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B rvppononutiike Poccum VIpTbILL, Kak TPaHCrpaHW4Has peka, SBISeTCS MPeaMEeTOM NEPEroBOPOB Ha PasHbIX yPOBHSX o npobneme coB-
MECTHOIO MCI0Mb30BaHMs BOAHbIX PECYPCOB  Pecriybmvkon KasaxcraH v Kutaem. B pe3ynbTate BBOAa B CTPOV BepxHe-VIpThiLLCKOro Ka-
CKaza BOAOXPaHWUMNLLY B PABHUHHOW YacTy bacceriHa VpTbila NpoCieXmBAETCS yXYALIEHNE SKONOMMYECKOro COCTOSHUS, B 4aCTHOCTYU
MOVIMEHHBIX 3EMETTb, MEIOLUMX OTPOMHOE 3Ha4YeHMe B Ka4eCTBE UCTOYHVIKA KOPMOBbLIX PECYPCOB AJIS CeflbCKOXO3AUCTBEHHOIO Mpov3-
BOACTBA. [103TOMY aKTyaslbHbIM ABIAETCA aHa/N3 COBPEMEHHOTO COCTOSHIA 1 M3MEHEHMM Pa3INYHbIX XapaKTePUCTVIK MApOa0r14ecko-
o pexvma peku, B TOM Y1ciie MUHUMAbHOro CTOKa.

Llenb paboTbl: BbisSBIEHME U3MEHEHNI BOJHOIO PEXMMA 1 MUHUMAbHOIO CTOKa BOAb! P. MIPTbILL Ha PaBHUHHOW YacTy Bogocbopa
(B npegenax Pecriybmiky KazaxcraH).

MeToabl nccnenoBanus. B pabote npymeHsncs reorpagpo-rviaponorydeckuii MeTos aHanm3a matepuanos HabmoaeHn 3a CTOKOM
p. VpTbilw B cTBOpE M. CeMusapka, pacronoXeHHOM Ha PeKe HeNoCpencTBeHHO HUXe M0 TeYeHUIo0 OT Kackafa BOAOXPaHWNLY, 3a [Ba
BPEMEHHbIX MHTepBana: B ectectBeHHbix (1935=1959 rr.) v B 3aperymaposarHeix (1967-2010 rr.) ycioBusax. VIcnonb308annce METOAbI
MaTeMaT4eckon CTaTuCTVKV AN NPOBEPKM MAPONOMN4ECKIX PAAOB Ha OAHOPOAHOCTL (KpuTepum Ouiuepa v CTbiofeHTa) v ciydan-
HOCTb 110 NapaMeTpu4ecKumM v HernapameTpu4eckKuM KpUTEPUAM.

PesynbTtartbl. [lokas3aHo, 4TO perynvpoBaHue CToka BoAb! BepxHe-VIpTbilLCKMM KackagoM BOAOXPaHWINLL NPUBENO K CYLUECTBEHHOMY
YMEHBLLEHWIO JIETHETO MUHUMATIbHOO CPEAHEMECAYHOro pacxofa (Ha 22 %), yBENYeHWIo 3UMHero MUHUMAanbHoro pacxoda (Ha
78 %), nepepacnpeneneHuio obbemMoB CToka p. VpTbil Mexay NeTHUM (yMeHbLueHue Ha 38 %) v 3umHumM (ysennderHue Ha 70 %) ce-
30HaMK, 1, Kak CNeacTBue, K yXyALEHMIO TaP0-3K0N0r4ecKoro COCTOSHMS MOMMEHHbIX 3eMestb. B kayecTse 6a3bl cpaBHeHUS NCONb-

30Ba/iiCb COOTBETCTBYIOLME XapaKTepPUCTNKK CTOKa B €CTeCTBEHHbIX yCJI0BUSAX.

Knio4eBble cnoBa:

MWuHVMAanbHbIA CTOK BOAbI, TpaHcrpaHmn4Hasa peka Mpr/LLI, 3aperynnpoBaHHOCTb CTOKa, Kackaz BOAOXPaHW/INLL, BHYTPUIO4OBOE epe-

pacrnpegeneHne CTtoka.

3a mocyenHue necAtuietud B 6acceitne pexu Up-
T Ha Teppurtopuu Pecnybiuku Kasaxcran cgop-
MUPOBAJICA KPYIHBIA BOJOXO3ANCTBEHHBIH KOM-
IJIEKC, BKJIIOYAIONIUN MPOMBINLIEHHOCTh, KOMMY-
HAJbHO-OBITOBOE XO03AMCTBO, TEIIO- W THAPOJHEpre-
THKY, OpOIleHKe, 00BOJHEHHe MacTOWI, BOMHBIN
TPAHCIOPT X PHIOHOE X03dAicTBO. B KauecTBe camo-
CTOSITEILHOTO OTPEOUTEIS BBICTYMAET TAKiKe KaHal
um. K. CarnaeBa (Mpreim—Kaparauga), moamuTsi-
Batomuii 6e3BogubIe 00MacTu Kasaxcrana B Oacceiine
p. Umwum.

B Pecny6siuke Kasaxcran MpTeIll HOCHT HasBa-
Hue «Epruc», B KagacTpoBhIX U3gaHUAX PoccuiicKoit
@enepanuy 4acTh PeKU [0 BXOMKIEHWUS Ha TEPPHUTO-
puto Poccun umenyerca «Bepxuuit pToim».

Passutue Bogonorpedaenus B Peciyouke Kazax-
CTaH CBSI3aHO, I'JTABHBIM 00PasoM, C TEMIAMU OCBO-
eHU UPPUTAIIMOHHOTO (OHIA PECTYOIUKU U YBEJIH-
YeHHEM 005eMOB 0TPACIEBOT0 BogomoTpedenus [1].

WpTeill ABNAETCA TPAHCTPAHUUYHBIM BOJHBIM
00beKTOM. VICTOKM peKM pacloJo:KeHbI Ha TPAHUIEe
Kuras u Mouroauu, Ha oro-samagHoM ckioHe FO:x-
Horo Auras. Us 4248 kv o6mieit aiuab peku 610 kM
pacmoJyio;KeHnsl Ha Tepputopuu Kuras, 1558 kM mpu-

magie:xar Kasaxcramy, Poccun — oxomo 2080 xm.
W3MeHeHus rUAPOJOIMUECKOTO pPexKuMa peru [2—6],
U B IIEPBYIO OUepelb YBEJIUUEHUE U3BATUA CTOKA HA
X03SAMCTBEHHBIE HY Kbl 3aTPArvBaeT MHTEPECH TPEX
CTpaH ¥ TOPOKAAeT MPOOJEeMBI B PAMKAX MEMKIyHa-
POTHOTO BOTHOTO 3aKoHOAaTeabCcTBa [7—10].

Ha reppuropun Pecny6mkn Kazaxcran cTor pe-
Ku Upreim 3aperyaupoBad Bepxue-WpTHIICKUM Ka-
CKAaJIOM BOJOXPAHUIUIN: ByXTapMUHCKUM (3amoJIHe-
Hue 1 ycK mpousBenensl B 1960-1966 rr.); Yers-Ka-
MeHoropckuM (3amosnnenue B 1952-1954 rr., BbIXon
Ha MOJTHYI0 MOITHOCTE B 1966 r.), [IlyasouncKmM (Ha-
YyaJjio cTpouTenbeTsa — 1976 r., BOZOXpaHUININE BBe-
IeHo B dKcmryaramnuio B 1987-1994 rr.).

Beepenne B sxcmryaranuio Bepxue-MpTHIIICKOTO
KacKa/ja BOJOXPAHUJINII] C IIeIbi0 00eCIIeueHn B IIep-
BYIO OUepelb TPAHCIIOPTHO-YHEPTeTUUECKUX IIOTPED-
HOCTell X03AMCTBEHHO-IIPOMBIIIIEHHOTO KOMILIEKCca
PErmoHa CYIIECTBEHHO OTPA3UJIOCh HA BOJHOM DEIKU-
Me TIOMMEeHHBIX 3eMeNb B PaBHUHHOW UacTu bacceitna
Wprerma [11-14].

Ha reppuropun IlaBimomapckoii obsiactu Pecry-
omuku Kasaxcran cocpemorouensl okoso 90 % Imoii-
MEeHHBIX MaccuBOB peku Bepxuuit MpTeii, Ha KOTO-
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DBIX KPYIHBIE MACCUBbI 3aJMBHBIX JYTOB MCIOIB3Y-
I0TCS X03AUCTBAMY B KAUeCTBE IPUPOSHBIX CEHOKOCOB
1 macTouir, 00JaJaioIIX OTPOMHBIMHU Pecypcamu
KopMoB. OfiHA 13 OCHOBHBIX OIepaIiuii Kackaja BOJIo-
XPaHWINI] — 00BOZHUTEIBHBIN IOIYCK Ha IOUMY, KO-
TOPHIN Ba)KeH HE TOJBKO KaK 00ecIeurBaoIImii 00-
BOJIHEHIE MOMMeHHbIX macTouy [TaBaogapckoii 06.1a-
ctu Pecrybauku Kasaxcran u Omckoit obmactu Poc-
cuiickoit Penepanuu, HO ¥ KaK HOCUTEIh CAHUTAPHO-
9KOJIOTUECKON (DYHKITUH II0JO0BOIbSA, — HE OCYIIECT-
BJISIETCS B ONTUMAJBHOM PesKuMe BCJIeJICTBIE Hey/o-
BJIETBOPUTEIHHOTO HAJIOMKEHUA PACXOJI0B II0JOBOAbS
pex YObI 1 Yis05I Ha monycku Byxrapmunckoit [9C
[15].

ITpoGieMa panroOHAIBHOTO KCIOJIb30BAHUA U OX-
PaHbI BOZHBIX pecypcoB MpTHIIIA HOCUT CIOMHBINA 1
MHOTOILJIAHOBBIN XapakTep. 3a MOCJaeJHNe JecATHIe-
TS 0IIyOJUKOBAHO MHOTO PAGOT [0 BOJOX03CTBEH-
HEIM mpoOsemaM B Oacceitne Bepxmero Mprtsimra
[2, 13, 15, 16], mo u3MeHEHUAM ero BOLHOTO PerKuMa
[4, 6,11, 17, 18], xauectsy Bog [19-20] u T. 1.

OpnHolt 13 caMbIX aKTyalbHBIX U Ha CETOHS MPaK-
TUYECKU He PEeIIeHHO# ABJdeTcsa mpobaemMa coxpaHe-
HUS IOHMBI, 00IMas IIOMAAhb KOTOPOH OT CTBOpA
[ITynsounckoit I'9C mo rpamuie: ¢ Poccueit cocTasis-
et 6ostee 400 TrIC. Ta.

I'naBuas mens BBegenusd B 1987 roxy meproii oue-
penu [lyasounckoit I'9C — onTuMu3aIus MOMYCKOB
Bozbl Ha IlaBrogapekyio u OMCKYIO HOIMBI, ¥ KOTO-
PBIX He 00eCIeYnBaIOTCA PEIKUMBI TPOJOJIKUTEIHHO-
CTHU CTOSHUS BOABI U JOCTUKeHHe HeoOX0AMMOI TIJI0-
maayu 3aTomnenus moiMsl. [losromy perynupoBanue
croka co croponsl Illynsbunckoit '9C pacmpocTpars-
eTCs B OCHOBHOM TOJIbKO HA IIEPHOJ I0J0BOAbA [15].

[lenb janHOI pabOTHI COCTOUT B OIIEHKE COBPEMEH-
HOTO COCTOSHIS MEKEHHOT'0 CTOKA U B BBIABJIEHUN 13-
MeHEHU# B MUHUMAJIbHBIX PAcXoJax BOAbI p. M pTaIin
Ha PaBHMHHOU uyacTy BogocOopa (B mpezesax Pecmy-
oavku Kasaxcran), ABIAIOIMUXCA KPUTHUECKUMHI
I YCTOMYMBOTO CYIECTBOBAHUSA U PABBUTHUS CENb-
CKOX03AWCTBEHHOTO KOMILJIEKCA BTOH TEPPUTOPUU.

06beKT nccnenoBaHus

Pexa WpTeIn ABJIAETCS OCHOBHBIM IIPUTOKOM pe-
ku O0u. Ha paBHMHHOI yacTu ee OacceiiHa KJII0UeBEIM
AaBysgeTcs moct y nocenka Cemusapra Beckaparaiicko-
ro paiioHa Bocrouno-Kasaxcranckoit obaactu
(50°53'49"N; 78'18'52"E) (puc. 1). 9To mepshIil I'u-
IPOJIOTHUECKWI ITOCT Ha PeKe HEeIOCPeICTBeHHO HIIKe
10 TEYEHHUIO OT KacKaja BOJOXpaHuIuIl. MaMepenus
pacxofoB Ha HeM BeayTes ¢ 1903 r. ¢ MUHMMAaIbHBIMEI
mpomycKamu B HabioneHuAx (rabi. 1).

Bri6op rupponocra y . CeMusapKa I UCCIeT0Ba-
HUS U3MeHeHul B MUHUMAIbHOM CTOKe DKM Ha paB-
HUHHON vacTu 0acceiiHa OMpefeNsicsa ABYMS YCJIO-
BUSIMMY — IOJTHOTOM JAHHBIX II0 CPABHEHUIO CO CTBOPOM
y 1. IlaBimogapa u BBICOKOI 3HAUMMON KOppeaaiuei
mexay Humu (r=0,98), 1. e. KosebaHUA CTOKA B ATUX
IIBYX CTBOpAX PEKU MPAaKTUUECKY CHHXPOHHEI.
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Tabnuuya 1. [aporpaguyeckme v rmaponornyeckme xapaktepu-
CTUKY peku UpTbiw y 1. Cemumspka

Table 1. Hydrographical and hydrological characteristics of
the Irtysh River at Semiyarka
[Tepwvog Ha-
. Ly, Qu | €0 Eau | BriopeHun
o | Lk KM Hiu M/c| % ¢ % |Observation N
period
1903-1997,
2290002643 (1605|148 [ 897 | 19 [0,19|7,0 1999-2010 107

Mpumedarme. F = naowane Bogocbopa, Ly = paccTosiHme oT yCTbs;
L, = paccrosiHue ot uctoka, H = cpeaHss Beicota Bogocbopa; Qi ~
CPEAHMV MHOTONETHIV FOLOBOV PACX0/ BOAbI 3a NEPUoA Habsio-
LOEHWN; €y ~ OTHOCUTENbHAS CTaHAAPTHAS MOrPEeLUHOCTb BbIOOPOY-
HOro cpesHero pacxofa BoAbl 3@ BeCb nepvon HabnwogeHn, C, —
KO3(hULIMEHT BapyaLmy rofgoBoro CToka, &, ~ OTHOCUTE/bHas
CTaHAapTHas MOrPeLuHOCTb KO3@ULUMEHTa BapyaLmi rogoBoro
croka; N — Konm4ectBo HabmoneHui.

Note. F is the catchment area; L, is the the distance from the river
mouth, L, is the the distance from the river source; H is the average
height of a watershed, Q,, is the long-term mean water discharge
over the period of observations; &, is the relative standard error of
the sample mean water discharge for the entire period of obser-
vations; C, is the coefficient of variation of annual runoff; &, is
the relative standard error of the coefficient of variation of annu-
al runoff,; N is the number of observations.
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Fig. 1. The Irtysh (Ertis) River in the Republic of Kazakhstan

WcxopHble aaHHbIe N MeToayKa UccnefoBaHum

g aHanusa MUHMMAJIBHBIX CDEJHEMECAYHBIX
pacxomoB p. MpTHIIN HU/Ke KacKaza BOJOXPAHUJIMII
HCIIOJIE30BAJINCH PEIKUMHBIE THAPOMETPUUECKIE TaH-
HBIEe [0 CTOKY B cTBope I. CeMuApKa 3a IepHOJ
1935-2010 rr.

B mpakTuKe BOJOX03AWCTBEHHOTO ITPOEKTHPOBA-
HUS TPUHATO MCKJIOUATh HAOMIONEHUA 34 CTOKOM B
rojbl HANOJHEHUA BojoxpaHuiuma. Ilostromy us
IJIATEIHHOTO PAsa HAOMIONEeHUH 32 CTOKOM B CTBODE
n. Cemmuapka BBIOUpANUCh [Ba IepHoja: IO CTPOM-
TEJIbCTBA TUAPOY3Ja — PEIKMM B CTECTBEHHBIX YCJIO-
BUAX, U TIOCJIE CTPOUTEIHCTBA TMAPOY3Ia — PEKUM B
3apeTyJINPOBAHHBIX YCIOBUAX, C OJUBKUMMU IO BEJIH-
YIHE [IapaMeTPaMy TO0BOTO CTOKA.
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CoBMeCTHBIN aHAIN3 PIA0B MUHIMAJIBHOTO JIeTHe-
IO U 3UMHET0 CTOKA MPOM3BOAMJIC JJId MMepHuoja Ha-
omogernit 1935-2010 rr. Tax xKax ByxrapMunckoe
BOIOXPAHUJINIIE TI0 00BEMY 3HAUUTEIBHO MPEBOCXO-
mut Ycrb-KaMeHoropckoe, n Ha TMONHYH MOITHOCTD
OHU OBLTN BhIBeAeHEI B 1966 T., pacueTHEHIN mepuon
€CTeCTBEHHOTO pekmMa mpuwHAT Hamu ¢ 1935 mo
1959 r. BKJIIOUNTEIBHO, a IEePHOJ PeKUMA B 3apery-
JINPOBAHHBIX YCJIOBUAX, COOTBETCTBYIOUIUN COBME-
CTHOI paboTe ABYX BOZOXPAHIINIL, IPUHAT ¢ 1967 1o
2010 r.

[TpumenAmnCch METOABI MATeMATHUECKON CTaTH-
CTUKY JJIS MPOBEPKHU OFHOPOAHOCTH (HIapameTpumye-
ckue xpurepuu Pumrepa u Croiogenta [21]) u cay-
yaiiHOCTH (HemapaMeTpUYecKUl KPUTEPUH PAHTOBBIX
Koa((uImenToB u mapamerpuueckuii A6be [22]) ru-
IPOJIOTUYECKUX DPANOB, a TaKiKe MCIOJb30BAIUCH
Kpurepuu corjiacus KonmoropoBa—Cmuprosa, JIui-
auedopca u lllanupo—Yunkca B makere Statistica.

0GcyxaeHue pe3ynbTaToB UCCIeA0BaHNS

OcoberHOCTH (POPMUPOBAHUA MUHUMAJILHOTO CTO-
Ka pek Oacceiina Bepxuero MpTriiia ompeaeasoTes
pasHooOpasueM KJIMMATUYECKUX U THAPOTe0JIOrmye-
CKMX YCJIOBUI MX BOZ0cO0poB. MUHUMAJIBHEIE PACXO-
IIBI BOZIBI (QOPMUPYIOTCS B MEKEHHBIE IIEPUOJIBI, B OC-
HOBHOM 32 CUeT 'PYHTOBOTO IUTAHKS, TOTOMY OJHUM
13 TJIAaBHBIX ()AaKTOPOB, OMPEAEJIAIIINX BEJUUUHY
MUHUMAJIBHOTO CTOKA, SIBJAETCA CTENeHb yBJAMKHe-
HUS TePPUTOPHUH.

Ananns MuHEMAJIBHOrO cToKa p. Mpteimt y 1. Ce-
MUAPKA IOKa3al, YTO TOJ0BOY MWHMMAJBHBIN CTOK
ABJIAETCA TeHEeTHYECKU OXHOPOAHBIM. HamMmeHbInne
3HAUYEHUA CTOKA B IOy HaOJIOJAIOTCA BCETIA B 3WM-
HIOI0 Me)KeHb, UTO SABJISETCH CJIEJCTBUEM yMeHbIIe-
HUSA TO0/[36MHOTO IUTAHNUA.

B pesynbrare samycka B 9KCILTyaTaIlnio Kackazia
BOZOXPAHUJINIT KaK y JIETHETO, TaK 1 3UMHET0 MUHU-
MaJbHOTO CTOKA B3a Bech Mepuoj HaOJIIOIeHuH
(1935-2010 rr.) mpou30III0 HAPYIIEeHNe OXHOPOJHO-
CTH IO CPeJHEMY ¥ IUCIIEPCUY IIPU YPOBHE BHAUMMO-
ctu p<0,05 (Tabu. 2). B ecTecTBeHHBIX YCAOBUAX MHU-
HUMAJbHbIE JIETHIE U 3UMHUE PACXObl IPeCTaBIs-
s o060 OZTHOPOTHBIE PAMBI, KAK TI0 CPETHEMY, TaK U
10 JWCIIepCUu. B yCIOBUAX 3aperyaupoOBaHHOCTH B
MUHAMAJbLHOM JIETHEM CTOKE XapaKTep OXHOPOAHO-
CTA He MBMEHUJICH, YTO MOMKHO OOBICHUTH 3HAUM-
TeJbHBIM YMEHbIIIEHNEM er0 U3MEeHUMBOCTH: K03(hu-
mnueHT Bapuanuu morusmiaca go 0,14 (0,35 B ecre-
CTBEHHBIX YCJIOBUAX) (Taba. 3). Y 3UMHEr0 MWHMU-
ManbHOTO CTOKA B 3apPETYIMPOBAHHBIX YCIOBUAX M-
IUPUYECKUH YPOBEHb 3HAUNMOCTH (OZHOPOIZHOCTD II0
CpeJHEMY) HE3HAUNTEIbHO MPEBBIIIAET KPUTHUECKUT
VDPOBEHB 3HAYMMOCTH.

IIpousoriu cyIiecTBeHHbIE UBMEHEHUS B CTPYK-
Type MUHUMAJIBHOTO CTOKa. CpemHWI MHOTOJETHUH
PacXoj IeTHET0 MUHIMAIBHOTO CTOKA U 00HeM JIeTHe-
TO CTOKA B 3apeTyJMPOBAHHBIX YCIOBUAX YMEHBIIH-
auchk Ha 22 1 38 % COOTBETCTBEHHO.

ITH e XapaKTePUCTUKY Y BUMHETO CTOKA YBEJIU-
YIJIACH B CDABHEHUH C eCTECTBEHHBIMY YCJIOBUAMY Ha
78 u 70 % coorsercTBeHHO (TabII. 3).

Bapuanus MuHMMAJIBHOTO JIETHETO CTOKA TIpeTep-
meJsia TaksKe CYIIeCTBeHHbIe M3MeHeHNUs, Iepeiiaa us
KaTeropuu 3HAUYUTENbHO BAPHUPYIOIIUX BEJIHMUUH
(0,35) B cmabo Bappupyiomue (0,14), uTo HATJIALHO
IPOABIAETCA U HA XPOHOJOIMUECKUX IPABUKAX MU-
HUMAJBHOTO CTOKA (puc. 2).

Wsmenuioch ¥ pacupejeenne MUHUMAJIbHOTO
cToka mo mecaAnam (tabdsa. 4). Eciu B ecTecTBeHHBIX
VCJIOBUAX B BETETAIMOHHBIN MEPHOJ MUHUMAIbHbBIE
pacxofibl HaOJIIOAATICH TIPEUMYIIECTBEHHO B aBTYCTE

TB6J1ML‘B 2. AHanu3 O[HOPOAHOCTM 0 CpefHeMy n ancrnepct MMHUMasibHOro 3MMHEro v JIETHero Ctoka p. MprILU A C(:‘Ml/lﬂpKa

Table 2.  Testing homogeneity of the means and variances of minimum winter and summer water discharge in the Irtysh River at Se-
miyarka
Quin Mean1 | Mean2 t-value df P Valid N1 | Valid N2 | Std.Devl. | Std.Dev2. | F-ratio o
3”1“”92”5“_/2%%” 330 457 -4,7 67 | 0,000 | 39 30 128 86,8 26 | 0,03
”ezg'g'g/_ SZUOTS”GF 867 697 3.4 69 | 0,001 | 39 32 m 97, 7.84 | 0,00
3”%“3‘?_/1;@” 254 280 -095 | 22 | 035 12 12 65 70 118 | 0,79
”ezg"a‘g/_ ﬁ‘;’;‘g”er 900 915 -0,11 2 | 09 12 12 292 355 1,47 | 0,53
3'/'2"9%”7@/;5%” 445 507 =21 35 | 0,050 | 19 18 107 7.7 221 | o
”qu'g';f Z%Tomer 686 734 -1,5 37 | 014 19 20 14 78,5 21 | 012

Mpumeyarme. Mean 1, 2 = cpeHee 3Ha4eHue nepBovi 1 BTOPOY YacTet psaa Habo[eHn CooTBETCTBEHHO, t-value — ctatctiika CTbio-
neHta, df = yncno creneHert cBobob! psiaa HabRIoAEHMI, p ~ yPOBEHb 3HaYUMMOCTV t-cTaTncTuku CTologenTa, Valid N1, N2 = yucro Ha-
bAt0feHMII B IEPBOV 11 BTOPOV YaCTAX PAAAa COOTBETCTBEHHO, Std.Dev 1, 2 = cpeaHee KBaApaTnyeckoe OTKIIOHEHME MepBOv M BTOPOU Ya-
CTevi psifia COOTBETCTBEHHO, F-ratio — cTatucTvka duiuepa, p ~ ypoBeHb 3Ha4MMOCTH F-cratucTuki Quiuepa.

Note. Mean 1, Mean 2 is the mean value of the first and second parts of the series of observations, correspondingly, t-value is the Stu-
dentrs t-test value, df=N-2 if N is the number of observations; p is the confidence level for t-value,; Valid N1, N2 is the number of ob-
servations in the first and second parts of the series of observations, correspondingly; Std.Dev 1, 2 is the standard deviation of the first
and second parts of the series of observations, correspondingly, F-ratio is the Fisherrs F-test ratio, p is the confidence level for F-ratio.
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Tabnmuua 3. MHoronetHue XxapakTepucTvku MUHUMANbHOMO CTOKa B eCTecTBeHHbIX (1) v 3aperynpoBaHHbix ycnosusx (Il) B ctBope
p. Vpteiw = 1. Cemmsapka
Table 3. Long-term characteristics of minimum and seasonal flow rates under natural (1) and regulated (11) conditions for the Irtysh

River at Semiyarka
Mepvon,/Period [*N] Q. m/c|ea %o m/c| o [ %W ] AQ m/c [AQ, % | AW, k'] AW, %
3umHK cTok/Winter flow
Ec;fucé‘alim‘gié?SOB””“935_1959) 24| 267 | 51| 65 | 025 38 | 345
+208 | +78 | +2,41 | +70

3aperynmpoaaH_|—|_b|e ycnosws (1967-2010) 37| 475 33 95 020 | 24 | 586
Regulated conditions

NeTHun ctok/Summer flow

EctecTBeHHble yCrosus (1935-1959) oa| 907 72| 299 | 035 | 5.4 | 106
Natural conditions
3aperynvposanHble ycnosws (1967-2010) 196 T2 A 38
pery ey 39| 7 22| 99 | 014 | 56 | 68
Regulated conditions
Mpumeydarme: *N = qcio HabmoaeHu; Q = CpenHU MHOrONETHMI MUHUMASTbHbIN CPEAHEMECSYHbIV PacXoA BOAb! 3a nepyos Habso-
L[CHWV, & ~ OTHOCUTENIbHAS MOMPELIHOCTb BHIOOPOYHOrO CPEAHErO MUHUMAbHOIO PacXoAa, o — CPEAHEe KBaAPaTUHECKOE OTK/IOHEHME
pAAa MUHUMAsbHbIX pacxonos; C, = Ko3@UUMEHT BapuaLmy BbI6OPOYHOro MUHUMAbHOIO Pacxoaa, &, ~ OTHOCUTEIbHAs MorpeLL-
HOCTb KO3(puumeHTa Bapuati, W = 3umnmii (X1, 1=I11) wmn netHui (VI=VIll) obbem ctoka, AQ — 13MeHeHMe MUHUMATbHOMO Pacxo-
[a, paccumTarHoe kak Q, = Q, AQ, % = 3MeHeH1e MUHUMAsbHOro pacxoaa, paccumtaHHoe o gopmyne AQ=(Q,=Q)/Q-100 %, AW,
% — M3MEeHeHwe CpenHero 3a ce3o0H obbeMa CToka, paccymtarHHoe o gpopmyne AW=(W,~W,)/W-100 %.

Note: *N is the number of observations; Q is the long-term mean minimum monthly water discharge over the period of observations;
& Is the relative error of long-term mean Q, o is the standard deviation of minimum discharge time series, C,,is the variance coefficient
of minimum discharge time series; &, is the relative error of C,; W is the winter (XIl, I=1l) or summer ( VI—VIIIX water flow rate; AQ is the
change of mean minimum discharge over the period of flow regulation in comparison with mean minimum discharge in natural condi-
tions; AQ, % is the change of mean minimum discharge over the period of flow regulation in relation to mean minimum discharge in na-
tural conditions;, AW, % is the change of seasonal flow volume over the period of flow regulation in relation to mean seasonal flow vo-
lume in natural conditions.
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Fig. 2. Inter-annual dynamics of minimum monthly mean water discharge of the Irtysh River at Semiyarka in winter and summer.
Trends in the minimum flow indicated by a dotted line are statistically insignificant
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(96 %), To ux uncso B Ut0JIe Bo3pocyo (¢ 4 ;o0 23 %) u
OHHU CTAJIM HAOJIOZATHCS JaKe B UIOHE, T. €. B MeCs-
1[I, HauboJiee BasKHBIE [JIs BETETAIUU PACTUTENBHO-
CTH. YMeHbIIeHe PACX0/0B U IaJleHNie YPOBHEH BOIBI
B PeKe MPUBOIAT K 60Jiee HHTEHCUBHOMY OCYIIEHUIO
TIOMMBI.

Tabmuua 4. Yactota Habmo[EHNs MUHUMANbHbIX PAacXo[oB B
Pa3Hble MeCALbl B eCTECTBEHHbIX U 3apery/npoBaH-
HbIX yCnoBumsax, %

Table 4. Frequency of minimum flow observations in different

months under natural and regulated conditions, %

Qnin 3VIMHWA/in winter
Qnin 1€THUIA /in summer

Mepuopn/ Period | 2 & ax=l22l . 1. e
OCE(T SIS S|ag|z 2|l >[5
Caoloa 2a5€8|25|123|52
AR EEEEIEE
:[gu:ﬁeu_ <

EcTecTBEHHbIE YCIIOBWS
(1935-1959) 3 14
Natural conditions

w
w

50 | O 4 | 9%

3aperynunpoBaHHble
ycnoswst (1967-2010) | 24 | 38 | 22 | 16 | 5 | 23 | 72
Regulated conditions

W3MeHnIach CTPyKTypa U MUHUMAJILHOTO 3UMHe-
ro cToKa. Eciiv B eCTEeCTBEHHBIX YCIOBUAX XapaKTep-
HBIM TPU3HAKOM HCTOINEHUA II0J3€MHOTO HMUTAHUS
SBJIAETCA MUHAMYM 3MMHEr0 PEYHOI'0 CTOKA B KOHILE
3UMEI, TO IIOCJIE BBOJA B CTPOI KacKaja BOJOXPAHI-
JIAIN TIOBTOPSAEMOCTh MUHUMAJIBHBIX 3UMHHUX Pacxo-
II0B yBeIMumIach B 8 pas B gexadpe (¢ 3 1024 %), aB
MapTe Iepej HauajgoM II0J0BOJIbA, HA000POT, YMEHb-
mumach (¢ 50 10 16 % ). B mesiom pacnpezenenue mos-
TOPAEMOCTH MUHUMAJBHOTO PAcX0jia Mo MecAmaMm ro-
Iia cTaJio 0oJiee BHIPOBHEHHEIM.

B mocrenHue mecATHIETHA B pAAe HMyOJUKAIIMAN
[IPUBOJATCS MaTePUAJIbI, IOATBEPIKIAIOIIIIe HATNULE
PErHOHANBHBIX TeHACHIINH YBeJINYeHNA YPOBHEH Moj-
3eMHBIX BOJ U IOA3eMHOro cToKa B CuOuWpHU B CBA3HU
rJ00aJbHBIMU  KINMATUUYECKUMU W3MeHEeHUAME
(cM. moxpo6HBIX 0630p B [23, 24]). Bosmo:kHO, B Ka-
KOH-TO CTEeNeHN YBeJIMUYeHNE MOA3eMHOr0 CTOKA MPO-
HUCXOAUT ¥ B Oacceitie MpThilia, HO 3HAUYUTENTBHOCTD
CTPYKTYPHBIX U KOJMUYECTBEHHBIX H3MeHEHUi (yBe-
JInueHne 3UMHero cToka Ha 70 %) 1 mpuypoYeHHOCTD
HauboJIee CYIIeCTBEHHOTO MPeo0pasoBaHusA CTOKA BO-
bl K JlaTaM HauaJa ero peryaupoBanus Bepxue-Wp-
THIIICKUM KACKAa0M BOZOXPAHIILIL II03BOJIAET CUM-
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Puc. 3. Smnupuyeckie Kpyble 06eCreyeHHOCTY CTOKa B €CTECTBEHHbIX U 3aperynnpoBaHHbIX ycnosusax (p. Vpteiw = n. Cemmspka)

Fig. 3.

Empirical probability graphs of water discharge exceedance under natural and regulated conditions (Irtysh River at Semiyarka)
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TaTh I0CJIeHee OCHOBHON IPUUYMHON HAOJIOZaeMBIX
U3MEeHEHUN CTOKA.

Ha puc. 3 mpuBeeHbI JJIA CPaBHEHWI dMIUPUYe-
CKUe KpUBbIe 00eCIeUeHHOCTH IJIS PAs3HBIX THUAPOJIO-
TMYECKUX Ce30HOB B €CTECTBEHHBIX 1 3aPETyIUPOBAH-
HBIX YCI0BUSX. MUHMMAIBHBIN 3UMHUN PAcXOJ JIio-
0011 00eCIIEYeHHOCTY YBEJIUYIIICA OTHOCUTEIHLHO 3HA-
YeHHl B €CTECTBEHHBIX YCI0BUAX: Ha T8 % mus Q,,
s00 WHA 92 % 1o Q050 (PHC. 3, @).

C ToukM 3peHUs TPOOJIEM (DYHKIMOHUPOBAHUA
TOMBI 60JIee BasKHBIM SBJISETCS aHANUS U OIleHKA 13-
MeHEeHU! MWHUMAJIBHOTO JIETHETO CTOKA. Y JIETHETo
MUHAMAJBHOTO CTOKA B3AMOPACIIONIOMKEHNE KPUBBIX
00ecIeueHHOCTH TI0 CPABHEHUIO ¢ 3MMHUM CTOKOM HO-
CHUT IIPOTHBOIIOJNOMKHBIM XapakTep, T. e. obecreueH-
HBIE PACXOJIbI B I[EJIOM YMEHBITUINCH. TOJIBKO Pacxo-
oel 90-95 % o0ecrmeueHHOCTH OCTAJNCh HA YPOBHE
€CTeCTBEHHOT0 pe:xuMa (puc. 3, 0).

Pacxomsr  Bogel  obecmeuenHocTbio 50 %
(Quin sers. 50%) VMEHBIIUINCH OTHOCUTEJBHO CTOKA B
€CTEeCTBEHHBIX YCJIOBUAX IpuMepHO Ha 22 %, pacxo-
IBL Qi semn. 250 — Ha 28 % (¢ 1076 mo 770 m®/c). dna
CpaBHEHUS Ha pUC. 3, 8 IPUBEJEHBI KPUBHIE obecIe-
YEHHOCTH CTOKA B WIOHE. Pacxoj 00ecreueHHOCTHIO
25 % ymembInmics B wioHe mouTH B 2 pasa (52 %) ¢
2540 mo 1230 m*/c.

W3BecTHO, UTO 10 IOCTPONKY KacKaja BOJOXPaHu-
Jquir] Bogsl UpThIlia meproguuecKy 3aTOILISIN TOAMY
IpUMeEPHO uepes Kaxkable 3—4 rozxa. [loaTromy, Ha HaII
BBTJISA[, JJI BOCCTAHOBJEHUS U YCTOHUMBOTO IO IED-
JKAHUSA €CTECTBEHHBIX ()YHKIWH MONMEHHBIX 3€MeJh
1 TIPeJOTBPAIleHU WX UPe3MEPHOr0 OCYLIeHUS, HC-
XO[d M3 IEePHOJUYHOCTH 3aTOIMJIEHU MOUMBI B IPO-
IILJIOM, HEO00X0JUMO OPUEHTHPOBAThCA Ha HMOAAepsKa-
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In Russian hydropolitics, the Irtysh as the transboundary river is the subject of different level negotiations on the issue of shared use of
water resources with the Republic of Kazakhstan and China. In the result of putting in operation of the Upper-Irtysh multireservoir cas-
cade the deterioration of environmental condition, particularly, in a floodplain which has major significance as the source of feed sup-
plies for agricultural production, is observed in the flat part of the Irtysh basin. Therefore, it is important to analyze current condition and
changes of different characteristics of hydrological regime of the river, and specifically the minimum flow.

The aim of the research is to indicate the changes of water flow regime and minimum water flow rates in the Irtysh River in the flat part
of its basin (in the Republic of Kazakhstan).

Research methods. The authors have applied hydrological and geographical approach to analyze standard observational data on the Ir-
tysh flow in the cross section at Semiyarka village — a water level gauge station located directly downstream the multireservoir cascade
during two time periods: in natural (1935-1959) and regulated (1967-2010) conditions. Statistical methods were applied: testing homo-
geneity of the means and variances using the Student t-test and the Fisher F-test, and trend significance using parametric and non-pa-
rametric criteria.

Results. It is shown that water flow regulation by the Upper-Irtysh multireservoir cascade resulted in significant decrease of minimum
summer monthly river discharge (by 22 %), increase of minimum winter river discharge (by 78 %), redistribution of the Irtysh flow
between summer (decrease by 38 %) and winter (increase by 70 %) seasons, and, as a consequence, in deterioration of hydrological
and environmental condition of the floodplain. Corresponding flow characteristics under natural conditions were used as the base for

comparison.

Key words:
Minimum water flow, transboundary Irtysh river, flow regulation, cascade of reservoirs, intra-annual redistribution of flow.
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