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CTATUCTUYECKAS MOJEJIb BOJHOTI'O BAJIAHCA
BACCEWHA PEKHU ECWJIb

Kaamawosa A. H., ookmopanm PhD’,
Mycmadpaes K. C., 0-p mex. nayx, npoqbeccopl,
Anousposa A. E., doxkmop PhD’,
'Kasaxckuii nayuonansnoiii azpapnulil ynueepcumem, Anmamot, Kazaxcman

AnHoTanusi. Ha OCHOBE reHeTMYecKOil TeOpuu CTOKA, METOJI0OB MaTeMaTHYECKOM CTaTH-
CTHKH ¥ MCIOJIb30BaHMES] MHOTOJIETHUX WH(POPMAIIMOHHO-aHAMTHYecKnX Marepuanos PI'TI «Kasz-
TUIPOMET» IO TUAPOJIOTMYECKOW cTaHuMu JlojgomaToBa M MeTeoposjoruueckux craHuuii Hyp-
Cynran (Acrana), Atb6acap, Ecwib, Py3aeBka, SBinenka u [leTpomaBioBck, pacioioKEHHBIX B BO-
nocbopax Oacceitna peku Ecuib, oxBareiBaromux 1950-2017 roapl, moiy4eHo JTMHEHHO-KOPPEs-
[IMOHHOE YpaBHEHHUE C BBICOKMM Kod(durienTOoM Koppemnsiuuu Ha 6a3e nporpammsl Microsoft Ex-
cel, Xxapakrepusylolee 3aBUCUMOCTh CJI0Sl CTOKA OT CJI0sl aTMOC(EPHBIX OCaIKOB PEUHbIX Oacceil-
HOB U IO3BOJISIIOIIEE BBIIBUTH MareMaTudeckue U (U3NUECKUe MPU3HAKU 3JIEMEHTOB BOJHOIO Oa-
JIaHCa PEYHBIX 0acCeHHOB.

KioueBble cjioBa: Clioli peYHOrO CTOKA, CIIOW aTMOC(EpHBIX 0caakoB, Kod(pQHIUEHT pe-
IpECCUH, YpaBHEHHE PETPECCUH, TEHETUYECKasi TEOPHs CTOKA, BIIUTHIBAHKE B MTOYBY, CYMMapHOE UC-
MapeHue.

SATISTIC MODEL OF THE WATER BALANCE
OF THE ESIL RIVER POOL

Kalmashova A. N., Doctoral Candidate PhD’,
Mustafayev Zh. S., Doctor of Technical Sciences, Professor’,
Aldiyarova A. E., Doctor PhD',

"Kazakh National Agrarian University, Almaty, Kazakhstan

Abstract. Based on the genetic theory of runoff, methods of mathematical statistics and the
use of long-term information and analytical materials of the RSE «Kazhydromet» at the
hydrological stations of Dolomatov and the meteorological stations Nur-Sultan (Astana), Atbasar,
Esil, Ruzayevka, Yavlenka and Petropavlovsk, located in the catchments of the Esil river basin
within the years 1950-2017, a linear correlation equation with a high correlation coefficient was
obtained on the basis of the MicrosoftExcel program, characterizing the dependence of the runoff
layer on the atmospheric precipitation layer of river basins, allowing their mathematical and
physical features to be identified for the elements of the river basins water balance.

Keywords: river runoff layer, atmospheric precipitation layer, regression coefficient, regres-
sion equation, genetic theory of runoff, soil absorption, total evaporation.

Beeoenue. Peunbie cucteMbl B ctenHor 30He PecriyOnuku Kazaxcran siBis-
IOTCSl BOXKHEHIITUM KOMITOHCHTOM MPHPOIHOTO JIaHmadTa, BHIIOIHIIOMIUM BaK-
HYI0 TPHUPOA00Opa3yINIyt0 U IKojJorudeckyto (ynkmuu. B mepByro odepens
HEO0OXOMMO OTMETUTH BO3JIEHCTBUS CJIOS aTMOC(EPHBIX OCAJAKOB Ha (OPMHUPOBa-
HUE CJIOSl peYHOT0 CTOKa. ATMOC(EepHbIE 0CaJKU CYIECTBEHHO BIMSIOT HAa YKOJIO-
ro-reorpau4eckyro cnenuuxky mpupoaHbIX TEOCUCTEM.
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Ha BomocOopax pedHbIXx OaccelHOB paclpeielieHue Clos aTMOC(epHbIX
OCaJIKOB TI0 BCEM pPacXOJHBIM CTaThsiM OacceiiHa pexku Ecunb, B TOM yucie Ha
IPOAYKTUBHBIC 3aachl BJIarH HAa YTOAbSX, MUTAHUE MOA3EMHBIX BOJ, GOpMUPOBa-
HUE MaBOJKOBOTO CTOKA, PEYHOTO CTOKAa U UCHapeHue, TpeOyeT HeOOXOIUMOCTH
U3Y4YEHUSI HE TOJBKO HAa OCHOBE METOJOB MAaTEMaTH4EeCKON cTatuCTHKU. HykHO
YCTAHOBUTH JINHEMHO-KOPPEIALMOHHOE YPAaBHEHUE IS ONPEACIICHUSI AJIEMEHTOB
BOJHOTO OajaHca BOJA0COOpa PEUHBIX 0ACCEHHOB.

Llenv uccneoosanusi — Ha OCHOBE MHOTOJIETHUX UH(GOPMAIIMOHHO-aHATUTH-
yeckux MarepuanioB PI'TI «Kasrugpomer», xapakrepusyronmx KIMMaTHYECKUE U
TUIPOJIOTHYECKUE YCIIOBUsI BojocOopa OacceiiHa peku Ecuib, M3yduTh 3aKOHO-
MEPHOCTH (POPMHUPOBAHUS CIOS THIPOJIOTHUYECKOTO CTOKA B 3aBUCUMOCTHU OT CJIOS
aTMOC(EPHBIX OCAJKOB C HCIOJb30BAaHUEM JMHEHHO-KOPPEIAIMOHHON MO
BOJHOI'O OajaHca.

Obvexm uccneooganuil — peka Ecuib, 6epér cBO€ Havaao U3 poJHUKOB B Io-
pax Huaz B Kaparannmuckoil obnactu (ceBepHasi okpanHa Ka3zaxckoro menkoco-
nounuka). Pexa Ecunb mpotekaer o tepputopun Pecny6muku Kazaxcran B npeze-
nax AxmosmmHckor (1027 kM) u CeBepo-Kazaxcranckoit obnacteit (690 km), nanee
Ha NMpoTsHKEHUHU 667 kM nepecekaeT TroMeHCKyro U yacth OMckoi o0nactu Poccuii-
ckoit denepanuu M BIajaeT B peky EpThic Ha ceBepo-3amane OMckoil obnactu, y
cenma Ycrb-Mmmmm, Ha 1016 kM oT ycrhst. O01mas miomaas Bogocoopa d6acceitna pe-
kn Ecuns 177 Teic. kM°, Ha Tepputopmio Pecry6muknm KasaxcrTan NpHXOIUTCS
143,0 THIC. KM2, TO €CThb 0Kk0JI0 73 % nnuHbl pexu U 80 % mionaau, B mpeaenax Ko-
TopbIX (popmupyetcs okosio 70 % pycnoBoro croka [1, 2, 3].

Mamepuanvt u memoowl uccieoosanuti. ViccinenoBanusi IpoBOAMINCH Ha OC-
HOBE MHOTOJIETHUX MH(OpMalMoHHO-aHaMTH4YecKux MarepuanioB PI'TI «Kasrua-
pPOMET» M0 METEOPOJIOTUYECKUM U THAPOJIOTUYECKUM CTAHIUSAM, PACHOJIOKEHHBIM
B Pa3JIMYHBIX MPUPOJIHO-TeorpaduuecKux 30HaX B Boj0cOOpax OacceilHa peku
Ecunsb, oxBateiBaroT 1950-2017 roapbl.

Mertonpl uccieqoBaHuil 6a3MpoOBaIUCh HA TEOPUU MATEMATHUYECKOW CTaTH-
cTuku. Bce pacu€rel M mocTpoeHue TpaduKoOB C JHMHEHHOro TpeHaa ObUIH
npou3BeieHbl B mporpamme Microsoft Excel [4].

Pezynomamur uccneoosanuii. Jjisi BbIABICHUS MAaT€MAaTUYECKHX U (U3HUe-
CKUX MPU3HAKOB KO3((UIIMEHTa PErpeccuH B 3aBUCUMOCTAX CJIOS TUIPOJIOrHYe-
CKOT'O CTOKa B BOJIOCOOpax peyHbIX 0acCEHHOB OT aTMOC(HEPHBIX OCAAKOB UCTIONb-
30BaHbl MHOTOJIETHHE HH(pOpMalMOoHHO-aHanuTHueckue Martepuansl PITI «Kasz-
THUAPOMET» MO THUIPOJOTUYECKON CTaHIMM JlosoMaTroBa M METEOPOJOTHUECKUM
cranuusM Hyp-Cynran (Actana), Atbacap, Ecunb, Py3zaeBka, SIBnenka u Ilerpo-
MaBJIOBCK, PacIoJIOKEHHBIM B BOJI0COOpHOM Oacceline peku Ecwisb [5, 6, 7].

JInsi  BBINOJHEHUSI CPaBHUTEJIBHOTO aHajiu3a 3aBUCUMOCTH THIIPOJIO-
TMYECKOr0 CTOKa BojocOopa OacceiitHa pekn Ecuib 0T armMocdepHBIX 0CaakoB
UCIIOJIb30BaHbl MHOTOJIETHUE JaHHbIE MO aTMOC(HEpHBIM OCagKaM METeopOJio-
rudeckux crtanuui Hyp-Cynran (Acrtana), Atoacap, Ecunb, Py3aeBka, SIBnenka u
[leTponaBnoBck U cpeaeapuPpuMeTHUECKUe 3HAUYEHHUS, KOTOPBIE ONpPEAENICHbI MO

n
o .
bopmye O = X 0¢j (rne O,; — ronoBele arMoc(epHbIE OCAIKH i-METEOPOJIO-
i=1
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TUYECKOW CTaHIMU, MM; N — KOJUYECTBO METEOPOJIOTUYECKUX CTaHIIUA; ng —
cpeneapuMEeTHIECKOe 3HAYCHHUE TOJIOBBIX aTMOC(HEPHBIX OCAJKOB i-METEOPOJIO-
TUYECKUX CTAHIUH, MM).

Ha ocHOBe METO0JI0THYeCcKOro 00€CTIeueHuUsI, TIO3BOJISFOIIETO MPOTHO3UPO-
BaHUE U OILICHKY CTaTUCTUYECKHX XapaKTEPUCTUK THIPOJIOTUYECKOTO CTOKa [8], u
MCIIOJIb30BAHUEM MHOTOJIETHUX MH(POPMAIIMOHHO-aHAIUTUYECKUX MAaTEpUaJIOB 1O
CpPEIHUM TOJIOBBIM pacxojiaM BOJbI THUIPOJOTHYECKOM cTaHiuu JloamaTtoBa u
cpenHeapudMeTHUeCKMX 3HAYEHUI aTMOC(EPHBIX OCAJKOB IO METEOPOJIOTHYE-
CKHM CTaHIIUSIM, PacIoJIOKEHHBIM B BOAocOopax OacceitHa pexku Ecuib, ompene-

n

JeHa MHTErpaibHas pasHocTtHas kpuBas Y (K; —1) (rme K; — momyns cpenme-
i=l1

TOJIOBBIX PACX0JIOB U aTMOC(EPHBIX OCAJKOB) CPEIHETOJOBBIX PACXOJ0B BOJIbI U

aTMOC(EPHBIX OCAJKOB, MTOKA3bIBAIOIIAS X0JI HAKOTUICHHON Pa3HOCTH BO BPEMEHH,

U TMIOCTPOEH UX COBMECTHBIN IpadUK, BHITOJHEHHBINA C UCIIOJIB30BAHUEM MPOTrpaM-

MbI Microsoft Excel (pucyHok 1).

2

[~ =

(K- )
1
19 L o6 L 917 L8 190 () M (] P02 (]

1

I

) MU TN ]

Pucynok 1 — CoBmecTHast ”HTErpajibHasi pa3HOCTHAS! KpUBasi CPEAHETOJIOBBIX
pacxonoB peku Ecuiib B CTBOpE THAPOTOTrMYECKON cTaHuu Jlonomarosa u
CPEIHET0/I0BbIX aTMOC(HEPHBIX OCAIKOB MO0 METEOPOJIOTUYECKUM CTAHLIUSM,

pacnoJioKeHHbIM B OacceiiHe peku
(1 — cpenHero10BEIE pacxoabl PEKH; 2 — CPEAHETO0BBIE aTMOC(HEPHBIE OCAIKH )

Kak BuIHO U3 pucyHka 1, UHTerpajgbHas pa3HOCTHAs KPUBAsl CPEIHETOJ0-
BOTO pacxoja peku Ecuiab B CTBOpE THIAPOJIOTMYECKOW CTaHuuM [lomomaroBa u
CPEIHETOJIOBBIX aTMOC(EPHBIX OCAJKOB MO METEOPOJIOTMYecCKUM cTaHinusM Hyp-
Cynran (Actana), At6acap, Ecunb, Py3zaeBka, SIBnenka u IletpomaBioBck, pacmo-
JIO’)KEHHBIM B OacceiiHe peKr BO BPEMEHHOM MaciiuTade, MoKa3bIBalOT, YTO OHU IO
CYIIECTBY M3MEHSIOTCSI TapajIeSIbHO U COXPAHSIIOTCS ONpeeIEHHbIE CHHXPOHHO-
CTU MEXAY HUMH, KOTOPBIE ITPUCYIIM peKaM cTenHoi 30Hbl CeBepHoro Kazaxcra-
Ha, GOPMUPYIOIUMUCS U3 TasTHUS CHEXXHOTO MOKPOBA XOJOJIHOTO U aTMOC(EPHBIX
0CaJIKOB B OMOJIOTMUECKH aKTUBHBIN MEPUOJ] TO/IA.
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JInst mony4deHus: CTaTUCTUYECKUX 3aBUCHUMOCTEN B BUJIE JINHEMHOTO YpPaBHE-
HUSI PETPECCUM MEKy CPEIHETrOJOBBIMHU pacxoJamMu peku Ecuiib u cpeaHeromo-
BBIMU aTMOCGEPHBIMU OCaJKaMHU MO MeTeoposiorndeckum ctaniusM Hyp-Cynran
(Acrana), At6acap, Ecunb, Py3aeBka, SIBnenka u IleTpomaBioBCcK, pacmoyioxKeH-
HBIM B OacceiiHe peKH, MOCTPOEHO MX rpapuyeckoe M300pa’keHre ¢ KCIOIb30Ba-
HueM mnporpammbel Microsoft Excel, koTopoe mokas3piBaeT HaJMuue JIMHEWHOTO
YpaBHEHUSI PErPECCHM C BBICOKMM KOA(D(PUIIMEHTOM KOPPESLUU, HMEIOIIEro
cinenyromuii Bux: Y =0.5924- X +95.428, r =0,879 (pucyHnok 2).

180
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Pucynox 2 — I'paduueckoe n3o0pakeHue IMHEHHOTO YpaBHEHUSI PETPECCUU
MEXIy CPEIHET00BBIMU pacxoamu peku Ecunb (opaunara) u
CpeIHero1I0BbIMU aTMOC(hEPHBIMU OcaaKaMu (abccuiia)

M0 METEOPOJIOTUUECKUM CTAHIIUSM, PACTIOJIOKEHHBIM B OacceiiHe peKu

Jlnia oGecniedyeHrs JOCTOBEPHOCTH M HAAEKHOCTH (DYHKUIMOHAIBHOM, CTaTH-
CTUYECKOW M KOPPEISUMOHHON 3aBUCUMOCTH U3y4aeMOU CIIy4alHOU BEJIMYMHBI OT
JOPYTHUX BEJIUYMH, TO €CTh TOJOBBIX PACXOJ0B BOABI peKU ECHib OT CpeaHUX roao-
BbIX aTMOC()EPHBIX OCAJIKOB 110 METEOPOJIOTMYECKUM CTAHIUSAM, PACTIOI0KEHHBIM
B OacceliHe peKH, BOZHUKAET MPUBEACHUE UX K OJJUHAKOBOM Pa3MEPHOCTH, TO €CTh
MapaMeTphl TOJI0BOrO pacxoda Boabl peku Ecuib, oxBarbiBatromue 1950-2017 rr.,
BBIPA’KEHHOTO B M/C, IIepeBeIeHbI Ha CJI0H pedroro croka (Yi ,MM), ¢ ncrons3oBa-
HUEM CJIEYIOIIETrO MaTEMATUYECKOTO BBIPAKEHHUS:

86400 -365 -1000 - O;
Y; = 3
F-10

9

rne OJ; — romoBoi pacxo BOIBI PEKH, MS/C; F — mjomaapr BogocOopa OacceliHa
2

peku, KM~; 365 — KOJIMUECTBO CYTOK B rojy; 86400 — KOJIMYECTBO CEKYH/I B CYTKaX;

10° - MIEPEBOJHOE YUCIIO kM” Ha M%; 10° — MIEPEBOAHOE YUCIIO M Ha MM.
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Taxum oOpazom, i oOecTieueHrs] MAaTEMATHIECKUX U (DU3UIECKUX TPHU3HA-
KOB JINHEWHO-KOPPESALUOHHOTO YPaBHEHUS C JBYMSI HEM3BECTHBIMU, XapaKTepH-
3YIOIIET0 3aBUCUMOCTD CJIOS PEYHOTO CTOKAa peku Ecuib (MM) M CpeaHerooBoro
ciosi aTMOC(EPHBIX OCAJIKOB (MM) MO METEOPOJIOTHUECKUM CTAHIIUSM, PACIIOJIO-
KEHHBIM B OacceilHe peku U oXBaTblBalOIIMM Ka3axcTaHCKyI0 4acTh BOJIOCOOPHBIX
TeppuTopHil Gacceiina pexy, cocraisiomas 143,0 Teic. kKM, TOCTpoeH rpaduk ¢
ucrnosb3oBanueM nporpamMmbl Microsoft Excel (pucyHok 3). DT0 1mo3BOJMIIO TO-
JYyYUTh CIEIYIONIEE MaTeMAaTHUYEeCKOE YPAaBHEHHE C BBICOKUM KOA(DOUIIMEHTOM
KOPPEJISALINN:

Y; =0.0394- ; —4,71412 (rme 0,0394=k ; 4,7412 = b, r =(,89);

Y=k-P+b.
o 0.0394x - 4,7412
. % W x ¥ -
T "~ R} =0,7954 i
12
% %o
10 o /:":
® & /“‘l’
3 L .. “/“f
& ‘- &%
" L
6 /‘)_4‘ R
Fy 4 ‘:
1-..-*"/
all I vl
- -
S r PI , MM
L Y - 1
L] 50 100 a 150 200 250 300 aso 400 450

Pucynox 3 — I'paduueckoe nzo0OpakeHue TMHEHHOTO ypaBHEHUSI PETPECCU
MEXKIy CPENHETOMOBLIMH CIOSMH CTOKa peku Ecuinb (opaunara) (1, mm)

Y CPEIHETONOBLIMH CIOSMH aTMOCc(epHBIX ocankos (adbccuma) (P, mm)
10 METEOPOJIOTMUECKUM CTAHIIUSM, PACTIOJIOKEHHBIM B OacceiiHe peKu

Kak BuaHO U3 pucyHKa 3, TMHEWHOCTb KOPPESLIMOHHOW CBSI3U CJIOSI CTOKA
pexku Ecuib OT €05 CpemHerooBOro ciiosi aTMOC(EpPHBIX OCAJKOB MO METEOPO-
JIOTUYECKUM CTAHIUSM, PACIIOJIOKEHHBIM B OacceiiHe peKu, XapaKTepus3yeT JIMHUS
CBs3U Ha Tpaduke, yriaoBol KodDPHUIIMEHT ypaBHEHUS, BbIpakaeTcs (DyHKIHEH
TaHreHeca tga =2-b/a =k, Torna cBOOOIHBIN uneH ypaBHeHus ¥ =k-P+b, 1O
€CTh MOHO MIPEJCTABUTD B CIEAYIOWIEM BUAE: b=a-tga =k-al?2.

[Tpu 3TOM [IOJIy4YEHHOE JIMHEWHO-KOPPEIALIMOHHOE YpaBHEHHUE
Y; =0.0394- P, —4,7412, siBsteTcss oaHOM m3 Moaudukauuii ypasuenus Y =k-P+b
CBSI3BIBAIOILETO PEYHOM CTOK ¢ atMocdepHbiMU ocaakamu (3.M. Onbrexon [9], E.B.
Onmnokos [10] 1 M.A. Benukanos [11]), koTopble HCMOJIb30BaHbI AJIsl ONIPEIEICHUS
Kod(UIIMEHTA CTOKA:
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Takum oOpazom, 3Ta cucTemMa JTUHEHHO-KOPPEISAIMOHHOTO YpaBHEHUS MO-
XKeT ObITh OTHECEHA K ypaBHEHHUIO BOJHOIO OajlaHCca Ha OCHOBAHWM IpEJCTaBJIe-
HUM, IPUHATBIX B TUAPOJIOTUU, TEHETUYECKOU TEOPUU CTOKA.
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V]IK 556.5

3ABUCHUMOCTbD CJIOSI CTOKA BOJJOCEOPA BACCEMHA PEKU
TOBBLI OT KJIMMATUYECKHUX YCJIOBUM CTEITHOM 30HBI
CEBEPHOI'O KABAXCTAHA

1
Ko3zvikeesa A. T., 0-p mexu. nayk, ooyenm:,
1 1
Tacmemuposa b. E., ookmopanm PhD", Anousposa A. E., 0okmop PhD",
1 o N N
Kazaxckuii nayuonanwvholii azpapuulii ynueepcumem, Anmamul, Kazaxcman

AnHoTanms. Ha ocHOBe MHOTrOJ1€THUX MH(OPMALIMOHHO-aHAIMTHYeCKUX MaTtepuanoB PI'TI
«Kasruznpomer», XapaTepu3yoOLUMX KIMMaTHYECKUE YCI0BUS cTenHoM 30HbI CeBepHoro Kazaxcrana
u PI'Y «To0Owui-Topraiickas 6acceiiHOBast MHCTIEKIIHS IO PETYIUPOBAHHIO MCTIOIB30BAaHMS U OXPaHe
BOJIHBIX pecypcoB» KomuTera o BogHbIM pecypcaMm MHUHHCTEPCTBA CEIbCKOrO X03siicTBa Peciy0-
ok KazaxctaH mo QopMUpOBaHHIO THUAPOIOTMYECKOTO pPEXHMMa Ha TEPPUTOPUSX BOIOCOOpPOB
Oacceitna pexku ToOBUT MyTEM CPaBHUTENHHOTO aHAIM3a YCTAHOBJIEHA 3aBUCHMOCTH CJIOSI PEYHOTO
CTOKa OT CJI0S aTMOC(EPHBIX 0CA/IKOB ¥ CPEAHEMECSUHBIX TEMIIEpaTyp BO3LyXa.

Memmnopauus kak apaiisep moaepauzauun AIIK B yciioBusix n3mMeHeHust kaimmara, 2020



