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During the last thirty years there has been steady progress in our understanding of the influence that space
weather has on the state of human health both in Space and at Earth. This development is mainly based on
research conducted on humans onboard space stations and spacecrafts, as well as on ground based observations
and experimental studies simulating conditions in space. This interdisciplinary field of research requires a wide
exchange of expertise in various topics. Only with a global approach it will be possible to establish a mutual un-
derstanding, in regard to defining the current state of this research problem as well as identifying what should be
pursued in future research activities.

Main Topics of Conference

1. Space Weather and its role in defining the Local Environment. Physical factors and their effects (e.g. solar and
geomagnetic activity, interplanetary disturbances, galactic cosmic rays).

2. Space weather and Human health on Earth. Laboratory investigations and natural observations. Combined
influence of space and terrestrial weather on biological objects and sick and healthy people. Health risks. Space
weather biotropic effects and its role in human survival.

3. Assessment and paths of risks reduction of diseases caused by the impact of weather and climatic and environ-
mental factors in a changing climate.

4. Space Weather and Human health in Space. Human habitation in stress situation associated with weightless-
ness, combined with additional risks (e.g. increased radiation, weakening of the influence of Earth’s magnetic
field, long duration isolation in limited space on stations etc.). Ground based laboratory studies, in particular
Roscosmos — ESA project MARS-500.

Keywords: space weather, geomagnetic field. solar activity, cosmic rays, climate, radiation load, human health on
the Earth, human health in Space.

Binsinue KocMHUYeCKOi oroJbl HA 4Y€JIOBEKAa B KOCMOCE U Ha 3emiae
Tpyapt MexnyHapoanoii KoHpepeHu
MUKU PAH, Mockaa, Poccus, 4—8 uionst 2012 r. ITon pen. A. U. I'puropsesa, JI. M. 3enéHoro
B aByx Tomax

Tom 1

B nocnenHue TpuaLaTh JET HAIIM 3HAHUS O BAMSIHUMA KOCMUYECKON MOTO/IbI HA COCTOSIHUE 310POBbSI JIIOAEH
Ha 3emsie 1 B KocMoce monyaniiy cylecTBeHHOe pa3BUTHe. Pa3BuTre 3T0 OMupanioch TIaBHBIM 00pa3oM Ha
WICCIIENOBAHMS B KOCMOCE Ha OPOUTAIIBHBIX CTAHIIUSIX M KOCMUUECKHUX aliapatax, Ha Ha3eMHbIe HaOJIIONeHUST
Y 9KCMEPUMEHTAIbHbIE MCCIeNOBaHMs, UMUTHUPYIOLIMX MHOTO(MAKTOPHbIE YCJIOBUSI B KOCMUYECKOM MpPO-
CTpaHCTBe. DTa MEXIUCIUTUIMHAPHAS 00JIaCTh HYXXKIaeTcsl B IMPOKOM OOMEHE MHEHUSIMU MEXITy CTIeIIAAIN-
CcTaMM pa3HOro MPoMWIs, M OTpeneIeHU OCHOBHBIX HAIIPaBICHUI JaTbHEUIITNX UCCIIeNOBAHMIA.

Ha xoHdbepeHnM 00CyXIanuch CIEAYIOIINE TEMbI:

1. KocMuyeckasi moroja u ee pojib B GOPMUPOBAHUU CBOMCTB JIOKATbHOM OKpYXKalolei cpenbl. Pusndeckrie
(akrops! 1 ux 3¢hGheKTh (CONMHEYHAsT M TEOMarHUTHAsI AKTUBHOCTh, MEXIUIAHETHBIE BO3MYIICHUS, TalaK-
TUYECKHe KOCMUUYECKUE JIyYH U T.11.).

2. KocMuyeckas rmoroja v 310poBbe YesioBeKa Ha 3emiie. JlabopaTopHble MCCIeI0OBaHUS U HATYpHbIEC HA0JIIO-
nerust. KoMOMHMPOBAaHHOE BO3AEHCTBUE KOCMUYECKOW M 3€MHOM IMOTOMbI HAa OMOJOTMYECKUE OOBEKTH
U 3I0POBBIX U OOJILHBIX JItofiei. ['pymnmbl pricka. BUOTPOITHOCTE KOCMUYECKOI TTOTOMIBI, U €€ POJIb B BHIKU -
BaHUM YeJIOBEKa.

3. OLieHKa U MyTH CHIKEHUSI PUCKOB 3a00JI€BaHUi1, OOYCIOBIEHHBIX BIUSTHUEM MMOTOMHO-KIMMATUYECKUX
1 9KOJIOTUYECKUX (haKTOPOB B YCIOBUSIX U3MEHSIIOIIETOCS KJIMMaTa.

4. KocMuyeckast morofa u 310poBbe Jiofeil B Kocmoce. 3n10poBbe J10/eii B CTPECCOBBIX YCIOBUSIX, CBSI3aH-
HBIX C HEBECOMOCTBIO U Ipyrumu (hakropamu (Bo3pociieil pamuaiueii, ocaabieHMeM BIUSHUS MarHUT-
HOTO TOJIsT 3eMJIM, JTUTEIbHOM M30JISIIMeil B OTpaHMYSHHOM TPOCTPAHCTBE CTAHIIMU M T.I.). HazeMHbIe
J1abOopaTOPHBIE UCCIIeIOBAHMS.

Karouesvle crosa: KocMuueckast oroaa, rcOMarHuTHOE 110Ji€, KiInMMar, COJTHCYHass aKTUBHOCTh, KOCMHUYCCKUE
JIydu, pagrualiliOHHas OITIaCHOCTh, 310POBEE JOJEeN Ha 3BMHC, 300POBLEE JIIOAEN B KOCMOCE.

Penaxrop: Kopuuaeuxo B.C.
KommnblotepHast Bepctka: Komaposa H. FO.
[u3aitH o0noxku: 3axapos A. H.

MHeHu e pefakMy He BCeraa COBMafaeT C TOYKOi 3peHMsl aBTOPOB CTaTei.
DneKTpoHHas Bepcusi coopHuKa pasMmenieHa Ha cailtte MUKW PAH: http://www.iki.rssi.ru/print.htm.
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MPEAVNCNOBUE

B Mockse ¢ 4 o 8 utons 2012 r. npoucxonuia MexayHapoaHas KOHMepeHLUs
«BnusiHue KocMMYecKoi Moro/bl Ha YeJaoBeKa B KOCMOCe U Ha 3eMJie», OpraHu30-
BaHHas1s MHCTUTYTOM KocMMuecKux ucciaenoBaHuil Poccuiickoit akageMuu Hayk
(MKHM PAH) coBmecTHO ¢ ApyruMU MHCTUTYTamMu Poccuiickoil akageMuu Hayk,
AxKameMn METUIIMHCKMX HayK, PoCCHIICKMM YHHBEPCUTETOM IPYKOBI HApPOIOB,
ITpoGnemMHBIM coBeTOM akamemMun Hayk «ComHie — 3emitst», I1pobaeMHO#T KoMucC-
cueit Poccuiickoii akageMuu MEIULMHCKMX HAyK MO XpOHOOUOJOTUY U XPOHOME-
nunurHe, a Takke COST (EBponeiickoii Koorepaliyeii o HayKe U TeXHOJIOTHSIM).

Ha xoHpepeHIIMn 00CcyXaaJICh CIeayIOIIe TEMBbI:

* KocMmuyeckas moroja U e€ pojib B (pOPMUPOBAHUM CBOWCTB JIOKAJIbHOM
OKPYXaIoIei CPelbl;

* ¢usundeckue ¢akTopsl U ux 3¢GeKTh (COTHEYHAs! U TeOMarHUTHAsT aKTUB-
HOCTb, MEXILJIAaHETHbIE BO3MYIIEHMS, TaJlaKTUUECKHe KOCMUYECKUE JIy4u
UT.I.);

* KOCMHUYecKasl Toroja 1 310pOBbe uejoBeka Ha 3emJie, JabopaTOpHbIe UC-
cllefloBaHUsI U HaTypHble HaOJIONeHWs], KOMOMHUPOBAHHOE BO3NEUCTBUE
KOCMMWYECKON M 3eMHOM TOrofbl Ha OMOJIOTMYECKHE OOBEKThbI 3M0POBBIX
U1 OOJIBHBIX JIIOJIEH; TPYINbl pUcKa; OMOTPOMHOCTh KOCMUYECKON MOTOIbI
U €€ PoJib B BbKMBAHUU YeJIOBEKa;

* OlIeHKa U ITyTU CHUXXEHUSI pUCKOB 3a00J1eBaHU, O0YCIOBIEHHBIX BIUSHU-
€M MOTOAHO-KJIMMAaTUYECKMX U 3KOJOTMUYEeCKUX (PaKTOPOB B YCIOBUSIX W3-
MEHSIIOILIerocs KJumMara;

* KOcMHuYecKas Toroia M 3J0pOBbe JtoAell B KOCMOCE; 3I0POBbE JIIOIEH
B CTPECCOBBIX YCIOBHSX, CBSI3aHHBIX C HEBECOMOCTBIO U APYTUMH (DAKTO-
pamu (Bo3pociiieil paguaiyeit, ociabieHUeM BIWSIHUS MAarHUTHOTO IOJIst
3eMJiu, JINTEJIbHON M30JIsI1Meil B OrpaHUUYEHHOM MPOCTPAHCTBE CTaHLIMU
UT.I.);

HazeMHble JlaDOpaTOpHbIe UCCIAeNOBaHMSI (B  YaCTHOCTH, IIPOEKT
MAPC-500).

Kondepentunst codbpana 6onee 160 yIEHBIX pasTUIHBIX CIIEIIMAIBHOCTEH M3
11 ctpan mupa (CIIA, Anonuu, 'epmanuu, Asctpun, Yexuu, bonarapuu, I'peruu,
Nunauu, Benrpuu, Uspauns, ['pysun), tpéx ctpan CHI', 14 roponos Poccuu.

Crnenyer OTMETUTb, YTO KOH(EpeHLUU, B TOW WJIM WHOU CTENEeHU IOCBsI-
IIEHHbIE MEePEeYMCICeHHBIM BbIlIE BOMPOCAM, JOCTATOYHO PETYJISIPHO MPOBOISATCS
y Hac B CTpaHe M 3a pyOeXoM Ha TPOTSKeHUU mochemHux aecarmietuit. C 1986
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MPEANCIIOBUE

nmo 1993 r. B UHcturyre O6uodpusukun PAH (ITymmuHo MockoBckoii 00J1acTH)
no uHuuuatuse npod. C.D. [IHoas ObM mpoBeaeHbl 4 MeXXayHapOaHbIX CUM-
nosuyma «Koppensitiuy 61oJornyeckux U (u3nKo-XuMUYECKUX MPOLIECCOB C COJI-
HEYHOI aKTUBHOCTBIO U APYIrMMM (akTopamu okpyxkatoiieit cpeapi». C 1995 r.
Kaxnable aBa roga B Kpeimy mo mHumuaTtuse npod. b. M. Bragumupckoro mpoxo-
a1 MexayHapoaHble KoHdepeHuun «Kocmoc u 6uocdepa», Ha KOTOPBIX paccMa-
TPUBAETCSI OYEHb IIMPOKWI KPYT BOMPOCOB U3 00JACTU COJIHEUHO-OMOCHEepHBIX
cBazeit. B 2004 r. B I1ymuHo coBmectHo MKMW PAH u MHcTUTyTOM TeopeTuue-
cKkoii u akcnepuMeHTaabHo onodusuku (MTOB PAH) Obl1 npoBengH mexauc-
LMIIMHApHBIN cemMuHap «buonornueckue 3pdeKTbl COMHEYHOU aKTUBHOCTM».
Vrnomsanyteiii Beiie COST nposén B benbrum B HostOpe 2012 1. yke 9-10 KoHpe-
penuuio — «Henens kocmuueckoii morogslr» ESWW9 (COST ES0803).

Kondgepenuus 8 UK PAH orianuanack oT cBOMX IpeilIeCTBEHHMKOB, BO-
MepBbIX, OoJiee MIYOOKOW M JeTajbHO TMPOpabOTKOW BOMPOCOB HMCCIIeIOBaHUS
(bakTOpOB KOCMUYECKOI TOroJbl UMEHHO B IlJJaHE MPUMEHEHUs HaKOIJIEHHBIX
3HaHUM K 00sacTu rearoduooruv. Bo-BTophix, U3 IIMPOKOTO CIIEKTpa MposiBiie-
HUI BJIMSIHUST KOCMMYECKOM TMorojbl Ha 6uocdepy ObUIM CIeUaIbHO OTOOpaHbI
U MOAPOOHO PacCMOTPEHBI BOIPOCHI BIAUSIHUSI 3TUX (PAKTOPOB Ha OpPraHU3M ye-
JIoBeKa, OT BO3MOXHBIX MEXaHU3MOB BO3JEUCTBYSI HA aTOMHOM U MOJIEKYJISIPHOM
YPOBHE 10 M3MeHEeHUsI (PYHKLIMOHAJILHOTO COCTOSIHUSI M PUCKA pa3BUTUS cepleyd-
HO-COCYIMCThIX KaTtacTpod. B omiuuume ot mpeabiaymnx KoHdepeHuuii B KU
PAH obcyxnanvch Takke HeraTMBHbIE TTOCEACTBUSI BO3AEUCTBUSI KOCMUYECKOM
MOro/ibl Ha YeJloBeKa B KOCMOCE — T.€. B COBPEMEHHBIX CPEeICTBAX KOCMMYECKOM
TEXHUKHM, a TaKXKe Ha 3emMJie, B COUeTaHUM C JOTOJHSIOIIMMU €€ BIUSHUSIMU 3eM-
HOM MOTObl Y Pa3BUBAIOILIMXCS KIMMATUYECKUX U3MEHEHU.

ABTODBI cTaTeil 3TOro COOpHUKA — YUYE€HbIE Pa3HBIX ClelMaIbHOCTel — cTapa-
JINCh OCBETUTD MOHSITHO U JJAKOHUYHO JIJIs1 LIUPOKOTO YUTATENS TIPEAMET CBOUX UC-
CJIeIOBaHM, JUIsl TOTO YTOOBI OH ObUT JOCTYIEH MEXIUCUMITIMHAPHOMY COOOIIIe-
CTBY (HEKOTOpbIE TOKJIaIbl IaHbI Ha SI3bIKE OpUTHHAA).

Crenyer Moa4YepKHYTb, YTO Mbl BCE-TaKM MMeEEM JIeJI0 B Halllel MeXIUCILU-
TJIMHAPHOU 00J1aCTH C SIBJICHUSIMU, KOTOPbIE MOKa HE MOJYYMJIN YIOBAETBOPUTEb-
HOTO TeopeTndeckoro oobsicHeHus. Kak ormeuaer rpod. B. H. bunru, «IIpobiema
CBSI3aHA C TMapajgoKCaJIbHOCTbIO OMOJIOTUYECKOTO ASHCTBUS CIabblX HU3KOYACTOT-
HbIX MAarHUTHBIX TOJIEi, KOTOPbIE 10 BHEPTUM JAJIEKO HEe COMOCTAaBUMBI C Xapak-
TEPHOU BHeprueil OMOXMMUYECKUX TpeBpallleHuil. M3-3a 3TOro Bompoc o camom
CyILIECTBOBAHUU TaKOW MpOoOJeMbl BbI3bIBA€T HEOJHO3HAUHYIO PEakLMIO 3HA4Yu-
TEJIbHOU YaCTU Hay4YHOTO COOOIIEeCTBAa — HECMOTPSI Ha TPOMaHOE YUCII0 IKCIIepU-
MEHTaJIbHbBIX CBUIECTEJIbCTBY.

TepmuH «kocMuueckas roroga» (Space Weather) monyuymn mmupokoe pacipo-
crpaHeHue e B 90-x rr. XX B. OH oxBaTbIBaeT HauboJjee BaXKHbIE acleKThl pa3-
JieJla HaydyHbIX 3HAHUH O COJTHEUHO-3€MHBIX CBSI3SIX — COBOKYITHOCTH B3aUMOJIEi-
CTBUSI TeJIMO- U Teo(r3nyecKux siBJeHU. DTa HayKa 3aHMMAaeTCsl UcCleq0BaHu-
SIMM BJIMSIHUSI COJITHEUHOM aKTMBHOCTU Yepe3 MeXILJIaHETHYIO cpelay Ha 3eMJito: eé
MarHutocdepy, noHocdepy, armocdepy.

Ctporo roBopsi, K KOCMUYECKON TOrojie OTHOCUTCSI TMHaMuJeckasl (¢ xapak-
TEPHbIMU BpeMeHaMU — CYTKM M MEHee) 4acTb COJTHEYHO-3EMHbIX CBS3€il: Bapu-
aluyu MarHutocdepbl, MoHOCGhEpbl U aTMOChepbl, MHIYIIMPOBaHHbIE COJTHEYHOM
aKTUBHOCTBHIO. 1o aHaJloruu ¢ 3eMHBIMUM Tpolieccamy 0oJiee cTallMOHApHAasl 4acThb
COJTHEYHO-3EMHBIX CBSI3€i Ha3bIBAETCSI KOCMUUECKUM KJIMMAaTOM.
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MPEANCIOBUE

B npakTuyeckoM MpUMEHEHUM K TeMaTMKe KOCMMYECKOU MOroabl OTHOCSIT
MPOTHO3 COJTHEYHOM M FeOMarHUTHOW aKTUBHOCTHU, WCCAEAOBaHUS BO3IEUCTBUS
COJTHEUHbIX (paKTOPOB Ha TEXHUUYECKHUE CHCTEMbI M 3eMHYI0 Ouocdepy, BKIouas
YeJI0BEYECKYIO MOMYJISILIUIO.

OCHOBOITOJIOXXHUKOM HCCJIeI0BAHUMI BIUSIHUSI KOCMUYECKON MOToabl Ha OUO-
JIOTUYEeCKHEe OOBEKThI U UeJIOBEUECKYIO MOMYJISILUI0 TeJTMOOMOI0TUM ObLT Halll CO-
oteuecTBeHHUK A.JI. UnmkeBckuii (OH BIepBbie M BBET TEPMUHBI «KOCMUYECKast
norona» U «reavoduosorusi»). UM Obl1 cobpaH, o6paboTaH U MHTEPIIPETUPOBAH
OoraTeiImii 3KCIepuMeHTaIbHbIN MaTeprall, TO3BOJMBILUI CeaTh BIBOMA O CY-
1IeCTBOBAaHUU BHEIIHUX (DAKTOPOB BO3AEWUCTBUSI Ha 3eMJII0, CBSI3aHHBIX CO CBOM-
CTBaMU OKOJIO3EMHOTO MPOCTPAHCTBA B 1IeJI0M U TpoueccamMu Ha CoJIHLIE, BbI3bI-
BaIOLIMMU TJ00aJIbHbIE U3MEeHEHUsI B Ouocdepe. YnkeBCKUM OTMevanach, B TOM
yuclie, BBIpaXXeHHas! IMKJIMYHOCTD Pa3IMYHbIX MOTOAHBIX aHOMAJIMH C IEprUoAaMu,
Omu3kuMu K 11- u 22-71eTHUM NepuogaM COJTHEYHOM aKTMBHOCTHU. DTa LIMKIIAY-
HOCTb OTpaxajach U Ha 00bEKTaX XMBOU MPUPOIbI.

Buonorndyeckue oObeKTHI 32 BpeMsl CBOEI 3BOJIIOLMM JOJKHBI ObLIM aganTh-
pOBaTbCsl K 3TUM PUTMaM UM MHTEIrPUPOBATh UX MEPUOALI BO BPEMEHHYIO CTPYKTYPY
CBOMX KJIETOK, OPTaHOB U OPraHM3MOB B 1I€JI0OM, Ipeo0pa3oBaB B 3HAOT€HHbIE, T. €.
COOCTBEHHBIE PUTMBbI, B IPUHLIMIIE CUHXPOHU3UPOBAHHBIE C BHEIIHUMU PUTMaMU
cpeibl OOMTaHMSI, TaK XK€ KaK CyTOYHbIe PUTMbI OCBEIIEHHOCTU U TeMIIepaTyphl,
00yCJIOBJIEHHBIE BpallleHUueM 3eMJiM, 00pa30BaB BCEM XOPOIIO M3BECTHbIE OMOJIO-
TUYECKHE PUTMBbI, HallpUMeEp, CHa U 6onpcTBoBaHUsl. Bo3myllieHusI, reHepupoBaH-
Hble COJTHEYHOU aKTMBHOCTbIO, HApyIIalOT OObIYHOE TeUEHUEe 3TUX COOCTBEHHBIX
PUTMOB M CO3MAIOT JECUHXPOHU3AIIMIO C BHEIIIHUMHU YCIOBUSIMU WJIM afariTUBHYIO
CTpECC-PEaKLHIO.

B cymiHocTH, peakuusi 4eI0BEYECKOTO OpraHM3Ma Ha BO3MYILEHUSI B cpele
o0uTaHUs MpeIcTaBIsieT COO0M HapyIlIeHUs] B MeXaHU3MaxX peryjsiliui BHyTpeHHeu
CTPYKTYpPBI COTJIaCOBaHUSI PUTMOB BCeX YpOBHeN opraHuszMa. OCHOBHOM MUILIEHbIO
BO3IEHCTBUSI MPU 3TOM OKa3bIBAIOTCSl Cepille, CepAeYHO-COCYAUCTasi U HepBHas
CHUCTEMbI, CUCTeMa KPOBU: M3MEHSIETCS YacTOTa CEPACUHBIX COKpallleHUl, BO3HU-
KalT apUTMUM, TIPOMCXOIAT CKauyKW apTepuaJbHOTO JaBJIEHUS, YBEJIUYUBAETCS
BSI3KOCTb KPOBM, arperauysi 3puTpOLUTOB, HaOIOAaeTCsl 3aMedsieHhe KpPOBOTO-
Ka B KamunisipaXx. @akTUdecKH HaGIIONA0TCS peakIyds 10 TUITY amalTallMoOHHOTO
cTpecca M U3MEHEHUsI COCYIMCTOTO TOHYcCa, MO XapaKTepy CXOAHble C peakiuei
Ha MeTeoposioTuuyeckue naMmeHeHusi. MMeHHO nmosToMy Takue 3(deKThl ycuam-
BAlOTCSI B TOM CJlyyae, eC/ii OHM HaKJIalblBalOTCS HA U3BMEHEHUSI MeTeopoJiorhue-
CKoil 00cTaHOBKU. ['eoMarHuTHbie Oypu, HaNIprUMep, CKa3bIBAlOTCS Ha BbIpabOTKeE
OpraHM3MOM TOpMOHA MeJaTOHWHA — PeryJsiTopa CyTOYHbIX PUTMOB CHa U 6onp-
CTBOBaHMSI.

MHeHue o 3aBUCHMMOCTU CaMOYYBCTBHSI OT T€OMAarHUTHBIX Oypb yXe TBEPIO
YCTOSIJIOCh B OOIIECTBEHHOM co3HaHMU. CeroiHsi OHO TOATBEPXKIAETCS U CTaTU-
CTUYECKUMU, U KIMHUYECKUMU UCCIeA0BaHUSIMU. YCTAaHOBJIEHO, YTO YUCIO 000-
CTpPEHUI CepleYHO-COCYAUCThIX 3a00JIeBaHUI BO3pacTaeT Mocjie MarHUTHOM Oypu.
B nocnenHue Tpuauath JieT 3HaHWE O BIMSIHUM KOCMUYECKOM MOroJbl Ha COCTOSI-
HUE 310pOBbsI UeJ0BeKa MOJTYYUIO CyIlIeCTBEHHOE pa3BuTre. OHO ONUPAIOCh B TOM
YyyCcJie Ha MCCJIeIOBaHMsI, BBITIOJHEHHBIE B KOCMOCE C MOMOUIbIO MUIOTUPYEMBbIX
OpOUTANILHBIX CTAHLIMIA W aBTOMAaTUYECKUX KOCMMUUYECKUX arraparoB, a Takxke Ha
HazeMHble HAOJIOACHMSI U BKCIEPUMEHTBI, UMUTUPYIOLIME MHOTO(aKTOPHbIE yC-
JIOBUSI B KOCMMYECKOM MPOCTPAHCTBE.
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MPEANCIIOBUE

DTa MEeXIUCLUIUIMHAPHAS 00J1acTh 3HAHUS, HECOMHEHHO, HYXIAeTCSI B LU~
POKOM OOMEHE MHEHMSIMU MEXIY CIEeUaIUCTaMU Pa3HOro Mpoduist U ompene-
JICHUM OCHOBHBIX HAIIpaBJIEHWI JaJlbHENIINUX MccieaoBaHuii. HacKOMbKO XU3Hb
Ha 3emJjie U 310poBbe desioBeka 3aBUCAT OT ConHua? YTo ImpoucXoguT ¢ Kiuma-
TOM IUTAHETHI M KaK Ha HETO BIIUSIET KOcMOC? MOXHO JIM TIpeayragaTh KaTacTpodbl
U MOTOAHBIE KaTaKIu3Mbl? Ha 3T 1 MHOTME Apyrre BOMPOCHl MOXHO OyIeT MoJy-
YUTh OTBET B COOpHUKE TPya0B MexXayHapoaHO! KoHdepeHLnn «BiusHue KocMu-
YeCKOM MOroJbl Ha YeJIoBeKa B KOCMOCE U Ha 3eMiIe».



Tom 1

Yactb 1

KOCMWYECKASA MOTOJIA W EE POJTb
B ®OPMUWPOBAHWW CBOVCTB
NIOKAJIbHOW OKPYKAIOLLIE CPE/bI






CONMHEYHBIE NCTOYHUKWN KOCMWUYECKOW NOroAbl
B. /. Ky3Heyos

WHCTUTYT 3eMHOro MarHeTn3ma, MoHocdepbl 1 pacnpocTpaHeHNA PaANOBOJH
um. H.B. NMywkoBa Poccunckon akagemum Hayk (M3MWUPAH), Tpouuk, MockBa, Poccus,
e-mail: kvd@izmiran.ru

[aércst 0630p OCHOBHBIX SIBJICHUI COJTHEUHOM aKTUBHOCTH, KOTOPhIE OTBETCTBEHHBI 32 BO3-
MYILIEHHUST OKOJIO3EMHOTO KOCMUYECKOTO TPOCTPaHCTBA U (HOPMUPOBAHUE KOCMHUYECKOI
noroabl. Takue criopaguyeckue siBJIeHUsT COJTHEYHON aKTMBHOCTHM KaK BCIBIIIKK W BHIOPO-
Chl MaccChl, BHICOKOCKOPOCTHbIE IMMOTOKU COJTHEYHOTO BETpa M yAapHble BOJIHBI BO3NEHCTRY-
IOT Ha OKOJIO3eMHOE KOCMMYECKOE MPOCTPAHCTBO, BhI3bIBasi FTEOMarHUTHbIE Oypy U COTYT-
cTBytomre 3 @EKThI, U3MEHEHUST B COCTOSTHUM MOHOCHEPHI U BEPXHUX CIOEB aTMOChEpHI,
a TaKKe UBMEHEeHUS B cpefie OOMTaHUs YeJoBeKa.

ITpuBoauTCS onucaHue HauboJee XapaKTepHbIX (HaKTOPOB KOCMMUYECKOI MOTo/bl, 00-
YCJIOBJIEHHBIX COJTHEYHOW aKTUBHOCTBIO, M UX BO3NEUCTBUI Ha pa3uvHbIe cephl YeaoBe-
YeCKOM NesATeTbHOCTH.

B acriekte mporao3za KOCMUYECKOI TTOrOAbl U €€ BO3ACHCTBUI Ha 3eMITIO delaeTcs akK-
LIEHT Ha HepelEHHbIE MPOOJIeMbl, CBSI3AHHbIE C U3YYEHUEM MEXaHM3Ma COJTHEYHOIO LMKJIa
KaK OCHOBHOTO MOAYJISITOPA OOILEro YPOBHSI BO3MYIIEHHOCTH OKOJIO3EMHOTO KOCMUYECKO-
TO TIPOCTPAHCTBA 1 KaK OCHOBBI TSI pa3pabOTKKM METOIOB MPeNCcKa3aHUs aMIUTUTYIbI U ITH-
TEJIbHOCTU TIPENCTOSIIIMX IIMKJIOB, a TakXe Ha MpoOJeMbl MPOrHO3a HamboJjiee MOIIHBIX
MPOSIBJIEHUI COMTHEYHON aKTUBHOCTU — BCIIBILIEK U BHIOPOCOB, 001aJaI01I1MX HAUOObIIEH
re03(GHEeKTUBHOCTHIO.

BBEAEHWE

Yenosek U xu3Hb Ha 3emie He otaeauMbl oT Connua. Cerognsi camo CoJjiHIe
u cuctema ConHle — 3eMJis, B KOTOPOi BO3HMKJIA U TIPOAOJIKAETCS KU3Hb, HaX0-
JSTCSI B yCTOMYMBOM JUHAMMYECKOM COCTOSIHUU C XapaKTEPHBIM BPEMEHEM B MUJI-
nuapabl neTr. CojiHeUHass aKTMBHOCTbH BbI3bIBAe€T BO3MylleHUSI B cucteme CoJiH-
e —3emiIsl, B pe3yJbTaTe Yero OKOJIO3eMHOEe KOCMUYECKOE IMPOCTPAHCTBO (Mar-
HuTocdepa, MoHochepa, atMocdepa) U cpeja oOUTaHUS YesloBeKa HEINpPEepPbIBHO
U3MEHSIOTCS OTHOCUTEJIbHO HEKOTOPOTO PaBHOBECHOTO cOCTOsIHUS. MMHOTIa Takue
W3MEHEHUSI HOCSIT 9KCTpeMaJbHbIM XapaKTep, co3[aBasi OMacHOCTb ISl YeJoBeKa
U ero AeSITeIbHOCTHU.

«KocMmuyeckasa moroga» OINMUCHIBAeT cOCTosiHME cucTteMbl ConHile — 3emist
M UMEET JieJIo ¢ (pu3ndecKnuMHU yciioBusiMy Ha CoJTHIIE M B COJTHEYHOM BETpE, Mar-
HuTochepe, nmoHochepe U aTrMocdepe, KOTOpble MOTYT BIMSITHL Ha COCTOSIHUE
3I0POBbSI UeJIOBEKa, €T0 XXU3Hb U JAeATeJIbHOCTb Ha 3emiie U B KocMoce. CeromHst
HUCCIEeIOBaHUS KOCMUYECKON TMOroabl U e€ BIAMSHMSI Ha YeIOBeKa U pa3iuvyHble
cdephl YeJIoBeUeCKOoi NesITeIbHOCTU BOCTPeOOBaHbI BpeMEHEM, OHU BEAYTCS BECh-
Ma aKTUBHO, U Ha UX OCHOBE JENalOTCs MPOrHO3bl, HEOOXOAUMBbIE Ha MPAKTUKE —
B MEeIUIIMHE, KOCMOHABTUKE, SHEPreTUKE U APYruX chepax aeaTeIbHOCTH.

COJTHEYHbBIE UCTOYHUKM KOCMUYECKOW NOTOAbI
W/ EE BO3LENCTBYIOLLUNE GAKTOPSI

OCHOBHBIE UICTOYHUKHA KOCMUYECKOM TOTOHI CBsI3aHBI ¢ CONHIIEM U er0 aKTUBHO-
ctbio (puc. 1). Umerotcs moapoOHbie U3I0KEHUSI COBPEMEHHOTO TTOHUMAaHUS KITIO-
YeBBIX acleKTOB KocMuueckoil rmoroanl [Kysnenos, 2012; Bothmer, Daglis, 2007;
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Severe Space..., 2009; Solar dynamics..., 2007], KoTopble HEMTPEPHIBHO YTOUHSIIOTCS
TT0 pe3yJIbTaTaM KOCMUYECKHUX U Ha3eMHBIX NCCIIeIOBAHMIA.

BoszneiicTByIOIMMI areHTaMU COJTHEYHOM aKTUBHOCTH, M, COOTBETCTBEHHO,
MCTOYHUKAMHA KOCMHYECKOW TOTONBI SIBJISIOTCS 3JEKTPOMArHUTHOE W3JTydeHHUE
ConHIla, SHepTUYHBIC YaCTUIIBI M TTOTOKH COJTHEYHOH TIIa3Mbl ¢ MATHUTHBIM IT10-
Jem (tabi. 1). DTy Bo3melcTBYOIINE HAa 3eMJII0 areHThl UMEIOT pa3judYHbIe Bpe-
MEHHBIE ¥ aMIIUTYIHbIE XapaKTePUCTUKHU. PUCYHOK 2 MJUTIOCTpHpYeT MHOToOOpa-
3ue (U3NYECKUX SBJICHUI KOCMUUYECKOM MOTOIbI, KOTOPHIE POUCXOAST B Pa3HBIX
reocepax — MarHurocdepe, noHochepe u atMmochepe 3eMIn.

Kocmnaeckne J¥tin

Pewrrenoncroe

HLIVHEHHE

HAaCTHIE

Bribpoc koponagsHor
BemecTna

Puc. 1. ConmHeuHas aKkTUBHOCTb — OCHOBHOU UCTOYHUK KOCMUUYECKOM TTOTO/IbI
(amantupoBaHo u3 [Lanzerotti et al., 1999])

Puc. 2. MHoroo6pa3sue (pu3n4yecKux sIBICHUI KOCMUYECKOM IMOrobl B OKOJIO36MHOM
kocMuueckoM npoctpaHcTBe (J. Grabowsky/NASA/GSFC)
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B. /1. Ky3Heyos

(onHeyHble MCTOYHMKIN KOCMUYECKOIA MOrofbl

Tao6mua 1. CostHeYHblE ICTOYHUKN KOCMUYECKOI TTOTOIbI

BpemeHHble 1 aMILIUTYIHBIE
XapaKTePUCTHKA

HcToynuku

DJIEKTPOMATHUTHOE YacTunpl (KOPIYCKYIAPHOE U3TyYeHHE)
u3JydeHne
(T panmo- 10 ramma-) | PHEPIHYHbIE YACTHIIBI MOTOKH IIA3MBI
C MATHUTHBIM NOJIEM
CranmoHapHble CosHeuHbli criekTp | OTCyTCTBYIOT CoJiHeYHBbIii BeTep
(MemieHHO MeHstrommecst) | (portocdepa, Xpo- WJIA MaJIbl (MenneHHbI

Mocdepa, KopoHa)

U OBICTPBIN)

Criopaguyeckue AKTHBHBIE 00slacTv, | Benbiiku, ynapHble | BEIOpoCchl Macchl,

(OT CEeKyH/ 0 CYTOK) BCIIBIIIKY, TPAH3U- | BOJIHbI, MATHUTHOE | yIAPHBIC BOJTHBI
CHTHBIC SIBJICHUS nepecoenHeHe

DKcTpeMajibHble PeHtreHoBckue Boabiue BenblkY | BeIOpock Macchbl

(110 aMIUIUTY/IE) BCIIBIIIKU (TMpOTOHHBIE COObI-

tnst, GLE-coGbiTHst)

CTaLWIOHaprIe WNCTOUYHUKN KOCMMYECKOW Norogbl

Takue UCTOYHUKU MPEACTABIIIIOT COO0M MEIJIEHHO MEHSIIOIIMECS MIOTOKU COJTHEY-
HOTO M3JIy4eHUST M COJTHEYHOTO BeTpa, KOTOPhIe, C M3BECTHOM MOJIEH YCIOBHOCTH,
MOXKHO OTHECTH K crioKoitHoMy CoJTHILY.

CosiHe4yHoe SJIeKmpOMdeHUMHOe ussiy4yeHue

TTocTosiHHas cocTaBisiolniasi COJTHEYHOTO M3IYyYeHUS] — 3TO CHEKTP MOJHOTO W3-
nydyenust CoyiHIIa ¢ MAKCUMYMOM B oITMYeckoM nuanaszoHe (puc. 3). CojaHeyHoe
MU3JTy4eHHUe TTPOHU3BIBAET BCE 00OJOUKM 3eMJIU, TOXOAMT 10 TTOBEPXHOCTH, SIBJISISIChH
HWCTOYHUKOM caMoit XXn3HU. KOpOTKOBOIHOBAS 4acTh CIIEKTpPa MOLJIOIIAeTCS B pa3-
JIMYHBIX CJI0SIX aTMOcGhephl, B JITTMHHOBOJHOBOI YacCTH 3aMETHYIO POJib UTPAIOT MO-
JIOCHI TIOTJIOIIEHUST U3YICHUS PA3TUIHBIMUA MOJIEKYJIaMH, MEXIY KOTOPBIMM CY-
LIECTBYIOT Y3KHe Moyockl mporyckanus B MK -nuamnazone (puc. 4).

BuoTponHOCTh COTHEYHOTO U3MyuyeHUs (OMOTPOITHASI YacTh CIIEKTpa MoKa3aHa
MEXIy oNnTudeckKuM u YP-muarna3zoHoM) OIpenessieTcss He TOJIbKO M3MEHEHUSMU
€r0 MHTEHCUBHOCTH, €CJIM UMETh B BUAY U3MEHEHUS OCBEIIEHHOCTU NE€Hb — HOYb,
BJIMSIHME OOJIAaKOB U aib0elo, pa3Hbie IIMPOTHl Ha 3eMJle U T.[I., HO U U3MEHEHMUSI-
MM CIIEKTPAJIbHOTO COCTaBa M3TyYeHUsI, KOTOPHIN CBSI3aH C MU3BMEHEHUEM CBOMCTB
MPOITyCKaHUs aTMOcdepsl, HAIIpUMep, TIPU 00pa30BaHNK O30HOBBIX IBIP U APYTUX
aHOManuii aTMocdhepHOro cocraBa. MHTerpajbHOe M3IyYeHUE IO BCEMY CIEKTPY
00ecIeurBaeT MJIOTHOCTb NTOTOKA U3JIyYeHUS ¥ 3EMIIU («COJIHEYHAS MTOCTOSTHHAS»)
1367 BT/MZ. OO111as1 MOIITHOCTb COJIHEYHOI'O M3Jy4eHMSI, Madalollero Ha 3eMilio,
cocrapisier okono 1,73-10" Br, yto HamHOrO MPEBBIIIAET IHEPIeTUUECKYIO MOIII-
HOCTb BCEX APYrMX UCTOYHUKOB 3Hepruu oT CosHua. s cpaBHEHUs SHEPreTu-
YyecKash MOITHOCTb COJIHEUHOTO BETpa, MOTamampliero Ha 3eMio (IUCK paauyca
3emin), COCTaBIsIET BCETO OKOJIO 10" Br. HMHTerpanbHblil IIOTOK COJTHEYHOIO 13-
JydeHUs 0OYeHb HE3HAYMTEJIBHO MEHSIETCS C COTHETHBIM IIUKJIOM — oKoJo 0,1 %.

Ha 5Ty Bapuauuu BIUSIOT sipKue (hakeabl M TEMHBIE IISITHA Ha IOBEPXHOCTU
Connua [Lean et al., 2005]. ConocTaBieHue xona J0JIrOBPEMEHHBIX Bapyalliii BeIu-
YUHBI COJIHEYHOM TOCTOSTHHOM M YMcIa TISITEH MOKA3bIBAaeT, UYTO 32 BpeMs MOpsaKa
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Mecsinia CoJiHIle MCIyCKaeT OOJblle SHEPTUM He NMPU MUHUMAJIBHOM, a UMEHHO
MPpY MaKCUMAaJbHOM YHUCJIE MATEH, XOTS CaMU U3MEHEHUSI MHTErPaIbHOTO TTOTOKA
HUYTOXHBI. B peHTre HOBCKOI1 001aCTH CIIEKTPA IMTOTOK U3JTYYEHUsI CUJIbHO MEHSIET-
cs ¢ (pa3oii COTHEYHOro UKJIa — B COTHU pa3, OT MAaKCUMyMa K MUHUMYMY LIUKJIa
(puc. 5), 4TO CBSI3aHO C BapUALIUSIMU B LIMKJIE HATIPSDKEHHOCTU MATrHUTHOTO ITOJIST
U YMCJIa COJTHEUHBIX MSITEH, BIUSIOIINX HA HAarpeBHbIE MTPOLIECCHI B aKTUBHBIX 00-
JacTsIX conHeyHoil arMocdepe. Tak, B auanasoHe 2...30 A M3MeHeHMe cOCTaBIIO
okojio 100 B mepron Mexay MakcuMyMoM 1992 r. 1 MuHuMyMoM 1996 T.
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Puc. 4. INponyckaHue 371eKTPOMAarHUTHOTO M3JTyYeHUs] 3eMHOI atMocdepoil. 3amTpuxo-
BaHHBIC 00JTACTH TTOKA3bIBAIOT BHICOTY HaJl IOBEPXHOCTHIO 3eMIIM, TIe U3yIeHUE TTOTJIoIa-
etcst Ha 50 % ot ero niepBoHavyabHOM MHTeHCUBHOCTH [Nicolson, 1982; Stix, 2004]
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Puc. 5. Cnexrp nsnydyeHuss CoJiHIIa U €r0 YacTh B PEHTTEHOBCKOM JMarna3oHe (B MaKCUMY-

Me ¥ MUHUMYME COJTHEUYHOTO IIMKJIa) M OT COJTHEUYHOM BCIIBIIIKU. HempepbiBHBIC IUHUU —

pe3yabTaThl U3MEPEHUil, IITPUXOBble — pachpeneseHne dHePruu B CHEKTpe abCONIOTHO

yepHoro Tena ¢ Temmepatypoit 7'~ 6000 K (v ¢ 7= 104 u 105 K B 1IMHHOBOJIHOBOW YaCcTH

cnekrpa). st BosH mimmHHee 30 MKM MOPSIIKY BeTUYMH TTOTOKOB yKa3aHbl OTIEIbHO (0113
KpuBhIX) [Pusnka kocmoca, 1986].

CosnHeYHwbIl 8emep

HenpepsiBHO McTeKalole MOTOKW COJIHEYHOTO BETpa, KOTOPhIe OYeHb U3MEHUM-
BBl BO BPEMEHU, NMEIOT MEICHHYIO COCTABIISIIONIYIO 1 OBICTPYIO COCTaBJISIONIYIO,
CBSI3aHHYI0O C KOPOHAJbHBIMM JIBIpaMU M TIPUMOISIPHBIMU objactsmu CoJiHIa
C OTKPBITBIMU CUJIOBBIMHU JIUHUSIMU MArHWTHOTO TIOJISI, YXONSIIMMU B Teauocde-
py (puc. 6). DT cusaoBble TUHUU ¢ yaaneHueM oT CoJiHI[a HEPEIKO OMYyCKaIOTCs
IO HU3KUX TEeIMOLINPOT, KaHAJIU3UPYS TOTOKU BBICOKOCKOPOCTHOTO COJTHEY-
HOIO BEeTpa B IUIOCKOCTb SKJIMIITMKM, L€ OHM OOTEeKaroT MarHutocdepy 3emiin.
TunuyHble MapaMeTpbl COTHEYHOI'O BeTpa Ha opOuTe 3eMiIu IpUBEIeHBI B Ta0I. 2.
OHM UCTIBITBIBAIOT BapyUallMy B 3aBUCUMOCTH OT cuTyaluu Ha CoJHIlEe, 4TO OTpa-
JKaeTcsl Ha B3aMMOACCTBUM COTHEYHOTO BeTpa C MAarHUTOCHEPoii 3eMIN 1 CITY>KUT
WCTOYHUKOM T€OMarHUTHON BO3MYIIIEHHOCTH.

Cnopap,mquKVle VNCTOYHUNKN KOCMMUYECKOW Norogbl

Takue MCTOYHMKY CBSI3aHBI C AKTUBHBIMU SIBJICHUSIMH Ha COJTHIIE — BCITBIIITKAMU
U KopoHaJbHbIMU BbliOpocamu macchl (CMEs — Coronal Mass Ejections), koTo-
pBIe TTOPOKIAIOT TTOBBIIIEHHBIE TTOTOKH XECTKOTO 3JIEKTPOMAarHUTHOTO U3TyJYeHUS
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(ramMMa-, peHTIeHOBCKOIO M YJIbTPa(UOJEeTOBOTO AUAaIia3oHa), IIOTOKM SHEPrud-
HBIX YaCTHII, a TaKXKe MarHuTHEIe objaka (MexiuiaHeTHele CMES), ymapHbie BoJI-
HBI 1 BEICOKOCKOPOCTHBIE IIOTOKY TIa3MBbI B TeJinocdepe.

OCHOBHOII MPUYMHON aKTUBHEIX sBjeHUid Ha COJIHIIE SBJISIOTCS MAarHUTHBIC
TIOJISI, KOTOPhIE T€HEPUPYIOTCS B MOAGOTOCHEPHBIX CI0sX AU depeHIInaATbHBIM
BpallleHeM, YCWIMBAIOTCSI M BBIHOCSITCSI Ojlarogapst 3¢ (heKTy MarHUTHOM ILIaBy-
YeCTU Ha MOBEPXHOCTh, TN OHU IIPOSIBIISIIOTCS B BUAE COJHEYHBIX ITSITEH, aKTUB-
HBIX 00JIaCTel, B BUJIe MAarHUTHOM CETKA U MarHUTHOTO KOBPA U T. [I.

+90°
sz B00KMIC

Helios (Schwenn, 1990) ...
IPS (Kakinuma. 1977) ---
SWICS/Ulysses __

-1~ 600Kkm/c

“ [ 400kmic

.“""'-IQQKMIC

o |
Mepwuren.
395

Puc. 6. [TonsipHast nnarpaMMa COJIHEYHOTO BETpa — 3aBUCUMOCTb CKOPOCTH
cotHeuHoro BeTpa oT reauomnpoThl (NASA/JPL-Caltech)

Taomuma 2. OCHOBHBIE XapaKTEePUCTUKU COJTHEUHOTO BeTpa
Ha opouTte 3emnu [ Bothmer, Daglis, 2007]

ITapametp CouHeuHblii BeTEp
OBICTPbII MeLJIeHHbII

CKopocTh 450...800 km/c <450 km/c
KonuenTtpauus ~3em”? ~7..10cm~3
CocraB 95%H, 5% He,1i,e 94 % H, 4% He, i, e
Temmeparypa ~2:10° K ~4-10* K
MarunutHoe nose ~5HT ~4uT
DnykTyanumn AnbhBeHOBCKUE (MAaTHUTHEIE) [lnotHOCTH
Ipoucxoxnenve KoponanbHble TBIPBI Han xopoHabHBIMU CTpUMEpaMU
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Z[a>Ke B MMHUMYME€ COJIHCYHOI'O IIMKJIa BCA IMOBEPXHOCTDH COJ'[HL[a ITIOKpPbITa
MardiMTHbIM KOBPOM, a HEIIpE€Kpallaromasacsad KOHBCKIMAI, O6YCJ'IOBJ'ICHH3.H I10TO-
KaMu TCIJ1Ia U3 HEAP COJ'[HL[a OT TEPMOAACPHBIX pCaKHHﬁ, IIOCTOAHHO BO3MYIIACT
MAardimMTHOEC II0JIE Ha YPOBHC€ (bOTOC(bCpI)I, BbI3bIBas CIIOPaINYCCKYI0 aKTMBHOCTDb
ConHia — BCITbIIIIKMH, BI>I6pOCI)I MacCChbI 1 CBA3aHHBIC C HUMU ABJICHUS.

CnopaauquKoe SJIeKmpomdazHUMHoe usjiydyeHue ConHua
u e2o0 UCmo4YHuUKu

Bo BpeMs1 COTHEYHBIX BCHBILIEK 3apsiKeHHbIE YACTHUIIbI, YCKOPEHHBIE B IMpOLieC-
caX MarHUTHOTO TepeCcoeAHEeHMsI, TP BTOPXKECHUM B IJIOTHBIE CJIOM COJTHEYHOU
aTMoc(depbl TeHEepUPYIOT XECTKOE 3JIEKTPOMAarHUTHOE M3JIydeHUE — OT YJIbTpa-
(bmoyreToBOrO 10 PEHTIreHOBCKOIO ¥ raMMa-auara3oHa. PeHTreHoBcKoe U3JIydeHue
TeHepUpPYyeTCsl YCKOPEHHBIMU 3JIEKTPOHAMM, a raMMa-u3JiydeHHe — YCKOPEHHBI-
MU IIpOoTOHaAMM U noHaMu. Ha puc. 5 mokaszaH BKJaa, KOTOPBI JAIOT COJTHEUHbIE
BCOBIIIKYA B M3JTydeHUE Ha XapaKTePHBIX BpeMeHaX OT MUHYT OO HECKOJbKHUX Ya-
coB. ITOoTOKM KECTKOTro U3JIyYECHUST BCIIBIIIKN MOTYT B COTHU 1 THICSIYU pa3 IMPEBHI-
maTh u3IydeHue crokoiftHoro CojHIIa B OTHOEJBbHBIX CIEKTPaJbHBIX JHana3oHax,
YTO BBI3BIBACT 3aMETHOE TTOBBIIIICHE MOHU3ALIMU NOHOC(PEPHI 3eMIINU.

Cnopaduyeckoe KopnyckynapHoe ussyyeHue ConHya
U €20 UCMOYHUKU

BuICTphIi 1 MeIJIEHHBIN COJTHEYHBIN BeTep, UCTEKAIOIINIA U3 Pa3HbIX UICTOUHUKOB
Ha ConHiie (cM. TabJ1. 2), ONpeAesiioT CIIOpaAudYecKrii XapakTep B3auMOIEHCTBUS
COJTHEYHOTO BeTpa ¢ MarHuTocpepoit 3eMiin Tpu nepecedeHUU rpaHUll KOPOHaJb-
HBIX IBIP, KOTJa 3eMJIsl 0Ka3bIBAETCS B CEKTOPE MEXKITJIAHETHOTO MAaTHUTHOTO TTOJIST
C BBICOKOCKOPOCTHBIMY MTOTOKAMHU COJIHEYHOTO BeTpa (puc. 7). DTU Nepuoabl, Kak
MPaBUJIO, COMPOBOXIAIOTCS MOBBIIIEHUEM T€OMarHUTHON aKTUBHOCTU M MarHUT-
HBIMU OYypSIMU.

McrouyHrKaMy MOBBIIIEHHBIX T€OMAarHUTHBIX BO3MYILIEHUI SBISIOTCSI TaKXKe
kopotauuoHHblie obnactu (CIRs — Corotating Interaction Regions) B reanochepe
(puc. 8), koTopble 0O0Pa3yIOTCs, KOTAA OBICTPHIN COMHEYHBIM BeTep NOTOHSIET Mel-
JIeHHBII, ucTeKatomuit 3 CoyHLa 3anagHee MemyieHHoro. [Ipy 3ToM Bo3HUKaeT
cXaTre OBICTPOTO COJIHEYHOIO BeTpa BIIEpeAu MOTOKAa, BO3MOXHO ¢ 00pa3oBaHU-
€M yIapHOM BOJIHBI, a TAaK:Ke HEOOJIbIIOe OTKIIOHEHHE B OOpAaTHOM HallpaBJICHUM.
MarnutHoe nojie BHyTpu CIRs Bo3pacTaeT v mosiBsieTCsl BHESKJIUIITUUECKAST KOM-
MOHEHTa TIOJsI, YTO COMPOBOXIACTCS BO3MYIICHUSIMU
MEXIUIAaHeTHOTO MAarHUTHOTO TIOJIsI, TeHepaluell U pac- s
MpocTpaHeHUEM alib(BEHOBCKUX BOJH. I[Ipu B3ammo-
JEUCTBUM ¢ MarHUTOochepoil 3eMIr UMEIOIIe BBICOKYIO
ckopocTb U TNIOTHOCTH CIRS BBI3BIBAIOT MarHUTHBIE OypH,
JIJIUTEIbHOCTh KOTOPBIX, KaK IpaBWJIO, HE IPEBBILIACT
OIHU CYTKH.

Puc. 7. CexrtopHas CTpPyKTypa MEXIUIAHETHOIO MArHMTHOIO
IIOJISI ¢ BEICOKOCKOPOCTHBIMHU IIOTOKAMU COJIHEYHOTO BETpA, MC-
TeKaIOLIMMU U3 KOPOHAIBHOM IbIpbl Ha CoJTHIIE 3EMNA
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Paspewenne
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Puc. 8. KoporauimoHHble B3auMoIeCTBYIOIIME 00J1acTU B remochepe —
WCTOYHUKM ITOBBIIIEHHOI TeoOMarHUTHOM akTuBHOCTHU [ Bothmer, Daglis, 2007]

[IpenmoroXnuTeIbHO, ICTOYHUKH COJTHEYHOTO BeTpa Ha CoJIHIIe — 3TO rpaHu-
IIBI U Y3JIBI XpOMOC(EPHOI CETKH, TAe BO BCTPEYHBIX IUIA3MEHHBIX MOTOKAX KOH-
BEKTHUBHBIX STY€E€K MTPOMCXOIUT MAarHUTHOE TepecOeTIMHEHNE HeTIPEPHIBHO BCITIBI-
BaIOIIMX MaJIeHPKUX MarHUTHBIX apoK, M HarpeTasd IDia3Ma BEITyBaeTCs BBepX
110 MAaTHUTHBIM Tpy6aM — OTKPBHITHIM CUJIOBBIM JIMHUSIM, ¥ €IIE BBIIIE OHA HAXOIHUT
BBIXOJI B KOPOHY B 00JIACTSIX Hall KOPOHATBHBIMU CTPHMEPAMMU.

OcHoOBHBIE Te02(hGeKTUBHBIC TTapaMeTPhl COTHEYHOTO BETpa, OT KOTOPHIX 3a-
BUCUT XapaKTep W aMIUINTYIa €r0 B3aMMOAEHCTBUsI ¢ MarHUTOChepoit 3eMim, —
3TO CKOPOCTh COJTHEYHOTO BETpa, €ro IUIOTHOCTh M HAaIlpaBJieHHMe MarHHUTHOTO
mojst (ceBep —I0T), TMPUIEM CKOPOCTh COJTHEYHOTO BeTpa — OOWH M3 Hauboiee
reo3hGEKTUBHBIX TTapaMeTpoB. YeM BBIIe CKOPOCTh, TEM CHIIbHEE BMOPOKEHHOE
BJIEKTPUYECKOE TTI0JIe, BIMSIONIee Ha XapaKTep B3aMMOACHCTBUS COJTHEYHOTO Be-
Tpa ¢ MarHutocdepoii 3emiau. Ecim MarHUTHOE 1ojie B TUTa3MEHHOM 00J1aKe WIN
COJIHEYHOM BeTpe HaIIpaBJieHO Ha 10T, TO MX B3aUMOIEHCTBHE ¢ MarHUTOC(hepoit
COIIPOBOXIAECTCS MAarHUTHBIM TIepeCcOeTIMHEHNEeM Ha THEBHOM CTOpPOoHE M 3(deKT
3TOTO B3aMMOIECHCTBUS Hambojiee CWIIBHBINI — BHYTPh MarHuTocepbl Hambojee
3¢ deKTUBHO TTPOHUKAET TIa3Ma COJTHETHOTO BETpa, YCHUIMBasg MarHUTOCGhEpHBIE
TOKOBBIC CUCTEMBI U (PIIYKTYalIT MAaTHUTHOTO TIOJIS.

Camble MOIITHBIE TIPOSIBJIEHUST COJTHEYHON aKTUBHOCTH — KOPOHAJIbHBIC BBI-
opocel maccel (CMEs — Coronal Mass Ejections) [Ky3snemos, 2008], mambo-
nee reoagdexruBHble sIBAeHUS B cucteme Comnie—3emirs. PacrpocTtpaHsisich
ot ConHIIa, OHM TIEPEXOIAT B MEXIUIAaHETHBbIE MAarHUTHBIC TIa3MEHHBIC OOJlaKa
(ICMEs — Interplanetary CMEs), Briepeau KoTopbix (popMupyercs ynapHas BOJI-
Ha. CKOpOCTh TaKMX 00JIAKOB M YAapHBIX BOJH MoxeT mocturath 2000 xm/c 1 60-
nee. UX CTONIKHOBeHUE ¢ MarHUTOCGepoil 3eMJId IPUBOIUT K MAaTHUTHBIM OypsIM
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¥ MHOTOYMCJICHHBIM COMYTCTBYIOIINM SIBICHUSIM — BBICBITIAHUIO SHEPTUIHBIX Ya-
CTUII U3 paAvallOHHBIX TOSICOB 3eMJM B aTMochepy, TeHepalli TOBBIIIEHHBIX
TOKOBBIX CHCTEeM (3JIEKTPOIKET M KOJbIIEBOM TOK) M MAarHUTHBIX BO3MYIIECHHIH,
HMOHOC(EPHBIM BO3MYIIIEHHUSIM U T.1I. [ €OMarHNTHBIE BO3MYIIECHUS CBSI3aHBI C IBY-
MSI OCHOBHBIMM 3(pdeKkTaMu — cxXaTueM MarHuTocdepsl (oIpeaesieTcss HallopoM
COJTHEYHOTO BETPa) M KOJIBLIEBEIM TOKOM (OTIpeeisieTCss B OCHOBHOM BMOPOXKEHHBIM
aieKTpuuecKuM nojieM cE=—vxB conHeuHoro BeTpa). OTu 3(h(PeKThl CUITBLHO 3aBU-
CAT OT CKOPOCTH COJTHEYHOTO BETPa M OTHOCUTEJIbHO CJ1a00 OT MJIOTHOCTU. B nepBbie
HECKOJIbKO CEKYHI MarHUTHOM OypH, B COOTBETCTBUU C 3aKOHOM 3JIEKTPOMAaTHUT-
HOM WHOYKIIWY, BO3HUKAET TJI00ATbHOE BUXPEBOE JIEKTPUYECKOE IToJIe, KOTOPOe
npoHusbiBaeT Bc€ OKII u camy 3emutto. BeanunHa storo mosst okoso 2...3 B/kwm.
OHO TIPUBOIUT K TeHEepalli TeOMarHUTHO-MHIYIIMPOBAHHBIX TOKOB B MIPHPOTHBIX
W TEXHUYECKHUX ITPOBOISIINX CUCTEMAX, CO3IaBast IOMEXH 1 aBapUifHbIe CUTYAIINH,
10 TIpUMepY ToM, KoTopas npousonnia 13—14 mapra 1989 r. B npoBunumn Ksebek
(Kanama) [Larose, 1989]. B mepuonbl MarHMUTHBIX Oypb MPOUCXOAWUT YCUJIEHUE
(mpuMepHoO Ha 15 %) 371eKTpOMarHUTHBIX KOJIeOaHWIA B 00JIACTH IITYMaHOBCKUX pe-
30HAHCOB 1...10 I'11, 9acTOTBI KOTOPKIX 00JIaJaI0T OMOTPOITHOCTBIO U OJIM3KM K Xa-
pPaKTepHbIM YacToTaMu paboThl Mo3ra u cepaua [[TtunbiHa u ap., 1998].

Ecam B 0GBIYHOM COCTOSTHMY TpaHMIIa MarHUTOC(Ephl Ha €€ THEBHOM CTOPOHE
HaXoauTcs Ha paccTosTHUM 10 3eMHBIX paguycoB OT 3eMJIM, TO B IepUOABI IOIMAa-
JaHWS Ha 3eMJTI0 CaMbIX MOITHBIX MATHUTHBIX TIa3MEHHBIX 00J1aKOB 3Ta IpaHUIIA
MOXKET TTOIKUMAThCS 10 5 3eMHBIX paJMyCoOB, JIUIIasi MATHUTHOTO TINUTA BCIO TEO-
CTaIlMOHAPHYIO OpOUTY, Ha KOTOPOU pacIioyiaraloTcsi MHOTOYNCICHHBIE CITYyTHUKU
CBSI3M, TeJIeBelIaHus U T. 1. [Ipy 3TOM CHJIbHBIMM T€OMAaTHUTHBIMU BO3MYIIICHUS -
MM OXBaTHIBAIOTCS OoJiee HU3KUE IMHPOTHI.

Ha pa3sHbIx ¢azax COTHEYHOTO UKIIA MAaKCHUMAaJIbHBIN BKJIall B TeOMarHUTHYIO
aKTMBHOCTH JTalOT pa3HbIC COJIHEYHbIE areHThI (puc. 9). B Makcumyme coiiHeYHO-
TO IIMKJIAa YUCJIO CaMBIX CWJIBHBIX MarHUTHBIX OYpb BO3pacTaeT MPUMEpPHO B TPU
paza 1o CpaBHEHHIO ¢ MUHUMYMOM WM OHH BBI3BIBAIOTCSI B OCHOBHOM MEXIUTaHET-
HeiMu CMEs. B makcumyme niukia CMEs naioT B 0CHOBHOM BKJall B BOBHMKHO-
BEHUE He TOJIBKO OOJIBIINX, HO M BCEX OCTAJIbHBIX OYph, MAJIbIX M CpeaHUX. Jpyrre
MaKCHMYMEBI B TIOSIBJICHUM MAarHUTHBIX Oypb CBSI3aHBI ¢ KOPOHAJIBHBIMU IBIpaMU
(Coronal Holes — CH), HO oHU HeMHOro HMXe (cM. puc. 9). B Munumyme umkia
MaJible ¥ cpeIHre OypH B OOJIBINEH CTETIEHHN TTOPOXKIAIOTCS MTOTOKAMH COJTHEYHOTO
BeTpa.

AxtuBHBIe oOjactT Ha CojHIE M €ro BpallleHWE OIPEIC/ISIOT CEKTOPHYIO
CTPYKTYPY MEXILUIaHETHOro MarHuTHoOro mnojst (MMIT) — cnupanbHyto U rodpu-
poBaHHYIO («t000uKa OajepuHbl»). [Ipu cBoéM mBrkeHun BoKpyr CojiHIIa 3eMils,
rnepecekast 3Ty CTPYKTYpY, OKa3bIBaeTCsI B CEKTOpax ¢ pa3Hoil moisipHocThio MMIT,
YTO CONPOBOXIAETCS M3MEHEHWEM B3aMMOICCTBUSA COJTHEYHOTO BeTpa, B KOTO-
pbiii BMopoxxeHo MMII, ¢ marnutocdepoit 3emnu. Ha aTy KapTUHY HakaabiBa-
JOTCSI T€ BO3MYIIIEHHS, KOTOPhIE BO3HUKAIOT B COJTHEYHOM BETpe OT BBIOPOCOB Mac-
CHI, YIAPHBIX BOJTH, KOPOHAIBHBIX JABIP M T. 1.

BDddexr Buikokca — uaMeHeHMe 3aBUXPEHHOCTUM M OOpa3oBaHUE BHETPO-
MUYECKUX LIMKJIOHOB B aTMocdepe 3emuu npu uaMeHeHuu 3Haka MMIT y 3emnu
[Wilcox et al., 1974] — moay4yn1 noaTBepKACHUE M0 TaHHBIM HaOJI0IeHUI B pabo-
te [Prikry et al., 2009]. EcTtecTBeHHO, MpU 3TOM MEHSIETCSI KapTUHA aTMOC(HEPHBIX
MpolLIeccoB (IaBjieHue, BETep U T.[.) — OJAWH U3 IoKazaTesieil cpeibl OOMTaHUs ye-
JloBeKa (xapakTepHble BpeMeHa OT MeHee HeJe U 10 HECKOJIbKUX HEelleb).
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Puc. 9. Bapuanuy reoMarHuTHO BO3MYILIEHHBIX qHei (Ap > 40) colHeuyHbIM HUKIOM. be-

JIBIM 1IBETOM TTOKa3aHO YMCJIO COJHEYHBIX MATeH. [ToKa3aHbl HECKOIBKO BPEMEHHBIX MH-

TEPBAJIOB, /I KOTOPBIX OBUIM OIpeneeHbl COJHeYHble MCTOYHUKU (amanTUPOBaHO U3
J. Allen. http://www.ngdc.noaa.gov/GEOMAG /image/APStar 2000sm.gif)

3Hepeuqu/e qyacmuuybl

CoJiHeuYHble BCIBIIIKY U yIapHbIe BOJIHBI B KOPOHE U reJinocepe MopoxKaaroT Bbl-
COKOBHEPTUYHBIE YAaCTUIIbI, KOTOPbIE, PaCIpPOCTPaHSISICh B KOPOHE U reauocdepe,
rnomnagalT BHYTpb MarHuTocdepsl 3eMiiv, (opMUDPYsT paauallMOHHYI0 OOCTaHOB-
Ky B OKOJIO3EMHOM KOCMHYECKOM MPOCTPAHCTBE U CO3[aBasi OMACHOCTb IIJIsI KOC-
MOHABTOB U CITyTHUKOB. Eciu uziydeHue mpuxoauT Ha 3emiIto yepe3 8 MUH, TO
YacTULbl — MPUMEPHO uepe3 yac u 0ojiee. DHeprusi 3JeKTPOHOB JOCTUTAET GoJiee
100 MsB, npotoHoB — a0 10 I'3B. CrnekTpbl yacTull, KaK MpaBujIo, CTeIEHHbIE
(puc. 10).

YcpenHEHHBIE TOJ0BbIE MMOTOKU 3JIEKTPOHOB BO BHEIIHEM paavallMOHHOM I10-
sice MEHSIIOTCs ¢ (pa30il coHeyHoro 1ukia (puc. 11), 1 Takasg KapTUHA ¢ HEKOTO-
PBIMU U3MEHEHUSIMU TIOBTOPSIETCS OT LIMKJIa K Hukity [ Bothmer, Daglis, 2007].

BHyTpeHHUIT pamvalMOHHBIA WM TPOTOHHBIN MOsiC, 00pa30BaHHbLIN Aeii-
cTBUEeM TamakTndeckux kocmuueckux jryaeir (I'KJI) (pacnag HeiiTpoHOB), BO Bpe-
MS$I MarHUTHBIX BO3MYILIEHUI SIBJISIETCSI UICTOUHUKOM BBICBHITIAIOIIUXCSI SHEPTUUYHBIX
MPOTOHOB, U €r0 COCTOSIHUE 3aBUCUT OT COJIHEUHON aKTUBHOCTH, TaK Kak (popMu-
pytoue ero notoku I'KJI moHm:kawTCsl B MAKCMMYME COJTHEYHOTO 1IUKJIa U MOBbI-
marmTcsa B MUHUMYMe (3¢ dekT skpaHupoBku ['KJI mexmiaaHeTHbIM MarHUTHBIM
MOJIEM U COJIHEYHBIM BeTpoM, puc. 12). JIpyroit apdekT cBsizaH ¢ nmorepeii mpoTo-
HOB IToSiIca B MAaKCMMYMe LIMKJIa M3-3a pa30yxaHus atMocdepbl 3emMin, 00yCIOB-
JICHHOTO TIOBBIIIEHHBIMUA TIOTOKAMU COJIHEYHOTO PEHTIE€HOBCKOIO W3IYyYEHMSI.
B o6nactu bpa3uiibcKoil MarHUTHOM aHOMaJMM MUHUMAaJbHAasl BbICOTA BHYTPEH-
HEro paaralOHHOrO rnosica ormyckaercst 10 250 K.
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Puc. 11. YcpenHeHHBIE TOIOBbIE TTOTOKU 3JIEKTPOHOB (£ > 1,4 M3B) Bo BHellIHeM paavalu-
OHHOM mnosice. BepxHss mkana — cooTBeTcTBHE TogaM 23-ro unkia [ Bothmer, Daglis, 2007]

Bo Bpemst BchblllieK MOTOKM MPOTOHOB M PEHTTEHOBCKOTO W3JIYYEHMSI BO3-
pacTaroT Ha HECKOJIbKO nopsiakoB BeanurH (B 280...2000 pa3), 4To BbI3BIBAET 10-
MOJIHUTEbHYI0O MOHM3AlLUI0 MOHOCGhEpHl, BIUIOTh 10 HMU3KMX BbICOT. Bo Bpems
MPOTOHHBIX coObITUIT Ha CojHue npoTtoHbl (£>100 M3B) npoHuKaloT B MOHOC-
(epy u MoryT BbI3BaTb MOHU3ALIMIO, OOJIbIIYIO, YEM BJIEKTPOHHBI (T.e€. Oojiee yeMm
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B 10 pa3). MoHochepHbIe 3¢ heKThl KOCMUYECKOM ITOroIbl CBI3aHbI C U3MEHEHUEM
WOHU3AIIMA U TIPOBOANMOCTH MOHOC(HEPHOM IIa3Mbl, BOSHUKHOBEHUEM TOKOBBIX
CUCTEM, U, KaK ClAeACTBUE, TUCCUNALMell 3TUX TOKOB, HAarpeBoM aTMocdepbl, YTO
MPUBOAUT K pa3dyxaHUIO aTMOC(epbl U aHOMaJIbHOMY TOPMOXEHUI0 HU3KOOPOU-
TaJbHBIX cMyTHUKOB 1 MKC. DT noHocpepHble TOKM MPUBOAAT TAKXKE K BO3MY-
IIEHUSIM TeOMarHUTHOTO TTOJIS.
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Puc. 12. Koppensiys TOBBIIIEHHBIX TTOTOKOB IFaATAKTHYECKUX KOCMUYIECKUX JTydeil ¢ MUHHU-
MyMaMU COJTHEUHOM akTUBHOCTHU ¢ 1958 1. (http://www.climatedyou.com/Sun.htm16)
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Puc. 13. CooTBeTcTBHE MEXIY ITOTOKOM TaJIaKTUIECKIX KOCMUYECKIX JIydeit
U cojiHeuHOoM akTuBHOCTHIO (1400...2000)
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DHepruYHbBIe MPOTOHBI OT MOIIHBIX COJTHEYHBIX BCIIBIIIEK, ITOMaaasl B aTMO-
chepy 3eMau B 00JaCTU MOJIOCOB, MHULIMUPYIOT XUMUUYECKKE peakiluu, KOTOpble
MPUBOIAT K pa3pylIeHWI0 030Ha — SKM3HEHHO BaXXHOTO CJIOS, 3allUIIAIONIETO
3eMJTI0 OT TYOMTENIBHOTO yiIbTpaduosieTa, B pe3ysbTaTe B cpeaHeil Me3ocdepe Ha
BBICOTaX 55 KM paspyiaercs 10 70 % o3oHa. JTUTEIbHOCTD TIEPUOIOB BOCCTAHOB-
JIEHWST 030HOBOTO CJIOST COCTaBJIIeT OT HECKOJBKUX Helellb Mo Mecsia [Jackman
et al., 2001].

I'e0a(hHeKTUBHOCTL COJTHEYHBIX MCTOYHUKOB KOCMHYECKON TIOTOABI M e
BO3IEUCTBYIOIINX areéHTOB OIIpelIessieTcs psiaoM (haKTOpOB — TIIOJIOXKEHHEM Ha
ConHile, opHeHTalleld MarHUTHOTO TWTIONST 3eMJud M T.O. M3BecTHO, 4TO Hau-
6ombleit reo3¢hHEKTUBHOCTHIO, B CMBICIIe MaKcUManbHOTO BosneiictBus Ha OKII,
00J1a1afoT COOBITHS Ha 3aIlagHoM, yxonsamei 3a quMm0 yactu CollHIIA, YTO CBSI3a-
HO CO CITMPAJIBHOM CTPYKTYPOIi TeIMochepHOr0 MarHUTHOTO TOJIsI, KOTOPOE, B M3-
BECTHO Mepe, ABISeTCS KaHaIn3aTopoM Uaynx oT CoJiHIIa BO3MYIIEHU — T10-
TOKOB SHEPTUIHBIX YACTHUII U TUTa3MEI.

OnuH 3 (HaKTOPOB KOCMHUYECKON TTOTOABI — 3TO TaKKe OOIee COCTOSTHHE
remocdepsl, ompenessieMoe KaK COJTHEYHON aKTUBHOCTBIO, TaK W TON MeX3-
BE3MHON cpenoii, B KoTopoi maBukeTcs CojHeYHas crcTeMa, — IIOTHBIE pyKa-
Ba ajakTviku, y3sIpy — pa3pekeHHbIe 06jacTi u T. 1. ['enmmocdepa orpanmyeHa
reavonay3oii (okojo 100 a.e. ot CoyHIIa), 10 00€ CTOPOHBI OT KOTOPOI pacIioa-
raloTcs yIapHbIe BOJHBI, TacAIINe BCTPEUHBIE CBEPX3BYKOBBIC ITOTOKH COJTHEYHO-
ro BeTpa U MexX3BE3nHOM cpeabl. COTHEUHBIN BEeTep, 3aMOIHSIIOIINI remocdepy,
W HanpsKEHHOCTh OOIIEro MarHWTHOTO ToJist CoJTHIIA MOMYJIUPYIOTCS COJTHEY-
HBIM IIUKJIOM, YTO B MTOT€ MPUBOANT K MOIYJISIIMM ITOTOKA TAIAKTUIECKUX KOC-
muyeckux Jgydeid (I'KJI), mpoHukaromumx B reJrocdepy 1 rnomnaaaroumx Ha 3emiio.
lanakTyecke KOCMUYECKHE JTY9YM — BaKHBIM MCTOYHUK KOCMHUYECKOW ITOTOMIBI,
MTOCKOJIBKY OHM (DOPMUPYIOT BHYTPEHHUI paguallMOHHBIN MMOosIC 3eMIIM, a TakkKe,
romnagas B atMocdepy 3eMin Yepe3 00pa3oBaHMe BTOPMYHBIX YaCTHII, BIUSIOT Ha
obpaszoBaHue obsakoB n kiumMaT 3emun. [Torok I'KJI u comHeyHass aKTUBHOCTH
AHTUKOPPEIVPYIOT — YeM BHIIIe YPOBEHb COJHEYHOW aKTHMBHOCTH, TEM MEHBIIE
notok I'KJI, u Hao6opoT (cM. puc. 12; puc. 13). IIpu BHICOKOI COJTHEYHOI aKTHUB-
Hoctu notok I'KJI maz, ob61akoB Majo, anpdeno 3eMad Majao M COJTHEYHOE M3IIy-
yeHMe HarpeBaeT atMochepy u 3emimto. [Ipy HU3KOM COTHEYHON aKTMBHOCTU BCE
Hao0OpOT.

PaccMoTpeHHBIE BBINIIE OCHOBHEIE COJTHEUHBIC MCTOYHUKHM KOCMMYECKOM IT0-
TOIBI MOIYIUPYIOTCSA 11-IETHUM COJTHEYHBIM LMKIOM — MaKCUMAaJbHBIE YHCIIO
W WHTEHCHUBHOCTHb Teo3(hGeKTUBHBIX sABIeHUN Ha COJHIIE TPOMCXOIUT BOIU3U
MaKCHMyMa COJTHEYHOTO IIMKJIa, COOTBETCTBYIOIIMM OOpa3oM MEHSIETCI U KOC-
mudaeckas moroga B OKIT — 4mcio MarHUTHBIX Oypb, pagualioHHass 0OCTaHOB-
Ka u T.n. HekoTopble KOJIMYEeCTBEHHBIC MOKa3aTed TaKOW MOMYISIIIUM TIPH-
BeleHB! BbIIe. 3a 11-J1eTHWI UK aKTUBHOCTA Ha CONHIIE TPOMCXOTUT OKO-
o 37 000 Bcmbiliek; B MakCMMyMe LiMKia — 12...24 BCOBIIKKA B JIeHb, U OT 5
10 10 BEIOpOCOB B IeHB. 3eMIIST 32 3TO BpeMs MCIBIThIBaeT 6ojiee 600 MarHUTHBIX
Oypb. M3ydeHne MexaHM3Ma COTHEYHOTO IIMKJIA IO CUX TTOP OCTAaETCS OMHOM U3 aK-
TyaJbHBIM TPOOJIEM CONTHEUHOM M COJTHEYHO-3eMHOM (hM3mKu. MBI He 3HaeM, T0-
yeMy OT IIMKJIA K LINKITY MEHSIETCS aMIUTUTYIA U JUINTEIbHOCTD IINKJIa, MBI HE yMe-
€M Ham€XHO TIPeICKa3bIBaTh OCOOCHHOCTH TIPEACTOSAIINX IIUKIIOB. JJIsT moydeHUst
WHOPMAIMM O TIPEACTOSIIINX COJTHEYHBIX IIMKIIAX WCIIOIB3YIOTCS HAOIIOICHMS
30HAJILHBIX TEUCHU Ha TToBepxHOCTH COJIHIIA, Ha OCHOBE KOTOPHIX B TTOCIIEIHEE
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BpeMsI yIaJIOCh CIIENIaTh YIauHbIe IIPOTHO3bI OTHOCUTENIBHO 24-TO COJTHEYHOTO ITUK-
na [Altrock, 2010].

ITomumo 11-7meTHEro LIMKJIA COJHEYHBIX MSTEH M3BECTHHI W JIpyrue, Oojee
JJIMHHOIIEPUOAHBIE COJHEYHbIE LMKILI (22—23-7eTHUI LUK WU3MEHEHMSI Mar-
HutHOU noasipHocty ComHna, 80—90-meTHuit (BEKOBOI) MK aMIUIMTYIHOM MO-
pynsguun 11-netHux nukioB, 180—230-mernuit umkn, 2300—2400-1eTHU LK),
KOTOpBIE HEOOXOAMMO MMETh B BUIY B IUIAHE NOJTOCPOYHOIO IPOTHO3a CUTyallun
B cucreme CoHile — 3ems.

3Kcmpemaanble cobbimus kocmuyeckol No2o0b!

HMHorna B cucreme CoJHile — 3eMiIsl CIydaroTcsl SKCTpeMallbHble SIBIIGHUsI, KOraa
npowusoleare Ha CoHIIe BCIBIIIKY U BBIOPOCH MacChl OKa3bIBaIOT OU€Hb CUJIb-
Hoe Bo3neiictBue Ha OKII u cpeny odbutanus yeiaoBeka. K TakuM COOBITUSIM OT-
HocsiT KappuHrTroHoBckoe coobiTre 1859 r., codbiTe 1921 T., coObITHE aBrycra
1972 r., KBebekckoe coobiTue 13—14 mapra 1989 T., COOBITUSI OKTSIOPSI — HOSIOpSI
2003 1. DT COOBITUSA TPOAEMOHCTPUPOBAIM YSI3BUMOCTb Cpelbl OOMTAHUS YeJIO-
BeKa M €ro JAesITeJIbHOCTU 10 OTHOIIEHUIO K TIPOSIBICHUSIM KOCMUYECKOMN MOTOIbI
1 HEOOXOIMMOCTh 0oJiee NEeTaTbHOTO € U3YYeHUS U yuéTa BO3AEUCTBYIOIINX (haK-
TOPOB Ha YeJI0OBeKa U TIPU SKCILIyaTallud U TIPOSKTUPOBAHNUM TEXHUYECKUX CUCTEM
Ha 3eMJie U B KOCMOCE.
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Puc. 14. AHoManbHBIE IEPUOIBI COJTHEYHOM aKTUBHOCTH U MX CBSI3b
¢ iposiBieHussMu Ha 3emiie [Eddy, 1976, 1980]

24



B./. Ky3Heyog  ConHeuHble MCTOUHUKM KOCMUYECKOI MOTOAbI

l

=]
=

=)
=

[
=

Tncaa Bomega
o
=

0
-5000 -4000 -3000 -2000 -1000 O 1000 2000

Puc. 15. ConHeuHas akTUBHOCTb B repuoj ['ononeH
(5000 set mo H.3. — 2000 et H.3.) [Usoskin et al., 2007]

K monroBpeMeHHBIM 3KCTpEeMaTbHBIM COOBITHSIM KOCMUYIECKOM TTOTOIBI MOX-
HO OTHECTU TaKXe UIMTEIbHBIC TepHOabl TOXOJIOTAHUN M JIGTHUKOBBIC TTePHOIBI
B MCTOpUM 3eMJIM, KOTOpbIe KOPPEIUPYIOT ¢ aHOMAJIBHBIMU TIEpUOAAMU COTHET-
Hoii aktuBHoctu [Eddy, 1976, 1980] (puc. 14). Takue mepuonbl 10 pe3yjibTraTaM
PEKOHCTPYKLIMA B JajI€KOe IIpolUIoe Ipoucxoauau peryiasipHo [Usoskin et al.,
2007] (puc. 15).

3AKJTIOYEHWE

KocMudeckast moroma, OCHOBHBIMU MCTOYHUKAMHU KoOTopoi sBisiercss CoJHIie
U €ro aKTUBHOCTb, OKa3bIBAET HEMOCPEACTBEHHOE BO3IECTBYE Ha Cpeay OOUTAHUS
YyeJIoBeKa Ha 3eMJie M B KOCMOCE U Ha ero IMOBCEIHEeBHYIO HesaTeabHOCTh. CoHIIe
KakK 3Be37a CTaOMJIBHO Ha OTPOMHBLIX BpEMEHHBIX MacluTabax, CoJHEeYHast aKTUB-
HOCTb — OCHOBHOM MCTOYHUK KOCMWYECKOM ITOrObl, ITOABEPXKEHA CUIIBHBIM Bapy-
anygM B 11-JIeTHEM LIMKJIE M MMeeT 0oJjiee TOJroBpeMeHHbIe M3MEeHEeHMs. 3agada
MpeacKa3aHus OOILIEro YpPOBHSI COJTHEYHOM aKTUBHOCTH Ha OOJIBIINX BpEMEHaX U B
11-JIeTHUX LIMKJIIAaX, TaK Xe KaK ¥ IEePUOJ0B MOIIHBIX BCIBIIIEK U BHIOPOCOB Mac-
CBI, BIUAIOIIMX Ha cpeay OOMTaHUs YeJoBeKa Ha pa3HbIX BpEMEHHBIX MacluTadax,
OCTaETCs1 OMHOM U3 aKTYyaJbHbBIX ITPOOJIEM COBPEMEHHOM COJTHEUHO-3eMHOM (DU3M-
KU — HayKU, KOTopas IBJIIETCSI HAYYHOM OCHOBOM /11 M3yYeHUsI ¥ IPOTHO3MpPOBa-
HUS KOCMUYECKOM MOroabl 1 e€ BAMSIHUS Ha yejoBeka. Jisg obecrieyeHusT yCTom-
YUBOIO CYIIECTBOBAHMWSI YEJOBEYECTBA HEOOXOAMMBI IPOTHO3BI XapaKTePUCTUK
MPEICTOSIINX COJTHEYHBIX IIUKJIOB M OOIIEro YPOBHS COJJHEYHOM aKTMBHOCTU Ha
OoublMx BpeMeHax. [Iporpecc B M3y4eHUM KOCMMYECKON TMOTOAbl, €€ COJTHEUYHBIX
WICTOYHUKOB, paBHO KaK M HalEXHBII €€ IMMPOrHo3, BO3MOXHBI Ha OCHOBE JTaJIbHEM-
IINX UCCIENOBAaHUIA, B KOTOPBIX CYIIECTBEHHYIO POJIb MIPAIOT KOCMUYECKUE all-
napaTthl, — M3 HUX CETOIHsS CO3MaloT Heable (hJIOTUINM, M3ydalolire BCIO Loy~
Ky npoueccoB oT ConHia 1o 3eMin. DT UCCISAOBAHMS ITO3BOJISIT ITPOJBUHYTHCS
B KJTIOUEBBIX BOIIPOCAX HAYKW O KOCMHYECKOM IMOroje — MOHMMAaHUU MeXaHU3Ma
COJIHEYHBIX IIMKJIOB, MEXaHU3MOB HarpeBa KOPOHBI U YCKOPEHUST COJTHEYHOTO Be-
Tpa, TPUITEPHBIX MEXaHU3MOB HanboJjiee MOLIHBIX ITPOSIBIIEHUI COTHEYHOMN aKTUB-
HOCTHM — BCITBILIEK U BEIOPOCOB MAaCChl, a TAKXKE B POTHO3MPOBAHUY aHOMAJTbHBIX
COJIHEYHBIX COOBITU, MPEICTABIAIONIMX PEabHYI0 OMAaCHOCTh JIJIsI COBPEMEHHOM
TeXHOC(HEPHI — HA3EMHBIX 1 KOCMUYECKUX CUCTEM.
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SOLAR SOURCES OF SPACE WEATHER
V. D. Kuznetsov

N.V. Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation,
Russian Academy of Sciences (IZMIRAN), Troitsk, Moscow, Russia,
e-mail: kvd@izmiran.ru

The basic phenomena of solar activity responsible for the space weather conditions and dis-
turbances in near-Earth space are discussed. The sporadic phenomena of solar activity such as
flares, CMEs, high-speed solar wind streams, and shock waves affect near-Earth space, where
they cause geomagnetic storms and related effects, variations in the ionosphere, upper atmo-
sphere, and human environment.

The most typical factors of space weather controlled by solar activity and their effect on
various aspects of the human life are described.

In the context of the forecast of space weather and its effects on the Earth, the attention
is mainly focused on the unsolved problems related to the mechanism of the solar cycle as
a principal modulator of the general disturbance level in near-Earth space and the basis for
predicting the amplitude and duration of the forthcoming solar cycles, as well as on the fore-
cast of solar flares and CMEs, which are the most powerful geoeffective phenomena of solar
activity.



LUKNbI CONMHEYHON AKTUBHOCTI: COCTOAHWE MPOBJIEMBI,
OCHOBHbIE MEXAHW3MBbI, MPOrHO3
B. H. 06pudko

WNHCTUTYT 3eMHOro MarHeTu3ma, MoHocdepbl 1 pacnpocTpaHeHna paguoBoOSIH
um. H. B. MNywkosa Poccuinckon akagemum Hayk (M3MUPAH), Tponuk, MockBa, Poccus,
e-mail: obridko@izmiran.ru

CHoBa u cHoBa CoJIHIIE CTaBUT IpoOJIeMEI mepel acTpoHoMaMu. OOHONM M3 TaKMX IIPO-

OJieM SIBIISICTCSI aHOMAaJbHOE IOBEIEHUE COJHEYHOM aKTUBHOCTUM B TEUECHHUE IOCJEIHETO

23-ro nmkia. Jlaxe ceifyac He SICHO, MPEKPaTUINCh U 3T aHOMAJMM C HadajoM HOBO-

ro 24-ro UMKJIa WIK MO-TPEeXHEMY MOXHO OXWUIATh Hadaja Ieprofa HU3KOM COJTHEYHOM
akTUBHOCTU. OOCyXIaeMble aHOMAaJIUU MPOSIBUIMChH B Pa3IMYHBIX MTapaMeTpax, TaKUX Kak

COOCTBEHHO YHMCJIO COJTHEUHBIX MSATEH, KOJUYECTBO U MHTEHCUBHOCTH BEIOPOCOB KOPOHAJIb-

HOI Macchl, HEOOBIYHOE paclpeesieHne SIPKOCTH B KOPOHE, ITapaMeTpPOB COJIHEYHOTO Be-

Tpa, MOsIBJIeHUE GOJIBIINX HU3KOIIMPOTHBIX KOPOHAILHBIX AbIP U T.II. OOCYXIAINCH CIIEAY-

IOIIKe TPOOIEMBI:

+ KakoBbl 0COOEHHOCTU COTHEYHOI aKTMBHOCTU, KOTOPHhIE TTO3BOJISIIOT TOBOPUTh 00 aHO-
MaJIbHOM LMKIe? BO3MOXHO /M, 4TO MBI HaXOAWMCS Ha IOPOre CHJIBHOTO CHYKEHWS
COJIHEYHOM akTuBHOCTU? Habmomanuch Iy aHAJOTMYHbBIE SIM30[bl B ICTOPUM COJTHEY-
HOI akTUBHOCTU? KakKoBbI CXOOHBIEC UEPThl U Pa3idyuUs MEXIY LUKIAMH aKTHUBHOCTHU
ConHua u 38€31?

* MoryT 1 cOBpeMeHHbBIE TEOPUU OOBSICHUTH PE3KHe U3MEHEHHS B BHICOTE IIUKIIA (IO Of-
HOTO MOPSIIKA BEJIMYMHBI) JJISI OMHOM 1 TOM Xe 3Be31b1? MOXHO JIM IpeacKa3aTh BHICOTY
1 0COOEHHOCTU IIUKJIOB HA OCHOBE TEOPUU TMHAMO?

+ CylIecTBYIOT JIM JOMOJHUTEIbHBIE apryMEHThI, YKa3bIBaloIIMe Ha BIMSIHUE TUIAHET Ha
COJTHEYHYIO aKTUBHOCTB?

* Yero MoxHO oxuaaTth B OyaymieM? EcTh 1M BO3MOXHOCTh YIYYIIUThL IIPOTHO3 COJIHEU-
HOIT aKTUBHOCTH?

BBEJEHWE

HauynéM ¢ Toro, moyeMy JOKJIaj TaK 03arjiaBieH U B YeM, COOCTBEHHO, COCTOUT BhI-
30B TEOpUM JTUHAMO. DTOT MUHUMYM U BeCh 23-1 LIMKJI ObUIM BECbMa HEOOBIUHbBI-
Mu. JIeHCTBUTEIBLHO U 3Ta HEOOBIYHOCTh BBIXOIUT 3a TIPenesIbl HaOII0MaBIIeToCs
paHee pa3dpoca XapaKTepMCTUK IIMKJIOB aKTMBHOCTU? WM MoOXeM JIM MbI CEerOmHs
XOTSI OBI B OOIMX YepTax yKas3aTh MPUYMHBI 3HAYNTEIBHBIX BapHalldii B XapaKTe-
PUCTHUKAX COJIHEYHBIX HUKIIOB? ClenyeT 3aMeTUTh, YTO 0c00ast HEOOBIYHOCTD IIPO-
IIeAIIero MUHMMYMa COCTOSJIa B TOM, UTO MOJISI ObUIK ciIaOble, a MOP(OIOTHS Te-
mmocdepsl ciaoxHasa. Habmoganochk 0obIIoe YMCIO OOBEKTOB IIPOMEXYTOUHOIO
MaciTaba — He IJIO0aJbHBIX U He JoKaJabHbIX. He MOXeT JIn 3TO OBITh MCIOIb30-
BaHO ISl OLIEHKHU BBICOTHI clieaytoliero Makcumyma? KakoBbl COBpeMEHHbIE MO-
eI COJTHEYHOro AMHAMO, MOTYT JIM OHM OOeCHeYUuTh HaOMogaeMble HAIIPSIKEH -
HOCTHM MarHMTHBIX MOJIEH TISITEH 1 OT YeTO 3aBUCUT YPOBEHBb aKTMBHOCTH B JTAHHOM
nukiie? M, HakoHel, 4Yero e HaM XIaThb OT 1KJa 24, B KOTOPBI MbI BCTYIIIN?
Kak comHeuyHble TISITHA — caMbIii M3BECTHBIM 00BeKT Ha CoJHIIE, Tak
¥ 11-JeTHUI COMHEYHBIN LMK — caMOe M3BECTHOE TEPUONMYECKOe SIBIICHNE Ha
CosiHLIE U, BEpOSITHO, B acTpodusrke BooOue. Kak yacto actpoHOMaM MpuUXO-
JUTCS OTBEYATh Ha BOIPOCHI, KOTHA OYyIET «COTHEUHBIII MAKCUMYM» U UTO HAC IIpU
aToM XknET. Heobxomumo 3mech eie pa3 mog4epKHyTh, UTO COJIHEYHAsI aKTUBHOCTD
Ype3BBIYAiTHO MHOTOCTOPOHHSIS, B HEM CYIIECTBYeT MHOTO PAa3TMIHBIX MePUOINIC-
CKUX MPOIIECCOB U 11-JIETHUI IIMKJT COTHEYHBIX ITSITEH SIBJISICTCS, B TIEPBYIO OYepeb,
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€CTECTBEHHBIM KaJICHIApEM COJTHEYHOU IesTebHOCTH. OTHIONb HEe BCE MPOIIECCHI
Ha ConHlle, JaXe Te M3 HUX, KOTOPbIe TOXE MUMEIOT 11-JIETHIOI0 TIEPUOTUIHOCTb,
COBITAHAIOT C IIMKJIOM IISITEH TT0 (hase.

OOGBIYHO TIPUHSITO YITOTPEOISITh TEPMUH «COJHEUHBIN IIUKI» 0€3 YTOUYHEHMUSI,
KaKoil MMEHHO WHIEKC WCIOJb3yeTcs I ero ompeaeiieHus. [Ipu sToM Bcerma
WMEIOT B BUIY LIMKJI COJTHEYHBIX TSITEH, OMPeAeIEHHBIN 10 CIMIaXKeHHBIM CpEeIHEe-
MECSTYHBIM 3HAaYCHMSIM WHIIEKCa COTHEYHBIX MATeH (Ynciio Bombda), KoTopEhIil CBS-
3aH C YHMCIIOM COJTHEYHBIX ITSITeH HEMPOCTHIM M TOBOJIBHO CYOBEKTUBHBIM COOTHO-
meHreM. OTHAKO CJIeIyeT UMETh B BUAY, YTO 3TOT LIUKII €CTh He 6oyiee 4eM ymoo-
HBII KajeHaapb. YacTo MOKHO BCTPETHTh CPEIV HECITEIIMAIVMCTOB MpeACcTaBICHNUE,
YTO BCE aKTWUBHBIC SIBJICHHUS IMPOUCXOAAT B MaKCMMyMaX LIMKJIOB, a B MUHHUMYMeE
«CojHIIe cTIOKOITHO». Ha camoMm nejie B 5ToOM yTBepKIeHNU He OoJblie nHpopMa-
WU, 9eM B TOM, 4TO Ha 3emiie B SHBape cHera OoJibllle, 4eM B (eBpaje (4To, ode-
BUIHO, HEBEPHO, CKaXXeM, IIJIST KUTeJieil ABCTpany, 1a U B CEBEPHOM IMOJTYIIApUN
MEHSIeTCA OT roja K roay). B mambHeiimeM MBI OymeM yHoTpeOsaTh 3TO IMOHSATHE
MMEHHO KaK KaJIeHIApHBIN TEpMUH.

1. TPAOVUMOHHbIV CLIEHAPUW 11-IETHEFO CONMMHEYHOTO LMKITA

IIpexne yeM oOCyXnaTh 0COOEHHOCTU 23-TO LIMKJIA, CTOUT OINPENEIUTh, YTO TaKOe
HOPMAaJIbHBINA LIMKJI.

Kaxk roBopuioch BhIIIE, TTOJ [UKJIOM MbI OyAeM IOHUMAaTh 11-JIeTHUI LMK
COJTHEYHBIX TISITeH, WX 11-1eTHUI LUK JOKAJbHBIX Tojiei. [TpoaoKuTeIbHOCTD
«11-netHero nukia» B XX B. 0bp1a 10,35 roga. Hagano kaxmoro IKia OTOXIECT-
BIsieTcs ¢ (a3oii MUHMMYMa. DTa (asza omnpeaesieTcs 3aAHUM YUCIOM JO0BOJIbHO
CJIOXHBIM 00pa30M KaK HEKU CpeTHU MOMEHT MPOJOKUTEILHOTO Mepuoaa Mu-
HUMAaJIbHBIX 3HAUYEHUI, 1 €€ MOMEHT SIBJISIETCS JOBOJIbLHO YCIOBHBIM. OQUYeBUIHO,
YTO CIIAXKEHHBIE YMCJIAa TAKXKE MOXHO BBIYUC/IATH TOJIBKO 3aAHUM YUCIOM, U IS
X BBIYMCIICHUS HEOOXOIMMO 3HaHUe 13 cpeaHeMeCIUHbIX 3HAUCHU, TTO3TOMY UX
WHOTJA Ha3bIBAalIOT HE COBCEM KOPPEKTHO 13-MeCSIUYHBIMU CPETHUMMU.

Yucna Bonbda B MaKCMMyMe IIUKIIA JOCTUTAIOT o4ty 200, B HU3KMX LIMKIaX
OHM MOTYT OBITh BCETO JUIb 0K0JIO 50. CyMMapHEbIe IIOIIAAM IIITeH MOTYT JOCTH-
ratb 5000-MUIMOHHBIX JOJEi AUCKa.

MoxHO chOpMyJINpPOBaTh CIEAYIOIIMEe OCHOBHBIE 3aKOHOMEPHOCTH IIUKJIA
COJTHEYHBIX ITSITEH.

1. IlarHa HOBOro HYKJa BO3HUKAIOT 32 HECKOJIBKO JIET 1O MUHUMYyMa Ha OT-
HOCUTELHO BBICOKMX ImmMpoTax ~35...40°. C TeyeHMeM BpeMEHM IISITHA
BO3HHMKAIOT Ha BCE 0Oojiee HU3KUX IIMPOTAX, MPUOIMXKAACh K DKBATOPY.
Ho B HenmocpencTBeHHOI OJM30CTHM OT 3KBaTropa, B Mpeaeiax +5°, msaTHa
He MOSIBJISIIOTCSI HUKOTAA. DTOT 3aKOH YacTo Ha3biBaloT 3aKkoHoM Lllnepepa,
a TpauK 3aBUCUMOCTHU TOJOXEHHUS TIATEH OT BPEMEHU U IIUPOThl — AUa-
rpamMMolii 6abouek MayHaepa (puc. 1).

2. CornacHo 3aKOHY Xeiija, TOJSIPHOCTb IISITEH B KaXIOM LIMKJIE MEHSI-
eTcsl Ha 0oOpaTHyl. DTO, eCTeCTBEHHO, YKa3bIBacT Ha TO, 4TO (pu3uye-
CKUM sBJsieTcs1 He 11-nmeTHuit, a 22-neTHUil UK. EcrecTBeHHO 3amath
B TaKOM cJIy4yae BOIIPOC, YTO CUMTATh HauajoM 22-JieTHero uukia. Ecnu
Obl Bce 1l-7eTHHME LMKIBI ObUIM OOWHAKOBBI, 3TOT BOIIPOC ObUT OBI HO-
BOJIbHO OeccMbICAeHHBIM. OQHAKO OKa3ajaoCh, YTO, OOBIYHO, HEUYETHBIN
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LIMKJI BBILIE MPEIIIeCTBOBABIIETO €My YETHOrO. DTO MPaBUIIO YCTAHOBJIIE-
Ho M. H. T'HesbiieBeiM 1 A. . Onem [I'HeBbimeB, Onb, 1948] nepBoHa-
YaJIbHO — JUISI MHTErPaJIbHBIX 32 LUKJ 3HaUYeHWii uyncia Bonbda, u Tob-
ko mo3gHee M. Komeukuii [Kopecky, 1950] pacrpocTpanmn ero Ha Mak-
cUMajibHble B LIMKJIE 3HAYEHUs. DTO MPaBUJIO OBIJIO HApyLIEHO paHee
B nape 4—5.

B6au3u MakcMMyMa IIUKJIOB YacTO HaOJIOmaeTcd JIOKATbHBI MUHUMYM.
Wnorna ero HasbiBaloT rposajioM ['HesbiieBa (Gnevyshev gap).

IlepBhle MSITHA HOBOTO LIMKJIA TOSIBJISIIOTCS 3a[0JITO 1O MUHUMYMa, TO €CTh
paHbllle, YeM MCYe3aloT MATHA Ipeablayiero uukia. LIMKiel Kak Obl Cy-
LIECTBYIOT OMHOBPEMEHHO, HO Ha Pa3HBIX IIMPOTaX. DTO JaJ0 OCHOBAHUE
MPEAIoI0XNUTh, YTO UCTUHHAS JyIMHA LuKia He 11, a 15—17 ner [Harvey,
1992].

J7sT XapaKTepUCTUKU BPEMEHHOTO CIIeHApHs IIMKJIa OBbIJIO BBEICHO IOHSTHE
OITOPHBIX TOYEK LIMKJa [Butunckuii u np., 1986; Kuklin et al., 1990]. Dtu onopHbie
TOYKM CHeAyloume: £, W f,  — Ha4yago U KOHell (asbl MUHUMYMA, COOTBETCTBEH -
HO (OT aHIIMICKUX cloB “ascending”, “descending” u “minimum?”), ¢, u ¢, , —
HayaJlo U KoHell a3bl MakcuMyMa, obo3HayaeMoro OykBoilt M. Ilo cyuiecTBy,
11-eTHWIA IUKIT CETOMHS — eCTECTBEHHBIN KaJleHAaph TSl OTTMCAHWST BpEeMEHHOTO
pa3BUTUA MHOTUX siBleHni Ha CoJTHIIe.

LWupoTa, rpagyce!
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Puc. 1. CmenieHne 30H aKTUBHOCTH B TCUCHNE COJTHEIHOTO OUKJIa. qepHI)IM IIBETOM ITOKa-
3aHBbI ITsITHA. HBCTHLIC Y4aCTKM ITOKa3bIBalOT MAarHUTHOC IT0JIE B €CAMHUIIAX Faycc B COOTBET-
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MMeHHO TTO3TOMY MPU BBEACHUM ITOHATUS OMOPHBIX TOYEK OXUIAIOCH, YTO
OHU OYIyT TMPOSIBISITBCS OMHOBPEMEHHO BO BCEX COJIHEYHBIX MHIEKCAX KaK MO-
MEHTBI UX PEe3KUX U3MEHEHUIi. XOTs 3TO B LIEJIOM M MOATBEPAUIIOCH, OJHAKO OKa-
3aJI0Ch, YTO CYILECTBYET JOBOJIbHO MHOIO SBJIEHUWIA (B MEPBYIO oYepedb, OTHOCSI-
IIMXCSI K KPYIMHOMACIITAOHBIM TOJISIM), pe3KHe U3MEHEHUS B KOTOPBIX CABUHYTHI
10 BPEMEHM II0 CPAaBHEHUIO C OMOPHBLIMU TOYKAMU, ONPEAEIEHHBIMU T10 JOKAJlb-
HBIM TT0JIIM. TeM He MeHee, IOHSITHE OITOPHBIX TOUYEK U ceidac yIOoOHO MCITOIb30-
BaTh KaK OCHOBY JISI OIIMCAHUS LIMKJIOB JIIOOBIX MHAeKCcOB. [TogpobHoe ompenaee-
HHUE OMOPHBIX TOYEK 1 UX JaT AaHO B padore [O0punko, llensrunr, 2003].

Kpynnomacumaoénoe maznumnoe noae Takxe MeHsieTcs ¢ 11-JeTHUM LIMKITOM.
CTporo roBops, TOA KPYITHOMACIITAOHBIM MATHUTHBIM TIOJIEM CJEAyeT ITOHU-
MaTh BCE MOJIA 3a TpeAesiaMy aKTUBHBIX objacTeil. B 5ToM cMbIciie OHU pachpo-
cTpaHeHBbl T0 Bceil moBepxHocTh COJHIA M HE OTPAaHMUYMBAIOTCS KaKUM-JIU6O0
nosicoM mupotT. Eciu MBI BeIgEIsSIEM CpeaM HUX MaciuTa®, CpaBHUMBIN C pagu-
ycom CollHIIa, TaKoe ToJie TIPUHSTO HAa3bIBaTh 2400aabHbimM. MOXHO HM3MEpSITh
mmoJjie Bom3K nomocoB CoJTHIIA, W TOTJA TaKOe ToJIe CIeIyeT Ha3bIBaTh HOAAPHBIM.
MOXXHO MPOCTO aHATM3UPOBAThH XapaKTEPUCTUKU 1045 HA NOGEPXHOCHU UCHIOMHUKA,
KOTOPOE MOJIHOCTBIO OMPENEIISIETCSI TOJALKO IOJSIMU C CAaMBIM OOJIBIIMM MAacIlTa-
60M. MOXHO BBHIIEIUTDL OTIACIBHO OUNOABHYIO UAU KEAOPYHOABHYIO COCMagAsiouue.
CyliecTByeT ell¢ TepMUH obuiee MazHumuoe noae, KOTOPhIil He UMeeT YETKOTo hu-
3UYECKOrO OMNPEIEIEHNS U 4aCTO OTOXIECTBIISETCS ¢ KPYITHOMACIITAOHBIM TOJIEM.
Haxoner, ecTb e1é naMmepeHnst mazrnumnozo noas Coanua Kax 36e30bt B MTHTETPallb-
HOM TIoTOKe. Bce aTu moJist TeCHO CBsI3aHbI APYT € IPYTOM, CXOAHBIM 00pa3oM 3aBU-
CSIT OT BpEMEHM U BO MHOTUX MYOIMKALIUSX pa3andre MeXIy HUMU UTHOPUPYETCS.
Tem He MeHee, ClIeAYET BCEraa UMETh B BUIY, UTO C (PU3MIECKOIM TOUKU 3pEHUsI BCE
5TO COBEPIIEHHO pa3Hble OOBEKTH U B PA3JIMYHBIX MPWIOKEHUSIX OHU MOTYT BBI-
CTYIAaTh MO-Pa3HOMY.

Kak yxe roBopuiaoch, KpyITHOMACIITAOHbBIE TTOJISI MIPOCTUPAKOTCS IO BCE MO-
BepxHoctu CojiHIA. B oTiiMuMe OT JIOKaNbHBIX MOJIEH, ¢ TEUEHUEM BpPEMEHU OHU
IpeiidyroT K nomocam. BumgHo, yTo KpyrmHoMaciuTadHoe I1ojie ApeiidyeT K IMOJIo-
caM, JOCTUTas MaKCUMyMa Ha IOJIIocaX OMHOBPEMEHHO ¢ MUHUMYMOM JIOKAJTBHBIX
nosneit (cm. puc. 1). YacTo MOXHO CIIBIIIATh, YTO KPYITHOMACIITA0OHOE I10JIe MEHSIET
CBOI1 3HaK B MaKCUMyMe 1IUKJIa JJOKAJIbHBIX TTOJIeii. DTO HE COBCEM KOPPEKTHOE YT-
BepxaeHrue. OHO OTHOCUTCS TOJILKO K TOJISIPHOMY TOJIIO JINOO K JUMOJIBHOM CO-
CTaBJIAIONICH KPYITHOMACINITAOHOTO TIONISI (3TOT MOMEHT YacTO Ha3bIBAIOT nepeno-
arocoeroti). Ha camom nene, cMeHa 3HaKa KPYITHOMACIITAOHOTO TTOJIST HA Pa3sHBIX
IIMPOTaX MPOUCXOAUT B Pa3IMUHBIE MOMEHTHI BPEMEHHU. DTO XOPOIIO BUAHO HAa
pUC. 2, Ha KOTOPOM ITOKAa3aH PacuéT paauaibHOl KOMIIOHEHTHI CPEAHErO pagualib-
HOTO MOJISI C TAKUM YCPEIHEHMEM, UTO JIOKATbHBIE TTOJISI HA HUX HE BUIHBI.

3aMeTuM, 4TO W 3IeCh MEPUOJ OT CMEHBI 3HaKa B MPUIKBATOPUATIBHBIX 1M~
poTax 10 TEePEernoIIOCOBKU MOJISIPHOTO IMOJisl 3aHMMaeT 6osbiie 11 jet (mpumepHo
15—17 net). UHOrIa B HU3KMX IIMPOTAX MOXHO HAOJIOAATh HEUTO BPOJIE IIPEABECT-
Huka nepenomocoBku [Obridko, Gaziev, 1992].

Jpyroe npuHIUNUATIBHOE MPABUJIO JIOKAJBHBIX MOJIE — 3aKOH Xeiijla — ToXe
cJenyeT MepPeCMOTPETh B OTHOIIEHUM KPYITHOMACIITAOHKIX Tiosieii. Boobiie roso-
psi, B KPYITHOMACIITAOHBIX TTOJISIX HEJIb3sI TOBOPUTH O BeAYIIEH WJIU BEAOMOM IMO-
nspHoctu. [TosToMy 3akoH Xeiina ciaeayeT nepedopMyaupoBaTh TaK: BHYTPH aK-
TUBHOI 006JIaCTU TpaHCBEpCaJbHasgd KOMIIOHEHTA IOJISI B CEBEPHOM IOJYIIAPUU
B HEYETHOM LIMKJIe HAaIlpaBjieHa K BOCTOKY (B(p <0).
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Puc. 2. CMmelneHne 30H KPYITHOMACIITAOHOTO MAarHUTHOTO TTOJIST
B €IMHUIIAX MUKPOTECTIA B COOTBETCTBUU CO LIKAION

MMes pacu€t Bcex KOMIOHEHT MAarHUTHOTO MOJIs, 3TOT 3aKOH MOXHO TpOBe-
puUTh 1U1s1 KpyImHOMaciuTabHoro nossi. EctecTBeHHO, cpefaHee moJie B(p BIIOJIb JaH-
HOTO Kpyra IIMPOTHI TIPU OTCYTCTBUM TJIOOATbHBIX TOKOB Ha (hoTocdepe MOKHO
ObITh paBHO HyI0. Ho MOXHO MoacyuTaTh, OAMHAKOBYIO JIM TIJIOIIAAb 3aHUMAIOT
MoJIsi ¢ pa3HbIM 3HAKOM B(p. Okazajoch, YTO aHTUXEHJIOBCKOE HallpaBiieHUe B(p
B KpYIMHOMAcCIITaOHOM TT0JIe BCTpeyaeTcsl 3HaAYMTENbHO Yallle.

Taxum 06pa3oM, JTOKaJIbHbIE TTOJISI C XeMJIOBCKUM 3aKOHOM HarlpaBJIeHUs TTOJIS
TMOTPYXXEHbI B aHTUXEWIOBCKYIO cpely. DTO MOXHO MHTEPIpPETUPOBaTh Kak CJen-
CTBUE TOTO, YTO KPYMHOMACIITAOHOE TOJIe XPaHUT CJIeAbl MPEAbIAYIIEro UKJIa.
B sToM ciiydae kpyrnHomaciiTabHOe M JIOKaJIbHOE MOJISI MPUHAIIeXaT K pa3HbIM
nukiaaM. C Ipyroit CTOpOHbI, 3TO MOXET ObITh CIIEMPUIECKHUM OTpakeHUEM Mexa-
HM3Ma reHepaluy MarHUTHOTO T0JI1 B KOHBEKTUBHOI 30HE.

KpynHoMacitabHoe 1ojie Takxke pe3kKo MeHseTcsl ¢ (asoit nuukia. B nmepuon
MaKCHMMyMa 1IMKJIa OHO, KpOM€ OCHOBHOU IMITOIBLHOM COCTaBJSIIOLIEN, CONEPKUT
MHOT'O TApMOHUK 00Jiee BBICOKOTO MOpsiiKa, U MO3TOMY CUJIOBbIE TUHUU 00pa3yloT
JIOBOJILHO CJIOXXHYIO CTpYKTYpY. Ha puc. 3 Ha HMXKHEN MaHeu IoKa3aHa CTPYKTY-
pa KpymHOMacIITaOHOTo MoJisl pU HabmoaeHun ¢ 3eMiu (cjieBa) U ¢ CEBEPHOTO
nosoca ConHila (crpaBa). DTa CTPYKTypa B OOBIYHBIX COJHEUHBIX LIMKJIaX CUJIb-
HO YIpollaeTcsl B mepuoa MMHMMyMa 1ukiaa. OHa Moka3aHa Ha BepXHeil MaHenu
puc. 3 Takke TTpy HaOI0AeHUU ¢ 3eMilu (ClieBa) U ¢ CEBEPHOIO MoJjitoca (CrpaBa).
BunHo, 4To CTpyKTypa 0ueHb HAITOMUHAET KJIACCUYECKYIO CTPYKTYPY AUIIONS C He-
KOTOPBIM UCKaK€HUEM B 3KBaTOPUAJIbHON 30HE BCIEACTBUE UCTEYEHUSI COTHEUHO-
ro BeTpa. TakoBO CTaHIApPTHOE MOBEACHWE KPYITHOMACILITAOHOTO TOJIsI B OOBIYHBIX
LIMKJIaX aKTUBHOCTH. Jlajiee Mbl YBUIMM, YTO B 24-M LIMKJIE U B 3TOM OTHOIIIEHUU
HaOMIONAJIUCh 3HAYUTEIbHbIE aHOMAJIUU.
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Puc. 3. CTpyKTypa OTKPHITBHIX CUJIOBBIX JIMHUIM B MUHUMYMe IIUKIa (BUI ¢ 3eMJIU ClieBa U C
CEBEPHOTO MOJIIoca CrpaBa) Ha BepxHei maHeau. Ha HKHel maHeau To e caMoe B MaKCH-
MyMe LMK

CoOCTBEHHO AUMOILHOE I10JIe MEHSIETCSI B IPOTUBO(da3e ¢ JOKaIbHBIMU ITOJISI -
mu. OgHako OBITYIOIIEE 3a4acTylO IIpelACTaBiIecHNE 00 MCYE3HOBEHUM IUITOJIBHOM
COCTaBJIAIONIEH B MEpHOJ MaKCMMyMa LIMKJIOB HeBepHO. Ha camom neie, comHeu-
HBI aunonb noaBrkeH B Teiae CoiHIa. B TeyeHne HEKOTOpPOro BpeMeHU BOJIM-
31 MUHMMYyMa LIMKJIA MOJIIOC OUIIOJS pacliojlaraeTcsl BOJM3M IIOJIIOCA BpallCHMUS
ConHiia, coBepiiasi Ipy 3TOM IIepeMellleHNe 110 JOJT0Te, HallOMUHAIOIIIee IIperec-
CHIO C XapaKTepHBIM BpeMEHEM MOpSIKa ABYX JeT. 3aTeM OH MepeMellacTCs B DK~
BaTOPHUAJILHYIO 30HY, T1¢ 1 OCTAE€TCs B TeueHue 1—2 jieT B MakcuMyMe Lukia. B aTo
BpeMsI MarHUTHBIII MOMEHT CUJIbHO yMeHblaeTcsa. B Tteuenue 1—2 et Ha da3se
craja M pocTa IMKJa OCEBOI M 3KBAaTOPUAIbHbIII MATHUTHEIE MOMEHTBI CPABHUMEI.
BDTO COOTBETCTBYET TOMY, YTO B aCTPO(U3UKE HA3bIBACTCS HAKJIIOHHBIM POTAaTOPOM.

IIepexom MarHMTHOM OCU 13 OOHOI Moaycepsl B IPYTyIO0 MBI BOCIIPUHUMAEM
KaK IepenoioCOBKY NOJISIpHOrO nosist. Ho mpu 3ToM Hy*KHO MMETb B BUIY, UTO 3TO
HUKOTAAa He 03HavyaeT oopalleHre MarHuTHOTo MoMeHTa CoHia B Hyib [JIuBimir,
O6punko, 2005, 2006].

JImst xapaKTepUCTUKM [UKJIA KPYITHOMACIITAOHOTO IIOJISI CO3JaHO HECKOJIBKO
nHaekcoB [Obridko, Ermakov, 1989; Obridko, Shelting, 1992; Obridko et al., 1989].
IToBenenue omHoro m3 HuUx, Hambojee pacrmpocTpaHéHHoro, IBr, xapakrepusyer
co00li PHEPreTUKY Hanboiee KpyITHOMACIITAOHBIX MATHUTHEIX TToJiei Ha CoJHIIe.
MakcuMyM 3TOro MHTErpajbHOIO MHAEKCAa HE COBHAZaeT HM C MAaKCMMYMOM, HU
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¢ MUHUMYMOM JIOKAJbHBIX TTOJIEH, TTOCKOJIBKY OTpakaeT BapHalldio KPYITHOMAC-
MTaOHBIX TTOJIeH Ha BCeX IMHUPOTaXx.

Ocoboe 3HaYeHWEe WMEIOT OOJaCTM TaK Ha3bIBAEMBIX OTKPBITHIX ITOJICH.
YCIIOBHO TIOI OTKPBITHIM TIOJIEM IPUHSITO Ha3bIBaTh TaKOe, CUJIOBBIC JIMHUM KO-
TOPOTO MOCTUTAIOT 30HBI, TIe MpeobiiagaeT COTHEUHBIN BeTep. JpyruMu ciioBamu,
OTKPBITBIM CYUTACTCS TT0JIe, CHJIOBBIC JIMHUU KOTOPOTO CBOOOTHO YXOISIT B KOCMH-
YeCcKOoe TTPOCTPAHCTBO M 00pa3yloT MAaTHUTHYIO CTPYKTYpY Teianocdepbl. XOTsI OHU
3aMoJIHSIOT co00i Bcio reimocdepy (MM B paMKax TPaaULIMOHHON MOJIEIM — BCIO
MTOBEPXHOCTh MCTOYHWKA), Ha ypoBHe (hoTochephl MIM B HIDKHEH KOpOHE OHU
OOBIYHO OOPHMCOBBIBAIOT COOOI TOBOJBHO OTpaHWYeHHBIC AeTanu. PU3MIecKu
VMEHHO OHU U SIBJITIOTCS TEM areHTOM, KOTOPBIN IMTPUBOIUT K BO3HUKHOBEHUIO KO-
POHATBHBIX ABIP. B MUHMMYyMe IINKIIa OTKPBITHIC TIOJISI 00pa3yioT HEYTO BPOJE T0-
JIAPHOM IIMaIKW; ¢ TIPUOIKEHNEM K MaKCUMYMY OHU CTAHOBSITCST MHOTOCBSI3HBI-
MW W CABUTAIOTCS K CPEIHUM M 3KBAaTOPUAIBHBIM IMMpOTaM. B MUHUMYyMe LIMKJIa
OHU MOTYT CYIIECTBOBaTh 0e3 3HAUMTEIbHBIX U3MEHEHWI HECKOJBKO JIET; B MaK-
CHUMyMe WX XapaKTepHOe BpeMsI XM3HM — HEeCKOJIBKO 000poToB. lIukimueckas
Bapyalusl OTKPBHITBHIX TTOJIeil ObUTa M3ydeHa Ha OOJIBIIIOM BPEMEHHOM WHTEpBajie
B.H. O6punko u b. /1. Illlenstrarom [Obridko, Shelting, 1999].

Jo cux Top MBI pacCMaTPUBAIN IIUKJIBI JIOKAJBHBIX U KPYITHOMACIITAOHBIX
ToJieil pa3faeslbHO KaK BapHalldio IBYX He3aBUCHMBIX 00BheKTOB. Ha camom nere,
OHU, KOHEYHO, TeCHEMIITMM 00pa3oM cBsizaHbl. CKopee Bcero MMEHHO KPYITHOMAC-
MTaOHBIE TIOJIA TTOCTABISIOT TOT MaTepHall, U3 KOTOPOTo U (hOPMUPYIOTCS JIOKATb-
Hble noJisi. OO0paTHasi BeTBb MoKa He sicHa. MexaHu3Mm bebkoka—JleliToHa, B KO-
TOPOM KpyITHOMAcIITabHOe TToJie (opMUpPYeTCs] U3 OCTATKOB aKTUBHBIX 00JIaCTei,
BCTpedaeT psia TpyaHocTeil. boiree TOro B MHOTOUMCIIEHHBIX paboTax MyJTKOBCKUX
kosuter (cM. paboty [Makarov et al., 2001] 1 ccbuIKM B Hei) IOKa3aHO, YTO pa3-
BHUTHE IIUKJIA JIOKATBHBIX TOJIEH TTOBTOPSET IIUKII TTOJISIPHOTO TOJIST CO CIBUTOM Ha
roukiIa. OpraHu3yoias pojib KPYITHOMACIITAOHBIX ITOJIel BUOHA TaKXKe B XO-
POIIIO M3BECTHOM (paKTe KOHILEHTPALIMN MOIIIHBIX aKTUBHBIX 00JIaCTe K TpaHHUIIaM
ceKkTopHoi cTpykTyphl [Obridko, Bumba, 1969].

HMmeHHO T100aTbHBIE COTHEYHBIE MATHUTHEIE TIOJIST W OTIPEIEISIIOT CO00M Kak
CTPYKTYpY Teanocdephl, TaK 1 OOIIYIO CTPYKTYPY ToJIei apyrux MaciraboB. K Tak
Ha3bIBaeMOMY TeJTMoCc(hepHOMY SKBAaTOPY KOHIIEHTPUPYIOTCS Bce Hambojee KpyIi-
Hble aKTUBHbIE 00JlacTh Ha CoJHIIE.

2. HEKOTOPBIE XAPAKTEPUCTUKU MUHVMYMA 23/24

Yro 23-i1 HUKJI ObUT HEOOBIYHBIM, CETOOHS IIMPOKO M3BeCTHO. I10 OOMBIIMHCTBY
MMPOTHO30B, MUHUMYM JIOJDKEH ObUT HacTynuTh eiié B 2006 r. OgHaKo YKCIIO TIs-
T€H YMEHBIIAJIOCh ropa3fao MeMJIeHHee M JOCTUTIIO MUHUMYyMa TOJIbKO B JeKabpe
2008 r. Takum obpasoM, (asa craga okasajach PeKOPIHOW IJIWHBI — 8,6 roa.
DTO0 camoe OObIIOE 3HAYEHHWE CO BpeMEH Hauaja JTOCTOBEPHBLIX HAOIIOAEHUIA.
Hecxkonbko Oojiee mmHHOM ObLIa (pa3a cnaga B 4-m mukie ¢ 1788,1 mo 1798,3 r.
(12,2 roga), HO 3TH 3HA4YEHUS MOJYYEeHBI HE B pe3yJIbTaTe MPSIMBIX HAOMIOOCHUIA
a BOCCTAaHOBJICHBI IO KOCBEHHBIM HaHHBIM. boiee Toro, ectb rumore3a [Usoskin
et al., 2001, 2003], yTo 4-if IUKJI HA caMOM JIeJie IIPEACTaBIILI COOOI MOCIenoBa-
TEJLHOCTh JBYX HU3KUX IIUKJIOB, UTO M TIPUBENIO K KaXYIIEMYCs 3aBbIIIEHUIO (Da3bl
criama.
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Bropast ocoGeHHOCTD, CBSI3aHHas C YUCJIOM IISITEH, COCTOUT B HapyIICHUM
npaBuia ['HeBblmeBa— Onst. Kak ObUlo cKa3aHO BBIIIE, HEYETHBIA 23-1 IIUKII
JIOJKeH OBIT OBITh BBIIIE IpeAlIecTBOBaBIIero 22-ro uukia. Ho 22-if nmukin cam
no cebe OB JOBOJBHO BBICOKMM; YKCJIO COJHEUHBIX MATEH B MaKCHUMyME 3TO-
ro UMKiIa cocTabisuio 158,5, 4TO cCylIeCTBEHHO TIpeBbIIIAET CpelHee 3Haue-
Hue 113,2. D10 majio OCHOBaHME OXUAATh OYEHDb BHICOKOTO 3HAYCHUSI B MAKCUMYME
23-ro uukia. beliv ocHOBaHUs MpeanoiaraTh, YTO OH MOOLET pekopA 19-ro 1ukia
(201,3) 1, TakuM 0Opa3oM, Mbl CTAHEM CBUACTENSIMU LIMKJIA Maximum maximorum.
Hwuuero storo He npousonuio. Beicota nmkina cocrtaBuia 120,8, 4ro mpakTuyecku
COBITaJlacT CO CPEIHUM 3HAYCHUEM, a OYeHb BaxkHoe mpaBuio ['HesbieBa— Oist
0Ka3aJI0Ch HAPYIIEHHBIM.

Ha puc. 4 mokazaHo MeCcSITYHOE YMCIIO OCCISITEHHBIX JHEH B ITOCICIHUX JECITH
COJTHEUHbIX 1IMKJax. BuaHo, yto MuHUMyM 23/24 oTiiyaetcsi OOJbIIUM KoJnuve-
CTBOM OecCIISITeHHBIX fHel. OJHAKO B LIEJIOM B IPOIIJIOM CTOJIETAM ObLT MUHUMYM
B 1913 ., B KOTOpOM OECISITEHHbIX THE ObLIO e1E OOobIIIE.

Yucno ngreH B 2008 1. 6bU10 Ype3BbIYAiHO Majlo, HO aHOMajus 23-To LMKJa
COCTOMT HE TOJbKO, U JaXe He CTOJILKO B TOM, YTO OH ObLI HeBLICOKMM. Ilo cy-
IIeCTBY, 23-1i IUKJI HAPYIIWJI BECh CTPOMHBIN ClieHAapUil, KOTOPbI ObUT U3JI0XEH
BBIIIIE.

Ha puc. 5 mokaszaHa cTpyKTypa CUJIOBBIX JUHUI B MUHUMyMe 23/24 31 neka-
6pst 2008 r. (cmeBa — mpearnojaracMbiii BUI ¢ 3eMJIM, CIIpaBa — BUJ C CEBEPHO-
ro mojtoca). Ecim cpaBHUTH 3TH ABa pUCYHKA C BEpXHEU MaHEIbIO pUC. 3, BUAHO
pasurtenbHOe oTanure. Hukakoil cTpoiitHOW CTPYKTYphl, TaKOl, Kak Haboaa1ach
B 1986 r. B 21-22-M uwmkine, B 2000 r. HeT. KpoMme cTaHZapTHOTO AWIOJS, SIBHO
BUIHBI W IpyTHe TApMOHUKM, Oojiee XapaKTepHBIC IS BO3MYILIEHHOIO IEpHUOJa.
I1pu 3TOM TenmmochepHbIii TOKOBBIN CII0M He ObLI IMJIOCKUM, KaK 3TO TOJIKHO OBITh
B MUHMMYyME, IIpA MOJTHOM MCUE€3HOBEHMU APYIMX FrapMOHUK, KPOME OCEBOIO JU-
nosst. OO 3TOM FOBOPUT U CTPYKTYypa KOPOHEI B TPEX MOCIEAOBATEIBHBIX ITPOXOXK-
JIeHUsIX Kocmuaeckoro amrmapata Ulysses.

F K
30 ConHue Gea nateH: MoAbl ¢ HAMGONLIWKM YMCNOM GecnNATEHHLIX AHeR 3a 100 net
MCTOYHMK: spaceweather.com
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Puc. 4. MecsiaHOE 91CII0 OECTIITSHHBIX THEW B TToceqHUX 10 COTHEYHBIX ITUKIIaX
(http://spaceweather.com/glossary/spotlessdays.htm)

35



Tom 1. Yactb 1. KOCMUYECKASA MOTOJA W EE POJIb B ®OPMUPOBAHWI CBOCTB JIOKAJIbHOW CPE[bI

Puc. 5. CtpykTypa OTKPBITBIX CUJIOBBIX JIMHUI B MUHUMYME 23/24 31 nexa6ps 2008 1.:
cjeBa — TpenroiaraeMblii BU ¢ 3eMJId, CIipaBa — BHI C CEBEPHOTO T0JI0ca
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Puc. 6. Mnaexc s GeKTUBHOTO MYTBTHIIONS

Cutyanug B nepuon MuHuMmyMa 2008 T. pa3suTesIbHO OTJIMYAETCS OT CUTYallyu
muHIMyMa 1996 1. CtpykTypa KOpoHHI B 1996 T. cTanmapTHasi, HabIogaeTcs pe3Ko
BBIpaXKeHHBIN CTPUMEP B 93KBATOPUAJBHOM TUIOCKOCTH, YTO CBUAETEILCTBYET O TH-
MUYHON CTPYKTYpe ¢ oceBbIM aumojieM. B 2008 r. HaGmomaoTcss MHOTOYMCIICHHBIE
BHEIKBAaTOPHAIBHBIE CTPUMEPBI, KOTOPBIE YK€ HeJIb3S CBSI3aTh C OCEBBIM JUITOJIEM.

Ha puc. 6 mokasaHa TakKe [UKJIMYeCKasi Bapyuallisl BBEIEHHOTO HaMH [Ivanov
etal., 1999] unnexkca 3pHEeKTUBHOTO MYJIBTUMOJNSI. DTOT UHAEKC paBeH 3 IS Ou-
MOJISI U CUJIBHO YBEJIMYMBAETCSI B MaKCUMyMe LIMKJIa. B Munumyme 23/24 cutyauust
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CWJIBHO OTJIMYajach oT cutyauuu B MuHumyMmax 20/21 u 21/22. Eciu B nipeabiny-
IIMX MUHUMYyMaX UHIEKC OIyCKAJICS MOYTH IO JUMOJILHOIO 3HAYEHUS, TO HAa HUC-
XOISIIIER BeTBU 23-TO IMKJIA HAYABIIMIACS CITajJ 3aT€M CMEHUJICS POCTOM ITOYTH
JI0 3HAYEHMsI, COOTBETCTBYIOLIEr0 MAaKCUMYMY LIMKJIa, ¥ B MOCJEAYIOLIEM CUJIBHO
OTJINYAJICA OT IUIOJILHOTO 3HaueHus1. POCT 3TOro MHaeKca Ha HUCXOISIIEH BETBU
23-ro IUKJIa yKa3blBaeT Ha HEOOBIYHO OOJBIIOE YMCIO 3KBATOPHAIBHBIX KOPO-
HaJIbHBIX JBIP.

Pacuétel mokaswiBaior, uyto gaxe B 2009 r. riobajbHOE MOJIE ONPEACIsIOCh
He TOJIBKO TUTIOJEM, Kak B 1996 T., a comepxkajio 60JIbIIIoe KOJTUIECTBO MAJIBIX 00-
JIACTEI OTKPBITOIO MATHUTHOTO TOJISI HA BCEX IIMPOTAaX. DTO MPUBEIO K TOMY, UTO
HaOJTI0IaTIOCh OYeHb OOJIBIIOE YHUCIO BHEAKBATOPHUATBHBIX NICTOYHUKOB COTHEYHO-
ro Berpa [Tokumaru et al., 2009].

W3 apyrux ocoOGeHHOCTEN LMKIIA MOXHO YITOMSHYTb MOHWXXEHHYIO BBLICOTY,
KOHIICHTPAILINIO ¥ TeMIlepaTypy 3eMHOM MOHOCHEpHI, caMoe HU3KOoe 3a TIOCIeTHIE
TPU LIUKJIA 3HAYCHUE MHTETPAJIbHOIO MOTOKA COJTHEUHOIo M3jydeHus (“solar irra-
diance”). MarauTHoe I10jie B COTHEYHOM BeTpe ObLJIO HECKOJIBKO HIKE (CpeaHee
3HaueHue 3,7 1o CpaBHEHUIO CO 3HaUeHWEM 4,5 B MPOIILJIOM MUHUMYME), a 1ara-
30H 3HaYEHMI HIDKE B ITOJITOpA pasa.

3. BbICOTA CO/THEYHOTO UMKIA N MEPUOMOHAJbHbIV MEPEHOC

YTo Xe OoImpeae o CTOJIb HU3KOe 3HAYeHNEe YMCIIa COTHEYHBIX TIATeH B MUHUMY-
Me 23/24? Yrto BooOIIe oIpeessieT BLICOTY LIMKIIA KaK B JIOKAJIbHBIX, TaK U B IJIO-
OaJIbHBIX MOJISAX?

EcTb ocHOBaHUs MoJ1arath, YTO 3TO CBSI3aHO ¢ U3MEHEHNEM MEPUIHMOHAIBHOTO
ITOTOKA Ha (pase pocTa TEKYIeTro I Ha (pa3e crama MpeaplayIiero IMKIIoB.

Kak wu3BecTHO, CONHEYHOEe IWHAMO OIIpeNesisseTCsl IBYMS IIPOIIECCAMM.
Ha mnepBoit cramum (Q-3¢ddekT) m3 IMoJ0MmaJbHOTO BO3HUKAET TOPOMIAIb-
Hoe TIojie. B MMHMMyMe MarHUTHOE TI0JIe MMeeT KBa3WIUTIONBHBIYIO CTPYKTYPY.
HuddepeHimaabHoe BpallleHNe B OCHOBAaHUM KOHBEKTMBHON 30HBI BBITATHBACT
CUJIOBBIE JIMHUU TTOJIOMIAIBHOTO TIOJNI M OTKJIOHSIET X B a3UMYTaJIbHOM HaIlpaB-
JIEHWS, co3maBas TopouaabHoe Tose. CYIBl MAarHUTHOM TUTaBYYeCTH TTOTHUMAIOT
MarHUTHBIE TPYOKM Ha TIOBEPXHOCTh, HaBas Hadajlo CTAaHZAPTHOW OHWITOISIpHOI
TpyMIe TMITeH. DTOT MPOIIECC XOPOIIIO N3YyYeH M He BBI3BIBAIOT OCOOBIX COMHEHUIA.
Brpouem, moka He SICHO, yOACTCS JIM TIPH 3TOM TOJyJYaTh JJOKaJbHBIE M30JIMPOBAaH-
HbIe TPYOKU ¢ Hanpszk€HHocThio 10 3000 I'c.

OO6patHBIif TIporiecCc (POPMHUPOBAHUS TOJOMTATBHOTO TIONS W3 TOPOMIAIb-
Horo (a-3¢gdexr) siceH ropa3no MeHbine. Hanbosee yacTo LUTUPYETCsST MEXaHU3M
Bebkoka —JleiiToHa, MpW KOTOPOM TOTOK XBOCTOBBIX IISITEH CMEIaeTcs K IOJI0-
caM, TJe ¥ BO3HUKAET B pe3yJIbTaTe MOJIONIAIBHOE TToJIe clieayromiero mukia. [Tpu
3TOM TIOJISIPHOCTH TIOJIOMAABHOTO TIONS MeHseTcs Ha oOpatHyio. UTo Kacaercs
TOJIOBHBIX MSITEH, TO OHU CMEILAIOTCS K BKBATOPY, Ille UX MOTOK, B3aUMOAEUCTBYS
C TIPOTUBOITIOJIOXHBIM 110 3HAKY ITOTOKOM TOJIOBHBIX IISTEH IPYTOrO TOJYIIApHs,
MPUBOIUT K WCUYE3HOBEHMIO COJIHEUHBIX TISITEH WM BO3HUKHOBEHUIO MWHHMMYMa
VKA.

Xots cama BeTBb -3¢ deKTa B IeTalsIX He sACHA, HO OYeBUIHO, YTO UMEHHO
MEepUINOHATbHAS IMPKYJISIUS SBISIETCS KIIOYOM K TMOHUMAHUIO XapaKTePUCTUK
UKJIa. AMIUTATYIAa W TIEPUOM IIMKJIA COJTHEYHBIX TISITEH OIPENeseTCs CKOPOCTHIO
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MepuauoHanbHO 1mpKynsiuuu [Hathaway etal., 2003; Karak, 2010; Karak,
Choudhuri, 2011; Passos, Lopes, 2009, 2011; Wang et al., 2002], a BenuunHa Ko3(]-
¢uieHTa TypOyJdeHTHON audby3Un OMNpeneseTr peXuM AeACTBUST TUHAMO
[Choudhuri, 2010; Hotta, Yokoyama, 2010; Yeates et al., 2008].

Ha puc. 1 1 2 BUAHO, 4TO B TeUeHUE LUKJIA JIOKAJIbHbIE U KPYITHOMACIITA0-
HbIE TTOJISI CMEILAIOTCSI B TPOTUBOMOJIOKHBIX HanmpaBieHusX. [IpocTeiiiasg uHTep-
MpeTalus 3TOro SABJIeHUST cocToUT B cienymomeMm [Oopunko, Ilensruar, 2003].
MarHuTHbIE TIOJISI TEHEPUPYIOTCSI B OCHOBAHUM KOHBEKTUBHOI 30HBI. BosHa re-
Hepaluu TMepeMeniaeTcss OT CPeIHUX IIUPOT K 3KBAaTOpPy. BRICTpO BCIUIBIBaIOIIME
KOHILIEHTPUPOBAHHBIE JIOKAJLHBIE IOJII OOPHMCOBBIBAIOT 3Ty BOJHY TeHepaluu
B BUae OaTtTepdisii-nuarpaMmbl. B To ke BpeMsl MeIJIeHHO BCITIbIBaOIe aud-
(by3HBIE KPYITHOMACIITAOHBIE TTOJISI TEPSIIOT CBSI3b C BOJTHOM TeHEPALUU U CHOCSITCS
K TOJTI0CAM MEPUINOHAJIBHBIM TEUEHUEM.

Bce akTuBHbIe sBiaeHusT Ha COJTHIE — Pe3yIbTaT B3aUMOJCHCTBUS TITyOUMHHO-
'O TTOJIOMAATBLHOTO U TTOAITOBEPXHOCTHOTO KBaAPYIOJIENOJ00HOrO MTOJIEH.

Taxum 06pa3oM, eCTh OCHOBAHMUSI IMOJIaraTh, YTO BBICOTA MPEACTOSIIETO LIUK-
JIa CBSI3aHa CO CKOPOCTBIO M MHTEHCUBHOCTBIO MEPUAMOHAIIBHOIO TeueHus. [1pu
5TOM 3aBUCHUMOCTb BBICOTHI IIUKJIA OT MEPUIUOHAJIBHOTO TEUEHUS MOXKET ITOMOYb
MOHSITh CTATUCTUYECKU HAOMIOaeEMYIO0, HO (PU3UUECKH 0 CUX MOpP He OOBICHEH-
HYIO KOPPEJISILIUIO COJTHEYHOM aKTUBHOCTH C TMEPUOJAMM BpallleHHsl IUIAHET BO-
kpyr ConnHua. PasymeeTcsi, ruiaHeThl HE MOTYT BbI3BaThb COJTHEUHYIO aKTMBHOCTD.
Ho oHM MOryT MOy IMpOBaTh COJIHEYHYIO aKTUBHOCTh ITyTEM BO3IEICTBUS Ha Me-
punnoHanbHbIe TeueHus [ Georgieva, 2011, 2011; Georgieva, Kirov, 2009].

4, TAXOKNMHHOE ANHAMO B COMOCTABJTEHWM C PACMPELESTIEHHbIM/
NOANMOBEPXHOCTHbIM ANHAMO

BoJBIIMHCTBO COBPEMEHHBIX MOJIENIe TMHAMO TIPEAIIoNaraloT, YTO TOPOMIATIbLHOE
MarHuTHOE TI0Jie oOpa3yeTcs BOJU3M OCHOBaHUS KOHBEKTHUBHOM 30HBI, B TAXOKIIH-
He, WM HEeMOCPEICTBEHHO MO Hell M 3aTeM BCIUTBIBAeT Ha IOBEPXHOCTH B BHIE
cOoTHEeYHbIX TiaTeH (cM. Hanpumep, [Choudhuri et al., 1995; Parker 1993; Ruediger,
Brandenburg, 1995; Tobias and Weiss, 2007]). YBepeHHOCTb B MpeANOYTUTEIbLHO-
CTU TIIyOMHHOTO TMHAMO MPOUCTEKAeT M3 TOro (hakTa, 4yTo 3Ta 00JIaCTh yCTOMUMBA
JUTST HAKOTUTEHWST MAarHUTHOTO TIOTOKA, HECMOTPS Ha 3(D(hEKTH MAarHUTHOM TUTaBY-
YEeCTH.

OmHako HaOMIOAeHWsI CKOPOCTH BpallleHWs BCIIBIBAIONIX MAarHUTHBIX TTOTO-
KOB B Pa3IMYHBIX IIMPOTHBIX 30HAX YKAa3bIBAIOT CKOpee Ha OTHOCUTETHHO MAJIyio
rIyOMHY CONIHEYHBIX TaTeH [Benevolenskaya et al., 1999], mo-BunnmMoMy, yKope-
HEHHBIX B TIONIOBEPXHOCTHOM CJIoe. DTa KOHIIETIIINS ITOATBEPXKIAETCS TaKKe pe-
3yJbTaTaMM JIOKaJIbHOU TemoceiicMonorun [Birch, 2011]. Bce akTuBHEBIE SIBIIEHMS
Ha CoJHIIe — pe3yabTaT B3aMMOIECUCTBHUS KPYITHOMACIITAOHBIX TIIYOMHHBIX TTOJI0-
MIATBHBIX (OCECUMMETPUYHBIX KBa3UAUITONIBHBIX) TTOJIel U HEOCECUMMETPUIHBIX
(kBampyrmosenonoOHbIX) mojei. Ipu aToM nMeloTcs ABe 001acTh reHepaly Mar-
HUTHBIX MOJIe — TJyOMHHAas (TaxOKJIMHA) 1M MOANMOBEpXHOCTHBIE ciion [Obridko,
2009].

Pan mporieccoB, pu KOTOPBIX BO3MOXKHA TeHepalls MarHUTHOTO TIOJIS, Me-
€T MECTO B IMOATNIOBEPXHOCTHOM CJIoe, Ha ypoBHe 0,995R , KOTOPBIA MPUHATO Ha-
3BIBATh JlenmoKAuHoU. 3Mech HabMomaeTcs KojeOaTeIbHBIN PeXXUM CEHCMUIECKOTO
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paauyca, pe3koe u3MeHeHue TypOyJeHTHOTO naByieHus. EcTb ykazaHusl Ha UIBMeHe-
HHUE paavaJbHOTO IpagueHTa CKOPOCTH BpallleHHs Ha mmpote 50° u 1.1, UMeHHO
31ech, TO-BUANMOMY, U YKOpeHeHO MarHUTHoe Touts nisiteH [ Lefebvre et al., 2006].

B 2005 r. Akcens bpanneHOypr cpopMyIMpoBall JOCTOMHCTBA M HEAOCTATKH
TaxOKJIMHHOTO W TIPOCTPAHCTBEHHO paclpeae ¢ HHOTO/OANOBEPXHOCTHOTO U~
HaMo. Cpelu HeOoCTaTKOB TaXOKJIMHHOIO AWHAMO OH oOpaTuJl BHMMaHue Ha To,
YTO B TaXOKJIMHE HaAOJI0AaloTCs KojiebaHus ¢ mepruoaoM 1,3 roga v HET HUKAKUX
cienoB 11-netHero uukia. TaXxOKJIMHHOE TMHAMO HE OOBSICHSIET BOBHUKHOBEHUSI
KHJIOTayCCOBBIX JIOKAJIBHO pacIpeaeIEHHBIX MAarHUTHBIX TTOJICH.

Cpenu 10CTOMHCTB MTPOCTPAHCTBEHHO pacIipene € HHOro,/oANOBEPXHOCTHOTO
muHamo A. BpanpenOypr [Brandenburg, 2005] ynmoMsHYI HaJMdpWe TOIIOJIOTIHYE-
CKOI1 HaKa4yK! B ITOAIIOBEPXHOCTHOM cjioe. B HemaBHeit padore [Pipin, Kosovichev,
2011] mpuBeneHa Moaeib, B KOTOPOU B MOAIIOBEPXHOCTHOM CJIOE PEaIM3yeTCsl TO-
noJjiornyeckasi Hakauka. OKa3ajaoch, YTO IMHAMO — MOJIeJIb C MOAMOBEPXHOCTHBIM
IIAP-CIIOEM — MOXeT YIOBJICTBOPUTH BCeM TPeOOBAaHUSIM IO TeHEpalllHu OOIIe-
IO MarHUTHOTO IOTOKAa MEXaHM3MOM JIMHAMO W B TO X€ BpPeMs CIIOCOOHA KOJMJe-
CTBEHHO BOCITPOM3BECTU M3BECTHbIE CTaTUCTUYECKME CBOMCTBA COJIHEUHOIO IMK-
J1a, B YyacTHOCTH 3(pekThl Banbamaiiepa, v CBSI3b ITeproaa M aMITIATY/IBL.

Takum 00pa3om, HaIpaBJeHHas BHU3 TypOyJIeHTHasT HaKayka TOPU30HTAIb-
HOT0 MarHUTHOTO TOJIsT (CBSIAHHOTO WJIM C TOPOMAAIBHOMN, WU ¢ MEPUANOHATb-
HOI KOMITOHEHTAMW MAaHWUTHOTO IOJIST) HaéT JIydillee coIlache CBOMCTB AMHAMO
C HabOAeHUSIMU, YBEJIMUUBAS, TIPU JaHHOM mpoduiie TypOyaeHTHoU auddys3uu,
nepuoa MarHUTHOTO LukKiaa. Mojenb obecrieuyrMBaeT acUMMETPUIO BOCXOMsIIeH
¥ HUCXOISIIEH BeTBel (KaK M MPOIOJIKUTEIBPHOCTE (Da3) TOPOMIaIbHOTO MarHUT-
HOTO TIOJIST. ACHMMETPHS PACcTET C yBeIMUEHUEM TpaTleHTa TypOyIeHTHOM auddy-
3uM B nioadoTrocchepHoM cioe. M3 pacu€ToB ciieayeT Takxke, YTO TOKOBasl CIIUpalib-
HOCTBb MEHSIET 3HaK B NoA(OTOCHEPHBIX CJIOSX B HaUYaJjle LIMKIIA.

MMenHO TypOysneHTHasl ToroJiornyeckasi Hakauka rnpeBpalaer ciaboe aud-
(bysHoe nose, coznaBaeMoe MIyOMHHBIM TaXOKJIMHHBIM JUHAMO, B CUJIBHOE TOPOU-
JaJIbHOE T10JIe aKTUBHBIX 00J1aCTe.

5. YTO XE XAET HAC B BJIVXKANLUME OONH
NN HECKOJTbKO LNKNOB?

B 1985 r. poct miob6anbHOTO MarHUTHOIO MOMEHTa cMeHuJics crianoM. Ha puc. 7
MOKa3aH XOI MarHUTHoOro MomeHTta ¢ 1918 mo 2006 r. 3ej€HBIM LIBETOM IMOKa3aH
xoa MoMeHTa ¢ 1918 mo 1990 roasl, Kak 3To ObUIO MOJIy4eHO HaMu paHee [Makarov
et al., 2001]. Toncras KpuBasl MOKa3bIBaeT CIiaxeHHbIe 1o 13 obopoTaMm cpemHue
3a KOPPUHITOHOBCKHMI O0OOpPOT 3HAYEeHUs, TOHKas TpsMasi MPEACTaBIsIeT COOOit
JUHEHY0 anmpokcuMariiio. ObpaiaeT Ha cedsl BHUMaHUE HETPepBIBHOE Hapac-
TaHUWe MOMeHTa ¢ Hadaja XX B. DTO NMPUBEJIO K MPEATIONOXEHUIO O OyaylleM Ha-
pacTaHMM COJHEYHON aKTUBHOCTM. OQHAKO yXe Torma OecroKOWCTBO BBI3bIBAJIO
nagenue MmomenTa nocie 1982 r. B panpneiimem B. H. O6punko u b. 1. Ilenstunr
(2009) mpoBeu pacuétsl BILIOTH 10 2006 . OKa3aa0Ch, YTO 3TOT CIIAI IIPOTOJIKIAI-
ca. Ha puc. 7 crmaxeHHBIe CpeTHEOOOPOTHBIE 3HAYCHUSI ITOKAa3aHbl CHMHUMU TOYKA-
MU, a JUHENHA annpoKCUMalusa — CUHEN NIPSMOA.

B pa6ote [O6punko, [lenstunr, 2009] BbickazaHbl COOOpaXKeHus, COTJIACHO KO-
TOPBIM €CTh OCHOBAHMS TTOJIaraTh, YTO MBI TIPUOJIMKaeMCsI K TPYITITe HU3KUX [TUKIIOB.
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Pacu€Thl, BeIOTHEHHBIE B 3TOM padoTe, ObLIM MOATBEPXKAeHBI nanee [Oxepenon
u ap., 2009, 2011] u npenckasaHa BbICOTa TEKYILIETO HUKIA 0KOIo 70 equHUILL.

Yto KacaeTcs HaTHl IMPEACTOSINET0 MaKCUMyMa, TO HEOOXOIUMO OTMETHTD,
YTO caMa 3Ta JaTa — IOHSATHE TOBOJILHO HeonpenaeaéHHoe. MakTruecKu JIydlie ro-
BOPHUTH O ha3ze MaKCMMyMa, KOTOpas IJIUTCSI OAVH-IIBAa Trofa, B Te4eHUE KOTOPOit
CpemTHEeMeCSTYHBIC 3HAYeHWs YMCIIa COJTHEYHBIX ISITEH OTJIMYAIOTCS APYT OT Apyra
He Gojiee ueM Ha 10 %. ITpu 5TOM yKa3aHHBII IIEPUO COBIAIAET C IEPEIIOIIOCOB-
KOi1, T.¢. C TIepUOIOM, KOTJa MAaTHUTHBIN TOJIIOC OITyCKAETCST B TIPUAKBATOPHAITb-
Hyl0 00J1acTh, PacTBOp rejinocepHoro TokoBoro ciosd (“tilt”) mpessimaet 70 %,
a mIobabHasT HeMTpaabHast TUHMS TTPOXOAUT Yepe3 mojrtoc BparneHuss CorHIIA.
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PacTteop rennochepHons TOKOBOID CNOR
Puc. 8. I'paduk pactBopa rearocdepHoro TOKOBoro cjios 3a 1976—2011 rr.
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CorjlacHO 3THUM OIpeAesIeHUsIM, Mbl BCTYTTWIM B (ha3y MakcuMyMa 24-ro 1uK-

na emg B KoHile 2011 r. Ha puc. 8 nmpuBenén rpaduk pacTBopa reamoc@epHoro To-
KoBoOTO ciios 3a 1976—2011 rr. CTpenkaMu TToKa3aHbl MOMEHTBI COOTBETCTBYIOIITNX
MaKCUMyMOB. Majioii TOJCTOM CTPENKOW OTMeUYeH HACTYIMBIIMKA B HaCTOSIIEE
BpeMsI MaKCUMYyM 24-To LIUKIIa.

Ha puc. 9 nzobpaxkeHa cTpyKTypa CWJIOBBIX JIMHMIA, KaK OHA Oblj1a ObI BHMIHA

N\ ,r'fl =
) \\ ﬁ%;‘-"‘ 2
.JEE§§§§?ﬁ§iﬂWﬁﬂﬁﬁﬁ_
=

Puc. 9. CTpyKTypa CHIOBBIX JIMHUI, KaK OHa Obl1a Obl BUIHA C CEBEPHOIO MOJIIOCA
Connua 31 nexa6pst 2011 r. DTo TMUMMYHAS MaKCUMaJIbHAsI CTPYKTypa

Hucno conHeyHBIX NATEH

2014 2016 2018

Mo

2010 2012 2020

Puc. 10. Xon critaxeHHBIX MECSIYHBIX YMCEJ COTHEYHBIX MSTEH
Y TIPOTHO3 JaTbHENIIIEro MoBeeHNs 24-T0 LIMKIIa

¢ ceBepHoro nomoca Connua 31 gekadps 2011 r. Do TMNMYHasg MakKcUMaJlbHast
CTPYKTYpa.
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Hakonen, Ha puc. 10 cuHel KpUBOI MOKa3aH X0/ CIJIaXXeHHbBIX MECSIUYHBIX YH-
CEJ1 COJIHEYHBIX ITSITEH; MaJIO KpaCHOM KPUBOM — XOJ HECIJIAXKEHHBIX MECSYHBIX
3HAYEHUI 3a IMOoCaeaHUe 6 MecsAlEB; YEPHON MyHKTUPHON KPUBOM — XOII, YCPEI-
HEHHBIA 110 TPEM HEBBICOKUM LMKIaM — 12—14 u 16. BuaHo, 4To JaHHBIA HAMU
[O6puako, [enprunr, 2009; Oxepenos u ap., 2009, 2011] mporHo3 ornpaBabIBacT-
¢sl ¢ 0YEHb XOPOoIlieil TOUHOCThI0. BO3MOXHO, UTO camoe BBICOKOE 3HaueHue OyaeT
JOCTUTHYTO HECKOJIbKO MO3[HEe, HO B LIEJIOM JABYXJETHsS (paza MakcUMyMa Ipo-
nokuTces ¢ cepeaurbl 2011 o cepennny 2013 .

EcTb Bce ocHOBaHUS MoJiarath, 4YTo 23-ii MK — He MOCASIHUI HU3KUI LIMKIT
akTuBHOCTU B Hauvaje XXI cronetus. Tak, B yactHoctH, P.K. AnbTpok [Altrock,
2010] nmoka3say, uto B 24-M LIMKJIE OTCYTCTBYET clieliduueckast CTpyKTypa B KOpO-
He, KOTOpYylo OH Ha3Bajl “rush to the poles”. Drta cTpyKTypa Bcerma HaOIogaeTcs
BOJIM3M (pa3bl MAaKCUMYMa KaxKJIOTro LIMKJIa, U €€ OTCYTCTBME YKa3bhIBaeT Ha TO, YTO
U 25-1 UKJI, BEPOSITHO, OyIeT HEBBICOKMM.

OBLLEE 3AKJTIOYEHWE

Takum oOpa3om, HEOOBIYHOCTh 23-TO LIMKJIA OKa3ajach Ype3BLIYAMHO ITOJIC3HOM
JUUIST U3yYEHUsI COJIHEUHON LIUMKINYHOCTU. HeoObluHble cBoMcTBa 23-ro 1IMKJIa OC-
MBICJIEHHBIM 00pa3oM Tepellid B HeoObIYHOCTD 24-ro nukia. [1pu aTom ocobbie
CBOICTBa 3TUX JIBYX LIMKJIOB OKa3aJUCh BeCbMa YAOOHBIM MPOOHBIM KaMHEM sl
TMOHUMAaHUS TIPUPOABLI U CBONCTB COJTHEYHOM IUKIMYHOCTU, (DU3NIECKUX TTPOLIeC-
COB €€ BOBHMKHOBEHUSI, OCHOBOI IJIsI IIPOTHO3a.

HuddysHoe moie TeHepupyeTcsi B TAXOKJIUHE, a LIUKII MSITeH — B MOMAMOBEPX-
HOCTHOM cJjioe. O01iee AMHAMO 00eCTIeYrBaET CTPOUTEIbHBINA MaTepyal s JOKallb-
HbIX MoJyieil. UMeHHO MOBEpXHOCTHOE IMHAMO OIpeAesisieT coOO0i BbICOTY LIMKJIA.

Pa6ota BEITIONTHEHA TIpU (hrHAHCOBOM TTomnepkke PODU (tmpoekt Ne 11-02-
00259-a).
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CYCLES OF SOLAR ACTIVITY: THE STATE OF THE ART OF THE PROBLEM,
BASIC MECHANISMS, AND FORECAST

V. N. Obridko

N.V. Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation,
Russian Academy of Sciences (IZMIRAN), Troitsk, Moscow, Russia,
e-mail: obridko@izmiran.ru

Now and again, the Sun sets new problems before the astronomers. One of such problems is
the abnormal behavior of solar activity during the past, 23™ cycle. Even now, it is not clear
whether the anomalies have ceased with the beginning of the new cycle 24 or we are still fac-
ing a long period of low solar activity. The anomalies in question have manifested themselves
in various parameters, such as the sunspots per se, the number and intensity of coronal mass
gjections, extraordinary brightness distributions in the corona, solar wind parameters, the
persistent big low latitude coronal holes, etc.
‘We suppose to discuss following problems:

» What are the characteristics of solar activity that display abnormal behavior? Is it pos-
sible that we are on the threshold of a strong decrease of solar activity? Were analogous
episodes in the history of solar activity? What are the similar features and differences
between the activity cycles in the Sun and stars?

* Are the present-day theories able to account for strong variations in the height of the
cycles (up to an order of magnitude) on one and the same star? Is it possible to predict
the heights and peculiarities of the cycles on the basis of the dynamo theory?

« Are there additional arguments for the influence of planets on solar activity?

* What is to be expected in future? Is there an opportunity to improve the forecast of so-
lar activity?
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Solar studies of past century did not leave doubt, that the geoeffective phenomena in the Sun,
which dynamically influence the state of environment space, are the large flare events and cor-
onal holes. To the class of flare phenomena we carry solar flares with emission in all ranges of
electromagnetic spectrum and entire spectrum of the mass motion dynamic manifestations
with all associating those phenomena. The agents, which cause the disturbances environment,
are: the coronal mass ejections being the consequence of active processes in flares and solar
filament ejection; the high-speed streams of the solar plasma, which follow behind the shock
wave from the large solar flare events or escaping from the regions with the open configuration
of magnetic field. The complete chain of disturbances in environment from the separate large
flare event can be presented in the form three separate stages of the action: — electromag-
netic impact disrupts radio connection in the ionosphere because of an increase in the radiant
flux in the ranges UV and the soft X-ray; corpuscular impact solar proton events increase the
level of the radiation danger, when the intrusion of the significant fluxes of the solar charged
particles occurs; plasma impact magnetic storms: the disturbances in the geomagnetic field,
which are caused by arrival in environment of the excited structures of solar wind. The fore-
cast of the disturbances beginnings in environment and their duration is possible for the pe-
riod from 1 to 5 days, and coronal holes for the period of one solar rotation (27,3 days). This
gives the possibility to plan different kind technological, biological and medical experiments
and shielding measures for the command and the instruments of space laboratories.

INTRODUCTION

The beginning of the Space Age became new step in a matter of the Earth studies
in the broad sense, from it depths of up to the boundaries with the heliosphere both
by the ground-based instruments and established on board scientific spacecraft.
Integration of observations on the Earth and in the space within the framework of
the International Geophysical Year (1957—1958) gave this push to entire science, that
its development follows precisely the path of comparison and calculation of measure-
ments in space and by measurements by ground-based tools.

In this paper we mean for environment space the region beginning from heights
50...60 km above the Earth and extending to distances of tens of Earth radii up to the
interface with the heliosphere; in the heliosphere, the material that fills it is still con-
nected to our planet, not with the Sun or any other celestial body. It is clear that in
this region we deal mainly with natural plasma.

With the development of studies in Sun-Earth physics is alien understanding the
fact that the basic action on environment renders Sun itself and active phenomena in
its atmosphere. In turn a quantity and the power of such phenomena depend on the
characteristics of the concrete cycle of solar activity, in which they occur.

1. CYCLIC RECURRENCE OF SOLAR ACTIVITY

By the solar activity (SA) it is accepted to call entire totality of the observed phe-
nomena in the atmosphere of the Sun, which produce fluctuations of its radiation
in different ranges of electromagnetic waves and particle fluxes of different energies.
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State SA is characterized by observant indices; the prolonged number has the rela-
tive number of sunspots (W). This index is for the first time introduced by R. Wolf,
and he is determined since 1849 (reliable series W1), when constant observations
of sunspots began to conduct several observatories in Europe. This year is consid-
ered the beginning of the scientific observations of the Sun. Furthermore, Wolf re-
stored the monthly values of this index since 1749 (numbered series, W2) and aver-
age annual since 1700 according to the partial data of individual European observers.
Contemporary researchers according to published data qualitatively prolonged this
number until 1610 (Figure 1).

In practice all researchers used a series W2, and many and entire known, with-
out taking into account their authenticity. Therefore in [Ishkov, Shibaev, 2006] was
carried out the comparison of series W1 and W2 and their agreed was checked. The
validity of this emphasized the spectral estimation of the centenary intervals [1749—
18491, [1799—1899], [1849—1949] and [1899—1999], the shown qualitative proximity
of the spectral harmonics of three last intervals and their distinctive nature in the first
interval, which is clearly characterized by position and value of fundamental har-
monic and its spectral width. The nature of the behavior “instantaneous” frequencies
and envelopes in restored interval of 1749—1849 and the essential distortion of the
high-frequency part of the spectrum raise the question about the impossibility of us-
ing this interval for scientific studies.

One of the most remarkable special features of the Sun is regular, almost period-
ical changes in the solar indices — cycles SA. The basic task of solar cycle’s studies is
the construction of the model of its changeability in the course of time, the develop-
ment of the basic physical laws of describing SA as a whole and, being based on the
obtained results, the prognostication of the subsequent cycles of solar activity. For
the correct solution of these problems it is necessary to be confident in the utilized
reliable observant material and to know conditions and limits of the applicability the
restored series of observations. Of the aforesaid above follows the uncomforting con-
clusion that for scientific studies a series of 14 cycles SA, which covers one-and-a-
half centuries, is accessible to us.
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Figure. 1. Complete series of sunspots observations. Modify figure from Wikipedia (http://
en.wikipedia.org/wiki/File:Sunspot_ Numbers.png). By black solid line is represented reliable
series (W1), by gray solid line restored until 1749. (W2) the series of Wolf numbers. By small

crosses — scarcely reliable series, restored on the basis of the separate literary sources and us-
ing the archive materials
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The insufficiency of knowledge about the properties of cyclic recurrence SA is
manifested in the fact that each new cycle either changes the boundaries of already
known characteristics or it manifests the new, unexpected properties.

At the present moment (August 2012) SA corresponds to the phase of solar cy-
cle 24 maximum — possibly, the first low solar cycle after the period of 4 high cycles
of SA (18, 19 — super cycle, 21 and 22), divided by the typical according to the gen-
eral characteristics solar cycle of average value (20). Since the beginning of 22 so-
lar cycle in the layers of the convective zone of the Sun, demanding for the forma-
tion of sunspots, occurred reconstruction of the regime of sunspot-formation, which
brought in 23 cycle SA to the significant weakening of the maximum values of mag-
netic field strength in the umbra of sunspots and, possibly, to weakening of the aver-
age magnetic field of active regions (AR). The consequence of this became reduction
in the threshold of the output of high-energy solar protons, which led to the signifi-
cant increase in the total number of solar proton events, including of ground level
event (GLE) in comparison with by the previous 4 cycles of solar activity. Is possible,
this consequence of coronal mass ejection quantity increase of in current cycle both
from the solar flare events (flare, the solar filament ejections) and from the smaller
events of flare nature, formally not reached the level of flares. It suffices to say that
into the calmest spotless days, the quantity of weak coronal mass ejections there was
not less than 10 events in the week.

2. LAST MINIMUM OF SOLAR ACTIVITY

Within the framework this investigation most interesting is represented the period
of the phase of minimum 23—24 cycles of SA, which was begun in May 2005 and
lengthened prior to the end 2010 [Ishkov, 2009]. This first very deep and protracted
minimum of SA since the beginning of the Space Age (the last deep minimum it was
observed between 14 and 15 solar cycles) raised in the agenda the questions of the
background characteristics of SA study and its reflection in the interplanetary space
and, in particular, in environment. It is necessary to note that during this minimum
the researchers obtained two periods with the very high flare activity (IX of 2005 and
XII of 2006 +5.5 and +6.6 years after maximum). These two flare-active regions
on the flare potential occupy 4 and 20 place among most productive AR in the last
4 solar cycles. Middle (2007—2009) of the minimum phase gives the possibility to
estimate and to analyze solar active phenomena under the conditions for the mini-
mum generation of solar magnetic fields. Sun during 820 days (on April 2011) it was
without the sunspots, although in the normal solar minimum of such spotless days in
average 486. Greatest interval of the lowest values during entire history of the radio
observations of the Sun (since 1947) the flux of radio emission 10.7 cm; it is noted
precisely in this minimum, in July 2008 — February 2009 it remained at the level of
~68 of sfu.

According to the data of satellite VIRGO [Fréhlich, 2009] the level of solar con-
stant with 2007 on the end of 2009 was held on the lowest value in all time of the
exoatmospheric measurements of the given quantity. Value of complete radiation of
the Sun (solar constant) on 1 AU it is more than on 0.2 W/s2 it was lower than dur-
ing the last solar minimum (1995—1997). It follows from the article [Gibson et al.,
2009] that the observations of the Sun and solar wind of solar poles (Ulysses) and in
the ecliptic show the significant differences between the current solar minimum and
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the past. The area of polar coronal holes substantially decreased and magnetic flux
on the surface of the Sun at the poles to 40 % is weaker in comparison with the past
minimum SA. The average tension of magnetic field in the solar wind in environ-
ment became lower by 15 % and density (~ to 45 %). However, the speed of solar
wind near the Earth grew on the average by 13 %. Furthermore, there was occurred
complete reconstruction of the characteristic periods of natural oscillations both in
the characteristics of solar wind and in the indices, which characterize auroral zone
and radiation belts.

Existence of large equatorial coronal holes (CH) was tightened on the time for
entire period of the 23 solar cycle minimum phase. The high-speed streams of so-
lar wind from these CH’s became more intensive, more prolonged, but average par-
ticle density in them significantly fell and therefore the level of their geoeffectivity,
exposure to environment it became weaker. In response to this, the number of geo-
magnetic disturbances, which reached the level of magnetic storms sharply, fell, and
the smoothed value of Ap index reached minimum only in September 2009. If in
last year of solar cycle 23 from 62 solar coronal holes are noted 17 minor magnet-
ic storms (+2 from the flare phenomena), then in the first year of the current solar
cycle 24 from 38 solar coronal holes it was only 2. At the same time practically all
high-speed streams of coronal holes were regularly recorded by sciences spacecraft
ACE (Advanced Composition Explorer). The decrease of the average magnetic field
strength of heliosphere led to the fact that the fluxes of galactic cosmic rays in the
heliosphere considerably grew [Ebert et al., 2009] and on the measurements of the
iron nuclei with the energies 270...450 MeV/nucleon this increase reached 20 % of
the past maximum values.

All given in the article data show that the last minimum SA allows to assume that
we finally were obtained the background values of the parameters which describing
the state of Sun — Earth system in the absence any flare phenomena and it is neces-
sary to continue work on study and systematizations of obtained data. Working ex-
periments, observations and studies, carried out in this period, will make it possible
to estimate the action of background solar activity on the biosphere and the health of
people.

3. GEOEFFECTIVE SOLAR PHENOMENA
3.1. Solar flares

Solar flares are the reaction of solar atmosphere to the rapid process of magnetic na-
ture energy release, which leads to the sharp local heating of all layers of solar atmo-
sphere, generation of the electromagnetic radiation over a wide range of wavelengths
from the y-quanta (2:10~!! ¢m) to the kilometer radio waves (10° cm), and also to the
acceleration of electrons, protons and heavy ions. Flare phenomena — this is entire
totality of the dynamic phenomena in the Sun, which are been the consequence of
the new emergence magnetic flux interaction with the already existing magnetic fields
both in the active regions and outside them. Observations showed that an increase
in the flare activity in the sunspot groups is tightly connected with the advent of the
new emergence magnetic fluxes and for the realization of the solar flares of large
and average importance were necessary the changes in structure itself active region
[Feynman, Martin, 1995; Ishkov, 1998]. For the realization of large solar flares it is
necessary that the new magnetic flux would be sufficient to large (>10'"* Wb), and the
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speed of its emergence was >10° Wb/s. A rapid growth of the sunspot group area, the
significant increase in the number of sunspots and the rapid complication of active
region magnetic and three-dimensional structure (Figure 2), the significant increase
in the background of soft X-ray and radio flux — here are the basic signs of the new
magnetic flux emergence [Ishkov, 1998]. The flares of large and average importance
in active regions always (without the exceptions) are grouped in a series, corteges and
are realized into the limited, sufficiently short time interval. Depending on the degree
of active region development, characteristics of its magnetic field and power of the
new emerging magnetic flux this time interval can occupy from 16 to 80 hours, on
the average of 55+30" or 16 % of transit time of the active region on the solar visible
disk. It is very important to note: in this time interval all solar flares of large and aver-
age class occurs. The period of the realization of large solar flares comes 1...2 days af-
ter the detection of the new emerging magnetic flux in the active region boundaries.
So that in this active region would occur another series of large flares, the emergence
of new magnetic flux is necessary.

The most flare-productive active regions (Table 1) are more frequently appear
at the phase of the decrease SA and the series of powerful flare events in them ex-
erts extreme influence on the environment space. Below in Table 1 are given char-
acteristics of August 1972 flare active region; in which were occurred two undoubt-
edly extreme solar flares. It is here necessary to note that in the X-ray photometer
of the geostationary satellites of the series GOES, according to data of which since
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Figure 2. The example of the new magnetic flux on December 11 to 14, 2006 emerges at the
level of photosphere and in the magnetic field. Time in the left pair of figures goes from top to
bottom, and in the right — from bottom to top. The configuration for 14.12.2006 was restored
after the realization of flares. From the observations of space solar observatory HINODE
(http://www.nesl.ucar.edu/LAR /2007 /strategic-priorities/sp6/index.php)
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1970 is determined the X-ray class of solar flares, repeatedly changed the thresh-
old of the maximum measured intensity of the soft X-ray in the range of energies
(1...12.5 keV=1...8 A). Until 1976 the threshold of the photometer saturation cor-
responded to the X-ray class X5.4 and therefore famous solar flares August 4 and 7,
1972 had formal class X > 5.4. Prior to the beginning of geostationary satellite GOES
9 work threshold corresponded to the X-ray class X12.5, and afterward, in solar cycle
23, threshold grew to X17.5. Accordingly, for most powerful flares, whose rate of oc-
currence exceeded the threshold indicated, X-ray class was determined condition-
ally: it is proportional to the time of the instrument cutoff. Therefore more objec-
tively to characterize the X-ray class of such flares with saturation not only thresh-
old value of the instrument saturation, but also duration of the time interval of the
instrument cutoff (t). By this it is explained, that the flare index, which is calcu-
lated from the X-ray class X (flux of the soft X-ray radiation >10~* W/m?) and M
(>10_5 ..<107* W/mz) for most highly productive flare active regions shows lower
limit. Under point 4 in Table 1 is given the complex of active regions, whose flare
activity can be examined only together, were too closely located the active regions,
entering it. Therefore practically all larger flares occurred immediately in both com-
ponents.

Table 1. The most powerful flare-active regions 1986—2007

N.| cwmp AR @° L° SPpw | R.S,G XRI | Mty
1 |09.09.1991 |6659 N3l 248 2300 |R5/S4/G4 |>86.5 | +2

2 |2.10.2003 | 10486 | S17 354 2610 | RS/S5/G5 | >62.56 |+3.5
3 |12.03.1989 | 5395 N34 257 3600 |R5/S4/G5 |57.0 —0.5
4% 16.12.1982 | 4025+26 |S06-S09 |L089—L77 |640 |R5/S/G2 |>36.56 |+3.3
5 |13.03.1991 | 6555 23 188 2530 |R4/S5/G5 |32.6 +1.5
6 | 14.07.1982 | 3804 N14 L322 500 | R5/S/G5 |>28.73

7 | 10.04.2001 | 9415 822 359 880 |R4/S3/GS |28.73 | +I

8 |15.07.1978 | 1203 N18 L169 470 |R5/S/G1  |>27.09

9 |08.08.1989 | 5629 S17 076 1320 |R5/S4/G3 |>268 | —0.5
10 | 28.03.2001 | 9393 N20 152 2440 |R5/S2/G5 |>25.74 |+I

11 | 17.05.1990 | 6063 N34 321 940 |R4/S3/G2 |23 +1

12 | 12.01.1989 |5312 S31 308 1800 |R3/S1/G2 [224 |05
13 | 15.01.2005 | 10720 | N09 177 1630 |R4/S3/G4 |21.5 | +4.7
14 | 11.12.2006 | 10930 | S06 009 680 |R4/S2/G4 208  |+6.6
XX | 04.08.1972 | 0331 N12 010 1330 |R5/S5/G5 |>26.0 | +3.5

An illustration said above it is Figure 2, which presents the emergence of new
magnetic flux in December 2006 active region. New magnetic flux appeared at the
end of day on December 11 directly near the small sunspot of positive magnetic po-
larity.

In the magnetic field (2 and 4 columns) rapid changes are visible and small sun-
spot first doubles, changes its form and further it is decomposed into several frag-
ments. Entire process engaged the approximately 48 hours, for which in the sunspot
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group, between the large and small sunspots were occurred by two large proton solar
flares X3.2 at December 13, and X1.4 at December 14, 2006.

CMP — transit time of the central meridian; AR — number of active region in
the system NOAA; ®° — AR’s average latitude; L° — AR’s average Carrington lon-
gitude; XRI — index of flare productivity of AR; R, S, G — degree of this AR so-
lar flares action on environment (see it is below); M+y — the time (in the years) of
this AR appearance from the point of corresponding solar cycle maximum (accuracy
0.5 year). Italics noted ARs of solar cycle 23.

3.2. Solar filament ejections

Still one solar active phenomenon, disturbance from which exerts direct influence
on environment, is the solar filament ejections. Solar filaments are clouds of dense
and cooler (than the surrounding corona) plasma, which take in the magnetic field of
the solar atmosphere the form of structures extended along the polarity reversal line.
Typical sizes are 60...600 thousand km into the length, 15...100 thousand km into the
height even 4...15 thousand km into the width. The basic share of filament or chan-
nels of filament (initial and, possibly, final of the filament evolution stage) they des-
ignate magnetic field neutral line along the entire solar surface. Since active regions
are always bipolar structures, they either are formed in the regions on both sides from
the magnetic neutral line or their formation entails reconstruction of large-scale
magnetic field, and the dividing line of polarities nevertheless occurs inside active re-
gions. Accordingly filaments in effect always are present in all active regions, when
directly in the form of the filament, when in the form of the filament channel de-
pending on complexity and magnetic field strengths in active regions. The ejections
of solar filament on the observations with a good resolution, beginning from the lift
of filament rapidly are formed two ribbons, which are drawn out along the dividing
line of the polarities, that by previously designated by filament, on which through
tens of minutes are formed flare arched structures — typical picture of two-ribbon
flare. I.e., the ejections of filaments out of active regions can be represented as flares
with slow increase of the intensity to maximum (>1h) and significant decay time in
the intensity (>3h).The large flares in active region are very frequently accompanied
by the ejections of the filaments, which or precede flare itself (very rarely), but, if
there is a complete series of the flare process observations, filament is ejected in the
process of flare.

3.3. Coronal holes

The extensive regions in the solar corona with the lowered density and the tempera-
ture, the emissions in the extreme UV, the soft X-ray and microwave radiation bands
characterized by scarcity call the coronal holes. A large coronal hole usually exists
during 4—8 solar rotations virtually without changing its position. However, its vis-
ible boundaries may displace by up to 20 degree/day, changing its sizes or moving
it as a whole. Coronal holes are regions in the solar atmosphere with a magnetic
field open to the interplanetary space; from them, solar plasma freely outflows to
the heliosphere, forming high-speed streams of the solar wind with typical speeds
500...700 km/s with those increased by magnetic field, by density and by temperature.
In transit through this high-speed stream the magnetosphere of the Earth interacts
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with it, respond by geomagnetic disturbance. Coronal holes the most long-life geoef-
fective phenomena in the sun are the sources of recurrent magnetic storms.

4. SPACE WEATHER

By term “SPACE WEATHER” at present is understood the state of the magneto-
sphere, ionosphere, troposphere, thermosphere of all layers of environment space in
any assigned interval of time, which is determined by active phenomena in the Sun.
The electromagnetic disturbances from flare events appear virtually at the instant of
the process development; corpuscular and plasma disturbances from solar geoeffec-
tive phenomena (flare events, coronal holes) propagating in the heliosphere, through
the solar wind, affect the magnetospheres of planets, their satellites, and comets,
causing considerable deviations from the background quiet state in nearly all layers of
the considered objects.

The full chain of disturbances from the separate large flare event it is possible to
present in the form three separate stages actions (http://sec.noaa.gov/NOAAscales),
which consistently are implemented in environment. First, at the moment of geoef-
fective solar flare development, environment irradiates by the fluxes of electromag-
netic radiation (R — electromagnetic impact). Then, through the temporary space
from several minutes to 10 hours in environment come the fluxes of the solar charged
particles (S — corpuscular impact — solar proton event) and finally in 17...96 hours
in environment come the streams of plasma, increased speed, density and tempera-
ture (G — plasma impact), causing disturbances in the terrestrial magnetic field —
the magnetic storms. Let us note that the solar filament ejections and coronal holes
cause in environment only magnetic disturbances.

According to this classification is introduced the five levels or categories of the
intensity estimation each actions, which is given in Table 2.

Table 2. The scale of space weather NOAA

Level R S G
X-ray class of solar flare Proton fluxes, E> 10 MeV Magnetic storm, Kp
5—extreme | >X20 (2:107° W/m™?) >100 000 pfu 9
4 — severe >X10 (107 W/m™) >10 000 pfu 8 and 9—
3 — strong >X1 (107 W/m™) >1000 pfu 7
2 — moderate | >M5 (5-107 W/m™2) >100 pfu 6
1 — minor >M1 (1075 W/m™2) >10 pfu 5

The scale of event (R) is the flux of soft X-radiation in range 1...12.5 keV; the
scale of event (S) is the flux of protons with the energy >10 MeV; the scale of event
(G) is the value Kp index of geomagnetic disturbances.

Electromagnetic impact reaches environment at the speed of light, i.e., at the in-

stant of the development of a solar flare. During its effect in short-wave ranges of
electromagnetic radiation the flux increases by several orders of magnitude relative
to the background values. For instance, in soft X-rays (1...8 A, 12.5...1 keV) the flux
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increase can reach four orders. As a consequence, immediately at the instant of a
flare development (timescale of the disturbance development is a few minutes after
the beginning of the flare) sudden ionospheric disturbances develop in environment
space, causing a complete radio silence in the range of high frequencies at the day-
side of the Earth (Figure 3); its duration reaches several hours, upsetting the radio
communication with ships and airplanes. In the range of low frequencies at the day-
side of the planet, errors in positioning systems of ground-based objects and satel-
lites sharply increase and are accumulated during many hours. A quantity of events
changes from R1 for the flares of the X-ray class M1 (to 2000 events to the cycle), to
R5 for the most powerful flares, whose X-ray class X > 17.5 (1—2 events in the cycle
of solar activity). Table 5 is given solar extreme flare events in 3 solar cycles, which
caused the most powerful sudden ionospheric disturbances on the day side of the
Earth.

Table 3 is given solar extreme flare events in 4 solar cycles, which caused the
most powerful sudden ionospheric disturbances on the day side of the Earth.

By simple type are given extreme events 20 and 21, semi-fat — 22 and italics of
23 cycles of solar activity.

Corpuscular impact. Ejection of energetic solar particles (protons, electrons,
neutrons), which, reaching environment, are cause solar proton events (SPE)
(Figure 4). Invasions of high-energy solar particles (Epr> 10 MeV) sharply raise the
level of radiation hazard to astronauts, crews and passengers of high-altitude air-
planes at high latitudes, result in losses of satellites and in failures of scientific and
navigation instruments on space objects, interrupt short-wave communication in
subauroral regions, and provoke a sharp increase in positioning system errors. This
results in serious problems in positioning of ground-based and space objects. The
timescale of the SPE onset with respect to the beginning of a proton flare is a few
hours, though particles with GeV energies arrive to the Earth at the speed of light.

To describe SPE in environmet space, a five-grade scale of the protons flux as-
sessment with energies £> 10 MeV has also been introduced: from S1 for a proton
flux of 10 particles s hster -em™ (up to 50 events per cycle) to S5 for a proton flux
by four orders of magnitude greater (less than one event per cycle).

lonospheric disturbance and shortwave fade
Normal terrestrial station and “hash" during flare

15:35:43 15:39.48 154353 15.47:58 15:52.03

Universal Time

Aprll 27,2006 MB.2 Solar X-ray flare  Sudden lonospheric Disturbance / ( short wave fade )

University of Florida Radio Sky Spectrogram

Figure 3. Practically complete wireless silence during the realization of large solar flare on
April 27, 2006 because of the sudden ionospheric disturbance (http//: www.spaceweather.com)

54



V. N. Ishkov

Solar Geoeffective Phenomena: Action on the Environment Space and the Possibility of the Forecast

Particles em™s™sr™

Table 3. Extreme solar flare events, which caused in environment
the disturbance R5 for 20—23 cycles of solar activity

Rank| Y/M /D | X-ray class T Localization AR
1 ]1991/06/01 |X>12.5 26™ N25E901.248 | 6659
1 |1991/06/06 |X>12.5 26™ N33E44L248 |6659
1 |2003/11/04 | X>17.5 11™ (X28) |S19W83L.286 | 10486
2 11991/06/15 | X>12.5 22™ N33W66L248 | 6659
3 11991/06/04 | X>12.5 9™ N30E70L248 |6659
4 11991/06/11 |X>12.5 7™ N32WI5L248 6659
4 |1972/08/07 |X>5.4 >30™M?2 NI14E40L010 | 0331
4 12001/04/02 |X>17.5 2(X20) N19WI0L152 | 9393
4 11989/08/16 |X>12.5 ? S15W85L 5629
5?7 |1972/08/04 |X>5.4 ? NI15E09L010 | 0331
5 12003/10/28 | X17.2 S16E08L286 | 10486
6 |2005/09/07 |X17.1 S06E891.229 | 10808
6 |1989/03/06 |X>12.5 ?(X15) N33E7IL 5395
6 |1978/07/11 |X>12.5 ?(X15) NI8E45L170 |1203
6 |2001/04/15 | X14.4 S20W85L001 | 9415
7 11984/04/24 | X>12.5 ? (X13) S11E451.334 | 4474
7 11989/10/19 |X>12.5 ? (X13) S25E09L 5747
7 11982/12/15 |X>12.5 ?(X12.9) |SO09E24L077 |4026
8 11982/06/06 |X12.0 S10E25L086 |3763
9 11991/01/25 |X10.7 S12E90L 6471
10 {1982/12/17 |X10.1 S08W20L089 |4025
10 |1984/05/20 |X10.1 SO7ES53L357 |4492
11 12003/10/29 |X10.0 S15W021.286 | 10486
12 |1991/06/09 |X10.0 N32E131.248 | 6659

Begin: 2005 Jan 14 G000 UTG

GOES11 Proton Flux (5 minute data)
10 T

don 21

10 MeV

>=

>=50

Figure 4. Flux of solar high-energy protons in January 2005 from the large solar flares in one
active region according to the data of geostationary space observatory GOES-11. (http://www.
swpc.noaa.gov)

5

5



Tom 1. Yactb 1. KOCMUYECKAS MOTOAA W EE POJIb B ®OPMUPOBAHWI CBOCTB JIOKANIbHOW CPE[bI

Table 4 gives the list of extreme and large (>2- 10° particles~s_1~ster_1-cm_2) pro-
ton events in all time of observation and their sources in the Sun. The first three
events, possibly, had a mark S5, but they were observed not by standard instruments.
By the intensity S5 thus far it is not registered after the beginning of the Space Age.

Table 4. The most intensive solar proton events in 20—23 cycles
(modification of table from Miroshnichenko, 2003)

N. Y/M/D | Energy Flu, I, Observations Flare Localiza- | AR NOAA
MeV | em 257! ster™! importances tion SW level
1 |1949/11/19 |>435 |4.1-10" IC 3+ S02W70 7S5
2 11956/02/23 |>435 |2.5-10° IC,NM 3 N23W80 7S5
3 11959/07/15 |>88 2.4:10? BALLOON |3+ NI17E07 754
4 11972/08/04 |>10 8.6:10* MET X>5/3B NI4E09 |0331* |S4
5 11991/03/22 |>10 5.0-10* MET, GOES |X9.4/2B S26E28 |6555% |S4
6 11989/10/19 |>10 3.9:10* MET, GOES | X>12,5/3B |S25W09 |5747 |S4
7 (2001/11/04 |>10 3.17-10* GOES X1/3B NO6WI18 |9684 |S4
8 (2003/10/28 1>10 2.95-10* GOES X17.2/4B |SI6E08 |10486*|S4
9 |1961/07/12 |>10 2.5:10* PCA 3+ S07E22 S4
10 [2000/07/14 |>10 2.4-10* GOES X5/3B N22W07 |9077 |S4
11 |1960/11/12 |>10 2.1-10* PCA 3+ N26W05 S4
12 |1960/11/15 |>10 2.1-10* PCA 3+ N26W33 S4
13 12001/11/22 | >10 1.89-10* GOES M9/2N S15W34 (9704 |S4
14 |2000/11/8 |>10 1.48-10* GOES M7.4/3F |N10W77 |9213 |S4
15 {1992/10/30 |>10 1.37-10* MET, GOES |X1/2B S22wel (7321 |S4
16 [2001/09/24 |>10 1.3-10* GOES X2/2B S16E23 (9632 |S4
17 [1989/08/12 |>10 9.20-10° GOES X2.6/2B S16W38 [5629* |S3
18 [1994/02/20 |>10 6.98-10° MET, GOES |M4/3B NO9WO02 |7671 |S3
19 {2012/03/07 |>10 6.53:10° GOES X5.4/3B NI17E27 |11429 |S3
20 |2012/01/23 |>10 6.31-10° GOES MS8.7/2B  |N28W21 |10402 |S3
21 12005/01/17 |>10 5.04-10° GOES X2.6/3B NI5WO05 |10720* |S3
22 11992/05/08 |>10 4.55:10° MET, GOES |M7.4/2N |S25E07 |7154 |S3
23 11989/09/29 |>10 4.50-10° MET, GOES |X9.8/2N  |S32W90 |5698 |S3
24 11989/11/30 |>10 4.34-10° MET, GOES [X2.6/2N  |N25W52 |5800 |S3
2511989/03/08 |>10 3.50-10° MET, GOES [ X>12.5/3B |N33E71 |5395* |S3
26 12005/05/14 |>10 3.14:10° GOES MS8.0/2B  |NI2E1l |10759 |S3
27 11991/06/11 |>10 3.00-10° MET, GOES |X>12.5/2B |N32W15 |6659* |S3
28 11982/07/13 |>10 2.90-10° GOES X7.1/3B N11E36 |3804* |S3

I1C — ionization chambers; BALLOON — balloon measurements; NM — neutron mon-
itors; PCA — fluxes are converted on the radio wave absorption in the polar cap; MET — geo-
stationary satellites of a series METEOR; GOES — geostationary satellites of a series GOES.
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Plasma impact: interplanetary shocks and flows of solar plasma with enhanced
density and/or speed (interplanetary coronal mass ejection, high-speed solar wind
streams) cause magnetic and ionospheric disturbances in environment space. For
disturbances of the geomagnetic field (Figure 5) with the intensity exceeding the
threshold of magnetic storms, a five grade system of their estimation has also been
introduced: from G1 for disturbances in which at least one three-hour Kp index has
reached 5 (>900 days per solar cycle) to G5 with Kp=9 (1...5 days per cycle).

It should be kept in mind that this scale estimates the intensity of a geomagnetic
disturbance; it is quite possible to imagine a situation when the disturbance has an
importance G1 or G2, but in fact there is no magnetic storm and the diurnal geo-
magnetic index Ap is much lower than the magnetic storm threshold. Certainly, it
is a problem of definition of “MAGNETIC STORM”— magnetic disturbance with
a duration not shorter than 12 hours and with a mean Ap index not lower than 27
(in western countries the threshold value is Ap=30).

MOS-observatory 1-min Data on 20-11-2003

! T T T T T T T T T

(==

H-component

8 8 8 B

Dynamic Spectra (Harmanic Compaonents)

(s3]

Period, min

H &5 B

3 B 9 12 15 18 21 0 3 B 9
Time (UT)
Figure 5. Several geomagnetic storm 20.11.2003 according data of geomagnetic observatory

IZMIRAN. There is given the record of geomagnetic horizontal component (upper figure),
the processed record and the dynamic spectrum of signal [Ermolaev et al., 2005]
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Table 5 is given the information about the extreme magnetic storms on the
Ap index, which corresponds to these storms the geomagnetic indices Aa and Dst
and the flare events — sources of these storm on the Sun. In two cases the solar fila-
ments ejections were the most probable reason for extreme magnetic storms. By the
latter is given large magnetic storm 19.11.2003 by one of the intensive in 23 cycles of
solar activity on the Dst index, which on the consequences in any way cannot be car-
ried to the extreme. This example shows that the geomagnetic Dst index for middle
latitudes must be used with the caution.

5. FORECAST OF SOLAR GEOEFFECTIVE PHENOMENA

By forecast of geoeffective solar phenomena here we mean a combination of all kinds
of forecasts aiming to the calculation of the development of processes and phenom-
ena taking place in the solar atmosphere and directly influencing the magnetic and
radiation conditions in environment space in the given time intervals. Time intervals
for which the forecast is possible are determined [Ishkov, 1999] by the characteris-
tics of physical processes of magnetic fluxes emergence in the solar atmosphere, the
character of their interaction with the already present magnetic field as well as regu-
larities in the appearance and evolution of solar structures, such as solar flare events
and coronal holes.

The forecast of disturbances in environment space directly depends on a suc-
cessful, reliable forecast of solar active phenomena, such as large flare events and
coronal holes. The agents causing this disturbance are:

 transient structures, coronal mass ejections, which are a consequence of ac-

tive processes in flares and filament eruptions; their direct observations and
characteristics enable us to specify the direction of a disturbance motion in
the interplanetary space and the possibility of its incoming to environment
space;

* high-velocity streams of solar plasma following a shock wave from powerful

flare events or escaping from regions with an opened magnetic configuration
(coronal holes).

The observational data for the determination of the evolutionary and flare state

of the Sun are stored at http://www.swpc.noaa.gov/Data/.

1. Daily characteristics of solar activity: solar activity indices W, F,,_, Xng
(soft X-ray background); these data allow us to determine the phase of the
current solar cycle and to estimate indirectly the flare activity level.

2. Heliographic coordinates of all sunspot groups; the shape, area, extension,
and their evolutionary characteristics. These data yield the localization, dy-
namics of development, and information on the appearance of new magnetic
flux in individual active regions; together with the data about the previous
revolution, this enables us to predict their flare activity for the subsequent pe-
riod.

3. Daily data about solar flare events: heliographic coordinates of all significant
flares, their localization and time characteristics, optical and X-ray impor-
tance, total flux of the burst in soft X-rays, parameters of the radio bursts,
and the presence of an ejection in the flare, coordinates, time, and sizes of
solar filament eruptions. The localization and basic parameters of flare events
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allow us to implement diagnostics of the geoefficiency of a flare and to es-
timate the possibility of arrival of a disturbance and of solar particles to the
Earth.

4. Information on coronal mass ejections accompanying flare events allows us
to specify the possibility of arrival of a disturbance and of solar particles to
the Earth.

5. Information about low-latitude coronal holes: their localization, area, signs
of the magnetic field in which it was formed, dynamics and position of the
IMF sector. This information enables us to trace the phenomena determining
the successful prediction of the recurrent geomagnetic activity.

Large flare events are the most significant geoeffective solar phenomena that
cause in environment all three forms of disturbances and their forecasts — urgent
task of physics of sun-earth connections. For the appearance of such flares it is nec-
essary that new emerging magnetic flux] would be sufficient to large (>1013 Wb) and
the speed of its emersion was >10° Whb/s. Large flares appear 1...2 days after the ap-
pearance of new magnetic flux within the boundaries of active region and according
to the characteristics of flares themselves and their coronal mass ejections possible
the forecast of disturbances in environment.

The prediction of solar flare events on the basis of the analysis of the new emerg-
ing magnetic fluxes in active regions is implemented only in the Pushkov Institute of
Terrestrial Magnetism, lonosphere, and Radio Wave Propagation, Russian Academy
of Sciences, since 1990. It is accessible to public within the framework of the weekly
review of the state of environment, which appears on Mondays since 1997 at http://
www.izmiran.rssi.ru/space/solar/forecast (russian and english version). In the case
of appearance in an active region of a new magnetic flux with a magnitude and as-
cent rate sufficient for the implementation of large flares, the Web page gives an ap-
pendix, in which the probable flare potential of the given active region is estimated.

The prediction of solar filament eruptions is more difficult: only direct observa-
tions of new magnetic fluxes emergence in weak magnetic fields can give a possibil-
ity to predict them. New magnetic flux interacts with the background magnetic field
and can emerge only to regions of the neutral line of the longitudinal magnetic field
component, where is located filament. Value and speed of new magnetic flux can-
not exceed the threshold value of the sunspot formation, which would contradict ob-
servations. Estimations show that in this case the total value of magnetic flux must
lie at the interval of the flux values which those corresponding to the appearance of
an ephemeral region and to the appearance of a time, i.e. there cannot be less than
3-10'" Wb are more than 3-10'> Wb, and the speed of emergence must exceed 10°
Whb/s. Hence it follows that in the nearest environment of filament necessary to fol-
low sufficiently small changes in the magnetic field, connected with new magnetic
fluxes. From [Filippov, 2007] it follows that the ejection of solar filaments occurs,
when filament in the process of evolution reaches the heights, critical for its equilib-
rium. Then it is actually sufficient rapid not great magnetic flux appearance so that
the process of the filament ejection would be occurrence. For the special search for
such phenomena, it succeeds to reveal them [Gopalswamy, 2004] however for the
real forecast such methods do not befit, since they are beyond the scope of usual ser-
vice daily observations. By the fact of the filament eruption realization and caused by
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it coronal mass ejection parameters is determined geoefficiency of the solar filament
ejections The magnetic storms from the solar filament ejections, outside of active re-
gions, in 80 % of cases are observed 4...5 days after the realization of event.

The forecast of appearance solar coronal holes is thus far impossible because of
the reliable data about the conditions of their appearance absence. However, the
forecast of recurrent magnetic storms and growths of high-energy electrons fluxes is
produced on the fact of appearance coronal holes, passage by them the central me-
ridian of the Sun and satisfying on given below requirements. Geoeffective coronal
holes are those found in a heliolatitude interval of N25—S25, having an extension of
> 10°, area of >5000 m.v.h [Joselyn, 1984], and localized in enhanced background
magnetic fields. The effect on the environment space appears when the western
boundary of the coronal hole reaches a heliolongitude of ~W40, ~3 days after the
transit of the western boundary of the coronal hole across the central meridian of the
Sun [Watari, 1990; Solodyna et al., 1977]. We should especially emphasize the role
of a coronal hole as an enhancer of the geoefficiency of solar flare phenomena. The
presence of a coronal hole near active regions where a solar flare event takes place
sharply increases their geoefficiency and expands the range of their localization. An
example is the event of April 14, 1994, when an eruption of a high-latitude (S50) fil-
ament located beneath a large coronal hole resulted in a complete modification of
magnetic structures in the southern hemisphere of the Sun [McAlister et al., 1995]
and in a major magnetic storm of 17 April 1994.

CONCLUSION

Thus, of the aforesaid above follows the conclusion that the solar activity at pres-
ent is found in the maximal phase of one of the lowest solar cycle. In spite of this,
entire spectrum of geoeffective solar phenomena is achieved. Disturbances from the
large solar flare events act on space environment. In 2012 were occurrence two strong
(S3) of solar proton events. In also the time only two large magnetic storms are reg-
istered in the current cycle of solar activity. However, the largest solar flare events
usually are observed on the branch of the decrease of the solar cycles and still are
the possibility to be prepared for them. The Sun presented to us the sufficiently rare
period of the prolonged minimum of solar activity and made possible to obtain the
background characteristics of the entire heliosphere in the absence significant flare
activity. Accordingly processing data of biological and medical observations for the
years 2007—2009 gives the possibility to obtain the characteristics of the background
solar activity influence, and it means in the absence the disturbances, such as the ac-
tions of sudden ionospheric disturbances, solar proton events and significant mag-
netic storms. l.e. it is possible to attempt to determine the influence of changes in
the large-scale magnetic fields, variations in number and area of the coronal holes,
which in these years continued to be present on the solar visible disk. It is neces-
sary to say that practically all high-speed streams from the solar coronal holes were
recorded by ACE spacecraft, but in the magnetosphere of the Earth they as a rule
did not find significant response. The sufficiency of solar filament ejections, distur-
bances from which also introduced changes in state of environment, was observed in
the Sun, but within entire period of their power it was sufficient only for not the sig-
nificant disturbances of the geomagnetic field.
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At present prediction of the state of environment space is now possible and is
sufficiently exact. At the first stage, one-two days beforehand, using observations of
emerging new magnetic fluxes, can predict the time interval in which, with a prob-
ability not less than 70 %, large flare events will take place; their probable geoeffi-
ciency in all three space weather positions is estimated. At the second stage, during
or immediately after a flare event, the prediction is updated using electromagnetic
radiation as well as CME and (1) the probability of solar high-energy particles (so-
lar proton event) arrival to environment space, their probable maximum fluxes and
duration are given (prognostic interval from 1 to 6 hours, prediction probability is
about 60 %); (2) the probability of a geomagnetic disturbance, it’s probable intensity,
and duration as well as parameters of a probable ionospheric disturbance and aurora
are assessed (prognostic interval from 17 hours to 5 days, probability of the forecast
is not lower than 70 %). The third stage consists in refinement of the geomagnetic
disturbance intensity and duration prediction involving the parameters of structures
in the perturbed solar wind using ACE data (stationary orbit at 1.5 million kilometers
from the Earth). Approximately 40 min before its beginning, it is concluded whether
the geomagnetic disturbance will reach the level of a magnetic storm; its magnitude,
intensity, and duration are predicted (prediction probability is not lower than 80 %).
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CONMHEYHBIE FTEO3OOEKTUBHDBIE ABMEHWA W UX BO3AENCTBUE
HA OKOJIO3EMHOE NPOCTPAHCTBO

B. H. Nwkos

WNHCTUTYT 3eMHOro MarHeTu3ma, MoHoChepbl U PacnpoCTpaHeHUs paanoBosH nM. H. B. Mywkosa
Poccuiickoin akagemun Hayk (M3MUPAH), Tponuk, MockBa, e-mail: ishkov@izmiran.ru

CoJiHEeUHbIe UCCIENOBAHUS MTOCAEAHETO NECSITUIETUSI HE OCTaBUIM COMHEHUsI, YTO Te03ad-
bexTuBHBIMU sBIeHUSIMU Ha CoJHIE, TMHAMWYECKN BJIMSIIOIIMMM Ha COCTOSTHUE OKOJIO-
3eMHOro Kocmudeckoro npocrpancTsa (OKII), SIBISIIOTCS MCKITIOUUTENIFHO OOJIBIIINE BCIThI-
LIeYHbIe COOBITUSI U KOPOHAJbHBIE AbIphl. K Klaccy BCIBIIIEYHBIX SIBAEHUM Mbl OTHOCUM
COJIHEYHBIE BCIIBIIIKN CO BCEM CIIEKTPOM AUHAMUYECKUX MPOSIBICHUM TBVXKEHUS BELIECTBA
W U3TyYeHUs BO BCEX JIMAIa3oHax 3JeKTPOMarHUTHOTO CIIEKTPa U BBIOPOCHI COTHEYHBIX BO-
JIOKOH CO BCEMU COITYTCTBYIOIIMMHU UM SIBJICHUSIMMU.

Bo3MoxHOCTh mporHo3a reo3(GEeKTUBHBIX COJHEYHBIX SIBICHUN M UX BO3AEHCTBUM
Ha OKOJIO36MHOE KOCMHUYECKOe MPOCTPAHCTBO OCHOBAaHAa Ha UCCIENOBAHUSIX CBSI3EN OCy-
ILIECTBJIEHUST BCIIBIIIIEYHBIX COOBITUI C BCIUJIBIBAIOIIMMU HOBBIMU MarHUTHBIMU MOTOKaMU
B COJTHEYHOM atMocdepe, (pU3MUECKUX XapaKTEpPMCTUK 3THUX IMOTOKOB M XapaKTepoOM MX
B3aMMOJIENCTBUS C YXK€ CYLIECTBYIOIIMMU MarHUTHBIMU TOJISIMUA, BPEMEHHBIM pacrpenesie-
HUEM OOJIBbIIIMX COJTHEYHBIX BCIBIIIEK B MpeeiaX aKTUBHBIX 00J1acTeil, BpeMeHHbBIM U TTPO-
CTPAaHCTBEHHbBIM pacrpe/eieHUeM BhIOPOCOB COJTHEUHbBIX BOJIOKOH, 3aKOHAMU 3apOXACHUS,
9BOJIIOLMM U pacIipenesIeHNs KOPOHATbHBIX JbIP. ATeHTaMU, BBI3BIBAIOITUMHU BO3MYIIECHUSI
OKII, saBasttoTcsl: BBIOPOCH KOPOHAJIBHOI'O BEIIECTBA KaK CJIEICTBME aKTUBHBIX ITPOIIECCOB
BO BCIIBIIIKAX ¥ BEIOPOCAX BOJOKOH; BHICOKOCKOPOCTHBIE TOTOKU COJTHEYHOM JIa3MBbl, CJie-
MYIOIIIME 32 YIapHOU BOJTHOM OT OOJIBIIMX COJTHEYHBIX BCTIBIIIEUHBIX COOBITUI WM UCTEKa-
IOIINX M3 00JIaCTel ¢ OTKPBITOM KOHMUTrypauureir MarHuTHOTO 1101t (K/I).

Ilonnyto nenouky Bo3myiieHuir B OKII oT oTneabHOro GO0bIIOro BCIBILIEYHOTO CO-
OBITHUSI MOXHO TMPEJACTABUTD B BUIE TPEX OTAEIbHBIX 3TAIIOB BO3IEHCTBUS:
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*  21eKmpoMAcHUMHbLIL yoap Hapywiaem paduoceads B MOHochepe 1U3-3a pocTa MOTOKA
U3IyYeHus B quana3zoHax Y@ u msarkoro peHtreHa, R1—R5;

*  COnHeuHble NPOMOHHble cOObimMUs TIOBBIIIAIOT YPOBEHb PaIMallMOHHOI OIMAacHOCTH,
KOT/Ia MPOUCXOAUT BTOPXKEHUE 3HAYUTEJbHBIX MOTOKOB COJHEYHBIX 3apsKEeHHbBIX
yacTtul, S1-S5;

*  MaeHumHble Oypu: BOSMYIIIEHNS] B TEOMAarHUTHOM IT0JIe, KOTOPBIE BBI3BIBAIOTCS TIPH-
xonoM B OKII Bo3aMyIIEHHBIX CTPYKTYp conHeuHoro BeTpa, G1—G3S.

IIporno3 nHavan Bo3mymennit B OKII 1 nx muTeIbHOCTA BO3MOXEH Ha Iepuof oT 1
IIO 5 CyT, a KOPOHAJIBHEIX IBIp — Ha Iepuo ogHoro obopota Comxia (27,3 cyrt). D10 maér
BO3MOXXHOCTH IJIAHUPOBATh PA3IMYHOIO POAA TEXHOJOTUYECKHE, OMOJIOTUYECKUEe U MEIM-
LIMHCKUE SKCIIEPUMEHTHI U 3alMTHbIE MEPONPUSITHUS IJIs KOMaHIbl U MPUOOPOB KOCMUYE-
CKHUX J1abopaTopuii.



HEKOTOPbIE HOBbIE CBONCTBA COMHEYHOIO BETPA, HAUEHHDIE
HA OCHOBE U3MEPEHWUW C BbICOKMM BPEMEHHbIM PA3PELIEHVEM

I H. 3acmenkep

WNHCTUTYT KOCMUMYeCKnx nccnegoBaHuin Poccminckon akagemnn Hayk (MK PAH),
Mockga, Poccus, e-mail: gzastenk@iki.rssi.ru

B crathe OMMCHIBAIOTCSI HEKOTOPBIE Pe3y/IbTaThl aHaM3a M3MEPEHU COJTHEYHOTO BeTpa
Ha cnyTHUKe «CriekTp-P» ¢ momompio nmpubopa «BBICTpHIi MOHUTOP COJTHEYHOIO BETpa»
(BMCB) ¢ o4eHb BBICOKMM BPEMEHHbBIM pa3pellieHuEeM, YTO MO3BOJIMJIO MOJYYUTh HOBbBIE,
paHee HEU3BECTHbIE CBEAEHUSI O CBOMCTBAX COJIHEYUHOTO BETpa.

BBEAEHWE

Kaxk u3BecTHO, COJTHEUHbIN BeTep SBASIETCS OMHUM M3 BaKHEWIIINX areHTOB, Tepe-
Hocsux Bo3myuieHus: ot CosiHua K 3emje. I[ToatoMmy ero uccieaoBaHusi TOMUMO
YHCTO HAYYHOTO UMEIOT U 0O0JIbIIOE TTPpaKTUUECKOe 3HaUeHue. B maHHON cTaTbe Mbl
XOTUM 00paTUTh BHUMAHUE Ha PsSII HOBBIX 0COOEHHOCTe! conHeuHoro BeTpa (CB),
OTKPBIBIIMXCS TIPU €ro UCCIEI0BAHUU C OYEHb BBICOKMM BpPEMEHHBIM pa3pelie-
HueM. Eciau OGOJIBIIMHCTBO TMPEXHUX SKCIEPUMEHTOB MCIONb30BAIO U3MEPEHUS
C pa3pellieHUeM OT HECKOJbKMX MUHYT 10 IE€CSATKOB CEKYH/ (CM., HalIpuMep, pasl.
«Jenmuocdepa», B coopHuke [I1mazmennas..., 2008]), To Hamu ObLIa pacCMOTpeHa
3ajaya — rnepeuTu Kk uaMepeHusM CB B nuarnaszoHe OT €AWHUIL CEKYHI 10 COThIX
JOJIEN CEKYHIBI.

st aToit neau kouiektuBoM crnenuanuctoB MK PAH u Kapnosa yHuBep-
cuteta (Ilpara, Yemickass Peciyb6iamka) ObLI COBMECTHO pa3paboTaH CIIeIUaTbHbII
npubop — «bBBICTpBIT MOHUTOP cojHedHoro BeTpa» (BMCB). DToT TIpubop OBLI
BBEAEH B COCTaB Hay4YHOW armapaTypbl poccuiickoro crnyTHuka «CrekTp-P», roe
OH BMOJIHE yCIelHO (yHKIMOHUPYET (cM. [3acTeHkep u Ap., 2011]).

Huxe OynyT KpaTKoO OImMcaHbl METOAMYECKNE OCOOEHHOCTU 3TUX M3MEPEHUM
U1 HEKOTOPbIE HOBBIE PE3YJIbTATHI, TOJYYEHHbIE HA UX OCHOBE.

1. METOOWKA SKCNEPUMEHTA

BricokoanoreitHblii cmyTHUK 3emin «CriekTp-P» Obl1 mpenHasHaueH ISl TIPO-
BellcHUSI HaOMIONeHU ¢ OOJBIIMM KOCMUYECKHMM paauoTerecKonoMm (mpo-
ekt PAIIMOACTPOH, cm. [ABmeeB u ap., 2012]), ogHako Ha ero 0OpTy B Ka-
YeCTBE <«IOIMYTHOTO Tpy3a» HAIIJIOCh MECTO U ISl HEOOJBbIIOrO 3KCIEepMMEHTa
ITJTA3MA-® (ru1a3zma 1 SHepraYHbIe YacTUIIBI, cM. [3en€Hbiil u ap., 2012]).

CnytHukK «Cnektp-P» 0b11 3anyiieH 18.07.2011 r. 1 B TOT Xe IeHb ObLIT BbI-
BelleH Ha pabouylo opOUTYy ¢ aroreeM oKojio 350 ThIC. KM, TIepUreeM B HECKOJBKO
THICSIY KMJIOMETPOB U TlepuoaoM obOpaiieHust 8,5 cyr. Ha aToit opbute B TeueHue
MapTa — OKTSIOPST KaXkIOoro rofa CIyTHUK 6...7 CyT ToOpsio HaXOOUTCS B MeXIIa-
HETHOM cpejie WJIKM B MAarHUTOCJIOE, UTO MO3BOJISIET IPOBOAUTH IJIUTEIbHBIC HEMpe-
pbIBHBIE HaOmoaeHus1. [Ipumep ABMXKEHUS 3TOM OPOUTHI OTHOCUTEIBHO MAarHUTOC-
(epnl 3emiu nipeAcTaBieH Ha puc. 1, 37ech KpaCHBIM 1IBETOM OTMEUEHBI YUaCTKU
TpaekTopuu, Haxoasuecs B CB, KpacHol U YEpHOI JMHUSIMU MOKa3aHbI CpeIHUE
MOJIOXKEHUST OKOJIO3EMHOM YIapHOI BOJIHBI 1 MArHUTOMAY3HI.
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IInasmennsblii sHeprocnektpoMerp bBMCB (puc. 2) ucnonb3yeT B Kade-
CTBE JAaTYMKOB HAOOp M3 IIECTU pa3HOHANpPaBIIEHHBIX MHTETPAIbHBIX LIUJIUHIPOB
®apanes (cM. ctaThio [3acteHkep u mp., 2012]). [Ipu 3TOM TpH «YIJIOBBIX» TaTIH-
Ka, OTBEPHYTBIX B pa3HBIX HAMPaBJICHUSIX OTHOCUTEIBHO OCH IIpuOopa, MO3BOJISIOT
M3MEPSITh MOJHBII BEKTOP ITOTOKA MOHOB (BEJIMYMHY W HaIIpaBJIeHUE), a TPU «OCe-
BBIX» JAaT4YMKa MO3BOJISIIOT C IIOMOIIBIO M3MEHEHUSI TOPMO3SIIETO0 MOHBI BHICOKO-
BOJILTHOTO YIIPABJISIONIETO HAMpPSDKEHUSI U3MEPSITh YHEPreTUUEeCKOe pacrpeiesie-
HHUE MMy4YKa MOHOB, 13 KOTOPOTO BEIYUCIISIIOTCS BCe OCHOBHEIE ITapamMeTpsl CB.

Puc. 2
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ITpubop umMeeT HECKOIBKO PEXMOB pabOThHI:

* «YyIJIOBbIe» JaTYMKU Bcerna paboTaloT B pexXMMe U3MEPEeHUsl MOJHbBIX KOJI-
JIEKTOPHBIX TOKOB MOHOB C TIEPUOANYHOCTHIO 30 U3MEPEeHUI B CEKYH/LY;

* «OCeBble» JAaTYMKU PabOTalOT JUOO B pexkrvMe CBUIIMPOBAHUS YIPaBJsIO-
WX HATIPSDKEHUH ¢ TiepruomoM 6 ¢, 60 B CHEITUaIbHOM amallTHBHOM pe-
XKMMeE C aBTOMOJCTPONKON YIPaBISIIOIIMX HaMNpsKEHUN ToA U3MEeHEHUs
KOJUIEKTOPHBIX TOKOB B JIBYX JaTYMKax OTHOCUTEJIbHO HEKOTOPOTO OIOop-
HOTO CUTHAaJa.

B pesynbrate 06pabOTKM 3THX U3MEPEHUI MBI TTOJTydaeM CIIeAyIoIIe TaHHbIC:

a) 3HAYEHWST BEJIMIMHEI TTOJTHOTO TToToKa MoHoB CB 1 aByX €ro yrmioB — Io-
JISPHOTO M a3MMYTaJIbHOTO OTHOCHUTENIBHO OCH Tpubdopa (MU, ¢ YUIETOM
OpHEHTAlMM TIpubopa, — oT HampapieHust Ha CoiHIlE) ¢ pa3pelieHueM
B 31 mc;

6) 3HAYEHMS MIEPEHOCHOM CKOPOCTHU, M30TPOITHOM TeMIIepaTyphl U TUIOTHOCTH
noHoB CB c paspelieHuem 3 ¢ (B pexxuMe CBUIIMPOBAHUS) WU C pa3pele-
HueM 31 Mc (B aZanTUBHOM peXUMeE);

B) SHEpreTUYEcKoe pacrpenesieHne MOoToKa HOHOB ¢ pa3pelreHueM 3 ¢ (B pe-
KMMe CBMITMPOBAHMS) M C pa3pelliecHreM 10 SHEpTHHU Ha 3apsii MOHAa OKO-
mo1%.

Huxe OynyT npuBeaeHbl HEKOTOPbIE TPUMEPHI MMOJyYEHHbBIX PE3YJIbTaTOB.

2. CTPYMHASA CTPYKTYPA COJTHEYHOTO BETPA

Ha puc.3 mokazaH TUINMYHBIA TpUMEP H3MEPEHUI IMOJHOTO IMOTOKA WOHOB
B CB — ero BenuuHbI (Ha BEpXHel MaHeIun), MOJSIPHOro yria (CpeaHss MaHesb)
U a3UMYTaJIbHOTO yIjla (HUXKHSISI TlaHeb) Ha uHTepBaje 20 ¢. OTaenbHbIe TOUKU Ha
rpacdukax noctasieHbl yepe3 31 mc. [ToguepkHEM, UTO TaKoe BHICOKOE BpeMEHHOE
paspelieHue B IPSIMbIX U3MEPEHUSIX COTHEYHOTO BeTpa JOCTUTHYTO BIIEpBble — HU
B KaKMX MPEeXHUX 9KCIIEPUMEHTaxX TaKUX HAOJIOIeHW He ObLIO.

OTMeTUM OUYEBUAHYIO OCOOEHHOCTb — BeJMUYMHA TTOTOKA MCIIBITHIBAET Obl-
CTpBIe Bapualyu ¢ amIuuTymoit mo 10 % w mepmommaHocThio okojo 0,2...0,5 c.
B oTiinune oT 3TOro U3MeHEeHUsl YIJIOB POUCXOAST 3aMETHO MeIJIeHHee — MOJISIp-
Horo yrja Ha 0,5...1° 3a 1...3 ¢ 1 a3uMyTaJibHOTO Ha 5...10° TakXKe 32 HECKOJIKO ce-
KyHa. B pesynbrate Mbl BunuM, uto notok CB pa3zbuBaeTcs Ha OTHEIbHBIE CTPYIi-
KU, HECKOJILKO OTJIMYAIOIIMeCs] CBOUM HallpaBlieHMeM. AHaJoTheil 3TOMY MOXET
CJIy>XUTb TTOTOK BOJIbI, JIIOLIMIACS U3 Caf0BOI JIEHKU ¢ Y3KUMU OTBEPCTUSIMMU.

3. CIMNEKTPAJIbHAA TPAHVNLA PEXXMOB MNMTA3MbI

IIpencraBnsieT MHTEPEC PaCCMOTPEHME CITEKTPATbHBIX CBOMCTB HAOIOMAEMBIX Ba-
pHaIuii TTOJIHOTO TTOTOKA MOHOB. TUITMYHBINM TTPUMEp TaKOTO YaCTOTHOTO CITEKTpa
B IBOMHOM JiorapudmuueckoM Macirade B muamnazoHe yacror 0,01...15 ' mpen-
cTaBjeH Ha puc. 4. OOsATb-TakKy OTMETHM, YTO OO 4acTOThl B 15 I'll B mpeabiaymx
HUCccaenoBaHUaIX Koebanuii B rmazme CB HUKTO elé He mooupacs.
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I"H. 3acmerken  HekoTopble HOBble CBOICTBA CONHEYHOrO BeTpa. ..

Ha nokazaHHOM criekTpe Bapualluii cpa3y oOpaliaer Ha cebs BHUMaHUE
yeTKoe pazaesieHue Ha jaBe BeTBM — HuskodactotHyo (HUY — ot 0,01 mo npu-
mepHo 1 ') u BeicokouyactoTHyto (BY — mpumepno ot 1 go 15 T'n). Ilpu 3tom
CIEeKTpaJibHble MHIEKCHl 3TUX BeTBeW (IIpY amnmpoKCHMMalKWU WX HAKJIOHOB Mpsi-
MBIMM JIMHUSIMU) BeCbMa CWJIbHO oTiandarorces: —1,54 nusg HY-vactu u —3,05 mis
BY-uactu, T.e. B 00;1aCTM BBICOKMX YaCTOT CMEKTpajibHasl MJIOTHOCTb MOIIIHOCTH
C POCTOM 4acCTOTHI criajaeT ropasno owictpee, uemM B HU-obmactu. I'paHnna mMex-
Iy 3TUMU BETBAMM IJIsI JaHHOTO mpumepa coctasiseT 1,1 I'm. Pacuér moka3biBa-
€T, YTO 3Ta TpaHWYHAasl YacTOTa OKa3bIBAaeTCs MPUMEPHO Ha MOPSAOK BbIIIE, YeM
rupoyacTtora npoToHoB CB 1151 atoro cobsitusi. Kak cienyer U3 TeopeTuuecKux
COOOpaXeHWi1, 3Ta YacToTa SIBJISIETCSl TpaHUIIel MEXIy AUCCUTIATUBHBIM U MHEpP-
LIMaJIbHBIM pexXrMaMM KosiebaHui ria3Mbl. B Halllem aKcneprMeHTe 3Ta rpaHMLa
10 MpSIMBbIM U3MepeHUsIM B 11azme CB Obliia HaiineHa BriepBbIe.

4.  OCUMMNAUMN HA OPOHTE YOAPHOW BOJTHbI

Emé ogHuMM BaxXHBIM MOMEHTOM SIBJISIETCSI HAOMIOAEHHE C BBICOKMM BpPEMEH-
HBIM pa3pellieHMeM TOHKOM CTPYKTYphbl YIApHBIX BOJH B COJIHEYHOM BeTpe. Ha
pHUcC. 5 mokazaH Ijig npuMepa (GpPOHT MEXIUIAHETHOM yIAPHOI BOJIHBI, MPUIIEI-
mmi K 3emie 24.10.2011 r. mocae cuabHOM COHEYHOU BenblIki. Ha nm3mepeHu-
X ¢ pazpemieHreM 31 Mc 4ETKO BUIHO, UTO HapacTaHUE MMOTOKA MOHOB BO (DPOHTE
(cuHSII KpuBasi) MIPOMCXOAUT HE MOHOTOHHO, a Yepe3 HECKOJIbKO (OKOJIO HeCsT-
Ka) 6ojbimx (10 30...50 % BenMYMHBI) KOJeOAHMI TUIIA 3aTyXalOLIeid CHYCOMIbI
¢ nepuoaoM oxoJio 0,4 c.
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Ipy 5TOM UMEIOT MECTO U TTOBOPOTHI MOTOKA (KpacHasl KpuBas) — €CJIM Ha-
YyaJbHOE U KOHEUHOE (T. €. IOCJIe MPOXOXAEHUST (PPOHTA) HATIpaBJIEHUsI TOTOKA UO-
HOB MPUMEPHO COBMAAAIOT, TO Ha CAaMOM (PPOHTE UMEIOTCSI CUHXPOHHO C U3MEHE-
HUEM BeJIMYUHBI TIOTOKA U BapyallMK €To MOJsIpHOro yria Ha 1...2°, a B caMOM Ha-
qajie (ppoHTa — OYeHb pe3Kuii (3a 0,2 ¢) MOBOPOT IMOTOKA Ha 6° 1 ero Bo3BpalleHNe
Hazazn. Bcs Habmomaemast CTpyKTypa UMEET JJIUTENIbHOCTh 0KoJIo 4...5 ¢. KoHeuHo,
MpU UBMEPEHUSIX C pa3pellieHWeM B HECKOJIbKO CEKYHJI Takasl TOHKasl CTPYKTypa
¢dpoHTa He MoTJIa OBITH OOHApYXKEHA.

INpencraBieHHbI HA pUC. 5 cllydail He SIBISETCS YHUKAJIbHBIM — MOJOOHAS
CTPYKTYpa (DpOHTA yAAPHOM BOJIHBI HE MPUHAMIEKUT TOJBKO MEXIUIAHETHBIM CO-
OBITUSIM M TTIOXOXUE OCLUJUISITOPHBIE CTPYKTYPhI HAOTIOAAIMCH HEOJHOKPATHO MPU
MPOXOXIAEHUN CITYTHUKOM OKOJIO3€MHOM yIapHOM BOJHBI. B HacTosiiee BpeMs
ellé HET YAOBIETBOPUTEILHOTO OOBSICHEHUSI STOMY SIBICHMIO, MOXKHO JINIIb MPeI-
MOJIOXKUTh, YTO OHO CBSI3aHO C BO3HUKHOBEHUEM HEYCTOMYMBOCTEN IUIa3Mbl TIpU
HaberaHUM pe3Koro poHTa. B HAGIIOAEHNSIX YaCTO BCTPEYAIOTCS W CIIydau JIaMU-
HApHOTO MPOXOXAEHUST (PPOHTA YAAPHOI BOJHBI — B DTOM Cjydyae OObIYHAL IJTU-
TEJIbHOCTh TaKkoro pponTa paBHa 0,3...0,5 c.

5. BbICTPbIE BAPUALNWN TEJSTNA

Xota B ipubope bBMCB oTcyTcTBYyeT Macc-aHajanM3 MOHOB, TEM HE MEHEee, UMEeeTCs
BO3MOKHOCTb GBICTPOIi perucTpaly 5TuM rnpubopom moroB He™™ B comHeurom
BETpPE Ha OCHOBE aHajiM3a II0TOKA MOHOB I10 BEJIMYMHE SHEPTMU Ha eAMHUILY 3apsi-
na. KoHeuHo, Takasi BO3MOXHOCTb OCYIIECTBIISIETCSI TOJIBLKO MpPU AOCTATOYHO HU3-
KO TeMIIEpaType U HE OYEHb BBICOKOM CKOPOCTU ITOTOKA IIPOTOHOB.
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IMTpumep Takoro HabGOOAeHUS NpUBEIEH Ha puc. 6. Ha HkHEN maHenu Imo-
Ka3aHa 3HEprocIeKTporpaMma Imoroka noHoB 1y coobitust 28.09.2011 r., mocTpo-
eHHasT U1 9-9acoBOTO MHTEpBaJjia ¢ pa3peleHueM 3 ¢ Ha OCHOBE SHEPTeTUICCKUX
crekTpoB. Ha 3Toil criekTporpaMMe o4yeHb HATJISIAHO BUAHO pas3fielieHue IMOTOoKa
VIOHOB T10 3HEPTYU Ha 3apsi Ha IBE KOMIIOHEHThI — IMPOTOHHYIO (3KEeJITO-3eJIeHas
M0JIOCKA), MMEIOIIYIO CPEIHIO 3HEepruio Ha 3apsa okojio 1300 3B, u remmeBylo
(cepo-Toiry6as ImojIocKa), MMEIONIYI0 SHePTUIO Ha 3apsiI B IBa pa3a OoJIbIle — OKO-
710 2600 5B. DTO 03HAYaET, YTO MEPEHOCHBIE CKOPOCTH 3TUX KOMITOHEHT C BeChbMa
XOPOILIel TOYHOCThIO COBMAAAIOT U cOCTaBISIOT okoJio 490 km/c. Ha BepxHeil ma-
HEJIM MOKAa3aH BBIYMUCIIEHHbBIN U3 JAHHBIX 3TO DHEPro-CIeKTPOrpaMMbl BpeMEH-
HOI1 XOZI OTHOCHTEIbHOTO comepxanust monoB He'™ mwist Bcero paccmarprsaemo-
ro uHtepBajia. Ha 3Tom mHTepBayie comepXaHue reJiusl BapbUpyeT MpUMEPHO OT 4
g0 12 %.

BunHo, 4TO B OT/INYME OT OOILIENPUHSITON TOYKU 3PEHUST COAEPKAHUE TeJTUS
MOXET UCHBITHIBATL OBICTPhIE U GOJIbIIME BapUaALlUM JaxKe B CEKYHIHOM IUarna3o-
He, HampuMep, MPY BO3pacTaHWM B JIBa pas3a 3a AeCATOK ceKyHna. Ha Hamr B3misan,
3TO CBHIETEIBCTBYET O MEIKOMACIITAOHON CWIIBHON HEOTHOPOIHOM CIIOMCTOCTH
(VT 3epHUCTOCTH) COJTHEUHOM KOPOHBI. Takue TaHHbIE 0 OBICTPBIX BapHALIMSIX CO-
JIepKaHUSI TeJINSI B COJTHEYHOM BETPE ITOJYYEHBI BIIEPBHIE.

6. OYEHb BbICOKAA MNOTHOCTb COJIHEYHOIO BETPA

B nomnosHeHue K ITOKa3aHHBIM BBIIIE IIpUMepaM O4Ye€Hb OBICTPBIX BapUallMid IL1a3-
mbl CB npuBeném eii€ Haluy HaOdIogaTebHbIe JaHHBIE 00 3KCTPEMaIbHO OOJIb-
1IIOM TOBBIIIEHUM IUIOTHOCTU COJIHEYHOTo BeTpa. Ilocie cpaBHUTEIbLHO yMEpEH-
HOI cosHeuHoM Benbluky 6auta M x 3emute B 20—23 1 UT 16.06.2012 r. pumén
MMIIYJbC TMTAaHTCKOIO ITOBBILIEHMSI ITOTOKA IIa3Mbl COJIHEYHOTO BeTpa (puc. 7).
JIUTeTbHOCTh 3TOr0 MMITyJbca ObLIa OKOJIO OJHOIO Yaca C IOJOTMM IMepeaHUM
(bpOHTOM U KPYTHIM 3aHUM (DPOHTOM.

ITpyu 3TOM MJIOTHOCTH IUIa3Mbl IOCTUTAda BEJIUYMHBI OKoJjio 180 CM_3, T.e.
npuMepHo B 20...40 pa3 6osbline cpeqHux 3HadeHu# tuioTHocT CB. Takoit 601b-
11I0#1 TTIOTOK MOHOB OBbLI OOHApYXeH, IT0-BUAMMOMY, BIIEpPBbIe 32 HECKOJIbKO IECs-
TUJCTUN TIPSIMBIX U3MEPEHUI B MeXIUIaHeTHOU cpene. Kcratu, cKopocTh moToKa
MOHOB OblJIa B 3TOM UMITYJIbCE HE OYeHb BBICOKA — 0K0J10 500 KMm/C.
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ITpencrasnsiercsi, 4To BceM pabOTAIOLIUM C JAHHBIMU O COJTHEYHOM BETpe IMo-
JIE3HO TPENCTaB/IsITh, B KaKUX IIUPOKUX Mpelaesax MOTYT MEHSIThCS MapamMeTphbl
MEXTUIAaHETHOM cpeibl BOJIU3U OpOUTHI 3eMJIM — BO3MOXHOCTMU Haiero CoJsHila
OYEHb IIUPOKH.

3AK/TIOYEHWNE

TakuMm o6pa3oM, MOXKHO clieaTh BEIBOJ, YTO MPOBEACHUE U3MEPEHUIA TapaMeTpOB
COJTHEYHOTrO BETpa C PEKOPAHO BBICOKMM BpEMEHHBLIM pa3pelleHueM — CEeKYH/I-
HBIM M Jaxe CyOCEeKYHIHbIM — 0Ka3ajioCh BeChMa IUIOJOTBOPHBIM U ITO3BOJIMJIO
MOJYYNUTh HOBBIE U BaXKHBIE Pe3yJIbTaThI.

ABTOp OnaromapuT BceX CBOMX MHoroumciaeHHBIX Kosuier B MKMW PAH,
Kapnosom yHupepcutete, MDA YAH (IIpara, Yeuickast Pecrydnnka), a Takxke
B HITO um. C. A. JlaBoukrHa 3a HEOLIEHUMYIO TIOMOIIIb B pa3paboTKe 1 KaIuOpoB-
ke mpuoopa BMCB, B ucnbeitanusx npuoopa 8 UKW u HITOJI, u B npoBeneHun
BKCIIEpUMEHTA B MOJETE CIyTHUKA «CriekTp-P».
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SOME NEW PROPERTIES OF THE SOLAR WIND, FOUND ON THE BASIS
OF MEASUREMENTS WITH HIGH TEMPORAL RESOLUTION
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Space Research Institute, Moscow, Russia (IKI RAN), e-mail: gzastenk@iki.rssi.ru

This article describes some of the results of the analysis of Solar Wind on the satellite
Spectrum-P with an instrument BMSV witch has a very high temporal resolution, thus pro-
viding a new, previously unknown information about the properties of the Solar Wind.



AN ANALYSIS OF THE HIGH-SPEED SOLAR WIND STREAMS ACTIVITY
DURING SOLAR CYCLE 23: SOURCES OF RADIATION HAZARDS IN
GEOSPACE

G. Xystouris, E. Sigala, H. Mavromichalaki

Nuclear and Particle Physics Section, Physics Department, National
and Kapodistrian University of Athens, Zografos 15784 Athens Greece,
e-mail: emavromi@phys.uoa.gr; xystouris_geo@hotmail.com; e.s.asteraki@hotmail.com

The High Speed Solar Wind Streams (HSSWSs) are ejected from the Sun and travel into the
interplanetary space. Due to their high speed, they carry out energetic particles, such as pro-
tons and heavy ions that result to the increment of the mean interplanetary magnetic field.
While the Earth is in the path of those HSSWSs, Earth’s magnetosphere interacts with the
disturbed magnetic field, leading to significant radiation-induced degradation of technological
systems, provide an enhanced energy transfer from the solar wind/IMF system into the Earth
magnetosphere and initiate geomagnetic disturbances having a possible impact on human
health. The 23" solar cycle was particularly unusual, with many energetic phenomena oc-
curred during its descending phase and the existence of an extended minimum. In this study,
we have identified and catalogued the HSSWSs for the 23 solar cycle. We determined many
characteristics of the streams, such as their maximum velocity, their beginning and ending
time, their duration, their possible sources etc. Also, we studied the distributions through the
solar cycle for many of their parameters. We regard that this catalogue would be helpful for the
monitoring of Space Weather and possible predictions for it, the study of possible influence of
Space Weather on human health, the planning of future space missions etc.

INTRODUCTION

One of the most important solar terrestrial phenomena is undeniable the near-
Earth solar wind flow. It is known that the flow of solar wind is connected with a
wide range of phenomena and effects, that become perceptible not only in space, but
also on Earth, e.g. the space weather, the reduction of the distance of magnetopause,
the geomagnetic storms, the aurora, the solar radiation storms, the radio blackouts.
The solar wind flow is a continuous flow, with an average speed of 250...400 km-s™!
[Parker, 1959] and it tends to be organized on stream structure [Iucci et al., 1979].
When a stream is generated with a flow speed over 400 kms™!, its velocity is greater
than the local velocity of solar wind. Hence, a tangential discontinuity to the solar
wind flow is created and a shock wave occurs. In that way high-speed solar-wind
streams (HSSWSs) are created.

Through the years there have been many definitions for the High Speed Solar
Wind Stream (HSSWS). According to [Bame etal., 1976; Gosling et al., 1976],
a HSSWS is an observed variation of solar wind speed, with an increase of at least
150 km's~! within a 5-day interval [Intrilligator, 1977] described it as a rapidly in-
crease of the solar wind stream with a peak speed equal or greater than 450 kms™'.
Also, [Broussard et al., 1978] described it as a period in which the solar wind speed
is equal or greater than 500 km's™, averaged over a day. Later, [Lindblad, Lundstedt,
1981] defined it as a period in which the velocity difference between the small-
est 3-hour velocity value and the largest 3-hour value of the following day is equal
or greater than 100 kms™! and it lasts for at least two days. Finally, according to
[Mavromichalaki et al., 1988, 1997] a HSSWS is defined as the difference between
the maximum speed and the mean plasma speed between the mean speed immedi-
ately preceding and following the stream is equal or greater than 100 km's™!, ina pe-
riod lasting for at least two days.
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Figure 1. A typical example of a HSSWS. The speed difference is over 100 km-s™,
while the period of the solar wind coming back to its initial speed is over two days

This definition is used in this work because it is more adequate for solar-terres-
trial studies and it is in agreement with our previous studies. A typical example of a
HSSWS is shown in Figure 1.

The HSSWSs are produced either by corotating coronal holes or by solar flare
activity. A corotating coronal hole is a low temperature and low density area on the
Sun’s surface. As the Sun rotates, coronal holes pass across the Sun-Earth line and
as the HSSWS are emitted from the Sun, they catch up with the previously emitted
solar wind. In that way, they form a compressed interface in the interplanetary medi-
um called a corotating interaction region [Morley et al., 2009]. The physical features
of the corotating streams, according to [Mavromichalaki and Vassilaki, 1998] are the
following:

+ the interplanetary magnetic field (B) magnitude is proportional to bulk speed
and the polarity is constant throughout the speed except for some fluctua-
tions lasting a few hours;

 the proton density (») rises to unusually high values near the leading edges of
the streams vice to bulk speed;

» the proton temperature (7) varies with the same way as the flow speed.

Until recently, the HSSWSs that come from a blast wave were connected only
with the flares activity. Nowadays, due to the development of technology for the solar
observations, HSSWSs can be connected not only with flares, but also with coronal
mass ejections (CMEs). In that process the material ejected by the flares, because of
its expansion, compresses the plasma of the slower moving solar wind ahead the stream
and the field lines, causing, at the leading edge of the slower moving surrounding
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plasma, a segregation surface with different thermodynamical and chemical proper-
ties in each side [Hollweg, 1974]. This structure is prevented from breaking apart due
to its high electrical conductivity. At the point that the emitted solar wind plasma
obtains a velocity greater than the local Alfvén velocity, the shock wave is created.
Finally, as the previous situation of the coronal hole, a HSSWS is created. The be-
haviours of interplanetary parameters of the flare-generated streams tend to be irreg-
ular. In a general way we can admit that:
+ all the interplanetary parameters show simultaneous increases. Especially,
the bulk speed (V), the proton density (#) and the magnetic field magnitude
(B) show large fluctuations during the period of the maximum speed value.
Probably this indicates radially outcoming fast shocks;
* during the maximum speed period, the field polarity shows inversions lasting
for 3...4 hours.
* the proton temperature does not vary simultaneously to the flow speed, but it
tends to divert from speed behaviour, on contrary to corotating streams.

The reason for studying HSSWSs is because they are a potential hazard for the
Earth. They contain very energetic particles, which are the source of the solar radia-
tion. We can divide the dangerous areas into the Geospace and the Earth atmosphere
and ground. The hazards for the Geospace regard hazards for the satellites — the
technological instruments in general — and the astronauts. The hazards for Earth at-
mosphere and its ground contain regard for the technological instruments but also
for humans. The greatest danger for humans is for the aircraft passengers, due to the
thinner atmospheric layer above them (for blocking the energetic particles); but stud-
ies showed that the hazardous interaction can take place on the ground too.

In this work we compiled a complete catalogue of HSSWSs for the last solar cy-
cle 23, from May 1996 to December 2008. The catalogue is based on previous works
of [Mavromichalaki et al., 1988, 1997] with some extra features for the 23 Solar
Cycle. In this catalogue, the HSSWSs were distinguished in four different categories
and an attempt was made to examine the distributions of HSSWSs with several pa-
rameters, such as the total annual number of HSSWSs, their sources and the dura-
tion of them.

1. DATA SELECTION AND ANALYSIS

For this work solar and interplanetary data obtained from the OMNI database
(http://omniweb.gsfc.nasa.gov/ow.html) were used. The following parameters as
the Bartels Rotation Number, the Solar Wind Flow Speed, the Solar Wind Proton
Temperature, the Solar Wind Magnetic Field Magnitude and the Solar Wind Proton
Density for the time period from May 1996 until December 2008 were taken into ac-
count. The IMF data were gathered from the National Space Science Data Center
database (http://omniweb.gsfc.nasa.gov/html/polarity /polarity.html).

The examined time period is from May 1996 until December 2008 and covers
the solar cycle 23 according to the Mashall Space Flight Center database (http://so-
larscience.msfc. nasa.gov). This period was divided 23 into four phases based on the
solar activity that are:

1) ascending phase, from May 1996 until April 1999,

2) maximum phase, from May 1999 until December 2002,
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3) descending phase, from January 2003 until December 2006,
4) minimum phase, from January 2007 until December 2008.

Using the criteria presented above, the HSSWSs over the solar cycle 23 were de-
termined and a total number of 710 HSSWSs were well defined. A catalogue with all
these HSSWSs and their parameters was compiled. An example of this catalogue is
presented in Table 1. The first column shows the number of the HSSWS (the asterisk
denotes an Interrupted HSSWS). The second column shows the exact hour that the
HSSWS started. The third column shows the Bartel Rotation Number and Day for
that date. The fourth column shows the IMF Polarity during the HSSWS. The fifth
column shows the date of maximum solar wind speed. The sixth column shows the
mean solar wind speed, while the seventh column shows the maximum speed of the
HSSWS. The eighth column shows the HSSWS duration. The ninth column denotes
the HSSWS category (S is for Simple HSSWS, M is for HSSWS with Multiple peaks
and D is for HSSWS with Data Gaps) and the tenth column shows the source of the
HSSWS (CH is a stream coming from a Coronal Hole, F is a Flare generated stream,
CME is a HSSWS coming from a CME and the question mark denotes that a source
for that HSSWS could not be found.

The distribution of the total number as well as of the different categories of the
HSSWSs during the phases of solar cycle 23 is given in Table 2. The second col-
umn, named Simple (S), denotes the number of the Simple HSSWSs. The third,
named Multiple Peaks denotes the number of the HSSWSs with Multiple peaks.
The fourth, named Data Gap denotes the number of the HSSWSs with Data Gap.
The fifth, named Multiple Peaks & Data Gaps denotes the number of the HSSWSs
with Multiple Peaks and Data Gap. The last column, named Consecutive to Total,
denotes the ratio of the consecutive cases of HSSWSs to the total number of
HSSWSs.

Table 2. A consolidated list of the number of HSSWSs in each category during the phases of
solar cycle 23 is presented. Also, in this table are presented the ratio of the consecutive cases to
the total number of HSSWSs for each phase of solar cycle 23

Phases of solar Total | Simple | Multiple | Data | Multiple | Consecutive | Ratio Consecutive
cycle 23 HSSWSs | (S) Peaks | Gap | Peaks and cases Cases to Total
(Tot.) (M) (D) | Data Gaps | of HSSWSs HSSWSs
(D and M) © (C/ Tot.)
Ascending Phase 153 87 53 12 1 52 0.34
Maximum Phase 214 60 150 3 1 151 0.71
Descending 239 75 157 2 5 162 0.68
Phase
Minimum Phase 104 75 29 0 0 29 0.28

The greatest ratio of Consecutive Cases to the Total number of HSSWSs appears
in the maximum phase of solar cycle 23 (151 out of 214 — 71 %) followed closely by
the ratio of the descending phase (162 out of 239 — 68 %). This shows that in both
maximum and descending phases, the HSSWSs generation rate was very high (where
7 out of 10 HSSWSs were consecutive), unlike the ascending and minimum phases,
where the HSSWSs generation rate was lower (almost 3 out of 10 HSSWSs were con-
secutive in those phases).
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2. DEFINITION AND CATEGORIZATION OF THE HSSWS

As it was mentioned above, the definition for HSSWS as it was described in
[Lindblad, Lundstedt, 1981,1983] was used. The features that were taken into ac-
count in order to determine a HSSWS are the duration of the ascending and de-
scending phase of the stream, the number of peaks that appear in the maximum
phase and the existence — or not — of data gaps. We should mention that a HSSWS
can have more than one characterization. The categories that the HSSWSs have been
characterized are the following and they are illustrated in Figure 2:

Simple HSSWS.

The simple HSSWS, as seen in Figure 2a, has a single peak and at least for
three hours before the beginning and after the end of the HSSWS there is no
other HSSWS present.

HSSWS with Multiple Peaks:

When a HSSWS has more than one peaks and each peak is closer than one
day, regarding to the following one, then we characterize that HSSWS as a
HSSWSs with multiple peaks, as seen in Figure 2b.

HSSWS with Data Gap.

When a data gap appears in any part of the HSSWS, then we describe that
HSSWS as a HSSWS with data gap, as seen in Figure 2c. We accept the fol-
lowing approximations depending on where the data gap appears:

if there is a data gap in the beginning of the HSSWS and the stream begins
from a velocity greater than 400 km-s_l, then we define the mean plasma ve-
locity (V) for the pre-ascending phase as the first good velocity data point.
Its duration also begins from that point; the mean plasma velocity (V) that
follows the stream is set at 300...350 km-s_l;

if the data gap appears at the peak of the stream and the maximum velocity
(V. ..x) is not visible, then we define as V,the greatest velocity of the good

data that appears. Therefore, according to the definition of a HSSWS, if V-
is equal to or greater than 100 kms'ina period lasting at least two days, we
have a HSSWS.

if there is a data gap in the descending phase and the plasma velocity has
not reached the pre-ascending phase velocity (V))), we define the end of the
HSSWS as the last good velocity point. Therefore, according to the definition
of a HSSWS, if the V__ is equal to or greater than 100km-s " ina period last-

ing at least two days, we have a HSSWS.

In addition, we wrote down the cases of consecutive HSSWSs. A case of Con-
secutive HSSWSs can be determined as follows.

If a new HSSWS appears in less than three hours of the ending of a previ-
ous one, then we have a case of Consecutive HSSWSs, as seen in Figure 2d.
For groups with more than two HSSWSs, we count a case of consecu-
tive HSSWSs for every two consecutive HSSWSs, e.g. for a group of four
HSSWSs, we have a case of three Consecutive HSSWSs.

Finally, the most important feature we added in this work is that we created
a special category of HSSWSs, called Interrupted HSSWSs.
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An interruption in a HSSWSs is described as the presence of a new
HSSWSs in an on-going one, as seen in Figure 2e. Based on the definition
of a HSSWSs, a HSSWSs has two phases: an ascending and a descending
phase. The ascending phase is defined as the period from the beginning of
the HSSWSs to the moment that the HSSWSs reaches its maximum veloc-
ity. The descending phase is defined as the period of the moment that the
HSSWSs has reached its maximum velocity to the end of the HSSWSs.
Therefore, the interruption may take place either in the ascending phase or
in the descending phase. Based on that, we categorize them into two subcat-
egories:
— interrupted HSSWSs in the ascending phase.
These HSSWSs appear at the end of the descending phase of an ongoing
HSSWS. Before the velocity of the first HSSWS reaches the pre-ascending
phase mean, it raises again, due to the oncoming solar wind shock. We define
that point as the preceding V| of the interrupted stream. Also, the V| that fol-
lows the HSSWS is defined as the point that the plasma velocity descends to
the 330 km-s™' and its duration is defined as the duration from the V, preced-
ing and following the stream. Therefore, if the V__ , in respect to the V| pre-
ceding the stream, is equal to or greater than or 100 kms~! and its duration is
less than 2 days, then we define the second stream as an interrupted HSSWS:
— interrupted HSSWSs in the descending phase.
These HSSWSs begin as a simple HSSWS, but the interruption occurs in
its descending phase, before the plasma velocity reaches the pre-ascending
phase velocity, V). So, the V, that follows the stream is defined as the point
of the interruption and its duration is defined as the duration from the ¥,
preceding and following the stream. Therefore, if the V., compared to
the V¥ preceding the stream, is equal to or greater than or 100 km's™' and
its duration is less than 2 days, then we define the stream as an interrupted
HSSWS.

3. CHARACTERISTICS OF HSSWS
3.1. Total number of HSSWSs

The yearly distribution of the total number of the HSSWSs is given in Figure 3a.
It is interesting that the year 2003 is the year that tended to have the most of the
HSSWSs throughout the solar cycle 23, with approximately six HSSWSs per month.
This year was characterized by a lot of extreme solar events, such as in October and
November 2003. In addition, the most of the HSSWSs occurred during the descend-
ing phase with a percentage of 33.7 % of the total number of 710 HSSWSs during this
cycle, as it is illustrated in Figure 3b. Then the ascending phase and the maximum
phase follow with percentages of 21.5 % and 30.1 % respectively, while, during mini-
mum phase, the number of HSSWS is the lowest with a percentage of only 14.6 % of
the total number of HSSWSs. These results are in agreement with the results of the
previous cycles 20, 21 and 22. [Maris, Maris, 2005] concluded that, during the so-
lar cycles 20—22, the frequency of the streams was higher during the descending and
minimum phases of cycles 20, 21 and 22, regardless of their solar sources (coronal
holes/solar flares).
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Figure 3. ¢ — annually number of HSSWSs for solar cycle 23 (from May 1996 to December
2008); b — total number of HSSWSs in each phase of the solar cycle 23

3.2. Duration of HSSWSs

Previous studies of the solar cycles 20, 21 and 22 have shown that the distribution
of the duration of the HSSWSs shows a maximum around 4—6 days for the even
cycles and almost 6—8 days for the odd ones. The odd cycles appeared more active
than the even cycles [Mavromichalaki, Vassilaki, 1998]. Also, [Gupta, 2010] divid-
ed the streams of 23™ Solar Cycle into three categories, namely: 1) short-duration
High Speed Streams (HSS), those with Az < 4 days; 2) medium-duration HSS with
4 days <Af < 8 days; 3) long-duration HSS, those with A7 > 8 days with percentages
12, 46 and 43 % out of total 465 high-speed streams observed. Additionally, they
observed that the short-duration HSS are more frequent in increasing phase, the
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Figure 4. a — distribution of the HSSWSs duration during solar cycle 23; » — distribution
of the HSSWSs duration during the different phases of the solar cycle 23

medium-duration HSS are less in declining phase and the last category of long-dura-
tion HSS prevail during maximum and decreasing phase of solar cycle 23.

In this study, the HSSWSs have been divided into the following bins, as seen in
Figure 4a, regarding their duration:

1) HSSWSs with duration less than or equal to 1.99 days (they are symbolized as

2 days),

2) HSSWSs with duration between 2 and 3.99 days,

3) HSSWSs with duration between 4 and 5.99 days,

4) HSSWSs with duration between 6 and 7.99 days,
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5) HSSWSs with duration between 8 and 9.99 days,
6) HSSWSs with duration equal to or greater than 10 days, symbolized as 10"
days.

This division revealed that the prevalent HSSWSs are those whose duration
ranges between 4 and 5.99 days with a percentage of 32.4 % out of total 710 HSSWS
observed. Considering a decreasing order, the HSSWSs appear duration between
2—3.99 days and 6—7.99 days with percentages of 30.9 and 22.11 % respectively. The
fewer HSSWSs are those symbolized as 2— and 10+, where they constitute only the
4.51 and 2.11 % out of total 710 HSSWS respectively. Therefore, taking in mind the
statistical error for each duration bin, in our study appeared that the most HSSWSs
for solar cycle 23 last from 3 to 5.99 days. This conclusion is in agreement with the
previous study of [Gupta, 2010], where the prevalent HSSWS are those they char-
acterized as medium-duration high speed stream with duration 4 days<Af < 8 days
(46 %).

Regarding the distribution of HSSWSs duration during the phases of the solar
cycle, as seen in Figure 4b, the most HSSWSs in the ascending phase last between
2 and 3.99 days (33.99 % out of the total 153 HSSWSs in the ascending phase). In
the maximum phase the HSSWSs that last between 4 and 5.99 days (33.17 % of
214 HSSWS in maximum phase) are dominate. Additionally during the descend-
ing phase prevail the HSSWSs that last from 2 to 3.99 days (33.05 % of the 239 ob-
served HSSWSs for the descending phase), followed closely by the HSSWSs that last
from 4 to 5.99 days (31.80 % of the 239 observed HSSWSs). Finally, the most fre-
quent HSSWS during the minimum phase are to be those with duration between 4
and 5.99 days (33.65 % out 104 HHSWSs during minimum). It is worth to be men-
tioned that the most frequent Interrupted HSSWSs (symbolized as 2-days) are ob-
served during the descending phase with a percentage of 40.6 % of the total number
of them; that’s a result of the high solar activity during that phase, where HSSWSs
were constantly generated, leaving no space for the interrupted HSSWSs to come up
as a normal HSSWS. Also the HSSWSs characterized as 10+ days appear most fre-
quently during the descending phase 40.0 % of the total 15 HSSWSs in the 10+ days
group. Finally, it is important to be mentioned that the HSSWS with the maximum
duration of 16.71 days is observed during the maximum phase.

3.3. Maximum Speed of HSSWSs

For the purposes of this distribution, the total number of 710 HSSWSs has been di-
vided into bins of 100 km's™", from 400 to 1199 km's™' in each of the four phases of
the solar cycle 23. Also the streams with data gaps in the V_have been taken into
consideration. In an overview, as seen in Figure 5, taking into account the phases
of the solar cycle according to this study, in the ascending phase the most HSSWSs
observed to have V. between 400 and 499 km- s~ (almost 41.83 % of 153 HSSWS
in ascending phase) “In the maximum phase, V_  increases to 500...599 km-s !
(35.05 % of 214 HSSWSs in maximum phase). Then in the descending phase V_
keeps rising with a 29.29 % of the 239 descending phase HSSWSs have V| between
500 and 599 km-s™', but also 32.22 % of them have V. between 600.. 699 km-s".
Finally, in the minimum phase the most HSSWSs (41 35 % of 104 streams) have
V... of600..699 kms ™'
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A further analysis for the phases of solar cycle 23 shows, as already referred, in
ascending phase the highest number of HSSWSs has V  of 400...499 km's ! Ina
decreasing order follow the 500...599 km-s~! bin (35.95 %) and the 600...699 km-s !
bin (16.99 %). The amount of 1.96 % of HSSWSs in the ascending phase be-
longs equally and respectively to the bins of 700...799 km-s~' and 800...899 km-s™".
Moreover, there is not any HSSWS observed with ¥, up to 900 km-s™', while two
HSSWSs have data gaps is their V|

In the maximum phase the number of HSSWSs in the bin of 400...499 km-s™
is starting to decrease (28.04 % out of 214 HSSWSs) and the predominant bin
is those of 500...599 km-'s™' (35.05%). Considering the decreasing order fol-
low the 600...699 km-s™' bin (22.90 %), the 700...799 km-s™" bin (8.88 %) and the
800...899 kms~! bin (2.80 %). It is worth to be mentioned that two HSSWSs are ob-
served with V| between 900 and 999 km's~! and two HSSWSs with V. x DEtwWeen
1000 and 1099 km s~ bin (0.93 % respectively). Also only one HSSWS has data gap
atVv_ .
n§l{(1bsequenﬂy, in descending phase, the number of HSSWSs belong-
ing to the 500...599 km's™! bin is lower than the number of HSSWSs belonging
to the 600...699 km-s~! bin. In this phase, only 12.55 % of the HSSWSs belong to
the 400...499 km-s™' bin, while the 17.15, 5.86 and 1.67 % of the 239 descend-
ing phase HSSWSs constitute the 700...799 km's™' bin, 800...899 km's~' bin and
900...999 km's~! bin respectively. Also the HSSWSs with higher V,_ are observed
more frequently, as four of the 239 HSSWSs have V. between 900 and 999 km-s™
and two HSSWSs have V,_between 1000 and 1099 km g7 . Finally, in that phase,
it is observed the HSSWS' w1th the highest V, of the Cycle reaching a speed of
1189 km-s™
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Figure 5. Distribution of the V,__ of each HSSWS in the phases of the solar cycle 23. It is
clearly notable that the peak of the ¥, distribution is increasing through the solar cycle, until
the Descending Phase and it stays at that level in the Minimum Phase (instead of dropping)
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At last, as it is observed in minimum phase, most of the HSSWSs belong to
the 600...699 km-s~! bin, and they follow in decreasing order: 500...599 km-s~! bin
(28.85 %), 400...499 km-s~! bin (almost 17.30 %) and 700...799 km-s ™ bin (12.50 %).
It is worth to be mentioned that only one HSSWS has V_  between 800 and
899 km-s™'. Finally, during the descending and minimum phase there is not any data
gapat V_  ofany HSSWS.

In conclusion, it is obvious that the V_ distribution peak keeps rising until
the descending phase (where it reaches the values of 600...699 km's™') and instead
of dropping in the minimum, it stays at those values. In addition, it is important
to mention that the highest values of observed V{nax, considering an increasing or-
derof V__, are: 922 km-s~! (in 2002), 1010 kms™" (in 2000), 1027 km-s~' (in 2004),
1040 km-s ! (in 2001), 1059 km's~! (in 2005) and 1189 km's~" (in 2003).

3.4. Sources of HSSWSs

As it is being mentioned, the possible sources of HSSWSs are the coronal holes and
the solar flares. Therefore, the HSSWSs were classified into two categories, coro-
tating and flare-generated streams, respectively. [Lindblad, Lundstedt, 1981, 1983;
Lindblad et al., 1989] presented the HSSWSs observed by near-Earth spacecraft in
the periods 1964—1975, 1975—1978 and 1978—1982 (solar cycles 20 and partly 21).
[Mavromichalaki et al., 1988] presented a catalogue of HSSWSs for the period 1972—
1984 and, as a continuation of the previously published catalogue, [Mavromichalaki,
Vassilaki, 1998] presented the HSSWSs catalogue for the period 1985—1996 (cy-
cle 22) and they classified them into the above mentioned categories. The conclu-
sions of the last paper indicates that the number of flare-generated streams is greater
around the solar maximum (1969, 1979 and 1989 of cycles 20, 21 and 22 respec-
tively), while corotating streams are more around the solar minimum. Also, [Maris,
Maris, 2005] followed this classification of HSSWSs for the solar cycles 20—22: the
ones produced by coronal holes (CH_HSPS) and the ones produced by solar flares
(FG_HSPS). They revealed that the CH_HSPS prevail during the minimum phases
of solar cycles, due to the large extended coronal holes towards the equator registered
in the minimum phases of solar cycles, while the FG_HSPS variation follows the 11-
year cycle of sunspots.

Furthermore, [Mavromichalaki, Vassilaki, 1998] concluded that the activity of
solar cycle 21, which is an odd cycle, was greater than the activity of 20™ and 22™
solar cycles, which are even cycles. This fact shows a periodicity, due to the 22-year
variation of solar magnetic field [Legrand, Simon, 1981; Simon, Legrand, 1992;
Mavromichalaki et al., 1997; Mavromichalaki, Vassilaki, 1998]. Also this indicates
different behaviors between odd and even cycles, such as the large number of flare-
generated streams during the odd cycles and the appearance of two maxima during
the even cycles. [Maris, Maris, 2005] showed that the solar cycles 20 and 22 have
similar dynamics of FG_HSPS and CH_HSPS parameters during maximum, de-
scending and reversal intervals. They revealed that the solar cycle 21 dominance of
all the CH_HSPS parameters against the 20™ and 22" solar cycle, during almost all
phases, could be due to the same structure of Hale cycle, though solar cycle 21 has a
larger number of FG_HSPS as the even cycles.

In addition to our study, it is worth to be mentioned that the corotating streams
are connected with simple decreases of cosmic rays recorded at ground based station
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and the flare-generated streams produce Forbush decreases on Earth [lucci et al.,
1979; Mavromichalaki et al., 1988]. Also strong flares recorded by Neutron Monitors
on Earth, reveal large level enhancements (GLE) associated with energetic solar pro-
ton events, such as those of 22nd solar cycle [Belov, Eroshenko, 1996].

In an earlier paper [Gupta, 2010], divide the HSSWSs of solar cycle 23 into
five groups, namely associated with: 1) a single coronal hole (SCH); 2) a single
mass ejection (SME); 3) multiple coronal holes (MCH); 4) multiple mass ejec-
tions (MME); 5) compound streams associated with both coronal hole(s) and mass
ejection(s) (CMP). They concluded that out of 465 streams the majority of them
(43 %) produced by a single coronal hole, and in a descending order follow: the
compound streams (26 %), the streams produced by multiple coronal holes (18 %),
a single mass ejection (9 %) and the minority of them (4 %) are related to multiple
mass ejections.

In this work, as a continuation of the previous works of [Mavromichalaki
et al., 1988; Mavromichalaki, Vassilaki, 1998], the HSSWSs are considered as fol-
lows: corotating streams (CH) which are those that are emitted by coronal holes and
flare-generated streams (F) which are those that are associated with active regions
of Sun emitting solar flares. Also, for this Solar Cycle, because of the availability
of good quality coronogragh data, an attempt is made to take in mind the CMEs,
as a possible source of HSSWSs. Therefore, the 710 HSSWSs are divided into six
groups:

1) corotating streams, those that are produced by corotating coronal holes;

marked with the symbol CH;

2) flare-generated and CME-generated streams, those that are produced by

both flare and CME; marked with the symbol F/CME;

3) flare-generated streams, those that are produced only by a flare; marked with

the symbol F;

4) CME-generated streams, those that are produced by only a CME; marked

with the symbol CME;

5) flare-generated and CME-generated streams in the case that the possible ac-

tive origin is not clear; marked with the symbol F/CME ?

6) those that their origin is not clear; marked with the symbol: ?

In these terms we have statistically studied the distribution of HSSWS per year
and phase of solar cycle.

The annually distribution of HSSWSs on the basis of their origin, as shown
in Figure 6a, reveals that the most streams of solar cycle 23 are corotating streams
(CH). The majority of CH HSSWSs (56 CH) is produced in 2003 and the minority
of them (21 CH) in 2001, while the majority of streams that are related to both flares
and CMEs (11 F/CME) were observed in 2001. As shown the maximum of the dis-
tribution of flare-generated streams (29 F) is placed in the year 2000. It is worth to
be mentioned that we had individual CME-generated streams (CME) that give no
notable distribution to show an 11-year variation. Those individual CME HSSWS
take place in years 1997 and 2008. The same fact is observed for the flare-generated
and CME-generated streams in the case that the possible active origin is not clear
(F/CME ?), where individual cases take place in the years 1999, 2000, 2001, 2002,
2003, 2004 and 2006. Also a number of ten HSSWSs have doubtful and no clear ori-
gin (?). Their number in comparison to the total number of HSSWSs presents a neg-
ligible error.
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Figure 6. ¢ — annual distribution of the sources of the HSSWSs6; b — distribution
of the sources of the HSSWSs for each phase of solar cycle 23

Regarding the source distribution via the mentioned phases of solar cycle 23, as
presented in Figure 6b, it is proved that the most HSSWSs are CH and take place
in the descending and the ascending phases of cycle, where 131 CH (39.9 % of to-
tal 434 CH) and 97 CH (22.4 %) are shown respectively. On the other hand the F
and the F/CME HSSWSs show an 11-year variation. Most of them, in percentages
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of 42 % of total 174 F and 47.7 % of 44 F/CME HSSWS, are observed in maximum
phase, but still the number of them is significantly lower than the CH HSSWSs.
Finally, for consistency, the two individual CME HSSWSs are considered and they
are observed in ascending and minimum phase, but this result is not significant, due
to its few data.

Concluding, the majority of HSSWSs are CH HSSWSs, despite the fact that
the solar cycle 23 is an odd cycle. This is shown in both Figures 6a and b, where
63.4 % out of total 153 HSSWSs in ascending phase, 35.5 % of 214 HSSWSs in maxi-
mum, 72.4 % of 239 HSSWSs in descending phase and 84.6 % of 104 HSSWSs dur-
ing minimum are CH HSSWSs. [Maris, Maris, 2005] come, also, in that conclu-
sion, where it is mentioned that “the best-established sources of the HSPSs are the
coronal holes- the regions with open magnetic fields”. The majority of F HSSWSs
appeared in maximum phase (34.1 % of 214 HSSWS) is in agreement with previ-
ous studies, where the same was observed in maximum phase (1969, 1979, 1989 for
solar cycles 20, 21 and 22 respectively), as a result to the fact that the large coro-
nal holes existing during the solar minimum giving a lot of corotating streams. As
a total conclusion, the number of F and F/CME HSSWSs is higher around the
maximum phase showing an 11-year variation; this is in agreement with what
was observed by plotting the number of F HSSWSs for each year for the so-
lar cycles 20—22 [Mavromichalaki, Vassilaki, 1998] and the statistical study of
flare-generated streams of the period 1964—1996 [Maris, Maris, 2005]. In con-
trast, the CH HSSWSs number is high throughout the solar cycle, but according to
[Mavromichalaki, Vassilaki, 1998] it was expected to be high only in the ascending
phase and in the minimum.

CONCLUSIONS

A detailed analysis of the HSWSs registered in the time interval 1966—2008 covering
the solar cycle 23, was carried out and a great number of 710 HSSWSs were well de-
fined. It is noted that 434 of them were generated by corotating coronal holes (CH),
261 were generated by flares, CMEs or both (F, CME or F/CME) and the origin
of 15 was not clear. It means that more than half of them are generated by coronal
holes, fact that it was not appeared in previous cycles.

It is known that the last solar cycle 23 was one of the most active cycles charac-
terized by many extreme solar events. In this study it was observed that the maximum
appearance of HSSWSs (73 HSSWSs) took place in the year 2003 that is in the de-
scending phase of this cycle, right after the secondary maximum of the solar activity.
In addition, the greatest ratio of consecutive HSSWSs appears in both the maximum
and descending phases of solar cycle 23, where 7 out of 10 HSSWSs were consecu-
tive.

The average duration of the HSSWSs of the solar cycle 23 through our work
is 3 to 5 days. Compared to our previous works [Mavromichalaki et al., 1988;
Mavromichalaki, Vassilaki, 1998], we observed that the duration of the HSSWSs
tends to drop with every solar cycle: the average duration of the 21% solar cycle
HSSWSs was 6...7 days, the one of the 22" solar cycle was 4—5 days and as we men-
tioned before, the one of the 23" solar cycle was 3—5 days. This might be a hint of a
more active Sun as the cycles go by, because the continuous generation of HSSWSs
prevents the Sun of generating long HSSWSs. Also, for this cycle, we can accept the
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fact that we had more advanced equipment and more spaceships for the detection
of the solar wind characteristics. In addition, we had the opportunity of analyzing a
complete data base with data from all the spaceships and that makes the work for the
23 solar cycle more reliable than the work of previous cycles.

As concerns the maximum velocity of the HSSWSs we concluded that in the
ascending solar phase most of the HSSWSs observed to have V_  between 400
and 499 km's™', in the maximum phase the peak of V,_  distribution increases to
500...599 km-s™', in the descending phase the V. peak keeps rising as most of the
HSSWSs occurred have a V__ of 500...599 kms | and 600...699 km's™" and in the
minimum phase dominatesa V. of 600...699 km-s™'. It is notable that the HSSWSs
with the highest values of V. (900...999, 1000...1099 and 1100...1199 km-s™" bins)
are observed more frequently in the maximum and the descending phases. In time
evolution it is clear that ¥V peak increases until descending phase, where it stays
stable to the minimum phase; though in the minimum phase V_ higher than
800 km-s~! vanished.

Finally, the annually HSSWSs source distribution showed that the most
HSSWSs that occurred in solar cycle 23 are CH HSSWSs, with the maximum of
their distribution shown in the year 2003 and the minimum in the year 2001. The
majority of F/CME and F HSSWSs combined occurred in 2001, 2000 and 1998 re-
spectively. The CME and F/CME ? HSSWSs give no notable distribution due to
their few data points, while 10 HSSWSs are found with doubtful origin. Although
that solar cycle 23 is an odd one, the distributions of HSSWSs according to their
sources during the considered phases, reveal that most of the CH HSSWSs oc-
curred during the descending and ascending phases, but in general there were
many CH HSSWSs through the whole cycle. Also, most of the F and F/CME
HSSWSs are observed in the maximum phase, showing an 11-year variation. The
conclusions of this work are in good agreement with the studies of the solar cycles 20,
21 and 22.

In summary, we can say that one of the most dynamical interplanetary phenom-
ena of Solar-Terrestrial Physics is definitely the passage of solar wind streams near
the Earth environment. Studies of various aspects of the solar wind velocity vari-
ability with time in the ecliptic plane revealed a solar wind tendency to be organised
as stream structures e.g. [Iucci et al., 1979; Lindblad, Ludstedt, 1981]. In particu-
lar, the characteristics and the long-term variations in the occurrence rate of high-
speed streams for solar cycles 20, 21 and 22 have been studied in [Mavromichalaki,
Vassilaki, 1998; Maris, Maris, 2005]. Reference catalogues of high-speed solar wind
streams observed near the Earth have been produced, considering two possible so-
lar sources, coronal holes and active regions emitting solar flares. In this work a new
high speed streams source concerning the CMEs is added, as CMEs data are now
available. In the future an extended study concerning the sources of this great num-
ber of these events during the solar cycle 23 will be very useful for Space Weather
studies.
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AHANN3 AKTUBHOCTW BbICOKOCKOPOCTHbIX NMOTOKOB COHHELIHOI'Q BETPA
BO BPEMA COTHEYHOIO LMKIA Ne 23: UCTOYHWUKK PAOWNALUOHHON
OMACHOCTW B OKOJIO3EMHOM KOCMWUYECKOM NMPOCTPAHCTBE

I. Xuemypuc, E. Cuzana, X. Maspomuyanaku

OtgeneHue agepHoin Gusmnkm, Quandeckun dpakynbrer,
HauuoHanbHbin 1 Kanognctpuincknii yHueepcutet, AbuHbl, Mpeuna

BricokockopocTHble TIOTOKU cojiHeuHoro Betpa (HSSWSs) BriGpackiBatorcst u3 ConHiia
M TIyTEIIeCTBYIOT B MEXIIIAHETHOM IIPOCTpaHCTBe. biaromapsi cBoeii BHICOKOIl CKOPOCTH
OHHM HECyT NMOTOKHM SHEPTUYHBIX YACTUII, TAKMUX KaK IMTPOTOHBI U TSIKENIbIE MOHBI, YTO TIPUBO-
IUT K BO3pacTaHUIO CPeIHEro MEXIUIAHETHOIO MarHuTHoro noyist (MMIT).

[TockonbKy 3eMJyIsi HaxXOAUTCSI HAa WX MyTU, MarHurocgepa 3eMiy B3aMMOJICICTBY-
€T ¢ BO3MYIIEHUSIMU MarHUTHOTO IOJIsI, YTO TIPUBOIUT K 3HAYUTEIbHON MHIYIIMPOBAHHOIM
oTUMHU 3(PPeKkTaMu Oerpamaldy TEXHOJOIMYECKMX CHUCTeM, oOecIieurBaeT BO3pacTaHUE
nepegavyv SHepruu ot coiHeuHoro Berpa/MMII B MmarHutocdepy 3emiin 1 Havyajio reoMar-
HUTHBIX BO3MYIIEHUI, UMEIOIIMX BO3BMOXHOE BO3JEHCTBUE Ha 3[I0POBbE UeIOBEKa.

23-11 COJTHEYHBIN IINKJI OBUI 0COOEHHO HEOOBIYHBIM, COIPOBOXIAICSI MHOTUMU DHEP-
TMYHBIMM SIBJICHUSIMHU BO BpeMsi (da3bl yObIBAaHUS LIMKJIA U HAIMYWEM TMPOIOJIKUTEILHOTO
MUHMMYMa. B Halllem ucciieqoBaHUU MbI BbISSBWIM U KaTanorusupoBany HSSWSs mist 23-ro
COJIHEYHOTO LIMKJIA.

MBI ompeAenuIn Psii XapaKTePUCTUK TTOTOKOB, TAKMX KaK WX MaKCHUMaJbHas CKO-
pPOCTh, BpeMeHa X Havyal U OKOHYaHUI, MX MPOIOJIKUTEIbHOCTh, X BO3MOXKHBIE HICTOUHM-
Ky 1 T. 1. KpoMe Toro, Mbl U3y4WJId pacipeaeeHue MHOIMX U3 9TUX MapaMeTPOB B COJTHEY-
HOM LIMKJIE.

MBI cyrTaeM, 4TO 3TOT KaTaJloT OyIeT IMojie3eH I MOHUTOPUHTAa KOCMUYECKOM TT0-
TOZBI U €€ TTPOTHO30B, N3YUYEHMST BOBMOXKHOTO BIUSIHUSI KOCMUYECKOM MOTOIBI Ha 3M0POBbE
yes0BeKa, MIaHUPOBAHUS OYIYIIUX KOCMUYECKUX MOJIETOB.



KOCMUYECKWUE NYYU KAK OAKTOP U UHCTPYMEHT
ANA NPEACKA3AHUA BANAHWUA KOCMUYECKOW NOroAbl HA BUOCOEPY
LA ﬂopmaH1’2

' MIHCTUTYT 3eMHOrO MarHeT3ma, NoHOChEPbI 1 PaCcNPOCTPaHEHNA PAANOBOSH

um. H.B. Mywkosa Poccniickon akagemum Hayk (M3MUPAH), Mocksa, Poccus,
e-mail: lid010529@gmail.com

2 Yuusepcutet Tenb-ABuBa 1 M3pannbckoe KocMUYeckoe areHTCTBO,
LleHTp KocMUYecKunx nyyen n Kocmmyeckom norogsl, Mspavnns

PaGota coctont u3 Tpéx yacTeit.

B niepBoit yacTu ma€Tcs BBeAeHUE B IIPOOIeMYy.

Bo BTOpOIi YacTu MPUBOASITCS Pe3ybTaThl aHAIU3a JJIUTEIbHBIX PSIIOB €XEIHEBHBIX
Tokasarteyieii MH(GapKTOB MHOKapaa, WHCYJIBTOB, a TakKKe aBTOMOOWJIBHBIX WHIIMIECHTOB
C TSKEITBIM UCXOZOM B CTIOKOIMTHOE BpeMsI M B TIEPUOIbI CUJbHBIX (hOPOYIIT-ITOHKEHUI NH-
TEHCUBHOCTU KOCMMUYECKUX Jyueil. OOHApyXeHO CyIIECTBEHHOE BO3pacTaHUE €XETHEBHOTO
yrcia MHGApKTOB MUOKap/a, MHCYJIBTOB, a TAKXKe aBTOMOOUJIbHBIX KaTacTpo@d B MEepUOIBI
MOITHBIX MAaTHUTHBIX GYPb, COMPOBOXKIAEMBIX CHJIbHBIMU (DOPOYII-TIOHMKEHUSIMA WHTEH-
CHUBHOCTH KOCMUYeCKUX Jtyueit. [TokazaHo, 4YTO B JTaHHOM cllydae KOCMUYECKUE JIyIu TTpaK-
TUYECKM HE BO3IAEHCTBYIOT Ha 3M0POBbE JIOJEH, HO SIBJSIOTCS MHIMKATOPOM BO3MEWCTBUSI
KOCMMYECKOI MOro/ibl (KOPOHAJIBHBIX BEIOPOCOB T1JIa3Mbl M MEXKITJIAHETHBIX YIAPHBIX BOJIH)
Ha 3II0pOBbe Jtofielt (dyepe3 mpoiiecchl B MarHuTtocdepe 3emin). [TokazaHo Takxke, Kak He-
TpephIBHBIE HAOMIONEHUS] KOCMUYECKUX JIydeil MOTYT ObITh MCITOJIb30BAHBI TS TpencKa3a-
HMSI CUTYallMii KOCMUYECKOM TOTO/bI, OMACHBIX JJISI 3A0POBbSI JIIO/IE, U TEM CaMbIM PE3KO
CHU3UTh PUCK MOJIydeHUsT UH(PapKTOB MUOKap/a, MHCYJIbTOB, a TAKXKe aBTOMOOWIbHBIX NH-
LIUIEHTOB C TSKETBIM UCXOIOM.

B TpeTbeit yacT MBI paccMaTpuBaeM TPSIMOE BO3IEHCTBUE KOCMUUYECKMX JIydeil Ha
o6uocdepy (Tak HasblBaeMble paavallioHHbIe 3¢ ¢eKThl). Jeno B ToM, YTO I10J OIpOMHOM
tonmeit armocdeps! (okoso 1000 T/cM?) MOTOK KOCMUYECKUX JIyYeil yMEHBIIACTCS TOYTH
B cTo pa3. TeMm He MeHee, TTOTOK MIOOHOB M PEIATUBUCTCKUX JICKTPOHOB Y 3eMHOM ITOBEPX-
HOCTH COCTAaBJISIET OKOJIO MUJUTMOHA Ha KBaJpaTHBIM METp 3a OMMH Yac, MPUIEM Kaxkmast
KOCMHUYECKasl YacTUlIa Ha CAaHTUMETpPE MyTU B Tesie yesioBeka co3aaéT okoyio 50 000 noHoB
U pa3pyieHuil Mosiekya. Kpome Toro, B pe3ysbTaTte KacKaJHbIX MPOLIECCOB BO3HUKAET MO-
TOK HEHUTPOHOB, CBOOOTHO MPOHMKAIOIINUX BIIyOb 0O0BEKTOB OMOCHEPH U MPOU3BOASIIINX
pasIMYHbIC AepHBbIC peakiMi. 3a MHOTHUE MUJUTHOHEI JIeT 6rocdepa mpakTHIecKH agamnTh-
poBaJiach K 3TUM IOTOKaM KOCMHUYECKHUX Jiyyeil (bojiee TOro, KOCMUYECKHE JIy4u ChITpain
PENIaoIIy0 POJib B CYILIECTBEHHOM YCKOPEHUU 3BOJIOLNU OMochephl U TOBOJBHO OBICTPOM
TOSIBIIEHUH YesioBeKa). OMHaKO, KOTa MOTOKM KOCMUYECKUX JTy4eil BO3pacTaioT B HECKOIb-
KO pa3 (KaK BO BpeMsl OUYeHb MOIIHBIX COJTHEUHBIX BCIBIIIEK WM TIPH MOJIETaX HAa COBpe-
MEHHBIX CaMOJIETaX Ha BbICOTE OKoJIo 10 KM), WJIM Iake BO MHOTME NECSITKM UM COTHHU pa3
(kak mpu moJyiéTax Ha CIyTHUKAxX B MarHuTocdepe 3eMIu WM Ha KOCMMYECKMX KOpalJisix
B MEXIUTAaHETHOM TPOCTPAHCTBE, WJIM JaXke Ha 3¢MHOI TMOBEPXHOCTH B CJy4ae BCITBIIIEK
CBepxHOBBIX Ha paccrossHusx oT ConHua He nanee 10...15 mapcek), mojsiyyaemasi paavanu-
OHHas 103a CTAaHOBUTCS CYIIECTBEHHOI WJIM aXke Ype3BblYaiiHO omacHoil. MBI omuchiBa-
eM pa3paboTaHHBIII HaMU METOJ MpEeNCKa3aHUs OXWAaeMON paaurallMOHHOI OIacHOCTH
OT MOIIHBIX COJIHEUHBIX BCITBIIIIEK B aTMOC(depe, B 3aBUCUMOCTH OT BBICOTHI M KECTKOCTH
TeOMarHUTHOTO 0Ope3aHMs, a TaKKe JUIsSl CITyTHUKOB M KOCMUYECKUX KopabJjieil Ha OCHOBE
MUHYTHBIX JaHHBIX HAOMIOAEHUI KOCMUYECKMX JIydeil Ha HEMTPOHHBIX MOHUTOPAX U CIyT-
HUKax.

BBEJEHUE

Kocmuueckue nyun (KJI) — HenmpepbIBHBIN, MOUTU U3OTPOITHBINA MOTOK BBICOKO-
SHEPTrUYHBIX MpoToHOB (Toutn 90 %), a-vactuil (okono 9 %) u Goyee TIKEIBIX
a/Iep, a TaKKe dJIEKTPOHOB, TTO3UTPOHOB M Y-JIy4eil (Bcero okoiso 1 %) ¢ sHepruei
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or ~10° 1o ~10*' 5B — omuu M3 BaxHeHIINX ¢$aKTOpOB KOCMUUYECKOW MOTO/bI,
OIpeIeISIONINi paguallMOHHYIO ONACHOCTh IJisd Oruocdepsl (M, B YaCTHOCTH, IS
YeJIoBeKa), a TakKe TS 3JIEKTPOHUKH Ha KOCMUYECKHX allllapaTaX B MarHUTocde-
pe 3eMJIM ¥ B MEXIUIAaHETHOM IPOCTPAHCTBE, M Ha caMOJIETax, a MHOTIA Jaxe Ha
3eMHOI TToBepXHOCTH. C npyroii ctopoHsl, KJI MOTYT MCITOTB30BaThCs KaK MHCTPY-
MEHT JIJIS TIpeICKa3aHusl OMAacHBIX 3(P(HEeKTOB KOCMMUECKON MOTOIbl U TEM CaMBIM
YMEHBIIUTh PUCK HETaTUBHOTO BO3ICHCTBUS KOCMHMUYECKON TOTOIBI Ha 3M0POBHE
YeJIoBeKa M paboTy BEICOKHMX TEXHOJIOTHUIA.

Bausuusa KJI u npyrux ¢akTopoB KOCMMYECKOU TMOrojbl Ha Ouochepy Mox-
HO paccMaTpuBaTh B TPEX acrieKTax. B mepBom acmekre mcciemyercs Biusiane KJI
" Ipyrux (aKTOpOB KOCMHUYECKON MOTOMbI (B TIEPBYIO OUepelb, BO3AEHCTBHE KOC-
mugeckoit meu 1 KJI Ha o6pa3oBaHMe IUIAaHETApHOTO 00JIaYHOTO TTOKPOBA, IBH-
xxeHre CoJTHEYHOU CUCTeMBI BOKPYT IieHTpa ['aakThKu 1 e€ CTONIKHOBEHUS C MO-
JIEKYJISIPHO-TIBIJICBEIMU O0JIAKAMM, JIOKAJIbHBIE BCITBIIIKY CBEpPXHOBBIX M T.11.) Ha
nTo6aJTbHOE M3MEHEHHNE 3¢MHOTO KJIMMAaTa M 4yepe3 3TO — Ha SBOIONNI0 6ruocde-
pBI. DTOT aCIeKT 37eCh TOJIBKO YITOMUHAETCS, TIOCKOJIBKY OH JeTaIbHO paccMaTph-
BaeTcs B pabote [dopman, 2012].

Bo BTOpOM acnekTe aHAIM3UPYIOTCS IIATEIBHBIC PSIIBI eXXKeTHEBHBIX TTOKa3a-
Tesneil HMapKTOB MUOKapaa, WHCYILTOB, a TAKKe aBTOMOOMIBHBIX MHIIMICHTOB
C TSKEITBIM MCXOIOM B CITOKOIHOE BpeMsI U B TIEPUOIBI CHITBHBIX (hOpOYII-TIOHH-
keHuil uureHcuBHocTU KJI. OGHapyXeHo cylliecTBeHHOe (Ha YpoBHE 7...90) BO3-
pacTaHWe eXeTHEBHOTO Yhciia MHMapKTOB MHOKAapaa, WHCYJIBTOB, a TAKXKE aBTO-
MOOMJIBHBIX KaTacTpod B TIEPUOIBI MOIIMHBIX MATHUTHBIX OYPb, COTIPOBOKIAEMBIX
CUITbHBIMK  (popOyII-nIoHKeHUsIMA WHTeHcuBHOCTH KJI. TTokaszaHo, 4TO B maH-
HoM cirydae KJI mpakTudyecku He BO3ICHCTBYIOT Ha 3M0POBbE JIIONEH, HO SIBIISTIOTCS
WHANKATOPOM BO3IECHCTBUSA KOCMUYECKON TOTOMBI (KOPOHAIBHBIX BBIOPOCOB TIIa3-
MBI ¥ MEXIUTAHETHBIX YIAPHBIX BOJIH) Ha MarHUTOCchepy 3eMIIM M Yepe3 3TO BO3-
IeiicTBHe — Ha 3I0poBbe Jioaeii. [lokazaHo Takke, KaK HepepbIBHBIE HAOIOIe-
HUS KOCMHYECKUX JIy9eil MOTYT OBITh MCIIOJb30BaHBI IS TIPEACKAa3aHUS CUTYaInit
KOCMUYECKOM TTOTOIBI, OMACHBIX MIJIST 3MOPOBBS JIIONEH, M TEM CaMBbIM PE3KO CHH-
3UTh PUCK TTOJTy4eHUST MH(GAPKTOB MUOKAapIa, MHCYIbTOB, a TAKKe aBTOMOOMITLHBIX
WHIMIECHTOB C TSDKETBIM UCXOIOM.

B TpeTheMm acmekTe MBI paccMaTpuBaeM Tipsimoe Bosneiictere KJI Ha 6uocdhe-
py (Tak Ha3pIBaeMble paguaiuoHHEIE 3(@deKThl). Jego B TOM, UTO IOI OrPOMHOM
Tojmeit atMocdepnl (okoao 1000 F/CM2) MOTOK KOCMMYECKMX JIy4yeil YMEeHbIIIAaeT-
ca moutu B 100 pa3. Tem He MeHee, TTOTOK MIOOHOB M PEISITUBUCTCKUX 3JIEKTPO-
HOB Y 36MHOI ITOBEpXHOCTH COCTAaBJISIET OKOJIO MUJUIMOHA Ha KBaIpaTHBIN METp 3a
OIMH Yac, MPUYEM KaxKaasi KOCMHYECKas 9acTHIIa B TeJle YeJIOBeKa CO3MaéT OKOJIO
50 000 moHOB M pa3pylleHHiA MOJIeKyJI Ha caHntuMerpe myta. Kpome toro, B pe-
3yJIbTaTe KacKaTHBIX MPOLIECCOB B aTMocdepe W BHYTPU OMOJIOTHYECKOTO O0BEK-
Ta BO3HMKAET ITOTOK HEUTPOHOB, CBOOOIHO MPOHUKAIOIINX BO BHYTPEHHHUE YaCTH
00BEKTOB 61OC(EpPHI 1 BEI3BIBAIOIINX PA3TNIHBIC sIepHBIe peakuu. Beé aTo mpu-
BOIUT HE TOJBKO K CHJILHOMY paIvalliOHHOMY BO3ICHCTBUIO Ha 6rochepy, HO U K
YCKOPEHHUIO MYTallM TeHOB U K COOTBETCTBYIOIIEMY YCKOPEHUIO SBOJIOIUN O1O-
cdeprl. Cenyer Nom4epKHYTh, YTO 3a MHOTME MUJUIMOHBI JIeT O01ocdepa Ha 3eMHOI
TTOBEPXHOCTH TTPAKTUIECKN amalTUPOBAIach K 3TUM MOTOKAM KOCMUYECKHX JIyUeid.
Bonee Toro, KocMUYeCKHe JIydd C YBEIMYCHUEM YaCTOTHI MyTallMii T€HOB MOT-
JIA CHITPaTh PEIIaloIIyIO POJib B CYIIECTBEHHOM YCKOPEHUM SBOJIONNN OMOChEepHI
¥ TOBOJIBHO OBICTPOM TOSIBJICHUH YejioBeKa. OMHAaKO, KOTAa TOTOKA KOCMUYECKIX
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Jlydeli Bo3pacTaloT B HECKOJIbKO pa3 (Kak BO BpeMsi OYEHb MOIIHBIX COJHEYHBIX
BCTIBILIEK WM TP MOJIETaX HA COBPEMEHHBIX cCaMOJIETax Ha BbIcOTe 0K0JIo 10 KM),
WY Jaxke BO MHOTHE NEeCSITKW M COTHU pa3 (Kak MpU MoJI€Tax Ha CIyTHUKAaX B Mar-
HuTochepe 3eMsIM UM Ha KOCMMUYECKUX KOpadJsix B MEXIJIAHETHOM ITPOCTpaH-
CTBE), pajJuallMOHHasl OMAaCHOCTb CTAHOBUTCSI CYIIECTBEHHOW. MBI OINuUChIBaeM
pa3paboTaHHBII HaMW METOJ MpelcKa3aHUsl OXMIaeMON paJauallMOHHOW orac-
HOCTU OT MOIIHBIX COJIHEUHBIX BCIIbILLIEK B aTMOC(epe B 3aBUCUMOCTU OT BBICOTHI
1 XKECTKOCTU T'€OMarHUTHOTO 00pe3aHusl, a TakKXKe JJIsl CMyTHUKOB U KOCMUUYECKUX
KopabJieil Ha OCHOBE HavyaJlbHbIX MUHYTHBIX JTaHHbBIX HaOJIOAEHUI KOCMUUYECKUX
Jlyyeil Ha HEUTPOHHBIX MOHUTOPAX U CITyTHUKAX.

1. O HETATUBHbIX BO3D,VEI7ICTBI/IFIX KOCMMYECKOW NMOroAbl
HA 3[JOPOBbE JIIOAEN 1 BO3MOKHOE NCTIOJTb3OBAHWUE
KOCMWYECKNX NYYEW ONTA UX MPEOCKA3AHWUA

1.1. Bo3pacTaHue 4acToTbl MUHGAPKTOB MUOKapAa, UHCY/BTOB, a TaKXKe
aBTOMOOWbHBIX UHLMAEHTOB C TAXKENbBIM NCXOLOM B NepuroAbl 3axBaTa
3emMnu ygapHbIMU BOSTHAMM 11 MOLLHbBIMY BbIGpOCaMn KOPOHANbHOW Na3mbl

3axBar 3eMJIM MEXIUIAHETHBIMU yIapHBIMU BOJHAMHM W MOIIHBIMHU BBIOPO-
caMM KOPOHAJIBHOM TIa3Mbl BBI3bIBAET MEpPTYypOAlMM B 3eMHON MarHuTocdepe
Y TIPUBOIUT K U3MEHEHMSIM MarHUTHOTO 1ot (Dst-Bapuarnm Bo BpeMsl MarHUT-
HBIX Oypb). OcOOEHHO OOJIbIIINE MATHUTHBIE OypU COMPOBOXIAIOTCS, KaK IpaBU-
J10, opOyII-TIOHKEHUIMHN MHTeHCcuBHOCTU Tajaktudeckux KJI. Okono 20 net
Ha3aJ Mbl HaYaJIM B TPYIIE POCCUUCKUX M UTATLSIHCKUX YYEHBIX AeTabHBIE MC-
CIeMOBaHUST BO3MOXKHOTO BO3IEWCTBMS CHJIBHBIX MAarHUTHBIX OYphb, COITPOBOXIA-
omuxcs popoyu-nmoHmkenusmMu KJI, Ha 3mopoBbe mioaeii. DTa Oosblas padbora
ObL1a, 1o cylecTBy, MHUIIMUpoBaHa T. bpeyc poBHo 20 et Ha3zan. Eit ynamoch co-
OpaTh 1 nepenpaBuTh B PuM, rie s B 310 BpeMst paboTtaa B PUMCKOM yHUBepCcuUTe-
te ¢ npodeccopom H. IOuuu u mokropom k. Bunopeccu, naHHble O CEeMU MWJI-
JIMOHAX BBI30BOB CKOPOIl MEAMIIMHCKOM TTOMOIIM 110 MOCKBE 3a TpM TTOJHBIX TO/a
(1979—1981) (BkJtouas exxeaHeBHbIE TaHHbIe 00 MH(apKTax MUOKapAa U UHCYJIb-
Tax). B manpHeiilemM ObUIM NCIIOIb30BaHbBI TAKKE aHAJIOTMYHbIE JaHHbIE 10 CaHKT-
ITetrepOypry 3a 1981 r. 1 1987—1989 rT. 06 aBTOMOOMIIBHBIX KaTacTpodax ¢ TIxKeE-
JIBIM MCXOJIOM, TPeOYIOIIle BHI30BOB CKOPOUl MEOUIIMHCKON Iomoiiu. bruio 06-
Hapy>XeHO, YTO B IHU (opOym-noHKeHnidi uHTeHcuBHOCTU KJI, exkeaHeBHOE
KOJIMYECTBO MH(APKTOB MUOKapAa, MHCYJIbTOB M aBTOMOOMJIBHBIX KaTacTpod C TsI-
XEJIBIM MCXoqoM Bo3pactaer Ha 13£1,4 %, 71,6 % u 17£3 %, cOOTBETCTBEHHO
[TITuibiHa U Ap., 1998; Dorman et al., 1999; Villoresi et al., 1994, 1995]. Pucynku 1
1 2 WUTIOCTPUPYIOT 3TH Pe3yJAbTaThl, HA HUX BUIHO, YTO HamOojee YETKO IIPOSIB-
JIeTCs BO3AEHCTBIE KOCMUYECKIX MAarHUTHBIX OYph Ha 3M0POBbE JIIONel Wit Oypb,
COMpPOBOXKIAaEMbIX (popOyLI-TToHXKeHUSIMHU nHTeHcuBHOCTH KJI. OpHako nmpuynHa
3TOTO HE COBCEM siCHA. BO3MOXKHO, 3TO 00YCIOBIEHO TEM, UYTO COIPOBOXKIAEMBIE
¢opOyI-noHmkeHnsIMu nHTeHCUBHOCTU KJI MarHuUTHBIE Oypu XapaKTepU3YIOTCS
BO3pacTaHUEM aMIUIMTYIbI KoJieOaHWiT MarHUTHOTO TIOJISI, B TOM YHMCJIE€, B OKPECT-
HOCTU YacToThl ~1 I'1, 6JIM3K0I K COOCTBEHHOI YacTOTe KoJiebaHWIi cepaua.

B pesynbraTe Bo3HMKAET Pe30HAHCHOE YCUJIEHME BO3IEHCTBUS MHIYIIMPOBAH-
HBIX BO BpeMsI MarHUTHOI OypY TOKOB ¢ COOCTBEHHBIMM TOKAMH B TeJie YEJIOBEKa.
st TOCTaTOYHO 3MOPOBBIX, MOJOIBIX JIOAEH 5TO, MO-BUIMMOMY, HE KPUTUYIHO,
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a JUIsl OCJabJIECHHOTO KaKoi-11u00 OO0JIE3HbI0 WM OYEHb MOXWIOTO YeJlOBEeKa 3TO
BO37eHiCTBUE C OOJIbIICH BEPOSTHOCTHIO MOXET MPUBOAUTHL K MH(AapKTaM MHO-
Kapaa M uHcyJibTaM. Haill coBeT: s JTtofeii ¢ OTMEUYEHHbBIM BbILlIE€ MOBBIILIEHHBIM
PUCKOM B TeUeHUE OJHOTO-IBYX JHei (hopOyuI-nmoHMXeHus1 uHTeHcuBHOCTU KJI
(MHDOpMaLIMIO O TAKUX COOBITUSX PETYJISIPHO BbIAAET uepe3 MHTepHeT, HanpuMep,
N3MUPAH) pe3ko yMeHbIIUTb (PU3NUECKYIO HArpy3Ky, a eié Jiydlle, TpoBecTU
3TO BpeMsl B CIELIMAJIbHOM TMOMEIEHUH, 3alUIIEHHOM OT Bapualliii MarHUTHOTO
MOJIS.
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Hunekc reoMarHHTHBEIX BO3MVIIEHHA

Puc. 1. CpennecytouHsle yucia MHGApKTOB MUoKapaa (a), MHCYJAbTOB (0) 1O JaHHBIM CKO-

poit MmenuuMHcKou nomoiuu B Mockse 3a 1979—1981 rr., u aBromobunbHbIX ATII ¢ T5-

KeJIbIM UCXOIOM (8) TIO TaHHBIM CKOpoii MenuunHcKoi nmomowu B CaHkT-IletepOypre 3a

1987—1989 rT. B CrOKOIHBIE 1 MArHUTHO-BO3MYIIIEHHBIE THU (OTOOpPaHHBIE MO Pa3IUIHbBIM

uHaekcam: MGS, aa, SSC, Bz MmexiuianeTHOro MaruutHOro 1onst 1 FD — ¢opOym-monu-
KeHust uHTeHcuBHOCTU KJT)
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Puc. 2. CpenHecyTouHble yucia MHGApKTOB MUOKapna B MOCKBe IO JaHHBIM CKOpOI
MEeIUIIMHCKOM ToMoiu 3a 1979—1981 rr. (4epHble KBaapaThl) U CPEIHECYTOUHBIE YMC-
nma aBroMoOmwIbHBIX JTII ¢ TsokenbiM ncxomom B Cankr IleTepOypre mo maHHBIM CKOPOM
MenuIMHCKOU nomoiuu 3a 1987—1989 rr. no, B nepuos u nocie GopOyI-nmoOHUXEHUs UH-
teHcuBHOCTU KJI. HyneBoii neHb — neHb Havasa popOyl-noHwkeHus. BepxHsist maHeab —
1151 QopOyII-MOHMKEHU TTpoaoskuTeabHocThio T<1 ¢yt (25 dopOyI-noH>XXeHuin st
nH(pAPKTOB MHOKapaa u 55 — mist aBromoomnbHBIX A TI1). Huskusas manens — mi1s dop-
OYII-TOHIDKEHUI MpoaokuTeabHOCThI0 1< 7<2 cyt (30 ¢dopOyLI-TIOHVKEHUI ISl MH-
dapkroB Muokapaa u 30 — mist aBromoownbHbIX I TTT). 3amrpuxoBaHHbIE TOPU3OHTAIbHbBIS
MOJIOCHl Ha 00euX TaHeJsIX MOKa3bIBAalOT YacTOTy MH(pApKTOB MUOKapAa U aBTOMOOUJIbHBIX
JTII ¢ TsKenpIM MCXOO0M B CITOKOMHBIE THH (T. €. B IHU 0e3 popOymi-3dpdexTon B KJI)

CoOTBETCTBYIOIIEE YCTPOMCTBO MOXHO M3TOTOBUTH CAMOMY B JOMAIITHUX yC-
JIOBUSIX (B OJIMKAMIIIME TOOBI JOJDKHO OBITh HAJIAXKEHO MPOMBIIIIEHHOE TTIPOU3BO/I -
CTBO TAKMX MPOCTEHINX HETOPOTUX YCTPOMCTB 1T OOTBLHUIL M IJII TOMAIITHUX YC-
noBuit). Bce 3TH McciieqoBaHus OUYeHb BaXXHO MPOIOIKUTL C YIETOM BO3MOXHOIM
3aBUCUMOCTH 3TUX 3(P(HEKTOB OT BO3pAcTa, Moja W OOIIETO COCTOSTHUSI 3I0POBbS
JIIOJIEi, a TAK3Ke OT PACITOJIOXEHUS ITYHKTA UCCIeTOBaHNA.

Yro kacaercs Bo3pacTtaHus ymcia aBToMOOMIbHBIX A TII ¢ Tsk€nbiM mcxo-
JOM BO BpeMsi (popOYILI-TIOHMXEHU MHTeHCHMBHOCTH KJI, TO mpUUYMHBI 3TOro
TaKXe He COBCEM SICHBI. BO3MOXHO, UTO OHO OOYCIIOBJICHO YBEJIMYEHUEM BpeMe-
HU peakLMU BOOUTEINS B 3TU MEPUOIbI, IIPUBOISIIEE K BO3PACTAHUIO BEPOSTHOCTU
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apromobmibHOoro JITII. Bruto Obl 1eecoo0pa3HO IIPOBECTU COOTBETCTBYIOLIME
CITelIMabHbIe MCCIICIOBAaHUS BPEeMEHM PeaKIIMU JIIOIel B CIIOKOWHOE BpeMs U B
neproasl GopOyII-TMOHKeH MHTeHCUBHOCTH KJI ¢ y4ETOM BO3MOXKHOIM 3aBUCH-
MOCTH OT BO3pacTa M COCTOSIHUS 300POBbS. DTO TO3BOJUT BBIICHUTH HE TOJIBKO
MeXaHU3M 3Toro 3¢ deKTa, HO TaKKe OIPEIeIUTh, IUIST KaKON KaTeropuu JIonci
HaunboJsiee OMacHO CaaUThCs 3a PYJb B NepUoAbl (hOpOYLI-TIOHUXEHUA UHTEHCUB-
HocTu KJI.

1.2. Vicnonb3oBaHne oAHOYaCoBbIX AaHHbIX HaboaeHUIA
KOCMWYECKMX NTyYel B peasibHOM MacliTabe BpeMeH
ANA NpeAcKasaHnsa oXxraaemMbix GopOyLL-NOHVKEHNT

Ha puc. 3 nana wunoctpamust (GU3MUKU CJIOKHOTO SIBJICHUSI BO3IEHCTBUSI OTPOMHO-
ro KOJIMYECTBA TOPsTUEii HAMAarHUYEHHON KOPOHAJIbHOM MAacChl, BLIOPOILIEHHOM CO
ckopocTbio okojio 1000 kM/c, Ha ranaktuuyeckue KJI [Belov et al., 1995; Dorman,
2002, 2005a; Dorman et al., 1995a, b, 1997].
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Puc. 3. Wumoctpauust ¢GU3MKU CJIOXHOTO SBJICHMS BO3ICHCTBUSI OTPOMHOIO KOJIMYE-
CTBa ropsiueii HaMarHMYEHHONW KOPOHAJIBLHOM MacChl, BBIOPOIIEHHON CO CKOPOCThIO OKOJIO
1000 xm/c, Ha ramakrmyeckue KJI (cieBa HaBepxy) M HaGMIOMeHUS Ha MUPOBOM CETH Hel-
TPOHHBIX MOHUTOPOB 3a 2,5 CYT IO BHE3AITHOTO Havajia OOJBIION MarHUTHOU Oypu (Bep-
TuKanbHasd auHUs SSC) B ceHTs0pe 1992 1. M MouTH CyTKM Iocjie Havajia Oypu (cripaBa
BHU3Y). 2KenTble KPy>KOUKM — 3TO BO3pACTaHUsSI MHTEHCUBHOCTHU rajaktuyeckux KJI, o6-
YCJIOBJIEHHBIE YCKOPEHUEM TIpU OTpaXXeHUU OT dpoHTa ABmxyieics oT CoiHila yaapHoOu
BOJIHBI (o cKopocThio okoyio 1000 km/c). KpacHble KpysKOUKH — 3TO TMTOHIKEHUS] MHTEH-
cuBHocTU TajnakTuyeckux KJI, obycinosineHHbie: 1) mpocaunBanueM dactui KJI u3 BHIOpo-
IIEHHOW HaMarHUYeHHON KOPOHAJIbHON MAacChl C pacCIIMPSIONICICS 000JIOUKOM (BHYTpU
KoTopoii nHTeHcuBHOCTh KJI moHMXeHa), 4To MpuBOIUT K HabogaeMoMy 3 deKTy mpe-
MOHVXXEHUSI MHTeHCUBHOCTH rajaktudeckux KJI; 2) ocHoBHOe (opOyIII-TmoHIKEeHIE, IIPO-
ucxoslIlee Mmocie 3axpaTa 3eMJIM yIApHOW BOJTHOW U MoMafaHus 3eMJId BHYTPb MarHUTHOM
000JI0YKM — MOCJIe BHE3aITHOT0 Havyajla MarHUTHOM Oypu
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PI/ICYHOK 3 IIOKa3bIBA€T, YTO B paMKax MPIpOBOfI CJ'[y}K6I)I KJI ¢ aBromatnue-
CKUM OOMEHOM JaHHbBIMH Ha6J'HOI[CHI/II71 Ha HeﬁTpOHHbIX MOHUTOpAx U MIOOHHBIX
TEJICCKOIIax MI/Ip0B017I CE€TU B p€aJIbHOM macitabe BpPEMEHM 4YEPE3 I/IHTepHCT MOX-
HO 6YII€T MCITIOJb30BaTh 3(1)(1)CKTI)I IPpECANOBLIIICHUA N MPEATTIOHN>KEHNA UHTCHCHUB-
HocTu rajgakTrnaeckux KJI JJIA IpE€ACKa3aHuA 1oaxoaa K 3emie YAapHbIX BOJIH, BbI-
3bIBAIOIINX OOJIbIIIIE MATHUTHBIC 6ypI/I

2. TMPAMOE BO3JENCTBUE KOCMUYECKWUX JTYYEV HA BUOCODEPY
W BbICOKNE TEXHOJTOT W, A TAKXKE MPEACKA3AHWE ONACHOCTU
BO3PACTAHUW MOTOKA KOCMWUYECKUX NTYYEN NO OQHOMWUHYTHbIM
AAHHbIM HABJTIOAEHN KOCMWUYECKUX NTYYEW BOJIEE BbICOKOW
SHEPITUNIA

2.1. Pe3koe ycnnexHme BInAHnA KOCMMYECKOMN pagnaynn
Ha 60/bLINX BbICOTAX U B KOCMOCE Ha nofen u TEXHONOTN

BrIlre 6BIJTO OTMEUYEHO, YTO Ha 3¢MHOM MOBEPXHOCTH OMocdepa 3a MHOTHE MUJI-
JIMOHBI JIeT (haKTUIEeCKH amalTHpoBajach K moTokaM rajaktuyecknx KJI. [Ipyroe
IeJ0 — OOJbIIMe BBICOTHI B atMocdepe, B MarHUTOC(epe WIM B KOCMoce, TIe
TIOTOKM OTACHOM KOCMWYECKON pamuanuy u3 [aJakThKy B IEeCSITKH M COTHHU pa3
BBIIIIE, YeM Ha 3eMHOU ITOBEPXHOCTU. BaskHO OTMETUTH, YTO CO3MAHBI CITCINATh-
HBIE CIYKOBI, CCOAIINE 32 POCTOM PaIMallMOHHOTO OOIy4eHUST He TOJIHKO KOCMO-
HaBTOB, HO W YJEHOB dKUMaxel caMoETOB peryisipHbix JIuHui [Beck et al., 2007;
Dorman, 2007b]. BecbMa ommacHBEIMH SIBJISTIOTCSI TAaKK€ OTPOMHEIE ITOTOKM COJTHEY-
HeIX KJI B TTepromsl MOIIHBIX XPOMOC(hEPHO-KOPOHAIBHBIX BCITBIIIEK, KOTOPHIS
OTACHBI IS JTIIOAeH He TOJBbKO Ha OONBIIMX BBICOTaX (HAIIpUMEp, IUIS ITacCakm-
POB M 3KUMAaXe Ha caMOJIETaX PETYJISIPHBIX JJMHHI Ha BEICOTEe OKOJIO 10 KM) ¥ ISt
KOCMOHABTOB, HO W, TIpaBla, B TOBOJIBHO PEOKUX CIyJasx, I JoAeil Ha BBICOTAX
Top M Jaxe Ha ypoBHe Mopsi. OCOGEHHO OITaCHBI 3TH TTOTOKM IIJIST CITYTHUKOB B Mar-
HuTOoCcepe 3emian. Ha coBpeMeHHOM 3Tarte OYpHON HayJdHO-TEXHUYECKON PeBO-
JIIOIIMY B Halllel IMBUJIM3AIIAY CITYTHUKY UTPAlOT OTPOMHYIO POJIb KaK B HAYYHBIX
HCCIIEIOBaHUSIX, TaK U B TIOBCEIHEBHOM XXNU3HU, U CUCTEM KOMMYHUKAIIWIA, Teje-
BuneHus1, UATepHEeTa, HABUTAIIMOHHBIX CUCTEM OOCTY>KUBAaHUSI TYPUCTOB, aBTOMO-
ouneii, Kopabseit, camoneéroB. C Ipyroil CTOPOHBI, CIIyTHUKMW IBUXKYTCS B MarHu-
Tocepe Ha pa3IMUYHBIX BBICOTAX — OT HECKOJBKHMX COTEH MO MHOTHMX TBICSY KH-
JIOMETPOB HaJl YpOBHEM MOPSI — C TUIOCKOCTSIMHA OPOUTHI, UMEIOIIINMU Pa3TMIHBIIA
HaKJIOH K 3KBaTOPUAIBHON IIOCKOCTH. CIYTHUKHM TTOABEPTAIOTCA YCHIICHHOMY
BO MHOTO pa3 OOJIy4eHHIO SHEPTUIHBIMU YaCTUILIAMHU M3 PamgUalliOHHBIX MOSICOB,
a TakKe MOTOKAMM COJTHEYHBIX M TaJJaKTUIECKMX KOCMUYECKUX JIydeil, 9TO MpH-
BOIUT K aHOMAJIMSAM B MX paboTe BILIOTH JO IOJNHOM MOTepH HEKOTOPBIX M3 HUX
[Belov et al., 2003, 2004; Dorman et al., 2005a, b; Tucci et al., 2005]. Ha puc. 4 B xa-
YecTBe MprMepa IMMoKa3aH Meprol 0COOSHHO BEICOKOM YacTOTHI aHOMAJIHiT B paboTe
cIyTHUKOB. Ha puic. 5 mpuBeneHBI CTaTUCTHYECKHE Pe3yIbTATHl BO3pACTaHUS Be-
POSITHOCTY aHOMAJIMU pPabOThI CITYTHUKOB Ha Pa3jIMYHBIX OPOMTAX B 3aBUCUMOCTHU
ot noroka cosiHeuHbIx KJI ¢ sHeprueit >10 M3B. Ha puc. 6 mokasaH pocT BEpOST-
HOCTH aHOMAaJIUM pabOTHI CITYTHUKOB Ha OOJBIINX BBEICOTaX M C OOJBIITNM HaKJIO-
HEHHEM K TIJTIOCKOCTH 3KBaTOpa ¢ POCTOM moToKa conHedHBIX KJI ¢ sHeprueit >10
u >60 M»3B.
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W3 npuBen€HHBIX Ha puc. 4—6 TaHHBIX BHIHO, YTO ITOTOKMA BBICOKO3HEPIMY-
HBIX TPOTOHOB OT CoJTHLIA U OOJIbIIME MATHUTHBIE OYypy (MIPUBOAAIINE K BO3MYILIE-
HUSIM pagyuallMOHHBIX MOSICOB U BBICHIITAHUIO U3 HUX SHEPTUYHBIX 3JIEKTPOHOB, TaK
Ha3bIBAEMBIX DJIEKTPOHOB-YOUIALL) SIBJISIIOTCSI OCHOBHBIMU MPUYMHAMU aHOMAJIUI
CITyTHUKOB (OCOOEHHO HAXOMSIIMXCSI Ha OOJBIINX BBICOTAX, HA opOUTax ¢ 60Jb-
LIMM HaKJIOHEHUEM K SKBAaTOPUAIbLHOM IUIOCKOCTH). UTO KacaeTcst OOJBIINX Mar-
HUTHBIX OYpb, TO BO3MOXHOCTh MCIIOJIb30BaHUS OJHOYACOBBLIX JaHHBIX HaOIOmE-
HUT MHTeHCUBHOCTU KJI ¢ TOMOIIBIO HEMTPOHHBIX MOHUTOPOB ¥ MIOOHHBIX TeJIe-
CKOIIOB MMPOBOI1 CETU CTAHIIUI1 yKe 00CYKIan0Ch Bhlllie, B pa3a. 1.2 (cm. puc. 3).
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Puc. 4. AHoManuu B paboTe CITyTHUKOB (MTOKa3aHbl BEPTUKAIbHBIMU CTPEJIKAMU
B BEpPXHEI YaCTU PUCYHKa) BO BTOPOIi MOJIOBUHE OKTsIOpst 1989 .
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Puc. 5. CpenHsist BEposITHOCTh BOSHUKHOBEHUSI aHOMAJIMU B paboTe CIIyTHUKA
Ha pa3IMIHBIX OpOUTaX B 3aBUCUMOCTH OT ImoToKa coimHedHbIx KJI ¢ aneprueit >10 Ma>B
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Puc. 6. CpenHsisi BepOATHOCTb BO3HUKHOBEHUSI aHOMaJMU B paboTe CIYTHUKA B TEUCHHUE
onHoro nHs (B %) Ha BICOKMX opOuTax (>1000 KM) ¢ GONBIIMM HAKJIOHECHUEM B 3aBUCHUMO-
ctu oT nmotoka coHeuHbix KJI ¢ sneprueit >10 u >60 MaB

Kak M0OXHO MCIOJIb30BaTh OMTHOMUHYTHBIE JaHHbIe KJI mist olleHKU oxuaae-
MO pagMallMOHHON OINMAaCHOCTH, T.€. KakK caesarh, 4yToobsl KJI Kak Obl caMu cebst
MPOTHO3MPOBAJIM O CBOEM OymyieM cocTtosiHuM? Takoit MeTon ObLT pa3paboTaH
¥ anpoOrpoBaH Ha 0OCHOBe pealbHbIX HabmoaeHuii KJI (cm. [Dorman, 2002; 2006,
1. 2]. PaccMoTpuM KpaTko uaero U (hu3ndeckrue OCHOBbI METO/A.

2.2. OcHOBHble 3Tanbl NpeAcka3aHna OnacHbIX MOTOKOB
SHEPrNYHbIX COTHEYHbIX MPOTOHOB

CootBercTBytomue aTarbl I[Iporpammbl caepyromme [Dorman, 2002, 2005b, c,
2006; Dorman et al., 2006a, b].

A. ABTOMATHYECKOE oOmpelejieHHMe HAYalia BO3PACTAHHSA NMOTOKOB JHEPIHYHbIX
COJIHEYHBIX MPOTOHOB IO OMHOMHHYTHBIM JAHHBIM HAO.TI0IEHHII HA HEMTPOHHBIX MOHH-
Topax. HanpuMmep, 11t IByX He3aBUCUMBIX CEKIIUN A M B HEUTPOHHOTO MOHUTOpA
Ha rope XepMOH Ha ceBepe M3pauist aTo peanusyeTcs IS JI000ro MoMeHTa Z-it
MMHYTBI B COOTBETCTBUM C AJITOPUTMOM:

k=Z—-60 11’1([ ) k=Z—-60 (1 )
In(/ ,)— > Tf‘k In(/,,)— > In 6%‘
D.. - k=Z7-120 D — k=Z7-120 (1)
A1Z o, > Y1z o, ]

e 0, — CTaTUCTUYECKask OIIMOKA M3MEPEHMUsI MHTEHCUBHOCTY KOCMUYECKUX JIy-
4eit 3a omHy MUHYTY. Eciii omHOBpeMeHHO

Dy, =25 u Dy, =25, )

TO 3TO O3HAYaeT HAayaJo BO3paCTaHUS TOTOKOB dHEPTUYHBIX COJHEYHBIX IIPOTO-
HOB. B aTOM cilyyae moceliaeTcs ajepT M BKIIIOYAaeTCs B pabOTy CIEHYIOIINIA 3Tall
IIporpamMmer B. AHaTOTUYHEIN aHAIN3 TPOBOTUTCS VTSI ABYXMUHYTHBIX I TPEXMU-
HYTHBIX JaHHBIX. Eciin (2) He BBIITOJIHSIETCS, TO IIPOdoJDKaeTCs paboTa 3Tamna A st
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caenyoomeii MuHyTel Z+ 1. Ha puc. 7 moka3aH cailT M3paryibCKO-UTAIbSIHCKOM
Oo6cepBaropun uMm. dmuino Cerps Ha rope XepMOH, TI¢ B peallbHOM MaciuTade
BpPEMEHU KaxXIyl0 MHHYTY (4epe3 26 ¢ TTocie OKOHYAHUS MUHYTBI) COOOIIaeTC,
€CThb JIU BO3pAaCTaHNE TTOTOKOB SHEPTUUHBIX COJTHEUHBIX IIPOTOHOB B JTAHHYIO MU-
HyTy i HeT. [10CKOIBKY IUIST OMHOM MUHYTHI BEpOSITHOCTD JIOKHOTO ajiepTa J0-
BOJILHO BeJIMKa, a TIPA MaJIoil aMILIUTYyIe Bo3pacTaHusl mHTeHcuBHOCTH KJI Benmka
TaKKe BEpPOATHOCTh MPOITyCcKa ajiepTa (M3-3a CTATUCTUICCKUX (DIIYKTYyallMit TTOTOKA
KJI), To ITporpamMma aBTOMaTUYECKOM IOCBUIKM ajiepTa COCTaBjieHa TaK, 4TO pe-
aTbHO CHavaja TrockutaeTcs IlpenBapuTebHBIA aJepT TOJNBKO IOcie 2-i MUHYTHI
Bo3pacTtaHus. Eciii B TedyeHMe HECKOJbKUX MHHYT BO3pacTaHMe IMpeKpallacTcs,
TO aBTOMaTWYecKu TocbutaeTcsi OTMeHa ajepra (Kak MpaBUJIO, 3TO O3HAYaeT J0-
BOJIBHO PEIKOE COOBITHE COJHEYHbIX HEHTPOHOB, KOTOPOE He MpEeAcTaBisieT co0oi
pamranoHHo# omacHocTH). COOBITHE CONTHEYHBIX HENTPOHOB, KaK MPaBUJIO, CO-
MPOBOXIAETCST BCITBIIIKON COTHEYHBIX TaMMa-JIydei, peTUCTPUPYEMBIX Ha CITyTHH-
Kax, ¥ 3Ta WHPOpMamus MOXET ObITh MCITOJIb30BaHa IJIsSI ONpeAcieHNsT QYHKITNT
WCTOYHWKA TeHepalluy SHEPIrUYHBIX IPOTOHOB B XpOMOC(hEpPHO-KOPOHATLHOM
BcmbImKe (cM. Aetany B MoHorpaduu [Dorman, 2010]). PyHKIMS MCTOYHUKA Te-
Hepaluy SHePTUYHBIX IPOTOHOB, HAWIEHHAS TT0 JAHHBIM O COJTHEYHBIX HEUTPOHAX
W TaMMa-JIy9aX, MOXeT OBIThb CpaBHEHa ¢ (DYHKIIMEH MCTOYHWKA, OTPeae/IsieMOit
pelieHreM oOpaTHOM 3a1auu, OIIMChIBAEMOI HIXKE.
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Puc. 7. Ckpunior calita B MUHTepHeTe Wil HEUTPOHHOTO MOHUTOpPa Ha rope XepMoH B 13-

paune. Al, A2, A3, B1l, B2 u B3 — HaGmogaeMble aMIUIMTYIbl BApUAIIAii KOCMUYECKUX JIy-

Yyeil BBICOKOUM 3Hepruu 1Mo 1-, 2- U 3-MMHYTHBIM JAHHBIM B €IWHMIIAX COOTBETCTBYIOIINX

CTaTMCTUYECKUX OLUIMOOK TAHHBIX O, 0,, 0;. BumHo, uro st Mmomenta Bpemenu 21:13 UT

23 cents10pst 2002 1. He OBUIO BO3pACTaHMSI COJIHEUHBIX KOCMUUECKUX JTyyeil. DTo o3HavyaeT,

yTo B Omxkaiiiue 30...40 MuH He OyJeT OITacHOTO BO3pacTaHUs IMTOTOKA COTHEYHBIX KOCMM-
YeCKUX Jiydeit ¢ MaiabiMu aHeprusimu (<100 M»B)
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Crnenyer OoTMETUTb, UTO JJIsI yIOOCTBA IMOJib30BaTeseil HAlIMX AAHHBIX, OHU TpU-
BOJSITCSl HE TOJIBKO B TpahrueckoM BHIe (KaK 3TO MOKa3aHO Ha puc. 7), HO Takxke
B Buze 1IUGPOBBIX TabIuUII 3a mociaenaue 6 9 (300 OMTHOMMHYTHBIX JaHHBIX MHTEH-
cuBHocTn KJI) u 3a mocnenaue 6 cyt (144 omHOYACOBBIX JTAaHHBIX HHTEHCUBHOCTHU
KJI).

YacoBble JaHHBIE Ha cailTe BaXKHbI JUISl aHAlW3a CUTYallMd A0 U B MEPUOMILI
(hopOy1I-2(h(eKTOB KOCMUYECKUX Jydyell (OHU MCIIOJB3YIOTCS B peaJlbHOM Mac-
mTabe BpeMeHU BMeCTe ¢ JaHHBIMU HaOJIONEHWI Ha IPYTruX CTAaHLMWSX IJs Mpel-
CKa3aHUs OMAaCHbIX OOJIBILIMX MAarHUTHBIX Oypb, CM. BhbIIlIE, pa3fd. 1.2).

B. Onpenenenne n3MeHeHHs1 KECTKOCTH TeOMATHUTHOTO O0pe3aHus W JHEPreTH-
YeCKOro CrneKTpa COJIHEYHbIX KOCMMYECKHUX Jiyueid 3a mpeaeaamMu atMocdepsl 3eMiu.
ITocne Havana Bo3pacTaHus, ONpeAcAEHHOrO Ha ATare A, 10 JaHHBIM HaOIIOACHUIA
HECKOJIbKUX HEUTPOHHBIX KPATHOCTEH (KaK MUHUMYM TPEX) WA JAaHHBIM Pa3ind-
HBIX BTOPUYHBIX KOMIOHEHT KJI (ToXXe KaKk MUHUMYM TPEX) C TTOMOIIBIO METOIA
(byHKLMI CBSA3M T KaXKIOH MUHYTBI OTIpeesIsieM CITeKTPOrpadmIecKUM METOIOM
cienywoliye TpU TapaMeTrpa: U3MEHEeHMe KECTKOCTM T€éOMarHUWTHOTo OoO0pe3aHusl
AR (#) v IepBUYHBIN CTIEKTP B JIByXIapaMeTpuieckoi hopme

AD(R, 1)

Dy(R)
rae Dy(R) ectb criektp ramakriudeckux KJI mepen cobptneM (CM. neTanbHOe OTi-
caHue MEeTO/a U UCIOJIb3YEMbIX TIPU 3TOM (PYHKIIUU CBA3U B I1. 3 B MOHOTpaduu
[Dorman, 2004]). Ilocne ompeneneHus g KaXIoro MOMEHTa BpEMEHU TlapamMe-

TpOB AR (7), b(f) 1 y(f) MOXKeM NEPETH K GoJiee CIIOXKHOM 3a1aue — PENICHUIO 00-
PaTHBIX IIPOOJIEM.

=b(t) R, A3)

B. Pemenne o0paTtHoii mpoOyembl s MarHuToc(epbl. HalimeHHBINM TTapaMeTp
AR () v TaHHBIE TT0O MATHUTHOMY TIOJIIO UCTIOIBb3YIOTCS JUIST ONPEIC/ICHNS N3MEHE-
HUI BO BpeMEHU IMapaMeTPOB 3KBATOPHAIIBHOTO TOKOBOTO KOJIbIIA: 3 (MEKTUBHOTO
panunyca (B pagumycax 3emir) WM BEJIMYMHBI TOKAa B KOJbLIE — B MWUIMOHAX aMmIIep
(cM. meranu B 1. 7 MoHoTrpaduu [Dorman, 2009]).

I. Pemenue o0paTHOii Mpo0OJeMbl AJIs1 CIIEKTPA TeHEePUPOBAHHBIX COJHeUHbIX KJI

U MapaMeTpPoB MX PACIHPOCTPAHEHUS B MEXIUIAHETHOM mpocTpancTBe. C MOMOIIIbIO

JaHHBIX HAOMIOIEHNI KOCMUIECKIX JIydeld Ha 3emMiie He MEHee YeM 3a YeThIpe MU-

HYTBI (ITEPECYNUTAHHBIX C TIOMOIIBI0 (DYHKIMI CBSI3W K TpaHUIIE aTMOCHEPHI, T. €.

napameTpoB b(f) u y(f), cM. atant B) omnpenesnsgeM IMyTéM pelleHuss 0OpaTHOM 3ama-

an: 1) Bpemst nrxexkuuu 1), 2) HYHKUHNIO TeHEpaluy COTHEYHBIX KOCMUYECKHX JTy-

yeit Ha Connue N (R), a takxke 3) K (R) u B — napamerpbl KoohduireHTa nqud-
¢by3un

B
K(R.r)= K (R)|- @)
1

B MEXIUIAHETHOM TPOCTPAHCTBE, THe F| = 1,5-1013 CM — paccTosiHue OT 3eMJu
no Conuua; K (R) — koaduiment nuddysun y opouTsl 3eMiu (1€TaabHOe oMM~
caHue pelleHUs] 3Toi 0OpaTHOU MpoOJeMBbl IJIST pa3IUUYHbIX MOJEJIe pacpocTpa-
HEHWUS CM. B I71. 2 MoHorpaduu [Dorman, 2006]).
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J1. I1o onpenenéHHbIM Ha 5Tane I' BpeMeHr HHXKEKIMM | (DYHKIIMHM FreHepaniu coJi-
HEeYHBIX KocMuuecKux Jydeil Ha CouHie, a Takxke K03 unuenty nuddysun B Mex-
ILUIAHETHOM NPOCTPAHCTBE, MPHCTYNAEM K 3KCIEPUMEHTAJIBHOI MPOBEPKeE MOJTy4EHHOTO
peleHHs M MpeACKa3aHusl BpeMEHHOTO0 X0Ja HHTEHCHBHOCTH cosHeuHbIX KJI B Teue-
Hue Bcero codbiTus. I1o onpenenéHHbiM Ha atane I' mapamerpam 7, N (R), K (R)
U B (o1 Kaxxaoii 4eTBEPKY OAHOMUHYTHBIX TaHHBIX HAOI0IeHUIA NHTEHCUBHOCTHU
KJI) MBI MOXeM TIpeacKa3aTh C MOMOIIbIO (DYHKIIMIA CBSI3U OXUAAEMbI BpeMeH-
HOH XOI MHTEHCUBHOCTH cojHeuHbIX KJI mjig HeMTpOHHOro MOHMTOpAa W CpaB-
HUTH ¢ HaOmMoaeHusIMU. B miepBoM MpUOIMKEHUH, TIpelicKa3aHue OCYIIECTBISICT-
cs IO pelleHuIo ypaBHeHust nuddysuu, moiaydeHHoro E. Ilapkepom (1965) mis
wioTHocTU cojiHeuHbIX KJI n(R, r, f) ¢ XE€CTKOCThIO R Ha paccTossHuu r oT CoHila
B MOMEHT BpEeMEHH ¢ (OTCUMTHLIBAEMOr0 OT MOMEHTAa MHXEKUMHU cojHeuHbix KJI u3
COJIHEYHOM KOPOHbBI B MEXILIAHETHOE NMPOCTPAHCTBO, T.€ . I=T—T , rne T, 6bL10
onpenesieHo Ha atare I'; T'— MupoBoe BpeMsl):

NRPEOK @D |
@-p“PCPr(3/2-p) Q—BY K, (R)

rae N (R) — cnekrp ucnynieHHbIX coHedHbiXx KJI (T.e. byHKIMS MCTOYHMKA,
onpenenéHHas Ha srare I'); r, — paccrosgtue ot 3emin 1o Connua; KI(R) u f —
napaMmeTpbl Koaddunuenra auddys3uu B opmyne (4) comHeunbix KJI B mexria-
HETHOM IIPOCTpPaHCTBe (ToxXe omnpeaeaeHnl Ha atarne I'). IIpuMep Takoro cpaBHEeHUS
Ut coobIThs 28 ceHTs0ps 1989 1. mokasaH Ha puc. 8. IIpu 3ToM GBI MCITONB30-
BaHbl OMHOMUWHYTHBIE TaHHBIE HAOMOAEHNI HA HEUTPOHHOM MOHUTOPE BCITBIIITKI
28 centa6ps 1989 r. Ha rope I'pan-Cacco B Mtanuu ¢ Toit e caMoii anmaparypoi,
KOTOpasi BIIOCJIEACTBUU, ¢ 3¢ (hEeKTUBHOM IUIOIIAABIO BABOE OOJblIIei, cTaja pabo-
TaTh Ha rope XepmMoH B M3pause. BaxxHo, 4To 31ech ObUla perucTpaivs He TOJbKO
MOJIHOM MHTEHCUBHOCTU HEMTPOHHO KOMIIOHEHTHI (KaK Ha BCeX HEMTPOHHBIX MO-
HUTOpax MUPOBOI CETH), HO U KpaTtHocTeit m=1, 2, 3, 4, 5, 6, 7 u >8. KparHoctu
UMEIOT oTyinyatoimecs hpyHKIMU CBSA3U, TaK 4TO B aTarie b MOXeT ObITh IPUMEHEH
crieKTporpahdecKuii METOM IS OTNpeneeH!s CIeKTpa TMEPBUYHBIX COJTHEYHBIX
KJI 3a mpenenamMu 3eMHOI aTMOcdephl (IeTaar MeToaa ONMMCAaHbI B TJ1. 3 MOHOTpa-
¢uu [Dorman, 2004]).

n(R,r,t)= 4)

10 MHHYT 15 MuHYT e 20 MMHYT /""“-.._ 25 MUHYT
i ., T,
1 { N i S
!_r '-\.- # “.\\
f h T
0.5 F ~ ¢ -
0 w’“‘“m—._u ------------------------------ =}
\ o 30 munyT 40 MuHyT 70 MuHYT 120 munyT
P .
\\h \Hﬁ"'\
0.5 ) .., e,
0
0 50 100 0 50 100 0 50 100 0 50 100

Puc. 8. IIpenckazaHue BpeMEHHOTO XOAa MHTEHCUBHOCTHM COJIHEUHBIX KOCMUYECKUX JIydeit

JUISI HEUTPOHHOTO MOHUTOpA 32 Pa3IMYHOE BpeMsl HaOJIOAEHUI Mocje Havyajla Bo3pacTa-

HUs (CIUIOLIHbIE KPUBbIE) U CpaBHEHUE C HaOMOAeHUsIMU (Kpy>Xouku). Ciyyail BCIBIIIKA
28 centa6ps 1989 r. u Habmonenus Ha rope ['pan-Cacco B Utanuu
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Ha puc. 8 BunHo, yto 10 1 15 MUH HaGMOAEHUIT HENOCTATOYHO ISI IIPAaBUIIb-
HOTO pellleHUsT 3a1adn. DTO CBSA3aHO HE TOJIBKO C TeM, UYTO B Havalle COOBITHSI aM-
IJIMTYIa BO3pacTaHUs Malla M, COOTBETCTBEHHO, Majla OTHOCHUTENIbHAs TOYHOCTh
HaOTIOMeHWI, HO M C TeM, UYTO B Hayajie COOBITUS BO3pacTaHWe WHTCHCUBHOCTHU
conmHeuyHBIX KJI ompenmensieTcss, B OCHOBHOM, aHWU3OTPOITHBIM pPacIpOCTPaHEHM-
eM. OnurcaHue peleHui IpsaMoii M 00paTHOM 3a1a4 B 9TOM CJTydyae MMEETCs B IUI. 2
MoHorpaduu JI. . Jopmana (2006) u Gosee neraibHO B paborte JI. M. JopmaHa
(2008). OmHaKo IS TMIPAKTUYECKOTO MCIOIb30BaHMSI 3TUX PELICHUA HEOOXOIUMBI
OIMHOMHWHYTHBIE HaHHBIE CUHXPOHU3WPOBAHHBIX HAONIONEHWI Ha MHOTMX HEM-
TPOHHBIX MOHUTOPAaX MUPOBOI CETU CTAHIINI B pealbHOM MacIlTabe BpeMeHH, T. €.
3TO MOKHO OYIET MPAaKTUIECKU peaTn30BaTh TOJbKO B Pe3ybTaTe CO3MaHUS MUPO-
BOW CIyXKObl KOcMHUYecKUX Jydeil. C Ipyroii CTOpOHbI, HA PUC. § BUIHO, YTO yXKe
3a 20 MUH HaOMIOAEHWI TIpeIcKa3aHWe CTAHOBUTCS OJM3KMM C HaOIIONCHUSMMU,
JIVIIG JaBas HECKOJIBKO 3aBHINICHHYIO aMILIMTyny. Ho yXe Mpu MCIOIb30BaHUN
JaHHbIX 32 30 MUH HaOMIONEHUI MpelcKa3aHue MPaKTUIECKY COBIAIaeT ¢ HabII0-
JEeHUSIMH. DTO OOYCIIOBJICHO HE TOJBKO TeM, YTO C TTOBBIIIICHUEM aMILIUTYIBI BO3-
pactaHus coimHeyHbIX KJI yBenmmumBaeTCsl OTHOCUTEIbHAs TOYHOCTH MAHHBIX Ha-
OJIOZICHMIT, HO U C TeM, YTO C YBEJIMYCHUEM BpeMEHM HAOIOACHMI TTPUXOISIIINE
gacTUIBI coHeuHBIX KJI ycreBaloT MCIBITaTh HECKOJIBKO paccessHUI Ha MarHUT-
HBIX HEOTHOPOMTHOCTSIX M pacipocTpaHeHre coiHedHbIX KJI cTtaHOBHTCS TpaKTH-
YeCKU U30TPOINHO-AU(h(GY3UOHHBIM, ONUChIBaeMbIM pelieHueM (5). UTo ocobeHHO
BaXKHO, MOJIY4YEHHOE pelIeHUe, OCHOBaHHOe Ha TepBhiX 20...30 MUH HAOIIONCHUI,
TPaBIJIBHO ONMCHIBAET BPEMEHHOM XOm Bo3pacTaHus coiiHeuHbIXx KJI B TedueHme
MHOTHUX 9acOB.

E. Ilpenacka3anue paauanMoOHHON OMACHOCTH OT COJIHEUYHBIX KOCMHYECKHX Jy-
Yeif 10 KOMOMHHPOBAHHBIM HAOMIONEHHAM HA HEWTPOHHBIX MOHHTOPAX M CNyTHHKAX.
IMonyyenHrle Ha aTane I' mTaHHBIE 0 BpeMEHHOM XOA¢ MHTEHCUBHOCTH COJTHEYHBIX
KJI, a Takke 0 mapaMmeTpax reHepaluy (BpeMsl WHXXKEKIIUW W CHEKTp TeHepallun
Ha CoJiHIIe) U paclpoCTpaHEeHUSs] B MEXIIJIAHETHOM ITPOCTpaHCTBe (KOG GUIIUEHT
nnbdy3nn 1 ero 3aBUCUMOCTb OT paccTostiust 1o CosnHiia, T.e. napamerpsl K, (R)
1 3) OBUTH OTTpenesIeHBI 0 JTaHHBIM HEUTPOHHBIX MOHUTOPOB. DTH AETEKTOPHI UyB-
CTBUTENIbHBI K YacTuliam nepBuuHbIX KJI ¢ aHeprueit 6omabiie 1...2 I'9B. C apyroit
CTOPOHBI, Mbl BUAEIU B pasil. 2.1, YTO OCHOBHYIO paalallMOHHYIO OMAaCHOCTb JJIsI
CITyTHMKOB B MarHutocepe 3eMiIM M KOCMWYECKHUX amliapaToB B MeXIUTaHET-
HOM TIPOCTPAHCTBE OKa3bIBAalOT cojiHeuHBle KJI CyIiecTBeHHO MEHBIIEH 3HEPTHHU
(~10...100 M3B), TOTOK KOTOpPBIX BO MHOTO pa3 BBIIIE€, YEM MOTOK BBICOKOIHEP-
ruyHbiXx cosHeuHbix KJI (M3-3a crnekTpa, KpyTo Majarollero ¢ pocTOM 3HEPTUM).
YT06bI MOTYINTH HHMPOPMALNIO 0 cCOTHeUHBIX KJI Takoit sHepruu, Mbl MOXKEM BOC-
TOJTb30BaThCsl OMHOMUHYTHBIMU JaHHBIMH M3MepeHuit moTokoB KJI B o6actn ma-
JIBIX SHEePTHi Ha CITyTHUKAX, JOCTYITHBIX B HACTOSAIIEe BPeMsI B peaTbHOM MacIlTa-
60c BpemeHu uepe3 MHTepHeT. [1pn pemeHun oOpaTHOI 3amauul MBI, BO-IIEPBBIX,
ucnosibdyeM T, — Bpems urxkekuuu coiHeuHbix KJI u3 xpomochepHo-KopoHaib-
HOI 00JIaCTU BCTBIIIKK B MEXIUIAHETHOE MPOCTPAHCTBO, OMpeAeIEHHOe MO JaH-
HBIM HEHTPOHHBIX MOHUTOPOB, TAKKE M JIJIST YACTHUIL MAJTbIX SHEPTUI, U3MEPSIEMBIX
Ha CHyTHUKAaxX (T.e. CYUTAEM, YTO YCKOPEHHWE W WHXEKIIUS BBICOKOIHEPTUIHBIX
Y MaJIOBHEPTUIHBIX YaCTHI] TTPOUCXOIMIINA TTPAKTUYECKU OTHOBPEMEHHO, UTO CO-
OTBETCTBYET COBPEMEHHBLIM IIpeACTaBlIecHUsSIM, cM. MoHorpadpumu [Hopman, 1978;
HopMman, MupoirHndeHko, 1968; Miroshnichenko, 2001]).
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Puc. 9. PesynabraThl penieHus 00paTHOM 3a1auyu MO JaHHBIM OJHOMMHYTHBIX HAOMIOIEeHUI
Ha HEUTPOHHOM MOHUTOpE BCIBIKU 28 ceHTs0ps 1989 r. Ha rope I'pan-Cacco B Utanuu
n Ha cinytHuke GOES. Ilokazanbel Kpyxoukamu maHHbie HaOmoneHuii Ha GOES moroka
yactull conHedHbIx KJI ¢ aHeprueit >0,1 I'sB. I[TokazaHbl Takke TpY KpUBbIE 0XUAAEMOTO
BPEMEHHOTO X0JlJa MHTEHCUBHOCTH YacThll coiHeuHbIX KJI ¢ sneprueir >3, >1 u >0,1 I'3B,
BBIYMCJIEHHBIE TI0 JaHHBIM HaOJIONEHUI 3a TepBble 5 MUH TOCJe Havyaja BO3pacTaHUs
(BepxHsIsI IeBasl TIaHeNb), 3a IMepBhle 15 MUH (BepXHsIs paBasi IlaHedb), 3a MepBble 25 MUH
(HMXHSIS JIeBasl TTaHe b) U 3a TiepBble 40 MUH (HIDKHSS IIpaBas ITaHenb). Ha HuKHel mpa-
BOJ TTaHeJ M MoKa3aHbl Takke gaHHble Haomonennit Ha GOES 3a 2400 muH. BunHo, 9TO Te-
opeTuyecKoe MpeacKazaHue COTJIacHO pelieHUIo (5), ocHoBaHHOe Ha 40 MUH HaOIONEHU,
MOJTHOCTBIO COBIAAET ¢ HabmoaeHussMu 3a 2400 MuH

Bo-BTOpBIX, CuMTaeM, 4TO MIMTEIbHOCTh MHXEKIMU Maja MO0 CPaBHEHUIO
C BpeMEeHEM pacIpocTpaHeHUs, T. €. (PYHKIMSI MCTOYHNKA MOXET OBITh TIPEACTaB-
JeHa B Buae O-dyHkiuu. Ha puc. 9 nmpencrasieHsl pe3yiabTaThl pellieHUs oOpar-
HOI 3aJa4y I10 JAaHHBIM OJHOMMHYTHBIX HAOIIOOCHUI HA HEUTPOHHOM MOHMTO-
pe Bcnbiky 28 ceHTss0ps 1989 r. Ha rope I'pan-Cacco B Mtanuu u Ha CIyTHUKE
GOES.

K. Ilpencka3zaHue 0XuIaeMoOii PAIHANMOHHON /103bl OT BCEr0 COJHEYHOIO CO-
ObITHA 111 KOCMHYECKHX aNNapaToB B MEKILUIAHETHOM IPOCTPAHCTBE HA Pa3JIMIHBIX
paccrosansgx oT ColHIA, CIYTHUKOB B MarHuTocdepe 3eMiM HA Pa3IMYHBIX OpPOM-
TaX, CAMOJIETOB, a4 TAKIKE PA3JIMYHbIX TEXHOJIOTHIA 1 JII0eili HA 3eMHOI MOBEPXHOCTH.
Ilocre ompeneneHNs TapaMeTpOB TeHEPAIlUM U PaCIIPOCTPAHEHMS COMHEIHBIX KJI
MOKHO OIIEHUTD OKMAAeMYIO TTOJHYIO paguallMOHHYIO J03Y IUTS pa3IMYHBIX O0BEK-
TOB: KOCMIUYECKHX arllapaToB B MEXKIUIAHETHOM IIPOCTPAHCTBE Ha Pa3IMIHBIX pac-
crossHusAX oT COJTHIIA, CITYTHUKOB B MarHuTocepe 3eMIM Ha pa3IuIHbBIX OpOUTaX,

105



Tom 1. Yactb 1. KOCMUYECKAS MOTOAA W EE POJIb B ®OPMUPOBAHWI CBOCTB JIOKANIbHOW CPE[bI

CaMOJIETOB Ha Pa3IMYHBIX BBEICOTAX U JKECTKOCTSIX O0pe3aHMsl, a TAKXKe Pa3INnYHbIX
TEXHOJIOTMI U JIIOIEU HAa 36MHOM TTOBEPXHOCTU:
t

2 oo
15 (X, b R 1, 1,) = f dt f D,(R,ty M, (R, X, h(t))dR , (6)
[ -X0))
rie D(R, 1) — oxXumaeMoe BpPeMEHHOE W3MeHeHMe criekTpa conHeuHbix KJI;

M (R, X, h(f)) — noza panuanuu B pacu€re Ha onHy yacruity KJI mox skpanom X
(B r/cM”) Ha BbICOTE C JaBjieHUeM A (IJ1s1 CITyTHUKOB M KOCMMUYECKUX arapaToB
B MEXITIJIAHETHOM ITpocTpaHcTBe £=0); 1|, 1, — BpeMeHa Hayaja u OKOHYaHMsI CO-
ObrTust; R () — XECTKOCTb TEOMAarHUTHOTO 0Ope3aHust (IUIsi KOCMMYECKUX aflma-
paroB B MeXIUIaHeTHOM mpoctpaHctse R (7)=0). V3 puc 9 BuaHo, 4to yxe yepe3
40 MHH II0CJIE Hayajia COOBITHS, 110 (popmyie (6) MOXET OBITh BEIYMCIIEHA OXIIA-
eMasi 103a paaualym 1Jis BCero COJIHEYHOTO COOBITHS (OKOJIO JBYX CYTOK C YUYETOM
MaJIOSHEPTUYHBIX YACTUII) IS JTIOOOTO M3 YKa3aHHBIX BEITIE 0OBEKTOB B KOCMOCE,
B 3eMHOI1 MarHuTocdepe U armocdepe, a TakKke Ha 3eMHOI MoBepxHOCTU. Eciu
oXuaaemasi 103a paavaliii OKa3bIBaeTCsl OMACHOM ISl IO WU 3JeKTPOHUKH,
TO TIOCBIJIAETCSI COOTBETCTBYIOIIWIA ajiepT IJISI TIPUHSITUS COOTBETCTBYIOIIUX MeEp
C 1IeJIBIO YMEHBIIICHHST HeTaTUBHBIX MOCIICICTBUIA.

brazooaprocmu. Tlpunomy 6maropapHocts Miuky ben Mspaemo, Ypu [lawo
u Mapuce CropuHu, niogaepxupatonux padory M3paunbsckoro ILleHTpa kocmuue-
CKHUX JIyueil 1 KOCMUYECKOW MOTOAbl U U3PaUJIbCKO-UTANIbsIHCKOM O6cepBaTopuun
KJI um. Omunno Cerps Ha rope XepMoH; Tamape bpeyc 3a 1IleHHYI0 MUHULIMATUBY
20 jeT Hazaj, MOJIOXKUBIIYIO HaYaly MHOTOJIETHEMY YCITEILIHOMY COTPYIHUYECTBY,
a Takxke MouM Koiieram JIbBy IlyctunbHuky u Uropito IlykepmaHy 3a 1moje3Hble
JHUCKYCCHM.
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The work consists of three parts. The first part is Introduction to the problem. The second part
presents the results of a series of analyses of long series of daily rates of myocardial infarc-
tion, stroke, and car accidents with severe outcome in quiet times and during periods of strong
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Forbush decreases in cosmic ray intensity. A considerable increase in the daily number of
heart attacks, strokes and car accidents during strong magnetic storms accompanied by strong
Forbush decreases in cosmic ray intensity. It is shown that in this case, cosmic rays are virtu-
ally no impact on human health, but are an indicator of the impact of space weather (coronal
mass ejections of plasma and interplanetary shock waves) on human health. It is also shown as
continuous monitoring of cosmic rays can be used to predict space weather situations that are
dangerous to human health and thus dramatically reduce the risk of heart attacks, strokes and
automobile accidents with severe consequences. In the third part we consider the direct effect
of cosmic rays on the biosphere (the so-called radiation effects). The fact that a great thick-
ness of the atmosphere (about 1,000 grams per cmz), the flux of cosmic rays is reduced by
almost a hundred times. However, the flow of relativistic electrons and muons at the earth’s
surface is about one million per square meter per hour, each centimetre of space on the par-
ticle path in the human body creates about 50 000 ions, and the destruction of molecules.
In addition, as a result of cascade processes occur neutron flux, freely penetrating deep into
the biosphere objects and produce a variety of nuclear reactions. Over millions of years the
biosphere has adapted to these little streams of cosmic rays (in fact, cosmic rays have played
a decisive role in the significant acceleration of the evolution of the biosphere and the fairly
rapid appearance of a person). However, when the fluxes of cosmic rays increases by several
times (like during a powerful solar flares, or when flying in modern aircraft at an altitude of
approximately 10 km), or even dozens of times (like when you fly on satellites in the magneto-
sphere of the Earth or the spacecraft in interplanetary space), the radiation risk becomes sig-
nificant. We describe our method of predicting the expected radiation hazards from powerful
solar flares in the atmosphere, depending on altitude and geomagnetic cutoff rigidity, as well
as satellites and space vehicles on one-minute observations of cosmic rays at neutron monitors
and satellites.



COSMIC RAYS AND EVOLUTION OF THE BIOSPHERE:
SEARCH FOR NEW APPROACHES
L. 1. Miroshnichenko 2

T N.V. Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave
Propagation, Russian Academy of Sciences (IZMIRAN), Troitsk, Moscow, Russia,
e-mail: leonty@izmiran.ru

2DV Skobeltsyn Institute of Nuclear Physics (SINP), M.V. Lomonosov Moscow State
University, Moscow, Russia

The cosmic environment of Earth directly or indirectly influences conditions for terrestrial
life. Cosmic influences include increased fluxes of gas, dust, comets and asteroids, as well
as cosmic rays (energetic particles of galactic and solar origin), interplanetary plasma (solar
wind) and electromagnetic emission of various energies. The main emphasis of this paper is
on the radiation conditions and their variations, especially in the remote past (at geological
scale of time). The Sun, the most important pre-condition for terrestrial life, is also discussed
as a potential source of dangerous emissions. We briefly review and update recent observation-
al data and research works concerning the frontier between Astrobiology and Space Weather.
Our attention is mainly paid to cosmic rays of galactic and solar origin (GCR and SCR, re-
spectively). Regular GCR variations in the deep past of the Solar system, as well as the occur-
rence rates of sporadic events, namely, the Supernova bursts and giant solar flares, are con-
sidered in detail. In this field, there are still many astrophysical and biological problems to be
investigated from the modern positions, taking into account new models of galactic evolution
and experimental evidences of important contribution of cosmic rays into the evolution of
the biosphere. The present robust programs of space research reinforce our hope for a better
understanding of the bases of Astrobiology. In particular, a contribution of the nearest dwarf
stars into cosmic rays flux at the Earth’s orbit seems to be revised in the light of latest observa-
tional data. Eventually, with a more realistic model of the Sun, more reliable discussions of all
the factors influencing the origin of life on Earth will be also possible.

INTRODUCTION: OUTLINES OF THE PROBLEM

The Earth’s biosphere was born and has developed with permanent ecological fac-
tor, namely, with an ever present background of ionizing radiations. The latter are,
first of all, natural radioactivity and cosmic rays of galactic and solar origin (GCR
and SCR). Above the Earth’s land surface at middle latitudes the radiation back-
ground for 2/3 of magnitude is provided by radioactive substances and for 1/3 — it is
due to cosmic rays (CR). Above the ocean surface the radiation background is near
completely formed by cosmic rays. In the light of these facts, an understanding of
possible biological effects of CR has come rather soon after their discovery in 1912.
As shown, for example, by Eugster (1940) and Hess and Eugster (1949), there is no
doubt that cosmic radiation can produce biological effects (see also Krebs, 1950). It
is not the primary radiation and the ionization alone that concern us but we perma-
nently encounter secondary effects connected with nuclear evaporation processes
and nuclear break-up events in the atmosphere, which, in turn, influence biological
material. As a result of those processes, we have a permanent background of energet-
ic secondary particles through all the thickness of terrestrial atmosphere (Figure 1).
On this reason, it may be stated that even now the biosphere still continues its
evolution under changing radiation conditions, at least, due to variations of back-
ground CR intensity (e.g., [Miroshnichenko, 1980, 1984, 1992]). As to natural ra-
dioactivity, it may be noted that all highest animals have been formed, in practice,
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Figure 1. Primary cosmic rays in space (left part) and the secondary CR radiation propagat-

ing through the atmosphere with the “hard” component (muons) that is detectable even un-

derground. The right part is a conceptual illustration of the nuclear interactions that occur in

the atmosphere. The center of this figure lists the substantial air mass that provides a shield
against the radiation in space [Shea, Smart, 2000]

at present level of radiation background, meanwhile at the moment of life origin this
background seems to be about 6 times of modern level, even provided the CR inten-
sity was constant since that time (e. g., [Stepanov, 1980]).

Primary CR flux of galactic origin consists mainly of protons and helium nuclei.
In particle numbers, GCR flux contains ~90 % of protons, about 7 % of helium nu-
clei, ~1 % are the nuclei of more heavy elements, and about 1 % falls on electrons.
Galactic cosmic rays have rather low intensity, and their flux at the Earth’s orbit is
mostly isotropic. As to GCR energy spectrum, it covers very wide range — from ~ 107
to 10"...10%° eV, and they are bombarding the terrestrial atmosphere permanently,
with some intensity variations in time and space (see Figure 1). There seem to exist
also cosmic rays of ultra-high energies (up to 10%! eV), supposedly of extra-galactic
origin. At the energies of >10" eV primary cosmic rays produce so-called extensive
air showers (EAS) of secondary particles (see right side of Figure 1). Secondary par-
ticle fluxes include, in particular, neutrons that are registered regularly by surface
worldwide net of neutron monitors, as well as muons that are detectable even deeply
underground (see left side of Figure 1). At the boundary of terrestrial atmosphere a
density of energy flux of background GCR is estimated to be of >0.01 erg/! s-cm’ (with
an accuracy of the factor >2).

In fact, CR fluxes coming to the Earth from the vicinities of the Solar system are
undergone to considerable spatial and temporal changes. The causes of such changes
may be the Supernova bursts, especially in the periods of the Sun’s passages through
galactic arms. Interesting information about CR intensity in such periods, at the
time scales of order of 1 million (Myr) — 1 billion years (Gyr), is provided by me-
teorite studies (e.g., [Lavrukhina, 1969; Lavrukhina, Ustinova, 1990; Shaviv, 2002;
Voshage, Feldmann, 1979]). In turn, the SCR fluxes nearby the Earth depend on the
occurrence rate and power of giant solar flares (e.g., [Goswami, Marhas, 2005; Lal,
Ligenfelter, 1991]). Cosmic ray fluxes of solar origin (SCR) cover energy range from
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~10° to ~10'...10" eV, but their intensity often exceed that of GCR for several or-
ders of magnitude [Miroshnichenko, 2001]. Combined impacts of GCR and SCR on
the near-terrestrial space, finally, are strongly determined by the level of solar activity
(SA) at present. Moreover, those effects might considerably depend on the SA level
in the remote past of the Earth, during the epoch of the so-called “young Sun” (see,
e.g., [Messerotti, Chela-Flores, 2007; Obridko et al., 2012] and references therein).

Today, due to the advent of a significant fleet of space missions and the possi-
bility of performing experiments at the International Space Station (/5S5), a mean-
ingful study begins to be possible concerning factors that led to an early onset of life
on the Earth. As it is widely thought, solar climate during the first Gyr of the Earth
was radically different (e.g., [Ribas et al., 2005]). One of the earliest relevant factors
seems to be excessive solar-flare energetic particle emission, a phenomenon that has
been recorded in meteorites (e.g., [Goswami, 1991]). These extraterrestrial samples
provide information on events that seemed to take place during this early period after
the collapse of the solar nebula disk. Gas-rich meteorites have yielded evidence for a
more active Sun. A considerable number of young stars with remnants of accretion
disks show energetic winds that emerge from the stars themselves. Similar ejections
(solar wind) are still currently observed from our Sun. For this reason we believe that
some of the early Solar system material must keep the record of such emissions.

On the other hand, by present time it was found that GCR and SCR have
played an important role in different processes in the Earth’s atmosphere. The lat-
ter are: ionization and excitation of the atmospheric atoms, depletion of the ozone
layer, generation of cosmogenic isotopes (e.g., ¢, 19Be, 26A1), production of the ni-
trogen oxides (nitrates), operation of the global electric circuit, formation of cloudi-
ness and precipitation falls (e.g., [Miroshnichenko, 2008]), as well as formation of
electric charge in the clouds and generation of lightning discharges (e.g., [ Ermakov,
Stozhkov, 2003; Gurevich, 2009; Stozhkov, 2003]). In geological past of the Earth
the CR effects on the atmosphere might be also closely tied with the variations of geo-
magnetic field, especially at geomagnetic reversals (see, e.g., [Black, 1967]). Hence
it follows a possible relation between CR, solar activity, geomagnetic field (as main
elements of Space Weather) and terrestrial climate that, in turn, determines indirect
impact of CR on the biosphere. Mechanism of GCR impact on the tropospheric
processes may be of trigger nature, similar to the scheme of “two-cascade amplifier”
[Krymsky, 2002]. If we take the GCR energy flux to be >107> erg/s-cm?, and that for
typical tropospheric disturbance — about 1073 W/cm2= 10* erg/s-cmz, then a coef-
ficient of amplification should be as large as >10 in a time scale <1 day [Tinsley and
Deen, 1991].

1. PREREQUISITES FOR COSMIC RAY BIOEFFECTIVITY

Is the role of cosmic rays in the biosphere clear completely? It is obvious that to give
a final response to this question is still too early. Meanwhile, as well-known, for sev-
eral decades a hypothesis is discussed on possible direct impact of CR on the bio-
spheric processes, in particular, on the occurrence rate of genetic mutations for
some organisms. This effect may be due to arrival of intense flux of CR from the
Supernova (SN) bursts that happened near the Solar system. For the first time, this
fundamental and very bold hypothesis was reported by outstanding Soviet astro-
physicist I.S. Shklovsky in 1957 (see [Krassovsky, Shklovsky, 1957, 1958; Shklovsky,
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1962, 1985, 1987]). Note, however, that after-effects of such radiation exposure may
be different for different species of the biosphere. For example, if enhanced radia-
tion in the dinosaur’s epoch (~65.5 Myr ago) might be a cause of their extinction,
for some other animals and plants considerable increase of CR intensity could serve
as a factor that favoured to their further evolution. Of special interest is so-called
“Cambrian explosion of life” in the biosphere (~540 Myr ago) when, according to
some meteoritic data, CR intensity was about 1/3 of modern level.

In fact, the first experimental evidence of important biological role of cosmic
rays was obtained in the course of fulfillment of the Apollo program (for details see
[Miroshnichenko, 2003]). The picture of observed radiation impact is shown in
Figure 2 [Comstock et al., 1971] for two cases: (A) a track from a particle entering the
astronaut’s helmet; (B) an ending track, from a particle that has crossed from the op-
posite side of the helmet and come to rest. The tracks are 500 and 700 um in length,
respectively. The crewmembers on the last seven Apollo flights (from Apollo 11
through Apollo 17) observed also mysterious light flashes (e.g., [Pinsky et al., 1974]).
The flashes are tentatively attributed to cosmic ray nuclei (with the atomic numbers
Z>6) penetrating the head and eyes of the observers and interacting in the retina,
vitreous body (humour) and possibly the optic nerve. Later on, the light flash (LF)
phenomena have been observed in detail by many cosmonauts (astronauts) on board
the Space Stations Apollo — Soyuz and Mir (e.g., [Avdeev, 2001]).

In some recent experiments, there were noted effects of secondary neutrons from
CR on the cell structures. In particular, [Belisheva, Gak, 2002] noted that some
types of cell colonies displayed sensitivity to the intensity of secondary neutrons at
the Earth’s surface during a series of solar proton events in October 1989. The ex-
periments have been carried out by well-known cell culture method at the polygon
of the Institute of Physics, Leningrad State University, at Island Sredny, White Sea,
66.3° N, 33.7° E, in the period from 15 through 31 October 1989. As the objects
for investigation the authors used three typical cell lines growing in vitro: L, CHO,
and FHM.

A B

Figure 2. Tracks from heavy nuclei on the inside of an Apollo helmet [Comstock et al., 1971]:
A — a track from a particle entering the helmet; B — an ending track from a particle that
crossed from the opposite side of the helmet and come to rest
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Cell monolayer in quiet period is revealed itself by rather homogeneous struc-
tures in all three lines indicated. In the period of increasing of neutron counts the
monolayer morphology becomes extremely inhomogeneous: a process of mass cell
merging takes place (Figure 3).

Dynamics of this process in all three cell lines is presented in Figure 3 in terms
of poly-nuclei cell index PCN. Main conclusion of this study is following: at certain
conditions, geo-cosmic impact due to invasion of high-energy SCR seems to change
radically some properties of biological objects by initiation of re-organization of ge-
netic material that may be important for the mechanisms of evolution.

Bioeffectivity of background variations of the flux of secondary neutrons has
been also demonstrated by [Belisheva et al., 2006] in the measurements of functional
state of human blood in Pushchino in the periods of 11—25 October 1996. Interesting
positive correlation between CR intensity and metachromasy reaction for volutin
granule in cells of Saccharomyces cerevisiae has been found by [Gromozova et al.,
2010]. The authors studied a variability of reaction of metachromasy of polyphos-
phates of volutin granules in yeast cells, in connection to some cosmic factors. The
results are given in Figure 4. Due to the ancient origin of these biomolecules, their
presence in biological objects of different organization levels and multifunctional role
in cellular processes, such kind of investigation is of great interest. To explain the re-
sults obtained, the authors applied to the hypothesis about the sol-gel phase transi-
tions in a state of the system (see, e.g., [Tanaka et al., 1997]).
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Figure 3. Dynamics of the polynucleotide index PCN (relative units by ordinate axis) for

cell crops in lines L, CHO, and FHM in October 1989. At the abscissa axis a time is given

(in hours) from the beginning of the experiment (22:30 UT of 15 October). Figures at the

curves are the moments of fixation (in hours) of laboratory preparations corresponding to in-
creasing of PCN index
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The phase transition in the solution-gel system is a manifestation of competi-
tion among several forces which contribute to the osmotic pressure in the gel. The
balance of these forces varies with change in temperature or solvent properties. The
total osmotic pressure acting on the system is the sum osmotic pressure of the gel.
Note that the phase transition can be induced by the application of an electrical field
across the gel. The volume change at the transition point is either discrete (as in a
first-order Ehrenfest transition) or continuous (second order Ehrenfest analogy), de-
pending on the degree of ionization of the gel and on the solvent composition. In the
context of possible contribution of CR particles, it is of great interest that the pro-
cesses of sol-gel phase transitions depend on the degree of ionization of the gel.

It is important that GCR of extreme energies (>1015 eV) with a high prob-
ability may initiate the lightning discharges in the atmosphere (e.g., Erlykin and
Wolfendale, 2010), and this factor, in turn, could stimulate the formation from sim-
ple organic compound of complicated molecular complexes — “building blocks” of
the life at the Earth [Krassovsky, Shklovsky, 1957, 1958].

2. BIOTIC EXTINCTIONS AND SUPERNOVA BURSTS, PLATE TECTONICS,
CLIMATE AND/OR...?

Since life began on Earth, several major mass extinctions have significantly exceeded
the background extinction rate. The most recent, the Cretaceous—Paleogene extinc-
tion event, which happened approximately 65.5 Myr ago, was a large-scale mass ex-
tinction of animal and plant species in a geologically short period of time. In the past
540 Myr there have been five major events when over 50 % of animal species died.
Mass extinctions seem to be a Phanerozoic phenomenon, with extinction rates low
before large complex organisms arose.
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In general, one of the indices of success or setback for life is biodiversity. The
evolution of living creatures can be gauged by the rate of origination of new forms
(classified, for example, as orders, families, genera or species) and the rate of ex-
tinction of old forms. The difference at any stage results in an increase or decrease
of global biodiversity. As known, by counting known fossils, palacontologists have
found large variations in marine biodiversity over the past 500 Myr. One of the many
intrinsic and environmental factors suspected of influencing biodiversity is sea level.
Conventionally, in plate tectonics, the accretion of mid-ocean ridges during sea-floor
spreading pushes up higher sea level. The reasons for the variations in biodiversity
are also matters of dispute. Mechanisms on offer include biological processes such
as spontaneous diversification with limits to species richness, and physical influences
such as continental drift (plate tectonics), extraordinary volcanic eruptions, and im-
pacts of comets or asteroids causing mass extinctions. The role of sea level variations
was recently confirmed by [Svensmark, 2012], see also: ftp://ftp2.space.dtu.dk/pub/
Svensmark/MNRAS Svensmark2012.pdf).

Luckiest among our ancestors seems to be a mammal-like reptile, or therapsid,
that scraped through the Permo-Triassic Event, the worst catastrophe in the histo-
ry of animal life. The climax was 251 million years ago at the end of the Permian
Period. Nearly all animal species in the sea went extinct, along with most on land
ones. The event ended the era of “old life”, the Palacozoic, and ushered in the
Mesozoic Era, when our ancestors would become small mammals trying to keep
clear of the dinosaurs. So, “what put to death our previously flourishing Gorgon-
faced cousins” of the Late Permian? According to [Svensmark, 2012], the Galaxy let
the reptiles down. To substantiate the hypothesis, [Svensmark, 2012] estimated oc-
currence rate of the Supernova bursts during last ~500 Myr BP (Figure 5) and com-
pared the results with the biodiversity of marine animal genera through that period.
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Figure 5. Relative occurrence rate of Supernova bursts (solid curve) in comparison with
a number of marine animal genera becoming extinct during any given time interval [Svens-
mark, 2012]
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Solid black curve in Figure 5 shows calculated relative occurrence rate of SN
bursts during the time intervals when the Sun (Solar system in the whole) crossed
the observed specific star-dust arms of our Galaxy. Another curve (with the points)
illustrates a number of marine animal genera in the fossils, provided the influence of
variations of the ocean level on the mortality of living organisms being taken into ac-
count. There is present a distinct peak of one of the five mass extinctions of terrestrial
animals at the boundary of Permian and Triassic (P-Tr) periods. Obvious striking co-
incidence of two curves sets thinking rather strongly. The connection with SN occur-
rence rates revealed in Figure 5 adds to the mix of hypotheses, by providing strong
evidence that Galactic cosmic rays (GCR) have influenced the course of evolution.

For a comparison, in Figure 6 we give a complete picture of extinction events
in geological scale of time. The “Big Five” extinctions cannot be so clearly de-
fined, but rather appear to represent the largest (or some of the largest) of a relatively
smooth continuum of extinction events: Ordovician—Silurian (O-S), Late Devonian
(Late D), Permian—Triassic (P-Tr), Triassic—Jurassic (Tr-J), and Cretaceous—
Paleogene (K-Pg) extinction events. The peak (P-Tr) under consideration here seems
to be the biggest one.

Of course, the results by [Svensmark, 2012] may be called in question. In par-
ticular, an accuracy of his calculations of the occurrence rate of SN bursts is quite
striking. In addition, when comparing the plots in Figures 5 and 6, we discover in
Figure 5 the absence of extinction peak at the boundary of Triassic—Jurassic (Tr-J)
periods, about 200 Myr ago. Apparently, the author’s correction for the ocean level
changes rather significantly the original set of data and should be undergo to addi-
tional verification. On the other hand, there are independent climatic data [Veizer
et al., 1999] that points to the variations of the concentration of the oxygen isotope
80 (as one of the best climatic index) at large time scale (Figure 7). All maximums
obtained by [Veizer et al., 1999] coincide with the Svensmark’s curve.
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Figure 6. Marine extinction intensity through time [Sepkoski, 2002]. The graph shows the ap-

parent percentage (not the absolute number) of marine animal genera becoming extinct dur-

ing any given time interval. It does not represent all marine species, just those that are readily
fossilized
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Figure 7. Variations of the concentration of the oxygen isotope 80
and terrestrial climate in the Phanerozoic eon [Veizer et al., 1999]

3. PROBABILITY OF GIANT SOLAR FLARES AND BIOTIC EXTINCTIONS

How large a proton event can the Sun produce? How frequently the largest events
occur? As shown below, both of these questions are not trivial. The extreme features
of the Sun’s proton productivity are very important not only for fundamental re-
search, but also for the planning and protection of future space missions (see, e.g.,
[Miroshnichenko, 2003]). Meanwhile, it would be very interesting, in particular, to
estimate the effect of solar flares on the evolution of life (e.g., [Reid et al., 1976]).

3.1. Some preliminary estimates

Very large flares can, in principle, cause big changes in the low energy CR intensi-
ty. A detailed study of expected catastrophic effects from cosmic rays (primarily the
depletion of atmospheric ozone layer) was undertaken by [Wdowczyk, Wolfendale,
1977]. In terms of the energy density € of CR particles (in erg-cm_z) coming at the
top of the atmosphere, they estimated, in particular, the likely frequency of solar
flares of sufficient strength to have significant effect. The frequency distributions were
constructed for two periods, 1956—1960 and 1961—1972, with different average levels
of solar activity. The results obtained for SEPs (solar energetic particles) are summa-
rized in Figure 8, together with the corresponding estimates for the occurrence rate
of gamma flashes from the Supernovae (SN).

The abscissa in Figure 8 is the energy density in the event and relates to the top
of the atmosphere. Line a is a rough estimate of the long-period average event rate
(for energies above ~30 MeV) and derived from measurements made on protons dur-
ing the very active period of 1956—1960 and during the most recent solar cycle of
1961—1972, the latter being of apparently rather average solar activity as judged by
the mean sunspot numbers. Most of the particles under consideration normally arrive
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in the polar regions. Line b represents the rate distribution when the event energy
density is averaged over the Earth’s surface. SN y-flash denotes the rate distribution
of energy deposition from the gamma-ray flash from Supernovae at 10 pc. SNR (3 yr)
and SNR (all time) represent energy deposition over a 3-year period, and integrat-
ed over the whole time, respectively, from protons when the Earth is immersed in a
Supernova remnant. P is a probability and e the energy density.

As it has been shown by [Crutzen et al., 1975], a prominent SEP effect is a de-
struction of the ozone layer by nitrogen oxide NO produced after ionization of the
stratosphere, and the incident proton energy necessary to reach the appropriate levels
in the stratosphere is about 30 MeV. Thus, an energy threshold of 20 MeV in Figure
8 is only a little low for the necessary limit. In spite of an evident disparity in the ab-
solute rates, P (>¢), the slopes of the variations are very similar in the two periods.
There seems to be evidence for an empirical power law for P (>¢€) over seven orders of
magnitude. The authors suggest that such a distribution can probably be extended by
at least several magnitudes more. Anyhow, one can clearly see that among the bursts
at a given energy density, solar energetic particles in the range of 20...100 MeV drasti-
cally exceed in occurrence rate such an exotic source of radiation as a SN remnant.

These conclusions, however, have been seriously questioned by [Mullen, Kent,
1979]. They argued against the proposed extrapolation [Wdowczyk, Wolfendale,
1977] of the rate distribution function of solar flares to time intervals of the order of
10 years. [Mullan, Kent, 1979] propose that the power-law spectra, which have been
fitted by [Wdowczyk, Wolfendale, 1977] to the SCR data, in fact, could not be ex-
tended to arbitrarily high energies. Instead of this, the spectra fall off rapidly beyond
the last data point. In their discussion, [Mullan, Kent, 1979] refer to certain simi-
larities in the energy distribution functions obtained by [Rosner, Vaiana, 1978] for
three different classes of flaring objects: solar X-ray bursts, optical flares in dwarf M
stars of spectral class dMe, and X-ray bursts from a cosmic X-ray source (burster)
MXB 1730-335. In all three cases, there is observed to be a range of flare energies, F,
in which the flare frequency, f (> E), can be fitted by a power law in E.
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Figure 8. Integral occurrence rates of solar cosmic-ray bursts at the Earth’s orbit in compari-
son with the effects from Supernova bursts [Wdowczyk, Wolfendale, 1977] (for details see the
text)

119



Tom 1. Yactb 1. KOCMUYECKAS MOTOAA W EE POJIb B ®OPMUPOBAHWI CBOCTB JIOKANIbHOW CPE[bI

[Rosner, Vaiana, 1978] developed a general model for flaring in which stored en-
ergy is built up in a short time scale, and the rate of energy storage, dE/d¢, is assumed
to be proportional to the energy already stored, dE/df=aF. The release of the stored
energy is thought to constitute the flare event. In this context, [Mullan, Kent, 1979]
proposed the following physical argument for a rapid cutoff of the flare rate distribu-
tion for the Sun at about 11 y. The point is that solar flares energies are derived, ulti-
mately, from the toroidal magnetic field which is created inside the Sun by the action
of solar differential rotation on the poloidal field. It is known, however, that after 11 y
elapsed, the poloidal and toroidal fields reverse sign, the toroidal field having been
decreased to zero. From this point of view, each 11-year cycle begins with an empty-
ing out of the energy reservoir.

This suggests that the equation derived by [Rosner, Vaiana, 1978] for the
amount of stored energy E(7) = Ey[exp(af)—1] is applicable only up to a maximum
time of ~11 y. Hence, the occurrence rate distribution f(£) = E ~¥ applies as long as
77" does not exceed 11 y. Therefore, in the opinion by [Mullan, Kent, 1979], extrap-
olation of the power-law behaviour beyond 11 y is not valid, and ancient catastrophes
should not on this account be related to extremely high level of solar activity.

Extrapolating their highest energies (>60 MeV) fit to long time scales, [Kiraly,
Wolfendale, 1999] obtained some new interesting estimates. It turns out that
while the highest fluence measured up to now (in about 30 years) was 3:10° em™2,
one would expect in 1 Myr a few events above 10 cm™2, and in 100 Myr a few
above 10" cm™. This is far less than one would expect from flat slopes found by
[Wdowczyk, Wolfendale, 1977], but probably more realistic. Thus, the largest SEP
events in geological history should have been not more than 10° to 10* times larger
than those detected so far, giving rise to only moderate “energetic particle catastro-
phes”. Those estimates, however, seem to be overestimated (see below our estimates
for the fluences of @ (>30 MeV)).

As to giant solar flares of the 23 February 1956 type, according to some esti-
mates, in the past they might be a cause of some outstanding biotic extinctions. By
the way, occurrence rate of giant flares can be estimated from some circumstantial
data. For example, it is suggested [Beland, Russel, 1976] that the recently discovered
four cases of extinction of Radiolaria for the last 2.5 Myr were due to the occurrence
of such giant flares with a rate ~10~*/year coinciding with the geomagnetic inversion
period. On the other hand, [Reid et al., 1976] noted that solar flares can influence
on the biosphere not only by direct way, but also indirectly, through the production
of nitric oxides. Ionization in the stratosphere caused by SCR (mainly by >30 MeV
protons), in particular, results in formation of nitric oxide NO. Several major flares
during 1 y can produce NO in the amount comparable with that is produced by its
main source (oxidation of N,0) and much more that can be provided by GCR. This
process is followed by destruction of atmospheric ozone O,, mainly through the pair
of reactions: NO + O; — NO, + O, and NO, + O — NO + O,. Therefore, effective-
ness of ozone shield for the biosphere against solar UV radiation will be weakened.
Note also that in spite of that strong increase of SCR flux continues of <24 h, life
time of NO in the stratosphere is large, and its impact on the ozone layer continues
probably for several years. Based on such mechanism, the authors tried to explain
both mass large-scale biological catastrophes (similar to dinosaurs’ extinction at the
end of Cretaceous period) and small-scale extinctions (similar to four extinctions of
Radiolaria). As noted above, the latter took place during last ~2.5 Myr when also 10
geomagnetic reversals occurred.
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This hypothesis may be questioned, at least, on three reasons [Beland, Russel,
1976]. First of all, the extinction at the end of Cretaceous period affected more ex-
tended class of the organisms (not only dinosaurs) than extinctions of Radiolaria.
Further, dinosaurs’ extinction went on short time interval. It is worthy to note that,
during 18 Myr before this phenomenon, 11 geomagnetic reversals took place, but di-
versity of land and marine reptiles preserved up to the end of Cretaceous period. At
last, as we show below, the hypothesis by [Reid et al., 1976] is open to injury or criti-
cism in the light of discrepancies concerning the occurrence rate of giant solar flares
at different level of solar activity in the deep past and in current epoch.

3.2. Recent probabilistic analysis

As follows from observations of Sun-like stars, they display rather regularly the pres-
ence of the super-flares with a total energy of 10°*...10% erg [Maehara et al., 2012].
Note that their occurrence rate changes with the star’s rotation period rather insig-
nificantly, so that, in principle, similar events might be expected both at the “young”
and “mature” Sun. As it was discovered recently, the most powerful flare, that was
registered with confidence up to now during about 450 years both by direct solar
observations and indirect data on nitrate concentration in the cores of Greenland
(polar) ice, has released in optic range the energy of ~10% erg only. It was a famous
Carrington flare of 1 September 1859 (“Carrington event”). On the other hand,
this flare produced SEP flux with the fluence of protons at energy >30 MaB nearly
2.0-10'° cm_z, and it was the maximum value obtained through entire history of SCR
investigations (since 1942). This means that it would be erroneous to exclude the
events of 2—3 orders of magnitude larger, and, moreover, in the epoch of the young
Sun their occurrence rate might be larger, too.

Recently, some progress in the specification of the distribution function of SEP
events in the range of Low Probabilities was achieved [Miroshnichenko, Nymmik,
2012], due to new results of the study of Greenland Ice Cores (GIC). Important
(unique) data on the fluences of large SEP events in the past were obtained for
the period of 1561—1950 [McCracken et al., 2001]. In particular, it was estimat-
ed a fluence of protons of >30 MeV for the largest SEP event of that period @
(230 MeV) = 1.88:10' cm™2 (Carrington event). In the context of this study, it is
worthy to compare this value with some earlier estimates (Figure 9).

In fact, according to modern data on proton fluences at the energy >30 MeV,
for the period from 1973 up to 2008 there were registered 205 events with the flu-
ence >10® cm™2. If solar activity remains at modern (present) level, it means that for
1 My and 100 My, respectively, we may expect for 6-10% and 6-10% of such events, and
the probabilities of their realization would be ~1.7-1077 and ~1.7-10_9, respectively.
According to our estimates (see Figure 9), for such long periods the events may ap-
pear with the fluences up to 610" and 10" cm_z, respectively, that is for 1.5...2 or-
ders of magnitude lesser that the estimates by [Kiraly, Wolfendale, 1999]. Difference
in the energies of protons (30 and 60 MeV) makes this discrepancy even much more.
The cause of this discrepancy is rather simple. As it was repeatedly noted (see refer-
ences in [Miroshnichenko, Nymmik, 2012]), lognormal distribution function of SEP
events [Feynman et al., 1993] that was applied by [Kiraly, Wolfendale, 1999], by no
means does reflect a physical essence of SEP event distribution in the range of large
fluences.
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Figure 9. Distribution function of SEP events on the fluences of @ (>30 MeV): points with

the statistical errors — measurement data onboard the spacecraft /MP-8 and GOES;, blue dia-

monds — estimates by the data from Greenland ice core; solid red line — our distribution

function; triangles — our estimates of ® (>30 MeV) by [Kiraly, Wolfendale, 1999] data; seg-
ment AB=7.2 [Miroshnichenko, Nymmik, 2012]

Parameters of the model by [Feynman et al., 1993] are determined mainly by
subjective (random) magnitudes of the registration thresholds and selection of small
SEP events; therefore, they can not serve for the extrapolation of the data into the
range of extremely large events.

Distribution of extremely large SEP fluxes is shown to have a probabilistic na-
ture, so that a formulation “limit flux” does not contain a strict physical sense. The
SEP fluxes may be only characterized by quite certain probabilities of their appear-
ance, with a sharp break of the spectrum in the range of large fluences (or low prob-
abilities). Modern data of observations and methods of investigations do not allow,
for the present, to resolve precisely the problem of spectrum break and estimate max-
imum potentialities of solar accelerator(s). This restricts considerably an extrapola-
tion of obtained results for the past and future, for the epochs with different levels of
solar activity.

4. MODERN ASTROPHYSICAL BACKGROUND

Recently, [Erlykin, Wolfendale, 2010] considered long-term time variability of cos-
mic rays and possible relevance to the development of life on Earth over the period
of 1 Myr by special statistical model developed by these authors since 2001. The time
bin width under consideration was 1000 y. At present, the most wide-spread point
of view is that predominant contribution into total intensity of GCR is provided by
SN bursts. The authors’ model of particle acceleration in SN burst shows that dif-
ferential energy spectrum of released particles is rather hard: I(E) ~ E~>". If the burst
occurred nearby the Solar system, then, on their way to the Earth, very high-energy
particles do not undergo to the effects of propagation.
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Figure 10. Long-term variations of cosmic rays of different energies over the time interval of

1 Myr with a time bin of 1000 yr. The sources of cosmic rays are SN bursts. Particle (proton)

energies are indicated at the curves. Intensities for the particles with energies of 1 and 10 PeV
are enlarged two times for the better resolution of the plots [Wolfendale, Erlykin, 2010]

As a result, they come to the Earth in practice with the same spectrum. At the
same time, a leakage of CR in the process of propagation from more remote and old
sources gives more hard spectrum: I(E) ~ E~ 2'7, as it is just observed (in the pres-
ent time). This difference in the spectra from distant and old sources, from one side,
and that from near and relatively recent ones, from the other, results in that, after the
near SN burst, the intensity of high-energy cosmic rays enhances more quickly, that
that in low-energy range. Figure 10 demonstrates this difference.

In spite of that the model was developed for the protons only, the results may be
also applied to other CR nuclei by a simple transformation of their rigidities to ener-
gies. Figure 10 shows the model results for the time interval of the 1 Myr width, with
time resolution of 1000 yr, and energy range from 1 GeV (109 eV) to 10 PeV (1016 eV).
It may be seen that high-energy cosmic rays from the SN remnants propagate more
quickly and during more short time intervals than the particles of relatively low ener-
gies. Amplitudes of the CR variations in PeV energy range are about 100...1000 times
as large as in the range of GeV energies. Note also that the high-energy peaks are
narrower than at low energies. If we extrapolate the results obtained by [Erlykin,
Wolfendale, 2010] for the period of 100 Myr from the present moment into the past,
from the plots of Figure 10 one can see that even in such a remote past there might be
the periods with very high intensity of cosmic rays in the PeV energy range.

Now we return to the latest results of CR measurements and demonstrate some
new findings and arising matters related to the problem under consideration. The
space-borne experiment PAMELA (Payload for Antimatter Matter Exploration and
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Light nuclei Astrophysics) represents a state-of-the-art of the investigation of the
cosmic radiation, addressing the most compelling issues facing astrophysics and
cosmology: the nature of the dark matter (DM) that pervades the Universe, the ap-
parent absence of cosmological antimatter, the origin and evolution of matter in the
Galaxy. The instrument is optimized for the detection of the antiparticle components
of cosmic rays. In particular, experiment PAMELA is able to measure proton, an-
tiproton, helium nuclei, electron and positron spectra in a wide energy range (from
80 MeV to 190 GeV for antiproton and from 50 MeV to 270 GeV for positron) achiev-
ing a high precision in this energy range. As mentioned above, protons and helium
nuclei are the most abundant components of the cosmic radiation. Precise measure-
ments of their fluxes are needed to understand the acceleration and subsequent prop-
agation of cosmic rays in the Galaxy. Recently, [Adriani et al., 2011] reported de-
tailed PAMELA measurements of the proton and helium spectra in the rigidity range
1 GV — 1.2 TV. It was found that the spectral shapes of these two species are different
and cannot be well described by a single power law (Figure 11).

These data challenge the current paradigm of cosmic-ray acceleration in SN
remnants followed by diffusive propagation in the Galaxy. More complex processes
of acceleration and propagation of cosmic rays are required to explain the spectral
structures observed in PAMELA data. Those results imply that in our Galaxy, side
by side the Supernovas, there are other sources of CR in the PAMELA energy range.
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Figure 11. Proton (left panel) and helium (right panel) spectra in the range 10 GV — 1.2 TV.

The gray shaded area represents the estimated systematic uncertainty; the pink shaded area

represents the contribution due to tracker alignment. The straight (green) lines represent fits

with a single power law in the rigidity range 30...240 GV. The red curves represent the fit with
a rigidity dependent power law (30...240 GV) and with a single power law above 240 GV
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Figure 12. Energy spectra of flares on red dwarf stars and the Sun [Shakhovskaya, 1989]. Total
energy in the B-band (Balmer emission lines) flare radiation, £, is plotted versus frequency,
Jf; of flares with energy exceeding £,

The main candidates of this kind are so-called dwarf stars. Here we only note
that the energy distributions of dwarf stellar flares in the B-band (Balmer emission
radiation) are power laws and similar to that for the solar flares (Figure 12), suggest-
ing a similar scenario on other stars [Shakhovskaya, 1989]. The spectral indices in
the energy spectra of star flares have a rather narrow range of values: from 0.4 to 1.4.

To illustrate present situation in this field, Figure 12 shows energy spectra of
flares of 23 red dwarf stars in the solar vicinity, several groups of flare stars in clusters,
and, for comparison, on the Sun (see for details and references in [Shakhovskaya,
1989]). In general features, the curves of stellar spectra and solar ones are similar
(compare, for example, the curves for the Sun and UV Cet), though a difference in
their amplitudes may be of several orders of magnitudes in energy. The similarity of
those distributions, though obvious, is not investigated completely yet. Nevertheless,
it is worthy to note that from physical point of view, potential acceleration sites in
the Universe (including the Sun and heliosphere) need to have the appropriate
combinations of sizes, magnetic (electric) fields, shock velocities and other relevant
parameters.

Let us apply now to some other sources of information about CR variations
in the very remote (geological) past. One of the rare and, therefore, very valuable
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source of “ancient” data on cosmic rays are meteorites, with a possible application of
those data to biospheric problems. As an example, we may note the rapid event in the
history of origin of new forms of life (so-called “Cambrian explosion”) that occurred
about 580...500 Myr ago and seems to coincide in time with considerable change of
GCR intensity (Figure 13).

It has long been recognized that iron meteorites are excellent fossil detectors of
cosmic ray radiation. Their exposure times to cosmic rays varied near three orders of
magnitude; some of them were exposed for periods in excess of 1.0 Gyr. A substan-
tial data base of cosmic-ray-produced nuclides exists including the data used for the
40K/ K method, developed by [Voshage, Feldmann, 1979], which yields unique in-
formation on exposure ages of iron meteorites.

From Figure 13 it follows that within the interval between 900 and 400 Myr ago
the flux of GCR may be several times lesser than the present level. Such an effect
might take place provided the intensity of “ancient” solar wind was about 3...5 times
of the present value in the maximum of the most powerful cycles of solar activity
(SA) in the past century. With such large intensities, solar fluxes of magnetized plas-
ma would be able to “sweep” cosmic ray particles out of the boundary of the asteroid
belt that is considered as a “parent source” for the most of meteorites. As a result,
strong solar wind might decrease the flux of GCR inside the heliosphere (in particu-
lar, at the Earth’s orbit) up to the magnitude needed. However, modern theory of
the solar dynamo cannot give yet an exact estimate of maximum magnitude of solar
activity that would preserved with stable high level during several hundreds of Myr.

More late studies of GCR variations by meteorite data compel us to doubt the
reliability of the curve plotted in Figure 13. In particular, there is no confidence in
that before 900 Myr ago (right part of the Figure 13) the flux of GCR was the same
as in present time. There are some indications on that the errors in the estimates of
the GCR flux by meteorite data are rather large (from ~.3 to ~1.5). At the same time,
according to recent estimates, expected changes of GCR intensity in the past (up to
1 Gyr ago) might reach the values from 25 to 135 % (e.g., [Shaviv, 2002]). In addi-
tion, a new methodical (as well as physical?) question arises: Which level of GCR in-
tensity should we take as a normal — the ancient or present ones? Anyway, as shown
above, a possibility itself of considerable changes of CR intensity in the past is be-
yond any doubt. In particular, with some confidence we can state that in the period
0f 900...400 Myr ago the flux of GCR seems to be 2...3 times lesser than in the mod-
ern epoch. Of special interest is the problem of correct estimates of the occurrence
rate for the giant solar flares in the present time and in the distant past, as well as the
similar problem for the occurrence rate of SN burst.
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Figure 13. Possible changes of GCR intensity in the Solar system during last ~2 Gyr by the
data on radioactive “*K in eight iron meteorites and metallic phases of chondrites with differ-
ent exposure times [ Lavrukhina, 1969; Lavrukhina, Ustinova, 1990]
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Figure 14. A compilation of 74 iron meteorites which were K(41)/K(40) exposure dated

[Voshage, Feldman, 1979] with other concomitant data for the past Eon: a — past Galactic

spiral arm crossings; » — the CR flux reaching the Solar System using the CR diffusion mod-

el; ¢ — qualitative descriptions of the geologically recorded IAEs; d — a 1-2-1 averaged histo-

gram of the *'K/*°K exposure ages of Fe meteorites, which are predicted to cluster around the
CR flux minima (for more details see [Shaviv, 2002])

About 10 years ago, new interesting attempt to go deeply into the problem was
undertaken. Based on more extended meteorite data [Voshage, Feldmann, 1979] for
74 species of different ages, [Shaviv, 2002] carried out his study within the concept
of possible connection between Galactic structure, cosmic rays and climatic chang-
es for the period up to 1 Gyr in the past. He constructed a GCR diffusion model
while considering that CR sources reside predominantly in the Galactic spiral arms.
To avoid real clustering in the data (due to one parent body generating many mete-
orites), the author has removed all occurrences of Fe meteorites of the same clas-
sification that are separated by less than 100 Myr and replace them by the average.
This left him with 42 meteorites. From the very beginning, it was suggested that the
CR flux reaching the Solar system should periodically increase each crossing of a
Galactic spiral arm. Searching for this signal in the CR exposure age record of iron
meteorites, [Shaviv, 2002] confirmed this prediction (Figure 14).

Then the hypothesis has been checked that climate, and in particular the tem-
perature, is affected by the CR flux to the extent that terrestrial glaciations can be
induced or completely hindered by possible climatic variations. Finally, it was found
that although the geological evidence for the occurrence of Ice Age Epochs (IAE) in
the past Eon is not unequivocal, it appears to have a nontrivial correlation with the
spiral arm crossings — agreeing in period and phase. Note that the correlation need
not be absolute since additional factors may affect the climate. As it was predicted by
the model, an averaged histogram of the 41K/ K exposure ages of Fe meteorites to
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be clustered around the CR flux minima. The cluster-IAE correlation further sug-
gests an extraterrestrial trigger for the glaciations. Thus, a better timing study of gla-
ciations could either confirm this result as an explanation to the occurrence of IAEs
or refute a CR flux climatic connection.

Recently, the results and conclusions by [Shaviv, 2002] have been severely criti-
cized by [Overholt et al., 2011]. These authors re-examined past suggestions of a
close link between terrestrial climate change and the Sun’s transit of spiral arms in
its path through the Milky Way Galaxy. As shown above (see [Figure 14]), these links
produced concrete fits, deriving the unknown spiral pattern speed from terrestrial cli-
mate correlations. Although in a number of previous works it was found a correlation
between the 140 Myr climate cycle on the Earth and the intersection with spiral arms
(e.g., [Shaviv, 2002]), with a new set of data on the structure of the Galaxy, accord-
ing to [Overholt et al., 2011], this correlation disappears.

The authors used a new model of the large-scale gas distribution in the Galaxy,
using a velocity deconvolution of CO and H I line data based on self-consistently
computed, non-circular gas flows in the inner Galaxy. In contrast to many published
studies, this model does not force azimuthal symmetry into the spiral-arm structure.
The asymmetry of the arms near the solar circle erases any correlation to the 140 Myr
cycle and any periodic trend less than the orbital period of our Solar system relative
to the spiral pattern as a whole. This would be greater than 500 Myr for the previ-
ously fit pattern speed. Even if [Overholt et al., 2011] allow the pattern speed to vary,
it will not be less than the orbital period of the Sun, which is still longer than the
140 Myr cycle in question. The asymmetry of the new galactic picture could create
a correlation between the spiral arm crossings and any non-periodic event by vary-
ing the pattern speed. The final authors’ conclusion is: Based on these new data,
there is no evidence to suggest any correlation between the transit of our Solar sys-
tem through the spiral arms of our Galaxy and the terrestrial climate. This categori-
cal conclusion, nevertheless, by no means removes the problems and consequences re-
lated to enhanced occurrence rate of SN bursts and increased CR fluxes at the Sun’s
transit of spiral arms.

5. ASTROBIOLOGY, COSMIC RAYS AND MARTIAN EXPERIMENTS

In the context of the problem under consideration, of paramount interest is a ques-
tion about a possibility to preserve some kinds of life in the surface layers of Martian
soil. This problem is discussed since the realization of the first astrobiological experi-
ment at Mars, namely, landing of the space module Viking in 1976. Interpretation
of the Viking results made very actual a discussion of the hypothesis on the presence
of strong oxidants in the regolith that may not be compatible with organic life (e.g.,
[Cheptsov et al., 2012]). Thus, it was no surprise that our first interplanetary target to
look for life was Mars (e.g., [Levin, 2010]).

Since 1960, more than 40 spacecraft have been launched to Mars. Only 20 of
these craft succeeded in orbiting or landing on the planet. But the first evidence of
life on Mars, according to the opinion by [Levin, 2010], was already found... three
decades ago! He argued that in 1976, the Viking Mission has already obtained strong
evidence for life on Mars. That evidence has been so unreasonably tinged that many
people have never heard of it. The Labeled Release (LLR) life-detection experiment,
performed by Levin and his colleagues, released radioactive food into a sample of
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Martian soil to see if there were any microbes present that would ingest the food and
then exhale radioactive gas. The LR data detected such an exhalation — and the re-
sponse was exactly what researchers would have found in soils on Earth. Yet, because
this was Mars, there was a lot of skepticism about the findings. The skepticism was
reinforced by another Viking experiment that found no organic compounds in other
soil samples. Researchers have since impugned the instrument that conducted the
organic search, but the positive LR results have not been vindicated and are still at-
tributed to some unknown, highly oxidative chemical in the soil. But even that has
been shown to be wrong. After more than 30 years of avid testing by many skeptics,
no one has found a non-biological way to replicate the results of the Levin’s experi-
ment.

In fact, recent planetary observations have brought new data that allow to revise
the results of Viking experiments. Key finding for that was a discovery of the sodium
perchlorate NaClO, (salt of chlorine acid) in the Martial soil. At the Earth’s surface
the perchlorate is rather extensively spread in arid biotopes, in forms the evaporites.
However, biological role of this active oxidant is poor studied. Some recent publi-
cations concerning new analysis of Viking Mission results, where the perchlorate is
included in the analytical model, give rather forcible arguments in favour the sugges-
tion that the life on Mars was really found in 1976.

In 2008 the experiment MECA onboard spacecraft Phoenix found the per-
chlorate NaClO, in the Martian soil. At the temperature above 200 °C used in the
LR-experiments, this substance displays the properties of strong oxidant. Model
experiments confirmed that the perchlorate transforms organic substance in the soil
into chloromethane and dichloromethane, and just those gases have been found in
the LR-experiments. According to opinion by Gil Levin (principal investigator of
the experiments), this result, together with a bulk of other Martian data (studies of
the meteorite Allan Hills, planetary data on the presence of methane and formalde-
hyde, discovery of sedimentary rocks, direct and indirect evidences of the presence
of liquid water at the Mars, discovery of perchlorates) confirmed that in 1976 the
LR-experiments have provided distinct proofs of the life presence in the Martian soil
[Levin, 2010] (see also: http://gillevin.com/Mars/EARTHComment_8=9-10.pdf).

There are also some another interesting aspects related to the problem of life
evolution (adaptation) at the Mars. As well-known, Mars has no dense atmosphere
and strong magnetic field. Therefore, particles of GCR and SCR can effectively
bombard the Martian surface. This impact results in the formation of radiation back-
ground that may reach about 100 times of that at the Earth’s surface. However, as far
as we know, up to now, there are no special theoretical and/or experimental works
on the variations of CR background and their influence on the biological objects and
biomarkers in the course of long-term Martian evolution.

As mentioned above, detection of the organic matter on Mars is one of the
main goals of the current and future Martian landing missions. However, as noted by
[Pavlov et al., 2012], the degradation of organic molecules by cosmic ray irradiation
on Mars is often ignored. The authors calculated the accumulation rates of radiation
dose from solar and galactic cosmic rays at various depths in the shallow Martian
subsurface (Figure 15). It was shown that a 1 Gyr outcrop on Mars accumulates the
dosage of ~500 MGy (MegaGrey) in the top 0...2 cm and ~50 MGy at 5...10 cm
depths. It means that the preservation of ancient complex organic molecules in the
shallow (~10 cm depth) subsurface of rocks could be highly problematic if the expo-
sure age of a geologic outcrop would exceed 300 Myr.
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Figure 15. Exposure time (a) at 1 cm and (b) at 5 cm depths necessary for a 1000-fold de-

crease in the organic molecules abundance vs. molecular mass of the organic compounds.

The “standard” Martian surface rock composition and 7 mbar atmosphere were assumed for

calculations of GCR contribution. Calculations of the organic degradation due to SCR as-

sume that the atmospheric pressure drops to 0.2 mb for 10 % of Martian history in the last bil-
lion years (for more details see [Pavlov et al., 2012])

On the other hand, it was demonstrated that more simple organic molecules
with masses ~100 amu should have a good chance to survive in the shallow subsur-
face of rocks.

SUMMARY AND CONCLUSIONS

As noted in the Introduction, life on the Earth has developed with an ever present
background of radiation. It is not something new, invented by the wit of man: ra-
diation has always been there. The fields of heredity, botany, genetics, cytology and
other biological sciences are becoming increasingly important because of the inten-
sive studies being made of the effects of radiations upon cell structure and offspring
of animals and human beings who have been exposed to various types of radiations.
Of course, when considering the problems related to the origin and evolution
of the biosphere we should take into consideration rather deeply studied principles
of adaptation of the biological systems to cosmophysical factors (see, e.g., [Agulova,
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1998]). One of them is a complex impact of the factors on the biological object. With
this in mind, it is very important to separate and estimate quantitatively the partial
contributions of main and concomitant factors, for instance, cosmic rays, as it seems
to take place in the case of metachromasy investigations. On the other hand, there
is evidence concerning evolution analogous to plate tectonics in geology, imposing
an overarching simplicity while leaving mismatches to explain and infinity of details
to explore. Anyhow, we believe that at present there are serious grounds (see, e.g.,
[Obridko et al., 2012]) to consider the modern response of the biological systems on
cosmophysical factors as specific “atavistic” reaction on the changes of the habitat
(“evolution-adaptation syndrome”).

Thus, from the results and discussions given above we can naturally formulate

several promising Research Tasks, as follows:

1. Analysis of the occurrence rates of SN bursts and that of the ordinary (in
particular, dwarf) stars from the nearest environment of the Sun with a goal
to specify their relative contribution into observed GCR flux.

2. Revision of meteorite data available on the variation of GCR flux in the deep
past, with taking into account the results of Task 1.

3. Estimates of maximum potentialities of particle accelerator at the Sun at
present time and in the epoch of “young Sun”.

4. As an example of complex fundamental and/or applied problems, we em-
phasize a great importance of the searches for life signatures at the Martian
surface, taking into account theoretical and empirical estimates of radiation
hazard at the Martian orbit from GCR and SCR in modern epoch and fur-
ther theoretical calculations of possible CR impact on the Martian surface
layers in the deep past.

In the whole, from astrophysical point of view, it would be timely, in particular,
to estimate anew the probabilities of SN bursts and giant flares at nearest dwarf stars,
taking into account accurately the transport time of CR from their sources to the
Earth. It would be also important to revise a modern concept of so-called “Galactic
Habitable Zone”, taking into consideration new data on the structure of Galactic
spiral arms. As to occurrence rate of giant solar flares, we are ready to apply a hy-
pothesis that in the remote past the young Sun was able to produce the fluxes of SCR
of several orders magnitude of the present values. The consequences of such situation
concern mainly the fields of radiobiology and genetics. To our mind, the radiobiolo-
gists and genetics have to carry out new modeling studies with taking into account
new real information about cosmic ray variations in the past and in the present time.
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KOCMWUYECKWME Ny4U 1 3BONIOLIUA BUOCOEPDI:
MOUCK HOBbIX MOAX010B

JI. . MupowHuyerko 1.2

NHCTUTYT 3eMHOro marHeTusma, MoHochepbl U pacnpocTpaHeHus pagnoBosH um. H. B. Mywkosa
Poccuickoin akapemun Hayk (M3MWPAH), Tpounuk, Mocka, Poccus, e-mail: leonty@izmiran.ru
HayuHo-nccnepoBatenbckuin MHCTUTYT apepHoi dusukn (HUAAD MIY) um. [1. B. CkobenbubiHa
MocKkoBcKoro rocyaapcTBeHHoOro yHnsepcumteta umeHn M. B. JlomoHocoBa, Mocksa, Poccua

buochepa 3emnau 3apoawsach, pas3BUBaJach M MPOMOJIKAET CBOIO 3BOJIOLIMIO MpPU
HaJIMYUU TIOCTOSIHHO JIEMCTBYIOIIETO 9KOJOrMYeckoro akropa — paavalimoHHOro ¢oHa
MOHU3UPYIOINX M3nydeHuit. K ImoclIemHUM OTHOCATCS, B TEPBYIO OYepelb, €CTECTBEH-
Hasl paIMOAKTUBHOCTb OKpPYXXalolIel Cpeibl 1 KOCMUUYECKHUE JTYIM TaJlaKTUYeCKOTo U COJI-
HeuyHoro mpoucxoxaeHusi (I'KJI u CKIJI). IToTok KOCMHUYECKUX Jydeil, MPUXOISIINX
u3 [aJakTUKHW, TOABEpPXKEH 3HAYMTEIbHBIM M3MEHEHHWSIM BO BPEMEHHM M TMPOCTPAHCTBE.
[IprunHOIf TaKMX U3MEHEHU MOTYT OBITh BCOBIIIIKIA CBepXHOBBIX 3BE31I, OCOOSHHO B IIEPH-
onnl ipoxoxneHus: CoJiHIIAa yepe3 cnupaibHble pykaBa ['anmaktuku. B cBoio oyepens, moTo-
ku CKJI 3aBUCSIT OT 4acTOThl U MOIITHOCTHU BembllieK Ha ConHue. CymMmMapHoe BO3IeiicTBUE
I'KJI u CKJI Ha 0K0JI03eMHOE TTPOCTPAHCTBO, B KOHEYHOM CUETE, CUJIBHO 3aBUCUT OT YPOB-
HS comHeuyHou akTuBHOCTHM (CA) B HacTosIiee BpeMs U MOIJIO CYIIECTBEHHO 3aBHCEThb
ot CA B nanékom mpouuioM 3emiu (B a1oxy «Mojogoro ConHiia»). B HEKOTOPBIX 3KCepr-
MEHTaX ITOCJIEIHEr0 BPEMEHU OTMEYaloTcsl d¢hghekmbl 6030elicmeust 6MopuU4HbIX HelimpoHos
om KJI Ha KJeTOUHbBIE KYJbTYphl (HAallpUMep, BO BPeMsI COTHEUHBIX MTPOTOHHBIX COOBITHIA
B okTsi6pe 1989 r.). TKJI cBepxBbicokoil sHepruu (>10'° 5B) ¢ BBICOKOIl BEPOSTHOCTHIO
WHUIMUPYIOT MOJHUEBBIE pa3psiibl B aTMocdepe, UTO, B CBOIO OYepesb, CIIOCOOCTBYET
00pa306anuio HeKOMOPbIX CAONHCHBIX MOAEKYA, KOTODPbIE SIBJISIIOTCSI OCHOBHBIMU CTPOUTEbHBI-
MM «KUPIUIaMW» IJIST 3apOKIECHMS W Pa3BUTHSI KU3HU Ha 3emie. B 0630pe cymmupyroTcst
COBpEeMEHHBIe acTpodU3NIecKKe TaHHbIe O YaCTOTe BCIBIIIEK CBEPXHOBBIX, O BEPOSITHOCTH
M 4aCcTOTe TMTaHTCKUX COJTHEUHBIX BCIIBIIIEK B HACTOSIIIIEe BPEMS U B HAJIEKOM ITPOIILIIOM,
0 BapualusIX KOCMUYECKUX JIydyell B IPOLLIOM U UX BO3MOXHOM BKJaJie B U3MEHEHUSI KJIW-
MaTa ¥ 3BOJTIOIINIO OMocdephl.



TAXENDIE AAPA B KOCMOCE — UCTOYHUK
PAIUALIUOHHON ONACHOCTK

M. U. Nanacrox

HayuHo-nccnefoBatenbckuii MHCTUTYT agepHon ranku umenn . B. CkobenbLbiHa
MoCKOBCKOro rocyfiapCTBeHHoro yHmeepcuteta nmerHu M. B. JlomoHocosa (HAAD MIY),
MockBa, Poccus e-mail: panasyuk@sinp.msu.ru

IloTokn TSKENBIX simep (MOHOB) B KOCMUYECKOM IIPOCTPAaHCTBE, KaK IPaBWJIO, MaJlbl
MO CPaBHEHUIO C MPOTOHHBIMU U JEKTPOHHBIMU U HE MOTYT BbI3BAaTh 3aMETHBIX J030BbIX
3¢ dexToB. OnHAKO UMEHHO OHM PacCMaTpUBaIOTCSl KAK OCHOBHOI KOMIIOHEHT, BbI3bIBa-
JOIINIA TaK Ha3bIBaeMble OMMHOYHBIC COOM B MMUKPO3JICKTPOHUKE U JIOKAJIbHbIC HAPYIIEHUSI
B OMOJIOTMYECKUX CTPYKTYypaxX Ha MOJIEKYJISIPHOM ypoBHe. VX poJib cpenu apyrux adekTon
panMalMoOHHOTO BO3AEMCTBUS Upe3BbIYAliHO aKTyajbHa KaK C TOYKU 3PEHUS] HaAEXKHOCTH
KOCMMUECKHX anmnapaToB, TaK W CHVXKEHUSI pUCKA JUIMTEbHBIX KOCMUYECKUX TTOJETOB Ye-
JoBeka. Ho Henb3sT McKiouaTh U BIMSIHUE TMMPOTOHHOM pamyali Ha BO3HUKHOBEHUE (-
(bexToB TUMA OMMHOYHBIX COOEB W HApPYLIEHWI B OMOJOTUYECKUX CTPYKTypaX BCIEICTBUE
reHepaluvu MMM, HalpyuMep, BTOPUUYHBIX TSDKENBIX sigep. Sapa (MOHbI) B KOCMOCE UMEIOT
pa3Hble MCTOYHUWKU, TMOJABEPraloTCs BO3AEHCTBUIO PA3IMYHBIX TUIIOB YCKOPEHUS U Tiepe-
Hoca, (GOpMHUPYIOIINX WX PA3JIMYHBIE MPOCTPAHCTBEHHO-BPEMEHHBIE M JHEPTETHYECKUE
XapakTepucTuku. Kak mpaBuio, J000ifi KOCMUYECKUI armapaT MOABEpraeTcsl OMHOBpe-
MEHHOMY BO3JeHCTBUIO HECKOJIbKMX KOMITOHEHTOB KOCMUUYECKO pagualuu. DTO BbI3bIBAET
TPYAHOCTH MPU MOAETMPOBaHUU 3(PDEeKTOB BO3ACHCTBUSI HA HA3eMHBIX ycTaHOBKax. boiee
TOTO, B HEKOTOPBIX CIIyJasiX 3TO HeaeT UX OecCMBICIeHHBIMU. JlaHHasI cTaThs MOCBSIICHA
ONMUCAaHMIO (PUBMUYECKUX XapaKTEPUCTMK MOHHOTO KOMITOHEHTa KOCMMYECKOU pamualuu
U ipo0sieMaM, CBSA3aHHBIM C UX MOJEIUPOBAHUEM MJIS1 OLIEHKW PaAuallMOHHOTO PUCKa KOC-
MUYECKUX TMOJIETOB.

BBEAEHWE

HHTepec K M3ydeHMIO TSDKENBIX sSIep B KOCMOCe, KaK MCTOYHUKY paavalliOHHOMN
OTACHOCTH TS YejloBeKa M co3daBacMOil MM KOCMMYECKOM SJIEKTPOHMKH, BO3-
HUK B TIEPUOJ MEePBBIX JIYHHBIX 3KCIIeuLi yemoBeka. ActpoHaBTel CIIIA coBep-
WA HECKOJIbKO 3KCIeaunuii Ha JIyHy Ha KOCMHUYECKUX aImmaparax «AIOJUIOH».
B omHoit 13 TIepBBIX 3KCIIEAUIINI aMepUKaHCKUiA acTpoHaBT b. OImpuH cooOIm
0 CBOMX HEOOBIYHBIX OIIYIICHUSX: MHOTAA BO BpeMs IOJIETA OH HAOIIoma sipKue
BCIBIIKK B Ta3ax. [lopoif mx yacToTa mocTurajia COTHH B AeHb. MIMeHHO Torma
¥ OBUTO BBICKA3aHO TPEIITOJIOXEHHE, YTO 3TO SIBJIEHUE MOXET OBITh BBI3BAHO Ta-
nakTndeckuMu kocmudeckumu Jiygamu (I'KJI), mocTossHHO mpHCYTCTBYIOIIMMU
B KOCMHMYECKOM TIPOCTPAHCTBe. B X cocTaBe ecThb TSXKENbIE sSTapa — YIJIEPOI, KHUC-
Jopoxn, xene3o. IMeHHO 3TH simpa, objamaromine OOMBIIMMU, YeM JIETKUE spa,
MOHM3AIIMOHHBIMU TIOTEPSIMHU, M BBI3BIBAIOT BCITBIIIKM CBETa B IJIa3aX YeIOBeKa.
Ilo cytu, r1a3 4yelmoBeKa — CBOEOOpA3HBIN METEKTOP KOCMHUYECKOTO M3IyIeHUS,
PETUCTPUPYIOIINIA €T0 OTHACIBbHBIC, TSXKEIbIe KOMIIOHEHTH. B maHHOM ciydae Ts-
XKeEnble 3apskeHHbIe YacTUlibl (T3Y) BeI3bIBaIOT (poChEHEI B IJIA3HOM S0JIOKE.

Tak Havyamack uctopus uccienoBannsa T3Y B KocMoce B acIieKTe U3YIeHUST NX
BO3IEHCTBUST Ha OMOJIOTMIECKUE CTPYKTYPHI U 3JIEKTPOHUKY KOCMUYECKUX alla-
paToB.

I'me B KocMoce BCTpeyaloTcs TSDKEMbIe 3apsoKeHHbIe YacTUIbI? KakoBHI UX oc-
HOBHBIE MEeXaHW3MBI BO3IEHCTBUS Ha OMOJIOTMYECKUE CTPYKTYPhl U KOCMUIECKUIA
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anmapat? KakuMm o0pa3oM MOXHO 3alllMTUTh KOCMUYECKUI aImapar M 4ejIoBeKa,
COBEPIIAIOIIETO KOCMUYECKUIA TTOJIET, OT HeOaronpusTHOro Bo3aeiicTeust T3Y?
ITonwiTKa OTBETa Ha JaHHBIE BOIIPOCHI OYIET cAcaaHa B TaHHOM paboTe.

1. O BO3OENCTBUW TAXKENbIX 3APAMKEHHbIX YACTUL
HA BUOJTIOTUYECKUE CTPYKTYPbI

Tsoxénble 3apsoKeHHBIE YaCcTUIIbI, 001amast OOJIbIIIONM MAacCoii, TEPSIOT 3HAYNUTEIIb-
HO 0O0JIbllle DHEPruyu Ha €AMHUILY TIPOMAECHHOIO MyTHU, YeM 0oJjiee JErKue 4YacTUllbl
C TOU Xe CKOpocThio. BenencTBue 3Toro OyayT NMpOSIBASITBCS TOJBKO JIOKAJBHBIE,
B MUKPOCKOIMYECKUX 00bEMax, MOBpexXaeHUsI OMocTpyKTyp. IIpu Manbix moTokax
T34 He cnenyeT, KOHEUYHO, OXUIATh «1030BbIX» 3(P(PEKTOB, XapaKTePHBIX JIJIsI BbI-
COKOMHTEHCUBHBIX TTOTOKOB MOHU3UPYIOLIETo U3IydeHus. TeM He MeHee, BO3eii-
ctBue T34 B MUKpooObEeMax MOXKET BbI3BaTh CYIIIECTBEHHbIE M, MHOIIA, HEOOpaTH-
Mble U3MeHeHUs. OOHUM U3 TaKUX Pe3yJbTATOB BO3IEHCTBUS SIBJISIIOTCS TTOBPEX-
JeHUsI, BO3HUKAIOIIME Ha KJIETOUYHOM YpPOBHE. DTO HAIISIAHO AEMOHCTPUPYETCS
pe3yIbTaTOM BKCIEPUMEHTA, TTOKAa3aHHOTO Ha puc. 1: MpU OXHOM U TOM XK€ UCXO/-
HOI1 103€ pagualyy OT 3JIEKTPOHOB U TSLKEJBIX YaCTHULL YMCJIO TTOBPEKAEHHBIX KJle-
TOK B TIOCJIEHEM CJyvae 3HauMuTeJbHO Oobiie. Kak cieacTtBue, yacTrora MyTauuit
OT MOIITHOCTU A03bl npu ob0aydyeHun T3Y u ramMma-usiaydyeHUeM TakKe pa3Has —
B IIepBOM ciydae OoJibiie. Kak pe3yjibraT — HeoOpaTUMBble TeHETUYECKUE TTOCIe]I-
CTBUSI, B TOM YHMCJIE U KAHLIEPOTECHHEIE.

T34 moryt BeI3BaTh u3MeHeHus B cTpykType JJHK. Boma — ocHoBHOe Bellie-
CTBO OMOJIOTMYECKUX TKAHE — MO/ BO3AECUCTBUEM paarallii MOHU3UPYETCs, B pe-
3yJIbTaTe 00pa3yloTcs CBOOOAHbBIE paauKajbl, KOTOPbIE MOTYT Pa3pylLIUTh MOJEKY-
asapubie cBs13u JJHK. He uckmiouéH u cueHapuit nmpssMoro nospexkaeHns JJHK mpu
topmoxeHuu T34 (puc. 2). Cieayer OTMETUTh, YTO 00J1acTh B3auMoneiicteus T34
C BEILIECTBOM OMOCTPYKTYD, B OTJIMUKE, HAIIPUMEDP, OT TAMMa-KBaHTOB, COITOCTABU -
Ma ¢ pazMepaMu a1eMeHToB camoii JIHK — cTpyKTyphl ¥ KJI€TKM. DTO IIPUBOIUT,
€CTEeCTBEHHO, K 04eHb 3(P(PEKTUBHOMY PE3yIbTaTy — JIOKAJbHBIM MOBPEXKICHUSIM.

‘ MornowéHHan ao3a 0,5 38 ‘

MoBpexaEHHLIe KNeTkn

n“s-‘-l ‘; . X
Absorbed dose: 0.1 Gy \

ONeKTPOHLI Anbtpa — yacTuubl,
TAXEnble sapa

Puc. 1. Tsexenbie yacTuilbl BO3ACHCTBYIOT Ha KJIeTKU Ooiiee 3¢hdeKTuBHO, yeM Oosee Jier-
KUe: TIpY OTHOM M TOH Xe 103€ pamuallii YKCJIO MOBPEXACHHBIX KJIETOK MpU OOTyYeHUN
TSKEJIBIMU SIAPAMU 3aMETHO OOJIbIIIe
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Puc. 2. Bzaumoneiicteue T34 ¢ monekynoit JHK mpoucxoaut B npenenax ee JUHEHHBIX
pa3MepoB (~20A). DTO MOXET IPUBECTU K HapyIIEHUSIM B €€ CTPYKType: IN00 dyepe3 obpa-
30BaHUE CBOOOIHBIX PaTUKaIOB, JINOO HATIPSIMYIO — TIyTeM TTOBPEXICHUS CaMO MOJIEKYITBI

ITo cBunerenabcTBy crieunainuctoB HACA, y HEKOTOpPBIX aCTPOHABTOB — BETe-
paHOB JJIUTEJIBbHBIX KOCMMYECKHUX ITOJETOB HAOMIONANIMCh CEPbE3HBIE XPOMOCOM-
Hble abeppalluu KpoBSIHBIX KieTok [Geopge et al., 2001] 4To MoXeT OBITH CBUIIE-
TEeJbCTBOM Hauajla pa3BUTUSI KAHLIEPOTEHHBIX 0Opa3oBaHMil. DTU 0Opa3oBaHMUS
MOTYT W HE BbI3BaTbh PaK, €CJIM OHU HE OyAyT MOIBEPXKEHBI JOMOJIHUTEIbHBIM MY-
TalMsIM, HO, HECOMHEHHO, MoTeHLIMaabHOo onacHbl [Cucinotta et al., 2000]. dpyroit
npuMep: Bo3aeiictBue T3Y Ha ria3 yejoBeKa MOTYT IIPUBECTU K MOBPEXKICHUIO
KJIeTYaTKU 1 xpycTanuka [TpyxaHoB u ap., 2001].

OJHaKO Hallo OTMETUTh, YTO B caMOM MeXaHu3Me B3aumoneiicrus T3Y ¢ kie-
TOYHBIMU CTPYKTypaMU MHOTO HESICHOTO M caMa IpobiieMa B paMKaxX pagualioH-
HOI1 6uoJIoTUM AajieKa oT peleHus. Tak, HampuMep, BEpOATHOCTb PaguallMOHHbIX
HapylLIeHWI, ONMCAHHBIX BHIIIE, HE 00513aTeIbHO MPOIOPILMOHATIbHA OOIIEH 103€e
paguanuu. Camu abeppallMy pa3HbIX TUIOB MO-Pa3HOMY COOTHOCSITCS C BeJIUYU-
HOM 0011el 103bl: IJIs1 OOHUX adeppaliiii HeOOXOAMMBI MaJible 1035, I IPYTUX —
3HaYUTEJIbHO OosbiIve. He BMomHe siceH U CUHepreTHuueckKuii apdeKT pa3InyHbIX
BUJIOB pagualiuu: ckaxeM, Bo3aciictue T3 Hapsay ¢ raMMa-u3iydeHUeM, 2J1eK-
TpoHaMu. Tak, Hanpumep, U3 ctatbu [ITpyxaHoB u ap., 2001] cienyer, yTo eciu
XpYyCTaJUK TJIa3HOTO S1010Ka MpeaBapUTEeIbHO 00JyYUTh MOHU3UPYIOIIEH pagualii-
e, pa3BUTHE KaTapaKTHBIX SIBJIEHUI IIPOTEeKaeT ObICTpee.

buonornyeckass 3¢p@GEKTUBHOCTS MOHU3MPYIOLIEH pagudallui KOppeJupyeT
C DHEProBBIAEICHUEM BIOJb TPeKa YaCTUIILI B MPOXOAMMOM €l0 BellecTBe. B ka-
4YeCTBe eAUHULIBI U3MEPEHUSI IMOTePb SHEPTUU YaCTULIBI OOBIYHO MCITOJIb3YETCS Be-
JIMYMHA JIMHEeHHBIX oTtepb — JIIID, nan JITID — “linear energy transfer”. JII1D —
BHEPTUs, TepsieMasl YacTULIei Ha eAUHUILLY JUIMHbBI B BEILIECTBE, T. €.

JITD [MSB/(MI“CM)z]:%, (1)

IIe P — MaccoBasl IUIOTHOCTh BelllecTBa. BumHo, uto JITID 3aBucUT OT THIA Ya-
CTULIBI, €€ SHEPTUHM U MACCOBBIX CBOMCTB camMoro BemectBa. CUndTaeTcst, YTo OMO-
Joruyeckast 3¢ heKTUBHOCTh Bo3aeiicTBust T34 (Hanpumep, MHAKTUBALIUS KJIETKHN)
HauMHaET YBEJINYMBATLCS C OMPEISIEHHOrO IMOpora, 3aTeM HACTyIaeT HachIIeHre
(cM., Hanipumep, [bopeiiko, KpacaBuh, 2011]).
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HecMoTpst Ha TO, 4TO CylIEeCTBYIOT (haKThl, CBUAETEIbCTBYIOILIME B MOJb3Y Ta-
KO MHTepIpeTaly B3aUMOIECUCTBUSI MOHU3ZUPYIOILIEH paaualiud ¢ OMOCTPYKTY-
paMmu, clieayeT OTMETUTb, UTO 3aBUCUMOCTh Mexny JITID u 6103 heKTMBHOCTHIO
BoznaeiictBust T34 He saBasiercst npoctoit ¢pyHKuMe. CBUAETENbCTBO TOMY — Ha-
npumep, TOT ¢akT, 4To 6MO03((HEKTUBHOCTL MOHOB C PA3JIMUHBIMU 3apsiIOBbI-
MU cocTostHUsIMU TIpu ogHOM M ToM ke JITID [Cucinotta et al., 2011] — pa3nas.
CrieinanycramMy B 00J1aCTU paauoOMOI0OTUU OTMeUaeTcsl, YTo, B OTJIMYMEe OT Hell-
TPOHOB U, CKaxeM, ajib(ha-yacTull, CUTyalMsl Mo U3yyeHUIO0 3(D(HEKTOB BO3Iek-
CTBUSI Ha OMOCTPYKTYpPHI OT BhICOKOAHepTruuHbIX T3Y npencrasisiercs 6osee Mmpo-
osemaTryHoi. Takue maHHbIe TTPAKTUYECKU MTPOCTO OTCYTCTBYIOT, a UMEIOIIMECS
OTHOCSITCSI K 3KcIepuMeHTaM ¢ 6osbiuumu go3amu. s T3Y ¢ Gonbiimmu 3Have-
Husamu JITID 6uonornueckast 3¢GeKTUBHOCTb BO3IECTBUSI HE UMEET MPSMOI CBSI-
3u ¢ JITID. D10 mponcxomuT cKopee BCETO M3-3a TOro, YTO IIMPUHA TPeKa YaCTUII
B BEILIECTBE 3aBMCUT OT CKOPOCTH YacTull. [ToaTomMy yacTulibl ¢ pa3HbIMU 3apsiiaMUu
siiep Z MpUBOJAT K pazHOMy addekTy npu ogHoMm u ToMm xe JITID. Tak, nmo gaH-
HeiM [Cucinotta et al., 2000], MakcumMyMm Omonormyeckoil 3PpPeKTHBHOCTH BO3-
neicteust uamensiercst ot 100 go 6osee uem 150 kaB/MKM nipu usmeHenuu ot Z=1
(tipoToHBI) 10 Z=26 (kene30). MOXHO KOHCTaTUPOBATh, YTO 61103(PHEKTUBHOCTH
BozaeiicTBusl oT T3 Ha OMOCTPYKTYphI CKOpee 3aBUCUT OT 3apsijia YacTULIbl Z U e€
sHepruu, yem JITID.

B aToM ciyyae cTaHOBUTCSI OU€BUIHBIM, UTO «JITID — KOHUENIMsI» UHTEpIIpe-
Tauu apdexroB BozaencTBrs T3U Ha OMOCTPYKTYpPbI HE SIBJISIETCS BIIOJIHE COCTO-
STEJIbHOM.

B koHTekcTe uziioxeHuss MexaHu3MoB BozneicTBUs T3U Ha OMOCTPYKTYpbl
cienyeT ynoMsiHyTh 1 00 U3MEHEHUUM KOTHUTMBHBIX (DYHKLMH BBICIIUX MJIEKOTH-
tatoniux npu Bozaeiicteun T34 [KpacaBun, 2012]. TIpuunHoii TOMy — Hapyiiie-
HUSI Ha MOJIEKYJIIPHOM YPOBHE, U3YyYeHME KOTOPBIX TAKXKe €11l BIEpeIu.

Takum obpazom, KpaTKMii 9KCKYpC B JaHHYIO ITpo0JieMy MoKa3biBaeT, YTO U3-
yuyeHue panvauroHHoro Bo3aelicTBuss T3U Ha OMOCTPYKTYypbl — Ha MYTH CBOETO
pazButusa. OnHaKo yXxe ceifuac O4eBUIHO, UTO MOTEHIIMAIbHAsI OMTACHOCTb BO3Ek -
ctBust T3 Ha OMOCTPYKTYpbl — peaibHOCTh, KOTOPYIO HeJib3s He YUUThIBaTh MPU
MJIAHUPOBAHUM KOCMUYECKHX MUCCUTA.

2. OBO3JENCTBUM TAXKESbIX 3APAXEHHbBIX YACTUL,
HA SNEKTPOHUKY KOCMUYECKX ATMTTAPATOB

DTO yOWBUTENBHO, HO TMOAOOHBIE IO CBOEMY HETaTMBHOMY Pe3yJIbTaTy IOCIEH-
CTBUSI, HaOmogaeMble B OMOCTPYKTypax mpu Bo3aelicTBuu Ha Hux T34, obHapy-
KHUBAIOT Ce0S M B KOCMUYECKON 3JIEKTPOHUKE. DTH 3G (MEKTH CTaIN 3aMETHBI ITPH
IIUPOKOM BHEAPEHUN B OOPTOBYIO 3JEKTPOHUKY MHUKPOCXEM BBICOKOI CTEITeHU
nHTerpaun. [TosTomy Takast mpoGiemMa BO3HUMKIIA Iae-TO Ha pyodexe 60—70-x .
TIPOIILTIOTO CTOJIETHS, T.€. TaXke KaJeHIapHO e€ IOSIBIICHNE COBITAJIO C POXIECHUEM
CXOIHO IpOO6JIEMBI B paIvalliOHHO OMOJIOTHH.

B kadecTBe mpsMOTro moKa3aTeabCTBa CYIIeCTBOBaHUS 3(pdeKTa HeraTUBHO-
ro BoznetictBusa T3Y Ha GOpTOBYIO SIEKTPOHMKY MOXHO IIPUBECTH PE3YIbTAThHI
aKcIepuMeHTa Ha puc. 3 [Bashkirov et al, 1999]. 3nech mpuBoAMTCS YacToTa COO-
€B B MUKpOCXeMe TaMsTH, HaOJogaBIIascsd Ha OMHOM W3 CITYTHUKOB B TeUCHHE
psna ier. TaMm XXe HaHeceHa KpWBasi COTHEUHOM aKTMBHOCTU. Hanuiio — BeIcoKast
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KOPPEJALMS MEXAY 3TUMM SIBICHUSIMU. B rogbl MUHMMyMa COJTHEYHOW aKTHB-
HoctH, Korga mmoTok ['KJI MakcuMareH, yactota c60eB HapacTaeT, a yMEHBIIAeT-
cs B Makcumyme, koraa nmotok 'KJI — MuHumaneH. Takum o6pasom, 04eBUIHO,
yto yacturbl ['KJI ObutM MCTOYHUKOM COOEB B OOPTOBOI 3JIEKTPOHMKE ITaHHOIO
cryTHUKa. B pesymbrare BosmeiicTBusa 'KJl Ha MuKpocxeMy OOPTOBOM KOMITBIO-
Tep KA MOXeT «3aBUCHYTB», a 4epe3 HEKOTOPOe BPeMsT BOCCTAHOBUTHCS, HO WHO-
I1a ¥ OKOHYATEIbHO BBINTH U3 CTPOST (3aMEThTE CXOACTBO C BO3IEHCTBHEM Ha OMO-
CTPYKTYpBHI!).

KakoB xe MexaHu3M o6pa30oBaHUsI cO0eB B MUKPOCXeMax MOoJ BO3IACHCTBUEM
T34?

B mipuHSATO# B HacToOsIIIee BpeMsT TEPMUHOJIOTUM — 3TO TaK Ha3bIBacMbIe «3(-
ekl onuHouHbIX coObITUIT — SEE (“Single Event Effects”) umu addexThs ogu-
HouHbIX cooeB. SABneHus SEE moryt ObITh K1accuULUMPOBaHbI KaK MSITKHUE COOU
(SEU — “single effect upset”) wiu xéctkue. K mocienHuM oTHOCATCS, HalpuMep,
SEL (“single effect latchup”) unu acpdext nporopanus p-n-nepexona SEB (“single
event burnout”), a TakKe psiI IPYTUX.

SEE mnpencrapisier coboii achdekt nmonuzauuu T3Y, reHepupymoluii Tpek
W3 3JICKTPOHHO-IBIPOYHBIX Map, KaK 3TO TMOKa3aHO Ha puc. 4. 3apsm, aKKyMyJIH-
POBaHHBIN Ha 3JIEKTpOIe, MOXET c(hOPMUPOBATH JIOXKHBIM CUTHAJ, TPWBOISIINIA
K MATKOMY c6010. JlapHemit copoc WiIM nepe3anich yCTPocTBa IPUBOINT, KaK
MpaBuiio, K HOpMajabHOMY (hyHKIIMOHUpoBaHUI0. [Tono6HbIe cO0M 0OBIYHO HAbJII0-
JAIOTCSA KaK MePeXOXHbIe UMITYIbCHI B JIOTHYECKHX WIIM BCTIOMOTATEJIbHBIX 1IETISIX,
a TaKkKe MHBEPTUPOBAHNUE B JIEMEHTAaX TaMSTH WM B perucTpax. Bo3aMoXHBI MHO-
TOKpaTHBIC ONMHOYHBIE cOOM, B KOTOpHIX equHudHas T34 mopaxaeT aBa wim 60-
Jiee OWTa, BEI3BIBAst OMHOBPEMEHHBIE COOM.

B omiimame oT «MATKUX», «<KECTKME» cOOM MPUBOAST K OTKa3aM, KOTOPhIE MC-
KJTIOYAarOT BO3MOXHOCTh BOCCTAHOBJICHUS IyTEM TIepe3anycka — IPH 3TOM (yHK-
IIMOHATLHOCTh YCTPOMCTB HapylIaeTcsl oKoHYaTebHO. OMUH U3 MPUMEPOB — 3~
ekt aménku», i SEL (“single effect latchup™). SEL npuBoaut K reHepanyuu
CUJTbHBIX TOKOB BO BpeMsI «3aBUCAHUST» B OTHOM COCTOSTHUH («3aIllIeTKUBAHUEC» ).
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Puc. 3. /lokazarenbcTBO CBsA3U Mexay udmeHeHussMu motoka ['KJI u cbosiMu B Mukpocxe-
Mme KA: xapakrepHasa monyisaius I'KJI B TeyeHre 1UMKJIa COJTHEYHOM aKTUBHOCTH IIPUBOAUT
K aHJIOTUYHBIM U3MEHEHMSIM YaCTOThI COOEB
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Puc. 4. MexanusMm ¢GhopMUpOBaHUS OMMHOYHOTO cOost B Mukpocxeme: T34, mpoHwuKast

BHYTPb UyBCTBUTEIbHON 00JIACTM MUKPOCXEMBI, CO3/IAI0T JIOKAJIbHbIE HAPYIIIEHUS 3JIEKTPO-

MIPOBOTHOCTH, UYTO IMPUBOIUT K cOOSIM B pabote ycTpoiicTBa. pyrasg BO3MOXHOCTb — POX-

JIEHUE BTOPUYHBIX YACTULL B pe3y/bTaTe B3aUMOACUCTBUS HEUTPOHOB C KOHCTPYKLIMOHHBI-
mu MatepraniaMu KA 1 caMmoii MUKpOCXEMBI

CocTosHYe 3aIIeTKUBaHUS MOXET pa3pyIINTh YCTPONCTBO, 3aKOPOTHB HAIIPSI-
JKeHHe Ha OOIIeil IIMHe, WX IMOBPEIUTh MCTOYHUK 3JIeKTponuTaHms. MHTepecHO,
yto SEL BrmiepBbIe HAOMIOMAIOCh BO BpPeMS HA3eMHOTO WCITBITAHUS MHUKDPOCXEM.
Bonee monpobHo o pazmmunbix Tunax SEE MoxHO y3HaTh, Hampumep, B 0030pax
[Uymakos, 2007, Chechenin, 2012].

M ommcanust SEE o0BIMHO, TaK Xe€ KaK M B pagualliOHHON OMOJIOTUH, HC-
TOJIb3yeTCs KOHIISITINS JIMHEHHBIX oTephb dHeprun JIIID. CaurtaeTcs, 4To yCTOM-
YUBOCTb YCTPOMCTBA ompeneseTcss moporom JIIID, onpenensieMbIM 110 MUHUMYMY
JII1ID, BeI3BIBaOIIEH cOOM. 3HAs PHEPreTUYECKUI CIIEKTP MCXOTHOIO KOCMUYE-
CKOTO MOHM3MPYIOIIETO M3Iy4eHUsT M Ipeobpa3oBaB ero B JI[ID-crekTp, MOXHO
MOZENBHO OIIEHHUTh YaCTOTY CO0eB B KOHKPETHOM MHMKpOCXeMe C YIETOM €€ TOIOo-
JIOTUM M KOHCTPYKTUBHBIX O0cOOeHHOCTeil. DTOT MeTon olieHKM SEE ocHOBaH Ha
ompeneIeHUN UIST MUKPOCXeMBI TaK Ha3bIBAGMOU BETMYMHBI KPUTUIECKOTO 3apsi-
Ia — MUHUMAJIbHOTO aKKyMYJIMPOBAaHHOTO 3apsiia, CO31aBacMOTO MOHU3NPYIOIEH
JacTUIIE B YYBCTBUTEIHLHOM OOBEME YCTPOMCTBA M BBI3BIBAIOIICH OTWHOYHBIN
c6oit (cM., HarpuMep, [Kems et al., 1989]).

Takum o6pa3oM, BBHICOKOHEPTMYHAS HNOHU3WPYIOIIAs pagvdamus, ITOMU-
MO <«I030BBIX 3((EKTOB», — TJAaBHOW MPUYWHBI IETpafgalliyl ITOJIYIPOBOIHM-
KOBBIX IIPUOOPOB B BBICOKOMHTEHCUBHBIX TIOJISIX paavalliM, MOXKET BBI3BIBATH
cOou, BEI3BAaHHEIE HE OOBEMHOM, a JoKanbHOI moHm3anueit. I[Ipu atom SEE 3a-
pucar ot JIIID. 3aBucumocts ot JIIID HOCUT MOpOroBeIil XapakTep (aHAIOTMY-
Ho BozneictButo T3 Ha OuoctpykTyphl!). Cyasi mo 3aBUCUMOCTU, IMpeacTaB-
JICHHOM Ha pHuC. 5, cO0OM BO3HUKAIOT IIpu BozmeiicTBum T34, mmerommx mocra-
TOYyHO BbIcOKMe 3HadyeHus JII1D. Hauxynmmme muxpocxembl mmerotr mopor JIITO
~1...2 MaB/ (MF/CMZ). IIpu 6omnee Beicokmx 3HaYeHMsIX JITID ceyeHre pacTET U BhI-
xomuT Ha HaceimeHue mpu ~40...80 MaB/ (MF/CMz). OnpHako MMEIOTCST Pe3yIbTaThl
Ha3eMHBIX UCIIBITAHUI pAAa MUKPOCXEM, IEMOHCTPUPYIOIINE, YTO TaKas IpOCTast
3aBUCUMOCTDH BeposiTHOCTU cboeB ot JIIID — BecbMa ympoménHas. B peanbHOCTH
oHa 0oJjiee CITOXHAsI, CBUIETEILCTBYIONIAS O CYIIECTBOBAHUM «MHOTOYPOBHEBOTO»
noporoBoro 3¢ dexra.
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Puc. 5. 3aBCUMOCTD BEpOSATHOCTH OTUHOYHEIX COOEB OT IMHEWHBIX
rnepeaad SHEPruy UMeeT IMTOPOTOBLIA XapaKTep

JINID-KoHuenusa 0a3upyeTcss Ha IPOCTEeHIlIeM MOoAxXoae y4€Ta CpeaHUX HO-
HU3AIIMOHHBIX TIOTEePh 3apsiKEeHHBIX YacTUIl B aMopdHOM BemecTBe. [Ipu sTom
HE YYMTBIBAIOTCS BO3MOXHBIC BKJIAIbl MHOTOKPATHOTO pAacCesHUS, CTPArTJIMHT
SHEPreTMYECKUX TTOTepb, U3MEHEHNE SHEPTUHU B MPOWICHHOM cjioe MUIlleHu. Her
TakKe y4éTa BIUSHMS KPUCTAUTMUECKON PEIIETKA M TeMITepaTyphl KpHUCTasIa mo-
JYTIPOBOMHUKOBBIX MAaTEpPUAJIOB MHTETPATbHBIX CXEM, YTO MOXKET OBIThb CBSI3aHO
¢ TIpobIeMaMy KaHATMPOBAHUSI TIPH TTPOXOXIACHUM YaCTHUIIBI Yepe3 BEIIeCTBO.

Ewmié Gonblire yCcaoxXHSOT yrnpolnéHHyto JIT1D-koHLenummo co6oeB MpoLecCH,
CBSI3aHHBIE C TeHepaluel suep otaad U (pparMeHTOB SASPHBIX peaKklMil TIpu B3a-
umopeiictuu T3Y ¢ BemecTBoM. IIpoayKThl AIepHBIX peaKlvii, UMEIOIIe MEHb-
1lI1Me SHEPTUHY, HO OOJIBIIYIO Maccy 1, cleaoBaresbHo, oonbinue JITID, MoryT ObITH
OTBETCTBEHHBI 32 KOCBEHHYI0 — BTOPUYHYIO MOHM3aluio. JIpyroii ICTOYHUK Ha-
pyieHus KoHuenuuu JIIID cBsg3aH ¢ opueHTALMOHHBIMU 3P deKTaMu IIpU Mpo-
XOXIEHUN YaCTUIL Yepe3 KPUCTAIMYECKYIO MATPUILy JIEKTPOHHOTO YCTPOMCTBA.
VYUt 3TuX BKJIaJ0B JOMOTHUTEIBHO YCIOXHSIET MOAEIbHBINA MPOTHO3 HANEXXHOCTH
KOCMMYECKOIO allfapara B paaualdoOHHBIX NosIX (0ojee moapodHo cM. [HedeHnH
u ap., 2012]).

Cuwnraercs, 4TO ST «HAUXYIOIINX» COBPEMEHHBIX MHUKDPOCXEM TIIpsMasi UO-
HHU3aIUs OT TIPOTOHOB HE MOXET CO3[aBaTh COOM, TaK KakK «IIpsMasi» MOHU3ALIMS
OT HUX HUYTOXHA. TeM He MeHee, UMEIOTCS JaHHBIe, YKa3bIBAIOIIe Ha BO3HUK-
HOBEHNE ONMHOYHBIX COOEB TIPU IJTUTETFHOM BO3IEHCTBUM JIETKMX YACTUIL — TIPO-
TOHOB. IIpu BO3AeCTBUU IIPOTOHOB HAa KPEMHUM COOM MOTYT BO3HUKATh 3a CUET
SZIEPHBIX peaKlMii U OT 0Opa30BaHHBIX sAep OTAauU. [Ipy 3TOM ceueHue SIAepPHbIX
peakiyii ¢ TMPOTOHAMHM BBIXOIUT HA OTHOCUTEIHHO TOCTOSHHBIM ypOBEHb, Ha-
ypHasg ¢ 100...200 MaB. Ilpsimas moHu3amusl OT IPOTOHOB HE MOXET CO3daBaThb
coou. MoHbl He MOTYT BBI3BaTh coou, eciu E<~0,4 MaB/nykiioH, nonsl O — eciu
E<~30 MsB/nykioH, a nonsl Si — ecinu £<120 MaB/uykioH. Fe (1 6omee Tskeé-
JIbIe MOHBI) MOTYT CO3[aBaTh cOOU IpH 1000 s3Heprun. KoHeyHo, IIpy 3TOM HaIo
elll€ YYUTBIBATh, YTOOBI IIPOOEr MOHOB B MUKpOCXeMe ObLI, M0 KpaiiHell Mepe, 00-
nee 10 mxMm. Kak yBuauM HUXKe, JaHHBIC 3HAYEHUS SHEPTUIA — TUIIMYHBIE IJISI KOC-
MUYECKOM pagualuu.
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He wmckimoueHo, 4To c60M MOTYT TIPOM3OUTH 3a CYET TeHEpAllMM BTOPUIHBIX
TIPOMYKTOB SIMEPHBIX peakunii Tipu B3aummopneiicteuu ['KJI ¢ BerecTBoM, OKpy-
KAOIMM caMy MHUKpPOCXeMy. AHAJIOTMYHBIA TIpollecc, MPUBOAAIININ K obGpa3o-
BaHUIO BTOpMYHBIX T3Y, MpOMCXOAUT M TIpU B3aUMOAEHCTBUM HEUTPOHOB C Be-
mectBoM (cM. puc. 4). Kpome 3T0ro, He SIB/ISIETCS] OYEBUAHBIM, UTO J1030Bbie 3(h-
(bexTH 1 cOOM IO BO3ACHCTBHEM OXMHOYHBIX YACTUIl — HE3aBMCUMEBIC SIBJICHHUS.
IIpoGiieMa cBsI3M HAKOIICHHOM HO3bI U BEPOSTHOCTU OAWHOYHEBIX COOEB — HEOII-
HO3HAYHA U SIBJISIETCS aKTyalbHOM. Bce 5T «IomoTHUTE TbHEIE» (PaKTOPBI, OYCBUI-
HO, HeJIb3sl cOpachiBaTh CO CUETOB MPH OIIEHKE pecypca 3JIEKTPOHUKHU B YCIIOBUSIX
KOCMHYECKOTO TIOJIETA.

Ha »sTom 3aBepiimM KpaTKuii 3KCKypC B IpOOJIeMy W3YYeHHUST MEXaHM3MOB
BozaeiicTBusl T3U Ha OMOCTPYKTYphl U 2JIEKTPOHHBIE KOMITIOHEHTh. Heobxonumo
cleyiaTb OYEBUAHBIN BBIBOA, YTO B HACTOSIIEEe BpeMs JIIOObIe OLIEHKU OXUHOY-
HBIX C00EB B MX MPWJIOKEHUSIX K YCIOBHUSIM BO3IEHCTBUS KOCMHMYECKON pamma-
LIMH, TIOJIydeHHBbIE JTUOO B XOIe 3KCIIEPUMEHTOB Ha YCKOPHUTEIBHBIX YCTaHOBKAX
1 ApYTUX, HAIIpUMep, Ha JIa3epHBIX, VI C MCIIOJb30BAaHNEM MCTOYHWKOB Pagro-
AKTUBHBIX U3JIydeHUI, N TeM 0ojiee — PacUETHBIM ITyTEM, HOCAT OIICHOYHBIN Xa-
pakTep B CHWIIy, TIPEXIEe BCETO, OrPAHMYCHHOCTH HAIMX 3HAHWIN O MeXaHW3Max
camoro BoszaeiicTBus. [Ipobnema ycyryonsiercs eme u TeM, 4TO KOCMUYECKUIA all-
TTapaT IMOABEPTaeTCsT BO3AEHCTBUIO MHOTOKOMITOHEHTHOM KOCMUYECKOM paavaliny,
rIe Kaxaas W3 KOMIIOHEHT MMEET CBOM OCOOCHHBIE IMPOCTPAHCTBEHHO-3HEPTeTH-
YecKNMe W BpeMEHHBIC XapaKTePUCTUKU, KOTOpPHIE HEBO3MOXHO BOCIIPOU3BECTH
B YCJIOBHMSIX HAa3¢MHOTO 3KCIIEpUMEHTa. PaccMOTpUM 3TH XapaKTepUCTHKH OoJjiee
MOJIpPOOHO.

3. KOCMWYECKAA PAOVALNA
3.1. PagmaunoHHble noaca 3emnu

OKo0J103eMHOE KOCMUUECKOEe MPOCTPAHCTBO B IJIaHE OMMCAaHUs paaualliOHHON’ 00-
CTAHOBKU SIBJISIETCSI HauboJiee «CAOXHBIM MECTOM» B COJIHEUHOW CUCTeMe IS e€
MOJEIMPOBaHUsI, HEOOXOAMMOTO ISl PACUETOB OLIEHOK paauallMOHHBIX HArpy3o0K,
B TOM uucje u cooeB. [Ipexae Bcero moTomy, 4To 31€Ch MPUCYTCTBYIOT OTHOBpE-
MEHHO KOMITOHEHTbl MOHU3UpPYIOIIEH paaualuy, CBOUM MPOUCXOXIEHUEM CBSI-
3aHHBIE C IEMCTBUEM Pa3HbIX UCTOYHUKOB, MEXaHU3MOB YCKOPEHUSI M TpaHCIIOPTa.
HecmoTtpst Ha Gosiee yeM 50-JIeTHUI MeprOA UCCIeIOBaHUS 3TOM 00JIaCTU OCTaETCs
elg psaa «OesbIX TsITeH», MoAJeXalluX AalbHelIeMy u3ydyeHuto. PagualimoHHbie
Tosica He SIBJISIIOTCSI B 3TOM IIJIaHe UCKIIIOUEHUEM.

Pamnanmonnsie nosica 3emau (PI13) — 310 TopoupanbHOe 0Opa3oBaHME 3a-
XBaYEHHBIX B MAarHUTHOM MoJie 3eMJIM 3apsLKeHHBIX YacTHUILl pasIMYHOrO IMpourc-
XOXAeHMSs. 3MeCh HaXOAATCSl YaCTUIBI COJTHEYHOTO MPOUCXOXKIESHUSI — YCKOPEH-
Hasl TJ1a3Ma COJTHEYHOTO BeTpa U colHeuHble kocMuueckue jyun (CKJI), yactuu-
HO MPOHMKAIOIIMe BIIIyOb MATHUTHOTO TTOJISI U TIOABEpraolIrecst 3axBarty (puc. 6).
[aakTuyeckue KOCMUYECKME Jy4d BCJEACTBUME 3HAYMTEIBHOM BEJIMYMHBI UX
HUMITyJIbca HE MOTYT OBITh 3aXBa4eHbl B MarHUTHOM MoJie 3eMJIM, HO MPOAYKTHI UX
B3aMMOJIEMCTBUSI C aTMOC(hepoil — HEWTpOHbI — pachaaasich, CO3AAOT MPOTO-
Hbl U BJIEKTPOHBI, KOTOPbIE «HAMOJHSIOT» BHYTpeHHIO0 obnacth PI13. U, Hako-
Hell, YacTULbl U3 HOHOCHephl 3eMJIU — BIOJIHE peabHbIii UICTOUHUK 3JIEKTPOHOB
1 MIPOTOHOB, a TaKe MOHOB Kucyiopona B PI13.
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Puc. 7. PanuanbHble nMpoduiam MHTEHCUBHOCTU 3JIEKTPOHOB M IMIPOTOHOB paJvallMOHHBIX
nosicoB 3emun. Hanbosnee sHeprUIHbIE MOHBI ¢ SHEPTUSIMU B ACCITKH U COTHM METasjieK-
TPOHBOJILT HAOJII0JAI0TCSI BO BHYTPEHHE 30HE MOSICOB (IIyHKTUPHBIM oBai). UMeHHO 31ech
pacroJioxeHa 00J1acTb 1 60Jiee TSKENIbIX MOHOB BBICOKMX SHEPTUI B paMallMOHHBIX MOsICax

OTanuuTeabHO 0coOeHHOCThI0 vyacTull PII3 sBisiioTcss MX XapaKTepHbIe
BpeMEeHHbIE BapualliM Ha IIUPOKON IIKajae BpeMeHU. Tak, cyoOypeBbie 3(hheKTh
B muHamuke vactul, PII3 Moryr Habmomatbcss B MUHYTHO-4aCOBOM Ayvalla3oHe,
a COJTHEYHO-1IMKINYECKIE — C TIEPUOIOM B HECKOJIBKO JIET U O0Jiee.

B pamkax njaHHoO# paboThl MHTEpeC i Hac npeacrasisior T3Y, obnanaloiiye
npoctatouHbiMu JITID, criocoOHbIe BBI3BaTh COOM M HapyllleHUs KaK B OMOCTPYKTY-
pax, Tak ¥ B 3JIEKTPOHUKE KOCMUYECKHUX allapaToB.

O061acTh JOKaIu3aluu TaKMX 4acTUll — BO BHYyTpeHHel 3oHe PII3 (puc. 7).
[Touemy? M3BeCcTHO, UTO UCTOYHMK OosblIeit yacTh yactull PI13 Haxonurcs BOIM-
31 WX BHEIIHE! T'paHUIIbI, B palioHe OpOUT reoctanoHapHbix KA, Ha paccTOsSTHU-
ax 6...7 panuycos 3emin (R;). YacTuiibl OT pasanyHbIX MCTOYHUKOB (COJTHEYHOTO
BeTpa, MOHOC(DEPHI) TTOCPEACTBOM MeXaHU3Ma paaiuallMOHHON auddy3uu nepeme-
marwTcs BHyTpb PI13 non aelictBueM IyKTyaldil 3JeKTPUYECKUX U MAarHUTHBIX
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noJieli, MmoABeprasich OJHOBpEeMEHHOMY ycKopeHuto. Kak pesyabTaT, Ha BHYTpEH-
HUX MarHUTHBIX 000JI0YKAaX (HA PACCTOSHUSAX B IUIOCKOCTH 9KBatopa <2R,) mpo-
HUCXOIUT (POPMUPOBAHNE OYeHb SHEPTMYHOTO MOHHOTO IMOsICa, COCTOSIIETO U3 TeX
YyacTUll, KOTOPbIe TTPUCYTCTBYIOT B COJIHEYHOM BeTpe U MoHochepe. DHeprus 3a-
XBaueHHBIX MTPOTOHOB B 3TOH objacTh MoxeT aocturath ~1 I'3B, T.e. conocraBu-
Ma c sHeprueit I'KJI. Tem He MeHee, paguanbHast 1ud@y3ust HE MOXET ObITh J10-
MMHaHTHBIM MeXaHU3MOM (opmupoBaHusi NpoToHOB U T3Y Bo BHyTpeHHell 30He
PI13 B cuity, mpexie BCero, Majaoro BpeMeH! MX XXKU3HU OTHOCUTEIbHO MOHU3ALIM -
OHHBIX TTOTEpPh. MexaHM3M pacnana HeHTPOHOB ajib0e10, BOBHUKAIOIIMX MPU B3au-
MozeiictBuu I'KJI ¢ atMocdepoii, siBaseTcsl TOMOJHUTEIbHBIM 1 MOUIHBIM MCTOY-
HUKOM IMPOTOHOB B 00J1aCTU BHICOKMX HEPIruid B 3TOI YacTu npoctpaHcTBa. bosee
TSIKENIbIe YaCTULIBI BOBHUKAIOT 3€Ch KaK MPOAYKThI SIAEPHbBIX peakKlMii — pe3ylib-
TaT B3auMOAEHCTBUS MepBUYHBIX TPOTOHOB I'KJI M mMpoTOHOB BHYTpeHHElH 30HbI
PI13 c atmocdepoit 3emn.

CrenyeT KOHCTaTUPOBaTh, UTO HAIllM 3HAHUSI O XUMUYECKOM COCTaBE UOHHOM
koMmnoHeHThl PII3 BHyTpeHHeit 30Hbl PTB kpaiiHe orpaHuueHbl. DTO CBS3aHO
C DKCMEePUMEHTAJIbHBIMU TPYIHOCTSIMU MPOBENCHUSI U3MEPEHUI B 3TOW 00JIacTU
OKOJIO3EMHOTO TTpOCTpaHCcTBa. ITOTOKM BBICOKOOHEPTUUHBIX MTPOTOHOB (C SHEPTU-
sIMM OoJiee IeCSITKOB MErasieKTPOHBOJIBT) 3[€Ch HACTOJIBKO BEJIMKHU, UTO «MEPTBOE
BpeMsi» JTI000H 3JIEKTPOHUKU HaKJIaAblBAeT OTpaHUYEHUSI HA BOBMOXHOCTb U3Me-
PEHUIi 3HAUUTEIbHO MEHBIIUX TTIOTOKOB 00Jiee TSKENbIX MOHOB. TeM He MeHee, cy-
LIECTBYIOT MOJIeJIbHbIe pacu€Thl TpaHcTopTa MoHOB B PI13, KoTopbie moka3biBatoT
peaibHy10 BO3MOXHOCTb CYIIIECTBOBaHUSI 3aXBaY€HHBIX 9HEPTrUYHbIX MOHOB — T3Y
B 9TOI 00OJIaCTH.

W13 naHHOro paccmotpeHusi cTpyKrypbl PII3 oueBUOHO, YTO HMCTOYHUKOM
cooeB u HapymeHuii B PI13 asnsiorcss T34, 3axBaueHHBIC B MX BHYTPEHHUX 00J1a-
ctsax. Otcrona BbiBoj, 4To KA ¢ BBICOTOM OPOUT OT HECKOJIBKUX ThICSIY KUJIOMETPOB
U HIKe — HauboJiee onacHbI K Bo3neiicteuio T3Y. [Ipuuém ciaeayer oTMETUTD, UTO
3Ta 00J1acTh OIMacHa KakK ¢ TOYKU 3peHUS] BOBHUKHOBEHUSI HeXesaTeJIbHbIX 1030-
BbIX 3(h(heKTOB BCJIECTBUE BHICOKOMHTEHCUBHbBIX TOTOKOB IMPOTOHHOTO T0sIca, Tak
COOCTBEHHO U reHepaluu 3¢hGeKTOB OMMHOYHBIX COOEB U HapyIlIeHUH 1O BO3AeH -
CTBUEM MaJl0 MHTEHCUBHON TsiKENoi MoHHOM KommoHeHThl PI13. O TpymHocTsIx
WHTEPIPETALIMU PE3YJIbTATOB COBMECTHOTO NEUCTBUSI 000MX MEXaHU3MOB BO3/eH -
CTBUSI OTMEYAJIOCh BhIIIE, B pa3d. 1.

K HacrosiiieMy BpeMeHM HaKOIUIEHO OOJIbIIOE YKCIO 3KCIEePUMEHTATbHBIX
JAHHBIX — MPSIMBIX U3MEPEHUI cOoeB 2eKTpoHUKU Ha KA, He cTaBSIIUX Tofd co-
MHEHME MX BO3HUKHOBEHHME BO BHYTpeHHel 3oHe PII3 (cMm., Hampumep, [Poivey
etal., 2002]). IIpu 3TOM BBICOKasl 3aBUCUMOCTb YacCTOTbl COOEB XapaKTepu3yeTcsl
SIPKO BbIpaXX€HHON OrpaHUYEHHOW MPOCTPAHCTBEHHOM CTPYKTypol (puc.8) —
C YMEHbIIIEHUEeM BbICOTHI OpOUThHl KA cO0ou HauMHAIOT JIOKAIM30BaThCs B Mpeaeaax
CpaBHUTEJBbHO y3KO0M reorpaguueckoii 30Hbl Hal FOXHON ATJIaHTUKONH. DTO — Tak
Ha3beiBaeMmas OxHo-ATtnantuueckas MmarHutHas aHoManust (KOAA) — oGiacth Jio-
KaJIbHOTO OcjiabjieHusI MarHUTHOTO MoJisi 3eMJIM BCJEACTBUE, BEPOSITHO, «HELIeH-
TPaJbHOTO» PACIOJOXKEHMSI €r0 UCTOYHMKA TMOJIsl BHYTpU T1aHeThl. Kak pesyiib-
TaT ocjabJieHUs] MarHUTHOTO T10JIs, MAarHUTHbIE CUJIOBbIE JIMHUU B 3TOH 00JacTu
«TIPOBUCAIOT» HaJl MIOBEPXHOCTHIO 3eMJIN, «OMyCcKasi» MPU 3TOM TPaeKTOPUU 3aXBa-
yeHHBIX yactul, PI13. /Ins nuskoopouranpHbix KA (Hanpumep, — MKC, BeicoTa
opOUTHI KOTOpOi1 ~350 KM) 3T0 — HamboJiee OMacHbI paauallMOHHBINA y9aCcTOK MX
TPaeKTOPUU.
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Puc. 8. BoicoTHast 3aBUCUMOCTh OMMHOYHBIX cO0eB MuKpocxeM Hitachi 628128
o gaHHbIM KcriepumenTa APEX/CRUX

MmenHo 3mech, Kak 310 cienyer u3 maHHbIXx KA APEX u ap., Habmomaercs
HanOoJIblIEE KOJTUYECTBO COOEB BEKTPOHUKHU. 10 CBUAETENBCTBY MHOTUX KOCMO-
HaBTOB MMEHHO B 3TOI1 00acTi YacToTa ¢oceHOB B IJ1a3ax IIPeBhIIIacT HabI0ma-
€MBbIe Ha APYTUX YIacTKaX OpOUTHI MUJIOTHPYEMBIX OPOUTATBHBIX CTAHITUIA.

OueBUIHO, YTO UCTOYHUKOM 3THX c00eB U docheHoB sapisaoTes T3Y, 3axBa-
yeHHble B PI13. He uckioueHo, YTO U BbICOKOMHTEHCHBHbBIE TTOTOKW MPOTOHOB
TOAA Takxe co3nalor aTu sBjieHus. [Ipexae Bcero, OHU JOJKHBI BO3HUMKATh KakK
CJIeICTBHE B3aMMOIEHCTBUS TIPOMYKTOB SIAEPHBIX PEAKIIMI C yJacTUEM IPOTOHOB
¢ MmatepuajioM KA, pacroio;keHHbBIM BOKPYT MUKPOCXEMBI (CM. BbILIE, pa3md. 1).

B cBs3u ¢ paccmorpenueMm FOAA Kak MCTOYHMKA pagualiOHHOM OMacCHOCTU
IJ11 HU3KoopouTanbHbix KA cienyeT OTMETUTh XapaKTepHbIE IJisl 3TOM 00JacTh
MPOCTPAHCTBEHHO-BPEMEHHbIE BapUallu, CBSI3aHHbIE KaK C COJIHEYHBIM LIMKJIOM,
TaK ¥ BEKOBBIMU BapHaILMSIMU IJIABHOTO MATHUTHOTO TTOJIST 3EMITH.

CoHeYHO-IUKINYeCKre Bapualuu noTokoB yacTull B FOAA (1 Ha BeicoTax
<1000 kM) cBsI3aHBI C BapyallUsIMA MOHU3ALMOHHBIX TTOTEPh YaCTUI] BCIEICTBUE
HarpeBa M OXJaXIEeHUs BepxHel aTMocdepbl B TeueHHe |1-JIeTHero uukia coi-
HeYHOoM aktTuBHOCTH [bauikupos u np., 1998; Kysneuos u np., 2010; Huston et al.,
1998]. Ha puc. 9 npencraBieHbl TaKue MPUMEPHI Bapualiuid MPOTOHHBIX MTOTOKOB:
BO BpeMsI COJIHEYHOTO MUHUMYyMa TTOTOKM YBEJTWIMBAIOTCS, YTO IOJKHO ITPHUBO-
IUTH K YBEJIMYEHUIO 4acTOThI cOoeB. OOpaTHas KapThHa OyaeT HaOJIIoaaThCs B COJI-
HEYHOM MaKCHMyMe: B 3TO BpeMs IUIOTHOCTb aTMochephl Ha OOJBIITNX BHICOTAX
YBEJIMUMBAETCS, BBI3BIBAasl POCT MOTEPb YACTHUII U, COOTBETCTBEHHO, YMEHBIIICHHE
MOTOKOB 3aXBauy€HHBIX YacTUll, B TOM uucie, KoHeuHo, u T3Y. IToatomy MoOXHO
OXMIATh, YTO B MaKCUMyMe IIMKJIa COJTHEYHON aKTMBHOCTM YacToTa cOoeB pabo-
THI 3J1eKTpOHUKHM B paiioHe IOAA u xonmvecTBo pocteHOB B I1a3aX KOCMOHABTOB
OJKHO OBITh MEHBILLIE.
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Puc. 9. ConHeyHO-UIMKINYECKIEe BapUallii IOTOKOB IIPOTOHOB Ha MaJIbIX
BBICOTaX, BbI3BAHHBIC U3MEHEHUSIMU TNIOTHOCTY aTMOCHephl
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Puc. 10. MonenbHbIe BeKOBbIC Bapyalluy MTPOCTPAHCTBEHHON CTPYKTYphl FOAA
BCJIEACTBUE U3MEHEHMS [JIABHOTO MATHUTHOTO TTOJISI 3eMITA

Tonomorus KOAA nomKHa MEHSATLCS BCJIEICTBUE CYIIECTBOBAHUS BapUaLUid
[JIaBHOIO MarHuTHoro 1ojs 3emin. Kak mokaseiBaroT pacuyétsl [bamxkupos u ap.,
1998], Ha 1mKaje BpeMEeHM JIeCsITKM JieT U Gonee obiacth FOAA momkHa paciimv-
psATbCSL U cMelaThes K 3anany (puc. 10). Hekotopble aKcrieprMeHTAJIbHBIE JaH-
Hbl€ Ha BO3MOXKHOCTh TaKOM TMHAMUKU ObUTM MpeacTtaBieHsl B [Budhwar, 1997;
Grigoryan et al., 2008; Yukutake, Tachinaka, 1962]. TakuM o6pa3oM, MOXHO OXKV-
Jath, 4To B mepcriektuBe KOAA OymeT MpeacTaBisaTh OOMbIIYIO paguallMOHHYIO
OITACHOCTb, YEM B HACTOSIIEE BpEMS.
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3.2. ConHeuHble KOCMUYECKNe nyun

ConHeyHble KOCMUYECKHE JIyYU T€HEPUPYIOTCSI B aKTUBHBIX obnactsax CojaHLa —
HETIOCPEACTBEHHO BO BCIIBIIIEYHBIX 00JIACTSAX ITOCPEICTBOM, HAIIPUMEp, MEXaHM3-
Ma IepecoeguHeHus (CM., HarpuMep, [Somov, 2012]) win B MeXIJIAaHETHOI cpele
Ha (poHTax ymapHbIX BOJH, PACIpPOCTPAHSIONIMXCS B MEXIUIAHETHOM IPOCTpaH-
cTBe KopoHanbHbIX nHxkeKnit Macc (CME — Coronal Mass Ejection), mpu croxa-
ctruueckoM MexaHusMme tuna Mepmu (cm., Hampumep, [Ellisson, 1985]). [Tomumo
npoToHoB, B coctaBe CKJI mpucyrcTByIoT 1 0ojiee TsKEnble MOHbI. B paMKax gaH-
Horo 0630pa Hac UHTepecyloT npexae Bcero T34 ¢ sHeprusiMmu B AECSATKU U COT-
HU MeTad’JIeKTPOHBOJILT Ha HYKIIOH, ITO3TOMY HHMXE PAacCMOTPUM HWMEIOIIMECS
AKCIIepUMEHTAIbHBIC MTaHHBIC, OTHOCSIINECS MMEHHO K 3TOMY SHEPreTHYECKOMY
IVarma3oHy.

HaubGonee mnoyiHble 0030pbl 3KCIEPUMEHTAIBHBIX JAHHBIX TIO XUMMYECKO-
my coctaBy CKJI MoxHo HaliTu, HaripuMmep, B padbotax [Hemmmuxk, 2011; Mewaldt
et al., 2007; Miroshnichenko, Perez-Peraza, 2008], xoTopnie, Ha Hall B3IJSI,
MIPOTUBOPEUMBEL. Tak, M3 aHANIM3a 3KCIEPUMEHTAIBHBIX NTaHHBIX, MPEICTaBIICH-
HBIX B [Mewaldt et al., 2007], caenyet, uto B psime coObituii CKJI HaGmaomaercs
oboraiieHue cocraBa sapamMu Fe 1Mo cpaBHEHMIO ¢ IPYTMMU SApaMM IIpH TOCTa-
ToYyHO Oombiux 3Heprusx (>30 M»sB/HykioH). Takoe oOoramieHue HabJ0oma-
eTcsl He Bceraa, OHO ObUIO 3aMeueHOo i nepuona 1997—2005 rr., Ho He msa 6o-
nee no3gHux. Ilo manHbBIM pabdoThl [HeiMmMuk, 2011] oTHOIIEHUST BEIUYUH CIIEK-
TPaJIbHBIX MHIEKCOB TKETBIX MoHOB CKJI K crieKTpadbHBIM MHIEKCAM IIPOTOHOB
«HE SIBJIIETCSI TIOCTOSTHHBIM, a VCITBITHIBAIOT 3HAYNTEIbHBIC (DIIYKTYallMy, BEIMIM-
Ha KOTOPBIX IJIS1 BCEX TSKEIBIX MOHOB OJMHaKOBa». KpomMe 3TOro OTMEUYEHO, 4TO
WHIEKCHI SHEPTETUIECKUX CIIEKTPOB IO MMITYJILCY Ha HYKJIOH OTMHAKOBHI TS BCEX
TSCKETBIX MOHOB M HECKOJBKO OOJIbIIE, YeM CHEeKTpaJIbHble MHIEKCH ITPOTOHOB.
IMocmemHee o3HaYaeT, 9YTO OTHOCUTEIBLHOE COMEPKAHME TSKETBIX MOHOB YMEHbIIIa-
€TCSI C POCTOM SHEPIHM.

Ha mamr B3r1s10, s BRISIBJICHUSI OCOOEHHOCTEM B SHEPTeTUYECKUX CITEKTpax
pa3IMYHBIX MOHOB 60JIee TIPABUIBLHBIM ObUTIO OBl CPAaBHMBAThL UX HE B IIPEICTaBIIe-
HUY SHEPTeTUYECKOM KBl B eIMHMIIAX SHEPTHUS Ha HYKJIOH WJIM UMITYJIhCa, a B
MPEACTABIICHNY TIOJIHOM SHEPIUH, T.€. SHEPIruy Ha YacCTHUILy, 1 C COOTBETCTBYIO-
LM TS ICYEPITBIBAIOIIETO aHAIM3a MacIITAOMPOBAaHUEM IITKAJIBI TTIOTOKA.

B xauecTBe mpmMepa MOXHO TIPUBECTH pe3yJIbTaT, IIPENCTaBICHHBIN Ha
puc. 11 [Heimmuk, 2012] — ycpenuénnsiii criektp CKJI mo HECKOJIbKMM MOIITHBIM
COOBITHSIM B TIpENCTaBJICHUM TIOJTHOM 2HEPTHUM. M3 HETo ClieayeT COBEpIIEHHO 0Ye-
BUIHOE yKa3aHHE Ha BO3pacTaHUe oOoraiieHus TsoKenpiMu noHamu coctaBa CKJI
C POCTOM ITIOJTHON 3HEPTUM TIPY YCJIOBUH amIIPOKCHMAIIUM ITPOTOHHOTO CIEKTpa
B CTOPOHY OOJBIIMX DHEPTHUIl ¢ TOKa3aTelleM HaKJIOHa, XapaKTEepPHOTo s 060-
Jiee HU3KOOHEPITUIHOTO KOMIOHeHTa. OIHAKO BaXXHO MOMYEPKHYTh, YTO 00JIACTh
SHepruit 6ojee COTEH MErasJIeKTPOHBOJIBT — ITOKa «0e10€ TISITHO» TS TIPSIMBIX M3-
MepeHuil TpoToHOB Ha KA. DTOT sHepreTMyecKuii Auana3oH MOXKET OBITh «IIepe-
KPBIT» HEUTPOHHBIMU MOHMTOPAMHU, YTO M AENAeTCs VIS OIIEHKW MaKCUMAaTbHOM
SHEPTUY WHXEKTUPYEMBIX BO BpeMs BCIIBIIIEK COJHEYHBIX YacThil. Ho ciemyer
MIPUHATHh BO BHUMAaHME, YTO MTaHHbIE HEHTPOHHBIX MOHUTOPOB HE MOTYT JaTh He-
3aBUCHMBIX OT MOJIEIBHBIX TPEACTABIIEHUI OIIEHOK OTHOCUTEIHLHOTO COmEpKaHMS
WOHOB B 3TOM IMAITa30He SHEPTUIA.
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Puc. 11. YcpenHeHHBIE IO HECKOJBKUM MOIIHBIM COOBITUSIM 3HEPreTMYEeCKUe CIIECKTPhI
MMPOTOHOB, MOHOB KMCJIOPOJA M XeJie3a ¢ COOTBETCTBYIOIIMMU MHTEPIIONSALIUSIMU K OONb-
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Ecnu xe ob6patuthes K Teopuu reHepauuu CKJII, To, cieaysi cToxacTU4ecKoMy
MexaHu3my trma Oepmu, ciaemyeT OXUAaTh, YTO MaKCUMaJIbHAsT SHEPTHUST YaCTHIIL,
reHepupyemasi BO BPeMsl aKTUBHbBIX MPOLECCOB £ . TIPOMOPIMOHAIbHA 3apsity
siiep Z, T.€. OTHOCUTEJIbHOE COIepXKaHWe TSKEIbIX MOHOB IO Mepe MPUOIMXKEeHUS
K IIpeleTbHOM 9HEPTUM YCKOPEHUS JOJIKHO YBeTMUYUBAThCs. UMEHHO TaK M IIPOUC-
XOIUT, HatpuMep, Tipu yckopeHnr I'KJI Ha ocraTkax B3pbIBOB CBEPXHOBBIX 3BE3II
B paliloHe «KOJieHa» — U3MEHEHUS MoKa3aTesisi HaKJIoHa 9HEPreTUYeCKOro CreKTpa
(1015 ..107 5B). B aToM nuamna3oHe sHepruii HabIIIAeTCS OUYEBUIHOE O0OTaIlICHIE
coctaBa I'KJI Tsoké€npiMu simpamMu. O4eBUIHO, YTO aHAJIOTUIHBIN MEXaHU3M YCKO-
pPEeHUs JOJIKEH JeCTBOBATh U JIJIS1 YACTHUI], UMEIOLIHUX COJTHEUHOE IMPOUCXOXKIECHHE.

Jst CKJI ripenet yCKOpeHUSI 110 9HEPTUM MOXKET OBITh JIOCTUTHYT 3a CYET I0-
CJIeoBaTe/IbHOTO NEeUCTBUSI MMITyJbCMBHOTO MeXaHu3Ma — TMpollecca Iepeco-
eIUHEHUSI B aKTUBHOM oOyiactu (cM., Hampumep, [Somov, 2012]) u cienyioiiero
32 HUM CTOXaCTUYECKOTO YCKOpPEeHUs yacTull Ha yaapHbix BojHax CME, pacnpo-
CTpaHSIOIIMXCS YK€ B MEXIUIaHETHOU cpene (cM., HanpuMep, [Ellisson, Ramaty,
1985]). Cnenyer OTMETUTb, YTO COMIACHO AAHHBIM MIOOHHBIX TMOJ3EMHbIX Teje-
CKOTIOB, MaKCHUMaJIbHasl SHEepIrus YCKOPEeHHBIX MpoToHOB Bo Bpemsi GLE moxer
npocturath 100...200 I'>B [Sarabhai, 1956], T.e. bakTMUeCKU AOCTUTaTh SHEPTUU
I'KJI B Mmakcumyme 13 nortoka (puc. 12). Eciu 310 Tak, TO MOXHO OXUAATh, YTO
npu pa3BuTuu Ha CoJiHIIE MOLIHBIX COJIHEYHBIX coObITui (TUna GLE — Ground
Level Enhancement), moTok Tssx€nbeix noHOB B cocTaBe CKII Ha «xBOCTE» SHEpre-
TUYECKOTO pacCIIpelie/IcHUs MOXET TPEBBICUTDL (TIPU PaBHBIX SHEPTHAX) MPOTOH-
HbIl (cM. puc. 11). B aToM ciyyae 3HaueHusa notokoB T34, ucnonb3yembie B CO-
BpeMeHHBIX Mojessx CKJI kak ocHoBa mIst pacu€éToB cOOEB, CIIEAyEeT CUMTATh KaK
HE COOTBETCTBYIOIINE PEATbBHBIM KOCMHYECKIM YCIOBUSIM. DTOT BBIBOI OTHOCUTCS
K BHeprusiM 0oJiee COTEH MerasieKTPOHBOJIBT.

PaccMoTpum Terepb HEKOTOpble OCOOEHHOCTH XapaKTepUCTUK HauboJiee
BHEPrUYHbIX yacTull B Haileil ConmHeuHoit cucreme — ['KJI.

3.3. [anakTnyeckne Kocmmyeckme nyyan n OTHOCUTENbHbIN paﬂ,l/laLlI/IOHHbIVI pucK
OT COJIHEYHbIX U ranaKTU4eCKnNX KOCMN4eCKnx nyqe|7|

OTHocUTeNbHOE comepxXaHue TsoKENbIX yactull B cocTaBe I'KJI cxomno ¢ CKIJI
(puc. 13). MakcuMyM MHTEHCHMBHOCTU 3THUX YaCTUL[ MPUXOAUTCS Ha AMAIa30H
sHepruit 300...500 MaB/HykJoH (cM. puc. 12). IIpexne Bcero, MMEHHO 3TU YacTH-
LBl ¥ MIPENCTABASIOT OMACHOCTh BOSHUKHOBEHMUSI COOEB B 3JIEKTPOHUKE U MMOBPEXK-
JeHUI B OMOCTPYKTypax.

Baxwoit ocodbernHocteio I'KJI siBsteTcst MX MOCTOSIHHOE MPUCYTCTBUE B KOC-
MUWYECKOM TTPOCTPAHCTBE C XapaKTEPHOU MOIyJslMell ToToKa B T€YEHUE COJIHEU-
Horo uukia (puc. 14). CymectBytomas monenab ['KJI, amekBaTHO omuchiBaroias
BpPEMEHHbBIE XapaKTePUCTUKM MOTOKOB YacCTUI] B 3aBUCMMOCTH OT MapamMeTpa CoJi-
HEYHOI aKTUBHOCTU — uucia W, IIpelicTaBlieHa B BUIIE MEXIYHApPOIHOTO CTaHAap-
Ta [International Standard..., 2004] 1 ucrnoab3yeTCs MpU pacy€Tax 4acTOThl COOEB
B MuUKpocxemax. OIUH U3 TaKUX TIPUMEPOB NMpUBeAEH Ha puc. 3. Kak yka3biBanoch
Boiiie (cM. BBeneHue), T3 I'KJI npencrapiisitoT ocoOyio OMacHOCTb JJ1s1 daumenb-
HbIX MEXTIJTAHETHBIX MUCCUI B CUJTY MIMEHHO UX MOCTOSIHHOTO MPUCYTCTBUSI B KOC-
moce. B aTom miaHe BaxkeH MopesibHbIN yuéT monyasuuu ['KJI nas mpaBUIbHBIX
WHXXEHEPHBIX pacy€ToB cOOEB, MO3BOJISIIOIINI BbIOpATh ONTUMAJIbHBIN BpeMeHHOM’
WHTEPBaJ IJIs1 OCYILECTBICHUSI KOCMUUYECKMX MUCCUT.
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10 ConHe4HbIA -
setep  JHepreTUYeCKUA CrekTp
KOCMUYECKOWN paanauum

PagwaunoHHkle nosca

)
I

Fanaktuyeckue
KocMu4eckue
ny4u

ConHeYHble
KOCMW4YeCcKue
nyun

MoToK, NPOU3B. eANHUL LI

-
o

1 TaB
l | SHeprus

Puc. 13. DHepreTnyeckue CeKTpbl MPOTOHOB COJMHEYHOM IIa3Mbl, COJTHEYHBIX KOCMUYE-
CKUX JIy4eii, YaCTHI] paTdallMOHHBIX MOSICOB 3eMJIN M TaJJaKTMYECKMX KOCMUYECKHUX JIydeit
(KauecTBeHHOE MpeNCTaBIeHUE B TPOM3BOJIBHOIM ITKaJie TTIOTOKOB)
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Puc. 14. Monynsius raJakTU4ecKnX KocMuueckux jrydeii: B mepuon 2001—2010 rr. Habo-
nanach aHoMasbHas Bapuauus ['KJI, He yauThIBaromascs B CyIIeCTBYIOIINX MOIEIISIX

Ou4eBUIHO, YTO ONTHUMAIbHBIM C TOUKU 3pEHUSI MUHMMU3ALIMU YaCTOTHI COOEB
ot Bo3aeiictBus T34 I'KJI sBnsieTcst mHTEpBajl BpeMEHM, OTHOCSIIMIACS K MaKCH-
MyMY COJJHEUHOI aKTMBHOCTU. JloJiroBpeMeHHOe HelpepbiBHOE HabmoaeHue I'KJT
B atMocdepe 3eMau (HauuHasi ¢ 1957 r.) Mo3BoJIsIeT OLIEHUTh MAKCUMAJIbHYIO Ya-
CTOTY COOEB M CMOJCIMPOBATh 9KCIIEPUMEHTBI HA HA36MHbBIX YCKOPUTEJISIX 110 U3Y-
yeHuto BozaerictBust T34 Ha 6uocTpykTypbl. OmHAKO KOppeKTHas olieHKa addek-
ta BosaeicTBusa T3Y crankuBaeTca ¢ TPYAHOCTSIMU MPOTHOCTUYECKOIO XapaKTe-
pa, He ONMUCHIBAEMbIMU B CYIIECTBYIOIIMX Moaeasx. Tak, HampuMmep, B MOCIeIHEM
JeCSITUICTUN HAOI01aJICd aHOMAIbHO JIMTEAbHBIM MEepUOI MOIIHONW COJHEYHOM
aktuBHOCTH ¢ 2005 1o 2010 r. ITocyieacTBUsSI 3TOro0 aHOMaJIbLHOTO MUHMMYMa — OT-
HOCUTEIbHO TponoskutenabHoe (1...2 roga) npesbiieHue notokoB I'KJI Ham mak-
CUMaJIbHbIM YpOBHeM (HauuHas ¢ 1957 r., myHKTUp Ha puc. 14), HaOmonaBieecs
B 2009—2010 rr. [CTOXKOB, YacTHOE coobiieHue, 2011].
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Puc. 15. MonenpHbIe 1035l pagdalliy IJIsi MAPCUAHCKOM SKCIIe NI
O/ Pa3IMYHBIMU 3alIUTaMU (CM. TEKCT)

KpomMme Toro, Ha 3Toi (hpa3e COTHEYHON aKTMBHOCTU HaOmomancs e€ mpojaos-
KUTeIbHBIM TUK. Kak pesynabTaT — aHoMmaiabHO HuU3kMii motok I'KJI B mepuon
2001-2005 rr. O4eBUIHO, YTO TaKHe AKCTpeMallbHEIE MePUOAbl HEOOXOAUMO YIu-
THIBaTh B MOJIEJIbHBIX OLIEHKAX M Ha36MHBIX SKCIIEpUMEHTAaX.

Eii€ onHa mpo6iemMa CylecTBYeT IJIs1 KOPPEKTHOMN OLIEHKM CTeIEH! paauraliyi-
OHHOM OITAaCHOCTH TaKMX KOMITOHEHTOB KocMuueckoit pamuannu Kak I'KJI u CKJI:
KaKoBa OTHOCUTENIbHAS CTeTIeHb paauallMOHHON OMACHOCTY KaXI0TO U3 HUX?

st pemieHus 3Toi MPOOJAEMBI pa3padaThIBAIOTCI M MPUMEHSIIOTCS MOACIU
COOTBETCTBYIOIIMX paguallMOHHBIX nojeit. Yto kacaetcs moaenu I'KJI — omy6mm-
KOBaH MexmyHaponHbiii crangapt ISO (MexmoyHapogHasi opraHu3alidsl cTaHmap-
tu3anuu) [International Standard..., 2004] — pe3yabTaT KOHCEHCYCA MEXIY CIIeITH-
ajucTaMu, paboTaloIIMMU B 3Toil objactu. B cymecTtByrommx xe monesx CKJII
PA3IMYHBIX TPYIIT MPUMEHSIOTCS Pa3IUYHbIe TMOAXOIbI, MPUBOASAIINE K Pa3HbIM
nporHocTudeckum oreHkam mmorokoB CKIJI. Tak, paspabareiBacMast B MI'Y Bepo-
satHocTHasg moaenb CKJI [International Standard..., 2004] (a1 ipoToHOB U 6oJiee
TSKENIBIX MOHOB) MPUBOAUT K CIEAYIONIMM OLICHKAM PaJIuallMOHHBIX 103 MO CpaB-
Henmto ¢ mogensgmu I'KJI u PIT3. Tak, Hanpumep, IJis 10 TOJIIMWH 3allUT BIJIOTh
mo ~10 r/CM2 (2,7 cm amomuHusg) Ha opoute MKC noMUHUPYIOT pagralliOHHbIE
NomIOIIEHHBIE T03hI, co3naBaecMble yacTuiaMu PII3 u CKJI, a mpu 6oJjiee TOJICTBIX
samuTax — PII3 u I'KJI. g mexrmuianeTHoit myuccuun 3emist — Mape B CKJI Tak-
JK€ UTpaloT CYILIECTBEHHYIO poJib: paauanuoHHas Harpy3ka oT CKJI Gomblie, yeM
ot I'KJI, BI10Th 10 AOCTaTOYHO TOJCTHIX 3amuT 10...30 r/CM2 (puc. 15). OTninuue
mogeneit CKJI He MoXeT He cKa3aThCsl Ha OLIHKAX paguallMOHHOIO PUCKa.

B pa6ote [KysHeuoB u ap., 2012] mpencTtaBieHbl OLIEHKU CpeaHETKaHEBOM
skBuBajieHTHOI 1036l (D) nasa CKJII u I'KJI mist MeXIlaHETHBIX YCJIOBUM, U3 KO-
TOPBIX CJIEAYET, YTO MPU MAKCHUMYME COJTHEYHOM aKTMBHOCTU TOAOBas BEIUYMHA
D¢y ;1> Dy (TIp BEPOSTHOCTH TIPOTOHHBIX COTTHEYHBIX COOBITHI 1 %) 1T TONLINH
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3alUTHI BILIOTH 10 ~30 F/CMZ, a B MUHUMyMe — 10 ~10 F/CM2. DTO 03HAYAET, YTO
TP YPOBHE pamgMalliOHHOTO pHrcKa 3 % mporHosupyeMasi INIMTEIbHOCTb MPeOhI-
BaHUSA YeJIoBeKa Ha TTOBepXHOCTH JIYHBI He TOJDKHA MpeBRIIIATh 1,5 Mec BO BpeMst
MakcumyMa CA 1 1 roga Bo BpeMst MUHUMYyMa. [IpOTHBOITONOXHBIN pe3yJIbTaT M0~
nydeH B padore [Kim et al., 2009]: B conHeYHOM MakKCHUMyMe JAOITyCTHAMAsI IIPOIOJI-
KATEJTLHOCTD TIPeObIBAHMST YeJIoBeKa Ha JIyHe TIpeBhIIIaeT BeTMINHY TSI MUTHIMY -
Ma CA (210 gueii mo cpaBHeHUIO ¢ 90 THIMM).

Takue cToJIb TPOTUBOPEYMBEIE BHIBOIBI 6a3MPYIOTCS Ha Pa3HBIX IMTOAXOAaX CTa-
TUCTUYECKUX OIMMUCAHWI BBICOKOOHEPIMYHOro ydactka criektpa CKJI: B Momenu
[TOCT..., 2001] «xBoctel» criektpoB CKJI Goiee xkK€cTKMe, YeM B IPYTUX MOIEIISX,
HarpuMep, B Mogenu [Kim et al., 2009] unu [Feynman et al., 1993]. OueBugHoO,
yto 3¢pdext BozaerictBus T3U/CKJI Ha 2/eKTpOHMKY M OUOCTPYKTYphbl Oynmer
MaKCHMAaJIbHBIM B TEepHOALI HAaWOOJBIIEH BCIBINIIEYHON akKTMBHOCTH Ha COJHIIE.
Pacué€THast BenmmumHa 9acTOTHI COOEB TODKHA YBEIMUUTHCS ¢ YIETOM OOOTaIleHUS
T34 cocraBa CKJI B BICOKORHEPTMUHON YacCTH DHEPreTUUEeCKUX pacrpeneieHui
(cMm. pa3zn. 3.2). B cuiy 3TOT0 «MHTErpajabHbIi» paglalluOHHbII PUCK KOCMUYECKUX
MOJIETOB («I030BBLII PUCK» IUIIOC PUCK OT «COOEB) MOXKET OBLITh €lI¢ OoJiee 3HAYM-
TEJLHBIM, YeM 3TO TIPEAIOJIaraeTcs B COBpEeMEeHHBIX pacuéTax. OmHaKo I OKOH-
JaTeJIbHBIX BBIBOIOB TPEeOYIOTCS, MPEXIe BCETO, HOBBIE SKCIIEPUMEHTAIbHEIE pe-
3yJIbTaThl, OTHOCSIIUECS K BbiIcOKOAHepruuHoit yactu T3Y/CKJII Boiu3u npenena
WX YCKOPEHMUSI.

3.4. BTopuruHble YacTULbl B KOCMUYECKOM NPOCTPaHCTBE
3.4.1. OKos103emHble opbumel

OmHaKo He TOJIBKO TTPOTOHBI U 6oJjiee TSLKENbIE siIpa — MCTOYHUKM cOOeB Ha HM3-
KUX opOuTax, B yacTHocTu Ha opoute MKC. Kak ormeuanocs Boie, T34 moryT
BO3HUKHYTh B pe3yJIbTaTe SOCPHBIX PeakIMii B BEIIECTBE, OKPYXKAIOIIEM MUKPO-
cxeMy. BTopmyHBIe HENTPOHBI, BOZHUKAIONINE TIPY B3aMMOACCTBUN TIEPBUIHBIX
I'KJI ¢ okpyXaroIuM BeIIeCTBOM, MOTYT CO3IaTh TSIKENBIE Sapa, KOTOphIE, B CBOIO
odepenb, U CTaHYT UCTOYHUKAMU COOEB B 3JICKTPOHMKE WJIM HAapyIIeHUH B OMO-
CTpYKTypax. B pealbHOCTH CUTyalusI ¢ HEUTPOHHBIM TIOJIeM eIlIé 6ojiee CTOXKHAST.
Hcrounukamu HelTpoHOB B okpykeHuu KA moryt crath u I'KJI, B3aumoneri-
CTBYIOIIIME ¢ aTMOchepoit 3eMiIN, KOTOpbIe TEHEPHUPYIOT ITOTOKH aTbOCIHBIX HE-
TPOHOB, TIPUXOASIINE OT 3eMJIU, a TAKKE COJTHEUHBIE HEUTPOHBI BO BpeMsl OYCHB
MOIIHKIX coObITUi1 Ha ConHlie (puc. 16). [TocnenHee MPOUCXOAUT TOCTATOYHO PEl-
KO, HO 3KCIIepUMEHTAIbHBIC M0Ka3aTeJIbCTBA MPHUXOJa CONTHEUHBIX HENTPOHOB Ha
Huskue opouthl (<500 kM) mmerorcs (cM., HarpuMep, [Kuznetsov et al., 2004]).
Takum o6pa3oM, Ha HM3KHUX OKOJIO3eMHBIX OpOMTaX KOCMUYECKUI aImapar Ioa-
BepraeTcs BO3IEUCTBUIO HEWTPOHHBIX TOJIEM Pa3IMIHOTO IPOMCXOXICHUS: JI0-
KaJIbHBIX HEMTPOHOB, BO3HUKAIOIINX B pe3yiabTare B3ammomneiictBust ['KJI ¢ Berre-
ctBoM KA, anpOemHbIX HEWTPOHOB, poxkmamommxcst mpu B3aumopeiictBum ['KJI
¢ atMocdepoil, M COTHEYHBIX HEUTPOHOB. [1OTOK JOKAJIbHBIX HEUTPOHOB CYIIE-
CTBEHHO 3aBUCUT OT Macchl camoro KA [Bogomolov et al., 2000]: uem OoJibllie ero
Macca, TeM OOJIbIlie ITOTOK JIOKaJIbHEIX HEUTPOHOB (puc. 17). OTcioma ciemyeT BaxX-
Helii BeIBoA: MKC u npyrne mutotupyemble KA IS TYHHBIX U TTAHETHBIX MHC-
CHii, obIamalonIe 3HaYMTeIbHBIMI MacCcaMi, — MOIIHBIA NCTOYHUK HEUTPOHOB.
JocTaToYHO TIPUBECTH CICAYIOMINIA pe3yabTat: 10 30 % oT o0leii 1036l paaraliu
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BHYTPY OpPOUTAIBHON CTAaHIUU «MUp» TPUXOIWICA Ha JIOKaJbHBIE HEHUTPOHBI

[Bogomolov et al., 2000].
s MeXTIIaHeTHBIX

MUCCUN POJIb JIOKAJBbHBIX HeﬁTpOHOB CTAaHOBUTCS €lIE

0oJiee CylLIECTBEHHOI: B TeueHUe aauTesbHOro nojiéra KA moasepraercsi Herpe-
pbiBHOI 60oMOapaupoBke I'KJI, mosToMy HEUTpOHHBINM (POH — OCHOBHOI UCTOY-
HUK HaKOIUIEHHOM paJuallMOHHOM 103bl, KOTOpasi CTAHOBUTCSI OYEHb CYILIECTBEH-
HOM BCJIEACTBME OOJBIION MPOIOIKUTEILHOCTH monéTa. E€ BenuumHa, mMOMUMO
BpeMeHU ToJI€Ta, 3aBUCUT OT Macchl KA, a Tak Kak oxumaemasi Macca MuJIoTUpye-

moro KA mist, HarpuMep,

MapCHaHCKHX MUCCUI — 3TO IECITKU U OoJiee TOHH, TO

IIOTOK BTOPHUYHBIX HCﬁTpOHOB OXXMAAETCSI BeCbMa OOJIbLINM.
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HelTPOHbI

Puc. 16. Co3gaHrie HEHTPOHHBIX TOJIC Pa3IMYHON MPUPOALI HA OKOJIO3EMHBIX OpOUTaX:

HEUTPOHBI COTHEYHOTO MPOUCXOXIEHMUS; JTOKAJIbHbIE HEUTPOHBI, TEHEPUPYEMBIE B PE3Yib-

tate B3aumonericteust ['KJI ¢ BemectBoM KA, a Takke anpbenHble HEUTPOHBI — pE3y/IbTaT
B3aumoneiicteus I'KJI ¢ atmocdepoit

o
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Puc. 17. 3aBUcMMOCTB ITOTOKA JIOKAJIBHBIX HEUTPOHOB OT Macchl KA Ha HM3KUX U CpeTHUX
LIKPOTaX: ¢ yBeJndeHrueM Macchbl KA MOTOK HEMTPOHOB YBEIMYMBAETCS
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3.4.2.MosepxHocme JlyHel u Mapca

1t TocamoYHBIX MOAYJIE M TOJTOBPEMEHHBIX CTaHIIMI Ha TTOBEPXHOCTU JIYHBI
1 Mapca B pacuérax HeHTpPOHHOTO (hOHA ClieyeT YUYUThIBaTh KaK CBOKMCTBA CaMO-
ro rpyHTa, Tak U Hajuuue (orcyTcTBUe) aTMochepbl. Ha puc. 18 MoxHO BUIETb
OTJINYME PHEPTeTHYECKOTO CIIeKTpa BTOPUYHBIX HEHTPOHOB, POXIEHHBIX B aT-
Mocepe 3emnu 1 Mapca, a Takke oT perosmurta JIyHBI, BOKpYr KOTOPOil HET aT-
Mocodeprl. Y 3emin u 'y Mapca crieKTp aTMOC(epHBIX HEMTPOHOB 00JIee KECTKUIA,
yeM Ha Jlyne. [IpucyrcrBue HeitTpoHOB ¢ sHeprusimu 6osiee 1000 M»aB, oueBunHO,
Ype3BBIYATHO BaXKHO TS OLIEHKH YacTOTHI CO0EB M ITOBPEXXIEHUIN B OMOCTPYKTypax
BCJISJICTBME POCTA CEYEHMUSI SIACPHBIX peaklinii C pOCTOM 3HEPTUM, KOTOpbIe cO3/1a-
10T MTOTOKU BTOpUYHbIX T3Y.

CrenyeT MOMYepKHYTh, YTO BTOPUYHBIC, JIOKAIbHBIE HEUTPOHBI, — HE eINH-
CTBEHHBIN MCTOYHMK pPamIWallMOHHOM OMMACHOCTH B TIJIaHE TeHepalnu cO0eB U T0-
BpeXXIeHNI B OMOCTPYKTypax. BEIIle MBI BUAETN, YTO JIOKAJBHBIC TTOBPEXICHUS
MOTYT co3faBaThCsl M MporoHamu. IlociieqHue MOTyT TeHepupoBaTbCsl MPU B3a-
nmoneiicteun 'KJI ¢ TyHHBIM M MapCHaHCKUM TPYHTOM, TIPUYEM 3aBUCUMOCTH
OT TOJIIVHBI TPYHTA JUISI BTOPUYHBIX TTPOTOHOB M HEUTPOHOB HOJDKHA OBITH pa3-
Hasl: B OTJIMYME OT IPOTOHOB C POCTOM TOJIIIMHBI TPYHTA TTOTOK HEUTPOHOB ITOJ-
JXeH BO3pacTaTh (IO OMpPEHeIEHHON TOJNIIWHBI), B TO BpeMs KaK IOTOK IPOTO-
HOB — YMEHBIIIAThCA. DTO MOATBEPKAACTCS pacyéTaMu, BEITTOJIHEHHBIMU B paboTax
[Ky3neuoB u ap., 2012; Denisov et al., 2011] u npuBenéHHbIMU Ha puc. 19.
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Puc. 18. IToroku HeiiTpoHoB, co3naHHbie ['KJI B pe3ynbraTe uX B3aUMOIEHCTBUS C TIOBEPX-

HocThio JIyHBI, a Takke ¢ atMocdhepamu 3emsin 1 Mapca. CrieKTp BTOPUYHBIX HEWTPOHOB

3HAYUTEJLHO OoJiee XKecTKUi 11 3eMiu 1 Mapca n3-3a HaTmaust atMocdep y 9TUX TUIaHET

(w1 MakcuMyMa (CIUIOIIHBIE JTUHMUM) U MUHUMYyMa (IIyHKTUPHBbIC JMHUM) COJTHEYHON aK-
TUBHOCTH)
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Puc. 19. T'eHepaliyisi BTOpUYHBIX TIPOTOHOB M HEHTPOHOB B IYHHOM T'PYHTE.
Jns HeMTPOHOB MaKCUMYM TTOTOKa HabIrogaeTcs Ha TiyouHe ~1,5 M

Tak, mias HeUTPOHOB MaKCHMMyM TeHepallMMd HaXOAWTCs Ha IiyoumHe ~1,5 m
nyHHOTO peroymrta. OTCIona ciieayeT BBIBOI, YTO TIPH CO3MAHMM KaK «ITOBEPXHOCT-
HBIX», TaK 1 «IIOAITOBEPXHOCTHBIX» CTAHIINI 0OMTaHMS YejioBeKa Ha JIyHe u Mapce
TpeOyeTcs TIIATeTbHBIN PacuéT paaTuallMOHHBIX ITOJIEH pa3IMIHON MPUPOIHIL.

B 3akifoueHre MaHHOTO pasdena CleayeT OTMETUTh, YTO MCTOYHHKOM BTO-
puuHbIX yactull Ha JIyHe n Mapce sBisitorcsa He TobKo ['KJI. CKJI — oueBunHEBIM
WCTOYHUK BTOPUYHON paguamvu s 3TX 00beKToB COTHEYHOM CUCTEMBI, UMEI0-
II1X O4eHb cjadble (Mapc) MiIM He MMEIOIIMX BooOIIe MarHUTHBIX noneit (JlyHa),
CITOCOOHBIX OTKJIOHUTH ITOTOKM COJIHEYHBIX YacTUIl BO BpeMs Bemblmek u CME.
O TpynHocTsax monenbHoro onucanus CKJI 6suto otMedeHo B pasn. 3.2 u 3.3.

BbIBObl M OBCYKAEHWE

Ha ocHoBe mpuBeI€HHOTO BhIIIE aHAIM3a CYIIECTBYIOIINX MTPobieM KaK B 00J1aCcTU
U3y4yeHUsl MexaHu3MoB B3auMopeiictBus T34 ¢ moaynpoBOAHUKOBBIMU U OMOJIO-
TMYECKUMU CTPYKTYypaMH, a TaKXke MPOCTPAaHCTBEHHO-BPEMEHHBIX U DHEpreTuye-
CKMX pacrpeie/ieHUd 3TOro KOMIIOHEHTa KOCMUYECKOM paauamu, MOXHO chop-
MYJIMPOBATh CJICIYIOIIE BHIBOIDI.

1. Ha ceromns He Bce pusnueckue npoiecchl B3anmoneiicteusa T34 ¢ momy-
MPOBOJHUKOBBIMU CTPYKTYpaMU KOCMUUYECKOM 3JIEKTPOHUKU TOAJAIOTCS KOJIMYe-
CTBEHHBIM OLIEHKaM. DTO e OTHOCUTCS U K BoaaeiicTBuio T3Y Ha GUOCTPYKTYpHI.
COBOKYITHOCTb JIBYX 3THUX (paKTOPOB M KaXKIblii U3 HUX B OTAEIbHOCTU 3aHMXAIOT
OLICHKY paaIMallMOHHOTO pUCcKa KOCMUYECKUX MTOJIETOB.
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2. Ousmyeckne xapakTepuctnku T3Y, mpuCyTCTByIOIIME B paavialliOHHBIX
nosicax 3emsin u CKJI, HegocTtaTouHOo u3yueHsl. [1pexkae Bcero, aTo Kacaercs Ts-
JKEbIX BBICOKORHEPTUUHBIX siiep B paiioHe KOAA 1 «XBocTa» 3HEPreTUUeCKMUX pac-
npeneneHuit CKJI Bo BpeMsi MOILIHBIX COJTHEYHBIX COOBITHUI, TEHEPUPYIOIIUX Ya-
CTHUIIbI BILJIOTh IO 9HEpruii B coTHU MaB/HykIloH 1 6osiee. HempaBUIbHbBIE OLIEHKU
MOTOKOB 3TUX YaCTULL OYAyT MPUBOAUTDH K UCKAXKEHUIO pacUETHBIX 3HAUeHUU cO0eB
B MUKPOCXEMax U MOBPEXKIEHU B OMOCTPYKTypax.

B cuty 3T0ro0 MOXXHO KOHCTaTUPOBaTh, 4TO Ipobdiiema T3Y mjis1 KocMUYeCcKuX
HccleoBaHUi TpeOyeT BpeMeHU JJIsl €€ 3aBeplleHHUs] Ha YpOBHE, HEOOXOAMMOM
JUIs1 oOecrieyeHusl MPUEMJIEMOro paavuallMOHHOIO PUCKa TJIAHUPYEMbBIX JUTUTEb-
HbIX KOCMUYECKUX MUCCUTA.

BosHukaeT Bonpoc: Kak MUHUMU3UPOBaTh pucK oT T3Y B COBpeMEHHBIX YCI10-
BUsIX? MOXHO pacCMOTpPETH ClIeAYyIOIIMe PEKOMEHIAIIMU, KOTOpble, KOHEYHO, He-
00XOIMMO YTOUHSITD IO MEPE HAKOTIJIEHUs] HAIIUX 3HAHUA.

1. BDaekrponuka. Cienyer Mpu3HaTh, YTO MPUMEHsIeMasi B HaCTosIIlee BpeMsi
MpakThKa KBaJu(UKAIMOHHBIX TECTOB 3JIGKTPOHHBIX KOMIIOHEHTOB HE OKa3bl-
BaeT CYIIECTBEHHOIO BJIMSIHUSI Ha CHUXXKEHUE PaauallMOHHOIO pUCKa, CBSI3aHHOTO
¢ BozaeiictBueM T3Y. Takue TeCTbl JUILIb TTO3BOJISIIOT OLIEHUTh BEPOSITHOCTH COOEB
B KOHKPETHOI MUKpPOCXeMe, HO He MUHUMU3NpoBaTh e€. [Ipobiema ycyryoisercs
HEBO3MOXHOCTbBIO MOJAEIUPOBAHUS KOCMUYECKUX PalUallMOHHbBIX YCJIOBUI Ha Ha-
3€MHbBIX YCKOPUTEJIbHbBIX YCTAHOBKAX.

H7s1 Toro 4To0bl MUHUMU3UPOBAThH YAaCTOTY COOEB MO BO3AEUCTBUEM KOCMU-
YecKoW pamvalMu — CHM3UTh paauallMOHHbIA PUCK, — HEOOXOAMMO TPOBOAUTH
paauallMoOHHOEe TECTUPOBAHUE Ha CTAIUU pazpabomku MUKPOCXEM, a HE TeCTUPO-
BaHHWE TOTOBbIX u3Aenuit. [IpruMeHeHUe crielMaaibHbIX KOHCTPYKLIMOHHBIX Mare-
pUAJIOB, CXeM PEe3epBUPOBAHUS M TMPOrPaMMHOTO OOecCIieueHUs] BMECTE C paau-
allMOHHBIM TECTUPOBAHMEM Ha CTaluu pa3pabOTKU —peabHbIi MyTh K MUHUMU-
3alMK cO0EB M CHUXEHMIO PaJMallMOHHOTO PUCKa B KOCMUYECKON 3JI€KTPOHUKE.
C/IOXHBII XapakTep KOCMMYECKOU paaualuu, Mpexae Bcero — €€ MHOTOKOMIIO-
HETHBII COCTaB, CTABUT BOIIPOC O HEOOXOAMMOCTHU MPOBEASHUSI KOCMUYECKUX Te-
CTOB BJIEKTPOHUKM ISl aIeKBATHOM OLIEHKU paJuallMOHHBIX PUCKOB.

2. buoctpykrypsl. [To ectecTBEHHBIM IPUYMHAM, TO, YTO MOXHO ClieJaTh ISl
BJIEKTPOHUKU, HEBO3ZMOXHO IS OMOCTPYKTYp. Bpsii 11 BO3MOXHO CKOPPEKTUPO-
BaTh — U3MEHUTH CTPYKTYpY, ckaxeM, [IHK, caenas e€ HeuyBcTBUTENbHOM K T3Y.
31ech NPUMEHUM TOJIBKO MyTh MCCleIOBaHUSI MeXaHu3MOB BozneicTBust T3Y Ha
OMOCTPYKTYPbl U OlLIEHKAa BO3MOXHBIX PUCKOB MPU BO3AEUCTBUU OMNpeaeaEHHbIX
BUJIOB YaCTUI] HA KOHKPETHbIE OUOCTPYKTYPHI.

YuuTteiBasl BbllllecKazaHHOE, HauboJjee ONTUMaTbHBIM U 3((MEKTUBHBIM CIO-
co0OM MUHUMM3aUMM pucka Bo3aeiictBusi T3U mnpencrapisieTcs onmumusauyus
NAGHUPOBAHUA KOCMUUYECKNX MUCCUI, KOTOPAs NOJKHA BKJIIOUATh CJIeIyIOLIEe.

1. 3amnper U orpaHMYeHHUE MPOBEACHUSI OTBETCTBEHHBIX Olepalluii Ha OOpTy
KA B Mectax u Bo Bpems nonaganusi KA B none T3Y. Hanpumep: FOAA — Hau-
OoJiee omacHoe MecTo, rae 3¢h(GEeKTUBHOCTb BO3AESUCTBUS BeJIMKa O CPaBHEHUIO
c IpyruMu reorpaduyeckumu 3oHamu. CienoBarefbHO, JI0Oble OTBETCTBEHHBIE
orepaluu (KOppeKTUPOBKA OPOUTHI, BHIXO UeJIOBeKa B KOCMOC U JIp.) B 9TOM pali-
OHE JIOJIKHBI ObITh MCKIIOUEHBI. TO XK€ OTHOCUTCS M K MepuoaaM MOIIHBIX COJI-
HEUYHbIX BerbllieK. JJisi 0KoJIo3eMHBIX OpOUT B MeCTax, Ie HabJtonaeTcsl MpOHUK-
HoBeHue CKJI (HampuMep, MOJISIpHBIE W aBpOpaJibHbIE 00JIACTH), OTBETCTBEHHEIC
orepaluy TakXe JOJKHBI ObITh UCKTIOUYEHDI.
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2. a1 4enoBeKa, BEPOATHO, MOJDKHBI OBITh YCTAHOBJICHBI MaKCHMAaJIbHBIC
BpEeMEHHBIe TIpele bl KOCMUYIecKOoro nojiéta. OU4eBUIHO, OHU JTOJKHBI OBITh pa3-
HBIMU IIJIST OKOJIO3EMHBIX OPOUT, JIJIST MEXIIIAHETHBIX IepeIETOB M HAXOXICHUS Ha
noBepxHocTH JIyHbl 1 Mapca. UMeHHO gpemsa — addeKTUBHas 3alUTa OMOCTPYK-
Typ ot BozneicTBusi T3Y B yCI0BUSIX KOCMUYECKOTO TTOJIETA.
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HEAVY NUCLEI IN SPACE — THE SOURCE OF RADIATION DANGER
IN THE VICINITY OF THE EARTH AND IN THE INTERPLANETARY SPACE

M. Panasyuk

D.V. Skobeltsyn Institute of Nuclear Physics (SINP), M.V. Lomonosov Moscow State University,
Moscow, Russia, e-mail: panasyuk@sinp.msu.ru

As to heavy component of nuclei (ions) in space (heavier than hydrogen) it is clear that their
fluxes are too low in space in comparison with electron component or protons to cause any
significant radiation doses effects, but they can be considered as the major component for
Single Events Effects (SEE) in microchips and for damages of biological structures on mo-
lecular level. The role of these effects in the field of any others radiation effects are extremely
important both from the point of view of lifetime and temporal damages of onboard electron-
ics and safety of men during long duration spaceflight. But we cannot neglect proton compo-
nent of space radiation for SEE and biological effects because of existence of specific channel
of generation of secondary particles — sources of SEE, etc by them. Nuclei (ions) in space
have a variety of sources. Among them there are the Earth’s radiation belts, solar energetic
particles, galactic cosmic rays and even spacecraft’s itself. Physical characteristics of fluxes
of this component of space radiation are very different and dependent on characteristics of
their sources, acceleration processes, and transport which are created different spatial —tem-
poral and energy characteristics of them. As a rule any spacecraft will undergo simultaneously
by different components of space radiation. Therefore it is complicated to model them using
on ground accelerator’s facilities. Moreover in some cases such kind of on ground testing is
senselessly. This talk is devoted mainly for physical characteristics of ion components of space
radiation and problems of modeling of this important component for radiation risk estima-
tions of spaceflights.

Conclusions and discussion

Basing on the foregoing short review of the existing problems both in the area of interactions
between the heavy charged energetic particles (HZE) and semiconductor structures and bio-
logical structures, and in spatial-temporal and energy distributions of this component of space
radiation it is possible to conclude the following:

1. Currently not all physical processes of interactions between HZE’s and semiconduc-
tor structures of space electronics can be evaluated quantitatively. The same conclusion is re-
ferred to the HZEs’ influence on the biological structures. Complex of these two factors and
each of them separately underscore radiation risk of space flights.

2. Physical characteristics of the HZEs of the Earth’s radiation belts and SCR are stud-
ied insufficiently. First of all, it concerns heavy high-energy nuclei in the region of SAA and
the “tail” of energy distribution of SCR during powerful solar events generating particles
with energy up to hundreds of MeV/nucleon and even over. Incorrect evaluation of these
particles flux will lead to mispresentation of estimated values of IC’s failures and damages
of biostructures.

Therefore, it can be concluded that time is needed in order to solve the problem of HZEs
for space research at the level required for provision of reasonable radiation risk during the
planned long-term space missions.
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The question that has to be answered is: how to minimize risk of HZEs under current
conditions? The following recommendations can be considered, taking into account that they
surely need to be improved as our knowledge is accumulated:

1. Electronics. One must admit that current practice of electronic components qualifi-
cation tests do not affect decreasing of radiation risk due to the HZE influence. Such tests
allow only to evaluate probability of failures in the certain microcheap, but not to minimize
it. Inability of space radiation conditions simulation on the Earth-based acceleration plants
worsens this problem.

In order to minimize failure frequency — to decrease radiation risk — it is necessary to
conduct radiation tests of ICs at the stage of development, but not after they were already man-
ufactured. Using of specific structural materials, redundancy design and software along with
radiation tests at the stage of development is a real way for minimization of failures and radia-
tion risk decrease in space electronics.

2. Biological structures. Due to natural reasons the efforts which can be done for elec-
tronics, are inapplicable for biological structures. For instance, it’s hardly possible to cor-
rect — to change — the structure of DNA in order to make it insensitive for HZEs. It is pos-
sible only to study mechanisms of HZEs influence on biological structures and to evaluate
possible risks of certain particles’ influence on certain biostructures.

Taking the abovementioned into account it can be said that today the most efficient way
for minimization of risk of HZEs influence consists in optimization of space missions planning
which has to include the following steps.

1. Interdiction and restriction of realization of important procedures onboard space-
craft when it is situated in the field of HZEs. For instance, SAA is the most dangerous lo-
cation where the efficiency of HZEs influence is greater as against other geographic zones.
Consequently it is necessary to forbid accomplishment of any important procedures and ac-
tions (correction of the orbit, extra-vehicular activity, etc.) while the spacecraft crosses this re-
gion. The same recommendation refers to the periods of powerful solar flares and the periods
of the spacecrafts crossings of the areas of SCR penetration into the Earth’s magnetosphere at
the near-Earth orbits (for instance, polar and auroral regions).

2. For the cosmonauts and astronauts time limits of spaceflight are likely to be deter-
mined. Obviously, these limits are different for the near-Earth orbits, interplanetary flights
and human activity on the surface of the Moon and Mars. Just time is an effective protection
of biological structures from the influence of HZEs under conditions of space flight.
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T'eoMarHuTHBIC MyJIbCALIMA UTPAIOT BAXXHYIO POJIb B Mepegadye SHEPrui B CUCTEME COJIHEY-
HbIil BeTep —Maruutocdepa. OOCYyXOAlOTCS CIEKTpalbHbIe W CE30HHBIC XapaKTepUCTU-
KM pa3HBIX TUIOB T'€OMAarHUTHBIX MYJIbCAldii M MX BO3MOXHBIN OMOTPONHBIN 3G dEKT.
EcTecTBEeHHO MPEIIOI0XUTh, YTO B Pe3y/bTaTe SBOJIOLIMU XUBBIE OPTaHM3MBbI (32 UCKITIO-
YyeHreM OOJbHBIX 0CO0ei) TOJKHEI OBITh afallTUPOBAaHbl K TUITMYHBIM BOJIHOBBIM SIBJIEHU-
SIM B MaraHurocgepe 3eMiin, OAHAKO HETUITUYHBIC CIydar MOTYT IIPUBOIUTH K HEIIpeIcKa3y-
eMbIM 3¢ dexram. [TokazaHo, YTO He Kaxaass MarHUTHAsI Oyps ABJIsIeTCsT 01M03(PPEKTUBHOIA.
BbrosddekTHBHOCT, MAaTHUTHOI OypU HE OIpenessaeTcss e€ MHTCHCUBHOCTBIO, KaK M OMO-
3(GHEeKTUBHOCTh TEOMArHUTHBIX IMYyJIbCAllMil HE 3aBUCUT OT MX aMIUIuTyabl. [lokasaHo, 4ToO
HauOoJIblliee HEraTUBHOE BJIMSIHME MAarHUTHOI OypM Ha XXUBbIE OPraHU3MBbI CJICIYET OXU-
IIaTh B 3UMHEE BpeMsI.

BBEAEHWE

HccnenmoBanne BIMSIHUA (haKTOPOB KOCMUYECKOM TTOTONBI Ha YeJIOBEKa SIBIISIET-
cs aKTyaJIbHOM 3amadeil CoBpeMeHHOCTH. MarHuTHBIe OYpU — OIWH M3 OCHOBHBIX
(hakTOpOB, C KOTOPBHIM CBS3BIBAIOT BO3MOXHBIE PUCKU IIST 3MOPOBbSI.

MarnutHble OypuW pa3mesisioTcsl Ha JBa OCHOBHBIX KJlacca B 3aBUCHMOCTH
oT ux ncrouHnka Ha CoJHIIe: BCIBIIIEYHBIE Y peKypPpeHTHBIE. Bembineunsie 6ypu
HabogaroTcs Ha 3eMile CITyCTs MPUMEPHO JABOE CYTOK ITOCie SIpKoit XxpoMochep-
Holt Bemblliku Ha CoJIHIIE M XapaKTepU3YIOTCS TaK Ha3bIBAEMbIM «BHE3aITHbIM
Havasiom» Oypu (SC — sudden commencement), T.€. CKAYKOOOpa3HbBIM BO3pac-
TaHMEM TOPU3OHTAJIBHOM COCTABIISIONIEH MarHUTHOTO Toyisl. PeKyppeHTHEIE, T.e.
TTOBTOPSIONIMECS, OYpH XapaKTepHU3yIOTCs TOCTEITeHHBIM HavdaioM. MCTOYHUKOM
3TUX OYPb SBJISIOTCS BHICOKOCKOPOCTHBIE TTIOTOKM COTHEYHOTO BETpa M3 KOPOHAIb-
HBIX «IBIp» Ha COJTHIIE, ITO3TOMY TaKue Oypr B MUPOBOI JIMTepaType ceifuac Ha3bl-
BatoT CIR-driven storms (CIR — corotating interaction regions). BeicokockopocT-
HBbIE CTPYM MOTYT CYIIECTBOBAaTh HECKOJIBKO COJTHEYHBIX O0OOPOTOB, ITOITOMY IS
PEKYPPEHTHBIX Oypb XapaKTepHa ITOCIeIOBAaTEIFHOCTh C TTEPUOIOM ITOBTOPSIEMO-
ctu ~27 cyr. UHTEHCUBHOCTDb PEKyppPEHTHBIX MAarHUTHBIX OYph OOBIYHO HIXKE, YeM
BCIIBIIIIEYHBIX, HO WX MPOAODKUTEBHOCTh Goibiie. MHOTma Havajao ogHoOU Oypu
HaKJIaJabIBaeTCs Ha BOCCTAHOBUTENBHYIO (ha3y TpenbIIyIeil Oypu, co3naBast CIOX-
HYIO KapTUHY TeOMarHUTHBIX BO3MYIIICHUIA.

Pazmmuust mexny pekyppeHTHbIMH (CIR-driven) u BcmbimeunsiMmu (CME-
driven) MarHUTHBIMM OypsiMM OOCYXHalOTCSI BO MHOTMX paborax (HaIlpumep,
[Borovsky, Denton, 2006]. YcTaHOBIEHO, UTO BCIBIIIIEYHbIE OYpH XapaKTEPHBI IS
TepUOIOB MaKCMMyMa COJTHEYHOM aKTUBHOCTH, a peKYPPEHTHBIE — IS TIEPHUOIOB
crmana 11-jeTHero 1uKja COJHEYHOU aKTUBHOCTU. Ecnu Oypu ¢ «BHe3alHbIM Ha-
JaJIOM» BBISIBJISIIOTCS OTHOCHUTEIBLHO TIPOCTO, KaK 10 Ha3eMHBIM TaHHBIM, TaK U TI0
YCIIOBUSIM B COJTHEYHOM BETpe, TO OypU C TOCTEIIEHHBIM HadajloM He Bcerna Ha-
IEXHO MASHTU(UITMPYIOTCS Taske MAaTHUTOJIOTaMU.
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I[IpobGneMa HeOMArONpUSITHOTO BO3IEHCTBMS MarHUTHBHIX Oyph Ha Ouocde-
Py U 310pOBbe YesioBeKa o0CyxXaaeTcsl B HayuyHolt nutepartype 6osee 50 yiet. bouio
yctaHoBiieHO (Hanpumep, [bpeyc, Pamonopr, 2003; Breus et al., 1995; Watanabe
et al., 1994], yTo B 4enOBEUECKOM OpraHM3Me HanboJjiee MOoABEPKEHEI BO3IEHCTBUIO
reJIMOreOMarHUTHOM aKTUBHOCTU CEePALE U CEPAEeYHO-COCYAUCTasl CUCTEMA B CO-
cTOSTHUM Tratoyiornu. MHTepec HaydHOI OOIIECTBEHHOCTH K MpOOJIeMaM TelIro-
O1OJIOTMM Pe3KO BO3poc B 8§0-X IT. IPOIIIOrO CTOJETHSI. DTOMY, OECCIIOPHO, CIIO-
CcOOCTBOBaJIO OOHapyXKeHMe MWHepaIu3alliy Xejie3a B XMUBBIX OpraHu3Max, T.e.
TTOSBJICHEe OMOTEHHOTO0 MarHeTHUTa KaK BO3MOXHOTO IETEKTOpa BHEIITHEro Mar-
nutHoro o [Kirschvink, Gould, 1981].

OpmHako, HeCMOTpPS Ha 3HAYMTENIBHBIC YCIIEXU TeTMOOMOJIOTHH, TIpobjieMa BO3-
MOXXHOTO HETaTUBHOTO BIWSHHWS MAarHUTHBIX Oyphb Ha YeJIOBEYCCKUN OpraHU3M
JajeKka oT pa3perreHus. KOHKpeTHBIN MeXaHN3M BJIMSHUS T€OMarHUTHON aKTHB-
HOCTU Ha YeJIoBeKa IToKa el JOCTOBEPHO HE YCTAHOBIIEH. 3aMETUM, YTO OOBIY-
HO He TIPUHATO IyOJIMKOBAaTh HETAaTUBHBIC PE3yIbTaThl. DTO CO3MAET OIIMOOYHOE
TIpeICTaBlIcHNE, YTO JTIF00ast MarHUTHas Oyps Bceraa omacHa [t yeioBeka. Ho sto
najeko He Tak. He Kaxkmass MarHUTHast Oypsi OKa3bIBaeT OTPHUIATEIBHOE BIUSTHHE
Ha YeJIOBEYeCKHI OpraHN3M U TIPUBOIUT K Pa3BUTHIO MH(PAPKTOB.

Tak, HarpuMep, aMepuKaHcKue ucciienosareu [Lipa et al., 1976], comocras-
JIASl TUTAHETAPHYIO U JIOKAJIBHYIO TeOMAarHUTHYIO aKTUBHOCTD C TAHHBIMHU O CMEpT-
HOCTH OT CEepAEeYHO-COCYIUCTHIX 3abojeBaHuii B 1962—1966 IT. 1O cTpaHe B Iie-
JIOM W B OTHEIBHBIX KPYIHBIX TOPOIaX, MONYIMIN KO3(MOUIIMEHTE KOPPETIALINH,
He mnpesbinaiomue 0,067+0,023, yTo CBUAETENBCTBYET 00 OTCYTCTBUM TOCTOBEP-
HOW cBsI3M. TakuM o6pa3oM, pe3yabTaThl 3TUX UCCICTOBaHUIA TTOKAa3aJIl, YTO Mar-
HUTHBIE OypyM He Bcerga OMOTPONHEBL. 3aMETHMM, YTO aHAJIU3UPYEeMBbI WHTEpBaj
BPEMEHM COBITAJl C MUHUMYMOM COJTHEYHOM aKTUBHOCTH, KOTJIa 3HAYNTEIIBHBIC Te-
OMAarHUTHBIE BO3MYIIIEHHS JOCTATOYHO PEIKH, M B CTATUCTUKY MOIJIO OBITh BKITIO-
YEHO MHOTO CJIAOBIX HEOMOTPOITHBIX BO3MYIIICHUIA.

Cnycts moutu 30 JeT aBTOpHI Apyroii padotwl [bpeyc, Pammomopt, 2003], Ha oc-
HOBaHWHM BBITIOJTHEHHBIX UMH MCCIIEIOBAHUM, TaKKe CIEIaM BBIBOMI, YTO «(DEeHO-
MEH MaTHUTHBIX Oypb He MIPEICTaBISET MOTOJIOBHOM OMTACHOCTH TSI YeJIOBEUECKOM
TTOTTYJISTIIAT» .

[NoHATHO, YTO TOBOPUTH O BIUSHUM TEOMArHUTHOW aKTUBHOCTHM Ha OMO-
cepy Ha 3HEPreTUIECKOM YPOBHE aOCypaHO, TTOTOMY UTO BapWMallMi MarHUTHO-
TO TIOJIS aXkKe BO BpeMsI OYeHb CHJIBHBIX MATHUTHBIX Oyph He MpeBbIIaT 2...5 %
OT BEJIMYMHBI TJIABHOTO MarHUTHOTO TTOJIST 3eMJIM, YTO Ha HECKOJBKO IMOPSIKOB
HIDKE YPOBHS AHTPOIOTEHHBIX SJIEKTPOMATHUTHBIX IIIYMOB KPYITHBIX TOPOIOB.
CTaHOBUTCSI OYEBUIHBIM, YTO Ha OMOJIOTMYECKHE CUCTEMBI MOTYT JECTBOBATh
He Te U3MEHEHUs MarHUTHOTO TTOJIST 3eMJIM, TI0 KOTOPBIM BBIYMCIISIOTCS WHICKCHI
T€OMarHUTHOM W COJTHEYHOW aKTUBHOCTH, IIIMPOKO MCITOIb3yeMble B KOPPEIISIIIH-
OHHBIX TeJIMOOMOJIOTHYECKUX UCCIETOBAHUSIX, a KAKMe-TO WHBIE (DaKTOPHI.

3aMeTM, YTO B TeIMOOHMOJIOTMIECKMX WCCICIOBAaHUSAX B KavyecTBe MHICKCA
COJIHEYHOI aKTMBHOCTH YacTO MCIIOJIb3yIoTcs uncia Bonbda (W), xapakrepusyio-
1€ OTHOCUTEJIbHOE YMCJIO COJHEeUHBIX msiTeH. Yucna Boabda He TouHO oTpaxka-
IOT TIPOSIBIICHNE COJTHEUHOM aKTMBHOCTHU BOJIM3YM 3eMJIM, TaK KaK He BCE BCITBIIIIKI
1 risiTHA Ha CoJTHIIE BBI3BIBAIOT TeOMarHUTHBIE Bo3MyIeHUs. KpoMe Toro, ecim Xxpo-
MocepHast BCITBIIIKA pacIToJIoXKeHa OJIM3KO K Kparo COJTHEYHOTO AMCKA, TO MHTCH-
CHBHBIH TTOTOK COTHEUHOTO BETpa M3 3TOM BCITBIIIKHY TTPOJICTUT MUMO, He 3a[IeB Mar-
HUTOChEepy 3eMIIN WM Ke JINIITh YJaCTUYHO KOCHYBINUCH ¢€. MeXIy COTHEUHBIMU
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M T€OMATHUTHBLIMU WHIEKCAMU HE MOXET OBITh ITOJTHOIO COOTBETCTBUS. XOPOIIO
M3BECTHO, YTO MAaKCUMyMbI 11-JIETHUX LIMKJIOB COJHEUYHOI aKTMBHOCTU HE CO-
BIAAAalOT ¢ MaKCUMyMaMM LMKJINYECKUX Bapualyii T€OMArHUTHOI aKTUBHOCTH,
a CABMHYTHI Ha 1...2 Toa.

Bce wucmonb3yeMble B TeTMOOUOJIOTMM WHAEKCHI MArHUTHON aKTUBHOCTHU
He comep:kaT MHMOpMaLMU O CIIEKTPaJIbHOM COCTaBe Bapualluii TeOMarHUTHOIO
MOJIsI, KOTOPBIi MOXET ObITh KPUTWYECKU BAXKHBIM JUISI OMOTPOITHOCTU MATHUT-
HBIX Oypb. B psnme pabor (Hampumep, [[Inexanos, 1990; Iltumbina u ap., 1998;
Temypbsian u np., 1992]) npuBeaeHbBI MHOTOUMCIEHHBIE TIPUMEPhI OMOJIOTMYSCKIX
5¢hHEKTOB MEPEMEHHBIX 3JIEKTPOMATHUTHBIX TTOJIE OYeHb MajbIX HAMpPSKEHHO-
creit. beuto Takke mokaszano [[Inexanos, 1990], uro BJIC, HaBoguMas B Guope-
LIENITOPE DJIEKTPUUYECKOTrO II0JIsI, MPOMOPLMOHANIbHA INUPUHE CIIEKTpa BO3IEH-
CTBYIOIIMX KosiebaHuil. CremoBaTelbHO, MOXHO TMpeamnoysoxuth [KieiimeHoBa,
Tpouuxkas, 1992], yro 6MOTpOITHOE ACHCTBME MAarHUTHBIX OYpPh 3aBUCUT OT BOJIHO-
BOIl CTPYKTYphI U CHEKTPAa T€OMAaTHUTHBIX MYJIbCALIMIA, TIPEACTABIISIOIINX TaK Ha-
3bIBAEMYIO TOHKYIO CTPYKTYPY MAarHUTHOM OYpH.

1. OCHOBHbIE XAPAKTEPUCTUKW FTEOMATHUTHbIX NYNbCALII

T'eoMarHuTHBIE MyJabCcallMU MPEACTABIISIIOT COOOM KOPOTKONEPUOAHbIE KOJIeOaHus
TEOMArHUTHOTO TOJISI U XapaKTepU3YIOTCsS KBa3UMEPUOAUYECKON CTPYKTYpOU, 3a-
HUMasl IMaIla30H 4acTOT OT THICSIYHBIX AOJICH replia 10 HECKOIbKUX Tepll. B 3apy-
OeXHOI TUTepaType B HACTOsIIIEe BpeMsl IJisl 0003HAUYCHUST ITUX KOJAeOaHUM 4acTo
ucnonb3yercsas tepmuH ULF-wave (ultra-low-frequency). Hammame mymbcupyro-
IIMX Bapyualyii B TEOMarHUTHOM I0JIe ObLIO M3BECTHO JABHO, OMHAKO M3-3a HU3-
KO YyBCTBUTEJIbHOCTH PErMCTPUPYIOLIEN anmnapaTypbl CEPbE3HbBIE UCCIEIOBAHUS
TeOMAarHUTHBIX IyJIbCallMii Ha4allMCh JUIIb B 50-X IT. TIpouuioro crouetusi. OmHoi
M3 TEePBBIX pabOT B 00JAaCTU M3Yy4YEHUsI T'€OMarHUTHBIX ITyJbcaluii ObLIa paboTa
B. A. Tpoutikoii (1953), 3ayi0xuBIlIei i OCHOBBI 3TOr0 HAapaBJICHUSI UCCESIOBAHUIA.

ITo duszmueckoii mpupoae reoOMarHUTHHIE TyJIbCAllUM — 3TO TUIPOMATrHUTHBIE
BOJIHBI, BO30yXIaeMble B MarHUTocepe 3eMJIM U B COJTHEUHOM BeTpe. BepxHss
yacToTa ITyJIbCallMii OIlpelesisseTcsl TMpo4yacTOTOM IIPOTOHOB B MarHurtocdepe,
Ha 3eMHOI IIOBEPXHOCTH 3TO COOTBETCTBYET YACTOTHOMY OMAMNA30HY ITOPsIKa
3...5 Tu. HikxHsg yacToTa coCTaBiIsIeT €AMHUILI MIWUIUTEpIl. MHOrooopasue Bu-
JIOB ITyJIbCallMii MOXKET ObITh pa3iesieHO Ha JiBa OOJIbIIUX KjlacCa — UPPETYJIIPHBIE,
UMIYJIbCHBIE IyJibcaliuM (pulsations irregular — Pi), uMelolue BUI OTAEIbHBIX
BCILJIECKOB C HECTallMOHAPHBIM CIIEKTPOM U JUIUTEIbHOCTHIO B HECKOJIBKO MUHYT,
U HenpepbiBHBIE (pulsation continues — Pc), mpoaoJKalolecs: HECKOJIbKO 4acoB
C KBa3UMCHMHYCOUIAJIbHOU (DOpMOIi M YCTOMUMBBIM pexumoM. Kak mpaBuiio, M-
MyJIbCHBIE TTyJibcalluu (Pi) XxapaKTepHBbI 1711 HOUHBIX YAaCOB, a HENpepbIBHbIE (Pc) —
JJIST MHEBHBIX.

ITo nnamna3oHy nMepuomOB reOMarHUTHBIE TyJIbCAllUN PA3AC/ISIOTCS Ha CIIEAYI0-
LLIME TUITBL:

Pcl(T=0,2...5,0¢), Pil (T=1..40¢),
Pe2(T=5...10 ¢), Pi2(T=40...150 ¢),
Pe3(T=10...45 ¢), Pi3 (T>150...c).

Ped (T=45...150 ¢),
Pe5(T=150...600 ¢),

165



Tom 1. Yactb 1. KOCMUYECKAS MOTOAA W EE POJIb B ®OPMUPOBAHWI CBOCTB JIOKANIbHOW CPE[bI

CrenyeT MogYepKHYTh, YTO YCTAHOBJICHHBIE KIacCU(pUKALIVEH TpaHUIIBI TIepy-
OJIOB 711 TOTO WJM MHOTO TUTA TyJbCalliil HOCSIT, B U3BECTHOM CTENEeHM, YCIOB-
HbII XapaKTep 1 B psijie CJlydaeB MOTYT HECKOJIbKO OTINYAThCS.

AMITIUTYIBI TTyJTbCAllMil Pe3KO BO3PAcTaloT C YBEIWYECHHEM Teproaa Kojeba-
Huii. Tak, B cpeqHUX IUPOTaX aMIIUTYAbI TyJabcauii Pcl—Pc2 v Pil oObIYHO CO-
CTaBJISIIOT JAECSAThIE NOJIM HaHOTeC A, Imynbcanuii Pc3—Pc4 v Pi2 — equHUIEI HAHO-
Tecna, a PcSwu Pi3 — pnecatku HaHoTecna. HecMoTpst Ha 3TH, Ka3ajioch ObI, MaJible
3HAYCHUS aMIUIATYI, P uccienoBareieil, HarmpuMep [[lnexanos, 1990; IItuupiHa
u ap., 1998], yka3piBaeT Ha BO3MOXHYIO O0MO3(D(PEKTUBHOCTh TaKMX KOJICOaHUIA.
MoOXHO MpPennonaoXnTh, 4YTO CYIIECTBYET OIpenesieHHas M30MpaTeIbHOCTD 110 Ya-
cTOTe, OOYCIIOBJICHHAST Pe30HAHCHBIMU B3auMoeicTBUsIMUA. Kpome Toro, Bo3MoX-
HO, UM€EET 3HAUEHUE TAaKXKe CKOPOCTh M3MEHEHMSI MATHUTHOIO TOJISI (BpeMEHHBIE
IpagueHTHI).

Ha pa3HbIX TeOMarHUTHBIX ITUPOTAX MOP@OJIOrMYECKUE XapaKTEPUCTUKU
MyJbCallii HECKOIBKO pasinyatorcsa. C yBelIMUeHNEM IMHUPOTHI MIEPUO, THEBHBIX
KoJieOaHUil yBeaumuuBaeTcsl. Tak, eclii Ha CPEIHUX IIUPOTAX TUITMYHBIMU THEB-
HBIMM KOJIeOAHUSIMU SIBJISTIOTCSI TeOMAarHUTHBIC TTyJibcaliuu Pc3—Pc4, To 11st aBpo-
PaJbHBIX IIUPOT TUITMYHBI TEOMAarHUTHBIE TyJibcauuu Pc5. B To e BpeMs Ha Jio-
ObIX IIMPOTAaX B HOYHbBIE YaCchl HAOJIOMAIOTCSI TEOMArHUTHbBIE TTyJibcauu Pi2 B of-
HOM Y TOM XK€ IraIia30He MMepUoa0B.

Kak mpaBwmio, Bce THEBHBIC ITyJabcallii Pc2—5 ecTb pe3ylbTaT pa3BUTHS
B MarHuTocdepe 3eMJI pe30HAHCHBIX KOJICOaHWI CUIOBBIX JIMHHI TeOMarHUTHOTO
mmosst. CoOCTBEHHBIN Tepruo KOoJeOaHW CYJIOBOM JIMHUM TEOMATHUTHOTO ITOJISI

onpeznensiercss kak 1 =2 f dS/ V, , Toe MHTerpupoBaHUE BEIETCS BOOJb CHUIIOBOM

JIMHUY T€OMAarHUTHOTO TT0JISI, COEIUHSIONIEN COMPSKEHHBIE TOYKHA MOHOCHED MPO-
TUBOTIOJIOXHBIX MOJyINapuii, a ¥ — anbdseHoBcKas ckopocTs. [lepron pesoHaHc-
HBIX KOJIEOaHUI 3aBUCUT HE TOJBKO OT JUIMHBI CHJIOBOW JIMHWUU, HO U OT Harlps-
>KEHHOCTH TeOMarHuTHOrO T (B) ¥ IUIOTHOCTH TUIa3MBbl BIOJIb CUJIOBOM JIMHUN

_ 1/2

(p), MOCKONBKY anb(dBEHOBCKast CKOPOCTh V, = B/ (Wy0)"" . Ecnu BCe CHIIOBBIE JIH-
HUM F€OMarHUTHOTO TOJIs1 OyAYyT COBEpIIATh pe30HAHCHBIE KOJieOaHUsI HE3aBUCUMO
JIpYT OT JIpyra, TO Mepuoj] HabJogaeMbIX T€OMAarHUTHBIX MyJIbCalluii JOJKEeH He-
MpPepbIBHO MEHSIThCSA B MpocTpaHcTBe. OnHAKO B MarHutocdepe CUIOBbIE JIMHUU
OKa3bIBAIOTCS CBA3aHHBIMU U MOTYT KOJiebaThCs Kak 1esoe. Ab(pBEHOBCKUE BOJI-
HbI TIPEUMYILIECTBEHHO BO30YKIAIOTCSl HA T€X CWJIOBBIX JTUHUSX, I1Ie pe30HAHCHBIN
MepUo/ COBNAAAET C TIEPHUOAO0M BOJIH BHEIITHETO UCTOYHUKA.

C Bo3pacTaHMEM T'€OMarHUTHOM aKTUBHOCTU aMILIUTYIA MyJIbCalluii Ha BCeX
IMpoTax yBeauuuBaeTcs. OQHAKO BOJHOBOW MOPTPET pa3HbIX MAarHUTHBIX OYpb
4yacTo ObIBAeT pa3WYHbIM, BO MHOTOM 3aBUCSIIVMM OT YCJIOBUIA B COJJHEUHOM Be-
Tpe W MeXIUTaHeTHOM MarHuTHoM Toine (MMII). Ha puc. 1 mokazaH mpumep
aHaJoroBoil (oToperucTpalluy TeOMarHUTHBIX NyJbcallMii B MarHUTOBO3MY-
1eHHoe BpeMsi. B HacTosIiee BpeMsl BO BceX MyHKTax Takasli perucrpaius 00Jb-
1Ie He TMPOBOAUTCS, a HUCIOJb3yeTcsl HuGpoBas 3alKuCh ¢ AUCKpeTusalueil B 1
wu 10 c.

XapaKTepUCTUKHU T€OMarHUTHBIX IMyJIbcallMii MOAPOOHO U3JIOXKEHBI B psile 00-
30poB U MoHorpaduit (Hampumep, [Kieitmenona, 2007; IlymoBkuH u ap., 1976;
Tpounkas, I'yaseasmu, 1969; Pilipenko, 1990; Saito, 1969; Troitskaya, 1964]).

PaccMotpum Gojiee ToapoOHO KaxKOblii M3 OCHOBHBIX TUIIOB T€OMAarHUTHBIX
nyJabcaluii, HAOJI0AaeMbIX Ha 36MHOM MOBEPXHOCTH.

166



H.T. Knelimerosa  Tynbcauuu B reoMarHUTHOM MoJie Kak BaXHblil OMOTPONHbINA GAKTOP KOCMUYECKOI NOrofbl

I}nl.. /AW 'b(’ “N\? r!]i'm}:a' v ‘{i{j\:}n\&w\"}\“f\&

"W“I 'L [ "
J LM M ’mww' oy
b W o..\_/ '\w Jy’k\\h, v‘ .J,M., /
% TN WW\ T ‘ v M
T —— el L
e e bringes LW?"*‘MW—W\—-#—HW—
Mn—-—-—n-#—-—m—%ﬂ-——%‘ v o == -y ﬁ,_r
b |

L 1830™ \ , L

ﬂs"’m ) .-L v .
2( 2 A - —————
M —— . - ~————
722207 —

—

Puc. 1. IlpuMep aHaIOroBOI 3amycu T'€OMarHUTHBIX ITyJbcaliMii B oocepBaTopuu bopok.
Kaxmast TMHUST — 6-MWHYTHBIA MHTEpBaJl perucTpaluy. BepxHuii rpadmk — HMpperyssip-
Hble Pil-nynbcanuu, cpegunii — Pc3—Pc4, vvokuanii Pcl

1.1. TeomarHuTHble Nynbcauum Pcl

T'eomarnutHble nyabcauuu Pcl mpeacTaBiIssiOT cO00M KBa3MCUHYCOMIAIbHBIE KO-
nebanus ¢ nepuogom ot 0,2 mo 5 ¢, UMeloIre XapaKTEpHYI0 MOTY/ISIIUIO aMILTUTY-
JIbl B BUJE OTIEIbHBIX BOJTHOBBIX MAKETOB, CO3AAIOIINX CJIOXHYIO KAapTUHY OMEHUI
(HmxHuit rpacduk Ha puc. 1). Ilyabcauuu Pcl B.A. Tpouiikas Ha3bIBalla «KeMIy-
XKUHAMW», TIOCKOJIBKY MX MarHUTOIpaMMa HAaITOMUHAET HUTKY KEMUYXKHOTO OXKe-
penbs. JdnuTenbHOCTh cepuii Pcl cocTaBisieT OT Iojlydaca A0 HECKOJIbKMX YacoB,
MaKCHMYM MX TIOSIBJICHUST OTMEUaeTCsl B paHHHME YTPEHHUE YaCchl MECTHOTO BpeMe-
Hu [MartBeeBa, Tpouiikasi, 1965]. B cpeqHux mmpoTax aMILIUTYAbl Pc I-TyIbcalinii
coctrapisior 0,01...0,1 HT. KonebaHuss MOryT OJHOBPEMEHHO PETUCTPUPOBATHCS
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B OoJibllIoM AuanazoHe JoaroT (10 120°) 1 HeCKOJIbKO COTeH KMJIOMETPOB MO U~
porte.

[enepanus Pcl-Tmymbcaliiii XxapaKTepHa IJIsI BOCCTAHOBHUTEIBLHOU (ha3bl Mar-
HUTHO# Oypu, Ha 3...6-i meHb mocie BHe3amHoro Hadaia 6ypu SC [Ilnsacoa-ba-
KyHMHa, MatBeeBa, 1968]. B BoccTaHOBHUTENBHYIO (ha3y MAarHUTHOM Oypu Ipouc-
XOIUT pacran KOJbIIEBOTO TOKa B MarHUTochepe 3eMIM M 3alojHeHUe TIa3Mo-
cepsl XOJIIOMHON TIIa3MOM, UTO YIyYIIaeT YCIOBUS IJIST Pa3BUTHS, TIPUBOASIIETO
K BO30YKIeHUI0 Pcl-myabcaliuid.

Kpome Toro, Pcl-mynbcaliii 9acTO HAOMIOOAIOTCS TTOCJIe BHE3aITHOTO Havasia
oypu (SC), ecnmu OHO IIPOMCXOOUT B paHHME YTPEHHME Yachl MECTHOTO BPEMEHU.
B 2TOM ciTydae reHepalust BOJIH CBI3aHa ¢ Pe3KUM BO3pacTaHUEM TJIOTHOCTH U IH-
HaMWYECKOTO JaBJICHUs COTHEYHOTo BeTpa. B penkux ciydasx Pcl HabmogaroTcs
¥ 32 HECKOJIBbKO YacOB IO BHE3aITHOTO HaJasa.

[Muknnyeckue Bapualuuu myiabcauuii Pcl HaxoasiTcst B mpotuBogase ¢ 11-yet-
Hell MepMOANYHOCTbIO COTHEUHOM akTUBHOCTU [MatBeeBa, 1987]. DT1o 4yéTko BuUiI-
HO Ha pUC. 2, Ilie NMPUBEICHBI JAaHHBIE O COJTHEYHON aKTMBHOCTH (CyMMa Mecsd-
HBIX 3HaYeHUH Yncen Bonbda) u mmmTenbHOCTD Pel-ynbcanuii (MecsTayHass cyMMa
15-MuHyTHBIX UHTepBaoB ¢ Pcl) B obcepBaTopun bopok fApocnaBckoit obiactu
(http://www.wdcb.ru/stp/data/catal_pc/) 3a 1970—1995 rr. BuaHo, 4T0 MakCUMyM
TIOSIBJICHUSI TEOMAarHUTHBIX ITyJbcaninii Pcl HaGmromaeTcss B TIEpUOIBl MUHIMYMa
COJIHEYHOU aKTUBHOCTU.

B Ce30HHBIX BapHMalUsX UITUTEIBHOCTH CPETHEIIMPOTHBIX Pcl-ynbcamuii
MakKCHMMyM HaOmomaeTcss B 3uMHee BpeMs. OCOOEHHO YETKO CE30HHBIM XOI
Pc I-mrynbcannii posiBIIieTCs B TOABI MUHUMYMa COJTHEUHOM aKTUBHOCTU. B rombr
MaKCHMyMa COJTHEYHOM aKTUBHOCTH YHCIIO CITydaeB TTOSIBIICHUS Pcl yMeHBIIIAeTCs.
OO0OBsIicHeHNE 3TOMY (haKTy ITOKaA He HalIEeHO, XOTS He MCKIIOYeHO, YTO CE30HHBIM
XOJI TIOSIBITEHUST Pcl MOXeT OBITh CBSI3aH ¢ OCOOCHHOCTBIO TTPOXOKICHUS BOJH Ye-
pe3 JIeTHI00 HoHOChepy.

1970-1985
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Puc. 2. [luxnuyeckre Bapyualuy COJIHEUHON aKTUBHOCTHU
U aaTteabHocTy PeI-tmiynbcanuii
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OObsicHeHue 3ToMy (hakTy TOKa He HalJeHO, XOTS He UCKJIIYEHO, YTO Ce-
30HHBIN X0 TosiBIeHUsT Pc I MOXeT ObITh CBSI3aH C OCOOEHHOCTBIO MPOXOXKACHUS
BOJIH Yepe3 JIETHIO noHochepy.

Bo30y:xxaeHue reoMarHUTHBIX NyJbcaluuid Tuna Pcl cBSI3aHO ¢ LIMKJIOTPOH-
HBIM B3aMMOJEIHCTBUMEM BOJH M dYacTull B MarHutocdepe 3emiu [Tpoumikas,
I'yaeenemu, 1969]. XapaKTepUCTUKU TYIbCAlldii Ha 3eMHOM ITOBEPXHOCTHU OIIpe-
JEJISII0TCS KaK yCJIOBUSIMU BO30YXIEHUS, TaK U Ko3dhduIMeHTaMU OTpaxKeHUsI
OT ITPOTUBOIIOJIOXKHBIX HOHOC(hEDP U KO3 (PUIIMEHTaMU MTPOXOXIAEHUS Yepe3 UOHO-
cdepy.

Jnsa reHepaiiuu nyiabcaumit Pcl HeoOxoauma MpenliecTBylollas reoMarHuT-
Hasi BO3MYIIEHHOCTb, CITOCOOCTBYIOIIAsI HAKOIJIEHUIO B MarHUTochepe 10CcTaTou-
HOTO YMCJia 9HEPTUYHBIX YaCTU1L, 3aXBaY€HHBIX MAarHUTHBIM TosieM. OHaKo B Xo/ie
MarHUTHOU Oypu B TpelaBeYepHME Yachl MOTYT HaOJogaThcsl KojiebaHUsl, OYeHb
noxoxwue Ha Pcl, HO oTIMYalOIIMECs] OT HUX YMEHbBIIAIOIIUMCS CO BpeMEHeM Tie-
pUOIOM, B TO BpeMsl KakK nepuoa Pcl oObIYHO HE M3MEHSETCSI CO BpeMeHeM. DTO
Kojiebanus yorsBaromero nepuoga (KYII). C touku 3peHnss BO3MOXHOM OMOTPOII-
HOCTHU 00a 3TUX BUA MyJIbCalliii paBHO3HAYHbI, HO TeOMarHWTHBIEe myJbcaluu Pcl
HaOII0Ja0TC TIpU MabIX 3HadeHUsIX Kp-mHpekca, a xoneOanus tuna KYIT —
npu OOJIBIINX.

1.2. WpperynapHble nynbcaumm Pil

B mmnamnaszone Pil (T=40...150 c) HaGmomaeTcsi HECKOJIBKO BUIIOB ITyJIbCallMii, OC-
HOBHBIMU U3 KOTOPBIX SIBJISIIOTCS: a) BeUepHUE M HOYHBIE ITUPOKOIIOJIOCHBIE IIIy-
MoOBbIe BcIiecku (PiB) nnuTenbHOCThIO mopsiaka 1...3 MHUH, OOBIYHO COIIPOBO-
KOalolIue BCIUIeCKU Pi2-Tiylbcalluii U MONSIpHBIX custHuit; 60) PiC — yTpeHHUe
LIYMOBBIE HECTPYKTYpUPOBAHHBIE KOJiebaHUsI B JOCTATOYHO Y3KOM MoJyioce ¢ Ipe-
obnagatomuM nepruoaom 5...10 c. IIpumep creKTporpaMMBl 3THUX ITYJIbCAIUIA II0-
Ka3aH Ha puc. 3.

HaubGonbime amMmuTynbl PiB-myiabcalliii peruCTPUPYIOTCS. B aBPOPATbHBIX
mmpotax. Konedbanus PiC Hanbosiee yacTo HaOJIomaloTcsl BOJM3U 3KBaTOPHAIIb-
HOW rpaHUIIbl aBPOPAJTBHON 30HBI M COMPOBOXIAIOTCS MYJIbCUPYIOIIUMHA MATHAMU
TOJISIPHBIX CUSTHUI.

JTu | : T

Puc. 3. [Ipumep crieKTporpaMMbl TeOMarHUTHbIX ITyJbcauuit PiBu PiC
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Puc. 4. Tlpumep 1nocienoBaTeIbHOCTH BCILIecKOB Tyiabcauuii Pi2 [Kim et al., 2005]

T

1.3. TeomarHuTHble nynbcayuu Pi2

[eoMarHUTHBIE TyIbcalluM Pi2 Ha MarHUTOTpaMMax MMEIOT XapaKTepHyo (op-
MY 3aTyxalolIllero 1yra Kojebanuit ¢ meprogom mopsaaka 50...150 ¢ (F= 6...20 mI')
M TIPOIOJIKUTENIBHOCTBIO 5...10 MuH. Hanbomee yacto Pi2-myibcaliiy peTUCTPUPY-
10Tcs1 B moJjioce yacToT 8...15 mI'u. OnHUM M3 BaXKHENUIIIMX CBOMCTB Pi2-mynabcaliuid,
JacTO MCIIOIb3yeMbIM TTPU U3YYEHUH TTPOIIECCOB B aBPOPAJTBHBIX IITMPOTAX, SABIISICT-
cs X 4€TKasl CBSI3b CO B3PBIBHOM (pa3oii (OpeiikaroM) MarHuTocepHoii cyooypu.
[Tpu aTom BO30yXneHue 1yra Pi2 oObIYHO COINPOBOXAAETCSI BCIUIECKOM KoJjieha-
Huit PiB. B xome pa3BuTs B3pBIBHOM (Da3bl CyOOYypH MOKET ITPONCXOIUTH TeHepa-
IUST CepUU IyroB Pi2, cpeaHnil MHTEPBaI BpeMEHN MEXIY KOTOPHIMU COCTaBIISICT
10...15 muH.

MakcuMyM aMIUTMTYOBI M YacTOTHI TTOSIBIICHUST Pi2 HaOMomaeTcss B HOYHOM
CeKTOpe aBpopaibHOM 30HBI U AocTuraet nopsiaka 10...20 HT. [Ipumep nosiBieHust
HECKOJIbKUX BCIJIECKOB Pi2-TiyJibcalivii B CPeIHUX IIIMPOTaX MOKa3aH Ha puc. 4 (13
pa6otsl [Kim et al., 2005]). bykBamu A—F nmoMeueHBI OTAe/IbHbIE BOJIHOBBIE ITaKe-
THI Pi2-mrynbcanmii. [1o TOPM3OHTAIBHOM OCH — MUPOBOE BpeMsI. XOTS BCILTECKU
Pi2-mynbcanuii HabTIOOAIOTCSI OMHOBPEMEHHO B aBPOPAIbHBIX, CPETHUX M HU3KHX
IIUPOTaX, IPUPOAA UX B Pa3HBIX ITMPOTAX pa3INJHA.

[enepanuro Pi2 B aBpOpaJIbHBIX IIMPOTAX CBA3BIBAIOT C KBa3UTIEPUOTNICCKI-
MM KOJIEOAaHUSIMH TIPOTOJIBHBIX 3JIEKTPUICCKIX TOKOB, YCHIIMBAIOIINXCS BO BPEeMS
MarHuTocdepHOi cyo0ypH, a B CPEIHNX W HU3KMX ITMPOTAaX — C BO3OYKICHUEM
100ajbHOM cTosTuel BOJIHBI (cavity mode resonance) BHYTpH ILTa3Moc(ephl, BbI-
3BaHHON MOIXOIOM K IITa3MoTIay3e BOJTHBI cxKaTus. [1epBUIHEBIN MCTOUHUK SHEP-
TUU 3THX ITyJbCAllMii CBSI3aH C TTa3MEHHBIMU HEYCTOMYMBOCTSIMU B XBOCTE Mar-
HUTOCGEphl U B3PHIBHEIM OCBOOOXICHHMEM 3HEPTrMU BO BpeMs Hadaia cyooypu
(Opeiikalr), a TakxKe MOSIBJICHUEM HallpaBJeHHbIX K 3eMiie ObICTPBIX TOTOKOB 3apsi-
JKEHHBIX YaCTHII, TaK Ha3biBaeMbIX bursty bulk flows (BBF).

1.4. [IHeBHble reoOMarHUTHble nynbcauun Pc2-Pc4

Ha 3eMHOIiI NOBEpXHOCTM T€OMarHuTHBIE IyJibcauuu Pc2—Pc4 HaGmogamoTcs
OT BKBaTOpUAIbHBIX 10 TOJSPHBIX 00JacTeil, MpU 3TOM aMIUIMTyda KoJeOaHUit
BO3pacTaeT ¢ pOCTOM IIUPOThl TOYKU HabmoaeHus. Tak, aMIIMTyda caMbIX pac-
npocTpaHEHHBIX Pc3-KonebaHuii ¢ mepuogom nopsiaka 20...30 ¢ B cpeqHUX IMUPO-
TaxX COCTaBJISIET IECSThIE JOJIM HAHOTECIA, a B BLICOKUX — €AMHUILIBI U TIEPBHIC AeCAT-
KU HaHoTecsa. B cBoro ouepenb, cpenHeIUPOTHBIE Pc4 UMEIOT OOBIYHO aMILTUTYIY
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B €IMHUIIbI, @ BBICOKOIIIMPOTHBIE — AECATKM HaHoTecsa. ['eHepalusi BOJTH MOXeT
MpoaoJKaThcsl yacaMM. YacTto kosiedbaHusl HabI0Jal0TCsl B BUIE BOJHOBBIX TMaKe-
TOB C MOCTENMEHHBIM MOABEMOM U CMIAAOM aMIUTUTYAbI IJUTEIbHOCTBIO B HECKOJIb-
KO MUHYT.

Bo3oyxneHue mynbcanmii Pc4 xapakTepHO IJ1I MAaTrHUTOCITOKOMHBIX YCJIOBUIA
[bonbiiakoBa u ap., 1995], a Pc2u Pc3 — nist yMepeHHO Bo3MyIIEHHBIX. C pocToM
MarHUTHOUW aKTUBHOCTHU TEpUOJ KOJeOaHUii, peruCTPUPYEeMbIX B JaHHOW TOYKE,
yMeHbIlaeTcs (puc. 5) u nomnanaeT B auana3oH Pc2 npu Kp>5 u B nuanason Pc4
npu Kp<2.

B Bo3My1IEHHBIX yCIOBUSX KojieObaHUs B nuara3oHe Pc3 u Pc4 Hepenko reHe-
PUPYIOTCS OJHOBPEMEHHO, YTO MPUBOAUT K CJIOXHOW KapTUHE UX AUHAMUUYECKUX
criekTpoB. Ha pwc. 6 mpuBeeHO HECKOIBKO MPUMEPOB TMHAMUYECKUX CIIEKTPOB
reOMArHUTHBIX Iynbcauuii Pc3 u Pc4. I3 npuBen€HHBIX HA pUC. 6 IIPUMEPOB pe-
TUCTpalluy TeOMarHUTHBIX MyJIbcalluii B cydaBpopalibHOI obocepBaTopun KepreneH
BUIHO, YTO B OIHUX CJIy4yasiX (BepXHUM U HUKHUI rpaduKr) OJHOBPEMEHHO peru-
CTPUPYIOTCS IB€ TUCKPETHBIE TOCTATOUHO y3KKe TOJO0Chl KoJieOaHUii: olHa B Aua-
naszoHe Pc3 (f = 30 mI'), a npyrast — B nuanazone Pc4 (f = 8...10 mI'u). B npyrux
clyyasix HaOJiomaeTcsl MOCTeNeHHOe M3MEHEeHHEe TepUOoJ0B IyJibcaluil (BTOpOit
CHU3y Tpaduk). B cOKONHBIX yCIOBUSIX PETUCTPUPYIOTCS JIWILb KOJeOaHUs aua-
na3zoHa Pc4 (BTopoii cBepXy rpacuk).

B mmpoTHOM pacrpefeneHun aMIuiuTya Pc3-nyibcauuil YETKO BBIAEISIETCS
IBa MaKCUMyMa: CpeIHEIIMPOTHBIN (TeOMarHUTHBIE IMUPOTH 55...60°) B 0KOJIOITO-
JIyIEHHbIE Yachl U BBICOKOLIMPOTHBIN (reoMarHuTHbIe mupoThl 70...74°) B nipen-
noJiyneHHble yachl. Kak mpaBuiio, nepuoa kosebaHWil Bo3pacTaeTr ¢ yBeJIUYeHUEM
LLIMPOTHI.

Mopdonornueckue xapakTepuctTuku Pc2—Pc4-nyabcaliuii CBUAETEbCTBYIOT
0 TOM, UTO HauboJjiee BEpOSITHBIM MEXaHU3MOM MX I'eHepalluu SIBJIsSieTCs aibdBe-
HOBCKMU pe30HAHC CUJIOBBIX JIMHUI T€OMarHUTHOTO MOJISI.
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Puc. 5. [Ipumep yMeHbIIIEeHUS TTIEPUOAOB FTeOMarHUTHBIX Myabcauuit Pc2—Pc4
(o6cepBaropust bopok) ¢ pocToM MarHUTHOI aKTUBHOCTH
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OCHOBHBIM HUCTOYHUKOM 3HEPIUM BOJH MOXKET OBbITh HEYCTOMUMBOCTb Kelib-
BuHa — ['ebMrosba Ha (p1aHrax MarHUTOC(ephl, pa3BUBAIOLIASICS 3a CYET 00Te-
KaHusi MarHutocgepbl COJHEUYHbIM BeTpoM. MHKpeMeHT 3Toii HeyCTOMYMBOCTHU
PacTET ¢ yBeJIMYEHUEM CKOPOCTHU COJTHEYHOTo BeTpa, T. €. aMILIUTYa BOJH BO3pac-
TaeT C yBEJIMYEHUEM CKOPOCTU COJTHEUHOTO BeTpa.

Kpome atoro, B inanazone Pc2—Pc4 MOTYT perucTpupoBaThCs MyJibcallku, Te-
PUOJ KOTOPBIX HE 3aBUCUT OT IKUPpOThl. Hanbosee yacto Takre KBa3UMOHOXpOMa-
TUUYeCKUE KojebaHust HabmoaatoTes ¢ nepuoaoM ~20...25 ¢ (f = 40...50 mI'n). Ot
BOJIHbI MOTYT UMETh BHEMarHutoccepHoe npoucxoxneHve. MCTOUHUKOM 3HEpTUu
TaKuX MyJbCAallMiA MOTYT OBITh BOJIHBI, BO30YKAalOIIeCs B TypOyJIEHTHOM 00JIacTr
Ha TpaHulle MarHuTocdepsl nepea (pOHTOM yIapHO# BOJHBI 3a CYET MOHHO-1IU-
KJIOTPOHHOTO PE30HaHCa OTPAXKEHHBIX OT MarHUTOC(EPHl MPOTOHOB COJHEYHOTO
BeTpa. OTU BOJHBI U3 COJIHEYHOIO BeTpa MOTYT NMPOHMKATh BO BHYTPEHHIOIO Mar-
HuTOoc(epy M HabIOaaThCS HAa 3eMHON MOBEPXHOCTH KaK reOMarHWTHbBIE MyJibca-
LIUY C TIEPUOAOM, HE 3aBUCIILIUM OT IIMPOTHI. YacToTa TaKUX BOJIH OINpEesieTcs
BEJIMUMHOM MEXIUJIaHEeTHOTO MarHUTHOro 1oJjist (B MMIT) u MoxeT ObITh BhIUMCIE-
Ha TT0 SMIpudeckoit popmye: f (M) = 6B (HT).
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1.5. leomarHuTHble nynbcauum Pc5

Ilynbcamum PcS5 OoT APYruX TMIIOB YCTOMYMBBIX ITy/IbCALIMI OTINYAIOTCS OOIbIIMMU
nepuogamu (150...600 c, f= 1,5...6,0 mI't1) 1 OrpOMHBIMHU aMILIUTyJaMu. B BeICO-
KUX IIMpOTax aMIIMTyabl PcS o6b1uHO coctaBistor nopsaka 50...200 HT, a B ycio-
BUSIX CUJIbHOM MarHUTHOM BO3MYILIEHHOCTU MOTYT nocturath 300...400 HT u 6ogee.
B cyTrouHOM xoze MosiBieHUs TyJbcalldii OTMEYaeTCs IBa MaKCMMyMa — OCHOB-
HOW, B yTPEHHME Yachbl, U BTOPOI, HECKOJbKO MEHBILIUNA — B MOCJIENOJyIeHHbIE
4achl.

ITynbcaiiuu Pc5 — 3T0, B OCHOBHOM, BBICOKOIIIMPOTHBIE SIBJIEHUS U TUTTUYHbI
IIJI Ha4aJIbHOM ¥ BOCCTAaHOBUTENILHOU (ha3bl Oypu. MakcumMyM aMILIuTyabl PcS Ha-
OsromaeTcsl B aBpopajibHOM 30HE U MPU YBEJIMUYEHU MarHUTHOW aKTUBHOCTU CMe-
111aeTcs B CTOpOHY Oojiee HU3KUX UpOT. [leproa myabcaiyii 3aBUCUT OT LIMPO-
Thl, YTO CBUAETEIbCTBYET O PE30OHAHCHOM TNpuponae BOJAH. B KaxaoM oTaeabHOM
BOJIHOBOM TakeTe CHEKTP KoJieOaHUN MOXKET ocTaBaTbCS OJMHAKOBBIM BO Bcelt
00J1acTy IIMPOT, TAe 3TU KoJiebaHUsI HaOII0Aal0TCsI, OJHAKO HAa KaXXIOM 4acToTe
aMIUIMTyAa KojebaHuii OyaeT MakcuMallbHa Ha TOUW LIMPOTE, TAe JaHHAas yacToTa
COOTBETCTBYET JIOKAJIbHOMY alb(PBEHOBCKOMY pe3oHaHcy. Tak, B yCJIOBUSIX yMe-
PEHHOI TeOMarHUTHOM BO3MYIIIEHHOCTH Ha 1mmpoTax ~70° mpeobaagaloniuii mepu-
OJl PE30HAaHCHBIX Iynbcaluii PcS5 cocrapnser ~2 mI'1, a Ha mmporax ~60° — oKoJIO
3 Ml

OCHOBHBIM HCTOYHHUKOM 3HEPIMU pPE30HAHCHBIX PcS-KojaebaHUil MOryT
ObITh HeycTOouMBOCTh KenbBuHa — ['eibMrosiblia Ha MarHuTONay3e, a Takxke MM-
MyJbCbl AWHAMUYECKOTO MaBJEHMUS COJIHEYHOTO BeTpa WJIM ero (QuyKryauuwu.
MarHuTo3ByKOBbIE BOJIHBI MPU PACpPOCTPAHEHUU BIIYyOb MarHUTochepbl MOTYT
BO30YXIaTh TOPOMAAIbHbIE KOJIeOaHUs (pe30HaHCHI) Ha L-000/104Ke, Tae YacToTa
BHEILIHETO UCTOYHMKA COBMAJAET C JIOKAJIbHON YaCTOTON COOCTBEHHBIX KOJeOaHU
TEOMATHUTHOW CUJIOBOU JIMHUU.

Bo Bpems1 MarHUTHBIX Oyph BO3MOXHO BO30YyXIEHME KBa3MMOHOXPOMATH-
yeckux PcS-mynbcaliuii OTHOBpPEMEHHO BO BCEM JHEBHOM cekTope. Takue Koiye-
0aHUsI MOTYT OBITb PE3yJbTaTOM IeHepalMy MOJOUAAIbHBIX BOJH TaK Ha3blBae-
MO TJ100aJIbHOW MO[IbI, T.€. CTOSIMMX BOJIH, OTPaKAIOIUXCS OT TPaHUIIBI MarHu-
Tocdepsl M IIa3Momay3bl. Takue KojaebaHUs OOBIYHO HAOMIOHAIOTCS BO BpEMSI
OYeHb OOJIbIIMX MAarHUTHBIX Oypb, KOTJa CKOPOCTb COJIHEYHOTO BETpa IOCTUTa-
€T OrpoMHBIX 3HaueHuir — g0 ~1000 xkm/c. IIpumep Takoro ciaydast IMOKa3aH Ha
puc. 7. BugHo, 94TO BO BpeMs TMTaHTCKO MarHuTHoOu Oypu 31 oktsa6ps 2003 r.
B JHEBHOM CeKTOope 3eMJIM FTeOMarHUTHbIE MyJabcallui PcS OrpOMHOUN aMILIUTYIbI
(200...400 HT) perucTpUpOBaIUCh OMHOBPEMEHHO OT TOJISIPHBIX IO HU3KUX T€O-
MarHUTHBIX IIUPOT.

YcuneHne reoMarHUTHBIX ITyJIbcaluii Pc5 mporcxonuT omHOBPEMEHHO Ha BCEX
LIMPOTax. DTO YETKO BUIHO HA pUC. 8, Ilie MpUBEAECHHI IBa IIpUMepa Baprariii MH-
TEHCUMBHOCTU Pc5 Ha pa3HbIX LIMPOTaX B TEYEHUE Mecslia, ClpaBa — MEXIyHapo-
HbIe KoAbl oocepBaTopuii. BumHo, 4T0o MHTEHCHU(UKALMS ITyIbcalliii Ha0II01aeTCs
OIIHOBPEMEHHO Ha BCEX IIMPOTaX U MPOHOJXKAETCS B TE€YEHUE HECKOJbKUX THEM.
IIpn 3TOM MHTEHCUBHOCTh KojieOaHMI B aBpopalbHBIX Iuporax (SOD) B 4 pasa
ooinnlie, yueMm B cybaBpopanbHbix (PAF), a B cpegaux mmpotax (CZT) — B 4 pasa
MEHblIIe, Y4eM B CyOaBPOPAIbHBIX, T.€. OT BBICOKUX K CPEIHMUM LIMPOTaAM aMILIATY-
na PcS-tmynbcanuyii yMeHbIIaeTCsl OOJIbIIE YeM Ha MOPSIIOK.
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2. BO3MOXHAA BUOTPOMHOCTb FEOMATHUTHbIX NY/IbCALNIA
2.1. JKCnepuMeHTanbHble pe3ynbraThbl

[eoMarHuTHOE TOJie CYIIECTBOBAJIO 10 BO3HMKHOBEHUSI XXU3HM Ha 3eMJe, T.e.
opraHudyeckasi SBOJNIONWS TPOUCXOOWJIA B TMPUCYTCTBUM MATrHUTHOTO ITOJS.
DBOJIIOLIMOHHBIE TTPEOOPa30BaHUs CO3[aNM CIOXHYIO UepapXUi0 BpEeMEHHON yIlo-
PSIIOYEHHOCTH PAa3IMYHBIX OMOJOTMYECKMUX PUTMOB, KJIIOYEBYIO POJIb B CO3MAaHUU
KOTOPBIX WTpali KBa3WIEPHOAWYECKUE BapHalliM OKpPYXKalolleil cpeibl, B TOM
yyclie U BapyalMy TeoMarHuTHoro noisi. B pesynbTare sBoMIOLIMY OUOJOTUYECKIE
00BEKTHI, BKIIIOYAS YeJIOBEYECKUI OpraHu3M, COOPMHUPOBATINCH KaK CIIOKHEIE OT-
KPBITBIE HEJTMHEWHBIE CUCTEMbI, COCTOSTHIE KOTOPBIX BO MHOTOM 3aBHUCHUT OT U3Me-
HSIOIIMXCS YCIOBUI cpenbl oOnTaHus. ECTeCTBEHHO MPEaITONOXUTh, YTO B PE3YiTb-
TaTe DBOJIIOLIMY XUBbIE OPTaHU3MBbI (32 MCKIIIOYeHEM GOJIbHBIX 0CO0Ei) TOKHbBI
OBITH aTaNTUPOBAHBI K TUITMYHBIM BOJTHOBBEIM SIBIEHUSIM B MarHutocdepe 3emin,
OTHAKO HETUITMYHBIE CIydal MOTYT IIPUBOIUTH K HETpeacKa3yeMbIM 3 deKTam.

3aMeTM, 4YTO HauboJiee YYBCTBUTEIBHBIMU K HETaTMBHOMY BJIMSHUIO
BO3MYIIIEHUI KOCMHUYECKON TIOTOABI SIBIISIIOTCST OOJbHBIE OpraHW3Mbl. Emmé
A.JI. YmxeBckuii B 1933 r. mucan: «Mbl MOXeEM paccMaTpuBaTh O0JIBHOM OpraHmu3M
KaK CUCTEMY, BBIBEICHHYIO U3 COCTOSIHUSI paBHOBecHs. JIJIsT TaKMX CUCTEM TOCTa-
TOYHO MMITyJIbCa U3BHE, YTOOBI €ro paBHOBECHE HAPYIIWIOCh». OTHUM U3 TaKUX
HWMITYJIbCOB MOTYT OBITh BHE3AITHOE MOSBICHUE OMOTPOIMHBIX T€OMArHUTHBIX MYJIh-
CallMil VT MCYe3HOBEHNE TUTTMYHBIX KOJIeOaHWIA, KOTOpPhIE XapaKTepHbI IS TaH-
HOTO MECTHOTO BPEMEHU.

PaccMoTprM HEKOTOpBIE pPe3yIbTaThl UCCIEIOBAHKUS BO3MOXHOM OMOTPOITHO-
CTH pa3HBIX TUIIOB FTeOMarHUTHBIX ITyJIbCALINIA.

Haunbosee KOpoTKONMEpUOAHBIMU M3 THEBHBIX PETYJISIPHBIX myabcaiuii (Pc)
SIBJISIOTCS myJabcaid Pcl, KOTopbie TIPEeICTaBIISTIOT CO0O0M KBa3HMCHMHYCOUIATb-
Hble KosiebaHust ¢ mepuoaoM oT 0,2 10 5 ¢, T.e. OJIM3KUM K TepUoay COKpallleHU
CepIeYHOM MBIIIIBI YeJIoBeKa, MOITOMY MOXKHO IPenNnojoXuTh |[KieiiMeHoBa,
Tpounkas, 1992], uro nynbcauuu Pcl MOTYT UMeTh OMOTPOIHBIN 3 heKT. AHATU3
BO3MOXHOI OMOTPOITHOCTU ATUX MyJbCallMid OB OMYyOJMKOBAH B psiie padoT
[MBanoBa u ap. 2002; KneiimeHoBa, Koswipesa, 2008; KneitmeHoBa u ap., 2007;
Kleimenova et al., 2001, 2007]. Huxke paccMOTpMM HEKOTOpBIE M3 Pe3yJIbTaTOB
3TUX UCCJIEAOBAHUM.

st M3y4eHUsT BO3MOXKHOTO HETaTUBHOIO BIWSIHUS Pcl-mynbcaruii Ha cep-
JIEYHO-COCYINCThIE 3a00JIeBaHUS MBI MPOAHAM3UPOBAIN €XKECYTOYHbIE TAaHHBIE
0 BBI30BaxX CKOPOW MEIUILIMHCKON oMoy (6e3 y4éTa BpeMeH! BbI30Ba) B MoCKBe
3a TpU roja BOJIU3M MakKCUMyMa COJHEYHON akTUBHOCTU (1979—1981). Dt nan-
HbIE MCCIEIOBAINCH B Pa3IMYHBIX MTyOIMKAIUSIX, HanboJjiee TTOJIHO B MOHOTpaduu
[bpeyc, Pamomnopr, 2003]. M3 6aHKa MEAULIMHCKUX JAHHBIX MBI MCIIOJb30BaIU
TOJIKO CBEJEHMUS O BbI30Bax IO MOBOAY 3a00JIeBaHUI CEPIeYHO-COCYAUCTOM CU-
CTeMBbI, KaK HanboJjiee YyBCTBUTEIBHOM K OTPULIATEIbHOMY BO3IEWCTBUIO TeOMar-
HUTHBIX BO3MYyIlIeHMI. Takux BbI30BOB 1O NoBoay MHdapkra Mmuokapaa (MUM) 3a
3 roga 6610 85,7 THIC.

3aMeTHM, YTO TaHHBIE CKOPOI MEIULIMHCKON TTOMOIIY UMEIOT PSII BpeMEHHOM
HeogHO3HAYHOCTH. [Ipexne Bcero, JaHHbIE MEIULIMHCKON CTATUCTHKU COCTaBIIsI-
JOTCSI TI0 MOCKOBCKOMY BPEMEHU, a TeOMarHUTHEBIE JaHHbIE — [0 MUPOBOMY Bpe-
meHu. [ns MockBbl 3Ta pasHuua coctapisieT 3 4. ClenoBaTelbHO, €CJIU BbIE3[I
CKOpO#l MeAUIIMHCKON momoly ObL1 Tocje 21 yaca MOCKOBCKOTO BPEMEHM, TO
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3TOT BBI30OB MOMAAET B paspsl CIACOYIOMIETO THS I TEOMarHWUTHBIX JaHHBIX.
Hounpbie (00—03 yacoB Mo MOCKOBCKOMY BpEMEHU) BbI3OBBI OYIyT COOTBETCTBOBATh
T€OMarHUTHBIM JaHHBIM IPEIbIIYIIEero THS, T.€. UMEeT MECTO HeolpeaeIeéHHOCTh
B OIHM CyTKU. B Takowm ciiyyae 3ama3nbiBaHWe WM OINEPexXeHNe BO3MOXKHOIO 3¢-
(exTa MOXeT oKazaTbcsa apTedakToM. B MCITONB3yeMBIX TaHHBIX (DUKCHUPOBAIICS
TOJIBKO (DaKT BBI30Ba CKOPOI MEAVIIMHCKOM TTOMOIIIM, a TOYHAs JaTa Hadaja 3a60-
JieBaHUs OblIa HeM3BecTHA. KpoMe 3TOro mocTaBIeHHBIN BpayoM CKOPOM Memm-
LIMHCKOM MOMOIIM AMATHO3 MOT OBITh HETOYHBIM U BITOCJICICTBHY N3MEHEH.

B kxadecTBe Mepbl aKTUBHOCTHU Pc I-TTybcalivii MCITOIb30Bajach ITUTETbHOCTh
3TUX KOJeOaHWUI, ompene€éHHas MO JaHHBIM KaTajiora HaOJIONeHU TeOMarHuT-
HBIX ITynbcanuii Pcl B reodusudeckoii oocepBatopun bopok (SIpocnaBckast 00-
nactb) MHcTuTyTa dusuku 3emnu PAH (http://www.wdcb.ru/stp/data/catal_pc/),
cocrapjieHHoro D.T. MaTBeeBoii. DTOT KaTaJloTl COIEPKUT JaHHBIE O BpPEMEHHU I10-
SIBJICHUSI, 9aCTOTe W aMIUTATyHe Pcl-Tylbcalnii Ha OCHOBE HEIPEePBIBHOM aHAJI0-
TOBOM PeTUCTPaIlNH.

J11st MoKa3aTeIbCTBa BO3MOXKHOM CBSI3W MEXAY Baprarusamu unciia UM u mm-
TETLHOCTBIO Pcl MBI pacCMOTpEIN CIIydad aHOMAJIbHO OOJIBIIMX YHUCENT CYTOYHBIX
BBI30BOB CKOPOM MEAUIIMHCKO oMol 1o rmosoay MM. 71 3Toro u3 BCcero Mac-
CHMBa JaHHBIX OBLIN BEIOpPaHBI THU C YMCJIOM BBI30BOB 110 moBoay UM 6ombie 100,
YTO 3aBEJOMO IPEBBIIIANIO CpeAHee 3a TPU rojia CTaTUCTUYECKOe 3HaueHUe, CyM-
MUPOBAHHOE CO CTaHAAPTHbIM OTKJIOHeHUueM (78,3+15,4). AHaIM3 AaHHBIX MTOKa-
3aJI, 9TO M3 67 TaKuX THeH B 46 (69 %) ciaydassx OTHOBPEMEHHO PETUCTPUPOBAIOCH
TTOSIBJICHUE TEOMAarHUTHBIX TyJIbcalinii Pcl. bosee yeM B TTOJIOBUHE CclTydaeB TaKHe
IHH COMPOBOXIAINCH TEOMAaTHUTHBIMU ITyJTbCALIMSIMK, KOTOPBIE HAOTIONAINCH 1B
ITHS TIOIPSII — B TIPEOIICCTBYIOMINIA IeHb W TEKYIIW. BeIaMCIeHHs TToKa3aau, 4To
BEPOSITHOCTD TTOSBICHUS] TEOMarHUTHBIX MyJIbcaliuii Pcl B 3uMHME MecsIibl 1979—
1981 rr. cocrasisia 0,313, a BeposITHOCTh aHOMAaJIbHO OOJIBIIIOTO YMCJIa BBI30BOB —
0,066. Ecitit 3T¥ COOBITUST SIBJISIOTCS HE3aBUCUMBIMU, TO BEPOSITHOCTh MIX COBMECT-
Horo nosiBaeHus1 (P) OyaeT paBHa MPOU3BEACHUIO UX BeposiTHOCTel, T.e. P=0,020.
B 10 e BpeMsT peallbHast BEPOSITHOCTD CIIy9aeB OMHOBPEMEHHOM PETUCTPAILIMM STHX
coObiTuii cocraBuia Bcero 0,047, yto Oojiee yeM B /Ba pa3a IpEeBbIIIAET BEPOSIT-
HOCTb UX CJTy9aifHOTO COBIAJACHUS.

BaxxHo oTMeTHTB, UTO, KaK MOKa3aJl Halll aHaIN3, aMIutuTyna Pcl He urpana
CYILIECTBEHHOI POJiM B TaKOM coBrnageHuu. Tak, 3a 3 roma ObLIO 3aperucTpupoBa-
Ho 12 ciyyaeB o4eHb MHTEHCUBHBIX Pcl ¢ amruiutyaoit 6osbiie 50 T, u3 KoTopbix
TOJILKO B OJIHOM Cjly4ae HaOJIIo[aJIoCh YBeJIMUeHNEe Yuc/ia BbI30OBOB CKOPOW Meau-
LIMHCKOM noMo1u 1o rmosonxy UM.

Kpome Toro 66uM cortocTaBIeHbI JaHHBIE O MECIIHON CMEPTHOCTH OT MH(Dap-
KTa MUOKapaa B boirapuu u MecsdHOTro 4ynciia 15-MUHYTHBIX MHTEPBAJIOB C ITYJTh-
caitusimu Pcl B obcepBaropuu bopok [MBaHoBa u ap., 2002; Kleimenova et al.,
2001] 3a 1970—1995 rr. Pesynbrarsl Takoro conoctasieHus s 1970—1974 rr. no-
KazaHbl Ha puc. 9. YETKO BUIHO OYE€Hb XOPOIIlee COBIaeHNEe 00erX KPUBBIX C MaK-
CHMYMOM 3UMOU 1 MUHUMYMOM JIETOM.

MBI TakKe COIOCTAaBUJIN MECIYHBIC TaHHBIC BBHI30BOB CKOPOM MEIMITMHCKOM
oMoy B MockBe M MecsSlUHBIe JaHHBIe 0 cMepTHOCcTM B boarapum (puc. 10)
Y TIOJYYMJIM UX XOPOIIIee COOTBETCTBUE MEXKIY COOOM M ¢ MECSJIHOU ITUTEIBHO-
CTbIO TEOMATHUTHBIX TyJbcaluii Pcl B oocepBatopun bopok. HuxHuii rpadpuk Ha
puc. 10 — Bapuauuu reomarHuTHoit aktuBHOCTHU (Kp). TeHaeHI1s K mogoouio Me-
OUIIMTHCKUX JaHHBIX ¥ TEOMAarHUTHON aKTUBHOCTH 3aMeTHA JINIITh 11t 1981 T.
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1o noBoay MHGapKTOoB MMOKapaa B MockBe, cMepTHOCTU OT uH¢apkTa B bonrapuu, mim-

TEJIBHOCTU TeOMarHUTHBIX MYyJIbCcallnii B obcepBaTopruu Bopok (OTHOCUTENbHBIE eIUHUIIBI)
1 Kp-nHaekca reoMarHuTHOM aKTUBHOCTH
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XOpOoIII0 M3BECTHO, YTO MAKCUMYM T€OMarHUTHOM aKTUBHOCTHM HaOIIIOmacTCs
B TICPUOIBI PAaBHOACHCTBUS (T.€. BECHOI U OCEHBIO), a He COJTHIIECTOSTHUS (JIETO —
3uma). CienoBaTesibHO, JIOTUYHO Obl OBLIO OXUAATh, UTO YKUCIIO CllydyaeB 000CTpe-
HUST CepIeYHO-COCYINCTRIX 3a00JIeBaHNIT M MX CMEPTENIBHOTO MCcXoma OyaeT BO3-
pacTaTh UIMEHHO B ITIepHOABI paBHOACHCTBUA. OTHAKO BHIHO, YTO MakKcuMyM M
OTMEUaeTCs B 3SMMHHMIA TIEPHOJ, YTO IIPOTUBOPEUNUT TAKOMY TTPEIITOTIOXKEHMUIO.

DTO 03HayaeT, YTO TeOMarHUTHAs aKTUBHOCTh HE SBJISICTCST OIpPEIeISIONIeio
B ce30HHOM xone VM. Ilpu 5ToM Henb3sl OTPUIIATh HETATUBHOM POJIM TeOMAarHuT-
HbIX Bo3MylleHuit B pa3Butuu MM. Tak, Hanpumep, Ha puc. 10 BeiaensieTcs: 4€T-
Kuii ik yuciaa ciaydaeB UM kak B Mockse, Tak u B boiarapun BecHoit 1981 .,
COBITANAIONINIA ¢ PE3KMM BO3pacTaHWEM TeOMAaTHUTHON aKTMBHOCTU B 3TO BPEMSI.
Taxoii )xe MUK B yBequveHUM uucia ciydaeB UM uyé€rko BuaeH u BecHoit 1979 r.
OnHako 3HAYUTEIbHBIM POCT TEOMarHUTHOW BO3MYIIEHHOCTU JietoM 1981 .
HE TOJILKO He MpOsIBWJICS B Bapuauusix yuciia ciayyaeB MM, Gonee Toro, muMeH-
HO B 3TO Bpemsi Habmwoaancsa riyookuit MuHumym MM kak B MockBe, Tak U B
Bonrapum. [Mo-BuanMoMy, CyIIeCTBYIOT KaKHWe-TO MPUYMHBI, B CHITY KOTOPBIX Mar-
HUTHBIE OYpH 3MMOI OKa3bIBAaIOT 3HAYUTEIBHO 00JIee CHIIBHOE BIUSHUE Ha ceplaed-
HO-COCYIMCTYIO CUCTEMY, UEM B JIETHEE BpEMSI.

HMHorna HabmomaeTcs CUTyallrsl, KOTa TeHepalys TeOMarHUTHBIX ITYJThCallyiA
Pcl otmedaeTcs OTHETLHBIMU CEpUSIMU B TeUeHHUE TPEX M Oojiee MHEW moapsim. 3a
3 roma (1979—1981) Obl10 0OHapyxkeHo 19 Takux mocienoBaTebHOCTEN. AHAIU3
JAHHBIX BBI30BOB CKOpPOM METWIIMHCKON MOMOIIM B MOCKBe 1O TTOBOIY WHbap-
KTOB TI0Ka3aJI, YT0 HanOOJIbIIIee YMCIIO BHI30BOB, IMPEBHIIIAIONIEE CPETHECTATUCTH -
YecKoe 3HAYeHUe, OTMEYAJIOoCh B TIEPBEIN IeHb MOSIBIeHUS Pc I-ybcamuii, a 3aTeM
YUCJIO BBI30BOB TOCTEIIEHHO YMEHBIIAIOCh. DTO MOXHO IPOMHTEPIIPETUPOBATH
KaK aJanTallMOHHYIO peakIMIo OpraHM3Ma Ha BHEIIHWN cTpecc (MIpUBLIKAHUE).
3aMeTM, YTO B JIETHHE MECSIIbI OBbLIO BBISIBJIEHO BCETO IISITh TaKWX TOCIEIOBa-
TebHOCTe! Pcl, 1 BCe OHU COMPOBOXIAINCH OOPaTHO KapTUHON — YUCIIO BBI30-
BOB CKOPOI MEIWIIMHCKOW TTOMOIIN ITOCTEITEHHO YBEIMYNBAIOCh, HO OCTaBaJlOCh
HIKE CPeIHEeCTaTUCTUYECKOTO YPOBHS. MOXHO TIPEANOIOXNTh, YTO PeaKIus Op-
raHU3MOB Ha BHEITHEe BO3ACHCTBIE pa3INdHa B 3MMHUI 1 JIETHUM ITEPUOIBI.

JdpyruM BO3MOXHBIM BHIOM OMOTPOITHBIX T€OMArHWTHBIX ITyJbCAlIii MOTYT
OBbITh YTPEHHME U JHEeBHbIe myabcamuu Pc5 (T=3...8 muH, f=2...5 mI'11), KoTopbie
XapaKTepHU3yeTcsT Ype3BBIYATHO OOIBITNMA U PE3KUMHU BPEMEHHBIMU TpaTreHTaMU
MAarHUTHOTO TIOJII, YTO MOXKET OBITh OYeHb BaXHBIM. CKOPOCTh M3MEHEHUS Mar-
HUTHOTO TIOJIS y Pc5 TIybcallnii COCTaBIISIeT NeCATKA HAaHOTeCIa B MUHYTY, YTO Ha
3 nopsinka 0oJibliie, YeM 3TO HAOJ0AAeTCsl B MATHUTHOM T10JIe BO BpeMsl YMepeH-
HOI MarHUTHOI Oypu.

711 reopu3nUecKuXx 1eseil ObUT pa3paboTaH CrelMalbHBIM MHACKC IUIaHeTap-
HOU MHTEHCUMBHOCTU 3TUX KosiebaHuil [Kozyreva et al., 2007], HazBaHHbIii ULF-
WHIEKCOM (IUIST TeOMarHUTHBIX MYJIbCalliii B MHOCTPAHHOM JIUTEpaType MCITONb-
3yetcs TepMmuH ULF — Ultra Low Frequency). IIpsiMoe ero uciioib30BaHHE B Me-
IUKO-OMOJIOTUIECKNX MCCIeTIOBAHUSX, MO-BUIUMOMY, HEKOPPEKTHO, ITOCKOJIBKY
ULF-uHImeKc XxapaKTepn3yeT ITIaHeTapHYI0 BOJTHOBYIO aKTUBHOCTh B BBICOKMX IITH-
poTax, a He JIOKAIbHYI0O MHTEHCUBHOCTb B CPEIHUX IIIMPOTAX, TIe TTPOBOIUTCS T10-
JaBJisitoliiee OOJBIIMHCTBO TeJIMOOMOJIOrMYecKUX ucciaenoBaHuit. [Toatomy Hamu
Obl1a pa3paboTaHa HOBast METOIMKA BEIYMCIICHUST YaCOBOTO M CYTOYHOTO MHIEKCOB
JIOKAJIBHOM aKTUBHOCTHM Pc’5 T€OMarHWTHBIX TyJIbCAlldii (OCpeIHEHHOE 3HAYCHHE
AMILUTATYIBI 32 BEIOPAaHHBIM OTPE30K BpeMEHM) IIJIST OTACIbHO BBIOpaHHOM 00cepBa-
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TOpUU, HanboJiee OJIM3KO PACIIOIOXKEHHON K MECTY ITPOBEACHUST MEAUKO-OMOI0TH-
YECKUX UCCIIEIOBAHUN.

ITo pazpaboraHHoOiT MeTOnMKe ObUIM BhumciieHbl 3HaueHusa ULF-unnekca ms
Kaxgoro aHs1 1979—1981 IT. 1 BRINOJMHEH aHAJIW3 BO3MOXHON CBSI3U MHTEHCUGH-
Kaiuu PcS-nynbcaumit Bo BpeMsi MarHUTHBIX Oypb C OOOCTPEHUSIMU CEPIEYHO-
COCYIMCTBIX 3a00JieBaHUI IO JaHHBIM BBI30OBOB CKOPO MEAUIIMHCKOI TMOMOILIM
B Mockse. PesynbraThl aHajau3a mokasalii, UTO BOCCTAHOBUTEIbHAS (a3za MOYTH
Kax70il MarHUTHOM OypH COMPOBOXIalach yBeandeHueM PcS-Tyabcalivii, a 3aTemM
Ha cliefyloluii 1eHb uin dyepe3 1—2 mHs HabI0danoch Bo3pacTaHUE YKCiIa BbI-
30BOB CKOPOU MEIMLIMHCKOW MOMOIIM, NHOTAA JaXe B OTCYTCTBUE TeOMarHUTHBIX
nynbcauuii Pcl. OnHaKo B JIETHUE MeECSILIbI, BO BpeMsl MAarHUTHBIX Oypb, HECMOTPS
Ha ycusieHue Pc5- u Pcl-nyabcaliuii, yBeJUUeHUs Yucjia BbI3OBOB CKOPON Meau-
LIMHCKOM TOMOIIM HE OTMEYasioCh.

3aMeTuM, 4TO BO BpeMsl OOJIbILIMX MAarHUTHBIX Oypb BO3MOXHO IOSIBIEHUE
nyabcauuii Pc5 B rnobaqbHOM MacilTabe, 0COOEHHO B MOCJEMNONyIeHHOE BpeMsi
(Hammpumep, [KreiimenoBa, Kosbipesa, 2005]). Takue mynbcauuu HaOJIOIaIOTCS
OIHOBPEMEHHO OT aBPOPaJbHBIX 10 CPEAHUX IIUPOT C OTPOMHBIMU aMITJIUTYAaMMU.
ITpuMep Takoro ciayyasi mokazaH Ha puc. 7. be3ycnoBHO, ObLJI0 Obl MHTEPECHBIM
MPOBECTHU UCCeA0BaHUE BO3MOXHOW OMOTPOMTHOCTU TaKUX MyJIbCaLIUA.

AHau3 cpeaHelIMPOTHBIX HAOMIoAeHUI mysbcaluii PcS mokasai, 4To B ce-
30HHOM XOJIe MX aMIUIUTY/, KaK U B MEAULIMHCKUX JaHHbIX, Habt0qaeTcsl JeTHUM
MUHUMYM, (PU3UUECKOTO OOBSICHEHUS 3TOMY MMOKa He HaitneHo. B To ke Bpems Ka-
KHX-JIM0O CTPYKTYPHBIX Pa3IMUUii MEXIy 3UMHUMHU U JISTHUMU T€OMarHUTHBIMU
MyJbcalusIMUA He OTMeueHO. MOXXHO MPeanojioXuTh, UTO BO3pacTaHUE aMILIUTY/I
reoOMarHUTHBIX TMyJibcalliii nrana3zoHa PcS MOXET oKa3blBaTh HEKOTOPOE OTpUlia-
TeJIbHOE BJIMSIHUE Ha OCJa0JIeHHbIE OPraHU3MbI, HO 3TO TpeOYeT CEPbE3HOM IKCIIe-
PUMEHTAJIbHON MTPOBEPKU.

JIneBubie Pc3—Pc4-nyabcaliud HaOMIOAAIOTCS TOYTH €XEeNHEBHO KakK B Mar-
HUTOCIIOKOWHOE, TaK U B BO3MYyIlIEHHOE BpeMsi. B xoje sBosIOLIMU XUBbIE Opra-
HU3MBI JTOJKHBI OBITh aJalTUPOBAaHbl K 3TUM IyJbCallVsIM, HE MCKJIOUEHO, YTO
Pc3—Pc4-niynbcauym  MOTYT OBITh CHUHXPOHMU3aTOpaMM HEKOTOPBIX ITPOLIECCOB
B opraHusmax. B To xe BpeMsi HEOObIUHBIM TSI XKMBBIX OPTraHU3MOB J0JIKHO OBIThH
BHE3aIlHOE MCUYE3HOBEHME 3TUX MYJIbCALlMiA, YTO MPOUCXOAUT TPU OMpeneSEHHbIX
YCJIOBUSIX B MEXIUITAaHETHOM MarHUTHOM Tosie. [1o HeonmyOIMKOBaHHBIM TaHHBIM,
TakuWe cilydyad HEeraTUBHO BJIMSUIM Ha COCTOSIHME TICMXWATPpUUECKUX OOJbHBIX, Ha
KOTOPBIX MepecTaBaju 1eMCTBOBATh yCIOKAUBAIOIIKEe MEIUKAMEHThI.

KpomMe Toro, omnbIThI C LILITUISITAMY B MHKYOATOpax ¢ MpUMEHEHUEM 3KPaHUPO-
BaHMSI OT Pc3-myabcalivii mokasaiu, 4To Mo CpaBHEHUIO ¢ KOHTPOJIbHON I'pyMIIOif,
B BKpaHUPOBAHHbBIX MHKYOATOpax MOSBISIUCH LILITUISITA C PAa3IMYHOTO BUaA Mapa-
JudaMu. OTU eIUHUYHBIE PE3YIbTaThl HYXKIAIOTCSI B CEPbE3HON MPOBEPKE.

BuoTporHoe BIMSHNE IPYTHX TUIIOB TeOMArHUTHBIX MYJIbCAIlUiA K HACTOSIIIE-
MY BpeMEHU MPaKTUYECKU HE UCCIIETI0BAIOCH.

Crenyer 3aMeTUTb, YTO, NMOCKOJIbKY IMEPUOIbl PE30HAHCHBIX KOJEOaHU OIpe-
JIEJISIFOTCSI TEOMAarHUTHON IIMPOTON, OHU MOTYT ObITh OTHUM U3 XapaKTEepPHbIX Ma-
paMeTpoB OKpyKalolliell cpejibl B JaHHOM TOUKE, T. €. ObITb MPUBBIYHBIMU JIJISI TPO-
JKMBAIOIIMX B 9TOM PeTUoHe Jwoaeil. B TakoM ciayyae MOXHO TMPeAroaoXuThb, YTO
MpU Tiepeesie JIIIei B MecTa C IPYTMMU 3HAUCHUSIMU PE30HAHCHBIX MePUOIOB Ta-
KO€ U3MEeHEHHUEe FeOMarHMTHOTO OKPYXEeHHs Oy/eT OKa3biBaTh HEKOTOPOE HeraTuB-
Hoe BJIMSIHME Ha OOJIbHBIE, T. €. OcIabJeHHbIE, OPTaHU3MBI.
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2.2. Bo3morkHasA uHTepnpetaums

ITockoJIbKY MHTEHCUBHOCTh T€OMATHUTHBIX MY/IbCALIMiA OUeHb MaJia IO CPaBHEHUIO
C BEJIMYMHOM TMOCTOSIHHOTO MArHUTHOTO MOJisI 3eMJIM, KOHLIELIUSI BO3ACHCTBUS
€CTEeCTBEHHBIX 3JIEKTPOMATHUTHBIX MOJICH Ha XXUBbIE OPTaHM3MBbI BCTPEYAETCsI C ce-
PBE3HBIMU TPYAHOCTSIMU. Kaxercsd, yTo Haubojiee JIOTMYHBIM MEXaHU3MOM SIBJISI-
eTCcsl pe30HAHCHOE BO3IEHCTBYE, KOTAA YACTOTa TEOMArHUTHBIX IyJIbCAlliil COBIA-
JaeT ¢ COOCTBEHHONM 9acTOTON B KaKOM-TO opraHe. Bo3aMOXHOCTH pe30HaHCHOTO
U WHAYKLIMOHHOTO BO3JAEWCTBUS CJIA0OBIX MATHUTHBIX IOJIE Ha XUBBIE CUCTEMBI
paccMaTtpuBanuch B 003ope [[ItunbiHa u np., 1998]. Ho 3T MexaHu3MEBI He Bcerna
MIPUMEHUMBI.

OgHUM U3 IPYTrUX BO3MOXKHBIX MEXaHU3MOB BIVSIHUSI MOXET ObITh CTOXACTU-
YeCKUIl pe30HaHC B TEOPUM IMEPEXOIOB, WHAYLIMPOBAHHBIX IIYMOM (HAIpUMeED,
[Horsthemke, Lefever, 1984]), B koTopoM ciiabble CUTHAJIBI HA YPOBHE IIIyMa MO-
I'YyT UTPaTh 3HAYUTEJBHYIO POJIb B CAMOOPIaHU3aLMUA OTKPBITHIX HEJTUHENHBIX CU-
CTeM, KAKOBBIMU SIBJISTFOTCSI OMOJIOTUUECKHE O0BEKThI, OCOOEHHO UYBCTBUTEJIBHBIE
B COCTOSIHMM HEeyCTOuMBOCTH. HO MpuMeHeHue 3TOi TeOpUM B MAaTHUTOOMOIOTUYN
TpedyeT cepbE3HBIX NCCIICIOBAHMUIA.

IIpencrasnsier UHTEPEC M TEOPUST MAPAMETPUIECKOTO MATHUTHOTO pEe30HAaHCAa
B OMocHcTeMax, peajoxXeHHas B padbore [Jleqnes, 1996], B KoTopoii paccMaTpuBa-
eTcsl BIIMSIHUE KOJIeOAHWIT MATHUTHOTO TT0JIsI Ha OMOJIOTUYECKHE OOBEKThI, UCXO/IS
U3 TIPEACTABICHUI O BO3JAEHCTBMU TaKUX IOJIEH Ha CBSI3aHHbIE MOHBI, BIUSIOLINE
Ha (pm3noIornyecKe mporecchl B KJIETKAX.

B mocieqHme roasl Bcé 60JIbIIIce BHUMaHME UCCIIeIOBaTeIei IIPUBIEKAIOT CBe-
JIEHUS O BaXKHOI poji ropMoHa MenaToHnHa [Anucumos, 2007; bpeyc, Panormopr,
2003; Komapos u np., 2004; Panmoriopt, 2012]. bblsto ycTaHOBIEHO, YTO MEJIaTOHUH
UTpaeT KIIIOYEBYIO POJIb B Pa3IMUYHBIX (PU3MOJIOTMYECKUX MPOLECCaX U (DYHKIUSIX
opraHu3Ma. M3MeHeHUsT MPOAYyKIIMYA MeJaTOHWHA, CTPOTO CICAYIOIINE 3a M3Me-
HEHUSIMU CBETJIOTO U TEMHOTO BPEMEHU CYTOK, BBI3BIBAIOT CYTOYHBIE U CE30HHBIE
MEePECTPOMKU B OpraHU3Me YeIOBEKa U XUBOTHBIX. [10 CyTH, 3TO YHUBEpCAIbHbINI
aZlaTITUBHBII TOPMOH, KOTODPBIA «IMOACTpaMBacT» BHYTPEHHUE Yachl OpraHU3Ma
K MOCTOSTHHO MEHSIIOIIMMCST YCJIOBUSIM BHEIIHel cpenbl. Poib MenaToHUHA, TTO-
BHIMMOMY, BEJIMKA ¥ B CE30HHOM XOJI¢ TTaTOJIOTUU CepIeUYHO-COCYINCTHIX 3a00J1e-
BaHuii. CorjacHo BbIBoAaM padothl [Pamomnoprt, 2012] 1100bie U3BMEHEHUSsT MPOaYK-
LIMM MEeJIATOHWHA, MPEBBIIIAIOIIE €CTECTBEHHbIE (PU3UOJIOTMUECKUE KOJieOaHusl,
MOTYT MPUBECTH K PACCOITIACOBAHUIO KAK BHYTPEHHUX OMOJIOTMYECKUX PUTMOB
opraHusMa (BHYTPEHHUII JUCUHXPOHO3), TaAK U C PUTMAMU OKPYXKAIOILIEi Ccpeabl
(BHEITHUI JUCUHXPOHO3), UTO MOXKET COMPOBOXIATHCS PAa3IMYHBIMK 3a00JI€BAHU -
aMu. B yacTHOCTH, HapyllleHUe MPOAYKIIMUA MEJTaTOHWHA MOXKET CTaTh MPUYUHON
CUHAPOMA BHE3AITHOM CMEPTH.

CuHTe3 MeJaTOHMHA OCYIIECTBIISIeTCS B IMWINKOBUIHOM Xejie3e, T.€. B DIHU-
¢uze [Arendt, 1995], 1 U3MeHEHUsI CBETOBOTO OCBEIICHUS SIBJISICTCSI OCHOBHOI
MPUYUHOM CYTOUHBIX Bapyalyii MPOIYKIUKM MeJaTOHWHA. MaKCUMaNIbHBINA ypo-
BeHb MEJIAaTOHMHA OTMedaeTcs B cepeamHe Houm (~2...3 MLT), a 3aTteM miaBHO
CHMKAETCsl K pacCBETY IO JHEBHOIO, MUHUMAJILHOTO YPOBHSI, KOTOPKI Ha MOpS-
JIOK HIXKE HOYHOTO.

IMpakTyecku cepbe3HBIX MCCIIEIOBAHUI BIUSIHUS Ha TIPOAYKIUIO MejaaTo-
HUHA U3MEHEHUI KOCMUYECKOI MOroabl, OMHUM U3 (haKTOPOB KOTOPOM ABIISIIOTCS
r€OMarHUTHBIE MYJIbCALIMU, HE TIPOBOINIIOCH.
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3AKJTIOYEHWE

PaccMoTrpenue xapakKTepUCTUK F€OMAarHWTHBIX ITyJIbCalldii pa3HbIX TUIIOB I103BO-
JISIET MPEAIOI0XKUTh, YTO ITyJIbCALMU MOTYT OBITH OMOTpONHBIMU. OTIAEIbHBIE 9KC-
TMEpUMEHTAJIBHBIE PE3YIBTATHI ITOATBEPXKIAIOT BO3MOXHOCTDL TAKOTO IPENTIONIOXKE-
Hus. OgHaKoO JJI1 OKOHYATEIbHOTO BBHIBOJA HEOOXOMDMMO ITPOBEACHUE CEPhE3HBIX
UCCJIeIOBAaHUI.
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PULSATIONS IN GEOMAGNETIC FIELD AS AN IMPORTANT BIOTROPIC FACTOR
OF THE SPACE WEATHER

N. G. Kleimenova 2

! Institute of the Earth Physics Russian Academy of Sciences, Moscow, Russia
2 Space Research Institute Russian Academy of Sciences (IKI RAN), Moscow, Russia,
e-mail: kleimen@ifz.ru

Geomagnetic pulsations play an important role in the energy transmission in the Solar
wind — magnetosphere system. The spectral and seasonal characteristics of different types
of the geomagnetic pulsations and their possible bio-efficacy are discussed. The pulsa-
tions classification, based on their periods, is given. The daytime pulsations (pulsations con-
tinues — Pc) are divided into Pcl (7=0.2...5.0 ¢), Pc2 (T=5...10 ¢), Pc3 (T=10...45 c),
Pc4 (T=45...150 ¢), Pc5 (T=150...600 c). The average pulsation amplitudes increase with
increasing of the periods. The night-time (pulsations irregular — Pi) are divided in Pil
(T=1..40 c), Pi2 (T=40...150 ¢) and Pi3 (T> 150 c). The most typical day time pulsations
are Pc3—Pc4 types, they are observed practically every day, both during the quiet geomagnetic
conditions as well as during magnetic storms.

Apparently, due to life evolution, the living organisms (except sick persons) should be
adopted to the typical magnetosphere wave phenomena; however, non-typical events could
give an unexpected respond. It is shown that not every magnetic storm is bio-effective, the
magnetic storm bio-efficacy does not depend on the storm intensity as well as bio-efficacy of
geomagnetic pulsations does not depend on their amplitudes. It is shown that the strongest
negative influence of the magnetic storm wave disturbances on the sick organisms is observed
in the winter time and in the storm recovery phase.

Some results of negative influence of geomagnetic pulsations on the human organisms
are presented. The strongest biological effects could have the Pcl pulsations because their fre-
quencies correspond to the frequencies of main heart rhythms. The comparison of data on
ambulance calls in Moscow during 1979—1981 years on the occasion of the myocardial infarc-
tion (85,700 events) with the observational data catalog of Pcl showed that in ~70 % events
an abnormal great number of the calls were accompanied by the presence of Pcl. The medi-
cal data demonstrated their clear season variations with the profound summer minimum and
winter maximum. The same result we obtained analyzing the 25 year (1970—1995) statistical
monthly data on the death from infarction Bulgaria. The estimated high correlation coeffi-
cient (0.84) between Moscow and Bulgarian data suggests their common reason.

Another type of biotropic pulsations could be Pc5 type because their very strong ampli-
tude gradients. But, this problem is still not solved. There are no serious investigations of pos-
sible biotropic effects of different types of geomagnetic pulsations, this problem requests the
joined forces of geophysical and medical scientists.
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YenoBeK HaXOAUTCS B IOCTOSTHHOM B3aMMOIEWCTBHHU C OKpYKalOIIel ero cpe-
noii. OCHOBHBIE (DaKTOPHI BHEITHEW cpembl Ha 3eMie, COBMECTUMBIE ¢ HOPMAJIb-
HOM XW3HEIESATETbHOCThIO OpraHMW3Ma, W MX TapaMeTpbl M3y4eHBI JTOCTATOYHO
MoJTHO. B KocMuyecKux MmojiéTax K HUM TO0aBIISIETCS PsIIl 9KCTPEMAabHBIX (haKTo-
poB. OMHUM W3 HHX SIBJISIETCS HEBECOMOCTH, K KOTOPOU TP MCIIOJIb30BAaHUH CO-
OTBETCTBYIOIIUX METOIOB M CPEICTB MPOMPUIAKTUKH OPTaHU3M MOXKET TOCTATOYHO
YCIENTHO amanTupoBaThes. OmHaKo Takue (haKTOphl KOCMUYECKOI Cpeabl KaK Ba-
KyyM, HU3KHE TeMIlepaTypbl, KOCMUUYecKas paaualius TpeOyioT co3laHus Crelu-
aJIbHBIX CPeACTB 3alluThl. Kpome Toro, Mg nmpedbiBaHMs B KOCMUYECKUX KOpa-
0151X, Ha OpOUTAJIBHBIX KOCMUYECKHX CTAaHIIMSIX U IIPU paboTe B cKadaHapax Heo0-
XOIMMO CO3IaHKe TTOCTOSTHHO BO30OHOBIISIEMOI KOHTPOJINPYEMOI MCKYCCTBEHHOM
cpenbl. DTO 0b6eceunBaeT HOPMATbHYIO TT0 XUMUYECKOMY COCTaBY M (PU3NIECKIM
ImapaMeTpaM Ta30BYIO Cpely, ONM3KYyI0 0 OCHOBHBIM TapaMeTpaM K aTtMocde-
pe Ha 3emite. B 3aMKHYTOM TIPOCTpaHCTBE KOCMMYECKHX allllapaToB WICHBI SKH-
Maxxa TOIBEepraroTcs B3aMMOOOMEHY MUKPOMIOPHI, KOTOpas CTAHOBHUTCS YAaCThIO
OMOolLIeHO3a «4eJIOBEeK — MUKPOOPTaHU3MBl». B manbHelileM 1o Mepe BKIIOUEHUs
B CUCTEMBI XU3HeoOecIreueHusl OMOJOTrMYeCKUX KOMIIOHEHTOB (pacTeHU U KHU-
BOTHBIX) Cpella B KOCMUYECKHX arTapaTax yCJIOXKHUTCS, 9YTO TOTpedyeT e€ MOHUTO-
puHTa 1 peryaupoBaHus. OTCYTCTBUE B MEXIUIAHETHBIX Tepes€Tax eCcTeCTBEeHHOM
Ha 3eMJie CYTOYHOI PUTMHUKHU CTaBUT 3alady MO M3YICHUI0 OMOPUTMOJIOTUIECKIUX
3aKOHOMEPHOCTEH W MIOMCKY ONTUMAJIBHOM BpeMEeHHOW OpraHM3aluy XXU3HU U pa-
0O0THI B KOCMOCE.

ITo Mepe ocBoeHUsI HAIBHETO KOCMOCA OPTaHU3M 4YesIoBeKa BCTPETUTCS C Ps-
JIOM HOBBIX [UIST HeTO (paKTOPOB — M3MEHEHHOM TpaBUTAIINEH, BIUSHUEM TUTIOMAr-
HUTHOTO TIOJISA, TBIEBEIMU OypsiMu (Ha Mapce), BO3MOXHBIM HETaTUBHBIM BO3-
NeHCTBEM TOKCUYIECKUX KOMITOHEHTOB TTBUIM ¥ TPYHTA TIIaHET.

BaxkxHo 0TMETHUTB, 9TO (haKTOPHI KOCMUIECKHUX TTOJIETOB MIEHCTBYIOT Ha OPTaHU3M
He KaX[blii B OTAEJbHOCTU, a COBMECTHO. [Ipn 3TOM 0cOOEHHOE 3HAYEHUE UMEET
KOMOMHUPOBAHHOE BO3JAEHCTBUE TUTIOTPABUTALIMM Y KOCMUYECKOU paaualiiu.

Ocoboe 3HaYeHNWe B JUTUTETbHBIX OPOUTATBHBIX U, OCOOEHHO, B MEXILIAHET-
HBIX TIOJIETAX MMeEeT KOCMUYEeCKas paguallds ¢ IMUPOKUM CIEKTPOM KOPITYCKY-
JIIPHBIX W BOJTHOBBIX M3IIydeHMI. B 3Toi CBSI3M KocMmYecKass MeIMIIMHA TOJIKHA
peraTh HEMpOCThIe MPOOJEMBI 3aIUTHl KOCMOHABTOB OT COJTHEYHBIX BCITBIIIEK,
TaJTAKTUIECKIX KOCMUYECKUX JIydeit, NCCIeMOBaTh BIMSTHUE MAJIBIX 103 PaaaIliy.

B nocnenaue necATuaeTHsI OMOJIOTA M MEAWKU TIPOSBIISIIOT OOJIBIION MHTEPEC
K BJIMSTHUIO COJTHEYHON aKTMBHOCTH Ha 3MOPOBBE YesioBeKa. [IpemcraBisercs, 94To
npoucxoxsiie Ha COJHIIE BCHBIIIKHA, BBI3BIBAIOIINE BO3MYIIEHHE MAarHUTHOTO
moJIsT 3eMJIM, MOTYT OKa3bIBaTh BO3MEMCTBHE Ha TICMXOCOMATUYECKOE COCTOSHUE
AKUTMaXKeH KOCMIIECKUX 9KCTIETUITNI 1 TPEOYIOT AeTaTbHOTO U3YUCHMSI.

Takum 06pa3oM, 4eJIoBeK B KOCMUIECKOM ITPOCTPAHCTBE BCTPEUYAETCS ¢ MHO-
JKE€CTBOM BO3IEUCTBYIONINX Ha Hero ¢pakTopoB. [1pu 3TOM KOCMUYecKas GMOIOTHS
W MEIWIIMHA TOJIKHBI YYUTHIBATh MX 3HAYMMOCTD, TMHAMUKY U3MEHEHUH, OIIeHN-
BaTb PUCK IS 3M0POBbSI, pa3padaThiBaTh CPEACTBA 3alUTHI U TPOPUIAKTUKH.
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ORGANISM AND THE ENVIRONMENT IN SPACE FLIGHT
A. |. Grigoriev
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Man is in constant interaction with its environment. The main factors of the environment on
the Earth that are compatible with the normal functioning of the organism and its parameters
are studied well enough. In space flight a number of extreme factors are added to them. One
of them is weightlessness, to which, if an appropriate methods and means of preventing are
used, the body can adapt quite well. However, factors such as the vacuum of space environ-
ment, low temperatures, cosmic radiation, requires special means of protection. In addition,
in order to exist in the spacecraft or in orbital space stations and to work in special space suits,
it is necessary to create a continuously renewable controlled artificial environment. This is
providing the normal chemical composition and physical parameters of the gaseous medium,
which is close to the main parameters of the atmosphere on the Earth. In a confined space of
spacecraft crew members are exposed to the exchange of micro flora, which becomes part of
the bioconose of <human — micro flora organisms.» In the future, due to the inclusion in the
life-support systems of biological components (plants and animals), the environment in the
spacecraft become more complicated and requires monitoring and regulation.

The absence in interplanetary flights natural for the Earth daily rhythms set the task to
study the biorhythmological patterns and finding optimal temporal organization of life and
work in space.

As the exploration of deep space will develop, human body can meet with a number of
new factors for him — a modified gravity, the influence of hypomagnetic fields, dust storms
(on Mars), the possible negative effects of toxic dust and soil components of the planets.

It is important to note that the aforementioned factors of space flight, does not acting on
the human body separately from each other. The especially important is the combined effect
of hypogravity and cosmic radiation.

In long-term orbital flights and, especially, in the interplanetary flights, cosmic radiation
is particular important and it has a wide range of corpuscular and wave components. In this
context, space medicine must solve complicated problems protecting astronauts from solar
flares, galactic cosmic rays and to investigate the influence of small doses of radiation.

In recent decades, biologists and physicians have shown great interest in the influence of
solar activity on human health. It seems that the flares taking place on the Sun, causing the
perturbation of the magnetic field of the Earth, may have an impact on the psychosomatic
condition of crews on space missions, and require detailed study.

Therefore, a man in space is encountering with many factors affecting him. A space biol-
ogy and medicine must take into account their importance, the dynamics of changes, to eval-
uate the health risk and to develop means of protection and prevention.



MOZENMPOBAHUE NMUNOTUPYEMbIX KOCMUYECKUX MONETOB
HA NPYTUE NAHETBI (HA NPUMEPE NPOEKTA MAPC-500)
b. B. Mopykos, A. B. Cyeopos, M. C. benakosckuii, I K. Bacunveea

locypapcTBeHHbIN Hay4uHbI LeHTp Poccuinckon Qegepauny —
NHCTUTYT MeanKko-6ronormnyeckmx npobnem POCCUNCKON akageMum Hayk
(THL, P® MMBIN PAH), MockBa, Poccus

C 3 utons 2010 r. o 4 Hos16pst 2011 r. Ha 6a3e THII PO-UMBII PAH non srunoii Pockoc-
Moca u Poccuiickoiil akaneMuu HayK OblT MPOBEAEH YHUKATbHbBINA SKCIIEPUMEHT C U3OJISILIM-
eif Ha 520 cyT MEXIYyHApPOITHOTO IKUITaXka, COCTOSIIIETO U3 6 YeIOBEeK — IPENCTaBUTEINCH
Poccuu, EBponeiickoro kocmmdeckoro areHrcTBa (EKA) m Kutast. DtoMmy skcnepuMeHTy
MPEANIECTBOBAIO IIMPOKOE OOCYXKIEHKME MPOorpaMMbl MCCIIeIOBaHMI, ero liejeil U 3amad,
a TakXe IJTUTEeJIbHOCTH MepesiéTa, OpoOUThI M TOTO, YTO OXKUIAET UCcaenoBaTeseil Ha MoBepx-
Hoctr Mapca. B 3Tom 00cykneHUr MpUHSLIN yJ4acTre TPeACTaBUTe M KOCMUYECKUX areHTCTB
¥ OTIEJIBHBIX CTPaH, a TAKKE pa3IMIHbIX OpraHu3alnii, BKiodas corpyqankoB MK PAH.

enbio aKCneprMMeHTa SIBUJIOCh M3YyYeHUE B3aMMOAEMCTBMSI B KOHTYpE <«UelOBEK —
OKpyXarolliasi cpefia» 1 MOoJyyeHUe SKCIEPUMEHTAIbHBIX JaHHBIX O COCTOSIHUU 3I0POBbSI
1 pabOTOCMOCOOHOCTU YeJOBEKA, HAXOISIIETOCs B YCIOBUSIX U30JISILIMU B TEPMETUYHO 3aM-
KHYTOM TIPOCTPAHCTBE OTPAHWYEHHOTO 00BbEMa MPU MOIEIMPOBAHMU OCHOBHBIX OTIWYMIA
M OTPaHWYEHUI, TIPUCYIITUX MapcUuaHCKoMy TOJETY. K unciy OCHOBHBIX 3aay MOXKHO OT-
HECTU: U3YYEeHUE BIUSIHUS MOJCIUPYEMBIX YCIOBUI MUJIOTUPYEMON MapCUaHCKOM IKcre-
JULIMM Ha 300POBbE U PAOOTOCMOCOOHOCTh IKUIIaxa; OTpabOTKY OpraHU3alluu NesTelb-
HOCTHU 3KHUITaKa W €ro B3aMMOICHCTBUS ¢ Ha3eMHBIM LIEHTPOM YIIPaBJICHUS TIPU MOJIEIH-
POBaHUU OCOOEHHOCTEI; OTPabOTKY MPUHIIMIIOB, METOIOB U CPEACTB KOHTPOJIS 3a Cpenoit
obUTaHMs; OTPAOOTKY MPUHIIUIIOB, METONOB U CPEACTB AMATHOCTUKMU U MPOTHOZUPOBAHUS
COCTOSIHUSI 3[0POBbSI U pabOTOCIIOCOOHOCTU, OKAa3aHUSI MEAULMHCKONH MOMOILU, CPEICTB
cOopa, 00pabOTKM M aHaIM3a MEIULMHCKON W (PU3NOJIOTUYECKON MH(pOPMAIIIK, CPEIACTB
npoGUIAKTUKN; alIpOOALIMIO 3JIEMEHTOB CIIPaBOYHO-MHGOPMAIIMOHHOM CUCTEMBI; OTPAOOTKY
CPEICTB U METONOB TEJIEMEAULIMHBI U151 AUCTAHLIMOHHOIO KOHTPOJISI 32 COCTOSIHUEM 310PO-
BbsI UeJIOBEKa; arpo0aIMio MeTONOB 1 aBTOHOMHBIX CPEICTB IMCUXOJIOTMIYECKOM MOIIEPKKU.

EcTecTBeHHO, UTO B Ha36MHOM 3KCTIEPUMEHTE C yJacTHeM UCIbITaTeiel ObIITN CMOIe-
JINPOBaHbI He Bce (haKTOPBI, ¢ KOTOPHIMU CTOJKHETCS YeJOBEK ITPU MEXIUIAHETHOM Tepe-
nére. TeM He MeHee, ycnenrHoe 3aBepiieHue npoekta MAPC-500 rmo3BosisieT ¢ ONTUMU3-
MOM OILIEHUBATb MEePCIEKTUBBI 1 BO3BMOXKXHOCTU YeJIOBeKa ISl BHITIOJTHEHUST TaKOW MUCCUU.
TTony4eHHBIE YPOKU OYIYT MOJOXEHBI B OCHOBY pa3pabOTKU CUCTEMbI METUILIMHCKOTO 00e-
criedeHus1 OyayIuX IJIUTeIbHBIX aBTOHOMHBIX TTOJIETOB, HaIlpuMep, Ha Mapc.

BBEAEHWE

OmHUM W3 BaXXHEHIITNX MOTUBOB KOCMHYECKON JAeSITEIPHOCTH YeJIOBEUECTBA SIBJISI-
€TCS CTpeMJICHHE PacCIIMPUTh MAcIITabbl HAyYHBIX MCCIEIOBAHUI U OOECITEYUTh
TOJTy9eHIe HOBBIX 3HAHUIA.

HccnemoBaHne OKpeCcTHOCTE COOCTBEHHOTO «I0Ma» — OT MHUpPOBOro okea-
Ha 10 KOCMUYECKOTO IMPOCTPAHCTBA — OBLIO OTHUM U3 DJIEMEHTOB Pa3BUTHS IIH-
BWJIM3AIINN.

Hzyuenne Mapca moMoXeT B 3HAUUTETBHOM CTEIIeH! TTIPOTHO3MPOBATh pPa3By-
THe 3eMJId, TIPOABUHYTHLCS B TIPOOJIeMe TTPOUCXOXKIECHMS KU3HU. DTO — TTO3HAHWE
OKpY3KaIoIIero Mupa.

HanéxHocTh BBITIOJHEHUS MPOTpaMMbl MEXITJIAHETHOTO TTOJIETa M OJIaroIo-
JIYIHOE BO3BpAIlleHNe SKUITaka Ha 3eMirio OyaeT B 3HAYMUTEIbHOM CTETIEHU 3aBH-
CETh OT COXpPaHEHHUsI 3T0POBhS N PAOOTOCITOCOOHOCTH KOCMOHABTOB, TIPM 3TOM IO/~
XOIBI K OpTaHU3aIINY XXU3HU U NeATeTbHOCTY 3KUTIaXKa MapCUaHCKOMN SKCIIETUITNN
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Tom 1. Yactb 2. KOCMUYECKASA MOTOJA W 30OPOBbE JTIOJEN B KOCMOCE

OyIyT MHBIMHU, OTIMYHBIMU OT OPOMTABHBIX MOJIETOB. [TOBEITIICHHAS TTPOIOIKK-
TEJIbHOCTh, NMPUBOSIIAS K HAaKOIUIEHUIO (KyMyJsiuuun) 3¢h¢heKkToB AeidcTBUs hak-
TOPOB KOCMHMYECKOTO TOJIETa, YBETNICHUIO BEPOSITHOCTH Pa3BUTHSI OCTPBIX U XPO-
HUYeCKUX 3a0oJieBaHWi, TpaBM; CyMMapHOe yBEJIWYEHUE BPEMEHU, CBOOOJHOTO
OT TpoecCUOHATbHOM NEeSITeIbHOCTU, TPeOyeT COBEPIIEHCTBOBAHUSI CPEACTB
1 METOIOB MEITUIIMHCKOTO OOECIIeYeHUsI, OpTraHU3alluy ONTUMAJIBHOTO U THOKOTO
peXXnuMa TpyIa M OTHbIXa Ha pa3IMYHBIX 3TaraxX MUCCHU. ABTOHOMHOCTH TTOJIETA,
TIpearoJararomas HeBO3MOXKHOCTD TTPEKPAIIEHUS MUCCUU TT0 MEIUIIMHCKUM TI0-
Ka3aHUSIM M OKa3aHWs KOCMOHABTaM 3KCTPEHHOM MEIWUIIMHCKON M TICUXOJIOTHYe-
CKO1 TIOMOIIM, B TOM YHCJIe HEBO3MOXHOCTh 3aMEHBI YJICHOB SKHIaXa, TUKTYET
HaM HeoOXOIMMOCTh BBICOKOH CTETICHH IPOTHO3UPOBAHUST MEAULIMHCKIX PUCKOB
Ha OCHOBE TMOJHOLIEHHOTO 0000IIEHUST JAHHBIX Ha3eMHBIX U TTOJETHBIX UCCIeA0Ba-
HUH, HAIMYKSA y 9KUTaka 3P(OEKTUBHBIX CPEICTB UIS OKa3aHUS CIEIIHATA3UPO-
BaHHOU MEAUILIMHCKOUN MOMOIIHU, a TaKXKe HEOOXOAMMOCTh CO3IaHUs U HCTIOJIb30-
BaHUSA OOPTOBOTO MEAUIIMHCKOTO (MEINKO-MHCTPYMEHTAIBHOTO) IIEHTpa C pa3BH-
TOM cucTeMoil TeneMenuuurHbl [['azenko u ap., 1990; 'onuyapos u ap., 2001; Opios
u nap., 2012]. Ha ocHoBe paHee TMpoOBEeIEHHBIX uccilenoBaHuii [[yuuH,
ITycreinaukosa, 2001; Bunoxomosa u ap., 2001; Tomi, 2001] MoXHO mpeariono-
KWTb, YTO TOCTOSIHCTBO COCTaBa 9KHUIaXa B TEUEHUE CBEPXIJIUTEIBLHOTO MOJIETa
TIPUBEIET WU K YBEJIMYCHUIO BEPOSITHOCTH MEKIMYHOCTHBIX KOH(MIUKTOB, WIIH,
HaIpOTHUB, K YBEIMICHUIO 3 PEKTUBHOCTA COBMECTHOM TPYITIIOBOM NeSITETbHOCTHI
JUTSL JTYYIIIETO BBITIOJTHEHUS TIPOTPaMMEI TTOJIETA.

[MpyHIVTIMATEHO HOBBIC TTOJIETHBIE OIEepalliM, B YaCTHOCTH paboTa Ha II0-
BepXHOCTH Mapca, a Takke M3MEeHeHHe KOHMUTYypallmi KOCMHYECKON CTaHIIWM,
TTOSIBJICHUE aBTOMATU3UPOBAHHBIX PaOOYMX MECT M HOBBIX (DYHKIIMOHAIBHBIX TT0-
MellleHU#, — BCE 3TO ompenessier o0s3aTeIbHOCTh HAa3eMHOW TPEHUPOBKU TIO-
calkyi Ha Mapc M JesITeTbHOCTH Ha €ro IMOBEPXHOCTH, pa3pabOTKU HaIEKHBIX
CPEACTB KOHTPOJISI 32 COCTOSTHUEM (PU3UOJIOTMYECKUX CUCTEM BO BpeMsl BbIXOJa Ha
noBepxHocTb Mapca [CyBopos, 2012; Ipirankos, JIémun, 2012], codnanue 60op-
TOBBIX CTEHIOB TPEHUPOBKY M MOIIEPKaHUSI HABBIKOB OTEPaTOPCKOM AeATEIBHO-
CTU B PA3IMYHBIX YCJIOBUSIX C OLIEHKON (hr3rosorndyeckoin apdekTuBHOCTH, pas3-
paboTKy U peain3alio HOBEUIIUX MCUXO(PU3UOJOTMUECKUX CPEICTB ONTUMM3a-
LMY B3aMMOJEUCTBUS B CUCTEMaX YeJIOBEK — MalllHA, TIPUHIINIIOB SPTOHOMHUKH,
TEXHUYECKOTO M XYIOXKECTBEHHOTO MHU3aifHa ITPU KOMIIOHOBKE OTCEKOB M pabOvmX
30H [3uHueHko, MyHumnoB, 1979]. 3agepkka IPOXOXIEHUSI CUTHAala, CKOPOCTU
U 00bEMa orepalMoHalbHO-MH(GOPMAILIMOHHOTO OOMeHa MEXIy dKUMaxKeM U Ha-
3¢MHBIMH CIIy>K0aMM, XXECTKO OTrpaHMYeHHBbIE WH(MOPMAIIMOHHBIE PEeCypChl 00-
YCJIOBJIMBAIOT HEOOXOAMMOCTb MX COBEPILEHCTBOBAHUSI Ha OOPTY JJISI KOMIIEHCA-
MM MHGOPMAIIMOHHOTO AeUIINTa W OTPaHMYEHHBIX COIMATbHBIX KOHTAKTOB.
JIMUTHPOBaHHBIE PECYPCHI XXU3HEOOECIIEUSHNST TIPUBOIAT K pa3paboTKe CITeIu-
aJIbHBIX CPEACTB YY€ETa MOTPEOIsieMbIX PECYPCOB, HEOOXOIMMBIX JIJIsI OOeCTeueHust
HOPMAaJIbHOM XU3HEIeATeTbHOCTH SKUTTaXKa.

1. UEJb U 3A0AYN UCCNEOOBAHWA

He.]'[b OKCIICPUMEHTA — MU3YYCHUC B3aUMOJICICTBUS B KOHTYPE YCIOBEK — OKPYXKaro-
maga cpeaa v IoJaydCeHNEC SKCIICPUMEHTAJIbHBIX JTAHHBIX O COCTOAHWU 3JO0POBbA U pa-
0OTOCIIOCOOHOCTH YECJIOBCKA, HAXOOAIIECrocd B YCJIIOBUAX U30JIALNN B ICPMETUYHO
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3aMKHYTOM IIPOCTPAaHCTBE OTPAaHUYEHHOIO OOBEMa IPU MOICIMPOBAHUU OCHOB-
HBIX OTJIMYUI Y OTpaHUYEHUA, TIPUCYIIINX MapCUAHCKOMY TOJIETY.
[1pu npoBeneHUM UCCAECAOBAHUI IJIST AOCTVKEHMS ITIOCTABJICHHOM 1A pella-
JIUCh CIIeAYIOIIMe 3aJauu:
* U3y4YeHHUE BIUSTHUSI MOACIUPYEMbIX YCIOBUI MUJIOTUPYEMOII MapCHaHCKOM
9KCNEAULIMY Ha 3I0POBbE U Pa0OTOCTIOCOOHOCTD IKUITAXKA;
* OTpaboTKa OpraHM3alluU IeSITEIbBHOCTH JKMUIIaXa U €ro B3aUMOACUCTBUS
C Ha3eMHBIM LIEHTPOM YIIpaBJICHUS IPU MOJCIUPOBAHUM OCOOEHHOCTEH,
MPUCYIINX MAPCUAHCKOMY ITOJIETY;
* 0TpaboTKa IMIPUHIIAIIOB, METOJOB M CPEACTB KOHTPOJISI U MOHUTOPUHTA Cpe-
IIbI OOUTAHMS;
* OTpaboTKa IIPUHIIMIIOB, METOAOB M CPEIACTB KOHTPOJS, IUArHOCTUKU
U TIPOTHO3UPOBAHUSI COCTOSIHUSI 3M0POBbSI U pabOTOCIIOCOOHOCTH, OKa3a-
HUSI MEIMLIMHCKOM MOMOIIIU, CPeACTB cOopa, 00pabOTKU U aHaIu3a Meau-
LIMHCKOM 1 (pr3noorniyeckKoil nHGopMaluu, CPEACTB MPOPUIAKTUKY,
* arnpoOanus 3JIEMEHTOB CIIPaBOYHO-UH(OPMAITMOHHOM CUCTEMEI;
* OTpaboTKa CPEeACTB U METOMOB TeJIEMEINLIMHBI 11 JUCTAHIIMOHHOI'O KOH-
TPOJISl 32 COCTOSTHUEM 3[0POBbSI YEJIOBEKA;
* anpobalust METOAOB M aBTOHOMHEBIX CPEJICTB IICUXOJIOTMUECKOM OIS PXKKM;
* OILIEHKA COBPEMEHHBIX TEXHOJIOTMI CUCTEM U CPEACTB O0CCIICUCHUS XKI3HE -
NesITeJIbHOCTU 1 3allIUTHI YeJI0OBeKa.

2. YCNIOBWMA NPOBEAEHNA WCCNEOOBAHWA, MATEPUAJIbI U METO[bI

B coorBercTBMU C¢ 3agayamu npoekta MAPC-500 Gbuta mOATrOTOBJIEHA M BBHIIOJI-
HEHa IIporpaMma Hay4dHbIX ucciaenoBanuii B 14-, 105- u 520-cyToyHO# U30JILIMA
B repMooObBeMe.

B uccaenoBanum ¢ 520-cyTouyHON M30JSILUMEN MPUHSUIM y9acTHUE IIECTb 310-
POBBIX MYXYMH-IOOpoBosblieB — mpeacraButeneii Poccun, EKA, Kwuras,
MPU3HAHHBIX TOAHBIMMU IO COCTOSIHWIO 3J0POBbS M NaBUIMX 1OOPOBOJIbLHOE WH-
(opMmpoBaHHOE corjlace Ha yJ9acThe B 3KCIIEPUMEHTE B COOTBETCTBUU C PEKO-
MeHmauusiMu BcemupHo#t opranu3zanum 3apaBooxpaHeHus (BO3). IIpoTtokossr
HCCIIEIOBAaHN OBUTM OMOOPEHBI STUYECKUM KOMUTETOM 10 KaXXIOMY ITYHKTY B CO-
OTBETCTBUU C MIPUHIIATIAMU XeITLCUHKCKON MeKIapalivu.

J10OpOBOIBITEI HAXOAMIMCH B M3OJISIIIMM B TeUEHHWE BCETO TEepHOaa SKCIEPH-
meHTa. CpenHuit Bo3pact oociaeayeMbix coctaBui 32 roga (ot 27 mo 38 j1er).

3amaun 3KCIIEpMMEHTa PeIaiCh BKIIOUEHNEM B HAYYHYIO MPOTpaMMYy SKC-
TepUMeHTa WCCIeNOBaHUI, TTO3BOJIAIONINX TPSIMBIM WM KOCBEHHBIM OOpa3zoM
TTOJIYIUTh OTBETHI HA TTOCTaBJIEHHBIE BOIIPOCHI, CBSI3aHHBIE C OCOOEHHOCTBIO M YC-
JIOBUSIMUA TIPOBEINEHWS MAapCHAaHCKOM 3KCIeAuIny (OoibImast IPOIOKUTEIhb-
HOCTB; BBICOKAasl CTEIeHb aBTOHOMHOCTH, YTO IIpEAIIojiaraeT CaMOKOHTPOJIb BCEit
KU3HEIESATETbHOCTH 3KUTIaXKa, BKIIIOYast KOHTPOJIb COCTOSHUS 3M0POBBS, TICUXO-
JIOTUYECKOTO COCTOSTHUSI ¥ PabOTOCTIOCOOHOCTH; ITUTEIbHOE TTpeObIBaHNE SKMIIA-
Ka B YCJIOBUSIX COLMAIBHON M3OJS1IMU, OTPAaHUUYEHHOTO MPOCTPAHCTBA U OTpbIBa
OT 3eMHBIX YCJIOBUI KM3HU; BEICOKAS CTETIEHb OTBETCTBEHHOCTH 3a YCIIEX MUCCHU
B COYETAaHUM CO 3HAYNTEIbHBIM pruckoM). [IpropuTeT OB OTHAH UCCIIETOBAHSIM,
KOTOpBIe HaIpaBJIeHBI HA pellleHue MpodieM MeINKO-OMOIOTMYEeCKOTo obecriede-
HU noJiéTa yejoBeka Ha Mapc.
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Tom 1. Yactb 2. KOCMUYECKASA MOTOJA W 30OPOBbE JTIOJEN B KOCMOCE

Bo Bpemst 520-cyrouHoit mzonsimuu mpoBeneHo 106 wmcciaemoBanmii. Ilepuo-
IWIHOCTh MccieqoBaHmii coctaBisia 30...60 mHeif, B 3aBUCHMOCTHA OT ITOCTaB-
JIEHHBIX 3amad. B mpoekTe MpUHMMAalM yJacTHe WMCCIeAOBATEIbCKUE TPYITILI U3
Poccuu u 15 3apybexHbix ctpaH. Ilepen Hauanom rcciienoBaHUi Oblaa MpoBee-
Ha cepysl TPEHUPOBOK, IJIUTEIHBHOCTh KOTOPBIX cocTtaBmia 30...60 cyt, ¥ maH Tmoa-
POOHBIN MHCTPYKTAX C 1IETbIO0 BEIPAOOTKHU Y TOOPOBOJIBIEB YCTOMIMBOTO HaBBIKA
paboThI C IKCIEPUMEHTAIbHBIMU MeToAuKaMU (puc. 1, 2). JleaTeIbHOCTb 3KMUIIaxa
TT0 BBHITIOJTHEHUIO HAYIHBIX UCCIIEIOBAHMIT BO BpeMs Tieprojia U30JISIIIUN OblJia O1le-
HEHa MOJIOXUTEILHO.

CopepxaHue W oOOIIUIT O0OBEM MPOBEAEHHBLIX MCCIENOBAHUI IIpelcTaBieH
B TAOJIMLIC.

CTpyKTypa HayYHBIX MCCICIOBAHMUIA,
MPOBOAMMBIX BO BpeMsi 520-CyTOYHOM U30JISILIUU

HanpagsieHue ucciien0BaHuii KomuecTBo 3KCnEpUMEHTOB Oomee
Poccus EKA Kuraii KoIrecTBO

Kinnanko-dusnosornieckue 1 GU3N0I0THIECKIE 17 3 6 26
INcuxonornueckuie v MCUXO(PU3NOIOTMIECKIEC 17 7 3 27
BuoxnMmudeckue, UMMYHOJIOTUYECKIE 24 3 7 34

U OMOJIOTYECKUE

MukpoOuronoruyeckue U CaHuTapHO-TUTUEHUYECKUE 7 1 — 8
OnepalMOHHO-TEXHOJIOTMYECKHUE 10 1 — 11
OO11ee KOJIMYECTBO 74 15 16 106

OKCIepUMEHT TPOBOAWICS Ha 0a3e MEAUKO-TeXHUUECKOro KOMILIeKca
(MTK). DkcniepuMmeHTadbHbIe Moayau (puc. 3), Bxomsmue B coctaB MTK, npen-
Ha3HAYeHBI IJIs1 IPOBEACHUS SKCIIEPUMEHTOB C yUacTUEM HCTIbITaTeNIeil B YCIOBUSIX
HUCKYCCTBEHHO PETYJUPYEeMOI Cpelibl OOUTAHMUSI.

MenuKko-TeXHUYECKUI KOMIUIEKC BKIKOYal B cebs CAeAyIOLIMEe CUCTEMBbI
U YCTAHOBKU:

* OSKCIIEpUMEHTaJIbHbIE yCTaHOBKU (Moaynu) — BY-50, BY-100, BY-150

u 9Y-250;
* uMuUTaTOp MapcuaHcKoi nmosepxHoctu (MUMII);
* ckadaHapoBasi;
* Ha3eMHBIN LUEHTp YIpaBIeHUS IKCIIEPUMEHTOM;
* cucreMa obecrieueHus xuszHeaesiteabHOCTU (COXK) sKCreprMMeHTaIbHBIX
MOJyJIEH;

* UHXEHEpHbIe CHCTeMBbl Kopmnyca (KOHAWMLMOHUPOBAHMS, SHEprocHabdxe-
HUSI, XOJIONOCHAOXEHUS, TOXApOTYIIEHMSI, ITOXAPHOW CUTHAIU3aLUU
UT.O.).

ITapameTphl cpenbl B OTCEKax, onpeneisole pru3nogaoruiecku KomgpopTHOe
COOTHOILLIEHNE OCHOBHBIX KOMIIOHEHTOB ra30BOi1 Cpe/ibl U UX 00llee AaBJISHUE, CO-
OTBETCTBOBAJIA pOCCUIICKOMY cTaHaapTy «Cpena oOMTaHUsI KOCMOHABTA B MTAJIOTH-
pyeMoM KocMudeckoM anrmapate» [TOCT..., 1995].

CyTouHas KaJOpUIHOCTb pallMOHOB IuUTaHus coctasisuia 2500...3020 xkad.
BonornorpebieHue 700pOBOJIBLIEB HE OrpaHUUMBANIOCh U cocTabsiio 1500...2000 v
KUIKOCTU B CYTKH.
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WMmuTaTtop MapouaHckon
NOBEQXHOCTH

Puc 3. CxeMa MeaUKO-TEXHUIUYECKOTO KOMIUIEKCA
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ANIeKBaTHOCTb MpejiaraeMbIX HOPM COAEPXKaHUS MUILIEBBIX BEIIECTB U DHEP-
reTuyeckasl IeHHOCTb 3KCIMEPUMEHTAbHBIX PAllMOHOB MOTPEOHOCTSIM OpraHu3Ma
YesioBeKa Oblia rmoaTBepkaeHa npu nposeneHny B THL PO-MMBIT PAH MHoro-
YHCJIEHHBIX MOJEIbHBIX 3KCIIEPUMEHTOB, a TaKXKe MPU OLIEHKE TMUILEBOro cTaTyca
KOCMOHABTOB B YCJIOBUSIX PEAIbHBIX JUIUTEJIbHBIX MOJIETOB HA OpOUTAIbHOM CTaH-
uuu «Mup» u MexnyHaponHoi kocMuueckoit cranuuu (MKC).

ITpu paspaboTke pallMOHOB MUTAHUS IJs dKuUMaxa akcrepumeHta MAPC-
520 yYWUTHIBAJIM pEe3YJIbTAThl, MOJYYeHHBIC TPU OOCCIICYCHUM MMUTAHWEM WCIThI-
Tarejeil B TMPOBEAEHHOM paHee uccienoBaHUM co 105-cyTouyHOl u3osgLUei.
Pa3pabGoTaHHbIe 17151 UCTIOIb30BAHMSI B JAHHOM 3KCIIepUMEHTE paliMOHbI 110 CONep-
J)KaHWUI0 HEOOXOAMMbBIX OpraHU3My 4eloBeKa IMUILIEBbIX BEIIECTB COOTBETCTBOBAIU
TIPUHSTHIM (DU3UOJIOTHTISCKIM HOpPMaM JIJIT KOHTUHTEHTOB, UbsT TIPO(eCCUOHATh-
Hasl AesITeJIbHOCTh MO 3HEProrparaM OTHOCUTCS K KaTeropMu CpelHel TSIXKeCTH.
ITumeBoit coctaB palioHOB oTBevuasl pekoMeHaanusM BO3, a Takke corjlacoBaH-
HbIM POCCUICKO-aMePUKAHCKUM HOpMaM IO MUILEBOMY COCTaBYy pallMOHOB MUTa-
HUST IS SKUTIakeir MeXXIyHapoIHO KOCMHUYECKO# CTaHIIMU. B mpencTaBieHHBIX
(brpMaMHU-U3TOTOBUTEIISIMUA COITPOBOIUTEILHBIX JOKYMEHTAaX Ha IMPOXYKTHI MMe-
JINCh BCe HEOOXOMMbIE CBEAEHMSI 00 X MUILIEBOM COCTaBe, MUKPOOMOJIOTUYECKOM
1 TOKCHUKOJIOTUUECKOM 0e30MacHOCTU U rapaHTUHBIX cpokax xpaHeHus. Ha pas-
HbBIX 3Tarnax 3KcrepuMeHTa ObLI0 UCTIOb30BaHO 279 HaMMEeHOBaHU MPOIYKTOB.

O6masi Mmacca pa3MelléHHOTO B OObeKkTe 3amaca MNpPOAYKTOB COCTaBWJIA
6450 kr, 3 HKUx 3500 KT — Macca TPOIYKTOB TS TepBBIX 250 CyT aKcIeprMeHTa
n 2950 xkr — mist riocnenytomux 270 cyT.

3. 2TAIMbI NEPNOJA N30J1ALINN

OCHOBHBIMU OCOOEHHOCTSIMM OTHEIBHBIX 3TanoB 52(0-CyTOYHOro 3KCIIEpHMMEHTa
C M3OJIALMEH, MOIEUPYIOIETO MMJIOTUPYEMBIN TTOJIET K Mapcy, ObITH:

* «I0NE€T» TIO CIHMPATBLHOW TPAaeKTOPUM B TIOJN€ TITOTEHUS 3eMIId —
2—50-e cyT skcmepuMeHTa (MCHOJIb30BaHMWE BCEX BMIOB CBS3M, BKIIIOYas
TOJIOCOBYIO);

*  IIOJET» MO TeJIUOLEHTPUUYECKON opOuTe OO0 OKpecTHOcTH Mapca — 51—
200-e cyT sKkcnepuMMeHTa (BO3pacTalolliee BpeEMSI ITPOXOXIEHUS paauo-
curHaja 3eMiIsl — MEXIIaHEeTHBIM KoMITIeKC oT 8 mo 193 ¢, mckimoueHmne
TOJIOCOBOM CBSI3M MeXIy Ha3eMHBIM ILIEHTPOM YIIPaBICHUS W SKHUIIAKEM,
TepexoI Ha perJlaMeHTUPOBAHHYIO SJIEKTPOHHYIO TTAKETHYIO CBSA3b IBa pa3a
B CYTKU);

*  «IIOJET» TIO CIIMPAJIIBHOM TPAeKTOPUU B TOJIe TATOTeHUs Mapca («CKpyT-
Ka») — 201—246-¢e cyT sKcriepuMeHTa (Bo3pacTaroliee BpeMsl ITPOXOXKICHUS
pamyocurHajga 3eMisl — MeEXIUIAaHeTHBIM Komiuieke oT 193 go 281 ¢, Ha-
3eMHBIN IIEHTP YIPABICHUS M KUK MCIOJIB3YIOT perjlaMeHTHPOBAHHYIO
3JIEKTPOHHYIO IMAKETHYIO CBSI3b JIBA pa3a B CYTKN);

*  «IIOJET» TI0 OKOJIOMAPCHAHCKOI OpOUTE CO CITyCKOM 3KHUIIaXKa B3JIETHO-TIO-
CagoYHOTrO MOYJISI Ha TIOBEPXHOCTD TUTAHETHI (pUC. 4) M €T0 TTOCIIeAYIONTM
BO3BpalllEHUEM Ha MEXIUIaHETHbIM KoMmIiekec — 247—278-e cyT aKcnepu-
MeHTa (BpeMsI TIPOXOXKICHUS pagruoCUTHANIA 3eMIIT—MEXIIJIaHETHBI KOM-
riekc ot 281 no 389 ¢, pasaesieHre dKUIaxa Ha IBE CAMOCTOSITE/IbHbIE U30-
JMPOBaHHBIEC TPYIIIIBI; UMHUTAIMsI BHIXOI0B Ha ITOBEPXHOCTH Mapca IpyIIsl
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Puc 4. Pabora ucneiTareseit Ha «lmoBepxHocTh Mapca»

W3 IBYX UCITBITaTeJIcH; UCTIONb30BaHUe TeIe(hOHHOMN CBSI3U MEXIY SKHIIa-
KeM B3JICTHO-IIOCAIOYHOTO MOIYJIS W TpeMs WIeHaMU SKHIIaXa, HaXomIs-
IIAMUCS B MaKeTe MapCHaHCKOTO KOMIUIEKCa; SKUMaX B3JIETHO-TIOCAN0Y-
HOTO MOIYJS TOIBEPTaeTCsT 5-CYTOUYHOMY KapaHTHHY; TTOCJIE 3aBepIICHUS
KapaHTUMHA 3KUIMaX B3JIETHO-IIOCANOYHOIO MOAYJISI MEPEXOAUT B MEXILIa-
HETHBIN KOMIUIEKC; IIEHTP YIpaBIeHUs W 9KUIaX MCIOIB3YIOT perlaMeH-
THPOBAHHYIO 3JICKTPOHHYIO MAaKETHYIO CBSI3b IBA pa3a B CYTKH);

*  «IIONET» TIO CITUPAILHOM TPAcKTOPUH B TTOJIe TATOTeHUS Mapca («pacKpyT-
Ka») — 279—319-e cyT 3kcnepuMeHTa (BpeMsl IIPOXOXIECHUS paIlOCUTHA-
J1a 3emiisl — MeXIIJIaHETHBIN KoMIuieKc oT 389 1o 573 ¢, LieHTp yIpaBieHUs
W SKUIAX WCIONB3YIOT PEerjaMeHTHUPOBAHHYIO 3JICKTPOHHYIO ITaKeTHYIO
CBSI3b JIBa pa3a B CYTKH);

*  «TOJET» MO TeJIMOLEHTPUUECKOM opOuTe 10 oKpecTHOCTU 3emiin — 320—
470-¢ cyT sKcmeprMeHTa (BO3pacTaHHWe BPEMEHU TPOXOXIACHUS DPagro-
cUTHaia 3eMJIs — MeXIUTaHETHBINM KoMIuieke oT 573 no 736 ¢ Ha 351-e cyT
¢ TIOCJIEAYIOIINM YMeHbIeHeM 10 O ¢, IEHTpP YIPaBIeHNS U SKUITaX ¥C-
MTOJTB3YIOT perjlaMeHTHPOBAHHYIO 3JIEKTPOHHYIO MaKEeTHYIO CBSI3b IBa pasa
B CYTKH);

* «TOJNET» MO CIUPAJIbHON TpaeKTOpUU B moJie TsaroteHus 3emian — 471—
520-e cyT 3KcIiepuMeHTa (UCII0Ib30BaHUE BCEX BUAOB CBSI3M, BKIIIOYAs ro-
JIOCOBYIO).

4. HAYYHAA HOBW3HA, PE3YJIbTATbI N KPATKVE BbIBObl

Hayuynast HoBU3HA UCCIEAOBAHUS COCTOUT B TOM, YTO HA OCHOBAaHMM JAaHHBIX, I10-
JIy4€HHBIX IIPY MHOTOCTOPOHHEM M3y4YEeHUH BO3MOXHEIX 3(P(PEKTOB BO3NCHCTBUS OT-
JETbHBIX MOJIEMPYEMBbIX (DAKTOPOB CBEPXUIMTEIbHON MEXIIAHETHOM 9KCIIEANIIAY,

195



Tom 1. Yactb 2. KOCMUYECKASA MOTOJA W 30OPOBbE JTIOJEN B KOCMOCE

MPOBeIEH KOMIUJIEKCHbBIN aHalnu3 (pU3MOJOTUUECKON U TICUXOJOTMYECKOl afarTa-
LIMM OpraHu3Ma 3J0POBBIX JOOPOBOJbLEB K YCIOBUSIM 520-CyTOUHON M3OJSILIUU
B repMoo0beMe ¢ U3MEeHEHHOM ra3oBoii cpenoit. [IpoBen€HHOE KccaenoBaHue UMe-
€T U TTPaKTUYECKYIO0 LIEHHOCTb, TaK KaK MO3BOJISIET OMPENeIUTh U MPEIIOXUTh T0-
KazaTeau st (hOPMUPOBAHUSI TTPOTHOCTUUYECKUX KPUTEPUEB TOJYyYeHUs] 0ObeK-
TUBHOUM MH(OPMAIMM O COCTOSIHUM OpraHM3Ma uejioBeKa Ha pa3jIMYHbIX 3Tarax
MEXIIJTAHETHOTO TOJIETA.

B xone akcneprMeHTa ObLIO TMOKa3aHO, YTO ydyacThe B 520-CYyTOYHOM BKC-
MepuMeHTe ¢ TTpeObIBAaHMEM B YCIOBUSIX U30JSILIUU B repMooObeMe (MEIMKO-TEX-
HUYECKOM KOMILJIEKCE) HE MUMEI0 HeOJaronpusTHBIX MOCAEACTBUN IS 310POBbsI
YJIEHOB B3KUIMaxa. DKCIePUMEHT IMO3BOJIM pa3padboTaTh peKOMeHAAlUWU MO CU-
CTEMe €XEeIHEeBHOIo, YIIYOJIEHHOTO eXEeMECSIYHOro M IKCIEPTHOTO MeIMLMH-
CKOTO KOHTPOJISI C MCMOJIb30BaHUEM TeJIeMEAULIMHCKUX METOAO0B oOCeaoBaHus,
JUATHOCTUKW W TPOTHO3UPOBAHUSI COCTOSIHUSI 3IOPOBbSI IKUIIaXKa, pa3dpadboTarhb
CTOMATOJIOTUYECKYIO YKJIAAKY JIJIsi OKa3aHUsl CIelMaJu3upOBaHHON MOMOIIU MPU
3a00JiIeBaHUSIX 3y0O0B M CIIM3UCTOM MOJIOCTU pTa, ONMpeaeIuTh Habop 000pyI0BaHUS
U MEeIMKaMEHTOB M/l OKa3aHUsl PeaHUMALIMOHHON MOMOIIM U HEOOXOIUMBII CO-
CTaB OTOJIAPUHTOJIOTUYECKOTO U O(PTATIbMOJOTMYECKOTO UHCTPYMEHTApUsl, CPENCTB
1 METOJIOB JJabOpaTOPHON AMArHOCTUKU 1 JiIeYeOHOM amnmaparypbl 1S JJIUTEeIbHbBIX
skcrienuumii [Boponkos u np., 2012; KoBaueBuy, PykaBuninukos, 2012].

Hns 6osee MpaBUILHOM OpraHU3alluU TICUXOJOTUYECKON MOMAEPXKKU dKUTMa-
Ka B TIIpoliecce dKCIepuMeHTa ObUla co3iaHa M (DYHKIIMOHUpOBaja eluHas Ipym-
na rncuxosoros [IlleBuenko u np., 2012], BkitouaBiias npencraButeneii UMBIT
u EBporieiickoro KocMM4eCKOro areHTCTBa, KoTopasl IpoBoAWIa aHAJIU3 TICUX0JIO-
TMYECKOTO COCTOSIHMSI DKUTIaxa U BbipabaTbiBajia COrJlaCOBaHHbIE PEKOMEHIAIIUH,
MPU 3TOM TICUXOJOTUUYECKYIO MOIAEPXKKY €BPOIEeCKUM YjeHaM dKUIaxa obecrie-
ypBaj rcuxojior EKA, poccuiickoii yactu skumnaxa — rcuxoyior UMBII, kuraii-
CKOro y4yacTHMKa 3KcrepuMeHTa — ncuxoynor UMBII coBMecTHO ¢ mpencraBuTe-
gsamu Kurtast. [pynnoit mpoBoanioch coBMecTHOe (hopMUpoBaHue OJJOKOB HOBO-
cTeli (Ha pyCCKOM, aHIIMMCKOM, KUTalCKOM $13bIKaX), BKJII0Uast HOBOCTH T10 HayKe,
KOCMOHABTUKE, TEXHUKE, CIIOPTY U T.IL., C Y4ETOM UHTEPECOB U 3alPOCOB BCEX WiE-
HOB 9KHUITaxa.

Hcnonb3oBaHue KpUTepueB paHHEN AMAarHOCTUKW U TPOTHO3UPOBAHUS He-
0JIarOTNIPUSITHBIX TICUXOJOTMUYECKUX CUTyalluil MO3BOJIMJIO TIPUMEHSITH CPENCTBa
NpoduJakTUKU Ha CaMbIX PaHHUX 3Talax U He JOIMYCTUTb HEPBHO-TICUXUUECKUX
pacCTpONCTB YeoBeKa, pa3BUTUSI KOH(MJIUKTHON CUTyalluu B TPYIINe, Ae30praHu-
3allUU JeATEeJIbHOCTHU 11eJIOT0 3KUMaXxa U ero WieHOB. DKUMNax (pyHKIMOHUPOBAJ
Kak eauHoe 1esnoe. He ObI10 OTMEUEHO pasfesieHUsT SKUIaxa Ha TPYIbI MO S3bl-
KOBOW TpUHAMIeXHOCTU. KOH(MIMKTHBIX CUTYyallMii BHYTPU 2KUIIaXKa He HaOJo-
nanock. OTHOLIEHUSI HOCUJIY T0OpoXKeaaTeIbHbIi XxapakTep. YpoBeHb paboTOCIO-
COOHOCTU 2KMIIaXa ObUI BICOKMM, MCUXMYECKasl aCTEeHU3alusl U YyTOMJIEHUE uJjie-
HOB 9KHITaXKa HAXOIWJIUCH B IOMMYCTUMBbIX Mpeeax.

ITo pesynbratam uccinenoBanuii B mpoekte MAPC-500 6b11 cchopMyaupoBaH
psil IPUHLMIIOB, HAIpaBJIeHHbIX HAa COBEPILIEHCTBOBAHME CHUCTEMBI TPYIIIOBOTO
TCUXO0JOTUYECKOro 0TOOpA U MOATOTOBKU 3KHKMaXxa ¢ yueTOM OCHOBHBIX OIpaHUye-
HUI, IPUCYIIUX TUJIOTUPYEeMOil MexTIIaHeTHOM skcnenuuuu [[IleBueHko, 2012].

M3BecTHO, 4TO B peajbHOM MEXIUIAHETHOM KOCMUUYECKOM ITOJIETE YCIOBUS
JUISI XpaHeHUs! TIPONYKTOB TMUTAHUSI YU BO3MOXHOCTU TEXHUYECKUX CPEACTB IS
MPUTOTOBJIEHMS TIUILM Ha 6OPTY KOCMUYECKOTr0 KopalJisi OyayT BeCbMa OrpaHUYEHBI,
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HO aIlpoOMpoBaHHAsl B MIPOEKTE CUCTEMa MTUTAaHUS C IIPUMEHEHNEM MaKCUMAaJbHO
MMOATOTOBIIEHHBIX K YITOTPEOJICHUIO IMMPOAYKTOB C OOJBIIMMU TaApAaHTUITHBIMUA CPO-
KaMHM XpaHEHHS ¢ pallMOHAIBHBIM COMepXKaHNEM He3aMEHUMBIX ITUIIEBbIX KOMIIO-
HEHTOB U MX COOTHOIIIEHWE CTIOCOOCTBOBAIM COXPAHEHUIO 3I0POBBST UCITBITATE e
[ArypeeB, Cunopenko, 2012].

IpemtoxeHHass M UCIIBITAHHAS B TIPOEKTE CUCTeMa (PU3NIECKUX TPEHUPOBOK
(puc. 2), HeoOxonuMasl I COXpaHeHUs U ToAnepKaHus (U3NYECKON aKTUBHOCTU
MTO3BOJIMJIA TIOAIEPXKUBATh BRICOKHI YPOBEHb pabOTOCITOCOOHOCTH M BHIHOCITHBO-
cTH YieHOoB 3Kkutaxa |[Pomuna u mp., 2012].

B npoekte MAPC-500 ¢ yuactTueM n100pOBOJIbLIEB-UCHBITATENICH ObLIN CMOIE-
JIUPOBaHBI He Bce (haKTOPHl KOCMHYECKOTO TOJIETA, C KOTOPBIMH CTOJIKHETCS YeIlo-
BEK MPU MEXTUIAHETHOM aKcnenuiu. TeM He MeHee YCIeITHOe 3aBepIlIeHNe DKC-
TepUMEHTa TTO3BOJIAET C ONTHUMU3MOM OIIEHUBAThH MEPCITEKTUBBEI M BO3MOXKHOCTHU
YeJIoBeKa Ul BBITIOJIHEHUs Takoil muccuu. [lomydeHHBIe pe3ylbTaThl OYmyT MOo-
JIOXEHBI B OCHOBY JAJIBHEHTIINX UCCIIEAOBAHWIA TSI pa3pabOTKN CUCTEMbI METUKO-
TICUXOJIOTMYECKOTO 00eCIieYeHUsT U yCOBEPILIEHCTBOBAHUS CUCTEM XU3HeobecTie-
YEHUS CBEPXIUIUTETBHBIX MEXKTUTAHETHBIX ITOJIETOB.
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SIMULATION OF MANNED SPACE FLIGHTS TO OTHER PLANETS
(ON THE EXAMPLE OF MARS-500)

B. V. Morukov, A. V. Suvorov, M. S. Belakovskiy, G. Y. Vassilieva

State Scientific Center of Russian Federation — Institute of Biomedical Problems
of the Russian Academy of Sciences (SSC RF-IBMP RAS)

An important stage in space exploration and bringing closer the era of interplanetary manned
expeditions was MARS-500 project — a series of experiments, conducted from 2008 till 2011
in SSC — Institute of biomedical problems of RAS jointly with foreign partners with the sup-
port of the Russian academy of sciences and Roscosmos.

Reliability of performance of an interplanetary flight program and safe returning of the
crew will depend in significant degree on preservation of health and working capacity of cos-
monauts. The article deals with the issues of approach to the organization of long-term in-
terplanetary flights, in particular, of the Martian flight, and also factors, effecting the crew of
such expedition. The aim of the experiment was studying of interaction in the counter “hu-
man — environment” and obtaining of the experimental data about the state of health and
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working capacity of humans, staying in conditions of isolation in pressurized confined envi-
ronment during simulation of the main differences and limitations, typical for the Martian
flight.

According to the tasks of MARS-500 project, the program of scientific investigations in
14-, 105- and 520-day isolation in pressurized environment was prepared and implemented.

In the investigation with 520-day isolation 6 healthy men-volunteers participated, that
had been considered fit on the state of health and who had given voluntary informed consent
on participation in the experiment according to WHO recommendations. The experiment was
conducted at the premises of the medical-technical facility, meant for conduction of experi-
ments with participation of investigators in conditions of artificially regulated habitat.

The food rations on the content of necessary for the human organism nutrients com-
plied with the accepted physiological norms for contingents, whose professional activity on
energy expenditure refers to the category of medium gravity. The food composition complied
with the recommendations of the World health organization (WHO), and also agreed upon
Russian-American norms on the food composition of the food rations for ISS crews. The dai-
ly caloricity of the food rations was 2500...3020 kcal. Water consumption of the volunteers was
not limited and was 1500...2000 ml of liquid daily.

On the basis of the data, received during multisided studying of possible effects of the in-
fluence of separate simulated factors of over-long interplanetary expedition, complex analysis
was conducted of physiological and psychological adaptation of healthy volunteers’ organism
to the conditions of 520-day isolation in pressurized environment with changed gas media.
The conducted investigation has an important practical significance, as it allows to determine
and propose indices for forming of prognostic criteria for obtaining of objective information
about the state of human organisms at different stages of an interplanetary flight.



CNELIUONKA NMPUMEHEHWUA PAQWALWOHHOIO PUCKA MPU OLIEHKE

OMACHOCTU BO3AEACTBMA KOCMWUYECKOW PADUALIMU B MONETE
. b. Ywaxkos, B. M. [lempoes, A. B. lWagupkux

locypapcTBeHHbIN Hay4uHbI LeHTp Poccuinckon Oegepaunt — MHCTUTYT MeanKo-
6uonornuyecknx npobnem Poccuiickon akagemun Hayk (THL PO MBI PAH),
Mocksa, Poccus, e-mail: petrov@imbp.ru; vpetrovm2009@yandex.ru

B paboTe paccMOTpeHBI OCHOBHbIE MCTOYHWUKM PAIMAIIMOHHON OMACHOCTH TPU OCYIIECT-
BJICHUM MEXIUIAHETHBIX ITOJETOB, CHelM(pUYEeCKUue MA030Bble (DYHKIIMOHAIbI, Hauboee
aJieKBaTHO OMUCHIBAOIIME TTPOLiecChl (DOPMUPOBAHUS PAIMALIMOHHOTO MOPAXEHUSI U BOC-
CTaHOBJICHUSI OpPraHM3Ma B YCJIIOBUSIX, KOTJa KOCMOHABTBI TTOIBEPXKEHBI CIIOXKHOMY paaua-
LIMOHHOMY BO3IIENCTBUIO KaK IO COCTaBy, TaK M ITPOCTPAHCTBEHHO-BPEMEHHOMY XapaKTepy
pacrnipeneneHust 103. B Hell mpencTaBaeHbl BeIMYMHbBI paAMallMOHHBIX PUCKOB B MpOLIECCce
MOJIETA, a TAKXKEe CYMMapHOro B TeYeHME XXU3HU C YIETOM OTHAIEHHBIX HeOJarompUsITHBIX
MocJIeACTBUI. PaccMaTprBarOTCsl OCHOBHBIE HEOIPENeIEHHOCTH B PACUETHBIX BEIMYMHAX
pPanMaiMOHHOTO PUCKA C MO3UIIMKA BO3MOXHOM €ro HeMOOLEHKU. B yCIOBUSX MEXIIIaHEeT-
HOTO MoJji€Ta B NMEPUOI MaKCUMyMa COJIHeYHOI akTUBHOCTU (CA) 3a TONIIMHAMM 3alIUThI
KOCMIYECKOro Kopabisi B mpexeax 1...20 r/cM? aTlOMUHMSI TOTIOMHUTEIbHbI pafuaLi-
OHHBII PUCK B TIPOLIECCE TIOJIETa MOXET COCTaBUTHL OT 55 no 14 % ot meMmorpadudecko-
TO PHUCKa 3a TOT Xe MPOMEXYTOK BpeMeHU (IeMorpaduyecKuii puck CMEPTHOCTHU IJIsT KO-
rOpThl JaHHOTO Bo3pacTa). C yBeJMYEeHUEM TOJIIUHBI 3alIUThl 3TOT PaAUallMOHHBINA PUCK
3HAYUTEJIbHO CHMXaeTcs. [1py peaslbHbIX 3HAYEHUSIX TOJIIMHBI 3alIUTHl pagMallMOHHOTO
yoexuma (PY) — ot 10 mo 20 r/(:M2 — pamMallMOHHBIA PUCK B Ipollecce ITOJIETa CHIKA-
ercst ¢ 20 mo 14 % ot aemorpadudeckoro. JlajapHeiilnee yBeIMYeHUE TOJIMHBI 3al[UTHI
pPanMaliMOHHOTO yOeXMUIla B MPEANOJOXEHUN TUIIOTETUYECKOW MUHUMAJIbHOM TOJIIIMHBI
3aIUTBl OGMTAEMbIX MOLYJIEil 1 I/cM? He M3MEHSIET BeJIMUMHY PaiHalliOHHOTO PHUCKA W3-
3a npeobmanaromero Bkiana I'KJI B cymmapHyio 06001mEHHy0 103y. BenmnmunHbl paguamm-
OHHOIO pHCKa i1 KOCMOHABTOB B MPOIECCe OPOMTAIbHBIX MOJETOB HAa CTaHUIMUU «Mwup»
u MexnyHapoaHoii kocMuueckoii cranuuu (MKC) B meproabsl MaKCMMyMa M1 MUHUMYMa
COJTHEYHOM aKTUBHOCTH OLIEHUBAIOTCS paBHBIMU OT 3,8 10 5,6 % OT meMorpachu4ecKoro pu-
CKa COOTBETCTBEHHO.

OLIeHKH CyMMapHOTO paJiMallMOHHOIO PUCKa B TeUeHNE BCeil XKM3HU KOCMOHABTOB SIB-
JITIOTCSI 3HAYUTENIbHO 00siee BhiIcCOKMMU. CyMMapHbIii paaiuallMOHHBIN PUCK MPeACTaBIsIeT
coboit yBennueHre cMepTHOCTU K 70 rogaM, BbI3BaHHOE OOJIyYEHUEM, U BKIIIOYAET OIyXO-
JIU ¥ Jpyrue MPUIUHBI MMOBBIIIEHHON cMepTHOCTH. B paboTe mMpencTaBislioTCSl pe3yibTa-
Thl BBIYMCJIEHUI CYMMapHOTO PaauallMOHHOTO PUCKA JIT KOCMOHABTOB B TeUEHME KU3HU
M OLEHKM BO3MOXHOIO COKpAIIeHUsl CpelHeil MpeacTosieil MpOoaoKUTEIbHOCTU XKU3HU
(CIIITX) Ha ocHOBe OOOOIIEHHON MO3bl, BHIYMCICHHON IMOC/E JUIMTEJbHBIX MEXIIJIaHeT-
HBIX TIOJIETOB C MCMOJb30BAaHMEM MAaTeMaTUYEeCKUX BBIPaKEHUI, BHITEKAIOIINX W3 MOJe-
JI1 paJviallMOHHON CKOPOCTH CMEPTHOCTH MJIEKOIMTAIONIMX TOCIe PaauallMOHHBIX BO3-
neiictBuid. Takke NMpeacTaBISIIOTCS OLIEHKU pYCKa Pa3BUTMSI OMyXOJel B TeUEHUE KU3HU.
AHaJIM3UPYIOTCSl 3aBUCHMOCTH YIIOMSIHYTBIX BbIILIE HEOJIAronpuUsTHBIX OTAAJEHHBIX paaua-
LIMOHHBIX MOCIEACTBUI OT ITUTETLHOCTH TTOJIETA, TOMIIVMHBI 3alIUTHI KOCMUYECKOTO arla-
paTa, [IMKJIa COJTHEYHOU aKTUBHOCTU M BO3pacTa KOCMOHABTOB B Havajle KOCMUYECKOM es-
TEJIbHOCTH.

BhlunciieHusI cyMMapHOTO paadallMOHHOTO pHUCKAa B Te€YeHUE KM3HM KOCMOHABTOB
MokKasajiv, YTO OH He 3aBUCHUT OT ux Bo3pacta 1 B 20...30 pa3 mpeBbIIIaeT pPUCK B MPOLIEC-
ce nmon€ra. CyMMapHbBI paavuallOHHBIN PUCK B TeYeHME XKM3HM KOCMOHABTOB B 3...8 pa3
MPEBBIIIAET OLIEHKU pucka omyxojieil. M3ydyeHre OTHaIEHHBIX MOCIEACTBUN Y BBLKUBIIMX
B SlmoHUM B pe3yJibTaTe aTOMHBIX 00OMOApAMPOBOK M SMUASMUOJIOTMYECKUE TaHHbIe (00cie-
JIOBaHUS paOOTHUKOB, CBSA3aHHBIX C TTPO(eCCUOHATBHBIM 00 TydeHHEeM) TTOKa3aIu yBeJInde-
HUE C MOIJIOIIEHHON 1030l prucKa CMEPTHOCTH, He CBSI3aHHOM C KaHlieporeHe3oMm. Mmesno
MECTO MOBBILIEHNE CMEPTHOCTU M3-3a KapAMOBACKYJSIPHBIX U HEMPOBACKYJISIPHBIX 00Je3-
Heil, pa3BUTUSI HApYyILLIEHU T KPOBOOOPAIIEHUS U MOBBIIIIEHUE YaCTOThl MHCYJIBTOB.
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BBEAEHWE

IIpu ocymiecTBIeHUN MEXIIJIAHETHOTO TMOJIETa HAa SKUMAX OyAyT OKa3bIBaTb BO3-
JEeWCTBHE BCE MCTOYHUKM KOCMWYECKON pagualiuy: rajakTU4eckKrue KOCMUYECKHe
snyau (I'KJI), conneunsie kocMudeckue ayuu (CKJII), pannalinoHHbIe mosica 3eMu
(PII3) nipu cOopke U pacKpyTKe Kopaliisi 1 BTOPUUYHBIE HEUTPOHBI. XapaKTep BO3-
JEMCTBUSI — MOTOKU AaTOMHBIX SIAEP CO CIEKTPOM JIMHEHHOM mepenadyyd SHEepTruu
(JIII®) no 10* KaB/MKM, 3Heprueit 1o 10" 5B, peXxuMoM 00IydYeHUSI — KOMOMHHU-
pOBaHHOE: XpOHUYECKOoe, (hpaKLIMOHUPOBAaHHOE, MogocTpoe. CyTOUHbIE 3HAYeHUSI
03 MOTYT BapbMpOBaTh B IIMPOKHUX Ipeaeiax OT eIVMHMI MUIIU3UBEPT B CYTKU
1o 10 3B/cyt. Ilpu 3ToM paguobuonorudeckuit 3pGeKT MoxXeT MOTU(PHUITUPOBATh-
Csl BJIMSIHMEM JIPYryuX HeONaronpusTHhIX (pakTopoB Iojieéta. EcrecTBeHHO, 4TO MIs
KOPPEKTHOI OLIEHKU OMACHOCTU U ISl MOIEIUPOBAHUS €€ B Ha3eMHBIX YCIOBUSIX
CJIeMyeT YYUTHIBATh ITEPEUUCICHHbBIE BbIIIE 0COOEHHOCTHU O0JIYYEHMSI B KOCMOCE.

B cBsa3u ¢ TpebGoBaHMEM BBICOKOHAIEXKHOTO OOECIICUCHUST pagrallMOHHOMN
0e30MacHOCTH YeJlOBeKa B MEXIUIAHETHOM IIOJIETe BO3HMKAET HEOOXOOUMOCTh
MaKCHUMaJIbHO TOYHOM OLIEHKU TOCJIEICTBUI COOTBETCTBYIOIIETO OOJydeHUs 4de-
JoBeka. Ha coBpeMeHHOM 3Tare pa3BUTHUSI KOCMOHABTUKU B CBSI3U C CYIIECTBEH-
HBIM YBEJIMUYEHUEM JUTUTEIbHOCTHU MOJIETOB U CJIOXKHOCTHU BBIMOJHSIEMbIX TTOJIETHBIX
IporpaMM 3HaYMTEJbHO BO3pacTaloT TpPeOOBaHUS K oOecIieyeHUI0 0e30MacHOCTU
SKUIIAXKeW, B TOM UKCIIe U B IUIaHE 00eCIeYeHUsT «MeIULIUHCKOM» OE30IacCHOCTH.
EcTecTBeHHBIM MyTEM peILIEHUST 3TOW MpPOOJEeMBbl SIBISIETCS HOPMHPOBAHUE BO3-
JIeficTBUSI HEeOJIAaronpusITHBIX (PAKTOPOB KOCMWYECKOTro IT0JIETa, OCHOBAaHHOE Ha
OLICHKE BO3MOXHBIX 3(P(EKTOB 3TOT0 BO3ICUCTBUS, MPOSIBISIIOIIMXCS KaK B IPO-
ecce TojéTta, TaK M IOCJE ero 3aBepllieHUsI. MepomnpusTus, BBIIOJHSIEMbIE Ha
aTare Co3IaHUs U MOCIeayIollell SKCITyaTalluid KOCMUYECKOro armapaTa B IOJié-
Te W HampaBJIeHHbIE Ha COOJIIOICHNE STUX HOPMATHUBOB, COCTABISIOT TEXHUUECKYIO
M OpPraHM3alMOHHYI0 KOMIIOHEHTHI Oe30omacHoCcTH monéra. OmHaKo OCHOBOM IS
HUX SIBJISIIOTCSI BCE K€ HOPMATUBBI, YYUTHIBAIOIIUE, C OJHOM CTOPOHHI, TpebOBa-
HUe obecIieueHMsI BBIIIOJHEHUS IMpoTrpaMMbl Moi€Ta (IoJib3a) U, C IPYTroi CTOpo-
HbI, — OrpaHUYCHUE BEPOSITHOCTU HaApYILIECHUS 300POBbsSl U XXU3HU KOCMOHABTOB
(puck). Ilomxonpl K pelIeHUIO 3TOM MpoOJEeMBbl pacCMaTpUBAJINCh B JUTEpaType,
YU B JaJbHEHIIeM M3JI0XEHUU MBI BOCIIOJb3YeMCSl KOJIMYECTBEHHBIMM OLICHKAMU
HEKOTOPBIX perjlaMeHTUPYEMbBIX BEJIMUMH, MpelacTaBlIeHHBIMU B padoTe [KoBaniés,
1976]. IloguepkHEM, YTO 3TU OLIEHKU IIPUBEIECHBI B KAYECTBE IIpUMeEpa, JAIOLIETO
MpeacTaBlieHNe O MacllTabe BO3MOXHBIX 3HAYSHUI TpearaéMbiX HOPMATHBOB.
PeanbHble 3HAUeHUSI HOPMATUBOB JOJIKHBI YCTAHABIUBATLCS, MO-BUAUMOMY, HUC-
X0l 13 OOJIBIIOTO KOJUYECTBA COLIMAJIBHBIX, TEXHUYECKUX U SKOHOMUYECKUX
(hakTOPOB, KOMITIETEHTHBIMU OpPraHaMU 1, BO3MOXKHO, JUISI KAaXKIO0T0 KJjlacca KOCMU-
YECKMX ITOJIETOB.

ONPEJENEHUE PUCKA

[Ipu pa3paboTKe KOHUENIMHA paadallMiOHHONM OIACHOCTWM M METOIOB pacyéTra pa-
TUAIIMOHHOTO pMCKa TSI KOCMUYECKHUX MOJIETOB, KaK MBI TTOJlaraeM, HEOOXOIUMO,
B YaCTHOCTH, YYUTHIBATD:
* CJIOXHBIN IO COCTaBy M KA4eCTBY CIIEKTP BO3ACHCTBYIOIIMX MCTOYHUKOB
VOHU3UPYIOIINX U3TyYEeHUIA;
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+ coMatmyeckue 3(GeKTsl U HapylleHHe paboTOCTIOCOOHOCTH, BBI3BAHHBIC
WOHU3UPYIOIICH pagnalinei;

* BOCCTAaHOBUTEJIbHBIC TIPOIECCHI B OpPraHU3ME, ITOCKOJIBKY HMMEET MECTO
JUTUTEJTBHBINA XapaKTep 00Jy4eHUs OT Pa3HBIX UICTOYHUKOB MOHU3UPYIOIINX
U3JTyYeHUN C Pa3IMYHON MOIITHOCTBIO 0351

* pa3TUYHBIA XapaKTep MaKpOIPOCTPAHCTBEHHOTO paCIpeAesIeHUsT O3B
10 TEJIy OT Pa3IMYHBIX UICTOYHUKOB U3JIydeHUH B KOCMUYECKOM TIPOCTPaH-
CTBe 1 Ha 60pTy KOpaoJis;

* W3MEHEHUEe PaauodyBCTBUTEIBHOCTH OpPTaHM3Ma B IIpoliecce IoJIETa, ITo-
CKOJIbKY paZiMalliOHHOE BO3MENCTBUE OCYIIECTBIISIETCS Ha Pa3IMUHbBIX 3Ta-
Max agalTHPOBAHHOCTY OpraHW3Ma K HepaIuallMOHHBIM (paKkTopaM IoéTa
(HeBecoOMOCTh, N3MEHEHHAS ra30Bas cpela, M3OJSIINS, TICUXOJIOTUICeCKII
CTpecc, TUTIOMarHUTHAsI Cpelia U JIp. ).

PaccMoTpuM ¢ y4€TOM M3J10)KEHHOTO CMBICJIOBOE COIEpKaHWe OCHOBHON Be-
JWYUHBI — <«paJUallMOHHBI PUCK», KOTOpas MCIOJNB3YeTCs U OLEHKHM OTlac-
HOCTU. DTa BeJIMUMHA JIOJKHA AaBaTh Mepy BpelHbIX 3(pdeKToB, 00YCI0BISHHBIX
HEKOTOPBIM OIpeAeIEHHBIM paIualliOHHBIM BO3IeicTBMEeM Ha opraHu3M. C 3Toit
TOYKM 3pEHUS BaKHO IIPOAHATM3UPOBATh CMBICIIOBBIE aKIIEHTHI, BKJIAJbIBacMbIe
B 9TO TOHSTHE, W BO3MOXHEIC €T0 MOTU(HUKAIINY, CBSI3aHHBIE C OCOOCHHOCTSIMU
MPUMEHEHMUSI B LIEJIsIX OLIEHKU paauallMOHHON OMAaCHOCTY B KOCMUUYECKOM TOJIETE.

C y4€TOM pacCMOTPEHHBIX BBIIIIE KOHIENTYATbHBIX, HAYYHBIX U METOINIECKIX
CTOPOH BEPOSTHOCTHOM OIIEHKU TMOPaKeHUSI OpTaHM3Ma MOHU3UPYIOIIUMHU U3ITY-
YEHUSMU MOXXHO TIpeIJIOXKUTh CJeaylollee omnpenejeHue paaruallMOHHOTO pucKa,
npearnosaras, 4YTo 3Ta BeJMYMHAa, TpexXae BCero, J0JKHA CocOOCTBOBATh pellle-
HUIO MPO0JIeMbl 00ecIeueHUs paaualliOHHOM 6€30MacHOCTH.

PanuanumoHHBIN pUCK — 3TO KOJWYECTBEHHAs Mepa paauallMOHHONW OMacHO-
CTH, olpezeliseMasl YBEJIMUYEHNEM BEpOSITHOCTA CMEPTH MHIWBHIYYMa B TCUCHHUE
paccMaTpuBaeMOro OoTpe3ka BpeMeHU, OO0YCIOBJIeHHON creunduyeckuMu Heba-
TOIIPUSITHBIMU TTOCIECACTBUSIMU OOJYIeHUS, TIPOSIBISIOIINMUCS Ha BCEX YPOBHSIX
OopraHusaly — OT KJIETOYHOI'O O OPraHM3MEHHOT0, B TeUeHUE BCEro paccMaTpu-
BaeMOro nepuoa.

Hapsimy ¢ ykazaHHBIMU BEIIIE HEOJATONPUSITHBIMU TIOCIEACTBUSIMU (pagu-
AlIMOHHBIM PHCKOM) MOTYT pacCMaTpUBaThCS WM APYrue O0OOOMIEHHBIE KPUTEPUH,
CBSI3aHHbIE C HaHeCeHWeM yllepba 310pOBbIO uejoBeka. B KauecTBe Mepbl 3TOTo
yiiepba MOXeT OBbITh BbIOpaHO, HallpUMeEp, COKpallleHWE CpedHEll MpemcTOosIIei
MPOAOJIKUTEIbHOCTHU XKU3HU.

PaccMoTpuM 3TH 4pe3BBIYAHO BaXKHBIC I OLIEHKM BO3MOXHBIX ITOCTICII-
CTBUII OOJYYeHUs W YCTAaHOBJIICHUS KOJWYECTBEHHBIX HOPMATHUBOB 6e30IMacHOCTH
JIBe BEJIMYMHBI: OOOOIIEHHBIN WHAMBUAYAIbHBIA PUCK R, 1 OOOOIIEHHBIH yiepo
310poBbio G, [[I€mun u np., 1991]. [1epBblii [aét cyMMapHyI0 BEPOSITHOCTh CMEPTH
3a YCTaHOBJIEHHOE BpeMsi T U ompeessieTcsl BhipaXeHUueM

R (a, HE):ch(a+z, H ) h (1, H)+kh (1, Hp)|dt (1)

rjae ¢ — BpeMsl, OTCUUTbIBAEMOE OT MOMEHTa 00JlydeHUs] MHIUBUIYyyMa B Bo3pac-
T€ a; h, ¥ h, — TUIOTHOCTb «4MCTBIX» BEPOSITHOCTEW CMEePTH U 3abosieBaHusi, 00y-
CJIOBJIEHHBIX TaHHBIM Bo3zaeiicTBueM; @P(a+f) — BEPOITHOCTH YEJIOBEKY B BO3pac-
Te a MOXWTh JO BO3pacTa g+t MpU OTCYTCTBUM PaaMalliOHHOTO BO3IEUCTBUSI.
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!
Beposarnocts D(a +1) onpenensercs yepe3 BeposaTHocTs H '(f) mHauBumyyma 1o-
KUTh IO 3aJaHHOIO MOMEHTAa BpEMEHM M UKCICHO paBHAa OTHOIICHUIO

H'(a +t)/ H'(a) . KoadduumeHTs! k COMOCTaBISIOT PUCK CMEPTH U 3a60JIeBaHMSI,
TaK 4YTO BbIpaXeHHe B cKoOKax B (1) MOXHO paccMaTpuBaThb KakK OOOOIIEHHYIO
IUTOTHOCTh BEPOSITHOCTH CMEPTH K MOMEHTY { TIOCJIe OOIydeHUsT MHANBHIYYMa 10~
301l H (1o cyniecTBy, Kak HEKOTOPbIA 9KBUBaIEeHT BbipaxeHus (1)). Ilox 0606-
IIEHHBIM YIIepOOM 3IOPOBBIO MOHWMAIOT MaTeMaTHYeCKOe OXHMIAHWE COKpalle-
Hus pencrosuieii xusuu T,. C ucnob30BaHUEM BBEAEHHBIX BbIlE 0003HAYEHU I
OHO OTIpEIETUTCS BEIpaXKEHUEM

Ty = [ h,,(t, Hp)dr. )

MoxHo noka3arb [beikoB, HéMuH, 1991], yTo cokpalieHre npoaoKUTENb-
Hocti kusHu AT(a, H,) wHauBUIyyMa, OOJTy4€HHOTO MIHOBEHHOW M030M H, B
BO3pacTe a, TaéTcsl BRIpaXKeHUEM

1

Gl(a, HE):AT(G, HE):H—@

oo
f H (a+0)H (t, H,)dt . 3)
0

AHAJIOTUYHBIM 00pa30M MOXKET OBITh YUYTEHO COKpallleHHE ITPOAOJLKIUTEIBHO-
CTM XM3HM, BBI3BAHHOE Pa3JIMYHBIMU, CBSI3aHHBIMM C OOJYYEHMEM HecIelundu-
yecKMMHU 3a0oJieBaHUSIMU. B 3TOM cilydae motepssHHOe B pe3yjbTaTe 3a00JIeBaHUS
(6e3 JleTaTbHOTO MCXO/a) BpeMsl TIEPEBOAUTCS Ha BpeMsl COKpAIEHUST TPeAcTosi-
el XXW3HM YMHOXEHMEM Ha COOTBETCTBYIOIIWI mepeBomHOUM KoaddumueHt K
[brikoB, deémun, 1991]. ConocraBinenue BeipaxkeHuit (1) u (3) moxkasbIBaeT, 4To
OHM pa3IMYaloTCsI CTPYKTYPOIi, HO BXOHAMIIME B HMX 3aBUCUMOCTH OOWHAKOBHI.
[ToaToMy BBEIOOP BEJIMYMH, XapaKTepU3YIOIINX paJlalliOHHYIO OIIaCHOCTh, HEe OKa-
3BIBacT 0COOOTO BIUSHUS Ha ITYTHU WX ITOJIyIeHHUSI.

PamnalimoHHBIN pUCK — TpaguIMOHHAs BEIWYMHA, MCIIOJIb3yeMasl I OLCH-
KM CTEIIEHU paguaiOHHOIO IMMOPaXKeHMsI YeJIoBeKa, 00JydEHHOTO NOHU3UPYIOIINM
usnyyeHueM. B HazeMHOI MpaKTUKe OH ONpeaessieTcsl BEpOSITHOCTbIO CMEpPTH, 00-
YCJIOBJIEHHOU paaro0HOJ0TMYeCKUMM MOCIEeACTBUSIMU 00ydeHus1. Takoi Moaxon
00yCJIOBJIEH, TIpeXAe BCEro, BO3MOXHOCTBIO PEryJIuMpoBaTh IMpolecc O0JydeHUs
YeJIOBeKa B HOpMaJIbHBIX YCIOBUSIX pabOTHI U CYILIECTBOBATh B COOTBETCTBUM C pe-
KMMOM €T0 pabOTHI.

B ycnoBusIX pagallmioOHHOM aBapyy Y€JIOBEK MOXKET OBITh 3BaKyMpPOBaH C IOJI-
HBIM HUCKJIIOUEHHEM JajibHeiIero ooaydyeHust. B KocMuyeckoM moie€Te OOIbIIH-
CTBO M3 3TUX (paKTOpOB HapyluaroTcs. YneHbl 9KUMaxa KOCMUUECKOTro arrapara
00JTyyaloTCsl TIOCTOSTHHO B T€YEHUE BCEro MoJjiéTa B IUana3oHe MajibIX 103 XpOHU-
YecKoro o0Jyd4eHusl, UCKJIIOYUTh 00JlyueHre B TeUeHUe TOJIETa He MpeacTaBlIsieT-
Csl BO3MOXHBIM, pagudallMiOHHAas oOCTaHOBKa B KOCMOCE MMEET CTOXaCTUYECKU
XapakTep, MOCKOJBKY CcoJIHeUHbie MpoToHHbIe coObiTus (CIIC), 3KBMBajeHTHBIC
M0 XapaKTepy Ha3eMHBIM paJIuallMOHHBIM aBapusM, SIBIISIIOTCSI HOPMaJIbHBIM KOM-
MOHEHTOM paguallMOHHOW OOCTaHOBKM B KOCMOCE, OJHAKO YPOBHU BO3ICHCTBUS
oT nipoToHOB ITpu CITC MOryT OBITH CYIIIECTBEHHO 00JIee BEICOKMMM.

KpoMe Toro, B KOCMUYECKOM ITOJIETE IOSIBIISICTCS JOIOJIHUTEIbLHBI KOMIIO-
HEHT paJIMallMOHHOIO prUcKa — YBEJIWYEHME BEPOSITHOCTM T'MOEIM 3a CUET Hapy-
IIEHUsI OIepPaTOPCKON AESTEIbHOCTU, CBSI3aHHOM C pamgvallMOHHBIM ITOPaKCHU-
€M LEHTPaJIbHOI HEPBHOI CHUCTEMBI. DTOT (haKTOp COBMECTHO C PHUCKOM OT Je-
TePMUHUPOBAHHBIX 3(P(PEKTOB MOXET UTpaTh CYLIECTBEHHYIO pOJIb IPU OIEHKE
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paIuanMoOHHOIO pUcKa B mpoliecce mojieTta. g oLeHKM pagualliOHHOTO pHCKa,
aeKBaTHOTO YIOMSIHYTOMY BBIIIIE «HA3eMHOMY» PUCKY, HEOOXOAMMO YYUTHIBATH
croxacThuueckue 3(p@eKThl, BKIOUas BeCh KOMIUICKC MHAYLIMPOBAHHBIX O0Iy4eHN-
€M COMAaTHYECKMX IPOSIBJICHUI, a TAK:KE TeHETUYSCKUI PUCK.

PaccMoTrpuM, Kak KOJIMYECTBEHHO OLIEHMBAETCSI paJMallMOHHbBINA PUCK B KOC-
MHUYECKOM IoyiETe. B oTimume oT Xxapakrepa paaualMOHHOIO BO3IEHCTBUS Ha
3emie, KOTOpoe B OCHOBHOM OOYCJIOBJIEHO U3IYyYEeHUSIMU C HU3KUM 3HaYeHUEM
JITID u gaBasiercss B OOJIBILIMHCTBE CIy4YaeB paBHOMEPHBIM, paJuallMOHHOE BO3-
JIEICTBME B YCJIOBUSIX KOCMMYECKOIO MOJIETa HAa OpOUTE M BHE MarHuTochepbl
3eMIM XapaKTepU3YeTCs CIOXHBIM COCTAaBOM M3JIYYCHUM M MX DHEPreTUYECKOTO
CIEKTpa, TIPOCTUPAIOIIETOCSI OT HECKOJIBKMX KUIO3JEKTPOHBOJBT O COTEH TMTa-
BJIEKTPOHBOJILT, KOTOPHIE pa3IMYalOTCs B 3HAUYMTEILHOM CTEIIEHM II0 CBOEH OMO-
Jiornueckoil 3pPeKTUBHOCTU. DTO BO3IEiICTBIE OOYCIOBICHO KaK JeTEPMUHUPO-
BaHHBIMU UCTOYHMKaMM MU3aydeHus, BmovaommmMu I'KJI u PI13, Tak 1 croxactu-
YEeCKMM BO3ACUCTBUEM KOPIYCKYISIPHOIO M3IYYeHUS MPU Pa3BUTUU COJTHEUHBIX
npotoHHBIX coObITHil (CIIC). ConHeuHble KOCMUYECKUE JYYU XapaKTEePU3YIOTCS
3HAYMTEJIbHOM HEPAaBHOMEPHOCTBIO paclpeAeeHUs 103 KaK I10 TJIyOMHe Tejla, TaK
1 BO BpeMeHM. MakcuMaibHasl paauamyoHHas Harpy3Ka MOXKET IPUXOIUTHCS Ha
pasnuuHble a3kl MOJETAa U COCTOSIHUSI afallTUPOBAHHOCTH OpraHM3Ma KOCMOHAB-
TOB K (pakTopaM ITOJIETA, YTO OIIPEAeIsieT BO3MOXHOE CHUXXEHUE pagualliOHHON
YCTOMUMBOCTH KOCMOHABTOB K OCTPBIM pagUallMOHHBIM BO3IEHCTBUSIM BO BpeMs
CIIC. B cooTBeTcTBUM ¢ peKoMeHmanusaMu, usnoxeHHeiMu B [TOCT 25645 201-
83..., 1984], paguanroHHOE BO3IEHCTBUE CIEAyeT OLICHMBATh Ha OCHOBE «0000-
IIEHHOM» N03bl H, ISl BEIYUCICHUS KOTOPOil MCIIOIb30BaTh PACCYUTHIBACMEIC 3HA-
YEeHUSI CPEOHETKAHEBBIX 103 OT Pa3IMYHBLIX MCTOUHUKOB B KOCMUYECKOM ITIOJIETE
U psan Ko3(h(GULIMEHTOB, YUUTHIBAIOIIMX Pa3IMYHOE KauyeCTBO M3JIy4eHUs, XapaK-
Tep pacrpeaesieHus J03bl BO BpEMEHM M IIPOCTPAHCTBEHHOE pacIipeeiieHre 03I
T0 Tey:

n
Hy =) D,KK,KB,KP,, (4)
i=1
rae H — o6o01ménHas no3a; D — cpenHeTKaHeBas MOMVIOIIEHHAS 1033, KK, — ko-
3¢ GUIMEeHT KayecTBa U3JIydeHUsl, onpeaelisieMblii Ha OCHOBE perjaMeHTHpPOBaH-
Hoii ero 3aBucumoctu ot JIND; KB, — koadduimeHT BpeMeH! — BpeMEHHOM He-
PaBHOMEPHOCTHU PaJuallMOHHOTO BO3AECTBUS, YUYMTHIBAIOIINI BIUSIHUE MOILIHO-
CTHU 03Bl U XapaKTep paclpeaesieHus 103kl BO BpeMEHU Ha paaruoOMOJIOTHIECKU
a¢hdekT, npuBoAAINi 3¢h(eKTh NPOTSKEHHBIX U (DPAKIIMOHUPOBAHHbBIX BO3/CH -
CTBUI K OJHOKPATHOMY ocTpoMy obnydyeHuto; KP, — koadduriment pacnpenesne-
HUS 103bl, YYUTHIBAIOLINI XapaKTep pacrpeaeaeHus: J03bl 10 TeJay U MPUBOISIIINI
3¢ ¢heKThl HEpaBHOMEPHOTO OO0JIYYeHMSI K YCIOBUSIM PABHOMEPHOTO paanualliOHHO-
I'0 BO3IEUCTBUS.

Hamu nipoBeneHa fanbHeias pa3padoTka 0000IIEHHOTO 103UMMETPUUECKOTO
(yHkumoHana — 06006meéHHo# no3sl H [Llladupkun, I'puropbes, 2009; Shafirkin
et al., 2002]. ITocKoJbKY BBIXOA HEMOCPEACTBEHHBIX, OJMKANIINX pagualliOHHBIX
a¢deKToB B mpoliecce NojéTa ¢ OAHON CTOPOHDI, a TAKXKe BO3MOXKHBIX HEOIaronpu-
SITHBIX OTAQJIEHHBIX TTOCIEACTBUI — C APYToi, CBsI3aH ¢ (DOPMUPOBAHUEM T1aTOJIO-
MU B CYLLIECTBEHHO Pa3JIMYHbBIX KPUTUUECKUX CUCTEMAX OpraHru3Ma, OTJIMYaIOIIX-
Csl BpeMeHEeM pPa3BUTHUS MOpaxkeHUsl, ero JIoKaau3alueid, CKOPOCThbIO MPOTEeKaHUsI
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BOCCTaHOBUTEJIbHBIX MPOLIECCOB, 3HaU€HNE 0000ILEHHOM M103bI CAEAYET BHIUMCISTD
OTJE/IbHO Ha OCHOBE CBOEro Habopa KOd(P@UUKMEHTOB COOTBETCTBEHHO IS OJIM-
xaiimx adexkroB Hy u otnanéuusix nocnenctsuit H,. Kpome toro, crierucpuye-
CKHeE YCJIOBUsI KOCMUYECKOTO TMOJIETa, KOrJa KpoMe MOHU3UPYIOIIMX U3TyYeHUId Ha
KOCMOHABTOB BO3JICHCTBYIOT TMeperpy3ku, HEBECOMOCTb, TMIIOAUHAMMSI, JJIUTEIIb-
HOe TICHMXOJIOTMYECKOe HaIlpspKeHUe, TpeOyIoT Takxke BBedeHUs KO3(hGUIIMEHTOB
moaudukaunu (KM) pannallmoHHOTO BO3AeHCTBUS M3-3a HepaauallMOHHbIX (haK-
TOPOB.

ITosToMy B OKOHYaTeJIbHOM BUJE OOOOIIEHHBIE [03bl TMPUMEHUTEIHHO
K OLIEHKE paJIMallMOHHOTO pucka onuxkaiiux 3¢@eKkToB B poliecce MojeTa u pyu-
CKa OTHaJIEHHbIX HEOJAaronmpusITHBIX MOCIEACTBUN BBIYMCISUIM C UCTIOJb30BaHUEM
JIBYX CaAMOCTOSITENIbHBIX BbIpaXeHuil juist Hy v H

n —_—
Hy=|> " D,KK, KBy, KPy, [KM

i=l1

B’
. ®)
Ho=|> D,KK, KBy, KPy. [KM,.

i=l1

B pa6orax [TOCT 25645.219-90..., 1991; ILllacdupxkun, 1998; IlladpupkuH,
I'puropnes, 2009; Iladupkun, PenopeHko, 1998] mpoaHanIU3UPOBAHBI Pe3yib-
TaThl SKCIEPUMEHTAIbHbBIX UCCAEI0BAHUNA 1 PsIi MOACIbHBIX MPENCTaBICHUN WIS
oIpenesieHNs] 3HauyeHU KoadDPUIIMEHTOB, BXOMSIIIMX B BbipaxkeHue (5), ¢ 1LeJblo
BBIYMCJICHUST 3HAYeHMIA 00OOIIEHHBIX 103. O000IIeHNE NJAaHHBIX 10 OTHOCUTEJIb-
HOM OMonornyeckoil 3(pGpeKTUBHOCTU U3IYYCHUN ¢ pa3inyHoi BeauduHou JITTD
M0 OTHONIECHMIO K OMIKAWIIMM PaguoOUOJIOTMYECKUM IIPOSIBICHUSM MOAPOOHO
paccmoTpeHo B pabore [Illadupkun, Pegoperko, 1998]. B Heil Ha ocHOBe aHa-
JIM3a LUTOreHeTu4YecKuX 3(p¢PeKToB Ha KJIETOYHOM YpOBHE, MIYOMHBI U3MEHEHUI
B PaIMOYYBCTBUTEIbHBIX TKAHSIX: KPOBETBOPHOM, >KEIyTOYHO-KMIIEYHOM SIIH-
TeJNU, SMUAEPMUCE, — a TaKKe BBIKMBA€MOCTH 3KCIEPUMEHTAJbHBIX XXMBOTHBIX
MpPOBEIEHO CpaBHEHUE NEUCTBUS IPOTOHOB, YCKOPEHHBIX MHOIO3apsIIHBIX MOHOB
M HEHTPOHOB C BO3JACHCTBUEM CTaHAAPTHBIX BUIOB M3Jy4eHUI. DTO Haj0 BO3-
MOXHOCTb OLIEHUTh MaKCUMaJbHbie 3HAY€HMUSI KO3(M(UIIMEHTOB OTHOCUTEIbHOM
ouosornyeckoit apdexkTruBHocT (OBD) M ycTaHOBUTH MX 3aBUCUMOCTh OT JITIO.
bruto mosydeHo, 4To MakcuMasbHbIe 3HaUeHUS KoadduiimeHToB ObD-u3nydyeHuin
¢ pa3nMuuyHbIMU 3HaueHusIMU JITID png omkaimux 3(p@eKToB, CBI3aHHBIX C pa3-
BUTHEM MEPBUYHON JIy4eBOM peaKluu, C BOBMOXHBIM MOpaxkeHUeM KPUTUUECKUX
TKaHEe! B OCTPOM IIepUOJIe, TAKMX KaK KOCTHBIN Mo3r, 2KKT, Koxa 1 1p., IBASIOTCS
B HECKOJIbKO pa3 MEHbLIMMHU, YeM 3HaueHus1 KK, ycTaHOBIEHHBIC HA OCHOBE OT-
IanéHHbBIX 3¢ dekToB B HOpMaTHBHBIX HJoKyMeHTax [[TOCT 25645.218-90..., 1991;
Paguanuonnas..., 1978].

TakuMm o6pa3oM, Ha OCHOBE HM3JI0KEHHOTIO, OLIEHKM pucKa OJMKauIux He-
OnaronpusATHBIX 3(PdeKToB couyeTaHHOTo Bo3aeicTBus uanydeHuit I'KJI, PII3
u CKJI Ha KOCMOHABTOB B CJIy4ae HCIIOJb30BaHUSI HOPMATUBHBIX 3aBUCUMOCTEM
KK, or JIHID [IHabupkun, 1998; labupkun, I'puropres, 2009; labupkuH,
®enopeHko, 1998] OymyT HECKOJBKO 3aBBIIICHHBIMM, YTO BIIOJIHE JOITYCTUMO C 1ie-
JIBIO COXpaHEHUS XOpolleil paboTOCIIOCOOHOCTY KOCMOHABTOB B Ipoliecce IoJIETa
(1MeeTcs1 HEeKOTOpBI 3amac). B To xe BpeMsl, UTo KacaeTcsl OTHaJIEHHbIX 3(pPeKToB,
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TO MCIIOJIb30BaHUE ITUX 3aBUCUMOCTEN MOXKET MPUBECTU K HENOOLIEHKE pealbHOM
OIAaCHOCTH B OTHOIIEHWU COXPAaHEHUS 3M0POBbSI KOCMOHABTOB B OTHAJIEHHOM IT0-
CJIETIONIETHOM TepUOJIe.

HeiicTBuTeIbHO, MakcuMalbHble 3HaYeHNs KK ) B HOpMaTUBHbBIX TOKyMEHTaxX
He npeBbinamT 20 npu Beicokux JIIID, xoTsa B 1enoM psiie 0ojiee MO3AHUX padoT
MOJIyYEeHBI CYIECTBEHHO Oonblne 3HaueHUsI KoaddumuentoB ObD. Tak, B oTuéTte
Hayunoro komutera OOH 1o neiictBuio atomuoit paguanuu 2000 r. I'enepanbHO
Accambsiee OOH 3HauyeHus1 KoapduiimentoB ObD 1 HERTPOHOB CIieKTpa aese-
HUST Ha OCHOBE IMTOTCHETUIECKUX MCCIIEAOBAHUIM KyIbTYPHI JIMM(POIIUTOB YeIOBE-
Ka paBHBI OT 34 10 53, a Mo UHAYKUMU omyxoneit — oT 16 go 59 [McTouHuKM...,
2002]. TTpu u3yyeHUU CTPYKTYPHBIX HapYIIEHUI B KOPE TOJIOBHOTO MO3Ta y KpbIC,
a TakKe TIpU OTpeAesieHMN YacTOTHI IIOMYTHEHUM XpyCTaluKa M pa3BUTUS KaTa-
PaKT y MBIIIEH MOJyYeHBI IS MaJIbIX 103 3HadyeHus1 koadduiuentoB ObD B nu-
amasoHe ot 50 mo 100 [A6pocumona u ap., 2000; denopenko, 2006; ladbupkuH
u ap., 1998]. Bro morpedyeT B OymylleM mepecMoTpa HOPMaTUBHOM 3aBUCUMOCTH
KK, or JITID B cTOpOHY MX yBeIUYEHUsI, YTO NPUBEIET K HECKOJIBKO OOJIBIINM
3HAYCHUSIM paIvallMOHHOTO PUCKa, MPeACTaBICHHBIM B HACTOSIIEH paboTe, U He-
KOTOPOMY BO3MOXHOMY YBEJIWYCHUIO TONIIMHBI 3alATHI OOPTOBBEIX OTCEKOB OC-
HOBHOT'O MOJIYJISI MapcuaHcKoro kopabist (MK).

ITpu oueHKe onacHO