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Pedepar. [IpencraBneHs! pe3ynbTaThl CPaBHUTEIBHOTO aHAJM3a MOKa3aTesnei
arpoKJIMMaTH4eCcKuX pecypcoB B LleHTpanbHON A3KH M IpaHUYAIUX ¢ HEll 00JacTiIx
P® 3a nepuon 1961-2020 rr. Mcnonb3yroTcsi JaHHBIE O TEMIIEPATYPE MPU3EMHOIO
BO3lyXa U CyMMax OCaaKoB MecsiuHoro paspemienus ¢ 1961 mo 2020 . 21 meteopo-
nornyeckoit craniuu Poccum m 32 — Ha tepputopun Kaszaxcrana, Keipreiscrana,
Tamxukucrana, TypkMeHucTana u Y3oekrcrana. [Toka3zaHo, 9To py TOBCEMECTHOM
pocTe TEPMUYECKUX PECYPCOB B MAKPOPETHOHE U3MEHEHHSI PEKUMa OCAIKOB Pa3HO-
HarpaBJeHbI 110 3HaKy W 3HAYUTEIHHO BapbHPYIOT 1O BeanunHe. HabnronatoTes 3Ha-
YHMBbIe TEHACHIINHA K WCCYIICHHIO B 3allaJHBIX OOJACTSIX W POCT OCAIKOB JIETHETO
nepuosa (He3HAYNMBbIi) B BOCTOYHBIX. TeHIEHIINS K YBETMUEHHIO KOMUYIECTBA BhIMa-
JIAIOIMX OCAJKOB OTMEYAeTCsl B BECEHHUH Mepuo] Ha BCell uccienryeMoi TeppuTo-
pHUH, YTO YACTUYHO KOMIIEHCUPYET HEraTUBHOE BO3JCHCTBHUE JIETHETO MOTEIUICHUSI.
Ilokazano, yTo Ha ()OHE YMEPEHHOTO MOTEIJICHWS Ha HCCIEeIyeMOW TEpPUTOPHU
HaOJonaeTcst HeBBICOKUH POCT PakTHUECKON yPOIKAaHHOCTH SPOBOM MIIEHHUIIBI OT 1.5
1o 3.6 /ra ot mepuoga 1991-2000 k 2011-2020 rr., 3a uckitoderareM OpeHOyprekoi
o0JacTy, rae TPeH I YPOXKaMHOCTH SIPOBOM MIIICHHUIIBI ¢J1a00 oTpuiiare/ibHbIid. Hanbo-
Jiee TMHAMUYHBIC TEMITbI pocTa ypoxkaitHocTu (Oonee 3.0 1/Ta) B OCHOBHBIX 3€PHO-
npom3BoAsAIIHNX obnactsax PO — Anraiickom kpae, OMmckoii 1 Kypranckoii o6macTsx.
Habmonaemoe n3MeHeHne arpokiimMarnieckux pecypcos B CeBepHom Kazaxcrane u
conpenenbHbIX o0nactsax PO He HOCUT SKCTpeMabHOTO XapaKTepa, U arpoKINMaTh-
YECKUHM NOTEHLHA TEPPUTOPUH OCTAETCS 3HAUYUTEILHBIM.

KiroueBblie cioBa. V3meHeHne kinnmara, TeIIO- W BIAroo0eCIie4eHHOCTH,
LentpansHas A3us, ypoxKaiiHOCTb, SpoBast MIIEHUIIA.
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Abstract. The results of a comparison analysis of agro-climatic resources
indicators in Central Asia and the Russian Federation’s bordering regions for the
period 1961-2020 are provided. From 1961 to 2020, data on surface air temperature
and precipitation at 32 meteorological stations in Kazakhstan, Kyrgyzstan,
Tajikistan, Turkmenistan, and Uzbekistan as well as 21 stations in Russia were
used. It is shown that changes in the precipitation regime are multidirectional in
sign and vary greatly in magnitude against the background of a general increase in
thermal resources in the macroregion. Significant drying trends are observed in the
western regions and an increase in summer precipitation (not significant) in the
eastern regions. A tendency towards an increase in the amount of precipitation is
noted in the spring period throughout the study area, which helps offset summer
warming's negative effects. With the exception of the Orenburg region, where the
spring wheat yield trend is slightly negative, it is demonstrated that, despite the
study area's moderate warming, the actual spring wheat yield increased slightly
from 1.5 to 3.6 dt ha™! from the years 1991 to 2000 to 2011 to 2020. The Russian
Federation's primary grain-producing regions, the Altai Krai, Omsk, and Kurgan
Regions, have the most dynamic yield growth rates (more than 3.0 dt ha'l). The
observed change in agro-climatic resources in Northern Kazakhstan and adjacent
regions of the Russian Federation is not extreme, and the area's significant agro-
climatic potential has persisted.

Keywords. Climate change, water availability, thermal resources, Central
Asia, yield, spring wheat.

BBepeHue

Habnronaemple TEHACHIMU ypOKaHOCTH 3€PHOBBIX KYJIBTYp M MX CBS3b C
KJIMMaTHYECKUMU M SKOHOMHYECKMMH (PaKTOpaMH YKa3bIBalOT Ha BO3pacTaHUE
3HAYUMOCTH JJISl YCTOWYMBOTO (DYHKIMOHUPOBaHUs arpocdepbl Kak IMHAMHKH
KJIIMaTHYECKUX MPOSIBIICHUH, TaK U arpOTEXHOJIOTUH.

AHanu3 mocneAcTBUN MPOTHO3UPYEMbIX M3MEHEHUi kinumara B LleHTpais-
Ho n BocTouHnoii EBpone ¢ ncnosiap3oBaHneM KOMIUIEKCA CTAaTUCTUYECKUX U AWHA-
MHYECKUX MOZEJEH IOKa3bIBaeT, YTO MOBBIIICHWE TIIOOAIBHONW CpenHeH
temnepatypsl Ha 1°C npusenet k 4-6% CHIKEHHIO YPOXKaHOCTH MIIEHUIBI PU
HEU3MEHHOM MOCEBHOH Mioniaad U OTCYTCTBUM MPUHLUITHAIBHOTO YIyUIIEHUS B
arporexsonorusix (Jacobs et al., 2019). [loatomy aganrarus K U3MEHEHHUIO KIIU-
MaTa ¥ TMOBBIIIEHHAs CIIOCOOHOCTH aJalTHPOBATHCS K 3aCyXaM CTald ITIaBHBIMHU
MIPUOPUTETAMH €BPOIENUCKOTO CEJIBCKOIO X03AHCTBa. TeppUTOpUH, IIE MPOSIBIIA-
€TCsl KOHTHHEHTAJIbHOCTD KJIMMaTa, HOTeHIHAIBLHO OoJiee MOABEP)KEHb! CHUYKEHHIO
YpOXalHOCTH TIICHUIIBI, YeM OoJiee BIaKHBbIE KIMMATHYECKUE 30HBI, B KOTOPBIX
O0XKHUAETCA POCT MEXKAYTOJUYHOM H3MEHYHMBOCTH YPOXKaWHOCTH 3€pHOBBIX. B
LIEJIOM, BIMSHUEM arpoKIMMarudeckux (akTopoB oObsicHseTca oT 12 mo 67%
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U3MCHYUBOCTH ypO)KaﬁHOCTH HNIICHUIBI, YTO ABJIACTCA CTATUCTUYCCKU 3HAYUMBIM
st 90% noceBHBIX miomanel nenunsl B EBpone 3a nepuon ¢ 1993 mo 2017 r.
(Pinke et al., 2022). [TociencTBus m3MEHEHUS KIIMMaTa B Pa3HbIX OTPACIIAX YKOHO-
MUKH, B TOM YHCJIE B CEIBCKOM XO3SWCTBE, BBI3BIBAIOT 00CCIIOKOCHHOCTh IPaBHU-
TENbCTBA, O YEM CBHUJICTENBCTBYET MpHHATHE HallmoHampHOTO IJIaHa alanTaiud K
m3MeHEeHMIM kimMara (Jlokiram o KIIMMaTHYeCKUX pHcKax ..., 2017; Hannonans-
HBIH 11aH ..., 2019; Tperuii onleHOYHBIN HOKIaT ..., 2022).

B nmanHO#i paboTe paccMaTpuBalOTCS H3MEHEHHS arpOoKIMMaTHYEeCKUX
pecypcoB pernoHoB llenTpansHoii Asmu (manee — [{A) u rpannyanux ¢ Pecmy-
omuxoit Kazaxctan oGnacteit P®. llenTpanbHas A3us, KaK T'E€OMOIUTHYECKOE
MIPOCTPAHCTBO, BKJIIoUaromee Tepputopun Kazaxcrana, Keipreizcrana, Tamkuku-
crana, TypkMeHncrana W Y30ekucraHa, Bo3HHKIAa B 1991 1. mocne pacmama
CCCP. C no3uruu reorpaduueckoii Hayku L{A — 3To Oosiee oOIMpHas TeppUTO-
pusi, BKIIOYAIONas MOMHMO BBIIIIEHa3BaHHBIX TOCYIApCTB Takke MOHTOJIHIO,
3anagayio yacthk Kuras (Cusbn3ssH) u Adranucran (3esrenbekast, 2009). [my6o-
KOMAaTepUKoBOE MmoyioxkeHue LA 1 He3almuImeHHOCTh €€ ¢ ceBepa 00yCIOBIUBAIOT
OOJBIIYI0 CYyXOCTh KJIMMaTa: Cyxoe, 0e30071auyHOe W KapKOe JIETO CMEHSETCs
OTHOCHTEIHHO BIAXKHOM 3MMOM, HHOTAA C CUIIBHBIMH MOPO3aMH, B OCOOEHHOCTH
Ha ceBepe (AnmnaTseB U ap., 1976).

Poccust n Kazaxcran B Onmxkaiiiiie eCATUIICTHS, KAK OKUJACTCS, OCTaHYTCS
KPYITHBIMA HTPOKaMH Ha MHPOBOM DBIHKE 3epHa, oOecmedmBasi CyIeCTBEHHBIN
BKJIAJ B YIOBJIETBOpPEHUE Oxkuaaemoro crpoca Ha 3epHo (FAOSTAT, 2022). Arpo-
KITUMAaTUYCCKUE YCIIOBUS JUISl BEACHUS CEJIBCKOTO XO3SICTBAa B CTEIHOW 30HE IOra
VYpana n 3amagunoit Cubupwm, a Takxke ceBepHoro Kazaxcrana mo OoibIneit gacTw
OUYEHb KECTKUE C YPE3BBIYANHO XOJIOJHON 3UMOM, YaCTBIMU 3aCyXaMU U 3a4acTyO
HEONaronpusTHEIMA YCJIOBHUSAMU B Tiepuoj yOopku ypoxkas. BeceHHe-netHue
3aCyXH IPEICTABIISAIOT TIaBHBIM CTPEeCCOBBIN (DAaKTOP M SBUIUCH OCHOBHOU ITPUIH-
HOM pexopaHo HU3KUX ypokaeB B 2010 u 2012 . (USDA-FAS, 2022).

Lenp manHOW pabOTHI — OLIEHUTH TCHICHIIMKM W3MEHEHUI MOKa3aTeneil Tep-
MHUYECKOTO W BJIQXXHOCTHOTO pexuMoB B L[A, Bxirouaromeit teppuropun Kazax-
craHa, Tamkukucrana, Keipreiscrana, Y3OekucraHa W TypKMEHHCTaHa, W JIaTh
CPaBHUTEJIBHYIO OIICHKY TCH/ICHIIMI U3MEHEHUN YPO)KAWHOCTH SPOBOM TIIICHUIIBI B
Kazaxcrane u conpenensHbIx obmactsx Poccun B yClnoBusSX COBpEMEHHOTO M3MeE-
HCHUS KJIMMara.

MaTtepuanbi U meToAabl

Hcnonp3oBaHbl AaHHBIE O TEMIEpaType NPU3EMHOTO BO3AyXa M CyMMax
0CaIKOB MecsaHOTO paspemnieHus ¢ 1961 mo 2020 1. u3 mogMHOXKecTBa 0a3bl JaH-
HbIX «Kiumary (PI'BY «MI'KDO») Ha cetn 21 mereoctanuuu (nanee — MC) Poccuu
u 32 MC na teppuropuu Kaszaxcrana, Keipreiscrana, Tagxukucrana, TypkMmeHu-
craHa U Y30ekucrana. Kaprocxema pacrionokenns MC npencrasieHa Ha puc. 1.
Takoxe npusiedeHa nadopmanus Poccrara 1o ypoxxaifHOCTH SIpOBOH TIICHHUIBI 1
JaHHBIC CIPAaBOYHUKOB I0J OOIIMM Ha3BaHUEM «ATPOKIMMATHYECKHE PECYPCHD»
(CripaBouHUK ATPOKIMMATHIECKHAE PECYPCHI ..., 1973-1977).
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Pucynok 1. Kaprocxema pa3menieHus] METEOCTAaHIINI HA TEPPUTOPHH fora Y pana,
cpexneit Cubupu u LlenrpansHoit Azuu

Figure 1. Map of the location of meteorological stations in the south of the Urals
and Central Siberia and Central Asia

B pabote ucnonb3oBaHa TEXHOIOTHSI MOHUTOPHHTA KIIMMaTa v arpoOKJIMMaTH-
YECKHX PECYPCOB HAa OCHOBE MOJECIUPOBAHUS B UMUTAIMOHHOH cucteMe «Knnmar-
[TouBa-Ypoxait» (manee — KIIY), npencrasistomeii codoir HaGOp MPOTrpaMMHBIX
MOYJCH AJIS1 MOJIETUPOBAHUS TUHAMUKHU M POCTA CENbCKOXO3IUCTBEHHBIX KYJABTYP
(Cupotenko, 1981; Cuporenko, 1991; Pavlova et al., 2020). Bxonnas uadopmarus
uMuTannoHHoM cructeMsl KITY — naHHbIe CeTEBBIX METEOPOJIOTHYECKUX U arpoMe-
TEO-POJIOTHYECKUX HAONIOACHUH, a TakKe JaHHBIE O BOIHO-(PU3MYECKHX CBOW-
CTBax IMOYBBI U YPOBHE €€ IUIONOPOANs. BBIXoqHbIe XapakTepucTHKH — Oonee 30
arpoKJIMMaTH4eCKUX 1 OMOKIMMaTHYeCKUX ToKa3aTenell. Ha ocHOBe cucTeMsl pac-
CUUTBHIBAIOTCSl €XKETOJHbIC OICHKH TEHIICHINH W3MEHEHHsI, N3MEHUYMBOCTH M JKC-
TpPEeMalb-HOCTH arpoKIMMaTHYeCKUX IIOoKa3arenedl (MHIEKCOB) M IIOKa3aresei
NPOAYKTUBHOCTH B 33JaHHBIX TOYKAaX HAa OCHOBE JAHHBIX CTAaHIIMOHHBIX HaOIIOIe-
HUI ¢ MOCTeYIONMM KapTorpadupoBaHieM (BU3yalin3alieil) pe3ylibTaToB pacye-
toB B MIC QGIS.

JlaHHbIE MOHUTOPHHIa M3MEHEHHH arpOKIMMAaTHYECKHX PECYpCOB B 3eMile-
nenpaeckor 30He Poccum, monmydeHHBIE Ha OCHOBE ITOH TEXHOJIOTHH, ITyOIHKY-
I0TCSI B eXeromHbix Jlokmagax o0 0COOEGHHOCTSIX KiIuUMaTa Ha Tepputopuu PO
(Ioxmag 06 0cOOCHHOCTAX KauMara ..., 2023).

B nmanHO# paboTe ncciaeayroTes TPeH bl TOKa3aTenel TemI000eCIe4eHHOCTH
— CyMMBI CPEAHECYTOUYHBIX 3HAYEHUH TEMIIEpaTyphl BO3LyXa 3a IEPUOJ C TeMIIepa-
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Typoii Beime 10°C (kak OCHOBHOTO arpOKJIMMaTH4eCKOTO IOKa3areis), ero Ipo-
JOJDKUTENBHOCTh M CPEAHSAs TeMmIeparypa IO ce30HaM roga. B kadecTse
MOKa3aTesl BIaroo0eCIedeHHOCTH UCTIONB3YeTCS THAPOTEPMIISCKUi K03 uim-
et CenanunoBa (manee — I'TK), paccunTaHHbIi 3a BEreTallMOHHBIN MEpPHOA, U
KOJINYECTBO OCAJKOB IO ce30HaM roaa. OueHKa ypoBHs CTaTUCTUYECKOH 3HAYUMO-
CTH OCYILECTBIsIETCA 1O f-KpuTeputo CThIOIEHTA.

Pesynbrathbl

TemmooOecneueHHOCTh MEeproia aKTUBHOW BETETAIllMU CEMhCKOXO3SIICTBCH-
HBIX KYJIBTYp PacTeT MOBCEMECTHO Ha Bcell Tepputopun L[A. Ouenku nmuHEHHOTO
TpeHJla CyMMBbI aKTUBHBIX Temreparyp Bo3ayxa (7>10°C) nmoka3blBaroT, 4To caMas
BBICOKAasi CKOPOCTh POCTa 3TOTO MOKa3aTellsk HaOIroIaeTcst Ha Tepputopun Typkme-
HUCTaHa U Y30ekucraHa u cocrasigeT okoio 130°C/10 ner. B Tamxkukucrane u
Keipreizcrane onenku koiebmores B auanaszone ot ~30 go 80°C/10 net. Ha done
pocTa TemMneparypbl HaOIIOIASTCsI MOMOKHUTEIbHAsI TEHACHIUS K POCTY MTPOIO0IIKH-
TETHLHOCTH BereTaruoHHoro mepuona (7>5°C) m meproma aKTHBHOW BETETAIMH
(T>10°C), maxcumansHO — B Typkmenuctane (ot 2 10 5 ¢yT./10 ner) (puc. 2). Cko-
pPOCTb pocTa cpemHed TemIeparypbl KaJeHIapHOW BECHBI — camas BBICOKAs IO
CpPaBHEHMIO C JAPYTMMHU CE30HAMU rojia Ha Bceul Tepputopun LA u cocramiseT ot
0.4 mo 0.8°C/10 ner. C MeHbIIEH CKOPOCTBIO PACTET CPETHSS JICTHSISI M 3UMHSIS
temmeparypa — ot 0.1 1o 0.3°C/10 net (puc. 3).
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PucyHnok 2. OnieHKH CKOpPOCTH U3MEHEHHUs] CyMMBI aKTUBHBIX TemiiepaTyp Beie 10°C (°C/10 ner,
a) U MPOJI0JKUTENILHOCTH Tieproia ¢ Temiepatypoii Beitre 10°C (cyt./10 e, 6) 3a mepuos
1976-2020 rr. B Kazaxcrane, Keipreizcrane, Tamkukucrane, TypkMeHUCTaHE U Y30CKHCTaHEe
Touxamu ommeueHvl CMAHYUL, Ha KOMOPBIX MPEHObl NOKA3AMEsL CIAMUCIMUYECKU 3HAYUMbL
na 5% yposue (no xpumepuio Cmoiooenma)

Figure 2. Estimates of the rate of change in the sum of active temperatures >10°C (°C per 10 years,
a) and the duration of the period with temperatures >10°C (days per 10 years, 6) for the period
1976-2020 in Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan
The dots mark the stations at which the indicator trends are significantly different based
on a Student’s t-test (P<0.05)
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Pucynok 3. OnieHKH CKOpOCTH U3MEHEHUS CpeHel Temmepatypsl Bozayxa (B °C/10 net) 3umoii (a),
BecHOI1 (0) u netom (B) 3a nepuox 1976-2020 rr. B Kazaxcrane, Keiprescrane, Tamkukucrane,
Typxmenucrane n Y30ekucrane
Touxkamu ommeuenvl CManyuu, Ha KOMOPLIX MPeHObl NOKA3AMENs CIMAMUCIMUYECKU 3HAYUMbL
Ha 5% yposne (no kpumepuio Cmviooenma)

Figure 3. Estimates of the rate of change in mean air temperature (in °C per 10 years) in winter (a),
spring (6), and summer (B) for the period 1976-2020 in Kazakhstan, Kyrgyzstan, Tajikistan,
Turkmenistan and Uzbekistan
The dots mark the stations at which the indicator trends are significantly different based
on a Student's t-test (P<0.05)

TeHneHIMK KOMMYeCTBa BHIMAJAIOIINX 0CaIKOB Ha Tepputopun LA paccuu-
THIBAJIUCH 10 OTIENTHHBIM CE30HaM rofa (3MMa, BECHa, JIeTo, oceHb). Ha puc. 4
MIPEJCTABICHO IMPOCTPAHCTBEHHOE pACHpeAeNeHHe 3TOro IMOoKa3aTems A Tpex
CE30HOB, HanboJee BAKHBIX JUIsl OI[CHKH arpOKJIMMATHYECKUX YCIOBUH TpU BO3JIe-
JIBIBAaHUM 3€PHOBBIX KyJABTYyp. MOXHO BHIETH, YTO OLIEHKH KOA(HUIIEHTOB JTNHEH-
HOTO TPEH/Ia OCATKOB PA3IUYAIOTCS 110 3HAKY U BETUYMHE B CUITY UX 3HAUYUTEIBHON
HU3MEHUYUBOCTH.

@ yposeHb 3HauMmMocTH 5 %
w@ﬂ

© ypoBeHs 3HaMMoCTU 5 % © ypoBeHs IHHMMOCTH 5 %

i
Wl
!

KA3AXCTAH KA3AXCTAH

30

;TYPKMEHUCTAH. TADKUKICTAH -10 ;TYPKMEHUCTAH. 'An*“w 7 ‘n‘m“m" -1
ot -20 -20 -20
w (%/10 nier) -30 (%/10 niet) ~30 L/w (%/10 ner) -3

a) 0)

Pucynok 4. Ouenku ckopoctu n3MeHeHus (ko3 uuuenT muHelHoro Tpenaa, % 3a IecaTHiIeTHe)
CYMM 0CaJIKOB 3UMO} (a), BecHOU (0) 1 jetoM (B) 3a mepuoy 1976-2020 rr. B Kazaxcrane,
Keiprescrane, Tamkukucrane, TypkmenncTane u Y30ekucrane
Touxkamu ommeuensvl Cmanyuu, Ha KOMOPLIX MPeHObl NOKA3amens CIMamucmuiecku 3Ha4UMbl
na 5% ypoene (no kpumepuio Cmoiooenma)
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Figure 4. Estimates of the rate of change (linear trend coefficient, % per 10 years) of total
precipitation in winter (a), spring (6), and summer (8) for the period 1976-2020 in Kazakhstan,
Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan
The dots mark the stations at which the indicator trends are significantly different based
on a Student's t-test (P<0.05)

B Keipreizcrane HanOosbIlee KOJIMYECTBO 0caakoB (~290 MM) BhIagaet 3a
BECCHHUUN U JICTHHH MEPHOJ Ha BOCTOUYHOM mobepexbe Mcchik-Kynbekoi KOTio-
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Bunbl (MC Kapakoin). 3a mociensue qecaTUIeTHs 37eCh HaOMI0MaeTCss HEKOTOPBIN
POCT CyMMBI 0CaJIKOB BO BCE CE30HBI T'O/la CO CKOPOCTHIO OT 3 110 5% 3a mecsaruie-
tre. CornacHo moixydeHHBIM orleHkaM, TpeH I TK mo Tepputopun komedneTcs ot
-0.07 (MC bumikek) no +0.02 (MC Tamra) (cTaTUCTHUYECKH HE3HAYUMBIH). Takum
oOpa3oM, Ha ¢OoHE pocTa TeMIepaTypbl BO3AyXa, COOTHOIICHHE Tella U BIard
OCTaeTCs MPAKTHYCCKH HeM3MEHHBIM. B Hanboiee 3acynmmuBoM paiione KeIproiz-
cTaHa, 3amagHod yactu Mccbik-Kynbsekoit kommosuabl (MC banbikdsl), rogoBoe
KOJIMYECTBO OCAJKOB YBEIMYUBAETCS CO CKOpocThio ~6% 3a 10 mer. CrkopocThb
pocTa ocaaKoB BeCcHOM cocTapisieT okoso 10% 3a mecATHIeTHHHA MepHo/t.

B ceBepnbix paiioHax Ta/pKHMKHUCTaHA KOJUYECTBO BECEHHUX OCA/IKOB YBEIU-
yuBaetcs. B paiione Jlymran6e, rje B TedeHHe BECEHHUX MECSIIEB BhITIaIaeT Ooee
300 MM ocaakoB, OTMEYAETCs BHICOKAsE CKOPOCTh X pocTa — Ha 8-10% 3a mecaru-
netre. CTaTUCTUYECKH 3HAYMMBIE TEHACHIINH B JISTHUX 0CAKaX HE BBISIBISIOTCS.

B Typkmenucrane Ha Bcel TeppUTOpPUM HAOIIONAIOTCS OTPHUIlATENbHbIC
TPEHJIBI 0CAJIKOB BO BCE CE30HBI roila. MaKkCHMallbHbIE OTPHUIIATEIIbHBIE CTaTUCTH-
YEeCKH 3HaYMMBIE TPEeH B 3a rof B paiione MC Ocenryisl (-12%). Temnsl cHmxe-
HUS 3UMHHX M BECEHHUX 0CAJIKOB KOJIEOIFOTCS M0 TEPPUTOPUN C MUHUMYMOM OT -9
1o -13% (MC Cepaxc, DCeHTyIbI).

B cambIx 3acynmmBhIX paiioHax Y30eKHCTaHa TPEH/IBI OCAIKOB TN00 MPaKTH-
yecku oTcyTcTBYIOT (MC UnmOait), 100 HaOMIOMaeTCsl TEHACHIUSA K UX TTOHUXKE-
Huto (MC Tampsr). B paitone MC Tamzpl yMeHbIIIEHHE KOTUYECTBA BBIMA IAIOIIIX
0CaJIKOB oTMedaeTcst Bo Bce ce30HbI oT 10 1m0 21%, a rogoBoe KOJIMYECTBO — Ha
12%. Ha Oonbmeit wactu teppuropun pecnyomukun (MC ®eprana, Camapkann,
Tepmes, TalkeHT) CKOPOCTh H3MEHEHHUS TOJOBBIX CYMM KoJieOneTcs ot -2 10 +2%
3a 10 yet, T.e. MPaKTUYECKU HEU3MEHHA.

Tenoenyuu usmenenua mepmudecKux u 61ax3cHOCMHbIX PeCypcos
na meppumopuu Poccuu u Kazaxcmana

CKopOoCTH M3MEHEHHUSI OCHOBHBIX arpOKIMMAaTHYECKIX MOKazaTeael (OUeHKH
K03 GUIINEHTOB JIMHEWHOTO TpeHma) Ha Tepputopun PecmyOmukm Kazaxcran
(ceBepHBIE U LIEHTpaJIbHBIE 00IACTH) M TPaHWYAIINX ¢ Hell obnacteir PO (Capatos-
ckas, Openoyprckas, Yensounckas, Kypranckas, Omckas, HoBocubupckas obmna-
CTH M Anrtaiickuil kpai) 3a nepuos noreruieHuss 1976-2020 rr. mpencraBieHs! B
Tabn. 1 u 2.

CxopocTh pocTa CyMM TeMIieparyp Bo3ayxa Beiie 10°C B mpenenax paccma-
TpuBaeMbIX obOmacteit Poccum, 3a uckmouenneM OpeHOyprckoit um CapaToBCKOi
obnacreli, He npeBbitaeT 60°C 3a 10 ner (mpu cpegaem mo Poccun — 90°C 3a 10
net). CKOpOCTh pOCTa CpeHeH TeMIlepaTyphl JIeTa TaK)Ke HEBEINKa W HaXOAHUTCS
Ha yposHe 0.1-0.2°C/10 net. B 3uMHMI IEprUOA 3aMETHOTO MOBBILLIEHUSI CPENHEH
TeMITepaTypsl Bo3ayxa He Habmonanoch B OMckoit 1 HoBocuOMpckoit oomacTsax, a
Takke B AnTaiickom kpae (Tabm. 1).

B Kazaxcrane, Ha ceBepo-3amajie, B 3UMHUM TMEpUOI U B SIHBApE, CaMOM
XOJIOZIHOM Mecsilie To/ia, HaOIroAaeTcs MajJieHue TeMIlepaTypsl Bo3ayxa. Temmepa-
Typa JIETHETro MepHoja MMEEeT CTAaTHUCTHYECKH 3HAYMMBIA MOJOKUTEIBHBIA TPeH]
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TOJIEKO B CaMBbIX 3amamgHbix oomactsax (MC VYpansck, AkTo0€), a TakKe B FOXKHBIX
obmnactax (MC Hyp-Cynran). Ha roro-Boctoke pecryonuku (MC Punnep, [1aBmo-
nmap, Kaparanma) B jeTHHE W OCEHHHE MECSIBI TeMIlepaTypHbIe TPEHABI MO0
c1abo oTpHIIaTeNbHEIE, IN00 c1a00 MONOKHUTENbHEIC (He3HAYNMEIe). PocT Ternoo-
0€eCIeYeHHOCTH CeITbCKOXO3SIICTBEHHBIX KYJIBTYp, BRIpAKEHHBIN CyMMOW TeMmIepa-
Typ Bbime 5 u 10°C, He3HAYNTENbHBIA — IUANa30H W3MEHEHHWH KOod(QuIreHTa
nuHEeHHOTO TpeHma komebiercs or 15 mo 46°C 3a mecatwierne. Mckmodenne
COCTABIISIIOT BOCTOK H IOT TEPPUTOPHH, TJI€ TIOIOKUTETbHAS TCHACHIINS U3MCHEHHS
3THUX TMOKazarenei cocrapisaeT oT ~70 7o 90°C/10 met (Tadm. 1).

Ta6uuna 1. Onenku kodpdunuenta THHEHHOTo TpeHaa b (y=b-x+c) moxaszareneil TEPMHUIECKOTO
pexxuma 3a iepuon 1976-2020 rr.

Table 1. Estimates of the linear trend coefficient b (y=b-x+c) of thermal regime indicators for the
period 1976-2020

o oty | P T80 (T o remepa- | LRI
MeTeOCTAHIUS TypoBblllJe 10°C, T7>10°C,
(Kasaxcran) | 3uMa ‘ BecHa ‘ 1eTo ‘ ocenb C/10 aer cyr./10 ner
Poccua
CaparoBckas 0.5% 0.5% 0.6* 0.5* 103* 2.6*
OpenOyprckas | 0.5 0.5% 0.4* 0.6* 84* 2.3%
YensOuHcKas 0.2 0.4* 0.2 0.4 48* 2.4
Kypranckas 0.3 0.5% 0.2 0.5 57* 2.7*
Omckast 0.1 0.7* 0.1 0.4 39% 2.2
i‘;‘;‘”m“p‘ 00 | 0.7¢ | 01 | 03 37+ 22
AnTaiickuit -0.1 0.7* 0.2 0.2 36* 1.4
Kaszaxcman
Ilerponasnosck| 0.1 0.5% 0.1 0.4* 25 1.7
Kocranait 0.2 0.6* 0.2 0.5* 46 1.9
VYpanbck 0.5% 0.6* 0.5% 0.4% 90* 2.2%
Axrobe 0.4 0.6* 0.4* 0.4* 84* 2.3%
Punnep -0.3 0.6* -0.3 -0.1 15 0.0
[TaBnonap -0.1 0.7* -0.1 0.2 25 1.8
Kaparanna 0.1 0.6* 0.1 0.1 3 1.1
Hyp-Cynran 0.4 0.9% 0.4 0.4* 72%* 3.3%

IIpumeuanne. * — 5% ypoBEeHb CTATUCTUYECKON 3HAYMMOCTH.

YBennueHne CyMMapHOTO KOJIMYeCTBa OCAKOB B BeceHHuil nepuon (ot 3 10 9
MM 3a AECSATUIIETHE) OTMeYaeTcs Ha BCel paccMmarpuBaeMoill Tepputopuu Poccuu.
Crnabast onoXXUTeNbHAsT TEHJACHITNS K POCTY JIETHHX OCAIKOB MposiBIsieTcs B Yems-
ounckoit, OMmckoit 1 HoBocubupckoii oonactsix. Hanpotus, B Caparosckoit 1 OpeH-
Oyprckoit 001acTSIX COXpaHAETCs CTAaTUCTHYECKU 3HAYMMasi TCHICHINS K HCCYILICHHUIO
TEPPUTOPUHN B BECCHHE-JICTHHN ITEPHOI U B 1e7I0M 3a rofa. CaMblii BRICOKHA OTHOCH-
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TEJBHBIA POCT KOJIIMIECTBA 0CAIKOB, BhITIAAAoNHX BecHOH, (10% u Gonee) Habmrona-
ercs B OpenOyprekoit u Kypranckoit obnactsx, a cambiii Hu3kuid (5% u MeHee) B
Yensounckort 1 HoBocnOupckoit obmactsax u Auraiickom kpae. [Ipu 3ToM romoBoe
KOJJMYECTBO OCAJIKOB MEHIETCSA HE3HAYUTEIBHO, OT -3 710 +2% (Tabm. 2).

Tadmauma 2. Ouenkn ko3 dureHTa IMHeHHOTO TpeHaa b (y=b-x+c) nokazareneil yBIaXHEHHOCTH
3a nepuox 1976-2020 rr.

Table 2. Estimates of the linear trend coefficient b (y=b-x+c) of moisture indicators for the period

1976-2020

O6aacTh MK CymmMma ocankos, ea./10 jer I'TK 3a

kpaii (Poccust); 3uMa BeCcHa J1eTO oceHb rox ::?;‘ﬂ
MeTeoCTAHIHUS
(Ka3zaxcran) MM | % | Mm | % | Mm | % | MM | % | MM | % Hid (;d 31?;./
Poccus
CapatoBckas -1.0] -1 5.2 6(-13.5| -10| -4.2| -4{-13.6| -3 -0.07
OpenOyprckas | -1.2| -2\ 89| 13(-7.9% -7|-3.0%| -3| 32| -1 -0.03
YensOuHCcKas -1.4] -2 3.7 4] 09 0 33 -3| -0.1 0 -0.01
Kypraunckas -0.1 0| 7.4*%| 10| -4.6| -3| 23 =21 05 0 -0.03
Omckast 1.8 3| 7.2% 9] 1.6 1} -0.4 0l 10.2 2 0.00
Hosocubupckas| 2.4 5 2.3 4 13 1{ -0.3 0] 5.6 2 0.00
AnTaiickuit 1.9 21 5.0 5| -1.8] -1| 6.4% 5/11.4 2 -0.01
Kazaxcman

IMerpomasnosek | -2.0 | -4 |6.7* | 10 | 0.1 0 23] -3 |26 1 0.00
Kocranait 0.1 0 |9.6%| 15 |-16| -1 |09 1 [90] 3 0.00
Ypanbck 231 -3 |68% | 11 [-72 | -7 |39 4 |67 -2 0.00
AxTto0e 020 (20| 3 |-7.8| -9 [-59*%| -7 |-11.5| 4 -0.10
Punnep 6.1* | 12 |76 | 5 |-41| -2 |-50]| -3 |45 1 -0.10
[MaBmomap 00| 0 19 | 4 |9.1 9 |04 1 (114 4 0.00
Kaparanna 5.8%| 9 |51 7 [12.6%| 11 | 2.8 | 3 [6.4*| 8 0.00
Hyp-Cynran 50*1 10 |39 | 6 |6.1 5 19| 3 [17.1%| 5 0.00

IIpumeuanue. * — 5% ypoBeHb CTATHCTHYECKON 3HAUUMOCTH.

Ha Teppuropun Kasaxcrana 0oiibliias 4acTh rOJ0BOTO KOJHMYECTBA OCAIKOB
BBIMAJIACT B TEIUIBIA MEPUOA Toja. B 1eioM 3a BEereTalMoOHHBIH MEPUOA MX IMPO-
CTPAHCTBEHHOE paclpe/ielicHUe OKa3bIBAETCS HEpaBHOMEPHBIM. B OCHOBHBIX 3ep-
HOMPOU3BOAAIINX peruoHax KaszaxcTaHa TEHAEHIIMH OCAIKOB Pa3IMYarOTCs I10
3HaKy U BEIUYMHE BO BCE CE30HBI B CHJIy 3HAYUTEIBHON W3MEHUMBOCTH 3TOTO
nokazatens. CTaTUCTHYECKHM 3HAYMMBIE OICHKM cocTaBisior 20% oT obIero
YHUCJIa PACCUYMTAHHBIX OICHOK. Camast BBICOKasi CKOPOCTh YBEIMUCHHUS KOJHUUECTBA
BBIIAJAIOIINX OCAIKOB OTMeUaeTcst BeCHOM — oT 3% B Aktobe 10 15% B Kocranae
(Tabn. 2, puc. 4). B netHuit mepro/ BRICOKHE OTPHUIIATEIBHBIC TPEHABI CYMM OCa/l-
KOB oTMeuaroTcs 1o ganHbiIM MC VYpansck u Aktobe (~7%/10 net). Tpenn romo-
BBIX 0caJIKOB nonoxkutenbHbli B Hyp-Cynrane u Kaparanae u cocrasnser ot 17 1o
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26 MM 3a 10 jet. Ilpu 3TOM ero MakcuMaibHas BETWYHHA (OTHOCHUTEIIBHO CpEl-
Hero) B Kaparanne cocrasmser 8%, a MUHMManbHas OTpULIATENIbHAs HA CEBEPO-
3amage Kazaxcrana, B Ypanbcke u Akto6e, — ot -2 10 -4%.

Ypoorcaiitnocmo apoeoii nuenuyl

Jns aHanm3a AMHAMUKU YPOXKaHOCTH SIpOBOM MIIEHUIIBI 32 MOCIEIHUE TPU
JeCATUIIETHS. B TaON. 3 MpeNCTaBICHBI Pe3yNbTaThl CTATUCTHYECKOTO aHaju3a
psAnoB ypoxaitHoctH, Y, (o ganHbiM Poccrara) 3a mepuozg ¢ 1991 no 2020 . o
OTHENBHBIM oOyacTIM Poccun U AKMOIMHCKONM OOJIACTH — OIHOM U3 OCHOBHBIX
3epHoIpou3BoaaImMX obnacreit Kasaxcrana.

Taoauma 3. CtaTucTHYECKUE XapaKTePUCTHKU PSI0B (aKTHUECKOH yPOXKaHHOCTH SIPOBOIT IIIIEHHIIBI
1o ooxnactsm Poccun n B AkmonuHckoit oonactu Kasaxcrana 3a 1991-2020 rr.

Table 3. Statistical characteristics of actual spring wheat yield for 1991-2020 time-series in the
regions of Russia and in the Akmola Region of Kazakhstan

Y Y., ¥ IIpouenTnin, b,
OGaacte, kpai | “meaw |~ min | - meo wra o,wra | D,% | wra/10
10 90 Jaer
Poccua
CapatoBckas 9.5 1.5 17.1 3.6 15.1 42 44 2.0
OpenOyprckas | 7.9 1.5 14.1 3.8 12.1 3.1 39 -0.4
YensiOuHckas 10.6 3.0 17.5 4.6 159 3.9 37 0.7
Kypraunckas 10.5 5.7 15.5 6.8 13.7 2.7 25 2.0
Omckas 13.3 7.2 18.4 9.8 17.4 2.9 22 1.5
i‘;‘;"c“@f" 132 | 73 | 192 | 85 | 165 | 3.0 23 1.6
Anraiickuii 12.5 6.9 20.8 7.8 16.4 35 28 1.6
Kazaxcman
Axvomnnckas | 104 | 38 | 162 | 65 | 139 [ 29 | 28 | 10

IIpumeuanne. Y., — cpenuee, Y,,;, — MUHUMaJIbHOE 3Ha4CHUE, Y, — MAKCUMaIbHOE 3HAYe-

HUE, G — CPEHEE KBAIPATHUECKOE OTKIIOHEHHE, V — KO3 PUIUEHT BapHalum, b —
koa(ummenT auHEHOTO TpeHna, D — mucnepcusl.

Cpennsist pakTHUeCKast ypoKalHHOCTB SIPOBOH MIIEHHLIBI 3a Teprox ¢ 1991 mo
2020 r. konebiercss B JOCTaTOYHO y3KOM nIuamna3oHe: oT 7.9 m/ra B OpeHOyprekoit
obmactu 1o 13.3 /ra B OMCKoM 00acTi. YpoKaitHOCTh B AKMOJUHCKOM 00JIacTh
Kazaxcrana (10.4 11/ra) Ha YpOBHE CPEIHETO M0 COMpPEAe/IbHBIM 001acTssM Poccuu.
Bepxusst u HwkHss rpaHuna 90-ro MpOLEHTHIIS BBIOOPKH YPOXKaeB spOBOIL IIie-
HUIIBI B AKMOJIMHCKO# 00JacTi cocTaBisieT oT 6.5 mo 13.9 1/ra, T.e. B SKCTpeMalh-
HbIEe HEOJIATONPUSATHBIE 110 TIOTOJHBIM YCJIOBHSM TOIBl YPOXKAWHOCTD OITyCKaeTCS
mo 6.5 1/ra u HIKe, a B OnaronpusTHbIe — mogHUMaercs 1m0 13.9 m/ra u BeIe.
MexayronudHas N3MEHIUBOCTE YpOXKaeB WiH gucnepcus, D, 3a mocnemaane 30 et
B CaparoBckoii, OpeHOyprckoii u UensiOMHCKol 00MacTsX BHICOKAst COCTABISET OT
37 no 44%. Ilpu 3TOM MakcUMyM Jucrepcuu otMedaercsi B CapaToBCKoi oOmacTu
(44%).
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K 30He yMepeHHO YCTOHUMBBIX ypokaeB OTHocATcs HoBocuOupckas,
Owmckas u Kypranckas obnactu u Anrtaiickuid Kpai, re Bapualy ypO:KalHOCTH
10 TOIaM 3HAYUTENIBHO HUXKE U U3MEHSIOTCS B Anana3oHe 22-28%. OgHako U3MeH-
YHBOCTH YPOXKaeB B Mpejeiax OTACIbHBIX pailOHOB Ha TEPPUTOPUH STHX oOnacTei
MOXET OKa3aThCs 3HAUNUTENbHO BhIlIe. OneHkn ko3 UIMeHTa TMHEHHOTO TpeHIa
ypOXKaitHOCTH SpOBOH MIeHUIsL, b, 32 mepuon 1991-2020 rT. moNOXKUTENBHEIE, 32
uckmoueHueM OpeHOyprckoil 001macT, HO CTATUCTHYECKH HE3HAYUMBIE.

HaOnronaeTcst craTucTUdecKy 3Ha4nMast KOPPEeALUOHHAsI CBSA3b MEXIY ypo-
JKaHOCTBIO B AKMOIHHCKON oOmactn u OpenOyprckoi, UensOnnckoit u Kypran-
ckoii obmactsamu (Tabm. 4). CooTBETCTBYIOmMHE KOAD(GHUIIMEHTH KOPPEIAIINN
JIOCTAaTOYHO BBICOKHE U cocTaBisiioT oT 0.49 no 0.67. B To sxe BpeMs1 He 0OHapyXHu-
BaeTCs KOPPEITSIIMOHHON CBSI3U YPOXKAWHOCTH B ATON 0OJIACTH U 30HOM yMEpEHHO-
yCcTOIUNBO# ypoxkaitHocTH — AnTaiickuMm kpaem u HoBocuOupckoil o0macTsio.
[NapHbie k03¢ GUIHUEHTH KOPPENSIHUU PSIOB YPOXKAHHOCTH B ANTaliCKOM Kpae,
Owmckoii 1 HoBocnOupckoit obnactsax u3MeHsrores B guanasone ot 0.59 mo 0.79
npu 0.01% ypoBHe crarucTHuyeckod 3Ha4yMMOCTH. B camoli 3acymuiuBod 30He,
oxBarbiBaroteit CaparoBckyro, OpeHOyprckyto, YemsOunckyro u Kyprauckyro
obnacty, napHsle K03()OUIHEHTH KOPPESIIUU CTaTUCTHYECKH 3HAYMMBI Ha 1-5%
YPOBHE, a caMasi TeCHasl KOPPEJSLMOHHAS CBSI3b — MEXIY ypoxalHOcThIo Yerns-
ounckoit n Kypranckoit obmacreit (7**=0.82).

Ta6auua 4. Koppersiiuonaas MaTpula cpeaHeii mo o0iacTu yposkaifHOCTH sIpOBOH HIICHUITHI B
AxmomHcKo# ob6mactu Kazaxcrana u conpenensHbIx 0bmactsax Poccun 3a mepuon 1991-2020 rr.

Table 4. Correlation matrix of the regional average spring wheat yield in the Akmola Region of
Kazakhstan and adjacent regions of Russia for the period 1991-2020

OoaacTb, Kpaii 1 2 3 4 5 6 7 8
CapatoBckas 1 1.00 | 0.50* | 0.43* | 0.50* | 0.31 | 0.02 | 0.14 | 0.33
OpenOyprckas 2 1.00 [ 0.72* | 0.52* | 0.49* | —=0.04 | 0.19 | 0.21
YenstonHCKas 3 1.00 | 0.82*|0.67* | 0.16 | 0.25 |0.47*
Kypranckas 4 1.00 {0.61*| 0.32 [0.52* | 0.59*
AXMOJIMHCKAs 5 1.00 | 0.33 | 0.33 |0.61%
Anraiickuit 6 1.00 | 0.79* | 0.59*
HoBocubupckas 7 1.00 | 0.68*
Omckas 8 1.00

IIpumeuanne. * — 5% ypoBeHb CTATUCTHYECKON 3HAUUMOCTH.

B Tabn. 5 mpencrasneHa yposkaitHOCTh sIpOBOW MIIEHHUIB! (10 JaHHBIM Poc-
cTaTa), OCPEAHCHHAS IO OTACIBHBIM fecatuieTusMm ¢ 1991 mo 2020 r. Paccunran-
HBIC OICHKH KOA(UIMECHTa JTMHEHHOTO TPEHJA YPOXKAWHOCTH SPOBOM MIIICHUIIBI
Ha TEPPUTOPUHU OTACIBHBIX obOnacteli Poccum m AxmonuHckoit obmactu Kazax-
CTaHa IS KIMMaTudeckoro mepuoga 1961-1990 rr. ¥ HOBOTrO KIMMAaTHYECKOTO
nepuona 1991-2020 rr. mpuBeneHs! B Ta0IMI. 6.
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Ta6auna 5. YpoxaifHOCTh SpOBOIi NIICHAIBI B AKMOIMHCKOH 001acTi KazaxcTaHna U conpenenbHbIX

Table 5. Yields o

obactsax Poccun o aecsrunierusm ¢ 1991 mo 2020 r.

f spring wheat in the Akmola Region of Kazakhstan and the adjacent regions of
Russia by decades from 1991 to 2020

YpoxaiinocTs 32 nepuona (rr.), u/ra IIpupamenue, u/ra
Omacte, Kpail 10013000 (¥, | 2001-2010 (¥;5) |2011-2020 (Y177) | A=Yy Y37 | A=Yyp1-Y,;
Poccua
CaparoBckas 9.5 10.1 11.4 1.3 1.9
Openbyprckas 8.4 7.6 7.8 -0.8 -0.6
YensOuHckas 9.7 10.9 11.2 0.3 1.5
Kypraunckas 10.5 12.4 13.8 1.9 33
Omckas 11.0 14.1 14.6 0.5 3.6
HoBocubupckas 11.5 14.2 14.3 0.1 2.8
AnTaiickuit 8.4 11.5 11.5 0.0 3.1
Kazaxcman
AKMONMHCKas 9.1 10.3 11.5 1.2 2.4

Ta6muma 6. Onenka TMHEWHOI CKOPOCTH M3MEHEHHS YPOXKaltHOCTH sipoBoH mmreHHIs! (b, /ra/10

JIeT) 3a IEPHOABI

Table 6. Estimatio

1961-1990 u 1991-2020 rr. Ha TeppuTOpUH obnactelr Poccun m AKMOIHHCKON
obnactu Kazaxcrana

n of the linear rate of change in the yield of spring wheat (b, dt ha'! per 10 years)

for the periods 1961-1990 and 1991-2020 on the territory of the regions of Russia and the Akmola

Region of Kazakhstan
b, u/ra/10 aer D, %
Oonactb, kpaii
1961-1990 rr. 1991-2020 rr. 1961-1990 rr. 1991-2020 rr.
Poccua
CaparoBckas A 2.0* - 19
OpenOyprckas v AY - -
YensOuHckas AV AV - -
Kypranckas AY 2.0% - 25
Omckas 0.1* 1.5% 39 20
Hosocubupckas 1.3*% 1.6* 23 24
AnTaiickuit A 1.6* - 28
Kazaxcman

AKMoONUHCKas — A — -

Ipumeuanue. * — TpeH] CTATHCTUIECKH 3HAYUMBIH HA 5% ypoBHE; A — ITOJOKUTEIBHBIN TPEH],

He3HaunMblii; ¥ — oTpULIaTeNnbHBIN TpeH, He3HaunMblli; A ¥ — HeT TpeHna; D,
% — BKJIQJI TPEH/Ia B CYMMAPHYIO JUCIICPCHIO (TPUBEACHBI TOJIBKO CTATHCTHUCCKH
3HAYMMBIC BEJIMYUHBI); «—» — HET TAaHHBIX.

O6cyxaeHune

Ha paccmarpuBaemoii Tepputopun LIA moTerienre COmpoBOXKIACTCS CHH-
JKEHHEM KOJIMYECTBA BBINAJAIOIINX OCAIKOB, YBEIMUNBas ACPHUIUT yBIaXKHEHHO-
ctu. B Tamkwkucrane, Keipreicrane, Ysz0ekwcrane u TypkMmeHUCTaHe, TIe
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CEIIbCKOE XO3SIICTBO 3aBHCHUT OT OPOILIECHHUS, YCIOBHSI YBIAXXHEHHOCTH HE YIIy4dlIlla-
IOTCSI, YTO ele OOJbIlle COKpamlaeT MOTeHIHAIbHbIE BO3MOKHOCTH MaXOTHBIX
3eMelb B 9THX pernoHax. K mojgokuTenpHBIM TEeHISHINSIM B U3MEHEHUN arpOKITH-
MaTUYECKUX yCIOBUH B IIEPBYIO OYepellb OTHOCUTCS POCT BECEHHHUX OCAAKOB (PHC.
4). HabmomaeTcs ciabast TEHOSHIMS K POCTY M JIETHHX OCAJKOB B BOCTOYHBIX
perumonax IIA. OmHako, ¢ TOYKH 3pEHHS IIPOIOBOJILCTBCHHOW OE€30MaCHOCTH
PETrUOH OCTACTCA B HAIIPAKCHHBIX arpOKIIMMATUYCCKUX YyCIIOBHUAX.

CeBepo-3anajiHasi, camas 3acynuiMBas 4actb tepputopun Poccum u Cesep-
Horo Kazaxcrana (CaparoBckast, OpeHOyprckas, Ypanbckas u AKTIOOMHCKas o0a-
CTH), 32 TIOCJICAHUE TPH JACCATHICTHS OXBaucHa OoJiee 3aMETHHIM TOBBILICHUEM
TEMIEepaTyphl JETHETO MEPHUo/ia, YeM IIeHTpalbHas 1 BocTouHas yactu (OMckas u
HoBocubupckas obmactu, Anravickuii kpaid, [leTpomaBnoBckas u IlaBmomapckas
obnactn). Poct TepMuyecKuX pecypcoB (CyMMa aKTUBHBIX TEMIIEpaTyp BO3AyXa) B
BOCTOYHOM YacTH UCCIEAYyeMOU TEppUTOPHM HEBeNuK U He mpesbimaeT 50°C 3a
nMecAaTuieTHe. MUHIMAIIBHBI POCT TEPMHUUECKUX pecypcoB, <25°C 3a mecsaTuie-
THE, HE3HAYMMBbIil, OTMEUYAETCs B CEBEPO-BOCTOUHOM yacTu Kazaxcrana.

Ha rtepputopun cenbckoxo3siiCTBeHHBIX paiioHoB Poccuu, rpaHuvammx c
Kazaxcranom, 3a uckimoaeanem OpenOyprckoit m CapaTtoBckoil obiacTeid, 3ameT-
HOTO pPOCTa TerI0o0eceueHHOCTH He Habmonaercs. [1o aTol npuunHe pacmpe-
HUE TIOCEBOB O3MMBIX KYIBTYp Ha 3TOW TEPPUTOPHH MOXKET OBITh HE BCErla
ompaBaaHHeIM. CpeIHssi BECEHHAA TeMIleparypa pacTeT MOBCEMECTHO CO CTaTH-
CTHUYECKH 3HaYUMO# ckopocThio oT 0.4 1o 0.7°C/10 Jer.

B Kazaxcrane HaOmonaoTCs CPaBHUTEIHLHO HEBBICOKUE TEMIIbI MTOTETLICHHS
OTHOCHUTEJIHLHO CTEHOW 30HBI Ypana W 3amamHodt CuOMpH M make OTMEYaeTCs
HEKOTOPBIH CIaj| 3MMHEN TeMIeparypbl. PaHXUpoBaHUE 110 CKOPOCTH pOCTa Cpea-
Hell TemmepaTypbl BO3LyXa MO Ce30HaM roja MOKa3bIBaeT, YTO CKOPOCTh €€ pocTa
MaKCHMaJlbHa BECHOH W MHMHHMAaibHa JieToM. [lomydeHHBIE OIIEHKH CKOPOCTH
W3MEHEHHsI TIOKazaTejeldl TEPMUYECKUX PECypcoB B IIEJIOM COIVIACYIOTCS C OIICH-
KaMu, TaHHbIMU B pabotax (batitonanos u ap., 2015; baiimonanos u ap., 2022).

TermeHINS K WCCYIICHHUIO HaOromaeTcs B cTenmHon 30He Poccum m Kazax-
CTaHa NPpCUMYIICCTBCHHO B JIETHUH TIepuoa. Bricokne OTpHULATCIbHBIE CKOPOCTHU
usmeHnenwust ['TK, xapakTepusyromero COOTHOIICHUE TeTlIa M BJIard, OTMEUYAIOTCS B
BOCTOUHBIX 00OmacTsx Poccum (CapartoBckas u OpeHOyprckas obmactu) u B Kyp-
ranckoit obmactu u cocraBisitoT ot -0.03 1o -0.07 en./10 ner. B cuny 3Ha4ynTeNb-
HOW M3MEHYMBOCTH NOKa3aTeJel BIaroo0ecreueHHOCTH HaOMIoNaloTCsl OTACTIbHbIC
JIOKaJTbHBIE TOYKH KaK X POCTA, TaK W majeHnd. Ho 3aMeTHOro CHIKEHUS BIIaroo-
0ecCIIeueHHOCTH CEITbCKOX03SHCTBEHHBIX KYJIBTYp Ha OOJbINEi YacTH paccMarpuBa-
emoii Teppuropun Poccum u Kaszaxcrana He ormewaercsa. [lonokuTenbHBIM
(hakTOpOM JISI CENbCKOTO XO3SIIICTBAa CTAJIO YBENHUYEHHE (CTATUCTHYECKH 3HAYH-
MOe€) KOJIMUECTBa BECEHHUX 0CaKOB Ha TeppuTopuu Poccun u Kazaxcrana.

TenaeHIMM N3MEHEHHUH arpoKIMMaTH4eCKUX PECypcoB B KOMILJIEKCE ONpesie-
JISIFOT O0YCJIOBJIGHHYIO KIMMAaTOM COCTABISIONIYIO HPOJIYKTHBHOCTH CEJIHCKOTO
xo3sricTBa. OCHOBHBIC ArpoOKJIMMaTU4Y€CKUEC MMOKA3aTC/IM 110 paHry UX 3HaYMMOCTHU
JUIsE POPMHUPOBAHUS YPOKANHOCTH BKIIIOUAIOT YBIAQXKHEHHOCTb, TEIIO00ECIICUCH-
HOCTH TEPPUTOPHUHU, TEPMHUECKHE YCIOBHS XOJIIOJHOTO TIepruoJia U KOHTHHEHTAIb-
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HOCTH KimMara. Kak mokaszaHo BeIle, HaOIr01aeMble N3MEHEHHS KIIMMaTa BeIyT K
M3MEHEHUIO 3THX CBSI3aHHBIX MEXy CO00H (pakTopoB.

Ilo omnenkam arenrctBa «Kazax-3epHO», OCHOBHOE 3€pHOBOE NPOM3BOJICTBO
B PecrryOrmike KazaxcraH cocpenoTOdeHO B TpeX ceBepHBIX permoHax — CeBepo-
Kazaxcranckoii, AkmonuHcko# 1 Kocranaiickoit 061acTsaX, B COBOKYITHOCTH obectie-
yuBaromux okoio 70% BanoBoro coopa 3epHOBbIX. Kmumarnueckue ycnosusi Cesep-
Horo KasaxcraHa TMO3BOJSIOT BO3/ENBIBATh BHICOKOKAUECTBEHHOE 3€PHO MATKHAX U
TBEPABIX COPTOB MIIEHHUIIBI, XOTS HIMEIOT MECTO YacThIe MPOSIBJICHNSI paHHEBECEHHEN
3aCyXH U BBICOKOTO YBIaXXHEHUS MIPY MOHWKEHHBIX TEMIIEpaTypax BO3AyXa B IEPHOL
HaJIMBa U CO3peBaHMA 3epHA (ATPOKIMMATHIECKHIE PECYPCHI ..., 2017).

B Poccum obGnactu, rpannuamue ¢ Kazaxcranom, Takke SBISIOTCS OCHOB-
HBIMM PalOHAMU BO3JENBIBAHUS SIPOBOM IIIEHHUIBI. B CTENHON M CyXOCTENHOMH
30HE I0KHOTO M CpeaHero Ypana, ctenHoi 3oHe Cubupu, B Opendyprekoit u Capa-
TOBCKOM 00JacTAX M3-3a HEIOCTAaTOYHOTO YBIAXKHEHUS CPEIHHE YPOXKau OTHOCH-
TEJILHO HEBBICOKHME, OJHAKO 3€PHO CONEPKHUT MHOTO Oenka u KielkoBuHbL. Copra
TBEPJIOW MINEHUIIBI, BHIPAIIUBAEMBIE B 3TOH 30HE, 00JaNalOT BHICOKUMH TOBap-
HBIMH Ka4€CTBaMH 1 BBICOKO IICHSTCS Ha PhIHKE 3€pHA.

B Aunraiickom kpae, Omckoii 1 HoBocuOHMpCKoi 001acTsAX, 3aHUMAIOIIUX 110
PaHry IOCEBHBIX IJIOLIAJeH APOBOW MIIEHUIBI nepBble TpH mo3unmu (~1100-2200
TBIC. Ta), CPENHSsSI YPOKaWHOCTH SPOBOW TIeHWIHB 3a mepuon 1991-2020 rr
Onm3ka K cpenHelt ypoxaitHoctu o Pocenu (~12-14 n/ra). MakcumanbHast ypo-
XKaWHOCTh, 3a()MKCUPOBaHHAsl B PETHOHE, HEBBICOKas — OoT ~14 no 21 n/ra, npuau-
Masi BO BHAMaHHe, YTO Ha IUIOJOPOIHBIX 3€MJISIX C JOCTATOYHBIM YBIA)KHEHHUEM
YPOXKAaHHOCTh SPOBOM MIIICHUIIBI MOXKET MOJHUMATRCS 10 40-45 11/Ta.

B arpoknumarnueckoM oTHOIIEHUM Tepputopus Hwxkneil Bonru, roxHOro
VYpana nu Cubupw, a Takxke CeBepHoro Kazaxcrana oTHOCHTCS K 30HE HEYCTOWIH-
BBIX YpOXKaeB SApPOBOM MIIEHHUIBI, OOYCIOBICHHBIX OOJBIION H3MEHUYHMBOCTHIO
THAPOTEPMUYECKOTO PEXUMa M BBICOKOH MOBTOPSIEMOCTBIO 3acyX. 3a MOCIEAHHE
necatuieThss B CapatoBckodt 1 OpeHOyprckoi o0JacTsIX MOBTOPSEMOCTh 3acyX,
KaK TJIaBHOTO (haKTopa pHUCKa MPHU BO3JEIBIBAHUN SPOBOM IMIIEHUIIBI, BBICOKAs U B
OTAeNbHBIX paiioHax nocturaetr 70-80% B (~7-8 ciyuaes 3a 10 ser) (Haunonains-
HBIA MoK7ax ..., 2021).

MO)XHO BBIIENUTH /IBa KBa3HOAHOPOIHBIX PETHOHA C BEICOKUM K03 duiineH-
TOM Kpocckoppersiiuu (Tadn. 4). [lepBblif perroH — 3TO yMEpEeHHO-yCTOHYMBas
30Ha, BKJIIOYAIOLIAs TPU caMble KPYyINHBIE 3€pHOBBIC 00NacTH: ANTalCKUHA Kpaw,
Owmckyro u HoBocuOupckyro obnactu (Tadi. 4, 3ajiMBKa 3€JICHBIM IIBETOM). BTopoit
pEernoH — camas 3acylUINBas 30Ha, 30Ha HEYCTOMUMBBIX ypokaeB, BKitodas Capa-
ToBCcKyto, OpeHOyprckyro, UYensOunckyto u Kypranckyio obmactu (tadm. 4,
3aJMBKa JKEITBIM IIBETOM). J{0CTaTOUYHO BBICOKAasi MPOCTPAaHCTBEHHO-BPEMEHHAs
3aBHCUMOCTH PS/IOB YPOXKAHHOCTH B TPEX OCHOBHBIX 3€pHONPOM3BOIAIINX OONa-
CTSIX MOXKET CBHETEIHCTBOBATH O CYIIECTBYIOUIEM PHCKE 3HAYUTEIHHOTO HEIO-
Oopa ypoxasi OTHOBPEMEHHO B 3aCYIIIMBBIC TOABI M €r0 HETaTUBHOM BIUSHHUH Ha
BaJIOBBIN cOOp SAPOBOM MIIEHUIBI IO Poccuu B 1iesiom.

AHanu3 MokaspIBaeT, 4TO Ha 3amajie peruona, B Uensounckoit u CapaToBCKoit
oOmacTsx, TeMIsl pocta (hakTHdecKol ypokaitHocTu oT mepuoma 1991-2000 x
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2011-2020 rr. HeBbicokue (1.9-2.4 1/ra/10 yet) win He orMeuarorcst BoBce (OpeH-
Oyprckast o0imacts). B permone ¢ BBHICOKOH KOHIICHTpanuel moceBoB (AnTaickuit
kpaii, OMckas 1 HoBocnOupckast 00J1acTi) TeMIIBI POCTa BHIIIE M COCTABIISIOT 2.8-
3.6 w/ra. AKMOJMHCKasi 0ONacTb MO TEMIy POCTa (PaKTHUECKOH YPOKaHHOCTH
3aHUMAET MPOMEXKYTOUHOE MecTO — 2.4 11/ra 3a TpuauaTwieTHuil nepuoa. Oopa-
mIaeT Ha ce0s BHUMaHue (GakT 3aMeIUICHHs MIPUPOCTa CPEOHEH MO MECATHICTUIM
(hakTueckoil yporkaitHoCcTH Ha rpanuyanieit ¢ LA tepputopun Poccun ot necsaru-
netus 2001-2010 k 2011-2020 rr. 1 yBeTU4eHHUE YHCIA CIy4YaeB C NpUpalleHUEeM
ypokaiiHoctu He Bbie 0.5 m/ra (tabdmn. 5).

Ha tepputopun obnacreit Poccun k cambiM HeypoxaifHBIM oTHOCSTCS 1991,
1998 u 2012 r. B 511 Trons! (hakTHUecKast yposKaifHOCTh He TIpeBhIaia 6-7 1/ra, a B
OpenoOyprckoit u CapaToBckoil 00nacTax QakTuueckasi yporkailHOCTh OblLia HHKe
HOPMBI BbIceBa ceMsH (~1.5 1/ra). B AxmonuHckoit obnmactu Kazaxcrana kpynHble
HeA000phl ypoxkas 3adukcupoBansl B 1991, 1998 u 2010 1., xorma yposkalHOCTh
coctaBisuia 6.2, 3.8 u 6.3 11/ra, COOTBETCTBEHHO.

AHanu3 TeHICHUUN U3MEHEHUM YPOXKaHHOCTH SIpOBOI MIIICHUIIBI HA paccMa-
TpUBAEMOIl TEPPUTOPUH YKa3bIBAaeT Ha CMEHY 3HaKa TEHJCHIIUU U €€ BeJINYUHBI OT
neprona 1961-1990 k 1991-2020 rr.

B mepuon 1961-1990 rr. B psagax ypokaliHOCTH Ha 3amaje peruona (Open-
Oyprckas, CaparoBckas u YensiOnHCcKast o0nacTu) HaONMIOAATUCH THOO0 OTPHUIIATEIb-
HBble, TH00 Onu3KkMe K HyII0 KOd(GOHUIMEHTH JHHEHHOTOo TpeHaa (B Tabm. 6
ob6o3naucaric A V). Ho B Boctounsix obmactsix, HoBocubupckoit 1 OMckoi, cra-
THCTHYCCKH 3HAYUMO TIPOSBIIIIOTCS TOJIOKUTENbHBIC TpeHabl — 1.3 m 0.1 m/ra/10
JIET COOTBETCTBEHHO. OT TOCTaTOYHO HU3KOTO YPOBHS YPOKAWHOCTH SIPOBOM IIIIIE-
Hutlsl B 60-70-x ronmax HoBocuOupckas o001acTh «IMOATSIHYJIACH 10 YPOBHS YpO-
xKaitHocT OMCKO# 001acTH 3a TOCeHee IECATHIIETHE.

3a mepuon 1991-2020 rT. 3HaK TEHIEHIINHT W3MEHEHH (haKTHIEeCKOH yporKaii-
HOCTH B YMEPEHHO yCTOMYMBOU 30HE ypoxkaitHocTu (Anrtaiickuii kpait, OMckas u
Horocubupckas obnact) U B 3acynuinBoii CapaToBCKON 007acTH CMEHWIICS Ha
MTOJIOKUTETHHBIA. CKOPOCTh pOCTa YpOXKAHHOCTH, b, 37¢Ch cOCTaBisIeT oT 1.5 mo
2.0 w/ra wim ot 5 10 6% 3a 10 net. Takum oO6pa3om, B rpaHnyanux ¢ Kazaxcranom
obnactsax Poccum Habmromaercss yCTOWYMBBIA POCT ypOXKalHOCTH SPOBOM IIIIe-
Hulpl. Kak rmokasan arpokiIMMaTH4ecKuil aHaiau3, IPUBEACHHBIN BBIIIE, yIydIle-
HUS arpOMETEOpPOJIOTHYECKHX YCIOBHH Ha 3TOM TEPPUTOPHUH HE BBISIBICHO U
MOXKHO CJIeNIaTh OOOCHOBAHHOE TPEATIONIOKEHHE O POCTe YPOXKaWHOCTH 3a 3TOT
MIEPUOJ] TOJIBKO 33 CUET YCOBEPUIEHCTBOBAHMS arpOTEXHOJIOTHH.

3aknroueHue

CpaBHHTENBbHAS OLIEHKA TEHACHIUI N3MEHEHUH arpOKIMMAaTHYECKHX PeCyp-
coB B peruoHe LlenTpansHoi A3uu U rpaHnYanmx ¢ Heil obmactsax Poccnn moxka-
3BIBACT, YTO 3TH TEHICHIUU UMEIOT OAMHAKOBYIO HAIPABICHHOCTH I10 II0KA3aTeIsIM
TETI000€CIIEYEHHOCTH, HO Pa3IMYaioTCs 110 3HAKaM U BEJIMYHMHE 110 [10Ka3aTelsiM
BJIaroo0ecreueHHOCTH, YTO CBSI3aHO CO 3HAYMTEJILHONW M3MEHUYUBOCTBIO U OpOrpa-
¢uueckumu ycnoBusimu Tepputopun. B Tamkukucrane, Keipreiscrane, Y3oeku-
cTaHe U TypKMEHHCTaHE, I1I€ CENbCKOE X03HUCTBO 3aBUCHT OT OPOLLIEHHUS, YCIOBUS
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YBIOXHEHHOCTH BETETAl[MOHHOTO TIeproa He YIyYIIaloTCs, 332 HCKIIOYCHHEM
BECHBI, 4TO emle OOoJbIlle COKpAIAeT IMOTEHIMAJIbHBIC BO3MOXHOCTH ITaXOTHBIX
3eMelb B 3TUX PETHOHAX.

CKOpOCTh pocTa TEII000ECTIEICHHOCTH Ha TeppuTopun obmacreir Poccun u
Cesepaoro Kazaxcrana cocrasmsier Meree 50°C/10 yet, 4To MpaKTUYECKH B JIBA
pa3a meHsbIIe, yeM 1o Poccun B cpemaem (oxomo 90°C/10 net) (Joxman 06 ocoben-
HOCTSX KJIUMaTa ..., 2023).

VYBenuueHne KOIMUECTBa 0CaKOB, BBINAIAIONINX B BECCHHUI IEPHOJT BereTa-
IIUM B 3TOM PETHOHE, MOXKET CIVIaXXHBATh OTPHIIATEIILHOE BO3JEHCTBHE JIETHETO
MIOTETJICHUS Ha SIPOBBIE 36PHOBBIC KYJIBTYPHI.

VYpokallHOCTB SIPOBOY IMIIICHUIIBI TTOBBIIIIAETCS MPAKTHYECKH Ha BCEH TeppH-
TOPHU POCCUHCKHX 00acTeid, rpaHnndamux ¢ Kazaxcranom, 1 AKMOJIHHCKOH oOa-
CcTH, W Hauboliee IWHAMHYHBIE TEMIIBI €€ pOCTa XapakTepHBI I Tepuoa
nocienuux Aecsatwietnid. [Ipupamenne ypoxaitHocTH, 3a uckimodeHuemM OpeH-
Oyprckoit n YenssOuHcKo# oOmacteil, oneHnBaeTcs BeaudnHou ot 1.5 mo 2.0 m/ra/
10 net. YpoxkaitHOCTh B AKMOJIMHCKOW 00JIACTH TaK)Ke UMEET TSHIICHIIUIO K POCTY
(~1.0 i/ra/10 mer).

OrneHky N3MEHEHNH arpoKJIMMaTnyeckux pecypcos B CeepHom Kazaxcrane
U COTIpeneNbHbIX 001acTaX Poccuu He HOCAT SKCTPEMaTbHOTO Xapakrepa, 4eM U
OTJIIMYAIOTCS, HAIIPUMEP, OT LEHTPAIBHBIX U KOKHBIX paiioHOB EBpornelickoil yactu
Poccun. IloTrennman 3Toi TeppUTOPUH, OCOOCHHO BOCTOYHBIX OOJIACTEMH, IJIs BRIpa-
[IMBAHHS 3€PHOBBIX KYJIBTYP OCTA€TCsl 3HAYUTENBHBIM ITPU COBPEMEHHOM H3MEHe-
HUM KiuMata. [[oaToMy pa3BuTHE arpoTeXHOJOTHHA, BKIIIOYANOIIEE YBEITUIYCHUE U
ONITUMH3ALIMIO J103 MUHEPAJIBHBIX YIOOPEHH, BBEJICHUE HOBBIX 3aCyXOyCTOHYH-
BBIX CTPECC-TOJIEPAHTHBIX COPTOB TIIICHUIIBI, BBOJ B IPAKTUKY BIarocOeperaronmx
TEXHOJIOTUH U JIpyTue arpOTeXHUYECKUE TIPUEMBI, B IIEJIOM CHIXKACT PHUCKH BO3JIC-
TBIBaHUSL 3€PHOBBIX KYIBTYp W TO3BOJISIET PEATH30BaTh arpOKIMMaTHYECKHAN
MOTEHIIMAI 3TUX TEPPUTOPUI B YCIOBUSX COBPEMEHHOTO H3MEHEHUS KIIMMaTa.
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