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Space Weather Effects on Humans: in Space and on Earth
Proceedings of the International Conference
Space Research Institute, Moscow, Russia, June 4—8, 2012, Ed. A. 1. Grigoriev, L. M. Zeleny
In two volumes
Volume 2

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 2

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 moroa u €€ pojib B hOPMUPOBAHUU CBOMCTB JIOKAJIbHOM OKpYXKaloliei cpenbl. Pusndeckie
(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 30POBBIX U OOJILHBIX Jitofiei. ['pymnmibl pricka. BUOTPOITHOCTE KOCMUYECKOI TTOTOMIBI, ¥ €€ 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.
KommnblotepHas Bépctka: Komaposa H. IO.
[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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OOPMUPOBAHWE PUTMUYECKON CTPYKTYPbI

bUONOTMYECKMX OBBEKTOB B MPOLIECCE IBONTHOLIUK
T. K. bpeyc

WNHCTUTYT KOCMUMYeCKnx nccnegoBaHuin Poccmiickon akagemnn Hayk (MKW PAH),
MockBa, Poccns, e-mail: breus36@mail.ru

B 90-x romax mpouuioro crosietusi Obljia MpeaioXeHa TMIoTe3a O TOM, YTO PUTMBI TeJIMO-
reoMarHuTHoO# akTuBHOCTU (I'MA) (crmaOble ecTeCTBEHHbIE 3JIEKTPOMArHUTHBIE TIOJIS
OMII) MoryT GbITh BHEITHUMU CUHXPOHU3ATOPAMM OMOJIOTMYECKUX PUTMOB, MO aHAJIOTMU
C TeM, KaK PUTMbl OCBEILEHHOCTU U TeMIepaTypbl chOpMUPOBAIN LIUPKATUAHHBIE (CYyTOY-
Hbie) puTMbl. OCHOBHBIMU TIPOOJEMaMM B HACTOSIIIIEE BPEMSI SIBJISTFOTCSI BOIIPOCHI O TOM,
YTO MPEACTaBISIOT co00it MuiieHn DMII B Gmonorndyeckux oobekTax — penentopsl TMA?
KakoBbl MeXaHM3MBbI BO3IECTBUSI HU3KOYACTOTHBIX 3JIEKTPOMAarHUTHBIX MOJIE OUeHb cia-
60if MHTEHCHBHOCTH (MHTEHCHBHOCTb STUX MoJei exxut B obmactu 1074..10712 T)? Kakue
XapaKTEPUCTUKN COJIHEYHONW W TEOMarHUTHON aKTUBHOCTM Haubojee OUOTpOmHbI? DTU
npobJieMbl 00CYKIAI0TCS B JTaHHOU padote. I1pencraBieHbl pe3yabTaThl TECTOBBIX SKCIEPH-
MEHTOB U UCCIIEIOBAHUM.

BBEAEHWE

o HemaBHEro BpeMEHU Mpearoarajioch, YTo LIMPKaJiuaHHble pUTMbI (24 yaca)
JUIUPYIOT B MEepapXuu OUOJOTMYECKUX PUTMOB XMBBIX OpraHu3moB. CuuTtaercs,
YTO CYTOUHbIE (LIMpKaJAMaHHbIE) PUTMbI C(OOPMUPOBATIMCh HA paHHE! cTaauu 3a-
POXIEHUSI XXKUBBIX OPraHU3MOB T0J BIUSIHUEM CYTOUHOI'O pUTMa TeMIIepaTypbl
Y OCBEIIEHHOCTH, BO3HUKILIETO U3-3a COOCTBEHHOTO BpallleHUs 3eMJIU ¢ TIEpUOIOM
CYTKU. DTU PUTMBbI B MPOLIECCE IBOTIOLIMU 3aKPEMUINCh Ha BCEX YPOBHSIX CIIOXHBIX
OMOJIOTUYECKMX CUCTEM — OT KJIETOK J0 LIEJOCTHOTO OpraHu3Ma — U MpeBpaTu-
JIUCh B 9HJIOTeHHbIC IMPKAIUAHHbIE OUOJOTMYECKIUE PUTMBI.

NudpaauanHble Ouosiornyeckre puTMbl (C mepuoaoMm <28 nHeir u >24 u)
He MpUBJeKaad 3HAYMTEJIbHOTO BHMMAaHMSI, HECMOTpPSI Ha TO, YTO OHU ObUIM U3-
BECTHBI eI1I€ C aHTUYHBIX BPEMEH (HarpuMep, pUTMbI 00OCTPEHUI — KPU3UCOB —
B pa3jM4HbIX 3a0oyieBaHUsIX). Ha aMnupuueckoM ypoBHe UH(ppaauaHHbIE PUTMBbI
XOpOIIIO 3HAKOMBI BpayaM B coBpeMeHHOM MeauivHe (puc. 1, 2) [Halberg et al.,
1991].

Ha puc. 2 moka3aH KJIaCCUYECKUI MPUMEDP Pa3BUTUSI PUTMUYECKOU CTPYKTY-
Pbl Y HOBOPOXIEHHOTO MJIaJIEHIIa, KaK Obl TTOBTOPSIIOIIETO 3BOJIOLIMOHHBIN MYTh
ouosoruuecero opraHusama. OueBUOHO, YTO WMH(paaMaHHbIE PUTMbl BO3HUKAa-
10T U pa3BUBAIOTCS paHbllIe IUPKAAUAHHBIX, UTO JOBOJBHO YAUBUTEIbHO, TaK KakK
B MaTepUHCKOM OpraHu3Me LUPKAIAUAHHBIA PUTM SIBISIETCS JTOMWHUPYIOLIKUM.
O4eBUIIHO CXOICTBO HAOJIOABIINXCSI PUTMOB C TIEprMoOAaMU COOCTBEHHOTO Bpallle-
Hus CojHua 28 AHEH ¥ ero rapMOHMKaMM, a TaKXKe C « TYyHHBIMU PUTMaMU».

CrabujbHble «IyHHBbIE» WUH(paauaHHble PaBUTALIMOHHBIC PUTMBbI, UHTETPU-
pOBaHHbIE BO BPEMEHHYIO CTPYKTYPY KMBBIX OPraHU3MOB U CTaBIIIME 3HAOTeHHbI-
MU, ObLIU, MO-BUAUMOMY, TeM (POHOM ISl APYTUX PUTMOB U (JIYKTyaluii, KOTO-
pble BO3HUKAIU TMOJ BAUSHUEM JAPYTUMX BHEIIHUX (PAKTOPOB CXOAHBIX MEPUOMIOB.
OTHU MOCTOSIHHO NEUCTBYIOIIME TOIMOJHUTEIbHbIE BHELIHUE (PAKTOPhl BKIHOYAIN
B ce0sl IIUPOKUI CIEKTP PUTMOB C pa3IMYHbIMU MEPUOJAMU, K KOTOPbIM XKUBbIE
OpraHu3Mbl TaKXe JOJKHBI ObLIM agalTUPOBAThCsI, YTOObI HE MOTMOHYTbH OT Je-
CUHXpPO03a, IPEACTABISIONIETO MTOTEHIIUATbHYIO OMTACHOCTD J1J1s BBKMBaHUSI.
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Puc. 1. Criektpsl 3a00JieBaHUII JTUXOPAAKOW B IPEBHOCTU (aHAIU3 IPOTOKOJIOB IPEBHUX

Bpaueit — I'mnmokpata, 'ajeHa U ABULIEHHBI) — CJIeBa; KPUTUYECKUE THU OTTOPKEHMS

TPAHCIIAHTATOB TOCJIE ONepalMii MO Mepecaake MoYeK U cepAla y NalueHTOB pa3InyHbIX

KIMHUK B MunaHe, MunHeanonuce u Ilapmke — cnpaBa. B MunHearonuce manueHTaMm

JIlaBaJli COOTBETCTBYIOILME MperaparThl IJis MPeAOTBPAIeHUs OTTOpKeHUH. OTYETIMBO BUI-
HBI PUTMBI C TIEPUOAOM HeneJsl, ABe Henenu, 21 neHb u 28 qHeii Ha 00ouX rpadukKax

Wndpaguannas 4acTh 3TUX PUTMOB Oblj1a, OUEBUIHO, CBSI3aHA C COJIHEYHO-Te-
OMAarHUTHOW aKTUBHOCTHIO U CO3[aBa€MbIMU €10 PUTMaMM, CUHXPOHHBIMU C COO-
cTBeHHBIM BpaleHueM CoyHua. YiabTpaguaHHas 00J1acTh YaCTOT 3JEKTPOMATrHUT-
HBIX I10JIEl COOTBETCTBYET YaCTOTaM IIPMPOIHBIX IIIyMaHOBCKMX pe3oHaHcoB (I1IP)
(8 1 14 T'tr), BIIEKTPOMArHUTHEIM KOJIe0aHUSIM B obyactv yactot 0,8...2,5 I'11, cBoii-
CTBEHHBIM Pa3JIMIHBIM ITPUPOIHBIM aTb()BEHOBCKUM OCLIMILISATOPAM (MUKPOITYITh-
CallMsIM T€OMarHUTHOTO TTOJIST).

B 90-x rr. mponutoro crojeTus Oblja TpeAioXeHa TUIOTe3a O TOM, YTO PUT-
MBI TeJano-reoMarHuTHOM akTMBHOCTH (I'MA) (cmabble ecTeCTBEHHBIE BJIEKTPO-
MarHuTHbIe 1moist DMIT) MoryT ObITh BHEIIHUM CUHXPOHU3aTOPOM OMOJIOTMYECKUX
PUTMOB, TI0 AaHAJIOTUU C TeM, KaK PUTMBI OCBEIIEHHOCTH W TeMIlepaTypbl chopMm-
poBau LUpKaguaHHbIE (CyTOUYHBIE pUTMBI). OCHOBHBIE MpPOOJEMBI B HACTOSIIEE
BpeMsI — BOIIPOCHI O TOM, UYTO SIBJISIETCSI MUIIIEHBIO B OMOJIOTUYECKUX OOBEKTAX —
peuentopamu 'MA? KakoBbl MeXaHU3Mbl BO3[E€UCTBUSI HU3KOYACTOTHBIX 2JI€K-
TPOMATHUTHBIX TOJIeH OYeHb CJIa00i1 MHTEHCUBHOCTH (MHTEHCUBHOCTD 3THUX MOJIEH
nexur B o6mactu 107*...107'% T)? Kakue xapakTepUCTHKU COIHEYHON U TeoMar-
HUTHOM aKTUBHOCTU Hanboee OMOTPOITHBI?

DT mpobieMbl 00CYyXIaloTcs B JaHHOI pabore. Iloka3zaHo, 4TO cepaedHo-
COCYIUCTas CUCTEMA, BKJIIOYasl pUTMBI CEpILia MU MO3ra, MPEACTaBIsAeT cOO0M 10-
CTaTOYHO YyBCTBUTEIBHYIO MUIICHD IJIT BO3nNeUCTBUS I MA M MeTeopOoIOTHIeCKIX
(akTOpOB, B TO BpeMsl KaK PUTMbI T€OMarHUTHBIX Imyabcanuii Tuna Pc 1 u Pc 5
1 ITyMaHOBCKUE PE30HAHCHI SIBJISIOTCS HauboJsiee MOAXOMIIIMMU OUOTPOITHBIMU
areHTaMu, KOTOphIE, IMO-BUAMMOMY, MHTETPUPOBAIVCH BO BPEMEHHYIO CTPYKTYPY
JKMBBIX OPTaHM3MOB U 3aMYyCTWIN «O0MoJornyeckue yacel». COOM pUTMOB 3THUX I10-
Kaszarejiel BO BpeMsl BO3MYIIEHUI KOCMUYECKON TMOTOIBI MOTYT COIPOBOXAATHCS
(hr3roIOrMYeCKMMHU NOCIEACTBUSMHA, ONMTACHBIMU JIJIs1 BBDKUBAHUS.
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Puc. 2. YcpenHeHHble CITEKTPHI MOHUTOPUPOBAHUS Ha MPOTSKEHUU 26 MECSILIEB 4aCcTOThI
cepaeunbix cokpanieHuit (HCC) u nuacronmyeckoro aprepuanbroro nasieHus (JAJl) Ho-
BOPOXIEHHOTO MJIaJIeHIIa, OCTaBJICHHOTO B rocrurtaie MuHHecOoThl. Bech nepuon MOHUTO-
pUpOBaHUsI pa3OUT Ha MITh YCPETHEHHBIX CIIEKTPOB IO MATh MecsleB Kaxablii. Ha BepxHeit
OCH MOKa3aHbl MepUOIbl HanboJiee BBIACISIOIIUXCS PUTMOB. BUIIHBI pUTMBI ¢ TIeproaaMu
28 nHeil, 14 nHeii, omHa Henenst, 3 nHs, 4 qHs. CyTOYHBINA PUTM TOSIBJISIETCSI Y HOBOPOXKIEH-
HOTO TOJIbKO Ha 5—11-M Mecs1e XXM3HU U HAUYMHAeT TOMUHUPOBATh K FOIY XKU3HU

NOoJOBUE MHOPAANAHHBIX BUONOTNYECKNX PUTMOB
PUTMAM TEJTMO-TEOMATHUTHbBIX ®AKTOPOB

JnuTebHOE BpeMsl TIPUpoIa TTPOMCXOXICHNS MHMDpaTuaHHBIX SHIOTCHHBIX OMO-
JIOTMYECKUX PUTMOB OCTaBaJlaCh HETIOHSITHOM. BHEITHMIT TpUpPOIHBIT CHHXPOHM-
3aTOp, KOTOPBIT MOT OBI TIOPOIUTH IMTOTOOHO PUTMUKY OMOJIOTMIECKUX OOBEKTOB,
He ObLUT OOHApYXKEH.

[NpwawHoOt CcyIiecTBOBaHUS OMOJOTUIECKON Hemean, KOTOPYIo OMOJIOTH Ha-
Ofomany KaK Ha KJIETOYHOM, TaK M Ha OpPraHHOM W OpPraHM3MEHHOM YpPOBHE,
cumTaNach WHTeTpanus (M co3peBaHWE) 3a HENeIbHBIN Teproa HEKMX BHYTpPEH-
HUX TIPOIIECCOB — T.€. BHYTPEHHSS 3BOJIOINS, HO He amalTalnsd K BO3IECUCTBUIO
BHellIHMX cuHxpoHu3aTopoB [Halberg et al., 1991]. Ilocne nosiBieHnust B 90-x rT.
MIPOIIUIOTO CTOJIETUS TUIIOTE3B 00 MHTETPAIlM BO BPEMEHHYIO CTPYKTYPY OMOJIO0-
TUIECKNX CHCTeM PHUTMa BHEIIHETO MHGppamrMaHHOTO CHMHXPOHHM3aTopa HadajucCh
TIOMCKH 3TOT0 (haKTopa M COIOCTABICHUE eT0 PUTMOB C PUTMaMU OMOJIOTUIECKUX

465



Tom 2. Yactb 4. KOCMUYECKAA MOTOMA U 300POBbE

o0bekToB [Bpeyc u ap. 1995; Komapos u ap., 1994, 2000; Halberg et al., 1991].
K ponu nckomoro ¢akropa co CXOAHOU CTPYKTYpPOil pUTMOB 00JIbllIe BCEro OKa3a-
JIACH TTOAXOISIIIUMU PUTMBI COTHEYHOM ¥ TEOMarHUTHON aKTMBHOCTH, TIOPOXAAI0-
e Bapualliy SJIEKTPUYECKUX Y MATHUTHEBIX TI0JIel B MarHUTOC(hepe 3eMITH.

Ha puc. 3. mokasaHbl JaHHbIE UBMEPEHUST COJTHEUHOTO BeTpa BOJIM3U OPOUTHI
3eMJI Ha pa3IMIHBIX KOCMUYECKUX arlapaTax Ha MPOTSIKEHUU HECKOJIBKUX 000-
potoB CojiHLIA.

OTYETIMBO 3aMETHBI «BOJIHBI» CKOPOCTU MPOTSXKEHHOCTBIO OKOJIO 7 THEH.

Ha puc. 4 nokazaHa ceKTOpHasl CTpyKTypa MeXIIJIAHETHOTO MarHUTHOTO TOJIS
MMII, nonyyeHHast ycpeTHeHUEM JaHHBIX U3MEPEeHU Ha KOCMHUYECKUX aIapa-
tax [Wilcox, Ness, 1965]. OTU€TaMBO BUAHBI OKOJIOHEAEILHbBIN U MOIyHEACTbHbBIE
PUTMBI Bapualiuii CEKTOPHOI CTPYKTYpbl MMII.

KpymHOMacImTabHele 5JeKTpUYeCKUe W MArHUTHBIE TIOJS B OKOJO3¢MHOM
MPOCTPAHCTBE CO3/AIOTCS BCJEJACTBUE B3aUMONEUCTBUSI COOCTBEHHOTO MAarHuT-
HOTO TOJIsT 3eMin (MarHUTOC(epsl 3eMJIN) ¢ TTOTOKAMM COJTHEYHBIX 3apsKeHHBIX
YyacTUll, Ha3bIBaeMbIX COIHEYHBIM BeTpoM (CB). OTu noroku, ucrekast uz CojiHua
paauagbHO, YHOCIT C COOOM B MeEXIJIAaHETHOE MPOCTPAHCTBO COJTHEUHOE MAarHuT-
Hoe T1ojie. MarHutHoe nosie CoyiHIa B MeXIlaHeTHOM TpoctpaHcTBe (MMIT)
u3-3a BpaiieHus1 CoiHIIa U paauaibHOTO ABVXXEHUSI €ro HOCHUTeJeil — CoJiHeu-
HBIX 3apsKEHHBIX YaCTHUII, B IIOTOK KOTOPBIX OHO «BMOPOXEHO», — 3aKpYy4HMBaeT-
csl 1 obpasyeT OOBEMHYIO CITMPATICBUAHYIO CTPYKTYPY, HAIIOMUHAIOIILYIO CKJIaAKU
OajieTHOM Mayku Bpallalwlleics OanepuHbl. [IT10CKOCTb MarHUTHOIO 3KBaTO-
pa CoJsiHLIa HaKJIOHEHA K IIJIOCKOCTU 3KJIUIMTUKU, B KOTOPOl HaxoduTCsl opOuTa
3emiu.

ITpu Bpamenuun CosHua 3emiisi, ABUrasiCh MO CBOE opOuTe, BCIEACTBUE Ha-
KJIOHA OpOUTHI TiepeceKkaeT 3TU CKJIaJKW UM TOMagaeT TO B CEBEPHOE, TO B I0XKHOE
MoJylapue coJiIHeuHoi MarHuTocgepsl. MaruuTHoe mnoJjie CojiHIa, Kak U3BECTHO,
MMEET NPOTUBOIIOJI0XHOE HAMpaBIeHWE B CEBEPHOM 1 I00)KHOM MOJIyIapusIX.
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Puc 3. OkoyioHenenbHbIE «BOJTHBI» CKOPOCTH M KOHIIEHTPAIIMM COJIHEYHOTO BETpa, U3Me-
PEHHBIE Ha MCKYCCTBEHHBIX CIyTHUKAX 3eMiu (13 coopHuKa [CoHeuHO-3eMHadl..., 1968])
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20 pek: 1 pek

K ConHuy ot ConHua

12 pexk

N 7.625
3.750

Puc. 4. CexTopHasi CTPYKTypa MEXIIJIAaHETHOTO MarHUTHOTO MOJIsl, MOJTy4YeHHas! yCpeaHeH -
€M JaHHBIX U3MEPEeHUI Ha KocMudeckux ammapartax [Wilcox, Ness, 1965]. Ctpenxu — Ha-
npaByieHus cuiaoBbIX JuHUE MMII. (+) u (—) cooTBeTcTBYIOT HampasieHusiM oT CoJyiHIIa
1 K COJTHITY COOTBETCTBEHHO. BHU3Y pa3IM4HOM ITPUXOBKOM MOKA3aHbI CEKTOPA C pa3nd-
HOM BPEMEHHOM MPOTSKEHHOCTBIO — OKOJIONOJIYCEMUIHEBHOMN U OKOJIOCEMUIHEBHOM

COOTBETCTBEHHO, HampaBJIeHUe MarHUTHOTO IIOJSI, MU3MEPSIEMOTO Ha KOCMMU-
YyecKMX armnapaTax, HaXoAsIIUXCsl Ha opOuTax BOIU3U 3eMJid, OyleT pe3Ko U3Me-
HATBCS Ha TTPpOTUBOIIONIOXKHOe — OT ConHna mim K ConHiy. UMeHHO 3TOT a(pdekT
M OTpaxXEH Ha puc. 4, Toe HaOMogaeTCs YeThIPe CEKTOpa C pa3IMIHBIM HallpaBlie-
HreM MMII, KoTopble M MPEACTABIISIIOT COO0M CEKTOPHYIO CTPYKTYPY MEXKILIAaHET-
HOTI'0 MarHUTHOTIO IoJisg. Takux CeKTOpoB OBIBAaeT IBa B IEPHUOJ MUHMMYyMa COJI-
HeuHol akTuBHOCTU (CA) U yeThipe B repuon Mmakcumyma CA.

B Tex cnyvasx, xorma MMII BOam3mu opOUTHEI 3eMIM MMEET BEPTUKAILHYIO
K TUIOCKOCTH BKJUNTUKU KOMIIOHEHTY Bz 1 opreHTHpOBaHHYIO Ha IOT OT IUIOCKO-
CTU SKJIMIITUKM, MOXKET IPOUCXOAUTH SIBJICHME, Ha3bIBacMoOe IlepecocAMHEHUEeM
MarHUTHBIX TI0JICi COJTHEYHOrO BETpa M T'eOMArHUTHOTO II0JISI, COIPOBOXKIAIOIIE-
ecs MX aHHUTWJIALIMEH B 00acTu repecoeaHeHus. Yepes obnactu repecoeauHe-
HUS, TOe HET YK€ MAarHUTHOTO TO0JIsI, OCTAHABIMBAIOIIETO COJTHEUHEIC 3apsoKeHHbBIC
YaCTUIIBI, OHM IIPOHUKAIOT BHYTPh MarHUTOCHEpHl 3eMJIM M HAYMHAIOT Ipeitdo-
BaTbh, 00pa3ysl KOJbLIEBOM TOK, MATHUTHOE I10JIe KOTOPOTO CO3MAET ASIIPECCHUIO Ha-
MNPSLKEHHOCTH COOCTBEHHOT'O MarHUTHOTO ToJist 3emuu (Dst-Bapuanmst). 3apsokeH-
HBIE YaCTUIIBI, Ipeiipys B XBOCT MarHUTocGephl, HAKATUIMBAIOTCSI TaM, BHITSTUBAS
3aMKHYThIC CUJIOBBIC JIMHUM JUITOJBHOIO MarHUTHOTIO Iojist. Ilpu 3TOM B XBOCTe
oOpa3yeTcs KOH(PUTYpalysl MAarHUTHOTO TI0JISE B (popMe HATSIHYTOM pOraTKi — XBO-
croBoli Kacn. Korma naBieHue 9acTull B Kacre IIPeBOCXOIUT JaBJIeHNE MAaTHUTHOTO
MOJIsI, TIPOUCXOIUT Pa3pbiB MAarHUTHOM JIOBYIIIKM B KacIle, U 3apsLKeHHbBIC YaCTULIBI
«BBICTPEIMBAIOTCSI» KaK M3 poraTkd B cTopoHy 3emuu. I[Ipomcxonsit BHICHIITaHUE
SHEPTUYHBIX YaCTUIl B aBPOPAJIbHBIX M IOJISIPHBIX 00JIaCTSIX, MOHM3ALUSI U CBE-
yeHne atMocdepsl (MOISIPHBIC CUSHUSA). DTOT MPOLECC BHICBOOOXICHMST YaCTUIL
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YMEHBIIIAeT UX KOHIIEHTPAIIUIO B KOJIBIIEBOM TOKE M, COOTBETCTBEHHO, MATHUTHOE
noJjie, co3naBaemMoe 3TUM TOKOM. [ToaToMy OH compoBoxaaeTcs (pa3oil BOCCTaHOB-
JIEHWST TEOMarHUTHOTO TTOJISI IO HOPMAaJTbHOTO YPOBHS. Bech XKe ONMcaHHbBIM BhIIIIe
MpoliecC OT MOMEHTa TepecoeauHeHus, yepe3 a3y IenpecCur reoMarHMTHOTO
nojs (Dst-Bapualins — 1i1aBHas da3a), 3aKkaHYMBaIOMMKCs (a3oil ero BOCCTaHOB-
JIEHWS U TIPEACTABIISIET COOO0M CHMITLHO YITPOIIEHHYIO CXeMY pa3BUTHS SIBIICHUST, Ha-
3bIBAEMOTO T€OMarHUTHO Oypeid.

HMmeeTcst, Mo KpaifHell Mepe, IBa TUTIA SBJICHUM B COJTHEYHOM BeTpe, TTPUBO-
ISIINX K BOSHUKHOBEHHMIO TEOMAarHUTHBIX Oyph Ha 3emMje, — KOPOHAJIbHBIC BHI-
o6pocel Maccel (CME) 1 koporupyloiye o0JacTu CKaTusl Ipyd B3aMOACHCTBUM
Pa3HOCKOPOCTHBIX MOTOKOB cojHeuyHoro BeTpa (CIR). Pacnpoctpanenne CME
B MEXILTAHETHOM TTPOCTPAHCTBE Te03(P(HEKTUBHO M3-3a IIPUCYTCTBHUS B TAKOM BbI-
Opoce cuiIbHOrO MarHUTHoro mnojisg CojiHIa WK 1051, BOSHUKILEro BCJIEICTBUE
cxatuss MMII ynapHoit BojHo#, reHepupoBaHHoit CME. DTo pacmpocTpaHe-
Hue CME comnpoBoxaaeTcs oObIYHO OOpa3oBaHUEM Pa3IUYHOrO poja CTPYKTYpP
B conHeuHoM Betpe (ICME), Bkiiouast MarHUTHBIE 00Jlaka W CHJIbHBIE BCILJIECKU
Bz-xommionenTel MMII, Korma oHa TIpUHUMAaET 3HAYCHWs, Ha MOPSIIOK BEJTMYM-
HBI MPEBBIIIAIOIINE CPEeIHUE 3HAYECHUSI, 1 U3MEHSET CBOIO opueHTanuio. Jpyroit
MPUYUHOM TeoMarHUTHBIX Oypb MOTyT ObITh CIR, KOTOpbIe MpeacTaBisiioT co0oit
CTPYKTYphI, BOBHUKAIOIINE B CIIyyae, KOTIAa BHICOKOCKOPOCTHEIC TTIOTOKU COJTHEY-
HOTO BETpa, BO3HUKAIOIIETO B OOJIACTU OTKPBITHIX MArHUTHBIX CHJIOBBIX JIMHUI
B KOPOHAJIBHBIX IBIPaX, B3aMMOACHCTBYIOT ¢ MOTOKAMU MEIICHHOTO COJTHEYHOTO
BeTpa, 00pasymoIerocss B 00JIACTH 3aMKHYTHIX CHJIOBBIX JIUHUI (CM., HampuMmep
[Zang, 2003]). MMeloTca TakKe reOMarHUTHbIE OypH, CBS3aHHBIE CO BCIIBIIIKA-
Mu Ha CoJTHIIE M MEXITIaHETHBIMUA YIAPHBIMU BOJTHAMMU, TTIOPOXIACMBIMU 3TUMU
BCIIBIIIKAMHM, OTHAKO TOJBKO TIpuMepHO 20 % BceX TeOMarHWTHBIX Oyph MOXKHO
CBSI3aTh C 3TUMU SIBJICHUSIMM, B TO BpeMsl Kak nipuMepHo 30 % Bcex Oyphb cBsizaHa
¢ CME u npumepHo 30 % — ¢ CIR [Epmonaes, Epmonaes, 2002]).

HaubGonee cuiabHBIC TUTAaHETApHBIE TEOMAarHUTHBIE OYpY KaK B MAKCUMyMe, TaK
1 B MuHnMyMe CA troutr Beerna (97 %) cBsI3aHBI ¢ TIPUXOIOM K 3eMile CTPYKTYD,
otHocsuxcsi K CME. YMepeHHbie Oypu B ocHOBHOM cBsizaHbl ¢ CIR B MUHHUMY-
Me CA u ¢ CME B makcumyme CA [Richardson et al., 2001; Tsurutani, Gonzalez,
1997]. Cnenyer momuepKHYTh, 4TO paclipeneicHue Kp-mHIEKCOB, COOTBETCTBY-
oniee BosmymeHussM, reHepupoBanHbiM CME u CIR, He 3aBucut ot nukia CA,
a TaKke YTO Hamboyblue 3HaueHWs Kp-MHIOeKca, COOTBETCTBYIOIINE MPUXOILY
Kk 3emsie CME, Habnonal0Tcsl B IPUCYTCTBUM 10KHON KoMmnoHeHT MMII, T.e.,
korna Bz orpuniarennHa [Richardson et al., 2001].

l'emoreodusnuecke pUTMBI C TIEPUOAAMH, COOTBETCTBYIOIIUMH TIEPUOLY
cobcTBeHHOro BpaileHUs CoJiHIIa, CTaJllM U3BECTHBI €€ ¢ Hayajla KOCMUYECKUX
HcclieoBaHMA. B yacTHOCTH, TIpUXoasl K 3eMiie peKypPPEeHTHBIX BRICOKOCKOPOCT-
HBIX ITOTOKOB COJJTHEYHOTO BEeTpa C OKOJIOABAMLIATUCEMUIHEBHOM MEPHOTNIHOCTHIO
U WX poJib B (POPMHPOBAHNY T€OMArHUTHOM aKTUBHOCTH INMMPOKO OOCYXKIATUCH
B JuTepaType. OnHaKO NeTajJbHOUN CTPYKTYpOU 3TUX U 0oJiee KOPOTKOIepruoanye-
CKUX TeINOTe0(DU3NIECKUX PUTMOB M UX TUHAMUKON B ITUKJIE COJTHEYHOM aKTHB-
HocTtu B 80-X IT., KOTJa HaYaJIUCh OOCYXXAAIOIIMECs 3[eCh UCCAeN0BaHUsI, HUKTO
BCepbE3 He 3aHMMaica. HekoTopslii MHTepec K OKOJOHEAESTbHBIM PUTMaM CKOPO-
CTHU COJTHEYHOTO BETpa BO3HUK B CBSI3M C OOBICHEHNEM OKOJIOHEICTBHBIX BCITBIIIIEK
SIPKOCTH OJIecKa KOMET B3aMMOICUCTBIEM ¢ KPYITHOMACIITAOHON CTPYKTYpOIl BBI-
COKOCKOPOCTHBIX TTOTOKOB COJTHEUHOTO BeTpa B pabote [bpeyc u ap., 1986].
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Ha puc. 5 nokazaHbl CIeKTpbl KopoTKornepuoauueckux (¢ 7<28 mHeif) Ba-
puatmii Bz-komnonentst MMII 1 mmaHeTapHoro Kp-uHuekca, moiay4eHHbIE MpU
CIIEKTpaJbHOM aHaju3e AaHHBIX HaOmomeHuil 3a 32 u 59 JeT, COOTBETCTBEHHO
[bpeyc u ap., 1995; Breus et al., 1994].

®ypbe-cnektp Bz MMII (manHble ObuUIM mosiydeHbl U3 Mupooro lleHTpa
NOAA) paccuuTbIBajIcs CAeAyIOIINM o0pa3oM: AHSIM, Korda Bz Oblia B cpegHem
oTpulaTe/bHA, MPUITUCHIBAIUCH 3HAUCHUS —1, MOJIOXUTEIbHBIM IHSIM TIPUTIH-
CBIBAJIUCh 3HAUYeHUsT +1, a THAM ¢ HeompeneJE€HHbIM 3HakKoM Bz — 0. ITponycku
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JAHHBIX B CITyTHUKOBBIX M3MEPEHUSIX BOCCTAHABIMBAINCH METOIOM MaHcypoBa —
Cpayrapma Mo JaHHBIM MarHUTHBIX 00cCepBaTOpWil B BBICOKMX ImMpotax. [lpum
pacuére CHeKTpPOB MCIOJb30BaiCs Iar mo vacrote 10 KojebaHUid B roil, OKHO
B 168 mHeit u cMemeHue 20 THE.

Cnexktp Kp-mHaekca paccuuTbhIBajcs METOJOM KOCHMHOp-aHaliu3a B CIEeK-
TpaJbHOM 00JIaCTU MEPUOJOB OT OJHOTO Mecsia a0 3,5 AHel. DTOT AOBOJBHO ap-
XanyHBIA MeTon Obl BBeAEH . XabeproM Ha 3ape OMOPUTMOJIOTMYECKHUX UCCIIe-
noBaHuil [MycuH u ap., 1985] 1 ucnonb3oBajicsi HAMU B Psifie COBMECTHBIX padoT
C HUM U ero KoJjuieramu u3 YHuBepcuteta B MuHHecote. OH Takke IIMPOKO UC-
MOJIb3yeTcsl B OMOPUTMOJIOTUYECKUX UCCIIETIOBAHUSIX 10 HACTOSIIIIETO BPEMEHH.

Kak w3BecTHO, M3MEHEHMSI MarHUTHBIX IIOJIcii aKTUBHBIX oOOJacTeil Ha
CounHle, (hOPMUPYIOIIUX KOPOHAPHbIC ABIPHl U OMPEAESIOUINX BbIXOM BbICOKO-
CKOPOCTHBIX MOTOKOB COJIHEYHOTO BETpa B MEXIUIaHETHOE MPOCTPAHCTBO, TaKXkKe
WMEIOT PUTMUYECKYIO CTPYKTYpy. OTUETINBO BBEIpaXXeHHBIE PUTMBI C MepHOIaMU
nopsiaka 27,03 nag u 13,5 nHeit ObIIM BBIACICHBI B psife paboT Kak IS CKOPOCTEM
COJIHEYHOTO BeTpa, TaK W ISt (poTocdepHBIX MATHUTHBIX MOJIeH (CM., HampuMmep,
paboty [Neugebauer et al., 2000] u LUTHpPOBaHHYO B Hell auTepatypy). Ilepuon
13,5 nHeil cBSI3BIBAIOT, B YACTHOCTH, C MHEPLIMAIbHBIMU ocUWLIAuusaIMu [Gilman,
Guenther, 1987], KoTopble BO3HMKAIOT MpPU BpallleHUU XUAKUX Tes (3BE3N WU
IUIAHET).
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Puc. 6. CnekTpajlbHO-BpeMEHHasl ITuarpaMMa BapHaldii MarHUTHBIX Tosneit Ha CoiHle
B obyactu TiepronoB MeHee 10 mueit 3a 1975—2000 rr. PR (%) — cTerneHb BBIpaskeHHOCTH
JIAHHOTO TIeproa Ha ypOBHE ToCcTOBepHOCTH p > 0,95 B mpolieHTax, MoKa3aHHas ITPUXOB-
Ko¥ (cM. Tabmuily cripaBa). BepTHKaaIbHBIMU JIMHUSIMU BbIIEJIEHBI TIEPUOIBI MAKCUMYMOB
CA (SM). Topu30oHTaIBHOI CIIOIIHOM TUHUEN ToKa3aH nepuof 6,75 nHeil, Hanboee xa-
pakTepHbIil 11 criekTpa Kp-uHIekca reoMarHuTHON aKTUBHOCTUA U OTYETIIMBO BBIAEISIO-
muiicsa B puTMax MarHUTHBIX nojieit CoHua. [TyHKTHpHOM TMHMEN TTOKa3aH CeMUTHEBHBII
Tepuot
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Bruto mmokasaHo, 4TO pUTMHYECKHE KOMITOHEHTHI 00Jjice BhIpakeHBI B Bapra-
LUSIX MAarHUTHBIX noyieit CojIHIIa, YeM B CKOPOCTSIX COTHEeYHOro BeTpa [Neugebauer
et al., 2000], mo-BuAMMOMY, 1 M3-3a TOTO, YTO Ha MOCJICAHNE OKA3bIBAIOT BIIMSHUIE
B3aUMOJICHCTBUS BBICOKOCKOPOCTHBIX ITOTOKOB C MEIUICHHBIM COJTHEYHBIM BETPOM
B MEXIUTAHETHOM MPOCTPAHCTBE, B TO BPeMsT KaK TOJIIPHOCTh MATHUTHBIX MOJICH
B MEXITJIAaHETHOM TTPOCTPAHCTBE OCTAETCI HEM3MEHHOI.

Ha pwuc. 6 okazana monyuenHas I'. C. KatmHacoM cIrieKTpalbHO-BpeMeHHas
IVarpamMma BapHalvii CpeIHUX 3HAYeHWIT MarHUTHBIX Tojieit CoHIIa TT0 JaHHBIM
3a 26 ner (1975—2001) B obiacti mepronoB MeHbine 10 mueit. JIma pacuéra mc-
MOJIb30BAJINCh JaHHBIE M3MEPEHUI MarHUTHOTO MMojisT CoHIIA IO pacIIeTIeHUIo
JMHUE Kucaopoa ¢ A= 5250 A Bciencreue adbdexra 3eemana (13 6a3bl ftp://ngdc.
noaa.gov/stp/solar_data/sun_as_a_star/stanford).

ITomMumo npuBea€HHBIX HA pUc. 1 U 2 MpuMepoB MHDPaTUaHHBIX OHOJOTHYe-
CKUX PUTMOB Ha OPraHM3MEHHOM YPOBHeE, HITXE TPUBOISATCA OMOJOTUICCKUE PUT-
MBI Ha KJIETOYHOM M OPTaHHOM YPOBHE, CXOTHBIE C pUTMAaMM TeJIMO-T€OMarHUTHBIX
¢axkTopoB.

Ha ypoBHe Knetku

HauGonpimii nHTEpeC IPEeacTaBiIsLUIO MCCIeNOBaHUE CYIIeCTBOBaHUS MH@pagu-
AHHBIX PUTMOB Ha YpOBHE KJIeTKH. Ha KJIeTOUHOM ypOBHE YITOMSHYTbIe MHGbpaIu-
aHHBIE PUTMBI YK€ OOHAPYKMBAIU Y HEKOTOPBIX MPOCTEHIITNX MOPCKHMX OpPraHU3-
MOB, HE3HAKOMBIX C COLIMAJIbHOW opraHu3anueit xu3Hu. Hanpumep, y onHoKIe-
TOYHOM MOpCKOi Bomopociu Acetabularea mediterannea [Schweiger et al., 1986].
IIpu sTOM HaGOmancsl YETKUI OKOJIOHEACNbHBIA PUTM CKOPOCTU pOCTa BOIO-
poCin, aMIUTATYIa KOTOPOTO B HECKOJIBKO pa3 MPEBOCXOMMIIA CYTOUHYIO aMIUIMTY-
ny. [lonyHeneabHBIN pUTM TOJTy4YasiCs B CiIydae yoaJeHus saaep y KieTtok. Cremyer
MMOAYEPKHYTh, YTO KJIETKA C YOAIEHHBIM SIPOM MMEET PUTMBI MEHBIIIEH MPOmOI-
KUTEJIbHOCTU (0K0J0 3,5 MHEl) 10 CpaBHEHUIO C HOpMaJIbHOM cpopMUpOBaBIIIEii-
CSl KJIIETKOM.

AHaJIOTUYHBIN OKOJOHENEIbHBI PUTM HAOJIIOHAJICS Y APYTroro OMHOKJIETOY-
Horo Mopckoro opraHu3dMa Gounuaulax polyedra mpu ero OMOJIOMUHECHEHLIMA
[Cornelissen et al., 1986]. CyTouHBIe aMIUTMTYIBI OKa3hIBAINCH CYIIIECTBEHHBIM 00-
pa3oM MOIYJIMPOBAaHBI OKOJIOHEIETbHBIM U ITOJTYHEASIbHBIM PUTMAMH.

Hamu coBMecTHO ¢ KuTalickumu crnenuanucramyu u3 MHcturyta 6uopu3nku
B IlekuHe ObLIM TTPOBEAEHBI UCCIEAOBAHUS COKPALIEHU U30JIMPOBAHHOM KIIETKHU
MHMOKapaa KpbIChl, TTOMelIEHHO B KyabTypy [Halberg et al., 1991]. Ilo3nHee mist
MPOBEPKH TIOTYUYEHHBIX pe3yIbTaTOB TEMU K& aBTOpaMM, HO 0e3 yJacTus aMepu-
KaHCKMX M PYCCKUX CIIEIIMAJIMCTOB, OblJIa TIpOBENEeHa Cepusl UCCIEIOBaHUNA arpe-
ratoB KjieTok Muokapna [Han et al., 1991]. C moMoIlpio CIieuaIbHON IIpoITemy-
pBI CYyCHeH3UsI KJIETOK M3 BEHTPUKYJSIPHOTO OTAENIa CEPACYHON TKAHW MOJIOIBIX
300POBBIX KPBIC MHKYyOMpoBaiach Ipu Temneparype 37 °C B TeyeHue 2 4, 4TOObI
YMEHBIIUTh KOJUYEeCTBO (prOpo0acToB (MX YMCIO B MCIIOJb30BAaHHOM IJIs aHa-
JIM3a CyCIIEH3WM He MpeBHIaao 5 %). 3areM KISTKUA MOMELIAIMCh B KYJIBTYpY,
conepxkaiiyo 15 % chIBOPOTKM Oblubeldl KPOBU, IMEHULIMUIMHA U CTPEINTOMUIIMHA
(mo 100 MWUIMIUTPOB KaxXaoi KOMIIOHEHThI). KynbTypHasi cpema OOHOBIISLIACH
Kaxnple 3—4 nHs1. BueHus KJIeTOK perMcTpUpoBajioch (DOTOINEKTPUUYECKU: CxKa-
THSI KJIETOK MHAYIIMPOBAIM U3MEHEHHUS CBETa B T0JIe 3pEHUS] MUKPOCKOIIA, Y OHU
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TpaHC(HOPMUPOBAIUCH B 3JIEKTPUUECKNE CUTHAJIBI, KOTOPHIE 3aTeM YCUJIMBAIUCH
1 PEeTrUCTPHPOBAIINCh KOMIIBLIOTEPOM. B TepBoif M BO BTOpOI cepUsiX M3MEpeHUit
JUTST PeTUCTpaIliK MCIIONIb30Baach Takke BumeocrcreMa. Ha puc. 7a m 6 mokasa-
HBI Pe3yJIbTaThl, OJYIeHHBIE IJIsST U30JIMPOBAHHOM KJIIETKU U arperaToB KJIETOK CO-
OoTBeTCTBeHHO. CTaTUCTUYECKN TOCTOBEpHBIC PUTMBI ¢ TiepriogamMu 84, 101 u 96 u
(okono 3,5 gHeit) HalinmeHBl B 00oux ucciaegoBaHusx. Heobxoqumo moguepKHyTh,
YTO B JaHHOM SKCIIEPUMEHTE W30JIMPOBaHHAs KieTKa MHWOKapaa WM arpera-
THI KJIETOK (DYHKIIMOHMPOBAIIM BHE CBSI3U C IPYTMMU KJIETKAMU TKaHU, T.€. B OT-
CYTCTBME HEPBHBIX WJIM MBIIICYHBIX CTUMYJISITOPOB. TakuM 00pa3oM, OHU OBLIN
AHAaTOMHWYECKN M (PYHKIIMOHAIBHO M30JIMPOBAHBI OT HEPBHOU CUCTEMBI U TIEMC-
MeKepoB. OKpyXalollve YCIOBUSI MPOBEICHUS] SKCIIEpUMEHTA COXPAHSIUCH T10-
CTOSTHHBIMU, HACKOJIBKO 3TO OBUIO BO3MOXHO, M HE MOTJIM TIOBJIUATH Ha pPe3yiIbTa-
Thl. ClleyeT MOMYepKHYTh TaKKe, YTO BO BpeMsI 3KCITIEpUMEHTa ¢ U30JIMPOBAHHOM
KJIETKOI OHa PEeryJIsIpHO SKCITOHMPOBAJIACh CBETOM OOJIBIIION MHTEHCUBHOCTH TIPU
BHIICO3aITNCH PE3yJIBTAaTOB, B TO BPeMsI KaK B ITOCIIEIYIOIINX SKCITEPUMEHTaX OCBe-
MEHHOCTh COXPAaHSIIACh TTOCTOSTHHOM (TIPY KOMITBIOTEPHOM peructpanum). Bee atn
0COOCHHOCTH, OUEBHIHO, He TIOBJIMSUIM Ha pe3yJIbTaThl, IpeICTaBIeHHbIC Ha puC. 7.

Takum o6pa3oM, OYEeBUIHO, YTO OMEHUS KJIETOK C IePUOAOM OKOJIO 3,5 mHS
SIBJISITTUCH SHIOTEHHBIMU M OTpaXkajli COOCTBEHHYIO BPEMEHHYIO CTPYKTYpPY Cep-
JEIHON KIIETKHM. AMIUTUTYIA TIOJYHEIEIbHOTO PUTMAa, KaK M B TIPEABIAYIINX HC-
CJIeMOBaHMSIX, B HECKOJIBKO pa3 MpeBhIIIajia CyTOYHY0 aMIummTyay. Ha ciemyrormmx
CTaIMsIX SBOJIIOIWH, TMO-BUAMMOMY, KOTJAa BO3HUKIA CIEHUAIN3aus (DYHKIIHI
Pa3IMYHBIX KJIETOK Y CJIOXHBIX OMOJOTMYECKUX OPTaHM3MOB, Pa3BWINChH CIIe-
LMAJTBHBIE PEIeNITOPHBIE KIETKW, PETYIUPYIONINe B3aMMOICCTBUE OpraHu3Ma
C BHELIHEH Cpenoil.

Ha YPOBHE CUCTEM U OpPraHOB

Ha puc. 8 mokasaH CyTOYHBII M OKOJIOHEAEIbHBIN PUTMBI CEKPELIMM TOPMOHA Me-
JIATOHMHA — PETYJISITOpa CYTOYHBIX PUTMOB — B IIUIITKOBUIHON XeJie3e — SMupu-
3e y Kpblc-caMoK [Breus et al., 1995; Halberg et al., 1991]. MccaenoBaHo 47 XXUBOT-
HbIX. KpuBble Ha pUCYHKE TTOJy4eHBI alllPOKCUMAIIMei 9KCIIepUMeHTAIbHBIX JaH-
HBIX KOCMHYCOMIAMHM C TepruoaoM 24 u 168 4 MeTomoM HaWMEHBIIMX KBaJpaToB.
BBHIABASIIOTCS CTATUCTUYECKU JTOCTOBEPHBIE PUTMBI 000UX mepuoaoB. OueBUIHO,
YTO CYTOUYHBIN PUTM MPOAYKIIMKU MeJaTOHMHA MOIYJIUPOBAH HeAeIbHBIM PUTMOM.
IMonyyeHHBIN BhIlE pe3yabTaT ObLI 3aTeM MOATBEPXKIEH HMCCIeI0BaHUEM PUTMOB
MPOAYKLIMU MeJaTOHMHA 3nudu3oM UbILIT (745 ocobeit) u myk [Bolliet et al.,
1994; Leung et al., 1992].

YNbPAOWAHHbBIE BUONOTMYECKUE PUTMbI
N X BO3MOMHbIE CUHXPOHW3ATOPDI

Bc€ oKo103eMHOE KOCMUYECKOE MPOCTPAHCTBO B IMEPUONBI T€OMAarHUTHBIX OYpb
Y TIOBBILIEHHON T€OMarHUTHOM aKTUBHOCTH HAXOAUTCS B BO3MYIIEHHOM COCTOSI-
HUU, ¥ B Pa3IMIHBIX 000JI0YKaxX 3eMJT, TAKHUX, HallpUMep, KaK HOHocdepa U Mar-
HUTOchepa, 3aMETHO BO3paCTaeT aMILIUTYAa BO30YKIaeMbIX TaM HU3KOYACTOTHBIX
3JIEKTPOMArHUTHBIX KOJIEOaHWIA.
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KneTka MMOKapaa KpbiChbl

240

220

200

Kocuunyconaa
¢ nepuosou B4 vac

180+

160

J

1201

Yacrota (COKpalWeEeHUA B MUH)

DT

12.00 3.02 6:00, 3.05

1989 BOCKpeceHbE
versepr Bpemsa, (aHKW)

150
140
130+
1204,
110

100+

Yacrota (COKpaEHHA B MHH)

80+
701
ol ' -
16:00 17:00 6/06:
6/03 1989 Bpemn, (gHu) BTOPHUK
EQCKpeCeHbE
o

Puc. 7. OkomnononyHeaebHbIE PUTMBL: @ — U30JIMPOBAHHOM KJIETKM MUOKAp/Ia KPBICHI, BbI-

SIBJISIEMBIE CO CTaTUCTUYecKoil moctoBepHocThIO p<0,001; 6 — arperata KJIE€TOK MHOKap-

na kpbickl (101; 96 1 12 4), BBISIBIAsIEMBbIE CO CTATUCTHYECKOI mTOCTOBepHOCTHIO p< 0,001
10 JaHHBIM, COOPaHHBIM ¢ 10-MUHYTHBIM UHTEPBAJIOM
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72.00

57.00 |-

28.830

14.440| —

50

Cp Y4t NNt C6 Bc NH|Br Cp
26 27 28 29 30 31|01 02
Oekabpb 1984 r. AnBapb 1985

Puc. 8. Okoji0cyTOUHbBIE Y OKOJIOHEAEIbHBIC PUTMBI
colepKaHUS MeJIaTOHWHA B 3N (U3e KPhIC-CAMOK

Alfvemc resanator (pcl and PES pulsations)
HEART

Puc. 9. CxemaTndeckoe npeacTaBieHe 0KOJIO3eMHOTO TIPOCTPAHCTBA U 30H IEWCTBUS allb-
(bBEHOBCKMX Pe30HATOPOB, BO30YKAAIOIIMX MUKPOIYIbCAIIMU T€OMAarHUTHOTO TOJIS, U IIIy-
MaHOBCKHE PE30HAHCHI

YactoThl 3TUX KoJieOaHUI — 3TO YaCTOThl MarHUTOCHEPHOro WM aibdse-
HOBCKOTO pe3oHaTopa Hmke 6 I'11 (reOMarHUTHBIE MUKPOMYJIbCAIIMA) U YaCTO-
TBl MOHOC(EPHOro pe3oHaTopa Bbille 6 'l (IymMaHOBCKUE pe30HaHCHI) (puc.9).
HeranbHoOe onucaHKWe Pa3IUYHOTO POJia TEOMAarHUTHBIX MyJIbCallMiA U UX OMOTPOI-
HocTu gaHo B padote H.I'. KielimeHOBOI HacTOSIIeT0 COOpHMKA.
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YacToThl anb(pBEHOBCKOTO MarHUTOC(HEpHOro M MOHOC(EPHOTO pe3oHaTopa
Hike 6 I'll 6IM3KKM K YacToTe cepAeyHbIX cokpaimeHuii — 0,8...2,5 'l u TakuMu

YacToTaMM 001aJaloT TeoMarHuTHbIe MUKpoIyabcanuu (puc. 10): Pc 1=0,2...5 c;
Pc 5=150...600 c.

NURMIWARY) Total power 19.02 2003

0 03 0e 09 12 15
in arbitrary units = Time UT

16 27 45 74e400 126401

Puc. 10. XapakTepHbIit BUI MUKPOIYJIbCAIINA, 3apETUCTPUPOBAHHBIX
Ha MarHUTHOM obcepBaTopun B PUHITHINN

HudpapeTel MHOKapaa 7
{MM) B MockBe

Execyroynoe yucno MM
z

ULE 4l

ULF -#Hgekc, Bsipakalolwii akTHEHOCTE PcS

T T
Bafal e 13 14408 14,58 18,08

Mapt 1979

Puc. 11. TTpumep Hab0MEHUSI TeOMarHUTHOW Oypu B MapTe 1979 r., conmpoBoxknaBiieiics

3HAYUTEJbHON aKTUBHOCTBIO TeOMarHUTHBIX MyJbcauuii Pc 1 u Pc 5 1 aHOMaJIbHBIM YK CIIOM

3aperMCTPUPOBAHHBIX CKOPO MEIMIIMHCKON ITOMOIIBIO Topona MocKBBI MH(MDAPKTOB MUO-
kapna [Kneiimenosa, Ko3srsipena, 2008]
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08 - 14.05.1981

SO0 I R R ¥

| Pc 1

T f T T
08.05 09.05 10.05 11.05 12.05 13.05 14.05

Puc. 12. [Ipumep OBYX HAJTOXUBIIMXCSI MATHUTHBIX Oypb B Mae 1981 r., korma aHoManbHOE

yucio uHdapkToB Muokapna (AMI) mo execyTOUHBIM JaHHBIM CKOPOU METUIIMHCKOM I10-

Mo1m B MockBe HabI01aI0ch OMHOBPEMEHHO ¢ mosiBlieHUeM Pc 1 mynbcaruit (o6cepBaTo-
pust bopok) Ha BceM IpoTsKeHnU Oypu B pa3nmnmaHbie ee dasbl [Kleimenova et al., 2007]

Hoabps 2004 Dst Kyoto
o7 "HaHANwH pata il [ ' il

0 —--—--’“‘*.“‘*"""JE' g WA IR A I
=100 I[ {J"qln f—;aﬁ:accraknlmkﬂl
. 300 1/ ]u,r
s00 f”
- 400 rna Hihll thael
- 500 - 5 . .“' . 16 Er 26 I n

Puc. 13. Dst-Bapuaiiysi 1ByX CUJIbHBIX HaJTOXKUBILIUXCS
TeOMarHUTHBIX Oypb 24 HOS0ps 2994 T.

Kak yxe ormeuasnoch B cratbe H.I'. KieiiMmeHOBOIi, MO JaHHBIM CKOPOH Me-
JUIMHCKOM ToMolu MOCKBBI 3a TpU rojga HabJoagach CylIecTBEHHasl Koppe-
JISILMST B CE30HHOM XOJIe CYTOUHOTO uucia nHdapkroB Muokapaa (MM) B Mockse
u B boirapum ¢ ce30HHBIM XOJOM CYTOYHOM MPOAOKUTEILHOCTH MUKPOITYJIbca-
Ui B quanasoHe Pc 1. DTOT xoi JaBajl OTYETIMBBIE MUKU B 3UMHee BpeMs. B To
K€ BpeMsl aHaJIu3 XapaKTepa MarHUTHBIX Oypb U TMOSBJICHU MUKPOMYJIbCAlIUii BO
BpeMs 3TUX Oyphb MoKa3saj, 4To IpuMepHo B 60 % ciydaeB OypH ¢ TIPUCYTCTBUEM
MUKponyibcauuii Pc I iepen HayajabHOM (pa30ii, B TIIaBHYIO a3y U B 0OCOOEHHOCTH
Ha (ba3e BOCCTAHOBJICHUSI COMTPOBOXKIAINCH MOSIBIECHUEM aHOMAJbHOTO YUC/a UH-
¢dapKkTOB MMOKap/a 1o CpaBHEHMIO CO cpeaAHMM 3HadyeHuneM. Ha puc. 11 n12 nmoka-
3aHBI IPUMeEpPHI OYypH, BO BpeMsl KOTOpOIi HabItoaanach 3HaYUTeIbHasi aKTUBHOCTh
Mukponyiabcauii Pc 1 v Pc 5 nepen e€ HauajgoM. B mpumepe puc. 11 Takke ogHO-
BpPEMEHHO Bo3pacTajo Ha 12,5 % uuciio nHdapKToB MUOKapaa B MockBe, 110 JaH-
HBIM TOPOJICKOM CKOPOI MEAUIIMHCKON TTOMOIIN; Ha puc. 12 — mpuMep AByX Halo-
SKUBIIUXCST Oyphb B Mae 1981 1.

Ha puc. 13 1 14 nokazaHbl CMHXpOHHBIEe Bapuauuu Dst- 1 MUKpomnybcaluii
BO BpeMsI TeOMarHUTHEIX Oypb B Hosi0pe 2004 1. McIob30BaInCh 3alMCH C pa3pe-
menuem 0,5 ¢ Bapuauuii H-KOMIIOHEHTBl TEOMAarHUTHOTO TOJIS HA aMEePUKAHCKOM
crannuu Hot Springs (HOTS) (47,6° N, 245,3° W — reoMarHUTHBIX KOOPIHWHAT;
54,730° N, 53,498° W — reorpaduyeckux KOOpAWHAT) U WX BEUBIET-CIEKTPHI
CpaBHUBAJIUCh ¢ pa3BuBarolieiics Dst-Bapualiveid Bo BpeMsl IBYX HaJOXWBIIUXCS
TeOMarHWHEIX 0Ypb, HauaBIIUXCS 24 Hosi0pst 2004 1. B 6 4 yTpa ¥ TMTPOIOJKABIIIXCS
1o 16 9 (cm. puc. 13).
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Puc. 14. ®parMeHTHI pa3BUTHSI TEOMarHUHOM OYpH (CKPUHIIIOTHI)
1 OJIHOBPEMEHHOTO ITOSIBJIEHNS] MUKPOITYJIbCALINi (OOBSICHEHHUS B TEKCTE)

Ha puc. 14 nmoka3aHbl (pparMeHThI (CKPMHIIIOTHI), Ha KOTOPBIX BEHMBICT-CIICK-
TPBI MUKPOITYJIbCALINiT B TUara3oHe 2...6 ¢ conmpoBoxnaioT Dst-Bapuaiinio mo Mepe
pa3BUTUS T€OMarHuTHOM Oypu. JIJIsI MOCTPOEHUSI CIIEKTPOB MCIIOIb30BAaJICSI BEHB-
et Mopie.

477




Tom 2. Yactb 4. KOCMUYECKAA MOTOMA U 300POBbE

PacuéTbl mnst aToil wimoctpaiuu npousBeneHbl OxepenoBbiM B.A. (MKW
PAH) un KoswipeBoit O.B. (MP3 PAH). I'padpukm XenmaTebHO paccMaTpUBaTh
rnocjieoBaTeIbHO cieBa HampaBo. Kak MOXHO BUIETh U3 CpaBHEHMSI MacIlITaboB,
KaXXJIOMy BEWBJIET-CIEKTPY Ha HUXKHEM IpacuKe COOTBETCTBYeT nmapamerp Dst Ha
KOHIIe KprBoil Dst Ha BepxHeM rpaduke. O4eBUIHO, YTO UHTEHCUBHBIE MUKPO-
MyJibcalluu B AMAIa3oHe, COOTBETCTBYIoLIEeM Pc 1, BUIHBI HE HEIIPEPBIBHO, HO OT-
YETJIMBO MPOSBISIOTCS B HadallbHYIO a3y mepBoil Oypu, B INIaBHYIO a3y Iepen
caMbIM HauajioM ba3bl BOCCTAHOBJIEHMSI U B MEPBOI YacTH (ha3bl BOCCTAHOBJIEHUS,
a 3aTeM MCYe3aioT.

Kak cineayet u3 onvcaHHBIX BbIlE PE3YJbTaTOB MO HAOIIOAEHUIO BO3ZHUKHO-
BEHUSI aHOMAJIbHOTO 4KcJia MHMApKTOB MUOKapaa B MockBe, a TakKe M0 TaHHbIM
MHOTMX JAPYrMX aBTOpoB, Harmpumep, [['ypdunkens u np., 1995; Komapos u ap.,
2000; Yubucos u ap., 1995; Breus et al., 1994; Cornelissen et al., 1996; Halberg
etal., 1991], peakumum cepaedHO-COCYIMCTOM CHCTEMBI, KaK IIPaBHJIO, 3aIla3lbl-
BalOT OTHOCUTEJIbHO Hauyajla TeOMarHUTHOro Bo3MmylleHusl. OHU HabIomarTCs
B IJlaBHyI0 ¢ha3dy u B Havaje (a3bl BOCCTAHOBJIEHUS, HO B HEKOTOPBIX HEYACThIX
cJIy4yasix OHM oIlepexaloT MIaBHYyIo a3y U BUAHBI Mepe UK BO BpeMsl HayaJbHOM
(ba3bl, YTO XOPOIIIO COTIACYETCS C IIPEACTaBICHHON KapTUHOM Bapualyii reou3n-
YeCKUX MapaMeTpoB U MOXET CIYKWUTh OCHOBAaHUEM MJIsl JaJbHEUIINX UCClIea0Ba-
HUIA OMOTPOMTHOCTU MUKPOITYJIbCAIIMi M1 MEXaHU3MOB UX BO3/IEUCTBUSI.

Kak yxe oTmeuanoch Bblllie, APYTUM OUOTPOMHBIM areHTOM, UMEIOLLIUM CXO[I-
HbI ¢ OMOJOTUYECKUMU OOBEKTAMU MAINa30H PUTMOB, SIBJISIIOTCS IITyMaHOBCKUE
pPE30HAaHCHI.

Curnansl 1P cymecTBeHHO KOppeaUpOBaHbI C COJTHEYHON M T€OMarHUTHOM
aKTUBHOCTbBIO, & UMEHHO ¢ uyuciamMu Bonbdha n Kp-mHaeKcoM reoMarHuTHOR ak-
TUBHOCTY PU3NYECKUI MEeXaHW3M STON KOPPEISLNHU OIpPeae/IsieTCs] BaprallusaMiu
TJIOTHOCTH 3JIEKTPOHOB/MOHOB B 00J1acT! D MOHOC(MEPHI, KOTOpas SIBIISIETCS BEPX-
Heil TpaHulell alb(BEHOBCKOTO pe3oHaropa, (popmupytomiero 1P, koropas Ba-
poupyer ¢ uameHenueM CA u 'MA [Cherry, 2002].

Yacroter 1P B monocdepe Beitie 6 'l 61M3KM K Pe30HAHCHBIM Y9acTOTaM
pUTMOB M03Ta — o-putMmy 8...12 't u B-putmy 14...21 T'x (puc. 15).

-

ChesTpansian mommocTs, [IF |2‘,|
- (5]

ﬂ “ T T T
cd 8 a B 20 30
Yaerora, My
Puc. 15. Tunmunabit CIICKTD OJId BepTI/IKaJIbHOfI KOMITOHECHTLI 9JIEKTPUYECKOIO IT0JIAA B MO-

Hocdepe B THEBHOE BPeMsl, WILIIOCTPUPYIOLINIA IIePBbIe ISATh MO IIyMAaHOBCKUX PE30HAH-
coB [Polk, 1982]
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%

3

Tpenp p<{.0001

g ¥ B

BpeMa peakumu Yenoseka (Mcek)
E

240

O gz ¢4 04 05 05 01 08 05 i
OTHOCHUTENbH. MHTEHCUMBHOCTL LUP

Puc. 16. Bpems peakiimu 4yesoBeKa Ha CBETOBYIO BCIBIIIKY B 3aBUCMMOCTH OT OTHOCH-
tenbHOI MHTeHcuBHOCTH LIIP Ha wacrorax 8...10 ['m. McnipITaHus MpOBOAMINCH B TeUCHUE
18 mueit (Mionxen) [Cherry, 2002]

[TepBoie mwectb Mo P (0...35 T't1) coBmanaroT ¢ IepBBIMU YE€THIPEMS YacTO-
TaMu 3JIeKTposHuedanmorpaMmbl Mo3ra (B9I). Ha puc. 15 oHu 1moka3aHbl pa3-
JM9HOoI packpackoit: A — 0,5.4Tu; 06 — 4.8 Tu; o — 8...12 'y B — 14..21 T'n
[Xonomos, 1975; Malmivuo, Plonsey, 1995].

Ha puc. 16, rae npeactaBieHbl UCOBITAHUSI PEAKIIUU YeJOBEKA Ha BCITBILIKY
CBETa, BKITIOYAEMYIO ¢ MOMOIIBIO Kittoua Mop3e Bo BpeMst HabmoaeHust LI P B mo-
soce yacTor 8...10 I'tl, BUIHO 1OCTOBEPHOE CHUXKEHNE CKOPOCTU PEAKLIMU C POCTOM
OTHOCUTEJIbHOI MHTeHCUBHOCTHU IIIP.

OCHOBHbIE HEPELLEHHbIE MPOBJIEMbI 1 MEXAH/3Mb

Yto ke SABNIIeTCS MUILIEHSIMHU TSI BO3ACHCTBUS OYeHb HM3KOYACTOTHBIX U CBEPX-
HU3KOYACTOTHBIX 2JIEKTPOMATrHUTHBIX TIOJIEH HAa OMOJTOTMYeCKre OOBEKTHI M KaKO-
BBl MEXaHM3MBI 3TOTO BO3IEHCTBUS C YYETOM TOTO, YTO MHTEHCUBHOCTh MX HAX0-
IUTCS B IIpeaenax 1074..1072 12

B HacTosi11eM cOOpHUKE OMyOIMKOBAHBI I€TaJIbHbIE aHATIM3bl COCTOSIHUSL [TPO-
01eMbl BO3IEMCTBUS ITOOOOHBIX ITOJIe HAa OMOJIOTUYEKHE OOBEKTHl U OOCYXIaIoT-
¢4 TIpemiaraeMble, K COXaJIEHUIO, HECOBEPIIICHHbBIE eIII€ MeXaHU3Mbl BO3ICHCTBYS
(bunru B.H., MapteiHiok B. C.). B HacTosiieii pabore cTtaBuiach apyras 3agada
M B paMKax 3TOM 3adauM XOTeJIOCh OTMETHUTD JIUIIb CIISAYIOIIEe.

OueHb HU3KHE U cpeaHue 4acToTbl DMII HU3KOM MHTEHCUBHOCTM KaK BCeE-
MMPOHMKAIOIINI (haKTOp AEHCTBYIOT, O-BUINMOMY, OMHOBPEMEHHO Ha BCE KJIETKHU
¥ TKaHW OpraHW3Ma, ITO3TOMY Ha pa3HBIX YPOBHSIX OPTaHU3aIlMM CUHXPOHHO pea-
JIU30BaHa Mepapxusi, KOTopas, B KOHEUHOM CYETe, Ha YPOBHE BCEil CUCTEMBI, T. €.
Ha OpPraHM3MEHHOM YpPOBHE, IPUBOAUT K (hOPMHUPOBAHUIO OOOOIIEHHOIO OTBETa
B (hopMe, KaK MPaBWIO, HeCIeIn(PUIECKOil afaliTUBHON peaKIiu.

st mexanu3MoB neiictBust DMII, BeposiTHee Bcero, HeT NMPUHUIMIIMAIbHON
Pa3HUIIBI MEXIY T€M, SBJISICTCS JIU CUTHAJ TIEPUONMYECKHUM WIIM TIOMOOCH IITyMYy.
CpaBHUTEIbHBIN aHAJIU3 JTUTEPATYPHBIX JAHHBIX MOKA3bIBAET, UTO HA YPOBHE CUCTE-
MBI B 1I€JIOM pa3BUBAIOTCS PYTUHHBIE HecTielTMPUIecKne peakiiu, TPosBIIEHUe KO-
TOPBIX B 3HAYUTEJbHOI CTENEHU 3aBUCUT OT MHIMBUAYAJIbHO-TUIIOJOTMYECKUX OCO-
OEHHOCTE! 0MOJOrMYeCKMX 00BEKTOB U OT YACTOTHBIX XapaKTePUCTUK CUTHAJIA.
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3AK/TIOYEHKNE

IMpennoxenHas B 90-x rr. mpouwioro Beka runore3a o GopMupoBaHUM PUTMUYE-
CKOW CTPYKTYpPbl OMOJIOTMUYECKUX O0BEKTOB IO/ BO3IEMCTBUEM BHEIIHETO CUHXPO-
HU3aTopa — TeOMarHUTHON aKTUBHOCTW — TMOJIydUJia B TOCJEAHEe BpeMsl apry-
MEHTBI B CBOIO MOJIb3Y, KaK 3TO ObLIO MOKA3aHO B HACTOSILLIEM paboTe:
* 9TO, MPEX/E BCEro, CXOACTBO OMOJIOTUYECKUX U TeIUOTe0DU3NIECKUX PUT-
MOB M UX JMHAMMKU Ha BCEX YPOBHSIX OMOJOTMUYECKUX CUCTEM — OT KJIETKU
K TIOTTYJISILIVIN;
* JHJOTEeHHBIN XapakTep OMOJOTrMYeCKUX MHGpPaAUaHHbBIX U YJIbTpaauaHHbIX
PUTMOB U UX CXOXECTb C pPUTMAMMU TeJIMO-TEOMarHUTHON aKTUBHOCTH;
* MoAoOue MoJ0C YaCTOT BHYTPEHHUX OMOJIOTUYECKUX PE30HATOPOB U IeJIN0-
reoMarHUTHBIX CHHXPOHU3aTOPOB;
* MOSIBJIEHHWE aJanTallMOHHBIX peaklMi, KOTja BHEUIHWN CUHXPOHU3ATOP
cOMBAET CBOM PUTM — BO BpeMsl T€OMarHUTHbBIX OYpb.

Bce a1 apryMeHTBI MOTYT OBITh IIPUBEAEHEI B IIOJIL3Y TOTO, YTO OUYE€Hb CIa0bie
MPUPOIHbBIE LIYMbI 3JIEKTPOMATHUTHOTO MOJISI ChITPAJIM BaXXHYIO POJIb B CaMOOp-
raHU3alMK1 OTKPBITHIX HEJIMHEMHBIX Y1 HEYCTOMYMBBLIX OMOJIOTMYECKUX CUCTEM Ha
paHHEW CTaaAun 3BOJIOLUUA.

JINTEPATYPA

[Bpeyc u ap., 1986] bpeyc T. K., [Imuywina H.I., Heanosa C. B. MHOTOCTTYyTHUKOBBIE UCCIIC-
JOBaHUSI pEKYPPEHTHBIX MMOTOKOB B COJIHEUHOM BeTpe Ha (hase crana COJTHEYHOM aK-
TUBHOCTU // [eOMarHuTHBIE Bapyualiuy U TOKU B MarHutocdepe 3emnu. Tpounk: U3a-
Bo UIBMMUPAH, 1986. C. 155.

[Bpeyc u np., 1995] bpeyc T. K., Xasbepe ®@., Kopneauccen 2K. BnusiHue coHeUHOI aKTHB-
HOCTH Ha (pU3MOTOTUYECKUE PUTMbI OuoIornyeckux cucrem // buodusuka. 1995.
T. 40. Boim. 4. C. 737—749.

[Bragumupckuit u np., 1994 Baadumupckuii b. M., Hapmanckuii B. 4., Temypvany H. A.
Kocmuueckue putmel / Ton. pen. pod. C. D. IHons. Cumpeponons, 1994. 176 c.
[Typdunkens u np., 1995] lypgunkens FO. U., /Trooumos B. B., Opaesckuii B. H., Ilapghéno-
eéa JI. M., IOpves A. C. Biusinne reoMarHMTHBIX BO3MYILIEHMI Ha KaIWJUISIPHBIM KPO-
BOTOK OOJIbHBIX MIIEMUUYECKOl 6osie3Hblo cepana // buodusuka. 1995. T. 4. Boim. 4.

C. 793-800.

[Epmonaes, Epmonaes, 2002] Epmonaes FO. H., Epmonaes M. FO. O HEKOTOPBIX CTaTUCTUYE-
CKUX B3aUMOCBSI3SIX COJTHEUHBIX, MEXIUTAHETHBIX U TEOMAarHUTHBIX BO3MYILEHUIA B TTe-
puon 1976—2000 rr. // Kocmuy. nccaen. 2002. T. 40. Ne 1.

[KuneiimeHnoBa, Kosbipesa, 2008] Kreitmenosa H. I., Kosvipesa O. B. MarHuTHbIe Oypu U UH-
dapkThl: Bcerna jm 6ypu omnacHbl? // I'eodusnueckue npoiueccol u 6uocdepa. 2008.
T.7.Ne 3. C. 5-24.

[Komapos u np., 1994] Komapos ®. H., Bpeyc T.K., Panonopm C. H., Opaesckuii B. H., I'yp-
gunkens 10. U., Xanbepe ., Kopneauccen K. Menuko-6ruonornaeckue 3 OeKThl coJ-
HEYHOI akTUBHOCTH // BecTH. Akanemuu men. HayK. 1994. Bemm. 11. C. 37-50.

[Komapos u np., 2000] Komapoe ®@. U., Panonopm C. H., bpeyc T.K., baesckuii P. M., I'yp-
dunkens 10. U., Poeoza A. H., Opaesckuit B. H., boavuwarxoea T./[., Marunosckas H. K.,
Ilempoeé B. M. XpoHOOMOJOrMYECKHE acIeKThl MPUPOIbl M XapaKTepa BO3IeMACTBUS
MAarHUTHBIX Oypb Ha (PYHKIIMOHAJBHOE COCTOSIHME OpraHu3ma Jjtoaeii // XpoHoouoso-

480



T.K. bpeyc ~ DopmupoBaHue puTMUYecKoii CTPYKTYpbI bironornueckux 06beKToB B MpoLecce IBONIOLMN

rust u xpoHomenuuuHa / IToxa. pen. ®. M. Komaposa, C. M. Panonopra. M.: Tpuana,
2000. C. 299-317.

[MycuH u np., 1985] Mycun M. M., XKypbenxo HU.T., bpeyc T. K. KommiekcHblil MmaTemaTu-
YECKUH MOAX0MA K UCCIENOBAHUIO KBAa3UTIEPUOINISCKHX TIPOLIECCOB B XPOHOOMOJIOTUI
u reodpusuke: [Ipenpunt UK AH CCCP. M.: UK AH CCCP, 1985. I1p-1024. 72 c.

[ConnHeuHo-3eMHasl..., 1968] ConHeuHo-3eMHas ¢husuka. M.: Mup, 1968. 428 c.

[Xomnonos, 1975] Xoa00o6 FO. A. Peakiiuy HepBHOM CUCTEMBI Ha 2JIEKTPOMArHUTHbIE TTOJIS.
M.: Hayka, 1975. 208 c.

[Yubucos u ap., 1995] Yuobucos C. M., bpeyc T.K., Jlesumun A. E., JIpoecoséa I'. M. Buonoru-
yeckue 3(phekThl MaHeTapHoil MarHUTHO# O6ypu // buodusuka. 1995. T. 40. Bein. 5.
C. 959-968.

[Bolliet et al., 1994] Bolliet V., Begay Halberg F., Revault J-P., Ali M. A., Collin J. P., Falcon J.
Multiple circadian oscillators in the photosensitive pike pineal gland: a study using organ
and cell culture // J. Pineal Research. 1994. N. 16. P. 77—84.

[Breus et al., 1994] Breus T. K., Golishev S. A., Ivanova S. V., Levitin A. E., Oraevskii V. N.,
Papitashvili V. O. Influence of the interplanetary magnetic field on human health // So-
lar Terrestrial Energy Program. COSPAR Colloquia series / Ed. D. N. Baker, V. O. Papi-
tashvili, M. J. Teague. Pergamon Press, 1994. V. 5. P. 581—-605.

[Breus et al., 1995] Breus T., Cornelissen G., Halberg F., Levitin A. E. Temporal associations
of life with solar and geophysical activity // Annales Geophysicae. 1995. N. 13. P. 1211—
1222.

[Cherry, 2002] Cherry N. Schumann Resonances, a plausible biophysical mechanism for the
human health effects of Solar/Geomagnetic Activity // Natural Hazards. 2002. V. 26.
P. 279-331.

[Cornelissen et al., 1986] Cornelissen G., Broda H., Halberg F. Does Gonuaulax Polyedra ea-
sure a week? // Cell Biophysics. 1986. V. 8. P. 69—85.

[Cornelissen et al., 1996] Cornelissen G., Halberg F., Wendt H. W., Bingham C., Sothern R. B.,
Haus E., Kleitman E., Kleitman N., Revilla M. A., Revilla M. Jr., Breus T.K., Pimenov K.,
Grigoriev A. E., Mitish M. D., Yatsyk G. V., Syutkina E. V. Resonance of about-weekly hu-
man heart rate rhythm with solar activity change // Biologia (Bratislava). 1996. N. 51.
P. 749-756.

[Cornelissen et al., 2002] Cornelissen G., Halberg F., Breus T.K., Syutkina E. V., Bae-
vskii R. M., Weydahl A., Watanabe Y., Otsuka K., Siegelova J., Fiser B., Bakken E.E.
Non-photic solar associations of heart rate variability and myocardial infarction // J. At-
mospheric and Terrestrial Physics. 2002. V. 64. P. 707—728.

[Gilman, Guenther, 1987] Gilman P.A., Guenther D. B. // Astrophysical J. 1987. V. 318.
P. 904.

[Han et al., 1991] Han H., Ahao D., Wu J. Germain Cornelissen and Franz Halberg, Chro-
nobiologic Approach to beat-to beat Variations of Cultured Murine Myocardial Cells
// Cell Biophysics. 1991. N. 18. P. 217—229.

[Halberg et al., 1991] Halberg F., Breus T.K., Cornelissen G., Bingham C., Hillman D. C.,
Rigatuso J., Delmore P., Bakken E. International Womb-to-Tomb Chronome Initiative
Group: Chronobiology in space // Keynote. 37™ Annu. Meeting of the Japanese Soc.
For Aerospace and Environmental Medicine. Nagoya, Japan, Nov. 8—9, 1991. Univer-
sity of Minnesota. Medtronic Chronobiology Seminar Series. 1991. N. 1.

[Kleimenova et al., 2007] Kleimenova N.G., Kozyreva O.V., Breus T. K., Rapoport S.1. Pcl
geomagnetic pulsations as a potential hazard of the myocardial infarction // J. Atmo-
spheric and Terrestrial Physics. 2007. V. 69. P. 1759—1764.

[Leung et al., 1992] Leung B., Cornelissen G., Hillman D., Wang Z. R., Binkley S., Bingham C.,
Halberg F. Halting steps toward a circadian-infradian pineal melatonin chronome

481



Tom 2. Yactb 4. KOCMUYECKAA MOTOMA U 300POBbE

// Proc. Workshop on Computer Methods on Chronobiology and Chronomedicine.
Tokyo, Sept. 13, 1990 / Eds. Halberg F., Watanabe H. Tokyo: Medical Review, 1992.
P. 263—-285.

[Malmivuo, Plonsey, 1995] Malmivuo J., Plonsey R. Bioelectromagnetism: Principles and
applications of bioelectric and biomagnetic fields. Oxford, England: Oxford University
Press, 1995.

[Neugebauer et al., 2000] Neugebauer M., Smith E.J., Ruzmaikin A., Feynman J.,
Vaughan A. H. The solar magnetic field and the solar wind: existence of preferred longi-
tudes // J. Geophysical Research. 2000. V. 105. N. A2. P. 2315—-2324.

[Polk, 1982] Polk C. Schumann Resonances // CRC Handbook of Atmospherics. 1982. V. 1.
P. 111-177.

[Richardson et al., 2001] Richardson 1. G., Cliver E. W., Cane H.V. Sources of geomagnetic
storms for solar minimum and maximum conditions during 1972—2000 // Geophysical
Research Letters. 2001. V. 28. N. 13. P. 2569—-2572.

[Schweiger et al., 1986] Schweiger H-G., Berger S., Kretschmer H., Morler H., Halberg E., So-
thern R. B., Halberg F. Evidence of a circaseptan and circasemiseptan growth response
to light/darkness cycle shifts in nucleated and enucleated Acetabularia cells respectively
// Proc. National Academy of Sciences. USA. 1986. N. 83. P. 8619—8623.

[Tsurutani, Gonzalez, 1997] Tsurutani B., Gonzalez W. The interplanetary Causes of Magnet-
ic storms: Rev. // Magnetic storms. AGU Geophys.Monograph Series. / Ed. B. T. Tsu-
rutani, W. D. Gonzalez, Y. Kamide, J. K. Arballo. 1997. P. 77-91.

[Wilcox, Ness, 1965] Wilcox J. M., Ness N. F. Solar Wind Sector Structure // J. Geophysical
Research. 1965. V. 70. P. 5793.

[Zang et al., 2003] Zang J., Dere K. P., Howard R. A., Bothmer V. Identification of solar sources
of major geomagnetic storms between 1996 and 2000 // Astrophysical. J. 2003. V. 582.
P. 520—-533.

BIOLOGICAL RHYTHM STRUCTURE FORMATION BY EVOLUTION
T. K. Breus

Space Research Institute, Russian Academy of Sciences (IKI RAN), Moscow, Russia,
e-mail: breus36@mail.ru

Until recently it was thought that circadian rhythm (24 hours) is the leader in the hierarchy
of biological rhythms of living organisms. Infradian biological rhythms (with period <28 days
and> 28 hours) and ultradian rhythms (with periods lesser than one hour) did not attract at-
tention of researchers despite these rhythms, apparently, were known in ancient times (e.g.
the infradian rhythms of exacerbations (crises) of various disease). At the empirical level, they
are familiar to doctors in modern medicine.

Stable “lunar” infradian gravitational rhythms that are integrated into the temporal
structure of living organisms and become endogenous were, apparently, the background,
which were overlapped with another rhythms of some external factors similar and different
periods. These additional external factors had to include a wider range of periods, to which
living organisms had to adapt, because it can cause of desinchronizations and represented po-
tential danger to the survival.

In ultradian region the frequency range of electromagnetic fields (EMF) generated by the
human brain is close enough to the frequency range of natural ionospheric Schumann resona-
tor (8 and 14 Hz).The cardiovascular system of humans (heart rate) also has the ability to gen-
erate electromagnetic fields characterized by a set of harmonics of different frequencies and
intensities in the range of the fundamental natural Alfven oscillators — 0.8...2.5 Hz.
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In 90™ of previous century an idea on helio-geomagnetic activity (GMA) rhythms (weak
natural electromagnetic fields) as one of the external synchronizers of the biological rhythms,
by analogy with the solar radiation and temperature variations on premature Earth form-
ing the circadian (diurnal) biorhythms, had been invented. Basic problems to be solved up
to nowadays: what is a target in biological objects — i.e. receptors of GMA? What kind of
mechanisms partici}’)ates in action of VLF low intensity EMF on biological objects? (Intensity
range is 107*...107" T). Which ones of numerous characteristics of the solar and geomagnet-
ic activity are most biotropic? These problems are discussed in this presentation. It is shown
that cardio-vascular system including heart and brain rhythms is a very sensitive target for the
GMA and meteorological effects (the space weather), while rhythms of geomagnetic pulsa-
tions and Schumann resonances frequencies are most plausible agents, which rhythms were
integrated in the endogenous biological structure by evolution and generated an action of “bi-
ological clock”. The disturbances during breakdown of quiet space weather conditions may
lead to some acute physiological consequences for humans. Results of experimental investiga-
tions and tests of these concepts are presenting in this article.



OBLUWUE XAPAKTEPUCTUKA MATHUTOBMONOTUYECKUX ABJIEHUNA
B. H. buneu

NHCcTuTYyT 06wen ¢pusmkn nm. A. M. Mpoxoposa Poccuiickoin akagemun Hayk (MO® PAH),
MockBsa, Poccus, e-mail: v.binhi@yahoo.com

IIpuBenéH KkpaTkuii 0630p COCTOSIHUS UCCIeNOBaHUI B MArHUTOOMOJIOTUM — HayKe, u3yJa-
to1ieit 3 GeKThI, MPeXae BCero, MoJieii Mmopsiika reoOMarHUTHOTO TTOJISl U MEHEee C YaCTOTaMu
mo 100 I'u. Ecth HECKONBKO MCCIENOBATEILCKUX 00JIaCTel, KOTOPhIE M3yJaloT Takue 3¢-
(hexThl. DTO MEXIUCIUIUIUHAPHBIE J1aDOpaTOPHbIE MCCIEN0BAHUSI, MArHUTHAsl HAaBUTALIUS
JKUBOTHBIX, SMMIEMUOJIOTMUYECKUE UCCIENOBAHMSI, KOPPEISILIUM MEXIY TeOMarHUTHOI BO3-
MYIIEHHOCTBIO U COCTOSTHUEM 3[I0POBbSI JIIOACH.

IIpencraBieHbl 0o0IIME CBOMCTBA MAarHUTOOMOJOIMYECKUX 3(P(PeKTOB, TaHHBIE O Xa-
pakTepe HeOJHO3HAYHOM CBSI3U COCTOSIHUS BJIEKTPOMAarHUTHOTO (pOHA U 3I0POBbSI Hacese-
HUsI, HEKOTOpbIe CTaTUCTUYECKHE JaHHbIE 00 UCCIeIOBAHUSIX ITPOOIEMBI 32 PYOEKOM.

PaccMoTpeHBl OCHOBHBIE pe3yJIbTAaThl HCCJAEAOBaHUI, MUX OCOOEHHOCTH, HECYIUe
(busuyeckyo MHbOpPMALIMIO O TIPUPOE TIPOILECCOB MAarHUTOPEUEIIMN, KOTopasi BCE ele
He u3BecTHa. OObsICHEHUE 3aTPYIHEHO, TaK KaK KBAaHT SHEPTUH IMOJIsi HU3KOW YacTOThI Mpe-
HeOpeKMMO MaJl B CPAaBHEHUU C XapaKTepPHOM SHeprueil XuMrU4IeCKUX peakiuii; TOKA, MHIY-
LIMPOBAaHHbBIC B TKAHSIX, TAKXKE MaJibl; MaJl U HarpeB TKaHU usiydeHueMm. O06 3Toil mpobieme
TOBOPST KaK O IPo0JIeMe HETEIIOBBIX OMOJIOrMIeCKUX 3(PDEeKTOB.

Oco0oe BHUMaHME yAeIeHO OOCYKIESHUIO TJIABHBIX CBOMCTB HETEILIOBBIX 3((HEKTOB —
MapagoKcajbHO MaJoil BEJMYMHE MATHUTHOTO TOJisl, BbI3bIBAIOLLETO PEAKIMIO, U CIell-
nGUIECKU CHUKEHHOMY YPOBHIO BOCITPOU3BOAMMOCTH 3 (HEKTOB B pa3HbIX J1abopaTopHsiX.
[MocnenHee BBI3BIBAET TTOCTOSTHHYIO HAYYHYIO MOJIEMUKY B OTHOIIIEHUU CYIIIECTBOBAHUS He-
TEIUIOBBIX 2()(EKTOB U HEOOXOAMMOCTU MX y4é€Ta B CTAaHIApTax 3JCKTPOMArHUTHOM 0e30-
MacHOCTH.

OO0cyXIaroTcsl o0IIre TeOpETUYECKME BOIIPOCH HETEIUIOBBIX OMOJIOTMYecKUX 3P dek-
TOB 3JIEKTPOMarHUTHbBIX Tosieil. [lokazaHo, YTo MexaHU3MbI, HauboJiee MPaBIONOA00OHbBIE
C TOYKM 3peHUsi GU3NKU MarHUTOpPELeNIMM, OCHOBAaHbl HAa MAarHUTHBIX HAHOYACTHUIIAX,
JIOJITOXKUBYLLUX CINUH-KOPPEJIUPOBAHHBIX TMapax paguKaloB, COCTOSIHUSX XKUAKOU BOABI,
MOKa HEU3BECTHOM MPUPOIBI, U BpaIlaTEIbHBIX COCTOSTHUSIX MAKPOMOJIEKYI.

BBEJEHWE

Kaxercsd o4eBUOHBIM, YTO 3JIEKTpOMarHuTHbie (DM) mMojisg AOKHBI OKa3blBaTh
BJMSIHUE HA XUBbIE CUCTEMbl, TaK KaK B3JIEKTPOMArHeTW3M IIUPOKO TpeAcTaB-
JIeH B OMOJIOTMYECKHX TMpolieccax Ha MUKPOYPOBHE. DTO, HallpuMep, MpoBeNeHNE
HEPBHBIX UMIYJIbCOB, OOYCIOBAEHHbIX YIOPSIAOUYEHHBIMU MMOTOKAMU WOHOB, Ye-
pe3 Iia3Maruyeckue OMoMeMOpaHbI, OMOJOTUYECKOE CTPYKTYpUPOBAHUE U IIp.
OnHako BUIHBI U MPOTUBOPEUMS: BHYTPEHHUE JIEKTPUUECKUE T0JII HECPaBHEH-
HO CHUJIbHEE TeX, YTO OOBIKHOBEHHO OKpPYXXalOT XWBbl€ OpPraHU3Mbl B MPUPO/IE.
MarnutHbie ke 1oisa (MII) mpupomHoro ypoBHSI BOOOIlle, Ha IEPBBIA B3IJISI,
HE MMEIOT MMUIIEHeW B XMBOW TKaHW BCJEICTBUE €€ NMaMarHWTHBIX CBOMCTB.
Tem He MmeHee, Ouonornyeckoe aericTBue cinadbbix MII Ham€XHO YCTaHOBIIEHO.
M3ydeHnem 3Toro npoTUBOPEUUBOIO SIBJICHUSI 3aHUMAETCS MarHUTOOMOJIOTHS.

MarHuToO6u1osorusi UMeeT JeJ0 C SIBJIEHWSIMM, KOTOpbIE MOKa HE TMOIy4YuIu
YIOBJETBOPUTEILHOTO 00bsicHeHUs. [IpobieMa cBsizaHa C MapamoKCaJbHOCThIO
0MOJI0TUYECKOTO AeUCTBUS C1abblX HU3KOYACTOTHBIX MArHUTHBIX MOJIEH, KOTOpbIE
MO 3HEPTUM JaJeKO HE COIMOCTaBUMMbI C XapaKTepHOW 3Heprueir GMoXMMUYecKUX
npespaiieHuit. M3-3a 3TOro BONpoc 0 caMOM CYIIECTBOBAHWU TaKOW MPOOIeMbl
BbI3bIBAET HEOJHO3HAYHYIO peakiMi0 3HAYMTEbHOW YacTh HAy4yHOro cooOle-
CTBa — HECMOTPS HA TPOMAHOE YMCIIO SKCTIEPUMEHTAbHBIX CBUAETEIbCTB.
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OIBIT MHOTOJIETHNX HAOIONEHUI TOBOPUT O TOM, YTO HEKOTOPBIE IJIEKTPO-
marHuTHble Tosst (DMIT) mpenacTaBiasiOT MOTEHUMANIbHYIO YIpo3y UISl 310POBbS
JIoeit 1 IBJISTIOTCS He MEeHee CYIIeCTBEeHHBIM (DaKTOpOM, YeM TeMIlepaTtypa, JaBjie-
HHUE U BIAXXHOCTD, M., Hanipumep, [bpeyc u ap., 2010]. ITo Mepe pocra oco3zHaHUS
aTOro (pakTa 3agaya M3y4eHusl MeXaHM3MOB OuoJiornueckoro aevicteus DMII, wim
MEXaHU3MOB MarHUTOPEICIINN — CITOCOOHOCTH XMUBBIX CUCTEM pearupoBaTh Ha
W3MEHEHUs] MarHUTHBIX TIOJIeld TeOMarHUTHOTO YPOBHS — CTaHOBUTCS BCE Goiee
aKTyaJbHOM.

CrieInalM3UpOBaHHBIX OMOJOTUIECKUX MarHUTOPEIeNTOPOB, ITOMUMO Ya-
CTUII GMOMAarHeTUTa B HEKOTOPBIX OAKTEPHSX, B TIPUPOAE HE CYIIECTBYET, ITO3TO-
MY BaXkKHO TOHSITh, KAaKUM TYTEM CUTHAJIbI MATHUTHOTO TIOJISI TPaHCHOPMUPYIOTCS
B OTKJIMK OMOJIOTMYECKOU cucTeMbl. B HM3KkouacToTHOM muarmaszone MIT mpakTu-
YECKHM CBOOOIHO MTPOHUKAET B JKMUBYIO TKaHb. OHO JECTBYET Ha BCE YACTHUIIBI TKA-
HH, HO HE BCE U3 YaCTHUII BOBJIEYCHEI B TIpoIiecC Mepeaadyn HH(PpOopMaIuy 0 MarHUT-
HOM TI0JIe Ha OMOJIOTMYECKUI YpOBeHb. [lepBUYHBIEC MPOIIECCH B3aMMOICHCTBHS
MII ¢ yactTuuamMu MaTepum — 3JeKTpOHAMM, aTOMaMu, MOJIEKYJIaMU — YUCTO Pu-
3MYeCKUe MPOLECChl. 3apsbKeHHBIE YAaCTUIIBI XXUBOTO BEIECTBA, MOHBI, Y9aCTBY-
omye B OMOMU3NUECKUX W OMOXMMWYECKUX TIpolieccax, MarHUTHbIE MOMEHTBI
ATOMOB U MOJIEKYJI CTAHOBSITCSI TIOCPETHUKAMM B TIepeade CUTHAJIOB MarHUTHOTO
MOJIST Ha GMOXWMUWYECKUI ypoBeHb. TOHKAS peryisiiiis aKTUBHOCTU OEJTKOB, OCY-
IIecTBIsIeMast 6MOMU3NIECKUMHI MEXaHU3MaMHU C Y9aCTHEM MarHUTOYYBCTBUTEIb-
HBIX MHTEPMEINATOB, TTPUBOAUT K CMEIIEHHIO TIPOIIeccoB MeTabonmmn3Ma. HaunHas
C 3TOTO YPOBHSI MOXHO Habmonath aeiictre MIT 1o n3aMeHeHW0 KOHIIEHTpaIIU
MPOIYKTOB MeTaboIM3Ma.

Yacro 6uonoruueckue a¢pdexktel MIT Habm0na0T 1O MapaMeTpaM Xu3Hee-
SITETBHOCTY U TTOBEACHUIO OTAEIBHBIX 0COOCH W MOMYIALMi. DKCIIEPUMEHTHI, KaK
MPaBWJIO, COCTOSIT B HAOMIOACHUM CBSI3M MEXIY XapaKTepUCTUKaMU BHelTHero MIT
¥ BBI3BAaHHBIM UM OuoiorndeckuM 3¢ dekToM. IpoMeXXyTOUHBIE YPOBHM Opra-
HU3aIUU XUBOW CUCTEMBI — OMOGU3NIECKUN, OGMOXUMUIESCKHUI 1 (PU3UOJIOTHIE-
CKUII — OKa3bIBAIOTCS 32 paMKaMU SKCIIEpUMEHTA, HO TP 3TOM CHUIBHO BITUSIIOT
Ha ero pe3yiabTaT. MexXay TIPUINHOM M CIeICTBUEM KaK Obl BOZHUKACT «UEPHBIN
SIIITUK» ¢ HEKOHTPOJIMPYEMBIMHU CBOMCTBAMU, YTO MPEISTCTBYET BBEIICHEHHIO TTPH-
YUHHO-CJICICTBEHHBIX OTHOIICHMIA.

B To xe BpeMs MpOCIeIUTh pe3ysbTaT deicTBUS caadbberx MIT Ha ypoBHE OT-
JETbHBIX OMOXUMHMYECKUX PeaKIuil WM 6MOo(PU3NIECKUX CTPYKTYp MOUYTH HE yaa-
€rcst. M3BecTHBIE MarHUTOXUMIYECKUE 3(PMEKTH peaausyloTcs B OTHOCHUTETHHO
CUJTbHBIX MAaTHUTHBIX TIOJISIX ¥ KX BO3MOXHAs BOBJICUEHHOCTh B MATHUTOPELICTILINIO
obcyxnaercs [3enpaosud u ap., 1988; [Mupyssan, Apucrtapxos, 2005]. Takum obpa-
30M, MAarHUTOOMOJIOTHS CTAIKUBAETCS C OO BEKTUBHBIMU TPYTHOCTSIMU, CBSI3aHHBI-
MU C HEOOXOIMMOCTBIO COBMelaTh B cede BOMpPOCHhl (GU3UKU, OMO(DUZUKU, OUOXU-
MUU U OVIOJIOTUM.

MarHuToOmoJIOTHST COCPEeNOTOYeHA Ha W3YYCHUU OMOJOTMYECKUX PeaKIIUiA
W MEXaHW3MOB IEUCTBUS IPEUMYIIIeCTBEHHO CJIabbix, MeHee 1 MT, MAaTHUTHBIX TTO-
nieii. Bo3MOXHOCTD BBIIEJICHUSI MATHUTHOW U 3JIEKTPHIECKON KOMITOHEHT B DMII,
00J1aIafoIIeM U3BECTHOM IIEIOCTHOCTBIO, 3aBUCHUT OT psiia YCJIOBHI, KOTOPBIE OT-
HocsTcsl He K camomy DMII, Ho K criocoOy ero peructpaiuu. [Tpuémuuku SMIT,
B TOM YHKCIIe OMOJIOTMYECKIE CUCTEMBI, CITOCOOHBI OOHAPYXXUBATh Pa3IMIHBIC €r0
xapakTepucTnku. OIHAKO B CiIydae OMOJIOTMYeCKUX peakiuii Ha DMII He Bcerma
SICHO, KaKasl 3 XapakTepructnk DMII nMeeT nraBHOE 3HaYEHWE TSI BOSHUKHOBEHMS
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peakimu. Hainuue Majoro mapamerpa B BUIE OTHOILIEGHUSI pa3Mepa opraHu3Mma
K JUIMHE B3JIEKTPOMAarHuTHoil BoiHbI (DMB) co3ma€r ompenen€éHHBIE yIOOCTBa.
B ywactHoctn, B nuamazone HY DMII nmouru Bcerna ymaércst cBs3aThb OMOJIOrMYe-
CKYIO PEaKII1IO JIMOO ¢ MAarHUTHOI, 10O ¢ 3JIeKTpUIecKoii KoMItoHeHToir DMII.

OQHO3HAUYHOCTh Pa3MbIBAECTCSl B PSiie BaXKHBIX CJydyaeB, KOrjaa TMPUXOAUTCS
YUUTBHIBATh HE TOJIbKO Yyactory DMII u pa3zmep opraHuaMa, HO U pa3Mepbl U KOH-
KpEeTHOE YCTpoiicTBO ucrouHuka IMII, oTHocUTeIbHOE pacroioXeHre UCTOUYHU -
Ka 1 opraHusma. Yaie ata HeOOXOAMMOCTh BO3HUKAET TMPU IKCIo3uliuu B OMIT
MUKPOBOJIHOBOTO IMala3oHa.

BBuay Takoit HeonmpeneJ€HHOCTU TEPMUHbBI MACHUMOOUOA0US N INeKMPOMae-
HUmMoOUoA02US 4ACTO YIIOTPEOJISIIOT B OTHOM U TOM Xe cMmbicie. Kpome Toro, Tep-
MUH 3JIEKTPOMArHUTOOMOJIOTHS YIIOTPeOIsIeTCs ellé U B CMbICIE O0bEINHSIONIETO
orpeaeseHus s JeKTPO- U MarHUTOOUOJIOTUH.

DeKTpOMarHUTOOMOJIOTUSI €CTh YacThb 00I1Ieil pobeMbl OMOJOTUYECKOM 3~
(bekTUBHOCTHU CabbIX U CBepXCiIadbix (PU3MKO-XuMUUecKux dakrtopoB. Kak mona-
raloT, AeiCcTBUe TaKuX (haKTOPOB JIEXKUT HUXKE MOpora BKIIOUEHUS 3allIMTHBIX O1O-
JIOTUYECKUX MEXaHM3MOB U, BEPOSITHO, CIIOCOOHO HaKaIlJIMBaTbCsS Ha CYOKJIETOY-
HOM YpOBHE, Ha YPOBHE T€HETUYECKHX MPOLIECCOB.

3aMeTHbI POCT HAayYHBIX UCCAENOBAaHUI B 3JIGKTPOMArHUTOOUOJOTUN UHU-
LIMMPOBaH pa3padboTKoii n cozmanureM Koot H. 1. IestkoBa B CCCP B 1960 rr.
reHepaTopoB DM-u3jiydeHUil MUILTMMETPOBOTO nuara3oHa. [Toutu cpasdy xe ObLI10O
00HapyXeHO, YTO TakKue MMKPOBOJIHBI OKa3bIBalOT BO3ACHCTBUE Ha OPTraHU3MBI.
OTu paboThl ObUIM BOCTpou3BeAeHbl 3a pybdexoM. I[lpencraBisiio MHTEpeC, YTO
MOILIHOCTb U3JTyYeHMS 3a4acTyl0 CIUIIKOM Maja, YTOObI BbI3BaThb CKOJIbKO-HUOYIb
3HAYUTENIBHBIN HarpeB TKaHel. B To e BpeMs KBaHT SHEPTMU U3IYYEeHUS MEHb-
IIe XapaKTepHOIM 3HEPTrUU XUMUIECKHX TIpeBpalneHnii kT (KHHETUYECKO SHEPTHI
MOJIEKYJI TIPU TeMIlepaTypax, CBOMCTBEHHBIX XXMBBIM OpraHW3MaM) Ha ABa IMOpsi-
Ka. DddeKThl HAOIIONaIN JIMIIL Ha HEKOTOPHIX, a HE Ha BCEX YacTOTaX, UYTO TaK-
K€ YKa3bIBaJo Ha UX HETETUIOBYIO MpUpoay. Db dheKTbl MUKPOBOJIH 3aBUCEIN U OT
JaCTOTHI X HU3KOYACTOTHOU Momymsunu. [ToatoMy yxe B 1980-x IT. HamgxxHO 3a-
(hukcupoBaHbl OMosornyeckre a(pdekThl U camux HU3koyacToTHbIX MIT B nuana-
30He nopsiaka 10...100 T'u. DTtu ¢akThl BaxXHbI, MOCKOJbKY TaHHbBIN JUana30H OX-
BaTbIBaET YACTOTHI MPOMBbIILJIEHHBIX K OBITOBBIX 3JIEKTPONIPHUOOPOB.

B cpenHem, no xapakrepy M CTeleHU BO3AEHCTBUSI Ha 310POBbe I(PDEKT Mo-
BbIlIEHHOro DM-hoHa MOXXHO CpaBHUTD C pe3yjbTaTaMU CHa B OCBEILIEHHOM WJIU
IIYMHOM TMOMEIIEHUN WM C MOCJIEACTBUSIMU MpeObIBaHWS B TTOMEIIEHUU C 3ara-
XOM TabauyHoro apiMa. fApkux crneuududeckux apdekroB Her, HO DM-doH, Ha-
psy ¢ IpYrUMU HeOJaronpusaTHBIMU (DaKTOpaMu OKpYyxXalollieil cpenbl, OBbIIIAET
YPOBEHb CTpecca.

CpenHsisi MHTEeHCUBHOCTh (pOoHOBBIX DMII HaMHOro HMXXe ypOBHSI reomar-
HUTHOTO TIOJISI, €CTeCTBEHHOTO sl pa3BUTUsl Xu3HU. [loaToMy Ouosormyeckoe
neiictBue DM-cdoHa cieayer oTHeCTU K 3ddekTaM cBepxciadbix ¢akTopoB. Ecian
apdeKT, a TouHee, KOppeysaius, HabaomaeMas IIpY BO3AEHCTBUM KaKUM-IU00
MaJIbIM CHUTHAJIOM, BHITJISIIUT TIapagoKCaIbHO M TIPOTUBOPEYUT MPUHSITHIM B3IJIS-
JlaM, TO JAHHBI CHUTHaJ MOXHO OTHECTU K cBepxXciaaObiM (pakTtopam. Hims DMII
HY-auana3zoHa 310 (hOHOBBIN YypOBEHb, KOTOPbI BO3ZHUKAET MpU pabOTe MpOU3-
BOJICTBEHHBIX U IaXKe OBITOBBIX 2JIEKTPONPpUOOPOB, 00bIYHO MeHee 1 MKT.

I[ToHumMaHue (HUBMKO-XMMUUECKUX MEXaHM3MOB OWOJOTUYECKOro Jeii-
CTBUSI CBEPXCJIaObIX €CTECTBEHHBIX U UCKYCCTBEHHBIX areHTOB TOKa OTCYTCTBYET.
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CremoBajio ObI TOBOPUTH O HAJIMYWM TapamoKca: 3TH SBJICHUS He MPOCTO He Ha-
XOIIT OOBSICHEHMSI, OHM KaK OBl IMMPOTMBOPEYAT COBPEeMEHHON HAyJYHOI KapTUHE
mupa. B To Xe BpeMsT HaKOTUIEH TPOMaIHBIN 00BbEM (haKTUIECKUX U IKCIIEPUMEH-
TaJIbHBIX JaHHBIX, YTO YKa3bIBaeT Ha PeaJIbHOCTh SIBICHUS. buoiormueckoe meii-
CTBHE CBepXCIa0bIX (aKTOPOB — 3TO (pyHAaAMeHTaTbHasg HaydHas IpobieMa, OXH-
JAIOIIast CBOETO PEIICHUSI.

B oGcyxxaeHnn MarHUTHBIX Ouosiorndeckux 3pdekToB, 0co6eHHO 3h(hEKTOB
HU3KOMHTeHCUBHBIX MII, cyliecTBeHHA TEpMIHOJIOTHSI.

OO6BIYHO TSI 0003HAYCHUSI THATIa30HOB YaCTOT PaTUOU3ITyUYeHHUI UCTIONb3YIOT
tepmunbl: HU3kue (HY) 30...300 xI'u, ouens Huskue (OHY) 3...30 xI'u, nHppa-
nuskue (MHY) 0,3...3 xI'u, cBepxuuskue (CHY) 30...300 I'm 1 kpaitHe HM3KUE
yactoTel (KHY) 3...30 I'l. Tak Kak ¢ TOYKU 3peHUs] IEPBUYHBIX (DUZUUYECKUX Me-
XaHU3MOB Ouojorndeckoil acdekTuBHOCTM MIT cyllieCTBEHHbBIX pa3inynuil MeX-
Iy TUMU OWAla30HaMH HET, YacTO WCIOJB3YIOT €AVHBIA TEPMUH HU3KOYACMOM -
Hble MII.

Beauuunbr MIT B MarHMTOOMOJIOTUU ONPEAEIISIIOT MO OTHOLICHUIO K ecTe-
CTBEHHOMY /IS OMOJIOTUM YPOBHIO TeOMarHUTHOTO T10J1s okoJto 50 MKT. [I71st Takux
MOJIeH, BIIPOYEM IPH OTCYTCTBUU YETKUX TPAHUII, B TPODUILHOM JTUTepaType MpH-
HAT TepMUuH caabvie MII. Tlons, npesimaromue 1 MT, ecTecTBEHHO, ONPEesIOT
Kak cuavhvie MII. CooTBeTCTBEHHO, MoJjist MeHee 1 MKT omnpenesieHbl Kak ceepxcaa-
ovie MII. TepMuH maeHumopeyenyus 4acTo UCIOJb3YIOT B IIUPOKOM CMBICIE KakK
CITOCOOHOCTh JKMBBIX CUCTEM pearnpoBaTh HAa M3MEHEHMST MAaTHUTHBIX TTOJIEH Teo-
MAarHUTHOTO YPOBHSI.

Hepenka cutyalmsi, Korga OTKIWK OMOJOTUYECKON CUCTEMBI 3aBUCUT OT Ya-
CTOTHI, aMIIJIUTYIBI WJIN OT IPYTHX IMapaMeTpoB. XapaKTep 3aBUCHMOCTH TaKOB, YTO
He Bcerma e€ ymoOHO Ha3BaTh CITEKTPAJBHOM, T. €. UMEIOTCS OTHOCUTEIIBHO TITUPO-
KHe 00JIaCTH M3MEHEHHUS ITapaMeTPOB, B KOTOPHIX 3(P(EKT CyIeCTBYET, a BHE 3TUX
obmnacteit HeT. OGBIYHO B OTHOIIEHUY TAKUX MHTEPBAJIOB IIPUMEHSIIOT TEPMUH 0KHA
aghpexmuenocmu. K cylieCTBEHHBIM 111 OpraHM3MOB XapakTepuctukam OMIT ot-
HOCSITCSI BEJIMUMHBI W HAIIPABJICHHUS TIOCTOSTHHOW M TIePEeMEHHOM COCTaBJISIOIINX
MAarHUTHOTO M B3JICKTPUYECKOTO TIOJIeH, WX TIONISIpH3alus, 9acToTa, HEOTHOPOMI-
HocTh U Jp. COBOKYITHOCTH CYIIECTBEHHBIX XapaKTepUCTHK TIOJNSI TIPEICTaBIIsSET
21eKmMpoMacHUMHble YcA08us TIpeOblBaHUS OopraHu3MoB. JJIsi omucaHusl 3Kcre-
PUMEHTOB, B KOTOPBIX OPTaHM3M ITOMENIEH B M3MEHEHHBIC MarHUTHBIC YCIIOBHUS,
B CPaBHEHUU C HEKOTOPHLIMU KOHTPOJBHBIMU YCIOBUSMU, MCITOIB3YETCS TePMUH
MACHUMHAS IKCNO3ULUUSL.

SNIEKTPOMATHUTHbBIVN ®OH W 3JOPOBbE

MarHuTtHBIC TIOJIS, TaK WJIM WHadYe BOBJICYEHHBIC B XW3Hb YeJIOBeKa, 3aHMMAIOT
OIPOMHBIN AMAaIa30H BEIMIUH — 107...10° T. C touku 3peHus (PU3NOIOTUHN BaXK-
HBI TI0JISI, 3aHMMAIOIINe JIUITh OTHOCUTENIBHO y3KUil nuamna3oH. Bto MII ¢ Bemm-
YUHOM, OTIMYAIOIIECS OT TeoMarHUTHOTO 1oyt ~50 MKT, eCTeCTBEHHOM «TOYKU
oTcué€Ta», Ha OMMH-JIBA ITOPSIIKa B 00€ CTOPOHBI. B 3TOT Anarra3oH momnamarmT OTHO-
CUTETHbHO HEOOJIBIINE TPUPOTHBIC BApHAIIMN T€OMAarHUTHOTO TTOJIST, BKJTIOYasi Mar-
HUTHBIE OypY, TeXHOTeHHBIE (DOHOBBIE TTOJISI, OOYCIIOBJICHHBIE TIepenadeii 3J1eKTpo-
aHepruu, a Takxke MII, yacTo BcTpevaromuecs B ObITY U Ha TPOU3BOICTBAX B YCIJIO-
BUSIX HETIOCPEICTBEHHOM OJTM30CTH K MX UICTOYHUKAM.
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Puc. 1. CnekTpanbHas INIOTHOCTb MOITHOCTHU Bapuauuii MIT
ecTeCcTBeHHBIX (/) ¥ TOpoACKMX (2) ICTOYHUKOB MAarHUTHOTO IIIyMa

OTaenbHyI0 MpoOJeMy COCTaBIISIET BIUSHUE OTCYTCTBUSI ecTecTBeHHoro MII
Ha 3I0POBbe KOCMOHABTOB B YCJOBMSIX IJUTEIbHBIX IMOJETOB B MEXIUIAHETHOM
npoctpaHcTBe [bpeyc u nmp., 2008; Kocmuueckas..., 2005; TpyxaHos, 2003], raoe
ypoBeHb MII okoso 4 HT.

Pucynok 1 maér npencraBieHue o cieKTpalbHOM cocTtaBe MII HM3KOYACTOT-
HOTro Auara3oHa ecmecmeenHo2o TpoucxoxaeHus (/). Bapualuuu reoMarHUTHOTO
nojig HuKe 1 K[ CuabHO 3aBUCAT OT MecTa U3MEPEHUsI, TIOroAbl, Ce30Ha U T. 1.,
MO3TOMY JaHHBII CIEKTp OTpaXkaeT JIUIIb MopsSaKu BenuyuH. Ha puc. 1 mokasan
YCPEOIHEHHBIN CIEKTp MOIIHOCTA MAarHUTHOTO Iyma, (uykTyauuit momyiass MII
B 1aboparopuu ¢pusudeckoro uHcturyta (2) [bunru, 2011]. BunHo, uro B nuana-
3oHe vactot 0,1...0,001 I't pa3Huna coctaBisgeT 4...6 TopsakoB. I'opomckoit Mar-
HUTHBIN 1IYM CO3JaéTCs CIyJallHbIMU HUMITYJIbCAMU BKJIIOUEHUS! Y BBIKJIIOUEHUSI
BJIeKTpUUecKuX Hereil. [ToMruMo TUCcKpeTHBIX KOMITIOHEHT Ha yactoTe 50 I'u u eé
TrapMOHMK, OH Ha HECKOJIbKO TOPSIIKOB TPEBHIIIACT €CTECTBEHHbBIN T€OMarHuT-
HBIN (DOH.

PaHee cuuTasioch, 4To ciiadbble HU3Ko4dacToTHble MIT, DMII HeTerI0BOI MH-
TEHCUBHOCTU 0O€30IacHBI JIJi 4YejloBeKa, OMOJIOrMYecKoe OeHCTBUE TaKMX Iojeit
Ka3aJoCh HEBO3MOXHBIM C TOUKM 3peHUsT pu3uku. Co BpeMeHeM ObUIM HaKoIlIe-
HbI OIBITHBIE JAHHBIE, MOKA3bIBAIOIIKNE MOTEHILIMAJIBHYIO OMACHOCTb 3TUX MOJei
Y UBJIy4YEeHU, 4acTO CKPBITHII XapakTep uX AeiicTBus. I[locaencTBusi MOTYT Ipo-
SIBUTBCSI Yepe3 MECSLIbI U JaXKe FOMbI.

CylecTByeT MHOXECTBO MCKYCCTBEHHBIX (DU3MUECKUX U XUMMUYECKUX (haK-
TOPOB BO3ICUCTBUS Ha XUBYIO mpupony. He Bce oHUM Ge3omacHbI AJisl YeI0BEKa.
[Iupoko n3BeCTHHI PUMEPBI BpeAHBIX (DAKTOPOB BO3AEICTBUSI — MOHU3UPYIOIIAs
paauanus, XduMU4YecKrle KaHleporeHbl, Buopauuu, myM. OHM HaAHECIU OOILIeCTBY
OTPOMHBI yIlepO, Mpexae YeM UX BpeldHOoe IeiCTBUE ObIJI0 OOHAPYXXKEHO, U3YUEHO
U perjiaMeHTUPOBAHO COOTBETCTBYIOIIMMU HOpMaMM 0e30macHOCTU. OMacHOCTb,
cJieIoBaTeNIbHO, CBSI3aHA He TOJIBLKO C BpeAHBIM (haKTOPOM BO3ACHCTBUSI, HO U C Ha-
JINYMEM JUTUTEILHOTO MHTEepBaja BpEMEHU, B TeUEHUE KOTOPOTO OCTAlOTCS HEU3-
BECTHBIMM TIPUPOAA U AOJTOBPEMEHHBIE MOCICACTBUSI BO3ACHCTBUS U OTCYTCTBYIOT
3allUTHBIE MEPBHI.

Oco3HaHUe 3TUX YIPo3 MPOU3OLLI0 He cpazy. OHO SIBUTIOCH CIEICTBUEM pas-
PpabOTKM U CO3JaHUSI IIIMPOKOTO CIIEKTPa HOBBIX XMMUUECKUX COCTMHEHUI, OMOXU-
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MUWYECKHUX MperapaToB U OMOJIOrMYECKHX 00pa3loB BO BTOPOIi MOJIOBUHE MTPOIIEI-
mero cronetust. Haunnas ¢ 1970-x rT. B KayecTBe MEphI IIPOTUBOIECTBUS pa3pa-
OaTbhIBaeTCs CHavayia 0OIeCTBEHHBIMU HallMOHAJbHBIMU OpraHU3aIMSIMHU, a 3aTeM
U MEXIYyHapOAHbIMU OOBEAWHEHUSIMU TYMAHUTAPHOUM HAMpPaBJIEHHOCTU MPUHYUN
npedynpedumensbHocmu, PENNUCHIBAIOIINN CHUXATh YPOBEHb IEUCTBUSI HEU3YUYEH-
HbIX ()aKTOPOB Ha JIIOJIEH Jaxe NPy OTCYTCTBUU MMOHMMAaHMS MPUPOJIbI TAKOTO Jeki-
CTBUSI U B YCJIOBUSIX HEMPEICKa3yeMOCTH BO3MOXHbBIX OTHAJIEHHBIX MOCAEACTBUIA.
31ech CTaJKWUBAIOTCS MHTEPECHl MHAYCTPUU, 3APAaBOOXPaHEHMSI, TTOJUTUKU, HOPU-
crpyaeHuUuu v Hayku. Ha ceromHsi mpuHIMN MpeaynpeauTebHOCTU BCECTOPOH-
He HCClIe0oBaH U SIBJISIETCS] OMHUM U3 3((HEKTUBHBIX MHCTPYMEHTOB BcemupHoit
opranmu3auuu 3apaBooxpaHerust 1 FOHECKO. Mcnoab3yercst oH 1 B OTHOIIEHUM
(oHOBBIX DMII.

3HauuTeNbHas YacThb HaydHOTO COOOIIeCTBa ToJjaraet, 4To OM-3KCIO3ULIUIO
JIIOJIeH cienyeT liejeHanpaBIeHHO W MOBCEMECTHO CHUXATh Jaxe B OTCYTCTBHUE
MOHUMaHUSI TPUPOJbl BO3MOXHBIX Ouosornyeckux 3ddekToB caadbix DMII
[Martuzzi, Tickner, 2004]. AMepukaHcKoe Tiepuoauueckoe uznaHve Microwave
News NMpUBOAUT CITUCOK U3 HECKOJIBKUX COTEH OpraHu3aluii, CBSI3aHHbBIX C UCCIe-
JIOBaHUSIMU B 00JIaCTH 3JIEKTPO- U MAarHUTOOMOJIOTUM; MHOTHE U3 HUX OOPIOTCS 3a
CHUXXeHue DM-Harpy3Ku HaceJeHus.

DKoJyiornyeckass 3Ha4yMMocTb OMII cTaHOBUTCS TMpeaMETOM CIelMalbHO-
ro wusydyeHusi. CaHUTaApHO-TUTHEHUYECKOE HOPMUpPOBaHUE, MPOTHO3WPOBAHUE,
KOHTPOJIb U 3aliuTa oT OM-cMmora SIBASIIOTCS BaXKHBIMU acrleKTaMM BJIEKTPO-
MarHuTHoil 3kosioruu. CraHmapTel DM-06e30MacHOCTM pa3pabaThiBalOT pas3jiny-
Hble HallMOHAJbHbIE U MEXIyHapoiaHble opraHuzauuu: HUW meauuuHbl Tpy-
n1a PAMH, Esporneiickiii KOMUTET II0 3JIEKTPOTEXHUYECKOMY HOPMUPOBAHUIO,
Hemelikuii MHCTUTYT Mo HOpMHpoBaHUIO, HallmoHalbHBI aMepUKaHCKUI WH-
CTUTYT CTaHIAapTOB, MeXIyHapOAHbI KOMUTET MO HEMOHU3UPYIOLIEH paaualiuu,
MexayHapoaHasi accolMalus 3allUThl OT paauanuu u ap. BcemupHas opraHusa-
1Ml 30paBOOXPAHEHUSI KOOPAMHUPYET 3TY AESTEbHOCTh C LEIbI0 CO3AaHUST €U~
HBIX MUPOBBIX CTaHAApTOB. B HacTosiliee BpeMst cTaHAapThbl 6€30MaCHOCTH ISl He-
KOTOPBIX IUaNa30HOB MOTYT OTJIMYAThCS B AECATKU U COTHM pa3, YTO YKa3bIBaeT Ha
HENOCTaTOYHOCTb HAYYHBIX UCCIEAOBAHUI B 3TOI 00JIaCTH.

M3zyuaror 6uosiornyeckoe AeiiCTBUE MHOTUX YCTPOMUCTB U CUCTEM. DTO JIMHUU
aJIeKTpornepenay, aBTOMOOUIIN, TeJEBU30PbI, MPOU3BOJICTBEHHBIE 11 OBITOBBIE MPU-
0opbl, KOMIbIOTEPHI. B nocienHee BpemMsi 0COOEHHO MHTEHCUBHO MCCIEIYIOT BO3-
MOXHO€E HETEIJIOBOE JIeICTBUE CPENICTB COTOBOM CcBsA3U. [IpencraBneHue oo ypoBHe
OMII npoMBIIUIEHHONM YacTOTHI OT JIMHUM 3JIeKTporepenad AaéT puc. 2, Iae II0-
KazaHO pacu€THoe pacripeaeyieHue
BJEKTPUYECKUX UM MATCHUTHBIX TO-

Neil B 3aBUCUMOCTH OT PAacCTOSHUS | 10

JIO TOYKM IT0J, TpeX(a3HOoil IMHUEIA. . ' 8 =
2 4 g
%3 6 =
[ 14 B

Puc. 2. Ouenka Beauyunbsl OMII Ha BbI- @) =

core 1 M st TpexdpasHoit auaum 330 kB, 1 2

400 A BbicoTOit 20 M C Mexda3HBIM _ , _

pacctosiHUeM 6 M; IyHKTHp — HOpMa- 1 10 100

TUBBI [UISI XWJIBIX momemeHuin CaH-

IMuH-212.1002-00, 2001 Paccrodnne, M
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B 2009 r. EBporneiickuii Hay4HbIii KOMUTET MO UASHTU(UKAIIMM PUCKOB IS
3710pOBbsI CBsI3aJl pUCK 00JIe3HU AJiblireliMepa ¢ yBeJUUeHHOM aKkcno3uieit DMII
MTPOMBIIIIEHHBIX YacTOT. OCHOBaHUEM MOCTYKWIN HECKOJNBKO STUAEMUOJIOTHYE-
CKMX MCCliefoBaHMi, B ogHOM M3 KoTophix [Huss et al., 2008] obcienoBanm oKo-
Jo 4,7 miH xuteneit [lIBeiiliapuy Ha TpeaMET CBSI3U MexXIy akcrnoduuuein DMII
JIMHUI 3JIeKTporepenay U CMEPTHOCTBIO OT HellpoJereHepaTUBHbBIX 3a00JIeBAHUI.
Puck, cBsizaHHbBIN ¢ OoJie3HbIO AJblireliMepa, ObUT TTOUYTU B 1,24 pa3a Bbllle IS
TeX, KTo Tnpoxusan omke 50 M ot 220...380 kB mmHMiA, 9eM 11 TeX, KTO IIPOKH-
Ban gaiee 600 M. MiMesach 3aBUCMOCTh OT BPeMEHU MTPOKUBAHUS BOJIM3Y JIMHHI
afiekTponepenay: KoaduuneHT pucka coctaBui 1,51; 1,78 u 2 ais tex, KTo Mnpo-
JKMBaJl B yCJIIOBUSIX YBEJMUEHHOM 3KCIO3UILIMU 110 KpaliHeit Mepe 5, 10 u 15 net co-
OTBETCTBEHHO. M3 puc. 2 BUAHO, 4TO HA pacctogHur MeHee 50...60 M aaexTpude-
CKO€ ¥ MAaTHUTHOE TMOJIsT cTaHOBATCS 60mbIne 0,5 KB/M 1 1 MKT, 1O ITOPSIIKY BeJIH-
YUHBI.

MHOTOKpAaTHO M3MepeHBI TOJISI M3JIydeHUil OBITOBBIX MPUOOpOB. namazoH
0,1...1 MxT xapakrepeH [Jjis1 OOJIIIMHCTBA O(UCHBIX U MYOJMYHBIX TTOMEILEeHUI
Y TPAHCIIOPTHBIX CPEACTB, XOTS MMKOBBIE 3HAYCHUSI MOTYT OBITh M HA TPH TOPSIIKa
Oosble.

Ha puc. 3 nmpuBeneHa xapakTepHas ISl JOMAIIHUX YCJIOBUI IJIOTHOCTb pac-
npeneneHuss MII, Wiy yacToTa MX BCTPEYaeMOCTH, 110 JaHHBIM MHCTUTYTa Mccie-
JoBaHUA 35eKTposHeprum [Syfers, 2006]. bolin 06ciie0BaHbI JKUJIbIE TTOMEIECHUS
okoso 1000 momos B CIIA. 3ameTHO, 4TO 0o0OyueHre MII, mipeBhIIaloIIMMU ypO-
BeHb 0,3...0,4 MxT BrosiHe BeposiTHO. [1pu XxpoHHnuecKoit akcno3uunu takue MIT,
comtacHo kiaccupukauuu IARC, MoryT oka3biBaTh KaHILIEPOTEHHOE JIeiICTBUE Ha
OpraHu3M 4YejioBeKa.

B ¢BsI31 ¢ 3TUM yMECTHO MPUBECTHU CITEKTP MOIIMHOCTH Bapuauii Mmomyist MIT
BHYTPH CajIOHA JIESTKOBOTO aBTOMOOWIISI TIPY IBIDKEHUU TT0 OKMBIEHHON MOCKOB-
CKOW Marucrpasnu, puc. 4.

BunHo, 4To €312 B JIErKOBOM aBTOMOOMJIE MO MarucTpajisiM ¢ UHTEHCUB-
HBIM JBIDKEHHEM COMpsDKeHa CO 3HAYUTEIbHBIM M3MEHEHHEM XapaKTepPUCTUK
MII B cpaBHeHUM C TeMM, KOTOpbIe MUMEIOTCS B Oojiee pacIpOCTpaHEHHBIX YC-
JIOBUSIX, Hampumep, B jaboparopusix u ocpucax. KpazunocrosiHHas yacte MII
cHkaetcsd Ha 25...30 % TIpoTWB BeMWYMHBI reoMarHuTHOTO Tons. IlepemenHast
yactb MII, HanpoTus, Bo3pacTtaeT. CpengHee MII B aBToMOOMIE B NBMXKEHUU CO-
craBwiio 32,2 MKT co cTaHIapTHBIM OTKJIOHeHUEeM 3,45 MKT, U OTACIbHBIMUA BbI-
opocamu ot 15 1o 70 MxT. B To BpeMsi Kak aMIUIUTylda AUCKPETHBIX KOMITOHEHT
TIPOMBIIIEHHON YacTOThI TPaKTHYeCKW HE MEHSIETCS, CIUIONIHAs YacTh CIEK-

TpaJbHOU TIJIOTHOCTU MoliHoctu MII

B JBUXYIIEMCS aBTOMOOWIE YBeJIUYeHa
4 B 100...1000 pa3 B IIMPOKOM MHTEpBase
yactot ot 0.001 go 100 I'. Bommpoc o Bo3-
MOXHOM BJIUSHUM TaKUX W3MEHEHUI
ol OM-00CcTaHOBKM Ha 310pOBbE BOAUTEIICH
M TTACCAKUPOB OCTAETCS OTKPBITHIM.

UacToTa, IID. e/,

. . Puc. 3. /lanHble 0 cpenHeil 4acToTe BCTpeva-
1073 1072 1071 100 €MOCTM MArHUTHBIX IIOJIEM IIPOMBILIUICHHOMN
YacCTOTHI PA3HOU BEJMYMHBI B IOMAIIIHUX YCIIO-

B, MxTu Busix. [TyHkTpoMm ykasaH ypoBeHb 0,35 MxT
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10° 1 — JlaGopatopusa
2 — Buytpu aBToM.
10 el

o 1
1078 \ I 1 |UUJ\UM
1E-3 0.01 0.1 1 10 100
Yacrora, ['11

Crertp MII (WT4/Tn)

Puc. 4. CnekTpajbHasl IJIOTHOCTh MOIIHOCTY Bapuauuii Mmoaysiss MII B cajoHe aBMXKyIle-

rocst JIErKoBOro aBToMo0mIsi; oopadotka 3anucu MII o Tpem ocsim npu oobe3ne CanoBo-

ro xojbua (cepas muHMsA). Takke mokasaHbI crieKTphl MII BHyTpH CcTOSIIIIEro aBTOMOOMIIST
(cpemHsisa TUHUS) U B JabopaTopuu (y3Kasl JIMHMS)

IMTpodeccruoHanbHble paboure YacTo MOABEPXKEHbI BO3IEUCTBUIO 00Jiee CUJIb-
Hbeix MII. Hanpumep, nipu mpoBeaeHUU 3eKTpocBapouHbix padotr MII Ha paccTo-
aHuu 10 cm ot kabenst nocturaet 500 MxT. Ha anekTporiiaBuiabHbIX MPEATPUSTHASIX
BO3MOXHBI 9KCITO3UIIMHU B TOJISIX, €1IE B CTO pa3 OoJiblliuX. M3yyeHue pacripenene-
HUSI MIHTEHCUBHOCTHU (POHOBOrO MarHUTHOTO IMOJIsI UHIYCTPUATbHOM YaCTOThI B FO-
POICKUX YCJIOBUSX MOKAa3aj10, YTO 10 MOJOBUMHBI HaceJIeHUs NpedbiBaeT B MeCTax,
rne a¢pdexTuBHoe 3HaueHue MIT npesbiaer 0,2 MKT, U 0KOJIO HECKOJIBKUX MPO-
LIEHTOB TaM, Tje noJjie npesbiaet 1 MKT. brosiornyeckass 3Ha4MMOCTb MOJOOHBIX
BJIEKTPUYECKHUX U MAarHWTHBIX MOJIe BbISIBJIEHA BO MHOTUX 3TMUIEMUOJIOTUYECKUX
HUCCIIeIOBaHUSIX, TTOKA3bIBAIOIIMX CYLIECTBEHHOE YBEJIMUYEHUE prcKa, Halpumep,
PaKoBbIX 3a00JIeBaHUI /ISl HACEJIeHUSs, TTPOXKUBAIOIIETO BOJU3U JTUHUMN BJIEKTPO-
nepenay, v 1 pabouyux, 3aHSTHIX B 2JIEKTPOEMKUX MPOU3BOICTBaX. Bo Bcex ciy-
yasgx ypoBeHb MII nonanan B cpenHem B mHTepBan 0,1...10 MxT [Draper et al.,
2005].

®upMBl TI0 TOPTOBJIe HEABIIKMMOCTBIO HAUYMHAIOT YYUTBHIBaTh DM-dakrop
B OLIECHKE CBOUX 00BeKTOB. [IpOTHO3HI «3JIEKTPOMATrHUTHOM MOTOABI», NIECTBUE Ha
ouochepy co CTOPOHbBI KOCMUUYECKUX U Teo(U3UUECKUX 3JTEKTPOMATHUTHBIX (hak-
TopoB [Brnanumupckuii u ap., 2004], rakux kak marautHeie Oypu (0,1...1 MxT), gB-
JISIIOTCSL YK€ PETYJISIPHBIMU HE TOJIbKO B OMOMETEOPOJIOTUH, HO U B KOCMOHABTHUKE.

Bpennoe BosneiictBue DMII snekTpruyeckrux ObITOBBIX MPUOOPOB MOXET HO-
CUTh U KOCBEHHBIN Xapakrep. M3BecTHO, HAllpUMep, YTO B OOBIYHBIX YCIOBUSIX
B BO3MyXe XWIbIX MOMEIIEHWI HUMeeTCsl HEKOTopasi €CTECTBeHHasi KOHIEHTpa-
1IMsl a3pOMOHOB BCJIEACTBME MOHU3ALIMKM BO3Ayxa MPOAYKTAMM paclaia paauo-
aKTMBHOTIO Ta3a pagoHa. OHa COCTaBIISIET OKOJIO 10°...10% cm™. AdBPONOHHI, C Of-
HOW CTOpPOHbI, CMOCOOHBI KOHLEHTPUPOBATLCS BOJU3U BJEKTPOOOOPYAOBAHMS,
a ¢ JIpyroii — ajcopOUpoBaThCsl BPEAHBIMU a3po30JsiMU. BabpixaHue 3apsiKeHHbIX
adpO30JIbHBIX YaCTULL COMPSIXKEHO C TMOBBIIIEHHOW BEPOSITHOCTBIO UX OCaXIEHUSI
B JIETKUX. OCOOEHHO MHOI'O a3P0O30JIbHBIX YAaCTUL TPUOOPETAIOT 3apsi] BOJIU3U Bbl-
COKOBOJIbTHBIX JIMHUM 2JIeKTporiepeaay: BOJIM3U TPOBOAOB MTPOUCXOAUT KOPOHHbIMN
paspsili, FTeHePUPYIOLINA UOHBI B OOJBIIIOM KOJUYECTBe. 3apsiKeHHbIe adpOo30Ju
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3aTeM PacHpOCTPaHSIIOTCS HAMHOTIO Jajibliie, HA COTHU U ThicsiuM MeTpoB. OnHa U3
TUIIOTE3 CBA3BIBAET 3TO OOCTOSITELCTBO C MOBBIILIEHHON 3a00J16Ba€MOCTbIO0 HEKO-
TOpPBIMU (popMaMU paka y XKUBYIIMX BOJIU3U JIMHUI 3JIeKTporepenay.

3a pybexxoM Takue MccieloBaHUsl, 0COOEHHO 3MUAEMUOJIOTUUECKOro TiaHa,
o61mmpHbI. Co31aHbl HAYYHbIE O0LIECTBA, MOJyJaloliue MpaBUTEIbCTBEHHYIO MO/ -
nepxky. Kpome Toro, mposiBasitoT UHTEpeC U (PUHAHCUPYIOT UccienoBaHus B 001a-
CTU BJIEKTPOMArHUTOOMOJOTUM TTPOU3BOAUTENUN paaroTeIeOHOB, SHEPrOEMKOTO
000pyn0BaHNsI, KpYITHbIe HAallMOHAIbHbIE OOBEAUHEHUS, 3aHSTbIe B TPOU3BOICTBE
1 TOCTaBKE 2JIEKTPOIHEPTUMU.

WnTteHcuBHO uccnenyior cBsi3b OMII u ¢ pruckoM cepIedyHO-COCYIUCThIX 3a-
OosieBaHuii. B 3TOM oTHOIIEHUU cyliecTBeHHb DMII ecTecTBEHHOro MPOUCXOXK-
JIeHUsl, B YaCTHOCTH, FTeOMarHUTHOE MoJie.

HecmoTps Ha B 11e10M €II€ CKenTUYeCKoe OTHOIIeHUe (PM3UKOB K 00CyXKmae-
MbIM SIBJICHMSIM, (DU3UYeCcKasl SHIUKIIONEAUs MOCHeIHEr0 U3MaHus yKe COIEPXKUT
YTBEPXKIEHUE, YTO HEKOTOpble Baphalli F€OMarHUTHOTO MOJISI MOTYT OKa3bIBaThb
BJIMSIHUE Ha XKHUBbIE OPraHU3MbI. DTO YTBEPXKIEHUE HE COBCEM KOPPEKTHO: B OTCYT-
CTBUE OIBITOB, HAAEXKHO TMOATBEPXKIAIOIIMX OUOJOrMYecKoe AelicTBUe (hIyKTya-
LU TeMarHUTHOTO MOJIsl, CJEAYET TOBOPUTh HE O BIUSIHUU, a2 O KOPPEJSILIMUA Bapu-
alluii ¥ MmapamMeTpoB KU3HEIESITeIbHOCTH HEKOTOPhIX opraHu3mMoB. OIHAKO BaKeH
(hakT MpU3HAHUS BO3MOXHOCTU TAaKOTrO BJIUSIHUS. [leCTBUTENbHO, CETOIHS yXe
MMEETCS BHYLIMUTEIbHBI 00bEM MH(OPMALIMK, TTOATBEPXKIAIOIIUI 3TO.

B To ke BpeMsi MHEHHUSI O LIEHHOCTHU Pe3yJIbTaTOB MarHUTOOWOJOTUM MPOTU-
BopeunBbl. HarnoHnanbHast akagemusi Hayk CIIIA B momnbITKe BbhIpaboTaTh Kakoe-
HUOY/Ib OKOHYATEJIbHOE MHEHME TI0 JaHHOMY BOIPOCY co3jajia ClelUalbHYyI0 KO-
Muccuto. OTUET 3TOoil KOMUCCUU — (DAKTUIECKHU, 0030p OOJIBIIIMHCTBA JUTEPaTyp-
HbIX UICTOYHUKOB 10 MpobieMe — BbI3BaJl, HAOOOPOT, MHOTOUMCJIEHHBIE BOTIPOCHI.
Haxe 4jieHbl 3TON KOMUCCUM UMeEJU pa3Hylo TOUKY 3peHMs] Ha pe3yJbTaThl 0030-
pa. T'ogoMm mo3xe, Mo 3aBepllIeHWM MHOTOJIETHEN MCCIeloBaTeIbCKOM MporpaM-
Mmbl EMF Research u Public Information Dissemination Program, HanmoHnanbHbI
WHCTUTYT 310pOBbs U oKpyxawliei cpenbl CIIA ony6aukoBat OOLIMPHBINA OTYET
Konrpeccy CIIA. ITo MHeHHIO cOCTaBUTENICH 0TUéTa, HU3KO4YacToTHhie MIT MoryT
BbI3bIBaTh paKOBble 3a00JieBaHUs Yy Jtofeil. DTO MHEHUE, OYEBUIHO, MPOTUBOIIO-
JIOXXKHO aKkajgeMUuecKoi Touke 3peHusi. MHTepecHO, 4YTO aHaJIOTUYHOE HECXOJCTBO
TOYEK 3peHus Ha nmpobieMy umenoch u B CCCP Mexay oTpacieBbIMM UHCTUTYTA-
MM, YCTAHOBUBILIMMU XECTKUE CTaHAApThl DM-06e30MacHOCTU, U aKaaeMHYeCKOu
HayKOM, CKJIOHHOH CUMTATh HEBO3MOXHBIMU 3(h(EKThI, Ha KOTOPBIX ObLIU MOCTPO-
eHbl craHaapThl [bunru, 2011]. I[IpuunHa nmpoTuBOpeumnii 0OyCIOBIEHA HESICHO-
CThIO (PU3UUECKUX MEXAHN3MOB OMOJIOTMUECKOTro AeiCcTBUS ciabbix DMII.

OO61ee cocTosiHUE NieJl B 00J1aCTH 3JIEKTPOMAarHUTOOMOJIOTUM OTPaXKeHO B OT-
KPBITOM IUCbME TMpe3ueHTOB o01ecTBa «buoaeKTpoMarHeTuke», OOBbEAUHS -
IOIIIETO HECKOJIbKO cOoTeH wieHoB u3 6ojee yeM 30 crpaH. [Tucemo [Luben et al.,
1996] ob6pameHo K mpenactaButensMm ceHaTa CIIIA, BemaloImmM BOIIpOCaMU TOCY-
JapCTBEHHOTrO OIO/KeTa M HaydYHO-TEXHUYECKOW MOJUTUKMU. B yacTHOCTH, B HEM
ropoputcsl: «buosornueckue Tmpouecchl TpU 3a00JieBaHUSIX YesioBeKa CJIOX-
Hbl U MHOTOTpaHHbI. bosiee Toro, ajeKTpuuyeckKue U MarHUTHbIE TIOJIsI, B OTJIMUME
OT MHOTMX JIpYyrux (hakTOpPOB OKpYXKaIoIIei Cpellbl, XapaKTepU3YylOTCs He TOJbKO
KOJIUYECTBOM, HO U Pa3HBIMU JPYTUMU CBOCTBaMU. [J0JIKHbIE TOAXOABI K TAKUM
CJIOXKHBIM HAyYHBIM BOITPOCAM MOTYT OBITh JOCTUTHYTHI TOJBKO B MEKIVCIIATLIH-
HapHOM COTPYIHUYECTBE OMOJIOTOB, Bpaueil, MTHXXEeHEPOB U OMO(DU3UKOB.
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Puc. 5. Poct uwncma mnyonmkauuwii B TOX B Buuaru, 2002

x=]
1o OM-ouonorun. JlanHsle Scopus WISt Ie- = X ‘(/_D\ Xoaonos, 1970
CKpUIITOpa magnetotherapy 3 1077 Scopus, 2009 .
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U MArHUTHBIX TIOJIEA COIJIACOBAHHO 1920 1950 1980 2010
JIEeUCTBYeT Ha OWOJIOTMYECKUE CUCTe-
Mbl B €CTECTBEHHBIX YCJIOBUSIX, a TAKXKe
B J1a0OpaTOPUSIX».

Kak BuaHO, CylIECTBYIOT MHOXECTBEHHbIE TPUUYMHBI, 3aCTaBJSIOLIME OT-
HOCUTBCSI K 2JIEKTPO- U MarHUTOOMOJIOTMU CO BCeil cepbE3HOCThIO. Unciio 0630-
POB BKCNEPUMEHTAJbHBIX pabOT B 3TOH 00JIaCTH, Pa3IUYHBIX PYKOBOICTB, OT-
JETOB M KHHUT BEIMKO M TIpomoirkaeT pactu [[Ipecman, 1968; Xomomos, 1970].
TlosiBnsitoTcsi 0630pHBIE akaaemuuyeckue uznaHus. CyllecTBYIOT 3JIEKTPOHHbIE
0aHKM JAaHHBIX MO BCEM aclieKTaM 3JIEKTPOMarHUTOOMOJIOTUM — HayYHBIM, MEAu-
LIMHCKUM, COLIMaJIbHBIM — pPa3MepPOM B HECKOJIbKO NIECSITKOB ThICSIY OMOIMOrpa-
(pnueckux enunuil. B mociaenHee BpeMsi B MUpe MyOJUKyeTcsl oJiee ThICSIUM cTaTeit
1o OM-06uoJ0ruu exeroaHo (puc. 5).

Pacmupsitorcsi  mMccienoBaHusi CIOCOOOB CHUXKEHUSI PUCKOB, CBSI3aHHBIX
¢ JuuTeNbHOM 3Kcno3uiueit B OMII. B 3ToM oTHOlIEHUU TOpPOJACKOe HaceleHue
HaxXOAUTCS B HEOJArOMPUSITHBIX YCIOBUSX XPOHUUYECKOW SKCMO3ULIMU TEXHOTEH-
HeiMu DMII. MakcumasabHble MarHUTHbIE BapMallMU MCIIBITbIBAET BEpPTUKaATbHAS
koMnoHeHTa MII BHyTpu TpaMBaeB, MOE310B, PSAOM C IPYTUMU CUJIOBBIMU yCTa-
HoBKaMu. OTu Bapuauuu B mnosoce 0,05...0,2 'y Moryt mpeBbIlIaTh aMILTUTYILY
CUJIbHOM MarHUTHOW OYpH B ThICSIUY pa3s.

Haubonee nosiHasg 3amura OOCTUTaeTcss MpeOblBAHWUEM B €CTeCTBEHHBIX
MPUPOIHBIX YCJIOBUSIX, BAQJIM OT TOPOJOB, e YpoBeHb DM-cthoHa MpuOIMXKEH
K €CTECTBEHHOMY. 3aMeTHO€ CHMWXXEHUE, Ha JABa—TpU TMOpsAKa, MO CPaBHEHUIO
C TOPOJACKUMMU YCJIOBUSIMU, BO3MOXKXHO Ha PACCTOSIHUSIX B JECATKU KUJIOMETPOB.
TlonaBnenne DM-doHa siBasieTcs 00LIEN MEpPOil CHUXKEHUSI PUCKOB BCJIEICTBUE
obsryueHust DMII. B To ke Bpems nonasieHue ¢poHa — 3TO CI0XKHAasi U IOPOrOCTO-
s1asi TeXHuueckasi 3aja4ya, v He BCeTaa €0 Hy>KHO 3aHMMAaThbCS.

DBoolMs YeloBeKa Mpoucxoiauia Ha (oHe ectectBeHHoro OMIT 3emuum.
TToaromy DMII kak TakoBble He SIBJISIIOTCS BpedHbIM (DAKTOPOM ISl 4YesloBeKa.
OrnpenenéHHbIe MoJis1 TPUPOIHOTO YPOBHS U CIEKTpa MOJIE3HBI 1 Jaxe, Kak IoJja-
raloT, HEOOXOAMMbI IS HOPMAJIbHOU XXU3HU.

omg

SJIEKTPOMATHUTHARA TEPANKA

CymiecTByeT MHOXECTBO 3((EKTUBHBIX JIeUEOHBIX MPOLIEAYP C MCITOJIb30BaHU-
eM DM-nosneit u uznydyeHui. IlpakTmyecknuii 0CO3HaAHHBINM OIMBIT MCIOJb30BAHUS
BJIEKTPUYECTBA M MAarHeTU3Ma C O3J0POBUTEIbHBIMU LIEJISIMU MOXHO TPOCJICAUTD
JI0 HavaJjia Halllei Spbl U B 00Jice paHHUE BpeMEeHa.

CeronHsl CylIECTBEHHOE pa3BUTHE II0Jy4YaeT MarHuToTepamnus. VI3BecTHO,
YTO HM3KOYACTOTHbIe MMMNyJbchl MII, Hampumep, CIIOCOOCTBYIOT 3aXKHUBJICHUIO
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KOCTHBIX TiepesiomoB. [lpenBaputenbHasi 3KCIO3UIMS OpraHU3Ma B CJ1abOM HU3-
Ko4yacToTHOM MII MoXeT yBeJUYUTh €ro COMPOTUBISIEMOCTb HEOJAroNnpUsITHLIM
BHEIIHUM (bakTopaM. B skcrnepuMeHTalIbHbBIX YCJIOBUSIX SKCIO3UIMSI OMOoI0THYe-
ckux cucreM B HY-MarHuTHOM 1 MUKPOBOJIHOBOM I10Ji€ B psilie Cy4aeB MPUBOAM-
Jla K CHUKEHUIO TEMIIOB POCTa U JAaXe K YMEHbIIEHUIO pa3MepoB OTMyXOJIeH.

®dynmnamenTanbHbie paboTel H.Jl. HeBsaTKoBa B o6macth DM -U3mydeHUIA
MM-J1ana3oHa sIBUJIKCbh OCHOBOW MEIMIIMHCKOTO MPUMEHEHUSI 3TUX U3IydYeHUU
[deBsitkoB u ap., 1991]. Toabko B Poccum pazinvuHbie MOAU(MUKALIMU arlapaToB
KBY-Ttepanuu ucnonb3yloT 0ojiee YeM B ThiCSiu€ MEAULIMHCKUX yupexaeHuit. 3a
HECKOJIBKO JECSATUJICTU] JIeueHUe TPOLLIN COTHU ThICSY MAlMEHTOB C IeCATKAMU
pa3IMYHbIX 32a00JIeBaHUIA.

Bwmecre ¢ Tem, neuedHast apdpekruBHOCTE DMII yKa3pIBaeT M HA MX ITOTEHIIM-
aJIbHYIO OIMACHOCTb. 3[1eCh UMEETCSl aHAJIOTUsl C TIPUMEHEHUEM XUMUYECKMX TIpe-
napartoB. [loyieaHble B OnpeAe€éHHBIX 103aX JEeKapCTBEHHbIE CPENCTBA CTAHOBSIT-
Csl OTMAaCHBIMMU B YCJIOBUSIX UX OECKOHTPOJBHOIO U XPOHUUECKOTO TMPUMEHEHMUS.
[Toatomy ucnonbzoBanue DMII B MEAUIIMHCKUX LIEsIX, C OAHOW CTOPOHBI, U Me-
POIPUSITUS IO CHUXKEHUIO prcKa 3a00J1eBaH1i BCAEACTBUE XPOHUUECKOTO TTPedbl-
BaHUs B ¢poHOBOM DOMII, ¢ npyroii, sIBASIIOTCS AByMsI NMIPaKTUUECKUMU CTOPOHAMU
OHOI Hay4yHO# npobieMbl. EE€ pelieHue cB3aHo ¢ yriayojeHrueM MOHUMaHUs TeX
(bmzrueckunx MpoLeccoB, KOTOPbIe MPENIeCTBYIOT MAaTHUTOPELENIIUU U pa3BUBa-
I0TCSl Ha MOJIEKYJISIPHOM YPOBHE.

MEXAYHAPOLHbI XAPAKTEP MCCJTEQOBAHI

3a [ecATKU JIeT pa3BUTUSI MAarHUTOOMOJIOIMHU ITOTOK ITyOJMKallMii BO3pOC MHOIO-
KpaTHO, €XEroJHO IPOBOISATCS HECKOJBKO MEXIYHApOAHBIX HAyUYHBIX Che3IOB.
Taxk, Bo II BcemMupHOM KOHrpecce I0 3JeKTpUUECTBY MU MarHeTu3sMy B OMOJIOTUU
U MeauliMHe, coctosBiieMmcs: B Utanuu B 1997 1., IpUHSUIM ydacThe UcciieqoBare-
11 13 35 cTpaH, GBUTO TIpeacTaBiIeHo cBhiire 600 mokmanos, puc. 6. Konrpecc oxsa-
THJI BOIIPOCHI OMOJIOTUH, MEAULIMHBI, TEXHOJIOTUU U (PU3UKU, CBSI3aHHBIE C Pa3INd-
HBIMU MPOSIBIICHUSIMU Onoornuyeckux apdexros OMII.

Ha xoHdepeHuusix «buosnekrpomardetuke» 2002 (KBebek, Kanana)
u 2008 r. (Can-duero, CIIIA) 6bi10 mipesicTaBieHO 0KoJio 260 MOKITanoB Ha KaxX-
Joi. YyacTBOBaIM MNpeacTaBuTenu 28 u 34 cTpaH COOTBETCTBEHHO.

BeJbrusd = CILIA = ; '
CJloBeHHg = aJusg = 1
COaHug = OCCHS = 7
DMEHHS = ['epMaHus = 1
aHUA | TIOHHSA = | g
HOxnana Agpuka —)——— AHITUS = 7’
MTBa =) ] BEITUS = 1
HupmepggHObI = B.EpaTaHuS = 1
O e— Sirat = !
! .
3panJIb === EHCDHSA = =
YMBIHHAA BCTPHA = 1
0JIrapH4d YEpaHHa = -
BaKHI = el Imapus =
aTBHA rocJIaBHs =
Hopasg 3eylapgus flco.nbma' I
ApreHTHHA OUHIIAHOHA = I
1 10 1 10 100

Puc. 6. Yucyio nokyianoB pa3HbIX CTpaH, npeactaBieHHbIX Ha I1 BceMupHbIii KOHTpece
TT0 3JIEKTPUIECTBY M MaTHETU3MY B OMoJIorMuy 1 Meauiimte, bomonbs, 1997
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Poccusa x 2008 r. BeIObUIa M3 CIIMCKA ABAALIATH Hambojiee aKTUBHBIX B 3TOM
oTHoleHUM ctpaH. KOxHas Kopest, HanmpoTuB, yBeIMYMIa MHTEHCUBHOCTh paboT
o DM -6UOJI0TUH, JOCTUTHYB CPEIHErO YPOBHSI PA3BUTHIX €BPOITEICKUX CTPaH.

J1OBOJIBHO 3aMETHO yraj MHTePeC TaHHOUN KOH(MEPEHIUYU K HETETUIOBLIM G1O-
nornueckuM 3dppexkrtam DMII. B matepuanax koHpepeHunu 2002 r. OTHOIICHUE
JEeCKpUNTOpOB nonthermal n thermal pasHsttoch 0,36, a B 2008 r. — 0,16. B 10 Xe
BpeMsI clielyeT UMeThb B BUIY, YTO 3a 30 JIeT cBoell eATeTbHOCTH OTMH TOJTBKO XYpP-
Han Bioelectromagnetics omyommkoBan okono 1500 crareit, n3 koTopsix 20...25 %
MOCBSIIIEHBI HETETUIOBLIM 3(pdeKTaMm.

MATHUATOBUONOTNYECKM SODEKT

Maenumobuonoeuveckuii s3gpgpexm, nnmm cokpameHHo MBD, mmeer cienyrommii
cMbicsl. C OHOU CTOPOHbBI, TEPMUH O0O3HAYAET JII0OOEe M3MEHEHUE KaKuX-JI1ubo
CBOICTB OMOJIOTMYECKOI CUCTeMBI, BRI3BAHHOE M3MEHEHNEM MarHUTHBIX YCIIOBHI
€€ mpeObIBaHMsA. DTO MOTYT OBITh OMOJIOTMYECKNE CBOMCTBA OpraHMU3Ma in vivo WIn
OMOXMMMUYECKIE TTapaMeTPhI XKUBOI CUCTEMBI ix Vitro.

Bbroduszndeckne CTpyKTYphl Ha MHKPOYPOBHE SIBJISIOTCS IS OOJBITMHCTBA
JKMBBIX CUCTEM OOIIMMU — 3TO O€JIKU, MeMOpaHbl U T. 1. [TOHSTHO, YTO TEepBUY-
HBI MEeXaHWU3M MaTHMTOPEIEIIINU, Pealn30BaHHBIN Ha ypOBHE OMOGU3MIECKUX
CTPYKTYp, obJamaeT Takol e o0mHocThio. Ho omrH M TOT Xe MepBUYHBIN MeXa-
HHM3M B Pa3HOTO pojaa OMOJIOTMYECKUX CUCTeMaX MOXKET TPOSIBUTHL ce0sT B M3MEHe-
HUY CaMbIX pa3HbIX CBOMCTB.

C TOYKM 3peHUs N3yIeHUS TIEPBUYHOTO MEXaHM3Ma OMOJIOTMYECKNE CUCTEMBI
SIBJISTIOTCSI JINIITb OCOOCHHBIMM MHCTPYMEHTAMU €TO HcclienoBaHus. B 3ToM cMbIc-
Jie Bce OMOJIOTUYECKME CUCTEMbI, OOHAPYXMBAIOIIME MarHUTOUYBCTBUTEJIbHOCTD,
OMMHAKOBHEI. BaxkHO, 4TO XapakTep M3MEHEHHUs KaKOTO-TO CBOMCTBA B 3aBUCH-
MOCTH OT BapbHPyEeMBIX MarHUTHBIX YCJIOBHUI TTO3BOJIIET U3BJIeUYh WHMOPMAIIUIO
0 TIpHUpone TIePBUYHONM MarHutoperenunu. He mMeeT 3HaueHMs, KaKoe UMEHHO
CBOICTBO MeHsieTcs B cucteme. [1oaToMy ynoOHO rOBOPUTH O MarHUTOOMOJIOTHYE-
ckoM addekTe, uMes B BUAY JHUIIb 3aBUCUMOCTh OT mapameTpoB MII u abGcTparu-
PYACH OT KOHKPETHOTO GMOJIOTMYECKOTO BOTUIOIIEHMS 3TOM 3aBUCMOCTH.

C npyroii ctopoHsl, TepMuH MBD, B pamkax u3uKu, BbIAEISIET MAaTHUTHBIE
YCIIOBUS M3 OOl 2JIeKTPOMAarHUTHOM OOCTAaHOBKH. 31eCh HY>KHBI KOMMEHTAPHUU.
M3BecTHO, YTO 3JIEKTPOMATHUTHBIE TIOJS BBI3BIBAIOT OMojornmyeckue 3(PdeKTh
B LIIMPOKOM IMAaIla30He aMIUIUMTyd W 4YacTtoT. Hampumep, momnrasie DMII mopox-
JAIOT TOKW TTPOBOAMMOCTH, HAarpeB, BpallleHUsI MOJICKYJISIPHBIX quttoneii. OHU BbI-
3BIBAIOT CIBUTH CKOPOCTEM peaKIMit U BeoyT K IPKUM OMOJIOTHIeCKNM 3 deKrTaM.
TermoBble W 3JeKTpOXUMHUYECKE 3(DGMEKTH ITUPOKO HMCITONB3YIOT B MPAKTHKE,
B TOM 4ucie MenuimHcKoi: YBY-tepanusa, noHodopes u T.1. DTH SABICHUSA TIO-
HATHBI M OOBSICHUMEBI B TepMUHAX Gu3uku. HampoTus, mapamoKcaabHO OMOJIOTH-
YecKoe MeHCTBHE CIIA0bIX TTOCTOSTHHBIX M HU3KOYACTOTHBIX MII, caHTMMETpOBBIX
W MWIIMMETPOBBIX BOJH HETEIUIOBOM MHTEHCUBHOCTH. B TO ke Bpems Kak mepe-
MmeHHble HuU3KodacToTHble MII, Tak m CBY-BojgHbI MOryr o0JjiagaTh 3HAYMMOM
BJIEKTPUYECKON KOMITOHEHTOI. Bompoc o e€ pomm B Ouosormueckux 3¢ dexrax
DMII 3TuX TMana3oHOB HETIPOCT. B aKcrneprMeHTe 1 B TIOIBITKAX TEOPETHYECKOTO
aHanu3a 3¢ ¢eKToB c1adoro HU3ko4acToTHOro MII anekTprdyeckoil KOMITIOHEHTOM
OOBIYHO ITpeHeOpeTaroT.
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C pocTtoM yacTtoThl Hu3Ko4yactoTHoro MII paHo wim 1o3gHO HEoOXOAMMO
y4ecTb MHAYLIMPOBAHHYIO 3JEKTPUUECKYIO KOMIIOHEHTY, Bedb OHa IPOIOPILIMO-
HaJlbHa 4yacToTe Tosisi. Bo3aMOXHOCTh TpeHeOpeub 2J1eKTpUUECKO KOMMOHEHTOMN
3aBUCUT U OT KOHKPETHOTO 3KCIIEPUMEHTAILHOTO BOILIOLICHMST MCToYHMKa DMIT,
HaJIW4YMsl YCJIOBUM ONVDKHEW WM AajbHEW 30HBI MO OTHOIIEHUIO K MCTOYHHUKY.
C yMeHbIIeHIeM MHTEHCUBHOCTHU TOJISI WJIM C POCTOM YaCTOThI HACTYIIAET MOMEHT,
KOrIJa afekKBaTHBIM onucaHueM DMII ctaHOBUTCS KBaHTOBasl BJIEKTPOAMHAMUKA.
Aszbik DIIB cMmeHsieTcs sI3bIKOM KBaHTOB MoJjisd. PasneneHue DMII Ha MarHUTHYIO
U DJIEKTPUYECKYI0 KOMIIOHEHTHI CTAaHOBUTCSI HEBO3MOXHBIM. TakuMm o00pa3oM,
KPUTEPUM «MaTHUTHOCTH» DMII ompenensior rpaHMILIbI MATHUTOOMOJIOTUM «CHU-
3y» U TIOATOMY HYXJalOTCSI B YTOUHEHUU.

Tepmuua MB3 He npuMeHUM B cuTyaluu, korma DMII nmeeTr THTEHCUBHOCTD,
JIOCTaTOYHYIO /1J1s1 OMOJOTUUYECKM CYIIIeCTBEHHOTO HarpeBa TKaHel opraHu3Ma uiu
WHAYKIIUM OMOJIOTUYECKU 3HAYMMBIX TOKOB. TeIioBbie M WHAYKIIMOHHBIE 3(-
dexter ODMII He cocTaBisioT mMapamokca. OHM CIy:KaT OCHOBOI KaK CYIIECTBYIO-
IIMX CTaHAApTOB DM-0e30IacHOCTH, TaK U MEIMLIMHCKOro nmpuMmeHeHus DMII.
OnHako uMeeTcs orpoMHasi 6aza HaOJOAeHUI, TTOATBEPXKAAlO1Iasl CyIlleCTBOBaHUE
Hemena06bix 3¢hghekmos N, KaK MHOTIa TOBOPSIT, BOJHOBBIX 3(D(MEKTOB, HE CBOIU-
MBbIX K HarpeBY WJIM UHAYKIIUH.

CeorictBa MarHutobmonornyeckoro adpdekta

XoTs TiepBble JOKYMEHTUPOBAHHbIE HAOMIOACHUST OMOIOrnYecKuX 3(P(HEeKTOB HU3-
KoUHTeHCUBHBIX DMII mpoBeneHbl B Hauajle MPOLLIOro BeKa, oopMiIeHUE TEMBbI
HETEIJIOBbIX Ouosornyeckux adpekroB DMII kak dusnyeckoit mpoodaeMbl OTHO-
cutcs K 1960-M IT., Korma ObUIM BIIEpBbIE OOHAPYKEHBI PE30HAHCONOI00HbBIE O1O0-
JIOTMYECKUEe OTKIIMKU TTpY BapbuUpoBaHUU YacToThl DMII. Haunnas ¢ aToro Bpeme-
HU B UCCJIENOBAaHUU TTPOOJIeMbl TIPUHUMAIOT YYacTUE HE TOJbKO OMOJOTU U MeIu-
KU, HO ¥ (DUBUKU, XOTS U B MAJIOM YUCJIE.

Perynsipubie vcciienoBaHusi HeTeIIoBbIX 3ddekroB DMII B Poccuu B Teue-
HUE HECKOJbKUX HECATUICTUI MpoBOAST B MHCTUTyTax I[lylIMHCKOro HayyHO-
ro 1eHTpa, B MOckoBckuX MHcTutyTe 6modusnku, MHCTUTYTE OOIIel (hU3UKH,
HNHcTtutyTe OMoxumuueckoi ¢usuku, MHCTUTYTe MeAUKO-OMOJOTMYECKUX ITPO-
61eM, MHCTUTYTE KOCMUYECKUX UccaenoBaHuit, B MI'Y, B Ipyrmx akaaeMU4ecKux,
BEIOMCTBEHHBIX U 00pa30BaTEIbHbBIX YUPEXKACHUSIX.

Pa3paboTrka Gosiee COBEpHIEHHBIX CTaHIApTOB DM-0e3omacHOCTH TpedyeT
00BsICHEHUS (PU3NIECKOM TTPpUPOIBI HeTeTI0BBIX 3¢ dekToB DMII. Kak yxe sicHO,
HeTerioBbie addexTsl B HU-001actn — ato MBO. O61ienpu3HaHHOTO 00bsICHE-
Hust MbD Ha cerogHs HeT. bojiee Toro, yacth (PpM3MKOB T0JIaTAaET, YTO OOBICHEHME
BOOOIIIe HEBO3MOXHO BCJICACTBME TaK Ha3biBaeMoil mpobieMbl kT, a camo HabJI0-
JeHue MBD mpoTuBopeydT (U3MYECKUMM 3aKOHAM U, CJEIOBaTeNIbHO, SIBISETCS
apTedakToM.

B TO ke Bpems BOBJICUEHHBIE B TIPOOJIEMY CIIEIIMATUCTHI MpeIIaraloT BC€ HO-
Bble W HOBBIE TUIOTE3bl. DKCIEPUMEHTH JEMOHCTPUPYIOT OIpeAe€HHYI0 OOIIl-
HOCTb B TposBeHUSIX MB3D B pasHbIX 1a00paTopHrsiX, BO MHOXECTBE 9KCIIEpUMEH-
TaJIbHBIX KOH(UTYpaLUii U Ha pa3HbIX OMOJOTUUECKUX 00beKTaX. DTU O0IIMe 2J1e-
MEHTBI WIN (PaKTHI SIBJISIIOTCSI OCHOBOM TEOPETUYECKUX 0000IIEeHUIA.
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I'umote3sl 1 06001IeHNS He TTPOM3BOJIBHBI. KaXIbIii ONMBITHEBINA (DaKT, yKa3bI-
Bas Ha (pU3NYECKM HEAOITyCTUMEBIe MeXxaHu3Mbl MBD, cyxkaer 30Hy nmoucka mexa-
HU3MOB JOMYCTUMBIX.

XOpoII0 M3BECTHHIN (DaKT: MHOTHE OMOJIIOTMUYECKHE TPOIECCHI KOPPEIUpPY-
0T ¢ MeUICHHBIMHA BapHallMsIMA T€OMarHUTHOTO IT0oJIsl. Bapuanmmy reoMarHuTHO-
TO TOJIST ClieAyeT pacCMaTpMBaTh KaK KBa3UCTaTHMUECKUE, TTOCKOIBKY B OMOMU3N-
YECKUX CTPYKTypaxX HET OOBEKTOB CO CTOJb HU3KUMU COOCTBEHHBIMU 4aCTOTAMMU.
MMeroTcss ocHOBaHUS TT0JIaraTh, YTO BapHalliyi mocTossHHOro MIT ypoBHST reomar-
HuTHBIX Bapuamuii 10...1000 HT mMoryT okasbiBaTh npsamoe NEUCTBUE HA OpPraHU3M
yesIoBeKa, XOTs 3TO elll€ HE YCTAaHOBJIEHO C OIpeAeIEHHOCTDIO.

Apkuii MarHUTHBIN OMoOJIOrMYecKrii 3h(peKT — MarHuTHasl HaBUTralusl, OCy-
IIeCTBIsIeMass MHOTMMHW BUAAMU MUTPHUPYIOIIMX OPTaHU3MOB, OT HACEKOMBIX
10 KuToB. Han€xXHo ycTaHOBJIEHO, UTO JoKajbHble ocobeHHocTu MIT 3emiu uc-
MOJIB3YIOTCSI TAKUMU OpPTaHU3MaMMU ISl «IIPUBSI3KU» K reorpapuuecKuM KOOpPIU-
HaTaM W OIpedesieHUsT CBOero MecTomnmoyioxXeHUs. HeobxoauMasi It 3TOTO UyB-
CTBUTEJIbHOCTb NIEPBUYHOTO pelienTopa cocTapisier rnopsaka 10...100 HT.

JlaGopaTopHBIe HCCeIOBaHUS, KOTOPBIX OYeHbh MHOTO, TaKKe IOKa3bIBa-
[OT YyBCTBUTEIBHOCTh OPTaHU3MOB, OT KJICTOK IO TOITYJISIINNA MJICKOITUTAIOIINX,
K u3MeHeHUsiM MII, Ha TTOPSIIKM MEHBIITUM T€OMarHUTHOTO TIOJIST, — U3MEHEHM-
saM ypoBHs 100...1000 5T, Kak KBa3UCTaTUYECKUM, TaK M PETYISIPHBIM B IHAIIa30-
He HY.

Taxkum o6pa3zom maciutadbl sHepruu MIT Kak TpUUYUHBI ¥ 9HEPTUN OUOXUMMU -
YECKOM peaKMM KaK CJIEICTBHUS HeCOMOCTaBUMBI. OOBIYHO 5TO OOGCTOSITEIBCTBO
(opmynupyloT B Buae npobaemst KT: KBAaHT 3HEPruM CIabOTO HU3KOUYACTOTHOTO
MII Ha MHOTO TIOPSITKOB MEHBIIIE XapaKTepHOU SHEPTHH eAMHUYHOTO aKTa XMMU-
YeCKUX MpeBpalleHnit mopsiaKa k7, Kak Toraa BO3MOXKHA peaKIus?

Hamo otMeTuTh HEKOPpPEKTHOCTh JAaHHOM (OPMYIMPOBKH, BeOb B HU3KOYa-
CTOTHOI 006JjlacTU Aaxe ouyeHb cyiaboe MII ¢ GoblIMM 3armacom siBAsieTCsT KJlacCu-
YECKUM TIOJIEM M MIPUMEHUMOCTD TTOHATHS KBaHTa TaKOTO ITOJIsT orpaHnYeHHa. Ho
naxe paccmorpeHre OMIIT Kak Kiaaccuueckoro MoJjisi He CHUMaeT nmapajaokca. 31ech
OH CBSI3aH C TeM, YTO 3apsiI WM MOH, BCTYNAIOIINWI B XUMHYECKYIO peaKIINIo, IO~
XeH WMETh JOCTATOYHYIO SHEPIHIO, YTOOBI MPEOm0eTh SHEPTeTHUSCKU Gaphbep
peakiimi. OOBIKHOBEHHO 3Ta SHEPTUsl COODIAETCSl eMy OKPYKaloIIMMU YacTulia-
MM, yYacTBYIOLLIMMU B TETUIOBOM IBMKEHUU, U BKJaz ciiadboro MII 3aech ncuesato-
11e MaJ.

MOXHO OIICHUTHh BpeMsl, HEOOXOMWMOE IS TOTO, YTOOBI HHM3KOYACTOTHOE
MII coo6IMI0 NOHY SHEPTHUIO, HEOOXOAUMYIO TSI MHUIIMUPOBAHUS XUMUYECKO-
ro TIporiecca. B MIecalbHBIX YCIOBUAX, KOTIA WOH SIBISIETCS 9aCThIO OCIMJIISATO-
pa, — a TOJIbKO TaK M MOXHO HAaKOITUTh 3HEPTUIO, — U TIOJTHOCTBIO OTCYTCTBYET 3a-
TyxaHUe WIU TpeHue, OTpedyeTcsl OKOJIO Toja 1ake B YCJIOBUSIX pe30HaHca, Mpu
PE3KOM YBEJIMYEHUHM CKOPOCTH oOMeHa sHeprueil mexay MII m ocUmIIsTopoM.
CrremoBateIbHO, TICPBUYHBIN (GU3NYECKUN MEeXaHW3M, OTBEYAIONINi 3a MarHUTO-
peLeTINIo, He MOXET OBITh CBSI3aH ¢ pe30HAHCHBIM HAKOIJICHMEM SHEPTHH KO-
JiebaHuil.

B psiie ciayvyaeB HaOmtomanu 4acTOTHBIN criekTp AeiicTBus MIT Ha Guosnoru-
YeCKMe CUCTeMBI, Korma 3G @GeKTUBHBIE YaCTOThI COBMANAIOT C LIUKIOTPOHHBIMU
yacToTaMM OMOJIOTMYECKU BaXXHbIX MOHOB Ca, Mg u Apyrux, — yactoramu, mpo-
MMOPUMOHANTBHBEIMU ypoBHIO MII. HemsBecTHBI MaKpOCKOIMUYECKUE 3apsiKeHHbBIC
O0OBEKTHI C OTHOIIEHHUEM 3apsii/Macca KaK y MOHOB KaJIbIINsI, MarHus 1 1p. OTciona
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ClIeoyeT, YTO B 4aCTOTHO-cesleKTUBHBIX MBD ciaboe HY MII neiictByer B 61oiio-
TMYECKUX TKAHSIX HAa MUILIEHU aTOMHO-MOJIEKYJIIpHOTO MaciiuTaba. B To ke Bpemst
HeJIb3sl 3aKJIIOUYUTh, UYTO LIMKJIOTPOHHBIA PE30HAHC SIBJSIETCSI TIEPBUYHBIM MeXa-
HuzmMoM MBD. JIob6oii MexaHu3M ¢ ydyacTheM MOHOB, IBMXyiuuxcs B MII, Oynet
orepUpoBaTh YaCTOTaMU LMKIOTPOHHOTO psijia, TaK KakK APYrMX KOMOMHAILMA 13
napameTpoB noHa U MII He cymiectByer. Kpome Toro, opraHusmbl 06J1a1aoT coo-
CTBEHHBIMU TIEPUOANYECKUMU TTpoLieccaMy MeTaboIM3Ma, KOTOPble MOTYT UHTEpP-
(bepupoBaTh ¢ BHEIITHUM BO3JIEHCTBUEM.

CTOUT OTMETUTb, UTO TMOCJeAHEee NeCATUIeTUe MpakKTUUYeCcKu He M00aBUIIO
HOBBIX JIaOOPATOPHBIX JAHHBIX O BO3MOXHOCTU PE30HAHCOMOIOOHOr0 OUOJIOTH-
yeckoro aeiictBuss HY MII. He comHeBasich B KauecTBe paHee MPOBEAEHHBIX HC-
cJIeloOBaHUI, clieayeT MpU3HaTh, B TO Xe BpeMsl, YTO CTaTMCTUYecKas yCTONYu-
BOCTb «pE€30HAHCHbBIX» 3aKOHOMEPHOCTEN MEePBUYHON MarHUTOpELIENUN BCE ellé
He yCTaHOBJIEHA. DTO OOCTOSITESIbCTBO 3aTPYAHSIET pPa3pabOTKy TEOPETUUECKUX Me-
XaHU3MOB 3TOTO THUIIA, WIM, 110 KpailHell Mepe, TUKTYeT HEOOXOAUMOCTb KOMMEH-
TapueB, MOYEMY PEe30HAHCOIMOJOOHBIN OTKJIMK B HETETJIOBBIX OMOJIOTMYECKUX pe-
akusax Ha MIT cTonb peako Bo3HUKAeT?

Ha6monator HenuHeliHocTh MBD. C poctoM aMmiuTyasl most 3¢hdekT cHa-
yaja pacT€T, a 3aTeM MajaaeT; HabOaodaIu U 0ojiee CIOXHbIE aMIUTUTYAHbIE CIeK-
Tpbl. HenuHeiiHblil xapakTep MBD nposiBisieTcst TakKe B TOM, UTO OMoJoruuecKast
peakiius Ha cyMMy DM-CTUMYJIOB He paBHa CyMMe peaklMii Ha KaXIblid U3 CTU-
MYJIOB 110 OTAebHOCTU. B yactHOCcTH, MBD MOXeT OBITh pa3pyllieH 100aBIeHUEM
MAarHUTHOTO 1lIyMa B T0Jie 9KCNOo3ulluu. Takue sSIBJIeHWs HEBO3MOXHBI J1JIsl TUHEH -
HbIX CUCTEM.

Kazanocek 0b1, Hanuuue 3¢hGEKTUBHBIX YaCTOT WJIM YACTOTHOTO CHEKTpa ro-
BOPUT O pe3oHaHCHOM JneicTBuu MII Ha nepBuuHyto MuilieHb. OnHaKoO (hakT He-
JuHeitHocth MBD onpoBepraer Takoil BeiBoa. Pe3oHaHC, T.€. poCT CKOpOCTH 00-
MeHa HEePruy B CUCTEME TIPY COBITaJeHUU YaCTOThl BO30YKAEHUSI U COOCTBEHHOM
4acTOThl OCUMJIISATOpA, MPU CJ1aboM ypOBHE BO30YXIEHUS SIBISIETCS JTMHEWHBIM
a¢hdexkToM. EnvHCTBEHHas1 BO3MOXHAasi HEJMHEWHOCTb 3lIeCh CBsI3aHAa C HaChI-
IIEHWEM pe30HaHCa B OTHOCUTEJIbHO CUJIbHBIX MOJISIX, HO HE C ero pa3pylleHu-
eM. M3BecTHOE ke sIBJieHUuEe HEeJMHEeMHOro pe3oHaHca Jajieko He COOTBETCTBYET
TE€M YCJIOBUSIM BO30YXXAECHMSI, KOTOpble UMEIOTCSI B 3KCIIEpUMEHTaX Io HabJoae-
Huo MBD.

Wnorpa Hadmopatotr omonorndeckue apdekrer IMII, nmeroimre npoTUBOIIO-
JIOXKHOE HarlpaBJieHHe 10 CpaBHEHMIO ¢ 3(hdeKTaMu, BbI3bIBAEMbIMU HATPEBOM OUO-
JIOTMYECKON CUCTEeMbl. DTO TaKXKe yKa3blBaeT Ha HETEIJIOBYIO MpUpory 3¢h¢heKTOB.

MNMonemrika B OTHOLIEHUM BOCMPOV3BOAUMOCTU
MarHuTobuonornyeckoro s¢pdekrta

CoxeH 1151 KOMMeHTapusl ¢ (GDU3UYECKOI TOUKHY 3peHUST BOIPOC 00 OCOOEHHOCTSIX
BOCITPOM3BOAMMOCTU HETEIIOBbIX 3¢dekToB DMII. OcraHoBUMCS Ha HEM TOA-
pobHee.

Haneko He Bce pas3iessiioT TY TOUKY 3peHMSI, YTO HETEIIOBble OMOJIOTUYECKIE
3¢ GEKTHI CYIIECTBYIOT. DTO MOIJIO Obl TTOKA3aThCsl CTPAHHBIM BBUAY OOUJIUSI KC-
MepPUMEHTATbHBIX CBUAETENbCTB. OCHOBAaHMEM CKENTULIM3MA OOBIYHO CIYXKUT HU3-
Kasi BOCIIPOM3BOAUMOCTb pe3yJbTaTOB 3KCIIEPUMEHTOB, MOBTOPEHHBIX B Pa3HbIX
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nabdoparopusax. OMHAKO MPaBOMEPHOCTh MPUMEHEHUS MIPOCTEUIIINX METOJI0B CTa-
TUCTUKU B JAHHOM CUTyallMM criopHa. Huskas BOCIIpOM3BOAMMOCTE Pe3yIbTaTOB
B pa3HbIX IPYyINax IIpU BLICOKOM, 4YacTo 0oJjiee YeM ACCITUIICTHEM, BOCIIPOM3BOIM -
MOCTU B KaXJ0# U3 IpyIIl, TOBOPUT O HU3KOW BOCHPOUZBOIMMOCTHU YCA08ULl TIPO-
BeaeHus onbiToB [ Henshaw, Reiter, 2005].

B onHoli u Toi1 Xe labopaTopuu KOHKpeTHbIT MBD, kak rnpaBujio, Bocnpo-
n3BoauM. OgHako MmHorne MBD moka He TmoAaTBepKIeHBI MCCIeIOBaHUSIMMI He3a-
BUCHUMBIX J1aboparopuii. [IpyunHa 3aTpyIHEHUIA C MTOBTOPEHUEM 3KCIEPUMEHTOB
CBSI3aHA C Pa3HBIMU 3JIEKTPOMATHUTHBIMM YCJIOBUSIMU MPOBEIEHUS SKCIEPUMEH -
TOB: B YHCJIO CYIIECTBEHHBIX ITapaMeTPOB BXOASIT HE TOJIBKO YacTOTa W aMIUIMTYIA
OMII, HO ¥ TOCTOSIHHbIE MATHUTHOE W 3JEKTPUYECKOE TOJIT U UX OPUEHTALS.
He6onpime Bapuanum (pu3NoI0TMYECKOr0 COCTOSIHUSI OpTaHU3Ma U IIpUHAIJIeK -
HOCTB €r0 K TOM MM MHOWM Te€HETUYECKOM Pa3HOBUIHOCTH TAKXKE€ MOTYT OIIpee-
na1h Beamanay MB3 [Juutilainen et al., 2006].

[IprumHBl HemOCTaTOYHOI BOCIHpOU3BOAUMOCTM MBD 10 KOHILIA HE SICHHI.
Berpeuarorest nmapagokcaiabHble HaOmoaeHUs. B 1ieJloM, aKkcnepuMeHTalbHOe Ha-
omoneHue MBD 10 cux mop HOCUT B OMNpeAeJEéHHOM CMbIC/IE BEpOSTHOCTHbIMN
XapakrTep.

Hetennosbie 3¢pdexkTsl MUKpOBOJIHOBBIX DMIIT Xopolllo TOKyMEHTUPOBAHbI
¥ 00J1aJat0T JIy4Ilieid BOCIIPOU3BOAMMOCTEIO, yeM MB3.

Bcerpeuaercs MHeHMe: eclid pe3yJibTaThl JJaOOPATOPHBIX MCCIIEI0BaHUM TPYI-
HO BOCIIPOM3BOAMMBI, 3HAYMT OHM HEKAuyeCTBEHHBI. 316Ch MMEEeT MECTO IOAMEHa
Te3Kca: apryMeHTals ITOCTPOSeHA Ha MOJMEHE MOHSATUS BOCIIPOU3BOAMMOCTH I10-
HATUEM KadecTBa 3kcnepuMeHTa. Ho 3To pasHbie moHsTUs. MHOIME COTHU, €CIu
HE TBHICSYM, DKCIIEPUMEHTOB B MAarHUTOOMOJIOTMM MPOBEAEHBI HAa COBPEMEHHOM
METOAMYECKOM U IIpUOOPHOM YPOBHE M3BECTHBIMU MPOdecCuoHaTIaMMU.

IToHsITHE BOCTIPOM3BOAMMOCTU He aOCOJIIOTHO, B KaXKIOM KOHKPETHOM Cllydyae
Ha/o OMNpeaesiTh, O KAKOW BOCITPOM3BOAUMOCTU UAET pedb. DTO UMEET MECTO BO
BCEX HayKaX, He TOJIbKO B MarHUTOOMOJOTMU. B du3nke, HampuMmep, pe3ysibTaThl
KBAHTOBBIX M3MEpPEeHU WIn GoTorpaduu TPEKOB BJIEMEHTAPHBIX YAaCTHUI[ HE IO-
BTOpsitoTcs. Bocnmpon3BoauMOCTb 3/1eCh O3HAYaeT BOCITPOM3BOAMMOCTh B CPEIHEM,
a TpoleAypa ycpeIHeHUs BCSIKMI pa3 oroBapuBaercs. pyroii mpumep, OMOJIOTH-
yeckuii. [TosiBieHre ocobeit O HOro WM IPYroro moJa B pe3yjiabTaTe OILIoA0TBOpe-
HUS SIBJISIETCS CITyYaiiHBIM COOBITUEM, M CIIYYailHOCTh 3Ta BOZHUKACT YK€ Ha MOJIE-
KyJIIpHOM YpOBHE. 3/1eCh BOCITPOM3BOAMMOCTb CYIIECTBYET TaKXe JIUIIIb B CPETHEM
M0 AOCTAaTOYHO OOJIbILIOMY aHCaMOJTIO.

MaruuTo6mosorus xapakrepHa TeM, 4TO YCJIOBHSI IIPOBENCHMST SKCIIEPUMEH -
TOB, BCE CYIISCTBEHHBIC JISI pe3yibTaTa (PaKTOpHI MOKa HEe MOTYT OBITh BOCIIPO-
M3BeJCHBI B pa3HBIX Ja0opaTOpHUsX, IIIaBHBIM O00pa3oM M3-3a HEM3BECTHOI IpU-
pOIbI HETEIJIOBBIX MarHutoouoyiorndeckux aggexron. [loatomy mpoueaypa yc-
peaHeHUs] B MarHUTOOMOJIOTMU elll€ He orpesesieHa MojHocThlo. HesacHo maxe,
Ha KakKOM MHOXeCTBe HaOJIoJeHUI cjeayeT TMpOBOAWTb ycpeaHeHue. OmHako
MIPEANIPUHSTEL CEPhE3HBIE M HOPOTOCTOSINME YCWIMS K BOCIHPOM3BEICHMUIO HE-
TETUIOBBIX 3(PEeKTOB B pa3HbIX Jlaboparopusx. Tak, aeiictBue DMII Ha akTuB-
HOCTh MeJIaTOHMHA — TOPMOHA, YYaCTBYIOIIETO B PeTyJISILIMY UMMYHUTETA U CIIO-
COOHOCTM OpraHu3Ma 4YejgoBeKa MPOTUBOCTOSATH PA3BUTHUIO OHKOJIOTMYECKUX 3a-
ooneBanmii [AHucumosB, 2007], uccienoBaau 0ojiee YeM B JECATU JIaDOPATOPUSIX.
[MpuGIU3NTENLHO B TOJOBMHE W3 HUX HAOMIOJAIM CTATUCTUYECKU 3HAUYMMBINA

3P PexT.
499



Tom 2. Yactb 4. KOCMUYECKAA MOTOMA U 300POBbE

MoxxHO OBUIO OBI 3aKJTIOYUTh, YTO CHYXKEHHASI BOCIIPOU3BOIUMOCTDL 00YCIOB-
JIeHa TakK Ha3blBaeMbIM 3(¢ekToM BbIOOpKU. Torma, eciu MCIoab30BaTh ISl yC-
peaHEeHUs JOCTaTOUYHO OOJIbIIIME MHOXECTBAa HAOMIOeHU, TaK1e, HalpuMep, Kak
B BMNUAEMUOJOTMYECKUX HCCIEI0BaHUSIX, TO 3((HEKThl, €C OHM CYIIECTBYIOT,
00513aTeTLHO MPOSIBSTCSI.

Mexnay TeM naHHbIE SMUAEMUOJOTMUYECKUX UCCIeNOBaHUN TOXe HEOJHO3HAY-
Hbl. K pesynbTaTam 3MuaeMuoJoTMUYecKUX UCCAeA0oBaHUl anesIupyloT Kak CTO-
POHHUKU, TaK M MPOTUBHUKU HeTerioBbIX 3hdekroB DMII. TToseMuky B 3TOM
00J1acTu y1oOHO MPOKOMMEHTUPOBATh HA MMPUMepe KHUTY aMepUKaHCKOIo uccie-
nmoBatess u myonuuucra P. ITapka [Park, 2000]. B Heit oH paccka3bsIBaeT, B YaCTHO-
CTH, O OECIIOKOICTBEe HaceJIeHUsI, BhI3BAHHOM JpaMaTU3MPOBAaHHBIMU T'a3eTHBIMU
MyoJUKalMSIMU O Pe3ysbTaTax 3MUAEMUOJOrMYecKux uccienoBanuit. Ilapk 3aHu-
MaeT KpailHIO0 MO3UIIMIO, CChIIAsICh JIUILb HA T€ UCCIeN0BaHUs, KOTOpbIe HE MO/ -
TBEPXAAI0T KOPPEISILIMUA MeXay YpoBHEM (DOHOBOrOo DM -usjiyueHusl U OHKOJIOTH-
yeCcKUMU 3a00JIeBaHUSIMU U COTJIACYIOTCS C ero nosuiuei. Kputukyrorcs xe xpo-
HOJIOTUYECKU TIepBbIe U, OYEBUIHO, Clabble SMUAEMUOJOTUYECKUE UCCIIeTOBaHMS
B 9TOI 00OJIaCTH.

711 Toro 4ToOHl YOenuTh YnTaTelis B cBoeil mpaBoTe, [lapk mpuBiekaeT MHe-
HYE aBTOPOB OPUTMHAJIBHBIX SITMAEMUOJIOTUYECKIX UCCIIEIOBAaHMM 1 UX pelieH3eH-
TOB — pa3yMeeTcs, TeX, KTO HUKaKOW Koppessuuu He ooHapyxui1. Kakumu kpu-
TEpUSIMU JTOJDKEH TOJIb30BaThCSI UMTATEIb, YTOOBI OTIATh MPEAIIOUTCHUE TOM WU
nHoi Touke 3peHMs? [lapk mpemiaraeT ABa KpUTepUsi — BO3MOXKHOE Mpenyoex-
JIeHUe UCIIOJIHUTENel paboT, rie Koppessiys oOHapyXeHa, U pecrieKTadeIbHOCTh
UMEH TeX opraHu3anuii, B yactHoct HaumonansHo# akagemun Hayk CIIA, mon
STUIION KOTOPBIX BBIMYIIEHA Ta WX MHAs paboTa, TIe KOppesus OTBepracTcs.
He comHeBasich B TOCTOMHCTBAX 3TUX OpTaHM3allMii, HAIO BCE XE& OTMETUTh, YTO
U3y4eHUE CIIUCKA WMCIOJHUTENCH, MPUBICUEHHBIX [JI BBIIMOIHEHMUS 3THX padoT
U1 0030pOB, U MECT UX PabOTHI WM CIy>XObI MO3BOJISIET, MO KpaliHell Mepe, cTa-
BUTBH BOIIPOC YK€ 00 X BO3MOXKHOM IIpeayOeXIeHNN B OTHOIIEHUM ITPOBEAEHHBIX
HccieaoBaHuil. 3To, BOOOIIe TOBOPsI, YpaBHUBAET 1IAHChl 00eUX CTOPOH Ha J0Be-
pue CO CTOPOHBI UMTaTeNsl. A BOT MHEHUE APYroil KPYrnHO opraHu3aluu, 3aciy-
JKUMBalolIell He MeHblIero goBepusi, yeM HamumonanpHoii akamemuu Hayk CIIIA.
CdopmynupoBaHo OHO paboueii rpymnmnoil MexayHapoaHOro areHTCTBa Io ucche-
JIOBaHUIO paka, B KOTOPYIO BOLLIM McciaenoBareau u3 10 crpaH, Bcero 21 skcnepr:
«O0BeIMHEHHBIN aHAIN3 JAHHBIX HECKOJIBKIX XOPOIIIO BHIITOJHEHHBIX UCCICA0Ba~
HUIi TTOKa3bIBAET TOBOJIbHO TECHYIO CTATUCTUYECKYIO CBSI3b MEXIY JIEMKO30M Y Jie-
T€il 1 MAaTHUTHBIMM TOJISIMUA ITPOMBIIJICHHOM 4aCTOTHI B MECTaxX IPOXUBAHUS —
noyiiMu BenmmunHou Oojiee 0,4 MKT — TpuOIM3UTENHHO C ABYKPAaTHBIM PUCKOM
3a0oJieBaHUsI. MajloBEpOsITHO, YTO 3Ta CBSI3b HOCUT CIIyYaliHbIi XapakTep, HO Ha
HeE MOXET BIUSITh d¢ghghekm vibopku. I1oaTOMY 3Ta CBA3b MEXIY JIEMKO30M Y IeTeit
M MarHUTHBIMU TOJISIMU TTOBBIIIEHHOTIO YPOBHSI B MECTaXx IIPOXMBaHMs Obljla pac-
LIeHEHa KaK OrpaHUYEHHOE CBUIETENbCTBO MOTMOJHUTEILHOIO PUCKA paKa y UCIIbI-
TaBIIMX BO3IAEUCTBUE.»

Wrak, nMmeroTcst pa3Hble MHEHUS T10 ITOBOAY OITACHOCTH IJISI 30POBBsI (DOHO-
BeIX DMII HeTen10BOI1 MHTEHCUBHOCTA. MHEHUS pa3HbIe, IIOCKOJILKY OHU OITMpa-
IOTCSI Ha TIPOTUBOPEUYUBBIC pe3yJIbTaThl SMUAEMUOJOTMYeCcKUX nuccienoBanuii. Ho
MOTJIU JIM pe3yJbTaThl TAKUX MCCIEAOBaHMUI ObITh OMHO3HA4YHBI? Benb mpoBepsie-
Masl CTaTUCTUYECKasl TMIIoTe3a COCTOsIIa B BO3MOXKHOM CBSI3M YPOBHSI 3a00J1€BaHU I
TOJIBKO JIUIIb CO CpeIHE MHTEHCUBHOCTEI0 DMII, B HEKOTOPHIX CIIydasix C Y4ETOM
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JUCTIEPCUU MHTEHCUBHOCTH. JIpyruMu clioBaMu, UCCeA0BaTeIM 3aBEA0OMO UCKaIU
CBS13b 3200J1€BaeMOCTU C TeruloBbIMU 3ddekTaMu. Ho ux u He NOKHO ObITh MpU
MaJlbIX YpOBHSIX ¢hoHOBOTrO OMIT!

Ha pa3Butue 3abosieBaHuit B c1adbix DMIT MOryT BAUSTH JUILIb HETETIJIOBBIE
a¢dexkTl. Ho OHM 3aBUCAT HE TOJIBKO, TOYHEE HE CTOJIbKO, OT MHTEHCHBHOCTH,
CKOJIBKO OT OIpPEAEJIEHHBIX €€ COYETaHWl C IPYTMMU HE MEHEE BaXKHBIMU Tapa-
meTpamu OMIIT — ypoBHEM MOCTOSIHHOTO MarHUTHOTO M 3JIEKTPUUYECKOTO TMOJIeH,
CIIEKTPOM 4YacToOT, ToJjsipu3aiveil noseii. Becbma TpymaHO ObUIO ObI MOCTAaBUTh
HaAEXHBINA SMUAEMUOJOTMUYECKUI SKCIIEPMMEHT IIJIsS BBISIBJICHUS] POJIM HETerUio-
BbIX 2 eKToB. JIJIs1 3TOro HYy>XXHbl KAK MMHUMYM Ye€ThIpe TPYIIbl CIIeUATUCTOB.
IlepBasi cobvpaeT MeIMLUMHCKHUE CBEIeHNs, BTOpasi MPOBOAUT MOHUTOPUHT DM-
YCJIOBUIA ¢ U3MEpeHueM BceX (haKTOPOB, KOTOPbIE BaXHbI C TOUKM 3PEHUST TEOPUU
HETEIJIOBbIX MEXaHU3MOB, a HE TOJIbKO MHTEHCUBHOCTU DM-coHa, TpeThs TpyIi-
Ma BBIUMCISIET BEPOSITHOCTU OMoJiornyeckux 3¢hGheKTOB I U3MEPEHHbBIX pacipe-
nenaeHuit. I, KoHEYHO, HYXXHbI CieIMaIbHbIE METObl CTaTUCTUYECKOIO aHaju3a,
KOTOpbIe HCIOJb3YyeT YETBEPTasl IpyIla, COMOCTaBJsisl pacyETHblE BEPOSITHOCTHU
C MEIMUMHCKUMU HabMoAeHUsIMU. Bee aTh TpeboBaHMSI TPYIHO BBITTOJIHUMBI, YTO
3aMETHO O0ECLIEHMBAET yXX€ MPOBEAEHHbIE SMUAEMUOJOTMYECKHUE HMCCIIeI0BaHNSI.
OOHapyxXeHNe B HUX CBSI3M MexXy 3a0ojieBaeMocThio 1 DMII MoxXeT HOCUTh JIUIIIb
CJIydyalHbIN XapaKTep, NP CYLIECTBOBAHUU, OJJTHAKO, CAMOM TaKOM CBSI3U.

CNNOXHOCTb CTAHOAPTOB NIEKTPOMATHUTHOW BE3OMACHOCTH

BBumy BepossITHOCTHOTO xapakTepa OMOJIOTUYEeCKOro aeicTBus ciadbix DMII B op-
raHU3Me MOTYT MEHSITBLCSI XOI M HaIpaBJIEHHOCTh TeX WM MHBIX IPOIIECCOB MeTa-
0oJin3Ma B T€X UM UHBIX DM-yClioBUAX. DTU U3MEHEHUS MOTJIU Obl ObITH HECITy-
JaiHBIMM JUTSI JaAaHHOTO KOHKpEeTHOTo opraHn3Ma. Ho 3To He o3HavaeT HU TOTO, YTO
Takue 3(pdeKThl 00513aTETbHO JOJKHBI ObITh 0OHAPYKEHBI B AMUAEMUOIOTUYECKUX
WCCIIEIOBAHUSIX, HU TOTO, TeM 00Jiee, 9TO 00s13aTeIbHO CYIIECTBYET CBSI3b CpeaHei
3a00J1eBaeMOCTH 4elioBeKa ¢ ypoBHeM DOM-cdona [bunru, 2012], ecau atot ypo-
BEeHb, pa3yMeeTcsI, He TPEBHIIAeT YCTAHOBJIEHHOTO TIpeIea.

IMoMUMO 3TTMIEMHMOIOTUYECKUX UCCIIEIOBAHN BBITIOJTHEHO MHOXECTBO J1a00-
pPaTOPHBIX, TMMOATBEPKAAIOIINX, YTO HETETUIOBBIE 3(P(MEKTHI CYIIEeCTBYIOT KaK sIBJIe-
Hue. TonpKo B [TyIIIMHCKOM HayYHOM IIEHTPE BBITTOJTHEHBI COTHU TaKUX MCCIIEI0-
BaHMI, HaripuMep B LuKiax pa6botT E. E. @ecenko, A. b. I'arteeBa u B. B. HoBukosga.

OTMETUM, YTO OTeYECTBEHHBIC OTpacieBasi M MeOWIIMHCKAsT HayKu, Tpodec-
CHOHAJIBHO CBSI3aHHBIE C OXPaHOM 3M0pOBbsl HACEIEHUS, TAKXKE IPOBOMIIIN COOT-
BETCTBYIOIINE MCCIenoBaHMs. B HUX Habmomamu pasHOOOpa3HbIE OMOJIOTHYECKIE
3P EKTHI TIPY XPOHUUECKON SKCIO3ULIMU JTa0OPaTOPHBIX XMUBOTHBIX B OMII He-
TETJIOBOM MHTEHCUBHOCTH. Habmomaaum m HeOaaronpusTHBIE ITOCISICTBUSI BBI-
HYXIEHHOTO XpOHMYeCKOro oonydenus DMII HeKOTOphIX KaTeropuii pabOTHUKOB
B CBsI3U C ycioBusiMu ux Ttpyma. Ilo pesynbpratam atux mcciaegoBanuii B CCCP,
a Terepb U B Poccuu IpUHSTHI camble XECTKHE B MUPE CTAHIAPTHI 2JIEKTPOMArHUT-
HOI1 6e30ITaCHOCTH.

BonpmHCTBO 3apyOeXHBIX CTAaHOAPTOB CYIIECTBEHHO MsTYe, ITOCKOJIb-
Ky OHM YYMTBIBAIOT JINIIb TeIUTOBBIE 3(ddexThl. Poccmiickme craHmapTel WHO-
IIa TIoaBepraoT KpuThKe. HeKoTopble OCHOBaHUS IEHCTBUTETBHO WMMEIOTCS.
IMpubau3UTENBHBIE PACXOIbl WHIYCTPUAIBHO Pa3BUTHIX CTPaH Ha MCCIIECHOBAHUS
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B 00sacTu DM-OMOJIOTMU B TMOCJIEIHEM JIECSITUIETUU TO TMOPSIAKY BEJIMYUHBI —
MWLUIMOHBI JI0JIJIapOB B TOll HA CcTpaHy. Pe3ynabTaThl 3TUX UcCleA0BaHUI UCIOJb-
3yI0T, B YaCTHOCTH, JUIsl COBEPIIEHCTBOBaHUS cTaHIapToB. B Poccuu aHamormuHbix
Mo MaciTady MporpamMM He CyIlecTBOBaJIO, U 3TO, KOHEYHO, CTaBUT BOIPOC, HE sIB-
JISIIOTCS JIM KECTKUE OTeYeCTBEHHbIE cTaHAapThl DM-06e301acHOCTH yCTapeBIINMU
U HE COMIAaCOBAaHHBIMU C HOBBIMM YTOUHEHHBIMU AAHHBIMU 3JEKTPOMArHUTHOM
ouosorum.

PasHblii ypoBeHb DM-CcTaHIAPTOB MOPOXAAET MAcCy TPYIHOCTel, HalpuMep,
B cdhepe MEeXAYHAPOIHOI TOPrOBIM 000PYIOBAHUEM MEPCOHAIBHON COTOBOM CBSI-
3u. 3aech mpobsieMa HayuyHasi CTAHOBUTCSI MpobiaeMoit couuanbHoii. Ecnu npu-
3HATh CYIIECTBOBaHNE HETETUIOBBLIX 3(D(EKTOB, TO HAIO MEpecMaTpUBaTh HE TOJBKO
MHOXECTBO YK€ MPUHSTHIX CTaHAapTOB DM -6€301acHOCTH, HO U OCHOBY, Ha KOTO-
POl OHU CTPOMJIUCH.

Hanpumep, noBceMecTHO MCMONb3YIOT MOHSITHE 003b! KaK MPOU3BENCHUS Be-
JIMYMHBI (paKkTOpa Ha BpeMsi ero neiictBust. st HeTeroBbix addexkToB DMII 310
MOHSITUE B 3HAYUTEJbHON Mepe TepsieT CBO CMbIC/, TaK KaK MEHbIIIasl 103a MOXET
BbI3BaTh OoJibIIUI 3(hdekT. Jlaxke MpeactaBuTh TPYAHO HEOOXOAMMBINM YPOBEHb
(bvHaHCOBBIX 3aTpaT, CBSI3aHHBIX C MEPECMOTPOM CTAHIAPTOB IO YIJIOM 3pEHUS
HeTeru1oBbIX 3(pdekToB DMII. DTO M ecTb MpuUUKHA, MO KOTOPOU MpU3HAHUE pe-
aJIbHOCTU HETeIUIOBBIX 3(P(PeKTOB BCTpevyaeT CepbE3HbIE TPYAHOCTU: OMITOHEHTHI
MarHUTOOUOJIOTUU YXOISIT OT OOCYXXIAEHMSI BECKMX IKCIIEPUMEHTOB, HE 3aMeyaloT
MEePCHEKTUBHBIX TEOPETUUYECKUX pa3pabOTOK, KPUTUKYIOT OTKPOBEHHO CIHOPHBIE
paboThI, JIOOOUPYIOT MPUHSITHE PELIEHUI M0 HAYYHBIM MyOJMKALUSIM, UHBECTULIU-
SIM Y CTaHJapTaM.

ONmnoHeHTbl MarHUTOOMOJIOTMHU BBICKA3bIBalOT MHEHHE, UYTO CPeACTBa Hajlo-
rOIIaTeIbILIMKOB 1 MHBECTOPOB PACXOMYIOTCSI BITYCTYIO HAa MCCJEIOBAaHUS, HE 3a-
CIyXXVBalolllMe BHUMaHUs1. Te3uc COMHUTENIbHBIN U CITOpHBINA. JIerko BBeCTU B 3a-
OJIy>XIeHUEe OJHOTO 4eloBeKa, HO HEBO3MOXHO COIJIACUTHCS C T€M, YTO OLIUOKY
JIOTTYCKAeT COLIMAJIbHbI OpraHu3M — HOCHUTEJIb COBPEMEHHOTO HAay4YHOTo MUPO-
BO33PEHUSI, YACThIO KOTOPOTO SIBJISIIOTCS] KaK UCCIIeNOBaTeNIU, TaK U MUHBECTODBI.

OU3NKA MATHUTOPELEMLNN

B xomMeHTapusax ¢pu3N4YecKoil MPUPOALl SABJIeHUS OMOIOrndecKoil 3(p¢GeKTUBHO-
ctu MII UCIONB3yI0TCSI TEPMUHBI MeXanusm U Modeas, obaagaloniie 0JIU3KUM, HO
HEOJMHAKOBBIM CMbICJIOM. TE€PMUH Mexanus3m VCHOJIb3YIOT B TOM ciydae, Koriaa
pedb UAET O KOHIEIIINHT, 0 QU3NIECKUX TIpoIieccaxX W WX MOCIeI0BaTeIbHOCTH,
BO3MOXHO JIeXallleii B OCHOBe siBJieHMs. Ecim TpebyeTcs momuepKHyTh, 9TO MaH-
HBII MEXaHW3M BOILIONIEH MJIM pealn30BaH B BUAC YpaBHEHMI MJIM WHBIX MaTeMa-
TUYECKUX COOTHOIIIEHU, MCITONB3YIOT TePMUH Modeab. MOXET He OBITh HU OTHOM,
WM Ha000POT, OBITh HECKOJIBKO MaTeMaTHYECKUX MOJIENIe OMHOTO M TOTO K& Me-
XaHu3Ma oOumojorndyeckoin addexkrusHoct MII. BaxHoit xapaKTepHUCTUKOI MO-
JIeJIN SIBJISIETCS €€ IMMPOTHOCTUYECKasT CIIOCOOHOCTh — CITOCOOHOCTh PacCUYMTHIBATH
WJTY TIpEeNICKa3bIBaTh MCXO SKCITEPUMEHTa B Pa3HOOOpa3HBIX DM -yCIIOBUSIX.

TepMUH Muuters MacHumHo20 noas CieudUIeH 1T MArHUTOOMOJIOTUH U 000-
3HAYaeT YaCTHUILy WU LIEJIOCTHYIO (PM3UMIECKYIO CUCTeMY, HaIIpUMep MOJIEKYITy MIn
61MOo(U3NIECKYIO CTPYKTYPY, COCTOSTHIE KOTOPOI MEHSIETCS Ha CaMOM TIEpBOM 3Ta-
e B3auMoIeucTBuA ¢ BHelnHuM MIT.
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Hrak, rnmaBHBle (akThl, Kacawomuecs MBD — 310 1) mapagokcajabHO Majas
BenmunHa MII, kBasucratnyeckoro u HY-guama3oHa, BeI3bIBaIOIIAs OMOJIOTHYE-
CKHe peaklUuu; 2) HeJIMHEHOCTh OTKJIMKA Ha MarHUTHOE Bo3ldeiicTBUE; 3) Bepo-
SITHOCTHBIN xapakTep MB3, mposgsisomuiica B crieln(UIeCKA CHIKEHHON BOC-
MPOU3BOAUMOCTH siBieHUsI. COMYyTCTBYIOIEe OOCTOSITELCTBO: TIEPBUUHBIE MUILIE-
Hu MII B opraHusmax eig He UAeHTUMULIMPOBAHbI.

IlepBbiii hakT, WK, IPYyrMMU coBaMU, rpobsema kT, ecTrecTBeHHO, HanboJiee
BaxeH. Ero MoxXHO BbIpa3uTh B BUJIe HEpaBEeHCTBA

mH < kT |

roe H — BenmmunnHa MII; m — MarHUTHBI MOMEHT IIpearnojaracMoil MUIIIeHU; kK —
nocrossHHas bonpimana; 7 — 3¢ deKTuBHas TeMIepaTypa MUIIEHMN.

OnHa 13 OCHOBHBIX TMIOTe3 MarHutopelenuuu: muiieHb MIT B opraHuzme
obyamaeT GOJBITM TTOCTOSHHBIM MAaTHUTHBIM MOMeHTOM. [lociienHee cripaBemin-
BO IIJISI MATHUTHBIX HAHOYACTUII, €CTECTBEHHO BO3HMKAIOIIMX B OPTaHU3MaX, — 3TO
MOMPOCTYy CHUMaeT Tpobiemy [Binhi, 2006, 2008]. OnHako HeTeIIoBble 3(D(MEKTHI
MII u3BeCTHHI M B T€X OpraHM3Max, TlIe MarHUTHBIX HAaHOYACTHUII 3aBEIOMO HeT.
ITosTOMYy TIpOIOIKAETCST TIOMCK MOJIEKYJISIPHOTO MeXaHW3Ma MarHUTOPEIICTIIINHN.

OOBIYHO pacCMATPUBAIOT B KAYECTBE MMIIEHU TPOCTEHINE MUKPOCKOITHYE-
CKMe OTHOYACTUYHBIC CHUCTEMBI C DJIEKTPHMUECKUM 3apsiioM — OCHIIIISTOpP, pOTa-
TOp WJIW CIIWH, O0JIagalolIii MAaTrHUTHBIM MOMEHTOM, — TIOCKOJIBKY YK€ Ha 3TOM
YpOBHE BO3HUKAIOT CEPhE3HBIE TPYITHOCTH.

EctecTBeHHO, B OTHOIIEHUM MOJIEKYJISIPHOTO MEXaHW3Ma MPUXOIUTCS TIpel-
rnoJiaraTb, B COOTBETCTBUHU C HEOOXOAMMOCTbIO MTPEOI0JEHNS BbIIIIEYKa3aHHOTO He-
paBeHCTBA, T. €. ypaBHUBAHUS €T0 TIPaBoOi 1 JIeBOI JacTeit, YTo Maja 3 GeKTUBHAS
TeMITepaTypa MUIIIEHH. DTO BO3MOXHO TOJIBKO B TOM CiIydae, eCliv TpeHeOpeKm-
Mbl 3¢ deKThl auccunanuu (TpeHue), oOyCIOBJIEHHbIE B3aUMOAEHCTBUEM IMHA-
MHWYECKON CUCTEMBI C XaOTMYECKUMU KOJIEOAHMSAMM CTeTieHe CBOOOIBI OKpYXKe-
HUS, TepMocTaTta. DPOEeKTH TUCcCUNauy IpeHeOPesKUMBL IJISI CTeTIeHE CBOOOIHI,
3BOJTIOLIMS KOTOPHIX 3aBepIacTCs 10 YCTAHOBJICHUS TEIIJIOBOTO PABHOBECHS: MaJlO
60 BpeMs XU3HU 3TUX CTeleHel, MO0 MaciTab SHepruu B3aWMOMEHCTBUS
C TEPMOCTATOM.

Takue cTereHn cBOOOIBI M3BECTHBI — 3TO, HAIIPUMED, TTPOMEKYTOUHBIC CITHH-
KOPPEJIMPOBAHHBIE COCTOSIHUS Map PaJAuKaIoB B MATHUTOXUMUUYECKUX peaKIusX.

OmHako TpeHNe — He eAMHCTBEHHAas TPWYMHA, TIPETSITCTBYIONIAS HAIEXKHO-
My TipeobOpa3oBaHuio curHama MI1 B u3aMeHeHNEe CKOPOCTH XUMUUIECKOMN peaKIInum.
Hpyroit TIpUYMHOM sBjsieTcs wHeplsd. Kaxnas U3 3TUX MPUYMH CYIIEeCTBEHHA,
W IUTI TIOCTPOCHUS HANEXHOTO MEXaHM3Ma MAaTHUTOPEIEIIINN Hamo TPEoIoIeTh
o6a ¢akropa.

HMHuepuysa mposBisieTcsl B TOM, YTO CKOPOCTh OOOOIIEHHOM KOOPIMHATHI BbI-
OpaHHOI CTeTIeHW CBOOOIBI He BOZHMKAET OMHOBPEMEHHO C TIPWIIOKEHUEM CHITHI,
a gBJsgeTcs JIMHeHol dyHKIMel BpeMeHu. COOTBETCTBEHHO, SHEPrusi — KBalpa-
TUIHAas QYHKIMS BpeMeHU. [103ToMy mpH MalbIX CUjIaX SHEPTHS ITOJITO OCTa&TCs
Takke Manoii. Ilpu ectecTBeHHOI B du3uKe cwie aeiicTBust MeHstomerocss MIT (c
ImapaMeTpaMu, OOBIYHBIMU IIJIST MAaTHUTOOMOJIOTUH) Ha YaCTUIY C 3JIeMEHTapHBI-
MM 3apsioM U Maccoi, e€ SHeprus maxke B OTCYTCTBUE TPEHMS IIPUOOpETAET ypo-
BeHb kT depe3 HepealbHO OOJIbIIIOE BPeMsl.

Mpbiciumbl M Oe3bIHEepLIMOHHbIE MexaHu3Mbl? Jla. OHM OCHOBaHBI Ha 3a-
KOHOMEPHOCTSIX TMHAMUKHN YIJIOBOTO MOMEHTa W KBaHTOBOU (aspl. B muAamuke
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YIJIOBOTO MOMEHTa YIJIOBasi CKOPOCThb (YacToTa) MpeLecCur He 3aBUCUT OT Bpe-
MEHU SIBHO. YTJIOBasi CKOPOCTh CBOOOAHOM MPELECCUU BOZHUKAET OJHOBPEMEHHO
C TIPUJIOXKEHUEM CHUJIbI. DTO SIBJSIETCSl CENCTBMEM HEU3MEHHOCTU dHEpPruu Bpa-
LIEHUsI, MEHSIETCS JIMILb HalpaBJIeHUE MOMEHTA, 10 KOTOPOMY SHEPTUSI BBIPOX-
neHa. TakuM oOpa3oM, HalpaBjieHUE YIIIOBOTO MOMEHTa MOXHO MEHSITh TTPOIop-
LIMOHAJIBHO #, T.€. Oe3bIHEPIIMOHHO. AHAJIOTUYHAsI 3aKOHOMEPHOCTb UMEET MECTO
B OTHOILIEHWM KBaHTOBOM (hba3bl, OT KOTOPOI DHEPIrUsi KBAHTOBOW YaCTHUIIbI TaKXkKe
He 3aBUCUT. B OTHOIlIEHUU CIUHA, UM COOCTBEHHOTO YIJIOBOIO MOMEHTA: YTIJIOBOM
MOMEHT M KBaHTOBas (ha3za Hepas[AeJuMbl, TaK KaK 3TWU BEJIMUMHBI SIBJISIIOTCS] B3a-
UMHO J0noAHUMeNbHbIMY — BbIOOP TOW WU APYTOil CTAHOBUTCSI BOIIPOCOM YIOOCTB
OIMCcaHus.

be3bIiHepLIMOHHBIMU ~ SIBJISIIOTCSI  HauOoJiee TMepCreKTUBHbIE W 4acTo 00-
CyXJaeMble THUIOTETUYECKHE MOJEKYISIpHbIE MeXaHU3Mbl MarHUTOPELEIIUH,
paccmaTpuBatoliue: a) BaussHue MIT Ha ckopocTh peakuuil ¢ yyacTUeM CITUH-
KOPPEJUPOBAaHHBIX Map paaukaaoB; 0) KBAaHTOBbIE BpallEHUS MOJEKYJISIPHBIX
IpyNIl BHYTpU O€JIKOB; B) U3MEHEHUsI CBOUCTB Xuakoi Boabl B MII. Onucanus
3TUX MEXaHU3MOB — BCE OHM KBaHTOBbIE, CBsI3aHbI ¢ adeKkToM 3eeMaHa — MOX-
HO HAWTHW B pa3IMYHBIX MyOauKalusx, HarpuMep [AdaHacbeBa u ap., 2007; bunru,
1997; bunru, Pyoun, 2007]. Oco6oro ynoMmuHaHUS 3aCy>KMBaeT ObICTPO pa3BUBa-
I011[asICsl KOHIIETIMSI BOBJICYUEHHOCTH COCTOSIHUIA BOJBI B MAarHUTOPELICTLIMIO, CM.
Hanpumep [bunru, 1998]. B nocnenHee Bpemsi 31ech MOJyYeHbl MHTEPECHbBIE TaH-
Hble, CBUJETEILCTBYIOLINE O BO3MOXHOCTH Pa3HOOOPA3HBIX CIIMHOBBIX U CTPYK-
TYPHBIX MiepecTpoek Bonbl B DMII [bynkuH u np., 2006; Perkkuna u np., 2009].

HecMoTpst Ha TO, YTO BCE 3TU MaKPOCKOIIMYECKUE U MOJIEKYJISIPDHbIE MEXaHU3-
Mbl MarHUTOPELENIIMU O0CYKAAIOTCSI CPAaBHUTENbHO 1aBHO, HA OJUH U3 HUX ellé
He UAeHTU(ULUPOBAH BKCIEpUMeHTaabHO. Jleno B TOM, UTO pe3ysibTaT pacyéra
MO MOJIeJIM 3aBUCUT OT OOJIBILIOTO YMcia MapaMeTpoB MOJIEIU, U CBSI3aTh €0 ¢ Ha-
OsiromaeMoii B 9KCIEpUMEHTE 3aKOHOMEPHOCTBIO YacTO 3aTPYAHUTEbHO.

MoxxHO 3aMeTUTh, YTO TMpodsema kT B (hopMe MpUBEAEHHOTO BbIllIe HEpaBEH-
CTBa HE BKJIIOUAeT BaXKHEWIIYIO MEPEeMEHHYI0 — BpeMsl, YTO PacXOAUTCSI C OObIY-
HOIl MOJENbIO NETEKTUPOBAHUS CIabO0ro 3alllyMJIECHHOIO CUrHaja. BTo 00CTos-
TEJIbCTBO yKa3bIBaeT Ha €l OJHY MEPCIEeKTUBY pelleHUsT MpoOaeMbl MarHUTOpe-
LIETILMU, CBA3aHHYIO C TIOUCKOM TaKUX CTPYKTYp WIM XapaKTepUCTUK OpraHuU3Ma,
BHEILIHUX MO OTHOIIEHUIO K MEPBUYHON MMIIEHU, B KOTOPHIX MaJible U3MEHEHUS
CIMOCOOHBI HAKAIIMBAThCS 10 YPOBHSI, pa3IMnuMMOT0 OMOJIOTUYECKUMU AUCKPUMU-
HaTopamu. OgHAaKO NaHHasl TeMa BBIXOJAUT 32 PaMKM HACTOSIIIIETO OrpaHUYEHHOTO
0030pa, U IBUTCS TTPEAMETOM OTHEIbHON MyOJIUKALUK.
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GENERAL CHARACTERISTICS OF MAGNETOBIOLOGICAL PHENOMENA
V. N. Binhi

A.M. Prokhorov General Physics Institute, Moscow, Russia, e-mail: v.binhi@yahoo.com

World Health Organization has recently classified cell phone radiation as a possible human
carcinogen. Some earlier, the magnetic fields (MFs) of industrial frequencies, where they ex-
ceed 300 nT, have also been classified as a possible carcinogen (WHO/IARK, 2011). At the
same time, the nature of biological effects of such fields remains unclear. Explanation is dif-
ficult, because the energy quantum of a weak low-frequency field is negligible as compared
to that of the elementary act of a chemical reaction. Electric currents, induced in tissues, are
also small, and heating of tissues by radiation is not great, as well. This problem is known as
the problem of nonthermal biological effects. Nonthermal effects are, first of all, those caused
by MFs on the order of the geomagnetic field at frequencies below 100 Hz. There are several
research areas that study these effects. It is interdisciplinary laboratory studies, research into
magnetic navigation in animals, epidemiological studies, and correlation between geomagnet-
ic disturbances and human health.

Considered are main results of these studies, their particular characteristics that bring
information about physics of underlying primary processes of magnetoreception. Special at-
tention is paid to the known hypotheses on the physical nature of nonthermal magnetis bio-
logical effects. The hypotheses are listed and commented on. Some most plausible hypotheses
are discussed with more detail. It is those that received major attention in publications on the
nature of animal navigation. One of them states that magnetic nanoparticles that appear in a
biological tissue artificially, either grow in the course of the crystallization process, are the pri-
mary targets for weak MFs. The other hypothesis relates magnetoreception in some animals
with the presence of cryptochromes in the photoreceptor cells in eye’s retina. Cryptochromes
are a class of proteins found in plants and animals; they include magnetically sensitive radical
pairs. The latters are suggested to have a lifetime long enough for appreciable changes in their
spin state even in a weak magnetic field. There are many published “evidences” both the pros
and cons, concerning these two hypotheses.

Recently reported data about the properties of water dilutions of some chemicals with a
specific biological activity are mentioned. These water dilutions have been shown to be elec-
tromagnetically sensitive, which revives the known hypothesis that water might be an interme-
diate in the process of magnetoreception.
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Rotational states in macromolecules, like molecular gyroscopes, remain one of the most
attractive magnetoreception mechanisms.

These mechanisms fit diverse experimental data much better than others. However,
many experiments they fit have not yet been reproduced in other labs. Years of the absence
of replicative data and of practical applications make it justified to re-evaluate the statistical
validity of the experiments themselves, particularly those concerned with frequency selectivity.

General theoretical problems of nonthermal biological effects from electromagnet-
ic fields are discussed. It is shown that magnetoreception mechanisms based on magnetic
nanoparticles, cryptochrome long-living radical pairs, liquid water states, of yet unknown ori-
gin, and rotational macromolecular states are most plausible from the physical viewpoint.
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Assessing influences of space weather on human physiology, pathology and other affairs often
relies on correlations between the socio-biological variable and the environment. One major
pitfall of such an approach is the disregard for periodicities characterizing both biology and
inanimate nature, many of them shared between the two systems. Correlations are notoriously
known to lead to spurious results in the presence of rhythms, as the correlation coefficient
is largely dependent on the phase difference of a given periodic component between the two
variables being compared. In the presence of cycles, and they are ubiquitous, methods other
than the Pierson product-moment correlation are advocated. Cross-spectra and coherence
spectra are one option. Superposed epoch analysis is another option. Yet another method il-
lustrated herein is the remove-and-replace approach, so named after the precedent in endo-
crinology where a gland or organ (such as the pancreas) is first removed to determine what
the resulting health problems are, and its hormone (such as insulin) or other secretion is then
administered to find out whether health can thus be restored. For the purpose herein, the en-
vironment itself is doing the removal and replacement. It can be the presence versus the ab-
sence of a given condition such as a magnetic storm, or of a given spectral component (such
as the week). Biological states during spans corresponding to the presence or absence of given
environmental features, or at least during their decrease (subtraction) or increase (addition) in
amplitude, can then be compared by an armamentarium of standard statistical tools.

INTRODUCTION

Despite numerous reports of non-photic solar influences on pandemics [Chizhevsky,
1936] and other human affairs [Chizhevsky, 2010] from Russia, including studies
by Breus et al. on myocardial infarction and other vascular diseases [Kleimenova
etal., 2007; Ozheredov et al., 2010], scholars in the West have been skeptic [Lipa
et al., 1976; Feinleib et al., 1975]. While studies by [Lipa et al., 1976; Feinleib et al.,
1975] included large populations, the daily data were limited in time, spanning only
3—5 years bracketing a minimum in solar activity.

We owe the first opportunity to examine the possibility that space weather af-
fected human health to Dr Tamara Breus who provided a database of 6.3 million
calls for an ambulance in Moscow during 1979—1981, a stage of maximal solar activ-
ity. Along with the index of local geomagnetic activity K and Wolf numbers gaug-
ing solar activity, ambulance calls related to myocardial infarctions, other vascular
diseases as well as other conditions were available as daily incidences. The task on
hand was to test whether magnetic storms were associated with an increase in myo-
cardial infarctions. To our question on how to recognize the occurrence of a mag-
netic storm, Tamara instructed us to look for a southward change in the vertical
component of the interplanetary magnetic field, Bz. From results of chronobiologic
serial sections [Halberg et al., 1977] on the time course of Bz, the occurrence of a
magnetic storm was (admittedly arbitrarily) defined as a change in average daily Bz
from >1nT to <1.5 nT. Using superposed epoch analysis, an about 7 % increase in
the incidence of myocardial infarctions was indeed found one day after the storm
[Cornélissen et al., 1994; Halberg et al., 1991], Figure 1. The result was obtained
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after normalizing the data by equating average incidences in each 6-day epoch to
100 % to reduce the variance associated with the large-amplitude circannual rhythm.
Similar results on the same database were subsequently published by physicists who
performed independent analyses [Villoresi et al., 1994]. An influence of space weath-
er on the incidence of myocardial infarctions was further corroborated by cross-spec-
tral coherence with respect to both Bz and Moscow K [Halberg et al., 1991; Breus
et al., 1995, 1992; Cornélissen et al., 1993], Figure 2. The results confirm a similar
finding by Stoupel et al. [Stoupel, 1976] who showed by superposed epoch analysis
a peak incidence in myocardial infarctions and of overall cardiovascular diseases on
stormy days.

Further supporting evidence stems from a 29-year database of mortality from
myocardial infarction in Minnesota [Cornélissen et al., 2002a]. In addition to the
anticipated circannual and circaseptan variations, an about 11-year cycle similar to
the solar activity cycle was detected, Figure 3. By comparison with years of minimal
solar activity, there is an excess of 220 cases/year during years of maximal activity
(P=0.023). The results stem primarily from the data collected during the first two
solar activity cycles. The 11-year component is not statistically significant during the
last third of the record. An association between mortality from myocardial infarction
in Minnesota and solar activity is further supported by phase synchronization analy-
ses [Schack et al., 2000; cf. Halberg et al., 2003] Figures 4 and 5.

Increase in the Incidence of Myocardial Infarctions (MI) in Moscow after
a southward Bz turn

115

Means & 5E
110

105

100

Incidence of MI (%)

85

B5

-2 -1 BzzinT Bz<1.5nT +1 +2
Time {days)

Figure 1. In a database of 6.3 million calls for an ambulance in Moscow, Russia during 1979—

1981, a span of high solar activity, superposed epoch analysis reveals an about 7 % increase in

the incidence of myocardial infarctions on the day following a magnetic storm, gauged by the

southward turn of the vertical component of the interplanetary magnetic field, Bz. Data of

each 6-day epoch are expressed as a percentage of the 6-day mean in order to reduce the vari-
ance due to the large-amplitude circannual rhythm. © Halberg
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CROSS5-SPECTRAL COHEREMCE BETWEEN DAILY INCIDENCE OF MYOCARDIAL
INFARCTIONS (MI)* AND THE Bz-GSE COMPONENT OF THE INTERPLANETARY
MAGNETIC FIELD (1979-1981) {left) AND DURING 3 CONSECUTIVE YEARS BETWEEN M|
AND A GEOMAGNETIC INDEX (K) {right)
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Figure 2. Cross-spectral coherence of the daily incidence of myocardial infarctions (Moscow,

1979—1981) with the vertical component of the interplanetary magnetic field (Bz) found at

periods of about 26.9, 14.8 and 7.7 days, corresponding to major spectral peaks of the plane-

tary geomagnetic disturbance index (Kp) likely associated with the rotation of the sun around

its axis (left). Cross-spectral coherence at a period of about 3.2 days is also found with Kp in
1979 and in 1981 (right). © Halberg

REMOVE-AND-REPLACE: CIRCASEPTAN COMPONENT

A weekly component was prominently detected in the incidence of all cardiovas-
cular conditions as well as in the overall number of ambulance calls in Moscow
[Cornélissen et al., 1993], Figure 6. The increase in myocardial infarctions on
Mondays was corroborated by meta-analysis of 47 different time series retrieved from
9 published papers involving a total of 104,412 patients, Figure 7. A circaseptan com-
ponent is also detected in a longitudinal record of human heart rate, Figure 8. The
same heart rate data had been reported to show cross-spectral coherence with the
planetary geomagnetic disturbance index Kp [Halberg et al., 1991; Watanabe et al.,
1994], Figure 9.

In 1983, [Vernova etal., 1983] reported on the intermittent detection of an
about-weekly variation in the rate of change in sunspot area, providing results from
Walsh spectra during different spans. This report prompted the investigation whether
a weekly variation in human physiology may be affected by the presence or absence
in solar circaseptans. To answer this question, we turned to all 5 longitudinal records
of self-measurements available during two or more spans considered in the study by
[Vernova et al., 1983]. In the case of heart rate, we found that circaseptans were in-
variably amplified when present in the sun and dampened when absent in the sun
[Cornélissen et al., 1996], Figure 10.
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MORTALITY FROM MYOCARDIAL INFARCTION IN MINNESOTA (1968-1996)*
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Figure 3. In addition to prominent about yearly and about weekly variations in the daily in-

cidence of mortality from myocardial infarction in Minnesota during 1968—1996, an about

10-year cycle similar to the solar activity cycle is detected with statistical significance, ac-

counting for an excess mortality of 220 cases per year at maximal versus minimal solar acticity.
© Halberg

Resonance of circaseptans in human heart rate with solar circaseptans was also
demonstrated with statistical significance on an individual basis for the longest self-
measurement record (P<0.001) [Cornélissen et al., 1996]. Moreover, the MESOR
(rhythm-adjusted mean), the circaseptan amplitude and the circaseptan-to-circadian
amplitude ratio all underwent an about 11-year cycle similar to the solar activity cy-
cle [Cornélissen et al., 1996].

A similar remove-and-replace approach was applied to mortality from myocar-
dial infarction in the Republic of Georgia [Amiranashvili et al., 2002]. As seen in
Figure 11, a 7-day component in mortality from myocardial infarction is detected
with statistical significance during 1980—1982 when solar activity is high and circa-
septans characterize the interplanetary magnetic field. During 1984—1987, however,
solar activity is down as are circaseptans in the interplanetary field. During this “re-
moval” stage, circaseptans are no longer detected in the spectrum of myocardial in-
farctions. But in 1989—1992, during the next solar maximum, circaseptans are again
detected both in myocardial infarctions and in the environment that has done the
“replacement”, Figure 11.

REMOVE-AND-REPLACE: MAGNETIC STORMS
AND HEART RATE VARIABILITY

Heart rate variability is reduced in patients who suffered a myocardial infarction [Orth-
Gomér et al., 1982]. Too-low a heart rate variability, gauged by the standard devia-
tion of heart rate from around-the-clock ambulatory monitoring, was also predictive
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Figure 4. Spectra of Wolf numbers (top left) and of the daily incidence of myocardial infarc-

tion (Moscow, 1979—1981; top right) reveal prominent low-frequency changes in both vari-

ables and a prominent weekly and half-weekly variation in myocardial infarctions. Despite the

relatively small amplitudes of components with periods of about 4.7 and 2.7 days (arrows),

a phase synchronization method [Schack et al., 2000; cf. Halberg et al., 2003] suggests that

myocardial infarctions and solar activity share a common time regime at these two frequen-
cies. © Halberg

of patients who were to be diagnosed with coronary artery disease during the next
6 years in a study by [Otsuka et al., 1997]. Holter monitoring of cosmonauts on the
MIR station revealed an about 30 % lower heart rate variability on stormy days by
comparison with quiet days [Baevsky et al., 1997], Figure 12.

On a day when around-the-clock ECG monitoring of a clinically healthy man
showed an abnormal pattern, the lowered heart rate variability happened to occur in
association with a magnetic storm [Cornélissen et al., 1999], Figure 13. The decrease
in spectral power was found primarily at frequencies lower than 0.04 Hz and was not
statistically significant around one cycle in about 3.6 s. This result suggests that the
physiological mechanism involved may be other than the parasympathetic, usually
identified with spectral power centered around one cycle in 3.6 s [Cornélissen et al.,
1999].

A follow-up study [Otsuka et al., 2001, 2003] involved the around-the-clock
ECG monitoring for 7 days of 19 subjects in Alta, Norway (above the Arctic Circle).
An increase in the 24-hour average of heart rate and a decrease in heart rate variabil-
ity were documented on days of high geomagnetic disturbance as compared to quiet
days, Figure 14. Again, the decrease in heart rate variability was more pronounced
at frequencies lower than 0.04 Hz. In the circaminutan (“VLF”) range, there was
a 21.9 % decrease (P<0.001) and in the “ULF” range there was a 15.5 % decrease
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(P=0.009). This finding is clinically relevant because a reduction in the “VLF”
range of the spectrum is associated with an increased risk of cardiac death. It has
been proposed that the VLF” component may relate to several mechanisms, such
as thermoregulation, the renin—angiotensin—aldosterone system and other humor-
al factors [Otsuka et al., 2003]. In 5- of the 7-day ECG records, it was possible to
compare measures of heart rate variability in separate 24-hour spans among days of
low, middle and high geomagnetic activity. A graded response was demonstrated, the
extent of decrease in heart rate variability depending on the degree of geomagnetic
activity, suggesting the existence of human magnetoreceptors [Otsuka et al., 2002,
2003].
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Figure 5. Non-zero phase synchronization between pairs of variables [Schack et al., 2000;
Halberg et al., 2003]. The data set consists of the daily incidence of mortality from myocardial
infarction (MI) in Minnesota during 1968—1996 (29 years) (variable 1), the same data after
removal of a linear decreasing trend (variable 2), and different physical environmental vari-
ables reflecting the influence of the sun (coronal index and Wolf numbers, variables 3 and 4,
respectively) or that of geomagnetism (the planetary index of geomagnetic disturbance Kp,
the antipodal index of geomagnetic disturbance aa, and the equatorial index of geomagnetic
activity Dst, variables 5, 6, and 7, respectively). Thresholds for the phase synchronization in-
dex are computed at each time-frequency for each pair of variables by random permutation
of trials, here represented by 29 1-year spans, used as replications. Anticipated results are ob-
tained, such as the identical time-frequency structure of MI and detrended MI, and the very
close — but not identical — time-frequency structure of Kp, aa, and Dst, Kp and aa being
very similar to each other but both showing some slight differences, mostly at higher frequen-
cies, with Dst, and the similarity in the low-frequency region between the two solar variables.
© Halberg
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THE BIOLOGIC WEEK: NATURE AS WELL AS CULTURE - THE WEEKEND CAN BE PEAK OR TROUGH
AS A FUNCTION OF INTEAMAL AND EXTERMAL INTERACTIONS"
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Figure 6. Different weekly patterns characterize the incidence of myocardial infarctions,
strokes, sudden cardiac deaths, cardiac arrhythmia, and hypertensive crises, as well as the to-
tal number of calls for an ambulance in Moscow (1979—1981). © Halberg

112

108 -

104

}memv

96 - |

Ml Incidence (% of Mean)

Sun Mon Tﬁe Wed Thu Fri Sat
Time (Day of Week)

Figure 7. The increase in myocardial infarctions on Mondays seen in the Moscow database
(see Figure 6) is corroborated by a meta-analysis of 47 different time series retrieved from
9 published papers involving a total of 104,412 patients. © Halberg
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Figure 8. Weekly pattern of heart rate from a clinically healthy man measured automatically
around the clock between August 1989 and April 1991. © Halberg
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CROSS-SPECTRAL COHERENCE BETWEEN
HEART RATE OF A CLINICALLY HEALTHY MAN
AND THE GEOMAGNETIC INDEX (Kp)
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Figure 9. During the same span (August 1989 — April 1991, see Figure 8), there is cross-spec-

tral coherence of this clinically healthy man’s heart rate with the planetary index of geomag-

netic disturbance Kp at a period of 27.7 days (coherence=0.50, P=0.032), with a secondary
peak at 3.8 days (P=0.064). © Halberg
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Figure 10. An about 7-day spectral component in the heart rate of five men is less promi-
nent when the rate of change in sunspot area loses its counterpart of corresponding length.
© Halberg

Four-hourly sampling for 7 days on rats standardized for 1 month in two rooms
on antiphasic lighting regimens happened to start on the day after the second extre-
mum of a moderate double magnetic storm gauged by the planetary geomagnetic
Kp index and by an equatorial index Dst. Circadian characteristics of melatonin and
corticosterone differed during magnetically affected and quiet days. Pineal melato-
nin was lower, had a reduced circadian amplitude and tended to peak earlier in the
day, whereas hypothalamic melatonin was higher and had a larger circadian ampli-
tude during the days with the storm [Jozsa et al., 2005], Figure 15. The circadian pa-
rameters of circulating corticosterone were more labile during the days including the
storm than during the last three quiet days [Jozsa et al., 2005].

REMOVE-AND-REPLACE: ABOUT 15-DAY COMPONENT

Chronobiological serial sections [Halberg et al., 1977] at trial periods of 7 and 3.5
days of Moscow K and Bz (the North-South component of the interplanetary mag-
netic field), as well as of the daily incidence of myocardial infarctions and strokes in
Moscow (1979—1981) reveal occasional phase trapping, a situation also found for
human heart rate and Bz [Halberg et al., 1991]. In contrast to other cardiovascular
morbidity statistics, all showing a very prominent weekly pattern [Cornélissen et al.,
1993], the circaseptan component characterizing sudden cardiac death, although sta-
tistically significant, is much less pronounced.
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ABOUT-WEEKLY (CIRCASEPTAN) RESONANCE OF
HUMAN MORTALITY FROM MYOCARDIAL INFARCTION
WITH SOLAR CIRCASEPTANS DEMONSTRATED BY
“REMOVE & REPLACE" APPROACH*
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Figure 11. An about 7-day component in mortality from myocardial infarction in Tbilisi, Re-

public of Georgia, is detected with statistical significance during 1980—1982 and again during

1989—1992 when solar activity is high but not during 1984—1987 when solar activity is low.
© Halberg
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ISCHEMIC HEART DISEASE (LEFT AND MIDDLE) AND EXPOSURE TO GEOMAGNETIC
DISTURBANCES (RIGHT) LOWER HEART RATE VARIABILITY*

‘Who: Orth-Gomer et al. Otsuka et al. Baevsky et al.
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Figure 12. A deficient heart rate variability, observed after-the-fact of a myocardial infarction

(left), is predictive of coronary artery disease to develop in the ensuing 6 years (middle). The

fact that it is reduced by about 30 % in cosmonauts monitored during a magnetic storm by

comparison to quiet days (right) suggests that magnetic storms may be hazardous to cardio-
vascular health. © Halberg

Instead, an about half-monthly component is detected with a period of
about 2 weeks in least squares and population-mean cosinor spectra, Figure 16.
Nonlinearly, this component’s period estimate is 15.2 days (95 % CI:. 15.15—
15.30 days), originally thought to be related to a twice-a-month salary schedule in
this population (Figure 17), but not seen for other conditions [Halberg et al., 1991].
According to the criterion of a non-overlap of 95 % confidence intervals, this period
is statistically significantly different from the half-monthly period characterizing lo-
cal K analyzed during the same 3-year span. For K, the corresponding period is esti-
mated to be 14.0 (95 % CI: 13.94—14.17) days [Cornélissen et al., 2002b].

Whereas the about half-monthly period of both sudden cardiac death and K
is estimated with a relatively tight 95 % confidence interval when analyzed over the
entire 3-year span, this component’s period shows great wobbliness when the data
are analyzed by moving spectra over a shorter interval of 3 months, progressively dis-
placed by 1.5 weeks throughout the time series. This component is not consistently
detected either for sudden cardiac death or for local K, Figure 18. A possible reso-
nance with occasional frequency trapping between the multiseptans of K and sudden
cardiac death is suggested by the fact that the half-monthly component is seemingly
more prominently expressed in sudden cardiac death when it is detected in the spec-
trum of K [Cornélissen et al., 2002b; Halberg et al., 2005a].

Additional supporting evidence for a natural environmental influence, in con-
trast with a societal one, is the detection of an about 15-day component characteriz-
ing magnetic disturbances recorded by a stand-alone magnetometer in the Antarctic
[Cornélissen et al., 2001, 2007], Figure 19.
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DURING DAYS OF HIGH MAGNETIC ACTIVITY, HEART RATE VARIABILITY (HRV)
IS REDUCED (LEFT) TO A DIFFERENT EXTENT
OR NOT AT ALL {RIGHT} IN DIFFERENT SPECTRAL REGIONS
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Figure 13. In a 7-day ECG record, heart rate variability (HRV) of a clinically healthy 48-year-
old man is reduced during days of high versus days of low magnetic activity, to a different ex-
tent or not at all in different spectral regions: the decrease is more pronounced for periods in
the spectral region between 6.5 and 333 s than in other spectral regions [Cornélissen et al.,
1999]. This result has been confirmed on additional cases. It may point to some underlying
physiological mechanism responsible for the physiological response to changes in magnetic
activity other than the parasympathetic, usually identified with spectral power in the 3.5-s re-
gion. © Halberg
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Figure 14. In clinically healthy individuals monitored in Alta, Norway, above the Arctic circle,
heart rate variability is almost invariably decreased in all longitudinal records on days of high
versus days of low geomagnetic activity [Otsuka et al., 2001, 2002, 2003]. © Halberg
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Figure 15. Observations on the equatorial geomagnetic index Dst (top), on the hypothalamus,

Ht (middle) that may be activated via the storm directly and/or via the pineal, Pin (bottom).

This “experiment of nature” offers a putative mechanism that cannot be dissected in vivo in
humans. © Halberg

Among others, a component with a period of about 15 days, presumably related
to the solar rotation, is detected with statistical significance in the least squares spec-
tral analysis of the longitudinal series of daily means, standard deviations, MESORs
(rhythm-adjusted means), and circadian amplitudes of all three components of dB/
dz, covering the span of 1 January 1997 to 31 January 1999 [Cornélissen et al., 2001].

REMOVE-AND-REPLACE: DECADAL MODULATION OF CIRCADIANS

During 1985—1986, on 161 babies in Florence, Italy, the circadian amplitude of
blood pressure, albeit small, was larger in babies with a positive than in those with a
negative family history of high blood pressure and/or other CVD [Cornélissen et al.,
1990], in keeping with a similar finding in children [Scarpelli et al., 1986]. In 1987—
1989 we could not find this difference [Halberg et al., 1990]. A statistically significant
(P<0.05) secular increase in 1987—1989 versus 1985—1986 in the circadian ampli-
tude but not in the MESOR of blood pressure of newborns with a negative family
history may account for the failure in 1987—1989 to confirm the difference observed
in 1985—1986 [Halberg et al., 1990].

An about 10-year cycle was later found to modulate the blood pressure MESOR
of 527 babies studied in Moscow by Dr E.V. Syutkina over 8 years [Syutkina et al.,
1996]. Follow-up studies in Moscow on 154 newborns from 1995 to 2005 revealed a
circadecadal cycle in the 24-hour amplitude, as well as in the MESOR of blood pres-
sure and heart rate [Syutkina et al., 2012].
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Figure 16. In the daily incidence record of sudden cardiac deaths in Moscow (1979—1981),
an about half-monthly component is detected with a period of about 2 weeks in least squares
(top) and population-mean cosinor (bottom) spectra. The half-monthly component is more
prominent than the circaseptan variation in both cases, and whether 3 1-yaer or 12 3-month
replications are used for the population-mean cosinor approach. © Halberg

Differences in decadal characteristics between babies with a negative or posi-
tive family history of high blood pressure seen for the MESOR of systolic (Figure 20)
and diastolic blood pressure illustrate how interactions among rhythms of several fre-
quencies (e.g., one cycle per day and one cycle per decade) may lead to differences in
opposite directions at different stages of the lower-frequency component [Syutkina
et al., 2012].

Thus, knowing the stage of the solar activity cycle when monitoring took place
may help predict whether a given test (such as the estimation of the circadian ampli-
tude of blood pressure) will fail or work. There are precedents for such interactions
among rhythms with different frequencies: a large difference in the circadian ampli-
tude of circulating prolactin observed in winter between Minnesotan and Japanese
women differing in terms of breast cancer risk is of a lesser extent in spring and is
greatly reduced in summer and fall [Halberg et al., 1981].
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Figure 17. Originally, the half-monthly component characterizing the incidence of sudden
cardiac death (see Figure 16) was thought to be related to a twice-a-month salary schedule in
this population. © Halberg

In this large Minnesota-Japan chronoepidemiologic study, results led to a
schedule for stepwise seasonal sampling for the estimation of circadian and circan-
nual rhythm characteristics to assess the risks of developing breast cancer, cardiovas-
cular disease or other disease conditions [Halberg et al., 1981]. The findings extend
the scope of the differences in the circadian acrophase of eosinophil counts in rela-
tion to two competing external synchronizers that led to Minnesotan Chronobiology
[Halberg et al., 2003].

REMOVE-AND-REPLACE: TRANSYEARS

Since the 10th revision of the International Classification of Diseases (ICD10), sud-
den cardiac death (code 146.1) has been separated from cardiac arrest associated
with a myocardial infarction and is defined as unexpected death from cardiac causes
within 1—24 hours of the onset of acute symptoms. Daily incidences of sudden car-
diac death (ICDI10, code 146.1, excluding death from myocardial infarction) in
Minnesota during 1999—-2003 (5 years), obtained from the Minnesota Department
of Health (courtesy of Ms Judy Palermo) were analyzed by a combination of linear
and nonlinear least squares regression of periodic functions, known as the extended
cosinor method [Halberg, 1980; Cornélissen, Halberg, 2005; Refinetti et al., 2007].
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Figure 18. Wobbliness of the about 2-week variation in the incidence of sudden cardiac death
(top) and the Moscow geomagnetic disturbance index K (bottom) is revealed by gliding spec-
tra, wherein data in a 6-month interval are progressively displaced by a 1.5-week increment.
Detection of the about 2-week component is not consistent throughout the 3-year span. A
possible resonance with occasional frequency trapping between the multiseptans of K and the
incidence of sudden cardiac death is suggested by the more prominently expressed (darker)
about half-monthly variation in sudden cardiac death observed when this component is also
detected in the spectrum of K. © Halberg

Results were compared to those of daily incidences of mortality from myocardial
infarction during the same span (1999—2003) in Minnesota, and with those of daily
(or monthly) incidences of sudden cardiac death (ICD10, code 146.1) in some other
geographic locations.

Whereas the incidence of myocardial infarctions in Minnesota during 1999—
2003 is characterized by a prominent about-yearly variation (P<0.001) with
a 1.009-year period and a 95 % CI (0.965, 1.052) overlapping the precise calendar
year, this is not the case for sudden cardiac death, for which a transyear with a pe-
riod of about 1.3 years (P=0.014) yields a better fit, Figure 21. Nonlinearly, its period
is estimated to average 1.39 years (95 % CI: 1.17, 1.61 years). These results resemble
those observed in Tokyo, Japan, over a slightly longer span of 8 years (1998—2005;
225 cases) [Hamamatsu et al., 2007], Figure 22. Whereas a transyear is detected in
the absence of a calendar year in Minnesota and Tokyo, Japan, both components
are detected in Arkansas and the Czech Republic. A calendar year, in the absence
of a transyear, is also detected in North Carolina, Switzerland, and Tbilisi, the
Republic of Georgia [Halberg et al., 2006]. Transyears are likely a non-photic signa-
ture of space weather since they have been detected in the geomagnetic disturbance
index Ap [Fraser-Smith, 1972], the incidence of aurorae [Silverman, Shapiro, 1983],
the interplanetary magnetic field [Gonzalez, Gonzalez, 1987], in solar wind speed
[Richardson et al., 1994; Mursula, Zieger, 2000] and in helioseismology [Howe
et al., 2000], also leaving their signature in the terrestrial environment [Prabhakaran
Nayar, 2006].
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Figure 19. Supporting evidence for a natural environmental influence of the half-monthly

component characterizing the incidence of sudden cardiac death in Moscow (1979—1981) is

provided by the detection of an about 15-day component in magnetic disturbances recorded

by a stand-alone magnetometer in the Antarctic, far away (>600 km) from any human habita-
tion. © Halberg

Nonlinearly Assessed Circadecadal Pericd (1) and Amplitude (A) of Systolic
Blood Pressure (SBP) MESOR (M) of Neonates with a Negative {N) or Positive (P)
Family History (FH) of High BP and/or Related Vascular Disease
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Figure 20. Differences in the circadecadal characteristics of the MESOR of systolic blood

pressure (and diastolic blood pressure, not shown) between neonates with a positive or nega-

tive family history of high blood pressure illustrate how differences in circadian endpoints be-
tween the two groups may change as a function of a time. © Halberg
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Least Squares Spectrum of the Daily Incidence of Sudden Cardiac Deaths
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Figure 21. A yearly variation is not detected with statistical significance in the daily inci-

dence of sudden cardiac death in Minnesota (1999—2003) with a mid-continental climate of

cold winters and hot summers. Instead, there is a transyear with a period of about 1.3 years
(P=0.014). © Halberg
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Figure 22. In the absence of a calendar year, the monthly incidence of sudden cardiac death
in Tokyo, Japan (1998—2005) is also characterized by a transyear with a period of about
1.39 years. © Halberg
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Figure 23. A transyear with a period of about 1.3 years has been detected in all longitudinal re-

cords of blood pressure and heart rate available for analysis thus far. Its period and 95 % con-

fidence interval estimates from 43 different physiological time series are compared with those

of 8 environmental variables gauging space weather and with that found for mortality from
myocardial infarction in Minneosta (1968—1996). © Halberg

A transyear with a period of about 1.3 years has been detected in all longitudinal
records of blood pressure and heart rate available for analysis thus far [Cornélissen
et al., 2011], Figure 23. The Aeolian nature of transyears, however, is such that this
component is not necessarily detected with statistical significance at all times, and
its characteristics change as a function of time: the amplitude may increase or de-
crease and the frequency wobbles, drifting to slightly longer or shorter periods, some-
times splitting into separate components. This kind of behavior lends itself well to a
remove-and-replace analysis, as illustrated in Figure 24, showing a partial resonance
of the about 1.3-year component in the systolic blood pressure of an elderly man with
solar wind speed [Halberg et al., 2006].

Non-stationary intermittent signals are seen to characterize solar wind
speed (Figure 24, top). Changes in frequency can occur smoothly [A] or abruptly
[B, C, D], with bifurcations [D, F] and rejoining [G], sometimes accompanied by
changes in amplitude [B]. In particular, a transyear with a period of about 1.3 years
is prominent at the beginning of the record, as seen from the darker shading corre-
sponding to larger amplitudes. Around 1995 and until 1998, the transyear splits into
two weaker components, one with a period slightly shorter and one with a period
slightly longer than 1.3 years. Thereafter, it weakens even further to the point of no
longer being detected with statistical significance. By comparison, systolic blood
pressure (Figure 24, bottom), measured around the clock with an ambulatory moni-
tor during the same span (with some interruptions) by an elderly man (FH) shows a
somewhat similar behavior.
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Figure 24. Wobbliness of the transyear component is observed for both solar wind speed (top)
and the systolic blood pressure of an elderly man (bottom) in gliding spectra computed with
an interval of 8 years displaced by 1-month increments in the frequency range of one cycle in
2.5 years to 2.5 cycles per year with a 0.05 harmonic increment. Results suggest that the tran-
syear may be partly built-in while also being influenced by space weather (see text). © Halberg

In the absence of a calendar yearly component, a transyear is prominently de-
tected, with a period of about 1.3 years. It is strongest toward the middle of the re-
cord, following with a delay the prominence seen in the solar wind speed’s transyear.
Its prominence lasts longer than that seen for solar wind speed, showing again a delay
of about 1.3 years, the length of one transyear cycle. Whereas by 1999, the transyear
in systolic blood pressure has weakened, it persists until the end of the record. These
results suggest that non-photic components (such as the transyear) characterizing a
physiological variable (systolic blood pressure) may be partly built-in while also be-
ing influenced by space weather.

A transyear with a period of about 1.3 years is also detected in a 39-year record
of the incidence of international terrorist acts reported by the Memorial Institute for
the Prevention of Terrorism’s (MIPT) [Halberg et al., 2008b]. As seen in Figure 25,
not only is there a communality of cycles between terrorism and space weather,
gauged by solar wind speed on the one hand and the antipodal geomagnetic distur-
bance index aa on the other hand, there is also a coincidence in time, the transyear
being most prominent in all three variables during solar cycle 22, as indicated by the
darker shading in the gliding spectra. Results from chronobiologic serial sections at
the average transyear period shows that this component is detected with statistical
significance in terrorism after a lag following its detection in solar wind speed and aa.
This happens on two different occasions, once at the beginning of the record, lasting
only a short while, and a second time during most of solar cycle 22. As for the case
of systolic blood pressure discussed above (see Figure 24), the transyear in terrorism
follows that in space weather after a lag but persists during most of solar cycle 23 after
it is no longer detected for either solar wind speed or aa.
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Figure 25. A transyear with a period of about 1.3 years is detected in a 39-year record of the

incidence of international terrorist acts. It is most prominent during solar cycle 22, coincident

with a larger prominence of this component in solar wind speed and the antipodal geomag-

netic disturbance index aa. At the average transyear period, chronobiologic serial sections re-

veal a relatively stable phase when it is detected with statistical significance, terrorism lagging
behind solar wind speed and aa. © Halberg

REMOVE-AND-REPLACE: CIS-HALF-YEARS (QUINMENSALS)

As seen in Figures 21 and 22, in addition to the transyear detected for the incidence
of sudden cardiac death in Minnesota and Tokyo, an about 0.4-year component
(a cis-half-year) is also resolved nonlinearly in both locations. In Minnesota, its pe-
riod is 0.42 (95 %ClI: 0.40, 0.44) year, and in Tokyo, it is 0.42 (95 % CI: 0.41, 0.43)
year. Albeit of small amplitude, a cis-half-year is also detected in the 29-year series
of mortality from myocardial infarction in Minnesota (1968—1996; 129,205 deaths),
with an estimated period of 0.424 (95 % CI: 0.421, 0.427) year. Cis-half-years have
been reported to characterize solar flares, physicists estimating the period to be ap-
proximately 154 days [Rieger et al., 1984], ranging between about 150 to 160 days
from different studies by different investigators [Cornélissen et al., 2012]. Our own
analysis of the solar flare index for the span from 1968 to 2006 found a double peak
around 0.42 year and an additional spectral line around 0.40 year.

Three spectral components with periods of about 0.41, 0.5 and 1.0 year were
found with serially independent sampling in human circulating melatonin. Figure 26
summarizes results related to the cis-half-year [Tarquini et al., 1997; Cornélissen
et al., 2009b]. The results stem from a study involving 40 men and 132 women in
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Florence, Italy, who each provided 4-hourly blood samples for 24 hours between
October 1992 and December 1995 [Tarquini et al., 1997]. Circadian rhythm pa-
rameters were estimated for each of the 172 individual subjects and pooled to form
longitudinal records for an assessment of the broader spectral structure. An about
0.4-year component was detected and validated by nonlinear least squares for the
time series of MESORSs and circadian amplitudes, as well as for those of samples col-
lected at each of the six timepoints (at 00:00, 04:00, 08:00, 12:00, 16:00, and 20:00)
[Cornélissen et al., 2009b], Figure 26. The results suggest that melatonin may medi-
ate some of the Sun’s effects upon the biosphere in certain frequency windows such
as the cis-half-year of about 5 months.

The multiple components characterizing circulating melatonin are also be found
in a record of self-measurements from a clinically healthy man as he aged from about
20 to 60 years. A multi-component model consisting of cosine curves with periods
of 0.41, 0.50 and 1.00 year was fitted to weekly means of systolic and diastolic blood
pressure and heart rate collected about 5 to 6 times a day over 39 years [Cornélissen
et al., 2009a; Cornélissen et al., 2010]. All three components can coexist for a while,
although all of them are non-stationary in their characteristics and come and go by
the criterion of statistical significance, Figure 27. Statistical significance (P<0.05)
of 1.0-year, 0.5-year, and 0.41-year (cis-half-year) components fitted concomitant-
ly to the data is represented as dark-filled symbols, borderline statistical significance
(0.05<P<0.10) as lightly-filled symbols, and non-significance (P>0.10) as open
symbols. It can readily be seen from Figure 27 that instances when the cis-half-year
reaches statistical significance do not occur at random but mostly as clusters in time.
Intermittently, heart rate (and blood pressure, not shown) are synchronized selec-
tively with one or the other aspect of the physical environment, namely the seasons
(at about 1.0 year), earth magnetism (at about 0.5 year) and/or solar flares (at about
0.42 year). Cosmic-biotic transfer of information, albeit hardly of energy (the bio-
spheric amplitudes are very small) may be mediated in this set of frequency windows.

The about 0.41-year cycle in heart rate may be associated with changes in solar
flares, the cis-half-year amplitude of heart rate showing a cross-correlation coeffi-
cient of 0.79 with the total solar flare index (from both solar hemispheres) at a lag of
about 3.2 years, Figure 27 (left). The superposed time courses of these two variables
indicate the presence of a shared Horrebow-Arago-Schwabe sunspot cycle of about
11 years, the cis-half-year in heart rate being more prominent after the total solar
flare index reaches its about 11-year peak. Prominence of the cis-half-year in heart
rate is gauged by the 0.41-year amplitude estimated over a 4-year interval displaced
in 2.5-month increments. A larger cis-half-year amplitude in heart rate is also asso-
ciated with a larger cis-half-year amplitude of the solar flare index, Figure 27 (right).

CONCLUDING REMARKS

It has long been known how the photic environment affects circadian and circannual
rhythms. More surprising is the observation that sometimes, in some geographic lo-
cations, non-photic features of the sun and space weather more generally can over-
ride seasonal effects, even in places such as Minnesota where the contrast between
winter and summer is strong. This is for instance the case of the incidence of sudden
cardiac death during the years 1999—2003 [Cornélissen et al., 2007; Halberg et al.,
2006].
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Figure 26. An about 0.4-year component was detected and validated by nonlinear least

squares for the serially-independent time series of MESORSs and circadian amplitudes of cir-

culating melatonin, as well as for those of samples collected at each of the six timepoints (at

00:00, 04:00, 08:00, 12:00, 16:00, and 20:00) from each of 172 subjects examined between Oc-
tober 1992 and December 1995. © Halberg

This is also the case of other conditions, such as the incidence of suicides in
Minnesota [Halberg et al., 2005b] and in Australia [Halberg et al., 2008a], with ad-
ditional gender differences, a topic beyond our scope herein.

Too often are associations between space weather and the biosphere examined
by correlation analysis, disregarding ever-present rhythms. This over-simplified ap-
proach should be strongly discouraged since it notoriously leads to spurious results
in view of the many cycles shared between the two systems. A host of alternative
methods that take periodicity into consideration are available and some have been
illustrated herein. One method that is particularly appealing is the remove-and-re-
place approach since it focuses not only on shared cycles but also on the coincidence
in time between, or the manifestation after a lag, of features (often the presence of
special spectral components) either present or absent in space weather and the bio-
sphere, thus bringing an element of causality into the equation.

Chizhevsky’s genius conveyed very poetically the sun’s influence on human
affairs [Chizhevsky, 1976]. The evidence in Figure 25 of long-term resonance of a
transyear on a population basis with both solar and earth magnetism, and the results
in Figure 24 showing that a transyear persists in an individual record of systolic blood
pressure well after the loss of its environmental counterpart (solar wind speed) sug-
gest that the transyear is a partly intrinsic component, just like circadians are built
into the genome [Halberg et al., 2012b].
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Evidence for a partly built-in biological week is also available, as reviewed else-
where [Halberg et al., 2012b], see also [Halberg et al., 2012b]. The existence of so
many coperiodisms, shared components between space weather and biota, speaks in
favor of at least a resonance but perhaps also of a partly inherited broad time struc-
ture that living matter may have readily acquired from the open environment in
which it evolved. These same coperiodisms, emerging from the Cornélissen series
[Halberg, 2000], constitute the backbone of Vladimir Ivanovich Vernadsky’s noo-
sphere [Vernadsky, 1988], structuring this concept into a measurable chronousphere
of transdisciplinary cycles [Halberg et al., 2012b].

With examples drawn primarily from the cardiovascular field, results presented
herein indicate that associations between space weather and human health occur at
several frequency levels. From the relatively high-frequency components character-
izing heart rate variability to the week, half-month, cis-half-year (about 5-month),
and transyear (about 1.3-year), human physiology is influenced by space weather.
These associations can involve more than a single spectral component, as evidenced
from the beautiful results of Elena V Syutkina who showed that the circadian vari-
ation in neonatal blood pressure is modulated by the solar activity cycle [Syutkina
et al., 2012]. This about 11-year variation prominently present in solar activity is also
associated with important changes in the characteristics of other spectral compo-
nents (such as the week, half-month and month) observed for instance in the plan-
etary index of geomagnetic disturbance Kp [Cornélissen et al., 2002b]. Modulation
by the about 11-year solar activity cycle has also been observed in relation with the
cis-half-year, both in the spectral structure of solar flares and of human heart rate
[Cornélissen et al., 2009a, 2010]. As longitudinal records of blood pressure and heart
rate spanning decades become available for analysis, decadal cycles are being uncov-
ered that characterize not just the daily or weekly mean values but also the circadian
and circaseptan amplitudes of these variables [Halberg et al., 2012a].

It is no longer disputed that magnetic storms, more frequent when solar activity
is high, can affect electronic circuits of satellites, with tangible consequences in terms
of the electric grid on earth and the global positioning system that planes rely on. It is
perhaps not so surprising then that magnetic storms, and space weather more gener-
ally, also affect human health, the cardiovascular system in particular, since the heart
is also the strongest electrical system of the human body, yet effects are also seen in
the rest of the body at the levels of the brain and the cell.
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METO/ «YAANEHUA W 3AMEHbI» TPV NPOBEPKE BO3AEACTBMA
KOCMWYECKOKW NMOroAbl HA 3[10POBbE NIOAEN

M. Koprenuccen 1, K. Omcyka 2, 0. Xan6epe !

! Xan6eproBcKuii LIeHTp XpoHobronorun, YHmeepcuteT MeHHecoTbl, MeHHeanonuc, CLLA
2 TOKUNCKMI KEHCKIIA MeONUNHCKII yHUBepcuTeT, Tokno, AnoHna

OlleHKa BIMSHUS KOCMUYECKOMW TTOTONBI Ha (PM3MOJIOTHYeCcKre TTapaMeTphl YeloBeKa, UiIn
MaTOJIOTUM M IPYTHE SIBJICHUSI, 3aBUCUT OT KOPPEISIIUUA MEXIY COLMATbHO-0MOIOTMYECKM-
MU MEePEMEHHBIMU U XapaKTEPUCTUKAMU OKpYyxaltoleil cpenbl. OIUH U3 OCHOBHBIX HEIO-
CTaTKOB TaKOTO IMOAX0Ja — WTHOPUPOBAHUE TTEPUOAMYHOCTH, XapaKTepu3ylollei Kak O1o-
JIOTHIO, TaK Y CBOMCTBA HEXXUBOM IMPUPOIHI.

Koppensius, Kak U3BeCTHO, TPUBOIUT K JOXHBIM pe3yabTaTaM B MPUCYTCTBUU PUT-
MOB, TaK KakK KO3(DGhUIIMEHT KOPpeasiiMd BO MHOTOM 3aBMCUT OT pa3HocTH (a3 mexmy
CpaBHUBAaeMbIMU MEPUOINIECKUMM COCTABISAIOIMMMU. B mpucyTcTBUU pUTMOB (a OHU Cy-
IIECTBYIOT ITOBCEMECTHO) HEOOXOMUMBI IPYTHE METOIBI, TOMUMO TTOMCKOB KO3(MOUIINEHTOB
koppensiiuu 1o I[upcoHy. TToucku Kpocc-CreKTpaibHOM KOrepeHTHOCTU — OIWH U3 10-
MOJIHUTENbHBIX METONOB. JIpyTMM BapuaHTOM SIBJISIETCSI METOJ HAJIOXKEHHBIX 310X. B HacTo-
sieit paboTe WILTIOCTPUPYETCS e1l€ OIUH METOM, «ydaJleHUs U 3aMeHbl», Ha3BaHHBIN TaK
110 aHAJIOTUM C CUTyallMeil B 9HIOKPUHOJIOTMY, KOT/IA XXeJje3a UM opraH (HarmpumMep, Mmoji-
KeJIyImo4yHasl Xkeje3a) cHavaja yaajsieTcsl, YTOObl OIpeae/uTh, Kakue Mpo0eMbl CO 300PO-
BbEM IPU 3TOM BO3HHUKAIOT, a 3aTeM OOJIbHOMY BBOISIT TOPMOHBI (Takue, KakK, HalpuMmep,
WHCYJIMH) WJIH APYTYe MPOMYKThl CEKpEeLMHU YIaJEHHOTO OpraHa, YTOObl BBISICHUTh, MOXET
JIX OBITh BOCCTAHOBJIEHO TaKMM 00pa3oM 3M0poBbe. B HalllMX McClieIOBaHUSAX caMa MPUpo-
Jla OCYILIECTBJISIET TO yAaJleHUe W 3aMeHy. DTO MOXKET ObITh HAJIMYUE WM OTCYTCTBUE NaH-
HOT'O YCJIOBHUSI, TAKOTO KaK, HAalIpUMep, MarHUTHbIE OYpU, WU JaHHOM CIEKTPaTbHON KOM-
MOHEHTHI (Hampumep, Hedeau). buonornyeckoe cocTosiHUe, COOTBETCTBYIOIIEE HATUUMIO
W OTCYTCTBUIO MCCIIEMyeMO 0COOEHHOCTU OKPYXKalolllel Cpebl, WK, TT0 KpalfHeil Mepe,
BO BpeMsI CHYKEHUsI (BBIYMTAHUS) WM YBEIUYeHUs (IOMOJHEHHsI) €€ aMIUIUTYIbI, MOXET
OBITh MCCIENOBAHO C TTOMOIIBIO apceHala CTAHAAPTHBIX CTATUCTUYECKUX METOIOB.
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A chronoecologic health watch was done in 3418 Ladakh residents since 2004 to 2010. Ladakh
is a very arid region of east Kashmir, adjacent to Tibet, at an altitude of 2500 to 4600 m be-
tween the Karakoram and the Himalaya ranges. From June 2009 to September 2011, meteo-
rological indices were monitored, every 30-min, includin air temperature, relative humidity,
air pressure, wind direction, wind speed, rainfall, upward/downward long/short wave radia-
tion and UV-radiation, investigated in chronomic serial sections with a 24-hour and a sepa-
rate 7-day cosine fit. Disastrous floods on 5 August followed the CME on 1 August 2010, seen
in serial sections of rainfall. Meteorological observation disclosed a disruption of 1/f fractal
scaling of the environmental temperature before the floods in Ladakh, whereas serial sections
showed the circannual acrophase. Floods on 5 August affected the health of Ladakh citizens:
blood pressure increased from 130.1/81.7 to 135.2/85.7 mmHg (p<0.005) and the percent-
age of citizens suffering from depressive mood increased from 5.3 to 8.8 % (p<0.0001). An
astro-glocal (in space and time) assessment is recommended as background for diagnosis and
treatment, especially at high altitude. A relatively short (about 11-year) and long (up to and
beyond about 30 or 37-million-years) cycle can be monitored in the future in us, as soon as
we transfer the technology now available to monitor pressure in our tires to humans at all ages
from womb to tomb.

INTRODUCTION

Ladakh is one of the most remote regions of India, located with the Karakoram to
the northwest, the Himalayas in the southwest, and the Trans-Himalayas at its core.
There lies a sparsely populated area of Indian Himalaya at 2500...4600 m altitude,
consisting mainly of arid desert. High altitude environments are generally harsh and
fragile. They have little oxygen, low pressure, cold temperature and strong ultra violet
radiation and the weather in the mountains is very changeable. Certainly individu-
als living there at high altitude showed changeable SpO2 level as well as severe hy-
poxemia, to which women seem to be more sensitive than men. Meteorological and
broader climatological environments should affect the health of citizens in Ladakh.
There have been no precise reports there, however. Thus, we started the weather and
climate monitoring and tried to make an interdisciplinary approach for the relation
between the mountains’ weather and the citizens’ health.

We have continued free health screening of a chronoecological health watch an-
nually since 2001 to 2010. The first visit to Ladakh was 2001, coincident with a span
of high solar activity, that is in the solar maximum, and the 6" visit of 2006 was a span
of the solar minimum. Space weather could have a strong effect on the high-altitude
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environment and in this investigation we assessed a relation between solar activity
and the health of citizens in Ladakh.

AIM

A chronoecologic health watch in Ladakh, using “glocal comprehensive assess-
ment (GCA)” to study the human circulation, autonomic nervous system activity
and health quality as a physiological system at high altitude, complements a chro-
noecological study in Japanese towns. Ladakh is a very arid region of east Kashmir,
adjacent to Tibet, at an altitude of 2500 to 4600 m between the Karakoram and the
Himalaya ranges.

SUBJECTS

In association with the 23™ solar cycle, 3418 Ladakh residents (13...92 years,
average 51.4 years of age, 1428 men and 1990 women), i.e., 549 citizens in 2004
(13...82 years, average 51.1 years of age), 461 citizens in 2005 (19...89 years, aver-
age 54.9 years of age), 447 citizens in 2007 (20...86 years, average 47.8 years of age),
164 citizens in 2008 (18...92 years, average 55.7 years of age), 788 citizens in 2009
(19...92 years, average 53.1 years of age), 420 citizens in 2010 (in June and July)
(19...85 years, average 55.9 years of age) and 589 citizens in 2010 (in August and
September) (22...91 years, average 55.7 years of age), were checked out annually
from 2004 to 2010.

METEOROLOGICAL OBSERVATIONS

High-altitude environments have generally less oxygen, lower pressure, cold tem-
perature and strong UV-radiation. From June 2009 to September 2011, we moni-
tored the climate at Ladakh, north India (34° 27/, 76° 497, 3808 m altitude) every
10-min. Air temperature (°C), relative humidity (%), air pressure (hPa), wind direc-
tion (degree), wind speed (m/s) and rainfall (mm) were measured by using a com-
plex sensor (Vaisala CVS-WXT520). Upward/downward long/short wave radiation
(W/m?) were assessed by an instrument of Huksefulx CHF-NROI1, and UV-radiation
(305...385 nm, W/m?) by KIPP&ZONEN CUV4 [Yatagai, 2010]. Rhythmicity and
1/f fluctuatios of the time-series of measurements were analyzed by the maximum
entropy method (MemCalc software Ver2.0, GMS, Tokyo), also investigated in
chronomic serial sections with a 24-hour and a separate 7-day cosine fit, by fitting
polynomials and by the nonlinearly extended cosinor.

CHRONOECOLOGICAL HEALTH-WATCH

Examinations of health-watch were as follows. Pulse oximetry (SpO,), blood pres-
sure (BP), heart rate (HR), respiration rate (RR), and body mass index (BMI). BP
and HR were measured twice in each of the sitting, supine and standing positions us-
ing a semi-automated BP device (UA-767PC, A&D Co, Ltd, Tokyo, Japan). Aortic
stiffness of cardio-ankle vascular index (CAVI) of right and left ankles [Shirai et al.,

540



T Kawasaki et al.  Astro-glocal spatially and temporally (global & local) comprehensive health. ..

2006; Nakaoka et al., 2012] was measured twice using a VaSera instrument (Fukuda
Denshi, Tokyo). For the glocal comprehensive assessment, we checked out a sleep-
habit, depressive mood, questionnaire, and cognitive function of the Kohs block de-
sign test and the time estimation test. The Up&Go test measured, in seconds, the
time it took the subject to stand up from a chair, walk a distance of 3 meters, turn,
walk back to the chair, and sit down again. Functional Reach, used to evaluate bal-
ance, represents the maximal distance a subject can reach forward beyond arm’s
length while maintaining a fixed base of support in the standing position. Manual
dexterity was assessed using a panel with combinations of 10 hooks (hook-on), 10
big buttons (button-on-and-off), and 5 small buttons (button-on-and-off). The total
manual dexterity time in sec., defined as the button score (Button) was calculated by
adding the average times for one hook-on and one big or small button-on-and-off.

STATISTICAL ANALYSIS

All data from Ladakh were analyzed with the Statistical Software for Windows
(StatFlex Ver.5.0, Artec, Osaka, http://www.statflex.net) and some of these and
other data from controls in Minnesota, by methods in the Halberg Chronobiology
Center (University of Minnesota, Minneapolis, MN). Student’s t-tests and one-
way analyses of variance (ANOVA) served for the comparison of 2 or more groups.
Significance was considered at p <0.05.

RESULTS

1. Association of readings of blood pressure
in Ladakh and solar-terrestrial cycle

The first visit to Ladakh was 2001 at the sunspot maximum. From then on, solar ac-
tivity decreased for 6...7 years and the 23 solar cycle became the sunspot minimum
in 2008. The 8" visit was in 2010 and we have checked out citizens in Ladakh from
the solar maximum to the minimum (Figure 1).

Chronoecological health watch showed a variation of the systolic BP readings as
follows; in 2004 (135.1£22.1 mmHg, n=7546), in 2005 (130.6+25.2 mmHg, n=433),
in 2007 (129.4+20.1 mmHg, n=444), in 2008 (128.8+21.2 mmHg, n=164), in 2009
(128.0£22.3 mmHg, n="786) and in 2010 (130.0+23.6 mmHg, n=418). It was com-
pared with the 23" solar cycle and fitted functions of them were surprisingly simi-
lar, Figure 2a, yet differing between men and women, with the men apparently reso-
nating with their systolic blood pressure and the women with their diastolic blood
pressure, Figure 2b. Systolic but much less so, if at all, diastolic blood pressure was
damped when a 1.3-year far-transyear component was no longer detected in the
spectrum of the solar wind [Halberg et al., 2006].

Figures 2c¢ and d are from a man and a woman monitored longitudinally in
Minnesota during the same, or much of the same span. Both individuals (Figures 2c
and d) and a population such as that in Ladakh can monitor the sun but such stud-
ies must be extended before drawing comparative inferences. It seems clear, however,
that measurements in populations, preferably much longer than that in Ladakh, can
mirror solar activity and hence routine clinic and home measurements may well be
tested worldwide from this possible use.
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Figure 1. Solar cycle and chronoecological health watch in Ladakh. Top: Time series of the

solar cycle. Bottom: Timing of 8 times of visit to Ladakh for chronoecological health watch

since 2004 to 2010 (blue {, which coincides with the 23" solar cycle (to December, 2007)

and with the 24" one (from January, 2008) Red | shows the timing of disastrous flooding
in Ladakh

2. CMEon 1 August 2010

On 1 August 2010, an entire hemisphere of the sun erupted. Filaments of magnetism
snapped and exploded, shock waves raced across the stellar surface, and billion-ton
clouds of hot gas billowed into space. A coronal mass ejection (CME) headed direct-
ly for Earth. The huge solar storm triggered unusual northern and southern auroras
appearing on the night of 3 August. Geomagnetic turbulence in Japan was observed
on 4 August. The CME could have driven disastrous flooding occurring in Ladakh
on 5 and 6 August 2010 in association with an annual acrophase of environmental
temperature recorded by us there.
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Some Similarities between Systolic Blood Pressure (SBP) and Sunspots
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Figure 2a. Daily values of Wolf numbers from 1 January 2001 to 31 July 2012 were analyzed by
the linear-nonlinear extended cosinor. Using a trial period of 10 years, nonlinearly, the period
estimate was about 17 years but converged to 12.58 (95 % CI: 12.17, 12.99) years when adding
a second harmonic in the model, as shown here (blue curve). Using a similar model (10-year
trial period, with addition of a second harmonic) for the SBP data from Ladakh, the period
estimate is about 9.95 years but the 95 % Cls of the amplitude of both the fundamental and
second harmonic covers zero, likely because the time series covers a shorter span of 7 years,
shorter than a single solar activity cycle. The dashed red curve was obtained by using the pa-
rameters from the linear cosinor corresponding to a trial period of 9.95 years, with the quali-
fication that linearly, the best fitting period is longer than 15 years, as was he case for Wolf
numbers in the absence of a second harmonic term

3. Space climate altered systematic co-ordination
of ambient temperature in Ladakh at high-altitude

Weather indices were monitored for 2 years from 9 June 2009 to 11 September 2011
in Ladakh at altitude 3808 m. Time series of ambient temperate, seen on the top left
of Figure 3, show a definite circannual rhythm with a large annual amplitude and its
annual acrophase is in summer. Fractal analysis by the 1/f fluctuations shows a defi-
nite disruption in August which precedes disastrous flooding occurring in Ladakh on
5 and 6 August 2010, as shown on the right of Figure 3.

Ambient temperature investigated in chronomic serial sections with a 7-day
cosine fit also shows a change of circaseptan rhythmicity as seen in the third upper
panel of Figure 4. From June to winter in 2009 ambient temperature showed a stable
circaseptan rhythm in Ladakh (at an altitude of 3808 m). From the winter to summer
the circaseptan starts to drift in phase advance. However, around July to August the
circaseptan rhythmicity changes coincident with a change of space weather.
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Figure 2b. Yearly mean values of systolic and diastolic blood pressure of all Ladakh’s residents

as well as of women and men considered separately. Results are shown as bar graphs assigned

to the year of data collection, taking into consideration the fact that no data were collected
in 2006

4. Disastrous flooding caused by the huge CME on 1 August 2010

Disastrous floods on 5 August followed the CME on 1 August 2010, seen in serial
sections of rainfall. Meteorological observation disclosed a disruption of 1/f frac-
tal scaling of the environmental temperature before the floods in Ladakh, whereas
serial sections showed the circannual acrophase. Annual Health Watch shows, as
compared to Japanese subjects, that residents in Ladakh slept less (7.8 vs. 6.9 hours,
p<0.001), a lower SpO2 (84.4 vs. 96.0 %, p<0.00001), decreased parasympathetic
activity (lower LF and HF; p<0.05), higher sympathetic activity (increased LF/
HF ratio, p<0.05), higher diastolic blood pressure (BP) and heart rate (»p <0.00001)
[Nakaoka et al., 2012].
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Figure 2c. Plot of an elderly man’s (FH) SBP data from 2001 to 2011. The weekly mean values

were fitted nonlinearly with a cosine curve using 10 years as a trial period. The model con-

verges to a period of 9.36 years, similar to that found for the residents of Ladakh. There is,
however, a large phase difference between the SBP data in Ladakh and those of FH
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Figure 2d. Plot of a clinically healthy woman’s (GC) SBP data from 2004 to 2011 (no data
collected between 2001 and 2004). The weekly mean values were fitted nonlinearly with a co-
sine curve using 10 years as a trial period. The model converges to a period of 11.91 years. The
95 % CI of the period is quite wide in view of the very short span of data available for analysis.
Nevertheless, the model reaches statistical significance but with a relatively small amplitude
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Figure 4. Circannual rhythm of ambient temperature and its fluctuating
circaseptan rhythmicity

Floods on 5 August affected the health of Ladakh citizens as shown in Table.
Systolic and diastolic BPs increased from 130.1/81.7 to 135.2/85.7 mmHg (p <0.005),
arterial stiffness CAVI increased from 7.72 to 8.22 m/s (p<0.0001). The percentage
of citizens suffering from depressive mood increased from 5.3 to 8.8 % (p <0.0001).

DISCUSSION

We advocate aligned biospheric and space-terrestrial weather monitoring as a feature
of both health care and a unified science. To learn whether more than one solar cycle
stage may be considered in relation to human cataclysms, we use an illustrative ex-
ample asking (only rhetorically!) whether one of the many longer than ~11-year solar
or galactic cycles can lead to cataclysms [Halberg et al., 2009].

The CME could have driven disastrous flooding occurring in Ladakh on 5 and
6 August 2010 in association with an annual acrophase of environmental temperature
recorded by us there and also reported in Pakistan and in Gansu, China. A heat wave
and smog were presumably associated with the CME in Moscow on 2—9 August.
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We can ask (again only rhetorically) whether one of the longer solar or galac-
tic geological cycles can override the conditions of the minimum in a Horrebow-
Schwabe about 11-year sunspot cycle [Thiele, 1859; Schwabe, 1844]. In 2010 [Khain,
Khalilov, 2009] we were presumably near the end of one of the ~30 million-year
(possibly a Hans Stille geological cycle as the sun passes through the galactic equa-
tor area (1, personal communication from Elchin Khalilov) but cannot sufficiently
resolve the stage of a myriadennian biospheric possible coperiodisms [Cornélissen
et al, 2005] of ~37.8 million years that may have peaked or reached a critical stage
during a minimum of the undecennian sunspot cycle stage [Thiele, 1859; Schwabe,
1844]. Only prospective monitoring of ourselves, preferably longitudinally (see
Figures 2c and d) and around us, in the steps of others, can provide an answer to this
speculation.

CONCLUSION

An astro-glocal (in space and time) assessment is recommended as background for
diagnosis and treatment, especially at high altitude. Both a relatively short (about 11-
year) and long (up to and beyond about 30 or 37-million-years) cycle [Cornélissen
et al., 2005] can be monitored in the future in us, as soon as we transfer the technol-
ogy now available to monitor pressure in our tires to humans at all ages from womb to
tomb (whether or not we drive).
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NPOCTPAHCTBEHHO-BPEMEHHOE ([JI0BANIBHOE U TOKAJIbHOE)
I/ICCHE,U,OBAHI/IE 3ﬂ0POBbﬂ J'IlOﬂ,EM OBMTAIOIJ.lMX HA BOJIbLLIWX BbICOTAX

Tl{aeacal(u ,A. imazau?, THaKaOKa I{ Omcyka', 10. 0mcyKa E BamaHa6e ,K.Omeyka’,
K. Okymus %, K Mauy6amuu T. Hop6y *, X. KopHenucceH 0. Xan6epz

! MeguumHcKnin dakynbreT, TOKUACKNIA XKEHCKUIN MEANLNHCKNIA yH1BepcUTeT, Tokno, AnoHna
2 HayuHo-nccnepoBaTenbCKkmim MHCTUTYT YenioBeka 1 npupogbl, Knoto, AnoHua
3 Wccneposatenbckuin ueHTp KOro-soctouHom Asun, YHusepcuteT Knoto, Kuoto, AnoHuna
4 JlapakxCKUM MHCTUTYT NPOrHo3o0B, Jlex, Jlagakx, MHama
> Xan6eproBckuin LLeHTp xpoHoburonorun, YHneepcuteT MeHHecoTbl, MeHHeanonuc, CLUA

XPOHO3MUIEMUOJOTMYECKIE UCCIeI0BaHUS 3M0POBhs ObLIN MpoBeaeHbI 115 3418 xuteneit
Jlapakxa 3a nepuon ¢ 2004 o 2010 r. Jlamakx sBJisieTCsS OYEHb 3aCyIIUIMBOM pailOHOM BOC-
tToyHoro Kammupa, mpueratoriero Kk Tubety Ha BoicoTe oT 2500 10 4600 M MeXIy TOPHBI-
mu cucteMamu Kapakopym u 'mmanau. C utons 2009 no centsiopp 2011 r. kaxasie 30 MuH
MPOBOAMJIOCH MOHUTOPMPOBAHUE METEOPOJOTMYECKUX ToKaszaTeseil, BKIoyas TemIepa-
Typy BO3/yXa, OTHOCHUTEJbHYIO BJIAXXHOCTb, aTMOC(EpHOe NaBJieHUe, HallpaBJieHUe BeTpa,
CKOPOCTb BeTpa, KOJMYECTBO OCAIKOB, PACIPOCTPAHSIONIMECsS] BBEpX/BHU3 IJIMHHOBOJ-
HOBOE/KOPOTKOBOJIHOBOE M3NydeHust u YP-usnyuenue. MccienoBaHust MPOBOIUINCH TSI
cepuii 24-4acoBOM U OTAENbHO 7-THEBHOMN MPOTSKEHHOCTU C IIOMOIIBIO KOCUHOP-aHaIM-
3a. Karacrpoduueckoe HaBogHeHUE 5 aBrycra HabJII0IaI0Ch MOCe KOPOHATbHOTO BBIOPO-
ca maccol ConHuia (CME) 1 aBrycra 2010 1., 1 OHO TIPOSIBJISLIOCH B CEPUM CPE30B OCAIKOB.
Merteoponoruueckre HaOM0OIEHUST OOHaApYyXWBaIM HapylieHus 1/f ¢pakraibHOoro mac-
mTaba TeMIepaTypbl OKpyKalolieil cpenbl 10 HaBoAHeHUs B Jlamakxe, B TO BpeMsl Kak ce-
pUM Cpe30B coiepKaau romuuHylo akpodasy. HaBogHeHue 5 aBrycra moBIUsLIO Ha 310pO-
Bb€ TPaXkJlaH: CpellHee KpoBsiHOe napjieHue Bo3pocio ¢ 130,1/81,7 mo 135,2/85,7 MM pT. cT.
(»<0,005), a mons rpaxnaH, CTpalaIIMX IEMPECCUBHBIMU PACCTPOMCTBAMU, YBEINYMIACH
¢ 5,3 mo 8,8% (p<0,0001). ITpocTpaHCTBEHHO-BPEMEHHbIE OLIEHKU PEKOMEHIYETCsI MpOo-
BOAUTH ISl AMATHOCTUKU U JIeUeHUsI, OCOOEHHO IiJIsi oOuTaTeseii BLICOKOTOPHBIX PaiiOHOB.
OtHocuTenbHO KopoTkue (~11-yeTHue) u mimHHbIe (M0 U 6ojnee 30-neTHUe win 37-Mui-
JINOHHBIE) IIUKJIBI MOXKHO KOHTPOJIMPOBATh B OYAyIleM MpU 00J1afaHN TEXHOJIOTUSIMM, 10-
CTYMHBIMU [JIs1 KOHTPOJISI JaBJI€HUS JIIOEi BceX BO3PACTOB OT YTPOOBI 10 CMEPTH.



SPACE WEATHER AND MEDICAL EVENTS: MEDICAL OBSERVATIONS
FOR 45 YEARS (CLINICAL COSMOBIOLOGY)
E. Stoupel

Division of Cardiology, Rabin Medical Center, Petah Tiqwa,
Sackler Faculty of Medicine, Tel Aviv University, Israel

We began our studies in Clinical Cosmobiology from 1968 and made first presenta-
tion in 1970. The aim of the studies was to check space physical factor links with tim-
ing of medical events.

METHODS

Studied were Time, Solar Activity (SA), Geomagnetic Activity (GMA), Cosmic
Ray-Neutron activity (CRA) and close related space Proton flux.

The physical data came from space science centers in the USA, Russia,
and Finland. The medical data was collected in medical institutions from Israel,
Lithuania, Azerbaijan.

Daily, monthly and yearly comparison was made. Absolute differences using
Student test, Pearson correlation coefficients and their probabilities, q2 differences
and other statistical modalities were used to establish links between timing of medical
events, or changes and levels of the mentioned physical factors.

RESULTS

Total deaths distribution (n-850304): significant links with CRA, inverse
with SA.

Congenital and Genetic abnormalities: Newborn number with Down Syndrome
(n- 1300) related to CRA and SA at month of conception. Some relationship with
newborn gender was also described;

Neonatology: monthly newborn number (n-286963) was related to CRA and SA
9 Months before delivery; newborn weight and length related to SA level at month
of conception.

Immunology: Immunoglobin M, G blood levels related to monthly SA and
GMA level; Inflammation markers C-Reactive Protein blood levels higher in
high GMA (n-25399), related to monthly GMA level and inverse related to CRA
(Neutron) activity; Anticardiolipin Syndrome immunologic component related
to GMA;

Ophthalmology: Intraocular pressure (970 eyes, 485 pts.) related to SA and
GMA levels; also Acute Glaucoma and Ret inal Ablation;

Neurology: Migraine attacks severity, Epileptic seizures related admissions relat-
ed to GMA and SA. Stroke related deaths (n-1043243) related to monthly CRA and
inverse to SA.

Mental Disorders: Psychiatric Hospital admissions related to SA and GMA
(n-1800 for 10 year period);

Suicide temporal distribution (n-19527) was inverse related both to CRA
and SA.
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A. Cardiac arrhythmia and Sudden Cardiac Deaths (SCD, n-788, 480, 1327)
inverse related to daily GMA and linked to CRA (Neutron) CRA (Neutron) activi-
ty — clinical data in three countries and ICD discharges for VT,VF (86pts, 580 treat-
ments,1995—2006) and 24-hour Holter monitoring data (211pts.). Paroxysmal Atrial
Fibrillation (PAF) related admissions inverse related to GMA level.

B. Blood changes: Most blood coagulation markers raise at high GMA in com-
parison with Quiet days of GMA.

Inflammation markers C-Reactive Protein blood levels higher in high GMA (n-
25399), related to monthly GMA level and inverse related to CRA (Neutron) activity.

C. Arterial Pressure: 24-hours ambulatory monitoring shows significant raise
of systolic and diastolic pressure in treated hypertensive patients at high GMA days.
Also pregnancy induced hypertension (PTH) showed similar relationship (19843 de-
liveries, 628 PIH) with monthly level of GMA.

D. Acute Myocardial Ischemia related to high GMA.

E. Cardiogenic Shock and Right Ventricular Infarction in AMI related to CRA,
S.A. and, less, to GMA.

F. Acute Myocardial Infarction: AMI (n-16.683, 11046, 4919 patients) re-
lated to CRA and inverse to SA. The culprit artery in the Left Anterior Descending
(LAD)artery inverse related to GMA level and linked to CRA (Neutron) (n-2000
Percutaneous Coronary Interventions (PCI) invasive treatments at day of AMI) ac-
tivity.

G. Congenital Heart Disease (n-1739, among 79085 newborn infants and n-371
of 41435 newborns) is connected with CRA (Neutron) activity and SA at the month
of conception.

H. Stroke: Monthly deaths number (n-104243) related to CRA (Neutron) ac-
tivity and inverse related to SA.

As a significant step to use this data in practice is the use of artificial magnetic
fields in the treatment of severe Depression in psychiatric hospitals around the World.

CONCLUSION

Human homeostasis in many aspects is related to space weather.

The antagonistic relationship of CRA (Neutron) activity with SA and GMA
brings different action of this two sorts of space energy on Human physiology and
pathophysiology. Zero GMA days can be studied an antipode to GMA storms.
Excessive level of different sorts of space physical activity is the basis for the concept
of the equilibrium paradigm in clinical cosmobiology, but quantitive domination of
low GMA —high CRA (Neutron) activity is the most frequent space energetic situa-
tion in the last decades in the Middle Latitudes.

Some preventive measures for high risk population can be discussed, but needs
additional consideration.

The subject is too wide for presentation in a single chapter in proceedings. The at-
tached references of a part of the publications in the discussed field can be helpful for
having a picture of the issue of Clinical Cosmobiology. The presented publications allow
the reader also to see used other author’s studies and, especially, the 60— 70 coauthors
that took part in this field of our research at different time intervals.
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KOCMUYECKAA NOroaA N MEAMLUIUMHCKUE HABNOAEHUA
B TEYEHWE 45 NET (KNUHUYECKAA KOCMOBWONOTNA)

3. Cmyneno

OTneneHve Kapamonoruy, MeguumnHCKni LeHTp M.PabuHa, Netax Tukea, N3pannb
MeguunHckmin dakynbteT um. Caknepa, YHusepcutet Tennb-AsuBa, M3pannb

HccnenoBanus B 00/1aCTH KJIMHUYECKOI KOCMOOUOJIOTUM ObUIM HayaThl B 1968 r., mepBas
nyoaukanus nosisuwiack B 1970 r. Lenblo uccnenoBaHuii crana npoBepka CylleCTBOBAHUS
(busnueckux GakTopoB, M0 BpeMEHU CBSI3aHHBIX C MEAUIIMHCKUMMU MPOSIBJICHUSIMHU.

METO/bI

WccnenoBamck BpeMs, conmHeyHast akTuBHOCTh (CA), reoMarHuTHass akTuBHOCTh (ITMA),
KOCMUYECKHE JTy4u — HelTpoHHast akTUBHOCTh (CRA) 1 aKTMBHOCTH OJIM3KO CBSI3aHHBIX
¢ KOCMMUYECKUMU JIydYaMU MOTOKOB MPOTOHOB. DTHU JaHHbIC ObUIM TMOJYYECHBI U3 HAyYHBIX
ueHtpoB B CIIIA, Poccun, ®unnsaanaun. MenuyHCKIe TaHHbIE COOpaHbl B METUIIMHCKUX
yupexaenusx U3pawuis, JIutsel, AzepOaiimkaHa. beumm mpoaHaan3nMpoBaHbI M COIIOCTaBIIe-
HbI €XeTHEBHbIE, eXXEeMECIUHbIe U eXeroiHble (pusznosornyeckve u (pusnyeckue mapaMe-
Tpbl. AGCOJIIOTHBIC Pa3IMYUSI ONPEACIISUTUCH C UCITOIb30BaHUEM Kputepust CTbloeHTa, KO-
s¢duimeHTa Koppessiuy [IMpcoHa 1 MX BEPOSITHOCTH, q° Pasiidist ¥ IPYTHX CTATHCTHAYE-
CKUX METOMOB JIJIS YCTAHOBJICHUS CBA3eH MEXIy MOMEHTAMHM MEIUIIMHCKOTO COOBITHSI MJTN
€ro U3MEHEHUS M YPOBHEM YKa3aHHBIX (hr3nUecKrx (hakKTOpOB.

PE3YJIbTATDI

Pacnipenenenue ob6mero yncia cmepteit (n-850304): mpsimo 3aBucut ot CRA n nMmeeT 06-
paTHyI0 3aBUCHUMOCTE OT CA.

Bpoxknénnbie 1 reHeTHYECKHE AaHOMAJIMH; YMCJIO HOBOPOXIEHHBIX ¢ cuHApoMoM JlayHa
(n-1300) 3aBucutr or CRA u ot CA B Mecsn 3avyatus. MiMeercs HekoTopas 3aBUCUMOCTb
TaKXe U 1MoJjia HOBOPOXKAEHHBIX.

HeonaTtosioruga: exeMecssuHOE 4YUCIO HOBOPOXIEHHBIX (N-286963) ObUIO CBA3aHO
¢ CRA u ypoBHem CA 3a 9 MecsueB 10 poJaOB; BEC U IJIMHA HOBOPOXIEHHBIX CBSI3aHHbI
¢ ypoBHeM CA B Mecsill 3a4aTusl.

HmmyHoaorus: UMMyHOTTOOyTMH M 1 G KPOBM CBSI3aHBI C €XXeMECSTIHBIMU 3HAYEHU -
s CA un ypoBHeM 'MA; ypoBeHb MapKepoB BocmiajieHuss — C-peakKTHUBHBIN OeJI0K Kpo-
BU BbIllIe TIpU BbICOKOM ypoBHE 'MA. (n-25399) cBsi3aHbl ¢ exxeMecsiuHbIM ypoBHeM [TMA
1 UMEIOT 00paTHYI0 3aBUCUMOCTh OT CRA (HEMTpOHOB); MMMYHOJOTMYECKIE KOMITOHEHTHI
AHTUKapAMOJUNTMHOBOTO CUHIpOMA, cBsI3aHbl ¢ [ MA.

Odransmonorus: BHyTpuriazHoe nasieHue (970 ras, 485 maimentoB) 3aBucut ot CA
u 'MA, Tak e Kak 1 oCTpas IJIayKoMa 1 OTCJIO€HME CETYATKMU.

Hespousiorus: TsXKecTb MPUCTYTIOB MUTPEHU, MOCTYIUIEHUE OOJIbHBIX C AMUIEITUYECKU -
mu nipuctyriamu 3aBucut ot CA u 'MA. CmeptHocTh oT MHCYabTOB (N-1043243), 3aBucur
psiMo oT exxeMecstaHoro ypoBHSI CRA 1 HaxomuTes B 0OpaTHO# 3aBUCUMOCTH OT CA.

Ilcuxudyeckue paccrpoiicTBa: IICUXMATpUuyecKas rocrnuTaau3anuii 3aBucuT or CA
u I'MA (n-1800 3a 10-1eTHUII Iepuoxn);

Pacnpenenenne camoyouiicts (N-19527) umeet o6patHyio 3aBucuMocTh oT CRA u CA.

CEPOEYHO-COCYANCTAA MEAVNLIMHA

A. Cepneunas apuTvmus 1 BHe3anHas cepaeunas cmeptb: (BCC, N-788, 480, 1327) ume-
10T OOpaTHYIO 3aBUCUMOCTD OT exXeaHeBHbIX 3HaueHuil T MA u cBsa3anbl ¢ CRA. KimuHuuec-
Kue naHHble B Tpéx ctpaHax (BBC — n-778, 480, 1327), pa3psiabl UMITJIAaHTUPOBAHHOTO Je-
bubpusgTopa Tpu XKenynoukoBoi Taxukapnuu VI u xkemynoukoBoi ubpwiisaiyumn VF
(86 mammenToB 1 580 paspsinoB B 284 mHs B 1995—2006 rr.) 3aBucenu ot CRA (HEeTpOHOB)
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¥ BMECTe C JaHHBIMU 24-4aCOBOTO XOJITEPOBCKOr0o MOHUTOpMHTA (211 ITallMeHTOB), a TaK XKe
MOCTYIUIEHUsI GOJIBHBIX C MTapoKcu3ManbHou pubpwuisiueii npeacepauii (ITMOIT) — umeror
o0paTHYI0 3aBUCUMOCTb 0T T MA.

B. W3mMeneHusi KpoBH: OOJILIIMHCTBO MapKepoB CBEPTHIBAEMOCTH KPOBU BO3pacTaeT
¢ poctom 'MA no cpaBHeHHIO cO CIOKOWHBIM ypoBHeM ['MA. Mapkepbl BocrajleHUsT —
C-peakTUBHBII 0eI0K KpOBU — IOBBIIIAETCS MpU BbicOKUX T'MA (n-25399), oH cBg3aH
C YPOBHEM exXeMecs4HbIX 3HaueHnii TMA u uMmeeT o6paTHyto 3aBUCUMOCTb 0T CRA (Heii-
TPOHBI).

C. AprepuanbHoe napjeHue: 24-4acoBblii aMOyIaTOpHbBIM MOHUTOPUHT AJl cBUIETEb-
CTBYET O 3HAYUTEILHOM TMOBBIIICHUHM CUCTOJIMYECKOTO U TMACTOJIMYECKOTO JaBICHUS Y Ma-
LIMEHTOB C apTepHuaJbHOI TMIIEpTOHUEH B THU ¢ BEICOKUM YpoBHeM 'MA. CxonHble pe3yib-
TaThl HabJONAI0TCs B ciaydyasx runepreH3uu npu 6epemeHHoctu (PIH) (19 843 nocrynus-
IIMX TAeHToK, 628 ¢ PIH) B cBSI3u ¢ IOBBILIIEHHBIM €XXeMeCSTYHBIM ypoBHeM ' MA.

D. Ocrpas mmemusi MUOKapJa CBs3aHa ¢ BHICOKMM ypoBHeM [MA.

E. Kapauorennblii ok 1 HH(GapKT NpaBoro xejaya0dka IIpu ocTpoM UHMapKTe MUOKap-
na, cea3aHbl ¢ CRA u CA u B MeHbleii cterienn — ¢ TMA.

F. Octpoiit nudapkr muokapaa: OMM (n-16, 683, 11046, 4919 mauneHTOB) pearupyeT
Ha CRA u Haxomutcs B oOparHoii 3aBucuMmocTu ot CA. UHdapkT — cBsI3aHHas JeBas Ie-
penusisg Hucxoasmast (LAD) BeTBb JieBoil BEHEUHOI apTepuy MUMeeT O0OpaTHYIO 3aBUCUMOCTD
ot ypoBHs1 TMA u nipsimyto cBsizb ¢ CRA (HeiiTpoHHOII KOMIIOHEeHTO#) (n-2100 upe3kox-
HBIX KOPOHApHBIX BMelnaTeibeTB — YKB — mpu MHBa3UBHBIX TIpolieaypax B ieHb ¢ OMM).

G. Bpoxnénnsie nmopoku cepaua: n-1739, cpenu 79 085 HoBopoxn€HHbIX U n-371 us
41 435 HoBopoxn€HHBIX cBs13aHbl ¢ CRA u CA B Mecs1l 3a4aTusl.

BaxkHblii miar 6bUT caesilaH B HAlpaBJIeHUU UCTOIb30BaHMS TUX NaHHBIX B MPaKTUKeE,
a IMEHHO — MPUMEHEHUE UCKYCCTBEHHBIX MAarHUTHBIX MOJIEN B JICYEHUU TSIKETON nenpec-
CHM B TICUXUATPUYECKUX OOJILHUIIAX 10 BCEMY MUDY.

BbIBO/Ibl

T'omeocTas yenoBeKka BO MHOTOM CBSI3aH ¢ KOCMMUYECKOI MOronoii. PaznmuuHele cooTHOIIIE-
Hus CRA, CA u 'MA no-pa3HOMYy BO3IEICTBYIOT Ha YeJIOBEUECKYIO (DU3MOJIOTUIO U T1aTO-
¢usnonoruto. Hynesoii ypoenb 'MA noinkeH mM3ydaThesl KaK IIPOTUBOIIOIOXHOCTD THSIM
C TeOMarHUTHbIMM OypsiMu. TTOBBIIIIEHHBIN YPOBEHb Pa3IMYHBIX BUIOB aKTUBHOCTU (M-
3UYEeCKHUX KOCMUYECKMX (DAKTOPOB SIBSIETCS OCHOBOM ISl KOHUEMIIMM PaBHOBECHOM Ma-
pagurMbl B KIMHUYECKONH KOCMOOHMOJIOTMU, HO KOJIMYECTBEHHOE JOMUHMPOBAHUE HU3KUX
ypoBHeli  MA u Beicokux 3HaueHniZ CRA (HeiTpOoHHOII KOMITIOHEHTHI) SIBJIIETCSI HanboJee
YaCcTOM SHEPreTUYECKOM CUTyallMel B IOCIEAHUE NECITUIETHS HA CPEAHMX IIIMPOTAaX.

HexoTopsie mpodunakTuyeckue Mepbl 1JIsl HOMYJISILIMU C BBICOKMM PUCKOM 3aBUCHUMO-
cTell ciemyeT 00CcyIuTh, HO TPEOYETCs TOMOJIHUTEbHOE PACCMOTPEHHUE.



OU3UONOTMYECKUE U NATOOU3UONOTMYECKWE ACNEKTBI BIUAHUA

KOCMWYECKOW MOroAbl HA YENOBEYECKMIA OPTAHM3M
10. U. [ypgpunkens 1.2

! HayuHbin KnuHnuecknin LeHTp OTKPBLITOro akLMoHepHoro obulectsa «Poccumnckmne

XenesHble goporu» (HKL, OAO P>K[1), Mocksa, Poccus, e-mail: yugurf@yandex.ru

2 VIHCTUTYT KOCMIYECKNX NCCNefoBaHNii POCCUINCKOI akafieMnm Hayk
(MKW PAH), MockBa, Poccusa

I'ne mpoxonuTt rpaHb MeXIy HOPMO# U TAaTOJIOTHEN TIPY BO3AEHCTBUM (DAKTOPOB BHELTHEM
cpenbl U, B YaCTHOCTH, KOCMUYECKOU moroabl Ha yesnoBeka? EcThb Ju Takasi nemMapKaiyvoH-
Hasl JIMHMS TIPY IPYTUX BUAAX MATOJIOTUU?

IIpoBenéHHble HAMU paHee MccienoBaHus y 144 malMeHTOB MTOKa3aIu: YeM 0oJiee BbI-
paxkeHa TSKECTb COCTOSIHUS, TeM 3HAUMTEJIbHEl ObLIN pacCTpOiiCTBa MUKPOLIMPKYJISIIIUM BO
BpeMsI TeOMarHUTHBIX Bo3MylleHuii. Hanbosbiiasi BbIpaXKeHHOCTh HapYIIEHUH Kanmuyuisip-
HOI0 KpOBOTOKA OTMEUYeHa Y 00JIbHBIX UilleMuuecKoit 6ose3Hnio cepata (MBC), mpoTekalo-
et Ha ¢hoHe caxapHoro auadera, y 00JbHBIX C IEPEHECEHHBIM paHee UH(ApKTOM MUOKap-
Jla M Yy JIUI] C TIOBTOPHBIMM MH(papKTaMu MUOKapaa, OCIOXHEHHBIMU CepAeUYHOI HempocTa-
touHOCThIO. [To3gHee [x. I'MmutpoB u C. Oky6o [Gmitrov, Ohkubo, 2002] B skcriepuMeHTe
Ha XMBOTHBIX TAKXXE BbISIBUIM 3HAYMMYIO OTPULIATESbHYIO KOPPEISLIMIO MEXI1y FeOMarHuT-
HBIMU BO3MYILIEHUSIMU U CKOPOCTHIO KanujuisspHoro kposotoka (CKK).

Pe3ynbTaThl 3THX M IPYrUX UCCIENO0BAHWI MO3BOJISIOT MPEAIOI0XUTh, YTO KPOBb cCaMa
o cebe MOXET SIBJIAThCSI CEHCOPOM BapuallMii MarHUTHBIX TOJIEH, TTOCKOJIBKY PUTPOLIM-
Tbl, TPOMOOLIUTHI, JEUKOUMTHI, HECYLIME 3JIEKTPUUYECKUI 3apsi[i B MOTOKE, B COM3MEPU-
MOM MAarHMTHOM I10JI€ MOTYT MEHSITh KaK COOCTBEHHBIE CBOMCTBA, TaK U CBOIMCTBA MOTOKA.
HMHTepecHO, 4TO HE TOJILKO TeOMarHUTHBIE BO3MYILIEHUS, HO U TIepUOAbl OYEHb CITOKOM-
HOI TeOMarHUTHOW OOCTAHOBKM OKAa3bIBAIOT BIMSIHME HA KANMJUISIPHBIN KPOBOTOK, 3aMe/I-
JIsIs1 ero.

IIpu BcEM MHOroo0Opasuu peaklMyd OpraHM3Ma 4YejloBeKa Ha TejiMo- W reomar-
HUTHYIO aKTMBHOCTh cepaeuyHo-cocynucrtas cuctema (CCC) um «cuctemMa» KpOBU
MPEICTaBISIOT IJI1 HAC HAaMOOMBIINI MHTEPEC, TTOCKOJIbKY OUYEBUIHA X B3aUMOC-
BSI3b B MPOSIBICHUSAX (PU3MOJIOTMYSCKUX M MATOJOTMYECKUX MpolieccoB. OHU 0b0e
COIPUKACAIOTCS HACTOJBKO TECHO, UTO, IO CYTU, SBJSIOTCS HEKUM €OUHBIM Iie-
JIBIM, NI OJHA CHCTeMa He MOXET CYIIeCTBOBaTh 0e3 Apyroil. BeposiTHO, UMEHHO
10 3TOM Xe MpuurHe 3¢ @PEeKThl, BOCIPUHNMAaeMbIe OJHOM CUCTEMOIA, JIETKO Tiepe-
JAI0TCS IPYTO.

ExxeMecsiuHOe pacmpenelieHUe KOJWYECTBA CIIydaeB OCTPOro MHdapKra Mu-
okapga (MM) u ocTporo HapylleHus MO3TOBOrO KpOBOOOpaIllEHUS Y MYKYWH
M XKEHIIYH pa3HbIX Bo3pacTHBHIX Ipynn no maHHbIM LIKB Ne 1 PXKJI 3a mepuon
¢ 1992 o 2007 r. (puc. 1) moxkasano, YTo MyXKUYMHBI 3a60JIeBaloT NH(GAPKTOM MU-
okapaa Ha 27 % wdaiiie, yeM XeHIIUHbBL. [IpruéM Mecsibl, Hanboliee HebIaronpu-
SITHBIE JJISI MY>KUMH, HE SIBJISIOTCSI TAKOBBIMM 151 KEHILWH. PacnpeneaeHue mo me-
cs1aM 3a00JIeBIINX OCTPhIM MH(pAapKTOM MMUOKapAa MYX4YWH (OTOOpaHbI TOJIbKO
clyyaud ¢ TOYHO M3BECTHON IaToii 3a00jieBaHMS) ITOKA3aJ0, YTO B STHBApe M OK-
T0pe camasl BhIcOKas 3a00jeBaeMOCTb MH(MApPKTOM MHUOKapla y MYX4YWH, TOraa
KakK >XEHIIMHBI Yallle 3a0oyieBaloT MH(apKTOM MHUOKapJa B CEHTSIOpe M Jekaope.
Pacrnipenenenue 1mo Bo3pacTHBIM IPYIIaM Y HAIIMX MALIMEHTOB MOATBEPKAAET XO-
PpOIIIO M3BECTHBINM KapauoyioraM (akT, YTo XKeHIIUHBL 10 60 jieT nHDapKTOM MHO-
Kapza 3a00JIeBalOT CYIIECTBEHHO pexe, YeM MYKUMHBI, 6J1arogapsl UX TOPMOHAIIb-
HBIM 0COOEHHOCTSIM, 00ECITEUNBAIOIIMM 3alIUTY COCYIUCTONU CTEHKMU.
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ExemecAyHoe pacnpejeneHne KONHYECTEA cnyYaes WHdapkTa MHOKapaa Y MYHYHH
(cneea) M HeEHWHH (CNpaBa) pazHelX BOIPACTHLIX KAaTEropui no ganHeiM LKBE Me1
PO g E&pmn 1992-2007rr.

FCTHCEHEIF (R

P e - [~ ..

Myamms

KOIECTEG CIVLAER
BOMMECTES CTAFR
¥

I mom W v VI VIIVInD X X X xn I 0om W v VvV X X XD X0

Puc. 1. ExemecsuHoe pacrnpefieieHue KOJIM4ecTBa clyyaeB OCTpOro MHdapkra Muokapia
Y MYXXUMH M XEHIIMH pa3HbIX BO3pacTHbIX rpynn 1o gaHHbiM LTKB No 1 PXK]I 3a nmepuon
¢ 1992 no 2007 r.

B 10 ke Bpems keHIIMHBI Ha 16,8 % uarie, yeM MyXYMHBI, 3a00J€BaIOT
OCTPBIM HapyllleHHueM Mo3roBoro kposooOpaimieHusi (OHMK) (puc. 2). Ilpuuém
HauOoJblllee KOJUYECTBO CIAYYaeB Y KEHIIMH TMPUXOIUTCS Ha SHBapb, ampelib
U UIOJTb.

Kakuve nmatodusnosornyeckue MexaHu3Mbl JieKaT B OCHOBE 3THX ITPOIIECCOB?
MoxXeT ObITh, XXEHIIMHBI 0oJiee, YeM MYXKUUHBI, YYBCTBUTEIbHBI K HEHTPOHHBIM
MOTOKAaM, a MYy>XXYMHBl — K T€OMAarHUTHBIM Bo3MmylleHUsIM? EnuHOi ToOuku 3pe-
HUS Ha CETOMHSIIHUN neHb HeT. [ToydeHHble B HAIIIUX UCCIIEAOBAHUSIX pe3yIbTa-
THI alOT OCHOBaHMWE MPEAIONI0XUTh, YTO UMEHHO CEpAEeYHO-COCYAUCTAsI CUCcTeEMA
1 KPOBb IPENCTABIISIOT COOOI «MUIIIEHb», Yepe3 KOTOPYIO peann3yroTcs 3G ¢heKThI
T€OMAarHUTHBIX BO3MYIIICHUIA.

M3yyeHune cocTOSTHUST KallWJUISIPHOTO KPOBOTOKA Y 144 MaItueHTOB ¢ HIEMU-
yeckoit 6one3nbio cepaua (MBC) monrBepXknaloT 3To: yeM 0OoJjiee BhIpaXkeHa Ts-
JKECTb COCTOSTHMSI MAllMeHTOB, TeM 3HAYUTEJIbHEN pacCTpOMCTBA MUKPOIMPKYJIS-
LMK HAOJI0JAIMCh B TIEpUOJ reOMarHUTHBIX Bo3MyleHuit [Gurfinkeel et al.,1995].
HauGonbias BeIpakeHHOCTh HapyIICHUWN KamWUISIPHOTO KPOBOTOKAa OTMEYeHa
y 6onpHBIX MBC, mpoTtekaroleii Ha (poHe caxapHOro auabeTa, a TakxkKe y MalueH-
TOB C NepeHeCEHHBIM paHee MHMAPKTOM MUOKapaa W y JUIl C TIOBTOPHBIMU HUH-
(apkramMu MuoxKapaa, OCIOXKHEHHBIMU CepACUYHON HENOCTAaTOYHOCThIO, TOTAA KakK
Yy MeHee TSKETBIX TTAlMEeHTOB CO CTeHOKAapAUe WM C TTapoOKCU3MaJIbHOM opMoii
TperneTaHus Tpencepanii HapyleHus KamuuIIpHOTO KPOBOTOKA OBLITU TOCTOBEPHO
HIXeE.
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EmemecauHoe pacnpegenexie saGonesanmin OHME y MyMulH pasHiix
BO3PACTHRIX KATeropHi no gandeid UKE N21 PHA (repp.2) 3a nepuog 1992-2007rT.

WERBORHLE OLOTHAVEHT L
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Puc. 2. ExxemecsuHoe pacnpeesieHre KOJMIeCTBa CIydaeB OCTPOTO HapyIIEeHUS] MO3TOBOTO
KpPOBOOOpAIEHUST Y MY>KYMH U XKEHIIUH Pa3HbIX BO3PACTHBIX Tpyrn 1o aaHHbIM LIKB Ne 1
P2K]1 3a nmepuon ¢ 1992 o 2007 r.

PacnpegenedHwe cpeiHecyTouYHO
oCT K

oc

no E

no 2005 rr.

o= Hudapkr Muoxapin

Puc. 3. PacnipeneneHue cpeaHeCyTOUHOM 3a00J16BaéMOCTU OCTPhIM MH(papKTOM MUOKapaa
M OCTPBIM HapyILIEHUEM MO3TOBOTI0 KPOBOOOPAILIEHUS 10 THSIM MarHUTHBIX OYpb
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PesynbraTel MccenoBaHUS TTOKA3alId, YTO YXYOIICHUE TTapaMeTpOB KaITMJUIsIp-
HOTO KPOBOTOKA OTMeJaeTcs B IeHb Havyajla MarHUTHOM Oypu. [1pu pacnpeneieHun
3HAYCHUH KO3 dUIIMeHTa KOPPENISIUU (1) MEXIy CyMMapHBIM KaITWUISIPHBIM WH-
nekcoM (ZM) m cyMMapHBIM TIaHETAPHBIM CPEIHECYTOUHBIM MHICKCOM MarHUTHOM
aKTHUBHOCTU (Ap) IO TpyIaM OOJBHBIX HamboJjee TeCHasi KOPPEJSIIIMOHHAs CBSA3b
BBISIBIIEHA B TPYIITIEe MY>KIWH Y XXEHIIWH, TIEPEHOCAIINX HHMAPKT MUOKapAa, ¥ MyXK-
yun 0,574, y xenmmH +=0,565. Takas xxe HalpaBIeHHOCTh U3MEHEHHI KO3 hULM-
€HTa KOoppeJsiLiuu B rpyriie 6ojbHbIX creHokapaueit (CT). ¥V 20 MyXuuH r cocTaBUI
B cpenteM 0,524. B moarpymrie skeHIMH co creHokapaueit (n=17) r coctasui 0,500.
VY 60abHBbIX ¢ HapymieHusiMu putMa (HP) y MyxxuuH (n=22) B 1eaom KoahGUIIMEHT
KOPPEJIAINY OKa3aJcs HIDKe, YeM BO BCeX OCTAIbHBIX rpymrax, — 0,496. B moarpym-
Me XeHIIMH ¢ HapylieHussMu putMa (n=13) r coctaBun 0,502. KomriekcHoe uc-
caenoBanue 75 mamueHToB ¢ MBC 1 moctrHdapKTHBIM KapANOCKIEPO30M, BBIIIOJI-
HEHHOE B Halllell KIIMHHUKE, BKITIOYABIIIee MCCIeIOBaHNEe KAaITMJUISIPHOTO KPOBOTOKA,
arperaiuy TpoMOOILIMTOB, a TaKXKe TeMOKOATyJIsILIMU ¢ MOMOIIbIO TpoMOO31acTOrpa-
(ha mokazaso craTUCTUYECKU 3HAUMMOE YXYIILIEHUE 3TUX MToKa3aTejieil B epuo/ ro-
BBIIIICHHOI T€OMarHUTHOM aKTMBHOCTH 10 CPAaBHEHWIO CO CTIOKOMHOI 06CTaHOBKOI
[Pikin et al., 1998]. ITo3nnee JIx. I'mutrpoB u C. Oxy6o [Gmitrov, Ohkubo, 2002]
B 9KCIIEPUMEHTE Ha KMBOTHBIX TAKKe BBISIBUIN 3HAYMMYIO OTPHUIIATEIHHYIO KOP-
PENSILINIO MEXITy TeOMaTHUTHBIMU BO3MYIIEHUSIMA M CKOPOCTBIO KaITMJIISIPHOTO
kpoBoToka (CKK). OHU BXUBISIIM B YXO KPOJUKa CrielUalbHbIM 00pa3oM CKOH-
CTPYUPOBaHHBIEC ONTHYECKUE YCTPOMCTBA, TTO3BOJIMBINKME UM HaOIOIaTh Ha TIPO-
CBET MUKPOLIMPKYJISITOPHOE PYCJIO U €ro peakliuio Ha reOMarHUTHbIE BO3MYIIIEHUSI.

CxomHble JaHHBIE TOJYYeHBI M3PAaMJIbCKUMM WCCIEIOBATeIIMA Ha MaTepy-
aje, BkiIovaBiieMm 1744 ciydast octporo mHdapkra MUoKapaa 3a Mepuo] CBBIIIE
JeTBIpEX JieT HabmoneHus. KoadduumeHT Koppersiiuy MeXXIy KOJIMIeCTBOM 9KC-
TPEHHO TOCITMTAIM3UPOBAHHBIX MMAIIMEHTOB U JHSAMU, BO BpeMs KOTOPBIX 3apeTH-
CTPUPOBaH BHICOKUI yPOBEHb FT€OMarHUTHOM aKTUBHOCTU, cocTaBui 0,977, p <0,02
[Stoupel, 1999]. B To ke BpeMs TpexieTHee ucciemoBaHue (1990—1993) stux xe
aBTOPOB, BKITIoYaBIee 977 cilydaeB TOCIUTATU3UPOBAHHBIX MMAIIMEHTOB C OCTPHIM
HapyluieHueM Mo3roBoro KpopooOpaieHuss (OHMK), mokaszano cuibHyl0 OT-
pPULIATETILHYIO KOPPEJISLIHNIO C €XETHEBHBIM YPOBHEM T€OMAarHUTHOW aKTHMBHOCTHU
(r=-0,99, p=0,0008).

ITo pesynbratam Haiux uccienoBaHuit (comectHo ¢ T.A. MutpodaHoBOi,
MN3MUPAH), BeinonaHeHHbIX B niepuod ¢ 1992 mo 2005 r. (n=1108) Habmonaer-
c CXOMHAas KapTWHA: B TIEPBBIN JeHb MAaTHUTHOI OYpY KOJWYECTBO 3a00JIEBIINX
OHMK 3HauuTesbHO MEHbIIE CpeTHUX 3HaUeHui (puc. 3), B TO ke BpeMsl Ha BTO-
poit 1 0COOEHHO Ha TPETHUIT IeHh MATHUTHOM OYPH KOJIMYECTBO TTOCTYITUBIINX B OT-
nenenue peannmanu ¢ OHMK 3HaunTenbHO TIpEBHINIACT CpeaHee KOJIMIECTBO
3a00JICBIIMX B JHU CITOKOMHON 1 CJTA00BO3MYILIEHHOM reOMarHUTHOM OOCTaHOBKM.
A HanOoJblIIee KOJIMYECTBO MALIMEHTOB ¢ OCTPEIM MH(papKTOoM MHuoKapaa (1= 1440)
MPUXOIUTCST Ha BTOPOI IeHb ITOCJIe Hauajla MAaTHUTHOM GypHu.

Pe3yabTaThl 9THX W OPYTUX WCCICTIOBAHUI TO3BOJISIOT MPEIITOJIOXUTD, YTO
KPOBB caMa T10 cebe MOXET SBIISITBCS CEHCOPOM BapHalvii MATHUTHBIX TOJIEH, TI0-
CKOJIBKY SPHTPOIIUTHI, TPOMOOLIMTEI, JISWKOLMTHEI, HECYIIe JIEKTPUYECKUI 3a-
pSII B TIOTOKE, B COM3MEPUMOM MAarHUTHOM I10JIeé MOTYT MEHSITh KaK COOCTBEHHBIE
CBOICTBa, TaK M CBOMCTBA MOTOKa. UHTepeCcHO, 4TO He TOJIHKO TeOMarHUTHBIC BO3-
MYIIIEHUs, HO W TIEPUOIBI OUYeHb CIIOKOMHOM TeOMarHUTHON 00CTAaHOBKM OKa3bIBa-
0T BIUSTHUE Ha KaMJUTIPHBIN KPOBOTOK, 3aMeIUISISI €TO.
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Ha »To yka3biBaloT HemaBHO 3aBepIIMBINEeCS WCCIeIOBaHUE C UIMTEITBHOM
n3oisueit B MHcTUTyTe MennKo-omomorndeckux npobiaeM PAH y 310poBbIX m0-
O6poBoJIBIIEB B paMKax IporpaMmMbl MAPC-500, B xo1e¢ KOTOPOTO ¢ HOMOIIBIO LG~
POBOIO KalmuJuISIpOCKOTa M3yvyajach CKOpOCTh KanwuisipHoro kpoBotoka (CKK)
B IIPOM3BOJILHO BBIOPAHHBIE JHU. YUYACTHUKU ITPOrPAMMBI B XOJI€ DKCIIEPUMEHTA
CBEICHUI O TeOMarHUTHOM OOCTaHOBKE HE MOJyJYaid. B THM reOMarHUTHBIX BO3-
mymennit CKK cocraBuna 3891167 MKM/c, 9YTO OKa3aJoCh CTATUCTUYECKU 3Ha-
yumo (p<0,05) B cpaBHeHuu ¢ CKK 1151 00bIYHOI CIOKOMHOU T€OMarHuTHOM 00-
ctaHoBKU. CITOKOITHYIO TEOMarHUTHYIO OOCTAHOBKY MBI Pa3leVId Ha JBE YaCTU:
ouerb cnokolinyio (Aycx-uHIeKC 1—4) u npocmo cnokoinyro (Ayc-MHIEKC 5-7),
TTOCKOJIBKY Hallle WCCIIEAOBAaHWE BBISIBMIO CTATUCTMYECKUW 3HAYMMYIO DPa3HHILY
B CKK. Torga kak B o0br4HOM ciokoiiHoi oocraHoBke CKK cocraBuia B cpegHem
6431178 MKM/C, B YCIIOBUSIX 04eHb CHOKOUHOU TeoMarHuTHoM o6ctanoBku CKK
cocraBwia 4351223 mxm/c (p<0,02). BTOT (heHOMEH, BO3MOXKHO, OOYCIIOBJIEH
BJIUSTHUEM POCTAa MHTEHCUBHOCTU TaJaKTUYECKUX KOCMUYECKUX Jy4ell B IEpUOT
HU3KMX 3HAYEHUI CKOPOCTHU coJIHeUHOTOo Betpa [['ypdunkens, CyBopos, 2012].

CKOPOCTb PACIMPOCTPAHEHMA MY/TIbCOBOW BOJTHbI
N SHOOTENMANBHAA OYHKL A

CkopocTb pacrnpoctpaHeHus myiabcoBoii BoHbL (CPIIB) sBisieTcss He3aBUCHUMBIM
IIPEIUKTOPOM uiieMmrdeckoi 6onesnu cepaua (MbC) u nHCYIbTOB y MPaKTUYECKU
3IOPOBBIX JTIIOAEH — K TaAKUM BBIBOAAM TIPUIILIA TPYIITIa UcclienoBareseit [ Mattace-
Raso et al., 2006], HabmogaBIIKX B pamMKax PoTtepmaMckoro ucciieqoBaHus 2835
MPaKTUYECKU 300POBBIX JIIOIeH, ¥ KOTOPBHIX PUCK CEPAEUHO-COCYIUCTBIX 3a00jieBa-
Huil yBenuuuBaiicsa ¢ poctoM mHaekca CPIIB. IlpencraBieHue o TOM, 4TO ILIOT-
HOCTb apTepuil 3aBHCUT WCKITIOUYMTEBHO OT CTPYKTYPHBIX KOMITOHEHTOB, TaKWX
KaK 3JIACTUH M KOJUIaTreH, a TakKe OT YPOBHS JaBJICHUS HAITIOJHEHMS COCYna, B T0-
CIeTHNE NeCATUIICTHUS TTIOABEPTHYTO cepbE3HoMY mepecMoTpy. Ceifdac ycTaHOBIIE-
HO, YTO TJIaIKKe MBIIIIIE MPUHUMAIOT aKTUBHOE YJacTHE B MI3MEHEHUH COCYIUCTO-
TO TOHYyCa, a KOJWIECTBO MECTHBIX ITPOU3BOIHBIX U IUPKYJIUPYIOIINX (PaKTOPOB,
BKJIIOUasi OKCUJ HUTPUTA, SHAOTENUH-1 U HATpUypeTHuecKue MenTUIbl BHOCIT
CBOI BKJIaJ B KPaTKOBPEMEHHYIO (DYHKIIMOHAIBHYIO PETYIISIINIO TDIOTHOCTH KPYTI-
HBIX apTepuii. Mccrmemyst OOJBIIYyI0 KOTOPTY aMOYJIaTOPHBIX OOJBHBIX C apTepH-
aTbHOM TMIIEPTEH3MEN, HaXOOMBIIYIOCS 1o HaOmoaeHrem 16 ner [Laurent et al.,
2001], BeIABMIM TPSAMYIO 3aBUCMMOCTBH MEXIY YPOBHEM IUIOTHOCTM apTepuii
U CMEPTHOCTHIO OT cepaeuHo-cocyauctoi natosoruu. [pu UBC u aprepuanbHoit
runeproHuu (Al') IpoOUCXOAUT CHIDKEHME TTOAATAMBOCTU U YBEJIMYEHNE KECTKOCTHU
CTEHOK apTepuii, oTMedaerca B padore [Asmar, 1999]. Pan asropos paccmarpusa-
€T YBeJIMYeHNe CKOPOCTH pacIpocTpaHeHus myiabcoBoii BoiHbEI (CPIIB) xak mpu-
3HAaK CYOKIIMHMYECKOTO KOPOHAPHOTO aTepOCKIepo3a M CYUTaeT 00OCHOBAHHBIM
HCIIOJIB30BaTh 3TOT MpHU3HaK (0rnomMapkep) Kak He3aBUCUMBIN pakTop pucka UBC,
0o0HapyXeHue KOTOPOro 0COOEHHO BaXKHO 11 TTALIMEHTOB, Y KOTOPBIX 3a00JIeBaHUE
nporekaeT 6eccumnTomMHo [Kullo, Malik, 2007].

He menee BaxXHyIO pojib B 00eCIIeYeHUM KPOBOTOKA M TIOIePsKaHUH TIPOTHBO-
CBEPTHIBAIOLLIEH aKTUBHOCTM WMTPAET IHAOTENMA — OIHOCIOMHBIN IUIACT KJIETOK,
BBICTWJIAIOLIMI BHYTPEHHIOIO MMOBEPXHOCTb KPOBEHOCHBIX COCY/I0B, KOTOPbIN BCS-
KW pa3 B OTBET Ha ITyJILCOBYIO BOJHY IPOAYIIUPYET OMOIOTMUECKN aKTUBHBIE Be-
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1IecTBa. DTU CBOETO poja TOPMOHBI 3((PEKTUBHO PETYIUPYIOT COCYIUCTBIN TOHYC,
CBOICTBa KJIETOK KPOBU K aAre3uu, K MX B3aUMOJEWCTBUIO C COCYIUCTON CTEH-
Koli. bajaHC aKTMBHOCTU pa3JIMUHbIX OMOJOTUYECKM aKTUBHBIX BEIECTB SIBJISIET-
Csl KPUTUYECKHUM YCJIOBUEM HOPMaJIbHOTO (DYHKLIIMOHUPOBAHUSI OpraHU3Ma 4elio-
Beka. PaGoramm PoGepra Depurorra m ero Kojurer, oTMedeHHBIMU HobeneBckoit
npemueit B 1998 r., 1mokasaHo, 4TO SHAOTEIUANIbHBIE KJIETKM B OTBET Ha IepeMe-
1LIeHVe KPOBU B COCYJe BbIpabaThIBalOT OKCHUJ a30Ta — Ta3, KOTOPbIN pacmpocTpa-
HsIeTCS TOKOM KPOBH IO COCY/y, BbI3bIBasl €ro pejakcaiiuio. B HacTosiiiee BpeMst
JUCHYHKIIMIO SHIOTEIUS OTNpEeAesioT Kak HapyllleHUe paBHOBECUSl Ba3oIMJIaTHU-
PYIOIIMX M Ba30KOHCTPUKTOPHBIX MEAMATOPOB, BbIpabaTbIBAEMbIX KJIETKAMM 3H-
JOTENIUST UKW peau3yoliux CBOE AefiCTBUE Ha UX TTOBEPXHOCTHU. B yacTHOCTH, 9H-
JoTenuaabHas IMCYHKIIMS XapakTepu3yeTcsl HapylieHueM cuHTe3a NO wiu yBe-
JIMYEHHEM CKOPOCTH €ro pa3pylleHus.

Pesynbrarthl Halllero UCCAENOBaHUSI CKOPOCTU PACIPOCTPAHEHUS IyJIbCOBOM
BOJIHBI HA OTpe3Ke TJIe40 — Mpearieube, a Takke (PyHKIUY SHAOTENUS Y 3I0POBbIX
U TIAlIMEHTOB ¢ PaHHUMU CTaIMSIMU apTepUalibHON TMIEPTOHUU BBISIBUJIO CTaTH-
CTUYECKM 3HauUMMble pasianuus ['ypdunkens u ap., 2009, 2010].

Hns namepennst CPIIB, D®d, apTepuaabHOro JaBleHUs Mbl UCIIONb3YeM arlma-
pat «Tonokapa», AMT, Poccusi. CnienuajibHO pa3paboTaHHbIE BBICOKOYYBCTBU-
TeJIbHbIC JaTYMKU, COEAUHEHHBIE C MaHXXETaMU, pacroJiaraloT B MpoeKIuy Tiede-
BOI1 apTepuM U apTepuil 3amsiCThsl (JTy4eBOM 1 JIOKTEBOI). B KoMIbIOTEp BBOAUTCS
TOYHO M3MepeHHOe paccTostHue Mexny HuMmu (L). Bpems (Ar), 3a KoTopoe ITyJib-
coBas BOJIHA NPOXOAUT 3TU PACCTOsIHUS, olpeneisercsd aBromarudyecku. CPITIB
orpezensieTcss Kak oTHoueHue L/At. VIsMepeHue OObIYHO TMPOBOAUTCS B MOJIO-
xeHun cupas. IlpousBogutcs 5—6 necarucekyHmHbBIX 3anuceii CPIIB, pesynbTa-
Thl KOTOPBIX aBTOMaTMUYE€CKU BHOCSTCS B IPOTOKOJ, TOCJE 4Yero omnpenaessercs
byukuus sHnotenaus. s 3Toro aBToMaTUYECKH 3aMepsieTCsl aMILIUTyAa MyJIbCOo-
BBIX BOJIH apTepuii 3amsicThsl (JIyueBO M JIOKTEBOI), cpelHee 3HaueHUe BBOJIUT-
csl B MPOTOKOJI, 3aTéM Ha TPYW MUHYTbI MEpexXuMaeTcsl MaHXeTa, pacroioKeHHast
BBIIIIE, C TEM, YTOObI OCTAHOBUTH KPOBOTOK B IJIEUEBOI apTepUU U COOTBETCTBEHHO
B apTepusiX, pacrojloXXeHHbIX HUXe 110 TeueHUto. [lepexarne ocyllecTBasieTcsl Ha
30...40 MM pT. CT. BBIIIIE TUIIMYHOTO IS UCIIEITYEMOTO CUCTOJINIECKOTO apTepHaib-
Horo aaBieHus1. K npuMepy, eciau oObIYHOE AJIST UCTIBITYEMOTO apTepuaibHOe JaB-
nexue paBHsieTcss 120 u 70 MM PT. CT., TO HaKavyKa JaBJICHUS B BEPXHIOID MaHXETY
He mnipeBbImaetr 150...160 MM pT. cT. Bce 5TH 3HaUeHUS KOHTPOJIMPYIOTCS Ha SKpaHe
KOMIIbIOTEpA U BHOCATCS B MPOTOKOJI. CIyCTsl TPpM MUHYTHI MaHXeTa paciycKaer-
csl, aMILIMTYya TyJIbCOBOW BOJIHBI Ha apTepMsIX 3allsiCTbs BHOBb PETUCTPUPYETCSI
JaTYNKOM U CPaBHUBAETCSl C aMIUIMTYION MYJbCOBOM BOJIHBI, 3apErMCTPUPOBaH-
HOM 110 MepexaTusi IJIe4eBoi apTepruu. DTOT METO OCHOBAH Ha CIIOCOOHOCTU KJle-
TOK DHAOTEIMS BEICBOOOXIaTh okcu a3ota (NQO) B 0TBeT Ha IepexxaTue apTepum.

Takum obOpaszom, ompenejieHUe U aHadu3 CKOPOCTU PACIPOCTPAHEHUS MyJib-
COBOI1 BOJIHBI MPENCTABISIETCS OJHUM W3 CaMbIX JOCTYMHBIX U 3(PPEeKTUBHBIX Me-
TO/IOB OMpele/ieH!s] CBOMCTB apTepuii KPYIMHOTo U cpeaHero kanauopa. [1pu stom
ydacTue orepaTopa CBOIUTCS K MUHUMYMY.

CrenyeT OTMETUTb, UTO B KapAMOJOTMYECKOUN MpaKTUKE 3a TocieHee ecsi-
TWIETUE TOJYYWUJIO paclipoCTpaHEeHUEe MCCiieloBaHWe CKOPOCTU IYJIbCOBOU BOJI-
HbI B aopTe. [ 3TOro oAuH AaTUYMK MYJIbCOBOM BOJHBI HaKJaJAbIBae€TCs B MPO-
eKLIMM COHHOM apTepuu, a BTOPOW — B 00JacTW Maxa B IMPOEKLUMU OeApeHHOI
apTepuu. BoJbliyio 4acTh pacCTOSIHUSI MEXIy 3TMMU TOYKaMU 3aHUMMAaeT aopTa.
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AopTa SBJISIETCS MPEUMYIIIECTBEHHO COCYIOM 3JIaCTUUE€CKOTO TUIIAa, U MbILLIEUHbIE
3JIEMEHTHI BbIpaXKeHbl B HEM CYIIECTBEHHO B MEHbIIEH CTeNeHU, YeM B apTepusx
PYK UM HUXXHUX KOHeuHocTei. [Ipu BbIOOpE METOAMKU UCCAeAOBaHUS 3TO OOCTO-
SITEJILCTBO OKAa3aJIoCh JJISI HAC pellaloliuM, MOCKOJbKY apTepuu, K KOTOPbIM OT-
HOCSITCSI apTepuyd PYKM U HUXHUX KOHEUHOCTEH, SIBJISIIOTCS COCydaMU MbIIley-
HOTro TUIIA Y CYILIECTBEHHO JIyullle OTpaXkaloT U3MEHEeHNEe TOHYyca, YeM U3MEpEeHUe
CPIIB, npoBenéHHoe Ha aopTe. BepositHO, 3TO OOBSICHSETCS OJIU30CTHIO PE3U-
CTHUBHBIX apTEPUOJI K apTEPUSIM MBIIIIEUHOTO TUIIA, YTO MO3BOJISIET Jy4llle BbISIBUTh
HX peaklivio Ha MOBBIIIEHUE CUMMATOAIpEeHaTIOBO aKTUBHOCTU. HemanoBaxkHbIM
B BBIOOPE METOJa SIBJISIETCSI U TO OOCTOSITEILCTBO, YTO pa3MellleHue TaTYMKOB ISl
uccinegosanusga CPIIB u D® Ha pyke 3HAYUTEBHO MPOIIE, YeM B MTPOEKILIMU COH-
HOUl u O6eapeHHON apTepuii. B To e BpeMsl, Kak moKasajli UccieloBaHus, Koad-
(unmenT xoppensiiuu 3HayeHuit CPIIB aopThl u aptepuit pyku cocrasisiet 0,93
[Asmar, 1999].

K uucny HeMHBa3UMBHBIX U BecbMa MH(GOPMATUBHBIX METOAOB ISl U3YUYEHUS
BJIUSIHUSI KOCMMUYECKOM TOrofbl Ha CEpAeYHO-COCYAUCTYIO CUCTEMY OTHOCHUTCS
uccienoanue noudacoBoit OKI', Bkiouass BapruabelbHOCTb CEpAEYHOrO0 pUTMA.
O6a 3TM MeTona U pe3yabTaThl MCCIEIOBAaHWM C HUX MCIIOJIb30BAaHUEM IOAPOO-
HO M3JIOXKEHBbl B cTaTbe HacTosiiero coopHuka (lypguukers 10.H., Bacun A.JI.,
Mameeesa T. A. Peakiiysi cepiedHO-COCYAUCTON CUCTEMBbI 310POBbIX JOOPOBOJIbLIEB
Ha HyJIeBO€ MarHUTHOE MOJIe B YCJIOBUSIX SKCIIEPUMEHTA).

C ucrnosib3oBaHUEM BO3MOXHOCTelN «ToHOKapma» HaMu BIIEpBbIe TTPOBEACHO
cpaBHutesbHOE uccienoBanue CPIIB y 4 3m0poBbIX JOOPOBOJIBIEB, HE UMEIOIINX
CEepIEYHO-COCYIUCTOM MATOJOTUM, B MEPUOAbl CIOKOMHOW M BO3MYILEHHOM Teo-
MarHUTHOM oO6cTaHOBKU. [ToMMMO 3TOro M3ydanoch BIMSHHE HAa OPTaHU3M 4YeJlo-
BeKa moroaHbix (akTopoB. MccienoBaHusi mpoBoauauch mnocie 15...20-MUHYT-
HOTO OTJAbIXa, B MOJIOKEHUU CUJISI IO METOJMKE, ONUcaHHOoM Bbille. McnbiTyemblie
B TEpUOJ MCCIAENOBAaHUSI HE TPUHUMAIM KaKUX-JUOO JIeKapCTB, BO3Aep>KKUBa-
JIUCh OT colepXallux KodernH HalUTKOB, He Kypuiau. Bcero mpoBeneHo 477 3a-
MmepoB CPIIB u aprepuanbpHoro papiieHMs1. Pe3yabTaTel 3TOro McCCiIeIOBaHUS
nokazanu, yro CPIIB B nepuonbl BO3MyIIEHHONH TI€OMarHUTHON OOCTaHOBKU
1 0OCOOEHHO B IHM MarHUTHBIX Oypb CTaTUCTUUYECKM 3HAYMMO BO3pacTaeT Mo CpaB-
HEHUIO CO CMIOKOIHOU o0cTaHOBKOM. B TO ke BpeMsi B mepuoJ HU3KUX 3HAUYCHUI
K-unnexkca 3Hauenuss CPI1B 6bu1u B ipeaenax HopMbl uiu noHukeHsl [Gurfinkel
etal., 2012].

Pesynbrarhbl emig omHOTO uccieaoBaHus, XOTSI U MpeaBapUTe/bHbI, MpeacTaB-
JISIIOT, Ha Halll B3MJIsAMl, UHTEpPEC ¢ TOYKW 3peHUs] AMHAMUKU (PU3MOJOTUYECKUX
Bapuanuii nokasareneii CPIIB, ¢pyHkuny sHooTenusi, apTepyuaibHOTO NaBJISHUS
U Mmyjbca B MEpUOAbl pa3HbIX (a3 reoMarHUTHbBIX Oypb. McciaenoBanue mpoBoau-
JIOCh TOOPOBOJIBIIEM, BpauyoM IT0 TIpodecchu, 65 JieT 6e3 cepaeTHO-COCYINCTOM ma-
tosnoruu B niepuon ¢ 2006 mo maii 2012 r. C moMombio pubdopa «ToHOKapm» mpo-
CJIeXXeHO BJIMSIHME Ha yKa3aHHble BbIlle (U3UOJOTMYECKUe MoKa3aTeld BOCbMU
MarHuTHbIX Oypb (MDB) (Tpu M3 HUX ¢ BHE3allHBIM HayajoM), HauMHas C IJIaBHOM
dazel Mb u 3akaHuMBas MepuoioM BoccTaHOBJeHUs1. Bcero nmpoaHaau3npoBaHO
o 25 namepenuit CPIIB, D®, CAJl, JAJl u mynbca. Pe3ynbraThl McciieqoBaHUs
MOKa3bIBAIOT, YTO YXKe B MepBble Yachl MarHUTHOI Oypu Hapactaer CPIIB ¢ 00bIu-
HbBIX JUISl CTIOKOWHOM M cJ1a00BO3MYIIIEHHOW oO0cTtaHoBKM 7,3...7,5 M/c no 8,5 m/c.
B To xe BpeMsa makcuManbHoe yBenmaeHne CPIIB (Ha 21 %) oTMeueHO Ha BTOPOit
neHb nocie Hadyasa Mb: 9...10 m/c, a B onHOM citydae f0 13,1 m/c.
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Ewié 3HauutenbHel B nepBble cyTku MbB BodpacTaeT sHaoTennanbHast pyHK-
1IMsl MO0 CPaBHEHUIO CO CIMOKOMHOWM reoMarHUTHON OOCTaHOBKOM. ApTepuaibHOE
JaBJieHre, KaK CUCTOJIMYECKOe, TaK U IUACTOJUUECKOe, CHUXAOCh B IEPBbI 1€Hb
o6ypu Ha 10 u 3 %, coorBeTcTBeHHO. K TpeTheMy-ueTBepTOMY IHIO MAarHMTHOM
Oypu NPOMCXOAWUJIO BO3BpAllleHUE 3HAYEHUU apTepUaIbHOTO NaBJEHUSI K HOPME.
WUsmeHenue cpennux 3HadyeHuit mokaszateneit CA, JAJ CPIIB u D® B nepuon
TreoOMarHUTHbIX Oypb B MPOLIEHTaX OTHOCUTEILHO HOPMBbI JIJISI JTAaHHOTO UCITBITYeMO-
ro MpUBEAEHO B TabJu1Ie U Ha puc. 4.

W3meHenune cpenqnux 3HaueHuii nokasaresieit CPIIB, D®, CAI u JAJ B nepuon
T€OMarHUTHBIX OYpb B IIPOLIEHTAaX OTHOCUTEJIbHO HOPMBI JUISI TAHHOTO UCITBITYEMOTO

3HayeHHe OTHOCHTEILHO HOPMBI, % JIHu MarHUTHOI Oypn
1-ii 2-i 3-id 4-ii
CKOpOCTb pacIpOCTpaHEeHUSI MyJIbCOBOI BOJTHBI 110,1 121,0 118,0 109,4
DHpoTenanbHas (PYHKLIMS 171,1 139,4 114,9 115,8
Cucroinueckoe apTepraibHOE TaBJICHUE 89,9 94,5 96,8 100,2
Junacronuyeckoe apTepuaibHOE JaBlIeHUe 97,1 98,2 99,0 104,0

CkitamplBaeTcs BrieyatjieHre, YTO SHAOTEIUANIbHAS (DYHKLIMS SIBJISIETCS YaCThIO
(pm3MoIOTMUECKOro MeXaHU3Ma aJanTallu CepaedYHO-COCYAUCTONM CUCTEMBI K Me-
HSIIOLIMMCSI BHELIHUM YCJIOBUSIM (B HAIlleM CJlydyae K UBMEHEHUSIM FeOMarHUTHOM
AKTUBHOCTU) U PETYIIMPYETCS TIPU YyYACTUM CUMIIATOAAPEHATOBOI CUCTEMBI.

140

130

40

0

Puc. 4. amenenue cpenHux 3HayeHuii nmokasareneit CPIIB, D®, CAJ u JAJl B nepu-

0/ TEOMarHUTHBIX Oypb B TPOLEHTaX OTHOCHUTEIBLHO HOPMBI UISI TAHHOTO MUCIBITYEMOTO.

Ilo ocu opavHaT — BeJIMUMHA MAPaMETPOB B MPOLIEHTAX OTHOCUTEbHO TUITMYHOTO 3HAYe-
HUSI KaXIIoro rmapamMerpa, mpuHsroro 3a 100
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INosiBNeHNE HOBBIX MHCTPYMEHTAJIbHBIX BO3MOXKHOCTEH ISl MCCIIETOBAHUS
CPIIB u D® B guHaMuKe, BEpOSITHO, MTO3BOJIUT MOJYYUTh Oojiee MOJIHOE MpeN-
cTaBJIeHVE O (PUBMOJIOTUMYECKUX U MATOJOTMYECKUX U3MEHEHUSIX COCTOSIHUS Cep-
JIEYHO-COCYIVCTOM CHCTEMBI YeJIOBeKa B 3aBUCHMOCTM OT MU3MEHEHUI KOCMUYe-
CKOM TTOTOJIbI
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PHYSIOLOGICAL AND PATHOPHYSIOLOGICAL ASPECTS
OF SPACE WEATHER INFLUENCE ON HUMAN ORGANISM

Yu. . Gurfinkel 2

! Scientific Medical Center JSC “Russian Railways”
2 Space Research Institute, Russian Academy of Sciences (IKI RAN), e-mail: yugurf@yandex.ru

At all variety of a human organism reactions on helio- and geomagnetic activity cardiovascu-
lar system and blood represent for us the greatest interest as their interrelation in physiologi-
cal and pathological processes is evident. Both of them connect so closely that, as a matter
of fact, are a certain single whole where one system cannot exist without another. Possibly, for
the same reason the effects perceived by one system, are easily transferred to another.

Our earlier studies of 144 patients with coronary heart disease (CHD) have shown: that
microcirculation disorders are more severe when changes in a state of patients and complica-
tion of disease are more serious. More pronounced changes in microcirculation as appearance
of perivascular edema, red blood cell aggregation, delay and slowing down of capillary flow we
found during active level of geomagnetic condition in patients with CHD complicated with
diabetes and/or myocardial infarction in history, and in patients with manifestations of heart
failure than in patients with angina pectoris or in patients with paroxysmal disorders of heart
rhythm. Later Gmitrov and Ohkubo (2002) in experiments on animals also found a signifi-
cant negative correlation between geomagnetic field disturbances and capillary blood velocity
(CBV).

Results of these and other researches allow to assume that blood in itself can be a sensor
of geomagnetic fields variations because erythrocytes, platelets, and leucocytes bearing elec-
tric charge on membranes, in a comparable magnetic field can change as own properties and
a properties of blood flow. It is interesting that not only geomagnetic disturbances, but also
the periods of very quiet geomagnetic conditions affect on a capillary blood velocity, slowing
down it.

It was shown during long-term experiment with isolation named “MARS-500" in spa-
tial facility of the Institute of Biomedical Problems in Moscow as imitation of extended space
mission to Mars. Using digital capillaroscope “Russia”, two crewmembers medical doc-
tors made records of microcirculation parameters at themselves and other four participants
of “Martian” team. Capillary records performed before, during and after period of isola-
tion in medical module of MARS-500 facility. At the period of experiment anybody from
crewmembers did not know about real geomagnetic conditions. In days of active geomag-
netic conditions average CBV has registered as 389+167 um/s, that statistically significant
(»<0.05) in comparison of CBV for simply quiet geomagnetic conditions days. We separat-
ed quiet geomagnetic conditions on two parts: very quiet geomagnetic conditions (A 1—4)
and simply quiet geomagnetic conditions (A 5-7) as our study has revealed a signifi-
cant difference in values of CBV. Whereas in simply quiet geomagnetic conditions CBV has
made 6431178 um/s at very quiet geomagnetic conditions CBV gave delay of average CBV:
4354223 um/s (p<0.02). This phenomenon probably depends on a galactic cosmic rays in-
tensity that rise when solar wind intensity decrease.
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BennuvHa M 3HaK OTBETHOM peaklMM OUMOCUCTEMBbl Ha BHELIHEE BO3NEWCTBUE 3aBUCUT
OT MCXOTHOTO COCTOSTHUSI dHeproobecrieueHusI. 3HaK aucbaraHca BHYTPEHHMX dHeprosa-
TpaT OMOCUCTEMBI M TTOCTYIUIEHUS] SHEPTMU 13 BHEILIHEM Cpeabl ONpeneisieT IBe CTpaTernu
apantauuu. [Ipu nedpuunre sHepruu 6GMocucTeEMa CHUXAET YYBCTBUTEIBHOCTh K BHELIHUM
BosneicTBusaAM. B dazax puTMoB M30BITOYHOI 3HEpruy OMocUcTeMa CIOCOOHA K aKTUBHOM
TepecTpoiiKe CTPYKTYPhI, POCTY M pa3BUTHIO. YepenoBaHue 3TUX CTpaTeTHii ananTaiun oT-
paxaeT MepapXui0 SHAOT€HHBIX OMOPUTMOB OMOCHUCTEMBI. DT OMOPUTMBI 3BOJIOLIMOHHO
COTIJIaCOBaHbI C NMPUBBIYHBIMU PUTMaMU BHEWIHEH cpenpl. [Ipy moctaTouyHbIX pe3epBax ca-
MOPETYJISILIMA ¥ TOMEOCTAaTUYECKOH MOIIIHOCTY BO3MOXHA Olepekalollasi peakiysi Ha CUT-
HaTypbl BHEIITHUX BO3ACHCTBUI M CpOYHAs amalTHBHAS MTepecTpoiika GMOCUCTEMBI, UCKITIO-
yajolasl maToJoTuyeckKue HapyleHus B ouocucreme. I1pu cHIXeHHOI OydepHOil EMKOCTH
caMoperyJsiiuu npoduiakTuyeckas peakiiysi OMOCMCTEMbl Ha HEOIaronpusITHbIE BHEIIIHUE
BO3IIEMCTBUS OKa3bIBACTCSI HEIOCTATOUHOM U HEA(DHEKTUBHOIA.

VYHUBepCcaAbHBIM aKIETITOPOM JTIOOBIX BHENTHUX (DU3MUYECKUX BO3MEHCTBUIN SBIISIOTCS
PUTMBI 30J1b-TeJIb-TIEPEXOI0B B KOMMAapTMeHTaxX KiaeTok. OleHKa YCTOMYMBOCTA OpraHU3Ma
yesioBeKa K KocMobu3nueckuM (akTopaM BO3ZMOXHA C TTOMOIIbIO HEJIMHEHHONH CUMBOIM-
YeCKON MMHAMMKU MEXITYJIbCOBBIX U AbIXaTeJbHbIX MHTepBasioB. [IpoduiiakTika naTosoru-
YeCKMX peaKIMii 1 TOBBIIIEHNE YCTOMYMBOCTH OpraHW3Ma 4YeJIoBeKa K MAarHUTHBIM OYypsiM
M TIOTOTHBIM aHOMAJIMSIM BO3MOXHA ITyTEM HOPMaJIM3allMM BEeTeTaTUBHOTO CTaTyca, KIeTo4-
HOI'O UMMYHMTETA U CIIEKTPA PUTMOB MUKPOLIMPKYJISILIMM KPOBU C ITIOMOILLIBIO OMOYIIpaBJIsie-
MO XpOHO(DU3MOTEepanuu.

B uccrnenoBanugX BIUSHUS KOCMUYECKOM MOTOABI Ha 3M0POBbE OpPraHU3Ma 4elio-
BeKa HaAKOIUIEH OOJbILION (hakTHUecKuii MaTepuan [ATbkoB u ap., 2006; Bpeyc,
Pamomiopr, 2003; Bpeyc u ap., 2002; Bomuek, 2006; I'ypdunkens, 2004; 3aryckuH,
3aryckuHa, 1995; MaptbeiHiok u ap., 2008; Parynsckas, Yubucos, 2011; ®ponos
u 1p., 1986; Xeraryposa, 2010; Yubucos u ap., 1998; Halberg, 1969]. OnHako MHO-
re BOIPOCHI OCTAlOTCI NMCKYCCUOHHBIMU. B maHHOI pabGoTe mpemnpuHsTa I10-
MBbITKA OOBSICHUTD PsIJI IPOTUBOPEUN T U 0O0CHOBATH HOBbIE METOIBI TUATHOCTUKH,
MMPOTrHO3MPOBAHUS, MPOGUIIAKTUKY HEOJIATONPUATHBIX pPeakKLNi U yCTpaHEeHUS Jie-
CHHXPOHO30B OpPTraHM3Ma YeJIOBeKa, BhI3bIBAEMBIX T€OMATHUTHBIMU OYPSIMMU.

Kakue enewnue ghaxmopot, conpososcoaroujue eeomaeHumusle 0ypu, 030elicmay-
fom Ha opeanusm yenosexa? VI3ydeHBl mapaMeTphl ITMPOKOTO CIIEKTpa JIeKTpoMar-
HUTHBIX M aKyCTUIECKHMX BO3ICHCTBUI, KOTOPBIE M3MEHSIIOTCS B CBSI3W C TeOMar-
HUTHBIMU OypssMu. OHM HETIOCPEICTBEHHO CBSI3aHBI C COJHEYHOUN aKTUBHOCTHIO
1 C TPSIMBIM WM OMOCPEIOBAaHHBIM BO3IEHCTBMEM COJTHEYHOTO BETPa COOTBET-
CTBEHHO Ha MarHuTocgepy, noHochepy, armochepy, ruapochepy u aurochepy
3emuin (puc. 1). MajoBeposITHBI WJIM HE CYIIECTBEHHBI U3MEHEHUS] MOHU3UPYIO-
IIIAX, TPaBUTAIIMOHHBIX BIVSHUI, KOPOTKOTO YIbTpaduoiera, mapaMeTprIIecKOTro
BIIVSTHUAS TAJIAKTUYECKUX M3TYICHUM, PACITONIOKEHUSI OTHOCHUTEIBLHO COJTHEYHOTO
BeTpa JIYHBI ¥ TIJIaHeT.
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[anakTnuyeckoe ConHeyvHan Bnuaxne
Q) n3nyyeHue oo\ AKTUBHOCTb JlyHbl 1 nnaHeT
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I

romeocraTmieckme namaATb, CllefoBble NPOLEeCCh

Puc. 1. Cxema MexaHU3MOB BJIMSIHUSI KOCMOI€IMOIeo(U3nIeCcKOro
BO3JEHCTBUSI Ha OMOCHUCTEMBI

BMmecTe ¢ TeM M3BeCTHAa HEOTHOPOIHOCTh U aHU3OTPOITHS IIPOCTPAHCTBA-Bpe-
menu (C.D. IlIHonp u ap.). Hauunas ¢ Z-uznydenus (A.JI. YmkeBckuii) BrICKa-
3aHBI M IpyTHe TUIOTe3bl 00 MCTOYHUKAX U TIPUPOIE KOCMUYECKUX BO3ICCTBUIA.
DTO KaHaJbl VIAPHBIX pagvuou3iydeHuil u3 1eHTpa BcemenHoit (A.M. MuimmnH),
KOCMOJIOTUYeCKUii BeKTopHbIN moTeHuuan (FO.A. BaypoB), u3nydeHus IeH-
tpa Tamaktuku (A.A. IlmutaneHast, A.M. Mwumun, M.HW. Kpusomreit), cru-
pajbHO BUxpeBoe usiydyeHue, criupoHsl (I'. A. Hukonbckuit, 3. 0. ynbi), YO-
n3nyaeHne Comnna 210...265 HM ¢ KorepeHTHOCTbIo ~(0,5 MKM W TOMepeYHOI
nonsipuzauueit (H.D. IlepeBozuukoB, B.®. Illapuxun), Y-uznydyenue CojHuA
U BoJIHBI TéMHOI 3Hepruu (A. B. BykanoB), Bciuiecku TEMHOI MaTepuu (HEHTpU-
HO YJIBTPaHU3KUX SHEPTUIA) TIpU IpaBUTAIIMOHHOM (okycrpoBke (A.I. ITaxoMoB),
MOJISIPU3AIIMOHHAs KOMITOHEHTa PeTMKTOBOTO n3aydeHus (M. M. JIMUTpreBCKMIA).

Kak eausiom eeomaeHumuwvle Oypu u pasziuyHvle KOCMu4eckKue Qaxmopvi Ha op-
eanuzm yenogexka? Ilpsimoe ucclieqoBaHUE KOPPEsILIMU M3MEHEHUsT (DU3MO0JI0TH-
YEeCKUX, LIUTOJIOTUYECKUX M OMOXMMHUYECKMX IoKa3aTeseld opraHu3Ma 4deoBeKa
C pa3IUYHBIMM MHIEKCAMM COJHEYHOI aKTMBHOCTH, MOHOCMEPH 1 MarHutocde-
pBI 3eMJIN, a TaKXKe ¢ METECOPOJIOTUYECKUMHU XapaKTepPUCTUKAMU B pa3HbIe CPOKHU
0, BO BpeMsI M IOCJie TeOMarHUTHOM OypM pa3HOil MHTEHCHMBHOCTHM YKa3bIBacT
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Ha CJIOXXHBIC HEeJIMHEHBIC 3aBUCUMOCTH, OTIOCPEIOBaHHBIC N3BMEHEHUSIMH Ha pa3-
HBIX YPOBHSIX opraHu3Ma. [Ipexmne Bcero, He TOJBKO BEJIMYMHA, HO JaXe 3HAK OT-
BETHOM peaKILIMU 3aBUCHUT OT (pa3bl pUTMA SHEProoOECTICUeHNST OTBETHOM peaKIINu
OMOCUCTEMBI, MCXOMHOTO COCTOSTHMSI OpPTaHM3Ma, €r0 TOMEOCTaTHYeCKON MOIII-
HOCTU U pe3epBOB camoperyasauuu [3aryckuH, 1986, 2010; 3aryckuH, 3arycKkuHa,
2005]. V pasHbIX JtoJeli HeOJaronpusTHbIe peakKlUu MOTYT HE BBISIBJISITHCS WU
BBISBIIAITBCSI HAa Pa3HBIX CPOKaX OTHOCUTEJIBLHO BpPEMEHM TE€OMArHUTHOM Oypu.
[ns obocHOBaHMSI OTBETOB Ha BOMPOCHI, nOoUeMYy HebAaeonpusimHvle peaKuyuu Ha
2e0MacHUmMHble OypU NPOSBASIOMC NPEUMYUECMBECHHO Y OOAbHBIX U NONCUABIX AH00el
U npu KaKux ycaosusx, BaXXHO YCTAHOBUTh HAJIMUME Y HUX JECMHXPOHO30B U CHH-
KEHUS 3a CUET 3TOT0 YCTOMYMBOCTM TOMEOCTA3MCa K HETIPUBLIYHBIM BO3IECTBU-
aM. BrisiBieHne $a3oBbIX, CUCTEMHBIX U MEPapXUUECKUX JECUHXPOHO30B Y KOH-
KPETHOTO YeJIoBeKa IO3BOJISIET TTPOTHO3UPOBATh BEPOSITHOCTL HEOIArOMpPUSITHBIX
peakiiMii Ha reoOMarHUTHYI0 Oyplo Kak Ha cTpeccoBylo Harpysky [['ypos, 2012;
3aryckuH, 1986, 2010; 3aryckuH, 3aryckuHa, 2005].

C no3unuu 0MoJIOTUM JII00OkIe (Pu3NUecKre U (PU3NKO-XUMUYECKIE CBepXCa-
Oble BO3IEMCTBUSI MOTYT BOCIIPUMHUMATLCSI JKUBO CUCTEMO, €CJI OHU 3BOJIIOLI -
OHHO TNPUBBLIYHBI M UMEIOT CUTHAJILHOE 3HaueHue i (OPMUPOBAHUST aieKBaT-
HOW, OMOJIOTUYECKH IIeJlecooOpa3Hoil OTBeTHOM peakimu. OGHapyKeHHOE HaMU
3KCITEpUMEHTAIBHO Ha KJIIETOYHOM YPOBHE SIBJICHHE MHOTOYaCTOTHOTO TTapaljieiib-
HOro pe3oHaHCHOro 3axsarta [3aryckuH, 1986, 2010; 3aryckuH, 3aryckuna, 2005]
O0BSACHSAET, TTOYeMY OHMOCHCTEMBI 0O0JamaloT BBEICOKOW ITOMEXOYCTONIMBOCTHIO
HapSAy C WCKIIOUMUTENIbHOM YyBCTBUTEHLHOCTBIO K SBOIIOLIMOHHO MPUBBIYHBIM,
OMOJIOTUYECKH 3HAYMMBIM MHOTOYACTOTHBIM BO3IEACTBUSIM C COOTHOLIEHUEM Ya-
CTOT, COOTBETCTBYIOIINX MEPApXHH TEPUOIOB OMOPUTMOB JaHHOUW OMOCHCTEMEL.
IMomo6HO akKOpAy B pa3HBIX OKTaBaX BaXXHBI He aOCONIOTHBIC 3HAYCHUS 3TUX Ya-
CTOT, a UX WHBApMAaHTHOE COOTHOIIeHMe. Brope3oHaHC ABISETCS CIIEACTBUE 00-
YUYEHUS U 3aKpEIJIeHUs] B OHTOI€HETUUECKOU U (DUIOTEHETUUYECKON MaMsaTu 61o-
CHCTEMBI OMOJOTMYECKNX MHOTOYACTOTHBIX KOMOB. OMHOYACTOTHBIC BO3NECCTBYS,
JIaxe paBHBIC CpPeIHE YacToTe OTHOTO W3 OGMOPUTMOB, AEMIT(PUPYIOTCS Ha HIDKE
1 BBIIIIE JICXKAIINX YPOBHSIX IEJIOCTHOM 61ocucTeMbl. K Bo3melicTBUSIM maxke 00JTb-
IIO¥ TIJIOTHOCTA MOIMHOCTHA OGMOCUCTEMBI CHIZKAIOT YYBCTBUTEIIHLHOCTD, €CIIM OHU
HE MMEIOT MHOOPMALMOHHOIO 3HAYEHUS U SBJISIOTCS CIYYaiHBIMM TTOMEXaMHM.
CBepXIOporoBBIe TTOBPEXKIAIOIINE BO3NECHCTBUS Ha YPOBHE OTIEIbHBIX MOJIEKYJ
1 JaXe OTICIbHBIX KJIETOK KOMITEHCUPYIOTCSI B COOTBETCTBHH C TOMEOCTATHYECKOM
MOIITHOCTBIO M pe3epBaMM CaMOPETYJISIIIUY 00Jiee BEICOKMX YPOBHEM OpraHU3alliu
O6uocHucTeMbl. 'eOMarHuTHLIE OypU — OOMH W3 BHELIHUX (DAKTOPOB 3BOJIOLUU
6uocdepbl 3eMiI, BKJIIOYast M agallTalliio OpraHu3Ma JejioBeKa. Mi3sMeHeHus ma-
pPaMETPOB BJIEKTPOMArHUTHBIX BO3AEUCTBUI JaXKe MPU CaMbIX CUJIBHBIX TEOMArHUT-
HBIX OYpSIX BPSII JIM JOCTATOYHBI IS MyTareHHbIX 3(pHEeKTOB, HO MOTYT U JTOIKHBI
OTpakaThCs Ha SITUTEHETUIECKOM YPOBHE.

Ha umo 6 xcueoii cucmeme Oeiicmeyom eHewlnue gusuueckue 6ozdelicmeus?
CornmacHo Hamreit rurnore3e [3aryckus, 2010] yHuBepcaJlbHBIM aKIEIITOPOM JIIO-
OBIX BHEITHNX (DM3WYECKUX BO3MEUCTBUN SIBIISIIOTCSI PUTMBI 30J1b-TelIb-TIEPEXOI0B
B KOMITApTMEHTaX KJIeTOK (cM. puc. 1). JIloOble MakKpoMOJIEKyJIBI B KJIETKE 00pa-
3YIOT MULIEJUIBI U TIPOSIBIISIIOT KOH(MOPMALIMOHHBIE Kojiebanus. OHU pacKpydyrBa-
10TcA mpy 3aTparax 3Hepru AT®, cTpyKTypupyst TIpA 3TOM CJIOM TUTIOJEil BOIBI
(cocTrostHuE Tejisl), 1 OOpaTHO CKPYYMBAIOTCSI C HapyLICHHEM YIIOPSAOYEHHOCTH
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HapyXXHbIX CJIOEB BOJAbI U OOpa3oBaHUEM XaOTUYECKON CBOOOIHON BOIBI (COCTO-
sitHue 307151). b dy3us BeliecTB B 30J1e Ha 7 MOPSAKOB OOJIble, YeM B rejie, 4To
obecrneyrBaeT U3MEHEHUE PHEPreTUYecKoro U IMaacTUYeckoro Merabonusma, pe-
TYJSILUI0 QYHKIIMKU U YyBCTBUTEJIBHOCTHM K BHEIIHUM BozfelcTBusM. [Ipu nepe-
XOJie TeJisl B 30J1b DHEPrusl MOTJIOIIACTCs, 3aTPAYMBAETCsl HA CEKBECTUPOBaHUE (3a-
KauKy B JIeNI0) MOHOB Kajblius. [1pu nepexoae 3015 B rejib reHepUPYeTCsl LIUPOKUT
CITEKTp aKyCTHYeCKMX U DM-uaimyueHuit. Da3oBeIii Tiepexod B KaXKIOM KOMIIap-
TMEHTE KJIETKW OT TeJisl B 30JIb MPOUCXOAUT MOJ BIAUSHUEM U3JIyYEHUM OT 30Jib-
rejib-Mepexo0B COCEIHUX CTPYKTYp, MPHU IMOMIOIIEHUU TeJieM BHeIlIHero nHdpa-
KpPacHOTO M3JIyueHUS] WU TEIJIOBOM JUCCUIIALIMU DHEPTUX TpU MOTJIOIICHUN
BHEILIHEN SHEPTUU IPYTUMMU MEepBUYHBIMU akuenTopamu. [lepexon oT 30751 B refib
MPOUCXOAUT MPU YBEJIWUYEHUU KOHIIEHTPALIMU KaJbliusl, BBICBOOOXIEHUU €ro U3
BHYTPUKJIETOUHBIX IETIO U MOCTYTUIEHUHU U3 MEXKIIETOUHOW CPEJIbl.

I'unote3a 00 M30MpaTeIbHON UYYyBCTBUTEJIBHOCTM U COOTBETCTBUU PUTMOB
30JIb-TeJIb-TIEPEXOJI0B B KJIETKAX SBOJIOLMOHHO TMPUBBIYHBIM KOCMOGU3NUE-
CKMM pUTMaM HE€ MPOTUMBOPEUUT (hakTaM APYTrUX TUIOTEe3 (U3MEHEHUS COOTHO-
mweHust S-H- u S-S-rpynmn 6elKoB, MOHOB Kajbliusl, CTPYKTYPUPOBAHUSI BOJBI,
posin aKTUBHBIX ¢opM Kuciopoaa, 3dhdekty UumxkeBckoro— BeabxoBepa u mp.).
OKCIepUMEHTAIbHO M3YUYeHHbI HAMM JOWana3oH MepruoiOoB PUTMOB 30Jb-TeJb-
Mepexo0B U U3MEHEHU COOTHOIIEHUS 30J15 U Teisl B pa3HOE BpeMsi CYTOK, CE30H
rojla B XMBBIX KJeTKaX COOTBETCTBYET OCHOBHBIM BHEIIHUM KOCMO(DU3UUYECKUM
puTMaM. DTa 3aBUCUMOCTD BBISIBJIEHA YK€ Ha MPOCTEHUIINX HEOPraHUYECKUX KOJI-
JounHbix cucteMax (tectol J. IMukkapau). OnHUM U3 yCJIOBUII BO3HUKHOBEHMUSI
JKM3HU, TIEPBUYHOM XMBOUM KJIETKU ObUIM MHTErpaivs U COrjacoBaHUE PUTMOB
30JIb-TeJIb-TEPEXO0B B3aMMOACHCTBYIOIIMX MAaKpPOMOJEKYJI U MeTa0OJIMYeCKUX
LIMKJIOB. DBOJIIOLMS KU3HU — 3TO KO3BOJIOLIMSI BpeMEHHON opraHu3aliuu 0uocu-
CTEM M BHENIHEeU cpenbl, TpU KOTOPOU COXPaHSIIOT YCTOMUYUMBOCTb TOJILKO OMOCH-
CTEMBbI, B KOTOPBIX JIOCTUTaeTCsl COTJIacOBaHUEe MepapXuu Nepruoa0B PUTMOB 30J1b-
rejib-nepexoaoB JIUTeJIbHOCThI0 OT 100 Mc 10 roma Mexay coboii U ¢ puTMaMmu
BHEIIHe cpeabl (puc. 2).

Cmpameeuu adanmayuu 6UOCUCmeM K pummam KOCMo@pU3u4ecKux 6030elicmeull.
Amanranusi K TeOMarHUTHBIM OypsIM MOXET BBIPaXXaThCs B CHVKCHHHM UyBCTBH-
TETBHOCTH K HETIOCTOSTHHBIM W CIIyJalfHBIM KOMIIOHEHTaM Wu3MeHeHuss DMII
3eMJIM 1 BBI3BIBAEMBIM UMU METEOPOJOTHICCKUM M3MeHeHUsIM. [IpuBBIUHBIE XKe,
TTOBTOPSIOIIMECS M3MEHEHUS 3THX (haKTOPOB, COIMPOBOXIAIONINE T€OMarHUTHBIC
OypH, 3aKpEIUTSIIOTCS B MaMSATH OMOCHCTeM. DTO O3HAYaeT YBeJIMYEeHUE UYBCTBH-
TEJILHOCTU OpraHM3Ma K MX CUTHATypaM C peaKIueil OIepesKarollero OTPakeHUsI.
Buonorngeckas 11e1ecoo06pa3HOCTb TAKOTO MOBBIIIEHNS YYBCTBUTEILHOCTH COCTO-
WT B 3aIlycKe MPHUCIIOCOOUTETbHBIX PeaKInii, KOTOPhIE yXXe, Ha000pOT, CHIKAIOT
YYBCTBUTEILHOCTD K HEOJIATONPUSTHBIM BHEIITHUM BO3ICHCTBHSIM.

AnanTUBHOE TIOBeJeHNEe OMOCHCTEM, BKIIIOYash M OPTaHM3M 4YeJioBeKa, COCTO-
WT B YepeJOBAaHUM CTPATETHIl amalTallii — ITACCUBHOM CTpaTeTMW SKOHOMUYHO-
CTU M aKTUBHOWM CTpaTerMy TMEpPecTPONKU C YBEJIMUYEHUEM 3HEpro3arpaT B COOT-
BETCTBHMH ¢ (ha3aMU PUTMOB TTOCTYITAIOIIeH BHEIIHe sHepruu. [lepBast cTparerus
1ejecoodpazHa B (azax pUTMa CHIDKEHUSI SHEPTeTUYecKOro obecrieueHus] Ouo-
CHUCTEMBI, B YCIOBUSIX IedUIINTa BHEIIHEW BXOMXHOI sHepruu. Bropast crpaTerust
C YBEIMUEHUEM SHEPTeTUYECKUX 3aTpaT BO3MOXHA IMpH (pa3ax yBeTMICHUs BHEIII-
HEU DHEepTUu.
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Puc. 2. CooTBeTcTBUE MepapXuu OGUOPUTMOB OMOCUCTEM (OT BHYTPUKIICTOUHBIX CTPYKTYP
JI0 OpraHM3Ma) YYacTKy CIEKTpa €CTeCTBEHHBIX 3JIEKTPOMArHUTHBIX IIIYMOB CBEPXHU3KHX
yactot | Bnagumupckmit, 1980]

OHa TMO3BOJISIET UCIOJb30BaTh OOIMOJHUTEIbHYIO 3HEPIUIO Ha YBEJIMYECHUS
(byHKIIMY, PETYISILMIO U TIEPECTPOITKY cBoeil CTpyKTypbl. CMeHa 3TUX ABYX CTpa-
Teruii ajganTaiyy JOJKHA COOTBETCTBOBAaTh CMeHEe (ha3 puTMa SHEPTreTUKH OMO-
cucteMbl. BelnyrHa ¥ 3HaK OTBETHOM peaKIIMX OMOCUCTEMBI Ha BHEIITHEE BO3CH-
CTBUE 3aBUCUT OT MCXOJHOTO COCTOSIHMSI 3HeproodecrieueHusi. 3HaK mAucbanaHca
BHYTPEHHMX 3Hepro3zaTpaT OMOCUCTEMBI W TOCTYIUJIEHUS SHEPTMM W3 BHEIIHEH
Cpenpl OoIpenelisieT mpeobdiagaHue MepBOi CTpaTErn S KOHOMWYHOCTY VI BTOPOI
CTpaTeTUM aKTMBHOTIO MCHOJb30BaHUSI BOZHUKAIOIIEN MOMOJTHUTEIbHON BHEITHEH
SHEPIUU Ha TMepecTPOKY, YCUJIeHUEe BHEITHUX (DYHKIIMOHAJIBHBIX U CTPYKTYPHBIX
MPOLIECCOB Y BHYTPEHHUX PETYISITOPHBIX (puc. 3, 4).

[Ipn neduuute 3HEpPruM OMOCHCTEMa CHUXAET YYBCTBUTEJIBbHOCTb K BHEII-
HUM Bo3aeicTBUsAM. B azax puTMOB M3OBITOUHOI SHEPTUM OMOCUCTEMA CIIOCO0-
Ha K aKTMBHOW TI€pPECTPOMKE CTPYKTYpPhI, POCTY M pa3BUTHIO. HepemoBaHUE 3TUX
CTpaTeTuil amanTalyy OTpakaeT UepapXri0 SHIOTCHHBIX OMOPUTMOB OMOCUCTEMBI.
OTU OGUOPUTMBI 3BOJIIOLIMOHHO COTJIACOBaHBI ¢ MPUBBIYHBIMU PUTMaMU BHEIITHEM
cpenpl. I[Ipr OCTaTOYHBIX pe3epBax CaMOPETYJISIIIUU M TOMEOCTaTUIECKON MOIIl-
HOCTHM BO3MOXHA OIepesKarolasl peakiisl Ha CUTHATyphl BHEITHUX BO3IEUCTBUIA
M CpOYHasl amanTWBHAas IepecTpoiika OMOCHCTEMbI, MCKITIOYAIOIIAsl MaToJIOTHYEe-
cKue HapymeHust B 6uocucreme. I[Ipu cHIKeHHOM OydepHOil EMKOCTH caMOpeTy-
JISITUMU IpoUIaKTUUecKasl peakusi OMOCUCTeMbl Ha HeOJJaronpusTHhIC BHEIIIHUE
BO3EHCTBUS OKa3bIBaeTCSl HEAOCTATOUHON 1 Hea((peKTUBHOM. AnanTanusi GMocu-
CTeMbl K BHEIIHE! cpelle U KOPPEeKLUsI OMOPUTMOB COCTOUT B CIBUTE (ha3 CMEHBI
MepBOI U BTOPOM CTpaTeruii ananTaluu.
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®aza OKOJIOCYTOYHBIX OMOPUTMOB OMOCHCTEMBI /N YPOBHS TTOACTpanBaeTCs 3a
CYE€T M3MEHEHWI CTEleHW CUHXPOHMU3AIMU OKOJIOYACOBBEIX PUTMOB N—1-ypoBHS
[3aryckun, 2010]. YHuUBepcalbHBIN 11T OMOCUCTEM JIIOOOTO0 YPOBHS DHEpPreTHYe-
CKUI KPUTEpHUil agamnTalli¥ W HAIpPaBICHHOCTH OMOJIOTMUYECKUX TPOIIECCOB VIS
BBIXOIHOM PpEryJIsSIiuM SHeprodajlaHca BBIYUCISECTCS KaK WHTETpaJ OTHOIICHUS
BHEITHUX (DYHKIIMOHAIBHBIX M CTPYKTYPHBIX 3aTpaT K BHYTPEHHHMM pPETYIISITOP-
HBIM, a JIJIST BXOITHOM PeryyIsiiiny 3HeprobajsaHca — KaK WHTETpajl OTHOIICHUS WH-
JIyLIUPOBAHHOM 3HEPrMM K 3HEPruu OCHOBHOro oomeHa. B daszy putma npeobna-
JaHWS TIepBOI CTpaTeTM SKOHOMUYHOCTH YMEHBIIAIOTCS YUCITATETh U B OOJTBIIEH
CTeTIeHW 3HaMeHatelnb. B (ase BTOpoOIi cTpaTeTuu pacTéT M YMCIUTETb, U 3HaMe-
HaTeJib, HO YUCUTEb pacTeéT cuibHee (cM. puc. 3). JIroObie (azoBbie, CUCTEMHBIE
W MepapXudeckKue IECUHXPOHO3BI CHIKAIOT SHEPTeTUYECKYIO ONTUMAIbHOCTD
1 3GHEKTUBHOCTD CTPYKTYPHO-(PYHKIIMOHATBHBIX M PETYISTOPHBIX ITPOIIECCOB.
Ecnmm mecMHXpPOHO3BI COXPAHSIIOTCST OOJIbIIE TUTEIBHOCTH COOTBETCTBYIOIIETO
TIePEXOTHOTO TIPOIlecca M BEIXOIAT 3a MpeAeibl JOMYCTUMBIX OTKJIOHEHHI TOMEO-
CTATUIECKOM PETYJISIIIUU TTapaMeTPOB, TO OHU CTAHOBSATCSI yKe He aTalTUBHBIMY,
a TAaTOJIOTUIECKMMU ¥ BBI3BIBAIOT SJIMMUHUPOBaHWE 6rocructeM N—1-ypoBHS (CM.
puc. 3, 4).

Kak ebiseiams 0ecuHxpoHo3bl U NPOSHO3UPOBAMb HeOAAONPUSMHYIO DeaKuuro?
®a30BbIe TeCTHXPOHO3BI OOBIYHO OTPEICISIOT MO OTKIOHEHHIO IMapaMeTPOB OKO-
JIOCYTOYHBIX OMOPUTMOB (aMIUIATYIBI, TIEPUOAA) U ITOSIBIICHUIO IBYX M TPEX MaK-
CUMYMOB (yJIbTpaAuaHHbIX KoJyiebaHuit). JIisi Gojiee BapbUPYIOUIMX IO TEPUOILY
OBICTPBIX OMOPUTMOB OMPENEJSIIOT CUCTEeMHbIE AECUMHXpPOHO3bl. OHU paccMaTpu-
BalOTCS HaMM KaK paccorjlacOBaHME COOTHOIIEHMSI PUTMOB TMOJACUCTEM OIHOTO
YPOBHSI, HO pa3HBIX IIEPUOJ0B, HAIIpUMEP PUTMOB ceplla U JbIXaHMs [3aryCKuH,
2010]. CooTBEeTCTBEHHO, CUCTEMHbII IECUHXPOHO3 OLIEHUBAJICS HAMMU I10 OTKJIOHE-
HUIO OT HOPMbI OTHOILIEHUS YaCTOThI IMyJibca K YacToTe AbixaHus. OKazauioch, YTO
Y TTOXWJIBIX TTPAKTUYECKM 3M0POBBIX JIIOAEH 10 CPaBHEHUIO ¢ MOJIOALIMU ITPAKTH -
YeCKHU 3I0POBBbIMU JIOABMU JUCTIEPCUS] BTOTO OTHOILLIECHWS 0OJIbllie U Yallle BbIXO-
JIWT 32 HOPMaJIBHBIN Auara3oH oT 3 10 5. OLeHKa uepapXu4ecKnX JeCUHXPOHO30B
U YCTOMUYMBOCTM OpraHM3Ma 4eJioBeKa K HapylleHUsIM HhepapxXxuu KocModusnuye-
CKMX PUTMOB BO3MOXHa C ITOMOIIbIO HEJIMHEHHOW CUMBOJUYECKON AUHAMUKUI
MEXITYJIbCOBBIX M JbIXaTeIbHBIX MHTepBaJioB [['ypoB, 2012].

XPOHOAMArHOCTMKA C MCMOJIb30BaHUEM HEJIWHEWHOW CUMBOJWYECKOW Au-
HaMUKU TO3BOJISIET HE TOJbKO IMAaTHOCTUPOBATh, HO 1 MPOTHO3UPOBaTh Hebj1aro-
MPUSITHBIE peaklny opraHu3ma denoseka [['ypos, 2012]. JlnHaMKnKa COOTHOIIIEHUS
CUMITaTUYECKO M MapacMMIIaTUYECKOW peryjsiiiuy paccMaTpuBaeTcs KakK uyepe-
JoBaHUE IBYX €€ (a3 ¢ OLIEHKOM KOIMYECTBA COOBITUIA B Kaxnoit da3ze. JJnHaMuKy
COKpallleHUl cep/lia MOXXHO pa30UTh Ha (ha3bl MOBBIILIEHNS] YACTOThl COKpaIEHUS,
YTO COOTBETCTBYET MpeodIalaHuI0 CUMITATUYECKOro TOHYCa, U CHUXXEHUS 4acTo-
ThI COKpAIlIEHUSI, YTO COOTBETCTBYET MTPe0bIaJaHUI0 MapacuMIaTUYECKOTo TOHYCA,
U B Kaxao# daze Mmocuutarh YMcjio yaapoB cepaua (oobiuHo ot 1 g0 4). Tlepexon
OT OJHOM (ha3bl K APYroii MOXXHO 3aKOAUPOBATh CHUMBOJIOM B 3aBUCUMOCTHU OT TOTO,
CKOJIBKO YIapoB ObLJIO B TIpenblayllieil 1 nocienytoleit dase. B ciiyyae nuHaMuKu
CeplIEYHbIX COKpaIlleHUI OKa3bIBAETCS TOCTATOYHBIM 25 CMMBOJIOB. Toraa Bcsl AMHA-
MuKa (YHKIMOHUPOBAHMS TTOACUCTEMbI OIMCHIBACTCSI CJIOBOM, COCTOSIIIIAM U3 3THX
cuMBOJIOB. M3yueHre ocoOeHHOCTel TaKoro si3bika (byHKIIMOHUPOBAaHUS TTOACUCTe-
MBI SIBJISIETCSI CAMOIOCTATOYHBIM METOJIOM U TTO3BOJISIET TPOBOAUTH TUATHOCTUKY.
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Puc. 5. JlnarpamMmmbl paccewBaHUsI Uil Pa3IMUHBIX TOKa3aTeleil CMMBOJIMYECKUX CTPOK

S, S e YepHble KPYKKHA — MOJIOABIE 3M0poBbIe JIoau. Cepble KPY:KKU — IOXUJIbIE 310-

poBble toau. KpacHble TpeyroJbHUKKM — OOJIbHBIE ¢ 3aCTOMHOM CepleuyHOl HeT0CTaTOUYHO-
ctbto. CUHME TPEYTOJbHUKN — OOJIbHBIE C MepLIaTeIbHOM apuTMUEH

C mnoMolliblo psiia mokKasaresieid CUMBOJMYECKON NMHAMUKU (0OBEMBI ClIOBa-
peii, ycJIoBHAsI SHTPOIMS Y KO3(PPUIIMEHTHI ITOJ00MT) HaMU ObLJIM BBISIBJICHBI Xa-
paKkTepHbIe 0OCOOEHHOCTH Pa3IMUHbBIX COCTOSIHUI OpraHu3Ma, Takux Kak cTapeHue
win natoynoruu (puc. 5). Oka3anock, 4TO IJISI MOJIOABIX 3I0POBBIX UCITBITYEMBIX Xa-
pakTepHO OoJiblliee pa3HOOOpasue CJIOB MO CPAaBHEHUIO C TOXUJIBIMU 310POBbIMU
¥ ¢ OOJTBHBIMU, TIPUYEM OCHOBHYIO POJIb B IMHAMUKE (PYHKIIMOHUPOBAHUM TTOACU-
CTEMbI UTPaIOT OoJiee KOPOTKUeE caoBa. JlaHHBIN MeTo Hapsiy ¢ OLIEHKOI nmapame-
TPOB PUTMOB TMOKa3aTes sl U3OBITOYHOCTH MOXET 0Ka3aThCsl MOJIE3HBIM JIJIs1 paHHE !
OVarHOCTUKHU W TIPOTHO3UPOBAHMS HEOMATONPUSITHBIX peaKIdii Y GOJBHBIX JTIOIEH
Ha MarHUTHBIE OYpU.

Kax obecnewums npogpusaxmury, peabusumayuio u aeuerHue npu HebAa2onpusim-
HbIX peakyusx Ha eeomaeHumubsie 0ypu? TIpodunakTvka MaToJIOrMYecKuX peakuui
¥ TIOBBILIEHNE YCTOMYMBOCTU OpraHM3Ma 4YeJIoBeKa K MAarHUTHBIM OypsiM U IO-
TOJHBLIM aHOMAJUIM BO3MOXHA MYTEM pa3pabOTaHHBLIX HAMU METOIOB HOpPMAaJU-
3allMM CHA, BEreTaTUBHOIO CTATyca, KJIIETOYHOIO MMMYHUTETA U CIIEKTpa PUTMOB
MUKPOLUPKYJISIIUMA KPOBU C TMOMOIIBIO OMOYIIPABIIIEMOM XpPOHOMU3MOTEpATTNI
[3aryckun, 2010; 3aryckuH, 3aryckunHa, 2005]. DT crmocoObl U MX CBS3b C €CTe-
CTBEHHBIMU CITOCO0AMU MPOGIAKTUKY U YCTPAaHEHUS JECUHXPOHO30B IPEACTaB-
JIeHBI Ha cxeme (puc. 6).

Kpumepuu ycnewnocmu adanmayuu opeanu3ma 4ea08eKa K 2eoMacHUmHbIM 0y-
pam. [penBaputesibHble Pe3yJbTaThl UCCAEA0BAHUI, TPOBEAEHHBIX HAa YETHIPEX M0~
OpOBOJIbLIAX MOJIOAOTO U MOXWIOTO BO3pacTa, MO3BOJISIIOT MPEANONOXUTh HATUuue
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CUTHATYPHOM peaklWM Tepeli, MarHUTHOM Oypeil, KoTopas MCKIHoYaeT Hebjaro-
MPUSITHBIE PEaKLMU BO BpeMsI M MOCJIE MATHUTHOM Oypu. ¥ BceX UCIBITYEMBIX Tie-
ped HayaJloOM FeOMAarHUTHBIX Oypb (M3ydeHBI peaklMM Ha 6 T€OMAarHUTHBIX OYpb
B niepuoz ¢ 28.12.2011 o 16.04.2012) ob6HaApy:KEHO yBeIMUYEHUE 30JIs1 OTHOCUTEb-
HO TeJisl B KJIETKaX OYKKaJbHOTO SMUTEINS. YBeJIUUeHUe 307151 OTHOCUTEIBHO TeJis
yKa3bIBaeT Ha YCWIEHUE MEeTabOIM3Ma U HaJUuUe OINepearolleil akTUBHON po-
(puIaKTUUECKOM peakiUy, HAMPaBJIEHHOM’, BEPOSITHO, HA CHUKEHUE YYBCTBUTEb-
HOCTU K FeOMarHuTHOM Oype. OTCYTCTBME ITOCTOBEPHOIO PAa3IUUMSI CO CPEIHUM
COOTHOILLIEHVEM 30JIS W TeJisl Y JaHHBIX JIIOJE B OOBIYHBIEC THU BO BpeMs U ITOCTE
T€OMArHUTHOM Oypu TOATBEPXKIAET STO MPEANOJIOKEeHHEe 00 YCIEeNIHON TMpemaHa-
CTpOIiKe M YCIELIHOM aganTaluy. AHAJOTMYHO 32 CYTKU WJIM MEHBIIEe 10 Hayaja
T€OMArHUTHOM Oypy 0OHApyKEHO MPU aHAJIM3€ MEXITYJIbCOBBIX, AbIXaTeIbHBIX UH-
TEPBAJIOB U X OTHOLIECHUSI YBEJIMYEHNE aMITJIUTYIbl U TEpUOaa KoJiebaHWIi IMoKa-
3aTeNIsT U30BITOYHOCTU (EIMHMIIA MUHYC OTHOIIEHNE SKCIIEPUMEHTAIBHOM SHTPO-
MUY UHTEPBAJIOB K MAKCUMAJIBHOM SHTPOMNUHU, 32 KOTOPYIO MPUHUMAIN paBHOMEp-
HO€ paclpeleieHne UIMTEIbHOCTE MHTEPBaJioOB WM WX OTHOILIEHUS).
JoCTOBEpHBIX OTJMYUIL 3TOTO MOKA3aTe/sI BO BpeMsI TEOMAarHUTHOIM Oypu U 4epes
CYTKU TIocie ¢€ OKOHYaHUs He oOHapyXeHo. PaHee aHalorMmyHOe M3MEHEHME TTa-
paMETPOB PUTMOB MOKAa3aTessi U30BITOYHOCTA OOHAPYXKEHO PETPOCIEKTUBHO 3a 1
WK Aaxe 2 yaca 10 HACTYIUIEHUS Y OOJbHBIX MaKCUMAaJIbHOM apUTMUM WU UIIe-
MHH Cepara o JaHHBIM XOJITEPOBCKOTO KapaANOMOHUTOpHpoBaHUs. CXOIHBIE M3-
MEHEHMsI MapaMeTPOB PUTMOB ITOKAa3aTe/IsT U30BLITOYHOCTH HAOIIOAAIOTCS U Y 3110-
POBBIX JIIOAE MOCJe dMOIUOHATBHON WM (PU3UUECKONM HATPy3KH, YTO MOXKHO
TPAKTOBaTh KaK YCUJIEHUE HAMPSKEHHOCTU PEryIsIUUA KUCIOPOATPAHCIIOPTHBIX
CHCTEM OpraHMU3Ma.
Pa6ora mognepxana ongom PITH® (rpant Ne 11-06-00482).

DUINOTEPANEBTHIECKHA =g EcTecTBeHHEe cnocobe
cnocol NPOEUNAKTHEN W A aTreie NPSdHUNAKTHEN M KOPREKLHK
YCTPaHEHWA JECHHXPOHOI0R M BHOpUTMOB
PHTMBI MpHEBELIYHEIS
H
el W e
CATHMHIALMA PediaMa nepexonos ntslisectbo i
ik l dbnamyecknx
BO3AEHCTEHM
Putm
PezepEHan
XPOHOAMArHOCTHES roMeccTaTH4YecKan
OCTh
MHKpGUWP LMK
1 1 BOIMYLLEHHA W
Enoynpasnaeman E:;:‘;;nw oro ::,::::I-r::? REtesas
XpoHogHIno- KpoBOTOKA - METEOPOMOTHYECKHE
Tepanva = [PABHTALHOHHBIE
- HHIPAIBYKOELIE
I l - aHTpOnoreHHLIE
- MArHHTHE GypM

| DaTUMEM NyNeca ¥ AEXaHWA Ha Tene Yenoeexa |

Puc. 6. Cxema XpoHOIMArHOCTUKH, TPOMIAKTUKYA HEOJAronMpUsTHBIX peakIvii opraHn3Ma
YeJloBeKa Ha HETTPUBBIYHBIC BHEIITHHE BO3IECUCTBUS M YCTPAHEHUST TECUHXPOHO30B
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HUMAN ORGANISM ADAPTATION STRATEGIES
TO GEOMAGNETIC STORMS AND WEATHER ANOMALIES

S. L. Zaguskin 1, AK. Krylovz, Y. V. Gurov 1, S.S. Zaguskina1

' Southern Federal University, Institute of physics, Rostov-on-Don, Russia,
e-mail: zaguskin@gmail.com

2 Institute of psychology of Russian Academy of Sciences, Moscow, Russia,
e-mail: neuru@mail.ru

Sign of imbalance of internal energy biosystems and energy from the external environment de-
fines two adaptation strategies. Biosistema energy deficit reduces sensitivity to external shocks.
In phases of rhythms excess energy biosystema is capable of actively restructuring, growth and
development. The alternation of these adaptation strategies reflects a hierarchy of endogenous
biorhythms of biosystems. These biorhythms evolutionarily agreed with familiar rhythms of
the external environment. When sufficient reserves of self-control and gomeostatic power can
be followed by a reaction to the signatures of external influences and an adaptive biosystems,
excluding pathological abnormalities in biosysteme. When a reduced buffer capacity of self-
control preventive response to adverse external influences biosystems is insufficient and inef-
fective. Universal acceptor any external physical effects are the rhythms of sol-gel transitions
in cells compartments. Evaluation of the sustainability of human organism to cosmophysic
factors possible using nonlinear symbolic dynamics of pulse and breathing intervals.
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PaccmarpuBatoTcsi COBpeMEHHOE COCTOSTHME CBEICHUI O BO3IEMCTBMM KOCMUYECKOM IO-
ronbl Ha OMochepy U MepCreKTUBLl pPa3BUTHUSI 3TOI 00JacTU HayKu B Ovpkaiiiue 30 Jiet.
[MpuBoaATCS pe3yabTaThl JUIMTEIBHOTO OMOMENMIIMHCKOTO MOHMTOPUHTA, MPOBOIMMOTO
N3MHUPAH B 1998—2012 IT., ¥ TeIEKOMMYHAKAITHOHHOTO POCCUICKO-YKPaHCKOIO IIPO-
exta TEJIMOME]/ 2006—2011 rr. Ha 6a3e pe3yiabTaTOB MPOCTPAHCTBEHHO-PACIIPEAC/ICH-
Hoit cet MoHUTOpUHTa 1998—2012 rT. (0T AKyTCcKa 10 CuMddepomnos, 6onee 500 000 uzme-
peHUIT) TIPOBOMMTCS aHAIW3 MPOrpaMM MHIWBUAYAJIbHON M COLMAIBbHOM amanTaliuyi opra-
HU3Ma YeJoBeKa K COBPEMEHHBIM HU3KOIHEPTeTUYHBIM KOCcMOTreodu3nyeckuM dakropam;
paccMaTpUBaIOTCS OCOOEHHOCTH afamnTallii U CMEHBI PEXWMOB B 3aBUCHMOCTH OT (hasbl
LIMKJIa COJTHEYHOM aKTMBHOCTU M ce30Ha roja 3a 14 ner monuropunra USMHUPAH Ha 6aze
MOCTOSTHHOM TPYIITbI 00C/IeAyeMbIX; BbICKA3bIBAETCSI TUTIOTE3a 00 aTaBUCTUYECKOM Xapak-
Tepe Takux 3 dexroB. OnMuUchIBacTCS HOBasi TeopeTUYecKass MOjies b TMHAMUKM cep/lia ye-
JIOBEKa IO/ BO3AEHCTBUMEM BHEIIHEN BBIHYXKAAIOIIEH CUJIbI U TapaMeTpUIecKHX ITyMOB,
MO3BOJISIIONIAs] aeKBATHO OMUCATh COBOKYITHOCTb 9KCIIEPUMEHTAIBHO HAOMI0AaeMbIX (hak-
TOB. PaccMaTpuBaloTcsi OCHOBHbIE MU(DBI O OGMOTPOITHOM BO3IEUCTBUU KOCMUYECKOM TTOTO-
IIbI 1 IPUYMHBI X BO3HUKHOBEHMS. B KauecTBe MpakTUUecKOro MpUI0oXKeHUs MCCiieaoBa-
HUI TIpeUIaraeTcst TeXHOJOTHS TeIEKOMMYHUKAIIMOHHOTO CKPMHWHTA 3I0POBbs HACEJIEHMUSI
Poccuu, Gaszupyloniasicss Ha TpuUI-TeXHOJIOrUsIX. PaccMaTpuBaeTcsl poib COBPEMEHHBIX I'e-
JIMOOMOJIOTUYECKUX UCCIIEIOBAHUI B PEIICHUU 3a1a4 0 poyin apeBHero CosHIIa Ha paHHUX
aTarax 3apoxXAeHUs U 3BOTIOLNHU 6Mochephl, a TAKXKe BOZHUKAIOIINUE B CBSI3U C 3TUM HOBBIE
HarpaBJeHUs UCCIIETOBAHUIA.

BBEAEHWE

B 2004 r. na xoHdepeHuu B IlyiinHe 1Mo BO3AEHCTBUI0 KOCMUYECKOM MOTOAbI Ha
OpraHu3M 4ejioBeKa OJWH U3 MpeacTaBuTesield ouonorndyeckoro daxkyabrera MI'Y
OCTPOYMHO OTMETHJI, YTO €ci (PU3UKOB 00y4aloT OTBeuaThb Ha Borpoc «Kak?», To
J0JIsT OMOJIOrOB — OTBeYaTh Ha BOMpPOC «3auem?». BrIcKas3biBast MMOTHOE COTIACHE
C 9TOM MBICJIbIO, XOTEJIOCh Obl OTMETUTD, UTO (DU3UKU, 3aHUMAIOLIUECS] U3YyYeHUEM
BO3IEMCTBUS BHEIITHMX (PU3MYECKUX (PAKTOPOB HAa OMOIOrMYECKHE OOBEKTHI, BbI-
HYXJI€Hbl OTBE€YaTh Ha 00a 3TU Bompoca cpady. OTBET Jaxe Ha OJUH U3 BOIPOCOB
B JIJaHHOM 00JIacTX 3HAHUU yXXe TMpeACTaBsieT COO0N HETPMBHUAIBHYIO 3a/auy, CO-
YETaHUE UX BMECTE BO3BOJUT CJIOXHOCTb B KBaApaT U OPOCAET BbI30OB IbITIUBOMY
YMY YUEHBIX.

MATEPUAJbI U METO/ bl

[TepBbIii Bonpoc, Bo3HUKatoLIuii 3ano/ro JJO Havama uccienoBaHuii GUOTPOITHOTO
BO3IENCTBUSI KOCMUYECKOM MOTo[bl, — KAK METOMOJOIMYECKM I'PAMOTHO U MaK-
cuMaibHO 3(pPEKTUBHO OPraHU30BATh MCCIEI0BAHMUS CYILECTBEHHO HEJMHEWHOIO
00BbeKTa MCCAEN0BAHUI, U3MEHSIIOLIETO CBOU XapaKTEPUCTUKHU IO BO3AEHCTBUEM
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CYILIECTBEHHO HEJMHEWHBIX MapaMeTpoB BHelIHe# cpenbl? K coxaneHuto, rpu uc-
CJIeIOBaHUM MEXaHU3MOB BO3IEHCTBUSI KOCMoreodusndyeckux (akTopoB Ha pa3-
JINYHbIE YPOBHU OHoOCGhEpbl HEIb3ST TIOCMOTPETD «aObl UTO» U3 UMEIOIIErocs B 10-
CTYITHOCTHU Y 3KCIepUMEHTaTopa McClleayeMoro MaTepuaia U NpubopoB ISl TOTO,
YTOOBI CPAaBHUTD €r0 «adbl KaK» U «4EM YMEIO» C «aObl yeM» (4To umMeto). Pesynbrar
Oy/leT HeJOCTOBEPHBIM W HEBOCHPOU3BOAMMBIM. M B mepByw ouepenb — u3-3a
BBICOKOI'O YPOBHSI LIIyMOB, HU3KOTO YPOBHSI CUTHaJa U, KaK yXe OTMe4aoCh, He-
JIMHEMHOCTU HaOJIOJAIONIMXCS B3aUMOCBs3eil. Y ecau s MeaULIMHBI, UMeoLIei
JIeJI0 C KOHKPETHBIM UYE€JIOBEKOM, 3TO He SIBJISIETCSl CepbE3HOM MOMEXOil, TO s
MEIUILIMHCKOM (PU3UKM, OMODU3NKU U TeIOMOoNI0oTnY, KaK HayK, HalleJIeHHBIX Ha
MOMCK OOIIETIONYJISIUMOHHBIX 3aKOHOMEPHOCTEH, CO3laHre TPaMOTHOM U MaKCU-
MaJIbHO MOJIHOK 0a3bl TaHHBIX, CBOOOJHOUN OT CYOBEKTUBHOTO BIUSIHUSI 3KCIEPU-
MEeHTaTOpa Ha Mpoliecc cOopa 3TUX JaHHBIX, SABJSIETCS TPUHUMITUAIBHO BaXKHOM.
IToBbillIeHE OOBEKTUBHOCTY U YIIIyOJeHUE MOHUMAHUS TTPOUCXOSIINX MTPO-
11IECCOB /1151 OMOMEAULIMHCKUX 3KCIEPUMEHTOB BO3MOXKHO ITyTEM BBEIEHUSI 1OTOJI-
HUTEJIbHBIX CUCTEMHBIX KOOPJAWHAT:
* gpemenHoll (TpOBeACHNUE NIUTEILHOTO MOHUTOPUHIA Ha TpyrnIe odcienye-
MBIX ITOCTOSIHHOTO COCTaBa);
* npocmparcmeeHHoll (CO3AaHUE pacTIpeeIEHHOM 10 TTOBEPXHOCTU 36MHOTO
1apa TeJeKOMMYHUKALIMOHHON CeTU ChEéMa MepBOHauYalbHON HMHGOpMa-
LUN).

Harm ombIT moKa3bIBaeT, YTO UIST 00eCTieYeHUS TTOJTHOTEI ¥ BOCITPOU3BOINMO-
CTU Pe3yJIbTaTOB MOHUTOPUHTOB TaKXKe HEOOXOMWMO BBITIOJHEHUE 80CbMU OOHO-
BDEMEHHBIX MPeDOBAHULL K MeXHOA02UU NOOOOHBIX IKCnepUMeHmOo8: TpeOOBaHUN 1T~
TEJTLHOCTU OOIIEro BpEeMEHW IPOCTPAHCTBEHHO-paCIpeleIeHHOTO MOHUTOPHWHTA
B COYETAaHWM C €AMHCTBOM MeCTa, BpEMEHH CYTOK, 000pYIOBaHUs, a TaK:Ke HEWH-
Ba3WBHOCTH M TTOCTOSTHCTBA TPYIIIBEI OOCIEAYeMBIX, C ONTUMHU3ALINEN TITUTEIBHO-
CTU M CKBaXXHOCTH €IWHWYHOTO IIIara U3MEpPeHUl B COOTBETCTBUU C HAOOPOM Xa-
paKTepHBIX BPeMEH M3yJ4aeMbIX BHEITHUX (DAKTOPOB.

K coxaneHwmio, cymiecTByeT KpaiiHe OrpaHWYeHHOE YKCIIO Hepas3pyIIaloIInX
METOIIUK, TTO3BOJISTIOIINX ITPOBOANTH ITUTEIBHBIC 3KCIIEPUMEHTHI 10 M3yYeHHIO
TTePEXOIHBIX TTPOIIECCOB B M3MEHEHUAX (PYHKIIMOHAIBHOTO COCTOSTHHST OpraHuU3Ma
yeyioBeKka. B KaduecTBe permcTpupyeMbix (bYHKIIMOHAJTBHBIX ITapaMeTpOB B HAIIMX
MOHMTOPWHTAX OBUTM BEIOPAHBI CIICTYIOIINE N3MEPEHHUS:

* eXeIHEeBHAas PEerucTpamnys y IOCTOSHHOM TPYIIITBI OOCIIeAyeMBbIX apTepH-

aJIbHOTO AaBlieHMs 1 myibcea (0osee 50 000 uzmepeHuin);

* OIpeneicHUe JICKTPUUISCKON IPOBOANMOCTH OMOJIOTUTISCKN aKTUBHBIX TO-

yek Ha Koxe yenoBeka (6osee 500 000 usmepeHuii);
* OlIEHKa CYyOBEKTUBHOTO COCTOSTHUS ((pU3MIECKOe, SMOIIMOHATILHOE, MHTE-
JIEKTyaJIbHOE);

* YeTBIpEXKpaTHBIC €XEeTHEeBHBIE M3MEPEHUs TMapaMeTpoB 1-TO OTBeICHUS
anexkTpokapauorpammbl (BKI') (pyka — pyka) (6osee 50 000 m3amepeHmin)
IO, Pa3TNYHBIMU THUIIAMU BHEITHE WHIYIIMPOBAHHOM HArpy3KHU: B COCTO-
STHAW TIOKOSI, B COCTOSTHUY TTOCJIE TICIXOTECTa, B COCTOSTHUM TTOCTIe (hU3nde-
CKoOIt Harpy3ku npo6oii Pydbe, nocye 10 MUH oTabIXa;

* peTHCTpalns BapruabeTbHOCTH CEPASIHBIX COKPAIICHUIA;

* TocTpoeHue (ha30BbIX MOPTPETOB STAJTOHHOTO KapAWOIMKIAa (KOMITBIOTEP-
HbI KoMmITieKe «Pazarpad-M», 6oiee 12 500 usmepeHmit).
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ExenneBHble usmepeHusi corpynHukamu U3MUPAH pononHsiuch uc-
CJIeIOBaHUSIMU, TIPOBOAMMBIMM B paMKaX POCCUUCKO-YKPAaMHCKOTO IIpOeKTa
T'EJIMOME]l (peanu3yeMoro Ha e€OUHOM OOOpPYZOBAaHUM, IO €IMHOMY IIPOTO-
KOJIy M perucrpauueil mapaMeTpoB B eIMHON OH-JIaiiH 6a3e maHHbIX) B MOCKBe,
Axyrcke, CaparoBe, Kuese, Cumbeponone. ABTOPbI BbIpaXKalOT OIPOMHYIO 01a-
rogapHocth B.B. BumnHeBckomy, C.H. CamconoBy, II.E. I'puropbeBy u Bcem
OCTaJIbHBIM yYaCTHUKAM MPOEKTa, U MO3BOJISIOT cebe MPUBECTU B JaAHHOM J0KJIa-
Jle HEKOTOpble MaTepuaibl U3 COBMeCTHbIX cTaTeil (cailT mpoekta 'EJIMOME/:
http//geliomed.immsp.kiev.ua).

HTtak, opurnHaabHbie 0COOEHHOCTU OMUCHIBAEMBIX SKCIIEPUMEHTOB COCTOSIN
B CJIeAYIOLIEM.

1. BeIGOp B KauecTBE OCHOBHOIO OOBEKTAa MCCIEAOBAHUA (PYHKIIMOHATLHO
310poBoro yesjoBeka. Jlo Halux paboT 3Ta Hambosiee MaccoBasl YacTb HaceJeHUs
OKa3bIBajlaCh BHE 30HBLI HAYYHOIO PACCMOTPEHUS C TOYKU 3PEHUSI (PUBUKH COJI-
HEYHO-3eMHBIX CBg3eil. B 1e/1s1x MakcuMallbHOTO 0000IIEHUST PE3YIbTATOB MOHHU-
TOPUHTA (PYHKIMOHATLHO 3J0POBBIM CUUTAJICS 4YeJIOBEK, BBIXOMSIIMIA Ha paboTy
W aJeKBaTHO BBIMOJIHSIOLINI CBOU MTPO(PeCcCUOHATbHBIE 00SI3aHHOCTH.

2. M3ydeHue BLIOpAHHOIO OMOOOBEKTA OMHOBPEMEHHO HA HECKOJIBKUX YPOB-
HSIX OpraHU3alvu (KOJOHUS KJIETOK — OTAENbHBIN OpraH — OpPraHU3M B LIEJIOM —
COLIMAILHO-OPTraHM30BaHHBIN KOJUIEKTUB JTIOAE — OOILENOyJISIHNOHHAS CeTh Ha-
YUHBIX TPYII).

3. @ukcupoBaHUE BBIOPAHHOIO OOBEKTA W IPOBEACHUE IIUTEILHOIO eXe-
THEBHOTO MOHHMTOPWHTA TICUXO(MHU3NOJIOTUICCKUX TApAMETPOB HOCHOSHHOU TPYII-
bl 00CIIeTyEMBIX.

4. TIpoBeaeHue OTHOBPEMEHHOTO OMOMU3NUECKOT0O MOHUTOPUHTA B Pa3HO-
LIMPOTHBIX MyHKTaX (110 eAUHOM METOAVKE U Ha eAUHOM MMPpUOOPHOI1 6a3e) st HU-
BEJTMPOBAaHUST MECTHBIX OCOOCHHOCTEH M MOKa3aTelIbCTBA IUTAHETAPHOTO XapaKTepa
HabI01aeMbIX 3(PPEKTOB.

5. M3ydeHue BLIOPAHHOTIO OOBEKTA MPU COBOKYITHOM BO3JAEUCTBUM MPOBOIU-
pytomeii (pM3nIecKoi /TICUXOJOTUIECKOM HAarpy3Ky M Bapyallvii TeJIno- U Teohr-
3UYECKUX TTOJIEN.

6. TnoHepcKoe WCHOMB30BaHWE M pa3paboTKa Hepas3pylIalolX METOIOB
¥ IIPUOOPOB I TIPOBEACHUS JJIUTEJIBHOTO OMO(MU3NIECKOTO MOHUTOPUHTA C MO~
CTOSTHHBIMU OOBEKTAMM UCCIICAOBAHUSI.

7. OpurvHajbHasE METOAUKa pabOThl € YCPEOAHEHHBIMU OUODU3NYECKUMU
JAHHBIMU TSI YBEJTWYCHUS] COOTHOIIEHUST (TIOJIe3HBIN CUTHAJI/IIyM) 3a CUET OOHY-
JIEHVSI CITy4aifHBIX BBIOPOCOB MapaMeTpa M YCWJIEHUS HECTyYallHbIX CUTHAJIOB, YTO
TTO3BOJIMIIO CPAaBHUBATh MEXKIY COOOI pe3yIbTaThl pa3TMIHBIX 9KCIIEPUMEHTOB.

8. Oopadortka curHana DKI' B (pa30BOM IIpoCcTpaHCTBE, YTO ITO3BOJISICT IIPOBO-
JIUTh aHAJIU3 UHAWBUAYaJIbHOU TMHAMUKU CEepAlla B pa3IMuHble MOMEHThI BpeMe-
HHU, a TaKXKe CpaBHUTEIbHBIN aHann3 DKI' pasnmyHbIX 00CIeayeMbIX C UCIOIb30-
BaHMEM MaTeMaTUYECKOTO arapara HeJIMHEHOM TUHAMWKMU.

[TogpoOHOe omucaHMe TEXHOJIOTUM IIPOBEACHUS SKCIIEPUMMEHTA M arapa-
Typbl, a TaKXe JaHHBIC MOXHO HAWTM Ha cailiTe IeJMO3KOJIOTMYECKOIO CEKTOpa
N3MUPAH.

I[Ipn mpoBemeHnu aHajiM3a IIOJyYEHHBLIC BpEeMEHHbBIE PSIbl CPaBHUBAIUCh
C eXeOHEBHHIMM 3HaueHUsIMU duciiamu Bombda (W), atMocdepHOro maBieHUS
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(P), WHAEKCOB, XapaKTepU3YIOIIMX BO3MYIIEHHOCTb T€OMarHUTHOro moJist (A)
U KOCMMYECKUX JIyueid, mosydeHHbIMU 110 6a3e naHHbix UISMUPAH (aBTOpHI BbI-
paxaroT orpoMHyw OyiaromapHocTb A.B. benoBy 3a mnpenocTtaBieHue aBTOPCKOM
METOAMKHU OLIEHKU CYyTOYHOTO MHIEKCAa KOCMUYEeCKUX Jydeli). [laHHble 00 u3MeHe-
HUW MapaMeTpoOB BHEIIHEN cpebl, TAKUX KaK MHIEKChl MHTEHCUBHOCTY MarHuT-
HOro MoJjist 3emyiu, aTMocpepHoe IaBjieHue, TeMrepaTypa, MHIEKC KOCMUUECKUX
Jyyeill, ”JHTEHCUBHOCTD paauousiaydyeHus: CosHia Ha ajvMHe BoJjHbl 10,7 cM, yncna
Bonabda, 6panucs ¢ caitta UBMUPAH (www.izmiran.ru) u u3 JaHHbIX OJMXKaNIINX
K MecTaM NpoBeAeHMSI MOHUTOpUHra obcepBatopuii. [ToayueHHbIe 3KCIIEpUMEH -
TaJIbHbIe Psibl OMODU3NIECKUX JaHHBIX CPABHUBAJIMUCH C psiIaMU reo(U3NIECKUX
JAHHBIX C MOMOIIIbIO CTAHIAPTHOTO TakeTa IMporpamMm Statistica (Tekyiue psiabl
JAHHBIX), a TaKXe C MOMOIIbI0 MaTeMaTUYECKUX MPOTrpaMM, CIelMaJbHO HaIlM-
caHHbIX coTpynHukomM MU3MMUPAH kanaumatom (dusmko-maTeMaTMyecKux Hayk
E.A. PyneHUMKOM 151 UHTEpIIpETallMU Pe3yJbTaTOB SKCIepUMEeHTa Mo BhIOpocaM
OMOJIOTUYECKUX U Teo(bU3NUECKUX PSIIOB JAaHHBIX (CTATUCTUYECKUM aHAIU3 psiaa
coObITuit). YucieHHoe MoaenupoBaHue AMHAMUKU peailbHbiXx DKI mpoBoauioch
M0 METOAMKeE TOKTOpa (pr3rKo-MareMaTuyeckux Hayk B. B. [TunuHa.

YTo MMEHHO TO3BOJISIET YBUAETh pacIipefci€HHbII B MPOCTPaHCTBE MOHUTO-
PUHT (DU3NOJIOTMYECKUX TTapaMETPOB 1 3a4eM HYXKHO CO3HATEIbHO TaK YCJIOXHSTh
rpoiiecc coopa JaHHbBIX?

1. Pacnpenen€HHbIii MOHUTOPUHT H038045€m Npogooums HO00epicKy U A8mo-
MAmu3ayuio A0KAAbHbIX HAYYHO-UCCAe008AMEAbCKUX MOHUMOPUHR08bIX UMEPEHUI]
¢ NOAHBIM OmOeneHUeM npoyecca oopabomxu nepeuYHblX OAHHbIX OM MeCm U Henocpeo-
CMBEHHbIX YUACMHUKO08 cO0pa nepeutHoll uHgopmayuu.

IIpn momHOII aBTOMaTHM3alUM IIpoliecca ChéMa U 00pabOTKM MH(POpPMALIUKN
1 pa3HECEeHUs 3TUX MPOLECCOB BO BPEMEHU M MPOCTPAHCTBE YUYEHBIE, MUMEIOIINE
KBaJIMULMPOBAHHYIO MHMOpMaLIMIO 00 OCOOEHHOCTSIX MPOTeKaHUSI MEIMLIMH-
CKUX M (PU3NYECKUX TPOLECCOB, HE MMEIOT BO3MOXHOCTM M3HauyajbHO oOpa-
0OTKM JaHHBIX U, COOTBETCTBEHHO, BOJBHOTO WJM HEBOJBHOTO BJIMSIHUSI Ha HUX.
Bbrarogapst TakoMmy «IBOMHOMY CJIETIOMY METOAY» U OMHOBPEMEHHOMY IMOJyYEHUIO
JAHHBIX U3 Pa3HbIX reorpauyeckux Touek, CYIIECTBEHHO BO3pacTaeT OObEKTHUB-
HOCTh CaMOTO MOHUTOPUHIA U TMOJydyaeMbIX B PE3yJibTaTe €ro 3aKOHOMEPHOCTEeM
MOBENeHNST U3yYaeMbIX CJIOXHBIX MakpocucTteMm. [IpyrumMmu cjioBaMM, B 3KCIEpU-
MEHT BBOAUTCS BHYTPEHHUN ayAUT JaHHBIX U3MEPEHU.

2. Pacnipenen€HHbIII MOHUTOPUHT H038045€m pa30eaums A0KaAbHbie (Memeona-
Pamempol, OAUHA C8EMOB020 OHS, MECHIHble IKO0A02UHECKUe U COUUANbHbIE (PaKMOpbL)
u obwenaanemapusvle hakmopul (COOCMBEEHHO KOCMUHECKYIO N0200Y).

Takum 06pa3zoM, MOXHO OTBETUTb Ha BOIPOC, CYILIECTBYIOT JIM OOLIEIIaHe-
TapHbI€ areHThl BIUSIHUS COJTHEYHOU aKTUBHOCTH Ha OPTaHU3M YejloBeKa, U Kakue
WMEHHO (PaKTOPbI M3 KOMILJIEKCHOTO BO3/IEMCTBUSI COTHEYHON aKTUBHOCTHU Ha pa3-
JINYHBIE 000JI0UKU 3eMJIU SIBJISTIOTCS MaKCUMalbHO 6M03(h(peKTUBHBIMU?

3. Pacnipenen€HHbIi MOHUTOPUHT TO3BOJISIET OINpPEAe/IUTb, 4€M B JIEUCTBU-
TEJIbHOCTU OOYCJIOBJIMBAIOTCSI CE30HHbBIE O0OCTPEHUSI XPOHUUECKUX 3a00J1eBaHUA:
MepecTporKoil aTMoc(epHbBIX TMapaMETPOB OKpYyXalollleil uyejgoBeKa cpelbl Mpu
nepexojie 3uMa — JIETO WIU MOBbIIEHUEM T€OMarHUTHOM aKTUBHOCTU B TTEPUOJIbI
PaBHOACHCTBUS?

KpoMe Toro, ToJabkO IIUTENbHBIE MHOTOJETHUN Pa3HOLIMPOTHBIM MOHMTO-
PUHT DYHKIHUOHAIBHO 3M0POBBIX 00CIENyeMbIX MO3BOJSIET OTBETUTh HA BOIMPOC,
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KaK CYIIECTBYIOIIME MU(MBLI O CTPAIIHBIX W YXXACHBIX MArHUTHBIX OypsIX MOTJIU
copmupoBaThes? A TakKe — 3a4eM OHM ITOIIePXKUBAIOTCST?

MWObI N PEAJIBHOCTb

Kaxk HM cTpaHHO, MpoIlle BCEro OTBETUTh Ha Bompoc «3adeM?». [IpuuuH TyT He-
CKOJIBKO.

1. Ipuuuna 1 — udeasucmuyecxkas. Kaxk u mob6oit Mmud, ecam OH BO3HUKAET
U IIPYDKUBAETCS B COLIMYME, — 3HAYUT, HAa TO €CTh OOIIEeCTBEHHAs MIOTPEOHOCTD.

CoBeTcKOe M IMOCTCOBETCKOE OOILECTBO OTBEPIJIO MPUBLIYHYIO IyaauCcTUYE-
CKYIO PEeJIMTMO3HYIO KapTUHY Mupa. Paii 1 an B KauecTBe MOpPaIbHBIX PEryJIsITOPOB
MOTEPSUIM CBOE 3HAUECHME, a MECTO PEeJIMIuu 3aHsuia Hayka. Ho yenoBek He MOXeT
CYIIIECTBOBaTh B MUpe 0e3 orpaHuueHuid. s MCUXUYEeCKON yCTOMYMBOCTU €MY
00513aTeJIbHO HA/O 3HaTh, 0 KAKOW CTENIEHU MOXHO «HArJIeTb» B OOILEHUU C MPU-
pPOIOIA U CBOUM TEJIOM, UTOOBI HE MOJIYYUTh OT CyAbObI IO BCEMY, UTO MU3JIUIIIHE BbI-
COBBIBAETCS 3a TpaHUIIbI IpuemiieMoro. Ogo0peHHbIN HayKoi, MU( O HEraTUBHOM
BJIMSIHUM MarHUTHBIX Oypb HAa «CUPBIX U YOOTMX KapAMOJOTUYECKUX OOJIbHBIX» KaK
HeJb3s 0oJiee KCTaTU pacCTaBUJI PAHUIIBI JOMYCTMMOTO 3KCIIEPUMEHTHPOBAHMUS
HaJ COOCTBEHHBIM opraHu3dMoM. Kpome Toro, BCE 10 TOMY K€ BhIpaXK€HHOMY 00-
IIECTBEHHOMY MHEHUIO, HOPMaJIbHOMY Y€JIOBEKY IPOOJIEMBI C CEPAEUHO-COCYIU-
CTOM IESATeIbHOCTBIO TOCTAIOTCS UCKIIIOUMTEIbHO MOCE JIMTEIbHOIO HelpaBUib-
HOro obpa3sa KM3HH, T.€., BRIPaxKasiCh CTapOil peJIMTMO3HON TePMUHOJIOTHE, — 3a
Te e rpexu. Kapa HebOecHas 3aMeHWIach Kapoil HaydyHOU (HO TOXe — He MeHee
HeOEeCHOI), YTO O0IIECTBEHHOE CO3HAHKE BCEeria MPMHUMAJI0 OYeHb OXOTHO.

2. Ilpuuuna 2 — npakmuueckas. 3a BCE, 4TO IIyraeT, ILIATIT OoJjibliie. A mo-
CKOJIBKY HayKa COJIEP>XKMTCsI OOIIECTBOM, IIPU IIPOUYMX PABHBIX YCIOBUSIX O0IIECTBO
Bcerma OyaeT BbIAEISITh (pMHAHCHMPOBAHME HA TOT IIPOEKT, B KOTOPOM HM3y4yaeTcs
sIBJICHME, BBHI3bIBAIOIIME OMaceHue (HO MpU YCJIOBUM UCCIIEIOBaHUS BO3MOXKXHOCTU
KOHTpPOJISI Hall TaKUM SIBJICHUEM WJIM O0eCeYeHMM MMUHUMU3UPOBAHUS HEIIPUST-
HBIX NocaencTBuit). Tak, Mo Mpu3HAHUIO OJHOIO MX aBTOPOB aJAPOHHOIO KOJIIaii-
nepa, neHbru Ha npoekT LHC ymanochk MOayInTh, KOTaa IIUPOKOM ITyOGIMKe TOo-
o0elaiu caenaTh B 1Ja0OpaTOPHBIX YCIOBUSX «MaJIeHbKYIO YIIPaBIISIEMYIO YEPHYIO

IBIPY».
3. Ilpuuuna 3 — obsexkmusnas. Kak yXe roBoOpujaoCh Bblllle, U3y4eHUE OUO-
TPOITHOTO BO3MEWCTBUSI KOCMMYECKOW IIOrOAbl — 3amaya HeTpUBUAIbHAS.

CJ10XHOCTb 3KCIIEPUMEHTAILHBIX UCCIEA0BAHUI OMOJIOIrMYECKUX CHUCTEM 3aKJIIO-
4yaeTcsl B CYLIECTBEHHO HEJIIMHEMHOM, a BpEMEHAMU M CTOXAaCTUUYHOM IMOBEACHUU
HCCIeIyeMbIX OOBbEKTOB, 3HAUMTENIbHOM PO (DOHOBBHIX IIYMOB W IPOBOLUPYE-
MBIX BHEIIHUMU BO3AEICTBUSIMU TIPOLIECCOB CAMOOPraHU3aLM BHYTPU CUCTEMBL.
OrpaHuM4YeHHbIE IO BPEMEHU DKCIIEPMMEHTHI U JOKaJbHble 0a3bl JaHHBIX IIPEIO-
CTaBJISIIOT OOJBIIYIO CBOOOAY MHTEpPIIPETAllUM HaxKe IJISI CaMbIX OOBEKTHUBHBIX
YUEHBIX.

PaccMoTpuM OCHOBHBIE MUGMBI U COMOCTABUM UX C PealbHBIM IOJOXEHUEM
Bellleii, KOTOPOe BBHISBISACTCS TPU IJIUTEIbHBIX MOHUTOPUHTAX B Pa3IMYHBIX T'e0-
rpau4ecKrx TOUKaxX, IPOBOAUMBIX T10 €IMHOMY IIPOTOKOJIY M HA €IMHOM 000py-
JIOBaHUM, T.€. OTBETUM Ha BOIIPOC, KaK OHU (hOPMUPYIOTCA Jaxe MpU 0ObEeKTHUB-
HOM aHaJii3e JIOKAJTbHBIX OMOJIOTMYeCKUX TaHHBIX HETOCTATOYHOM JJIMHBI.
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Mwnd N2 1: K MarHUTHbIM OYPsIM YyBCTBUTENbHbI
TONbKO 60MbHbIE Ntoan

PeanbHOCTE: K BapmanmsM KocMopU3MIecKnx (akKTOpoOB M MArHUTHOTO ITOJISI
3emiu uyBcTBUTeNIbHB BCE 3m0p0oBbIe Moau, IpUYEM aMILUIMTYIA U IJIMTEIbHOCTD
WX peaKIINX TIPEBHIIIAcT aHAJTOTUYHBIE TTapaMeTphl y O0JIbHBIX (pHC. 1).

Kaxum ob6pazom Bo3MOXXHO BOZHUKHOBeHME Muda No 1? Jleno B TOM, 4TO pe-
aKIIAs 300POBOTO OpraHM3Ma Ha KOCMOTeo(pU3nIecKre Bapruallii COCTOUT M3 TPEX
da3: daspl akTUBAIMM U CHHXPOHM3AIINM, (Pa3bl TepecTPYKTYPUPOBaHUS 1 (ha3bl
penakcauuu. Ha puc 1 u3 crarbu [Parynbckasi, Xabaposa, 2001] mpuBeaeHa xapak-
TepHas Bapyalys IIPOBOIUMOCTH OMOJIOTUIECKH aKTUBHBIX TOYEK KOXH UeIOBEKa
MOJ BO3IECTBMEM BHEITHUX (pakTopoB (ycpemHeHue 3a 1998—2001 rr. Habmome-
auit, 80 000 n3mepeHuit).

IIepBas ¢a3za (1-e CyTKm) 0OBIYHO COIMPOBOXKIACTCS JIETKOM 31(opueii 1 TBOP-
YECKUM TOIBEMOM, a TIOTOMY CYOBEKTHBHO He oInyInaetrcs. Bropas da3za y 3mopo-
BBIX JIIOJIEH C YIOBJIETBOPUTEIBPHBIMU adalTUBHBIMU BO3MOKHOCTSIMM TaKXKe TTPO-
TeKaeT 0eccCMMNOTOMHO (2—3-1 CyTKH), a y OOJBHBIX JIIOAEH ¢ HapyIIeHHON amar-
TalMeil TIPOSBISIETCST TeCMHXPOHM3AIINSI B paboTe M BPEeMEHM BOCCTAHOBIICHMS
3IIOPOBBIX M OOJTHLHBIX OPTaHOB.

90 1
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MNpoBoaumocTb BAT (oTHOCMT.ea.)

1 2 3 4
HeHb peakynun
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XapakTepHbIi BUA aMNIIUTYAHbIX
U3MeHeHU npoBoaumMoctu BAT obcneayembix
npu peakuuM Ha MarHUTHyto Bypio:

1- NpaKTMYeCKH 300pOBLIH YeNoBer
2. peaKupA opraHuamMa c OCTPpbIM BOCNAaneHHesm;
3- peaKuMA XPOHHYECKH BONBHOID YeNoBeKa,

Puc. 1. XapakrtepHasi Bapuauusi MPOBOAMMOCTU OMOJIOTMYECKM aKTUBHBIX TodyeK (BAT)
KOXWU 4esioBeKa MoJl Bo3/ieiicTBUeM BHeIIHUX (hakTopoB (ycpenHeHue 3a 1998—2001 rr. Ha-
omoneHuii, 80 000 u3aMepeHmii)
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CocrostHre IeCMHXPOHM3AINN (UKCUPYETCS KaK CYOBEKTHUBHO, TaK U O0BEK-
TUBHBIMU U3MEPEHUSIMHU TICUXO(MDU3HOTOTHIECKUX XapaKTePUCTUK U MEIUIIMHCKIX
mokazarejieit. UMeHHO BO BTOpOIi (paze perucTpupyeTcss MaKCUMAaIbHOE YHCITO BbI-
30BOB CKOpPOI MEIUIIMHCKON TTOMOIIM U CMepTeTbHBIX cirydaeB. Pa3a pemakcammu
(4—6-¢ cyTKM) y OOJBHBIX JIIOJEH TaKXKe MpoTeKaeT 6oee JIUTEIbHO U CUMIITOMA-
TaHO. [To3TOMY, TIpH TTOTHOM aHAJTOTUIHOCTH, PEaKINs Ha TeOKOCMO(M3NIECKIe
(baxTOpHI TOJITHE TOMBI CTATUCTUYECKU PETUCTPUPOBAJIACh TOJIBKO CPear OOTbHBIX
moneit. VI TobKo IUTeTbHbIe MOHUTOPWHTOBBIC SKCIIEPUMEHTHI TT0 €3KeTHEBHOM
perucTpanny GU3NOJOTHYSCKUX TToKa3aTeIeil TOCTOSHHOM TPYIIITBI 300POBBIX JIF0-
Iieit TIO3BOJIVJIN BBISIBUTH PEaJIbHYIO KapTUHY.

INpoBenéHHBII OMHOBPEMEHHO B pa3HBIX TOpPOIaX SKCIIEPUMEHT TToKa3al Bce-
OOIIMiT M OMHOBPEMEHHBIN B IIpefiesiaX CYTOK XapaKTep HabogaeMoil mprcIioco-
OUTENbHOM peaKIIMy Ha BCIBIIIeYHbIe Mpoliecckl Ha COJTHIIE W COTTPOBOKIAIOIINE
WX WU3MEHEHUsI CBEPXHU3KOYACTOTHOM COCTABJISAIONICH MarHUTHOTO TIOJST 3eMIIH,
a makoice yeeauuerHue amnaumyosl peakyuu 00caedyemvix U OMHOCUMENbHO20 KOAUYe-
cmea peazupyouux npu yeeauvenuu eeozpapu4eckoi wupomot IPOBEIeHUS OMOhN-
3M9YeCKOTO0 MOHUTOpHMHTA. [IpM 3TOM aMIUIMTyma aganTallMOHHBIX BO3MOXKHOCTEH
00CIIeMyeMbIX TaKKe YBEJIMUMBACTCS TT0 Mepe BO3pacTaHUs TeorpapuiecKoil Im-
POTHI TIPOXXWBAHMS U MPH YBEIMUYCHUN CTETIEHN HEKOMMOPTHOCTU BHEITHUX YCII0-
Buii (mo 40 %). Tak, B pabote [Khabarova, Dimitrova, 2009] moka3aHo, 94TO XUTe-
1 MOCKBEI, TIPUBBIKIINE K TUIOXOMY KJIMMATY HaIllel CTOUIIBI, JTYJIIe TTePEeHOCST
Teperaabl aTMOC(hEpPHOTO JaBJICHUS M TeMIIepaTyphl, YeM N36a0BaHHBIE XOPOIIeH
morogoit sxkuten Cocdun. JJaHHBIN (aKTOp OKa3bIBaeTCsS 3HAYMMBIM TIPU aHAJIM3e
CTETICHHW BJIMSTHUSI TIOTOTHBIX M KOCMOTeO(U3MIECKUX (DAKTOPOB, MOCKOIBKY WX
COOTHOIIIEHNE CYIIECTBEHHO 3aBHCUT OT reorpadnuecKoil IMUPOTHI MPOBEACHUS
MOHUTOPUHTA. B cegeprbvix paiionax 6onee cyujecmeeHHbiM 0KA3bI8AEMCs 8KAA0 KOC-
Moeeogu3uuecKux (aKmopoes, 8 HICHbIX PAUOHAX OCHOBHBIM OUOMPONHBIM (PAKMOPOM
0151 6OALUUHCIMBA HACENCHUS SBASIOMCA PE3KUE UIMEHEHUS NO2OOHBIX YCAOBUIL.

Mud N2 2: peakuus Ha MarHUTHble 6ypu HauUMHAeTCA
Ha 2-3-1 cyTKu nocne Havana 6ypu

PeabHOCTB: TaHHbIE JTUTEIbHBIX MOHUTOPUHTOB CBUIETEIbCTBYIOT, YTO Mac-
coBasi MOMYJISLIMOHHAS peaKIvsl 3M0POBbIX JiIoneil HaunHaetcs 3a 1 cytku J1O Ha-
yajila MaTHUTHOM Oypu, B TedeHUe 1—2 cyToK OT Havaja reo3pheKTUBHOMN COMHEeY-
Hot BenbIKU. CABUT MOJYYeHHBIX MHOTOJIETHUX CTATUCTUYECKUX MaCCHUBOB Jaxe
Ha | cyTKM BIiepen-Ha3ad pa3pyliacT KOPPEISIMOHHBIE CBI3U MEXIY MEIMIIUH-
CKHUMU 1 Teo(U3NUECKUMHU MTOKA3ATEISIMU.

[TprunHa Bo3HUKHOBeHMST MU(pa No 2 TeCHO CBsI3aHa ¢ OCOOEHHOCTSIMU OTH-
caHHoii B Mude Ne 1 amanTuBHOlN peakuuu. [deso B TOM, YTO peajbHOE Hayajo
peakiMi y OCHOBHOI MacChl HaceJeHUs MpPOTeKaeT OECCUMITOMHO U PETUCTPHU-
pyeTCsl TONBKO CIIEIMATbHBIMA MOHUTOPMHTAMM. A BTOpBIE CYTKH IOCJIe Hayaja
MarHUTHOU Oypu — 3TO Te camble 2—3-M CYTKU Hayaja BTOpoi (a3bl afanTUBHOMN
peakiiuy ¢ MPOSIBICHUSIMU AECUHXPOHU3AUU U CYOBEKTHUBHOTO YXYAIICHUST ca-
MOUYBCTBUSI OOJIbHBIX Jtofeili. UMeHHO Ha 3TO BpeMsl IPUXOAUTCS CTaTUCTUYECKU
PETUCTPUPYEMbIii MAKCUMYM BBI30BOB CKOPOW MEIMIIMHCKOM MOMOIIU, YTO B JIU-
TepaType He COBCEM BEpHO MHTEPIIPETUPYETCSI B KAUYECTBE Havyasla analiTUBHON peak-
1uu. ITockoabKy He Bce MAarHUTHBIE OYpHU ONMHAKOBO 0M03¢(hEeKTUBHBI, OJaromaps
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«a(dexTy 3anazapiBaHUSI» BO3MOXHO MCIIOJb30BAHUE 3A0POBBIX JIIOJAEH Kak Ae-
TEKTOPOB OM03(P(HEeKTUBHOTO KOCMOTreo(hU3NIYECKOro BO3AEUCTBUSI. A Ha pa3sHULIE
B 2—3 CyTOK MeXIy NeMCTBUTENbHBIM HavyaJoM peaklHUU U MacCOBBIMU oOpallie-
HUSMU HaceJIeHUs 3a MEIMLMHCKOW MOMOIIbI BO3MOXHO IMOCTPOEHUE CUCTEMBbI
MPEeBEHTUBHOIO OIOBEIICHUS MEAULIMHCKUX YUPEXACHUN O IHSIX TOBBIILLIEHHOM
Harpy3ku (aHaJIOTUYHO ciiyxk0e MeTeonporHo3a). O BO3MOXHOCTH U TEXHOJIOTHYe-
CKOM 00eCIeYeHUU TaKOW CUCTEMbI OyIeT pacCKa3aHO HUXKE.

Mwnd N2 3: o0CHOBHOW MULLEHbIO ABNAETCA
cepaeyHo-CoCyancTas cnuctema

PeaylbHOCTb: MUIIIEHBIO NECHMHXPOHM3ALIMM BO BTOpOiMl ha3e CTAHOBUTCS JIIOOOI
OOJIBHOIT OpraH, 4Yb€ BpeMs pejlakcallud HE COOTBETCTBYET OOIIEMY BPEMEHM pe-
JJaKkcalluM OopraHu3Ma. A peakuusl cepaua SIBISETCs 3ala3fblBalollleil Ha CYTKU
M0 CPAaBHEHUIO C CUMITATOAAPEHAIOBOM CUCTEMOA.

[TprymHa BOBHMKHOBEHUSI MU(a: B OTJIUYME OT HECTPALTHOIO TEKYIIEro 000-
CTPEHUsI aCTMBI WIH 513Bbl, O0JbHOE cepjille — HauboJiee yacTasi IpuurMHa CMEPTHU.

MI/Id) N2 4: ecTb MarHMTO4yBCTBUTEJIbHbIE N MarHUTOHEYYBCTBUTEJIbHbIE NTI04N,
MarHMTO4yBCTBUTEJ/IbHbI B OCHOBHOM J1I04N CTapLllero Bo3pacTa

PeanbHOCTh — IMOCKOJIBKY FeOKOCMO(u3nUecKre (hakTophbl SIBISIOTCS (haKTopaMU
€CTECTBEHHOM CHMHXPOHU3AIIMM BHYTPEHHUX PUTMOB, MarHUTOUYBCTBUTECIbHBIMHU
SIBJISIFOTCSI BCE, MPUUEM HauboJiee SIpKO Bce TpU (ha3bl afanTUBHON peakluy BbIpa-
JKE€HBI MMEHHO Y 3M0pOBLIX Jitoaeit 25...45 net. I1pu atom 10...20 % npolieHTOB Ha-
CEeJIEHUS B MEPUOIbl MUHUMYMAa COJTHEYHOW aKTUBHOCTH OTCJIEXKUBAET a’kKe HEBO3-
MYILIEHHOE MarHUTHOE I1oJie 3eMJIU ¢ KoadduureHToM Koppessauuu 10 0,9, 1 31ot
MPOLIEHT COXpaHsIeTCs MOCTOSSHHBIM OT AKyTcka 1o CumMdbepornos.

Mwnd N2 5, ocHoBHOI: MarHuTHas Bypa —
3110 4N1A YenoBeyecTBa

Peanvnocms: macnumnas O6yps — He 310 u He 000po, a 00BeKMUBHDbLI CUHXPOHU3AMOP
GHYMPEHHUX PUMMOE 0MOeAbH020 4eA08eKa U couuyma 6 yeaom. JAmmTeTbHbIe MOHH-
TOpUHTHU, IpoBeag¢HHbIe B 1998—2010 rT., moka3anu, 4To Ipy OTCYTCTBUM MarHUT-
HBIX Oypb 00Jice 1 Mec CYyOBEKTUBHOE M OOBEKTUBHOE COCTOSTHHE 3MOPOBBIX 00Ce-
JYEMBIX YXYIILIAETCS.

Kakoe yoenvubiit 6ec anarumuyeckoli owmubKy 6 3a0auax 6UOmMponHozo 6o3deli-
CMeuUsi KOCMUYEeCKoi no2odbl, NPOUCMeKaruell u3-3a HedoCMamo4Hoi OAUHbl UCX00-
Hoeo pada? Ananu3z, npogedénuniii B. B. Bumnesckum u A. C. Coiuégbim, nokasan, 4mo
8 3a6UCUMOCIU OM 8bIO0PA MeMOOUKU AnNPOKCUMAUUU UCXOOHBIX OAGHHBIX pacxoicoe-
Hue cocmaeasem do 25 %. [lompobGHOe olrcaHue CPaBHUTEIHLHOTO aHaN3a TIpHUBe-
JIeHO B ITaBe 1 KOJJIEKTUBHOU MoHOTpadnu «broTpoirHoe Bo3aeiicTBe KOCMUYe-
cKoi1 moronel» [ buorpomnHoe..., 2010].

TaxuMm o6Gpa3oM, eclii TpagvueHT HaOII0JAaeMbIX afanTallMOHHBIX U3MEHEHUIA
HIDKE 3TOM BEJWYMHBI, MUKKM aganTallMOHHON KPUBOM MOTYT OBLITh HENpPaBWIIb-
HO MAeHTU(PUIIMPOBaHLEL. B mepByio odepedb 3TO KacaeTcsl TIEPBOTO IMKa, COOT-
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BETCTBYIOIIETO TPOIleccaM MTePBUYHON TTOACTPONKN M CMHXPOHU3AIINM, Hanboee
TIOJTHO TIPOSIBIISTIOIIETOCST Y 3MOPOBBIX JIIOACH. Y XpOHUUYECKUX OOJTBHBIX, OCOOCHHO
¢ HapylIeHHSIMH (YHKIIMOHUPOBAHUS CEPACYHO-COCYINCTON CUCTEMBI, OH BBIpa-
XeH cjlabee W MOXKET OBITh yTepsiH Npyu aHaiamie. DyHKIIMOHAIBHAS peakius Op-
raHM3Ma Ha TeOMAaTHUTHBIE W TIOTOMHBIC BapyalluM OKPYKAIOIIEH CpeIbl SBISETCS
HecTeIn(UIeCKOi U IIPOTEKAeT M0 eIMHOMY CLIEHApHIO I BCeX KOCMOTeO(M3H-
yecKux (pakTopoB, T.€., COIIAaCHO 3aKoHaM (M3MKU M (PU3NONOTUN, B HEU ceeda
NPUCYMCMBYIOM 8Ce MPU XapaKmepHovle (azbl alaTITAlIMOHHON CTpecC-peakiuu. DTO
CTaHAApTHAs TeHeTWYecKasl TIporpaMMa TOC/IeAoBaTeIbHOCT IEUCTBUIA: 3a TTyH-
KTOM 1 clIeayeT MyHKT 2., 3a MyHKTOM 2 — ITyHKT 3, ¥ OpTaHW3M He MOXET IO CBO-
eMY SKeJJaHWIO (VUTH JXKEJIAaHWIO MCCIIEIOBATeIsl) TepecTaBUTh OJIOKM MECTaMM TN
MPOITYCTUTh KaKo#-To M3 HUX. Ho MoxXeT BapbMpoBaThCA aMIUTATYIA W IJTATETb-
HOCTB Kaxmoii n3 ¢a3. [Ipy HemoCTaTOYHOCTH adanTallMOHHBIX Pe3epBOB WM 00-
JIe3HW OOBIYHO PE3KO YMEHBIIAeTCsd aMIUIUTYIa W [UTUTEIbBHOCTh MMEHHO TTePBOMA
(aspl cMHXpOHMU3AIMK (C TTOCIECAYIOIINM YBETMISHUEM aMILUTUTYIbI U IJTUTSIIBHO-
CTU BTOPOIi (ha3bl, BILUIOTH IO CUCTEMHON JTECMHXPOHU3AIIUU U JICTAIBHBIX MCXO0-
noB). [Ipu HemocTaTOYHON IIMHE psga MM HeOOJMBIIOM KOJMYECTBE YYACTHUKOB
MOHUTOPWHTA HeMpaBWIbHAS MASHTU(DUKALINS I HeaaeKBaTHBIN METOI aIllIpOK-
CUMAIIMA WCXOTHBIX TaHHBIX TTPUBOAUT K CYIIECTBEHHOMY M3MEHEHUIO pPe3yiIbTa-
TOB aHAJIN3A.
MOXHO 1M OIEHWTh MHHHUMAJIBHO HEOOXOOUMYIO UIMTEITBHOCTh KOCMO-
6mo(N3NIeCKOT0 MOHMTOPWHTA M pa3Mep TpeOyeMoil MUHWUMATBHOM TPYITITHI?
Ilo manHbIM OuMoMmemuuHCcKOoro mounuropunra UISMUWPAH, 3a 2005 rog Ha uH-
auBUayanabHbIi psan mmmHo# 200...250 n3MepeHunii B cpelHEM MPUXOIMIOCH OKOJIO
30 BBIOPOCOB (DU3MOJIOTMYECKUX TTApAMETPOB, UTO IIPUMEPHO COBMAAAET C KOJIYe-
CTBOM PE3KMX M3MEHEHUI KOCMO- M reodu3ndecKux (akrtopoB. TakuMm obpazom,
psin mimHOM B 50 M3MepeHMi 13-3a HepaBHOMEPHOCTH pacIIpeae/IieHus 110 BpeMeH-
HOIA IIKaJie COAEPKUT OT 4 10 6 BEIOPOCOB, YTO, COTNIACHO TeopeMe KoTeTbHMKOBA,
yKe TIO3BOJISIET JIeIaTh HEKOTOPBIE 3aKITIOUCHHS O CIIYYalHOCTH — HECITy4alHOCTH
WX TOSIBIICHUSI. [103TOMY 0151 HenpepwieHbIX excecymouHblX MOHUMOPUHEOBLIX U3ME-
peHuti 00Ho20 obcaedyemoeo umenHo 50...55 omcuémoe umeem cMbiCA paccmMampusams
KaK epanuyy adekeamuocmu annpoxkcumayuu Habarwoaemoeo psada. s eocnpouseo-
dumocmu peakyuu Koau4ecmeo MOHUmMopupyemvix obcaedyemwvix (npu ycaoeuu hno-
cmosaHcmea epynnsl) Ha wupomax Anamum u Sxymcka 0oaxcHo cocmaeasme He Me-
Hee & uenoeek, Ha wupomax Mockevl u Kueea — He menee 10 uenosex, Ha wupomax
Cumdpeponoas, baxy u Copuu — ne menee 15.
Takum obpa3oM, Kak TTOKa3ajdu MHOTOJIETHME MOHMTOPUHTOBBLIE MCCIIEIOBa-
HUS aBTOPOB, MHOTHE TPEICTABICHUS O BO3ICHCTBUM KOCMMYECKON ITOTONBI Ha
6uocdepy, akTUBHO OOCyXIaeMble XXYPHaJIUCTAMU U OOILIECTBOM, SIBJISIFOTCS MU-
damu. INosBneHne apTeakTOB B OCHOBHOM CBSI3aHO C HEIOCTATOYHOM THHOM
3KCITepUMEHTABHBIX PSIIOB JAaHHBIX, UMEIOIINXCST B PACTIOPSDKEHUH UCCIIeaoBaTe -
neit. Ponb KocMoreodm3ndeckKux (pakTopoB B 3BOTIOIMOHHON aganTalliy SKUBBIX
CHUCTeM KpaifHe pa3HooOpas3Ha. JJIsd omMcaHWs TOJHOTHI KapTUHBI HEOOXOTUMO
MMOAYEPKHYTh, YTO KOCMOTeo(pr3nIecKre (pakTophbI:
* BBICTYITAIOT B KAYECTBE CJIA00OTO TPEHUPYIOIIETO (haKTopa ISl amarTalloH-
HO- YCTOMYMBBIX YJICHOB TOMYJISILINH;

* CJIyXaT KaHaJOM OTOPaKOBKHM HEXN3HECTTOCOOHBIX WICHOB ITOITYJISIINN;

* 00eceunBalOT CUHXPOHU3ALNIO WHAWBUAYATbHBIX BpeMEH OGMOOOBEKTOB
IIpY B3aUMOAECTBUU MEXIy COOOIA;
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¢ ABJAIOTCA CMHXPOHM3aTOPOM 001X PUTMOB IOITYJISLINN,
¢ CO3aaroT yCJIoBUA OJid T€HEpallun HOBOM I/IH(l)OpMaHI/II/I B IIPOLECCE 3BOJIIO-
LUOHHON aganTauyyi OMOCUCTEM B LICJIOM.

MOHWUTOPWHIOBbIE SKCMEPUMEHTbI:
CE30OHHBbIE N 11-IETHUE TPEHADbI

OOHUM U3 CepbE3HBIX BOIPOCOB MHOTOJETHUX MOHUTOPWHIOBBLIX UCCIEAOBAHUIA
MOCTOSIHHBIX TPYIII 00C/IeAyeMbIX SIBJISIETCSI BOIIPOC O CE30HHBIX TpeHAaX (pu3ro-
JIOTUYECKUX NapaMeTPOB, a TAKXKE O TEHACHUMIX UX U3MEHEHUS B Pa3IMUHbIX (a-
3aX COJIHEUHOTO LIUKJIA.
Hamm uccinemoBaHMs TIOKa3bIBAIOT, UTO HaMOOJIBIIAST KOPpPESILus HaOJro-
JaeTcsl B OCeHHe-BeCEHHUI mepuoia BpemMeHU. Ha puc. 2 mpuBegeHO IIPOIIEHT-
HOE€ paclpelieiecHNe CpPeAHEro exXeMecsI4yHOro KodgduiMeHTa UHIUBUIYATbHOMN
camokoppessiuuu 1o rpymme u3 35 oocnenyembix UISMUPAH 3a 1999—2000 rr.
ITpononxenue monutopuHra B 2001—2012 rr. moaTBepAWIO HAOMIOAAEMYIO 3aBU-
CUMOCTb.
Heobxonumo orMetuth, yto B 2000 r. oTMeyascs roja MakCuMyMa COJTHEYHOM
aKTMBHOCTM 23-ro 1LIMKJA, IMO3TOMY KOJUJIEKTMBHBIE 3((EKThl U3MEHEHUs Oro-
MEIUIIMHCKKUX TapaMeTpoB IIOJ BO3AEHCTBUEM Bapualldii KOCMOreo(pU3n4YecKuX
¢dakTOpOB BBIpaXKEHBI ¢ 0CO00I ToJiHOTOM. Ha puc. 2 TEMHBIM OTMEUYeH BBICOKMIA
ko3¢ dumeHT camokoppessiuuu (R>0,7), 6enbIM — HU3KUI KO3(PDOULNEHT CaMO-
koppessauuu (R<0,55), cepblii COOTBETCTBYET IIPOMEXYTOYHOMY BapuaHTy. BumHo
BbIpaXk€HHOE HAJIMYME JUHAMUKY U MOJIYTOIOBBIX BOJIH CTEIIEHU BHYTPEHHE CBsI-
3aHHOCTHU OpraHu3Ma, MpOsIBJISIONINXCSI MAKCUMYMaMM B OCEHHE-BECEHHU Mepu-
o U MUHUMyMaMHM B JIeTHe-OCEHHMI. MOXHO IPEaIoJ0XUTh, UTO B OpraHU3Me
peanu3syercsl BO3MOXHOCTD JIBYX CXeM WHIWBUIYAJTBHOTO YIIpaBJIeHUS:
* JIETHSISI cxeMa, KOIJa BCe OpraHbl padoTaloT Bpa3HOOON M CBSI3aHBI IPU
BTOM IIOMAapHO (CUCTEeMa YIIPABISHMS TUTIA «CETh»);

* BECEHHE-OCEHHSISI CXeMa, KOrja OpraHu3M OCYIIECTBIISIET aJanTallMOHHYIO
MOJACTPOIKY, KaK eIMHOe HMepapxXxuyeckoe Ilienoe (Cucrema yrpaBiIeHUS
TUIIA «[TUPAMUIA» ).

BOddeKT He 3aBUCUT OT reorpadruuecKoit IUpPOThl MPOBEASHUS SKCIIEPUMEH -
Ta. Bo3aMOXHO, UMEHHO 3TUM (paKTOPOM (B COYETAaHMU C HEAOCTAaTOYHOCThHIO ala-
MaTallMOHHBIX PE3€PBOB OTICIbHBIX WICHOB YEJIOBEUYECKOI TOIYJISIIMU B OCCHHE-
BECEHHUI1 IEPHO/1) BbI3BAaHbI CE30HHBIE 0OOCTPEHUSI XPOHUYECKUX 3200/ 1eBaHUIA.

100% =07
&% e
m055R070
60%
R0

12 34 56 7-8 9101112 1.2 34 56
1999 2000

Puc. 2. INonyrogoBble BOJTHBI KO3(MOULIMEHTOB R CaMOCMHXPOHM3AIlMM OpraHn3Ma 4eJIoBe-
Ka (3(pdexT mposBiseTcd KaK Ha MHIUBUAYAIbHOM, TaK U Ha MOIYJISILUOHHOM YPOBHE)
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Puc. 3. Pacnpenenenne OMOMEIUIIMHCKUX MapaMeTPOB TPYIIIBI TTOCTOSIHHBIX 00C/IeayeMbIX

Ha (ase cmama cojHewHoU akTuBHOCTH 2004—2006 TT. (CripaBa, HaOJIIOMAaETCsST CYIIeCTBEH-

HOE OTKJIOHEHME mapaMeTpoB OT pacmpeneneHus: Ilyaccona) u B ¢aze munumyma 2007—

2009 rr. (cneBa, pacnpeaeaeHre MaKCUMaJIbHO 3a 14 JieT u3MepeHuii MpUoIMKeHO K HOp-
MaJbHOMY pacmpeesieHUIO)

HalinenHas ce30HHAsI 3aKOHOMEPHOCTh COXPAHSIETCSI B MHOVBUAYAIbHbBIX JaH-
HBIX, MOJIYUEHHBIX B mepuon criokoiiHoro CojHIa, B 3aTSIHYBIIMIACS MUHUMYM
MexXay 23-M 1 24-M IMKIIAMU COTHEYHOM akTuBHOCTH (2007—2009).

Kaxum obpazom Hasuuue Yukaa COAHEUHOU AKMUBHOCMU 8AUAEM HA CIMPYKIMYPY
noayyaemuvix ouomeduyurckux dannoix? OKa3bIBaeTCsI, YTO BEIOOP METOIOB aHAJIM-
3a TOJYYEHHBIX PE3YJIbTaTOB CYIIECTBEHHO 3aBUCUT OT (ha3bl COJIHEYHOIO IUKIIA.
OOBLIYHO PSOBI MEIWIMHCKMX JAHHBIX CUMUTAIOTCSI CTATUCTUUECKU HE3aBUCUMBI-
MM, 1 UM alpuopyu IPUMUCHIBAETCSI CTaTUCTUYeCKoe pacmnpeneneHue [lyaccoHa.
HanbHeiimasg o6paboTKa IPOMCXOIUT IO CTAHAAPTHBLIM IIPOrpaMMaM, COOTBET-
CTBYIOLIMM 3TOMY pacrpeneiaeHnio. OmHaKo, KakK MMoKa3aj Halll MOHUTOPUHT, CTa-
TUCTUYECKOE paclpenesiecHue PsSaoB MeINKO-OMOJIOTUUECKUX ITapaMeTPOB OTHUX
M TeX Xe o0ceayeMbIX 3a 14 1eT MOHUTOpPHHTA:

* CYILIECTBEHHO OTIMYAETCSI OT HOPMAJILHOTO,

* BapbUpyeTCS MO ToAaM B 3aBUCUMOCTH OT (pa3bl COJHEUHON aKTUBHO-

ctu (CA),

* MaKCHMAJIbHO MPUOIMXEHHBIMUA K HOPMAJIbBHOMY paclpeieeHUI0 OKa3bl-

BalOTCS MEIULIMHCKYE apaMeTphl nepruoaa MuHuMyma CA.

Ha puc. 3 mpuBeneHo pacnpenelieHUue IapaMeTpOB MO TpyIIIe o0caeayeMbIX
Ha mmpore Mockssl 1o rogam: 2004—2006 — roasr ciaga CA, 2007—2009 — romsl
IyOOKOr0 MUHUMYMa.

MoxHO OBIIO ObI MPEANOJOXUTH HAJIWYME BO3PACTHBIX WU3MEHEHU, MpPO-
M30IIeAIINX B IpyIme 3a 14 net, omHako pacrpenenenue 3a 2010—2011 rr. memoH-
CTPUPYET BO3BpAT K «HEIyaCCOHOBCKOMY» pacripeAeneHuto 2004—2006 rr. Cneno-
BaTEJIbHO, Mbl UMEEM [I€JI0O UMEHHO C BJIMSHUEM LIMKJIA COJHEYHOI aKTUBHOCTHU
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Ha mporpaMmy (YHKIIMOHMPOBaHUsI OopraHu3Mma 4ejioBeka. He3HaHue 3TuX oco-
OEHHOCTE UBMEHEHUSI CTPYKTYpPbl OMOMENMIIMHCKUX JaHHBIX 1O TOAaM MPUBOAUT
K CYLIECTBEHHbIM U3MEHEHUSIM PE3YJIbTaTOB aHaIn3a JUIMTEIbHBIX MOHUTOPUHTOB.

OCOBEHHOCTV MHAVNBUAYAJTIbHOM ANHAMWKIA CEPOLA
NN «TAOE B 9K UCKATb AQANTALMOHHbBIN OTKITNK
OPFAHU3MA HA BHELWWHWE BO3MYLLUEHNA»?

Kaxercs coBepllleHHO OYEBUIHBIM, UTO MPEXAE YeM HayaTh UCCIIEN0BATh OCOOEH-
HOCTU BO3IEMCTBUS KOCMOTeo(M3NYEeCKUX U KJIMMaTUYeCKUX (paKTOpOB Ha cep-
JIEYHO-COCYIUCTYIO CHUCTEMY, aBTOPbl HAyYHBIX MCCJIEIOBAHUM NOJKHBI XOTS Obl
MPUMEPHO 3HATh OTBET Ha BOIpPOC, 3alaHHbIN B Ha3BaHMU mnaparpacda. Mnu xotsa
ObI IpeACTaBIsATh, HACKOJBKO ITO-pa3HOMY OyAEeT pearupoBaTh Ha BHEIIIHEE BO3-
JeCTBHEe HOPMabHO (PYHKIIMOHUPYIOIIEE U «ClIoOMaHHOe cepale». OmHako B Te-
OpPETUYECKOM JIMTEepaType 3TOT BOIIPOC COBEPIIEHHO He IMpopadoTaH. A MHOIO-
YUCJI€HHbIE 3KCIEePUMEHTAJbHbIC HCCIACAOBAHUS IOIOJIHSIOTCSI HEBOCIIPOU3BO-
IUMBIMUA paboTaMu, B KOTOPBIX MX aBTOPHlI YIOPHO IBITAIOTCS 3a(UMKCUPOBATh
U3MEHEHUEe BapuabeJbHOCTU R—R-MHTEepBaJIOB (YacTOThl COKpAIllEHUs cepila)
B 3aBUCUMOCTHU OT T€OMAarHUTHBIX U COJIHEYHBIX MHIEKCOB, aTMOC(EPHOIo AaBJie-
HUS 1 TeMIIepaTypbl, KOCMUUYECKUX JIyuyeil, pa3InuyHbIX TUIIOB 3a00JI€BaHUN U 10-
MUHHUPYIOIIMX TeHOB, MpeobJiafarolllero TUIla MO3rOBbIX YacTOT U 1IeH Ha HEedTb.
B pesynbTaTe BBIBOABI OMHMX MACTUTBHIX YUE€HBIX IPOTUBOPEYAT BHIBOJAAM APYIUX,
HE MEHEEe MaCTUTBIX, U HE BOCIIPOU3BOISITCS HUTAE, KPOME POMHBIX J1a00OpaTOPUIA.
B uém xe nipoGiaema? B orcyrcTBUM 3(ppekTa min B HepaBUIbHO BbIOpAHHOM Me-
TOJE UCCIeN0BaHUI?

Jns Havyaia Mbl TIPOAHAIM3UPOBAIM UMEIOIIMECS HA TOT MOMEHT B HAJIMYUU
B OH-JIaliH 6a3e «I'eqromen» 3KcnepuMeHTalbHble KapauorpaMmel (6onee 10 000)
B MCKpEeHHEN Hanmexae HalTh 3(Pp@eKT BO3ASHCTBUSI KOCMOPU3NUeCKNX (PaKTOPOB
MUMEHHO B TpagulMOHHBIX R—R-nHTepBanax. Ho moctoBepHOro m BOCIIpOU3BOIM -
Moro addekTa Mbl HEe HaIlUIM, XOTS IJIsl JIIOJei C AMarHO30M «uIleMudeckast 60-
JIe3Hb cepaua» pedyabTar B 40...60 % ciyyaeB (IPOLIEHT CUJIBHO 3aBUCUT OT CE30HA
rojia) MpuoIMKaicsa K TpaaullMOHHO-IuTeparypHoMy. O4eHb YIMBUINUCH U Pelliv-
JIM, YTO HAM He XBaTaeT oObéMa BbIOOpKU. Ilomozknanu, rmoka KOJMYECTBO M3Me-
penuit nocturHer 50 000, ¥ MOBTOPWIM MCCAeAOBaHUS. Pe3yabraTr He U3MEHUJICS.
ITocne aToro Mbl pelidiv He XaaTh, MokKa 6a3a maHHbIX Bo3pacTeT no 500 000 u3-
MEpEeHMIi, a TEOPETUYECKU MCCIEeIOBAaTh BOIIPOC O BO3MOXHOCTH U3MEHEHUS Bapy-
abenmbHOCTU R— R-MHTEpBAJIOB MPU BO3JIEHCTBUM BHEIIHUX (pakTOpoB. Moaeanpo-
BaHMe (DOPMBI KapIMOCHUTHAJa MPOBOAMIOCH METOAAMU MaTEMAaTUUECKON pEeKOH-
CTPYKLIMM HEJIMHEHHON TMHAMUYECKOU CHUCTEMBI IO PEAIbHBIM KapauorpaMMaM.
DyHKIMOHANIbHAS 3aBUCUMOCTh TIPEACTABIISIIACh CYMMOI HECKOJIbKUX JECSITKOB
MOJIMHOMOB, ITOATOHOYHbIE KO3(P(PUIMEHTHI 111 KOTOPHIX HAXOAUINUCH U3 «3arpy-
OJIEHHBIX» JAHHBIX peaJIbHbIX KApAUOTPAMM.

Mopnenb UMeeT ClIeayIOLINiA BU:

0,%; =Xy, 0,%; = X3, 0,%3 = [(X), Xy, %3),
3

3
_ I
FO, x5, %)= > C111213kak’
k=1

L1, =0

o))
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TJie 1 — TeKyllee BpeMst; epeMeHHast X, mozeaupyet curdan OKI'; koahduineHTsl
CW3 npuBeneHsl B cratbe [Ilunumu, Parynsckas, 2008]. CrannoHapHBIE COCTOSI-

HYSI OTIPENETISAIOTCS U3 PELIEHNs CUCTEMBI ypaBHeHuid x, =0, x;=0, f(x,, x,, x;) =0.
Okazajoch UTO CTallMOHApHbIe TOYKU cucTembl (1) HaxomsTcss Ha Kpasix Q-, P-
u T-3yo110B (puc. 4).

OCOoOEHHOCTHU TOBEACHUSI CHUCTEMbl MOJ JIOObBIM BHEIIHUM BO3AECTBUEM
OIpeAesIIoTCS UMEHHO CTallMOHAPHBIMU TOYKAMHM, MIO3TOMY HaM ObLIO TaK BaXKHO
BBISIBUTb UX MecTopacroioxeHre Ha DKI 1 Tun ocoObix TouyeK (IJ1s1 BbISIBICHUS
BO3MOXHBIX MOMEHTOB TIepexoa UCCIeIyeMOl CUCTEMbI OT KBa3UMEPUOANIECKUX
KoJebaHull B XxaoTuyeckoe coctosiHue). OOHapyXeHO, YTO CTallMOHApHbIE TOUKH,
Haxopsiuecs: B Hauajie P- u koHue T-uHTepBaga, OTHOCSTCS K TUIY «Ceayio — do-
Kyc», a TOYKM Ha KoHlie P-uHTepBana u Hauane T- — K TUMy «cemno». Bo3aMoxHo,
MMEHHO TWHAMUKON 0CO00I TOUKH CelI0-y3eJbHOTO TUIMA, Haxosllelcs Ha Ipa-
Hulie P- u Q-uHTepBanoB, omnpenensitorcss Q-3aBucuMble MHMapKThl. M3BecTHO,
YTO MPUCYTCTBUE CTALIMOHAPHBIX COCTOSIHUI Cemio-(OKYyCHOTO TUIIA OIpeaesieT
XapaKTep XaoTUYECKON TMHAMUKU HEJIMHEHHON crucTeMbl. MOXHO MPEATNON0XUTD,
YTO i1 HOPMaJbHO (DYHKLIMOHMPYIOIIEH aBTOKOJIeOATEIbHON CHUCTEMBI cepaey-
HOTO THUIIa UMEHHO BapMallMu XapakTepucTuk P- um T-uHTepBajioB (a He R-R-
BapuabeIbHOCTb) MOTYT CIYXXUTb IMArHOCTUYECKHUM TIPU3HAKOM [IJIsi OOHapyxKe-
HUSI U3MEHEHUI COCTOSIHUI CEepAeUYHO-COCYIMCTON CUCTeMbI B PE3yJibTaTe BHEIII-
HUX BO3MYILEeHUI. JIJ1s1 3M0poBOTo cepilia BapuadbeJbHOCTb CepAeYHON PUTMUKU
3aBUCUT OT M3MEHEHMSI BHYTPEHHMX IlapaMeTpOB OpraHM3Ma, a He OT BHEIIHUX
BoszaeiicTBuii. CKopee Bcero, MMEHHO TeM (baKToOM, UTO HMCClIeJ0BaHUs Bapradeib-
HOCTHU CeplAeYHOM PUTMUKHU Tof Bo3aelicTBUEM (DaKTOPOB BHELIHEH cpelabl Mpo-
BOJMJIMCH Ha IpyIIiax oO0CAeAyeMbIX C Pa3HON CTEMEHbIO «CIOMaHHOCTU» Cepalia,
B pa3jMYHbIC CE30HBbI roja 1 (pa3bl COJHEUHON aKTUBHOCTU, OOBSICHSIETCS HEBOC-
MPOU3BOIUMOCTD Pe3yJIbTaTOB, MOJYYEHHBIX B pa3HBIX HAYYHBIX IPYTIIIax.

300
200

100

0.2 0.4 0.5 Beews.c

Puc. 4. Oco6bie Touku cucteMsl (1), ompenensiioiye aganTallMOHHOE TMOBEIEHUE CepJ-
1[a TOA BHEIIHWM BO3NCHCTBMEM, W WX (a30oBbie IMOPTPETHI: TUI «CeIIO» B Havaje
T- u Q-3y6110B; TUM «(pOoKyC» B Havase P- u koH1e T-3yo110B
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YNCNNEHHOE MOOENTMPOBAHUE N TEOPETUYECKWNE MOLENN
AJANTALVMOHHOW AVMHAMMUKMN CEPOQEYHOW OEATENIBHOCTU
nofj BO3AENCTBUMEM KOCMOTEO®U3NYECKMX GAKTOPOB

YucieHHOe MOIETUPOBAHWE W PEKOHCTPYKLIMS JaHHBIX WHIUBUIYATbHBIX
MmoHuTopuHroB B npoekte 'EJIMOME]l nmoka3zanu, 4yto 0e3 BHEIIHEH Harpy3Ku
B COOTHOIIIEHUH OKOJIO 8:2 B (pa30BOM IIPOCTPAHCTBE HAOIIOMACTCS CYITEPITO3UIINS
JIBYX TOMOJIOTMYECKU PA3INYHBIX (Pa30BBIX COCTOSIHUII — OCHOBHOTO, 0oJiee yIo-
PSIIOYEHHOTO, ¥ BO30YXKIEHHOTO, 60Jlee XaOTUIECKOTO, a He MOHOIIOPTPET Kapan-
OLIMKJIOB, KaK JIO CUX TOp OMHUCHIBAJIOCH B JuTepatype (puc. 5). ¥ oTaenbHbIX 00-
CJIeIyEMBIX YMCJIO OA30BBIX COCTOSIHUI YBETMUUBAJIOCH 0 TPEX.

BBISICHMIOCE, YTO BKCIEPUMEHTAILHO HabMogaeMbie 3(D(HEKTH BO3HUKHOBE-
HUS 1 UICYE3HOBEHUSI HETUITMYHBIX LIMKJIOB OKA3aJIMCh afalTallMOHHOM ITOMYJISIL -
OHHOI HOPMOIi, a He MEIULIMHCKUM IMArHO30M. Takke HeTpUBUAJIBHBIM Pe3yiib-
TATOM MOJEIBLHOMN PEKOHCTPYKLMU peaabHbIx DKI' okazanock To, 4TO IMTPOLIEHTHOE
COOTHOIIIEHWE YIETBHOTO Beca Pa3IMYHbIX COCTOSTHUI AUHAMUKM CepALla U3MEHS -
eTcsl UIS Pas3IMYHBIX TUIOB HArpy3ku. M aToT adeKT TakKe SIBISIeTCS HOpMab-
HBIM CIIOCOOOM afamnTali OpraHM3Ma 4YejioBeKa K BHEIIHUM Harpy3kam. Tak,
IIpY BBEACHUU IOIOJHUTEIbHON (u3ndeckoii Harpysku 20 mpuceganuii 3a 30 c
HccaemyeMast GnocucTeMa Tepexoania B OCHOBHOE, MOHOCOCTOSTHUE. A TIPU BO3-
JEUCTBUU OAWHOYHON MarHUTHOI Oypu Habromajicsa oopaTHBIN 3G ¢EKT — YUCIo
6oJiee XaOTUIECKUX COCTOSTHUI B (ha30BOM ITPOCTPAHCTBE YBEIMUUBAIIOCH.

Ka3zamock 0bl, pu HecnieTM(UIECKON peaKInu JIIo00e BO3ACHCTBIE TOIKHO
OKa3bIBaTh OIHOHAIIPABJIIEHHBIN 3((MEKT, OJHAKO aHAIU3 3SKCIIEPUMEHTATBHBIX
JAHHBIX CBUETENIBCTBYET 00 00paTHOM. HeoXXumaHHbIA, Ha MEPBBIiA B3I, C TOY-
KU 3peHUsT OUOJIOTMU U MEIULIMHBI, 3TOT (paKT TPeOOBAJI TEOPETUUECKOTO OOBsIC-
HeHUs. Takke TpeOOBAIOCH TTOCTPOEHHE TEOPETHUECKON MOEIN, KOTopast Morjia
Obl OOBICHUTH OJHOBPEMEHHOCTD CYILIECTBOBAHUS KBA3UITEPUOIUUECKUX U XaOTH-
YeCKUX KoJiebaHUH cep/ilia B Ka4yeCcTBe MOMYISILIMOHHONH HOPMBI.

] I I T I Ll I
5f ]
al ]
bl ]
2f .
1

[ Paccroanue Xaycaopda

1 1 A1l all MR | 1 P .
0.14 016 0.18 020 022 024 0.26

Puc. 5. 'ucrorpamma paccrosiHuii Xaycnopda s KapArOLMKIIOB
TUIMIHONM nHaUBUAYaabHOU DKI (B COCTOSTHUM TTOKOST)
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Jns HaXoXXaeHusl CTereHr OOLIHOCTU HA0JII0AaeMbIX 9KCIIEpUMEHTaIbHO Du-
3MOJIOTUYECKUX SIBJIEHUN, YCIIOBUI UX BOSHUKHOBEHUSI 1 OCOOEHHOCTEN TTpOTEeKa-
HUST HaMU OBIJIO TPOBEIECHO AaHAJIMTUYECKOE MOMIEIMPOBAHUE TUHAMUKN PEXVMMOB
(byHKIIMOHMpPOBaHUS U ajanTalyu padoThl cepiala Mpu cJiaboM BHEIIHEM BO3-
JnercTBUM. 11 MakcMMabHO TpyOOTO OMUCAHMSI MPOLIECCOB reHepallii CUTHaja
W BBISIBJICHUSI CaMbIX OOIIMX CBOWCTB MCCIEAYEMOM OMOCUCTEMBI MbI BBEJIM BCETO
JIBa yIIpaBJIsIOIIMX MapaMeTpa MPOTUBOMOJIOXKHOM HampaBieHHOCTU [Parynbckast,
IMunun, 2010]:

* D — MNponopLUOHAIbHBIA MOIIHOCTA TeHepallMM UMITyJbca M OTBeYalo-
IIMHA 3a CUJIbI, MOIAEPXKUBAIOLIME reHepallio (B peabHOCTU CBSI3aHHBIN,
HampuMep, C YBEIMYECHUEM MOIIHOCTU CEPACYHBIX COKPAIICHUN WU YBE-
JIMYEHHUEM CKOPOCTH KPOBOTOKA);

* K — NponopluoHaIbHbINA pacCcesTHMIO MOIIIHOCTY Ha mpolieccax aubby3un
¥ OIMKMCHIBAIOIINI O00O0OIIEHHBIE CUJIBI, TIPOTUBOJCICTBYIONIME IIpoLieccam
reHepaluy (Hampumep, yBeJIMYEHME MPOBOAMMOCTU CEPASYHON MBILILIbI
B pe3yJibTaTe OeCTPYKTUBHBIX U3MEHEHUI WJIM MOBBILICHUE CBEPTHIBAEMO-
CTU KPOBH).

B xauecTBe MOACILHON TMHAMUYECKOM CUCTEMBI MCITOJIb30Bajlach cJeayromas
HEJIMHEWHAs MOJEIIb HapaMeTpPI‘-IeCKOfI T€HCpalu1 CEPACYHDBIX COKpaHleHHfII

QBZD%mfm—%A—&B+ammm,

9,A=(—H)sin*(t)B—k,A— A, Q)
0,H =—k,H — ky(1+ H)A’.

IlepBble nBa ypaBHEHMSI ONMMCHIBAIOT U3MEHEHUE AMIUIMTYAbl CUTHajla U €€
TepBOM IMPOM3BOMHOM; Esin(w?) MomeaMpyeT MepHOAMYEeCKOe BHEIHEe BO3Meii-
ctBue. Mupekcol 1, 2, 3 mpu napaMmeTpe kK OTBEUYalOT 3a pasjiUdHble TUMNB Tuddy-
3UH C pa3IMYHBIMUA XapaKTCprIMI/I BpEMCHAMM, IPUIEM k, > k, > k,. 3a c4€T 3a1aH-
HOM HEJIMHEHHOCTHU (cllaraemMoe A ), a TaKKe Ipu Sa,E[aHHbIX napaMeTpax MOILIIHO-
cti D u i Hy3noHHBIX IOTEPD k, KOJIEOAHUS CUCTEMBI BCETIA BBIXOMAT B PEXUM
HacblileHus. OMHaKO MpU yBEIMYEHUN MOILIIHOCTU TeHepaTopa aMILIMTyaa Kojieba-
HUI B yCTAaHOBUBIIEMCS peXMMe Takke pacTeT. I1oaToMy MBI BBEJIN €IIE OOHY IIe-
pemMeHHy0 — H, 115 6ojee TOHKOM MOACTPOMKM CHUCTEMBI 101 HAarpy3ky. JlaHHas
rnepeMeHHasi yYUTbIBAaeT BO3MOXHOE JUHAMUYECKOE HACBIIIEHUE aMIUIMTYAbl KO-
JIe0aHuii Ipy U3MEHEHUH BHEIIHel Harpy3ku. Takum o0pa3oM, TpeThbe ypaBHEHUE
BBEIECHO ISl 3aMbIKaHUSI CUCTEMbBI U OTPAaHUYEHUST aMIUIUTYIbl TeHepaluu U3 Gu-
3UYECKHUX COOOpaXKE€HUI COOTBETCTBUS CTPOSIIECHCS TEOPETUYECKO MOIEIM Ha-
OMI0JaeMbIM AKCIIEPUMEHTAILHBIM JTaHHBIM. B TpeTbeM ypaBHEHMU CHUCTEMBI (2)
napameTp k, orBevaer 3a A y3sMOHHbIE TIOTEPH, a Ky BBENEH JUIS MOACTPOMKHU
CKOpocTH pocTa TnapameTpa H. Kak BUIHO U3 3TOro ypaBHEHUS, CKOPOCTb pOCTa
MpoNopLMOHATIbHA KBaApaTy aMIJIUTYbl CUTHAJIA.

Pentenvie ypaBHeHUI U1 pasIMYHbIX 3HaYeHUi D U k, ipu (PUKCUPOBAHHBIX
k, ¥ k, TIO3BOJIAJIO TIOCTPOUTH CJIEIYIOIIYIO TMarpaMMy COCTOSIHUI, TIPUBEIEHHYIO
Ha puc. 6. BEISIBIEHO CYIIIECTBOBaHME HECKOJIbKHMX YCTOMYMBBIX PEKMMOB IreHepa-
. Mx ¢a3oBble MOPTPETH COBITANAIOT ¢ HAOMIOZAeMbIMU B 3KCIIEPUMEHTE TH-
naxamy U pas3iesieHbl MeXIy cO00i 00JIaCTIMU XaOTUUYECKUX WJIM HEYCTOMUYMBBIX
pELICHUA.
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BazoBkle pexXuMel, hasoBoe
npocTpaHcTeo KoopauHaTt (A , dA/dt) n
napametpoB D u K

Puc. 6. Pe3yabTaThl YMCIEHHOTO MOIEIMPOBAHMS 0a30BBIX PEXMMOB TeHEPAIIUU CUCTEMBI

(2) 1 ux dazoBbie TOpTpeThl. Pa3oBbie MOPTPETHI PeXKMMOB 1 M 2 COBHANAIOT C IKCIEPH-

MeHTabHO HabmogaeMbiMu B MoHuTOpuHTe TEJIMOME]] ha3zoBbIMU MOpTpeTaMy OCHOB-
HOTO 1 BO30YyXIeHHOro cocTostHusI DK

Takum o0Opa3oM, MOJy4YeHHOE TeOopeTUUYecKoe pellieHHe cUcTeMbl (2) ecte-
CTBEHHBIM 00pPa30M TOCTYJIUPYET COCYIIECTBOBaHNWE HECKOJbKUX PEXUMOB Te-
Hepauuu cepjla, KOTopoe M HabJogaeTcsl B peaibHbIX MEeIUIMHCKUX JaHHbIX,
a TakKXe CPbIB CUCTEMbI B 00J1aCTh XaOTUYECKUX (DUOPWILISILME TTpU ONpeaeaEéHHbBIX
HeOJIAaroNpUSITHBIX COYETAHUSIX TTapaMeTpoB. JIpyroi xapakTepHOi 0COOEHHOCThIO
pelleHuit cucteMbl (2) SIBJSIETCSI HAJIMUME MOopora reHepaluy To YIpaBsiiomuM
napamerpam D u k|, IPUYEM KaK CHU3Y, TaK U CBEPXY.

IIpu BBemeHUM B ypaBHEHMSI MEPUOIMYECKON BHEIIHEH CUIbl MOACTpONKa
OMOJIOTUYECKOM CUCTEMbI MOXET OCYILECTBIISITHCS IBYMsI TTyTSIMU: BO3HUKAET JIMOO
nepuoanyveckast MOAYJSLUS aMILIUTYAbl KapAUOCUTHAIA MPU COXPaAaHEHUM MOCTO-
SIHHOTO TTIOpOTra reHepaluy 1 MOCTOSIHHBIX 3HAaYeHU T YITpaBJISIIOIIUX TTapaMeTpoB D
u k,, 10O MEPUOANYECKON MOMYJISIIMU MOXKET MOABEPraThCsl CaM MOPOr MPU 13-
MEHSIIOLIUXCS 3HAUCHUSIX YIIPABJISIIOIIMX TTApaMEeTPOB.

PaccMmoTpuM miepBblii cllydyail, Korga 3HayeHMsl YHpaBJSIOIIUX MapaMeTpoB
MpU BHEITHEM BO3JENCTBUM COXpaHsIoTcsl. BBeaeHue B ypaBHeHue (2) mepuoanye-
CKOW BHEIIIHEW CUJIbI C YacToToM, KpaTHOW N (rae N — psi HaTypaJibHbIX Yuces
oT 1 no 10) u 1/N OCHOBHOI1 YacTOThI, MO3BOJWJIO BBISIBUTh pa3inyue B BO3MIE-
CTBUSIX Ha UCCIAEAYEMYIO CUCTEMY YAJIMHEHHOIO U YKOPOUEHHOTO Mepuoaa BHEI-
Hux kojebanuit. [TokazaHo, yTo 6osee 3(pHEeKTUBHBIM OKa3bIBAETCSI BO3AECHCTBUE
YIJIUHEHHBIX TiepruoaoB. bojiee monpobHoe omnucaHue 00padOTKM KapIMOLMKIIOB
B (pa3oBOM MpPOCTpaHCTBE, MOCTPOEHUE UYUCAEHHBIX U TEOPETUUYECKUX MOJEJIei,
a Tak>Ke OMucaHue Peryarupyolleil pojy IIIyMOB U TeHAEPHBIX 0COOEHHOCTe! cep-
JEYHOM AMHAMUKU CIeNaHO B M. 7 KOJUIEKTMBHON MoHorpaduu «buorpomnHoe
BO3JIEIICTBME KOCMUYECKOI1 rToroabl» [ buorpomnnoe..., 2010].
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4

Puc. 7. UcxonHrblii curHai, ero (a3oBbIii MOPTPET U CHEKTP (a); MOMYJISILUS aMIUTUTYIbI

MCXOIHOTO CUTHaJa, (ha30BOro MOPTpeTa 1 CIeKTpa IO/ BO3IECCTBMEM BHEIIHEH TTepruoam-

YECKOM CUJIbI C YIUTMHEHHBIM MEepHoaoM (6); CTaOMIN3AIMS MOIYJISIIIUA aMILTUTYAbI UCXOI-

HOTO CUTHaJIa, ero ()a30BOro MopTpeTa M CTIeKTpa MO BO3AeHCTBMEM BHELTHEH TTepruoande-
CKOM CUJIbI C YKOPOYEHHBIM IEPUOAOM (8)

Ha puc. 7a npencraBieH UCXOMHBIM CUTHAI U €ro (pa30BbIil IIOPTPET U CIIEKTP,
Ha puc.76 M ¢ — aMIUIMTyOHAs MOIYJISLMS WCXOMHOTO CHUTHAja ISl YacTOTHI
BHEILIHEI CUJIBI, KPaTHOM COOTBETCTBEHHO 3 1 1/3. BuaHO, 4TO B CUTYalluu C YIJIU-
HEHHBIM TI€PUOIOM BHEITHENW CHJIbI TIIyOWMHA MOMYJISIIMU aMIUIATYABl TOCTUTAET
TOYTH TIOJIOBUHBI UCXOAHOTO 3HaueHus. [lon Bo3meiicTBMEM BHEIIHEH CUJIBI YKO-
POUYEHHOTO TIeproaa MOMYJISAIIMS CTAOWIM3UPYETCS Ha YPOBHE HECKOJBKUX IPO-
LIEHTOB KcXoaHoU aMmuiuTyabl. [1pu aToM 061acTh ¢ 60Jiee BEICOKMMU 3HAYECHUSIMU
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D u k,okasbiBaeTcst Gojiee YCTOWYMBOW K BHEIIHeMY Bo3zelcTBUIO. [Tockosbky
B peaJibHBbIX JaHHBIX MACCOBBIX MEIULIMHCKMX MOHUTOPUHIOB BO3MOXHAa JIOCTO-
BepHas peructpauus 3¢dekra JTuilb 6onee 5 % aMIUIMTYObI, U3 BHIIIECKA3aHHOTO
CIIeyeT, YTO AKCIEPUMEHTAIbHO 00J1acTh 3(P(PEKTUBHOIO BHEIIHETO BO3ACHCTBUS
clieayeT uckath B guana3one yactot 0,1...0,9 T'm.

TETEKOMMYHUKALIMOHHbBIA HAYYHbIA MOHUTOPWUHT

MN3YYEHWA BUOTPOMHOIO BO3AENCTBMA KOCMUYECKOW MOTOAbI
KAK BA3A OJ1A NOCTPOEHUA TPUA-CUCTEMDbI

CKPUHWHTA 300POBbA HACEJIEHWA POCCUN

NudopmalimoHHast TeXHOJIOTUS, pa3paboTaHHAs HAMM ISl TIPOBENEHUST CUHXPOH-
HBIX MOHUTOPMHTOBBIX 3KCIEPUMEHTOB IS M3YYCHUSI OMOTPOITHOTO BIUSHMS
KOCMMYECKON TOTOMbI, MOXET OBITh MCIIOJb30BaHa JIs TPOBEACHUS MaCCOBBIX
CKPUHMHTOBBIX MCCIEMTOBAHUI COCTOSTHUS 3MOPOBBSI HAaceJIeHUs B MaciuTabax mo-
MyJISIIAMN.
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Puc. 8. Cxema paGoThl 1 00JaCTH IIPUMEHEHHUST MUPOBOI TPUII-CUCTEMBI
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Bonee noapodbHO cucTeMa aBTOMaTU3MPOBAHHOIO OH-JIaliH aHaJIM3a Pa3HOIIN-
POTHBIX HayYHbBIX T€OMEAUIIMHCKUX MOHUTOPUHIOB, a TakXe MPOrHo3a OMoTpori-
HOTO BO3/EMCTBUSI KOCMUYECKOI MOTOMAbI MpeacTaBieHa B padbote [BuitHeBckuii,
Parynbckas, 2012]. Insi obecriedyeHUs] YCTOMUYMBOCTU PAOOThl CKPUHUHTOBON
CHUCTEMbI C KPYMHBIMU TMOTOKAMU MEIWLIMHCKUX JaHHBIX CO BCE TeppUTOPUU
Poccuu npemnaraercst MCoib30BaTh UMEIOIIUECST Y MUPOBOTO HAyYHOTO cOooOILIe-
CTBa ycreliHble HapaboTKU rpua-TexHojoruit (puc. 8). Ha teppuropumn YkpanHbl
Takasi cucteMa CKpMHUHTroBoro aHayinza OKI' ycrielHo mpoXoauT OTIaaKy Mo py-
koBojacTBOM B. B. BuiiHeBckoro, sIBASIOIIErocsl TakxkKe OIHUM U3 PYKOBOAUTENEH
poccuiicko-ykpanHckoro rnpoekta ' EJTMOME]I.

I'pun-texHonmorusi — mMupoBasi MHGbOpPMallMOHHAsT WHGPACcTPyKTypa, CIO-
cOoOHasi yCTOMYMBO paboTaTh ¢ OOJIBIIMMU MOTOKAMU JAHHBIX U pacipeneaéHHbI-
MU BBIUMCIUTEIBbHBIMU pecypcaMu. BrepBble Takas 3amavya Bo3Hukiaa B LIEPH
1151 obecriedeHust padoT Mo (pu3rKe BbICOKUX dHepruit. st e€ pemieHus co3naHa
u ycreiurHo padoraer cucteMa WLCG (Worldwide LHC Grid Computing), KoTo-
pasi 00beAUHSIET HECKOJbKO COTEH MOILIHBIX BBIYMCIUTENbHBIX KJAacTepoB (COT-
HU ThHICSY MPOLIECCOPHBIX SIAEP), PACIIOJOXEHHBIX B JJA0OpaTOPUSIX, MHCTUTYTaX
U yHuBepcuteTax Bcero mupa. LIEPH cran uHuimaropomM ucnojib3oBaHUs IpUil-
TEXHOJIOTUI ISl pellieH!s] BBIUMCIUTEIbHBIX PECYPCOEMKUX 3aay B IPYTMX Hay4d-
HBIX M IPAKTUYECKUX chepax.

I'pun-opueHTUPOBAaHHHbBIE BBICOKOMPOU3BOAMUTEIbHBIE BBIUYMCIEHUS YXKE aK-
TUBHO HCIIOJb3YIOTCS B MOJIEKYJISIDHOM OMOJIOTMY, MEAULIMHE, TPOTHO3UPOBAHUN
reoU3nYeCcKrx MPOLECCOB U APYTUX objacTsX. JJoOCTOMHCTBOM MMPOBOM TIpuUj-
CHUCTEMBI SIBJISIETCS €€ OTKPBITOCTb K IMPUCOCAUHEHUI0O HOBBIX HAayUHBIX TPYIII.
Hcnonb3oBaHue TeJeKOMMYHUKAIIMOHHOTO HAay4YHOTO MOHWUTOPWHIA NJis U3yye-
HUSI OMOTPOITHOTO BO3JAEUCTBUSI KOCMUUYECKOM MOro/bl Kak 0a3bl 1Sl TTOCTPOSHUS
TPUA-CUCTEMBl CKPUHUHIA 3M0pOBbsl HaceleHUs: Poccuu mpencraBisieTcss O4eHb
MepCcreKTUBHBIM HOBBIM HampaBieHUEM Pa3BUTUS OJMXKANIIErO NeCATUIICTUSI.

3BOJTIOUMOHHBIE OYHKLNN KOCMOTEOOU3NYECKMX OAKTOPOB
N X ATABUCTUYHOCTb B HACTOALLEE BPEMA

OCHOBHBIM (PaKTOPOM, OIPENEIISTIONINM BapHalliid KOCMUYECKON TIOTOMBI U TJIO-
O6ampHOE pasButHe Omochepsl B CONHEYHON CcHCTeMe, SIBISIETCS IWHAMUKa
Connuna. Bospact ConHua cocrasisieT npubau3uteabHo 4,59 mupa ner. Mctopuio
pa3Butusa CoJlHIIa MOXHO YCJIIOBHO pa3le/INTh Ha TPH TTepHOo/a:

1) pannee ConHie — nepBoie 1...10 MJIH JIeT OT Havajia pa3BUTHUS,

2) mononoe CoiHile — BO3pacT 1o 1 Mipa JieT, T.e. 10 3,5 MJIpH JIeT Ha3a;

3) coBpemenHoe CoHIle — OT 3,5 MJIpA JIET Ha3a MO HACTOSIIEe BPEMSL.

IMocnenuuii mepuon 0ObeAMHEH YCIOBHO. BO3MOXHO, HOBBIE TaHHBIE, OIY-
YeHHBIE TI0 TIpOorpaMMe UCCIIeIOBAHUI IPYTUX 3BE3M COJTHEUHOTO THUIIA, TTO3BOJISIT
MPOBECTU OoJiee TIIATEIbHYIO JeTATU3aLNIO.

3a BpeMsd cBoero cyllectBoBaHMsT CoJIHIIE KaK 3Be3/1a Mpolia 60IbIIoN MyTh
SBOJIIOLIMOHHOTO Pa3BUTHUsSI, U B MOMEHT 3apOXIEeHUS XU3HU Ha 3eMJjie TUIT aK-
TUBHOCTH, Macca U nepuon obpaieHus paHHero CoJIHLA CYIIECTBEHHO OTJIMYa-
JINCh OT cOBpeMeHHBIX. He3HaHue 3ThX ocobeHHOCTel (hYHKIIMOHUPOBAHUST paH-
Heii COJTHEUHOH CHCTEMBI TIPUBOAUT K HEMPaBWIBHBIM MOIEISIM (POPMUPOBAHUS
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Xu3HU. K13Hp Ha 3eMJie TIOSIBIIIACh TOTHA, KOTAA YCJIOBHS (PYHKIIMOHUPOBAHUST
ComHIa et 3To MO3BOJIIIN, T. €. TOTIA, KOTHa U3 «3Be3Ibl pa3pyIleHUs» Hallle CBe-
TUJIO CTAJIO «3Be3I0M CO3MmaHtsI». MOXHO TakKe TPEIITOI0XNTh, YTO Habonae-
MEBIE COBpEMEHHBIE HeJIMHEHBIC alanTallnOHHbIE MEXaHU3Mbl OMOOOBEKTOB K ClIa-
OBbIM BO3IEHCTBUSM BHEITHE! CPelbl SIBISIOTCS aTaBUCTHYECKUMMY TIPOSIBIICHUSIMU
SBOJIIOLIMOHHON aganTalliyd APEBHUX 3KOCUCTEM, B TIEPUOM CYIIECTBEHHO HEIIH-
HeliHo (1 6oJiee MHTEHCUBHOI) nuHaMuku ApeBHero ConHua 3,8...4 MIIpa JIeT Ha-
3am. Peakims coBpeMeHHBIX OMOCUCTeM (KaK eIMHCTBEHHO MOCTYITHBIX HaM O0b-
€KTOB Ul M3YyYeHHUS] TWHAMHWYECKUX IPOIECCOB amalTallii K HeCTallMOHAPHBIM
COJTHEYHBIM TIpolieccaM) BbIpaboTaHa B MIPOIECCE MHOTOMUJUTUAPIHON SBOTIONUN
TIPU CYIIECTBEHHO OTIMYAIONINXCS YCIOBMSAX MCTOpHYecKoi muHamuku ColrHIa
1 O0YCJIOBJIEHA 11eJI0i COBOKYITHOCTBIO BHEITHUX (DakTopoB. M3 HUX OUeHb CIIOX-
HO BBIICJINTH OOWH ¢IMHCTBEHHBIN JAEMCTBYIOIINI areHT, CHITPaBIINIA OCHOBHYIO
POJTb B 3apOXACHUN U (POPMUPOBAHUHN XM3HU Ha 3eMIIe.

Kaoicowiii uz nepuodos pazeumus Hawieil 36e30bl OMAUYACMCA NPUHUUNUAABHO
PasHoil JuHamukoi @yrHKyuonuposanus. J10CTOBepHBIE MaTepHaIbHbBIC CBUACTEIb-
CTBa JATUPYIOT Hajnmuue Omocdepbl 3eMi okKoyno 3,8 miph et Ha3an. OmHako
CYIIECTBYIOT BeChbMa BeCKHWE TOBOIBI, TIPUBOAMMBIC, HAIlpUMep, IpeaceaareaeM
Hayunoro Cosera PAH mo acrpobuonornu akagemMukom A.}O. Po3zaHoBbIM, 4TO
XHU3HB Ha 3eMJIe TTOSIBIIIACh 3HAYNUTEIBLHO paHbIIIe, B IEPUOL OT 4,2 10 4 MIIpH JIeT
Hazan. [1o 3Toit HayYHOI TUITOTe3e TII00YIIBI TIPOTOOAKTEpUil OBLTA 3aHECEHBI Me-
TEOpPUTaMHM Ha TOBEPXHOCTh 3eMJIM M3 KOCMUYECKOTO IPOCTPAHCTBA IPAKTHUYE-
CKY OMHOBPEMEHHO ¢ (popMHMpOBaHMEM Hallleil TTaHeThI N3 Ta30IbUIEBOTO 00JIaKa.
B mrepBEIil MIIITMAPT JIET CBOETO Pa3BUTHS, T.¢. KaK pa3 B TIEPUOI BO3SHUKHOBEHUS
3¢MHOM XW3HU W (OPMUPOBAHMS IpeBHeHIMX 3KocucteM, CoiHIle OBUIO CO-
BepleHHO ApyruM. OHO nMeso 6oblyio Maccy (okoo 107 % oT COBpeMeHHOI),
CYIIECTBEHHO MEHBIIMI nepuof obpameHus (okojo 10 mHeit), a TmaBHOE — CO-
BEpIICHHO Ipyroit, 6Goyiee WHTCHCHUBHBIA W CHOpAagUYecKWil TUIT aKTUBHOCTHU
[Parynbckasi, 2012]. ITo nanueim U3SMUWPAH [KauoBa, JIuuuil, 2008] B peHTre-
HOBCKOM U YJIBTPahHOJICTOBOM AMAIla30He MHTEHCUBHOCTD M3JIydeHUS TIPEeBhIIIa-
Jla COBpeMEeHHBII ypoBeHb Ha 3...4 mmopsaka. [Ipomeccel oOMeHa SHeprueii 1 Bellle-
ctBoM 1 B CoTHEUHOI cucTeMe Gollee aKTMUBHO M TI0 IPYTMM 3akoHaM. Kakyro
MHOOPMALINIO 00 SBOIOIMOHHON aganTaluy IPeBHUX OMOCHCTEM MBI MOXEM T10-
YEPITHYTh U3 U3YICHUS peaKIInM COBPEMEHHBIX OMOJIOTMIECKUX 0OBEKTOB Ha BapH-
ally pa3IMYHBIX KOCMOTeO(U3NIECKIX (haKTOPOB?

IMocnepgnue 100 neT BamsHME KOocMOTeopU3MYecKux (PaKTOpoB ITOCTOBEPHO
1 BOCITPOM3BOINMO (DUKCUPYETCS MHOTOYMCICHHBIMM YYEHBIMA Ha BCEX YPOBHSIX
opranuzauuu 6uocoepbl. Haunnas ¢ padot A.JI. YnmxeBckoro Havana XX B. (Hau-
6onee moHOe M3manue |YwmkeBckmit, 1976]), nccirenoBaTe I HaXOAAT BCE HOBEHIE
TTOATBEPKICHUS CKAaYKOOOPa3HBIX M3MEHEHUI (DU3MOJOTUYECKUX ITapaMeTpoB,
Pa3BUBAOIINXCS O WM BO BpeMsI MATHUTHBIX OYph (M OKa3bIBAIOIINX HETIOCPEe-
CTBEHHOE BJIMSTHUE Ha TIOBEICHWE W CaMOUYYBCTBHE HaceJeHUs). DK30TeHHBIC Ba-
pUAaLY TIPOCMATPUBAIOTCST TIPAKTUIECKH BO BCEX MEIMKO-OMOIOTMYECKIX MOHM-
TOPMHTax, MPUYEM YaCTO — B KayeCTBe MOOOUYHOro 3¢peKTa, MEILIAIOIMero OCHOB-
HBIM HccaenoBaHusaM [ Bnagumupcekuii u ap., 2004].

HampuMep — B muHaMUKe pa3TWYHBIX MapaMeTpoB (GOpMYINBI KPOBH, Top-
MOHAJIbHOM U TICUXOJIOTMYECKOM CTaTyce, BOCIIPMUMYMBOCTU K HApKO3y, UHC-
Jie BBI30BOB CKOpPON MEIMIIMHCKON TTOMOIIY M KOJWYECTBE JICTATbHBIX MCXOIOB.
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Tak, 10.U. T'yppunkenem u B.B. JltooumoBbiM (2004) BBISIBIEHO YBeJIWUYeHUE
CBEPTHLIBAEMOCTH KPOBU U OoJiee TSKEIOE MpOoTeKaHUe MH(MAPKTOB, BO3pacTaHUE
qucia JIETATbHBIX MCXOIOB pPEaHWMAIIMOHHBIX OOJIBHBIX B OKOJOOYpEeBBIC ITHU;
I1. E. I'puropeeBbiM — MOIyJSILIUU pabOTOCIIOCOOHOCTM M HACTPOEHHUS, a TaKXKe
yucna cynunnoB [['puropees, 2008]; M. B. Parynbckoit u O. B. Xa6apoBoii (2001)
MMOKa3aHbl aKTUBAIUS TTPUCTIOCOOUTEIHPHON amanTallii 3M0POBBIX JTIOACH U MOMIY-
JISIUMST HeJTMHEWHOM nuHaMuku cepana [Parynbckas, ITunun, 2010], HenuHeiHbIe
U3MeHeHus apTepuasibHoro nasieHus [Khabarova, Dimitrova, 2009].

B crateax [Beaumena, Konpamos, 2005; Benumesa u ap., 2006] moka3za-
HO, YTO TeOMarHUTHBIE BO3MYIIEHUS CYIIECTBEHHBIM 00pPa3oM MOAETHUPYIOT POCT
" 1udhepeHIMPOBKY KIETOYHBIX CTPYKTYP. B YCIOBUSIX TTOBBITIIEHHOM TeOMarHuT-
HOI BO3MYIIEHHOCTU OHM HaOmoaaiu cHuxeHue cuHTte3a JIHK ¢ komneHcauuei
B TMOCJEAYIOIIMX KJIeTOUHBIX MKaax. B padote [YnukaH u ap, 1999] onucekiBaetcst
pe3Koe yBeIMUeHNE YMCIa JICMKOIIMTOB 3a CYET HEUTPODHIIOB B ACHb OYpU U pe3-
KO€ MX CHIIKeHHe Ha 2—3-i1 neHb 1ocie oypu. OTMedeH TTPOTUBOIIOIOXKHEINA 3HAK
JIEWKOIIUTAPHBIX U3MEHEHHH 110 CPaBHEHUIO C YPOBHEM JTUM(OIINTOB.

C.M. YubucoB noxkazaj HaauduMe U3MEHEHUN B CIEKTPax KUCIOTHO-OCHOB-
HOTO COCTOSTHUSI M (PYHKITMOHAJTLHOM aKTUBHOCTH CepACUYHO-COCYTUCTON CHCTEMBI
B 1LIEJIOM B MarHUTOBO3MYIIICHHBIC CYTKH, a TaKXKe B €r0 paboTax IoKa3aHO BIIUS-
HHUE M3MEHEHUsS COJHEYHOU aKTUBHOCTH Ha YJABTPACTPYKTYPY KapAMOMUOIINTOB
[Uubucos u np, 2001].

B neszaBucumbix uccinenoBanusgx T.K. bpeyc (Mocksa) u C.H. CamcoHoBa
(AIkyTcK) oTMedaeTcs COBIaJieHWE CITEKTPOB ATWHAMHWKU BBI30BOB CKOPOWM MeEIu-
LHCKOM TTomMoiy 1 reomaruutHoro K-unnekca [bpeyc u ap., 2002, 2008; Camco-
HOB u ap., 2005]. B paborax H. M. XopceBoil BbISIBIEHO BbIpak€eHHOE BIUSIHUE
KocMoOTeo(U3NIecKux (haKTOpoB Ha BHYTPUYTPOOHOE pa3BUTHE IIOMA W BEPOSIT-
HOCTb peajin3alliy HacJeACTBeHHBIX maTonoruii [Xopcena u ap., 2010]. bonee mox-
poOHOE TIpecTaBlIcHHEe MOXHO TIOJYIUTh U3 COBOKYITHOCTH MaTepHaOB JaHHOTO
cOOpHMKA, TTOCBSMIEHHOTO MMEHHO 3TOMY BOIIPOCY.

Tak Kak ke MOXXHO pelluTh TPo6IeMy cOUeTaHUsI HU3KOM SHEPTUN COBPEMEH-
HBIX KOCMOTeO(DU3NIECKUX (PaKTOPOB C HAJTUIMEM BOCIIPOU3BOAVMMON W TLIAHE-
TapHOM peaKLMN OMOCHUCTEM Pa3IMIHBLIX YPOBHEM opranmu3aunu? Mcxoms u3 mpe-
IOBITYIIAX TUTIOTE3, MOXHO TPEIITONIOXUTD, YTO HAbOAI00aeMble 8 HACMOsUEe 8PeMs.
aghpekmobl adanmayuu 6uocucmem K Kocmoeeopuzuveckum 6030elicmeusm, no cymu,
AGAAOMCA AMABUBMAMU, OCMABWUMUCA C MeX OPeBHUX 6PEeMEH, K020a U3iy4eHue
Coanya 0bi10 cywjecmgeHHo 00abUle U A6AAA0CH PEANbHbIM PA3PYUAOWUM GaKmo-
POM 051 MOAbKO ymo cghopmuposasuieiicss wcuzHu Ha 3emae. DHEPTUU COBPEMEHHBIX
COJIHEYHO-3eMHBIX 1 KOCMUYECKUX TTPOIIECCOB TSI TAKOTO BO3IEMCTBUS HEMOCTA-
TOYHO, TeM He MeHee, PeaKIMsI OMHO3HAYHO W BOCIIPOM3BOINMO PETUCTPUPYETCS
MHOTOYMCIIEHHBIMU UCCIEI0BATEISIMI Ha BCEX YPOBHSIX OpraHU3alln 6ocdepsl.

I'umote3a 06 3BOOIIMOHHOM aTaBUCTHYECKOM XapaKTepe aganTalliOHHON pe-
aKIIMM OMOCHCTEM Ha KOCMOTeo(U3NYeCKre BO3NEHCTBUS MOTJIA OBl BHECTH SIC-
HOCTb B JaBHUIA CITOP GMOJIOTOB 1 (DM3UKOB TI0 TTOBOIY TTOMCKA, XapaKTepa U MHTEH-
CUBHOCTH JICMCTBYIOIIETO GMOTPOITHOTO (DM3MUECKOTO areHTa B COTHEYHO-3¢MHBIX
cBsI3sgX. Ha maHHBIN MOMEHT MBI BUIUM peakKInio OMOCUCTEM Ha KOMITJIEKCHOE 13-
MEHEHHEe BHEITHEH Cpeabl, HO He MOXeM OTHO3HAYHO BBIICIUTD areHT (BO3MOXKHO,
MU3-32 MaJIOCTH JEWCTBYIOIIMX B HacTosIee BpeMs (pusnueckux akTopoB). 3auem
TOTHa Takas MPUCIIOCOOUTENbHAsA peaKins 3acUKCHPOBAach B alalTallMOHHBIX
nporpammax 6uocucrem? CKopee Bcero, naxe Korjaa co BpeMeHeM MHTEHCUBHOCTD
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BHEIIIHETO U3JIydeHHUs yIiajia 0 HEOMaCHBIX JJ1s1 CYILeCTBOBAHUSI XKU3HU 3HAUYCHUIA,
peryasitopHasi U MHGOpMaLMOHHAsI POJib KOCMUYECKON MOTo/bl 0Ka3aaach CTOJb
MoJie3Ha, YTO COXpaHWJACh 0 HAIMX HEi Ha BCeX YPOBHSIX OpraHu3aluu O0vo-
cepnl (cM. BbIBOABI Maparpada «Mudbl 1 pealbHOCTb» ).

3AK/TIOYEHWNE

CoJiHeYHasi aKTUBHOCTb — 3TO CJIOXKHOE€ MHOTO(aKTOpHOE siBjieHre. TpaauliMoH-
Hasl cxeMa MoucKa CBI3U U3MEHEHUI B Orocdepe, HanmpuMep, ¢ YMclaMu COJTHeY -
HbIX TITEH ycrapena. PaszinunHble (GakTOpbl COJHEYHOW AKTUBHOCTA MOTYT IIO-
pasHoMy BIusTh Ha 6uocdepy. Kpome Toro, ata cBsI3b MOXET CUJIBHO MEHSTHCS Ha
pa3HbIX BpeMEHHbIX MaciiTabax. B yacTHOCTH, poJib OTAENbHBIX BCIbILIEK, BEPO-
SITHO, OYE€Hb Ba)KHA Ha KOPOTKMX MHTEpBaJlax BpEMEHU, a Ha OOJIbIIIMX MHTEPBaax
MOXHO OXHUJaTb Topa3ao OOJblIero BAUSHUS TI00abHBIX MOJIE M UX BEKOBOU
spoioru. CoBpeMeHHasi TEOPHUs BCIbIILIEK HE MOXET OTPULIATh BO3MOXHOCTb
CyILIECTBOBaHUS B MCTOPUYECKOE BpPEeMsl COJTHEUHBIX BCTIbILIEK, Ha 3...4 mopsiaka
0oJiee MOILIHbBIX, YeM cerofHs. Bo Bcsgkom ciyyae, Ha 3B€3nax Tmmna CojiHIA TaKue
COOBITUS TIPOUCXOISIT PETYJISIpHO. BaxXkHO HE TOJbKO MPOBEPUTH MO MaJl€OMarHuT-
HbIM JaHHBIM ObLIW JIU TaKue€ COObITHS B MPOLILJIOM, HO U OLIEHUTb UX BO3MOXHOE
BJIUsIHUE Ha Ouochepy. B HacTosilMit MOMEHT Takue pabOThl TOJbKO HAUMHAIOTCS
(HampuMep, B OTIeJe CoHeYHO-3eMHOoM ¢pu3uku USMUPAH).

B cBsi3u ¢ BbllllecKa3aHHBIM MOXKHO C(POPMYJIMPOBATh CleAyIOl1e HOBbIe Ha-
MpaBJIeHUs] UCCAEAOBAHUI BBOJIIOLIMOHHBIX ACTIEKTOB OMOTPOITHOTO BO3JEWCTBUS
KOCMUYECKUX (haKTOPOB, Ha peaan3alnio KOTOPHIX YiaeT He MeHee 5...30 et ak-
TUBHOM COBOKYITHOU J€ATEIbHOCTU MHOTMX MHCTUTYTOB Pa3lUYHBbIX HAYYHbBIX Ha-
TPABJICHUM:

* MOCTPOEHHE TEJEKOMMYHUKAIIMOHHBIX CUCTEM OH-JIaliH CKpUHUHTA 310PO-

Bbs1 HaceJIeHUs1 1 OMOTPOITHOTO BO3IEMCTBUSI KOCMUUYECKOM MOToibl Ha 0a3e
COBPEMEHHBIX MEXITYHAPOAHBIX TPUI-TEXHOJIOTHUA;

* CO3[IaHUE HOBBIX OMOTPOITHBIX MHIEKCOB KOCMUUECKON 1 OOBIYHOM MOTO/Ibl;

* u3ydyeHue (Ha COBPEMEHHOM KJIETOUYHOM MaTepuajie) XapaKTEPHbIX BpEMEH
BO3HUKHOBEHUS peaklMU 1 ONpPeIeeHUsT TTopora pa3pyluieHUsT 3TaTOHHBIX
KJIETOUHBIX CTPYKTYP ISl BOCCO3aHus (MOAECIMPOBAHUS) OUOTPOITHBIX Ma-
paMeTpoB aKTUBHOCTU JpeBHero CoJiH1Ia;

* U3yuyeHHE COBPEMEHHOTO OTKJIMKa OMOCHUCTEM Ha KocModuianueckue ¢ak-
TOPbI KaK aTABUCTUUYECKOI peakiiui Ha U3BMEHEHWE YCIOBUI cpelbl 00uTa-
HUS;

* U3yYyeHHE 3BOJIIOLMOHHOW NMHaMUKU npeBHero CojiHIA U COJIHIIENO0a00-
HBIX 3BE3/; OlLIEHKAa MaKCUMaJlbHO BO3MOXHON YCTOWUYMBON aMIUIUTYAbI
COJIHEUHBIX 1IMKJIOB, BO3IEMCTBOBABIIMX Ha APEBHIO Ouochepy, ucxons
u3 moneineit MI'JI-renepanumu;

* OlleHKa MaKCUMaJIbHbIX BO3MOXHOCTEN YCKOPUTENel 3apsxKeHHBIX YaCTUIL
Ha CoJiHlIe B COBPEMEHHYIO 310Xy M 3KCTparojsiuus HabtonaeMbIX daH-
Hbix 0 notokax CKJI B oTnasi€HHOE Mpoliioe, BIJIOTh 10 3MO0XU «MOJIOIOTO
CoiHIa»;

* MOCTPOEHHE TEOPETUUYECKUX MOJe/ieil BOBHMKHOBEHMSI U Pa3BUTHUS OMOCH-
CTE€M C YUYETOM BO3MOXHBIX MHTEHCUBHOCTEU U3JIyyeHUI, BO3/1eCTBOBAB-
X Ha Ouocdepy B IPOIILIOM;
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* W3y4eHWE TPOCTPAHCTBEHHO-BPEMEHHBIX MAacIITaboB M (PU3MKO-XUMU-
YeCKUX YCIOBUM (hOPMUPOBAHMS KU3HU Ha 3eMiie TIYTEM COIOCTaBIICHUS
MMOJTYIEHHBIX acTpOMU3NIECKUX KOCMOTeO(MU3NUECKIX Pe3yIbTaTOB C Te0-
XUMUYECKUMH Y TTAJICOHTOJIOTMIECKUMU TAaHHBIMU IS BepUDUKAIIUA KaK
COBpPEMEHHOI MOIENN COJTHEUHOTO TWHAMO, TaK M MMEIOIINXCS MOICIEi
9BOJIIOLIMU OMOChEpHI.
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SPACE WEATHER'S BIOLOGICAL IMPACTS: MYTHS, THE REALITY
AND NEW DIRECTIONS OF THE INVESTIGATIONS
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In this presentation, we discuss the current state of the gained knowledge of the space weath-
er’s impacts on the biosphere. The perspectives of further development in this branch for the
next 30 years are outlined. The results of the continuous biomedical experiment carried out
at IZMIRAN from 1998 to 2012 as well as the outcomes of the telecommunication monitor-
ing conducted in the frames of the Russian-Ukrainian project Heliomed for 2006—2011 are
presented. Using results of analysis of more than 500000 measurements database, we discuss
some peculiarities of the human organism’s adaptation regimes during different phases of the
solar activity cycle. Also, changes of the ordered and chaotic adaptive regimes in a human or-
ganism are considered. The continuous monitoring investigations led by the authors give a
possibility to state that many ideas of the space weather impacts on humans, actively discussed
in the society and media, are no more than myths. The role of the modern helio-biological in-
vestigations in the solving of the “young Sun problem” as well as their application to the tasks
of the early stages of the terrestrial life forming is considered.



YCTPONCTBO <KBAHT-6U0» ANA MPOrHO3UPOBAHUA

N NPOOUNAKTUKIW HEBNATONMPUATHOWU PEAKLIMWN OPTAHU3MA
YEJIOBEKA HA TEOMATHWUTHbBIE BYPW WU NOTOAHbIE AHOMATTUN
B. H. Momun, A. B. benoycos, C. /1. 3azyckun, 10. B. Iypos, C. B. Kobbinaykuti, A. B. Komoe

OTKpbITOE aKunoHepHoe 061iecTBO «HayuyHO-Npon3BoACTBEHHOE NpeanpuATue
KOoCMUYeckoro npndopoctpoeHus «KeaHt» (OAO HIM KM «KBaHT»),
PoctoB-Ha-[loHy, Poccua, e-mail: zaguskin@gmail.com

Pa3paGoTaHo TporpaMMHO-ammapaTHoe Jie4eOGHO-IUarHOCTUYeCKOe YCTpoiicTBO «KBaHT-
Buro». OHO COCTOUT M3 MATYUKOB MYJIbCa, AbIXaHUS U nuddepeHInaTbHON TePMOMETPUH,
0JI0Ka BBOJA CUTHAJIOB 3TUX NAaTYMKOB B KOMITHIOTEP W BBIBOAA CUTHAJIOB OMOYMpPABIEHUSI
Ha MaTpully Ja3epHBIX TUOJOB C TMTAHUEM Yepe3 afanTep OT CETU. XPOHOIUArHOCTUKA CO-
CTOSIHUSI OpraHM3Ma YeJIoBeKa 1 MPOTHO3UPOBaHNE HEOIAroNMpUITHOM peakIluy Ha reoMar-
HUTHBIC OYpU U TOTOAHBIC AaHOMAJIMK TTPOU3BOIUTCSI C TTIOMOIIBIO CITEIMAbHBIX aJlTOPUT-
MOB CHMBOJIMYECKOI NTMHAMUKU PUTMOB ITyJIbCa, IbIXaHUs U X OTHOIIeHus. MccnenyroTest
TaKXXe MapaMeTpbl pUTMOB BEr€TaTUBHOTO CTaTyca, KJIETOUHOIO UMMYHUTETA, TEMIIEpaTyp-
HBIX TPAIUEHTOB U TeMIIepaTypHOI acuMMeTpuu. [{J1s1 yCTpaHEeHUS BBISIBICHHBIX J€CUHXPO-
HO30B M UX MPOMWIAKTUKYA MCIIOIb3YeTCsl MbIXaTelbHAas TUMHACTUKA M OMOYyIpaBisseMast
10 CUTHAJIaM C TaTYUKOB MYJIbCa U ABIXaHMS JlJa3epHas Tepariusl.

3ammra ot crpecca M IpodriakKThKa HeOJarompusaTHON peakiuy OpraHu3Ma 4ye-
JIOBeKa MPUOOPETAIOT O0COOYIO aKTyaJbHOCTb B CBSI3M C YBEJIMUYEHHMEM ITOTOMHBIX
aHOMaJIMii M TEOMATHWTHBIX Oypb, BBI3BAHHBIX YCWICHUEM COJHEYHON aKTHB-
HocTu. JIyIst pemieHus: 3TOi IpoOJeMbl HEOOXOMMMbBI IIPOTHOCTUYECKNE KOJIMYe-
CTBEHHBIE METOINBI OLICHKU IECHMHXPOHO30B, WX TMPOMWIAKTUKA W YCTPAaHEHMUS.
Cy1iecTByIoOIIe METONBl U MPUOOPHI IS TUATHOCTUKKM (DUKCHUPYIOT B OCHOBHOM
cTpykrypHble HapyieHus (Y3U, peHtreH, Tomorpadsbl, aHaaIu3 KPOBU U Ip.), TOT-
Ja Kak Hayvajay 3a00JieBaHMI W ITaTOJIOTMYECKMX M3MEHEHUN (YHKIIMOHATBHBIX
CHCTEM OpraHM3Ma IIPU CTPECCOBBIX HArpy3Kax MpeAIlecTBYIOT (YHKIIMOHATLHEIE
HapyIIeHUs COIJIACOBAaHUS Pa3INYHbBIX OMOPUTMOB. XpOHOAMATrHOCTUKA 1O (a3o-
BBIM J€CHMHXPOHO3aM OKOJIOCYTOYHBIX OMOPUTMOB MO3BOJSIET OOHAPYXUTh (DYHK-
IIMOHAIbHBIC HApYyIIeHWS W 3a00jieBaHMS Ha paHHEW MTOKIMHWYECKON CTamuu
[XetarypoBa, Canoues, 2000]. JomomHUTEIbHBIE BO3MOXHOCTH [IJisI IIPOTHO3U-
pOBaHUS HEOMATONPUATHON peaKLMM IO HACTYIUICHUS CTPYKTYPHBIX HapYIICHUMA
Ja€T OllEHKAa MapaMeTPOB CUCTEMHBIX M MEpapXW4YeCKuX AeCHUHXpOHO030B [['ypoB,
3arycku, 2010]. JInst UX BBISIBACHUS JOCTATOYHO YK€ YaCOBOM 3alMCU MEXITYJIb-
COBBIX U JIBIXaTeIbHBIX MHTEPBAJIOB C MCITOJIb30BAHMEM METOIOB CHMBOJIMYECKOM
muHamuku [I'ypoB, 2010; I'ypoB, 3aryckun, 2010; 3aryckun, 2010; 3aryckuH,
T'ypos, 2008]. XpoHOAMarHoCTUKa IO PacCOIIaCOBAaHUIO Pa3HBIX OMOPUTMOB II0-
3BOJISIET 0OJIee TOYHO MPOTHO3UPOBATh TUHAMUKY (DYHKIIMOHAIBHOTO COCTOSTHMS
YeJIoBeKa, BEPOSATHOCTh Pa3BUTHUS OTAEIBbHBIX 3a00JIeBaHUI, OT/IMYATh BO3PAaCTHBIC
W TIaTOJIOTHYECKHE WM3MEHEHUs, KOHTPOJIMPOBATh WHIWBUAYAIbHYIO 3(P(hEeKTHB-
HOCTb BBIOPAHHOTO JICUEHUSI, B TOM YHMCJIE HEITOCPEICTBEHHO BO BpPEeMSI IPOBEIC-
HU JledyeOHol npolienypsl [3aryckuH, I'ypos, 2008].

[ TOBBIIEHNs] YCTOMYMBOCTU OpraHM3Ma 4YejloBeKa K CTpeccy, BKITIoJas
peakIfio Ha TeOMAarHUTHBIE OypH, WCIIOIB3YIOTCS IPEMMYIIECTBEHHO MeIuKa-
MEHTO3HBIE METONBl TMPOMPUIAKTUYECKOTO W OOIIEYKPETUISIONIETO XapaKTepa.
OnHako oHM Mano3(p(eKTUBHEI, HE JUIIEHbl TOOOYHBIX 3(P(PEKTOB, TPEOYIOT 1O-
CTOSTHHOro npuMmeHeHus. K HUM pa3BuBaeTcsl nmpuUBBIKaHHE. MeTombl OOBIYHOI
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(usmoTepanmm Takke HEIOCTATOYHBI JUIS TPOMIIAKTUKN CTpecca M Hebaro-
TIPUSTHON peakIMd OpTaHM3Ma, OCOOEHHO TIOXWIIBIX M OOJBHBIX JIIOeH, Ha pe3-
KUe U3MEHEHUS MOToabl M MarHUTHBIE 6ypu. OObIMHAs (U3NOTEpans He MOXET
rapaHTHPOBATh U TIPOTHO3MPOBATH TOJOXMTEIbHBIN JeueOHBIN 3ddekT y Bcex
manueHToB. [lapameTpbl duznorepanuu, 3¢GEKTUBHBIE IS OTHUX MAllMEHTOB,
MOTYT He OKa3bIBaTh BIMSTHUS WJIM BBI3BIBATH MIEPEIO3UPOBKY Y IPYTHUX MALIMEHTOB
M IaXke y TOTo Xe TMalieHTa, HO B APYyroe BpeMs CYyTOK WM B IPYyroe BpeMs Tofa.
Kak u TIpy MeTMKaMeHTO3HOU Tepalliy, YCTpaHeHWe CUMIITOMATUKKA He TapaHTH-
pYeT CHCTEMHBIN XapaKTep JICUCHHS M CTAOMIIbHYI0O HOpMAaIU3anuio (PYyHKIIMU Of-
HOTO opraHa 6e3 MoOOYHBIX 3(h(GEeKTOB B APYTUX OpraHax M CUCTeMaxX OpraHMU3Ma.
Bce 6MopuTMBI IMEIOT BapbUPYIOIINE TTEPUOIBI, a TTIOCTOSSHHBIC YaCTOTHI, HCITIOJb-
3yeMbIe B 00BIMHOM (Dr3roTepanuu, He aneKBaTHB M. [10J00HO TOTYKaM Kavesei
cJIyyaiiHbIM 00pa3oM TO HaBCTpedy, TO BIAOTOHKY 0e3 yuéTa MCXOAHOTO COCTOSIHUSI
KOHEYHBIN pe3ysbTaT HenpeacKaszyeM. biaronpusiTHeIMi MOMeHTaMU T (pu3no-
TepaneBTUIECKNX BO3ICHCTBUI 6e3 MOOOYHOM peaKIIuM SIBISTIOTCS (Da3bl YBEIH-
YeHHUST KPOBEHAIIOJTHEHMST TKAHHW, WHAYe YBEIIMUECHUST S9HEPTOOOECIIEYCHUST OTBET-
HOW peakinu. ToJBKO B 3THX (ha3ax OMOPUTMOB CTUMYJISIIIASI BOCCTAHOBHTEIbLHBIX
MPOLIECCOB U OMOCUHTE3a, KaK OCHOBHI JieueObHoro addekTa, mpeodiagaer Ham ae-
CTPYKTUBHBIMU TIPOIIECCAMHM B KJIETKaX. B 3TM MOMEHTHI KaITMIIISIPBI OTKPBIBAIOTCS
BOJIM3M KIJIETOK C TTOBBIIIICHHOM B JAHHBIM MOMEHT YYBCTBUTEILHOCTBIO, YBEIMUM-
BaeTCs TPAHCIIOPT SHEPTETUIECKUX MEeTaboIUTOB 1 TUdY3UsT KHCIopoaa, coxpa-
HSIETCST COTJIAaCOBAaHUE PUTMOB 30JIb-TeJIb-TIEPEXOI0B B KJIETKaX U PUTMOB MUKPO-
LUPKYJISIIIAY KPOBU 0€3 HapyIIeHUs] OCMOTHYECKUX TpaareHTOB. bruoympasiseMast
10 CHTHAJIaM C JaTYMKOB ITyJbca W ABIXaHUS TMalMeHTa CUHXPOHU3Aus (pu3no-
TepaneBTUIECKNX BO3ICHCTBUI ¢ (pa3aMy PUTMOB YBETMYCHUS KPOBEHAITOTHEHMS
TKaHM PE3KO pacHIvpsieT TepalleBTHUECKU AUATTa30H MHTEHCUBHOCTU TaKUX BO3-
nevictBuil [3aryckuH, 2010]. Cnabble duznyeckre BO3NECHCTBUSI CTAHOBSITCS 3(]-
(beXTMBHBIMM M OKa3BIBAIOT JieueOHOE MEWCTBYE, a CYIIBHBIC He BBI3BIBAIOT IIEPEI0-
3UPOBKM W HETATUBHOM peakIny IMmaiueHTa. B pexkume GroyripaBieHUsS] He BO3HH-
KaeT IMPUBBIKAHUS BBUIY BapbUPOBAaHUSI TTIEPUOIOB ITyIbca 1 ObixaHus. Obpasyercst
TKaHeBasl MaMATh Ha BIOX, KOTOpasl TOMICPKUBACT HOPMAIM30BAHHBINA CIIEKTP
PUTMOB MUKPOLMPKYJISIINY KPOBH, YBEJTMUNBAs CTAOMIIBHOCTD Jiede6GHOTO 3hdeK-
ta. BbuoymnpasnsieMass xpoHodu3noTepanus obeclieyrBaeT CUCTEMHBIM XapaKTep
JledeHUs 6e3 KOMIICHCATOPHBIX M3MEHEHUI B APYTUX OpraHaX U CUCTeMaX, YBEIH-
YUBaeT WHTETPAIBHYIO LIEJIOCTHOCTh OpraHu3Ma. [IpenMyInecTBo GMOYIIpaBIeHMS
B PUTMax IMyJibCa U IbIXaHUS MAIMEHTA [0 CPABHEHUIO C TTOCTOSIHHBIMU YAaCTOTaMU
(bm3moTepareBTMUeCKOro BO3IEMCTBHS JOKAa3aHO MPAKTUIECKU BO BCeX 00JaCTSIX
MEIWLIMHBI ¢ pa3HBIMUA BUAaMU (GU3UOTEPAii, B TOM YHCIIe UIST OUOYIIpaBiisge-
MO J1Ta3epHOM Teparnu, dJIeKTpodopes3a U THEBMOMAaccaxa [3aryckuH u ap., 1996;
OpaeBckuii u ap., 1999].

J1st IpaKTUYeCKO# peaan3auid OMHOBPEMEHHO METOIOB XPOHOIUATHOCTUKH
u OuoympabiisieMoll XpoHO(MU3MOTepanuu pa3padboTaHO MporpaMMHO-annapaTHoe
ycTpoiictBo «KBaHT-buo» (puc. 1).

YCTpONCTBO COAEPKUT OATYMKM ITyJIbca, ABIXaHUA W AMphepeHIMaTbHON
TEPMOMETPUM, TIOAKITIOYACTCS K KOMIIBIOTEPY, cMapTdoHy, TutaHmeTy. K Bbxomy
YCTPOMCTBA TTOAKITIOYAIOTCST pa3IMyHble UCTOYHUKN (PU3MOTEpATIeBTUUECKUX BO3-
JIEeWCTBHUI ¢ MMUTaHWEM Yepe3 afmalTep OT CeTH: MaTpHIla JIa3epHBIX AWOIOB, peie
(OuoyrpaBisieMblil KJTI04), 3JIEKTPOJIbl, Maccaxephl U T. . YCTPOCTBO KOMILIEKTY-
€TCST Pa3IMIHBIMU TIPOTPAMMAaMHU.
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Puc. 1. [IporpaMMHo-anmapaTHoOe JIe4eOHO-AUAarHOCTUYECKOEe YCTPOoiicTBO « KBaHT-buro»

1. «MoHnutop». Ilporpamma misl 3alIUCU MEXITYJIbCOBBIX, IbIXaTEJIbHbIX WH-
TEPBAJIOB Y MX OTHOUIEHHUS 32 ONHO MJIMA IPYroe ONpPeNeTEHHOE YUCIO AbIXaTeNlb-
HBIX IIUKJIOB, KOJIEOAHUM Pa3HOCTHU TeMIIepaTyp MEXAY MNOAKIIOYMYHON BIAaTUHON
U MpOeKIMer TuMyca IJil perucTpaluy BeJIMYMHBI U JUHAMMKU KJIETOYHOTO MM-
MYHMTETA, PA3HOCTU TEMIIEPATYp MEXIY YITHbIMU PAKOBUHAMU, MEXAY IJTa3HbIMU
S010KaMu, MEXITy HO3APSIMU HOCA IS OLIEHKU aCUMMETPUU (yHKIIMU MO3Ta U €ro
30H, MEXIY CUMMETPUYHBIMM YyYyacTKaMU Teja BIOJb MO3BOHOYHMKA, HWXHMX
U BEPXHUX KOHEYHOCTEM, ISl OLIEHKHW TeMIIepaTypHBIX TPAIMEHTOB U UX IMHAMMUKU
B 30HE€ BOCMHAJIEHUS U TATOJOTUM PAa3HBIX OPraHOB, Ul OLIEHKU HapyLIEHW pUT-
MOB MUKPOLMPKYJISLIMY KPOBY M PUTMOB TOHYCa MarCTpaJibHbIX COCY/IOB.

2. «KoHcoHaHc». Ilporpamma aBTOMaTH3allMM MOTOBCKOW M OPYIMX BHUIIOB
JbIXaTeIbHbIX TUMHACTUK TpeaHa3HaueHa Uil CHATUS YMCTBEHHOU Wi usnye-
CKOW yCTaJIOCTU, COHJIMBOCTH; MOBBILIEHUSI TOHYCA K pabOTOCTIOCOOHOCTH; CHATHUS
HEPBHOTIO HaNpPsDKEHUS, cTpecca, BOJIHEHMSI; OOIIET0 03I0POBIEHUS U poduIaKk-
TUKU Pa3JIMYHbIX OOJIe3HE; JeueHUsl NPOCTYAHbIX U PEeCHMPaTOPHBIX 3a00JieBa-
HUIA; JIEYCHUS TUIIEPTOHUU U APYTUX CEPAEUYHO-COCYAUCThIX 3a00J€BaHUIA; CHSATUS
TOJIOBHOI 00J11, YCTpaHEHUs] OECCOHHMIIbI; CHUKEHUS U3JMIIHETO Beca U yMEHb-
LIEHWS amIeTuTa; MPeonoIeHUs BPEAHbIX MPUBBIUEK, YCTPAHEHUSI aJTKOTOJbHOM,
HapKOTUYECKON W TOPMOHAJIILHOM 3aBUCUMMOCTHU; PETYJISILMU ITOJOBOWM ITOTECHLIUU
U YMEHBIIIEHUS TTPOSIBJIEHUI KIMMaKca.

IIpunaraercss MHCTPYKLMS, coaepxKallas mbIXaTedbHble (opmyibl, 3ddek-
TUBHOCTh KOTOPBIX JOKa3aHa MHOTOBEKOBOU MpakKTUKON. [JaHHBI METOJ MOXHO
coYeTaTh C ObIXaTeJbHBIM TpeHaxépoM @poioBa. [dpixanue nmo CTpelbHUKOBOM
U JbIXaHue Mo byTeilko hakThuecKu SBASIOTCS YACTHBIMU CIy4asiMU JbIXaTeJIbHOM
TMMHACTUKKM HOTOB, OJHAKO U3MEpPEHUE JJIUTENbHOCTU (Pa3 JbIXaHUsI HE B CEKYH-
Jax, a 10 YUCIIy yIapoB ITyJibca 0oJiee 2(PpPEeKTUBHO U MPaBUJIBHO IS TIOJYyUYESHUS
UHIUBHUAYyaJdbHOro 3¢dexkra. JlaHHOEe YCTpOMCTBO C aBTOMAaTU3alveil IJIUTellb-
HOCTH (pa3 IbIXaHUS IO YKCIY yIapoB MyJibCa KOHKPETHOTO YesloBeKa MOBbIIIAET
3 (HEKTUBHOCTD AbIXaTeJbHOM T'MMHACTUKMU. YeaoBeK BUAUT U CJABILIMUT Oiaroga-
ps IporpaMMe KOMIIbIOTEPA, CKOJIBKO TSIHYTb BIOX, JA€pPXKaTb 33aJ€PXKKY AbIXaHUS
U BBIIOX.

3. «Barsan». IlporpamMma mpemHasHadyeHa I CHATHS 3PUTEIBHOTO YTOM-
JIeHUs W YCTpaHeHUs (QYHKIMOHaJIbHBIX HapylleHuid 3peHus. LIBeTocBeTOBbIE
BO3IEUCTBUSI C 3KpaHa KOMIIbIOTEPA C U3MEHEHUEM SPKOCTU U Pa3MEPOB U30-
OpaXeHUi B pUTMax IyJibca U AbIXaHUS MAlIMEHTA HOPMAIU3YIOT PUTMbI MUKPO-
LUPKYJISLMU KPOBU W YIy4dllIalOT TPO(PUKY TKaHEW TIy1a3, YCTpaHsSs yCTaJlOCTb
1 QYHKIIMOHAJIbHBIE HapyllleHUs 3peHus. [IpuMeHstoTcs BeTHbIE (BeCh BUAUMBIH

607



Tom 2. Yactb 4. KOCMUYECKAA MOTOMA U 300POBbE

CITEKTpP) M300pakeHNsT (paKTaBHBIX CTPYKTYP, YTO (PU3MOIIOTHUECKN aleKBATHO
JUTST CHAITUS YTOMIJIEHUSI, YCUJIMBAeT KPOBOTOK M HOPMAJIU3YET CIIEKTP PUTMOB MU~
KPOLIMPKYJISAIINHA KPOBH B TKaHIX I1a3a. OgHAaKO TaHHBINA METON TTPEeUMYIIEeCTBEH-
HO HOpMaJIM3yeT TTUTaHue M (YHKIIWIO CeTYATKU IJIa3 W 3pUTeIbHOTO Hepra. s
CHSITUS YTOMJICHMS TJIA3HBIX MBI JAHHBII METOJ I1eJIeCO00pa3HO COUeTaTh C MU3-
BECTHBIMM METOAAMU Maccaka TJIa3HBIX SI0JIOK, TPEHUPOBKY aKKOMOAAIINN (CMeHa
(hoxycupoBKM Ha OJVMKHUI W JATbHUM BUI), IBIDKEHUEM TJIa3 BBEpX, BHU3, KPYy-
TOM M T. II.

4. «3Byk». Ilporpamma misi nmpouJIaKTUKU U YCTpaHEeHUs] (PYHKIMOHAIb-
HBIX HapylleHmi ciyxa. [loiap3oBaTenb caM ycTaHaBIMBaeT HambOoJjee MPUSITHEBIS
IUTST HETO YPOBHU TPOMKOCTH O3IOPOBHUTEILHOM MY3BIKU IPHU COKPAIICHUM Cepla
1 BIoxe. B TakoMm Bume n3MeHeHNUsSI TPOMKOCTH B TaKT C AbIXaHUEM U COKPAIICHUS -
MH cepma yaydIiaioT y MalueHTa KpoBoOOpallleHre B OpraHe ClyXa 1 B IIEHTpaTb-
HBIX 3BEHbBSIX CIYXOBOTO aHAJIM3aTOpa MO3ra uejioBeKa. [1py CHIDKeHUHN ciTyXa Tpo-
CIIyIIMBaHUE JIEYeOHON MY3BIKH yCTpaHsIeT (PYHKIIMOHAILHEBIE HAPYIICHHS CIIyXa,
VIIy4IIaeT pa3pelalolnyio CITOCOOHOCTh (ITOHMMAaHMe) OBICTPOM pedyu, KOTopas
YXYIOIIAETCsT C BO3pacTOM. JIJIsI MOJIOIBIX JTIOMIEH 3Ta TporpaMma CriocOOCTBYET IpOo-
(brnakTHKe CHUXKEHUS CITyxa.

5. «Yuutenw». IlporpamMma OMOYIIpaBISIEMOro OOYYEeHUSI C TPEAbSBICHUEM
3PUTENTBHOM M CIIyXOBOI MH(MOPMAIIMM B pUTMAX IMyJIbCa W TBIXaHUST 00YyJaroIIero-
¢4 4eJloBeKa, Gyrarogapst YeMy yBeJIMYMBaeTCsl CKOPOCTh, 00BbEM U IMIPOYHOCTH 3a110-
MHUHAHWS.

6. «XpoHomuarHoctuka». I[lporpamMma mis OIeHKNM (YHKIIMOHATHLHOTO CO-
CTOSTHUST YeJIOBeKa W TPOTHO3WPOBAaHMS HEOJIaroNpUATHON peaklWu Y OOJbHBIX
Y TIOKWJIBIX JIIOAEH 110 AMHAMUWKE TTyJTbCa M IBIXaHUsI, OTHOIIEHUST YaCTOTHI ITyJIbca
K 4acToTe IbIXaHMs. JlaHHas ImporpaMMa MMeeT pa3IMdHbie Ha3HAYCHUS U MOXET
TIPUMEHSITBCS TIPU Pa3HOM TTPOIOJIKUTETLHOCTH aHAIM3a — OT 5 MUHYT O CYTOK.
Hcronp3ytoTes mmoka3aTeIv SHTPOITUH, U30BITOYHOCTH, (DPAKTATBbHOCTH, HWHIEKCHI
®umepa, baeBckoro, KoahGULIMEHTH KOppesaiiny 1Mo [InpcoHy 1 IpyTrue cTaTh-
CTUYECKME TI0KA3aTeIM C Pa3HBIM YCPETHEHNEM IT0 YHCITY ITYJTbCOBBIX, JTBIXaTeb-
HBIX MHTEPBAJIOB U X OTHOIIICHUSI.

7. «CuMBoJIMYecKas TMHAMKKa». [IporpaMma Ijist TMarHOCTUKY 3a00JIeBaHIA
Ha paHHeil TOKIMHWYECKOW CTaIWH, TPOTHO3MPOBAHUS TWHAMUKU 3a00JIeBaHUS
1 3(p(HeKTUBHOCTY WHANBUAYAIBHO TTPUMEHSIEMOTO JICUSHHUS, IJIsT OLICHKN OMOJI0-
TMYECKOTO BO3pacTa, OIpeae/ICHUsT BEPOSATHOCTH Pa3BUTHUA 3a00JIeBaHUHN, TUMUTH -
PYIOIINX 3M0POBbE.

8. «I'apmoHusi». Tlporpamma OuoyrpaBisieMoil XpoHOMU3UOTEpanuu: Jia-
3epHOM W JpYruxX BUAOB (pusroTepanuu (2JeKTpo-, CBeTo-, LiBeToTepanus, Y3,
KBY m ap.) B pexkuMe CUHXPOHM3AINU TI0 CUTHAJIaM C JaTYMKOB ITyJIbCa M JIbIXa-
HUS U PETYIISINEH aMITTATYTHON MOIYJISIUY (PU3NIECKOTO BO3ICHCTBUS C YIETOM
crienndUKY HapyIIeHN I MUKPOLIMPKYJISAIINA KPOBA B MECTE TTATOJIOTUU — THITOK-
CHsl, apTepuaibHas W BeHO3Hast TUTIEPEMUS.

9. «Temm». [1porpaMmMa ISt ONMITUMM3AINY TPEHUPOBOYHON HATPY3KU CIIOP-
TCMEHa, IUIT KOHTPOJISI COCTOSTHUSI W peaKIWW TalleHTa HEITOCPEICTBEHHO BO
BpeMsI TIPOBEICHUS JIEUeOHOM TTpOoLeIyphl, TIPU MCITOIb30BaHUST TpeHaXEpa, Mac-
caxepa U APYrux GU3NOTEpareBTUYECKUX U (PU3NIECKUX BO3NCHCTBUMA, TSI KOH-
TPOJISI COCTOSTHUST U TIPOTHO3UPOBAHUST HETATUBHOM peaKIIMK TTOXIIIBIX M OOJTBbHBIX
Jofei, ISt KOHTPOJIS (DYHKIIMOHATBHOTO COCTOSTHUS M TIPOTHO3MPOBAaHMS Heb1a-
TOTIPUSITHOM peakLWU Yy BOAWTENIE TPaHCITOPTHOTO CPEICTBA, OINEpPaTOpOB, IHC-

608



B.H. Momun v gp.  YcrpoiicTBo «KBaHT-bro» ana nporHo3npoBaHna 1 NpodunakTUKM HebnaronpuaTHoi peakumu. . .

neTyepoB, KOCMOHABTOB, BO/M0Ja30B, MOHTAXKHUKOB-BBICOTHUKOB, COTPYIHUKOB
MYC u cuioBbIX BEIOMCTB, BBITIOJHSIOIIMX OTBETCTBEHHYIO pabOTy U AeHCTBUS
B YCJIOBUSIX CTPECCOBBIX HAIPY30K.

10. «Pene-1» (OuoyrnpaBasieMblil KJIOU MO MUTAHUIO C CUJIbHOTOUHBIM pelie).
ITporpamma niss cCMHXpOHM3alMK ¢ (ha3aMU CHUXKEHMSI KPOBEHANOJHEHUSI TKaHU
BO3IEHCTBUSI XMPYPruyeCKUX J1a3epoB, amnmnaparoB [Ijs1 (hOTOAMHAMUYECKON Tepa-
MUU, JIEKTPOKOATYJIITOPOB, anmnapatoB Y3U, peHTreHOBCKUX arfnapaToB ¢ IJIu-
TEJBHOCTBIO 3Kcno3ulvu Oosbiie 100 Mc, MaccaxepoB ISl yCTpaHEHUsI LEJUTIO-
JIUTa, UICTOUHMKOB JIyUeBOI Teparnuu, B TOM UYMCJIe NPOTOHHON Tepamnuu, U Apy-
roro (U3UYECKOTO BO3AEUCTBUS IJIT U30UPATEbHOTO YCUJIEHUs NECTPYKTUBHBIX
npoiieccoB. CUHXpOHU3AIIMS BO3AEHCTBUI MTPOU3BOANUTCS C (pazaMu yMEHbILIEHUS
KPOBEHAIIOJHEHUS! TKaHU, CHUXEHMS] TeIUIOEMKOCTU U TETJIOMPOBOAHOCTH, YTO
yMeHblIaeT 3 (hEeKTUBHYIO MOIITHOCTb 3TUX allllapaToB, YBEIWYMBAET N30MpaTeb-
HOCTb pa3pylIeHUs OIyX0Jieil, KOXHbBIX J1e(eKTOB, CHUXKAET KPOBOINOTEPU, YMEHb-
111aeT 30Hy HeKpo3a U TEIJIOBOM AeHaTypallii OKpyXKalollleil 310pOBOil TKaHU.

11. «Pene-2» (OnoympasisgeMblii K04 co c1aboToyHBIM peie). IIporpamma
JUUISI CAHXPOHU3aLUKY ¢ (ha3aMu yBeJIMYEHUSI KPOBEHAIIOJHEHUS! TKAHU KareJlbHUIL,
TPEHaXEPOB, MaccaxepoB, arnmnapaToB «MckyccTBeHHas1 mouka», usuoTepaneB-
TUYECKMX alrapaToB MPU HAJUUMU BXOJA BHEIIHENH MOMYJSLMUU, MO BbIXOAY WU
M0 MUTAHUIO.

12. «JluddepeHuuanbHas TepmomeTpusi-1». [IporpamMmma ajisi OLIEHKU COCTO-
SIHUSI U JUHAMMKU KJIETOUHOTO UMMYHUTETa, PUTMOB TeMIIepaTypHbIX IPalleHTOB
JUUIS1 OLEHKU JTUHAMUKU BOCIAJIMTEJIbHBIX MPOLIECCOB U TeMIIepaTypHOUl acuMMe-
TPUM IJIa3, YIIHBIX PAKOBUH, HO3APEi Hoca AJIsl JMarHOCTUKU COCTOSIHUSI U TMHA-
MUKHU pabOThl pa3HbIX OTAEIOB rOJIOBHOTO MO3ra, JUIsl OLleHKHU 3a00J1eBaH1i1 TO3BO-
HOYHMKA, BEPXHUX U HUXKHUX KOHEUHOCTEM, MapHbIX OPraHOB — C JIByMSI TEPMO-
JaTYUKaMHu.

13. «J[luddepeHuuanbHas TepMomeTpusi-2». I[lporpamMmma st ycTpolicTBa
¢ 26 TepMomaTINKaMU IJTsI TUATHOCTUKY 3a00JIeBaHUM TI0 COCTOSTHUIO U TUHAMUKE
TeMIepaTypHbIX MTOKa3aTejieil MepUaMaHOB OpraH1u3Ma JejioBeKa.

14. «Ilynbe». ITporpaMma ajisi AMAarHOCTUKU U UCCIIEIOBAaHUSI PUTMOB TOHYCa
MarucTpaJibHbIX KPOBEHOCHBIX COCYIOB MO CKOPOCTH PAaCHpOCTPaHEHMUS IYJIbCO-
BOI1 BOJIHBI C UCITOJIb30BAaHUEM TPEX JATUMKOB ITyJibCa, yCTAHABIMBAEMbIX HA BEpX-
HUX WU HUKHUX KOHEYHOCTSIX.

Hcnonb3oBanue ycrpoiictBa «KBaHT-Buo» s pernctpauuu OTBETHON pe-
aKlIMM opraHu3Ma uyejioBeKa Ha MarHUTHbIE OypU WIM pe3Kue U3MEHEHMS TTOroIbl
BO3MOXHO C pa3HbIMM TOKa3aTeJIsIMU XPOHOJAWArHOCTUKU M CUMBOJUYECKON IU-
Hamuku. [To npoexkty TEJIMOME]] 6butn Mcriofb30BaHbl pa3iUyHbIe MTOKa3aTeaun
MOHUTOPUPOBAHUS (PU3UOJOTMUECKUX TMapaMETPOB OpraHu3Ma 4YejoBeKa OJIHO-
BPEMEHHO B pa3HbIX reorpacduueckux paitoHax Poccuu u YkpauHbl 10, BO BpeMst
U Mocjie MarHUTHBIX 0ypb [Yubucos, Parynbckast, 2012]. OnHako MHOTHE BOMPOCHI
3TOM MPOOJIEMBI OCTAIUCH HEPELIEHHBIMU U, TIPEXKIE BCET0O, U3-3a TPYAHOCTU yUYETa
WHAMBUAYATbHBIX 0COOEHHOCTE! ucnbiTyeMbiX. C Momoliibio ycTpolicTBa «KBaHT-
Bburo» 3TH Bompockl 0 cpoKax U BbIPAXXEHHOCTU OTBETHOW peakLMU OTHOCUTEbHO
BpPEMEHU MAaTHUTHOM Oypu y pa3HbIX JIIOeil ¢ pa3HbIMU pe3epBaMu CaMoperyJsi-
LIMK, Pa3HOTO Bo3pacTa OOJIbHBIX U 3M0POBBIX JIFOAEH MOXHO peluTh. st aToro
11eJ1ecoo0pa3Ho UCMNOJIb30BaTh HOPMUPOBAaHHbIE MHAMBUAYATbHbBIE ITOKA3aTeIH Ta-
paMeTpOB I'MCTOrpaMMbl OTHOILIEHUS YaCTOTHI MyJIbCa K YaCTOTe IbIXaHUs (puC. 2).
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Pacapeentung COUDAGENNN CENU B RHECITENsHLM URING. MHuounod wenoee PHADEIENEHNE COCPARERER PN HA SHOUITEABHLE UMENL MORSA0H wNOBEL
[k T T T ue T T T - -

o } t t a8 t t 1 t t

Puc. 2. I'mcTorpaMMBbl OTHOIIIEHUS YaCTOTHI IYJIbCa K YaCTOTE ABIXaHUST
TOXUJIOTO (CJIeBa) U MOJIOJOTO (CTIpaBa) MPaKTUUECKU 30POBBIX JTIOACH

1234 5
A [ |U| E
Y FIH|C]| ]
LIM|K|N|B
R|S|P|T
Vi X | G|Z|D

Puc. 3. CneBa: ckaTTeporpamMma JIMTeNIbHOCTEN (a3 (B MUUIMCEKYHOAX) MpeBaIMPOBAHUS

CUMIMATUYECKOTO WM MapacuMIIaTUYeCKOTo TOHyCa y OJHOTO UCTIBITYEMOTO 1 €€ KOIUPOBa-

HUe cuMBoJIaMU. BuHO, Kakve cuMBOJIbI BcTpeyatoTcs vaiie. CripaBa: Tabjiviia KoaupoBa-

HUsI CUMBOJIaMM B 3aBUCMMOCTH OT KOJIMYECTBA YIapOB Cep/lia B TEKYIIEH 1 MMOoCcaeayonei

(aze. Harpumep, cumBon “R” o3Hauvaet, 4yTo B TeKyliei da3ze Obuto 4 yaapa, a B TOCIenyo-
mei — 2 ynapa
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Puc. 4 CkatreporpaMMbl MUHUMYMOB Y MaKCMMYMOB MEXITYJIbCOBBIX MHTEPBAJIOB CyTOY-
HBIX 3aIlMceil W ABYX OOJBHBIX M OIHOIO 340pOBOro 4esioBeka. CieBa — OOJBHOU Mep-
aTeJIbHOU apUTMUEH, B LIeHTpe — OOJbHOI 3aCTOMHOM CepaeyHOll HEAOCTATOYHOCTHIO,
crpaBa — 310poBbIi yesoBek. [1o ocsiM OTJIOXKEHBI MHTEPBaJbl MUHUMYMOB U MAaKCUMYMOB

B CEKyHax
Normal Sinus Normal Sinus Congestiw Long-term
Rythm Young Rythm Elder Heart Failure  Artrial fibrillation

Puc. 5. JuarpaMMbl MeXCHUMBOJIBHBIX TMEPEXOAO0B, MOJYYEHHbIE MPU aHAIU3€ CYTOUYHBIX

putMorpamm cepaua. CieBa — HanpaBo: 3M0POBbII MOJIONOi YeJIOBEK, 310POBbI MOXUIOMN

YyeJIoBeK, O0JIbHOM C 3aCTOMHOM CepleuHOl HETOCTaTOUHOCThIO, OOJIbHON ¢ MepliaTeTbHON
apuTMHUEn
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Puc. 6. CuMBoMueckast [MHAMUKA MEXITYJIbCOBbIX MHTepBaioB. O0JIacTH TToKa3areseii rma-

mmeHToB Ne 1 (kpacHast Touka) 1 Ne 2 (3eyieHast TOUKa) HaXOMATCS MEXITy 00JIaCTSIMU TTOXU-

JIBIX U MOJIOIBIX 3MOPOBBIX tofeit. [To mporHo3y manueHT 1 uMeeT BEpOSITHOCTb Pa3BUTUS
CEepIeYHON HETOCTATOYHOCTU

IIpenBapuTenbHbIC pe3yIbTaThl OIEHKM M3MEHEHMS CKOIIIEHHOCTH, JKCIIeC-
ca M IHUCIIEPCUM 3TOTO IOKa3aTess B pa3HbIe CPOKM Havaja M OKOHYAHMST Mar-
HUTHOI OypM yKa3bIBaIOT Ha TaKyH BO3MOXHOCTh. MCITOIb30BaHME CTaHTAPTHBIX
IWMHAMWYECKNX HAarpy30K TOBBIIIaeT MHMOPMATHBHOCTh TAKOTO MCCIICTOBAaHMSI.
Opnako BMecTo 10 mpucenaHuii K OPTOCTAaTUYECKOM MPOOBl HAMU IIpeajiaracTcs
WCIIOJIB30BaTh PETUCTPAIINIO 3TUX ITOKa3areseil Ha (poHe TTPOBOIVMOM C STUM XKe
YCTPOMCTBOM NIBIXaTeIbHON TMMHACTUKY BHaYajie 10 (hOpPMYJe MOBBIIICHUS CHM-
NaTUYEeCKOro ToHyca (BOox — 4 ymapa IIyjibca, BBIOOX — 1 ymap IIysbca), a 3aTeM
MOBBIIIEHNS ITapaCUMIIaTUIECKOro ToHyca (B1ox — 1 ymap Iyibca, BhIIoX — 4 yma-
pa myJjibca) Mo 5 MUHYT. Takoil MeTon MCKIIIOUUT OCOOEHHOCTU PEeTUCTpALlMU OT-
BETHOM peakiliy, CBSI3aHHOW C WHIMBUOYAJIBHBIMU OCOOCHHOCTSIMH COCTOSTHUS
W PUTMOB BEreTaTUBHOTO cTaTryca. bosee meraabHas TMarHOCTUKA COCTOSTHUS HC-
MBITYEMBIX ¥ TIPOTHO3MPOBAHUE PEaKIIMM HAa MarHUTHBIE OYpU OOJTBHBIX W 3I0PO-
BBIX JIIOJIEM BO3MOXKHA ITO MIOKA3aTeIsIM CUMBOJIMYECKOM TMHAMUKHA (puc. 3—6).

Hcnonb3oBanue ycrpoiictBa «KBaHT-Bro» BO3MOXHO [J1s1 perUCTpallii HOp-
MaJIbHOM peaKIIMM Ha MAarHWTHBIE OypHM KakK OOJBHBIX, TaK M 3MOPOBBIX JIFONEH.
Peakumst maxke y 3MOpOBBIX JIIONEN XapaKTepU3YeTCS YBEIWICHHEM aMIUTUTYIBI
¥ Tieprona KojiebaHWi ToKa3aTelsiss M30BITOYHOCTA OTHOIIEHUSI YacTOTHI ITyJIbCa
K vactote abixaHus [['ypos, 3aryckun, 2010; 3aryckun, 2010; 3aryckuH, ['ypos,
2008]. YV 6onpHBIX JMIOAE 3TU M3MEHEHUS HANPSKEHHOCTU PETYJISILUU KUCIOPOI-
TPAHCIIOPTHBIX CUCTEM OpraHM3Ma MOTYT IIPeIIIeCTBOBAaTh HEOJATOPUITHON pe-
aKIIU¥ B BUIE YCWICHUS apUTMUM WX UIIEMHWH Ceparia.

Bbonee HaméxxHO NPOrHO3MPOBaTh HEOIATONPUATHYIO PEeaKIIUIo OpraHru3Ma Je-
JIOBeKa Ha MarHUTHBIE OYpY M TTOTOAHBIE AaHOMAJIUM TTO3BOJISIOT TTOKA3aTeIN CHM-
BOJIMYECKOI quHaMMKU. OO0paboTaB 3TUM METOAOM CYTOUYHBIE (MM YaCOBBIEC) 3aIlM-
c1 OOJIBHBIX C OIPEIeIEHHBIM TUATHO30M, B3SITHIX M3 0a3bl JAHHBIX aMEPUKAHCKOTO
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KapAuoJOTUYECKOro o0llIecTBa, U COMOCTABUB UX C pe3ysbTaTraMu o0paboTKM 3a-
MUceil KOHKPETHOTO 0OJIbHOTO, MOXHO MTPOTHO3UPOBATh Y TAHHOTO YejloBeKa Be-
POSITHOCTb HEOJIaronpusITHON peakluu U BOBHUKHOBEHHSI COOTBETCTBYIOIIETO 3a-
oosieBaHUs1. OMTHOBPEMEHHO 3TOT METO/ TTO3BOJISIET pa3ivyaTh BO3PACTHbIE U AaTO-
JIOTUYECKUE M3MEHEHHSI, COMOCTaBJsIsl JaHHbIE WUCMBITYEMOIro ¢ pe3yjibTaTaMu
00pabOTKM 3amUCcell 3M0POBLIX MOJIOABIX M MOXWIBIX TIOAEH (CM. puc. 5, 6).

IMocnenoBarebHOCTL CUMBOJIOB MOJIydaeTcsl B pe3yJibTaTe KOAUPOBAHUS, KO-
TOpOE 3aKJII0YaeTcsl B MepeyrcCieHUM C TOMOIIbIO CMMBOJIOB Pa3IMYHbBIX ydyacT-
KOB MOHOTOHHOT'O M3MEHEHHUSI YaCTOThl CEPIEeUHbIX coKpalleHuit. CuMBoOJbI “A”
COOTBETCTBYIOT CaMbIM KOPOTKUM TaKUM MHTepBajiaMm, a “Y” — caMbIM IIpOAOJI-
KUTeNbHBIM (cM. puc.5). Cama auarpaMma MpeacTaBiisieT COOO 3amucaHHbIe
B CTOJIOMK CHMBOJIbI CTPOKH, HAMMPOTUB KaXIOTO U3 KOTOPBIX MUKTOTPAMMO OT-
MEUeH Mepexojl K KaKoMY-JI1u00 APyroMy CUMBOJY CTPOKU U BEC TaHHOTO Mepexo-
na. UHTepnpetaumsi pa3induii Mexay 3M10pOBbIMU U OOJIbHBIMM JIFOAbMU CBOAUTCS
K TOMY, YTO C BO3pacTOM U TPpU Pa3BUTUU MATOJOTMUECKUX COCTOSIHUI KOJIUYECTBO
CHMBOJIOB, OTBEUAIOLIMX 3a JUIMTEJIbHbIE (PIYKTyallMu puTMa cepilia, CHUXKAETCs,
YTO B CBOIO OuYepelb MPUBOIUT K CHUXKEHUIO CJIOXHOCTU M Pa3HOOOpa3usi perv-
CTPUPYEMbIX CUMBOJIBHBIX CJIOB.

OaHUM U3 BaXKHEUIIUX yCI0BUi 3 (hEeKTUBHON MPODUIAKTUKUA U YCTpAaHEHUS
JIECUHXPOHO30B (JIeueHHs1) SIBJISIETCS KOHTPOJIb COCTOSIHUST KJIETOUHOTO UMMYHUTE-
Ta U ero BocctaHoByieHUe. OligHKa KJIETOUYHOTO UMMYHUTETa IMPOU3BOIUTCS pa3pa-
0OTaHHBIM HAMU MeTOJ0M AU hepeHINaTbHON TEPMOMETPUM C UCTIOJIb30BaAHUEM
TepMoaaTunuKoB «KBaHT-bro». CHUXXeHUe pa3HOCTU TEMIIEpaTyp B 30HE MTPOEKLIMU
THUMYCa OTHOCHUTEJIbHO MOJIKJIIOUMYHON BraauHbel MeHblue 0,4 °C yka3biBaeT Ha
CHUXXEHME KJIETOYHOro MMMyHUTeTa. BoccTaHOBUTH KJIETOUHBIA UMMYHUTET BO3-
MOXHO TeM Xe ycTpoilcTBOM «KBaHT-buo» nmyTém obiydyeHus cesie3€HKU, TUMYca,
MeYeHU U COCYIOB KPOBU UPECKOXHO MaTpuliell MHPPaKpacHbIX Ja3epHbIX ITHO-
JIOB B pUTMax IyJibca U AbIXaHUs MmauueHTa. OlieHKa TeMIlepaTypHbIX IpaiueHTOB
B 30HE TaTOJOTUM U TeMIIepaTypHOU acMMMETPUM IO3BOJISIET TMArHOCTUPOBAThH
U KOHTPOJIMPOBaTh 3(h(PeKTUBHOCTD MTPOBOAUMOTO JICYSHMUSI.

Metoapl OGuoymnpasisiemMoit xpoHodusuotepanuu yctpoiictBa «KpaHT-bro»
WCIIOJB3YIOTCS 711 HOpMaJIM3alluu CIIeKTpa PUTMOB MUKPOLMPKYJISILIUU KPOBU
B 30HE MaTOJOTMU. YCTpaHEeHUs TUIIOKCUHY, apTepuaabHOM UM BEHO3HON rurepe-
MUU (BEHO3HOTO 3aCTOsI, OTEKOB) MPOM3BOAUTCS MPU OMPeaeIEHHbBIX COOTHOILIE-
HUSIX [JIYOMH aMIUIMTyTHOM MOAYISLMU (DU3UOTeparieBTUUECKOro BO3IEHCTBUS
MO CUTHajaM C JaTYMKOB MyJibca, AblXaHUs U Tpemopa. [Ipu HeoOXoaUMOCTH rc-
MOJIb30BaHUS JIEKAPCTBEHHBIX BEILIECTB Ha Bbixoje ycTpolicTBa «KBaHT-buo» non-
KJTIOYAIOTCSl BJIEKTPOIbl ISl OMOYIpaBiIsieMOro 3jeKTpodope3a, uTo IO3BOJSIET
YCUJIUTh TPOHUKHOBEHUE JieKapcTBa Ha OOJbIIYIO IJTyOUHY U B 0OJIbllIelt KOHIIEH-
Tpaluu, YeM MpU MOCTOSTHHOM 3JIEKTpUUYecKoM moTeHimane. [To mokazaHusIM rc-
MOJIb3YIOTCS U IPyTYe METOIbl OMOYIpaBIsieMOil XpOHO(DU3NOTEPATIUU.

JpyrumM HeoOXOAMMBIM MPUEMOM TMPOMUIAKTUKU U JeUeHUs SBJISIETCS HOp-
MaJu3alysl CIeKTpa PUTMOB BEreTaTMBHOIO CTaTyca. YCTpaHEHUE BaroTOHWU
WIM CUMMNATUKOTOHUM W HOpMajM3alius PUTMOB BEreTaTMBHOTO cTaTryca C Io-
Molilblo ycTpoiicTBa «KBaHT-Bruo» mpoBoAUTCS € UCIMOJAb30BaHUE MPOrpaMMBbl
«KoHcoHaHc». CBoeBpeMeHHOEe OOHapyXXeHMe M YCTpaHeHHEe JECUHXPOHO30B MO-
KeT CTaTb OCHOBOH TEpCOHU(UIIMPOBAHHON MNPOGUIAKTUYECKON MEIULUHBI,
BKJIIOYasi MPOTHO3MPOBaHWE U NMPOMUIAKTUKY HEOIaronpusiITHON peakliuy Ha reo-
MarHuTHbIE OYypY 1 TTOTOHbIe aHOMAJUU.
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DEVICE KVANT-BIO FOR THE PREDICTION AND PREVENTION OF ADVERSE REACTIONS
OF THE HUMAN BODY TO GEOMAGNETIC STORMS AND WEATHER ANOMALIES

V. N. Motin, A. V. Belousov, S. L. Zaguskin, J. V. Gurov, S. V. Kobilatsky, A. V. Kotov

Open Joint-Stock Company Research and Production Enterprise (OJSC RPE) Cosmic Instrument
Making KVANT, Rostov-on-Don, Russia

Developed software and hardware-based medical diagnostic device Kvant-Bio. It contains a
pulse, breathing and differential signal input block, thermometry of these sensors in the com-
puter and display the signals on biofeedback matrix laser diodes with power via an adapter
from the network. Chronodiagnostic of human organism state and forecasting its adverse re-
actions to geomagnetic storms and weather anomalies by using special algorithms for symbolic
dynamics of rhythms pulse, breathing and their relationships. Explores the rhythms of vegeta-
tion status, of cellular immunity, thermal gradients and thermal asymmetry. To resolve these
desynchronosis and their prevention is used in the computer version of the respiratory gym-
nastics and biocontrol on respiration and pulse sensors with laser therapy.
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XPOHOOMOJIOTUSI U XPOHOMEIUIIMHA B 3HAUUTEILHOU Mepe MO3BOIUIN O0bSICHUTh 9D HEKT
BO3JICMCTBUS CJIa0bIX 3JEKTPOMArHUTHBIX CUTHAJIOB B MEPHMOJ MarHUTHBIX Oypb Ha OMO-
Jjormyeckre o0beKThl. OpraHOM-MUIIEHBIO SBJISIETCS SMUGU3, TPOIYLHMPYIOIINIA MeIaTo-
HWH, TJIABHBIN aganToreH opraHu3Ma. Bo BpeMs MarHUTHBIX Oypb MPOAYKIIUS MeJaTOHM-
Ha 3aMETHO CHUXKAETCsI, B OTJIMYME OT 3JOPOBBIX JIUII, Y OOJbHBIX UILIEMUYECKON 0OJIE3HBIO
U TUNepTOHNYecKOoi 60s1e3HbI0. PekoMeHayeTcsl UCMoIb30BaHUe MEIaTOHMHA KaK CPelCcTBa
MPOGWIAKTUKH TTOCIEACTBUI 3JIEKTPOMAarHUTHOTO BO3IEWCTBYSI.

Ha npoTsikeHuu AecAaTKOB JIET IMCKYTUPOBAJICS BOMIPOC BAUSIHUSI MAarHUTHBIX OYph
Ha 6uocdepy U, rpexie Bcero, yeaoBeka. MHOroYMCIeHHbIE BOMIPOCHI, CBSI3aHHbIE
C JaHHO# TpoOJieMoii, HEOMHOKPATHO OOCYXIAJIUCh Ha KOH(EpeHIUsIX pa3any-
HOTO YpOBHS U B nevaTu. JlocTaTouyHO MOApPOOHO UX MCTOPHUS U3JI0XEHA B MOHO-
rpacduu T. K. bpeyc u C. 1. Pantonopra «MarHuTHbIe 0ypyu — MEIUKO-0HUOJIOTHYE-
ckue acnekTol» (2003).

DTanHBIMU B U3y4eHUU MpobieMbl OblI padboThl A.JI. UkeBCKOro, oTHOCSI-
muecs K 30—50-M IT. MpOULIOTro CTOJETUSI, B KOTOPBIX ObLIO MOKa3aHO BIUSIHUE
KocMuyeckoit moroansl Ha 6uocdepy. [lonpo6HO cBoM B3MISIALI HA MPOOIEMY OH
WU3JI0XKUT B MOHOTpahuu «3eMHOE 3XO COJTHEUHBIX Oypb», MepeusaaHHoi B 1973 1.

CylecTBeHHBIN CIBUT B MOHUMaHUM MEXaHM3MOB BJIUSIHUSI COJTHEYHOM aK-
TUBHOCTM Ha OMoOJIorMYeckre OOBEeKThl (YeaoBeKa) MPOM3OIIEN C TOSBICHUEM
TaKOTO BaXXHOTO HampaBJeHMs B HayKe KaK XpPOHOOWOJOTUSI U XPOHOMEIMUIIMHA.
B Hareli ctpaHe 3To HarnpaBJieHMe CTalo YCIelHo pa3BuBathes ¢ 1981 r. mocne cos-
JaHUs Tpo0JEMHOM KOMUCCUU «XPOHOOMOJIOTUSI M XPOHOMEIUIIMHA» IOl PYKOBOJI -
ctBoM akagemnka PAMH ®. 1. Komaposa. O6beqHEeHNE CIIEITUATNCTOB Pa3Ind-
Horo npodunsa: menukoB (P. M. Komapos, C. M. Panonopt, H. K. ManuHoBcKast
(IMMMI'MHU um. H.M. Ceuenona)), actpodusukoB (B.H. OpaeBckuii
(U3MHUPAH), T.K. bpeyc (MK PAH)) — mo3Bonuiao He TOIbKO chOpMyInUpo-
BaTb OOIIME MTPUHLIMITBI BO3AEUCTBUSI HA OMOOOBEKTHI ECTECTBEHHBIX 3JIEKTpOMar-
HUTHBIX TToJ1eit (DMIT), ciabbix 3alIyMIIEeHHBIX CUTHAJIOB, HO M paclindpoBaTh UX
MeXaHU3M, TT0Ka3aTb BOBMOXHbIE UBMEHEHUS B COCTOSIHUU JIIOEH.

Bb110 BBISIBIIEHO CXOACTBO MH(ppaAMaHHbBIX OMOJIOTMYECKUX PUTMOB U TeJIMO-
reou3nyYecKrux puTMOB (PUTMBI C TleprogaMu okoso 28; 7 u 3,5 nmHei, U cxon-
Hble C HUMU TeJITMOMarHUTHbIE pUTMBI TeX e nepuoaoB (BZ, Kp, Pe-niynbcauum).
PazpyliiieHre 6M0J0TMYECKUX PUTMOB 1O/ BO3AEHCTBUEM TeIMOMDU3NIECKUX MTPU-
BOJUT K J€CUHXPOHO3Y, KOTOPbIH, 1O CYTH, sIBJIsIeTcs cTpeccoMm [PamomnopT u ap.,
1995].

PutMuueckyto opraHM3alyio 4eJoBeKa Ha BCEX YPOBHSIX, KOTOpasl 3ajoXeHa
TeHEeTUYECKU, OCYIIECTBIsIeT 1uddy3Hass SHIOKPUHHASI CUCTEMA, KITIOUEBYIO POJIb
MpU 3TOM UTPaIOT 3NMUMU3 U cylpaxuazMaTuiyeckue siapa. BaxkHel M ropMoHoOM
anudu3a IBIsIeTCs MeJaTOHUH, 00JIalalolInii pSIIOM YHUKaJIbHBIX CBOMCTB — PUT-
MOPETYJIUPYIOIIUM, UMMYHOMOIYJIMPYIOIIMM, aHTUOKCUAAHTHBIM.

HavanbHbIM 3TanioM MpoayKIUU MeTaTOHWHA U €€ Peryysiliuu SIBJsIeTCs BOC-
MPUSTUE CETYATKON IJ1a3a CBETOBBIX UMMYJILCOB C TOCJEAYIOLIEH TMepeaayeit uH-
(hopMmarim o cBeTomnepuoe Mo peTUHO-TUNOTAIaMUYecKoMy TpakTy. Hamuuue B cer-
yaTKe IJla3a MarHUTOPELIeNTOPOB JAET BO3MOXKHOCTb CUMTATh, YTO BOCIIPMHUMAEMbIe
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el0 KojieOaHUsI MarHUTHOTO TIOJIs1 3eMJIM TakXKe MOTYT OKa3biBaTb BJIMSHME Ha
MNpOaYyKIIMI0 MelaToHWHa. Penakcupylolee neiicTBUe MelaTOHMHA Ha TJIAAKYIO
MYCKYJIaTypy COCYIOB OOYCJIOBIMBAET €ro 3(pPeKThl Ha MUKPOLMPKYJISILIUIO, 3TOT
addext cBszan co crenududeckumu Ca’ - u K -kaHanamu mocTyruieHust 3tux
3JIEMEHTOB B KJIETKY, YTO MPUBOJUT K CUHTEe3y NpocTarjaHnrHa E u cHuxkaert apre-
pUAIbHOE JIaBJICHNE.

Hammmuy pabotamMu OBLIIO MOKa3aHO, YTO Y OOJILHBIX C 3a00JIEBAHUSIMU CEp-
JIEYHO-COCYIUCTOM CUCTeMBI (TureproHudeckoil 0oje3nnio (I'b), mimemudeckoit
oonesnbpio cepaua (MBC)) mo mepe yrsokeneHus OOJIE3HM 3aMETHO CHIDKAETCS
snuduzapHas NpoAyKLMs MeJaToHMHA. Dh(EKThl MeJTaTOHMHA OTPeNe/IsSIOTCs eT0
AHTUOKCHUJAHTHON M MPOOKCUJAHTHOW aKTUBHOCTBIO, CITOCOOHOCTBbIO OKa3bIBaTh
BJIMSIHUE HA COCYIMCTBIM TOHYC WM PEryjJiupoBaThb €ro, MHrMOMpPOBaTh arperaluio
TPOMOOLIMTOB.

B oskcmepuMeHTax Ha SKMBOTHBIX BBISBJIEHO, 4YTO ITMHEAJIIKTOMUS TIPU-
BOJUT K CTOWKOMY TIOBBIIIEHUIO apTepUaJibHOTO AaBJEHUSI, YPOBEHb KOTOPO-
TO CHIDKAeTCS OO HOPMAJBHBIX LGP TPU 3K30TeHHOM BBEICHMHM MeJIaTOHWHA.
VY Hux Xe omnpeaesieHa TMOBbIIIEHHAas YyBCTBUTEIbLHOCTb PELENTOPOB K Ba30KOH-
CTPUKTOPHBIM areHTaM, ObLIO MOoKa3aHO, 4YTO 3Mnu¢u3 SBIIETCS OpraHOM-MU-
LIEHBIO OMOTPOITHOIO BO3AEMCTBUSI €CTECTBEHHBIX MAarHUTHBIX BOJIH [Pamomopr,
Manunosckas, 2004].

B skcrniepuMeHTabHBIX paboTax BBISIBIIEHBI U3MEHEHUST LIUPKAAUAHHBIX PUT-
MOB Pa3JINYHBIX (PU3NOJIOTUUECKUX (DYHKLMUNA Y KUBOTHBIX MPU KOJEOAHUSIX MC-
KYCCTBEHHBIX 3JIEKTPOMArHUTHbIX IMOJIel, aHaTOTUYHBIX 1o cuiie DMIT 3emuu.

MOSH  BapHaumu MardWTHOM Nona Jesnn. (Mockea, M3MWPAH)

K MHASKCK MeOMAarHMTHOR aKTHEHOCTH.

g sa g e g i YT PPN -PSSTSS SRR SYSTI FYRTIIS -[TSTII. SRS ST NATI RSP S e

IR E EEEEE NN EEEEREEEEENE
UT 2012-09-10 16:42..2012-09-11 16:42

ITpumMep cocTOSTHYSI TeOMarHUTHOM 00CTaHOBKU
B OTIpeJIeJIEHHBII TIepUo BpeMeHHU, B TOM uncie K-uHnekc
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Bcé mepeuncieHHOE MMO3BOJIMIIO TIPUATA K MBICIA O BO3MOXHOCTH HCIIOJNb-
30BaTh MEJIATOHMH B KadyecTBe MPOGUIAKTUKN HETaTUBHBIX Bo3meicTBuit DMII
3emuin Ha 6oJibHBIX ¢ ['B, UBC. C 3T0i1 11es1b10 nMpoduiiakTUIecku, 3a 3 THS 10 Ha-
CTYIJICHUSI MAaTHUTHOM OYypH, PeKOMEHIOBATh OOJIBHBIM TIPUEM 3 MT MeJIaTOHWHA
(Menakcena®).

PabGora nmpoBonunace Ha 6a3e IllEnkoBckoii palioHHOU O0bHULILI (MOCKOB-
ckasi ob;1acTh) coBMecTHO ¢ IIeHTpoM IPOrHO30B KOCMMYECKOI MOroanl (PyKOBO-
autenb rpodeccop C.I1. Taiimam) MHCcTHTYTA 3¢eMHOIO MarHeTu3Ma, MOHOC(hEphI
U pacnpoctpaHeHus paaguoBosiH uMm. H. B. ITymkosa (MI3MUWUPAH). Uudopmanmio
0 TeOMarHWTHOW OOGCTAaHOBKE TOJIYJaad 3a TPYW JHS OO0 HACTYIICHWS MAaTHUTHOM
Oypu (CM. pUCYHOK).

Jnst n3ydyenust BaussHus Konedanuit OMII 3emian Ha cekpeluio MelaTOHM-
Ha Obuta cchopMUpOBaHa TpymnIa u3 42 60JbHBIX C UILIEMUYECKOU OO0JIE3HBIO Cepll-
na II ¢pynkumoHansHoOro kiacca (¢.K.) ¥ runeproHndeckoit 6ose3nbio 11 cramun
B Bo3pacTe 1o 78 et (56,6£0,6), KOTOpble HAXOAWJIUCH HA CTALIMOHAPHOM Jiede-
HUW, KOHTPOJIbHAS TpyIa — 7 3M0poBBIX My>karH oT 20 mo 34 net (26,311,4). Bee
GOJTbHBIC TTOJTYJaT KOMOMHUPOBAHHYIO TePaIIMIO: HUTPAThI, OJIOKATOPHI KaJTbIIMe-
BBIX KaHaJI0B, MHTMOUTOpE! AI1®, TpankBriIn3aTopkl. [IpoBOmMMast Tepammst ocTa-
BaJlach HEM3MEHHOM y KaXIoro 60J5HOTO BO BCE M3yYaeMbIe TeOMAaTHUTHBIC TIEPH-
OIIBI, YTO MO3BOJIWIO HE YIUTHIBATh (DAKTOPHI TepaITM TIPU aHAJIU3e TTOJTyIeHHBIX
naHHbIX. Pacripenenenue 60bHBIX TTO 3a00JI€BaHUSIM TIPEACTaBIeHO B Tab. 1.

Taomuna 1. Pacnipenenenue 6OJBHBIX 110 3a00JIEBAHUSIM

3aboneBanune KosmuecTBo 00J1bHBIX
HeitpormmpkynsiTopHast TUCTOHUS 9
HUBCII d.x. 9
UBCIII ¢.x. 10
HUBC IV d.x. 4
I'mnepronunyeckas 6one3ns 11 ctanuu 10
Bceeo 42

B pesynabrate mpoBea¢HHON paboThl ycTaHOBIeHO BiausiHue DMIIT 3emnu Ha
COCTOSIHME U CaMOYYBCTBHME OOJIbHBIX, YTO MOATBEPKAAIOCH JAHHBIMU aHKETHUPO-
BaHMSI CaMOUYBCTBUSI, KauecTBa cHa, JaHHbIX DKI', cyTouHol mpoayKiiuu menaaTo-
HUHA KaK B CIIOKOWHBIN IIEPHOI, TaK ¥ B 3HAYNMBIN 10 cuJjie Tiepuof, (Taoir. 2).

Ta6mmua 2. XapakTepucTrKa 3JeKTPOMarHUTHOTO OIS 3eMJTu
B 3aBUCUMOCTH OT BeJIMUMHbBI K-MHIeKca

Ilepnon akTHBHOCTH K-ungekc
CrnokoiHbIi <15
Boamymienue >15, <25
byps >25

Kak BugHO 13 Tab. 3, KOJINYECTBO ME€JIATOHMHA B CYTO‘{HOﬁ MOY€ yBCINYHN-
BaJIOCh B II€PpUOA BOSMYILICHUA, UTO JaeT ITpaBO 'OBOPUTH O BBICOKUX agaIllTUBHBIX
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BO3MOXKHOCTSIX. ¥ OOJIBHBIX KaK B «OypI0», TaK U B TIEPUOJ, BO3MYILEHUST CEKPELIsI
MeJIATOHMHA MOJAaBJIEHa, YTO CBUIETEILCTBYET O MOMABJICHUU aJalTUBHBIX CITO-
COOHOCTEI.

Ta6muna 3. KoHlleHTpalys MeJIaTOHMHA B MOYe OOJTBHBIX
I'b u UBC u nuii KoHTpOBHOI rpynbl, HMob/1

Ipynna l'eomarnuTHasi 00CTAaHOBKA
CIOKOJHBII nepuoj BO3MYIlIEHUE oyps
KoHtponbHas rpynmna (n=7) 0,145x0,010 0,180x0,010 0,150x0,01
BosbHbIe cepaeyHO-COCYAUCTHIMU 0,150%0,008 0,12010,005%* 0,120+0,005%*
3a007eBaHUSIMU (11 =42)

Ilpumeuanue. * p<0,05; ** p<0,01 — pazauunsa MexXIy KOHIeHTpaureir M B Mode 310~
POBBIX U OOJILHBIX B IIEPUOL BO3MYIIICHUS 1 OypH.

Y 60JIbHBIX yXYyAIIAJIUCh CAMOUYBCTBUE U COH, YCUJIUBAJICSI 00J€BOM CUHIPOM,
YTO HAXOAWIO MOATBEPXKICHNE B TaHHBIX aHKeTupoBaHus U DKIT.

Takum 00pa3oM, MOTYYEHHBIE PE3YJIbTaThl MO3BOJISIIOT C MOJHOW YBEPEHHO-
CTbI0O pEeKOMEHAO0BaThb OOJbHBIM cepaeuHo-cocyauctoil natosnorueit (MBC, T'b)
MeJJaTOHUH KakK MpodUIaKTUYeCKoe CPeACTBO B MEPUOJ MPEAIIECTBYIOIIUX Mar-
HUTHBIX OYpb.
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MELATONIN IN THE PREVENTION OF MAGNETIC STORMS
S.1. Rapoport

Sechenov’s Moscow Medical Academy, e-mail: sirap@list.ru

Chronobiology and chronomedicine explain the effect of weak electromagnetic signals dur-
ing magnetic storms on biological objects. The pineal gland is the target organ which pro-
duces the main adaptogen — melatonin. Production of melatonin significantly decrease in
magnetic storms in patients with coronary artery disease and hypertension, in contrast to
healthy individuals. We recommend to use melatonin to prevent the effects of electromagnetic
implications.



PEAKLIMA CEPAEYHO-COCYAUCTON CUCTEMBI

3[10POBbIX 1O6POBONbLIEB HA HYIEBOE MATHUTHOE NONE
B YCNTOBUAX SKCMEPUMEHTA

10. 1. [yppurkens %, A. /1. Bacun ', T. A. Mameeesa’

' HayuHblit KnHMYeckmin LeHTp OTKPBITOrO aKLIYOHEPHOro oblLecTBa

«Poccuickme xenesHble goporu» (HKL OAO PX), MockBea, Poccus
2 NHCTUTYT KOCMmueckux nccnegoBaHun Poccuinckon akagemnn Hayk (MK PAH),
e-mail: yugurf@yandex.ru

TlepcniekTuBa coBeplleHUs MUIOTUPYEMBIX MOJETOB B MEXIIJIAHETHOM MPOCTPAHCTBE, OpP-
raHMU3alMs KU3HU Ha IJIAHETaX U UX CIyTHUKaX C OCJIa0J€HHBbIM MarHUTHBIM TOJIEM WA
€ro OTCYTCTBUMEM JIeJIaeT aKTyaJbHbIM M3yYeHUE MPOOJIeMbl BIUSHUS TMIIOMAarHUTHBIX YC-
JIOBUI Ha 3M0pPOBbE YesioBeKa. B 3eMHBIX yCIIOBUSIX MTPOSIBJIEHUE TUTTOMAarHUTHBIX TTOJIe —
0COOEHHO TaK Ha3bIBAEMOI'O HYJIEBOTO MAarHUTHOTO MOJIs1, BCTPEYaeTCs PeIKO.

IIpoBen€éHHbIe paHee McCCAeAOBaHUS MALMEHTOB C CEPIEYHO-COCYIUCTBIMU 3aboJe-
BaHUSAMMU TOKA3aJIM YyIAydlIeHWe MapaMeTpoB KaNWIISIPHOTO KPOBOTOKA, HOPMAJIM3ALUIO
apTepUaIbHOTO MABJIEHUSI M YACTOThI CEPAEYHBIX COKpAIIeHWI 3a BpeMsl MX MpeObIBaHUS
B 9KPAaHWPOBAHHOM MOMEIEHUU B MEPUOJ T€OMArHUTHBIX BO3MYILEHUI. DKPAaHUPOBAaHHOE
noMeleHre obecrneyrBago yMeHbIIeHUe MarHUTHOTo ToJist B 4,5...5 pa3. B HacTostiee Bpe-
Ms B psific OTEYECTBEHHBIX U 3apYOEXXHBIX UCCIIEIOBAHUI TTOKA3aHO BIMSIHUE HYJIEBOTO Mar-
HUTHOTO T10JI51 HA KOTHUTUBHYIO (DYHKIIMIO YeJI0BeKa, OHAKO OTCYTCTBYIOT TJaHHBIE O BIIMSI-
HUU HYJIEBOTO MarHUTHOTO TMOJIsI Ha CEPAEYHO-COCYAUCTYIO CUCTEMY.

B xome skcnepuMeHTa MCIOJIb30BAJIUCh HEMHBA3UBHBIE METOAWKH, IO3BOJISIOLINE
KOJIMYECTBEHHO OLIEHUTH 14 (pU3MOIOrnIecKux mapaMeTpoB, BKIIOYAs apTepUaIbHOE TaB-
JIEHUE, 4acTOTy ITyJibCa, CKOPOCTb PACIPOCTPAHEHMUSI ITyJIbCOBOM BOJHBI, SHIOTEINATBHYIO
(GyHK1IMIO, a TaKXe CKOPOCTh KAaNWJUISIPHOTO KpOBOTOKa. [TOMMMO 3TOro olleHUBaIUCH
3JIEKTPOKapAMorpaMMa U CeMb MoKa3aTesieil BapuabesIbHOCTU puTMa cepaua. Bpems Ha-
XOXIEHUS KaXIOTO MCIBITYEMOrO HEMOCPEACTBEHHO B HYJEBOM MAarHUTHOM IIOJIE CO-
craBimsuio 60 muH. KonmmyecTBeHHble M3MEHEHMST 3HAUYCHUI IoKaszaTeseil, IMOJydeHHBIX
MO0 KaXJAO0MY UCHIBITYEMOMY B YCJIOBUSIX (DOHA U HYJIEBOTO MarHUTHOTO TOJIsI, OLIEHUBAIUCH
1o GaJlJIbHOM JJorapu(pMUUECKO IIKaIe.

PesynbraThl uccienoBaHus MoKa3aiy BIMSIHUE HYJIEBOTO TOJISI Ha (DM3MOJOTUYECKUE
nmapaMeTpbl, XapaKTepU3YIOIIUe COCTOSIHUE CEepACYHO-COCYAMCTON CUCTEMBI 3I0POBBIX
JIIoel, Kak cTaplleil BO3pacTHOI IPYIINbI, TaK U TeX, 4eil Bo3pacT He mpeBbilal 40 JeT.
Hawubonbiliee u3aMeHeHre OTMEUYEHO B cTapluleil rpymie n1o6poBosbiieB nocie 30...40 MuH
9KCIMO3WIIMK B HYJIEBOM MAarHUTHOM TMoJjie. DTO CBMIETEILCTBYET O OoJiee BbIpaKEHHOM
AaKTUBAIIMU PETYJISITOPHBIX MEXaHMW3MOB BETeTaTUBHOW HEPBHOW CHUCTEMbl B 3TOW IpyrIe
10 CPaBHEHUIO C TEMU XK€ NapaMeTpamMu MJIalIeil BO3pACTHOM Tpynnbl. Paznuuus pe3yib-
TaTOB MEXIy BO3PACTHBIMM IPYMIaMu CTaTUCTUUYeCKU AocToBepHbI (p=0,014 1o Kputepuio
Manna — YutHu). Mcronb3oBaHHBIE METOIMKHU TTOKA3aJId UX 3HAYMMOCTD ISl OLIEHKW WMH-
MUBUAYAIbHON YyBCTBUTEIbHOCTH UCTIBITYEMBIX K HYJIEBOMY MATHUTHOMY TIOJTIO.

BBEAEHWE

Hapsimy ¢ m3ydeHMeM BO3IEICTBUSI T€OMarHUTHBIX BO3MYIIEHMI Ha 4YeloBeKa
1 OHOJIOTUYECKME OOBEKTHI B 30HE MHTEpECa HAYYHBIX TPYII B TEUCHUE MOCICH-
HUX JeCITWIETUM 0Ka3aJloCh MCCIEAOBaHWE BIWSHUS TMIIOMArHUTHBIX YCJIOBMIA
('MY). D10 00yCI0BIEHO POCTOM OOBEMOB CTPOUTEIIBCTBA OOBEKTOB M COOPYXKE-
HUi, 00JlagamnX BeIpaXKeHHBIM 3¢ (GEKTOM 3KpaHMPOBAHUSI MAarHUTHBIX ITOJICH,
MECHSIIOIIMX ITPUBBIYHYIO 3JIEKTPOMArHUTHYIO Cpely OOMTaHMsI Ha TUITOMarHUT-
HBIE YCJIOBUS, YTO, IO JAaHHBLIM psiia aBTOPOB, IIPUBOIUT K IATOJOTUM CEPACYHO-
cocymuctoii cucteMmbl (CCC) [IToxonzeit u ap., 2012]. KpaiiHee IposiBIeHUE TH-
MOMAaTrHUTHEIX YCJIOBMII — TaK Ha3bIBacMOE HYJIEBOE MAarHUTHOE ITOJie¢ B 36MHBIX
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YCJIOBUSIX HaOJI0JaeTcs peaKo, OJHAKO TMepcreKTHBa MUJIOTUPYEMbIX MOJIETOB
B MEXILIAHETHOM TPOCTPAHCTBE, OpraHU3alMs XXU3HU Ha TJIaHeTaX U UX CITyTHU-
Kax ¢ ocJiabJIeHHbIM MarHUTHBIM TOJIEM WM €ro TOJHbIM OTCYTCTBUEM JIeJaeT aK-
TyaJIbHOH U3y4YeHUe 3TOI MPOOIeMBbl.

B skcnepuMeHTe HyJieBOe MarHUTHOE MoJie CO3MAETCs C MOMOIIBI0 KaTylleK
I'enbMrosbla, KOMIEHCUPYIOIIMX MarHUTHOE Tosie 3eMiiu. Tak, B UCCIENOBaHUSIX
HACA wucnonb3oBajid 8-MeTpOBYIO CUCTEMY KaTylleK ISl YeThIPEX MCIIBITYEMbIX.
V Tpéx U3 HUX MOKa3aHO BbIpaXXeHHOe yXylleHue (yHKIMOHATbHBIX XapaKTepu-
CTUK ILIEHTpaJbHOW HEPBHOW CUCTEMBI 3a TMEPUOJ NECSATUAHEBHOTO TMpeObIBaHUSI
B MarHUTHOM BakyyMme [bunru, 2011].

BausiHue Hys€BOro MarHUTHOTO MOJISI HA KOTHUTUBHYIO (DyHKLIMIO YeoBeKa
nokasaHo B ucciaenoBaHusix P. M. Capumosa u B.H. bunru (2009). YuactHuku
BKCMEPUMEHTOB ObLIM MOA0OpaHbl TAKUM 00pa3oM, YTOOBI MOXHO ObLIO HCCle-
JI0BaTh TEHIEPHYIO U BO3PACTHYIO 3aBUCUMOCTb 3(dekToB I'MY. O6as rpym-
Ma UCMbITyeMbIX U3 40 yesoBeK MPOXOAua TECThl, B KOTOPbIX U3MEPSIINUCH Tapa-
MeTpbl KOTHUTMBHOW AesiTeIbHOCTU. TecTupoBaiu BpeMsi OTBETa M KOJIUYECTBO
omn6okK. Kaxablii MUCTIBITYEMbI MTPOXOAWJ TECTUPOBAHUE ABaXKAbl: B OMHOM U3
BKCIIEPUMEHTOB BKIIIOUAJIVCHh THUITOMATHUTHBIC YCJIOBUSI, IPYrO SKCIEPHUMEHT
MIPOXOAWJI TTOJIHOCTBIO B YCJIOBUSIX MHUMOTO Bo3zaelictBust (MB). Bropoe Tectupo-
BaHUE OCYIIECTBISUIOCH yepe3 40...60 mHeir mociie mepBoro. [Topsimok Mpoxoxae-
HUS 9KCIIepuMeHTa B ycaoBusx MB umm 'MY onpenensiics ciiydaiiHBIM 00pa3oM.
HcnbiTyeMblil HE 3HAJI, B KAKUX YCJIOBUSIX MPOXOANUJ TECTUPOBAHUE — B YCIOBMSIX
I'MY unu MB. [TokazaHo, 4TO B yCIOBUSIX HYJI€BOTO MAarHUTHOTO MOJIsl BO3pacTaiu
KOJIMYECTBO OILLIMOOK 1 BpeMsI BBHITTOJHEHUS 3aJaHUA.

PaHee npoBeneHbl McCieI0BaHUS MO pa3MeIeHUI0 OOJIbHBIX C CepAeYHO-CO-
CYyIMCTBIMM 3a00JIEeBaHUSIMM B BKpaHMPOBAHHOE TOMeEIEHUE B TEepUOJ] BO3MY-
IEHHOW TeOMarHUWTHOM 00cTaHOBKM. OOlIee ocjablieHWe COCTaBJISIOUIUX Teo-
MaruutHoro noisi ('MIT) B akpaHUpOBaHHOM MOMEIIEHUU cocTaBujio 4,5...5 pa3
MO CpaBHEHUIO ¢ (DOHOBBIM 3HAuUeHUeM. [Ipu HaxoXJAeHUM B dKpaHWPOBAHHOM
MOMEIIEHUN OTMEUYEHBI MOJOXUTEIbHbIE CIBUTM COCTOSIHUSI 3[10POBbS: CHUXEHUE
apTepuagbHOro AABJEHUSI, YMEHbIIIEHUE YaCTOThl CEPIEUYHBIX COKpallleHUld, CHU-
JKeHHe CyMMapHOTo KalWUISIpHOTO MHEKCa y MalMeHTOB ¢ TUIIEPTOHUYECKOI 60~
Jie3Hblo U cteHokapauei [['ypounkens, 2004].

CoBpeMeHHbIe TeXHUUYECKME BO3MOXHOCTU TMO3BOJISIIOT MoaeaupoBath MY
B 3aJIJaHHOM 00BbEME CO 3HAUUTEJbHO JYYIIUMU IMapamMeTpaMu OJHOPOIHOCTHU U OC-
JlabJieHMeM TeOMarHUTHOTO T10J1s1 HA HECKOJIbKO MOPSIAKOB. ' MITOMarHUTHBIE yCJIO-
BMSI CO3JAIOTCSI IMTyTEM KOMITEHCALUU JIOKAJIbHOTO MAarHUTHOTO TIOJIsI, KOTlla B CUCTe-
M€ 9KCIO3ULIMY TeHEepUPYeTCsl MarHUTHOE ToJjie, paBHOE MO BeJIMYMHE U Harpas-
JICHHOE TIPOTUBOMOJIOKHO JIOKAJIbHOMY T€OMarHUTHOMY TMoJto. Takue CUCTeMbl
OTKPbIBAIOT HOBbIE BO3MOXHOCTU U3YUYEeHUS BAUSHUS BapUalliii MAarHUTHOTO MOJIsI
Y TUTIOMarHUTHbBIX YCJIOBUI Ha CEPAEUHO-COCYIUCTYIO CUCTEMY UeIoBeKa.

LESTN MCCNEOOBAHWA

I/I3yquMe BJIMAHMA HYJIEBOIO MAarHMTHOTI'O I10JId Ha CEPACYHO-COCYIUCTYIO CUCTE-
MY 4€JIOBE€KaA, OLICHKA YYBCTBUTCJIbHOCTU HUCIIOJIb3YEMbIX METOAUK 1JIA BbIABJICHUA
p€akimMm opraHu3sMa B YCJIOBHUAX HYJICBOIO MAarHUTHOTO ITOJIA, a TaKXKE ONpeCacic-
HUEC PIH,H,HBMI[yEUIbHOfI MardHMTO4YyBCTBUTCIbHOCTMU.
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MATEPUAN N METObI

Wcnbityemble 1oOpoBobLbL: 21 delloBek 0e3 cepAecYHO-COCYIUCTON MaTOJIOTUNA —
ObLIM pasnefieHbl Ha JABe Tpyninbl. B mepByto rpymnmy Bouun 11 yenosek go 40 net
(cpennHuii Bo3pact 32,4+5,0 roga), U3 HUX 8 My>KUMH U 3 KEHIIIMHbBI, BO BTOPYIO —
10 yenoBexk ot 40 neT u crapie (cpenHuit Bo3pact 52,5+10,7 roma), u3 HUX 7 MyXK-
YyuH U 3 XeHuMHbl. McclienoBaHus MpoBeleHbl B YCTAHOBKE C 3JIEKTpOCTaTUye-
CKHUM 3KpaHOM U KoJibllaMu ['eibMrosibla AJj1s KOMIeHCallui TeOMarHUTHOTO MOJIst
JI0 3HAaUeHU I HyJIeBOTO YpoBHs. Bce yuacTHUKM ucciaenoBaHusl ObUTM MHOOPMUPO-
BaHBbI 00 9KCIIEpPUMEHTE, a TaKKe O BOBMOXHOCTH B JII000 MOMEHT Ha JIIoOOM 3Ta-
e 0TKa3aThCs OT y4acTUsl B JaHHOM UCCJIEIOBAaHUU.

[MpuHIUIE NccaenqoBaHUs U TeKCT «HGOPMUPOBAaHHOTIO COIJIACUST» OJ00pe-
HBI KoMuccueil mo onomeauunHckoit atuke « HKII OAO «PXKI».

OBOPYOOBAHWE N METOAbl NCCITEAOBAHUA

B ucciaemoBaHUM WMCIOIB30Bajach CUCTeMa MOIECIMPOBAHUS MarHUTHBIX TIOJNei
«Apda» ¢ 3JIeKTpOCTaTUIECKMM BKpaHOM, MpeaHa3HAYeHHas I KOMITEHCAIMU
M3MEHEHUI (BO3MYILEHUI) HU3KOYAaCTOTHOTO MarHuTHoro most (MIT) Boonb ocu,
MmapajuieJIbHON BEKTOPY FEOMarHUTHOTO TOJISI, a TAKXKE MJIST CO3MaHMUS KOHTPOJIUPY-
€MOI MarHUTHOM 3KCITO3ULIMY UCITBITYEMOTro B pabouyeM o0bEMe cucTeMbI (puc. 1).

XapaKTepUCTUKN CUCTEMBI «Apdha» MO3BOJISIOT B TeYeHNE HECKOJIBKUX YaCOB
obecrnieyrBaTh CTAOWJIbHBIM (HEM3MEHHBI) YpOBEHb MArHUTHOIO MOJISI, COCTaB-
JIsnoIInii Ha mupote MockBbl TpuMepHOo 48 MKT, a Takske KOMITEHCALIMIO TreoMar-
HutHoro nos a0 10...50 HT ('MY).

CucremMa <«Apda» Ha€T BO3MOXK-
HOCTb 3aIUCHIBaTh B pEXXUME PEeaIbHOTO
BpEMEHM cocCTaBisiolnye (3 KOMIIOHEH-
ThI) HU3KOYAaCTOTHOTO MAarHUTHOTO TTOJIST
B pabouyeM 00BbEME OJioKa BKCIIO3UIIUU.
HcnibiTyeMbIii BO BpeMsl MCCIIeIOBaHUS
HaXOOUTCS B Kpecyie 0JIoKa 9KCIO3UITUU
B YCJIOBUSIX 9KPaHUPOBAHUS OT 3JIEKTPO-
CTaTUYECKOTO TOJ M OT dJIeKTpoMar-
HUTHOTO MoJjs, yactoToi go 1 I'T1.

IIpu BHIOOpPE METONOB perucTpa-
Y GU3UOJIOTMIECKUX TTapaMeTPOB MbI
PYKOBOJCTBOBAIMCH, TIPEXIE BCETO, UX
WH(OPMATUBHOCTBIO, a TaKKe HEWMHBA-
3UBHOCTBIO C TeM, YTOOBI HE BHECTH MC-
KaXXeHU B pe3yIbTaThl UCCIIETOBAHMUS.

Puc. 1. biiok akcno3uiimu cuctembl «Apdar:
1 — mepenBukHag TIaTdopMa; 2 — OIop-
Has CToiKa; 3 — ocHu BpalieHus 6okca; 4 —

MOABMXHBIN OOKC; 5 — 3JeKTpocTaTuye-
CKUI 3KpaH; 6 — BUTKMU KoJjell I ebMrosbia
(7 BUTKOB)
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TakuM KpUTEpPUSIM COOTBETCTBOBAJIM METOIWKH MCCICTOBAHUST KAITWILISIPHO-
ro KpOBOTOKa C TMOMOIIbIO LIU(PPOBOro ONTUYECKOro KamuJUIsSIpOCKOIa, ompene-
JIEHHE CKOPOCTH pacIpocTpaHeHus myjbcoBoii BoiaHbI (CPIIB), sHmorenmanbHOM
by (DP), apTepHaTbHOTO AABICHUS M YacTOTHI ITyJbca, ¢ ITOMOINBIO ar-
napata «ToHOKapa», a TakKxke MOHUTOPUPOBaHME 3yeKTpokapanorpaMmmel (BKI)
C MOCJIeAyIOIIMM aHAJIM30M 3allicu MokKa3areseil BaprabebHOCTU pyUTMa cepilla
(BPC). Kpome Toro Ha BbIOOp METOAMKM TIOBJMSI Halll COOCTBEHHBIN TMOJOXM-
TEJIbHBIN OMBIT pabOThl C 3TUMU MoKazarelsaMu. Tak, ucciaeaoBaHUEe KaruLisap-
HOTO KPOBOTOKa C MOMOIIIBIO ONTUYECKOro, a 3aTeM 1IM(POBOro KarnuuisipocKorna
MOKAa3aJI0 HaJW4Yne BHIPAKEHHOTO BJIMSHUSI TEOMAarHUTHOW aKTUBHOCTH Ha CKO-
POCTHBIE XapaKTePUCTUKNA B MUKPOIIUPKYJISITOPHOM PYCJIe Y TTAIIMEHTOB C MIIIEMU-
yeckoii 6ose3nbio cepaua [Gurfinkel et al., 1995]. Usmenenne CPIIB u P Tak-
>Ke ObLIM OTMEUEHbI KaK MPeIMKTOPbl pa3BUTUS apTepualibHOM rurneptreHsuu (Al).
AHAJIOTUIHBIC M3MEHEHUS OBUIH BBISIBJICHBI B TPYIIIE 3MOPOBBIX TOOPOBOJIBIIEB O
BIIUSTHMEM BapUalWii eCTeCTBEHHBIX T'€OMarHUTHBIX mojiei [['ypduHKenb u mp.,
2010]. Beioop ananuza BPC cBsizaH ¢ TeM, 4To HauboJyiee BEpOSITHBIMU MUIIIEHS -
MM BO3IEHCTBHS TEOMArHUTHBIX BoaMylneHUit siBistiotcst CCC u HepBHBIE MeXa-
HU3MBI €€ peryasiuun. U3aMeHeHust BapuabeJbHOCTU pUTMa Ceplilia Y KOCMOHABTOB
B TIEpUOI TeOMAarHUTHBIX BO3MYIIEHWN OBUIM TPOIEMOHCTPUPOBAHBI B paboTax
Baesckoro u coaBropos [ baesckuii u ap., 2006].

Jns vccnenoBaHusl KanuUISIPHOTO KPOBOTOKAa Mbl MCMOJIB30BaIM LIMMPOBOiA
kanusuisipockorn (Poccust) ¢ BeicokockopocTHoi kaMmepoii (100 kagpos/c); Temrie-
patypa BOJIM3M 3MOHUXUS MCCIENyeMOro Tajblia U3MepsIach B X0/1e KaXJI0ro Mc-
CJIEIOBAHUSI; PETUCTPUPOBAIM CKOPOCTb KaMUJUISIPHOTO KPOBOTOKA U Pl APYTUX
napameTpoB (puc. 2).

Puc. 2. NU306paxeHune Kanujuisipa, BEIBEIEHHOE HAa 9KpaH KOMIIbIOTEpa
IIJISI IOCJIemyIoleit 00paboTKu
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Hsmepenne CPIIB, D®, aprepuanbHOro JaBJIEHUS MPOBOAUIIOCH A0 W IO-
cjie IpoObl ¢ peakTUBHOM Tunepemueil. KoHCTpyKTMBHON OCOOEHHOCTbIO arima-
pata «ToHokapm» SIBASIETCS MCIIOJIb30BAaHUE BBICOKOUYBCTBUTEJbHBIX HAaTYMKOB
JaBJICHNsI, pacriojlaraeMbIX B MPOEKLUU TIIeUeBON apTepuu U apTepuii 3amscThbs
(ny4yeBoit 1 nokreBoit). Ilocie Toro Kak AaTYMKM, COCIMHEHHBIC C MaHXETaMMU,
3aKpEIJIsUINCh Ha PYKe, B KOMIbIOTEP BBOJAUJIOCH TOUHO UBMEPEHHOE PacCTOSIHUE
(L) mexny Humu. Bpems (Af), 3a KoTopoe MyJibcoBasi BOJIHA MPOXOAUT 3TO pac-
CTosIHUE, perucTpupoBaioch aBTomatudyecku. CPIIB onpeaensiiuch Kak oTHOIIe-
Hue L /At.

IMpu usmepennu DD npoBoAUIACE TPEXMUHYTHAS TTpoba ¢ TepekaTheM Iie-
YeBOM apTepuu. DTOT METOJ OCHOBAH Ha CIOCOOHOCTH SHIOTEIUSI BBICBOOOX-
nath okcua azora (NO) B ycIIOBUSIX peakKTMBHOW TuiiepeMuu. B ucciemoBaHM-
SIX JaBjieHue B TepeXuMalollleil riedyeBoil MaHXeTe B XOjie IMpOObl COCTAaBJISIO
170 MM pt.cT. JJo u mociie mpoObl aBTOMATUYECKU MPOW3BOAUIICS 3aMep aMIUIU-
TyIOBl IIyJIbCOBOII BOJHBLI Ha 3amsCThe BCErJa 4epe3 paBHLI MHTEPBaJI, COCTaB-
Jsiommii 10 ¢ mocne pacnyckaHusi MaHXeThbl Ha ruiede. MU3aMeHeHre aMIUTUTYAbI
MyJIbCOBOI BOJIHBI JI0 U TOCJe PaclyCKaHMWs MaHXEThl BbIPaXKajoCh B MPOLIEHTAX.
OnHoBpemeHHO TipoBoauics 3amep usmeHeHusi CPTIB (ACPIIB) no u nocne mnpo-
Obl ¢ runepemueil. Pesynbrar onpenesisuicsl B MpOLIEHTaX OTHOCUTEIbLHO UCXOIHOTO
3HaueHus. U3mepeHue apTepruaibHOTO aBjleHUs! TTPOU3BOAMIIOCH IBaXKIbl HAa TOM
K€ pyKe uepe3 2 MUH IocJie OKOHYaHUS MpoObl ¢ runepemueil. [1o 3aBepieHuu
M3MEPEHUS MOJIYYEHHBIC pe3yJIbTaThl aBTOMAaTUUECKHU 3aMMChIBAJINCh B 3JEKTPOH-
HBIN TTPOTOKOJI C yKa3aHUEM COOTBETCTBYIOILIETO BPEMEHMU.

MonutopupoBanre IDKI' mpoBoauioch KapIMOJIOTMYECKUM KOMILJIEKCOM
«Actpokapa-Tenemerpus», mpousBoactBa 3AO «Meautek», B 12 cTaHIapTHBIX OT-
BEICHMSX C MOCJIEeAYIONMM aBToMaTudecKuM aHaiau3oM DKI'. CrienuanbHBINA BbI-
HOCHOM MOHMTOD MO3BOJISIET MTOMUMO 3alMCU JaHHBIX HA OCHOBHOM cepBep, BeCTU
BU3yaJbHOE HaOJIIOIEHVE 3a XapaKTEPOM CEPIeUYHOTO PUTMA B X0/ MCCIIeI0OBaHNSI.
KomMmiekc nmo3BoJisieT Takxke MPOBOAUTb aHAJIM3 BapuaOeJlbHOCTU pUTMa cepilia
(BPC).

Merton aHanu3a BapuabenbHocTH puTMa cepaua (BPC) npumensiercs B Meau-
LUHE IJISI OLICHKM COCTOSIHUSI BET€TAaTMBHOU HEPBHOI CUCTEMBI 1 OOl agarra-
LMOHHON peaklMy OpraHu3Ma IIpu CTpecCOpHbBIX Bo3aeicTBUsIX. OneHka BPC kak
pe3yibTaTa AesITeIbHOCTU PEeryJIsiTOPHBIX CHUCTeM, OOecreyrBalolIUX MOAAepKa-
HUe roMeocTasa 1 MpucrocobieHusl opraHu3Ma K yCJIOBUSIM OKpyKalollielt cpefbl,
ocHoBbIBaeTcs Ha KoHuenuuu o CCC Kak MHAMKATOPE afallTallMOHHBIX peakiuit
Bcero opranusMa [ baeBckuii, bepcennena, 1997; baesckuii u np., 2001].

3a 71Ba yaca 10 TMPOBEACHMSI UCCIENOBaHUSI UCMBITYeMble BO3IEPKMBAIUCH
OT KypeHMsl, YIoTpebseHus1 Kode 1 KobernHcoaepxKaliux HamuTkoB. TemmnepaTtypa
B TOMEUIEHUHN, TNe IPOBOAUJIOCH MCCJeNOBaHME, TOAAEpPXMBaJach Ha YpOBHE
24...25 °C.

Huknoepamma uccaedoséanus BKIIOYAJla TPU dTama: MOATOTOBUTEbHbINA, W3-
MEPUTENIbHBIN W 3aKJIIOUUTeSIbHbIA. OTCYET BpeMEeHU HMCCIeNOBaHUS HauMHAJICS
C MOMEHTA 3aKPbITUS JIEKTPOCTATUUECKOTO 3KpaHa 0JioKa 3KCMO3ULIUU CUCTEMbI
«Apda». Bo Bpemsi oAroToBUTENbHOTO MEpUoaa, JIUTEIbHOCThIO 10 30 MUH, UC-
MBITYEMbIA TTPOXOAWI MHCTPYKTAX, MOCJEe YEro Ha Hero MPUKPEIISLIU DJIEKTPOIbI
cuctembl MoHUTOpupoBaHMusl DKI' (cranmapTtHbie 12 oTBeAeHMIT) U TOAKIIOYAIN
K CUCTEME TeJIeMETPUMU.
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H3MmepuTenbHBIN TIEpUON IIUKIOTPaMMBI UMeNT 6 BpeMEHHBIX TepUOIoB (M3-
MEpEHHIT) peruCcTpalri (PU3NOTOTHISCKHX ITapaMeTPOB 3a MEPHOI UCCIICIOBaHUS
B Te€UEHME IIPUMEPHO JABYX YACOB.

IIepBoe u3amepenue (1) moBoaMIOCH TIOCIIE TOTO KaK MCIBITYeMBI TPUMEPHO
10 MUH amanTUPOBAJICS B Kpece 0J10Ka 9KCIIO3ULIMU CUCTeMBI «Apda». [1pu aTom
3JICKTPOCTATUUECKUI 3KpaH OBbIJT OTKPHIT, UCITBITYEMBIN He TTOABEeprayicsl HUKaKIM
BO3JICHICTBUSM.

Bropoe uzmepenue (II) nmpoBoaunoch crnyctsi npumepHo 10...15 MuH mocie
3aKPBITUS DJIEKTPOCTATUYECKOTO SKpaHa M YCTAaHOBKU OJIOKa 3KCHO3WIIMU B pa-
6ouee mosoXeHUe. JUTeTbHOCTh BTOPOTO U3MEPUTEIBHOTO TIepHoAa COCTaBIIsIIa
20...30 MmuH.

Tperbe usmepenue (II1) nposoaunock cryctst 7...10 MUH Tocje BKIOYEHUS
KOMIIEHCAIIA TEOMarHUTHOTO TIOJIS, T. €. UCIIBITYEMBI HAXOMUJICS B TUTIOMArHUT-
HBIX YCIIOBHSIX.

Yereéproe u nsitoe usmepeHus (IV u V) npoBoauiinck IpUMEPHO dyepe3 Kax-
nbie 20 MUH TTOCTie TpeThero u3MepeHus. VICIBITyeMbIit TakKe HaXOAWICS B HyJle-
BOM MarHUTHOM ToJjie. O011ee BpeMsi HaxoxaeHus: 1oopoBoJibiia B IMY cocrasisi-
70 60 MuH. OO61IIee BpeMsI HaXOXICHUS TOOpOBOJIbIIA B CUCTeMe «Apda» COCTABIISI -
J10 80...90 MuH.

Iecroe namepenue (VI) npoBoausioch yepe3 10 MUH mociie MpeKpaileHust
Bo3IelicTBUSA HyJeBoro MII mpm OTKPBITOM 3JIEKTPOCTATUYECKOM 3KpaHe OJIoKa
skcrio3uumu. Mamepenust 1 u VI npoBommmm 11 KoHTpodst cocrossaus CCC uc-
MBITYEMOTO 10 U TTOCJIe SKCITOHNPOBAaHUSA B cCTeME «Apdar.

B 3aximounTeIbHOM TIeproie ITMKIOTPaMMBI, KOTOPBIM HAUMHAJICS TOCTe 3a-
BEpIICHUS IIIECTOT0 M3MEpPEHMsI, MCIBITYeMbIi MpuMepHO 10 MWH HaxomwiIcs
B Kpeciie 6JI0Ka SKCIO3UINU ¢ Ieiblo KoHTpoigs DKI mocie mpekpalieHusT Bo3-
JIeicTBHS. 3aTeM TIPOUCXOIUIIO OTKIIIOUCHHUE TeJIeMETPUU U CHSTHE DJICKTPOIOB
CHCTEMBI MOHUTOPUPOBAHWSI.

B cpemHeM IUTEIPHOCTE BCETO UCCIISTOBAHMST COCTABIISLIA OT 2 110 2,5 .

PErTMCTPALIMA MATHUTHOTO NMONA

3anuch 3HAYEHUII MArHUTHOTO TOJISI BHYTPU CUCTEMBI «Apda» OCYIIeCTBIIsLIaCh
MIPY TTIOMOILIY BXOASIIETO B COCTAaB CUCTEMBI TPEXKOMITOHEHTHOTO TaT4yMKa, PacIio-
JIOXKEHHOTO B palioHE IUIEUYEBOro Iosica ucibityeMoro. Perucrpauus MII mo tpém
KOMITOHEHTOM IPOBOAMIIACH HEMPEPLIBHO ¢ yacToToi 1 kI, ¢ 3amuchio usmepe-
HUI B COOTBETCTBYIOIINIA TEKCTOBBIN (haiiyl. TakKe OCyIIEeCTBIISIACH 3AITUCh CPel-
HUX 3HaYeHUI MarHUTHOTO nosst 3a 1 ¢. TounocTs perucrpanuum MII 6bu1a B cooT-
BETCTBUU C XapaKTEPUCTUKAMU TPEXKOOPAUHATHOTO AaTunka MII u BeIOpaHHOI,
C TIOMOIIBIO IIPOTPAMMHOTO 00ecCIeYeHNs CUCTEMBI «Apda», YaCTOTOM AUCKPETH-
3allMY aHAJIOrO-LM(POBOTo Mpeodpa3oBaTers.

METO[ OBPABOTKW PE3YJIbTATOB

Pe3ynbrathl olleHUBaIKCh B 6ajuiax mo 14 mokazaTesisiM:
* 6 moxasarejieii, ITOJAyYeHHBIX armnapaToM «ToHOKapd»: apTepUalbHOE JaB-
nenue (A1), cucronunueckoe (CAJl), nuactonudeckoe (JIAJl), yactora cepaguHbIX
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cokpamienuii (YCC), ckopocth pacrnpocTpaHeHus ItynabcoBoii BosHbl (CPIIB),
npotuieHT u3mMeHeHust (ACPIIB), suporemmanpHast pyHkums (BDD);

* | mokaszaTeib KanmuISIpOCKOIMU: CKOPOCTh KaNUJUIIPHOTO KPOBOTOKA
(CKK);

+ 7 mokasarejieii BapuMalMU PUTMa cepjla: 3HauyeHUe HOPMAJIbHBIX CUHY-
coBbIX KapauouHTepBajioB (nNN); cTaHIapTHOE OTKJIOHEHWE HOPMaJIbHbIX Kap-
mronHTepBaioB (SDNN); KoJIMYecTBO map IOC/IEeNOBaTEIbHBIX HOPMAaJIbHBIX
KapauouHTepBaioB (NN), pasznuuarommxcs 6onee yeM Ha 50 McC, MOJIy4eHHBIX 3a
S5-munHyTHBIN MHTepBaJl (NN50); obuias crieKrpajibHasi MOLUIHOCTh 3allUCU BO BCEX
nuarazonax (0,003...0,4 I'n) (Tot P); MomiHOCTh B IMana3oHe OYeHb HU3KUX YaCTOT
(0,003...0,04 T'x) (VLF); MomIHOCTh MEIJIEHHBIX BOJIH B IMAIla30HE HU3KUX YaCTOT
(0,04...0,15 T'n) (LF P); cooTHONIEHKE, OTpaXarolllee BaryCHO-CUMITATHIECKUiA 6a-
naHc (LF/HF).

CpaBHUBa/IM 3Ha4YeHUs IoKa3aTeneil B uamepeHusx IV u V, xorma ucrsitye-
MBIIf HAaXOAWJICS B YCJIOBUSIX HYJIEBOIO MarHUTHOTO MOJISI CO 3HAYEHUSIMU TT0Ka3a-
teneit o Bo3nelicteusa MY, uamepenue 11 ((poHoBwie ycnosust). TakuM oOpa3om,
B OLIEHKE COCTOSIHUMSI KaXXKIOTI'0 MCIBITYEeMOIO 3aJIeiiCTBOBAaHO 42 3HAYEHUSI B TPEX
Habopax JaHHBIX.

BanibHBINM pe3yabTaT mojiydaiyd Kak pa3HOCTb MeXIy 3HaueHHWeM IoKazare-
I B yciaoBusix HyneBoro MIT u ¢ooHOM, HOpMUPOBaHHYIO HA (P)OHOBOE 3HAUYCHUE
B IIpOIeHTaX. 3aTeM Opau JIeCATUYHBINI JJorapudmM abCOMIOTHOTO 3HAYEHUSI TTOJIY-
YeHHOro pe3yJibTata. JlorapudmMupoBaHue U nocienyrllee yYMHOXeHUEe Ha KO-
¢uument 10 Mo3BOIMIIO MOMYYaTh Oa/UIbHBIE 3HAUCHMSI, HE MPEBBIIIAIONIAE TPU-
YeThIpe AeCsITKA JaXe B cyyae 3HAUMTeJIbHbIX Bapyalliii OTAEJIbHOTO TToKa3aTesl.

MaTtemaTrueckoe BbIpaxkeHHe O0a/utbHOI olieHKHM (B) B 6ajutax (LeI04YMCIICH-
Hble 3HaUCHUSI) [JIs1 KaXI0TO MoKa3aTessl OMUChIBAETCS CSAYIOIIUM 00pa3oM:

100(x,. —x
B=10lg 100 ~ %)

X

IJIe X, — 3HAYEHHWEe IMoKasaresst TPU IKCIIOHMPOBAHUS B HYJIEBOM MarHUTHOM
noine; x, — (poHOBOE 3HAUCHUE (3HAYEHNE MMOKa3aTesIsd BO 2-1 TOUKeE).

Ilpu monyYeHUM OTPULIATENBHBIX OAJTBHBIX 3HAYEHWH, CBUIACTEIbCTBYIOIINX
O TIPOIIEHTHOM M3MEHEHUU ToKa3aTelisT MeHee YeM Ha eIWHMILY, CPAaBHEHMIO TTPH-
MMUCHIBAJIM HYJIEBOE 3HAUCHMUE.

PE3YNbTATbI NCCJTIEAOBAHUA N OBCYXKAEHWE

OTKa30B OT y4acTHsl B MCCJIeIOBAaHUH B XOJle dKCIIepUMeHTa He Obl1o. Hukro 13
HWCTBITYEMBIX He TPEIbBIISUT Xajo0 Ha AMCKOMMOPT WIM KaKue-TU00 HEeTpUsIT-
HbIe OIIyIeHNs. McbITyeMBIX He MH(GOPMUPOBAIH, OYIET JIU BKIIOYEHO HYyJIEBOE
ToJie, M B KAaKOl MOMEHT MCCIIeIOBaHUS 5TO MPOU30MIET.

Ha pwuc. 3 mokasaH TMNWYHBINA TpadWK W3MEHEHUS WHAYKIWA MArHUTHOTO
TIOJIST B TIpOIIecce McCieIoBaHusI. B cooTBeTCTBIY ¢ ONTMCaHHOM BHITIE IIUKIOTPAM-
MO mccienoBaHus TepBble 30 MUH TOOPOBOJIEI] HAXOOWUJICS B MAarHUTHOM ITOJIE
¢ (DOHOBBIMM 3HAYECHUSIMU WHAYKIUHU OKOJIO 48 MKT (BepXHSSI TOPU3OHTAIbHAS
JIMHUS Ha rpaduKe).
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Puc. 4. I[pumep TMNIUYHOI IMKJIOTpaMMBbl UccienoBaHus. BBepxy rpaduka mupuHa mpsi-
MOYTOJTbHUKOB COOTBETCTBYET IUTMTEILHOCTM HAIIMCAHHOTO Teproia BO3NeHCTBUS. 3a-
IITPUXOBaHHbIE 00JacTU ¢ LUGPaMU — JIUTEJBHOCTU PETUCTPALIMU M3MEPUTETHLHOIO
nepvona HUKJIOTrpaMMbl (ITPOAOKUTENBHOCTh (DOHOBOTO MEPUOIA B YCIOBUSIX IKPAHUPO-
BaHUS OT BJIeKTpUuyeckoro nojst — 30 MUH, MarHUTHOe Tosie B 3ToM niepuone 48,4 MkT;
TEMHBII TIPSIMOYTOJIbHMK COOTBETCTBYET TMITOMAarHUTHBIM YCJIOBUSIM, B KOTOPBIX HAXOMUIICS
HCIIBITYeMBIii B TeueHue 60 MmuH). CTpesikaMy OTMEYEHBI TOUKM 3aIMCH ITOKa3aTelis, 3Haue-
HUS1 KOTOPBIX BOLUUIU B Oa/UIbHYIO OLIEHKY
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IMocne BKITIOYEHHUST KOMITEHCAIIMM T€OMAarHUTHOTO TIONS (IO Z-KOMITOHEHTE)
MAaTrHUTHBIC YCIIOBHS B OJIOKE SKCITO3WIINHM M3MEHWINCh. UHAYKIIMS MarHUTHOTO
TIOJIST TIO0 BEPTUKAJILHOM KOMITOHEHTE CTajla OKOJIO HYJIS (HYDKHSISI TOPU3OHTATBHAS
JTHUA). BpeMeHHOI Tiepron TMITOMAarHUTHBIX YCIoBUiA cocTaBui 60 MyuH. HykHsIs
JacTh TpavKa MMeeT YKPYIMHEHHYIO KAy, MOSTOMY MOXHO YBUICTh ITYMEI,
He npeBbiatolue S HT.

s TIpencTaBIieHHOTO TIpUMepa CpedHHe 3HAYeHWS WHIYKIWN MarHUTHOTO
TTOJISI COCTABWIIU:

®donosrie 3HaUYeHMsT 32 30 MUH:

0 X-KOMIIOHEHTE: 0,0941£0,0006 MxT, 0=0,0137 MxT;

0 Y-KOMIIOHEHTE: —0,0505%+0,0013 MxT, 0=0,0286 MKT;

0 Z-KOMITOHEHTE: 48,3764+0,0438 MxT, 0=0,9501 mxT.
I'unmoMarHuTHbIE YCIOBHS 3a 60 MUH:

o X-KOMIIOHEHTE: —0,0350%0,0005 MxT, 0=0,0143 mxT;

o Y-KOMIIOHEHTE: —0,21254+0,0007 MxT, 0=0,0223 MxT;

0 Z-KOMITOHEHTE: —0,0069+0,0000 MkT, 0=0,0008 MxT.

[IpuBenéHHbIE TaHHBIE CBUAETEJIbCTBYIOT O TOM, YTO (hU3UUYECKHE ITapaMeTPhI
BO3IEHCTBUS 00eCTIeYrBaIOTCSI ¢ XOpollei ToUHOCThIo. IIpu 3ToM KoadduumneHT
ocnabnenus I'MII o Z-KOMITOHEHTE paBeH 7-103, 4YTO BBIAEPXKUBAIOCH BO BpeMs
BKCMO3ULIUI BCEX UCTIBITYEMBbIX.

Ha puc. 4 npeacrapiieH npuMep TUIMMYHON LIMKJIOTPaMMBbl MCCJIETOBaHUSI.

JnUTenbHOCTb perucTpaluy sl KaXIoli TOUKM CKJIaablBajach U3 ABYX ITO-
cJlenoBaTe/IbHbIX M3MEPUTEIbHBIX MEePUONIOB: TMepUoJ 3anucu BuaeohparMeHTOB
KaIlJUISIPHOTO KpOBOTOKa (He MeHee 4—5 (pparMeHTOB) IJIsI TTOCJIEIYIOMIETO pac-
yéTa 1 Mepuojl perucTpalii CKOPOCTU paclpoCTpaHEeHUsl MyJIbCOBOM BOJIHBI, 3H-
JOTeNuaIbHON (PYHKIIMU, BKIOYAs TPEXMUHYTHOE TiepexkaTre Tie4eBOi apTepuu,
a TakxKe JBYKPaTHOTO U3MEPEHUS apTepUabHOTO AaBJISHMUS U TTyJibca.

CyMmmapHbIe pe3ysibTaThl TTokazaTeneit IV u V usamepeHuii B 6ajiax il Kax-
JIOTO UCITBITYEMOTO 110 BCeM METOAUKaM MpeacTaBieHbl B Taoa. 1 u 2 (1o ropu3oH-
Tajin); 1O BepTUKAIU MPUBEAEHBI 3HAUCHUS MMoKa3aTeseil Mo MeTOAMKaM JJIsT Kax-
JIOM BO3pacTHOM rpyIbl. Takoi MoaxoA MO3BOJUII BBISIBUTh 3HAUMMOCTb KaXKIOM
METOJIVKM B OLIEHKE BIUSIHUSI HYJIEBOTO IMOJIsI Ha KaXKAbli CCAeayeMblii TapaMeTp.
Kak BUAHO U3 MpUBEAEHHBIX TaOIUI], CAaMbIMU MH(MOPMATUBHBIMI OKa3aJUCh Me-
tonuku ¢ 3amepoMm CPIIB 1o 1 mocie TpexMUHYTHOTO TiepexkaTusl TJIe4eBOi apTe-
pun (ACPIIB), nccnenopanue D®, CKK, NN50 u VLF, Tot P u LF P. Mamno us-
MEHMBIIUMUCS MapaMeTpaMU B XOJIe IKCIIEPUMEHTA BO3AEHCTBUS HYJEBOTO MO
okazanuch CAJ, JTAJ/l, YCC u 3HaueHUue HopMalbHbIX KapauouukiaoB (nNN). Mx
BapuabeIbHOCTb He MpeBbIcKa 8§ 0aII0B Kak 1151 udMepeHust IV, Tak u mist uaMe-
peHus V 1o cpaBHeHUIO ¢ u3mMepeHueM I mapameTpos.

Kak BUIHO U3 MpUBEIEHHBIX TaOJULI, CpenHee 3HaYeHue O0annoB (M=*o) mpu
cpasHeHun usMmepenuit II m IV cocraBwrio 156,2+22,5 GauioB I HCIIBITYE-
MBIX B Bo3pacte n0 40 net u 184,4+27,8 nnst Bo3pacTHO rpymnmbl ctapire 40 jer.
Paznuuus B peakliud MeXIy BO3pAaCTHBIMU TIPyMIaMy CTaTUCTUUYECKU TOCTOBEP-
Ho, p=0,014 no kputeputo MaHHa — YutHu. /st usmepenus V cpenHue 6aibHble
3HaYeHUS paBHBI 167,7+32,3 mig Bo3pacTHOM rpymbl 1o 40 net m 168,9123,1 mis
cTapliell BO3pacTHOM IPYTIIIbI.
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Pazmmums Mexmy Bo3pacTHBIMU TPYITIIAMU JIJIST 3TOTO U3MEPUTEIIBHOTO TTePHO-
Jla He T0CTOBEpHBI, p>0,7. O6palaeT Ha ceds1 BHUMaHMe, YTO B CTapliieii Bo3pacT-
HOI TpyIime noka3aTesb JJAJl M3MeHsUICS TIOUTH B IBa pa3a ITo CPaBHEHMIO C UCIThI-
TyeMBIMU B Bo3pacte 10 40 net. [Tapametper ACPIIB, B®, CKK, SDNN, NN50
u VLF, Tot P Takxke BBIpoCIM B cTapilieii BO3pacTHOM rpymiie B uaMepeHun IV.
Hamre ncciaegoBanme nokaseiBaeT, uto 1ociie 30...40 MUH 3KCIIO3UILIMU B HYJIEBOM
MarHuTHOM Tiojie (u3mMepeHue IV) oTMedeH MaKCHMAJIBHEBINA POCT (PH3HMOJIOTIIE-
CKUX TIOKa3aTeJlel, CBUIETEIbCTBYIOIINX 00 aKTUBALIMU PETYISITOPHBIX MEXaHU3-
MOB BeTeTaTUBHOI HEPBHOI CUCTEMEI B TpyIIIe J0OPOBOJbLEB cTapiie 40 JeT.

WNameHeHne 6ajutbHOI oLleHKM OoT u3mepeHus 1V K mameperuio V'y 3Toii rpym-
TTBl UCTIBITYEMBIX, BEPOSITHO, OOYCIIOBJICHO aJanTaieil opraHn3Ma K KOHITY TepH-
oIla MpeObIBAaHMS UCTIBITYEMBIX B TUTIOMAarHUTHBIX YCIOBUSIX. YBeIMYeHUE TTOKA3a-
tesst NN50, comracHo npuHsToi mHTeptperanuyu [baesckuii u ap., 2001], cBune-
TETBCTBYET 00 aKTUBAIIMU IMapaCUMITaTUIECKOTO 3BEHA PETYJISALNU, a YBeJIUIeHNe
rokasaresist VLF — 00 akTuBanuy cuMIaTUIecKoro 3BeHa perymsinu. K tomy ske
00 9TOM CBUIETENbCTBYET YBEeJUUEHNE CyMMapHOU MolllHoCcTU criekTpa Tot P kak
TToKa3aTesIst aKTHBHOCTH abCOIIOTHOTO YPOBHSI PETYISITOPHBIX CHCTEM M YBEJIMUCH-
Hasl aKTUBHOCTb D@, oTpaxkalolleil COCTOSTHHE COCYA0B. MOXHO MPEATIONIOXNUTb,
YTO K KOHITY Yaca IpeObIBAaHMS B YCIIOBUSIX SKCITO3UIIUM HYJIEBOTO TIOJIS, T. €. B U3-
MepeHHH V, MOHWXaeTCs aKTUBHOCTh CUMITATUYecKoro 3BeHa peryisimun (VLF
craj paBeH 18), omHaKo O0LIMI TOHYC BEreTaTMBHOM CUCTEMbl COXPAHUJICSI, OCHOB-
HBIE CIIEKTpaJIbHbIC MTOKa3aTeau Bce enne Beicoku (Tot P=18).

PaccMoTpeHHBIE M3MEHEHUS OT OHOTO Teproaa U3MepeHUsI K npyromy (ot IV
K V) s rpymmsl 10 40 JeT He CTOJIb BEIPaXEHBI, XOTS TAKXKe MOXHO OTMETHUTD aK-
TUBAIIAIO CHMITATUIIECKOTO 3B€HA PETYJISIIUN, HO yKe K KOHITY 60-MUHYTHOTO TIpe-
OBIBaHUS B HYJIEBOM MarHUTHOM TI0JIE, YTO MOXET CBUIETEIbCTBOBATh 00 yBeIMJe-
HUY HaIIPSDKEHUS PETYIITOPHBIX MEXaHU3MOB T10 Mepe YBEIMUEHUS TTUTETbHOCTI
HCCIIeIOBaHMS.

3AKJTIOYEHWNE

ITpoBenéHHOe McclenoBaHUE T10KAa3aj0 BIWSHUE HYJIEBOrO MoJjsl Ha (hU3UOJIOTU-
YyecKMe MapaMeTphl, XapaKTepU3YIOIe COCTOSIHME CEPASYHOCOCYIUCTON CUCTEMBI
3IOPOBBIX JIIOAEH KaK cTapliueil Bo3pacTHOU rpymmbl (52,5110,7), Tak u Tex, ueit
Bo3pacT He TpeBbial 40 et (cpenHuit Bo3pact 32,4+5,0 rona).

Ycranosneno, yro mocie 30...40 MMH 3KCIO3MLMU B HYJIEBOM MarHUTHOM
1oJIe OTMEYEH MaKCUMAaJIbHBIM POCT (pU3MOJIOTMYECKUX ITOKa3aTeseli, CBUAETEIb-
CTBYIOIIUI 00 aKTUBALIMU PETYJISITOPHBIX MEXaHU3MOB BereTaTUBHOM HEPBHOM CH-
CTEMBHI B TpyI1iIie 100poBoJibleB crapiie 40 jerT.

®Du3znonornyeckue rmapaMeTphbl CTapiiieil BO3pACTHON IPYIIIbl B OOMbIIEH CTe-
IEHU MEHSUIMCh B YCIOBMSIX HYJIEBOTO MOJISI, YEM Te K€ IapaMeTphbl MJalleil Bo3-
PacTHOM TPYMIIbI, pa3IiMyUsl CTaTUCTUUYECKU HocToBepHHI (p=0,014 1o Kputepuio
ManHa — YUtHn).

Wcnonb3oBaHHbIE METOAMKU ITIOKAa3aju MX WHMOPMATUBHOCTb IJisI OLIEHKU
WHIWBUIYATbHON YYBCTBUTEILHOCTU UCIIBITYEMBbIX.

ABTOpPHBI BbIpaxaloT I1yookyto oyarogapHocTh kosuieram HKII OAO «PXKII»,
TIPUHSIBIIMM y4acTHe B 9KCTIEPUMEHTE.
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REACTION OF CARDIOVASCULAR SYSTEM OF HEALTHY
VOLUNTEERS ON ZERO MAGNETIC FIELD EXPOSURE

Yu. . Gurfinkel " 2, A. L. Vasin 1, T.A. Matveeva'

! Scientific Clinical Center of JSC “Russian Railways’, Moscow, Russia
2 Space Research Institute, Russian Academy of Sciences (IKI RAN), Moscow, Russia

The prospect of extended space missions, dissemination of life on the planets and their satel-
lites with weak magnetic field or the absence of it makes it important to study the problem of
hypomagnetic conditions influence on human health.

In terrestrial conditions hypomagnetic fields, especially so-called “zero” magnetic field,
meets rarely. Our previous studies of patients with cardiovascular disease have shown im-
provement in the parameters of capillary blood velocity, normalization of blood pressure and
heart rate during their staying in a screened room for the time of geomagnetic disturbances.
Screened room provided a reduction of the magnetic field in 4.5...5 times. At present, a num-
ber of researches have shown the effects of zero magnetic field exposure on human cognitive
function, but there are no data on the effects of zero magnetic field on cardiovascular system.

The aim: to study effects of zero magnetic field on human cardiovascular system, and to
evaluate a validation of methods that were used to identify the response of human organism to
zero magnetic field exposure.

Methods: twenty one healthy volunteers without cardiovascular disease were divided into
two groups. The first group consisted of 11 people aged under 40 years (mean age 32.415.0),
including 8 men and 3 women, and the second 10 people 40 years and older (mean age
52.5%10.7), including 7 men and 3 women.

The study was carried out in the system of magnetic exposure that consisted of the elec-
trostatic screen and seven coils that allowed the system to compensate the external magnetic
field.

During the experiment we used non-invasive methods for measuring of blood pressure,
heart rate, pulse wave velocity, endothelial function, and capillary blood velocity. In addition
to this ECG and seven parameters of heart rate variability were assessed. The time of direct
exposure in zero magnetic field was 60 minutes.

Quantitative changes of values from each volunteer received under zero magnetic field
exposure and under normal magnetic field were compared and assessed by numerical loga-
rithmic score.

The study showed the influence of the zero magnetic field on physiological parameters
characterizing the state of the cardiovascular system of healthy volunteers as elder age group
(52,5£10,7), and those whose age did not exceed 40 years (mean age 32.4%+5.0). Maximum
change was registered in elder group of volunteers after 30...40 minutes of exposure at zero
magnetic fields.

This finding indicates more pronounced activation of autonomic nervous system in this
group than the same parameters for younger age group. The differences of results between age
groups are statistically significant (p=0.014, Mann-Whitney test). The methods used in our
experiments have shown their relevance for assessing of individual human sensitivity to zero
magnetic field exposure.
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B pabote paccMaTpuBaOTCsSI OCHOBHBIE ITOIXOAbI, UCIIOJIb3yeMble B IeIM00HO(MU3NIECKUX
HCCAeNOBAHUSIX, AHAJUM3UPYIOTCS UX NOCTOMHCTBA, HEMNOCTaTKU W TPYAHOCTH, KOTOpbIE
He ymaércsl TIpeofioyieTh B paMKax CYIIECTBYIOIIMX TMoaxoaoB. K HUM OTHOCUTCS HEBO3-
MOXHOCTh TOCTPOEHUS OOIel, reMnoornoGu3NIecKoil MOIeIN peakIuy XUBBIX CUCTEM
(1 opraHu3ma yesjoBeKa B YaCTHOCTU) Ha IElCTBUE KOMILIEKCa METEOPOJOTUIECKHMX U Te0-
MarHuTHbIX (hakTopoB. [TpuunHa 3akioyaeTcsi B CUIbLHON BapuabeJbHOCTH PE3yIbTaToB,
MoJjlydaeMbIX pa3HbIMU UccienoBaresiMu. Jpyrasi TpymHOCTh 3aKJIFO4aeTcsl B HEBO3MOX-
HOCTU TIOCTPOEHMST TIEPCOHATBLHOTO MPOTHO3a M3MEHEHMSI (DYHKIIMOHAJIBHOTO COCTOSTHUS
KOHKPETHOTO YeJIOBeKa Ha OCHOBE MOMYJISIIMOHHBIX U KIMHUYECKUX UCCIIEIOBAHUN B CUITY
3HAYUTEJbHBIX MEXWHIUBUIYAIbHBIX DPa3MYuii U BPEMEHHON M3MEHYMBOCTU peaKIIvu.
B T0 e BpeMs 00e 3a1aun SIBISIOTCS KpaiiHe aKTyaJlbHbIMMU.

JJ1sl TIpeofoJieH!sT YKa3aHHBIX OTpaHWYeHUI ObLT MPeaioKeH HOBBIN MOIXOH, OCHO-
BaHHBII Ha aHaIM3e MHAVMBUAYAJIbHON YYBCTBUTEIbHOCTU K BHEITHUM (haKTOpaM U METoIe
Mocaea0BaTeIbHbIX MPUOIMXKEHUN, KOTOPBI MOApa3yMeBaeT «COM3MEPUMOCTb» CTENEeHU
JeTaIN3aluy aHATU3UPYEeMbIX (PU3MOIOrMYecKUX U reo(U3nIeCcKrX apaMeTpoB.

Tak, «mepBoe MpUOJMXKEHNEe» HalleJIeHO Ha MaKCUMaJbHbIN reorpadyuyeckuii u mo-
MyJSLMOHHBIA OXBaT M OCHOBBIBAETCSI HA MOHMTOPHMHIE (PM3MOJIOTMYECKUX ToKaszaTeseit
(PIT), monyckaronux npeaeabHO MPOCTON U IUPOKO PacHpOCTpaHEHHBIN CrIOCOO u3Mepe-
HUIi, HaIIpUMep, apTepranbHoro aasiaeHust (AJl), mmyjibca U MX TTPOU3BOJHBIX — YIAPHOTO
00BEMa 1 MUHYTHOIO 00BbEéMa KpoBu. OMHAKO B CIUIy 3HAYMTEJIBHOIO YMCJIA MEXaHU3MOB,
perynupyoimmux ypoBeHb AJl U mysibca, 1eaecooOpa3Ho u3ydyaThb MX 3aBUCUMOCTb TOJIBKO
OT OCHOBHBIX MeTeonapameTpoB (aTMOC(hEpHOro naBjieHUs], TeMIepaTypbl U OTHOCUTEIb-
HOI1 BJIAXXHOCTHU) U CPeIHEro ypoBHsI reoMarHuTHO# aktuBHOcTU ('MA). bonee riy6okas
JeTaau3alys mapaMeTpoB rmoroabl 1 ' MA Ha 3TOM 3Tarie SBJIseTcs] HeOO0CHOBAaHHOM, Tak
KaK MOXeT MPUBECTU K IMOCTPOSHNIO HeCOTaHCUPOBAaHHBIX pa00OYUX MOJEEH.

«BTopoe npubnukeHue» 3aKI0uaeTcsl B MCIONIb30BAaHUM PE3YJILTATOB MPEbIIyIIero,
M BKJTIOYAET MCCIIeIOBaHNEe TUHAMUKY U CBSI3U ¢ BHeITHUMU (pakTopamu (BD) npyrux OII,
6oJiee aagpecHO oTpaXkaroInX (GYHKIIMOHAIBHOE COCTOSTHUE PA3IMYHBIX OTICIIOB CEPISYHO-
COCYIUCTOM CUCTeMBI. [IJIs1 KaKAOTro MX 3TUX MoKa3aTeseil CylleCTBYIOT IKCIIepUMEHTAIbHO
MOATBEPXKIAEHHDBIE TEOPUU O (DU3UOJOTUUECKUX MEXaHU3Max UX PETyJsiIiUM, YTO MO3BOJIS-
eT CTPOUTh OrModusnyeckue pabourie MOJEIN CIASAYIONIEro YPOBHS JeTalM3alluy, BKIIoYast
B paccMoTpeHue apyrue BX, Takue Kak BapualMy OMpPeAeJEHHBIX 4acTOT aTMOC(HEpPHOTo
JABJIEHUST WIK T€OMarHUTHOTO Mojisl (MH(Mpa3ByK, Pc-mynbcaliiu, IIyMaHOBCKHE PE30HAH-
CBI M JIP.).

BBEAEHWE

B Hactosiiee BpeMsi (pakT BAUSHUS (PAKTOPOB KOCMUUYECKOW U 3€MHON TOTOJbI
Ha 3I0pOBbe U (YHKIIMOHAIBHOE COCTOSTHUE He TOJBKO OONBHBIX, HO U 3M0POBBIX
JINI, yX¢ He BBI3bIBaeT COMHeHUs. OH MHOTOKPAaTHO ITOATBEPXKIEH OOIBITUMU
00BbEMaMM AKCIIEPUMEHTAILHBIX JAHHBIX U 0000IIEH B HECKOJIBKMX MOHOTpausIX
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[Accman, 1966; AnapoHosa u ap., 1982; HukGepr u ap., 1986; IllermoBaJbHUKOB,
Copoko, 1992].

AHanmu3upysi 00JbIION 00bEM HAKOIUICHHOIO 32 3TU TOAbl SKCIEPUMEHTAJb-
HOTO Martepuaja, MOXHO BBIIEIUTb TPY OCHOBHBIE TPYIIITBI HCTOYHUKOB TOJTyYe-
HUS JTaHHBIX B 00JIaCTU U3yUYeHUSI OMOJ0THUYECKUX 3D (PEKTOB KOCMUUECKOUN U 3eM-
HOM MOTO/Ibl, Y KaXJI0T0 U3 KOTOPBIX €CTh CBOY MPEUMYILIECTBA U HEAOCTATKH.

» Tlonyaauyuonusie uccaedosanus, B KOTOPBIX MaTepuajiaMU CJIyXaT JaHHbIE
MEIUIMHCKON CTaTUCTUKM T10 YacTOTe clydyaeB oOpallleHUs B JJeueOHble yupexie-
HUS MO0 TTOBOAY OOOCTpPEeHUsI pa3iMuHbIX 3a0ojeBaHuii. B pesynbrare aTnx ucchne-
JOBaHWI OBIT MHOTOKPATHO YCTAaHOBJICH (DaKT peaKIIU MOMYJISIINY Ha U3MEHEHUS
(hbakTOpPOB KOCMUYECKOI 1 36MHOI MOTOAbl — B BUE MACCOBOTO 00OCTpeHUSs 3200-
JIeBaHUI ¥ YBEIMYCHUS YKCIIa CIyIaeB BHE3AITHON CMEPTH B TTEPUOIBI MATHUTHBIX
Oypb U MPOXOXAEHUSI METEOPOJIOrMYecKrX (ppoHTOB. BhisicHEHUEe BOIpoca O KOH-
KPETHBIX OCOOEHHOCTSIX TaKOW MacCOBOU peakliMd Ha YpOBHE TOMYJSILIUM OYEHb
BaXXHO C TOYKHU 3PEHUS MEIMIIMHCKOM COIIMOJIOTHH U TPAKTUIECKOU MEIUITNHEL.
B TO ke BpeMsi BBIBOJbI, MOJYYEHHbIE HA OCHOBE JAHHOTO MOMXOAa, HeJib3s Mpu-
MEHUTD JJISI TPOTHO3a COCTOSIHMSI KOHKPETHOTO YeJIoBeKa M3-3a 3HAUUTEJIbHbIX Me-
KUHIVNBUAYATBHBIX Pa3IMINii 1 BpeMEHHOM N3MEHUYNBOCTH PEaKIIUH.

» JlabopamopHbie KauHuuecKue uccaedo8arus OCHOBBIBAIOTCS HA MEIMLIMHCKUX
HaOJIIOIEHUSIX TPYTIT OOJbHBIX WM 3J0POBBIX BOJOHTEPOB BO BpeMs OIpeAe/IEH-
HBIX COOBITHII — HalpuMep, MarHUTHBIX Oypb. Pe3yimbTraThl TakKMx paboOT MOKa3bi-
BafOT, YTO B TEPUOIBI MAarHUTHBIX Oypb 3HAUYMTEIbHOE KOJWYECTBO (PU3MOIIOTH-
YeCcKMX IoKa3zaTesiel, OTpaXKalluX COCTOSIHME Ppa3jIWYHbIX CHUCTEM OpraHu3Ma
(cepneyHo-COCyIUCTOM, LIEHTPaJbHON M BereTaTUBHOW HEPBHOM, HEWpO-3HIO-
KPUHHOM, CUCTeMbl KPOBU), Y OOJIbHBIX JIIOJEl 3HAUMMO OTJIMYAIOTCSl OT Mmapame-
TPOB B TeOMarHUTHO-CIMOKOMHBIN MEPUOI U OT CPEIHETO YPOBHS 3THX MoKa3aTteseit
y 310poBbIX Jull. [TpenMyIiecTBO JaHHOTO MOAXO0/Aa 3aKJIHYAETCsI B BO3MOXHOCTU
HaO0JTI01aTh M3MEHYMBOCTL OYeHBb IHUPOKOTo criekTpa PI1, BKimovaromiero (pakTu-
YECKHM BeCh COBPEMEHHBIN CIMCOK KIMHUYECKMX aHAJIM30B U METONOB (PYHKIINO-
HaJIbHOW AuMarHocTuku. OaHaKo caMa MOCTaHOBKa 9KCIIEpUMEHTA, KOTjaa B U3Me-
PEHUSIX KaXIblii YeJIoBeK ydyacTBYeT, KaK MpaBUJIO, TOJIbKO JIBa-TpU pa3a, He IMo-
3BOJISIET OTBETUTh Ha BOIPOC, KaKoW OydeT peaklysl 3TOro 4yejoBeKa BO BpeMsi
CJIeAYIONIEil MATHUTHOI OypU WJIM PE3KOM CMEHBI IIOTOIHI.

*  HUnousudyanvHulii MOHUMOpPUHE — MHOTOKpPATHOE M3MepeHUe OmpeneEéHHO-
ro @I1 y ogHOTO M TOTO XK€ JIUIAa Ha MPOTSIKEHWM 3HAYUTETbHOTO BpeMeHHU. Tax,
emé B 1992 r. B. H. IllenoBanbHukoB u C. 1. Copoko oTMeuau, 4TO «peajibHO Cy-
MIECTBYIOIINI CITEKTP METEOTPOITHBIX PeakINii MHANBUIOB OKa3bIBAETCS Topasmio
IIMpe «CPeTHUX» peaKLMil, BEIBEICHHBIX HA OCHOBAaHUM CJIOXEHUS TTOKasaTeseit
pasHbIx mopaeii» [IllenoBanpHukoB, Copoko, 1992, c. 142]. UccaemoBanus mocien-
HUX JIET TTOKa3aJlk, YTO 3TOT MOIXOJ SIBJIsIeTCSl HanboJjiee MepCreKTUBHBIM IJISI pe-
LIEeHUsI 3aJa4u MepCOHAILHOIO MPOrHo3a M3MeHeHUs1 (PyHKLIIMOHAbHOTO COCTOSI-
HUS YesoBeKa. OMHAKO eMy TIPUCYIIN Te Xe HeTOCTATKH, YTO IBYM TPEABIIYIIIM:
3HauUMTeJIbHAsl BapuadeIbHOCTh 3HAKOB U aMILIMTYl HAOII0JaeMbIX WHAUBUIYAIb-
HbIX peaklMii, KOTopasi Ha HACTOsIIeM 3Tare He MO3BOJISIET MTOCTPOUTH 00OOIIEH-
HYI0 KapTUHY peaKIId OpraHu3Ma Ha JIeHCTBHe TeOMarHUTHBIX M METEOPOJIOTHYe-
CKUX (haKTOPOB.

AHaJIN3 0OJIBIIOTO 0O0BEMA JUTEPATYPHBIX JAHHBIX U pe3yJbTaTbl COOCTBEH-
HBIX MCCIeIOBAaHUI TTO3BOJIMIM HaM BBIIBUHYTH THIIOTE3y, YTO He OOBSICHEHHAS
(Ha MaHHBIE MOMEHT) HEBOCIPOU3BOJAUMOCTDL PE3YJIbTaTOB SIBJSIETCSl CIENCTBUEM
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OTPaAaHMYEHHOCTH CYIIECTBYIOIIETO METOMOJIOTUIECKOTO ITOAX0a 1, B TIEPBYIO 04e-
penb, JIeXKallero B €0 OCHOBAHMSX HETJIACHOTO TIOJIOXKEHUSI O TIOCTOSTHCTBE TeTNO0-
METeOTPOITHOTO 3(deKTa B TOMYJISIIIUT, B TIPOCTPAHCTBE W BpeMeHU. [Tl TIpeono-
JIEHWST YKa3aHHBIX OTpaHUYCHUI OBUT MPEIUIOKEeH HOBBIM TTOIXO0M, OCHOBAHHBIN Ha
aHaJIM3¢ WHIWBUAYAIBHON YYBCTBUTEIBHOCTH K BHEITHMM (aKkTopaM M MeToIe
TOCJIeIOBaTeIbHBIX TTPUOMIKeHNiH. OCHOBHBIE TTOJIOXKEHUSI MeTOIa 3aKITI0YaroTCs
B CJIEIYIOIIEM.

1. Ha ocHoBaHUM pe3yJabTaTOB IJTUTEIBHBIX WHIWBUIYATbHBIX W3MEpEeHUI
XU3HeHHO BaXHBIX PIT m aHanmM3a WX 3aBUCUMOCTH OT TapaMeTpOB Pa3IMUHBIX
BHEITHUX (haKTOPOB BEHITIOHSIETCS MEPCOHANBHOE 3aKITIOYEHUE O IyBCTBUTEIBHO-
CTU TAHHOTO YeJIOBeKa K BapyualusiM (paKTOpOB 3¢MHOM Y KOCMUYECKOM TTOTO/IBL.

2. Kaxnoe Takoe IMepcoHalbHOE 3aKI0YeHue 00 MHAVBUAYaIbHOU YyBCTBU-
TEJILHOCTH C TOYKU 3peHUS TOKA3aTeIbHON MEIUIIMHEI PACCMATPUBAETCST KaK «HC-
cliemoBaHNe OTIEIBLHOTO ClTydas» M IPUMEHMMO TOJIBKO K TAaHHOMY YeJIOBEKY.

3. TlosyyeHHBIE IS KaXXIOTO WCIBITYEMOTO 3HAKW W BEJIWYMHBI AMILTATYI
peakIy CYNTAIOTCS He KOHCTAHTAMM, a TeKYIIUMHU 3HAYSHUSIMM MHOTOIapaMme-
TPUYECKOM (PYHKIIMM, 3aBUCAIICIH OT BpeMEHU, TreorpaduyecKoro ITOJTOKEHMUS
¥ BHEITHUX YCJIOBUI TTPOBEICHNSI MOHUTOPUHTA, a TAKXKe MHIWBUAYATBHBIX XapaK-
TEPUCTUK BOJIOHTEPA.

4. Ha ocHOBe MHOXeCTBa IEepCOHAJBHBIX 3aKIIOUCHUI (opMupyeTcs 0asza
3HAHWM, TOe TUIHBIE TIapaMeTphl U TEKYIINEe XapaKTepUCTUKY BHEITHEH Cpelbl —
00s13aTeIbHBIC 3alTMCaHHBIe ITapaMeTpbl MHOTOIIapaMeTpUUIeCKOoi (pyHKIMY (B Ha-
CTOSIIIee BPEeMsT CONEPKUT Pe3yIbTaThl aHaan3a (PU3MOJOTUYSCKUX IToKasaTeseit
250 BOJIOHTEPOB U3 IIECTU TOPOJIOB).

5. CoptupoBKa 6a3bl 3HAHUI TI0 ONPEACIEHHOMY ITapaMeTpy TO3BOJIsIET (pop-
MMPOBaTh OTHOPOMHBIC KOTOPTHI IJISI OLIEHKW BKJIaga TOTO WJIW WHOTO (haKTopa
M TIOCTETIEHHO BOCCTAaHABIIMBATh B 3TOM MHOTOMApaMeTpHUIeCKON (YHKITUH.

JlaHHBIM TTOAXOM, MO3BOJIUT HE IPOCTO AMITMPUYECKA BOCCTAHOBUTH BUJ, 3TOM
MHOTOITapaMeTPUIeCKOi (PYHKIMM, a 1aTh OCHOBAHMS IJISI IOCTPOeHUST Onodu3n-
YeCKMX M (PU3MOJIOTUYECKUX MOJeIe pa3BUTUS peakuuu B opranusme. [loatomy
HE0oO0XOIMMO M3y4YaTh ITOBEACHME TOJILKO TeX (DM3MOJOrMYeCKUX MapaMeTpoB, KO-
TOpBIE TOMYCKAIOT MPO3pavyHyI0 MHTEPIIPETALINIO Ha OMOXUMUYECKOM U (PU3MO0JIO0-
TUYECKOM YPOBHE.

C apyroii cTopoHbl, HEOOXOIUMOCTb MCITOJIb30BaHUsI MeToJa Tocjen0BaTelb-
HBIX TIpUOIMKEHUI U TIOCTEIICHHOM JeTaan3aly KapTUHBI COJTHEUYHO-aTMOocep-
HO-O0Moc(epHBIX CBS3eil OOyCIOBICHA KpallHEW CJIOKHOCTBIO O0EHX M3y4aeMBbIX
B3aMMOJIEHCTBYIOIINX CUCTEM — KaK OpraHM3Ma 4YejoBeKa, TaK W OKpYKarolleu
Cpenpl.

MEPBbIA YPOBEHb MPUBIVMKEHWA

Ha 6azoBoM ypoBHe mpuOJMXKEeHMsT HEOOXOAMMO, Ha Halll B3IVISIA, OLIEHUTb Bpe-
MEHHBIE U TIPOCTPAHCTBEHHbIE OCOOEHHOCTU AEMCTBUSI OCHOBHBIX (PAKTOPOB 3€M-
HOI M KOCMHUYeCcKOoii roroanl. Kakue MMEeHHO mapaMeTphbl OKpYKarolleil cpeabl He-
00X0OAVMMO YYUTBHIBaTh IIPM OLIEHKE peaKlMM opraHm3Ma Ha moroay? 3aBUCHUT JIU
YPOBEHb METEOUYBCTBUTEJIbBHOCTHY YeI0BeKa OT ce3oHa rofga? Kak nckaxaer momay4da-
€MbIi1 pe3yJIbTaT B3aMMOCBSI3b MEXIY PazIMYHbIMU aTMOC(EPHBIMU TTOKa3aTeIsIMu ?
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IIpn KaK¥X YCIOBUSIX pe3yJBTAThI, TTOJydeHHBIE B CPETHUX IITUPOTAX, TTPUMEHUMEBI
K ycioBusiM CeBepa, 1 Hao60opoT? Kakyto posib B miposiBieHUM 3¢ dekTa MeTeouyB-
CTBUTEJIbHOCTU WMIpaeT BO3PACT, MOJ YeJOBeKa, Hajluyue y Hero 3aboJieBaHUiA?
N tak nanee.

OCHOBHBIM YCJIOBMEM BBITIOJIHEHUSI JAHHOTO 3Talla sBJsieTcs He00XOAUMOCTD
cbopa o0IIMPHOro GaHKa YHUMUILIMPOBAHHBIX Pe3yJbTaTOB UHAWBUIAYAIbHOTO MO-
HUTOPWHTA, OXBATBHIBAIOIIETO pa3HbIe PETMOHBI, TIEPHUOIBI BpeMEHU 1 BOJIOHTEPOB
Pa3IMYHOrO MEIULIMHCKOTo cTaryca. Jljisi ero mojyyeHusi HeoOXOAUMO UCIOJb-
30BaTh JTOCTATOYHO MPOCThie MeTomsl m3MepeHus PI1. Hauboree ymodbeH MeTom,
VIOBJIETBOPSIONINI TTePEUNCIIEHHBIM TpeOOBAaHUSIM — MOHHUTOPUHT YpOBHS AJl
u YCC. HenoctaTKOM MCMOJb30BaHUSI UMEHHO 3THUX ITOKaszaTeseil, oTpaxaroimmux
(byHKIIMOHATBLHOE COCTOSIHME OpraHu3Ma, SIBJISIETCSI MHOTO3HAYHOCTb OIpeiessi-
IOIINX WX MEXaHW3MOB BHYTPEHHEN peryisiuu, U, Kak CIeICTBUEC, 3aTPYTHUTETb-
HOCTh WHTEpHpeTaldu pe3yJbTaTOB Ha OMOXMMUYECKOM YypoBHe. JlOCTOMHCTBa
METONIa 3aKJIIOYAIOTCSI, C OJHON CTOPOHBI, B €r0 JOCTYMHOCTU LIMPOKUM CJIOSIM
HaceJIeHUS! U BO3MOXHOCTHU TIOJy4YeHUsT OOJbIIUX 00BEMOB HAOMIOACHU, C Ipy-
roil — NaHHbIe MoKa3aTeau Jaxe 0e3 BhIICHEHUST (PU3UOJOTMUYECKUX MEXaHU3MOB
X U3MEHEHUS XXKU3HEHHO BaXKHbI, TTOCKOJIbKY BbICOKMIT ypoBeHb AJl caM 1o cebe
OMNAaceH JJIs1 310POBbSI.

I[TpumeHeHue MeToda TOCJeNOBATENbHBIX NPUOIMKEHUI Moapa3yMeBaeT,
B YaCTHOCTH, «COU3BMEPUMOCTb» CTETIEHU AeTalM3alliu aHAIU3UPYEMbIX (DU3HOJIO-
TMYEeCKUX U reodpusndeckux mnapamerpoB. [loaToMy Ha JaHHOM YpOBHE 1I€JIeCOO-
O6pa3HO M3y4YaTh 3aBUCUMOCTD BBIOpaHHBIX DI TOJBEKO OT caMbIX 0OIINX, Ga30BBIX
MeTeonapameTpoB: atMocthepHoro aasienus (P ), temreparypsl Bosayxa (7 )
1 OTHOCUTEJIbHOM BiaxxHOCTH (RH), a Takke cpeHero ypoBHsI TEOMarHMTHOM aK-
tuBHocTu (I'MA). Bonee rinybokasi netanuzauusi napameTpoB noroasl 1 'MA Ha
3TOM 3Tarie He0OOCHOBaHHA, TaK KaK MOXET MPUBECTU K IMOCTPOEHUIO HecOalaH-
CUPOBAHHBIX PAOOYNX MOJIEIIEH.

MuHuUMaJIbHO HEOOXOAUMBbINT HAOOP METOIOB aHaN3a CTATUCTUYECKON CBS3U
Mexxny nsMeHeHussMu DI m mmapaMeTpamMu TTOTOABI Hanbojiee JOTUIHO OIpere-
JIUTHh U3 TIEPEYHS TeX XapaKTepUCTHK WHIWBUIYATbHBIX peaKIIWii, KOTOPHIE BaXkK-
HO OLIEHUTH AJIsi 000OCHOBAaHHOTO TMporHo3a. K HUM OTHOCSTCS: 3HAK U3MEHEHUsI
®I1, BpeMs pa3BUTHS 1 aMIUTATYAA peaKIIUK, a TAKXKE BBISIBJICHUE JOMUHHPYIOIIIE-
ro (pakropa MM UX KOMOMHAIMU. 3HaK W BPeMEHHBIC XapaKTepUCTUKH PEaKIINU
(ITMTEIbHOCTD, HAYAJI0 Pa3BUTHUSI) YIOOHEEe BCEro OLICHMBATh MO BULY KPOCCKOP-
peSIMOHHON (DYHKILIMU; aMIUIMTYAy — METOJaMM JUCIIEPCUMOHHOIO U perpeccu-
OHHOTO aHaJu3a, TOMUHUPYIOLIUI (aKTOp — MeTodaMKU MHOTO(aKTOPHOTO KOp-
PEJISILMOHHOTO aHAIU3A.

AMMNNTYOHbBIE XAPAKTEPUCTUKM PEAKLMW MOKA3ATENIEN )
APTEPVAJIBHOIO OABJIEHNA N YHACTOTbI CEPAEYHbBIX COKPALLEHNM
HA ®AKTOPbI 3EMHOU N KOCMUYECKOW MNMOToabl

B HacTosiee BpeMs 6a3a n1aHHBIX, C(hOPMUPOBAHHAS O YKa3aHHBIM BBIIIE MPUH-
unaMm, coaepKuT 250 rnmepcoHalIbHBIX 3aKII0OUEHUIA O XapaKTepe MHAUBUIYaTbHOMN
MEeTeO0- U MAaTHUTOUYYBCTBUTEIILHOCTH TOOPOBOJILIEB PAa3HOrO BO3pacTa, MPOXKUBa-
IOIIMX B 1IeCTU ropoaax Poccuu, Kak 3M0pOBBIX, TaK U C TMAarHO30M «apTepUaib-
Has runepteHsus (Al) 1- u 2-i creneHu». CiMCOK IapaMeTpoB, YKa3aHHBIX B 0asze
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JAHHBIX, TTO3BOJISIET MPOBOIUTH COPTUPOBKY IO JIIOOOMY M3 HUX, (DOPMUPOBATH
OIHOPOJIHbIE KOTOPTHI JIs1 BBHIMOJHEHMST UCCIIeI0OBaHWI TUIIA cayyall — KOHTPOJb
U, B pe3ysibTaTe, paHXXUPOBaTh MapaMeTphl MO CTeNeHU MX BKJIaga B OOIIWI BMI
(byHKIIMOHATBHOM 3aBUCUMOCTHU. DTO TMO3BOJUIO CHOPMUPOBATh CTATUCTUUECKU
3HAUKMMbIE KOTOPTHI JIJIs1 OLIEHKW 3HAYMMOCTH psijia MapamMeTpoB.

AHaJIu3 XapaKTepHOTO BMIIa KPOCCKOPPEISILMOHHON (PYHKIUU MEXIy TOoKa-
sareisimu A/l m UCC, ¢ onHo# cTopoHbl, U Tokasareismu P, u T, , ¢ Ipyrow,
TTO3BOJIMUIA CHIeIaTh BBIBOM, 4TO peakiys PI1 Ha meifcTBHe 3THX MeTeo(haKTOpOB
“MeeT BUJ CUHXPOHM3AlMW MEIJEHHbIX BOJH C MEPUOJOM MOPSIKA HECKOJIbKUX
cyTok (puc la, 6). B To xxe BpeMsl xapakTep peakilui Ha u3aMeHeHue ypoBHs [ MA
BbIpaXKaeTcsl B Pe3KMX KpaTKOBpeMEHHBbIX (Tlopsiaka 1...2 cyT) U3BMEHEHMSIX YPOBHS
AJl (puc. 1s).

DTOT pe3yabTaT ObUI TMOJY4eH HAaMM MHOTOKpPaTHO MpU aHajiu3e BpeMeH-
HBIX pssaoB pas3nnaabix PI1 [3eruenko u ap., 2008, 2009, 2011a], u GbUT TTOA-
TBEPXAEH He3aBUCUMO ApyruM meTonoM aHaiaumza — DNNGO (Dynamic Nearest
Neighborhood with Gain Optimization) [Bpeyc u np., 2010].

Peakuumst nokazareneit A/l Ha usMeHeHue ypoBHsI [ MA 11 MeTeOopoJIOTUYEeCKUX
(bakTOpOB MMeEET pa3IMYHbIE YaCTOTHBIE XapaKTEPUCTUKU, YTO TO3BOJIsIET B O0JIb-
LIMHCTBE CJIy4aeB pa3IMunTh BKJIaAbl 3TUX ABYX IpyIil (pakTopoB. JJaHHbI 3¢ heKT
MMeeT YHUBEpPCaJIbHbIN XapakTep, T.e. HabjtoJaeTcsl y MOAaBsIoNIeld YacTh BO-
JIOHTEPOB, Y KOTOPBIX OblJIa OOHApyXeHa 3aBUCUMOCTb Moka3zareseit A/l oT meTeo-
Y T€OMaTHUTHBIX MapaMeTpoB. MOXHO MPEAIOI0XUThb, YTO 3TO 0OYCIIOBJIEHO CO0O-
CTBEHHOI TMHAMUKOI M3MeHeHNS TaHHBIX BD.

Ha puc. 2 npuBeneHbl pacnpeneieHus crekrpaibHoit miotHoctu (CIT) mo-
kazarened T, , P u Kp-uHiekca Ha OCHOBe U3MEPEHMIl MalMeHTa (CM. puc. 1).
B psiny snavenuit 7, HaGmionatorcst nepuost 7; 12 u 24 cyr, mjist atMmochepHOro
nasiaenus — 5,5;7,5; 10 u 17 cyr, B psany Kp-uHaekca mposiBIINCh BCE XOPOIIIO U3-
BECTHBIE TTepuoabl BapuadbenbHoct TMA — 4,5;6,5; 9 u 13,5 cyrT.

Ha puc. 3 mokazaHbl xapakTepHble (a3bl AJIs1 OMHOTO M3 MEePUOJ0B, COOTBET-
CTBYIOLIMX PHUC. 2, TOKa3aHHBIX cTpejkaMu. ['pacduku dasbl reproaa ObLIN MOJy-
YEHbl «<METOJ0M HaJIOXKEHMUSI BMOX», T. €. Hape3aHUEM BPEMEHHOTO psijia Ha OTPE3KU
COOTBETCTBYIOLIEH JJIMHBI U TTOCIEAYIOLIUM YCPETHEHUEM.
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Koadduument koppensiuumn
KoadduumeHT koppeasiuuu

KoadduumeHT Koppeasuuu

0,4 ; 04
-20 -10 0 10 20 —-20 —10 0 10 20 =20 -10 0 10 20
CnBur, cyT CnBur, cyT CnBur, cyT
a 0 8

Puc. 1. OyHKIMM KPOCCKOPPEISILIAYA MEXIY IMOKA3aTeNIIMA YPOBHSI CHCTOJMYECKOro AJl
(CAl) mauueHTa ¢ IMarHO30M «apTepualibHasi TUIIepTeH3Us» (KeHInHa, 68 jger, MockBa)
n mokaszarenamu Kp-unnekca (a), T, (0) u P, (6). TlokazaHbl 3aBUCMMOCTH, MOCTPO-
€HHbIE [0 UCXOIHBIM psiiaM (CIUIOIIHASI JJUHUS) U TOCJe TPUMEHEHUS HU3KOYACTOTHOTO

¢unbrpa (myHkTHp) [3eHuenko, 2010]
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CIl (Tam)
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Ilepuon, cyr [lepuom, cyr Ilepuon, cyr
a 0 8
Puc. 2. PacnpeneneHust CreKTpaJbHON TUIOTHOCTU BPEMEHHBIX PSITOB MoOKa3aTeseil, mo-
CTPOEHHBIX 3a TMEPUOJ, MOHUTOPUMHra maimenTa (cMm. puc. 1) a — T 5 6 — PaTM; 8 —

Kp-unpekca

1 at™ cp’ OC 998 PaTM cp’ M6ap 2 Kp cp
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992 16
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988

986 12
984 10
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a 7] 8

Puc. 3. ®a3bl eproaos, yKaSaHHbIX CTpEJIKaMU Ha COOTBETCTBYIOIIIUX
puc.2a—¢:a— T, ;60— P_ ;6 — Kp-unmekca

BunHo, yTo 1151 atMocdepHBIX IToKa3aTeneil (cM. puc. 3a, 6) a3a uMeeT IJ1aB-
HbBII XapakTep, B TO BpeMsl Kak st uHaekca 'MA (cM. puc. 36) B TedUeHHE OIHO-
ro repuoja HabIAAI0TCs IBa KOPOTKMX BCILJIecKa Hal cpeaHUM (oHOM. MoXHO
MPEATOI0XUTb, YTO XapaKTep peakliMyM OpraHM3Ma OIpeAesieTcsl UMEHHO Bpe-

MeHHO JNVHAMUKOU U3MEHEHUS KaXXI0ro U3 3TUX (I)aKTOpOB.

BPEMEHHAA AUHAMWKA MHOVWBMAOYASIbHOW YYBCTBUTESIbHOCTU
K TEOMATHUTHOW AKTUBHOCTU

bbu1 mpoBeaéH MOHMTOPUMHI BpeMEHHON AMHAMUKU WHIMBUAYAJIbHON YyBCTBU-
tenbHOCTU K 'MA [3enuenko u ap., 2011a]. OOHapyXeHO, YTO IMPOLEHT BOJOH-
TEPOB, U1 KOTOPBIX Habmomanack goctoBepHas (p<0,05) Koppelsius 3HaYeHU
nokazateiei A/l ¢ Kp-uHmekcoM, CyIIECTBEHHO pa3jIMYaeTCs B pa3Hbi€ TOIbI
HaOIIOOeHUM, TIPUYEM BO MHOTHX CJIIydasiX 3TM pa3jidyusl TOCTOBEPHHBI (puc. 4).
Tak, mnasg rpynmnbl 6oiarapckux BoJIoHTEPOB (Codwust, 2001—2002 rr.) [3eHUYEHKO
u 1p., 2009] y 52 % BOMOHTEPOB HaGMIOJANACh peakiius mokasaTeneit A Ha mo-
BhllIeHME YpoBHSI I'MA, a B rpynnax, rmpoBoauBiiux udMepeHus:t B 2008—2010 rr.
(Cumpepomnonan-2008 u -2009, Mocksa-2007, CeikreiBKap-2009) — ot 0 1o 16 %
cJIyJyaeB.
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Puc. 4. 3aBUCMMOCTb pacrpoOCTPAaHEHHOCTH CJydaeB MarHUTOUYBCTBUTEILHOCTU B pa3jind-
HBIX TPYIIaxX BOJIOHTEPOB OT cpenHero ypoBHs1 MA B mepuon MOHUTOpUHTA [3eHUEHKO
u ap., 2007, 2008, 2009, 2010, 2011a].
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Puc. 5. 3aBucuMOCTh peakiiuy MokaszaTesisi CKOPOCTU PACHpPOCTPaHEHUsT MyJIbCOBOW BOJI-
Hbl Ha Bapuauuu ['MA ot cpenHero ypoBHss 'MA y ogHOro 1 TOro ke BOJOHTepa (MyX-
yuHa, 69 net, MockBa) B pa3Hbie niepuoabl MoHutoprHra 2007—2011 rr. [Gurfinkel et al.,

2012]. Ilo ocu opauHAT — 3HAYEHME MOKa3aTedsl CTEIEeHU KOPPESILIMOHHOM CBSI3U
K=sign(r)(—logl0(p)), rne r — koapduumneHT koppensiuuu CnupmeHa; p — ypoOBeHb €ro
3HAYMMOCTHU

AHaJTOTUYHBIE BEIBOIBI OBLTH CAEJIaHBI U TIPU UCCIIeI0BAaHNN MHINBUIYATLHOM
YyBCTBUTENBHOCTH K ypoBHIO [ MA npyrux uccienoanubix ®I1, nanpumep, no-
KazaTesielt MUKPOLIMPKYJISILIMUA KpoBU [3eHueHKo u ap., 2010, 2011a, 6] uau ckopo-
CTH pacIIpOCTpaHEeHMUSI IMyIbCcoBOI BOJIHEI (puc. 5) [Gurfinkel et al., 2012].

Takum 06pa3oM, B paMKax MeTOIa IOCIeI0BaTeIbHBIX TTPUOIKEHUH Ha TIep-
BOM YpOBHE IeTaIM3allii ObUIO MHOTOKPATHO ITOKA3aHO, YTO pas3jinyre CPeaHUX
ypoBHeit TMA B Trepron n3MepeH!ii HeOOXOMUMO YINTBIBATh TIPY aHAJIM3e TTOJY-
YeHHBIX Pe3yIbTaToOB, ITOCKOJBKY B TTepronbl MoHMkeHHOoM 'MA pacripocTpaHEH-
HOCTB 3(pdeKTa MarHUTOUYBCTBUTEIIBHOCTA 3HAYNTEIIFHO MEHBIIIE, YeM B TTEPHUOIBI
HOpMAaJIbHO 1 BeICOKOI [ MA.
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TWUNbl PEAKLMI MOKA3ATENEW APTEPVANIBHOTO AABJIEHMA
M YACTOTbI CEPAEYHbBIX COKPALLEHNI HA BAPUALIMM METEOOAKTOPOB

Ha ocHoBaHuU pe3yJbTaTOB YeThIPEXJIETHUX HAOIIONEHWI exXeTHEBHbBIX Bapualluii
ypoBHs A/l 1 YCC y ceMu 300pOBBIX JOOPOBOJIBIIEB OBIIIM OOHAPYKEHBI 1BA OTYET-
JIUBBIX TUMA peakUUu KOMILIeKca (DU3UOJOTUYECKUX TToKa3aTesieil Ha U3MeHeHe
MeTeoposiornyeckux dakTopoB. [TokazaHo, YTO M3 UCCAENOBAaHHBIX MapaMeTPOB
noronst (P, RH, T, CKOPOCTb BETpA, CPEIHECYTOYHAS CKOPOCTh M3MEHEHUSI
P u T, ) HauboJbllee BIUsIHAE OKasbiBaeT 1), KaK B TEYEHUE BCETO rojia, Tak
U B OTJIEJIbHBIE CE30HBI.

IlepBblii 0OHApPYKEHHBIN TUIT peakKlMU — MOHOTOHHOE (HO HepaBHOMEPHOE
o ckopoctu) cHuxkeHue ypoBHs1 CAJl ¢ pocToM TemmepaTypbl, Haubojee Bblpa-
xennoe ipu T, <-5°Cwu T >15 °C, npu Gosee cnadoit peakunu JAI v or-
cytctBuu peakuun YCC (y yeTBepbix BOJOHTEPOB). BTopoil Tum peakunu — HeMO-
HOTOHHAas AByxda3Hasl 3aBUCUMOCTb Nokazatesieit AIl ot 7., KOTopasi COBIagaeT

)
C MepBbIM TUTIOM B auanasone 7, <—5°Cu XapaKTepI/IBaST/gTCSI MOJIOXKUTETbHOMN
koppesnsinmeit mokasareseit AIlu YCC ¢ T, mpu T, >—5 °C (y IBOUX BOJIOHTE-
poB) (puc. 6) [3eHuenko u ap., 2012]. ITokazaHo, yT0 KO3GPUIMEHTHI TUHEHHOMN
perpeccuu nokasareseir AJl B 3aBUCMMOCTU OT TeMIepaTypbl BO3AyXa B OTAEJIbHbIX
JranasoHax TeMrepaTyp MOTyT Aocturath 3HaueHus 0,8 MM pr.cT./°C, 4TO O3Ha-
yaeT, HaTIpuMep, yBeandeHne cpeaHero ypoHst CAJl Ha 15...16 MM pT. CT. TIpH MO~
HWXEHUU TeMnepaTypbl ¢ —5 1o —25 °C. CpeaHue 3HaueHUsT KO3GDGULIMEHTOB JIU-

HeliHoi1 perpeccuu coctasisiior 0,15...0,40 mm pr.cT./°C.
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Puc. 6. [IpruMepsl TUIMYHBIX 3aBUCUMOCTEN IepBOro (a, 6, 8) U BTOPOro (e, d, e) TUIIOB pe-

akunn nokasareneit CAI (a, ), AALL (6, 0) u YCC (6, e) ot 3nauenmit T, . [lpusenenst

JIMHUY JTUHEHHOM perpeccurt (¢ 95%-Mu JOBEpUTETBHBIMY MHTEPBaaMu). 3HAYEHUST KO-
3¢ GUILIMEHTOB JIMHEIHON perpeccuy Ha pa3IMYHbIX y4acTKax MprBeaeHbl B Ta0. 1 u 2
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Tom 2. Yactb 4. KOCMUYECKAA MOTOMA U 300POBbE

IMonumaHue TOro (pakTta, 4TO WHAMUBUAYAJIbHbIE 3aBUCMMOCTH ITOKa3aTeseit
AAnYCCor T, SBIAIOTCS HETMHEWHBIMU M YaCTO HEMOHOTOHHBIMHU, TIO3BOJIUT
0oJiee 00OCHOBAHHO MOJONUTH K MHTEPIpPETallU MTepCOHATbHBIX 3aKJIOYEHUN, TT0-
JIyYeHHBbIX Ha 0ojiee KOPOTKMX OTpe3Kax HaOJoAeHMI, HarpuMep, BKIIIOUYAIOIIUX
OIMH CE30H, W OLICHUTH IIPAaBOMEPHOCTh BEIBOIOB, CIAEIAHHBIX IO TAKOMY KOpPOT-
KOMY OTpe3Ky, Ha IpYrue Ce30HbI rojia.

B pa6ote [3enuyenko u ap., 2012] geTaabHO paccMaTpMBalOTCS BO3MOXKHBIC
(buzronornyeckue MexaHW3Mbl, OIpPEAeSIIoNIe TOJYYEeHHbIH KOMIUIEKC U3Me-
Hennit @I1 B mMpoKOM IHaria3oHe M3MEHeHUsT TeMmreparyp. Ha ux ocHoBe cra-
JIO BO3MOXHbBIM OOBbSICHEHUE pe3yJIbTaTOB, MOJyYeHHBIX B 0ojiee paHHUX paboTax
[3eHuenko u ap., 2007, 2008, 2009, 2011a], B yacTHOCTH, TOTO (pakTa, YTO MPEUMYy-
MIECTBEHHBIN 3HAK peakInK ToKa3ateneil AJl Ha M3MeHeHHNe TeMITepaTyphbl MOXET
KapAWHAJIbHO U3MEHSIThCS MPU U3MEHEHUU CTEINEHN 9KCTPEMAaIbHOCTU Haboaae-
MbIX 3HaUeHui T, B riepuon usMepenuii [3enyerko u ap., 20116].

Takum obGpa3oMm, K HacToOsIlIEeMy BpPeMEHU Ha OCHOBE Pe3yJIbTaTOB IEPBOTO
YPOBHS METOAA MOCJIEI0BATEbHBIX MPUOIMKEHU ObUIM BBISIBIEHBI CIEIyIOLINE
XapaKTepUCTUKU WHINBUAYAJIBHBLIX peakuuii mokasateneit AL u YCC Ha Bapua-
LIMY TTApaMETPOB KOCMUYECKOM 1 3eMHO TTOTO/IbI.

1. YacmomHuoie xapakmepucmuku peakyuil — HabI0AaeTCs MeljieHHas (C Te-
puosoM B 4...7 cyT) peakliMsl Ha Bapualluu MeTeo(hakToOpoB U ObIcTpasi (B TeueHue
CYTOK) peakuus Ha u3amMeHeHue ypoBHs [ MA. I1pu TakoMm ypoBHe IeTaM3aluy Uc-
cienyeMbIX MokKasaresieil peKoMeHayeMasi 4acToTa IUCKPETU3aluu U3MepEeHU co-
CTaBJISIET OJMH pa3 B CYTKU B OJHO U TO Xe BpeMsl.

2. Amnaumyonvie xapakmepucmuku — JJIsS1 300POBBIX JIMI] CHUCTeMaTUYeCKOe
u3MeHeHue 1okazateneit AJl Moxer cocTaBisiTh 10 8 MM pT.cT. Ha 10 °C. Ilpu
3TOM 3aBucuMOCTb nokazaresein Al u YCC naxe omHOTO 4yenoBeka OT MeTeodak-
TOpOB U ypoBHSI 'MA MOXET pacCMaTpUBATLCS KaK JIMHEWHAsl TOJBKO B Y3KOM
JuanasoHe n3MeHeHus mapameTpoB BD. B pasHbIX nuamazoHax U3MEHEHUST TeM-
nieparypbi peakist ypoBHst A/l u YCC Ha T, |, MO-BUANMOMY, OTIPENENIseTCs pas-
JINYHBIMUA (PU3UOJIOTMYECKMMU MEXaHU3MaMMU.

Bo3MOXHOCTM PUMEHEHMsI TIEPBOTrO MPUOIIVIKEHUS ISl MCCIEAOBAHUS PO~
CTPAaHCTBEHHO-BpPEMEHHOM KapTuHbl peakunu ypoBHsT A/l 1 HCC Ha Bapuanuu
(hakTOPOB 3eMHOI M KOCMMYECKOM MOTOMABI elIf Jajieko He ucuyepraHbl. B To ke
BpeMsI yXKe MOJIydeHHBIe Pe3yIbTaThl MMO3BOJISIOT MPEII0XKUTL HATIPABIEHUS J1ajlb-
HEWIIel neTaau3allMd KapTHHBI peaklMM OpraHu3Ma Ha BHEIIHHE (DaKTOPHI.
Ha BTOpoM ypoBHe mpuOamXkeHUs 1eaecoodpa3HO paccMaTpuBaTh (pU3HOIOTHYE-
CKMe MoKasaTesiu, OTpaXKalolue (PyHKIMOHATbHOE COCTOSIHUE PAa3IMYHBIX OTIECIOB
CEPIEeYHO-COCYANUCTON CUCTEMBI, IOITyCKAOIINX MOHHUTOPWUHT HEWHBAa3WBHBIMU
MeTOoAaMHU, a UMEHHO:

* 3JIEKTPUYECKON MPOBOAMMOCTH MHOKApAa, ONMpeAeIsieMOil METOIOM JHC-

MEPCUOHHOIO KapTUPOBaHUsS 3JeKTpoKapauorpammel [MBanos, Kypaio-
Ba, 2005; BanoB u ap., 2011; Cyna u np., 2007];

* COCYIMCTOTO TOHYCAa MAarMCTpPajbHBLIX apTepUil U SHIOTEIMATBLHON (YyHK-
uuu [['ypouxkens u ap., 2009];

* COCTOSTHMSI COCYIOB CYOKAIWJUIIPHOTO CIUIETEHMS (apTeproNl WM BEHYI)
(MeTon nasepHOl moruiepoBckoil (uoymerpun [Stefanovska et al., 1999;
Kvandal et al., 2006]);

*  KanujuisipHoro KkpooToka [['ypdunkens u ap., 2010];
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+ OajlaHca BereTaTMBHOU HEPBHOW cucTeMbl (IPOLIECChl BO30YXIEHUSI-TOP-
MOXEHHUsI, MeToJl BapuabenbHocTU cepaeuyHoro putma (BCP) [baeBckuii
u ap., 2001].

Bb1o mokaszaHo, 4TO mapaMeTpbl MUKPOLUPKYJISITOPHOTO pycia [3eHYeHKO
u 1p., 2010; 2011a] 1 ckopocTh pacIpocTpaHeHUs MyJIbCOBOM BOJHEI [Bbpeyc u ap.,
2010, Gurfinkel et al, 2012] mposSBISIOT YyBCTBUTEILHOCTh K BapuanusaM (aKTo-
POB KaK 3eMHOM, TaK 1 KOCMMYECKO rmoronbl. M3 nuTepaTypHbIX TaHHBIX U3BECT-
HO O YYBCTBUTEJILHOCTHY K BHEITHUM (pakTopaMm 1noka3saresieit BCP [UepHnoyc u ap.,
2004; ITockoruHona, I'puropneB, 2008] M CKOpPOCTM KaNMJUISIPHOTO KPOBOTOKA
[Typbunkenb u ap., 2010]. JIas kaxmoro ux 3TUX Mokas3aTeseil CylecTBYIOT 3KC-
MEePUMEHTAIbHO MOATBEPXKAEHHBIE TEOPUU O (PU3MOJOTMUYECKUX MEXaHU3Max X
PEryysiliuiy, 4YTO TO3BOJISIET CTPOUTh OOOCHOBaHHbIE OHO(U3NUYEeCKUEe pabouure Mo-
JIeJIV CJIeIyIOIIEro YPOBHS IeTalu3alliu.

CUHXPOHHBIE MOHUTOPMHT MEPEeUMCIeHHBIX MoKa3areiaeid u ypoBHs Al mo-
3BOJIsIET JaTh Oojiee OOOCHOBAaHHbIE U Pa3BEPHYTHIE MHTEpIpeTalMu HabJtonae-
MbIM U3MeHeHUsIM ypoBHst AJl. Tak, Ha puc. 7 mokasaHbl 3aBiucuMocty ot 7, Tio-
kazareneit AJl (a, 6) u BCP (s, ¢) m1s1 BooHTEpPaA, pe3ynbTaThl KOTOPOTO IIPUBEE-
HbI Ha puc. 660 (B 00J1aCTU OTPULIATENIBHBIX 3HAYEHUI TeMmepaTyphl). I1puBeaeHbI
pe3ynbTaThl HabmogeHuit 3umMbl 2009/2010 rr., Korma MOHUTOPUHT 3THUX JABYX
TPYIII MoKa3aTesiei MPOBOAUIICS CUHXPOHHO.

Ha puc. 7a, 6 BugHo, 4to 3aBucuMocTthb nokaszareneiit CAJl u JJAJl Ha maHHOI
BBIOOPKE COBIIaJaeT C OOLIMM BUIOM 3aBUCUMOCTM, TOJYYEHHON IJII 3TOro BO-
JIOHTEpa 3a BCe YEThIpe roja HabmoaeHuii (cM. puc. 66). B To e BpeMst BUTHO, UTO
Bo3pactaHue ypoBHs1 CAJl, HabaogaeMoe Mo Mepe yCUJeHUsl MOPO30B (MOHMXKe-
Hust T, ), HA CAMOM JieJie COTTPOBOXIAETCSI MOHVKEHUEM YPOBHSI HATIPSKEHUS pe-
rynsitopHbix cucteM (CH, puc. 76), ycusieHMeM BaryCHbIX BIWSIHUI Ha OpraHu3Mm
(HFP, puc. 7¢) 1 cHUXXeHHMEeM aKTUBHOCTM CMMIMATUYECKOro 3BeHa BereTaTUBHOM
HepBHoi1 cucteMsl (LFP, cMm. puc. 7).

Hpyroii npumep, WITIOCTPUPYIOLIMN HEOOXOAMMOCTh PACIIMPEHUsT TIEpeUHsI
®IT mrs 6osee IeTaATBPHOTO MCCISIOBAHMS PeaKIIUK Pa3IMIHBIX OTIEIOB Ceplaed-
HO-COCYIUCTON CUCTEMbI, — OJHOBPEMEHHOE PaCCMOTpPEHUE 3aBUCHMOCTHU YpOB-
Hs1 AJl u nokaszateneit Mukpouupkyasiuvu (ITM) KpoBu oT BHEIIHUX (paKTOPOB,
B MEPBYIO oUepelb — TeMIepaTyphl.

Ha ocHoBaHum aHanu3a mMTenbHON quHamMukuy nokasareneit A/l u IIM y ne-
CSITU 3I0POBBIX BOJOHTEPOB ObUI ClEJaH BbIBOMA, YTO ISl KIMMaTUYECKOro Iosica
MockBbl HauboJIee OMOTPOITHBIM (JJISI 3OPOBLIX JIFOAEI) aTMOC(hEpHBIM (PaKTOPOM
CTaAHOBSITCSl Bapualluu TeMmIiepatypbl Bo3ayxa. [ToHMXeHue TemIiepaTypbl MPUBO-
JUT K TOBBILIEHUIO KaK TOHYCa MarucTpaibHbIX cocynoB (poct AJl), Tak U MeIKuX
COCYIOB CYOKaIWJISIPHOTO TJIETEHUs, U, KaK CJIelCTBUE, K CHUXEHUIO Tepdhy3un
TKaHeil (cHmkenue [1M). Peakium mokasareneit A u IIM Ha maHHBINM dakTOp
HaOTI0HaloTCA B IPUMEPHO paBHOM TiporieHTe cirydaeB (70 1 60 % cooTBeTCTBEH-
HO), MPUYEM 3aBUCHUMOCTb TIPOSIBISIETCS KaK CUHXPOHU3ALMSI MEMJICHHbBIX BOJH
(busronornyeckux u atMocepHbIX Mokas3areseil IIUTEeIbHOCTbI0 HECKOIbKO CY-
TOK [3eHuyeHKo u ap., 2009].

B HacTos111ee BpeMsi CTaHOBUTCS TTIOHSITHBIM, KAKUM MOXET ObIThb CJIeIYIOIIUIA,
TPETUI YPOBEHb MPUOJMXKEHUSI B UCCAEAOBAHUSAX peakKlMU opraHu3Ma Ha Bapua-
LIMM BHEIIHMUX (PaKTOPOB, HAlEJEHHBIA yXXe Ha HEMOCPeACTBEHHYIO pa3paboTKy
01o(U3NYECKIX MOJIEJICi peaKIInu.
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Puc. 7. 3aBucumocts niokasareneit Al (a, 6) u BCP (6, e) or Benmuunbl T, 171 3UMBI
2009/2010 rr. (mepuoj CUHXPOHHOTO MOHUTOPMHIA IBYX HAOOpOB Mokasatenei): a —
CALl; 6 — NALl; 6 — uHAEKC HANPSDKEHUST PETYJIITOPHBIX cucTeM WK ctpecc-uHaeke (CH,
o baeBcKkoMy); ¢ — BeTMIMHA CIIEKTPpa MOIITHOCTH B YaCTOTHBIX TMAITa30HaX, OTPaKaIOIINUX
ypoBeHb akTuBHOCTH Iapacumiarudeckoro (HFP) u cumnatuueckoro (LFP) 3BeHa Bere-
TaTMBHOW HepBHOW cucTeMbl. [1puBeneHbl TpaduKu JUHEeHHOM perpeccuu (¢ 95%-Mu mo-
BEpUTEJIbHBIMU WHTepBasiaMu). 3HaueHUsT KOo3Gh(UIIMEHTOB JUHEITHONM perpeccuu Ha pas-
JIMIHBIX y9acTKaX MPUBEICHBI B Ta0JI. 3

Tabmaa 3. YposeHb 3HauMMOCTH K02 duumenta koppexsaumu K =—sign(r)lg(p) u koad-
(buureHToB TMHelHOH perpeccun nokasateseit Al u BCP co sHauenusimu T, | ISl BOJIOH-
Tépa ¢ puc. 66. [IpuBemeHsbI pe3ynbTaTthl n3MepeHuit 3uMoit 2009/2010 rr. OG03HAYECHHUS CM.

B Tab1. 1
2009/2010 CAL JAN cu HFP LFP
K, -2,33 —-0,12 3,418 -3,03 2,597
x, 106,334 71,33 200,1 14,80 53,370
X, -0,333 —0,020 4,504 —-0,912 0,729
F 0,000126 0,761 0,0004 0,0004 0,0025

MeToabl OLIEHKM COCTOSIHUSI BereTaTUBHOIO OajiaHca opraHmsMa M I1oKasa-

TeJieii MUKPOLMPKYJISITOPHOTO pyciia, BKIIOYEHHBIE B PACCMOTPEHUE Ha BTOPOM
YpOBHE TIPUOJIVKEHUS, JOMYCKAIOT HE TOJBKO OOIIYI0 MHTETPAIbHYIO OLIEHKY W3-
MEHYMBOCTH COOTBeTCTBYIONIETO PI1, HO U OLICHKY YYBCTBUTEIBHOCTU K BHEILIHUM
(hakTOpaM pasTUIHBIX MEXaHU3MOB €T0 PETYISLUHN.
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Takast BO3MOXHOCTb BbISIBJIEHUSI OTNPEJAEIEHHBIX PETYISITOPHBIX MEXaHU3MOB,
B OOJIbIIIEl CTEMEeHU, YEM OCTaIbHbIE, YYBCTBUTEIbHBIX K IEMCTBUIO BHEIITHUX (haK-
TOPOB, MO3BOJISIET BHIAEIUTh Hanbosiee BEPOSITHbIE MYTHU pa3BUTUS (pU3HUOJOTHYE-
CKOIi peakliuy OT NMEPBUYHBIX MUIIIEHEU 10 TIPOSIBJCHUST HAa YPOBHE OINpeaeaEHHbIX
cucteMm. Ha aToMm ypoBHe aeTaiu3aliiu, KOraa CTaHOBUTCS BO3MOXHBIM COMOCTaB-
JIeHWE YaCTOTHO-(a30BbIX XapaKTEPUCTUK 3JIEKTPOMATHUTHBIX M aKyCTUYECKUX
KosiebaHUI OKpYXKaIolEel cpenibl C KOJeOaHUSIMU B CAMOM OpPraHU3Me, YK€ MOXHO
CUMTATh KOPPEKTHBIM pacCMOTPEHHE BO3MOXHOTO BIUSHUS Ipyrux BA, Takmx Kak
Bapualuy OMpene€HHbIX YacTOT aTMOC(EpPHOro AaBJAEHMSI WJIW TeOMarHUTHOTO
noJist (MHGbpa3ByK, Pc-nyibcaliuu, IIyMaHOBCKKE PE3OHAHCHI U JIP.).

3AKJTIOYEHWNE

Takum obpa3zomM, Ha MEPBOM YPOBHE IPUOIMKEHNS HAIEXKHO ITOKa3aHa HEJIMHEN-
HOCTb OTB€Ta MHAMBUAYaIbHbIX 3HaUeHUl nokaszareneid Al 1 HCC Ha neiicTBue
(axktopoB TeMmneparypsl 1 IT'MA. DTOT pe3ynbTaT, IPUMEHEHHBI B KayeCTBE pa-
0oueii TMITOTe3bl K IPYTUM JaHHBIM, B 3HAUUTEIBHOI CTEIEHU OOBSICHIET MHOIO-
oopas3ue BumgoB peakuuii Al m YCC, HabmomaeMmbix paHee. VIcxogHoe COCTOSTHUE
opraHu3Ma, KOTOpoe U OLIEHMBAETCsI B 00ILeM BUJIe Ha TIEPBOM YPOBHE MeTO/a T10-
cJieIoBaTeNIbHBIX MPUOIVKEHNI, HEOOXOAMMO YUMTHIBATh MPU aHAIU3Ee U UHTEp-
MnpeTaluy XapakTepa MHAWBUIYaIbHBIX peakiiuii Ha [TMA.

Ha BTOpOM ypoBHE MpUOIMKEHUSI TPEACTABICHO, YTO IOKa3aTelIi MUKPO-
LIMPKYJISITOPHOTO pycjia, CKOPOCTU PACIIPOCTPAaHEHUS MYJIbCOBOM BOJHBI B Maru-
CTpaJIbHBIX apTepusiX U OalaHca BereTaTUBHOM HEPBHOM CHUCTEMbI CTAHOBSITCS 0O-
Jiee YYBCTBUTEIbHBIMU K T€OMarHUTHOM aKTUBHOCTH, YeM Ioka3atenan Al y Tex xe
MPAKTUYECKU 300POBBIX UCITBITYEMBIX.

Hcnonb3oBaHre MeToda TOCIeAOBATeIbHBIX TIPUOIMKEHUN B 3aJa4e IeTalu-
3alMU peaklMy OpraHu3Ma JejioBeKa Ha eiicTBhe (DaKTOPOB KOCMUYECKON U 3eM-
HOM MOTOAbI, a TaKXe PACCMOTPEHME BCETO MHOroobpasus (pU3MOJIOTUUYECKUX
peakuuii Ha WHAWBUAYAIbHOM YPOBHE KAaK MHOTroIlapaMeTpuueckKoil (pyHKLINU
MO3BOJISIET BBIUJICHUTD JIOTUYHBIE U YCTOMYMBBIE SJIEMEHTHI O0ILEeil KApTUHBI COJI-
HeYHO-0MocepHBIX CBA3Ei U3 IIIyMa, CO31aBAeMOro yCpeAHEHUSIMU 110 BPEMEHH,
MPOCTPAHCTBY U TIOIYJISILINU.
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METHOD OF SUCCESSIVE APPROXIMATIONS FOR EXAMINATION
INDIVIDUAL HELIOMETEOTROPIC REACTIONS
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2 Institute of Theoretical and Experimental Biophysics, Russian Academy of Sciences (ITEB RAS),
Pushchino, Moscow Region, Russia

Geomagnetic and meteorological factors affect functional conditions of not only sick but also
of healthy persons. This fact being confirmed with great amounts of experimental data is now
uncontroversial.

On the other hand, we meet here some serious problems that could not be overcome
within the frames of present approaches. First of them is impossibility to construct a com-
mon, helio-bio-physical model of a live system (a human body, in particularly) reactions on
effects of combined meteorological and geomagnetic factors. This is caused by hard variability
of results obtained by different investigators. Another problem is based on population and clini-
cal investigations personal forecasting of functional condition for a certain individual: high
inter-individual differences and time variability of reactions make this problem unsolvable.

A new, analysis object individualized, approach should overcome the abovementioned
methodological problems. The approach includes, first, personal conclusions on presence/ab-
sence of geomagnetic and meteorological sensitivity of an individual; the conclusion is based
on results of analysis of statistical correlation between parameters of exogenous factors (EF)
and long-lasting (at least two months) time series of his/her physiological parameters (PP).
Besides, it is necessary that these PP could be scientifically interpreted at the level of physi-
ological, biochemical and biophysical mechanisms.
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The second, each conclusion of such a sort is further considered not as a universal con-
stant, but as a momentary value of a multiparametric function depending on: time, geo-
graphical location and environment of a monitoring, and individual parameters of a person.
Reconstruction of a full pattern of the function is an extremely complicated and laborious
problem, demanding large amounts of standardized experimental material. However, com-
bination of individualized approach with execution of abovementioned parameters will allow
uniting and comparing results obtained at different time points and at different geographical
locations, and, as a result, range the parameters by degree of their impact into general pattern
of functional dependence, the ranging being based on analysis instead of a-priori.

The third, we propose method of successive approximations, implying “commensura-
bility” of resolution of analyzed physiological and geophysical parameters. Thus, the “first
approximation” may include monitoring of PP that could be measured with an extremely
simple and widespread measurement procedure, for example, measuring of arterial blood
pressure (ABP), pulse, and their derivatives such as cardiac output. Their advantages are
simplicity, availability, and community of a measuring methods that allows to get vast uni-
fied experimental material related to different time and geographical conditions; to evaluate
amplitude-frequency parameters of individual helio-meteotropic reactions and to suggest cur-
rent hypotheses for possible physiological mechanisms of their development. However, there
is a lot of mechanisms regulating ABP and pulse levels, therefore, it is necessary to examine
their dependence from main meteo-parameters (atmospheric pressure, temperature, and rel-
ative humidity), and average level of geomagnetic activity (GMA) only. Further specializa-
tion of weather and GMA parameters is unreasonable at this stage, as it can cause construc-
tion of unbalanced draft model. Many investigators have once and again suggested an idea
that a reaction amplitude and sign depend on initial condition of an organism. The purpose
of the current stage is experimental check of the hypothesis and getting of personal estima-
tions of body regulation systems stress, and of an impact, conditioned just by geomagnetic and
meteorological factors. The “second approximation” is using of previous results; it includes
investigation of PP dynamics and their relation with exogenous factors whose reflection of
functional condition of various departments of cardio-vascular system is more target-focused.
The following non-invasively monitorable PP — indices of myocardium microalterations (for
diagnostics of its electrophysiological properties), microvasculature parameters (measured
by Doppler fluorometry for evaluation of subcapillary plexus vessels condition), and pulse
wave velocity (for evaluation of vasomotor tone of main arteries) — were demonstrated to
be EF-sensitive. Literature data tell that indices of heart rate variability and capillary blood
flow rate are EF-sensitive. Each of them has own experimentally checked theory on physi-
ological mechanisms of their regulation, and it makes construction of biophysical draft mod-
els of the next specialization level possible; the last will include other EF, such as variations of
certain frequencies of atmospheric pressure or gecomagnetic field (infrasound, Pc pulsations,
Schumann resonances, etc.).
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We examine the association of Acute Coronary Syndromes (ACS) with the Helio-
geomagnetic activity in Greece within the time interval 1997—2007 (Solar Cycle 23) without
restricting analysis to the effects of selected active periods. We establish the Space weather —
ACS Rate relationship by means of common periodicities in the wavelet spectra of the cor-
responding time series. The STEACS and non-STEACS cases are examined separately. Well-
known periodicities of the Solar and Geomagnetic activity (including quasi—biennial and
harmonics, and also sub-harmonics of the 27.8 days periodicity) were also found in the ACS
(STEACS and non-STEACS) patients’ hospitalization rate. A Rieger first harmonic was also
found in Flares. These results provide corroborating evidence for the ACS-Space Weather-
Solar Activity Connection.

INTRODUCTION

The Solar energetic events such as flares and coronal mass ejections (CMEs) initiate
disturbances of the solar wind parameters. The high-speed solar wind triggers mag-
netic and ionospheric storms. These solar wind and magnetospheric disturbances are
known as Space Weather [Kivelson, Russell, 1995].

The influence of Space Weather on biological and physiological systems has
been an open research objective for the last three decades and possible mecha-
nisms linking solar and geophysical parameters to human health have been proposed
[Cherry, 2009]. Several published works report direct and indirect association of
Helio-geomagnetic disturbances to human health condition: Palmer et al. (2006) re-
port that 75 % of geomagnetic storms are followed by an increase by 50 % of hospital
cardiological and neurological cases. [Breus et al., 1989] point to a correlation be-
tween heart attacks in Moscow and Helio-geomagnetic activity. [Cornelissen et al.,
2002] indicate that death-rate due to heart attacks increases by 5 % in Minnesota
USA at the maximum of the solar cycle. [Chernouss et al., 2001; Belov et al., 1998]
present the influence of space weather on the neurological system and brain disrup-
tions. [Dorman et al., 2001] report increased accident rate due to Helio-geomagnetic
activity.

In this work we focus on an extended record of Coronary Artery Disease (CAD)
cases in Greece during the solar Cycle 23 (1997—2007). The clinical presentation
of CAD includes silent ischemia, stable angina pectoris, unstable angina, myocar-
dial infarction (MI), heart failure and sudden death. The MI, unstable angina and
silent ischemia comprise Acute Coronary Syndromes (ACS) [Kremastinos, 2005;
Hamm et al., 2011] and they share a widely common pathophysiological substrate.
The pathophysiological mechanism is formed by the under perfusion of myocardial,
due to important minimization of the blood flow in the coronary arteries, resulting
in the partial or fully necrosis of myocardium. Such a state can be caused when an
atherosclerotic plaque ruptures or erodes, leading to different degrees of superim-
posed thrombosis and distal embolization. The latter may lead to electrical instability
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which may, in turn, cause ventricular tachycardia or fibrillation and may end to sud-
den death. The leading symptom that initiates the diagnostic and the therapeutic cas-
cade is chest pain, but the classification of patients is based on the electrocardiogram
(ECG). Based on the morphology of ECG there are two categories of patients:

1. Patients with acute chest pain and persistent (>20 min) ST-segment eleva-
tion: The ST-segment elevation is identified by the presence of >1 mm ST el-
evation in at least two adjacent limb leads, >2 mm ST elevation in at least two
contiguous pecordial leads or new onset bundle branch block. This is termed
ST elevation ACS (STE-ACS) and generally reflects an acute total coronary
occlusion which, mostly, develops a ST elevation M1 (STEMI).

2. Patients with acute chest pain but without persistent ST-segment elevation:
They exhibit a persistent or transient ST-segment depression or T-wave in-
version, at T waves, pseudo-normalization of T waves, or no ECG changes
are presented. This is dubbed non-ST-elevation ACS (NSTE-ACS) and the
diagnosis is based on the measurement of troponine enzyme. Abnormal tro-
ponine level qualifies the situation as a non-ST-elevation MI (NSTEMI),
otherwise is managed as an unstable angina. Also, a NSTEMI event can be
caused by dynamic obstruction (eg.Vasospasm) and extrinsic factors lead-
ing to poor coronary perfusion (eg.hypotension, hypervolaemia or hypoxia).
NSTEMI and unstable angina represent the majority of ACS.

We examine the relationship between Helio-geomagnetic activity and NSTE-
ACS and STE-ACS in Greece for the solar cycle 23, expanding on previous work by
[Katsavrias et al., 2012; Moussas et al., 2010] (henceforward Papers I and II). These
works were focused on three select time intervals of intense magnetospheric distur-
bances and storms. Their results indicate that:

» The STE-ACS (ST) and NSTE-ACS (NST) cases were found to be related to
the Helio-geomagnetic activity though details varied. The correlation coef-
ficient using smoothed monthly values when the ACS time-series was lagging
by 12 months behind the Helio-geomagnetic activity are: 0.79+0.00 between
CME and NST, 0.66+2:10'® between NST-intense flares (X and M type in
GOES classification) and 0.6614 107'® between ST-faint flares (B type in
GOES classification).

* The maximum of NST cases (72) for the solar cycle 23 was recorded in
October 2002 and January 2003. The second, in magnitude, peak of ST cases
(32) for the whole solar cycle 23, on the other hand, appeared in November
2002. This supports time coincidence between increased ACS cases and
strong Helio-geomagnetic activity as the peak of this activity took place in
August-September 2002. The maximum number, for the whole solar cy-
cle 23, of ST cases (40) in November 2005 coincides, in time, with an un-
usual fluctuation of the number of flares.

» Papers I and II indicate that the health effects of geomagnetic activity are cu-
mulative depending on the duration of the GMS and the GMS peak. The
observational evidence was based on the comparison of two active periods. In
October — November 2003 the strongest recorded GMS of cycle 23 had du-
ration of 5 days with DST peaking at —220 nT. In October 2002, on the other
hand, a less strong (—120 nT) but longer (18 days) GMS occurred. Both in-
tervals were followed by an increased number of ACS cases yet the ACS reach
maximum in October — November 2002.
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» For the periods of geomagnetic storms examined in Papers I and II the phase
(pre-phase, main, recovery) of the storm that coincides with increased ACS
cases seems to be significant. In particular:

— 60 % of increased ACS cases coincide with the storm recovery phase; the
probability rises to 75 % for the NST cases.

— Only 3 dates (4.5 %) with increased ACS cases took place at the main
phase.

— 6 dates (9 % of the increased cases took place at the pre-phase of the storms.

— We note a significant number of increased ACS cases (15 %) in periods of
high solar wind speed (>600 km/s) without geomagnetic storms.

— In this work we present a wavelet analysis on the solar eruptive events
(flares and CMEs), DST Index, solar wind speed and ACS cases for the
solar cycle 23.

DATA SELECTION

We have used the patient records of the ond Cardiologic Department of the General
Hospital of (Piraeus) ‘St. Panteleimon’, Greece, for the daily number of ACS cases,
STE-ACS and NSTE-ACS (hence ST and NST respectively).

For the space weather and solar data we have used a number of on-line archives:

* OMNIWEB (http://omniweb.gsfc.nasa.gov/): For the number of sunspots
(Rz), the solar wind speed (Vsw) and the geomagnetic index DST (a measure
of the strength of the Earth ring current). It is calculated by averaging the
horizontal component of the magnetic field from mid-latitude and equatorial
magnetograms.

+ NGDC GOES (http://ftp.ngdc.noaa.gov/stp/): For the daily number of so-
lar flares by intensity class (intense solar flares of X and M class, hencefor-
ward X-M and weak flares of B class.

* SOHO/LASCO (http://cdaw.gsfc.nasa.gov/): For the daily number of CMEs
(including the highly geoeffective Full and Partial Halo (width >200 degrees)
hence P-H CMEs). There are two data gaps in this database in 25/6/1998—
14/10/1998 and 1/1/1999—4/2/1999.

WAVELET ANALYSIS

Non-stationary time series were expanded in terms of time-localized waves, or wave-
lets; we, thus, obtained a compact, two dimensional, representation [Morlet et al.,
1982; Torrence, Compo, 1998]:

2 (1)

,f 5

y(t,t', f)=exp(2in ft) exp

N2
Where f is the frequency; # — the time delay; exp ffzu is the Gaussian
support.

The Morlet wavelet is the commonest function used in astrophysical signals ex-
pansion. Furthermore, due to its Gaussian support, the Morlet wavelet expansion in-

herits optimality as regards the uncertainty principle [Morlet et al., 1982].
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The global wavelet spectrum [Torrence, Compo, 1998] which is the time-aver-
aged wavelet spectrum over all the local wavelet spectra is given by:

W%s):iNi| W)’
N n=0 " .

Where W, (s) is the wavelet power; N — the number of local wavelet spectra. From
this, we obtained an unbiased and consistent estimation of the true power spectrum
of a time series.

RESULTS OF WAVELET ANALYSIS AND DISCUSSION

In Figure 1 we present the time series, the wavelet power spectra and the global
wavelet spectra of smoothed ACS, NST and ST cases (see also table 1).
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Figure 1. Daily distribution, wavelet power spectrum and global wavelet spectrum of
smoothed ACS (upper panel), NST (middle panel) and ST cases (bottom panel)
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We used a Savitsky — Golay smoothing with a window of 7 days to eliminate the
7 days duty cycle of the hospital. Our plot is colour-coded with red corresponding to
the maxima; the black contour is the cone of influence (99 %) of the spectra, mark-

ing the

region where edge effects in processing become important. The dashed lines

in the global spectra represent a confidence level of 99 %. The characteristic period-
icities were:

Table 1.

For the wavelet power spectrum of NST cases: 64...128 days (peak at
111 days), 128...256 days (187 days peak), 256...512 days (peak at 374 days)
and 512...1024 days (peak at 748 days).

In the wavelet power spectrum of ST cases were found periodici-
ties of 32...64 days (55.6 days peak), 128...256 days (187 days peak) and
256...512 days (peak at 374 days).

The power spectrum of all ACS cases (NST and ST) follows the spectrum of
NST which are almost twice the ST (5160 NST and 2638 ST cases).

The global wavelet spectrum of NST shows that the most intense periodici-
ties are the annual and semi-annual while ACS in total shows the 111 days.
In the global wavelet spectrum of ST the most intense periodicity is the semi-
annual.

We focus on the quasi — biennial oscillation (2 years) and its harmonics of
1 year and 0.5 years. As regards the solar activity it corresponds to the joint
11-year and quasi-biennial cycle model was introduced by [Bao, Zhang,
1998] and expanded by [Benevolenskaya, 1998, 20005.

The annual periodicity appears within the whole solar cycle 23 while the
semi-annual appears after 2002 (maximum of the cycle) except in NST
which appears in 1998 as well. The 2 years periodicity is absent from the
wavelet spectrum of ST.

Periodicities of 111 and 55.6 days appear in the wavelet power spectra of NST
and ST respectively. These are sub-harmonics of the 27.8 days periodicity ob-
served in the Sun due to its rotation.

Table of range of periodicities with their peak and time interval of appearance for

ACS, NST and ST. The b-superscript marks periodicities below the confidence level of 99 %

in the global wavelet spectrum

Parameter Range of periodicities, days | Peak, days Time interval of appearance, years

ACS 64—128 111 1997—1998, 2002—2004
128—256 187 2002—2003, 2004—2005
256—512 374 1998—2006
512—1024 748 1999—-2003

NST 64—128 111 1998—1999, 2002—-2003, 2004—2005
128—256 187 1998, 2003—2005
256—512 374 1998—2002, 2003—2006
512—1024 748 2000—2004

ST 3264 55.6® 2003, 2006—2007

128—256 187 2002—-2003
256—512 374 1998—2006
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Figures 2 and 3 (see also table 2) show the periodicities in the wavelet power
spectrum of CMEs and Partial — Halo CMEs and flares, intense flares (X-M type)
and faint flares (B type). We found that:

» The wavelet power spectra of CMEs exhibit the quasi-biennial oscillation

and its harmonics (annual and semi-annual) during the time interval 1998—
2004. Flares, on the other hand, show the same periodicities within the time
interval 2000—2006. This indicates that the solar activity carries the quasi-
biennial oscillation throughout the whole solar cycle 23 exactly like the ACS
cases.

» In addition there is a 78 days periodicity, in Flares only, which is the har-
monic of the Rieger periodicity (156 days), within the time intervals
1999—-2001 (maximum of the cycle) and 2003—2005 (extreme solar events).
Although, this periodicity is absent from the spectra of ACS.

Table 2. Table of range of periodicities with their peak and time interval of appearance for
CMEs, P-H CMEs, Flares, X—M Flares, B Flares, DST Index and solar wind speed. The
b-superscript marks periodicities below the confidence level of 99 % in the global wavelet

spectrum
Parameter Range of periodicities, days Peak, days Time interval of appearance, years
CMEs 128—256 187® 2001—2003
256512 374 1998—2001
512—1024 748 1999—2004
P—H CMEs 128—256 187® 2001—2003
256—512 374® 1998—2001
512—1024 748 2000—2004
Flares 64—128 78® 2004—2005
128—256 187® 2005—2006
256—512 374® 2001—2003
X—M Flares 64—128 78® 2001, 2003—2005
128—256 187® 2001—2003
256—512 374® 2003—2005
B Flares 64—128 78®) 1999—2001, 2003, 2004
128—256 187® 2000—2002, 2003
256—512 374® 2000—2003
DST Index 64—128 78 2001, 2003—2005
128—256 187 1998—2003
256512 374 1999—2005
512—1024 748 2000—2005
Vsw 16—32 27.8 2000, 2003, 2005—2006
64—128 11® 2004—2006
128—256 187 2004—2006
512—1024 748 2002—2005
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Figure 2. Daily distribution, wavelet power spectrum and global wavelet spectrum of CMEs

(upper panel) and P-H CMEs (bottom panel)

Figure 4 shows the periodicities in the wavelet power spectrum of DST Index

and solar wind speed.

* Solar wind speed shows the quasi-biennial periodicity and its harmonics (an-
nual and semi-annual) within the time interval 2002—2006. The latter indi-
cates that the power spectrum of speed follows the one of Flares.

* In addition, solar wind speed shows the 27.8 days periodicity and its 111 days
sub-harmonic which carry the solar rotation. These periodicities appear also
in both NST and ST.

* DST Index shows the quasi-biennial oscillation and its harmonics (annual
and semi-annual) throughout the whole solar cycle following solar activ-
ity. This indicates a strong correlation with the ACS cases since their spectra
show the quasi-biennial oscillation throughout the whole solar cycle 23 also.

» There is also a 78 days periodicity (Rieger harmonic) in DST which appears
within the same time intervals with X-M Flares (2001, 2003—2005), indicat-
ing a strong correlation between these two parameters.
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Figure 3. Daily distribution, wavelet power spectrum and global wavelet spectrum
of Flares (upper panel), X-M Flares (middle panel) and B Flares (bottom panel)

DISCUSSION AND CONCLUSION

In this report we have performed a long-term analysis (Wavelet) of the relationship
of Helio-geomagnetic activity to Acute Coronary Syndromes (ACS) examining both
STE-ACS (ST) and NSTE-ACS (NST) cases separately. The study covered the 23™
solar cycle (1997—2007). The results are summarized as follows:
* A quasi—biennial periodicity and its harmonics were found in both NST and
ST wavelet power spectra throughout the whole solar cycle 23. This group
of periodicities is well-known and we found it also in CMEs (1998—2004),
Flares (2001—2006) and DST Index (1998—2006). This shows that the wave-
let power spectra of ACS cases are associated with the DST Index (the mea-
sure of geomagnetic storms which are triggered by the solar eruptive events).
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Figure 4. Daily distribution, wavelet power spectrum and global wavelet
spectrum of DST Index (upper panel) and Vsw (bottom panel)

* Sub-harmonics of the 27.8 days periodicity due to the rotation of the Sun ap-
pear in both NST (111 days) and ST (55.6 days) wavelet spectra. These pe-
riodicities seem to associate with the solar wind speed which also shows the
same periodicity. We notice that the eruptive solar events cause increase of
the solar wind speed. This high-speed solar wind triggers magnetic and iono-
spheric storms.

» There is a 78 days periodicity (first Rieger harmonic) which appears in the
power spectra of Flares. It appears in faint Flares (B type) in 1999 and then
in all Flares at the maximum of the cycle and after. DST Index shows the
same harmonic within the same time interval with X-M Flares (20016 2003—
2005).

Conclusively, we found two types of periodicities in the spectra of ACS which
are characteristic of the solar activity: the quasi-biennial oscillation which car-
ries the solar dipole and the 27.8 days which carries the solar rotation. We are con-
vinced that there is a strong dependence between the ACS cases and the Solar Active
Phenomena via the solar wind and geomagnetic disturbances. These results cor-
roborate previous results of geomagnetic effects on cardiological cases [Palmer et al.,
2006; Katsavrias et al., 2012] obtained through a different methodology.
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BANAHWUE CONHEYHON 11 KOCMUYECKOW NOTOAbI HA OCTPbIA KOPOHAPHbIN
CUHAPOM: MOAX0A, OCHOBAHHbIN HA BEUBNET-AHANU3E

I. Kamyaspuac’, . lpeka-Manadema, K. Myccac ", T. Anocmony?,
A. Xunnapuc’, A. Teodoponony ', T. lanaduma’®

! OTpeneHue acTPOGU3NKY, aCTPOHOMUM U MeXaH3MOoB, DU3MUeCcKUi GaKybTerT,
AduHcknin yHuBepcuter, lpeuns

2 BonbHULa 06Lero npoduna um. Cet. MaHTenenmoHa, Hukes, Npeuna
® BonbHuua obero npoduna Evangelismos, ApuHbi, Mpeums

PaccmoTtpeHa cBsi3b ocTphiX KopoHapHbIX cuHApoMoB (OKC) ¢ reianoreoMarHuTHON ak-
TUBHOCTBIO /it ['petiu B uHTepBasie BpemeHu 1997—2007 rr. (CoMHeYHbIN LUK 23), B TOM
YUCJIE ¥ C aHAJIM30M BO3IEHCTBUS OTAETbHBIX aKTUBHBIX MeproaoB. OlieHeHa CBSI3b KOCMU-
YeCcKoM moroapsl co ckopocThio Bo3pacTaHuss OKC mocpenctBoM M3ydeHUsT OOIIel mepruo-
JUYHOCTU B BEHBJIET-CHEKTPax COOTBETCTBYIOLIMX BPEMEHHBIX psnoB. Ciayyau 3neBaluu
ST-unrepBanoB OKC (STEACS) u oTCyTCTBUS TaKOBOIl pacCMaTpUBAJIUCh IO OTIEIbHO-
ctu. B ckopocTtu rocniuranm3anuy nanueHToB co STEACS u ¢ orcyrerBuem STEACS o6Ha-
PYXEHbl U3BECTHBIE NTEPUOANYHOCTH (B TOM YMCJEe KBa3UABYXJIETHENH U TAPMOHUK, a TAKXKe
cyOorapMoHUK 27,8-THEBHOI MEpUOAMYHOCTH). bbula Takxke HaiiieHa CBSI3b C COJHEUYHOI
BCIIBIIIKOM. DTU pe3ybTaThl SIBJISIOTCS YOEIUTEIbHBIMU apryMeHTaMUu B TOJIb3Y BO3Eii-
CTBUSI KOCMUYECKOM MOTOMBI M COTHEYHOW aKTMBHOCTU Ha TAIMEHTOB C OCTPO KOpOHap-
HOM HEIOCTATOYHOCTBIO.
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It is suggested from a series of studies that have been conducted during the last few years
that cosmic ray activity and Forbush decreases in particular can possibly be connected not
only with cardiovascular diseases (myocardial infarctions, brain strokes, ischemic heart dis-
eases, etc) but also with variations of human physiological parameters (heart rate, arterial
systolic and diastolic blood pressure, etc). In this particular study 1341 measurements con-
cerning mean values of heart rate (beats/min) and arterial diastolic and systolic blood pres-
sure (mmHg), obtained during the medical examinations of a group of Slovak aviators, are
related to daily data of cosmic ray intensity, as measured by the Neutron Monitor Station on
Lomnicky Stit (http://neutronmonitor.ta3.sk/realtime.php3). The data cover the time period
from January 1, 1994 to December 31, 2002, during which strong cosmic ray intensity varia-
tions were registered (decreases up to —16 % and increases up to +8 %). For the analysis the
statistical method ANalysis Of VAriance (ANOVA) combined with the method of superim-
posed epochs were used to determine the statistical significance (p-values) of the effect of cos-
mic ray activity on the aforementioned physiological parameters for the days before, during
and after the event. As it is shown strong cosmic ray intensity variations could potentially af-
fect the human cardiovascular state.

INTRODUCTION

The study of cosmic rays is of great importance, since they can provide a tool for
exploring and understanding the Universe and its mechanisms, but they can also di-
rectly affect the Earth. Moreover, not only the performance and reliability of space-
borne or ground-based technological systems can be influenced during strong cosmic
ray intensity (CRI) events but also human life [Dorman et al., 1999, 2001; Stoupel,
2002; Stoupel et al., 2007]. Many studies focus on the influence CRI variations may
have on human physiological parameters [Dimitrova, 2008; 2009; Papailiou et al.,
2011a; 2012; Mavromichalaki et al., 2012].

Specifically it is shown in [Dorman et al., 1999, 2001] that Forbush decreases
are the most sensitive indicators of the relationship between geomagnetic distur-
bances and health parameters like the number of incidences of ischemic and brain
strokes, myocardial infarctions and traffic accidents. Moreover [Dorman et al., 2001]
mention that cardiovascular diseases are affected by space weather long-term (solar
activity) but also short-term (Forbush decreases) parameters.

Another study by [Stoupel et al., 2007] focuses on the potential correlation be-
tween the number of acute myocardial infarctions and cosmic ray activity. This par-
ticular study was conducted in the Baku area using acute myocardial infarctions data
from 21 first-aid stations during the years 2003— 2005. It is concluded that higher
cosmic ray activity is predominant for acute myocardial infarction occurrence and
pre-admission mortality.

In a study by [Styra et al., 2005] predictive correlation between hard cosmic ray
flux near the Earth’s surface and sudden increases in the number of cases of cardio-
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vascular disease was studied in Vilnius city. Hard cosmic ray flux fluctuations were
used as an indirect indicator of variations in the geomagnetic field, and a leap in car-
diovascular disease cases was predicted 1—3 days following a change in the hard cos-
mic ray flux according to two criteria mentioned in the aforementioned paper. The
predictive reliability of an increase in cardiovascular disease cases within 2—3 days
exceeded 80 %, and within 1—2 days 70 %. Moreover [Styra et al., 2009] showed that
the highest prognostic correlation between hard cosmic ray flux decrease and cardio-
vascular disease leaps within 1—2 days was from 64 to 76 %, the correlation within
2—3 days was lower and the correlation between atmospheric pressure decrease and
leaps of cardiovascular disease in 1—2 days and on the same day was 25—44 %.

Furthermore in [Dimitrova, 2008, 2009] a group of 86 volunteers was examined
during periods of maximum solar and geomagnetic activity. Results revealed that
CRI decrease was associated to mean arterial systolic and diastolic blood pressure,
pulse pressure and subjective psycho—physiological complaints increase [Dimitrova,
2009]. Moreover no significant changes were established in the heart rate of the ex-
amined persons under different cosmic rays intensities [Dimitrova, 2009].

On the other hand in the work by [Mavromichalaki et al., 2012] 1673 daily digi-
tal data of heart rate values and time series of beat-to-beat heart rate intervals (RR
intervals), concerning functionally healthy persons, were registered for the time pe-
riod from July 15, 2006 until March 31, 2008 and were studied in relation to differ-
ent levels of cosmic ray activity. Results revealed heart rate increase and RR inter-
vals variations were more pronounced for large CRI decreases, whereas very small or
even minimum CRI variations did not affect heart rate dynamics.

This particular work is the outcome of a wide collaboration between three sci-
entific groups from Athens (Greece), Kosice (Slovakia) and Sofia (Bulgaria). An at-
tempt is made to study the potential effects of CRI variations on the human physi-
ological state through the variations of physiological parameters such as heart rate,
arterial systolic pressure and arterial diastolic pressure. Some preliminary results re-
garding heart rate parameters were discussed in [Papailiou et al., 2011b]. An extend-
ed version of the database and more thorough analyses were performed and more ac-
curate results are presented in this article.

1. DATA AND METHODS
1.1. Medical data

The heart rate (HR), arterial systolic (SP) and diastolic (DP) blood pressure mea-
surements refer to a group of 4018 Slovak aviators and were taken during their pe-
riodical medical checks at ground level. In total 1341 measurements, which refer to
the time period from January 1, 1994 until December 31, 2002, were analyzed. The
group consisted only of men of age from 18 to 60 years, all in good health. Daily
mean values of the group for HR (beats/min) and SP and DP (mmHg) were regis-
tered. More specifically the measured parameters were as follows:
+ HR, SP and DP in rest without load (HRR, SPR, DPR);
+ HR, SP and DP in 1st degree of load (HRFDL, SPFDL, DPFDL — sitting
on a stationary bike and pedaling at a power of 50...100 W);
+ HR, SP and DP in 2nd degree of load (HRSDL, SPSDL, DPSDL — sitting
on a stationary bike and pedalling at a power of 100...150 W);
+ maximum HR, SP and DP achieved by load (HRMAX, SPMAX,
DPMAX — sitting on a stationary bike and pedalling at maximum power).
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Figure 1. Normalized daily CRI (%) variations during experiments period
from January 1, 1994 to December 31, 2002

1.2. Cosmic ray data

Pressure corrected daily data of the hadronic component of the CRI were obtained
from Lomnicky Stit Neutron Monitor (SNM-15) of the Department of Space
Physics, Institute of Experimental Physics, KoSice, Slovakia. This station is locat-
ed 2634 m above sea level and detects particles with a cut — off rigidity of 3.84 GV.
It has been operational since December 1981 providing high quality data (archive,
current data) through the Internet in digital form (http://neutronmonitor.ta3.sk/).
Cosmic ray activity was divided into six levels (—3, —2, —1, 0, +1, +2) according to
CRI [Papailiou et al., 2012].

CRI variations for the time period under examination are shown in Figure 1.
The largest decrease (—16 %) was registered on April 12, 2001. The normalized CRI
variations were calculated using the relation (/,—1_, /I ., where [ is the hourly

mean
CRIand 7,  isthe average CRI for the time period under consideration.

1.3. Statistical method

The statistical method ANalysis Of VAriance (ANOVA), (statistical package
STATISTICA (ver.6, StatSoft Inc., 2001), was applied to establish statistical signifi-
cance levels (p) of the effect of CRI variations on the HR, SP and DP. The effect
of CRI variations up to three days before and after the respective events (CRI de-
creases and increases) on the examined parameters was also investigated by the help
of ANOVA and superimposed epoch method. p-values were calculated for the days
before (—), during (0) and after (+) these events.

2. RESULTS

Heart rate and arterial blood pressure variations have been analysed in regard to
CRI variations. ANOVA was used for obtaining the significance levels (p-values) of
the effect of the percentage of CRI variations on the HR, SP and DP parameters.
p-values were calculated for the days before (—), during (0) and after (+) CRI vari-
ations. In table, p-values for CRI effect on those of the parameters for which sig-
nificant effects on some of the days around the events were established are shown.
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Statistically significant results concern all HR parameters for the days before, during
and after CRI variations, apart from HRR. The last parameter changed significant-
ly only on days 0 and +1*. For SP parameters only SPFDL was statistically signifi-
cantly affected by CRI variations on all of the days before, during and after the event
while SPMAX was affected only during and before the event (days 0, —1*t and —3™).
Furthermore for DP parameters statistically significant results were obtained only for
DPSDL (except on day 0) and DPFDL (only on day 0).

Significance levels (p-values) of CRI effect on the physiological parameters under study for
the days before (—), during (0) and after (+) CRI variations (results marked with <*> are sta-
tistically significant)

Day p-values (CRI)

HRR HRMAX | HRFDL | HRSDL | SPMAX | SPFDL | DPFDL | DPSDL
—3 10.55187 |0.0000* |0.0000* |0.0000* |0.02550* |0.00385* |0.42203 |0.00196*
—2 {0.19592 |0.0000* |0.0000* |0.0000* |0.09411 |0.01305* |0.44713 |0.00633*
—1 ]0.13180 | 0.0000* |0.0000* |0.0000* |0.00166* |0.00385* |0.34159 |0.00907*
0 0.01508* | 0.0000* |0.0000* |0.0000* |0.04547* |0.00326* |0.00183* |0.11839
+1 ]0.02587* |0.0000* |0.0000* |0.0000% |0.23876 |0.00602* |0.12549 |0.00073*
+2 10.19773 10.0000* |0.0000* |0.0000* ]0.23215 |0.00559* |0.33813 |0.00197*
+3 10.11558 |0.0000* |0.0000* |0.0000% |0.05270 |0.00421* |0.39805 |0.01767*

Variations of the human physiological parameters under examination in rela-
tion to different CRI levels are shown in Figures 2. Statistical significant (see table)
decrease of parameters HRFDL, HRSDL (Figure 2¢) and HRMAX for strong CRI
decreases (levels —2 and —3 of the CRI classification) is registered. Similar behav-
ior is noticed for parameters SPR, SPMAX as for SPFDL and SPSDL (Figure 2a),
which take their minimum values for CRI level —3. However, for DP parameters
(Figure 2b) the maximum value is obtained for level —3, during strong CRI events
[Papailiou et al., 2012].

The dynamic of SPFDL, DPR and HRFDL in dependence of CRI classifica-
tion on the days preceding, during and following the events is shown in Figures 3 re-
spectively. Physiological parameters’ changes are more pronounced mostly for level
—3 of the CRI classification. For strong CRI decreases, level —3, SPFDL decreased
from —2" day until day 0 (minimum value) and increased from there on until +3m
day after the event (Figure 3a). As it is seen in Figure 35, DPR values decreased on
—2" and —1% days before the strongest registered CRI event and increased from
there on until +3™ day after the event [Papailiou et al., 2012]. HRFDL decreased
from —1% day until day 0 and increased from there on until day +2" after the event
(Figure 3c).

CONCLUSIONS

The potential relation between human health state and space weather parameters is
a subject that has been widely investigated [Cornelissen et al., 2002; Stoupel, 2006;
Babayev, Allahverdiyeva, 2007; Dimitrova, 2009].
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Many studies focus mainly on the influence cosmic ray activity may have
on the human physiological state [Stoupel etal., 2007; Papailiou etal., 2009;
Mavromichalaki et al., 2012] since cosmic ray activity could be considered as one of
the regulating external/environmental factors in human homeostasis [Stoupel et al.,
2006].

This study focuses on the possible relation between cosmic ray activity and hu-
man cardiologic parameters. Heart rate and arterial systolic and diastolic blood pres-
sure have been analysed in regard to CRI variations. The most interesting results of
this study are the following:

1. Strong CRI decreases (levels —2 and —3 of the CRI classification) are associ-
ated to HR and SP decrease. DP parameters take their maximum value for
level —3 of the CRI classification.

2. HR, SP and DP vary significantly on the days before (—), during (0) and af-
ter (+) CRI decreases (levels —3, —2, —1 according to the CRI classification).

3. For level —3 of the CRI classification a decrease of HR, SP and DP param-
eters, noticed on the days before and/or during CRI decreases, is usually fol-
lowed by an increase on the days after CRI decreases.

4. The effects are more pronounced for the cardiologic parameters registered
under some load.
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BO3MOXHOE BUAHWUE BAPUALUIA UHTEHCUBHOCTU KOCMUYECKUX JTYYEN
HA CEPAEYHO-COCYAUCTBIE MOKA3ATENIN YENTOBEKA

M. lanaunoy 1, X. Maspomuyanaku 1, K. Kyoena 2, . Cmemaposa 2, C. lumumposa 3,
4. I{amuaepuac1

' OTpenenve apepHon Gpusnkm, Duznuecknii dakynsteT, AGUHCKUI yHUBEpCUTeT, [peLus
2 WHcTUTYT 3KcnepumeHTanbHo ¢pusnkm Cnosaukor Akaagemumm Hayk, Kowmue, CnoBakua

3 WHCTUTYT KOCMUYeCKUX nccnefoBaHnii 1 TexHonoruii bonrapckon akagemmm Hayk,
Codua, bonrapusa

Ha ocHoBaHUM McCIeMOBaHMIM, MPOBENEHHBIX B TEUCHUE MOCISTHUX HECKOJIBKUX JIET, TIPe/I-
M0JIaTaeTCsl, YTO aKTUBHOCTh KOCMUYECKMX Jydel U ¢opOyiI-3¢p¢GeKT B YaCTHOCTH MOTYT
OBbITh CBSI3aHBI HE TOJBKO C CEPIEYHO-COCYAUCTBHIMU 3a0o0JieBaHUSIMU (MHGpAPKTOM MHUO-
Kapjia, MHCYJbTOM MO3ra, UIIIeMUYeCKOil 00JIe3HbIO cepilla U T.[1.), HO U ¢ BapuallUsIMU
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(brznosorMUECcKrX MapaMeTpoB YesoBeKa (4acTOTOM CepleyHbIX COKpaIlleHU, CUCTOINYE-
CKUM U1 IUACTOJIUYECKUM apTepUaIbHBIM TaBICHUEM M T. I1.).

B nmanHoMm uccinemoBanuu 1341 usMepeHue CpemHUX 3HAYEHUM YaCTOThI CepIEeYHBIX
coKpauleHui (ya./MUH) M JUACTOJMYECKOTO M CHUCTOJIMYECKOro apTepuaibHOro JaBiie-
HMS (MM PT.CT.), TIOJy4eHHOE B XOA€ MEIUIIMHCKOTO OOCJeIOBAaHMS TPYIIIbI CIOBALIKMX
aBMATOPOB, COMOCTABIISIIIOCH C €XXEMHEBHBIMU TAaHHBIMM 00 WMHTEHCMBHOCTU KOCMUYECKHMX
JIy4yeid, U3MepsieMbIX HEMTPOHHBIM MOHUTOPOM Ha cTaHuuMu JlomHuukuit ITut (http://
neutronmonitor.ta3.sk/realtime.php3). JdaHHble oxBaThiBalOT mepuon ¢ 1 sHBaps 1994 r.
no 31 gexabpst 2002 r., B Te4eHHWE KOTOPOTo ObLUIM 3aperuCTpUpPOBaHbl CUJIbHBIE Bapualluu
MHTEHCUBHOCTU KOCMUYECKUX JIydelt (yMeHbIeHus 1o 16 % u Bo3pactanus 10 +8 %).

Wcnonp3oBanuch cratucThuyeckue MeToibl aHanu3a Bapuauuii (ANOVA) B coue-
TaHUM C METOIOM HAJIOXEHHBIX 3MO0X MJIsl OINpelNejeHUs] CTaTUCTUYECKO 3HAYMMOCTH
(p-3HaYeHUST) BIUSTHUSI KOCMUYECKUX JIydell Ha BBIIICYTIOMSHYTbIe (PM3MOJIOTMYEecKue Ta-
paMeTpHhl 3a OIMH JIeHb 10, BO BpeMs U TTocie coobIThii. Kak oueBumIHO, CUIIbHBIE BapUallin
MHTEHCUBHOCTU KOCMMWYECKUX JIydell MOTEHIMAJIbHO MOTYT BJAUATH Ha CepACUYHO-COCYIM-
CTYIO CUCTEMY UYesloBeKa
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The impact of the solar and geomagnetic activity on human health is well known yet poorly
understood. In this study we focus on the possible effects of solar and geomagnetic activity on
humans suffering from multiple sclerosis (MS) using data provided by the neurological clin-
ic of the University Hospital of Patra, Greece, for the period 1996—2006 (23™ solar cycle).
We examined the possibility of a connection between solar and geomagnetic events such as
solar fares, coronal mass ejections (CMEs), the solar wind, geomagnetic storms and the varia-
tions in the patient’s admittance rate to the hospital. The results indicate that energetic phe-
nomena on the Sun and geomagnetic disturbances (quantified by solar wind velocity and the
DST index) may be followed by increased number of patient’s admission 6—8 months after
active periods in general, yet the strongest disturbances may also cause an additional prompt
increase of admissions.

INTRODUCTION

The term solar activity describes all variances and short lived events in the Sun and
its atmosphere; the solar activity varies within a period of 11 years called the solar
cycle. The solar cycle can is divided into three phases: the rise, the maximum and the
decline phase and is quantified by the number of sunspots. The sunspots are the result
of powerful magnetic fields emerging from relatively small areas of the Sun called ac-
tive regions. The explosive release of magnetic energy from an active region is known
as a solar flare. Another eruptive phenomenon of the solar activity associated with
the flares is the Coronal Mass Ejection also known as CMFE in which we have a vio-
lent release of mass (solar plasma and particles) from the solar corona to the outer
space. Those phenomena affect directly the Earth’s upper atmosphere, ionosphere
and magnetic field via solar wind which represents the constant flow of plasma from
the Sun’s corona to the interplanetary space. The speed and other parameters of this
streaming vary as it is connected to many other events of the solar activity (such as
CMEs) and is considered a measure of the disturbance in the interplanetary space.

Earth is protected by those phenomena by the terrestrial magnetic field also
known as magnetosphere. However Earth’s magnetic field can be penetrated under
certain conditions resulting in magnetospheres’ disturbances also known as geomag-
netic disturbances expressed by magnetic storms and substorms. These disturbances
are measured by geomagnetic indices; the DST (Disturbance Storm Index) is derived
from a network of near-equatorial geomagnetic observatories measuring the intensity
of the globally symmetrical equatorial electro jet (the “ring current”).

Multiple Sclerosis (MS) is a chronic, inflammatory, demyelinating disease of the
central nervous system (CNS); it attacks the myelin of the CNS and is affecting
mainly young adults. It is believed to be immune-mediated and its typical form has a
course of relapses and remissions, in which relapses represent an acute inflammatory
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assault to the myelin of the CNS. Although the causes remain unknown, it is consid-
ered to be a combination of genetic susceptibility and environmental factors.
Attempts have been made to link a number of external factors to MS including viral
and bacterial infections, exposure to sunlight, shifts in environmental temperature,
ionizing and non-ionizing radiation, nutrition, hormonal changes, etc. with conflict-
ing results.

Many attempts have been made, on the other hand, to connect numerous dis-
eases and health conditions to the solar and geomagnetic activity [ Palmer, Cormack,
2006; Preka-Papadema et al., 2010; Moussas et al., 2010; Katsavrias et al., 2012], yet
none regarding MS apart from the epidemiological study conducted by Resch (1995)
indicating a better relation between the global prevalence of MS to the geomagnetic
(and not geographic) latitude.

In this work we attempt to connect the MS disease with the solar activity varia-
tion as quantified by the monthly sunspot number and space weather within the 23
solar cycle as quantified by the variations of the DST index. We study and analyze all
main and major events of the solar and geomagnetic activity (solar flares, CME, solar
wind speed and the DST index) for the period between 1996 and 2006 (23“]1 solar cy-
cle) in order to examine any possible connection with the admittance rate of patients
suffering from MS.

DATA COLLECTION

The data for the admittance rate of patients suffering from MS was provided by the
Neurological Clinic of the University Hospital of Patra, which covers the area of
South-western Greece (populated by 500.000 people approximately). The sample
consists of 1318 patients, including both new patients and patients who presented an
acute relapse of the disease; the 565 were male patients and the 753 female patients
as women appear to be more prone to MS than men.
The data for the phenomena of the solar activity and the geomagnetic index
DST were obtained from:
+ The OMNI database (omniweb.gsfc.nasa.gov), for the number of sunspots
and the solar wind speed (at 1 Astronomical Unit (A. U.)).
* The GOES (www.goes.noaa.gov) database for the number of flares
* The SOHO/LASCO (lasco-www.nrl.navy.mil) database for the number of
CMEs
* The Kyoto Observatory (wdc.kugi.kyoto-u.ac.jp) for the daily values of the
DST index.

ANALYSIS
Annual Data

We compared, firstly, the annual admittance rate of patients with the annual num-
bers of the solar phenomena (Figure 1) using the Pearson Product-Moment
Correlation Coefficient. The correlation coefficient between the annual admittance
rate and the annual maximum value of the solar wind speed was good (0.77£0.01),
and with the annual number of Flares (0.67£0.03), the annual number of intense
Flares (X-type) (0.58£0.06) and the annual number of CMEs (0.50%0.12) was fair.
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Figure 1. (From top to bottom): Annual time series of admittance rate, annual number of sun-
spots (R(z)), annual number of flares, annual number of CMEs and annual maximum value
of solar wind speed for the 23™ solar cycle

These correlations coefficients changed slightly when we examined male and fe-
male patients separately; female patients appeared to have a higher correlation coeffi-
cient in all cases: 0.82+0.00 with the maximum annual value of the solar wind speed,
0.68+0.02 with the annual number of Flares, 0.59£0.06 with the annual number of
intense Flares and 0.52+0.10 with annual number of CMEs. On the other hand male
patients exhibited lower correlation; it was 0.69+0.02 with the maximum annual val-
ue of the solar wind speed, 0.63+0.04 with the annual number of Flares, 0.54%+0.09
with intense Flares and 0.45+0.17 with the CMEs. This approach gives interesting
results, but unfortunately is insufficient, as regards time resolution.

Monthly Data

The monthly patient data are presented in Table 1 and in Figure 2 (middle and bot-
tom panel). The average admittance rate per month for the whole cycle is 10 patients.

The ratio of 43...57 % between male and female remains the same (or within
the limits of the statistical error) in January, February, March, June, August and
November, but appears to increase in April, May, July and October in favor of the
female patients (62...65 %). In December the ratio was at the 49...51 % range and in
September we observed a complete reverse of the ratio (56...44 %) in favour of the
male patients (Table 2).
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Table 1. Monthly admittance rate for MS patients in the 23" solar cycle

Month 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006
January 2 8 3 9 1 13 13 17 18 18 15
February 5 4 3 5 1 7 16 17 15 21 16
March 2 4 3 10 5 10 7 11 17 16
April 8 4 3 11 3 10 14 15 14 10
May 6 3 4 10 13 12 14 15 20 23 13
June 4 4 5 10 17 12 15 19 17 19 12
July 6 6 5 10 15 9 9 16 21 18
August 3 2 4 11 8 7 10 14 17
September 5 3 5 10 12 8 15 19 19 11
October 3 3 5 6 15 7 13 13 14 14
November 9 5 10 10 6 6 13 20 15 8
December 4 8 6 7 3 7 7 9 11 13
Summer 57 54 56 103 96 117 123 168 | 207 | 201 136

Table 2. Ratio distribution for male and female patients
for the 23" solar cycle (1996—2006)

Month Males % Females % Summer
January 51 44 66 56 117
February 48 44 62 56 110
March 40 43 54 57 94
April 37 37 64 63 101
May 50 38 83 62 133
June 63 44 81 56 144
July 43 35 81 65 124
August 40 44 51 56 91
September 64 56 51 44 115
October 37 37 62 63 99
November 52 48 57 52 109
December 40 49 41 51 81
Summer 565 43 753 57 1318

The progress of the monthly admittance rate (see Figure 2, middle panel) can be
divided in three different phases: the first between January 1996 and February 2000
where admittances per month are between 0 and 10, the second from March 2000
until December 2002 with admittances per month varying between 5 and 15, and the
third from January 2003 to December 2006 with admittances per month varying be-
tween 10 and 20. Interestingly these three periods coincide with the three phases of
the 23" solar cycle: the rise phase (1996—1999), the maximum phase (2000—2002)
and the decline phase (2003—2006) (Figure 1 second panel); the sample average
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of 10 admittances per month also varies for each phase. In the decline phase of the
23 solar cycle, there was an unexpected rise in the numbers of the solar eruptive
phenomena (flares and CMEs) when they were expected to decrease following the
sunspot number (see Figure 1). These eruptive phenomena triggered an unexpected
period of intense helio-geomagnetic activity between 2003 and 2005 [Bouratzis et al.,
2010; Thanassa et al., 2009]. In this same period a significant increase in the admit-
tance rate of MS patients was recorded.

In Figure 2 we show the comparison of the monthly admittance rate to the ge-
omagnetic index DST. In order to ensure that intense storms and their impact will
not be smoothed out we used the daily DST data from the Kyoto observatory (see
Figure 2, upper panel). On the same figure the Greek letters a, B.... annotate 12 pe-
riods of intense geomagnetic activity and the corresponding months of increased ad-
mittance rate.

Table 3. Solar and geomagnetic activity for the Rise phase of the 23" solar cycle

1996
o/o Jan Feb | Mar | Apr | May | Jun Jul Aug Sep Oct | Nov | Dec
Cases — — — — — - - - — — — —
Flares — — — — — - - - — — — —
CME — — — — — - - — — — — —
Vsw — — 602 | 684 — - - - 635 | 610 — 638
DST —52 — — — — - - — — -57 — —
1997
o/a Jan Feb | Mar | Apr | May | Jun Jul Aug Sep Oct | Nov | Dec
Cases — — — — — - - - — — — —
Flares - - — - - - - - - - 100 -
CME — — — — — — — — — — — —
Vsw 629 — — — — — — — — — — —
DST — —54 — 52 | =62 | —61 - - =50 | =74 | —88 —
1998
o/ Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec
Cases — — — — — - — — — — 10 —
Flares | — — — — — - - — — — 112 169
CME — — - — 106 118 X X X — — —
Vsw — — — — 670 - 657 639 | 725 | 627 — —
DST — -57 | —67 — —118 - - —129 | -118 | =77 | =103 | =50
1999
o/o Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec
Cases — — 10 11 10 10 10 11 - — — —
Flares | 132 — — — — 118 144 113 — 105 158 —
CME X — — — — 113 132 114 | 104 — — —
Vsw — — 539 | 601 | 622 | 694 | 603 713 | 695 | 694 | 694 | 657
DST —67 | —84 | —69 | —53 — - - —53 | =97 | —134 | —67 —
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In Tables 3—5 of the Appendix (for the Rise, the Maximum and the Decline
phase respectively) we present the monthly solar and geomagnetic activity for the
23" solar cycle: in Cases we indicate the months in which the number of admittanc-
es exceeded the average of 10. Months labelled with “—* have low admittance rate.
In Flares and CMEs we are indicate months with more than 100, marking active pe-
riods in the Sun. In Vsw we note months in which the solar wind speed (at 1 A.U.)
reached the boundaries of Earth’s magnetosphere with a speed of 600 km/sec and
more suggesting an important magnetospheric activity. In DST we mark months with
either a storm (<—100 nT) or a substorm (—<50 nT).

Table 4. Solar and geomagnetic activity for the Maximum phase of the 23" solar cycle

2000
o/o Jan Feb | Mar | Apr | May | Jun Jul Aug Sep Oct | Nov | Dec
Cases — — — — 13 17 15 - 10 — 10 -
Flares — - 167 130 137 125 167 - 141 — 122 127
CME - 145 158 140 153 162 145 142 138 116 143 109
Vsw 722 | 720 | 649 — 636 | 665 | 829 - 744 — 804 | 637
DST —64 | =75 — | =160 | =90 — —173 | —129 | —104 | —138 | —90 —
2001
o/ Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec
Cases 13 — 10 10 12 12 - - 12 15 — —
Flares — — 141 117 — 128 - 185 154 137 164 | 122
CME | 106 — 166 124 | 128 122 - 128 175 157 — 137
Vsw - - 622 | 746 - 699 | 619 — — — 769 -
DST — — | =211 | =137 | =54 — - — =72 | =150 | =202 | —
2002
o/o Jan Feb | Mar | Apr | May | Jun Jul Aug Sep Oct | Nov | Dec
Cases 13 16 — 14 14 15 — — — — — —
Flares | 128 111 — 121 102 — 145 177 108 141 119 —
CME | 116 — 169 174 151 102 155 179 168 171 135 —
Vsw 610 | 608 | 680 | 723 | 682 — 788 - 612 | 689 | 699 | 696
DST — —-56 | =78 | —106 | —61 — - —78 | —101 | =120 | =76 | —54

‘We summarize our findings as follows.

A. Rise phase (1996-1999)

The solar and geomagnetic activity increase gradually (Figure 2 and Table 3); we ob-
served three periods of geomagnetic storms in May 1998 (a in Figure 2), in August-
September and November 1998 (B) and, finally, in October 1999 (y). The admittanc-
es per month were below 10 cases per month with a small increase in admittances
in periods following a substorm (DST index < —50 nT).After seven months from the
storms, November 1998, March 1999 and May 2000, an increase in admittances
(>10 cases/month) was recorded.
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Table 5. Solar and geomagnetic activity for the Decline phase of the 23" solar cycle

2003
o/ Jan Feb | Mar | Apr | May | Jun Jul Aug Sep Oct | Nov | Dec
Cases |17 17 11 15 15 16 10 10 15 13 13 -
Flares | — - - - — 110 — - - - - -
CME |126 |- 104 | 153 122 | — - - - 110 - —
Vsw 735 |650 767 |709 |785 |791 799 1799 |766 1003 |750 |801
DST |- =56 |-57 |- 74 |—63 |—108 |— — =221 |—156 |—
2004
o/ Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec
Cases |18 15 17 14 20 27 21 14 19 13 120 -
Flares | 165 175 184 133 174 144 196 207 |— 186 | 177 130
CME |- - - - 126 |- 108 |— - 103 | 103 |—
Vsw 677 667 765 |— - - 884 | — - - 681 620
DST |-74 |- —54 |-50 |- - —-132 |- —69 |- =213 |-
2005
o/a Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov Dec
Cases |18 21 16 10 23 19 18 17 19 14 15 11
Flares |217 128 115 118 182 181 178 118 - - 148 151
CME |112 — — 106 | 140 101 145 122 |- — — 105
Vsw 822 706 | 719 615 784 1603 [591 |671 867 633 |673 |706
DST |-80 |-54 |— -55 |-113 |—-66 |-56 |—-87 |-86 |— - -
2006
o/ Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov Dec
Cases |15 16 - — 13 12 — — 11 14 |- 13
Flares |— — — 105 |- — — - — - — 133
CME 102 - - - 109 |- 125 | — 109 | — - -
Vsw 630 616 | 680 |647 |619 630 |605 |609 |— 600 619 |708
DST |- - — —64 | — — — - - - - -99

B. Solar maximum (2000-2002)

Solar and geomagnetic activity reached maximum. After the geomagnetic storms
in April—May 2000 (label 0) the admittance rate rose immediately to 17 and
15, in June—July 2000 and dropped to 10 after six months in September 2000.
Following the storms in July — October 2000 (label €) the admittance rate reached
10 in November 2000 rising to 13 after seven months in January 2001. The intense
storms (DST<—-200 nT) in March—April 2001 (ot) and October— November
2001 (T) resulted in peaks of admittance rates in the first case in March —June 2001
(12 admittances) and after seven months in September — October 2001 (12 and 15 ad-
mittances respectively). In the second case, increased admittance rate was recorded
in January— February 2002 (13 and 16 admittances respectively) and, again, after
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seven months in April—May 2002 (14 admittances). Powerful events were also re-
corded during August — October 2002 (intense flares and Halo CMEs), which were
followed by increased admittances after 7 months in 2003. Following the storms and
substorms of August — December 2002 (1), an immediate increase in the admittance
rate in January — February 2003 (17 admittances) and an extended one in the months
between April and July 2003 (15, 15, 19 and 16) was recorded. The maxima in the
admittance rates during this period (17 and 19) were recorded in 2000 and 2002 co-
incident to the sunspot solar maximum (2000) and the solar eruptive phenomena
maximum in 2002 respectively. The solar and geomagnetic activity for the Maximum
Phase of the 23" solar cycle is summarised in Table 4.

C. Decline phase (2003-2006)

Solar activity was expected to decrease following the decrease in the sunspot num-
ber. The solar eruptive phenomena, however, remained unexpectedly high, trigger-
ing important geomagnetic events. In this period an unusual high admittance rate
was also noted. Five periods of solar and geomagnetic activity were recorded dur-
ing the decline phase: the first one was in October — November 2003 (label 0), with
a high number of intense flares, CMEs, and the solar wind speed maximum value
(~1000 km/s) accompanied by intense geomagnetic activity (DST index <—200 nT).
An increase in the admittance rate in October — November 2003 (13) was recorded
followed by an increase in admittance rate after 8 months between January 2004 and
August 2004 (18, 15, 17, 14, 20, 27, 21, and 14 respectively). The peak admittance
rate (27 in June 2004) for the 23" solar cycle is after seven months from the October-
November 2003 extremely active period. In July 2004 (label 1) an isolated storm is
followed by increased admittance rate (19, 13) in September — October 2004; this ap-
pears as an extension of the increased admittance rates (end of June 2004) follow-
ing the October — November 2003 extreme period. During November 2004 a double
powerful storm (DST —213 nT and —190 nT) was recorded, marking the beginning of
a very active period (1o in Figure 2). Multiple storms and substorms were recorded
in January 2005 along with a high number of flares and CMEs. Following this ex-
tended activity a peak in the admittance rate appeared in November 2004 (20) fol-
lowed by increased rate between January and May 2005 (18, 21, 16, 10, 23). A storm
in May 2005 appears to be followed by high number of admittances in June —July
2005 (19, 18); these overlap somehow with the previous period (January — May) of
increased MS cases. The period between April — September 2005 (label 13) was char-
acterized by many substorms which were followed by an increase in the admittance
rate from August to December 2005 (17, 19, 14, 15 and 11) and in January, February
2006 (15 and 16). The second peak in admittance rate (23) was recorded after seven
months from this second intense period of the 23" solar cycle. The solar and geo-
magnetic activity for the Decline Phase is briefly presented in Table 5.

CROSS CORRELATION

From the observations we note a pattern in which a powerful magnetic storm is fol-
lowed by a sharp increase in the number of admittances after a period of approxi-
mately 7 months. Furthermore the admittance rates of MS patients shows an imme-
diate increase, for about two months, when the DST index drops below —200 nT.
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This was quite apparent following intense helio-geomagnetic intervals such as
the one of October-November 2003 and the one of November 2004 — December
2005.

The above mentioned, seven months, time lag in the DST and monthly admit-
tance rate time series was confirmed by cross-correlation. From our initial analysis,
there were indications that the DST peak, the DST variation and the duration of a
geomagnetic storm were, more or less, significant in determining the magnitude of
the effect on MS patients. Therefore we used three different time series for the DST
in our examination: the monthly DST peak (indicative of intense storms), the mean
monthly value of the DST and the standard deviation of the DST (o(DST)) (which
represents variation from the mean value). The cross correlation between the Peak
DST and the admittance rate time series was 0.80 with a time lag of 8 months, while
the cross correlation with the mean DST was even better (0.82) with 7 months time
lag. The best cross correlation for the DST time series was with the standard devia-
tion where we had a 0.87 correlation with 7 months time lag. The results are pre-
sented in Figure 3.

We also examined the cross-correlation of the monthly admittance rates to the
monthly numbers of CMEs and flares. The cross-correlation was found to be 0.87
with CMEs and 0.88 with flares with a time lag of 5 to 6 months respectively. The
monthly peak of the solar wind speed exhibited a very good cross-correlation (0.90)
with no time lag at all. The results for the last cross correlations are presented in
Figure 4.

CONCLUSIONS

A statistical examination of the impact of the solar activity and space weather on pa-
tients suffering from multiple sclerosis (MS) for solar cycle 23 has been presented in
this report.

Our results demonstrate a, rather complex, relationship of the effects of
Solar and Geomagnetic activity to the Multiple Sclerosis; the latter, seems to fol-
low, mostly, this activity than the solar cycle as quantified by the sunspot number.
Furthermore, in the response of the MS patients, appear, at least two time-scales:
For the intense storms an immediate deterioration of the patient’s condition without
time lag was recorded. For either intense or medium or prolonged geomagnetic dis-
turbances, within a time lag of 7...8 months the hospitalization rate of MS patients
exhibits a peak implying some form of delayed and/or cumulative effect.
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BO3MOXHOE BO3JENCTBUE CONTHEYHOWU N TEOMATHUTHON AKTUBHOCTH
HA HEBPOJIOTMYECKWUE 3ABONTEBAHUA PACCEAHHBIM CKJIEPO30M

A. [komunac 1, 1. lpeka-lManadema 1, H. JUMucuaHocz, M. Nanaupucmoy 2,
I. Aumonakonynoc 3, 11. llanamanaconynoc 2, Kc. Myccac 1, A. Xunapuc !

' OTtpen acTpodu3NKK, aCTPOHOMUM 1 MeXaHU3MOoB, Duanueckuit pakynbTeT AGUHCKOro
yHUBepcuTETa

2 Kadeppa HeBponorum YHueepcuteta Matpsl, MaTpsbl, Mpeunsn

3 CeKuMA TeOPETMUECKOI 1 MaTeMaTUUeCKoi Gpr3NKM, aCTPOHOMIN 1 acTPOGU3NKY,
Ousnyecknn pakynbreT, YHuBepcutet Matpbl

BnusiHue coiHeYHOl ¥ TeOMarHUTHOM aKTUBHOCTU Ha 3710POBbE YeJIOBEKa XOPOIIO U3BECT-
HO, HO eIlI€ TToKa IMJI0X0 U3y4eHo. B aToM nccienoBaHUM Mbl KOHLIEHTPUPYEM BHUMaHUE Ha
BO3MOXHBIX MOCJIEACTBUSIX BO3ACHCTBUSI COJTHEUHON M TEeOMAarHUTHOW aKTUBHOCTU Ha JIIO-
IIeil, cTpamalolInX paccessHHBIM ckiepo3oM (MS). Mcnonb3yloTes maHHbIe, IPeaOCTaBICH-
HbIe HEBPOJIOTMYECKOM KIMHUKOM yHuBepcuteTa Iatpsl, I'perust, 3a mepuon 1996—2006 rr.
(23-ii IMKJI COJIHEUHOI aKTUBHOCTH).

MbI paccMoTpesi BO3MOXHOCTb CBSI3M MEXIy MPOSIBICHUSIMM COJIHEUHOU U reomar-
HUTHOM aKTHBHOCTH, TAKUMM KaK COJTHEYHbBIC BCTIBIIIKU, KOPOHAJIbHBIE BHIOPOCHI MacChl
(CME), conHeuyHbIl BeTep, TeOMarHUTHBIE OYpU 1 U3MEHEHMSI CKOPOCTU MOCTYILICHUS Ma-
LIMEHTOB B KJIMHUKY. Pe3ylbTaThl CBUAETENBCTBYIOT, YTO SHEPTUYHBIE siBJieHUs Ha CosHIle
M TEOMAarHUTHBIE BO3MYILIEHUS (BEJIWYMHA CKOPOCTH COJIHEUHOTO BeTpa M 3HAYCHUS
Dst-nHIEKca) MOTYT COMPOBOXAATHCSA YBEIMYCHUEM YKCIIa TTOCTYITAIOIINX B KIIMHUKY Tia-
LIMEHTOB Yepe3 6...8 Mec 1mocjie aKkTUBHOIO MEPHOaa B LIEJIOM, OIHAKO CUJIBHBIC BO3MYIIE-
HMSI TaKXKe MOTYT BBI3bIBATb OTOJHUTEIbHBIE OBICTPbIE YBEIWYEHUsI CKOPOCTH MOCTYILIe-
HUSI TTaleHTOB.
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Accumulating evidence suggests a link between solar and geomagnetic disturbances and hu-
man physiological parameters. Several published studies have addressed the alterations in hu-
man physiological responses at different levels of geomagnetic activity. We sought to examine
the potential association between heart rate variations and specific cosmophysical activities.
In the present study, a total of 190 individuals treated at the Cardiology clinics of the Nikaia
General Hospital in Piraeus and the Heraklion University Hospital in Crete, Greece, were
assessed from July 2011 to June 2012. The heart rate of the subjects was recorded hourly by a
Holter monitor, while the hourly variations of the cosmic ray intensity and the geomagnet-
ic index Dst were measured by the Neutron Monitor Station of the Athens University and
the Kyoto Observatory, respectively. Statistical methods included the ANalysis Of VAriance
(ANOVA) and the Multiple Linear Regression analysis. A statistically significant effect of
both cosmic ray and geomagnetic activity on heart rate was observed (negative and positive
correlation, respectively). Our findings indicate that changes in space weather parameters
could be possibly related to heart rate variations.

INTRODUCTION

Cosmic rays are energetic subatomic particles with a large energetic range
(106...1021 eV) and their precise origin is still unknown. Cosmic rays are divided into
two categories, the primary cosmic rays and the secondary particles. When the pri-
mary cosmic rays enter the Earth’s atmosphere they collide with molecules, mainly
oxygen and nitrogen and a cascade of billions of lighter particles are produced (sec-
ondary particles). Cosmic rays are everywhere, and several dozen slam into our body
every moment. Our body receives an average dose of about 2.4 mSv of radiation due
to the cosmic rays every year. The intensity of the primary and secondary cosmic ray
particles is known as the cosmic ray intensity (CRI). High energetic cosmic particles
are primary detected from ground detectors. Grossly, CRI depends on the altitude
and latitude, as the Earth’s magnetic field deflects some of the cosmic radiation away
from the Earth and the shielding ability of the magnetic field is more effective over
the equator than over the poles. Moreover the Sun’s magnetic field can deflect cos-
mic ray particles away from the Earth, depending on the phase of solar cycle. When
solar activity is low (solar minimum), the magnetic field is less effective to deflect
particles. On the other hand, Sun ejects energetic particles (solar flares and coronal
mass ejections) that contribute to the cosmic ray intensity. This intensity is also af-
fected by atmospheric conditions, such as atmospheric temperature and pressure
[Olbert, 1953].

Geomagnetic activity (GMA) is caused by solar wind, which hits the Earth with
hot, magnetized, supersonic plasma that carries a large amount of energy (kinetic
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and electric). This energy is drained to the Earth’s magnetosphere causing geomag-
netic storms, substorms and auroras, which constitute the geomagnetic activity. The
level of this activity is measured by using different geomagnetic indices, such as Kp,
Ap and Disturbances Storm Time index (Dst), which is used in the present study. A
negative Dst index value means that Earth’s magnetic field is weakened. This is par-
ticularly the case during solar storms. A geomagnetic storm is caused by a solar wind
shock wave and cloud of magnetic field which interacts with the Earth’s magnetic
field. The frequency of geomagnetic storms depends on the sunspot cycle.

According to the United States National Space Weather Program, space weather
“refers to conditions on the Sun and in the solar wind, magnetosphere, ionosphere
and thermosphere that can influence the performance and reliability of space-borne
and ground-based technological systems and can endanger human life or health”
(http://www.nswp.gov/). Interestingly, space weather may affect many aspects
of human life and health [Stoupel, 2006]. In 1989, a geomagnetic storm energized
ground (Ground Level Enhancement- GLE) induced currents which disrupted elec-
tric power distribution throughout most of the province of Quebec [Bolduc, 2002].
Space weather effects on human health depend on the latitude and altitude; in this
regard, people living at higher altitude can obtain several times more cosmic radia-
tion than at sea level, and long-distance airline crews can significantly increase their
yearly ionizing radiation exposure due to this source [Beck et al., 2007]. The poten-
tial health outcomes such as the occurrence of cataract and the increased incidence
of cancer in aircraft crews have been discussed in many studies [Kagami et al., 2009;
Reynolds et al., 2002). Furthermore, since the intensity of cosmic rays is much high-
er outside the Earth’s atmosphere and its magnetic field, it is expected to have a ma-
jor impact on astronaut health, and therefore should be taken under consideration
in the design of spacecraft that can safely transport humans in interplanetary space.
Last, a study conducted by the University of Alabama at Birmingham conclud-
ed that cosmic radiation is related to the occurrence of atherosclerosis [Yu et al.,
2011].

The potential relationship between space weather and human physiological pa-
rameters has been studied extensively. Specifically, many studies have examined the
impact of geomagnetic factors and cosmic ray intensity on physiological human pa-
rameters. These cosmophysical factors may affect the function of human brain and
nervous system, and have been associated with cerebrovascular accidents, distur-
bances on circadian rthythm, as well as motor vehicle accidents. Specifically, cosmo-
geophysical parameters appear to be related to the occurrence of cerebrovascular in-
farctions [Mikulecky, Strestik, 2007]. In addition, it has been observed that geomag-
netic activity influences the melatonin secretion and is therefore related to changes in
normal sleep patterns [Conesa, 1997; Weydahl et al., 2001]. Geomagnetic variations
have been related to motor vehicle accidents, which in turn were associated with in-
creased driver anxiety and nervousness [Ascikaliev et al., 1995; Dorman et al., 2001].
Space weather also seems to affect human emotional state. Geomagnetic storms may
play a significant role in the seasonal increase of incidents with depression in sus-
ceptible individuals [Babayev, Allahverdiyeva, 2007]. Similarly, a raise in hospital ad-
missions with depression and manic-depressive illness during the week which follows
a geomagnetic storm has been observed [Kay, 1994]. Last, the number of monthly
newborns (of both genders) has been related to the level of monthly cosmic ray in-
tensity and solar activity indices 9 months before the month of delivery [Stoupel
et al., 2006a].
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Heart rate is a physiological parameter that may reflect the response of the hu-
man body in external or internal stimuli. Heart rate is regulated by the combination
of the neural and chemical components in the body and it is generally genetically
determined. It varies among individuals, and can also be affected by many variables
such as the age, the sex, substances and drugs, the lifestyle, the variations in tem-
perature, pressure, humidity and other meteorological parameters and disease states
[Corsetti et al., 2012; Hopstock et al., 2012; McNarry et al., 2012; Pal et al., 2012).
Also, situations as lack of sleep, irritability, rapid changes in blood chemistry can di-
versify the heart rate [Sorensen et al., 2012; Suzuki et al., 2012]. Moreover, emotions
play a significant role, especially the condition of stress [Stapelberg et al., 2012]. In
addition to these factors, disturbances in cosmophysical parameters may also play a
role in the observed variations in human heart rate.

During the last decades many researchers have dealt with the potential rela-
tionship between space weather and cardiovascular homeostasis. Many studies have
demonstrated that geomagnetic activity (GMA) and cosmic ray intensity (CRI),
are associated with variations in human physiological parameters such as heart
rate (HR) and arterial blood pressure [Dimitrova, 2008; Mavromichalaki et al.,
2008; Papailiou et al., 2011; 2012]. Also, there is a link between the above indica-
tors (GMA, CRI) with cardiovascular disease, including arrhythmias, ischemic
heart disease, and myocardial infarction [Baevsky et al., 1997; Cornelissen et al.,
2002; Dorman et al., 2001; Stoupel et al., 2002; 2007]. It has been indicated that
the daily and monthly temporal distribution of sudden cardiac death and therefore
the sudden cardiac death mortality is higher on the highest and lowest daily levels
of GMA, while the monthly number of sudden cardiac mortality is inversely re-
lated to solar and geomagnetic activity [Stoupel et al., 2006b]. Furthermore, de-
crease in parameters of heart rate variability has been determined in periods which
characterized by high geomagnetic activity [Baevsky et al., 1997; Dimitrova et al.,
2009]. In addition, a temporal relationship has been suggested between the perio-
dicities of geomagnetic phenomena of the solar cycle and cardiovascular incidents
[Cornelissen et al., 2005]. Furthermore, myocardial infarctions and heart arrhyth-
mias have been connected with the periodicity of the solar activity (11 year cycle)
and geomagnetic storms, while others have observed a relation between polarity re-
versal of solar magnetic field and various types of arrhythmias [Giannaropoulou
et al., 2012].

Despite the accumulating evidence regarding the impact of space weather on
human health, no definitive studies have been published yet. Taking into account
that heart disease is the leading cause of mortality [Murphy et al., 2012; Thom, 1989;
http://www.cdc.gov/nchs/data/nvsr/nvsr60/nvsr60 _04.pdf), the study of factors that
may adversely affect cardiac functionality is of great importance. In this context, we
sought to examine the possible association of the cosmic ray intensity and the geo-
magnetic activity with human heart rate. A sample of 190 individuals monitored
with a Holter monitor at the Cardiology clinics of the Nikaia General Hospital in
Piracus and the Heraklion University Hospital in Crete, Greece, were assessed from
July 2011 to June 2012. The hourly variations of the cosmic ray intensity and the geo-
magnetic index Dst measured by the Athens Neutron Monitor Station and the Kyoto
Observatory, respectively, were also used. The statistical methods of Analysis Of
VAriance (ANOVA) and Multiple Linear Regression analysis were applied to evalu-
ate the effect of both geomagnetic activity and cosmic ray intensity variations on the
heart rate variations.
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1. DATA AND METHOD OF ANALYSIS

For the purposes of this work medical data as well as cosmic ray intensity and geo-
magnetic activity data were used.

1.1. Medical Data

In this study, a total of 190 people were assessed in the time period from July 2011
to June 2012. Data on the hourly heart rate were collected during their treatment in
the Cardiology clinics of the Nikaia General Hospital in Piracus and the Heraklion
University Hospital in Crete, Greece. The patients’ heart rate was monitored using a
Holter (ambulatory electrocardiography) device. This device records the heart rate
on a 24-hour base, while the patient carries out everyday life activities. Each one of
the Holter devices was placed in each patient for 24 hours.
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Figure 1. Distribution of normalized daily CRI (%) during the examined period (a);
Daily average Dst index variations during the examined period ()
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1.2. Cosmic Ray Intensity Data

The hourly corrected for pressure values of the hadronic component of the cosmic
ray intensity, were adapted from the Athens Neutron MOnitor DAta Processing cen-
tre (ANMODAP) of the National and Kapodistrian University of Athens.

The Athens Neutron Monitor Station is a modern one providing high resolution
real-time cosmic ray data to the Internet (http://cosray.phys.uoa.gr), while those are
transfered every 1-min to the European High resolution Neutron Monitor Database
(http://www.nmdb.eu). This station is located at the University Campus at 260 m
above the sea level and detects particles with a cut-off rigidity of 8.53 GV. The cos-
mic ray intensity data were normalized according to the relation

CRI CRI

obs aver

CRI

aver
Where CRI , is the observed value and CRI_, is the average CRI pertaining to the
examined period. The normalized cosmic ray intensity values (%) during the time
period under examination are presented in Figure l1a. The total values were divided
into five levels (0, 1, 2, 3, 4) corresponding to the CRI intervals given in table. A sim-

ilar technique has been used in previous studies, such as by [Papailiou et al., 2011].

The CRI and the Dst levels and the respective mean HR in the ANOVA analysis

CRI

Levels | Normalised CRI intervals, % | Number of measurements | Mean HR, bpm 95 % CI
0 CRI<-3% 220 76.33 74.11...78.55
1 —3%<CRI<-1% 602 76.00 74.67...77.35
2 —1%<CRIK1% 2227 70.61 70.00...71.21
3 1%<CRI<3% 1150 68.51 67.75...69.27
4 CRI>3% 17 67.12 60.34...73.89

Dst index

Levels Dst intervals, nT Number of measurements | Mean HR, bpm 95 % CI
0 Dst >0 1444 71.24 70.50...71.98
1 —20<Dst<0 1850 70.63 69.92...71.35
2 =50 < Dst < =20 824 71.97 71.03...72.91
3 —100 < Dst < =50 106 71.00 68.08...73.92
4 Dst < —100 9 61.11 54.99...67.23

1.3. Geomagnetic Activity Data

The geomagnetic activity during the time period that the above mentioned medi-
cal data were recorded, was analyzed. For this reason, hourly values of the geomag-
netic index Dst was used. These data were obtained from the World Data Centre for
Geomagnetism, Kyoto, which provides online real-time data (http://wdc.kugi.kyo-
to-u.ac.jp/dst_realtime/index.html). Dst index variations during the examined pe-
riod are shown in Figure 1b. The GMA data were divided into five levels (0, 1, 2, 3,
4), as in the CRI data, according to Dst index values given in table. This stratification
technique has been used in the past [Papailiou et al., 2011].
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1.4. Statistical Methods

The statistical methods of Analysis Of VAriance (ANOVA) and Multiple Linear
Regression analysis were applied to evaluate the effect of both geomagnetic activity
and cosmic ray intensity variations on the heart rate variations. The respective lev-
els of significance (p-values) were calculated and discussed. In the applied regression
models, the HR was taken as dependent variable, while the independent variables
included the CRI, the Dst index, the time of data recording, and a unique patient
identifier (to control for inter-patient variability). The statistical package SPSS ver-
sion 17.0 software (SPSS Inc., Chicago, IL, USA) and STATISTICA (ver. 6, Stat-
Soft Inc., 2001), were used for the statistical analyses.

2. RESULTS AND DISCUSSION

As it was mentioned above, a sample of a total of 190 individuals was examined,
among which 106 (56 %) were men, 74 (39 %) were women and 10 (5 %) unknown,
while their average age was 64 years. In total, 4560 measurements of heart rate, Dst
index and cosmic ray intensity were recorded and analyzed (Figure 2).

At first, the heart rate variations of the individuals were analyzed with regard
to CRI and Dst index variations using the method of ANOVA analysis. This anal-
ysis indicated a statistically significant negative correlation between HR and CRI
(»<0.01). The mean heart rate values in the different cosmic ray intensity levels are
presented in Figure 3. It is noticed that the highest heart rate was documented at the
lowest CRI level, and as the mean cosmic ray intensity increased, the heart rate de-
creased. In contrast, no significant association between heart rate and Dst index vari-
ations was observed (p=0.064; see table), as depicted in Figure 4, where the mean
heart rate values in the different Dst index levels are presented. In the lowest levels of
Dst index that correspond to low geomagnetic activity, the variations of the heart rate
were small.
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Figure 2. Number of Holter measurements during the period under examination
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Figure 5. Daily distribution of the mean hourly HR and CRI values
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According to the multiple linear regression model, after adjusting for day time
and individual patient, both CRI and Dst index were found to be independently as-
sociated with HR. The cosmic ray activity was negatively correlated to the heart rate
with a regression coefficient: —0.203 (95 % CI: —0.011, —0.008) and p-value <0.01,
while Dst index values were positively correlated with a regression coefficient: 0.064
(95 % CI: 0.028, 0.081) and p-value <0.01.

Moreover, the average HR, CRI, and Dst values, stratified by day time, based on
our data, were calculated. A graphic presentation of the mean hourly HR and CRI
values, as well as of the mean hourly HR and Dst ones, is given in Figures 5 and 6,
respectively.

Our results suggest a statistically significant association between space weather
and human heart rate, as assessed by ambulatory Holter monitoring in individu-
als treated in two cardiology clinics in Greece, from July 2011 through June 2012.
This time period is very close to the maximum period of the solar cycle 24 starting
in January 2009 and is predicted to peak in 2013; it is considered to be an active pe-
riod in the last active cycle in the past 100 years, according to NASA’s predictions
[Hathaway, 2012; Paouris et al., 2012]. In this regard, there were limited observa-
tions corresponding to days with strong geomagnetic disturbances (low GMA) in our
study, and the extrapolation of our findings regarding the relationship between HR
and Dst to such a setting may be limited.

Our findings are in concordance with previous studies. Two recent studies exam-
ined the potential influence of cosmic ray activity and geomagnetic disturbances on
human cardio-health state [Mavromichalaki et al., 2008, 2012]. Both studies refer to
the time period from July 2006 to March 2008 and included a total of 1673 measure-
ments of HR from seven healthy volunteers. The HR was studied in relation to daily
variations in cosmic ray intensity (CRI) and the respective daily variations of Dst and
Ap geomagnetic indices, with a focus on days of geomagnetic storms. The investi-
gators observed that the effects on HR were stronger in the low levels of Dst (when
geomagnetic storms exist) and in high CRI decreases (Forbush dicrease). It was as
well determined that HR increased on the days before, during and after geomagnetic
storms and on the days preceding, and following CRI decreases. Both studies con-
cluded that HR variations might be connected to geomagnetic disturbances and CRI
variations. In another study, the variations of heart rate, geomagnetic activity and
cosmic ray intensity were examined in a group of 4018 aviators (healthy volunteers)
[Papailiou et al., 2011]. The investigators concluded that the cardiovascular function
of the subjects was affected by both geomagnetic activity and cosmic ray intensity
variations.

However, not all studies have detected a statistically significant relationship be-
tween GMA and HR. A study examining the effect of geomagnetic activity on some
cardiovascular parameters found that low GMA was associated with disturbances in
heart functionality such as higher levels of growth hormone and 11-ketosteroids in
the peripheral blood, more sudden deaths and higher rate of ventricular tachycardia.
In contrast, other studied parameters, including hemoglobin level, electrolyte level,
heart beat and pulse rate, were found not to be related to the GMA [Stoupel, 2002].
Similarly, another study conducted for about 5 consecutive years found no such as-
sociation, although the investigators acknowledged several limitations in the study
design [Ghione et al., 1998]. An additional study examined the potential influence of
GMA on heart rate variability during exercise recovery. And found out that there is
no linear effect of GMA on heart rate variability after the exercises [Weydahl, 2002].
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It should be noted that, in order to reach definitive conclusions about the as-
sociation (or not) of GMA with HR, larger studies with long follow up, which might
include more data about GMA events, are warranted. Multicausality and multicom-
plexity should be taken under consideration in the design of such studies, since ap-
proaches focusing only on individual parameters (not adjusting for possible cofound-
ers) may mislead research needed to clarify the impact of space weather parameters
on health. Therefore, even though CRI and GMA variations, in some cases, seem
not to be the main contributors in causing specific illnesses, further research is war-
ranted to examine their precise role in the development of disease.

CONCLUSION

This study examined the potential association between Space Weather variations, in-
dicating by the cosmic ray intensity and the geomagnetic activity parameters, with
the human heart rate. It is interesting that a statistically significant inverse relation-
ship between cosmic ray intensity and heart rate on a daily basis was found. While
the Dst index values were positively associated with the heart rate, indicating a signif-
icant effect of geomagnetic parameters on human heart rate. In this regard, the thor-
ough comprehension of the profound mechanisms underlying this association may
be helpful in identifying the pathophysiology, prevention, and treatment of cardio-
vascular disease, which is complex and multifactorial. Further studies with a greater
sample of measurements are warranted to precisely determine the role of geomag-
netic factors on human health.
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BAUAHUE WHTEHCUBHOCTI KOCMUYECKIX NYYEA M TEOMATHUTHON
AKTUBHOCTW HA YACTOTY CEPAEYHBIX COKPALLEHWW YENOBEKA

(. NoaxHudoy 1, M. llanaunuy 1, X. Maepomuyanaku 1, T. Anocmony 2, K. Mapasonudakuc 2,
M. Koypememu 3. Penmucbuc 3 E Cumanmupakuc 3T Xucmopuc !

! OTpeneHvie agepHoit drsnki, Dusnuyeckuin pakynsteT, AGUHCKNIN yHMBepcuTeT, MpeLns
2 OTpenenme KapaMonorun 6oibHULLI 06Lero npodunsa Hrkeu, Moeumsa
3 OTpeneHne KapAMONOrM rOCNUTaNA yHUBepCcUTeTa flepaknnoHa, Mpeuus

HaxkormieHHble TaHHBIE CBUAETENBCTBYIOT O CBSI3M MEXIY COJTHEYHON UM FeOMarHUTHOM aK-
TUBHOCTBHIO U (DU3MOJOTUUECKMMU TTapaMeTpaMu 4esioBeKa. Psim ormyOGIMKOBaHHBIX UCCIe-
JIOBaHUI OTHOCUJICS K U3MEHEHUSIM B (DU3UOJIOTMYECKMX PEaKIMsIX YeJOBeKa MpU pa3ind-
HBIX YPOBHSIX TEOMAarHUTHON aKTUBHOCTU. MBI CTPEMWINCH U3YYUTDh MTOTEHIIMAIBHYIO CBSI3b
MeXIy U3MEHEHUSIMU YacTOThl CEPIASUHBIX COKPALIEHUI U KOHKPETHOI KOCMO(h13IeCcKOit
aKTUBHOCTbIO. B HacTosiilieM uccieaoBaHuu, B o0l1ei cioxHoctd 190 aun, HaXoaUBLIKX-
cs Ha JIeYeHUU B Kapauojiornyeckoi kimHuke Huken, 6onbHuIel B [Tupee u Mpakion —
YHUBEpPCUTETCKOI OoibHuUIIe Ha ocTpoBe Kpurt, I'pemusi, ObLIM MccaeqoBaHbI 3a IIEPUOT
c utoig 2011 r. mo uroHp 2012 r. YacToTa cepieyHbIX COKpaIleHUIi MallMEHTOB 3aluChiBa-
JIach €XeYacHO € MOMOIUIbIO XOJITEPOBCKOTO MOHUTOPA, B TO BPeMsI KaK MOYacoBble Bapua-
MY MHTEHCUBHOCTH KOCMUYECKUX JIydeli ¥ TeOMarHUTHBIX MHAEKCOB Dst ObLIN M3MepeHbI
Ha CcTaHIUM A(PUHCKOrO YHUBEPCUTETA C IIOMOIIBI0O HEUTPOHHBIX MOHUTOPOB U Ha obcep-
Batopun Kuorto, cooTBeTcTBeHHO. CTaTMCTUUYECKUE METOMIbl BKIIOYAIU AMCIIEPCUOHHBII
aHam3 (ANOVA) 1 MHOXECTBEHHYIO JIMHEIHY10 perpeccuto. HabmonaeTcst craTuCTUYeCKu
3HAYMMOE BO3JEHCTBHE KaK KOCMMYECKUX JIydeid, TAK U TeOMarHUTHOW aKTUBHOCTU Ha 4Ya-
CTOTY CEepACYHBIX COKpalleHWI (OTpULIaTeIbHAsI U TIOJIOXKUTEIbHAST KOPPEJSIIMU, COOTBET-
CTBeHHO). Hamu pe3ynbraThl MOKa3bIBaIOT, YTO U3MEHEHMST YACTOThI CEPAEYHBIX COKpallle-
HUI y JTIOJei MOTYT OBITh CBSI3aHbI C UBMEHEHUEM TTapaMeTPOB KOCMUUECKOM TTOTO/IbI.
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0. 10. Ucaiikuna 1, 10. 1. Kykca 2, W.T, Wubaes®
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IpencraBneH aHaau3 JaHHBIX IJIUTEIBHOTO €XEIHEBHOTO (YTPOM U BEYepOM) M3MEpEHUsI
nyJibca U apTepUalibHOTO AaBjieHUs Oojiee 4eM 3a TPUHAILATh JIET, B3AThIX M3 JHEBHUKA
CaMOKOHTpOJISI TMaiMeHTa. JlaHbl CTaTUCTUYECKUE OLIEHKU PSIIOB UM MX CIEKTpaJbHbIE Xa-
pakTepucTUKU. OTMEYEHO OTINYME CIIEKTPOB YTPEHHUX W BEUECPHUX PSIOB: TSI BEUSPHUX
PSIIOB XapaKTepHa CIeKTpabHasi TapMOHUKA C TIEpUOAOM B 7 AHEN; B yTPEHHUX psAax cie-
JIyeT OTMETUTh MPOSIBIIEHUE «JTYHHOM» KOMITOHEHTHI ¢ TtepruoaoM ~27,35 mus. [TpuBogutcs
COITOCTaBJIEHUE UCCIIENYEMBIX PSIIOB C €XXEIHEBHBIM PSIZIOM aTMOC(HEPHOTO TaBJIeHUs U Cy-
TOYHBIMU YKrciaMu Bonbda. [TokazaHo ce30HHOE TToBeIeHNE TTyIbca U apTePUATBHOTO TaB-
JIEHUsI, a TAaKKe MPeACTaBIeHbI B TAOIMYHOM BUIE CPeAHEMECSTIHBIE TaHHbIE CAMOKOHTPOJIS
3a TPUHAALIAT JIET.

BBEAEHWE

AprepuanbHasa turneptoHust (Al) sBisgeTcsl IIMPOKO paclpoCTpaHEHHBIM 3a00-
JIeBAHUEM, KOTOPOE MOXET ObITb MPUUYUHOU TSKEIBIX CEPAEUYHOCOCYAMCTBHIX OC-
JIOXKHEHUI U CMEPTHOCTU OOJIbHBIX BCIEACTBUE HETOCTATOYHOTO KOHTPOJIS apTe-
puanbHoro pasieHus1 (All). ITo manHbiM T'ocymapcTBEHHOTO HayYHO-MCCJIEI0Ba-
TEJIbCKOT'O LIEHTPa MPOPUIaKTUISCKON MEIULIMHBI paciipocTpaHéHHOCTh Al cpenu
B3pocjoro HacesneHusi B Poccuu 3a nocneanue 10 jeT He M3MEHUIAch U COCTaB-
nsieT 39,7 %, a cpemy JMII HOXWIOIO BO3pacTa IMOBBIIICHHBIE TGP apTepUaib-
HOTIO JaBJIEHUS] PerucTpupyloTcs 6osee yeM B 50 % ciaydaeB [OraHoB u mp., 2011].
Takum ob6pa3oM, TOCTUKEHUE U MOAAEPKaHUE CTa0MJIBHOro KOHTPpoJisd A/l urpaiot
BaXKHEUIIYI0 pOJIb B CHUXKEHUU CEPIEYHOCOCYIUCTOrO pucka y OOJbHBIX apTepu-
aJIbHOI TUIIepTOHMEN. 3HAUYMMBIM BKJIa[ B yiIydllleHrue KOHTpoas1 AJl BHOCUT Me-
ToH camocTosTeabHOro KoHTpojsa (u3mepeHus) A (CKAJL). MoxXHO OTMETUTb
psil paboT, OMUCHIBAIOLIMX PSAAbl Pa3HbIX HAOMIONEHW TTpU caMOKoHTposie. B cra-
Tbe [KuMm, Konpanos, 1998] aHanu3upyloTcs yTpeHHUE U BEYEPHME PSIbI 4acToO-
ThI CEpAEYHBIX COKpAILIEHWM, INTEIbHOCTh HAOMIONEHUI cocTaBisgeT 560 gHeid.
CoOcTBeHHbIE AeCITUIIETHUE HaOaoAaeHus cHa omnucal AdaHacheB [AdaHacheB,
2002]. Ccpuika Ha 40-y1eTHUE cCaMOHAOJIOAEHUS 32 U3SMEHEHUSIMU YaCTOThI CEPIEY-
HBIX COKpALEHU KIIMHUYECKU 3I0POBOTO UCIBITYEMOTO U aHaIU3 CPEAHEHENEIb-
HBIX JAHHBIX 3TOTO psifia JaHbl B padbote [Xanoepr u ap., 2009].

C 1990 r. Hayay1 aKTUBHO U3Yy4YaThCsl M BHEAPSATHCS B KIMHUYECKYIO MIPAKTUKY
meTon cyrouHoro Mmonutopunra Al (CMA]L), olleHUBaOIIMA CyTOYHbIN MPOMUIb
AJl. Ananu3 30-MUHYTHBIX HaOmoaeHuit nynbca u AJl moutn 3a 6 Mec JaH B pabo-
te [[amOypueB u ap., 2008]. HayuHble uccieqoBaHus MoKa3aiu, YTo BeTMUUHbI All,
nosryueHHble MeTonoM CKAJI, corocTtaBuMbI CO CpeaHEeTHEBHBIMU 3HaYUeHUSIMU A/l
(mo merony CMAJI). B HacTos1iee BpeMsi IPUHATO CUYMTaTh, YTO BEPXHSS IpaHULIA
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HopmasibHOoro AJl 140/90 MM pT.CT., U3MEpEeHHasl Ha IIpMEME y Bpada, COOTBET-
ctByeT AJl 130...135/85 MM pT. cT. Iipu u3MepeHuu noMa. Ilpu 3HaUeHUSIX apTepu-
AJTbHOTO NABJICHUS BBIIIE STUX BEJIMUYMH TUATHOCTUPYIOT apTepHalIbHYIO TUIIEPTO-
Humo [[AunarHoctuka..., 2010].

IMonmydeHo GONBIIOE KOJTWMYECTBO MAHHBIX OTHOCHUTEIBHO TIOJIOXUTEIHHO-
ro BIusHUS uctonb3oBaHuss CKAJl Ha MOBBIIIEHUE TTPUBEPXKEHHOCTH OOJTBHBIX
ATl X ne4eHmnIo, 4TO, B KOHEUHOM CYETe, MOBBIIIAET 3(POEKTUBHOCTD TUTETBHOM
aHTUrUIepTeH3uBHOU Tepanuu. Ucnoiab3oBaHue CKAJI maneHToM 1a€T BO3MOX-
HOCTb aKTMBHOTO €T0 y4acTus B JedeHUU Al', hopMUpoOBaHKS MOTUBALIH 1 TIOBBI-
HIEHNUS TTPUBEPKEHHOCTH K JICYCHUIO, YTO SIBJISIETCSI HEOThEMJIEMOM 4acThIO OCY-
MIECTBJICHUS TIPOTPaMM IO TIEPBUYHON M BTOPMYHOM TTPOMHMIIAKTUKE CEPACIHOCO-
CYIUCTBIX U 1IepeOpOBACKYISIPHBIX OCITOKHEHUIA.

1. NCXOOHbIE AAHHbBIE M MEOVULUMHCKWE ACMEKTHI
CAMOKOHTPOJIA APTEPUATIBHOIO JABJIEHNA

Hacrosmias pabota onmpaercs Ha 6oJiee YeM TpUHAIIATHIIETHUI MaTepyal 1o ca-
MOKOHTPOJI0. CaMOCTOATEILHBIN KOHTPOJIb apTePUATBLHOTO TAaBJIEHMS JOMa OYeHb
M0JIE3€H — OH I03BOJISIET Bpauy TOYHEE OLUEHUTh UCTUHHBINA YPOBEHb apTEpUaib-
HOTO HaBJeHWS W TIPAaBUJILHO HA3HAYWTH aHTUTUIEPTEH3WBHBIC TperapaTsl IS
JUTUTEJIBHOTO JiedeHUs TanueHToB ¢ runepreHsueii. CKAJl BakeH, TTOTOMY YTO
naéT mHpopMaIio 06 ypoBHE apTepHaIbHOTO JaBJICHUS 3a JUTUTETbHBIE OTPEe3KU
BpeMEHM, BO BpeMs KOTOPHIX MAIIMEHT He TIocelaeT Bpadya 1 HaXOMUTCS B TIPUBBIY-
HOM JIJTIT HETO 0OCTaHOBKE.

B pabore aHanmM3upyloTcs cucroindeckoe aprepuanbHoe maBieHue (CAJ),
IracTonnueckoe aprepuaiibHoe mapieHue ([AJl) u 9actoTa cepmeyHBIX COKpa-
mweHuit (YCC), B3sIThIe U3 THEBHMKA CAMOKOHTPOJIA MauueHTa (MyxumnHa, 1940 r.
pOXIeHHUs) ¢ TUNepToHuYecKoit 6osesHbto I ctaguu 2-i cTyneHu, Ha ¢oHe Tpu-
€Ma TUITOTEH3MBHBIX TIpernapaToB. [MMOTEH3UBHBIN Mpernapar MpUHUMAJICS OIWH
pa3 B cyTku yrpoM. M3mepeHus mpoBomwinchk ¢ 25 mapta 1997 r. mo 2 ampenst
2010 r. (Bcero 4758 mHs) mBaXXabl B CYTKM: YTPOM, OO MpHEMa IIperapara, 1 Beue-
poM. YTpeHHHE 1 BedepHUEe PSIbl aHATM3WPOBAINCH OTACIBHO M MX OLIEHKU CO-
ITOCTaBJICHBI C pe3yJbTaTaMU aHajiu3a eXeTHEBHOTO pama aTMOoc(epHOTo maBie-
Hug (H). AtmocdepHoe naBieHue Opajioch U3 YTPEHHUX METEOCBOAOK 110 MocCKBe.
3nauvenust CAJl, JAI u atmochepHOro gaBieHus GUKCUPOBAINCH B MIJLIMMETPaX
PTYTHOTO CTOJIOA, TTYJILC — B KOJIMYECTBE YIapOB B MUHYTY.

2. OBLUME OLUEHKW PAJOB CAMOKOHTPOJIA
2.1. CraTuCTNYeCcKre XapakTepUCTUKN N KOPPENALMOHHbIE OTHOLLEHMA

CrartucTryeckyre OeHKN YTPEHHUX M BEUSPHUX €XXEeTHEBHBIX PSIOB M aTMocdep-
HOTO JaBJI€HMS MPpeNCcTaBieHbl B Ta0/. 1, Tae mpuBeneHbl: cpenHee (mean); KOpeHb
KBagpaTHBIA 13 TUCIEPCUN (01/ 2); akcuecc (koaddunuent Kyprocuca — kurtosis);
acuMmmeTpus (skewness) 1IsT paccMaTpUBaeMBIX PSIOB.

M mynsca (HCC) u Al oTHOCUTEIbHBINA pa30poc (OTHOILIEHUE KOPHS KBa-
JpaTHOTO W3 IHUCIIEPCUM K CpemHeMy) Haxomutcs B auanasoHe 6,0...10,4 %, stor
mapaMeTp y atMocdepHoro mapieHus paBeH 1,1 %. YTpeHHUE cpenHure 3HAYSHMS
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AJl BbIllle BeYEpHUX 3HAYCHMIA, XOTS MX OUCIEPCUST YTPOM HMKE TUCIIEPCUM BE-
yepHux 3HadyeHuit. Oto ormmuaet Al ot YCC, y KoTopoit OOIbIINM CPEeaIHUM BE-
YepHUM 3HAYEHUSIM COOTBETCTBYET M OOJbIIAs UCIEPCHUSI BEUEPOM, UTO BIIOJIHE
JIornyHo. BaxXHO IOOYEpKHYTH ITOJIOKUTEILHOCTh aCUMMETPUM pacIipeae/IieHUiA

CA, JAJd n YHCC B oT/iMuMe OT OTpULIATEILHO acCMMMETPUM pactipeneyieHust H.

Ta6mmpa 1. CtaTucTyecke oleHKN

IToka3arenu Mean ¢'/? Kurtosis Skewness
(yrpo / Begep) (yrpo / Begep) (yrpo / Begep) (yrpo / Begep)
qycc 58,21 /62,02 4,63 /6,47 3,89 /3,20 0,57 /0,43
CA 125,95 /123,10 8,59 /10,15 4,52 /3,60 0,62/0,35
JAL 82,12 /80,02 491/5,83 4,15/ 3,54 0,68/0,14
H 746,23 8,30 3,56 —0,158
0.084 a 0,067
0.05]
0.061
0.041
0.044 0.03
0.021
0.024
0.014
04 01
45 50 B0 6 70 75 80 50 &0 70 80 90
0.05] 6
0.044
0.031
0.021
0.014
L —— x . s v v v .
100 120 140 160 100 120 140 160
0.081
0.084 &
0.0
0.06+
0.041
0.04
0.02] 0.021
0+ - . . - 0 . . . -
70 80 a0 100 B0 70 80 a0 100

Puc. 1. I'ucrorpammer: a — YCC; 6 — CAIl; 6 — A/
JleBas KoJIOHKA — YTpO; TIpaBas — BeYep
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Harnsnnayio ouenky CAJl, A u YCC pator ructorpammsl (puc. 1). Ha ru-
CTOrpaMMBbI HAJIOXKEHBI rpadUKKU HOPMAJIbHBIX pacIipefe/IeHUil, COOTBETCTBYIOLINE
rmapamMeTpaM 3TUX PSiIOB. BUOHO Xopolllee COOTBETCTBUE 3TOr0O paclipeaesieHus
C peaJIbHBIMU JAHHBIMU, HECMOTPS Ha Pa3IMUHYIO CTENEHb JIOKAJTbHOM! TMagKOCTH.

IMpuBeném cpaBHEHUE CTEMEHU B3aMMOCBSI3M YTPEHHUX M BEUEPHUX MOKa3a-
HUU IJIsI pa3IMYHBIX BPEMEHHBIX MHTEPBaAJIOB ycpeaHeHus:. KoaduiyeHTs au-
HEMHOU KOppesUn MEeXAY YTPEHHUMU U BEeUEPHUMU €XEIHEBHBIMU PSIIAMU TSI
UCC, CAI, JAH paBHbl coorBeTcTBeHHO 0,34; 0,32; 0,41. Manble 3Ha4eHUs KO-
3G GUIUEHTOB TOBOPST O 3HAYUTEIBHOM BIUSHUU (PAKTOPOB JUIUTEIBLHOCTBIO He-
CKOJILKO IHeW. s cpemHeHeeIbHbIX JaHHBIX MMeeM cooTBeTcTBeHHO 0,79; 0,76;
0,74. I3 aHajmormyHoro aHajim3a psaoB cpenHeMecssyHbIXx 3HadeHuin YCC, CAJI,
JAl monyyaeM cienyronye Koah@UIMEeHTH Koppeasaunu yTpo — Beuep: 0,86; 0,86;
0,84. EcTecTBEHHO CUMTATh, UTO IJIsI CPEIHEMECIYHBIX JAHHBIX BIUSHUE JIOKAJb-
HBIX (PAaKTOPOB HECYILIECTBEHHO W B3aUMOCBSI3b YTPEHHUX U BEUEPHUX MOKA3aHUIA
XapaKTepU3yeT YCTOMYMBbIE MHAWBUAYaTbHBIE CBOMCTBA OpraHU3Ma.

0has 0.135 0.14 0.145 015 0.155

Puc. 2. Cniektp, okpecTHOCTh 7-gHeBHas1: a — YCC; 6 — CAJl;
6 — JJAIl (— yTpo; - - - Beuep)
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2.2. BpemeHHble neprogbl yTPEHHNUX 1 BeYepPHUX PAJOB:
HefleNnbHaA rapMoHuKa 1 27-AHeBHas

CriekTpaJbHbIM aHaIM3 TTO3BOJISIET TTPOBECTU OoJiee JeTaTbHOE CPaBHEHWE TaHHbBIX.
CyliecTBeHHbIE OTJIMYMS B XapaKTepUCTUKAX YTPEHHUX U BEUEPHUX PSIOB Mpoce-
JKMBAIOTCSl B Pa3IMYHBIX CIMEKTPaJbHBIX KOMITOHEHTax. MccienyeMble psiabl ObLIN
NpeaBapuUTeIbHO TIPUMBENEHBI K COM3MEPUMOMY MacIliTady, T.€. MOCje BbIYUTAHUS
CPEIHEr0 HOPMUPOBAINCH Ha COOTBETCTBYIOLIMIA 072, OCh YacTOT COOTBETCTBYET
o0patHbIM cyTkaM. Ha puc. 2 peacTaBieHa OKpECTHOCTb HeIEJIbHOW KOMITOHEHTHI
U oOpalllaeT BHUMaHME €€ OTCYTCTBUE B YTpeHHMX psinax myiabca u JJAJl. B Bedep-
HUX psilax CEeMUIHEBHAsi KOMIIOHEHTA SIBHO BBIAENSIETCS, a Y TyJbca elé U MOIy-
JIUpyeTcs ¢ TiepuoaoM ~3 roaa (cM. puc. 2a, IpepbIBUCTas JUuHUS). B 11e1oM y He-
IeTBbHBIX KOMITOHEHT BeUepHUE aMITIUTYIBI IIPEBOCXOIAT YTPEHHUE.

0027 0275 0z 0285 t® 0295 13

S

»
55
:

XIQrA(l
; LAV W R
0027 037 0.28

e,

0.295 03

Puc. 3. Cnexrp, okpectHoCTb 3,5-nHeBHas: a — YCC;
6 — CAJl; 6 — IAJ] (— ytpo; - - - Beuep)
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Y NonyHeneNbHBIX CHEKTPATbHBIX KOMIIOHEHT CHUTYalldsl ITOXOoXasl, HO OT-
HOIIICHWE YTPEHHUX M BedepHMX amIumTyn uHoe (puc. 3). B padore [Singh et al.,
2002] oTMeuanoch HajJUuMe TMOJYHEAE]bHOIO TMepruoja BO BpeMeHHbIX psigax AJl
n YCC.

]
H 4
) 0.032 0.034 0.036 [iES) 0.04 0.042 0044

Coos 0032 0034 0,036 008 0.04 0042 0.044
Puc. 4. Cniektp, okpectHOCTh 27-nHeBHas: a — YCC; 6 — CAL;
6 — NAIl; e — W-daily (— ytpo; - - - Beuep)
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HMHTepeceH aHaIM3 CIIEKTPOB OKPECTHOCTH 27-THEBHOM s Imyibca ¢ Al
(puc. 4a—6) ¥ COOTBETCTBYIOILIEE CpPaBHEHUE C €XeTHEBHbIMU uuciamu Bosbbha
(puc. 4¢). Tenepb SIBHO TIpeoOJiagaeT YTPEHHSISI KOMIIOHEHTa IlyJbca C Mepu-
onom T=27,35 cyr. OcHOBHasi rapMoHuKa uuces BoJiba cOOTBETCTBYeT Te-
puony B 26,6 cyr. K aToMy ciemyer m00aBUTh, YTO TPOMHOW «IYHHBIN» TTEPUOL
37=81,9 cyT 4€TKO BBIIEISACTCS B IyJIbCE M aTMOC(EPHOM JIaBiacHUHU (puc. 5).

Uoo 0011 0012 0013 0.014

oo

Dot 0.1 0012 0013 0.014

oot 001 0012 0013 0014

Puc. 5. Cnexrp, okpectHocTb 81,9-nHeBHas: a — YCC (yTpo);
6 — YCC (Beuep); 6 — H (— ytpo; - - - Beuep)
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3. CPEOHEMECAYHBIE XAPAKTEPUCTUKUM YCC, AL
N NX CE3OHHbIE BAPUALINA

B Tabn. 2. mpuBeneHBI cpemHEMeCSTYHBIE 3HAYEHUs ITyjIbca 3a BeCh MEepHOJ Ha-
omoneHnii. BepxHume 3HaueHWs, IJIST KaXIOTO Trofa M Mecslla, COOTBETCTBYIOT
YTpEHHUM JAHHBIM, HUKHAE — BedepHMM. B mociemnHelt KOJIOHKe JaHBl CpeaHue,
YTpeHHUE W BedepHUE, 3a Tox (KMPHBIN KypcHB). Y maleHTa U3HAYaIbHO OTMe-
qaJIcs TIOHVKEHHBIN ITyJIbC, YTO XapaKTePHO T JIIOAEH, 3aHUMAIOIINXCST CITOPTOM.
Haumenbime yrpeHHue 3HadeHus myabca B 2004 u 2005 rT. cBA3aHbI ¢ MPUEMOM
Oera-0iokaTopa MeETOIpojioia (0eTasoK), KOTOphbIii MMeeT CBOMCTBO HaKarlIvd-
BaThbCs B OpraHM3Me M MOHIKATh TyJIbc. Ce30HHOE (CpemHee MO romaM I Kax-
noro Mmecsia) noseneHue YCC u kBanpaTtHoro KopHs u3 aucrnepcun YCC naHo Ha
puc. 6, TIe HUXKHWE KPUBBIE COOTBETCTBYIOT YTPEHHUM OAHHBIM, OCb X — MecsII
roga. [ToHMKeHHOE 3HAYEHME ITyJbca C HOSIOPS TI0 aIlpesib COOTBETCTBYET Oojice
CITOKOMTHOMY PUTMY XU3HH B 3TOT ITEPUOI.

Cpennemecstunble 3HaueHuss CAJl u JIA/L 3a Bech nepuon HaOMIOAeHUI TIpe/I-
craBJieHbl B Ta0. 3. u 4. CezoHHoe noBeaeHue CAJl u JIAJl uniaoctpupyet puc. 7,
3[IeCh BepXHHE KPUBBIE COOTBETCTBYIOT YTPEHHUM 3HaueHUsIM. BeceHHMe 1 oceH-
HYE TICPUOIBI IBHO BBIICIISIOTCS B CE30HHOM TToBeeHUU Al, KOTOpoe B IIPOTHBO-
(aze x cezonHomy noseaeHuto YCC. Dro coriacyercsi co 3HaYUEHUSIMU KO3 Pu-
LIMEHTOB KOPPEJSILUU YyTpo — Beuep s ce30HHbIX naHHbIXx YCC, CAJl, A, Ko-
topsie paBHbI 0,89; 0,56; 0,62.

i —
53 //”\V/ \\-J 15 /
2 AR e S

IE RN 35 N /’““’\\ /’fﬂ S
i — EE ™ -~ NS
9 //-N/ \ n5_\

5 / - -
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[x)
=1
=
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a 0

Puc. 6. Ce3zonnoe noseneHre YCC (a) u kopHs kBagaparHoro u3 nucnepcuu YCC (6).
BepxHue KpuBble — BeuepHMe TaHHBIE

125—\ / \'_)/\ /;\ Bzéz:\ // N

; ANV
:2: \J \ / \\\ 505: - \/ \\\\ //“ “\
2] . | N A\

1274

Puc. 7. Cesonnoe noseaeuune CAJl (a) u AAL (6).
BepxHue KpuBble — YTpEHHUE JaHHBIE
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Taoauma 2. CpegHeMecsunble 3HaueHuss YCC
(B KOJIMYECTBE yIAPOB B MUHYTY)

Ton Mecsan
1 11 111 1\ \'% VI VII | VIII IX X XI XII
1997 54,4 159,8 |58,1 63,5 62,2 [62,7 [63,9 /60,9 |59,2
57,6 61,9 |58,8 63,2 (65,4 [65,1 [65,1 60,6 |59,9
1998 56,2 |57,0 |55,3 |56,0 (59,3 |57,9 |57,0 [58,0 [57,3 |53,1 |52,9 55,8 |56,3
58,3 162,0 |60,2 58,3 |60,6 |62,4 [60,5 64,3 |60,5 |56,8 59,3 |58,4 |60,1
1999 [56,6 | 57,3 |55,0 |57,1 |58,9 |56,5 [56,9 |56,2 |55,7 |57,2 |57,0 |54,7 | 56,6
60,2 | 60,1 |58,6 60,4 60,5 |61,0 60,0 |60,6 |58,7 |58,7 |57,7 |57,5 |59,5
2000 |56,4 |57,1 |57,2 |56,8 |57,8 [62,2 58,9 |59,6 [60,4 |58,3 |57,4 |56,4 |58,2
60,0 | 61,9 |57,5 [60,7 |61,3 |65,5 [63,2 63,2 63,9 [60,1 |59,2 |58,6 |61,3
2001 |56,7 |57,2 |58,0 |59,1 |58,4 |57,4 |56,4 |60,5 [57,4 |57,6 |59,0 [58,5 |58,0
61,2 |61,6 |61,1 [62,4 |63,2 |61,2 [61,1 |64,7 61,0 [60,3 |62,3 |60,8 (61,7
2002 |55,8 |57,5 |57,9 58,6 |59,1 [57,0 /59,7 |59,8 (59,9 56,9 |57,7 [59,7 |58,3
60,0 | 60,3 |60,7 [60,2 61,0 |62,2 [63,0 63,4 63,4 [59,0 (60,3 [62,2 |61,3
2003 |57,7 55,9 |57,5 |55,9 [54,1 |61,2 |57,0 [60,8 53,4 |54,1 56,2 57,7 |56,8
60,5 60,7 59,4 |57,6 |56,2 (58,9 |54,3 |62,9 |55,6 |57,5 |57,0 [58,2 | 58,2
2004 56,4 56,5 |55,5 |56,5 [56,4 57,0 (55,6 |56,5 |58,8 |54,4 |53,1 |53,5 | 55,9
59,6 |58,3 |56,9 [59,5 |59,9 |60,6 [59,3 63,4 62,9 |57,8 |56,1 |57,6 |59,3
2005 |53,5 |51,9 |53,5 53,2 |57,2 |57,5 |57,8 |55,5 |57,6 56,7 |57,3 |56,7 |55,7
57,6 (55,9 57,5 56,3 [62,1 62,6 |61,3 [57,7 |60,8 |61,2 [62,0 [63,1 |59,8
2006 |58,6 (59,8 |57,6 |57,6 [60,4 |61,2 |61,3 [60,8 [63,1 |60,6 |57,5 [67,2 |60,5
64,8 68,9 65,3 [64,3 66,3 |68,0 655 |65,1 |67,0 62,7 |61,0 |72,1 |65,9
2007 66,6 (57,0 |57,5 /56,9 [59,0 58,8 [57,9 58,9 |57,4 56,0 |56,6 |56,1 |58,2
70,2 163,4 |61,3 (60,8 |65,2 |64,2 (61,5 |63,0 61,3 (60,4 |61,4 [59,9 62,7
2008 |57,1 |56,2 |54,0 |57,5 |61,2 [63,8 |65,0 64,9 [63,2 |63,7 |62,4 (63,0 |61,0
62,1 [61,0 |56,1 63,3 [66,9 |72,0 |71,6 [70,1 |70,1 |70,3 (69,2 |70,9 |67,0
2009 |61,7 |58,5 |61,6 |62,3 |62,9 [61,2 |60,3 |62,3 |63,4 (62,4 |62,4 60,9 61,7
66,4 69,1 |67,1 |71,1 |71,6 |66,9 |64,0 |66,2 |67,3 67,9 (68,4 |67,2 | 67,8
2010 |55,4 |55,5 |56,8
60,7 | 58,7 |61,2
Taomuna 3. CpenHeMecsiuHble 3HaYeHUsT CAJL
(B MM PT.CT.)
Ton Mecsn
I 11 111 v \'% VI VII VIII IX X XI XII
1997 139,6 | 136,5 | 143,7 [ 134,3 | 128,9 | 135,3 | 139,2 | 141,1 |143,0
137,7 | 133,9 | 141,5 | 129,7 | 123,6 |132,3 |138,9 |138,6 | 141,0
1998 [146,3 [124,2 |126,4 |121,8 |119,0 |123,7 |128,5 |122,3 |125,9 |128,0 |127,0 |122,9
145,1 | 123,2 | 123,2 |119,3 | 114,4 | 118,7 |123,7 | 118,9 |122,9 |127,1 |124,9 | 119,3
1999 |119,4 |118,8 |121,3 [119,0 |119,6 |117,7 | 117,2 |124,9 [118,9 |125,4 |121,4 |120,8
122,1 [122,9 [119,6 [119,0 | 121,3 |116,5 |117,1 |122,9 |118,6 |124,3 |120,5 |118,2
2000 |123,0 |119,2 [123,3 |123,6 |122,0 |125,9 |120,7 |121,3 |122,9 |125,3 |122,0 |119,9
117,6 | 117,9 | 118,7 [122,9 |121,2 |124,0 |122,0 | 119,0 |119,4 |122,2 |118,2 | 114,5
2001 |121,2 |120,7 [126,1 |125,2 |122,5 |124,7 |123,8 |121,0 |124,4 |119,6 |122,3 |120,9
115,6 | 121,1 |123,2 |119,9 | 119,2 | 121,0 |122,0 | 118,3 |118,2 |118,5 |120,8 | 121,5
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Oxonuanue mabn. 3

Ton Mecsn
1 I 111 v A% Vi VII | VIII X X XI XII

2002 |125,8 [121,4 |124,2 | 122,3 | 126,4 | 125,3 | 125,7 |126,8 | 125,0 | 125,2 | 125,6 |123,1
123,4 1120,9 {118,9 | 121,8 | 119,9 |118,4 | 117,5 |121,4 |120,5 |124,8 | 117,9 | 119,2

2003 | 125,1 [124,5 |126,2 | 137,1 | 126,5 | 133,8 | 134,6 |120,3 | 127,7 |125,4 | 124,5 | 121,6
119,7 |118,5 | 120,8 |130,7 | 120,3 |129,4 | 122,1 |115,9 |123,2 |121,5 | 119,3 |119,2

2004 |120,7 [121,2 |121,1 | 122,3 | 123,9 |123,8 |121,2 |123,3 |123,2 | 122,3 | 124,5 | 121,6
118,2 |118,1 |117,1 | 118,7 | 116,2 | 116,0 | 115,5 |116,2 | 113,7 [121,6 |122,4 | 119,4

2005 |120,6 [121,6 |122,9 | 124,5 | 126,2 | 123,9 |123,1 |123,3 |124,8 | 123,2 | 125,3 | 122,3
116,7 | 121,3 |120,2 | 122,8 [120,3 | 118,6 | 118,8 |117,1 |121,5 |123,3 |124,0 | 123,2

2006 |124,4 |123,5|122,5 |122,9 | 124,3 | 123,8 | 124,5 | 127,4 | 126,1 |128,1 | 127,6 | 121,5
123,6 |122,9 | 124,3 |123,6 | 127,5 | 124,5 | 124,2 |130,0 | 124,5 |128,7 | 122,5 |121,5

2007 |122,7 [121,6 |125,4 | 125,7 [ 122,2 | 119,3 |123,4 |123,8 |130,6 | 126,4 | 127,3 | 128,2
120,6 | 124,5 [120,2 |122,1 | 117,6 | 118,8 | 119,1 |121,8 |124,4 | 123,3 | 125,1 | 123,9

2008 |129,9 [130,4 |128,9 | 130,6 | 130,6 | 114,0 | 122,0 | 123,1 | 128,2 | 128,3 | 129,2 |131,1
127,7 |125,6 |122,4 | 135,7 | 135,3 | 120,5 | 122,7 |126,0 |126,0 | 122,6 | 121,7 | 122,1

2009 |132,5 [132,6 | 131,2 [129,9 | 130,8 | 133,6 | 139,3 |140,3 | 136,0 |132,2 | 132,1 |132,1
127,2 1130,2 | 134,5 | 130,0 | 130,1 |129,4 | 128,9 |131,8 | 133,8 |127,0 | 127,1 |127,2

2010 |131,7 [136,8 |137,2
128,8 1130,9 | 133,5

Taomuna 4. CpegHeMecsuHble 3HadyeHust JIAJl (B MM pT. CT.)

Ton Mecsan
1 I 111 v v \%| VII | VIII X X XI XII
1997 949 92,5 |93,4 93,3 88,9 93,1 |90,9 |89,7 (92,57

90,27 | 88,26 191,67 | 87,48 | 84,53 | 87,19 | 88,23 |83,52 | 88,47

1998 192,9 (84,8 (84,5 |82,8 [79,9 |81,1 |83,7 (83,7 |84,1 |83,6 (83,8 |81,67
89,87 179,4 |81,55|79,27 |76,32 75,73 |77,29 |79,23 | 81,03 | 81,53 | 81,16 | 76,97

1999 82,7 |81,7 |83,0 |81,0 |81,9 |79.4 |81,9 |83,8 81,0 |83,8 |81,9 |81,97
81,42 80,57 80,16 | 78,43 | 80,45 | 76,87 | 80,48 80,67 |80,58 | 82,07 | 78,35 |80,6

2000 (81,7 |80,6 |82,1 |82,4 82,1 |83,0 |80,7 (82,2 |82,2 |83,1 [83,6 |81,83
76,52 | 78,0 |74,68 | 79,53 | 80,32 | 80,67 80,71 [79,73 179,94 | 81,13 | 80,84 | 78,0

2001 (82,4 |82,3 (851 |84,0 (83,9 829 [82,0 (80,5 (81,9 |80,3 |82,9 |82,57
78,1 |82,1 |82,97 81,6 |81,81 |80,53 80,16 (78,5 |79,58 |79,33 |81,1 |81,23

2002 84,1 |83,3 |84,8 83,2 |[850 |84,7 |84,1 (84,8 [82,7 |83,4 |83,0 |82,53
83,39 (82,4 82,26 | 82,47 | 81,74 | 81,03 | 79,65 81,6 |81,35|83,07 |78,71 |80,47

2003 82,4 (83,4 (84,0 |88,2 (80,3 |87,6 |86,0 (81,7 |82,2 |81,6 |81,9 |81,47
79,29 80,17 |80,9 |85,67 |77,16 | 84,63 |80,42 78,83 80,58 | 81,13 | 78,55 |78,6

2004 (81,3 |80,7 (79,7 |81,8 |81,9 |81,2 (81,0 |8L,5 (80,5 |79,9 |80,5 |78,9
78,77 | 78,2 77,74 180,07 | 77,16 | 76,77 | 77,29 |78,47 | 77,35 |79,03 | 78,94 | 77,53

2005 |78,3 |78,3 |79,4 |78,67 79,5 |78,7 |78,4 |77,2 |78,2 |77,1 |78,1 |77,67
75,71 177,23 176,87 | 8,83 |76,65|75,7 |75,84 \75,27 |77,77 \77,8 77,03 |77,9

2006 |80,1 [79,5 (77,7 |77,6 |80,1 |80,5 |80,9 (82,0 |80,7 |81,3 |79,3 |77,67
79,94 | 79,87 | 80,48 | 80,07 | 82,52 | 80,43 |80,94 (82,2 |80,61 |82,17 |78,71 |80,97
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Oxonuarnue mabn. 4

Ton Mecsn
| I 111 v A\ VI VII | VIII X X XI XII

2007 |78,8 |76,3 |78,0 |79,4 [79,0 |76,5 |76,1 |77,5 |78,9 |76,7 |77,7 |178,57
79,29 | 78,8 |76,13 78,03 |76,1 |75,23 |73,71 |75,33 |75,55 74,6 |77,0 |77,47

2008 79,2 [79,8 |78,7 |81,2 |82,7 |75,7 |79,1 |79,1 |81,0 |81,5 |81,6 |82,63
78,52 |77,37 |75,74 | 83,3 |84,13 |78,23 |\77,9 79,93 80,58 | 77,63 | 79,19 | 77,73

2009 |83,1 (82,5 (82,0 |82,3 |81,4 |83,3 |84,7 (86,0 (854 |82,4 |82,1 |82,63
79,77 |81,53 82,35 82,7 |82,32 82,3 |80,06 |82,57 83,77 | 80,67 |79,52 | 79,87

2010 |79,3 |81,2 82,0
79,13 178,97 | 80,55

4. PE3YNbTATbI N BbIBOAbI

Taxk Kak HaM JOCTYIHBI CTOJIb JUIUTEIbHBIE HAOIIOACHUSI TOJIBKO OJHOTO MallMeH-
Ta, TO IPOCTO TIPUBEAEM OCHOBHBIE pe3yIbTaThl AaHAIN3A PSIOB CAMOKOHTPOJIS:

* YTpEeHHME U BeuepHUE N3MEPEHUS XOPOIIIO OMUCHIBAIOTCSI HOPMaIbHBIM 3a-
KOHOM pachpele/ieH!sI ¢ COOTBETCTBYIOIIMMU CPETHUM U AUCTIEPCUEI;

*  AaCMMMETpPUS YTPEHHUX PSIOB MOXET 3HAUUTEIbHO MPEBOCXOIUTh aCMMe-
TPHUIO BeuepHUX MaccuBoB, v BeuepHux psamoB CAJl, JAJL u YCC-akcuecc
CpPaBHUM;

* [0 XapakTepy B3aMMOCBSI3U YTPEHHMX U BEUCPHUX IMOKa3aHUM MOXHO CY-
INTh 00 YCTOMUMBOCTU (PYHKUIMOHUPOBAHUSI OPTaHM3Ma M €TI0 MHAWBUIY-
AJIbHBIX CBOMCTBAX;

* B CHEKTPaX YTPEHHUX PSIOB OTCYTCTBYET WIM CJIab0 BhIpaKeHa HelelIbHast
KOMIIOHEHTa, KOTopasl IBHO JOMUHUPYET B CIIEKTPaX BEUSPHUX PSIIOB;

* B TO Xe€ BpeMsI B YTPEHHUX PsIIAX, B OTIMYUE OT BEUEPHUX PSIAOB, YETKO BhI-
nensietcs nepuon T=27,35 oHs1, B CIIEKTpe eXXeTHEBHbBIX yrcea Bonbda Ha-
OJIromaeTcs mepuos B 26,6 nHA;

* B cnekTtpax YCC u atMocdepHOro maBjaeHUSI MPUCYTCTBYET TapMOHMKA
c nepuonoM 37=281,9 nHs.

MoxxHO TOBOpUTH O 0OoJiee PUTMUYHOI padoTe opraHu3Ma K Bedepy U JO-
CTaTOYHO OBICTPOI €ro pejakcaluu K yTpy OT (M3UMUYECKMX HArpy30K, 4TO IOJI-
YEPKUBAETCSI OTCYTCTBUEM HEACAbHOM M MPUCYTCTBUEM <«IYHHOW» KOMIIOHEHT
B yTpeHHUX psaax. Ha BpeMeHHBIX MHTepBajax B HEAeN0 1 Oojiee BO3pacTaeT
ycToiynBoe (PyHKIIMOHMPOBaHME opraHu3Ma. JloctaTouHo MHGOPMATUBHO COIO-
craBiieHue ce3oHHBIX YHCC ¢ AJl. PaccMoTpeHHBIN MaTepuall ToaTBepani 3¢ dex-
tuBHOCTb CKAJI mist BeIOOpA, TP HEOOXOAUMMOCTHU, TUITOTEH3MBHOIO Iperapara
U KoHTpoJid AJl, yTo obecreynBacT HOPMAJIbHYIO KU3HEAESITEIbHOCTh MallueHTa.
ITonoGHbBIE McCIenoBaHUS CTOJIb IJIMTEAbBHBIX M PErYISIPHO MPOBOAMMBIX MEOM-
LMHCKUX HaOJIONEeHMIA, HECMOTPS Ha €OIUMHMYHBIE CIydau, MPEICTaBJIsSIOT HECO-
MHEHHBbI UHTEpPEC.

ABTOpBI CUUTAIOT 1IeJIeCOO0Opa3HBIM MPOBECTU B JaJbHEHIIEM MOAPOOHOE COo-
nocTaBJieHue 0oJjiee TIPOTSKEHHBIX PSIOB CAMOKOHTPOJIS HE TOJBKO ¢ (DOHOBBIMU
JaHHBIMM, HO W JIYHHBIMU ITapaMeTpaMu.
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ANALYSIS OF CHARACTERISTICS OF LONG MONITORING
OF ARTERIAL PRESSURE AND PULSE

0. Isaikina", Y. Kuksa?, I. Shibaev?
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3 N.V. Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation,
Russian Academy of Sciences (IZMIRAN), Troitsk, Moscow, Russia, e-mail: ishib@izmiran.ru

In the given work long supervision are analyzed Systolic arterial pressure (SBP), Diastolic ar-
terial pressure (DBP) and Pulse (heartbeats per minute, HR) taken from a diary self-checking
of the patient with hypertonic disease, on a background of reception pharmacologic prepara-
tions. The pharmacologic preparation was accepted once a day in the morning. Measurements
were carried out from 1997 March, 25, till April, 02.2010 (only 4758 days) twice per day: in the
morning, before reception of a preparation, and in the evening. Morning and evening data the
SBP, DBP and HR are analyzed separately and them estimations are compared to results of
the analysis of daily data atmospheric pressure.
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Statistical estimates of these supervision and their spectral characteristics are received.
Morning and evening measurements are well described by the normal law of distribution with
corresponding to averages and dispersion. Difference of spectrums of morning and evening
series is noted. The spectral harmonic with the period in 7 days is in detail analyzed, typical
for evening data and its modulation. In morning data follows to note display “lunar” com-
ponents with the period T = 27.35 days. Also comparison of researched data to daily series
Wolf’s numbers is carried out, in which the harmonic with the period in 26.6 days is obviously
allocated. Spectrum of pulse and atmospheric pressure contain the period 37=81.9 days.

The seasonal behavior of pulse and arterial pressure are given in work, and also monthly
average data of self-checking in thirteen years in a tabular look are presented. The considered
material confirmed efficiency of self-checking for a choice of a hypotensive preparation and
control the BP that provides normal activity of the patient. Similar researches, despite isolated
cases of so long and regularly carried out medical supervision, represent doubtless interest.



BNUAHWE TEOMATHUTHON OBCTAHOBKW HA MOKA3ATENN
CYTOYHOI0O MOHUTOPUPOBAHUA INEKTPOKAPAUOTPAMMDI
Y bOJIbHbIX C NOCTUHOAPKTHbIM KAPAUOCKNEPO30M

J1. M. Mapgpéoea, 10. M. ypcpurikens -2, E. A. Mumpogpanosa®, A. /1. Bacun '

! HayuHbin KnuHnYecknin LeHTp OTKPbITOrO akKLMOHepHOro obulecTBa «Poccuinckune

»enesHble goporu» (HKL OAO PXK[1), Mockea, Poccus, e-mail: luvadins@mail.ru
2 NHCTUTYT KOCMmueckux nccnegoBaHun Poccuinckon akagemun Hayk (MK PAH)

3 NHCTUTYT 3eMHOro MarHeTnama, MoHocdepsbl 1 pacnpocTpaHeHVA PagnoBOJIH
nm. H. B. Mywkosa Poccunckon akagemun Hayk (M3MUPAH), Tponuk, Mockea, Poccua

Ha cerogusmramii AeHb BO MHOTHX CIIydasiX OCTa&TCs HESICHBIM, UTO SIBJISIETCS WHU-
LUUPYIOIIMM MOMEHTOM, Ollarogaps KOTOpOMY HIleMHUdecKasi 00JIe3Hb cepila,
MpOTeKaroIas 10 OINPeaeIEHHOTO BpeMEH! JIaTeHTHO, Peau3yeTcsl B OCTPBIM KO-
POHAPHBIN CUHAPOM WIM B MH(MAPKT MUOKapaa. BiusgHue BHeIIHeH cpenbl, B TOM
qucie TeOMarHUTHOTO (pakTopa, Ha pa3BuUTHE (paTabHBIX apUTMMI, BHE3aITHOM
CMEPTHU, B CHITY CEPhE3HBIX TEXHUIECKUX 3aTPyTHEHUI TTOKA HETOCTATOUHO M3YIEHO.

Hamm npenBapuTenbHBIE WCCAEIOBaHUS ITOKA3alid, YTO BJIWSHUE TeoMar-
HUTHBIX BO3MYIIEHHIT Ha 3IOPOBBIX JOOPOBOJIBIIEB BEIPAXKAETCSI KaK B HEKOTOPOM
VXYIOIIEHUU WX TICUX0(MU3NOJIOTHIECKOTO CTaTyca, PeOJOTUIECKIX CBOMCTB KPOBH,
B cucteme Mukpouupkyasuuu [Gurfinkel et al., 1995], Tak 1 B HEKOTOPOM YBEIU-
YEeHWM KOJIMYECTBA HAPYIICHUM CepAeTYHOTO PUTMA, Yallle HaKETyIOUYKOBOI 9KC-
TPACUCTOJIUM (B 1IEJIOM, He BBIXOAAIINX 32 HOPMY).

M3 32-x uccnenoBaHHbIx nanyeHToB ¢ MBC HapyllleHUsT cepaeyHOro putMa
npu 24-gacopom DKI'-MOHUTOpMpPOBAaHMY BO BpeMsI T€OMAarHMTHBLIX BO3MYILIEHUN
3aperucTpupoBaHbl y 22. HeboJblive cIBUTM B MIOKAa3aTeIaX OTMEUEHBI y 8 Yeno-
BeK. 3HaUMMBbIe U3MEHEHUS Y 9, 3HAUNTEIbHBIC CABUTH TTOKa3aTesieil y 7 4eJloBeK.

PesynbTaTel MccenoBaHN KOCMMYECKOM TTOTOABI, M B YACTHOCTU T€OMAarHUT-
HOI 00CTaHOBKM, HAa BO3HMKHOBEHME HapYIICHWI CepIeYyHOrO pUTMa B PSfe CIIy-
YyaeB HOCSIT MPOTUBOPEUMBHIN xapakrep. [1o manHbIM [Stoupel, 1999] koamyecTBO
BIM30/I0B KEIYIOUYKOBON TaXWKapaWHW B TEPHUOALI BO3MYIIEHHOM TeOMarHUTHOM
00CTaHOBKM TOCTOBEPHO YBEIMUUBAIIOCH TTO CPABHEHUIO CO CITOKOMHOI 0OCTaHOB-
koit. OnHako y 211 Kapauoaoruyeckux 0OJIbHBIX C HAKETyIOUYKOBOM 1 XKETya04-
KOBO1 9KCTPacUCTONIME TOCTOBEPHOM Pa3HUIIBI B YaCTOTE apUTMUI TIPpU pa3and-
HBIX YPOBHSIX TEOMarHUTHOM aKTUBHOCTH He OBIJIO 00HAPYKEHO.

LEJIb

Llenbo HACTOSILLIETO MCCICAOBAHMSI SIBJSUIOCHh BBISIBICHUE B3aMMOCBSI3U KOJUYe-
CTBA KEJIyJIOUYKOBBIX HapyIIEHUI CEpAeYHOro puTMa ¢ T€OMarHMTHOM OOCTaHOB-
KO B IIEpMOJ XOJTEPOBCKOro MoHUTOpHUpoBaHus DKI' y 00JbHBIX MIIEMUYECKOMN
00JIe3HBIO Cepjlla, paHee IepeHECIIUX MHPapKT MUoKapaa (¢ MOCTUHMaPKTHBIM
KapJIMOCKJIEPO30M).

MATEPUWAJT U METOb

Bce maumeHTHI ObLIM pas3gcjJICeHbl Ha 4 TpymnIibl B 3aBUCUMOCTU OT T€OMarHUTHOM
00CTaHOBKM Ha MOMEHT IPOBEOCHUA XOJITCPOBCKOIO MOHUTOPHUPOBAHMA.
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CytouHoe MoumTopupoBanre DKI mpoBommiIoch ¢ MOMOIIbIO KOMITIEKCa
XoJTepoBckoro MmoHnutopupoBanus (Poccu) B mepuon ¢ 2005 o 2009 r.

Hamu opumn uccnenoBanbl 180 6onbHBIX B Bo3pacte oT 39 mo 82 ner. CpenHuii
Bo3pact 66%10,1 ner. INpoBoguica aHanu3 cyrouyHoit 3anmucu DKI malmeHTOB,
HaXOIIIMXCS B KIWHUKE, Ha (DOHE Pa3IMIHOTO COCTOSIHUS MAarHUTHOTO ITOJIS
3emiu. JlaHHBIE MArHUTHOW OOCTAHOBKM OBIIM TIPENCTaBICHBI COTPYTHUKAMU
M3MUPAH.

B Hammx wcciienoBaHUSX MBI MCITOJNB30BAIM 3-4acoBble K-MHIEKCH 3a Ire-
PUOJ XOJITEPOBCKOIO MOHUTOPUPOBaHMS B TedeHue 21 4 ¢ 12 4 ytpa u 10 9 4 yTpa
CJIeIYIOIIETO THS.

W3 180 3ammceit monnropupoBanus DKI' 64 mpousBomminck Ha (GoHe CIIO-
KOMHOTO COCTOSTHASI MATHUTHOTO TOJIA 3eMiTn, 44 3aITMCH — B CIA00BO3MYIIIEHHOM
o0craHoBKe, 45 — Ha (hoHE BO3MYIIEHHOW OOCTAHOBKM U 27 — BO BpeMsI MarHUT-
Hol Oypu. AHamm3 cyrouyHoit 3armmcu DKI (1o Xonrepy) BKIIIo9an mMcciieIoBaHUE
KOJINYECTBA XKEJIyIOUKOBEIX 3KcTpacucToa (2KD). IIpu aHanmse yduThIBaIOCh KO-
quyectBo nauueHToB ¢ KO 11, III u IV cr. (rpamamus XelyIoYKOBBIX 3KCTpacH-
croi no JlayHy, 1971): yacteiMu MoHOTOTIHBIMU 2KD — cBbilie 30 3KCTpacucToI 3a
J060I Yac MOHUTOPHUPOBAHUS; TIOJUTOITHEIMU KD, MapHBIMU 3KCTPACUCTOIAMMU,
rpynmnoBbiMu 2KD.

PesyibTathl cciieqoBaHMS TIPEICTaBICHBI B TaOJIUIIE.

PacnipeneneHye manueHTOB € XKETYT0UYKOBBIMU
HapylIeHUSIMU pUTMa 10 TpyInam

TeomarnntHas | Cpennuii Cpennee KonmnyecTo IIpouent Goabbix ¢ 11, 111,
00CTaHOBKA Bo3pact | KoamdecTBo 2KD/4 | Goabnbix ¢ II, I1I, | IV ct. 2KD no JlayHy ot o6mero
Ha 1 6oJbHOrO IV cr. KD no Jlayny KOJINYeCTBA 0OJIbHBIX
CriokoiiHas 6719,7 53 14 21,8
(N=064)
Cna6o Bo3- 67+13 19 8 18
MYIIEHHAs
(N=44)
Boamymiénnas | 65+9,8 68,6 13 28,8
(N=45)
MaruutHas 66+7,3 95 8 29,6
oypst (N=27)

PE3YJIbTATbl UICCNTEQOBAHUN

CrartucTryeckoe pacripeneieHre TokKasaTeneil 2KB HOCUT MOJMMOTANBHBIN Xa-
paktep. IToaTomMy BEIOOpPKa OBLIa pa3gelieHa Ha OBE 4acTU. B IepByio BBIOOPKY
(BrIOOpKa 1) BOIIM JaHHBIE IMAIIMEHTOB, Y KOTOPBIX 3HaUYeHMsT KD ObLIM B HOP-
Me. O0béM BBIOOpKM OKasajcs n, = 80 (3HaueHue siorapudpma KO menee 3,5).
OcranbpHbIE JaHHBIE BOILJIM BO BTOPYIO BBIOOPKY (BbIOOpPKa 2). JlanbHelmii aHa-
JTM3 TIPOBOIMIICS TI0 00enM BbIGOpKaM. [IpoBepKa KPHTEpHsl COIIACHS X> O HOP-
MaJTbHOCTH paclipeneiecHns JiorapudMoB 3HadeHnit KD TomTBepmmia JOTHOP-
MajJbHOE pacmpeneieHue ¢ ypoBHeM 3HaumMocTu p < 0,01 nma BweiOOpkwm 1
u p<0,05 o1 BEIOOpKM 2.
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JIst 06enx BEIOOPOK HAOMOAaeTCs KaK yBeJIUUeHNE BapbUPOBaHMsI, TaK U BO3-
pactaHue aucrepcuu AaHHbIX Tipu yBeaudeHuu K-unpekca I'MII. Haubosbinee
paziuuue MexXay Ipynrol JaHHbIX HaOJonaeTcsl B BBIOOpKE 2 MEXIy ciabo BO3-
MYIIEHHBIM T€OMAaTHUTHBIM TTOJIEeM M JaHHBIMU B TIEPHOJ MarHUTHOUM Oypu. DTH
JaHHBIE TOCTOBEPHO OTIMYAIOTCS MpHM ypoBHe 3Haummoctu p<0,05. Pazmmums
MEXIy IpYTMMM IpyrraMu BbIOOpKHU 2, Ha ypoBHe 3HauuMoctu 0,05 He mocToBep-
Hbl (p>0,05).

HccnenoBaHne BBISIBIIIO, YTO B MEPHOI CITOKOWHOI T€OMarHUTHOM 0GCTaHOB-
KM KOJIMYECTBO XKEJIYIOUKOBBIX 3KTomMuyeckux cokpameHuii (ZKODC) B nepecuére
Ha 1 mamumeHTa 3a cyrku coctaBmwio 1109. B mepuon ci1abo BO3MyIIEHHOI reomar-
HUTHOI OOCTAaHOBKU CpeaHee KOJIWYECTBO KETYTOYKOBBIX IKTOMMYECKUX COKpa-
IeHU 3a CyTKM Obuto 394 Ha omHoro ucciegyemoro. Ilpyu Bo3MyIIEHHOI Treo-
MarHUTHOI OOCTaHOBKE IOKa3aTeJau ObUIM COOTBETCTBEHHO 1440 XeIymOuKOBBIX
SKTONMMYECKUX COKpalleH!i. Bo BpeMss MarHUTHOM OypH OBIJIO BEISIBICHO B Cpell-
HeM 1995 XeJlynouKOBBIX HapylleHUi puTMa B repecuére Ha 1 mauueHTa (puc. 1).
KonmnuecTBo GOMBHBIX ¢ OMACHBIMUA BUIAMU HapYIICHWM XeTyTOYKOBOTO pUTMa
(IV cT1. rpagauuu no JlayHy) B IpOLIEHTHOM OTHOIIIEHUHU OT OOILIero yrcia uccie-
JOBAaHHBIX B YCJIOBUSAX MarHUTHOM OYpW M B YCIOBUSIX BO3MYIIEHHON TeOMarHUT-
HOI 00CTaHOBKM Bo3pacTano (puc.2). CpenHee KOJIMYECTBO KETYIOYKOBBIX DKC-
TPACUCTOJI B YaC Ha OTHOTO OOJIBHOTO OBIJI0 HAUOOJBIINM B YCIOBUSIX MAaTHUTHOM

oypu (puc. 3).

OBCYXOEHWE PE3YJIbTATOB

B cratbe [Chernouss et al., 2001] uaeHTHbUIIMPOBaHA TPYyIIa 0COOCHHO YYBCTBH-
TeJbHbIX K F€OMarHUTHbIM BO3MYIIEHUSIM JIIOIE, KOTOpble OTBEYalOT aKTUBa-
yell CUMIIaTUYECKOTO OTIelia BereraTuBHOU HepBHO cucteMbl (BHC) Ha poct
K-mHmekca (reomMarHuTHBIE BO3MYIIEHHUS), M TeX, KTO OTBEYAET aKTUBAILIMEH IIpe-
MMYIIeCTBEHHO Mmapacumiatudeckoro otneiaa BHC. B imrepatype HakoruieHa MH-
(opManus o BIMSHUY Ha BOSHUKHOBEHUE U TIOAIEPKaHNE apUTMHUIA TyMOPaTbHBIX
(hakTopoB [I3u3uHcKuii u ap., 1999] B yacTHOCTU O POJIU B NATOreHE3e apUTMUM
cepaua HeactepupuIMpoBaHHBIX XUPHBIX KuciioT (HOXKK), apnsmommxcst aHep-
TeTMYECKMM CYOCTpAaTOM MMOKApAa M COCTOSTHUSI CHUCTEMBI TEePEeKUCHOTO OKMC-
nenus aununoB [Baxmses u ap., 2000]. IToeinenne konueHrpauny HOXKK npu
MBC cBA3BIBAIOT C BHICOKOM CUMIIATUIECKOM aKTUBHOCTBIO. B Mozessix Ha XXUBOT-
HBIX OBIJIO TTOKA3aHO, YTO IOBBINIIEHNE aKTUBHOCTH CUMIIATUIECKOW HEPBHOM CH-
CTEMBI TIPY WIIEMUH MHOKApaa IMPUBOIUT K BOSHUKHOBEHMIO XETYITOYKOBBIX Ha-
pYIIEHWIT pUTMa, B TO BpeMsT KaK BO3pacTaHMe aKTUBHOCTH IapacUMIIaTHIeCKOM
HEPBHOU cucTteMbl 06J1agaeT NpoTeKTUBHBIM 3dekTom [Schauerte, Sherlag, 2000].
B pab6ote [Stoupel, 1999] Ha ocHOBaHMM OOIIMPHBIX COOCTBEHHBIX HAOMIONE-
HU TIPOIEMOHCTPUPOBAHO, YTO HECMOTPS Ha IpeobiiagaHue ciiydaeB MHQapKTa
MMOKap/a IepeaHeil CTEHKH JIEBOTO KeJIyJ0uKa BO BCE MIEPHOILI, 33 NCKITIOUCHUEM
caMOl CITOKOWHOI TreOMarHUTHON OOCTaHOBKH, (KOTIa MpeobiiamaloT ciaydad 3a-
nHeHxkHero MM), B mepuoasl BeicoKoii I'MA OBLIO 3aperucTprupoBaHO 3aMETHO
Gomblne cyyaeB mH(papKTa MUOKapa mepeaHell CTeHKH JIEBOTO XeTymToJKa.
M3BecTHO Takke, YTO JieBas KOpOHApHas apTepus, KOTopas KpOBOCHaOXKaeT
TepEeTHIONI0 1, B OOJBIIMHCTBE CIydaeB, 60KOBYIO cTeHKY JIZK perymmpyercst cumma-
TUYECKUM OTIEIIOM BEereTaTUBHOM HEPBHOM crucTeMbl. [IpaBass KopoHapHast apTepus
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KPOBOCHA0XAaeT MPEUMYIIECTBEHHO 3aIHEHXKHIOI CTEHKY JIEBOTO KEIyJo4ykKa
U PETYJINPYETCST KaK CUMIIATUYECKUM, TaK U napacuMiarudeckum otaeiaom BHC.

BrickaswiBatorcs mpeamoioxkenus [Stoupel, 1999], yro HabmOmaeMbie M3Me-
HEHUSI B YPOBHSIX HEKOTOPHIX HEMPOTrOPMOHOB U MEIMATOPOB, TUIIA CEPOTOHWHA
WA DHAOTEJINHA, CBSI3aHHBIE C T€OMAarHUTHOM aKTUBHOCTBIO, MOTYT OBITh YaCThIO
MOCTa MeXIy MOP(MOJIOTMYeCKUMU U3MEHEHUSIMU CEPAECYHOCOCYIUCTON CUCTEMBI
U TAKUMU BTOPUYHBIMU MECTHBIMU U OOLLIMMHU OCJIOKHEHUSIMU KaK TPOMOO3 U He-
CTaOMJIBHOCTh apTepUalibHOM OJISIIIIKY, Ba30Ca3M, cepaeyHast apuTMHUs (BKITIOUast
OCTaHOBKY Ceplia).

Bce BollIen3ioxkeHHbIe (DaKThl MMO3BOJISIIOT OOBLICHUTh MOJIydeHHBIE B HAIlEM
HCCIIENOBAHUM PE3Y/IbTaThl, CBSI3aHHbBIE C TEHAECHLIMEN K YBETMUECHUIO KOJIMYECTBA
KeJTYIOUYKOBBIX SKCTPACUCTOJ B Tiepuoasl ' MA, mperMyleCTBEHHOMN aKTHBaLei
CUMITATUYECKOTO OT/JEejIa BETeTaTUBHOUM HEepBHOM cucTteMbl. OMHAKO OCTaEéTCsT OT-
KPBITBIM BOIPOC O BO3MOKHBIX MEXaHU3Max, MPU MOMOIIY KOTOPhIX U3MEHEHUS
COJIHEUHBIX U Teo(dU3MUYECKUX IMapaMeTPOB OKAa3bIBAIOT BJIMSIHUE HAa COCTOSIHUE
CEePIeIYHOCOCYTUCTOM CUCTEMEL.

BbIBObl

1. Haubosblee KOJMYECTBO XKEJIYyTOYKOBBIX SKTOMUYECKUX COKpAIeHUI
BBISIBJICHO Y IMAllMEHTOB, YbM 3aIIUCH CYTOYHOM 3JIEKTpPOKapAuOrpaMMBbI COBITAIU
¢ TeproJaMu TeOMarHUTHBIX Oypbh U BO3MYIIEHHOW F€OMarHUTHON OOCTAaHOBKOIA.
HaumMeHblllee 4MCIO 3KETYAOYKOBBIX SKTOMUYECKUX COKpallleHWI HaOIomanioch
y MallMeHTOB B NIepHO/ cJ1a00BO3MYILIEHHOI reOMarHUTHOM OOCTAaHOBKM.

2. B crnokoiiHO#i reoOMarHUTHON OOCTAHOBKE XXETYAOUYKOBBIX SKTOMUUYECKUX
COKpallleHUIi 0Ka3ajJoch 0OJIbllie, YeM B MEpPUO CIab0BO3MYILIEHHON reOMarHuT-
HOIf 0OCTaHOBKHM.

3. YcraHOBJIEHO OCTOBEpHOE pas3lIMuMe MeXTy TIpyNIlaMy IallueHTOB, 00-
CJIeIOBAaHHBIX B MEPUOJ MarHUTHON OypH U €1a00 BO3MYILIEHHOTO reOMarHUTHOTO
nosst (p<0,05). Takke BbIsiBIeHA TEHACHLMS K MPeoOIaTaHUI0 KOJIUYECTBA KeIy-
JOYKOBBIX 9KTOIMMYECKUX COKPAIICHUI Y MallMeHTOB, CTPaJaOlIUX UILIeMUYeCKOM
00JIE3HBIO cepilla C MOCTUH(MAPKTHBIM KapAWOCKIEPO30M B MEPUOJA CIOKOWHOM
reOMarHUTHON OOCTAaHOBKM Hall UX KOJWYECTBOM B IMEpHUO[ CJ1ab0 BO3MYILIEHHOM
reoMarHUTHO# 00CTaHOBKH TMpU ypoBHE 3HaUMMOCTH p <(0,2.
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VENTRICULAR ECTOPIC ACTIVITY IN PATIENTS WITH CORONARY
HEART DISEASE IN DIFFERENT GEOMAGNETIC CONDITIONS

L. M. Parfenova’, Y. 1. Gurfinkel *, E. A. Mitrofanova, A. L. Vasin'

! Scientific Medical Center JSC “Russian Railways», e-mail: luvadins@mail.ru
2 Space Research Institute, Russian Academy of Sciences (IKI RAN), Moscow, Russia

3 N.V. Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation, Russian
Academy of Sciences (IZMIRAN), Troitsk, Moscow, Russia

There are only several publication devoted the influence of solar and geomagnetic activity on
disorders of heart rhythm [Stoupel et al., 1999; Gurfinkel, 2004]. However this theme is very
actual both for applied medicine and for scientific approaches because some kinds of heart
rhythm disorders cold be very dangerous for the human health.

The aim of this study was to determine the relation between ventricular ectopic activity
(VEA) and geomagnetic conditions in patients with coronary heart disease (CHD).

Patients and methods. We studied records of 24-hours electrocardiogram (Holter moni-
toring) in 180 CHD patients with myocardial infarction in history in age from 39 till 82 years
(66x10.1 years) performed during the period from 2006 to 2009 years. The obtained data has
been compared with geomagnetic indices delivered by Institute of Terrestrial Magnetism,
Ionosphere, and Radio Wave Propagation RAS, Troitsk, Russia. The K-indices for every
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3 hours for the period of Holter monitoring were used. At the time of the study neither the pa-
tients nor the doctors who conducted the analysis the records, did not have information about
geomagnetic field conditions. Patients have been divided into 4 groups depending on what
geomagnetic conditions existed at that time when 24-h records were performed. The signifi-
cant differences in age between the groups were not found.

We defined average quantity of VEA episodes per one patient for each period of geo-
magnetic condition. Values of quantity of VEA episodes during different geomagnetic condi-
tions after taking the logarithm compared using two-selective t-criterion of Student method.
Results are presented as mean=SEM, p values <0.05 were considered statistically significant.

Results. On the average 1995 episodes of VEA belong to one patient within 24 hours have
been revealed in patients, whose records coincided with the periods of geomagnetic storms,
and an average values were 1440 VEA per one patient for this period. Minimal quantity of
VEA — 394 episodes was found for weak geomagnetically disturbed condition: In a quiet geo-
magnetic condition VEA episodes appeared more often than in periods with weak disturbanc-
es: —1109. Statistical significance of VEA episodes between groups of the patients coincided
with periods of geomagnetic storms and week disturbances of geomagnetic conditions was
found (p<0.05). It was revealed the tendency to prevalence of VEA episodes quantity at pa-
tients in a quiet geomagnetic condition over VEA episodes quantity in weakly disturbed con-
ditions at the level of statistical significance: p <0.2.



GEOMAGNETIC STORM’S INFLUENCE ON ELECTRIC POTENTIALS
OF A HUMAN CEREBRAL CORTEX
0. B. Novik, F. A. Smirnov

N.V. Pushkov Institute of Terrestrial Magnetism, lonosphere and Radio Wave Propagation,
Russian Academy of Sciences (IZMIRAN), Troitsk, Moscow, Russia,
e-mail: fasmirnov-1@mail.ru

The electro-neurophysiological effect of geomagnetic storms was observed by us for a group
of 13 students (practically healthy girls and boys from 18 to 23 years old). To control the main
functional systems of the men under investigation, their electroencephalograms (EEG) were
being registered along with electrocardiograms, respiratory rhythms, arterial blood pressure
and other characteristics during a year. According to the EEG investigations during imple-
mentation of the proof-reading test in absence of magnetic storms, the values of the coher-
ence function of time series of the theta-rhythm oscillations of electric potentials of the fron-
tal and occipital parts of the head belong to the interval [0.3, 0.7] for nearly all of the students
under investigation. (As the proof-reading test, it was necessary to choose given symbols from
a random sequence of ones demonstrated at a monitor and to enter the number of the symbols
discovered in a computer).

Let us formulate the main result: by implementation of the same test during a magnetic
storm, 5 < K < 6, or no later then 24 hours after it (the data of the IZMIRAN regarding the
space weather were used), the values of the coherence function of time series of the theta-
rhythm oscillations of electric potentials of the frontal and occipital parts of the head of all
of the students of the group under consideration occurred to be decreased considerably: 2 to
3 times or more including the case with zero coherence after a magnetic storm. The usual co-
herence function values were being registered, typically, about 48 hours after the magnetic
storm.

Comparison of two sets of time series of oscillations: a) the set of time series measured
without a magnetic storm and b) the set of time series measured under its influence, regardless
an individual, demonstrates the same result: a distinctive decrease of coherence of the theta-
rhythm oscillations of electric potentials of the frontal and occipital parts of the head by a
magnetic storm. By the EEG measurements with closed or open eyes, but without a func-
tional load on the brain in the form of the proof-reading test, a distinctive decrease of the co-
herence function was not observed during a magnetic storm as well as for pairs of points from
other parts of the head (see above) or other rhythms.

INTRODUCTION

Navigation, communication, transport, electric energy distribution and other tech-
nological processes and systems (gas and oil pipe-lines) were being damaged by geo-
magnetic storms. It is hardly possible to suppose that electromagnetic (EM) process-
es of a human brain are independent of powerful EM disturbances of the magneto-
sphere-ionosphere plasma, including geomagnetic storms, caused by solar activity.
But technologies, with their increasing completeness, scale, economic and social im-
portance, are controlled by men and their functional systems are not protected from
helio-geophysical dynamics [Breus, Rappoport, 2003; Chyzhevsky, 1995; Novik,
Smirnov, 2007, 2008a, b; Smirnov, 2007; Vladimirsky et al., 2004).

We are trying to clear out whether is it possible to get numerical characteris-
tics of the moderate geomagnetic storm’s (these events are more frequent as com-
pared with the strong geomagnetic storms) influence on a human brain using stan-
dard measurements of electroencephalograms (EEG) and mathematical processing
of the recorded time series of oscillations of electric potentials of the cerebral cortex
of healthy young volunteers, by usual conditions of their life (students), i.e. without
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hospital isolation and possible changes of their psycho-physiological state due to un-
usual, from their viewpoint, testing (see below). Standard methods are preferable at
this stage because their properties, including artifacts, are known better.

The Holter monitoring approach to the ECG (electrocardiogram) measure-
ments was used by S.V. Pobachenko and A.G. Kolesnik in the case of EEG mea-
surements to establish influence of helio-geophysical conditions, including ones
of the Shuman resonator, on dynamics of the amplitude and frequency param-
eters of EEGs of the volunteers aged 20...55 years without expressed pathologies
[Pobachenko, Kolesnik, 2012]. Whereas these authors compared the characteristics
of the geophysical EM field and ones of a brain (see [Merzlyy et al., 2012]), as well),
we investigated changes of correlations between the EEG time series caused by mod-
erate geomagnetic storms.

We shall use the term ‘background’ recordings (or EEGs, cartograms, data etc)
for measurements made without influence of a magnetic storm, i.e. its absence dur-
ing the day of measurements and two days before. The term ‘storm’ recordings (or
EEGs, cartograms, data etc) will be used in an opposite case.

In the paper [Babayev, Allahverdyeva, 2005], for a group of healthy adult women
in the states of relax, in photo-stimulation, and in the process of a hyperventilation,
(conditions of an isolated room or hospital were used), the qualitative visible differ-
ence between background EEGs, cartograms, characteristics of the blood, on the
one hand, and the same storm data, on the other hand, was demonstrated, for the
case of major geomagnetic storms. Medical estimations of the changes under influ-
ence of geomagnetic storms were formulated.

We are trying to answer question about a moderate magnetic storm’s influence
on a human brain (see above) in the following quantitative sense. We construct a
function with numerical values, determined on sets of EEG recordings. If the values
of this function are different for the set of the background recordings and the set of
the storm recordings, we conclude that there is influence of geomagnetic storms on
a brain. Intensity of influence may be characterized as the difference of the values of
the constructed function on the set of the storm recordings and the set of the back-
ground recordings.

METHOD OF MEASUREMENTS

The electroencephalograms (EEG) were being registered for a group of 13 practi-
cally healthy girls and boys, 18 to 23 years old, during a year. Duration of every EEG
investigation by open eyes and by closed ones was 2 minutes, whereas duration of
every investigation by the implementation of the proof-reading test in absence of a
magnetic storm or under its influence was 15 to 30 minutes. The electroencephalo-
graph “Neuron Spector” (in Russian) with eight channels was used. The left group of
four active electrodes were measuring the electric potentials (in regard to the lobe of
the left ear were a passive electrode was located) of four points of the left part of the
head: the first point was at the forehead, the second one at the sinciput, the third at
the temple, and the fourth at the back of the head (occiput). The right group of four
electrodes was measuring the electric potentials (in regard to the lobe of the right ear)
of the symmetric points at the same parts of the head but above the right cerebral
semi-sphere. The data of IZMIRAN about dynamics of the geomagnetic field were
used. To control the functional state of the men under test, the respiratory rhythmes,
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arterial blood pressure and other characteristics, along with electrocardiograms, were
registered and any considerable deflections were not observed. As the proof-test, ev-
eryone from the group tested was given the lines of random symbols at the monitor of
a computer and an unlimited time interval to find two prescribed symbols from these
lines. Everybody was known that the time interval for searching is unlimited. So, the
additional stress connected with the estimation that the time interval is too short for
the true determinations, was excluded. The volunteers were not known about suc-
cess or errors of determinations during the test, though the results were registered by
the computer. As well, they were not informed that the EEG measurements are con-
nected with geomagnetic storms and were unknown about geomagnetic prognosis, to
avoid the special state of expectation of the geomagnetic storm influence.

We considered the brain electric potential oscillations combining two points lo-
cated in the parts of the head mentioned. So, we choose two time series of oscilla-
tions of electric potentials: a) for the forehead point and b) for the occiput point (the
point at the back part of the head, see above), both of the points being located above
the left cerebral semi-sphere. Other pairs of points for this semi-sphere was chosen
from another pairs of the parts of the head mentioned. The choice of the pairs of
points for investigation of the electric potential oscillations for the case of the right
semi-sphere was the same as for the left one.

TWO APPROACHES TO THE PROCESSING OF THE MEASURED DATA

Aiming to answer the question about influence of a magnetic storm on the brain
electric potential oscillations, we compared the time series of oscillations in presence
a magnetic storm of everyone investigated with the same his (her) oscillations with-
out a magnetic storm (below, we describe the characteristic of oscillations occurred
to be available for similar comparison). This approach may be regarded as the indi-
vidual one. By this approach, the EEG of everyone under investigation must be mea-
sured both in presence of a magnetic storm and without it.

On the other hand, we have two sets of time series of oscillations: 1) set A of
time series measured without a magnetic storm (background recordings) and 2) set B
of time series measured in presence of a magnetic storm (storm recordings), regard-
less to an individual. Surely, by this approach, every EEG (of a proper quality from
the viewpoint of the EEG practical standards) may be included in the set A or B
and therefore in the investigation. Let us regard this approach as the set’s approach.
In other words, a wider total set of the EEG’s may be used in this case. We shall show
there is a number (let us denote it by PCDC, i.e. the part of cases of decreased co-
herence, see below), which may be determined for both of sets A and B and occurred
to be changing distinctively under a magnetic storm influence (Figure).

THE RHYTHMS AND COHERENCE FUNCTION OF TIME SERIES
OF OSCILLATIONS OF ELECTRIC POTENTIALS OF THE CEREBRAL CORTEX

An analysis of the EEG electric potential recordings includes usually extracting of
the following five modes of electric oscillations, typical for bioelectrical activity of
a brain and known in neuro-physiology as rhythms: 6-rhythm (f=0.5...3.9 Hz,
A=20 uV), denoted by D at the diagram below; 0-rhythm (f=4...7.9 Hz, A=20 uV),
denoted by T; a-rhythm (f=8...13 Hz, A=15 uV), denoted by A; B-low-rhythm
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by the proof-reading test implementation (see the text) is written under every group of four
diagrams
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(f=14...19.9 Hz, A=5 uV), denoted by BI; B-high-rhythm (f=20...35 Hz, A=5 uV),
denoted by Bh; here f'is the frequency and A is the amplitude. To characterize the
co-ordination of the electric potential oscillations of the forehead (Fp) and occipital
(O) points of the left (1) cerebral semi-sphere (resulting notation is Fp1O1), we used
the coherence function for oscillations in every oscillatory rhythm mentioned. The
height of a rectangle at a diagram is equal to the value of the coherence function of
the time series of oscillations in the rhythm shown at the bottom of a rectangle. In
other words, according to the main property of the coherence function we character-
ize the co-ordination of the electric potential oscillations of a pair of points of the
head by five coherence functions, according to the five basic rhythms, and visualize
the numerical result using the five rectangles at the diagrams for the pair of points
under consideration. So, the coherence function values (CFV) for every rhythm
without a storm (index of the cosmic weather Kp<2) are shown in the left column
for the left (the upper diagram Fpl1O1) and for the right (lower diagram Fp202)
semi-spheres, whereas the same results but under a storm influence (Kp=>5 or 6) are
shown in the right column.

THE MAIN RESULT IN TERMS OF THE INDIVIDUAL APPROACH

At similar CFV diagrams measured during the proof-reading test implementation,
the CFYV for the low-frequency rhythm T is decreased considerably (rather approxi-
mately, half as many, in most of the computed cases) during or after (up to 24 hours)
the end of magnetic storms, both for the left and right forehead-occipital pairs. The
only case of absence of decrease of the CFV for the left semi-sphere may be inter-
preted as a stage of the asymmetric process of rehabilitation of the functional state of
the brain during 24 hours after beginning of the geomagnetic storm (see the diagrams
before the letter E). Typically, a distinctive decrease or increase of the forehead-oc-
cipital CFV for all of the higher frequency rhythms A, Bl, Bh is absent, though this
decrease is seen at separate diagrams. Variations of measured data for different vol-
unteers, especially the case of decrease of the CFV up to zero (see diagrams), and,
therefore, the corresponding disorder of electromagnetic processes of the brain, may
be considered as a reason to choose those for the control of complicated technologi-
cal systems (see the Introduction) whose negative neurophysiological reaction, gen-
erated by a geomagnetic storm, is minimal.

THE MAIN RESULT IN TERMS OF THE SET'S APPROACH

We considered 26 coherence function values (CFV) corresponding to 13 Fpl1O1 and
13 Fp202 O-rhythm channels measured by a magnetic storm (Kp>5) during the
proof-reading test implementation and determined the part of cases of the decreased
coherence (PCDC), i.e. the part of cases when the CFV < 0.2, where 0.2 was chosen
as a threshold (i.e. maximal) value of the coherence function regarded as a decreased
value. We obtained 22 cases of decreases of the CFV’s, see the left (first) column of
the Table. Then we used 0.3 as the threshold value of the coherence function and
the CFV < 0.3 were regarded as decreased ones. We obtained 24 cases (from the to-
tal 26) of the decreased CFV’s by this higher threshold (2-nd column). The mean
CFV=0.2 by a magnetic storm (3¢ column).
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PCDC,Kp>5 | PCDC,Kp>5 | Mean CFV, PCDC, Kp<5 | PCDC, Kp<5 Mean CFV
Thresh. 0.2 Thresh. 0.3 Kp>5 Thresh. 0.2 Thresh. 0.3 Kp<5
22/26 24/26 0.2 5/24 10/24 0.4

During the same test but without a magnetic storm (Kp <5) the PCDC=5/24
by the threshold of 0.2 (4™ column) and 10/24 by the threshold of 0.3 (5-th column),
whereas the mean CFV=0.4. So, the decreases of the CFV’s occur more often by
geomagnetic storms then without them. In other words, the PCDC is the function
with numerical values, determined on the sets of the EEG recordings, and the val-
ues of this function are different for the background and storm sets of the EEG re-
cordings. As the synonymous, the PCDC-function distinguishes the background and
storm sets of recordings (see the Introduction).

CONCLUSION

In terms of both the individual and set’s approaches, a moderate geomagnetic storm
at the latitude of Moscow decreases considerably (typically, half as many for a group
of healthy boys and girls of 18 to 23 years old) the coherence function values of the
brain electric potential 6-rhythm oscillations for the forehead-occipital pair of the
points of the head during the proof-reading test implementation. The distinctive ef-
fect was not observed without any of the conditions mentioned.
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BIUAHNE MATHUTHbBIX bYPb HA JNNEKTPUYECKWE NOTEHLIUANDI
KOPbl r0/I0OBHOTO MO3IA YENOBEKA

0. b. Hosuxk, ®. A. (MupHos

WNHCTUTYT 3eMHOro MarHeTnu3ma, MoHochepbl U pacnpoCcTpaHeHUs pagnoBosH nm. H. B. Mywkosa
Poccuiickor akagemun Hayk (M3MUPAH), Tpounuk, Mocksa, Poccus, e-mail: fasmirnov-1@mail.ru

PerucrpupoBanvch 1 aHaIM3UPOBAIUCH B TeUeHUE Trofa 3jeKTposHIedanorpaMmbl (B3I
TpyImbl 13 13 IMpakTUIeCcKy 3MOPOBBIX IOHOIIEH 1 IeBylIeK oT 18 mo 23 mer, a Takke (mIst
KOHTPOJISI COCTOSTHUST) — MX 3JeKTPOKAPAUOTPAMMBI, IbIXaTeJbHbIE PUTMBI, apTepUaTbHOE
KpOBSIHOE JaBJIieHUE U Opyrue xapakTepucTuku. 1o pesynbraram OO, mpu BHINOIHEHUU
KOPPEKTYPHOTO TecTa B OTCYTCTBUE MAarHUTHBIX Oypb, 3HAYEHMS] (PYHKIIMU KOTePEHTHO-
CTH KOJIeOaHUI B TeTa-pUTME 3JIEKTPUUECKUX TTOTSHIINATIOB JIOOHOM M 3aTBUTOYHOM YacTeit
KOpHI TOJIOBHOTO MO3Ta JIeXalIu y OOJBIIMHCTBA UCIIBITYeMbIX B nHTepBaje [0,3; 0,7] (Tect
COCTOSIJT B BBIOOpE M3 CIIyyaliHOM MOC/IeA0BaTeIbHOCTY CUMBOJIOB Ha 9KpaHe KOMITbIoTepa
NIBYX 3aIaHHBIX CUMBOJIOB 1 BBOJIE B KOMITHIOTED YKMCiIa OOHAPY>KEHHBIX CUMBOJIOB 6€3 orpa-
HUYEHUH BpEMEHU BBITTOJIHEHUS).

OCHOBHOM pe3yJIbTaT: IIpU BHIIIOJHEHUU TeCTa BO BpeMsl yMEpEeHHO MarHUTHOI Oypu
(5< K <6) unu He Gojiee yeM depe3 24 yaca rmocie e€ OKOHYaHUs (MCITOJIb30BaIUCh JaHHbIE
MN3MUPAH no kocMuueckoii rmorojie), 3Ha4eHUS TOOHO-3aThUIIOYHOM (DYHKIIMM KOTePeHT-
HOCTH Ha TeTa-pUTME CHIKAJINCh Y BCEX MCIBITYeMBIX B 2—3 pa3a, 3aUKCUPOBaH U CIIy-
yail cHmkeHus o 0. OObIYHBIE 3HAYEHMSI BOCCTAHABIMBAJIMCH Yepe3 JABOE CYTOK IIOocie
oKoHuaHus 0ypu. [pyroit cnocod o6paboTKu, KOria COBOKYIMHOCTb Becex DI pazbuBanach
Ha nBa MHOXecTBa: a) DI, cHaTeie mipu Oype, 6) DOl 6e3 He€ (TakuM obOpa3om, TMepco-
HUOUKAIIMY UCTIBITYEMBIX TIPU 3TOM CITOCOOE HET) — MPUBOAUT K TOMY XK€ Pe3ylIbTaTy —
OTYETIIMBOMY CHWXKEHUIO MPU MarHUTHON Oype KOTepeHTHOCTH KOJIeOaHUI B TeTa-puTMe
9JIEKTPUUECKUX MOTEHIIMAIOB JJOOHOM M 3aThUTOYHOM YacTeil KOpbl ToJIoBHOTO Mo3ra. [Tpu
OTKPBITHIX WJIM 3aKPBITHIX TJ1a3aX, HO 6e3 (PyHKIIMOHABbHOM HAarpy3Kyd Ha MO3T B BUJE KOP-
PEKTYpHOTO TecTa, a TakKke TP IPYTUX pUTMaxX WM Ha APYTMX OTBEACHUSIX, TIOHMXKEHUE
KOTepPEeHTHOCTH IIPY MarHUTHOM Oype B ONKMCAaHHOM OTYETIMBOM (hopMe He HAOII0IaI0Ch.
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Over the last few years various researches have reached the conclusion that cosmic ray vari-
ations and geomagnetic disturbances are related to the condition of the human physiologi-
cal state. In this study medical data concerning the number of incidents of four types of car-
diac arrhythmias (Supraventricular extrasystols, Supraventricular paroxysmal tachycardia,
Ventricular single extrasystols, Ventricular multiple extrasystols), which refer to 1902 patients
in Thilisi, Georgia and were registered during 24-hour Holter monitoring and electrocardi-
ography records from different hospitals, were used. This particular study refers to the time
period 1983—1992 covering almost one complete solar cycle. The smoothing method and the
Pearson r-coefficients were used to examine the possible effect of different solar and geomag-
netic activity parameters (such as sunspot number, solar flares, proton events, interplanetary
magnetic field, Dst and Ap indices) and cosmic ray intensity variations on the aforementioned
types of arrhythmias. The time interval under examination was separated into two different
time periods from 1983 to 1988 and from 1989 to 1993, which coincided with the polarity re-
versal of the solar magnetic field and as a result a different behavior of all the above mentioned
parameters as well as of the different types of arrhythmias was noticed during the two time
intervals. In addition, changing of polarity sign of the solar magnetic field was found to af-
fect the sign of correlation between the incidence of arrhythmias and solar and geomagnetic
variations and cosmic ray intensity. It is interesting that the primary and secondary maxima
observed in the solar parameters during the solar cycle 22, also appeared in several types of ar-
rhythmias with a time lag of about five months.

INTRODUCTION

The possible effect of solar, cosmic ray and geomagnetic activity on human health
has been the subject of ongoing research. New fields of research such as Clinical
Cosmobiology [Stoupel et al., 2006] and Biogeomagnetism [Dorman et al., 2001]
are developing with remarkable results. Important results emerged from studies of
cardiovascular diseases or diseases of the nervous system such as stroke, myocardi-
al infarction or even accidents [Ptitsyna et al., 1998; Villoresi et al., 1994], or men-
tal disorders [Ventriglio et al., 2011] and from surveys that examine changes in hu-
man physiological parameters like heart rate and arterial systolic and diastolic pres-
sure [Dimitrova, 2008; Papailiou et al., 2009, 2011; Stoupel, 1980]. Several studies
have been made to investigate heart rhythm disturbances in relation to solar and
geomagnetic activity [Gigolashvili et al., 2010; Stoupel, 1990; Stoupel, Shimshoni,
1991; Stoupel et al., 1994]. It was observed that the number of Supraventricular ex-
trasystols and Ventricular extrasystols showed a significant increase in lower lev-
els of geomagnetic activity [Stoupel, Shimshoni, 1991]. In periods of low geomag-
netic activity showed the greatest frequency of occurrence of Ventricular tachycar-
dia [Stoupel, 1990] and cases of atrial fibrillation [Stoupel et al., 1994]. It was also
shown a 27-day periodicity of the incidence of arrhythmias and a possible effect of
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the polarity sign change of the interplanetary magnetic field on the rate of the in-
cidence of arrhythmias, especially on multiple Ventricular extrasystolic arrhythmia
and Supraventricular paroxysmal tachycardia [ Gigolashvili et al., 2010]. This study is
a result of the collaboration of two different scientific groups, from Athens (Greece)
and Thilisi (Georgia). The results that are presented concern mainly the influence of
solar, geomagnetic and cosmic ray intensity variations might have on the occurrence
of the aforementioned cardiac arrhythmias.

1. DATA AND METHOD OF ANALYSIS

A group of 1902 patients with ages from 30 yr to 75 yr with ischemic heart disease
(IHD) was supervised and medical data concerning the number of incidents of
Supraventricular extrasystols (S), Supraventricular paroxysmal tachycardia (Ps),
Ventricular single extrasystols (V1) and Ventricular multiple extrasystols (Vm) were
statistically collected with daily Holter-monitoring and ECG-recording. This par-
ticular study refers to the time period 1983—1992 covering almost one complete solar
cycle.

The smoothing method and the Pearson r-coefficients were used to examine the
possible effect of different solar and geomagnetic activity parameters (such as sun-
spot number, solar flares, proton events, interplanetary magnetic field, Dst and Kp
indices) and cosmic ray intensity (CRI) variations on the aforementioned types of
arrhythmias.

Daily pressure corrected data of the CRI were obtained from Moscow Neutron
Monitor Station (24NM64, cut-off rigidity). The geomagnetic indices Dst and Ap
were obtained from the online data base Space Physics Interactive Data (http://
spidr.ngdc.noaa.gov).The total number of Solar Flares for the aforementioned time
period was obtained from the National Geophysical Data Center (NGDC). (ftp://
ftp.ngdc.noaa.gov). For the analysis, the total number of solar flares,the number of
solar flares C and the number of solar flares >M were used. The total daily num-
ber of Solar Proton Events (SPEs) for each day was obtained from the Proton Events
Database (http://cosray.phys.uoa.gr) [Belov et al., 2005a].

The Statistical method of Exponential Smoothing was applied on a 365 — day
basis (1 year) using the program Origin 6.0. Microcal Origin 6.0, Microcal Software,
Inc., 1991-1999). Correlation coeflicients were calculated and diagrams were con-
ceived by the help of statistical package STATISTICA ver.6, StatSoft Inc., 2001.

2. RESULTS

Heart arrhythmias have been analyzed in regard to CRI, GMA and Solar Activity
(SA). At first the correlation coefficients between GMA, SA and CRI parameters
and the number of arrhythmias (Total and for each type separately on 1-year basis)
were calculated. It is seen that there are significant correlation coefficients although
small by value, especially for Total and V1 type of arrhythmias (Table 1).

It is interesting that the primary and secondary maxima observed in the solar
(Figure 1-5) and geomagnetic parameters (Figure 6, 7) during the solar cycle 22,
were also appeared in all types of arrhythmias with the exception of the S type of ar-
rhythmias (Figure 8) with a time lag of about five months.
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Table 1. Correlation coefficients between GMA, SA and CRI parameters

and the number of different types of arrhythmias

Type of Rz C Flares X, M SPE Bz CRI Ap Dst (nT)
arrhyth- Flares counts/s
mias
Total | 0.4106% | 0.2377* | 0.3087* | 0.4390* | 0.0475 |—0.3546*| 0.1305 |—0.3523*
p=0 p=0 p=0 p=0 p=0.022 p=0 p=0 p=0
S —0.1855 | 0.1361 | —0.2272* | —0.2800* | —0.1819 | —0.0764 | 0.1800 | 0.3219*
p=0 p=0 p=0 p=0 p=0 p=0 p=0 p=0
Ps 0.1260 | 0.2830* | 0.0543 0.0857 0.0588 | —0.3569* | 0.2838* | 0.1427
p=0 p=0 | p=0.001 p=0 | p=0.004| p=0 p=0 p=0
Vi 0.4794* | 0.1508 | 0.4190* | 0.5287* | 0.0492 |—0.2600* | —0.0010 | —0.5116*
p=0 p=0 p=0 =0 p=0.017 p=0 | p=0954| p=0
Vm 0.1598 | —0.1127 | 0.1387 | 0.2679* 0.1178 0.0457 | —0.1326 | —0.3465*
p=0 p=0 p=0 p=0 p=0 p=0.007 p=0 p=0
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Figure 2. Variations of the number of V1 type of arrhythmia
and Rz variations for the examined time period
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Figure 4. Variations of the total number of arrhythmias
and X, M Flares variations for the examined time period
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Figure 5. Variations of the number of Ps type of arrhythmia
and CRI variations for the examined time period
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Figure 6. Variations of the number of Vm type of arrhythmia
and Ap index variations for the examined time period
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Figure 7. Variations of the number of V1 type of arrhythmia
and Dst index variations for the examined time period
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It is clearly seen (see Figures 1—4, 6) a different behavior of solar and geomag-
netic parameters as well as of the different types of arrhythmias before and after 1989
(or 1990 in some cases). This time period coincides with the polarity reversal of the
solar magnetic field: N — to + January 1990 S + to — June 1991 [Mavromichalaki
et al., 1998].

The parameter Rz (see Figure 2) is inversely correlated with VI type of arrhyth-
mia before and positively correlated after 1989—1990. (The reversal of correlation
is marked with the black vertical line. The green horizontal line indicates the aver-
age number of arrhythmias.) The parameters SPE (see Figure 3), X, M Flares (see
Figure 4) and Ap (see Figure 5) show the same behavior, while CRI (see Figure 1)
shows the opposite behavior (positive correlation before and negative correlation
after 1989—1990) as expected, since CRI and solar and geomagnetic activity varia-
tions are not independent. Low CRI is related to strong GMA [Belov et al., 2005b;
Chilingarian, Bostanjyan, 2009 and strong SA [Forbush, 1958; Perko, Fisk Solar,
1983; Pomerantz, Duggal, 1974]. This time period (1989—1990) coincided with the
polarity reversal of the solar magnetic field [Mavromichalaki et al., 1998; Webber,
Lockwood, 1993].

The time interval under examination was separated into two different time pe-
riods from 1983 to 1988 and from 1989 to 1993 and the calculated correlation coef-
ficients are presented in Table 2. Differences are observed in the sign and value of
the correlation coefficients. Specifically, sign changes were observed only for Total,
and Ventricular arrhythmias V1 and Vm. The values of the correlation coefficients
are higher for each period separately than those calculated for the whole time inter-
val (see Table 1). This time period coincides with the polarity reversal of the solar
magnetic field: N — to + January 1990 S + to — June 1991 [Mavromichalaki et al.,
1998].

Table 2. Correlation coefficients between GMA, SA and CRI parameters and the number
of different types of arrhythmias for two different time periods from 1983 to 1988 and from
1989 to 1993

Type of Rz C Flares | X, M Flares SPE CRI, counts/s Ap Dst (nT)
arrhythmias
Total 0.0097 | —0.0780 | —0.1522 —0.1819 0.4700* —0.6599* | 0.1426
(1983-1988) | 0650 | p=0 p=0 =0 =0 »=0 | p=0
Total 0.6672*% | 0.2425*% 0.3010* 0.5228* —0.8875* 0.3651* | —0.4170*
(1989—1992) =0 =0 p=0 p=0 p=0 p=0 p=0
Vi —0.1115 | —0.4995* | —0.1469 | —0.0803 0.7390* —0.8164* | —0.2331*
(1983—1988) =0 =0 =0 =0 =0 =0 =0
Vi 0.8161* 0.1593 0.4051* 0.6481* —0.9254* 0.2501* | —0.4055*
(1989—1992) =0 =0 =0 =0 =0 =0 =0
Vm —0.3143* | —0.6394* | —0.3795* | —0.2636* 0.8480* —0.8874* | 0.0027
(1983—1988) =0 =0 p=0 p=0 p=0 p=0 p»=0.901
Vm 0.4631* 0.1935 0.2965* 0.5074* —0.7184* 0.6410* | —0.6558*
(1989—1992) =0 =0 =0 =0 =0 =0 =0
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CONCLUSIONS

This study focuses on the possible relation between the polarity reversal of the solar
magnetic field and the various types of arrhythmias. The most interesting results are:
* The primary and secondary maxima observed in the solar parameters during
the solar cycle 22, also appeared in Total, V1, Vm and Ps types of arrhyth-
mias with a time lag of about five months;
» Changing of polarity sign of the solar magnetic field was found to affect the
sign and value of correlation between the incidence of arrhythmias and solar
and geomagnetic variations and cosmic ray intensity.

Ventricular arrhythmias (V1 and Vm) appear to be more sensitive in the chang-
ing of polarity sign of the solar magnetic field compared to Supraventricular arrhyth-
mias (S, Ps).
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BO3MOXXHOE BIUAHWUE CMEH MONAPHOCTA MATHUTHOTO NOA CONMHLA
HA PA3NINYHBIE BULIbI APUTMUI

E. Tuannaponyny 1, M. lanaunuy 1, X. Maspomuyanaku 1, M. Tuzonaweunu 2, J1. Teunduaru 3,

K. Swawus , 1. lpeka-Manadema 1, T. Nanadema*

' Otpenenve afepHoi Gpusukm, Duanuecknii dakynsTeT,

HauunoHanbHbIn 1 Kanoguctpuincknii yHnsepcutet, AduHsbl, MNpeuna

Actpodusnyeckan obcepBatopus um. E. Xapagse, AbactpymaHu,
lfocynapcTBeHHbIN yHUBepcuTeT Mpysum, Tounucw, Npy3sua

[enMomarHuTo-Kapanonornyeckuin HayYHbli 1 NpakTuyecknii LeHTp, Tounucn, Npysus
MegaunuuHcKkan wkona, HauroHanbHbIN 1 Kanoguctpuiickuin yHnsepcuteT, ApuHbl, Mpeumsa

3a moceIHre HECKOJIBKO JIET pa3JIMuHbIe MCCIeI0BaTeU TPUILLIN K BHIBOIY, YTO Bapualluu
KOCMHWYECKUX JIydeil ¥ TeOMarHUTHBIX BO3MYILIEHHI BIUSIOT Ha (hU3UOJIOTUIECKOE COCTOSI-
HMS YyeoBeka. B JTaHHOM ucciienoBaHUM ObUTM UCTIOIB30BaHbl METUIIMHCKUE TaHHBIE O KO-
JINYECTBE MHIIMIEHTOB YEThIPeX TUIIOB HapyLIEHUI CEpeYHOro puTMa (HaIKETyI0uKOBbIE
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3KCTPACUCTOJIbI, CYINPAaBEHTPUKYJISIpDHASI TMapOKCU3MasbHasl TaXUKapausi, KeJIyJ0uKOBbIE
ONMHOYHBIE DKCTPACUCTOJIBI, XEITyIOUYKOBbIE MHOXECTBEHHBIE KCTpacucTobl) y 1902 ma-
LMEeHTOB 13 pa3auyHbIX O0ojgbHULl B TOunucu (I'py3ust), 3aperucTpupoBaHHbIC B TeUEHUE
24-4 XOJNTEPOBCKOTO MOHUTOPUPOBAHMS U 3JeKTpoKapauorpaduu. JJaHHoe uccienoBaHue
OTHOCHUTCS K Tleprony BpemeHH ¢ 1983 1o 1992 ., oXBaThIBAIOIIETO ITOYTH ITOJIHBINA COJTHEU-
HBII UK. MeTon critakuBaHusI U r-KoddhduimeHTs [TupcoHa MCIOIb30BATUCH TS 13-
yYeHUsI BO3MOXKHOTO BJIMSIHUS PA3TUYHBIX TTAPAMETPOB COTHEUHOM M TEOMarHUTHOW aKTHUB-
HOCTH (TaKuX KakK YMCJIO COJIHEYHBIX IMITEeH, COJTHEUHbIE BCIbIIIKUA, MPOTOHHbIE COOBITHS,
MEXIUIaHETHOE MarHUTHOE Toie, Dst- 1 Ap-MHIEKChI) U Bapualuii KOCMUYECKHUX JIydeil Ha
MHTEHCUBHOCTH yKa3aHHBIX BUIOB apUTMUIA. PaccmarpuBaeMblii BpeMEHHOM MHTepBa ObLT
pasnesieH Ha ABa pas3iuyHbIX nepuoaa BpemeHu — ¢ 1983 mo 1988 r. u ¢ 1989 no 1993 r.,
KOTOpbIE COBMAJAIM C MEPErnoJIOCOBKAMU MarHUTHOro moJjsi CojiHIa U, KakK CJeICTBUeE,
pas3JIMyHOE TOBEJEHUE BCEX BBILICNEPEUNCICHHBIX MapaMeTPOB, a TAKXKe Pa3IuYHbIC BUIbI
aApUTMUI OBbLTU BBISIBJICHBI B TeUEHUE IBYX BPEMEHHBIX MHTepBajoB. KpoMe Toro 6bu10 00-
HapyXeHo, YTO U3MEHEeHMe MOJSIPHOCTU 3HaKa MarHUTHOro mnoJjisi ConHla BIMSIET Ha 3HAK
KOppEJISIMU MEXIy 4acTOTOW apuUTMUN M COJHEYHBIMU W T€OMArHUTHBIMU BapuUallUsMU
W MHTEHCUBHOCTBIO KOCMUYECKUX Jydeil. MHTepecHO 3aMeTuTb, YTO MEepBUYHBIE U BTO-
PUYHBIE MAKCHMYMBI HaOIIOMAIOTCSI B COTHEYHBIX TTapaMeTpax B TeYeHUE COTHETHOTO ITUK-
Jla 22, 1 OHUM TaKKe MPOSIBUIIACh B HECKOJIBKMX BUIAX apUTMUI C BpeMEHHBIM JIATOM OKOJIO
MSTU MECSI1IEB.



MPOABNEHUE KOCMUYECKOW NOTOAbI B COCTOAHUM
CEPAEYHO-COCYANCTOWN CUCTEMBI YEJIOBEKA B BbICOKKMX LLIWPOTAX

C. H. Camconos, B. U. MaHbikuna

NHCcTUTYT KOCModur3nyecknx nccnefoBanuii n aapoHomum um. 0. T. LLladepa
Cubupckoro otaeneHuns Poccuinckoi akagemnn Hayk (MKMA CO PAH), ikyTck, Poccus,
e-mail: s_samsonov@ikfia.ysn.ru

Hccnenosanue yuciaa BbI30BOB CKOPOl MEAMLIMHCKOW MOMOIIM MO MOBOAY CepAeYHO-CO-
CYIOUCTBIX 3a00JIeBAHUI B BBICOKMX LIMPOTAX MOKa3aj0 HaJW4YUEe CE30HHOTO XOMAa C ABYMSI
MaKCMMyMaMU B BECEHHUU M OCEHHUI TepuOoibl, COBMANAIIIMMU ¢ MAKCUMYyMaMM Teo-
MarHUTHOW BO3MYIIEHHOCTU. B TO ke Bpemsi B OMyOJMKOBAaHHOW JUTEpaType IMOKas3aHo,
YTO CE30HHbII X0/ YKCJIa BEI30BOB CKOPOI MEIMIIMHCKOM ITOMOIIM U CMepTeil OT nHdapKTa
MMOKapAa B CPENHUX LIMPOTAX XapaKTepU3yeTcss OMHUM MAaKCMMyMOM B 3UMHUIA MEPUOI.
OTan4ust Ce30HHOTO X0Jla B BBICOKMX IITMPOTaX, OCOOCHHO BOJIM3M MakcuMyMa 1 1-JeTHero
MK reor3nuecKori BO3MYILIEHHOCTH, MOTYT OBbITh JIETKO TIOHSTHI, MIPUHUMAsI BO BHUMa-
HUE HaJlnyre MOUIHOM 3JIEKTPOCTPYU (aBPOPAIbHBIN 3I€KTPOIIKET), MPOTEKAIOIIEH Ha 3TUX
mupoTax Ha BbicoTe 6osiee 100 kM. Kpome Toro, mpoBen&HHbI aBTOpaMu CTaThu OMOGU3U-
YeCKHUii 9KCTIEPUMEHT Ha IpyIax 100poBoblieB B SIKyTcKe U rmocénke TUKcu rmokasai, 4yTo
W3MEHEHUSI COCTOSTHUS CEPIEYHO-COCYAMCTOM CUCTEMBI YEJIOBEKa COBIANAIOT C U3BMEHEHU -
SIMM TIapaMEeTPOB COJIHEYHOTO BETpa, MEXIUIAHETHOIO MAarHUTHOTO TOJISl U TEOMarHUTHOM
BO3MYILIEHHOCTH.

BBEAEHWE

Kak Ob110 NMOKa3zaHO BO MHOTMX OIMYOJMKOBAHHBIX paboTax, KOcMHYecKas I10-
roaa siBjsieTcs (pakKTOpOM BHEIIHEHM cpeibl, OKa3bIBalOIIE BIMSHUE Ha 310POBbHE
yesjgoBeKa. OpraHu3M 4esioBeKa IPeACcTaBIsIeT COO0M OTKPBITYIO HEJIUMHEUHYIO CH-
cTeMy, IMO3TOMY U3MEHEHUE YCIOBUI BO BHEIIHEH cpele OKa3bIBacT BAMUSIHHE Ha
ero camouyBcTBue. CepleyHo-CcOCyIucTas CUCTeMa OlHA M3 MEPBbIX BKIIIOYAETCS
B IIpOLIECC aJanTallii K U3MEHSIOIIMMCS BHEIITHUM YCJIOBUSIM. DTO IMPOSBISETCS
B M3MEHEHMSIX B CHUCTeME KPOBOOOpaIlleH!sI, B YAaCTHOCTH, U3MEHEHUEM TOHYyca
COCYIMCTOM CTEHKM, PEOJIOTUYECKUX CBONCTB KpPOBHU, HApYLICHUSIMU B3aUMOOT-
HOILICHUI CBEPTHIBAIOLIEH M MPOTUBOCBEPTHIBAIOIIEH cucTeM U T. .. bosae3Hn cep-
JIEYHO-COCYIHUCTOM CUCTEMBbI YeJI0BeKa 3aHUMAIOT IIePBOe MECTO B MHBAIUAU3ALIUN
U CMEPTHOCTHU JIIOJIEH, MO3TOMY 3TU 3a00JIeBaHUS SIBJISIIOTCS COLIMAIbHO 3HAYMMbI-
MU U TpeOYIOT MOBBIIIIEHHOTO BHUMaHUS K HUM.

OnyO0MMKOBaHO MHOI'O padOT, MOCBSIIEHHBIX M3YYEHWIO BIMSHUS KOCMU-
YecKOM morombl Ha 3I0pPOBbE YeEOBeKa, Hampumep [AHIpoHoBa M ap., 1982;
bpeyc, 1998; bpeyc, Pamomopt, 2003; Bnamumupckuii, KucmoBckuii, 1982;
Bnanumupckuii, Temypbsaun, 2000; Bmamumupckuii u ap., 2004; I'ab, 2009;
I'ypdunkens, 2004; Kosanbuyk, 1974; Komapos u np., 1989, 1994; Jlennes, 1996;
Itunuxa u ap., 1998; Parynbsckas u np., 2010; Cugsaxkun u ap., 1985; Uubucon
u np., 1998; Aronunckuii, 2003; Baevsky et al., 1994; Breus et al., 1995; Cornelissen
etal., 1994; Lipa et al., 1976; Watanabe et al., 1994] u 1. 1. Ho 10 cux mop ocraioch
MHOTO HEBBISICHEHHBIX BOIIPOCOB O KOHKPETHBIX ITapaMeTpaX KOCMUYECKON Io-
ronbl, BO3ACUCTBYIOIIMX HA OPraHU3M YejioBeKa, M MeXaHM3MaX TaKOro BIWUSIHUSL.
[Tpu 5TOM BIUSIHUE TTApaMEeTPOB KOCMUYECKOI IMOTobl Ha 3M0POBbE YeI0OBEKa MO-
JKET OTJIMYAThCSI B BBICOKMX UM CPeIHHUX IIMpoTax. B mepBylo odepenb 3TO MOXET
OBITh CBSI3aHO C HaJM4YMEM B BBICOKMX IIIMPOTax Ha BbIcoTe Oojiee 100 KM MOIITHOM
BJIEKTPOCTPYH (aBPOPATIbHBIN 3JIEKTPOIKET), CO3AIOICH 3HAYNUTEIbHBIE JEKTPO-
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MAarHHUTHBIE TIOJII, BO3MEWCTBYIOIINE Ha OpraHMW3M YeJloBeKa. PaccMOTpeHUIo BO-
Mpoca O NPOIBIEHUN TAKOTO BIMSHUSI HA aBpOPaJIbHBIX U CyOaBpOPaJIbHBIX IINPO-
Tax ¥ MOCBsIIIcHA JaHHasl padorTa.

SKCNEPUMEHTANbHbBIE AHHbBIE U METObI PETUCTPALIAN

B pabore wucronb30BaIuCch MaHHBIE BHI30BOB CKOPON MEIWIIMHCKON ITOMOIIH,
a TaKKe TaHHbIE COOCTBEHHOTO OMOMU3NIECKOTO SKCIIEPUMEHTa, IIPOBOAMMOTO Ha
rpymmax 100pOBOJIBIICB.

Coop wHbpOpMAIIMK TPOBOMIICS IO TAHHBIM CKOPOl MEIMIIMHCKOW IT0-
Mo Skyrcka. C menblo M3ydeHMS OTWHAMUKHU YXYIIIEHUS CaMOYYBCTBUS JIIO-
Jieii, CTpafalollMX CepAeYHO-COCYAUCThIMU 3abojeBaHUSIMU, ObIIO 00paboTaHO
OKOJIO 145 THICSTY MEIUIIMHCKUX KapT CKOPOUW MEIWIIMHCKOM TTOMOIIN 3a TIEPUOIT
¢ 1992 mo 2001 r. I neTaabHOTO pacCMOTPEHMsI ObUIM BEIOpaHBI JaHHBIE 32 1992
¥ 1998 r., MOCKOJBKY 3TU TOALI MPUXOAATCI Ha a3kl B6IM3U MakcumyMa (1992)
u muHuMyma (1998) 11-netHero uukia reopru3nYecKoit aKTMUBHOCTH.

CaemeHns O mapaMeTpax KOCMWYECKOM IOTOmbl OBLIM TIOJYYeHBI M3 HaH-
HBIX MUPOBOI ceTH. B KadecTBe XapaKTepHCTHK COJTHEYHON aKTUBHOCTH MCITONb-
30BaJIMCh. CKOPOCTh COJTHEYHOTO BeTpa (V) M IUIOTHOCTh 4YacTull B HEM (p), Ha-
MPSDKEHHOCTh MEXIUTAHETHOTO MAarHWTHOTO TOJsT (B), IMHaAMWYecKoe IaBIeHUe
COJIHEYHOTO BeTpa (psz). B xauecTBe reodusmyeckoro Iapamerpa MCIIOJIb30-
Basicss Kp-WHIEKC T€OMarHWTHOW aKTMBHOCTH, a METEOPOJIOTMUECKUX Tapame-
TPOB — BiaxXHOCTH (f), ckopocTh (V), rTemneparypa (7) u naBinenue (P) mpuzeMHON
aTMOC(]EepHI.

C menplo WCCNENOBaHUS peakInM CEepAeYHO-COCYONCTON CHUCTEMBI YeJIoBe-
Ka B aBpOpaJbHOI M CyOaBpOpaJbHOM 30HAX Ha M3MEHEHHE IapaMeTpOB KOCMHU-
YeCKOM TOrofibl OblLI MPOBENEH ClELMaIbHbIi OMO(MU3NYECKUIT SKCTIEPUMEHT Ha
rpymmax g1oopoBojbleB B SIKkyrcke (cybaBpopanbHasa 30Ha) u mocénke Tukcu (aB-
popanbHas 30Ha). B KauecTBe SKCIIepUMEHTAIBPHOTO MaTepHraia MCITOIb30BaIiCh
TaHHBIEC TIEPBOTO OTBeACHUS AIeKTpoKaparorpaMmMbl DKI' mo6poBoJIbIIEB ¢ MOCTe-
IYIOIIMM BhramciieHneM koaddunuenta cummerpun T-3youa (KCT), xapakrepu-
3yI0LIEro (PyHKIIMOHATBHOE COCTOSIHUE CEPACYHO-COCYIUCTOM CUCTEMBI YET0BEKA.
B skcneprumeHTe yyacTBOBaIM JOOPOBOJIbLBI OOIEH YMCIEHHOCThbIO B 45 yelo-
BEeK Pa3IMIHOTO BO3PACTa, I0oJla U COCTOSTHMS 3M0pOBbs. boiee monpodbHO o mpu-
MEHUMOCTH KoadbduimeHta cumMMeTpun T-3yOma s OLIEHKW COCTOSTHUSI Cep-
JIEIHO-COCYINCTOM CUCTeMBI YeJloBeKa M O pabore Komruiekca «®azarpad» (dKc-
npecc-kapauorpad) MOXHO O3HAKOMUTHCS B paboTax [BumnHeBckuit u ap., 2003;
daitnsuanbepr, 1998].

Takum 00pa3oM, Ha KaXmOTo MalldeHTa ObUI TOJydYeH WHANBUAYATbHBIN
psii JAHHBIX 34 BECh IEPUO IKCIIEpUMeHTa — ¢ 5 okTs0ps mo 30 mexkaops 2009 r.
3aTteM, C MeNbI0 CO3MaHMs HETPEPLIBHOTO psila MaHHBIX, ObLIA TIpOBeIeHa MHTEP-
TIOJISIIMS TTOKa3aTesiel KaXkaoro JOOPOBOJIbIIA, TTOCKOIBKY M3MEPEHMST OCHOBHOM
JacTH TPYMITBI JOOPOBOJIBLIEB TTPOBOMMINCEH JIUITL B paboure gHU. C 1IeIbIo cIia-
xxuBaHus Bapraimii KCT 6b111 0TOUIBTPOBaHbI JaHHBIE C IEPUOIOM MeHee 4 CyT.
H3MmepeHns MpOBOAWINCEH €XETHEBHO 1O €IMHOMY IS BCEX IIEHTPOB ITPOTOKOITY
AKCIIepUMEHTa, a MMEHHO: 0e3 Harpy3ku, ITOCiIe IPOXOXICHUS TICUXO3MOIINO-
HaJIBHOTO TecTa, (U3NIECKOM Harpy3ku U 10-MUHYTHOTO OTIBIXa TIOCJIe HATPY3KU.
Takum 06pa3oM, KaXIblil JeHb MPOBOAMIIOCH IO YEThIPe M3MEPEHUST TSI KaXKIOTO
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y4acTHUKA MOHUTOPUHTOBOM rpyIinbl. C LieJblo YCTpaHeHUS! BO3MOXHOTO CyObheK-
TUBHU3Ma IKCIIEPUMEHTATOPOB JaHHbBIE €XeIHEBHOTO MOHUTOPUHIA MepenaBaiuch
MpU oMol MHTEpHET-TIPOTOKOJOB B €IUHBIM, JJISI BCETO 9KCIIEpUMEHTA, LIEHTP
0o0paboTku mHpopMmauun — MHCTUTYT mpobieM MaTeMaTU4eCKMX MallliH U CU-
creM HAH VYkpaunsl B Kuepe. PesynabTaThl npeaBapuTebHONW 00pabOTKU ObLIU
JIOCTYITHBI YYaCTHUKaM 3KCIepUMEeHTa yepe3 CTaHAapTHBIN BeO-nHTepdeiic mopTa-
na l'enuomen.

PE3YNbTATbI 1 OBCYXXOEHUE

HccnenoBaHue CE30HHOTO XOJa YMCja BbI30BOB CKOPOM MEIUIIMHCKOW MOMOIIU
K OOJILHBIM C CepAeYHO-coCyaucThiMU 3a0oeBaHusMu (CC3) B roa BOIM3M MakK-
cumyma (1992) u munumyma (1998) reoduszuyeckoit BO3MYIIEHHOCTUA TOKAa3aso,
0CO0eHHO HarsaaHo B 1992 r., HajauuMe BeCEeHHEro (MapT — ampeib) U OCEHHETo
(ceHTa0pb — OKTA0ph) MaKCUMYMOB. BpeMmsi mosiBJIeHMST 3TUX MAaKCUMYMOB COBMa-
JIaeT C MAKCMMYMaMU T€OMarHUTHOM BO3MYIIEHHOCTH.

Ha puc. 1 u 2 nipencraBiaeHbl JaHHBIE TTO BBI30BaM CKOPO METUIIMHCKOM 1O~
Mo1u SIKyTcKa K 00JbHBIM ¢ MH(MapKTOM Muokapaa (MMM) u ocTpbIM HapylleHUeM
Mo3roBoro KpoooOpaieHuss (OHMK) B ronbt BOM3u makcumyma (1992) u mu-
Humyma (1998) reodusnueckoil ak THUBHOCTH. JIJisl MOCTPOEHUS ITUX PUCYHKOB UC-
MOJIB30BaJINCh JaHHBIe N3 paboThl [CamcoHoB u ap., 2005]. Kak BugHO Ha puc. 1,
ce30HHbIN xon B 1992 r. no UM umMeeT Tpu MakCUMyMa: BECEHHUM (MapT), OCEeH-
HUM (CEeHTSIOpb) U JETHUM, KOTOPBIM CBSI3aH C CUJIbHBIMU re0(pU3NIECKUMU BO3-
MYILIEHUSIMU B Mae (0=28,5 — cpeaHee KBagpaTUUeCKoe OTKJIOHeHe). B To ke Bpe-
M4 ce3oHHbI xon mo OHMK B 1992 r. numeeT aBa MakcuMyMa: BECEHHUU (MapT),
a TaKXKe JIETHE-OCEHHMI C TMOJOTMM MaKCMMyMOM B HIojie-CceHTsiope (0=21,6).
Ce30HHBIN X0 reOMarHUTHOM BO3MYIIIEHHOCTU TakKXKe OOBIYHO MMEET JBa MaKCU-
MyMa: BECCHHMIA U OCEHHUMA.
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Takke CTOMT OTMETUTH, YTO COOTHOIIEHWE CpemHero 3a rox uucia UM
B 1992 r. ¥ 1998 r. coctaBuiio 1,5, a mo OHMK — 1,8, T.e. B ron BOIM3M MaKCH-
MyMa reopu3nueckKoil BO3MYLIEHHOCTH Habonanock B 1,5...1,8 pa3 6osbliie BbI30-
BOB CKOPOI METUITMHCKOW ITOMOIIHX TT0 TIOBOAY CepACUYHO-COCYIUCTRIX 3a00yieBa-
HUI, YeM B TOJ BOJIM3M MMHUMYyMa aKTUBHOCTH. Hanmunme BeCeHHEro M OCEHHETO
MaKCHMMYMOB B YHMCJI¢ BBI30BOB CKOPOM MEIWIIMHCKOM ITOMOIIM, a TaAKXKe MPEeBbI-
IIeHWe Yucia BbI30BOB B 1992 1. mo otHomeHuo K 1998 r. B 1,5...1,8 pa3a saBius-
FOTCSI KOCBEHHBIM J0Ka3aTeabCTBOM Toro, uto UM 1 OHMK moryT OBITh CBS3aHbI
¢ TEOMaTrHUTHOI BO3MYyIIEHHOCTEIO. [Ipeamnonaraercs, 4To 0J11M30CTh aBpOPaIbHOM
BJIEKTPOCTPYU K cTaHUUsIM Tukcu u AKyTcka siBisieTcsl (pakTopoM, oOyCJIOBJIMBa-
[OIMM BJIUSTHHE MAarHUTHOTO BO3MYIIEHUS OT 3JIEKTPOCTPYH Ha 3M0POBhE UeTOBE-
Ka. Bmecre ¢ Tem B pabotax [MBanoBa u np., 2002; Kneiitmenosa, Ko3srsipena, 2008;
Kleimenova et al., 2007a,b] 110 JaHHBEIM CpeTHEIIMPOTHHIX HAOIIONeHNH OBIIO I10-
Ka3aHo HaJIMYKeE JINIITh OMHOTO 3UMHETO MaKCHMYyMa.

Ha puc. 3 u 4 npencraBieHbl U3MEHEHUSI COCTOSIHUSI CEPASYHO-COCYAUCTOMN
CHUCTEMBI TPYIII J00pOBOJIBIEB B SIKyTcKe M THKCH, a TAKKe TTapaMeTphl KOCMUYe-
ckoit moronpl: Kp-mHIEKC reOMarHUTHOM BO3MYIIEHHOCTH; B — TIONHBIN BeKTOP
MEXIIJIAaHETHOTO MarHUTHOTO TOJISI; V' — CKOpPOCTb COJTHEYHOTO BeTpa; 0 — IUIOT-
HOCTb YaCTHLI COJHEYHOTO BeTpa; pmV> — IMHAMIYECKOE IABJICHUE COTHEYHOTO
BeTpa (m — Macca mpoTOoHa).

Kak BMIHO Ha 3TUX PUCYHKAX, MPAKTUIECKH BCE MAKCUMYMbl 1 MHUHUMYMBI
MPUBEIEHHBIX TTApaMETPOB COBIANAIOT 10 BPEMEHU TIOSIBJICHHSI C TAKUMHM Xe MaK-
cUMyMaMu U MUHUMyMamu B rpymrmoBoil peakuun KCT no6poBosiblieB B SIKyTcKe
u Tukcu.
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B IKyTCKe M ITapaMeTpoB KOCMUYECKOM TT0-
TOIBI
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Takoe TTpaKTUYeCKH TTOJTHOE COBMAIeHNE HAOTIONATIOCH JJIsI TTOJIOBUHEI TPYIII
no6poBoiblieB B SIkyTcke (12 gyenosek) u Tukcu (10 genoBek). JIpyrue moaoBUHbI
nobpoBoiblieB (11 genosek B SAkyrcke u 11 yenoBek B TUKCH) moKa3aayd 4yacTUY-
Hoe coBrnameHne KCT ¢ mapaMeTpaMu KOCMHYECKOM ITOTOIBI, a Y OMHOTO YeIOBe-
Ka He Obu1o HHKakoro copnageHust ¢ KCT. Haunyuinee coBrameHue HaOmogaeTcs
it KCT ¢ TToTHBIM BEKTOPOM MEXITIAHETHOTO MAarHUTHOTO TTOJISI, TMHAMWYECKIM
JIaBJICHUEM COJHEYHOTO BeTpa M Kp-MHIEKCOM TeOMarHUTHOW BO3MYIIEHHOCTH.
K nmpumepy, koapduiment koppensunu mexay KCT B Axkyrcke u Kp-unnekcom
cocraBui 0,55, u a3to ripu ycinosuu toro, 4To KCT npencrasisieT co00ii He TTOKa3a-
TeJTb OHOTO YeJIOBeKa, a YCPeTHEHHYIO BeIMUMHY (TPYITIIOBOM MapaMeTp) TOJIOBH-
HBI TOOPOBOJIBIIEB, YIACTBYIOIINX B 9KCIICPUMEHTE.

H3BecTHO, YTO OpraHU3M YeoBeKa pearrpyeT Ha U3MEHEHUs] OOBIYHON 3eM-
HOU morombl. s TOro 4ToOBl yOEMUTHCS B TOM, YTO B JAHHOM WCCIIEIOBAaHUU
OOBIYHAs 3eMHasl MOroja OKa3blBaJla WJIM HE OKa3blBajla BIMSTHHE HAa COCTOSTHUE
cepaeuHo-cocynuctoit cucteMbl (CCC) moOpoBOJIbIIEB, CPABHUM M3MEHEHUS CO-
crosiHust CCC n00poBOJIbLIEB C M3MEHEHUSIMU IMapaMeTpoB OOBIYHON 3€MHOM
noroapbl. Ha puc. 4 u 5 nokazansl uameHeHusi coctosiHusi CCC MOJOBUHBI TPYTI-
Bl TOOPOBOJBIIEB B SIKyTcKe M TUKCH ¢ MeTeorapaMmeTpamMu (f — BIIaXXHOCTb, %;
V — ckopocThb coiHeuHOro BeTpa; T — TeMIlepaTypa; P — maBicHHe IPU3EMHOMN
atMocdepsbl). Kak BUIHO Ha 3TMX pUCYHKaX, HaOIIOIaeTCsT COBITalcHNE OTIETbHBIX
M3MeHEeHUI Kaxmoro n3 MereomnapameTpoB ¢ KCT, 4ro o3HayaeT Hajimdue B pac-
CMaTpUBaeMBbIii TIEPUO, B JIYUIIEM CIIydae, JIMIIb YJACTUIHOTO BIUSTHHUS abCOTIOT-
HbIX 3HaueHuit MeteonapameTpoB Ha CCC yesoBeka.
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Kpowme Toro, B padore [CamconoB C. H. u ap., 2009] O0bl10 oKa3aHO, YTO IIpU
omHOBpeMeHHOM ucciaenoBanum coctossHus CCC rpyrmin 1o0poBOJIbIEB, PacIIoio-
JXKEeHHBIX Ha pacctostHuM 6ojee 6000 kM (Skyrck, KueB 1 CuMdbeporions) B 9KC-
nepumenTe 2008 T., OBLIM 0OHAPYXEHBI OMHOBPEMEHHBIE OJUHAKOBBIE N3MEHCHUS
KCT Bo Bcex Tpéx myHKTax HaOMIOAeHMS, COBITajamollve ¢ u3MeHeHusMu Kp-
WHJEKCa FeOMarHMTHOM Bo3MyIlEéHHOCTU. [Tpu 3TOM He HabII0AaI0Ch COBITaIeHUE
usMmeHeHnil KCT ¢ u3aMeHeHUsIMU MeTeOpOJIOTMYECKUX TapaMeTpoB, YTO TakXke
CBUJIETEJIbCTBOBAJIO MMEHHO O BJIMSIHUM MTapaMeTPOB KOCMUUYECKOI MOTo/bl Ha CO-
crositiue CCC rpyrm 100pOBOJIBIIECB.

C 1enblo 0OOHApYKEHMST COBMAAIOIINX CKPBITBIX MEPUOANYHOCTEN MapaMeTpoB
Kocmuueckoit roroasl U coctossHuss CCC goOpoBOJIbLEB OBUIO IIPOBEACHO CpaB-
HEHME CIEKTPOB MOIIHOCTH TMapaMeTpoB KocMuueckoii roroabl 1 KCT. Ha puc. 7
u 8 npencrabieHbl criekTpbl MoltHOCTH KCT 1 mapamMeTpoB KOCMUYECKOI MOTObI.
Kak BUIHO Ha 3TUX pUCYHKaX, Hab0gaeTCsl HaJlMuie OAHUX M TeX XKe MepuoIoB
kosne6anuit 7; 9 u 13 cyt B naaHHbIX KCT 1 mapaMeTpax KOCMUYECKOM MOTO/IbI.

C aT0ii Xe 1eblo ObLIO MPOBENEHO CpaBHEHUE CIIEKTPOB MOIIIHOCTH TapaMe-
TPOB KOCMUYECKOI U OObIYHOI 3eMHOI Torofbl. Pucynku 9 u 10 neMoHCTpUpyloT
OTCYTCTBME COBOKYIMHOCTM MaKCUMaJIbHbIX 3HAUEHWUI aMIUIUTY/ B CIIEKTpax MOIII-
HOCTU MeTeonapaMeTpoB B fAkyrcke u Tukcu pist nepuonaoB B 7; 9 u 13 cyr, nipu-
CYTCTBYIOILLIMX B MapamMeTpax Kocmuueckoit moronasl 1 KCT.
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Puc. 8. Cnextp moutHoctu KCT rpynmst
J106poBoJIbIEB B TUKCH U TapaMeTpOB KOC-
MUWYECKOM TOTOIbI
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Puc. 9. Cnekrpbl momHoctu KCT rpyn-
bl JOOPOBOJIbLIEB B SIKyTCKe U MeTeomna-
paMeTpoB

Puc. 10. Cnexkrpsl MomHoct KCT rpymn-
bl 106poBosbLEeB B TUKCUM U MeTeona-
paMeTpoB

BbIBOAbl

Hamnune BeceHHET0 M OCEHHEI0 MaKCMMYMOB B CE30HHOM XOII¢ YHCJIa BBI30BOB
CKOpO# MeaUIIMHCKOM mmomomn K 6oabHEIM CC3 (B ron BOIM3M MaKCHMyMa I'€0o-
(buzmIecKoii BOBMYIIEHHOCTH), COBITAAAIONINX C CE30HHBIM XOJIOM TeOMarHUTHOM
aKTUBHOCTH, BPEMEHHOE COBITaicHNEe MaKCUMYMOB 1 MUHMMYMOB B M3MEHEHMUSIX
mapaMeTpoB KOCMMYECKOI Torombl (6e3 COXpaHeHUs COOTHOIICHWS aMIUTUTYI)
¢ mameHeHusimMu KCT, xapakrepusyoiero cocrosaue CCC yenoBeka B SAKyTcke
n Tukcu; coBnameHune JINIIb OTACTbHBIX MAKCHMYMOB I MUHIMYMOB B I3MEHEHM -
sax MeteonapameTpoB ¢ u3meHeHusIMu KCT B SIkyrcke m Tukcu; Haaudue cOBO-
KYITHOCTH COBITAHAIONINX TIEPUOIOB B CITEKTPaX MOIITHOCTH ITapaMeTPOB KOCMUYE-
ckoit moronsl 1 KCT; oTCyTCTBHE COBOKYITHOCTH COBITAAIOIINX TTIEPUOIOB B CTIEK-
Tpax MoIrHOCTH MeTeormapaMeTpoB 1 KCT 1mo3BoJisieT cienaTh BHIBOMI, YTO UMEHHO
mapaMeTpbl KOCMUIECKOM TTOTOIBI, TaKMe KaK CKOPOCTh M TIOTHOCTh COJTHEYHOTO
BeTpa, MOJHBIN BEKTOP MEXIUIAHETHOTO MAarHUTHOTO TIOJISI, TPaHC(HOPMHUPYIOIIIHE-
¢ B MarHuToc(epe 3eMyI B TEOMAarHUTHYIO BO3MYIIEHHOCTD, TTPOSIBIIIOTCS B CO-
CTOSTHUU CepACYHO-COCYIUCTOM CUCTEMBI YeJIOBEKA B BBICOKHMX IITMPOTAX.

Pa6ora BeInoTHEHA TIpU YaCTUYHOM (pUHAHCOBOM noauepxke POD®U (mpoek-
bl No 12-02-98508-p_Boctok _a u 12-05-98522-p BocToK_a).
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MANIFESTATION OF SPACE WEATHER IN A CONDITION OF CARDIOVASCULAR
SYSTEM OF A HUMAN BEING AT HIGH LATITUDES

S.N. Samsonov, V. |. Manykina

Establishment of the Russian Academy of Sciences Yu.G.Shafer Institute of Cosmophysical Research
and Aeronomy of SB RAS, Yakutsk, Russia, e-mail: s_samsonov@ikfia.ysn.ru

Study of the number of ambulance calls for the medical care concerning cardiovascular dis-
eases at high latitudes has shown a presence of seasonal change with two maxima during
spring and autumn periods coinciding with maxima of geomagnetic disturbance. At the same
time in the published literature it is shown that the seasonal change of the number of ambu-
lance calls for the medical care and death from a myocardial infarction at middle latitudes
is characterized by one maximum during a winter period. The difference of seasonal change
at high latitudes, especially nearby a maximum of 11-year cycle of geophysical disturbance,
can be easily perceived, in view of the presence of powerful electrojet (auroral one), proceed-
ing at these latitudes at height above 100 km. Besides, a biophysical experiment on groups of
volunteers in Yakutsk and settlement of Tixie carried out by authors of paper has shown that
changes of the condition of cardiovascular system of a human being coincide with changes of
the solar wind parameters, interplanetary magnetic field and geomagnetic disturbance.



MONUCK MEXAHU3MOB BJIUAHUA TMAPOMETEOPONOT NYECKUX
MPOLIECCOB HA LUITOPMINACC

N. A. CmenaHiok 1, H. C. Oponosa 1, A. B. 3umun 1, H. @. llepego3uukos 2

' Poccniickmin rocygapCcTBeHHbI rmapomeTeoponornyecknin yHusepcuter (PITY),
CaHkT-MeTepbypr, Poccus

2 MoCKOBCKMii dusnko-TexHnuecknin HCTUTYT (MOTU), MockBa, Poccus

KoHCTpyKIIMSI U XUMUYECKUI COCTaB IITOpPMIJIacca IIMPOKO M3BECTHBI CPENM CIElH-
aJIMCTOB, TIOATOMY 37eCh HE paccMmaTpuBaloTcs. B Hammx 3skcrieprMeHTax MCIOIb30Ba-
Jlach CTaHIApTHas aMmIlyjia Ui INTOpMIJiacca. B paHee OMyOJMKOBAaHHBIX COOOIIEHUSIX
pPa3HBIX aBTOPOB ONMCHIBAIMCH MPEUMYIIECTBEHHO BU3yalbHbie HAOMIOACHUS 3a peakiiv-
el mTopMmriacca, Mpyu 3TOM CMHOMNTUYECKasi 00CTaHOBKA OIIEHMBAIach TakXke BU3YaJbHO.
B Hammx skcrnepuMeHTax aMItysia Oblia pa3MellieHa B TepMO-CBETOM30JIMPOBAaHHOM OOKce,
JIVIIb OJHO OKOIIKO OCTaBaJlOCh OTKPBITHIM. Yepe3 3TO OKOIIKO MPOIMyCKaJCs MyYoK CBe-
Ta, KOTOPBIX TOC/Ie MPOXOXKIECHMST aMITyJIbl MoMaaan B (POTONMPUEMHUK, 3aTeM CUTHAJ de-
pe3 NMEKTPOHHYIO CXeMy MOCTyNajl B ONUH M3 KaHAJIOB aHAJIoro-1udpoBoro npeodpasona-
tenst (ALLIT) u nanee B mepcoHanbHbiit Komnbtorep (I1K). [TapanrensHo Ha BTopoii KaHau
MOCTYIaJI CUTHAJI OT M3MEPUTENsI eCTECTBEHHOTO MEepeMEHHOTO0 MarHMUTHOTO TOJST ¢ To-
Jocoil mpomyckanus 7...8 I'l. CuHonTHYeckre KapThl (IPU3EMHBINM aHAIW3) Opaluch U3
WHurepHera.

DKCNepuMEeHThl MPOBOAWIMCH B TIPEANOJNIOXEHUU, YTO BO3ACHCTBUE HA CTPYKTYPY
IITOPMIJIacCa OKa3bIBAIOT 3JIEKTPOMArHUTHBIC MOJIST B YKa3aHHOM o6iacTu yacToT. PaHee
[Crenaniok, 2002] OGbUIO BBISIBJICHO, YTO ILIMKJIOHAJbHBIE 00pa30BaHMSI U aTMOC(pepHbIe
(bpoHTHI BO30YXIaIOT B OKPECTHOCTU TaKUe TMOJSI, © OHU MOTYT paclpOCTpPaHSTbCs B Ha-
npasiieHUM aBukeHus nukiioHa o 1000...1500 kM. MHAyKUIMsT B HEMMOCPEICTBEHHOM 011~
30CTU OT HUKJIOHA MoXeT gocturath 10...15 HT.

B axcmepyuMeHTax ObLTIO BBISICHEHO, YTO AEMCTBUTEIBHO CYIIECTBYIOT CUHXPOHHBIE
«COOBITUSI» B 3aMMUCSX ONTUYECKOM TUIOTHOCTH IITOPMIJIacCca U BO3MYILIEHUI B 00JACTH Ya-
ctoT 7...8 T'l. BT «COOBITUSI» COOTBETCTBYIOT MPOXOXACHUIO LIMKJIOHA C (PPOHTAIIBHBIMU
pasnenaMy. MaKCUMaJIbHBIN 3HAYUMBIN KO3(hMUIIMEHT KOPPENSIIUN JaHHBIX, TTOJTyYeHHBIX
o AByM KaHanam, coctaBwi —0,73. 3HaK MMHYC CBUAECTEILCTBYET JIMIID O MOJISIPHOCTU pe-
TUCTPUPYEMBIX CUTHAJIOB (IeTeKTUPOBaHHbIM EM-cUrHai u curHan ot mropmriacca). EM-
CHUTHAJI PErUCTPUPOBAJICS B TPOTUBOTIOJIOXKHOM MOJISIPHOCTH.

OnHako He JII060# IUKIIOH U He JTI00ble (pOHTATIbHBIE paselibl, KaK CBSA3aHHbBIE C ITU-
KJIOHOM, TaK ¥ CYIIECTBYIOIIME OTAEJIbHO (HalpuMep, B 0apuueCcKMX JIOKOMHAX), OpMUpY-
10T TaKue «COOBbITUSI». BUAMMO, 3TO TOBOPUT O TOM, UTO IITOPMIJIACC KaK «IpeacKa3aTesib»
IITOPMa UCIIOJIb30BAJICSI MOPSIKAMM TOJIBKO JOTIOJIHUTEILHO K OOBIYHBIM MeTonaM. TeM 60-
Jiee OH He MOXKeT 3aMEHHUTh COBPEMEHHbBIE METO/IBI POTHO3A.

TEOPETUMECKWE MPEAMOCHINKA

IITopmriiacc — Haubosee NpeBHUN PUBNKO-XUMUYECKUI TECT, pearupyoiui Ha
M3MEHEHUS TOToAbl M COJTHEYHOU aKTUBHOCTH, KOTOPBIA MPUMEHSIICS MOpSIKaMu
emé B XVIII—XIX BB. ITokazaHusaMu ciry:kuiaa HabmogaeMast KapTUHA KPUCTAJIJIN -
3allMU IPHU Pa3IMYHbBIX MOTOAHBIX YCIOBUSX. B 11e10M, IITOpMIJIacC MpeacTaBisieT
cOo00li 3aIasiHHYIO CTEKJISIHHYIO TPYOKY, B KOTOPYIO MOMEIIAETCSI BOAHO-CIUPTO-
BOU pacTBOp KAIMWHOM CEJIUTPHI, XJIOPUIA aMMOHMS U KaMdapbl B ONpeaeIe HHbIX
npornopiusax. KoOHCTpyKIMs 1 XMMHYECKUI COCTaB IITOPMIJIAacca IIMPOKO U3BECT-
HBI Cpely CIIeLUAIMCTOB, IO3TOMY 3[eCh HE paccMaTpuBaloTcsa. B Halmx sKcrie-
pPUMEHTax UCMOJIb30Bajach CTaHAAPTHAS aMITyJia IITopMrajacca B BUae cocyna, 3a-
MOJIHEHHOTO CMeChI0 KaM(ophl, HALIATHIPSI U KajaueBoil cenutpsl (4:1:1), pacTBo-
PEHHBIX B CMECH CIIUpPTa ¢ TUCTUIMPOBAHHOU Bomoil. B paHee omyOJIMKOBaHHBIX
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COODIIIEHUSIX Pa3IMYHbIX aBTOPOB, HarpumMep [bapaHoBckuit u ap., 2010, 2011], pac-
CMaTPUBAJINChH MMPEUMYIIIECTBEHHO BU3yaJibHbIe HAOTIONCHUS 3a peaKIueil ITOpM-
rjacca, py 3TOM CHHOTITUYECKasi 00CTaHOBKA OIleHMBAJIaCh TAKKe BU3YaJIbHO.

OBbEKTbI HABJTIOAEHNI 1 METOOWKA OBPABOTKM

B Hamumx sxcrnepuMeHTax aMITyjia Obla pa3MellieHa B TEPMO- U CBETOM30JIMPOBaH-
HOM OOKCe, JIMIIIb OMHO OKOIIKO OCTaBaJIOCh OTKPBITHIM. Yepe3 3TO OKOIIKO TPo-
myckajucsi c(poKycMpOBaHHBIN oOTpaxkarejaeM Iy4JoK cBeTa. Ilocie mpoxoxxmeHust
aMITYJIBI 3TOT IMyYOK BOCIIPUHUMAJCS (POTONPUEMHUKOM, 3aTeM Yepe3 JIEKTPOH-
HyI0 cxeMy (YCWIWTEJb) CUTHaJI MOCTyHaj Ha aHajJoro-nudpoBoii mpeodpa3oBa-
tesb (ALIIT) B mepcoHanbHbll KoMnbloTep (I1K) (puc. 1). ITapanneabHo Ha BTOpoi
kaHan AILII nmoctyman curHaja ¢ U3MEpUTeJsl €CTECTBEHHOTO IepeMEeHHOIo Mar-
HUTHOTO I10JISI C TIOJIOCOM mpoIlycKaHus B oonactu 7...8 ' (puc. 2).

PacTBOp LITOPMIJIACCA
CBETOHE 0JLATOR
’;.: /st /;/f ’//f
/ r ! ? ¥ CHITHTCIE AL
/LA ) " / e
i Ag g
z Vi ..
/ N
flwlcycnpym?é o
OTPEKATENE / ¢ OTOITD HENEHIK
HeTodHME CBETA

/ OCE..HDI{ IOTOPMITIAcCa

Temnnon: 0JAmMoHEaA KaMepa

Puc. 1. Cxema ycTaHOBKU CO IITOPMIJIACCOM (TIEPBBIil KaHA)

/ ,r_[ef/e/mop AEHE
[TK

/ NpeRyCHIHTED
HMHJVFIMOHHE I bumTp H
JaT4HK

Puc. 2. Cxema YCTaHOBKU U3MEPUTEJIA €CTECTBEHHOI'O
TIEPEMEHHOI0O MarHMuTHOTI'O IT0JIA (BTOpOfI KaHaII)
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B kauectBe paTuuka 34ech MCIIOJb30Bajach MHIYKIIMOHHAs KaTyllKa
(40 000 BuTKOB) ¢ (hbeppOMarHUTHBIM cepAeuHUKOM. CUTHAJ ¢ KaTYIIKW MOCTynal
Ha TpeayCUJIUTelb, TTpoITycKayics yepe3 (UJIbTp HU3KUX YaCTOT, 3aTeM JAETeKTUPO-
BaJICSl CXeMOM Ha JBYX OMepalMOHHbBIX ycuauTessix. [Tocjie 3Toro curHai mocTyrai
Ha Bropoi kaHan AILIIT ITK. Cunonrtuyeckue KapThl (IpU3EMHbBI aHanIM3) Opa-
JIUCh C OOLIENOCTYITHOTO HEMEIIKOTO caliTa.

DKCIepUMEHTBI MPOBOIUIIMCH B MPENNOJOXKEHUN, UTO BO3IEHCTBUE HA CTPYK-
Typy IITOpMIJacca OKa3bIBalOT 3JIEKTPOMArHUTHBIE TMOJsS B YKa3aHHOW oGiacTu
yactoT. Panee [CrenaHiok, 2002] ObLIO BBISIBIEHO, YTO IMKJIOHAJbHBIE 0Opa3o-
BaHMSI U aTMoc(epHble (DPOHTHI BO30YXAAIOT B OKPECTHOCTU TaKue TOJsl, U OHU
MOTYT PaCIPOCTPaHSTLCS B HampaBieHUU ABuKeHus 1ukiaoHa a0 1000...1500 km.
NHaykiimsgs B HenmocpeACTBEHHOW OJM30CTM OT LIMKJIOHA MOXET JOCTUTaTh
10...15HT.

PE3YNbTATbI 1 OBCYKAEHUE

B skcnepuMeHTax co IITOPMIJIACCOM HaM yIaJoCh BBISICHUTh, YTO NE€MCTBUTENIBHO
CYILECTBYIOT CUHXPOHHBIE «COOBITHSI» B 3aIIUCSIX ONTUYSCKOM TJIOTHOCTU LITOPM-
riacca U BO3MYILIEHUI MHAYKIIMU B 007acTu 4yacToT 7...8 ', DT «CoOBITUSI» CO-
OTBETCTBYIOT IPOXOXIEHUIO LMKJIOHA C (POHTAIBHBIMU pasiaenamu (puc. 3—6).
VYKazaHHbIE «COOBITUSI» OIPEIAEISUIMCh MYTEM CTAaTUCTUYECKOTO aHaau3a pPsJIOB,
MOJIyYEHHBIX 110 3aMKMCsIM IBYX KaHaJI0B, B IpOrpaMMHOM Takete Mesosaur.

JIJ1s1 OLIEeHKM BO3MOXKHOTO «IIPEeIYYBCTBMSI» WJIU 3a0epKKKU peaklMyd Ha IMepe-
MEHHOE 3JICKTPOMArHUTHOE II0JIe CHayaja OCYIIECTBISLUIOCHh CIVIAXXMBAaHUE PSIIOB
C MOMOIUIBIO CKOJIB3SIIIETO CPEIHETO, a 3aTeM MPOBOIUIICS B3aMMOKOPPEJISIINOH -
HBII aHAIU3 crylaXkeHHbIX psimoB. Ha puc. 7 mpeacraBieHbl pe3yabTaThl OJI00HOIO
aHanIu3a.

EM-kaHan
AB
—urropmMriacc
AU
Ll sl sl e el ol sl B B el el e, s el el sl s e el el o 2ol
TEaomuanmueuaToaTnNamONT nann T
SEEB8IBLIAIEQIETIIBEER R ————
TEII IR ELECCCE IR mcMEHmE

Puc. 3. I'papuueckast 3aBUCMMOCTb JaHHBIX, MOJYYEHHBIX MO AByM KaHana (EM-kaHaiy

u mropmriaaccy) ¢ 14:00:11 mo 21:00:51 10.04.09: AB — Bapuauuu uHaykuuu; AU — Bapua-

MM CATHAaJIa ITopMIVIacca. 3HAYUMBII KoadduimeHT Koppesuuu paseH 0,73. Bpemst 3a-
JIEP>XKU peakIuy ITopMiacca 2...3 MUH
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16:00 MCK 22:00 MCK

Puc. 4. Cunornrrmyeckne Kaprthl paiiona ucciaegoBanus (10.04.09 wa 16:00 u 22:00 mo Mo-
cKoBcKoMy BpeMeHn). [TyHkT HaOmoaeHust — ropon Cankr-Ilerepoypr (CII6)

ABSS| s AU
HInso- 1z YOLEL
45 L2
40 120 E"E‘“’“
35 1 115
—UWmpmmace
% 11 AU
25 4 +5
)~ —
§RE8SNEFREINEINESRETAEET T
ERNB9ECRIB-EeE8RAs TR o
G0 OO E EE 00 e NNNGNGNGE S Yac.MHH:.CEK
- o v e 00NN NN NN NN NN N NN NN

Puc. 5. I'papuueckast 3aBUCUMOCTb JaHHbBIX, TOJyYEHHBIX 10 ABYM KaHaiam (EM-kaHamy

u mropmriaaccy) ¢ 19:08:40 o 23:58:00 14.04.09: AB — Bapuanuu unaykiuu; AU — Bapua-

1IMY CUTHaJIa ITopMriacca. 3HauuMbIit koadduumeHT koppensiiiuu paseH 0,51. Bpemst 3a-
NEPXKKU peakIuy IITopMIyiacca 8§ MUH

| S ,\g\:ﬁ . A oz

L 'y o

BN, R _

16:00 MCK 22:00 MCK

Puc. 6. Cunontnyeckue KapThl paiioHa uccienoBanus (14.04.09 Ha 16 u 22 9 10 MOCKOB-
ckomy BpeMeHn). [TyHkT HabmoneHust — ropon Cankr-Iletepoypr (CII6)
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Puc. 7. IIpumep cratuctrueckoro aHanu3a psaaos (04:00:51—16:28:51 09.04.09): uepHas n1u-

HUST — CTJIaKeHHas peakIivs ITopMIjiacca; cepast JMHUS — CriaXKeHHas! peakiusl JIeKTpo-

MarHUTHOTO KaHaia; AB — Bapuauuu MHIyKUuu; AU — Bapualuvu CUTHaJIa IITOPMIJIacca.

Bcemeck peakmum mTopMriiacca clieBa OT «COOBITHSI» He MHASHTUdUIIMpoBaH. Bpems 3a-
IEepKKW peaknuu mropmriacca 37 muH (110 mraron)

. o

L
4:00 MCK 16:00 MCK

Puc. 8. Cunonrtuueckue kapthl paiioHa ucciegoBanust (09.04.09 na 4:00 u 16:00 mo mo-
CKOBCKOMY BpeMeHU). CuTyamus aHTULMKIOHA. IlyHKT HaOmomeHusi — ropon CaHKT-
ITeTep6ypr (CII0)

Haubonpmmii KoaPPUUIMEHT KOppelsIuMA MEXIy ABYMS psaaMyd COCTaBMII
0,83 npu capure B 110 maros, 4To COOTBETCTBYET 37 MUH IIpM 11are, paBHom 20 c.
ITo mannbiM akcniepumeHTa 09.04.09 peakiius mTopMIJIacca Ha 3JEKTPOMAarHUT-
HbIe SIBJICHUS Hayajlach Ha 37 MUH MO3Xe.

HMHTepecHble pe3yabTaThl MOJyYaloTCsl B TPOTUMBOIOJOXHOM cllyyae, KOrma
HaJ MyHKTOM HaOIOACHUI perucTpupyercsl aHTULIUKIIOH. [lepen nmpuxomoM aHTH-
LIUKJIOHA HaOJIogaeTcsl CI0XKHasl TMAPOMETOOCTaHOBKA ¢ (DPOHTAJbHBIMU pasie-
JlamMu. B cBSI3M ¢ 3TUM onTHUYecKas IUNIOTHOCTh IITOPMIJIacca HU3Kasl, a 3aTeM BO3-
pactaeT (puc. 8) B OTJIMYME OT MOKa3aHHbBIX BhIIIE pe3yabTaToB. IIpu 3TOM curHain
EM-kanana Bo3pacTaeT (KpuBasl oKa3aHU IITOpMIJacca, Kak 1 paHee, IepeBep-
HyTa I HanIsIOHOCTU). BCE 3To yOexxmaeT, 4To IMoKa3aHMs ILITOpMIJlacca OQHO-
3HAYHO CBSI3aHBI € 3JICKTPOMArHUTHBIMU CUTHAJIAMU.
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Ilpumeuanue. JInsi HaTASIAHOCTM CUTHAJ IITOpMIJIacca TMpU 00paboTKe ObLI
UHBepTUpOBaH. B peanbHocTH Bo3pacTtanne EM-curHanza npuBOIUT K CHUKEHUIO
CUTHAJIa OT IITOpMIJIacca. DTO COOTBETCTBYET IMOBBILIEHUIO ONITUYECKOM TIOTHOCTH.

BbIBObl

1. He mo0oit LMKIJIOH U He J00bie (pOHTANIbHBIE pa3lieibl, KaK CBSI3aHHBIC
C LIMKJIOHOM, TaK U CYLIECTBYIOIIWE OTICIbHO, HampuMep, B 0ApUUYSCKUX JIOXK-
OuHax, GopMUPYIOT TaKue «COOBITUSI». BUIMMO, 3TO TOBOPUT O TOM, YTO IITOPM-
rjlacc, Kak <«IpeacKa3aTeb» IITOPMa, MCIIOJNb30Bajics MOPSIKAMMU BBUIY OTCYT-
CTBUS OoJsiee HaNEXHBIX MeToA0B. OH HE MOXET 3aMEHUTb COBPEMEHHBIE METOIbI
MPOrHO3a M0 CUHONTUYECKUM KapTaM, HO TPU OTCYTCTBUM TaKOBBIX MOXET OKa-
3aThb CYIIECTBEHHYIO TTIOMOIIb.

2. Takxe OBLJIO OTMEUEHO BO3pACTAHME CUTHAJIOB ILITOPMIJIACCA, XapaKTEpHOE
JJISI CUTyallM, KOTJa B paiiloHe MCCIEAOBAaHMUSI CTOUT aHTULIMKIOH. DTO SKBUBA-
JICHTHO YMEHBIIEHUIO ONTUYECKOHN IIJIOTHOCTU, T.€. MOBBIIIEHUIO MPO3PaYHOCTU
(curnan ¢ poronpuémMHuka AU MeHsIeTcs 00paTHO ONTUYECKOI IIJIOTHOCTH).

3. TlonyyeHHBIe pe3ybTaThl MMOKAa3ajlu, YTO M3HAYallbHAasl TUIIOTE3a O TOM,
YTO Ha peakivio IITOPMIJIacca MPEUMYIIECTBEHHOE BIUSIHUE OKAa3bIBAIOT CBSI3aH-
HbI€ C MOTOA0I 3JIEKTPOMArHUTHBIE TIOJISI B 006J1aCTU KpaliHe HU3KUX 4acToT, I10-
BUAUMOMY, CITpaBeIJIvBa.
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A SEARCH OF THE HYDROMETEOROLOGICAL PROCESSES’
INFLUENCE MECHANISMS ON A STORMGLASS

I.A. Stepanuk ', N. S. Frolova, A. V. Zimin ', N. F. Perevozchikov®

' Russian State Hydrometeorological University, Saint-Petersburg, Russia,
2 Moscow Institute of Physics and Technology, Moscow, Russia

The construction and chemical composition of a stormglass are widely known among experts
so they are not considered here. We have used the standard stormglass ampoule in our ex-
periments. In the main the visual observations were considered in the earlier works of different

744



N. A. Cmenatiok n ap. [Tonck MexaHu3mMoB BANAHUA TMAPOMETEOPOJIOrMYECKUX NPOLIECCOB Ha LUTOPMINAcC

authors, and at the same time weather situation was estimated by sight too. The ampoule was
placed in the light and thermo-insulated box. Only one small window was open.

The beam of light was passed through this window. After ampoule passing this bunch was
perceived by the photodetector, then through the electronic scheme the signal went into the
analog-digital converter (ADC) in the personal computer (PC). In parallel the signal from
a natural variable magnetic field meter with a pass-band in the region of 7...8 Hz went on the
second ADC channel. The synoptic maps (the surface analysis) were taken from archive data
of German Meteorological Station.

The experiments were carried out in the assumption of the fact that an impact on a stor-
mglass structure is influenced by electromagnetic fields in the said area of frequencies. It was
brought out earlier [Crenaniok, 2002] that the cyclonic formations and the atmospheric
fronts generate such fields in the locality, and they can extend in the direction of the cyclone
movement to 1000...1500 km. The induction in close proximity to a cyclone can reach from 10
to 15 nT.

We found out in the experiments with the stormglass that there are the real synchronous
“events” in records of the stormglass optical density and the induction storms in the field of
frequencies of 7...8 Hz. These “events” correspond to a cyclone passing with the frontal sec-
tions. The most significant correlation coefficient between the data received by two channels
was 0.83. It was also noticed that a stormglass reaction was later towards an electromagnetic
channel.

However not any cyclone and not any frontal sections, both connected with a cyclone,
and existing separately, for example, in a pressure trough, form such “events”. Probably, it
means that a stormglass as a “predictor” of a storm was used by seamen only in addition to
usual methods. Especially it can’t replace the modern methods of forecasting.



0 (BA3M OYHKLIMOHAJIbHBIX MOKA3ATENEN
C ATMOCOEPHBIMW U TEOMATHUTHBIMI ®AKTOPAMMU
Y MYXYUH-CEBEPAH B MHOTOMECAYHOM UCCIIEAOBAHUN

0. I. ConoHun

NHcTnTyT dmsmonornm Komm HayyHoro LueHTpa YpanbCKoro oTaeneHums
Poccuinckon akagemumn Hayk (MO Komun HL, YpO PAH), CoikTbiBKap, Poccuns,
e-mail: solonin@physiol.komisc.ru

IIpoBeneHa olleHKa BO3MOXHOTO BIIMSIHMSI aTMOC(EPHBIX M T€OMATHUTHBIX (DaKTOpPOB
Ha OpraHM3M OTHEJBHBIX BOJIOHTEPOB TIPU JJIUTEIBHOM €XEeMECSYHOM MOHHMTOPHHTE.
OO6ceoBaHO 8 MPAaKTUYECKU 3MOPOBBIX MYXKYMH B Bo3pacTe oT 26 10 44 net (B cpemHeM
33 roga). UsMmepsin dyHKIIMOHATIbHBIE TMOKAa3aTeNMd: YACTOTY CEPIACUYHBIX COKpalleHW
(YCC), cucromnueckoe (CJ), nmactonuueckoe (/1) n cpennenunamuyeckoe (CIJI) apre-
puansHoe maBiaeHue (All), mBoitHoe mpomsBeneHue ([I1), MakcuManbHYyIO 3aIepKKY IbIXa-
Hus Ha Baoxe (M3]1), xkxusHeHHbild uHaekc (XKW), cunoBoii nnnekc (CH), kapauopecnu-
patopHbiit uHAeKC CkubuHckoit (MC) u BpeMst NPOCTOil 3pUTEIbHO-MOTOPHOM peaklvuu
(BII3MP). IIpumeHEH KOpPpEISIIMOHHBIA aHAIU3 AUHAMUYECKUX PSOB Y KaXIO0ro uc-
nbITaTeNns (BHYTPUMHINBUIYAIbHAS WM UHTpa-Koppesauns). [lpu mmHe psima B 24 maphl
CTaTUCTUYECKM 3HAYMMBIN KoadduuueHT Koppeasuuu (mpu p<0,05) paseH 0,41 u BbIIIIE.
BuisiBiieHa Koppessilivsi BHEIIHUX BO3AEMCTBUII U (DYyHKIMOHATBHBIX MoKa3zareneil y oT-
NEJBHBIX BOJOHTEPOB M TEHIEHIIWS YXYAILIeHUs (yHKIMOHAIBHOTO COCTOSTHUSI 0OCieno-
BaHHON TPYIIIBI B IeHb C BOBMYIIEHHOM MarHUTHOM aKTUBHOCTBIO.

BBEJEHWE

Bormpoc 0 coTHEYHO-3¢eMHBIX CBA3IX W O BIMSHUM KOCMHMYECKON M 3¢MHOM II0-
TOOBI Ha OpPTaHM3M YeJIoBeKa 3aHMMaeT HayJdHbIe YMBI C JaBHHMX BpeMEH. K mc-
CIeMOBaHUSIM B 3TOM HallpaBJIeHUM B XX B., CTaBIINM KJIaCCUISCKUMU, MOXKHO
otHectH Tpynbl A.JI. Ymkesckoro [Ymxkesckuit, 1973; Tchijewsky, 1934], paboty
. Accmana (1966) ¢ 0630pom 60iree 1000 MCTOYHUKOB IUTEPATYPHI 1 ITyOIMKAITAN
MHOTHX JIPYTUX HCCIIeI0BaTeIEeH.

IMocnme BBIXOmA YemoBeKa B KOCMOC, TIOSIBICHUsI HOBBIX 3HAHWA B 00JacTH
acTpoPU3UKHU, TEINOTeODU3NKN U TeIMOOHOJIOTUN B TIOCIAEIHUE TOIBI MHTEPEC
K 3TO# TIpobjeMe OXUBWICS, YTO TPOSIBIUIOCH B 3aMETHOM BO3pacTaHWM YMCIIA
MyOIMKAIMi B HAyYHBIX M3TaHUSIX. HacTosiee mccmenoBaHue BO MHOTOM OBLIO
CTUMYJMPOBAHO O3HAKOMJICHUEM JIMIITL ¢ HEOOJBIION YacThio M3 HE0O0O3pUMOTO
YKCjia UICTOYHUKOB JIMTEPATyphl 110 3TOMY BoOIIpocy [AramkansH, Makaposa, 2001;
Bpeyc, Pamonopt, 2003; 3enuenko, 2010; 3enuenko u np., 2009, 2011; CrousoBa
u ap., 2008].

B pamkax npoekta MAPC-500 B mtepron ¢ ampens 2009 . mo Host6ps 2011 T.
Ha ceBepe Poccum (CBIKTBIBKAp) MPOBOAMIIOCH WCCIEIOBAaHWE TPYIIIHI WCITBITA-
TeJIe-BOJIOHTEPOB TI0 €AMHON MeTOmuKe, pa3pabotaHHoit B MHcTHUTyTE Memm-
Ko-6uonormueckux npodiem PAH [Baesckuit u ap., 2009] ¢ uenbio KOHTPOJS 3a
(PYyHKIIMOHAIBHBIM COCTOSTHMEM TIPaKTHUYECKU 3MOPOBHIX JIIOACH B HOJITOBPEMEH-
HBIX HaOTIOMEHUSX W BBISIBICHUS BO3MOXHBIX OTKIIOHCHU B COCTOSTHUM 3I0POBBSI.
HexoTtopble pe3yabTaThl 3TOTO MCCICTOBAHUS OBUIM OITyOJIMKOBAHBI B BEMYIIMX
KypHanax [ComonuH u ap., 2010, 2011].
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HCJ'H) HacTosLIEH pa60TI)I — Ha OCHOBE OOITOJITHUTCIIBHOTO er'IY6.TIéHHOFO aHa-
Jin3a IMOJYYECHHBIX JAaHHBIX IOIIbITaAThCA OUCHUTH BO3MOXHOEC BJIMAHUC aTMOC(i)Cp-
HBIX M1 TCOMAarHMTHBIX (baKTOpOB Ha OpraHmn3M OTACJIIbHBIX BOJIOHTCPOB-CEBCPSAH
IIpn JJIMTCJIbHOM €2KEMECAYHOM MOHUTOPHHIE.

MATEPUAJbI U METO[bl

ExemecsiyHO (¢ HEKOTOpPBHIMHM MepepbiBaMM) B 24 TouKax HaOIIOOECHUS OBLIO
00CIeq0BaHO 8 MpakTUYeCKM 3I0POBBIX MYXKYMH B Bo3pacTte OT 26 mo 44 jer
(B cpemnem 33 roma), pocrom 164...183 cm (B cpemnem 175 cm), maccoil Tena
70...109 xr (B cpeqHeM 80 KT), ¢ MHIEKCOM Macchl Tena 23,4...33,2 xr/m? (B cpen-
HeM 26 kr/m?), ¢ moneit xupa B tene 10,6...32,1 % (B cpeanem 18,6 %), ¢ Makcu-
MaJIbHBIM MOTpebieHneM Kuciopona 2,2...4,1 n/MuH (B cpenHeM 3,4 1/MUH) WIn
36,6...53,5 ma/mMunkr (B cpeaHeM 37,5 mMi/MUH'KT). DTO ObUIM BOJOHTEPHI, PO-
JVBILKECS W TTOCTOSTHHO npoxuBamoiye B CoikrhiBKape (61°40' c. m1., 50°50' B. 1.)
B 30He, opUIIMAIBHO NpHpaBHEHHON K paitoHam KpaitHero CeBepa, IpemcTaB-
JITIONINE HAYIHBIX paOOTHMKOB M ciyxamux MUYC u3 rpynibl Tak Ha3bIBAEMBIX
«CUAIIUX Tpodeccrit» ¢ Mayoil (pM3MIecKoil aKTUBHOCTBIO U ¢ OTPaHWMYEHHBIM
BpEMEHEM HaxOXJIEHMsI Ha OTKpbITOM Bo3ayxe. IloaTeepxkaeHuem majoi (pusu-
YECKOM aKTUBHOCTH 3THX BOJIOHTEPOB SIBJISIETCS HEBBICOKUI (HIDKE CPEeIHEro WIJIn
HU3KWIT) YpOBeHb MAaKCHMAJIBHOTO MOTPebIeHNs Kuciaopona. Bece oHm manm corma-
cue Ha obcnenoBaHue. Pabora omoOpeHa JJoKajbHbIM KOMUTETOM 10 OMOATUKE MPU
Wucturyre pusnonornu Komu HIT YpO PAH.

B pabore ncnonib3oBaH anmapaTHO-IIPOrpaMMHBIN KOMILIEKC «DKocaH-2007»
(upMbl «MeaulMHCKIE KOMIBIOTEPHbBIE CUCTEMbI» (3eieHorpaa). DTOT KOMILIEKC
peanm3yeT METOIOJIOTHIO JOHO30JIOTMYECKOTO KOHTPOJIS 32 COCTOSTHUEM 3MOPOBbS,
MTO3BOJISIET M3yJaTh IMOKa3aTeu BapuabeIbHOCTH CEepIeYHOTr0 PUTMA, TUCIIEPCH-
onHoro kaprtupoBanusi OKI', Bpemsa mpocroit (II3MP) u cinoxnoii (C3MP) 3pu-
TEJIbHO-MOTOPHBIX peakiuii. Hapsmy ¢ 3TMM IpuMeHsUIM OOIIeTpUHSATEIE COMa-
TOMETpHUYECKIE U (GU3NOMETPUUECKHE TTOKA3aTEINM Y METOIUKH TSI OTIpEIeTICHMS
M OIIEHKH COCTOSTHMS KapINOPECITMPATOPHOI CUCTEMEI.

Y BOJIOHTEPOB M3MEPSIN POCT, MAacCy Teja U PaCCUMTHIBAIM WHICKC MacChl
tena. Jlomo xupa B teie onpenelisii mpuoopom OMRON BF 302 (SInonwus). Cuny
CXXaTusl KUCTU UBMEPSIIA MPYXUHHBIM JUHAMOMETPOM U PACCUUTBHIBAIU CUJIOBOM
nHiaekc (CU = cuna/macca tena). ZKuznennyto éMkocts Jerkux (KEJI) onpenens-
JIM CYyXUM CIIMPOMETPOM 1 pacCUMThIBaIM xku3HeHHbI nHaekc (XK =2KEJI/macca
tena). IIpoBoauiy mpody ¢ MaKCUMaTbHOM 3aMepKKOM TBIXaHUS TIOCTIe TIpeIBapy-
TeJbHOro Broxa (rpo6a Illrtaxre).

AprtepnanbHoe gaBieHne cucroiamdeckoe (CAJl) W AuacTOIMYecKoe
(IAH), uyacrory cepaeunbix cokpameHuii (YCC) B mokoe cumsd wusMeps-
JIN 3JIEKTPOHHBIM mpubopom momenu UA-767 (A&D Company Ltd., Japan).
PaccuutbiBamim  nynbcoBoe maiaenue (I =CAHO—JAIl), cpenHeauHaAMU-
yeckoe papineHue (CHO=IAHN+0,33I11) mo XwukeMy, OBOMHOE NIPOU3BEIE-
Hue (AIT=CAIXYCC/100) mo PoOGUHCOHY, KapauOopecIUpaTOpHBLIA WHIEKC
Cxubunckoir (MC=2XEJI/100xM3/4CC) u BeretaTuBHbIii uHIekc Kepmo
(BUK=(1-JAO/YCC)*x100). [To mHeHUIO aBTOpa TocheaHero nHaekca [Kerdo,
1957], BUK, Giaronapsi mpocToTe €ro onpeaejaeHusl, OueHb YI00eH sl XapakTe-
PUCTUKHA METEOPOJIOTUIECKIX peaKIInii OpraHm3Ma.
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MakcumanbHOE TTOTpebIeHre KUCIOopoaa KaK IoKa3aTellb adpoOHOM pabo-
TOCITOCOOHOCTH OpPTaHW3Ma OIPEeAeIIsIA OTHOKPATHO HEIPSIMBIM METOIOM ITyTEM
TIpEIbABICHUS HapacTaroOIINX BEJI03PTOMETPUUYECKIX HArpy30K u usmeperus YCC
C TIOCIIEAYIONIMM PacuyéToM 3HaYeHHMI TOTpeOJIeHUsT KUCIOpOoIa 1o HOMOrpaMme
[Astrand, 1960].

JanHbIe 10 3eMHOI aTMoc(depe (maBieHUe Bo3ayxa — P, ero BIaXXHOCTb —
B, Temneparypa — T) B ChIKThIBKape B JHU 0OCJIeOBaHMUs ObUIM B3SITHI C caii-
Ta http://meteo.infospace.ru, a JaHHbIE MO T€OMarHUTHOKW 0OCTaHOBKE (MHIEKCHI
Kp u Ap) — c caiira ftp://ftp.ngdc.noaa.gov/stp/geomagnetic_data/indices/kp
ap. Conepxanue kuciopona (PO,) B armocdepe ObiI0 paccyuTaHo 10 (hopmysie
Knaneitpona. B xone o6ciienoBaHusl B TOMEIIEHUM KOHTPOJIUPOBAIU TEMIIEPATypy
Y OTHOCUTEJIBHYIO BJIAXKHOCTD BO3/IyXa.

IMomyyeHHBIe MaTepyaIbl TTOABEPTHYTHI CTATUCTUUYECKON 00paboTKe ¢ MOMO-
o porpaMm Biostat 4.03 u Statistica 6.0 ¢ IpoBepKOii BapUalMOHHBIX PSIIOB Ha
xapakTep pacnpenesieHus (mo kpureputo Illanupo-Yunka). Kputuueckum ypoB-
HEM CTaTUCTUYECKO 3HauYMMocTu npuHuManu p<0,05. B pabore nmpruMeHEH KOp-
PEISIIMOHHBIN aHaTN3 TUHAMWYECKUX PSIIOB Y KaXIOTO MCIBITaTeNsT (BHYTPUWH-
IUBUyajbHAsl WM MHTpaKoppesiius) mo Crnupmeny. [Ipu niuHe psina B 24 napsl
CTaTUCTUYECKHU 3HAUMMBIN KoadduuueHT koppeasuuu (mpu p<0,05) pasen 0,41
1 BEIIIIE.

PE3YNbTATHI

Y Bonontépa 1 BbisBieHa mpsiMas ceasb YCC ¢ T (r=0,418) u I ¢ PO,
(r=0,408). Y BononTépa 2 npsimo cBsizanbl MC (r=0,456) u BII3MP (r=0,469)
¢ P, UC ¢ PO, (r=0,409), obparHo xoppemupyior I (r=-0,472), YCC
(r=-0,623) u AI1 (r=-0,481) ¢ P, YCC ¢ PO, (r=-0,409). V Bonontépa 3 nme-
ercsa mpsaMmas cBa3b M3/ ¢ P (r=0,451), obparueie cBszu M3Jl (r=-—0,413)
u UC (r=-0,519) ¢ Bn, M3J1 (r=—0,495) u UC (r=—-0,431) c Kp, BII3MP ¢ Ap
(r=-0,426). Y BonoHTépa 4 npsimo koppemupytor UC ¢ P (#=0,433), KU ¢ T
(r=0,428), M3]/1 ¢ Ap (r=0,438), obpaTHo koppeaupyiotr BII3MP ¢ P (r=-0,639),
KU ¢ Bn (r=-—0,437). ¥V BonoHTépa 5 BhIsABIEHA IIpsiMast Koppeissuusa M3/ ¢ Bn
(r=0,443) u XU ¢ T (r=0,590), obparnast koppessiuust KW ¢ PO, (r=-0,429).
VY BononTépa 6 npssmo koppenupyiot CI ¢ P (r=0,441), KU ¢ T (r=0,440), CA
(r=0,422) u CA1 (r=0,423) ¢ PO,, obpatHo koppenupyior KU ¢ P (r=-0,449)
u KU ¢ PO, (r=-0,499). ¥ Bonontépa 7 BeisiBicHa TipsiMas koppensiiust KU ¢ T
(r=0,564), obpatnbie koppensiunn KU ¢ PO, (r=-0,552), [AI1 ¢ Kp (r=-0,465)
n ¢ Ap (r=-—0,446). Y BosmoHTEpa 8 MMeETCS TOJILKO OIHA O0paTHAs KOPPEISLINs
CI c Bn (r=-0,429). Takum oO6pa3oM, YKUCJIO BbISIBIEHHBIX CTATUCTUYECKU 3HA-
YUMBIX KOPPEIAIMOHHBIX CBS3eil (PYHKIMOHAIBHBIX ITOKa3aTeneil ¢ (akropamu
3¢MHOM M KOCMHYECKON «ITOTOIBI» PA3TNIHO Y pa3HbIX MHAUBUIYYMOB (OT 1 10 7).
bosbie Beero cpaseit obHapyxero ¢ P (10 y 4 yvi), nanee unyr PO, (8 cBaseii
y 5 mun), T (5 cBsa3eir y 5 muir), B (5 cBazeit y 4 mun), Ap (3 cBsa3u y 3 nun) u Kp
(3 cBs13u y 2 ). Y3 ¢pyHKIIMOHANBHBIX ITOKA3aTelIeil Jallle BCero 3aBUCHUMBIMU
1 HauboJiee yyBcTBUTENbHBIMU oKazanuch KU (9 cesazeit), M3/] u UC (1o 5 cBs-
3eii), meHee yyBcTBUTeAbHEL YCC, JII1, CIO 1 BII3MP (110 3 cBs3m), a Takke /1
u CH (no 1 cBsa3m). IlpencraBiasior MHTEpPEC U YMEPEHHBIE, MMYCTh U CTATUCTUYE-
CKM He3HauyuMble, Koppexsiuuu ¢ Koagdumuenrom 0,3...0,4, ykasplBamolIue Ha
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BeposTHhIE TeHaeHIH. C YYETOM 3TUX U 3HAUMMBIX Ko3duuneHtos 2KU y 7 nuix
u3 8 mpsamo koppenupytor ¢ T, a'y 6 nmuu KW obparHo koppenupyer ¢ PO,. C P
BbIsABNAETCA 17 Takux cBasei, ¢ B, T, PO, — mo 16 cBaseit, ¢ Ap — 15 cBaseid,

¢ Kp — 8 cBaselii.

Ap —=Ap ——[I3MP r=-0,426 [3MP, mc
14 250
- 200

10 -
8 A - 150
6 / \ - 100
. /4 \u/
N - 50
0 1+ 0

1

2 345 6 7 8 91011121314 1516 17 18 19 20 21 22 23 24

Puc. 1. MHoromecstyHast nuHaMuKa Ap-uHaekca v BpemeHu [1I3MP y BosioHTepa 3

r=10,590

T, K — T —— KU KU, mi/xr
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1 2 3456 7 8 910111213 141516 17 18 19 20 21 22 23 24
Puc. 2. MHoromecsiyHast [MHAMUKA TeMIIepaTypbl aTMOCHEepHOTO
BO3/yXa U XKM3HEHHOTO MHJEeKca Y BOJIOHTepa 4
B, % —a— B —— M3]1 r=-0,413 M3/, ¢

100 75
\ A pu [
9% +\ R - 65
- 60
80 1 L 55
70 - 50
/ - 45
60 - 40
Vi 35
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1 23456 7 8 91011121314 1516 17 18 1920 21 22 23 24

Puc. 3. MHorOMecsTYHast AMHAMMKA BJIAXKHOCTU aTMOC(HEPHOTO
BO3/yXa U BpeMEHU MaKCUMAJIbHOM 3aep>KKU IbIXaHUsI Y BOJIOHTEpa 5
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B kxauecTBe HarIsImHOIO OKA3aTeJIbCTBA HAWACHHBIX CBSI3EU IMPUBOAUM IIPU-
Mepbl HEKOTOPBIX Map AUHAMUYECKUX PSIAOB BHEITHUX (PaKTOPOB 1 (PYHKIIMOHAJIb-
HBIX ITOKa3aTejieil Y OTAeIbHBIX BOJOHTEPOB Ha puc. 1—6.

150 PO /™ —+—PO, —-CH r=10,408 CHU, %

325 /\\ r 62
/\

300 \/f\v/ 58
275 A ’/ 54

250 +———+—+—+—+——————+———————————+—+ 50
12345678 91011121314151617 1819 20 21 22 23 24

Puc. 4. MHoromecstunas nuHamuka PO, v CUIIOBOTO MHIIEKCA Y BOJIOHTEpA |

P, rlla =P —-Hcc r=-0,623  ycc, ya/uun
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1 23 456 7 8 91011121314 1516 17 18 19 20 21 22 23 24
Puc. 5. MHoromMmecsiuHasi [MHaMMKa aTMOC(HEepHOro AaBaeHuUs
n YCC y BonoHTepa 2
Kp ——Kp ——UC r=-0,431 UC, 6asmibl
210 40

150\ A '/\ 30
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Puc. 6. MHoromecstuHast nuHamuka Kp-mnaexca
n nHaekca CKMOMHCKOI y BOJIOHTepa 3
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B xone MHOromecsiaHOro MOHMTOPMHTA OblIa cligJaHa MOMbITKA OLEHUTD BIM-
SIHUE BO3MYIIEHHOUN reoMarHuTHOM akTUBHOCTU ('MA) Ha opraHu3M BOJIOHTEPOB.
Hust satoro 18 deBpansg 2011 r. B merp noBeimeHHo 'MA BOJTOHTEPHI OBUIH IIpH-
IJI1allieHbl U1 BHEOYEPEIHOTO 00CIeI0BaHUS U UX TIPUIILIOCHh OMIOBECTUTh O HaJlU-
YUU «MarHUTHOM Oypu». [TojlydeHHbIE B 3TOT JieHb JaHHbIE ObUIM CpaBHEHBI C pe-
3yJbTaTaMM OOCJIEIOBAHUS 3TUX Xe JIIoAei B THU co crnokoiHoi 'MA (9, 10, 15
n 16 despans 2011 r.). YcpeaHEHHBIE TaHHBIE TAKOTO CPaBHEHUS TPEACTABIECHBI
B Tabiulie.

CpaBHeHre (PYHKIIMOHAJIBHBIX ITOKa3aTesiel y 8§ BOJIOHTEPOB-CEBEPSIH
MPU CITIOKOMHOI ¥ BO3MYILIEHHO reOMarHuTHO# aktuBHOoCcTH (M£SD)

IToka3aremn Cnokoitnas TMA Bosmyménnas TMA
Kp-unnexc 85140 267*
Ap-UHIEKC 4+1,8 21*
AtmMmocdepHoe nasneHue, rlla 996+4,8 1003*
PO, r/m’ 323+6,3 325
Temmepartypa atMocdepHoro Bo3myxa, °C —23,7+4,7 -23,1
BiaxxHocts atMochepHOro Bo3myxa, % 76,7£2,9 76,1
Temmneparypa Bo3myxa B momenieHuu, °C 21,6+1,4 21,3
BraxxHocTs Bo3myxa B momelneHuu, % 28+1,1 28
CaMouyBCTBUE, OAJITBI 4,00%+2,00 4,38%+2,00
IMpocrast 3SMP, mc 20021 212430
Crnoxnast 3SMP, Mmc 252130 241+19
CAl, MM pT.CT. 120+7,1 123+7,2
JAJI, MM pT. CT. 75+5,8 77£3,6
I, MM pT.cCT. 45+9.5 4616.,5
CJI, MM pT. CT. 91+£3,8 93+£3,6
YCC, yn/muH 69+7,6 72+11,8
AT, ycn.en. 83x11,1 89+18,5
BUK, % —1116,2 —10+7,8

IIpumenanue.* CTaTUCTUYECKU 3HAUMMBIC Pa3JIMUMSl MEXIy HAOMIOACHUSIMM C pa3-
Hoit TMA.

B nenp ¢ Bo3mymiéHHoil 'MA nmomumMo peskoro Bo3pactaHusi Kp-mHaekca
1 Ap-MHIeKca ObLJIO HECKOJIbKO MOBBIIIEHO aTMOC(EpHOE AaBJIEHHE, OCTaJbHEIE
MapaMeTpbl BHEITHEU cpe/ibl Ha YIUlIEe U B TIOMEIIEHUU ObLIY uaeHTUYHbIMU. Kak
cieayeT U3 TabauIIbl, HA M0 OOHOMY M3 (DYHKIIMOHAJIBHBIX MTOKa3aTeIe He HaOII0-
JIaJIOCh CTAaTUCTUYECKU 3HAYMMBbIX cIBUTOB. Ho BCE e ciemyeT oOpaTUTh BHHUMa-
HHME Ha TeHICHIIMM B PEaKLMIX HEKOTOPHIX MoKa3aTeyieil, MpuIéM OaHO3HAYHEIE,
TOBOPSIINE 00 YXYAIIEHUN COCTOSTHUS OpraHu3Ma. DTO OTHOCUTCS K YBETUUECHUIO
0aJJIOB cCaMOYYBCTBUS (HOPMOM cyuTaercs A0 2 0a/ioB), YUIMHEHUIO BPEMEHU
npoctoii 3MP (TipeBbIlIeHUST BEPXHEN I'paHMUIIBI CPEIHECTATUCTUUSCKON HOPMBI
171 kutenei cpemHeit mojockl B 200 Mc), Bo3pacranuio CAIl, JAI, CIJ, YCC,
HII. HaGnromaemMble «HOXHMIIBI» MEXIy BpeMmMeHeM Iipoctoil 3MP (ymiunHeHue)
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U1 BpeMeHeM clioxkHoii 3MP (ykopoueHme), Tak Ha3bIBaeMbIe «IapamgoKCalbHEIe»
peakiiuy, CBUAETEJ]bCTBYIOT O HEYPaBHOBEILIEHHOCTU IPOLIECCOB B LEHTPalb-
HOU HEpPBHOU cucTeMe W HampsKeHUWU opraHu3Mma npu Bo3myliéHHoi TMA. U3
BCeX Mokazaresieii HauOOoIbIINI OTHOCUTENbHBIN CABUT Mpou3oién B yposHe JITT
(Ha 7 %), 4TO ABISAETCS CBUAETEIBCTBOM BO3POCIIEH I'eMOIMHAMUYECKOM HArpy3-
ku Ha cepaiie. 3HaueHust BUK B o6oux ciryyasix (Ipy CIOKOMHOM 1 BO3MYILIEHHOMN
I'MA) onurHaKoBBI U OTpULIATENIbHBI, YTO TOBOPUT O COXPAHEHUU TOMMHUPOBAHUS
MapacuMMaTUYeCKOro BIUSIHUS Ha KpOBOOOpalleHUE.

Ilepexonst Kk 0OCYXIEeHWUIO WHIMBUAYAJTbHBIX U CPEAHErPYIIMOBBIX NaHHBIX,
YMECTHO OTMETUTh, UTO TPU TUJIAHUPOBAHUM HACTOSIIIETO UCCIENOBaHUS Mbl U HE
OXUAAIU MOJydYeHUs] YETKMX U OJHO3HAYHbBIX Pe3yJibTaToB. Mbl UCXOAUM U3 U3-
BECTHBIX MIPEACTABICHUI O TOM, YTO, C OIHOI CTOPOHBI, (DaKTOP, BO3AEUCTBYIOLINI
Ha OpraHM3M YeJloBeKa, JOJKEH ObITh JOCTaTOYHBIM MO WHTEHCUBHOCTU (BBIIIE
ropora BAWSIHUSI, KaK 3TO TIPUHSITO B TUTMEHE U 9KOJOTUU YesioBeKa), YTOObI Bbl-
3BaTh 3aMETHbIE peaKlu OMOCUCTEMBbI (TPUUYEM TOMEOCTATUPYEMOI OMOCUCTEMBI).
C npyroii CTOpOHbBI, U OPTaHU3M AO0JIKEH ObITh YYBCTBUTEIbHBIM K MHTEPECYIOIIUM
Hac BHELIHUM BO3IEUCTBUSAM. [0 BOCOIpUATUS psifa U3ydyaeMbIX TaK Ha3blBaeMbIX
JeTEPMUHUPOBAHHBIX (DAKTOPOB (TeMIepaTypa, BJIaXHOCTb, TaBJIEeHUE U COCTaB ra-
30BOI Cpejibl) OpraHU3M uMeeT pelienTopbl. K ToMy ke peakluMu Kaxkaoro UHIu-
BUyyMa Ha OJIHO U TO Xe IeTePMUHUPOBAHHOE BO3/IEMUCTBUE MOTYT ObITh HE TOJIb-
KO pa3HbIMU, HO U MPOTUBOIOJIOXHBIMU, U OYAYT 3aBUCETb OT TUIA LIEHTPaJbHOMI
HEPBHOM cUCTeMBbI (CUJia, ypaBHOBEIIEHHOCTb U APYrue CBOWCTBA), TUMA KPOBOO-
OpamieHus1 (3yKUHETUYECKUI, TUNEPKUHETUYECKUI, TMMOKUHETUYECKUii), TUMa
BEreTaTUBHOIO TOHYyca (CMMITATOTOHUKW, HOPMOTOHWUKH, BarOTOHUKHU), (DEPMEHT-
HOTO cTaTyca opraHu3ma, UCXOJHOTO (PyHKIIMOHATIBHOTO COCTOSIHUSI B JAHHBIN MO-
MEHT U T.J. BoIlpoc o penienimu K 3JeKTpOMarHUTHBEIM (pakTopaM BCE eIE Haxo-
JUTCS B CTAAUN OXUBJIEHHOW AUCKYCCUU U HE TaK OUYeBUIEH. XOTsI MOHSITHO, YTO
BCE KMBbIE CylllecTBa Ha 3emMJjie (HauMHasi OT KJIETOK, U3 KOTOPbIX OHY MOCTPOEHHI,
Y KOHYasi OTAEIbHBIMU OpraHaMU U LEJOCTHBIM OPTaHU3MOM) SIBJISIFOTCSI IO CYTU
JieJia «3JIeKTPOMarHUTHBIMU cUCTeMaMU» (0e3 MpeyBeInYeHUsI MOXXHO CKa3aTh, YTO
BJIEKTPUYECKHE TOKM SIBJISIIOTCSI OCHOBOM XU3HM) U HE MOTYT ObITh O0€3y4acTHBIMU
K UBMEHEHUSIM 2JIEKTPOMAarHUTHOM 00CTaHOBKM B KOCMOCe U Ha 3eMJie, UHTeHCUB-
HOCTU U3JIyUCHUI pa3HBIX 1MaNa30HOB U MOTOKOB 3apsKeHHbIX yactull. ITo aHa-
JIOTUM C TEPMUHOJIOTMEH M3 00JIACTM TUTUEHBI «3JIEKTPOMArHUTHBIN (hakTop»
KOCMMYECKOTO MPOUCXOXAeHUS (MM KOCMUUYECKas Toroja) CKopee BCero MoXXHO
OTHECTM K (hbaKTopaM Majoil MHTEHCUBHOCTH, O0JalarollUM Hecneuuduieckum
JecTBUEeM. XOTs B JIUTEpAType YXKe YCTOSUTUCH TPEeACTaBIeHUs O TeTUIOBBIX U He-
TeIUIoBbIX (MH(MOPMALMOHHBIX) OUO3((eKkTax >AEKTPOMArHUTHBIX U3TYyYEeHUN
[IpsixuH, AxkieeB, 2006]. Cienyer elé 100aBUTh, UTO MEIIAKOIIUM (PaKTOPOM MpHU
WU3yYEeHUU BIUSIHUSI KOCMUUYECKOM MOrojibl HA OpraHu3M SIBJISIETCS BCE BO3pacTalo-
LU 3JIEKTPOMArHUTHBIA (POH (MJIM 2I€KTPOMArHUTHBIM CMOT) TEXHOT€HHOTO (aH-
TPOIOT€HHOTO) MPOUCXOXKAEHUS, 0COOEHHO B KPYITHBIX TOPOJIaX.

3AK/TIOYEHWNE

C y‘IéTOM BbIIIECKA3aHHOTO MOXKHO KOHCTAaTUPOBAaTh, YTO, HCCMOTPA Ha BCE TPYAHO-
CTHU 1 OTpaHUYCHUA TaKOIo NCCICIOBaHUA, HpI/IMCHéHHaH HaMM MCTOOOJIOIUA OJIN-
TCJIBbHOTI'O €XXKEMECAYHOI'O O6CJ'[C,E[OB8.HI/IH OJTHUX M TE€X XK€ JIIOJECHA U COIOCTABJICHUS
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JaHHBIX OJHOKPAaTHbIX o0cyiefoBaHU B Pa3HbIC ITO T€OMAarHUTHOM aKTUBHOCTU
JHN Jaxe€ IMMPpH MCITIOJb30BaHUM ITPOCTHIX U NJOCTYITHBIX (1)YHKL[I/IOH3J'[I)HI)IX IIoKasa-
TEJEU MO3BOJISIET TTOJIYYUTDb IMOJIOXKHWTEIBbHBIC 3aK/ITIOUEHUA O BIMAHUN aTMOC(l)ep—
HbBIX 1 TCOMAarHMTHbIX (baKTOpOB Ha OpraHu3Mm 4€JIOBEKAa, BbIPAXKCHHOM KaK B 3HaA-
YUMBIX KOPPECIALMOHHDBIX CBA34AX MEXXIY BHCIIHUMUN BO3ICUCTBUSIMU U (I)YHKIII/IO—
HaJIbHBIMHM I10Ka3aTCJIAMU Y OTACIbHBIX BO.T[OHTépOB, TaKk M B OJHO3HAYHBLIX
TCHACHIUAX YXYOIICHUA (bYHKHI/IOHaIIbHOFO COCTOSIHUSI 00CIea0BaHHOM TPYIIIIbI
JINII B A€HD C BO3My1HéHHOI71 MarHUTHOM aKTUBHOCTBIO.

ABTOp 0J1arOIapuUT BOJOHTEPOB 3a yUaCTHE B MHOTOMECSTUHBIX HAOIIOACHUSIX.
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THE RELATIONSHIP OF FUNCTIONAL PARAMETERS WITH ATMOSPHERIC
AND GEOMAGNETIC FACTORS IN NORTHERN POPULATION OF MEN DURING
THE LONG TERM OBSERVATIONS

Yu. G. Solonin

Institute of Physiology at Komi Science Centre of the Ural Division of Russian Academy of Science,
Syktyvkar, Russia, e-mail: solonin@physiol.komisc.ru

Introduction. Within the framework of the MARS-500 project from April, 2009 to
November, 2011 in the North of Russia (Syktyvkar, 62 nl.) the study of test-volunteers group
was carried out by the single method developed at the Institute of Biomedical problems of
Russian Academy of Science. The goal of the work is to assess the possible effect of atmo-
spheric and geomagnetic factors on the individual volunteers’ body during long-term monthly
monitoring.

Materials and methods. Monthly (with some interruptions) 8 almost healthy men at the
age of 26 to 44 (their mean age was 33) were examined in 24 observation points. Functional
parameters such as heart rate (HR), systolic blood pressure (SBP), diastolic blood pressure
(DBP), average dynamic arterial pressure (ADAP), double product (DP), maximal breath-
holding at inspiration (MBHI), life index (LI), power index (PI), the Skibinskaya cardiore-
spiratory index (CRI) and a simple visual-motor reaction time (SVMRT) were measured. The
atmospheric data (air pressure — AP, its air humidity — AH, temperature — T) during these
days in Syktyvkar were taken from the site http://meteo.infospace.ru and geomagnetic data
(coefficients of Kp and Ap) were taken from the site ftp://ftp.ngdc.noaa.gov/stp/geomagnet-
ic_data/indices/kp_ap. Atmospheric oxygen content (PO,) was calculated using Clapeyron
formula. In this work correlation analysis of time series was used in each test-volunteer (intra-
correlation). Statistically significant correlation coefficient (at p <0,05) equals 0,41 and above.

Resulrs. The direct link of HR with T and PI with PO, were detected in the volunteer 1.
CRI and SVMRT with AP, CRI with PO, have a direct connection, but DBP, HB and DP
with AP, and HB with PO, correlate inversely in the volunteer 2. There are the direct link
of MBHI with AP, a feedback of MBHI and CRI with AH, MBHI and CRI with Kp, and
SVMRT with Ap in the volunteer 3. CRI with AP, LI with T, MBHI with Ap correlates di-
rectly, but SVMRT with AP and LI with AH correlate inversely in the volunteer 4. The direct
link of MBHI with AH, LI with T and feedback of LI with AH are detected in the volunteer 5.
In the volunteer 6 SBP with AP, LI with T, SBP and ADAP with PO, correlate directly, LI
with PO, has the inverse correlation. The direct correlation of LI with T and the inverse cor-
relations of LI with PO,, DP with Kp and Ap are detected in the volunteer 7. The volunteer 8
has only one inverse correlation of SBP with AH. Thus, the number of identified statistically
significant correlation of functional parameters with terrestrial and space “weather” factors
are different in different individuals (1 to 7). Most of all correlations with AP (10 correlations
in 4 persons) are identified, then comes correlations with PO, (8 correlations in 5 persons),
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T (5 correlations in 5 persons), AP (5 correlations in 4 persons), Ap (3 correlations in 3 per-
sons) and Kp (3 correlations in 2 persons). Most frequently LI (9 correlations), MBHI and
CRI (5 correlations each) appeared to be the most dependent and sensitive indexes, with HR,
DP, SBP and SVMRT being less sensitive (3 correlations each). DBP and PI had one correla-
tion each. However statistically insignificant, correlations with 0.3...0.4 coefficients may be of
interest as they show the possible tendencies. Taking in to account significant coefficients, LI
correlates directly with T in 7 of 8 subjects, with LI inversely correlating with PO, in 6 sub-
jects. 17 such correlations are found with P, the number of correlations with AH, T and PO,
being 16, the number of correlations with Ap and Kp being 15 and 8 correspondingly.



WHTErPATUBHbIN MOAXON K U3YYEHWIO BNUAHMS
KOCMOOU3UYECKUX GAKTOPOB HA OYHKLIWOHANIbHOE COCTOAHUE
YENOBEKA: CO3IAHVE NEPBON OBLIEAOCTYMHON UHOOPMALIMOHHON
CUCTEMbI MOHWUTOPWUHTA NCUXOOU3NONOTUYECKUX MOKA3ATENEN
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NHcTuTyT 6uoxmmunyeckon dusmkn um. H. M. Smanyana PAH, MockBa, Poccua

NHCTUTYT KOCMUYeCcKnx nccnenoBaHmnin Poccninckon akagemmmn Hayk, Mocksa, Poccus,
e-mail: sheridan1957@mail.ru

KpbIMCKIMIN FOCYAapCTBEHHbIN MeANLMHCKNA YHUBepcuteT umeHn C.W. leoprmesckoro,
Crvmoepononb, YkparHa, e-mail: mhnty@yandex.ru

NHcTuTYyT dunsmnonornm nprvpopHbix ajdanTtauuii Ypanbckoro otaeneHna Poccuinckonm
akafiemnu Hayk, ApxaHrenbck, Poccus, e-mail: liliya200572@mail.ru

TaBpruecKun HaunoHanbHbIN yHuBepcuTeT um. B.W. BepHagckoro, Cumdeponons,
YKkpauHa, e-mail: kilessa@gmail.com

N3BeCcTHO, UTO HEpBHAsl cUcTeMa yesoBeka (0COOEHHO 1IeHTpalbHasl HEpBHAsl cUCTEMa —
IHHC) BecbMa 4yBCTBUTENIbHA K U3BMEHEHUIO Pa3IMYHBIX (paKTOPOB BHEIIHEH cpenbl; Ha-
MpUMeEpP, BO BPEMSI TEOMAarHUTHBIX BO3MYIIEHUI U3MEHSIOTCSI MHOTHE TIcuxodu3nonoruie-
ckue napametpbl. OMHAKO X PEIKO UCTIOIb3YIOT ST M3yYeHUsT BIUSHUS (DaKTOPOB BHEIlI-
Heii cpensl Ha LTHC; kpoMe Toro, Kak mpaBuiio, UCCIEA0BATENN U3YYalOT TOJIbKO 0moeabHble
McUXoU3NOJIOrMUecKue rmokas3aresii, a He X COBOKYITHOCTb.

IMoatomy 1enb maHHOW pabOThl — CO3MaHUE MPOTPAMMHOTIO KOMMieKca, TTO3BOJISIIO-
IIET0 BCECTOPOHHE OLIEHUTh (DYHKIIMOHAJIBHOE COCTOSIHME 4esloBeKa, JAaTh OLIEHKY B3a-
WMOCBSI3U TICUXWYECKUX CYOBEKTHMBHBIX COCTOSIHUM M KOMILIEKCA OOBEKTMBHBIX ICHXO-
(usuonornyeckux u puzmosoruueckux rokaszaTesieid MpyU UX JIUTETbHON perucrpanuvu
M COTIOCTAaBJISITh UX C TIapaMeTpaMy BHEITHEl cpeabl (MpeXae BCero, ¢ KOCMOMU3NIeCKUMM
U METEOPOJIOTNYECKUMU).

Wcxonst u3 pe3ysibTaTOB MHOTOJIETHUX TMUJIOTHBIX 9KCIIEPMMEHTOB, a TaKXKe aHaju3a
IUTUTEILHOTO BPEMEHHOTO Psifia eXeTHEBHOW perucTpaluu ncuxohu3noJoTnyecKrx rnapa-
MeTpoB HaMmu co3maHa nHpopMannoHHas cucrema (MC), peanmzoBanHas Ha BeO-TopTaie
WWW.umon.org.ua. «YHMBEepCaIbHbIii MOHUTOPMHT 3KOJOTMYECKOTO 3[0POBBSI UETOBEKa»,
MO3BOJISIIOLIAS:

a) mnoJjiyyaTh HeilpoaMHaMU4yecKre, TICUX0JIOTMUYeCKHEe, IICUMXO3MOILIMOHAIbHbBIE, TEMO-
TUHAMUWYECKUE TIOKA3aTeNIM OT UCITBITYEMBIX HE3aBUCUMO OT MX MECTOHAXOXKICHMS,
aKKyMyJMpOBaTh JaHHbIE O AMHAMUKE UX COCTOSTHUS;

0) cpaBHUBaTh MOJYYEHHBIC PE3YJIBTAThl CO CPEITHETPYIINOBBIMU HOPMaMM, BU3YyasIu-
3MpPOBaTh UX B BUJIE LIBETOBBIX IIIKaJI, TAOJIUIL, TpapMKOB, AMATPaMM;

B) TIPOBOIWTHL aHAIW3 NaHHBIX, OIIEHWBAs COCTOSIHHWE 4YeJloBeKa M ero 3aBUCHMOCTb
OT IeUCTBYIOIIMUX (DAKTOPOB, B TOM YUCJIE KOCMO(DU3NIECKUX;

I) TOJy4aThb BBIBOJbI U PEKOMEHIALIUM JIJIS1 HAYYHBIX U TPAKTUUECKHUX LeJIeH.

NudbopmannronHas cucrema o01anaeT UeabIM PSAOM MPEUMYIIECTB, CPEIU KOTOPBIX:
JIOCTYITHOCTb U 3KOHOMUYHOCTb, OTCYTCTBHME HEOOXOAMMOCTH MPUOOPETEHUS NOTOJHU-
TEJbHBIX YCTPOMCTB, JaTYMKOB, IIporpaMMHOTO obecrieueHust. Apxutekrypa MC mo3Bosi-
€T JIETKO TTOAKJII0YaTh JOMOJHUTEIbHbIE METOIUKHN Y MOIYJIM U pacliupsiTh chepy UX Mpu-
MEHEHUSI, SBJSISICh OCHOBOW pEATM3allMy [UPOKOTO CHEKTPA HAYYHO-MIPAKTUYECKUX 3a0a4
0 TpeOOBaHUIO MOTEHIIMATBHBIX 3aKa3YMKOB U/UJIU MapTHEPOB.

Kpome MC, co3naH oTaeabHbIi MTPOrpaMMHbI MPOAYKT «JIOKaJbHbII YHUBEPCATbHBII
MOHUTOPUHT», KOTOPbIIA 00eCTIeunBaeT He TOJIbKO PETUCTPALIMIO TOTIOTHUTEIbHBIX TICUX0-
(busmonornyeckux mapaMeTpoB, HO U OoJjiee pacIIMPEHHYIO MHTEPIIPETALIUIO TTOTYUYEHHBIX
pe3ynbratoB. Kpome 3T0oro, peructpupyemMble napaMeTpbl MOTYT ObITh TakXKe MepeqaHbl Ha
CaliT «YHUBepCaabHbIi MOHUTOPUHT 3KOJOTMYECKOTO 3[I0POBbS YEJIOBEKa» I UX Hallb-
Heiteir 00paboTKuU.
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Crenyet OTMETUTh, YTO BCE METOAMKY U CPEIHErPyrpyIIOBble HOPMbI, UCITOIb3yeMbIe
B IAHHBIX MMPOTPAMMHBIX TTPOAYKTaX, BAJUAN3UPOBAHBI C TTOMOIIBIO MPOodecCHOHATLHOTO
000pynoBaHus — aBTOMATU3MPOBAHHOIO pabouyero Mecra Ncuxodus3nosora, T.€. COOTBET-
CTBYIOT NPUHSITHIM CTaHIAPTaM.

MpbI 1101aTaeM, YTO MPEIOKEHHBIN KOMITJIEKC MOXET ObITh MCIOJIb30BaH B JTIOOBIX MC-
cJIeoBaTeILCKUX 3a1adaxX N3yUYeHMs BIUSHUS (haKTOPOB BHEITHEW Cpellbl Ha IIEHTPAIbHYIO
HEPBHYIO CUCTEMY YeJIOBEKa 1 IMO3BOJUT MPOBOAUTD 3¢ (eKTUBHOE (DOpMUpOBaHUE ITPOdu-
JIAKTUYECKUX MEPOTIPUSITUI, HAIIPaBJIEHHBIX Ha COEPEXKEHME 30POBbBSI.

COBPEMEHHOE COCTOAHWE MPOBJIEMbI

Ho cux 1op BemyTcs OTUCKYCCHMU O TOM, KaKWe CTPYKTYPHI U (PU3UOJIOTTICCKHE
MPOLIECCH B OPraHU3Me UYEJIOBEKa SIBJISIOTCS «IIEPBUYHBIMU» MUILIEHSIMU BO3ICH-
CTBUS KocModm3ndecknx ¢akTopoB. OmHAKO, KaK ITOKA3BIBAIOT Pe3yIbTaThl CO-
BOKYITHOCTH HCCJIEIOBAaHMI, BCe OMOJIOTMYECKHUE IPOIECCH (OT MOJIEKYISIPHOTO
0 TIOTMYJISIIIMOHHOTO YPOBHEH) TaK WJIM WHA4Ye CHHXPOHWU3WPOBAHBI WM pearm-
pYIOT Ha ompenel€HHBIe KocModuindeckne (akrtoprel. boiee Toro, ¢pusnko-xu-
MHMYECKHEe TPOIIEeCCH (M He TOJBKO B BOAE) TaKKe UYBCTBUTEIBHBI K CBepXcCia-
OBIM 2JIEKTPOMATrHUTHBIM TOJIAM. [103TOMY KaXXmblif M3 3THX IPOIECCOB MOXET
OBITH TIEPBUYHBIM B TOM WJIM MHOM CJIy4yae, BBITIOJHSSI CUTHAJbHOE 3HAUYCHUE TS
OopraHM3Ma.

Ectb MHEHUE, 9TO, HECMOTPSI HAa OIPOMHOE YMCJIO HOBBIX HEMCTBYIOIINX (haK-
TOPOB BHEITHEN Cpenbl (XMMHUYECKoe 3arps3HeHUe, SJIeKTPOMATHWTHBIN CMOT
H T.11.), OPTAaHMU3MBI COXPAHWIN IyBCTBUTEIHHOCTD K (DAKTOpaM KOCMHUIECKOMU T10-
TOIBI, B KOTOPHIX OHU 3BOJIIOLIMOHHO Pa3BUBAIMCH U KOTOPBIE MMEIOT TIpemcKasa-
TEIBHYIO CHJTY B OTHOIICHUM HACTYIUICHUS SKOJIOTMYECKN 3HAYMMBIX M3MEHEHUI
st ocodbn. UMeHHO TO3TOMY IJIsT KaXXIOTO CITydasi MMEEeTCSI CBOSI YHUKaIbHAs
W THIIOJIOTMYECKU OIpefe/i€HHAs TOCIeN0BaTeTbHOCTh (DU3MOJOTUIECKIX peak-
Ui, KOTopast pa3BEépThIBacTCSI BO BpeMeHU. M mepBBIM, KTO ommucai 3Ta 3G (eKTH,
obu1 A.JI. UrkeBCKUii — OCHOBOMOJIOKHUK TeJIMOOMOJIOTU — HOBOTO HalpabJie-
HUS B HayKe O BO3IEHCTBUM KOCMOMDU3NIECKNX (DAKTOPOB Ha pa3IMIHbIe OMOIOTH-
YyecKre OOBEKTHI, B TOM YKCIIe M Ha OpraHu3M denioBeka [Ywmkesckuii, 1973, 1995].

JanpHelime nccaenoBaHUs B 3TOI 00JIacTH YKa3bIBaIOT Ha TO, YTO B TIEPBYIO
ouepenp «DYHKIIMOHAIBHBIN OTKIWK» Ha BO3ACHCTBHE KOCMOMU3NIECKIX (haKTO-
pPOB TIPOSIBIISTIOT HEpBHAs, a 3aTeM — CEepHeYHO-COCYIMCTas CHCTeMa OpraHM3Ma
YeJIoBeKa.

OmHaKo YMCII0 IMyOIMKaIIMil B 00IaCTH M3YYeHHS BIUSHUS KOCMO(PU3NISCKIX
(bakTOpOB Ha HEPBHYIO CHCTEMY YeJIOBEKa, B OTIMYHE OT CEPACIYHO-COCYITMCTOM,
HEBEJIMKO, TTOCKOJIBbKY OlleHKa (DYHKIIMOHATBHOTO COCTOSTHUS IIEeHTPaIbHOI HEpB-
Holi cuctembl (LITHC) tpedyeT oT ucciemoBaTeseli MCIOIL30BaHUS 00JIee TPYIOEM-
KHX METOIOB IUArHOCTMKM, B TOM YMCIIE allllapaTHBIX, KOTOPHIE MOXHO YCIIOBHO
pa3meauTh Ha nBe rpynnbl. [1epByio IpyImimy COCTaBISIOT METOIBl PETUCTPAIINH M3~
MEHEHMS SJICKTPUIECKON WJIM MATHUTHON aKTUBHOCTH TOJJOBHOTO MO3Tra WU
ceplia, B TOM YMCJIe 1 B MOMEHT BO3IEHMCTBUSA BHEIIHUX (pakTopoB. Ko BTrOpoit
TPYyIIe MOXHO OTHECTH HMCIIOJIb30BaHUE METOMOB ICUXO(PU3MOIOTMUECKON IHa-
THOCTUKH: OLIEHKY BpeMEHM peaKIIMM Ha pa3IndHbIe CTUMYJIBI, XapaKTepPUCTUKU
KOTHUTUBHBIX TIPOIIECCOB — BHUMAaHUsI, MaMSITH U Tak majee. Kpome Toro, B cuiy
MaKCHMAaJIbHOM CIIOKHOCTH IIUTOAPXUTEKTOHUMYECKOMN CTPYKTYPHI TOJIOBHOTO MO3Ta
¥ IIEHTPAJIbHOM HEPBHOM CHUCTEMBI B 11eJI0OM (B3aMMOIEMCTBIE Pa3HBIX IO CTEIICHU
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(bunoreHeTHUECKON 3pEIOCTU CTPYKTYp MO3ra), peaklusl yejoBeka Ha (haKTOpbl
KOCMMYECKOU MOTOMAbl SIBISIETCS] MAaKCMMaJlbHO WHIAWBUIYaIM3WPOBaHHOU. ITO
3HAUUTEJIbHO 3aTPYIHSIET TOUCK 3aKOHOMEPHOCTE Kak 3JeKTpodu3uoaornye-
CKHUX, TaK U MCUXO(U3NOJIOTMYECKNX CBOMCTB HEPBHOM CUCTEMBI B YEJIOBEUECKUX
COOOIIIECTBAX.

B HacTtosilliee Bpemsi yCTaHOBJIGHO, YTO U 3JIeKTpUUecKasi aKTUBHOCTb TOJIOB-
Horo Mo3ara (1o gaHHbIM D3BI) B TOI WM UHOW Mepe «CUHXPOHU3MpPOBaHa» Kak
¢ MapameTpaMu TeOMarHuTHoM akTuBHOCTHU [benos u ap., 2001; KaHnyHuKoB u ap.,
2011], Tak ¥ HEKOTOPBIMU MeTeopoyiornyeckuMm TokazaTensMm |[IIsTkos,1989].
B yactHocTH, omnpeneneHo, 4To nokaszatenn DB paznuyaroTcst y My>XKUMH U XKeH-
LIWH, JaTepaJibHO J€TEPMUHUPOBAHBI, T.€. YYBCTBUTEJIBLHOCTb MPABOTO U JIEBOTO
MOJIyLIapyuil TOJIOBHOTO MO3Ta K BHEIITHUM BO3JIEUCTBUSIM pa3jinyaroTcs. DTOT (hakT
0c000 BaxeH, MOCKOJIbKY MEXIIOJyllIapHasi aCUMMETPHUsI MO3Ta YeJoBeKa XapakTe-
pU3yeT MHAUBUIYAJIbHO-TUIIOJIOTHUYECKNE OCOOEHHOCTH YeIOBeKa U JIEKUT B OCHO-
Be (hDOPMUPOBAHMUSI aJAIITUBHBIX ITPOTpaMM IO BIUSHUEM pa3HOOOpa3HbIX (haKTo-
POB, B TOM 4uclie 1 Kocmoduszndeckux [benos u ap., 2001].

KpomMe Toro, akcneprMeHTalbHO JOKa3aHOo, YTO BO BpeMsI FTeOMarHUTHBIX BO3-
MYILIEHUH U3MEHSIIOTCSI MHOTHE MCUXO(U3NIEeCKUe MapaMeTpbl: BpeMsi MPOCTOil
JIBUTATEJIbHON peakiuy Ha 3ByKOBOM pasapaxurelib [Aramosa u ap., 2004] u cko-
pOCTh epepabOTKU 3pUTeSIbHOM MHPopMauu [Aramosa u ap., 2004; Kaiionies,
1976]; MblliedyHass cujia; OTUCKOOpAVMHALMS IOBWXKeHMIT [AramkaHsH, Brnacosa,
1992; Bnamumupckuit, Kucnobckuii, 1982; Kynemosa, [Tymunen, 2001;Cunsakun
u ap., 1989]; nokazarenu pabotocnocooHoctu [Kaiiowimes, 1972, 1976; Ypasaes,
1978]; Baumanug u namsatu [Aramosa u ap., 2004; Peckukos, Paesckasi, 1982].
HokazaHo, 4To KoyiebaHUS psiia TCUXO(pU3UOIOTMUeCKUX MoKa3aTesiel 4eloBe-
Ka HOCSIT IMOO CUHXPOHHBIN, MO0 «3ara3abiBaloliuii» XapakTep B 3aBUCHMOCTU
OT KOCMO(pU3NUYECKUX TMapaMeTpOB, YTO MOXKET OTpakaTb Pa3HYI UYYBCTBUTE/b-
HOCTb CHCTEM OpraHu3Ma K COOTBETCTBYIOIIMM KOCMOGMU3UUYECKUM (aKkTopam
B COOTBETCTBYIOLIEM (PYHKIIMOHATBLHOM cocTossHuU [bobko, Bacumnuk, 2004].

Crenyer OTMETUTh, YTO U MCUXO(hU3NUECKUE TTOKa3aTeJu, B YACTHOCTH, Bpe-
M$l peakliuy, a TakXke dJIeKTpuUecKas aKTUBHOCTb TOJIOBHOTO MO3ra — 3TO KOM-
MOHEHTHI €AMHOTO TIpoliecca, C TMOMOIIbI0 KOTOPBIX MOXHO OMKCAaTh OTBET HEPB-
HOU cHCTeMbl Ha BHelTHUE Bo3aeiicTBusl. OnHAKO, KaK BUTHO U3 TIPEACTaBICHHBIX
JAHHBIX, MCCJIEOBAHbI JIUIIb CBSI3W OJMHOYHBIX ITOKa3aTesieil opraH1u3Ma yejioBeka
¢ KocModusnyeckumu akropamu. Ho naxxe Ha OCHOBaAaHMU YXe UMEIOIIUXCS pe-
3yJIbTATOB HEBO3MOXXHO OJJHO3HAYHO YCTAHOBUTD 0011IME 3aKOHOMEPHOCTU Pa3BEP-
TBIBaHUS Peakluii [IEJIOCTHOTO OpraHrM3Ma M ero OTAEJbHbIX CUCTEM, B YACTHOCTH,
IHHC, nHa neiictBue, HanpuMep, crieuuduueckux (GakTopoB KOCMUYECKOM ITOTO-
JIbl — F€OMarHUTHbIE BO3MYIIIEHUSI, TEOMAarHUTHbIE IITUJIU, CMeHbl 3Haka MMII
Y COJTHEYHbIE BCTIBIIIKU.

Hns onpenenaeHus: mapaMeTpoB MHAWBUAYAJIbHOW UYyBCTBUTEJIBHOCTU K HU3-
MEHYUBBIM (akTopaM BHEIIHEH cpelbl (3KOJOTMYECKUM, METEOPOJIOrMYECKUM,
KOCMOGU3UUECKUM U APYTMM) HEOOXoIuMa JJTUTEIbHAsS perysipHasl perucTpariust
napaMeTpoB (DYHKIIMOHAJBHOT'O COCTOSIHUS YyeoBeka. ToJbKO MpU YCIOBUU Ha-
KOILJIEHUSI BPEMEHHBIX PSANOB (MaKCHMMajlbHO BO3MOXHOW IJIUTENbHOCTU) WH-
(hopMaTUBHBIX TTOKa3aTeseil COCTOSIHUS YesloBeKa CTAHOBUTCSI BOBMOXHBIM J10CTO-
BEpHO omnpeaeanTb U 3(GEeKTUBHO MPOrHO3MPOBaTh MHAUBUIYaJIbHbIE OCOOEHHO-
CTU pearupoBaHus OpraHu3Ma Ha (haKTopbl pa3IuyHoM nmpupoabl. UMeHHO Takoit
MOJXOA TO3BOJIUT pa3paboTaTh ajeKBaTHbIe MPOMUIAKTUYECKUE MEPOMpPUSTUS,
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HamnpaBJIeHHBIE Ha 3I0poBbecOepekeHNe He TOJIbKO KOHKPETHOTO WHIWBUIA, HO
TakKe OOECITEYUT BBISIBIICHUE TeX WJIW MHBIX TPYIIIOBBIX W TOIMYISIIMOHHBIX 3(-
(bexToB BO3HEICTBUS BHEITHNX (haKTOPOB Ha opraHu3M. OmHAKO peayu3alns 1Mo-
JOOHOTO pola MacIITAOHBIX MCCIIEIOBaHN HEBO3MOXHA 0e3 MCITOIb30BaHUS WH-
(bopMarImoHHBIX TeXHOJIOTHI 1 UHTepHeTAa.

ITpu npoextupoBaHun uHbopMmaumoHHoil cuctembl (MUC) Hambosiee BaxeH
BOIIPOC BEIOOpa €€ (DYHKIMOHAJIBHON, MPOCTPAHCTBEHHOM M WH(MOPMAIIMOHHOM
apXUTeKTyphl. M3 CyIIeCTBYIOIINX CHUCTEM MOHUTOPWHTA COCTOSTHUSI OpraHM3Ma
MPUBEAEM HEKOTOPHIE CYIIECTBYIONINE PEIICHUSI.

IMpoext TEJIMOME] (http://www.geliomed.kiev.ua/) — nporpamMmmMHo-arnria-
paTHBI M3MEPUTENBHBIM KOMITIEKC: (PYHKIIMOHAIBHOE COCTOSTHHE WCITBITYeMO-
TO OlLIEHMBaeTCcs Ha ocHOBaHMM aHanmm3a DKI-curHaia B ¢a30BOM IIPOCTPaHCTBE
[@aiitn3unsbepr, 2008]. K coxanenuto, B pamkax gaHHoit UC oTcyTrcTByeT BO3-
MOXHOCTb peaju3aliy HMCCIeIoBaHUil 0e3 cnelmduiecknx maTuukoB. Kpome
TOTO, TMOJyYeHWEe BBIBOIOB M PEKOMEHIAIINI He SBJISIETCS aBTOMATU3MPOBAHHBIM
MPOIIECCOM, YTO OTpAaHUYMBAET OOJACTh NMPUMEHEHMS TAKUX CUCTEM HAYyYHO-HC-
CIIeIOBATEIbCKUMU 3aIa4aMH.

PacnipenenéHHbie KIMeHT-cepBepHble MHDOPMaLMOHHbIE CUCTEMbI — « MOHU-
TopuHr 3no0poBbsi» (HealthMonitor) (http://www.healthmonitor.ru/) u GMON
Health Monitor (http://www.gmon.info/) — B KOTOpBIX MOJIb30BaTEI0 HEOOXOAM -
MO Ha TIepCOHAJLHOM KOMITBIOTEpPE YCTAHOBUTH CITEIMAIBHOE ITpOrpaMMHOe 00e-
CITeYeHNe, TI03BOJISAION MMPOBOANThE MOHUTOPUHT COMATUYECKOTO 3M0POBBS YeJI0-
BeKa. XpaHWINIIE TaHHBIX MOXET OBITh Pealu30BaHO B Ipeeiax JIOKATbHON CeTH
OpraHM3allMy WJIM Ha OMHOM TIepCOHATLHOM KOMITBIOTEPE.

JaHHbBIE TIPOrpaMMHBIE TIPOAYKTHI MMEIOT CJIEHYIOIINEe HETOCTATKU: OTCYT-
CTBYET IEHTPAIM30BaHHOE TJIO0ATEHOE XpaHWJIUIIE, JOCTYITHOE Yepe3 ceTb MHTep-
HET, a TakKe He MPeayCMOTpeHBI (DYHKIIUKM aHaM3a CBSI3W COCTOSTHHUSI YYACTHH-
KOB-HCITBITYEMBIX ¢ BHEIMHUMHM (pakTopaMu cpedbl. TeM He MeHee, CYIIeCTBYIOT
CHUCTEMBI, TTO3BOJISTIONINE OCYIIECTBISATEL CICXKEHUE 3a COCTOSTHUEM YeJIOBEeKa 10-
cpenctBoM MHTepHeTa depe3 BeO-mHTepdeiic. [IpuMepoM Takoil TEXHOJIOTHH SIB-
Jsietcst cailt http://www.monitorad.ru, Ha KOTOPOM BO3MOXEH aHaJU3 MoKa3a-
TeJlel TeMOTWHAMUKK (apTepHaIbHOTO JaBJICHUS M IIyJIbCa) C WX MOCIeAyIomIei
BU3yaJTM3allieil ¥ MOJydYeHUEeM PEeKOMEHIANiA OT CIieuainucToB. HecoMHeHHBIM
MMPEUMYIIIECTBOM TaKUX CUCTEM SIBJIETCS WX HOCTYITHOCTH IS JTIOOOTO MOJIb30Ba-
TeJIsI, KOTOPOMY B 3TOM CJIydae He TpeOyeTcs IpUoOpeTaTh CrieliuaibHOe 060pyI0-
BaHMe (KpOMe TOHOMETpa).

INepeuniciaeHHBIe BBINIE BUABI WH(MOPMAIIMOHHBIX CHCTEM OTPaHUYMBAIOTCS
HabOpoOM MoKa3aTejieil MM COMAaTUYEeCKOTO 3I0pPOBbsI (pa3IMYHBIE BUIBI OIPOC-
HUKOB), WJIM TOJIBKO ITOKA3aTeIIMU CepAEUYHO-COCYIUCTOM CUCTEMBI, M HE TT03BO-
JITIOT TIPOBOIUTH KOMHAEKCHOe MOHUTOPUpPOBaHWE (DYHKIIMOHATHLHOTO COCTOSTHUS
OpraHM3Ma.

CO3JAHME NEPBOW OBLUEAOCTYMHON MHOOPMALIMOHHOW CUCTEMbI
MOHUTOPUHIA MCUXODU3NONOTUYECKUX MOKA3ATENEN

HOI[ KOMIIVIEKCHBIM MOHHUTOPHUPOBAHUEM Mbl IIOHUMAEM IICPCUYCHDb I/IH(bOpMaTI/IB-
HBIX 3KCITPECC-METOAMK, KOTOPLIC ITO3BOJIAIN OBl OOBEKTUBHO IIPOBOOUTDL OLICHKY
(bYHKLII/IOHaI[bHOI‘O COCTOAHMA PAa3/IMYHBIX 3BCHBEB OCHOBHBLIX CUCTEM OpraHmui3Ma,
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OBICTPO pearnpyoIINX Ha M3MeHeHNe (haKTopoB cpenbl. [1oaToMy I mpoBeaeHUS
MMOJOOHOTO poaa WCCIIeAOBaHWA, CO3MaHUS HeKOW WHOOPMAIIMOHHOW CUCTEMBI
HaM¥ OBLTH BBIOpaHBI ICUXO(MHU3NOJIOTHIIECKIE TTOKA3aTe TN, IIOCKOIBKY B HACTOS -
mee BpeMs yKe JOKa3aHO, YTO MapaMeTphl Pa3IMIHBIX IBUTATCIBHBIX pPEaKIIMit
(TIpOCTOI, CIOXHOI) ITOCTATOYHO YETKO OTpaXkaroT CUJIOBBIE OTHOIIEHUS B KOpe
TOJIOBHOTO Mo3ra. JInHaMuKa BpeMeHU peakKIIUU MTO3BOJISET MOJIYIUTh JOCTATOYHO
aJieKBaTHOE TMpEACTAaBICHUE O TaKMX TapaMeTpax (PYHKIIMOHAIBHOTO COCTOSHUS
LIEHTPaJIbHOM HEPBHON CUCTEMBI KaK BO30YIUMOCTh, peaKTUBHOCTD, JTAOMILHOCTD,
OTpakaeT YpPOBEHb (PYHKIIMOHAIBHOTO COCTOSHUS HECIelU(PUIeCKUX CTPYKTYP
MO3Ta, MHIWBUAYaJTbHO-TUTIOJIOTMYECKHE CBOMCTBA HEPBHOMN CUCTEMBI U TIO3TOMY
XapaKTepUCTUKU BPEMEHHU PEaKIIMU MOTYT CIIYKUTh HaAEXXHBIM KPUTEpHEM OLICH-
k1 (pynkumoHanabHoro cocrossHust LIHC. OpHako ricuxodusnoiorndeckue mapa-
METpBhl HE YacTO WCIOJIB3YIOTCS I OUArHOCTUKU (PYHKIIMOHAIBHOTO COCTOS-
nusg HHC.

Tem He MeHee, paHee, B ucciaemoBaHusx Xopcesoir H. M. (2004, 2006) 6bu10
ITOKAa3aHO, UYTO PE3YJIbTAThl KOMITJICKCHON TMarHOCTUKU TICHXO(U3MISCKIX TTOKa-
3aTesieif MOTYT OBITh MCIIOJIB30BAaHBI B KaYeCTBE KPUTEPHS OLIEHKU 300POBhS Ha-
ceJIeHUsI, TIPOXXUBAIOIIETO B paiiloHaX ¢ pa3TMYHBIM YPOBHEM 3arpsisHeHus. Kpome
TOTO, YCTAHOBJIEHO, YTO WHIWBUAYAJIBHO-TUITOJIOTUIECKHE OCOOCHHOCTH YeIOBE-
ka [I'puropnes, Xopcena, 1999; Xopcena, I'puropnes, 2005; XopceBa, 3eHUEHKO,
2005] u ero ncuxuyeckue COCTOSIHUS (aHAJUTUYECKUI 0030p paboT MpeacTaBiieH
B nucceptauuu I'puropnena I1.E. (2010)) Takke MOTryT OBbITh AeTEPMUHUPOBAHBI
KOCMOG(U3UIECKUMHU (haKTOpaMH.

IMosTOoMy HamMU OBIT IPOBEIEH PSI MIOTHBIX 3KCITIEPUMEHTOB, TTO3BOJISTIOIINX
OIPENIETUTD «IYBCTBUTEIBLHOCTE» TeX WIIM WHBIX TICUXO(U3NOIOTUISCKHX TTOKA3a-
TeJleil K KocMousnueckuM ¢akropam. Tak, B padbote [XopceBa, 3eHueHko, 2007]
B TEUCHHME JIBYX MECSIIEB ITPOBOAMIIACH €KeTHEBHAS PETUCTPALIMS CIIEAYIONINX 110~
KazaTeJieil: MPOCTOi Clyxo- U 3puTenbHO-MoTOpHO# peakuuu (ITCMP u TI3MP
COOTBETCTBEHHO), CJOXHON 3puUTeSbHO-MOTOpHOU peakuuu (C3MP), peakuuu
BEIOOpa M TIepepabOTKM CBETOBBIX CHTHAJIOB, PabOTOCIIOCOOHOCTH, YTOMIICHUS,
JTAaOMIBHOCTH, TIOKa3aTejieli KOTHUTUBHBIX IPOIIECCOB (IMPOM3BOJIBHOTO BHHMMA-
HUSI U CMBICJIOBOI TTaMSITH), MMapaMeTphl MEJIKOM MOTOPHMKH PYKH. YCTaHOBJIECHO,
yro mokazateau [13MP, C3MP, mabmibHOCTH, CMBICTOBOM ITaMITH MOXKHO OT-
HECTU K CTaOuJbHBIM TapameTpam. s mokasateneit [ICMP BoisiBiieHa n0CTO-
BepHasl KOppPeJAus JIATCHTHBIX IEPUOIOB IPOCTOM CIYXO-MOTOPHOM peaKIInu
¢ Kp-unnexcom (p<0,05). OnHako 1151 BBISIBIIEHHS] BO3MOXHBIX MI3MEHEHHUI Tapa-
METPOB PabOTOCTIOCOOHOCTH, TIPOU3BOJLHOIO BHMUMAHMS M TTOKa3aTeleil MeIKoit
MOTOPUKHM JaHHBIN TTepUOI HaOIIONeHNIT 0OKa3aJICs HeTOCTaTOYHBIM U TPpeOOBaJIOCh
6oJiee IIMTEIbHOE MOHNTOpUpOBaHMe. [103TOMY 3KCITepUMeHTATBHBIE UCCIIeIOBa-
HUST TIPOIOJIKATNCE.

JanpHelIe UCClieIOBaHMsI TT0Ka3aI, YTO U3YUYeHNEe TMHAMUKH TICUXO(DU3H-
YeCKMX TMoKa3aresieil opraHn3Ma 1 UX 3aBUCUMOCTH OT (haKTOPOB OOBIYHOM M KOC-
MHYECKOH TTOTOABI 00S13aTeIbHO JOKHO BKITIOYATh OTHOBPEMEHHOE N3MepeHHE
M TI0KaszaTrejieil apTepuanbHOoro masieHus [3enyenko u ap., 2008]. Kpome Toro,
B paMKaX KOMIIIEKCHOTO MCCJIETOBAaHUSI, IIPOBOANMOTO COBMECTHO COTPYIHMKA-
MM Hay4YHBIX THCTUTYTOB MockBbl, Coduu 1 CumMbeponosi, ¢ [eabio BbIICHEHUS
OCHOBHBIX 3aKOHOMEPHOCTEH pacIipeie/ICHUS B TIOMYJISIIINY JTIFOIEH ¢ IyBCTBUTETb-
HOCTBIO K JeHCTBUIO (haKTOPOB OOBIYHON M KOCMHUYECKON ITOTOABI, TIPOBOIMINCH
JajbHelImas pa3paboTka M TeCTUPOBAaHWE METOXMKN MOHUTOPWHTA U TIOCIIEAYIO-
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I aHaJIu3 TICUXO(PU3NOIOTHYECKUX MTOKa3aTeei ¢ TOYKUA 3peHUs] UX YYBCTBH-
TEJIBHOCTH K BHeITHUM (pakTopam [3eHuyeHKo u ap., 2009; Zenchenko et al., 2009].
Bonee meranmpbHOE W3ydyeHHEe IWHAMUKU TICHXO(U3WOIOTUIECKHMX TIOKa3aTelel,
TICMXO3MOIITMOHAJIBHOTO COCTOSTHUS U TTapaMeTpOB TeMOAMHAMKUKY B 3aBUCUMOCTH
OT KocMousnueckux ¢pakTopoB nmpoBeaeHo B padorax ['puropbeBa I1. E. ¢ coaBTO-
paMHu.

B uyacTtHOCTM, OBUIO YCTaHOBJIEHO, YTO CKOPOCTb CIyXO-MOTOPHOW peak-
MY YMEHBIIIAeTCs TPY CYIIECTBEHHOM OTKJIOHEHHMM T¢OMAarHUTHON aKTMBHOCTU
OT CPeITHUX 3HAaYEHWH B JIIOOYI0 CTOPOHY — KaK IO MAaKCUMAaJIbHBIX, TaK 1 MUHH-
MaJIbHbIX BeqIMuuH [['puropbeB u ap., 2009]. B KOMIJIEKCHOM MOHUTOPUHIE MOKa-
3aTejiei CeplieYHO-COCYAUCTOM, LIEHTPAJIbHOM U BEr€TAaTUBHOM HEPBHOU CUCTEMBbI
W TICUXWYECKUX COCTOSTHWI YCTAaHOBJICHBI BEPOSITHBIE IOCIEIOBATEIBHOCTA pa3-
BUTHSI peakIii B OKPECTHOCTH AT CIEIN(PUISCKIX KOCMOGU3NIECKUX COOBITUI
[[puropweB u np, 2008; I'purop’es u ap., 2009]. OOHapyKeHO, YTO CPEeAU CUCTEM
OopraHM3Ma Ha BCe THIThI KOCMO(MU3NIECKUX COOBITHI B TIEPBYIO OUEpPeIb pearupy-
ot icuxuka 1 LHHC, a 3aTeM 3aITycKaroTcs peaKIInK BeTeTaTUBHOM HEPBHOM U cep-
JI€YHO-COCYIUCTON CUCTEM.

Kpome Toro, aHamM3 HaKOIUIEHHBIX Pe3yIbTaToOB ITOKa3ajl, YTo TPU MPoBeIe-
HUYM MOHUTOPWHTOBBIX WMCCJICIOBAHUN C WCIIOJIb30BaHUEM TICHMXO(MU3NOIOTHYE-
CKUX METOIOB W PETHCTPALIMU TTapaMeTpOB TeMOAMHAMUKM, 00s13aTeIbHO JOJIKHO
VUUTHIBATHCA W TICHXO-3MOLIMOHAIBHOE COCTOSTHUE. YUYET STUX IMapaMeTpoB IT0-
3BOJINT OOBEKTUBHO OIIEHUTH BIMSHUE (haKTOPOB BHEIIHEW Cpeabl M BBIACIUTH
KOMITOHEHTY, KOTOpasi HalpsIMyl0 He 3aBHUCUT OT MPHUPOTHBIX YCIOBUIA, a CBI3aHO
TOJIBKO C COLIMAJIbHBIMU TIponieccaMu [XopceBa, ['puropnes, 2010].

INpoBenéHHbIEe MpeABAPUTEIBHBIC UCCICIOBAHUS U3MEHEHUS Pa3IMIHBIX TICU-
XO(PM3MOIOTMUECKIX, TICUXOSMOIMOHAIBHBIX IIOKa3aTesieil, TmapaMeTpoB TeMo-
IWHAMUKA OT KOCMO(MDU3NIECKHNX (haKTOPOB JIETIIM B OCHOBY pa3paboTKu MHDOP-
MAaIIMOHHOM CHCTEMBI «YHHMBEPCAIBHBII MOHUTOPUHT 3KOJOTHYECKOTO 3IOPOBBS
yesJoBeKa» M peajnu3oBaHbl Ha BeO-MopTajie www.umon.org.ua. Msl roJjiaraeM, 4to
COBOKYITHOCTb OTOOPaHHBIX METOIOB HanboJjee TTOJTHO OTpaskaeT BO3MOXKHEIC W3-
meHeHust co ctopoHbl [ITHC Ha dakTopbl BHElIHe# cpeabl, B TOM Yucie, KocModu-
3ngeckue. Tak, Imoka3areiab BpeMeHH! ITPOCTOM CIIYyX0-MOTOPHOM peaKIIUK XapaKTe-
pU3YeT BETMIMHY, OOPaTHYIO CKOPOCTH B3aMMOIEHCTBHS CEHCOPHON M MOTOPHO
KOPBI MO3Ta. YUUTHIBASI BEICOKYIO PEAKTHBHOCTh OMO3JIEKTPOreHe3a BUCOUHBIX 00-
JIacTel TOJIOBHOTO MO3Ta TPY M3MEHEHUH TeOMarHUTHOM aKTUBHOCTH | KaHYHMKOB
u np., 2010], MOXXHO TOBOPUTb O BHICOKOU (PYHKIMOHAIBbHOM B3aMMOCBSI3U BbIC-
X [HEHTPOB 00PabOTKM BHEITHE MH(MOPMAIIUK KaK MeIn0-6a3aIbHBIX CTPYKTYP
TOJIOBHOTO MO3Ta, TaK M KOPKOBBIX aHAIM3aTOPOB ayauaaIbHOM HH(POPMAIINH B TIe-
PUOIBI TCOMAaTrHUTHBIX BO3MYIIEHUIA.

[MapameTp yCTOMYMBOCTH MPOU3BOIHLHOTO BHUMAHHS, SIBJISISICH TMHAMUIECKOM
XapaKTepUCTUKOW BHUMAHUS, OTIPEIC/ISieT aKTUBHOCTh TMITIIOKAMITAIBHOM CUCTe-
mbl [BuHorpanosa, 1975; Swansson, 1982]. IToka3arenu Menkoii MOTOPUKU PYKH,
peTHCTpUpYEeMBIe HAabOpOM CYOTECTOB XaOTUYHOTO IECSTHUIIANBIICBOTO TEIIITMHTA,
OTpaxkaloT (PYHKIIMOHAJIBHOE COCTOSTHME MOTOPHBIX 30H KOPBI TOJJOBHOTO MO3Ta
U MexXIoayiapHeie B3aumoaencTsus [[puran, Xopcesa, 2007). OueHKyY MCUX03-
MOILIMOHAJIBHOTO COCTOSIHHMSI (CaMOYYBCTBHE, aKTUBHOCTb, HACTPOCHUE, TPEBOXK-
HOCTB, arPECCUBHOCTD, COIIMYM) TIPOBOIMIIN C TIOMOIIBIO METO/Ia CEMaHTUIECKOTO
mddepennmana Y. Ocryna u meronukn «CAH» [bauepukos u np., 1988] B Hamreii
moaudukauuu ['puropses u ap., 2008a].
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Bce nepeunciaeHHbIE METONBI peaIM30BaHBl B BUAC IIPOrpaMMHOTO TIPOAYKTA,
HaxoMSTCS B OTKPBITOM JOCTYIE Ha CaiiTe Www.umon.org.ua 1 MOTYT OBITh yCTa-
HOBJICHBI Ha KOMIIbIOTED IIOJIb30BaTeIsl C JII000# ONepallMOHHON CUCTEMOM ce-
MelictBa Windows. AHalM3 COCTOSIHUSI TEMOJMHAMUKN M BEreTaTUBHOM HEPBHON
CUCTEMBI MPOBOIMUTCS IO pe3yJbTaTaM MOCJIEI0BATEJIbHOIO TPEXKPAaTHOIO U3MeE-
peHUSI TOHOMETPOM CUCTOJIMYECKOTO, JUACTOJNYECKOIO apTepUaIbHOIO JaBICHUS
M YaCTOTHI ITyJIbCA B COCTOSIHMU TOKOsI. Pe3ynbTaThl 3aHOCSATCS B CIELIMAJIBHYIO
tabnuiy. Ha ocHoBaHMM BHECEHHBIX JAaHHBIX aBTOMATUYECKU ITPOU3BOMUTCS BbI-
YUCJICHUE MOKa3aTesIeil IyIbCOBOTO AaBlieHUsI U nHaekca Kepmo, mo3BoJisioniero
OLICHUTH IIpeodJIafaHe CUMITAaTUYECKOTO MM TTapacUMITaTUYECKOTO 3BeHa BereTa-
TUBHOU peryisiuuun. ClaeayeT OTMETUTh, YTO ITOC/IeIOBAaTEIbHOE BEITIOJIHEHUE BCEX
MPeIJIOKEHHBIX TECTOB (C perucTpalneil Imokasarejieii reMoIMHaAMUKN) HE IIPEBbI-
waert 12...15 MuHyT.

Takum obpa3oM, Bce INepedyrclieHHbIE KOMIIOHEHTHI peajr30BaHbl HaMHM Ha
caiite «YHUBepCaJIbHbIII MOHUTOPUHT 3KOJIOTUYECKOTO 3J0POBbsI YeJIOBEKa» U I10-
3BOJISIIOT:

a) moyy4aTh HeipogMHaMWYeCKHue, IICUXOJIOTMYECKHE, IICMXO3MOIMOHAIb-
Hble, TEMOAMHAMMYECKUE MO0KA3aTeIn OT UCIIbITYyeMbIX HE3aBUCUMO OT UX
MECTOHAXOXIECHMSI, aKKyMYJIMPOBAaTh JaHHbIE O AMHAMMUKE UX COCTOSIHUS;

0) cpaBHUMBATh IOJIyYEHHBIC PE3yJbTaTbl CO CPEAHETPYNIIOBEIMM HOPMaMHU,
BU3YaJIM3UPOBaTh MX B BMIE I[BETOBBIX IIKaJ, TaOJul, IpadMKOB, Iua-
rpaMM.

B) NIPOBOIWTH aHAJIN3 TAHHEIX, OLIEHUBASI COCTOSHUE YeJIOBEKA 1 €T0 3aBHUCH-
MOCTb OT JeMCTBYIOIIMX (haKTOPOB, B TOM YHCJIE, KOCMO(DU3NUECKUX;

I) HOJy4YaThb BBIBOABI M PEKOMEHIALMU [jId HAYYHBIX U HPaAKTUYECKUX
LeJIe.

Pazpaborannast Hamu wmHpopmanmoHHas cuctema (MC) obGnamaer ueibIM
PSIIOM TIPEUMYIIECTB, CPEIM KOTOPBIX: MOCTYITHOCTb U 3KOHOMUYHOCTH, OTCYT-
CTBHE HEOOXOXMMOCTH TIPUOOPETEHUST MOTOJHUTEIBHBIX YCTPOMCTB, IAaTYMKOB,
nporpamMmMHoro obecrnieyeHusi. Apxurektypa MC [['puropnes. 2010; I'puropbes,
Xopcena, 2010; I'puropnes u np., 2010a; Kunecca u np., 2010a, 6; OneH4yyk u 1p.,
2010] mo3BoOJISIET JIETKO MOAKIIIOYATh JOIIOJHUTEIbHbIE METOAUKN U MOLYJIU U pac-
IUPSITH Chepy UX IPUMEHEHUs, IBJISISICh OCHOBOM peayn3aliiy IIMPOKOTO CIIeKTpa
HayYHO-TIPAaKTHYECKUX PadoT.

Kpome MC, co3naH oTAeIBHBIN MPOrpaMMHBIN TPOAYKT «JIOKaIbHBIN YHUBEP-
CaJbHBII MOHUTOPWHT», KOTOPHIN 00GECITeYnBaeT He TOJBKO PETUCTPAINIO TOTTON-
HUTEJTBHBIX TICUXO(PU3NOIIOTMYECKUX TTapaMeTPOB (MEXaHNIECKYI0 U CMBICIIOBYIO
MaMSAThb, TPOCTYIO 3PUTEITBHO-MOTOPHYIO PEaKIINIo), HO M Oojiee pacIIMpeHHYIO
WHTEPIIPETAIIAIO TTOYYeHHBIX pe3ybTaToB. KpoMe 3Toro, peructpupyeMbie mapa-
METpPBI MOTYT OBITh TaKXKe TiepelaHbl Ha CAalT «YHUBEPCATbHBI MOHUTOPUHT KO-
JIOTUYECKOTO 3IOPOBBS UeIOBEKa» IJIST UX JaJbHEUIIeil 00paboTKI M COTIOCTaBIe-
HUSI C BpeMEHHBIMHA pSIAaMU KOCMO(PU3NIECKIX MHICKCOB.

CreyeT OTMETUTD, YTO BCE METOOWKU U CPEIHETPYTPYIIIOBbIE HOPMBEI, MC-
MTOJTb3yeMble B TAHHBIX TTPOTPAMMHBIX MPOAYKTAX, BaTUAN3UPOBAHBI C TTOMOIIBIO
npogeccuoHaabHOTO 000pYI0BaHNSI — aBTOMAaTU3WPOBAHHOTO paboyero mecra
McXo(U3M0JI0oTa, T.€. COOTBETCTBYIOT MPUHSITHIM cTaHmapTaMm. [Ipu mouTeTpHOM
MOHHMTOPUHTE CpaBHEHME MAET TaKKe B paMKaX WHIWBUIYAJTbHBIX HEWMpOIMHAMMK-
YECKUX 0COOEHHOCTEH MUCITBITYEMOTO.
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Teomaenumnole 603myuieHus Hyneesoii denb — Ha4an0 MazHUMHOU

oypu (6ceeo 52 cobbimust)

M3MeHeHUs 1aTEHTHOTO BpeMEHU MPOCTOoi ciayxo-MoTopHoit peakuuu (IICMP) B rpymnme
(cneBa) 1 MHAWMBUAYAJIbHON TUHAMUKM (CIIpaBa) B Auamna3oHe 4 CyTOK OTHOCUTEILHO JaT
T€OMAarHUTHBIX BO3MYLUEHUH (HyJIeBOI JEHbB)

Pesynbrarhl, KOTOpbIE Mbl OJYYUIIM TIpY 00paboTKe JaHHBIX 227 YeJIOoBeK, 3a-
pPerUCTPUPOBAHHBIX Ha calite, 1 50 BOJIOHTEPOB, KOTOPHIE IPOBOAST MOHUTOPUHTU
C UCTTIOJIb30BAHUEM TIPOTpaMMBbl «JIOKaIbHBIN YHUBEPCATHHBINT MOHUTOPUHT», TIOKA-
3BIBAIOT, YTO TIPH BBISIBJICHUM TPYITITOBBIX 3 (MEKTOB cliemyeT 6ojiee TIIaTeIbHO oI~
XOIUTBb K DOPMUPOBAHMIO CAaMUX TPYIII TSI JATbHEHIIIETO aHAIN3a TaHHBIX, BKITIO-
qasi B HUX JIUI] C 00HOMUNHbIMY U3MEHEHUSIMY TeX WJIM WHBIX TToKa3aTeeit M onn-
HaKOBBIMHM WHANBUIYAIBHO-TUTIOJOTUIECKUMU OCOOEHHOCTSIMU (CM. PUCYHOK).

ITo ocu abcuucc — Bpems (CyTKM) OO M MOCJE T€OMarHUTHBIX BO3MYILIEHMI;
0 OCH OpIMHAT — COOTBETCTBYIOIIME mapaMmeTpbl IICMP.

BunHo, uTo XapakTep M3MEHEHHS BPEMEHU peakliMyd Ha 3BYKOBOW CUTHAJ
B I'pyIne (IJIATEeIbHOCTh HAOMIOAeHUI He mpeBbiiaia 1,5...2 MecsieB) HECKOJIbKO
pa3auyaeTcs ¢ MHAUMBUAYaJbHBIMU TOKa3ateasMu (0ojee 1,5 ThIC. gHEH m3Mepe-
HUM, 52 coobiTusI). BO3M0OXHO, 3TO CBSI3aHO KaK C JUIMTEJIbHOCTBIO aHATIU3UPYEMO-
TO psima HAOMIONEHM, TaK U C MHIWMBUAYAIBHBIMU OCOOCHHOCTSIMM pearupoBaHMS
JaHHOTO BoJIOHTEpaA. Kpome Toro, Ha 3TOM Xe IJIUTEILHOM psiae HaOMoaeH yaa-
JIOCh BBISIBUTH, YTO YMCIIO 3aMa3dbIBAIOIIMX peaKIMii Ha 3BYKOBOW CHTHAJI TTOBBI-
maeTcs B JeHb T€OMarHUTHOTO BO3MYIIIEHMS, a B TPYIIe Takoil 3 dekT oTcyT-
CTBOBAJL.

CreyeT OTMETUTD, 9TO IS ya00CTBa IOJIb30BaTe et BEIBOM PE3yIbTaTOB OCY-
LIECTBJISUICS B BUAE MHTEPAKTUBHBIX I'paMKOB U Tabaull, (DOPMUPOBAHUS OTYETOB
(cpaiiner popmaTta PDF), akcriopra pe3yiabraTtoB B daiin popmarta CSV.

Takum oOpa3oMm, pazpaboTraHHass HamMu MHQPOpPMAIMOHHAs CHUCTeMa
«YHUBepCcaTbHBIE MOHUTOPHUHT 3KOJOTUYECKOTO 3I0POBBSI UYEIOBeKa» M IIPO-
rpaMma «JIOKaJIbHBIN YHMBEPCAIBHBIT MOHUTOPUHT» COLIMAILHOOPUEHTUPOBA-
Ha, IOCTYITHA W TIO3BOJISTIOT OCYIIECTBUTD JIMIHOCTHO-OPMEHTUPOBAHHBIM OIXO
K aHaJIM3y JAHHBIX QYHKIIMOHAJIBHOTO COCTOSHUS YejloBekKa. MBI mojiaraeM, 4To
3TO JAET BO3MOXHOCTh IU(MP(PEepeHIMPOBAHHOIO MOAX0Aa K aHaIU3y M3MEHEHUN
MCUX0(U3NOIOTUMIECKIX TTOKa3aTeselt Il ONpeneEHHBIX TPYIIIT JIUI (B TOM YHC-
Jie B 00JIaCTSX OeATEIbHOCTH YeJI0BeKa, CBI3aHHBIX C TOBBIIIICHHBIM PUCKOM IS
3IOPOBBS, pAOOTHI B SKCTPEMAIBHBIX YCIIOBHSX), YTO B CBOIO OUEPENb YBEINUMBACT
TOYHOCTH ITPOTHO3a PearnpoBaHMsI UX Ha T€ WM MHbIE (PaKTOPhI BHEIITHE CPEIbI.
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2

It is known that nervous system (especially the central nervous system, CNS) is very sensitive
to the environmental changes, for example, geomagnetic disturbances can affect many physi-
ological parameters. However, they are rarely used to study the influence of environmental
factors on CNS. Moreover, researchers have been studying only particular physiological pa-
rameters, but not their complex effect.

The aim of this work to develop a software complex that enables a comprehensive
evaluation of the functional state of a person and assess the relationship between subjective
mental state and objective psycho-physiological and physiological parameter, their moni-
toring and comparison with some environmental parameters (mainly cosmophysical and
meteorological).

We have developed an information system (IS) based on the results of long-term pilot ex-
periments and analysis of time trends of daily monitoring of psychophysiological parameters,
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uploaded on a web-portal www.umon.org.ua “Universal monitoring of environmental health”
where one can:
a) receive neurodynamic, psychological, psycho-emotional, hemodynamic parameters
of the subjects irrespective of their location, collect the data of their dynamic;
b) compare the results obtained to the norms; represent them in the form of color
scales, tables, graphs, and diagrams.
¢) analyze the data, assessing the human health state and its dependence on operating
factors, including cosmophysical ones;
g) receive the conclusions and recommendations for scientific and practical purpose.

IS has many advantages, including: the availability and affordability, there is no need to
purchase additional devices, sensors and software. Architecture of IS makes it easy to upgrade
with new modules and techniques and to expand their scope, as a basis for implementing a
wide range of scientific and practical tasks per request of prospective customers and/or part-
ners.

In addition to IS, it has been created a separate software product called “Local universal
monitoring” which provides a registration of additional psycho-physiological parameters as
well as enhanced interpretation of the results. The recorded parameters can be transferred to
the website “Universal monitoring of environmental health” for their further processing.

It should be noted that all methods and standards used in these software products were
validated by means of professional technique — equipped working place of psychophysiolo-
gist, i.e. satisfy the requirements.

We consider this complex software product could be used in any research work study-
ing the effects of environmental factors on CNS, and will help to develop effective preventive
measures.



BO3MOHDBIE N HEOBXOAMMDIE YCIIOBWA BNNAHUA
FTEOMATHUTHOTO NONA HA MACCY TENA HOBOPOXIEHHBIX

I. C. Kamunac, 0. M. lOnoawosa, /1. A. Anexkcuna

CaHkKT-lNeTepbyprckuii rocynapcTBeHHbIN MeaULMHCKNA yHBepcuTeT um. W.11. MNMaenosa,
e-mali: gkatinas@mail.ru

ITpu n3ydeHNN KocMoreoorocdepHBIX CB3€il BOITPOC CTOUT He 00 UX CYIIECTBOBAHUM, YTO
MOXHO CUMTaTh TOKAa3aHHBIM, HO, CKOpee, 00 yCIIOBUSX, CIIOCOOCTBYIOIIMX U 00eCIIeunBa-
JOIIUX UX peau3aluio.

BrickazaHO TIpeNIoIoXKeHUe, YTO OJHOIO TOJIbKO COBMAJACHUSI 4YacTOT KoJjeOaHuit
(MX KOHTPYEHTHOCTH), HEIOCTATOYHO YTOOBI MEXKIY KOCMOTEINOTe0(PU3NIEeCKUMU U3MEHE-
HUSIMU ¥ OMOJIOTUYECKMMM PUTMaMU BO3HUK pe3oHaHC. B¢ omHMM HEoOXOMMMBIM yCIIO-
BUEM BO3HMKHOBEHUSI PE30HAHCOB, TTOCKOJIbKY TaKME CUTHAJIbI HE CUHYCOUAATIbHBI, MOXET
cTaTh Ux ¢popMa.

DTO NpeAnojioKeHre ObIIO MPOaHATU3UPOBAHO COMOCTABICHUEM KoJIebaHW Hampsi-
KEHHOCTU MAarHUTHOTO I0JIsI (Ap) ¥ TAKOTO OOILIETIPUHSATOTO aHTPOIIOJIOTMYECKOI0 MoKa3a-
Tesst Kak Macca tesia (MT) HOBOpOXIEHHBIX.

Jannbie 0 MT HOBOPOXIEHHBIX MAJIBYMKOB ObUIM BBIMTUCAHBI B MENUIIMHCKUX apXU-
Bax 1ecty paitoHoB KbuIpreizcrana u3 uctopuii pogos ¢ 18 mromnst 2003 mo 21 asrycra 2011 1.
(mmHa BpeMeHHoro psina 2956 cyr, T.e. 8,09 rona). JlaHHbIE O TEOMAarHUTHOM TI0JIe 33 TOT
K€ OTPe30K BpeMeHU ObUIM 3aMMCTBOBaHbI Ha caiiTax http://nssdc.gsfc.nasa.gov/omniweb,
ftp://nssdcftp.gsfc.nasa.gov u http://www.ngdc.noaa.gov/.

Tak kak maHHbie 0 MT — HepaBHOOTCTOSIIINE, TO aHAJIN3 CTIIEKTPa W arllpOKCUMAIINIO
(bopMBbI cUTHAIOB Ha BBIAEJICHHBIX YaCTOTaX OCYIIECTBIISUIA CIIeLMAIM3UPOBAHHBIMU TIPO-
rpaMMaMM, JOMyCKaIOIUMU TaKyl0 OpraHu3aluio BpeMEeHHBIX CEPUA.

Bbl10 BBISIBJICHO, UTO COBMAJEHUE YaCTOT U U3MEHUMBOCTU (hOPMbI CUTHAJIOB (BCJIEI-
CTBUE U3MEHYMBOCTH TOTO U IPYTOTO MPU3HAKOB) HAOIIONAETCS TOJIBKO B OTAEIbHBIE OTPE3-
KU BpeMeHU TTPOJODKUTEIbHOCThIO OT HEMHOTUX MecslieB 10 | roma, cienoBaTenbHO, Be-
POSITHOCTb BO3HUMKHOBEHUSI pe30HaHCOB Ap 1 MT Ha BCEM MPOTSKEHUM M3YYEHHOTO CpoKa
BeCbMa pa3jiMyHa, M1 OHU KPaTKOBPEMEHHBI. DTO U MOXET ObITb OHON U3 IPUYMH TOTO, YTO
MHOTHE TIPEXHUE TTOMBITKA OOHAPYXXUTh CBSI3 T€OMArHUTHBIX U OUOJIOTMYECKUX STBICHMIA
IOJITOe BpeMsl He ymaBaauch M, Kak Obuto paHee nmomuépkHyto T.K. bpeyc [Bpeyc, 2003],
TMOPOXIATU CKENMTULIU3M.

ITpu m3yyeHNM KocMOreoomocepHBIX CBSI3€il BOIIPOC CTOUT He 00 MX CYIIIECTBO-
BaHWM, YTO MOXHO CUMTATh JOKAa3aHHBIM, HO, CKOpee, 00 YCITOBHUSIX, CITOCOOCTBYIO-
WX 1 00eCIIeYnBaIONINX MX peann3aiinio. OTHIM M3 HUX MOXKET OBITh COBITAICHIE
4acTOT KoJieOaHM (pU3NIeCKOM 1 OMOJIOTUIECKOM ITepeMeHHBIX.

YacToThl (IJTMTEIPHOCTH TIEPHOIOB), Y KOTOPHIX UX JOBEPUTEIbHBIC CTATUCTH-
YecKre MHTepBaIbl B3auMHO Trepecekatotcst, ®. Xanbepr Ha3Baja KOHTPYCHTHBIMU
[Cornélissen et al., 2010; Halberg et al., 2008a, b; Katinas et al., 2008], puc. 1.

®a30BLIM COOTHOIICHWSIM COBMIANAIOIINX YacTOT (T.€. MX KOTepeHIINN) yIe-
Jsiioch MeHbIle BHUMaHus [Cornelissen et al., 1998]. BosHMKHOBEeHME pe30HAHCOB
KOHI'PYEHTHBIX YaCcTOT TakKe ObLIa auilb otMeueHo [Halberg et al., 2003, 2010], HO
He aHAJTM3UPOBAIOCH TTOIPOOHO

OmHMMM W3 TEPBHIX K BaXXHOHN pOJIM, KOTOPYIO WTPAIOT B XXU3HU UYeIOBEUe-
CTBa M BCel XXWBOI MPUPOIBI KOCMOTeo0mochepHbIe CBI3M, 00paTUI BHUMAaHME
A.JI. Ymxesckuit [Chizhevsky, 1926, 1940, 1968] u ®@.A. bpayn [Brown, 1959,
1960; Brown et al., 1955, 1959].
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Puc. 1. KoHrpyeHTHOCTb rejiMoreou3nyeckux v Ouosiorndyeckux 1ukiaoB. Ocu aberuce
(morapudmuyeckas IIKajia): CBEpXy — 4acTOThI (LIMKJIOB 3a 40 J1eT); CHU3y — IINTEIbHOCTh
nepuonoB (roapl). COSMOS, kocmuueckue npospieHust: HZ — nukn Xeina; WZ — ki
COJIHEYHOM akTUBHOCTHU (uuciia Bonbda); Gaa — reoMarHuTHEIA aa-uHAeKc; MANN, ¢u-
3UOJIOTMYECKHE TepeMeHHble Y MyXX4uHbI (RBS) 1Mo maHHBIM HempepbIBHBIX HAOTIOMEHMIA
B TeyeHue okoso 40 ner: SBD — cucromuueckoe aprepuanbHoe gasienue; DBD — nua-
CTOJIMYECKOE apTepuanbHoe nasneHue; HF — yacrora cepmednbix cokpaiienmii. 95 % CI —
95%-i1 moBepUTEIbHBI MHTepBal. BepTUKalbHbIE CTPEJKM — HEOOJbIINE HECOBIMAICHMS
JIOBEPUTETBLHBIX MHTEPBAJIOB MOTYT ObITh PACIieHEHBI JIMOO KakK ciyJyaiiHble, JIMOO KaK Mpo-
SIBJICHVE SHIOTEHHOCTH MHOTOJIETHUX PUTMOB Yy YejioBeKa. KOHTpyeHTHOCTh pUTMOB BBIIE-
JIeHa TOYKaMU, TOJIBKO OJIM30CTh — Kocoii mTpuxoBkoii [ Halberg et al., 2008b]

IMo3xe, Korma BOIPOCY CTaJIM YIEIATh OOJIbIIe BHUMAHMS, TIPOSIBICHUS TAKMX
CBsI3eil ObUIM TTOKAa3aHbl HA TIPUMEPE CaMbIX PA3IMYHBIX BUAOB ITATOJIOTUN, B TOM
yuclie yacToThl ciaydyaeB smnuiericuu [Halberg etal., 1991], uHcynbsroB [Brown,
1960; Feigin et al., 1997; Villoresi et al., 1994a, b|, undapkToB Muokapaa [Stoupel,
1976] u cepaedHbIx IpUCTYyOB MHOM npuponsl [ Halberg et al., 2008], a Takxe B Ta-
KX COLIMAIbHO OIACHBIX SIBJIEHUSX («00JIE3HSIX OO0IlecTBa) KaK JOPOXKHO-TPAHC-
nmoptHble nmpouciuecTBus [Strestik, Prigancova, 1986], cyuuuasr [Dill, Diill, 1934;
Stoupel et al., 1999], youiicta [Halberg et al., 2001a] u B apyrux cdepax [Halberg
et al., 2004; Starbuck et al., 2002]. OmquH 13 Haubonee MOAPOOHBIX 0030POB IPO-
6nembl nmpuHamiexut b. M. Bnagnumupckomy [Bragumupckuii u ap., 2004]. beuio
MOKa3aHO TakKXe, YTO BBIPaXXEHHOCTh KOJIEOAHWI OXMHAKOBON YacTOTHI MOXET
OBITH pa3HOll MpU HAOMIOAEHUSIX B pa3HbIX reorpacduyeckux mmpotax [Halberg,
2003]. Ceasu nonyyennsix ot T.K. bpeyc u C. M. Panmonopra MeIUIIMHCKUX JTaH-
HBIX OBUTH MpoaHanu3npoBaHbl @. XambeproM U ero COTpyITHUKAMU M OITyOJIMKO-
BaHbI B MOHOTrpaduu Ha pycckoM s3bike [bpeyc, Parmonopt, 2003].

IMpuponHble UK 00Pa3yIOT CIOXHYIO MePapXUYeCKyl0 CTPYKTYpPY, U KOH-
IpyEeHTHBIE KoJiebaHWsI OOHApYKEHBI BO BCEX MCCIETOBAHHBIX B 3TOM HaIlpaBJIeHUHT
IVarma3oHax MPOSIBICHUM TTPOIIECCOB KU3HU OTAETBHBIX 0COOEHT U TIEIBIX TTOTTYIISI -
uuii. MHOTHE TakWe IIUKJIBI KapTUPOBAHBI, T.€. TMPEICTAaBICHbl HATJISIHBIMU CXE-
Mamu. llypkamnanHbple KojaeOaHUS B 3TOM OTHOIIEHWM OKa3aJUCh TOJIBKO <«BEpP-
XyIIKO# aiicoepra nuamenuuoctu» [ Halberg, 2003].

770



I.C. Kamunac n pp.  Bo3moxHble u Heobxoaumble ycnoBua BanaHna TMI Ha maccy Tena HOBOPOXAEHHbIX

B mmmpokux quamna3oHax 4acTOT BBISIBIIEHBI KOJIEOAHUS M aHTPOIIOJIOIMYECKUX
noka3zateseii [Cornelissen et al., 1998, 2004; Garcia et al., 1993a, b, 1998; Halberg
et al., 2001b, 2010; Rosenberg, 1988; Wohlfahrt, 1998].

MOCTAHOBKA 3AAAYU

JocTaToyHO JTM HAJIMYMSI KOHTPYEHTHOCTU KOJeOaHUIii, YTOOBI BO3HUK PE30HAHC
MEXIY KOCMOTeINoreo(pU3nIeCKUMN M3MEHEHUSIMU U OMOJIOTMYECKUMU PUTMa-
mu? MBI TIoJIaraeM, 4TO YCJIOBUSI IUISI 3TOTO JOJKHBI ObITh KpOME TOTO 00ecTieYeHbI
eIlI€ ¥ KOrepeHIMEe CUTHAJIOB, MEXIY KOTOPHIMU B TeYeHHE XOTsI Obl HEKOTOPOTO
BPEMEHU COXPAHSUIUCH ObI TIOCTOSTHHBIE (Pa30BbIE OTHOIIEHMSI.

Korma peub MAET 0 «KIIACCUMYECKUX» CUHYCOMIAIbHBIX KOJIEOaHUIX, OCOOBIX
npobjaeM ¢ BO3MOXHOCTBIO PE30HAHCOB He BO3HUKAET: MIPU PAaBHOM YacTOTE OHU
KOTepeHTHBI Bcerma. Eciiu ke cUrHajibl He CUHYCOUAANIbHEI, TO €Il OMHUM Heo0-
XOJUMBIM YCI0BHMEM BO3ZHUKHOBEHMSI PE30HAHCOB MOXET CTaTh UX (popma.

DTO mpeanoyiokeHue ObLIO MPOAHAIU3UPOBAHO COMOCTABICHUEM KOJeOaHi
HaTPsKEHHOCTU MAarHUTHOTO TTI0JIsT (MHIEKca Ap), CIIEKTP KOTOPOTO XapaKTepU3y-
eTcsl KoJIeOaHWSIMU B Pa3IMUHBIX IUATIa30HAX, M TAKOTO OOILIEIIPUHITOTO aHTPOITO-
JIOTMYECKOTO ToKa3aTesist KaK Macce Tejla HOBOPOXIEHHBIX.

Asnsrorces mu Kojebanust Ap-unaekca 1 MT KorepeHTHBIMH B COBITAIAIOIINX
JIMara3oHax, — He SICHO.

MATEPUAJT U METObl

HaHHbIe 0 Macce Tejla HOBOPOXIEHHBIX MaJTb4MKOB OBUIM BBIMUCAHBI M3 UCTO-
pUil poOIOB, KOTOpbIE XPaHWUIWCh B MEAULIMHCKUX apXWBaxX IIECTU pPalioOHOB
Keipreizcrana, ¢ 18 utonsg 2003 o 21 aBrycra 2011 r. Takum obpa3om, ob11ast 1m-
Ha BpeMEHHOTrO0 psima coctaBuia 2956 cyrt, 1.e. 8,09 roga. Psm GbLT O4MIEH OT BbI-
OpOCOB — 3HAUCHUI, KOTOpblE OTJIMYAINCH OT CPEAHUI BEJIMUMHBI OoJiee YeM Ha
TPU CTAaHOAPTHBIX OTKJIOHEeHUs. laHHBIE O T€OMAarHUTHOM II0JIe 3a TOT Xe OTpe-
30K BpeMeHM ObUIM 3aMMCTBOBaHBI Ha caiiTax http://nssdc.gsfc.nasa.gov/omniweb,
ftp://nssdcftp.gsfc.nasa.gov u http://www.ngdc.noaa.gov/.

Tak kak maHHble 0 MT — HepaBHOOTCTOSIILIME, TO aHAIU3 CIIEKTPa OCYIECT-
BIISUTM CPEACTBAMM, AOMYCKAIOIIMMHU TaKoe IOCTPOeHUE BPEMEHHBIX Cepuil, —
nporpaMMamu, TPUHLUMIIBI KOTOpbIX omnucaHbl paHee [Kapm, Karunac, 1989,
1997]. Jlnst BBISIBACHUSI CKPBITBIX TMEPUOAUYHOCTEH M CIIEKTPaJbHOTO aHaau3a
ucrnojbs3oBanu nporpammbel «Henep (Neper)» u «peiidp (Drift)» [Katinas et al.,
2002; Watanabe et al., 2003], mn1s1 anmpokcuManyud (GOpMBI CUTHAJIa — IIpOrpaM-
my «®@opma (Form)» [Katunac, 2008; Karunac, ITynbimesa, 1997; Katinas et al.,
2011]. JluHaMuKa OTAEIbHBIX YaCTOT MPOCIEKHUBaAIaCh METOJOM CEpUIAHBIX CPE30B
[Katinas et al., 2002; Watanabe et al., 2003].

MOBAJIbHbBIE N CKONb3ALWME CMEKTPbI

AHann3 KoJjieOaHuiA ObLI IIPOBENEH B CIIEKTPAJIBbHOM AMana3oHe oT 9 JIeT o0 5 cyT.
IleprogorpaMMbl B pa3HBIX IMAIla30HAX IIPUBEICHBI HA pUC. 2.
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20

MouiHocTh curHana, % ot o0leit ucrepcuu mpoiecca

2 A s
N ‘A Aa 4'1 'JA‘i VAVA » ¢
o, MNP ANWG/ W ACMMeetS

7.2 7.2 6.8
I1epuon xosrebanmit

Puc. 2. TlepuomorpaMmbl U3MepeHU Ap-MHAEKCA, MAacChl Tejla HOBOPOXIACHHBIX U BO3-

MOXHBIX pe3oHaHcoB B 2003—2011 rr. Amamasonsl: a — 3...1 rom; 6 — 1,2...0,4 roma

(440...150 cyt); 6 — 70...50 cyt; e — 31..25 cy1; 0 — 11...9 cy1; e — 7,2...6,8 cyT. Ocu ab-

CLIMCC: JUTUTETBHOCTD Teproa KojeOaHUii; OCH OPAMHAT: MOITHOCTb CUTHaIA (OTHOIIEHUE

OOBSICHEHHOM TUCIIEPCHM MOJEIU K OOIIeil aucrnepcuu npoiecca, %). JInHuu: Toncrass —
Ap; ToHKass — MT; myHKTUp — MOZeIb pe30HaHca

772



I.C. Kamunac n pp.  Bo3moxHble u Heobxoaumble ycnoBua BanaHna TMI Ha maccy Tena HOBOPOXAEHHbIX

24
Ti 18 A
en)
5 6 %%Nﬂ-ﬂ
3508
%“ 3400 Mvwf\ \‘\,,\MN VAAMM.NW\AA
g 3300 424 R\ A.[\Y W\\VAMWMMA
3 0 WA A
3200

2004 2006 2008 2010

Bpewms, kaneHgapHbIE OB

Puc. 3. lunammuka Ap-mHaekca U Macchl Tejla HoBopoxneHHBIX B 2004—2010 rr. Ocu ab-

cuucc: BpeMsl (KajleHmapHble T'OAbl); OCH OpAWHAT: BeJIMYMHBI Ap-uHiaekca (HT, BBepxy)

u MT (roabl, BHM3Y). Kopuaopbl 3HaUeHUI: CPEIHSISI TUHUSI — CPEIHUE 3HAYCHUSI; BEPXHSISI

M HIDKHSIST — TpaHMIbl 95%-X TOBEPUTEIbHBIX MHTEPBAIOB. [TapaMeTphl CKONMbXKEHUS: UH-
tepBai — 1 rom; caBur — 10 cyT

BolsiBIeHHBIE CTaTUCTUYECKM 3HAaYMMBble IMKU Iepuomorpammbl (p <0,05)
ObLIM IIPOBEPEHBI HA B3aUMHYIO COBMECTUMOCTD U IPU OLIEHKE CIIEKTPOB BO BHU-
MaHue MPUHUMAJIU JUIIb Te, 100aBIeHUE KOTOPhIX 3HAYMMO CHUKAJI0 OCTaTOYHYIO
CYMMY KBaJIpaTOB OTKJIOHEHUA.

Cpennue 3HaueHUsT Ap-MHAEKca ¢ Hayaja HaOmoneHuit mo 2008 r. Hempe-
PBIBHO CHMXKAJIMCh, 3aT€M Hadajld YBEJIMYMBATHCS, HO K KOHIY HAOIIOAEeHUI ObUIN
3HAYUTEIbHO HIKE MCXOMHBIX BEJIUYMH. DTU pe3yJbTaThl BIIOJIHE COOTBETCTBYIOT
M3BECTHOM 3aBUCHMOCTU BEJMYMHBI HAINPSKEHHOCTU MArHUTHOTO IIOJISI OT COJI-
HeuyHolt akTuBHOCTU [EpMonaeB, Epmonaen, 2009], Koppeaupys ¢ TaKuM IoKa3a-
TeJeM Kak yucia Boabda. B cpennux 3HaueHusix MT 3amMeTHOro TpeHja He Mpo-
SIBUJIOCH (puc. 3).

B cTpykType mepuomorpaMMHBIX KPHUBBIX BBISIBISIIOTCSI MPU3HAKW MOMYJISI-
LIMM — KaK aMIUTMTYIHOM, TaK YU YACTOTHOI: MHOXECTBEHHbIE OOKOBbIE€ ITUKHU I10-
HIDKAIOMIEHCSI MOIIHOCTH BOKPYT HaMOOJIBbIIEro, LEHTPAJIbHO PACIIOJIOXEHHOIO
(cM., HanpuMep, puc. 26 U 20). UTOObI BLISIBUTD SIBJICHUSI MOAYISILIMU, ObLIN pac-
CUMTAHBI CKOJIB3SIIINE CIIEKTPHI (pUc. 4 U 5).

B 2003—2005 rr. Bo Bcex Auana3oHaX BBISIBJIEHHBbIE KOJIEOAHUS OBUIM 3HA-
YUTEJIbHO 00Jiee MOIIHBIMM, YEM B MOCJIEAYIOIIrEe. DTO COBMNAJO C BHICOKOM COJI-
HEYHOM aKTMBHOCTBIO B Hayajie e€ cHXKeHUs B 23-M nukie. IIpyn MuHuManbsHOMU
COJIHEYHOU aKTUBHOCTHU MOIIHOCTh KOJie0aHUil Obl1a Takke HauMeHbleil. C Bo3-
pactanueMm e€ nocie 2008 r. MOITHOCTh KOJiebaHWit Ap cTajla HapacTaTh, HO B KO-
snebanusix MT 3To He MPOSIBUJIOC.
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Ilepuon konebaHuii, CyT

I I I I I
2004 2006 2008 2010
Bpewmsi, kanieHnapHbIe TOIbI

Puc. 4. JIuHamMuKa COCTaBJISIIOIIMX CIEKTpa KoyiebaHMiA MacChl Tejla HOBOPOXKIECHHBIX

B 2004—2010 rr. B iamanazone 1,1 roga — 25 cyt. Och abcuucce: BpeMst (KajeHAapHble TO/bl);

OCb OpIMHAT: Tepuobl KosiebaHuii (cyT). MoITHOCTb KoJiebaHUi 0003HAaYeHa 1IBETOM: Yep-

Hblii — 10 0,5 %; 3enenniit — 0,5...1 %; xentoiit — 1...2 %; xpacHbiii — 2...5 %; duonero-

Bblii — 5...8 % (orapudmuueckas mikana). [TapaMeTpbl CKOJIbXEHUS: MHTepBal — 1 roxm;
casur — 10 cyt

=

[Tepuon KonebaHn

o S — S e e
2004 2006 2008 2010 2004 2006 2008 2010 2004 2006 2008 2010
Ap Macca Tena Pe3onaHc

Puc. 5. JIlvHaMuKa COCTaBJSTIOIIMX CIEKTpa KojeOaHmid Ap-MHIEKca, MacChl Tejla HOBO-
POKIEHHBIX ¥ BO3MOXHBIX pe3oHaHCOB (2004—2010) B nnamnazone 33...24 cyt. Ocu abcuucc:
BpeMsl (KaJleHOapHble TOfibl); OCH OpAVHAT: Mepuojabl KojedbaHuit (cyt). JIeBblii u cpen-
HMiT (hparMeHTHI: MOITHOCThL KoseGanuit ot 0,04 mo 0,20 % o6Go3HayeHa 1IBETOM — OT 3e-
JIEHOTO 10 rojyooro. CKeleTUPYIOIIUE JIMHUM COCAUHSIOT HAMOOJbIINE BEJIUYUHBI MOLII-
HOCTU B MOCJieAoBaTelIbHbIe MOMEHThI BpeMeHU. I[IpaBblii (pparMeHT: BO3HUKHOBEHUE
pe3oHaHCcoB Ap-uHaekca 1 MT. Pa3HbIM 11BeTOM 00603HaUYeHa CTaTUCTUYECKas 3HAYUMOCTb
0,05>p>0,0001
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32

Ilepuon xonebanuii, cyT

[\o}
N

2004 2006 2008 2010
Bpewmsi, KajleHIapHbIe IO

Puc. 6. YactoTHas MomyJsiLius pUTMOB KojiebaHuUii Ap, MacChl Tela HOBOPOXKIEHHBIX U BO3-

MOXHBIX pe3oHaHcoB (2004—2010) B quamaszone 26...32 cyr. Ochb abcuucc: BpeMst (KaJeH-

JlapHbIE TOMbI); OCh OPAUHAT: Mepuoabl KoiedbaHuii (cyr). JImHuuU: Tosctass — Ap-UHIEKC;
ToHKass — MT; MyHKTHP — BO3MOXHBIE PE30HAHCHI

Ha Bcém npoTskeHUM HaOMIOAeHU KoleO0aHusI, HECMOTPSI Ha TMHAMUKY COJI-
HEYHOI aKTUBHOCTH, COXPaHSUINCh B Auamna3oHe 25...34 cyT, mo3TOMy Ha HUX IpHU
JajbHelIIeM aHaIu3e U ObU1o 00pallieHo 0co00e BHUMAaHUE.

YacToTHast Momy/sIuMs KojeObaHUil Ap-MHAEKCAa IPOMUCXOAWJIAa B IHAIMla30HE
25,8...30,8; konebanuit MT — 26,8...30,1 cyT. MOIITHOCTh 3TUX MEPEMEHHBIX U3-
MEHSJIaCh He OAMHAKOBO. Y Ap-MHAEKca oHa Oblla MakcuManbHOII ¢ mas 2007
o ¢despanb 2008 1., ay MT — c oktsa6pst 2004 o aBryct 2005 1.

s comocTaBiieHUs] 4aCTOTHOW MOIYJISILIMM TIPOLIECCOB ObLIO MPOU3BENECHO
CKEJICTUPOBAHMNE CKOJB3SIINX CIEKTPOB: Ha KaxXIOM TpaduKe TOYKHM C HanOOIb-
IIMM 3HaYE€HHWEM MOIIHOCTU ObLUIM COeNMHEHbI JuHuen. CKeleTupyromue JUHUU
pa3HBIX MMepeMEHHBIX OBLTA COBMEICHBI. Pazmmyns 9acTOTHON MOIYISIIIMH TIPO-
LIECCOB IPEACTaBICHbI Ha puc. 6.

Jlo mast 2005 r. 9acTOTHI KOJIeOaHN U3MEHSIIINCh, HO TIOUTH coBnanain. Jlamee
1o mapta 2006 r. yactoTa KoJebaHWI yMeHbIIAIach, MPUYEM y Ap 00Jiee 3aMETHO.
Brors no stHBaps 2010 r. uameHeHus1 4acToThl Ap-uHaekca 1 MT Obn pa3HO-
HanpaBJIeHHBIMH, HO TTO3Xe HaIPaBIEeHHOCTh U3MEHEHWI 000MX IMoKa3areseit cTa-
Jla COMKAThCS, XOTS TOJTHOCTBIO COBITaja TIPU 3TOM TOJIBKO B SHBape — (eBpaie
2010T.

PE3OHAHCbI

MBI NIPeATOI0XWIN, YTO PE30HAHC MEXIY IBYMSI U3ydaeMbIMU HaMU IepeMEHHbI-
MM, CKOpee BCEro, MOXeT BOZHUKHYTh, KOTJa U caMU 3Ha4YeHUsI, U pa3Max Koyiebda-
HUM KaXI0oW U3 HUX B COBMAAalOlIMe MOMEHTHI BpeMeHU MakcumajbHbl. C Hau-
MEHbIIIel BEPOSITHOCThIO OHY MOTYT BO3HUKHYTh MPU COBMAJACHUU MUHUMAIbHBIX
3HaYCHUI nepeMeHHBbIX. JIJIsl MpoBepKM Obljla MTOCTPOECHBI MTPOCTENIIINE MOAEIMN Ta-
KMX BO3MOXHBIX pE30HAHCOB.

Jns1 iepBoi M3 HUX OPAMHATHI PSIIOB HAOIIOAEHUI ObLIN MOMAapHO TTepeMHOXKe-
HbI, YTO UMUTHUPOBAJIO YCUJIEHUE CUTHAJIa Ha yJyacTKax, TAe pe30HaHChl BO3MOXHHBI.
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11 3TOro MoJIeJIbHOTO CUTHaJa Obljla, B CBOIO OUYepe/lb, BEIUMCIIEHA MepUOI0rpaM-
Ma ¥ COITOCTaBJIeHa C UCXOIHBIMM (CM. pUC. 2, TyHKTHUP).

Bropast Momens Obl1a TTOCTpoeHA TIepeMHOXEHUEM OpIMHAT TTepUOIOTpaMM Ha
coBnaaaromux yacrortax. OHa MoATBepAuWsIa 3aKJIIOUEHUs, ClieJJaHHbIe Ha OCHOBE
aHaju3a MepBoil MOJEJIN.

Oka3ajaoch, YTO Pe30HAHCHl BO3MOXHbBI HE MO0 BCEMY CIIEKTpY, a, CKOpee Bce-
ro, B TOBOJILHO Y3KUX MoJiocax Kojebanwuii: ot 2 1o 0,8, 0,68...0,48, 0,41...0,33 rona
(150...120 cyt), 110...95; 59...56; 30...28,5; 28...27; 11...10,5; 10,4...10,2; 10...9,45
u 7,2...6,8 cyr. XoTsI HEKOTOPHIE TTOJOCHI M OYEHb TECHO IPUJIEKAT APYT K APYTY,
MEXIY HUMU BUIHBI YETKME Pa3pPhIBhI.

YacToTHasT MOIYJISIIAS BO3MOXHBIX pPE30HAHCOB TMpeACTaBIeHa Ha puc. 5
(TipaBbIit (hparMeHT) U puc. 6 (IMyHKTUPHAS JTUHUS).

OOPMA CUTHAJIOB

ITpuMeHEHHBIE CIIeKTpaibHble METOAbl CLIOCOOHBI BBISIBUTb BO BPEMEHHOM pSIIy
Cpelu LIYMOB NMEPUOANYHOCTb CUTHAJIOB JIIOOOW KOH(Urypauuu, HO s onpese-
JIEHMSI TIOC/IeIHEe HyKeH OTHeabHbINA aHanu3. Kak yxe ckazaHo, IJisd 3TOil 1ieau
ObliIa UCIIOJb30BaHA CIleMATU3UPOBaHHAs TpOTpaMmMa, MO3BOJISIONIAs AlIPOKCHU-
MUPOBaTh (POPMY CUTHaJIA IO HEPABHOOTCTOSIIIUM JAHHBIM, HE IpUOeErasi K yCla0B-
HOMY MOJIEJTUPOBAHUIO €€ CYMMOU TPUTOHOMETPUYECKUX (DYHKIIUA.

30

Ap-nHpekc, HT
[\
o
|

20 -‘ n n f

W , \V/‘W ’ VW

0 360 360 360 0 360 360 360 0 360 360 360
®a3bl ~28-CyTOYHOTO LIUKIIA

KoJsebaHus BeIMUMHBI CUTHAJIA
(U]
fan)

Macca tena, r

Puc. 7. ®opma curHanoB Ap-MHAEKCAa U Macchl Tesa ¢ nepuomoM 28 cyr. Ocu abeuucc:

daspl LKA (rpam); OCM OpAMHAT: KoJieOaHMSI BEJIMUMHBI CUTHaNIOB Ap-mHaekca (HT)

n MT. CieBa HalrpaBo: CUTHAJIBI Ha pa3HBIX oTpe3kax BpemeHu 02.2005—07.2005; 01.2008—

11.2008; 12.2009—09.2010. Kopuaopbl ropu30HTaIbHBIX JUHUN — ypOBEHb CHUTHAJa Ha

JAHHOM OTpe3ke BpeMeHU. Kopuaopbl M3BUIMCTBIX JJUHUM — KOJeOaHMWsT BEIMUMHBI CUT-

Hana (Ap-unnekc — HT; MT — rozasl). CpenHue JMHUUA KOPUAOPOB — CpeJHUE 3HAUEHUE
TIepeMEeHHBIX; 60KOBBIE — UX 95%-¢ MoBepUTEITbHBIC TPAHUIIBI
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Ha ocHoBanuM JaHHBIX pUC. 4 1 5 11T aHaM3a GbUTH N30paHbl YYaCTKH OT OK-
1s16pst 2004 110 anpens 2005 r (ygacTok 1), Korma Kojie0aHMWsI ObUTM KOHTPYEHTHHI,
¢ suBaps 1o maii 2008 r. (ygacTok 2), Korga 4actotel Ap-uHaekca u MT cunbHO
pasnuuanuch, 1 ¢ nekaops 2009 mo ampens 2100 r. (yuyacTok 3), KOrma 4acTOThI
BHOBb COJTU3UIUCH.

®opma curHaIOB (puc. 7) Ha pa3HBIX yyacTKaX B JETalIAX HE COBMamaja, HO
JUTSI CUTHAJIOB Ap OBUIM XapaKTepHBI OIMH TOMUHUPYIOIIWM MUK W 6oJiee MEJIKHE
XOJIMBI, B curHajax xxe MT, HanpoTuB, IIpeo0J1agaau Craikbl.

Ha mepBoM y4acTke KOHGUTYpalysl B CUTHajdaX Ap-WHIEKCa XOJIMBI U BITa-
JUHBI ObUIM 3HAYUTEJBHBIMU, OAWH W3 IMKOB JOMWHMPOBAJ HaJ OCTAaJbHBIMU.
B curnanax MT noMuHUpOBas criaf, CIBUHYTBIN MO OTHOLIEHUIO K Ap-UHIEKCY
Ha 100...110 rpam, T.e. OH HACTyIaj, YYUTHIBas JUIMHY Ilepuoda KojaeOaHWil, Ha
7...8 cyT mo3:xe.

Ha BTOopom ydactke B curHamax MII Tipeobiamaommx cHazoB W THKOB
He ObLI0.

Ha tpetbeM y4acTke, XOTsI KOH(PUTYpAIUs CUTHAJIOB OblJla ¥ MHAsI, YeM B Ha-
qajie HaOMoIeHWH, B Ap-MHIEKCce TakXKe TOMUHUPOBaI THK, a B MT — 3amasnsi-
Baroluii Ha 7...8 cyT cnag. MouiHoCTb KoJjieOaHMii Oblla HIDKE, YeM Ha yJacTke 1.

3AKJTIOYEHWNE

He MolIHOCTh CUTHAJIOB OIpeaesieT BO3MOXHOCTh PE30HAHCOB, a UX hopMa Ipu
PaBEHCTBE YaCTOT B JAHHBIA MOMEHT BpeMeHU. MMEHHO COOTHOIICHUE 3TUX ABYX
(bakTOPOB U MOXKET OINPEaCIsATh HEOOXOAUMOE YCIOBUE MIJIsl IMPOSIBJICHUST BIUSIHUS
HaTpsKEHHOCTU TeOMAarHUTHOTO T0JI Ha OMOJIOrMYeCcKue TTPOLIECChI.

ITockonbKy, BCIENCTBUE Pa3HOW YaCTOTHOM MOAYJSIIMU, COBMNAJACHUE M-
TEJbHOCTU T1epuoaoB Ap-uHaekca 1 MT (MX KOHIPYEHTHOCTh) Ha0JI01aeTCs TOJIb-
KO B OTHEJIbHBIE OTPE3KU BPEMEHM INMPOLOJIKUTEIBHOCTBIO OT HEMHOIMX MECHLIEB
no 1 roma, BEpOSITHOCTb BOBHUKHOBEHUSI PE30HAHCOB Ha BCEM MPOTSKEHUU W3-
YUYEHHOI'0 CpoOKa BeChbMa pa3jMyHa U, B OOILIEM, KPaTKOBPEeMEHHA. DTO U MOTJIO
OBbITh OJHOW M3 MPUYUH TOTO, YTO MHOTHE TIOIMBITKA OOHAPYXUTh CBSA3M TeoMar-
HUTHBIX U OMOJIOTUYECKUX SIBICHUI JOJITOe BpeMsl He yAaBallCh U, KaK ObLIO pa-
Hee nnoguépkHyTo T. K. Bpeyc [bpeyc, 2003], mopoxknano CKeNTULIU3M.
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POSSIBLE REQUIRED CONDITIONS FOR MAGNETIC FIELDS
INFLUENCE ON NEWBORN BODY WEIGHT

G.S. Katinas, 0. M. Yuldashova, L. A. Aleksina

I.P. Pavlov St-Petersburg State Medical University, e-mail: gkatinas@mail.ru

Is the coincidence of frequencies enough for resonances uprising between cosmo-helio-geo-
physical and biological rhythms? We supposed that one more necessary condition for such
events may be the signals form.

For an analysis, the oscillations of magnetic field (Ap) and such conventional anthropo-
metric parameter as newborn body weight (BW) were studied. Data of BW of newborn boys
were picked out from hospital-charts in Kyrgyzstan from July 18, 2003 up to Aug 21, 2011 (se-
ries length 2956 days). Geomagnetic data for the same time span were obtained from http://
nssdc.gsfc.nasa.gov/omniweb, ftp://nssdcftp.gsfc.nasa.gov u http://www.ngdc.noaa.gov/.

Since the BW data were un-equidistant, for spectral analysis and signal form approxima-
tion specialized programs were used, allowing such organization of time series.
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It was revealed, that coincidence of both frequencies and signal shape (due to variabil-
ity of those parameters) took place only during several time spans lasting not longer that few
months — 1 year. That is why probability of resonance uprising between Ap and BW during
the whole time span studied varied very much, and they occurred only transitionally.

Probably it might be one of the reasons why many past efforts to detect interrelations be-
tween geomagnetic and biological events did not happen and, as it was earlier stressed by
T. K. Breus, resulted in skepticism.



DECADAL SOLAR ACTIVITY CYCLES MODULATE NEONATAL HEALTH
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* Lebedev Physical Institute, Moscow, Russia

The fact that cosmos influences on human neonates’ anthropometry, systolic and
diastolic blood pressure, heart rate and some other physiological variables has been
demonstrated in a number of studies, including ours [Cornélissen et al., 2007;
Halberg et al., 2001; Syutkina et al., 2011]. It led to a supposition that newborn in-
fant, due to periodic changes of these variables (reflecting ‘cosmic’ cycles), may be
considered as a very sensitive ‘cosmometer’ [Sello et al., 2011]. This assumption,
however, is based mainly on the coincidence of the periods of biological and cosmic
cycles, with less attention to the relation between their phases.

The aim of this work is to study, at the population level, the long-term variability
of some clinical signs which we observed in newborn infants and their mothers dur-
ing 21 years and to compare it with solar activity (documented by Wolf numbers).

PATIENTS AND METHODS

We analyzed clinical data of 4,265 infants which were born from January 1985 to
December 2005 (2,124 girls and 2,141 boys). Studied group included 118 (2.8 %)
premature infants (with gestational age <37 weeks), 309 infants with gestational age
>40 weeks and 3,838 full-term babies. The vast majority of infants studied (94.2 %)
had Apgar score 6 or 7 at the 1** minute; 95.6 % of infants had Apgar score 7 or 8 at
the 5™ minute. Diagnosis of mild hypoxic-ischemic brain damage (HIBD) had 1,536
infants (36 %); moderately severe HIBD — 53 infants (1.24 %).

To reveal long-term trends in clinical signs, the data ordered chronologically (by
the time of babies’ birth) and averaged by intervals of 1/12 of a year were analyzed
with the nonlinear cosinor. Nonlinear-cosinor analysis differs from that of ordinary
COSINOR by variable frequency in the model M+ Acos(2atf(1—1)); variable fre-
quency or period T=1/fis added to usual cosinor variables: amplitude A, acrophase ¢,
and mesor M. Frequency enters the model as an essentially nonlinear parameter,
thus giving the name to the method of treatment. Calculations in the nonlinear co-
sinor analysis are made repeatedly where an ordinary cosinor analysis is applied with
the set of frequencies, and the ‘best’ frequency is selected by the lowest p-value.

RESULTS AND DISCUSSION

Decadal or longer periods, s, in rates of toxicosis, anemia and pyelonephritis in
pregnant women, rates of premature membrane rupture and precipitate labor,
Apgar-1, Apgar-5, birth weight, head circumference, chest circumference, and inci-
dence of perinatal hypoxic-ischemic brain damage were found. The ts ranged from
9.6 years to some periods longer than the 21-yr data span.
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An example of about-20-yr cycle is shown in Figure 1. The period equals
to 23.6 years with a 95 % confidence interval extending from 22.4 to 24.8 years.
Double amplitude was 0.50£0.01 (SD), acrophase 1999.9+0.2 yr, mesor 0.28+0.01;
p<0.001. Therefore the incidence of anemia in women during pregnancy showed a
cyclic pattern with period close to well-known period of solar activity.

Least-square-spectra analysis revealed about-10-yr cycles in some physiological
variables, such as Apgar scores at the 1% (Figure 2) and 5" minute and rates of pre-
term membrane rupture and perinatal hypoxic-ischemic brain damage.

Two examples of about-10-yr cycle are shown in Figure 3 (Apgar-1 and the rate
of hypoxic-ischemic brain damage) together with Wolf numbers (WN) for studied
time span. The parameters of approximating model M+ Acos(2n(f—1,)/7) are given
in Table. Cosinor-analysis was not applied to WN because of obvious asymmetry of
ascending and descending parts of the curve.

The parameters of approximating model for Apgar score at the 1% minute
and the incidence of perinatal hypoxic-ischemic brain damage

Apgar score at thelst min Period: t=10.2y (95 % CI 9.9—10.6 yr)
Amplitude: 4= 0.3910.04 (SD)
Acrophase: £, = 1992.84£0.09 y (SD)
Mesor: M =7.311£0.02 (SD)

Incidence of hypoxic-ischemic brain damage | Period: t=9.6y (95 % CI1 9.2—10.1 yr)
Amplitude: 4= 0.201+0.04 (SD)
Acrophase: £, = 1998.1£0.13 yr (SD)
Mesor: M =0.3910.02 (SD)

The difference in acrophases (5.3 yr) demonstrates that the time course of the
incidence of hypoxic-ischemic brain damage over studied time span was reciprocal
to that of averaged Apgar score at the 1% minute®. This relation reflects the fact that
the pathology of hypoxic-ischemic brain damage strongly affects Apgar score (makes
it lower).

It is more interesting that comparison of the time courses of Wolf numbers and
physiological variables revealed the certain relation between them. Maxima of the
curve approximating Apgar score (and minima of the curve for the rate of hypoxic-
ischemic brain damage) coincide with the descending parts of WN-curve.

Calculation of cross-correlation between Wolf numbers and each of the physi-
ological variables gives an accurate estimation of the delay time between them.
(Figure 4). The curves demonstrate that maximal correlation between WN and Apgar
score-1 is observed in 2...2.5 years after the maximum of Wolf numbers (the point
where delay = 0). The same delay is seen for WN maximum and minimal incidence
of hypoxic-ischemic brain damage. These delays are too long to speak about the in-
fluence of solar activity on the fetuses; the effect is rather looks like mediated by par-
ents’ reproductive health.

* Although Apgar scores are presented not by quantitative data, but by ordinal ranks
which have not proportional scale, their averaging in this study is a correct procedure because
in 95 % of infants these ranks varied within one unit — from 6 to 7.
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Figure 2. Least squares spectrum of Apgar score at the 1% minute (square of amplitudes)
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Figure 3. Wolf numbers (upper curve, monthly data), Apgar-1 (in the middle) and incidence
of hypoxic-ischemic brain damage (bottom). Vertical lines denote the acrophases of Apgar-1
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Figure 4. Cross-correlation between Wolf numbers and Apgar-1 (@) and hypoxic-ischemic
brain damage (b). Solid lines show p-values of correlation (%), circles represent correlation
coefficients (Wolf-numbers are ahead of data, see Figure 3)

In this study minimal value of the cosine curve for the rate of hypoxic-ischemic
brain damage fell on 2002.9 y. Similar finding was described by [Cornelissen et al.,
2011] for maternal mortality in the Republic of Kazakhstan: minimum of 11-y cosine
curve took place between 2002 and 2003. This fact supports the hypothesis that solar
activity affects infants through the parents’ health.

CONCLUSIONS

» Physiological variables in newborn infants and their mothers exhibit cyclic
behavior with decadal and/or two-decadal periods.

* There are some phase delays between solar activity variations and physiologic
rhythms.

» The high solar activity seems to have delayed positive influence on the par-
ents’ reproductive health.
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MOAYNUPYIOT 310POBbE HOBOPOXAEHHBIX

E. B. Comkuna’, X. Koprenuccen®, M. J. Mumuws ", 0. C. Kpoinoea ',
M. B. Hapozan 3 ,A. B. Macanog*, 0. Xa116ep.e2

! HayuHbi ueHTp 30p0oBbA AeTen Poccnnckon akagemmnn meanumHCKuX Hayk, Mocksa, Poccua

2 Xan6eproBcKnini XpPOHOONONOrMYECKUiA LeHTp, YHuBepcuteT MrHHecoTbl, MMHHeanonuc,
MwuHHecoTa, CLLUA

3 HIML meguumHcKoi nomowm aetsm, Mocksa, Poccus
4 Ousmnueckmin nHcTuTyT M. M. H. Jlebepesa Poccuiickoin akagemunm Hayk (DUAH), Mockea, Poccus

MeTonoM HeTMHEMHOTO KOCMHOpPA TTPOaHAIM3UPOBaHbl KIMHUYECKHE TaHHbIe 0 4265 HO-
BOPOXIEHHBIX BO BpeMEHHOM MHTepBaje siHBapb 1985 ... nekabppb 2005 r. (2124 neBoukax
u 2141 manpuuke). OOHapyXeHbl PUTMbI ¢ TiepuogamMu okojio 10 et u Gojee, BKIOUast
okojionBaniaruietHue. CpaBHEHWE KPUBBIX, OTPaXKalolIMX BPEMEHHOE TMOBEAeHUE KIW-
HUYECKUX ToKaszaTejieil M unced Boibda, BBIABWIO omnpenefEHHbIE 3aBUCMMOCTU MEXIY
HuMU. Tak, MaKCUMyMbl KOCUHYCOW]I, alllMPOKCUMUPYIOIINX YCPeTHEHHBIE 3HAYSHUs O1le-
HOK 110 11Kajie Anrap Ha 1-ii MUHYTe XU3HM, IPUXOIUINCh HA HUCXOSIIYIO YaCTh KPUBOM
yucen Bonbda. Takoe ke mojioxxeHue 3aHMMajIi MUHUMYMbI YaCTOThI TIepUHATAIbHBIX TH-
TMOKCUYECKU-UTIIEMUIECKUX TOpaXXeHU Moa3ra. Pacuér koadhdUIIMEeHTOB KpoccKoppes-
LIMY TIOKa3aJl, YTO OLIEHKH IO IIKaje AINrap MakCMMalbHBI, @ YaCcTOTa MOpakKeHW Mo3ra
MUHMMaJbHA yepes 2...2,5 roga nocje MakcumyMa uucesl Bonbda. [Tockosbky o6a KIMHU-
YeCcKHUX MPU3HAKA XapaKTEePU3YIOT 30pOBbE UCCICIOBAHHON TOIMYJISIIIMU HOBOPOXKAEHHBIX
JeTeii (4eM BBIIIe OLIEHKU TT0 IIKajie ATrap W pexe HaOJIomaloTCs MopakeHsl MO3ra, TeM
JIy4llle COCTOSIHUE NeTeil), MOXHO 3aKJIIOUMTb, YTO TOBBIIIEHHAsI COJHEYHAsl aKTHUBHOCTD
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OKa3bIBaeT MOJIOXUTEIbHOE BIUSIHME Ha 310poBbe. HalimeHHble 3alep>XKu CIUIIKOM Be-
JIUKW, 9YTOOBI MOXHO OBUIO TOBOPUTH O BIWSIHUU COJTHEUHOW aKTHBHOCTH Ha IIJIOMI; CKOpee
pedb UIET O BAMSHUU Ha PENPOAYKTUBHOE 3I0POBbLE pOAUTENieil. DTa TUIOTEe3a MOATBEPXK-
JaeTcsl OMMCAaHHBIM paHee (haKTOM, YTO MUHUMaJbHasi CMEPTHOCTh MaTepeil COoBMajaeT
C MMHMMYMOM YacCTOThl MepUHATaJIbHbBIX MMOpPaXXeHUil MO3Ta, W, CJIeIoBaTeIbHO, HAXOMMUT-
cq B TeX e BPeMEHHBIX COOTHOIICHUSIX C MAKCUMYMOM COJTHEYHOM aKTUBHOCTH, KOTOpPBIE
HaiIeHbl B JAaHHOM MCCAeTOBaHUM.



0 PONN KOCMWUYECKWX NYYEW W APYTUX OAKTOPOB KOCMUYECKOM
noroabl B rMObANbHbLIX U3SMEHEHUAX 3EMHOTO KNUMATA

MYBNNYHAA NEKLINA

J. 1. flopman ™

" MIHCTUTYT 36MHOrO MarHeT3ma, MoHOChEPbI 1 PacPOCTPaHEHNA PAANOBOSH
nm. H. B. Tywkosa Poccuinckon akagemum Hayk (M3MUPAH), Tponuk, Mocksa, Poccus,
e-mail: lid010529@gmail.com

2 LleHTp KoCMMYeCKnx nyyein 1 Kocmuyeckom norogbl npu Tenb-ABUBCKOM YHUBepCUTETE,
MN3pannbckom KoCcMrUUYeCKOM areHTCTBe U MIHCTUTyTe nccnegosaHui fonaH
npu Xandckom yHmBepcutete

B mocnenHue rofpl cpeay HacelleHMs, a TakXKe Y MHOTHUX YIEHBIX OOJbIIIOe GECITOKOWCTBO
BBIZBAIM PE3YJbTaThl HAOMIONEHMI, TTOKA3bIBAIOIIME OYEHb OBICTPBIA POCT CpeaHeIUIaHe-
TapHOI TomoBOIl TemrepaTypbl Ha ypoBHe Mops (rpuMepHo Ha 0,8 °C 3a mocienHue cTo
siet). Ecaum akcrpanonvpoBaTh 3TOT POCT Ha OJvKaiiiiee Oymyliee, TO OKaXeTcsl, UTO s
psima CTpaH CUTYallus MOXET 0Ka3aThCsl KaTacTpO(UIECKON M3-3a OOWIIBHOTO TasTHUS JIed-
HUKOB B ropax, a TakxXe JbI0B B ApKTHKe U AHTApKTUKE. DTUM CePbE3ZHO 00€CITOKOMUIINCH
npaBuTenbcTBa MHOTUX cTpaH 1 OOH. MHorue y4éHble CUMTAIOT, UTO IJIaBHas MpUYMHA
TaKOTO IJTIO0AJIbHOTO TTOTEIJICHUSI — 3TO TaK Ha3bIBaeMbIil MapHUKOBBIN 3 heKT, 00yCI0B-
JIEHHBIN OBICTPBIM POCTOM B 3eMHOI aTMochepe KOHIIEHTpalluK YIJIEKHCIIOTO Ta3a B CBA3U
¢ OypHBIM pa3BUTUEM TEXHUUYECKOW IIMBUIN3AIMY U POCTOM MOTPeOIeHU KAMEHHOTO YIS,
HedTH U raza. OnHaKo y psiga YYEHBIX UMEIOTCS HEKOTOpble COMHEHUSI B MPaBUIbHOCTU
3TOI TUIOTE3bl, a IIABHOE, O HAOJIONABIIMXCSA B MPOIIJIOM Ha IIKaJaX MHOTUX MUJUIMO-
HOB M MHOTHX TBICSY JIET (€€ 3aM0JITO IO TEXHUIECKOW PEBOJIOINHA) OTPOMHBIX M3MEHE-
HUI CpeIHEeIIaHeTapHOM roI0BOM TeMIIepaTyphbl HA YPOBHE MOPS C POCTOM U IIOHUXEHHUEM
1O OTHOIIEHUIO K COBpEMEHHOMY YpoBHIO Ha 3...4 °C. KoHeuHo, Takue 00bliie U3BMeHe-
HUs KJIMMara CYIIECTBEHHO BJIUSIOT Ha Ouocdepy. A B 4€M NPUYMHBI 3TUX M3MEHEHUI?
YacTh U3 HUX — 3TO TMPOILIECCH B 3eMHOM Kope M B 3eMHOI aTMochepe. Ho n3 maHHBIX 3a
nociaenHue ~100 1eT BUIHO, YTO IaxKe OUEHb OOJIbIINE BYJKAHUYECKUE U3BEPXKEHUS BbI3bI-
BAIOT MOHMXEHUS CpeAHEIUIaHeTapHOI TOI0BOI TeMmepaTypbl TosbKo Ha 0,1...0,2 °C Bcero
B T€YEHUE HECKOJbKUX JIET (Ipyroe A0 — BO3MOXHBIE U3BEPKEHUST CYNepBYJIKAHOB, Ta-
KUX Kak, HarpuMep, Memtoycton B CIIIA, Te yKe ceifuac TONIIMHA TBEPHOI KOPBI COCTAB-
JISIET BCETO HECKOJIbKO KMJIOMETPOB IO CPABHEHUIO C HECKOJIILKUMH JAECSITKAMU KUJIOMETPOB
B cpenHeM). PaccMOTpUM M3MeHEHUs 3eMHOTO KJIMMaTa U COOTBETCTBYIOLIETO BIMSIHUS Ha
o6uocdepy, MPUIMHBI KOTOPBIX JIeXaT BHE 3eMJIM, — 3TO MPOLIECCHl B KOCMOCE, W1, KaK Te-
Tepb TOBOPSAT, KOCMUYECKAs TTOTOMa M KOCMUYeCKU KimuMmat. OCHOBHBIE KaHaJIbI, IO KOTO-
PBIM KOCMOC BJIMSIET Ha 3eMHBIE KJIIMMAT U 6uochepy, 3TO 3JIEeKTPOMarHUTHOE U3TyYeHUeE,
kocmuueckue Jayuu (KM), kocMuyeckasl Mbljib, CTOJKHOBEHUs ¢ 3eMJIEN KPYITHBIX METe-
OpPUTOB U acTepouaoB, OaM3KUe BCIBIIKU CBepXHOBBIX. Kak 3TO MPOMCXOIUT U KaKOBBI
MEeXaHU3MBI BO3IECHCTBUSI KOCMOCa Ha 3eMHOM KJIMMAT U 6uocdepy, moka He COBCEM SICHO,
pPaccMOTPUM COBPEMEHHOE COCTOsIHME ITpobaeMbl. KoHeuHO, He00X0AMMO 3aTPOHYTh U Ta-
KU BOIPOCHl KaK Bermbllika CBepXHOBOI U 00pa3oBaHue COJTHEUHOM CUCTEMBbI, SBOJIIOLUSI
Comnna u 3emnu, npmskeHre CosHila B ['anakTKe M CTOJIKHOBEHUS C MOJIEKYJISIPHO-TTbLIIEe-
BBIMHU O0JIaKaMM.

1. BO3MOXHbIE MPUYNHbBI U3BMEHEHWA KITMMATA 3EMJTA

HeckonbKo BO3MOXHBIX MPUYUH TJ00AJIBHOTO U3MEHEHMSI KiumaTa ObUIO 00-
CyXaeHo B HayuyHoit nuteparype [Svensmark, 2000; Dorman, 2009a; 2012]: 1) op-
OuTajgbHble U3MEHEHUsT B ABUXeHUU 3emiau BOKpyr CojiHua; 2) BHYTPEeHHSIs W3-
MEHYMBOCTb B KJIMMAaTUYECKOW CUCTEMe, HalpuMep, M3MEHEHUs IJaHeTapHOM
aTMOc(hepHOU U OKeaHUUeCKOU LMPKYJISIUUK; 3) KpyHbIe U3BEPXKEHUS BYJIKAHOB,
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KOTOpPBIE M3BECTHHI KaK TTPUYMHA BHE3AITHOTO IUTAHETAPHOTO OXJIAXKICHUS TIPOIOI-
KHUTEJTLHOCTBIO HECKOJIBKO JIeT; 4) M3MeHEeHUs KOHIIEHTPALIMY TTapHUKOBEIX ra30oB
(yBemnmuenue atmocdepHoii kKoHueHnTpauuu CO, B Tedenue nocieanux 100 ner,
nmpumepHo Ha 30 %, mpuBeo K yBeawdeHUo npuMepHo Ha 0,7 °C miobanbpHOMN
TeMITepaTypbl Ha 3eMHO TTOBEPXHOCTH); 5) M3MEHEHUS B COJTHEYHOM aKTMBHOCTHU
1 B BBIMTAJlcHNU Ha 3eMJTI0 KOCMUYECKON IBIIN, a TaKKe M3MEHEHHST B MHTCHCHB-
HOCTM KOCMMYECKMX JIydeil. DTa mocjedHsiss Bo3MoxkHast npuumHa (Ne 5) Oymer
[JIABHOM TEMOW HallEeH JIEKIAU.

2. CBA3b U3MEHEHWI KNMMATA C COJTHEYHOW AKTUBHOCTbIO

OKoJI0 ABYXCOT JIeT Haszad 3HaMEHUTHIM acTpoHoM YwibsaMm Iepuienb [Herschel,
1801] mpenarmoioxwi, 4TO LieHa Ha IieHuIy B JIoHIOHe HemoCpeACTBEHHO KOH-
TPONUPYETCS KOJUUYECTBOM COJTHEUHBIX TIITeH. DTO ero 3aKjIoYeHue ObLJI0 OCHOBA-
HO Ha HAOJIIOEHUSIX, YTO rOpa3ao MeHbIIIe BbINAAaIo TOXKAeil Tpu OOJbILIOM KOIH-
yecTBe nsTeH Ha CosHile (3TO McciaeaoBaHue ObLIO IIPOA0IKEHO HelaBHO Ha 0oJiee
OOIIMPHOM CTaTUCTUYECKOM MaTepuaie, CM. HIXe, pa3d. 7). YpOoBeHb COJHEYHON
AKTMBHOCTH XOPOIIIO M3BECTEH M3 IMPSIMBIX HAOMIOASHUM B TeueHue okoio 450 et
U U3 JAHHBIX 0 KOCMOT€HHbBIX U30TOIaX (CO3JaBaeMbIX B Pe3yIbTaTe SIIEPHOTO B3a-
MMOJIENCTBUS KOCMUYECKUX JIyueir) — Gosiee yem 3a 10 Teic. et ([Eddy, 1976] cm.
takke 1. 10 m 17 B MoHorpaduu [Dorman, 2004]). 3a 3To gonroe BpeMst HabOIIO-
JlaeTCsl mopa3uTeibHasl Ka4eCTBEHHAsl KOPPeJIILMU MEeXay IepruoaaMM XOJI0IHOIO
U TEIUIOTO KJIMMaTa ¢ IiepruojJaMy HU3KOM M BBICOKOM COJTHEYHOUW aKTMBHOCTH, CO-
OTBETCTBeHHO. B kKauecTBe mpuMepa Ha puc. 1 moKa3aHbl U3MEHEHMST KOHIIEHTpAa-
LIMK paguoyriiepoaa 14C B TeueHMeE MOCTIEIHETO THICSUEICTHS (Gonee BbICOKASI KOH-
LIEHTpalUs 4c COOTBETCTBYET OoJiee BbICOKOM MHTeHCMBHOCTU KJI 1 cCHMXXEHUIO
YPOBHSI COJTHEUHOI aKTUBHOCTH).
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Puc. 1. ViaMeHeHUsI COJIHEYHOUM aKTUBHOCTU U MHTeHcuBHOCTU KJI (oTpaxkeHHBIEe B Bapua-

LMY KOHLIEHTPALMK panuoyriepona *C B roIOBBIX KOJbLAX AEPEBbEB) B TEUCHHE TTOCIE-

HEro ThicsAYeaeTus. MMHUMYM COJTHEUHOM aKTMBHOCTM MayHaepa OTHOCUTCS K TIEpUOIy
1645—1715 rr. [Swensmark, 2000]
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Ha puc. 1 BunHo, yto B TeueHue 1000—1300 rr. uHteHcuBHOCTh KJI Oblna
OYCHb HU3KOU (YTO COOTBETCTBYET BBICOKOMY YPOBHIO COJTHEYHON aKTHMBHOCTH).
DTOT cpeaHEBEKOBBII MepHo ObLUT OYeHb TETUIBIM: B 3TOT MEPHOI BUKWHTHU TT0CE-
JIUJTACHh Ha TIOKPBITON TYCTOM PacTUTETBHOCTHIO TEPPUTOPHH, KOTOPYIO ITO3TOMY
HasBanu ['pennannueii (Greenland — 3enénas Ctpana). I[Tocne 1300 r. ypoBeHb
COJIHEYHOM AaKTUBHOCTH 3HAUMUTEIHLHO TOHU3WJICA, W YBEJIWYMIIACh WHTEHCUB-
HocTh KJI. B pe3symnbrare, mociaemoBa TOJTUNA XOJIOTHOM MepHUoa. DTO TaK Ha3bl-
BAaEMbI «MaJIbli JIEMHUKOBBIN TIEPUOI», KOTOPBIM BKJIIOYaJI U3BECTHBI MUHUMYM
MayHnnepa (1645—1715) u ipomokaics BIDIOTh 10 cepeanHbl XIX B.

E. ®puuc-Kpuctmancen u K. Jlaccen [Friis-Christiansen, Lassen, 1991;
Lassen, Friis-Christiansen, 1995] Ha ocHoBe maHHBIX 3a 400 JeT HAUUIXA, YTO IJIU-
TEJILHOCTh IIMKJIA COJIHEYHO! aKTMBHOCTH TECHO CBsSI3aHa C BapHallUsIMU Cpel-
Hell TeMriepaTyphl 3¢MHOM ITOBEPXHOCTH B ceBepHOM Tonymrapun. K. Jlaburike
u I'. Ban JIyn [Labitzke, van Loon, 1993] moka3aiu Ha ocHOBe maHHBIX 3a 18—21-T0
COJIHEUHBIX IIMKIIOB, YTO BBEICOTA MOBEPXHOCTH HABJICHUS B HIDKHEN cTpaTocdepe
MeHsIeTcsa B (paze ¢ YpOBHEM COJIHEUHOM aKTMBHOCTHU (9TO O3HAYAET, YTO TEMIIe-
paTypa BO3Iyxa YBEJIMYMBACTCS C YBEIMUYECHUEM YPOBHS COJTHEYHON aKTUBHOCTH).
I'. CBencmapk [Svensmark, 2000] Takke mpoaHaIU3MPOBAJI IIPOOIEMY BO3MOXHO-
IO BIUSHUS COJTHEYHOW aKTMBHOCTH Ha KJIIMMAT 3eMJIM Yepe3 M3MEHEHMS TTOTOKa
COJIHEUHOM pamuanyu. OTHAKO MpSIMbIe U3MEPEeHUs TIOTOKA COJTHEUHOM pagraliiu
Ha CIIyTHUKaX B TeYeHWE IBYX CONTHEUHBIX ITMKJIOB MOKA3bIBAIOT, UTO 3TU Kojieha-
HUS 332 COJHEYHBIN LMKJI COCTaBIsAIOT Bcero okoso 0,1 %, 1.e. okoio 0,3 BT/MZ.
DTO CIMIIKOM MaJjio, YTOOBI OOBSICHUTL HaOogaeMble M3MEHEHHS CpeaHeIUIaHe-
TapHoil Temriepatyphl [Lean et al., 1995]. I'opasno GoJibllie U3BMEHEHW B TeUeHUE
COJIHEYHOTO LIMKJIA TIporcXoauT B YP-usnydenun (okojo 10 %, uTo mMeer 60Ib-
11oe 3HayeHue B (opMUPOBaHUHU Bapualuii 03oHoBoro cios). JIx.JI. Xaiix [Haigh,
1996] u J. Iuugemn ¢ komieramu [Shindell et al., 1999] mpeAmonoXwin, 4To Ha-
rpeBanue crpatocdepsl YD-m3TydeHUEM MOXET IMHAMHYECKUA TIEPEHOCUTHCS
B Tponocdepy.

3. O BO3MOXHOW CBA3M BAPUALIMN MHTEHCMBHOCTM
KOCMWYECKUX TYYEN C UBMEHEHUAMU KITMMATA

MHorue aBTOpPHI paccCMaTpPUBAIOT TajaKThdeckue M coiHeuHble KJI Kak BaxKHBIE
CBSI3YIOIINE 3BEHbS MEXIY COJTHEYHON aKTUBHOCTBIO M M3MEHEHHSIMM KJIMMATa.
Kak xopoiiio usBectHo (cM. 1. 12 B MoHorpaduu [Dorman, 2004]), KJI aBisot-
Csl OCHOBHBIM MCTOYHUKOM MOHM3a1MU Bo3ayxa Huxe 40...35 KM (TOJIbKO BOJIM3U
YpOBHST 3eMJIM, HIDKEe YeM | KM, pamglOaKTUBHBIC Ta3bl M3 MOUYBBI TAKXKE UTPAIOT
BaXXKHYIO pOJIb B MOHU3AIMK Bo3myxa). [1epBbIM, KTO TIPEIJIOXUI TUIIOTE3Y O BO3-
MOXHOM BIvsHUM noHu3anuu Bo3ayxa KJI Ha kiaumar, os11 E. P. Heit [Ney, 1959].
I'. Ceencmapk [Svensmark, 2000] oTMeTuHI, YTO pa3auuMsi B MOHU3ALMU BO3IyXa,
BBI3BaHHBIE KJI, MOTYT MOTEHIIMAIBLHO BIMSTH Ha ONTUYECKYIO TIPO3PAYHOCTD aT-
Mocepbl, Ha U3MEHEHUs] B 00pa30BaHUM a3p030Jieil UM TOBJIUSTh Ha Tepexoi
MEXIy pas3IuIHbBIMUA (a3aMu Bombl. MHOTHME aBTOPHI pacCMAaTPUBAIA 3TH BO3-
MoxHoctu [[TynmoBkuH, Pacnomnos, 1992; Dickinson, 1975; Dorman, 2009a, 2012;
Dorman, Dorman, 2005; Ney, 1959; Marsh, Swensmark, 2000a, b; Pudovkin,
Veretenenko, 1995, 1996; Swensmark, 1998; Swensmark, Friis-Christiansen, 1997;
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Tinsley, 1996]. Bo3MOXHEIE CTATHCTHYECKIE CBSI3M MEXIY IIUKJIOM COJTHEYHOM aK-
TUBHOCTH M COOTBETCTBYIOIICH Bapualneii mHteHcuBHOCTH KJI ¢ XapakTepucTika-
MM 3eMHOIr0 KJIMMaTa paccMaTpuBaiuch B pabote [[dopman u ap., 1987; Dorman
et al., 1988a, b].

Drta npobiieMa IO MOHACTHIPCKMM TaHHBIM O IIeHaX Ha MIIeHWIy B Tepu-
Ol CpeIHEBEKOBbSI B AHIVIMM OblJIa paccMoTpeHa B pabote [Pustil’nik et al., 2003].
B pa6ote [Dorman, 2003] pekoHCTpyupoBaHbl Bapuauuu nHTeHcuBHOcTU KJI 3a
nociaeaHue 400 JeT Ha OCHOBE JNaHHBIX O COJIHEYHOW aKTUBHOCTHU, NTPUHUMAsT BO
BHUMaHUE TapaMeTpbl KOHBEKIIMOHHO-ANMHY3MOHHOTO M IpeiihoBOro MexaHm3-
MOB, TIOJIydeHHBIC M3 MCCICIOBAHUS SIBJICHUSI TUCTEPE3UCHOM CBSI3M MEXIY COJ-
HEYHOI aKTUBHOCTBIO I KOCMUYECKMMU JTyYaMU.

KocMuueckue 1yam UrparoT KJIFOUEBYIO POJIb B (POPMUPOBAHUH TPO3BI U MOJT-
Huu (cM. 171. 11 B MoHorpaduu [Dorman, 2004]). C npyroit cTopoHbl, MHOTHE aB-
TOPBI paccMaTpUBAIOT SIBJICHWE aTMOC(EPHOTO 3JIEKTPUIECKOTO OIS KaK BO3-
MOXHBI KaHaJ CBSI3W MEXIY COJTHEYHON aKTUBHOCTBIO M 3¢MHBIM KIMMAaTOM
[Dorman, 2003; 2005a; Markson, 1978; Price, 2000; Schlegel et al., 2001; Tinsley,
2000].

OtMmeTuM, 9TO B 1IesioM, Korga KJI paccmaTpuBaloTcst B KauecTBe BO3MOXKHO-
TO KaHaJla CBSI3M MEXIY COJTHEYHOW aKTHUBHOCTBIO U KOCMHYECKON ITOToI0ii, ¢ Of-
HOW CTOPOHBI, M KIIMMATOM 3eMJIM — C IPYTOif, HEOOXOOUMO YINTHIBATh BIMSTHUE
M3MEHEHWI TeOMarHUTHOTO TT0JIsT Ha MHTeHcuBHOCTH KJI yepe3 monroBpeMeHHEIE
Bapranny 3(pOEKTUBHBIX XECTKOCTEN 00pe3aHns B pa3IMUHBIX palfloHaX 3eMHOTO
mapa [dopman, 1957; Dorman, 2009b; Shea, Smart, 2003]. Takum o6paszom, ue-
papXu4ecKye OTHOIICHUS, OIMpeAeliIioniie TOJITOCPOYHBIe M3MEHEHUST KIIMMara,
cBs3adHbBle ¢ KJI GymyT: (IIMKJIBI COTHEYHON aKTUBHOCTH + IOJITOBPEMEHHBIC M3-
MEHEHHUsI B TeOMarHUTHOM TIoJie) — (moJroBpeMeHHass MomyJsaius KJI B renmo-
cepe + monroBpeMeHHBIe Bapruani 3(POEeKTUBHBIX XECTKOCTE TeOMarHUTHOTO
obpesanus KJI B pa3mMuHBIX paiioHaX 3eMHOTO IIapa) — JOJTOBpEMEHHEIC BapH-
ally OOJIAYHOTO TTOKPBITUS — MOJITOBPEMEHHBIE M3MEHEHMS 36MHOTO KJIMMAaTa.
IlepBoe 1 BTOpoe 3BEHBST B 3TOM MepapXUUeCKOil CBSI3U pacCMaTPUBAIUChH IeTallb-
Ho B MoHoTpadwuax [Dorman, 2006b, 2009b].

4. O CBAI3M CONTHEYHOTO UMKJITA BAPUALIMIA KOCMUYECKUX JTYYEN
C BAPMALMAMU NIAHETAPHOIO OBJTAYHOTO MOKPbITUSA;
POJ1b OBJTAKOB B TEIMJIOBOM BAJTAHCE 3EMJTA

OueHb BaXkKHbI€ BBIBOIBI IS IOHUMAaHUS MEXaHU3Ma BJIMSHUS LIMKJIAa COJTHEYHOMN
aKTMBHOCTM Ha 3¢€MHOI KJIMMAaT ObLIY IOJYyYEeHBI B pe3yJibTaTe OTKPBITUS, UTO 00-
JIJayHOe MOKphITHE 3eMJiM (110 HAOJIIOAEHUSIM CO CIIyTHUKOB) CUJIBHO KOpPpEJIUpy-
eT ¢ unteHcuBHocThio KJI [Marsh, Swensmark, 2000a, b; Swensmark, 1998, 2000;
Swensmark, Friis-Christiansen, 1997]. Ilouemy 3T0 Tak BaxkHo? [ejlo B TOM, 4TO
o0yiaka BIMSIOT Ha paavMallMOHHBIE CBOMCTBA aTMOC(Ephl KaK 4yepe3 oXJaxIeHUe
(13-3a oTpaxkeHus BXOJIIe A KOPOTKOBOJIHOBOM COJIHEYHOI pagualiun), TaK 1 ye-
pe3 HarpeB (M3-3a 3axBaTa OTPaXXEHHOTO OT 36MHOI MOBEPXHOCTU JJIMHHOBOJIHO-
BOro u3jaydyeHus ). OOLIMiA pe3yabTaT 3aBUCUT, B OCHOBHOM, OT BBICOThI 00JIaKOB.
CornacHo JI.JI. XaptmanH [Hartmann, 1993] Beicokue onTUYecKU TOHKKE obOiaKa
BEIyT, KaK IpaBUJIO, K HAarpeBy, TOTAAa KaK HU3KKE ONTUYECKU TOJICThIe 00J1aKa, Be-
IIyT, KaK MPpaBUjIo, K OXJIaXACHUIO TIaHETHI (CM. TaOIuILy).
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I'moGanbHbBIe CcpenHeronoBble (OPCUPOBaHUS paJAUALMOHHONW BSHEPrMU W SHepreTude-

CKUI OIOMXKET WIS pa3IMIHBIX TUIIOB 00/1aKoB. Pesynbrarsl criyrHukoBoro Earth Radiation

Budget Experiment (ERBE). IlonoxwutensHoe dopcupoBaHue pagudalliOHHON 3HEpPruu

YBEJIMYMBAET YUCTHIA pajvallMOHHbIA OlOMXEeT 3eMIM W MPUBOAUT K IMOTEIUIEHUIO; OT-

punaTesibHOoe (hOpCUpPOBAaHME YMEHBIIIAeT OIOMKET M3JIyYeHUs] M BBI3bIBACT OXJIAXICHUE
[Hartmann, 1993]

ITapametp Boicokue oosnaka  Cpennue obsaka  Huskue ob6aaka Cymma
TOHKHE TOJICTble TOHKHE TOJICTbIe Bce
O6uias nonst, % 10,1 8,6 10,7 7,3 26,6 63,3

dopcuposBaHue (OTHOZCI/ITGHJJHO
yucTOro Heba), Br-mM™

anbbeno, SW-paauanus —4,1 -15,6 -3,7 -9,9 -20,2 —53,5
otpaxéHHas LW-panuauust 6,5 8,6 4,8 2.4 3,5 25,8
cyMMapHoe (popcupoBaHue 2,4 7,0 1,1 -7,5 —16,7 =277

M3 naHHBIX TabJULIbI MOXHO BUIETh, YTO HU3KHE oOJlaka AAIOT OXJaxIeHue
okos10 17 Brm™2 (uto Bo MHoOTO pa3 Goubiie 0,3 Br-M ™2 — M3MeHeHusI [OTOKa pa-
JuanoHHoM 3Hepruu oT CojHLIA B TeYeHHUE IMKJA COJHEYHOM aKTUBHOCTH).
[ToaToMy HU3KUE 00Jlaka MTpalOT OCOOEHHO BaXXHYIO pOJib B 3eMHOM pajauvaliM-
oHHOM Oromxkete [Ardanuy et al., 1991; Ohring, Clapp, 1980; Ramanathan et al.,
1989]. Takum obOpa3oMm, aaxe HeOOJblIME U3MEHEHUs] B HUXKHEM OOJauyHOM ITO-
KPBITUU MOTYT JaTh BaXKHbIN BKJIaJ B paAuallMOHHbINA OIOIKET 1 CYIIECTBEHHO IM0-
BJIMSITh HA KJIMMAT 3eMIIN.
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Puc. 2. UsameHeHMsT B 3eMHOM OOJIaYHOM MOKPBITUU: TPEYTOJbHUKM — NAHHBIE CO CIyT-
Huka «<HumOyc-7» [Stowe et al., 1988]; kBagpaTsl — maHHbIe OT MexXayHapomHoro Satellite
Cloud Climatology Project [Rossow, Shiffer, 1991]; pom6s1 — ot Defence Meteorological
Satellite Program [Ferraro et al., 1996; Weng, Grody, 1994]; cruromiHass KpuBasi — Bapua-
1M nHTeHcuBHOCTU KJI cormacHo HaOM0aeHUsSIM Ha HEMTPOHHOM MoHuUTOope KitaiiMakc;
IITPUXOBaHHAsI KpMBasi — TMOTOK paAVOM3IydeHUs Ha JuIMHe BOJHBI 10,7 cM (B emvHUIAX
10722 Brm 2T~ ). Bce maHHBIE CTIaxXeHBI C ITOMOIIBIO 12-MeCSYHOTO IBMIKYIIETOCsS yC-
penHenus [Svensmark, 2000]
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PucyHok 2 TToKa3pIBaeT JaHHBIE CITYTHUKOBBIX HAOMIOACHW 3eMIN Bcero 00-
JJAYHOTO TIOKPBITUS TUIAHETHI IO CpaBHEHWIO ¢ MHTeHCUBHOCTHI0O KJI (cormacHo
JAHHBIM HEeUTpOHHOro MoHuTOpa Ha rope Knaiimakc B CIIIA) u conHeyHOMH ak-
TUBHOCTBIO (MHTEHCUBHOCTH TTOTOKA COJTHEYHOTO PamIdOU3IIydeHUST Ha JUTMHE BOJ-
Hel 10,7 cm).

W3 gaHHBIX puc. 2 MOXHO BUACTh, YTO KOPPEJSLUS INIOOAIBLHOTO 00JIa4YHOTO
MTOKPBITUST ¢ MHTeHCUBHOCTBIO KJI Topasmo Jydine, 4eM ¢ COJNTHEUHOM aKTUBHO-
cthio. bonee neranbHbie uccaenoBanus [Marsh, Swensmark, 2000a] moka3anu, 4To
MHTeHCUBHOCTh KJI 0YeHB XOpOIII0 KOppelHupyeT ¢ TIO0ATbHBIM HU3KMM 00J1a4-
HBIM TTOKPBITUEM, HO HE C BEICOKUM U CPETHUM O0JJTAYHBIMU TTOKPBITUAMU (pHC. 3).
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Puc. 3. ExxemecsuHble TaHHBIE O TJTAHETAPHBIX O0JIAYHBIX MOKPHITUSIX (KpUBBIE 1): @ — BBI-

cokue obnaka, H > 6,5 km; 6 — cpenHue obnaka, 6,5 > H > 3,2 kM; 6 — HuU3KuUe objaka,

H<3,2 xm [Marsh, Swensmark, 2000a]. Bapuatm nareacusaocty KJI cormacHo Habmomne-

HUSM Ha HEUTPOHHBIX MOHUTOpAX YaHKalio 1 Xajieakaja (;keCTKOCTh FTeOMarHUTHOTO o0pe-

3aHUA Ha 00enx ctaHnusix 12,9 I'Bt, naHHbIe HOpMaTM30BaHBI K OKTSIOpIo 1965 1.) — Kpu-
Bas 2 (omMHAKOBAS IS BCEX TPEX ITaHEICH )
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BaxxHO OTMETUTB, YTO HU3KME 00JIaKa BEIYT, KaK MPaBUIIO, K OXJIaXICHUIO aT-
Mocdepsl (cM. Tabauiry). DTO 0O3HAYaeT, YTO C Bo3pacTaHueM MHTeHcuBHocTu KJI
W COOTBETCTBYIOIINM BO3pacTaHWEM TJIOOAIBHOTO HU3KOTO OOJAYHOTO TMOKPBHITHS
OXUAAETCSI TIOHMKEHUE ITJIaHETApHON HAa3eMHOM TeMIlepaTypbl. DTO HAXOAUTCS
B COTJIaCUHU C CUTYyallel 3a MOCJIeIHIO ThICSIdy JieT (CM. puc. 1), a Takke ¢ TIps-
MBIMHM M3MEPEHUSMU Ha3eMHOU TeMIlepaTyphl 3a MOCeIHNEe HECKOIbKO COTHEY-
HBIX LIMKJIOB (CM. HIXE, pa3i. ).

5. MPAMbIE U3MEPEHUA HASEMHOW TEMMEPATYPbI B TEYEHWE
NOCNEAHUX COJTHEYHbBIX LIMKNOB 1 AOJITOBPEMEHHbIE
BAPUMALUNUN MHTEHCUBHOCTU KOCMUNYECKX NTYYEWN

Ha puc.4 (u3 pabotsl [Svensmark, 2000]) moka3aHbl KpHWBEIe M3MEHEHUH IIIa-
HeTapHOW TeMIIepaTypbl Ha ypOBHE MOpS (IaHHbIE HA3eMHBIX M3MEpPEHUM U I0-
BEpPXHOCTU OKeaHOB) M MHTeHCUMBHOCTU KIJI, criaxkeHHble MyTEM IBUXKYIIETOCs
ycpenHeHus1 ¢ nepuonoMm 11 ner. HaHHble 1o TemmepaType — 3a 1935—1995 rr.
Hannbie mo KJI ocHOBaHBI Ha M3MEPEHUSIX C MOMOIIBIO dKpaHUPOBaHHBIX 10 cMm
CBUHIIA MOHU3ALIMOHHBIX Kamep B Yenrenxeme-Dpenepukcoypre (1937—1975) u B
Axyrcke (1953—1994), a Takke Ha U3MEPEHUIX C TOMOIIbIO HEUTPOHHOTO MOHM-
topa B Knaitmakce. B aToit xxe padore [Svensmark, 2000] Takke COIOCTaBASIIOTCS
M3MEHEHUS IUIaHeTapHOU TeMIlepaTypbl Ha ypoBHE Mops 3a 1935—1995 rr. ¢ Bapu-
aLlUSMU TIPOAOJIKUTEIBHOCTH COJIHEUHOTO LIMKJIA, YHAC/Ia COTHEYHBIX IISITEH U pe-
KOHCTPYMPOBAHHOIO IOTOKA SHEPTUM B COJIHEUHOM pamuaunu. OGHapyKeHO, 4TO
CBSI3b TUIAHETAPHOI TeMIlepaTyphbl Ha YpOBHE MOPsI ¢ MHTeHcuBHOCThIO KJI BhIpa-
>KeHa HauboJjiee YETKO IO CPaBHEHUIO C YKAa3aHHBIMU BBILLIE OCTAJIbHBIMU TTapaMme-
TpaMM COJTHEUHOI aKTUBHOCTH.
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Puc. 4. I3MeHeHUs TJIaHETapHOU TeMIIepaTypbl Ha YPOBHE MOPSI (IaHHBIE HA3€MHBIX U3-

MEpEeHUIi U MOBEPXHOCTU OKEAHOB) (IUTPUXITYHKTUPHAsI KpUBsl);uHTeHCuBHOCTL KJI, cria-

>KeHHasl IyTeM IBIKYIIErocs ycpemHeHUsI ¢ epruonoM 11 et (crutonrHas Kpusas). JlaHHbIe

no temrneparype — 3a 1935—1995 rr.; nannsie mo KJI ocHOBaHBI Ha U3MEPEHUSIX C TTIOMO-

IIBI0 3KpaHUPOBaHHBIX 10 CM CBMHIIA MOHM3ALIMOHHBIX Kamep B Yentenxeme-Dpenepuk-

coypre (1937—1975) u B Axyrcke (1953—1994), a Takxe Ha U3MEPEHUSIX C TTOMOILbIO HEli-
TpoHHOTO MOHUTOpa B KnaiiMakce (13 pabotsl [Svensmark, 2000])
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6. BJIMAHME KOCMUYECKMX NIYYEN HA KNTMMAT
B TEHEHUE MUHUMYMA MAYHIEPA

PucyHok 5 mokasbIBaeT CUTyallll0 B MUHUMyMe MayHaepa 1o JaHHBIM pPEKOH-
CTPYMPOBAHHOIO COJIHEYHOTro n3irydeHust [Lean et al., 1992, 1995], naHHBEIM 0 KOH-
LIEHTPALMK KOCMOTEHHOTO M30Tona ''Be, MpOMOpLMOHATPHOTO MHTCHCUBHOCTH
KJI [Beer etal., 1991] u peKoHCTpYHpOBaHHOI TeMIIepaType BO3dyXa Ha YpPOBHE
MOpsI B ceBepHOM Ttojrymapuu [Jones et al., 1998]

Kak BugHO Ha puc. 5a, TIOTOK SHEPTUN B COTHETHON pagualiviy SIBIISIETCS TTOY-
TH TIOCTOSTHHBIM B TedeHHe MUHUMyMa MayHuepa U nmpuoansutenbHo Ha 0,24 %
(vnu Ha 0,82 BT'M_z) HIXE€ COBPEMEHHOTO YPOBHSI, HO HE TTOKA3bIBAET TEX BPEMEH -
HBIX Bapyalnii, KOTOpPbIe XapaKTepHBI II TUTAHETAPHOM Ha3eMHON TeMIlepaTyphl
Bo3myxa (Ccp. puc. Sa u 8).
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Puc. 5. Cutyanus B MuHuMyMme MayHjepa: @ — BpeMeHHasi Bapuallus oToka peKOHCTPYH-
pOBaHHOTO coyiHeUHOTo u3nydeHust [Lean et al., 1992, 1995]; 6 — Bapuanysi KOHLUEHTpPALIUU
KOCMOTeHHOTo m3otora 'Be [Beer et al., 1991]; ¢ — BapuaLms peKOHCTPYUPOBAHHOM TeM-

rneparypbl Bo3yxa Ha YpoBHE Mopsi B ceBepHOM Tonyiuapuu [Jones et al., 1998]. CornacHo
pa6ote [Svensmark, 2000]
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B 10 xe Bpemst mHTeHcMBHOCTh KJI M TuraHeTapHast HazeMHasl TeMIIepaTypa
BO3Iyxa UMEIOT OYeHb MOXOXMEe BpeMEeHHBIE BapHalliy B COTJIACUM C TeM, KaK 3TO
OBIJIO OIMKMCAHO B MPEIbIAYIINX pa3aeiax: ¢ yBeandeHneM nHTeHcuBHOCTH KJI TIpo-
WCXOOUT CHUKEHHUE IIJIaHESTApHOM HA3eMHOI TeMIlepaTyphl Bo3myxa (CM. puC. 56
u ¢). CaMbIit BEICOKUIT ypoBeHb MHTeHCUBHOCTH KJI B 1690—1700 IT. COOTBETCTBY-
€T CaMOM HU3KOM IJIAHETAPHOW HA3EMHOM TEMIIEpaType BO3[yxa B Ty Xe€ AeKamly
1690—1700 rr. [Mann et al., 1998].

7. BO3MOXHOE BJ'II/IFIHI/IE“COJ'IHE‘-IHOVI AKTUBHOCTHN
N KOCMUYECKNX TYHEW HA TTPON3BOACTBO
MWEHWLbI B CPEOHEBEKOBOW AHITINI

Kaxk mb1 ymomuHanu B pasn. 2, B. I'epiiens [Herschel, 1801] 6501 mepBBIM, KTO 06-
paTui BHUMaHKe Ha KOPPeJIsILMIO MeXXAy HaOII0gaeMbIM KOJIMYECTBOM COTHEUHBIX
NSATEH U COCTOSSHMEM phIHKA MIIEHULIbI B cpelHeBeKoBoil AHrnuu. Ero aHanus
ObLT OCHOBAH Ha IaHHBIX O LIEHAaX Ha IIIEHUIY, ONyOJIMKOBAaHHBIX B KHUTE [Smith,
1776]. B. T'epiienp Halén, 4To B TeYEHUE MISTA IIEPUOIOB C MaJIbIM KOJUYECTBOM
COJTHEYHBIX TISITEH 1IeHbI Ha MIISHUIY ObIM HanboJiee BhIcCOKMMU. Ha ocHOoBe Ma-
TEepUAaJIOB, PACCMOTPEHHBIX BBIIIIE, 3TOT PE3YIbTaT MHTEPIIPETUPOBAH TaK: C yMEHb-
IIEHMEM YHMCJIa COTHEYHBIX TSITEH YBEJIMUMBACTCS UHTEHCUBHOCTD TaJIAKTUYECKUX
KJI, 4To NpuMBOAUT K YBEJIMUYEHUIO BbIMAACHUS OCAIKOB U ITIOHXKEHUIO TeMIIepaTy-
PBI BO3/yXa, a 3TO B YCJIOBUSIX AHIJIUU IMIPUBOIUT K CHUXKEHHUIO YPOXKAMHOCTH ITIIIE-
HULIBI U COOTBETCTBYIOIIEMY POCTY 1LIeH Ha He€ (MHTEPECHO OTMETUTh, UTO B yC-
JIOBUSIX CYXOIo KjMmara, HarpuMmep, Kak B IToBoinkbe, Ha bamknem Boctoke, Ha
ceBepe Adpuku unu Ha ceBepo-3amnane CIIA pesynbTaT ObUT Obl OOpaTHBIN: yBe-
JINYeHNe UHTEHCUBHOCTH ranaktndeckux KJI mpuBelio Obl K ITOBBILIEHUIO YPOXKaii-
HOCTU M CHUXKEHUIO 1IeH).

baza gaHHBIX O lLieHaX Ha IIIeHUIY B cpeaHue Beka B AHrauu [Rogers, 1887]
Obl1a ucronb3oBaHa B pabote [Pustil’nik et al., 2003] mia nccienoBaHusl CBSI3U
¢ cosHeyHoi akTUBHOCTHIO U KJI (Mo maHHBIM O KOCMOI€HHOM H30TOIIe "Be Bo
npaax 'pennanauu u AHTapKTUabl). OOUH U3 pe3yIbTaToB MOKa3aH Ha puc. 6.

]LHC‘TOI'pﬂM!Iﬂ HHTEPRATOR MEKTY rHCTUr[ISMME HHTEPELINE MERTY
MAKCHMYMAMM LHEF MHHHMYHAMH THCET COTHETHELX NATER
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Puc. 6. TricrorpaMMbl pacripeneacHUs UHTEPBAIOB MEXIY MaKCUMyMaMM LIEH Ha IIIIICHU-
11y B AHIJIMU (JieBasl MaHe b, JaHHbIe 3a 1249—1702 rT) 1 MHTEPBAJIOB MEXAY MUHUMYyMaMU
YHCeN COJTHEUHBIX ITITeH (IpaBas ImaHes b, faHHbie 3a 1700—2000 rr.) [Pustil’nik et al., 2003]
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Puc. 7. CpaBHeHMe 1IeH Ha TILIEeHUIY B MepUOAbl MUHUMAJIbHON U MAaKCUMAaJIbHON MHTEH-

cuBHocTy KJI (1Mo maHHBIM O coaep:KaHMM KOCMOT€HHOIO M30TOoIla 10Be B TPEHJIAHACKOM

Jpzie, cornacHo [Beer et al., 1998]). Besble TpeyrolbHUKU MOKA3bIBAIOT LIEHBI, YCPETHEHHbIE

3a 3 roja, LIEHTPUPOBAHHBIE OKOJIO Tofa MUHMMYyMa uHTeHcuBHOCTU KJI; Gesbie poMObI —

TO Xe caMoe, HO 1O TONOBBIM JaHHBIM. UepHble TPEYTOJbHUKHA M POMOBI COOTBETCTBYIOT
makcumymy nHTeHcuBHOcTU KJI [Pustilnik, Yom Din, 2004b]

[MomydeHbI TpaKTHYECKN OAMHAKOBEIE THCTOTPaMMBI MHTEPBAJIOB MEXIy MaK-
CHUMyMaMH IIeH Ha MIIeHWIy W TUCTOTpaMMBI MHTEPBAJIOB MEXIY MUHUMyMaMHU
YHCEI COTHEYHBIX MATEH.

Hpyroif pe3yabTaT NpWBEAEH Ha pPUC. 7, TOKA3BIBAIOIIMI CpaBHEHHUE IICH
Ha TIIIEHWITy B TEPUONBl MUHUMAIBHON W MaKCMMajdbHOUW mHTeHcuBHOcTH KJI
(110 DaHHBIM O COLEPXAHMH KOCMOTEHHOTO M30TOMA ''Be B IPEHJIAHICKOM JIbIC,
cornacHo[Beer et al., 1998]). 3 naHHBIX puc. 7 BUAHO, YTO B TEPUOJIBI MUHUMY-
MoB mHTeHcuBHOCTH KJI meHbl Ha mimeHuIly (6elible TpeyTroJbHUKN W pOMOBI Ha
puc. 7) 3aMeTHO HIXe (T. €. YPOKaiHOCTD BBIIIE), YeM B TOIBI MAKCUMAILHON WH-
teHcuBHOCTU KJI (4€pHbIe TPEyrOIbLHUKU U pOMOBI). DTOT pe3yabTaT JJIsl CpeaHe-
BEKOBOW AHTJINH, TI¢ DOKIEH M BJIaTM JOCTATOYHO, a TJIaBHas MpobjieMa — Hemo-
CTaTOK TEIUTBIX, COTHEYHBIX JTHEH, MOHSATEH: ¢ TOHWKeHNeM MHTeHcuBHOCTH KJI
YMEHBIIAeTCST MOHU3AIINST BO3MyXa, YMEHBIACTCS KOJIMYECTBO O0JIAKOB U YBEJM-
YUBAETCS YUCIIO TETUIBIX COTHEYHBIX JHEW, UTO TIPUBOMUT K TOBBIIIICHUIO YpoXKaii-
HOCTH M COOTBETCTBYIOIIEMY CHIDKEHUIO IIeH Ha MIIeHUIy. bim3kue pe3yabTaTsl
CYIIECTBEHHOTO BIMSHUS COTHEeYHON akTWBHOCTA M KJI Ha IeHB Ha TIICHHILY
B CIIA B XX cTosietTuu 06111 ToydeHbl B pabote [Pustilnik, Yom Din, 2004b].

8. O CBA3N MEXAY CKOPOCTbIO TEHEPALIM KOCMUYECKMMW NNYHAMU
NOHOB B ATMOC®EPE W NMTAHETAPHbBIM OBJTAYHbBIM MOKPbITUEM

JlaHHBIE O CKOPOCTH TeHepalluy KOCMUYECKMMU JIydaMHi MOHOB B aTMocdepe ¢g(h)
Ha BBICOTax 2...5 KM 1J1s1 Tieproaa stiBapb 1984 r. — aBryct 1990 r. Ha OCHOBaHUM
PETYISIPHBIX U3MepeHnit nHTeHcUBHOCTH KJI Ha pagmo6auioHax GbLTH TTOTyYEHbBI
10. 1. CroxxkoBbiM ¢ Kosuteramu [CToxkoB u ap., 2001; Stozhkov et al., 2001], xo-
TOpBIE MMOKA3aJIk, YTO B TpoIocdepe Ha HEKOTOPOM YPOBHE C JaBJIEHUEM /1 3HAYe-
Hus g(h) n uateHcuBHoct KJI I(h) cBsi3aHBI B TIEpBOM TPUOIMKEHUU TTPOCTHIM
cooTHolueHueM q(h) =AI(h), rne A= const.
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Puc. 8. CBsi3b OTHOCUTEJIBHBIX U3MEeHEHMI AS/S MOKpHITUSI 00JlaKaMU TOBEPXHOCTH AT-

JIJAHTUYECKOTro okeaHa B repuoj ssHBapb 1984 r. — aBryct 1990 r. (cornacHo [Swensmark,

Friis-Christiansen, 1997]) ¢ oTHOCUTE/NbHBIMU M3MEHEHUSIMU CcKOpocTh uMoHu3auuu KJI

BO3/IyXa B MHTEpBaJie BBICOT 2...5 KM Ag/q (M1 OTHOCUTEJIbHBIMU U3MEHEHUSIMU KOHIIEH-
Tpauuu noHoB An/n) [CtoxkoB u np., 2001; Stozhkov et al., 2001]

C npyroil CTOpoHBI, KOHLIEHTpAllMsI MOHOB #(/4) MPOIOpLIMOHAIbHA CKOPOCTH
reHepaluu MOHOB ¢(/1), TTO3TOMY, B IepBoM mnpubnumkenuu Aq(h)/q(h) = Al(h)/
I(h) = An(h)/n(h). Ha puc.8 mnoka3zaHa CBSI3b OTHOCHUTEIbHBIX W3MEHEHMI
Aqg(h)/q(h) 1 OTHOCUTENBbHBIX M3MEHEHUI OOIlei ITOBEpXHOCTU OO0JAKOB HaI
ATJIaHTUYECKNM oKeaHoM AS/S.

9. YMEHbLWEHWE KOJINYECTBA OCAKOB B NMEPUObI
®OPBYLU-NOHMMKEHWN MHTEHCMBHOCTM
FANAKTUYECKMX KOCMUYECKUX TYYEN

B mepuonbl GoJbIIMX MarHUTHBIX Oypb, COMPOBOXIaeMbIX (DOPOYILI-TTIOHUKEHU -
IMHA WHTEHCUBHOCTH Tamakthdeckux KJI, moHM3amms atMocdepsl TTOHIKASTCS
U 3TO, B COOTBETCTBUMU C OIMMCAHHBIMM B pa3a. 1—8 pesyiabraTaMu, JHOKHO He-
CKOJTBKO TTOHM3UTH BEPOSITHOCTH 00pa30BaHMs 00JIaKOB M YMEHBIITUTH KOJIMYECTBO
OCaIKOB.

CornacHo pabote [Beperenenko, IlynoBkuH, 1994]|, ymeHbleHUE HUOHM3A-
o atMocepbl BeAET K YMEHBIICHWIO KOHIIEHTPAlIMU ILIEHTPOB KOHICHCAIIVH,
W B 3TH TIEPUOIBI YMEHBINAETCST TTOJTHAsI TTOBEPXHOCTh OOJIAKOB M aTMOcdepHas
TYpOYJIEHTHOCTh W HaOJII0HaeTCs MOBHIIIEHWE BBICOTHI M300apUUIECKUX YPOBHEH.
Kaxk pe3ymbraT CHIKeHUsI 00JIAYHOCTH, OKMIAETCST YMEHbBIIICHUE BHITIAICHUS OCal-
KOB. DT0 ObIJIO OnyOIMKoBaHO B paborax [CToxkoB u np., 1996; Stozhkov, 2003;
Stozhkov et al., 1995a, b], rme METOIOM HAIOXCHWMS SII0X IIPOAHAIM3NPOBAHO B 00-
meit cnoxHoctu 70 dopOyu-noHuwxkeHuit nHreHcuBHoctu KJI, HabGmomaBuivx-
ca B TedeHue 1956—1993 rr. JJaHHBIE IO CYMMAapHBIX OCagKaM Haj TeppUTOpHeit
owiBiero CCCP mokasaiu, 4To B HyJ1eBOl AeHb (MUHUMYM MHTeHCUBHOCTU KJI)
cyMMa ocankoB Ha 17,4127 % MeHblle, yeM M0 Hadajga (GopOyII-TIOHKEHHUS.
BeposSTHOCTH TOTO, UTO 3TOT pEe3YNBTAT SABISCTCS CIYIaifHBIM, COCTaBIIsAeT MeHee
10~*. dusuka storo addekTa cienymolias: NoHXKeHue nHTeHcuBHocT KJI mpu-
BOIUT K TTOHIDKEHUIO CTETICHN MOHU3AIINH BO3IyXa — TOHIKEHWIO 00JITAYHOCTH —>
YMEHBIIEHNIO OCaTKOB.
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10. BO3PACTAHWA KONMYECTBA OCAKOB B MEPNOAbI HASEMHbIX
BO3PACTAHUI MOTOKOB CONHEYHbIX KOCMUYECKUX NTYYEN

B mepuonbl HazeMHBIX Bo3pacTaHuii comHeuHbIXx KJI yBenmnuuBaeTcsl MOHU3AIIWS
atMocdepbl. [loaToMy B Takue TEepHOObI OXHIOACTCS YBEJIMUYECHHE OOJaYHOCTH
U ycuiieHue ocaakoB. B paGorax [CtoxkoB u ap., 1996; Stozhkov, 2003; Stozhkov
etal., 1995a, b] ObUIM MpOaHANIM3UPOBAHLI METOAOM HAJIOKECHUSI 310X B OOILIeH
CIIOXKHOCTHY 53 Ha3eMHBIX BO3pacTaHUs TTOTOKOB coiHeuHBIX KJI, HabmogaBImxcst
B TeueHue 1942—1993 rr. HaiineHo, 1o JaHHBIM 0 CyMMapHBIX OCaJaKax Hall Teppu-
topueii obiBiIero CCCP, uTto B mepuoabl Ha3eMHbIX Bo3pacTaHWil coHeuHbix KJI
KOJIMYECTBO OCAIKOB B cpeIHeM Bo3pacTaeT Ha 13,31+5,3 %. BepossTHOCTB TOTO, YTO
TOJyYEeHHBI pe3ysbTat ciiydyaeH, — MeHblie 0,01.

11. BO3SMOKHOCTb MPEACKA3AHUA N3MEHEHWI YACTU KITMMATA,
CBA3AHHOW C KOCMWNYECKUMU JTYHAMI (B PAMKAX KOHBEKLIMIOHHO-
ANOOY3VNIOHHOTO N APEM®OBOIO MEXAH3MOB)

Kaxk ObL10 moKazaHo B Ipenbiayiiux paszaenax, KJI Moryr paccmarpuBaThesl Kak
Ba)KHOE CBSI3YIOLIEE 3BEHO BO3IECHMCTBUS KOCMUYECKOM MOroAbl Ha 3¢eMHOM KIMMaT
u (4epe3 3eMHOM KiuMaT) — Ha ouocdepy. C 3Toit TOUKM 3peHUs] BaXKHO IOHSThH
MEXaHU3MBbI JOJITOBPEMEHHbBIX Baprualliii UHTEHCMBHOCTH rajaktudeckux KJI u Ha
3TOI OCHOBE ITOMBITAThCS pa3padoTaTh METO OIIpeaeICHUS 3TUX Bapyalluii B 1aié-
KOM MpPOIIJIOM U MpeAcKa3aHus B OyayiieM. DTO MO3BOJUT OLIEHUTh YaCTh U3MEHE-
HUI KIMMaTa, 00yCIOBIEHHBIX U3MeHeHUsIMU nHTeHcuBHOCTU KJI. OnHa 13 Takux
MOMBITOK ObLTa MpeanpuHgaTa B padortax [Dorman, 2005a, b; 2006a] Ha ocHOBe Me-
CSIYHBIX JAHHBIX O YMCJIaX COJTHEYHBIX ISITEH C YYETOM BPEMEHHOTO 3ana3iblBaHus
MPOLECCOB B MEXIUIAHETHOM MPOCTPAHCTBE OT BHI3BIBAIOLIMX 3TU IIPOLECCHI CO-
ObITuit Ha CoIHIE U KOHBEKIIMOHHO-IUMDDY3MOHHOTO U IpeiihoBOro MeXaHU3MOB
robanbHOM Momysaiuu ranakrudeckux KJI B renuocoepe.
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Puc. 9. CpaBHeHMe HabOIOgaeMbIX HA HEMTPOHHOM MoHuTOpe KitaiiMakca moiroBpeMeH-
HbIX BapuauMii nHTeHcuBHOCTU KJI (nBHXKyulieecs ycpenHeHue ¢ nepuonom 11 mecsies)

C TEOPETUYECKM OXHMIaeMbIMU B paMKax KOHBEKIIMOHHO-IUGhGY3MOHHOTO U IpeiichoBOro
MeXaHU3MOB IJ100abHOM Moaynsuuy rajakTudeckux KJI B renuocdepe [Dorman, 2006a]
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Ipu yuéte npeiidoBoro MexanmsMa ObUIO TIPUHSITO BO BHUMaHUE M3MEHEHHE
3HaKa o0uiero MarHuTHoro moJjst ConHia (BOJU3M MaKCMMYMOB COJTHEUHOM aK-
TUBHOCTH). DTO MPUBOIUT K TOMY, YTO B OMHUX COJTHEUHBIX IIUKJIaX KOHBEKIIMOH-
Ho-auddy3roHHas u apericdoas monyasuuun KJI cknaabiBaloTcs, a B COCEIHUX —
BBIYUTAIOTCST; 9TO TIPUBOIUT K 3aMeTHOMY pasinauio 11-jaetHeit Mmomynsimum KJT —
K BO3HUKHOBEHMIO 22-JIeTHe Momyasaiuu nHTeHcuBHocTH KJI. PesyibpTaTr Takoro
aHaJM3a IMoKa3aH Ha puc. 9.

PucyHok 9 TokaspIBaeT Xopollliee coriache HaOIIomaeMoil U TeOPETUIECKU
OXHMIAaeMOU TOJTOBPEMEHHBIX Baprallnii ”HTeHCUBHOCTH KJI. DTO mMo3BOJIsET HC-
MOJIL30BaTh METOI, pa3paboTaHHbIi B paborax [Dorman, 2005a, b; 2006a] He TONB-
KO ISl pacu€ToB Bapwalnii mHTeHCHMBHOCTM KJI Kak B mpolnioMm (Korda emé
He 6buT0 M3MepeHuit KJI, HO GBI M3MEpeHHST MECIUYHBIX YUCET COTHEUHBIX TIsI-
TeH), TaK U B OymymieM (IIpy HAJIUIMU COOTBETCTBYIOIIETO MPOTHO3a OXMIAeMBIX
MECSYHBIX YMCeT COTHEUHBIX ITATeH Ha OIMKaiIe TOIb).

12. BO3MOKHOCTb MNMPEACKA3AHUA N3MEHEHWIN YACTU KITUMATA,
CBA3AHHOW C KOCMUNYECKNMW NYYAMW, HA OCHOBE JAHHbIX
Ob OBLWEM MATHUTHOM MOJE COJIHUA

B pa6ote [Belov et al., 2005] 6b11 pa3paboTaH MeToHd, IpelcKa3aHus W3MEHEHUN
YacTU KJIMMaTa, CBSI3aHHOM ¢ KOCMUUYECKUMHU JIy4aMU, Ha OCHOBE JaHHBIX 00 00-
meM MarHuTHoM nojie ConHua. Pe3ynbratr nokaszaH Ha puc. 10. M3 nanHbIx puc. 10
BUIHO, YTO MPU HAJWYUU MPOrHO3a BPEMEHHOTO U3MEHEHUS O0IIEro MarHUTHOTO
noJist CoJTHIIA MOXKHO JOCTATOYHO TOYHO MTPOTHO3UPOBATh OXXKMIaeMbie BpeMEHHBIE
n3MeHeHus uHTeHcuBHOCTU KJI, a ciemoBaTenbHO M OXUAaeMble U3MEHEHUs Ya-
CTU 36MHOTO KJIUMATa.
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Puc. 10. IIpencka3zanne BpeMEHHOTO X0Ja MHTeHCUBHOCTHU rajaktuueckux KJI Ha ocHOBe
TIAaHHBIX 00 001meM MarHuTHOM nosie ComHna. Toscrast TMHUS — HabaomaeMas MHTEHCHB-
HocTh KJI o JTaHHBIM MOCKOBCKOTO HETPOHHOI'O MOHUTOPA, TOHKAsI IMHUSI — TeOpeTUYe-
CKM oXugaeMast M"HTeHcMBHOCTh KJI, BEIYMcIIeHHasT Ha OCHOBE M3MEPEHUI VJTA TIPOTHO3M~
poBaHMs o6mIero MmaruuTHoro noss ConHina coriaacHo maHHbIM O6cepBatopuu Kutr [Tk
(BepxHsisa maHelnb) WM CTaHpopIcKoi oocepBaTopun (BepxHss maHenb) [Belov et al., 2005]
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W3 cpaBHeHus puc. 10 ¢ puc. 2 cienyer, 4YTo Mpu MOJHOM U3MEHEHUU UHTEH-
CUBHOCTH HEUTpOHHOU KoMmmoHeHTH KJI B TeyeHUe comHewHoro nmkia Ha 20 %
OXMIAeTCsT M3MEHEHNe TUTAaHETapHOTO MOKPHITUSI 00JIaKaMM TIpuMepHo Ha 3,5 %.
M3 Tabnuubl BUAHO, YTO B pe3yjbTaTe U3MEHEHUE TJIaHeTapHOTO paalalliOHHOTO
OanaHca Ha 3emJie OXUAAETCSI B HECKOJIBKO pa3 OoJIbIIe, YeM 3a CUET MPSIMOTO U3-
MEHEHMUs TTIOTOKAa SHEPTUM COJTHEYHOU paavalu B TeUeHWe 1IMKJIa COJTHeUYHOM aK-
TUBHOCTH.

13. BO3MOHOCTb OBbACHEHWA 1 MPEACKA3AHUA USMEHEHI
YACTW NIAHETAPHOTO U JTOKAJTIbHOTO KJTMMATA, CBA3AHHbIX
C KOCMUYECKMMW NYHYAMW, HA OCHOBE JAHHbIX OB U3MEHEHUAX
MECTKOCTM TEOMATHUTHOTO OBPE3AHKA

HNuTtencuBHocth KJI MeHsIETCS He TOJILKO 3a CYET IMPOLIECCOB BHE 3eMJIM, KaK 3TO
ObLIO PacCMOTPEHO BhIlIE, B pa3d. 11 u 12, HO U B pe3y/IbTaTe U3MEHEHUII OCHOB-
HOI0 FT€OMarHUTHOTO MOJisl, TPUBOIASIIMX K IOJTOBPEMEHHBIM BapUalIMsIM XECTKO-
CTH T€OMarHUTHOTO 00pe3aHus R (7). DTO MOBJIMSAET Yepe3 BApHALIMU MHTEHCUBHO-
ctu KJI Ha u3aMeHeHMsI He TOJIbKO [N1I00aJIbHOTO, HO M JIOKaJbHOIO KjnuMara. B ciy-
Yae MaJiblx u3MeHeHU| R (7) usmenenue nHreHcuBHocTr KJI coctaBut

ON.(R.(1),h,1)
%:_6Rc(t)u/;(Rco’Rco’h0)’ (1)

10

e dR (H=R.()— R, R, u N, — KECTKOCTb TCOMATHUTHOTO OOPE3aHUS U UHTEH-

cuBHOCTH KJI B HEKOTOpEIiT HYJIEBOIT MOMEHT BPEMEHMU;

D, (Rym.(R, hy)
N,

10

W.(R,, R h)= 2

— ¢yHKImMsa cBsa3u Mexmy BropuaHbiMu KJI tuma i m nepBuaabiMu KJI co crek-
tpoM D (R); m(R, h ) — WHTerpajibHasi KpaTHOCTh reHepaunu BropuaHbix KJI Ha
YPOBHE C IaBJICHUEM A1, .

Ha camowm nejie, Kak MBI YBUANM HITKE, M3MEHEHHS KECTKOCTU T€OMarHUTHO-
ro obpesanust KJI 3a coTHU JieT OBOJIbHO GoJibinue, cpaBHuMble ¢ R, [Fliickiger
et al., 2003; Shea, Smart, 2003, 2004] (cM. AeTaJbHbIA 0030p B MOHOTpaduu
[Dorman, 2009b]). B stom ciyuyae, ypaBHeHue (1) He paboTaeT U HEOOXOAUMO
TOJTb30BaThCs 60JIee TOYHBIM YpaBHEHUEM

AN,(R (), h,,1)

Nio
f D, (Rym.(R,h,))dR— f D,(Rym(R,h,)dR
_ RO R, _ f W.(R_, R, h)dR. 3)
Nio R (1)

4

Pesynbrarel pacuétoB [Shea, Smart, 2003] riaHeTapHOTo pacipeneleHUs N3-
MEeHEeHUI XEcTKocTelt reomarnuTHoro oopesanus KJI B teuenue 300 et (ot 1600
K 1900 r.) nokaszansl Ha puc. 11.
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Puc. 11. Mi3MeHeHUs1 XecTKOCTEil TeOMarHUTHOTrO obpe3aHust (B eauHuiiax ['Br= 10° Br)

1t BeptukanbHo mpuxonsmmx KJT 3a 300 et mexny 1600 u 1900 r. CriiolrHbIe TMHUT TT0-

Ka3bIBAIOT TOJIOKUTEIbHBINA TpeH (BO3pacTaHMUE KECTKOCTEe reOMarHMTHOTO OOpe3aHusl
ot 1600 x 1900 r.), MyHKTUPHBIC — OTPULIATEbHBIN TpeH [Shea, Smart, 2003]

M3 manHbIX puc. 11 BUAHO, YTO UMEIOTCS TpU OOJIbIIME OOJACTH ILIAHETHI,
OIlHA B CEBEPHOM TTOJIYIIADUM U JIBE B FOXKHOM TIOJIYIIIAPUHU, TIE ITPOVCXOMIVIIM 3HA-
4uTeNIbHbIC yMEHbIEHUS R (), Ha 7...8 u 3...4 T'Bt, 4T0 HOKHO OBLIO TIPUBOAUTD
K JIOKQJIBHOMY CYIIIECTBEHHOMY BO3pacTaHWi0 MHTeHcMBHOCTH KJI, K yBeamde-
HUIO 00JIAYHOCTU M OCAIKOB M K IMOHWXKEHUIO HAa3eMHOU TeMIeparyphl. B To ke
BPEMsT UMEIOTCS 1B OOJIACTH C TOJIOKUTEIbHBIM TPEHIOM R (7), T/ie TPOUCXOMMITN
yMeHbIeHnsT nHTeHcuBHOCTH KJI, 9YTO MOJDKHO OBLIO IPUBOAUTDL K YMEHBIIEHUIO
00JJAYHOCTH M OCAIKOB M K TOBBIIICHUIO Ha3eMHOM Temmeparypbl. O4eHb BaxKHO
pacCIIMpUTh 3TH Pacuy€Thl HA MHOTHUE THICSYM JIET Ha3al; MOXET ObITh, OHM TT03BO-
JIAT TIOHSTh IPUIMHBI U3BECTHBIX MCTOPMUECKHUX JIOKATBbHBIX U3MEHEHUI KJIMMara,
MMPUBOIVBIINX K TPAaHANO3HBIM TIepeCceIeHUSIM HapOIOB.

Kpome nokanbHBIX M3MEHEHUI XKECTKOCTel reomarHuTHoro odpesanus KJI
WMeeTCsl TEHISHIINST TTOCTeTIEHHOTO OCJIa0JIeHUsT TeOMAarHUTHOTO TI0JIsT (BeJTMYMHBI
MarHUTHOTO AUTIONS 3eMJIM), YTO JOJIKHO MPUBOIUTH K ITOCTEIIEHHOMY TTOBBIIIIE-
Huto obuero nmoroka KJI Ha 3emmio. B padore [Shea, Smart, 2004] omieHeHO, 4TO
B pe3yJIbTaTe YMEHBIICHUS BEJIMUYMHBI MAarHUTHOTO AWIOJS 3eMJIM OOIIMI TTOTOK
KJI na 3emumio 3a 400 et (¢ 1600 mo 2000 r.) moyrkeH ObUT BO3pacTH MPUMEPHO Ha
18 % (B mepecuére K HEMTPOHHOI KOMIIOHEHTe Ha cTaHIuu Kiaiimakc), T.e. oxu-
naercs Bo3pactanue rmoroka KJI B cpemrem Ha 4...5 %/100 netr. OKoHYATENbHBINA
pe3yabTaT onpenessieTcsd cyMMoi aByx 3¢ dekToB: Bo3neicTeusi Ha KJI reomaruur-
HOTO TIOJISI ¥ IIPOLIECCOB B Tetrnocdepe v JJOKaTbHOM MEX3BE3THOM cpee.

14. TEHQEHUMA U3MEHEHWA HASEMHOW TEMMNEPATYPbl BO3YXA
N OBLUETO MOTOKA KOCMUYECKMNX TYYEW B 3EMHOM ATMOC®OEPE
3A NOCNEAHME CTO NET; PONb BYSIKAHUYECKWUX U3BEPXXEHI

Ha puc. 12 moka3zaHbl cpegHerofoBEIe ITIaHeTapHBIe 3HAYeHUsT Ha3eMHOI TeMIle-
parypsl Bo3ayxa 3a 1880—2005 rr. U3 maHHBIX puc. 12 BUIHO, YTO KPOME ITOCTE-
MEHHOTO TOoAbEMa TUTAHETAPHOM TeMITepaTyphbl, HAaYaBIIErocsl MOCJie OKOHYAHUS
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IlepBoif MUPOBOI BOIHEI, OUEBUIHBLI HEOONBINNE BIMSHUS OOJBIINX BYJKAHMYE-
ckux usBepxkeHuii (¢ moHwxkeHusimu Ha 0,1...0,2 °C 1 BocCTaHOBJIEHUEM B Teue-
HMe HecKoabKuX JieT): Kpakaray (1883), Besysuii (1906 u 1944 rr.), Aryar (1963)
u [Munaty6o (1991).

Takum 00pa3oM, SMUCCHS TBUTA B Te€UeHNE BYJIKAHWYECKUX M3BEPXKECHUI He-
JOCTaTOYHA IJIST OOBSICHEHUST JOJTOBPEMEHHBIX N3MEHEHMH TIJIaHEeTapHON TeMIle-
paTypsl Bo3myxa (Ipyroe Iejo — KocMHYecKasl ITblTb, KoTopast BMecTe ¢ KJI Moryr
00eCTeYnTh JOJTOBPEMEHHBIC M3MEHEHUs Ha3eMHOU TUTAaHETapHOM TeMIlepaTyphl
BO3/yXa Ha IIKajie MHOTUX ThICIY M MUJUIMOHOB JIET, CM. HIXe, pa3a. 15 u 16).

Terepb paccMoTpuM u3MeHeHUsT nHTeHCUBHOCTH KJI. TIpsiMble exXemHeBHBIE
perynsipable 3MepeHnss nHTeHcnBHOCTH KJI Ha GaymoHax B Tporocdepe 1 cTpa-
tocdepe 3a 6osee yeM 40 et mokazamm [CtoxkoB u ap., 2001; Stozhkov et al.,
2001], yTo B TeueHUE YETHIPEX MOCIEAYIOIIMX MUHUMYMOB COJTHEYHOM aKTHBHO-
CTU B CEBEpPHOIl IOJIIpHOI aTMocdepe okono Mypmancka B cioe 180...200 m6ap
110 JaHHBIM CPETHETOMOBBIX 3HaueHWN MHTeHCUBHOCTH KJI mMeeTcst HeOOMbIIOM
orpuuartenbHbiii Tpena din(/(f))/dt = —(0,0910,02) %/ron. AHAJIOIMYHEBIE W3-
MepeHHs Ha OayutoHaXx Haag MOCKBOM Iaiy BEITWYMHY OTPHIATEIbHOTO TpPEeH-
na dIn(/(f))/dt = —(0,08+0,01) %/ron. B pa6ore [CroxkoB m mp., 2001; Stozhkov
etal., 2001] moka3zaHoO, YTO COIJaCHO M3MEPEHUSIM Ha HEHUTPOHHBIX MOHUTOpPAX
Ha ctaHusx Tyne, Anatutbl, MockBa u FOHr¢payiiox uMeercs Takoi e OTpu-
uateabHbii Tpena d In(f(7))/dt = —(0,08+0,01) %/ron. Takoid TpeHa AaéT B cpel-
HEM yYMeHBIIeHNE TUIAHETApHOM WHTEHCHUBHOCTU HEUTPOHHOM KOMITOHeHTHI KJI
3a 100 et okoJ10 8 %, YTO COOTBETCTBYET pasi. 4 (CM. pUC. 2) — YMEHBIIEHHUIO 00-
JJAYHOTO TIOKpoBa Ha 2 % M HeOOJBIIIOMY TOBBIIICHUIO TNIAHETAPHOM Ha3eMHOM
TeMIIepaTyphl BO3ayxa. DTO COIJIACYeTCS TaKXKe C Pe3ylabTaToM pasf. 5 (cM. puc. 4),
MOJydeHHbIM TyTEéM 11-7eTHero criaxxuBaHusi AaHHbIX HaOmwoneHuit KJI ¢ mo-
MOIIIBI0 MOHM3AIIMOHHBIX KaMep, dKpaHUpoBaHHBIX 10 ¢cM CBHHIIA (TaKoe CIyia-
XWBaHWUE MPOBOAIOCH IJISI TOTO, YTOOBI MCKITIOUNTh BIMSTHUE IIUKJIA COTHEYHOMU
AKTUBHOCTH).
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Puc. 12. CpenHeromoBble IUTaHeTapHbIE 3HAUYECHMS HA3eMHOW TeMIlepaTypbl BO3dyXa 3a
1880—2005 rr. u Gosblie M3BEPKEHUSI BYJIKAHOB C OMUCCHEI BYJIKaHMYECKON mbutu. U3
pa6otsl [EpmakoB u ap., 2007]. [JaHHble o TeMnepaType u3 padotsl [Handen et al., 1999]
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OTMeTuM, YTO COTJlacHO pasn. 13, mM3-3a yMeHbIIeHUs IJIaHETapHOTO Mar-
HUTHOTO TUTIONS 3eMJI OXMIAETCS HeOGOoJbIIoe MoBhIeHne motoka KJI B atMo-
chepe npumepHo Ha 4...5 %/100 ner, a HabMogaeTCsA, HAOOOPOT, MOHIKEHUE Ha
8 %/100 neT. DTO O3HAYaeT, YTO BHE 3eMJIM MHTeHCUBHOCTHL KJI B 11e710M TTOHMKa-
nach Ha 12...13 %/100 met. KakoBa mpmymHa TaKoTro TpeHIa — IToKa He SICHO.

15. U3MEHEHUA HASEMHOW NNIAHETAPHOW TEMMEPATYPbI BO3[YXA
HA MACLUTABE MHOT WX TbICAY JIET 1 POJTb KOCMWUYECKOW MblJn

Ha puc. 13 noka3aHbl U3MEHEHHUSI Ha36MHOM IUIaHETapHOI TeMIlepaTyphl BO3ayXa
¥ KOCMUYECKOM MbUIM Ha MacllTabe MHOTUX ThICSIY JIET O JaHHBIM B aHTapKTUUE-
ckom Jpae [Petit et al., 1999].

W3 ganHbIX puc. 13 BUIHO, 4TO pe3kue (Ha maciiuTade ThicSY JIET) Bo3pacTa-
HUS cOolep>XKaHUSI KOCMMYECKON TbIJIA COMPOBOXIAINCH COOTBETCTBYIOIIMMU T10-
HIDKEHUSIMU Ha3eMHOM TJIaHeTapHOM TeMIlepaTypbl Bo3ayxa. Temrieparypa nanaina
noutu Ha 9 °C. IlocnenHee Takoe maaeHHWE 3aKOHYMIOCH 0KoJio 20 ThIC. JIET Ha-
3a1 (boJblIoi TIeAHUKOBBIN TTepHO, KOTrIa MOruOJIM MAMOHTHI U JIBIBI TTOAXOIU-
1M K YépHoMy Mopio). B coBpeMeHHYI0 310Xy Mbl UMEEM MUHMMYM KOCMUYECKOM
MbUIM U MAKCUMYM Ha3eMHOM TIJIAaHETApPHOM TeMIIepaTyphbl BO3IyXa.

Ha puc. 13 Takxe BUIHO, 4TO 3a TociaeaHue 420 ThIC. JIET TIPOM3OILIO YEThI-
pe GONBIIMX IIaHETAPHBIX MOHMXKEHUSI HA3eMHOM TeMIIepaTypbl BO31yXa, BbI3BaH-
HBIX YBEJIMYEHHUEM ITOTOKOB KOCMUYECKOM MbuiK Ha 3eMito. bosee Toro, Ha ocHO-
Be puc. 13 MOXHO MPEAITONOXNTD, UTO TSITOE OOJIBIIOE TJIaHeTapHOE MOHIMKEHNE
Ha3eMHOM TeMIIepaTyphbl BO3AyXa OKUIAETCS B OJIVKAMIINE HECKOIbKO ThICSIY JIET,
1 OHO MOXeT MpomIuThest 60...80 ThIC. JeT (MO0 aHAIOTUH C YETHIPbMS TTPEIbIIYIIN-
MU ITOHMXKEHUSIMU).
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Puc. 13. UsMeHeHMsT HAa3eMHOH TJITAaHETapHOI TeMIlepaTypbl BO31yXa 1 KOCMUYECKON TbLITN

B TeueHue nocieqHux 420 Thic. JIET MO JaHHBIM B aHTapkTH4yeckoM Jbae [Petit et al., 1999]
(u3 pa6otsl [EpmakoB u ap., 2006])
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Puc. 14. V3MeHeHUs Ha3eMHOI TUIaHETApHON TeMIlepaTyphl Bo3ayxa Af 3a TOCJenHue
520 MiH JeT coracHo pabore [Veizer et al., 2000], moxydeHHBIE HA OCHOBE aHAIM3a IPEB-
HUX 00pa3LoB (13 pabotsl [EpmakoBs u ap., 2006])

16. U3BMEHEHUA HASEMHOW NNAHETAPHOW TEMMEPATYPbI BO3YXA
HA MACLWUTABE MHOTUX MUNIJTMOHOB JTET

Kak wm3BectHO, COJIHIIE BMECTE C CHUCTEMOM CBOMX IIJIaHET IBIKETCSI OTHOCH-
TEJIbHO MEX3BE3MHON cpelbl CO CKOPOCThbIO 0KoJIo 30 KM/C U B Te€YeHUE MHOTHUX
MUJIJTMOHOB JIET CTAJTKUBAETCST M TMePeCceKaeT MPU CBOEM ABVMIKEHHM MHOTO MOJe-
KYJISIPHO-TIBIJIEBBIX 00JIaKOB, CKOHLIEHTPUPOBAHHBIX, B OCHOBHOM, B pyKaBax Ha-
meit [amaktuku. B pykaBax lajakTMKKM CKOHIUEHTPUPOBAHBI TAaKXKe BCITBIIIKHU
CBepXHOBBIX M OCTaTKM CBEPXHOBBIX, UYTO MPUBOIUT K 3aMETHOMY ITOBBIIIICHHIO
nHTeHcuBHOCTH KJI BHYTpM pykaBoB. [Toatomy nmonamanue CoJHIIA B FaJlaKTUYe-
CKHMe pyKaBa JOJDKHO NMPUBOIUTH K YBEJMYSHUIO KaK MOTOKOB MbIIN, TaK U TTOTO-
koB KJI Ha 3emMiio, 4TO, B CBOIO O4Yepenb, OyAeT MPUBOIUTH K YBEIMUYECHUIO 00J1a4-
HOCTU W TTOHIXKEHUIO Ha3eMHOU TJIaHEeTapHOM TeMmIlepaTyphbl Bo3ayxa. Ha puc. 14
TTOKa3aHbl JaHHbIE 00 M3MEHEHUSIX Ha3eMHOI TIaHeTapHON TeMIlepaTyphl BO3ayXa
3a nocaeaHue 520 MJIH JeT corjiacHo pabdote [Veizer et al., 2000], moayyeHHbIe Ha
OCHOBE aHaJIn3a IPEeBHUX 00pa3IIoB.

Ha puc. 14 BupHo, yto 3a mociienHue 520 MIJIH JIeT HaOII0JajloCh YeThI-
pe mepuona ¢ HeOONBIIMM TPEBBIIIEHUEM Hal COBpPEMEHHOM TemIiepaTypoil (Ha
0,5...2,0 °C) u yeThlpe mepuoAa C MOHUXKEHHON TeMIepaTypoil MO OTHOIICHUIO
K coBpeMeHHOMY ypoBHI0 Ha (,8...3,4 °C. B HacTosiliee BpeMsl Ha MaciuTadbe M-
JIMOHOB JIET UMEETCS TPEeH TMOBBIIIEHWS] Ha3eMHOW IUIAHETAPHOU TEMIIepaTyphI
Bo3ayxa ~ 0,5 °C/20 muH jiet. OTMETUM, YTO TaKOM MeIJICHHBI TPEeHl Ha MacIlTa-
0¢ MWUIMOHOB JIET He MPOTUBOPEUUT TOpas3no OOJBbIINM M3MEHEHUSM Ha3eMHOM
TJIaHETapHOM TeMIIepaTyphl BO3IyXa Ha MacllTabe Thicsd JieT (CM. pasa. 15).

17. BIAHNE HA KITMAMAT N BUOCOEPY
CTONKHOBEHUW ACTEPOMAOB C 3EMNEN

BaxkxHbIM KOCMIUYeCKIM (PaKTOPOM, CYIIIECTBEHHO BIMSTIONINM Ha 3¢MHOM KJIMMAT,
SIBJISIIOTCSI CTOJIKHOBEHUS acTepounioB ¢ 3emiieit. CornacHo pabotam [Alvarez et al.,
1980; Sharpton et al., 1993], B pe3ysibTare OJHOrO W3 TaKUX CTOJIKHOBEHWM MpO-
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MN3011JI0 PE3KOE€ OTHOCUTCIIbHO KPAaTKOBPEMEHHOC M3MCHCHUE KiIIMMaTa, K KOTOPO-
MY HEKOTOPbLIC BUAbI XKMBOTHLIX HE YCIICJIN agallTUPOBATLCA (HaHpI/IMCp, Xopomo
U3BECTHasl TUOEIb Z[I/IHO3EprOB). B COBPEMCHHYIO 3ITI0XY ITPOBOAMUTCA TIIATCJIBHOC
CJICKEHHNE 3a BCEMU ITOTCHIIMAJIbBHO OIIaCHBIMU aCT€pongaMu N pa3pa6aTI)IBaIOTC$I
METOAbI, ITO3BOJIAIOIINE n30eKaTb TAKUX KaTaCTpO(bI/I‘{CCKI/IX CTOJIKHOBEHUM.

18. BIIMAHME HA KITUMAT 1 BUOCDEPY
JIOKAJIbHbIX BCIMbILWEK CBEPXHOBbIX

BaxxHbpIM KOCMMUYECKHUM (DaKTOpPOM, CYIIECTBEHHO BIIMSIONIMM Ha 3¢MHOM KIIM-
MaT, SBJISAIOTCS BCIbIIKA CBEpXHOBBIX Ha paccTtossHusx oT CosiHLa He OoJfee
100...200 cBeroBbix Jjer [Dorman etal., 1993]. Xopouio u3BectHo, uto CosHile
n CoiHeyHas CHCTeMa BO3HUKIIM OKOJIO IISATH MUWJUIMAPAOB JIET Ha3al MMEH-
HO B pe3yJibTaTe BCHBIIKN CBepXHOBO. UTOOBI OIIEHUTHh BEPOSITHOCTD BCITBHIIIIEK
CBepxHOBbIX BOMM3M COJTHEUYHOM CUCTEMBI CedyeT y4ecTh, YTO IIOJHAS MOIII-
HocTb, nepexonsias B KJI or CBepxHoBbIX B ['anakTuke, COCTaBseT ~3-10% I'Br.
Ot kaxnoit CeepxHoBoil niepexoaut B KJI 10%...10% Hx sHepruu. OTcloma B pa-
6otax [Dorman, 2008; Dorman et al., 1993] Obu1a olleHEeHa oxXugaemasl 4acToTa
BcnbiiieK CBEPXHOBBIX Ha Pa3IMYHBIX paccTOSHUSIX oT COJHIIA M OLIEHEHO OXM-
JlaeMoe 1X BO3[eicTBUe Ha 3eMHble Kiumat 1 ouocdepy. CornacHo padote [Ellis,
Schramm, 1995], Bcnbliiika CBepXHOBOM Ha paccTosgHUU Ovxke 30 CBETOBBIX JIET
ot CoJjHIIa IpUBEAET HE TOJBKO K OOJIBIIUM M3MEHEHUSIM KJIMMaTa, HO M K YHUY-
TOXXEHUIO 030HHOTO Cj10s1 Ha 3emyie npuMmepHo Ha 300 jeT, 4To obecneynuT cBo0OoI-
HO€ INPOHUKHOBEHNE YOMMCTBEHHOM MJII MOPCKOM M Ha3zeMHOM Ouochepsl yib-
tpaduoneToBoii pamnaunu ot ConHua. McciaemoBanusi CeepxHoBoii SN 1987A
W IPYTHX MTOKA3aJIM, YTO TaKKe JTOKAJIbHBIE COOBITHS (OHO MU HECKOJIBKO) MOTJIN
npousoiitu B Phanerozoic (mdaHepo3ouk) apy, Koraa ¢OTOCUHTE3UPYIOIINE Opra-
HU3MBbI, BKJIIOYasl IUIAHKTOH M pUdOBBIE CeMeNCTBa, ObLIM IOABEPXKEHbI 3D heK-
tuBHOMY yHMUTOXeHuIo [ Ellis, Schramm, 1995].

3AKJTIOYEHUE

B »Toit TIyGIMYHON JIEKIIMU MBI MOCTAPaIUCh OCBETHTh MPOOJIIEMY BO3IEHCTBUS
KOCMOCa Ha 3¢MHOM KJIMMAaT U 4epe3 KiIuMaT — Ha 6uocdepy. KoHeuHo, Ha 3eM-
HOW KJIMMAT BJIUSIOT W XOPOIIIO U3BECTHBIE TPUYMHEI, TAKHE KaK BapHallMU ITOTO-
Ka pampaimoHHou sHeprun or CoJlHIIa, HepaBHOMEPHEBIN HArpeB M OXJIaXKICHUE,
JOBOJIBHO CJTOXHASI LUPKYJISIIUS aTMOcGhephl, BIUSHAE BYJKAHUYECKUX M TEKTO-
HUYECKHX TTPOIECCOB M T.II., @ B TIOCJIEAHIOI0 COTHIO JIET U TEXHOJIOTHYECKasT Tes-
TEJIbHOCTh YejioBedyecTBa. MBI TTOKa3ajii, 9YTO KOCMOC UTpaeT GONBIIYIO (a B HEKO-
TOPBIX CJIydasiX — PELIAOIIyI0) POJIb B TTIOOATBHBIX (2 MOXET OBITh, 1 B HEKOTOPBIX
JIOKAJTBHBIX) U3MEHEHUSX 3eMHOro KiauMara. [1pu stom KJI 1 kocMudecKkast TbLTb
MOTYT OBITh BaXXHBIMHM KaHaJaMU, 4yepe3 KOTOpble KOCMOC BIMSIET Ha 3eMHEBIE aT-
MocdepHBIE TPOILIECCHI.

braecodapnocmu. 51 6naromapeH Muuky ben WM3paemto, Ypu Jlaro u Mapuce
CTopuHHU, MoAAepKUBAIOIINX padoTy M3pansibCKOro eHTpa KOCMUYECKUX JTydei
¥ KOCMUYECKOI moroabl U M3paninbCKo-UTANbIHCKONM 00cepBaTOpUN KOCMUYECKUX
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Jyyeit um. Omuiuro Cerpa Ha rope XepMoH; TaMmape bpeyc 3a lIeHHY10 UHUIIUATUBY
20 neT Haszam, MOJOXUBIIYIO HAYaJl0 MHOTOJIETHETO YCITEITHOTO COTPYIHUYECTBa,
a Takke MouM KoireraM JIsBy [lyctribHUKY 1 Mropio LlykepMaHy 3a MHTEepeCHBIE
Y TIOJIE3HBIE TUCKYCCHH.
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ON THE ROLE OF COSMIC RAYS AND OTHER FACTORS OF SPACE WEATHER
IN THE GLOBAL EARTH’S CLIMATE CHANGES
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In recent years, among people, as well as among many scientists have caused great concern to
the observations showing a rapid increase in average annual temperature of the planetary-sea
level (about 0.8 °C over the last hundred years). The fact is that if we extrapolate the growth
in the near future, it would appear that for some countries the situation may be catastrophic
because of heavy melting of glaciers in the mountains and ice in the Arctic and Antarctic. This
is a serious concern for many governments and the UN. Many scientists believe that the main
reason of global warming — the so-called greenhouse effect due to the rapid increase in the
Earth’s atmospheric carbon dioxide due to the rapid development of technological civilization
and the increasing consumption of coal, oil and gas. In this public lecture I will discuss
some concerns with a number of scientists of the correctness of this hypothesis, and most
importantly, the observed in the past on the scales of many millions, and many thousands
of years (long before the technological revolution) massive changes mid-year planetary
temperature at sea level increasing and decreasing with respect to the current level at 3...4 °C,
and some time, more. Of course, such large changes in climate significantly affect the
biosphere. And what are causes of these changes? Of course, some of them — are processes
in the crust and the Earth’s atmosphere. But from the data for the last 100 years shows that
even very large volcanic eruptions cause a lowering of the average annual temperature of the
planetary-only 0.1...0.2 °C only for a few years (much bigger changes during much more years
can give super volcanic eruptions, as well known Yellowstone, for example, but the probability
of this type eruptions is very small). From our opinion, the main reason for changing the
Earth’s climate and the corresponding impact on the biosphere are outside of the Earth — are
processes in space, or as they say now, space weather and space climate. The main channels
through which space affects the terrestrial climate and biosphere, is electromagnetic radiation,
cosmic rays and cosmic dust. As it happens — will also be discussed in this lecture. Of course,
I’ll also touch on issues such as supernova explosion and the formation of the solar system,
evolution of the Sun and Earth, the motion of the Sun in the Galaxy and collisions with
molecular-dust clouds.
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