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Poccns, 634050, 1. Tomck, np. JleHuHa, 36.

B rvppononutiike Poccum VIpTbILL, Kak TPaHCrpaHW4Has peka, SBISETCS MpeaMeToM NepPeroBOPOB Ha PasHbIX yPOBHSX no npobneme coB-
MECTHOI0 UCMOJb30BaHMs BOAHbIX PECYPCoB ¢ Pecrybnmkos KasaxcraH v Kutaem. B pe3ynbTate BBOAA B CTPOV BEpXHe-MpThILLCKOro Ka-
CKaza BOROXPaHWUMNLLY B PABHUHHOW YacTy bacceyiHa VpTbila NpoCiexmBaeTcs yxyALIEHNE SKONOMMYeCKOro COCTOSIHUS, B 4aCTHOCTH
MOVIMEHHBIX 3eMETTb, MEIOLUMX OTPOMHOE 3Ha4YeHme B Ka4eCTBe UCTOYHVIKA KOPMOBbIX PECYPCOB AJIS CeflbCKOXO3AUCTBEHHOIO Mpom3-
BOACTBA. [103TOMY aKTyaslbHbIM ABIAETCA aHa/N3 COBPEMEHHOTO COCTOAHIA 1 M3MEHEHMM Pa3INYHbIX XapaKTepUCTVIK MvpOI0r14ecko-
o pexvma peku, B TOM Y1ciie MUHUMAsTbHOIO CTOKa.

Llenb paboTbl: BbisBIEHNE U3MEHEHWUI BOAHOIO PEXIMa 1 MUHVMAIbHOMO CTOKa BOAbI P. MPThILL Ha PaBHUHHON YacTy Bogocbopa (B
npenenax Pecnybnvky KazaxcraH).

Mertogabi nccnegoBanus. B pabote npuMeHsCs reorpago-rvaponornyeckui MeTos aHanm3a Matepranos HabioaeH v 3a CTOKOM p.
VpTeilw B cTBOPE 1. CEMUAPKA, PACONOXEHHOM Ha PeKe HeroCPenCTBEHHO HIXE 10 TeYeHUI0 OT Kackaza BOAOXPaHWINLL, 3a [Ba Bpe-
MEHHbIX MHTEPBana: B eCTecTBeHHbIX (19351959 rr.) v B 3aperymipoBarHbix (1967-2010 rr.) ycnosusix. VICnonb30Banmics METobl Ma-
TeMaTUYeCKOV CTaTVCTVIKV [1/151 IPOBEPKY MAPOSOMMHYECKMX PSAOB Ha OfHOPOAHOCTL (KpuTepuiy @uiuiepa v CTbiofeHTa) 1 clyHaiHoCTb
M0 MapameTpU4ecKUM 1 HerapameTpUYecKuM KpUTEPUSM.

PesynbTtartbl. [lokas3aHo, YTo perynvpoBaHue CToka BoAb! BepxHe-VIPTbILLCKMM KackaoM BOLOXPAHWINLL IPUBENO K CYLUECTBEHHOMY
YMEHbLUEHMIO JTETHEr0 MUHUMASTLHOMO CPEAHEeMECSYHOrO pacxoda (Ha 22 %), yBenmyeHuio 3UMHero MUHUManbHoro pacxoda (Ha
78 %), nepepacnpeneneHuio 0bbemMoB CToka p. VpTeil Mexay neTHuM (yMeHbLueHue Ha 38 %) v 3umHumM (ysennydeHue Ha 70 %) ce-
30HaMK, 1, Kak CneacTBue, K yXyALEeHMIO TaP0-3K0N0r14eckoro COCTOSHMS MONMEHHbIX 3eMesib. B kayecTse 6a3bl cpaBHeHWs NCoNb-

30Ba/iiCb COOTBETCTBYOLME XapaKTepUCTUKK CTOKa B €CTeCTBEHHbIX yCJI0BUSAX.

KntoyeBble croBa:

MuHMMAasnbHbIV CTOK BOAbI, TPAHCTPaHWYHaA peka VIpTeiLL, 3aperynvupoBaHHOCTL CTOKA, Kackal BOAOXPaHWINLL, BHYTPUIo4oBoe nepe-

pacrpeneneHme CToka.

3a nocyefHue fecATUIeTHA B facceiine peku Up-
Teimn Ha Teppurtopuu Pecnybiuku Kasaxcran cgop-
MUPOBAJICA KDPYIHBIA BOJOXO3ANCTBEHHBIH KOM-
IJIEKC, BKJIIOYAIONIUN MPOMBINLIEHHOCTh, KOMMY-
HAJIbHO-OBITOBOE XO3AUCTBO, TEILIO- U T'HIPOSHEpTE-
THKY, OpOIleH¥e, 00BOJHEHHE MacTOUI, BOMHBIN
TPAHCIOPT W PHIOHOE X03AHCTBO. B KauecTBe camo-
CTOSITELHOTO OTPEOUTEIS BBICTYMAET TAaKiKe KaHal
um. K. Carnaesa (Upreimi-Kaparauaa), moqmuTseiBazo-
muii OesBogHble obmactu Kasaxcrama B Oacceiime
p. Amum.

B Pecnyosniuke Kasaxcran MpThIl HOCUT HasBa-
Hue «Epruc», B KagacTpoBhIX u3gaHuax Poccuiickoi
depepanuy 4acTh PEKM 10 BXOMKIEHUS Ha TEPPUTO-
puto Poccun umenyercs «Bepxuuii UpTsim».

Passurue BogonoTpebienus B Pecyonuke Kazax-
CTaH CBSA3aHO, I'JIABHBIM 00Pa30OM, C TEMIAMU OCBO-
eHUA MPPUTAIIMOHHOrO (hOHIA PECIYOJIUKHU U YBEJIH-
YyeHEM 005eMOB 0TPACJIEBOTO BogomoTpedeHu [1].

Wpreitn  sBAsSeTCS TPAHCTPAHUUYHBIM BOJHBIM
00BbeKTOM. VICTOKYM PeKM PACIoJIO/KeHBl Ha TPaHUIe
Kuraa u Monronuu, Ha 1oro-zanaguom ckjioHe HOx-
uoro Anras. 3 4248 xkm obrmieit giunb peku 610 kv
pacmoJio;kensl Ha Teppuropuu Kuras, 1558 kM mpu-

magmexar Kasaxcramy, Poccun — oxomo 2080 xm.
WsveHeHUA rUAPOJOTMYECKOTO peKuMa peru [2-6],
7 B TEPBYIO0 Ouepe/ib yBeJIUUeHUEe U3BATUS CTOKA Ha
X03AHCTBEHHBIE HYKIbI 3aTPATUBAET UHTEPECH! TPEX
CTPaH W TOPOKIaeT MPoOJEeMBI B PAMKAX MEXKIyHA-
POIHOTO BOAHOTO 3aKoHOAaTeabcTBa [7T—10].

Ha reppuropunu Pecrry6nuku Kazaxcras cTok pe-
ku Upreim 3aperynupoBad BepxHe-VpTHIICKUM Ka-
CKAaJIOM BOJOXPAHUIUIN: ByXTapMUHCKEUM (3amoJIHe-
Hue u mycK npousBenens B 1960-1966 rr.); Yers-Ka-
MeHOropcKuM (3amonuenue B 1952-1954 rr., BbIXO[
HAa MOJIHYI0 MOITTHOCTS B 1966 1.), [lyas0uncKuM (Ha-
yaJjio cTpouteascTBa — 1976 r., BBeleH B 9KCILIyaTa-
o B 1987-1994 rr.).

Beezmenuve B sxcmayataiuio Bepxue-MpThimicKoro
KacKa/a BOJOXPAHUJINII] C TIeIbi0 00ecTIeueHns B mep-
BYIO Ouepelbh TPAHCIOPTHO-IHEPTETUYECKUX TOTPED-
HOCTeHl X03ANCTBEHHO-IIPOMBIIIIEHHOTO KOMILIEKCA
DErroHa CYILIeCTBEHHO OTPASUJIOCH HAa BOTHOM DEXKH-
Me TOMMEeHHBIX 3eMeslb B PABHUHHOW UacTu bacceitna
Wpreima [11-14].

Ha reppuropun IlaBimogapckoii obiactu Peciy-
onmukn Kasaxcran cocpemorouensl okomo 90 % moii-
MEHHBIX MacCuBOB peKku Bepxumit MpTHIi, HA KOTO-

35



V13BecTva TOMCKOrO NOAUTEXHUYECKOTO YHBEpCUTeTa. HXMHUPUHT reopecypcos. 2016. T. 327. N2 4. 35-43
Bencembaesa M.A., lybposckas J1.M., 3emu0B B.A. MUHVManbHbI CTOK VpTbilla B paBHUHHOM YacTv GaccerHa Ha TeppUTOpUML ...

PBIX KPYIHBIE MACCHBHI 3aJUBHBIX JYTOB HCIIOJIb3Y-
I0TCS X03AUCTBAMY B KAUECTBE IPUPOJHBIX CEHOKOCOB
1 macTouir, 00JaJaioIIX OTPOMHBIMHU Pecypcamu
kopmoB. OfHa 13 OCHOBHBIX OIepAaIiil KacKaa BOJo-
XPaHWINIT] — 00BOIHUTEIBHBIN IOIYCK Ha IOUMY, KO-
TOPBIN BaKeH He TOJIbKO KaK obecreumBaioIuii 00-
BOJIHEHIE MOMMeHHbIX macTouiy [TaBaogapckoii 06.1a-
ctu Pecrybauku Kasaxcran u Omckoit obmactu Poc-
cuiickoit Pemeparuu, HO ¥ KaK HOCUTEIh CAHUTAPHO-
9KOJIOTUUECKOH (DYHKIIMY MOJI0BOAbS, — HE OCYIIEeCT-
BJISIETCS B ONTHMAJLHOM PEXKHMe BCJIEICTBIE HEYIO-
BJIETBOPHUTEILHOI0 HAJOMKEHMA PACXO0B II0JOBOAbS
pex YObI 1 Yiu0BI Ha monycku Byxrapmunckoit [9C
[15].

ITpoGsemMa panroOHAIBHOTO KCIOJIH30BAHUSA U OX-
PaHbI BOSHBIX PeCypcoB VIpTEHIIIa HOCUT CIOMKHBIA 1
MHOTOILIAHOBEIN XapakTep. 3a MOCaefHIe JeCATIIe-
TUA OMy0JNKOBAHO MHOIO PaboT 110 BOLOX03SIHCTBEH-
HBIM mpoOsemaM B Oacceiiie Bepxmero Mpreimia
[2, 18, 15, 16], M0 u3MeHeHUAM ero BOJHOTO PeKUIMA
[4, 6,11, 17, 18], xauectsy Bog [19-20] u T. 1.

OpHoll 13 caMbIX aKTYaJbHBIX 1 HA CErOJHS MPaK-
THYECKU He PEeIIeHHOH ABJIgeTca mpodaeMa coXpaHe-
HUsA OHMMBI, 00m[asd IIIOIIALh KOTOPOH OT CTBOpA
Iyasouuckoii I'9C mo rpanuist ¢ Poccueit cocrasis-
et 6osree 400 ThIC. Ta.

I'nasuas mexs BBefenus B 1987 roxy mepsoii oue-
penu Hlynsouuckoit I'9C — onTuMusanus IOIyCKOB
Bogwl Ha IlaBnomapckyio u OMCKYIO MMOWMEI, Y KOTO-
PBIX HE 00eCIeYNBAIOTCSA PEIKUMBI IPOLOJIKUTEIHHO-
CTU CTOSTHUSA BOIBI U JOCTUIKeHUe He00XOAMMOM ILJIO0-
IMaau 3aTOILIeHNA MOoUMbI. IloaToMy perynupoBaHue
cToka co croporsl Ilyasbuuckoit I'AC pacopocTpans-
eTCsI B OCHOBHOM TOJIbKO Ha MePHo/I 0J0BoAbs [15].

[Tenb narHO PAbOTHI COCTOUT B OIIEHKE COBPEMEH-
HOT'0 COCTOSHILA MEXXEHHOI'0 CTOKA 1 B BBIABJICHUH 13-
MeHeHH# B MUHUMAJIbHBIX PAcXogax BOABI p. MpThIin
Ha PaBHUHHOU uacTy BogocOopa (B mpezesax Pecmy-
oauku Kasaxcran), ABIAINUXCA KPUTHUECKUMUI
JUIs YCTOMYMBOTO CYIIECTBOBAHMSA U PA3BUTHUSA CEJIb-
CKOX03AMCTBEHHOr0 KOMILJIEKCA STOH TEPPUTOPUL.

06beKT nccnenoBaHus

Peka VpThIt ABISAETCA OCHOBHBIM IIPUTOKOM pe-
ku O0u. Ha paBHMHHOI yacTu ee OacceiiHa KJII0UEBBIM
AaBysgeTcs moct y nocenka Cemusapra Beckaparaiicko-
ro paiioHa Bocrouno-Kasaxcranckoit obaactu
(50°53'49"N; 78'18'52"E) (puc. 1). 9To mepBhIil I'u-
JIPOJIOTHUECK W TTOCT Ha PeKe HEeIOCPeICTBeHHO HIIKe
10 TEYEHHUIO OT KacKajia BOJoXpaHuIuIl. Mamepenus
pacxofoB Ha HeM BeayTes ¢ 1903 r. ¢ MUHMMAaIbHBIMEI
mpomycKkamu B HabioneHuAx (Tabu. 1).

Bri6op ruzponiocra y . Cemusapka Jj1s uccaenona-
HUA U3MEHeHU B MEHMMAJIbHOM CTOKE PEeKH Ha PaB-
HUHHOW vacTu OacceifHa OImpemensyics ABYMS YCJO-
BUAMMY — IIOJTHOTOH JaHHBIX 10 CPABHEHWIO CO CTBOPOM
y 1. IlaBimogapa u BBICOKOI 3HAUMMON KOppeJsiuei
me:xay Humu (r=0,98), T. e. KoaedaHNS CTOKA B 9TUX
IBYX CTBOpPAX PEKU MPAKTUUECKY CHHXPOHHBI.
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Tabnuua 1. [aporpaguyeckie v rmaponornyeckme xapaktepu-
CTUKY peku UpTbiw y 1. Cemumspka

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

Mpumedarme. F = nnowane Bogocbopa, Ly = paccTosiHme oT ycTbs;
L, = paccrosiHue ot uctoka, H = cpeaHss Beicota Bogocbopa; Qi ~
CPEAHMY MHOTONETHIV FOAOBON PACXoz BOAbI 3a NEPUoL Habsio-
LOEHWNA; €y ~ OTHOCUTENbHAS CTaHAAPTHAS MOrPEeLIHOCTb BbIOOPOY-
HOro cpesHero pacxofa BoAbl 3a BeCb nepvon HabnwogeH, C, =
KO3(hULIMEHT BapyaLmn rofoBoro CToka, &, ~ OTHOCUTESbHas
CTaHAapTHas MOrPeLuHOCTb KO3@ULMEHTa BapyaLmi rogoBoro
croka; N = Konm4ectBo HabmoneHu.

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 avera-
ge height of a watershed; Q. is the long-term mean water
discharge over the period of observations, &, is the relative stan-
dard error of the sample mean water discharge for the entire pe-
riod of observations; C, is the coefficient of variation of annual ru-
noff; & is the relative standard error of the coefficient of varia-
tion of annual 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 MeToauKa UCcneaoBaHum

[na aHanusa MUHMMAJIBHBIX CDEJHEMECAYHBIX
pacxofoB p. VpThIm HUKE KACKaZa BOZOXPAHMJIVIL
MCIIOJIb30BAUCEH PEKUMHbIE THAPOMETPUUECKTE JaH-
HBIe [0 CTOKY B cTBope I. CeMusApKa 3a IepHOZ
1935-2010 rr.

B mpakTuke BOOX03AWCTBEHHOTO ITPOEKTHUPOBA-
HUS OPUHATO MCKJIOUATh HAOTIONEHUA 34 CTOKOM B
rojbl HATOJHEHUS BOAOXpaHmiuina. Iloatomy us
IJIATEIHHOTO PAsja HabII0eHUi 3 CTOKOM B CTBODe II.
CemuspKa BHIOMPAJNCH [IBA MEPUOZAA: IO CTPOUTETH-
CTBa THUAPOY3Ja — PEKUM B €CTECTBEHHBIX YCIOBHUAX,
1 TIOCJIE CTPOUTENBCTBA THAPOY3JIa — PEKUM B 3apeTy-
JINPOBAHHBIX YCJIOBUAX, C OJM3KMMU II0 BEJIUIMHE T1a-
pamMeTpaMu roJoBOr0 CTOKA.
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CoBMECTHBIN aHAJIN3 PAOB MUHIMATBHOTO JIETHE-
IO U 3UMHET0 CTOKA MPOM3BOAMJIC JIJId MepUofa Ha-
omogernit 1935-2010 rr. Tak xKax ByxrapMunckoe
BOJIOXPAHMJINIINE 110 00beMY 3HAUUTENBHO IIPEBOCXO-
mut Ycrb-KamMeHOropcKoe, ¥ Ha MOJHYI) MOITHOCTH
oHHU ObLIN BeIBeAEHEI B 1966 T., pacueTHHIN IePHOZ,
€CTeCTBEHHOT0 pekmMa HpuHAT Hamu ¢ 1935 mo
1959 r. BKJIIOUNTENBHO, a IEPHOJ PEIKUMA B 3apery-
JINPOBAHHBIX YCJIOBUAX, COOTBETCTBYIOUIUN COBME-
CTHOI paboTe ABYX BOZOXPAHIINII, TPUHAT ¢ 1967 o
2010 r.

[TpumensAmCH METOIBI MaTEMATUYECKON CTATH-
CTUKHX [JI IIPOBEPKHU OJHOPOLHOCTHU (IIapamMeTpuye-
ckue kpurepun Pumepa u Croiogenta [21]) u cay-
yaifHOCTH (HemapaMeTPUUeCKUN KPUTEPHil PAHTOBBIX
Koa(huIueHToB 1 napamerpuueckuit Aobe [22]) ru-
IPOJIOTUYECKUX DPANOB, a TaKiKe MCIOJb30BAJIUCH
kpurepunu corsiacusg KonamoropoBa—Cmuprosa, Jlni-
auedopca u [llanupo—-Yuakca B makere Statistica.

0Gcy>xpaeHu e pe3ynbTaToB UCCIeA0BaHNS

OcoberHOCTH (DOPMUPOBAHUA MUHUMAJIBLHOTO CTO-
Ka pek Oacceiina Bepxuero MpThiiia ompeaeasoTes
pPa3HO00pasueM KJIMMATHUECKUX U THUAPOTEO0JIOTHYE-
CKMX YCJIOBUH MX BOL0cO0pOB. MUHUMAJIBHEIE PACXO-
IIBI BOIBI (QOPMUPYIOTCS B MeKEHHBIE IEPUOJIBI, B 0C-
HOBHOM 3a CUET 'PYHTOBOTO IUTAHUS, TOATOMY OJHUM
73 TJABHBIX (DAKTOPOB, OMPEIEISIONAX BEIUUNHY
MUHAMAJIBHOTO CTOKA, SBJISETCS CTEIeHb YBJIasKHe-
HUSA TEPPUTOPUL.

Ananus MuHUMAJIbHOTO cTOKa p. UpThimt y 1. Ce-
MHUApPKa MOKasaj, YTO TOJ0BOW MUHUMAJbHBIH CTOK
SIBJISETCS TeHETUUECKH ONHOPOAHBIM. HawmmeHbIrve
3HAUEHMS CTOKA B oAy HAOMIOIAIOTCS BCETAA B 3UM-
HIO MeXKeHb, UTO SBJISETCS CJeJICTBHEM yMeHbIIle-
HUS MOA36MHOT0 TUTAHW.

B pesymbrare 3amycka B 9KCILTyaTalnio Kackazia
BOIOXPAHUJINI KaK Y JIETHETO, TAK ¥ 3UMHET0 MUHU-
MaJBHOTO CTOKA B3a Bech epuoj HabIIJeHun
(1935-2010 rr.) mpou30IILI0 HAPYIIEHNe OXHOPOTHO-
CTH TIO CPeJHEMY ¥ AUCIIEePCUN IPU YPOBHE BHAUUMO-
ctu p<0,05 (Tabu. 2). B ecTecTBeHHBIX YCAOBUAX MU-
HUMAJbHBIE JIETHIE U 3MMHUE PACXOIbI IPe/ICTABIA-
Jiu c000# OZTHOPOZHBIE PAMBI, KaK II0 CPEIHEMY, TaK 1
10 JWCIIEpCUU. B yCIOBUAX 3aperyaupoBaHHOCTH B
MUHAMAIbHOM JIETHEM CTOKe XapaKTep OIXHOPOAHO-
CTM He MBMEHMJICH, UTO MOKHO OOBSCHUTH 3HAUM-
TeJIbHBIM YMEHBIIIEHNEM eI'0 U3MEeHUUBOCTH: K03(pdu-
mueHT Bapuanuu mouumsmiaca go 0,14 (0,35 B ecre-
CTBEHHBIX YyCJI0BUAX) (Tabm. 3). ¥V 3UMHEr0 MUHHE-
MAaJIbHOTO CTOKA B 3apPETryJIMPOBAHHBIX YCIOBUAX M-
MUPUYECKUH YPOBEHDb 3HAUNMOCTH (OZHOPOAHOCTE 110
cpefHeMY) He3HAUNTEIbHO MPEBHIIIAeT KPUTHUECKU
YPOBEHD 3HAUMMOCTH.

[Ipomsoru cyIiecTBeHHBIE UBMEHEHUSA B CTPYK-
Type MUHUMAJBHOTO CcTOKa. CpeqHuit MHOTOJETHUI
PaCcXOJ JIETHEI0 MUHIMAIBHOTO CTOKA U 00BEM JIETHE-
IO CTOKA B 3aperyJMPOBAHHBIX YCIOBUAX YMEHBIIH-
nuchk Ha 22 1 38 % COOTBETCTBEHHO.

ITH JKe XapaKTePUCTUKY ¥ 3UMHETO CTOKA BN~
YIJINCDH B CPABHEHWM C eCTECTBEHHBIMU YCAOBUAMY Ha
78 u 70 % coorBercTBeHHO (Tab1. 3).

Bapuanua MUHMMAJTBHOTO JIETHETO CTOKA IPETED-
meJjia Tak:Ke CYIIeCTBeHHbIe M3MeHeHNUs, mepeiiaa us
KaTeropuu 3HAUUTENbHO BAPbUPYIOIIUX BEJIUUUH
(0,35) B cmabo Bapeupyiomue (0,14), uTo HATIALHO
TIPOSABIAETCA W HA XPOHOJOTHUECKUX TPadUKAX MU-
HEMAaJbHOTO CTOKA (puc. 2).

WsmeHmioch u pacmpefeieHne MUHUMAJIBHOTO
cToka mo Mecarnam (rabs. 4). Eciau B ecTecTBEHHBIX
VCJIOBUSX B BETeTAIMOHHBIN MepHOJ MUHUMAIbHbBIE
pacxofibl HaOIIOJATNCH TIPEUMYIIECTBEHHO B aBTyCTe

TB6J1ML‘B 2. AHanu3 O[HOPOAHOCTM 0 CpefHeMy W ancrnepct MMHUMAasiibHOro 3MMHEro v JIETHero CTtoka p. MprILU A CeMl/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 2 97,1 7.84 | 0,00
3”1“”9“3‘2”_/1;@” 254 280 -0,95 | 22 | 035 2 12 65 70 118 | 0,79
”ezg"a‘g/_ ﬁ‘;’;‘g”er 900 915 -0,11 2 | 09 2 12 292 355 1,47 | 0,53
3”?"%‘;%%’;?” 445 507 =21 35 | 0,050 | 19 18 107 7.7 221 | o
”qu'g';{ ;%Tomer 686 | 734 -1,5 37 | 014 19 20 14 78,5 21 | 012

pumeyarme. Mean 1, 2 = cpeHee 3Ha4eHue nepBov 1 BTOPOU YacTeit psaa Habo[eHni CooTBeTCTBEHHO, t-value — ctatuctiika CTbio-
neHta, df = yncno creneHert cBoboAb! psiaa HabMIOAEHMI, p — yPOBEHb 3HaYUMMOCTY t-cTaTncTvku CTolofenTa, Valid N1, N2 = yucro Ha-
brt0feHMII B IEPBOV 11 BTOPOV YaCTAX PAAAa COOTBETCTBEHHO, Std.Dev 1, 2 = cpeaHee KBafpaTnyeckoe OTKIIOHEHME MepBow M BTOPOU Ya-
CTevi psija COOTBETCTBEHHO, F-ratio — cTatucTvka duiuepa, p — ypoBeHb 3Ha4MMOCTH F-cTatucTiki 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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Tabmuua 3. MHoronetHue XapakTepycTvku MUHUMANnbHOMO CTOKa B eCTecTBeHHbIX (1) 1 3aperynpoBaHHbix ycnosusx (Il) B ctBope
p. Wpteiw = n. Cemmsapka
Table 3. Long-term characteristics of minimum and seasonal flow rates under natural (1) and requlated (11) conditions for the Irtysh

River at Semiyarka
Mepvog,/Period [*N] Q. m/c|ea %o m/c] o [en % [W k] AQ m/c [AQ, %[ AW, k| AW, %
3umHn cTok/Winter flow
Ec;fucé‘alim‘ziiﬂOB“”“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 yCroBus (1935-1959) oa| 907 72| 299 | 035 | 5.4 | 106
Natural conditions
3aperynuposanHble ycnosua (1967-2010) 196 2| A 38
pery. ey 39 7 22| 99 | 014 | 56 | 68
Regulated conditions
Mpumeydarme. *N = qiucio HabmoaeHw; Q — CpenHU MHOrONETHIMI MUAHUMASTbHbIV CPEAHEMECSYHbIV PacXoA BOAb! 3a nepyos Habso-
LEHWV; & ~ OTHOCUTENIbHAS MOMPELIHOCTb BHIOOPOYHOrO CPEAHErO MUHUMAbHOIO PacXoAa, o — CPEAHEe KBaAPaTUYECKOe OTK/IOHEH!E
pAAa MUHUMAsbHbIX pacxonos; C, = K03@UUMEHT BapuaLuy BbIOOPOYHOro MUHUMAIbHOIO Pacxoaa, &, ~ OTHOCUTEIbHAS MorpeLL-
HOCTb KO3gpuumeHTa Bapuata, W = 3umnmii (X1, 1=I11) wnn netHi (VI=VIll) obbem ctoka, AQ = U3MeHEHMe MUHUMATbHOMO Pacxo-
[a, paccumtarHoe kak Q, = Q, AQ, % = 13MeHeH1e MUHUMasbHOro pacxoaa, paccumtaHHoe o gopmyne AQ=(Q,=Q)/Q-100 %, AW,
% — U3MeHeHwe CpenHero 3a ce3o0H 0bbeMa 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 (X!, I=Ill) or summer (VI=VIll) 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 condit-
ions; 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 umeso B UtoJe Bo3pocyo (¢ 4 ;o 23 %) u
OHU CTAJIX HAOJIOZATHCS JaKe B UIOHE, T. €. B MeCH-
I16I, HauboJiee BasKHBIE [JIsl BETETAIUU PACTUTENBHO-
CTH. YMeHbIIeHNe PACX0/I0B U MaJieHNe YPOBHEH BObI
B PeKe MPUBOIAT K 60Jiee HHTEHCUBHOMY OCYIIIEHUIO
TIOMMBI.

Tabmuua 4. Yactota HabmO[EHNs MUHUMANbHbIX PAacXo[oB B
Pa3Hble MeCALbl B eCTECTBEHHbIX U 3apery/nNpoBaH-
HbIX yCoBuax, %

Table 4. Frequency of minimum flow observations in different

months under natural and regulated conditions, %

Qnin 3VIMHWA/in winter
Qnin NETHUI /in summer

Mepwog,/ Period 28 az2zl clale |5u
OE|g 3| S|ayd|lz2s=>=3
gle2|leg5|12 2235|1235 9
Z3|EEEEFE S E %2

EcTecTBeHHble yCnoBust

(1935-1959) 3 14 1 33 | 50 0 4 196
Natural conditions

3aperynvpoBaHHble

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

NsmeHnmach CTPyKTypa ¥ MUHUMAJIBHOTO 3UMHE-
ro cTOoKa. Eciiu B eCTECTBEHHBIX YCIOBUAX XapaKTep-
HBIM IIPUBHAKOM HCTOIEHUA II0JA3EMHOTO ITUTAHWUA
SIBJISIETCS MUHUMYM 3MMHET0 PEUHOT0 CTOKA B KOHIIE
3MMBI, TO TOCJE BBOJA B CTPON KACKAaZa BOIOXPAHU-
JIUII] TIOBTOPSAEMOCTh MUHUMAJIbHBIX BUMHHUX Pacxo-
IIOB yBeJmuuiach B 8 pas B gexadpe (¢ 3 1024 %), aB
MapTe mepej HAYAJIOM II0J0BOIbA, HA000POT, YMEHB-
mmack (¢ 50 1o 16 %). B mesrom pacmpeeieHue mos-
TOPSEMOCTY MUHUMAJIBHOTO PACXO/A TI0 MeCSAIAM Io-
na crayo 00Jiee BBIDOBHEHHBIM.

B mocnennue pecatuiernsa B pajge myOauKamui
TIPUBOJATCS MATEPUATBI, TOATBEPIKIAOINE HATIYIE
PErMOHANBHBIX TeHJIEHIINN YBeINUeHNA YPOBHEHN MO/~
3eMHBIX BOJ U II0f3eMHOro croka B Cubupu B cBA3HU
rI00aNbHBIMY KJIMMATHUECKUMEU M3MEHEHUAME (CM.
moipo0HEIH 0030p B [23, 24]). BosmMo:kHO, B KAKOH-TO
CTeTIeHM YBeJWUeHNe MOJ3eMHOTO CTOKA TIPOMCXOIUT
u B Gacceiire UpThiiia, HO BHAUATETBHOCTD CTPYKTYP-
HBIX W KOJUYECTBEHHBIX H3MEHEHUH (yBeJUUeHUEe
3uMHero croxka Ha 70 %) ¥ IPUYPOUEHHOCTh HAMOO-
Jiee CYIIECTBEHHOTO MPeodpasoBaHMsa CTOKA BOMBI K
JaTaM Hayaja ero peryJmpoBaHusa Bepxue-UpTeimm-
CKUM KacKaJoM BOJOXPAHIIUII MO3BOJISET CUUTATD
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Fig. 3.

Empirical probability graphs of water discharge exceedance under natural and regulated conditions (Irtysh River at Semiyarka)
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IIocJIefHee OCHOBHOM MPUUNHON HAOII0IaeMbIX H3Me-
HEHUH CTOKA.

Ha puc. 3 mpuBeeHbI 1A CPABHEHUA SMIIMPUYE-
CKIe KpHUBbIe 00€CIIeUeHHOCTH JIS PASHBIX THUIPOJIO-
TMYECKUX Ce30HOB B €CTECTBEHHBIX U 3aPeryJINPOBaH-
HBIX yCJIOBUAX. MUHMMANbHBIA 3UMHUN Pacxom JIio-
007 00eCTIeYeHHOCTH YBEIUUMICA OTHOCUTENBHO 3HA-
YEHUH B €CTECTBEHHBIX YCIOBUAK: HA T8 Y% 11 Q50 0
nHa 92 % s Qg5 (PUC. 3, Q).

C Touku 3peHUs TPO6JIEM (DYHKIMOHUPOBAHUSA
TIOMMBI 00JI€e BAKHBIM ABJIAETCS AHAJIW3 U OI[EHKA 13-
MeHEeHU! MUHUMAJIBHOTO JIETHETO CTOKA. Y JIETHETO
MUHAMAJBHOTO CTOKA B3AMMOPACIIONIOMKEHIE KPUBBIX
00eCIIeUeHHOCTH 110 CPABHEHUIO C 3UMHUM CTOKOM HO-
CHUT IIPOTUBOIOJIOKHBIA XapaKkTep, T. €. 00ecreveH-
HBIE PACXOJIbI B IIeJI0M yMeHbImuauch. ToIbK0 pacxo-
oel 90-95 % o0OecmeueHHOCTH OCTAJINCh HA YPOBHE
€CTeCTBEHHOT0 pe:xuMa (puc. 3, 0).

Pacxogsl Bogsl 06ecteueHHOCTBIO 50 % (Quin o 50 %)
VMEHBIITMINCh OTHOCUTEJNBHO CTOKA B €CTECTBEHHBIX
ycroBuAX mpumepHo HA 22 %, PACXOABL Qin rem. 25 % —
Ha 28 % (c 1076 mo 770 m®/c). Ilns cpaBHeHMS Ha
puc. 3, 8 MpuBeieHbI KPUBbIE 00eCTIeUeHHOCTH CTOKA B
nione. Pacxon obecmeueHHOCThIO 25 % yMeHbIINICT
B utoHe mouTu B 2 pasa (52 %) ¢ 2540 mo 1230 m?/c.

WsBecTHO, UTO 710 TIOCTPOMKM KacKaja BOIOXPAaHU-
JIAIL, BOABI VIPTHIIIA HEPHOAMYIECKU SaTOILIAIM HOUMY
IpUMepHO ueped Kaxabie 3—4 roga. [loaTomy, Ha Hamn
B3IVIA, IS BOCCTAHOBJIEHUS U YCTONYMBOTO MOJIEPKA-
HUS €CTECTBEHHBIX (DYHKITMI TOMMEHHBIX 3eMeJIb U TIpe-
TOTBpAIIEHNA NX YPE3BMEPHOTO OCYIIIEHNUS, MCX OIS U3 TIe-
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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 applies 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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