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TenneHuUMU U3MEHEHHs KJIMMATA U UX NMPOSIBJICHUSA
Ha BojocOope Dacceiina pexn Acca-Tagnac

Jl1s mporHo3a COBPEMEHHBIX M3MEHEHMH KIIMMaTa UM UX IIPOSIBICHUS Ha BojgocOope OacceiiHa peku Acca-
Tanac co3nana 6a3a ucciieoBaHui, COOpaHHAs U3 MHOTOJICTHUX MH(OPMAIMOHHO-aHAIMTHYECKUX MaTepyas
no0B PI'TI «Kasrunpomer» u «Kolpreisruapomer», BcemupHoi MeTeoponoruueckoi opranu3zdiiiy 1 CHpaBoy-
HO-HH(pOpMaIoHHOro MopTana «[loroxa u KIMMaT», MO3BOJSIONINX HU3YYHTh TCHACHINH B.IPOCTPAHCTBEH-
HO-BpeMeHHOM MacmTabe. Ha ocHoBe co3maHHO# 6a3bl MCCIENOBaHUS MO METEOPOHQIMIECKUM CTaHIUSAM
Cycawmsip, Tanac, Kezpui-Anplp, Hypibikent, Tapa3, CaynakeHT u OHBIK, pacHoNIoKeHHLIX Ha BOAOCOOPHBIX
TeppuTOpHsX OacceiiHa pexku Acca-Tanac, ¢ ucrnoibp3oBanueM nporpammel MicLaSeftyEXCel moctpoensl rpa-
(UKM BPEMEHHOTO psiJia CPEHETOJOBBIX TEMIIEPATyp BO3yXa M TOJOBBIX aTMOC(hepHbIX OCATKOB U IOIy4e-
HBl ypaBHEHMs WX JIMHEHHOTO TPEeHZAa, KOTOPhIE MO3BOJMIN Pa3paboTaTh (MaTeMaTHIGCKYI0 MOJENb TeMIa
HNPUPOCTA KIMMATHUECKUX M THAPOIOTHYECKUX MOKa3aTeNeil, MMEIONINX JA0CTaTOYHO BBHICOKMH (GH3ndecKkuit
M MaTeMaTUYECKHUI CMBICII, 0Aa3UPYIOIIETocs Ha 3aKOHE IPHPOALT. ’AHANHNS, TEMIIa POCTa KIUMATHYECKUX IO~
KazaTelne Ha TeppuTOpHU BojpocOopa OacceifHa pexkn Acca-TanaGHOKa3BIBAET, YTO MX KOJIMYECTBEHHBIE
3HAUEHHUS 110 BCEM METEOPOJIOTHYECKUM CTAHIUSAM HE COBIIAJAI0W;, TO €6Ih B COBPEMEHHBIX YCIOBHUSIX TEMII
HPUPOCTA CPEAHETOAOBEIX TEMIIEPATyp BO3AyXa B CPaBHEHHHU TEMIIA)POCT@ FOJOBBIX aTMOC(EPHBIX 0CAIKOB
B /Ba pa3a Ooubllle, KOTOPBIA CIIOCOOCTBYET MOBBIMIGHHIO Ae(HUINTA»BOJOMOTPEOICHI €CTECTBEHHBIX H
KyJBTYPHBIX CEICKOXO3SIHCTBEHHBIX YTOAHMH 10 25 % W YMEHBHICHHIO ITOBEPXHOCTHOTO THAPOJIIOTHYECKOTO
croka 10 15 %, cpaBHUTENBHO K cepennHe XX 8eKa, 00ecrelBaOINX BOJIHYIO O€30MaCHOCTh PErHoHa.

Kniouesvle cnosa: ximar, NpOrHo3, U3MEHEHUe, TeMIIepaTypa BO3AyXa, aTMOC(EpHbIe OCANKH, JTUHEHHBIH
TPEH]I, TEMIT IPUPOCTA, MOJEINb, 3aKOH.

\Beeoenue

OcobeHHocTd (HOPMHUPOBAHHS \IIOBEPXHOCTHOI'O CTOKA, MOYBEHHOTO M PACTUTENHFHOTO MOKPOBA BOJO-
cOOpOB pevHBIX 6acCEHHOB B OCHOBHOMy@IDEIENSIOTCS KIMMATHIECKUM (PaKTOPOM, TO €CTh CPEIHETr0/I0BbI-
MU TeMIEpaTypaMH BO3IYXaMuEQIOBEIMI aTMOC(HEPHBIMHU OCaIKaMH, XapaKTePU3YIOIIMMHU UX TEIUIO- U Bila-
roo0ecreYeHHOCTh, BBIMOMHMIONHX (DYHKIMH CpenooOpa3oBaHus. B CBS3M C 9THM KOMIUIEKCHAs OIIEHKA
W3MEHEHHUsS] KIMMaTa BOJIOCOOPHBIX TEPPUTOPHA PEUHBIX 0aCCEHHOB B MPOCTPAHCTBEHHO-BPEMEHHOM Mac-
mrade, XapaKTepru3yEOMuUX AATEIbHOCTh IPUPOJHON CUCTEMBI, SIBISETCSI OCHOBHBIM BOIIPOCOM BOAOOOEC-
MEYEHHOCTH W TeHICHUUMN Pa3BUTHUS 3TOro mponecca. [Ipu 3ToM He0OX0AUMOCTh U3YUYEHHUSI COBPEMEHHOTO
KIIMMAaTUYECKOrO M3MEHEHHUs] 0OyCIIOBIIEHa HEJIOCTATOYHOW W3YyYEHHOCTHIO MX BOJOCOOPHBIX TEPPUTOPUI
OaccerigaipexkAcca~Tanac 1 MPaKTHYECKUMH MOTPEOHOCTAMHU B JOCTOBEPHON MH(POPMAIMH O COCTOSHUHU
TeMIfepaTypHO-BIAJKHOCTHOI'O PEXXMMa B MPOCTPAHCTBEHHO-BPEMEHHOM MacIiTade, BIUSIOIIEr0 Ha 3BOJIO-
LU0 NPUPOTHBIX YCIOBUM (YOPMUPOBAaHUS MPOAYKTUBHOCTH JIAHAIIA(THBIX SKOCUCTEM.

L]en ucenedosanus — W3y4INTh TEHICHIIUIO U3MEHEHHS KIIMMAaTa BOJOCOOPHBIX TEPPUTOPUN PEUHBIX
0acceifHOB'B POCTPaHCTBEHHO-BPEMEHHOM Maciutabe i (opMUpoBaHUs 0a3bl MCCICAOBAHUA, IJIs1 IPHU-
POIHO-KIIMMAaTHYECKOH OpHUEHTAINH, CPe000pas3yIoIIel UX e TeIbHOCTb.

Obvexm uccredosanuii — BogocOop OacceitHa pexn Acca-Tanac pacmosiokeH Ha ceBepo-3anaae Koip-
TeI3cKOM PecmyOnmkm u toro-3anaze Pecrryonukn Kazaxcran. Pexa Tamac o6pa3yercs npu ciussann pek Ka-
pakon u Yukooi, ¢popMupyromuxcs Ha cTeike Kuprusckoro u Tanacckoro xpe0ToB, B HIKHEM TEUCHUH
Tepsercss B meckax MyroHkyMm. [nmmHa pexkun Tamac — 661 kM, mumomans BojgocOopHoro OacceiiHa —
52 700 km?. Peka Acca Oepet Hauano u3 ciausHus pek Kypkypey-Cyy, Oepylux Hayajio Ha CEBEPHOM CKJIO-
He Tanmacckoro Ana-Too u Tepe, 0Opa3yromuxcst Ha I0ro-BocTouHOM ckiioHe Aca Kaparay, minHa KOTOpBIX
253 kM ¥ mIomags Bogocbopa 6670 km, ABISETCS JNEBBIM IPUTOKOM peku Tanac u BIajaeT B IyCTHIHHBI
BOJIONIPHEMHUK B ITeckax MyroHkywm [1].
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Mamepuanvl u memoouxa uccred08amus.

Hns dbopmupoBanus 6a3pl MCCIEAOBAHUS HCIOIB30BaHBl MHOTOJIETHHE WH(GOPMAIOHHO-aHAIUTH-
yeckue marepuainsl PI'TI «Kazruagpomer» n «KbIpreizruapomer», BceMupHO METEOpOIOTHYeCKO OpraHu-
3allMd U CIPaBOYHO-UH(oOpMaIMoHHOro mnopraia «[loroma u KiIMMaTy, pPacloNiOKEHHBIX Ha BOJOCOOpax
Oacceiina pexu Acca-Tamac mereoponornueckux cranmmii Cycameip, Tamac, Kensui-Ansip, Hypisikerr,
Tapaz, CaynakenT u O#BIK, KOTOPBIE COCTABISIOT OoJiee 81 JIeT W BKIIFOYAIOT TOABI C PA3IMIHON MPHPOTHO-
KJIUMaTHYECKOW 00CTaHOBKO# [2—5].

OreHKa U OTNPEJICIICHNE BCEX CTATHCTUYECKHUX MMapaMeTPOB BPEMEHHOIO psijia KIMMAaTHYSCKUX T0Ka3a-
TeJlel BBIMOTHEHBI 0 AIeKTpoHHOM Tadimie 2000, 1 mocTpoeHne X rpadukoB C MCIOIL30BaHUEM JIMHCH-
HOTO TpeH/Ia OBLIM Mpom3BeaeHs! B mporpamme Microsoft Excel.

Pe3yjzbmambl uccie008amnst

Kimmat, kak MHOTOJIETHHI PEXUM ITOTOAHBIX (haKTOPOB, MPUCYIIHUN TeorpadundeckiM 30HaM TIaHETHI,
BBIMOJIHSIOIINX 0CO0bIe (YHKLIMN — CTOKOOOpa30BaHUsl, IPOLyLUpOBaHNE OMOMAcChl, IOMBOOGPa30BaHMS U
cpeabl oOMTaHus YelIoBeKa, o0nagaeT NpsIMBIMA U OOPaTHBIMU CBS3SIMU B TIPUPOAHBIXgHPOIEccaX, TPEOyIo-
IIMX aHaJM3a U OICHKH B MPOCTPAHCTBEHHO-BpEeMEHHOM MaciuTtabe. JTa (yHKIMOHAJBHAS ACSITEIbHOCTh
KJIMMaTa OIpe/essieT HayqHYI0 U MPAaKTHYECKYIO IIeIecO00pa3sHOCTh N3ydeHUs T€HICHINY U3MEHEHUS KITH-
MaTa JIA BBISIBIICHUS UX 6HaFOHpI/IHTHLIX 1 OTPULATCIIbHBIX BO3ILCI>'ICTBHI>'I, YUYUTBIBAIOIINX MHTCPECHI ITPUPO-
n000yCcTpoiicTBa M IPUPOAOTIONIB30BaHHS.

B Hacrosiiee BpeMsi IpUpoIHAs CHCTEMa Mepenuia B aKTHBHYIO CEaJHEY «CYKIIECCHUH», TO €CTh IOCe-
JoBaTeNbHas 3aKOHOMEPHAsi CMEHa OJHOTO OMOJIOTMYECKOro COOOIecTBa APYFNM B CBS3H C IIIOOAIBHBIM
W3MEHEHUEM KJIMMaTa, B paMKax KOTOPBIX OTKPHIBACTCSI BO3MOKHOCT,0NEHKN U3MEHEHUS KJIMMaTa B BOJIO-
cOopax pedHbIX 0acCEHOB, SIBISIOLIMXCS MPOCTPAHCTBEHHBIMHU 0a3MCaM¥ INPUPOAOIONb30BaHUsA, TpeOyeT
HEOOXOANMOCTH OTPEAETUTh MX OJIAarONpUSATHBIC WM OTPUIIATeIHHBIC BO3ICHCTBHS HAa YPOBHE BOJHOHW H
MPOIOBOJIBCTBEHHOM 0€30MaCHOCTH 1 O€30MAaCHOCTH KU3HSHEATEIBHOCTH O0IIECTBA.

,Z[HSI aHaJIn3a U OLCHKH TCHACHIUN NU3MCHCHUS KIIMMATA"WCIIOJIb30BaHbl CPEAHCTOJOBBIC TEMIICPATYPhI

Bo3zyxa (t, °C), xapakTepusyrompue sHepreTuacckue pecypest (Xt >10°C = f (t)) n sBnsrommecs GpyHxuy-
e, ucnapsiromieit (E, = f (t) )) crocoOHOCTH MPHPOABQIgeHCTEMBI 1 rooBble atMocdepusie ocaaku (O,),

SABIIAIOIIUCCA HpHXOI{HOﬁ HYaCTbIO BOJHOI'O OanaHca ,Z[HeBHOﬁ MMOBEPXHOCTHU 36MJ'H/I, a TaKXKkE MECTOA
JIMHEHHOT O TpEeHAA, KOTOpBIfI 3aIIUChIBACEEA B BU/IC YPABHCHUS JIMHCHHOM perpeccun ¢ AByMs1 CBOGO}:[HI)IMI/I
YHCJICHBIMH ITOKA3aTCIISIMU

y(n)=a0+ai n,
rIe y(n) — pacyeTHOe 3Ha4YeHHE MOKa3aTens HaOmoJeHWH; N — TOPSAKOBBIA HOMEp HaOIOJIEHHON

BEJIMYMHBL, A, U @, — PePPECCHOHHBIC KOI()(DHUIMEHTBI, I CBOOOIHBIN YUCIICHHBIH TOKa3aTellb.

B 3aBrcHMOCTH O MHOFOJICTHETO Pe)KHUMa KIMMAaTHUSCKUX MTOKa3aTesel, TO €CTh CPEIHET0/IOBBIX TEM-
neparyp Bosayxa (fy, °C) u rofoeeix arMocdepHbix ocankos ((,), B MPHPOAE BCTPEYAIOTCS B BUAEC POCTa
WM criajia JMHEHHAETr O TPeH 12, XapaKTePH3YIOIETo TSHACHIINIO H3MEHEHHSI KIIMMAaTHUECKHUX MTOKa3aTelei:

— monoxxTebHbil —t =a,-n +a, u O; =4, -n +a;

Aorpruarenpasii —t, =—a,-n+a, u O, =—a,-n+a, mm -4, =a-n-a, u O;=a-n -a,.

WUgy@ienue reHneHIMKM N3MEHEHHs KiMMarta Ha TeppUTOpUH BojiocOopa OacceitHa pexu Acca-Tanac kak

MOJISJINPEUHEIX OacceiHOB C pa3HOOOPa3HbIMU IPUPOIHO-KIMMATHUECKUMU apeajlaMH BbIIIOJIHEHO Ha OC-
HOBE reoMOP(HOIOTHIECKOI CXeMaTH3aINH, XapaKTepU3yollel KaTeHapHbIe 3aKOHOMEpHOCTH (Tads. 1).
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TeHOeHUMM N3MeHeHUs KnumaTa U ux NposiBNeHns Ha Bop,0060pe

Tab6auma 1

I[pupoaHo-KIMMaTHYECKHE 30HbI palloHUpPOBaHUs BogocOopa dacceiiHa pexu Acca-Tanac
HA OCHOBe reoMop(o10ru4ecKoii cxeMaTH3aluu

[pupoaHO-KINMaTHYECKUE 30HBI Merteopoiorudyeckas AbcomoTHast BEICOTA
KJ1acc JaHamadToB KaTeHapHas panus CTaHIHA MECTHOCTH, M

T"opHsrii OnroBHaNbHAS CycaMmsbIp 2092,0
[Ipearopusrit TpaHcamoBHaIEHAS Tamac 1218,0
HypieikenT 954,0
[Ipenropuas paBHIHA TpaHCaKKyMyJIATHBHAS Ko13p11-A 151p 824,0
Tapa3 655,0
CaynakeHT 338,0
OxHas mycTIHSA CymnepakBanbHas OliEiK 336.0

Ha ocHoBe co3zganHoi 0a3bl uccienoBanus o MereoposnornyeckuM cranuusim Cycambips, Tanac, Ker-
3puT-AnbIp, HypanbikenT, Tapas, Caynakent u Oifbik (Tabma. 1), pacnosoKeHHBIX Ha BOAOCOOPHOM TeppUTO-
puu bacceiina pexu Acca-Tanac ¢ ucmoiap3oBanueM rmporpammel Microsoft Excel, mécrpeeuniPpaduku Bpe-
MEHHOTO pPsiia CPEIHETOAOBBIX TEMIIEPATyp BO3AyXa U FOJOBBIX aTMOC(HEPHBIX 0€aKOB M/ JIOIyYEHBl YpaB-

HEHUS UX JIMHEHHOro TpeHa (tadi. 2, puc. 1).

Tabnuma 2

PerpeccuoHHbIe MO€/IM H3MEHEHHs KJIMMATa B pa3pes3e NPHPOIHO-KIHUMATHYCCKAX 30H
HA TeppuUTOpUH BogocOopa OacceitHegpexn Acca-Taac

Mereocranuus Ilokazarenu YpaBHEHNE TUHEUHBIX TPEHEOB M3MeHeHHeu Temn pocta
IIOKa3aTeJicu

t,°C t, =0,0327 - .2, 8405 2,6180 136,80
Cycamsip 0, , MM 0, =-0,453-n, +880, 81 36,2640 27,98
t,°C t, =0,0298,n, +7,0302 2,3840 24,35

Tanac 0, , Mu 0, =0, 2550 Mex806, 07 24,4000 6,24
t,°C t, =0,0218- 1, +6,7621 1,7440 20,45

Hypreiicer 0, , Mm O=11236-n, + 405,24 89,8880 18,11
t,°C = 0,0298-n, +7,0302 2,3840 24,35

KEBIELT-AbIP 0, , MM O, =0,4437-n. + 260,90 35,4960 11,96
t,°C t, =0,0348-n, +8,8887 2,7840 23,78

Tapas 0, [y 0, =0,7711-n, +300,63 61,6880 16,99

t,, %€ t, =0,0236-n, +9,5270 1,8880 16,50
Caynaiert Onaini O, = 0,384, + 205,56 30,704 17,60

] 4, °C t, =0,0364-T +8,7960 2,9120 24,70
PG 0, , M 0, =-0,909-n, + 253,12 72,7360 -40,59

AHar3 MHOTOJIETHETO XO/la M3MEHEHHS KIIMMAaTHYeCKHUX TMOoKa3aTeNiel M0 MEeTeOpOIOTHYeCKOr CTaH-
nuu CyCaMmsip, pacroioKeHHON B TOpPHOH 30He (AnmroBHallbHas Qarusi) O6acceiiHa pexu Acca-Tarmac, u ee
KJIIMMaTH4YECKask MOJIENb CBUIETEIBCTBYIOT, YTO 32 paccMmarpuBaembiii nepuon 1940-2020 rr. uzMeHeHHe
CpPEIHErOI0BBIX TEMIIEpATyp Bo3ayxa (tabi. 2, puc. 1) 3a 81 ner cocrabusier 2,6180 °C ¢ HHTEHCUBHOCTBIO
0,032 °C/ron u romoBbIX aTtMoc(hepHbIX ocaakoB (Tabm. 2, puc. 2) yMmeHbmiaercs Ha 36,2640 MM ¢
0,45 mm/rog.

AHanmm3 MHAMUKY KIIMMAaTUYeCKUX TOKazaTellell Mo MeTeopoyioruueckoi craHmuu Tamac (Tadun. 2,
puc. 1), pacrnonoxeHHO#l B IpeIropHoii 30He (TpaHCATOBHAIbHAsS (anus) OacceiiHa pexu Acca-Tanac, u ee
KJIMMaTH4ecKasi MOZeJb IOKa3aJid, YTO B palilOHE MCCIeIOBaHus 3a paccMmarpuBaeMblil nmepuon 1940-2020
I'T. K3MEHEHHS CPEAHErOIOBBIX TEMIIEpPaTyp Bo3ayxa (Tadi. 2, puc. 1) 3a 81 JieT mokasaiu ee MOBBIIICHUE Ha
2,3840 °C ¢ unrencusroctrio 0,029 °C/rox 1 romoBeix arMocdepHbIX ocankos Ha 24,400 mm ¢ 0,30 MM/ ro.
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OpauHata — CpeIHero[oBas TeMIeparypa Bo3ayxa; abcuucca —;
Pucynox 1. I'paduk n3MeHEeHHUs CpeHEr0I0BBIX TeMIepaTyp Bo3ayxa ropuou (1 — BUAJIbHAS panus —
MeTeoposioruueckas cranmnust CycaMmsip), MPeAropHoit (2 — TpaHCAITIOBHAIBH METEOpPOJIOTHUecKas
craniums Tanac) U mpeAropHoOl paBHUHHO# (3 — TpaHCAaKKyMYJISITHBH €TEeOPOJIOTHYECKast
ctannus Keput-Aneip) 30851 32 1940-2020 roas! 1 ux JMH TpeH
4
TpeHn KIMMaTHYECKUX MOKa3aTeiaed Mo AaHHBIM METeOpoAQrUY cranuuid Hypnbikent, Kbi3pui-

pHU3YIONIME TEHACHIIMY WX U3MEHCHHUS, PAa3IIHUaOTCS oi1 110 Habopy nepeMeHHbIX. [Ipu 3TOM Me-
Teoposiorndeckue ctanuun HyprsikeHTt, Kbi3b apas 3a paccMmarpuBaemblii iepuog 1940-2020
roje! (Tabi1. 2) COOTBETCTBEHHO MOKA3aJId H3MEH TOJIOBBIX TeMIIepaTyp Bo3ayxa 3a 81 jeT u co-
crapin 1,7440 °C ¢ wuntencusHocTthio 0,022 °© ,3840 °C ¢ wuntencuBHocthio 0,029 °C/ron u
2,7840 °C ¢ unrencuHocThio 0,034 °C/ro, @\TaKke MOBBIILIEHHE TOJIOBBIX aTMOCHEPHBIX 0CaKOB (pHC. 2,
3) coorBetcTBeHHO Ha 89,88 MM ¢ 1,110 my/rom, 35,4960 mm ¢ 0,438 mm/rox u 61,6880 mm ¢ 0,762 mm/ rog.
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Apsik u Tapa3, pacronoXeHHbIX B MIPEITOPHONH pPaBHUHHOMN HCaKKyMyJsiTUBHas (arusi) OacceitHa
pexu Acca-Tanac, u X KIMMaTHYecKas Mojiesb (puc.gl) mokas 4TO BCE JIMHEHHbBIC YpaBHEHHS, XapaKTe-
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1030 1940 1950 1960 1970 1980 1990 2000 2010 2020

Op,Z[I/IHaTa — Cpe€aHErogoBas TeMIICpaTypa BO3ayxa, a6cuncca — I'OJBI;
1— METCOPOJIOrnvyecKas CTaHluAg HprILIKeHT; 2— METCOPOJIOTUYCCKasA CTaHIIUA Tapa3

Pucynox 2. I'paduk M3MeHeHUs CpeJHEr010BBIX TEMIIEPATyp BO3/lyXa IIPEATOPHON PaBHUHHOM 30HbI
(TpancakkymyssiTHBHAS (amusi) Bogocbopa bacceiina pexn Acca-Tamac 3a 1940-2020 roast 1 UX JIMHEHHBIH TPEH/
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TeHaeHUMN U3MEHEHMs Knumara 1 X NposiBNeHns Ha BogocGope ...
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OpnauHata — cpeIHerooBas TeMIlepaTypa Bo3ayxa; abcuucca —
1 — merteoponoruueckas craHuusi HypiibIkeHT; 2 — MeTeopoiorniecKkasCraHiy a3
Pucynox 3. I'pauk u3MeHEeHHUs rOOBBIX aTMOC(EPHBIX OCAAKOB ITPE WHHOM 30HBI
(TpancakkymyssiTuBHas (anusi) Bogocbopa bacceiina pexu Acca-Tamac 3a 194 bl U UX JINHEHHBINA TPEH]
HccnenoBanus, NpoBeICHHBIE METEOPOJIOrHIECKMMH CTAHMH CaymakenT u OUBIK, pacTIONI0KEHHBIX
B FO)KHOHM IYCTBIHE BOJOCOOPHON Tepputopuu Oacceiina pexu AcasT BIISIFOLIUXCS 30HOM MarasuHUpO-

BaHMS THAPOJOTUYECKOTO CTOKA, MOKAa3alH, YTO, HECMOTPS
XapaKTepHbI 00IIne 3aKOHOMEPHOCTH M3MEHEHUS KII
Mbiii iepuon 1940-2020 rogos (tabn. 2, puc. 4, 5), ¢ €HHO, U3MEHEHNE CPEHEr0JJOBBIX TeMIIepa-
Typ Bo3ayxa 3a 81 ser cocrasmsier 1,880 °C ¢ 0,023 °C/rox u 2,9120 °C ¢ WHTEHCHBHO-
crero 0,036 °C/rox, a Takke yMeHbIICHHE TOJOB epHBIX OCaaKOB (Tabis. 2) COOTBETCTBEHHO Ha
30,740 mm ¢ 0,379 mm/rox u 72,7360 mm ¢ 0,898 Mm

HAYMTEIIbHYIO BapHaOeIbHOCTh 110 TOJaM,

16
y=0,023
14 R
12 2
]

10 1 = ”-
Py 2
v =0,0364x + 8,796
6 R*=.3800
0

1030 1940 1950 1960 1970 1980 1990 2000 2010 2020

Op,Z[I/IHaTa — Cpe€aHErogoBas TeMIICpaTypa BO3ayxa, a6CL[I/ICC3 — I'OJIbI;
1— METCOPOJIOrnyeCcKas CTaHlIuAg Cayz[aKeHT; 2— METCOPOJIOrniyeCcKas CTaHlIruA 07314

Pucynoxk 4. I'paduk N3MEHEHUS CPETHETOI0BON TEMITEpaTyphl BO3/AyXa IPEATOPHON PaBHUHHON 30HBI
(cynepakBambHast (amust) Bomocbopa bacceiina pexu Acca-Tamac 3a 1940-2020 roas! ¥ X JIHHSHHBIH TPEH/T
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OpauHaTa — CpeIHeroJoBas TeMIIEpaTypa Bo3ayXxa; adCcLucca - I'0/bl;
1 — mereoponoruyeckas crannus CaynakeHT; 2 — MeTeoposiorndeckas Cranius Onbix

Pucynox 5. I'paduk u3MeHeHHs FOOBBIX aTMOC(HEPHBIX 0CaJKOB NpeALopHOH paBHUHHON 30HBI
(cymepaxBanbHas darust) Bogocbopa Oacceiina peku Acca-Tanac 3a 1940-2020,c0451 U UX JTHHEWHBIN TPEH]T

CrnenoBarenbHO, pe3KO KOHTHHEHTABHBIH, 3aCyITUBBIN XapakTCPUJIMMaTa B LIEJIOM JUIsI BOJIOCOOPHOM
Tepputopun 6acceiina pexu Acca-Tamac 0OBSCHACTCS yBETUHEHNEM,aTMOC(EPHBIX 0CaJKOB 3a CUET BHICO-
KOTOpHOTo penbeda, ompenensercs ee pacrnosnoxkenueM Bl Kupruzckom u Tamacckom xpeOTax, a Taroke
OJM3KUM PacIIONOKEHUEM €CTECTBEHHBIX M MCKYCCTBCHHBIXBOIOEMOB U IOBBILICHUEM TEMIIEPATyp BO3AY-
Xa, KOTOpBIE CBSA3aHBI C OJU3KUM COCEJCTBOM MYETHIHU MOHBIHKYM.

H3meneHune KMMaTa — 3TO IIMPOKOMACIITAQHOE NPOSABICHNE PUPOAHBIX MPOLECCOB, BRIXOIIINX 32
PaMKH HCTOPUYECKOTO COaaHCHPOBAHHOTO COCTOSHUSI IPUPOBI, NPHUCYIIEE OTACIBHBIM HPUPOIHO-
reorpauyeckuM 30HaM, KOTOPBIE 3aBUCST OTTeMITa MPUPOCTa KITMMAaTHUECKUX ITOKa3aTeIeH.

OrneHka Temrna MpupocTa KIMMAaTHYECKUX)TOKa3aTeseil MPOBOAUTCS HAa OCHOBE ypaBHEHUS JIMHEHHBIX
TPEHAOB BPEMEHHOTO DAAa, XapaKTepU3yHOHHX)CPEIHEr0I0Bble TEMIIEPAaTyphl BO3yXa M T'OJOBBIX aTMO-
cepHBIX 0CaaKOB, MO3BOJSIONIMX OffpEIGNUTH MX TeKyllnee M 0a30BOe 3HAUEHMS B paMKax paccMaTpuBae-
MOTO0 MX BpeMeHHOTo psizia (Tabily 2). [Ipu BroM Temn nmpupocTa KIMMaTHYECKUX MTOKa3aTeleld onpeaesTcs
KaK OTHOIIEHHE pa3HHUIA TEKyIHX 1 0a30BHIX 3HAYCHUH KIMMATHYECKUX MOKa3aTellell K TeKylleMy 3Hade-
HUIO BPEMEHHOTO PAJia BEIPASKEHHBIXYBIIPOLICHTAX 10 CIEAYIOINM (popMyam:

AT, =[(t, —t,)/t, ]-100;
AToc = |:(Ocm - Ocv ) / Ocv] -100,
rae AT, — Temmn HpupogTa CpeHEro0BbIX TeMIeparyp Bo3ayxa; AT, — TeMI IpUpoCcTa CPeJHEr0A0BBIX
TeMIepagyp BOSIyxd;Wl, — Tekylee 3HAaUYCHHE CPEIHEroJOBBIX Temmeparyp Bosayxa; O, — Tekyiee
3HayeHHe TOMOBBIX aTMOC(EpHBIX 0cankoB; [, — 0a30Boe 3HaUCHME CPEAHETOMOBBIX TEMIIEPATyp BO3LyXa;

O, —6230B0€ 3HaYCHHE IOLOBBIX ATMOC(HEPHBIX OCAIKOB.

Hcnap#iromiasi ciocoOOHOCTh THEBHOW MOBEPXHOCTH (IMTOYBEHHOTO M PACTUTEIBHOTO TOKPOBA) MPHUPOJI-
HOM CHCTEMBbI 3aBUCHT OT DHEPIreTUUYECKHX PECYpCOB (TeMIieparypbl ¥ AedHUIIUTa BIAXKHOCTH BO3/yXa, pa-
JUAIIMOHHOTO OanaHca), TO €CTh MOXKHO MPEJICTABUTh €r0 KaK MaTEeMAaTHYECKYI0 (D)YHKIIHIO, UMEIOIIYIO Clie-

nytommii Bua: E, = f (t,d , R). Ha ocHOBe ¢u3nueckol CyIHOCTH UCTIApSIIOIIEii CITOCOOHOCTH THEBHOM IMO-

BEPXHOCTH (ITOYBEHHOTO ¥ PACTUTEIILHOTO TIOKPOBA) MPUPOJHON CUCTEMBI UX TEMIT IIPUPOCTA MOXKHO TIpE/-
CTaBUTH B CJICAYIONIEM BU/IE:

AT, =AT.;i[ (t, —t,)/t,]-100 = [(E,, —E,)/E,, ]-100,
rac ATEo — TCEMII INpUPOCTa UCTTAPCHUA Z[HCBHOﬁ TOBCPXHOCTH, Eom — TCKYIICC 3HAYCHUC HCIApPCHUA

,I[HeBHOfI IMOBCPXHOCTH, Eov — 0a30BO€ 3HAYCHHE HUCIIapCHUC I[HCBHOﬁ MOBCPXHOCTHU.
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Ha ocHoBe Teopun BogHOTO OasiaHca BOJ0COOpa peyHbIX OacceiHoB, mpemioxennas A.M. BoelikoBbIM
[6], BruTrOUarOIIast TpEXUIEHHOE ypaBHEHHE (CJIOM aTMOC(HEPHBIX OCAJKOB, PEYHOTO CTOKA, CYMMApPHOTO MC-
MapeHns), XapakTepusylomiee (OpMIPOBAHIE CPETHEr0J0BOTO CIIOSI CTOKa B BOmOcOOpax pedHbIx Oacceit-
HOB B 3aBUCHMOCTHU OT CJIOSl aTMOC(EPHBIX OCaJKOB 32 T'0Jl COBMECTHO C F€HETHUECKOW TEOpUH CTOKa, CO-

rnacuo AH. Bedanu [7], moxHO npeacrasuts B crenyronieM Bune: V, =0, —E , rne E, — croit ucnape-

Hust, MM; V, — CJ10# TOBepXHOCTHOTO cToKa, MM; O, — c10if aTMOC(EpHBIX 0CaIKOB, MM.

[Tpu 3TOM MOXXHO TPENCTaBUTH BOJHBIN OamaHC BoJocOOpa peyHbIX OacceiiHOB ypaBHEHHEM MPSIMOM
uHKA ¢ KO3(HUIUEHTOM KOPPESALMOHHON perpeccuy MeHbIle eaeHunsl B Buae ¥ =k- X +b (rme K —
koahduument perpeccun; D — cBobonusiit unen ypasuenus) win V, =k -O, —E, , uro nossousier Ha ocHo-

BE TEMIIa IPUPOCTa FOJOBBIX arMochepHbIx ocanakos (AT, ) ompeneanuTs TeMIl IPUPOCTa MOBEPXHOCTHOrO

CTOKa Boj0cOopa peunsix (AT ), KOTOPBIA HMEET MEXTY COO0M DYHKIMOHAIBHYIO TIPAMOIMHEHHYH0 3aBHU-

cumoct B Buge ATy = f (AT, ):
AT, =ATy,; [(ocm - ocv)/ocv] 100 = [(Qcm -Q,)/ QCV] -1004

rae AT, — TEeMI PUPOCTa TIOBEPXHOCTHOTO CTOKA BOJ0cOOpa peunblx GacceiioBiQ, =— Tekyiiee 3Ha-

YeHHE TTOBEPXHOCTHOTO CTOKA BojocOopa pedHsIx OacceiinoB; Q, — 6a30Boe SHaueHHE MOBEPXHOCTHOTO

CTOKa BOAOCOOpA PeUHBIX 0ACCEHHOB.

[Tpu 5TOM cucTemMa ypaBHEHHS JTUHEWHBIX TPEHIIOB HE TOJIBKO XapAKTEPU3yeT MaTeMaTHYECKH CMBICIT
MHOTOJIETHUX TIPHPOAHBIX MPOLECCOB, HO M SBISETCS MHAWKATOPOM QH3MIECKUX MPOLECCOB BoaocOOpa
peuHbIX 6acceilHOB, XapaKTEPU3YIOLINX TEMII IPUPOCTA KIMMATHECCKAXGK TUAPOJIOTMYECKHX MTOKa3aTeeH.

[lony4yeHHble cUCTEMBbI YpaBHEHHS JUHEWHBIX TPEHIOBHPHUM3yYCHHH W3MEHECHHs KIIMMara B TPO-
CTpaHCTBEHHO-BPEMEHHOM MacIuTabe TeppUTOpur BogocOopa OaceeiiHa pexn Acca-Tanac, ¢ HCTIONb30BaHH-
€M MHOTOJIETHUX HMH(OPMALMOHHO-aHAIUTHYECKUX MALEPHAIOB METEOpOoJorudeckux craHumid Cycamsip,
Tanac, Ke3pu-Anpip, Hypasikenr, Tapa3, CaygakeHT mOiiblk, pa3iudaomuxcs KIMMAaTHIECKUMH YCI0-
BUSIMH TTO3BOJISIIOT KOHCTATUPOBATh, YTO MPEJIOKEHHAsT HA)|OCHOBE UX MaTeMaTHYeCKasi MOJIEb TeMIIa MpH-
pocTa KIMMAaTHYECKUX U THIPOJIOTHYECKUX MOKa3aTele MMeeT JOCTaTOYHO BBICOKMI (PM3NUECKUI U MaTe-
MaTHYECKHH CMBICI, 0a3UPYIOLIMICS Ha 3aKOHE TPUPOIBL.

AHanu3 TemIa pocta KIUMaTHYSCKUX IMQKa3areliell Ha TePPUTOpPHH BoaocOopa OacceiitHa pexu Acca-
Tanac mokasbIBaeT, 4T0 WX KOJIMYECTBEHHBIG3HAUCHNS TI0 BCEM METEOPOJIOrMYECKHM CTAHIMAM HE COBIIA-
JIaeT, TO €CTh B COBPEMEHHBIX YCIOBHSIX TeMII IPUPOCTA CPETHETOJOBBIX TEMIIEPATYP BO3yXa B CPAaBHEHUH
TEMIIa POCTa TOI0BBIX aTMOChEPHBIX, 0CaJIKOB B JBa pa3a Oosbiie (Tadi. 2), KOTOPbIi CIIOCOOCTBYET MOBBI-
HICHUIO JTeUINTa BOJONOTPEOACHUANEEPCCTBEHHBIX W KYJIBTYPHBIX CEIbCKOXO3SHCTBEHHBIX YrOAMU JI0
25 % ¥ yMEHBLICHUIO TOBEPXHOCTHOLO I'MIPOJIOTHIECKOro cToka 10 15 % B cpaBHeHHE cepeauHe XX Beka,
00ecTeYnBalONINX BOJAHYK) 0€301dCHOCTh PErHOHA.

Baxnouenue

Uzyuenne ngMeHEHUS KIMMAaTHUYECKUX MOKa3aTesieil Ha TeppuTopuu BogocOopa Oacceiina pekn Acca-
Tanac nokasago, 4TQI0 MeTeoponornueckuM craniusMm Cycamslp, Tanac, Keizpu-Anplp, Hypasikent, Ta-
pa3, CayflakeHTi OHbIK, BBIABIEHHBIE TPEH/IBI CPETHETOJOBBIX TEMIIEPATYP BO3ayXa M TOAOBBIX aTtMochep-
HBIX(OCaAKOBEPA3IAYatOTCs KaK 10 3HAKY, TaK U Mo BenudnHe. Ha ocHOBE MX MOYKHO KOHCTaTHPOBAaTh, UTO
TeMII ‘UPHIPOCTA) CPETHETOJOBBIX TEMIIEpaTyp BO3[yXa B CPaBHEHHM TE€MIIAa POCTa TOJOBBIX aTMOC(HEPHBIX
0CaJIKOB iBagpaza OoIbIIe, YTO CIIOCOOCTBYET MOBBIIICHUIO UCTIAPSIONIECH CITOCOOHOCTH MTOYBEHHOTO U pac-
TUTENBHOTO MOKPOBA MPUPOAHON CHCTEMBI, TO €CTh BOAOMOTPEOICHNE CENbCKOXO3IHCTBEHHBIX YTOIUN MO-
XKeT CTaTh OCHOBHBIM (PaKTOPOM, ONPENEISIOUINM YCIOBUS (POPMUPOBAHMS PEYHOTO CTOKA, 00ECTIeUnBal0-
X BOJHYIO M MPOJOBOIBCTBEHHYIO 0€30IIaCHOCTh PETHOHA.
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AcsbI-Tanac e3eHiHiH Cy )KHHAY aJ1a0bIHAAFbI KIMMATTBIH
o3repy 0arbIThI K9HE OHBbIH aiMAaKTarbl KopiHicTepi

Acpl-Tanac e3eHiHIH cy kuHay amaObIHIa KIMMATTBIH Ka3ipri 3aMaHFBl e3repicTepiHgikaHe ONapIIbIH
KepiHicTepiH Oomkay ymriH «Kasruapomer» koHe —«Kpipreruapomery PMK,. JAyAuexy3imik
METCOPOJIOTHSUTBIK ~YHBIM MeH «Aya-pailbl JKoHE KJIMMAaT» aHBIKTAMAIBIK-aKMapaTThlK ITOPTAIBIHBIH
KOIDKBUIIBIK aKMapaTThIK-TaJJaMalblK MaTepUaiapblHaH KUHAIFaH, KEHiCTIKTiK-yaKBIITHIK ‘MACIITA0TaFbI
YpAicTepai 3epaeneyre MyMKiHIIK OepeTiH 3epTreynep 6a3acsl Kypsuiasl. Acsl-Paiae, e3€Hi OaccelHiHIH Cy
JKMHAY ayMmakTapbinga opuanackan Cycameip, Tamac, Keeutageip, Hypabikeht, Lapas, CaynakeHt xoHe
OIibIK METEOPOJIOTHSIIBIK CTaHIMsIIAPhl OOMBIHIIA KYPBUIFaH 3epTTey Oaszaghinbid Herizikne Microsoft Excel
OaFmapiaMachblH TIaliflajlaHa OTBIPBIN, ayaHBIH OpTalla JKBUIABIK TEMICPATYpackl MEH IKBULIBIK
aTMoc(epaiblK KaybIH-IIAIIBIHHBIH YaKbITIIA KaTapbIHBIH rpadAKTepIRYPBUIABI KOHE OJap/blH CHI3BIKTHIK
TPCHIIHIH TEHICYJIEpl albIHABI, ONap TaOWFAT 3aHbIHA HETi3CTeH (PU3MKATHIK KOHC MaTeMaTHKAJBIK
MarbplHaChl ©Te JKOFaphl KIMMATTHIK JKOHE THIPOJOTISUIBIE, KOPCETKINITEpAiH ocy KapKbIHBIHBIH
MaTeMaTUKAIbIK MOJENIH jkacayFa MYMKIiHAIK Oepni. Acel-Tallac “@3eHiHIH cy >kKuHAy anaObIHBIH
allMarbIHIAFBl KJIMMATTBIK KOPCETKIIUTEPAiH ©cCy KapKbIHBIHBIHA GKYPri3lIreH Tanmay KepceTKEHICH,
KapacTBHIPBUIBINT OTHIPBUFAH OapIIBIK METEOPOJIOTHSUIBIK (OeKeTTepae ONapblH CaHABIK MOHI Oipiel emec,
SIFHM Ka3ipri Karqaiiia JKbUIABIK aTMocdepaiBik >kayblH-WAIIBIHHBIH ©6Cy KApKbIHBIMEH CAJIBICTHIPFAHIA
ayaHBIH OpTallla KBUIABIK TeMIIepaTypachIHbIH 6CY. KapKbIHBI BKi ece Kol eKeHiH KepceTeli, Oyl TaOnuFHU jKoHe
aybUIIIAP yalIbUTBIFBI TAKbLIIBIK KEPIIEPiHIH Cy TANMBEILIERH 25%-Fa fAeiiH apTThipyFa xoHe XX FaChIPbIH
OpTachbIMEH CaNBICTBIPFaH/a, ailMakKThIH CY KayilCi3AITIH KaMTaMachl3 €TETiH JKepYCTi THIPOJOTHSIIBIK
arbIHbIH 15%-Fa eiiiH TOMEHIeTyre bIKIa eETi.

Kinm cesoep: ximMart, aya-paifbl, e3repy,laya, TeMIepaTypacsl, aTMoc(epanslK KaybIH-IIAIIBIH, CBI3BIKTHIK
TPEH]I, 6Cy KapKBIHbI, MOJIEIb, 3aHABIIBIK.

Zh.S. Mustafayew, A T#Kozykeyeva, K.B. Abdeshev, N.A. Tursynbaev

Trendsia climate change and their manifestations
intheswatershed of the Assa-Talas river basin

To predictieurrentyclimate changes and their manifestations in the watershed of the Assa-Talas river basin, a
research basejhas been created based on many years of information and analytical materials from RSE
“Kazhydromef”™“and “Kyrgyzhydromet”, the World Meteorological Organization (WMO) and the reference
andginformation portal “Weather and Climate”, allowing to study trends on a spatio-temporal scale. Based on
the created research base for the meteorological stations Susamyr, Talas, Kyzyl-Adyr, Nurlykent, Taraz,
Saudakent and Oyik, located in the watershed areas of the Assa-Talas river basin, graphs of the time series of
average annual air temperatures and annual precipitation were plotted using Microsoft Excel and the equa-
tions of their linear trend were obtained, which made it possible to develop a mathematical model for the
growth rate of climatic and hydrological indicators that have a sufficiently high physical and mathematical
meaning, based on the law of nature. An analysis of the growth rate of climatic indicators in the catchment
area of the Assa-Talas River basin shows that their quantitative values for all meteorological stations do not
coincide, that is, in modern conditions, the growth rate of average annual air temperatures in comparison with
the growth rate of annual precipitation is twice as high, which contributes to increasing the shortage of water
consumption of natural and cultivated agricultural and up to 25 % and reducing the surface hydrological run
off up to 15 % in comparison with the middle of the twentieth century, ensuring the water security of the re-
gion.

Keywords: climate, forecast, change, air temperature, precipitation, linear trend, growth rate, model, law.
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