHO CUMMETPUYHBbIMH. OIHAKO aCHMMETPHUsi MarHUTOCheps
MOXKET Oka3aTb Ha M-H CBsA3b CyIIECTBEHHOE BIMSIHUE, KaK H3-3a ACUMMETPUU BEJIMYHUHBI
MAarHUTHOTO TMOJIsSI, TaK W Oyarojgaps HAJIMYUIO TIPOAOIBHBIX TOKOB, BBI3BAHHBIX aCHMMETpPHUEH
a3UMYTaJIbHBIX TOKOB, HE YUTCHHBIX B MPENbIAYIIUX CTALMOHAPHBIX Moaelsix M-U cesizu.

B Hacrosimeii paGoTe MBI MpencTaBiisieM CTAlMOHAPHYIO Moneldb M-M CBs3H, YUHUTHIBAIOIIYIO
acummerpuro Marautochepsl. st 3Toro mer ucnoib3yem nanHele KA Juno m Galileo nns
ompeneneHus npoduiell MarHUTHOrO nodist pu pasHeix LT, a takke pesynbrarsl pabotsl [7] ams
y4eTa MPOJOJIbHBIX TOKOB OT a3UMYTaJIbHBIX TOKOB.

1. Hill, T. (1979), Inertial limit on corotation, J. Geophys. Res., 84( A11), 6554— 6558,
doi:10.1029/JA0841A11p06554.

2. Pontius, D. H. (1997), Radial mass transport and rotational dynamics, J. Geophys. Res., 102(
A4), 7137- 7150, doi:10.1029/97JA00289.

3. Hill, T.W., 2001. The jovian auroral oval. J. Geophys. Res. 106, 8101.

4. Cowley, SW.H., Bunce, E.J., 2001. Origin of the main auroral oval in Jupiter’s coupled
magnetosphere—ionosphere system. Planet. Space Sci. 49, 1067.

5. Nichols, J. D., and S. W. H. Cowley (2004), Magnetosphere - ionosphere coupling currents in
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PAJIMAIIMOHHBINA ®OH HA TTIOBEPXHOCTH EBPOITBI — CITYTHUKA
IOIIUTEPA

[lapeBa O.0., Ilonoga E. 11., ITonoe B. 10., Maaosa X. B., 3eaensiii JI. M.
UKH PAH, 2. Mockea, Poccus, olga8.92@mail.ru

B 1990-x romax wmuccus HACA «l'anuneo» Haiina yOeauTenbHble OOKa3zaTeabCTBa
CYILIECTBOBaHMsI r100anbHOTO OkeaHa noj JeasHbiM nokpoBoM EBponsl (Kivelson et al., 2000). B
TAKOM OKE€aHe HEe UCKIIOYEHO HaJuuhe MUKPOCKOMMYECKOH KM3HU, TaK KaK OH, BO3MOXKHO, He
3aMep3aeT U3-3a BO3ACUCTBUS MPUIUBHBIX CUII, MEPUOAUUECKHE U3MEHEHUS KOTOPBIX MPUBOAST K
nedopmaliy CryTHUKA U, KaK CJIEJICTBUE, K HATPEBY €0 HEP.

Opnnako opbuta EBpombl pacmnofioskeHa B paguanoHHoMm mosice HOmutepa, mostomy eé
MOBEPXHOCTh MOJABEPKEHA CUIBHOMY M3IYUYEHHUIO, KOTOPOE MOXKET Pa3pylIUTh OPraHMYECKYHO
’KU3Hb, IPOHUKAIOIILYIO Yepe3 pa3ioMbl JibJla Ha MOBEPXHOCTh. OLIEHKU paJuallii Ha MOBEPXHOCTH
EBponbl genanuchk pasnuuHbiMU HayuHbIMU rpynnamu (Podzolko et al., 2011; Paranicas et al.,
2000, 2009; Truscott et al., 2011; Nordheim et al., 2018), koTopble onHCHIBANM ABUXKEHHE
DJEKTPOHOB € MOMOIILIO NMPUOIMIKEHUS BEJLyIErO LIEHTPa. Mbl YTOUHUM U JIOTIOJIHUIN U3BECTHBIC
pe3yJibTaThl, MOJYUYEHHBbIC B paMKax NPUONMIKEHUS BEAYUICrO LIEHTPA, C MOMOILIBIO MPSIMOTO
MOJICJIMPOBAHUS C YYETOM JIAPMOPOBCKOIO pajuyca 4YacTull, HakjioHa jaunojs HOnurepa,
anb(BEHOBCKUX KPbLILEB, HHAYIMPOBAHHOTO U BHYTPEHHETO MAarHUTHOTO MOJisi EBpOTHI.

Mopenn mMarH. moseii: ocecummetp. JuMF Kpan/cyT JuMF + Ind + AWM + EuMF
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Puc. 1: Pacnpenenenue panuauny Ha NOBEPXHOCTH EBpOIBI MOJ clioeM BOABI TOMMUHON 2.5 T/eM™ anst 2x
pa3nuyHbIX MOJeJeil MarHUTHOro mnoJjis: (a) ocecUMMETpPUYHbIH MarHuTHbIH aunonb FOmnutepa; (0)
HaKJIOHHBIN Aunons KOnuTepa + anbBeHOBCKHUE KPbUTLS + HHAYIMPOBAHHOE U BHYTpeHHUe nons EBponbl.

Jlng BanmumanMyd MOJETW MBI CPaBHWIIM pPe3yJbTaThl MOACITUPOBAHHUS W TPUOIMIKEHHUS
BeyIIero meHTpa. [lokasaHo, 4To 3JEKTPOHBI, IBIKYIIHECS UCKIFOUYUTEHHO B OCECUMMETPHYHOM
MarHuTHoOM pawmnosie FOmuTepa, KOHUEHTPUPYIOTCS Ha TMOBEPXHOCTH EBpOMBl B OrpaHMUYeHHBIX
obnactax (Puc. 1la), KoTOpble COOTBETCTBYIOT 00JACTSIM KOHLEHTPAllUU DJICKTPOHOB B
NpUOIMIKEHUH BeIyIlero meHTpa. OOMacTH BEICHITIAHUS DIIEKTPOHOB Ha MOBEPXHOCTH EBpOIEI B
HAKIIOHHOM MAarHuTHOM JOHUITOJIC IOHI/lTCpa 6OHI)LIJC no pasMepy U KOHULCHTpauuu 4YacTul, 4YCM
0o0jacT B OCECUMMETPHUYHOM MAarHUTHOM JiurnoJie. WMHAYUHMPOBaHHOE TI0JIE CHUXKACT 103y
paaumand Ha TIOBepXHOCTH EBponbl, yBenuuuBas oOnacT WX pacnpoctpaHeHus. Kpbuibs
AnbdBeHa He BIMSAIOT Ha OOILyIO 03y pajualu, HO TepepacrpeyiensioT ee. A BHYTpeHHee
MarHuTHoe mnosie EBpombl (ecii OHO ecTh) Aaxe HeOOJIBIION MHTEHCHMBHOCTH YMEHBIIAET U
nepepacnpeenser paidaluio.
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Muxaua Uropesuy I1anack — nyTs B HAyKe

Kaneraes B.B.

Hayuno-uccneoosamenvckuii  uncmumym  s0epnoit  Quzuku  umenu J[.B.  Crobenvysina
Mockosckoeo eocyoapemeennoeo ynueepcumema umenu M.B. Jlomonocoea, 2. Mockea, Poccus

IIpodeccop Muxaun Hropesuu IlaHacox, AHUPEKTOp
HayuHo-nccienoBaTenbCcKoro MHCTHTYTA SIEPHON (DU3HKH
MI'Y, mocBATHJI HaydHbIM HCCIenoBaHUsAM Oomee 50 ner
ceoeil xxu3Hu. Hayunele nuarepecer M. Ilanacroka cBsi3anbl
¢ acrtpodpusukoii m (U3UKOH KOCMOCA: WCCIIEIOBAHUEM
KOCMUYECKOH  paamanuy, MarHutochep TUlaHET U
KOCMHMUYECKHX JIyuel ¢ IOMOILIBI0 KOCMHUYECKUX U Ha3€MHBIX
sKCrIepUMeHTOB. MM mony4enbl pyHAaMeHTaIbHbIC HAayUHbIC
pe3ynbTaTel B OONACTH  MCCIENOBAaHUS KOJBIIEBOIO TOKA U
pamuanMoHHBIX TMOACOB B MarHutochepe 3emmun. M.H.

ITanacrok — aBTOp YHHUKaJbHBIX 3KCIEPUMEHTOB Ha
CITyTHHUKAX, KOTOPbIE NMPUBENN K OTKPBITUIO HOBOTO SIBIEHUS
B OKOJIO3EMHOM  MpOCTpaHcTBe —  (hOPMHPOBAHUS

PagMalMOHHOTO TM0ICAa 3€MJIM, COCTOSIIEr0 W3 YaCTHIl
AHOMAJIbHBIX KOCMUYECKUX JIy4del. B xozme skcrepuMeHTOB Ha
6opry cnyraukoB "TaresiHa-1" (2005), "Taresaa-2" (2009),
"Bepuos" (2014), “Jlomonoco” (2016) ObuM TOJMyYEHBI
SKCIIEPUMEHTANIbHBIE ~ PE3YJIbTaThl MO OKCTPEMANbHBIM  SIBJIEHUSIM B armocdepe 3emin:
TPAH3UEHTHBIM JICKTPUYECKUM Pa3psiaM B €€ BEPXHHUX CIIOSIX.
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MUXANJI UBAHOBHUY BEPUT'MH N JIABOPATOPUSA K.U. TPUHI'AY3A

KortoBa I'.A., be3pykux B.B.

HUKHU PAH, 2. Mockea, Poccus, kotova@iki.rssi.ru

Il'op Hazam ymen w3 xwm3Hu Muxaun Msanosuu Bepurwnn, pykoBogusiuuii Jlabopatopueit
MEKIUTAHETHON M OKOJIOTUIAHETHOH 11a3Mbl ¢ 1988 ., maboparopuel, CO3TaHHON| U BO3TJIABIIIEMON
HA TPOTSDKEHUH HECKONbKUX necsrunernii mpodeccopom K.M. I'punraysom. 18 nexadpst 2020 r. He
CTAJI0 BENYLIEr0 COTPYAHUKA JAOOPATOPHH SHTY3HACTa 3KCIEPUMEHTANbHBIX HCCIIENOBAHUN
KocMu4eckol tuasmel Banepusi BacunbeBnmua Adonmua. B 2015 1. ymen w3 KU3HH TaKxke
BEAyIINHA COTPYAHUK JTa0OpaTOPUH, YENOBEK, OONamaBIINH yHHKAJIbHBIM TAJAHTOM (PU3HKaA-
skcnepuMenTatopa, AHatonuii [lerposuu Pemuzos.

Jloknaag TMOCBALIEH MNaMsATH BBIJAIOLIETOCS YYEHOr0 W OYeHb XOpPOUIero 4eJoBeKa
M .U BepurnHa, a Tak:ke MaMsiTH BCEX YIIEAIIUX COTPYaHUKOB JlabopaTtopuu.



132

CTAPBIE OKCIIEPUMEHTAJIbHBIE TAHHBIE, ITOJ1IYYEHHBIE
BbBJIN3U MAPCA, B CBETE COBPEMEHHBLIX ITPEICTABJIEHUMN.

bpeye T.K., BepnrnHL M.M., KoroBa I'.A

HKHU PAH, 2. Mockea, Poccus, breus36(@mail.ru

IMoutu 50 ner Hazan, B koHue 1971 roma, kocMudeckuii kopadinb Mapc-3 ObLT BBIBEIEH Ha
opbuty Mapca. 21 suBapst 1972 r. 3TOT OpOUTANBHBINA anmapaTt 3aperucTpupoBai cuibHOe (~ 27
HT1) 1 peryasipHOe MarHUTHOE ToJIe B palioHe Omkaiimero (~ 1500 kM) mpuOIKeHs K THEBHON
CTOpPOHE TUTAHETHl. JTO HAOMIOJEHHE TEePBOHAYAIBPHO HHTEPIPETHPOBANIOCH J{ONTHHOBBIM H [Ip.
[1972] u I'punrayzom u ap. [1974] kak CBUOETEIBCTBO IUIAHETAPHOTO TUIIOJIBHOTO MArHUTHOTO
nousisi. [lozxxe Paccen [1978] mHTepmpeTupoBan Te Ke HAOMIOACHUS KaK PE3yJIbTaT IPANUPOBKU
MEKIIJIAHETHOTO MAarHUTHOTO TOJIst, Haberaromero Ha MapcuaHckoe mperstcTeue. [locnenyromme
MHUCCHU K Mapcy BBIIBHUIM OCOOEHHOCTH CIIOXKHON MapCHAaHCKOH MarHUTOC(epbl M MPOSICHUIN
BAXXHYIO POJIb B €€ (POPMUPOBAHUH KaK MYJBTHUIIOJBHOIO MAarHUTHOTO IOJIS TNIAHETHOW KOPBI, TaK
u noHoc(eps! maHetsl [Kpemmckuii, bpeyc u ap 2002]. B HacTosee Bpemsi CpaBHEHNE TaHHBIX,
nonyueHHbIx LI J{onruHoBBIM ¢ KoJuieramu, ¢ nanHbiMu Mars Global Surveyor (MGS) [Acuiia
et al., 1998] nmokaszasno, uro Mapc-3 HabmOAaN CHIIBHOE U PETYJIIPHOE MAarHUTHOE TOJIE C TAKUM JKe
HAIpaBJICHWEM U TOYHO Haj OOJAaCThIO CaMOW CHJIbHONW HAMarHWY€HHOCTH MapCHAHCKOW KOpPBI B
IOKHOM TMOJIyIIapuu IutaHeTsl. Takum oOpasom, Mapc-3 3aperucTpupoBaj MarHUTHOE TIOJIe
MapcuaHCKOW kopel B Hauane 1972 roma, mpumepno 3a 25 ner po MGS. JlokanbHble, HO
MHOTOYHCIICHHbIE MAarHUTHbIE aHOMAJUH, KOTOpble Obutu OoOHapykeHbl MGS, Moryt co3masarb
s¢ddexTBHOE KpyMHOMACIITaOHOE MoJie. PacCunTaHHBIi CyMMapHBI MAarHUTHBINA TIOTOK B 6-7 pa3
OOJIBbIIIEe TOTOKA, OKUIAEMOTO OT LIEHTPAIBHOTO AUIOJISA MO OlleHke Acuna et al. [2001].

Oxono 30 mer Hazan BHaudasie 1989 r. mo maHHBIM KOcMu4eckoro ammapara @odoc-2 ObLIO
0OHapy>KEHO, YTO COJIHEUHBIA BETEP CYIIECTBEHHO TOPMO3HTCS IEPEl OKOJOIUIAHETHOH yHapHOM
BOJIHOH, KaK B IMOJACOJHEYHON 00JacTH, Tak M B OOJACTH TEPMHHATOPA. DTO TOPMOKEHHUE ObLIO
obwsicaeno M.U. Bepuruneiv u np. (Verigin et al., 1991; Kotova et al., 1997) narpyxenunem
COJIHEUHOTO BETpa HOHAMH KHCJIOPOZAa, OOpa3yroUIMMHCS TPH HOHM3ALUH aTOMOB KHCIOPOAA
ropsiueil kopoHsl Mapca. OnHako Takoe OOBSICHEHHE MPHUBOIMIIO K OLEHKE TUIOTHOCTH TOPSYEro
KHUCJIOpOZla B S5 pa3 MpPEeBOCXOJMBIIEH CyIIeCTBOBABIINE B TO BpeMs MOJEIbHbIE PAaCUETHI
IJIOTHOCTU TOPSiYeN KHUCJIOPOJHOM KOPOHBL M3MepeHuss IUIOTHOCTHM TOps4Yero KHUCJIOPO.a,
BbinoiHeHHbIe Ha ammapate MAVEN B 2014 r. (Deighan et al. 2015), moarBepanau OLEHKH,
crenaHHble 1o qaHHbIM Poboca-2.

Crnucoxk nureparypsi:
I'punrays K.W. u np. Kocmuu. HUccnenos. T. 12. Ne 4. C. 585-599. 1974.
Honrunos LI u ap. Hoxmaaet AH CCCP. T. 207. Ne 6. C. 1296-1299. 1972.
Acufia M H. et al. Science. V. 279. No. B12. P. 1676-1680. 1998
Acun”a, M. H,, et al., Magnetic field of Mars: Summary of results from the
aerobraking and mapping orbits, J. Geophys. Res., 106, 23,403— 23,418,
2001..
Deighan et al. Geophys. Res. Lett. V. 42, P. 9009-9014. 2015.
Kotova G.A. et al. J. Geophys. Res. V. 102. No. A2. P. 2165-2173. 1997.
Russell C.T. Geophys. Res. Letters. V. 5. No. 1. P. 81-84. 1978.
Verigin M1 et al. J. Geophys. Res. V. 96. No. A11. P. 19315-19320. 1991.
Krymskii AM., Breus T.K. et al. / J. Geophys. Res. V. 107. No. A9. P. 1245, 2002.
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OU3NYECKAS AHAJIMTUYECKAA MOJEJIb OKOJIOILTAHETHO¥
YAAPHOMU BOJIHBI

KoroBa I .A., [Bepnrml, MI/IJ be3pykux B.B.

UKHU PAH, 2. Mockea, Poccus, kotova(@iki.rssi.ru

Paspaborana ¢Qusnueckass aHAIUTHYECKass MOJENb OKOJIOIJIAHETHOW YyIapHOH BOJIHBI,
OCHOBaHHas Ha Teoperudeckux MI'Jl pacuerax U TOYHBIX AHAIUTUYECKUX pelieHusX. Mozenb
OJIMHAKOBO XOPOLIO OIMUCHIBAET OJNIMKHIOI K TUIAHETE MOJCOJHEYHYIO M YNaJCHHYI) XBOCTOBYIO
oOyacTu ynmapHOH BOJIHBL, U €€ yAOOHO HCIOJNB30BATH JUIA aHAIM3a PA3JIMYHBIX (PU3HUECKUX
SIBJIGHUH U DKCIIEPUMEHTAJIBHBIX JaHHBIX. AHAJIUTUYECKOE BBIPAKEHUE, KOTOPBIM OIMUCBHIBAIOTCS
MoJIo’keHne U (opMa yIAapHON BOJHBI BKJIIOYAET 7 MAapaMEeTPOB. PACCTOSHUE AO MOACOTHEYHOU
TOYKH, PaauyChl KPHUBM3HBI U 3aTYyIJIEHHOCTH B JBYX IUIOCKOCTSX: IUIOCKOCTH, COAEpKallel
BEKTOpAa MEXKIUIAHETHOIO MAarHUTHOTO TIOJII W CKOPOCTH  Halerawmomero TOTOKa, U
NEePHNEHAUKYJISIPHON K HEW, a TaKKe NapaMeTp, OMUCHIBAIOIIMN MEepexo] K aCHMITOTUYECKOMY
HAKJIOHY YJapHOH BOJHBI Ha OOJBINIOM yAaJeHWU 3a TUIAHETOH. JOMONHUTENbHBIM MapamMeTpoM
MOJI€NIU SIBJIAETCS YTOJl OTKJIOHEHMs] HOCOBOM TOYKHM yAapHOH BOJHEBI OT HamnpasieHus Ha ComHie,
BO3HHUKAIOIINHA TOMUMO 3 dekTa abeppaunn, Korna MeKIDIAHETHOE MArHUTHOE TOJIe HAMpPaBJIEHO
MOJ YIJIOM K CKOPOCTH COJIHEYHOro BeTpa. Takas acUMMETpHUsl OKOJIOIIAHETHOW yAapHOM BOJIHBI
HCY€e3aeT TOJILKO B TOM CJydae, €ClIM MarHUTHOE I0Jie COJTHEYHOrO BeTpa HalpaBieHO BAOJb WU
MEPTIEeHUKYJSIPHO BEKTOPY CKOPOCTU. ACHMIITOTMYECKMH HAKJIOH YyJapHOW BOJIHBI pacCcUUTaH
teopetndecku B MI'Jl mpubmmwkernn mis ar000r0 HampaBleHHs] MEKIUIAHETHOTO MAarHUTHOTO
nosis. Bce mapamerpsl MOAENH pacCUMTBIBAIOTCS aHAJIUTUYECKH IO NapaMeTpaM MpensTCTBUS B
MOJCOTHEYHOH 00JacTH: pPAaCCTOSIHMIO IO TMOACOJHEYHOH TOYKH, pPaguyCy KpHBH3HBI U
3aTyIUIEHHOCTH BOJM3HM 3TOH TOYKH, M TMapamMerpaM HaOeraromero MoTOKa COJIHEYHOTO BETpA:
MOKa3aTeNI0 MOJUTPOIb], 3ByKOBOMY M AJIbBEHOBCKOMY uuciaM Maxa, yrily Mexay BeKTOpaMu
MarHUTHOTI'O MOJIst U CKOPOCTH COJTHEUHOT'O BETpa.

PaGora BeImosHEeHA NpU YacTHUHON noanepskke IIporpammoii 28 TTIPAH.
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PE3OHAHCHOE YJIBTPAHU3KOYACTOTHOE IIOI'JIOIEHUE B
PA3JIMYHBIX CEKTOPAX MEXIIJIAHETHOI'O MATHUTHOTI'O HOJIA

bagun B.U.

HU3MHUPAH, Mocxkea, e. Tpouyk, badin(@izmiran.ru

BBICOKOIIMPOTHBIE  JOTUIEPOBCKHE  pajapHble  HAOJMFONEHUS  MO3BOJSIFOT — OLICHUBATH
MOMEPEUHYI0 COCTABJAIOIIYIO 3JEKTPUYECKOro IMOoJii MarHUTOTMAPOAMHAMMYECKUX BOJH B
nuamna3one yiubTpaHu3kux dactor (YHY). Beruucienuwe CrnekTpalbHON TUIOTHOCTH MOITHOCTH
(CIIM) papapHBIX OOMJIEPOBCKUX U3MepeHuil oOHapykuBaer cuibHOe mnaneHue CIIM  Ha
ONpeAeNeHHbIX YacToTax. Takue YacTOTbl HHTEPNPETUPYIOTCS KaK MHUHUMAJbHbIE 4YacTOThI
pe3onaHcHoro noromenust YHY BosH nocpencTBoM BO30OYKIEHHS CTOSYHUX alb()BEHOBCKUX BOJH
pEe30HaHCa MArHUTHBIX CHUJIOBBIX JIMHUH. BO3MOXHBI MOJNYBOJHOBBIE U YE€TBEPTHBOJHOBBIE
coOCTBEHHBIE KONeOaHUsI B 3aBUCHMOCTH OT TOTO, KaKasl OJIsl UTMHBI BOJIHBI YKJIAbIBAETCS BIOJb
CHJIOBOH JIMHUM MEXAY CONpPsDKEeHHbIMH HoHOchepamu. Pe3oHaHCHBIE KOje0aHWs MarHUTHBIX
CHJIOBBIX JINHUH (POPMHUPYIOT KOHTHHYYM COOCTBEHHBIX YaCTOT, B KOTOPOM BO3MOYKHO OIPENENIUTh
€ro HIDKHIOK YacCTOTHYIO TI'PaHUIly, COOTBETCTBYIOINYIO HauOoJjiee NJIUHHBIM CHIJIOBBIM JIMHUSIM.
KonuuecTBeHHO MHHUMAaNbHas YacTOTa PE30HAHCHOIO TIOTJIOIIEHHUS OIpenessieTcs MEeTOA0M
HAMMEHBIINX KBAJIPATOB IOCPEACTBOM HAWJIyUIIEro npuOmmkeHus peaipHOoro mnpoduns CIIM,
PACCYUTAHHOTO TIO JAaHHBIM HAONONEHWIN, MOAETBHBIM CTYMEHYATBIM MPOQHIEM, COCTOSLIIUM U3
CPEeAHMX 3HAYEHWH CIEKTPAJbHOW MOINHOCTU. 3ajada OThICKAHWS MHUHHMyMa (PyHKIHOHAJIA
pelaeTcsi B ONpeeeHHOM CIIEKTPaIbHOM OKHE B AUaNa3oHe eAUHUL MUJUTUTEPLL.

IIpu obpaboTke MaHHBIX pamapHOr0 MOHUTOPHUHIA HEOOXOAMMO YYHTBHIBATH CYILIECTBOBAHHE
Pa3INYHBIX BETBEH PE30HAHCHOTO IMOTJIOMIEHUs, O0yCIOBIEHHBIX BO30YKIEHHEM B MarHutocdepe
Pa3IUYHBIX THUIOB COOCTBEHHBIX KONIEOAaHUH, a TakKe BO3MOMKHYIO HEYCTOWYHBOCTH 3a1a4ydl O
MHUHHMyMe (YHKIHOHANA, YTO OOBSACHSETCS OOIeH MaTeMaTHYeCKOH HEKOPPEKTHOCTBIO TAKHX
3ana4. IIpeomonerb 3T TPYAHOCTH BO3MOXKHO IOCPEACTBOM IOCIENOBATENBHOIO IOLIArOBOrO
CY’KeHHsI CIIEKTPAJIbHOIO OKHAa, B KOTOPOM peIlIaercsi 3ajada 0 MHUHMMyMe (pyHkunonama. Bce
MOJlyYeHHbIe peIleHHs MHUHUMAJbHON 3aJauld CBOASTCS B €AMHYH Auarpammy. JluarpaMMHbIN
aHaJM3 CIIEKTPOrPaMM PaJapHBIX HAOMIOAEHHH TO3BOJISIET OLEHUTh MUHUMAJIbHBIE PE30HAHCHBIE
9aCTOTHI MOJYBOJHOBBIX M YETBEPTHBOJHOBBIX KOJI€OAHMI MArHUTHBIX CHUJIOBBIX JIMHUH, a TaKkKe
YBUAETb BO3MOXKHbIE HEYCTONUNBbIE PEIIeHNsI MUHUMAJIbHON 3aaul.

beitn  oOpaboraHbl pamapHbie HAONIOAEHUS aBPOPAJIBHOM BJIEKTPOCTPYH, KOTOpBIE
MPOBOJWINCH B TEYEHHE OAHOTO COJIHEYHOTO 000pOTa, MPEAIIECTBOBABLIETO CHIIBHOW MarHUTHON
Oype 29.10.2003 r. OOnapyxkeHO, YTO B CJIaOOBO3MYINEHHBIX T'€OMATHUTHBIX VCJIOBUSIX
N3MEHYMBOCTb MHUHUMAJbHBIX PE30HAHCHBIX YACTOT, YCPEOHEHHBIX IO BCEM Jyd4aM pajaapa,
CPAaBHHUTEIIbHO HEBENINKa, XOTA pa3dpoc 3HAYEHUIH TAaKUX HYacTOT MEXAY Pa3IMYHBIMHU JIy4aMH
MOXeT OBbITh 3Ha4MTENbHBIM. OCHOBHYIO HW3MEHYMBOCTb pe3oHaHcHoro YHY mnornmomenus B
c1abOBO3MYIIIEHHBIX YCJIOBUSIX MOXKHO OOBSCHUTH IMOMEPEMEHHBIM MEPEXOIOM AOMUHHPYIOLIETO
MOTJIOIIEHUs] C OJHOTO THUMNAa KonebaHWil Ha JAPYrod, 4To, B CBOK Ouepenb, OOYCIOBIEHO
U3MEHEHHEM TOro o0beéMa MarHMTOC()EepHOH IUIa3Mbl, B KOTOPOM BO30Y)KAAETCS MAHHBIA THI
konebanuii. [Ipu 3ToM oOHapykeHO OoJiee YacToe JOMUHUPOBAHHE MOJTYBOJHOBOTO TIOTJIOUICHHUS B
TOM CEKTOpe MEXKIIIaHeTHOro MarHuTHoro noist (MMII), B koropom Bektop MMII HampasieH ot
Comnua, m Oojee wacToe AOMUHHPOBAHHWE YETBEPTHBOJIHOBOTO TIOTJIOUICHHS B CEKTOpPE C
MPOTUBONOJOKHON mnojsipHOCTEI0 MMII. Takue pasnuuus MOXKHO CBsi3aThb C KHPAJbHOCTBIO
TPaeKTOpUH HMOHOB COJIHEYHOI'O BETpa M, COOTBETCTBEHHO, C PAa3JIMYHON BEPOSATHOCTBIO 3axBaTa
STUX MOHOB N€OMAarHUTHBIM MOJEM MpHu pa3nuyHod nonspHoctd MMII 3a neHb 10 MarHUTHOM
Oypu HabIOOANIOCh XOPOLIO BBIPAXKEHHOE NOMUHHPOBAHHE YETBEPTHBOJHOBOTO TOTJIOLICHHS, U
3TOT (PaKT MOXKET UMETh IPOTHOCTHYECKOE 3HAUCHNE.

Pabora wactnuHo nognepskaHa POOU, npoext 20-05-00050.
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CBA3b TUHAMUKU SAR-AYT C CYBBYPEBBIMHU NHXKEKIIUAMMI 11O
HABJIOJEHUAM NOJAPHBIX CUAHUUN

Hesenko W.B., ITapuuxos C.I'., CokonbHukos A.B.

HKOHUA CO PAH, 2. Axymck, Poccus, ievenko(@ikfia.ysn.ru

Crabunpable  aBpopanbHble  KpacHble (SAR) ayrm  sSBISIIOTCS  CIENCTBHEM
B3aMMOJEHUCTBUSL HSHEPIUYHBIX HOHOB KOJBLEBOrO TOKA C XOJOMHOW IJIa3MOM BHELIHEH
miazmocheps! (tasmonay3oit) [punsito cuntars, yto SAR-Iyru HaOIIOAAIOTCS BO BpeMs
MarHUTHBIX Oypb, KOTOPBIE ONPEAEIISIFOTCS TI0 BapHAaLiU TeOMarHuTHOTroO uHaekca Dst. Hamu
uccienoBaHus Cy0aBpOpabHOIO CBEYEHHUS Ha MepuanaHe AkyTcka nokaszand, 4to SAR nyru
TIOSIBJISIFOTCSI VI/WJTH YSIPYArOTCs BO BpeMsi asbl pacuiupenus cyo0yps. @opmuposanue SAR
IyTH HAYMHAETCS B SKBATOPUAIBHON 00sacTu rpaHuLbl TudPy3HOro CHSIHUS KaK Pe3yJibTaT
OBICTPOrO MPOHUKHOBEHHUS YHEPTHYHBIX HOHOB aCCHMETPUYHOTO KOJIBIIEBOTO TOKA B 00J1aCTh
BHeIHel muasmocdeps! [1-3]. AccuMeTpuyHBIN KOJNBLEBONW TOK BO3HUKAET KaK CJIEACTBUE
cyO00ypeBOil MHXXEKIIMM SHEPTUYHBIX YacTHL. HMHKEKLUs MPOUCXOAUT B OrPaHHUYEHHOM
JOJTOTHOM CEKTOpE HOYHOW MarHutocdepsl U oroOpaskaercs B CHSHHUSIX B BHIE
aBPOPAJBbHOHN BBIMYKJIOCTH. J{ONTOTHYIO MPOTSDKEHHOCTh BBIMYKJIOCTH B CHSIHHSX MOXKHO
ONpPENeNIUTh O XapaKTePHbIM BO3MYLICHHUSM MArHUTHOTO TOJSI Ha CPEJHUX LIMPOTaX,
KOTOpBIe 00y CIIOBIIEHBI CUCTEMOMN MPOIOJIbHBIX TOKOB CyOOypH.

B 3710i1 paboTe npencraBieHbl pe3yIbTaThl OJHOBPEMEHHBIX HAOMIOACHNH LU POBBIMU
KaMepaMu Bcero HeOa AUHAMUKHU CHstHUN Ha cranuuu JKuranck (GMLat 62°, GMLon 196°)
u popmuposanust SAR-nyru Ha cybaBpopanbHoOil cranumu Maiimara (GMLat 58°, GMLon
202°). Paccmotpens! nBa coObrtust 21 mapra 2017 u 15 ¢espans 2018 r., B koTopeix (aza
pocra cy060ypb (yCHIIeHHe KOHBEKIIUN) Havaiach mocie nosopora Bz MMP x rory.

B mepBom cinyuae ueHtp Havama (Qasel pa3BuTus cyOOypu Haxomumuics B
npeanoayHouHoM cexkrope MLT ¢ nocnenyromum paciinpeHHeM aBpOPAIbHON BBITYKJIOCTH
B HAIPABJICHUH MOJHOYH. BO Bropom 6osiee HHTEHCUBHOM COOBITHH (ha3a pa3BUTHs Cy00ypu
Havajach B BeuepHeM cektope 20-22 MLT ¢ nanbHEWITNM IBHIKEHUEM aKTUBHOUM 00JIacTH B
nocienonyrounbie yackl MLT. B o6oux ciaydasx Habmoganocs popMupoBanue (yspueHHe)
SAR-nyru B HanmpaBJIEHUH OT 3aMaJHOrO 10 BOCTOYHOIO rOPU30HTA. MBI IoylaraeM, 4to B
3TuX coObITHsAX SAR-nyra orobpakana TUHAMHUKY MEPEKPBITHS IOTOKA SHEPTUYHBIX HOHOB
C TIJIa3MOmay30d Kak pe3yJbTaT paciiupeHws OoOjacTh WHXKeKIuu cyodypu u
3IEKTPUYECKOTO Apetia SHEPTUIHOM M1a3Mbl B BOCTOYHOM HAIPABICHHH.

Pabora BrImoMHEHA B paMKax rocygapcrseHHoro 3ananus Ne AAAA-A17-117021450054-8
pY YaCTHYHOM noanepskke Poccutickum GoHIOM (PyHIaMEHTATbHBIX UCCIIEAOBAHMUIA,
npoekT Ne 18-45-140037 p_a.

1. Ueenxo N.B. // T'eomarnernsm u asponomust 1999. T. 39. C .26.
2. Uesenko U.b., Anekcees B H. // I'eomaraerusm u asponomus 2004, T. 44. C. 643,
3. Ievenko LB, Parnikov S.G., Alexeyev V.N. // Adv. Space Res. 2008. Vol. 41. P. 1252.
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CTATHCTHUYECKHE CBOUCTBA ABPOPAJIBHOI'O KMJIOMETPOBOI'O
PAMOM3JIIYUYEHUA IO HABJIIOAEHUAM HA CIIYTHHUKE ERG (ARASE)

UYyrynus /I.B., Konmak B.U., Moruaesckuiit M.M., Uepusimos A.A., Mouceenxo WU.JIL.,
Kymamoto A., Tcyuns ®@., Kacaxapa E., llloiiu M., Muemmu E., [llunoxapa HU.

Hucmumym rocmuueckux uccreoosanuii PAH, 2. Mocksa, Poccus, dimokch(@jiki.rssi.ru

IIpoBeneH craTUCTUYUECKUI aHAU3 PE3yJbTAaTOB M3MepeHusi ABpopanbHoro Kumomerposoro
Pamuousnyuenust (AKP), 3apeructpupoBanHoro B TeueHue 20 mecsiues Ha cnytHuke ERG (umm
Arase). PesynpTupyromasi KpuBasi XOpOIIO COBMANAeT ¢ mpeacTaBieHusMu o0 usmenennu AKP B
3aBUCUMOCTU OT MECTHOTO BpeMEeHH u ce30Ha. U3 aHammsza T.H. «3arekaHus» AKP Ha nHeBHYyIO
CTOPOHY MarHutocgepsl CHeNaHbl OLEHKHA PAacTBOpa KOHyCa W3JIyYEHUs, KOTOPBIC, B LIEJIOM, HE
MPOTUBOpPEYAT pPAaHEE CHCJIAHHBIM BBIYUCICHUSM [0 pEe3yJbTaTaM H3MEPEHUN Ha CIYTHUKAX
HUHTEPBOJI-2 u POLAR. Cratuctudeckue pe3yJibTaThl, MOJYYCHHBIE Ha TIEPBOM 3Tarne padoThl B
T.H. KPyYHOM» pekuMe 0O0paOOTKH, ObLIU JOIOJHEHbI pPe3yJibTaTaMu OO0pabOTKH, MONy4YeHHBIMH
MPY MOMOIIH CIEIHAIIBHOTO MPOrPaMMHOT0 00ECTIeUeH !SI, YTO TO3BOJIIIIO TOJYYUTh HHPOPMAIUIO
0 3aBUCHUMOCTHU XapakTepucTuk AKP ot Touku n3MepeHnii 1 reOMarHUTHBIX YCIOBUH.

Pabora BemonHena npu noanep:xkke PODU (mpoekt Ne 18-29-21037).
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COOTBETCTBHUE ME/K/Y J0JIT'OTAMHU PACITIOJIOKEHUA
F'EOMATI'HUTHBIX IIOIIOCOB U ®OKYCOB IJIYBUHHOI
CEUCMHUYHOCTH

Xauuksan 5!, Oyannen C.A%>3
UU, 2. Anmamer, Kazaxcman, galina.khachikyan@gmail.com

’UKH PAH, 2. Mockea, Poccus, pulse(@rssi.ru
SUTTD PAH, 2. Huscnui Hoezopoo, Poccus

Brickazannast B [1, 2] uges o CBSI3U MPOLIECCOB MOATOTOBKU M PEeANM3ALUN 3€MIICTPSICEHUN C
nporeccaMu (PYHKIIMOHHPOBAHUS TIIOOATBHON 3JIEKTPUUECKON LeNU W T€HEepaLi aTMOC(EepHOro
3JEKTPUYECKOTO TOoJisA, ObUla HENaBHO IMOATBEpXKAeHa B [3] pesyibpraTaMu aHajin3a OaHHBIX O
3eMIIETPSICEHHSIX, 3aPEeTUCTPUPOBAHHBIX Ha TiaHeTe B 1973-2017 rr (Gonee 220 Thicsd COOBITHH C
MarauTynoi M>4.5 u3 rnmobdansHoro ceficmonorudeckoro karajgora USGS). Ilonyueno ypaBHeHue
nuHEHHON perpeccnn Mexxay UT-BapuaunsMu B rpagueHTe 3JIEKTPUYECKOrO MOTeHNHa a (KpuBas
Kapuern) u B kommuecTBe TIyOOKO(POKYCHBIX 3eMIIETPSICEHHN € KO3(P(PUIHMEHTOM KOPPEIsLUuU
R=0.86, c omnepexeHneM Ha 2 Yaca Bapualuil B CEHCMHYECKUX JaHHBIX OTHOCHUTEJIBHO
3JeKTpudecKoro norennuana. ObpameHo BHUMaHUE, 4TO BO BpeMsi MakcuMyMoB B UT-Bapuanmsix
CelcMHUYEeCKOro pexkuma u snekrpudeckoro noiast B ~07-08 UT u ~17-19 UT, ucnpasneHHbIe
re€OMarHUTHbIE TOJI0CA CEBEPHOIO U FOXKHOTO MOJIYIIAPHM, COOTBETCTBEHHO, “‘CMOTPST B XBOCT
MarHuToc(epsl, OTKYAa UAET WHXKEKINS YCKOPEHHBIX 3apPsDKEHHBIX YaCTHII, & BO BPeMsi MUHUMyMa
B ~03 UT, ucnpaBiaeHHbII T€OMAarHUTHBIA MOJKOC FOJKHOTO MOJYIIAPHUS, PACHOJIOKEHHBIA B
IOJArOTHOM peruoHe camModl BbICOKOH celicMuunoctu (FOro-Bocrounast Asus, ABcrpanus)
HaXOIUTCsl HAa JAHEBHON CTOPOHE U “OTBEPHYT OT IOTOKAa YCKOPEHHBIX 3apsUKEHHBIX YacTHUL[ U3
XBOCTOBOM 4YacTh MarHUTOChephl. BBICKa3aHO MNpeamonoxeHue, 4To 3a BO3HUKHOBeHuMe UT-
BapuallMM B CeHCMHUYECKOM pexXxume 3eMJld OTBedaeT IUla3MEeHHas CTPYKTypa XBOCTa
MarHuToc(epbl, KOTOpas «IPOEKTHPYETCS» BAOJb MArHUTHBIX CUJIOBBIX JIMHUI HE TOJIBKO Ha
aBpOpaNbHBII OBaJl, MPUBOJS K €ro MOCTOSHHOMY CYIIE€CTBOBAHHIO, HO OKa3blBaeT BJIMSHUE U Ha
BHYTPU3EMHbIE IPOBOASIIUE CIIOH, YTO MPOSBISAETCS B TEKTOHUYECKON AKTUBHOCTH IJIAHETHL
HexoropbiM MoATBepKAEHUEM 3TOMY SIBJISETCS PUCYHOK, JEMOHCTPUPYIOLIUI pacHOJIOKEHUE B
BOCTOYHOM M 3alaJHOM MAOJITOTHBIX CEKTOpax IBYX BeTBEH INTyOOKO(OKYCHOW CEHCMUYHOCTH,
LIEHTPaJIbHBIE TOYKH KOTOPBIX (A, B - oKkyChl) pacmonoxKeHbl Ha TeX K€ JONroTax, Ha KOTOPBIX
pacnosoXKeHbl HCIPABJIEHHbIE T€OMArHUTHBI IIOJOCA B FOXKHOM M CEBEPHOM MOJYLIApUAX 3eMJIH.

N A A At s A b e ae Pacnpenenenue Ha nuaHeTe INMHIEHTPOB
7 ] 3emJIeTpsiceHHuil ¢ rIyOMHAMH rHIOLEHTPOB
] h>100 km (32895 coObITHii B 1973-20171T).
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[1] Pulinets S.A. Physical mechanism of the vertical electric field generation over active tectonic
faults. Adv. Space Res. V. 44(6). P. 767-773. 2009.

[2] Hameanaoze A.A. 3emnetpsicenus u rodaibHast dJEKTpUYECKas Lenb. XuMmuueckas puzuka. T.
32. N 9. C. 9-13. 2013.

[3] Iynuney C.A., I' 4. Xauuxan, YHUTapHAS BapUaUs B CEHCMUYECKOM PEXUME 3EMITH:
cooteercTBue KpuBoi Kapueru. I'eomarnernsm u asporomust. T. 60. Ne 6. C. 803-808, 2020.
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IIpocTpancTBEeHHO-BpEeMEHHAsA CTPYKTypa BBICBINIAHHUI JHEPrUYHbIX
3JIEKTPOHOB IO JAAHHBIM A3POCTATHBIX HAOJIIOACHMH M H3MEPEHUil MOJSIPHBIX
cnyTHUKOB B 2015-2017 rr.

Kaneraes B.B.2, Kyrymesa A. /I.!, Baacopa H.A.2, Ilerpos K.A.!, Basunesckas I'.AJ3,
MaxmyTos B.C?

! Hayuno-uccneoosamenvckuii uncmumym aoepnoii usuxu umenu JI.B. Cxobenvyvina
Mockosckoeo eocyoapemeennoeo ynusepcumema umenu M.B. Jlomonocoea, 2. Mockea, Poccus
2 Qusuyeckuii haxyrsmem Mocko6cko2o 20cyOapcmeentozo ynusepcumema

umenu M.B. Jlomonocosa, 2. Mockea, Poccus

S OUAH 2. Mockesa, Poccust.

kigl@dec1.sinp.msu.ru

Bricemanust B aTMoc(hepy SHEPTHYHBIX 3JIEKTPOHOB SIBISIFOTCS SIPKUM TPOSIBJIEHUEM JUHAMHUKH
BHEIIHETO pAJMALMOHHOrOo mosica MarHutocdepol 3emian. (OCHOBHAs YacTh BBICBIIAHUN
MPOUCXOAUT BO BpPeMsi TE€OMATHUTHBIX BO3MYILUEHHMH, CBA3AaHHBIX C B3aUMOACHCTBUEM
MarHuToc(epsl ¢ BBICOKOCKOPOCTHBIMU TTOTOKAMH COJIHEYHOTO BeTpa. YCHIIEHHE I€OMarHUTHOU
AaKTUBHOCTH B MarHurocepe NPUBOIUT K TEHEPALUU BOJIH, OOECICUMBAIOIINX pPACCESTHHUE
3aXBAYEHHBIX 3JICKTPOHOB BHEIIHETO PAAUALIMOHHOIO NOSICA U UX BBICHIIIAHUE B KOHYC MOTEPB.

Jnis oTnenbHBIX COOBITUH, CBSI3aHHBIX C BBICHIMAHUSMH 3JIEKTPOHOB BHEIIHETO PagHAllMOHHOTO
nosica 3emyiu, 3apeructpupoBanHbix B 2015-2017 rr. B xoae aspocratHbix skcnepumeHTos @PUAH
B Mypmanckoii obnmactu (L=5.5), npoBeneH aHaiu3 NpOCTPAHCTBEHHO-BPEMEHHBIX XapaKTEPHCTHK
U JUHAMUKH BBICBITAHUI 3JIEKTPOHOB € JHeprusmMu a0 1 MbdB no usmMepeHusiM NOTOKOB
snexTpoHoB Ha MC3 “Meteop M2” u POES. 1o COOTHOLIEHHIO TOTOKOB 3JIEKTPOHOB, U3MEPEHHbIX
BEPTUKAJIBHBIM U TOPU3OHTAIBHBIM feTekropamMu Ha UC3, Obuth MAeHTU(UIIMPOBAHBI BBICHITTAHUS
YacTUL, COOTBETCTBYIOLIME COOBITHSAM, 3apEerHCTPHPOBAHHBIM B  XOI€  a3pPOCTaTHBIX
SKCIIEPUMEHTOB. Brichimanus oOHapyxkeHbl Ha L-o0omoukax OoT 4 1m0 7, Kak B CEBEPHOM
NOJyIIapuy, Hax MypMaHCKOH 00JacThIO, TaK U B FO’KHOM, MArHUTOCONPSDKEHHOM, peruone. s
KaXXJIOTO U3 PACCMOTPEHHBIX COOBITHIA OMperesieHa MPUIKBAaTOpHalbHAsE 00acTb B MarHutochepe,
rae, NPEeUMYyLIECTBEHHO, AEUCTBYIOT MEXaHU3Mbl, OTBETCTBEHHBIE 3a PACCESTHUE HJIEKTPOHOB U UX
BTOp KEHHUE B aTMOChepy 3emitu.

Pabora BrIMOSHEHA MPU 4aCTUUHON noanepskke rpanra PODU 19-05-00960.
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JNHAMUIKA PAI[I/IAIII/IOHHOI71 OBCTAHOBKAN B OKOJIOBEMHOM
INPOCTPAHCTBE B HOSMABPE-JIEKAGBPE 2020 11O JIAHHBIM
CIIYTHUKOB «<-METEOP-M» U «JEKTPO-JI»

W.H. Msrkosa', A.B. Boromo.ios', B.E. EpeMeeBI, A.O. HlnpﬂeBl, E.A. Fnﬂ36ypr2

1- Mockosckuit  eocyoapcmeennviii  ynusepcumem — um. M.B.  Jlomonocosa,  Hayuno-
uccneoosamenvckuil uncmumym sioepnoii usuxu um. /[.B. Crobenvysina, 2. Mockea, Poccus,
irinal@srd.sinp.msu.ru

2-  Uncmumym npurxaaonoii 2eopuzuxu um. Axademuxa E.K. @eoopoesa, Mocxkea, Poccus

B03MOXKHOCTh ONIEpaTUBHOTO KOHTPOJIS PaJUALIMOHHBIX YCIOBUM B OKOJIO3€MHOM KOCMUYECKOM
npoctparctee (OKII) Becbma akTyanbHa Kak AJsl PEIIEHHs] HAYYHBIX 3a/1a4 COJHEYHO-3€MHOMN
¢bu3nky, Tak u Ay obecrnedeHus: 6€30MaCHOCTH KOCMUYECKIX MUCCHH M aBUAIIOHHBIX MOJIETOB.

OTnenpHBIM MHTEpEC C 3TOH TOUKHM 3pEHUs] MPEACTAaBJSIFOT JAHHbIE C HU3KOBBICOTHBIX
kocmuuecknx ammapatoB (KA) ¢ kpyroBoil monsipHOii opbutoii. Ha ceromnsi B pacrnopsiKeHHH
UCCIIeoBaTeNel UMEIOTCs TaHHbIE OOJBLIOrO KOJNMYECTBA KOCMHUYECKUX SKCIIEPHUMEHTOB, B TOM
yucne 1 ¢ KA ¢ momsipHbiMu opOutamu, (YHKIMOHHMPYIOIIMX Ha BbicoTax o 1000 kM. B
HACTOSIINI MOMEHT faroT nannble Takue KA kak cepun «Meteop-M» u UC3 cepunn POES NOAA.

Onnako, u3-3a crienudukyu nocrymnaromme ¢ noiasipHbix KA undopmanny, koropas cesizaHa
¢ ocobenHoctsiMu opOuTel - KA mocnenoBaTenbHO MPOXOOUT pasHble 00JaCTH MarHUTOC(HEpHI
3emnn - JAJd OMNEPaTUBHOIO aHaiM3a paJuallMOHHBIX ycioBuil Ha BbicoTax 300-1000 kwm,
MO3BOJIAIOIEr0 CPAaBHUBATH JaHHbIE MOJSPHbIX KA ¢ MOHUTOPHHIOBBIMH H3MEPEHUSIMU NOTOKOB
3apSDKEHHBIX  YacTHL] Ha TeOCTalliOHapHOW opOuTe, HEOOXOOMMa CIelUalbHasi CHCTEMAa,
NO3BOJISIFOINAS AHATU3UPOBATH JaHHbIE HU3KOBBICOTHBIX KA Ha pa3HBIX 4acTsaX OpOUTHI.

B Hactosmel pabore ObUT BBIMOJNHEH CPAaBHUTENBHBIH aHANN3 [aHHBIX POCCHHCKUX
CIyTHUKOB O Bapuauusx panuanuonHoi obcranoBku B OKII B TeueHue HosiOpsi-mekabpsi 2020
rofa. Torga noMuMO BapHalvii MOTOKOB U CIIEKTPOB 3JIEKTPOHOB BHEIIHETO PaJUallMOHHOIO Nosica
3eMIld B pe3yJibTaTe BO3JEHCTBUS BBICOKOCKOPOCTHOIO IMOTOKAa COJIHEYHOI'O BETPA, MPOU3OLIIH
nepBbIe 3HAUNMbIE coNHeuHble nMpoToHHbIe coObITHs (CIIC) HOBOTO, 25-T0 CONHEUHOTO LKA - 29
HOs10pst 1 7 nexabpst 2020. OOcykmaroTcsi OTIMYHS B PEaKUUU Ha OyprO 3JIEKTPOHOB Pa3HBIX
SHEpPruil Ha pa3HbIXx L-o0omoukax, a Takxke U3MeHeHHe paanaruoHHbix yciaosuil B OKII Bo Bpems
ynomsiHyTeIxX CIIC.
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KEV ELECTRONS IN THE INNER EARTH'S MAGNETOSPHERE

Ganushkina N. Yu.

Finnish Meteorological Institute, POBox 503, Helsinki, FI-00101, Finland,
Natalia. Ganushkina(@fmi.fi

The fluxes of electrons with energies < 100 keV are not usually analyzed and modeled in details
when studying the electron radiation belts. These fluxes constitute the low energy part of the seed
population, which is critically important for radiation belt dynamics. Moreover, energetic electrons
with energies less than about 100 keV are responsible for hazardous space-weather phenomena such
as surface charging. The electron flux at these energies varies highly with geomagnetic activity and
even during quiet-time periods. Significant variations in the low-energy electrons can be seen
during isolated substorms, not related to any storm periods. Moreover, electron flux variations
depend on the electron energy. Statistical analisys of AMC 12 CEASE II ESA instrument data (5-50
keV) and GOES MAGED data (40, 75, 150 keV) have revealed that electron fluxes increase by the
same order of magnitude during isolated substorms with 200 nT of AE index and storm-time
substorms with 1200 nT of AE index. Another factor of crucial importance is the specification of
boundary conditions in the electron plasma sheet. We developed a new model for electron number
density and temperature in the plasma sheet as dependent on solar wind and IMF conditions based
on THEMIS data analysis. We present observational and modeling results on low energy electrons
in the inner magnetosphere with newly-developed, time-dependent boundary conditions with a
special focus on the role of substorms for electron transport and acceleration.
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DATA MINING RECONSTRUCTION OF MAGNETOTAIL
RECONNECTION

Sitnov M.L!), Stephens G.K.!), Motoba T.!), Swisdak M. 2)

DJHU/APL, Laurel, USA, mikhail sitnovi@jhuapl.edu, °) University of Maryland, College Park, USA

In this study, we investigated the magnetotail reconnection picture using modern data-mining
methods. They allow us to employ for reconstruction not only the magnetic field measurements
available at the moment of interest but also other events in the historical database when the
magnetosphere was in similar global states (substorm phases) [1,2]. Data mining reveals two
reconnection regions (X-lines) with weak and strong changes of the magnetic field geometry.
According to the Faraday's law, they represent steady and transient reconnection regimes. It is
found that in the mid tail (~30 Rg from Earth, where Rg is the Earth's radius) reconnection is steady,
whereas closer to Earth (~20Rg) it is transient. It is found that a similar combination of steady and
transient reconnection processes can be reproduced in kinetic particle-in-cell simulations of the
magnetotail current sheet. Simulations show that the steady reconnection appears after the
demagnetization of electrons. It has classical signatures of fast collisionless reconnection revealed
in a series of simulations using ad hoc external perturbation of the current sheet with antiparallel
magnetic field lines and known as the GEM Magnetic Reconnection Challenge [3]. In contrast, the
unsteady reconnection starts from the spontaneous formation of a dipolarization front with
magnetized electrons and dissipation provided by ions, as was originally suggested by Schindler,
Galeev and Zelenyi in their models of substorms [4,5]. The near-Earth X-line in this process forms
due to the flux starvation in the trailing region of the dipolarization front as was revealed in more
recent PIC simulations of the ion demagnetization-mediated reconnection [6-8].

. Stephens G. K. et al. /J. Geophys. Res. 2019. V. 124, P. 1085.

. Sitnov M. I et al. //J. Geophys. Res. 2019. V. 124, P. 8427,

.Birn J. et al. //J. Geophys. Res. 2001. V. 106. P. 3715.

. Schindler K. // J. Geophys. Res. 1974. V. 79. P. 2803.

.Tanee A A, 3enéuniii JIM. // JKOT® 1976. T. 70. C. 2133.

. Sitnov M. L. et al. // Geophys. Res. Lett. 2013. V. 40. P. 22.

. Bessho N., Bhattacharjee A. // Phys. Plasm. 2014. V. 21. P. 102905.
. Pritchett P. L. // Phys. Plasm. 2015. V. 22. P. 062102.
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OBSERVATIONS OF MIRROR MODE STRUCTURES IN THE DAWN-
SIDE MAGNETOSPHERE

L. A. Avanov, M. O. Chandler, V. N. Coffey, B. L. Giles, T. E. Moore,
C. J. Pollock, J. L. Burch, C. T. Russell, R. B. Torbert

University of Maryland/NASA Goddard Space Flight Center, Greenbelt, Maryland, USA,
levon.a.avanov(@nasa.gov

We present observations of mirror mode structures in the dawn-side magnetosphere from
theMagnetospheric Multiscale Mission (MMS). The observations were made during a period
ofrelatively stable northward interplanetary magnetic field (IMF) conditions. We
observedmagnetic troughs only with reductions of up to 90% in the magnitude of the local
magnetic field. The structures were closely aligned with the local magnetic field and had sizes
perpendicular tothe magnetic field of the order of 1 Rg and ion densities up to twice that of the
surroundingregions.

We used ion, magnetic field, and electric field data to examine the plasma conditions inside
and outside of these structures to investigate the stability and evolution of the structures and
estimate the magnitude of changes in the ion distributions. Comparing the ion bulk properties to
theoretical predictions we concluded that variations in the parameters with trough depth were due
to the spacecraft traversing them at different locations along their length.

Our calculations of heating and cooling of the ions at different pitch angles is consistent
with theory. We conclude that these troughs were likely long-lived, quasi-stable structures that
originated in the magnetosheath near the nose of the magnetopause and were captured into the
magnetosphere by dual-lobe re connection.
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XAPAKTEPUCTHUKH XOJIOHOI IJIA3MBI B TIOTPAHUYHOM CJIOE
IJIABMOC®EPBI

Bbespykux B.B., Korosa I'.A.

HUKU PAH, 2. Mockea, Poccus, vbez(@iki.rssi.ru

ITo nanubv cniytHUKOB MAT'TMOH-5 1 MHTEPBOJI-1 npoananu3upoBaHbl XapakTepPUCTUKU
XOJIOZHOW IUTa3Mbl B MOTPaHUYHOM cyoe miasMocgepsl. IlonoxkeHne mia3smMomnays3sl U TONIIMHA
CJIOsl OMNpeNeNsAuCh MO BapUalyUsM IUIOTHOCTH IUIa3Mbl B 3aBUCUMOCTH OT mapameTrpa Mak
Unneaiina. Temrnepatypa miaa3msl B CJioe OOBIMHO BO3PACTAET, IPU 3TOM M3MEHEHUs TeMITePaTyphl
MPOUCXOIAT OoJiee IIABHO, YeM H3MEHEeHMsl IUIOTHOCTH. CKOpPOCTh BO3PACTAHHUS TEMIIEPATYpPhI
yBEIMYNUBAETCA C YMEHbIIEHHEM TONLINHBI cjosl. [lo MaHHBIM HIMPOKOYTOJBHBIX AHAIU3ATOPOB
IJ1a3Mbl TEMIIEpaTypy MPOTOHOB B MOTPAHUYHOM CJIO€ MOXKHO OLEHHTb TOJBKO B TOM Clyyae,
KOTZIa YHEPTeTHYECKOe paclperesieHne yIAeTCsl ONUCAaTh MAKCBEJUIOBCKOHN (pyHKIMEH, MIIOTHOCTD
HOHOB TPHU 3TOM 00bMHO Oojbmme 50 cv”. He mabmonanoch BO3PAacTaHUsl TEMIIEPATYPhI BbILIE
5x10* °K. B OTHeNbHBIX Cllyuassx MOCHe MepPeCedeHts MIa3MONay3bl U BBIXOAA U3 mIasMocdepsl
TeMIiepatypa Ija3Mbl He MeHsjach. [IpuuuHBI pasnuyHBIX Bapualuil TeMmiepaTypbl IMJa3Mbl B
MOTPaHUYHOM CJIO€, BO3MOXKHO, CBSI3aHBI C TEOMarHUTHOMN aKTUBHOCTBIO.
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OTHOCHUTEJIbHAA JTMHAMHUKA HOTOKOB PEJIATUBUCTCKHUX
SJIEKTPOHOBBHEIITHET'O PA/TMAITMOHHOTI'O NOACA
1 BYPEBBIX BAPUAIIAIT MATHATHOTI'O IOJISI 3EMJIH

Baacosa H.A., Kaneraes B.B., Hazapkos U.C.

HUUADMI'Y, . Mockea, Poccus, nav19ivi@gmail.com

MaruuTtochepa 3emMinn — CaMOCOIIACOBAaHHAs CUCTEMa, CPOPMHPOBAHHASI MATHUTHBIM ITOJIEM
3emin 1of BO3IEHCTBHEM MEXIIaHETHOH cpenpl. Hanbonee 3Ha9MTETbHBIE H3MEHEHHSI BHEIITHETO
3NIEKTPOHHOTO panuanuonHoro mnosica (PIT) 3emnn HaOmMoOOarOTCsT BO BpeMsi TEOMAarHUTHBIX Oypb,
MO3TOMY €CTECTBEHHO CHEJATh 3aKIIOYEHHE, YTO BApHALMH MAarHUTOC(HEPHOTO MAarHUTHOTO MOJIS
IOJDKHBI ObITH OHMM M3 TIABHBIX (PAKTOPOB, YIPABJSIOMMX AWHAMUKOH IMOTOKOB 3JIEKTPOHOB
BHemHero PII.  OxkcnepumeHTanbHOe NOATBEpXKIEHHWE 3aBUCUMOCTH JMHAMHMKM  I1OTOKa
PENSTUBUCTCKUX 3JIeKTpOoHOB BHemmHero PIT 3emmu oT Bapuamuii MAarHUTHOTO TOJIsT BO BpeMsi Oypb
Obuto BHEpBBIE TpencTaBieHo B padore [1]. Bapmanum BHemmHero siekrpornHoro PIT moryr
NPOUCXOIUTh MPH COXPAHEHHH aAMa0aTHMYECKUX BApPHAHTOB IIPU YCJIOBHUU OTHOCHTEIBHO
MENJEHHbIX W3MEHEHUH TIe€OMarHUTHOIO IMOJsl MO CPAaBHEHUIO C XapakTepHbIMU BpeMeHaMu
IBUKEHHSI 3JIEKTPOHOB. MIMEHHO Takasi CUTyalMsl MOXKET HaOJIONaThCs BO BPEeMsl TEOMAarHUTHOH
Oypu. IIpu 5TOM perucTpupyroTcsi U3MEHEHHS IIOTOKOB 3JICKTPOHOB, HE CBSI3AHHBIE C PEATbHBIMHU
NOTEPsIMU YacTUL. Pe3yasraTel aHau3a JUHAMUKHA (DyHKIUU TUIOTHOCTH B (HJa30BOM IMPOCTPAHCTBE
snekrpoHoB i nepuoaa 31.1-05.11 2016 r moka3anu, 4YTO BBICHIITAHUS 3JEKTPOHOB BHeHHero P11,
0OyCITOBJICHHBIE B3aMMOACHCTBUEM «BOJHA-YACTHULIA», HE3HAUYUTENBHBI, TOINA KaK pagralibHast
mudpy3ust HapyKy — DIaBHAsI IPUYNHA MAaeHUs TTOTOKA 3JIEKTPOHOB Ha BHEIHMX [ -000104Kax [2].

He no xoHma pemenHast nmpobiemMa — BIUsSHUE (PAKTOPOB MEXKIJIAHETHOH Cpeabl HA MHAMUKY
BHemHero snekrpoHHoro PIL B pabore [3] nemaercss mpenmonoskeHHe, YTO sl POCTa
WHTEHCHUBHOCTH TIOTOKOB 3JIEKTpOHOB BHemHero PIT 3emnn HeOOXOmMMBIM YCIIOBHEM SIBIISIETCS
I0’KHasi OpUEHTAlUsl MEXKIIJIAHETHOTO MAarHUTHOIO MOJsl, NMPU 3TOM MPOJAOJIKUTENbHbINH Mepuon
YCTOHYMBOM OpPUEHTALMH 3JIEKTPUYECKOTO TOJsl «YTPO-BEYEpP» B HOUYHOM MarHuTocgepe,
onpenenseMoro GpyHkuuen cBsizu (-5} y,), cHocOOCTBYET NBIKEHHUIO 3JIEKTPOHOB BIyOb PIT

B nanHOI paboTe mpencTaBiIeHbl Pe3yIETaThl HCCICIOBAHMS 3aBUCHMOCTH TUHAMHUKH ITOTOKOB
PENSTUBUCTCKUX 3JEKTpOHOB BHemHero PIT 3emmu OT MHTEHCHBHOCTH T€OMArHUTHOH OypH.
PaccMoTpeHbl TeOMarHuTHBIE OypH B IIMPOKOM JHAIa30HE ‘Dst‘max— Bapuauui. Mccnenosanus

OCHOBaHbl Ha OKCIEPUMEHTAIBHBIX NAHHBIX MO MOTOKAM BJIEKTPOHOB C 3Heprued ~2 MbdB,
MOJIy4eHHBIX ¢ KocMmuueckoro anmapara Van Allen Probe (VAP) B cepnuesune PIT 3emmu u ¢ IC3
GOLS na reocraiinoHapHO# opOuTe.

Pe3yneraTsl cOMmoOCTaBIeHUS! AUHAMUKN TTOTOKOB 3JIGKTPOHOB Ha PasHBIX OpOMTaxX U Bapualui
T€OMarHUTHOIO MOJIS MO3BOJISIFOT CHENAaTh BBIBOA O TOM, YTO OCHOBHBIMH MEXaHU3MaMH 3BOJIIOLIUU
BHEIHero 3yekrpoHHOro PIT 3emnn siBisitoTCsl mIOOaIbHBIE MPOLIECCHI: NIEpPEMEIEHUe TTOMYISALUN
3aXBaUEHHBIX  JJIGKTPOHOB  HapyXy W  BHYTpPb  MarHuTochepbl  3eMiId  BCIEACTBUE
KPYIHOMACIITaOHBIX BapUaLUi MAarHUTOC(HEPHOrO MArHUTHOTO IOJSI BO BPEMS T€OMArHUTHBIX
BO3MYIIIEHUH W papelid snexTtpoHOB M3 xBOocTa MarHutocdepsl BmyOr PIT monm Bo3melicTBuem
3JIEKTPUYECKOTO U MArHUTHOroO mnoJjied. JIokanbHOE yCKOpEHHE 4acTHUL HOCUT BCIOMOTAaTENbHBIN
XapakTep B AUHAMUKE paAHalliOHHBIX ITOSCOB 3EMIIH.

Pabora BeImonHEeHa B pamkax l'ocymapcrBennoro 3amanus Ne 115041410195, npu yactuaHOH
nonaepkke PoccutickuM GoHaoM QyHIAaMEHTaIBHBIX HCCiIenoBaHmi, mpoekt Ne 19-02-00960

1. Teepckas JI.B. // I'eomarnerusm u aspornomust. 1986. T. 26. C. 864-865.
2. WuH,, Chen T., Kalegaev V.V., Panasyuk M. L, etal. / JGR. 2020. V. 12. N 10.

3. Bmacora H A, Kaneraee B.B., Hazapxos U.C., Ilpoct A. // ['eomarHeTusm u a’>poOHOMHUSI.
2020. T. 60. Ne 1. C. 9-22.
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I'EOMATI'HUTHBIE D®®EKTHI SC B/ IHEBHOM CEKTOPE
HOJAPHBIX HINPOT

I'pomosa JI.U., I'pomos C.B., Kneiimenosa H.I'., Maabimesa JI.M.

HU3MHUPAH, 2. Mockea, Tpouyxk, Poccus, gromoval@izmiran.ru

AHaNMM3MPOBAJINCh [HEBHBIE BBICOKOIIMPOTHBIE MArHUTHbIE OyXTOOOpa3Hble BO3MYILEHHS,
Be3BaHHbIe SC. Panee reomarautHbeie 3¢dexter SC, rmaBHeIM 00pa3oM, HCCIENOBAIUCH B
CpPeAHMX U HHM3KHX IIHPOTaX, B TO K€ Bpemst 3((eKTbl B NOSIPHBIX LIMPOTAX H3yUEHBI
HenoctatrouHo. CormacHo kartanory SC, mpencraBieHHOM MexnyHapomHON — CiyxkO0H
reomarHuTHbIXx wuHAEKCOB - ISGI (International Service of geomagnetic Indices -
http://isgi.unistrafr), B 24 unwmkne comHeuHoW akTtuBHOCTH (2009 — 2019 1) OBULIO
3apeructpupoBano 95 codwrrrii SC. M3 Hux Obun BeiOpanst 27 SC-coOwiThii B mHTEpBaje 06-12
UT, korna nemno4yka MarHUTOMETPOB ckaHanHABCKOTO npodmsa IMAGE Haxomunace B JHEBHOM
cektope (09 - 15 MLT) Anamu3 Ha3eMHbBIX MarHUTHBIX HAOJMIOAEHWH TOKasaj, dYTO
BBICOKOLITUPOTHBIH reoMarHuTHeId SC-3eKT onpenensercss HanpaBICHUEM MEKIUIAHETHOTO
marauTHOrO nosisi (MMII) 1 cBO#CTBaMHU NMOTOKOB COJIHEYHOTO BETPa. BBUIO YCTAaHOBIEHO, YTO
npu cesepHoM HarpasieHHH MMII pa3BuUBaNNCh THEBHBIE MOJSPHBIE BO3MYIIEHUS, KOTOPBIE
HaOJIOIaJIMCh TOJIBKO Ha T€OMAarHUTHBIX muporax > 70°. IIpu roxxaOoM Hanpasienun MMIT SC-
COOBITHSI CONPOBOKAATHCH HEOONBIIMMH MAarHUTHBIMH BO3MYIUIEHHUSMH B JHEBHOM CEKTOpE
NOJSIPHBIX MIMPOT TakXKe Ha TEOMArHUTHBIX MHpoTax > 70°. KOTOpBIE CONMPOBOXKIAINCH
KJIACCHYECKUMHU CyOOypsIMU B HOUHOM CEKTOpE 3eMITH.
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T'MCTEPE3HUC B [IOPOI'AX KOCMHWUYECKUX JIVUEIl BO BPEMS BYPU
7-8 HOABPA 2004 T

Hanngosa O.A., ITuusina H.I'., Bepuosa E.C., Tacto M.HU.

CIIo@U3MHUPAH, 2. Canxkm-Ilemepbype, Poccus, mdl555@mail.ru

HccnenoBana 3aBHCUMOCTb U3MEHEHHsI JKECTKOCTeH reoMarHuTHoro oOpesamms (AR»d) ot
napameTpoB coHeuHoro Berpa (CB), MexmnaneTHoro marautHoro nosst (MMIT) u marauTochepsr
B TIPOLIECCE PA3BUTHS CHIIbHON MarHUTHOH Oypu 7—8 HostOpst 2004 . [Tonyueno, uro AR3¢ 3aBucur
HE TOJbKO OT BapbUpPyeMOro aprymMeHra — IapaMeTpoB T€OMarHUTHONW AaKTUBHOCTH U
MEKIIJIAHETHON Cpebl, HO M OT HAIPABICHHUs M3MEHEHHUs apryMeHTa. B mpornecce sBomonun Oypu
C Pa3BUTHEM TJIaBHOH (ha3bl U MOCIENYIOIEH BOCCTAHOBUTENBHOM (Pa3bl HCCIIEyEeMbIe TTapaMeTPhl
reJIo- W TeOMarHuTocepbl H3MEHSIOTCS LHUKIMYeCKUM o0pa3oM. B cooTBeTcTBHMM C 3TUM
Tpaekropusi ARa}, T.e. mocnenoBarenbHble 3HaUEHHs, KOTOpble npuHUMaeT AR>¢ B 3aBuCcHMOCTH
OT MCCIIENYEMbIX MapaMeTPOB, BO BPEMs PA3BUTHsI TOKOBBIX CUCTEM B INIABHOW (pa3e He COBMAIaeT
C TPaeKTOpHEH BO BpEMs pacrazia TOKOBBIX CUCTEM B BOCCTAHOBUTENBHOH (pase — popMupyroTcs
neryu rucrepesuca. Haiineno, uto mis cBsis AR3( ¢ réOMarHUTHBIMU WHAEKCAMH U CKOPOCTHIO
CB (V) ormeueHsl y3KHe METJIM a C 3JIEKTPOMArHUTHBIMU mapamerpamu — mupokue. [lupora
cranuuu KJI Biousier Ha opMmy rucTepesncHON meTiv. BepxHue TOUKM Ha MeTNie THCTepe3nca, B
kotopbix |AR3¢| O6muska k O (mepem Oypei), pacmoNokeHBI MPAKTHYECKH OJMHAKOBO IJIST BCEX
CTAHIIV, a HIDKHSA TOYKA HA METJe TucTepe3nca (MakCuMyM OypHu B KOHIIE TJIABHOM (ha3bl) — 3TO
MakcumMyM |AR3(|, KOTOpBIi yBenMIMBAETCS C YBEJIWYCHHWEM MIMPOTHI, PACTATHBAs METIO. B
Makcumyme Oypu Ha HH3KuX Immporax (cr. Tokuo) HaOmomaeTcss MakcuMajibHOe maaeHue AR
nopsinka —0.8 I'B, koropoe mocruraer —1.5 I'B nHa BpICOKMX mupoTax (ct. Mocksa, MpkyTck u
Xo0apT). ITH 3HAUEHUS ONPEIEISIOT pa3Mep METIIN TUCTePe3nca I UCCIeNy eMOH CTAHIIHH.

Hamm pe3ynbTaTsl CBUAETENBCTBYIOT O TOM, YTO XapaKTEPUCTUKU CHOPMHUPOBAHHBIX IETENb
THCTEPE3NCca OTPAKAIOT crienudpuky B3aumoneiicteus CB u mMarHuTocdepsl B MpoLecce 3BONIOINN
TOKOBBIX CHCTEM BO BpPEMs HCCIENyEeMO MarHUTHOH Oypu. MOXKHO 3aKIFOYUTh, YTO MOJYYSHHBIH
HAMH TUCTEPE3UC CBSI3aH C TeM (PaKTOM, UTO HAKOIUIEHHE SHEPTUH MPHU PA3BUTUH KOJIBLIEBOTO TOKA
Ha TJaBHOH ¢aze Oypu M ee BBHICBOOOKIEHHWE HA BOCCTAHOBUTENBHOH (haze MPOUCXONUIIO HE
CUMMETPUYHO, 4YacTb SHEPrUM HE BOCCTAHABIMBAaJlach. Jlpyrue TOKOBbIE CHCTEMbI, KOTOpbIE
pPa3BUBAIOTCSI M 3aTyXalOT HA pas3HbIX BPEMEHHBIX Macmradax, TakKe MOIJIH BHOCHUTH
aCUMMETPHYHBIH BKJag B Tporecc sBojronuu Oypu. OmHAKO Ha [AaHHOM 3Tane OCTaeTcs
HEBBIICHEHHBIM, KakKas WMEHHO TOKOBas CHUCTeMa B OOLIeM Ciy4ae CTOUT 3a MOJYYEHHBIMU
napamerpamMu rucrepesuca. OmnpeneneHre OJHO3HAYHBIX 3aBHCUMOCTEH AR3( OT KOHKpETHOM
TOKOBOUM CHUCTEMBbI Ha KaXIOM 3Tare OypH SIBJISIETCS CJIOXKHOW HEPeIIeHHOW 3ajadei, Tak Kak K
HACTOSIIIEMY BpPEMEHH B3aUMOJACHCTBHE COJHEYHOrO BETpa UM MAarHuTocdepb, KOTOpoe
KoHTponupyeT Bapuamu ARs¢ eme tuioxo norsito. J{iist BesicHeHHsT PU3NYECKON CYTH SBICHHIA,
OTIPENEISIIOINX BO3HUKAOIIUI THCTEPE3nC, B NMEPBYIO Ouepenp HeOOXOAMMO HAJIWYHe Topasno
OO0JIBIIETr0 CTATUCTUYECKOTO MaTepuaia. Mbl pearnonaraéM 3aHsIThCs CO3AaHNEM apXHBa JAHHBIX O
THCTEPE3NCe 10 Pa3HbIM Oy psIM U aHAJIM30M 3TOT0 MaTepuaia B CIEAYOMHX paboTax.
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HABJIOJAEHHUA CYBBYPEBON AKTUBHOCTH MO JAHHBIM CUCTEMBI KAMEP
MAIN 1 CHYTHHUKY THD B IINIASMEHHOM CJIOE

H.B. I3cnupak, T.B. Ko3esnosa, b.B. Ko3zenos, A.A. JIro6unu

Honapnviit 2eeogpusuveckuii uncmumym (IIT'H) 2. Anamumer, Mypuanckas obaacme, Poccus,
despirak(@gmail.com

24 nexabpst 2014 nHaOmomancs MHTEPECHBIH Ciydall NPOCTPAHCTBEHHO-BPEMEHHOH TUHAMUKU
cyO0ypesbix aktmBm3ammii (AL ~ 800 wTn), xorma ObpUIM OJHOBpEMEHHBIE HAOIONECHUS Ha
cnythuke THEMIS D B miasmMeHHOM ciioe U Ha3zeMHble HaOmroaeHus Ha KonbckoM MmosyocTpoBe.
IMonsipubie custHust Habmomamuck cucremoii MAIN B Amarturax, MarHUTHBIC BO3MYIICHHS
peructpupoBanuchk Mmarauromerpamu craniuii IMAGE u obcepsaropueii Jlosozepo (LOZ). bonee
nonpoOHO MBI paccMmarpuBaeM CyOOypeByHO aKTHMBHOCTH B mHTepBasie ~ 19:00 mo ~ 20:00 UT,
korga cniyTHuk THD Haxomuics Ha pacctossHuu |X| ~ 6 Rg B MIa3MeHHOM CJio€ U €r0 MPOeKLHUs
nepecekana Kombckuit momyoctpoB. B »TomM wmHTepBanme Ha craHumu JloBozepo Obuio
3apErucTPUPOBAHO TPU NMUKa B myjbcauusx PilB, ces3aHHble ¢ yspueHussmu ayr BOmmsu LOZ.
ITepsriii MK HAOIIOAAJICS B CBSI3U C MOSIBJICHUEM B CUSIHUSIX CTPYKTYD THUINA «OyCHHOK» Ha IyTe Ha
npensaputenbHoil aze (the ‘growth phase arc’) wsxuee mmporsl LOZ. BTopoit u Tpetuii muku B
nynbcauusax PilB Obuin cBsizaHbl ¢ B3pbIBHOH (pasoii cyO6Oypu. B muTepBane 19:30 - 19:56 UT
CIyTHUK HaOroma Tpu (ppoHTA JUIOIH3ALNHN, KOTOPbIE OBIIH CBS3aHBI C YAPUYEHUSIMH IyT BOIU3U
NPOEKIMH CIyTHUKA W OOIIMM MABM)KEHHEM CHSIHMHA K CceBepy. JTH HaOmonaeHus (GpOHTOB
IUIMOJIU3aLNH, COBMECTHO C OOHOBPEMEHHBIMU HAOIOJEHWsMHM NUKOB MyJibcaimii B JloBoszepo
CBUJICTENILCTBYET O Hayaje W pa3BUTHHM Opeiikama BO BpeMs B3pbIBHOW (pa3er cyOOypu. OtO
COOBITHE WHTEPECHO TEM, YTO COrJIacHO AaHHbIM MarHutomerpoB AND-KEV-IVA-LOZ-SQD
pa3ButHe CyOOypeBOH WHXKEKI[MH MPOUCXOAWUT BOJHM3M paspbiBa XapaHra, W Mbl MOXEM
NPOCIIENNTDh PAa3BUTHE CUSIHMN IJI 3TOTO CJy4as 1O JaHHBIM KaMmephl Bcero HeOa B Amarutax. B
KOHIIe npeaBapurteabHo ¢assel (~18:31:50 UT) Habmronanock ysipueHHe caMOi SKBATOPUATBHOMN U3
Bcex ayr. Ilocie sToro Ha ayre GopMUpyIOTCS a3UMyTaJIBHO - Pa3HECEHHBIEC aBPOPATIBHBIE CKIIA/IKH,
JBUKYIUECS] ¢ BOCTOKA Ha 3amaja. ITO COOTBETCTBYET MepBoii (ase Opelikana (rcesno-oOperikary),
KOTOpPBII OOBIMHO COCTOMT W3 BHE3AIMHOTO YSIPUYEHHsI OYTd M SKCIIOHEHIMAJIBHOIO POCTa €e
MHTEHCUBHOCTH 10 HachieHus. [lanee B MomeHT 18:33:50 UT camas skBatopuasibHas Ayra CHOBa
crana sipue, a mocie ~ 18:34:19 UT, sta ayra Hagana ObICTPO pacmupsThes K nosrocy. [TomoOHbIi
nporecc oOpa3oBaHHWE BUXPSL U €ro MPOCTPAHCTBEHHOE PACIIMPEHHE TPAAMLIMOHHO HA3bIBAIOT
aBpopaibHBIM Opefikamom. HaOmomaemoe B Amarurax pasBUTHE CHSHMH COBIAnaer ¢
CYLIECTBYIOIIMMH TIPEACTABICHUSIMHU O Hadase pa3BuTws cyOOypu BOIM3H pa3pbiBa XapaHra, KOrna
IBIDKEHHE TPenOpeHKanoBbIX AaBpOpPajbHBIX (OPM CHSHUH CBSI3aHO C TIPEAIIECTBOBABLICH
KapTUHOHW MOHOC(EPHON KOHBEKLIMH U ¢ OPMHUPOBAHNEM B TUIA3MEHHOM CJIOE TIOTOKOBOTO KaHAa,
KOTOPBIM BIIOCJNEACTBUU NMPUBOAUT K Pa3BUTHIO HEYCTOMYMBOCTU B OKOJO3EMHOM ILIa3MEHHOM
cioe. B CHSHUSX 3TO AOIKHO MPOSIBJIATHCS KaK MHTEHCU(UKALMS CUSTHHIMA, KOTOPAasi MPOUCXOIUT B
TeueHue ~ 10 cex Ha y4yacTke AyrH, NPOTKEHHOCTHIO 0KoJio 1 yaca MLT, ¢ pacnpeneneHHbIMU IO
JOJITOTE BOTHOOOPAa3HBIMU 00Pa30BaHHUAMU.
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JIABOPATOPHOE MOJAEJIUPOBAHUE MAT'HUTOC®EPHbBIX
INPOLECCOB, MNPOUCXOAAIINX B ATMOC®EPAX JIIJIAHET
IHHOJOBHBIX I'OPAYUM IOIIUTEPAM

Edumo ML.A., Yuopanos A.A., Pymenckux M.C., Bepesyuknii A.I'., Ilocyx B.I'., Tpymun
II.A., 3axapos 10.I1., Mupomranuenxo U.B., [laiixuciamos U.D.

HJID CO PAH, 2. Hosocubupck, Poccus, mikle3496(@gmail.com

B nmanHO# paboTe mpuBeneH aHaIU3 B3aUMOJIEHCTBHS IJIA3MEHHBIX MOTOKOB B HKCIEPUMEHTE
110 MOJIEJIMPOBAHHUIO HATEKAHUs 3BE€3THOTO BeTpa Ha atMocdepy ropsiuero FOmutepa. B BakyymHYy10
kamepy creHna KU-1 nomaercs usnyudenne ummyiabcHOro COz-azepa, KOTOpoOe pasfessieTcs: Ha
nBa myuka ¥ (POKyCHPYeTCs Ha MapHO PAaCIOJOXKEHHBIX HA KOPIyCe MAarHUTHOro munojs (10°
I'c*em®) CoHy-mMumensix. TToaydarOmuicss MOTOK Ja3epHOM IJIa3Mbl MOJAENUPYET CBEPX3BYKOBOE
ucredeHne BepxHeld aTtmocdepnl ropsdero FOmumrepa. [lanHas cxema ONBITOB ObUla BIEPBBIC
peami3oBana B [1]. MonenupoBaHue 3BE3QHOrO BETpa MPOUCXOAUT IOCPEACTBOM OOJyUECHHUS
TPETbUM JIA3€PHBIM MYYKOM MHILECHH, PACHOJOXKEHHOW B 53 cM oT aunoas. Bo3smylueHwus
MJIA3MEHHBIX TTOTOKOB PETUCTPUPOBAINCH 30HAAMH JIGHIMIOpa U MAarHUTHBIMU 30HIAMH. Takxke
U3MEPSJICS TOJHBIN MPOMOJbHBIA TOK, 3aMBIKAIOIIUICS B MOJSIPHBIX 00JacTAX MarHutochepbl u
TPAHCIIOJSIPHBIA TIOTEHIIHAJ, C WCIOJb30BAHUEM TMOCOM POroBCKOrO M MENHBIX ILUIACTHH,
PACTIONIOKEHHBIX HETIOCPEACTBEHHO B MecTax aOisuH J1a3epHOr0 M3JIyUYeHUs Ha JIUIMOJE,
crocoboM OMHMCAaHHOM B [2].

[lonyueHnHble naHHBIE TTOKA3BIBAIOT, YTO BEJIMYMHA JUIIOJBHOTO MAarHUTHOTO TOJISI OKAa3bIBAET
MpsIMOe BJIMSIHUE HA TPAHCHOJSIPHBIE TOKW U TMOTEHIIMAJBI, TeHEepHpyeMble OOJlakaMu Jla3epHOU
Ma3Mbl. BBITH M3MEpEeHbI YIJIOBBIE PACTIPEACIICHHS B3aMMOCHCTBYIOIINX IJIA3MEHHBIX CT'YCTKOB,
NPOAHAIM3UPOBAHBl OTHOCUTEJbHBIE KOHLEHTpPALMH C(HOPMHUPOBAHHOTO BOKPYT IHUIOJS obiaka
Mja3Mbl K HATEKAIOLIEMy IIOTOKY IJIa3Mbl HAa PAa3HbIX PACCTOSAHMUSIX M TPU PA3HOU BEIUUMHE
ounonbHOro moins.  Ilpw  aHanmu3e yriioBoro pacmpeneneHust OOHapy»KeHa aCHMMETpPUs
B3aUMOJCHUCTBYIOIIMX MOTOKOB, YTO CBUAETEJIbCTBYET O CIOXHOH HEJIMHEHHONW CTPYKType
B3aUMOJICHCTBHUSL.

PesynbraTel paboThl TO3BOJIAT JIyUIlle TOHUMATh CTPYKTYPY M JUHAMUKY B3aUMOJEHCTBYOIIUX
MJIa3MEHHBIX CTYCTKOB W TOKOB B MaraHutocdepe ropsunx KOmuTepoB, W B AaibHEWIIEM MOTYT
OBITh TIOJNIE3HBI NPU YHCICHHOM MOJAEIHPOBAHMU MPOLECCOB NMPOTEKAIIUX B MarHUTocdepax
nonOOHBIX TTAHET.

Pabora BeImonHeHa B pamkax npoekta PH® Ne 18-12-00080 u npu nognepskke rpantos PODU Ne
18-2921018, 20-02-00520 u rpanra MunobpHayku 075-15-2020-780.

1. Shaikhislamov, I. F., Posukh, V. G., Melekhov, A. V., Prokopov, P. A, Boyarintsev, E. L,
Zakharov, Y. P., & Ponomarenko, A. G. // Plasma Physics and Controlled Fusion 2016, 58(11),
115002.

2. Shaikhislamov, 1. F., Antonov, V. M., Zakharov, Y. P., Boyarintsev, E. L., Melekhov, A. V.,
Posukh, V. G., & Ponomarenko, A. G. // Cosmic Research 2014, 52(4), 278-288.
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JIABOPATOPHOE MOJIEJTUPOBAHUE D®®EKTOB CBEPXCIKATHUS
1 3AIATHI MATHUTOC®EPHI 3EMJIM TTO/T IEHCTBAEM
BBIEPOCOB IUIA3ZMbBI AHOMAJILHO-BOJIBIION DHEPTUH HA
COJIHILIE

3axapos I0.1I1., [lonomapenko A.I'., Autonos B.M., [locyx B.I'., Bosipunues J.J1.,
Ilaiixucaamos U.®@., Tepexun” B.A.

HJID CO PAH, e. Hosocubupck, Poccus, kilziwmail ru; *‘BHUHA®D, . Capos, Poccus

Ha kpynunomacmrabaom (1,2 m amuHo# 5 M) nmaseprom crenae KU-1 (Kocmudeckue
UccnenoBanust - 1) B HUucTuTyre JlasepHoit ®usmku, ¢ Hadama 90™-rogoB peamm3yeTcs
[Iporpamma nabopaTOpHOrO MOAENIUPOBAHUS TJIO0ANBHBIX BO3MYILIEHHH MarHUTOChHEph! 3eMiH
noj nefcTBreM BBIOPOCOB (CryCTKOB) Tuta3Mel Oonbmmoi 3¢ dexruHoll sHeprun E, kak BHyTpH
Hee, TaK U CHApYXXH, Kak, HalpuMep, NMPU COJHEYHBIX BCIBIMKAaX, B BuAe KopoHambHbIX
Bribpocos Maccel (KBM). B pesynbrare, BrepBble Obutd yCTaHOBJICHBI | 1-4] Takne OCHOBHBIE
KPUTEpUH TON0OHs 3amady, kak sHeprermdeckuii K = 3E«R¢*/u? u cremens 3amarnmdeHHocTH
MOHOB CTYCTKOB (C «HampaBjeHHbIM» Jlapmopom RrocVo, Ux CKOpocTH pasnera) B MArHUTHOM

roste By = p/R%mp Aumionst . ITO mose paccuuTaHo Ha paccTosHmu R'mp= Ry = 0.7yR, (u? /E)

CMEIIEHHOTO K U0, HOBOTO MOJIOKEHUS] MATHUTOIAY3bl, B CPABHEHUH C €€ CTAIllOHAPHBIM
nonoskenneM B ComneunoM Berpe (CB) Ha Ruyp. 3mech TpamumnuonHoe paccrtosinue Ruyp =
(u¥/4mn+=m=V+3)"° nna Bcex mapamerpos CB (co 3Be3moukamu), a Ro — paccTosiHMe OT LeHTpa
IUNOJA A0 TOYKH uHKekun cryctkoB (Jlazeproit [Tnasmer — JIIT, ¢ E mno x/x). IlpuBenennoe
cOoTHOWmeHHe s MacmrTaba R'mp HOBoOM, “Uckyccrsennoii” Maruutocheps (MM) GbLio
BriepBeie mpoeepeHo B JIlI-ombitax Ha KHM-1 [5, 6, 8] 0Oe3 moroka (OHOBOH TUIA3MBI
(mmutupyromeii CB), a B mociencTsue u B onbiTax ¢ GoHoM [7], Tae ObLIo 3aperucTpupoBaHo 2™
KPaTHOE CIKaTHe MACHUTOMAY3bl C COOTBETCTBYIOLIMM YBEJIMYEHHEM MOJIsi BHYTPU Hee B 8 pas. B
HACTOsIIIEe BPEMsT MCCIENyeTCsl BO3MOXHOCTh IOCTAHOBKM MOZEJBHBIX ONBITOB B ele Oojee
CIIOKHBIX YCIOBUSX, C PAa3MEIIeHIeM Mepe] OCHOBHBIM JIUIIOIEM JOMOTHHTEIBHOTO - |1, C LIETBIO
NPOBEPKU peanbHON 3 deKkTHBHOCTH BO3MOKHOTO (B Oyaymem [9]) cmocoba 3amuThl
marauTochepsl 3emiu ot ceepx-aHepruyaoro KBM (ciocoGHoro cxxate ee B 2 u Oonee pas).

1. 3axapos FHO.II, Hukutuu C.A., Ilonomapenko A.I'. // Berauciaurensabie TexHonornu, 1996
T.1 M3, C. 36.

2. Ponomarenko A.G., Zakharov Yu.P., Nakashima H., Antonov V.M., Melekhov A. V., Posukh

V.G., Shakhislamov LF., Muranaka T., Nikitin S.A. // Adv. Space Res. 2001. V. 28. P. 1175

and 2002. V. 29. P. 1335.

Zakharov Yu.P. // IEEE Trans. Plasma Science 2003. V. 31. Ne6, Pt.1, P. 1243.

4. Ponomarenko A. G., Zakharov Yu. P., Antonov V. M., Melekhov A.V. , Posukh V.G,
Shakhislamov LF ., et al. //Ibid 2007. V. 35. P. 813.

5. Ponomarenko A. G., Zakharov Yu. P., Antonov V. M., V M, Melekhov A.V. , Posukh V.G,
Shakhislamov LF, et al. // Plasma Phys. Contr. Fusion 2008. V. 50. #074015.

6. Zakharov Yu. P., Antonov V. M., Melekhov A.V. , Posukh V.G., Shakhislamov LF.,
Ponomarenko A. G, Nakashima H., et al. /J. Phys.: Conf. Ser. 2008. V. 112. #042011.

7. Zakharov Yu. P., Ponomarenko A. G., Antonov V. M., Melekhov A.V. , Posukh V.G,
Shakhislamov LF_, et al. / Ibid 2016. V. 688. #012129.

8. Zakharov Yu. P. Ponomarenko A. G., Horton W, et al. / Astrophys. Space Sc. 2009. V. 322.
P.151.

9. Lingam M., A. Loeb // Astrophys. J. 2017. V. 848. #41; arXiv:1708.04241v3 and arXiv
preprint arXiv:1709.05348. 2017.
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BJIUSTHUE TAPAMETPA  HA ITUHAMUKY MATHUTHBIX BYPb
3otos O./L., Knaiin B.U., Kypa:xkkosckas H.A.

Lleogpusuyeckas obcepsamopus "bopox" HD3 PAH, n. bopok, Poccus, ozotov@inbox.ru

HccnenoBana nfuHAMUKa MapaMeTPOB COJNIHEYHOTO BETPA M MEXIUIAHETHOTO MAarHUTHOTO TIOJIS
(MMII) Bo Bpems passutusi okono 2000 reomarHuTHBIX Oypb. [l 3TOro UCHOIB30BAICS KATAJIOT
reoMarHuTHbIXx Oypp w3 Muposoro Llentpa Jlawneix mno Conneuno-3emHoll ®usuke
(http://www.wdcb.ru/stp/geomag/geomagnetic storms.ru.html) wu  6aza  mamHex  OMNI
(https://spdf.gsfc.nasa.gov/pub/data/omni/low res omni/) 3a mepuox ¢ 1964 mo 2010 ronel. Ananu3
BBITIOJTHSICS. METOJIOM HAJIOJKEHUS 3TI0X Ha nHTepBasie 48 yacoB 1o u 168 yacos nocie Havana Oypb
(3a pemep BbIOMpanoch Bpems Havana Oypb w3 kKaraymora). CeNekuus T€OMarHUTHBIX Oypb
MPOBOAMIIACH 10 TUIY Havaja Oypb (BHE3aITHOE WIJIM MOCTETIEHHOE) U MO0 MHTEHCUBHOCTH (cradble,
yMepeHHbIE U CHIIbHBIE), HICXOs M3 TaHHBIX KaTajora. J[MHamuKa mapamMeTpoB COTHEYHOTO BETpa U
MMII conocrasisnace ¢ Bapuanued Dst uHAaekca, TpagAULHUOHHO HCHOJIB3YEMOTO  JJis
XapaKTEePUCTUKN HHTEHCHUBHOCTH U (a3 pa3BUTHS T€OMarHUTHBIX Oypb.

Ilokazano, 4TO M3 BCEX NApPaMeTPOB MEXIUIAHETHOM cpenpl AuHaMukon Dst uHaekca
HE3aBHUCHMO OT THIA Ha4aja Oypb M UX WHTEHCHBHOCTH yrpasjsieT 3 mapamerp (B - oTHOIIeHME
IUIA3MEHHOTO JIaBJICHWST K MarHUTHOMY) coOJIHe4HOro Bepa. Haubomee reosddexTuBHbIC
nmapamMeTpel, TaKHe Kak Bz-KOMNOHEHTa W JMHAMHYECKOE JaBJIEHHE COJHEUHOTO BETPA,
MONBEPKEHHBIE Pe3KuM (uykTyanussM BONMM3M Hadaja Oypb, BOCCTAHABIMBAIOTCS K (DOHOBBIM
3HAYEHUSM JAOCTATOYHO OBICTPO B TeueHue nmpumepHo 48 vacos mocie Hadana Oyps. OgHako daza
BOCCTaHOBJIeHUs Oyph (Dst mHmekca) npomoiwkaercst 10 5—7 cyrok. OOHapykeHO, YTO AMHAMHUKA
Dst wHmekca u [} mapamerpa MpPaKTHYECKH HIEHTHYHA B OTJIMYHE OT APYTHUX [apaMeTpoB
conHeunoro Berpa U MMIIL. XapaxkTepHOe BpeMsi BOCCTaHOBIIEHHsI [3 mapaMerpa COBMAJaeT ¢
MPOIOJDKUTEIBbHOCTBIO (Pa3bl BOCCTAHOBJIEHUS OYypb.

Juuamuka Dst unmexkca u § mapamerpa st Oypb pasindHON MHTEHCUBHOCTH C BHE3AITHBIM M
MOCTENIEHHBIM HayajioM MpUBeJeHa Ha pucC. | U 2, COOTBETCTBEHHO.

__ caabble
ok g 0 i
= _____ CHJIBHBIE =]
i
=-40 =
= o5
=-80 =
3 3
2 2
<}
1 1
O 1 1 1 1 1 1 O 1 1 1 1 1 1
-40 0 40 80 120 160 -40 0 40 80 120 160
Bpems, gac Bpems, uac
Puc. 1. Bypu ¢ BHe3anmHbIM HAYaJIOM Puc. 2. Bypu ¢ nocTeneHHbIM Ha4alioM

Vcranosneno, 4ro B (asy pasBurusi Oypp BenuuuHa [3 mapamerpa Ommska k 1, d9TO
COOTBETCTBYET MAaKCHUMyMy TypOyJIEHTHOCTH (IyKTyauui IUIa3Mbl COJIHEYHOrO BeTpa. B dasze
BOCCTAaHOBIIEHUsST [3 BO3Bpamiaercs K (OHOBBIM 3Ha4YeHUsIM ~ 2-3. Cymst MO OLIEHKaM BEJTMYHHBI
napamerpa [3, TypOyJeHTHOCTD TUIA3MbI COJTHEYHOTO BETPAa MOXKET UIPaTh 3HAYUTENbHYIO POJb B
npoIecce pa3BUTHS T€OMArHUTHBIX Oypb.

Pabora BeimonHeHa B pamkax ['ocynapcreennoro 3aaanust Ne 0144-2014-00116.
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JTOJITOTHBIE Y®PEKTHI TEOMATHUTHBIX TYJIbCAITAN Pcl
Hosousa b.B., Knaiin B.1., Kypaxkosckas H.A.

Teogpuzuyeckas obcepsamopus "bopok" HD3 PAH, n. bopok, Poccus, klain@ borok.yar.ru

ITo nanHbIM cuaxpoHHOTO HabmoaeHus: YHY-Bapuanumii B mepuon ¢ 1996 mo 2001 roxnsr Ha
obcepBatopmsix Monner (51.6° N, 100.9° E) u bopok (58.1° N, 38.2° E), pa3sHeceHHBIX IO
r€OMarHUTHON monrotre Ha 60 TrpagycoB, HCCIEOOBAHBI OCOOEHHOCTH MPOCTPAHCTBEHHO-
BPEMEHHOIO TIOBEACHHMsS T'€OMArHUTHBIX Nyjibcauuii tmma Pcl. B pesynprare crnekTpanbHO-
BpemeHHoro aHamm3a YHU-konebanuii B amamaszone uwacror (0.1-3 I'm oGnHapyxkeH s¢dekt
3ama3fblBaHMs WIH OMEPEeKeHHs Hadajia KorepeHTHhIX cepuii Pcl Ha obcepsaropuu bopok mo
otHOweHno 06c. Monzael. B 63% cnyuaes pexxum mynbcanuii Pcl B 06c. bopok Haumnazics mosixe,
yeM B 00c. MoHnbl 1 B 37% cny4aeB paHblle MO cCpaBHEHHIO ¢ 00c. MoHnbl. Huke npuseneHs
IpUMeEphl, COOTBETCTBEHHO, 3ama3abiBaHus (puc. 1) u onepexxeHus (puc. 2) Hauajga cepuil
KeMuy>XuH B bopke oTHOocuTenbHO 06¢. MOHBL.

JSHz
2

02.04.1999 Monost

03.01.2001 Monost

16 18 uT
Puc. 1. Ilpumep 3ana3apiBaHusl Havaj1a CEPUU Puc. 2. Ilpumep onepeskenus: Havyana cepuu Pcl
Pcl B bopke B bopke

0

ConocraBneHne TUHAMUYECKUX CIIEKTPOB OIHOBPEMEHHBIX HaOroneHui nynscanmii Pcl Ha
IBYX oOcepBaTOpHsAx MOKa3allo, YTO BEJUYMHA 3ama3abiBaHus (Atpy) Havasia MyJbCallui JIKHUT B
untepsane 20 < Atgy < 40 MuHyT. XapaxkTepHble BpeMeHa omnepekeHus (Atyg) NpUHAAIEKAT
muanazoHy 5 < Atyg < 15 muHyT. OgHOH M3 OCOOEHHOCTEH IMONYYEHHBIX CHEKTPOB SIBISIETCS
NPUCYTCTBUE PA3JIMYHONO TPEHAA CPEeNHEeW 4YacTOThl MyJNbCalUd, KOTOPBIM OTYETJIMBO
MIPOCJIEKUBAETCS] HA IPUBEEHHBIX BbIlE pUCcyHKaxX. Tak, B ciiydae 3ama3fipblBaHUsl CPEHsAsl 4acToTa
Pcl monHmkaercss mpu pa3BUTHH CEPUH, OOPATHYIO CHTYaLMIO Mbl HAONIONAEM TMPU OMEPEKEHUH.
BosmoxkHOe oObsicHeHHe OOHapyKeHHBbIX 3(¢eKToB - ocobeHHOCTH apelida MpPOTOHOB Ha (ase
BOCCTaHOBJICHHSI T€OMAarHUTHBIX Oypb.

Pabdora Bemonnena B pamkax [ocymapcteeHHoro 3amanumst Ne 0144-2014-00116, mpu
4acTUYHOH noanepskke Poccutickum poHIOM (HyHIAMEHTANBHBIX UCCIEAOBaHMM, poekT Ne 19-05-
00574.
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BBICOKOIINPOTHBII D®®EKT MATHUTHOT'O OBJIAKA 25 HIOHS
2015 r.

Kneiimenosa H.T'., I'pomosa JI.U., I'pomos C.B., Maabimesa JI.M.

UD3 PAH, UKH PAH, 2. Mockea, Poccus, kleimen(@ifz.ru

OO6cyxaarTcss reOMarHUTHBIE BO3MYIIEHHSI, BBI3BAHHBIE MEKIUIAHETHBIM MarHUTHBIM OOJIAKOM,
nojoLIeIeM K Maraurocdepe 3eMi B BOCCTAHOBUTENbHYIO (pasy CHIIbHON MarHUTHOM OypH (21-
26 utons 2015 r.). Ha Benymem kpae oOnaka HaOmomanucy OONbLINE 3HAKOMIEPEMEHHbBIE Bap ALK
Bz- u By-xomnonentT MMII. AHanu3 reoMarHuTHOM AaKTUBHOCTU IIOKa3aj, 4YTO HA 3€MHOMN
MOBEPXHOCTH HaMOOJbIIHME TreoMarHuTHble 5((eKTsl OoTMeuanucb B JHEBHOM CEKTOpE
MNPUMOJSIPHBIX IIUPOT. YCTAHOBJIEHO, YTO 3HAK N€OMArHUTHOTO BO3MYIIEHHUS KOHTPOJIHUPOBAJICS
3HaKoM By-komrnoHeHTsl MMII u He 3aBucen ot 3Haka Bz MMII. Ha ocHoBe ogHOBpeMeHHOM
MarHUTHOH peructpaund Ha 66 wmoHOChepHbIX crnyTHHKax cBs3u (mpoekt AMPERE) Gbim
HCCJIeZIOBaHbl IUJIAHETapHAasl BBICOKOIIMPOTHAS TI€OMAarHUTHas AaKTUBHOCTb M pacIpeleseHue
KPYIMHOMACIITAOHBIX MPOMOJIbHBIX 3JEKTPUYECKUX TOKOB, BBIUHUCJIEHHBIX [0 MArHUTHBIM
HabmoneHusiM. OOHAPY)KEHO, YTO B OKOJIOMOJYACHHOM CEKTOPE MPUMOJSIPHBIX IIHUPOT, B CIydae
Pa3BUTHS OTPHULIATENILHOW MAarHUTHOW OyXThI (3amaHbIN 3JIEKTPOMKET) BTEKAIOIIUE MPOAOJIbHBIC
SNEKTPUYECKHE TOKH HaONIONANINCh TIOJSPHEE BHITEKAIOIIUX TOKOB, a B CIIydae IMOJIOKUTEIBHOM
OyXThI (BOCTOYHOH 3JIEKTPOIKET) BBITEKAIOIINE TOKH PACIIONATraIUCh TOJSIPHEE BTEKAIOLIHX.
MOKHO MPEATIONOKUTh, UTO pe3kasi cMeHa 3Haka By MMII-npusena He TONBKO K PE3KOM CMEHE
HAIpaBJIeHUs] HOHOC(HEPHOTO TOKA, HO U K TIEPEMELICHHIO €r0 10 IUPOTE.
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OOPMHUPOBAHUE CUTHATYP HOHHbBIX BUMJIETOB B
ABPOPAJIbHOI MATHUTOC®EPE

P.A. Kospaxkkun, A.JIL. I'nazynos, I'.A. Bragumuposa

HUKHU PAH, 2. Mocksa, Poccus, rkovrazh(@jiki.rssi.ru

MpbI paccMaTpuBaeM MeXaHH3MBbl (POPMHPOBAHUS aBPOPATBHBIX CHUTHATYP MOHHBIX OHMIIETOB,
KOTOPBIE POXKAAOTCS B BUAE KJIACTEpPa MYYKOB B BBIACICHHBIX PE30HAHCHBIX 30HAX TOKOBOIO CIIOS
BIOJb XBOCTa MarHUTOC(Epbl HAa TeOLeHTpUUecKuXx paccrostausax ~30-100 Rp, roe Ry — panuyc
3emin. BUMIIETEI YCKOPSFOTCSA 3JIEKTPUUECKUM MojeM [, (koopAauHaTa ) HampaBieHa 1O JIMHUH
yTpo-Beuep momepek xBocta) A0 ~500-2000 km/c. PesynbraThl aHagu3a HOHOB MO JaHHBIM
cnytaukos MHTEPBOJI-2 u CLUSTER mnokasanu, 4To mpW pPacmpoOCTpaHEHWH OUMIIETOB B
aBpopanbHON 30He Habmromaercst CTPyKTypa, Ha3BaHHass VDIS, cocrosiimas w3 HECKOIBKUX
CYOCTPYKTYp — CHTHATyp HMOHHBIX OMMIIETOB. DHEPTHsi MOHOB B KaXKIOW PE3OHAHCHOU 30HE
BO3pAcCTaeT ¢ yBEJIWYEHUEM INUPOTHI, T.€. MAKCUMAJIbHAsl SHEPIHs B CTPYKTYpPE PACIOJIOKEHA B
HanboJee BBICOKOIIMPOTHON oOnactu. HMccnenoBaHue camMux CUTHATYp OMMIIETOB BBISIBUJIO, YTO
KapTUHA 3HEPreTUYeCKOH OUCHIEPCUU KaKAOW CUTHATYPbl OTHOCHUTENBHO IIHPOTBI 3aBUCUT OT
HaIpaBJIeHUs IBU)KEHUS CIIyTHUKA IO OTHOIIEHUIO K MOJsipHON 1anke. [lpu nBHkeHHH CIyTHHKA
IO HAIMPABJICHUIO K MOJSIPHOMN IIanke HaOMoIaeTcss OTpULaTeIbHast, THOO0 HyJIeBas JUCIIEPCHs, T.€.
SHEPrHsl YMEHBIIAETCs, MO0 HE MEHSETCS C YBeJIMUeHneM upoThl. [Ipu ABMKEHUHN CIyTHHKA OT
MOJISIPHOW ImAanKy HaOJFOMAeTCsl MOJIOKUTETbHAs IUCIEPCHUs, T.€. DHEPIUS YBEJIUYHBACTCS C
yBelIuueHueM LupoTel. Ha ocHOBaHMM paccMOTpeHHUs TaKUX IUCHEPCHOHHBIX KapTHH MOKHO
HCCIIENIOBATh XaPAKTEPUCTHKHN OMMIIETOB M OTOXKAECTBUTH (PU3MUECKUI MEXaHNU3M (POPMHUPOBAHUS
UX aBPOpaNbHBIX cUrHATyp. OCHOBHOE CBOMCTBO OMMIIETOB — OHH JIOJDKHBI UMETh O0Jiee KOPOTKOe
BpeMsl KU3HU IO CPABHEHHUIO CO BPEMEHEM CYIECTBOBAHUS KJIACTepa IMyYKOB B XBOCTE, 32 BPEMs
JKU3HH KJ1acTepa OMMIIEThI MOTYT UCIIBITHIBATEH O0Jiee OBICTPBIE BapHUALIUH, HO TIPH 3TOM OCTaBaATHCS
B CTPYKType OTOro kijacrepa. bl mpoBeneH aHanu3 IO BpPEMEHAM 3aA€pPKEeK HECKOJBKHUX
anmaparoB CLUSTER u, netictBurensHO, OBLIO BBISIBIEHO, YTO TapaMeTpbl OMMIIETOB MEHSIOTCS B
TedeHue 3-5 MHUH, a BpeMs KU3HU Bcell cTpykTypsl VDIS cocrasiser 10-20 muH. B pesynprarte
aHaIu3a CAeNiaH BbIBOA, YTO MPH PACIPOCTPAHEHHH OMMIIETa U3 MOTPAHUYHOTO TUIA3MEHHOTO CIIOs
710 aBPOPAITbHBIX BBICOT HA MOHBI OKAa3bIBAIOT JEeHCTBHE 1Ba d(h(ekTa: BpeMsInponeTHbIH 3P PeKT u
KOHBEKTHBHBII aApelid mo HampasieHUro K 3emie. [1o3ToMy npu ABIKEHHH CIYTHHKA K TOJSIPHON
IIAIKe PE3YJIbTUPYIOINAsl CKOPOCTD Iy4Ka OyIeT paBHATHCS Pa3HOCTH CKOPOCTEH, BHOCUMBIX STUMHU
aeyms  3ddexramu. Curnatypel OyAayT HMMETb OTPHLATENBHYK IHCIEPCHUIO, TaK Kak
BpeMsrposieTHeI 3¢ dext Oymer momuHmpyromum. Ilpu paBeHcTBe ckopocTell 3TUX 3(QeKTOB
MIOJIy4aTCsl CHTHATYPBI 0€3 AUCIepCHi. DKCIIEPUMEHTAIbHbBIE PE3YJIBTATHI IIOKA3BIBAIOT, YTO YHCIIO
TAKUX CIy4aeB He mpesblmaer 3%, Tak Kak Takas CUTyalus HaOJMIOJAeTcs MpU OYeHb OOJBIINX
CKOPOCTSIX KOHBEKLIUH, YTO MPOUCXOANT TOJIBKO MPH 3HAYUTEIBHBIX BO3MYIIEHUSAX MArHUTOCHEPHI.
IIpn nBWXKEHMM CHOYTHHUKA OT TNOJSIPHOW INANKH Pe3yJbTHPYIOMAas CKOPOCTh TMydka Oyner
PaBHATHCS CYMME CKOPOCTEH, BHOCHMBIX 3TUMH ABYMs 3 PeKkTamMu, moITOMY TUCTIEPCUS] CUTHATYD
OyzeT B 3THX CIIy4asx BCET/Aa MOJOKHUTEIbHOM.
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IrOA0BASI BAPHAIIUA DJIEKTPHYECKOI'O IOJIS1 COTHEYHOT'O
BETPA U TEOMATI'HUTHOU AKTUBHOCTH B YETHBIX - HEYETHBIX
HUKJIAX COJTHEYHOU AKTUBHOCTH

Ky3uenosa T.B.

U3MUPAH, . Mocksa, Poccus, tvkuz3(@gmail com

MexmianerHoe MarautHoe nosie (MMII B) u anekrpudeckoe nosie (E) comHedHOro BeTpa
UTPAIOT KIIIOYEBYIO POJb IMPH €ro B3auMmojeicTsuu ¢ maraurocdepoi. HMcmonbsyercs momenb
B3aumozeiicteusi E u B nonelt conneynoro Berpa ¢ Marautochepoii ¢ yaeroM 3h(HeKToB roaoBoro
U CyTOYHOTO ABUKEHHUI F€OMAarHUTHOrO MOMeHTa Me U MoJy4eHHbIe Ha €e OCHOBE 3((hEeKTHBHBIC
napametpsl [1]. B Hame Moaenn npuurHAMU rOIOBOH T€OMAarHUTHON aKTUBHOCTH SIBJITFOTCST KaK
W3MEHEHUS BJIEKTPUUECKOrO MOJIA COJIHEUHOro BeTpa E, Tak U m3MeHeHHs] B3aMMHOW OpHEHTALUU
BEKTOpPOB E 1 reoMarHuTHOro MOMEHTa MPU rOI0BOM ABMKEHUU 3EMJIH.

UeTHble W HEYETHBIE IUKJIbI COJIHIA SIBJSIOTCS (pazamMu 22-JI€THETO MAaTHUTHOTO ITHKJIA.
ens nanHOW pabOTHI - HAWTH pa3IM4YUsl B BEIMYMHAX OJIEKTPO - MATHHUTHBIX MMapPaMeTPOB
COJIHEYHOTO BETPA B YETHBIX M HEUETHBIX COJIHEUHBIX LIUKJAX U UX OTKJIMK B FOJOBOM BapHalUU
F€OMarHUTHON aKkTUBHOCTU. 1A BbIMUCIEHUs MOAYJiA E HMCHONBb30BAIUCE U3MEPEHHsS] CKOPOCTH
COJTHEYHOTO BeTpa V M MEXIUIAHETHOTO MAarHUTHOTrO moJisi B BOMM3u opOutel 3emiu 3a 44 rona B
1964-2008 rr.

ITony4eHbl ro10BBIE BapUALIMKU NTAPAMETPOB COJIHEUHOTO BETPa — CKOPOCTH V U MArHUTHOTO
nonist B nnsa yetHbix 20,22 u HeyeTHbIX 21,23 COMHEUHBIX LIMKJIOB, KOTOPbIE UMEIOT PsAZl OTJIMYUM B
YETHBIX U HEYETHBIX L[IUKJIAX.

[Monyrogosast Bapuanust Monyist E B ueTHbIx 1ukiiax 20,22, monoOHast HI3BECTHOM BapHaIluu
T€OMarHUTHON AaKTHBHOCTH C MaKCUMyMaMu BOJIM3M PaBHOACHCTBUI W MHHUMyMam# BOJIH3U
COJIHLIECTOSIHMH, ToJy4eHa Brepsble. [lokasaHo Takxke, 4To Bce BenmuuHbl E Oonbime Ha (ase
pocta, 4eMm Ha (pa3e crmana YeTHbIX [UKJIOB. [loyromoBeie Bapralnu T€OMarHUTHBIX HHIEKCOB aa,
Kp u Dst mst ukios 20,22 UMEIOT U3BECTHBIN MPOQHIIB C MAKCUMYyMaMH BOJIM3H PaBHOACHCTBUI.

I'onosas Bapmanusa E B nukimax 21,23 mMeer MakCUMyMbl 3UMOH, YTO MPOTHBOPEUYUT
W3BECTHOUN BapHallii T€OMArHUTHOM akTBHOCTH. [loka3aHo, 4To BCe BenmuuHbl E MeHbIe Ha dasze
pocra, yem Ha (pase crmajga HEYeTHbIX IUKJIOB. [lonyrogoBble BapHaliii WHAEKCOB T€OMArHUTHOM
AKTUBHOCTH I HEYETHBIX HUKJIOB 21,23 HMMET OCOOEHHOCTH I KaXKAOro M3 HHIEKCOB,
KoTopeie obOcyxkmatorcs. [lomydeHa KONWYECTBEHHAsT OLlEHKAa OTHOCUTENBHOW pasHocTu Kp B
YETHBIX U HEYETHBIX [IUKJIaX B TOAOBOI BapUalnu.

1. Kuznetsova T.V. and Laptukhov A.I Contribution of geometry of interaction between
interplanetary and terrestrial magnetic fields into global magnetospheric state and
geomagnetic activity //Adv. Space Res. 2011. V. 47, P. 978-990.
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FEOMETPEIHECKHFI PAKTOP B CE3OHHBIX BAPHAIIUAX CPEJHECYTOUYHbBIX
SHAYEHUU TEOMATHUTHOI'O HHAEKCA Dst

Maxkapos I'.A.

Hucmumym xocmodghusuueckux uccreoosanuii u asponomuu um. FO.I'. [llaghepa Cubupcroeo

omoenenus PAH,

Hrymekuii nayuneiii yenmp Cuoupckoeo omoenenus PAH, 2. ZIkymck, Poccus

omakarov@Qikfia.ysn.ru

HccnenoBaHne COJNHEYHO-3€MHBIX CBA3€H W MPOSBIEHUH KOCMUYECKOW MOroAbl YacTo
IIPOBOJIUTCS CTATUCTUYECKUMHU METOJaMHU C MCIIOIb30BAHUEM CPEIHECYTOUHbIX 3HAYEHUH 3€MHBIX,
MEXIUJIAHETHBIX U COJHEUYHBIX napameTpoB. Ho mpu cyTOUHOM yCpenHEHMU 3€MHBIX MapaMeTpoB
paszHble (pa3bl FeOMarHUTHBIX Oypb MOTYT HAKJIabIBATHCS, TapaMeTprl OypH ((pa3bl, HHTEHCHBHOCTS,
IUTUTENILHOCTD U 1Ip.) OyAyT B 3HAYUTEIHHON MEpe HUBEIMPOBATHCS U PE3YJIbTAThI OyIyT OTIMYATHCS
OT pe3yJbTATOB, MOJNyd4aeMbIX MpU 00paboTKe OTAEIBHO MO (ha3aM TEOMArHWTHBIX Oyph WU
OTHOCHTENIbHO KaKOTO-THO0 pernepHOro MOMEHTa B pa3BuTHH OypH. B CBsi3u ¢ 3TMM npencTaBisieTcs
BAXKHBIM HCCJIEIOBATh M3MEHEHUS CPEIHECYTOUHBbIX 3HAUEHUH HU3KOLIMPOTHOIO IE€OMarHUTHOIO
uHnekca Dst. B Hacrosimeli pabore paccMaTpHUBAIOTCSl CE30HHBIE BapUALIMM JIBYX XapaKTEPHCTHK
Dst-unaexca — 4acTOThI NOABIEHUS U Bean4nHbL Mcnonb3yroTcs nanuble 3a nepuog 1966-2015 rr.

g [1C

CxeMaTudeckoe pacroyioKeHHe
miasmenHoro  cinost  (IIC)
MarHuToC(epbl OTHOCHUTENBHO
SKBAaTOPUAIIBHOMU MJIOCKOCTH
(31D) 3UMOH 3), B
pasaonenctsus (P) u nerom (JI)

Ce30HHBIE M3MEHEHUsI 4YacTOTHI IMOSIBIEHUS M BEJIWYHHBI
uHzeKkca Dst COCTOSAT M3 rOJOBBIX U MOJYTOOBBIX BaPHALUH.

ITokazaHo, uTo K 00pa3oBaHMIO roOBOH Bapwaumu Dst ¢
MUHMMAaJbHBIMA ~ 3HAYEHUSIMH B NEPUOJ  3WMHErO
COJTHIIECTOSIHHS IPUBOAUT HEPABHOMEPHOCTD CETH CTAHLIUH, TIO
JaHHBIM KOTOPBIX paccUYUThiBaeTCsl Dst-MHIEKC: TPU CTaHIMU
u3 derblpex pacnoiararorcs B CesepHoMm monmymapuu. Ecmu
YACTUYHBIM  KOJNBIEBOW  TOK  PACIHOJIOKEH,  MOAOOHO
IUIA3MEHHOMY CJIOK, B IUIOCKOCTH, OPHEHTHUPOBAHHOH 110
HANPaBJICHUIO MOTOKA COJHEYHOH IUIa3Mbl, TO HOYHAs 4acTb
MarHuTocepsl, TAe PACIONOKeH YaCTUYHBIN KOJBLIEBOH TOK, B
3UMHHE Mecsnbl  Oymer mpoeuupoBathess B CeepHoe
nonymapuie (CM. pUCYHOK) U HU3KOIIUPOTHBIE CTAHLIMU 3TOTO
nojymapust OynyT PperncTpupoBaTh OONBLIYIO IENPECCHIO
r€OMAarHUTHOTO 1OJIsA, YeM cTaHLuH HOKHOTro mosymapus.

IIpennoxeno oOBsSCHEHHE BO3HUKHOBEHUS TOJYTOIOBBIX
BapHaLMi YUCIIa THEH C OTPULATEbHBIMH U MOJIOKUTEIbHBIMH
CpeIHEeCyTOUYHBIMU 3HAaYeHUAMH HHAeKca Dst u Benmuunb! Dst.
OHO OCHOBaHO Ha ydYeTe MEePEeMEINeHHUS IUIA3MEHHOTO CJIOs
OTHOCHUTEJIbHO IIJIOCKOCTH T€OMAarHUTHOTO 3KBAaTOpa NpU
roJI0BOM obpateHnu 3emn BOKpYT Counnua,
COOTBETCTBYIOLIETO H3MEHEHHMIO BEPOATHOCTH MOCTYIUICHUS
4acTUll B Marautocepy H TOCIEAYIOLIEMY HW3MEHEHHIO
UHTEHCUBHOCTH YaCTUYHOTO KOJIbLIEBOro TOKa. HamOombimas
BEPOSITHOCTh TOCTYIUICHHS YaCTULl B MarHUTOC(epy HMeeT
MECTO B MEPUOJBI PABHOAEHCTBUN, HANMEHBIIAs] — B TIEPUOIBI
COJIHLIECTOSTHU .

Ilo naHHBIM O TTONYTOAOBBIX BAPUALIMAX YHCIIA JHEH ONPEAEICHO KPUTHIECKOE CPEIHECY TOUHOE
3HAYEHUE F€OMarHUTHOrO uHAeKkca Dst, HauuHast ¢ KOTOPOTO AEHb MOXKHO CUUTATh BO3MYIICHHBIM:

Dst <24 uTn.

Pabora BbIONHEHa B pamMKax TOCYIAapCTBEHHOro 3amanus mno mpoekty 11.16.2.1 (aHomep
rocpeructpaunu Ne AAAA-A17-117021450059-3).
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J{HHAMHMKA MOTOKOB JHEPIrHYHbIX IEKTPOHOB BHEIIHEr0 pPaJHualHOHHOIO
nosica 14-28 ¢pespans 2014 rona

Ierpos K.A.2, Kaneraes B.B.!, Bracosa H.A.!, Kyrymesa A./l.2, Hazapxos H.C.!

! Hayuno-uccneoosamensckuii uncnuntym aoepnoii usuxu umenu JI.B. Cxobenvyvina
Mockosckoeo eocyoapcmeennoeo ynueepcumema umenu M.B. Jlomonocoea, 2. Mockeéa, Poccus

2 Quzuveckuii haxynsmem Mocko6cko2o 20CyOapCmMeeHHo20 YHueepcumena
umenu M.B. Jlomonocosa, 2. Mockea, Poccus

Hccnenosanuce Bapualuy NOTOKOB SHEPTUUYHBIX JIEKTPOHOB BHEIIHETO PaAUALMOHHOIO MOSICA B
NepUOJ MPONOJDKUTEIBHON reoMarHuTHoW aktuBHOCTH 14 - 28 ¢denpanst 2014 r. CusbHble
BapHallM [apaMeTpOB MEXIIJIAHETHOH cpedbl INpPHUBENM K  PAa3BUTUI0  HECKOJBKHX,
MOCJIEIOBATEIbHO PAa3BUBABIIMXCA BO3MYINEHHI B MarHutocdepe. AHAIN3 OXHOBPEMEHHBIX
Habmonennii ciiytHukoB GOES-15, Electro-L1, npuskBaTopuanpHbeix cnyTHHKOB Van Allen
Probes u momsipHoro crytHuka Meteor-M1 1mo3BOSWII 1aTh MHTEPIIPETALIUIO HAOIIOJABIINMCS
BapHalMsIM BHEIIHEr0 PaJualliOHHOIO N0sICa, CBA3aHHbBIM C MOTEPSIMU YaCTHLI.

Hccnenosana poiib (PaKTOPOB OKOJIO3EMHOTO MPOCTPaHCTBA (CyOOypeBasi akTUBHOCTh, BOJIHOBAsI
AKTUBHOCTD, BAPHALIUN COJHEYHOTO BETPA) HA JUHAMUKY IMOTOKOB 3JICKTPOHOB JJISI PA3JIHMYHBIX
BO3MYLICHHH BO BpeMsl paccMaTpuBaeMoro rmnepuopa. J[laHHble O BapHauUUsAX [TOTOKOB
BBICBIMAOIITUXCST YacTul HAa opOute KA Meteor-M1 u mUTY-yIJIOBBIE paclpeAesieHus] MOTOKOB
SHEPTUYHBIX HJIEKTPOHOB, N3MepeHHbIe KA Van Allen Probes, ncrnonb30Bainch 1iist OLIEHKH POJIH
annabaTHyecknx W HeannabaTH4eCKHX MEXaHW3MOB B IWHAMHKE BHEIIHErO pPagHalliOHHOTO
nosica.

Pabora BrImOMHEHA MpH 4acTHYHOM nonaep:kke rpanta PODU 19-05-00960.
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MPUMEHEHHE 30HOBBIX IPUBOPOB UDCI-2 U KM-7 HA CIYTHUKE
HHTEPBOJI-2 U1l ONIPEJAEJEHUS KOHUEHTPAIIMA DJIEKTPOHOB B BJIN3KOI
(2-3 Rg) MATHUTOC®EPE

H.D. CMI/IDHOBal, I. Ctanes’

YWKH PAH, 2. Mockea, Poccus, nsmirnova@romance.iki.rssi.ru

UKHUT BAH, 2. Cogpus, boneapus, gstanev@space.bas.bg

A. TlenepceH MpenioKu ONPEeneNsaTh KOHIEHTPALMIO OKPY KAOIIEeH I1a3Mbl B MarHuTocdepe
Ha OCHOBE M3MEPEHMH MOTEHLHAala OTHOCHTEIBHO IJIA3Mbl JATUYUKAMHU SJIEKTPUUECKUX IOJIEH,
YCTAQHOBJICHHBIX HAa KOCMHYECKHX ammapatax. EciM TOoTeHmuan CIyTHHKA MOJOKHUTEIbHbIN
OTHOCHUTENIbHO TMOTEHIMaNa TUIA3MBL, TO B 3TOM Cilydae 0ajaHC TOKOB OCYIIECTBIISIETCS TOJBKO
MEXy 3JIEKTPOHHBIM TOKOM H (OTOTOKOM. IIIOTHOCTE (DOTO3NIEKTP OHHOTO TOKA MCIONB3YETCS IMPU
OLIEHUBAHWU TUIOTHOCTH 3JIEKTPOHOB. A. IlenepCoH MpemioKui SMIMPHYECKYI0 MOIEIb MEKIY
mioTHOCTBIO (hotoroka (Jph, pA-m™) u BesmuuHON moTeHnmana cnytauka (VsB; Vs>0) [1]. Dty
MOZIENTb MOJKHO 3aITiCaTh B BUJE:

Jph (V)= JphO[exp(-Vs/2)+0.0375exp(-Vs/7.5)],
rae JphO - miuoTHOCTH (poTOTOKA Hackmenus. B pabore [1] Jph0=80 pA-m™.

B Hacrosimee BpeMst CyIIecTBYIOT Apyrue monoOHbIe MOIEH, B KOTOPBIX TUIOTHOCTH (POTOTOKA
HACBILIEHUS UMEET KOHKPETHOE 3HAYEHHUE, TO3TOMY MPOBOISATCS KAJIMOPOBKH OMpPENENICHHOH TaKUM
METOIOM KOHLIEHTPALUH 3JIEKTPOHOB C YY€TOM H3MEPEHHH IPyrMMH NpuOopaMu, a TakkKe
BapUaLMil CONHEYHOH AakTMBHOCTH. [IpyM  OLIEHWBAHWU TUIOTHOCTH 3JIGKTPOHOB HAa CITyTHHKE
HHTEPHOJI-2 wcnonp3yercs monudukamuss momenu A. IlemepceHa, Tak kak armapaTypa
MO3BOJIIET OLEHUTD IUIOTHOCTD (POTOTOKA HachimeHust Jph0 KOPPeKTHO Ha OCHOBE COMOCTABJICHHS
OIHOBPEMEHHBIX M3MEPEHHH JJIEKTPHYECKOro MOTEHIHajda CHyTHHKA OTHOCHUTENBHO IIJIa3Mbl
3oHA0BbIMU TipuOopamu MICII-2 u KM-7 [2]. DTo siBisieTcss BaKHBIM (PaKTOM, TaK Kak (POTOTOK
NOKa3blBaeT OONbIIME BapUallid B 3aBHCUMOCTH OT MaTepuasa MOBEPXHOCTH 30HAOB U
OKpy KaroIiel T1iasMbl BONWM3KM CIyTHUKOB. DOTO3MHUCCHOHHBIE CBOMCTBA MAarHUTOC(EPHBIX
KOCMUYECKUX amlapaToB MEHSIOTCS CO BpeMeHeM (PYHKLIHMOHHUPOBAHHUS Ha OpOUTE, a TakkKe C
U3MEHEHHEM COJIHEYHOH akTHBHOCTH. B pesynprate rommuHoro npebwiBanus HMHTEPHOJI-2 B
KOCMOCE CpeIHssl IUIOTHOCTb (POTOSJIEKTPOHHOTO TOKA HAa €ro MOBEPXHOCTH BBIPOCHA
npubmmsurenbHo Ha 60%. Tak kaxk HHTEPHOJI-2 Qynkunonuposan B OmkHeld marHutochepe
(2-3 Rg), TO OH IMeN MOJIOKUTENBHBIN U OTPUIATENIbHBIN OTEHIIMAT. Ha BbicoTax Oomnee 8000 km
TIOJIOKUTENbHBIE 3Ha4YeHUsT cocTaBisum ~75 % , w3 Hux ~80% 3HadeHuid B Auama3oHe 2-5 B.
AHanmM3 3HaA4YEHUH MOTEHLHAaNa CIIYTHUKA TaK)Ke BOSMOXKHO CIENIaTh HA OCHOBE COIMOCTAaBJICHUS
OIHOBPEMEHHBIX M3MEPEHHI JJIEKTPUYECKOro TOTEHIHaja CHyTHHKA OTHOCHUTENBHO TIJIa3Mbl
3oH10BBIMU TprOopamu UDCII-2 u KM-7.

HUDCII-2 (m3meputens snekTpudeckux nosell) u KM-7 (maTduk 5JeKTPOHHOW TeMIepaTyphl)
Obutn ycTaHOBIeHBI Ha ciyTHuke HHTEPHOJI-2 kak otaenpHble TPUOOPHI, HO B TpoLiecce padboTsl
C JAHHBIMH BBLICHHUJIOCh, YTO HMX MOXHO pPacCMaTpHBaTh KaK KOMIUIEKC ammapaTypel AJis
U3MEPEHHsI TapaMeTPOB IJIa3Mbl, KOTOPBIH MO3BOJISIET ONMPEAENUTh KOHLICHTPALIMIO OKPY KAIoLIen
wiasMel. B okmaze mpencraBieHbl OCHOBHBIE OCOOEHHOCTH COBMECTHBIX H3MEPEHUH IIa3Mbl
3oHm0oBBIMU mpuOopamu MOCII-2 m KM-7, a Takke NOpPUBONATCS MPUMEPBHI ONpeneIeHus
KOHLICHTPALINHU 3JIEKTPOHOB B PA3JIMYHBIX T€OQU3NIECKHIX Y CIOBUSIX.

Ananorn npudopos UDCII-2 m KM-7 crenyer mOBTOPUTH Ha APYTUX MAarHUTOC(EPHBIX
CIyTHHKaxX ¢ anoreem 2-3 Rg.

1. Pedersen A., Solar wind and magnetosphere plasma diagnostics by spacecraft electrostatic
potential measurements //Ann. Geophys., V.13, pp.118—121, 1995.
2. Smirnova N.F. and G. Stanev //Geomagnetism and Aeronomy, 2009, V.49, pp. 1204-1207.
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®OPMHUPOBAHUE 3ATPABOYHON NONYJIAIIMNA SHEPT MYHBIX
JJIEKTPOHOB BHEITHET'O PAIMAITMOHHOI'O INOACA N UX
YCKOPEHMUE 1O PEJATUBUCTCKHNX SHEPTMI BO BPEMSI
MATI'HUTHBIX BYPb

H.B. Cotnukos!, E.E. Autonosa'?, N.JI. OBunnnukos!, M.O. Psizanuena?

LHUH s0epnoii puzsuxu umenu J[.B. Crodenvyvina MI'Y umenu M.B. Jlomonocosa
Uncmumym Kocmuueckux Hcenedoeanuii PAH

sotnikov.nikital@hotmail.com

Bomnpocs! popmMupoBaHus 3aTpaBOYHON MOMY ALY YHEPTHUHBIX 3JIEKTPOHOB (seed population
of electrons) u MexaHu3M HX YCKOPEHHUS A0 PENATHBUCTCKUX SHEPrHil, MPUBOASALIMNA BO BpeMs
MarHUTHOHN Oypu K (POPMHUPOBAHHUIO BHEUTHETO pagualMoHHOro mosica (outer radiation belt - ORB),
OTHOCHUTCSI K HepelleHHbIM mnpobiemam (usuku MarHutocdepsl. M3BecTHO, 4TO 3aTpaBOYHAsS
nonyisiiyst popMupyetcst BO BpeMsi CyOOypeBbIXx WHkKeKui. OgHaKo MeXaHU3M (OPMUPOBAHHUS
cyOOypeBbIX HWHXKEKIHMH Ha HU3KUX I[IHPOTaX BO BpeMsl Oypb HEOOCTATOYHO HCCIIEIOBAH.
UccnenoBaHusi MEXaHU3MOB YCKOPEHHMSI 3aTPABOYHON MOMYJSIIMK HE MPUBENH K OXHO3HAYHBIM
BBIBOZIAM O JIOMHUHHPYIOLIEH POJIH OJHOrO M3 MeXaHU3MOB. Tak, HanpuMep, Hanbosee MOMyJISIPHBIN
MEXaHU3M B3aUMOJEHCTBUS C XOPOBBIMH BOJIHAMU HE CMOT OOBSICHUTH XapaKTEPHOE BpeMsi
YCKOPEHHUs OPsiika BPeMEHU cyO0ypH.

AHanmu3upyroTCsT  OCOOEHHOCTH  AEWUCTBHS  anuabaTH4eckoro U HeaguadaTHYecKOoro
MEXaHU3MOB YCKOPEHHsI BO BpeMsi CyOOypeBbIX HWHXKEKUMH W (POPMHPOBAHUS 3aTPABOYHOU
MOMYJISILIUH SHEPTUYHBIX 3JIEKTPOHOB C YUETOM JIOKAJTN3ALUH AEHCTBUS TAKUX MEXaHU3MOB ITyOOKO
BHYTPH MarHUTOC(eprl BO BpeMsi Oypr. YUUTBIBAJICS CIBUT aBPOPATBHOTO OBajla HA HU3KUE IIHPOTHI
BO Bpemsi OypW M JIOKQJU3alLMsl BHEUTHEW YacTH PAJAMALMOHHOIO MOsica B OONACTH MPOEKLUU
aBPOPAJIBHOTO OBaJla HA SKBATOPHAJIBHYIO IIOCKOCTh. IlokazaHo, uTo melicTBue agmabaTu4eckoro
MeXaHU3Ma B Pe3yJIbTaTe BapUaLil KPyITHOMACIITAOHOTO MATHUTHOTO ITOJISI TPUBOANT K YCKOPEHHIO
3JIEKTPOHOB 3aTPAaBOYHON MOMYJIALIUH 10 PEIATHBUCTCKUAX SHEPTUI.



169

BAPUALIUN KOCMHYECKUX JIYYEQl B IIEPHO] 2019-2020 I'T I10
JTAHHBIM HABJTIOIEHHNIT DKCIEPUMEHTAJIBHOTO KOMILTEKCA
EHY, KABAXCTAH

Tyaexos E.A.', Mop3a6aes A.K.', Maxmyros B.C.2, Epxos B.H.?, ®uaunnos M.B

1 N ,
Espasuiickuii nayuonansnetii ynueepcumem um.JILH. I'ymuneea, e. Hyp-Cynman, Kazaxcman,
verzhan tal@mail.ru
2 =

Quzuveckuit uncmumym um. ILH. Jlebeoeea PAH, 2. Mockea, Poccus

Jns u3ydeHus Bapuauuil MOTOKOB BTOPUYHBIX KOCMHYECKHX JIy4eil, B T.4. BBI3BAHHBIX
arMocepHbMU mporieccamu B 2015-2018 rr. Ha Pusuko-TexHuueckoM Qakynaprere EBpasuiickoro
HannoHanpHOTrO yHUBepcuTeTa umenn JLH. I'ymunesa (r. Hyp-Cynran, Pecnybnuka Kasaxcran), B
compyxkecre ¢ Duzmueckum wuHcTUTyToM uM. ILH. Jlebenesa PAH, Obin co3maH Hay4YHbBIN
KOCMO(M3UYECKUH SKCIepUMEHTANbHBIA KOMIUIeKe, cocrosimmii u3  nperekropa CARPET,
«HewTpoHHOTO HeTekTOpa»  3nekTpocTarndeckoro ¢urokemerpa EFM-100 [1-3].

Ha npenbinymeii xoHdpepeHunn «®Pusnka TMmia3Mbl B COJMHEYHOW CUCTeMe» ObUIH
npenacTansieHbl OCHOBHBIe XapakTepucTuku nerekropa CARPET u skcnepuMeHTanbHbIE NaHHBIE,
nony4deHHble 3a 2016-2020 rr. [2].

B pabote mpuBeneHs! pe3ynbTaThl aHATN3A AAHHBIX, MMOJYYEHHBIX HA 3KCIIEPHUMEHTAIbHOM
komruiekce B mepuox 2019-2020 rr. coBMeCTHO ¢ 3nekTpoctaTuaeckuM ¢iarokecmerpom EFM-100,
KOTOPBIH MpeaHa3HaueH ISl MOHUTOPHUHTA aTMOC(EPHOTO 3JEKTPUUIECKOTO OIS

JlaHHBIE Ha36MHOIO KOMILIEKCA MO3BOJISIOT MPOBOAUTDL HCCIEAOBAHUS HA AOATOBPEMEHHYIO
MEPCIIEKTUBY U MOTYT Ka4€CTBEHHO JOMOJIHUTH OOIEMHPOBYIO 0a3y HaHHBIX Hapsay C JaHHBIMU
CYLIECTBYIOIIEH CETH HA3€MHBIX [AETEKTOPOB IIOTOKOB BTOPUYHBIX KOCMHUYECKHX JIy4ei.
DKcrnepuMeHTalbHble JaHHbIE KOMIUIEKCA IAHUPYETCsl Pa3MECTUTh B OTKPBITOM JOCTYIIE Ha caiiTe
YHUBEPCUTETA.

Crnucoxk aurepaTypbl

1. M. V. Philippov, V. S. Makhmutov, Yu. I. Stozhkov, O. S. Maksumov, G. A. Bazilevskaya, A.
K. Morzabaev, Ye. A. Tulekov. Characteristics of the ground-based « CARPET-ASTANA »
instrument for detecting charged component of cosmic rays and preliminary analysis of the first
experimental data. Nuclear Instruments and Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment, 2020, Vol. 959, 163567. DOIL:
10.1016/j.nima.2020.163567

2. E. A. Tulekov, V. S. Makhmutov, G. A. Bazilevskaya, Yu. I. Stozhkov, A. K. Morzabaev, M. V.
Philippov, V. I Erkhov, and A. S. Dyusembekova. Ground-based Instrument for the Study of
Cosmic Ray Variation in Nur-Sultan. Geomagnetism and Aeronomy, 2020, Vol. 60, No. 6, pp.
693-698. DOI: 10.1134/S0016793220060134

3. Ye. Tulekov, A. K. Morzabaev, V. S. Makhmutov, V. I. Yerkhov, M. V. Philippov. Variations of
cosmic rays in the period 2016-2019 according to observations of the ENU experimental complex.
Bulletin of L.N. Gumilyov ENU. PHYSICS. ASTRONOMY Series, 2020, Vol. 133, Ned4, pp. 79-
95. DOI: 10.32523/2616-6836-2020-133-4-79-85
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JJABOPATOPHOE MOJAEJINPOBAHHUE B3ANMO/JIENCTBHA IJIOTHOM
BHYTPUMATHUTOC®EPHOU IIJIASMbI C HATEKAIOIMWM IJIASMEHHBIM
MMOTOKOM

Yuopanos A.A., bepesyukuii A.I'., Epumos M.A., 3axapos I0.Il., Mupomuuuenxko W.b.,
Mocyx B.I'., Pymencknx ML.A., Tpymus IL.A., llaiixuciamos U.MD.

HJID CO PAH, 2. Hosocubupck, Poccus, chibranov 25(@mail.ru

Hacrosmmii sxciepuMeHT npoBoauiics Ha 6asze naboparopHoii yecranosku KHU-1 (MJI® CO
PAH) u Obl1 OpHEHTHPOBAaH Ha HM3YYEHHE B3aMMOJEHCTBHS HATEKAIOIIETO MOTOKA IUIA3MbI U
IJIOTHOUW BHYTpu MarHutocepHoit mnasmbl. [logoOHas koHUrypanus SKCIEpUMEHTA paHee He
CTaBUJIaCh U SIBJIAETCS aKTyalbHOMN AJIS U3yUEHUs.

Buytpu Bakyymuoii (P = 3*10° Topp) uununapuueckoil kamepsl ¢ pasmepamu 5 * 1.2 M
MOMEIIAJINCh TOJMSTHICHOBBIE MHINEHH, KOTOpPble OONyHauCh HMMITYJBCHBIM JIA3€pOM IS
CO37aHMsI MOTOKOB IuiasMmbl. llepBbiii MiIasMeHHBIH MOTOK CO3JaBajCs OJHOBPEMEHHBIM
oOydyeHueM JBYX MHUIICHEH M pasjieTajcsi BHYTPM MArHUTHOTO TOJIST JWIIOJBHOTO THHA (C
MarHuTHBIM MoMeHToM g0 10° T'c*cm®), obpasys mnothyio (n ~ 10" cm?®) Baytpm
maruuTocdepHyro miasmy. Bropoil motok mnasmel (n ~ 10" cm™) naneran na marmutocdepy c
pacctostauss 53 cMm. Ero ckopocth Obula NEPHEHANKYJSIPHA MAarHUTHOMY MOMEHTY H
npubnusnuTenbHo paBHsack 100 xkm/c. OCHOBHBIE M3MEPEHUs] MPOBOIIIINCH C HCIOJB30BAHHEM
MarHUTHBIX 30HIOB U 30HA0B JleHrMiopa.

PesynbraTel S5KCIEpUMEHTa JEMOHCTPUPYIOT, YTO Ha MEPBOM dTane Gopmupyercs miasma,
3axXBa4yeHHAsl B JAWIMOJBHOM MAarHUTHOM Tiojie. BTOpo# BHEIIHWH MIa3MEHHBIH MOTOK (GOopMUpyeT
MarHurochepy M B3aUMOJCHCTBYeT ¢ BHyTpPeHHeW Iuta3mMoil. [Ipu 3TOM BeIMYMHA TOKATHS
JUIOJIBHOTO MarHUTHOro nouss pocruraer 70 I'c mpu paccrosaumn no marauronayssl Rq = 20 cm.
[TapameTp Xosna anst naHHOW KOH(HUTyparuu SkcriepumenTa D = 2.7.

JlaHHbIE, TIOJy4€HHBIE B XOJ€ MPOBEACHUS UCCIIENOBAHUI MOTYT OBITh MCIIOJIb30BAHBI IS
0ojyee TOYHOTO TEOPETHUYECKOrO AaHaiu3a M YHUCICHHOTO MOJEIUPOBAHUS KOCMO(DU3MYECKHX
NPOIIECCOB, a TAKXKE MOTYT OBITh HCIIOJIb30BAHBI I UCCIENOBAHMS OKOJIO3€MHOM KOCMHUYECKOH
cpensl M pa3padoTke Mojenell mpencKka3annusl KOCMUYECKOH ITOTOIbI.

Hacrosimas pabora Obuta BeImoOMHeHa B pamkax npoekta PH® Ne 18-12-00080, mpwu
nognepkke rpanTa POOU Ne 18-2921018 u rpanta Muno6prayku 075-15-2020-780.
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HOTOKU PEJIATUBUCTCKUX DJIEKTPOHOB 7-10 CEHTABPA 2017 I.
1HO JAHHBIM HU3KOOPBUTAJBHBIX CITYTHHUKOB

T.A. SAxuuna, A.I'. SIxuun

Honsapnvtii 2eopusuneckuii uncmumym, 2. Anamumsi, tyahnina@gmail.com

Paccmorpena nuHammka mOTOKOB pensaTuBUCTCKHX (E > 1 MbsB) snexTpoHOB 1O AaHHBIM
Hu3KkoopOuTanpHbix cnyTHUKOB NOAA POES u MetOp Bo Bpemst MarHuToc(epHOro BO3MY LICHHUS
7-10 centsibpst 2017 r. BosmyeHne coCTOSUIO U3 IByX MHTEHCUBHBIX Oypbh. I aBHas (a3a mepBoi
Oypu Havanmack okosio 23 UT 7 cenrs0ps, u MunumanbHoe 3HaueHue SYM-H = -146 T ObL10
ormMeueHo B ~ 01:10 UT 8 centsiOps. Bropas Oypst Hauamace 8 cenrsiOps okomo 12 UT, a
MuHUMabHOE 3HaYeHne SYM-H = -115 uTn umeno mectro B ~13:30 UT. B Teuenue 7 ceHTAOps, 1O
Hauana nepBoil Oypu, HaOMIONAJIOCh TUIABHOE YMEHBLIEHHE MOTOKOB 3aXBAaYC€HHBIX (BHE KOHYycCa
MOTEPb) PEIATUBUCTCKUX 3JIEKTPOHOB (PD), CBA3aHHBIX C MPENIIeCTBYOMIEH BO3MYIIEHHOCThIO. Bo
Bpemsi ThiaBHOW (ha3bl mepBoil Oypu MPOM3OLUIO PEe3KOe YMEHBIICHHE MOTOKA 3aXBAa4eHHBIX PO,
CHHXPOHHO HaOmrozaBIIeecss HU3KOOPOUTANBHBIMU CITy THUKaMH B pa3Hbx cektopax MLT. Ilocne
~3 UT 8 ceHtsa0pst mOTOKHM 3axBaueHHBIX PO cramm pactu, U 3ToT poct npoxposrxkancs go ~6 UT 9
ceHTs0ps. Ha oHe 3Toro pocra Takke NpoM30LLIO HEKOTOPOE YMEHbIIEHHE TOTOKOB PD BO Bpemst
rmaBHON (pa3bl BTOPOH OypH, XOTSI M HE TaKOe 3aMETHOe, Kak B mNepBoM ciydvae. lloBenenme
3aXBaUE€HHOM KOMIIOHEHTbl HA MajbIX BBICOTaX OTJIMYAJIOCh OT [MHAMUKM MOTOKOB PO B
mMarauTocdepe, rae, Mo JaHHBIM MeOCTalMOHAPHBIX CITyTHUKOB, KIIPOBA» B MOTOKax PO BO Bpems
BTOPOU TJIaBHOH (hpasbl ObUT CymECTBEHHO Ooybime. ITO MOXKET O3HAa4yaTh, YTO MEXaHU3MBI
«TIPOBAJIOB» B TOTOKAX 3JIEKTPOHOB HAa IJIABHBIX (pazax 3Tux Oypp pasnudHbl JleHCTBUTEIBHO,
pPaccMOTpEeHHE TIOTOKOB BBICHIMAKOMIMXCS (BHYTPH KOHyCa IOTE€Pb) YaCTHUI, KOTOPbIE TaKXkKe
U3MEPSUTUCh HAa HU3KOOPOWTANBHBIX CIyTHUKAX, ITOKA3bIBAe€T, YTO BO BpeMsi MepBoil Oypu
BbIChIMaHuii PO npaktudecku He Obw10. B 3TOM ciiydae «IpoBay» B MOTOKAX 3aXBAYEHHBIX YaCTHIL
MOT OBITh CBsI3aH € IOTepsIMU Ha MarHuTonay3e. OcHOBHBIE BbIChITaHus PO HabMronanuch BO BpeMmst
rJIaBHOHN (pasbl BTOpOil Oypu W B Havane ee (pa3bl BOCCTAHOBJICHUsS. BO3MOXKHO, YTO UMEHHO
BBICBHINMAHUS OBUTH MPUYUHON «IIPOBaJia» B MOTOKAX 3aXBAYEHHBIX HJIEKTPOHOB BO BTOPOH Oype.

IToroku BhIchmaromuxcst PO pasmeneHsl Ha rpynmbl corjacHo kinaccudukanmu [1, 2], koTopas
NPEANoJaraeT pa3jiMyHble MEXaHW3Mbl BbIChbIMaHWN. HaOmromeHus: BBICBIMAHUN COMOCTABJIEHBI C
MIOJIOXKEHHUEM IIJIa3MOTIAy3bl, OIPEACIICHHOMN 1O TaHHBIM MOACITUPOBAHUS METOIOM MPOOHBIX YaCTHULL
[3]. B uenom, pacnpenenenue Beicbimanuii PO pasneix rpynn mo MLT u ux nonoskeHue
OTHOCHTEJIBHO TUTa3MOC(ephl COrNIACyETCs CO CTATHCTUYECKUMH XapaKTEPUCTHKAMH, MOy Y€HHBIMU
B [1, 2]. Umeromumecs, TeM He MEHEe, Pa3IN4Msl MOTYT OBITh CBSI3aHBI C CHIIBHBIMH J1e(OpMaIUsAMU
r1a3MocQeprl BO BpeMsi HHTEHCHBHBIX BO3MY LIICHUH.

1. Yahnin, A. G., T. A. Yahnina, N. V. Semenova, B. B. Gvozdevsky, and A. B. Pashin (2016),
Relativistic electron precipitation as seen by NOAA POES, J. Geophys. Res. Space Physics,
121, 8286—8299, doi:10.1002/2016JA022765.

2. Yahnin, A. G, T. A Yahnina, T. Raita, and J. Manninen (2017), Ground pulsation
magnetometer observations conjugated with relativistic electron precipitation, J. Geophys. Res.
Space Physics, 122, 9169-9182, doi:10.1002/2017JA024249

3. Goldstein, J., S. De Pascuale, C. Kletzing, W. Kurth, K. J. Genestreti, R. M. Skoug, B. A.
Larsen, L. M. Kistler, C. Mouikis, H. Spence (2014), Simulation of Van Allen Probes
plasmapause encounters, J. Geophys. Res., 119, 7464, doi:10.1002/2014JA020252.
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OCOBEHHOCTHU ONEHKH ITAPAMETPOB MAKCHUMYMA CJIOSI F2 B
ABTOMATHYECKUX CUCTEMAX OBPABOTKU HOHOI' PAMM
BEPTHUKAJILHOT'O PATNO30H/IMPOBAHUS NOHOC®DEPHI B
YCJOBUSAX HU3KON COJTHEUYHON AKTUBHOCTH

Kpamennnaukos U.B., Jlemeunxo JI.H.

H3MUPAH, 2. Mockea, 2. Tpouyk, Poccus, krash@izmiran.ru

Haubonee pacnpocTpaHeHHBII HCTOYHUK AAHHBIX O COCTOSHUN MOHOC(HEPHI - KJIACCHYEeCKUN
METONl BEPTUKAJBbHOTO PaJMO30HAMPOBAHMA HOHOCHEpPbl HUMeEeT OCOOEHHOCTH B CTPYKType
noHorpamMm B3 B yclOBHAX HU3KOH COJHEYHOM aKTHMBHOCTH, B YaCTHOCTH, B OKOJIOIOJYAEHHOE
BpeMsl B BECEHHEE-JICTHHI Mepuon, OCOOEHHO MPH HAJIMYMUA TE€OMArHUTHOW BO3MYINEHHOCTH,
Habmoaercs cinadast BRIPAXKEHHOCTh Cliefia OTpaskeHust oT cnost F2. Kak mpaBuiio, mpu 3TOM Ciemsl
monel 1F1 xopomo copMupoBaHbl H, Kak CI€ICTBHE, aBTOMATHU3MPOBAHHBIE MPOTrPAMMBI
00paboTKN HOHOTPaAMM 3a4aCTyI0 PUHUMAIOT X 32 TPEKH OTpakeHus ot cyiost F2, 4To mpuBOIUT K
3HAYUTENBHON MOTPEeIIHOCTH B OLIEHKE NapaMeTPOB TIJIABHOTO HOHOC(HEPHOrO MaKCHUMyMa.
HccnenoBanue NMpOBOAWIIOCH HA OCHOBE NAHHBIX PEryJSIPHBIX 0OCEPBATOPCKUX HAOMOIEHUI B
U3MHPAH nByms nonosongamu: “Ilapyc-A”, Ha KOTOpOM Hapsily ¢ aBTOMAaTHYECKOH CHUCTeMOM
AUTOSCALA [1] (xommuekc ITapyc-Autoscala) mpoussonurcst pydHasi onepatopckas oOpadorka
yacoBbIx naHHbIX, U DPS-4 ¢ cucremoii ARTIST 5 - xommnekc DPS-Artist [2].

B nanHoli paboTe mpencTaBieHbI pPe3yNbTaThl aHAIM3a OCOOEHHOCTEH B 3ajadye OLEHKH
napameTpoB Makcumyma ciosi F2 [foF2,hmF2] noHochepb! AIByMsl KOMITJIEKCAMH aBTOMATHYECKOTO
MacIITaOMpPOBaHUS M OMEpaTOPCKOi obpaboTkol moHorpamMm B3, paccMaTpuBaeMol Kak 3TAJOH,
nna 2018 r. — roga HuU3kOH conHewyHoW aktuBHOCTH. Ha puc. 1 nmpusenenel pacnpeneneHus
napametpoB foF2 w hml2 nnst nerHero (MrOJb) Ce30HA, MONyYeHHbIE KoMIIekcoM DPS-Artist, u
MOXKHO BHJIETh XapakTepHble OCOOEHHOCTH B BHUJE JIOKAJBHOTO MHKa Uit aprymeHTta -0,5 MI'n
(J1eBast maHeNp) U CHUIbHO HECUMMETPUYHOE U CMEIIEHHOE IMOBEIEHNE BBICOTEI MAKCUMyMa cJiost F2
(mpaBass maHenb). OTMedaeTcss o0Iee CHCTEMAaTUYECKOE 3HAUMUTENbHOE 3aHWXKeHue hml2 B
pe3ysbpTatax pabOThl aBTOMATUYECKHUX CHCTeM O0OpabOTKM HOHOrpamM, CYIIECTBEHHO Oojee
3HAYUTENbHOE JJ1st KoMruiekca DPS-Artist, MakcMMaIbHOE B OKOJIOMOJYASHHOE BPEMs, CO CPETHIM
3HAYEHUEM I TaHHOIO Mecsila ~ -24 KM.

50 Vione, 2018 ARTIST - DPS-4 ARTIST DPS-4
IMone, 2018

.
Yo

BepoaTHocTk,
BeposTHOCTs, %
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OTKnoHerue, My OTKNOHEHWE, KM

Puc. 1. Pacnpenenenne OTKIOHEHMH IMIa3MEHHOH YaCTOTHI M BBICOTHI MAKCUMyMa CIosl F2,
MOJTyYEHHBIX B aBTOMATU3HPOBAaHHOW cucTemMe DPS-Artist mo OTHOHmIEHHIO K OmmeparopcKon
obpabotke nonorpamm B3 nonoznga “Tlapyc-A” nns netHero cezona 2018 T.

1. Krasheninnikov 1., Pezzopane M., Scotto C. Application of Autoscala to ionograms recorded by the AIS-
Parus ionosonde // Computer & Geosciences. V 36. P. 628-635. 2010.

2. Galkin L A., Khmyrov G.M., Kozlov A.V_, Reinisch B.W., Huang X. and Paznukhov V.V. The ARTIST
5, // Radio Sounding and Plasma Physics, AIP Proceedings. # 974. 2008.
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MOJEJIb KPUTHUECKON YACTOTHI E-CJIOS 1J151 ABPOPAJIBHOI
OBJIACTH

HemunoB M.T'.
HU3MUPAH, Mocksa, 2. Tpouyk, Poccus, deminovi@izmiran.ru

[IpencraBneHbl TIEpBbIE PE3YJIBTATHI CO3MAHUS MPUOTMKEHHON MOJENTN KPUTHYECKOH YacTOTHI
E-cnost foE nmist aBpopanbHOU obyactut Oe3 OrpaHUYeHUl MO WHTEpPBAjaM MECTHOTO BPEMEHH,
CE30HaM, YPOBHSIM COJIHEUHOW W T€OMArHUTHON AaKTHUBHOCTU. B MOAenu y4YTeHbl COJIHEUHBIA U
aBPOpPAbHBIN HCTOYHUKH MOHU3AIUN aTMOC(EPHI Yepe3 MPOCTYIO 3aBUCUMOCTD

(foE)" = (foEgy)" + C (foEqy)’,
rae ¢ nomMoibo kodhduimenta C KOCBEHHO YYTeHa 3aBHUCHMOCTDH 3(PQEKTUBHOCTH BBICHITAHUN
ABPOPANTbHBIX 3JIEKTPOHOB OT YCJIOBUH OCBEIEHHOCTH HOHOC(EPHI.

Yacrora foEsy HE 3aBUCHT OT TE€OMAarHWUTHOH aKTHBHOCTH. WHIWKATOPOM COJHEYHOM
aKTUBHOCTH st Hee siBysiercss mHuaeke F = (F; + Fg)/2, rtoe F; u Fg; — BenuumHa motoka
papuonsnydeHus: CosHua Ha aiuHe BOHBI 10.7 CM B TaHHBIN JIeHb U cpeaHee 3a 81 neHb 3HaUeHUE
3TOro NOTOKA, UEHTPUPOBAHHOE HA 3TOT JICHb.

Yacrora foE,, HE 3aBUCUT OT MHAEKCA COTHEYHOW aKTUBHOCTH. JTa YACTOTa CYLISCTBEHHA AJISI
aBpOpaNbHON 00JacTH, KOTOpasl OmNpenesieHa MOJNIOCHBIMH U 3KBATOPUAJIBHBIMU TPaHHLIAMU
aBPOpPaNbHOTO oBajia W MU((Y3HBIX BBICHITAHUN 3JIEKTPOHOB. JIOKaMM3aIMK STUX TPAHUL] 3AaBHCST
OT MECTHOrO BpPEMEHH M YPOBHS T'€OMarHUTHONH aKTMBHOCTH. JKBaTOpHaJbHAasl TpPaHULA
nudGy3HbIX BBICHIIAHUN 3JIEKTPOHOB COMIACOBAHA C JIOKAIM3AIMEH TJIABHOTO HOHOC(HEPHOro
npoBajia 1o mozaenu [1]. B monmenu [1] nokanuszanusi TIaBHOTO HOHOC(HEPHOTO MPOBAJia 3aBUCHUT OT
CPEIHEB3BEIIEHHOTO (C XapaKTepPHBIM BPEMEHEM 6 4aCcOB) HHIEKCA FEOMArHUTHOH aKTUBHOCTH, YTO
OTPaXKaeT 3aBUCUMOCTb O5TOM JIOKAJIM3aLUHWKW OT TMPEObICTOPUH HM3MEHEHHs] TeOMarHUTHOM
AKTUBHOCTH. B Mopenu mNpUHATO, YTO JIOKAMW3aLMH BCEX IMEPEYUCICHHBIX TPAHHUI] M CaMOM
BeJTUYUHBI fOE,,; 3aBUCST OT TAKOTO CPEAHEB3BEIICHHOTO HHIEKCA TEOMArHUTHOH aKTUBHOCTH. JTO
O3HA4YaeT, YTO MOENb BOCIPOU3BOAUT TOJBKO OCHOBHBIC TEHICHLUH H3MEHEHHUS KPUTHUECKOU
4yacToThl E-Cl1osi B aBpOpasibHO# 001acTH B MEPUOABI BBICOKOH T'€OMarHUTHOW aKTHBHOCTH. Mozenb
foE,yr SBNSIETCS aHANUTUYECKONW MOAENblo. B 3TOM ele omHa OCOOEHHOCTh CO37aBAEMON MOENU
foE. lanbl npenBapuTeIbHBIE OLICHKH TOYHOCTH TAKOH MOJEINH.

Pabora BemonHeHa npu noxaepxke Poccuiickoro gonHma QpyHnaMeHTaIbHBIX HCCIEIOBAHUN B

pamkax HayuHoro mpoekta Ne 20-05-00050 u mpu monnep:kke Poccuiickoro Hay4dHoro ¢oxma B
paMkax Hay4Horo npoekrta Ne 20-72-10023.

1. Deminov M.G., Shubin V.N. // Geomagn. Aeron. 2018. V. 58. P. 348-355.
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PAJIMO3ATMEHHBIE  WCCJIEJJOBAHUS  BO3MVIIEHHMII B
MOHOC®EPE 3EMJIA BO BPEMSI TEOMATHUTHOI'O HITOPMA B
UIOHE 2015 TOJIA

I'v6enxo B.H., Auapees B.E., Kupuanosuu U.A., I'y6enxo T.B., IlasenaveB A.A., I'y0enko
A.B
OUPI um. B.A. Komenvnuxosa PAH, 2. @®pssuno, Poccus, yngubenko@gmail.com

3a mocnenHue 1Ba NECATUJIETHUs] CIYTHUKOBBIE METOIbl JUCTAHIIMOHHOTO 30HIMPOBaHUS
MIPEBPATUIINCh B YHUBEPCAJIBHBIM U MOILIHBIN HHCTPYMEHT AJIsl CUCTEMHBIX MCCIIeOBaHUN 3eMiu B
Pa3NIUYHBIX TPOCTPAHCTBEHHO-BPEMEHHBIX MacIiTabax C MPAKTHUECKUMH TMPUIOKEHUSIMH,
BBINTOJIHSEMBIMH B PEAJIbHOM BpeMeHU. KpymHble pernoHajbHbIE M TNIOOATbHBIE Ha3€MHBIE CETH
I'HCC (rmoOanbHbIX HAaBUTALMOHHBIX CIYTHUKOBBIX CHCTEM) M MHOTOYHCIEHHBIE KOCMHYECKHE
NPUEMHUKH O0ECIIeYMBalOT yYHHUKAJIbHBIE JaHHbIE O HEWUTpaJbHOH armocdepe m moHOChepe, a
TaKk)ke HaOMIOOeHWs 3a TOBEpPXHOCThIO 3emi. OCHOBOH JAWCTAHIMOHHOTO 30HAMPOBAHUS C
MOMOIIBIO IIO0ATBHBIX HABUTALIMOHHBIX CIYTHUKOBBIX CHCTEM SIBIISIFOTCS METOIbI 30HAHPOBAHUS
HelTpanpHOM atMochepbl u nOHOChEPBl, KOTOPBIe OBLTH pa3paboTaHbl ISl HAOTIOACHHUS 3eMITH U
pelleHnss MHOTOYMCIEHHBIX NPUKJIAIHbIX 3a4a4. ba3oBbiil MpUHLMI 3/1eCh COCTOUT B OIpeNeIeHUH
napamMeTpoB HeHTpanbHOW aTtMochepbl U HOHOChepbl (KO3(PPHUIMEHT NPENTOMICHHs, TaBJIECHUE,
reONOTeHINANIbHASL BBICOTA, TEMIIEPATypa, COAEPKAHUE BOASHOTO Mapa, 3JIEKTPOHHAS TUIOTHOCTB)
Ha OCHOBE HAONIOACHHWS CITyTHUKOBBIX CHTHAJIOB, PACIPOCTPAHSIOLINXCS B arMmocdepe u
nonocepe 3emm. KimroueBbIMU CBOMICTBAMH paiiO3aTMEHHBIX METOJOB 30HIUPOBAHHMS SIBIISIFOTCS
JIONTOBPEMEHHAsI CTA0OMIIBHOCTD, BCETTOTOTHOCTD, BBICOKAst TOYHOCTh M YKOHOMHYHOCTD H3MEPEHHI.

Jlerom 2015 roma va ConHile IMeTH MECTO KOPOHATbHBIE BEIOPOCH MaCChl B CTOPOHY 3EMIIH.
Hannoe coObiTne ObUTO 3aUKCHPOBAHO MHOTHMMH KOCMHYECKHMH ammapaTaMi U HOHOC(EPHBIMU
cranusiMu. KopoHalibHbIe BBIOPOCHI TUIa3MbI, MOIIEAINNE 10 3eMId B miepuoa ¢ 22 mo 23 uroHs
2015 roma, CHpOBOIMPOBANIM MarHUTHyK Oypro kimacca G4 (3Hauenue Kp-mHmekca pasBHO 8),
BBI3BABIIYIO 3HAYUTENbHBIE NOHOC(EPHBIE BO3MYINEHHUS MapaMeTPOB PAJUOCHUTHAJIOB HA TPaccax
30HAMPOBAHUS HaBUTALMOHHBbIE cryTHUKH GPS — nHmskoopOurampHble cnyTHHKH COSMIC.
MorHbele PEHTIeHOBCKHE BCHBIIKH, HaOmomasmmuecss Ha CoJHIE B NEPHOA T'€OMAarHUTHOTO
IITOPMA, TakXke OOyCJOBIMBAIM BO3MYILIEHHMsS BOJIHOBBIX  XapaKTEPUCTUK BO  BpeMs
pamno3aTMEHHBIX U3MEPEHUN B HOHOC(hepe 3eMitH.

Hamu mposenenbl oOpabotka m aHamu3 ~100 ceaHCOB pamuo3aTMEHHBIX HW3MEPEeHUH
FORMOSAT-3/COSMIC, npoBeneHHBIX BO BpeMsi reoMarHuTHon Oypu 22-23 urons 2015 roga B
BBICOKOLTUPOTHOH noHocdepe 3emnu. Ilokazano, 4To noHOC(HEPHBIE BOZMYIIEHHS XapaKTEPUCTHK
PamuOBOIIH OOYCIIOBIIEHBI KAK TEOMArHUTHBIMH YCIIOBUSIMH BO BPEMS IITOPMA, TaK M AKTHBHOCTBIO
MOIIHBIX PEHTTCHOBCKUX BCITBILIEK, HAOMIOMABIINXCS B Meproa u3MepeHnid. OCymecTBiieH OUCK
MOTJIOMISHUS TEUMETPOBBIX PaTUOBOJIH (THHA BOJTHBI ~19 cMm) Ha Hecymieit GPS-uacTore 1545.42
MI'u. Ilo pesymbratam anamuza paHHbIx FORMOSAT-3/COSMIC, Bnepsbie 0OHapy>keHO
MOTJIONICHNE PAaTUOBOJIH JAELIUMETPOBOro namama3ona B D- u E-005acTsix BBICOKOUTUPOTHON
noHoceps! 3emiin. YCTaHOBIIEHO, YTO a0CONIOTHAS BEJUYMHA WHTETPAJbHOTO IOTJIOLICHUS Ha
Tpaccax paaro3aTMEHHOrO 30HAMPOBaHUs cocTaBisaeT ~3 Ab B uHTEpBaje BbicOT ~60-90 kM, a B
HEKOTOpBIX ciydasx gocruraer ~10 nb Ha yposnsax or ~90 go 95 km. IIpakTuyeckas 3HaUMMOCTH
u3yueHust 3¢pdexroB mnornomenuss paauoBodH B D- u E-o0mactsx woHOchepbl cBsizaHa C
obecnieuennem OecriepedONHOM pabOThI CUCTEM KOCMHYECKOHN PAIHOCBSI3U M HABUTALIUH.

Pabora BeIMONHEHa B pamMKax TrOCYJAapCTBEHHOrO 3afaHWs M monaepikaHa Poccuiickum
¢donnom pyHHaMEeHTaNBHBIX HccaenoBannii (mpoekt PODU Ne 19-02-00083 A).
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O NPEJEJAX MPUMEHNUMOCTHU NMPUBJINKEHUS MATHUTHOI
I'MAPOANHAMMUKHAU JJIA OITMCAHUA DJIEKTPOMAI'HUTHBIX BOJIH
KHY IMAITA3OHA B MOHOC®EPE

OpJosa E.B., Kotuk /A.C., flmnos B.A.

HHI'Y um. HHU. Jlobauesckoeo, . Huoscnuii Hoseopoo, Poccus, ekaterina.orlova. 94(@bk.ru

Tpagumonno npu omucanuu KHY u 6osiee HU3KOUACTOTHBIX BOJTHOBBIX MPOLIECCOB B HOHOC(Depe
U MarauTochepe 3eMII HCIOIB3yeTCs MPUONMKEHNE MarHuTHOM ruapoauHamuku (MI'[T). Haunnas
¢ mepBbIX myOnmkamuii o cBoiictBax monocdepnoro MI'J] BonHOBOma [1] pacmpocTpaneHue u
reHepalrss BOJIH YKa3aHHOTO [HWama3oHa B HOHOC(EpHOH Tula3Me TPaKTyeTcsi B TEPMHUHAX
aJIbBEHOBCKOMN U ObICTpOl MaranTO3BYKOBOH (BM3) BOMNH [2-4].

B pabote mpoBemeHbl pacuéThl XapaKTEPHCTUK 3neKTpoMarHuTHbeIX BoJH KHY nmamaszona
(Tokazareneii mpeJOMIICHHUS, TOAPU3ALHH, BEJTMYMHBI U HAIIPABJIEHHS TPYIIIOBOH CKOPOCTH U Jp.)
B HOHOC(epe C Lenbio BbIOOpAa ONTUMAJBHBIX YCIOBHHA WX BO30YXKAEHUS  HCKYCCTBEHHBIMHU
HOHOC(EPHBIMH HUCTOYHHUKAMH, BO3HUKAIOIIMMH TPU BO3NEHCTBHM HAa HMOHOC(HEpPY MOIIHBIX
Ha3eMHBIX paguornepenaTdyukoB. Pacyérsl BHIMOIHEHBI C UCTIOIB30BAHUEM BJIEKTPOAMHAMUYECKOTO
MOJIX0/1a Ha OCHOBE MOJIEJIM MHOTOKOMITOHEHTHOH HOHOC(EPHOI T1a3Mbl, pa3paboTaHHOM ¢ y4ETOM
COyIapeHUH »JJIEKTPOHOB M HMOHOB MeEXIy cOOOH, a Takke ¢ HEHTPaJIbHBIMH YacTHLIAMMU.
Pacnipenenenue 3apsoKeHHBIX M HEUTPAJIBHBIX YaCTHL] B HOHOC(HEpE BBIYHCISUIOCHh B PAMKax MOJIEIEeH
nonocdeprr IRI-2016 u armochepsr NRLMSISE-00. Jlns1 BBIYHCICHNS THPOYACTOT 3JIEKTPOHOB U
HMOHOB HCIOJIb30Bajiach MojeNb reomarauTHoro nojst IGRF-12.

[Tony4eHb! BBICOTHBIE 3aBUCUMOCTH MTOKA3aTeNeH MPENOMIICHHS U MTOJISIPU3AMHA OOBIKHOBEHHOH
U HEOOBIKHOBEHHOM BOJIH, 3aBUCUMOCTH TTOKA3aTeNeH MPENOMIIEHHS OT yIjla MEXAY HalpaBJIeHUEM
pacripocTpaHeHusi (BOJHOBBIM BEKTOPOM) M T'€OMAarHUTHBIM IOJIEM, 3aBUCHMOCTH HAIpPaBJICHUS
BEKTOpa IPYIIOBON CKOPOCTH OT HalpaBJeHHs] BOJHOBOTO BEKTOpa. Pacuérbl BBINOJHEHBI s
CPEAHEUINPOTHON M BBICOKOIIMPOTHOH HMOHOC(hEpBl M AN pa3sHOro BpeMeHu cyTok. [Iposemeno
COTIOCTaBJIEHUE TMOJIyYEHHBIX 3aBUCUMOCTEN C aHAJIOTMYHBIMU 3aBUCUMOCTSIMH, PACCUUTAHHBIMU C
ucnionp3oBanueM MI'J| npubmmxernns. Ilo pesynpratam pacdéroB OIpenesneHsl  obmacTu
npuMeHumocta MI'J] npuOirkeHusL.

Omnpenenensl yCIOBHs, MPU KOTOPBIX U ONMUCcaHHUs Xapakrepuctuk bM3 BomH B obmactu E
HoHOC(hephI CIIPABEIIMBO CBIUCTOBOE MPUOIIIIKEHNUE.

Pabora BeimosHeHa npu nognepkke rpanta POOU  Ne 18-42-520035. Mopenp moxasarens

npenomiennss KHY HopManbHBIX BOJIH B MHOTOKOMITOHEHTHOH MarHMTOAKTHBHOW MOHOC(hepHOH
mia3Me paspaborana npu noaaepxkke rpanta PH® Ne 20-17-00050.

1. Greifinger C., Greifinger S. //J. Geophys. Res. 1968. V. 76. P. 7473.

2. Polyakov S.V., Rapoprt V.O. // Geomagn. Aeron. 1981. V. 21. P. 610.

3. Lysak, R. L., Waters C. L., Sciffer M. D. // J. Geophys. Res. Space Physics. 2013. V. 118.
P. 1514.

4. Ermakova E. N., Polyakov S. V., D. S. Kotik D. S. // Radiophys. Quantum Electron. 2010.
V. 53.P. 557.
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IKBATOPHAJIBHBIE IIVIASMEHHBIE ITY3bIPU: SBABUCUMOCTD
BEPOATHOCTHU HABJIOAEHUA OT MECTHOI'O BPEMEHH

Cunoposa JI.H.

HU3MHUPAH, 2. Mocxea, e. Tpouyxk, Poccus, Isid@izmiran.ru

Hccnenosan xapakrep u3MeHUMBOCTH rucrorpamm LT-pacnpeneneHuil BepOSTHOCTH
HaOJFOAEHNST HKBATOPHANIBHBIX IUIA3MEHHBIX Iy3bIpeH C POCTOM BBICOTBI PETUCTPALIUH.
PaccmaTpuBanucey ycioOBHUs MOBBILIEHHOM M MaKCHMAJbHON COJIHEYHOM aKTUBHOCTH, KOIna
IpOLECChl T'eHEepPalMy TUIA3MEHHBIX Iy3bIpell Hambosee akTWBHBL JJIi 3TOTO MPOBEIEH
JEeTaJbHbI  CpaBHUTENBHBIM aHanu3 rucrorpamMm LT-pacnpenenenuii  BEpOSTHOCTH
HaONIOZEHNST TUIA3MEHHBIX TMy3bIpeH, TITOCTPOCHHBIX [0 JaHHBIM CIYTHUKOB ISS-b
(~972—1220 xm), Hinotori (~650 km), ROCSAT-1 (~600 km), AE-E (~300-475 km) u
CHAMP (~380—-450 kM) Ha pa3HbIX OPOUTAIBHBIX BBICOTAX.

BrIiBNIeHO, UTO C POCTOM BBICOTBHI HAOMIOACHHUST MMEETCsl 3aMEeTHAsi TCHIACHIHS CIBUTA
MaKkCUMyMa BEpOSTHOCTH HaONMIONEHUs My3blped Mo BpeMeHH. Tak, ecim Ha BBICOTAX
OCHOBaHMsA [7-0071aCTH MaKCUMYM MPUXOAMUTCS Ha mocne3axonnslie (~20:30-22:00 LT) gace,
TO TI0 Me€pe POCTa BBICOTHI HAOIIOACHUS OH CMEIAETCs K MpennonyHouHbM (~21:00-24:00
LT, ~600 km), manee x mocnenonyHouHbiM (~01:00—03:00 LT, ~650 kM) u, HakoHeN, K
npenpacceetabiM (~03:00-04:00 LT, ~972—1220 kM) uacam. BeisiBneHo, 4yro Hambonee
TUMHUYHBIE CKOPOCTH MOAbEMA OKBATOPUAJIbHBIX IUIa3MEHHBIX My3bIpel COCTaBISAIOT
~150-300 m/c. DT 3HaUEHUS] CKOPOCTH COOTBETCTBYIOT MHOTOYHCIEHHBIM HAOIIO JaTEIbHBIM
JAHHBIM.
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NCCIEAOBAHUE HOJAPUZAIMOHHOI'O J/KETA 110 JAHHBIM
CIHHYTHHUKOB NORSAT-1 U SWARM

CuneBnu A.A., Yepubimos A.A., Uyrynusn /I.B., Morunesckuii M.M.

HKH PAH, 2. Mocksa, Poccus, sinevich.aal@wgmail.com

[Monspu3aMOHHBIHN IKET - Y3Kast CTPys ObICTPBIX HOHHBIX Apei(oB Kk 3anmany BOJIM3U NMPOEKLIUU
IUIa3MOIIay3bl HA BBICOTAX BepxHeH obmactu noHochepbl F-ci10s1, BO3ZHUKAOLIAs BO BpEeMs
NOBBIIIEHHOH Nr€OMAarHUTHONW aKTUBHOCTH. MexaHn3M (pOopMHUPOBaHUS MOJSPU3ALMOHHOTO
IDKETA, & TAKXKE CTPYKTYPa MEITKOMACIITAOHBIX HEOTHOPOAHOCTEH ITapaMeTpoB HOHOC(EPHI
BHYTPHU HETO SIBJISTIOTCS] OTKPBITBIMHU BOIIpocaMu. B nanHo# paboTe nposeneHo noapodHoe
HCCIIeIOBAaHNE MEIKOMACIITAOHOH CTPYKTYPBI MOJIIPU3ALHOHHOTO KETa B CyOaBpOpabHON
oOacTy BO BpeMsi reoMarHuTHOM Oypu. IlpencraBieHsl pe3yapTaTel H3MEPEHUH TapaMeTpOB
IJ1a3Mbl BHYTPU NOJISIPU3ALMOHHOTO JIXKETa C MOMOLIBIO 30HA0B JIGHrMIOpa, yCTaHOBJIEHHBIX Ha
cnyTHuke NorSat-1. [TokazaHo Hanu4uue HEOTHOPOAHOCTEN TEMIIEPaTyPhl U INIOTHOCTH I1J1a3Mbl
BHYTPH NOJSIPU3ALIMOHHOTO JIPKETa C MPOCTPAHCTBEHHBIMU pa3MepamMu 1eCATKH — COTHH
MmeTpoB. IloaTBepkaeHbl H3BECTHBIE paHee OCOOEHHOCTH Pa3BUTHSI MOJIIPU3ALIMOHHOTO JKETA, &
TakKe 00Hapy’KEHO, UTO B PACCMOTPEHHOM CJIydae C Pa3BUTHEM M€OMarHUTHON aKTHBHOCTH
pacrpeseseHue TeMIIepaTyphbl 3JIEKTPOHOB BHYTPH JIXKETa pa3/iessieTcst Ha ABa sIPKO
BBIPAKEHHBIX MUKA. Takke B HACTOSIIEM UCCIENOBAaHUH [UIsl OOJIee TOJHOTO aHAIN3a CBOMCTB U
JUHAMHKH TOJSPU3ALIMOHHOTO JIXKETa BO BPpeMs T€OMarHUTHOI'O BO3MYILEHHsI UCIIOJIb30BAIIUCh
JaHHbIE CIIyTHUKOB Swarm.
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MOP®OJIOI'MA 1 MEXAHU3MbI @OPMHNPOBAHUA HOHOC®EPHbBIX
IPOEKTOB HOCIEAENCTBUA TEOMATI'HUTHBIX BYPbH

Kaumenxo M.B. 1. Knumvenko B.B. 1, Patosckuii K.I'. 2, ScioxkeBuu A.C. 2, Hcroxkesunu 1).B.
2. Beccapao ®©.C. 1

1 K® U3MHPAH, 2. Kanununepao, Poccus, mvklimenko(@wdizmiran.ru
2HUC3D CO PAH, 2. Hprymcxk, Poccus

Mopdonorust noHOCHEpPHBIX BO3MYIIEHUH B MEPHOABI FEOMArHUTHBIX Oypb U MEXaHM3MBI HX
bopmMupoBaHUs SIBIAIOTCS Hauboee BAKHBIMH M CIIOXKHBIMH BOIpocamu (pu3uKu noHochepsl. B
MOCJEOHNE TOABI Ui PEIIeHUs JTUX BOMPOCOB BCE 4Yalle HCIONB3YIOTCS  BMECTE
SKCIIEPUMEHTAIIbHBIE TAHHBIE U PE3YJIbTAThl TEOPETHUECKUX MOAENeH BepxHel arMocheps! 3emitn.
B 3TOM noknaze Mbl peacTaBisieM KPaTKHii 0030p MOZENBHBIX M CTATUCTHYECKUX HCCIIEIOBAHUH,
BbINOJTHeHHBIX coBMecTHO B K@ M3MUPAH u UC3® CO PAH, orkiuka BepxHel armMocdepsl Ha
reomMarauTHble Oypu. OOHMM M3 WHTEPECHBIX SIBJIEHHH BBIABJICHHBIX HaMHU ObLIO (hOpPMHUpPOBaHHUE
nocyieOypeBbIX TOJOKUTENBHBIX BO3MYINEHUH JJIEKTPOHHOW KOHIEHTpauuu B F  oOmactu
nonoceprr. Mcrnonb3yst riobanbHY0 CaMOCOTJIACOBAHHYID MOJENb TepMocheprl, noHochepsl U
nporoHocepsr (ICM THII), Mbl paccMOTpenH OCHOBHbIE (PU3UHUECKHE MPOLECCHI, KOTOpPBIE
UTPAIOT BaXKHYIO poiib B (popmupoBanuu 3¢ (dekToB mocieneicTsus. B dacTHOCTH, pe3ysbTaThl
MOJIETM TIOKA3bIBAIOT yBeInueHue 3HadeHuil orHomeHus: n(0)/n(N2) mocne Oypu B OCHOBHOM 32
cuet yBenmueHust n(0O), 9YTO NPUBOIUT K AHEBHBIM IOJIOKUTENBHBIM 3 (dEeKTaM MOCIeneHCTBUS B
NmF2 ¥ nonHOM 3J€KTPOHHOM cCoOAepskaHuU. Pe3ynbTaTel CTATUCTHYECKUX HCCIEAOBAHUMN IO
naHHbIM ~ HaszeMHbIX Habmoaennin 'HCC npueMHHUKOB M HMOHO30HIOB YKAa3bIBAIOT HA TO, YTO
noHocepHsie 3P PeKTr MmocneneicTBhs reOMarHUTHBIX Oypb AEHCTBUTENBHO CYIIECTBYIOT U IO-
pPa3HOMY MPOSIBISIFOT ce0st B IEKTPOHHON KOHIEHTpauuu B F obiacTu U B MOJHOM 3JI€KTPOHHOM
conepskanuu. [TokazaHo, 4To moHOChepHble 3(PPEKThl MOCISASHCTBUS 3aBUCSIT OT CE30HA U OT
WHTEHCUBHOCTH I€OMarHUTHOH OypH.

JT10 uccaenoanne ObUIO MPOBENEHO NMpH PUHAHCOBOH Moanepskke rpaHTa Poccuiickoro ¢ponna
¢byHnameHnTanbHbIX uccaenosanuii (Ne 18-05-00594).
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Tecruposanue moaenu IRI Ha naHHBIX H3IMepEeHHS 3IEKTPOHHOMH
KOHUEHTpauuu HoHocdepsl cnyTHukaMu SWARM B 2014 r.
IOpraiituc /1.10.

Mocxosckuii cocyoapemeennuiti yHusepcumem umenu M.B.Jlomorocosa, gusuueckuti paxynomem,
Mocksa, Poccus
d.yurgavtis@gmail.com

Kmiouegvie cnosa: uonocepa, mooenu uoHocepui, INeKmpoHHAR KOHYEHMPAayua

B xo0/1e paGoTHI IIPOBEICHO CpaBHEHUE 3JIEKTPOHHON KOHIIEHTpAIMH, HaOIo1aeMoit in-situ
KOHTAaKTHBIM criocoOoM Ha ciyTHukax ESA (European Space Agency) SWARM u coot-
BETCTBYIOIMX MM DPE3yIHTaTOB PacueToB II0 COBPEMEHHOH smrmprdeckoi Mojemu IRI-
2016 B pa3IUYHBIX T€OMAarHUTHBIX YCIOBHAX (c71a00 BO3MYIIEHHBIX U CHIILHO BO3MYIIICH-
HBIX) [IEPHOJa MAKCUMyMa COJHEYHOU akTMBHOCTH 2014 T. JuIsl pa3sHbIX IIHPOT - IIPOBE-
JIEHHBIE WCCIIE/IOBAHMS II03BOIIIN CYUTh 00 0COOEHHOCTSAX PabOTHI MOJENHU B Pa3iIvy-
HBIX T€0— U T'eMUOPU3NUECKUX YCIOBUAX UL PasHBIX MMPOT B (ase Makcumyma 24-10
IIUKJIa COJTHEYHOH aKTUBHOCTH.

BbionHeHHBIM B paboTe aHaNM3 TI0Ka3bBAeT POCT CUCTEMATHYECKOH ONMMOKY MOJIENH IS
BO3MYITIEHHBIX T€OMAHUTHBIX YCIOBUI ITOUTH B 1,5 pa3za OTHOCHTENBHO CIIOKOHHBIX. J[o-
TIOJIHUTENBHBIE UCCIIEIOBAHMS TI0KA3aIM 3aBUCHMOCTh CHCTEMAaTUUECKOH ONMMOKY OT IIH-
potel. Taxum oGpazom, HonyueHo, uTo Mo/enb IRI He oueHb XOPOITo OIUCHIBAET 3KBATO-
PHATFHYIO aHOMAITHIO M 00IIacTh BRICOKUX IMHUPOT. TaK, /ISl CPeHUX MIMPOT BO3pACTAHUE
OIMOKKA B BO3MYIIIEHHBIX YCIOBUSX cocTaBisteT Oornee 1.5 pas, it o0nacTH BBICOKUX
IIMPOT 5Ta BeJIUYMHA cOcTaBisieT 1.3 pasa, a JyIsl SKBaTOpHAIBHBIX - B 1.65 pasza st jaH-
HbIX 2014r. OmHOBpeMeHHO, MoJienb [RI-2016 ormchBaeT noBejicHHE 3IEKTPOHHON KOH-
LIEHTPAIMH B CPEIHMX IMMPOTaX B HEBO3MYIIEHHBIX YCIoBHsIX 2014r. co cpesiHeit ro10Boit
ommoKo# 27%. DT0 MOXKHO CUUTATh Y IOBIECTBOPUTEIHHBIM JUIS Psijia IIPHIIOKECHHUIM.
IIpoBejieH JieTalbHBIH aHATN3 CTATUCTUKY BBIJEIEHHOTO B SKCIIEPUMEHTATIBHBIX JAHHBIX
IIyMa (BapHaIuy 3IEKTPOHHOM KOHIIEHTpary Ne OTHOCHTEIHHO CIIIaKEHHOTO PEryIsip-
Horo ypoBHs). HaGmroiaeTcst n3MeHeHne JUCIIePCHH IIyMa Ha Pa3IMYHbIX IHPOTax, YTo
TaKKe OTpakaercs B PocTe OMMOKM B CIIy4asX BO3MYIICHHBIX I'€0- I'eHO(PU3HUECKUX
YCIIOBUH. YCTaHOBIEHO OTCYTCTBHUE 3HAUMMON KOPPEIISIUU MEK/TY BETMUMHOHN JUCIIEPCHN
IIyMa U3MEPEHUH MIEKTPOHHOM KOHIIEHTPAIMH M MarHUTHBIMU TeO()U3MIeCKUMU HUH/IEK-
camu Dst u AE. B Toxke BpeMsI, Hallld WCCIEJOBAHMUS TIOKA3bIBAIOT HAIMYAEC 3HAUMMOMN
KOPPeJSIMHI Bapyalil (JUCIepCHH ) SIEKTPOHHOM KOHIIEHTPAITHHY ¢ TNIaHETapHBIM UH/IEK-
coMm Kp.
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IOOEKTUBHOCTH HHIEKCOB HOHOC®EPHBIX MEPIIAHUI B
3ABUCUMOCTH OT YACTOTBI PETUCTPAIIUY U3MEPEHU Y THUITA
HPUEMHUKA CUTHAJIOB HABUT'AIIMOHHBIX CITYTHUKOB

Jlembsinos B.B.! SIciokesuna ¥O.B.), Sergeeva M.AZ, JaHUJIBYYK EN.}

' Hnemumym Conneuno-3emmnoit usuxu CO PAH, 2. Hpkymek, Poccus, sword1971@yandex.ru
2CONAC)/T, SCiESMEX, LANCE, Instituto de Geofisica, Universidad Nacional Autonoma de
Mexico, Mexico, maria.a.sergeeval@gmail.com

* Uprymexuii I'ocyoapemeennviii Ynusepcumem, Hprymek, Poccus, danilchuk. ki@mail.ru

C MoMeHTa Hayama 3TOXU CPEOHEOPOUTANBHBIX CIYTHHKOBBIX PaJHOHABUTALMOHHBIX
cuctem (CPHC) GPS (NAVSTAR) u I'NIOHACC B 80-90-x romax mpoIIIOro BeKa, CHUTHAJIbI
HaBUTALIMOHHBIX CIYTHUKOB IIMPOKO U BECbMa YCIEUIHO MCIOJB3YIOTCS, HE TOJNBKO JJIs1 pEeLIeHHUs
HaBUTALIMOHHBIX, HO U HAy4YHO-HUCCIeNoBaTeNbCckux 3aaad. OnHON M3 HayyHBIX 3a/a4 B paMKax
UCCIIENIOBAHMI BepXHEH aTMochepbl 3eMiu siBisieTcsl HaOMIOIEHHE TOHKOH CTPYKTYpPbl HOHOC(hEPHI
MO XapaKTEPUCTUKAM MEpLAaHUN aMIUIUTYAbl U (a3bl HABUTAIIMOHHBIX CUTHAJOB. JJIl M3MepeHus
STUX XaPaKTEPUCTHUK MIMPOKO HCIIONB3VIOTCS TaKWe HMHAEKChl MepuaHuid, kak 54, op, ROTI n
DROTI [1]. b dexTHBHOCTb YKa3aHHBIX WHACKCOB B 3HAUUTENILHON CTEMEHU 3aBHCHUT OT YaCTOThI
perucTpanyuy U3MepeHui aMIuIuTy bl B (asbl CUTHAJA, a TAaKXKe OT MPOIEeNyphl MPeABAPUTETbHON
bunpTpaunyu U yaaneHus! TPeHa 3THX u3MepeHuil [2]. XapakTepuCTHKH paiHoTpakTa MPUEeMHUKA
CUTHAJIOB HABUTAIIMOHHBIX CITyTHUKOB 3HAYUTEJILHO BIHMSIOT Ha YYBCTBUTEIBHOCTh U3MEPEHUH, H,
KaK pe3yJbTaT, Ha MPaBUIbHOCTb MHTEPIpPETALMU pPe3yJbTaTOB. APXUTEKTypa M IapaMeTpbl
HACTPOMKH CIEAsIUX H3MepuTeNeld paalOHaBUIALIMOHHBIX MapaMeTpOB TakKKe OKa3bIBAIOT
BJIUSIHME HAa YyYBCTBUTEJIbHOCTh H3MEPEHMUIL.

OTnenbHBIM Ba)XHBII BONPOC COCTOMT B TOM, Kakas 4acTOTa pPETrHMCTpPaLMu MNEepBUYHBIX
U3MEPEHUl He SBJSIeTCsT W30BITOYHON it TOro, 4toOBl OOHApYXKHUTh Ciiaboe HoHOChepHOe
BO3MYIIECHHE, HO HCKJIIOYNUTh HEMH()OPMATHBHBIN IOYM H3MEPEHHUH. DTO OTHENBHOE IOJIe IS
UCCIIENIOBAHMI Ka4yeCTBA HM3MEPEHHI NapaMeTpoB TPAHCHOHOCHEPHBIX CHTHAJIOB C YaCTOTOH
peructparmu Boime 10 I'ry [3]. YacTo Takne n3aMepeHus: pacCMaTpPUBAIOTCS, KaK HEMH(POPMATUBHBIN
IIyM, OTHAKO HE BCErJa 3TO COOTBETCTBYET AEHCTBUTEILHOCTH. PaccMaTpuBas naHHbIe ¢ OOJIbIIeH
YaCTOTOH pErucTpalui MOXKHO HaIesTbCsl Ha OOHapyXeHHe CiladbIX MeIKOMAacITabHbIX
BO3MYyIIEHUH KO3 (ULIMEeHTa TPETOMIICHUS M, CIIEOBATENbHO, IOBBICUTH YyBCTBHTEIBHOCTD
CHCTEM HOHOC(HEPHOTO PATUOMOHUTOPHHTA.

AHanM3 [aHHBIX TPAHCHOHOC(EPHOrO PATUO3OHAMPOBAHUSI C OONBLIOH HYaCTOTOH
peructparmu TpeOyeT pa3pabOTKH HOBBIX HWHAEKCOB HOHOC(EpPHBIX MEPIAaHHUH, KOTOpbIe
MO3BOJIAIOT MPOU3BOAMTD MPSIMbIE H3MEPEHUS C MUHUMAJIbHBIM UCIOJIb30BAHUEM JIOTIOJHUTENBbHBIX
NpoLenyp NpenBapuTeIbHON 00paboTKH MEePBUYHBIX JAHHBIX U SICHOH 3aBHCHMOCTBIO MHIEKCA OT
0COOEHHOCTEH MOCTPOEHUSI U HACTPOHKU NMPHUEMHHKA HaBUTalMOHHBIX curHanios CPHC.

B HacTosEeM AOKIIafe NpeaCcTaBiIeH aHalu3 MOBEEHHUs] U YyBCTBUTEIbHOCTH CTAHAAPTHBIX
MH/IEKCOB MOHOC(EPHBIX MepUaHUil mpu o0paboTke m3MepeHHuit ¢ 4acTtoroil peructparmu 50 I'n
MPU KCIIOJB30BAaHUH HaBUraunoOHHbIX MpueMHUKOB TUNIOB JAVAD, TRIMBLE, SEPTENTRIO u
LEICA [4]. Kpome 3TOr0 mpemiaraercsi 1 aHaJIM3UPYETCs HOBbIH HHAEKC HOHOC(HEPHBIX MEPLIAHUI
— BTOpas TpoM3BOAHAs (pa3bl HABHUTALMOHHOTO CHTHANa, NpeaHa3HAYeHHbIH anst oOpaboTku
JAHHBIX C BBICOKOM 4aCTOTOM peructpauuu [5].

Pabora BeimonHeHa mpu noanepskke I'panra PHD Ne 17-77-20005.

1. Bhattacharrya A. Nighttime equatorial ionosphere: GPS scintillations and differential carrier
phase fluctuations. Radio Sci., 2000, 35(1), 209-224;
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AHAJIN3 IIYMOB OOEHKMU GNSS TEC C UCIIOJ/Ib3OBAHUEM HOBBIX
HABUI'AIITMOHHBIX CUI'HAJIOB.

Ilapoxun A.M., MbuibHHKOBa A.A., Mopo3os I0.B., Sictokesuu 10.B.

MTI'Y um M.B. /lomoHocoea, e. Mockea, Poccus, padokhin@physics.msu.ru
HC3® CO PAH, e. Upkymck, Poccusi, yasukevich@iszf.irk.ru
JAVAD R&D, e. Mockea, Poccus, y.morozov@javad.com

3HaHWe MOHOC(HEPHON M3MEHUHMBOCTH Ha Pa3/IMUHBIX MPOCTPAHCTBEHHO-BPeMEHHBIX MacITabax
BaYKHO [I7IS1 Ha/[€KHOTO (PYHKIIMOHUPOBAHUS Pa[UOTEeXHUUECKUX CHCTEM, UCIONb3YIOINIMX B CBOEH
pabore TpaHcHOHOChepHBIM paguvokaHaa. OpHolW ©3 Haubosiee YacTO pacCMaTpUBaEMbIX
XapaKTepUCTUK B 3TOU CBSI3U SIBJISETCS MOMHOE 3/1eKTpoHHOoe cofepykanue (TEC), koTopoe MOXHO
OLIEHUTh C TIOMOIIIBIO Pa/IUONIPOCBEUNBAHUS HMOHOC(HEPhl CUTHA/IaMH TJVI00ANbHBIX CITYy THUKOBBIX
HaBuramoHHbIx cucTeM (GNSS). Ouenku TEC, B cBoio ouepe/ib, SIBASIFOTCS UCXOAHBIMU JAaHHBIMU
JUis1 ©0osee TIPOZIBUHY THIX METO/IOB UCC/IeIOBaHUs MOHOC(EPHI, BK/IIOUas pafjuoToMorpaduueckye u
paguouHTepdepoMeTpUUecKre. DTO HaK/IaAbIBaeT BbICOKHe TpeOoBaHUs K 1iiyMaM B orjeHkax TEC.
Ho HejnaBHero BpeMeHU mjsg oueHkd Bapuanuii TEC no pganaeiMm GNSS B OCHOBHOM
HCIIO/Ib30Baach KOMOMHAIMS (a30BbIX U3MepeHUH Ha mape KOrepeHTHBIX paboumx uactoT. Takas
KoMOuHaIus ob6JsiaflaeT Ha TIOPSJOK MeHBIIMM YPOBHEM IIlymMa IO CPaBHEHHWIO ¢ KOMOHWHalueH,
TIOCTPOEHHOM Ha JIJaHHBIX T'PYIIOBBIX 3aiepyKeK, 3a CUéT OOJbIIero ypoBHS IIyMa B U3MEPeHHUSIX
riceBjofanbHOCcTed. [lo aHa/JOTMUHBIM [PUYMHAM H3-38 BBICOKOI'O VPOBHSI IllyMa paHee
MPaKTUUYeCKU He UCIIO/Tb30BaIach OIHOUACTOTHas (ha30BO-KozoBasi KoMOuHarus s orjeHku TEC.

YMeHBIINTE YPOBeHb 1lIyMa B JJaHHBIX [1CeB/0AAMBHOCTEN BO3MOXKHO I1epeX0/si K HOBbIM THITaM
MOJIYJISIIIUA HaBUTalIMOHHbIX cHrHayioB, HarpuMmep AItBOC. Takue curHasibl 3a cuét OGosbliei
IIUPHHBI CIIEKTPaJbHOIO AMaria3oHa MMeIOT MEeHBIIYIO LIMPUHY aBTOKOPPEeSIMOHHON (YHKIMU
CUTHaJIa, UTO I103BOJIsSIeT YMEHBIIUTh BJ/IMsIHHEe MHOI'OYUeBOCTH M YMEHBIIUTh LIYMBI B OLleHKax
TCeB/|0AA/ILHOCTH, UTO B CBOIO OUepe/lb JO/DKHO MPUBECTH K YMeHbIlIeHUIo IIIyMOB B olleHKe TEC.
[Tpumepom curHama, ucrosnb3ytoijero AItBOC wmopaynsauuio sBrsercss curHan Galileo E5. B
HacTosilell paboTe TPUBOAATCS pe3yJIbTaThl COTIOCTAaBJIEHUs] YPOBHS IIyMoB B orleHke TEC Ha
OCHOBe [JIByXUacTOTHOU ()a30BOM KOMOWHAI[MH M OZHOYACTOTHOU (ha30BO-KOAOBOM KOMOWHAIUM
/11 TpaJVLIMOHHBIX HaBUIALMOHHBIX CUTHA/IOB, vcnoibsywolmx BPSK u BOC mopymsauuu, u
HOBBIX HAaBUrallMOHHBIX CHUTHa/MOB, wucnons3ywoimx AltBOC woaynaauuto. /g aHanuza
HCIONb3YI0TCs AaHHble ¢ npuémurka JAVAD TRE3, crioco6Horo mpunumats curianbel Galileo E5
Y PAacrojioyKeHHOTO Ha Kpbiiie ¢usnueckoro ¢axyaprera MI'Y 3a mepuos ceHTSIOpb-OKTSIODH
2020r. B kauectBe orjeHku myma ucronb3yercsi CKO TEC B okne 100 cek. ITpu uacrote cbopa
jganHbix 1I'1. TTokaszaHo, YTO CpeJHHM YpOBeHb IIyMa JJisi OJHOUACTOTHOM (pa30BO-KOAOBOMU
KoMOuHanu orleHku TEC ¢ wucrnionb3oBanveM curHana Galileo E5 cocraBnser 0.05TECU pns
yrioB Bo3BbirieHus (30-60°), uTo UL HEMHOTHUM OOJIBIIIE COOTBETCTBYIOILIETO YPOBHS IIyMa AJist
JaByxuactotHoW dasoBort kombuHanmu (0.04TECU). Takum o06pa3oM HalM pe3y/bTaThl
TMOKa3bIBalOT, uTo npueM curHanoB Galileo E5 BriepBhie mo3BosisieT UCIO/IB30BaTh OJHOUACTOTHBIE
ba30Bo-KOJIOBbIe KOMOWHAI[UM HapaBHE C TPaJMIIMOHHO HWCIIOIb3YEMBIMUA JIBYXUaCTOTHBIMU
¢da3zoBLIMM JIJISI  MCC/Ie[ioBaHUS HOHOCGhEpPHOro OTK/IMKA Ha pasiMuHble Trejvreodusnueckue
BO3MyllleHHs. BMecTe ¢ TeM ciellyeT OTMeTUTb BO3pAacCTaIOLIyI0 TeXHUUECKYH CJIOKHOCThb
NpUEMHMKA, 00eCcrieurBaroIero BO3MOXKHOCTb pabOoThI C y/IbTpa IIMPOKOIIOJIOCHBIMU CHUTHA/IaMHU
(wmpuHa auanasona ~51.15MI'n ais AItBOC u 20.46MTI'y anst BPSK).

PaboTa BbIMOTHEHA TP UYacTUYHOW TMojfep>kke Poccuiickum (oHAoM GyHIaMeHTaIbHbIX
rccaefoBanul, npoekT Ne 19-05-00941.
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OTRKVIMK HOHOC®EPHI HA 3AIIYCK FALCON HEAVY 110 JAHHBIM
HA3EMHBIX TPUEMHHUKOB I'HCC

Karocuiaos A.B., Hinun A.b.

OI'bOY BO HPHHUTY, . Upxymck, Poccus, aklyusilovi@mail.ru

B Hacrosimee Bpemsi OOJNBINYIO POJIb B HAyKe M NMPAKTUKE WUIPAIOT U3MEPEHHUs] C TOMOLIBIO
r00aNbHBIX HABUTALMOHHBIX CyTHUKOBBIX cucteM (nanee — [THCC). THCC sBstroTCSt OMHUM U3
BXHEHIINX MHCTPYMEHTOB U3yUEHUsS] HOHOC(EPHL.

B kauecTBe skcmepuMeHTa ObIT BBIOPAH MEPBBIH HCIBITATEIBHBIN 3aMyCK PaKETbI-HOCHUTEIS
cBepxTspkénoro kinacca Falcon Heavy, kotopeiii coctosincst 6 ¢espanst 2018 roma. Ananmsy Obutn
noaseprayTsl naHHble MupoBoi cetu ctaHmii  HCC (GPS u I'JIOHACC). Ouu 6b111 00paboTaHb!
st onydenus Bapuanuil [I19C mo neyx4yactoTHbIM (ha30BbiM u3MeperusiM [ 1]. B pesynbrare Obutn
nonyuenbl psanel [I9C. VkazaHHble psinbl GuibTpoBaIuch B auanasone nepuopos 2:10. Ilocne
sToro ObuM ocTpoens! kapTel Bapuanuii [19C. ITo kapTamM MOXKHO POCIEANTD, YTO MOCTIE 3aITyCcKa
B CEBEPO-3aMaJHOM CEKTOpe HAOJIOAATNCh BO3MYLICHHS. Y Ka3aHHbIE BO3MYIUECHUS MPEACTABIISLITN
coboit orpunarensabie Bapuanmu [19C ammurynoii 0.5 TECU II3C. JAnuTenpbHOCTh BO3MYIIEHUS
coctaBuia 29 MUHYT. AHM30TPONMS BO3MYIUEHUN MPEANOJNOKUTENbHO CBSI3aHA C HAIpPaBJIEHHEM
JVUHAH MArHUTHOTO TIOJII M B3aUMHBIM PACIOIO)KEHHEM MAarHUTHOTrO Moiis, (ppoHTa yAapHOU
aKyCTUYECKOH BOJHBI W TPAEKTOPUH J[BIDKEHHs pakerbl-HocuTens. llogoOHast aHmzoTponus
Habmonmanack mpu 3amyckax paker Falcon 9 [2]. B panbHelilmeMm mnpenmonaraercs MPOBECTU
NPOBEPKY TUIOTE3bI O BIMSIHUN HANPABJICHUS MArHUTHOTO TOJII HA HAOMIOMAeMyI0 aHH30TPOITHIO
BO3MYIL[EHUS.

1. Adpaiimosuy D.J1, ITepesanosa H.I1. GPS-monutopuHr BepxHeit arMmocdepbr 3emitn.
Hpkyrck: I'Y HL PBX BCHL] CO PAMH. 2006. 480 c.

2. Chou, M.-Y., Shen, M.-H., Lin, C. C. H., Yue, J., Chen, C.-H., Liu, J.-Y., & Lin, J.-T.
(2018). Gigantic circular shock acoustic waves in the ionosphere triggered by the launch of
FORMOSAT-S satellite. Space Weather, 16, 172—184. https://doi. org/10.1002/2017SW001738 .
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O 3ABUCUMOCTH MOJUPUKAITAN ITPODPUIS DJEKTPOHHOI
KOHIHEHTPAIIMU B MOHOC®EPE OT BJIM3OCTUH YHACTOTbI
BOJIHbI HAKAYKH K 4-U DJIEKTPOHHOU 'NPOI'APMOHUKE

C.M. I'pau, E.H. Ceprees, A.B. llungun
HHI'Y um. H U. Jlobauesckoeo, e. Huocnuii Hoseopoo, Poccus, sgrach@rfunn.ru

UccnenoBanus mogudukanmu npoduist 3aeKTpoHHOH korueHTpannu N(z) (z — BbicoTa)
B HOHOC(epe B HArPEBHBIX SKCIEPUMEHTAX C IOMOIIBI) JOIJIEPOBCKOTO 30HAMPOBAHUS Ha
HECKOJIBKUX (PUKCHPOBAHHBIX HYACTOTaxX MPOBOAMINCH ¢ cepenuHbl 80-x romoB XX Beka Ha
creanax CYPA u EISCAT [1]. C pasButueMm mudpoBoil paauionpreMHON ammapaTypbl Obuia
pa3paboTaHa HOBas METOIWKA IIMPOKOIONIOCHOTO 30HIMPOBAHMS BO3MYIIEHHOW OO0NacTu
noHoceps! B 00JaCTH TIIA3MEHHBIX PE30HAHCOB (Pa30BBIM METOIOM C BBICOKMM YaCTOTHBIM U
BpeMeHHbIM paspemenueM [2]. B 2014 r. mo naHHOM MeToauKe OblUT MPOBENEH SKCIIEPUMEHT Ha
creane HAARP (Aunscka, CIIIA), pe3ynbraThl aHain3a ONHOTO W3 CEAHCOB BO3JEHCTBUS
npuseneHsl B [3]. B skcnepumente m3mepsutachk dasa @; U aMmummtyga A; CHIEKTpalbHBIX
KOMITOHEHT f; OTpPa’KeHHBbIX OT MOHOC(Ephl LIMPOKOMOJOCHBIX HMITYJIbCHBIX CUTHANOB. [lyTem
petnenusi obparHoit 3amaum [2,3] ocymectBisuics mepexom ot @; (fi,t) (t — Bpemsi mocrne
BKJIFOYEHHUSI BOJIHBI Hakauky, BH) k BapuanusmM BbICOTHI OTPAXKEHUS Zg; COOTBETCTBYIOIIEH /-TOM
CHEKTPAJIbHOM KOMIIOHEHThI. M3mepenus A; naBamu BO3MOKHOCTH OLICHMBATH AHOMAaJIbHOE
ocnabnenne (AQO) mpoOGHBIXx BomH. OnNHOBpEMEHHBIE  H3MEPEHHUs]  HCKYCCTBEHHOTO
panuomsnydernst unoHochepbr (MPU) mo3BossiM  yCTaHABIMBATH COOTBETCTBHE BBICOTHI
SHeproekyiana BosHbI Hakauku (BH), pazmmuneiM criektpanpHeiM koMnoneHTam MPU, a Ttakxke
cootHoureHne 9actoTsl BH f; 1 4eTBepTOii 31€KTPOHHOM rHpOrapMOHUKH 4f.. DKCIIepUMEHTHI
nposoamuchk s yactor BH — 170 xlu<fy — 4fc < +80 k[, OCHOBHOH Lenbi0 OBLIO
YCTAaHOBJIEHHE 3aBUCHMMOCTH BapualMii 3JIeKTpOHHOM koHueHtpaimu AN(t,z) = N(t,z) —
N(ty,z) ot fo—4f..

OO6napyskeHo, 4To B mepBble 1-5 ¢ mocne BkmoueHuss BH HaOmomaercss BbiAaBIUBaHKE
riasmel u3 obmactu orpaxkenust BH, npuuem Benmnunna u qunamuka AN (t, z) cnabo 3aBUCAT OT
fo — 4f.. Hanee, yepes 2-3 ¢, npu fy < 4f. eme Oonee 3aMeTHOE BbIIABIUBAHUE HAYMHACTCS U3
obnactu BepxHeruOpuaHoro pesonanca (BI'P) BH . Dtot mpoliecc ConmpoBoKaaeTcs pa3BUTHEM
cunbHOro (mo 20 nb) AO w 3amemyeHueM (B HEKOTOPBIX CEaHCAX — YMEHBIICHUEM)
BbIIABJIMBaHUA U3 oOnactu orpaxkennss BH. Takoe moBemeHue roBOPUT O TOM, YTO MPOLIECCHI B
obmactu BI'P skpanupyror (xoTst Obl WacTmuHO) moctyruieHune sHepruun BH k ee Touke
orpakeHusi. OQHAKO C JANbHEHIIUM TEYEHHEM BPEMEHU BBITECHEHHME M3 O0JIACTH OTPasKeHHS
CHOBA YCUJIMBAETCS U B psizie ceancos cpaBuuBaercs ¢ AN(t, zgrp). OTmerum, uto ipu t > 15 ¢
Habmomanoce cnaboe (3aMeTHO MeHbllee, YeM B obmactsax orpaxkeHus u BI'P) ymenblienne
3JIEKTPOHHOM KOHLIEHTpPaLMM BO BCeM wuHTepBase BbicOT OoT BI'P go orpaxenus. B
€IMHCTBEHHOM ceaHce tipu fo > 4f. (fo — 4f. ~80 k['), BeimaBnuBanue u3 obnactu BI'P BH
HAYMHAJIOCh Mo3/Hee, =~ yepe3 10 ¢ mocne BkimroueHust BH. DxpanupoBku 00nacTi oTpakeHus
He HaOmoganock, a npu ¢ > 15 ¢ uMeno MecTo MNpakTHYeCKH OJHOBPEMEHHOE BbIAABIMBAHHUE
IUTa3Mbl U3 IBYX obsactel — obmactu otpaxkenust u obnactu BI'P. Ipu fy = 4f. (Tounee, npu
fo — 4fc~ 10 — 20 kl'y) BeimaBnmBanme mimazmel u3 obsactu BI'P Obuto 3amerHO cnabee u
Pa3BUBAJIOCH 3aMETHO MEMJICHHEE, YeM IPH YacTOTaX NAJEeKHX OT LHUKJOTPOHHOIO PE30HAHCA,
XOTS1 COMPOBOKAAIOCH CUIIbHBIM AQ.

Pabora BemonHena mpu noanepskke rpanroB PH® 20-12-00197 u POOHU 20-32-70198

B.B. Bacekos u ap. [Iucema B XKOT®, 1986, 43, Nel 1, 512-515.

Shindin A., Sergeev E., Grach S. //Radio Science, 2012, 47
doi:10.1029/2011RS004895.

3. Sergeev, E. N, et al. /Radio Sci.2016, 51,1118-1130, doi:10.1002/2015RS005936.
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JAKTBI MOBBIINEHHO YJIEKTPOHHOM IIJIOTHOCTH B
BBICOKOIIINMPOTHOMI BEPXHEI NOHOC®EPE ITPU BO3JIENCTBUN
MOIITHBIMHU KB PAJIMOBOJIHAMU HEOBBIKHOBEHHO
MOJIAPU3ALINU CTEHJIA EISCAT/HEATING

baarosemenckas H.®., bopucosa T./l., Kanummun A.C.

AAHUU Poceuopomem, 2. Cankm Ilemepbype, Poccus, nataly@aari.nw.ru

Ilo naHHBIM MHOTOYMCIEHHBIX 3KCIIEPUMEHTOB, BbINOJHEHHbIX crneunanucramu AAHHWM Ha
KB narpesnom crenae EISCAT/Heating B r. Tpomce, cesepHass Hopserus (69.6°N, 19.2°E),
IEeTaqbHO HMCCIENOBAHbI YCIOBHS T€HEPALNH, XapaKTEPUCTHKH U TOPOTH BO3OYKIEHHS TaKTOB
TIOBBIIIICHHON 3JIEKTPOHHOH TUIOTHOCTH Ne B BBICOKOITUPOTHOM BepxHei (F-obmacth) nonocdepe.
Momnass KB paanoBosnHa HEOOBIKHOBEHHOH (X-MOAa) MONAPU3ALUM H3JIyYalach B MArHUTHBIN
3€HUT Ha YacToTax B AuamnasoHe fg = 6.2 - § MI'q nuknamu 10 My Harpes, 5 MuH naysa (wim 5
MUH Harpes, 2.5 MuH may3a). Jis u3nmydeHus ucrnonb3oBanach hasupoBaHHAS aHTEHHAS PEIIeTKa ¢
NIMPUHOW AWarpaMMbl HAMTPABIEHHOCTH TOpsiAka 5 - 7 rpaaycoB, odecnednBaromas 3¢ heKTHBHYIO
MotHOCTh m3nyderust Padpd = 560 - 850 MBT. B nepuon sxcnepuMeHTOB YacTOTa Harpesa fi Obuia
KaK HHUXXe, TaK W BbIlIe KPUTUYECKOH 4YacToThl fol2. XapakTEepUCTUKH NaKTOB IOBBIIIEHHbIX
3HaueHui Ne onpepensanuck no aaHHbM usMepeHuit EISCAT pagapa HEKOrepeHTHOrO paccesiHUs
(HP) paguosonn (931 MI'r), mpoCTPaHCTBEHHO COBMEIIEHHOTO C HATPEBHBIM CTEHIOM.

VY cTaHOBIIEHO, YTO BO3pacTaHusi Ne HauMHAJIUCh C BBICOT, IIPEBBILIAIOIINX BbICOTY OTPaske€HUs
X-BonHbl Hakaukyd Ha 10 - 30 kM, U perucTpupOBaINUCh BIUIOTH O BEPXHEH BBICOTHOHN I'PaHMULIBI
usMepenuii pagapa HP. Makcumanenbie noseliieHuss Ne (B8 1.5 - 2 pasa mo cpaBHEHMIO ¢
($boHOBBIMU 3HaUEHUsIMH Ne) HaOJIOAaINCh B HAPABIEHUH MAarHUTHOTO TIOJIA 3€MJIM B IMAIA30HE
BbICOT OT 300 mo 500 kwm. [llupuHa nakra cocrapisia nopsaka 3 rpaxycos. O6HapyskeHo, uro Ne
HauMHaJIU BO3pacTaTh YK€ B IepBoM 5 ¢ liare usMepeHuil pagapa HP u nocturanu HacblllleHUs
yepe3 30 - 50 ¢ moce BKIFOUEHHsT HArpeBHOTO cTeHAa. Bpemena penakcauun Ne mocjae OKOHYaHUs
IIUKJIa HAarpeBa A0 (POHOBBIX 3HAYCHHUI MOTJIN TOCTUTATh HECKOJIbKUX MUHYT.

Ilpennonaraercss, 4YTO MAarHUTHO-OPUEHTHPOBAaHHbIE BO3pacTaHuss Ne mpu X-Harpese
BBICOKOLTUPOTHOH [-00mactn noHOc(epr! BbI3BaHBI reHEepalell IOTOKa YCKOPEHHBIX 3JIEKTPOHOB
BIOJIb HANpaBlI€HUs MarHuTHoro nons 3emiu. PaccMOTpeHbl BO3MOXHBIE MEXAHHU3Mbl HX
reHepauuu. [Io JaHHBIM SKCIIEPUMEHTOB MPH CTYNEHYATOM M3MEHEHUU 3(P(eKTHBHON MOIIHOCTH
U3JIyYCHUs] HArPeBHOrO CTEHIAa NOpPOrH BO30YKAEHHWS [AKTOB TIOBBIIEHHONW 3JIEKTPOHHON
mioTHOCTH (0€3 ydera morjiomeHusi X-BOJHBI B HIDKHEH HoHOCcdepe) cocTaBisitoT Exe (X) = 0.26
B/M, 4TO CyIIeCTBEHHO HIDKE TMOPOroB BO3OYKISHHS JIEHTMIOPOBCKOM M MOHHO-aKyCTHYECKOH
TypOYJIEHTHOCTH, CYLIECTBYIOIIEH B TEUCHHE BCETO LINKJIa HArpeBa.
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3ABUCHUMOCTD BO3BYKIEHHUS HEYCTOMYNBOCTH
NOHOC®EPHOMH IIJIABMbBI OT YPOBHSA JIEKTPOMATHUTHOT'O
HHOJISA BOJIHbI HAKAYKHU CTEHIA EISCAT/HEATING C YYETOM
HOI'JIOHEHUA B HU/KEJEXKAIINX CJIOAX

bopucosa T./L., baarosemenckaa H.®., Kanumuu A.C.

AAHUH, o. Canxkm-Ilemepoype, Poccus, borisoval@aari.ru

IlpencraBneHbl pe3ynbTaTel MCCIENOBAHWNM MHUHUMAJBHBIX 3HAYEHUN 3JIEKTPUYECKOrO MOJs
BOJIHBI Hakauku B HOoHOChepe Eyoy, HEOOXOOMMOro st reHepauuy JICHTMIOPOBCKOM M HMOHHO-
aKyCcTU4ecKol TypOyneHTHOCTH B F-005acTy BBICOKOIIMPOTHOH HMOHOC(EpPHl. IKCIEPUMEHTHI IO
MomuduKaMu  HOHOC(hEpBl MPOBONMINCH C  HUCIONBb30BAHMEM  HATPEBHOTO  KOMILIEKCA
EISCAT/Heating (Tpomce, Hopserusi). PaccmoTrpensl nannble sKcnepuMmentoB 2012-2015r.r.,
korna MornHasi KB panuoBonna X-monsipr3anuy U3jIy4aiach Ha BBICOKMX yacToTax Harpesa fi (7.1
u 7.953 MI'n) B HampaBJIeHMH MArHUTHOTO 3€HHUTA MpPU CTYNEHYATOM IOBBIIEHUH/CHIKEHUN
3¢ dexkTuBHON MOIMHOCTH H3iydeHus: Per oT 4 (56) no 580 MBT. AHanmu3 BBINOJHEH MO JaHHBIM
U3MEpPEeHUIl pamapa HEKOTePEHTHOTO paccesHusi (MPOCTPAHCTBEHHO COBMEIIEHHOTO C HArpeBHBIM
KOMILIEKCOM) M PE3YJIbTaTaM YHCIEHHBIX PACYETOB.

TpaekTopHbIE pacueTbl M OLEHKa HEOTKJOHsoumero norjomeHus B D-, E- u F-crnosx
HOHOC(EpBI 11 HArpeBHOW BOJHBI BBIMOJIHEHBI B NMPUONMKEHUH T€OMETPHYECKOW ONTHKH MJIs
concToi noHoceprl. B 0OCHOBY BbIUHCIIEHUIT B3sTHI (DOPMYJIBI AJIST TIOKA3aTENEH MPETIOMIICHHS U
MOTJIOIEHNUsS] KOPOTKUX PAJAMOBOJIH C Y4€TOM BJIMSIHUS MAarHUTHOIO IOJSI U YaCTOTBI COYNApEHUMN
31eKTpOHOB [1]. I3MeHeHUs1 BBICOTHBIX PaCHpeneNeHI IeKTPOHHOW KOHIEHTPALUH HOHOC(EPHI
Ne(h) nms kaXkIoro 3KCrepruMeHTa ONpeAesINCh N0 JaHHBIM panapa (pasperieHue mo seicore 3-10
KM), @ 4YacTOT COyJapeHUH J3JIEeKTPOHOB Vc(h) MO WU3BECTHBIM 3aBUCHUMOCTSIM, BXOIHBIMH
napameTpaMu KOTOPBIX SIBJISNIUCH TAKXKe U3MEPEHUs panapa.

Hsydenne pe3yiapTaTOB SKCIEPUMEHTOB TMO3BOJIWIM JETAIbHO HCCIEAOBATb  YCJIOBUS
BO30Y)KICHHUA U XAPAKTEPUCTUKU HMOHHO-aKyCTHYECKHX M JICHTMIOPOBCKMX IJIA3MEHHBIX BOJIH, a
TAKXKe MOBEJEHNE MEIKOMACIITaOHBIX MCKYCCTBEHHBIX HOHOC(hEpHBIX HeoqHopoaHocTer (MHUHNH)
B 3aBHCHMOCTH OT YpOBHS 3JIeKTpuuecknx moned E BONHBI Hakaukun HEOOBIKHOBEHHOW
NOJSIPU3ALMN B BBICOKOIIMPOTHOH F-oOmact wmoHocheprl. PaccMoTpeHbl ycnoBws, Korma
BBIMOJIHSJIACH CIICAYIOIINE COOTHOIIGHUS MEXAy fy W KPUTHUECKUMH dYactoTamu ciost F2
obbikHOBeHHOH f,F2 u HeoObikHOBeHHOU fF2 Monbr (fi < fF2), (fiy ~ f,F2) u (fF2<fy < £iF2).
ITonyueHbl OIIEHKNM MHUHMMAJIBbHBIX 3HAYEHUH 3JIEKTpHUecKuX mosiell B noHochepe Euon mpu X-
HarpeBe HEOOXONMMBIX  JJIs1  BO30YJKIEHHS  JIGHTMIOPOBCKOH M HMOHHO-aKyCTHUYECKON
TypOynenTHOCTH B F-001aCTH BBICOKOIINPOTHON HOHOC(EPHI.

Y CTaHOBIEHO pa3in4ue B PA3BUTUM UCKYCCTBEHHOM MOHHO-aKyCTUYECKOH M JIEHIMIOPOBCKOHN
TypOyJIeHTHOCTH npu X-HarpeBe B 3aBUCUMOCTH OT YPOBHS HANPSKEHHOCTH IOJISI BOJHBI HAKAYKH
B noHochepe E,on. B0o30yxneHne JEHrMIOPOBCKHUX IUIA3MEHHBIX JIMHWNA IO JAHHBIM H3MEpPEHHH
CHEKTPAJIbHBIX XaPAKTEPUCTHK paapa HAYMHAIOTCS NpU OoJiee HU3KUX 3HaUYeHUsIX Eyon (Ha ~50-70
MB/M HIDKE), YeM Hayajo BO3pPACTAHUS MOINHOCTH YCHJIGHHBIX HArpeBOM HWOHHBIX JIMHHMA.
MuHNManbHbIE 3HAYEHUS HJIEKTPUUECKOTO TOJSt Eyon Ut wacToT Harpesa 7-8 MI'1, HeoOxonnmble
i BO30OY KIOEHHs JISHTMIOPOBCKUX IIJIa3MEHHBIX BOJH, coctaBuin 300-360 MB/m u — 310-450
MB/M 17151 HOHHO-aKyCTHYECKUX BOJIH.

1. 'unzOypr B. JI. PacpocTpanenne 3J1eKTpOMAarHUTHBIX BOJH B m1a3Mme. M.: Hayka, 1967. C. 684.
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ITAPAMETPbI ATMOC®EPHOM TYPBYJIEHTHOCTH
HU/KHEN NOHOC®EPBI B UCCJIIEAOBAHUAX HA CTEHJIE CYPA

Bunorpanos I'.P., baxmersesa H.B., I'puropres I'.I., ’Kemsaxos U.H.

HUPOH HHI'Y um. H.H. Jlobauesckoeo, 2. Husxcnuit Hoeeopoo, Poccus,
grisha_vinogradov(@list.ru

B pabore mnpexncraBieHbl pe3ysabTaThbl HCCIEAOBAaHUA aTMocepHOH TypOyJEeHTHOCTH Ha
BbIicoTax 80—110 kM no pe3ynbTaTaM 3KCMEPUMEHTOB B JIETHUE U OCeHHUE Mecsubl 2015-2019 rr.
METOAOM  PE30HAHCHOIO  PACCEsHUSA  PAgUOBOJH HAa  UCKYCCTBEHHBIX  MEPUOANYECKUX
HeonHoponHocTsx (MITH) woHocdepHOH miasmbl, CO3MaBAEMbIX MOIIHBIM PaJUOHU3ITyYCHUEM
HarpesHoro creHna CYPA (56,15 N; 46,11 E) [1]. Onpenenensl Takue mapameTpbl aTMOChepHO
TypOYJIEHTHOCTH KaK CKOPOCTh TYpOYJIEHTHOTO ABIDKEHHs, YPOBEHb TypOomayssl, kK03(pduumeHt
TypOyneHTHOH nnddy3un M CKOPOCTh AMCCUNAIMM KWHETHYECKOW SHepru. Bapmanmm sThx
napamMeTpoB MPOAHAJIU3UPOBAaHbI COBMECTHO C BapuHalMsAMM TeMIEPAaTypbl HEUTPaJIbHOU
KOMIIOHEHTbI U CKOPOCTH PETryJSIPHOTO BEPTHKAJBHOIO IBW)KEHUS HOHOC(HEPHOH IUIa3Mel,
MOJIyYEHHBIMU B 3TUX ke m3MepeHusx metonoMm HMITH. Ypoeenp TypOomay3bl Onpenessijicss Kak
BBICOTA, HWXKE€  KOTOPOM  M3MEPEHHOE  BpeMsl  peJakCaluM  CUTHAla,  PacCesHHOrO
HEONHOPOAHOCTSIMM, CTAHOBHUTCSI MEHbLIE, 4Y€M BpEeMsl peJlakcaluu, COOTBETCTBYIOILEE
1 Py3nOHHOMY MEXaHH3My HMX HCYE3HOBEHHs IOCJEe OKOHYAHMS BO3JIEHCTBHA Ha HOHOC(hepy
[1,2]. TIpu mepexome or aud¢y3HOHHOTO pa3AeNeHuss K TypOYJIEHTHOMY MepeMeIInBaHHIO
aTMOC(epHBIX ra30B (HIWXKE YPOBHS TypOOmay3bl), HEOIHOPOIHOCTH Pa3pylIaroTcs ObICTpee, deM
non aedcTteueM amOumnossipHod  auddy3un, W BpeMs UX peJakCaluUu  ONpPeaesseTcs
NPEeUMYIIECTBEHHO TypOyneHTHOH nuddysued, dYTo MO3BOJNSAET ONPENeNIUTh CKOPOCThb
TypOyJIEHTHOTO ABIDKEHHsI Kak (QyHKUHI0 Iup(y3HOHHOTO BPEMEHM W U3MEPEHHOI'O BPEMEHHU
penakcalMi paccestHHOro curHana. llpuseneM OCHOBHBIE pe3yJbTaThl UCCIEAOBAHUS THUHAMHUKU
aTMocdepHO TypOyJIEHTHOCTH Ha BBICOTaxX Me30c(heprl M HUKHEH TepMochepsl.

1. Cxopocth TypOyJIEHTHOTO ABUKEHUS OMpeesieHa B MHTepBaje BbIcOT 86—104 kM. 3HaueHUs
YCPERHEHHONW CKOPOCTH M3MEHSUIMCh OT OJIM3KUX K HYJIFO 3HAYEHHUI Ha BBICOTE TypOomays3bl 10 5—
6 M/c (7-8 M/c B ciryHasix €CTECTBEHHBIX BO3MYIIEHUH B aTMoc(epe) Ha BeicoTax 86—90 km.

2. YpoBeHb TypOomnay3sl H3MEHsUICS B UHTEpBasie BICOT 90—106 kM B centsiope u 88—108 kM B
okTs10pe. MUHMMAJIBHO PErUCTPUPYEMBIN YPOBEHb TypOomnay3bl Haxoauwics Ha Beicote 90-91 kM, a
MaKCHUMaJIbHbIA yPOBEHb — Ha BbICOTE 104—106 kM.

3. Jlns psima ceaHCOB M3MEPEHUH BBISBICHA MOJIOKUTENbHAS KOPPessus ¢ KodhpuneHTaMu
0,42 1 0,52 Mexxay BEJTMUMHON TeMIepaTyphl HEUTPaIbHONH KOMIIOHEHTHI U YPOBHEM TypOomnays3sl.

4. BeIsiBIeHa MOJIOKUTENbHAS KOoppemsiims ¢ kosdduuuenramu 0,52 u 0,63 Mexay BETHIMHAMEI
CKOPOCTH TYPOYJIEHTHOTO M CKOPOCTH PETryJIIPHOTO BEPTHUKAJIBHOTO JBHIKEHHUS CpPellbl Ha BBICOTAX
85,4 kM 1 91 KM, 4TO O3HAYAET BO3MOXKHYIO MMEPEMEKAEMOCTh TYPOYIEHTHOCTH.

5. YCTaHOBJIEHO BJIMSHUE BOJIHOBBIX JBIDKEHHH B arMocepe Ha AMHAMHUKY aTMochepHOH
TypOyJIEHTHOCTH, MpPOSIBISIFOINEECS B BOJHOOOPA3HBIX BapHALMAX TYpOYJIEHTHOH CKOPOCTH H
yPOBHSI TypOOMay3sl ¢ MEPUOAMYHOCTBIO OT HECKOJIBKUX JECATKOB MUHYT /10 HECKOJIbKUX 4YacoB,
xapakTepHbIx 111 BI'B.

Pabora BemonHeHa nmpu noanepkke Poccuiickoro Hayuroro ¢gonaa (mpoekt Ne 20-17-00050).

1. benukosuu B.B., benenuktoB E.A., Tonmmauera A.B., baxmerbesa H.B. Hccnenosanue
nonocdepsi ¢ nomotnsto UITH — H. Hosropoxa: UTI®PAH. 1999. 156 c.

2. Bakhmetieva N.V., Grigoriev G.I., Tolmacheva A.V., Zhemyakov I. N. // Atmosphere. 2019.
10(8). P. 450. https://doi.org/10.3390/atmos10080450.
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NCCJEJIOBAHUE HUKHE HOHOC®EPHI 3EMJIN
HA HAT'PEBHBIX CTEHJIAX

Baxmernesa H.B.!, I'puropnes r.ml, Bunorpapnos I.P.!, Kemsnkos H.H.!, Kaaununa E.E.',
Mepmun A.B.', FOcynos K.M.

"HUP®U HHT'Y um. H.H. Jobauesckoeo, 2. Huocnuit Hoeeopoo, Poccus, nv_bakhm@nirfi.unn.ru
’Kazancruii (Ipusonocckuit) pedepansivtii yuusepcumem, 2. Kazans, Poccust

B pabote npencraBieHbl pe3yabTaThl SKCIIEPUMEHTAIBHBIX UCCISIOBAHUN HIKHEH HOHOC(hEpHI
NpU BO3JCHCTBUM HAa HEE MOIIHBIM BBICOKOYACTOTHBIM PAJAHOU3IYYCHUEM W B PETYJSPHBIX
ycnosusix. Ha ocHoBe mccnenoanusi D-obmactu (60-90 kM) METOIOM YaCTHYHBIX OTPAKEHUH,
OCHOBAHHBIM Ha pPAaCCESHUU PAJAUOBOJH €CTECTBEHHBIMU IUJIA3MEHHBIMU HEOTHOPOAHOCTSIMH,
MOJIy4€HbI BBICOTHBIE TpOMIN 3NeKTpoHHOH kKoHueHTpaumu N(h), usmepenHble MeTOOOM
g depeHIaTbHOrO MOTJIOIEHHS], B €CTECTBEHHBIX YCIOBUSAX M MPU HCKYCCTBEHHOM BO3IEHCTBUH
Ha wuoHochepy wm3nydeHuem crernma CYPA (56,15 N; 46,11 E). Habmonmanock yMmeHbIIEHUE
SJIEKTPOHHONW KOHLEHTPAMH U POCT TEMIIEPATYPhl 3JIEKTPOHOB BO BpPEMsI HarpeBa MOHOC(EPHL
N(h)-npodpunu B obnactu D u3ydeHbl COBMECTHO C BBICOTHBIMH 3aBHCHMOCTSIMH aMILIUTYIbI
CUTHAJIa, PACCETHHOTO MCKYCCTBEHHBIMU IEPHOAMYECKHIMH HEOIHOPOIHOCTSIMH HOHOC(hepHOH
mwiasmbl  (UITH), co3maBaeMbiMM M3JIyd€HHEM HArpeBHOIO CTEHNIA, M BPEMEHHU peJaKcaluu
HEOOHOpOAHOCTEH 1o oOkoHuaHuM Harpesa [1,2]. Paccmoenne BbicoTHOro N(h)-mipodus
UHTEpHpeTupyercs: Kak npossierne cinost C Hmwke 70 kM. Onpenenena HUKHsAA rpaHUa odiacTu
BBICOT, O0OTAIEHHON aTOMapHBIM KuciIopoaom [3].

Ha craguu penakcauuyu HEOTHOPOAHOCTEW IMOJNYYEHBI BBICOTHO-BPEMEHHBIE 3aBUCHMOCTHU
MapaMeTpoOB HEWTPANbHOH W HWOHM30BAHHON KOMIIOHEHT Ha BBICOTaX Me3ochephl U HIDKHEH
tepmoceprr (60-130 km): Temmeparypbl M IUIOTHOCTH HEWTpaJbHON aTtMoc(epsl, CKOpOCTei
PEryJsIpHOTO BEPTHUKAIBHOTO U TypOYJEHTHOTO JBIDKEHHH Cpenbl, YpOBHS TypOomayssl,
3JIEKTPOHHON KOHLEHTpanuu. MccinenoBaHbl BBICOTHO-BPEMEHHBIE BapHALIMU 3THX MapaMeTpoB, B
TOM YHCJIE, B TEPUONbI CYIIECTBOBAHUS PA3BUTBIX CIIOPAAMYECKUX CIIOEB, SIPKO BBIPAKEHHOM
TypOyJIEHTHOCTH M HEYCTOMUMBOCTEH cpenbl pactpocTpaneHus. [IokazaHo, 4TO pacmpocTpaHeHUe
aTMOC(EpPHBIX BOJIH Pa3HBIX MPOCTPAHCTBEHHO-BPEMEHHBIX MAcIITa0OB BO MHOTOM OIpEneisieT
xapaktep 3Tux Bapwanuil. CrenaHbl OLEHKM aTOMHOM MAacChl U OTHOCHUTEJIBHOM KOHLICHTPALUU
npeodramaroIux METAUIMYECKHX MOHOB B cniopagudeckoM cioe E (Es), xoropeie obecrneunBaroT
NOSIBJICHUE JIOKAJIbHBIX MAaKCHMyMOB Ha BBICOTHOM mpodune BpemeHu penakcanmu MWITH.
Haubonee w4acTto »>TUMH HOHAMH SIBJSIIOTCS TMOJOXKUTEJBHBIE AaTOMAPHBIE WOHBI KeJe3a.
HccnenoBaHo BIUSHUE IJIMTEIBHOTO BO3IEHCTBHS HAa MOHOC(HEPY Ha MOBEACHUE CIIOPATHMYECKOrO
cnos E.

OO6cysxnaroTcst BOMPOCH pa3BUTHs HccaenoBannii nonocdeprr meronqom UITH Ha HarpeBHBIX
CTEHIAax B BBICOKMX M HU3KHX IIMPOTaxX W PE3YJIbTAThl BHIMOJHEHHBIX HA HUX HKCHEPUMEHTOB IO
OUATHOCTHKE HIDKHEH MOHOC(Ephl M HeUTpaIbHOM aTMocdepsr [4].

PaGora BemonHeHa npu noaaepkke Poccuiickoro HaygHoro gonzaa, mpoekT Ne 20-17-00050.

1. bemukosuu B .B., benenuktos E.A., Tonmauesa A .B., baxmersesa H.B. MccnenoBanue
nonocdeprr ¢ nmomorusto UITH — H. Hosropoa: UIT® PAH. 1999. 156 c.

2. Bakhmetieva N.V ., Grigoriev G.1., Tolmacheva A V., Zhemyakov I. N. // Atmosphere. 2019.
10(8). P. 450. https://doi.org/10.3390/atmos10080450.

3. Bakhmetieva N.V , Kulikov Y.Y., Zhemyakov I. N. // Atmosphere. 2020. 11. P.1154.
https://doi.org/10.3390/atmos11111154.

4. baxmetrseBa H.B., I'pau C. M., Ceprees E H., [llunnun A.B. // Tpynst XX VI Beepoccutickoit
OTKpbITOH Hay4HOH KoH(pepenun (Kasanp, 1-6 uronst 2019 r.): B 2 T. — Kazans: U3n-Bo Kazan.
yH-Ta, 2019. T. 2. C. 16-20.
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JABOPATOPHOE MOJEJUPOBAHUE JUHAMUKHN IUIOTHBIX
IJIABMEHHBIX CTPYH B 3BAMATHUYEHHON ®OHOBOIM ILJIASME HA

KPYITHOMACHITABHOM CTEH/E "KPOT'": HOBBIE PE3YJIbTATDBI

I'ymun MLE., Aiinakuna H.A., I'yagopun B.U., 3yrun U.10., Kopookos C.B., JTlockytos K.H.,
Huxoaenko A.C., Ctpuxkosckuii A.B.

HII® PAH, 2. Husxcnuii Hoeeopoo, Poccus, mguschin(@ipfran.ru

IInasmennbiii crenn «Kpor», cosmanneiii B HUII® PAH nns MopmenupoBaHus SIBJIEHUH B
noHocepHori mnasme, Omaromaps OombmM oOBeMaM pabouell Kamepbl W YHUKAJIbHBIM
XapaKTEPUCTUKAM 3JIEKTPOYHU3MUECKOrOo OOOPYIAOBAHUS TIO3BOJIIET TPAKTHYECKH TOJHOCTBIO
UCKJIIOUYNTh BJIMSIHHE CTEHOK KaMepbl HAa HCCIEAyeMble MPOLECCh, U PEeaTnu30BaTh PEKUM
«Oe3rpaHNYHOW» HWOHM3ALUH, TPUOIDKAIOLINNA YCIOBUS MOJEJUPOBAHUS K KOCMHYECKHM. B
MOCJIETHAE HECKOJBbKO JIET Ha CTEHJE MHCCIENyeTCsl AWHAMUKA IUIOTHBIX BBICOKOCKOPOCTHBIX
IUTA3MEHHBIX CTPYH, PACIIMPSIIOIINXCS B BAKYyM U B (DOHOBYIO IUIa3My BO BHEIIHEM MAarHUTHOM
Nojie B YCJOBUSX, MOJEJUPYIOIIMX AKTUBHBIE 3KCIEPUMEHThI B HOHOchepe. st renepaumu
TJIa3Mbl UCIIOJIB3YIOTCS KOAKCHAJIbHBIE TUIa3MeHHble nywku. B xone kamnmanuii 2019 u 2020 rona
peanu3oBaHbl HOBBIE pENAKLMM OKCIEPUMEHTOB, IOJYYEHbl HOBBIE pE3YyJBTAThl B 4acTH
OUArHOCTHKM MapamMerpoB IUIa3Mbl M Pa3BUBAIOIIMXCS HEYCTOMYMBOCTEH. BBINOIHEHBI
SKCIEPUMEHTbl MO MHXXEKLUU [UIa3MEHHOH CTPyH MONEPEK CHJIBHOIO MAarHUTHOIO IIOJI,
COIPOBOXKAAEMbIe (POPMHUPOBAHUEM (IIJIA3MEHHOTO JINCTa» — CTPYKTYPBI, BBITSTHYTONH BIOJIb JTMHUN
MarHUTHOTI'O MOJISI, U CHJIBHO CKaTOW B HAaNpaBJIEHUH IMOIEPeK HalpaBieHUsl ABMXKeHUs motoka. C
HCIIOJIBb30BAHUEM PA3JIMYHBIX AUATHOCTUYECKHX METOAUK OMNpEeNeseHbl MapaMeTphl IUIa3Mbl B
JHCTEe, TOKA3aHO, 4YTO JJIMHA CTPYH B JIA0OPATOPHBIX YCIOBUSIX HMETh MaclTad Iomnepek
MarHuTHOro mossi Oomee 1 merpa. Ilpw WHXKEKUMM BIOJb MAarHUTHOTO TIOJSL HCCIIEAOBAHO
B3aUMOJIEHCTBHE IUIA3MEHHOH CTPyH C MAarHUTHBIMH TIPENSTCTBUSAMH, (HOPMHUPYEMBbIMU
JOTOJIHUTEIbHBIMU ~ KATyIIKaMH, YCTAHABJIMBAEMBbIMH B T[JIABHOM COJICHOUJE YCTAHOBKHU.
PaccmoTpeHbl pa3nnyHble HEYCTOMYMBOCTH, PA3BUBAIOIIMECS B IUIA3MEHHBIX CTPYSX, BKJIHOYas
5JIEKTPOMArHUTHBIE HA BBICOKOOHEPTreTUYECKOW CTaAuu pPACIIUPEeHUss — U CTPYKTYpHBIE,
HaOJIr0TaeMble TIPU pacrhaje Mia3Mbl Ha MMO3HUX BPEMEHaX.

Pabora BrImosHeHa mpu noanepkke Poccuiickoro ¢oHna GyHIaMEHTATbHBIX HUCCIEAOBAHUM,
nmpoekT Nel8-29-21018 mk.
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METOJ MHOI'OYACTOTHOI'O AOINVIEPOBCKOI'O 30HAWPOBAHMUA
NOHOC®EPBI: HHOAHCBI 1 BOBGMOKHOCTHA

Moucees C.IL., Illunaun A.B., Ceprees E.H.

HHI'Y um. HHU. Jlobauescroeo, . Huxcnuii Hoseopoo, Poccus, geothermalnn(@mail.ru

MeToa MHOTO4aCTOTHOTO AOIJIEPOBCKOTO 30HIAUPOBAHUS MCIOJNB3YETCS Il BOCCTAHOBJIEHHUS
npoduiis 3MEeKTPOHHON KOHLeHTparmu B MoHochepe ¢ 80x rogos. CyTh MeTOHA 3aKITIOYAETCS B
W3JIy4YEHUH MOLIHOTO PAgUOUMITYJIbCA C LIMPOKUM CHEKTPOM U PErUCTPALMU OTPAKEHHOTO OT
noHoc(ephl CUTHANA ¢ TMOCHEAYIOUUM HaxokaeHneM (a3oBoro crektpa. OTpakeHue Kakaon
CIIEKTPAJIbHON KOMIIOHEHTBI HM3JyYE€HHOIO HMIyJbCa MPOUCXOAUT Ha CBOEHM BbICOTE. Da30BBII
CIIEKTp MPUHUMAEMOr0 CUTHajIa OyeT OnpeaensiTbCsl BPEMEHHBIMH 3aIep KKaMH MPUX0a KaKIOH
CIIEKTPaJIbHON KOMIIOHEHTHI, KOTOPBIE B CBOKO OUEPEAb 3aBUCST OT BBICOTHI OTpakeHus. U3MeHeHus
(da3bl OTHENBHBIX KOMIIOHEHT PErHCTPUPYEMOro CHTHAjJa MEXIy [BYMS H3JIYYCHHBIMU
(IMarHOCTUYECKUMU)  HMMITYyJIbCAMH  OMPEACNSIOTCS ~ BapHAlMSIMH  BBICOTBI  OTPaKEHUS
COOTBETCTBYIOIIUX KOMITOHEHT. M3meHeHHe (pa3bl pPErucTpUpyeMoro CHTHAjia CBS3aHO C
U3MEHEHUEM  BBICOTBI OTPAXKEHHsS] ISl COOTBETCTBYIOINEH  CIEKTPATbHOW  KOMITOHEHTBI
WHTETpabHBIM ypaBHeHHEM. BoccraHoBieHue npoduis B 3aJaHHBIH MOMEHT BO3MOXKHO MPHU
YCIIOBUM HAJIUYHS HAYAJIBHOTO MPOGUIIS JIEKTPOHHOM KOHLIEHTPALMH, OTIPEACNIIeMOro, HapuMep,
C TIOMOIIbIO HOHO30HA WK pajapa HEKOrepeHTHOro paccesinust. OCHOBHOE MPEUMYIIIECTBO METOIA
MHOTOYaCTOTHOTO JIOTJIEPOBCKOTO 30HAMPOBAHUS MO CPABHEHUI) C KJIACCUYECKUM METOIOM
BEPTHKAIBHOTO 30HAMPOBaHUS — OoJieeé BBICOKOE BPEMEHHOE K BBICOTHOE pa3pelieHue
3ouauposanus (~100 mc u ~200 M), ompenenseMoe IepUOIOM CIEIOBAHUS UMITYJIbCOB M MOJIOCOM
nprieMa (aMIUTHTYI0H UMIYJIbCa) PETUCTPUPYEMOH anmapaTypbl COOTBETCTBEHHO.

B noknanme mnpencTaBieHbl METONWKA W TPEABAPHUTEIBHBIE PE3yJbTaThl MOICITUPOBAHHS
MOBEJCHNUS ITUATHOCTUYECKMX BOJH B JKCIEPUMEHTaX IO MHOTOYaCTOTHOMY JOIUIEPOBCKOMY
30HAMPOBAHUIO C LIEJTBIO TIONCKA ONTUMANIBHOTO CLIEHapHsi 00pabOTKH SKCIIEPUMEHTAIbHBIX TaHHBIX,
BBISICHEHUS IPAHUI] TPAMEHUMOCTH U HIOAHCOB UCIIOJIb30BaHUs MeToa. IIpon3BouIics YucieHHbIH
PacYET aMILUTUTYABI SJEKTPUUECKOTO TOJII METOIOM KOHEYHBIX PAa3HOCTEH BO BPEMEHHOH obnactu
NpU  «HUCKYCCTBEHHOM» (MOAETBHOM) BKJIIOUEHHH Moaupukauuu npoduis 3JIEeKTPOHHOH
kOoHIeHTpauuu. OnHOMepHast C4éTHAs O0NACTh BKIIOYANa B ceOsl CI0H M30TPOMTHON HEOTHOPOAHOM
IUTa3MBl C MapaMeTpamMH, XapakTePHBIMH JUII MOHOC(EpPhl M H3MEHSIOIUMHUCS BO BpeMeHH. B
Ka4eCTBE MaJaoleil BOJHbI HCIOJB3YETCsl KOPOTKUM PaIUOUMITYJIbC C IMPUHON criekTpa ~ 800 kI 1.
C momouIp0 MPOBEACHHOTO MOJAEIMPOBAHUS OLIEHEHA IMpPEIeNbHasi CKOPOCTb M3MEHEHHS BBICOTHI
otpaxenust (~1 km/c mpu mepuoxae cienoBaHusi UMMIYIbcoB 100 MC), kKOTOpass MOXET OBITh
ompeneneHa uccienyeMbiM MerogoM. [IpoBeneH aHanu3 W HaWAEHBI ONTUMANIbHAS JUIUTENBHOCTD
BPEMEHHOTO OKHAa [UIs CIEKTPaJbHOTO aHajIM3a OTPAKEHHOrO HUMIysbca, mapamerpsl HY
bunbTpaunu IUI YCIOBUH peambHOro sKkcnepuMmeHTta. [IpoBeneHa OLleHKA BIUSHHS LIYMOB B
PEruCTPpUPYyEMOM CHUTHAJIE Ha Pe3yJIbTaT BOCCTAHOBIICHUS MPOQUIIA 3NEKTPOHHON KOHIIEHTPALIUH B
IIMPOKOM TUHAMHYECKOM AHAIa30He.

Pabora BbIMONTHEHA TpU pUHAHCOBOH noanepkke rpaHnToB POOU Ne 20-32-70198 u PHD Ne
20-12-00197.
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NCHIOJB30OBAHUE COBMECTHOI'O AHAJIN3A CHUMKOB HOYHOI'O HEBA U
KAPT BAPHAIIM NDC I HWCCIEAOBAHHUA TPOCTPAHCTBEHHO-
BPEMEHHOI JUHAMHMKH OBJACTH HWOHOC®EPHI, BO3MYIIEHHON
MOIIIHBIM PAJIMOU3JIYYEHUEM CTEHJIA CYPA

Kororun JI. A.l, Haceipos U. A. !, llunaun A. B. 2, I'pau C. M. 2, Makcumos /1. C. 1,
3arperaunos P. B.1, Geaenxuii A. B.3

LK@V, 2. Kasans, Poccus, denis.kogogini@gmail.com
2 HHI'Y, 2. Huosicnuii Hoeeopoo, Poccus
I UC3® CO PAH, 2. Hpxymck, Poccus

C 2010 roga Ha crenne CYPA Hauanu NpoOBOAUTBHCS peryjisipHble CUHXPOHHBbIE H3MEPEHMUsI
MHTEHCHUBHOCTH HCKYCCTBEHHOT'O CBEUEHHsI HOHOC(EPH! B KPACHOH JIMHAM aTOMAapHOTO KHUCJIOPOIa
(A=630 ©M) u Bapuanuii nOJHOro 3yekTpoHHOro coaepxkanust (II9C) Bmome panuoTpacc
«HABUTAIMOHHBIN CIyTHUK - HA3€MHBIH MyHKTY MPH MpoJére HaBurarmonHoro cnytHuka (HC) Han
BO3MYIIEHHOM 0OmacTeio noHochepsl (BO) B mone 3penus [13C kamepsr HampasienHoit Ha BO [1].
B pannux skcnepumentax 2010-2014 rr. uamepeHus: NpoBOAMINCH Ha oguHO4YHOM Jyue «HC-m.
Bacunbcypck». B HEX ObUIO YCTAHOBIJIEHO, YTO TOJIOXKEHHE IISITHA MCKYCCTBEHHOTO CBEUYCHHS B
MaKCHMYyMe SIPKOCTH MPH NMPOXOKAeHuH Tpaektopuu ayda « HC-n. Bacunecypck» uepes ero LeHTp,
COOTBETCTBOBAJIO MHUHUMaNbHbIM 3HaueHussM [ID9C. OpHako orpaHuueHHss B IOCTaHOBKE
noJ00HOrO 3KCIEePUMEHTa, MOApoOHO omucaHHble B padorax [1,2], MOATONKHYJIM aBTOPOB K
Pa3BUTHIO JAHHOTO METOJa, IyTeM TMpHUBJIeYeHHUs Oojbinero konmdectsa paaHHbXx [HCC
PamuO30HAMPOBAHUS W NOOABIEHHS HOBBIX ITYHKTOB PErHCTPAlMH ONTHYECKOrO CBeuUeHHs. B
pe3yibraTe ObUIa MONYy4YeHAa BO3MOXKHOCTH TOCTPOEHUS NEeTaJM3HUPOBAHHBIX KapT Bapuauuid [19C
KaK B y3KO JIOKQJIM30BAHHOW 00jacTu MOHOC(hEPHI, OTPAaHUYEHHON pa3MepaMH IJIABHOTO JIETIECTKA
auarpammel HarpasiaeHHOCTH cTeHna CYPA, Tak v Ha 3HAUUTENBHOM paccTosiHUS OT LeHTpa BO u
MPOBEJEHUS] MPSIMOro TMPOCTPAHCTBEHHO-BPEMEHHOIO COIMOCTABJIEHMS MEXIYy BapHUalusMU
HCKYCCTBEHHOTO cBedeHust nonocdepsl u I12C, crumynuposannbiMu padboroii ctenna CYPA [2].

Ha ocHoBe aHanu3a MNpPOCTPaHCTBEHHOI'O IIOJIOKEHUsS U TOBEAEHHs BO BpPEMEHHU IISITEH
HCKYCCTBEHHOTO CBEUEHHsI HOHOC(EpPhl Ha M300paKEHUSIX HOYHOrO Heba U COOTBETCTBYIOLIEH UM
obmactu Ha kaprax Bapuwaumii [IDC ObuLT cmenmaH BBIBOJ O TOM, 4TO OOJAaCTh MaKCUMAJIbHOMN
SPKOCTU TSITHA CBEYEHUS MPOCTPAHCTBEHHO JIOKAIM30BaHA B OOJIACTM MUHUMyMa MHTEHCHBHOCTU
Bapuanuii [19C n HaoGopoT - obOnacTe MakcuMyMma HHTeHCUBHOCTH Bapuaunii [I9C coorseTcTByeT
00JacTH MHUHUMyMa SIPKOCTH HCKYCCTBEHHOTO CBeueHHus. POopMHPYOMascs MOCHe KaKAOro
BKJIFOUEHUS BOJIHBI Hakauku cteHaa CYPA, mojgocTh ¢ MOHUKEHHOMN 3JIEKTPOHHON KOHIIEHTPALMEH
B 00JIaCTH T€HEPALIMK UCKYCCTBEHHOTO CBEUeHMsI HOHOC(EpDI, Bappupyercs B nuana3zone ANe/Ne ~
49 %. MeHHO B 3TOI MOJOCTH MPOUCXOAUT OJHOBPEMEHHOE HApacCTaHWE IUIOTHOCTH TOTOKA
MoiHocTH BY paguoBOSHBI M MOTOKA CBEPXTEIUJIOBBIX 3JIEKTPOHOB, YCKOPEHHBIX MJIa3MEHHOM
TypOynentHocThi0  [3].  IlpemyoskeHHBI MeTOA CHHMAeT OrpaHWYEHUs, CBSI3aHHBIE C
HEOOXOUMOCTBIO MPOJIeTa HABUTALIMOHHOTO cryTHHUKA HernocpenctseHHo Han JIH crenma CYPA,
YTO CYLIECTBEHHO YBEIMYMBAET IIAHCHI YCIELIHOIO TMPOBENEHUS CHHXPOHHBIX W3MEpEeHUN
Bapuaiuii II9C u MHTEHCUBHOCTH CTUMYJIMPOBAHHOIO CBEYEHMsI B OJKCIEpPUMEHTax IO
BO3ACHCTBHIO HA HOHOC(HEPY MOIIHBIM PaIUOU3TyUYECHHEM.

HccnenoBanue BBINOIHEHO 3a c4eT rpaHTa Poccuiickoro HayuHoro ¢ponna (Ne 19-72-00072).

1. TI'pau C.M., Haceipos M. A., Kororun /I A., Illunnun A B., [lementeeB B.O., Ceprees EH.,
Axuypun A.Jl. //U3B. By30B. Pagnodusuka. 2018. T. 61, Ne 3. C. 181-197.

2. Kororun . A. Haceipos U A., luanua A.B., I'pau C.M., Makcumos J1.C., 3arpernnHos
P B., lementse B.O. // U3B. By30B. Pagnodusuka. 2020. T. 63. Ne 2. C. 89-104.

3. Kiuumenko B. B,, I'pau C. M., Ceprees E. H.,, llunaun A. B. // U3B. By30B. Pagnodusuka.
2017.T. 60. Ne 6. C. 481-501.
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JTUHAMUKA OBJIACTEN PAKYPCHOI'O PACCESIHUSI PATUOBO.TH E-
CJIOsA HNOHOC®EPBI 1O JAHHBIM PJIC JAEONUMETPOBOI'O

JIAATIA30HA
Trotun U.B., Apemnn C.A.

OAO «HIIK « HUUJIAP», . Mockea, Poccus, tyutinl@physics.msu.ru

DX0 CHTHAJBI OT aBpOpajbHONH MOHOC(EpHl, HApUMeEp, paKypcHoe paccesiHue paanoBosH (PPP),
U3BECTHO M H3y4aercst yxke okono 80 jer. DTO SBJIEHHE CBSI3aHO C CHIJIBHBIM aHU30TPOITHBIM
paccessHHEM pPaIUOBOJH Ha IOJIEOPHEHTUPOBAHHBIX HEOJHOPOAHOCTSIX KOHIEHTPALUU TUIA3MBl,
U3BECTHBIX Kak HEOJHOPOXHOCTH aspopanbHoro E-cimos wnonocdepst. Ilocnennue cosparor
cuJbHBbIE moMexu 1 panapoB YKB amanazoHa. DKcrnepuMeHTaNbHbIE NaHHBIE TIO PErHCTPALIIH
AHM30TPOMHOIO PACCESTHUS HA HOHOC(EPHBIX HEOTHOPOAHOCTAX ciios E, monyueHHbIe Ha pajapax B
PEXUME HETIPCPBIBHOIO CKAHUPOBAHUA IO A3UMYTY B TCUCHUEC MPOAOJLKHUTCIBHOI'O HMHTCpPBAJA
BPEMEHH, B JIUTEPAType MPAKTHUYECKH HE PACCMATPUBAINCH M TO3TOMY MPEACTABISIOT
ONpeNEeIeHHBIN HHTEpEC.

B pabore mnpencraBneH aHanmM3 INPOCTPAHCTBEHHBIX XAaPAaKTEPUCTHK OOJacTeld paKkypCHOrO
paccessHust panuosoiiH 3a 2018 roa. Curnansl PPP peructpuposanucek pagapom YKB nuanasona B
KpacHosipckoM kpae ¢ ceBepHOI OpHeHTauue cexropa ob3opa.
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CPABHUTEJIbHBII AHAJIN3 PE3YJbLTATOB V3MEPEHUI
MNOTEHIIUAJIA 1 IAPAMETPOB ILJTIA3BMbI B ITIPUITIOBEPXHOCTHOI
30HE MKC IIO JAHHBIM SKCHEPUMEHTOB «OBCTAHOBKA (1
9TAI) HA POCCHHCKOM CEITMEHTE MKC HW FPMU HA
AMEPUKAHCKOM CEI'MEHTE MKC.

B.A.I'pymmun’, C.U.Kaumos?, B.Kupos?, E.M.Teepaoxae6osaZ, /. U.Hosukos?, JI.A.Ocaguas®
1- UKH PAH, Mockea, 2- HKUT Bonreapcrkoii akademuu vayx,3-O1' VI I[HHHUmaw,

UKHU PAH, 2. Mockea, Poccus, verushin(@iki.rssi.ru

3onp Jlearmropa 3JI-1 B cocrase skcnepumenTa Obcranoska -1 stan[1] u 3oun61 Jlenrmropa WLP
u NLP B cocraBe nskcmepumenta Floating Potential Measurement Unit[2] omHOBpeMeHHO

BBINIOJIHSIN U3Mepenus B nepuof 2013 u 2014 rr.

CMOHTHpPOBaHHBIE Ha MPOTHBONOJOXKHBIX KoHIax MKC U Ha MpPOTHBOMOJOXHBIX CTOPOHAX MO
OTHOILIEHHIO K 3eMJIe, 30H/IbI IOKA3bIBAIOT KAUYECTBEHHO CXOAHbIE pe3ynbTaTel. Hamu npennpunsTa
MOTIBITKA OOHAPYKUTBh Pa3INYMsl, KOTOPbIE MOJKHO OBLIO OBI CBA3AaTh C PA3HOW YOANEHHOCTBIO OT
MAaCCHBOB COJIHEYHBIX Oarapeil. DTO HEMPOCTO caenaTh Ha (JOHE PA3IMYHBIX JOKAIBHBIX 3aTEHEHHUN
npubopoB, KoTopbie 00ycnoBieHs! koHpurypauueit MKC.

1. C.H. Kmumos, B.A. I'pymmmn, K. banaiitu u np. MUccnenosanus B noHocgepe
3JIEKTPOMArHUTHBIX MTApPaMeTPOB KOCMUYECKOM MOTOABI B 3KcniepeMeHTe «Jocmanosxra (1
oman)» ua Poccuiickom cermenre MKC // Kocmudeckas Texnuka u rexnonoruu Ne 1(15)/2021,
¢ v

2. Aroh Barjatya, Charles M. Swenson, Donald C. Thompson, and Kenneth H. Wright Jr. Invited
Article: Data analysis of the Floating Potential Measurement Unit aboard the International

Space Station. Review of Scientific Instruments 80, 041301
(2009); https://doi.org/10.1063/1.3116085
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HPAMAA JTUATHOCTUKA TPAEKTOPHBIX XAPAKTEPUCTHUK
PATUOCHUTHAJIA, OTPA’KEHHOTI'O OT CJIYYAMHO-
HEOAHOPOAHOU NOHOC®EPHI

AdanacbeB H.T.!, Tanaes A.B.", Yynaes C.0.?

ur Y, o. Hpxymcx, Poccus, spacemaklay(@gmail.com
’HC3® CO PAH, 2. Hpkymek, Poccus.

[IpubmmkeHHast OLEHKa OXHIAEMbIX CTAaTHCTUYECKUX  XapPaKTEPUCTUK  JE€KAMETPOBBIX
PagUOCUTHAJIOB, OTPAKEHHBIX OT CIyYailHO-HEOIHOPOIHOW MOHOC(EPHI, MPEACTABIAETCS BasKHON
Iy pelieHus psima  npukiagHeix  3amad [1,2]. Tlockompky mapamMerpel  MOHOC(HEPHBIX
HEOIHOPOJHOCTEN M3BECTHBI C HEKOTOPOH AOJIEH BEPOSITHOCTH HAAEKHBINA PacdeT XapaKTepUCTUK
CUTHAJIOB HE BCErAa BO3MOXKEH. Mexay TeM MpeAaBapUTENbHOE BOCCTAHOBIEHHE HEOJHOPOAHOCTEN
M0 XapPaKTEPUCTHKAM IMPHUHSATOrO MPOOHOrO CHrHajia Ha PernepHO Tpacce, MOAOOHOH MO CBOUM
CBONMCTBaM 3aJJaHHOH Tpacce, MO3BOJIAET OLCHUTh XAPAKTEPUCTUKH CUTHANIA, OTPAKEHHOIO OT
noHocepsl. KiroueBbIM BOMPOCOM Ui OLEHKH OXHIAEMbIX XapaKTePUCTUK CUTHAJOB Ha
3alaHHBIX HAKJIOHHBIX TPACCax SIBJIETCS TPABWIBHBIA BBIOOP pPENMEpHOH Tpacchl HJsi MpoOHOTro
ucrouHuka. IIyHKT u3naydeHns npoOHOro CUrHajga MOJKET HaXOOUThCS HA HEKOTOPOM PACCTOSHUU
OT MYHKTa NMpHUeMa OCHOBHOT'O CUTHAJIA, & MYHKT MPHUeMa BCTPEYHOrO MPOOHOTr0 CHUrHAJIA COBMAAAET
C MYHKTOM H3JIy4eHHs] OCHOBHOro curHaia. IIpencraBieHusi 0 BO3MOXKHBIX Tpaccax IMpOOHOro
VUCTOYHMKA AJI1 OLEHKH CTATUCTUYECKHX XapPAKTEPUCTUK OCHOBHOIO CUTHAJA, OTPAKEHHOrO OT
HOHOC(EPBl, MOKHO TMOJYYHUTh C MOMOIIBI0 MOAETHPOBAHUS TPACKTOPHOH KapTHHBI HA OCHOBE
ypaBHEHMI TIeOMEeTpUYecKOd ONTUKU. AHalIU3 BbINIOJHEHHBIX pAacyeToB IOKas3al, 4YTO B
3aBHCUMOCTH OT reO(pU3NUECKUX YCIOBHH, U 3aaHHOW HAKJIIOHHOM TPACChl MOJKHO HAWTH Psint
penepHBIX Tpacc.

Jlns pernenust oOpaTHOM 3aadd Ha PEMEpPHON Tpacce B JOKJIANE IMONYYSHbl aHAIUTUYSCKUE
UHTErpajbHble (POPMYIIBI, CBSI3BIBAIOLINE CTATHCTUYECKUE TPACKTOPHBIE XapaKTEPUCTUKH MPOOHOTO
curHazia ®  mapaMerpbl  3(PQPEKTUBHOIO  KOPPESIMMOHHOTO  3JUIMICOMAAa  MOHOC(hEpHBIX
HEOOHOPOAHOCTEH. B KkadecTBe M3MepsieMBIX XapaKTEPUCTUK MPOOHOTO AEKaMETPOBOrO CHrHAa,
MIPUHATOTO B MYHKTE U3JYyYE€HHs] OCHOBHOIO CHUTHAJA, PACCMATPHUBAINCH BTOPBIE CTATUCTUYECKHE
MOMEHTBI (ha3bl, TPYNIIOBOH 3aA€PKKH M IOIUIEPOBCKOIO CMEINEeHUs 4acToThl. lMcmonb3oBanach
MOZeJIb ITPOCTPAHCTBEHHONW 3aBUCUMOCTH HEOMHOPOJHON 4YacTHU KOPPEISLMOHHOTO 3JUIMIICOUMA,
CaMOCOTIJIAaCOBAHHASl C M3MEHEHHEM CpeIHEH AMAIEKTPUYECKOW MPOHUIIAEMOCTH HOHOC(EpPHl U
YUUTBIBAKOLIAs] JUHAMUKY CTENEHH BO3MYLIEHHOCTH IUIA3MEHHOWM Cpelbl Ha Tpaccax pPasivu4HON
MPOTSDKEHHOCTH. PacueT CTaTUCTHYECKUX MOMEHTOB TPACKTOPHBIX XapaKTEPUCTUK ObLT BBINOJIHEH
¢ yueToM (PIIyKTyaluil TPaeKTOPUH, BOSHUKAIOIUX NMPU PEIIEHUH CTOXACTUYECKOH TPaeKTOPHOU
3374a4d C TPaHUYHBIMM YCJIOBUSIMH B IIYHKTaX W3JIy4eHWs W IpUeMa PENepHOro CHUrHaa.
BoccranoBneHHbIe 0000IMEHHBIE TApAaMETPBI CIYHAHOTO MO HEOJHOPOAHOCTEH, BBIPAKEHHBIE
4yepe3 CTaTUCTUYECKUE TPASKTOPHBIE XapAaKTEPUCTHKH PEIEPHOTrO CUTHAJA, ObUTH MCIIOJIB30BAHBI B
pacderax XapakTEepUCTHUK OCHOBHOIO CHUTHAla HA 3aJaHHOM HAKJIOHHOW paauorpacce. Ilomydensr
siBHble (DYHKIIMOHAJIbHBIE COOTHOIIEHHS, MO3BOJSIIOIINE TPOBOAWTH TIPSIMYI) JHATHOCTHKY
0’)KMJIa€MbIX CTATUCTUYECKHX TPACKTOPHBIX XaPaKTEPUCTHUK OCHOBHOIO CHUTHajla B IyHKTE
HA3HAYEHMs] IO XapaKTepUCTUKaM MPUHATOro pemnepHoro curHana. Ilpusenenel pe3ysbTaTel
YHCICHHBIX SKCIIEPUMEHTOB Il ONpEeHeNeHus Aucrnepcuil ¢aspl, TPYNIOBOH 3aJepKKU U
JOTIEPOBCKOrO CIBUIAa 4YacTOTbl OCHOBHOIO CHWIHaja Ha 3aJaHHOM OJHOCKAa4YKOBOW Tpacce MO
TAHHBIM U3MEPEHUH 3THUX XapaKTePUCTHUK NMPOOHOT0 CUTHAJIA HAa BCTIOMOTATeNIbHOH Tpacce.

1. bnarosemenckuii [I.B., XKepebuos I'.A. BricokommpoTHbIe TreopU3NYECKHE SBICHUS U
MPOTHO3MPOBAHKUE KOPOTKOBOJHOBBIX panauokaHaioB. M.: Hayka, 1987. 272 c.
2. Rawer K. Wave propagation in the ionosphere. Dordrecht: Springer Netherlands, 1993. 479 p.
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BO3MYIIEHUA GPS CUT'HAJIOB IIPU ITPOXOXKXKAEHUUN OBJIACTHU
KACIIA 11O JAHHBIM HABJIIOJAEHUI HA APXHUITEJIATE
I BEPI'EH

benaxoBckui B.B.l, Jikun i[.z, Muiom B. 2

1 . y
— Ilonapusiii eeoghusuyveckuii uncmumym, 2. Anamumuot
2
— Vnusepcumem Ocno, 2. Ocno, Hopeeeus

E-mail: belakhov@mail .ru

ITo manubM cumHTHWUBIHHOHHOTO GPS mpuemnuka Ha cranmmu Hro-Anesynan (NYA) Ha
apxunenar [HInuudepren uccinenoBal OTKIMK curHaioB GPS cnyTHHKOB Ha MpoxoxkaeHne odiacTu
kacna. Kacn — ob5acTb OTKPBITBIX CHIIOBBIX JIMHUH B OKOJIOMIOJIYJIEHHOM CEKTOpPE, 3aHUMAroIast
okoJ10 3 vacos nmo MLT u Heckonbpko rpaayco no mmpore. s unentudukanmm odiaacTu Kacna
UCTIONIb30BaHbl nanHble pagapa SuperDARN B Hankasalmi mo ymmpeHuro crekTpa OTpa)KeHHOTO
oT noHocheps! curHana. Takke ansd uaeHTU(UKALUN OOJNACTH Kacla UCIOJIb30BAHbI ONTHUYECKHE
HaOOIeHusT MOMSIpHBIX custHuid B amuccusx 630.0 um, 557.7 am ITlonsiproro reodusmndyeckoro
uHcTtuTyTa (06cepBaropust bapenuOypr), yausepcutera Ocno (cranuust NYA). ITo nanHeIM panapa
EISCAT 42m Ha apxunenare lInundeprex, Jiyd KOTOPOro HaIMpaBJieH BAOJb TEOMarHUTHOTO TIOJIA,
B MOMEHT NPOXOXKAEeHMs obiacTH Kacma Ha BbicoTax mpumepHo 100-200 kM He HaOmomaercs
3aMETHOTO POCTa KOHLEHTpauuu HOHOC(epHOW masmel, Bbime 200 kM HaOmonmaercs pocT
KOHIIEHTpauu Ne, YTO TOBOPHUT O HAJTUUUU 0oJiee “MATKUX~ BBICBITIAHUH 3apPSKEHHBIX YACTHIL.

IIpn npoxokaeHnu 00JacTH Kacma OOHApPYKEH POCT MOJHOTO 3JIEKTPOHHOTO COAEp KaHUs
(IT3C) unonocdepst ¢ 4 no 12 TECU, poct ROT (rate of TEC) nocturaer 6 TECU/mMun B 3TOT
MOMeHT. Taxke npHu TPOXOXKIACHWH O0nacTH kKacma HaOmomaercs pocT (a3oBOro HHIAEKCA
cuuHTILISINUE 10 0.4 paanan. OnHako pocT Pa3oBoro MHAEKCa CUMHTHIUISIIUN HAOIIONAICS U 10
MPOXOXKAEHUs Kacla, 4To, MO-BUIAMMOMY, CBSI3aHO C YTPEHHUMHM BbICBINMAHUSAMU 3apsDKEHHBIX
4acTULl, KaKk MOXXHO BuAeTh u3 AaHHbIX panapa EISCAT 42m, ontuueckux NaHHBIX. 3aMETHOTO
pocTa aMIUIMTYIHOTO MHAEKCAa CUMHTUJUIALMNA B MOMEHT NpoxoxkaeHus craHiueil NYA kacna He
oOHapyKeHO.
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KOCMUYECKUE NYYU (OT FTECCA A0 HALLUNX OHEN)

bvaarosa H.II.

H®3 PAH (3kc), 2. Mocksa, Poccus, n.p.bulatova@mail.ru

HoHusupyromee uznydeHue B arMocdepe HaOMIOIaIOCh YUeHbIME ¢ Hadasia XX Beka. B To
BpEeMsl MPENIoarajioch, 4YTO CKOPOCTh HOHU3ALMU OyIeT YMEHBIIAThCS MO Mepe YBEIMYSHUS
paccTosiHus OT 3eMid ( HICTOYHUKA U3JTyYeHUs1) 13-3a TIAICHUS] YPOBHS €€ PaAHOAKTUBHOCTH.

Buxkrop I'ecc, mpoBons uamMepenus mpu noabeMe BEPTUKAIBHO BBEPX B TAHI0JIE a3pOCTaTa,
OOHapyXWJI, 4TO B NEHCTBUTEIBHOCTH, IO Mepe VAAJNCHUs OT 3eMJIM, TIO0 HEU3BECTHOU MPUYHHE
CKOPOCTb HOHHM3alMH HAOOOpOT HaumHana pactu. CucremMaTudecku u3Mepsisi U3JyYCHHE Ha
BbICOTax A0 5,3 kM B TeueHue 191112 rr. u qHeM M HOYBIO, C PUCKOM [JISl JKM3HHM MOKA3aJl, 4TO
YPOBEHb pPaTUALMK CHIDKAJCS HA BBICOTE OKOJIO | KM, HO BBIII€ 3HAUUTENbHO Bo3pacTtan. OH
npuine] K BBIBOAY, YTO H3JIyY€HHUE MPOHHMKAIO B arMocdepy U3 KOCMOCA, OH Ha3Ball €ro
KOCMHYECKUMU JIy4aMHU.

3a a1y paboty, KOTOpasi mpuBeNna ero k oTkpwiTHio, B 1936 roay I'ecc Bmecte ¢ Kapiom
Jeeunom AnnepcoHoMm mnonyumn HobeneBckyro mnpemuto mo ¢usmke. I1o OTKpbiTHE [ecca
CTUMYJIMPOBAJIO MOSIBJICHUE HOBBIX OTKPBITHIA B (PU3HKE 3JIEMEHTAPHBIX YaCTHUIl U SACPHON (PHU3HKE.

B mnacrosiimee Bpewmsi yueHble MPOBOIAT HU3MEPEHUS. CKOPOCTb MOTOKOB, MHTEHCHUBHOCTH
Jy4eH, MaJaroluX Ha MOBEPXHOCTb 3€MJIM, UX BUIbI, MPEBpAIleHUs U T. A.. Tak, Hampumep,
OTHOBPEMEHHOE MPOBEJCHNE U3MEPEHHI HHTEHCUBHOCTH YaCTHI] (IIPOTOHOB) BHICOKOM SHEPTHH Ha
BbicoTax ~ 100 kM, 10 kM 1 0 KM TOKa3aj0, YTO UHTEHCUBHOCTD (B MPOLEHTAX) COXPAHUBIINXCS
YaCTHUL, U3MEPEHHBIX OJJHOBPEMEHHO, OCTAETCS MOCTOSIHHOM, HA BCEX BBICOTAX.
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O BJIMSHUU COJTHEUHOI AKTUBHOCTH HA ®JIYKTYAIIUN
JEKTPOHHOM KOHIIEHTPAIIUY B CEBEPHOM IOJIYIIAPHHA 1O
JAHHBIM CHYTHUKOBOI MUCCHUHN SWARM B 2014 —2015IT.

BoJjio6oes JI.A., 3axapos B.H.

MDY um. M.B. Jlomonocosa, ¢puzuueckuii paxynsmem, 2. Mockea, Poccus, [.voloboeviwmail.ru

B pabore paccmaTpuBaroTCsi BOMPOCHI UCCIENOBAHUNA CTATHCTUKU (DIYKTyawid 3JEKTPOHHON
KOHIIEHTPALUH B HOHOChEpe 3eMIM B Pa3MYHBIX IeO-reTUO(QU3HMYECKUX YCIOBUSAX IO JaHHBIM
CIYTHUKOBBIX 1n-Situ H3MEPEHUH.

HCTOYHNKOM 5KCIIEPUMEHTAIBHBIX JAHHBIX CIYKUT MAaCCUB BBICOKOYACTOTHBIX HAOJOAEHUH
cO cnyTHHUKOBOI Muccuu Swarm ESA, npeaHasHaueHHOM A U3yU€HUs MarHUTHOTO TOJs 3eMII.
Muccus craproBaia B 2013 r. 1 COCTOUT U3 TPEX CIYTHUKOB HA PA3JIMYHBIX MOJSIPHBIX OpOHTaxX C
BeicOTON OT 460 kM mo 530 kM. Ha kaxnom KOCMHYECKOM ammapare, MOMHUMO OCHOBHOIO
MarHUTOMETPUYECKOTO OOOpYMOBaHMsS, YCTAHOBJIEHBbI 30HABI JIEHIMIOpa, BEOyLIMEe H3MEPEHUs
3JIEKTPOHHOM KOHLIEHTPALMKU C BBICOKOM 4YaCTOTOMN OIpoca.

B Hacrosimeli paboTe MCIONb30BaHbI TaHHBIE 00 3JIEKTPOHHON KOHLEHTPALNH, MOJyYeHHbIE C
yactoroil 2 ['n. Beraucnsercst cpemHsisi MOIIHOCTh IYMOB (DIyKTyaluii — WHAEKC aHAJOTHYHBIN
aMIUTUTY THOMY WHAEKCY CUMHTIWIILIIUN S4, monOuparoTcs OKHAa (PHIIBTPALIH, COOTBETCTBYIOLIHE
TpeOyeMOMy MPOCTPAHCTBEHHOMY pa3peleHnro (Tak OKHO pa3MepoM 20 OTCUETOB COOTBETCTBYET
10 ¢ wnu 74 xm). Beraucnsiercs ungexc RODI (Rate of Change of Density Index).

Ha ocHoBe 0a3bl nanabx nHAEKCOB Kp 1 AE MarHMTHOro mojsi paccMaTpUBAaeTCs BIIHMSHUE
COJTHEYHON aKTUBHOCTH Ha (MJIYKTyallMH 3JEKTPOHHOM KOHLIEHTPALMHM B CEBEPHOM IONYIIAPUU B
2014 — 2015 rr. [Ina uccnenosanus Obutn 0TOOpaHb! 1HU ¢ Bo3MyLieHHOH (Kp > 4) u criokoiHO#M
(Kp = 1-2) reomarHuTHBIMH OOCTAaHOBKAMU. B KakIOM W3 BBIOPAHHBIX CJIy4YaeB BBIYUCICHBI
uunexcel S4 1 RODI10s.

Paccunrtanel koaddunmenter koppemsuun uHnekcos S4 mw RODI10s ¢ BBICOKOMIHMPOTHBIM
unaekcoM AE ms 37 u 31 orobpannoro ciyyast B TeueHue 2014 - 2015 romoB, COOTBETCTBEHHO,
O TaHHBIM CIyTHUKOB Swarm A, B u C.

Tak mns 2014 rogma B ciay4ae ¢ BO3MYIIEHHOW T€OMAarHUTHOW OOCTAHOBKOH (25 ciydaes)
HabOmoaeTcst cmadasi MONIOKUTEbHAS CBsI3b. B cliydae CO CIIOKOWHOM reéOMarHuTHOW OOCTaHOBKOM
(cpennee 3HaueHue 3a 12 ciydae) ko3¢ dunmeHT Koppensiiuu r < 0,2 — CBsI3b OTCYTCTBYET.

IIpenBapuTenbHble MCCIENOBAHUS MOKA3ajiH, YTO AMIUIMTYAHBIA HHIEKC CLUUHTWULINUN S4
YyBCTBUTENEH K IyodanbHbIM BapuammsiM uHAekca AE m He Mmenee, uem wuHnekc RODI
YyBCTBUTEJEH K BbICOKOIIMPOTHBIM BapualisM 3JIEKTPOHHON IJIOTHOCTH, YTO IO3BOJISIET
UCTIOJIB30BATh MPENIIOKEHHbIN HHACKC ISt U3YUEHHsI HOHOC(EPHBIX BO3MY IICHHA.
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MOAEJMPOBAHUE CBEYEHU MOJIEKYJIAPHOI'O KUCJIOPOJA B
CPEJHEU ATMOC®EPE 3EMJIN BO BPEMA CITPAUTOB

Kupunanos A.C.
1II'H, 2. Anamumut, Mypmanckas obnacms, Poccus, kirillovidpgia.ru

CrpaiiTbl IPEACTaBISIFOT COOOH KPYITHBbIE CBETSALIUECS Pa3psiibl B IUANIA30HE BBICOT aTMOC(hEpPHI
3emuu ot 40 1o 90 KM MOCJIe MHTEHCUBHBIX Pa3psiiOB MOJHHIA MEXIY IPO30BBIMHU OOJIaKaMH M 3eMJIeH
[1-3]. BonbIMHCTBO HCCIEOOBAHUN CHEKTPOB CIPANHTOB U 3JEKTPOHHON KHHETHKU MOJIEKYJ B
cpenHedt armochepe 3emun [4-0] OrpaHUYMBAIUCH MONEIHPOBAHUEM JJIEKTPOHHOW KHHETUKU
TPUILUIETHBIX COCTOAHUN Ny Ha BBICOTaX CBEUCHMs crpainToB. KpoMe TOro, 3JeKTpOHHAs KUHETHKA
TPUILIETOB U €€ POJIb B XMMUYECKOM M TEIUIOBOM OaniaHce arMocdepbl ObUIN TINATENbHO M3YYEHBI B
JTa0OpaATOPHBIX YCIOBUSX CTPUMEPHOTO pa3psiaa.

OcHOBHast 1lenb AaHHOW paboOTBl - HCCICOBAHWE BIHMSHUS 3JIEKTPOHHO-BO30Y KIEHHBIX
TPUILIETHBIX COCTOSIHMI Moyiekynl Ny Ha 00pa3oBaHHWe CHHIJIETHBIX cocTossHUH O, B cpenmHeit
arMocdepe BO BpeMsl CHPAHTOB C y4€TOM IPOIECCOB CTOJIKHOBEHHsI Ha 3THX BbICOTAaX. UHCIEHHO
MOKa3aHbl BIMSIHUE HEYNPYTHX CTOJKHOBEHHH MOJIEKYJ Ha KoJjeOaTeNbHbIe HACEIEHHOCTH MOJIEKYJ
Oz(alAg) " 02(b12g+) npu  aTMOC(EpHBIX pa3psaax © 3aBUCHMOCTb BKJIQJIOB TPUILIETHOTO
MOJIEKYJSIPHOTO a30Ta B OOpa3oBaHHWE CHHIJIETHOTO KHCJIOPOAa OT IUIOTHOCTH aTMoc(epsl
OTHOCUTEIBHBIN BKJIAJT MOJIGKYJIIPHBIX CTOJIKHOBEHMI Oojiee BbIpaxkeH Ha BbIcOTe 70 KM W
YMEHBIIAETCS C YBEJIMYEHHEM IUIOTHOCTH atMmocdepbl. Kpome TOro, BmepBble IMOKAa3aHO, HYTO
CYLIECTBYET 3HAYUTEIbHOE BIIMSTHUE 02(b12g+) Ha HACEJIEHHOCTH Oz(alAg,VZO u 2). PaccuntaHHBIHA
BKJIAJ 02(b12g+) YBEJIMYHUBAETCS C POCTOM BBICOTBHL. Bo30ykneHue pacCMOTPEHHBIX COCTOSHUN
Oz(alAg,VZO) " Oz(alAg,VZZ) MOJIEKYJTaMHU 02(b12g+) CBSI3aHO C MEXMOJICKYJIIPHBIM TIEPEHOCOM
SHEPTHH 3JIEKTPOHOB [ 7] M 3JIEKTPOHHO-KOJIE0ATENBHBIM MPOLIECCOM [ 8], COOTBETCTBEHHO.

. Sentman D .D. et al., 1995, Geophys. Res. Lett., v.22, p.1205-1208.

. Pasko V.P., 2007, Plasma Source Sci. Technol ., v.16, S13-S29.

. Pasko V.P.etal., 2012, Space Sci. Rev., v.168, p.475-516.

.Morrill J.S. et al., 1998, J. Atm. Sol. Terr. Phys., v.60, p.811-829.

. Gordillo-Vazquez F.J, 2010, J. Geophys. Res.: Space Phys., v.115, AOOE2S5.

. Gordillo-Vazquez F.J. et al., 2012, J. Geophys. Res.: Space Phys., v.117, A05329.
. Kupumnos A.C., 2012, Ksant. Onek., T.42, No7, ¢.653-658.

. Kirillov A.S., 2013, Chem. Phys., v.410, p.103-108.
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NCCJEJIOBAHUE CBEUEHUA MOJOC JAHMAHA-BUPIXKA-
XOIIOUIJIA BATMOC®OEPAX 3EMJIN U TUTAHA

Kupunanos A.C.
1II'H, 2. Anamumut, Mypmanckas obnacms, Poccus, kirillovidpgia.ru

ITpu B3auMOAEHCTBUN BBICOKOIHEPTHUHBIX YaCTHL U (POTOIJIEKTPOHOB C MOJIEKYJIAMH a30Ta B
BepxHux atmocepax Turanma [1-3] u 3emmu [4-7] mpoucxoaut BO3OYKIEHHWE CHHIJIETHBIX
3JIEKTPOHHO-BO30YKIEHHBIX COCTOSTHUN Np, KOTOpO€ MPUBOAUT K CBEYEHUIO Tojioc JlaliMaHa-
bupmxa-Xondunga. MccnenoBaHne KHHETUKH CHHIJIETHBIX COCTOSIHUM MOJIEKYJISIPHOTO a30Ta B
BepxHUX arMmocdepax Turana u 3emin 3a MOCIEAHHUE TOABI MPOBOAMIACH BO MHOTHX padortax [7-
11]. B ykaszanHbix padorax ObLIM PACCMOTPEHBI PA3IMYHBIC H3JIyHaTENIbHBIC MEPEXOIbl MEKAY
CHHTJIETHBIMU COCTOSIHUSIMH, TPOLIECCHI TaLIeHUsI JIEKTPOHHO-BO30YKIEHHBIX COCTOSIHMIA Ny Tpu
CTOJIKHOBEHHUSIX C MOJIEKYJIaMH aTMOC(EepHBIX Ta30B, OCOOEHHOCTH CBeueHus: mojoc JlalimMaHa-
bupmka-Xondunma B armocdepax »>Tux 1aHer. B Hactosmed pabore mpu  pacuere
KOJNeOAaTeNbHBIX ~ HACENIEHHOCTEH  SJIEKTPOHHO-BO30YKIEHHBIX  CHHIJVIETHBIX  COCTOSTHHH
MOJIEKYJSIPHBIX a30Ta OBUIM YYTEHbl KaK BHYTPUMOJIEKYJSIPHBIE, TaK W MEXMOJEKYJSIPHBIC
NPOIIECChl TEPEeHOCa SHEPTUU  JJIEKTPOHHOIO BO30YXKIEHUs NpPHU HEYNPYTHX MOJIEKYJISIPHBIX
cronkHOBeHUsX [12, 13]. PacueTsl mokasaiy, 4TO ¢ YMEHbIIEHHEM BBICOTHI aTMOc(ep Bo3pacTaer
BKJIQJl MPOLECCOB TalIE€HMs] CUHIJIETHBIX COCTOSTHUUI a'lZuf, aIHg, WlAu, a30Ta MpU HEYIPYTUux
MOJIEKYJIAPHBIX CTOJKHOBEHMSIX. OTO MPUBOAUT K M3MEHEHHIO COOTHOLIEHUs HWHTErpasbHbIX
UHTEeHCHUBHOCTEeH monoc JlalimaHa-bupmka-Xondunaa npu BbICBIIAaHUKM B aTMoc(epbl JaHHBIX
MJIAHET BBICOKOSHEPIUYHBIX YAaCTHIL PA3JINYHBIX SHEPTHH.

Pabora monmnepxana rpanrom Ne 075-15-2020-780 MuHucCTepcTBa HAyKH M BBICIIETO
obpaszosanus PD.

. Ajello JM. et al., 2007, Geophys. Res. Lett., v.34, 1.24204.

. Ajello JM. et al., 2008, Geophys. Res. Lett., v.35, L06102.

. Stevens M.H. et al., 2011, J. Geophys. Res., v.116, A05304.

. Huffman R.E. et al., 1980, J. Geophys. Res., v.85, AS, p.2201-2215.

Torr MR etal., 1994, J. Geophys. Res., v.99, NeA11, p.21397-21407.
.Budzien S.A. etal.,, 1994, J. Geophys. Res., v. 99, NeA12, p.23275-23287.
. Eastes R W. etal, 2011, J. Geophys. Res., v.116, A12308.

. Eastes R W, 2000, J. Geophys. Res., v.105, A8, p.18557-18573.

9. De LaHaye V. et al., 2008, J. Geophys. Res., v.113, A11314.

10. Campbell L. et al., 2010, J. Geophys. Res., v.115, A09320.

11. Lavvas P. et al., 2015, Icarus, v.260, p.29-59.

12. Kupusios A.C., 2011, XKT®, 1.81, Nel2, ¢.34-38.

13. Kirillov A.S., 2011, J. Quan. Spec. Rad. Tran., v.112, Nel3, p.2164-2174.
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®OPMUPOBAHUE MATHUTO3BYKOBOUN HEJIUHEMHOI
CTPYKTYPBI HA ®POHTE PACHINPAIOIIETI OCSI INIASMEHHOI'O
OBJIAKA

Kosajes A.T., Kosanesa U.X., 3euep 10.H.

HJ[I' PAH, 2. Mockea, Poccus, akoval@idg.chph.ras.ru

Pa3znér miaoTHOro ropsyero Crycrka ria3Mbl B BaKyyM WJIH Pa3pekeHHYIO (POHOBYIO ILIa3My
UCCIIEyeTCsl Ha MPOTSDKEHUH HECKOJBKUX HECATHIIETHH Kak B J1a0OpaTopuu, Tak M B AKTUBHBIX
HMOHOC(EPHBIX SKCIEepUMEHTax. MHOTHe CBSI3aHHBIE C 3THM IPOLIECCOM BOMPOCHI 10 HACTOSIIETO
BPEMEHU HE MMEIOT TOJIHOTO TEOPETHYECKOrO OMHMCAHUS. AKTUBHBIH MOHOC(EPHBINA 3KCTIEPUMEHT
«CesepHasi 3Be311a» [ 1] mponeMOHCTpUPOBA AHOMAJIBFHO OOJNBIION PA3JET MONMEPEeK reOMarHUTHOTO
OJIs, MEJJICHHOE OCTBhIBaHUE IIa3Mbl B CPABHEHUU C MOJEJIbHBIMU MPEACTABIEHUSAMH, YCKOPEHHE
HOHOB BO BpeMsi (a3bl pas3sieTa Kak Ha MEPEeaHeM, TaK U Ha 3aHeM (PPOHTE CTPYH.

Cpsi3bIBast 3TU SIBJICHUS C TUIA3MEHHBIMH MPOLIECCAMH, TIPOUCXOISIIIUMH B CTPYE, ObLIT MPOBEAEH
peaHan3 SKCIePUMEHTANBHBIX JaHHbBIX, HA OCHOBE KOTOPBIX MOKHO CIENaTh CIeIYIOIINe BbIBOABI:
B IIPOLIECCE Pa3JIETa CTPYH B BO3OYKIEHHOH IUIa3Me MOCTOSTHHO (POPMHUPYIOIIETOCs MPEABECTHUKA
BO3HHKAET OECCTOJNIKHOBUTEIbHAS yIapHAas BOJIHA CHa4daja B CYNEPKPUTHYECKOM, a 3aTeM B
CyOKpUTHYECKOM pexkuMe. B mocnenHeMm ciydae KBAa3HUIOCTOSIHHASL CTPYKTypa TOIKATHUS
MarHUTHOIO MOJS M 3KCTPEMyMa 3JIEKTPUUECKOIO MOTEHLMana BOJb HalpaBlIEHUs JBM)KEHUS
CTPYH BOCIIPOU3BOJIUTCS HENPEPBIBHO IMpU pas3jieTe CTPYU U PErucTpupyercs HaT4UKaMH,
pPa3HECEHHBIMU Ha PAcCTOSIHUE ~ | KHJIOMETpa U MPOXOASIIUMHU (POHT IIJIa3MEHHOHW CTPyH 4epes
oM CeKyHAbl. POpMHUpPOBaHHME SJEKTPOCTATHUECKOTO yhapHOro ¢poHTa (UKCHpyeTcs B
7Ta0OPaTOPHBIX SKCIEPUMEHTaX M TEOPETUYECKU OMUCHIBAETCS C NMPUBJICUEHUEM MPENCTABICHUI O
HMOHHO-3BYKOBBIX COJIMTOHaX (Hampumep, [2-3]). B ycnoBusax moHochepsl, Korna cTpys Iia3Mbl
PacIpOCTPaHSETCsl MOMEPEK I€OMArHUTHOrO MOJsl M MaciuTad IJIa3MEHHOro o0Jiaka 3aHMMaeT
NPOCTPAHCTBO ~ KUJIOMETPA, HEBO3MOXKHO pAcCMaTpHBATh IUIA3MEHHBIE MpOLEcChl 0e3 yuéra
MarHuTHOro noiisi. ITosToMy ObLTO criemano nmpeanonokeHue o GopMUPOBAHUU Ha (PPOHTE IIA3MBI
MarHMTO3BYKOBOTO cOJUTOHA [4,5]. PacnpeneneHue momkaThsi MarHUTHOTO IOJI U MOTEHLMAJA
NIPU TAKOM OTMCAHUU (PPOHTA COBIMAMAET C SKCIEPUMEHTAIBHBIMHU TAHHBIMHU.

MI'JIT MogenupoBanue OECCTOJKHOBUTENBHOTO pasiéra IUIA3MEHHOW CTPyH IONepeK
r€OMarHUTHOTO MOJIA TaK ke MOATBEPAMIIO MpPEJIOXKEeHHYI runoredy. PacdeTsl MpOBOAMIUCE B
2.5D reomerpun mo ABYX’KUAKOCTHOW CXE€ME B MapamMeTpax, COOTBETCTBYIOLIUX 3KCIEPUMEHTY
«CeBepHast 3Be3ma». PacueTel TOKas3bIBAIOT  (OPMHUPOBAHHE  YCTOWYHMBOH  CTPYKTYpBI
KBa3HITIOCTOSTHHOT'O 3JIEKTPUYECKOTO MOJIsT Ha (PPOHTE CTPYH B OOJACTH MAKCHUMAJIBHOTO TPAJUEHTa
marHuTHOro mosst, Ilo gopme ona Onmuska K M3MepsSieMOMY B SKCIEPUMEHTE M COOTBETCTBYET
(bopMHUpPOBAHHIO MAarHUTO3BYKOBOTO COJNHMTOHAa Ha ¢poHTe cTpyu. llpm peanmuszaumu Takoro
MEXaHU3Ma [BIWKEHUS OECCTOJKHOBUTENBLHOTO ()POHTA MOMEPEK MArHUTHOTO IIOJIST JIOJIKHBI
BKJIFOYATBHCS] MPOLIECCHI HArpeBa MOHOB. JTO MOXET JaTh OOBSCHEHHs LenoMy psny 3(dexTos,
3a(pMKCPOBAHHBIX B SKCIIEPUMEHTE.

PaGora BemonHena B pamkax I'ocynapcreennoro 3ananust Ne 0146-2017-0013.

1. Erlandson R. E, Meng C.1, Zetzer J.1, et al // Journ. of Spacecraft and Rockets, 2004. V. 41.
No. 4. P. 483.

2. G. Sarri G., Dieckmann M E., Kourakis 1. ez al M. // Phys. Rev. Lett. 2009. V. 107. P. 025003.

3. I'apaceB M. A, Kopeitia A.W., Kouaposckuii B.B., u np. // ITucema B XKOT® 2017. T. 105.
Boin. 3. C. 148 — 152.

4. Gueroult R, Ohsawa Y., and N.J. Fisch, Role of magnetosonic solitons in perpendicular
collisionless shock reformation, Phys. Rev. Lett. 2017. V.118. P. 125101.

5. Kosanes A.T., Kosanesa 1.X., 3enep I0.H. // lunamuyeckne npoueccel B reochepax 2020.
Boin.12. C. 140.
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NCCJIEAOBAHUE OTK/JIHKA HOHOC®EPBI HA COJHEYHYIO BCIHBIINIKY X
KJIACCA 6 CEHTABPA 2017 T'OJA IO JAHHBIM PACHPEAEJIEHHOU CETH I'HCC
CTAHIMU HA TEPPUTOPUHU EBPOIIEUCKOU YACTHU PD

Hacobipos H.A., Maxkcumos JI.C., Kororun /I. A., 3arperaunos P. B.

K@YV, 2. Kazans, Poccus, denis.kogogini@gmail.com

B mnocnennee nmecstunerne Ha Tepputopuu PD, 0COOEHHO B €BPOMEWCKOW €€ HacTw,
OTMEYAETCs CYIIeCTBEHHBI pocT KommuecTBa mocTossHHO paeicTtByromux [ HCC-cranmuii.
CornacHo maHHBIM npencraBieHHbIM Ha opunnansHoM caiite POCPECTPA B paznene «OTKpbIThIE
naHHple - OTdeThl O CO3JAaHUU TEOAE3MYECKUX CeTell  CHEelUaJbHOrO  Ha3HAYEeHUs»
(https://cgkipd.ru/opendata/GSSN/) Ha koHen nexabpst 2020 roma mmeetcst nHpopmauus o 551
I'HCC craHuuM peruoHaJbHbIX M KOMMEpPYECKHUX OINEepaTopoB CeTell  BBICOKOTOYHOTO
MO3ULIMOHUPOBAaHUs Ha Tepputopuu PO.

B Kazanckom (IIpuBomkckoMm) ¢enepasbHOM YHHMBEPCHTETE B HACTOSIIIUHA MOMEHT
(YHKIIMOHHMPYET cUcTeMa aBToMatmueckoro cbopa u obpadorku 'HCC nmaHHBIX, MONYYEHHBIX C
6onee uem 600 craumonapusix [ HCC cranimii, pacnofioxKeHHbIX Ha Teppuropun PO [1].

CymectBennbiii poct konumuectBa [HCC craHuumii, OCHAIIEHHBIX MHOTOYAaCTOTHBIMHU
NPUEMHUKAMH TEOJE3NYEeCKOr0 KJacca, MO3BOSIIOIUMHI TPUHUMATh CUTHAIBI OOJNBIIMHCTBA
neiicteytomux ['HCC cossesmuii (IJIOHACC, GPS, Galileo, BeiDou u nap.) oTkpsiBaer
BO3MOYKHOCTB MOCTPOSHHSI PErHMOHAIBHBIX KapT pacrpeneieHnus nHTeHcuBHocTH Bapuarmii [19C/
kapt ROTI u npyrux uHIEKCOB MOHOC(EpPHOW BO3MYIIEHHOCTH C BBICOKMM IPOCTPAHCTBEHHO-
BPEMEHHBIM pa3pellleHHeM. JTO B CBOK Odepelb IO3BOJSIET HCCIEAOBaTh OTKIMK BepxHeH
aTMoc(epbl Ha SKCTPEMasbHbIE TeIHOoreopusndeckue COoObITHS, TaKHe KaK MarHUTHblE OypH,
COJIHEUHBIE BCIBIIIKH, PETyJISIPHBIE COOBITHUS, HAIPUMED, IPOXOKACHNE COTHEUHOrO TEPMUHATOPA,
3eMIIETPSICEHUsI M TPOLIECChl UX MOATOTOBKM, AEMCTBHE TPONHUYECKUX LIUKJIOHOB M BHE3AIHbBIX
cTpatocepHbIX  TOTEIJICHWH, WCKYCCTBEHHBIE BO3ACHCTBUS Ha  HMOHOC(HEPYy  MOIIHBIM
KOPOTKOBOJIHOBBIM PaIUOU3IyY€HUEM, AaHTPOIIOTEHHbIE BO3NEHCTBHS Ha HMOHOC(Epy, Hampumep,
PaKETHBIMU 3aITyCKaMH U WH)KEKLMEH aKTHBHOTO BELIECTBA MPU padOTe MAaHEBPOBBIX JBHUTraTeIeH
KOCMHUYECKHX armapaTos [2].

B noknane, ucnomnw3ysi cobcreennbie apxubHble 30-cek THCC nmannbie mo 109 cradmusim
PaCIOJIOKEHHBIX B LIUPOTHO-AOJATOTHOM cektope [51.5°+62.8" c.m.; 37.2°+58.8" B.n.] mposeneHo
H3MepeHHe BO3MYLIIEHHOCTH OKOJIO36MHOIO KOCMUYECKOTrO IPOCTPAHCTBA, C MOMOLIBIO OCTPOCHHUS
30-Tu MHHYTHBIX AuHamuueckux kapT Bapuauuil II9C wu 15-tu mMunyTHble KapThl ROTI Han
TeppUTOpHUEH eBponenckon yactu P B neHb CUJIbHENIIEH COTHEYHON BCOBIIKNA X Kjacca 3a 24-i
IUKJT COJTHEYHON aKTUBHOCTH, 3aperucTpupoBanHor 6 centsiOps 2017 r. [X9.3]. JIomoTHUTETHHO
kaptsl Bapuaunii [19C u kapter ROTI Ob111 TOCTPOEHBI 33 CYTKH 10 U TIOCJIE Havajla BCIBILIKH, T.€.
5 u 7 centsibps 2017 T.

1. baxtuapos B.®., 3arpernunos P. B. O030p MOCTOSHHBIX gNSS CTAHLUI HAa TEPPUTOPHH
Poccumiickoii @enepaumu // COopruk nokianos IX MexayHapomHOH HayYHO-TIPAKTHYECKON
KOH(pepeHIIMHU «AKTyaJbHbIE BOMPOCH T'€OIC3UH W IeOUH(POPMAIIMOHHBIX CUCTEM», 2-3 CEHTAOps
2020 . C. 19-24,

2. Scroxesnu 10 .B., Enemckuiit MK, Ilepesanosa H.IL, ITonskoBa A.C. OTkiamnk noHOCHEPHI
Ha requo- u reodpusndeckrue BosMmynaromme paktopel no panubiM GPS: monorpadus. Mpkyrck
‘Uzn-so UI'Y, 2013. 271 c.
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O MOJAOBUH MOBEJEHHUS MOJHOI'O DJEKTPOHHOI'O COJIEP)KAHUA U
KPUTHUYECKOHN YACTOTBI HOHOC®EPHI BO BPEMSI TEOMATHHUTHBIX
BO3MYIIIEHUI

Massnesa O.A.. Hukurenko T.B.

HUAD FODY, 2. Pocmos-na-/lony, Poccus, mal@ip.rsu.ru

Kocmuueckast morona BimsieT Ha HMOHOC(hEPY, OT COCTOSHHSI KOTOPOH 3aBHCHUT pabota
MHOTHX CHCTEM CBSI3HM, MNeJeHrauuu, Hasuranmu u apyrux. CocrosiHue moHOC(hEepbl MOXKHO
omucartb Kputuaeckoil wacroroii foF2. M3BecTHO, 4TO BO Bpemsi BO3MylueHUil naHHbie foF2
MOTYT UMeTh npodenbl. OMHIUM U3 COCOOOB UX 3aIOJIHEHUS SIBJISIETCS] UCTIONB30BAHUE TIOJTHOTO
anekTpoHHoro coxepxkannst TEC B cuy momobusi mx moBeneHusi. JTO nogodue BhITEKAaeT U3
nponopunonanbHocTH TEC 1 NmF2 uepes 5KkBUBaICHTHYIO TOJMIIUHY HOHOC(eph! T. Bo MHOrHX
paboTax MoOKa3aHO, YTO BpeMeHHble mpobenbl foF2 B OMHON TOYKe XOPOIIO 3ATOJHSIOTCS C
UCTIONb30BaHMEeM T. B nmanHHOH pabore 310 momobme WCHONb3yeTcs MAiisl  3aroHEHUs
IPOCTPAHCTBEHHBIX MPOOENOB, KOTOPBIE MOTYT MMETh MECTO, HAlpUMeEp, BAOJb KaKOro-1udo
MEpPHUANAHA, €CJIU BAOJIb HErO UMEETCs] HEKOTOPOEe KOJNYECTBO HOHO30HI0B. M3BECTHO, 4TO CeTh
HMOHO30H/IOB HE O4YeHb I'yCTasl, HO CYIECTBYET AOCTAaTO4YHO IoTHas1 ceTb GPS mpueMHukKoB u
rinobanbHblie KapThl TEC. [l1st moctpoeHus mupotHOi 3aBucumoctu foF2 npeniaraercs cTpouthb
LIMPOTHYIO 3aBUCUMOCTD T MO AAHHBIM UMEOINUXCS] HOHO30HAOB € MOMOIIBI) MOJIMHOMUAIBHON
anmpOKCUMALIMH 1 3aTeM ucnonb3oBaTh TEC B TOUKax BOOdb Mepuauana. st mpumepa BeIOpaH
mepumuad 30°N u nBe cepum MarHUTHbIX Oypb. OmHa — mepuon 7-17 wmapra 2012,
pexomernoBanHbii SCOSTEP u usyuenHsbiii BO MHOTHX padborax. Jlpyras — Haubojiee CUIIbHOE
Bo3MmyueHue 2020 roma (20-21 anpenst). U3ydyeHne npoBOANTCS B CPABHEHUH 3THX CiiydaeB. B
MEePBOM CJIy4ae [UPOTHAS 3aBUCUMOCTD T CTPOMJIACH MO JaHHBIM cTaHUui Mypmanck, Mocksa,
PoctoB, Aduns! u crenenp nonnHoMa Obuta pasHa 1-2 ¢ mocroBepHoctsio 0.7-0.99. Bo Bropom
clydae MCHOJB30BAINCH NaHHble craHuuil Tpomcé, Jlenunrpan, Mocksa, Poctos, Hukocus,
CTeTeHb MOJMHOMA ObLia paBHAa 3 ¢ gocroBepHOCThIO 0.5-0.99. B mepBoM ciy4ae nmamnasoH
mmpotr Bkimouan 30°-70°, Bo Bropom — 35°-70°. B mepBoM ciiydae OOHAapy»KEeHBI SPKO
BBIpaKE€HHBIE 0COOEeHHOCTH ToBeneHus foF2, coBmagaromue B OTAEIBHBIX LMIMPOTHBIX 30HAX C
pe3yJibTaTamMH, MOJYYeHHbIMH B APYrux padorax. Bo BTopom ciydae xapaktep BO3MYyLICHHN
NPOCIIEKUBAETCS YETKO, OTHAKO OTHOCUTENIbHBIE OTKJIOHEHUS O(foF2) He BBIXOIAT 3a Mpeessl -
15%-++25%, xoToprle CBONCTBEHHBIE BapualusM JeHb OTO JHA. (CXOACTBO CBOOUTCS K
MOJIOXKUTEIbHBIM BO3MYIIEHUSIM BO BpEMs IVIABHOW (pa3bl MAarHUTHOH Oypu M 3aTSKHOH (ase
BOCCTaHOBJICHHSI.

UccnenoBanue BBIMONHEHO NpPU (PUHAHCOBOM moamep:kke MUHHCTEPCTBA HAyKU H
BBICIIETO OOpasoBaHmst P® B pamMkax TOCYIapCTBEHHOro 3anaHusi B cdepe HayIHOH
nesarenbHoCTH Ne 0852-2020-0015.
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OYHJIAMEHTAJIBHOCTD ABJIEHUA OITEPEKEHUA HAYAJIA
MATHUTHON bYPH OJTHUM U3 TUIIOB IHOJIOKUTEJIbHbBIX
BOSMYHIEHUU CPEJHEHIMPOTHOU HOHOC®EPHI

Mupmnosuyu 3.1, k.¢p.-m.H., doyenm

I'BHOY MO «Xumxunckuit mexuuxymy, 2. Xumku, mirmovich1940@mail.ru

B rauecmese onuepagpa. B namams 0 O08YX U36eCMHbIX YYEHBIX 6 KOCMOQU3UYECKOU
obnacmu: FO.U. I'anvnepune u 3.C. Kazumuposckom, yueowumu om Hac 6 pasnoe 6pemsi.

Ha oonom uz cumnoszuymos COSPAR 6 Maopuoe 60 épemst Ooxkraoa o0Ho2o u3 yuénsix 06
AKOOBI OMKPLIMOM UM haKme onepedceH st NOJIOACUMENbHOI (Pazoil HOHOCHePHO20 603MYUjeHUS
navana maenumnoii 6ypu FO.U.1'., eocknuknyn: ««So, it is entirely, completely Mirmovich!» (Tax,
omo dice cnaoutnoti Mupmoeuy), a emopoii u3 nux, NPUCYmMCcmeoeaswiuti u mam, U HA 3auume
Ouccepmayuu asmopa xkak uien /fuccoeema — 3.C. K., smom ciyyaii pacckazan agmopy.

Hccnenyst U3BECTHBIN B IUTEPATYPE YHUKAIBHBIA 110 MHTEHCUBHOCTH MEPUOJ COJHEYHOU
nesitenpHOCTH 2—11 aBrycra 1972 ropa, CONpOBOXKOABIIMICS LENOH LENOYKOM COJHEYHBIX
BCIBIIIEK Kjacca X, BBI3BABLIMX B JTHEBHOH MOHOC(hEpe, KaKk M MOJaraercs, COOTBETCTBYIOIINE
s¢dextrl B obnactu E u D, aBTOpOM OBLIO OTKPBITO a0COTIOTHO HOBOE B TeJTUMOT€O(PU3NIECKUX
UCCJIEZIOBAHUSAX SIBJICHHE — MONOKUTeNbHbIe Bo3MmylleHus: (I1B) B obmactu F monochepwr mo
reomarHuTHbIX SSC-3¢ddekToB, a Taxxke u O6e3 HUX, a nocneaymux 3a [IB marauTHbBIX Oyph C
MOCTENIEHHBIM HAYajoM, W OnyOnukoBaHO B 3apyOekHoil mewdatu [1]. D10 OTKpBITHE OBLIO
omyOJIMKOBAHO aBTOPOM B psife mocieayromux padot 19781981 rr. u 3amuimeHo qucceprauuei
B Ka4eCTBE 3aIuinaeMoro noyoxkeHus [2]. IlpakTnueckn 0qHOBPEMEHHO aHAJIOTUYHBIN 3P EKT B
NPEAITOPMOBON MHTEPIPETALNN 3aMETHJI 10 JaHHBIM HAaOJIONEHWH B MPUIKBATOPHAIBHON
noHocepe Opa3mbCKUi UcchnenoBareab HOHOC(eps! u reomMaruuTHoro nojst R.P. Kane [3, 4].
AKTyabHOCTh M Hay4YHas LEHHOCTb 3TOTO OTKPBITHS TOATBEP)KAAETCsl Ooyiee TO3THUMHU
paboTaMu MHOTHX aBTOPOB € PU3HAHUEM OTCYTCTBHUS (PU3NUECKON MOMIEIN JAHHOTO SIBJICHMUS.

ABTopoM 3TOT 3¢ ekt ObUT CBS3aH HE C JEKTPOIKETAMH U JKOYJIEBBIM Pa3OTPEBOM B
aBPOpPAJILHOM OBajie, a ¢ pabOTOH JHEBHOTO Kacha U ¢ COOBITUSIMU B MOJIIPHOM IIATIKE, YTO OBLIO
noareepxkaeHo FO.M. TanbriepuHbIM H3MEPEHUSAMH BBICHITAHUN MATKUX 3JIEKTPOHOB B 3Ty
YHHUKQJIBHYI) MarHUTOC(EpPHYIO «BOPOHKY», UYTO B CBOK OYepenb YKa3blBa€T HAa OTCYTCTBHE
crporoii npuBs3ku Takux [1B k MarHuTHOH Oype, TakKe Kak OHAa HanmpsMyro He 3aBucut ot PCA ..

B pabote [5] or 2019 roma aBTOpamu mpencraBiieH 0OCTOSITENbHBIN 0030p MPOOIEMBI IO
>40 oubnmuorpadpuueckuM nctodankaM. OQHAKO, HECMOTPS Jake HA HAIMYHE COBMECTHOH paboThI
IO 3TOH TeMe ¢ aBTOpOM [6], HU B 3TOM, HU B Apyrux padoTax oTedecTBeHHBbIX (Hampumep, [[.B.
bnarosemenckuii, A.B. MuxaiinoB u MH. 1p.) U 3apyOeKHBIX HCCIenOBaTeNeld HOHOCHEPHI
(manpumep, L. Liu et al, B.J. Adekoya, J. Lastovicka u mH. 1p.) ccbiiok Ha padotsi [1, 2] Her.

Ienn Hacrosimeil paOOTHI: a) BOCCTAHOBHUTH NPHOPUTET OTKPBITHS, 0) MOKa3aTh MyTh
MOUCKA TPABUJIBHOTO OOBSICHEHMsI SIBJICHUs, YOpaB TMOHAYaly KaKk MUHMMYM U3 €ro AeUHUINN
00s13aTeIbHOCTh TEPMHHA KIIPENIITOPMOBOJIT», OTHECS €ro He K HMOHOC(EepHO-MarHUTHBIM, a K
TepMoc(epHO-HOHOCHEPHBIM BO3MYIIEHHSIM € YYETOM LUPKYJSIOHM, CIIOCOOCTBYIOIIEH WM
NPEMATCTBYIOIIEH OCTYIICHUIO AOMOJHUTEIBHOTO MaTepraa Ha JHEBHYIO CTOPOHY TeMoc(hepsl.

1. Mirmovich E.G. Ionospheric Behavior during August 2-11, 1972... over Khabarovsk.
Report UAG, d0.28, WDCenter A, Boulder, Colorado, USA, 1973, part IL. PP. 557-561.

2Mupmosna  D.I'. MHccnenoBaHme ©  NPOTHO3 KPYHMHOMACIITAOHBIX — TepMOc(epHO-
noHochepHbIX Bo3MmyIneHui / Aproped. auce... kaun. ¢pus.-mat. Hayk. Mpkyrck. 1981, 23 ¢.

3 Kane R.P. Storm-time variations of F2 // Ann. Geophysicae. V. 29. 1973a. P. 25-42.

4 Kane R.P. //J. Atmos. Terr. Phys. V. 37. 1975. P. 601-611.

S Hanunos  A.Jl, Mupmosuu OII., Mopozosa JLJI. O BO3MOXHOH mnpupone
MOJIOKUTENTbHOM (ha3bl noHOChepHbIX Oypb // 'eomarn. u asponomust. T.25, Ne5. 1985. C. 768-772.

6 Koncrantunosa A.B., lanuios A /1. // T'emuoreodus. uccnen., Boim. 22. 2019. C. 33-51.
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TEPMOC®EPHO-UOHOC®EPHBIE BO3MY LIEHUA
KAK OTAEJIBHBIN KJIACC BOSMYIEHUU NOHOC®EPHI

Mupmosuu 3.1, k.¢h.-m.1., Ooyenm

I'BHOY MO «Xumxunckuii mexuuxymy, e. Xumku, mirmovich1940@mail.ru

Tepmun «repmochepHo-nonochepuoie Bo3myiienus» (TUB v TID) Bmneperie BBeneH B
Hay4yHbId 00uxon aBTopoMm B mukie pador 1978-1981 rr. mis obo3HaueHUs BO3MYIIEHUH BepXHEH
aTMoc(epbl, MEPBUYHBIM TPOLIECCOM [JII KOTOPBIX sBJSETCS O00pa3oBaHUE MPOCTPAHCTBEHHO-
BPEMEHHOW HEPEeryJSIPHOCTH B COCTaBe HEWUTPaIbHOH arMocdepsl, MpeBpalaeMoil MOCIEAYIOLINM
BO3ACHCTBMEM HMCTOYHHKAMH MOHHM3AIMU B BO3MYyLIeHHE MOHOc(hepHOH miasmel. Bee mompudukarmm
THUB-TID BeIgeneHel aBTOPOM B OTAENBHBIA KJacc, 4YTO OBUIO 3alIMIIEHO AHCCepTaruen
«HccnenoBanne U mporHo3 Tepmochepro-noHochepHbx Bo3MymeHwi» B 1981 romy [1]. Onmnako
JECSTKH JIET TTOYTH [0 HACTOSIIEr0 BpEMEHH 3TOT TEPMUH HHU Y HAC, HU 3a PyOeskoM He ObLT aIeKBaTHO
BOCIpUHAT. [IpUYnMHON 3TOr0 SBHIAMCH JABa OOCTOSITENLCTBA: BO-TIEPBBIX, HENOOLIEHKA €ro Kak
T€HETHUYECKH MPUHIMITUAIBHON aJIbTePHATUBBI HOHOC(EPHO-MArHUTHBIM BO3MYIIIEHUAM MTPUMEHEHHEM
BMecto THB-TID TepmuHa «TepmochepHO-OHOChHEpHOE B3aUMOIEHCTBHE», a BO-BTOPBIX, aBTOP HE
CyMeJ JOHECTH CBOO MICKO 1O MUPOBOM HAyYHOH OOIIECTBEHHOCTH Uepe3 3apyOeKHbIe H3TaHMUS.

Cama unes Boienenust TUB-TID B otnenbHbI 00BEKT HCCISAOBAHUN U MPOTHO3a POAMIACH
npu pacuére u aHanuze N(h)-npoduneir u temneparypsl obmactu F 1o Ha3eMHBIM W CIYTHUKOBBIM
u3MepeHusiM [2] B paMKax KOMIUIEKCHOro npoekra «lccnenoBaHusi B wOHOChEpe NHPU MOMOIIN
cnytHuKa «Kocmoc-378» (17.11.1970 — 17.08.1975 rr.). CiyTHUKOBbIE AaHHBIE HAa BBICOTaX > hy 1o
u3MepeHusM 30H10M JleHrmopa u cepuueckuM 30HAOM B. AdoHuHa moxasbiBamu HEYCTPaHUMOE
anmapaTypHbIMH JOMYCKAMH PACXOXACHHE C PSAOM Mpoduied, pacCUNTAHHBIX MO HMOHOrpaMMaM
BEPTUKaJIBHOTO 30HANpoBaHus (B3M) Ha mambHEBOCTOYHBIX CTAHLUSX, KOHTPOIUPYIOIINUX LIHPOTHBIN
nosic AQ ~ 50+45°N | a Taxxe ¢ npodunsimu moxenu IRT,

B pamkax uucneHHbIX Monenell noHochephl, Aaxke Ny4IIuX U3 HUX (Hanpumep, mukiga MSIS —
BapuanT NRLMSISE-00, CubHUI MU, a Taxxe Oonee panHux padoT [3, 4] u np.) onmucaTh aneKBaTHO
¢usnueckne mexannsmbl TUB-TID 10 mporHOCTHYECKOTO MPUMEHEHHs HEBO3MOXKHO — TepMOoc]epHoe
«UIyHaMH» Ha BbIcoTax obmactu F-moHOC(heps! OT pOKACHUS IO TUCCHUITALIUN (IIPOKUBAET» CBOKO, HE
O4YeHb 3aBUCUMYIO OT peryJsipHOW HoHOC]epbl ku3Hb. I[lapaMeTp BO3MYIIEHHOCTH B Ka4deCTBE
NPEIUKTOPa 3aaH OTAENbHO B eqUHCTBEHHON M3 Hux — TIEGCM — B Buae ypoBHs Bo3MymieHus O2.
KauecTBeHHass AByXypoBHeBas MOZENb LUPKYJISILUU B BUAE BETPOBOIO MEpEHOCa AOMOJIHUTEIBHOIO
marepuasa Ha h > 200 kM (oOmacte F), moctpoeHHass mo MoauUUIMPOBAHHONH aBTOPOM MOJIENU
BepxHel arMocheps! J79 BBeneHHEM B HEE YTPEHHETO U BEYEPHETO SJIEKTPOIKETOB U JHEBHOTO Kacra
B KQ4eCTBE MCTOYHHKOB [5, 6], MOKa3bIBAET, YTO MOCTYIAET OH, «BTSTHBASACH» B OOJNACTh Pa3peKEHUS
IJIOTHOCTU W3 HU3KHX, & HE BBICOKHUX IIMPOT, OTKyAA MO YPOBHIO <150 KM NPUXOAUT MOJIEKYJISIPHBIN
MaTepuang B CpelHUE IIUPOTHI, B HOYHOE BPEMs aJBEKTHUBHBII MEPEHOC BETPOM [OMNOJHUTENbHOM
KOHIIEHTPALMU HEWTPaJOB MPUBOAUT K POCTYy PEKOMOWHAIMM, a B JHEBHOE — K POCTY HOHH3AINU
BO3JIeHCTBHEM COTHeUHOro Y DU, menkue nepuaruu-ocumsindu Ne B oonactu F, oTBeTcTBEHHBIE 3a
F-paccestnue, oObsicHeHBI BO3aelicTBUEM HH(pa3ByKa [7] OT pa3HbIX (M CEHCMUYECKUX ) HCTOYHHUKOB.

Bcé 5TO BakHO He TOJBKO H3-3a TPYAHOCTU MCHOJIb30BAaHUS HA IPAKTUKE TPOMO3IKUX
YHUCJIEHHBIX MOJeJiell, HO B MEPBYIO Ouepenb — AJi MPOTHO3UPOBAHUS C MpPUBJIEUEHHEM MHHHUMyMa
nanabix B3W moHOChepHbIX BO3MyIIeHHH W Oypb, BIUSIOLIMX HAa JajlbHEE PACIPOCTPAHEHUE
PanMOBOJH, IOYTH BCEX BUAOB KU3HENESTEIbHOCTH B OJMKHEM KocMoce, BKiovast padoty KA u naxe
BO3zaelicTBue Ha Oayumuctuky MBP B maccuBHO# yactn ux Tpaekropuu B nepuon THB-TID.

1. Mupmosnu D.I'. Asroped. nuc. ... kava. ¢.-m. H. Upkyrck: Cu6M3MUP, 1981. 23 c.

2. Mupwmosnu 2.1, Manupo b.C. // 'eomars. u aspoHomust. M.:1975, 1.15, Ne 5. C. 934-938.

3. Prolss G.W. // Rev. Geophys. Space Phys. 1980. V. 18, N. 1, P. 183-202.

4. Fuller-Rowell T.J., Rees D. // J. Atmos. Sci. 1980. V. 37, N. 11, P. 2545-2567.

5. Mupmosud D.I'. / B ¢0. «KpynHomaciuTabHasi CTpyKTypa cyOaBpopaibHON HOHOC(EpbD».
Sxyrek, uronp 1981 r. C. 15-18.

6. Mupmosny D.I'. / XXV HTK, 14-16 anpens 1982. Hosocubupck, 1982. C. 23.

7. Mupmosny D.I'. u np. // T'eomarn. u asponomust. 1978, 1.18, Ne 3. C. 535-536.
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MOAVJIAUNOHHOE B3AI/IMOI[EI‘/JIC"1:'BI/IE B IVIA3ME 3ATIBIJIEHHON
NOHOC®EPHI 3EMJIM U B IIBIVIEBOU IIVIABME XBOCTOB METEOPOB

Moposzosaa T.H., IToneas C.H.

HKH PAH, 2. Mockea, Poccus, timoroz(@yandex.ru

PaccmoTpeHo pa3BuTHe MOAYJSILUOHHON HEYCTOMYUBOCTH C y4aCTHEM IBbUIEBBIX aKyCTHYECKHUX
BO3MYLICHUH B TIa3Me 3aMbIICHHON HOHOC(Ephl 3eMJITH U B MBIJIEBOH IJIa3Me XBOCTOB METEOPOB BO
BpeMs1 ux nposieroB. OneHeH >PQeKT CTONKHOBEHHS 3JEKTPOHOB, HOHOB M IBUIEBBIX HYACTHI C
HEWTpaJlaMM Ha pas3HbIX BbICOTax. lIoka3aHo, 4TO B 5TOM Ciy4dae BIJIUSHHE CTOJKHOBEHHM
3JIEKTPOHOB M MOHOB C HelTpanaMu OOBIMHO MEHEe CYIIECTBEHHO, YeM BIHSIHHE CTOJKHOBEHHIM
neuid ¢ HeWrpanamu. Ilokazano, 4YTO BIMAHME MOIYJSIUOHHOW HEYCTOMYMBOCTH HA
pacrpoCTpaHEHHE »SJIEKTPOMArHUTHBIX BOJH B IbUIEBOW HOHOChEpHOH mazMe Haubonee
cymecteeHHO Ha BbicoTax 100-120 kM. PaccunmtaHbl 3HAa4Y€HHs BOJIHOBBIX BEKTOPOB
3JIEKTPOMAarHUTHOM BOJIHBI HAKAuKH, MPU KOTOPBIX HEYNPyTrue CTOJKHOBEHHUs C HeWTpajamMu
cienyeT yYUTBIBaTb JUIsl Pa3BUTHs MOAYJALMOHHOIO  B3aWMMOAEHCTBHs. MOOyasiuOHHOE
B3aUMOJICHICTBHE B 3aIbUICHHOH HOHOC(hEpe BaXKHO AT OOBSICHEHUS] PA3JIMYHBIX SIBICHUH, TaKUX,
HarpuMep, Kak Ha3eMHble HAOI0JeHIsI HU3KOYaCTOTHBIX HOHOC(EPHBIX PaIUOIIyMOB C YHACTOTAMHU
Hiwke 60 I'm. OtcyTcTBHE HAOMIOAEHMH HU3KOYACTOTHBIX MOHOC(EPHBIX PAaTHUOLIYMOB BO BPEMs
TAKUX SIBJICHUH, Kak cepeOpucTele oOJaka W TONApHBbIE Me30chepHble PaguOOTPAKEHUS,
BBI3BAHHBIE HAJIWYHEM NbLIEBOH IUIa3Mbl Ha BbicOTax 80-95 kM, OOBSCHsSETCS MOAaBICHHEM
pa3sBUTHSL MOAYJISIIMOHHONW HEYCTOMYMBOCTH Ha BbICOTAaxX 80-95 kM M3-3a BIUSHUSA HEHUTPAIbHBIX
gactul. O0cykaaercs Takke pojib HEYNPYTHX CTOJKHOBEHUH ¢ HEHTpajJaMH B XBOCTaX METEOPOB.
IlokasaHo, 4TO AN TUNWYHBIX MapaMETPOB MbUIEBOM IJIa3Mbl METEOPHBIX XBOCTOB TaKue
CTOJIKHOBEHUS HE BIIUAIOT HA PA3BUTHE MOIYJISIIUOHHON HEYCTOMYUBOCTH B XBOCTaX METEOPOB.
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JAUNATHOCTUKA HAPAMETPOB IUIOTHBIX OBJ/JAKOB IIVIASBMbI B
JIABOPATOPHBIX IJKCIIEPUMEHTAX, MOJAEJIUPYIOHINX

AKTHUBHBIE DOKCIIEPUMEHTDBI B BJINZKHEM KOCMOCE

Hukoaenko A.C., I'ymun M.E., Kopooxos C.B., 3ymun W.F0., T'ymgopun B.HU.,
Crpukxosckuii A.B., Aiinakuna H.A.

HIID PAH, 2. Huxcnuii Hoseopoo, Poccus, nikolenko(@ipfran.ru

[IpencraBneHbl pe3yJbTaThbl SKCIEPHUMEHTOB IO HMHXKEKIUHU IUIA3MEHHBIX OOJIAKOB BAONb U
MOTIEPEK BHEITHETO MarHUTHOTO IOJIS, CO3IaHHBIX MaJOradapUTHBIM MMITYJIBCHBIM KOAKCHAIBHBIM
reHepaTtopoM 1iasmsl [1]. MccnenoBaHuss MPOBOAMIIMCH TPH HAYAIbHBIX MapamMerpax (SHeprus,
CKOpPOCTh  pa3jieTa), COOTBETCTBYIOIIMX [0 MapaMerpaM MoAoOusi YCIOBHAM aKTHBHBIX
JKCIepUMeHTOB, Takux kak ®uakcyc, North Star [2,3]. MccnenoBaHusi mpOBOIUINCH HA CTEHIE
«Kpot», mo3BossifoIeM HCClienoBaTh AMHAMHUKY IUIA3MEHHBIX OOJAKOB HAa Macmradax Mopsaka
OJIHOTO MeTpa BAOJb U MONepeK KBa3HOAHOPOAHOIO MAarHUTHOT'O MOJIS.

Jlna uccnenoBaHus MNapaMeTpoOB IUIA3Mbl MCMOJIb30BAJICS IIHPOKUM apceHaj JUarHOCTHK,
JOTMOJHSIOINUX APYT APYyra: MarHUTHbIE MHAYKTUBHBIE 30HAB, CBY nHTepdepomerp Ha yacrore
37.5 I'Th, snexTpuveckue 30HAbI, KaMepa ¢ OBICTPbIM 3aTBOPOM. THIHYHBIE MapaMeTPhl IIA3MbI
o0J1aka COCTAaBJIAIOT. TEMIIEPATYpa 3JNEKTPOHOB 7, =4 3B, KOHIUEHTpaLUs TIA3MbI MYIIKHU H, ~ 10"
— 10" cm”, HauanbHas CKOpOCTh V) nekut B auanazone ot 10 mo 30 km/c.

[Ipn uHXEeKIMM TapawieNbHO (POHOBOMY MArHHTHOMY IIOJIFO, CTYCTOK TUIA3Mbl PACHIMPSIETCS
BJIOJIb TIOJIsI, pruoOpeTasi BepeTeHooOpasHyro (GopMy, CKOPOCTh MepeaHero Kkpast odjlaka BO3pacTaeT
C yBEIMYEHMEM WHIOYKIMH (POHOBOrO MArHMTHOTO TIOJNS, @ TIONEpPeuHBld pasmep obnaka
yMmenbliaercs. HaOmomarotest 3¢Q¢ekThl, XapakTepHble sl aKTHBHBIX OSKCIEPUMEHTOB, B
YaCTHOCTH, Ha MO3OHEeH craguu OOJaKo pacmajaeTcss Ha HHUTU-CTYCTKH, BBITSHYTBIE BJIOJIb
MarHuTHOro moins. llpu WHKeKuMM TMomepeKk MAarHUTHOrO mojisi 00Jlako Iiia3Mel mpHoOperaer
dbopmy JTHCTa, paCIIUPSIIOIIETrOCs MOTEPEK MOl Ha paccTosiHue Oosee 1 M, XapakTepHas TOJLINHA
JIFCTA COCTABIISIET BEJIMUMHY TOPSIIKAa THPOPanyca HOHOB OOJaKa.

HccnenoBaHel MarHUTHbIE BO3MYINEHHS, a MMEHHO O0pa3oBaHWE IUAMATHUTHOW KaBEpPHBI,
COTPOBOKAAIOIINE WHXKEKLMIO MJIa3Mbl B BaKyyM BO BHEIIHEM MarHUTHOM IoJie BeIU4nHON 50 —
450T'c mnpu pa3auyHBIX [AABICHHMAX OCTATOYHBIX Ta30B. IlomHOE BBITECHEHHE (DOHOBOTO
MarHUTHOTO TOJISi HaOJIOAANoch B SKCMEPUMEHTaX CO 3HaYeHHEeM (POHOBOIO MArHUTHOTO ITOJIS
BIuIOTH 110 200 I'c [4].

Pabora BrmosHeHa mpu noanep:kke Poccuiickoro ¢oHma QpyHIaMEHTATbHBIX HUCCIECAOBAHUM,
npoekT Ne 18-29-21018-mxk.

1. C.B. Kopobkos, M.E. I'ymun, B.W. I'yanopun, U10. 3ynun, H A. Alinakuna,
A.B. Crpukosckuii, A.C. Hukonenko // I[Tucema B XKT® 2019. T .45. Ne5. C. 45.

2. B.G. Gavrilov, A.1. Podgorny, L M. Podgorny, et al. / Geophysical Research Letters 1999.
V.26. No 11. P. 1549.

3. RE. Erlandson, C.I. Meng, P.K. Swaminathan, et al. // Journal of Spacecraft and Rockets
2004. V.41. No 4. P. 483,

4. M.E. I'yummn, C.B. Kopobkos, B.A. Tepexun, A .B. Crpukosckuii, B.U. I'ynnopun, N.10.
3yaun, H A. Atinakuna, A.C. Hukosnernko // ITucema B XJKOT® 2018. T. 108. Ne 5-6. C. 416.
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METO/] OEHKH DJJEKTPOHHOM IIJIOTHOCTHU B OBJIACTH F,
NOHOC®EPHI BE3 PAINO30OHANPOBAHUA

Iloranos A.C., IToaromxkuna T.H.

HC3®D CO PAH, Hpxymck, Poccus, potapovi@jiszf.irk.ru

YacToTHBIE TIapamMeTpbl H3JIyYEHUs] HOHOC(HEPHOro aibBEHOBCKOro pesoHaropa (MAP)
JIEMOHCTPHPYIOT TECHYIO CBSI3b C KPUTHUYECKON 4acTOTOM ciosi Fy moHochepsl, cienoBaTenbHo,
U C 3JIEKTPOHHOM MIOTHOCTHIO. OHAKO MJI UCIHOJb30BaHUA 3TOH CBS3U B JUArHOCTHUYECKUX
LIeJISTX OHA CIIMIIKOM HecTaOWJIbHA: €€ MapaMeTpbl MOTYT MEHSThCS OTO AHA KO IHI0. [losTomy
MBI MPEJIOKIIN HCIONb30BaTh MHOTO(AKTOPHBIH PErPeCCHOHHBIN aHAIN3 C BKIKOUYEHHUEM B
HEr0 B Ka4yeCTBE NPEAUKTOPOB JONOJHUTENBHBIX (PAKTOPOB, OTPAKAIOLINX COCTOSHUE
noHocheprl. TakuMu TNPEOUKTOPAMH SIBJISFOTCS TPOTHO3BI BEIMYUHBI foF2 W MHHMMyMa
anpBeHOBCKON ckopoctu no mozpenu IRI-2012, mecTHOe Bpems, Ce30H U MHAEKC aBPOPAIbHON
aktuBHOCTH AE. Ilpu 3TOM OCHOBHBIM MPEIUKTOPOM CIIYKUT YaCTOTHBIA MacIITad M3JTy4eHUs
HUAP, TO ecTh, pacCTOsHHE MEXKAy €ero cocenHuMu rapMoHukamu. KosdduumeHTsr
MHOXECTBEHHOH perpeccun ObutM BBIMHCIEHBI Ha oOydaromeil BeiOOpke w3 100 yacoBbIX
3HAYeHUH U TECTUPOBAHBI Ha KOHTPOJBHOW BHIOOpPKE pasmepoMm 45 uHacoBbIX u3MepeHuit [1].
Pe3ynbTaTsl MOKa3bIBAIOT, YTO HCIONB30BAHUE MPENJIOKEHHOIO METOAA OLEHKH 3JIEKTPOHHOU
IUTOTHOCTHU € UCTIOJIB30BAHHEM MHOTO(AKTOPHOTO aHAIN3a AA€T CPEIHEKBAIPATUIHYIO OIIHOKY,
B 1.65 paza MeHbIIYIO MO CPAaBHEHHIO C OMMOKOW OomeHkn Ha ocHoe momenu IRI-2012 Ges
npusiedeHust naHHbIx o uyactore MAP: 3100 mporus 5100 oM™ IpU TUIUYHOM [HUAIA30HE
3JIEKTPOHHOUN KOHLICHTPALIUU 10°-10° em™.

Pabora BeIMONHEHa TpU YACTHYHOW (UHAHCOBOW moanepkke Poccuiickum QoHzOM
(byHIaMeHTaNbHBIX HccaenoBaHuii, mpoekt Ne 19-05-00574.

1. Potapov A.S., Polyushkina T.N. // IEEE Trans. Geoscience Remote Sensing. 2020. V. 58.
P. 5058.
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HOHOCP®EPHBIN AJIbBEHOBCKHUH PE3OHATOP:
TPU TUIIA MOJIYJIAINN YACTOTBI

Iloranos A.C., IToaromxkuna T.H.

HC3®D CO PAH, Hpxymck, Poccus, potapovi@jiszf.irk.ru

Honocdepnsiii anpBeHoBckuil pesonatop (MAP) mpencrasisier coOoi TMONOCTE MEXKIY
OCHOBaHHMEM HWOHOceppl m obOmacTeio mepexoma Kk Marautochepe. HAP  sBusercs
HEOTHEMJIEMbIM 3JIEMEHTOM BCEH MOHOC(hepHO-MarHUTOChEepHOH CTPYKTYphl. Briepsbie oH ObL1
obnapyxeH I1. bensieBbim [ 1] 1 3aTeéM MHTEHCUBHO M3yYaJiCsi MHOTUMHU aBTopaMu. Ha marepuaie
TMaHHBIX HaOMrONEeHWH 3a 24- CONHEUHBIH LUK MbI PACCMOTPENU TPU PA3JUYHBIX THIIA
NEPUOIUYECKUX HW3MEHEHHH dYacTOoThl MHOromosiocHoro msnydenns HAP (0.2-10 Tm):
CYTOYHYIO, CE30HHYIO M COJIHEYHO-LIMKJIMYECKYI0O MOAYJISIIUI0 dacTothl (puc. 1) [2]. Bee tpu
THNA MOAYJSILMK OOYCIIOBJIEHBI BapUALIMsIMA CBOMCTB MOHOC(EpHI B TEUEHHE CYTOK, TONa WU
COJIHEYHOTO LIUKJIA, COOTBETCTBEHHO. XOPOIIO U3BECTHA M HauboJsee APKO BbIPAKEHA CYyTOYHAs
MOJYJIALINS, MPOSBIAIOLIASACS B U3MEHEHUH YaCTOThl BCEX FAPMOHMK M3JIy4YeHHsI Ha MPOTKEHUU
CYTOK — OT MUHHUMyMa BOJHM3U MECTHOTO MOJYAHA A0 MaKCHMAJbHBIX 3HAYEHUN B TIEPUOI OT
MOJIYHOUHU JI0 PaHHUX YTPEHHUX 4acoB. MeHee U3BECTHA Ce30HHAasi MOAYJISILMS CPpEAHENH 4acTOThI
uznyuenuss MAP — or MuHMMyMa JIETOM 10 MaKCHMyMa B 3UMHHUE MecsLpl. [1pu sTom riyOuHa
CYTOYHOH MOAYJISILIMK YaCTOThI MEHSIETCS B TEUEHHE rofa, HO MPOTHBO(GA3HO YaCTOTEe. MUHUMYM
3UMOH, @ MAaKCUMYM JIETOM. MBI BBIIBWJIM TaK)K€ YETKYK MOMyJsIui0 dyactoTel MAP B mukne
COJIHEYHON aKTHBHOCTH: CPEIHEro0Basi 4acTOTa OOPAaTHO MPOIMOPLHUOHAIBHA CPEIHErOI0BOMY
YHCIy COJTHEYHBIX IMATEH ¢ K03 urmerTom koppensauuu 0.99.

CyTouHasi MOIyJIALIMS YaCTOTHI MOYTH TOJHOCTBIO OOBSCHAETCS 3aBUCUMOCTBIO YaCTOTHI OT
AJIEKTPOHHONW KOHLIEHTpaluu B obsacTh F, MOHOC]Ephl, U4TO MO3BOJSIET HCIOJNB30BaTh €€ B
Ka4eCTBE OCHOBHOTO NMPEAMKTOPa 3TOro noHocdepHoro mapamerpa [3]. 3aBUCUMOCTH HaCTOTHI
OT Ce30Ha M COJIHEYHOrO LUKJIa HMEIT Oosee cnoxHyr npupoay. EcTe ocHoBaHus
NpEeANnoNaraTh, 4To B UX (OPMHUPOBAHUH OOJBINYIO POJb MTPAOT MU3MEHEHHUsS MOHHOTO COCTaBa
HoHOC(Eepsl, B IEPBYIO OYepenb, B BEPXHEH ee 4acTU. DTO OTKPHIBAET BO3MOXKHOCTH Ha3eMHOMN
IMAarHOCTHKH BBICOTHOTO TPO(UIS OTHOCHTENBHOW KOHIIEHTPALWH HMOHOB IO HM3MEPEHUSIM
YaCTOTHOM CTPYKTYyphI usinyuenus AP [4].

Pabora BeImMoOMHeHa TpU YaCTHYHOW (PUHAHCOBOH moanep:kke Poccuiickum (poHmOM
(byHIaMeHTaNBHBIX HccaenoBaHuii, mpoekt Ne 19-05-00574.

1. Belyaev P P. et al. / Radiophys. Quantum Electron. 1989. V. 32. P. 594.

2. Potapov A.S., Polyushkina T.N. // AIMS Geosciences. 2020. V. 6. P. 545.

3. Potapov A.S., Polyushkina T.N. // IEEE Trans. Geoscience Remote Sensing. 2020. V. 58.
P. 5058.

4. Tloranos A.C. u np. // CoBpeMeHHBIE TTPOOIEMbI TUCTAHIIMOHHOTO 30HIUPOBAHUS 3EMITH.
2016.T. 13. C. 192.
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Puc. 1. CriexTporpamMma H3jIydeHusi, J€MOHCTPUPYIOIIAsi CYyTOYHYIO MOAYJISIIHIO YacTOTHI (a);
LUKJINYECKast BapHaIlUs CPEIHEMECSUHBIX 3HaUeHHH 4acToThl UAP, BuHA OTUYET/IMBAsI CE30HHAS
Moy siuus (0).
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THCC IPUEMHUK HA BA3E MOJIY.JISI U-BLOX ZEDF9P: PABPABOTKA
MAKETA, TECTUPOBAHME, BAJIUJIAIIAST TAHHBIX

Kororun /1. A. 1, Coko0B A.B. !, lluaaun A. B. 2, Ps6os A.B. 2, Haceipos H.A. !, Makcumos
JI.C.1, 3arperaunos P. B.1

LK@V, 2. Kasans, Poccus, denis.kogogini@gmail.com
2 HHI'Y, 2. Huosicnuii Hoeeopoo, Poccus,

AKTHBHO Pa3BUBAIOIIASACS B HACTOSALIEE BPEMsI OTPACITb BO3AYLIHBIX U HA3€MHBIX O€CITHIIOTHBIX
CPEICTB CTAaHOBUTCS BaXXHbIM JpaliBepOM pa3BUTUS BBICOKOTOYHOI'O MO3ULMOHUPOBAHMS C
cyOcaHTUMETpOBO M Oobliei TouHOCTHIO. Crienuduka OTpaciu HAKJIagblBa€T HA YCTPOICTBA,
o0ecrieunBaIUe TaKyl TOYHOCTh TIO3WLHOHUPOBAHMS PsAI IOMOJHHUTEIBHBIX TPeOOBaHUIN:
MaorabapuTHOCTb, 5Hepro3PpPeKTHBHOCTD u HU3Kast CTOUMOCTb OTHOCHUTEJILHO
npodeCCHOHATBHBIX T'€OIE3NYECKIX pelueHui. [ Hay4HbIX HCcienoBaTenell Takoe IMOJIOKEHHE
7eNl B MHIYCTPHH OTKPBbIBAET HOBbIE BO3MOXKHOCTH B 00JIACTHM MOHMTOPHHIAa BepXHEH aTMocdepsl
curianamu 'HCC, Tak kak s obecriedeHnst BBICOKOW TOYHOCTH MO3MLIMOHUPOBAHUS OMHCAHHBIC
BBILIE YCTPOWCTBA OONAZAal0OT BO3MOXKHOCTBIO MAapajUIEIbHOTO MPHEMa CHTCHAJIOB BO BCEM
gactoTHOM nuamnasone (1176-1610 MI'u) ocHoBHbix [HCC co3sesnuii (GPS, I'TTIOHACC, Galileo,
BeiDou, QZSS), uTo mo3BoJsieT MPOBOIUTE MCCIEAOBAHHE MOHOC(HEPH C MOMOIIBI H3MEPEHUI
II3C u uHAEeKcoB MOHOC(HEPHON aKTUBHOCTH, PACCUMTAHHBIX HAa OCHOBE ero. OOHUM U3 MEPBBIX
IIPEICTaBJIEHHbIX, B JaHHOM Kjacce ycTpoilcTs, asnsercsa I HCC monyns ZED-FOP ot komnanuu u-
blox. HeBbicokasi cTOMMOCTh OTJIQAOYHBIX AT Ha ero 6asze (200-250 §) oTkpbIBaeT MMPOKHE
BO3MOYKHOCTH JUIs1 pa3padboTku OromkeTHbIx MoOwibHbIX I HCC nprueMHHKOB.

B nokmane mpencrasiensl pe3ynbTaThl paspabotku Makera HCC npueMHHKa Ha OCHOBE
monyssi u-blox ZED-F9P u npensapurenvHoro anamusa nanabix [HCC pamno30HIUpOBaHMS,
MOJIyY€HHBIX C €r0o IMOMOINBI0, a TaKXKe CPABHEHHE €ro XapaKTePHCTUK C MPOQeCCHOHATbHBIM
reonesndecknM [ HCC mpuemumnkom Trimble Alloy (cranumss KZN2 cern 1GS) n cmaprdoHOM
Xiaomi Mi 8 ¢ neyxuactorbiM [ HCC momynem BCM47755. MakeT ycTpoicTBa COCTOUT U3 TPeX
OCHOBHBIX 3JIEMEHTOB: oTianouHo riatel simpleRTK2B, ogronnaTHoro komnetotepa Raspberry
Pi u 6romxernoit THCC antennst BEITIAN BT-290. Hactpoiika, yrpaBieHUe U 3aHUCh «CBHIPBIX»
nansbix (B ToM uncine RINEX) ocymecrtisiercs npu nmomoutn Raspberry Pi ¢ mcnonbzoBanuem
OPUTHHAJIILHOTO TPOTPaMMHOr0 obecriedenusi Ha si3bike Python. IlepBele TecTOBBIE HM3MEpEHUH,
nposeneHHble 30.04.2020 r. mo BeIOOpKe M3 14 cnytHukoB B uHTepBane 18:00+19:00 UTC,
MOKa3aJii, YTO MEJUAHHOE 3HAYEHNE OTHOLIeHUs1 curHay/myM Ha dactote L1 s cranimun KZN2
cocraBnsier 48,75 abl'm, ansa paspaboranHoro mpuemuuka 45 nbl'n. Pasnuma cocrasnser 8%.
3Hauenue napamerpa ROTI Ha paspaboranHom npuemnuke Ha 30 % Bbime yem Ha cranuuu KZN2.
B toxe Bpems cpaBHeHue paspadboranHoro [HCC mpueMHHKa ¢ COMOCTABUMBIM MO CTOUMOCTHU
cmaptdponom Xiaomi Mi 8 mokas3biBaeT, 4YTO MEAHMAHHOE 3HAYEHUE OTHOIICHUS CUTHAI/IIYM Ha
gacrore L1 nnsa cmaprdona pasao 40,6 abl'n, uro Ha 10 % mmxe manHoro mapamerpa ans [HCC
npueMHHKa Ha MonyJie u-blox ZED-FOP, Ha wactore LS nannas pazHuua ysenuuusaercs 1o 15%.
3nauenue mapamerpa ROTI na cmaprdone Ha 57 % BbIIIE, ueM Ha paspadboranHom ['HCC
npueMHuke. Ha Tekymem srtanme pa3paOOTKM BO3MOXKHOCTH TPUEMHHMKA TO3BOJSIIOT BECTH
PETUCTPALMIO AHHBIX ¢ 4acToToh a0 S5 I'm Oe3 kakux-nmubo orpanudeHuil. s Goyee BBICOKUX
94acTOT perucrpaunu naHHbiX (5+20 ') mpenBapuTeNbHO HEOOXOAMMO BBECTH OTPAHHYEHHS IO
koymuectBy THCC co3Besnmii w/wnu yriiy Bo3BbieHUs. B Hactosimuii moment 2 makera THCC
MIPUEMHHUKA BBEAEHBI B [IOCTOSIHHYIO 3KcIutyatanuio B KOY u HHI'Y .

Pazpabdorka u cosmanme makera [HCC mnpuemuuka Ha 0Oaze moxpynas u-blox ZED-FOP
BBINOJIHEHB! Tipu nioanepkke PODU (Ne 20-32-70198). IIpoBeneHue sxkcnepuMenTa, odpadorka u
UHTEpIIpeTalisl MOJyYEeHHbIX [AHHBIX, BKJIIOYAas BU3yaJIM3alLMI0 pPE3YyJbTaTOB U TOATOTOBKY
TOKJIa/ia BBIOJIHEHB! TpH (prHaHCOBOH nmoxnepxke PH® (Ne 19-72-00072).
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JJABOPATOPHOE U3MEPEHUE HIMPOKOITIOJIOCHOI'O
PAAMONIJIIYUYEHUSA CTPUMEPHBIX PA3PA/10B

'Cricoes B.C., 'Cyxapesckuii JI.H., 'Opaos A1, 'Haymosa M.IO., 'Kysuenos 10.A.,
"MIBen H.H., "JTenexun H.M., “T'ymun M.E., ’Kopo6xos C.B., >3yaun H.IO.,
Hukosenko A.C., 2Mmcpmlcms ILA., 2Alimakuna H.A., ’Besios A.C.

' P@AI] BHUUT® BHHUI] 900, Hempa, Poccus, v.s.sysoev@vniitf-ru
2 UII® PAH, 2. Huxcruii Hoszopoo, Poccus

Hsmepenus pagunounsnaydeHus ctpumepos B CBY guanazoHe npeacTaBisitOT 3HAYUTEIbHBIN
HUHTEPEC, MOCKOJbKY HMMEHHO CO CTPUMEPHBIX Pa3psA0B HAYMHAETCA 3apOXKACHUE U PA3BUTHE
mousiHuH. I1pu rpo3oBoii akrusrOCTH atMOchepbl CBY n3nyueHne cTpuMepoB JaeT CyIIEeCTBEHHBIN
BKJIQ[l B CHUTHAJ IOMEXH, MeIlarolield HOopMaibHOH padoTe ycTpoiicTBaM ceTell COTOBOM U
KOCMHUYECKOW CBS3M, panuojiokaropaM. lloaTomy uccienoBaHHe — CHEKTpa H3JIy4YeHUH oT
ctpumepos B odiactu CBY (1+20 I'T1) mMoryT ObITh MOJIE3HBI, HAPUMED, TPU pa3paboTke Mep
3aLIUTHI aMNapaTyphl CBSA3HU OT 3JIEKTPOMArHUTHBIX TOMEX.

HsmMepeHus BBINOIHINCH HA CIELUATIBHOM CTEHJE, CO3AAHHOM [JIs1 U3YYEHUsI CTPUMEPHOTO
paspsiga[1]. CTeHn MO3BOJSIET MOJy4aTh CTPUMEPHBbIE pa3psiabl AIUHOW A0 20 CM B YaCTOTHO-
UMIYJIbCHOM pekume. llpuBeneHbl pe3ynbTarTel M3MepeHHMd u3nyderunii B obmactu CBY mpu
yactore yepenoBaHus uMiyiabcoB S00 I'm. CBY curnan, Bo30yKaaeMblil CTPUMEPHBIM Pa3psiioM,
NPUHUMAJICS Ha pacTostHMM 2,5 M pynopHoi anteHHOH JXTX LB-20180-SF ¢ paboueii nmonocoi
gactoT oT 2 mo 18 ITu u peructpuposancs ocmmmiorpapom Tektronix DPO 72304 ¢ marom
muckperm3annu 10 e mpu nonoce mponyckanust 23 I'Tu. 3amyck ocumiutorpada ocyecTBisiics
no ¢pouty npunumaemoro CBY curnana. OnHOBpEMEHHO CHHXPOHHO pPErHCTPHUPOBAIHCH
HAIpPSDKEHHOCTH  3JIKTPUYECKON0 M MAarHUTHOIO  MOJIEH  CHeUUalbHbIMM  JaTYUKAMH,
MO3BOJIIOIMMHU TAKXE U3MEPSATDH MONSPU3ALUIO U3JIYYCHHUS.

[TonyueHHBIE CIEKTPOTPAMMBI CUTHAJIOB AEMOHCTPUPYIOT 0COOeHHOCTH. CIEKTp U3IyUeHHs
MIPOCTUPAETCsA, KaK MUHUMYM, 10 18 I'T'1 1 3aBUCUT OT aMIIUTYABI U KPYTU3HBI TOKA B Pa3psiAHOM
npoMexyTke (crpumepe). MakcumanbHasi WHTEHCHUBHOCTb CHTHajla JOCTHTaeTcs B Hadale
UMIyJIbCa, JHOO CIYCTSI HECKOJIbKO NECSITKOB HAHOCEKYHJ, 3aTeM OHAa IUIABHO YMEHBIIAETCS.
Hauano 0CHOBHOTO UMIyJIbCAa XapaKTEPU3YETCs PE3KUM YBEIMUEHHEM aMIUIUTYAbl U PACLIUPEHUEM
cnekrpa. [lonydyena 3aaBucuMocTs nosHoi 3Heprun CBY uznydeHusi, NPUHUMAEMOTrO PyINoOpoOM,
OT TIPUJIOKEHHOTO HampspkeHus: (Toka B paspsane). Ilpm stom sHeprums CBY ummynbcoB ¢
YBEJIMYCHNEM HaINpPsDKEHUS (TOKA) HapacTaeT IO CTENEHHOMY 3aKOHY.

HccnenosaHue BBINOJHEHO 3a CUET  [PaHTA Poccuiickoro Hayunoro ¢oHma  (TpPOEKT
Ne 19-19-00501).

1. Ceicoes B.C., Kysnenos 10.A., Bynatos M.VY. u np. // XIII MexayHapoaHast KOH(pepeHIIHsI
«3ababaxuHckue Hay4dHbIe YTeHus», 2024 mapra 2017, r. Cuexunck, YensOuHckas
obnactb, P®, Te3ucel 3-42, ¢.145+146.
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SJEKTPOHHAS KHHETUKA MOJIEKYJIAPHOI'O A30TA U
MOJIERYJIAPHOI'O KNCJIOPOJA B CPEJHEU ATMOC®EPE 3EMJIN
BO BPEMA BbBICBIITAHUSA BBICOKOOHEPI'MYHLIX ITPOTOHOB

Kupuanos A.C., bBenaxosckuii B.b., Maypues E.A., banaoun 10.B., 'epmanenxo A.B.,
I'so3aesBckuii b.b.

1IT'A, 2. Anamumut, Mypmanckas obnacms, Poccus, kirillovidpgia.ru

OmHMM W3 MHAMKATOPOB COCTOSIHUS aTMocdeprl 3emin siBisieTcst ee cBedeHHne. [10CKOIbKY
MOJIEKYJSIPHBIA a30T JTOMHHHPYET B COCTaBe aTrMoc(epbl 3eMITH, CIEKTPbl CBEUEHUS JOJDKHBI
CoIepIKaTh MHOXKECTBO MOJOC a3ota. B mpenmpinymmx pabortax [1-3] Obutn mpoBeneHbl pacdeTsl
npodueii ckopoctell cBedenus nonoc nepeoit (1PG) u Bropoii nmonoxurensHbx (2PG) cucrew,
nosioc Jlatimana-bupmka-Xondunna (LBH) monekynsipHoro azora, 00yCIOBIEHHBIX CIIOHTAHHBIMU
U3JIy4aTeIbHBIMH MEPEXOAAMU MEKAY JIEKTPOHHO-BO30YKIEHHBIMU COCTOSTHUSIMHU
Nz(B3Hg,V) — Nz(A3Zu+,V') + hvipg,

Na(C’,,v) — Nao(B Iy v') + hvapg,

Na(a'TL,,v) — No(X'Z, V) + hvipn

Ha pPa3HBIX BBICOTAX BEPXHEH W cpemHeidl arMmocdepbl BO BpeMsi BTOPKEHHs B aTrMocdepy
BBICOKOOHEPTHUYHBIX 3JIEKTPOHOB (¢ 3HeprusiMu ot 10 k3B 1o 10 MaB).

B nacrosmeii padote paccMOTpeHa KHHETHKA TPHILIETHBIX (A32u B Hg, W3A,, B®E,, C'I1,)
COCTOSIHHII MOJNKYJIAPDHOrO a30Ta ¥ CHHIJETHBIX (a' Ag, b! Y;') COCTOSHHI MONEKYIAPHOTO
KHCJIOPO/a Ha BBICOTAX CpenHed aTMoc(epbl BO BPeMsl BTOPKEHHSI BBICOKOIHEPTHYHBIX MTPOTOHOB.
IIpu 5TOM OBUIH YUTEHBI npoueccm nps[Moro 3neKTp0HHoro BO30YKICHUS
e+ Ny(X! zg v=0) > e+ N2(A ) B Hg, WA, B S, CIL,,v),
e+ 0y(X° Yo v=0)—e+ Ox(a' Ag, b! T V),

BTOPTAIOIINMHCS B aTMOC(epy BBICOKOSHEPTHYHBIMU NMPOTOHAMHU U BTOPHYHBIMH 3JIEKTPOHAMH,
MPOIECChl CIIOHTAHHOTO HW3JIYYEHHUS, a TaKXKe MEePEeHOC HHEPruH BO30YKIEHHSI MOJEKYJT MEXKIY
3JIEKTPOHHO-BO30YKIEHHBIMU COCTOSIHMSIME Ny U Op NpH  MOJEKYJSIPHBIX CTOJIKHOBEHHSIX.
KoHcTanTel CcKOpOCTEll mepeHoca dHepruu BO3OYKACHUS MEXIY 3JIEKTPOHHO-BO30YKIECHHBIMHU
COCTOSIHUSIMH MOJIEKYJIIPHOTO a30Ta W KUCJIOPOJAa NPH CTOJKHOBEHHSX ¢ Mosiekynamu Nz u O
OBUIM TEOPETUYECKH PACCUMTAHBl COIJIACHO KBAHTOBO-XMUMHYECKUM NpuOMMKeHusMm [4-7].
BrniepBeie paccMOTpeHa KMHETHKA CHHIJIETHBIX COCTOsIHUI O Ha BBICOTaX cpenHeil arMochepr! Kak
C y4€TOM MPSIMOTO BO30YKIEHHSI BHICOKOSHEPTUUHBIMHA MPOTOHAMH U BTOPUYHBIMH 3JIEKTPOHAMH,
TaK M C YYETOM TMPOLIECCOB TMEPEHOCA 3JEKTPOHHOrO BO30YXKIOEHHs C MeTacTabWUIBHOTO
MonekyIspHOro asora Ny(A'%, " v=0) Ha cocrostaust Iepubepra O, u TepepacipencieHus SHeprum
BO3OYKIEHHSI MEXAy KOoieOaTeIbHBIMI YPOBHSIMH CHHIJIETHBIX COCTOSIHHHA IPH HEYNpyTHx
MOJIEKYJPHBIX CTONIKHOBEHILIX. TokasaHo, 4TO JOMUHHPYHOLIMI BKax B Bo3Oyxaenue Ox(a Ay) i
O,(b' %) BHOCAT IIPOIIECCHI IPSIMOTO SIEKTPOHHOTO BO30YKIEHHS.

Pa60Ta BBINOJIHEHA NpH puHaHCOBOH nonnep:kke PH® (mpoext 18-77-10018).

1. Kirillov A.S., Belakhovsky V.B. 2019, Geophys. Res. Lett., v.46, p.7734-7743.
2. Kupumnos A.C., benaxosckuit B.b., 2020, 'eomar. Aspon., T.60, Nel, ¢.93-98.

3. Kupunnos A.C., benaxosckuii B.b., 2020, I'eomar. Aspos., 1.60, Ne6, ¢.796-802.
4. Kirillov A.S., 2008, Ann. Geophys., v.26, Ne5, p.1149-1157.

5. Kirillov A.S., 2010, Ann. Geophys., v.28, Nel, p.181-192.

6. Kirillov A.S., 2011, J. Quant. Spec. Rad. Trans., v.112, p.2164-2174.

7. Kupunnos A.C., 2012, Ksant. Onek., T.42, No7, ¢.653-658.
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PATNOU3JTYHEHUE B OBJIACTH CBY U3 3AP$DK1§HHOI71
A3PO30JIbHOU CTPYKTYPbIL, MOAEJNPYIOWEN I'PO30BYIO
AYEUKY

!Cbicoes B.C., 1nyapenscncm"l AN., 1Op.11013 AN., 1HayMOBa M.1O., 1Ky3HeH0B 10.A.,
Isen H.H., 2l“ymml M.E., 2Kopoﬁlcons C.B., 23yzmﬂ n.10., 2MapeeB E.A., HukoaeHko A.C.,
2Mmcpmlcms ILA., *Afinakuna H.A., *Beos A.C.

' P@AI] BHUUT® BHHUI] 900, Hempa, Poccus, v.s.sysoev@vniitf-ru
2 UII® PAH, 2. Huxcruii Hoszopoo, Poccus

Uccnenosanus B obnactu reaepaunu BY 1 CBY u3ny4eHn MOJHUSIMH TIPOBOISTCS JTaBHO.
Ho mnponomkaroT mpencraBiATh  3HAYUTEIBHBI MHTEPEC Kak Ul pEeIleHHus 3a1ad (Qpu3uKu
MOJIHMM, TaK M Ui PA3JIUYHBIX NPUJIOKEHUH, HAIPUMEpP, CBSI3aHHBIX C CO3JAHUEM CHCTEM
IPO30MENEHraluN, YCTPOMCTB BBICOKOYACTOTHOMN CBsA3U. IIpoBeneHue Takux HCCIEIOBAHUN B
7Ta0OpaTOPHBIX YCIOBUSIX CTajJO BO3MOXKHBIM TIOCIE TMOSIBJIEHHS YCTAHOBOK, ITO3BOJISIOIINX
NPOBOIUTH (PU3UUECKOE MOJACIMPOBAHNE TIPO3OBBIX SUYEEK HAa OCHOBE TI'€HEPATOPOB CHUJIBHO
3apsUKEHHBIX BOAHBIX adposojeit [1]. Ilpu sToM co3maroTcst 3apsiKeHHbIe a3pO30JibHbIE 00J1acTH ¢
pa3sMepoM B HECKOJIbKO KyOMYeCKHX METPOB U ¢ MoTeHuuanoM nopsiaka 1MB. Takue 3apsokeHHbIE
CTPYKTYPBI MOTYT F€HEPUPOBATH HCKPOBBIE PA3PSAbI JIMHOW 10 2 M.

B pabore mnpencraBieHbl pe3yNbTaThl HM3MEPEHHH pPAAMOU3NyUYEHUH TpH  Pa3sBUTUHU
HCKPOBOTO pa3psila M3 TAaKOTO 3apsDKEHHOro o0yiaka CHJIbHO3APsDKEHHBIX BOJSIHBIX Karlelb,
MOJENHPYIOIIEr0 IPO30BYI0 sA4YelKy. Brepsele H3MepeHbl MapaMeTpbl CBEPXIIMPOKOMOJOCHBIX
3NeKTpoMarHUTHEIX UMIyIbcoB (UWB EMP) passbIx craanii HCKPOBBIX paspsiioB (aHAJOTHYHBIX
NpU Pa3BUTHH MOJIHUM) B 4acToTHOH mosoce a0 10 GHz. Ilomy4eHo, 4TO 351€KTpOMarHUTHbBIE
UMIYJIbChI M3JIyYEHHsI C XapaKTePHBIMU JIUTENBHOCTSAMHU HapactaHusi ¢pontra ot 70 mo 500 ps
BO3HHUKAIOT NPHU BCTPEYE CTPUMEPHBIX KOPOH OT OTPHULATENIBHOIO JHUAEPA, PA3BUBAOLIErOCs C
OTPHULIATENILHOTO 00J1aKa M TOJIOKUTENBHOTO JINIEpa ¢ 3a3eMJICHHOM MIIOCKOCTH, a TAKXKE B CTAIHH
obpatHoro yaapa. M3mepeHbl 3HAUEHUS SJICKTPUYECKUX ¢ MarHuTHbIX mnoneii UWB EMP,
OTIpenieNieHa TOJSIPU3aLUs M3JIYyYeHHH. DKCIEPUMEHTAIbHO TNOJydeHHbIE B paboTe HaHHBIE O
BOJIHOBBIX (popmax u criektpax UWB EMP cornacyrorcsi ¢ TEOPETHUECKUMH MPENCTABICHUSIMH O
TAKUX Pa3psAOHBIX MPOLECcCaX, U3JOKEHHBIX B MOCIEIHUX MyOnuKanusx [2].

HccnenosaHue BBINOJHEHO 3a CYET  IPAaHTA Poccwiickoro nayuHoro ¢onna (mpoexT
Ne 19-19-00501).

1. Bacues T.C., Bepemarun WM.I1., Maxkansckuii JIM. u np.// Ussectus AH CCCP.
DHepreruka u TpaHcrnopt. 1982, N5, C.118-127.

2. F. Shi, N. Liu, JR. Dwyer, KM A. Thaddadene. // Geophysical Research Letters, V. 46,
(2019), hitps://doi.org/10.1029/2018GL080309.
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PACYET OIEHKH JJ BEPOSTHOCTH CWIbHBIX 3EMJIETPSICEHUN B
PEXUME TEKYHIEI'O BPEMEHH HA OCHOBAHHUHM AHAJIM3A CTATHCTHKH
KPUTHYECKOU YACTOTbBI HOHOCDEPBI

'Koran JLII., 2By6yxun WU.T., IlITenéepr B.B.
VHHTACY, 2. Huscnui Hoszopoo, Poccus, L_kog@list.ru , HHI'Y, 2. Huocrui Hoezopoo, Poccus

B pabore mpeanaraercsi METONMKa BBIYUCICHUS OLEHKH ISl BEPOSITHOCTH 3€MIIETPSICEHUI
MarHuTyabl 5.5+ Ha OCHOBaHMHU HCCJIEOBAHUS CTATUCTUKH 3HAYEHUH KpurHueckol vactoTsl (KY)
noHoceprl. Anpobannst METOIUKH NPOBEIEHA 110 U3MEPEHUSM, OCYIIECTBICHHBIM B 1994-2004 rr.

Ha noHosoHze Ilerponasnosck okono r. Ilerponasnosck-Kamuarckuii. IIpu pacuerax npumensics

craructuieckuii QpyHkiponan L(n) :% nemaalLil, Ly = ZNZ0(—D™P [1, 2]. 3mece M =

101, A = 1010, P;,, ecTb BEpOSTHOCTb IONANAHNA 3HAYEHUH ciydaiiHoi Bemmuunsl (CB) sin(x)
(3mechb x — usmepennbie 3HaueHnst KU B merarepuax) B unrepsan [—1+ mh; —1 + (m + 1)h], e
0<m<N-1 h=0.01uN =200 Uanekc [ € [n — M + 1,n] — HOMep OTpe3Ka peanu3arru
NPOTSDKEHHOCTBIO 24 Yaca, BKIIFOYAOIEero (mpu oTcyTcTBUH cOoeB) 96 m3mepennit KU. Apryment n
PaBEH YHCITy CYTOK HEMPEPBIBHON pabOThl HOHO30HA.

3aBucumocty L(1n) COMOCTABISINCH MOMEHTBI BpEMEHH 3€MIIETPSICEHH I MarHUTy 10# 5.5+ (pu
YCIIOBHUHM OTCYTCTBHUSI IEpel] HUMH TaKUX COOBITMH B TEYEHHE MPENIIECTBYIOIUX 14 CyTOK),
3adukcupoBanHbix B 1994-2004 rr. B obmactu pagmycom 1000 kM OT maHHOro MOHO30HAA. B
pesynbrarte ObuT BbisiBIIeH 3(dexT muckpernsaimu 3HaveHuit L(n), cocrosmuii B GOpMUPOBAHUI
IPYII 3eMIETPSICEHMI (HA30BEM HX CEPUSMH), KOTOPHIM OTBEYAIOT 3HaueHus L(n) € [Lj(l - ),
Li(1+ a) ], j =1,2,...15 (taxue orpesku obnactu 3Havenuit L(n) obosnaunm kax D;). 3mecs L; —
3Hauenne L(n) B MoMeHT n; mepsoro coObrrust j-it cepun u o = 0.013. K yxasanueM 15 cepusm
npuHaanexut 85% paccmatpuBaembix coObrruii. C yueroM peHoMeHa Nogo0HOro « CEHCMHYECKOTO
KBAHTOBAHUS» PACCMOTPUM aHCaMONb MHTEPBAJOB BPEMEHHM MEXIy IOCIEIOBATENbHBIMU
3eMITETPSICEHUSIMH BO BCEX ATHX cepusix. O003HauuM An = Vi, + Oyt (3€CH Vipt U Ojpe — CpeaHee
3Ha4Y€HHE M COOTBETCTBEHHO CPENHEE KBAJPaTMYHOE OTKIOHEHWE JJIsi Takoro aHcamOns), [ —
IUTATENIbHOCTD CEPUH j, T — BPEMsi, OTCUUTBIBAEMOE OT MOCIIEIHEr0 OTHOCSINETOCs K Hel COOBITUS U
P, — BEPOSITHOCTL 3eMIIETPSICEHHsI TIPH nonananuu Touku T, = {n, L(n)} B kakyro-mubo obiacTh
Buga L(n) € D;, n € [nj, n; + lj]. Torpa mpu ycnosuu L(n) € D; u n>n; +; (Hasosem 3tu
obnactu (), a MX COBOKYNHOCTh 0003HauMM (1) Ha OCHOBaHWM HepaBeHCTBa YeObleBa MPUXOIUM K
oneHke cBepxy By, (j, T) ans sepostHocTH P( j, T ) 3eMIETPACEHNs B TEKY LN MOMEHT BPEMEHH

2

Py (J,T) = Py # 0<T<AN; Buy(j,T) = Plﬁggij > An .

JIns «OmMHOYHBIX» 3eMIeTpsceHuil (oTBewaromue uM 3Hauenus L(n) € D; mpu Beex j;
COBOKYITHOCTb COOTBETCTBYIOIINX oOnacTeii Buna (); HazoseM (1) 3HaueHue l; Besse 3aMeHsAEM Ha
An. TIpennaraemasi ouenka cHusy Py, (j,T) = Pyvit exp(—T/Vine) fooo exp(—{/vine)l;/(l; + 0)dg
mmst P(j,T) cOOTBETCTByeT pPacCMOTPEHHMIO MOMEHTOB 3€MIIETPSCEHHI Kak MpOCTeimiero
IyaCCOHOBCKOTO MoToKa. MenuanHast orienka st P j, T ) MoxeT ObIThb 3anmucana Kak Preq (j,T) =
[Pupp( J, )+ Pow(J, T )] /2. Tlpu T,, & Q + Q' BepositHOCTH 3emierpsicenuss P K P;.

IIpMmeHeHne pe3ysbTaToOB BBIUMCICHUH K yKa3aHHOW Bbime oOmactu Kamuarckoro permona
MO3BOJIJIO, B YACTHOCTH, BBIACITUTH COBOKYITHOCTh HHTEPBAJIOB BPEMEHHU CO 3HAYUTENBHO, B TPU U
OoJee pasa, MOBBIIEHHON BEPOSITHOCTBIO CHIIbHBIX 3eMieTpsiceHui. [loaydeHHbIe pe3yapTaThl U UX

BO3MOJKHOE (DEHOMEHOJIOTHYECKOe OOBSICHeHHE ObUTM MpHBEAeHbl B padoTe, HAMpaBJICHHOU B
xypHan «Chaos, Solitons & Fractalsy.

[1] Korau JI. I1. // T'eomaruerusm u asponomust 2015. T. 55(4). C. 525.
[2] Koran JLII., Kucauuen [I.W1., Kpacaukosa O .B., Mensuuk M. A., I'opaenos A.C.
// CoBpemenHble TexHonornu B mequnuae 2017. T. 9(4). C. 25.
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3ABUCHUMOCTD HOABJIAEMOCTHU JHEBHBIX CPEJHEINTINPOTHBIX
MEJIKO- U CPEAHEMACIITABHBIX IINB OT HAITPABJIEHUA MMII

Axuypun AJL., Cmupnos I'.C., Unbaupsikos B.P.

K{II) DY, o. Kazanw, Poccus, adel akchurin@kpfu.ru

Ha noHorpammax BepTHUKaJIbHOIO 30HAWPOBAaHUs CUTHATYphl cpeanemnpoTHeix [IMB cpennero
(c ropuzoHTanpHBIMEH pazMepamMu 100-500 kM) U Manoro macmraboOB HECKOIBKO Pa3MYaroTCs.
Econ nns CM IIMB — 310 mepemernenue yactel KacroBOW AYrM OCHOBHOIO CIIOs, U B MEPBYIO
ouepenb, TOW, 4YTO BOJMU3M KPUTUYECKOW HacToThl, TO it MM IIMB - »t0 mnosiBieHue
JOTIOJIHUTENBHBIX ~CIIEIOB CEPIIOBUIHOM WM KIFOBOOOpasHOW ¢opmbl (B  aHMIIOSA3BIYHON
TEPMHHOJIOTHU cusps U hooks, COOTBETCTBEHHO) M ONSTH K€, BOJNM3U KPUTUYECKOH 4acToThl. B
cuty Oonpinoil BapuatuBHOCTH curHatyp MM IIMB Ha moHOrpamMmax W HUX MaJior0 BPEMEHHU
npucytcTBus (5-8 muHyT) ans obHapyxkeHus MM IIMB Ha Hamem HMOHO30HAE HCIOJIB30BAJICS
KOCBEHHBII MOJXOJ — aHAJIN3 M3MEHEHHUS KPWUBU3HBI XBOCTOBOH uacth ciena F crnost (koHIA ero
kacroBoii nyrm). Hcmonmp3oBaHue Bapualiil KPUBU3HBI KacmoBOW ayrm ciosi F kxak mpoxcH-
nHaukaropa MM IIMB okasanoch BHOJHE ONPAaBAAHHBIM, T.K. MO3BOJIMJIO aBTOMAaTU3UPOBATH
00paboTKy MHOTOYHUCIIEHHBIX ONHOMHUHYTHBIX HMoHOrpamMm [1, 2]. Ilpu Takoil aBTOMAaTUYECKOM
00paboTke, Kak OKa3anoch, MOKHO oOpabareiBate CM u MM IIMB opHOBpeMeHHO HeE pernas
3amady UX pasfeNieHus, T.K. 3Ta pasanuue mexnay curHarypamu MM IIMB u cnaberx CM IIMB (c
dN/N < 10%) gacto moctatodHo ycioBHO. OOpaboTka Takol cMecu cpenremupotHeix CM 1 MM
IIMB manouccinenosaHa BeCbMa BaXkHa [UIs M3y4eHHs npoucxoxaeHus takux [IMB. B nacrosmuii
MOMEHT HENPEPBIBHO PErUCTPUPOBATh Takue ciadbie mim MenkomacmTadHblie [IMB nox cuy nummb
MOHO30H/1aM C MUHYTHBIM Ch€MOM HOHOTIPAMM.

Vxe mepsas obpaborka mosiBienus Takux CM u MM IIMB mnokasana, 4YTO OHU HMEIOT
CKJIOHHOCTB K ONepekarolieMy LUKINYEeCKOMY TOSIBJICHUIO B JHEBHOU moHochepe, T.€. psa [1H1B,
MOXOKHUX IO CHTHATYpPE, MOSBISUINCH €KETHEBHO BO BCE OoJyiee paHHEE BPEMsl, IO OTHOIIEHHIO K
MpeabIIyeMy OHIO. ODTO €KeCyTOYHOe OmepekeHue (WM CBEPXKOPOTALHs/CBEPXPOTALIHS)
nosieneHns [TMB ¢ onrHAKOBOM CUTHATYPOI HAXOAMIOCH B UHTEpBae (4-7 MUHYT).

Jnis Toro, 4ToObl AETATM3UPOBATH OCOOCHHOCTH TAaKOH CBepxKopoTauuu nosisieHust [TMB Obin
NPUMEHEH BEHBIET aHaJIW3, AETAlIM KOTOPOro NpHUBEAEHbl B mpenpiayiiei padore [2]. Ilpum
obpabotke BpemeH nosienernst CM u MM T1MB bl Takke oOpaTHIIN HA HEKOTOPYIO 3aBHCUMOCTD
4aCTOThl UX MOSIBJEHUS OT HEKOTOPBIX KOMIIOHEHT HAampaBieHHUs] MEXIIJIAHETHOI'O MarHUTHOTO
noJisi. Hukakoii cBsi3u ¢ TpanULIMOHHON ISl MCCIIeoBaTeNeil MArHUTHBIX Oypb B, KoMmoHeHTOl He
Obpu10 Haiimeno. He Obuia HaiimeHa 3aBUCUMOCTb OT KOHYCHOro yria (arccos(|Bx|/Biotar)), Yacto
HCIIOIB3YEMOT0 B UCCIIEOBAHUSAX aBPOPbI HA NHEBHOU cTopoHe [3]. Bonee mpoaykTHBHBIM CTal
COBMECTHBIN aHainu3 4acToTsl nosieneHus [IMB u opuenranmn MMII no nuausam cnupanu Ilapkepa
(Bx > 0, By < 0) (opuenrauus «mo Ilapkepy») u nepnennukyisipHo auausM crmpaimu [Tapkepa (B
>0, By > 0) (opuenTanus «mo antu-Ilapkepy». Takoli okasasics 6onee MpOAYKTUBHBIM, Kak U B [4].
A umMmeHHoO, yacToTta nosieiieHus qHeBHbIXx CM u MM IIMB ycunusaeTcs npuMepHO B J1Ba pasa npu
opuenTanun MMIT «mio anTu-Ilapkepy». IToT pakT HyKHAaeTCS B NajJbHEHIIEM UCCICIOBAHNH, T.K.
HE MOKeT ObITh OOBSICHEH TOJNBKO C TOYKH 3PEHHs] BO3AEHUCTBUsS HukHeaTMocepHbix BI'B, kak
OCHOBHOH MPUYHHBI 00pa30BaHUs CPENHEIINPOTHBIX THEBHBIX [1MB.

1. Akchurin A., Smirnov G. // Proc. of 32nd URSI GASS 2017. Art. 8105046. doi:
10.23919/URSIGASS.2017.8105046.

2. Axuypun A JI,, CmuproB I'.C. // Yuen. 3an. Kaszan. ya-ta. Cep. @us.-marem. Hayku 2019.
T. 161. C. 468. doi: 10.26907/2541-7746.2019.3.468-480.

3. Han D.-S. et al. //J. Geophys. Res. 2017. V. 122. P. 1853. doi1:10.1002/2016JA023394.

4. Gillies D.M. et al. /J. Geophys. Res. 2014. V. 119. P. 2550. do0i:10.1002/2013JA019469.
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IF'EHEPAIINA SJIEKTPHYECKOI'O TOKA B CPEJHEIINPOTHOM
NOHOC®EPE BOJTHON IYHAMHA

Copoxun B.M., flmenxo A.K.

HU3MHUPAH, 2. Mocxkea, e. Tpouyxk, Poccus, soval@izmiran.ru

MHorouucneHHble HaOMOACHUS IMOKA3bIBAIOT, YTO IOSIBJICHHE IIyHAMH COIPOBOXKIAETCS
reHepanneil BO3MyLIEHUs] FEOMArHUTHOIO MOJIsl KaK Ha OKEAHCKOM JIHE B PaliOHE pacHpOCTPaHEHUs
BOJIHBI, TAK M Ha Oepery Ha 3HAYUTEIBHOM PACCTOSIHUM OT MOPCKOW Cpeibl. JDTH IAaHHBIE JAJH
BO3MOJKHOCTb ONPENENUTh HANPABICHUE PACIPOCTPAHEHUsI BOJHBI LyHaMu. [IpoBeneHHbI aHanus
MOKa3aJl, YTO BOJHBI yHaMu aMrutuTy 1o (0.1 — 1) M compoBOXKIatOTCsl BO3MYIIEHUEM MarHUTHOTO
noJisi, gocturaromumM BennauHbl (1 — 10) HTn Ha noBepxHOCTH OkeaHa. Kpome Toro oOHapyskeHo,
YTO PacCNpOCTPAHEHUE BOJHBI L[yHAMH COIMPOBOXKAAETCS IeHEpalued aKyCTHKO-TPAaBUTALMOHHON
BouiHEI (Al'B) 1 mosiBiieHneM HOHOC(EPHBIX BO3MYIIEHHH. MexaHN3M reHepariii MarHUTHOTO TTOJISI
OCHOBaH Ha (OPMHUPOBAHHH 3JIEKTPUYECKOTO TOKA BOJIHOM IIyHAMHU B OKeaHE M B HOHOChepe.
HcTouHHMKOM TOKAa B MOPCKOU Cpefie SIBJISETCS €€ NBH)KEHHE B T€OMAarHUTHOM mose. McTounnkoM
TOKa B MOHOC(Epe SIBISETCS €€ IBIKEHHE TOf NeHCTBUEM aKyCTHKO-TPABUTALIMOHHON BOJHBI B
r€OMarHUTHOM MoJie. Bemu4nuHbI 3IeKTPIUECKOro TOKa B MOPCKOH cpeie M B HOHOC(epe CpaBHUMBI
B pe3yJibTaTe SKCIOHEHHaIbHOro pocra AI'B npu ee pacripocTpaHeHHU BBEpX.

B pabote BrIBeieHBI ypaBHEHUS U pa3paboTaH METO pacdeTa MPOCTPAHCTBEHHO-BPEMEHHOTO
pacripeneneHusi BO3MYIIEHUs] TeOMarHUTHOTO TIOJIsI B CHCTEMe OKeaH — atMocdepa - noHocepa B
HAKJIOHHOM TN€OMAarHUTHOM I0JI€ HU3KHUX U CPEOHUX IIHUPOT MPH PaCHPOCTPAHEHHUH LyHAMHU MOJX
NPOM3BOJIbHBIM YTJIOM K T€OMarHUTHOMY Mepuanany. [TonyueHo BeIpakeHHe A HOHOC(EPHOTro U
MPONOJILHOTO TOKOB C YYETOM CONPSDKEHHOW HOHOC(EpBl, KOTOPBIE BO3HUKAOT TIPU
pacnipoctpaHeHun AI'B BBepx B pesysibTaTe BEPTUKAJbHOIO CMELIEHUs MOBEPXHOCTH OKeaHa B
BOJIHE LIy HAMH.

ITokazaHo, 4TO MpOCTpaHCTBEHHAs (POopMa BO3MYIIEHHSI MATHUTHOTO TIOJ HA TOBEPXHOCTH
MOPCKOHM CpeAbl MaJl0 MEHSIeTCS B 3aBUCUMOCTU OT yIUIda HAKJIOHEHUS I'€OMAarHUTHOrO MOJs U
HAlpaBJeHUs]  PACOPOCTPAHEHUS  BOJHBI ~ OTHOCHTEIBHO  TI€OMAarHUTHOIO  MEpPHUIHAaHA.
I'opusoHTaNbHAsE KOMIIOHEHTa MAarHUTHOTO MO MEHSAeT MOJSIPHOCTb B 3aBUCUMOCTH OT
KOOpPAMHATHI, B TO BpeMsl Kak BepTHUKaJbHAas KOMIIOHEHTa OCTaeTCsl OJHOMOJSPHONH. AMIUIUTYIA
FOPU30HTAJBbHOM KOMIIOHEHTbl MAarHUTHOIO BO3MYILEHMS BO3PACTaeT C POCTOM LIMPOTHI IIPH
pacrnpoCTpaHEeHUH BJOJIb M€OMAarHUTHOIO MepuiuaHa. AMIUIMTYAa W TOPU3OHTANIBHBIN pasmep
BO3MYILIEHHUSI BO3PACTAET B 3aBUCUMOCTH OT YBEJIMYEHHs yrja PacHpOCTPaHEHUs OTHOCUTEIIBHO
MAarHUTHOTO MepHIWaHa s (PUKCHPOBAHHOIO YIJIa HAKJIOHEHWUS TI€OMarHUTHOTO IIOJISL.
Bosmyiienne MarHMTHOTO TONsE B HOHOC(hEpe UMEeT TPH KOMIIOHEHTBl B OTJIMYHE OT ABYX
KOMIIOHEHT B Mopckoil cpere. C pocToM yrja HakJOHEHUS TIE€OMAarHUTHOTIO IOl aMILIUTYa
BO3MYLICHHUS, KaK MPABUIIO, BO3PACTAET KaK HA TIOBEPXHOCTH MOPCKOM Cpenbl, Tak U B HOHOC]epe.
AMIUIMTY]a BO3MyLIEHMH B HOHOC(Epe MOXKET CyIIEeCTBEHHO MPEBOCXOIUTh aMIUIUTYIy Ha
MOBEPXHOCTH MOPCKOH cpeapl. ITOT (aKT CBUAETENBLCTBYET O MPHUHLIUNHAIBHOH pOJH
3JIEKTPUYECKOTO TOKA B HOHOC(Epe B TeHepallii BO3MYLLIEHHSI MATHUTHOTO TIOJIsT BOJIHOM 1Ty HAMH.
BenuunHa MarHuTHOTO MOJISE B HOHOC(epe TOKa, TEKYLIero B MOPCKOH Cpezie, CTPEMUTCS K HYJIIO C
BBICOTOWH. BennunHa MarHUTHOrO MOJsl CyMMBbI TOKOB, NPOTEKAOIIMX B MOPCKOW cpede U B
HoHOChEpe, CTPEMHUTCS K MOCTOSHHOMY 3HAYEHUIO ¢ POCTOM BBICOTHI. Takoi XapakTep BBICOTHOU
3aBHUCHMOCTH MarHUTHOTO MOJIsl B HOHOC(hepe 00yCIOBIEH HATMYUEM MPOJOJIbHOTO TOKA, TEKYIIEero
B COIPsDKEHHYIO 00J1acTh HOHOC(Ephl. Bo3mylieHne MarHuTHOTO TIOJIsl B HOHOC(Epe JTOKAIN3YeTCs
B OKPECTHOCTH IMPOAOJIBHOTO TOKA. Perucrpamnust 3MeKTpOMarHUTHBIX BO3MYIIEHUI B MOHOCheEpe
MOXeT OBITh HCITOJIB30BAHA AJII MOHUTOPHUHIA BOJIHBI Iy HAMH CITy THUKOBBIMH METOJIAMHU.

Pabora BemonHeHa B pamkax ['ocynapcreenHoro 3amanust Ne 01201356396 npu gacTudHOM
nopaepxke PODU-I'OEH B pamkax rpanrta Ne21-55-53053.
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BJIUAHUE COJTHEYHBIX U MATHUTOC®EPHBIX TPOTOHOB HA
N3MEHUYUBOCTDb TAPAMETPOB BEPXHEI ATMOC®EPLI

Kaumenxo M.B. 1.2, beccapato ®.C. 1, Cyxoxoaos T.B. 2.3, Kaumvenxo B.B. 1. Pozanos E.B.
2.3
=

1 K® U3MHPAH, 2. Kanununepao, Poccus, mvklimenko(@wdizmiran.ru
2CL6l'Y, 2. Cankm-Ilemepbype, Poccus

3 Physikalisch-Meteorologisches Observatorium, World Radiation Center, Davos, Switzerland

B nanHO# paboTre mpeacTaBieHBI Pe3yJbTaThl UCCIENOBAHMS OTKJIMKA MAapaMeTPOB CHCTEMBI
tepmodepa-uonochepa ©a Comneunbie Ilporonneie Cobpitust (CIIC) wu  BbICBIIAHUS
MarHUTOC(EPHBIX MPOTOHOB. M3BECTHO, YTO OCHOBHAs HYaCTh HHEPTHH IPOTOHOB ITOTJIOLIAETCS
3HauutenbHO HWwke F um E obnmacreli monocdeprr, mostomy u mpsmoit s3dpdexr or CIIC B
napameTpax HOHOC(EphI TOJDKEH ObITh HeBeMuK. K TOMy ke MPOTOHHBIE COOBITHS U 3HAYUTENbHBIC
BBICHINIAHUST MAarHUTOC(EPHBIX MPOTOHOB MPOUCXONAT Ha (OHE TEOMArHUTHBIX BO3MYLICHHUH,
KOTOpbIE 3HAYUTEIBHO BO3IEHCTBYET Ha HOHOChEpPYy M TE€M CaMbIM MACKHPYIOT HOHOC(HEpHbIE
3¢ (eKTbl CONHEUHBIX M MAarHUTOC(EPHBIX NPOTOHOB B AaHHBIX HabmoneHuil. DddexruBHOE
UCCIIEIOBAHNE TOJOOHBIX SIBICHHH BO3MOXKHO JIMIIb C HCIIOJIb30BAHHEM CaMOCOTJIACOBAHHBIX
Mopeseil cucrembl atMochepa-uonocdepa. Hamme uccnenopanune ObUIO BBITIOJHEHO C MOMOIIBIO
HemaBHO co3maHHOW mozpenmu Bceelt atmochepsl EAGLE (Entire Atmosphere GLobal model).
XapaKkTepUCTUKU TIOTOKOB COJTHEUHBIX MMPOTOHOB U CKOPOCTH MOHU3ALMHU OT HUX PACCUUTHIBAINCH
¢ mnomompbio wMmonenu AIMOS (Atmospheric Ionization Module Osnabriick). Uwucnennsie
SKCIIEPUMEHTBI TPOBOAMINCE it siHBapst 2005 1. m ceHtsiOps 2017 r. BO BpeMst KOTOPBIX
Habmomamuck CIIC tuna Ground Level Enhancement (GLE). ITpuuewm, CIIC 20 siuBapst 2005 rona
OBUIO caMbIM MOIIHBIM 32 rociienaue donee yem SO ner, mpousomenmux nocie GLE 23 ¢espans
1956 r. B mpouecce OOHOrO M3 BAPUAHTOB PACUETOB WM3MEHSUIUCh XAPAKTEPUCTUKU TOJIBKO
NPOTOHHBIX IOTOKOB, BCE OCTaJbHBbIE BXOXIHBIE mapamerpol moxenn EAGLE, B Ttom umcne
napamMeTpsl 3JEKTPOHHBIX BBICHIMTAHUI, COOTBETCTBOBAJIU CIIOKOWHBIM yCioBUsSIM. HecmoTpst Ha
OTHOCHUTEJIHYIO TPO3PAYHOCTb BEpXHEH artMocepbl Aisi TPOTOHOB BBICOKUX JHEPTHi, B
YHUCIICHHBIX SKCIIEPUMEHTaX ObUT IMOJy4eH HOHOC(EpHBIH OTKIMK Ha YCHJIEHHE NPOTOHHBIX
BbIchbImaHui m3 xBocra MarHutoceper n CIIC. B E oOnactu moHOChEpPHI MakCHMallbHOE
YBEJIIMYCHNE JJIGKTPOHHOW KOHLEHTPALMU JIOKAJH30BaHO BOJM3U TOJIOCOB M OTPAaHUYEHO
IIUPOTHBIMU Kpyramu + 60°, a Ha BeicoTax F2 ciost moHOC(hEps! MONIOKUTENbHBIE BO3MYIIECHUS
bopMHUpYIOTCS B HHU3KOIIUPOTHOH OONACTH. AHANIW3 TONYyYEHHBIX MOMAEIBHBIX PE3yJIbTaTOB
MOKa3all, 4To u3MeHeHus1 B F2 cioe noHocdepsl mpon30LuIH BCISACTBUE T'eHEPALIUN JUHAMUYIECKIX
nporeccoB B Mezocepe M HKHEH TepMmocdepe, KOTOpble BBI3BAIM HAIPABICHHBIA K 3KBATOPY
NEPEHOC aTOMAapHOrO KHUCIOPOAA, M, B KOHEYHOM WTOTe, POCT 3JIEKTPOHHOH KOHLEeHTpauud B F
objmactu woHochepbl. Mbl mokazaimm, 4to Ha (aze BoccraHomieHuss mocyie CIIC momHOE
3JIEKTPOHHOE COAEp)KaHWE W IUIOTHOCTh DSJEKTPOHOB B obmactu F  w B BepxHed
noHochepe/mnasmMochepe Ha HU3KUX W CPENHUX IMUPOTAX PACTET B CBSI3M C YBEIHUYEHHEM
KOHIIEHTPALUH aTOMHOro kuciopoxaa. I[lomoOHbI moOJOXKUTENBHBI HOHOChEpHBIH 3¢ dekT
MOCJENeHCTBUS CYIIECTBYeT W TIOCJIE€ T€OMAarHUTHBIX Oypb W CTPATOC(EpPHBIX TOTETICHUN.
OcHoBHble oTinuus Bo3myuieHM NmF2 u II9C B onHOM peruoHe cBsi3aHbl B OCHOBHOM C
BO3MYIUICHUSIMH 3JIEKTPOHHOH TEMIIEpaTyphl, OKa3bIBAIOLIMMH CYIIECTBEHHOE BJIHMSHHUE Ha
BO3MYILIECHUS TIOJTHOTO 3JIEKTPOHHOTO COIEPIKAHMS.

Pabora BbmonHena mnpu (QuHAHCOBOM momnepxkke rpaHta Poccuiickoro  ¢oHma
bynnameHTanbHbIX nccnenoBanuil (Ne 18-55-52006) m Poccuiickoro Hayunoro ®onpa (20-67-
46016).
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SMITUPUYECKOE OIIPEJIEJIEHUE PASMEPA ITOJIIPHOM INIAIIKHA
A1 MOAE/IMPOBAHUA BBICBIITAOIIINXCA YACTNAILY

fikoBuyk O.C."*, Buccunr fI.M.!

'Ynueepcumem Pocmoka, 2. Pocmok, 'epmanus; olesya@ionization.de

HUUSAD MI'Y, 2. Mockea, Poccus

SCII6I'Y, 2. Cankm-Ilemep6ype, Poccus

B paHHOM paboTe MBI JaéM SMITUPHUECKYIO OL[eHKY pa3Mepa IO/SIPHOM IIarKH, Kak 00/1acTh
OJJHOPOJHOI'O TIOTOKA BBICBINAIOIIUXCS YacCTHL], C MCIO/Ab30BaHMEM KOCMHYeCKUX alllapaToB
NOAA POES 3a nepuog ¢ 2001 no 2018 rr. B HamieM omnpefiesieHUH pa3Mep MOJSIPHOM LIANKU
OJJHOPOZJHOI'O II0TOKA 3aBUCHUT OT BH/Aa YaCTHUL], SHEPI'MU ¥ FeOMarHUTHBIX BO3MYILleHHH, a TaKKe OT
MeCTHOI'O MarHUTHOI'O BpeMeHHU.

OCHOBHBIE BBIBOZBL: @) OTCYTCTBHE OJHOPOAHOIO MOTOKA /ISl YaCTUL] C SHeprueit Hinke 6.5 kaB; 0)
BCce KaHa/ibel ¢ Oojiee BBICOKOM SHepryed IOKa3aaW Hanuude o61acTh OJHOPOJHOIO TIOTOKA
BBICBHITIAIOI[MXCST YaCTHUL]; B) HeOOJbIIMe TMOJyIIapHble Pas/vuMst; I') pa3Mep 00/lacTd IMOJSIPHOMN
IIallK¥ OJHOPOJAHOrO IOTOKA BBICHINAIOIIMXCSl YaCTUL] 3aBUCUT OT UX SHEprUy: yBe/UuHBaeTcs C
SHepruedl TPOTOHOB, 0e3 SIBHOW 3aBUCHUMOCTU JJIsI 37€KTPOHOB; [) BJMSHHE T[eOMarHUTHOT'O
BO3MYIL[eHUsI Ha pa3Mep 00/1acT OJHOPOJHOI'O ITOTOKA BBICHINAIOIIMXCS YaCTHUL] JBOSIKOE: ITPOTOHBI
C HM3KOM 5Heprueu U Bce 3/IeKTPOHHbBbIe KaHa/bl TIOKa3blBalOT OTpHULjaTesbHYI0 Koppessanuio ¢ Kp,
TOr/la KaK BCe IPOTOHBI C BBICOKOM SHeprveil MoKas3blBalOT IMOJIOKUTENbHYI0 (M BO3PACTAIOLIYIO)
3aBUCUMOCTb. [IpOTOHEI cpeZiHeli SHepryu He MOKa3bIBalOT 3HaUMTe/IbHON 3aBUCUMOCTH OT Kp. e) B
TO BpeMsl KaK 1|eHTp 00/1acTy MOJISIPHOM IIAINKK OJHOPOAHOIO MOTOKA COBMEIIeH C FeOMarHUTHBIM
TIOJIIOCOM  [I/Is1 YacTHL] C HU3KOM SHepruel, OH IlepeMelljaeTcsl K ITOJIyHOYHOMY CeKTOpY JJIs
IIPOTOHOB C BBICOKOW 3Hepruei. k) CpaBHeHHe C ApPYIMMU MCC/Ie[OBAaHUSIMH ITOKa3bIBaeT, UTO
npotoHbl  240-800 k3B wMoryT OBITh OTBeTCTBEHHbI 3a TIOMSPHYIO TpAaHUIy CHUSHHUS B
y/IpTpadroeTOBOM JiHaria3oHe.

laHHBIe JOCTYIIHBI B KaueCTBe BCIIOMOraTe/IbHOI'O MaTepraa B MOAU(ULMPOBaHHBIX KOOpMHaTaxX
APEX 110 km (Ha ocHoBe IGRF u aHamormuHeix kKoopguHataM AACGM) u, Takum obpasom,
MOryT ObITh IpeoOpa3oBaHbl B Treorpaduueckrie KOOPJHMHATHI [ ITPOU3BOJIBHBIX MOMEHTOB
BpeMeHU. PesysbraThl Hallero Huccie[OBaHMs MOXHO MCIIONb30BaTb KaK HMHCTPYMEHT [/
orpefiesieHus 001aCTH MOJSIPHOM IIANKK B MO/Ie/ISIX BBICHINTAHUS YaCTHL].

PaboTa BhINO/IHEHa TIPH TO/IIep’KKe IpaHTa HeMellkoro HayuHoro ¢doHga (DFG WI14417/2-1).
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OCOBEHHOCTH PACIHIPOCTPAHEHUS OHY BOJIH B YCJIOBUAX
I'OPU30HTAJIbBHO HEOJHOPO/JHOU NOHOC®EPBI B BBICOKUX
IHINPOTAX

AxmveroB O.U., Munranes U.B., Munranes O.B., beraxosckuii B.b., Cysoposa 3.B.

IITU, 2. Anamumur, Poccus, akhmetovi@pgia.ru

UccnenoBanusi paguo CUTHAJIOB [uama3oHa odyeHb HM3KMX dactor (OHY) He TepsioT
aKTyaJbHOCTb B TEUEHUH MHOIMX JieT. [lepBoHadanpHO NAaHHBIN IHana3oH NPEACTABIIST UHTEPEC C
TOUYKU 3PEHMS CBSI3U M HABHTAlMM OCOOEHHO B YCJIOBHSIX BO3MYIIEHUH 3JIEKTPOHHON IJIOTHOCTH B
HIDKHEH HoHOc(epe, a B mocaeqHee BpeMs MOSIBIIIUCH PabOThl HAOOOPOT UCTIONB3YIOIINE CUTHAIIBI
nuanazoHa OHY st monmy4yeHust JOMOIHUTENbHBIX CBEICHUN O COCTOSTHIHM HOHOC(EphI HA MyTH UX
pactipocTpaHernss. M Cmojb30BaHWE AHTPONOT€HHBIX CTAOMJIBHBIX IIOCTOSTHHO AEHCTBYIOLIUX
HMCTOYHHUKOB PAaJIMOCHUTHANA TAKUX KaK PaAHOTEXHUYEeCKas cucrema aanbHei Hasuranuu PCJIH-20
«Anbpda», B CpaBHEHHH CO CJIy4allHBIMH CHUTHAJAMH €CTECTBEHHOH NPUPOABI, AENaeT 3aaady
UCCIIENIOBAHMUS HWKHEH MOHOC(ephl MO pe3ysibTaTaM Ha3zeMHOH perucrpanuu curHanos OHY
HECKOJIbKO mpoine. OQHAKO, CIOKHOCTb UHTEPIPETallMU 3apEeruCTPUPOBAHHBIX AMIUIUTYIAHBIX U
(ha30oBBIX XapaKTEPUCTUK CUTHAJIOB C TOYKHM 3PEHHMs BIUSHUS HAa HHUX I1apaMeTPOB HIDKHEH
HOHOC(epBl 3HAUYUTENBPHO OTPAHUYMBAET TAKOH MeTon mccnenoBanust HoHochepbl. CoBpeMEeHHBIE
METOBl YUCJAEHHOTO  MOJEIUPOBAHUS  PACHPOCTPAHEHUS  PAJUOCUTHAIOB B CIOXKHBIX
AHM3O0TPOIHBIX Cpenax, a WUMEHHO TAaKOW Cpemoi sBisieTcsl MOHOC(hepa, MO3BOJSIOT MOJIYYHTH
CBOOOIHBIE OT BIHUSHUS TIOCTOPOHHHX (PAKTOPOB M3MEHEHMs AaMIUIMTYAHbIX U (pa3oBbIX
XapaKTEPUCTUK OOYCJIOBJICHHbIE M3MEHEHUSIMH MPOQUiIel 3JIEKTPOHHONW KOHLEHTpauuud B D u
yactuuHO B E o0acTsx nonocdepsl.

B pabore mpencrasneHsl pe3yabTaThl MOAEIHUPOBAHHUS PACTIPOCTPAHEHUS HJIEKTPOMArHUTHBIX
BoniH OHY nuanaszoHa B rOPU30HTAJIbHO HEOJHOPOAHBIX Y4aCTKax BBICOKOLIMPOTHOIO BOJHOBOAA
3emisi-uoHOCEpa TMPH  PA3TUUHBIX NPOPIIAX KOHLEHTPALMH 3JIEKTPOHOB. Mcmosb3yemere
npouIM KOHLEHTPALUU 3JEKTPOHOB M YACTOTHI CTOJKHOBEHHH 3JIEKTPOHOB C HEWTpajlamu
COOTBETCTBOBAJIN YCJIOBHSIM CyOOypu (coObitue 24 sHBapst 2012 roga), mpuxoay MeEKIUIAHETHON
yIapHOH BOJIHBI K HOHOC(Eepe M CIIOKOWHBIM yCIOBHUAM. YacTOTBI MOJENIbHBIX HCTOUHUKOB CHTHAJIA
COOTBETCTBOBAJIM YaCTOTAM HABHUTAIIMOHHONW CHCTeMBI «Aub(ha» TOCTOSHHO BEUIAOIEH B
nuanazoHe OHY na Tepputopun Poccuiickoit @eneparuu. IlonyueHHble B pe3yibTaTe YUCISHHbIX
pacyeToB AaHHBIE O AMILTUTYAAX U (a3ax CUTHAJIOB, PACIIPOCTPAHSIOIIMXCS B YHACTKAaX BOJHOBOAA
3emisi-uoHOC(Epa MPHU PA3IUYHBIX TOPU3OHTAIBHO HEOAHOPOAHBIX NPOPHIAX KOHLEHTPALNU
3JIEKTPOHOB W YaCTOThI CTOJKHOBEHUH 3JIGKTPOHOB C HeHTpamamu, OyayT TMONE3HBbI IS
UHTEPNPETAllUH 3aPETUCTPUPOBAHHBIX AMIUTUTYIHBIX W (DA30BBIX XapaKTEPUCTUK CHUTHAJIOB
paguorexHuueckass cucrema ganbHedl HaBurauuu PCJIH-20 ¢ ToukuM 3peHUs] BIAMSHUS HA HUX
napamMeTpoB HUKHEH HOHOC(hEPHI.

UccnenoBanue  BBIMOJHEHO 3a cueT TpaHta Poccuiickoro HaydHoro (QoHzaa
(mpoext Ne 18-77-10018).
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IPPEKTbI ACUMMETPUN KOHBEKTHUBHOI'O I[PEﬁ?A
NOHOC®EPHOMU IVIAZMbI HA TPAHUIE NNOJIAPHOU IHAIIKA

Jykbaaosa P.1O., Kozinosckui A E.

HUKHU PAH, 2. Mockea, Poccus, renatal@aari.ru

leoghuzuueckasn obcepsamopus Cooanxions, Qunaanous

Me:xmnonymapHass ¥ BHYTPHUIONYIIAPHAS ACHMMETPHUS B paclpeneleHHnH HOHOC(hepHBIX
napamMeTpoB 00yCJIOBJIEHa KaK HAKJIOHOM 3€MHOT'O JTUTIOJS, TAK M BO3AEHCTBHUEM COJTHEUHOTO BETPA,
B YAaCTHOCTH, a3UMYTaJbHOH KOMIIOHEHTbI MEXKIUIAHETHOro MarHuTHoro mojs (By MMII). B
paboTe mpencTaBieHbl YHUCIEHHBbIE OLEHKH 3(P(eKToB acuMMETpud B BBICOKOIIMPOTHON
nonocepe. Ha ocHoBe aHanmm3a OONBIIOrO MacCHBa JAHHBIX M3MEPEHHH €BPOIEHCKOro pamapa
HexorepentHoro paccessaus EISCAT wa IIInunbepreHe BbIBEASHAa CTATUCTHYECKAs 3aBUCUMOCTH
MEPUAMOHAIBHOW U 30HAJIBHOM CKOPOCTEH KOHBEKLMH HOHOC(EpPHON Miia3Mbl BOJM3M TPAHHULIBI
nojsippoit manku (I'TIII) or mapamerpo MMIIL. B mectu cexkTopax MECTHOTO BpPEMEHHU
PErpECCHOHHBIE COOTHOIUEHMS] OKa3bIBAIOTCS CYLIECTBEHHO pPA3JWYHBIMM, YTO YKa3blBae€T Ha
yBEJNYCHNE/YMEHBIICHNE TOJIIPHON IIANKH, a TAaKXKe HAa €€ CMEIIEHHe BAOJb MEpUANAaHA YTPO-
BeYep B 3aBUCHMOCTH OT mapamerpoB MMII. BriBenena ¢opmya, cBsi3bBaromasi CKOPOCTb
3oHanbHOrO npeiida mmazmer BOam3u [T n Benmuunny By MMII B pa3nuuHble 4ackl MECTHOTO
BpemeHu. [TokaszaHo, YTO B 3aBUCUMOCTH 30HAJBHOTO npeiida miasmsel or BY MMII, npucyrcrByer
SIBHO BBIPAKEHHAsI YTPEHHE-BEUEPHsIsl aCUMMETpPHs, OOYCIOBJICHHAs HEPABHOMEPHBIM CMEIIEHUEM
I'TIIII, ocobeHHOCTAMU KPYTTHOMACIITAOHOH KOHBEKIIUU U CTPYKTYPOH MPOIOJIBHBIX TOKOB.
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HEYCTOMYNBOCTb, BBI3BAHHASI HEOJHOPOJIHOI NIOTHOCTHIO
SHEPTUH, KAK HAUBOJIEE ITOAXOISIAS TEOPUSA IS
HUHTEPHIPETAIINU IINPOKOITIOJIOCHOU TYPBYJIEHTHOCTH

YepHbIIIOB A.A.l, T'osoBuaHCKAS I/I.B.Z, Kozenos B.B.Z, HabsicoB A.A.l, Morunaesckuii M.M.!

Uncmumym xocmuyeckux uccieoosanuii PAH, 2. Mockea, Poccus, achernyshov@iki.rssi.ru
Honspuwiii 2eopusuyeckuii uncmumym, 2. Anamumui, Poccus

B mpencraBneHHOM 0030pe paccMOTpeHa TeOopws TMJIa3MEHHONW HEYCTOWYHUBOCTH, K KOTOPOH
MIPUBOAUT HEOAHOPOAHOE PACIpeAesIeHUe IIIOTHOCTH 3HEPTUH, CBA3aHHOE CO CABUIOM CKOPOCTH B
IJIOCKOCTH,  NEPNEeHJUKYJSIPHOW  BHemIHeMy  MarHuTHoMy  nomo.  IllupokononocHas
3JIEKTPOCTATHYECKAs] TYpOYJIEHTHOCTb PETyJISIPHO PETUCTPUPYETCS CHYTHUKAMH W paKkeTaMH Ha
aBPOpPaJbHBIX MArHUTHBIX CHJIOBBIX JIMHHMSIX W HAONIOZAaeTcss BO BCEX CEKTOPaX MECTHOro
MAarHUTHOTO BPEMEHHM, NMPH JFOOOM ypOBHE T€OMArHUTHOH akTUBHOCTH. CUHUTAETCs, YTO MMEHHO
IIMPOKOMOJIOCHAs TYPOYJIEHTHOCTD SIBJISIETCS] OCHOBHBIM MEXaHHU3MOM ITONEPEYHOr0 HarpeBa HOHOB
B BepxHell MoHOoc(hepe, MpUUYeM HX IOCIENyIIlee BHITAJIKHBAHUE B MPOOOYHOH KOH(HTrypanuu
MarHUTHOTO TOJsI Ha OOJNbIIME BBICOTHI MPEACTABISIETCS TJIABHBIM HMCTOYHHKOM HOHOC(hEpHBIX
gactuny B marHutochepe 3emun. IIIMpOKOMONOCHBIN 3JEKTPOCTATUYECKUI IIYM MOXKET OBITh
OTOKAECTBJIEH KAaK Pa3HOBUAHOCTh HOHHO-LIUKJIOTPOHHBIX U MOHHO-aKyCTHYECKUX BOJIH, KOTOPBIE
BO30YKIOAIOTCS  IUIA3MEHHOH  HEeyCTOHUMBOCTBIO.  IIIMPOKOMOJIOCHBIE — 3JIEKTPOCTATUYECKHE
BO3MYLICHHUSI Pa3BHBAIOTCS HAa (OHE T'PAAMEHTOB 3JIEKTPUUYECKOrO M MAarHUTHOTO MOJIEH, T.e. B
CYIIECTBEHHO HEOIHOPOIHBIX (DOHOBBIX KOH(PUTYpALMIX. ITO JaeT OCHOBAHUS MPEANOaraTh, YTo
MEXaHU3M TIeHepaluy TaKoi TypOyJEHTHOCTH MOXKET OBITh aJeKBAaTHO OMNKCAH B HEJIOKAJIBHOM
npubmokernd. CyTh QU3HUECKOro MeXaHM3Ma HEYCTOMYMBOCTH COCTOMT B TOM, YTO IUIOTHOCTb
SHEPrUU 3JIEKTPOCTATUYECKONM BOJIHBI H3-32 CABHIa CKOPOCTH KOHBEKLWH, CBSI3aHHOIO C
HEOTHOPOAHOCTBIO 3JIEKTPHUYECKOTO TIOJSI, MOXKET CTaTh OTPHULATENIbHOW B OIHUX O0JacTsIX
MPOCTPAHCTBA, OCTAaBasCh IMOJIOKUTEIBHOM B Jpyrux. Ecimm 11 3agaHHON  PaBHOBECHOU
KOH(pHUTypanuu BO3HHMKAET MEpeKayka HSHEpruu W3 o0yiacTell C OTPHLATENbHOW IUIOTHOCTBIO
SHEPTHH B MOJIOKUTEIBHYIO, TO HEYCTOMUHUBOCTb HapacTaeT. DPQPEeKT yCUIUBAECTCS B IPUCYTCTBHH
PA3NIUYHBIX HEOAHOPOAHOCTEH IUIA3MBI (3JIEKTPHUYECKOTO MMOJIS, TUNIOTHOCTH TUIA3MBbI, TIPOIOIBHOTO
Toka). lloka3aHo, YTO HEOAHOPOAHBIE BJIEKTPUUECKHE TONA aJb(PBEHOBCKOW TypOYJIEHTHOCTH
MOTYT JeCTa0MIIU3UPOBATh BOJIHBI, SIBJISTFOIIMECS Pa3HOBUIHOCTBIO 3JIEKTPOCTATUYECKHX HOHHO-
LUKJIOTPOHHBIX BOJIH, KOTOpPbIE COOTBETCTBYKOT HEYCTOWYUBBIM pPELIEHUSM HEJIOKAJIBHOIO
JUCIIEPCUOHHOIO YPaBHEHMs IJIs1 BO3MYLIEHUN BOJH WOHHO-LIUKJIOTPOHHOIO THUIIA M CBOMCTBA
KOTOPBIX CYIIECTBEHHO OTJIMYAKOTCS OT CBOWCTB KJIACCHUYECKUX WOHHO-LIUKJIOTPOHHBIX BOJIH.
Tax:ke MPOAEMOHCTPUPOBAHO, YTO MOTYT BO30YKIAThCSI HAKJIOHHBIE MOHHO-aKyCTUYECKHE MOIBI
W3-32 HAJIW4usl CABUTA B MPOAOJBHON CKOpPOCTH MOHOB. IIpnueM 1jsi BOJTH MOHHO-aKyCTHYECKOTO
THTIA HEYCTOWYUBOCTb OOECMEUNBAET LIMPOKOIIOJOCHBIH CHEKTp B OOJACTH 3HAYEHUH YacTOT
nopsinka 0.1 OT rEPOYACTOTHI HOHOB. B CrekTpe Takux BOJIH MPUCYTCTBYET HAOOp M3 MHOXKECTBA
COOCTBEHHBIX YaCTOT M JJIMH BOJH, OOECIEYMBAOLINX LIMPOKOIOIOCHBIA CIIEKTP, YTO XOPOLIO
COTJIACYeTCsl € M3BECTHBIMU HAOIOJATeNbHBIMH HaHHBIMH. Kpome TOro, W3 CIyTHHKOBBIX
HaOJIFOIEHNH U3BECTHO, YTO 3JIEKTPOCTATHYECKAsi HEYCTONUNBOCTD, BO30YK1aeMast HEOJTHOPOIHBIM
pacnpeneseHueM IJIOTHOCTH SHEPTUH, K KOTOPOMY MPUBOAUT CHUIIBHO HEOAHOPOAHOE MOMNEPEUHOE
3JIEKTPUYECKOE ToJie (CABUT CKOPOCTH KOHBEKIMM IUIA3Mbl), WHOIZA HE Pa3BUBAETCS BHYTPH
HEJIMHEHHBIX IJIA3MEHHBIX CTPYKTYP B aBPOpalbHOH HOHOC(hEpe, HECMOTpPS Ha TO YTO CABUT
CKOpPOCTH B HHUX, COTJIACHO OLIEHKAaM, AOCTAaTOuYeH Uit e€ BOo30y:kneHus. IIpumumHON monaBieHus
HEYCTOWYMBOCTH MOXeT ObITh HeCHH(a3HOE M3MEHEHHE SJIEKTPUYECKOrO IMOJII M MPONOJIbHOTO
TOKa BHYTPH TaKHX CTPYKTyp. Teoperndeckue mnpenckasaHus ObUTM TOATBEPIKIEHBI B psife
7Ta0OpaTOPHBIX 3>KCIEPUMEHTOB C HCIOJIb30BAHHMEM IUIA3MEHHBIX JIA0OPATOPHBIX YCTPOMCTB ¢
OIHOPOAHBIM MAarHUTHBIM IIOJIEM, Takux Kak (Q-MalluMHBI, Kamepbl I KOCMHYECKOIo
MozaenupoBaHus u T.1. Pabora BeimonHena npu noaaepkke PODU (Nel18-29-21037).
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HaquLIe 3alavii 1 U3MCPUTCIIbHBIC BO3MOYKHOCTH

CUCTEMBI MOHUTOPUHTA HOHOCPepHl "MoH030Ha-2025"

A.A. Tlerpykosuu (1), M.M.Morunesckmii (1), C.A. Ilynunen (1,2),

| M.U. [anacrok| (3), B.HU. Ocemio (3), B.J1. Ky3uenos (4),

C.E. Annpuesckuii (4), B.B. Acmyc (5), O.E. Munexun (5),
C.A. Ycenenckuii (5), A.YO. Penun (6), C.B. Ky3un (7).

(1) UacTuTyT KOCMUYECKUX HccaeaoBanuii PAH

(2) AO «Kopnopauus « BHUUDM»

(3) HUUA® um. [1.C. Cxkobenpumna MI'Y

(4) UBMHUPAH wum. H.B. Tlymkosa

(5) HUL] «I1nanetax

(6) UnctutyT npuknaanoi reopusuku um. E.K. denoposa

(7) Ouznueckmii uHcTuTyT UM. H.IT. Jlebenea PAH

B 3TOM roay B Hamei crpaHe miaHupyeTes 3anyCcK NEPBOM napbl CIIyTHUKOB
"Honocepa-M", mnpeaHa3HAYECHHBIX JJIi  MOHUTOPHHIA  OKPY’KarOLIETO
KOCMMYECKOT0 TMPOCTPaHCTBA. B0O3MOXXHOCTM NPHOOPOB KOMILIEKCA LEIEBOM
anmaparypel TO3BOJISIOT HE TOJIBKO PEIINATH 33Ja44 MOHUTOPUHIA, HO U
NPOBOJAMTH HAYYHBIE WCCICAOBAHUS JUISl PEUICHHUS (PYHIAMEHTAIBHBIX 33734
(PM3UKK KOCMWUYECKOW TUIa3Mbl. BynyT mpencTaBieHsl OMUCAaHUS MPUOOPOB U MX

HN3MCPHUTCIILHLIC BO3BMOKHOCTH.



211

PE3YJIbTATHI HCCJIIEJOBAHUI BAPUAIIUI DJIEKTPUUECKOI'O
I1OJIS1 1 BTOPHYHBIX KOMIIOHEHT KOCMUYECKHUX JIYUEA B
CEMCMOAKTHUBHOMU 30HE

OpJos A.A., MaxmyTos B.C., ®urunnos M.B., Croxkos 10.U., Poaan K.-I1.

Quzuveckuit uncmumym um. ILH. Jlebeoeea PAH, 2. Mockea, Poccus, orlov.aal@phystech.edu

B pabore mpencraBieHbl pe3ynbTaThl aHATN3a JAHHBIX HA3€MHBIX M3MEPEHHH 3apsDKEHHOH U
HEHUTPAJIbHOW KOMIIOHEHT KOCMHYECKHMX Jy4ell M NPU3EMHOrO 3JIEKTPUYECKOrO MOJs B PailoHe
actpoHomudeckoro komrmuiekca KACJIEO (CASLEO,; Dmb-Jleoncuro, Aprentuna; S31.47°,
W69.17°, Beicota 2550 M Hag ypOBHEM MOpsI, JKECTKOCTh T€OMarHUTHOrO obpe3anust Re = 9.8 I'B),
nosny4eHHelx B nepuon 2015-2020 rr.

OcHoBHOW  menpt0  paboTBl  sABISIETCS  HMCCIENOBAHME  JAHHBIX  HA3€MHOTO
SKCIIEPUMEHTAIIBHOTO KOMIUIEKCa, pacrojiokeHHoro B paiione obcepsaropun KACJIEO, Bo Bpems
MIPOSIBJICHUS] CEHCMHMYECKOW AaKTUBHOCTU — 3E€MIIETPSCEHMI. YKA3aHHBI HA3€MHBIA KOMILIEKC
BKIIO4aeT B cebst gmerekrop 3apspkeHHbx dactull KOBEP (CARPET) [1-5] u wmonynu
«HefiTponsslit nerexktop» [6-7], paspabortannsie Ha JonronpynHeHckol Hay4HO# cranin @HAH,
a TaK’k€ MOHHUTOP 3JIEKTPHUECKOro MmoJist — 3nekrpoctarndeckuii pmrokcmerp EMF-100. [lansblie o
3emuieTpsiceHusIX, nmpousomenmux Ha ynaigeHud a0 500 km ot KACJIEO, B3TBI U3 OTKPBHITOrO
UCTOYHUKA — O(UIUANBHOTO caiiTta reojorudeckoit ciy:x0u1 CIIIA [8].

3a nmepuon mroHb 2015 — okTs16pp 2020 rr. O6BLTO 3aperucTpupoBaHo 2740 3eMieTpsICeHHN.
JUis kaxmoro coObITHSt OBLTH OMpeneNeHbl ero BpeMs (C TOYHOCTBIO IO MHUHYTBI), MarHuTyza,
paccrosinue ot snuueHTpa 10 KACJIEO u riybuna 3aneranus runonentpa. M3 chopMupoBaHHBIX
JAaHHBIX CJEAyeT, YTO MAarHUTyda 3eMJIETPSICeHWH HaXOAWTCS B AuamazoHe 2.5-8.3 Oamos, a
THITOLIEHTP HAaxXOAuTCss Ha TiyOomHe or 2.3 nmo 213.2 kM. B wmemom, coOwiTusi pacrpeneneHsbl
OTHOCHUTEJIbHO pPaBHOMEPHO 1O Mecsuam roxa (B cpemHem, 25-40 coObiTHii B Mecsn).
Ucknrouennem sBisiercst ceHTssOpp 2015 roma, B TE€YeHHME KOTOpPOro mpousomuio 622
3eMJIETPSICEHHUS.

B pabote npoBeneH aHaIN3 JaHHBIX HA36MHOTO 3KCIIEPHUMEHTAIBHOTO KOMIUIEKCA B palioHe
obcepBatopun KACJIEO, nmony4eHHbIX BO BpPEeMsl OTHENbHBIX 3€MIICTPSICEHUH U JUIsI COBOKYITHOM
BBIOOPKHU COOBITHIA.

1. Musun C.B., Maxmymos B. C., Maxcymoe O.C., Keawnun A.H. // Kp. coobm. no ¢usuke
OUAH. M.: ®UAH, 2011, Ne2, 9 — 17, https://doi.org10.3103/S1068335611020023.

2. De Mendonca R., Raulin J.-P., Bertoni F., Echer E., Makhmutov V., Fernandes G. // JASTP.
2011. Vol.73. p. 1410, https://doi.org 10.1016/} jastp.2010.09.034.

3. Makhmutov V., Raulin J.-P., De Mendonca R.R.S., Bazilevskaya G.A., Correia E.,
Kaufmann P., Marun A., Fernandes G., Echer L. // J. Physics: Conf. Ser., 2013, v. 409(1),
012185/1-4, https://doi.org 10.1088/1742-6596/409/1/012185.

4. De Mendonca R.R.S., Raulin J.-P., Echer E., Makhmutov V.S., Fernandez G. // J. Geophys.
Res.: Space Phys., 2013, Vol. 118(4), 1403-1409, https://doi.org10.1029/2012JA018026.

5. M. V. Philippov, V. §. Makhmutov, Yu. 1. Stozhkov, and O. §. Maksumov. // Instrum Exp
Tech., 2020, Vol. 63, Ne 3, pp. 388-395. https://doi.org/10.1134/S0020441220030033

6. M. V. Philippov, V. §. Makhmutov, Y. 1. Stozhkov, J.-P. Raulin, E. V. Kalinin. // Bulletin of
the Russian Academy of Sciences: Physics, 2019, Vol. 83, No. 5, pp. 611-613.
https://doi.org/10.3103/S1062873819050137

7. M. V. Philippov, V. S. Makhmutov, Yu. 1. Stozhkov, and O. S. Maksumov. // Instrum Exp
Tech., 2020, Vol. 63, Ne 5, pp. 716-723. https://doi.org/10.1134/S0020441220050292

8. USGS [Dnexrponnslii pecypc]| // — Pexum nocrymna: https:// www.usgs.gov/, ¢cBOOOIHBIA —
(06.06.2019).
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OTKJIMK CENCMUYHOCTH HA BO3JIEVICTBUE CHJIBHBIX
MATHUTHBIX BYPbh: ®U3NUYECKNN MEXAHW3M, IABOPATOPHBIE
SKCHEPUMEHTBI U TOJIEBBIE HABJIIOJIEHUS

HoBukos B.A., Kimoukun B.H., Oxynes B.H.

OUBT PAH, . Mocksa, Poccus, novikovi@ihed.ras.ru

BrInosHeHHBIN paHee aHAJINW3 B3aUMOCBSI3M PETHOHANBHONM CEHCMHYHOCTH U T'€OMAarHUTHOHN
akTuBHOCTH [1, 2] yka3am Ha BO3MOXHOCTh MHHLMUpOBaHus 3emuerpsiceanii (3T) cunbHbIMU
MarHuTHBIMH OypsiMu ¢ BHe3anmHbIM HadajoM (SSC). IIpu sTom paccMaTpuUBarOTCS IBE OCHOBHBIC
THITOTE3bl O BO3MOKHOM TPUITEPHOM MEXaHH3ME MAarHUTHBIX Oypb: Pa3BUTHEM LUPKYJISILHOHHBIX
OBIKEHUH B Tpomochepe u mx BospeiictBuss Ha odarnm 3T [3] u snekrpomarautHOoe (OM)
uHunuupoBanue 3T, Mo aHAjIOrMU C HMCKYCCTBEHHbIM OM-BO3IEHCTBHEM Ha 3€MHYIO KOpY,
MPUBOJsALIEE K MPOCTPAHCTBEHHO-BPEMEHHOMY U3MEHEHUIO JIOKAJIbHON celicMUUYHOCTH [4].

C yderom pe3ynbTaToB paboThI [5] , YKa3bIBAIOLINX HA MPAKTHYECKOE OTCYTCTBHE TPUTTEPHBIX
s¢d¢dekToB mpu TPOXOKAEHHH arMocepHbIXx (GpoHTOB naBieHus Hany odaramu 3T, Mbl
paccMmatpuBaeM OM TpUITEpHbIH MeXaHWU3M, KOTOPBIM 3aKJI0YaeTcsi B NeHepalud IeOMarHUTHO-
uHAyuupoBaHHeIX TOKOB (I'MT) B mpoBOAAIIMX CTPYKTypax 3€MHOM KOPBI - TEOJOTHYECKUX
pa3jomMax MarHMTHbIMH OypsiMu. UHCIEHHBIMH OLIEHKaMH [OKa3aHo [6], uTo pmaxke
KPaTKOBPEMEHHbBIE T€OMArHUTHBIE MyJbCALIUH, BbI3BAHHBIE PEHTITC€HOBCKUM M3JIyYE€HUEM CHIIBHBIX
COJIHEUHBIX BCIBILIEK, MOTYT F€HEPUPOBATh TEJTyPUYECKHE TOKU B MPOBOASIINX 30HAX Pa3jIOMOB,
IJIOTHOCTb KOTOPBIX COMNOCTaBUMa C IIOTHOCTBIO TOKA, TE€HEPUPYEMOrO HCKYCCTBEHHBIM
HUCTOYHUKOM, KOTOpbIH nHunmupyet cnadwie 3T [4].

JlabopaTtopHoe MOeMPOBaHNE TOKOB, HHAYLIMPOBAHHBIX B 3¢€MHOH KOpPE BapHALUAMHU BEIIHETO
MAarHUTHOTO TOJIs, NPOAEMOHCTPUPOBANIM HUX KOHLEHTPALMIO B Y3KOH MPOBOAALIEH 30HE,
UMHUTHPYIOLIEH TE€OJOTMYECKMil pas3joM M MPEBbIIIEHWE IUJIOTHOCTH TOKAa B pas3jioMe Haj
MJIOTHOCTBIO TOKA BO BMELIAKOIINX FOPHBIX MOPOAax ~ B 2 pasa. B skcnepumeHTax Ha Npy>KUHHO-
OMOYHOH MOJenu, WMUTHPYIOIEH CEeHCMOreHHBI pa3jioM, IIOKa3aHo, 4To JabopaTopHOe
"3emieTpsiceHre" MHULMUpPYETCs Mojauell Toka TOJbKO B TAKylO MPOBOASIIYIO 30HY pas3jioMa, Iae
HaOMrOaeTcsl  KJIACTepU3alUsl  aKyCTHYECKOW AMHCCHM  (QHAJIOr  MHUKPOCEHCMUYHOCTH),
CBHUJIETEJIbCTBYIOLIAs] O KOHIEHTPALMHN B 3TOW 30HE Pa3jioMa CABUTOBBIX HAIPSDKEHHH, OMU3KHUX K
KPUTUYECKHUM, NTPU KOTOPBIX MPOUCXOAUT 3EMIIETPSICEHUE.

AHanu3 MoBeNeHus! pernoHanbHON ceficMuaHocTH (I'penust) mocine CHIIbHOW MarHUTHON Oypu 8
cents0ps 2017 r. (Kp=8) mokaseIBaeT, 4TO KOIMYECTBO 3eMueTpsiceHuit ¢ M>3 B Teuenue 10 cyTok
nocye Oypu BBIPOCIIO MOYTH B 2 pas3a M0 CPABHEHUIO C AHAJIOTWYHBIM MEPUOIOM 0 Hadana OypH.
IIpu stom OGonee 80% paszmomoB, Ha KOTOphIXx mnpomsonu 3T mocie Oypu pacmoOKEeHbI
cybmepunuonanpHo, T.e. ammumtyna I[MT, reHepupyemMbIx B HHUX TE€OMAarHUTHOW Oypei,
MaKCHUMaJbHa.

Takum oOpasoM, nanbHeilnee HM3y4eHHE OTKJIMKA CEHCMUYHOCTH HAa TeOMAarHUTHBIE OypH
IOJDKHO OBITh CKOHLEHTPHUPOBAHO HA MOBENCHMM NPOBOISIINX PAa3JIOMOB, OPHEHTHPOBAHHBIX
cooTBeTCTBYIOINM o0pa3zoM it uHayKuu ['UT ¢ MakcuManpHON aMIiMTy 0N, U Ha KOTOPBIX B
COOTBETCTBUU CO CPEAHE- U JOITOCPOUHBIM POrHO30M OXKUIAKTCS CUJIBHBIE 3€MIIETPACCHMUS.

Hccnenosanue BhIOMHEHO Npu $uHaHCOBOH noanep:kke PODU u I'ocynapcrBenHoro ¢oHna
ecTtecTBeHHBbIX Hayk Kutas B pamkax Hay4yHoro npoekrta Ne 21-51-53053.

1. 3axpkeBckast H A., Cobones I'.A. // ®usuka 3emmu 2002. Ne 4. C. 3—15.

2. Cobones I' A, 3akpxkesckass H A. // Bynkanonorus u ceificmomnorust 2004, Ne. 3. C. 63-75.
3. bokos B.H., Bopo6bes B .H. // Yuensie 3anucku PITMY 2018. Ne 51. C. 9-21.

4. Tapacos H.T u ap. // Bynkanosorus u ceticmonorust 1999. Ne. 4-5, C. 152-160.

5. Cob6oner I''A. u np. // Bynkanonorust u ceiicmogorust 2012, Ne2. C.27.

6. Sorokin V.M., Yashchenko A K., Novikov V. A. // Earthquake Science 2019. V.32, P.26-34.
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IIpocTreiimasi peakTopHasi MoAeJ b JUHAMUKH JIJABUH Y0erarommx
3JIEKTPOHOB B I'PO30BbIX 00J1aKaX

Cragpanuyk E.M.

HIY BIIID, MOTHU HNY, r. Mocksa, Poccust, egrstadnichuk@yandex.ru

ATmochepHas pusnka BBICOKUX 3HEPTHil BCE Ooublie 1 OOJblIe MPUBJIEKAET BHUMAaHUE TOH
9YaCTU HAYYHOTO COOOILIECTBA, YTO 3aHUMAETCSI aTMOC(HEPHBIM 3JieKTpudecTBOM. Cunraercs,
YTO JIaBUHBI yOEraroIuxX 3JEKTPOHOB, YCKOPSEMbIE 3JEKTPUUYECKUM TMOJEM B T'PO3OBBIX
o0jyakax, MOIYyT WIpaTh CYyIIECTBEHHYIO pOJIb B Tpo30BbIX siBiIeHUsX [1]. Kpome Toro,
HaAEXHO YCTAHOBJIEHO, YTO HMEHHO IPOLIECC YCKOPEHUS PEISITUBUCTCKUX YaCTHULl BO BpEMs
rpO3bl JIEKUT B OCHOBE TAKOIO 3araf04yHOro MPUPOJHOIO SIBJIEHUS, KAaK HAa3€MHBIC
ramma-Benbikd (Terrestrial Gamma-ray Frlashes, TGF) [2].

brina mpeanokeHa HOBas MOJENb AMHAMUKHU JIABUH yOEraroIiux 3JEKTPOHOB C OOpaTHOM
CBSI3bI0, KOTOpasl TMOJy4yuja Ha3BaHUE peakTopHON Moxmenu [4]. Paccmorpum ciydait
MPOCTEHIEro peakTopa: Korna ABe ss4eikyu CMOTPAT APYT Ha Apyra. DTa MOAelb UHTepecHa
CBOEH MPOCTOTOMH, a TAK)KE PEaTN3yeMOCThIO B paMKaxX OOIICNPHHATHIX MOAEIEH CTPYKTYPhI
3JIEKTPUYECKOTO TOJIsI B TPO30BBIX oOnakax. B paccmaTprBaemoii cucteMe MOIaBIISOLIHIA
BKJIQ B OOpaTHyIO CBsA3b OyAyT BHOCHTb raMMa-KBaHTHL lIpeamonokum, 4To B BEpXHEH
sueliKe 3apOMIach JJaBHHA YOETAroIINX 3JIEKTPOHOB. JTa JIABUHA IO XOAY CBOETO Pa3BUTHS
Oyzer wW3iIydaTb TOPMO3HBIE TAMMa-KBaHTBI, KOTOPBIE CIIOCOOHBI MPOHUKHYTH BO BTOPYIO
sueliky. Bo BTOpoO# ke siueiike, o Mepe CBOEro pacnpoCTPaHEHHUs] TaMMBbl OyAyT POXKIATh
BTOPUYHBIE 3JIEKTPOHBI, Y KOTOPBIX €CTb BEPOSITHOCTb PA3BEPHYTLCA U POAUTH BTOPUYHBIE
JaBUHBL. DTU JIaBUHBI B CBOIO OuUepellb WU3JIydalOT HOBbIE AMMBbI, TEM CaMbIM 3aL[UKJINBAas
mpouecc.

OxkaspiBaeTcs, 4TO Aak€ B TaKOH MPOCTON peakTOpHON Monenu s Bo3HuKHOBeHus TGF
TpebyroTcss Oojiee pealMCTHYHBIE JJIeKTpUYecKue mojsi, yeM B monenu J[Baepa [3]. Ecnm
rpo30oBoe 00JIako HaxoawTcs Ha BbicoTe 10 kM, TO B Moaenu JlBaepa sl BOSHUKHOBEHUS
OEeCKOHEUHOW MO3UTPOHHON OOpaTHON CBA3M TpebyeTcs, Hampumep, OJHOPOAHOE IoJyie C
Hanpspk€HHOCTEEO 200 kB Ha M ¢ nmporsk€HHOCTBIO nopsiaka 750 meTpos. B mpocTteliem
peakrope TpeOyrOTCs, HampuMep, JBE CMOTPSIINE APYr Ha Apyra siMefKd ¢ OJXHOPOIHBIM
noJieM, KaX10e U3 KOTopeIx odianaer HanpspkEHHOCTHI0 200 kB Ha M 1 nymHOi 350 MeTpoB.

1. Gurevich A. V. Zybin K. P. Physics-Uspekhi4420011119.

2. Dwyer J. R. Journal of Geophysical Research: Atmospheresl132008.
https://agupubs onlinelibrary. wiley.com/doi/abs/10.1029/2007JD009248

3. Dwyer J. R. Geophysical Research Letters302003.
https://agupubs.onlinelibrary wiley.com/doi/abs/10.1029/2003GL.017781

4. Zelenyi M., Nozik A. Stadnichuk E. AIP Conference Proceedings
21632019060005. https://aip.scitation.org/doi/abs/10.1063/1.5130111
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YCJOBUS U TAPAMETPBI MI'1 MOJAEJIMPOBAHHUSA B COJTHEUHOI
KOPOHE B PEAJIbHOM MACHITABE BPEMEHU U151 U3YUYEHUSI
MEXAHN3MA COJIHEYHHOMU BCIBIIIKHA

Moaropubiii A.W.!, Moaropueiii U.M.%, Bopucenko A.B.!, Memaaxuna H.C.?

'®UAH, 2. Mockea, Poccus, podgorny@lebedev.ru
UHACAH, 2. Mockeéa, Poccus
UC3® CO PAH, 2. Hpxymck, Poccus

IlepBruyHOE >HEProBbIFENEHHE BCIBIIIKA MPOUCXOAUT B COJHEYHON KOPOHE Ha IOCTaTOYHO
Oonpmioii BeicoTe (~ 1/40 — 1/20 pammyca ComHIa), YTO MOKAa3aHO MHOTUMHU HAOJFOICHUSIMH.
OCHOBHOM BCIIBIIIEYHBIH MPOIECC BBHICOKO B KOPOHE MOXKET ObITh 00BsicHeH Mexanm3mom C.H.
ChIpoBaTCKOro: HAKOTUIEHHEM MAarHUTHOH SHEPruM B MOJIE TOKOBOTO CJIOSI, KOTOPBIH oOpasyercs B
OKPECTHOCTH O0CO0OH JMHMM MarHUTHOro mojisi X-TUma. B pesynprare KBa3uCTalMOHAPHON
3BOJIFOLIMU TOKOBOTO CJI0s1 TOKOBBIN CJION NEPEXOANT B HEYCTOWYMBOE COCTOsiHME. HeycToNYnBOCTh
BBI3BIBAET BCHBIIIEYHOE OCBOOOKICHHE HHEPTUH CO BCEMH HAOJIOAeMBbIMU MPOSIBICHUSMH
BCIIBILIKH, KOTOPbIE OOBSACHSIOTCS 3JEKTPOIUHAMUYECKONH MOJENbBI0 BCIBIIIKH, MPEIIOKEHHOM
UM. Ioxpropasim. Mognens paspaboTraHa Ha OCHOBAHHM PE3YJIbTATOB HAOIIOACHUH U YUCICHHOTO
MI'J] MOOenupoOBaHMUS W HCIONB3YET AHAJOTMH C 3JIEKTPOJUHAMUYECKOH MoAembio cyOOypw,
MPeJIOKEHHON paHee ee aBTOPOM.

HccnenoBanne MexaHW3Ma BCHBIIIKH HEBO3MOXKHO Oe3 mposeneHust MI'J] MonenupoBaHus Hax
peanpHON aKTHBHOH OONACTbIO, MPH KOTOpPOM HaOmomaemble Ha ¢Gotochepe MarHUTHBIE IMOJIS
OepyTcsi B KauecTBe TPAaHMYHBIX YCIIOBHH, M pacyeT HAYMHAETCS 32 HECKOJIbKO CYTOK IMepen
nosisjieHneM Benblmek. [Ipu Bemonnenun MI'Jl mMonenupoBaHMs, HMKAKUX IPEANOJOXKEHUH O
MeXaHHU3Me BCIBIIIKK MPU MOCTAHOBKE 33Jayd HE JeJaloCh, LEJIbI0 MOJEIMPOBAHMS SBIAJIOCH
OTIPENENINTh MEXaHWU3M COJHEYHOH BCHbIUKH. Jlnsg Toro, 4roObl yCKOpPUTH pacuer Obuia
CHeLHaJIbHO pa3paboTaHa KOHEUHO-PAa3HOCTHAs cxeMa, peanuzoBaHHas B nporpamme [IEPECBET.
Cxema sIBNsieTCS TMPOTUBOMOTOYHOH, aOCOJNIOTHO HESBHOW, W KOHCEPBATUBHOW OTHOCHUTENIBHO
MarHuTHoro mnotoka. MI'Jl MonmenupoBaHHe B pealbHOM MaclITade BpPEMEHH MOXKET OBITh
OCYLIECTBJIEHO  TOJBKO  Ojaromapss  MapajuieNbHBIM  BBIYHCICHMSM. B pesynbrarte
COBEPIIEHCTBOBAHUS NApaJJIENIbHBIX BBIYHCICHUN Ha rpaduueckux kaprax ¢ npumeHeHneM CUDA
TEXHOJIOTUH B 3HAYHUTEJILHOW Mepe B pe3yJbTaTe CYIIECTBEHHOTO COKpAIIeHHS OOMEHa JaHHBIX
MEXKIY MaMsIThIO rpaduIecKkol TIaThl 1 OCHOBHOM MaMSIThIO KOMITBIOTEPA CKOPOCTh MapalJIeIbHbIX
BbluucieHuil B 120 pas mpeBbICHJIA CKOPOCTb TOCJIEIOBATENbHBIX BBIYHCICHUH Ha OOBIYHOM
koMmnbroTepe. bonee 20 mpoBeNEeHHBIX MOAEPHU3ALMM AITOPUTMA YBEIUYWIH CKOPOCTH
napajueIbHbIX BBIYUCIEHUN B 7.5 pasa.

Pacuer B peanbHOM MacimiTabe BpeMEHH, MMOKa3aJl MOSBJICHHE YHCICHHONW HEYCTOMYMBOCTH Kak
BOMm3u (ortochepHoi, Tak u HehoTOCHEpPHOU TpaHUIBI — OHA YCIEBACT PA3BUTHCS B TEUCHUH
JIOCTAaTOYHO JJUTEIBbHOTO HHTepBaia BpeMeHH. [IpoBeneH BBIOOp YCIOBHI U TapaMeTPOB 3a/1a4Hu C
LEeNbI0 CTaOMIM3alMd HEYCTOWYMBOCTH, KOTOPasi BO3HUKAET B MEPBYIO Oouepeab BOJIHM3U TPAHHLIBI
pacueTHOll oOmacTu KOpoOHBI, Kak Qortochepnoit, Tak u HedoTochepHoil. Ha wnedorTochepnoit
rpaHHIle KOPOHBI HEYCTOWYHMBOCTb crabmmusupoBaHa. Ot ¢orocdepHON pacmpoCTpaHIIOTCS
BO3MYILEHHUS, BBI3BIBAIOLNE HAKOIJIEHUE 3HEPrUM AJ BCIBILIKH, O3TOMY TaKHE BO3MYILLEHMUS
HEJIb3sl ICKYCCTBEHHO TOAABISATh. B pesynbrare mpuMeHeHus: pa3paOOTaHHBIX METOJOB peIleHue
BOMM3U (poTocepHOi rpaHUIIbl CTANIO 3HAYUTENBLHO O0Jiee YCTONYHMBBIM, HO 3/1€Ch €IIe MPEACTOUT
padoTa MO COBEPLICHCTBOBAHHMIO ITIOCTAHOBKU 3aiadd. MOJAEIMPOBAHHE IMOKA3aJ0 TOSBICHUE
MaKCUMyMOB IUIOTHOCTH Ha OCOOBIX JIMHUSIX MArHMTHOTO MOJIsI ¢ KOH(pHUrypaumed X-Tuma, ¢
TE€YEHHUEM IUIa3Mbl, TPUBOAIINM K OOPa30BaHHMIO TOKOBOT'O CJIOS, B MArHUTHOM II0JIEé KOTOPOTO
HAKATUTUBAETCS HHEPrHsl COJHEYHOH BCHBIIIKHA. PacueTsl MpOBEAEHbI ISl aKTHBHON obmactu
AO10365, umer MOArOTOBKA MOCTAHOBKA 3aJayd W TOMOMPAIOTCS HAONIONEHUS ANl aKTUBHOU
obmactu AO11719, B xotopoii 11.04.2013 B 06:55 npousoruna Berneimka dana M6.5.
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JOJITOBPEMEHHBIE BAPHALIMN YXO/SIUIEN JUIMHHOBOJIHOBOIA
PAJTUAIINA B HEPUO/IbI TEOMATHUTHBLIX BO3MYII[EHUI

Kapaxausu A.A., MoJaoasix C.H.

HC3® CO PAH, 2. Hpxymck, Poccus, asha@iszf.irk.ru

H3BecTHO, YTO Ha BpEeMEHHBIX MacmTadax Oojbine Mecsua, MHQPaKpacHOE M3Iy4YeHHE Ha
BHENIHEW rpaHulle atMochepbl 3eMITH SIBIIIETCS IMHEHHOM (PyHKIHEH TeMIepaTypbl OACTHIAIOIIEH
nosepxHocTH [1]. Onnako mosgHee, Obula OOHApY’KE€HA AHTHKOPPEISLUS MEXKOY CE30HHBIMU
BapHALMSIMH  yXosimed anuHHOBONHOBOW pamuaimu (YP) u #W3MeHeHWsiMH TeMIepaTyphl
MOBEPXHOCTH TPOMUYECKUX OKeaHoB [2]. Jlist mcciaenoBaHusi BOMPOCAa O MEXaHU3ME BO3JEHCTBUS
reoreopu3NIecKux BO3MYIICHWH HAa pagHalMOHHBIA OanaHC Tpomocdepsl MPOBEACH aHAIH3
Bapuauuii Y /IP u npunoBepXHOCTHON TEMIIEPATYPhl B CIIOKOMHBIX U BO3MYIIIEHHBIX [€OMArHUTHBIX
ycnoBusix. CoracHo pusnueckomMy Mexanusmy, pazpadareiaemomy B MC3® CO PAH, conHeuHas
AKTUBHOCTb TIApaMETPHYECKH BO3ACHCTBYET HAa pAAMALMOHHBIM OamaHc B Tpomocdepe.
[Ipennonaraercs, 4TO M3MEHEHHUS B IIIOOATBHON 3JEKTPUYECKOH LEMH, BCIEICTBHE BapUaLHid
COJIHEYHOI'O BETPa U MEKIUIAHETHOIO MAarHUTHOIO MOJIsL, IPUBOAAT K NEPECTPONKE BEPTUKAIBHOIO
npoduiss 00BEMHOTO 3JIEKTPHUECKOTO 3apsiia, KOTOPBIA BIHSIET Ha COCTOSIHME BOJISHOIO Tapa
(OCHOBHOrO TAPHMKOBOTO Ta3a) W, CIEAOBATENIbHO, HA PaAMALMOHHBIA OanaHC, B YaCTHOCTH HA
NOTJIOIEHHNE JJIMHHOBOJIHOBOH HacTh crekTpa (A > 4 Mxm) [3].

B nanHO#l paboTe Ha OCHOBE CpPEOHECYTOUYHBIX HAHHBIX [4—0] ObUIM pacCUMTAHBI KapThI
JTUHEHHOU perpeccuu Mexxay Y P u npunoBepxHOCTHOH TeMIepaTypoi UIst BpeMEHHBIX MacIITaboB
ce30H-rox1 B criokoiHbIi nepuoxn (PC-uanexc < 0.7) ¢ 1979 mo 2018 rr. Iloka3aHo, 4To CpenHsis
rofoBasl MOJIOKUTENbHAs JIMHEHHas CBsi3b Mexny YJIP M NpUNOBEpXHOCTHOM TeMIepaTypou
HaOromaeTcst Ha mupoTax Bbime 30°. JlaHHAs 3aBHCHMOCTD HAapyILIAeTCs HA HU3KUX MIMPOTaX, 3a
UCKJIFOUEHHEM IOJIOCHI TTOCTOSIHHOTO BBICOKOTO AaByieHusi. O0NacTH OTPULATENBHON CBA3H MEKIY
YJIP 1 mpumoBepXHOCTHOH TeMIepaTypoll OOHapy’KeHbl HaJ OKEaHaMH B 3MUMHUH MEPUOA 10
mpoThl 60° 000UX MOy IHAPHIA.

JUIs OLEHKH COJIHEYHOTO BIMSHUS Ha YXOIAIIee UIMHHOBOJHOBOE W3JIyueHHe ObUTH
paccuMTaHbl KapThl KO3(pPHUIMEHTAa PEerpecCHOHHON CBs3u Mexay YJIP ¥ mpunmoBepXHOCTHOMH
TeMrepatypoi Bo Bpems BosmyeHuit (PC-unnekc > 2.0) u B criokoiHbii nepuon. [IposeneHHbIi
aHaJI3 MPOCTPAHCTBEHHOT'O pacrpeneneHns Ko3pPpuimeHTa perpeCCHOHHON CBA3M MOKA3all, YTO OH
BBILIE B MEPUObI BO3MYLICHHI, Y€M B CITOKOHHBIX ycloBHsX. | enmuoreopnsndyeckre BO3MY LICHHUS
MPUBOIAT K YCHJIEHUIO OTPULIATEJPHONW M OCJIAONIEHUIO TOJOKUTENIbHON JTHHEWHON CBSI3U MEXIY
YJIP v mpunoBepxXHOCTHOM TemnepaTypoi Ha 5—10%.

—

Bynsiko M.U. U3menenns knumara / J1.: I'unpomereonsaar, 1974. 280 c.

2. Huang Yi, Ramaswamy V. Observed and simulated seasonal co-variations of outgoing
longwave radiation spectrum and surface temperature // Geophys. Res. Lett. 2008. Vol. 35. No.
17. P. L17803-L.17807. https://doi.org/10.1029/2008 GL.034859

3. Mononeix C.H., XKepebuon I'.A., Kapaxansa A.A. OueHka BIUSHHS COTHEYHONH aKTHBHOCTHU
Ha yXOonsamui motok uHdppakpacHoro usnydenus // ['eomarnerusm u asponomust 2020. T. 60.
Ne 2. C. 208-215. https://doi.org/10.31857/S0016794020020108

4. Liebmann B., Smith C.A. Description of a Complete (Interpolated) Outgoing Longwave
Radiation Dataset // Bull. Amer. Meteor. Soc. 1996. V. 77. No. 6. P. 1275-1277.

5. Kalnay E., Kanamitsu M., Kistler R. et al. The NCEP/NCAR 40-Year Reanalysis Project //
Bull. Amer. Meteor. Soc. 1996. V. 77. No. 3. P. 437-470.

6. Troshichev O.A., Andrezen V.G., Vennerstrom S., Friis-Christensen E. Magnetic activity in

the polar cap — A new index // Planet. Space Sci. 1988. V. 36. No. 11. P. 1095-1102.
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CHEKTPAJIBHBIE KOMITIOHEHTBI PAJIA PAJIMOYIJVIEPOJA C14 3A
HOCJEJIHHUE 4.5 TBICAY JIET, ObYCJIOBJIEHHBIE KOCMHUYECKUMHAU
DAKTOPAMU ACTPOHOMHNYECKOI'O ITPOUCXOKAEHUA

Ky3uenosa T. B.

U3MUPAH, . Mockea, Poccus, tvkuz3(@gmail com

Hannele psga paauoyrnepopa Cl4 3a mocnegnue 4,5 TeicsdeneTus HUCIOJAB3YHOTCSA IS
BBIYMCJICHHs] KOMIIOHEHT AJIMHHO - EPUOANYECKON YacTH CIEKTPA, BKIIOYasi BCE UX MapaMmeTphl U
MONUCKAa BO3MOXKHBIX NPUYMH MX HM3MEHYMBOCTH. lIpumensiercss meTon rino0ajbHOrO MHUHUMYyMa
(MI'M), KOTOpBI TMO3BOJIIET BBIAENATH CAMOCOIJIACOBAHHO TPEHIAbI M3 Ha0opa HNaHHBIX U
HECTAlMOHAPHbBIE TAPMOHUKH ¢ TIepeMeHHOH (a30it u amrmutynou [1].

B cnektpe psna Cl4 HecraumoHapHas KOMIIOHEHTa C caMoil Oospmiod ammmutynoi (A) u
nepuonoM T=1096 51 BkIrOYaeT Lenble YNUCIA CUACPUUECKUX U CHHOOUYECKUX NMEepHOnoB BeHepsl.
ITokazaHo, uto T=1096 1 oTMedeH pe3oHaHCOM OpOHTAIBHBIX MEepHoAoB 3emin u Beneps! 8:13, a
TaK)K€ PE30HAHCOM 8:5 TPONMMUECKOro roja 3emMiid U cuHoaudeckoro nepuona Beneprel. Tm=1096
J. BKJIOYAeT TakXke Ieioe 4Yuciao 3 MUKIOB 3arMeHuil Square Year=3654 n. Lluka umeer
UCKJIFOUUTENBHO JAOJTYIO MPOAOKUTENBHOCTD KU3HU. OTMETUM TakXKe, YTO 3TOT LUKJ 3aTMEHHM
MIPEACTABJICH B CIIEKTPE OTAEIbHON KOMIOHEHTON € IECTON MO BEJIUYMHE AMILUIUTYOM.

Crenyromasi 1o yMEHbIUICHHIO aMIIJIUTYIbl HECTALIMOHAPHAsI KOMITOHEHTa ¢ T=586 5. siBnseTcs
uksioM 3atMeHuil Tetradia=586 n. Llukn ynpaBisieT peryssipHOCTBIO TETPaa JYHHBIX 3aTMEHUH U
Oy3TOB COJIHEUHBbIX 3arMeHui. llokazano, uto T=586 5 BrIOYAET TaKXke LENble YHUCIa
CUAEPUYECKUX U CHHOAMYECKUX MEepUOAOB BeHepel U OTMEYEH BBIIIEONMUCAHHBIMU PE30HAHCAMH
3emnn u Benepol. M Hakoney T=586 n BkiIOYaeT Ienble 4YUCIa CUAEPUUYECKUX IEPHOIOB
FOnurepa u CatypHa, 4TO AaeT U3BECTHBIN OPOUTATIBHBINA PE3OHAHC 3THUX TUIAHET 5:2.
HecraunonapHast komnoneHTa ¢ T=438 5 BKIIOYaeT LENOE€ YHCIO LUKJIOB 3aTMeHmid Tritos,
KOTOPBI MOKHO HCHOJIB30BAaTh MU MPENCKAa3aHUsl CEPUN COJHEYHBIX 3aTMEHUN, KOTOpPBIE
YepenyrTCs MO BUAMMOCTH MEXIY CEBEPHBIM M IOKHbIM noaywmapusmMu. Kak u B ciaydae ¢
MpeabIayIuMU KoMnoHeHTamu, T=438 51 obecrednBaeT BBIMICOMICAHHBIE PE3OHAHCHI 3eMJIH U
Benepsr u Bximrovaer 22 coequnenns FOmurepa ¢ CatypHowm.

IlonyueHbl  BpeMEHHblE UM3MEHEHHMS KaK OTHAEIbHBIX KOMIIOHEHT, TaK M CYMMBbI
MOJIMHOMHAJIHOTO TPEHAa U S5-U KOMITIOHEHT CIEKTpPa C CaMbIMH OOJIBIIMMHU aMIUIUTYIAMH IS
nporHo3a. [IpoBeneHo cpaBHEHHE KOMITOHEHT CIIEKTpa IJI00ANbHOW TEeMIIepaTyphl 3a MOCIETHIOK
TBICSYY JIET BBILICONMMCAHHBIM MeToIOM [2], n komnoneHT cnektpa C14. Ilpennoxken gpusnaeckuit
MexaHu3M BiusiHUsS ConHua, JIyHbl U MJIaHeT Ha KOHLEHTpauuio paauoyrieponos Cl4 B 3eMHbIX
apXUBax, U3JIOKEHHBIN B [2].

1. Tsirulnik L.B., Kuznetsova T.V., Oraevsky V.N. Spectral method of global minimum (MGM)
and its application to problems of heliospheric and planetary physics. Planet. Space Sci. v. 45, N2,
p. 241, 1997.

2. Kuznetsova T.V. Long-term spectral components of global, north and south hemisphere

temperatures over the last millennium and solar-lunar forcing. J. Atmosph. and Solar Terr. Phys., v.
210, 2020. https://doi.org/10.1016/j.jastp.2020.105393
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I®PEKTHI COTHEUHBIX TIPOTOHHBIX COBBITHI B BAPUAITUAX
NHTEHCUBHOCTHU CTPATOC®EPHOI'O ITIOJIAPHOI'O BUXPA:
HOBBIE TAHHBIE

Beperenenxo C.B.

OTU um. A.D. Hopgpe PAH, o. Cankm-Ilemepodype, Poccus, s.veretenenko@mail.ioffe.ru

IIponomkeHo uccienosanne 3¢G¢PeKToB CONHEUHBIX NMPOTOHHBIX coObrTuil (CIIC) B nuraMuke
cpenneli armocdepsl Ha ocHOoBe naHHbIx peaHannma NCEP/NCAR [1]. IlokasaHo, 4To BO BpeMs
cepun mMouHblx CIIC suBaps 2005 roma, cOmpoBOXKIABLIMXCsS BO3PACTaHHEM IIOTOKA YacCTHUL[ C
sHeprusiMu Oonee 165 M»3B, ckopoCTh 30HABHOTO 3aMaJHOTO BETPA 3HAYUTEIBHO yBEINIHBAIACH
B obmactu mupot 50-80°N (obxactu popmMupoBaHus cTpaTocHepHOro MOISIPHOTO BUXPS) HA BCEX
YPOBHSX cTpaTocdepsl, MPU 3TOM HaUOOJbIIEe yBEIUYCHHE CKOPOCTH HUMENO0 MECTO B BEpXHEH
gacTu crparoceprl. AHAJOIMYHOE YCHJIEHHE 30HAJBHOIO 3aMajHOrO BeTpa B yKA3aHHOU
IIUPOTHON OOJIACTH, CBHAETENBCTBYIOIIEEe 00 HHTEHCU(UKALUKI BUXPS, OOHAPYIKEHO ISt COOBITHI
5-6 u 13-14 nexabps 2006 rona, B X0Ie KOTOPBIX TAKKE PETHCTPHPOBAIUCH YACTHIIBI C SHEPTUIMHU
BbIllIe HECKOJbKUX cOoTeH Mb3B [2]. PesynbpTaThl MccienoBaHUs CBUIETENBCTBYIOT O BIHSHHUU
U3MEHEHHH CKOPOCTM MOHH3ALMH B TOJSIPHOH armocdepe, OOYCIOBIEHHBIX MOIIHBIMU
COJTHEYHBIMHU MPOTOHHBIMH COOBITHSIMH, Ha COCTOSTHHE CTPATOC(EPHOTO MOJISIPHOTO BUXPSL.

1. Kalnay E. et al. // Bull. Amer. Meteorol. Soc. 1996. V. 77. P. 437.
2. Logachev Yu.L et al. Catalogue of solar proton events in the 23" cycle of solar activity (1996—
2008), Moscow, 2016.
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3KCTPEMAJIBHBIE COBBITHS KOCMHUUYECKON MOT'O/IbI,
MOAEJIMPOBAHUE DOPDPEKTOB B ATMOC®EPE 3EMJIN

Muponosa U.A.

CIIol'V, e. Cankm-Ilemepoype, Poccus, i.a.mironova@spbu.ru

B nanHoil paboTe TpPHUBOASTCS SKCTPEMasibHbIE COOBITHS KOCMHUYECKOW MOTONbI CBS3aHHBIE C
MOIIHBIMA T€OMArHUTHBIMH OyPSIMH, COJTHEYHBIMH MPOTOHHBIMH COOBITUSMU, reod(HeKTUBHBIMU
comHeunbiMu coObrTisimu Tima GLE (Ground Level Enhancement) u ®opOymi-noHmkeHusIMu
MOTOKOB TAJIAKTUYECKUX KOCMUYeCKUX Jiyueil. OTAeNbHO paccMaTpUBaeTCs aTMOC(epHBbIi BKIag OT
KaXKI0T0 SKCTPEMAIIBHOTO COOBITHSI KOCMHUYECKON TTOTOBI.

UccnenoBanue BBINOIHEHO NPpH (hUHAHCOBOM noanepykke PHD
B paMKax Hay4Horo npoekrta Ne 20-67-46016.
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HUCCJIEJOBAHUE ATMOCq)EPHOI7IUI/I HOHOC®EPHOU
M3MEHYMBOCTH B NEPHO/bI AENCTBUSI 3MMHUX BHE3AIIHBIX
CTPATOC®EPHBIX HOTEILUIEHUN

Mensenesa I/I.B.l,z, Patosekuii K.I'.!

THC3®D CO PAH, Hpxymck, Poccus, ivmed@jiszf.irk.ru
‘HDA um. AM. Ooyxoea PAH, Mocksa, Poccus

[IpencraBneHa MeToAMKa OLEHKH aTMOC(epHON 1 HOHOC(EPHOH M3MEHYMBOCTH, AAOLIAs
BO3MOXKHOCTh ~ aHAJHM3HPOBATH TMPOSBJICHUE AaKTUBHOCTH aTMOC(EpPHBIX BOJH Pa3IMIHOTO
BpeMEHHOro Mmacmrada B OONBIIOM [HAaa3oHe BBICOT BepxHed armochepbl. B kadecTse
XapaKTEPUCTUKH aTMOC(HEPHON W3MEHUYHMBOCTH HCIOJb3YeTCs] H3MEHYHMBOCTH TEMIIEPATYPHI
arMoc(ephl Ha BBICOTE ME30Tay3bl, OJYYEHHOH U3 CHEKTPAIbHBIX HAOMOACHUH THAPOKCHIBHOTO
u3nydenus (monoca OH(6-2) 834.0 HM, BbICOTa MakcuMyMa u3nydeHus: ~87 km) B I'eodpusmueckoit
obcepatopun MC3® CO PAH (51.8°N, 103.1°E, Topsl). Bpamarensnas TemMnepaTypa MOJEKYJIbI
THAPOKCHIIA OTOOpakaeT TemIepatypy arMocepsl Ha BBICOTax Me30may3bl. B kauecTse
XapaKTEPUCTUKH HOHOCHEPHOH HM3MEHYMBOCTH HCIIOJIB3YEeTCS HW3MEHYMBOCTH MAaKCHUMyMa
3JIEKTPOHHON KoHUeHTpauuu ANmF2, nmonyyeHHON NO AaHHBIM BEPTHKAJIbHOIO 30HIWPOBAHUSL
UCTIONB30BAaHbl  SKCIIEPUMEHTANbHbIE NaHHbIE UpKyTckoro (52.3° N, 104.3° E) u HOpUIBCKOTO
(69.2 N, 88.0 E) nonozonnos DPS-4.

HccnenoBaHbl 3HaUSHHSI BHYTPUCYTOYHOM M MEKCYTOYHOH aTMOC(EepHOH U HOHOC(HEPHO
U3MEHYUBOCTH BO BpEMsl NEHCTBUS 3UMHHX BHe3amHbIX ctpatocepubx noremiennd (BCID) B
staBape 2013 r. u pespane-mapre 2016 r., KoTOpBIe OBUIU COMOCTABIEHBI CO CPETHUMU CE30HHBIMHU
3HaYeHWsIMU. BbiABIeHO, 4TO B mepuoabl aHammsupyembix BCII nabmomamoch ycunenue
arMocepHoil 1 noHOC(hepHOW M3MEHYMBOCTH. B obOnmactu Me3omaysbl, MaKCHMAaJIbHBIA 3(pQeKT
BCII 2013 nabnromancst B yBEIHMUEHHUH MEKCYTOYHOW aTMOC(HEPHOH H3MEHUYMBOCTH, MPUYUHON
KOTOPOH MOXeT OBITh HHTEHCHU(HKALNUS AKTUBHOCTH TUIAHETAPHBIX BOJIH Ha STUX BBICOTaX. AHAJIN3
MEKCYTOUYHOW HOHOC(EpHONW BO3MyIIEHHOCTH B siHBape 2013 r. mokasajn HapylleHue ee
KOPPEJSILUH C COTHEYHOW aKTUBHOCTBIO, IPUYMHON KOTOPOrO MOXKET OBITh IposiBiieHHe 3¢ derTa
BCII Ha noHOChepHbIX BbicOTax. B Bapmaumsx HouHbIX 3HaueHU ANmF2 nmocne Hauana BCII Ha
00erX CTaHLMSIX 3apErHCTPUPOBAHBI JOCTATOYHO MOINHBIC BO3MYyIIeHUs. HesnauntenbHoe (minor)
BCII B despane 2016 r., B orauuue ot BCII 2013, npuseno Kk HHTEHCU(DHUKAIIMA BHYTPUCYTOYHOM
arMoc(epHoii 1 HOHOC(HEPHOH N3MEHYMBOCTH, KOTOPast MOJKET OBITh BbI3BAHA BIMSHUEM MPUINBOB
U BHYTPEHHUX MPABUTALIMOHHBIX BOJIH.

HccnenoBanue BBINOJHEHO NpU (UHAHCOBOH moxanepkke POPU B pamkax HaydHOTO
npoekra Ne 20-05-00212. B pabGore Obutn HCIONB30BaHBI SKCnepuMeHTal bHble naHHble L[IKII
«Amnrapay (http://ckp-rf.ru/ckp/3056/), mnonyuenHele B pamkax 0a3oBOro (pUHAHCHPOBAHHS
nporpammbl [TOHH (npoext 0278-2021-0003).
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PEAKIINS O30HOC®EPHI U D-OBJACTH HOJIIPHOU HOHOC®EPHI K
IMPOTOHHOMU BCHBIIIKE HA COJIHIIE B CEHTABPE 2017 'OAA (TPEXMEPHOE
POTOXUMHNYECKOE MOAEJINPOBAHMUE)

A.A. Kpusoayukuii, , T.}O. Beromkosa, JI.A. Uepenanosa, A.A. Kykonesa, U.H. Markosa,
E.A. I'un30ypr

Lenmpanvuas asponocuveckas oocepeamopus (I{AO) Poceuopomema,e. /loneonpyonviii M.O.,
Poccus krivolutsky(@mail.ru

IIpuBopsTCs pe3ynbTaThl YUCIEHHOTO MOJEIUPOBAHUS U3MEHEHUH XUMUYECKOro HEHTPaJbHOrO U
3apsSUKEHHOTO coctaBa  atMoc(epsl 3eMili, BbI3BAHHBIX YBEIHMYEHHEM IIOTOKA COJHEYHBIX
npoTOHOB B mepuox Benblukd Ha ComHie B ceHtsiOpe 2017 roma. JInsd pacueToB OTKIMKA HA
BO3ACHCTBUE 4YacTUI[ ObLla HCIONB30BaHa riodanbHas Qoroxumuueckas mopens CHARM-I
(Chemical Atmospheric Research Model with Ions [1]), a Tak:ke Moaens obmel nupkysiuu ARM
(Atmospheric Reseach Model [2]), co3nannbie B JlabopaTopun XUMHU ¥ AUHAMHUKUA aTMOC(hepsI
HAO. D¢ddexr Bo3meicTBUS BCHBILIKA Ha (POTOXUMHIO HEHTPANbHBIX M 3aPsDKEHHBIX YaCTHI]
3aKjaabIBajiCd B MOZENb IpPU peaiM3alliid YHCIEHHOTO CLIEHApUsl uepe3 COOTBETCTBYIOIINE
s¢ppexruBHOCTH BO3neHcTBus [3,4]. IloTokm wactuil Opanuchk Mo HAOMOAEHUAM aMEPUKAHCKOTO
reoctanoHaproro crnytHuka GOES-13. PesynpTaTel pacueToB MOKa3ald, 4YTO HU3MEHEHUsS B
COIEpPKAHUN O30Ha M BJEKTPOHHOH KOHUeHTpanuu (obmacte D) B MONSIPHBIX IIHUPOTaxX HE
npesbimany 10 %, 4To oTpaxaer JOBOJIbHO HU3KUI ypOBEeHb akTUBHOCTH CONHLIA.

1. Kpusonyukmnit A A., Uepenanosa JI. A., PenneB A 1., Beromkosa T.10., TpexmepHas yncnenHas
rnodanbHas poroxumudeckas moneab CHARM-I. Yuer npoueccos B odmactu D moHOCheEpsL
I'eomarnetusm u asponomus, Tom 55, Ne 4, ¢. 483-503, 2015.

2. Kpusonyukmnit A A., Uepenanosa JI.A., Beromkosa T .1O., Pennes A Y., Kimrounukosa A B.
I'mobanbhas mupkysus armocheps! 3emin Ha BbicoTax 0-135 kM, paccuuTaHHast C TTOMOLIBIO
moaenu ARM. YVuer Bkiiana CoOnHEUHON akTUBHOCTH. [ 'eoMarueTusm u aspoHoMusi, ToM 55, Ne6, c.
808-828, 2015.

3. Turco R.P., Whitten R.C. A comparison of several computational techniques for solving some

common aeronomic problems, J. Geophys. Res. V. 79. N 22. P. 317 —319. 1974.

4. Rapp D.P. et al., Cross section for the dissociative ionization of molecules by electron impact, J.
Chem. Phys., 42, 4081, 1965.



221

POJIb CIIEKTPOB ITPY1 BOCCTAHOBJIEHUN CKOPOCTEN
MOHMN3ALINN ATMOC®EPBI M1 OLIEHKA BO3JIENCTBUS
BbICBIITAHHI BBICOKOHEPT MYHBIX DJJEKTPOHOB HA
INPOLHECCBI BATMOC®EPE 3EMJIN

Muponosa U.A.

CIIol'V, e. Cankm-Ilemepoype, Poccus, i.a.mironova@spbu.ru

Ouenka aTMOC(PEPHOro OTKIMKA HA BBICHIIAHMUS SHEPTUYHBIX YACTUL] TPEOYeT 3HAHUS CKOPOCTEH
HMOHHU3aLUH, CO3/1aBa€MbIX 3TUMU YacTULIAMU. BpeMeHHass M BBICOTHAsI U3MEHUYHMBOCTb CKOPOCTEM
HMOHHU3ALIMK B aTMOchepe 3eMIIi 3aBUCUT OT SHEPTreTUYECKUX CIEKTPOB BBICHIMAIOIIMXCS YaCTHI] U
npuMeHsieMOor (DYHKIUH OTKJIMKA WMJIM TapaMeTpPH3alMH CKOPOCTel HOHM3anuu atmochepsl. B
JAHHOM padoTe aHAJUZHUPYIOTCS CIEKTPHI IOJYYEHHBIE C PA3JIMYHBIX CIyTHUKOB U a3POCTATHBIX
HaOJIIOIEHUH 33 OIMHAKOBBIE TIPOMEKYTKH BpeMeHH. BOCCTaHOBIIEHHBIE CKOPOCTH MOHHM3AIUU TIO
JIAHHBIM CTIEKTPaM TIOKAa3bIBAIOT CYINECTBEHHBIC pa3juyUs, KOTOPhIC OTPAXKAIOTCS B OIICHKE
pe3yJIbTATOB MOJEIMPOBAHUS XUMHYECKOTO COCTaBa aTMoc(epbl W MATbHEHIINX OIEHOK
BO3/1€HCTBHS BBICHITIAHUI SHEPTUYHBIX YaCTUL] HA O30HOBBIH CJIOM.

Hccnenosanue BeimonHeHO npu puHaHcoBoi nogaep:kke POOU n DFG B pamMkax Hay4HOTO
npoekta Ne 20-55 -12020.
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OCOBEHHOCTH KOCMHUYECKOM MOTOAbI JIETOM 2020 TOJIA H
AHOMAJIBHBIE ITPOABJEHUA OITACHBIX ITIPUPOJIHBIX TPOHECCOB B
MPUDJIBBPYCBHE

Maabsnesa I.B., Yepkecos A.A.

QI'BY «Bvicokoeopusiii 2eogpuzuveckuti uncmumymy» (PI'LY « BI'H») malnir@mail.ru

PaccmarpuBaroTcst pe3ybTaThl HAOIIOAEHUH 10 OLEHKE BINSHUS KOCMUYECKOH TOrobl Ha
Pa3BUTHE OMACHBIX MPHUPOAHBIX MpoueccoB B [Ipuanebpyche B 2020 r., KOTOpPbIE MPOIOJLKAIOTCS
B pexxume oHnaiH ¢ 2016 roga. B aTom pernoHe Hanbojee omacHbIe MPOLECCHI (CeH, OMOJ3HU U
ap.) HanOoJiee YyBCTBUTEIbHBI K IOTOAHBIM YCIOBUSIM. XapakTep 3eMHON moroasl jJeroMm 2020 .
He MO3BOJIST OKUAATh AHOMAJIBHBIX MPOSBJICHUI 3TUX IMPOLIECCOB.

Bwmecte ¢ Tem, B aBrycre 2020 r. B posuHe p. I'epxoskaHCy mpou3oLUIa Tpo3sas
kaTacTpooil aKTUBU3AIMS OMOJI3Hs by3ynran, momoOHONH KOTOPOW HE MOMHST CTAPOKUJIBI HTHX
mect. Omomsenp nepekpbl1 peky. OOpasoBanach IUIOTHHA, KOTOpash B CiIydae BBINAACHUS
OONBLIOr0 KONWYECTBA OCAOKOB MOrjia ObITh TpopBaHa, W Mmoo p. lepxoskaHcy MOTr
copmupoBatbcs KaTacTpodudecknii ceneBoit motok. Coznanacek yrposa s . TeipHbIay3a.

IIpyunHa 5TOHM akTMBHM3aUMK  ObUIa HETOHSTHA, TaK Kak (DaKkTOpbL BbI3BIBAOLINE
AKTHBU3ALMIO OINOJ3HEH, HE OTIMYAIUCh BBICOKMMH 3HA4YEHUSIMH MOKasaTteneil. Tak, mepsas
nojoBuHa 2020 T. XapakTepH30Bajach HEOOJBIIUM KOJUYECTBOM OcankoB. [lo nmaHHBIM
Mmereoniocta TeIpHBIay3, B ampeie OCaaKOB NMPAaKTUYeCKH He Obplio. B Mae oHM BbImanu B OfMH
neHp Ho Bcero B xommuectse 26 mm. CeiicMuueckasi akTHBHOCTb B PacCMaTPUBAEMOM paiioHe
Takxe Opua c1aboH.

Ha ocHOBaHMM yKa3aHHBIX BbILI€ HAOIFOACHUH, MOKHO MPEANOJIOXKHTh, YTO aHOMAJIbHAS
MOJBMKKA OIOJI3HSI B 3HAUMTENIbHOW CTeneHH OOyCIIOBIIEHa XapaKTePOM KOCMHYECKOW TOTOJBL..
brutn paccMOTpeHBI 3HaUYEHHs MTOKa3aTeNnel KOCMUYECKONH Noroael 3a Mai — asryct 2020 r. | T.e.
3a MepHOf MOArOTOBKU M AHOMAJIbHOW MOABMXKKH OnoJi3HA bysynran. Ilpu 3TOM Hcnonp3oBaHbl
JaHHBbIE cakita www.spaceweather.com. Tak, ¢ 29 mast 2020 r. Hadanuch Benbinku Ha CoJHIE.
Bviio moBBIIEHHE MJIOTHOCTH MPOTOHOB COJTHEYHOTO BeTpa a0 18 — 22 l/ewm’. ObpazoBanach
«TpeIluHa» B MAarHUTHOM ITOJIe 3€MJIM U COJIHEYHBIN BeTep npoHukai B MarHutochepy. C stumu
COOBITHSIMH CBsi3aHbl 2 BCHbIIKK Kiaacca M u 2 — kinacca C. Takux coObITHil IO 3TOrO BpeMeHU
He Obuto Tpu roma. Yepes Heckosnbko fHed, 7 uroHs 2020 r., Ha CoyHLE MOSBIJIOCH HOBOE
pactymee msitHO. C HUM CBsi3aHa COJIHEYHAs BCIBIIKA kjacca B EcrectBenHo, ¢ momoOHbIMU
COOBITUSIMH CBSI3aHO MOCTYIUIEHHE OOJNBIIOrO0 KOJWYECTBA SHEPrHH, KOTOPOE MOIJIO CTaTh
BaXKHEHIINM (paKTOPOM B PA3BUTHH OMOJ3HEBOTO MpoLecca.

HaGmonennst Benuch 3a OCHOBHBIMH ITOKA3aTENIIMH KOCMHYECKOW TMOTOABI — CKOPOCTBIO
COJIHEUHOTO BETpa W IUIOTHOCTBHIO MPOTOHOB B HeM. 2 aBrycta 2020 r. 3emusist BXOAUT B MOTOK
OBICTPOIBHIKYIIETOCST COJNIHEUHOro BeTpa (Oomee 500 km/c). 3 aBrycra 3emMiis yKe€ HaxoaUIach
BHYTpH OBICTPO IBMKYINErocsi IMOTOKa CONHeYHoro Berpa (Mmakcumym 709 km/c) .3arem
akTuBHOCTb CoONHILIA OcCTaBajach IMOBBILEHHOW N0 KOHL@A aBrycra. OnacHeimias akTUBU3aLUs
onoJ3Hs npousoua 12 — 13 asrycra.

[Tonobnast akTUBH3aLMST  OMOJ3HS MPOM30LLIA Y €. 3al0KOBO HIDKE 1O TeueHuto p. bakcan

25 mas 2005 r Cynsg mo UMEIIUMCS MaTepHajiaM, OHA, BO3MOXKHO, Takke ObLTa CBs3aHa C
BO3/IEHCTBUEM (PAKTOPOB KOCMHUYECKOH MOTOIBL.
, Ha ocHoBanuM paccMOTpeHHBIX AaHHBIX 00 akTuBHOCTH CojHila jerom 2020 roga MOKHO
OTMETHUTh, UTO AaHOMAJIbHAsI MOJBIKKA OMOJ3HS by3ynaran He Obuta crmydaitHoil. OHa mpounsonuia
BCJIEZICTBUE CHHEPTETUUECKOTO BO3EHCTBHA MHOTUX (DPAaKTOPOB, U3 KOTOPBIX KOCMHYECKas! IIOro/ia
umena OOJbIIOe 3HAUYEHHE.
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BO3PACTHASI JTMHAMUWKA KOPPEJISILIUOHHBIX CBA3EN MEXKTY
APTEPUAJIBHBIM JABJIEHUEM U ITYJIbCOM

Iu6aes U.I.', Kykca 10.1.

T UBMHUPAH, 2.0. Tpouyx, 2. Mockea, Poccus, ishib@izmiran.ru
2HITOMHU HD3 PAH, 2.0. Tpouyk, 2. Mockea, Poccus

OueHKy COCTOSIHHSI TIAllMeHTa OOBIMHO HAYMHAIOT C aHaju3a aprepuanbHOro aasneHus (AJl) u
nyJjbca — 4acToThl cepaeunbix cokparneHuii (HCC). Tak kak UX 3HAYEHUS] JOCTATOUHO M3MEHYHUBBI,
TO 4eTKOH (pyHKIMOHATbHOHU cBsi3u Mexay BenuuauHamu AJ] 1 UCC Her. Huskuii mysibc cOBCEM He
O3HAUaeT TMOHMKEHHBIN YPOBEHb aPTEPUANIBHOTO AABICHHUS. A TIPU BBICOKOM MYJIbCE, AaBICHUE MO-
’eT OBITh He TOJBKO HOPMAJIbHBIMU, HO U B Psiie CIy4aeB CHUKEHHBIM (Tipu UH(pApKTe MUOKap/a,
CepAEUHON HEIOCTAaTOYHOCTH), TaAK KaK BBICOKAS] YaCTOTA COKPAIEHUI HE OCTABJSIET CEpPALy Bpe-
MEHH JIsl TOTO 4TOOBI ycreTh Habparh JOCTATOYHOE KOJMYECTBO KPOBH U Takasi pabora OymeT ma-
nosddextuBHa. BaskHbI XapakTep v AUHAMUKA CBSI3U MYJIbCA C JABJIEHUEM.

W3 nnutenbHbIX HAOMOAeHUH Mo iporpamme camokouTposs A/l [1] BeiOpan qBeHaANATHICTHHIA
unTepsan (20002011 rr, Bcero 4383 nHs1) ¢ Ooyiee aKTUBHBIM MOBEACHHEM MAI[MEHTA W YCTOWYH -
BbIMHU TOKazaHusiMu mynbca, CAJl u JIAJl — cucTonMueckoro U AUACTOIUYECKOTO apTepPHabHOTO
nasnenusi. Ot psno UCC, CA u A/l mb1 nepexonum k koppemsiunonabiM psinam K1 + K3 most
yTpeHHuX U BeuepHux nmokasanui, rae : K1(t) = Corr(UCC&CAM/AT; t) — nunamuka ko3 dunuen-
ta koppessiuun Mexny YCC u CAJL ; K2(t) = Corr(HCC&AA/AT; t) — koppensiuuu mexxay YCC u
JAJ 5 K3(t) — mexxny CAJl u JIAJl. Tenepb COCTOSIHHIO MAI[UEHTa COMOCTABJICHA TPOWKA YHCEN
K1+K3, xoropas orpaxaer cBsizb mexkay nokazanusimu UCC, CAJl u JAJl. Huwxke nokasaHbl xa-
PAKTEPUCTUKU TPEX OCHOBHBIX YTPEHHUX M BEUEPHHUX IPymN (KJIaCTEPOB) COCTOSHUS MALUEHTA B
3TUX MepeMeHHbIX, ock 0Y — cpennne 3HaueHnss K1+K3 mo rpymme, oTOpOIIeHO HECKONIBKO MaJio-
YUCJICHHBIX TPy — Kaxkaas <2%. UUCIEHHOCTH TPeX YTPEHHUX TPy U MEPBBIX ABYX BEUEPHUX

081 Yipo | %% CpPaBHUMBI, TIPU 3TOM Y

061 151 Bewep | yrpennmx u  BeuepHmx
0 ‘ 0.43 rpynn  I/Il  cTpykTyphl
0 r | s T.l HOI[O6HbI. Takke yTpom

ool - 1ol : sHauuma ponb  (17.4%)
pt : e . rpynnsl III ¢ derkoi
—3 3 - e m ceaeio UCC ¢ JAJ
55% 9% 61.7% 28.5% 3.7%  (K2>0.5) u «caygaiiHOM»

o :]- K2-mm: x3-00. nosenenun  CAJI (K1,

K3=0). B [1] otmeuanock, uto yrpennue nokazanuss YCC/AJ] meHee cOataHCHPOBAHbBI U OPraHU3M
Oonee monBepkeH BHeIIHeMY BiHsHMIO. lIposiBienue yrpom rpymmnsel I, Te. Gonee mwmpokmii
CIEKTP COCTOSIHUM B YTPEHHUX MOKA3aHUAX, 5TO U OTPAXKaeT.

Paznoxenue coctosnuii rpynn I/I1 mo ronam 1eMOHCTpUPYET CIEAYIOIIUI PUCYHOK. Y BEUEPHUX
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Ka3aHusi, HO ¢ aKTUBHOMW pounbto rpynmnsl I11: I=>11, I11.

[1] Isaikina O., Yu. Kuksa, 1. Shibaev Estimation of Stability of Arterial Pressure and Pulse at
Changes of Geomagnetic Data and Atmospheric Pressure / Annual Research & Review in
Biology 9(1): 1-11, 2016, Article no.ARRB.21656 ISSN: 2347-565X, NLM ID: 101632869
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I'EOMH®OPMAIMNOHHAA CUCTEMA _
I KPATKOCPOYHOI'O ITPOI'HO3A TTOJIAPHBIX CUAHUN

Bopoobes A.B. % Muaunenko B.A.-3, Kpacnonepos P.1.%, Bopo6besa I'.P.!, Lorentzen D.A.*

L Vehumeruir 2ocyoapemeennsiii asuayuonnwiii mexuuyeckuii ynueepcumem, 2. Yea, Poccus;

2Ieopusuyueckuii yenmp PAH, 2. Mocxea, Poccus,; *Hucmumym ¢usuxu 3emau, 2. Mockea, Poccus;
*Birkeland Center for Space Science, University Centre in Svalbard, Svalbard, Norway

geomagneti@list.ru

OnbeIT paboThl ¢ W3BECTHBIMH CEPBHCAMH Ui MOHUTOPHUHTA TeO()HM3MUYECKHX MapaMeTpoB B
o0nacTi aBpPOPANBPHOTO OBaja TO3BOJIUI BBUSIBUTH PSAJ XApaKTEPHbIX M, B MPUHIUIIE,
MOBTOPSIFOLIMXCSL OT pPeAM3aldi K pealn3aldd MPUCYIIUX MM HEJOCTATKOB. HEBO3MOXKHOCTH
IMHAMUYECKOTO MAacIITaOupOBaHUA H JOOABJIEHUS JIONMOJHUTENBHBIX CJIOEB, Malioe YHCIIO
oToOpaskaeMbIX MapaMeTpOB; OTCYTCTBHE AAHHBIX O TEKYIIEM COCTOSTHUM KOCMHUYECKOH IOronbl U
0a30BbIX HHCTPYMEHTOB JIJIsl MPOCTPAHCTBEHHOTO aHAJIN3a BU3YAIM3UPOBAHHBIX TAPAMETPOB U AP.

B cuny reompocTpaHCTBEHHOH crieLn(UKN pacTpenesieHus] aHAIU3UPYEMbIX NaHHBIX (y3KHE
BBICOKOIIUPOTHBIE TM05iCa) IO TPUYMHE HCKAKEHUS TE€OMETPUYECKOr0 TOoAoOHs KOHTYPOB,
COOTHOIUEHUs TUIOMAAeH 3€MHOH IMOBEPXHOCTH M KapTOrpapuyuecKuX HCKAKEHHH MPOEKINH
TPaIULHOHHBIE TUIOCKUE KapTorpaduvyecKue MOIJIOKKH HCIIONb30BaTh HEUeJIecOO0pasHo, U IMpH
peanm3aliu CHUCTEMbl CTOUT JeNaThb BBIOOP B TMOJB3Y BUPTyaIbHBIX ri100ycoB. Hckmouenne
COCTABJIAIIOT TUIOCKHE MPOEKLUH CEBEPHOI M I0KHON monycdep, OAHAKO TOMUMO TOTO, UYTO TaKOH
BUJI KapT SIBISIETCS IOCTATOYHO 3K30THYHBIM M HE MOIAECPIKUBAETCS OOJBIIMHCTBOM JIOCTYITHBIX
NPOrPaMMHBIX OHONMOTEK, OH TaK € YCTyNmaeT TPEeXMEPHOW MOnenn 3eMIM 10 KadeCTBY
BU3YaJIbHOTO BOCTIPHUATHS HH(POpMALIUY.

Ha 0a3ze TexHONOrMM «BHPTyalbHbIH rnoOyc» mpemyaraercss Moaxon (apxXuTekTypa u ee
NpOrpaMMHasl peanu3alus) K CO3JaHWI0 BeO-OPUEHTHPOBAHHOH CHCTEMbI BH3YaJH3alNU
reopU3MUECKUX TIApaMeTPOB B aBpoOpaiibHON 30He (www.aurora-forecast.ru). B kadectse
BU3YaM3UPYEMbIX  JaHHBIX  BBICTYNAIOT  HHTEHCHUBHOCTh  (BEPOSTHOCTH  HAONIOAECHUS
HEBOOPY KEHHBIM TJIa30M) MOJIIPHBIX CUSHUH NOJy4aeMble B COOTBETCTBUH ¢ Mozensio OVATION
Y TTOTEHLNAJIBI 3JIEKTPUUECKOTO U MAarHUTHOTO MOJIEN, pacCUUTaHHbIe COTIacHO Mozenu Beitmepa.

[IpenmonaraeTcst, YTO PaCCMOTPEHHBIN MOAXOA K BH3YAIH3aLNN re0(pU3NIECKUX MapaMeTpOB B
o0JyacTu aBpPOpaTBPHOrO oOBaja OOecneyuT MOBbIIEHHE 3(PPEKTUBHOCTH pPadOT, CBA3AHHBIX C
UCCIIEIOBAHIEM TUHAMHKH aBPOPAJbHOIO OB, U B KOHEYHOM HTOTE MOMOXKET BBISIBUTH HOBBIC
3HaHUS OTHOCHTENIPHO TOMNOJOTHMM MAarHuUToc(epbl W €€ H3MEHEHHUSX, HalpuMep, BO BpeMs
re€OMarHUTHBIX Oypb 1 CyO0yph.

Pabora mopnep-xkana rpantamu PO®U Ne 20-07-00011, PH® Ne 16-17-0012.

1. Vorobev, A V., Pilipenko, V.A., Reshetnikov, A.G., Vorobeva, G.R., Belov, M.D. Web-
oriented visualization of auroral oval geophysical parameters // Scientific Visualization 2020.
No.12(3). P. 108-118

2. Vorobev, AV, Pilipenko, V.A., Krasnoperov, R.1., Vorobeva, G.R., Lorentzen, D.A. Short-
term forecast of the auroral oval position on the basis of the “virtual globe” technology // Russian
Journal of Earth Sciences 2020. 20(6)
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3ABUCHUMOCTD IIPOBET'A TAMMA-KBAHTA OT XAPAKTEPUCTHUK
CUCTEMBbI

3emasnnckas /1. . E¢ppemona B. A.

MOTH(TY), e. Mockea, Poccus, zemlianskay.d@phystech.edu

Bonbinoii uaTepec ms Gusuku arMochepsl MPeaCTaBIseT UCCIeN0BaHHE HU3NIECKOTO
ABJICHUS, IPECAJIOKCHHOTO rypeBI/ILIeM, J'IaBI/IHOO6pa3HOFO Pa3MHOXKCHUA B BEIICCTBE 6bICprIX
3JIEKTPOHOB, KOTOPOE HAa3bIBAOT MpodoeM Ha yberaromux snektponax (ITYD). Bo nmpornecce
pacpoCTpaHCHUs B aTMOC(l)epe OHU MOT'YT BbI3BATH POXKACHUE raAMMa-KBAHTOB, KOTOPBIC BIIMAKOT
Ha TUHAMHKKY mporecca. [103ToMy BO3ZHHMKAeT HHTEPEC K UCCIEIOBAHHIIO raMMa-KBaHTOB B JIAHHOM
cucTeme.

IIpu nonaganuu B cpeny raMma-KBaHT NPOU3BOJAUT 3JIEKTPOHBI, KOTOPBIE NPU
OTIPeNIEeICHHOW COOCTBEHHOM SHEPTHHU SIBISIFOTCA aKTUBATOpaMHU podosi Ha yOerarommx
3JIEKTPOHAX, IO3TOMY Ba)KHOH XapaKTEPHCTUKON IPO30BOro 00aka sIBJIsSETCs AJMHA podera
ramMa-kBaHTa. OHa, a TaK)Ke pacrpeneseHne POXKISHHbIX KBAHTOB, OBUIH HUCCIIeIOBaHA B JAHHOM
paboTe mpu pa3HbIX XapaKTEPUCTHKAX o0JaKa.

Pe3ynbrare! mony4eHsl B X0A€ MOAEIUPOBAHNS PACIPOCTPAHEHUS 3JIEKTPOHOB B JJABUHE C
noMortpio 6udanorekn Geant4. Mccnenosanbl raMMa-KBaHTBI C HAYaIbHOH 3HeprHei 1, 5, 9 MaB B
noJisix B auanazone 100 - 300 kB/m Ha BbicoTe 10 kM oT noBepxHOCTH 3emuid. OHUM U3 UTOTOB
Hatel paboTsl SIBJIAETCS TO, YTO MOAEIb MPO00st Ha yOEraroIuX 3JIeKTPOHAX JIyYIIe BCEro
COOTBETCTBYET TeOpuH | 'ypeBruda Ha HU3KUX MOJISIX U SHEPIHUsX ramMmMa-ksaHTa. [Ipu nmosbienun
JaHHBIX TAPAMETPOB HAOIIOAA0TCA HECOOTBETCTBHL. Takke OblTa 3aMeveHa JINHeHHas!

3aBUCUMOCTD AJIMHBI npo6era U NJIUHBI 3aTyXaHUA TaMMa-KBaHTa OT BEJIMYWHDBI TTOJIA.
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JOJITOKUBYIIUE METEOPHBIE CJIE/Ibl, COOPMHUPOBAHHBIE ITPU
PAANAJIBHOM PACHIMPEHUU KPYIIHBIX METEOPOU /OB

Muxanes A.B.

HC3®D CO PAH, 2. Hprxymck, Poccus, mikhalevwiszf.irk.ru

CornacHo KJaccuueckoil (PU3NKe METEOPHBIX SBJIEHUI U3JTydYeHUE METEOPOB (POPMHPYETCS
B KOME, T.€. HarpeTol rasoBoil 000JOYKe, COCTOSINEH W3 CMECH BO3[yXa M METEOPHBIX IMapoB,
OOBIYHO COMPOBOKAAETCS INHEHHBIM METEOPHBIM CJIEZIOM BIOJb TPAEKTOPUH METEOPOUA, U 1ajiee
MOXET TpPaHC(OPMHUPOBATBCA TOA [EHCTBHEM TNPEUMYLIECTBEHHBIX BETPOB HAa BBICOTAX
BBICBEUMBAHUSI MeTeopoB. B pabote [1] omucanbl ciiydyan perncTpalid 3JUIHIICOMJANBHBIX WIH
KBa3HKPYTOBBIX OJTOKUBYIIUX METEOPHBIX clienoB. M300paxeHns HEOOBIYHBIX METEOPHBIX
CJIEIOB MHOT/A TOSIBISIIOTCS W B MHTEpHETE (CM., HampuMep, M300pakeHue sSpPKOro Mereopa co
cienoM u3 mnoroka ['emmnunn, 3apeructpupoanHoro 9 nexabps 2010 roma s CAO PAH). B
Ka4eCTBE OCHOBHOW MPOOIEMbI MPH MHTEPIIPETALUN TAKUX CJIEIOB CIEAYET OTMETHUTh MEXaHU3M
00pazoBaHUsi HEOOBIMHON T€OMETPUYECKON CTPYKTYPBI AOITOKUBYIIUX METEOPHBIX CIIEIOB.

B wHactosmeit pabotre paccMaTpuBaeTCs  BO3MOMKHBIH — MeXaHM3M  OOpa3oBaHUs
JOJTOXKUBYIUX METEOPHBIX CJIENOB B paMKaX MOJEIM MCHOBEHHOT'O Pa3pylleHHs METEOPHOTO Tela
MOJ IENCTBHEM adpPOOMHAMUYECKON CHJIBI M IONEPEYHBIM PAaCIINPEHHEM, BIIEpPBbLIE MPEIIOKEHHON B
1979 r. C.C. I'puropstHoM [2] 11 pa3BUTOM B MOCJISAYIOIIUE T'OABI IPYTUMH aBTOPAMH.

Puc.1. KomOunupoBaHHbie
N300paKCHUSL, MOTYYCHHEIC
HAJIOXKCHHUEM  BCIBIIIKH  MeTeopa (B
LCHTPS W300PAKCHUI) U METCOPHOTO
JOATOXKHUBYLIETO cacaa uepes ~ 140 cex
(meBbiit pucyHOK) u ~ 340 cex (mpaBbiit

PHCYHOK).

B paccmatpuBaeMoM COOBITHH MONTOXXKHBYIIMH METEOPHBIA ciien ompenessuics GpopMmoi
METE€OpPOUAa U €ro JUHAMHUKON B MPOLIECCE Pa3pyLUICHHUs] METEOPHOrO Tena. MeTeopHbIi clienl CTal
dbopmupoBarbcsi BONM3M MOBEPXHOCTH TEJla METEOPOHIA NMPU €ro PamualbHOM PACIIUPEHUH U
MPOAOJBHBIM C)KaTUM, YTO COIJlacyercss ¢ Mojenbto I'puropsiHa [2] MrHOBEHHOro paspylleHHs
METEOPHOrO Tejla IOoJ JASHCTBHEM a3pOAMHAMHYECKON CHIBI M TOMEepPeYHBIM paclipeHHeM IpU
paspylLIeHMH METEOpHOro Teja YNPYyrMMU BOJHAMH. MeTeOpHBbIN cien «yxXomuT» B OOpaTHOM
HAIPAaBJIeHUH TPASKTOPUH TOJIeTa OCHOBHOTO TeJla U MOMepeK, 4To coryacyercs ¢ [2].

Panee Obuto mokazano [1], uTo KpymHble MeTeopHble yacTHubl (> 100 MkM) Tpu
TOPU30HTAJIBHOM PACIPOCTPAHEHNH Ha BbICOTAaxX ~ 70-120 KM MOTYT pacnpoCTpaHAThCs O€3 moTepu
CKOPOCTH Ha PacCTOSIHUU AECATKU-COTHU KUJIOMETPOB. B 3TOM ciiyuae cBeueHne METEOpHOro ciena
MOYXET ONPENENSAThCS KJIACCHYECKUMH MEXaHU3MaMH COOCTBEHHOTO CBEYEHHsST  METEOPHOTO
Bemecrea (t.e. Fel, Nal u np. coenuHeHMsMM) W Ta30BBIMH COCTABJISTIOIIUMU aTMOC(HEpHI.
BeposiTHO, 3TO mepBoe 3KCIEepHUMEHTAIbHOE MOATBEPXKACHUE TeopeTuueckoi monenu I'puropsiHa
[2].

Pabora BeInmonHeHa npu puHaHCOBOH noanepkke rpanta PO®H Ne 20-05-00520

1. Muxanes A B., beneukuii Ab., Bacunees P.B u np. // Jlonroxxupymire MeTeOpHbIE CIEIBI.
Connaeuno-zemnas pusuka. 2019. T. 5, Ne 3. C. 130-139.

2. Tpuropssa C.C. O naBWKeHHMM W pa3pylIeHUH METEOPUTOB B arMmocdepax rmmiaHer //
Kocmuueckue nccnenoanust. 1979 T. 17, Ne 6. C. 875-893.
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BJIUSAHUE CIJIbHBIX MATHUTHBIX BYPb HA PEKYPPEHTHBII
HEPUO/I ITOBTOPAIOINXCA BEMJIETPACEHUUN

HoBukos B.A., OxyHes B.W., Kimouxkun B.H.

OUBT PAH, . Mocksa, Poccus, novikovi@ihed.ras.ru

[TonyueHHBIE B MOCIIEAHEE BPEMsI PE3yJIbTAThl aHAIN3A BCIUIECKA II00aTbHON M perHOHAIbHON
CEHCMUYECKON aKTUBHOCTH IOCJE CUJIBHOW COJHEYHOHM BCHBINIKK Kiacca X9.3 u mocnenosaslIen
3a Heil marmmtHOW Oypu 8 centsaOps 2017 r. (Kp=8) [1] BHOBBb yka3amu Ha BO3MOKHOCTb
uHUOuMpoBaHust  3emuerpsiceanii  (3T) CcumbHBIME — BapHanMsAMH  TE€OMArHUTHOTO  TIOJ,
TeHEPUPYIOLINMH BCIUIECK T[€OMAarHUTHO-UHAynupoBaHHbIX TokoB (I'MT) B mposomsimux
CEMICMOTeHHBIX pa3jioMax 3€MHOW KOpbl. B 1omojHeHWe K TIOJEBBIM HAONIOOSHHSIM, B
1ab0OpaTOPHBIX HKCIEPUMEHTAaX Ha MPYKUHHO-OJ04YHONM Moxmenu [2, 3] HpOAEeMOHCTPUPOBAH
TpUrrepHbIii 3p¢EeKT HMIyJabca TOKa, MOAABAEMOTO B HMHTATOP pa3jioMa 3€MHOH KOpBI H
uHuuupyoero gadoparopuoe "3T". IIpu 3ToMm Bo3neiicTBrue Toka Hanboee 3¢pGeKTHBHO, KOrna
CABUTOBBIE HAIPSKEHUSI B MOJEJIBHOM pasjioMe HaxonsATcs Ha yposHe 0,98-0,99 ot kputuueckoro
3HaueHus [3]. Mexanusm unununposaHus 3T a/ekTpuueckM TOKOM IOKa A0 KOHLIA HE sSICEH, NpU
3TOM B JIADOPATOPHBIX YCJIOBUSX IUIOTHOCTh TOKA, MHULMHPYIOLIETO MOIENBHOE CEHCMUYECKOe
coOBbITHE, Ha HECKOJIbKO MOpsinKoB mpebimmaer oneHku miotTHocTd [T B odare 3T. B cBsizu ¢
3TUM HEOOXOIUMO TPOMOJIKHTH TIOMCK JOMOJNHUTENbHBIX (PAKTOB, TMOATBEPKOAOINX (HIIH
OTIPOBEPTaIOIINX ) TAKOH TPUTTEPHBIH 3PP EKT.

Karanoru 3T, koTopble MOBTOPSAIOTCS HEOMHOKPATHO B OJHOM M TOM K€ MECTE, C OAHOM U TOH
MarHUTyA0H W MPUMEPHO C OIHUM U TEM K€ PEKYPPEHTHBIM NepHOaoM (MEPUOJOM HAKOILJICHHUS
CIIBUTOBBIX HAIpPSUKEHHWH B pasioMe A0 ouepenHoro 37T) sBISIOTCS MaeadbHbIMH 0a3aMy JaHHBIX
IUIi  TIPOBEPKH BJIMSHUSL CHJIBHBIX TE€OMAarHUTHBIX Oypb Ha BpeMs BO3HUKHOBeHHMs 3T.
ITosTopsiromuecs: 3T oOHapyskeHBI B pa3iuuHBIX perroHax 3emHoro mapa (Kamudopuus, Kurai,
Anonus). Hamu ucronp3oBan katanor 165 cemeiicTs, comepkamux ~ 2500 moBropsirommxcst 3T
Hentpansaoii Kamudopuuu [4] 1  TOpoOBEPKH  BEPOSTHOCTH W3MEHEHHs] HHTEPBAJIOB
nostopsiemoctu 3T mox BO3nEHCTBHEM CHIIbHBIX MarHUTHBIX Oypb ¢ Kp=8-9 [5]. [Tockonbky BCaen
3a sokampHeIM 3T 2004 r. Parkfield ¢ maramtymoii M6 mocnenoBany siBHbIE W3MEHEHUS
PEKYPPEHTHOrO NMEPUOAA BCIEACTBUE JUHAMMYECKOTO BO3IEHUCTBHUS, TO aHAJINU3 MPOBENEH TOJIBKO
IO MOMEHTa ero BO3HUKHOBeHHs. Mcrnonb3oBaH Metrox Monte-Kapno [4] st cpaBHeHuUs
HaOJIF01aeMOr0 YHCiIa YKOPOUSHHBIX MHTEPBAJIOB TIOBTOPEHHS MOCIE T€OMArHUTHBIX BO3MYIIIEHUN
C pacmpeneseHueM 35TOrO YHUCJA, OLEHEHHBbIM [JIs1 PAHAOMHU3HUPOBAHHBIX BPEMEH BO3MYILECHMS.
Pe3ynbraTel CBUAETENBCTBYIOT O C1a0O0i KOPPEISIIMHA MEXKIYy N€OMAarHUTHBIMHA BO3MYIIEHUSIMH C
Kp=8-9 u cokpamennbiMu nHTepBasiamu noBropsiemoctu 3T. Tem He MeHee, CleayeT OTMETHUTH,
YTO TMOJIy4eHHBbIH KO3()(PHULMEHT KOppeNsiuH MPEBBIIACT aHAJIOTUYHOE 3HAYEHHE, PACCUUTAHHOE
I JUHAMUYEeCKUX BO3leNcTBUI [4] Ha pekyppeHTHbI mepuop, mnoutd B 2 pasa. Ilpu stom
OMHAMUYECKas TPUITEPHAs CEHCMHYHOCTB SIBISIETCS OOLIENPU3HAHHBIM U JTOKa3aHHBIM (aKTOM,
CYLIECTBYIOIEM B MPHUPOAE, 4YTO SBJISETCS MNOMOJHUTENBbHBIM MOATBEPKIAECHUEM PEANbHOIO
CYIIECTBOBAHMS U 3JIEKTPOMArHUTHOTO HHUIMUPOBAHUs 3T CHIbHBIMU Fr€OMarHUTHBIMH Oy PSIMH.

UccnenoBanue BeimonHeHO npu ¢puHaHCOBOM nognepkke PODU u [N'ocynapcTeennoro ¢onna
ecTtecTBeHHbIX Hayk Kuras B pamkax Hay4ynoro npoekrta Ne 21-51-53053.

1. Novikov V.A. et al // Annals of Geophysics 2020. V. 63, 5. PA554.

2. Novikov V.A. et al // Earthquake Science 2017. V.30, 167-172.

3. HoBukoB B.A. u np. // Tpurepnsie 3¢ydextnl B reocucremax 2017. C. 174-176.

4. Wu C. et al // Geophys. Res. Lett. 2014. V. 41, P.1499-1505.

5. https://www.spaceweatherlive.com/ru/avroralnaya-aktivnost/tor-50-reyting-geomagnitnyh-
shtormov.html




228

Ouenka komyecTBa yoeramoumx 31eKTpoHoB B atmochepe 3emiin

T.M.XamutoB, M.E. 3enénnrii, A.A.Ho3uk, E.K. CBeunuxona, E.M.Ctagnuuyk

Mocrosckuii puzuxo-mexnuueckuit uHCmumym (HaOYUOHATbHBII UCCIE008AMENbCKU
YHUGepcument)
hamitov.tm@phystech.edu

B nocnennee BpeMst HHTEpEC MHOTHX UCCIIEAOBATENIEH BbI3BIBAIOT TAK HA3bIBAEMBIE JIABIUHBI
yberaromux 35ekTpoHoB (RREA). CyiecTByeT MHOKECTBO MOZEIIEH, OMUCHIBAIOIIHX 3TO
sBieHne. B HenaBHel cTarbe [ 1] mpeacraBieHo MOAETHPOBAHNE JJABUH METOIOM
Monte-Kapno. B cratee paccMmarpuBaeTcs nepexon OT JIJABUHBI K CTPUMEPY 4epes
KPUTHYECKYIO CTAIHI0, KOraa COOCTBEHHOE MOJIe CTAHOBUTCS COMOCTABUMBIM C BHELITHHM
nojieM. Ho B Hamel pabore [2] cOOCTBEHHOE TOJI€ JIABUHBI HE YUUTBHIBAETCS, TAK KaK B
HallleM MOJETUPOBAHUH JIABUHA HE TOCTUTAET KPUTHUECKOU cTanuu. OOHUM U3 OCHOBHBIX
pe3ynsTaToB [1] sSBIseTCs OLIEHKA KOMUYECTBA JJIEKTPOHOB B OnHOM taBuHe:; 107-10" . D10
3HAUEHUE 3HAYUTEIbHO MPEBIIIAST 3HAYCHUs], MPEACTaBJICHHbIE B HAIINX pacueTax. Paznuia
MOYKET OBITh CBSI3aHA C HEKOTOPBIMH MPHUOJIIKEHUSIMU, CIIETAHHBIMU B cTaThe [1].
Pesynrrarst Mmogenuposanus B GEANT4 noka3pIBatOT COMHUTENIBHOCTD BBIBOIOB,
cnenanHbiX B [1], noe kommyuecTBo 351ekTpoHOB B RREA cunibHO 3aBbineHo. UToOb!
MPOUJUTIOCTPUPOBATH (PU3UYECKYIO MPUYHHY OTPAHUYESHHS YMCIa YACTHII, MbI A€M TPOCTYIO
AQHAJIUTUYECKYIO OLIEHKY BEPXHEHU rpaHULIbI.

Jluteparypa:

1)The critical avalanche of runaway electrons, Evgeny Oreshkin ,EPL, 124 1 (2018) 15001
DOI: https://doi.org/10.1209/0295-5075/124/15001

2)Estimation of number of runaway electrons per avalanche in Earth's atmosphere

T. Khamitov, A. Nozik, E. Stadnichuk, E. Svechnikova and M. Zelenyi

EPL, 132 3 (2020) 35001

DOTI: https://doi.org/10.1209/0295-5075/132/35001
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MOHMTOPHHT 3JIEKTPOMATHUTHOTO «3arpsi3HEHN S 0K0JI03eMHOT0 KOCMUYeCKOI0
NPOCTPAHCTBA

ununenko B.A., ®exopos E.H., Ma3yp H.T.
WncturyT Ppusuxu 3emmu PAH, Mocksa

SHGKTpOMaFHI/ITHbIe HUMITYJIBCBI U H3JIYUCHUA SABJIAKOTCA HE TOJIBKO TOHKUM HWHAUKATOPOM BOSMYH_IGHI/Iﬁ
KOCMHYECKOU IIoroanl, aTMOC(beprIX ﬂBHeHHfI, A TEXHOI€HHOU ACATCIIbHOCTH, HO W PE30HAHCHO
BO3ACHCTBYIOT HA [MHAMHKY BBICOKOSHEPTHYHBIX YaCTHI B 3eMHOH wmarautochepe. Ilo nmaHHBIM
MarHUTOMETPOB M 3JEKTPUYECKHMX AaHTEHH Ha OOpTy HHU3KOOPOHWTAJbHBIX CITyTHHKOB OOHApY KEHBI
SJIEKTPOMArHUTHBIE IIYMBbI B BepxHeH wnoHOc(]epe, co3maBaembie aTMOCHEpPHON TPO3OBON AKTHBHOCTBIO,
kKaractpopuueckuMu  TalipyHaMy, Ha3eMHBIMH IepeNaTYdukaMd W JUHHSAMH  3JIEKTpoIepenad.
AHTPONOTEHHOE 3JIEKTPOMArHUTHOE 3arpsi3HEHHE OKOJO3€MHOI'O MPOCTPAHCTBA IMOCTOSHHO HApacTaeT Mo
Mepe HWHAYCTPUANBHOIO TMporpecca, W yxke B Ommwkadmee BpeMs 3emiisi OyIeT HaXOOUTbCS B
SJICKTPOMAarouTHOM OKPYXKCHUHU, CO3JaBa€MbIM HE MNPUPOAHBIMU MpOoHECCAMHU, a HpOMbIH.UIGHHOfI
TESITEIbHOCTBIO UEJIOBEKa. JTO OOCTOATENBCTBO ¢ HEM30EKHOCTBIO CKaKETCA Ha MPOTEKAHUH MPOLIECCOB B
IJa3Me OKOJIO3€MHOro mpoctpaHcTBa. Hamu pa3pa®oTaHbl 4YHCIEHHbIE MOZIENH PacCIpPOCTPAHEHUS
3JIEKTPOMATHUTHBIX UMITYJIbCOB M M3JYYEHUH OT Pa3JIMYHBIX THIIOB MCTOYHHMKOB B BEPXHIOK HOHOC(hepy
3emuu: TPO30BBIX paspsanoB, pabdorel ELF mepematumkoB, ceredl mpombiiuieHHbIX S50/60 Ty nuHui
3JIEKTpoIepenay.
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BBICTPBIE MI'JI-BOJIHBI B AKTUBHBIX PAHOHAX COJTHEYHOI
KOPOHBI

Odman’, JI., JIro 2, B.

THACA Ilenmp Kocmuueckux Horemos I'oooapoa u Kamonuueckuii Ynusepcumem Amepuxu,
1 punéenm, Mapuneno, CILIA, ofman(acua.edu

2Jlab6opamopusi conneunoii puzuxu u acmpogusuxu Jloxxuo-Mapmuna, Iano-Anemo,
Kanudgopnus, CLLIA; BAERI, Mogdem Duno, Kanughopnus, CLLIA; Jlabopamopus
akcnepumenmansroli gusuxu Xancena, Cmonogopockuii ynueepcumem, Cmaonghopo,
Kanugpopnus, CILLIA

KBasunepuoanueckue ObICTpble MArHUTO3BYKOBbIe BONHBI ((QFP) B COMHEUHBIX KOPOHAJIBHBIX
aKkTUBHBIX 00nacTsx (AR) Habmogar0TCs BO BpeMst HEKOTOPBIX BCIbIIKax B Teneckorne SDO/ATA
B aMuccun EUV u acconunpyroTcs ¢ myJibcaisiMu Benblilek [1]. DTH BONHbBI pacpOCTPaHAIOTCS
co ckopocThio ~ 1000 kM/C 1 IEPEHOCST 3HAUYUTENbHBIN MOTOK Hepruu. Habmonaembie cBoOlicTBA
BosH QFP ncronb3yroT A5 KOpOHaNbHOM ceiicmosioruu B couetanuu ¢ MI'J] MopenupoBaHueM
[2,3]. Habmomaembie QFP BOmHBI MOTYT AOCTHYL OOJBIINX AaMIUIUTYA C HEIMHEHHBIMU
s exTamu, a TakKe MOTYT B3aMMOAEHCTBOBATh ¢ npyrumu MI'J] BoaHamu. MBI MOKa3bIBaeM
pe3ynbrathl Hatmx 3D MI'J] moneneit BoH QFP B KOpOHaIbHBIX aKTUBHBIX O0JIACTSIX, UCCIIEAY S
FeHEepaLMIio, PACHPOCTPAHEHUE, W OTpakeHue 3TUX BONH. Hamm Monmenun IEeMOHCTPUPYIOT
JTMHEHHBIE W HETMHEHbIe OCOOEHHOCTH BOJTH, a TAK)KE HEIMHEMHYIO TeHEPALIMIO CTOSTYUX BOJH B
MarHUTHBIX NeTsax. Taxke, Mbl MOKa3bIBaeM pe3yibTaThl IpuMeHeHust BoH QFP B kopoHanbHOM
CEeMCMOJIOTHH /IJIs OTIPENIEICHNS] MATHUTHBIX M TETUIOBBIX CBOMCTB AKTUBHBIX O0JIACTSIX COJIHEYHOE
KOPOHBL

[1] Liu, W., Ofman, L., Solar Physics, 289, 3233, doi: 10.1007/s11207-014-0528-4, 2014.
[2] Ofman, L., Liu, W, Title, A M., Aschwanden, M.J., ApJ, 740, L33, doi: 10.1088 /2041-
8205/740/2/1.33, 2011.

[3] Ofman, L., Liu, W., ApJ, 860, 54, doi: 10.3847/1538-4357/aac2e8, 2018.
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PG IIYJbCAIMHU, HABJIIOJAEMBIE CHYTHUKAMM ARASE, GOES
HA3ZEMHbBIMU CTAHIOUAMHN

.1
B.b. beiaxoBckuii , B.A, HI/IJ‘[I/IHCHKOZ, K. HlnomaBa3, E. Muomn®

1 . y
— Ilonapusiii eeoghusuyveckuii uncmumym, 2. Anamumuot

2
— Hucmumym ¢husuxu 3emnu PAH, 2. Mockea

3
— Uncmumym uccie0o8anus OKOI03eMHO20 KOCMUYECKO20 NPOCMpancmeq, 2. Haeos, Anonus

A6crpakr. B padore uccnenosana gusudeckas npupona Pg (pulsation giant) mynpcanmii, KOTOpbIe
HaOIIOMaMuch B MarHutocepe AMOHCKHMM CHYTHUKOM Arase, IeOCTallMOHAPHBIMU CITyTHHKAMHU
GOES u nasemupiMu craniusimu cereii THEMIS, CARISMA. Pg nynbcanuu otHocsATcsa k Pc4
YaCTOTHOMY [IHMaIa3oHy, Ul HUX XapakTepHa MoHoxpomatuuHas (opma. [list cobbrrusa 4 mas
2017 roma mo AaHHBIM CITyTHUKA Arase BOJHOBOH maker Pg mynbcaumii ObLT 3aperucTpupOBaH B
nocyenonyHodHoM cektope MLT B untepBane 08-10 UT. Ilynbcanuu HauOosiee BBIPasKEHBI B
paavanbHON KOMIIOHEHTE€ TE€OMarHWTHOIO IOJIsA, MX 4YacToTa cocTtasisna okono 13 mln. Pg
NyJbCalliy, HaOIOgaeMble B MarHUTOC(hepe, COMPOBOKAAINCH MYJIbCALUSIMH C TEM K€ MePHOAOM
MO JaHHBIM pPsla HA3€MHBIX MArHUTHBIX CTaHLUWH, HaXOMSIIIMUXCA BOJH3U COMPSDKEHHOW TOYKH.
Haubonee cunbHO Mynbcaluy MO JAHHBIM HA3€MHBIX CTAHIMH OBUIM BBIPAKEHBI B Y -KOMIIOHEHTE
I€OMAarHUTHOro nojsi. Pg mynbcaruu BO30Y)KOAINMCh TNMPH OYEHb CIIOKOMHBIX TI'€OMAarHUTHBIX
yenosusax (SYM-H = 10 uTn, AE=100-150 ©Tn). Ilpeamonaraercs, 4YTO pacUIMpEeHHE
asMocepel pU HU3KOH TeOMAarHUTHOH AaKTHBHOCTH MPHUBOAMT K YBEJIHWYEHHUIO IUIOTHOCTU
IUIa3Mbl B paiiOHE T€OCTALMOHAPHON OpPOWUTHL, YTO CO31aeT ONaronmpusATHBIE YCIOBUS IS
BO30yxkaeHuss Pg mynbcanmii 3a cuer apeli-OayHC pe3OHAHCA MPOTOHOB U CHJIOBBIX JIMHHN
Te€OMarHUTHOTO TOJIsi B MarHuTocgepe.
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HPOCTPAHCTBEHHAS CTPYKTYPA HOHHO-NOHHBIX I'MBPUAHBIX YHY-BOJIH
B MATHUTOC®EPHOU IIJIASME, ObOI'AINEHHOU TAKEJBIMA HOHAMU

0.C. Muxaiinosa, /I.10. Knumymkusn, II.H. Marep

HC3D CO PAH, 2. Hpxymeck, Poccus, o_mikhailova@iszf.irk.ru

UccnenoBana  MpOCTPAaHCTBEHHAs  CTPYKTypa  HMOHHO-MOHHBIX  TuOpuanbix  (MUI)
ynbTpanuskodactoTHeix (YHY) BonH auamasona Pcl. DTw BOJNHBI BO3HHMKAKT B IJIa3ME B
NPUCYTCTBUHM TsDKeNbIX HOHOB. llomoGHO anbdBeHoBckum BonHam, MHWI-Boanbl Moryr ObITH
TOPOUAAIBHBIMU UJM NoNouaadbHbIMU. M3-3a paznuuusi Mexay TOPOMAAIBHON M MOJOUOaNbHON
4acTOTaMU B MarHutocdepe MoxKeT cPOPMHPOBATHCS MOMEPEYHBIH BOJHOBO AJISI TIOJOUAATBHBIX
HUUTI-BonH. Pe3oHaTop BO3HMKaeT BOJM3M JIOKAJIBHOTO MHHUMyMa TOJOHAAJIBHONH YacTOTHI.
IMupura pe3oHAaTOpa M CHEKTP COOCTBEHHBIX HaCTOT 3aBHUCAT OT IIOTHOCTH W KOHLEHTPAINU
TsDKEJIBIX HOHOB B muasMe. [lonydena nosHas npoctpancteeHHas crpykrypa MHUI-Boan. [Tonyuena
Oeryas o a3uMyTy BOJIHA, JIOKAJTU30BAHHAS 110 PAJUYCY U B HATIPABJIEHUH BIIOJIb CUJIOBBIX JIMHHH.

PaGora BbImonHeHa B pamkax 0asoBoro ¢punHaHcuposanus nporpammsl @®HU 11.16 UC3® CO
PAH, a takxe npu yacTU4HOHN noaaepxkke rpantoM POOH Ne20-55-530009.

1. Mikhailova O.S., Mager P.N., Klimushkin D.Yu. // Plasma Physics and Controlled Fusion.
2020. V.62. P. 025026.

2. Mikhailova O.S., Mager P.N., Klimushkin D.Yu. // Plasma Physics and Controlled Fusion.
2020. V.62. P. 095008.
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COBCTBEHHBIE KOJIEBAHUANX BHENIHUX I'PAHULL MATHUTOCOEPLI U UX CBA3b
C MATHUTOC®EPHBIMU PESOHAHCAMU

Capun C. IL.“, JIsxos B. B.”, Hemaaum B.M. 2, 3eaenprii JI. M. %,
Kaumos C. .7, Ckaabckuii C. A. 7, JTexen JI. A."

“UKH PAH, P®, ssavin@jiki.rssi.ru
,bDT O "Institute of lonosphere”, Almaty, Kazakhstan,

Mel BHepBBIE HCCAEAYEM JIMHEHHBIE HEYCTOMYMBOCTU YAAPHON BOJHBI U HX CBSA3b C
PE30HAHCAMU Y MarHUTOIAay3bl U BHYTPH HEE YePe3 HEJMHEHHbIE PE30HAHCHI U KACKAIbl.

Mpbl paccmaTpuBaeM YIOApHYH BOJIHY Kak IUIOCKYH0 MeMOpaHy, 3aKperuleHHYK B
MOJICOJTHEYHOH TOUYKe. JTO NMPUONMKEHHE MOXKHO CUHUTATh NPUONU3UTENBHO CIPABEIJIMBBIM 10
PacCTOsiHUSL OT MOACOJIHEYHOW TOYKH OKOoJIO 10 Rp B aHTHCONHEYHOM HAmNpaBIEHUHM BAOJb OCU
Connue — 3ems.

Mpbl npuMeHsIH TIOJO00HOE NPHUONIKEHHE Ui MAarHUTOINAy3bl, HO CYUTAJH, 4YTO OHA
3akperuieHa no kpasm [1]. B [1] mbl monyumnm mist pasmepa mysOpansl 10 Rp MuHHManbHyro
JTUHENHYI0 pe3oHaHcHyro wactory 0.6 mlm, a mms 25 Ry — okomo 024 mlu. Opnako, B
SKCIIEPUMEHTE HAONIOJAI0TCA CIEKTPajbHble M OU-CHEKTPAJbHbIE MAaKCUMyMbl M 3X-BOJIHOBBIE
KackaJlbl Ha pe30HaHCHbIX yacToTax npumepHo ao 0.002 mI'u. B [1] MbI npeanonokuiam, 4To 310
COOCTBEHHBIC PE30OHAHCHI YAAPHON BOJIHBI.

Hama HOBas mopene noareep:kaaer 5T10. Kpome TOro, Mbl NMONy4YWIM U TapMOHHKY
BOMM3n 0.24 mI 1, KOTOpast HANPSMYO MOKET B3aUMOAEHCTBOBATh PE30HAHCOM Ha MarHUTOMNAy3e.

Mpl npuBOAMM AaHHBIE, KOTOPBIE MOKA3BIBAKOT, YTO NMPUMEPHO B MOJIOBHHE CIIy4aeB
PE30HAHCBl MOTYT BO30Y)XKIATbCSI HA YyNAPHOH BOJHE M IyTEM HEJIMHEHHBIX 3X-BOJHOBBIX
pe30oHaHCOB BO30yknaTh Ooyiee BBICOKOYACTOTHBIE COKMMaeMble MEMOpaHHBIE PE30HAHCHI Y
marHuTomnayssl. llociaenHue, B CBOKO odepenb, BO3OYKHAIOT — TakXke dYepe3 HETMHEHHBIe
B3aUMOJIEHCTBHSA — elle 00Jee BhICOKOYACTOTHBIE AJIbBEHOBCKHE PE30HAHCHI MATHUTHBIX CHUJIOBBIX
TUHUAN. DTH KoebaHusl U JOXOIAT 0 3eMJTH, ITIe PErHCTPUPYIOTCS B BUIE «MAarn4eCKUX 4acToTy:

0,7, 1,3; 1,9, 2,6; 3,3; 4,8,... M1

B 48% cnyuaeB pe3oHaHCHI CHa4Yana BO30YKIAIOTCS Y MATHUTOIAY3bI, & TOTOM BOBJIEKAIOT
B PE30OHAHC W YAAPHYK BOJIHY, W CHJIOBbIe JuHWH. [lpmueM wu3-3a Oojbluell AJTbBEHOBCKOMN
CKOpPOCTH B MarHuToc(epe pe30HaHChI CHavaIa HaOIOJar0TCs Ha 3emite.

1. C.IIL Casun u ap., KIOT®, 2021, Tom 159, Bem. 2, ctp. 1-11, COBCTBEHHBIE
KOJIEBAHUS TPAHULILI MATHUTHOI'O BAPBEPA, OSTEKAEMOI'O ITJTAZMOM:
MEMBPAHHA 1 MOJIEJIb TPAHULIBI, IMHEMHBIE U HEJTUHEUHBIE
PE3OHAHCBI 1 CBA3M C BHYTPEHHUMU MOJAMMU.
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I''IOBAJIBHOE HABJIIOJAEHUE ITOJIOUJAAJIBHBIX PC4-5 BOJIH B
MATHUTOC®EPE, BbI3BAHHBIX CYBBYPEN

Py6uos A.B."%, Muxaiinosa O.C.}, Knumymkun IO

1 y -
Hucmumym conneuno-zemnoti pusuxu CO PAH, e. Upxymck, Poccus, avrubtsov@iszfirk.ru

2 . N )

HUH npurnaonoii ghuzuxu, Upkymcekuii 2ocyoapcmeentutii ynueepcumem, 2. Upkymcek, Poccus

JlaHHOe WuCClIeOBaHME TPEACTABISIET aHANIU3 BOJH nuamnasoHa Pc4-5, HaOmromaBmmuxcs
cnytaukamu muccuii Van Allen Probes, THEMIS u GOES B mupokom a3uMyTaibHOM cekTope (OT
7 no 17 MLT) u Ha pa3nu4HbIX paccTossHusX oT 3emiu (4.5-8 Rg) B Teuenne ~12 gacos. [lepsoe
HaOJTIOIEHUE BOJTH COBIIAJIO MO BPEMEHH C M30JMPOBAHHOM cyO0ypeit.

ITo naHHBIM MarHMTHOTO MOJS OMPENENIEHO, YTO BOJHBI UMEIOT MOJIONAATIbHYIO MONSPU3ALIHIO,
a KonebaHus MPencTaBIsAoT co0oi Onenunsi. YacTora BOJIH HAXOOUTCA B mpenenax ot 5 go 15 ml .
To4yHoe 3HaueHHe YacTOTHI MEHSETCS B 3aBHCUMOCTH OT L-000510uKkM 1 OT MOMEHTa HaOJIrOAeHUs
BOsHBL. OQOHAapy’KeH CTYINEHYAThId XapakTep yOBIBAHUS 4YacTOTHI NMPH yOAJIEHUH OT 3eMiH (o
nanHbiM Muccuun THEMIS). Perucrpanust BoiHbI Ha OOHOH U ToH ke L-o0oiouke, HO B pa3HbIe
MOMEHTBI BPEMEHH, MMOKa3ana yBelndeHne HaOmonaemMon gactorel (o nanasM muccuii GOES u
Van Allen Probes). AsumyTanbHoe pacnpeneneHrne KOCMIYECKUX arlapaToB HE OKA3aJl0 BIIHMSTHUS
Ha Ha0Jr0aeMble mapaMeTphbl BOJIHBL.

MexaHn3MOM TeHepaly BOJHBI SIBISIETCS PE30HAHC CHUJIOBBIX JUHHMNA. OpnHako koneOaHus
MIOTOKOB MOHOB U 3JIEKTPOHOB HE MMEIOT OJHO3HAYHOTO CXOJCTBA C KOJNEOaHMSAMU MAarHUTHOTO
MoJIl M3-3a 4ero 3aTPYAHUTENbHO OIpeNeuTbh 3HEPrHi0 pe3oHupyrolux dactull. Ha naHHBIM
MOMEHT MBI IIPEAIONaraeM, 4To pe30HaHCHAsl SHEPrusl HAXOAUTCs B auamnasoHe ot 25 no 100 x3B.
OnHako OMHOBPEMEHHO C KOJIEDAHUSMH MArHUTHOTO MOJis HAONOAAaeTcsl MosiBIeHHe OOJBIIOro
Konu4ecTBa XojomHeix uactun (<100 3B). 3HaueHHMs a3sUMyTaJbHOrO BOJHOBOTO YHCIA,
noJiy4eHHble Onaronapst 3¢ ¢GexkTy KOHEYHOTO JapMOPOBCKOTO paguyca, HaXOAATCs B JUAMa30He OT
—20 1o —80, YTO COOTBETCTBYET a3UMYTAIbHO-MEIKOMACIITAOHO! BOJHE.

Uccnenosanue BrImosHeHO npu $uHaHcoBoW noanepkke PODOU n 'PEH Kuras B pamkax
Hay4yHOro npoekrta Ne 20-55-53009.
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POJIb MATHUTOC®EPHOI KOHBEKIINU B TEHEPAIINA 1
PAITPOCTPAHEHUH 110 ASBUMYTY U MEPUTUAHY Pi3
I'EOMATI'HUTHBIX ITYJIbCAIINUU

Momucees A.B.

HK®HA CO PAH, 2. Axymck, Poccus, moiseev(@ikfia.ysn.ru

Ha mpumepe coOweitusi 8 nmexabpsi 2017 r. paccmarpuBaercs auHamuka Pi3 mymbcanmit (c
nepuogoM T=20-30 MUH), PErHCTPHPOBABIIUXCS B IOJIYHOYHOM CEKTOpE MarHuTochepbl ¢
MAaKCHUMaJbHOH WHTEHCHBHOCTBIO B 00JaCTH HMOHOC(EPHOH MPOEKUUH KOHBEKIIMOHHBIX
snextpoctpyii DP 2 TokoBoil cucrtembl. Pi3 mynbcanmmm B AaHHOM COOBITHH ObUTH OCOOEHHO
XOPOLIO BBIPAXKEHBI B MPEANOJYHOUHOM CeKTOpe ¢ aMmuTyaon 10 300 HTn u nauTenbHOCTBIO 10
2.5 yacoB. AMmiuTyna myibcauuii ObICTPO cHajana ¢ yMEHbLIEHHEeM IHpOTel oT ©’=72° no
@’=63°. dopma kojedaHUll CYIIECTBEHHO paziuyanach B pasHbix cekropax MLT. CoOwitue
perucTpupoBasioch Ha (aze crana BHICOKOCKOPOCTHOTO TOTOKA COJHEYHOI'O BETPA B OTCYTCTBHH
MarHuTHOH OypH B WHTEpBaJie, XapaKTEePH3YIOLIEMCs FOXKHBIM HaIpaBlieHHeM Bz KOMITOHEHTBI
MeKIUTaHeTHOro MarHuTHoro nosist (MMII). B Bz komnoreare MMIT HaOmonanuch upperyssipHbie
konebaHusl B AMana3zoHe 4actoT Pi3, mpu 3TOM 3aMETHBIX W3MEHEHHH NWHAMHYECKOTO NaBJICHUS
COJHEeYHOro Berpa He Habmromanock. I[lo Ha3eMHBIM T€OMAarHUTHBIM HAOJIOAEHUSM OOHAPYKEHO
a3UMYTAJIbHOE PACIpPOCTPaHeHWe TmyJbcaluii co ckopocteio 0.6-10.6 KkM/Cc Ha BOCTOK B
MOCJIENIONYHOUHOM U Ha 3amaj B MPEANOJyHOUHOM CeKTope. AHaiu3 AMHAMUKM MyJbCalluil Mo
MEpUNaHy BBIABHJI UX PACIPOCTPAHEHUE K HKBATOPY cO ckopocthio 0.7-7.9 xm/c. B mpoeknnu Ha
MarHuTocepy CKOpocTH ONM3KU MO BEJUYMHE K HAOMFOAaeMbIM CKOPOCTSIM PacpOCTPaHEHUs
cyOOypeBbIX MHKEKLHUH 3JEKTPOHOB. B yTpeHHeM cekTope MarHUTOC(epbl BO BpeMs Ha3eMHBIX
NyJbCALUN PErHCTPUPOBAINCH MEJIKOMACIITAOHbIE OCHMUIILIMY HEBHIUMBIE HAa 3eMJIe 1 NMEIOLIHe
npeodIamaroIy0 KOMIPECCHOHHYIO KOMITOHEHTY .

[Ipenmonaraercs, 4TO pacmpoCTpaHEHHWE KoJeOaHUI T€OMArHUTHOTO TOJsI B 3TOM COOBITHH
OTIpeneNsAeTCs] JUHAMHUKOW WHXXEKTHPOBAHHBIX YAaCTHULl MOJ MACHCTBHEM KPYITHOMACHITaOHOTO
3JIEKTPUYECKOTO TIOJsI MAarHUTOC(PEpPHONH KOHBEKIUH, KOTOpAasl BBI3BIBAET IBMKEHHE IUIA3MBI K
3emiie BCJIEACTBHE MEPECOCAMHEHUS] B XBOCTE MarHuTocdepsl. MenkomacmraOHble KojeOaH!s B
MarHuTochepe ObUIM BTOPHUYHBIMH, BO30YXKHaeMbIMH KOJEOAHUSMH COJIHEYHOTO  BETPA,
IPOHUKAOIUMHI B MarHUTOChHEpy.

PaGora BeImonHEeHa mnpu uacTHYHOW mnoxanepxke Poccuiickoro ¢oHnma (yHIaMeHTaIbHBIX
uccienosanui, npoext Ne 18-45-140037.
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ITPOBJIEMA YCTOMYNUBOCTH PEHIEHA OBOBIIIEHHOI'O
HEJIMHENHOT'O YPABHEHUA HPEIUHI'EPA B HEOJHOPOJHBIX
N HECTAIHMOHAPHBIX CPEJTIAX

benamos B.10., Xapmuaanse O.A., beramosa E.C.

K@YV, . Kazans, Poccus, vybelashov(@yahoo.com

Ecnu B cucreme BK [1, 2]
atu +A(f,u)u :f, f :GIjCOOALudx+f'> AJ_ — af] +a§

OIepaTop UMeeT BUJ A(Z, u)=i [y| u |2 —B&3]+ /2, ona npencrasisier coboii 3D obobmenHoe
ypasuenue Lpenunrepa (3-GNLS) [2, 3]:

atu+iy|u|2u—i88§u+(oc/2)u:GEDALuderf', (1)

rne o, B,y =0, x,v,2), f'=f"(t,x,y,z), u (o./2)u ONUCHIBAET TUCCHUITATUBHBIC 3(PPEKThI, a U —

orudaroInasi BOJHOBOTO Takera (MMmyJibca). YpaBHeHHe (1) OMUCBHIBAeT AMHAMHUKY Orudaroineit
MOZYJIMPOBAHHBIX HEJIMHEHHBIX BOJH U UMIYJIbCOB (BOJHOBBIX TIAKETOB) B CPEAax ¢ AUCMEPCUEH U
UMEeT MHOTOYHCIIEHHbIE BaXKHbIE NPUIOKEHHUS B (U3UKE IUIA3Mbl (HAIPUMEp, OIMCHIBAET
pacmpocTpaHeHHe JIGHTMIOPOBCKMX BOJIH B TropsYeidl  TuiasMme), HEJIWHEWHOH  ONTHKE
(pacmipocTpaHeHHe CBETOBBIX HUMIYJIBCOB B KPUCTAJUIAX, ONTOBOJOKHE M IJIOCKUX ONTHYECKHX
BOJIHOBO/IAX), OHO OINMWCBHIBAET, B HYACTHOCTH, TaKWE€ SBJCHUS, KaK TypOyJEHTHOCTb, BOJHOBOU
KOJIJTATIC M ONTHYECKash CcaMO(OKYyCHPOBKA. YPaBHEHHE HCIIONB3YETCS W B JPYIUX OOJIacTsx
$u3MKU — TaKUX, HAIpPUMEpP, KaK TEOpHs CBEPXIPOBOAMMOCTH M (PU3MKAa HU3KUX Temrepatyp (B
gacTHOCTH, 00bIaHOE ypaBHeHHe NLS ectb ynpomenHast 1D ¢opma ypaBuenus ['un3bypra-Jlannay
(1950), BBEmEHHOTr0 WMH NPH OMHUCAHUU CBEPXIPOBOAMMOCTH), TPABUTALMOHHBIC BOJIHBI MaJOH
aMILTUTY/IBI Ha IOBEPXHOCTH MITyOOKOW HEBSA3KOW XMAKOCTH U aAp. OT™MeTum, uro ypasHenue (1) ve
SIBJIIETCSI TIOJTHOCTBIO HHTETPUPYEMBIM, M €ro aHAJUTHYECKHE pPELIeHUs B O0IeM ciydae He
W3BECTHBI (32 UCKIIIOUEHHEM, MOXKaIyH, INIaJAKUX PELIeHUH THUMa yenuHeHHbIX BOJH). OnmHako, ¢
HCIIOJIb30BAHHEM MMOAXONOB, pa3BUThIX B [1-3] ana npyrux ypasHenuii cucremsl BK [GKP, korna
A(t,u)=aud, —82(v—PB8,—v8}), n 3-DNLS, ecn A(t,u) =3s| p|* u°8, —&3(ih+V) ], moxHo
UCCIIENIOBATh YCTOMYMBOCTD BO3MOXKHBIX pelteHnuii ypasHeHust 3-GNLS, uto u Ob110 peann3oBaHo B
HacTosMel padore.

B pabore aHamuTHUECKH TOJYyYEHBI YCIOBHS YCTOWYMBOCTH COJMTOHOMOAOOHBIX pPELICHHN
ypaBHeHust 3-GNLS (1) m u3y4eHsl ciy4am yCTOWYMBOH M HeycToHumMBOH (c oOpasoBaHueMm
Opr3epOoB) SBOJIOLIUN UMIYJIBCOB PA3TUYHON (DOPMBI, a TAKKE B3aUMOIEUCTBUE 2- U 3-MITyJIbCHBIX
CTPYKTYp, IpUBOAALIee K (OPMUPOBAHUIO YCTOWYMBBIX M HEYCTOHYMBBIX peuieHuid. IlomyueHHble
Pe3yJbTAThl MOTYT OBITh MOJIE3HBI B MHOTOUHCIIEHHBIX MPUJIOKEHUSIX B (pU3HKe Ta3Mbl (BKIFOUAs
KOCMHYECKYIO ), HEJITMHEHHON ONTHKE M MHOTUX APYTHX O0NACTIX (PU3UKH.

PaGora BbImONHEHA 3a CYET CPEACTB CYOCHIWH, BBIAEIEHHOH B paMKax TrOCyJapCTBEHHOH
nognepkkn  KazaHckoro — enmepaipHOrO  yHHMBEpPCHTETa B LENAX  [OBBIIEHUS €0
KOHKYPEHTOCIIOCOOHOCTH CPeAy BEAYLIMX MHUPOBBIX HAay4yHO-00pa30BaTeNIbHBIX LEHTpoB. Padora

Obuta mopmep:kana HauwmonanbHbiM HaydHbiM (onaom ['pysum um. Ilora Pycrasenm (SRNF)
(rpant Ne FR17 252).

1. Belashov V.Yu., Vladimirov S.V. Solitary Waves in Dispersive Complex Media. Theory,
Simulation, Applications. Springer-Verlag. 2005. 303 p.

2. Belashov V.Yu., Belashova E.S., Kharshiladze O.A. // Adv. Space Res. 2018. V. 62. P. 65.

3. Belashov V.Yu., Kharshiladze O.A., Rogava J.L. // J. Astrophys. Aerospace Tech. 2018. V. 6.
P. 38.
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TEIIVIOBASA ®PAI'MEHTALMSA ITPEABCHBIITEYHOI'O TOKOBOI'O
CJ10A

Jenennos JI.C.

TAAII MI'Y, e. Mockea, Poccus, leonid.ledentsovi@gmail.com

PaccmoTpeHO BausiHME KOyJI€Ba M BSI3KOTO HArpeBa, TEIUIONPOBOAHOCTH W PATAUALIMOHHOIO
OXJIQXKACHUS HA CTPYKTYPHYIO YCTOWYMBOCTD NMPEABCIBIIIEYHOrO TOKOBOro ciosi. Pemena 3agada o
MaJibIX BO3MYLIEHUSAX B KyCOYHO-OOHOpoAHON MI'JI-Monenu TOKOBOro cios. Pemenue gomnyckaer
o0Opa3oBaHHe HEyCTOWYMBOCTH TEIIOBOTO XapakTepa. Mopenb MO3BOJSET TMOJYYHTb TOUHBIC
AHATUTHYECKHE BBIPAKEHHS TSI MHKPEMEHTA M MPOCTPAHCTBEHHOTO MaclITada HeyCTOHYMBOCTH, a
TAKXXE€ WX TMPOCThIE NPUOIIKEHUs] B YCIOBHUAX COJHEYHOH KOpPOHBL B nmHeiHON (aze Bpewms
HapacTaHusi HEYCTOMYMBOCTH NPONOPLHUOHAIBHO XapaKTEPHOMY BpPEMEHH PaAHALlMOHHOIO
OXJIQXKIEHUS TIa3Mbl U 3aBUCUT OT JIOTapUPMUYECKUX MPOU3BOAHBIX (DYHKIUH PaJUALIHOHHOTO
OXJIXKIEHUS TI0 MapaMeTpaM IutasMbl. HeycToMUMBOCTD MPUBOAMUT K MONEPEYHON (PparMeHTaruu
TOKOBOI'O CJIOSl ¢ MPOCTPAaHCTBEHHBIM nepuogom 1-10 MM B mmpokoM auamna3oHe MapaMeTpoB
KOPOHAJIBbHOH Mia3Mbl. PaccMOTpeHHass HEYCTOMUMBOCTL MOXKET OBbITh OTBETCTBEHHA 3a 3aITyCK
MNEPBUYHOIO SHEPrOBBIIEIEHUS B COJTHEYHbBIX BCIBIIIKAX.
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OJHOBPEMEHHBIE HABJIIOJEHUSI KBASUIIEPHOANYECKHX OHY U3 TYUEHUI
C ABYMSA NEPUOJAMU MOAYJIALINNU HA 3EMJIE 1 HA CIIYTHUKAX

A.I'. Temexos'?, M. Hajo$®, J. Manninen*, /I.JI. Tacmanuk’, A.C. Hukurenko', O. Santolik*?,
C. Martinez-Calderon®, K. Shiokawa®, M. Ozaki’, /I.I'. Banmes®, Y. Miyoshi’, Y. Kasahara’,
S. Matsuda’®, I. Shinohara®

" IIT'H PAH, 2. Anamumei, Poccusi, andrei@ipfran.ru

* UII® PAH, Huorenuit Hoseopoo, Poccus

* Institute of Atmospheric Physics of the Czech Academy of Sciences, Prague, Czechia

* Sodankyli Geophysical Observatory, Sodankyld, Finland

> Faculty of Mathematics and Physics, Charles University, Prague, Czechia

® Institute for Space-Farth Environmental Research, Nagoya University, Nagoya, Japan

" Kanazawa University, Kanazawa, Japan

$ UK®UA CO PAH, SHII CO PAH, Skymck, Poccus

° Institute of Space and Astronautical Science, Japan Aerospace Exploration Agency, Kanagawa,
Japan

IIpencraBieHbl pe3ynbTaThl aHAJIH3a OJHOBPEMEHHBIX HAOIOEHHI KBa3HIIEPUOIUIECKHX
OHY m3nyuennii Ha 3eMiie U Ha CryTHUKaX. PaccMoTpeHo coObITHE, KOTAa KBa3HUIEPUOAMUYECKUE
U3JIly4eHHe OIHOBpPEeMEeHHO Habmomamuck Ha msata cnyTHHKax (Cluster, Van Allen Probes, ERG) u
Ha 4YEeTBhIPEX HA3E€MHBIX CTaHUUAX BKIodas KaHnycnexTo B ceBepHoN ®uunsHauu, JIoBozepo Ha
Konbsckom m-oee, bapernOypr Ha apx. [llnundepren u Maiimara B Cubupu. HazemHble cTaHInm
pPErUCTPUPOBANIA 3TH CHUTHANBI ObUTM B TeueHue Oonee mectu 4acoB (¢ 05:40 mo 10:00 UT),
cnytauk# Cluster — ¢ 6:10 go 9:40 UT, u cnytauku Van Allen Probes — ¢ 05:30 mo 14:30 UT.
CryTHUKOBBIE HAOIOIEHHUSI UMENTH MECTO B IIUPOKOM AuanazoHe [L-obomouek: oT L =4 ana Van
Allen Probes o L = 11.3 nus Cluster. 'eomarHuTHbIE yCIOBHS OBUTH OYEHD CITIOKOWHBIMH.

Kax B CIlyTHHKOBBIX, TaK U B Ha3€MHBIX HaONIONEHUSX 3aPErHCTPUPOBAHBI B PA3TUYHBIX
nepuofa MOAYJSILMK. MEHBLUIHMA M3 HUX COCTaBIsUT OKOJO 50 ¢ M COOTBETCTBOBAJ TNEPHOAY
NOBTOPEHHs KBA3HMIIEPHOIAMYECKHX JJEMEHTOB, a OONbLINHA, paBHBIH NpuUMEpHO 12 MuH,
COOTBETCTBOBAJ MEMJICHHOMY HW3MEHEHHIO AaMIUTUTYyAbl KBA3UIEPHUOAMYECKUX HU3JTyUCHHI.
KBasunepuoanyeckue W3JIy4eHUs, ONHOBPEMEHHO HAOJIOMaeMble B Pa3HbIX TOYKAX, XOPOLIO
KOPPETUpOBaI MEXAy cOo0Oi, HYTO TOBOPUT O BPEMEHHOM XapakTepe pPEerucCTPHpYeMOit
MO JISILIAU.

AHann3 XapakTEePHUCTHK PaCIpOCTPAHEHUSI BOJIH, HAOIONAEMbIX HA CIYTHHKAX, MOKAa3all,
YTO KBA3UNEPUOANYUECKUE M3NIyueHHs] nMenn Hebonbime (MeHbie 40°) yrisl BOJHOBOTO BEKTOPA
N0 OTHOIIEHUIO K N'€OMArHUTHOMY TOJIFO M PACIpPOCTPAHSUIUCh B OCHOBHOM OT I'€OMAarHUTHOTO
skBatopa. [ms 3Toro coOwiTusi ycTaHOBIeHa 3aMeTHass koppemiuus amruutyasl OHY Bomn ¢
BapUALMSIMA TPOAOIBHON KOMITOHEHTBI T€OMAarHUTHOTO TOJsA. AHAJOTHYHBIE T€OMAarHUTHBIE
Ny JIbCALUU HAOIOJATNCE B Ha 3eMite.

AHanu3 MoNspU3alyy CUTHAJIA B HA3€MHBIX HAOJIOICHUSAX MO3BOJIUI OLEHUTH BO3MOXKHOE
nojoxkeHue obnacrei, orkyna OHY BOJHBI pacmpoCTpaHsNCh K 3emile, U TakUM oOpa3om
OTPaHUYUTBH BO3MOXKHOE MOJIOKEHHE 00JIaCTH TeHePallni KBA3UIIEPUOIUIECKIE U3y YeHUH.

Pabdora AT. lemexoBa u A.C. Hukurenko nogaepxana PO®U (rpant Ne 19-52-50025 AD a).
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OJHOBPEMEHHBIE HABJIIOAEHWA OHY HEPUOINYECKHUX
V3JIYUEHHI HA CITYTHUKAX VAN ALLEN PROBES 11 HA 3EMJIE

Turosa E.E.12, lemexop A.I'.!?, Mannunen 10.%, Tro6unu A.A.l, Hukurenko A.C.!

VIITH, 2. Anamumui, Poccus, lena.titoval@gmail.com

2 UKHU PAH, 2. Mockea, Poccus,

* UII® PAH, 2. Husenuii Hos2opoo, Poccus.

* I'eoghusuueckasn oocepsamopus Cooanxions, Qunianous

OHY-uznyueHuss 4acTO XapakTepU3YIOTCS NEPUOANYECKOM MM KBa3UIEPUOAUYECKON
MOy IALIMeNH NHTEHCHBHOCTH BOJIH C IEPUOJIAMH OT HECKOJIbKUX CeKyH[ 10 MUHYT. OHY-u3nydenus
¢ nepuogamu MmeHee 10 c¢, HaspBaemble mepuopndeckumu smuccusimu (PE) [Helliwell, 1965],
U3y4aJUCh B OCHOBHOM B HAa3€MHBIX 3KCIEpUMEHTax. Mbl BIepBble MPEACTAaBIsAEM pPe3yJIbTaTbl
Habmonennit PE B skBatopuanbHON 001acT MarHuToCcQepsl, MoJyueHHbIe Ha cryTHUKE Van Allen
Probe A (VAP-A). OTu curHajbl Takke HaOMIOAANNCh HA3€MHBIMH CTaHLUUsAMU KaHHYCIEXTO B
Cesepnoii ®unnsauauu u Jlosozepo Ha Konbckom nmonmyoctpose.

PE perucrpupoBamuck onHOBpeMeHHO Ha 3emie U Ha cnyTHHke VAP-A (L = 5,9-5,5) B
nuanasone 4actot 1,4-1,7 k[ BOmu3u BepxHeld wactorel KHY myma, moioca 4acTOT KOTOPOTO
COOTBETCTBOBAJIA MOJOXKUTEIbHBIM UHKPEMEHTAM LIMKJIOTPOHHOM HEYyCTONYMBOCTH, PACCUUTAHHBIM
M0 W3MEpPEHUsIM XOJOJHOM M rops4edl MijasMbl, BKIIOYAOIUM IUTY-YIJOBBIE pacrpeneneHus
5]€KTPOHOB B Auana3oHe sHepruii 102 -10° kaB. CnekTpanbHas (popMma 31eMEHTOB He M3MEHSIACh
CO BpPEMEHEM, YTO FOBOPUT O KOMITEHCAUH 3PPEeKTOB JINHEHHON AUCTIEPCHUU TPYIIIIOBON CKOPOCTH
IPYU LUKJIOTPOHHOM B3aUMOEMCTBUM CBUCTOBBIX BOJIH C SHEPTUYHBIMU 3JIEKTPOHAMH.

Hcnonb3ysi MHOIOKOMIIOHEHTHblE JaHHble crnyTHHKa VAP-A, Mbl NpoaHanu3upoBaiu
HarpasieHus: BekTopos [TOMHTHHTrA U yTiIbl BOIHOBBIX HOPMAaJIE CBICTOBBIX BOJIH, (POPMHPYIOLINX
NepPUOANYECKHE U3JIyUeHHUs, 110 OTHOLIEHUIO K T€OMAarHUTHOMY MOJI0. bblin onpeneneHbl nepruoabl
PE u 3anepsxku Mexay 3JIeMEHTaMU, 3aperucTpUpOBaHHBIMU Ha 3emiie U Ha ciyTHUKe VAP-A.

ITepuon PE Ha cniytHrke VAP-A ObLuT OKOJIO 2 ¢ M OCTABAJICS MMPAKTUYECKH TTOCTOSTHHBIM HA
BCEM WUHTepBaJie HaOMOmeHWH  anmurenpHOCTBIO Oonee waca. Ilepmong PE Ha chyTHuke
COOTBETCTBOBA OAHOKPaTHOMY BPEMEHM paCIpOCTPAHEHUs CBHCTOBOI  BOJHBI  MeEXIY
comnpspkeHHbIME obnactsamu noHocdepnl. Ilepuon PE Ha 3emie B Hauane cOObITHS COCTABIIST OKOJIO
4 c U COOTBETCTBOBAJl BPEMEHM JIByXCKAUKOBOI'O PAacCIpPOCTPAHEHMsI CBUCTOBON BOJIHBI MEXIY
obmactsimu noHocepsl. bimke x koHiy codbitus nepuon PE Ha 3emite pe3ko ymensLmics 1o 2 ¢,
T.€. CPaBHSJICS C MEPUOJIOM, U3MEPEHHBIM Ha criyTHUKE VAP-A.

Ymenbmenne Basoe nepuona PE, HaGmonaemoe Ha 3eMie, MOXKHO OJKUAATH MPH MACCHBHOMN
CHHXPOHHU3ALMH MOJI B MArHUTOC(HEPHOM IIMKJIOTPOHHOM Masepe. DTOT MEXaHU3M, MPEIIOKEHHBIN
II. A. becnamoBeim [1984], oOwsicser reHepaumto PE ¢ mepuomoM, KpaTHBIM BpEMEHH
PacIpOCTPaHEHHsI CBUCTOBOM BOJIHBI MEXKAY COMPSKEHHBIMU OOJNACTsIMH HOHOC(ephl. Pe3ynbraTel
aHaM3a HarpasyieHUH BekTopoB lloiHTHHra Ha OOPTY CHyTHHKA U 3aAE€PIKEK MEXKIY JIEMEHTaMH
PE na 3emine u Ha VAP-A cornacyroTcsi ¢ 5TUM MEXaHU3MOM.

PabGora mopnmepxxana locynmapctBeHHeiM — 3amanueM  AAAA-A18-118012490100-7
[MonspHOTO reodusmueckoro HHCTUTYTa U rpaHToM PO®U 19-02-00179.
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OCOBEHHOCTHU BO3BYXIEHHUA XOPOB IIOCPEACTBOM BPA
MEXAHMN3MA B MATHUTOC®EPHbBIX BOJIHOBOJIAX IIVIOTHOCTH C
PE®OPAKIIMOHHBIM OTPA’KEHUEM

becnajon H.A.l, Casuna O.H.’

"UIT® PAH, 2. Huxcuuit Hoseopoo, Poccus, peter@ipfran.ru
’HUY BILD, 2. Huxcnuii Hoeeopoo, Poccus

PaccMoTpenbl 0COOEHHOCTH peann3alnui MEXaHu3Ma Iy4YKOBOTO yCHIICHHs UMITyIbcoB (Beam-
Pulse-Amplifier BPA) CBHCTOBBIX BOJH B MarHUTOC(EPHBIX BOJHOBOJAX IUIOTHOCTH C
peQpakIMOHHBIM OTpaK€HHEM. BBITSAHYTBIE BIOJb MArHUTHOTO TIOJSI BOJIHOBOABI C INUPHUHOM
nopsinka 100 - 300 kM 4acTO UMEIOT MECTO MOCJIE MATHUTHBIX BO3MYILECHHUI B YTPEHHEW U THEBHON
Marautocdepe 3a ImIasMornay3oH, rae MpHu TeX K€ YCIOBUSAX MPOUCXOAHT BO30YKIEHHE XOPOBBIX
uznydeHuil. Ilpoananu3upoBaHbl AUCIIEPCHOHHBIE XapPaKTEPUCTUKU CBUCTOBBIX H3JIyUYe€HUN B
IUIAHAPHOM BOJIHOBOZE B YyCJOBUSAX BbIMoXHeHHss WKB mnpubOmmkenns u pedpakmuoHHOro
oTpakeHus1 oT "cTeHOK". /Iyl BONHOBOIOB YIUIOTHEHMS (Pa3peKeHMs]) MOKAa3aHO, YTO Y MEPBbIX
AeCATH MOJ Ha 4YacToTaX HWKe (BBIIIE) IOJOBUHBI 3JIEKTPOHHOH THPOYACTOTBI MOTYT OBITh
BBIMOJIHEHB! YCIOBUS BO30YKIEHHS NHCKPETHBIX CIEKTPAIBHBIX 3JIEMEHTOB C YIJIAMHU BOJIHOBOU
HOPMAaJIM K MarHuTHOMy nonro meHee 20 rpaaycos. BennunHa yCUJIEHHUS IIyMOBBIX UMITYJIBCOB C
yKa3aHHBIMU yIJIaMH BOJIHOBOI HOpMaiu Bcero Ha 20% MeHblile, YeM B OAHOPOAHOMN IJ1a3Me MoA
ONTUMAJIbHBIM yTioM OkojJo 39 rpamycos. IlpennoxeHHass Monenb OOBSCHIET BO3MOXKHOCTD
BO30Y kneHns mocpencrsoM BPA mMexaHM3Ma XOpOBBIX H3JIy4E€HHUI CO CPABHUTEIBHO HEOONBIIMMU
yIJlaM{d BOJIHOBOM HOpMalid. Y CTaHOBJIEHO, YTO KaK MHTEHCUBHOCTH, TaK U TUIMYHBIE YIJIbI
BOJIHOBOH HOpPMAaJIM MOTYT CYIIECTBEHHO OTJIMYATHCS B HIDKHEH M BEPXHEH mojocax BO30YKIACHHUs
XOpOB.

Pabora BemonHena nmpu noanepskke PODU, npoext Ne 20-02-00206A,
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PACCESTHUE BOJIH CBUCTOBOTI'O JJUAIIABOHA YACTOT
C ITPOU3BOJIBHBIM YT'JIOM BOJIHOBOUN HOPMAJIN

HA ITPOBOJSIIEM MWINH/IPE

B YCJIOBUSIX OKOJIO3EMHOM ILJIA3MBI

Mupoxos E. A.

Hucmumym npuxnaonoit pusuxu PAH, 2. Huscnuii Hoeeopoo, Poccus, evshirok(@gmail.com

IlonydyeHO TOYHOE aHATUTUYECKOE PELIEHHE 3a]avld PACCEsHUs MJIOCKON BOJIHBI PE30HAHCHOMN
YaCTH CBHCTOBOTO JMAIMA30HA YACTOT HA HUACATBLHO MPOBOJSIIEM OECKOHEUHO NJIMHHOM KPYTOBOM
LWINHAPE, MapaJljIEeIbHOM BHELTHEMY MATHUTHOMY IOJIKO, B XOJOAHON OXHOPOAHOM muasme. Pac-
CMOTPEHHUE TPOBOAMIIOCH MJISi MPOU3BOJILHOTO (HO MOMYCTHMOTO IUCTIEPCHOHHBIMH CBOWCTBAMU
Cpebl) yriia majaeHusi 3TOH BOJHBI. HEOMHOPOAHOCTHIO IJIa3Mbl BOJIM3HM HHIJIUHAPA U CTOJKHOBH-
TEJIbHBIM 3aTyXaHUEM MPEeHeOperanoch.

brutn HalifeHbl U TPOAHATU3UPOBAHBI COOTBETCTBYIOIINE NONIA U cedyeHus paccesnus. Ilokasa-
HO, YTO €CJIM YTOJI BOJTHOBOW HOPMAJIH MaAroIIeii BOJHBI HE CIIMITKOM OJIU30K K Pe30HAHCHOMY, TO
paccesiHMe KBa3UM30TpPOmHOe. Eciu, ogHako, mamaroiiasi BOJHA UMEET KBA3UAJIEKTPOCTATHUECKUIN
XapakTep, TO B TEPMUHAX DHEPTUH IPOUCXONUT SIPKO BBIPAXKEHHOE MIPSIMOE pacCesHue.
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OCOBEHHOCTHU MPOCTPAHCTBEHHOI'O PACHPEJIEJEHUS ITYYKA
W3JIVUEHUSI CBHCTOBOI'O JIMANIA3ZOHA, TIAJIAIOLIETO HA
HOUYHYIO HOHOC®EPY CBEPXY

Musonosa B.I'. |, Becnasios ILA.?

YHI'TY um. P.E. Anexceeea, 2. Huocnuii Hoseopoo, Poccus, vermizi@mail.ru
UID PAH, 2. Huswenuii Hoseeopoo, Poccust

PaccmoTpena 3amada O YHCIEHHOM pacyeTe IPOCTPAHCTBEHHOW 3aBUCUMOCTU Iy4Ka
U3JIy4EeHUS] CBHUCTOBOIO JMAla3OHa, MAJAKoLIero Ha HOYHYK HOoHochepy cBepxy. s pacueToB
HCIIOJIb30BAHbI COBMECTHO METOM KOJUIOKALMN peLIeHUs] TPAHUYHON 3a4a41, MATPUYHBIN aITOPUTM
NPUOIMKEHHOTO PELICHUS BOJTHOBBIX YPaBHEHUH B TUIABHO HEOHOPOIHOM IMIIOCKOCIONUCTON TIa3Me
u MeTop ObicTporo npeobpasoBanust Pypbe M0 rOPU30HTANBHBIM KoOpAnHaTaM. [IpoaHamn3npoBaHbl
0COOEHHOCTH  TPOCTPAHCTBEHHOTO  PACIPENENeHHs BOJHOBOIO TMOJS TPU  Pa3IMYHBIX
XapaKTepUCTUKAX MAaJAOUIEr0 U3y4eHUs. BhIYUCIEeHBbI 10NN S3HEPTUH U3JTy4YEHHUs], OTPAXKEHHOH OT
BEpXHEH rpaHuLbl HOHOCheps! M momenmeil 10 3eMHOH MOBepXHOCTU. COMOCTABIEHO BOJHOBOE
sJekTpudeckoe mnoje Ha BbicoTe 400 KM, NPOCTPAHCTBEHHOE pAaCHpEeAcsieHUE IONEePEYHOro
MAarHUTHOTO TOJII M TOJSIPU3aLMK W3Ny4deHUsT BOMU3M mMOBEpXHOCTH 3emin. llomydeHHble
pe3ynbTaThl BaxHbl st comocTaBieHus cBoiicte KHY/OHY wsnydenuit, Habmomaembix Ha
CIYTHUKAX U Ha 3emiie.

Pabora BemonHena npu noanepkke PODU, npoekt Ne 20-02-00206A.



243

PE3OHAHCHOE B3AMMO/JIEMCTBHUE PEJATUBUCTCKUX
IJIEKTPOHOB C MAKETAMM 5MHAUL] BOJIH

I'pau B.C.!, lemexos A.I'."?, JIapuenxo A.B.

THII® PAH, 2. Huocnuii Hoseopoo, Poccus, vsgrach@ipfiran.ru

2 [ITH, 2. Anamumesi, Poccus

B pabore paccmarpuBaercsi B3aUMOACHCTBUE PENSITUBUCTCKUX JJIEKTPOHOB C TMAKETAMHU
3NIEKTPOMATHUTHBIX HOHHO-UHUKJIOTPOHHBIX (DMMILI) BOnH. BOMHOBBIE MakeTbl COOTBETCTBYIOT
BO3MyIIeHUI0, HaOmromaemoMy Ha crmyTHHKe RBSP-B 14 centsiops 2017 roma. Bosmyimenue
mmnock okoso 120 ¢. C momoupio pa3pabOTaHHOTO paHee alrOpPUTMA BbINEJCHUS TUCKPETHBIX
3JIEMEHTOB Ha JTUHAMHYECKHX CHEKTPax BbIIEICHbI 31 3JeMEHT (BOJHOBOW MAaKET) U ONpenesIeHbI
5BOJIIOLIMSA MX aMILUIUTYA M 4acTOT. Bce BOJHOBBIE MAKEThl UMEIN Malble YUl PACHPOCTPAHEHUS
[0 OTHOUIEHUID K TE€OMarHUTHOMY MOJI0 W MOBBILAKIIYKCS BO BPEMEHM YacTOTY BBILIE
rupodactorel HoHOB He' (ot 0,8 mo 2,5 T'm), makcumanpHas amrumutyna pocrurana 1,5 aTi
PaccmarpuBaercsi TunobHAsS MOAENIb FeOMarHuTHOTO nouist (L=5,2+5,6), KOHLEHTpaLHs TUIa3Mbl B
paccMarpuBaemoii obnact N=30+60 cM”, yUUTBIBAETCS HATMYUE TSHKENBIX HOHOB (MoHbI He™ u O,
¢ xoHneHTpanuen 10 10 % koHIeHTpaumu 3JeKTPOHOB). [Ipenmnonaraercs, 4YTO BOJHOBBIE MAKETHI
TeHEPUPYIOTCSI B OKPECTHOCTH 5KBaTOpa. PacnpocTpaHeHHe NMakeTOB BAOJb M€OMAarHUTHOTO MOJIS
MOZENIUPYETC TAKUM 00pa3oM, 4TO B MECTE PACIIONIOKEHHS CITyTHUKA YaCTOTHBIN U aMILTUTY THBIH
BpeMEHHOH mpoduiu makeTta COOTBETCTBYIOT HaOMIOJaeMbIM, a TP JaJbHEHIIeM
pacnpocTpaHeHUH TaKeThl 3aTyXalT BCJEACTBHE MOTJOMIeHHss Ha HoHax He'. PesonaHcHoe
B3aUMOJICHCTBUE aHATIU3UPYETCsS HA OCHOBE YHUCJIEHHOIO PELICHUs YPABHEHUM ABHKEHUS YaCTULl B
3aJIaHHOM TI0JI€ BOJTHOBOT'O TaKeTa (METO MPOOHBIX YACTHII).

Pacuerbl npoBeneHs! A1 HECKOJIBKUX yEeIWHEHHBIX BOJHOBBIX MAKETOB (C HAMOONBIIUMHU
3HAYEHUSIMH aMIUTUTY/AbL, MPU KOTOPBIX BO3MOXKHO HEJMHEHHOE B3aUMOIEHCTBHE), a TaKXKe IJIs
IBYX MAKETOB C PA3JIMYHBIMU YaCTOTAMH M aMIUTUTYAaMU, TTEPEKPhIBAIOIINXCSI BO BPEMEHH W/ HIIH
npocTpaHcTee. B ciydae nByX MakeToB, aMIUIUTYJa OJHOIO MAakKeTa AOCTATOYHO BBICOKA [JIS
HEJIMHEMHOr0 B3aUMOAEHCTBUSA, & aMIUIMTYyAa BTOPOrO MAKeTa MEHbIIE, MO3TOMY IOUHAMUKA
BBICHINIAHUH MPAKTHYECKH TTOJTHOCTHIO OMPENENIeTCs ITAKETOM ¢ OONbLIeH aMIUTUTY AOH.

IlokasaHo, 4TO Ayl pacCMaTPUBAE€MBIX BOJHOBBIX MAKETOB B PE3yJIbTATE B3aUMOACUCTBUSA
MOXeT HaOmonaTbest 3(pPeKTHBHOE BHICHINIAHNE B KOHYC MOTEPb YacTHL ¢ 3Heprusmu 1,5+9 M»B.
Jlns onpeneneHHbIX 3HaUeHui sHeprun (2+5 MsB, B 3aBHCHUMOCTH OT 4aCTOTHOTO MPOQUIIS MakeTa
U BpPEMEHHOTO HHTEpBaja) TMOTOK MOXeT ObITh ONM30K K MPEOeNbHOMY  TOTOKY,
COOTBETCTBYIOLEMY CIy4ar0 CHibHOW muddys3nn. Hanboapimme mOTOKH COOTBETCTBYIOT PEKIMY
B3aUMOJICICTBYS, B KOTOPOM HEJHHEHHbIE 3P (PEKThl MPUBOIAT K YBEIHMUEHHIO MUTY-YTJIA YACTHIL C
Ha4yaJbHbIM MUTY-YIJIOM BOJIM3HM KOHyca motepb (3,5°) u Takum o0pa3om OJOKHUPYIOT BBICHITTAHUS
3TUX YaCTHI], HO TIPHU 3TOM NPOHUCXOAUT 3(p(EKTUBHOE BHICHIIIAHNE B JHHEHHOM PEXUME C IUTY-
yraoB B quanazoHe 10°+30°. 3axBaT 4acTUIl MOJIEM BOJHBI UMEET MECTO IPH OONBLINX MUTY-YIIIAX,
OIHAKO HAMNpPsIMyI0 HE MPUBOAUT K MONAJAHUI) YaCTULl B KOHYC MOTEPb, T. K. B CBSI3U C MAaJou
JUIMHOH TAaKeToB (AJMMHA TaKeTa MEHbLIE WM CpPaBHHUMAa C pPa3MEPOM 30HBI PE30HAHCHOTO
B3aUMOJICIICTBYS) U3MEHEHHE MUTY-yIJIa B Pe3yJIbTaTe 3aXBaTa HEAOCTATOYHO Benuko. IIpu sTom
1T HEKOTOPBIX 3HAYSHUH SHEPTHH 3aXBaT BHOCUT CYLIECTBEHHBIN BKJIaA B (POPMHUPOBAHNE ITOTOKA
B KOHYC TNOTEpPb, MepeMeliast YacTUIlbl B Ty 4YacThb (PYHKLIUH PACTPENeICHUS 1O MHUTY-YIJIaM, W3
KOTOPOH BO3MOXKHBI BBICBINIAHUS B INHEHHOM PEKUME.

Pa6ora B.C. I'pau nonnep:kana Poccuiickum HayuHbIM (poHAOM, mpoekT Ne 19-72-10111.
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KNHETHYECKOE OITMCAHUE CBUCTOBBIX BOJIH, PACTIPOCTPAHAIOIINXCA
B IINTASME BJAOJIb MATHUTHOT O ITOJIA.

H. C. Aprexal, /I. P. lIkasp?

! Hayuonansnwiii uccaedosamensckuii ynusepcumem “‘Boicuias wixona skonomuru”, 2. Mockea,
Poccus, natalya.artehal@mail.ru
UKU PAH, 2. Mocksa, Poccus

Hccnenosanue pe3O0HAHCHOTO B3aUMOAEHCTBUsS CBUCTOBBIX BOJIH, PAaCHpPOCTPAHSIOLIUXCS
BIOJb BHEIIHErO MAarHUTHOTO TOJS, C SHEPTHYHBIMHU 3JIEKTPOHAMH B JIMHEHHOM NPUOIMKEHUU
J€TaJIbHO MCCIENOBAHO B NPENANOJIOKEHUAX, YTO IUIOTHAas KOMIIOHEHTA IUIA3Mbl, ONPEAeNsomas
TUCTIEPCHIO BOJIHBI, SIBJSIETCS «XOJIOHOWY, & MHKPEMEHT (IEKPEMEHT) BOJHBI HAMHOTO MEHBIIIE €€
4aCTOTBL. DTO MOJAPAa3yMeBAET, YTO MJOTHOCTb SHEPTUUYHON KOMITIOHEHTHI IJIa3Mbl, ONpeAestome
MHKPEMEHT BOJIHBL, Malla U HE BJIUsAET Ha JUCIEPCHUI0 BOJH. JTU YCJOBUsA, OAHAKO, HE BCEraa
OKa3bIBAIOTCS BBIMIOJHEHHbIMU. Hampumep, B XBOCTE€ MarHUTOC(EpHl, Iie YacTo HaONIONAFOTCS
IPOAOJbHBIE CBUCTBI, pa3fiesieHHe MIa3Mbl HA XOJIOAHY0 U 3HEPTHUHYI0 KOMIIOHEHTHI JOCTaTOUYHO
YCJIOBHO, & MHKPEMEHTHI BOJH HE CJIMIIKOM MaJbl [0 CPpaBHEHHUIO ¢ 4yacToToil [1]. Brruucnenue
MHKPEMEHTa BOJIHBI B 3TOM Cllyyae TpeOyeT pasBHTHS HOBOTO IMOAXOJA MO CPAaBHEHHIO C TEMH,
KOTOpbIe OOBIMHO HCIONB3YIOTCS U PeLIeHHs 3TOH 3amauu. B HacTosmeid pabore anst ciydas
MPOAOJIBHOTO PACHpPOCTPAaHEHHUsl CBHCTOBBIX BOJIH TMOJIyd€Ha JIMHEIHas cUcTeMa ypaBHEHMM st
nojsi W (PpyHKIUM pacmpereNeHusl 3JIEKTPOHOB, KOTOpas AaHAJIOTWYHA CHCTEME YPaBHEHHH,
OMUCHIBAOLIEH 3aTyxaHue (YCUJIEHHE) JICHTMIOPOBCKHMX BOJH B H30TPOMHON mmiasme [2]. Dto,
OJTHAKO, HE JJAeT pelleHHe 3a7aud B MHTEPECYIOINEM Hac ciydae, Koraa QYHKIHS paclpeneneHus
3JICKTPOHOB 33/1aHA HE aHAJUTHUYECKH, & YHCICHHO, HA OCHOBE M3MEPEHHBbIX nu(pdepeHnampbHbIX
MOTOKOB YacTHL. JleJo B TOM, 4TO HauOoJiee TOCIeA0BATENbHBIN MOIX0A K PEIIEHHIO YIIOMAHYTON
BBILIIE CHUCTEMbl YpPAaBHEHMI, MNpemIokeHHbld B pabore Jlanmay [2], ocHOBaH Ha MeTone
npeoOpas3oBanus Jlaminaca W BKIFOYAET aHAIUTHYECKOE MPOAOJDKEHHE (PYHKLHUU PacTpeneseHus
YaCTHUI] B KOMIUIEKCHYIO IIOCKOCTh CKOPOCTEH. SICHO, UTO B Clly4ae YMCIEHHOTO 3a1aHusl (PyHKIMU
pacmpeneneHnss 4acTULl TaKO€ AHAIMTUYECKOE MNPONODKEHHE HEBO3MOXHO, MU B 3TOM Clydae
HeoOXOoauM APYToHl MOIXOMA, KOTOPBIH U MpeACTaBjieH B JAOoKiane. PasBuBaeMblil IOAXOA BHAUYaJE
onpoOoBaH Ha OLU(PPOBAHHBIX (PYHKIUSAX pacHpeneieHus, Uil KOTOPbIX TUCIIEPCHOHHOE
COOTHOLLIEHHE, BKJIIOYas] MHKPEMEHT BOJHBI, XOPOIIO U3BECTHBI. 3aT€M 3TOT MOJIXOJ MCIOJIb30BaH
IUI  BBIYMCJICHUS HWHKPEMEHTa BOJH NO (QYHKUUSAM pACHpPENeNieHHss SHEPrHYHBbIX YaCTHII,
U3MEpPEeHHBbIM Ha criyTHUKax Van Allen Probes.

PaGora BeImosHEHA Npy yacTHyHON noanep:kke PODU, npoekt Nel19-02-00179_a.

1. Grigorenko, E. E., Malykhin, A. Y., Shklyar, D. R, Fadanelli, S., Lavraud, B., Panov, E. V.,
et al. (2020). Investigation of electron distribution functions associated with whistler waves at
dipolarization fronts in the Earth's magnetotail: MMS observations. Journal of Geophysical
Research: Space Physics, 125, €2020JA028268. https://doi.org/10.1029/2020JA028268

2. Jlannay, JI. 1. (1946). O xonebanwusix 35mekTpoHHON 1asMbl. XKOTD, 16, 574.
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POJIb CUT'HAJIOB HABEMHBIX OHY ITEPEJATYUKOB B IMHAMUKE
SHEPT'MYHBIX DJIEKTPOHOB PAIMAIIMOHHBIX MOACOB 3EMJIN

Jyxkkoscknii A.A2, Mkasp 1.P.12

IM®TH, 2. Mockea, Poccus, luzartyom(@yandex.ru

UKU PAH, 2. Mocksa, Poccus.

B nacrosimeii paboTe nccienoBaHo pe30HAHCHOE B3aUMO/IEHCTBHE YHEPTUIHBIX 3JIEKTPOHOB
pamualMOHHBIX TIOSICOB  3€MJIM  C MOHOXPOMATHYeCKMMM CHrHamamu Hasemabix OHY
nepenatynkoB. B paccmarpuBaemoii Hamm oGnactu MarHutocdepsl 3emin OHY nuanaszon (3-30
k['1) cooTBETCTBYET CBUCTOBBIM BOJIHAM. (OCHOBHBIM YHPOIIEHHEM, KOTOPOE MBI HCIOJIB3YEM,
SIBJIIETCSI TIPENTIONIOKEHHE O JAKTUPOBAHHOM PAaCIpPOCTPAHEHUH CBHCTOBBIX BOJIH. B 3TOM ciyuae
HAIpaBJICHUE BOJHOBOTO BekTOpa Kk BCIOAYy ONM3KO K HANPABIIEHHIO BHEIIHETO MATHUTHOTO ITOJIS
3emimu By, a pe3oHaHCHOE B3aMMOIEWCTBHE C 3JEKTPOHAMU IPOHUCXOAWT TOJIBKO HA IIEPBOM
LMKJIOTPOHHOM PE€30HAHCE TpPU YCIOBMH, YTO MPOAONbHAs CKOPOCTh 4YacTULLl V) Onmska K

pe3oHaHCHOMY 3HaudeHHro Vg = (w — w.)/k. Msl monaraem, uro curian OHY mnepenaryrka
3aIOJHAET BCIO CHJIOBYIO TPYyOKy, a €ro aMILIUTy/a, KOTOpasi 3aBUCUT TOJBKO OT KOOPAHMHATHI S
BIOJb JIy4EBOW TPACKTOPUHU, COBHAAAIOIIEC C CWIOBOW JIMHUEW T€OMAarHUTHOTO TOJIA,
ONpeaensieTcss ypaBHEHUEM

d

%(GUQU) = 2yoU, (D
rae U - mI0THOCTh SHEPTHH BOJIHBI, IPOMOPIIHOHANIbHAS KBAPATY €€ aAMILIUTY IIbI, Vg - TPYIIIOBast
CKOpPOCTb, O - CEYEHME JIyueBOW TPyOKH, a ¥ - WHKPEMEHT BOJHBL B ciydae, xorma Bce 3Tu
BEJINYUHBI 3aBUCST TOJBKO OT KOOPAUHATHI S, YTO UMEET MECTO B ClIy4ae JUHEHHOrO HHKPEMEHTA,
ypaBHeHue (1) nerko pemraercs, Mo KpaiHell Mepe, YUCIEHHO, U ONPEAeNsieT aMILTUTYAY BOJHBI
BIIOJIb JIyueBOH TpaekTopuu. CJOXKHOCTh NaHHOH 3a/la4l COCTOUT B TOM, YTO B paccMaTpUBaeMOM
cllyuyae HENMHEHHBI MHKPEMEHT BOJHBI SIBISIETCS HEJIOKAIbHBIM (DYHKIIMOHAIOM Tpodus
aAMIUTUTYABI BOJIHBIL, TaKk uTO ypaBHeHue (1) siBisercs: naTErpo-nudpepeHnnaIbHbIM ypaBHEHUEM.
JInst ero peleHyst U ONpeAeseHNs] aMIUIUTYAbl BOJHBI Mbl HCIOJIB3yEM METOA MOCIEAOBATENbHBIX
NpUONMKEHNH, CUUTast, YTO WHKPEMEHT OIpPENeNsieTCs] HEePeNATUBUCTCKUMH 3JEKTpOHaMHu. B
HYJIEBOM MPHUOIIKEHNH, OTBeHaromeM ¥ = 0, aMIuIMTy1a BOJIHBI ONPEAEISETCS T€OMETPUIECKIMU
dakTopamu, a HMMEHHO, TPYIIOBOH CKOPOCTBIO M Cce4deHHeM JydeBod TpyOkm. B mepsom
NPUONMKEHNH, YIUTBIBAasE TEOMETPUIECKHE (DAKTOPBI, MBI ITOJIATa€M PABEHCTBO MHKPEMEHTA BOJIHBI
JUHEHHOMY BIOJIb TPAeKTOpHH curHana. Pemas ypasrenue (1), Mbl mOJy4aeM HOBBIH MpOQHIb
aAMIUTUTY Al BOJIHBI, HEOOXOAUMBIH NIl BBIMUCIIECHHS HEJIMHEHHOTO WHKPEMEHTa U ONpeAeICHUs
npod s BOJIHEL B ClienyromeM npuompkennd. KoneuHast nenb paboThI - HCCenoBaHUE TUHAMUKA
PENSTUBUCTCKUX JJIEKTPOHOB B IIOJNYYEHHOM TakuM OOpa3oM TIOJN€ BOJIHBL, KOTOPOE IS
PENATUBUCTCKUX DJIEKTPOHOB YK€ CUMTAEeTCsl 3aJaHHbIM. B cioydae HeEyCTOHYMBOM IJIa3Mbl
aMILJIUTY1a CBUCTOBOM BOJIHBI OKa3bIBA€TCS ACHMMETPUYHOM OTHOCUTENBHO 3KBATOPA, TaK 4YTO B
nonymapuu, rae pacnonaraercds OHY mnepepmartuuk, amIuiuTyJa BOJHBI MEHbIIE, 4YeM B
MPOTHBOMOJIOXKHOM. JTO MPUBOAUT K TOMY, YTO 3aXBaueHHbIE MO (a3e PEe3OHAHCHBIE YACTHUIIBL,
KOTOpbIE IBHXKYTCS HAaBCTPEUY BOJHE M 3aXBATBIBAIOTCS B IMPOTHUBOIOJIOKHOM MO OTHOLIEHUIO K
MepPeNaTUuKy MOJyLIapuH, 3HAYUTEIbPHO YBEJIWYUBAIOT CBOK HSHEPTHI0 IPU B3aUMOJECHCTBUU C
CUTHAJIOM NepenaT4nKa.

Takum oOpa3om, B ciydae HEYCTOWYMBOH IUIA3Mbl, Majiasi IOJISl 3aXBa4eHHBIX MO (asze
SHEPrUYHBIX 3JIEKTPOHOB BCJIENCTBHE PE30HAHCHOIO B3aUMOAEHCTBHA C MOHOXPOMATHYECKUM
naxktupoBaHHbiM curHanom OHY nepenartunka CyIeCTBEHHO yBEIMUHMBAET CBOKO KHHETHYECKYIO
SHEPrur0. YKa3aHHbIA 3G eKT, HapsAay ¢ APYTUMH MEXaHU3MaMHU, MOXKET MPUBOAUTDH K TOSBICHHIO
YAaCTULL PENATUBUCTCKUX SHEPTUM B paiMaLIMOHHBIX MOsicax 3eMIIH.

Pabora BemonHena npu noanepkke rpaara PODU 19-02-00179.
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OOPMHUPOBAHUE DHEPTETHYECKUX CHHEKTPOB 2JIEKTPOHOB B
XBOCTE MATHUTOC®EPHBI

Hlycros IL.U., Aprembes A.B., Bacbko U.10., [lerpykoBuu A.A., IOmkos E.B.

HKHU PAH, 2. Mockea, Poccus, p.shustovi@gmail.com

B npencraBienHoi paboTe HUccaenyercs TUHAMHUKA CIIEKTPOB 3JIEKTPOHOB, NIPU KOHBEKLIUH YaCTHI]
U3 JAJbHETO MIa3MEHHOTO CJI0s1 K 3eMite. M bl HCITONIb3yeM OTHOBPEMEHHBIE HAOIIOIEHUS CIIEKTPOB
snexTpoHoB Tpems anmapatramu THEMIS Ha pasHbIX paguanbHbIX PpacCTOSHMUSIX B XBOCTE
marauTochepbl. CryTHUKOBBIE HAOMOASHNsT BOJIM3U SKBATOPHUAIBHON TIOCKOCTH COTIOCTABJICHBI C
MOJIENIBI0 aIa0aTHYECKOr0 HarpeBa 3JIEKTPOHOB MPHU KOHBEKLIMH K 3emie. B pamkax 3Toll Mogenu
NPOM3BEECHBI OLEHKH MOTEPH 3JEKTPOHOB, HEOOXOAMMBIE I BOCTIPOM3BENEHHS HAOJI0IaeMbIX
cnekTpoB. JlanbHeliee cpaBHEHHE MOIENN U HAOMOJaeMbIX CIIEKTPOB MO3BOJISIET CAETIATh BBIBO,
YTO MOTEPH ropssuux (> 1 k3B) 31eKTPOHOB AOIDKHBI TOCTUTATh MPHUAETa CHIIbHONH nuddy3un nim
Jake MPEeBOCXOIUTh €ro, 4To TOBOPHUT O HeobxomumocTu 3((HEKTHBHOIO pacIIUpeHHs KOHyca
NOTePb BJEKTPOHOB 3a CUET TNPOMONBHBIX JJIEKTpUYeckux mojeid. Takke B Jokiazne
paccMaTpPUBAIOTCST BO3MOJKHBIE MEXAaHU3MbI TIOTEPb 3JIEKTPOHOB M HX POJb B (HOPMHUPOBAHHUU
HaOJIFO1aeéMBIX CIIEKTPOB.
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JJABOPATOPHOE MOJIEJIMPOBAHUE KNHETUUYECKHNX
HEYCTONYNBOCTEM ILIOTHOM ILJIABMbBI B MATHUTHOI
JIOBYUIKE

Bukropos MLE.!, Toany6es C.B.!, Mancdenna I.A.!, lllanamos A.I'.l, Tocnoguuxos E.J.1,
Eliasson B.2, Speirs D.C.2, Phelps A.D.R.2, Bingham R.2, Ronald K.?

YUII® PAH, 2. Huxcnuii Hoe2opoo, Poccus, mikhail viktorovi@appl.sci-nnov.ru
2Vuusepcumem Cmpamxnaiioa, 2. I'nazeo, Beauxoopumanusi

Kunernueckne HEyCTOMYMBOCTH HEPABHOBECHOM IJIA3MBbl, YAEPKUBAEMON B OTKPBITBIX MAarHUTHBIX
JIOBYIIKAX, UIPAIOT ONPEAEISAIOIYI0 POJIb B MPOUCXOKACHUHN PA3IUYHBIX TUIIOB PAAUONU3ITyYCHUN B
KOCMHMYECKOH IUIa3Me, Harpumep, B MarHutocdepax 3emnn u riaHer, CONHLA U HEKOTOPBIX TUIIOB
3Be3n. B paboTe mpoBeneHO TEOpeTHYeCKOoe M SKCIEePHMEHTANbHOE HCCIENOBAHNE I'eHEepalud B
MJIOTHOM MArHUTOAKTUBHOM IJIa3Me ABYX THIIOB BOJIH B Pa3HbIX JUANA30HAX 4YacCTOT. CBUCTOBBIE
BOJIHbl HA 4YacTOTaxX HIXKE DJJEKTPOHHOM THUPOYACTOTBI M OJJEKTPOCTATUYECKHE BOJIHBI HA
rapMOHHUKAX 3JIGKTPOHHOU rupovactoTel. Ha skcnepumenransuom crerne B UI1® PAH nposeneHo
JEeTaJbHOE HCCIENOBAHUE TOHKOW CTPYKTYPbl AWHAMUYECKHX CIEKTPOB C HCHOJIb30BAHUEM
CBEPXIIUPOKONOJIOCHBIX ocumuiorpagoB ¢ mojocoit mpomyckanuss no 59 ITu. Ha ocHose
YHCJICHHBIX PACcueTOB MPOBEICH aHATN3 MEXAHM3MOB BO30YKAEHHUS BOJH, a TAK)KE HCCIIECHOBAHBI
OCOOEHHOCTH CHEKTPOB HM3JyueHHs. IlIpoBeneHO COMOCTaBJICHHWE SKCIIEPUMEHTAIBHBIX U
TEOPETUYECKUX TaHHBIX.
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PE3OHAHCHOE B3AUMOJIEICTBUE CT'YCTKOB JIASEPHOI
IJIABMBI C TABAMHU U BAMATHUYEHHOMU ILTABMONI

TumeHko B.H.l), Bbaraes C.H.l), Bbepe3yukui A.F.l), Bbosipunuen 3..)1.1), I'pauen F.H.l),
Amurpuena JL.P. 1’2), 3axapos IO.H.I), 3enep IO.I/I.3), MupomHH4YeHKO I/I.B.l’z), Mocyx B.F.l),
ITonomapenko ALY, CMmupHoB AJLY, Yubpanos A.AM, Maiixucnamos U.®.",

1) - HJI® PAH, 2. Hosocubdupck, Poccus, tvn25@ngs.ru;, 2) - HI'TY, e. Hosocubupcx, Poccus.
3) UJ[I' PAH, Mockea, Poccus

B noknane npencrasieH 0030p MCCIEAOBAHUM, BBIMTOJHEHHBIX B PAMKAX MPENJIOKEHHOTO B
WNJI® CO PAH nanpaneHust — pe30HAHCHOE B3aUMOJIEHCTBUE MEPUOAUUECKUX CIYCTKOB IJIa3MbI C
ra3aMM M 3aMarHMYEHHON IuasMoi. Pe3oHaHC mposBiAETCS NPHU ONPENEIEHHOM COOTHOLIEHHH
MEXIy MapaMeTpamMH CTyCTKOB M OKpyXKarolued cpexbl. B pesoHaHce mepuonuveckne BbIOPOCHI
B3PbIBHOTO THIIA, HANpuMep, CTYCTKHU JIa3epHOI IJa3Mbl, T€HEPUPYIOT B OKpyXKarolieil cpene
HU3KOYACTOTHYIO BOJIHY, JJIMHA KOTOPOH JMHEWHO 3aBUCUT OT KOJUYECTBA CTYCTKOB U COIAEPIKUT ~
60 % ux sHEpTHUN.

B rasax cryctkm miasmel B (JOKyCe UMITYJIbCHO-TIEPHOANYECKOTO JIA3EPHOTO H3IY4YEHHUS C
BBICOKOH 4acToTol mosTropeHus ~100 xI'm co3maroT MHTEHCHBHBIN yibrpa W uH(passyk. KI1/]
npeoOpa30BaHUsl HAMHOTO NMPEBOCXOAWT TPAAUIHMOHHBIE METOIBI aMIUIUTYAHONW MOAYJSIIUUA WU
reHepaLny pa3HOCTHON JacToThl. B maboparopHeix skcnepumentax MJIP CO PAH u UTIIM CO
PAH mnpomeMoHCTpHpOBaHa OMEpaTHBHAs TNEPECTPOHKa CHeKTpa B HH(pa- yIbTPa3BYKOBOM
IUana3oHe 4acTOT M BO3MOJKHOCTH pPa3padOTKH yAAJEHHOTO TOYEYHOTO MCTOYHHMKA HMH(Pa3ByKa.
Take MpoAeMOHCTPUPOBAHO CHUXKEHHE B ~2 pa3a a’3pOAMHAMMYECKOTrO CONPOTHUBIICHMS Tena MpU
3aKUTaHUH TTyJIbCUPYIOIIEH JIa3epHOH MIa3Mbl B CBEPX3BYKOBOM HaOETraroIeM MoTOKe.

B 3amaranueHHON miuasMe mokaszaHo (OPMUPOBAHHE HU3KOYACTOTHBIX BOJHOBBIX ITAKETOB,
BBICOKOYACTOTHOI'O M3JIyUEHHUs U CTPYH IIa3Mbl, KOTOPbIE MEPEHOCAT BJOJb MAarHUTHON CHIJIOBOM
TPyOKH S5HEPruro, MMIyJbC W BpallaTeIbHbII MOMEHTa HMITyJbca H comepxkar 1o ~80 %
BJIO’KEHHOM 3Hepruu. IIpoTsaKeHHOCTh CTPYKTYpPhl JUHEHHO 3aBUCUT OT KOJMYECTBAa CI'YCTKOB, a
panuyc ompefensercs SHepruM €AHMHUYHOTO CrycTka. UucieHHble pacdeTbl, MOATBEPIKIEHHbIE
nabopatopHbiME ombiTamu Ha cterne KH-1, mokasanu, 4To mocturaeMasi HHTEHCUBHOCTD, SHEPTHSI
U JUIMHA TIAKETOB HENOCTHKUMBI JPYTUMH HM3BECTHBIMH CrocoO0aMu. BOJHOBBIE MakeThl MOTYT
CO3/1aBaThCsl B LIMPOKOM JMala3oHe NapaMeTpOB N€OMAarHUTHOMN IJIa3Mbl, a HalileHHblE KPUTEPUU
PE30HAHCHOTO B3aUMOACWCTBUS TIO3BOJSIFOT MAaciITabUpOBaTh pPe3yJbTaThbl MCCICIOBAHUN U
yIOPaBIATh THIIOM T'€HEPUPYEMBbIX BOJH. BO3MOXHBI Takue coueTaHuss Kak Asb(BEHOBCKas
(TIepeHOoCHT BpalaTeabHbI MOMEHT); AJb(BEHOBCKAs + MEIJICHHAsS] MATHUTO3BYKOBAs! (TIEPEHOCHT
NPONONBHBIA HMITYJIBC CKaTHsi), AJb(pBEHOBCKass + MAarHuTO3ByKOBast + Buctiepsl. llpu
OTIpPeNeIeHHBIX YCIOBUSAX TeHepupyercs ¢ OonmpmmmM KITJ[ TOMBPKO BBICOKOYACTOTHOE BUCTIIEPHOE
U3JTyYEHHE.

CryCTKH

MB AB
=8 =

R P — z
L Iaasyma+ Marunrnoe noae

[lepponuyeckne  CryCTKM B 3aMAarHMYEHHOW  IUla3Me,  TEHEPHUPYIOIIME  MEIJICHHYIO
MarHuTo3BykoByr (MB) u anbdBeHOBCKYIO (AB) BOJHBL

Hccnenosanus BbINOAHEHb! B paMkax locynapcrseHHoro 3zagaHust Ne AAAA-A17-
117021750017-0 mpu wactuuyaOl mnommep:kke IlporpaMMer (pyHAaMEHTANBHBIX HCCIEIOBAHUN
IIpesunuyma PAH Ne 22.
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HINPOKOIIOJIOCHASA CBUCTOBAS HEYCTOMYNUBOCTH B KABEPHE
IHJIOTHOCTHU 3AMAT'HUYEHHOMU IIUVIABMbBI C HNPOJOJIbBHBIM

TOKOM
3vaun WL.IO., 'ymun MLE., Aiinakuna H.A., Kopo6kos C.B., Ctpukosckuii A.B.

HII® PAH, 2. Husxcnuii Hoeeopoo, Poccus, zudiniy(@ipfran.ru

3amauM, CBA3aHHbIE C MOHUTOPUHIOM reopu3ndeckoll OOCTAaHOBKM B HOHOChepe u
MarHuTocdepe, 3alUThl KOCMHYECKHX alaparoB OT BOJIHOBOH U KOPIYCKYJSIPHOH paananuu
TpeOyIOT, B YaCTHOCTH, MOHWMAaHHUS MEXaHH3MOB TE€HEpPAIllMH 3JIEKTPOMATHUTHOTO H3JIyYEHHs B
okojo3eMHoOM Tuasme. Hactosimast paGora mocesimmeHa 3(@QexTy reHepanuy MIHPOKOMOJIOCHOTO
IIyMa, BOSHUKAIOLIETO TIPU MPOTEKAHUH TOKA BAOJIb KABEPHBI INIOTHOCTH 3aMAarHMYEHHOH TIa3MBl.
VYkazanHeli 3¢dekt HaOmomancs B JabOPaTOPHBIX SKCIEPHUMEHTAaX, BBINOJIHEHHBIX Ha
KpynHoMacinTabHOM 1iasMeHHOM crenae «Kpory. Bo3OykneHne Toka, MPOTEKAroIIero Mo Ia3Me,
a Takxe (POPMHUPOBAHNE KABEPHBI MPOU3BOAMIOCH C TIOMOIIBIO BBOAMMOTO B IJIA3My 3JIEKTPOZA, Ha
KOTOPBII TIOAABAJIOCh TMOJIOKUTEIBPHOE OTHOCUTENBHO CTEHOK BAaKyyMHOW KaMepbl BBICOKOE
HanpsbkeHue. B paborte oOCyXmaroTcst yCIIOBHs, NIPU KOTOPBIX Pa3BUBAETCSA 3JIEKTPOMArHUTHAsS
HEYCTOHYMBOCTb, B TOM YHCJIE TOPOTOBBIA TOK, IPU KOTOPOM HAYMHAETCS] TEHEPALHs, HCCIeNyeTCs
CHEKTPAJIbHBIA COCTaB BO30YKIaeMbIX IIyMOB M MX MPOCTPAHCTBEHHAs CTPyKTypa. Ha ocHoBanun
MOJIyYE€HHBIX PEe3yJbTaTOB AETAeTCs BBIBOX O TOM, UTO 3(QEeKT TeHeparuu, CKOpee BCEro, He
CBSI3aH C PE30HAHCHBIM B3aMMOJACHCTBHEM THIA «BOJIHA-4ACTHLIA», HO MPEACTABISET COOOMH
cnenn(pUIECKy0 TOKOBYIO HeycTOHunBOCTS [ 1]. [TomoOHbIe siBieHMst HAOMOOA0TCA B aBPOPATBbHON
noHoc(epe B KaBepHAX IUIOTHOCTH TUIA3MBbI, PA3BUBAOLINXCS B YCIOBHSIX cyOOypu [2].

Pabora BemonHeHa npu noanep;kke Poccuiickoro HayaHoro ¢onna, mpoekt 19-19-00501.

[1] 3yaun IO, I'ymun MLE., Afinakuna H.A. u np. // ITucema B XXOT®. 2021. T. 113, Beim. 2,
c. 96.
[2] Knudsen D.J., Kabirzadeh R, Burchill J K., et. al // J. Geophys. Res. 2012. V. 117, A02217.
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JJOKAJIM3ATIMA HCTOYHUKOB «KOHTHHY YM» U3JIYUEHUA

Moruaesckuii M.M.(1), Pomanuosa T.B.(1), Uyrynun /I.B.(1), Yepnbimos A.A.(1),
Mouceenxo M.JI.(1), Kymamoro A. (2), Kacaxapa H. (3), uuus ®@. (2).

(1) UncTuTyT KOoOcMuyeckux uccnenosanuii PAH, Poccust.
(2) Yuusepcuter Toxoky, AmnoHwus.
(3) Yuusepcuter Kanazasa, Anonus.

"Kontunyym" usnyuenue (KP) - sanekTpoMarHuTHOE pajiuon3IyueHHe B AHANa3OHe 4acTOT
OT HECKOJIbKUX KHJIOT€pPL A0 HECKOJIBKHUX COTE€H KWIOrepll PEerucTPUPyeMO€ BO BHYTPEHHEH
MarHuTochepe 3emin. MeXaHH3M TeHEepaly 3TOr0 H3IY4YEHHs CBSI3bIBAIOT C SHEPTUYHBIMU
4aCTULAMU DPAJAUALMOHHBIX MOSICOB, 3aXBAYEHHBIX B MAarHUTHYKO JIOBYLIKY WU OCLUJUIMPYIOLINX
Mexay noaymapusamu. g uzydenuss KP Mbl nCnonb3oBanu M3MEPEHHsI HA SITOHCKOM CIYTHHUKE
ERG, xoropwiii Obi1 3amyimeH B 2016 romy Ha NPUIKBATOPHUATBHYIO OPOUTY W MPOIOJIKAET
padoTaTh B HACTOSLIEE BPEMSI.

AHanu3 W3MEpeHWil MoKas3aJl, YTO Ha JHEBHOW CTOPOHE BHYTPEHHEH MarHutochepsl
HaOMIOMAIOTCS  3JIEKTPOMArHUTHBIE TIOJS C JIMHEHYaThIM criekTpoM. Ilpu nmepecedenny cryTHUKOM
miockocth Z = 0 MOpPOUCXOAUT H3MEHEHHE NOJAPU3ALUN HW3JIyYEHHs, 4YTO YKa3blBaeT Ha
PaCIONOKEHNE HCTOYHUKOB 3TUX MOJIECH.

Ha HoOuHOI CTOpOHe BHYTpEHHEHl MarHuTochepbl pPEeruCTPUPYIOTCS H3JIYUYEHUS C
JUHEWYaTbIM CHEKTPOM B amanaszoHe vactor 600 - 1 600 xl'u, xoropeie HabOmrOmaOTCA Ha
3HAYUTENBHBIX PACCTOSIHUAX OT IUIOCKOCTH Z = 0, 10 HEeCKOJBbKUX panuycos 3emun. B pabote
NPOBOIUTCS CPaBHEHHE IBYX THIIOB H3JMYYEHHUH W OOCYXXNAIOTCS BO3MOMKHBIE MEXaHU3MbI HX
FeHEepaLUH.

PaGora BeIMONIHEHA NpU TIoAKEpkKe rpanTa MuroOpa 075-15-2020-780.
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PACHPEJAEJEHUE SHEPT U MEXKIY SHTPOIIMIHBIMU U1
ME/JUVIEHHBIMU MATHUTOAKYCTHYECKMMHU BOJIHAMMU B
IIJTIASME C TEIUVIOBBIM JIUCBAJTAHCOM

5 12 3.4
3asepmmucknii JILU. *, Konorkos /.}FO.”", MoseBuu H.E.l’z, Pamukos Z[.C.l’z, Beaos C.A."?

' Camaperuii ynusepcumem, 2. Camapa, Poccus, dimanzav@mail.ru
2CO OHUAH, 2. Camapa, Poccus

University of Warwick, Coventry, UK

*Uncmumym conneuno-3emmoii puzuxu, CO PAH, 2. Hpkymck, Poccus

MaraurorazoiMHaMHYECKHE BOJIHBI Pa3IMYHOTO THUIA, HAOMIOAaeMble B KOPOHAJIBHOH Ia3Mme,
HE pPENKO [EeMOHCTPHPYIOT TIOBEACHHE, KOTOPOE CYLIECTBEHHO OTJIMYAETCs OT IIPOTHO30B
npeIaraéMbIX COBpEMEHHBIMH MozensaMu. [1ono0HbII pe3ynbTaT MOKeT ObITh OOYCIOBIEH PAIOM
Npu4YrH. B 9acTHOCTH, 3TO MOXeT OBITh CBSI3aHO C HEIMOJHOTOHW HAaHHBIX M HEMOJHOTOH WU
HEKOPPEKTHBIM YYE€TOM IPOLIECCOB, OMPEACISIIOMUX AUHAMUKY BOJIH B cpene. OTHUM M3 TakKuX,
NPOIIECCOB, Yb€ BIMSHUE HAa ITUHAMHKY BOJH B COJHEYHOH aTtMocdepe Ha HaHHBI MOMEHT elle
HEIOCTATOYHO XOPOIIO H3Y4YEeHO, SIBJISETCS TEIUIOBOH nucOanmaHC MeXAy HEeONpeneNeHHbIM
MPOIIECCOM HarpeBa COJIHEYHOH KOPOHBI U PaJIallMOHHBIM OXJakaeHueM. [lo mpuumne TOTO, YTO
MOIITHOCTH TPOLIECCOB HArpeBa M OXJAKACHUS 3aBUCAT OT TEPMOJMHAMHUYECKHX MapaMeTpOB
IUTa3MBI, BOJIHBI MOTYT HApylIiaTh TEIUIOBOW OallaHC W MOXKET peasn30BBIBATHCS OOpaTHas
CBsI3b(KaK TOJOKHUTEIBHAS, TAK U OTPHUIATEIbHAS) MEXIY BOJHaMH U cpenoil. Ko Bcemy mpouemy,
NPOIIECCHl HArpeBa M OXJIAXKIEHHsI CYIECTBEHHO MEHSIOT IUCIIEPCHOHHBIE CBOWCTBA BOJIH, IPUBOIS
K 3aBHCUMOCTH (pa30BOH CKOPOCTH W HMHKPEMEHTa/IEKPEMEHTa OT IJIMHBI BOJIHBI(YaCTOTHI)
BOo3MymIeHus1. OHAKO Kak MOKa3aHO B JAaHHOH paboTe, KO BCEMy MPOYEMY MPOIECCHl HArpeBa U
OXJIQXK/IEHUS] OTIPENENSIOT, KaK SHePrHss MHULUMPOBAHHOTO BO3MYIUEHHUS PACIIPENEIUTCS MEKAY
MOJIaMH €T0 OIPEAEIISIOIIMH.

Pacnipenenenne sHeprun ObLIO MOJYYEHO HA OCHOBE TOYHOTO AHAJIUTHYECKOTO PELISHHS
JUHEWHOTO 3BOJIIOLIMOHHOTO YPaBHEHHsI, OMUCHIBAIOIIET0 OJHOMEPHYIO 3BOJIOLUI0 BO3MYIIEHHS B
KOPOHAJIBHOH MeTiie B MPHOMMKeHHnH OEeCKOHEYHOro OOJIBIIOr0 MarHMTHOro mosisi. B kausectse
OCHOBHBIX YIIPABJISIOLINX MTAPaAMETPOB OBLIM UCIIONB30BAHBI IBA XaPAKTEPHBIX BPEMEHHU, KOTOPBIE
OTIPENEISIIOTCS 3aBUCUMOCTBIO (DYHKLIMY HArpeBa U PAJAUALMOHHOTO OXJIKICHHUS OT TEMIIEPaTyphl
U TUIOTHOCTU. B kadecTBe wumrOCTpanuu ObLIO BRIOpaHO H300apuyUeckoe BO3MyIneHHE B (opme
l'ayccoBoit ¢yHkuuu. OCHOBHBIMH MOJAMH, ONPEACTSIIOIIUMH BO3MYIIEHHE B YKa3aHHBIX
NpUOJMKEHUSIX, SBISIFOTCS [IBE MEUIEHHBIX MArHUTOAKyCTUYeCKHEe MOJbl U OJHA SHTPOIMHUHAS
BOJIHA. 3aBUCHUMOCTb OTHOIIEHHs TNPUXOMALICHCS HAa HSHTPONMHHYID M MarHUTOAKyCTHYECKHE
BOJIHBI SIBJISIETCS HEJIMHEWHON (yHKIMEN, OMHAKO, Ha €€ OCHOBE MOXHO CHENAaTh CIEAYIOIIUN
BbIBOA. B TOM ciydae, korma o0a XapakTepHBIX BPEMEHH, CBS3aHHBIX C TEIUIOBBIM JHUCOANAHCOM,
CYIIECTBEHHO TPEBBIIIAIOT 3HAYEHHE XapaKTEPHOTO BPEMEHH Npodera MarHUTOAKYCTHYECKON
BOJIHBI BJOJIb TETJIM, TO OTHOLICHHE SHEPTHH MEXIY SHTPOMUIHON M MarHMTOAKyCTHYECKUMH
BOJIHAMH CTPEMHUTCS K KOHEYHOMY 3HAa4eHHIO. B TO BpeMs, Kak B NPOTHUBOTIOJIOKHOM CIIy4dae
MPAKTHYECKU BCSI SHEPTUs MPUXOJUTCS HA MATHUTOAKYCTHYECKHUE BOJIHBI.

Kax pesynprar, HaOmogaeMble CKOpPOTEUHBIE 3aTyxaHus Oerymux mMeaneHHbx BosH (SUMER-
OCLMJUTSALIH), MOTYT OBITh OOYCIIOBJIEHBI TEM, YTO HE BCSI SHEPTUS MIPUXOIMIACH HA HUX BO BPEMs
uHUOHamm3anud. M takum oOpasoM, mpH pa3feseHUH HavajdbHOTO BO3MYILICHHS AaMILTUTYA
OTIENUBIINXCS MEUICHHBIX BOJIH MOXET OBITh HIDKE TMpPEIACKa3blBaMON Teopuel, He
YUUTBIBAIOLIEH TEIUIOBOH AUCOATIaHC CPEbI.

Pabota wactnuno noaneprxana MunHucTepcTBOM 0oOpasoBaHus u Hayku (mpoektel FSSS-2020-
0014 1 AAAA-A19-119083090053-9) u rpanToM PODU Ne 20-32-90018.
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BJIUAHUE TEIIOBOT'O JUCBAJIAHCA U KOHEYHBIX PASMEPOB
MATHUTHOM TPYBEKH HA JUCHIEPCUOHHBIE CBOIICTBA
ME/UVIEHHBIX BOJIH

Benos C.A., Mosaesuu H.E., Pamnkos /I.C., 3aBepmunckuii [I.1.,

Camapcxuit ynusepcumem, CO OHAH, o. Camapa, Poccus, mr_beloffwmail.ru

Hannmume B 1uiasmMe MpoLECCOB PagHAllMOHHOTO OXJIAXKIEHUS M HeagnadaTHYeCKUX
NPOIIECCOB HArPEeBa, 3aBUCSIIUX OT MapaMeTPOB CPEAbl, MOXKET NMPUBOIUTH K TOMY, 4TO JIEOOOE
BO3MYIIECHHE 3THX NMApaMeTPOB MOXKET MPHBOAHMTH K HAPYIICHUIO TETUIOBOrO OanaHca, KOTOpPOe B
CBOIO OuUepelb MOXET OKa3aTh BJIMSHHE Ha BbI3BAaBIIEE €ro BO3MyIIeHHe. Takum obpa3om, mpu
BO3HUKHOBEHHH TETUIOBOTO AHCOAaHCca BO3HUKAET MOJOXKHUTEIbHAS MIIH OTPHULATeNNbHAs oOpaTHas
CBSI3b MEXIy BO3MyIleHHeM u cpenoid. IlomoOHast oOpaTHast CBA3b MPUBOIAUT K YCHIJIGHUIO WU
3aTyXaHHUIO BOJIH, a TAKXKe K AUCTIEPCHU X (a30BO ckopocTd. B TO ke Bpems Kk qucnepcuu BOJIH
NPUBOANUT HAJHYUE HEKOTOPBIX XapaKTEPHBIX pa3MEpOB 3alaud, HANMPUMEpP, pPaguyca MAarHUTHOW
TPYOKH.

B mpubmmxeHun TOHKOW TPYyOKHM BTOPOrO MOpsAKAa C Y4YETOM TEIUIOBOro aucOaiaHca
MOJIy4E€HO JINHEHHOE ypaBHEHHE, ONHCHIBAIOIEE AMHAMHUKY MAarHUTOAKYCTHYECKHX BO3MYIICHHN
MaJioil amMruTyAbl. M3 monyueHHOro ypaBHEHUs! BBIBEIEHO IHUCIEPCHOHHOE ypaBHeHHe. JlaHHOe
OVCIIEPCHOHHOE YPaBHEHHE PEIIEHO AHAJUTUYECKH My ciydas Oerymmx BojsH. C HOMOIIBIO
AHAJTUTHYECKOTO PEIIeHUE MPOU3BEIACHBI OLCHKH BJIMSHUS TEIUIOBOrO AHMCOaaHca M KOHEYHOU
TOJIIIMHBI MAarHUTHOW TPYOKH Ha JHUCIEPCHOHHBIE CBOWCTBA MEMJIEHHBIX MArHMTOAKYCTHYECKHX
BOJIH JJISl YCJIOBUH BEEPHBIX KOPOHAJIBHBIX TE€TENb, BCTPEUAIOIIMXCS B AKTHUBHBIX OOJACTSIX
Conana. Iloka3aHo, 4TO AJIs OAaHHBIX YCJIOBMH B HH3KOYAaCTOTHOM mpenere (azoBas CKOpPOCTb
MEeJUIEHHBIX BOJIH OIpeneseTcs BO3AeHCTBHEM TEIUIOBOrO AMCOAIaHCa, a B BBICOKOYACTOTHOM
npenene — KOHEYHOW IMUPHHON TPYyOKH, B TO JK€ BpeMsl NEKPEMEHT BOJH NPEHUMYIIECTBEHHO
oIpezessieTcsl BO3AEHCTBUEM TEIUIOBOTO AucOaaHca.

Pabora wacTuuHo monaepskaHa MUHUCTEPCTBOM oOpa3oBaHusi U Hayku (mpoekThl FSSS-
2020-0014 u AAAA-A19-119083090053-9) u rpantom POOU Ne 20-32-90018.
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B/IVMSIHUE TEJIOBOI'O TUCBAJIAHCA HA HHAYIIUPOBAHHOE
AJIB®@BEHOBCKOHU BOJIHOU TPOAOJIBHOE BO3MY U EHUE
HJIAZMBbI

benoB C.A., Monesuu H.E., 3asepmunckuii /[ U., Pamukos /J1.C.

Camapcxuit ynueepcumem, CO OUAH, e. Camapa, Poccus, mr_beloffwmail.ru

TennoBoit qucOanaHc, BBI3BAHHBIA BO3MYILICHUEM MapaMeTPOB IUIA3Mbl, MOXKET MPUBOIUTH
K TIOJOKUTEJIbHOM HIJIM OTPHULATENbHON OOpaTHOW CBA3M MEXAY BO3MYIIEHHEM H cpenoil. B
YaCTHOCTH, HAIMUHE NMOJ00HOe OOpaTHOM CBSI3M MOXKET NMPUBOJAUTH K YCUJICHUIO MIIH 3aTyXaHHUIO
MarHUTOAKyCTUYECKHX BOJH M IUCHEPCHH MX (a3oBol CKOPOCTH. B TO ke Bpems anb(pBEHOBCKHE
BOJIHBI B JIMHEHTHOM NpUOJIMKEHUU HE TIOJBEPKEHB! AEHCTBUIO TEIJIOBOro aucbananca. OgHAKO B
HEJIMHEHHOM TMNpHUOMIKEHUH JIMHEHHO TIOJSIPU30BaHHbIE aNb()BEHOBCKHE BOJIHBI CHOCOOHBI
UHIy[IUPOBATh MPOAOIBHOE BO3MYLIEHHE TIIa3Mbl, Oylarogapsi MOHAEPOMOTOPHON CHIe, CBSA3aHHON
C rpaJUeHTOM MAarHUTHOIO /AaBJIeHUs B BOJIHE. /laHHOE BO3MYyIIEHHE MOKET HCIBITAaTh BIIMSHHE
TEIUIOBOrO AucOanaHca.

ITony4yeHo ypaBHeHHe, OMMCHIBAIOLEE TEHEPALUMI0 IMPOJOJBHOIO BO3MYIIEHUs IUIA3MbI
anb()BEHOBCKOW BOJHOW B Clydae TeIIoBOro paucbamanca. Jnst ciydas CHHYCOHIAbHOM
anb()BEHOBCKOW BOJIHBI TOJIyYE€HO AHAJIUTHUYECKOE BBIPAXKEHHE UI MPOJOJIBHOIO BO3MYLICHHUS
wiasmbl.  IlokasaHo, d9ro B ciaydae TEIUIOBOro nucOajaHca B PELICHUH  IMOSIBIIETCS
HeoCLIIUIHpyromee ciaraeMoe. Takke HaOFOAAaeTCsl 3aBUCUMOCTb aMILTUTYIbl OCLMJUTUPYOIIEH
4acTU pelleHus OT 4YacTOThl MHAyLHWpylolled BojHbl. Kpome Toro, ocuumaupyouias 4acTb
OKa3bIBaeTCs COBUHYTOH MO (pa3ze Mo CpaBHEHHUIO CO ciydaeM Oe3 teruioBoro nucbamanca. Taxoke
MIPOU3BEIEHO YHCJIEHHOE MOJEIUPOBaHUE TIeHepaluy MPOJAOJbHOIO BO3MYIIEHHUS IJIa3Mbl U
CpaBHEHHUE C aHAJIMTUYECKUM peLIeHHeM JUIsi KOPOHAJIbHBIX ITapaMeTpoB.

Pabora wacTnuHO mopmep:xana MuHucTepcTBOM obpasoBaHuss U Hayku (mpoekTsl FSSS-
2020-0014 1 AAAA-A19-119083090053-9) u rpantom POOU Ne 20-32-90018.
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KPYTUJILHBIE BUCTJIEPBI, CO3JJABAEMBLIE CT'YCTKOM JIASEPHOM ILIA3MEI B
SAMAT'HUYEHHOM ©OHE.

Bbepesynxkuii A.I'., Tumenko B.H., 3axapos FO.I1., Mupomunuenko N.b., [aiixucnamos N.@.,
NJI® CO PAH, r. HoBocubupck, Poccus, a.berezuckiy@yandex.ru

B skcnepumentax Ha crenne KHM-1 u pacderax Ha CynepKOMIBIOTEpPax MOKA3aHO, YTO
CT'YCTKHU JIa3€PHOH TUTa3Mbl MOTYT T€HEPHPOBATh B CHIIOBOH TpyOKe 3aMarHMYEHHOW IJIa3MbI
(manee — (OH) WUHTEHCHBHBIC BHCTJEPHl, MATHUTHOE IOJIE KOTOPBIX pnocturaer ~20 % ot
MarHuTHOTO moyist (pona. Ilpu 3TOM BO3MOXKEH BHCTIIEp, CIEKTP KOTOPOTO COAEPKAT JIMHHUU
BOJIM3M HIDKHETHOPUAHON YacTOTBI M B [JECSTKH pa3 Oojee BBICOKMX dYacToTax. DPdext
HaOJIIOaeTCsl MPU PE30HAHCHOM B3aMMOJEHCTBHH CTYCTKOB ¢ (POHOM, KOT/Ia HOHHO-TIA3MEHHAS
muHa (oHa mpesbinaer 3HadeHue Lpi > 0.5, Ilpu 0.3< L,i<0.4 B cuioBoii TpyOKe BO3OYKAAKOTCS
OAHOBPCMCHHO TPH TUIIA BOJIH — BUCTJICPHI, a,.]'[b(bBeHOBCKaH U MarouToO3BYKOBasd BOJIHbI, B JUAIIA30HC ij
< 0.3 - anpdBEHOBCKas M MarHWUTO3BYKOBasS BOMHEL. B paboTe mpHBOAATCA SKCICPUMCHTATBHBIC
PE3YIbTATHI IO I'CHCPALMK BUCTJIICPHBIX BOJIH CTYCTKaMU nasepHoi/'I MJa3Mbl B 3aMarHAYCHHOM ITIa3Me
(mamee — ¢on). KpyTHUnbHBIC BHCTICPBI XapaKTCPH3YIOTCA A3UMYTATbHOH KOMIIOHCHTOW MArHHUTHOTO
MOJIsl ¢ MPABOCTOPOHHEH KPYroBOH MHOJISMPU3ALINHN, PACIPOCTPAHIIOMKUCCS ¢O ckopocTsmu V~300 km/c.
Pucynox | wamrocTpupyeTr OCHWIIOrpaMMy KOMIIOHCHTBI MArHUTHOTO momst By(t). PeaymbraTet
OKCIICPUMCHTOB IIOKa3aJIkd, HYTO MAr"duTHBIC BO3SMYHLICHUA HUMCHOT IIPABOCTOPOHHIOKD KPYTrOBYIO
HOISAPHU3ALMIIO U HMEOT XaPAaKTEPHYIO MOHMKAIOIMYIOCS 9acToTy oT 10° 't B Hauane makera a0 2:10° I’
B KOHIIC.
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Pucynok 1 a) AsumyrtansHoe MaranTHOe mone Bo (t). Ha BctaBke npeactaBnen roxorpad MarHuTHOroO
nosist. Paccrosiane z=140 cm ot mutienn. Buemaee maruutHoe noje Bi—100 I'c. 6) 3aBucumocTs
ckopoctd V, MakcUMaabHOH aMIUIATYABl OBmax/Bo M 4acTOTH BO3MYIIEHHH () OT BETHYHHBI BHCIITHETO
MarHUTHOTO TOISL.

3aBHCHUMOCTh AMILIATYbI, CKOPOCTH M TICPUOAA BUCTICPOB OT BHCUIHETO MArHUTHOTO MOJI,
WLTIOCTpUpYeT pucyHok 1 (6). MakcumaipHas aMILIUTYAa BUCTICPOB OBma/Bo=0.24 nocturaercst B
noie Bo=200 I'c. Ilpu B=300 I'c, Beamunna OBmax PE3KO YMEHBINACTCS, UTO CBA3AHO C M3MCHCHHEM
KOHICHTpalu (POHA 3a CYCT CXKATHS BHCIIHMM MArHUTHBIM mONEM u yMmeHbieHus Ly, CkopocTts
PaCIpPOCTPAHCHUS BO3MYVIICHHM TIOKA3BIBACT IPAKTHUCCKH JITHHCHHYIO 3aBUCHMOCTB OT BCIHYUHHEBL
marauTHOro Toyia. Yactora Boamymenuit ®=0.76 MI'n B mone 100 I'c, 1+1.25MI'u mpu 200 I'c u 2.5
MI 1t B mosre 300 I'c COOTBETCTBEHHO.

Uccnenosanus  BeimomHeHl B pamkax locymapctBeHHoro 3amanus NeAAAA-A17-
117021750017-0 npu wactnuno moazepxkke Ilporpammel  (QyHIAMECHTATBPHBIX — HCCICAOBAHUM
[Mpesuguyma PAH Ne 22. TlapannensHoe KOMIBEOTCPHOC MOICIHUPOBAHHE OBIJIO BHIIOTHCHO HAa
cynepromnbrotepax MCL PAH, HI'Y, CCKL] CO PAH.

1. V. N. Tishchenko, A. G. Berezutskii, E. L. Boyarintsev, Yu. P, et al. Quantum Electron., 47:9 (2017),
849-852

2. P.A. Prokopov, Yu.P. Zakharov, V.N. Tishchenko, et al. 2016. Solar-Terrestrial Physics, 2016. Vol. 2.
Iss. 1, pp. 19-33.
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OCOBEHHOCTH CHEKTPOB YHU MATHUTHBIX TIOJIEW OT
MATHHUTHBIX TUITOJIEN, PACIOJIOXEHHBIX HA HUKHEHN 1
BEPXHEI I'PAHUIIAX TOPU30OHTAJILHO-HEOJJHOPOJIHOI'O
BOJIHOBOJIA 3BEMJIA-UOHOC®EPA .

Epmakona E.H., Pa6os A.B., Koruk /I.C.

HUP®U HHI'Y um. H. U. JIobauesckoro, r. H. Hoeropon, Poccus, . ermakova@nirfi.unn.ru

B paGore Ha OCHOBE UHCIEHHOTO KOAa, pa3pabOTaHHOTO aBTOPAMH, IOCTPOEHBI U
MPOAHATM3UPOBAHBI  OCOOCHHOCTH  CIEKTpOB  MarHUTHbIX mosed B KHY  amamasowe,
PACIIPOCTPAHSFOIIUXCST B TOPU3OHTAIBHO HEOJHOPOAHOM BOJHOBOZAE 3€MJsl —HOHOchepa OT
HCTOYHUKA TUIIA TOPU30HTAJIbHBIA MAarHUTHBIN AUMONb.. JlJi pacueToB UCHOIb30BaHbl PE3YJIbTaThI
cTathd [ 1] m MeTONMKA pacyera MOBEPXHOCTHOTO UMITEIAHCA HEOTHOPOIHOH HOHOC(EphI, pa3BuUTast
B pabore [2], mo3BOJSIOIIAs TPOBOAUTH BBIMHUCICHUS UL JIOOBIX Tpoduueli moHochepHbIx
mapamMeTpoB, UIA  JII0OOOr0 HAKJIOHA MAarHUTHOrO TOJI 3€MJIM U YYWUTBIBATH B3aUMOJEHCTBHE
HOPMAaJIbHBIX BOJIH B HMOHOC(hepe. KpoMe aMIMTyIHBIX CIIEKTPOB, aHAIM3HPOBAIUCH (a30BBIE U
NOJISIPU3ALMOHHBIE  CIIEKTPbl MarHuTHOro mnois. Kak Opuio mokasaHo B pabore [3] momenb
OJTHOPOAHOTO BOJIHOBOZIa HE MOXeT OOBSICHUTh BCE OCOOEHHOCTH AaMIUTUTYAHBIX U
MOJIAPU3ALMOHHBIX CIIEKTPOB UCKYCCTBEHHBIX CHUTHAJIOB OT TOKOBBIX MOPU3OHTAJIBHBIX JUHUNA. B
HacTosimell paboTe BBIYMCICHUS TPOBEIEHBI C YUYETOM TOPU30HTAIbHO-HEOTHOPOIHON HOHOC]EPH,
U3MEHEHHsI HAKJIOHA MArHUTHOTO TOJISt U MyTEBOTO yIila BAOJIb BCEH TPAcChl paCIpOCTPAHEHUS H/4
BOJIH. | 'OpH30HTaIbHAS HEOIHOPOIHOCTh HOHOC(hEPHI 3a1aBanioch OO0 mpoduIssMu HOHOCHEPHBIX
napamerpoB 1o moxenu IRI-2016, nmubo >TH npoduiam KOPPEKTUPOBAIUCH 3aJaHUEM MOJIETbHBIX
CHopaagnyecKkux cjoeB Es, HMELNX pa3Hyr0 UHTEHCUBHOCTb, Pa3HYIO BBICOTHYIO MPOTSDKEHHOCTD
U Pa3HYIO NPOTSKEHHOCTD BJIOJIb Ne0/1e3MUecKOl JUHUY. YHCIIeHHble pacueThl MOKa3alu, YTO y4eT
U3MEHEHUH HWOHOC(EpPHBIX MapaMeTpPOB M NMYTEBBIX MapaMETPOB HE NPHUBEN K 3HAYUTEIBHOMY
W3MEHEHHIO aMIUTUTYIHBIX U MOJSIPU3ALNOHHBIX CIIEKTPOB B JHEBHOE BPEMsI: Pa3HOCTH (a3 MEKIY
MarHUTHBIMH KOMIIOHEHTAMH U MOJIIPU3ALMOHHBIN MapaMeTp ObUTH OMU3KH K HYJIFO TAK)KE, KaK U B
MO OIHOpOAHOro BonHOBOAa. Ho curyanus usmeHusnacb B TEMHOE BpeMs CYTOK, KOrja
CHEKTPBhI MATHUTHOT'O TOJII CUTHAJA (POPMHUPOBAINCH TOA BIMSIHUEM HOHOC(EPHOro pe3oHaTopa
cy0-MAP. Cneur (a3l MeXKAy KOMIIOHEHTAMH JTOCTHTAJ 15-20°. IIpu sToM cnBur (has3bl U CTETIEHb
SJUTMITUYHOCTH CUTHAJIA HAPACTAIN C YBEJMUYEHUEM PACCTOSTHUS 10 MPUEMHOTo nyHkTa. Hanbonee
3aMeTHasl PasHHLA B XapakTepe aMIUIMTYIHBIX CHEKTPOB MAarHUTHBIX KOMIIOHEHT W OoJbline
(dazoBble CABUTH /IO (400) HaOJIOTATMCh TIPH TIPOXOXKICHUN TEPMUHATOPA 4Yepe3 TeOAe3UdecKyro
JIMHUIO, COEIMHSIOLYI0 HCTOUYHUK U MpUeMHUK. Takke 3a7aHle CIopaJindeckux CJIOEB, UMEIOIINX
pPa3sHyK0 WHTEHCHUBHOCTb BJOJb Tpacchl pacmpoctpaHeHus YHY mnonel, CylEeCTBEHHO MEHSIO
dopMy aMIUIMTYOHBIX CIEKTPOB MArHUTHBIX KOMIOHEHT. BimsHue pesonaropoB cy0-UAP,
MMEIOLINX Ha HUKHEH rpaHulle cropaguyeckue CjIOW Pa3HON MHTEHCHBHOCTH, Ha MPOJOJbHYIO U
MOTEPEYHY0 KOMIIOHEHTBHI MpOSIBJSUIOCh B PA3HOM CTENEHH, MO3TOMY YacTOThI, Ha KOTOPBIX
HaOJIrO/1aIach MaKCHUMAalbHAsl aMIUIMTYAAa B Pa3HBIX KOMITIOHEHTAX, MOTJIHM OTJIHYAThCS. IJTO
MPUBOAMIIO TaKXKe K POCTY SJUIMITUYHOCTU NMPUHUMAEMbIX CUTHAJIOB. Y4eT U3MEHEHHUs] yTEeBOro
yrJia BAOJb Me0/1e3M4eCcKOl IMHUK O3BOJIMII MTOJTyYUTh COOTHOLIEHNE MArHUTHBIX KOMIIOHEHT
C-1O u B-3, 6mmskoe k HaOmogaemMbIM B skcriepuMenTax ¢ Konbckoit yecranoskoii B 2001 .

Pabora BbImonHeHa nmpu yactuyHOH nopaep:kke PODU, mpoekt Ne 18-42-520035. Pacuers! u
aHaJNU3 BIUSHUS FOPU3OHTAIBHO HEONHOPOAHBIX ES cloeB Ha CHeKTphl CHUTHaja BBIMOJHEHBI IPU
noaaep:xke rpanta PH® Ne 20-17-00050.

1. Kupunnos B.B., Koneiikua B.H. // U3s. BY308B. Pagnoguzuka 2002. T. 46. Ne 1. C.

2. Ermakova, E.N., Kotik, D.S., Polyakov, S.V. and A. V. Shchennikov. /Radiophysics and
Quantum Electronics 2007.V. 50. Ne. 7. P. 555-569.

3. Epmaxosa E.H., Psi6os A .B., Kotuk J1.C.// 38. BY30B. Pagnodusuka 2020, B neyaTw.



256

NCCJEJIOBAHUE BJIUSHHUSA JTOKAJTBHOM NOHOC®EPHI HA
AMIUVINTY Y U NOJIAPUZAINIO YHY MATHUTHOT 'O ITYMA HA
YACTOTAX ITEPBOI'O HIYMAHOBCKOI'O PE3OHAHCA

Epmakosa E.H., Psagcos A.B.

HUPOU HHI'Y um. H. H. Jlobauescroeo, . H. Hoeeopoo, Poccus, Lermakova@nirfi.unn.ru

Kax m3BectHo, mymanoBckuii pesoHanc (IIIP) BosHukaeT B mosoctu 3emiisi HoHOCc(hepa mox
NENCTBHEM MOJTHHUEBBIX Pa3psiioB W uMeeT riodanbHbI xapaktep. B [1] Ha OCHOBE YHUCICHHBIX
pacuetoB (0e3 yuera (OPMHUPOBAHHS ITYMAaHOBCKOTO PE30HAHCA) TMOKA3aHO, YTO  BJIMSHHE
JIOKaJbHOH HOHOC(hEpBl MOKET OBITh CYIIECTBEHHBIM M HA YaCTOTaX IIYMAaHOBCKUX PE30HAHCOB. B
HacTosimell paboTe SKCIEPUMEHTAIBHO HCCIEOBAHO BIMSHUE JIOKATBHOH HOHOC(EPDL, a UMEHHO
HOHOC(EpPHOro aibBeHOBCKoro pesonartopa (MAP) m HumxkHero moHocepHOro pe3oHaTopa Ha
BbicoTax 80-300 kM (cy0-MAP) Ha ammiuutyny W TONAPU3ALUIO TE€PBOTO IIYMAaHOBCKOTO
pe3onanca. HccmenoBaHusi ObUIM BBINOJHEHbI HAa OCHOBE CIEKTPAJbHOrO aHAIN3a HaHHBIX
OJHOBPEMEHHOTO MOHHWTOPHMHTa Ha cpeaHemnpoTHoi cranuuu Hosas JKusup (HIK, 56° cur.,, 46°
B.J.) ¥ HU3KOIIMPOTHOW CTaHIWH, Haxopsumeics B Muune-Pamon (M3pawns, MP, 30.61°c.1u,
34.80°8.1.). Kak u3BecTHO, monsApu3anysi, H/4 MArHUTHBIX TOJIEH B MOJIOCE NIEPBOTO IIYMAaHOBCKOTO
PE30HAaHCAa B CEBEPHOM MOJyLIAPUM HMeeT MNPEUMYINEeCTBEHHO JEeBYIO mnojspuszammio. M 310
MOATBEPKAAIOT HAaHHbIE MOHHTOPWMHTa O0eMX HHM3KOYAaCTOTHBIX oOcepBatopuil. Ho cremneHb
AJUTUITHYHOCTH Ha 0oJiee HU3KOIIUPOTHON CTAHLMHU U aOCONIOTHBIE 3HAYCHUS MOSPU3ALHOHHOTO
nmapamerpa € CyLIECTBEHHO MeHble, ueM Ha ctanuun  HXK. OOnHapykeHO, 9TO Ha CTaHIUAX B
TEMHOE BpEMsI CyTOK HaOJIOJAIOTCS 3HAYUTENbHbIE BAPHALIMK B CHEKTPE € HA YACTOTE IEPBOTO
IIIP. ITpuyem 3TH BapHallMu MMEIOT pa3HbI Xxapaktep: B npueMHoM nyHkte HXK maGmomamuce
U3MEHEHUsI CTETIEHN JJUTMIITHYHOCTH 0€3 M3MEHEHUS XapakTepa MoJsIPH3aluy, B TO BPeMs, KaK Ha
cranuun  MP xapakrep NOJSIpU3ALMM  MOT MEHSATBHCS U Npeobianajo MpaBo MOJSPU30BAHHOE
u3nydeHue. AHalu3 CyTOYHOM AMHAMMKHU IapaMeTpa € IOKasall, YTO 3TU Bapuald CBS3aHbI C
BJIMSIHUEM JIOKAJIBHBIX ~ Pe30HATOpoB cyO0-MMAP, uMmerommx pasHyr ONTHYECKYHO TOJIIMHY U
no0poTHOCTH Ha 3TUX obcepBaTopusix. OOHapyskeHO, 4TO BiusiHue Cy0-MAP Ha monspuzanuio B
nojioce I1IP Hanbonee 3HaUMTENBHO, KOTJA IPAaHUYHAS 4YacTOTA (YacTOTa, HA KOTOPOW MEHSETCS
XapakTep TMOJSIPU3AIMKA MAarHUTHOro Imyma) Ommska k dvacrore IIIP. Bnmsame HWAP Ha
MOJISIPU3ALMI0 U aMIUIMTYAY MAarHUTHBIX IOJIEH B YAaCTOTHOM IOJIOCE MEPBOrO IIYMAaHOBCKOIO
pe3oHaHca ObuUI0 OOHAPYKEHO TONBKO Ha cpemHeuupoTHoW craHumu HOXK: BBICOKOAOOPOTHBIN
AJIbBEHOBCKUI pPE30HATOp B MOHOC(hEpe Hajg 3TUM MYHKTOM MOT NMPHBOAWTH K YUIMPEHHUIO WA
YMEHBLIEHUIO 4YacTOTHON mnosockl [P, Kk CMeneHuro ero LEHTPaJbHOM 4YacTOThl, a TaKXke K
KaQXXYIIEMYCsl PACIlEIUICHHIO €ro 4acTOThl. AHAJN3 JaHHBIX PA3HECEHHOW perucrpauuu ¢ 6azamu
100-400kMm Takke OOHApPYXWJT BJIMSIHUE JIOKAJNBHBIX pPE30OHATOPOB TMPU TOPH3OHTAJIBHO
HEOHOPOIHOHN HOHOC(epe HAa aMIUTUTYy U MOJIPU3ALUNA MAarHUTHBIX Tojieit Ha yactortax IIIP. Ha
crani MP Biausiane MAP wa monspusanuro u amrmmuryay IIP we oOHapyxkeno, mu3-3a Oonee
y3KOH 4acTOTHOH mosockl, B kKoTopoil peructpupyercs PCC (pe3oHaHCHAas CTPYKTypa CIIEKTPa).
AHanu3 CIeKTPOB a3UMYTaJbHOTO yIjla BEKTOpa MarHUTHOro mnouss Ha yacrorax I[P mokaszan, 4to
JIOKaJIbHBIE HOHOC(EPHBIE PE30HATOPHI B 3aBUCHMOCTU OT CBOEH MOOPOTHOCTH MOTYT U3MEHSITh
3HAYEHUs] 3TUX YIJIOB Ha 5-15°. ABTtopel OnaromapHel npod. Yrmeepcurera Tenb-ApuBa
Konuny I'. Ipaiicy 3a mpeaocTaBje€HHbIC JaHHbIE C HU3KOYaCTOTHOTO NMyHKTa B Muiine-PamoH.

PabGora BemomHeHa mo mpoekty Ne 0729-2020-0057 B pamkax 0a30BOi wacTu
INocynapcTBeHHoOro 3amanuss MUHHCTEPCTBA HAYKH U Bbicliero obpasosanust P®, mpu wacTuaHON
nonaepxkke Poccuiickum poHnoMm QyHIaMeHTANbHBIX HccaenoBaHui, mpoektT No 18-42-520035-
pP_TNOBOJIKBE a.

1. E. N. Ermakova, D. S. Kotik, A. V.Pershin, V. A Pilipenko, and K. Shiokawa. // Radiophysics
and Quantum Electronics 2017. V. 59, No. 12. P. 947.
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AUHAMHUYECKHUE CHEKTPbI JUCKPETHBIX BBICOKOYACTOTHBIX
OHY-U3JTYYHHUU («IITUYKN»)

Kneiimenoa H.I'., Mannunen 10., ®enopenxo 10.B., Hukurenko A.C., I'pomosa JI.HU.,
Typynen T.

UD3 PAH, UKH PAH, 2. Mockesa, Poccus, kleimen@ifz.ru

Paccmotpenbl 0COOGHHOCTH IUHAMUYECKHX CHEKTpoB nauckperHbix OHY wusnydeHunit Ha
4yacTOTax Bbiie 4-5 K1, K3BECTHBIX KaK «ITHYKH», HA OCHOBE aHajau3a naHHbix OHY HalOmromenmit
B @unnstHaun Ha cranunu Kannycnexto (KAH, L ~ 5.5) u poccuiickoii o6c. Jloozepo (JIOB) ~
400 kM BocTOuHee. Peructpamnmst 5Tux KosebaHWH CTajla BO3MOXKHOW JIMINB TOCHIE MPUMEHEHHS
mudposoii  punbTpanuyn, ounmaromei 3amucu OHY  oT  MHTEHCHBHBIX  aTMOC(HEPHKOB.
IIpencraBnena Oosbliast KOJUIEKIMs pPa3HOOOpasHBIX crekTpanbHbIX (Gopm «OHY nrruexy,
KOTOpBIC, KaK TIPABHIIO, NPEACTABISIIOT coboii kopotkue (1-3 MHUH) BCIUIECKH MPaBO-
noJisipU30BaHHbIX BOJMH. Hambonee wacro HaOmonmatrorcss OHY BCrutecku ¢ MOBBIINAKOLICHCS WIIH
MOHWXAKOIIENCs 4acToTol B mosoce 4-8 kI, mpu 3TOM BO3MOXKHA TakXKe TIeHepalus BOJH
OHOBPEMEHHO B JIBYX, U Jaxe TpeX, Y3KHUX HYacTOTHBIX Mojocax. PaccMOTpeHbl Kak KOPOTKHE
(meckombko MuH) cepun OHY BcruteckoB, Tak W myutenbHble (0 10 4) cepum CHrHaJNOB C
U3MeHsAIIUMcs co BpemeHeM crnektpoM. Ilokazanel «OHY nruuku» ¢ OuYeHb CIIOXKHBIM
MHOTOMOJIOCHBIM AMHAMUYECKHUM CIIEKTPOM U C 3JIeMEHTaMM KBasunepuoaudHoctu. Kpome Toro,
OOHapy’KeHbl Y3KOMOJOCHBIE MOHOXPOMATHYECKUE CUTHAJIBI, HATOMUHAIOIINE JIMHUIO, COCTOSLIYIO
U3 OTAENbHBbIX MEePUOAUYECKH MNOBTOpsromMxcs Touek. ComocraBieHue opHoBpemeHHbx OHY
Habmonenuiit B KAH wu JIOB mokazano, 4ro wuoHOcepHble pasMmepbl 001acTH BBIXOJA
00Cy»KIIaeMbIX BOJIH OTHOCHTEJIBHO HEOOJBbIINE, M CHTHAJIbI MOTYT IMPUXOAUTh HA 3TH CTAHIHMH C
pa3HBIX HampasieHui. YcraHoByieHO, uyTo «OHY nruukm» HaOMONAIOTCS NMPEUMYIIECTBEHHO B
IHEBHOE BpeMs, 4allle B MarHUTHO-CHOKONMHBIX YCJOBHSIX I10CJ€ I€OMarHUTHBIX BO3MYILLIEHUI.
H3nyueHus perucTpupyroTcsi Ha 4aCTOTax MHOTO BbIIIE TIOJOBUHbBI 3KBATOPUANBHON 3JI€KTPOHHOM
rupoyacTotsl Ha L ~ 5.5, T. e. 3HauuTenbHO Bbile .BronHe BepositHO, yro «OHY nruukm»
TeHEpPHUPYIOTCSl TIyOOKO B MarHUTOC(epe Ha 3HAUYUTENbHO MeHblIeld /[-000iouke 3a cuer
LUKJIOTPOHHOW  HEYCTOHYMBOCTH  3JIEKTPOHOB  paAMALIMOHHOTO  mosica.  PasHooOpasme
OUHAMHYECKUX CIEKTPOB U3JMy4YeHUIl TMOKa3blBaeT HaJW4he 3HAUYMTENbHBIX pa3jiuyuil B
MIPOCTPAHCTBEHHO-BPEMEHHOIN JUHAMHKE PE30HAHCHBIX 3JIEKTPOHOB KaK BO3MOXKHOIO HCTOYHHUKA
«OHY ntuuex».
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HJIAHUPYEMBIE DJIEKTPOMATI'HUTHBIE U3BMEPEHUA HA OPBUTE
BOKPYI JIYHBI. ITPOEKT «JIYHA-26».

Kyauxos C.B.!, Knumos C.H1.1, Casun C.IL.1, Ctsikkun B.A.2, 3apyukmnii A.A.4,
Craabcknii A.A.l, Cantonuk 0.3, Konmamosa N.3, JIan P}

TUKH PAH, 2. Mockea, Poccus, kulikov@rx24.ru

*U3MHPAH, 2. Mocksa, 2. T ‘pouyxk, Poccus
SUAD, 2. Ilpaca, Yexus
‘IIOII HOD PAH, 2. Mockea, 2. 1 ‘pouyxk, Poccus

Jlyna He oOnamaer BHYTPEHHUM TIJIOOAJbHBIM MAarHUTHBIM IIOJIEM, HO Ha €€ TOBEPXHOCTH
CYILIECTBYIOT OYard aHOMaJbHOW HaMarHu4deHHocTHU Kopbl [1]. Taxke y JIyHBI HET 3HAYUTEIHHOM
arMocdepnl CrTOCOOHOM 3aLUTHTD €€ TIOBEPXHOCTh OT HAOETAIOIEero MOTOKA IMPOTOHOB COTHEYHOTO
BeTpa. Takum oOpa3om, B pe3ysIbTaTe B3aMMOACHCTBHUS COJTHEYHOTO BETPA C JIYHHOH IMOBEPXHOCTHIO
BO3HHKAET MHOJKECTBO HMHTEPECHBIX MJISI 3JIEKTPOMArHUTHOTO UCCIENOBaHHUS (PEHOMEHOB, TaKUX
Kak oOpaTHOE paccestHhe MOBEPXHOCTHIO JIyHBI MPOTOHOB COJHEYHOTrO BeTpa, (HOpMHUpPOBAHHE
MHHH-MarHuTochep Han oONacTsMM aHOMAJbHOW HAMAarHMYEHHOCTH, IE€PEHOC MPOTOHOB C
JHEBHOU CTOPOHBI JIYHBI B XBOCT, @ TAK)XK€ CBSI3aHHAS C TUMU SIBJICHUSIMU 3HAYUTENIbHASL BOJIHOBAs
AKTUBHOCTB B OKpYysKaroliel mnasme [2].

IIpuboper JIIMC-JII' (cucteMa TPEXKOMIOHEHTHBIX (EPPO3OHIOBBIX MArHUTOMETPOB) U
JIEMPA-JI (ananu3aTop JJIMHHOBOJIHOBOTO 3JICKTPOMArHMTHOTO HM3JIy4eHUs) Ha OOpTy ammapara
«JIyHa-26» npegocTaBsAT BO3MOXHOCTb 3JE€KTPOMArHUTHOIO MOHUTOPUHIA OKOJIOJYHHOW IJIa3MBbl
Ha HU3KHX opOuTax (mopsiaka 50 km).

1. Coleman P.J., Schubert G., Russel C.T., Sharp L R. Satellite measurement of the moon’s
magnetic field: A preliminary report // The Moon. 1972. V. 4. P. 419-429.

2. Bhardwaj A, Dhanya M.B., Alok A, Barabash S. A new view on the solar wind interaction
with the Moon // Geoscience Letters 2015.
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OMUIL BOJIHbI 1 IPOTOHHBIE BBICBIITAHUSA, CBA3AHHBIE C
APEUM®OM SHEPI'MYHBIX TPOTOHOB B BEUEPHEM CEKTOPE

T.A. Honosal, A.T. Axuunl, A.T'. Iemexos!?, A.A. Jo6unu!l, A. Matsuoka®, K. Asamura®, Y.
Miyoshi’, S. Yokota® S. Kasahara’, K. Keika’, T. Hori®, F. Tsuchiya®, A. Kumamoto®, Y.
Kasahara’, M. Shoji'®, I. Shinohara®, H. Kim'!, S.J. Noh!!

LIITH PAH, 2. Anamumui, Poccus, tarkada@yandex.ru

2 UIID PAH, Huocnuii Hoseopoo, Poccus
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B pabore mpencraBieHbl pe3yabTaThl UCCIENOBAHMS 3JIEKTPOMATHUTHBIX HOHHO-IIMKJIOTPOHHBIX
(OMMUL]) BONH M CBSI3aHHBIX C HUMH BBICBIIIAHUN SHEPTHYHBIX MPOTOHOB BO BPEMSI PA3BUTHS
cy0Oypu. Jns amanmmza cobOeitust 01 nmexabpst 2018 roma B wmHTepBane Bpemenn 16-17 UT
UCTIOJIB30BANNCH JaHHbIE Tpex MmarHutochepHbix cnyTHUKOB Arase (ERG), Van Allen Probes
(VAP) A u B. B HOuHOM cektope cnyTHHK VAP-A 3apeructpupoBai moutu 0e3aucrnepCHOHHYIO
WH)KEKLUIO SHEPTUYHBIX IPOTOHOB, CBS3aHHYIO ¢ HadasioM cyOOypu. 3aTeM MPOTOHHAS MHIKEKIIHS
OblIa TOCEnOBaTeNbHO 3apeructpupoBaHa cnyTHukamu VAP-B u ERG kak mucnepcuonHOe
YBEJIIMYEHNE TMOTOKAa SHEPTUYHBbIX NMPOTOHOB. Takoe yBENMYEHHE MOTOKA MPOTOHOB HAa KAXKAOM
CIyTHHKE COBIIQJaeT C MOsiBJIeHHeM uiau ycuiaenneM OMUL] BOMH B H3MEpPEHHSAX TOTO JKe
CIYTHHKA. JTH JaHHBIC NIOKA3BIBAIOT, YTO BO30YkaeHre DMUL] BOJH MPOUCXOANT CHavYasia BHYTPU
obnactu cyOOypu, a 3areM W BHE Hee 3a cyer apeiida obrmaka WHKEKTHPOBAHHBIX IMPOTOHOB.
HuskoopOuraneaeie ciytHukn NOAA/POES u MetOp Habmomanu BBICHITAHUS SHEPTHYHBIX
NPOTOHOB BONMM3M 00JacTH COMpsDKEHHOCTH ¢ HaOmoaenusmu OMULL Bonr B MarHutocdepe.
Hcnonb3yst mapaMeTpbl PeruCTPUPYEMBIX BOJH, MJIa3Mbl U (POHOBOTO MAarHMTHOTO TOJS, ObLTH
paccunTaHbl KO3(PPUIUEHTH! MUTY-YIIIOBON Muddy3nun mpoTOHOB U MHAEGKC pexkuma audy3um.
Pe3oHaHCcHBIE 3HEPrUM MakCUMyMOB KO3((duumeHToB mudQy3un XOpoUIo COTJACyITCA C
IMana3oHOM JHEPrUil HaOMOJaeMbIX TPOTOHHBIX BBICHIMAHUN. 3HaYeHHs KO3(PPHUIHEHTOB
middy3un  yka3pBarOT Ha pPEeXUM CcuiabHOH and@dy3uu, YTO COrjacyercss ¢ pPaBeHCTBOM
3aXBAQUYEHHBIX W BBICBHINAIOIINXCS TMOTOKOB IPOTOHOB HAa OKOJO3eMHOW opOute. Pacuers
k03¢ puLmenTa ycuieHus: BOJIH, UCMOB3YIOUINE JaHHbIE U3MEPEHUHN TUIa3Mbl U MATHUTHOTO ITOJIS
Ha crnytHukax VAP u Arase, mokaszamu, uto wuccinenyembie OMHUL] BomHBI MoOrim ObITh
CreHEepPUPOBAHBI B 00JIACTH MX HAOIOACHMSI WJTH B HETIOCPEICTBEHHON OJTM3U K HEH.

Padora TII, A, wu AJl. nposogwnace mnpu mnoanep:kke Poccuiickoro ¢oHma
bynnamenTanbHbIx uccaenosaruii (PO@PU), npoekt Ne 19-52-50025.
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OCOBEHHOCTU I'EHEPAIINU YJIBTPAHU3KOYACTOTHbBIX
SJEKTPOMAI'HUTHBIX BOJIH B MATHUTOC®EPE 3EMJIN B
HEPUOAbI IIOBBINEHHOU MATHUTHOU AKTUBHOCTH

®eiirnn ®.3., Xaoda3un 0.1,

HD3 PAH, 2. Mockea, Poccus, feygin(@ifz.ru

OOBIMHO CUMTAETCS, YTO B CIIOKOMHBIX MArHUTHBIX YCJIOBUSAX B IMPOTOHHOM PaIHALIIOHHOM
NosICe NaBJICHUE SHEPTUYHBIX aHU3OTPOMHBIX MPOTOHOB (~ 100 K3B) MHOro MeHbIE MarHUTHOTO

nasienus (t.e. B = SﬂnhT/ Bg < 1). D10 ycnosue GBUIO MONOKEHO B OCHOBY TEOPETHYECKOTO

aHaM3a MeXaHN3Ma TeHepalii yIbTpaHu3ko4acTOTHRIX (YHUY) a/ekTpOMarHuTHBIX BOJIH B (popme
Pcl nynpcaumii (vnu «xemuayxkunby). OnHako B padore [Berko et al., 1975] 6bu10 0OHapyskeHO, 4TO
B obnactu 4—6 paanycoB 3eMiH, Ii€ TEHEPUPYIOTCS U OTKYZa PACIPOCTPAHSIOTCS "KeMUyKUHBI",
JaBJIEHHUE TJ1a3Mbl MOKET OBITh ITOBBILICHHBIM U J1a)K€ PABHBIM JABJICHUIO T€OMAarHUTHOTO mosis. Ha
JIEBOM PHCYHKE MpencTaByieHa 3aBUcuMocTe [ ot L nnst mpoToHoB ¢ sHeprueid ~ 100 KsB Bo Bpemst

MarHuTHOH Oypu 17-20 mronst 1972 rona mo nanHeiM cniyTHEKa Explorer 45 (S3-A). Kak BugHO U3
pucyHKa, B MarHuTochepe 3emin BO3MOXHBI NMEPUOIBI, KOTAA MAaBJICHHE TOpsiuell MPOTOHHOU
TUIa3Mbl OJIM3KO K JaBJIEHUIO MarHuTHOro moss. [lo-BupmMomy, Takast reopusndeckasi CHTyauus
XapakTepHa JJIs TEPHOAOB TOBBIIIEHHONH MArHUTHONW aKTHBHOCTH.

Ha ocnose nucnepcnonHoro ypasHerns Y HU BOH, pacpOCTPaHSIOIIUXCS BAOIb MATHUTHOTO TOJIS
[[Iadpanos, 1963], momydaeM BbIpakeHUE JJIsI HHKPEMEHTA:

Z_aph ae” [A-z/1-2)]1-z) , (1)

Q n, x(Z—x)-I—(nh/nO)[1+(1—x)(A+1)/20{2]

3nech £ = @ /€) — 4acTOTa BOJIHBI, HOPMUPOBAHHAS HA TMPOYACTOTY HOHOB,

a =(Q-a)/k (21 /mV? ., A= (TL/ITl —1) — anusorponus. IIpaBeiii PHUCYHOK TOKa3bIBAET

3aBHCHMOCTb HOPMHPOBAHHOTO MHKpeMeHTa 7/() OT HOPMHUPOBAHHON YacTOThI @ /() ISl PasHBIX

. -3
3HaueHUH [ NpH MOCTOSHHBIX Upn Je, =25, n,/n,=10" n A=1. Ananu3 3TOro pesynnrara
MO3BOJIACT CACIIATb BBIBO, UTO IIPHU YMCHBIICHUN ﬂ NPOUCXOAUT YBEJIIMYCHUE NMHKPEMEHTA.

1
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a x 10
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07 3aeucumocTs JoT L
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Pabora BrimonHeHa B pamkax roczaganus Md3 PAH.

[MTadpanos B.J1., Coopuuk "Bomnpocs! Teopun miasmel", Boim. 3. ['ocatommuzaar, 1963.

Berko F.M., Cahill 1.J., Jr Fritz T.A., Protons as the prime contributors to storm time ring current //
J. Geophys. Res. V. 80, 3539, 1975.
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INPOI'HO3UPOBAHUE YNCJIA COJTHEUHBIX IIATEH HA HOBBII 25
NUKJI C HOMOUIbIO PACYHETA HETUHEWNHOU THHAMO MOJAEJIN U
NPUMEHEHUA UICKYCCTBEHHBIX HEHPOHHBIX CETEM

Caduyaaun H.T., Hopmues C.B., Knuopun H.W.

Vpaneckuii @edepanvuviiit Ynusepcumem, 2. Examepunoype, Poccus, n.t.safiullin@ur fu.ru

MpI IPOrHO3UPYEM AMHAMHUKY COJHEYHOW aKTUBHOCTH C MOMOIIBIO HEIMHEWHON ONHOMEPHOHN
AUHAMO-MOneMn U (EHOMEHOJOTHYECKOTO YpPaBHEHUS 3BOJIOIMH uucen Bonbdpa (uucna
COJIHEYHBIX TsATeH). HeJTMHEWHOCTh MOENN CBsI3aHA C SBOJIOIHEH MeTKOMAacIITaOHOW MarHUTHOM
CIUPANIbHOCTH U NPUBOAMT K YCIOXHEHHOMY XapakTepy CONHe4YHON akTtuBHOCTH. Ilpu sTOM
VUHUTBIBAIOTCS anredpandeckas U JUHAMUYECKash COCTABISIIOIINE HeMuHeiHocTH anbda-3ddexra.
Hcxonnass Monenb OCHOBaHAa Ha OajlaHCe MENKOMAcIITaOHOM W KPYNMHOMAcIITaOHOW MarHUTHOH
CIHMPANbHOCTEH, KOTOpas ONMCHIBAET B JETalsIX TMpouecc oOpa3oBaHMs COJMHEYHBIX ISITEH 3a
NOCJIETHUE TATh LIUKJIOB aKTHBHOCTH (HauuHas ¢ 1964 r.), ananTupoBaHHas st Oojiee IHUPOKOTO
KJIaCCa MarHUTHBIX NMPOSIBJICHUN COJIHEUHOW akTUBHOCTH. IlonyueHHast cucrema ypaBHEHUH Oblia
peweHa 9yiciaeHHo [ 1], mpu 3ToM 3Ta TUHAMO-MO/ENh ObliIa OTKATHOPOBaHA MO JJIUTEIbHBIM psiaaM
HaOJIFOIEHU I COTHEUHBIX TIATEH.

YpaBHeHue sBomounu uncen Bonbda ocHOBaHO Ha MexaHu3Me (HOPMHUPOBAHHSI MAarHUTHBIX
ISITEH B Pe3yJIbTaTe HeCTAOMIBbHOCTH OTPULATEIBHOTO 3()(PEKTUBHOrO MArHUTHOTO AaByeHus [2], u
OMHUCBHIBAET TIpoumecc (POPMUPOBAHUS W 3aTyXaHHWS COJHEYHBIX ISATEH. JTa HEyCTOHYMBOCTDH
nepepacrnpenessseT MarHUTHBIA MOTOK, CO3JaHHBIM MEXaHU3MOM IMHAMO CpeaHero mousis. Takoi
MOZIX O/ TIO3BOJISIET CHHTE3UPOBATh CpenHeMecsuHbIe uncna Bombda [3].

[IpuMeHeHne HMCKYCCTBEHHBIX HEHpOHHBIX ceteil apxutektypel Tuma NARX (Nonlinear
AutoRegressive with eXogenous input) mo3BoJjsieT HAACTPOUTh HaJl CHHTE3UPOBAHHBIM BPEMEHHBIM
PSIIOM CpeaHeMeCsTYHbIX Yrcen Bonbda momMecsiuHbIi MPOrHO3 ¢ JOCTATOYHO BBICOKOW TOYHOCTBHIO
YHclia COJIHEYHBIX IBITEH C aCCUMIUIALMEH HOBBIX MOCTymaromux Hadmonenuit. Ho nmaxke B
OTCYTCTBUH KOPPEKTUPYIOIIHNX HAOMIOEHHIH, TPOrHO3UPYIOINAsi CHCTEMA, B OCHOBE KOTOPOH JIeKaT
YUCJICHHBIE pacydeTbl JUHAMO-MOJAENIN, OKa3blBAETCS YCTOHYMBON M IMO3BOJSET NPOBOAUTH
JOJArOCPOYHBIA TPOTHO3.

CornacHo mocnenHuM AaHHbIM HabOmromeHuit, 2020 rox ObLT MOATBEPKACH KaK HA4YaJl0 HOBOTO
25-T0 UMKJIA COJIHEYHOW aKTUBHOCTH. B CBSI3M € 3TUM IpeAcTaBiIsAeT HHTEpEC, Kak OyeT BRIMISAAETD
STOT HOBBIA 25-W COJIHEUHBIN LUKJ C TOYKH 3PEHHs] MOCTPOEHHOW MPOTHO3UPYIOLIEH CHCTEMBI.
PesynbraThl Mporuo3a cpeaHeMecsiuHOro psifa yrncen Bonbda mokaspiBaroT, 4TO HOBBIHA UK OyaeT
no ¢opmMe MOCTAaTOYHO OJU3KMM K MPEOBIAYINEMY, a MUK aKTHMBHOCTU Oy/leT HEMHOIO BBILIE,
npuMepHo Ha 15-20%.

PaGora BeImmoOMHEHAa TpU HYaCTHYHOW moanepxkke Poccuiickum (oHIoM (yHIaAMEHTaIbHBIX
ucciaenosanuil, npoexkt Ne 19-52-53045 I'@EH a, u npu yactudHON noxaaepxkke Poccuiickoro
Hay4HOTO (poHpa, mpoekt Ne 18-12-00131.

1. Kleeorin Y., Safiullin N., Kleeorin N., et al. / Month. Not. Roy. Astron. Soc. 2016.
V. 460 (4). P. 3960

2. Kleeorin N., Rogachevskii I. and Ruzmaikin A. // Sov. Astron. Lett., 15, 274, 1989

3. Safiullin N., Kleeorin N., Porshnev S., et al. // J. Plasma Phys. 2018. V. 84. P. 735840306
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HOBBIE PE3YJIBTATBI PA3PABOTKHU METO/IUKH
CPEJHECPOYHOI O INPOI'HO3A MAI'HUTHBIX  BYPb C
HPUMEHEHHUEM PEKYPPEHTHBIX HEMPOHHBIX CETEHN

M.JL. ®puaman’, O.B. Xa6aposaZ, O.B. Munranes®

YHayuonansuwiii  uccnedosamenscruii ynusepcumem «Boicuwas wixona skonomuxuy, Mockea,
Poccus, lapinbank(@gmail.com

Uucmumym  3emMn020  MacHemuzMa, UOHOC(EpPsl U PACHPOCHPAHentst PAOUOBONH  UM.
H.B. Ilywxosa PAH, Mocksa, 1pouyx, Poccus, habaroval@izmiran.ru

3 Honspuviii 2eopusuveckuii uncmumym, Anamume, mingalev_o@pgia.ru

Ha nansbIii MOMEHT npobsieMy KpaTKOCPOYHOTO MPOrHO3a MArHUTHBIX Oypb MOYKHO CUHTATH B
L[EJIOM peIeHHOH. Mexay TeM, CpeOHECPOYHbIe TPOTHO3bI TIEOMArHUTHBIX Oypbp €
3a01aroBpeMEHHOCTBIO OT 3 4acoB A0 3 JAHEH OTJIMYAIOTCS HHU3KOW OIpPaBIbIBAEMOCTBHIO 10
CPaBHEHHIO C KpaTKOCPOYHbIMH (MHOTAa WX  ONpaBablBaeMOCTb He  Bbime  40%,
https://www.swpc.noaa.gov/sites/default/files/images/u30/Max%20Kp%20and%20GPRA pdf) u
TpeOyIOT 3HAYUTENIBHOrO yayduieHus. lIpoOrmema 3aximo4aercs B TOAXOAE. CPEIHECPOUHBIN
NporHo3 oOObMHO Oasupyercss Ha METOAHMKE, XOopouio paloTaromed Ansd — pealu3anuu
KPaTKOCPOYHOTO MPOTHO3a, & UMEHHO, Ha aHAJIN3€ COCTOSHUS COJTHEYHOTO BETPA, TUITUYHOTO IS
MarHuTHBIX Oypb. [lpu 3TOM paHHBIE Tonmy4aroTcss w3 1-ii JlarpaHkeBol TOYKH C HEKHM
OTepeKeHUEM IO OTHOIICHHIO KO BPeMeHH mpuxona reo3(p@ekTHBHOro moToka K MarHutocdepe,
yro paet gopy B 20-60 muryT. OgHAKO AN CPEOHECPOYHOTO MPOTHO3a 3TOr0 Mo U Tpedyercs
UCTIOJNB30BAHUE TPUHLHUIHAIBHO APYroro IOAXOAA, MO3BOJSIIOIIErO IPENCKas3blBaTh MPUXON
reod(peKTUBHBIX TIOTOKOB, & HE OMHCHIBATH COCTOSHHE COJHEYHOro BeTpa mo (akrty. ITO
OOCTOSITENBCTBO YKa3bIBAET HAa HEOOXOOMMOCTh IIOMCKAa TIPOLIECCOB B COJIHEUHOM BETpE,
NPEAIIECTBYIOINX T€OMArHUTHBIM OypsiM. M3BECTHO, YTO MarHWUTHBIE TIOJOCTH, 3aIOJHEHHbBIE
MarHUTHBIMH OCTPOBAMH M TOKOBBIMH CJIOSIMH, 00pa3yIOTCs Mepen BBICOKOCKOPOCTHBIMHU TMIOTOKAMHU
1r000ro TUMA, YTO MOXKET PACCMaTPUBATLCS Kak MpeaBEeCTHUK MarHUTHBIX Oypp (Khabarova et al.,
2015, 2016, 2018; Adhikari et al., 2019). B cBsi3u ¢ 3TuM ObUT TIPOBEAECH aHAIU3 BapHUALMA
IUIOTHOCTU cojHeuHoro Berpa B ULF-gmamasone B 1-ii Touke Jlarpanika, HaOmMoOmaembIx OT
HECKOJIBKUX YacOB 0 HECKOJBbKUX JAHEeH 10 NpuOBITHS reodpPeKTUBHOrO mnoToka. Pakr
BO3HUKHOBeHUs npenOypesbix ULF-Bapuammii B COMTHEUHOM BETpe M AK€ F€OMAarHUTHOM IIOJIE
6bu1 3ameueH nasHo (Khabarova 2007; Khabarova & Yermolaev, 2007). IIpenBapuTenbHblii aHATH3
NPEIBECTHUKOB JaBall XOPOLINE Pe3yJIbTaThl, OJHAKO MPOoOIeMa aBTOMATH3ALUU MPOTrHO3a U €ro
NPUMEHEHUS K TeKYLIMM JaHHBIM COJTHEUHOTO BETPa OCTABAIACH OTKPBITOM.

B noxiane oOCy:kKmaroTcsi HOBbIE Pe3yJIbTaThl Pa3padOTKH METOJAa CPEIHECPOUYHOro MPOrHO3a
MAarHUTHBIX Oypb, KOTOPBIH UCIONB3YET peKyppeHTHyro HelpoHHyio cetb (PHC) nans
ABTOMATHYECKOTO IMOMCKA MaTTePHOB. MUHYTHBIE JAHHBIE MNIOTHOCTH COJTHEYHOTO BETPA U AaHHBIC
OKOHHOro mpeodpazoBanusi Pypre HCIONB3YIOTCS B KaueCTBE BXOAHOrO mapamerpa. Muer pabora
O YJIYYLICHUIO MPOTHO3a B Pe3yJibTaTe JOOABJIEHHUs aHAJN3a JAHHBIX MO TOKOBBIM CJIOsM (110 Oasze
JaHHBIX TOKOBBIX cjoeB Ha 1 ae., cm. https://csdb.izmiran.ru) . TectoBelii pe3ynbrar
MPOTHO3UPOBAHMUS MPEICTABIICH Ha CaTe.
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MOAYJIb ITPOI'HO3A ITIAPAMETPOB COJIHEYHOI'O BETPA IEHTPA
KOCMHWYECKOHU HOT'OJAbI HUUAD MI'Y

Hlyraii 10.C., Kaneraes B.B., bo6posuukos C.1O., Hryen M./L., lllupsies A.O.

HUHAD MI'Y, e. Mockea, Poccus, jshugai(@srd.sinp.msu.ru

Ha cafite xocmumueckoii moromer HUMA® MIY (http://swx.sinp.msu.ru/weather.php)
peain3oBaH €IUHBbII CepBUC CPEAHECPOYHOIO NPOTrHO3a CKOPOCTH, IUIOTHOCTH M KHUHETUYECKOU
TEMIEepaTypbl MPOTOHOB KBA3WCTALIMOHAPHBIX MOTOKOB cojHeuHoro Berpa (CB), yuurtbiBarommit
U3MEHEHHs MTapaMeTPOB MOJEIH MPOrHO3a B MUHUMYME COJTHEYHOT'O IUKJIA.

IIporHo3 cpeaHecpOUHBbIX 3HAUYEHUNH CKOPOCTH BBICOKOCKOPOCTHBIX IOTOKOB COJHEUHOIO
Berpa (BCII CB) peann3oBaH Ha OCHOBE ASMIIMPUYECKONW MOJENU, HCIONb3YIOMEH BETUYHHbI
Iomaneld KOpOHANBHBIX JBIP, paccuuTaHHbie o n3odpakenusim Conana ¢ KA SDO/AIA B nByx
anuHax BonH 19,3 m 21,1um. [l mporHosa CKOpOCTH MeuleHHBIX MoTtokoB CB B pexume
pearbHOTO BpeMeHH ObLT BRIOpaH METOA, OCHOBAHHBIN Ha UCTOJb30BaHNM napaMeTpoB CB Ha la.e.
3a mpemplaymuid WU Tekymui obopor ConHIA, TO3BOJSIIOIUN TOJYYUTb PE3yJIbTaTHI,
COIOCTAaBUMBIE 1O Ka4deCTBY C IPYyT'MMH INPOrHO3aMH MemieHHbIX moTokoB CB. Jlnsd oneHku
IUIOTHOCTH M KHHETUYECKOW TeMmmepaTypsl NpoToHOB CB  HCIonb30BaHBl  3MIHPHUYECKHE
COOTHOILUEHUS, TpUBENeHHbIE B padoTe [1], KOTOpbIe MOCTPOEHBI B NMPEANOJNIOKEHUH, YTO depe3
BHYTPEHHIOIO TPaHULy, PACHOJOXEHHYI0 Ha 30 CONHEYHBIX paanycax, paadaibHbIi MOMEHT
WIOTHOCTH TOTOKa CB MOCTOSHHBIH, a Takke IMOCTOSHHO Ta30BOE€ NaBJICHUE. OJMITUPUYECKas
MOJieJIb WCIIONIb3YeT 3Ha4u€HUs] CIPOrHO3UPOBAHHON CKOPOCTH KBA3UCTAL[MOHAPHBIX IOTOKOB
COJTHEYHOro BeTpa Ha 30 CONHEUHBIX pajnycax, a Takke, B KauecTBe KO3(pHLMEHTOB Momeny,
MaKCHUMaJbHbIE  3HAY€HWs]  CKOPOCTH,  IUIOTHOCTHM M KHHETHMYECKOH  TeMIepaTypbl
(http://swx.sinp.msu.ru/weather.php).

brina cozmana 6aza manHbIX coObITHI mpuxoma BCII CB Ha okono3eMHYyI OpOUTY IO
JaHHBIM u3MepeHuil napamerpos CB Ha xocMmuueckux ammnaparax [2] u Ha ocHoBe nporHo3a BCII
CB, monydaemMoro u3 aHain3a COJHEUHBIX H300pakeHwWid. basa maHHBIX cOmepKUT COOBITHS 32
nepuoa  2010-2019 romoe  (http://swxdev.sinp.msu.ru/models/hss. php?gecm=1). TlonmydeHHbIe
JaHHbIE IUIAHHUPYETCS MCIONb30BaTh My OLeHKH KkadectBa mnporHosa BCII CB, umenHo:
BEPOATHOCTHU MpaBuibHOro nporHosa npuxoaa BCII, u omnpeneneHus BpeMEHHOH MOrPELIHOCTU
(naTepBaNna Mexxay mMoMeHToM npuxona BCII mo m3mepeHusIM Ha KOCMHYECKHX ammaparax u Io
MPOTHO3Y ).

Bbrimn moctpoens! cuHonTHueckue kapThl nctouHnkoB BCIT CB Ha ocHOBe M300pakeHHi C
SDO/AIA, cobpannbix 3a nojHbli Kappunrronosckuii o0opotr CojHIA, ¢ HAHECEHHBIMH Ha HUX
KOHTypaMHu KOpPOHaJbHBIX AbIp, 3a nepuod ¢ 2010 mo 2019 roapl. baza AaHHBIX CHHOOTHYECKHUX
KapT JocTymHa 1o axapecy  https:/ftp.sinp.msu.ru/coronal maps/90/. CuHONTHYECKHE KapThI
MO3BOJIAT BM3yajbHO OTciexuBaTb Ha CoOJHIE pa3Mepbl U PacloiokKeHHe KOPOHAJbHBIX IbIp,
uctounukoB BCII CB, B Teuenue kaxkmoro obopora ComHia, U HaOMIOAATh 32 UX JUHAMUKOU C
XOJIOM COJJHEUHOTrO LIMKJIA.

1. Odstrcil, D., and V. J. Pizzo, // J. Geophys. Res. 1999. V.104(A12). P. 28225-28239.
2.Rodkin D. G. et al. // Cosmic Res. 2019. V. 57, No. 1, P. 53-63.
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METOA UHC B 3AJAYE J1OT'OCPOYHOI'O ITPOI'HO3UPOBAHUS
MHAEKCOB COJIHEYHOU AKTUBHOCTHU

Kpamenunnukos U.B., Uymakos C.O.

HU3MHUPAH, 2. Mockea, e. Tpouyxk, Poccus, krash(@izmiran.ru

Jdnsa  paboTbl  paAMOTEXHMYECKMX CHUCTEM C  HCIOJIb30BAaHMEM  HOHOC(epHOro
pacrpoCTpaHeH!s PAAHOBOJIH, B YACTHOCTH, TUIAHUPOBAHUS BbIOOpa paboyux 4acToT, HEOOXOIUMO
3HaHHWE UHAEKCOB COJIHEYHONH aKTUBHOCTH, KaK KIIOUEBbIX YIPABISAIOIUX MapaMeTpoB
MPOTHOCTUYECKUX HOHOC(HEpHbIX Mozened. J{oNrocpodHelii MPOTHO3 YCJIOBUH MPOXOKIACHUS
PaguOBOJIH OXBaTbIBA€T BPEMEHHOM HHTEpBajl OT OAHOrO Mecsina A0 3-4 Jer BOepen W,
CJIEIOBATENIbHO, OH M OMpeAeNsieT MOTPEOHOCTh B TOPU3OHTE OMNpEAENeHHs BPEMEHHOTO XO0na
YPOBHsI COJIHEYHON aKTHBHOCTH.

B Hacrosimee Bpemsi ecth aBa 0a30BBIX OPHLIMANBHBIX MUCTOYHHMKA MPOTHO3HBIX 3HAUEHHH
JUTsl TApaMeTPOB COJTHEYHOM aKTUBHOCTU: €BPONEHCKUN LIEHTP aHAJIN3a YUCJIA COJIHEYHBIX MSITHEH
(cpenHemecsiuHble criaxkeHHble - Rm) - http://sidc.oma.be/silso/datafiles n amepukanckuii neHTp
KOCMHMYECKON TIOTOABI JUISl TIOTOKA COJTHEYHOTO PAAHON3IyUeHHs (CpeIHEMECSTYHbIE CrIIayKEHHbBIE -
F10.7m) - https://www.swpc.noaa.gov/products/predicted-sunspot-number-and-radio-flux. Kax ase
HE3aBHCUMO H3MepsieMble XapaKTEepUCTUKU OAHOTO MpoLiecca OHU AOJDKHBI KOPPEIUpOBaTh, YTO U
NpOSABISAETCS B HCTOPHMYECKUX psAgax AaHHbIX. OOHAKO TMpU OKCTPANOJALUU BIEpel OHHU
CYIIECTBEHHO PacXoIsTcs y)ke Ha macmTade 2-X JieT B CHJIY NPHHLUMHUAIBHO Pa3IMYaroIInXcs
METOJOB TOCTPOEHUS] JOJrOCPOYHOIrO IMPOTrHO3a M BO3HUKAET MOTPEOHOCTH 00Jiee KOPPEKTHOro
MIPOTHO3UPOBAHUs CpeaHeMecssuHbIX HHAeKkcOoB Rm u F10.7m Ha oaHON MareMaTH4eCcKOi OCHOBE, B
YaCTHOCTH, HA OCHOBE MHCTPYMEHTa HMCKYCCTBEHHOIO MHTEIJIEKTa - HCKYCCTBEHHOH HEHPOHHOM
ceru (MHC) [1].

B nannoii pabote mpencraBieHbl pe3yIbTaThl aHAIN3a OCOOCHHOCTEH MPUMEHEHHUs METOAA
HUHC B 3amaue 10AroCpoYHOrO MPOTHO3UPOBAHUS HA NMPUMEpE MHIEKCA COJIHEYHONH aKTUBHOCTH —
yrcna cosHeuHblx msaTeH (SSN). PaccmarpuBamichk 6a30Bble BONPOCHI YCTOWYMBOCTH U OOIIeH
KOPPEKTHOCTH TMpEACKa3aHWsl NAaHHOTO HWHIEKCAa Ha BPEMEHHOM Maciutabe MHUKIa COJHEYHOU
aktuBHOCTH B KOH(urypauun HMHC, ocHOBHBIE TapameTpel KOTOPOH ObUTM OMpeneNneHbl, Kak
ontumanbHele, B [2]. Ha puc. 1 mpencraBieHsl pe3yibTaThl BepUpUKALIMH PACCMATPUBAEMOTO
merona ¢ npumeHenneM MHC k MoiebHBIM (CHHTE3MPOBAHHBIM) U PEATbHBIM (CTITaXKEHHBIM 13-TH
MecstuHBIM (QUIBTpoM) naHHbIM SSN st 25-r0 KA COTHEYHONH aKTHBHOCTH.
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1. Tonosko B.A. Heiiponnsie cetu: obyucnuue, oprannzanus u npumencunne // M: MUTTPXKP. 255 c¢. ISBN 5-
93108-005-8. 2001.

2. bapxaros H. A., Koponés A. B., Ilonomapes C. M., Caxapos C. F0. [loarocpoyHoe nporHo3upoBaHUES
HHJICKCOB COJTHCYHOH aKTHBHOCTH METOAOM HMCKYCCTBCHHBIX HEHPOHHBIX cereit // M3s. BY30B.
Pagnodusuxa. T. XLIV. Ne 9. Cc. 806-814. 2001.
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N3YYEHHUE BA’KHOCTHU BXOJHBIX ITPU3HAKOB B 3AJIAYE
MMPOTHO3UPOBAHIA TEOMATHUTHBIX BO3MY IIEHUI
AJITOPUTMAMU MAIINHHOTI'O OBYYEHUA

Baagumupos P.JI., lllnpokuii B.P., Markosa U.H., bapunos O.I'., Jonenxo C.A.

HUN Hoepnoii huzuxu umenu J[.B.Crodenvyvina MI'Y umenu M.B.Jlomonocosa, 2. Mockea,
Poccus, dolenko@srd.sinp.msu.ru

Ilenrro nccnenoBaHus SIBJISIETCS U3Y4YEHHE Ba’KHOCTH BXOAHBIX MPU3HAKOB, UCIOJIb3YEMbIX IS
MOCTPOSHHUST MOJENIeH MAaITUHHOrO OOy4YeHUs, MPOTHO3HMPYIOIIMX COCTOsSIHHUE Marautochepsl. B
KayecTBe  IPOTHO3UPYEMBIX  3HA4YEHWIl  paccMaTpUBAIOTCSl  CpeAHEeYacoBble  3HAUYEHUs
SKBaTOpUaNbHOrO uHAekca Dst Ha 1-4 uaca Bmepen [1]. B kauecTBe BXONHBIX MNPU3HAKOB
HCIIOJIB3YIOTCSl MCTOPUYECKHE 3HAUEHHUs XapaKTEepUCTUK COJHEYHOTrO BETpa M MEKIUIAHETHOTO
MarHMTHOIO MoJist U3 nepBoil Touku Jlarpanka B cucrema ConHue-3eminsa U uHnekca Dst, a Takoke
BPEMEHHBIE XaPaKTEPUCTUKH, ONMCHIBAIOINNE TOJI0KeHne 3emnn oTHocuTenbHO Conuua. Kaxabrit
napaMeTrp, KpoMe BPEMEHHbIX XapaKTepPUCTHK, OMUCBIBaeTCA 25 CpeNHEYaCOBBIMH 3HAUEHUSMU!
TEKyLIMM U 24 HCTOPUYECKUMM 3HA4EHHUSIMHU 32 4ac A0 TEKYILIEero, Ba 4yaca IO TEKYyILero M Tak
nanee.

JIs OLIEHKHM BaXKHOCTH BXOJAHBIX MPU3HAKOB HCIOJB30BAJICSI UTEPATUBHBIN MOAXOJ Ha OCHOBE
AITOPUTMOMA MAILIMHHOTO OOYy4YeHHMsl, CBsI3aHHBIA C MepedopoM Monesel-KaHANIATOB IyTEM
yIaJeHUs BXOAHBIX MPU3HAKOB MO OmHOMY. B nmaHHO#H paboTe B KadecTBe aJropuTMa MAIIUHHOTO
oOy4eHHs paccMaTpuBaeTcsl JHHEWHas perpeccus. O0mas cxema pabOThl alroOpuUTMa BBITJISIIAT
clenyromumM odpa3om:

1) Obyuaercs Monenb MAIIMHHOTO OOYYEHHWS HAa JAHHBIX C MOJHBIM HA0OPOM M3 N BXOAHBIX
NPU3HAKOB, U MPOM3BOIUTCS OIIEHKA Ka4eCTBa MOJENIH Ha TECTOBOM Hadope.

2) Kaxnplii mpu3HAK 10 OYepend yaaasieTcss 3 Hadopa JaHHbIX.

3) Ha xaxmoMm U3 n yMEHBIIEHHBIX HAaOOPOB MPOM3BOAMTCS OOyUEeHHE MOIETH MAIIHHHOTO
00y4eHHsI, 1 IPOU3BOANUTCS OLICHKA M3MEHEHHsI TOYHOCTHU 10 CPABHEHHIO C MOJEIBIO, MOTYYEHHOM
Ha mare 1.

4) Tlpm3Hak, ypmajeHHe KOTOPOrO NPHUBOAWIO K MHHUMAJIbHOMY TaJeHHIO KadecTBa II0
CPaBHEHHIO C OCTAJIbHBIMH MOJIEINISIMH, TTOJTYY€HHBIMHU Ha IIare 3, MOJHOCTBIO yAajsieTcs: u3 Hadopa.

5) IloBropsieM anropuT™, HauWHas C mara 1, UCMOJB3ys TOJYyYEHHBIH Ha mare 4 Habop B
KadecTse nosHoro. [losropsieMm 10 Tex Mnop, MNoka He OCTaHETCs MOCAEAHUM TPU3HAK.

6) Cuuraercsi, 4TO MNPHU3HAKH PAHXUPOBAHBI MO BAKHOCTH B MOPSAKE, OOPATHOM TOPSIKY
yAaJIeHusl: caMblii BaXKHbIN MPU3HAK OCTAETCSI MTOCIEIHUM.

ITo pesynbraram padoTsl Hanboee BAXKHBIMU OKa3auch creayromue npusHaku: Dst(0), B z(1),
H den(0), B magn(1), H den(3), SW_spd(2), roe Dst — 3Hauenue unnekca Dst, B z u B_magn —
3HAYEHHsI Z-KOMIIOHEHTBI U MOAYJISI MEKIUIAHETHOI'O MarHUTHOTO TOJIsA, COOTBeTCTBeHHO, H den —
IUIOTHOCTh TIPOTOHOB B COJNHEYHOM BeTpe, SW_spd — CKOpOCTb CONHEYHOrO BeTpa, B CKOOKax
yKa3aHa 3aJep>KKa B 4acax OTHOCUTENIBHO TEKYLIEro MOMEHTA.

B pabore mpoBomuTcsi aHanM3 U OOCYKIOCHHE pE3YJIbTATOB W IEPCIEKTHUB HCIIOJIb30BAHMS
NTOPUTMA JIJIs1 337144 TPOTHO3UPOBAHMS COCTOSIHUSI MATHUTOC(HEPHI 3eMITH.

Pabora BhImONHEHa B paMkax rocOromkeTHbix TeMatuk HUMA® MI'Y 6.1 (01201255512) u 2.1
(115041410195).

1. Epuropos A.O., Msrkosa M. H., [lIupokwuii B.P., onenko C.A. IIporaosupoanue Dst-
WH/EKCA, OCHOBAHHOE Ha METO/IaxX MaImUHHOTO oOy4enus. Kocmuyeckue uccnenopanusi, 2018,
T.56, Ne6, ¢.353-364.



266

BOCCTAHOBJIEHUE TEOMATI'HUTHBIX JTAHHBIX HA BA3E
KOHOENIHU INPPOBLIX IBOMHUKOB

Bopo6bes A. B."?, Iuaunenxo B. A.>?

LVTATY, a. Ypa, Poccus, ’I'll PAH, 2. Mocxkea, Poccus, *U®D3 PAH, 2. Mocksa, Poccus,
geomagnetialist.ru

MHOXeCTBeHHblE aHOMAJIMM BO BPEMEHHBIX psax TIEOMArHUTHBIX JAHHBIX, PErHMCTPUPYEMBIX
HA3e€MHBIMH CTAHLUSIMH, TIOMHUMO TOTO, YTO HETaTUBHO CKa3bIBAIOTCS Ha 3(dexTuBHOCTH camMoro
noaxona K HabmoaeHno reomMarHuTHOro nojst (I'MII), uckimro4aroT BO3MOYKHOCTh TIPUMEHEHHUS K
JaHHBIM TAKOTrO poJa MaTeMaTHYeCKOro ammapara, TpeOyroIuero CoOONIONEHHsS yCIIOBHS
HETPEPbIBHOCTH WH(GOPMALMOHHOTO CHUTHANA, W CO3JAIOT OIIyTHMble MNpOOJNeMbl Kak TpU
MOJEIUPOBAHUM TE€ONMPOCTPAHCTBEHHOro pacnpeneneHus Bapuauui I['MII, u nonyuenwue
uHpopMauuu BeICOKOro ypoBHs (L2). IlepcrnekTHBHBIM MOIXOA0OM K PEIIEHUI0 JaHHOH MpoOsieMbl
MOJKET SIBIATBCS CO3JaHWE M UHTErpanusi B mpouecc cOOpa TeOMarHWTHBIX JaHHBIX Tak
Ha3bIBAEMBIX «IH(PPOBbIX NBOMHUKOBY (LI/]) MarHUTHBIX CTaHIMMN, MO3BOJSIOIINX C HU3BECTHOU
TOYHOCTBIO CHUMYJIMPOBATh TMOBeAeHHe WX (u3N4Yeckux mnporoturnoB. Ha mpumepe cern
BBICOKOIIMPOTHBIX MarHuTomMeTpoB IMAGE paccmarpusaercs noaxon k cozpanuto L[/l MarHuTHBIX
oOcepBaropuii, a Takke aHaMM3UpyeTcss ero 3(P(PEeKTHBHOCTh B 3aJadax BOCCTAHOBJICHHS U
PETPOCIEKTUBHOIO MPOTrHO3a IE€OMAarHUTHBIX JaHHBbIX. [IpuBOAATCA pe3ynbTaThl YHUCIEHHOTO U
KOMIIBIOTEPHOI'O MOJEIMPOBAHUS YKa3blBAIOLME Ha TO, 4YTO Hcnonb3oBaHue LI/ MarHUTHBIX
CTaHUMH CrMocOOHO MHHHUMH3UPOBATH Psi MPOOJIEM W OTPaHUYEHUH, CBSI3aHHBIX C HAJIUYHEM
BBIOPOCOB M NPOMYIIEHHBIX 3HAUYEHUI BO BPEMEHHBIX psaax OONbIIMX OOBEMOB I'€OMAarHUTHBIX
JAHHBIX, a TaKke 00eCrneurnBaeT BO3MOXKHOCTb BOCCTAHOBJIGHHS M PETPOCHEKTHBHOIO MPOTHO3a
napamerpoB I MII B aBpopasibHOI 30HE CO cpemHeKkBanpaTtudeckoit omubkoi mo 11.5 uTn Ilpu
5TOM, BaXKHO OTMETHTh, YTO €CJIM B AMILUIUTYXHOH 00JacTH NH(POPMALTMOHHOTO CUTHAJIA BO3MOKHBI
HE3HAYUTENIbHBIE OTKJIOHEHHsI, COPa3MEpHbIE C OIIMOKON MOIENUPOBAHMS, TO MPOCTPAHCTBEHHAS
JIOKAJM3aIHs YaCTOTHBIX MMAKETOB ¢ nepuonamu 2—12 muH (auanaszoH Pi3/Ps6 mynbcarmii) ocraercs
NPaKTUYeCKH Henm3MeHHOW. Ha mpuMepe MHHYTHBIX '€OMarHUTHBIX AaHHBIX cTaHuuu Kilpisjarvi
(KIL) 3a 2015 r mokasano, 4to ucnosb3oBanue ee L[/ cnocobHo obecnedynTh BOCCTAHOBJICHUE U
PETPOCTIEKTUBHBIA TIPOrHO3 99.55% manHpix 3a 2015 1, mpu stom 86.73% wu3 HUX CO
CpeIHEeKBaIpaTHUeCcKo omuOKkoi, He mpesbimaromeidi 12 HTn. Takke B pabore mpeaymaraercs
mozenb uHTerpamms LJ] B mpoueccer cOopa M perucTpaunyd T€OMAarHUTHBIX JaHHBIX, CIIOCOOHAs
o0ecreunTh BO3MOJKHOCTb AaBTOMATHYECKOW HWACHTU(PHUKALMH U 3aMEIIEHUS OTCYTCTBYHOLINX
3HaYeHWH W BBIOPOCOB, TMOBBINIAS TakUM oOpasoM 3a cuer 3(dexTa pe3epBUPOBAHUS
OTKa30yCTOMYMBOCTb MArHUTHOH CTaHIMM KaK UCTOYHMKA NaHHBIX. BO3MOXHBIM NpUIIOKEHHEM
merona L[JI moker OBbITb BOCCTAHOBJIEHHE MPOIYIIEHHBIX CPEOHEYACOBBIX 3HAueHUH B 0Oaze
nanHbeix OMNI 1o Ha3eMHBIM JaHHBIM, UCTIOJb3YS YCTAHOBJICHHbIE KOPPENALMOHHBIE CBA3H MEXKIY
napaMeTpamMy MEXIUIAaHETHOTO NPOCTPAHCTBA U PA3JMYHBIMU TUIIAMU F€OMArHUTHBIX BO3MY LIIEHUH.
Pabora mopnepsxana rpanrom PH® Ne 16-17-00121.
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O KYMYJISITUBHOUM MPUPOJE DKCTPEMAJIBHBIX COBBITHII KOCMHUYECKOM
HOT'OBI. Ouenka 710CTOBEPHOCTH Pe3yJbTATOB

Ko3ao0s B.U.

Hucmumym xocmoghusuveckux uccreooeanuii u asponomuu um. FO.I'. lagpepa, CO PAH,
2. HAxymck, cosmoprognoz@mail.ru

IMony4eHbl CBUAETENLCTBA TOTO, YTO MPHUPOJA HauboJiee SKCTpeMaabHbIX coObITnii KocMudeckoit
Norofpl MMeerT olmee, KyMYJSITHBHOE TIPOUCXOKIACHHUE. KakK pe3yJbTaT B3aUMOJCHCTBUS
«IOTOHSIIOIINXY (B cpene ¢ yowvieaioujeli «pas 3a pa3oM» IUIOTHOCTBIO) IPYT Ipyra YAapHBIX BOJIH.
3TO MOATBEPIKIAETCS JAHHBIMH TPSMBIX HAOMIOAEHUH B3aUMOACHCTBUS YIAAPHBIX BOJIH OT CEPHUU
CME na kocmuueckux anmaparax CIIA, Stereo-A u Stereo-B. B sxcmpemansusix Mo MOIIHOCTH
coOprTusx KocMuueckoii moroasl 00pasyroTes U Hauborbuile 0 BETUINHE IOTOKH KIITOPMOBBIX»
YaCTHUL], MPeABAPSIOIIUX HPUXOO YOAPHOIl 60NHbI HA OpOUumy 3emnu. VIMEHHO OHU MPENCTaBISIET
HaubOILULY10 ONACHOCHIL IS CHCTEM JKHU3HeoOecredeHus: B BepxHell atmocdepe, B Kocmoce u Ha
3emne. IlpoBeneHa sagepka pe3ynsmamos TPOTHO3a IUTOPMOBBIX» HYACTHUI] MO KOCMHYECKUM
Jy4aM BBICOKHX 3HEPruil JaHHbIMH H3MepeHui Ha kocmmueckoM anmapare CIIA, ACE. Onenka
docmoseprocmu niporuo3a P>80%.
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Puc. 1. lucnepcuss u Bz-kOMIOHEHTa MEXIIJIAHETHOTO MAarHUTHOTO IOJIsL, CKOPOCTh U IJIOTHOCTH
MJIa3Mbl COJTHEYHOTO BETPA, a TAKXKE MOTOK «IITOPMOBBIX» YaCTULl - HU3KOSHEPTUYHBIX IPOTOHOB
(Ha mpumepe wacturl ¢ >HEeprueid ~1 M»3B), 1o maHHBIM HM3MEPEHHUH Ha KOCMHYECKOM armapare
CIOA, ACE ¢ 17.X.2004-15.X1.2004. IIpenBecTHUKH — MOKA3aHbl BEPTUKAIBHBIMH CTPEJIKAMH.
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HPOI'HO3NPOBAHUE KOPOHAJIBHBIX BBIBPOCOB MACCHI C
HnHOMOIbIO DBM-MOJIEJIN 1 MOAEJIN ITPOI'HO3A
BBICOKOCKOPOCTHBIX HOTOKOB COJIHEYHOI'O BETPA

Kanopuesa K.B., Illyraii }F0.C., Epemees B.E., Kajeraes B.B.

HUUAD MIT'Y, 2. Mockea, Poccust kb.kaportceval@physicss.msu.ru

B Hacrosiee BpeMsi cTaHOBUTCS BCE OoJiee akTya bHOH 3a7a4ya MPOTrHO3UPOBAHUS MPUXO/IA
Ha opOuty 3emiin KOpOHaIBbHBIX BBIOPOCOB Macchl (KBM) — mposiBieHUH COTHEYHOW aKTUBHOCTH,
OTBETCTBEHHBIX 3a Hamboyee MOIIHbIE TeOMarHUTHble Bo3MmylneHus. KBM Habmromatorcs B
COJTHEYHOH KOpOoHe ¢ momomnpio kopoHorpados (Hampumep, SOHO/LASCO), a ux mina3MeHHbIe
napamMeTpbl MOXKHO 3apPETHCTPHPOBATH B MEKIUTAHETHOM MPOCTPAHCTBE MPHOOPAMH Ha KOMUYECKHIX
annaparax, Harnpumep, ACE, DSCOVR, B touke L1. Ilpu peructpauuun KBM no niasmeHHbIM
napaMeTrpaM B MEXIIJIAHETHOM MPOCTPAHCTBE MPHUHSITO HAa3blBaTb HX MEXKIIJAHETHBIMU
KOpOHaJIbHBIMH BeIOpocamu Macchbl (MKBM). Y cTaHOBUTB OHO3HAYHOE COOTBETCTBHE Mexky KBM
u MKBM ypaercs He Bceraa, BCIEACTBUE HEBO3MOXKHOCTH NMpOCaeauTh pacnpoctpanenue KBM B
renuocepe u pe3yabTaThl BO3MOKHOTO B3anumopeicTeust KBM ¢ npyruMu moTokamu COJIHEYHOTO
BETpa BO BpeMst UX pacrnpoctpanenus or ConHua. B Hamei padore ans mporHo3upoBaHus BPeMEHU
u ckopoct mpuxona KBM MBI HCHONB3yeM aBTOMATHYECKH IOMOJHsSEMble Oa3bl JaHHBIX
napamerpoB KBM CACTus [1] (ra ocHoBe nannbix kopoHorpadga LASCO/SOHO) u auMMHUHTOB
SolarDemon [2] (Ha ocHoBe nanHbIx SDO/AIA), ¢ TOMOIITBIO KOTOPBIX MBI OTOMPAaEM MOTEHLUATIBHO
reodpdexrnBapie KBM, yuuThiBas MOJOXKEHHWE COOBITHS HA COJIHEYHOM IucKe. B pesymbrare
ANTOPUTMOB OOBEAMHEHUS W (PUIBTPALMU COOBITHH MbI MONYYMNIA 0a3y MAaHHBIX MOTEHLUATBHO
reospdexrusabpx KBM 3a nepuox ¢ 2010 — 2019 rr.

[IporrHosupoBanmne BpeMeHu U ckopoctu npuxona KBM Ha opOuty 3eMim OCyIecTBIsLIIOCh €
nomotnbio DBM-monenu [3], koTopast onpenensier 3aKOH ABMKEHUs BBIOPOCa B 3aJaHHOM ()OHOBOM
BETPEe, U MOJEJH MPOrHO3a BBICOKOCKOPOCTHBIX moTokoB (BCII) conmreunoro Betpa [4], koTopas
MO3BOJISIET PACCUUTATH CKOPOCTh (POHOBOTO COJIHEUHOTO BETpa B JIFOOOH TOUKe renrocdepbl Ha
OCHOBE pacueTa IUIOMAfell KOPOHAJbHBIX Iblp MO u3oOpaxkeHusM CoOJHIA, TOJIYYEHHBIM C
kocmudeckoi obceparopuu SDO/ATA. UtoOsl yuects Bo3MoskHOe B3aumozeiictesiue BCITI u KBM
B renmuocepe, BxomHble naHHble DBM-Momenun NepecUUTHIBAIOTCS B HECKOJBKHUX TOYKAX
renuocdepsl ¢ yueToM nporHosa ckopoctu BCIL
breutn paccunTaHbl MOAEIbHBIE 3HAYEHUsI CKOPOCTH U BpemeHu npuxona MKBM Ha okonozemHyro
opburty st 2010, 2013, 2015 1 2017 rogoB 1 MONYHYEHO, YTO BEPOSITHOCTD AETEKTUPOBAHUS COOBITHS
MKBM c touHocTeo 0 48 uacos paBHa 70%. CpaBHeHue mposoauiochk ¢ katairorom MKBM
Puuapncona u Ketina [5]. Anammus reosddextunoctn cobbituii MKBM mokasan, 4TO MOTOKH,
CBSI3aHHBIE C CHJIbHBIMU T€OMAarHUTHbIMH Bo3MylueHusiMu (Dst wHImexc menbine - 100HTM),
NETEKTUPYIOTCST € BeposTHOCTbIO 80%. AHamu3 pe3ynbTaToB MO3BOJWJI HAMETUTh IYTH IS
yIydimeHuss MeTomoB  otbopa reodddextuBHpix KBM, a Takke, mns AalbHEHNIEro
COBEPIIEHCTBOBAHUS CUCTEMBI Mpornosuposanust MKBM.

1. Robbrecht E., Berghmans D. // A&A 2004. V. 425. P. 1097.

2. Kraaikamp E., Verbeeck C. // Space Weather Space Clim. 2015. V. 5. P. A18.

3. Vrsnak B, Zic. T, Vrbaneck D, et al. // Solar Physics. 2013. V. 285. P. 295.

4. Shugay Yu., Slemzin V., Rodkin D, et al // Space Weather Space Clim. 2018. V. 8. P. A28.
5. Richardson 1.G., Cane H.V. // Space Weather Space Climate. 2012. V. 2. P A02.



269

Marnauroc(epHblii 0TKJIUK HA B3aUMOJeliCTBHEe ¢ JUAMATHUTHOI CTPYKTYypoOi
CIOPAANYECKOr0 COJTHEYHOI 0 BeTpa

IlapxomoB B.A., EceneBuu B.I'., EceneBuu M.B., ImurpueB A.B., CyBopoBa
A.B., Xomytos C.1O., II>rmaa b., Paiita T.

bI'Y, e. Uprymcxk, Poccus, pekines 41(@mail.ru

[TpencraBiieHbl pe3ysbTaThl KCCACAOBAHUS JBUKEHHUS OT UCTOUYHMKA HA
ConHile 10 TMOBEPXHOCTH 3eMiM AuaMarHuTHOW CTpykTypsel (JIC) comHewHorO
BETPA, ABJIAIOIICICS YaCThIO KOPOHAJIBHOT'O BBIOPOCA MACChI, 3aPETUCTPUPOBAHHOTO
18.05.2013 ma 1 ae. JIC, ompenmensemas IO BBICOKOMY OTPHIATEIHLHOMY
ko3 dunmenTy koppensaiun Mexay moayiem MMII u konnentpanuein CB Ha
cnytaukax ACE w Wind (r = - 0.9) B6mm3u Conuna, Ha cnytaukax 1HB v THC (r =
- 0.9) Ha oxomo3eMHO# opbuTe U Ha cnyTHHKE [ HA BHYTpH MarHuTocheps (7 = -
0.4), mepeHOCHUTCA COTHEYHBIM BETPOM O OPOWUTHI 3eMJIH C COXPAHEHHUEM CBOCH
TOHKOW BHYTPEHHEH CTPYKTYphl. J[MaMarHuTHasi CTPYKTypa MPOXOAUT KaK IEJI0e
yepe3 TOJIOBHYKO YJIAPHYIO BOJIHY M BO3JCHCTBYET HA MArHUTONay3y B BHJIC
3aMarHM4eHHOTO MIa3MOuAa, B KOTOPOM KOHIIEHTpAllMs MOHOB Bo3pacTaeT oT 10
cm-3 10 90 cm-?, a CKOPOCTH MamaeT Npyu ABUKEHUM B XBOCT Marautocdepst. Ilpu
B3aumoercteumn JIC ¢ MarHuTomy30il reHepUPyETCss UMITYILCHOE JICKTPUUECKOE
noJie BeauunHou ~ 400 MB/m ¢ mocenyonumMu konebanusmu ¢ mepuogaom 7'~ 200
¢ u ammmutynoit ~ 50 mB/m. [lpu sToM HaOMOAAETCS YCKOPEHUE 3apsSKEHHBIX
YACTHUIl PAJMALMOHHOTO TOSiCAa U MOAYJALMS MOTOKOB MPOTOHOB B JMAMA30HE
sHepruit 95 — 575 koB Ha AHEBHOU cTOpOHE U 31eKTPOHOB 40 — 475 k2B 1 IPOTOHOB
95 — 575 x»B na nounoii. Ha Beuepneii cropone marautocdepst (19 -23 MLT)
HabmogaeTcs cyoOypeBast akTHBU3AIMA B TE€OMAarHUTHBIX MyJIbCAIIMAX U MOJISIPHBIX
CHUSHUAX, HO 0€3 MarHUTHOM OTpUIATEIbHOM OyXThl. B MOCIenoNyHOUHOM CEKTOpE
(01 — 05 MLT) nabmonmaerca saw tooth cy0Oypsi 6e3 mpeasapurensHoit ¢asbl n
Opefikama ¢ TIIyOOKOW MoOmynsIeii HOHOCHEPHOTO TOKAa W aBPOPABHOTO
MOTJIONMICHNA. J[TMTeTbHOCTh BCeX sABJICHWUN B MarHuTochepe w Ha 3emiie
ompenensiercs BpemeneM p3anmoeiicTeus JIC ¢ marautocdepoit (~ 4 gacon). Jlns
WHTEPIPETANAN 3aKOHOMEPHOCTEH MarHUTOC(EPHOTO OTKITMKA HA B3aUMOICHCTBHE
¢ JIC paccmarpuBaroTCs albTEPHATUBHBIEC MOJICTA: UMITYJIbCHOTO TIpoxoxkaeHus J1C
3 CB B maramTocdepy M Kiacchueckas Mojenlb mnepecoeauHeHus MMII u
r€OMarHUTHOTO MOJIS.
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MexayHaponaHelii HHAEKC MarHUTHONW akTuBHOCTH PC  sBisieTcss WHAMKATOPOM OHEPTUU
COJIHEYHOro BeTpa mnoctynaromeid B marHuTochepy3emnu (Pesomorust XXII Accambien
MAT'A, 2013r.). B nanHoii pabore mnpencraBieHbl Pe3yNbTaThl CTATUCTUYECKOTO aHaIU3a
COOTHOLIEHUHN MEXAy CpeIHEerofaoBbiMU 3HaueHussMU PC mHaekca U TakuMH MOKa3aTeNsiMU Kak
WHAEKChI MarHuTHOU akTuBHOCTU (AE m Dst), mapamerpbl CONHEUHOTO BeTpa (CKOPOCTh VSW,
IUIOTHOCTH Nsw, nuHamu4eckoe nasinerne Pdyn, BeprukanbHas komrnoHenta MMII Bz, monHast
Bennunaa MMIT [B|, snexrpuueckoe none £K1) u uncio conreunsix msiteH, CME u CIR 3a 23-
24 UMKIBl COJTHEYHOW AaKTUBHOCTU. IlOKa3aHO, 4YTO CpenHErofoBblE 3HAYEHUs AMILIUTYAbI
CTIIOKOMHOH CyTOYHOH BapHalM{ I€OMArHUTHOrO MOJs (KOTOpast CIY’KUT YPOBHEM OTCUETA TPHU
oueHke BenmuuHbl PC wmHpekca) u3MmeHsauch B 1998-2019rr B MOJNHOM COOTBETCTBUU C
BapuauusiMu cosHeduHoroY @ m3nyuenus (150-200uM), koTopoe obecneunBaeT SIeKTPUIECKYIO
NPOBOAMMOCTh 3eMHOM HoHOc(hepsl. I'ogoBas BennunHa PC mHAekca XOpomo KOppenupyer ¢
TOZIOBBIMHU BEJIMYMHAMH Vsw U |B| 1 NX MPOU3BOIHON — ANEKTPHUECKUM nosieM FK/., Tak e Kak
U C TOIOBBIMHU BeNMuuHaMU AF u Dst UHAEKCOB, YTO CBUAETENBCTBYET O TOM, uTo PC mMHAmekc
IOEHCTBUTENIBHO CIYXKHT HAa3€MHbIM HMHIUKATOPOM TMOCTYIAIOMIEeH B MarHUTOC(epy SHEPrHu
comHeuHoro Berpa. lomoseie Bemuumubl FKL, PC, AL, Dst KOppenupyiT € BEIUYHHON
MEKIUTAHETHOTO MAarHUTHOTO TOJs |B| 3HauuTenpHO Jydile, 4yeM ¢ Bz xommoHeHTod MMII,
ykaspiBas, 4To 3¢ dexkruBHOCT, B3aumopeiicTeuss MMII ¢ marHurocdepoit ompenensercs,
npexnae BCEero, BeNMYMHONW mois |[B|, a He 1oxHONW KoMmmoHeHToi MMII Byzg, dro He
MOATBEPKIAAET KOHLENUUoo JlaHXXH O MepecoeqUHEHUH MEXIUIAHETHOIO U T[€OMarHUTHOIO
NOJIeH, KaK MeXaHN3Me BO30YKIEHUS] MarHUTOC(EPHBIX BO3MYLIECHHH.
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IKCTPEMAJIBHBIE COBBITUSA KOCMI/I‘IECISOI‘/JI IHOT'OAbI B ITEPBBIE
COJIHEYHBIE HUKJIBI 110X HIOHUKEHHOU CA

HNimkos B.H.

HU3MHUPAH, 2. Tpouyx, Mockea, Poccus, ishkovi@izmiran.ru

3asepiienue B nexadpe 2019 r 24 mukna conHeuHol aktuBHOCTH (CA) mepBOro LUKIIa BTOPO
snoxu TOoHMKeHHOH CA mo3BONSET Ha4aTh pPAaCCMOTPEHHE OCOOEHHOCTEH €ro pasBUTHUS U
XapaKTePUCTUK B CPABHEHHUH C MEPBBIM cOoHeuHbIM LUKJIoM (CL[12) mepBoil SMOXH MOHMKEHHON
CA. B mpencrasisieMOM JOKJIaZe Mbl PACCMOTPHUM SKCTPEMANIbHBIE COOBITHSI KOCMHUYECKOU TIOTO/IBI,
kotopeie ocymectBunuch B 3tu CL[. IlosiBnenune B mocnenHee necstuieTne XX BEKa LIKAJIBI
BO3/ICHCTBHUSI COJHEYHBIX AKTHBHBIX COOBITHI HAa OKOJO3€MHOE€ KOCMHYECKOE MPOCTPAHCTBO,
KOTOpasi MO3BOJIMJIA KJIACCU(HUIMPOBATh MUX MO MAKCHUMAJbHONH WHTEHCHUBHOCTH TOTOKA MSTKOTO
pentreHoBckoro manydenuss — R (12.5-1 k3B = 1-8 A), MAaKCUMaJIbHOMY 3HAUE€HUIO ITOTOKA
COJIHEUHBIX MTPOTOHOB — S U MakCUMaJbHOMY TPEXUaCOBOMY 3HAUE€HHIO N€OMarHUTHOro uHjekca Kp
Ui MarHuTHBIX Oypp — G B msaTtubamipHOM cucteme, rae RS, S4, G5 orHOCAT BO3mEHCTBUS K
SKCTPEMAJIbHBIM.

Hano mmers BBUAy, uTO B mepByro 3moxy noHmwkeHHoW CA (CL| 12 — 16) Ham IOCTYNHBI
IOCTOBEpHBIE (HAOMIOmATeNbHBIE) [aHHbIE TOJBKO O TI'E€OMArHUTHBIX BO3MYIIECHHUSX  I10
TPEXIaCOBOMY HHIEKCY Aa (CpaBHHUTEIHHO ONHOPONHBIA psig ¢ 1868 I), BHE3AMHBIX MMITYJIbCAX
(SI), orpaxkarommx NPUXOA K 3emiileé BO3MYIIEHHH OT COJIHEUHBIX BCIBIIIEYHBIX COOBITHH
(ConHeYHBIE BCTBIIKH M BBIOPOCHI COJHEYHBIX BOJIOKOH, COIMPOBOXKAAIOIIMECS KOPOHAIbHBIMU
BbIOPOCAMU BEIIECTBA) U, JOCTATOYHO PEOKO, OT MPOLECCOB B MEXKIUIAHETHOM IPOCTPAHCTBE, U,
TaK Ha3bIBaeMbIX crochét, peaknmell MarHUTOC(EpPHl HA MPHUXOMA SIEKTPOMArHUTHOTO HMMITYJIbCA B
HavaJie B3pbIBHON (ha3bl 0COOO0 MOIIHBIX COJTHEYHBIX BCIIBIIIEK.

[Ipomenmuii 24 comHEYHBIH LMKJI OKa3aucs camMbiM CiabbIM BO BCEX BHIAX TMPOSBICHHS
BCIIBIIIEYHON aKTUBHOCTH U BO3JEHCTBUS HA OKOJO3€MHOE KOCMHUYECKOEe IMPOCTPAHCTBO MO LIKanie
BO3MYyIIeHUI o cpaBHeHMIO cO Bcemu CLI xocmmueckoi 3pbl U, Mo Bcer Bunumoctd, Bcex CLI
JOCTOBEPHOTIO Psi/ia OTHOCUTENIbHBIX YHCEN CONHEYHBIX MATEH.

HccnenoBaHmne SKCTpEeMaNbHBIX M OY€Hb OOJBIINX IeOMarHuTHBIX Oypb (kmaccel G5 u G4) B
COJTHEUHbIX mukiax 24 u 12 BeisiBriio emé oaHy ocobenHocts ClI24: 3a BeCh LUK OTMEYEHO
Tonbko 1 mMarautHas Oypst knacca G4 u 3 — kinacca G3, Torna kak B CL] 12 ux Obu1o 5: 3 MarHuTHbIE
Oypu kiacca G4 u 2 — kyacca G5. D1OT (PakT MOXKET TOBOPHUTH O TOM, YTO (PH3MUECKUE YCIOBUS
peanu3ali 3TUX HU3KHX COJHEYHBIX I[UKJIOB HECKOJBKO Pa3JINYaliiuCh, T.€. (JOHOBBIE 3HAYCHUS
o0IIero MarHUTHOTO TOJIsE ObUTM XOTh M HU3KHE, HO PA3JIMYHbIE, M, COOTBETCTBEHHO, YCIIOBUS
peanu3aly COJHEYHbIX AKTUBHBIX SIBJIEHUI, BEPOATHO, 3HAYMMO Pa3IMUaJINCh.
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O HenpeacKa3yeMOCTH COJTHEYHOM M 3Be3AHOM AKTHBHOCTH

Hycmunvnux JILA., Terv-Aeueckuil ynueepcumem

ConHeuHasl aKTHBHOCTh W BBI3BAHHBIC CHO Pa3pPYIUHUTCIBHBIC COCTOSHHS KOCMHYCCKOH IMOTOABI SIBISIOTCS
BRKHCHIINM H, BO3MOXKHO, CIWHCTBCHHBIM, MOCTOSIHHO JACHCTBYIOIIMM (akTopaM NpsIMOTO  BIHMSHHS
acTpohU3MICCKOro 00BCKTA HA HAIy HUBWIH3ALNI0. OCO3HAHUE 3TOU YrPO3bl 3HAYUTEILHOHN YacThIO 00IIECTRBA
MpeBpamacT npodaeMy NpeAckazyeMOCTH CONTHEYHOH AKTUBHOCTH B COLIMANBHO 3HAYHUMYIO U 0OCCIICUHBACT
MOJACPIKKOH IrpaHThl, obemaromue ObICTPBIN U paAuKanbHEINA nporpecc B 3Toi obmactu. [Iponecch comHeuHOM
AKTHBHOCTH M COOTBCTCBYIOIIME BOMPOCHI K HX MPOTHO3Y MOTYT OBITh PA3ACACHBI HA JBC TPYIIIBI A
BPEMEHHOMY MacinTady:

1. TlarcHHas aKTHBHOCTH: @) 3BE3AHBIC (COMHCUHBIC) IIMKJIBI AKTHBHOCTH ¢ nepuogamu 9-14 jer (B cpeaHem
11 met) nna ConHua W UX HECTAaOMIBHOCTH Ha MacmrTabax COTHH JIeT (Tuma MuHuMyMa Mayazaepa). Hpyroi
KOMITOHCHT OTOH aKTHBHOCTH MPOSIBIIOMIUIACS HAa Macmrabax [JHU-HCACTH — POKICHHC H JAWHAMHKA
MarHUTHBIX IBITCH Pa3HbIX MacmTaboB. OHU3HYECKONH OCHOBOHM 3THX ABYX THUIIOB SIBICHHH SUTICTCS TUHAMO-
mporecc renepanuu MarHutHoro moist B ConHue w 3Be3max 3a cuer komOuHaumu auddepeHmHansHOro
BPAILCHHUS, MCPHUIWOHAIBHOW LIMPKY/LILMH, THPOTPONHON TYpOYICHTHOCTH, MArHUTHOH IUIABYYSCTH H
KOPHOJIMCOBOTO BPALICHHUS MArHUTHBIX MICTCTb.

2. BcmeimmeuHoe SHEProBBIACICHHUE B CONMHEYHOM (3Be3aHOM) arMocdepe Ha MaciuTabax MHUHYTHI-YAachl B
pe3yabTaTe AHOMATBHOH JHMCCUNALWMHM BCIUIBIBHIICTO W3 mox (oTocdepsl MArHATHOTO MO B XOJE
MEPECOCANHEHHUS B TYPOYICHTHBIX TOKOBBIX CIOSX. ITOT MPOLECC, COMNIACHO COBPEMECHHBIM NPEACTABICHHUSM,
OTBCYACT 32 COOCTBCHHO SHEPIOBBIJCICHUE BO BCIBIIIKE, BBI3BAHHOC TUCCHUIALICH MArHUTHOW OSHEPIHU,
MPOHUKAIOLICH U3 KOHBEKTUBHOH 0071aCTH B COTHEUHYIO atMoc(epy, HAKAITUBACMYIO TaM U AUCCHUITHPYEMYIO B
X0J€ BCIIBIICK PA3HOTO MacIuTada.

HecmoTtpst Ha rUraHTCKUil MPOrpecc MOCICAHUX JCT B IIIyOOKOM MOHHMAHHU (PU3HYCCKHUX MEXaHH3MOB Kak
JUHAMO, TaK U AUCCHNATHBHOTO MPOLIECCA, a TAKKE HA THTAHTCKUC JOCTIDKCHHUS B TEXHOJIOTHU HAOMIOACHHH 32
ConHneM u 3Be3gamu, OOYCIOBJICHHBIC BO3MOXKHOCTSIMH KOCMHUECKHX oOcepBaTopuil (C HpOrpeccoM B
MPOCTPAHCTBCHHOM PAa3pPELICHUN 10 HEOOTbINONW YacTH VITIOBBIC CEKYHABI H BO BPEMCHHOM Pa3pEIICHHH IO
MULTHCEKYHI) Mbl IO CHX IMOP HE MOXKEM MPEICTABUTh CeO€ IMOIHYI0 NPHYHHHO-CICACTBCHHYIO KapTHHY
SIBJICHUH B COJTHCUHOHM akTHBHOCTH U chopmyauposare cxemy ("if' and ""if" and "if"..."then"...) cnocoGHuyr0
00eCIIeYUTh TOCTOBEPHBIH MPOTHO3 COMHEYHOH AKTUBHOCTH (KaK MO TOJAM, TaK W IO 4YacaM) ¢ JAOCTATOYHO
BBICOKOH CTCIICHBIO OIPaBABIBACMOCTH. B  1gokmaze Mbl 00CY’KJacM BO3MOXKHBIC TMPHYHMHBI HAIICH
HECTIOCOOHOCTH TCHEPUPOBATh HAISKHEIM IMPOTHO3 U BO3MOXKHOE HATUYHE B MPHYHHHO-CIICACTBCHHOMN LIETIOYKE
AKTHBHOCTH TAaKHX 3JCMCHTOB, KOTOPHIC MNPUHLUMIAAIBGHO OrPAHUYMBAIOT MPEACKA3YEeMOCTh CONHCUHOM
AKTHBHOCTH:

1. Hanmame CKpeITBIX (DAKTOPOB, KOTOPBIC CCTOAHS HENIb3s HAOMIOAATh W YYCCTh, HO KOTOPBIC OYCHb
CYILIECTBCHHBI JJ1sI MPOLIECCA TCHEPALIHHA AKTHBHOCTH.

2. Hanvuue »1¢MEHTOB HECTAOWIBHOH M HENPEACKA3YEMOH 3BONIOLMH THNA «CTPAHHOTO aTTPAaKTOpa» B
NPUYHHHO-CJICICTBCHHBIX LICTIOUKAX CBI3CH, OTBCTCTBCHHBIX 38 COMHCUHYIO (3BE3IHYIO) AKTUBHOCTE.

3. Hammume xpurnueckux coctosHud (Oudypkaimil) B NPEABCHBINICYHOH SBOTIOLMHA AKTHBHOW 00IAcTH C
KpaiiHed YYBCTBHTCIBHOCTBIO PE3VJIBTHPYIOLICTO OTKIHKA CHCTEMBI K MalOMY W3MCHCHHIO YIPABISIOLIUX
NapaMeTPOB, TIOPOKAAIIETO HEMPEACKa3yeMbIe (pa3oBbie mepexo sl Tuna "KatacTpodsr”.
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Esrenmnii bepexko. «OTnyck 310 He MOBOJ He X0AUTb HA padoTy»

C.A. Crapoayones

HKOHUA CO PAH, 2. Axymcx, Poccus, starodub@ikfia.ysn.ru

Hoknan mnocesimeH >ku3HU U pabore bepexko Esrenmst I'puropeseBmua (15.12.1952-
28.11.2020 rr) - o nmercree, yuebe B OMIIL Nel8 u na @msPake MI'Y, o ero mytu B SAkyTuro u
CTAaHOBJICHUH TaM HacTosimero ydeHoro - aupekropa MKOMA CO PAH um. K0T Iladepa.
bepexxko E.I. (BEI') siBnsiercss onHUM M3 CaMbIX SIPKUX U TAJAHTIMUBBIX MpeAcTaBuTeNen SkyTckoi
IIKOJIBI TTO KOCMO(U3HKE, UCCIIENOBaTENEeM acTPOPH3UKH KOCMUYECKHX JIydel U (PU3UKH IJIa3Mbl -
YUEHOr0 ¢ MHUPOBBIM MMEHEM. XapaKTEepPHOH ero ueptoil OBUIO TPENEeTHOE OTHOLIEHHE K JH000M
pabote 1 0cob0e BHUMaHUE K TINATEIbHON MMOCTAaHOBKE (PU3NUECKOI 3aa4r. A €ro CJIoBa KOTITYCK -
3TO HE TOBOJ HE XOOUTh Ha PaloTy» yKe JaBHO CTAJH CPENH €ro YUEHHUKOB M KOJUIeT apopu3MoM.
BEI' Obu1 MHTEPECHBIM M PA3HOCTOPOHHUM YEJIOBEKOM, C HHM MOXKHO OBLIO OOCYXXIarb CamMble
pa3IUYHBIE BOMPOCH! OT pabOYNX MOMEHTOB JI0 CJIOXKHBIX )KH3HEHHBIX CUTYaLHi.

Kak-to B Hauane 90-x Bech TeOpOTHEN, B KOTOpoM 1ox pykosoncteoMm BEl'a pabortan aBrop,
BBITMOJHSJI BECbMa BAKHBIN XO30OTOBOP - BO BHEYPOUHOE BpeMsl IEPEBOAUI C aHMIUNHCKOTO
CTPOUTENIbHYIO NOKYMEHTALUIO s 34aHus «Bpiciieil mKonsl My3blkn» B AkyTun». B pesynsrare
2-x MecsiuHOM pabotel ObuT 3apaboran uenbiii PC 286 «Oenoit cObopkny»! C ero momomipio BCKOpe
OBUIM TIONyYeHBI HOBBIE, OPUTHHAJIBHBIE PE3YJIBTaThl 10 YCKOPEHHIO KOCMHUYECKHX Jy4deid B
OCTaTKax CBEePXHOBbIX. OJHOBpPEMEHHO aMEPUKAHCKUM KOJUIeraM YAajloCh MOJYYUTh pelleHue
AaHAJIOTMYHOM 3ajadu, HO C CUJBHO YIPOLIEHHBIMHU [apaMeTpaMd U C HCHOJIb30BaHUEM
cynepkoMnbroTepHoro kinactepa Cray. brnaronaps ¢pusndeckn 000CHOBaHHON 3aMEHE TEPEMEHHBIX
1 OPUTHHAJIBHOMY aJITOpUTMy, NpemyokeHHOMy BEI'OoM, MeTon 4YMCIE€HHOro peleHus CIOXHOU
CHCTEMBl YpPaBHEHHH OKa3ajcs HAcTONbkO 3(dextuBHbIM, uTO Teopernkam HUKOUA ynanoch
MOJYYUTh COMOCTAaBUMBbIE PE3yNbTaTbl Ha MPOCTOM M MeaJieHHOM KommbroTepe. Ilocnenyroimuii
noknan BET'a ma ICRC1993 B Kanrapu Bbi3Banm Oonbmioil pe3oHaHC U ObUT OCOOO OTMEYEH B
TOKJIa/Ie ParopTepa Ha 3aKII0YUTEIbHOM 3aCEIaHN KOH(EPEHIHH.

Jpyrast ctopoHa *ku3HH EBrenust I puroppeBuya 3T0 €ro yBJI€Y€HHE CIOPTOM - OH ObLT B
KypCe BCEX INIABHBIX HOBOCTEH CIIOPTUBHOM JKM3HH U B CTPaHe, U 32 pyOekoM. A BO BpeMsl OTITyCKa
4acTo OBIBAJI BMECTE CO CBOMMH KOJUIETaMHU-TEOPETHKAMU Ha TPUPOJE — B CIUIABAX HA KaraMapaHax
B paiione Jlenckux Cronbos no peke byoroma. ITo nnnnmaruee BEI'a npemusi, nonydyennast B 1984
teopernkamu MK@UA na xonkypce pabor CO AH CCCP, 6puta morpadeHa Ha mpuoOpeTreHne
Karepa, Ha KOTOPOM TIOTOM OB COBEPIIEH HE OUH NajJbHUN moxox 1o JleHe.

Hy>xHO OTMeTHTB, UTO, IIPU BCEX CBOUX AOCTOMHCTBAX U HE3aBHCUMOCTH B CY>KAEHUSX, CaM
BEI" He crecHsIcs 00paTUThCS B 3aTPYIHUTENBHBIX CUTYALMSIX 332 COBETOM K KOJUIETaM, KOTOPBIX OH
UCKPEHHE YBaXKall 3a HMX MNPOQECCHOHANIM3M M JKU3HEHHYH mno3uiuio. OCoOEHHO Terio OH
OTHOCHJICSI K BeTepaHaMm Benmkoil oredectBeHHOH BOHHBL Omnbir oOmenuss ¢ BEI'om oxazan
OobIIOe BINSHUE HA €r0 YYEHUKOB MPH UX CTAHOBJICHUHU KaK YUEHBIX.
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YACTOTHO-BPEMEHHBIE XAPATEPUCTUKHU IIVIASMEHHO-
BOJIHOBBIX M3JIYUEHUI B HOHOC®EPE. DKCHEPUMEHT
«OBCTAHOBKA (1 9TAII)» HA POCCUUCKOM CEI'MEHTE MKC

Kuaumos C.M.), I'pymnn B.A.", Hosuxos JI.IL", Ocaguas JL.A., JIuxtenOeprep 1.2, Cerenu I

TUKH PAH, 2. Mockea, Poccus, sklimovi@iki.rssi.ru
’ELTE, e. Byoanewm, Benepus

AHanu3 MOHUTOPUHIOBBIX H3MEpPeHMH asnekTpudecko E W MarHuTHOW B KOMIOHEHT,
peructpupyembix B skcnepumente «O6craHoBka (1 srtam) [1], mo3Bommn uccnenosath (mpaBast
yacth Puc.1) opOuranpHeie (3-51 maHenb cBepXy) M CyTO4HbIe Bapuauuu dactotHo (0,1-25 kI'm) -
BPEMEHHBIX XapaKTEPUCTHK IJIA3MEHHO-BOJIHOBBIX H3JIyUYE€HHI B HOHOC(hEpe, MPaKTHUECKH Ha
MOCTOSTHHOM opOuTe BhicOoTOM 390 KM, a Takxke pacnpenenenue o INV (L — mapamerp, 4 naHenb).
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Tumel W3NMydeHUH HAXOMATCS B XOpolled koppemsumu (JeBas yactb Puc. 1) co
cratuctudeckumu nanubivMu cnytanka DEMETER [2].

ITonyuennsle B xome aHamu3a paHHbX KD  «OOcranoBka (1 sTtam) pesynbraThl
obecnieunBaroT xopommuid 3amen mjs 3aranuposanHoit Ha PC MKC Ilenesoit paboter (LIP)
«O6cranHoBKa (2 sTam)».

1. CHU Kmumos, B.A. T'pymun, K. bamatitu u np. Hccnenosanmst B wuoHOchepe
3JIEKTPOMArHUTHBIX MapaMeTpPOB KOCMUYECKOW MOroAbl B dKcniepeMmente « Jocmanoska (1 sman)»
Ha Poccutickom cermente MKC // Kocmudeckast TexHuka u texnonoruu Ne 1(15)/2021, c. ...

2. Benck S., et al. Study of correlations between waves and particle fluxes measured on board
the DEMETER satellite // Advances in Space Research 42 (2008) P. 1538-1549.
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QJIEKTPU3ALIUA AUDJIEKTPUYECKHUX CITYTHHUKOB 110/
BJIMAHUEM MNOTOKOB JIEKTPOHOB PA/IMAIIMOHHBIX ITOACOB
3EMJIN

Cypkos B.B.123, Mosros K.C.3

TUBMHUPAH, 2. Tpouyx, 2. Mockea, Poccus, surkovvadim@yandex.ru
UD3 PAH, 2. Mockéa, Poccus
SHIIK «CIIII», 2. Mocksa, Poccus

OnauM M3 BaXXHBIX (PAKTOPOB BO3NEHCTBHS OKPYIKArOIIEH Cpelnbl HA KOCMHYECKHE amraparhl
(KA) sBisArOTCS MOTOKM 3JIEKTPOHOB M MOHOB BBICOKHX JHEPTHil, KOTOpPBIE CIIOCOOHBI TTyOOKO
MPOHMUKATH B TOJILY MaTepuanoB U BHyTpeHHUe yact KA [1,2]. B pesynbrare Takoro Bo3aeHcTBUS
KA npuobperaer syiekTpudecKHe 3apsiibl, KOTOPBIE PACHPENEISIIOTCS IO  TOBEPXHOCTSIM
MPOBOISIINX KOHCTPYKLUH U B TOJIIE JUAJIEKTPUIECKUX MaTepuanos. B pabore [3] uccnenosancs
s3¢deKkT sreKTpu3alMyd MACCHBHBIX OMRJEKTPUUECKUX CIYyTHUKOB IOJ BIMSIHHEM IOTOKA
3JIEKTPOHOB  pamvauuoHHbIX mosicoB 3emum  (PII3) wm  paccuuthiBanoch pacrpeneneHue
SJIEKTPUUYECKOTrO TIOJIi BHYTPU CHYTHUKOB. Llenbto Hacrosimei paboTel siBisieTcs: oOoOmieHue
pPe3yJIbTaTOB 3TOH palOoThl M pa3BUTHE OOJiee COBEPIICHHOW MONENH SIBICHHM, YYHUTHIBAOIICH
o0pa3oBaHNe SKPAHHUPYIOLIETO IJIa3MEHHOTO CJIOS Ha MOBEPXHOCTH CIYTHHUKA M BO3HHKHOBEHHE
paguanoHHON NPOBOAMMOCTH B ero 00béme. HecMOTpst Ha OIIEHOUHBIN XapakTep MPOBEAEHHOTO
UCCIIEIOBAHMS, PEe3yJbTaThl 3TOW pPabOTBI MOryT OBITh NPUMEHEHbI K HH3KOOPOUTAJIBHBIM
HaHOCIyTHUKaM cpepryeckoii popmbl Thna BLITS u BLITS-M.

B kadectBe Momenu paccMaTPHUBAKOTCS OUIJIEKTPUYECKHE HAHOCIYTHUKH C(HepruecKon
koH(purypammu. IInoTHOoCTH oToKa 3sekTpoHoB PII3 m nmHbI mpodera 3JeKTPOHOB B BEIECTBE B
3aBHCHMOCTH OT WX OJHEPIUM ONPEAeNsIoTesl s>MnupudeckuMu  ¢Gopmynamu. Ilomydueno
AHAJIMTUYECKOE PELICHHE, OMUCHIBAIOIIEE SJIEKTPUUECKOE MOJI€ B TUIJIEKTPUKE B 3aBUCUMOCTH OT
pPacCTOSIHUSA 10 LEHTpa CyTHUKA. Pacdyérhl, yunTeiBatromme 3GpGeKT paguanuoHHON TPOBOANMOCTH
OU3JIEKTPUKA, MOKAa3bIBAKOT, 4YTO 3aBUCHUMOCTb DJJIEKTPUYECKOrO0 MOJisl OT pajuyca HUMeEeT
HEMOHOTOHHBIN xapakTep. M3 aHanusa NONy4YEHHOrO pelleHus Cclaeayer, 4YTO TakoW BHJA
3aBHUCHMOCTH TIOJIs 00y CIIOBJIEH HEOIHOPOJHOCTHIO PAAHALIMOHHON MPOBOIUMOCTH JTUAJIEKTPUKA.

IIpu yBennyeHUH MIOTHOCTU MOTOKA U SHEPTUHU 35eKTpoHOB PII3 MakcuMyM 3J€KTpUUECKOro
NOJIsT YBEJMYMBAETCS, a €ro IOJOKEHHE CMEIaeTcss OT MOBEPXHOCTH BrIyOb cryTHHKa. Jlns
BbIOpPAHHBIX 3HAUEHHUH MapaMeTpoB M OpOHUT BbICOTOH Okoio 1500 KM MakcHMMajbHOE 3HAYCHHE
MOJIsT OLIGHUBAETCs Kak 2.5—7 kB/cM mpu MakCHMaibHOW SHEPTUH 3JeKTPOHOB 3 MsB u 8—13
kB/cMm mpu makcumanpHOH 3Hepruu snektpoHoB 10 MsB. HecMmoTpst Ha TO, 9TO 3TH BEIHMYHHBI
NPUOM3UTENILHO HA JIBA MOPSAKA MEHBLIE IMOPOTra 3JIEKTPUIECKOro Mpodosi TUAJIEKTPHUKA, MOKHO
O’KU/IATh JIOKAJBHBIX 3JIEKTPUUYECKUX Pa3psAAoB BOIM3H HEOJHOPOIHBIX BKIIIOYEHHUN U HEPOBHOCTEH
HAa TOBEPXHOCTH CIyTHUKA. BeposATHOCTH MHUKPOMpPOOOEB MUIJIEKTPUKA BO3PACTAECT B MEPHOIBI
MAaKCHUMyMa COJTHEYHOU aKTUBHOCTHU.

Pabora BemonHeHa npu yactTuaHOU noaaep:kke PODU, rpant Ne 18-05-00108.

1. Kysnenio H.B. / Mogenb kocmoca. T. 1. Pen. M.U. Tanacrok, JI.C. Hosukos. 2007. C. 627.

2. Lai S.T. / Fundamentals of spacecraft charging: spacecraft interactions with space plasmas.
Princeton University Press, Princeton, NJ. 2011.

3. Cypxos B.B., Mosros K.C. // Kocmuueckue ucciaenosanust 2019. T. 57. C. 269



276

BJIUAHUA TEPPUTOPUAJIBHOI'O PASMEINEHUSA NEPEJATYNKOB B
KB-IUAITA3OHE HA XAPAKTEPUCTHUKHU 30H 3ACBETKHU
OJHOCKAYKOBBIMU JYYEBBIMHU TPAEKTOPUAMUN B BBICOKHUX
HINMPOTAX

Mépsabiii A.M.1*, Caxapos 51.A.2, Munranes U.B.2, Cysoposa 3.B.2, Tananaes A.B.4,
Tuxonos B.B.>, Tuxonos M.B.>, flnakos A.T. !

' ®@I'FH Y Hucmumym xocmuuecxux uccneoosanuii PAH, 2. Mockea, Poccus

2 @I'BHY Honspusiii 2eogpusuveckuii uncmumym, 2. Anamumet, Poccus, sakharov@pgia.ru;
3 Cosem no xocmocy PAH, 2. Mockea, Poccus

* AO «PTH», 2. Mockea, Poccus

> AO «PTHUC BKO», 2. Te seps, Poccus

B AOKJIAAC MPEACTABIICHBI PE3YJILTATBI YUCICHHOTIO MOACINPOBAHUA 30H 3aCBCTKU JIYUYCBbIMU
TPACKTOPUAMU PAAHUOBOJIH KB-I[I/IaHaSOHa AJIs1 BBICOKUX MIHUPOT. HpOBeI[eH dHAJIN3 BJIMAHUA
HU3MCHCHUA MECTA PA3MECIICHUA NEPCAATINKOB IO IIHUPOTE B PA3JIMUHBIX CE30HHBIX YCJIOBUAX.
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MPOEKT I'EJTUOTEO®N3NUYECKON OBCEPBATOPHUU HA 3EMJIE
DOPAHIA-NOCUPA: OBOCHOBAHUE COCTABA ITPUBOPOB 1
TPEBOBAHUA K UX PASMEIHIEHNIO

Kozenos Bb.B., Muinuenxo E.A., Opaos K.I'., bana6un 10.B., ®enopenxo 10.B., Caxapos
A.A., IOpuxk P.1O., 'omonos A./l., Munranes U.B., Poaayrun A.B.

DI'BHY Honspusiii ceopuzuyeckuii uncmumym, 2. Anamumesi, 2.Mypmanck, Poccus,

Pacmupennoe ocBoeHne ApkTHkd U CeBEpHOrO MOPCKOrO IMyTH CTaBUT HOBBIC 3a/ayu,
CBsI3aHHBIE C €ro obecrnedeHueM, B TOM 4YHCie M remuoreopusmdeckoM. He odeHp wacras
HaOJoaTeNnbHasi CeTh B APKTHYECKOH 30He MpakTH4ecKH oOpbiBaeTcsi Ha Oepery JlemoBUTOro
OKeaHa, T.e. B aBpOpaJibHOW 30He. Jlajee Ha ceBep pacmoiokeHa OOJacTb MarHUTOC(EepHOU
MOJISIPHOM LIANKH, HA KOTOPYIO BJIMSHHE KOCMHYECKOH MOTOIbl B MEXKIUIAHETHOM MPOCTPAHCTBE
CKa3bIBACTCSl HAMpsiMylo. PeryispHble Hay4yHble HAaOJNIOAEHHST U3 3TOrO0 MAarHUTOC(epHOro
JIOMeHa MpakTu4decku orpanudeHsl apx. Inmuubepren. KpaTkoBpemeHHbIE 3KCHEAHULIMOHHBIE
HAaONIOAECHUST HE MAAT JOCTATOYHO IMOJHOH KapTHHBI W HE MOTLYT OBITh OCHOBOH ISt
NpUKIaAHBIX —HcciaenoBanui. IlosToMy pacmupeHue ceTu IOCTOSHHO — IE€MCTBYIOLIMX
reJroreopu3nIeckux 00CepBaTOPH sIBIIACTCS HEW30eKHOW HeoOXomnmMocThio. B mokmane
NpEeACTaBIeHbl Hay4dHble OOOCHOBaHHs CO3MaHUS Takod obceparopuu Ha 3emie Dpanma-
Hocuda, BO3SMOXKHBINH COCTaB MPUOOPOB U TPeOOBAHUS K MX PA3MELICHHIO. 32 OCHOBY B3SIT OMBIT
[MonsipHOTO Te0pU3UIECKOro HHCTHTYTA MO MPOBEAeHUIO padot B oOcepBaTopuu bapeHuOypr Ha
apx. [IImunbdeprexe.
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BJIMSTHUE BBICBIITAHUI YACTHUIL BO BPEMS MATHUTHBIX
BO3MYIIEHUIT HA 30HBI JOCTYITHOCTH OJTHOCKAYKOBOI KB
PAJIMOCBS3U MEKTY PATOHAMHI HA BBICOKHX U CPEITHUX
IINPOTAX

Caxapos H.A.l, Kozeqos B.B.l, Mép3zabrii A.M.2’3, MunraJjes I/I.B.l, CyBopoBa 3.B.1,
Yepusikon C.M.l, Tananaes A.B.4, TuxoHOB B.B.S, TuxoHos M.B.S, SAnaxos A.T. >

L ®OI'BHY Honspustii ceodusuueckuii uncmumym, 2. Anamume, Poccus, sakharovi@pgia.ru;
QI'BH Y Hucmumym xocmuuecxux uccneoosanuii PAH, 2. Mockea, Poccus

3 Cosem no xocmocy PAH, 2. Mockea, Poccus

* AO «PTH », &. Mockea, Poccus

> AO «PTUC BKO», 2. Teeps, Poccus

B nmokmame mpencraBieHBl  pe3yNbTaThl  YHCICHHOTO MOJENUPOBaHUS obOjacted  Ha
MOBEPXHOCTU 3eMJIU B paiioHe bapeHiieBa Mops, B KOTOpbIE MOMNAJal0T OAHOCKAYKOBBIE JyueBbIe
TpaekTopuu panuosBonH KB-nuanazona, BRIXOAAIINE U3 PACIONIOKEHHOTO Ha CPEJHUX IIHPOTax
nepenatavka. MopenupoBaHue TpoBeneHO st ycinoBuil cy6Oypu 24.12.2014 r. u nns Gonee
CTIOKOWHBIX ycsioBuit 27.12.2014 r. B oHO U TOke BpeMsi CyTOK. [lapaMeTpsl noHOChEPHI 3a0aF0TCs
M0 AMIIUPUYECKUM MOJENSAM C TONPaBKOW, NMOCTPOCHHOHN IO JaHHBIM O MOJSAPHBIX CHUSHUAX U
MOJIHOMY 3JIEKTPOHHOMY COJEp KaHHUIO, ONpEAE€eHHOMY IO JAHHBIM CIyTHHUKOB, MPOJIETEBIINX
Hax OONacTei0 HAOMIONEHWsS] JTHX CHAHUH. AHAIM3UPYIOTCS W3MEHEHUS BO3MOXKHOCTEH
onHockaukosoil KB panuocsssu mexny pailoHoM bapeHnesa Mopsl 1 paliOHaMH, PacroIOKEHHBIMU
Ha CpeAHUX LIMPOTAaxX, BO BPEMsI aBpPOPAJIbHBIX BBICHIIIAHUM U BO BPEMsl CIIOKOMHBIX YCIOBUI.
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HOTEHIIUAJIbHBIE HCTOYHUKHA YPE3BBIYANHBIX
CUTYAIUU I'EJTMOTI'EOPU3ZNYECKOT'O NPOUCXOKIEHUA

Mupmosuy I3.I"., xk.¢h.-m.n., ooyenm; Aedomvun B.IL., x.m.n., doyernm

PYVJIH, 2. Mockea, mirmovichl940@mail.ru

HeoOxonnmbIM ycinoBueM peanusanuu JiroOol upessbruaiinoi cutyauun (UC) sisercs
HAJIM4He JIFOAeH nin/u 00BbeKTa 5KOHOMHKH B 30HE BO3JEHCTBUS €€ MOTEHLHAIBHOTO HCTOYHUKA.

B cucreme oOecneuennst 0O€30MacHOCTH MHOTOKOMITOHEHTHBIE YTPO3bl M3 KOCMOCA
SIBIAIOTCSL OAHMM W3 CaMbIX OMNACHBIX MMOTEHLUAJIbHBIX HCTOUHUKOB YUC cHHepreTnvyeckoro
xapakTepa. Hapsiny ¢ peanpHON acTepounHO-KOMeTHOH omnacHocThio (AKOQ), momuuHsrOIeics
NOJO0HO KPYIHBIM 3€MIICTPSCEHHSIM PACTIPENENICHUIO C T. H. (TSDKENBIMA XBOCTAMEY», B PSIIy
HETaTHBHBIX BO3ACHCTBUI Ha JKM3HEIESTEIBHOCTDb JIIOAEH U OOBEKTBI SKOHOMHUKH KOMILUIEKC
reauoreopu3nIecKux BO3MYINEHUI 3aHMMAaeT CBOE MecTo. YuéHbiMu u creruanmuctamu MUC
Poccun emé B 1993 roagy Obun BbIpaOOTaHBI KPUTEPUH HEONATONPUATHBIX W OMACHBIX
reJuoreopu3nveckux sBiIeHWH, wMorymux mnpuBectd K UYC, U BBEIEHbI B CHCTEMY
NpeaynpekIeHHs] OPraHOB TOCyAapcTBeHHON BiacTH, BoopyskenHbix Cun P® u HaceneHust o0
OMACHBIX MPUPOAHBIX SBJICHUSAX, B LEJSX NPENOTBpPAIICHUS TuOean Joaed Ha 3emiie U B
KOCMHYECKHM MPOCTPAHCTBE NPU OPOUTANBHBIX MOJIETAX, CHIKEHUSI 9KOHOMHYECKOTO yiepoa.

1.B xadecTBe mapamerpa sl KjaacCu(GUKAIMK paAHAlIMOHHON OOCTAHOBKHU B OKOJIO3EMHOM
kocmudeckoM npoctpancTse (OKII) npuanmaercst BennunHa I — IIIOTHOCTh OTOKA 3aPsIKEHHBIX
YaCTHII B CM°C ., MPOHUKAKIINX 33 AJTFOMUHHUEBYIO 3aIUTy TOJIIMUHON | T oM’ (TIpOTOHBI C
sHeprueii E > 30 MsB, anextpons! ¢ sHeprueii E > 2 M3B) o nsmMepeHusM B TOJSIPHBIX LIATIKAX
MarHuTochepbl 3eMJIN U BHE MAarHUTOC(EPHL.

1.1.Pe3xoe yxyamenue paamaunonHoil oOcrtanosku B OKII xmaccudpummpyercs kak
HeOJaronpusITHOE SIBJICHHWE IPHU YCJIOBUHM, YTO IUIOTHOCTH IOTOKA INPOTOHOB | COSTHEYHBIX
kocmmyeckux Jyuet (CKJI) Haxogurcs B mpenenax 5 10° em’c™! = 5 10 em’c”! (TIpu TOCTOSIHHBIX
sHauenmsx 1 = 5 10° cm’c’ B MOJIIPHBIX IManKax jao3a u3aydenws, oOycnosnenHas CKJI, Ha
opbure BbicoTol 300 — 500 kM TpwM yrie HaknoHa 52° 3a 3amuToii 1 r cm™ cocrasur 1 + 25 pan B
CYTKHU B 3aBUCHMOCTH OT CTETIEHU BO3MYIIEHHOCTH MarHUTOC(hEpsI).

1.2.Pe3koe yxynuieHne pagualiOHHOH OOCTAaHOBKM KJIACCH(PHUIMPYETCS KaK OINMacHOe
sIBJICHUE TpH ycioBuu [ > 5 10* em?c™.

2 K u3MeHeHHssM HMOHOC(hEpBI, CIIOCOOHBIM MPHUBECTH K PE3KUM HAPYILICHUSM YCIOBUH
pacnpoCcTpaHeHUsl PaAuOBOJIH, OTHECEHDL:

2.1.IlosiBneHne U COXpaHEHHE B TeUYEHHE > 3 4 MOAPAN OTPHULATENBbHBIX OTKJIOHEHHH OT
MEIMAaHHBIX 3HAYEHUIN KPUTUIECKUX 4acToT cyiosi Fa (6f,F2) > 50 %;

2.2 IlosiBNeHue TOTJIOIIEHUST B TMOJISIpHON mianke (siBnerne PCA) mo pHOMETpHUUECKUM
naHHbIM > 3 1b B Teyenue > 3 4. Ilpu OTCYyTCTBMM ONEPATHBHBIX PHOMETPUYECKUX NAHHBIX
CUUTATb DKBUBAJICHTHBIM YKA3aHHOMY KPUTEPHUIO:

- nosiBienue (mo mamepeHusim Ha MC3 "Mereop") morokos nporonos (E > 15 MsB) B
BBICOKHUX IIHMpoOTax mpu I > 10° emc™;

- TIOSIBJICHHE TMOJTHOTO 3aMUpaHusi CUrHajoB B KB-nnana3one mo HaOMOeHUSIM METOIOM
W3MEpPEHUs MOTJIOLICHNST Ha HAKJIOHHBIX Tpaccax B TeueHune 20 MuH. u Ooee.

AkTyanpHOCTB paboThl. P uccnenoBareneli kocMoca 3TOro HOPMaTHBHOTO akTa He 3HaroT. Kpome
TOrO, HYKHa KOPPEKTHPOBKA JAHHBIX KPHUTEPHEB, 4YTO CBA3AHO € YCIEXaMH B OKCIIEPUMEHTAIbHOM
m3yucHun OKII kak B nOHOC(EPHO-MArHUTHOH, Tak M B PAJUAIMOHHON COCTaB/stomiei. Het BiaustHus
MarHUTHBIX OYpPb Ha pag 00bEKTOB 3KOHOMHKH, yuéTa 3acopeHus OKII mycopom, pHCK OT KOTOPOTro BhIIIE
AKO. B cBere usmepenunii metitpornos ¢ E > 20 MsB wa MC3 "SMM", UC3 "KOPOHAC-®", na
a’pocTaTax M B JPYTUX IKCIEPUMEHTAX, BOZMOKHO, MPEACTOUT nepecMoTpeTh Bonpoc o coctase CKIJL, uro
BAXKHO ISl TIONETOB HA JIMHHBIX aBHATpAccax. Takue mompaBKu OyAyT UMETh OHOJOTO-COLMAIBHOC U
SKOHOMHHUECKOE 3HavYeHHe. Baxuo u 10, uro nepecmotp coctasa CKJI MOkeT M3MEHHTh HAIIW B3TTSABL U
Ha KOJIMYECTBCHHOE Hanmuue Heltponos Ha ComHie, XoTa Mexanu3M ux Beiopoca B KI1 He scen.
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SBOJIIOLIMOHHBIN AJITOPUTM IMOCTPOEHNUA AHCAMBJIS
PEHTAIOINX JEPEBBEB HA OCHOBE OIITUMUW3ALINN
MHOI'OKPUTEPUAJIBHOU HEJIEBOU ®YHKIIUN

O:xepenos B.A., Bpeyc T.K., Caconxo M.JL.

UKHU PAH, 2. Mockea, Poccus, ozheredov2016(a@gmail.com

Y aBropoB paborel umenach 0asa JaHHBIX MO  24-4acCOBOMY  MOHHUTOPHPOBAHHIO
3JEKTPOKAPAUOTPAMM 3I0POBBIX JOOPOBOJIBLIEB W OOJBHBIX apTEPHATBHON THIIEPTEH3UEH Ha
npoTsbkeHnu 4 MecsiueB B TedeHne 2016 -2017 ropa. AHanu3 NpOBOAUTCS C LIEJBIO UCCIIEAOBAHUS
BJIVSTHUS JIOKAJIBHBIX aTMOC(EPHBIX YCIOBUI M KOCMHYECKOW MOTOABI HA MOKA3aTENH CePIEeYHOrO
puTMa 3TUX Jiroed. B xadecTBe mpenukTopoB BHIOMPAINCH 6 OCHOBHBIX XaPAKTEPUCTUK JIOKAJTBHON
MOrOAbl U 3HAYEHUs FOPU3OHTAIBHON COCTAaBJIOLIEH MarHUTHOro noss. Mcnosb3osancsa meron
MOCTPOEHHsI J1epeBa peleHuil. Mbl MPUMEHHIN Hall METOA ISl BBISBICHHS MHOTO(aKTOPHOTO
BJIVSTHUSL OKPYJKAIOLIeH cpenbl (BKIIFOYasi MArHUTHOE TI0JI€) HAa JUTMHY KapIHOUHTEPBAJIOB YEJIOBEKA
C LENBbI0 MOJIyYEHHs] KOMIAKTHBIX 3aKOHOMEPHOCTEH, CBS3BIBAIOIIMX CUJIBHOE BO3PACTAHUE WU
YMEHBIIEHNE JJIMHbI KAPAUOUHTEPBAJa C ONPEACIEHHON JUHAMUKON MapaMeTPOB BHELIHEN CPEbL.

Kax u3BectHO [1], mocTpoeHHe ONTUMANBHOIO JaXke B IJIaHE OJHOIO KPUTEpHUs JepeBa SIBISIETCS
NP-roniHO#M 3amadeii, T.€. CBOAWTCS K mosiHOMY mepebopy. Ilomysmmupudeckne meronbl (THIA
MUHHMYyMa 3HTPOINHN) B OOJBIINHCTBE CIy4aeB NAOT BIIOJHE MPUEMIIEMbIE PE3YJIbTAThl, HO JIUIIb
B Cly4ae OOHOTO, pa3 M Ha BCErJa 3aJaHHOTO KPUTEpHUs — a HMMEHHO, B3BELIEHHOW CyMMBI
BEPOSTHOCTEH OIMOOYHBIX peIleHHi naepeBa. B HacTosmeidl paboTe NpeAcTaBlIeH aNTrOPUTM
reHepaluy He OJHOTO-eIMHCTBEHHOTO AEPEeBa, a LEJNOT0 aHCaMONs OTIMYAIOIINXCS CTPYKTYPOH,
rIyOMHOH ¥ COCTAaBOM BEPIIMH IEPEBBEB, ONTUMAJIBHBIX C TOYKH 3pPEHHUS 3-X KPHUTEPUEB:
B3BEIIEHHOH CYMMBI BEPOSTHOCTEH OMIMOOYHBIX PEINEHHUH, BEPOSTHOCTH OTKa3a OT MPUHATHS
pPEIIEeHNI U ele OAHOIO MapaMeTpa, OTBEYAIOIIEr0 OAHOBPEMEHHO 3a MPOCTOTY HHTEPIIPETALUU
IEepeBbEB CHELMAINCTaMU B INPEIMETHONW O0ONacTH, ¢ JaHHBIMH KOTOpPOH paboTaer mepeBo, U
yCTOHYMBOCTh PELIEHHWH MO OTHOLICHWIO K CIIy4alHBIM BO3MYILEHUSAM oOydaromieil BbiOOpku. B
paccMaTpuBaeMOM B pabdoTe MeTone MHOTOKPUTEPHAIbHOH 3BOJIOLHOHHOH ONTHMH3ALUU
pa3paboTaHbl M MPOTPAMMHO PEATM30BAHbI HOBBIE MOAXOABI K KOJUPOBAHMIO, MOAW(HUKALIUH,
rHOPUAN3AINH IEPEBbEB, d TAKXKE YHUKAJIBHBIN METO] 3BOJIFOLIMOHHOTO 0TOOpa (T.H. «TYHHEJIbHAS
KOHKYPEHLIUS»), TO3BOJIIONINA H30ekKaTh «3aCTPEBaHM» ONTHMU3ALMOHHONW TPOLEAYpPhI B
JIOKAJIbHBIX MUHUMYMaXx.

CpaBHEHHE pPacCMATPUBAEMOrO MHOTOKPHTEPHUAIBHOTO 3BOJIOLHMOHHOTO QJIrOpUTMa ¢
MaKeTaMU TIOCTPOCHMS PELIANINX JepeBbeB Ha si3bike Python [2] Ha cTaHmApTHBIX TECTOBBIX
BbIOOpKaxX [3] MPOaEMOHCTPUPOBAJIO ropas3no OOJBINYIO YCTOWYHUBOCTh M KOMITAKTHOCTD JIEPEBLEB,
MOJIYYE€HHBIX HALITHUM CIIOCOOOM.

1. https://en. wikipedia.org/wiki/Decision_tree learning
2. https://scikit-learn.org/stable/modules/tree. html

3. http:/networkrepository.com/mushroom-agaricus-lepiota.php
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HEPEI'PY3KA CUHXPOHHOI'O 'EHEPATOPA DJIEKTPOCTAHIIMHU
PEAKTUBHON MOIHOCTHIO ITPH HACBIIIEHUY MATHUTHOM
CUCTEMBI BJIOYHOI'O TPAHC®OPMATOPA
I'EOMHAYINPOBAHHBIMHU TOKAMHN

Baxuuna B.B., Kysmunos A.A., UepHenko A.H.

17V, e. Tonvsmmu, Poccus, VVVahninal@yandex.ru

BospnetictBue reonnaynupoanHbix TOKOB (I'MT), MHTEHCHBHOCTh KOTOPBIX 3aBUCHT OT BHA
Olloka «CHHXPOHHBII TeHeparop — TpaHcopmaropy, KonudecTBa OJOKOB B  COCTaBe
SJEKTPOCTAHLIMM U KOJWYECTBAa OTXOAALIMX JIMHUI 3JIeKTponepenayl, BbI3bIBAET OJHOCTOPOHHEE
HACBIIIIEHNEe MarHUTHOH cucTeMbl OiiouHoro Tpanchopmaropa. B 6nounsix tpanchopmaropax (bT)
¢ HOMHHaJIBHOH MourHOCTEIO Oomee (80...100) MBA wucnonb3yroT OpPOHECTEPIKHEBYIO HIIH
OpOHEBYIO KOHCTPYKIIMM MAarHUTHOH CHUCTeMbl mNpu Tpex(asHoM u ogHO(A3HOM HCIOJHEHWUH
COOTBETCTBEHHO. B Takmx TpanchopmaTopax sl CMEIIEHUS pPeXHMa IepeMarHUINBaHUS
MArHATHON CUCTeMBbI B O0JIaCTh TEXHUYECKOro HachbimeHusi nocrarouno ['UT, comsmepumoro ¢
MACMOPTHBIM 3HAYEHHMEM TOKa XosocToro xopa. Haceimenue wmarautHONM cucrtemsl bT mnop
BozaeticteueM [T crocoOHO BbI3BaTh CYLIECTBEHHOE M3MEHEHHE YCIOBHH (DYHKIIMOHUPOBAHMUS
CHUHXpPOHHOTrO rereparopa. Ilpu rinybokoM HachIEHUN MarHUTHOH CHCTEMBI TOK HAMarHUYUBaHUS
BT mnpuobperaer NpakTHYECKH YHHUIOIAPHYIO (OPMY U COAEPIKUT MOJHBIH CIEKTP BBICIIUX
rapMoHUK (2-f, 3-i1, 4-i, 5-i, 6-i1 U T.1.) HAa OHE MHOTOKPATHOTO YBEJIHUYEHHs] TOKA OCHOBHOMU
TFapMOHMKHU.

YBenuueHue MOLUIHOCTH HaMarHu4usaHus bT npyu HeM3MEHHONH MEXaHWYECKOH MOLIHOCTH Ha
TypOMHE M COOTBETCTBEHHO I€HEepPaLl AKTUBHOH MOIIHOCTH CONPOBOXKIAETCS YBEIHMUYEHHUEM TOKA
CTaTopa CHHXPOHHOIO TI€HEepaTopa 3a CuUeT BO3PACTaHUs PEAKTHUBHOI COCTABIAIOLIEN TOKa.
Bo3Hukaer cuMMeTpu4Has Ieperpy3ka IO TOKY CTaTopa, €CIH WCXOAHBIA PEeXUM pabOThI
CHHXPOHHOTO reHeparopa OJM30K K HOMHUHaIBHOMY. KpaTHOCTh meperpy3km Mo TOKY CTaTopa
Oonee 1,5 nyist CHHXPOHHBIX T€HEPATOPOB HE IOMyCKaeTcs naxke kpatkoBpemeHHo [ 1]. ITostomy ans
CUHXPOHHBIX I'€HEpaTOpOB MpeayCcMaTpUBaeTCs 3allluTa OT CUMMETPUYHOH Meperpys3ku, KoTopas
IEeNCTBYEeT Ha CUTHAN C BBIAEPKKOW BpeMeHH (6...9) ¢, a TOK cpabaTbIBaHMs BBIOMpPAETCsl Ha
(30...40)% Oonpime HOMHHAJIBHOTO TOKa craTtopa. TakuMm oOpa3om, B pe3yiibTare BO3AEHCTBHUS
I'MT Ha OJOK «CHHXPOHHBINH T€HEPATOP — TPAHCPOPMATOP» BO3MOKHO CpadaThIBAHHME 3ALIUTHI OT
CUMMETPUYHON TIePEerpy3KH, €CIIM MCXOAHBIH pEKUM TI0 AaKTHBHOH MOIMHOCTH ONH30K K
HOMUHAJILHOMY. MakcuMaibHas meperpy3ka TypOOreHepaTopoB M THIPOr€HEPATOPOB aKTHBHOU
MOIIHOCTBIO OTPaHUYMBAETCS MOIIHOCTBIO, KOTOPYIO MOTYT pa3BUBaTh MEpPBUYHbIE IBUrATENIU
(mapoBbie TypOUHBI M TUAPOTYPOUHBI COOTBETCTBEHHO), OKAa3bIBACTCS KpaliHe He3HAYUTENBHON TpU
Bozpeticteun [T Ha OJOK «CHHXPOHHBIN TeHepaTop - TpaHchopmaTopy. ITO OOBSICHSAETCS TeM,
yro ['UT npakTuyecku He OKa3bIBAIOT BJIUSHUS HA PEKUM PadOThI IEPBUYHBIX JBUTATENCH.

Ileperpy3ka TypOOreHepaTopoB M THAPOrEHEPATOPOB PEAKTHBHON MOIIHOCTBIO, BBI3BAHHAS
HEOOXOMMOCTBIO KOMITEHCAIIUU Bo3pacTaroineii non aeiicteuem [ T MOIMHOCTH HAMATHHYHUBAHUS
Omounoro Tpanchopmaropa myrem GopcupoBaHUsi BO30OYKIEHUS BILIOTH O MOTOJOYHOTO, MOYKET
OKa3bIBaThbCsl BECbMa 3HAUUTENbHO. IIpu coxpaHeHnN HEM3MEHHOIO YPOBHs aKTMBHON MOIIHOCTH
yBEJIMUYEHHUE PEAaKTHUBHON MOIIHOCTH TI€HepaTopa BbI3OBET IEperpy3Ky IOJHONH MOILIHOCTHIO,
KoTopasi OyeT COMPOBOKAATHCS MEPErPy3KOM MO TOKY CTaTopa KpaTHOCTHIO 10 2,0 ...2,5 3a cuer
pPEeaKkTUBHOH cocTaBisitolIel Toka. OMHOBpEMEHHO OyAeT meperpykaTbesi 1 0OMOTKa BO3OYKACHUs
BCIencTBUe (OPCUPOBAHUS BO3OYIKICHUSI.

1.TOCT  533-2000 (MDK  34-3-88). MammHbl  3JEKTPUYECKHE  BPAILAOLIHECS.
TypOorenepatopsl. O01mue TEXHUYECKHE YCIOBHUSI.
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Ilesenera JI.A., Anatenkos C.B., Caxapos fA.A., I'opaees E.N.
PaGora nposencHa B pamkax nmpoekra PH® 19-77-10016

ABpopajibHble  CTPYKTYPbI, CBSI3aHHbIE ¢ T[EOMATHHTHO HHAYLHPOBAHHBIMH  TOKAMH

B pabote Obutm omnpencicHBl aBpOPaIbHBIC CTPYKTYPBI, CBS3AHHBIC C OONBIIUMH T€OMATHHUTHO
naayuupoBaddeiMu Tokamu (ITUT). B samucsx TUT nHa craniuun Beixoano# (Konbckuii momyocTpos,
65MLat) 6bimn otoOpansl 140 caMpIx BO3MYINEHHBIX 4acoBbIX HHTEpBanoB 3a 2012-2018 rogwr. [ng
nogHabopa u3 97 coObiThil OBLIN AOCTYIIHBI HAOIFOACHUS TOMIPHBIX CUsHUE B Y® nuamazoHe Hax
cTaHuueH BRIXoaHOH, perucTpupyeMblc HU3KOBEICOTHEIMU criyTHHKamMu DMSP/SSUSI. B pesyabrate ans
27 cobwrrrii (28%) Obut 3aUKCHPOBAH Pa3BUBAIIUICS aBPOPAIbHBIN OAIK HAX cTaHIUCH BrixoaHOM,
YTO COOTBETCTBYST B3pbIBHOM (hase marnutocheproi cyooypu. as 31 coOwitust (32%) Obinm
OOHApyKCHBI aBPOPATBHBIC OMETa CTPYKTYPHI B mpeaenax ogHoro yaca MLT or nabmonenuii [UT. B
yrperneM cextope 01-07 MLT Gonee 80% I'MT coGbiTuii OblTH CBs3aHBI ¢ OMera CTPyKTypamu. Takum
00pa3oM, yAa10Cch NPEABAPUTEIHHO KIACCUPHLUPOBATh HOHOC(EPHBIC TOKOBBIC CUCTEMBI, BBI3BIBAIOLINC
CYLICCTBCHHYIO 4acTh 3KcTpeManbubix [ T cobbiThii.
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3x-UYUACOBBIE HHAEKCBHI MIOHOC®EPHOI1 AKTUBHOCTH

L'yvasiea T.JL.(1), Xapanam0yc X.(2)

"H3MU PAH, 2. Mockea, Poccus, gulyaeva@izmiran.ru

*Frederick Research Center, Nicosia, Cyprus

B ornamume or 1-4acoOBBIX HWHAEKCOB, 3X4YacOBbIE WHIEKCHI HOHOC(HEPHOH aKTHBHOCTH
MO3BOJISIFOT OTMETHTh YCTOMYMBBIE U3MEHEHHs B MOHOC(epe, ATUTENbHOCThIO B 34 u Oosee. B
paboTe mpemso’keHa CUCTeMa TJIO0aNbHBIX 3X-YaCOBBIX WHAEKCOB HOHOC(HEPHON AKTUBHOCTH,
NPEACTABISIIOINUX  COOOH  CPEOHEB3BEIICHHOE 3HAYEHHE IOJIOKUTEIBHOTO  HOHOC(EpPHOro
Bo3myineHust DU, otpunarensaoro noHocheproro sosmymennst DL u auamazon Bo3myineHust DE
= DU - DL, o6o3HaueHHBIX MOJOOHO MHAEKCAM aBpopaibHOll snekrpo-ctpyn AU, AL u AE. Ilo
JaHHBIM TJIOOANBHBIX KapT TMOJHOTO 3nekTpoHHOro coaepkanus GIM-TEC 3a 1994-2020 rr
MOKa3aHo, YTO HOHOC(epHast aKTHBHOCTh CHHXPOHU3HUPOBAHA C COTHEYHOM aKTHBHOCTBIO.

IIpoBeneno cpaBHEHHE ¢ 3X-4aCOBBIMH WHACKCAMHU M€OMarHUTHOH akTUBHOCTHU kp, ap, u aa. Ha
Puc. 1 nokaszano, 4yTo MoHOC(Epa HAXOIUTCS B CMIOKOWHOM COCTOSIHUM (HH)KE YPOBHSI BBEICHHBIX
MOPOTOBBIX 3HA4YeHUH HOHOC(hEepHOH BO3MymeHHOCTH) B 50 - 70% BpeMeHH NOJOKUTEIbHBIX
BosmyieHuit DU u ot 50 no 90% Bpemenu otpunarenbHeix DL u auanasonssix Bo3myuienuit DE.
ITpu 3TOM MarauTochepa HaXOIUTCs OoJiee IIUTENbHOE BPEMs B CIIOKOWHOM COCTOSIHMU (MHIEKC
kp < 3), uem nonocdepa. JlonroBpeMeHHbIE U3MEHEHHSI T€OMArHUTHOW aKTUBHOCTH TOKA3bIBAIOT
KOPPEJALUID C MOIIHOCTBIO COJHEYHBIX LMUKJIOB C MAaKCUMyMaMH BEPOSTHOCTH I'€OMAarHUTHBIX
BO3MyIIeHHH B 19M m 21M IHMKIaX COJNHEYHOH AKTUBHOCTH W YOBIBAaHMEM aKTUBHOCTH ¢ 21ro
COJIHEYHOI'O LIUKJIA 110 HACTOSLIEE BPEMSL.

PerpocnexTiBHOE HMccienoBanue JIOKambHON HoHOc(hepHoi Bo3mymeHHoctd DU, DL u DE mo
cranuusaM Mocksa, Cray n Kanbeppa ¢ 1945t no 2020r moxasajio 3aBUCUMOCTb PE3yJIbTATOB OT
HETIOJIHOTBl PSIIOB HAONIOJaeMbIX JaHHBIX KpUTHYEeCKOH dacToTel ciosi F2. Ilpemnoxena
PEKOHCTPYKIHSI OTCYTCTBYIOLINX JAHHBIX B Psiiax HOHOC(EPHBIX U3MEPEHUH 10 METOY MOA00us,
YTO MO3BOJIMJIO MOJIYYUTh JOJNTOBPEMEHHOE PACHPENENICHHE MOJIOKUTENbHBIX, OTPULATENbHBIX U
IMana3oHHbIX 3X 4YacoBbIX HOHOChepHbIx uHAekcoB DU, DL m DE B TeueHme cemu LMKIIOB
COJTHEUHOH aKTMBHOCTHU. PekoHCTpynpoBaHHast 6a3a MOHOCHEPHBIX NAHHBIX JOCTYIHA IO anpecy

https://www.izmiran.ru/ionosphere/weather/grif/peak/.
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PabGora BhIMOMHEHA TPU MOIAEPIKKE COBMECTHOTO mpoekta Poccuiickoro ¢donnma
(byHIaMeHTaNbHbIX ucclenoBaHui, mnpoekt Ne 19-52-250001 Kunp a, u HammonansHoro
uccnenosarensckoro ¢onga Kumpa RPF Bilateral/Russia(RFBR)1118/0004 «PerpocnexkTiuBHOE
MOJIETUPOBAHNE U NPOTrHO3 HOHOChepHOoi noroasn (RENAM).
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HAJIO’KEHUE ABPOPAJIBHBIX TOKOB B OBJIACTU PA3PBIBA
XAPAHT'A

A.H.3aiines, K.X.Kanonuau, B.I'.Ilerpos

Hucmumym 3emno2c0 maenemusma, uoHocepsl u pacnpocmpanerus paouosonn um. H.B.
Ilywxoea Poccuiickoii Axademuu nayx, 2. Mocksa, Tpouyx, alex.zaitsev1940@mail.ru .

B cepenune npomoro Beka Jleits Xapanr [1] mpoBen aeranbHbIe UCCIEIOBAHUS XapaKTepa
MOJIIPHBIX T[EOMArHUTHBIX BO3MYLIEHHWN HAa LENOYKEe MArHUTOMETPOB  BAOJb MEpPUAHMAHA
Imuubepren - Tpomce. bbulo moka3aHo, 4TO OCHOBHOH NPHU3HAK MOJSIPHBIX BO3MYINEHUH -
HAJM4U€ CHJIBHBIX CTPYWHHBIX TOKOB B IMPOTHUBOIOJIOXKHBIX HANPABICHHUSIX B 30HE MOJSIPHBIX
cusitnuil. [lonoskurenpHble OyXThI MPENCTABISIIOT COOOW CTpPyWHBIE TOKM TEKyINee Ha BOCTOK,
OTpULaTebHbIE OyXThl NPENCTABIAIOT COOOW TOKM Tekymue Ha 3aman. Ilpy 3ToM TOKHM
cOMIKAIOTCST B BEUEPHHME Yachl TaK, 4YTO MEXAy HUMH oOpasyercss 3a3op. B mampHeimmx
UCCIIEAOBAHUAX 3TOT 3230 MOJYYHII UMS — «Pa3pblB XapaHray.

ITocne nepuoma MIT (1957 — 1958) u ¢ Ha4aIOM KOCMHYECKOH 3PbI HCCIIEIOBAHUS XapaKTepa
MOJIIPHBIX MAarHUTHBIX BO3MYLIEHUN IOCIYXKWUJIM OCHOBOM CO3[aHMSI TOKOBOM CHCTEMBI
BKJIIOUAKOIIEH Kak oauH u3 (PakTopoB «paspbiB Xapanra» [2]. B momoyHeHHe K Ha3eMHBIM
r€OMAarHUTHbIM HAOJFONEHUSM HCCIICIOBAHUST TOKOBBIX CHCTEM OBUTH BBINOJHEHBI C ITOMOLIBIO
CIIyTHUKOB, PAaKETHBIX IMYCKOB, PaJapOB KOTOpbIE MO3BOJUIN MOCTPOUTH NETAJbHYK) KapTHHY
TOKOB B CHCTEME «COJIHEUHBIH BeTep - MarauTocdepa — noHocdepay. Ilpu ‘Tom xapakrep TOKOB B
o0yacTi B3aUMOIEHCTBHSL 3JIEKPOCTPYH ocTaercsi 0€3 NeTaJbHOTO ONMHCAHUS TaK Kak IpsMbIe
U3MEPEHHUsT TOKOB Ha BBICOTax cTosl E moHOC(eps! OcTatroTcs TPyIHONOCTYNHbIMHE [3], a Oonbluas
U3MEHYHUBOCTb CUCTEMbI TOKOB CHHJKA€T JTOCTOBEPHOCTb CTATUCTHYECKUX 0000IIEHNH.

CoznaHue MIOTHBIX LIETIOYeK MarHUTOMETPOB BJIOJIb MEPUIMAHOB B 30HE MOJSPHBIX CHUSHUN
[S], mo3BONsIeT [neTanbHO HCCIENOBATH XapakTep B3aUMOJEWHCTBHS TOKOB B  00nacTu
paspbeiBaXapanra. Okaszajaoch, 4TO B OOJIBIIMHCTBE CIy4aeB 3a30p MEXKIY TOKAMHU TPEICTABIISACT
coOOo¥i TUIaBHBIN MEPEX0/ B MPOCTPAHCTBEHHOM PacIIpelesieHuH ToJIel U TOKOB. B Toke Bpems B
OTHENBHBIX CIIydasX XOpPOIIO BHAHO. HYTO MPOMCXOAUT ONM3KOoe COMMKEHHE TOKOB Pa3HOTro
HATIPaBJICHUS] — CM. IPUMED IO TaHHBIM MarHUTOMETPOB Ha Amaie st ciaydas cyoOypu 27 ampens
2018 roma [4]. Ilo 6a3e maHHBIX MArHUTOMETPOB Ha Smane ObUTa MpOBeIEHA BHIOOPKA CITydaeB
cyO00ypp KOTOpBIE MMENH XapakTep 3HaKomepeMeHHbIx OyxT. Iloctpoenue romorpadoB u pydHast
BBIOOPKA YPOBHSI OTCYETOB MOATBEPIMIIN HATNYNE HAJIOKEHHS 3JIEKPOCTPYH Pa3HOTO HATIPABJICHUSI.
OueHka xapakTepa BO3MYIIEHUI MAarHUTOMETPOB C JAaHHBIMU CyTHUKOBOM cuctembl AMITEP u ¢
narabiMu pagapa Cynep/IAPH nHakpeiBaromero fAman nokasanu HaJudue BUXPEBbIX 0Opa30BaHUIA
TokoB. JlanmpHeillee wucclenoBaHWE OOJNBINEr0 YWCJIA CIy4aeB B COINOCTABJICHHH C
JOTIOJIHUTENIbHBIMU  TAHHBIMU TIO3BOJIUT MPEICTABUTh AETANbHYI0 KAPTHHY TOKOB B obiactu
paspeiBa XapaHra.

Pabora Bemmosnena 8 USBMHUPAH B pamkax I'ocynapcreennoro 3ananust Ne 01201356397.

1. Harang L. The mean field of disturbance of polar geomagnetic storms // Terr. Magn. Atmos.
Electr., V. 51(3), P. 353—380, doi:10.1029/TE0511003p00353

2. Kamide Y., Akasofu S.-1., Zaitzev A N. et.al. / J.Geophys.Res. 1982. V. 87, P. 8228.

3. Heppner, J. P. // Geophys. Norv. 1972. V.29, P. 105.

4. 3aitueB A H., Kanonunu K. X, ITerpos B.I',, IlepcriekTuBbI pa3BuTus reopu3nIeCcKoro

nosurona Ha Smarne, http://pgia.ru/lang/ru/conf/gelio/gelio_in_arctic2018, C. 43

5. 3aiiues A.H., Ilerpos B.I',, I'am3a E 1., IlerpykoBuu A.A. PeHoBalus IpoeKTa

«['eomaraurheiii Mepuanan 145» //https://plasma2019.cosmos.ru/docs/plasma2019-abstract-

book 1102.pdf, C. 178
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I''IOBAJIBHAA MEJJMAHHAA MOJEJIb TEC 1O JAHHBIM
HA3ZEMHbBIX IPUEMHHUKOB

Hly6oun B.H., I'ynsesa T.JL

HU3MHUPAH, 2. Mocxkea, e. Tpouyxk, Poccus, shubin@izmiran.ru

B nmnocnenHue roAbpl pa3sBUBAIOTCA OMIIMPUYECKHE MOJEIM IIOJHOrO 3JIEKTPOHHOIO
conepxanusi (TEC), ocHOBaHHBIE HAa AAaHHBIX TJOOaNbHBIX HMOHOC(epHBIX KapT (GIM), xotopble
npenoctapisitores Mesknynapoauoit ciyx6o0it GNSS (Global Navigation Satellite Systems). Hamu
co3mana rinobanpHas smmupuueckas momenb TEC, ocHoanHas Ha paHHbiXx GIMs. Mogens
MOCTPOEHA HAa NIPOCTPAaHCTBEHHOM ceTke U3 5112 sueek, pasmepoM 5° mo goarore u 2.5° mupoTe Mo
nanHeiM TEC HazeMHbIX NPUEMHHMKOB, MOJy4YeHHBIX 3a nepuon 1994-2019 rr. BxonHbmmu
napamMeTpaMH MOJENH SIBJIFOTCS IE€Hb, MECSI, TOJ, MHpPOBOE BpeMs H reorpapuieckue
KOOpANHaThl. B kauecTBe MHAEKCOB COJIHEYHONW aKTMBHOCTH MOTYT MCIOJBb30BaThCS HOBbIE UMCIIA
COJIHEUHBIX IISITEH, yCpenHeHHbie 3a 12 MecsaueB — SSN2 nnmsa KIMMaTHUeCKOW MOAENTH C
JOJTOCPOYHBIM IPOTHO3MPOBAHUEM (MecsIbl, Toabl). st kpaTkocpounoro nporaosuposanust TEC
(oOmMH WM HECKONBKO IHEH) B MOIENM NPUMEHSETCS WHTETrPANbHBIA WHAEKC COJHEYHOH
aKTUBHOCTH — FI'o7(day, ), KOTOPBIN SBJIAETCS HAKOTUIGHHEM BPEMEHHOTO psiia 3Ha4YeHHWH [g7 C
SKCIIOHECHIIMAIBHBIM CIVIAXKMBAHUEM. 37aechb day — Tekyumid aeHp, 7=0.96, 4TO COOTBETCTBYET
XapaKkTepHOMY BpeMeHH ~27 nHel (onuH 06opoT CoNHIAa) 10 TEKYIIEro THS.

PabGora BhIMOJIHEHA TPU MONAEPKKE COBMECTHOro mpoekra Poccuiickoro ¢oHma
(byHOaMeHTaNbHbIX HcclenoBaHui, mnpoekt Ne 19-52-250001 Kump a, w HanumonaneHOro
uccnenosarenbckoro ¢porna Kunpa RPF Bilateral/Russia(RFBR)1118/0004 (RENAM).
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I'EOMATHUTHBIE CYBBYPEBBIE DJ®®EKTHBI HA CPEJHUX HIHWPOTAX BO
BPEMA BYPH 11-12 AIIPEJIA 2001

HJacnupak I/I.B.l, I'mneBa B.Z, JIr00uny A.A.l, Jloces A.B.l, Cenko H.B.l, Bepuep P.

1 . y
Honapnviit eeopusuveckuti uncmumym (I11I'H) 2. Anamumeor, Mypmanckas obnacme, Poccus,
despirak(@gmail.com

2 Hnemumym Kocmuveckux Hecneoosanuii u Texnonoeuit (MKHT), BAH, 2. Cmapa 3acopa,
boneapus

Lenp nanHON padoThl - BBIABUTH BO3MOXKHBIE CPEOHEIIMPOTHbIE MAarHUTHBIE 3((EKThI
MHTEHCUBHBIX cyOOyph. brina BeiOpana nHTeHcuBHas MarHuTHas Oyps 11-12 anpens 2001 (Dst ~ -
300 HTm), BO BpeMst KOTOpOI HaOMOmANOCh 3 MHTEHCHBHBIE CyOOypu. MHTEHCHBHOCTE CyOOypH
ompenesAnach Mo WHAeKcaM reoMarHuTHod aktmBHocTH SML m AL. PaGora mpoBoammach mo
naHHbIM  riodanbHbIX ceredl  marHuTomMeTpoB SuperMAG, INTERMAGNET u IMAGE,
CPEAHELINPOTHBIE TOJOXHUTENbHbIE OyXThbl HAOMIOOATUCh ONHOBPEMEHHO C OTPHUIATENbHBIMU
OyxtamMu Ha aBpopanbHbIX muporax. QOueHb UWHTEHCHUBHBIE CyOOypu, ¢ OonmblmmMu
OTpPULATENbHBIMU 3HadeHHsAMU uHAekca SML (< -2000 wTxn), B mocienHee BpeMs MONYYHIN
Ha3BaHUE «CymepcyoOypu» (supersubstorms - SSS). Bo Bpemst 3Toii Oypu ObUIO 3aperucTpUpOBAHO
aBa coberrust SSS 11 ampenst 2001 r. (16:09 UT u 20:24 UT). Mbl oOHapyXHUiH, 4TO NepBas
cyrnepcyOOypst COMPOBOXKIANACh 3HAYUTEIBHBIMI MArHUTHBIMH OyXTaMU Ha CPEOHHUX LIHUPOTAX.
Kpome Toro, KoHBepTHPYIOIIasi MIUPOTAa CMEHBI 3HAKA MArHUTHOH OyXThl B 3TOM COOBITHU ObLia
PAacIIoNIO’KeHa HAa F€OMAarHUTHBIX MIMPOTax, KOTOphIe ObUTH Ha ~ 10 rpagycoB HUXKE, a aMILUTUTYbI
MarHUTHBIX OyXT Ha CPeOHHMX IIMPOTax OBLIM MPUMEPHO B 2 pasa Oojblle, 4eM WX THUITUYHBIC
3HA4YEHHsI BO BpeMsi OOBIMHBIX CyOOypb.

HccnenoBanue BoIONHEHO Npu (prHAHCOBOH moanepkke POPU n HanmoHanbHOro Hay4yHOTO
¢donna boarapum, mpoext Ne 20-55-180003.
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AKTUBHBIE OBJIACTH - UCTOYHUKHU CIIC
B 24 COJIHEYHOM IMKJIE

HNimkos B.H.

HU3MHUPAH, 2. Tpouyx, Mockea, Poccus, ishkovi@izmiran.ru

IIpoBeneno wuccnenoBaHue akTHBHBIX oOmacteli (AQO), B KOTOPBIX OCYIIECTBHJIACH CEPHS
MPOTOHHBIX BCIIBIIIEK KaK Ha BUAUMOM aucke CoyHIa, Tak U 3amuMO0BBIX. M3 BCeil COBOKYITHOCTH
HCTOYHHUKOB CONTHEYHbIX kocMudeckux styueit (CKJI) B Takux AO, 1O TOTOBSIIIEMYyCsI K TyOJIHKAaLUN
Karamory 3a 24 UMK COJIHEYHOW AKTUBHOCTH ObUIM BBIOPAHBI YBEPEHHO OTOXKIECTBIEHHBIE
COJIHEYHBIE TMPOTOHHBIE BCIBILIEYHbIE COOBITHS, U PACCMOTPEHBI Xapakrepuctuku camux AO ¢
LIEJIbI0  BBIABJICHUS BO3MOKHBIX YCJIOBUH OCYIIECTBICHHS CEPHH TPOTOHHBIX BCIBIIIEYHBIX
COOBITHH W OTJIMYMIA BCTIBIIIEYHOTO COOBITHS O€3 BBIXO/IA COJHEYHBIX MPOTOHOB OT TAKOTO K€, HO C
nporoHamMu. bomee paHHue pPabOTHI MOKAa3anu, YTO COJHEYHbIE BCIBIIEYHBIE COOBITHS €CTh
CJIEICTBUE B3aWMOJEHCTBHUS HOBBIX BCIUIBIBAIOIIMX MArHUTHBIX IIOTOKOB C ONPEAEIEHHBIMU
napamMerpamu (BBILIE TOPOTOBBIX Ul 3HAYMMBIX BCIIBIIIEUHBIX COOBITHI) C YK€ CyLIECTBYIOIIUM
MarHuTHBIM nosieM AQO (vim BHe e€). OHHM Bcerna OCYLIECTBISIIOTCS CEPUSIMH U JUTS TIOSIBJICHUS
HOBOH CEpUH BCIIBIIIEK HY)KHO TOSIBJIEHHE HOBOTO MAarHUTHOrO notoka. Pone AO 3axirodaercs, B
CO3MIaHUH YCJIOBUH (TI0 BUAMMOMY B JIOKAJIbHOM YYaCTKe KOHBEKTUBHOW 30HBI) MOCIENOBATEIBHBIX
BCIUIBITHI HOBBIX MAarHUTHBIX MOTOKOB. Jnsi "mporoHHBIX" AQO OmNpenesstouy pojb HrpaeT
oOmrast MarHUTHasE KOH(PUrypauus, IOMyCKAOIIasi MM 3alpellaromas BbIXOA YacTUL] U3 o0acTu
BIMSAIHUSL €€ MarHUTHOTO TNojst. XopomwmM npumepoM AQ, MONHOCTBIO 3aKPBIBIIEH BO3MOMKHOCTD
Bbixoma CKJI, n nmaske KOpOHAJNBbHBIX BHIOPOCOB BEINECTBA, CTajla camas OOJNbIlas MO IUIOLIAAN
rpymnmna msiteH oktsaops 2014 1., B KOTOpo# peann3oBanock 6 Bembiek 6amia X u 36 — 6amna M. Eé
"rnobanbHas" MarHuTHas KOH(QUIypalus TpeacTaBiisia coOOH MPOCTOW AWIMONb C TIONIOCAMH B
MECT€ JIOKAIM3alNU BEAYIIUX U BEIOMBIX IISITEH, U HaI&KHO 3aIuinano obmactu BHe nanHoi AO
OT AMHAMHUYECKHUX IpoLeccoB BHyTpH €& B nmoknane pasOuparorcs BosmoxkHoctH AQO co
BCIBIIIEYHBIMI COObITHsAMY, TeHepupyromumu CKJL, coxpaHsaTe 3Ty CHOCOOHOCTH UIMTENBHOE
BpeMs IPOXOXKIEHHs 110 BUAUMOMY nucKy COJIHIA 1 32 €r0 MpeneiaMu.
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OBHAPY’KEHUE KPATKOCPOYHBIX ITPEABECTHUKOB 3EMJIETPAACEHHI ITPH
AHAJIN3E CTATUCTUKH BAPUAIIMU MATHUTHOTI'O ITOJIA

Koran JLIL, 2Kanonnau K.X., S Hanexka JLH., ‘Boabsau A.E, '"Kucanusia JI.H.

HHI'ACY, 2. Husicnuii Hoézopoo, Poccus, L _kog@listru , U3MHPAH, 2. Mockea, Poccus,
SBI'V, 2. BOPOHEJK, Poccus, *KpAO PAH, Pecny6auxa Kpviv, Poccus

B pabote paccmarpuBaroTCsA CBOMCTBA MarHUTHOTO MO, CBS3aHHBIC C H3MCHCHHECM VPOBHSA
Xa0ca CTATHCTHKH €ro M3MEPSIEMbIX 3HAYCHHH IPH BO3MOKHOM BIHSHHH TIPOLIECCOB IMOITOTOBKH
HAJABUTAIOIINXCA 3eMIICTpACCHUH. Jlalee MCMOMB30BAMNMCh JaHHbIC HM3MepeHHH H-KOMIOHEHTEI
3TOrO MoJIA, TIoyiIeHHBIC B aBrycTe 2019 r. na Kprsivckoii actporomuueckoit odcepearopun (KpAO)
u B mapre 2020 r. Ha reodmsmueckor obcepBatopun «[ammuss ropa» BopoHEKCKOro
rOCYJapCTBEHHOTO  yvHHBepcutera. [lpm  pacuerax Obl1  NIPUMEHEH  CTaTHCTHYECKHH
dymamonan L(n) = S0 yyyqlLil, Ly = ZNZh(=1)™Py, [1, 2]. 3aees M = 100 1 A = 1000.
Kosddumment P, ,,, ecTe BepoATHOCTB NOIMAJaHAA 3HAYCHUH cydaifHoi BemmrauHbl (CB) sin(x), rae
X — U3MCPCHHBIC 3HA4YCHM MO B H1 1, B uHTepBan Buga [—1 + mh, —1 + (m + 1)h) (3acco
0=m=N-1h=0.1uN = 20) pazbucHus obnactu 3HaucHui1 nanHoi CB. UHaekc | — Homep
OTPE3Ka peanu3ali NpoTskeHHOCThI0 60 cexkyHa, Brarouaromero 60 m3MepeHui. 3aBUCHMOCTD
L(n) comocTaBanack ¢ MOMEHTAMH 3eMJICTPACEHHH MArHUTY 10¥ 4+, MPOU30IIEJIIHX B PETHOHE OT
Pymeranm 10 3anana Mpana B ykazaHHBIE IEPHOIBI BPEMCHH.

Ha pucyske mnpuseacHa 3aBucumMocth L(n),
noctpoeHHass mo gaHHbM KpAO 3a 9 w wacte 10
asrycta 2019 roga (3enenas kpusas). [1o ocu abcruce
OTIOXKEHO Bpems B MuHyTax, cumrtas ¢ 00:00 9
asrycta. OpamkeBas npsmas AC mpoBeacHa depes
Touk A u C (kak 1 TOUKd B u D, COOTBETCTBYIOIIHUC
00TaCTH PHUCYHKA BBIACICHBI CHHUMH 3IUTATICAMHE).
Ota npamMast MPOXOAUT MEUMO TOYKH B Ha yAaJICHHAH T10
Beptukanu He Oonee uem Ha 0.5% or 3HaucHUs
¢yukuponana L(n) B aanHoM Touke. OT BPEMCHH
Wl - I i YETBEPTOrO TCCTUPOBAHMA JAHHOH NPAMOH KPHUBOH

500 1000 oo M L(n), B Touke D, BBIACICHHON KpPaCHOH OTMETKOM
(Touka B Takke paccMaTpHBaeTCs KaK CIydal TaKOTO TECTHPOBAHHS), OTCUYHTHIBACTCS HHTEPBAI
T, = 315 MUH. 10 MOMEHTa 3eMJICTPACCHHUS MarHUTYA0H 4.9 (OH OTMCYCH BEPTHKATBHOH MPSIMOH
KkpacHOH nuaumcH), npousomreamero 10.08.2019 B 07:35:10.28 UTC na ray6une 10 kM B TOUKE
smmueHTpa 41.6599 CII u 46.6057 B]] (ceBep Azepbaitmkana). [lonobno AC, cumsas npsvas KM
IpoBeAcHa Yepes Touku K u M, mpoxoauT MUMO TOUKM L Ha paccTOSAHMU IO BEPTUKAIU He Oonee
1.2% ot 3naueHus QyHKmoHana L(n) B 3TOM TOYKE W UCTBSPTHIA pa3 TecTHPYET kpusyio L(n) B
BBIJICJICHHOM KpacHOH oTMeTKOH Touke N. Cmbicn uHTepBana T, = 60 MUH. TOT ke, 9TO U A7 1.

[Tpsmble uHUM, NOAOOHBIE NPHUBEJSHHBIM HAa PHCYHKE, ¢ OOJBIIOH BEPOSTHOCTHIO
MPCAMICCTBYFOT 3EMIICTPACCHHUAM B YKA3aHHOM PETHOHE B oTMEUcHHBIC iepuoast 2019 u 2020 rr. (B
psaAe Cly4acB OHH CTAHOBATCA IIOYTH CTPOro IapajuIeAbHBIMK, O0pa3ysd «KaHambl», MPH 3TOM
BEJIMYMHbBI TPOMEIKYTKOB BHAA T, OTCUMTHIBAKOTCA OT TOYKH ISTOTO TECTHPOBAHMS IPAHMLIAMU
TaKUX KaHamoB KpuBoii L(n).) Bemmumna wHTepBanoB Buma T, B GONBIIMHCTBE CIy4acB HE
IPCBOCXOAUT HCCKONMBKMX 4acoB. M3 craructrdeckoro cmbicia (yukmuonama L(n) cieayer, 9to
CYHICCTBOBAHKC YKA3aHHBIX MPAMBIX CBHICTCIBCTBYET O BOZHHKHOBCHUH (IO MEPE MPHOIIKCHAS
3EMIICTPSICCHHM) IMHCHHBIX 110 BPEMCHH I'PaHUL] JUI1 YPOBHS Xa0Ca B H3MCPICMBIX IPOLIECCax.

100

90

[1] Koran JI. 1. // Teomaruetism u asporomust 2015. T. 55(4). C. 525.
[2] Koran JLIL., Kucmuea .U, Kpacankosa O.B., Measaux M. A., I'opaenos A.C. // CoBpemMeH-
HbI¢ TexHOIoruu B meauiuae 2017, T. 9(4). C. 25.
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®OHOBBIE YCJIOBUA U BJIIMAHUE PA3JINYHBIX CBETOBBIX
®AKTOPOB HA W30BPAKEHUA PACIPEJAEJEHNIA MHTEHCUBHOCTH
ABPOPAJIBHBIX YMUACCHUI, IOJTYYAEMBIE C OPBUT
KOCMUYECKUX AIIITAPATOB

Kysbmun A K.

HKU PAH, alkkuzmin@mail .ru

Jloknan npeacTaBieH Kak OfHa U3 4YacTeld METOAUKO-aHAJIUTUYECKOrO 3aje1a IPU NOATOTOBKE
SKCIEPHUMEHTOB C aBPOPAJbHBIMU UMAKEPAMHU HA MEPCIEKTUBHBIX KOCMHUYECKUX amnmnaparax.
[Mony4yenne n3oOpaskeHU aBPOpaNbHBIX SMHCCHI B BUAuMONW u BY®- olnactsax cmekrpa,
U3JIy4aeMbIX B TOJIIIE aTMochephl 1 MOHOC(HEPHI, ¢ Pa3HBIX OPOUT CBA3AHO C BBINCICHHUEM HUX
HaJ (POHOM C TOMOINBIO TMOJOCOBBIX (PUIBTPOB B M300PAKAOIIMX KamMepax HIIA C MOMOIIBIO
MOHOXpPOMATOPOB M BBIXOAHBIX IHIejei B crekrtporpadudecknx umamkepax. [lpu cenexiuu
aBPOPAJIbHBIX OMUCCUH 4YacTh (POHOBBIX KBAHTOB MPOXOIUT CKBO3b IOJIOCY MPOIYCKAHHS
npuOOpOB M MOManaeT Ha M300pakaroImuil neTekTop. PaccMaTpHBAaIOTCS XapaKTePUCTHKU
UCTOYHUKOB (poHa B BUANMOM U BY®D- crnekTpalbHbIX AHANa30HAX W WX BIUSHUE HA
U300pakKeHHst SMUCCUI B aBPOPAJIbHBIX CTPYKTYpax.
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Kysbmua A K., Mepsnwiii A M.!, Hukudopos O.B.!, ITerpyxosuua A A.!, Moucees I1.I12,
IMosun A A2, Ilykun FO.A ®, Banpmukosa M.A 4, Asmromes B.A 4

1- UactutyT kocmuuecknx uccneaosanuiit PAH, 2- HIIIT Actpoudnextponuka, 3 — HITO
Taiigyn, 4 — Tomcknii 'ocynapcTBeHHBIH YHUBEPCUTET

JIMCTAHLIMOHHA S T JIOBAJIbHA S U JIOKAJILHA ST IUATHOCTUKA
MTHOBEHHOI'O COCTOSIHUS U TMHAMUKU XAPAKTEPUCTHK OJISIPHOM
MOHOC®EPLI C OPBUT IEPCIIEKTUBHBIX KA Y 30HIUPYIOIIUX PAKET
OITTUYECKUM U ITPSIMBIMU METOJIAMH B UHTEPECAX PEIIEHMSI HAVUHBIX U
[TPUKJIATHBIX 3AJTAY

[IpencrasnseTcst KOHLUENINA JUATHOCTUKN XapaKTEPUCTUK MOJIIPHOI HoHocheps! ¢ opouT KA u
30HAUPYIOLINX pAaKeT, HalleleHHAs Ha HCCIENOBaHMsA IPOLIECCOB B MOJSIPHON HOHOC(hepe.
PaccmarpuBaercss MeTOIMKAa OJHOBPEMEHHBIX TNIOOANBHBIX KPYITHOMACIITAOHBIX M JIOKAJIBHBIX
MEJIKOMACIITA0OHBIX U3MEPEHNUH MHTEHCUBHOCTH KOHKPETHBIX aBPOPAIbHBIX SMUCCHHA ¢ OPOUTHI
tuna Mojaus u ¢ opOuThl THIa MeTeop M KOOPIMHUPOBAHHBIX BBICOTHBIX PACHpPEIeNICHHI
XapakTePUCTUK IUIa3Mbl B BEYEpPHE-NMONIYHOYHOM cektope MLT aBpopanbHOro oBanma
MHHHATIOPHBIX TUIATGOPM 30HANPYIOLIEH pakeTsl B THKCH.



291

GROUND BASED SOLAR SERVICE USING SPOT, STOP AND RATAN-600

Naga Varun Y., Tlatov A.G., Storozhenko A.A

SAO RAS, Nizhny Arkhyz, Russia, naga.varuny(@gmail.com

Solar service implies monitoring the Sun regularly or continuously in different wavelengths of
the electromagnetic spectrum. The main purpose of such a service is to understand fundamental
physical processes undergoing on the Sun and determine the parameters of coronal mass ejections
(CMEy), flares, solar wind and etc., for practical applications by using data obtained by terrestrial or
satellite telescopes.

Given the proximity of the Sun, the effects of solar flares and CMEs cannot be exaggerated on
the Earth’s magnetosphere. Therefore, the need for solar service to help forecast such energetic
phenomena is further augmented due to the rapid progress in satellite communications’ technology,
human space exploration like ISS (International space station), air travel and etc. Such a forecast
can be made from ground based continuous solar monitoring in the well know wavelengths of Call-
K and H-a, which form in the mid and upper chromospheres respectively. Call-K line is especially
important because of its strong correlation with the hard X-ray flux during solar flares.

Keeping in view the need for the solar service and the high cost of the space borne telescopes,
special ground-based telescopes such as SPOT (Solar patrol optical telescope) and STOP (Solar
telescope for operational prognoses) are developed. Apart from being several times cheaper than
their space counterparts they can easily be upgraded with new equipment and capabilities keeping
in line with the modern developments in the instrumentation technology.

The scientific task of the SPOT is to observe various manifestations of solar activity, such as,
plages, filaments, prominences, flares, CMEs, and etc. SPOT continuously registers images of the
full solar disc in Call-K 3934 A°, H-a 6563 A° spectral lines. The most important feature of this
telescope is that it can scan the Sun completely in a given wavelength interval and therefore makes
it possible to extract dopplergrams from the spectral data. In this way one can estimate the
kinematic parameters of the eruption events like CMEs.

As most of the phenomena on the Sun take place due to intense magnetic activity, it is quite
essential to have a continuous survey of the magnetic state of the Sun. This is done by STOP, which
is essentially a magnetograph capable of measuring large scale magnetic fields on the photosphere
along the line of sight with a resolution of 30 arcsec. Large scale magnetic fields are formed due to
the imbalance in concentrated flux and more diffuse flux and are important because of their
connection with the interplanetary magnetic field. Also, the space weather parameters near the Earth
can be predicted by using the data of STOP with the help of Wang—Sheeley—Arge (WSA)
semiempirical model.

We also note the importance of the solar spectral polarization complex (SSPC) at RATAN-600,
which is unique because of its ability to monitor the solar corona in a range of radio frequencies
from 3 GHz to 17 GHz. Such spectral and polarization measurements with great resolution makes
RATAN-600 a vital instrument for frequency tomography of the corona.

At present SPOT continuously monitors the Sun in Call-K and H-o spectral lines from
Kislovodsk since 2011. Similarly STOP has been initiated at three different places namely
Kislovodsk, Irkutsk and Ussuriysk. In the very near future SSPC of RATAN-600, will be
modernized to a new level, where individual active regions can be continuously monitored.
Therefore, SSPC supplements the data provided by the SPOT and STOP network for a better solar
monitoring service.

The work was accomplished due to the government contract of the SAO RAS approved by the
Ministry of Science and Higher Education of the Russian Federation.

1. Naga Varun Y, Tlatov A. G. // DOI:10.26119/978-5-6045062-0-2 2020 395
2. Storozhenko A.A., Bogod V. M. et al // DOI:10.26119/978-5-6045062-0-2 2020 405
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AHAJIMTUYECKOE PEHNIEHUE JJd 3ABUCHUMOCTH TAPMOHHMK
TOKA YEPE3 TPAHC®OPMATOP OT BEJIMYUHBI TUT

CeanpanoB B.H., Caxapos 5. A.

[]2C KHI] PAH, 2. Anamumut, Poccus, v.selivanov@ksc.ru

B xoxe »kcnepuMeHTaNbHBIX WCCIENOBAHUM BIUSHUS TeoWHIyKTHpoBaHHBEIX TokoB (I'MT) ma
HaCBIIIIeHe MarHUTONPOBO/Ia TpaHcdopMmaTopa [1] BEIIBIEHO HEOHO3HAYHOE TTOBE/IEHUE BBICIITHX
rapMOHUK: BO3MOXKHBI KaK pPOCT, TaK W CHIKEHHE aMIUTUTYABl TOKa TapMOHHUKH C POCTOM
BenmuuuHbl | UT. 1lo oTHOmIEHUIO K XapaKTEpHBIM BpPEMEHAM MPOIIECCOB B ANEKTPUUECKON CETH
['UT MoxHO cUMTAThL MOCTOSHHBIM TOKOM. MccnmeoBanuio BIUSAHUS BENUYHHEI MOCTOSHHOTO TOKa
MOIMarHUYMBAaHUS Ha TaAPMOHUYECKHUI cocTaB TOKa B 0OMOTKaxX TpaHC(HOPMATOPOB MOCBAIIEH DS
nyonmukanuii [2, 3], B KOTOPBIX YKa3bIBAlOCh Ha HEMOHOTOHHBIM XapakKTep 3aBHCHUMOCTEH, OJHAKO
MPUYUHEI DTOTO SBIEHUA He OBLTH OJTHO3HAYHO ONpE/IENeHBL.

Hamu momydeHO aHaMWMTHYECKOE pEIIEHHWE M1 TapMOHUK TOKa 4Yepe3 HEITUHEUHYIO
WHYKTUBHOCTHb MpPH MOJAMarHMYWBaHUH €€ TOCTOSHHBIM TOKOM. C TOMOIIBIO MpOCTEHIIeH
MaTeMaTHYecKol MOJIeNd Tpoliecca MOAMarHiUNBaHus HEMHHEWHONW UHAYKTUBHOCTH MOCTOSHHEBIM
TOKOM TIOKa3aHO, UYTO HEMOHOTOHHBIA XOJ1 (YHKIIMOHANHHON 3aBHUCHUMOCTH TapMOHHUK TOKa OT
Benuuunael [T B HeliTpanu cuioBoro aBTOTpaHcdopMaTopa oOMpenenseTcs HCKIIOUUTETHHO
HenuHelHHolt BeOep-aMIEepHONW XapaKTepUCTHKOW ero MarHWTHOH cucTeMbl. Bcee BEIcHIne
TapMOHUKH JEMOHCTPUPYIOT OJAUHAKOBEIN X0/ 3aBUCUMOCTEN

- 3aBUCHUMOCTH HaUYHHAIOTCS OT HYJIEBOTO 3HAUYEHHUs, TaK KaK IPU OTCYTCTBUU MOIMArHUUHBAHHUS
TOK B TIEMN TOKE OTCYTCTBYET;

- 3aBUCHUMOCTH HOCAT HEMOHOTOHHBIN XapaKTep, UMes HECKOJIBKO MAaKCUMYMOB, YHACIIO KOTOPBIX
Ha €IMHUIlY MEHBIIIE HOMEpPA COOTBETCTBYIONIEH TapMOHUKH;

- BO3MOKHA CUTyallus, KOT/la B ONPEeIIEHHOM JIMana30He U3MEHEHNs BEIMYNHBI TIOCTOSHHOTO
TOKa TpeTbd W IIecTas TapMOHUKH pacTyT, a JeBATasg YMEHBINAETCS, UYTO COOTBETCTBYET
pe3yiibTaTaM, TTONYUYEeHHBIM B SKCIIEPUMEHTE.

Pe3ynbTaThl IMEIOT KaUECTBEHHBIN XapaKTep, HO MO3BONSIOT UCCIEN0BATh MPOIECC HACHIIIEHUS
MarHUTOIIPOBOJIOB CHIIOBBIX TpaHCcHOpPMATOPOB MpPH MOAMATHUYHUBAHUN MOCTOSHHBIM TOKOM H
BEIICHUTH, KaKo€ BO3MOKHOE BTOPHYHOE BIHUAHHE clocoOHBI oka3zath ['MT ma aBTOMatwky H
peneitHyio 3alUTy CHIIOBBIX TPaHCHOPMAaTOPOB.

Pabota BrmonmHeHa npu GpuHancoBoit moaaepxkke [[porpaMMbl TPUTPaHUYHOTO COTPYHUYECTBA
Komapktuk 2014-2020 (mpoekt KO2011 ARINKA - MuHdpacTpykTypa apKTHUECKUX Kelle3HBIX
nopor B peruone Komapkruk).

1. Cemusanos B.H., bapanauk M.b., bumua B.A. u ap. // Tpyaet KHI] PAH. 2017. Nel. C. 43.
2. Walling R. A., Khan, A. N. // IEEE Trans. on Pow. Del. 1991. V. 6. Ne 4, P. 1707.
3. LuS. LiuY,.DeLaReel.//IEEE Trans. on Pow. Del. 1993.V. 8. Ne. 2. P. 725.
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BU3YAIMBAIUA JUHAMNYECKHUX CIIEKTPOB B METPOBOM
JTUATIA3Z0HE JUI1 UTHTEPHET-PECYPCOB KOCMHWYECKOH MOTI'O/1bI

Mamcyrannosa FHO.H, Kamanosa JI.LK

HC3®D CO PAH, 2. Uprymck, Poccus, yulial@mail.iszf.irk.ru

[IpencraBnsieM mepBble pe3yabTaThl pa3pabOTKH MHPOPMALMOHHON CHCTEMBbl BHU3YaJIH3aLMU
IMHAMUYECKUX CIIEKTPOB B METPOBOM pPagHOAMANA30HE, KOTOPBIH MOXKET OBbITh MCIIOJB30BAH Kak
1T UCCIIENIOBAHMS SIBJICHUH B COJTHEUHOW aTMocdepe, Tak U sl aHaJu3a COOBITHI KOCMHYECKON
MOTOJIbI.

PaspabateiBaemas cucrema AODKHA OyI€T UMETh BO3MOYKHOCTb M300pakaTh HHTEHCUBHOCTD U
MOJIIPU3AIMIO HA BHIOPAHHOM y4acTKe BPeMEHU B MHMPOKOM muamnaszoHe dactotr (ot 1 T'TT mo 0.1
MI 1), a Takke COMOCTABIATh €€ APYruMH Buaamu HabmroneHuil. B xone paOoThl MCMONB3YIOTCS
Habmonatenbable naHHble WHCTpyMeHTOB AMATERAS, ORFEES, Waves/ Stereo. B kauectse
HaOMIOMEHUIN ISl CPaBHEHHUS UCIONB3YIOTCS KOPPEJSIMMOHHBIN KpPUBbIC, IOJNYYEHHbIE Ha
Cubupckom paauorenuorpade 4-8 I'Tr.

B xome co3maHusi CHUCTEMBI pELIANUCh 3aJadM YTEHUs, KaJIUOPOBKH, MpPEIBAPUTEIbHON
00paboTKH, TOCTPOEHUs IUHAMHYECKHX PpAJAUOCIEKTPOB JUII HMHTEHCHUBHOCTH M KPYrOBOH
MOJISIPU3AIIMN M KOMIIOHOBKH JTAHHBIX, MTOJIYICHHBIX C PA3HBIX HHCTPYMEHTOB C YYETOM LIMPOKOTO
aMana3oHa 4YacToT M OONBLIOrO [uama3oHa HHTeHcHBHOCTeH. OOCYyKmaroTcs BO3MOXKHOCTU
UCTIOJIb30BAHUS pa3padaThIBAEMOT0 pecypca Jisl UCCIIeA0OBaHUM reod(hEeKTHBHBIX COOBITHI.
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BJIMSTHUE BEWMBEJIEBCKOI HEYCTONYNBOCTHU HA TE®OPMAIINIO
BHEIIIHETO 1 ®OPMHUPOBAHUE COBCTBEHHOI'O MATHUTHOTI'O
ITOJISA B OBJIACTH PACIIATA CIJIBHOTI'O PA3PBIBA B IIJIABME C
T'OPSTUNMH DJIEKTPOHAMMU

Kouaposcknii B.B. 2, Tapacés M.A.!, Heuaes A.A.!, Crenanos A.H.!, Kouaposckmnii Ba1.B.!

1 UII® PAH, 2. Huscnuii Hoeeopoo, Poccus, kochar(@appl. sci-nnov.ru
2 Dept. of Physics and Astronomy, Texas A&M Univ., College Station, USA

B nenasreti pabore [1] Opumi npoaHanu3upoBaHbl 0OCOOEHHOCTH pacmaia CHIIbHOTO Pa3phbiBa
B 0OECCTOJKHOBHTENBHOH IIa3Me, OOpa3OBaHHOTO Ha TIpaHUIle [BYX oOOmacTeldl IutasMbl C
CYIIECTBEHHO PA3JIUYHBIMH KOHLEHTPALMSIMH ¥ MHOTOKPATHO OTJIMYAKOIIUMUCS TEMIEparypamu
snektpoHoB. IlomoOHast 3amaua mpeACTaBIsiET MHTEPEC Kak Uil KOCMHYECKOH, Tak W Ul
naboparopHoii (JasepHO) MIa3Mbl. B YacTHOCTH, MHTEPECEH MAajio WCCIICNOBABINUICS pPaHEe
ciyuali, Korma B oOJacTé paspbiBa MMEETCS TOCTAaTOYHO CHJIBHOE BHEIHEe MAarHUTHOE TOJIe,
BJIMAOIIEE HA SBOJIFOLINIO OOIACTH pa3pbiBa U GOPMHUPOBAHUE yIAPHON BOJHBI B HEH.

B Hacrosimem nokiaze mpeAcTaBIEHbI Pe3yJbTaThl KAUECTBEHHOTO aHAIM3a W YHCICHHOTO
MOAETMPOBAHNS YKA3aHHOW 3a/1auu, mpuiéM ocoboe BHUMAHUE YAEJEHO BIUSHHIO BelOeneBcKon
HEyCTOMYMBOCTU Ha Ae(opMaruio BHEUTHEr0 U (JOpMUPOBaHUE COOCTBEHHOIO MarHUTHOTO TOJS B
oOmacTu pacmaja CHUJIBHOTO pa3pbiBa. YCTAHOBIIEHBI XapaKTEPHbIE OCOOCHHOCTH BO3HHKAIOIIEH
KBAa3MMArHUTOCTATHYECKOH TypOyJEHTHOCTH U €€ CBSI3b C aHM3OTPONHEH pacnpenesieHus ropsiunux
3JIEKTPOHOB B obyacT PpoHTA yIapHOH BOJTHBL.

UncneHHOE MOAENUPOBAHME paclaia paspelBa B IUIA3ME€ B TPUCYTCTBHE BHELIHETO
MarHUTHOTO TIOJISI TIPOBEACHO B paMkax rpanta Poccuiickoro HayuHoro ¢onaa (mpoekt Ne 20-12-
00268). KadecTBeHHBI aHANW3 TMONYYEHHBIX pE3YJNBTaTOB M WX HWHTEPHIpeTauus i psizia
TUMHYHBIX YCJIOBUH B KOCMHYECKOW W JIa3epHOH IUIa3Me BBITIOJHEHBI NMPH TONAECPIKKE TI'PaHTa
Poccwiickoro ¢ponna pyHmaMeHTa bHbIX uccnenoBanuii (mpoekt Ne 18-29-21029 mk).

1. Heuaer A. A, I'apaces M. A, Crenanos A H., Kouaposckuii Bn. B., ®usuka mnazmer. 2020. T.
46, Noe 8. C. 694-713.
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CBHCTOBBIE HEYCTOMYNBOCTH B COJTHEYHOM BETPE

Ky3uues U.B., Bacbko U.1O., Aprembes A.B

New Jersey Institute of Technology, e. Hetoapk, CLLIA, kuzicheviviagmail.com

TennoBoll NOTOK 3JEKTPOHOB HWIPAET BAXKHYK pOJb B MpOLECCaX MNEepPeHOCca BSHEPruu B
O€CCTOJIKHOBUTENBHON MM CJIA0OCTONKHOBUTENBPHON IJ1a3M€ COJHEYHOrO BETpa. YKe IepBbIe
HAOJIFOIEHUsT TTOKA3aJIk, YTO CTOJIKHOBHUTENbHBIN 3ak0H CriuTrnepa-Xapma He CIOCOOEH OMHCaTh
TEIJIOBOH MOTOK B COJHEYHOM BeTpe. B wactHocTh, HaOmonerus Ha 1 AU mokasaiu, 4To TerioBOM
MOTOK TOJABJISIETCsl A0 3HAYEHMM HUXKe CTOJKHOBUTENbHOTO [1]. Beutn mpeanoskeHbl pasiuyHble
MEXaHU3MBbl PEryJsiiUM TEMJOBOrO INOTOKAa B COJIHEYHOM BETpE, HAmpuUMeEpP, B3aUMOJIECHCTBHE
3JIEKTPOHOB CO CBUCTOBBIMH BOJIHAMH, CO3/1aBaeMbIMH Tak HaszbiBaemoil whistler heat flux
instability (WHFI). DTa HeyCcTOIHUHNBOCTD BO3HUKAET B TUIA3Me C TIO KpaitHel Mepe ABYMsI BCTPEUHO
OBWDKYIIUMHCS TOMYJSILUSMH  3JIeKTpoHaMu. HenaBHue HaOMIOOEHUS MPONEMOHCTPUPOBAIU
paseutue WHFI B conHedyHOM BeTpa, MOKa3aB 4YTO 3Ta HEYCTOHYMBOCTb TI'€HEPHUPYET
MIPEUMYIIECTBEHHO KBa3UIMapaJUIebHble CBUCTOBbIE BOJIHBI C AMIUIMTYJaMH [0 HECKOJBKHUX
NPOIEHTOB OT (poHOBOro MaruutHoro mnois [1,2]. Ho Bompoc 0 TOM, MOTYT JIU TaKHE€ CBHCTOBBIE
BOJIHBI PETryJIMPOBATh TEIJIOBON MOTOK, OCTABAJICSI OTKPBITHIM.

Mbl npencrtaBiaseM pPe3ysbTaTbl MOAEIUPOBAHUS T€HEPALMM CBHUCTOBBIX M HEJIUHEHHOHN
spomounmn WHFI ¢ wucnonezoBanuem omnomepHoro PIC xoma TRISTAN-MP. 3Jtor kon
MOZEJIUPYET CaMOCOIIACOBAHHYIO TUHAMMKY ABYX BCTPEYHBIX 3JIEKTPOHHBIX MOMYJISILUNA: TEIUIBIX
(core) snektpoHoB u ropsiumx (halo) anmekTpoHOB. MBI HCCIENOBAIN TEHEPALMIO BOJH B ABYX
cnyuasix: ans yucroro WHFI, korna obe momynsinum u30TpOIHBL, U A aHu3oTponHoro WHEFT,
KOI/1a 3JIEKTPOHBI TaJI0 UMEIOT NEPNEHANKYJSIPHYK TeMIepaTypHyro aHuzotponutro. Kak xopowmo
W3BECTHO U3 JIMHEHHOH TEOpUH, TEMIEpaTypHash aHU30TPOITUSI MOXKET cama 1o ce0e MPUBOIUTE K
CBHCTOBOM HeycroWumBocTu. B  ornmume ot wuucroro WHFI, xoropelii renepupyer
KBa3UIapaJUIeNIbHbIE BOJHBI, AHU3OTPOIHAs HEYCTONYMBOCTb CO3[AET KAK MapajulesIbHbIE, TaK U
aHTHUINAPAJUICbHBIE BOJHBI C OJWHAKOBBIMH HWHKPEMEHTAMHU H3-32 CHMMETPUH (YHKIHH
pacnpenenenus. Ilpu HeHyJIeBOM TEMJIOBOM IOTOKE 3Ta CUMMETPHUS HApyIIAeTCs, HO, TEM He
MeHee, 00€ BOJIHBI MOTYT OBbITh IMETh CYLIECTBEHHBbIE HHKPEMEHTHIL. 1Ipu 3TOM aHTHIapaieabHble
CBHUCTOBBIE BOJHBl HMMEIOT 0C00O€ 3HA4YE€HHE, TMOCKOJBbKY OHH MOIYT PE30HAHCHO
B3aUMOJIEIICTBOBAaTh ¢ 0OJiee 3HAUUTEILHOW YacCThIO 3JIEKTPOHOB, MEPEHOCSIINX TEIUIOBOH MOTOK
[3].

Pesynpratel Hamero monenupoBaHuss PIC nokaseiBaroT, uro uucteii WHFI He Mmosxer
peryanpoBarh TeroBod notok [4], Ho aanzoTponHbiii WHFI MokeT cmocoOCTBOBaTh MOAABICHHIO
TEIUIOBOTO MOTOKAa B COJHEYHOM BETPE H3-3a T'€HEpALUM aHTUNAPAJUIEIbHBIX BOJH. MBI Takxke
OOHAPYKWJIM, YTO CYIIECTBYET KOppEesimHUs MEXAYy aMIUIMTYJaMH BOJIH B HACBIIEHUU U
JUHEWHBIMH MHKPEMEHTAMH, YTO COTJIACYeTCsI C TaHHBIMU HAOJFOIEHU.

Pabora BeIMOSMHEHAa TpU HYAaCTHMYHOW mopnepkke Poccuiickum (oHIOM (yHIAMEHTANIbHBIX
uccienosanuii, npoekt Ne 19-02-00179

Tong Y. et al. // ApJ 2019. 878. 41. doi: 10.3847/1538-4357/ab 105

Tong Y. et al. // ApJL 2019. 870. L6. doi: 10.3847/2041-8213/aat734

Vasko LY. et al. // Physics of Plasmas 2020. 27. 082902. doi: 10.1063/5.0003401
Kuzichev L.V. et al. // ApJ 2019. 882. 81. doi: 10.3847/1538-4357/ab3290
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YNCJIEHHOE MOAEJIUPOBAHUE KBABHJII@HEIKHOFOU
IHPUBJIN/KEHUA B 3ATAYE O BUCTJIEPHON HEYCTONYNBOCTHU B
COJIHEYHOM BETPE

IHesenés M. M.

HKH PAH, 2. Mockea, Poccus, mposimbal@gmail.com

KBaswnnHeitHass TeOpHsl ONHMCAHUS PE3OHAHCHBIX NPOIECCOB OOMEHa »JSHEprueil Mexnay
3JIEKTPOMATrHUTHBIMHU KOJIEOAHUSIMH U 3apSKEeHHBIMH YaCTULIAMH B IJIa3Me yCIELTHO UCTIOIb3YeTCs
IUIS aHAJHM3a IIHPOKOrO CIEKTPa MPOLIECCOB B JIA0OPATOPHON M OKoJo3eMHON muazme. CeromHs
HEBO3MOJKHO TIPEICTaBUTh JOJTOBPEMEHHBI aHAJM3 OUHAMUKH PAaJUAlMOHHBIX TIIOSICOB U
cnaboTypOyJIeTHOM TIJIa3Mbl COJIHEYHOrO BeTpa 0O€3 TNPUBIIEYEHHs ammnapara KBa3WJIMHEWHOMN
Teopun. B cpaBHEeHNH ¢ MeTOIAMH IPSIMOTO YHUCJIEHHOTO MOAEIMPOBaHUs, TaKUMH Kak Particle-In-
Cell, xBasunuHeliHast TEOpHsI MO3BOJISIET pPacCMATPUBATH MPOLIECCHl HA BPEMEHHBIX MaciuTadax
nopsinka OOpaTHON JHMHEHHOW CKOPOCTH pOCTa, YTO CYLIECTBEHHO IOBBIIIAET BO3MOKHOCTH
YHCJICHHOTO aHAJIN3a MPOLIECCOB HA JJTUTEIbHBIX BPEMEHAX.

OdeHp YACTO YHCIEHHOE MOJENUPOBAHHE KBa3MIMHEHHOro an@y3noHHOro mpolecca B
($a3oBOM TPOCTPAHCTBE TMPOBOAUTCS HE CAMOCOTJIACOBAHHBIM  oOOpazoM: 3¢ ¢deKTUBHbBIE
ko3 urmenTer audPy3un BBHIOMPAIOTCS HUCXOAS W3 ANPHOPHBIX JAHHBIX, B YAaCTHOCTH H3
SKCIEPUMEHTa, U HE M3MEHSIOTCS B XOIe MOJENUpOBaHUs. Takoil mOAXON XOpOLIO
3apeKoMeHaoBal cedsi B 3amadax 00 M3MEHEHHH JHEPTeTHYECKOro CIEKTpa B PaaUallOHHBIX
nosicax. OmHAaKO B 3ajayvax, CBS3aHHBIX CO CHEKTPAMH HEYCTOWYMBBIX KojeOaHmi, Tpedyercs
KOPPEKTHO OTPakaTh BIUSHUE aMILUIUTY] BOJH Ha CKOPOCTH mpouecca. Bo3Hukaer HeoOXOAMMOCTb
CO3MaHMA  BBIYUCIUTENBHBIX  HHCTPYMEHTOB,  OINHPAIOIIUXCS HAa  CaMOCOIJIACOBAHHYIO
KBa3WIMHEHHYIO TEOPHIO.

Hacrosimmass padora mocBsieHa BBIMHUCIUTENbHOMY KOy [UIsl YHUCICHHOTO MOJACIHPOBAHUS
CaMOCOTJIACOBAHHOW KBa3WJIMHEHHON CHCTEMBI YPaBHEHHH, CO3JAHHOMY U MPOTECTUPOBAHHOMY C
LEbI0 KAaYeCTBEHHOTO U KOJUYECTBEHHOI'O aHaIM3a BUCTJIEPHON HEYCTOMYMBOCTH TEIUIOBOTO
NoTOKa B CojmHeyHOM  Betpe. Kom  mo3BOJsieT  BBINONHATH — BBIYUCICHHS  HA
BBICOKOIPOM3BOAUTENbHBIX yCTporcTBax ¢ TexHojorueld NVidia-CUDA. YckopeHue BbIMUCTeHUN
IOCTHraeTcss 3a CYET MHCIOJBb30BAHMS CXEeM IepPeMEHHBIX HampasineHui (alternating direction
implicit), ZONMyCKAIOLIMX OYeHb MPOCTOE pacrapajjieIiBaHie Ha OOJbLIOE KOJUYECTBO MOTOKOB C
o0rmmelt mamATbro. OCHOBHBIMU OCOOCHHOCTSIMHU KOJIa SIBJISTFOTCS: YUET MEPEKPECTHBIX MPOU3BOAHBIX
B OCHOBHOM JU(PY3HOHHOM YpaBHEHHH KBA3WJIMHEHHON TE€OpUH, YTO OCOOEHHO BaYKHO B 3a/1a4ax,
re yCTPaHEHHE 3TUX UJICHOB HEBO3MOXKHO C ITOMOINBIO 3aMEHBI KOOPAWHAT, U BO3MOXKHOCThb
CaMOCOTJIACOBAHHOTO M3MeHeHHs K03 (pprunenToB nudy3un B Xoae MOAESTUPOBAHMUS.

B pabote mpeacTaBieHBI TECTOBBIE PACUYETHI PA3BUTHA HEYCTOMYMBOCTH TEIUIOBOTO IOTOKA,
HeoOxonumble ansi BepUPUKALUM KOXAa W IEMOHCTPUPYIOIIME BO3MOXKHOCTH TIO aHAJIU3Y
JOJITOBPEMEHHON 3BOJIIOLIMY CAMOCOTJIACOBAHHOMN KBa3UJIMHEHHON CUCTEMBI YPaBHEHU.

Pabora BbImosHEeHBI B pamkax Tembl «llmasma» B MHCTUTYTE KOCMHYECKHX HCCIIEIOBAHUIMA
PAH.
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AHaJIN3 KOTEPEHTHBIX 3JICKTPOCTATUUECKUX CTPYKTYPhl HA TOJIOBHOM yIapHOH BOJIHE

C.P. Kamanernunos'?, LIO. Bacbko*!, EB. FOmkos!2, A B. Apremben!*

' Huemumym xocmuveckux ucciedosanuti Poccutickoii axademuu nayk, Mockea, Poccus

* Qusuyeckuii paxyrvmem, Mockosckuti I'ocyoapcmeennniii Yuusepcumem, Mockea, Poccus
? Space Science Laboratory, University of California, Berkeley, California, USA

*University of California, Los Angeles, California, USA

I'onoBHass ynapHas BonHa 3eMHOII MarHuTOocepsl mpencTaBisseT COOOH €CTECTBEHHYIO
JTa00paTOPHIO IJISl M3YUEHHS POLIECCOB U, B YACTHOCTH, PA3JIMYHBIX THIIOB BOJHOBOH aKTUBHOCTH B
CBEPXKPUTHYECKUX OECCTOJIKHOBUTENbHBIX yIapHBIX BOJNHAaX. M3mepenus cnytHuka Wind
MOKa3aJld, YTO OJHUM U3 THUIOB 3JIEKTPOCTATHUECKUX (IIyKTyaluil Ha yOApPHOHW BOJHE SIBISIIOTCS
COJIUTOHOTIOJOOHBIE CTPYKTYPBI C OUMOJISIPHBIM NMPOGIIIEM MapaIIIETbHOTO 3JIEKTPHUECKOrO MO U
IUTUTENIbHOCTBIO B HECKOJIbKO MIJLTHCEKYHA. OnHako, n3MepeHus cnytHuka Wind He mo3Bonmmu
YCTaHOBUTDH MPUPOAY AAHHBIX CTPYKTYP U, KpOME TOTrO, OBUIM OTPaHMYECHBbI aHAJTU30M HEOOJIBIIOTO
qriciia COOBITHI (HECKOJBKO 1eCATKOB). B HacTosiei paboTe, Ha OCHOBE M3MEPEHH CITy THUKOBOH
muccuu Magnetospheric Multiscale B gecsiTi nepece4eHusX roJOBHON yIapHOW BOJIHBI, MPOBEAEH
CTaTUCTHYECKUI aHAJH3 3JIEKTPOCTATUUYECKUX COJUTOHOMOAOOHBIX CTPYKTYpP C IOJIOKUTENbHBIM
noreHmanaoM. Cobpana cratuctuka 3 101 CTPYKTYpbl, OJyYEeHbI OLIEHKU MapaMeTPOB NaHHBIX
CTPYKTYp (MacmTadbl, CKOPOCTH, aMIUIUTY/IbI) U YCTAHOBIIEHO, YTO JAHHBIE CTPYKTYPBI SIBISIIOTCS
3JEKTPOHHBIMU AbIpkamu. llokasaHo, uTo HabmrOaeMble 3IEKTPOHHBIE ABIPKH, BOOOINE TOBOPS,
HApYIIAIOT KPUTEPHI TPAaHCBEPCAIBHOM (TTOIEPEUHO) yCTONUNBOCTH M TIOTyYE€HbI OLIEHKH BPEMEHU
JKU3HH JAHHBIX CTPYKTYp. OOCYKNar0TCsl MEXaHI3MBbI T€HEPALNH 3JIEKTPOHHBIX IbIPOK HA YIOAPHOU
BOJIHE.
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HEJIMHEHBIE 3®®EKTbI B IMHAMUKE KBASUMAI'HUTHOCTATH-
YECKOHU TYPBYJIEHTHOCTHU: YNCJIEHHOE MO/JIEJINPOBAHUE

I'apaceB M. A., /lepumies E. B., Ky3neuosn A. A., Kouaposckuii Bi. B.

HII® PAH, 2. H Hoseopoo, Poccus, garaseviwappl.sci-nnov.ru

C momoupl0 HOBOTO MOAXOAA K YHCIEHHOMY MOAETUPOBAHMIO DPA3BUTHUS BEHOENEBCKOI
HEYCTOMYMBOCTH B AHU3OTPOMHOH OeCCTOJKHOBUTENBHOH IJla3Me MPOBENEH NeTaNbHBIA aHAJHN3
BO3HHUKAIOIINX HEJNMHEHHbIX 3(p(EeKTOB Ha pa3HBIX 3Tamax paccMarpuBaeMoro mpouecca. Kaxk
O’KHIAJIOCh, HanOOoJIee BAXKHOE BJINSTHUE HEJMHEHHbIE 3(D()EeKThI OKA3bIBAIOT HA CTAUHN HACKILICHMUS,
NPUBOAS K TMOSIBJICHUIO KPYIMHOMACIITa0HBIX  CIa003aTyXaroMMX MAarHUTHBIX TIOJEeH U
COrJIACOBAHHOI'O ¢ HUMH HCTOLLECHUs AHU30TPOIHUH PACMPEAesIeHNs YaCTUL] IO CKOpOoCTAM. Bmecre
C TeM BBIICHHJIOCH, UTO HEJTMHEHHBIE 3P PeKThl A BeliOeIeBCKOH HEYCTOWYMBOCTH BCETIa MAJIbI B
TOM CMBICJIE, YTO HEJIMHEHHOE B3aMMOAEHCTBHE OTHENBHBIX MOJ (IIPOCTPAHCTBEHHBIX T'aPMOHUK)
MeXay cOOOH He MOXKET HEMOCPENCTBEHHO W3MEHHTb AWHAMHUKY MAarHHUTHOTO TOJsI HA CTaJuu
pPOCTa M HACBILEHMS], HO OKAa3bIBAETCS MPUHLUIINAIBHO BAXKHBIM JJIs1 OLIEHKH CKOPOCTH 3aTyXaHHUs
nojsi. IIpu sToM B mmpokod 00JacTH MapamMeTpoB HEPETSITMBHCTCKOW TIUIa3Mbl BO3HUKAFOIIAS
BeiibeneBckass TypOyJNEHTHOCTb sBNsieTcss ciaaboil, a MPOCTPAHCTBEHHBIH MacmTad MarHUTHBIX
CTPYKTyp MEHbIIE THUPOPagNyca THUINYHBIX TEIUIOBBIX YacTHL. TakuMm 0OpasoM, IBUKEHHE
OONBLIMHCTBA YACTHULl OMpPEIENSeTC B OCHOBHOM TIJIOOAJNbHBIMH CTaTHCTUYECKUMH CBOMCTBAMHU
MarHUTHOTO TIOJISA, @ HE JIOKAJIbHON reOMeTpUel OTIeNbHBIX (PHIIAMEHTOB.

HOJ’IyLIeHHbIe PE3yabTaThl MPEACTABIIAOT HHTEPEC JA HUHTCPIPETALUN pAda SIBJIEHUN B
yIapHBIX BOJHAX B HEPABHOBECHOW KOCMHYECKOH IUIa3Me, a TakKe I aHaN3a HKCIIEPUMEHTOB C
(eMTOCeKyHIHO J1a3epHOI MIa3MOH.

Pabora B.B. Kouaposckoro u A. A. Ky3nenosa Opuia nonnepskana pouaom bBA3SUC, rpant
Leader 20-1-1-37-2. Pabora M. A. I'apaceBa BbINOJIHEHa NMpHU Toaaep:kke rpaHta PHD 19-72-
10111.
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ITPOBJIEMA T'EJIMEBBIX BCIIBILIEK, PAJIMYC DJIEKTPOHA 1
HEOBBIYHBIE NOHBI B IVIASME COJIHEYUHOI'O BETPA

Jlantyxos A.HU.

U3MUPAH e. Mockea, Poccus, a.laptukhovi@omail.ru

Hab6monaemoe [1] yBenuueHue B COTHH U ThiCSHU pa3 usotona He® B kocMuueckux nydax B
TEYEHHE TeIMEBbIX BCIBIIIEK MO CPABHEHHIO C OOBIYHBIMHI HEBO3MOXKHO OOBSCHUTH HU SIIEPHBIMU
peakuusamu[ 1], H1 ApyrumMu pU3MUECKUMH TIPOLIECCAMHU, B TOM YHCJIE€ M HEU3BECTHBIM MEXaHH3MOM
BbiHoca He® u3 ryboxux nenp Conniua [1] U MX MOCHEAYHOIEro MMIOTETHYECKOTO MeXaHU3Ma
yckopenus, 6onee 3(pexkTHBHOTO MO CpaBHEHUIO C YCKOpPeHHeM Kak anbda yactun He, Tak u
npoToHoB. [To3ToMy HabmonaeMble YaCTUIIBI 3TO, MO-BUAMMOMY, He He’, a HOBble TeopeTHdecKu
BO3MO’KHBIE HacTHIbI (pepp) ¢ 3apsaoM Z=2 u maccoil m=3, xax y He’. Uactuua (pepp)
npefcTaBiseT coboil SIEKTPOH e ¢ pasMepoM Re—h/(m.c)~10"? m [2], BHYTpu 0OBEMA KOTOPOTO
TMOKOSITCS. TPU MOYTH TOUYEUHbIE TPOTOHA C pasMepoM R,=h/(myc)~107"° m. C yuéToM KOHEYHOro
pasmepa 3JEKTPOHA CYIIECTBOBAHHWE TAKUX YACTHII, TAK)Ke Kak U 4dactul (ep), (pep), (epe), (eepe),
(epepe), (eHe), (eHee), (eeHee), (eeHeee) u np., TeopeTndeckn 0OOCHOBAHO B pamkax Teopuu [3],
CHOCOOHON OMHMCaTh CTPYKTYPY 3JIEKTPOHA. B mpuOIMKeHNH TOYEYHOrO 3JIEKTPOHA HEBO3MOXKHO
CTaTUYECKOE CYIIECTBOBAHHME BCEX 3TUX YACTHUI, HA3BAaHHBIX B padoTe [3] i KPaTKOCTH 3siipaMu
(3NEeKTPOH-HYKJIOHHBIME sinpaMu). Yactuiy (epe) ¢ pasmepoM ~2RK. U 3HEpPTUeil CBs3U ~K3B HE
Hago0 MyTaTh ¢ MOHOM Bomopoga H=[e+p+e] ¢ pasmepom R,~10"'" m u sHeprueii cpssu ~3B.
Uactuna (pepp) B COJHEYHOM BETPE MOXKET HHTEHCHBHO morjomarb (GotoHel or CosHIA U
U3JIy4aTh WX SHEPTHI0 B BHUJE SJIEKTPOMArHUTHBIX BOJIH BO BCEX HAIPABICHHSX, YCKOPSSICh NPU
5TOM 32 CUET UMIYJIbca (POTOHOB. DTO U ECTh HCKOMBII MEXaHU3M ycKOpeHus kak 6b1 « He».

3aMeTuM, YTO YacTULBI C 3apsaoM Z=-2 m Maccoit m=1, xak y (eepe), HaOmMOOAINCH B
SKCrepuMeHTe [4], B KOTOPOM aBTOPBI MPEATOJIArajd pachaj OTPHLATENbHOTO MOHA MOJIEKYJIBI
sogopona Hy” Ha mporon p=H' u won H=[etp+ete], 4TO COMHHMTENBHO, TaK KaK CTaOMJIbHBIX
WOHOB ¢ Z=-2 B mpupone HeT. lIpu u3MepeHHMH OTPULATEIBHBIX HOHOB B COJHEYHOM BETPE,
Hanpumep Takux, kak H, O, C, (epe), (eepe), (eeHee), (eeHeee) mx MOXKHO OTAEIUTH OT
3JIEKTPOHOB C MOMOIIBIO MArHUTHOTO TIOJISL M TIO3TOMY 3Ta 3KCIIEPUMEHTaNIbHAs podieMa He Oosee
TPYZAHAS, Y€M YK€ BBITIOJHEHHBIC H3MEPEHUS MTOJIOKUTENIbHBIX HOHOB B IJIA3Me COJTHEYHOTO BETPA.

HanéxxHoe oOHapykeHHE B COJIHEYHOM BETPE HEOOBIUHBIX OTPULIATEIBHBIX NOHOB, TAKUX KaK
(eepe), (epepe), (eeHee) byner BaxxabIM OTKpBITHEM XX Beka, MOCIE KOTOPOTo 310Xa yriIepoaHON
SHEPreTUKU 3aKOHYUTCS W HAa CMEHy €M NpuIéT 3JIEKTPOHHAs 3HepreTuka [3] ¢ XapakTepHOMH
BEJIMYMHON BBIACISIEMON SHEPruM HE 5B (XUMHUecKas) W He MbdB (smepHas), a K3B. ITO
COTJIACYETCsl C HKCIIEPUMEHTAbHBIMI U3MEPEHHMSIMU BbIIEIISIEMOI M30BITOUHOM SHEPTHH B CPETHEM
16 k3B Ha OAMH aTOM BOAOpOJa [S] U C TEOpeTUYECKUMHU pacuéTaMy SHEPTUH, BbIIENAEMOHN MpH
00pa3oBaHUH MPOCTEHIIIEr0 U OCHOBHOTO 3JIEKTPOH-HYKJIOHHOTO siapa (ep), pasHoii 12 k3B [3].

1. Kouapos I'.E. O 3aragkax Comxua. www.kosmofizika.ru/abmn/kocharov/kocharov2. htm
2. Jlantyxos AW, Pyxanse A A. // UmxenepHas pusuka. 2015. Ne3. C. 19-23.

3. JlantyxoB A M. DaeKTpOoIMHAMUKA HETOUEYHBIX YACTHII U 3JIEKTPOHHAS SHEPTreTHKa//
Hnxenepnas pusnka. 2019. Ne6. C.34-41. DOI:10.25791/intizik.06.2019.669

4. XBocrenko B .U, lykensckuiit B.M. JKOT®. T.34. Ned4. 1958.

5. Iwamura Y. and 6 other // J. Condensed Matter Nucl. Sci. 33 (2020) 1-13.



300

PATMON3JIYYEHUE MHOTOKOMITIOHEHTHOI
MYJbTUTEMIIEPATYPHOI IJIA3MBI

®Daeiimman I'.JL, Ky3neuos A.A., Landi E.

New Jersey Institute of Technology, Newark, NJ 07102, USA, gfleishm(@njit.edu
OTU um. A.D. Hogpe, Poccus, 194021, Cankm-Ilemepbype, llonumexnuveckasn yi., 26

TennoBast TIa3Ma CONHEYHON aTMOC(epbl COAEPKUT OYeHb IUPOKUN TUATIA30H TEMIEPATyp —
OT HECKOJIbKHUX ThICSY 10 MIULTHOHOB K. Takas mia3sma 4acTo OmuchIBaeTcs, U B HAOMIOCHHUSX U B
monensx, B TepmuHax JuddepennmansHoii Meper Owmuccun (AMD3), tme JAMD - 310
pacmpenesieHue KBaapaTa 3JEKTPOHHOH IUIOTHOCTH MO TeMmnepartypam. B HaOmopenmsx MO
BBIUUCJIIETCS] BIOJIb JIyda 3pEHHUS, TOTJa KaK B MOJAENSX — B pacdeTe Ha 3JIEMEHTapHBIH 00beM
(Bokcenb). Takoe ommcaHue MyJIBTUTEMIIEPATYPHOH IUIa3Mbl BECbMa YIOOHO U LIMPOKO
NPUMEHSIETC TMPH  aHajh3e W MOJCNUPOBAHMM BAaKyyMHOro yieTpaduonerooro (Y®P) wu
pentreHoBckoro usnyudenuii (PH), koTopble B CONHEYHOW KOPOHE WMEIOT ONTHYECKH TOHKHIMA
xapakrep. OnHaKo, B paAno qUAra3oHe TEOpHs U3NyUYeHHs, onuparomascs Ha JIMD, oTcyTCTByeT.
CnoXHOCTh CcO3MaHusl TakoW Teopuu, 1o cpaBHeHH0 ¢ Y® u PI, cocromt B TOM, uTO (1)
ONTHYECKAs TOJIINHA PATHOU3YYEHUSI MOXKET ObITh OOJNBINOH; (2) padoTaroT Mo KpaitHel Mepe nBa
PA3NUYHBIX MEXAaHU3MA M3JIyUeHUST, U (3) BayKHBI TU1a3MeHHbIe 3 ()EKThL.

Mpb1 paszpaboTany TEOpPHIO PATUOU3NYUEHMS [UIsI MyJbTHTEMIEPATypPHOH IUIa3Mbl, KOTOpas
BKJIFOYAET JABAa MEXaHH3Ma HM3JIy4YEeHUs] — TOPMO3HOE U THPOPE30HAHCHOE (LMKJIOTPOHHOE). JTO,
Oosee TouHOE ommcaHue MOTPedoBaNO M 0OJiee TOUHOTO ydeTa OCTAIbHBIX (PAKTOPOB, BIMSOLINX
Ha m3nydeHne. B cimyuae TopmoszHOro mnmyuenus, 310 (1) yuer sieMeHTHOro cocrasa; (2) yder
3aBUCSLIEH OT TeMmmepaTypbl MOHHM3AaIMM HOHOB (MX BKJAQX HE Maj, HampuMep, CTOJKHOBEHHUE
3JIEKTPOHA C SAPOM KeJie3a MPUBOAUT K M3NydeHuto Oosee yem B 600 pas Ooyiee MHTEHCHBHOMY,
9YeM CTOJIKHOBEHHE C MPOTOHOM); BKJIAJ CTOJKHOBEHHH C HEHTpaJbHBIMH aTroMamH, (4) TOUHBIE
3HaueHus (paxropa ['ayHra u (5) BAMsAHME MarHUTHOTO MOJSL. [yl THPOPE30HAHCHOTO MEXaHU3Ma
TpeOyercsi BBeIEHNE APyroi (PU3NUECKON BENINYHMHBIL, XapaKTEPH3YIOLIEH MYJIbTUTEMIIEPATYPHYIO
mwiasmy, Juddepenumansayro Mepy Hucnepcuu (ML), KOTOpas ONMUCBHIBAET pacHpencsieHHe
MJIOTHOCTH 3JIGKTPOHOB (@ HE ee KBaJpara) Mo TeMIepaTypam.

B nanHOM coOOIIeHNH MBI 1aeM ONMHCAaHNE OCHOBHBIX 3JIEMEHTOB HOBOW TEOPHH U CO3AaHHOTO
Ha €€ OCHOBE KO/Aa, a TakXKe — NPUBOJUM IPHMEPbl CHHTE3UPOBAHHBIX CHEKTPOB M PaIHO
n300paskeHni. Pe3ynbpTaTel BEIMUCICHNUH N0 HOBOW TEOPUH 3HAYMMO OTIMYAIOTCSA (OT MPOLIEHTOB
10 HECKOJIBKUX Pa3) OT Pe3yJIbTaTOB BBIUUCICHUH MO KJIACCHYECKON TEOPUH.
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MOJEJMPOBAHHUE TPAH3UTHBLIX MOIJIOIIEHUI TOPSYETO
IOIIUTEPA HD-189733B B INHUUN METACTABUJIBHOI'O I'EJINA

Pymenckux M. C., Bepesyuxkuii A. I'., llaiixuciamon U. ®.

HJID CO PAH, 2. Hosocubupck, Poccus, marina_rumenskikh(@mail.ru

DK30MJIaHEThl ~ TUMA  «TOPSYMX  FOMHUTEPOBY»  SBIIFOTCS  TOMYJSIPHBIMH — OOBEKTaMHU
ACTPOHOMHMYECKHX HaOMIOAeHMH. IJTH IUTaHeThl OO0JamaroT OONBLIMM pPaANyCcoOM, a TaKkKe
BPALIAIOTCS JOCTATOYHO OJIM3KO K POJUTENILCKAM 3BE3/1aM, U3-3a Yero UX arMochepa HOHU3YEeTCs U
HarpeBaercsi, o0pasysl pacCIIMPSIOLIYIOCS IUIa3MEHHYI O0OJOYKy BOKPYT IUIaHeThl. biaromaps
STUM OCOOEHHOCTSIM TPAH3UTBl TAKHX IUIAHET JOCTATOYHO TIIyOOKHEe W O0JNIafaroT KOPOTKHM
NepPUOAOM, 4YTO IIO3BOJIAET AETEKTHUPOBAaTb MX C JOCTATOYHOM TOYHOCTBIO HA MPOTAXKEHUU
HeOOJBIIOrO BPEMEHH.

CriexTpasbpHble HAOMOACHUS B BOIXOPOIHON JTMHUHU Ly-0 IPOBOAMIIUCE [T Psiia 3K30TLIAHET.
JlaHHBbIE U3MEPEHUs TO3BOJIMIIA OOHAPYKUTE P 3P PEKTOB, MPOUCXOMAINX NPU B3ANMOIEHCTBUU
IJIAHETAPHOIO BELIECTBAa C M3Jy4EHUEM U BETPOM POAMUTENbCKOHN 3BE3/bL, HaNpUMep, UCTEKaHUe
aTMoc(epHOro Bemecrsa 3a moynocTe Poma [1], mepesapsigky NpPOTOHOB 3BE3IHOIO BeTpa Ha
TUTAHETAPHBIX aToMax [2], oxnaxaerne arMochepsl monekyaamu Hz+ [3] u T.n. Ongnako muams Ly-
0. TIOTJIOIIAETCs NP MPOXOXKIEHNUHN Yepe3 MEK3BE3AHYI0 Cpefly, a TaKXKe MOJBEpPraeTcsl HCKaKEeHUIO
3a CueT T'€OKOPOHAJIBbHON 3MMCCHU, YTO JAeJaeT HEBO3MOXKHBIM €€ PEruCTPalUi0 MOCPEICTBOM
Ha3€MHBIX TEeJIECKOIOB.

Hcrnonb3oBanne TUHMM MeTacTabmumbHOro remus A=10830 A nmms mccnemosamms atmocdep
«TOPSYMX FOTIUTEPOBY» C HCIOJB30BAHUEM TPAH3UTHBIX HM3MEpPEHHH ObUIO MpemIokeHo B [4].
Vuactok crextpa B obmactu 10830 A 10cTaTtoyHo MHTEHCHBEH B 3BE3IHOM CHEKTPE, XOPOIIO
pPErucTpUpyeTcss Ha3eMHbIMU TeJEeCKONaMH, WU He IMpeTepreBaeT 3HAYUTENbHBIX HCKaKEHU,
NPOXOJsl 4Yepe3 MEeX3BE3AHYH cpeny. [laHHbBIE, MOJyYEeHHBIE B XOIE€ TPAH3UTHBIX HAOIIOIEHHH,
MOMOTYT OLIEHUTh TakHhe IapaMeTpbl, Kak TeMIlepaTypa, [aBlI€HHEe U IUIOTHOCTb BepXHeH
IUTAHETAPHON aTMOC(ephl, HCTIBITHIBAIOINEH ra30INHAMHYECKOE UCTEUEHNE.

B Hactosimeit paGore mpeacTaBleHO HCCIENOBAHHE CIIOXKHBIX IPOLIECCOB BO30YKIOEHUS U
JEeNoNyIAMUN  ypoBHS 2°S  MeTacTabHIbHOrO remms B aTMocdepax TOpSYUX SK30MIAHET.
WUnrepnperanust mornomenns B guamm 10830 A Tpebyer 3D-momenupoBaHus, BKIFOUas
B3aMMOJEICTBUE MCTEKAIOLIero IIAHETAPHOIO BeEILeCTBA CO 3BE3JHBIM BETPOM, KOTOpOE B
Hacrosimel paboTe MPOAEeMOHCTPUPOBAHO HA IpUMepe «ropstyero onutepay HD-189733b.

Pabora BrimosHeHa B pamkax npoekra PH® Ne 18-12-00080, mpoekToB MUHHCTEPCTBA HAYKH U
BbIciiero odbpasoBanusi Poccuiickoii @eneparmn Ne AAAA-A17-117021750017-0, 075-15-2020-
780, a Takke B pamkax npoekra "HccnemoBaHue 3Be3l C OK3OMJIAHETaMH' IO TIPaHTy
IlpaBurensctBa P® nyig npoBeaeHUst HAYYHBIX MCCIEAOBAHUMN, MPOBOAUMBIX MOJ PYKOBOJICTBOM
BeAyIInX yueHbIx (cornmamenne N 075-15-2019-1875). Pabora nopneprkana nmpoexkramu PODU 20-
02-00520, 19-02-00993 u 18-29-21018.

1. Vidal-Madjar A., Des Etangs A. L., Désert J. M., Ballester G. E., Ferlet R., Hébrard G., &
Mayor M. // Nature 2003 422(6928), 143-146.

2. Khodachenko M. L. et al. Global 3D Hydrodynamic Modeling of In-transit Lya Absorption
of GJ 436b //The Astrophysical Journal. —2019. — T. 885. — Ne. 1. - C. 67.

3. Shaikhislamov L. F., Khodachenko M. L., Lammer H., Berezutsky A. G., Miroshnichenko 1.
B., & Rumenskikh M. S. // Monthly Notices of the Royal Astronomical Society 2018 481(4),
5315-5323

4. Seager S., & Sasselov D. D. // ApJ 2000 537, 916
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JANAMATHUTHASA OBJACTD B QJIEKTPOHHOM KHHETUYECKOM HY
OIIMCAHHNU U KBASUITIOIIEPEYHAA OBBIKHOBEHHAA MOJA

B.M. I'y6ueHko

HII® PAH, Huxcnuii Hos2opoo, Poccus (uwa3thw@appl.sci-nnov.ru)

JunamarautHble OOJaka-KaBEPHBI 3TO HEOTHOPOAHAS, NWHAMUYHAS IJIA3MEHHAs 3.M.
TokoBas cucrema (TC) co cTpyKkTypoii, 0Opa3oBaHHOH B pe3ysibTaTe aMOUTIOISIPHOTO pa3jieTa co
CBEPX3BYKOBOH CKOPOCTBEO CTOPOHHEH TIa3Mbl OT HCTOYHHKA €€ HHIKEKIIUH B (POHOBYIO TIJIa3My
U pacIMpsFoeiicsl BAONb U monepek BHemHero MarauTHoro (BM) moms [1].. Pasner BHocur
ACUMMETPHIO M aHU3OTPOIHUI0 M OOOOIUEHHBIA 3.M. UMITYJbC B OTKPBITYIO cCHUCTeMy obiaka,
KOTOpble ompenenseMm 1o ¢gopme ¢yHkmmm pacnpenenenus dactun (PPU) 3Tux KOMIOHEHT
ropstaeii Tiasmel. B TC kaBepHb! 00naka HaOmonaercst pasHoMacrabHasi CTPYKTypa IMIIa3Mbl U
NoJiel, TPEANOoNaralTCss JOCTATOYHO BBICOKHE (3aKPUTHUECKHE) 3HAUEHHUS 3JIEKTPOHHOTO
IJIa3MEHHOTO OeTa BHYTPH KaBEpPHBI M JOCTATOYHO HU3KHE (IOKPUTHUHYECKHE) HA €€ TPaHHLe U
¢donoBoii mmasme [2]. Kputuueckue 3HaYeHHs SJEKTPOHHOrO Oera HaxomsTcss B oOjacTw
3HAUUTEJIbHO BBIIE EAWHWUIBL, OHU OMNPENesIIoTCS TOo MacmrabaM MPOCTPaHCTBEHHON
IUCTIEPCUN MHAYKIMOHHOW MOIbL, onpenensieMbiMu (Gopmoii @PY 351eKTpOHHON KOMITOHEHTHI
ma3mMel. Takue oOnaka CTAHOBATCST MOIIHBIMH HMCTOYHMKAMH YCKOPEHHBIX MHAYKLHOHHBIM
MoJIeM MOTOKOB 3JIeKTpOHOB. CO34ar0TCs KOJJIEKTUBHBIE a3UMyTallbHble U MpOAoabHble K BM
nosnto TC, camocorinacoBaHHO BIUSIIOLIME HA BCIO CTPYKTYPY OONaKa M MoJisi B KaBEPHE.

IIpy BBICOKMX, HO MAOKPUTHYECKHUX 3HAYEHHUSIX OeTra BHYTPU KaBEPHBI 3JIEKTPOHBI
3aMarHUYeHbl, HO B MX onucaHuu sjekTpoHHod MIJ sddexkT pesoHaHCHOrO yCKOpeHUs
3JIEKTPOHOB HE MOXKET BBEACH CaMOCOrNIacoBaHHO Mpl oOpammaem BHHUMaHue Ha HY
OOBIKHOBEHHYIO MOZy B IUIa3Me, BO30Y)KIAeMyI0 pPas3jieTOM, KOTOpasi NMpH KBA3HUIIOMEPEYHOM
BO3MylLleHMH Kk BM momo mnogoOHa «KMHETHUYECKOW» MOAe WHAYKIMOHHOTO —IOJIs
HE3aMarHU4EeHHON ropsided IasMbl. Y MOABI JJIEKTPUYECKOE IOJI€ HampasileHO Baoas BM
IOJISI, 5TO AeT BO3MOYKHOCTb CBOOOAHOTO MHAYKIMOHHOTO YCKOPEHHS! PE30HAHCHBIX YacCTHUI] U
BO3OY)KIOEHUs] TOpoMIanbHON  kommoHentsl TC — kaBepHbL, BBeAeHHA 3(EKTUBHOM
nposogumoctyu. B MI'J| onmcanny 3Ta MHAYKIMOHHAS MOAA NPEACTABICHAa KaK OCOOEHHOCTh
MOKa3aTeNss MpEeJIOMJIEHHsT Ha HYJIEBOM 4YacTOTe, 4YTO COOTBETCTBYET LUKJIOTPOHHOMY
YEepEHKOBCKOMY PE30HAHCY B IJIa3Me B 30HE Hempo3pauHocTH. OcOOEHHOCTh YCTPaHSETCS B
KMHETUYECKOM OINHUCAHWUM, ONpenessis JUHUIO noroueHns. Ksazunonepeunsle BO3MYIIEHUS C
nonsipuzanreli HY HeoObIKHOBEHHON MOABI OMHUCHIBAIOT MArHUTOIUIONBHYK KOoMIOHeHTy TC
KaBEePHBI CO CBEPX3BYKOBOH rpaHumeil ¢ tomumHoi MI'J] MOHHOro CKMHOBOrOo Macmrada u
MOryT onuceiBarecs B MI'J1.

Pabora BemonHena B pamkax ['ocymapcreernoro 3ampanus Ne 0035-2019-0002 "BosnHbl,
HEYCTOWYMBOCTH U CTPYKTYpbl B Ja0OpaTOPHOH M KOCMHYECKOW IUta3Me" W YacTHYHO
noguepkana rpantamu  POOU  (Ne. 19 02 00704, Ne 20-02-00108), mporpammoit
bynnamenTanpabx uccnenoBannii PAH Ne KI119-270 "Bonpock! MpOHCXOKACHUS U 3BOJTIOLHH
BcenenHoli ¢ npuMeHeHHEM METOOB Ha3eMHBIX HAOIFOIEHNH U KOCMUYECKUX UCCIIeIOBaHUI" .

1. D. Winske et al, Frontiers in Astronomy and Space Sciences, 2019, v. 5, a. 51, pp 1-14.
DOTI: 10.3389/fspas.2018.00051

2. V. M. Gubchenko, Geomagnetism and Aeronomy, 2015. Vol. 55, No. 7, pp 831-845,
2015. DOI  10.1134/S0016793215070099, No. 8, pp 1009-1025, 2015. DOL
10.1134/S80016793215080101
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Hexoropele cBOiiCTBAa U IBOMIOLHMOHHOCTH pelIeHuil 1 napasieabHsix MI'/{
YAApHBIX BOJH B 0€CCTOJKHOBHTEIbHON IJ1a3Me ¢ TeIIOBbIMH OTOKAMH

B./L.Ky3nenoB, A.N.Ocun

HU3MUPAH, 2.Mockea, . Tpouyk, Poccus, kvd@izmiran.ru

IlpuBomsTCA pe3ynbTaThl aHANIW3a SBOJIOLMOHHOCTU mNapasuienbHol MITJ[ ymapHOH BOJHBEI B
0€CCTONKHOBUTENBHOH IJIa3Me C TEMJIOBBIMU IIOTOKAMH Ha OCHOBE paHee IMONy4YE€HHOTO PEeIleHHs B
pamkax 8-momeHTHOro MI JI-npubmkeHns, KOraa CKOPOCTh JIMHEHHBIX BOJH 3aBUCHT OT
BEJIMYUHBI 1 HAIIPABJIEHUs TEIJIOBOrO 1otoka. OmpeneneHs! 001acTy napaMerpoB nepen GpoHTOM
yIApHOH BOJHBI, JISI KOTOPBIX MMEET MECTO 3BOJIOLHMOHHOCTb OBICTPOH M MENJICHHOW yIOapHOW
BOJIHBI, & TAaK)Ke COXpaHEHHWE (PM3MYECKOrO CMBICIA MAapaMeTPOB IUIa3Mbl 32 (POHTOM YAAPHOI
BOJIHBI.

1 Kuznetsov V.D., Osin Al // Physics Letters A 2020. V.384. Ne 12. p.126346.

2 Kyzuenos B /1., Ocun A.U. / YOH 2020. T.190. N.8. C.871.

3 Kuznetsov V.D., Osin AL // arXiv:2003.09928 [physics.plasm-ph]. 2020.

4 Kuznetsov V.D., Osin Al // Geomagnetism and Aeronomy 2020. V.60. No. 7. P.804.
5 Kuznetsov V.D, Osin AL // Physics Letters A 2018. V.382. p.2052.
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XAPAKTEPUCTHUKMU IVIABMbBI 1 MAFHI/ITHOP'I KOHO®UI'Y PAITIN
IVIABMEHHOI'O CJ/I0A BB/IN3U JIYHHOMW OPBUTHI 110 JAHHBIM CIIY THUKOB
ARTEMIS

Pynos A., Axrenonynoc B., Aprembes A. B.

Yuueepcumem Kaaugopruu, Jloc Ansicenec, CIIIA, arunov@igpp.ucla.edu

Kuxac C.
Hucmumym Kocmuueckux Hccnedoeanuil Akademuu Hayk Aecmpuu, I'pay, Aecmpus
I'puropenko E.

Hucmumym Kocmuueckux Hccnedoeanuil PAH, Mockea, PD

dusnueckye Npoliecchl B [/Ia3MeHHOM CJIoe MarHuTocepbl 3eM/I1 BO MHOI'OM OIpe/ie/IsiioT
JIMHaMUKy MarHutocgepsl B LiejoM. YacTHllbl, HacessiolMe I/Ila3MeHHbIN C/I0H, KOHBEKTUPYIOT B
CTOPOHY JAWITOABHOIO TIONS, YBelIWYMBasi SHEPIUI0 3a CUeT IepeMellleHus1 B Oosiee CHIBHOE
MarHuTtHoe 1osie. [ToMrmo ro6anbHOM KOHBEKLIMM B 3/IEKTPHUECKOM I10/Ie, HAaIllpaBIeHHOM C yTpa
Ha Beuep, pe3Koe yCH/IeHHe KOHBEKIIMH, CBsI3aHHOe C YCKOpeHHBIMU T0TOKaMU I171a3MslI (bursty bulk
flows, BBFs) B pe3sysbraTe OBICTpOH TpaHC(pOpMAIMM MarHUTHOM SHEPIHM B KHMHETUYECKYIO U
TEIJIOBYI0 SHEPIrUH IUIa3Mbl, IO3BOJsIET SHEPIWMYHBIM YacTHIIAM TIPOHHKATh IMyO)Ke B KBa3W-
JUIO/NBHOe MarHuTHoe 1oje W ¢GopMHpOBaTh IUIa3MeHHble TIOMyJSILUM  BHYTpeHHeH
MarHuTocgepbl. s nmoHuMaHus (H3MKHA TIPOLIECCOB B IUIa3MEHHOM CJI0e KPUTHUeCKHU Ba)KHO
VMeTh HaOMIof[eHNsI TI/Ia3Mbl M MarHUTHOTO T10JIsT Ha PasHBIX TeOL[eHTPUYECKUX PAaCCTOSHUSIX. 3a
roc/iefiHUe JiBe [eKa/ibl, Tia3MeHHbIH cioi Ha pacctosiHusix R<40 RE (rge RE — paguyc 3emuin)
OB JOCTAaTOUHO XOPOIIO HCC/Ie[OBaH MHOTOCITYTHUKOBBIMM MHCCHSMH. [lnasMeHHBbIN cioli Ha
paccrosgHusx R>40 RE ocTaeTcst Masio U3yUeHHBIM.

B 2010 - 2011 rogax, aBa cniyTHruka THEMIS 6b11 riepeBefieHbI Ha OKOIO-JTYHHYO OpPOUTY
U obpa3oBanu AByX-cnyTHUKOBYyIO wmuccuio ARTEMIS. C  wrons 2011 roga jgBa CIyTHHKA
ARTEMIS HaxozsITCsl Ha yCTOMUHMBOM 3KBaTOpUaIbHOM 3/tUnTHUecKoi opboute ~100 u 19000 kM
BbICOTBI OT TmoBepxHOCTU JIyHbl. Bwmecte c Jlynoi, ARTEMIS mnepecekaeT HOUHyIO uacThb
MarHuTocgepsl B TeueHue 3-4 fHell B JIyHHBIM Mecsl], YTO JaeT HaM BO3MOKXHOCTb MCCJIe[JOBaTh
XapaKTepUCTHKU I171a3Mbl U KOH(UI'ypaljiio MarHUTHOT'O TOJISl B I1/Ia3MEeHHOM CJIOe Ha PacCTOSTHUAX
50<R<70 RE. Ucronk3ayst 6a3y panHeix ARTEMIS, mbl ucciefoBany a) CTPyKTypy IIa3MeHHOT'O
ciost B criokodHbix yeioBusix (AE<100 HT, |Dst|<20 HT, |V|<50 km/c), b) XapaKTepuCTUKU
BBICOKOCKOPOCTHBIX TOTOKOB I11a3Mbl (|V[>100 km/c), BK/Iouasi acCOLMMpOBaHHble MarHUTHbIE
CTPYKTYpEL, C) KOH(QUIypalldl0 TOKOBOIO CJosl, U d) XapakTepUCTHMKH pacripejie/leHUi HOHOB U
5JIEKTPOHOB B I1/1a3MeHHOM CJIOe U B NTOrPaHUUHOM I171a3MeHHOM cjioe (PSBL) Ha reorjeHTpruuecKUx
paccrosgHusax 50<R<70 RE.
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PACCEAHHUE JJIEKTPOHOB B TOKOBBIX CJIOiX CO CJIO)KHOM
KOHOUTI'YPAIIUEN MATHUTHOT' O ITOJIA

Jykun A.C.1%, Aprembes A.B.>!, TlerpykoBud A.A.!

UKHU PAH, 2. Mockea, Poccus, as.lukin.phys@gmail.com
°HUY BIL3, Daxynemem uzuku, 2. Mockea, Poccus
I Vuusepcumem Kanugpopnuu, Jloc-Anoxcenec, CIIA

JlnHaMUKa 3JIEKTPOHOB B XBOCT€ MarHUTOC(ephl 3emMiin CyINEeCTBEHHO W3MEHSIETCS M3-3a WX
paccesiHHsI B OKPECTHOCTM MAarHHUTHOTO SKBATOPA, IMI€ CHJIbHBIE T'PAJUEHThI MATHUTHOTO MOJIS
(bOpMUPYIOT KOH(GUTYPAIUIO CHJIOBBIX JIMHUN MArHUTHOTO TOJSI ¢ MaJbIM PaJRyCOM KPHUBHU3HBL
OCHOBHYIO pPOJIb B TaKOM pACCesTHMM WIPAET TOKOBBIA CJIOM XBOCTAa MarHUTOC(hephl, Ie
KOH(UTYpaI¥si CHJIOBBIX JIMHUNM MAarHUTHOTO TOJisi Hambojiee OnmarompusatcTByeT 3(dexkTuBHOMY
paccestHHIO 3J1eKTPOHOB. [IpocTeiimas kOH(PUTypais TOKOBOTO CJI0S C €AMHCTBEHHBIM MUHUMYMOM
pannyca KPUBH3HBI B OKPECTHOCTH 3KBATOPHAIBLHOH IIOCKOCTH XOPOIIO H3y4YeHAa B KOHTEKCTE
paccestHusl IeKTPOHOB. OIHAKO HAOMIONEHUs COBPEMEHHBIX KOCMHUYECKHUX aIapaToB yYKa3bIBAKOT
Ha CYLIECTBOBAHUE TOKOBBIX CJIOEB, KOTOPBIE XaPAKTEPHZYIOTCS CHJIOBBIMU JIMHUSMH MarHUTHOTO
MOJISI C BHEIKBATOPHAIBHBIMU MHHUMyMaMH paanyca KpwBHU3HBL JlaHHasi paboTa MOCBSIIEHA
U3YYECHHIO PACCESHUS 3JICKTPOHOB B TaKUX KOH(PUTYpausix. Mbl UCMONB3yEM MOMETb MarHUTHOTO
TMOJIsI, KOTOpasi UMEeT JIBe OTHEbHBbIC O0JIACTH ¢ Pa3HBIMU KOH(OUTYpPALUSIMUA CHJIOBBIX JIUHWI. B
ONHOM W3 o0jacTeill KOH(PUTypaIusi MATHUTHBIX TOJIEH XapakTepH3yeTCss OMHUM SKBATOPHATbHBIM
MUHUMYMOM Paanyca KPUBH3HBI, TOTNIA KaK IPyras XapakTepU3yeTcs TPeMsi MUHIMYMaMU Panyca
KPUBU3HBI, 1BA U3 KOTOPBIX BHEAKBAaTOpHabHbIE. [lapamMeTphl 3TOH MOAENH ONpenessiioT MaciTad
rpagleHTa MarHuTHOro mojst. Mcmonb3ysi MaHHYK MOAENb, MbI HCCIEAyeM 3aBUCHMOCTH
WHTEHCUBHOCTH PACCESHUS JJIEKTPOHOB OT TNHTY-YIJIOB W KOH(PUTYypalMH TOKOBOTO CJIOSL.
AHaJUTHYECKHE Pe3yJIbTaThl CPABHUBAIOTCS C PE3yJIbTaTAMU MOACIUPOBAHUS TECTOBBIX YACTHII,
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KAK BOBHUKAIOT TOKN OBPATHOI'O HAITPABJIEHUA B TOKOBBIX
CJIOAX N K YEMY IIPUBOAUT UX ITOABJIEHUE

®pank A.I'., Catynun C.H.

HO® PAH, 2. Mockea, Poccus, annfrank@fpl.gpi.ru

B pabore C.H. CeipoBarckoro [1] ObLIO MOKa3aHO, YTO B «HEUTPAJBHBIX» TOKOBBIX CJIOSX
HapsITy C OCHOBHBIM 3JIEKTPUYECKIM TOKOM MOTYT MPHUCYTCTBOBATh TOKU OOPATHOTO HAMPABJICHMUSL.
Hackonbko HaM U3BECTHO, OOpaTHBIE TOKH BIEPBbIE OBLTH 3apEerUCTPUPOBAHBI SKCTIEPUMEHTAIBHO
B Hamux pabdortax [2,3]. Toku oOpaTHOro HampaBlieHUs MOSBISIOTCS HA TIO3MHUX CTAIHUSIX
SBOJIIOIIMM TOKOBOTO CJIOS y €ro OOKOBBIX KpaeB, NPUYEeM OJHOBPEMEHHO HaOIrogaeTcs
YMEHBIIIEHHE TJIOTHOCTH TOKAa W YBEJIMYEHHE TOJIIUHBI TOKOBOTO CJIOSI B €ro mepud)epuitHbIX
obnactsix. Jlo mocneaHero BpPEeMEHH BOMPOC O CBSI3U MEKAY OSTHMH SIBICHUSIMH OCTaBaJICS
OTKPBITBIM.

B nokmage oOcCyXnmaroTcsi TMHAMHYECKHE IMPOLECCHl B TOKOBBIX CIIOSIX, KOTOPBIE BBI3BAHBI
IABI)KEHHUEM HAIIPABJIEHHBIX ITOTOKOB IJIA3Mbl B MATHUTHOM I10JIE€ M BO30YKACHHEM HHIYKIIMOHHBIX
SJEKTPUUECKUX MoJiell. YCTaHOBJIEHO, YTO BO3HUKAIOIINE 3JEKTPUUYECKHUE IOJII HEOAHOPOIHBI B
npezaenax MUPUHBI TOKOBOTO CJIOS, YTO OOYCJIOBIEHO HEOJHOPOIHBIM XapaKkTEPOM, KaK CKOPOCTeH
TUTA3MEHHBIX ITOTOKOB, TaK M HANPSHKEHHOCTH MArHUTHOTO mouisl. Y OOKOBBIX KpaeB CIos
MHAYKLMOHHBbIE TOJs JOCTUral0T MAKCHMaJbHBIX 3HAu€HUH, I7le OHM MOIYT IpPEBBICUTH IO
abCONIOTHON BEMUYMHE HAYAJIBbHOE 3JIEKTPHUYECKOE IOJIe, KOTOPOEe WHUIIMUPOBAIO (HOPMUPOBAHHE
TOKOBOTO CJI0sI [4]. DTOT BBIBOJ COTJIACYETCsI C Pe3yJIbTaTaMH 3KCIIEPUMEHTa, B KOTOPOM OOpaTHbIe
TOKH IEHCTBUTEIBHO BOZHUKAIOT Y OOKOBBIX KPAeB CIIOA.

IToka3zaHO, 4TO MOMEHT MOSBJIEHUS] OOpPATHBIX TOKOB OMNPEAEINSETCS WHTEPBAJIOM BPEMEHH,
KOTOpPOe HEOOXOAMMO [JIsl YCKOPEHMs IUTa3Mbl. Bpemsi yCKOpPEHHsI BO3pacTaeT C yBEIHMYEHHEM
Macchl HMOHOB, 4YTO COOTBETCTBYyeT 0oOJjiee TMO3AHEMY IMOSIBIEHHIO OOpaTHBIX TOKOB IMpHU
(bopMHUpPOBAHUM TOKOBOTO CJIOS B IIa3Me ¢ OoJee TSHKETbIMA HOHAMHU.

VY CTaHOBJIEHO, YTO CPAaBHUTEIBHO OBICTPOE YMEHBIIEHHE IUIOTHOCTH TOKA M YBEJIWYECHUE
MOTIEPEYHBIX PAa3MEPOB, W «YTOJIIEHHE», TOKOBOI'O CJIOS BIAJIM OT LEHTpalbHOH obnactu
BBI3BIBAETCS TOSIBJICHHEM TOKOB OOpPATHOTO HANpPAaBJICHUS HE TOJBKO y OOKOBBIX KpaeB, HO B
npeznenax BCEro TOKOBOro cios. OOpaTHbIE TOKM MEHbLIEH BEJIUYUHBI HE PErHCTPUPOBAIHCH
HETIOCPEACTBEHHO, HO MPOSIBIISINCH KOCBEHHBIM 00pa3oM.

B obnactsix TOKOBOrO ciost ¢ OOpaTHBIMH TOKaMH BIIEPBBIE 3apETHCTPUPOBAHBI TOKH XOJUia
MIPOTUBOIOJIOKHBIX HAIMpPaBIEHUH MO CPaBHEHUIO C TOKaMU XOJJIa Ha PAHHUX 3Tanax 3BOJIOLUU
cnos. IlokasaHo, uYTO HaIpaBlleHHE CHJI, KOTOpPblE YCKOPSAIOT HOHBI, TaK)Ke€ H3MEHSeTcs Ha
MIPOTUBOIMOJIOKHOE, YTO AOJKHO MPUBOAUTH K TOPMOXKEHUIO MIOTOKOB IJ1a3MBl.

Pabora BeimosHeHa B pamkax ['ocynapcreenHoro 3ananus Ne 0024-2018-0045.

1. C.H. Ceiposarckuii, XKOT® 60, 1727 (1971).

2. AT. ©pank, C.H. CatynuH, @usuka nnasmel 37, 889 (2011).

3. A.G. Frank, N.P. Kyrie, S.N. Satunin, Phys. Plasmas 18, 111209 (2011).
4. AT. ®paunk, C.H. Carynun, [Tucema B XKOTD, 112, 667 (2020).
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AHAJIMTUYECKAS MOAEJIb MAI'HUTOITAY3bI ITPU HAJINMYNU
IMPOTUBOTOKOB KOMITOHEHT IIJIA3MBI C ITPON3BOJIbHBIMUA
SHEPT'ETUYECKHUMMU PACITPEAEJTEHUAMN YACTHULL

Heuaes A.A.', l'apacés MLA.', Mumun A.A.', Tapacos C.B.', Kouaposckmuii B.B.",
Kouaposckuii Ba.B.'

1 HII® PAH, 2. Huxcnuii Hos2opoo, Poccus, kochar(@appl.sci-nnov.ru
2 Dept. of Physics and Astronomy, Texas A&M Univ., College Station, USA

IIpennoxena aHanuTUYECKast MOZEb PACIPEAECICHHOIO TOKOBOTO CJI0sA, PA3AESIOLIErO 1BE
00JIaCTH aHMU3OTPOMHON OECCTONKHOBUTENBHON IUIa3Mbl C PA3IMYHBIMHU BEJIMYMHAMH MarHUTHOTO
NOoJsA W pa3jnyHbIMU 3(PPEKTUBHBIMU TeMIepaTypamMHu pPacnpeneeHui 3JIEKTPOHOB M MOHOB IO
sHeprusiM. Mozienlb ONHUChIBACTCS CyNeprio3uiel (PyHKIHMA pacTpeieieHus B BHAE MPON3BOJIbHBIX
M30TPOIHBIX (PYHKIHMH HEPTUU YaCTULIBI, YMHOKEHHBIX HA CTyNeHYaTble (PyHKUNH XeBHUCaAHa OT
OMHON W3 TpoeKiuii 000OIMEHHOTO WMMIYJIbCA, W JOMYCKAEeT HAJINYHE HECKOJBKHX KOMIIOHEHT
HOHOB C Pa3INYHBIMH 3PPEKTHBHBIMH TEMIIEPATyPaMU U PA3HECEHHBIMU B MPOCTPAHCTBE JIOKAJIH-
30BAHHBIMU BCTPEYHBIMU TOKAMH 3TUX KOMIIOHEHT.

IToka3aHo, 4TO OT KOHKPETHOTO BH/A SHEPTETHUYECKOrO PACIIPENESICHHUsT YacTHI (MaKCBE-
JIOBCKOTO, KaIllla ¥ APYTHX) 3aBUCAT KOJIWYECTBEHHBbIC, HO HE KAUECTBEHHbIE CBOHCTBA IOCTPOEH-
HbIX Moxeneit. Cion, comeprkampe HeCKOJbKO (pakuMil YacTHIl C MPOTUBOTOKAMHM, CABHHYTBHIMHU
APYT OTHOCHUTENIbHO JIpyTa B MPOCTPAHCTBE M OONANAIOIIUMH Pa3HBIMH MacIITaOaMu, OITyCKAroT
MHOT'OKPaTHOE€ HEMOHOTOHHOE U3MEHEHUE MArHUTHOIO MOJIs, IPU 3TOM BEIMYMHA MAarHUTHOIO MO-
Js1 ¥ TIOJTHAsl KOHLIEHTPALMs IJ1a3Mbl MOTYT HapacTtaTtb B OfHOM HampasieHud. OOmasi TonmuHa
CJIOS ONPENeNsieTCsl BEIMYNHAMU CABUIOB MEXIy TOKaMH (Ppaxkiuii ¢ HAaubOJNbIIMM SHEPTOCOnep -
YKAaHWEM M TUITMYHBIMU THPOPAINY CAMH YaCTHUL] 3TUX (HPaKIMi.

IIpoBeneHo MopmenupoBaHUE METOAOM 4YacTUL[ B SYEHKAaX IOCTPOCHHBIX AHAJIUTHYECKH
MAarHUTHBIX MEPEXOAHBIX CIOEB B OJHOMEPHOM W AByMepHOH reoMerpusix. IIponemMoHCTpupoBaHa
CTa0MJIBHOCTD MPOCTEHIINX MOAENEeH paccMaTpUBAeMOro KJacca, YTO COINIACYETCsl ¢ KaueCTBEH-
HBIMH OLIEHKAMH YCTOWYMBOCTH OTHOCHTEIIBHO BO3MYIIEHHH BEHOEIEBCKOro THIIA.

IIpennoxennple MORENIN NAIOT BOSMOXKHOCTb MHTEPIPETALIUNA HA UX OCHOBE HOBEHMIINX JaH-
HBIX CITyTHUKOBBIX HAOJIFOIEHII MHOTOKOMITOHEHTHBIX TOKOBBIX CJIOEB B OOJIACTSIX TOJIOBHOM ymap-
HOH BOJIHBI M MarHUTOINAy3bl, MATHUTHBIX OOJIAKOB COJHEYHOIO BETPAa M BBICOKMX KOPOHAJIBHBIX
MarHUTHBIX CTPYKTYP U IPOBOAUTH aHAJN3 TOHKOH CTPYKTYPBI 3THX CIIOEB C YUETOM HaOIONAeMbIX
HAJTETUIOBBIX, HEPABHOBECHBIX (PpakLivii YaCTHLI.

ITocTpoeHne aHAMUTUYECKUX MOAENEH TOKOBOIO CJIOs HA MATHUTONAy3€ W HCCIENOBAHUE
€ro CTPYKTYpBI BBIIIOJHEHO 3a c4eT rpaHta Poccmiickoro HaydHoro (onma (mpoekt Ne 16-12-
10528). UccnenoBaHne yCTOHYMBOCTA TOKOBBIX CJIOEB BBIMIOJHEHO 3a c4eT rpaHtra Poccuiickoro
HayuyHoro ¢gonzaa (mpoekt Ne 20-12-00268).

1. Kouaposckuii B. B., Kouaposckuii Bi. B., Maptesanos B. 10., Heuaes A. A. Ananutudeckas
MOZIEJTb TOKOBOW CTPYKTYPBI IPAHHLIBI MATHUTOCIION B O€CCTONKHOBUTENBHOH mtasme // TTAXK.
2019. T. 45, Ne 8. C. 591-604.

2. Kouaposckuii Bi1. B., Kouaposckuii B. B., Heuaes A. A. Ananurudeckas Mozenb
MarHUTONAay3bl B MHOTOKOMITOHEHTHOH O€CCTONKHOBUTENBHON TUIa3Me C Karma-
pacnpenenenuem dactui o sueprusiv // JIAH. ®@uznka, Texanueckne Hayku. 2021. T. 496.

B neuaru.
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METACTABWJIBHOCTH U B3PBLIBHOE INEPECOE/JIMHEHUE B
KOCMUYECKOMU ILJIABME

JLLM. 3eaénsrii', X.B. Maaosa™', B.IO. ITlonos™, E.E. I'puropenxo’

"HKH PAH, 2. Mockea, Poccus
> HUMAD MT'Y, 2. Mockea, Poccus, hmalovai@yandex.ru
 Qusuveckuii parxynemem MI'Y, 2. Mockea, Poccus

HccnenoBanue TOHKMX TOKOBBIX CTPYKTYP B KOCMUYECKOM IJ1a3Me, ¢ TOJNLIMHAMU MOPsAIKa
MPOTOHHBIX THPOPAINYCOB, MOJIOKEHO MTHOHepCckuMHU pabotamu CeipoBatckoro, Crieiicepa u
JOPYTHUX BBINAIOIIUXCS YUEHbIX, IPEANON0OKUBIINX, YTO B KOCMUYECKOM IJ1a3Me CyLIeCTBY 0T
MOrpaHUYHbIe TOHKUE TOKOBBIE CJIOU [ 1], KOTOpBIE MOTYT UrpaTh KJIIOUEBYIO POJIb B IMHAMUKE
marauTocdeps! 3emun u KopoHsl ConHia. PazsuTthe 3THX paboT JUKTOBAIOCH HEOOXOIUMOCTBIO
00BsicanTh Benblkn Ha CoHIe 1 MarHuTOC(epHbIe CyO0ypH, PHU KOTOPBIX (a3bl
SBOJIFOLMOHHOIO Pa3BUTHS CUCTEMbI CONIPOBOXKIAIOTCS B3PbIBHBIMU, CTIOHTAHHBIMU ITPOLIECCAMHU C
BBICBOOOXKIEHHEM CBOOOIHON HEPTHU. AKafeMuK [ aneeB, akTHBHO 3aHUMAaBIIHHCS
UCCIIEIOBAaHMSMH B O0JTACTH KOCMHYECKOH IIa3Mbl, BHEC OMPEIEIISIOIINNA BKIIa B UCCISIOBAHMS
MarHUTHOTO TIEPECOSIUHEHHS: OOBSCHIII THHAMIKY MarHUTHOTO MEPECOSTNHEHNS B TUIAHETHBIX
MarauTocdepax, UCCIIeNOBal YyCTOMYUBOCTD TOKOBBIX CIIOEB K Pa3pPhIBHON (THPHHT-) MOJE,
OOBSICHIII TPOLIECCHI T'eHePALH OBICTPBIX HOHHBIX MTOTOKOB C SHEPTUSIMHU B HECKOJIbBKO M5B B
XBOCTe MarHuTochepsl 3emun. B Hactosimeil paboTe npemiokeHo pa3sBUTHE UAECH
MeTacTaOUIBHOCTH, 3AJI0KEHHOH B pabote ['aneena u 3eneHoro [2]: mpeacrapiieHa HOBast MOZIEIb
BJIO’KEHHOTO TOKOBOTO CJIOs C BHY TPEHHUM CBEPXTOHKHUM 3JIEKTPOHHBIM CJIOEM U IByMsl BHELIHUMU
TOKOBBIMM CJIOSIMU C IPOTOHAMU U MOHAMHU KHUCJIOpOoJa — HocutessiMu Toka. [lokazano, 4to
cBOOOIHAS SHEPTHSI TAKOH BIOKEHHOH CTPYKTYPBI B OTPaHUYEHHON O0JIACTH MapaMeTPOB CUCTEMBI
MOJKET MPEBBIIATh CBOOOAHY IO SHEPTHUIO TOKOBOTO CJIOSI B XOPOIIO H3BECTHON Monien Xappuca,
HEYCTOWYHMBOH 1O OTHOLICHHIO K JJTMHHOBOJIHOBOH TUPUHT-MOE. TakuM 00pa3oMm, BIOKEHHBIE
TOHKHE TOKOBBIE CJIOU C TSKEIBIMHA HOHAMH TaKKe MOTYT ObITh METaCTaOMIIbHBIMH H 3a11acaTh
CBOOOIHYIO 3HEPTHUIO, TOCTATOUHYO AJI Hayaa B3PBIBHOIO MEPECOCTUHEHUST B KOCMUYECKOH
rniasme.

PaGora BrimonHeHa B pamkax rpaHta PH® 20-42-04418.

1. Zelenyi L.M. et al. // Plas. Phys. Rep., 2011. V. 37.P. 118.
2. Tanees A.A., 3enensiii JLM. // KDT®, 1976, T. 43, C. 1113.
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HABJIIOJAEHUE CBEPXTOHKHNX TOKOBBIX CJIOEB HA CYb-
NMOHHBIBIX MACIHITABAX B XBOCTE MAT'HUTOCEPbBI 3EMJIN
CIIYTHUKAMUN MMS

JIeOHEeHKO M.B.l’z, I'puropenko E.E.l, 3enenblii .JI.M.I, MaJjioBa X.B.3’1, Ionos B.IO.*'*

"UKH PAH, 2. Mockea, Poccus, elenagrigorenko2003@yandex.ru
M®TH, 2. Jloneonpyonsiii, Poccust

SHUUAD MI” V, e. Mocksa, Poccus

"HUY BILID, Mockea

5 y
Quzuveckuii haxynemem MI'Y, Mockesa

Muccust MMS no3Bodisier HaOM0aTh U UCCIEN0BATh CTPYKTYPY CBEPXTOHKUX TOKOBBIX CIIOEB
(CTC), monyToimmuHa KOTOPBIX MHOTO MEHBIIE THPOpanuyca TEIJIOBBIX MPOTOHOB. Mcmomb3ys
u3MepeHus: MarHuTHOro mojsi u 3D (yHkumii pacnpeneneHus 3JEKTPOHOB ¢ OecCHpereeHTHO
BBICOKUM BPEMEHHBIM Pa3peIleHHUeM, Mbl HCCIIEOBAIN CTPYKTYPY TOKOBOTO CJIOSI XBOCTA BO BPEMsI
pacmpoCTpaHeHUsT YCKOPEHHBIX IUIA3MEHHBIX IMOTOKOB W CHJIBHOTO (DJISIIIIMHTa TOKOBOTO CJIOSL.
Uccnenosanne Oonee 100 OBICTPBIX mMepecedeHUll TOKOBOTO CJIOS TIO3BOJIMJIO  BBISIBUTH
dbopMHUpOBaHHE CBEPXTOHKUX WHTEHCHBHBIX TOKOBBIX CTPYKTYp, IUIOTHOCTh TOKa B KOTOPBIX
COCTAB/IANA HECKONBKO AECATKOB HA/M’, 9TO MOYTH HA MOPSAOK BbINIE IIOTHOCTH TOKA B
HEBO3MYyLIEHHOM TOKOBOM clioe. HaMu yCTaHOBJIEHO, YTO MNPAKTHYECKH BECh TOK B TAaKUX
CTPYKTypax MEPEHOCUTCS 3JeKTpOHaMHU. lloayToNmuHA MaHHBIX TOKOBBIX CTPYKTYpP COCTaBIsLIa
HECKOJIBKO JIECSITKOB KM, & B HEKOTOPBIX CJIy4aeB ObLIa COMOCTaBUMA C THPOPAANYCOM TEILIOBBIX
3JIEKTPOHOB. BhImonHeHO cpaBHeHHME mpocTpaHcTBeHHbIX MacmTaboB CTC ¢ mpocTpaHCTBEHHBIM
CKEHJIMHIOM, TOJIyY€HHbIM B PaMKaxX HOBOH MOJENH TOHKOT'O TOKOBOTO CJIOS, YUYHTBIBAIOIIEH
HAJIMYHME BJIOXKEHHOTO CBEPXTOHKOTO 3JIGKTPOHHOTO CJIOS, W TOJYUYEHO XOpOIlee COOTBETCTBHE
TEOPETHUYECKOrO U HaOIF0JaeMOr0 IPOCTPAHCTBEHHBIX CKEHIINHTOB.

Pabora BemonHena mpu noanaepskke rpanra PHO Ne 20-42-04418
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JAHHBIE ULYSSES
N OCECUMMETPUYHAA MI'I-MOJEJIb COJITHEYHOI'O BETPA

Maescknii E.B."2, Manosa X.B.2’3, Ionos B.IO."**

THHY BIII?, Mockea, emaevskiy@mail.ru
2 UKH PAH, Mockea
’ HUUA®D um. JI.B. Crobenvysina, MI'Y, Mockea

4 -
Quzuveckuii haxynemem MI'Y, Mockea

B pamkax nOCTpOCHHONW KBa3UCTALMOHAPHON OCECUMMETPUYHON CaMOCOIrIaCOBAHHOM
MI'I-monenu conHewHoro Berpa [l], wWcclenqoBaHO MNPOCTPAHCTBEHHOE pacIpencsieHue
XapaKTepUCTUK MATHUTHOIO MOJIS U MJIa3Mbl HA paaualbHbIX paccTossHuAX oT 20 no 1200 panuycos
Connua. B Mozmenu yuTeHbl H3MeHEHUsI MarHUTHOro nojst CoslHLa B T€UE€HHUE COJIHEUHOTO LUKJIA,
KOrJa JOMHHUPYIOIIEE IHUIMOJbHOE MAarHUTHOE II0JIE CMEHSETCS KBaIpyIOJbHBIM H OOpaTHO.
IlonydeHel C€aMOCOINIACOBAHHBIE YHUCJIEHHBIE PEIIEHHs i MAarHUTHOIO TOJsA, CKOPOCTH,
TEMIEpPaTypbl U IJIOTHOCTH IUIA3Mbl B COJIHEUHOM BETPE B 3aBHUCHMOCTH OT (pa3bl COJIHEYHOTO
LUKJIA.

IlpoBeneHo wuccnenoBaHUWE XapaKTEPUCTHK COJHEYHOIO BETpa BAOJNb TPAEKTOPUH
kocmudeckoro anmnapara Ulysses 3a Bpemst ero nonera Bokpyr Connna (1992-2009). IToka3aHo, 94To
Pe3yIbTaThl YUCIEHHOTO MOJEIMPOBAHUS B LIEJOM COTJIACYIOTCS C HAOJMIOAATENbHBIMHA JAaHHBIMH,
NOJIy4eHHbIMH KocMuueckuM armapatoM Ulysses. CpaBHEHHE MOJENBHBIX M SKCIEPUMEHTATbHBIX
JAHHBIX MOKa3bIBAET, YTO MOJEb aJE€KBATHO OMNUCHIBAET MaPaMETPhl COJTHEYHOIO BETPAa U MOXKET
OBITh HWCIOJB30BaHA [JIs1 TEMUOC(HEPHBIX HCCIENOBAHUN B pasHble (asbl LUKJIA COJNHEYHOU
AKTUBHOCTH B IIMUPOKOM AUANA30HE 3HAYEHUN MeJIMOIINPOTHI U IeJIMOPACCTOSHHUS.

Pabora BBIMONHEHAa NpHW MOAAEpKKE TpaHTa NpaBuTesnbcTBa Poccuiickoln Denepanuu u
MunncrepcTa Beicuiero odpasosanus 1 Hayku P@ 075-15-2020-780 (N13.1902.21.0039).

1. Maiewski E.V_, Kislov R A, Khabarova O.V., Malova H.V., Popov V.Yu., Petrukovich A A,
Zelenyi L.M. // Astrophys. J. 2020. V. 892. No. 1. P. 1-17.
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HOBBII1 METO/l ABTOMATUYECKOI1 HIEHTUOUKALN TOKOBBIX
CJOEB B COJIHEYHOM BETPE

Carutos T.M.!, Xa6aposa O. B.>3, Kucsos P. A .23
THU'Y BILID, 2. Mockea, Poccus, tmsagitov@edu.hse.ru

U3MUPAH, 2. Tpouyk, Mockea, Poccus
SUKH PAH, 2. Mocxrea, Poccus

Co3naH HOBBI MeETO AJid aBTOMATHMYECKOrO IIOHUCKA IepecedyeHUss TOKOBBIX CIIOEB B
COJTHEYHOM BE€TpE, SBISIFOIIMINCA (opMaNn3aldel METOIWKH BH3YaJbHOTO BBIACJIEHHUS STHX
CTPYKTYp HaOmonatensiMu. TOKOBBIE CJIOM Yalle BCEro MACHTUPHUIMPYIOT MPH MOMOIIM aHAIU3a
XapaKTEePHBIX M3MEHEHUH B MEKIUTAHETHOM MarHUTHOM nose (MMII) u miasMeHHBIX mapaMeTpax
C BBICOKUM paspeuieHrueM. M3pecTHele BU3yanbHbIE U OJyaBTOMAaTHYECKHE SMITUPUYECKUE METObI
TOYHBI, HO Pe3yJbTaTaMU HUX MPUMEHEHUs SBJSIIOTCS HEPEryJIApHbIE CHUCKH TOKOBBIX CIIOEB HE
OoJiee COTEH MM THICSY 32 HECKOJIBKO JIET, B TO BPEMs KaK ammapaTr MOXKET Iepecedb HECKOIBKO
TBICSTY TOKOBBIX CJIO€B TOJIBKO 3a CYTKH. Takum 00pa3oM, Ui CTATUCTUYECKHX HCCIIEHOBAHUIM
HeoOXonMMa aBTOMATH3aLMsl TPOIECCa BBIACIEHUS TOKOBBIX CJOEB W3 JAHHBIX HAOMIONEHHN
KOCMHYECKHX amnmapartoB in situ. CymmecTByrOIIHe aBTOMATHYECKHE METOABl HIEHTH(HUKanmuu
TOKOBBIX CJIOEB YACTHYHO PELIAIOT 3Ty npobiemy. OQHAKO 3TH METOIbI CIIOCOOHBI OMPEAETUTb He
BCE THITBI TOKOBBIX CJIOEB, TAK KAK OHU OCHOBBIBAIOTCS JIUIIb HA aHanu3e ¢paykryaunii MMII u ero
HamnpaBJieHUs, UCNOJb3ysl runoresy Teinopa. Co3gaHHBIN HaMHU TpexmapaMeTpUdyecKuil MeTOf,
OCHOBAHHBIM Ha aHAJM3€ KaKk W3MeHeHus mapamerpoB MMII, Tak u miua3mel, COCOOEH HAXOAHUTH
OoJblIIee YMCIO TUTIOB TOKOBBIX CJIoeB. [IpoBeeHO TecTHpoBaHNEe HOBOTO METOA M €TI0 BAIUAAINS
MyTEeM CPaBHEHMS C PE3yJbTaTAMH APYTUX ABTOMATHYECKUX MeTomuK. OTkpeiTas 6a3a TOKOBBIX
CJIOEB, WACHTU(QHUIMPOBAHHBIX Ha | a.e. 3a MepHog B HECKOJBKO JIET, HAXOAWUTCS Ha
https://csdb.izmiran .

PaGora BeimonHeHa B pamkax rpanta PH® 20-42-04418.
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CTATUCTUYECKUUN AHAJIN3 CBOUCTB TOKOBBIX CJIOEB B

COJIHEYHOM BETPE
Xaodaposa O.B.l’z, CaruroB T.M.Z, Kucios P.A.
YWsMuPAH 2. Mockea, 2. Tpouyx, Poccus, habarova@izmiran.ru

> UKH PAH, 2. Mockea, Poccus
T HA Y BIIID, . Mockesa, Poccus

Jlnsi aHanu3a CBOMCTB TOKOBBIX CJIOEB HCIIOJIb30BAHA MepBas OTKPbITas 0a3a TOKOBBIX CJIOEB,
CHCTeMaTHYeCKH HACHTU(QHULHPOBAHHBIX Ha | a.e. 3a mepuoa B Heckosibko JieT mo aanHbiM ACE
(https://csdb.izmiran). [Toka3aHo, 4TO KOJIUYECTBO TOKOBBIX CIIOEB B CYTKU R BapbHpyeTCst OT COTEH
710 HECKOJIbKHX ThICSY B J€Hb U OMpPEIESIeTCS IUIOTHOCTHIO KUHETHUECKOH M TEIIOBOW SHEPTUH
COJMHEYHOro BeTpa ¢ kodddunuentom koppemssuuun ~0.8-0.9. Makcumym R mpuxomurcs Ha
TypOyJieHTHBIE OOJIACTH — IIMC KOPOHAJBHBIX BBIOPOCOB Macc (00acTh 3a ymapHOH BOJNHOMN) W
o0JlacTH B3aMMOICHCTBHUSL BBICOKOCKOPOCTHBIX TOTOKOB M3 KOPOHAJIBHBIX IBIP C OKPYIKAIOLIMM
COJIHEYHBIM BETPOM.

[IpoBeneHO HMCClieNOBaHHE XAPAKTEPUCTHK COJHEYHOrO BETPA, ACCOLMHPYIOLIMXCS ¢ TOKOBBIMH
CJIOSIMHU B MOTOKAX PA3JIMYHON TPUPOIBI.

Pabora BeimonHeHa B paMkax rpanta PH® 20-42-04418.
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NCCIEJOBAHUE PEXKUMA MATHUTHOTI'O HEPECOEJUHEHUS B

JABUCUMOCTHU OT TEJIMOUEHTPUYECKOI'O PACCTOAHUA
P.A. Kucios'?, O.B. Xa6apOBaz’1, X.B. Manosa'*

! UKH PAH, Mocxsa, Poccus
2H3MHUPAH, Tpouyx, Mocxkea, Poccua
SHHHAD MIY, Mocksa, Poccus

Ha nm3xmx mupoTax B COJHCYHOM BETPC MATHHUTHOC NCPCCOCAMHCHHUC MOKCT HOCHTH Kak I/IMHYJ'II)CHI)IfI
B3PBIBOMOZAOOHBIN XapaKTep, TAK U OBITh MCUICHHBIM KBA3HCTAMOHAPHBIM. KBa3HCTaMOHAPHOE TIEPECOCAMHCHHUE
BO3MOJKHO TIPH BETMYIMHE 3aTCKAIOMIETO MOTOKA MACCHI HE 00JIee KPUTHUECKOTO 3HAUCHIS, 3aBUCSIICTO OT MOJCIIH
niepecoeIMHCHIS. Mccne10BaHO M3MEHEHHE PEKUMAa MATHUTHOTO TIEPECOSAUHEHHS ¢ paccrostaueM oT Cousmma. Ilo
JaHHBIM ammapatoB Voyager 2 m Ulysses TNpPOBEJACHBI OLCHKH 3aBHCHMOCTH KPHUTHYECKOTO TIOTOKA OT
TEIMOLCHTPHIESCKOTO PACCTOSIHUS I ABYX MOJCICH IepecoeInHEHN. M3 cpaBHEHHS PEaIsHOTO MOTOKA BEIECTBA
C OLOCHKAMH €TI0 KPHUTHICCKUX 3HAUCHHI CACJIAH BBIBOJ, YUTO PCKHUM MATHHUTHOTO NEPCCOCTUMHCHHA MCHACTCA C
KBA3HUCTAI[HOHAPHOTO HA HECTAIMOHAPHBIH Mekay opouramu Mapca u FOnmrepa. CornacHo MOIyHCHHBIM OLICHKAM,
TIEPBBIH THI MArHUTHOTO IICPECOCAMHCHMSA XapakTepeH Il OMCKHEH remmocdepsl, a HECTAMOHAPHOS
MICPECOCANHCHUE MPCOOIAACT B AAIbHCH H CcpeaHeH reamocdepe. OpOura 3eMIH HAXOIUTCA B MICPEXOTHOH 30HE,
rae BO3MOXKHBI 00a Tmmna. [1oay4eHHBIH Pe3ynbTaT BAXKCH U1 MHTCPIPETALMH HAOMIOJCHWN W MOJCIUPOBAHI,
TIOCKOJIBKY OT THIIA NEPECOCTUHCHHUS 3aBUCAT IMPOCTPAHCTBEHHbBIC MACIITAOBI HAOMOTACMBIX TOKOBBIX CTPYKTYD B
0COOCHHOCTH PA3BHTHA TYPOY ICHTHOCTH.

Pabota BbmoHeHa B paMkax rpaata PH® 20-42-04418.
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CUMMETPUUN MATHUTHOT O IOJIA, BO3BYKIAEMOI'O
COEPNYECKUM JNHAMO JSK3O0IUIAHET U UX 3BE3/]

CoxoJos JI.JI., Majgosa X.B., Omkos E.B.

MI'Y, UBMHPAH, UKH, 2. Mockea, Poccus, sokoloff.dd@gmauil.com

Ucxonst u3 cUMMETPUH MCTOYHHUKOB KPYMHOMACIITAOHOTO MArHUTHOTO MOJSI KOHBEKTUBHOW
cepryeckoil 000JOYKM B JK30IUIAHETE M COOTBETCTBYIOILIEH 3Be3/e, MBI PACCMATPHBAEM
BO3MOYKHBIE THUITbI MATHUTHBIX TMOJIEH B 3TUX O0BEKTaX U CTPYKTYPY CBSI3AHHBIX C HUMH TOKOBBIX
cnoeB. KpoMe MpUBBIMHON CTPYKTYPBI TOKOBBIX CJIOEB TUIOJIBHOIO MArHUTHOTO TOJS, B 3a/1ade
MOTYT BO3HHKAThb U TOKOBBIE CJIOH, CBSI3aHHBIE C MATHUTHBIMH TOJSIMH KBaJPYTIOIbHON CUMMETPUH
U C MATHUTHBIMHU KOH(UTYPALIUSIMU CMEIIaHHOW cUMMeTpud. PadoTta BeImonHeTa B paMKax MpoeKTa
MunncTepcTBa HAyKH U BbIcIIero oopaszoBanust Poccuiickoit ¢penepaunu (mpoexkr NO75-15-2020-
780).
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HOCJTETOBATEJIBHOCTD ITPOHECCOB HATPEBA 1 YCKOPEHHUA
KPUIITOHOBOMU IUVIA3MBI B IABOPATOPHBIX TOKOBBIX CJIOAX

Kupuii H.II.

HNuecmumym obuweli ¢pusuxu um. A.M. [Mpoxoposa Pocculickoll akademuu Hayk, 2. Mockea, Poccus,
natalya.kyrie@yandex.ru

Pabora nocesieHa 5KCIePUMEHTAIBHOMY HCCIEIOBAHUIO HBOJIFOLIMHU MPOLIECCOB HArpeBa U
YCKOPEHHsI IIa3Mbl C TSDKEJIBIMH HMOHAMH, KOTJAa TOKOBBIE clioM (HOpPMHPYIOTCS ¢ Oobliei
3alIeP’KKOM U CYLIECTBEHHO MEIJIEHHee, 4eM B OoJiee JIETKUX OJarOpOAHBIX ra3ax: rejIid U aproHe
[1-3].

HccnenoBanus nposogmwmnck Ha ycraHoBke TC-3D cnexkTpanbHbIMH MeTOmaMH. TOKOBBIE
CJIOM CO3[aBajiCh MpPH pas3psie B KPUNTOHE B MArHUTHBIX NOJAX € X-JIMHUEH, IpagueHt
MIOTIEPEYHOr0 MarHUTHOTO mosist coctaBisil ~ 0.6 kI'c/cM, HauanbHOE nmaBieHue rasa ~ 30 mTopp,
aMIUIUTYTHOE 3HAYeHHE 3JIEKTPHUUECKOro TOKa B clloe - 45 kKA. DKCrepuMeHTbl TPOBOAMIINCH KaK B
2D, tak u B 3D MarHUTHBIX KOH(PUTYpALHSIX, B KOTOPBIX BAOJIb HYJEBOW JIMHUM MPUKJIAIbIBAIOCH
OIHOPOJHOE MAarHUTHOE ToJjie ¢ uuaykuuen ~ 3 kl'c [3].

Temnepatypa M 3Heprusi HampaBiIeHHOTO MABW)KEHMsI YCKOPEHHBIX HMOHOB KPHIITOHA
ONPEACISUTUCH MO JOIUIEPOBCKOMY YIIUPEHHIO CIIEKTPANIbHbIX JTUHUN HOHOB kpuntoHa: Kr I1473.9
HM u KrllI501.6 HM, KOTOpbIE pPErMCTPUPOBAINCE OMHOBPEMEHHO B JBYX B3aUMHO
NEePTNEeHAUKYISPHBIX HAMpPaBJIEHUSIX [0 OTHOLIEHUIO K TOKOBOMY clioro. TemmepaTypa 3J1eKTPOHOB
OLIEHUBAJIaCh M3 COMOCTABJEHHUS] BPEMEH pa3ropaHusl Te€X e CIEeKTPaJbHBIX JIMHUN C BpeMeHaMu
MOHU3ALNH COOTBETCTBYIOLIUX HOHOB [4].

I[Moka3aHo, 4TO MakcuManbHble Temnepatypbl nonos Kr IT u Kr IIT cocrasmsor T = 125 —
95 5B, a aexTponos - T, = 5 — 7 3B, npu GopMUpoBaHNK TOKOBBIX ¢j10€B B 2D 1 3D MarHUTHBIX
KOH(HUrypauusx, COOTBETCTBEHHO. MaKCUMAJIbHYIO SHEPTHIO B MPOLIECCE YCKOPEHUS MPHOOPETAI0T
vonbl Kr IT B 2D MaruuTHbIX KOHpuUrypauusx, W, ™= 420 3B.

YcTaHOBIEHA NOCNENOBATENBHOCTD IPOLIECCOB HArpeBa M YCKOPEHUS B KPUINTOHOBOU
wiasme. [lokazano, uro mpu (HOPMHUPOBAHMM TOKOBOro ciosi B 2D MarHuTHOW KOH(pHrypauuu
OJTHOBPEMEHHO C HauajioM MPOXOXKAEHUS] TOKAa HAUMHAETCS] HArpeB 3JIEKTPOHOB, 3aTe€M MTPOUCX OIUT
YCKOpEHUE TIJIa3Mbl, U B T€ MOMEHTbl BPEMEHM, KOTJa 3HEpPrusl HAIPaBJIEHHOTO IBUXXEHMUS
YCKOPEHHOI IMJa3Mbl AOCTUraeT MaKCUMyMa, Ha4duHaeTcss HarpeB HOHOB. HMOHBI KpuUNTOHA
IOCTUTal0T MaKCHUMAJIbHOHN TeMITepaTypbl K MOMEHTY 3aBepIIeHus: (OPMHPOBAHUS TOKOBOTO CJIOA,
KOT/1a TJIOTHOCTh TUTa3Mbl B CJIO€ JTOCTHUTA€T MAaKCUMAJbHOW BEMWYUHBI [S]. O
3aBUCUMOCTH KaueCTBEHHO CBUJIETENBCTBYIOT O TOM, YTO B TOKOBOM CJIO€ 3JIEKTPOHBI HAIPEBAIOTCS
3a CYET JKOYJICBOW JUCCHIIALINH, & MOHBI — ONaromapsi TepMajU3alidd CKOPOCTEH TIa3MEHHBIX
TEYEHUH, CrpebarInX Ha4YaIbHYIO IJ1a3My B IPEAEIIbI CIIOSL.

ITokazaHo, 4To npu (GOPMHUPOBAHNU TOKOBOTO CJIOst B 3D MarHuTHOH KOH(pHUrypanuu Harpes
SJIEKTPOHHOM M MOHHOW KOMIIOHEHT IUIa3Mbl U YCKOPEHHE IUIa3Mbl IPOUCXOAST B APYrou
MOCJIEI0BATENBHOCTH, KOTOPOH COOTBETCTBYET, MO-BUIAMMOMY, APYTrOH MeXaHW3M Harpesa MOHOB,
111 U3YYEHHsI KOTOPOTO OTPEOYIOTCS TOTIOTHUTENbHBIE UCCIISIOBAHMUSI.

Pabora BemomHeHa B pamkax [ocymapcrBenHoro 3amanusi  Ne 0024-2018-0045
"dyHnaMeHTanbHBIE TPOONIEMbl OUHAMUKHM, YAEPKAHUSA W HarpeBa IUIa3Mbl B TPEXMEPHBIX
MarHUTHBIX KOHpUrypanmsx".

[1]. H.IL Kupuii, B.C. Mapxkos, AI'. ®pank // [Tucema B XKOT®P 2012. T.95. C.17.

[2]. Kupwmit HIL, ®pank AT, Bacunbkos I I'. / ®@usuka mazmer 2019. T. 45. C. 313.

[3]. A.G. Frank, N.P. Kyrie // Plasma Phys. Rep. 2017. V.43. P.696.

[4]. Kwupuit HIL, CaBunos C.A. // Ycnexu npuknanuaoit usuku. 2020. T. 8. Ne 6. C. 436.

[5]. Bbormanos C.1O., dpeiinen I'.B., Mapkos B.C., Octposckas [ B., @pank AT, // ®usnka
mna3mel. 2006, T.32. C. 1121.
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BEWUBEJEBCKAS DBOJIONNS KBASUMATHUTOCTATHYECKOM
TYPBYJIEHTHOCTH B YCJIOBUSIX CPABHUMOI'O
YHEPTOCOAEPKAHUS DJIEKTPOHOB 1 HOHOB:
AHN3OTPOIINS PACTIPEJIEJIEHUSI YACTHUIL, NX BAYHC-
OCINJUISIIINA 1 TMHAMUYECKHI CHHEKTP TOKOB

Kouaposckuii B.B." 2, Boponaues JI.B.>, Tapacés M.A.!, Konomuen JI.0.%, Heuaen A.A.L
Kouaposckuii Bi.B.!

1 UII® PAH, 2. Huscnuii Hoeeopoo, Poccus, kochar(@appl. sci-nnov.ru
2 Dept. of Physics and Astronomy, Texas A&M Univ., College Station, USA
3MI'V, . Mockea, Poccus

Hna pspma npobiaeM (QHU3HKM  KOCMHYECKOW IUIa3Mbl, HANpUMeEp, CBSI3aHHBIX C
¢dbopMHupoBaHHEM U 3BOMOLMEH 3BE3NHOTO (CONHEYHOrO) BETPA, MPENCTABIAET MHTEPEC aHAIU3
pa3BuTUs BeHOENeBCKOH HEYCTOHYMBOCTH B OECCTOIKHOBUTENLHOH IUIa3Me C aHU30TPOIHBIMU
3NEKTPOHAMHU M MOHAMHM, OONAJarIIMMH CPaBHHMBIM 3Heprocorep:kanueM. [lepBrie dHCIeHHbIE
HCCJIEZIOBAHUs OIHOTO YacTHOIO Ciy4dasl YKa3aHHON HEyCTOWYMBOCTU U HEKOTOpbIE BbISBIEHHbIE
CBOWCTBA  KBa3UMAarHUTOCTATUUECKOW  TypOyJIEHTHOCTH,  BO3HHUKAOIIEH B  pe3yibTare
JOJITOBPEMEHHOH 3BOJTIOIINH MOTOOHON HEPABHOBECHOM TUTa3Mbl, ObLTH OMmyOrKoBaHbI B padote [1]
U TOKJIAJIbIBAIMCh HAa JAHHOH KOH(EepPEeHLNH TPU rofa ToMy Hasan.

C Tex mop HaMu TIPOBEAEHA cepusi ropasno Oosee NeTANbHBIX YHUCICHHBIX PacyéToB
nomoOHON HEYCTOMYMBOCTH B PA3JIMYHBIX XAPAKTEPHBIX IJIA3MEHHBIX YCJIOBUSX M YCTaHOBJICHBI
HOBbl€ Ba)KHbIE OCOOEHHOCTHM KaK COBMECTHOTO MABIDKEHHS W OayHC-OCLMJUISILUA THITUIHBIX
3JIEKTPOHOB M HOHOB B 3BOIOLMOHHUPYIOLICH IJ1a3Me C CaMOCOINIACOBAHHBIM TYpPOYJIEHTHBIM
MArHUTHBIM TIOJIEM, TaK U TUHAMUKU MPOCTPAHCTBEHHBIX CIIEKTPOB 3JIEKTPOHHBIX W HOHHBIX TOKOB.
B mHacTtosmeM [nokianme mMpencTaBieHbl OOHApYyXKEHHblE (U3MYECKHE 3aKOHOMEPHOCTH U
00CYKIArOTCs] BO3MOKHOCTH MX HCIIOJIb30BAHMS [JIs1 OOBSICHEHUS] HEKOTOPBIX CBOWCTB 3BE3HOTO
(conHeyHOTO) BEeTpa.

UucrneHHOEe MOZIETMPOBAaHUE U KaUeCTBEHHbIN aHaJIN3 MOJIyUYE€HHBIX PE3YJIbTATOB BbIMOJIHEHbI
npu noanepkke rpanTa Poccuiickoro HayuHoro gonaa (mpoekt Ne 20-12-00268).

1. bopomaues JI. B., T'apacés M. A., Konomuen /1. O., Kouaposckuii B. B., MaptesiHos B. 10,
Heuaes A. A., U3B. By30B. Pannopmsuxka. 2016. T. 59, Ne 12. C. 1107.
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PACHHAJA CBEPXKPUTUYECKHUX COJIMTOHOB U YCKOPEHUE
SAPA/KEHHBIX YACTHUIL

TpyxadesB (I).M.l’z, etpos O.(I).1’3, Bacuabes M.M. 1’3, Bacuinesa E.B.!

!OUBT PAH, 2. Mockea, Poccus, flrul@wmail.ru
’BPV, 2. Moeunes, benapycs
MOTH, 2. JJoneonpyonsiii, Poccust

JleTanpHO MCCAEAOBAaHA JBOJIOLMS PAaclaza IUIOCKOrO MbLIE-aKyCTUYECKOrO COJIMTOHA B
IBUIEBOM OOJNake B IUIa3Me TJICIOIIEro pas3psna. ODKCHEPHMEHTAJIbHO YCTAaHOBIIEHBI KAk
MaKpPOCKOIMUYECKHE, TAK U KMHETUYECKHE NapaMeTphl MIa3Mbl B OKPECTHOCTH conuToHa. K nepebiM
OTHOCATCS] PO TN KOHLEHTPALMU TBUIH U CKOPOCTh IBHXKEHUSI BOJIHBI, KO BTOPHIM - AHHAMHUKA
OTHENbHBIX MBUIEBBIX YaCTHL. AHAJIN3 MAaKPOIapaMETPOB HE IMO3BOJIUJ YCTAHOBHUTH (akT pacrana
comutoHa. OpHAKO U3y4YMB TPAEGKTOPHH OTHENBbHBIX 4YAacTUL ObLTa [eTajlbHA HCCIEN0BAaHA
SBOJIOLMIO COJINTOHA, BKJIKOYas €ro pacnaj U NOSBJICHUE MHOTONOTOKOBOCTH. Y CTAHOBJIEHO, HYTO
NPU JOCTIKEHUH KPUTUYECKON aMIUIUTYABI PPOHT COMUTOHA YCKOPSIET YaCTHUIIBI 10 COOCTBEHHOH
CKOPOCTH, KOTOpas 3HAYUTEIbHO (Ha HECKOJNBKO IIOPSAKOB) IPEBBIIIAET CPETHIOI CKOPOCThb
YacTUI] B HEBO3MYIIEHHOM coctosiHuH. Ilocne pacnmana comuToHa Mpo(uiIn KOHIEHTPALUH MU
HEKOTOPOE BpEMsI COXPaHSET CBOK CTPYKTypy. CKOpOCTh ABIIKEHHS 3THX mpoduieil mocne
pacnaza Tak:ke paBHA MEPBOHAYAJIbHOM CKOPOCTH CONMUTOHA. JlOCTHrasi HUXKHEro Kpas IbLIEBOTrO
obnaka CTPyKTypa IOJIHOCTBIO PAaclafaeTcs, a YCKOPEHHbIE YaCTHIBI BHIOPACHIBAIOTCS JAJNEKO 3a
npezenbl HeBO3MYIIEHHOro 00JIaka, MPUBOAS IJIa3My B TypOyseHTHOe cocTosiHue. Teoperndeckas
WHTEpIpeTalysl pPe3yJbTaTOB JKCIEPUMEHTa BbINOJHEHa B pamkax MIJl monenu, momydeHsl
npoQ N 3IEKTPUIECKOrO MOTEHIHNANA W TOJs, a Takke Mpoduiab KOHIEHTpaUuu mbeutd. Pacman
COJMTOHA U TOSIBJEHHE MHOIOMOTOKOBOCTU He yaanoch onucatb MIJI moxensro. OpnHako
UCTIOJIB30BAHUE OTHOYACTUYHOTO MPHUOMIKEHNs HA OCHOBE JAaHHBIX MoyueHHbIX u3 MI'J] Teopuu
MO3BOJIMJIM PAaCCYUTATh OCHOBHBIE MapaMeTPbl MHOIOMNOTOKOBOCTH. Tak MOJIy4eHBI TPACKTOPHUH
YacTUI U PO CKOPOCTH PACTIaAAIOIIEroCs COMUTOHA. PacCMOTpPEHBI KaK AMCCUTIATUBHBIN, TaK
u Oe3UIacCUBHBIN ciiydau. B mepBoM ciryuae CKOPOCTh YCKOPEHHBIX YaCTHI[ H CKOPOCTh COJTUTOHA
PaBHBI, a CAMH YaCTHULbI HCMBITHIBAIOT 3aTyXAKLNe OCUMIIILUYA IPU B3aUMOJEHCTBUU C BOJHOM,
YTO IOJHOCTBIO COIJIACYETCSl C pe3yJbTaTaMH 3KcrepuMeHta. B Oe3nucunaTuBHOM ciydae
YaCTULBI IIPU pacCMajge COJUTOHA YCKOPSIOTCA IO CKOPOCTEH BABOE MPEBBIMIAKOIINX CKOPOCTH
BOJIHBI, YTO MOJXET OBITb BAXXHO TMpPH aHajgu3e TYpOYJEHTHOCTH W HEYCTOWYMBOCTEH B
0eCCTOIKHOBUTENLHOM IJ1a3Me TOKOMAaKOB, KOCMOCA U T.J.

Pabora BemonHena npu noaxaepkke rpanra PH® Ne 19-12-00354

1. Trukhachev F. M., Vasiliev M. M., Petrov O. F., Vasilieva E.V. // Phys. Rev. E 2019 100,
063202
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HYKHA JI1 TYPBYJIEHTHOCTbD JJId YCKOPEHUA YACTHAILI B
COJIHEYHBIX BCIIBIIIKAX U ECJIN A, TO KAKAA?

Daenmman I./L

New Jersey Institute of Technology, Newark, NJ 07102, USA, gfleishm(@njit.edu
OTU um. A.D. Hogpe, Poccus, 194021, Cankm-Ilemepbype, llonumexnuveckasn yi., 26

IIporpecc B PEHTTEHOBCKOH OUATHOCTUKE YCKOPEHHBIX YaCTHLl B COJHEYHBIX BCIIBIIIKAX,
TJIaBHBIM 00pa30M HETEIUIOBBIX 3JIEKTPOHOB MO NaHHbIM criyTHHKa RHESSI, npusen k yxperienuto
KOHLETIIMU O JAOMHHHPYIOIIEH pONM CTOXaCTHYECKOTO MEXaHW3Ma YCKOPEHUs YacTHILl
TypOynenTHOCTRIO. Kiaccuueckuii MexaHH3M CTOXAaCTUYECKOTO YCKOPEHHUS MPENIoyiaraeT, uTo
MTUTY-yTJIOBOE PACCESTHUE 3apPSKEHHBIX YaCTHI] IPOUCXOANT ropaszno ObicTpee, 4eM HabOop SHEPTHH.
DTO 3HAYUT, YTO CHAYaja YaCTULbI M30TPOIHU3YIOTCS, U TOJBKO MOTOM — yckopstorcs. OmHako,
HaOJFOIEHUST C BBICOKUM (CyOCEKYHIHBIM) BPEMEHHBIM M NPOCTPAHCTBEHHBIM pa3pelleHHueM He
BCET/Ia COTIACYIOTCSA C TAKOW KapTUHOMW: 3a4acTyI0, YACTHULBI YCKOPSIOTCS IO BBICOKUX SHEPTHI 32
O4YeHb KOPOTKOE BpeMsl, KOpOUe IMPOJETHOr0» BPEMEHHU BCIIBILIEYHOTO MCTOYHUKA, TaK YTO OHU
MPOCTO HE MOTYT YCIETh HU30TPOMU30BATHCS 38 TO BPEMsI, TIOKa MPOUCXOAUT UX yckopeHue. Kpome
TOTO, HOBBIE HAONIONEHUS C MCIOJB30BAHMEM pa3pellarolieil MUKPOBOIHOBOH CHEKTPOCKOIUH
YKa3bIBAIOT Ha HAJIMYME OYEHb CHUJIBHBIX Cyrep-JlpaiicepoBCKHUX 3JEKTPUUECKHUX TMOJIeH B 00NacTH
YCKOPEHHUsI YaCTULl B COJHEYHOW BCIBILIIKE, KOTOPbIE HETHUNUYHBI Ajs BoJHOBoW MI'Jl wmnum
TUTA3MEHHOW TypOyJeHTHOCTH. DTH (PaKkThl 3aCTaBIAIOT KPUTHYECKH TEPECMOTPETh Mpodiemy
YCKOpPEHMsI YacCTHUI[ BO BCIBIIKaxX. B paHHOM cOOOWEHMHM S TIOMBITAIOCH CHOPMYJIHPOBATH
OCHOBHBIE TPeOOBaHUs K 00JaCTH YCKOPEHUS YaCTHUI[ B COTHEUHOM BCIIBIIIKE, OOCYAUTD, HYKHA JIA
IUTSL 3TOTO Y CKOPEHUsI TYpOy JIEHTHOCTb, U, €CIIH 14, TO KAKMMU CBOWCTBAMH OHA JOJKHA 00JIaiaTh.
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DIFFERENTIAL ION HEATING BY ION-SOUND AND ALFVEN TUDBULENCE.
Savin S., Pallocchia G., Zelenyi L., Popov V., Budaev V., Koepke M.

UKH PAH, P®, ssavin(@jiki.rssi.ru

The prediction of Academician V P. Silin [1] for differential ion heating we relate not only
with the ion-acoustic turbulence, but also with Alfven waves, as we had demonstrated in space [2].
The ion differential heating can occur to become the valuable issue for fusion. [1] predicted
that in a D — T laboratory devices: one component can support the ion sound turbulence, while
another one will be anomalously heated by this turbulence. It could help a lot to ignite stable
fusion.

In space the differential of H+ and He++ heating probably, starts in solar corona. I't
proceeds at the foreshock and Earth’s bow shock, and then in front of magnetopause and
over outer cusp.

We put up the question: if ion-sound turbulence is the main payer for both space and
fusion, or the nonlinear Alfvenic waves can do the most of the job?

In the CLUSTER data both types of waves correlate with the heating.

We also found examples of ion-sound waves together with the Alfven ones in the heating
zones during recent re-analyzing of INTERBALL-1 data.

In the CLUSTER data in outer cusp throat we found very different He++/ H+
temperatures. The same for the nearest plasma sheet just under magnetopause. It suggests
that namely the cusp throat is a general source for the plasma sheet!

1. V. P. Silin, Fiz. Plazmy 37, 739 (2011) [Plasma Phys. Rep. 37, 46 1 (2011).

2. S. P. Savin et al., in Geospace Mass and Energy Flow: Results from the
Internatioonal Solar-Terrestrial Physics Program, Geophysical Monograph 104, Ed. by
J.L. Horwitz, D.L. Gallagher, and W K. Peterson(AGU, Washington D.C., 1998), pp.
25-44.
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WAVELET ANALYSIS OF MAGNETIC ENERGY AND CURRENT
HELICITY IN A SOLAR ACTIVE REGION

Kirill Kuzanyan, Rodion Stepanov, and Nobumitsu Yokoi

IZMIRAN, Moscow, Russia, kuzanyan(@izmiran.ru

Institute of Continuous Media Mechanics, Russian Academy of Sciences, Ural Branch (ICMM),
Perm, Russia, rodion(@icmm.ru

Institute of Industrial Sciences, Tokyo University, Tokyo, Japan

In this work we study Magnetic and cross helicity cascades in MHD turbulence, phenomenology
and observational data analysis.
We outline Phenomenology of turbulent cascades, and Magnetic and cross helicity effects on
spectra using Wavelet analysis. That enables us Tracing of MHD turbulence in sunspots records.
The results clarify the physics lying behind the observational phenomena: MHD turbulence under
rotation and external magnetic field.
Properties of MHD turbulence can be assessed with
- high resolution observations
- advanced techniques for signal analysis.

We use advances of wavelet transform for scale analysis of magnetic energy and current helicity in an
active region of the sunspots. We show spatial distributions of magnetic energy and current helicity at
different scales. Inhomogeneity and local anisotropy are discussed.

Compensated energy spectra
ustration of the mode-to-mode energy transfers. The gray triangles correspond to the interacting
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I'EHEPAIIUA CPEJHEI'O MATHUTHOI'O ITOJIA B TYPBYJIEHTHOM
HEOAHOPOAHOM IIJIABMEHHOM ITIOTOKE

ko E.B., Annaxsepaues P., Kamaneraunos C.P., Coxouion JI./1.

HKHU PAH, . Mockea, Poccus, yushkov.msul@mail.ru

VYpaBHEeHHE MarHUTHONW HWHAYKIUH, YCPENHEHHOE IO CTAaTUCTHYECKH OIHOPOTHOMY
CIIy4allHOMY TIOJIFO CKOPOCTH, MPUBOAMUT K XOPOILIO U3BECTHON MOIEIH CPENHETO TOJsl, BIEPBBIC
npennoskeHHou ITlteenbekom, Kpayze u Pagnepom, [1]. Takas Momenb mpu HaJu4dMu HEHYJIEBOM
THIPOJUHAMUYECKON CIIUPATbHOCTH OMHUCHIBAET IEHEPALIMI0 MATHUTHON SHEPTHUU B TYPOYJICHTHOM
MOTOKE TJIA3Mbl U SIBJSIETCS KJIIOUEBOW MOJENBI0 B TEOPUH MIA-IUHAMO. TpagulluOHHO BBIBOA
YPaBHEHUS CPEOHEro TOJIsI, UCTIOIB3YEMOrO AJIsi OMUCAHUS T'€HEpaIuy TMOJIeH 3BE3[ U TaJaKTHK,
TpedyeT npenmnonoxennsi 00 OMHOPOIHOCTH U NBYXMACIITAOHOCTH KOHBEKTHBHOrO MOTOKa, [2]. B
HAcTOsIIeH paboTe Mbl pa3BUBaeM METOMA, MPeAJIoKeHHbIH Mo4aHOBBIM, Py3MalKUHBIM H
COKOJIOBBIM W TO3BOJISIFOIIMI MPOBECTH BBIBOJA yPAaBHEHUS MArHUTHOM HMHAYKLUWU C TTOMOILBIO
MYJIbTUIUIMKATUBHBIX HWHTETPaJiOB M YCPEOHEHUs IO Iy4YKy BHUHEPOBCKUX TpaekTopui, [3].
[IpennoskeHHbIi ciocod He TpeOyeT BBENEHUS TUIIOTE3bI O IPOCTPAHCTBEHHOW BYyXMacITaOHOCTH
U TIO3BOJISIET MOJYYHTh 0a30BO€ YPABHEHHWE HUCKIIOYUTENBHO B MPEANONOKEHHH O KOPOTKHUX
BPEMEHHBIX Koppemsinusix. Ho uto Oojiee ymUBHTEIBHO, OH paboTaeT He TONIBKO AJIsi OAHOPOIHOTO,
HO W i1 HEOOHOPOMHOTO TYpOYJIEHTHOrO MOJsl CKOPOCTH, TIPUBOAS K OOOOIICHHIO ypaBHEHUS
IlIteenbeka-Kpaszye-Paanepa u nosineHuto TypOyneHTHOro Apeiida. Onucanue maHHOro apeiida,
BIIEPBBIC MPENCKA3aHHOTO eIlle B paHHuX paborax Kpayse, u sBiseTcs OCHOBHOW LIETBIO
Hacrosimeil paborel. PabGora BemosHena npu mnoanepxkke ¢onaom BAZUC B pamkax mpoekrta
No 18-1-1-77-3.

1. Steenbeck M., Krause F., Radler K. H. // Z. Naturforsch 1966. V. 21.
2. Beck R., Brandenburg A ., Moss D., Shukurov A., Sokoloff D. // ARAA 1996. V. 34.
3. Momuanos C.A., Pysmaiikun A A., Cokosos J1.J1. // YOH 1985. T. 145.
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MOAEJIUPOBAHME TYPBYJIEHTHOCTMU C ITEPEMEKAEMOCTBIO B

KOCMUYECKOMU ILIA3BME.

Jepamos H. H., Ilonos B. )., Majnosa X.B.

Ouznueckuii pakynsrer MI'Y umenu M.B. JlomoHocoBa, 2. Mocksa, Poccus, panterny@yandex.ru

ITepemexaeMocTh Bcerma HaOMONAeTCs B TOTOKE COJIHEYHOTO BETPa W 3aKIFOYAETCS B
BO3HUKHOBCHUU PEAKHUX, HO CHUIBbHBIX BCINJIECKOB B IMOBCACHUU JBJICKTPOMATHUTHOIO IIOJIA. I[J'ISI
MOJEIUPOBAHUsT TypOYJEHTHOTO 3JIEKTPOMArHUTHOTO TIOJNS C IEPEMEKAeMOCTBIO HCIOBb3YeTCs
KOM6I/IHaLII/I$[ Typ6y.]'IeHTHOFO MnoJisA CO CTCIICHHBIM CIICKTPOM B COUCTAHUU C MOJIEM, MPOU3BOAUMOTIO
PaBHOMEPHO pacTpeeIeHHBIMI HeOONbIINMHY Ma3mMonaamu [1].

TypOyneHTHOE 3JeKTPOMAarHUTHOE TI0JIE CO CTENEHHBIM CIIEKTPOM 3a1aeTCsl Kak aHCaMOJIb TUTIOCKHX

5
BOJH:B, = By Y.s(1 +k52L2)_§cos(kr—oot + @), tne k = (kgky,0) — BonMHOBOH BekTOp, W =
C /kxz + kyz,C - CKOpOCTh cBeTa, L — pasmep paccmaTpuBaeMoii 00acTu.

Bropasi 4acTh MOt 3a0aeTCs My TeM pasGHeHIs MOEIUPYeMOil OBIACTH HA KBAAPATHBIC SIYSHKH, B
KKIYIO M3 KOTOPBIX MOMEMAeTCsl ONHMH IUIa3Momd. Iloe i-ro ruiasMomaa 3a4aeTcsi IPH MOMOIIHI
BEKTOPHOTO MOTEHIIHANA
Ayi = Ayoiexp (—kZ(r — 1)?), Ay; = Aygiexp (ki — 1)?),

An:
Aor = 01/ Aor = Ay - tan ().
x01 1 + tan (l/)i)z yoi x01 (1/)1)

I'me k= 8/1, 1 — pasmep nNpOCTPaHCTBEHHOW SYEWKH, 1Y; — Yrol MOBOPOTA 1-r0 TIaA3MOWIA,
2 2 P :
OTHOCUTENBHO OCH Y=0,4¢;" = Ayg;” + Axo;” - amIuIMTyla BEKTOPHOTO TOTEHLHUANALNIA 1-TO

nnasmouna. OHa 3amaeTcs clemyromuM obpasoM: Ay = ag-a~ %, rme G - TayccoBa BemuuuHa C
eI[I/IHPI‘{HOfI I[I/ICHepCHefI U HYJICBBIM CpeOHHM, & — IapaMeTp, A YIHIPaABICHUA CTCICHBIO
nepeMerKaeMOCTH.

CrarucTudeckrie MOMEHTHI Y BEJTMYHHBI, 3aIaHHON TaKiUM 00pa3oM OyayT paBHBI:

(APYV/P = gy - aP. Tlpu 3HaueHmsx a > 1, CKOpPOCTb pPOCTA MOMEHTOB, C POCTOM P, MOJIKHA
HEOTPaHUYEHHO BO3PACTaTh, YTO CBUACTEILCTBYET O HATMYHH MepemeskaeMoct [2]. I3 hopmy bl ast
BBIYHCJICHHUA MOMECHTOB BUJHO, YTO 4YE€M 60.]'[]':)]_[[6 3HAUYCHHUEC &, TEM 6bICTpee paCTYT CTAaTUCTUYECCKUEC

A

6

0 2 4 6 8 10

Puc 1. 3asucumocTb NoKazatens CTpyKTypHoi dyHKumu Cp oT cTenenm p

MOMEHTBI, B 3aBUCUMOCTH OT p. Takmm oOpasom, B
Hamel Mojenu Mbl OyneM peryJupoBaTh CTENEHb
NePEeMeKaMOCTH Iy TEM U3MEHEHHsI apaMeTpa «.

s BepuUKaLy MOJEIH — PACCUUTAEM KOMITOHEHTY
MarHUTHOTO MOJs BAOJb OCH X=Y H BBIYUCIUM
CTPYKTypHyI0  QyHkimio: S, = Y |B:(n+h) —
B,(n)|”, nns pasmuunbix mokasateneit p. ITokasatenu
cTpykTypHOH (QyHKIH Cp MOXKHO TMONY4YUTHh U3
BhIpaskeHust: Sy~ hCP. Otknonenne sHauenuit Cp oT
npssmoit Cp~p, nipu p>3 CBUIETENBCTBYET O HAIMYHH
nepemerxkaemoctd. Ha  Puc.l mokazan  rpaduxk
3aBucumMoctu Cp(p) nist pa3NInIHbIX 3HAYCHUN .

Pabora nopnepskana rpantom POOU 19-02-00957

1.

Lett. 2011.V. 38.P. 17110.

Zelenyi, LM, S.D. Rybalko, A.V. Artemyev, A A. Petrukovich, and G.Zimbardo // Geophys. Res.

2. A b. 3empnosuy, C. A. Mom4anos, A. A. Pysmatikun, /[ JI. Cokosnos // VOH. 1987. T 152.
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JANCCHUITATUBHBIE TPAHCIIOPTHBIE CTPYKTYPLI B
HOTEHIHUAJIBHBIX HOJAX: ACUMMETPUSA HOJAPHOCTHU

Nyaun A.HN.

HIID PAH, 2. Mocksa, Poccus, iudin@ipfran.ru

AcuMMeTpHs TIOJSIPHOCTH aTMOC(EPHBIX 3JIEKTPHUUECKUX MPOLECCOB, OOYCIOBIEHHAS PE3KUM
KOHTPACTOM IO/IBHKHOCTEH TOJIOKUTENIbHBIX HOHOB U CBOOOHBIX 3JIEKTPOHOB, MMPUBOAUT K APKUM
MakpomacmTadHbIM 3 dexTam B PHU3MKe MOTHUU: pa3psiibl HA 3EMJIFO OTPULIATEIbHON MOJISIPHOCTH
Jalre BCEro COCTOSAT M3 CEPUH YAApOB, NMPOXOAAIINX 10 OAHOMY KaHally, a IOJIOKHTEJIbHBIE
BCIBIIIKH, KaK MPaBUJIO, OTPAHUYHMBAIOTCS OOHHUM YIApOM, OTPHLIATENIbHBIE M MOJOXKUTEIbHbBIE
JUIEPbl MOJHHUEBBIX Pa3psIoB MMEIOT CYLIeCTBEHHbIe Mopdonorudeckue pasmuuus [1, 2], poct
MOJIOXKHUTEBHBIX JIMAEPOB CONMPOBOXKAAETCS PA3BUTHEM OTPHULATENbHBIX PEKOMI JHIEpPOB, a
NOJIOXKUTENbHBIX ~ PEKOWJ JIMAEpPOB, €CIM OHM U CYIIECTBYIOT, HHKTO He Halmomai.
[TocnenoBarenpHOE OMHCAHME MEXAHM3MOB MaKpPOMAcCINTAOHBIX MPOSIBICHUH aCHMMETPHU
MOJIHHE€BOTO paspsiia BBbI3BIBAET CErOAHs 3HAYUTEIbHBbIE TPYAHOCTH. BMmecte ¢ TeMm, Apyrum
XOPOLIO HM3BECTHBIM IMPUMEPOM MPOSBICHHUS ACUMMETPHM TPAHCIOPTAa B MOTEHLHAJIBHOM IOJIE
SBJIIIOTCSL PEYHBbIE CETH. BepxHsAA 4acTb PEYHOH CHUCTEMBL, KOHTPOJHMpyeMas 3PO3HOHHBIMU
npoIecCaMy, M HUXKHSISI €€ 4acTh, peryjupyemMasl CelMMEHTAlNeH, CyIeCTBEHHO aCUMMETPHUYHBI:
Omaromapst OCOOEHHOCTSIM JOMUHHPYIOMINX MPOLECCOB, APEHAKHAS MJIOTHOCTD -- YUCIO KAaHAJIOB
Ha €IMHULYY TUIOLIAIN - TPEBAIHMPYET B HU30BbAX pekd. DyHIaMEHTAIbHBIM MPOSBICHUEM 3TOU
ACHMMETPUH SBISIETCS HAJMYUE Y PEKU BBIIETICHHOTO HAMPABJIEHUS! OT UCTOKOB K YCTHIO C POCTOM
pacxoma BOABI A0 TOYKM PABHOBECHs, IZl€ OTHOLIEHWsS KOHKYPEHLMH BETBEH TIJIABHOTO pycia
CMEHSIIOTCSA MX CUMOMO30M ¢ 0Opa3oBaHMEM pPEeUHON NenbThl. B TOUke paBHOBECHS M3MEHEHHE
YPOBHSI TPABUTAIIMOHHOTO MOTEHIMAJA MOJ BO3IEHCTBUEM SPO3UH U CEIUMEHTALMN MEHSET 3HaK.
KiroueBoli BBIBOZ COCTOMT B TOM, YTO AHAJOTMYHYI APEHAKHOW IUIOTHOCTH POJIb B Clydae
MOJIHAM WTPaeT MPOCTPAHCTBEHHAs! IUIOTHOCTh DPACHpPEAENeHHs IIa3MEHHBIX KaHAJOB paspsiaa.
Hcnonp3yst o aHAJIOTHH ¢ PEYHBIMU CHCTEMAMH HepapXHU4ecKyro cxemy XoptoHa — [IITponepa mMbl
OLIGHWIN  CTPYKTYPHYKO  aCHUMMETPHIO  TNPOCTPAHCTBEHHOTO  paclpenesieHuss  EMKOCTH
pPa3HOMMEHHBIX 4YacTel JepeBa paspsga U CBS3&IM CKOPOCTb CMELICHHs TOYKH HYJIEBOTO
WHIy[IUPOBAHHOTO 3apsi/ia MJIM TOYKH peBepca ¢ pa3HOCThIO nepudepuitHbix TokoB. OOHapyKeHHOe
CMEIleHHEe TOYKU peBepca OMNpelessieT INIABHOE HANpPaBJICHHUE PAa3BUTHS MOJHHH, 3aIyCKaeT
MEXaHU3M KOHKYPEHTHOTO ITOAaBJICHHs OOKOBBIX BETBEH MOJOXKUTEIBHOTO JHAEPa, MEXaHU3M
OOHOBNIEHHMsI BETBEH OTPHULATENBHOTO JHIAEpa M CIAY)KUT KIIOUYOM K  OOBSICHEHHIO
MaKpOMAacCIITa0HBIX MPOSIBICHUN ACHMMETPHUH MOJIHUEBOTO paspsiaa.

HccnenoBanue BBIONHEHO 3a cueT rpaHTa Poccuiickoro HaydyHoro ¢onnma (mpoekt Nel9-17-
00183).

1. Iudin, D. I, V. A. Rakov, E. A. Mareev, F. D. Iudin, A. A. Syssoev, and S. S. Davydenko // J.
Geophys. Res. Atmos. 2017. V. 122, doi:10.1002/2016JD026261.

2. Syssoev A A, Tudin D .1, Bulatov A A, Rakov V.A. //J. Geophys. Res. Atmos. 2020. V. 125,
No. 7. P. e2019JD031360.
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MOTOK MATHUTHOM CIIUPAJILHOCTH JIJIS1 YPABHEHUI
CPEJHEI'O MATHUTHOI'O I1OJIsA

Axmernesn I1.M.

U3BMUPAH, 2. Mocksa, Poccus, pmakhmeti@mail.ru

ypaBHeHI/Ie CPEAHETO MAarHUTHOT'O TIOJIA ONMHUCBIBACT MPOUECC TCHEPpALIMU MArHUTHOT'O ITOJIA Ha
6onbmom mactrrade 3a cuer JJIC, Bo3HUKarOLIEH Ha MeJIKoM MacmTade. PaccmarpuBaercs ciydai,
KOIZla MarHuTHoe mosie Ha OonbIioM MaciuTtabe Takke ciydaiHo. Omnpenensercs QyHKINA
IUIOTHOCTH  MArHUTHOM  CIUPANBbHOCTH, KOTOpash HMHBAPHMAHTHA MNPH  KaJIUOPOBOYHOM
HpeO6pa30BaHI/II/I MAarfuTHOTIO BEKTOP-NIOTCHIHAJIA. I/IsyqaeTcsl YPaBHECHUEC AJid MMOTOKA MarHUTHOM
CIUPANBHOCTH KpynmHOMacmTaOHOro mons. BBOOUTCS mONpaBOYHOE cllaraeMoe, CBSI3aHHOE
C UHBAPUAHTOM KBaI[paTH‘lHOfI MarHUTHOM CIINPAJIbHOCTH.

1. I1. M. AxmetbeB, “IIoTOk MarHUTHOMN COMPAJIbHOCTH JJIl YPABHEHUHN CPETHETO MarHUTHOIO
noyst”, TM®, 204:1 (2020), 130-141.
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EVOLUTION OF COMPLEXITY OF THE PULSING AURORA
PATTERNS OBSERVED BY FAST CAMERAS IN FENNOSCANDIA AND
KOLA PENINSULA

Kozelov B. V.}, Roldugin AV.L Oyama S.234, Miyoshi Y.2

! Polar Geophysical Institute, Apatity, Murmansk region, Russia
2Nagoya University, Nagoya, Japan

3 National Institute of Polar Research, Tachikawa, Japan

4 Jonosphere Research Unit, University of Oulu, Oulu, Finland

Extended ground-based support of the ARASE satellite in Fennoscandia and Kola Peninsula
include several all-sky cameras observed aurora with fine temporal resolution. The data have
been analyzed to extract numerical characteristics of complexity of plasma dissipation processes
leading to pulsing aurora. Evolution of the correlation dimension calculated by Grassberger-
Procacci algorithm was traced during typical events. It was founded that in the beginning of the
activation near midnight the correlation dimension is relatively small characterizing the main
directed motion of plasma. Then, the complexity of the aurora pattern is increasing that means
developing of dissipation in individual less correlated ducts.

The work of A.V. Roldugin has been supported by RFBR under grant no. 19-52-50025. The
work of S. Oyama and Y. Miyoshi has been supported by JSPS KAKENHI JPJSBP120194814.
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Q-HAPAMETPI/I‘IECKI{’II‘/JI AHAJIN3 IMTPOTSDKEHHOM ATMOC®EPHOM TPACCBHI
KAK HEAJJUTNBHON CUCTEMbI

Cyxapesa H.A., biask A.B., lleiranos M.B.
@dusnueckuit pakyasrer MI'Y umenu M.B. JlomoHocoBa, I. Mocksa, Poccusi,
suhareva@physics.msu.ru

OrmumcaHa METOJHWKAa dHa/lM3a B PpaMKax HeSKCTeHCUBHOH TePMOJUHAMHUKN Tcannuca

SKCIIePUMEeHTa/bHO PerMCTPUPYeMbIX BpeMeHHbIX pa3BepTOK Ji/Is1 BeKTOPOB CMellleHHs1 U CKOPOCTU
Jpetida sHepreTUUeCKOro LjeHTpa KOIJIMMHUPOBaHHOIO BOJTHOBOTO IyuKa. Onpe/ie/sitoTcsl Bapyaliuy
sHTpormu bBosbivana-I'n66ca, g-gedopmupoBanHoi sHTponmu Tcamavca W 4Mcaa AOCTYITHBIX
COCTOSIHUM CTaTHCTUYECKOrO aHCaMOJIsi PerMCTPUPYEMBIX IIOJIOKEHHHM SHepreTHvecKoro LieHTpa
KO/UIMMUPOBAHHOI'O BOJIHOBOTO IIyukKa M ero CKOpocTH jpeiida. [lns1 omnpefesieHust TuIa
aTTPaKTOPOB MCC/Ie[lyeMOro CTOXaCTUYeCKOIo Ipoljecca aHaJU3UPYIOTCSl CIIeKTpPhbI IOKasaTesiel
JIssmyHoBa /17151 IO3ULIMOHHBIX [TapaMeTpOB BOJTHOBOTO Iy UKa.

cDOPMYJ'II/IPOBK[:I OCHOBHEIX pe3yJ/IbTaTOB UCCJ/IEJOBAHUS:

MHoromozaneHasi pyHKLUsI pacripe/ie/ieHusi [/l perUCTPUPYeMbIX peann3aljuii KOMIIOHEHT
BeKTOpa CMellleHUs] U BeKTopa jpeiipa IjeHTpa SHeproHecyllero KO/JIJIMMHPOBaHHOIO
BOJIHOBOTO IIyYKa MOXKET ObITb 00OCHOBaHMEM HCIIONB30BAHUSI HEIKCTEHCHUBHOMN
TepMOAWHaMUKHU Tcasrca, Mo3BoJIsitolell yIpaB/asTh JO/eBbIM yUacTHEM MaslOBepOSITHBIX
Y BBICOKOBEPOSITHBIX COCTOSIHUM. TepMoyHaMMKa U KUHeTHKa C/AOKHBIX CUCTeM Ha OCHOBe
q-AedopmMrpoBaHHOM sHTporuu Tcannuca, rje q -- Mepa HeaAUTUBHOCTH, [POrHO3UpPYeT
aCHMITTOTMUECKH CTelleHHble CTaTUCTUYeCKWe paclipefie/ieHus, Iepexojsdiive B Ipefeie
q — > 1 B >KCHOHeHLMa/lbHble pacrpefeneHus. VMeHHO Takue XapaKTepUCTUKH
HaOJIIOAf0TCs B 9KCTIEPUMEHTA/IbHBIX CEPHSX.

Q-9HTPOMUST CTAaTUCTUYECKOrO aHCcaMOJ/sl TIO3WIMOHHBIX IapaMeTpoOB HWH(OpMaTHBHA IIpH
OLleHKe CTelleHU TepMHUueCKOil HepaBHOBECHOCTH MHOIOKOMITOHEHTHOMH CHUCTEMBbI U MOXET
OBITE UCIIO/b30BaHa KaK Mepa HeCTal[OHAPHOCTH, TIPOCTPAHCTBEHHOM HEOJHOPOAHOCTH U
HepaBHOBEeCHOCTU ONTUueckod Tpaccekl. Ilpy q — > 0 3HaueHue sHTpomuu Tcannuca
COBMaJlaeT C UHCJIOM JOCTYIHBIX COCTOSHHMM HCCIeAyeMOro aHcamOJisi, orpefiessieMbIX
VCAOBUSIMUA TIPOCTPAaHCTBEHHOM [UCKPeTH3al[Ml CHUCTeMbl perucrpaimu.  IlogoGHyro
XapaKTepUCTUKY  Ljeleco00pa3sHO  HWCIIO/IB30BaTh Al KaaWMOPOBKH  LU(POBBIX
perucTpaTopoB.

PaccMmorpeHHasi MeToiMKa aHau3a q-AedOpMUPOBAHHBIX XapaKTepUCTHK BK/IOUaeT aHa/u3
5CKOPTHBIX paclipe/ie/ieHUH, KWHEeTUKU BapUal{ii ceMelCTBa q-3HTPOIWI U SHepreTHUeCKUX
pacipesieneHnii. Ha OCHOBe SCKOPTHBIX paclipefie/leHHi MOIYT OBITh BBIUMC/IEHEI
SKCIIEPUMEHTa/NBHO HaOmofjaeMble CpefiHAE [0 aHCAMOJIIO TlapaMeTphl, BXOJSIIHE B
ypaBHeHUsl COCTOSIHUSI U ypaBHeHMe IIpoljecca -- CpefHHe Q-TJIOTHOCTh YacCTHL] rasa, q-
CKOpOCTH Jpefida rasa B TpyOKe TOKa, -IVIOTHOCTb BHY TPeHHeH SHEPI M.

Ha Mukpomacmiabax BpeMeHUM B COTHH MUJIJIUCEKYH/| 3HaueHHe MaKCHMa/IbHOIO TOKa3aTe/Ist
JlaryHoBa cWIBHO BapbupyeTcsi. OfHaKO IpU Tepexofe K Maciurabam Gosee 1 ceKyH/BI
BapHallK 3aTyXaloT U OTHOCHUTE/BHO €/1ab0 MEHSIFOTCSI BO BpEMEHH B CBETJIOE BPEMsI CYTOK.
HabsrolaeMple TO/IOXKUTE/IBHbIE 3HaueHUsl TIOKasarensl JIAMyHOBa TIIO3BO/SIET OTHECTH
¢a3oBble TpaeKTOPUM IMO3ULIMOHHBIX XapaKTepUCTHK K KOHKPETHOMY THITy XaOTHUeCKOro
peXxuma -- Turepxaocy.

Pabora BeImonHeHa B paMKax rocteMbl AAAA-A17-117121890022-8 «BonHOBbIE TIYUKH U

VIMIIYJIbChI B CJ/IyYaliHO-HeOAHOPOAHBIX U CTpaTU(ULMpOBaHHbIX cpefax» . UccienoBanue ghjdtltyj

npy

MoaAepxKke ME)K,E[I/ICL[I/IH]II/IHEIPHOI\/JI HaquO-O6p330BaTEHbHOﬁ IITKOJIBI MoCKOBCKOTO

YHUBEPCUTETA «q)yH,E[aMEHTa]'II:HI:Ie U TIIpUKJIaJHBIE UCCJIEAOBAHUS KOCMOCa».
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N3JIYUYEHHUE HA CTAANN UTHUDIMALIUN MOJIHUA B OBJIAKE:
HABJIIOJAEHUA 1 MOAEJINPOBAHUE

Coicoes A.A.12, Myaun JI.A.%3, KapamTun A H.1*

! Unemumym npuxnaonoii husuxu PAH, 2. Huoscnuit Hoseopoo, Poccus, zaratustrann@yandex.ru
2[pusonxcckuii ucciedosamensCkuti meouyunckuil ynusepcumem, 2. Huowcnuii Hoe2opoo,
Poccua

S Hayuonansnuiii uccieoosamensckuii ynusepcumen « Bolcuias wikona skonomuxiy, 2. Mockea,
Poccusa
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HenaBHo nns uenoro psnga IpO30OBbIX CHUCTEM B Pa3HbIX pErvuoHax IUIAHETbl MOSBUJIMCH
coobuiernss 0 HaONIOACHWH HENPEePhIBHON IOCIENOBATEIbHOCTH KPATKOBPEMEHHBIX pPa3psiioB,
CiydaiiHbIM 00pa30M 3aIONHAOLINX 30HY CUIIBHOTO TOJS TPpo30BOro odjaka. OTaenbHble paspsiabl
B IIOCJEJOBATENIbHOCTU HUMEIOT JUIMTEJIbHOCTH HAMHOTO  MEHbIIE  MUJUIMCEKYHIbl U
MIPOCTPAHCTBEHHYIO MPOTSKEHHOCTh, HE TNMPEBBILIAOIIYI0 HECKOJIBKUX COTEH MeTpoB. B Teuenue
nepuoAa rpo30BOM AKTUBHOCTH 3TU pas3psAibl MPOUCXOAST KaKIble HECKOJBKO MUJUTUCEKYHI.
Ilocne pa3BuTHsT BHYTPHUOOJAYHOTO paspsiaa YacTOTHl TOSIBICHUS STUX HMITYJIbCOB PE3KO
CHIDKAKOTCS 10 HECKOJIBKUX Pa3psiioB B CEKYHAY, 4 3aT€M BHOBb BO3PACTAIOT A0 HECKOJIBKUX COTEH
B CEKyHIYy BIUIOTb O BO3HHMKHOBEHHS CJIEAYIOIIEH BHYTPUOONAYHOH MOJHHU. DTHU pa3psibl-
NPEIBECTHUKU JTUCKPETHBI KAK BO BPEMEHH, TaK U B MPOCTPAHCTBE U JIOKAJIM3YIOTCS OYE€Hb OJIM3KO
K MECTY 3apOsKAEHUs MOCIEAYIOIETr0 BHYTPHOOIAIHOTO pas3psiza.

B pabore mpencraBieHbl pe3yibTaThbl CPAaBHEHUS MNAHHBIX PETHUCTPALMUA H3JIYYEHHUS TPO3bI,
npoucxonusinei 15 mas 2019 r. B Hmkeropoackod o0isacTv, W pe3yJbTaTOB YHUCIEHHOTO
MOJENUPOBaHUsl  mporecca (OpPMUPOBaHMSA  JIUAEpAa MOJHHM B TPO30OBOM  oOyake.
OKCHepUMEHTalbHbIe  JaHHblE  OBUIM  TOJY4YeHbI € [OMOIIBI  IIHPOKOMOJOCHOTO
panuouHTepdepoMeTpa, MPUHIUMAOIIEro U3JyueHue B nuanasoHe gactot 0.1-30 MI'm.

Hcnonp3oBanHas B paboTe YMCIIEHHass MOJENb ObLIa MOCTpOeHa Ha mpuHOMnax padots! [1].
Ona OpUTa TpUMEHEHa K OMMCAHUIO mpouecca (OPMHPOBAHUS JUAEpPa MOJHHUU B OOJake B
pe3yJibTaTe BO3HUKHOBEHUS, POCTa M IOCJIEAYIOIIErO CIHMSHHUS OWIONSPHBIX CTPUMEPHBIX U
JIUJIEPHBIX CUCTEM.

PesynbraTel  MonmenmpoBaHMst OBLIM  HMCIIONB30BAHBI NI pacyeTa  MPOU3BOAMMOIO
MOJIETUPYEMOH CHCTEMON TOKOB 3J€KTPOMAarHUTHOro usiaydeHus. IlokasaHo, 4TO pe3ynbTaThbl
pPacyeTOB HAXOMATCS B XOPOLIEM COTJIACHU C JAHHBIMU 3KCIIEPUMEHTAIBHBIX HAOMIONCHUH, TPHUeM
HanboJiee MHTEHCHBHbIE OUMOJSIPHBIE UMITYJIBCHI 3JIEKTPHUYECKOrO TMOJIS ¢ aMIUTUTYIOH Mopsaka
0.1 B/M u pmutenpHOCTREO mOpsinka 0.2 MKC TeHEPUPYIOTCA KPATKOBPEMEHHBIMU MOLTHBIMH
UMITyJIbCAMH TOKa BBIPABHUBAHUS MOTCHIMAJOB C aMIUIMTYIAOW MOpPs/AKA HECKOJBKUX COTEH (10
TBICSYU) aMIiep, BO3HUKAIOIIUX NPU CIMSTHUN OUTIOSIPHBIX CTPUMEPHBIX/TUAEPHBIX CUCTEM. AKTHI
CJIMSHUST TIPOMCXOST €CTECTBEHHBIM O0Opa3oM B PE3YJIbTATE 3JIEKTPOCTATHUECKOTO MPHUTSIKEHHS
MOJIOKUTENBHOIO KOHLIA OJHOIO MOJIPU30BAHHOTO BO BHEIIHEM IOJIE Pa3psIHOrO ApeBa K
OTpHULIATEILHOMY KOHLy APYToro.

PesynbraTel paboThl TO3BOJNSIOT HHTEPIPETHPOBATH HAOMIOJAEMOE H3JIy4eHHE T'PO30BOTO
o0Jlaka Kak pe3yJbTaT €CTeCTBEHHON NWHAMHKH Pa3BUTHsI BHYTPHUOOIAYHBIX paspsnos. Ilpu sTom
CTpUMEpHasi aKTUBHOCTb MOXKET JHOO 3aBepiuaTbcs (OPMUPOBAHHEM JIMACPHOTO KaHaja, JHOo
yracHyThb 10 (POPMHUPOBAHMS JIUAEPA, €CIH JAaHHBIH KPUTEPUN HE BBIMIOJIHsETCS. Bo BTOpoM ciydae
MIPUHATO TOBOPUTH O TaK HA3bIBAEMBIX MPEBECTHUKAX.

Pabora BemonHeHa npu noaaepskke rpanta PH® Ne19-17-00183 «MccnenoBanue mporeccoB
WHHULAALH U PA3BUTHSI MOJHUEBBIX Pa3psiioB B aTMochepe 3emimy.
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