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0603HAYEHWA W COKPALLLEHNA

BMO — BcemupHas MeTeopoJiorudyeckas opraHuzauus
3KP — 3anagHo-Ka3zaxcTaHckuii pernoH

BHD — B0o300HOBAsIEMbIE UICTOYHHUKH SHEPTHH

OOH — Opranmzanms O0beanHeHHBIX Hartuit

MI'DUK — MexnpaBuTeabCTBEHHAs Trpynna >KCHEpTOB IO
W3MEHEHUIO KJMMaTa

PCA — Principal Component Analysis — aHamu3 TJaBHBIX
KOMIOHEHT

SBMF — solar background magnetic field — cymmapHas kpuBas
cOOCTBEHHBIX BEKTOPOB

GSC — grand solar cycle — r1o0ambHbIN COMTHEYHBIH ITAKIT

TSI — Total Solar Irradiance — moJsiHast conHeYHas pajgnaus

HHI] — HayuHo-uccnenoBaTenbekuii IEHTP

TX90p — KOJIMUECTBO SKCTPEMAIBHO TEIUIbIX (PKapKUX) THEH

TX10p — KOJIMYECTBO XOJIOJHBIX (HEeKAPKUX) AHEN

TN10p — KOJIMUECTBO IKCTPEMATBHO XOJOIHBIX HOUEH

TN90p — KOJIMUECTBO TEIUIbIX HOUEH

WSDI — npoaosKuTeIbHOCTh BOJIH Teria

CSDI — npoaoKUTEbHOCTh BOJIH X0J10/1a

PRCPTOT — roioBbie CyMMbI OCaJKOB

[IYP — Ilenu ycToiiunBoro pa3Butus

ACIIP PK — AreHTCTBO MO CTpaTerMyeCcKOMY IUIAHUPOBAHUIO U
pedopmam Pecrryonmkm Kazaxcran

EDQK — EBponelickas s5kOHOMHUUYECcKass KOMUCCHUS

CIIMK - cratucTUYecKHe TOKa3aTelu W3MEHEHMs KiuMmaTa
Pecnyonuku Kasaxcrtan, pa3paboTaHHble Ha OCHOBe [ nobdanmbHOro
Habopa, pekomeHnoBanHble EDK OOH

ND-GAIN — I'no6ansHas nHuIIMaTHBa 110 aganTanuu Horp-/lam

GSA - I'noGasibHblii conHeunslii aTiiac — Global Solar Atlas

DNI — noka3zaresb COJHEYHON paadalvu, KOTOPbIA H3MEpSeT
KOJIMYECTBO COJIHEHUHON SHEPruM, Najarolleil NeprneHauKyIsipHO Ha
enuHuILy momany — Direct normal Irradiance

DHI — wyacTe coJiHeYHOW paadauuu, KOTopas JOCTUraeT
MMOBEPXHOCTH HeNpsMbIM TyTeM — Diffuse horizontal irradiation



KHUYM — kosddummMeHT HCMoiab30BaHUs  YCTAaHOBJICHHOM
MOIIHOCTH

COC — conmHeyHas 3JeKTPOCTaHLHA

3KO — 3anagHo-KazaxcraHnckas odnacts

MC — meTeoposoruueckas CTaHLUs

BOC — BeTpoBas aseKkTpruecKkas CTaHLus

AT — aHOoManus TeMIiepaTypbl BO3AyXa

MK-tect — Tect Manna-Kennamna (Mann-Kendall test)

STS — cranmapTuznpoBaHHas TecToBas ctaTucTrka (Standardized
Test Statistics)

Sen’s slope — Haknon CeHa

Pettitt’s test — rect [lerTurTa

T — remnepatypa Bozayxa, °C

AT — aHoManus TeMneparypsl Bo3ayxa, °C

G — CpeiHee KBaJlpaTHYecKoe OTKIIOHEHHE

R — konuuecTBO BhIDaBUIMX OCA/IKOB, MM

AR — aHOMa/IMsl CyMM OCaJKOB, MM

OLIA — oOwias uupkyasuus arMochepbl

[NIB®3 — nnaHeTapHas BbICOTHAs GPOHTaNbHAs 30HA

ETP — eBponeiickas tepputopusi Poccuu

W, E, C — dpopmbI aTMOChEpHOM LIUPKY TSN

AW, — anomanus uuces Bonbgha



BBE/AEHHE

[IpoGnema rnoOanbHBIX M PErMOHAIBHBIX M3MEHEHWI KiMMmara
MPOJOJIKAET OcTaBarbcd akTyanbHOW. Ilo panHbiM  BceemupHoit
MeTeoposiornueckoil opranuzauuu (BMO), nociaeanue necsars JeT (¢
2015 mo 2024 rox) SBIAIOTCS CaMBIMU TETUIBIMH 3a BCIO HMCTOPHIO
HabmoaeHuii. CorjacHO KOHCOJMAMPOBAHHOMY aHAM3y IIECTH
HabopoB aaHHbix BMO, cpenHsis rioOanbHas Temmeparypa B
2024 rony Ha 1,55°C (c norpewHocthto + 0,13 °C) npeBblaeT
cpeaHee 3HaueHue 3a 1850-1900 roaw! [1].

KakoBbl MpUYMHBI COBPEMEHHOr0 T100anbHOrO MOTEIeHUs?
OaHO3HaYHOIO OTBETA HA 3TOT BOMPOC HE cylllecTBYeT. B HacToswiee
BpeMsl LIMPOKO OOCYIKAAIOTCS JIBE€ OCHOBHBIE BEpCHUH OOBSCHEHHS
MPOUCXOASALIEro MOTETUIEHHUS] — aHTPOTOT€HHAs M €CTECTBEHHAS.

B ycnoBusix coxpansromelics HEONpeaeIeHHOCTH B BOIPOCE O
reHe3nce COBPEMEHHOTO TIOTEeTUIEHHS Ype3BbIYAHO BayKHBIMH
OCTalOTCAd OMIIMPUKO-CTATUCTUYECKHE OLEHKM TMPOCTPAHCTBEHHO-
BPEMEHHOI1 U3MEHUMBOCTH METEOPOJIOTHYECKUX NoJeit [2].

CoBpeMeHHbIe U3MEHEHHs KITMMaTa — OJIMH U3 KITFOYEBBIX BBI30-
BOB, CTOALIMX TEpe]l YeJIOBEKOM. MHOTOJIETHUIA OMBIT aBTOPa B U3Y-
YeHWH OcOOeHHOCTel MPHUTOKAa COJHEYHOW pagualuu, MPOCTpaH-
CTBEHHO-BPEMEHHOI'0 paclpeneieHds TeMreparypbl BO3ayXa H
0CaJIKOB, a TaKKe WX DKCTPEMAIbHBIX 3HAYeHWH W BO3HUKHOBEHWS
OMAaCHBIX MPUPOIHBIX SBIEHUH CIOCOOCTBOBAI BBISIBJICHHIO LIMPKYJIS-
LIMOHHBIX O0COOeHHOCTell (opMUpOBaHUS TOJIell OCHOBHBIX METEeO-
POJIOTHUECKUX BEJIMYWH, YTO BaXKHO I TIOHUMaHHs PerHOHAaIbHbBIX
KITUMaTHYECKUX U3MEHEHUH.

B cBsi3u ¢ BblllecKa3aHHbIM JaHHAs MOHOTpadus HallpaBieHa Ha
HU3ydyeHUe COBPEMEHHOIo KiuMmara 3arna/iHo-Ka3zaxcTaHcKoro permo-
Ha (3KP), koTopsiii 061agaeT OOIbIIUM NMPUPOJHBIM MOTEHLHATIOM U
SIBJISSTCS KpyMHEHIUM HedTerazogo0bIBaoinM paiioHom KazaxcraHa.

3anaaHo-KaszaxcraHckuit peruoH 3aHUMAaeT wiowaab
736,1 Thic. KM® M BKJIIOYAeT 3 KIMMaTHYeCKHe 30HbI IloTeHuman
KaKIOW 30HBI OmpeAesseTcs pPe:KMMOM TeMIiepaTrypbl BO3ayXa U
ocagkoB. OLEHKa TEHAEHLMH MECSYHBIX, CE30HHBIX M TOJOBBIX
M3MEHEHHUII OCHOBHBIX METEOPOJIOTUYECKHUX BETMYMH TpPOBE/IEHa 3a



neproa 1961-2023 rr. ¢ npuMeHeHHEM HenapaMeTpUYeCKUX KpuTe-
pueB Manna-Kennanna, Cena u Ilertutra. C n3MeHeHueM Kjinumata
HaboaeTca MOBBIIIEHUE TeMIIEpPaTyphbl BO3/yXa, HEpaBHOMEpPHOE
BBIMAJICHUE OCAJIKOB U YBEJIMYEHUE PUCKOB BOZHUKHOBEHUS MPUPOI-
HbIX CTUXUIHBIX siBJeHU [3].

Cerognst Kazaxcran B3sul Kypc Ha pa3BHTHE SKOHOMHKH 0e3
ymepba 11 OKpysKaromieil cpeapl, Obuta mnpuHsTa KoHuenims
nepexona PecriyOnuku KazaxcraH k «3esieHoi» skoHOMUKe 10 2050
rojia v JOCTIOKEHUS HyJieBoro OajnaHca BeIOpocoB 10 2060 ronxa [4].
Kazaxcran Ha3biBaloT cTpaHOMl cosiHUa, BeTpa W Boabl. OH
pacrnofnaraeT OOJbIIMMHM BO30OHOBJISIEMBIMU JHEPreTHUECKUMU pe-
cypcamu. Ero oGummpHbsle cTenu, B yacTHocTH 3ananHo-Kasaxcran-
ckoro pernonHa (3KP), o65agaroT KOHKY peHTOCITIOCOOHBIMU B MUPOBOM
Maciitabe BETPOBBIMHU pecypcaMH, a MOTEHLMAl COTHEYHON SHeprun
He MMeeT orpaHudeHuii mo tepputopun. B cBsazu ¢ stum i 3KP
KJIMMATUYECKUN TTOTEHIMAII B BUJIE COJIHEYHOW M BETPOBOU 3HEPTUM
uMeeT OOJbLIOEe 3HA4YeHWEe M PAa3BUTUS W UCTIOJIB30BaHUS
BO300OHOBJISIEMBIX UICTOYHUKOB dHepruu (BHD).

BrisiBrieHne pernoHagbHBIX W3MEHEHHH KIMMaTa BeChbMa Ba)KHO
YUHUTHIBATh MPHU MPUHATUN YTIPABICHYECKUX PELIeHU B Pa3InYHbIX
OTpaciIgX 3KOHOMHKH [T yCTOHUYHNBOTO pa3BUTHS TOCYJapCcTBa.

MoHorpagus Hanucana npu BeinosHenun HUP no nporpamme
«YcToifunBoe pa3BUTHE MPUPOJAHO-XO3SHCTBEHHBIX W COLMAIBHO-
SKOHOMMYECKMX cHucTeM 3anagHo-Ka3zaxcTaHCKOro peruoHa B KOH-
TEKCTe 3eJIEHOTO POCTa: KOMITIIEKCHBIH aHaIN3, KOHIETHS, TIPOTHO3-
Hble OLIEHKH W CIeHapuu» 1pu mnoaaepxkke Komutera Hayku
MuHucTepcTBa HAayKM U BbICIIero oOpa3oBaHus PecryOivku
Kazaxctan (rpant Ne BR21882122).



1. TI0bAJIbHBIE U PETHOHAJIbHBIE K3MEHEHWA
KJIIMMATA

1.1. CoBpeMenHble KOHIENIUH IJ100aIBLHBIX
H pernoHAJbHBIX H3MEHEeHHil KJImMaTa

3emutst monyvaeT sHepruto oT CosHia. CrocoOHOCTh KIIMMAaTH-
YeCKOW CHCTeMbl yCBAaMBATh OINpPEIEIIEHHOE KOJUYECTBO COJHEYHOMN
SHEPruM HA3bIBAETCS KIMMATOM, a HM3MeHeHHue (yBeJIMYEHUE WU
YMEHbBIIIEHUE) dTON CMIOCOOHOCTH MPUBOANT K M3MEHEHUSAM KJIMMAaTa.
CyliecTBYIOT W Jpyrue omnpeneneHus Kiumara. Tak, K mpumepy,
Monun A.C. onpefenun KiuMaT KaK «CTaTUCTUYECKUN aHCaMOJb
COCTOSTHHIA, KOTOpPBIE TIPOXOJIUT CHCTeMa OKeaH — cylna — aTMocdepa
B MepHOJ] BPEMEHHU B HECKOJIBKO JIeCATHIIETHI . Taxoke Mo KiinMaToM
MOHUMAIOT MHOTOJICTHUH PEKUM MOTOAbL, T.€. COBOKYINHOCTb MOCJIe-
JIOBaTe/IbHbIX CMEH BO3MOKHBIX YCJOBUH MOroJbl 3a AECATHJICTHS,
XapakTepHbIe /1Sl AaHHOI MecTHOCTH [5-9].

Knumar ¢opmupyercs B pesyibTare B3aMMOAEHCTBHS OCHOBHBIX
KOMITIOHEHTOB KJIMMaTUYeCKOM cucTeMbl (puc. 1): Haubosee moaBux-
Hoit — atMocdepnl [10], MeHee MOABMXHBIX — okeaHa [11] u kpuo-
cheppl, a TakKe MOBEPXHOCTH CyIIM U OWOchephl, BKIIOYAIOMICH
PaCTUTEIbHBIN U )KUBOTHBIN MUp, a TAKXKE CAMOI0 YeJioBeKa.

OH HenpepbIBHO MEHSeTCs 101 BIUSIHIEM MHOXKECTBa (pakTOpOB,
JIEHCTBYIONMX B pa3HbIX MacmiTabax BpeMeHH — OT AeCATUIETU 110
MuIHapaoB Jet [12-15].

K uncny BaxkHeHmmx KiuMaTooOpasyrommux (akTOpoB OTHO-
cATCs acTpoHOMHYeckne B Teoduzndeckue. CormacHo Monnny A.C.
u llumkosy 0.A. [8], acTpoHOMHYEeCcKHE PAaKTOPBI — 3TO CBETUMOCTD
ComHila, nonokeHue W JBwkeHne 3emin B COJTHEYHOM CHCTEME,
HaKJIOH €€ OCH BpalleHHWs K TUIOCKOCTH OpPOWTHI U CKOPOCTh Bpa-
uieHus. JlaHHbie pakToOphl ONpPEIesIIOT HHCOJSINIO 3eMiH (00myde-
HUE COJIHEUHOH paaualueil), a Takxke rpaBUTAllMIOHHOE BO3JIEHCTBUE
BHEIIHKUX CWJI, CO3/IAl0NINX KaK MPUJINUBBI, TaK U KOJeOaHUs XapaKTe-
PUCTUK OPOUTAIBHOTO JIBHXKEHUS U COOCTBEHHOTO BpallleHUs 3eMJIH,
YTO MOPUBOOUT K KoJIeOAHUSIM B paclpelesieHUd HHCOJSLUM Ha
BHelIHel rpanuile atMocdepst [7, 16, 17].
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