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PaccMoTpeHbl XapaKTepUCTUKU COTHEUYHBIX IPOTOHHBIX COOBITHI B IIEPHUOIBI MHBEPCUM MATHUTHOTO ITOJISI
Connua B 19—24 nukiiax COJJTHEYHOM aKTUBHOCTH. B KaXkIoM 13 3THX COTHEYHBIX [IUKJIOB HaliIEeHbI MHTEP-
BaJIbl BpEMEHHU JIMTEILHOCThIO 8— 12 Mecs1ieB, Mpuxoasiiecs Ha BpeMst nHBepcuu rnosist CojiHLa, BO Bpe-
MsI KOTOPBIX YK CJIO COJTHEUHBIX COOBITHIT, CyMMapHBIi 1 MAKCUMAJIbHBINA (PIIOEHC TPOTOHOB HUKE Y SHEP-
reTUYECKUE CIIEKTPHI MSITYE, YeM B paBHBIE MO IJIMTEIbHOCTH IEPUOILI BPEMEHH IO U IT0C]Ie 3TOro. B 601b-
IIMHCTBE PaCCMOTPEHHBIX IUKJIOB yKa3aHHBIE MEpHOAbl HACTYIAIOT ITOC/IE MaKCHMMyMa IIMKJIa WJIA BO

BpeMsI JIOKAJIbHBIX “MUHUMYMOB [ HeBEBIIIIeBa”.
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BBEAJEHUWE

PaccMoTpuM XapaKTepUCTUKM COJTHEYHBIX MPO-
TOHHBIX cOObITUI (CITC) B Meproabl UHBEPCUU Mar-
HUTHOTO 1noJis CoyHIla, KOTopasi IPOUCXOIUT B KaXK-
oM 11-71eTHEM COJTHEYHOM LIUKJIE BOJIM3U MaKCUMY-
Ma ero aKTUBHOI (ha3bl.

HMmeetrcs psia myOoaukauuii, MOCBSIIIEHHBIX U3Y-
YEeHUIO JIOKAJIbHBIX OCOOEHHOCTell TreaunocdepHoit
MOIYJISIUM TalaKTUYECKUX KOCMUYECKUX JIyuyeil B
Meproabl MHBEpCUU MarHUTHoro nosist CoHua, (Ha-
npumep, [1—5] u ap.). OgHako myOauKaluii, rue uc-
CJIeIyIOTCS XapaKTepPUCTUKM COJIHEYHBIX KOCMUYe-
ckux Jayueir (CKJI) B mepmombl MHBEPCUM IIOJIS
ConH1a, TOBOJBHO MaJIo.

B pa6otax [6, 7] moKa3aHO, YTO B ITePUOALI UH-
Bepcuu MarHuTHoro mojst CojiHLa, onpeaeeHHbIe
1o JaHHbIM HaOmoneHuit ConHua B 17—22 coyiHeu-
HBIX [IUKJIaX, HE TIPOMCXOIUIN COJTHEUHbIE COOBITHUS
C BBICOKMMU SHEPrUsIMU MPOTOHOB, PETMCTpUpYe-
Mbl€ Ha3€MHBIMU HEWTPOHHBIMA MOHUTOPAMU
(GLE: Ground Level Enhancement) u Ha cTpaTo-
chepHbIx aspoctartax. B [8] mokazaHo, uTo B 21—
22 COTHEYHBIX IIMKIJIAaxX TEepUOObl WHBEPCUM IIOJS
CosHIIa COBIANAOT € JIOKAJbHBIMUA TMEPUOIAMU
yMeHblneHus1 yuciaa CITC u “muHumymamu ['HeBbI-
meBa” COJIHEUYHOU akKTuBHOCTHU. B [9] oOHapyxeHoO,

4yTO B 21—23 COJIHEUHBIX LIMKJIaX B NIEPUOAbI UHBEP-
CUU, OTIpelieJIEHHbIE C TOYHOCThIO 10 1 KaJleHaapHO-
ro rojia Mo JaHHBIM HAOJIOACHUI TIOJISIPHOTO Mar-
auTHOTO 110711 CostHita oocepBaropun Wilcox, uncio
CIIC u cymmapHBbIii (p1ioeHC IIPOTOHOB C SHEPTUSIMU
>30 M»B B CIIC o naHHBIM U3MEpPEHUI CIyTHUKA
IMP-8 6pUIM 3aMeTHO HM3KE, YeM B T'OJBI IO U TTOCIIE
3TOTO.

B HacTos1eit paboTe Ha OCHOBE aHAJINU3a JAHHBIX
SKCHepUMEHTAILHEIX u3MepeHuii morokoB CKJI Ha
BBICOKOOPOUTABbHBIX CHYTHUMKAX M Ha3eMHBIX Ha-
omonennii ComHna B 1956—2017 rr. aHATM3UPYIOTCS
xapakTepuctuku CIIC, Bkioyast paroeHChl U dHEP-
reTU4eCKUe CIIEKTPhI IIPOTOHOB, B NEPUOALI MHBEP-
cur MarHUTHOTO TToJIT CoirHiia B 19—24 coTHeIHBIX
LIKJIaX.

OKCITEPUMEHTAJIBHBIE JAHHDBIE

HMcnonab3oBaHHBIE 3KCIEPUMEHTAJIbHbIC JaHHBIS
MIPOVJLTIOCTPUPOBAHBI Ha pHC. 1.

B pabote ucrionb3oBajach COCTaBJIEHHAs] HaMU
0aza maHHEBIX, cogepxkanias ceeneHus o ~450 CIIC B
19—24 conmHeYHBIX UKIAX, BKIIOYAIOIINE BpeMs CO-
OBITHS, BEJIMYMHY MHTErPAJIbHOTO (hJIIOeHCa IPOTO-
HOB C pa3JIMYHBIMU DHEPTUSIMU U XapaKTEPUCTUKU
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Puc. 1. BpeMeHHBI€ psiabI CIyTaXXeHHBIX ynces Bosbdha Wi BepTHKaIbHBIX KOMIIOHEHT CEBEPHOTIO U F0XKHOTO ITOJISIPHOTO MOJIst
ConHua By g, IMTABHOTO rayccoBOro KosgguureHTa MarHuTHoro mosist ConHua g1, ¥ GpioeHcos F IpoToHos ¢ £ > 30 MaB B
CIIC B 19—24 1niukinax coiHeuHOI akTUBHOCTU. 7151 19—20 unKi10B noKa3aHbl TEPUObI MTHBEPCUU MO PAHHUM HaOJIIOACHUSIM
nossipHoro nosist (MF), yucina nonspHbix ¢pakenos (PF) u nonoxenust BojiokoH (QP) [7]. HalimeHHbIe eprUOAbl TOHMXESHUS

qyucia n (I)JT}OGHCOB CIIC BO BpEMs MHBCPCUU ITOJIA IMOKa3aHbl TOPU3OHTAJIbHBIMU JIMHUSAMU HA HU2KHEM rpaq)m(e.

COJTHEYHOI BemblKy. OHA UCITOIB30BaJIach paHee B
psize paboT, TIe aHAIM3UpOBaIach BEIMYMHA, SHEP-
reTU4eCKoe, BpeEMEHHOE U IeJIMOI0JTOTHOE pacIipe-
neneHue ¢aoeHcoB npotoHoB B CIIC (Hampumep,
[10—13]). s 19 u 20 uuknoB cBegeHuss o6 CIIC u
BenInHax (QIIIOeHCOB ITIPOTOHOB ¢ £ > 30 M»B B Hux
IJIst 6a3bl TaHHBIX B3SITHI U3 Pa3IMYHBIX OMYyOJIUKO-
BaHHBIX KaTanoros [14, 15]. Ina CIIC ¢ 1970-x IT. 110
HacTosiee BpeMs (GJII0eHCH IPOTOHOB C pa3JIMYHbI-

MN3BECTUA PAH. CEPUSA ®USNYECKAA  tom 87

Ne 7

MU DHEPTUSIMU PACCUUTAHBI HA OCHOBE TaHHBIX J0JI-
TOBPEMEHHBIX M3MEPEHUII TMOTOKOB MPOTOHOB Ha
BBICOKOOPOUTAIBLHBIX CITyTHUKAX cepuii IMP [16] u
GOES [17] u kocmuyeckom arnmapare ACE B Touke
muopauuu L1 cucremsl ComHiie-3emis [18].

s onpenesieHUs MepUOOOB MHBEPCUU MarHUT-
Horo 11oJig ConHua B 21—24 colHeYHbIX IMKJIaxX UC-
TTOJIL30BAJINCh PIIBI CIVIAXKEHHBIX 3HAUEHUI BEPTH-
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KaJJbHBIX KOMIIOHEHT By M Bg CeBEpHOTO U I0KHOTO
MOJIIPHOTO MarHUTHOro moJjisi CoJHIIA U TJIaBHOTO
rayccoBoro kKoadduimenTa g,, nojs CosHiua 1o gaH-
HbeIM obcepBaTopuun Wilcox [19]. Ias 19—20 tukios
KCITOJIb30BAJINCH JaHHbIC 00JIee paHHUX HAOII0IeHU
CornHina, cucreMaTu3upoBaHHEIE B padore [7].

Takke ucnonb3oBajcsa PsII CIIaKEHHBIX 3Hade-
HU MeXIyHApOIHBIX yricell Boabda comTHeYHbIX T~
TeH HoBoit Bepcuu 2.0 [20].

PE3YJIbTATbBI AHAJIU3A

B [9] ObUIO MOKAa3aHO, YTO B II€PUOALI MHBEPCUM
MarHuTHoro 1osst ComHua B 21—23 nukiax, ornpeae-
JIEHHBIE C TOYHOCTBIO 10 1 KajleHaapHOro roga, uMe-
er Mecto ToHmkeHue ynciia CIIC m cymmapHBIX
dmaroeHcoB poToHOB ¢ £ > 30 MsB. B Hacroseit
paboTe MpeanpUHSITO pa3BUTHE MNPEOBIAYIIETO MC-
ciegoBaHusl. B 19—24 comHeYHBIX IMKIIaX HaWICHBI
WHTEPBAJIbIl BPEMEHU IJIUTEIbHOCThbIO 8—12 KajleH-
JapHBIX MECSIEeB, XapaKTepu3yeMble CJIEAYIOLIMMU
CBOICTBaMuU:

— WHTEepBaJ MNPUXOIUTCS HA BpeMsSI WHBEPCHUU
marauTtHoro mnoJig ConHua: B 21—24 nukiiax 3Haye-
Hust |By — Byl u g, npubnuxatotest K 0; B 19—20 uuk-
JIaX MTHTEePBaJI YaCTUYHO COBMAAAET C IIepruogaMu NH-
BEPCUU, ONIPECIIEHHBIMU IT0 TaHHBIM 00Jiee paHHUX
HabomoneHuit ConHua [7];

— Habmopaercs ymeHblueHue yucia CIIC (yun-
teiBayuch CIIC ¢ ¢moencom >10° cm—2) u 3Haun-
TenbHOE, Ha >1—2 TopsigKa BEJIWYUHBI, CHUXKEHUE
CyMMapHBIX (GIIroeHCcOoB MpoToHOB ¢ £ > 30 M»B B
CIIC 3a 3TOT ITepuos, Mo CPaBHEHUIO C IIEPUOTAMU
PaBHOM JJIUTEJIBHOCTH 10 U TIOCJIE 3TOTO;

— B yKa3zaHHbIE TI€pUOIbl MAaKCUMaIbHBIN DIIto-
eHc rmpotoHoB ¢ £ > 30 M»B B CIIC, B 3aBUcUMOCTH
OT MOLIHOCTU COJIHEYHOro Hukiaa, <1—6 - 107 cm2,
TOTHA KaK B IIEPUOABI PABHO IJIUTEIBHOCTHU 10 U II0-
ciie aTtoro npoucxonuau MouaHsie CITC ¢ ¢aroeHca-
Mu >108—10° cm—2.

HaiimenHple MHTEpBajlbl BpeMeHM IOKa3aHBI Ha
PUCYHKE TOPU3OHTAJILHLIMU JIMHUSIMU Ha HIDKHEM
rpaduke. Kak BumHO M3 puc. 1, Ha 3TM WHTEPBAJIBLI
JIEACTBUTEILHO MPUXOAUTCS BpeMsI MHBEPCUM Mar-
HutHoro 1oyisi CojHLIa, U BO BpeMsI HUX 3aMETHO
ymeHbineHne yrciaa CITC u 3HaunTeIpHOE, HE MEHEe
yeM Ha MOPSIOK BEJIMYMHEI, CHIDKEHIE MaKCUMaJlb-
HBIX (QJIIOEHCOB.

Taxke OBLTM TIPOAHATM3UPOBAHBI DHEPTreTUYE-
CKME CIEKTPbl CYMMapHbIX MHTETPAIbHBIX (QIIIOECH-
COB IIPOTOHOB C 3HeprusIMu oT >1 mo >60 MaB B
CIIC B HaliieHHbIE TTEPUOIbI BDEMEHU U 110, U TIOCIe
HuX B 21—24 nuknax. CnekTpsl misg 21—23 1IMKiIoB
CTPOMJIU C UCIOJb30BAaHUEM HAaHHBIX CIYTHUKA
IMP-8, nist 24 nukia — GOES 13—15. PaccuutbiBa-
JIV anlIpOKCUMAlIMIO SHEPTeTUYECKUX CIIEKTPOB CTe-

MN3BECTHUA PAH. CEPUA OPUINYECKAA

IMOA30JIKO u np.

neHHout pyHkuueit F(>E) = CEY. O6HapyXeHO, YTO
B HaliIeHHbIE TIEPUOILI BPEMEHM TTOKa3aTelb CTele-
HY Y YMEHBIIIAETCS, T.€. CIIEKTPBI CTAHOBSTCS OoJee
MSITKUMU.

B 1a6. 1 cBemeHBI HalimeHHBIC IEPUOALI MHBEP-
cur MarHUTHOTO nosist COJIHIA Y MOHMKEHUS YHUCa
u ¢moeHcoB CIIC, yncio coObITH, BETUYNHBI CYM-
MapHBbIX U1 MaKCUMAaJIbHBIX (DJIFOCHCOB ITPOTOHOB C
E > 30 M»B B CIIC u moka3areieil 3HepreTUIeCKIX
CMEKTPOB B MEPUOIbI UHBEPCUU U PaBHbIC T10 IV~
TEJILHOCTU NEPUOBI 10 1 ITocie 3Toro B 19—24 con-
HEYHBIX LINKJIaX.

Taxke U3 cpaBHEHUSI CO 3HAYEHUSIMU CIJIaXKEH-
HBIX yrcea Boabda Ha pucyHKe BUOHO, YTO B pac-
CMOTPEHHEBIX COJTHEYHBIX LIUKJIAaX HalICHHEIC TTepy-
OIbl BPEMEHM pacIIOJIOXKEHbI IIOCIe MaKCUMyma
(19, 20 oukier), 1160 BO BpeMs JIOKAJTHbHOTO MUHM-
MyMa Mexnay 2 “makcumymamu I'HeBbimeBa” (21, 22,
24 TUKJIBI); UCKJTIOYEHUEM SIBJISIETCSI TOJILKO 23 coJl-
HEYHBINA LIUKII.

3AKJIFTOYEHHME

Ha ocHoBe aHanm3a TaHHBIX CIYTHUKOBBIX U3Me-
peHuit morokoB mpotoHoB CKJI u HaGmoaeHuMit
ConHiia B 19—24 cojlHeUHBIX LMKIIaxX HaliIeHbl UH-
TepBajJbl BPEMEHU IJIUTEIBHOCTBIO 8—12 Mecsies,
Ha KOTOpbIE IIPUXOIUTCS UHBEPCUSI MATHUTHOTO IO~
51 CoJIHIIA, M BO BpeMsI KOTOPBIX HAOIIOMAETCs MO~
HikeHue yncia 1 paoeHcoB CIIC. B atu nepuonsl
BPEMEHHU YMCJIO COJTHEUHBIX COOBITUII MEHBIIIE, CyM-
MapHbIe M MaKCHMaJbHbIE (PIIOEHCH IIPOTOHOB B
HUX CYIIIECTBEHHO, Ha >1—2 mopsiaKa BeJIMYNHEI, HU-
XK€, a SHEpreTuYecKre CreKTphbl B AUAIla30HE SHEP-
ruit ot >1 no >60 MsB — Mmdrye, yem 3a paBHbIE 110
JUIMTEJIBHOCTH IIEPUOIBI IO U II0C/Ie 3TOTo. B 00b-
IIMHCTBE PACCMOTPEHHBIX IMKJIOB YKa3aHHbIE IIepU-
OBl HACTYIIAIOT IIOC/IE MAaKCUMyMa CIVIa>K€HHBIX Y-
cell Bonbda, mim B nukiax ¢ 2 “makcumyMamu [He-
BBILIICBA” BO BpEMS JIOKAJIbHbIX MWHHUMYMOB
MEXIy HUMM.

JaHHBI pe3yJbTaT NPEACTaBISICTCS BeChMa IpH-
MeyaTeJIbHBIM, B TOM YUCJIe JIJIs PUKIAIHBIX 3a1a4y.
dakTnyecku TOKa3aHO CYIIECTBOBaHUE BOJIHU3U
MaKCcUMyMa aKTUBHOI (a3bl 19—24 LIMKIIOB JOCTa-
TOYHO JJIUTEIbHBIX MHTEPBAJOB BpEMEHU, KOLIa
MMPOMCXOAUT 3HAYUTEJIBHOE MOHIKEHNE (PIIOEHCOB
nmpotoHoB CKIJI.

ABTOpEBI He OepyTcsl Ha3BaTh PU3NIECKYIO ITPUYN -
Hy JaHHOTO siBlieHus1. Hampumep, B [6], OHO BbI3BaHO
yMeHbllIeHeM 3(P(HEKTUBHOCTU YCKOPEHUSI MPOTO-
HOB Ha CoJIHIIE B CUJTy CTPYKTYPHBIX UBMEHEHUH Mo~
JiT B Nepuoll MHBepcuu. B mpoposkeHue mTaHHOTO
WICCJIENOBAHUSI MpEeanojaraeTcsl nmpoaHaIu3upoBaTh
B T.Y. YaCTOTY M MOIIITHOCTb COJTHEYHbIX BCIIBIIIEK U
Ne 7
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1021

Taémuua 1. Yucno CIIC ¢ dmoercoM >10° cM—2, cyMMapHBIil 1 MaKCUMaJIbHbII (iioeHChl TpoToHOB ¢ E > 30 MaB, u
MOKa3aTelb 9HEPreTUYeCKOro CrieKTpa Y UIoeHCOB MPOTOHOB ¢ £ > 1—60 MaB B nepuobl 10, BO BpeMsi U IOC/Ie UHBEP-
cun MarHUTHOTO 1o ConHila B 19—24 coTHEYHBIX MUKIaX

Hnko ITapamerp Jlo mHBepcum Bo Bpemst nuBepcuu ITocne unBepcun

19  |Bpems 01.1958—08.1958 09.1958—04.1959 05.1959—12.1959
NCIIC 12 3 8
sumF 1.3-10° 3.5-107 4.3-10°
maxF 6- 108 2.8-107 1.3-10°

20 |Bpems 01.1969—11.1969 12.1969—10.1970 11.1970—09.1971
N CIIC 7 4 5
sum# 4.6-108 4.0- 107 5.9-108
maxF 2.2-108 2.7-107 4.2-108

21  |Bpems 01.1979—12.1979 01.1980—12.1980 01.1981—12.1981
N CIIC 4 2 7
sum# 2.3-108 1.3-107 2.5-108
maxF 1.2- 108 1.1-107 1.2- 108
Y —14 —1.8 —14

22 |Bpems 01.1989—12.1989 01.1990—12.1990 01.1991—12.1991
NCIIC 14 8 10
sumF 6.2-10° 2.0- 108 1.3-10°
maxF 3.2-10° 6.0 - 107 8.9-10%

Y -0.9 —-1.3 —1.1
23 |Bpems 04.1998—03.1999 04.1999—03.2000 04.2000—03.2000
NCIIC 8 3 9
sumF 4.8-10% 8.0 - 10° 5.0-10°
maxF 3.4-10% 3.5-10° 2.5-10°
Y —1.4 —-1.6 —0.9
24 | Bpems 12.2011—07.2012 08.2012—03.2013 04.2013—11.2013
N CIIC 10 3 8
sum# 2.1-10° 6.0 - 10° 1.8- 108
maxF 1.4-10° 3.1-10° 1.3-108
Y —-1.3 -2.5 —1.6
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Characteristics of solar proton events during the periods of Sun’s magnetic
field reversal in the last 6 solar cycles
M. V. Podzolko* *, V. V. Kalegaev~ ?, K. A. Ustinov’
4Lomonosov Moscow State University, Skobeltsyn Institute of Nuclear Physics, Moscow, 119991 Russia

bLomonosov Moscow State University, Faculty of Physics, Moscow, 119991 Russia
*e-mail: spacerad@mail.ru

Characteristics of solar proton events during the periods of Sun’s magnetic field reversal in 19—24 solar ac-
tivity cycles have been considered. In each of these solar cycles periods of time with duration of 8—12 months
have been found, during which the number of solar events, total and maximal proton fluences were lower and
the energy spectra were softer, than during the periods of equal duration before and after that. In most of the
considered cycles the mentioned periods occurred after the cycle maximum or during the local “Gnevyshev

minima”.
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