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KYH BEACEHAIAITT MEH FfAPBILUTbIK COYAEAEHYAIH,
XEPAIH XKAhAHAbIK KAUMATbIHA SCEPI

Ocbl yakbITKa AEMiIH KYH BEACEHAIAITIHIH, KYObIAMaAbIAbIFbI MEH >kKahaHAbIK, FapbILLITbIK, COYAEAEHY-
AlH arbiHAQpbl XKep aTtMocdepacbIHbIH 8p TYPAI NpoLecTepiHe MaHbI3Abl bIKMAA €TETIHAIMH pacTayLbl
KONnTereH MOAIMETTEP >KMbIHbl >KMHAAFAH. AAaiiaa KYH OGEACEHAIAITIHIH yaKbITTbIK, AMHAMMKACbIHbIH
KYPAEAIAITi KyliHe 6arAaHbicTbl, FC aFblHAQPbIHbIH XeHe >Kep aTmocepacbiHbIH, NMapameTpAepiHe
OCbl WamaAap 6arAaHbICbIHbIH, KATbIHAChI TY>KbIPbIMAAPbIHbIH ayKbiMbl alTapAbIKTan KeH. MbicaAbl,
KYH GeACEHAIAITT MeH >kahaHAbIK, TemrnepartypaHblH apacbiHAAFbl Typa KOPPeAsumsiHbiH, 6ap 6OAybIH
HbIFANTYAAH 6aCTan OHbIH, TOAbIKTaM >KOKKA LiblFapyblHa AeMiH. ByA >KymbiCTa KyH GEACEHAIAIr meH
FapbIWTbIK COyAeAeHYAiH XKepaiH kahaHAbIK KAMMaTbiHa acepiHiH 6ap 60Aybl HEMece XOK, GOAybI
KYObIABICbI KOHBEPIEHTTIK KPOCC-CaAbICTbIPY dAiciMeH 3epTTeAreH. CoHFbl XXbiaaapAa NMakkapa-TakeHc
TeopemacbiHa HerispeAin >kacaaraH BGyA 9AIC eki LWamaHblH, yakbITTbIK, KaTapAapbl apacbiHAaFbl ceber-
CaAAAPAbIK, 6AMAAHBICTbI, TIMTi OAAPABI ASCTYPAI BAICTEPMEH aHbIKTaAMaraH >KaraaiAa Aa 3epTreyre
MYMKIHAIK 6epeai. Eki wama apacbliHAAFbl CbI3bIKTbl 6AMAAHBICTbI KOPCETETIH ©3apa KOPPEASILUMSAbIK,
dyHKums xkahaHablk, Temnepatypa meH FC afbiHbl apacbiHAQ ell GarAaHbIC >KOK, eKeHiH KepceTtce
Ae, 6eiicbi3biK, kaHe cebenTi GalAaHbICTbIH OapP->KOFbIH KOPCETETIH >KaHa KOHBEPreHTTIK KpPOCc-
CaAbICTbIPY BAICI KYH GEACEHAIAITT MEH FapbILLTbIK, COYAEAEHY >KahaHAbIK, TemrepaTtypara eAeyai acep
eTeTiHiH AdAeapenAi: TC aFbiHbIHbIH KOAEHKEeAI KenberHeciHeH GararaHfaH >kahaHAbIK Temnepartypa
AHOMAAMSICbl MOHAEPIHIH OCbl RHOMAAMSIHbIH, ©ALLIEHTEH (LLbIH) MBHAEPIMEH KOPPEASLIMACH] 6Te XKOFapbl
60AbIN TabblAAADI.

Ty#iH ce3aep: FapbilTbIK cayaeaep, KyH 6eaceHaiairi, )Kep atmocdepacsl, >kahaHabIK Temrneparypa.

Naurzbaeva A.Zh.", Alimgazinova N.Zh., Manapbayeva A.B., lkramova S.B.

Al Farabi Kazakh National University,
Kazakhstan, Almaty, *e-mail: aisha.naur@gmail.com

About influence of solar activity and cosmic rays on global climate of the Earth

At present a large body of evidence indicates that solar activity and galactic cosmic rays variability
has a significant impact on different processes in Earth’s atmosphere such as global climate formation
and the ozone layer thickness variation. However, due to the complex dynamics of solar activity, cosmic
rays flux and global temperature widely divergent conclusions on the link between these quantities can
be made, from arguing for the direct correlation between solar activity and global temperature to totally
denying it or claiming inverse correlation. In recent the so-called convergent cross-mapping technique
has been developed on the basis of Packard-Takens theorem which makes it possible to investigate the
cause and effect relationship between time series of two quantities even when it has not been established
using conventional procedures. This method has been applied by a number of researchers to the analysis
of correlations between various chaotic processes. In this paper the results of applying of this technique
to analysis of correlations between solar activity and global temperature are presented. This new method
shows that solar activity and cosmic rays have a noticeable effect on the global temperature: the global
temperature anomalies values estimated on the basis of attractors, represented by time series of cosmic
rays and solar activity, have a high correlation with its measured values.
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O BAMSIHUM COAHEYHOM aKTMBHOCTU M KOCMMYECKOTO U3AYyUYeHMS
Ha rA00aAbHbIM KAUMAT 3eMAU

K HacTosuwemMy BpeMeHM HAKOMAEHO MHOXECTBO CBMAETEAbCTB TOrO, 4UTO M3MEHYMBOCTb
COAHEYHOM AaKTMBHOCTU M MOTOKOB TaAAKTMUYECKOro KOCMMYECKOro M3AYYEHMS OKasbiBaeT BaXkHOe
BO3AENCTBME Ha pasAMyUHble npouecchl B atMocdepe 3eman. OAHAKO B CUAY CAOXKHOCTW BPEMEHHOM
AVMHAMUKM COAHEYHOM aKTMBHOCTM, noTokoB KW u napametpoB aTMocdepbl 3emMAM, AManas3oH
BbIBOAOB B OTHOLLEHMM B3aMMOCBSI3M 3TUX BEAMUMH BECbMA LLIMPOK, HarpuMep, OT YTBEPXKAEHUI O
CYLLIECTBOBAHMNM MPSIMOI KOPPEASILIMM MEXKAY COAHEYHOM aKTMBHOCTbLIO M TAOBAAbHOM TeMMepaTypoi
AO TOAHOTO ee OoTpuuaHmng. B aAaHHOM paboTe 3TOT BOMPOC O HAAMUYMKM MAM OTCYTCTBMM BAMSIHUS
COAHEYHOM aKTMBHOCTM M KOCMMYECKOTO M3AyUEHMS Ha TAOBGAAbHbIA KAMMAT 3€MAM MCCAEAOBaH
METOAOM KOHBEPreHTHOro KPOCC-COMOCTAaBAEHUS. ITOT pa3paboTaHHbI B MOCAEAHME FOAbI METOA,
OCHOBaHHbIM Ha Teopeme [lakkapaa-TakeHca, MO3BOASET WMCCAEAOBATb MPUUYMHHO-CAEACTBEHHYIO
CBSI3b MEXXAY BPEMEHHbIMU PSiAAMM ABYX BEAMUMH AQXKEe B TEX CAyYasiX, KOFAQ OHA He BbISIBASIETCS
TPAAMLMOHHBbIMU METOAAMU. HECMOTPS Ha OTCYTCTBME AMHENHOMN KOPPEASLMU MEXKAY UCCAEAYEMbBIMU
BEAMUYMHAMUM, METOA KOHBEPreHTHOro KPOCC-COMOCTABAEHMSI MOKa3aA, UYTO COAHEYHas aKTUBHOCTb
M B OCOBEHHOCTM KOCMMYECKME AYYM OKasblBalOT 3aMETHOE BAMSIHME Ha rAOBGaAbHYIO Temreparypy:
3HaYeHMs aHOMaAMI TA0HAAbHOM TEMMEPATYPbI, OLEHEHHbIE HA OCHOBE aTTPAKTOPOB, MPEACTABAEHHbIX
BPEMEHHbIMU PIAAMM KOCMUYECKUX AYYer U COAHEYHOM aKTMBHOCTU, UMEIOT BbICOKYHO KOPPEASLMIO C
M3MEPEHHBIMM 3HAYEHMSIMIN TAODOAABHOM TEMIEPATYPbl.

KAtoueBble cAoBa: Kocmuueckue Ay4Yn, COAHEYHaa akKTMBHOCTb, aTMOCdDepa 3eMAVI, rao6aAbHas

Temneparypa.

Kipicne

Ochl yakpITKa neiiH KyH OEJCeHIUTITi MEH
FapBIIITBHIK COYJICJICHY AaFbIHBIHBIH ©3repMEJILIIri
’Kep kImUMaTBIHBIH KaJIBINTACyblHA MaHBI3/IBI dCep
eTETIHIH PACTAUTHIH KOINTETeH MONIMET TaOblI-
nbl [1-6]. Mpicansl, sxahaHIBIK TeMIiepaTypaHbIH
e3repici MEH FaphIIITHIK CAyJelep aFbIHBIHBIH
BapHalMAChl  apachIHAAFel  Koppemanus, KyH
OCJICCHTITITT MUHUMYMBIHBIH aHOMAJIbJIi TTEPUOIBI
MEH CYBIKTay/JblH aHOMAaJbJi IEPHOJAbIHA COUKEC
kemyi (MpIcansl, MayHIep MHHHUMYMBI Ke3iHJE),
conrbl 700 sxpuiaa opeiH anran Cibipaeri Temmepa-
TypameH KyH OernceHainirinig e3repici apachlHIaFbI
JKaKbIHa TaOBUTFaH KOPPEISIIIHS, T.0.

I'enpux CBEHCMApKTBIH TEOPHUSACH OOMBIH-
ma FC-mig kmumatka ocepi FC-maiH KapKbIHIIBI
ocyi 0apBICHIHIAFEI JKOFAPFBI OVJIT TY3LTy apKbLIbI
cesiesi, DIEKTPOHJApP IIBIFAPATHIH  OOJIIIEKTEp
MOJICKYJIAJIBIK, IIOFBIPJBIH Taiia OOJybIHA AalIbII
Kelemi, o e3 Ke3erinae (OyiIT Ty3iny ymIiH) Oyt
KYpbUIyFa apHaJlFaH KYparbIlll OJIOKTap OOJIbIN Ta-
ObuTasel. bipak kelbip 3eprreymrinep OyraH Kapchl
IIBIFATRIH JEPeKTep i Kenripemi [7-10].

JKanmbl, KyH O€JICEHIUTITIHIH, FAPBIIITHIK CAY-
JISNIEHYIIH oHE J>KahaHJBIK KJIMMATTBIH YyaKbIT-
THIK JTUHAMUKACHIHBIH  KYpICNiIirine Oaifa-
HBICTBI, OCBI IlIaMajap apachIHJaFbl OalJIaHbIC
JKOHIHJIETI KOPBITBIHIBLIAP KYH OCICEH/AUIIrT MeH

’kahaHJBIK TeMIiepaTypa apachlHIaFbl Typa Koppe-
TSAns 0ap eKeHiH aifTymaH 6acTarl OHBI TOJBIFBIMEH
JKOKKa IIIbIFapyFa JIeHIHTT apalibIKTa >KaTajibl.
KapacThIpbuIbIll  OTHIpFaH IMIAMaJIApPJbIH  PETCi3
JTUHAMHKAIIBIK CHIIATBIH €CKepe OTBIPHII, e3apa
OalimaHbICTapBIH 3€pPTTEy YIIH OCHCHI3BIK (U3UKa
asChIHJA JaMbIFaH JJICTI KOJaHy eTe THiMIi 0o-
JTyBI THIC.

Ocpirad  OaiJIaHBICTBI, OCBI JKYMBICTa 013
FapBITHIK QakTopiap MeH XKep KIMMaThl apachiH-
Iarel OaiIaHBICTBI 3€PTTEy VIIIH OCUCHI3BIK (-
3uKa IICHOEpiHJIe JaMBITBUIFAH CHTHAJIAP/IbI
TaJayblH *aHa KOHBEPIeHTTI KPOCC-CAIBICTHIPY
OTiCiH KOJNTaH/IBIK.

3eprrey daici

Confbl Ke3lepie maiina O0oJiFaH KOHBEPIeHTTI
Kpocc-canbIcThlpy  omici  [11]  eki mamaHbIH
YaKbITTBIK KaTapiapblH Tanjay apKbUIBl oJap
apaceIHAarbl ceOen-cangapiblK OalIaHbICTBl 3ePT-
Teyre MyMKiHaik Oepeni. Onic Ilakkapa-TakkeHe
TeopeMachlHIa HeTi3aenreH. byn Teopema 0oii-
BIHIIIA JKAIIFBI3-aK IIAMaHbIH YaKbITTBIK KaTapblH
KOJIaHBIMN, OYJ1 CHTHaJAbl TYABIPFaH >KYWEHIH at-
TPaKTOPBIH TabyFa, ajl OHBIH KOMETIMeH JKYHeHIH
JIMHAMMKACBIH TaHBIN Ollyre 0osajbl. YakeIT OOH-
BIHIIA KiJIPTY[i ’kacay apKbUIbl TaObUIFaH OyJl at-
TPaKTOPIBI KOJICHKEI KOITOSHHEeC AT aTalIbl.
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Erep exi curnan Oip *xyieHiH op TypJi Oemik-
TepiHEH MIbIKCA, ONapJiaH KalTa KYphUIFaH aTTpak-
TOpJIap MIbIH aTTPAKTOPFa, IeMeK Oip Oipine ae qud-
¢deomopdThl GodbI TaObUTaAEl COHBIMEH KaTap,
0w exi mama Oip KYHeHI KOpCeTKEHIIKTEH, oJiap
0ip-OipimMen OaitnanbicTbl Oonanel. CoHma, erep x
[raMachl ) LIaMachblHa ce0emnTi acep erce, OHAa X
[IaMaChIHBIH JMHAMHKACHI JIa ) IIaMAChIHbIH JTUHA-
MUKaChIHa ocep eTeli. by ocepaiH y maMachlHBIH
JIMHAMHKACBIH/IAFbl «i31HIH» («TaHOACKIHBIH») Oap
00Jybl y IIaMAachIHBIH KOJCHKeINll KerOeiHeciHeH
X IIaMacChIHBIH MOHJEpIH Oarajiayra OOJaThIHBIHA
oKenesi.

CeiiTin, y HIaMachIHBIH KOJIEHKENl KerOeiiHe-
CiHEH X IIaMachIHbIH X/M MoH/epiH Oaraarn, onap
X-H TIBIH MOHJIEpiHE KaHIIAJBIKTHI JKYBIK €KEHIH
3eprreyre Oonaapl. Erep x meH x/My MOHIEpi apa-
ChIHJIa JKOFapbl Koppessius (OaiaHbic) OaKbi-
JaHca, OHJA X [IaMackl y IamachbliHa cebenTi acep
eTe/li IeTeH KOPBITHIH/IBIHEI JKacayFra 00Ja bl

3epTTey HITHIKeJIepi JKIHe 0J1apAbI TAJIKBLIAY

3eprrey FC OemmiekrepiH TipkeWTiH HEWTPOH-
JOBIK MOHHUTOP CTaHIMSJIAPBIHBIH IYHHEKY3LIIK

xemicinin momimeri [12], Kyn Oencenainirinig
yakKbpITTaFrbl e3repici Typanmsl mamimer [13] xoHe
»kahaHJIBIK TemIiepaTypa aHOMaJHsIapbl KOHIH/ET1
momimer [14] Herizinme kyprizinmi. XKahaHmabik
TeMIepaTypa aHOMAIUSUTAPBIHBIH ANIBIK MOHIEPIH
(1-cyper) Taby ke3iHme Oa3aybIK MEPHUOM PETIHJE
1901-2000 »xpuliap apanbFbl aJIbIHFAH, SFHU
JKBUIIBIH Op albl YIIiH OV TEpHoj iNmHAeTi op-
Tala MOHI TaOBUIBIMN, kahaHIBIK TeMIIepaTypaHbIH
ColiKkec MOHIHEH allbIHFaH.

Ochl omic KeMeriMeH KyH OCJICeHIUTITT MEH
FapBIITHIK COyJIeNIeHY A1 H )ahaH IbIK TeMIIepaTypara
ocepiH 3epTTey HoTWXKenepi 2-5 cyperrepne
KenTipiireH. 2-cyperte X oci OoiipiHIIA skahaHIBIK
temneparypa aHomanmusuiapslHelH (GTA-H) eI-
menreH (IIbIH) MOHIEpi, an Y eci Ooitbiamia FC
arbIHBIHBIH KOJICHKENT KerOelHeciHeH OaraaHFaH
KTA-n GTA/M,, wmonnepi, 3-cyperre GTA-n
OJIIICHI'¢H MOH/Iepi MeH Boib() CaHBIHBIH KOJICHKEITI
kenOerinecinen Oarananran GTA/M, manuepi,
4-cyperte F'C KapKbIHABUIBIFBIHBIH IIBIH MOHJEPI
MeH GTA-H keneHKeli KenOeiHeciHeH OaraanFaH
MOHZEpi, all S-CypeTTre KyH OeJICeHIUTITiHIH IIIbIH
monHjiepi MeH GTA-H keseHkenl KenOeHHEeCiHeH
TaObUTFaH MOHAEP] KEATIPiIreH.

14 T T T T

1.2F

0.8

0.4

GTA, °c

-0.6
1920 1930 1940 1950 1960

1970 1980 1990 2000 2010 2020

t, years

1-cypet — XKahanbIk Temneparypa aHOMaINSCHIHBIH ailJIbIK MOHIEPIHIH yaKBITTaFbl ©3repici

Canpicteipy yuiia 6-cyperre GTA men FC
arblHBl  APACHIHIAFBl QNETTErl KOPPEISLHUSIBIK
GyHKIHS KenTipinred. bynm QyHKmusS eki 1mmama
apachIHJIaFbl CHI3BIKTHI OaiJIAHBICTBI KOPCETE/],
COHJIa cypeTTeH jkahaHIbIK Temnepatypa meH FC
apacelHIa MYHIai OalaHBIC JKOK €KEHIH Kepyre
Oomanpl.
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A, OEHCHI3LIK »XoHe cebenTi OalIaHBICTBIH
0ap->KOFBIH KOPCETETIH )KaHa KOHBEPTeHTTIK KPOCC-
CAJIBICTRIPY Oflici KYyH OEJCEHAUTIri MEH ocipece
FapBIIITBHIK CAyJIeICHY jkahaHJIBIK TeMIlepaTypara
eneyni ocep eTeTiHiH Kepcetin Typ: GTA/M,,
moHmepiHiH GTA -H mIBIH MOHIEPIMEH KOppPEIs-
IUSICHI JKOFApbl OOJIBINT TAOBUIAJBI, aTall alTCcak,
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ojap KoppensuuachiHbIH [lupcon ko3¢ ¢uunenti
0.82 Tten. GTA/M,, men GTA wu Koppensuus
ko3 dunenti Toemenney Oonca aa, a3 emec — 0.65

TeH. ByJ1 FapbIITHIK CoyIeneny KyH OelCeH U HIH
*kahaHIBIK KIMMAaTKa OCEpiHiH apamisl (IoHeKepi)
OO0JIBIN TaOBLIATHIHBIH KOPCETY1 MYMKIH.
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2-cypet — F'C arbIHBIHBIH KoJIeHKeN KenOelHeciHeH OarananFaH xahaHIbIK TeMIIeparypa
QHOMAJIHSICHI MOHJICPIHIH OChI aHOMAJIVSIHBIH OJIIICHICH (IIBIH) MOHACPIHE TOYEIIUTIT1
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3-cypeT — Boib( caHbIHBIH KeleHKeN KendeliHeciHeH OaranaHFaH xahaHIpIK TeMmepary-
pa aHOMaJMSICHl MOHJIEPiHIH OCHl aHOMAMSHBIH OJIIICHIeH (LIBIH) MOHAEPIHE TOYEIIiIIr1

GTA arrtpaktopeiHan Oarananrad F'C arbIHBI
MeH Bonb() caHmapbIiHBIH MOHJEpI OJAp/IbIH IIbIH
MoHepiMeH OaiimaHbICThI eMec: 4 — 5 cyperTeperi
mamanap/sie, [lupcon koadduimeHTTepi Hejre

Xabapubl. duznka

92

KYBIK, aram aircak, coiikecinme 0.01 men 0.1
teH. Ox tycinikti: Xepaeri remneparypanbly KYH
OenceHiiriHe )KOHE FAPBIIITHIK COyJIeNIeHyTe acepi
JKOK €KEHI alilaH aHbIK.
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Haypsb6aepa A. XK. xxoHe T.0.

[1]xympIcTa Oi31iKiHE YKCAC 3epTTey KYpri3iiii,
Oipak FC-H yakpITTarel ©3repiCiH CHITATTay YIIiH
AE reoMarHWTTIK HMHJCKCIHIH JKbULIBIK MOHJEpI
Kosmanbuibl. bi3 Ooncak, FC e3iHIH aFbIHAApbIH,
JKOHE JI KBULIBIK EMeC, aiITBIK MOH/ICPiH KOJIJIAHIbIK,
OFaH KOca KYH O€JICEeHAUIITiHIH >kahaHIbIK TemIie-
parypara ocepiH 3epTTelik. JKalmbIChIHIa HOTHXKE-
JepiMi3 cail KeJce e, TeMITepaTypaHbIH TpPEHIHE

OaiylaHbICTBl  alBIpMAIIBUIBIK  Oap. bi3min  3ept-
Teyie kahaHIbIK TeMIepaTypa aHOMAIUSICHIHBIH
KaTapblHaH >kahaHABIK KbUIBIHY TPEHIIH aJIbIIl
TacTaraH >KarJaiya, JKorapbla aWTBUFaH IIaMa-
map ymrH Ilupcon koadduieHTTEpl a3asmel, ai
[4] xymbicTa — KepiciHIe, ecemi. bi3miH HoTKe
skahaHITBIK KBUIBIHYIBIH OOJTybIHA CHIPTKBI (DakTop-
Jap yJiec KOCybl MYMKIH €KeHIITiH KOpCeTeIi.
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4-cyper — JKahaHapIK TeMnepaTypa aHOMATHSCHIHBIH KOJIEHKeNI KonOeHeciHeH
Oarananrad F'C arbIHBI MOH/IEPIHIH OCHI aFBIHHBIH OJIIICHTeH (IIIBIH)
MOHZEpiHe Ty IIIri
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5-cypet — XKahanzslk Temmeparypa aHOMATHSCHIHBIH KOJICHKEI KoTIOeHHeCiHeH
Oarananrad Bosb() caHbl MOH/IEPIHIH OHBIH OJIIICHTeH (IIBIH) MOH/IEpiHe TOYeIiIir
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6-cypet — JKahannpik Temnepatypa anomanusicsl MeH F'C arbIHBIHBIH
YaKBITTBIK KaTapIapblHbIH ©3apa KOPPEISLHSIBIK (YHKIHACH

KopbITbIHABI

Exi mama apachlHIarbl CBHI3BIKTHI OaiiaHbI-
CTBl KOPCETETIH ©3apa KOPPEIILMSAIBIK (YHKLUSL
xahanapik Temneparypa MeH F'C arbiHbI apachiHaa
enr OaiiyIaHpIC JKOK CKEHIH Kepcerce Jie, OSHChI3BIK
JKoHe ce0enTi OallTaHbICTHIH Oap-KOFBIH KOPCETETIH
JKaHa KOHBEPIeHTTIK KpPOCC-CANBICTBIPY OfAICI KYH
OeJICeHALTITI MEH FapBIITHIK CIyJIeNeHy KahaHabIK
TeMIepaTypara eyeylli ocep eTEeTiHIH INeNIeimi:
FC arbiHBIHBIH KOJIEHKEN KomOeiiHeciHeH Oara-
JMaHFaH >SKahaHABIK TeMIlepaTypa aHOMAJHUSCHI
MOH/IEpIHIH OCHl aHOMAJIMSHBIH OJIIEHTeH (IIIbIH)

MOHJIEPIMEH KOPPEISIIIIACEI ©Te JKOFaphl OOJIBITT
Tabbutaapl, onap yumiH Ilupcon koadduuenri
0.82 teH.

Kyn Oencenmimiri ymin Oyi1 kodddummeHt
TeMeH ey, Oipak a3 emec Oomnbin TadbbuIaAbl — 0.65
TeH. byJ1 FaphIITHIK CoyeneHy KyH OeceHIUTIrHIH
*kahaHIIBIK KIMMAaTKa OCEpiHIH aparibl (IoHeKepi)
O0JIBIN TaOBLIATHIHBIH KOPCETY1 MYMKIH.

Auarsic. ¥coinvinzan zepmmey «BR05236494 —
Fundamental and applied studies in related fields of
physics of terrestrial, near-earth and atmospheric
processes and their practical applicationy 6az2oap-
aamacel wenbepinoe opuiHOAIObL.
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