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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. 10. Cl'[eKTpBI OHCPINMYHBIX YaCTULL N 2KECTKOEC U3JTYYEHUE OT COJTHCUYHbBIX BCITBIIICK
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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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Tom 1. Yactb 1. KOCMUYECKASA MOTOJA W EE POJIb B ®OPMUPOBAHWI CBOCTB JIOKAJIbHOW CPE[bI

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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B./. Ky3Heyog  ConHeuHble MCTOUHUKM KOCMUYECKOI MOTOAbI

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, — II