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I'maposiornveckuii npoguiib peku HA BOJOCOOPHOM TePpuropun dacceiina
Acca-Tanac ¢ yyeroM TexHonpupPoAHBIX IpOLIECCOB

Ha ocHoBe MHOTOJIETHHX MH(OPMAIIMOHHO-aHATUTHYECKUX MaTepHaIoB BuaposorndeckuMu mocramu PITI
«Kasrumpomer» 3a 1925-2020 ronsl co3maHa 0asa), MCCNEIOBAHMS, [UIS HM3YYCHHUS MPOCTPAHCTBEHHO-
BPEMEHHOH OIIEHKH MHOTOJISTHHX KOJICOaHWH TOJOBOTO EIOKAPeKH Ha TEPPUTOpUH BomocOopa OacceiiHa
Acca-Tanac, ¢ HCIIONB30BaHHEM METOJ1a THPOAEIr MUeCKON @HAIOFHY, JTHHEHHBIX TPEHI0B, CYMMapHbIX, pa3-
HOCTHBIX U OOBIYHBIX MHTETPAJIBHBIX KPHUBBIX, OA3UPYIOIIUXCS| Ha MaTeMaTHYECKON cTaThCTHKe. MccnenoBa-
HUSI TI0Ka3aJld, YTO TEHICHIMS M3MEHEHUS CPEIHEFQEOBOLO pacxoja BOABI PEK Ha TEPPUTOPUH BogocOopa
Oacceiina Acca-Tanac 3a paccmatpuBaemsiii iepuos (1925-2020) otpuniatensHast, Te U3MEHEHHS THAPOJIO-
THYECKOTO PEXHMMa PEKH MPOHMCXOAAT CHMMETPHYHO H IOCJIEIOBATEIbHO-TIPOIOPLUUOHATBFHO B MPOCTPaH-
CTBEHHO-BPEMEHHOM MacIuTabe, HaONAACTCA\1Ba KBa3HOAHOPOAHBIX IIEPUO/A, XapaKTEPH3YIOLIUX MEPEX0/T
OT NPUPOJHON NIEITENBPHOCTH Ha aHTpONoreHHyro. OlleHKa N3MEHEeHUI BOJAHOCTH PEK Ha TEPPUTOPHU BOJIO-
cbopa Oacceiina Acca-Tanac U gMHXPOHHOCTH WJIM aCHHXPOHHOCTH €€ MHOTOJICTHHX KOJIeOaHWM, BBIMOJ-
HEHHBIX Ha OCHOBE HOPMHUPOBAHHS Pa3sHOCTHBIX MHTETPAIBHBIX KPUBBIX MOIYJIBHBIX KOI(M(OHIMEHTOB Cpel-
HETOJIOBOTO pacxojia BOJbL € UCITONE30BAHNEM METO/Ia Pa3HOCTHO-WHTETPATBHBIX KPUBBIX, [TOKa3aja, 4TO BO
BCEX THAPOJOTHUYECKUX IocTax, c 1925 mo 1975 roma naGmiomaeTcst MHOTOBOIHBIH IMKI, @ MOCIE 3TOTO
HauMHAETCA 10 HACTQSTICTO) BPSMEHN MAaTOBOJHBIA LUK, HO C PAa3HMYMsIMU B CPOKaxX HACTYIDICHUS (a3 u
aMIUTATY Bl TUKIHYCCKUX KofleOanuii. [Ipn 3ToM KoJIMYecTBEHHOE 3HaYCHHE KO (HUIMEHTa BapHaIliN YBe-
JIMYMBAETCs OT FOPHOM 30HBL B CTOPOHY IOXKHOMW ITYCTBIHHM, IJI€ PACIIONOKEHB 30HBI Mara3uHUPOBaHHS II0-
BEPXHOCTHORQ CTOKA M BBICOKOTO CPEIHEr00BOr0 pacxoja BOJBI BO BCEX paccMaTpUBaeMbIX pekax Haluio-
narorcs B apeagiax oril;0 no 25,0 % obecrieueHHOCTH, a 3aTeM UX KOJUYECTBEHHOE 3HAYCHUE PE3KO CHHIXKA-
€TCs1, YTO XaPAKTEPHO peKaM, I/ie NCTOYHNKAMH MTUTAHMUS SIBISIOTCS aTMOC(EPHBIE 0CaIKH, TassHUE CHEXKHOTO
MOKPOBA ¥ TPYHTOBBIE BOJIBI.

Khrouesvieyeitosa: runponorndeckuii mpouiib, CPeIHET0J0BOM PACX0 BOJBL, IMHEHHBIN TPeH ], CyMMapHEIE,
PasHOCTHEIE M OOBIYHBIE HHTETPATbHBIE KPHUBBIE, KO (UINEHT, BapHaIys, aCHMMETPHS.

Beeoenue

B ycnoBusix riio0anbHOrO M3MEHEHHUsl KJIMMAaTa WHTETPAIbHBIMU MOKA3aTeNIIMU, XapaKTEPU3YIOIIUMH
UX JIeSTEIbHOCTh Ha BOJOCOOPHBIX TEPPHUTOPHSIX PEUHBIX 0ACCEHHOB, SIBISETCS THIPOJOTUYECKUH CTOK,
paccMaTpuBarOIIUi Kak (QYHKIMI0 MaTeMaTHYECKOTO OXKWIAAHUS OTKIIMK KIMMATHYECKHX (DakTopoB, OTpa-
KAIOIIUXCS B AMHAMHKE MX THAPOJIOrHYecKoro pexxuma. IIpu sToM BogocOopHas TeppUTOpHS PEUHBIX Oac-
CEHOB, BBIMOJHSIOMIAS BAXHYIO CperooOpasyronlylo (QyHKIHIO, SBISETCS MPOCTPAHCTBEHHBIM 0a3MCOM
MPUPOJONOIB30BAHMUS M HAPOJOHACENICHNUS, C IPU3HAHNEM 00ECIIeUeHNS MX BOJHOW O€30ITacHOCTH B acIieK-
T€ TpUa/bl SKOJOTHH, SKOHOMUKU U COLMyMa. DTH (PYHKIMH PEeYHBIX 0ACCEHHOB ONMpPENEISIOT HAyYHYIO U
MPAaKTUYECKYIO0 LEeJIECO00Pa3HOCTh U3YUYeHHU N3MEHYMBOCTH THAPOJIOIMYECKOTO CTOKa B BOJIOCOOPHOI Tep-
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M'oponoruyeckmin npoduns pekn Ha BogocbopHo TeppuTtopun 6accenHa Acca-Tanac...

putopun OacceitHa pexu Acca-Tayac B yCIOBHSIX KIMMATHYECKOW M3MEHUMBOCTH, SBJISIOIIUXCSI CTPATETH-
YECKUM MEKIOCYIapCTBEHHBIM BOIHBIM 00bekTOM KbIprei3ckoit Pecriyonuku u Peciyonuku Kazaxcras.

Uens nccnemoBanuss — M3yYUTh TEHACHINIO W3MEHEHHS THAPOJIOTHIECKOTO CTOKA BOJOCOOPHON Tep-
PHUTOpPUH pedHOro OacceiHa B MPOCTPAHCTBEHHO-BPEMEHHOM MacIITa0e ¢ IeNbI0 cO3AaHusl 0a3bl UCCIEeNO-
BaHWS 7151 00eCIIeYeHUs BOIHOM 0€30ITaCHOCTH PEeTHOHA.

OOBEKTHI HCCIIeAOBaHUS — BOAOCOOpHas Tepputopus Oacceiina peku Acca-Taac, momanpio 61910
KM?, pacrioioxkeHa Ha ceBepo-3anane Kbiproisckoii PecryOmuku u rore-3anane PecnyGnuku Kaszaxcran, c
ceBepa oHM orpaHuyeHbl KeIpre3ckuM xpedTom, Ha rore — Tamacckum-Ana-Too [1].

Pexa Tamac, mporekaromasi mo Teppuropun Keipreizckoit Peciydnmuku m PecryOmmkm Kazaxcraw,
womaapo Bogocbopa 52700 km? u mmuHOM 661 KM, o6pasyerca oT causuus pek Kapakon u Yu-Komoi,
Oepylux cBoe Hadalo B JiegHUKax Tanacckoro xpeoTta Keipresckoii PecrryOnukn.

Pexa Acca oGpasyercs ciusnueM pek Tepc u Kypkypey-Cyy Ha rpanune Keipreisckoit Pecybimku u
Pecniy6muku Kaszaxcran, mwiomaas Bogoco6opHoro 6acceiitna — 9210 km?, u uiMHa pekn cOgTaBibies 253 Kkm,
KOTOpasi BIaAaeT B MyCTHIHHBIN BOJONPUEMHHK (TepsieTcsa B meckax MOMBIHKYM), Tie IPOACXOINT CIRIHUE
pex Acca u Tanac.

Mamepuanst u Memoowl Uccre008anUs

s BoIsiBIEHUS] 0cOOEHHOCTEH (YOPMHUPOBAHUS THIPOJIOTHIECKOTO CTOKA ‘B BOAOCOOPHON TEppUTOPUH
OacceitHa pekn Acca-Tanac nmpoaHaJM3UpOBaHA B MPOCTPAHCTBEHHOM U BPE@MEHHOM acIeKTaxX IMHAMHKA
CpeAHEro ro0Boro pacxonaa Boxsl peku Tanac mo ruaponorndeckum noctam Kapaor, Kuposckoe, [lokpos-
ka, XKacopkent, Tpynosoii naxaps, KumOet u Yuapan, peku Kypkypey-Cyy 10/ ruapoaorudeckum nocram
You-Kyprak u Maiimak, peku Acca, Tepce, Kokran, 1llabaxter,dl amapl n\bepKyThl, COOTBETCTBEHHO TIO THJI-
posoruyeckuM nocram Maiimak, Hypneikent, Kapamar, Kapama@axkteiaKaparay n Kapna Mapkca. s co-
30aHUA HHPOPMALIMOHHO-aHAIUTHYECKON 0a3bl HCCIIEI0BaHNAgHMCTIONB30BaHbl MATEPHAIIbl THAPOIOTHUECKUX
exxeronHukoB [2—8] u «llly-Tanacckass GacceliHOBas, MHCHEKLIMSY, M10° PEryIHPOBAHUIO HCIOIB30BAaHUS U
OXpaHbl BOAHBIX pecypcoB (OTuUeT o nesTenbHOCTH)» KoMUTeTa 1Mo BOAHBIM pecypcaM MuHMCTEpCTBa KO-
JIOTHH, TE€0JIOTUU U IPUPOAHBIX pecypcos Pecybnuku Kasaxcran.

s mpocTpaHCTBEHHO-BPEMEHHOM OLEHKH MHOTOJETHHX KOJeOaHWi roJJOBOTO CTOKa OacceiiHa peku
Acca-Tanac npencraBnsieTcsi BO3MOXHBIM HCIIOIB30BATL ST METOAOB THIPOIIOTHUECKOTO pacyera, 6a3upy-
FOIUXCS Ha MaTeMaTHIeckor cratuctuke [9,40]:

- ipu hopMupoBaHnHU 6a3bl HCCIEIOBAHUS 10 THAPOIOTUIECKOMY PEXHUMY PEK BOCCTAHOBHIIM HPOITyC-
KM BPEMEHHBIX PsJIOB HaONIOJCHUI 32 CPCAHEL0/JOBBIM PACX0/I0M, OBUIM HCIIOIb30BaHBI METOMIBI THAPOIIO-
TMYEeCKOW aHAJIOTMU C MOMOIIBI0 HAOIIONEHUIT HA MHOM PEKH CO CXOXHMH HPHUPOIHBIMHU YCIOBHSMH, TO
ectb Q; = f(Qq;), Te Q;— CPSHHEEOIOBBIC PAcXObl BOABI PEKU; Q,;— CPEIHErO0BbIC PACXOJIbI BOIbI
peku-ananora [9];

- METOJIbI JINHEHHBIX BPCHAOB, TMOBBOJISAIONINX MPU HATWYHE BPEMEHHOTO psla W3MEPEHHOTO THAPOJIO-
THMYECKOro mpoiecca, To €T Q= a - N; + b (rne Q;— wuccnenyemas epeMeHHasl WM 3aBUCUMAas Tepe-
MeHHas (Harpumep, CPEIHEFQAEBLIE PACX0/] BOJIBI PEKH, M/C); @ — TOYKa MEPECEYEHHs ¢ OChio Q; Ha rpa-
¢uke (MUHIMaNbHBIG, YPOBEHb); b — TOKa3aTellb, XapakTepU3YIOUIN YBEIMYCHUE CIIENYyolee 3HaYCHUE
BPEMEHHOTO psAAM; —= HOMEpP NEPUOJA WU MOPSIKOBBIA HOMEpP I0Ja, MO3BOJISIOIUN BBIIBUTh TEHICH-
o (YBeNIW4€HNe WK YMEHbIIEHNE) OJHOHAIPABICHHOE WIIM MOHOTOHHOE U3MEHEHHE CpelHeH MHOTOJIeT-
Hel BeTMTHHBI pacxeia Bosl peku [10];

- cCyMMapHas MHTerpaibHas KpHBasi CPeTHEr010BOTO PAcXo/ia BOJBI — IOCJIE0BATENbHOCTh HapacTa-
HUsI 3HAMCHUIY/CPETHET0JOBOIO PACcXo/ia BObI 32 PACCMATPUBAEMBIN MEPUOJT BPEMEHH (1), TO eCTh ,i—q Q;,
JUIsL BBISIBIIGHNSI IPUPOTHBIX M aHTPOTIOTEHHBIX (JaKTOPOB HA THAPOIOTUYECKUH pesxuM peku [11];

- Pa3HOCTHAas MHTErpajbHAas KPHBas CTOKA, MPEACTABIAONIas cOO0M HapacTaroIyl0 CyMMY OTKJIOHE-
HUI MOJYJNBHBIX KO3((HUIMEHTOB CPEJHEr0I0BOTO PacXoja BOJBI OT CPEJHEr0 MHOTOJETHETO 3HAYCHHSI
BPEMEHHOTO psiJia Ha KOHEIl KaXI0ro roja, To ectb Y-, (k; — 1)(rae k;— MoxynbHbie K03 dHUIMEHTHI, KO-
TOpbIE BBIYHMCIIAIOTCS BhipaskeHueM (A.A. Bomuek u np., 2019, 84 c.); k; = Q;/Qcp, THE Qcp — cpenne-
apu()METHYECKOE 3HAYEHME DAJla CPEHETOIOBBIX PACXOJ0B BOJBI, OmpeneisieMoe mo Gopmyne:Qqy =
Y1 Qi /n, 31€Ch N — YKCIIO YICHOB Psia, XapaKTePU3YIOIIHX [UKINYECKUE KOIECOaHHsI CPEIHEr00BOr0
pacxona Boabl peku [10];

- KpuBas 00€CIEUYEHHOCTH (BEPOSTHOCTH IPEBBILICHUA) — HHTErpajbHas KpUBas, MOKa3bIBAIOLIAs
00ecnedeHHOCTh MPEBHIIeHNs (B % WM B JIONIAX €AWHUI) CIy4aifHOW BEITMYMHBI CPeAH O0IIel COBOKYITHO-
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ctu psaga: P = [m/(n + 1)], tae m — nopsAAKOBbIA HOMEP BEJIMYUH B pacCMaTPUBACMOM PsiTy; 1 — KOJIHU-
YEeCTBO 3HAUYCHHUI B Py, WM YHCIIO JIET HAOJIOACHUH 3a pacCMaTpUBaeMO XxapakTepuctukoit [10].

Bce ruaponorudeckue pacueTsl BRITOTHEHBI O AJIeKTpoHHOM Tabmuie 2000, u mocTpoeHue rpadukoB
C UCTIOJb30BAaHUEM JIMHEHHOTO TPEHJa U B IPSIMOYTOJBHBIX KOOPAWHATAX OBLIN MPOU3BEACHEI B MTPOrpaMMe
Microsoft Excel.

Peszynomamot u ux obcyscoenue

s BeIsIBIICHUST OCOOEHHOCTH (POPMHUPOBAHUS THIPOIIOTHIECKOTO MPOQHIIS peK B BOAOCOOPHOI Teppu-
Topun Oacceiina Acca-Tanac co3gana 6a3a TUAPONTOTHIECKUX HCCIEIOBAHUN ¢ UCIOJIb30BAHUEM MHOTOJIET-
HAX WHPOPMAIMOHHO-aHAIMTHICCKAX MaTepHajioB THupojorndeckux moctoB PITI «Kasrmapomer» 3a
1925-2020 roapl ¥ HEJOCTAIOIUX JAHHBIX HAONIOJCHUH BPEMEHHOI'O pPsiZia BOCCTAHOBJICHBI HA OGHOBE Me-
TOJIa THAPOJIOTUYESCKOM aHATIOTUH B paMKax pedHoro Oacceitna (Tadu. 1):

- B 30HE (OPMUPOBAHMS U PETYIMPOBAHMSI CTOKA C MOMOIIBIO CTPOUTENHCTBA BOJOXPAHIIMILA B Oac-
ceitne pexn Tamac B mpenenax Keipreizckoit PecryOnvku mcmonbp30BaHbl HAOMIOACHUS | ITAPOITIOTHIECKIX
noctoB Kapaoii, Kuposckoe u [lokpoBka, a B 30He HCIOJIB30BaHUSI BOAHBIX PECYpPCcOB B Mpeaciak Pecmyo-
mku Kazaxcran — Xacopkener, TpynoBoii naxaps, 2Kuenbet u Yuapai;

- B 30He ()OPMUPOBAHUA U PETYIUPOBAHUS CTOKA C OMOIIBbIO BOJOXpaHWInma@acceliie pexu Tanac B
npenenax Keipreizckoil PecyOnnku ucnonb3oBanbl HaOaroaeHUs THAPoaornuéeknx noefos Yon-Kyprak u
Maiimak B pexkax Kypkypey-Cyy u HyprsikeHT B pexax Tepc, a B 30HE UCHOAL30BAHNS BOJHBIX PECYPCOB
Maiimak B pexe Acca, Kaparay B peke Tamasl, Kapna-Mapkca B pexe bepkyzsl, Kapamat B pexe Kokran u
Kapamrabaktsr B peke 111a0akTsi.

Tabnuia

Perpeccuonnbie MoOie/IM, XapaKTEePU3YIOIIHE 3aBUCHMOCTH CPEHEr0I0BBIX PACX0J0B MEKAY
THAPOJIOTHYECKUMH IIOCTAMH OCHOBHBIX peK B(BogocOopedacceiina Acca-Tanac

Hccnenyemblit myHKT (peka | XapaKTepUCTHKA YpaBHeHUE PEEpeccUn I'oner coBmecTHbIX | KoadduueHt
Y THJIPOJIOTHIECKUH 1OCT) neprosa HaOII0IeHUH perpeccuu
Peka Tamac — ceno KupoBckog (ITyHKT—aHaJIor)
Tanac — ceno Kapaoit €CTECTBEHHBIN Q; = 0,506440,; + 0,117 1940-1974 0,8116
TEXHUYECKUI Q; = 0,063 -Q, + 6,859 1992-2020 0,7489
Tanac — ceno ITokpoBka €CTECTBEHHBIN Q; =1079-Q, +11,41 1940-1974 0,9049
TEeXHUYECKUHL Q; =0,210-Q,; + 11,33 1992-2020 0,8495
PexafTanack: ceno JKacopkeHer (IyHKT—aHaJIOT)
Tanac — TpynoBoii naxapb |e€CTECTBEHHBIH Q; = 1,096 - Q,; — 5,442 1940-1974 0,8650
TeXHWYECKUN Q; =0,823-Q, — 2,239 1992-2020 0,8662
Tanac — ceno JKuember eCTeCTBe HABIH Q; =0,960-Q, — 2,597 1940-1974 0,8392
Tex@NUECKuil Q; =0,394-Q, — 0,185 1992-2020 0,8952
Tanac- ceno Yyapain €CECCEBEHHBIN Q; =0,508-Q, + 0,449 1940-1974 0,8367
TEeXHUYESCKUIL Q; =0,342-Q,; — 1,786 1992-2020 0,9079
Peka Acca — ceno Maiimak (IyHKT—aHaJIOT)
Kypkypey — Cyy — Holm— |ecTrecTBeHHBIN Q; =0,173-Q,; + 3,925 1940-1974 0,8171
Kyprax TeXHUYECKUIl Q; =0,081-Q, + 0,464 1992-2020 0,8147
Kypkypey ~Cyy,— Matimak |ecTecTBEHHBIN Q; =0,082-Q, + 1,359 1940-1974 0,8171
TEXHHUYECKUI Q; =0,081-Q, + 0,464 1992-2020 0,8147
Tepc — cesno #HypibIkeHT |ecTeCTBEHHBIN Q; =0,497-Q, — 0,153 1940-1974 0,9883
TEXHUYECKHI Q; = —0,289 - Q,;+6,183 1992-2020 0,8266
Tepc — ceno — HypibIkeHT (ITYHKT -aHaJIOT)

Tamnel — ropog Kaparay €CTECTBEHHBIII Q; =0175-Q,; + 0,445 1940-1974 0,8322
TEXHUYECKUH Q; =0,187-Q, — 0,281 1992-2020 0,8494
Bypxets! — ceno Kapna €CTECTBEHHBIN Q;=0122-Q, — 0,318 1940-1974 0,9120
Mapkca TEXHUYECKUH Q; =0,035-Q,; — 0,202 1992-2020 0,8406
Koxkran — ceno Kapamar €CTECTBEHHBIII Q; =0,353-Q,; — 0,791 1940-1974 0,8182
TEXHUYECKUH Q; =—0,003-Q, +0,49 1992-2020 0,8138
[Ta6akTer — KapamabakTel |ecTeCTBEHHBIN Q; =0,595-Q,;, — 1,356 1940-1974 0,8328
TEXHUYESCKUI Q; =0,196-Q,; + 1,312 1992-2020 0,8142
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M'mpponornyeckuin npodune pekn Ha BogocbopHow TeppuTopumn bacceriHa Acca-Tanac...

Jis OLleHKH MPOCTPaHCTBEHHO-BPEMEHHOTO KOJieOaHHs CPEeIHET0A0BOTO Pacxo/a BOAI PEKU B BOZAO-
cbope Oacceiina Acca-Tanac ¥ JOJATOCPOYHOTO MPOTHOZMPOBAHMS MX, C MO3MILHUH aHATIW3a PUYUH U BO3-
MOXHBIX TTOCJIEACTBHH JJIs1 BOJXHON O€30MIaCHOCTH U )KU3HEO00ECTICeYUeHHOCTH HACEIEHHI PErnoHa, UCTIONB30-
BaH METOJ] JIMHEWHOTO TPEeH[Ia, I'/ie TOCTpOeHHe X TpadpukoB ObLIM Mpou3BeneHBl B mporpamme Microsoft
Excel (puc. 1-4).

AHanM3 TEHACHIMU N3MEHEHHS CPEJHEr0I0BOTO pacxoaa BOABI PEK B BOJOCOOPHOM TeppuTopnu Oac-
ceitHa Acca-Tanac B 30He (OpMHPOBaHUsI, PEryJTUPOBAHUS U HCIOIB30BAHUS THAPOIOTHYECKOTO CTOKA I10-
Kazajl, 4YTO, HECMOTPS Ha OOLIYIO 3HAYUTEIbHYIO BapHAaOENLHOCTD MO TOAaM, JUIS BCEX PEK OOIIUe 3aKOHO-
MEPHOCTH U3MEHEHHUS THAPOJIOIHYECKOTO PEKUMA HE COOIIOJA0TCS.

B 30He (hopmMHpOBaHUS THAPOIOIMYECKOTO CTOKA peKH Tasac, Mo AaHHBIM I'MIPOJIOIHMYECKOro MOCTa
Kapaoii, pacrionoxenHoro Hmxke cnusaus pek Kapakon u Yu-Komoil, TeHIeHIMS H3MEHEHUS CPEIHETO/10-
BOTO pacxoia BOJBI 3a paccMarpuBaeMsblil meproa 1925-2020 roasr oTpUIATENbHBIN, TO €CTh COCTABISET -
6,46 M°/c 3a 96 net ¢ maTencuBHOCTHIO 0,0673 M3/cB TOX (pHC. 1).
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Pucynox 1. I'padmk m3mMeHeHNS CpeTHETOIOBOTO Pacxoaa BoIbI peku Tamac B ruaporornaeckux mocrax Kapaoii (1),

Kuposckoe (2) u [Tokpo a 1925-2020 roasl ¥ ero TUHEHHBIN TpeH
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Pucynok 2. I'paduk M3MeHeHuUs: CPeJHEr0I0BOT0 pacxo/ia Bo/ibl peku Tanac B THAPONIOTHUecKHX nocTtax XKacopkener
(1), Tpynosoit maxaps (2), XKuenbert (3) u Yuapain (4) 3a 1925-2020 rozms! u ero THUHEHHBINA TPEH]T
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Pucynox 3. I'paduk u3smMeHeHHS cpeTHErOA0BOTO pacxona Boasl pekn Kypkypey—Cyy B THAPOIOTHMECKHX ITOCTax
Yon—Kyprax (1), Maiimak (2), peku Acchl B Tuapoiornaeckom nocre Maiimak (3) u peki Tep AIPOIIOTHYECKOM
mocte HypisikeHT (4) 3a 1925-2020 roxsr u ero auHEH
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Pucynox 4. I'paduk usmene €/IHEeT0JOBOTO pacxoia BOJbI peku TamIbsl B ruaposornieckoM nocty Kaparay (1),
nocty Kapn Mapke (2), pexu Kokrans ruaposnorndeckom nocty Kapamar (3) u
oruueckoM rnocty Kapama6axtst (4) 3a 1925-2020 roas! 1 ero JIMHEHHBIH TPEH]T

B 30He peryMpoBaMHs IMAPOJOTMYECKOTO CTOKA Pekn Tayac, Tie MOMMTHIBAKOTCS MPUTOKOM PEKH
mwaje Bojocoopa (F) 218,0 km?, cpennuii MHorosetHuii  pacxon(Q;)1,69 m*/c), Bem-Tam (F
;=8154 m%/c), Yp-Mapan (F =1130,0 km? u Q;= 8,59 m%/c), Kymym-Tax (F =333,0 km? u Q;=
-Bypa (F =797,0 km? u Q;= 3,68 m%/c), Ken-Kon (F =406,0 km? n Q;= 2,42 m%c) u Houiast

BOJIOXpaHUIHUIIA MHOTOJISTHETO PEryJIMpoBaHus (Tuaposiornyeckuii moct Kuposckoe) 3a paccMaTpuBaeMBblii
nepuos (1925-2020) nosoKuTENBHBIH, TO ecTh cocTaBnseT 35,44 mM%/c 3a 96 ser ¢ unTeHCHBHOCTHIO 0,369
M%/c B o[ M B CPAaBHEHUHU C TUIPOIOTMYECKMM MOcToM Kapaoii cpeJHeroqoBoil pacxo/i BOJIbl YBEIMYUBAET-
cs ABa-TpH pas3a, ocodeHHo B mepuoa 1980-2012 rr., 4To CBSA3aHO ¢ MHTCHCHBHBIM TasHHEM JICIHUKOB U
n3MeHeHnueM kimumMata Tanacckoro xpedra Keipreizckoit Pecriy0muku (puc. 1).

AHanu3 JMHAMUKH CPETHEr0I0BOTO PacXxoja Bojbl peku Tajac B cTBOpe ruaponornieckoro mocra Ilo-
KpPOBKa, TO €CTh B 30HE HCIOJBb30BaHMs BOJIHBIX pecypcoB B mpenenax Keipreizckoii PecrnyOnuku, TeHaCH-
IS U3MEHEHUs CPEIHEr0I0BOr0 pacxoja BOIBI 3a paccMartpuBaeMblii mepuox (1925-2020) orpumarens-
HBIi, TO ecTh cocTabiseT —13,54 m%/c 3a 96 ner ¢ unrencusnocThio 0,1410 M3/c B rox (puc. 1).
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B 30He ncnonb30BaHus BOAHBIX pecypcoB peku Tamac B mpenenax Pecnyonuku Kazaxcran TeHIeHIUS
M3MEHEHUS CPEIHETOA0BOIO pacxoaa BOMBI 3a paccMaTpuBaeMmblid niepuoz 1925-2020 rr. B ruaposiorude-
ckux noctax JKacopkeHeT n TpymoBoil maxaph MOJOKUTEIBHBINA, TO €CTh COOTBETCTBEHHO cocTasisieT 0,14
m%/c u 0,85 m%/c 3a 96 ner ¢ untencusHocThIO 0,0015 M%/c 1 0,0089 M%/c B roa, a B THAPOIOrHYECKHX TTOCTAX
XKuenber n Yuapai, pacroyIOKEHHBIX B 30HE Mara3WHUPOBaHUS CTOKA, OTPHUIIATEILHBINA, TO €CTh COOTBET-
ctBeHHO coctaBmsier —10,93 M%/c u —7,49 M%/c 3a 96 net ¢ unreHcusHocThio 0,114 M/c u 0,078 m%/c B oz,
IJIe M3MEHCHHS THAPOIOTHYECKOTO PEKHMa PEKH MPOHMCXOAUT CHMMETPUYHO M IOCIEI0BATENBHO-
MPONOPLUOHANBEHO B IPOCTPAaHCTBEHHO-BPEMEHHOM Maciitade (puc. 2).

AHanm3 TUHAMUKH (OPMHUPOBAHMS THIPOJIOTHIECKOTO CTOKA B BOJOCOOPHOW TeppuUTOpHMH OacceiitHa
pexu Kypkypey-Cyy mokasan, 4ro, B THIPOJOTHYecKuX moctax YoH-Kyprak, pacroyioKeHHOTO B 30HE
(hopmupoBaHus CTOKa U MaiiMak, pacroIoKEHHOTO B YCThE BBIIIE 0 ciusHus pexoi Tepc (puc.@) B mpe-
nenax Keipreizckoit PecryOnuky, TeHISHIIMS U3MEHEHUS CPETHETOIOBOTO pacxojia BOJBI 3a paccMarpuBae-
Melit nepuon (1925-2020) nos0KUTeNbHbI, TO €CTh COOTBETCTBEHHO cocTapiseT 1,33 m%/Eud 85mi’le 3a 96
ner ¢ uaTeHcuBHOCTHIO 0,014 M3/c 1 0,030 M%/c B ro.

AHanu3 AMHAMHUKH (HOPMHUPOBAHUS THAPOJIOTHYECKOTO CTOKA peku Tepc B cTBOpe TMAPONQFNYIECKOTo
nocta HypIibIKeHT, pacnonokeHHOro Bhiie Tepc-AMBIOyIakcKOro BOJOXpaHmIAIIE@ N pEKH Acca B CTBOpE
THIPOJIOTHYECKOTO TTocTa MaiiMak, pacrionokeHHoro Hike ciausaus peku Tepca Kyprypey-Cyy, TeHaeH-
U] U3MEHEHUS CPEHEr0I0BOTO Pacxoja BOAbI 3a paccMmarpuBaeMbiil iepudf (1925=2020) orpurarennb-
HBI, TO €CTh COOTBETCTBEHHO cocTaBisieT —3,99 M%/c u —3,42 m%/c 3a 96 nemeyuHTeHcHBHOCTHIO 0,042 M%/c
u 0,036 M%/c B rox (puc. 3).

TenmeHIUsT U3MEHEHUS CPEAHETOI0BOI0 pacxoia Bojabl pek Tampsl, bepkyTsl, KokTan u 1llabakTsl,
PACIOJIOKEHHBIX B BOJOCOOPHOW TEPPUTOPHHM pPEeKH Acca, Oepylx HAHallo B CEBEPHBIX CKIIOHAX XpedTa
Kaparay, rie MCTOUHHKAMH TTUTAHUS SBJISIOTCS CHEXXHBIC MOKPOBHI M atMoc(epHbIC OCaJIKU, OTPUATENb-
HBII U 3a paccMarpuBaemblid iepuos (1925-2020) oTpHLaTCABHBINNIO €CTh COOTBETCTBEHHO COCTABIISICT —
0,29 m%c, —0,10 M%c, —1,14 M%/c u —0,19 M%/c 3a 96 get g/ uuTeHenBHOCTHIO 0,003 M%/c, 0,001 M%/c, 0,012
m%/c u 0,002 m*/c B rox (puc. 4).

Ha ocHoBe ananm3a u 06pabOTKH THAPOIOTHICCKOTOHOKAZATEN st BOCBMU PEK B BOJOCOOPHOI TeppHTO-
pum Gacceitna pekn Acca-Tanac Mo HMATHAANATHIMIEHIPOIOTHIESCKAM ITOCTAM METOJOM JIMHEHHOTO TpeH/Ia
MOJTYYEHBI THIPOIOTHYECKHE MOJICITH, U3 KOTOPBIX B TSLMPHAPOIOrMISCKUX MTOCTaX — MOJIOKUTETbHBIC U B
JEBSITH THIIPOJIOTHUECKUX MOCTaX — OTpHUIlafenbHbIe 0 HA00PY MEPEMEHHBIX, XapaKTEePU3YIONIHX yCIOBHUS
(hopMHUPOBaHUS TUAPOJIOTUIECKOTO CTOKA (TaOM, 2).

Taobnuma 2

I'maposnornyeckne mMoaesin M3MeHEHHsI CPEeHEr0I0BBIX PACX0/I0B BO/IbI B IPOCTPAHCTBEHHO-BPEMEHHOM
MacimTade B,BOA0eOOPHOIi TeppuTOpuM DacceiiHa pek Acca-Tanac

Peka I'uagponoruyecknyi moct| YpaBHEHHUE TMHEHHBIX TPEHAOB U3menenue
nokasareseit (m%/c)

Tamnac Kapaoii Q; =—-0,068-N; + 17,794 - 6,46
Kuposckoe Q; =0,373-N; +27917 35,44
ITokpoBka Q; = —0,578 - N; + 69,026 -13,54

’Kacopkener Q; =0,0015-N; + 17,572 0,14

TpynoBoi maxapb Q; = 0,0089-N; + 13,426 0,85
Kuember Q; =-0,115-N; + 17,398 -10,93

VYuapan Q; =-0,078-N; + 11,305 -7,49

Kypkypey=Cyy You-Kyprak Q; =0,014-N; +5,712 1,33
Maiimak Q; =0,030-N; + 1,707 2,85

Acca Maiimak Q; = —0,036-N; + 12,743 -3,42
Tepc HypinbikeHt Q; =—0,042-N; + 6,734 -3,99
Tamasl Kaparay Q; = —0,003-N; + 0,685 -0,29
BepkyTsl Kapna Mapkca Q; =—0,001-N; +0,417 -0,10
Koxkran Kapamar Q; =—-0,012-N; + 1,441 -1,14
[TabakTsI KapamabakTsl Q; = —0,002 - N; + 2,055 -0,19

Juis aHanu3a W BBISBICHUS BIUSHHUS NPUPOIHBIX M AHTPONOT'€HHBIX (PaKTOPOB HA T'MIPOJIOTHUECKHUH
PEeXUM peK B BoAocOopHON Tepputopun OacceiiHa Acca-Taiac HCIOIb30BaH CTATHCTHYECKUI METOA, MO3-
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BOJISIFOIMK MPUONMKEHHO OIICHUBATh WX OJHOPOJHOCTh 33 pacCMaTpUBaeMbId Tepuo] TpaduKo-
AQHATUTUYECKUM CIIOCOOOM, ITyTEM IOCTPOCHHUSI CYMMapHBIX HHTETPAIBHBIX KPHBBIX CPEIHET0JJOBOTO Pacxo-
J1a BOJIbI, KOTOPbIC Mpou3BeieHbI B iporpamme Microsoft Excel (puc. 5-8).
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Pucynok 5. I'paduk cymmapHOii HHTErpanbHON KPUBOM CPEJHEr0I0BOTO BOAbI pexu Tanac B
rugposornueckux nocrax Kapaoii (1), Kuposckoe (2) u [Tokposka (3) u Ksipresckoit PecyOnnku

Ha T
s onpenenenus npuOIU3UTEIBHON TOUKU IIepesioMa Bane%a 3a pacCMaTpPUBAEMBIN IEPHOJ
)51

MPOBOJMM KacaTelbHYI0 MPAMYIO JIHHUIO CYMMapHOH MHTErpa 1, XapaKTepHu3yoIlel mociaeno-
BaTEJIBHOCTh HAPACTAHUS CPEIHETOJOBOTO PacXo/1a BOJBI pe agail0 pacCMaTPUBAEMOTO TIEPHOIA.

[Ipu sTOM KacaTenbHas psIMas JIMHHUS B ONPE/ICICH XapaKTepu3yeT MMOCIIeJ0BAaTeIEHOCTD
HapacTaHUs €CTECTBEHHOTO CPEIHEroJJ0BOr0 pacxoja i=1 Qecri), @ TIpsAMas JIUHUSA, COCUHSIO-
mascsi ¢ CyMMapHOW MHTETpajJbHOM KPHBOH H CCMaTPHUBAEMOro MEpPUOa, XapaKTepu3yeT
MOCJIEI0BATEIbHOCTh HApaCTaHUs AaHTPOIIOTEHHO roZ0Boro pacxona Boibl (Y= Qayri) ¥ MO HX
pasHHIIe ONPEACTSAIOT YBETHUCHHE MM YMEHBIICHU HEroI0BOro pacxoja BoAsl AQ; paccmarpuBae-
MOT0 [epuoa:
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Pucynok 6. I'paduk cyMMapHOI HHTETPATBHON KPUBOW CPETHETO0BOTO PAcXo/ia BOJIBI pekn Tamac B THAPOJIOTHYC-
ckux mocrax JKacopener (1), Tpynosoit maxaps (2), XKuenber (3) u Yuapan (4) Ha Teppuropun Pecrry6nnkn Kazaxcran
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Pucynox 7. I'paduk cymMmMapHOW HHTErpaJIbHOIM KPHBOI CPEHEr0JOBOTO pacxoa BOABIPEKH ey-Cyy B ruzpo-

noruyeckux nocrax Yon-Kypraxk (1) u Maiimak (2) B nmpenenax Keiprersckoii Pecry6d

speku Acca B THIPOJIOTHYE-
ckoM nocte Maiimak (3) u pexu Tepc B ruaposorudeckoM rnocre HypislkeHT

ppuTopun PecryGnuku

KazaxcTan
B cBOI0 OuepeIb TAHTEHC YIila HAKJIOHA JIMHHUI (tga;), coenu ii IB€ TOYKHA HA CYMMapHOU UHTe-
rpajgbHON KPUBOM, paBEH CPEJHETONOBOMY PACXOLY BOJBI PEKH ) bIOPaHHOM HHTEpBaJC BPEMEHH
(N;) u TaHTeHC yrja HaKJIOHA, KacaTelbHBIH K CyMMapHOM HO# KpuBOM, paBeH pacxomay (AQ;)
JTAHHOTO MOMEHTa BPEMCHH, XapaKTePU3YIOUIMH | THYSEKUI cMmbict, To ecTh lim(AQ;/AN;) =

dAQ;/dAN; = tga. [1pu 3TOM (HU3NIECKUI CMBICIT TaH a HaKJIOHA JIUHUH (tga;), IpeICTaBIsIeT He
0 psijia THAPOJIOTMUYECKOTO CTOKA, HO U SBIISICT-
BOozOocOOpa peyHoro OacceilHa, JeMOHCTPUPYS

Csl MHIUKATOPOM (PH3MYECKOTO IMPOIIECCOB Ha Tep
BJIMSTHHUE TIPUPOIHBIX U AHTPOTIOTCHHBIX (haKTOPOB.
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Pucynox 8. I'paduk cymmapHO# MHTETpaIbHON KPUBOH CPEHET0I0BOTO PAacxo/ia BOJbI peKH TaM/pl B THIPOIOTHYE-
ckoM nocte Kaparay (1), pekn bepkyTsl B runponorudeckom nocre Kapim Mapke (2), pexu Kokran B ruzposiornaeckom
mocte Kapamat (3) u pexu [1labakTel B ruaponormyeckoM nocte Kapamaoakrer (4)

AHanmu3 CyMMapHbBIX HHTETPATbHBIX KPUBBIX CPETHETOJ0BOTO PACXO0/a BOABI PEK B BOJOCOOPHOM Tep-
putopuu Oacceitna Acca-Tamac mokasan (puc. 5-8), yTo BpeMEHHbBIN PsJi CPEAHETOJ0BOTO PACcX0ia BOIBI
pek 3a paccMatpuBaemsiii mepuo (1925-2020) MoxHO pa3doWTh Ha IABE KBA3HOJHOPOIHBIE COBOKYITHOCTH C

MPOJIOMHOM TOYKOM, XapaKTEPU3YIOIIEH MeEPEXo] OT MPUPOIHON Ha aHTPOIIOT€HHbIE JEATENBHOCTh PEYHBIX
OacceifHOB:
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- Oacceiina peku Tamac, TONBKO B CTBOpE THAPOJIOrHUecKoro mocra Kapaoit cymmapHasi HHTErpagbHast
KpHWBas CPEIHET0/I0OBOTO pacxo/a BOIBI IIPEACTABISIET cO00M HMaeambHyI0 IPSIMYIo (pHUC. 5), 4TO TOBOPUT O
CTaOMIFHOCTH CPEAHETOIOBOTO PacxXo/ia BOJABI 3a MEPHO HAONIOACHUH, B THAPOIOTHYECKUX mocTax Kupos-
ckoe, ITokpoBka, XKacopkent, TpynoBoii nmaxapb, Kuenber u Yuapai, pacnonokeHHbIX HkKe KupoBckoe
BOJIOXPAHWIINIIA, MHOTOJIETHETO peryiaupoBaHus Habmomaerca ¢ 1975 roga HapymieHHs OTHOPOIHOCTH
CPEIHEr00BOr0 Pacxo/ia BObl PEK OT HAYAJI0 pacCMaTpUBaeMoro rnepuoaa (puc. 5, 6);

- OacceiiHa pekn Acca, CyMMapHasi HHTeTpajibHas KpuBasi CPeIHEr0/JOBOTO pacxoa BoAbl peku Kypky-
pey-Cyy B rumponornueckux nocrax Yon-Kyprak u Maiimak, a takxe B pekax Tamapl u BepkyTsl npea-
CTaBIIAET COOOH OTHOCUTENHFHO MPAMYIO JTUHHIO (prc. 7, §), 9TO XapakTepusyeT cTabuibHOCTh (popMupoBa-
HHS THIPOJIOTHYECKOTO CTOKA, a 1Mo peke Acca (ruaposormueckuii moct Maitmak), Tepc, Kokran n [1labak-
THI HaOmogaercs ¢ 1975 r. HapyleHns: OAHOPOJHOCTH CPEIHEr0I0BOI0 PAacxona BOJBI pEK OT Hagajo pac-
CMaTpUBAEMOT0 TEPHOJIa, YTO CBS3aHO CO CTPOUTENHCTBOM BogoxpaHminia Tepc-Amubynak Ha peke Tepc
u blaTtans u pexe [11abakTbl c€30HHOTO PeTryTUPOBAHUS.

OrneHka U3MEHEHHI BOJHOCTH PEK HA TEPPUTOPHH BoJocOopa OacceitHa Acca-Tarac W eHHXpOHHOCTH
WM aCHHXPOHHOCTH €€ MHOTOJIETHUX KoJieOaHWI BHIMOJIHEHA HA OCHOBE HOPMUPOBAHHS PAZHOCTHLIXHTE-
TPaJbHBIX KPUBBIX MOIYIHHBIX KOO(P(PHUIIMEHTOB CPEIHETOIOBOTO PACX0/1a BOIBI C HETIOIE30BAHUEM METO-
JIOB pa3HOCTHO-UHTETPaJIbHBIX KpHBHIX (puc. 9, 10):

- WU3y4YCHHUs MHOTOJICTHUX KOJICOaHMI CPEIHEr0JI0BOr0 pacxoja Bojabl Od¢CeitHadpeku Tamac 3a pac-
cMarpuBaemblii neprof (1925-2020) o ruapoIOrHYecKiM MOCTaM ¢ MPUMEHEHNOM, PACCMOTPEHHBIX BBIILE
MIPUEMOB TOKa3aIu 00 OTCYTCTBHH OOIIEH 3aKOHOMEPHOCTH, TO €CTh BO BEEXMAPOJOTHYECKHUX TOCTaxX
kpoMe Kuposckoe ¢ 1925 mo 1975 rr. HabmomaeTcss MHOTOBOIHBIN MUK, . [OCIE 3TOT0 HAaYMHACTCS JI0
HACTOAIIETO BPEeMEHH MaJOBOJHBIN IHKII, HO C PA3IHYMSIMH B SPOKaX HACTYIUICHUS (a3 ¥ aMIUTUTYABI IUK-
JIMYECKUX KOJIEOaHUI;

- WCCIIe/IOBaHNsI MHOTOJIETHUX KOJIe0aHWH cpellHeroJOBORO paexoja Bojakl Oacceitna peku Kypkypey-
Cyy B ruaposorudeckux mnocrax Yon-Kyprak u Maiimakga Takke B pekax Acca, Tepc, Tamubl, bepkyTsl,
Koxkran n [1labakThl mokasam, 4TO 3a pacCMaTpPUBAEMBId MTEPHO HaOIFOAaeTCsl B OMPEAeIEHHON CTETIeHU
CTporasi IEpHOANYHOCTD B KOJEOAHHUSIX THAPOJIQEMUECKOIO)CTOKA, TO €CTh B 00mmX ueprax ¢ 1925 mo 1975
. IPOXOAUT MHOTOBOJHBIN UK, a ¢ 1976 T. HTOJHACTOALIETO BPEMEHH SIPKO BBIPAKCHHBIA MATOBOIHBIN

OUKIIL.
ST ]
;:l:ll:k,:—l:l |
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Pucynox 9. PazHoCTHO-MHTETpasIbHast KPHBask CPETHETOA0BOTO pacxo1a BoAbl pekn Tayac 1o ruiposornieckuM Io-
cram Kapaoii (1), Kuposckoe (2), [Toxposka (3), XKacopkeHer (4), Tpynosoii maxaps (5), XKuenber (6) u Yuapan (7) 3a
1925-2020 rr. v OLIEHKN BOAHOCTH (PENPE3CHTUBHOCTH)
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PI/ICYHOK 10 Pa3HOCTHO-HHTer‘paJ’ILHa§[ KpuBas CpeaAHCIOA0BOI0 pacxoJa BOJAbI pCKH Ky O T'MApPOJIOTHUYC-

ckuM noctam YoH-Kyprak (1) u Maiimak (2), pexu Tepce (3), Acca (4), Tamuasr (5), bepkyts! (6 tan (7) u [1labak-
ThI (8) 32 1925-2020 rr. 1 OLIEHKH BOAHOCTH (PEMPE3CHT C

Takum 00pa3oM, CONOCTaBIEHHE CHHXPOHHOCTH WM aCHHXPOH 0JIe0aHMii BOJHOCTH peK Ha
TeppuTopun BojgocOopa OacceliHa Acca-Tamac u aHanM3 ee Ha'\\0C HOCTPOCHUSI Pa3HOCTHO-
HMHTETPAJIBHBIX KPUBBIX CPEAHETOJOBOIO Pacxola BOIBI C ucfto eMm nporpammbel Microsoft Excel
MO3BOJISIFOT BHIJENUTH Ha rpa)ukaX MHOTOBOIHBIH LUK paccMma 10 KaK TpyIITy NOCIe0BaTEIbHBIX
3HA4YEeHUI CPEAHEr00BOIO Pacxoa BOJIbI, MPEBHIIAIOIINX ¢ ‘apupMeTHIecKoe 3HaUeHUE (HOpMY), a
MaJIOBOTHBIH IIMKJI — TPYIITY MOHMKEHHBIX 3HAUYCHH

Jlnst ycTaHOBIICHUS! 3aKOHOMEPHOCTEN KosleOaHus
BozmocOopa Oacceitna Acca-Tamac ObUTH IprMe
HOCTb IIPEBBIIMICHHUSI PACCMAaTPHBAEMOTO €¢ 3Hade

CTUYECKUX XapaKTEPHUCTHUK, BBHIMOJHEHHBIX HA OCHOB
[10] (puc. 11, 12):

JIOBOTO Pacxojia BOJBI peK Ha TEPPUTOPUH
00€CHEeYeHHOCTH, XapaKTePU3YIOIUE BEPOST-
TOJIETHEM PsAY U HapaMeTpU3aldio UX CTaTh-
bdurmento Bapuanuu (C,) u acummerpuu (C)

=VZin (K = D?/(n = D);
i1 (K — D*1/[(n— D(n—2) - CF].

T T T T T T T T T 1
3 4 ——5 ——6 ——7

0 20 40 G0 20 100
BepoaTHOCTE NpeBRIIcHES (00SCIeYeHHOCTE ), Y0

Pucynok 11. Dmnupudeckas kpuBasi 00eCIiedeHHOCTH CPETHETOJ0BOTO Pacxo/ia BOJAbI peku Taiac mo rupoioruye-
cknM ioctaMm Kapaoii (1), Kuposckoe (2), [Tokposka (3), XKacopkener (4), Tpynosoit maxaps (5),
YKuenbet (6) u Yuapau (7)
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Pucynok 12. DMnupuueckas KpuBas 00eCIeYeHHOCTH CPEIHET0I0BOI0 PAacX0/1a BOIBI K -Cyy no ruzpo-
noruueckum noctam Yon-Kyprak (1) u Maiimak (2) u pex Acca (3), Tepc (4), Tamas ( epKyThl (6), Koxtan (7) u
[Ta6akTsI (8)

OyHKIMS pacpeeNeHus] CPEAHEroI0BOr0 pacXxoaa BOABI PEKH
Kapao#n, Kupogsckoe, ITokposka, JKacopkener, Tpynosoii naxaps, 2Kue

peoOpa3oBaHue CIydaifHONH NU3MEPEHHOI XapaKTepUCTHKH B Hox
HBIMU

UAPOJIOTHYECKUM TOCTaM
T U Y4apal MpeacTaBisieT co0on
1), pacripeieneHHy0 IO U3BECT-
HOMY BEPOATHOCTHOMY 3aKOHY, OITMCBHIBAIOIIIEECS SKCITOHECH WJIM TIOJTMHOMUAIIFHBIMA YPaBHEHU-
€M IISTOTO MOpsAKa, OTINYAIoIeecs 10 Habopy mepe

OyHKIHA pacTpefeneHrs] CPEIHET0JOBOTO pacx
noctaM YoH-Kyprak u Maiimak u pex Acca, Te
Csl BEPOSITHOCTHOMY 3aKOHY, OIHCHIBAIOIIEMYCS SKEIOHCHIIHATLHBIMH MU TIOJIMHOMUAILHBIMU ypaBHEHUSI-
MU TISTOTO MOPSIIKA, OTIIMYAIOIIEMYCS TOIBKO KOJT HBIMHU 3HAYEHUSIMU TTEPEMEHHBIX, MOKHO TIpeJi-
TIOJIOKUTH, YTO SIBIISIETCS PACIIONOKEHHEM HX'B OJTHOM TeorpadueckoM PEeTHOHE W IIPU 3TOM He WMEIoIIee
MPUHIHUIHAIEHBIX TPUPOAHBIX OCOOCHHOLTEH.

[Tpu 5TOM IS OLICHKH CXOJMMOCTH 3 YECKUX OLIEHOK K COOTBETCTBYIOIIEMY MPEENy UCIIOIb30-
BaHbl MHOTOJIETHHE HAOJIOACHUS Cpe. TOBOTO Pacxoja BOJbI PEK Ha TEPpUTOpUHU BojocOopa OacceiiHa
Acca-Tanac, UMeroIIe UHTE % uit 96 NeT ¢ MmocNeI0BaTeNIbHO BRIYHUCICHHEM 3HAYeHHUS KO-
(PUIIMEHTOB BapHalliud M acuM , BHAYCHUS CPETHEr0JJOBOTO pacxojia BOabI pek 5, 25, 50, 75 u 95 %
obecnieueHHoCcTH (TadMI. 3),

pexu Kypkypey-Cyy 1Mo THIpOIOTHYECKUM
e bl, KokTan u 11laGakThl, MOIYHUHSIOIIETO-

Tabnuma 3

Crarucruyeckue CTHKM CPeTHUX rOJI0BbIX PAcX0/0B BOAbI peK B BojocOope dacceiina Acca-Tanac

Tmapoxormiecu « Koapunnent Pacxos Bogb! (M3/c) pasiuuHOi 06ecrieueHHoCTH, %
G, | G 5 | 25 | 5 | 75 95

0,267 0,756 21,20 16,90 13,50 11,30 9,80

0,476 0,979 86,80 61,40 35,90 29,50 22,70

[TokpoBka 0,454 0,459 74,30 55,10 38,20 24,50 16,70
JKacopkener 0,443 1,070 36,10 21,10 16,50 12,40 7,50
TpynoBoii maxaps 0,560 0,505 27,00 18,50 11,90 6,60 2,60
Kuenoer 0,549 0,735 25,90 16,50 10,20 7,10 3,30
VYuapain 0,556 0,197 13,90 10,90 7,30 4,20 1,40

peka Kypkypey-Cyy

You-Kyprax 0,154 0,208 8,10 7,00 6,20 5,70 4,90

Maiimak 0,517 1,800 7,10 3,63 2,38 2,21 1,90
peka Acca
Maiimax | 0364 | 1142 | 1893 | 1276 | 1029 | 764 | 5,94
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peka Tepc
HypiBIKeHT | 059% | 0120 [ 841 | 59 | 457 | 232 | 0,07
peka Tampl
Kaparay | 0630 | 2200 [ 177 [ 103 | 069 | 048 | 0,29
peka bepkyThl
Kapi-Mapkc | 0591 | 0941 [ o075 | 052 | 036 | 022 | 0,08
Pexka Kokran
Kapamar | 0794 | 1821 [ 238 | 108 | 074 | 037 | 0,16
KaparmrabakTer
KapauaGakTe! | 0623 | 2489 | 448 | 236 | 176 | 131 | 0,66

Ousnueckuii cMpIca kodddurmenTa Bapuanun (C,,) cpeaHET0A0BOT0 pacxoaa Boabl (Q;) TOW Wiy HHOMH
PEKH XapaKTepu3yeT CTENEeHb UX U3MEHYNBOCTH, TO €CTh yeM OoinbiueC,,, TeM OoJblie H3MEHYHWBOCTEL (Q; U,
KaK MpaBwJIO, BO3pacTaeT OT OoJiee BIAKHBIX K MEHEE BIaKHBIM paiioHaM. JTa NMpUpoa#Has 3aKOHOMEPHOCTh
YEeTKO MPOSBIAETCS B BOJOCOOpHOU TeppuTOpuH OacceitHa pexu Acca-Tanac, rae HCTOUHMKAMK OMTaHWS B
30Hax (opmupoBaHus croka peku Tamac B crBopax Kapoit u Kypkypey-Cyy B ctBopax Yon-Kyprak sBis-
I0TCS JISAHUKU U aTMOC(EpHBIE OCaaKu TOpHOU cucTeMbl TamacckuM-Ana-Too, kQoddiliuerTa Bapuanuu
(C,) cpenneromoBoro pacxoja Bojbl (Q;) cooTBeTcTBeHHO cocTarisioT 0,267 n 0,154,

Koa¢ddpunument Bapuanuu (C,) cpeanerogoBoro pacxona BoAsl (Q;) B 30HE peLyJIMPOBAHUS U UCIIOIb30-
BaHUs BOJHBIX PECYpcoB peku Tanac, o JaHHBIM ruaposiorniyeckux nocpos Kmposekoe, I[lokposka, XKaco-
pkener, TpynoBoii naxaps, JKueHOeT 1 Yuapai, pacrioloKeHHBIX B CPIHEM TeUEHUH (TIPEAropHON 30HE) U
30HE Mara3MHUpPOBaHUs (FO’)KHOW MYCTHIHHOHM 30HE) MOBEPXHOCTHOTO CTOKA KOAMUYECTBEHHOE 3HAUCHHE CO-
OTBETCTBEHHO B MPOCTPAaHCTBEHHOM MaciuTabe yBenmmumBaeTcs @ coexasisier 0,476, 0,454, 0,443, 0,560,
0,546 1 0,556 (Tabm. 3).

B BomocOopHoit Tepputopun pexu Kypkypey-Cyy no riuaposorqaeckum noctam Maiimak u pex Acca
(Maiimax), Tepc (Hypnsixent), Tammsr (Kapartay), bepkyTor (KapmapMapkca), Kokran (Kapamar) u 1labak-
oI (KapamabakTsl), pacrioiokeHHBIX B IpeAropHoi 30HeXxpedma Tamacckoro-Amna-Too u cxionax Kaparay,
IJie IOBEPXHOCTHBIE CTOKH (hOPMHUPYIOTCS 32 CUEE, aTMOC(IEPHBIX OCaJIKOB, TasHHEM CHEKHOTO TIOKpPOBa U
IPYHTOBBIX BOJ W 30HaM Mara3uHUpPOBAHUS SBJIAeREsA meCku MoiibiHkyM, Koddduument Bapuamuu (C,)
CpemHEeroIoBoro pacxoaa Bofsl (;) coorBercTBeHHO coctapmseT 0,517; 0,596; 0,630; 0,591; 0,796 u 0,628
(tabm. 3).

ACHMMETPUYHOCTh KPUBOW pactpe/TeNeHMsi CpeIHEroI0BOro pacxoza Boasl (Q;) XapakTepusyercs: Ko-
s¢dunrenTom acummerpur (Cg) M HOKAZBIBaIOT LIEHTP PACHPEACICHUS] €ro HACKOJIbKO CMEIIEHBI OTHOCHU-
TEJILHO MOJIbI (BETIMYMHA NPHU3HAKa BPEMEHHOTO psijia, KOTOpble HanboJiee 4acTo BCTpeyaeTcsl B JaHHOU co-
BOKYITHOCTH) M MEJIHaHbl (3HAYCHKS MpHU3AaKa, KOTOPhIe HAXOAATCS HA CEPEAMHY BPEMEHHOTO psijia) B CTO-
POHY BBICOKOT'O 3HAUYEHHUS CPEAHEFQIOBOTO pacxona BoAb! (Q;) TOM miaM MHOW peKH, TO €CTh UX KOJIHYe-
CTBEHHOE 3HaueHHE B IPOCTPaHCTBEHHOM MaclITabe Ha TeppUTOpUH BorocOopa Oacceitna pexku Acca-Tanac,
Briovatronux pexn Tagdac, Kypkypey-Cyy, Acca, Tepc, Tamusl, BypkyTtel, KokTan u [IlabakTsl u3MeHsSIOTCS
ot 0,197 no 2,489 "B OmpeacIeHHON CTENeHN MOKa3bIBAIOT O HATMYUH MPSAMO MPOTOPLHUOHATFHON 3aBUCH-
MOCTH MeX1y KodprmueHToM acummetpu (C;) 1 koahdunuentom Bapuaimu (C,) (tabm. 3).

Ilpu 5TOM MHTEEpaNbHAs KpHBas paclpelesieHHs CPeIHEroJJOBOro pacxoaa Boabl (Q;) TOH win HMHOU
pexu HafeppuTOpuH BOI0cO0pa Oacceitna Acca-Tanac mokaseiBaer (puc. 11 u 12), 4To BBICOKHIt cpeiHero-
JIOBOW pacXemBos! ((;) Habmogaetcs B ipenenax ot 1,0 go 25,0 % obecnieueHHOCTH, a 3aTeM X KOJUde-
CTBEHHOE 3HAYEHHE PE3KO CHUKAETCS, YTO XapaKTEPHO PeKaMm, I/Ie HCTOUHUKAMHU ITUTAHUS SBISIOTCS aTMO-
cdepHbIRCAfIKY, TASTHIE CHEXHOTO IMOKPOBA U TPYHTOBBIE BOIBI.

Raxnrouenue

Wzyuenne a1t npocTpaHCTBEHHO-BPEMEHHOM OLICHKH MHOTOJIETHHX KOJieOaHU TOI0BOTO CTOKA peK Ha
TeppUTOpUH BojrocOopa OacceiiHa Acca-Tamnac, ¢ HCIOIB30BAHUEM METOJIOB THAPOJIOTHYECKON aHAJIOTHH,
JUHEHHBIX TPEH/IO0B, CyMMAapHBIX, PA3HOCTHBIX U OOBIYHBIX WHTETPAIBHBIX KPUBBIX, Oa3UPYIOMUXCS Ha Ma-
TEMaTHYECKON CTAaTUCTHKE AJ0 BO3MOXHOCTH BBISIBUTH MPOCTPAHCTBEHHO-BpEMEHHBIE 3aKOHOMEPHOCTH
W3MEHEHUS CPEJHEr00BOr0 pacxoa BOJbI B YCIOBHIX TEXHOIPHUPOAHOH TpaHCc(hOpMaluu BOAHBIX pecyp-
COB BOJIOTOKA:!
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- TEHJIEHIIMS W3MEHEHHUS! CPEIHEroI0BOr0 pacxoja BoAbl OacceitHa peku Tanac 3a paccMaTpuBacMBbIi
mepuoy (1925-2020) orpuiiaTeabHBIHA, Tae N3MEHEHHS THAPOIOIHYECKOTO PEKAMA PEKHM TPOUCXOANUT CHM-
METPHUYHO U TIOCIIE0BATENbHO-TIPOMIOPITMOHATIBHO B IPOCTPAHCTBEHHO-BPEMEHHOM MaciiTade;

- TeHJCHLUS U3MEHEHHUSI CPEeTHET0JOBOTO pacxoja Boabl Oacceiina peku Kypkypey-Cyy-Acca, 3a pac-
cmatpuBaembiii epron (1925-2020), Tonpko, kpome ruaposorudeckoro nocra You-Kyprak, pacmonoxeH-
HOTO B 30HE (popmmpoBanus croka pexu Kypkypey-Cyy OTpHIIATENbHBIA, € NCTOYHUKAMH TTHTAHUS TO-
BEPXHOCTHOTO CTOKA SIBJISIIOTCSI aTMOC(EpHBIE OCaIKU, CHEKHBIE TIOKPOBBI 1 TPYHTOBBIE BOJIBI;

- aHAJNN3 CyMMapHBIX WHTETPANbHBIX KPUBBIX CPEAHET0J0BOI0 PacXxoia BOABI PEK B BOJOCOOPHOM Tep-
putopun Oacceiina Acca-Tamac mokasai, 9To BpeMEHHBIN sl CPEIHETOIOBOTO Pacxoda BOIBI PeK 3a pac-
cmatpuBaembiii epuon (1925-2020) MoxkHO pa3OUTh HA BE KBa3HOIHOPOIHBIC COBOKYITHOCTH C MPOJIOM-
HOW TOYKOW, XapaKTEPHU3YIOIIUX MEPEeXo/ OT MPHUPOJAHBIX Ha aHTPOIOTEHHBIE NESATeIbHOCTH PEeUYHbIX Oac-
CEIfHOB, YTO CBSI3aHO C BBEJIEHHEM B dKcIuTyartarnuio Kuposckoro n Tepc-AmpIOymakcKoro BOIOXPaHMIIHIIL,
MHOTOJIETHETO W CE30HHOTO PETYIMPOBAHUS TOBEPXHOCTHOTO CTOKA;

- OLICHKa U3MEHECHUH BOJHOCTH PEK Ha TEppUTOpUH BogocOopa Oaccelina Acca-Tanac M euHXpOHHOCTH
WM aCUHXPOHHOCTH €€ MHOTOJIETHHX KOJIcOaHWH, BBHIOJHEHHBIX HA OCHOBE HOPMHUPOBAHHS PASHOCTHBIX
WHTETPAbHBIX KPUBBIX MOAYJIBHBIX KOA(D(UIIMEHTOB CPEIHETOJAOBOTO pacXoaa BQIBI C_HCHOIH30BAHIEM
METOJIOB Pa3sHOCTHO-MHTETPaJbHBIX KPHUBBIX IOKa3aja, YTO BO BCEX TMAPOJOTHYECKHX 1ocrax ¢ 1925 mo
1975 rr. HabnroaeTcss MHOTOBOAHBIN IUKJI, @ TIOCJE 3TOT0 HAYMHAETCS JI0 HACTOSAIIeTOmBPEMEHN MaIOBO/I-
HBIH UK, HO C Pa3IHYMAMH BCPOKAaX HACTYIUICHHUS (a3 v aMIUTATY 1A TUKITHGEEKUX)K0Ie0aHmiT,

- TIpU OIEHKE CXOJAMMOCTH SMITUPUYECKUX OIEHOK K COOTBETCTBYIOLHEMY IpENelTy HCIOIb30BaHBI
MHOTOJIETHIE HaOIIIOJCHUS CPEIHETOA0BOI0 pacxo/ia BOAbl PeK Ha TepPUTOpUr BorocOopa bacceiina Acca-
Tanac, nmeromMXx MHTEpBaN HAOMIOACHUH 96 JIeT ¢ MOCIeNOBATEIBHO BBIYMCICHUEM 3HAYeHUs! Koduuu-
CHTOB BapHalU{ U aCUMMETPHUH, 3HAYEHHUsI CPETHEr0J0BOro pacx@ma BOABLpek 5, 25, 50, 75 u 95 % obecre-
YEHHOCTH, TI0Ka3aJH, YTO KOJIMYECTBEHHOE 3HaueHne Koa(Quuuenta Bapraluy yBEIHYHBACTCS OT TOPHON
30HBI B CTOPOHY I0KHOM MYCTBIHH, TJIE PACIIONOKEHbI 30HbpMAara3iHUPOBAHNS TIOBEPXHOCTHOTO CTOKA;

- WHTETpaJbHbIE KPUBBIE pacrupeieNieHs] CPETHETQHOBORO pacxoaa Bob! ((;) TOW WM WHOW PeKH Ha
TEPPUTOPHH BozocOopa Oacceiina Acca-Tamac mOKa3ajM, MTO BBICOKHH CPEIHErogoBoi pacxonm Boasl (Q;)
HaOmoaeTes B npeaenax ot 1,0 mo 25,0 % obecl@ueHHOCTH, a 3aTeM UX KOJIMYECTBEHHOE 3HAUYCHUE PE3KO
CHIDKAETCS, YTO XapaKTEePHO peKaM, T/le MCTOUYHUKAME, ANTAHVS SBISIOTCS aTMOc(epHBIe OCAllKH, TasHUE
CHEXXHOTO ITOKPOBA U TPYHTOBEIE BOJIBL.
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XK.C. Mycragaes, A.T. Ko3bikeeBa, K.b. A6nemes, H.A. Typcrin6aes

AcpbI-Tanac cy :kuHay ajna0bIHBIH AaMAFbIHAAFbI 03€HIePaiH
TeXHOTeHIK *KYPrijiepi eckepreHjieri ruApoJIorusIbIK MillniHi

Kemxpuinslk akmapaTThIK-TalaMalblk MaTepuanaap Herisinne «Kasruapomer» PMK ruzpponorusisik Ge-
kertepi 1925-2020 >xpu1mapaarsl MATEMaTUKANIBIK CTATHCTHKAFa HETi3[eIreH THAPOIOTHSIIBIK YKCACTBIK 9[-
CiH, CBI3BIKTBIK TPEHATEPi, >KUBIHTHIK, albIPMaNIBIK KOHE KOIIMI1 MHTETrpabIK KUCBIKTapIbl MaiganaHa
oThIpbin, Achl-Tanac 6acceliHiHIH Ccy )KUHAY ayMarblHAAFbl ©3¢HHIH KBUIIBIK aFbIHBIHBIH KOIDKBUIIBIK ayBIT-
KyJIapblH KEHICTIKTIK-YaKbITTHIK Oarajayabl 3epieiey VIIiH 3epTrey 0a3achlH KypAbl. 3epTTeynep Kepcer-
KeHJIel, KapacThIPBUIBIT OTBIpFaH Ke3eHue, ssrHu 1925-2020 sxpuinap apansiFbsiHga Acel-Tanac GacceliHiHIH
Cy JKMHAy aiiMarbIHIAFrbl ©3€HIEpiH OpTalla >KbUIIBIK CY aFbIHBIHBIH ©3repy TCHACHIMSCH Tepic, MYH/Ia
©3CHHIH T'HJPOJIOTHSIBIK PEXXKUMIHIH ©3repyi KeHICTIKTIK-yaKbITTBIK MacIITa0Ta CHMMETPHSIIBI )KoHE ToHeK-
Ti-IPOTIOPINOHAIIBI TYPAE XKYpeli, TaOUFH OeNCEHAUTIKTEH aHTPOIOTeHMIIK OeJICEHATIKKE KONyl CHilaI-
TaWTHIH €Ki KBa3uOipTeKTi ke3eH Oap. Ackl-Tanac GacceliHiHIH Cy )KUHAY ayMarbIHAAFbl ©3CHAGP, CYBIHbIH 03~
repyiH XKOHE OHBIH KOIDKBUIABIK TepOeiCTepiHiH CHHXPOHIBUIBIFBIH HeMece OCHCUHXPOHABUIBIFLIH Oaraay-
nma 1925 sxpuipan 1975 xeiara gedidri 6apiblK THAPOJIOTHAIBIK OeKeTTepAe Kol Cy LUK Oaiikanral, conan
KeWiH OChl yaKbITKa JIeHiH a3 cy uukii Gactanansl, 6ipak (azanapisiH 6actany yakblThl MEH THKILIIK TepOe-
JicTepaiH aMIUIMTYAAChIHBIH albIpMANIbUIBIKTapbiHa U} depeHInanpl HHTerpaiasl KUChIKTap oaiciH KO-
JlaHa OTBIPBII, OPTAIIa KBUIIBIK Cy aFbIHBIHBIH MOAYJIBIIK K03 GHIMeHTTepiHiH auddepeHnuagsl nHTer-
paJIIBbIK KHCBIKTaphIH HOpMaiay HerisiHae opbiHaanabl. COHbIMEH KaTap, BapHalus KodddUINCHTIHIH caH-
JBIK MOHI TayJlbl alMaKTaH OHTYCTIK IIeJre Kapai apTajsl, )KepycTi aFbIHBIHBIHIKSHe, CYABIH OpTalla JKblI-
JBIK IIBIFBIHBIHBIH JKHHAKTay aliMaKTapbl OpHAJACKaH jkepje OapiblK KapacTbIpbUIBI@OTHIPFaH ©3eHIepie
1,0-nmen 25,0%-ra neilin KaMTamMachI3 ety OaiKanaabl, coqaH KeiiH oap/IbIfCauAblk MAHI KYPT TOMEH/ICHI,
Oy1 aTMoc(hepanbIK KaybIH-IIANIBIH, Kap KaMBUIFBICHIHBIH €pyi jKOHE JKepaeThl CYMaphl KOPEKTeHYy Ko3i 00-
JIBII TaOBUIATHIH ©3CHIEPTe TOH.

Kinm ce30ep: TUAPONOTHAIBIK MIlIiH, OPTaIla XBUIABIK CY aFbIHBIHBIHROTIMI, CBI3BIKTHIK TPEH[, KUBIHTHIK,
afBIPBIMIBUIBIK XKOHE JKail MHTErPANIBIK KHCBIKTAp, KOPCETKIIH, BAPHAIIUIJACHMMETPHS.

Zh.S. Mustafayev, A.T. Kozykeyeva, KiB. Abdeshev, N.A. Tursynbaev

Hydrological profile of the river in the drainage territory of the Assa-Talas basin in
considering technological processes

Based on long-term information and_analytieal materials, the hydrological posts of the RSE “Kazhydromet”
for 1925-2020 created a researchdbase t0,study the spatial and temporal assessment of long-term fluctuations
in the annual river flow inthe catchment'area of the Assa-Talas basin, using the method of hydrological anal-
ogy, linear trends, total, difference,andéordinary integral curves, based on mathematical statistics. Studies
have shown that the trend of ‘changes in the average annual flow of river water in the catchment area of the
Assa-Talas basin for the peried under consideration 1925-2020 is negative, where changes in the hydrological
regime of the river occurgSymmetrically and sequentially proportionally in the spatio-temporal scale, there are
two quasizhomogeneous. periods characterizing the transition from natural activities to anthropogenic. An as-
sessment ofiehanges in the"water content of rivers in the catchment area of the Assa-Talas basin and the syn-
chronism or asynchronypof its long-term fluctuations, performed on the basis of normalizing the difference in-
tegral curves,of the modulus coefficients of the average annual water discharge using the method of differ-
ence4integral“eurves, showed that in all hydrological stations from 1925 to 1975 a high-water cycle is ob-
served,‘and after that, a low-water cycle begins to the present, but with differences in the timing of the onset
of phases‘and the amplitude of cyclic oscillations. At the same time, the quantitative value of the coefficient
of variation increases from the mountainous zone towards the southern desert, where the zones of surface
runoff are located and the high average annual water flow in all the rivers under consideration is observed in
thefrange from 1.0 to 25.0% of the supply, and then their quantitative value decreases sharply, which is typi-
cal for rivers, where atmospheric precipitation, melting snow cover and groundwater are sources of food.

Keywords: hydrological profile, average annual water discharge, linear trend, total, difference and ordinary
integral curves, coefficient, variation, asymmetry.
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