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KJIKUYEBBIE
CIIOBA ABCTPAKT
pexa Eptuc, B pabote Ha OCHOBE MHOTOJETHHX THIPOJOTHYCCKUX HAONIONCHHUIA MpeacTaBlICH

MaKCHMaJIbHBIN CTOK,
MaKCHMAaJbHBIC YPOBHH,
HaBOJIHEHHE, MTOJIOBOJIbE

KOMIUIEKCHBIIl ~ aHalIW3  MapaMeTpoB  OKCTPEMAIbHOTO CTOKA U XapaKTEPUCTHK
THIPOJIOTHYECKOI onacHOCTH HaBOJHEHUH pek EpTucckoro BomoxossiictBeHHOro 6acceifna.
OHa OTHOCHTCS K TPAaHCTPAaHWYHBIM peKaM M MHTCHCHUBHO HCIIONIB3YETCS ABYMS COCEIHUMH
rocymapctBamu — Kuratickoit Hapognoit Pecmryonmkoit n Poccutickoit @enepannmeii. Llempio
paboTHl SBISETCS KOMIUIEKCHAs OICHKA CTaTUCTUYECKUX XaAPAKTEPUCTUK MaKCHUMabHBIX
pacxonoB Boxmsl (Qmax) m HauBeicluMx ypoBHed (Hmax), mpoBepka OZHOPOIHOCTH
THAPOJOTUYECKUX PSJIOB, ONpENCNICHHE pacdeTHBIX 3HAYCHHH pacxoJOB U YpPOBHEH
pasmuuHoii obecneuennoctu (1%, 3%, 5%), a Takke HX CONOCTABICHHE C OTMETKAMH
BBIPDABHUBAHUS MOMMBI W MCTOPHYECKUMH HABOJHEHHUSMH B PETHOHE JIsi 0OOCHOBaHUS
TpaHuUI] 3aTOTLICHHSI.

Ha nepBomM srare npoBeieHa 00paboTKa JaHHBIX, BOCCTAHOBJICHUE OTCYTCTBYIOLIMX JaHHBIX
HaOJII0JICHUH ¥ aHaJIM3 OJHOPOHOCTH PSIZIOB MAaKCUMAIIBHBIX PACcX0/10B BObI. J{J1st IpoBepKH
CTaTUCTUYECKOM OJHOPOJHOCTH UCIIOJb30BaHbl kputepun OPumepa, CrblofeHTa H
BunkoxcoHa, a Takxke kputepun Manna—Kennamna, [lerturra u Bynmanaa, 94To 03BOJIHIO
OLIEHUTh  YCTOMYMBOCTH, OTCYTCTBHE CHCTEMHBIX CJIBUTOB M  COIIOCTAaBHMOCTb
THAPOJIOTHIECKUX HAOIIOICHUI HA Pa3INUHBIX THAPOJIIOTHUECKHX MOCTax OacceiiHa.

Ha ocHOBe mpOBEpPEHHBIX PSIOB BBINOJIHEH CTATUCTUYECKUH aHAIN3 MaKCHMAJIBHBIX
pacxosoB BOJBI C ONpEAEIEHHEM OCHOBHBIX MapaMeTpOB pAacCIpelesieHus, BKIIoYast
kodpdunment Bapuamuu (Cv) u koddpdumument acummerpun (Cs), a amsi BogocOOpOB ¢
BBICOKOII M3MEHYMBOCTHIO IPUMEHEHBI yCeYeHHble (YHKIHMH pactpeneneHus Kpuikoro—
Menxkensi. IlonyueHHbIE CTATHCTHYECKHE XapaKTEPUCTHKH MWCIIOJNB30BaHbl JJIsl pacueTa
MaKCHMAaJIbHBIX PacXoJ0B M ypOBHEH BOJBI pa3nuuHoil obecneuenHocTH (1 %, 3 %, 5 %).
[TpoBeneH cpaBHUTENbHBIN aHAIN3 MHOTOJIETHEH AMHAMUKN MaKCUMAJIbHBIX PACXO0JIOB BOJIBI
Ha THAPOJIOTMYECKHUX TOCTax OacceiHa.

ITpoBenena KoMIuieKCHas 00pad0TKa MHOTOJIETHUX JaHHBIX, BKIIIOYAIOIIAsi BOCCTAHOBJICHHE
MIPOIYIICHHBIX 3HAYEHWH MAaKCHMAaJbHBIX YPOBHEH BOJABI M aHAIN3 WX MHOTOJETHEH
auHaMuKd. Ha ocHOBe comocTtaBieHnst pakTHUECKUX ypOBHEH ¢ OTMETKaMHM BBIX0Ja BOJIBI Ha
TIONHMY yCTaHOBJICHBI KOHKPETHBIE TO/IbI 3aTOIICHNS] TOMMEHHBIX TePPUTOPHUHL, M pACCUUTaHBI

TapaMeTpbl MaKCHMAJIBHBIX YPOBHEH pasiudyHoi BeposiTHocTH npesbimenus (1 %, 3 % u
5 %).
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1. BBEJAEHHE

HecMoTpss Ha TinoOanbHBIA TEXHUYECKHHA MPOTPECC B OONACTH THAPOTEXHHYECKOTO

CTPOWTENBCTBA, HABOJHCHHS OCTAIOTCS OJHMM W3 Hawbojee HempeICKa3yeMbIX U
pa3pyIIUTENBHBIX IPUPOIHBIX BEI30BOB COBPEMEHHOCTH. MHpPOBast CTATUCTHKA MTOCTICIHUX JIET
MOJITBEPKIIACT, YTO JAXKE BHICOKOpPA3BUTAsi HH(PPACTPYKTypa HE TAPAHTUPYET MOJIHOM 3aIUTHI
OT 3KCTPEMAaJBHBIX THIPOIOTHICCKUX SBICHUH. [ apuAHBIX W CEeMHAPUAHBIX PETHOHOB, K
KOTOPBIM OTHOCHUTCS 3HAUUTEIbHAs YacTh TeppuTtopun Kazaxcrana, xapakTepHa SKCTpeMalibHas
HEPaBHOMEPHOCTH CTOKA. [10 JaHHBIM MEXIyHAPOAHBIX 0TYETOB [ 1], mopsiaka 75 % tepputopun
pecmyOIMKH MOABEPIKEHO PUCKAM CTUXUIHBIX OCIICTBHIA, T/Ic HABOJAHCHUS 3aHUMAIOT BEAyIICe
MECTO TI0 MacmTadaM COIHAIBHO-YKOHOMIYECKOro yimiepOa. CpemHeromoBble IOTEPH OT
3aToruieHnii B KazaxcTaHe OLEHUBAIOTCS B COTHH MWJLUIMOHOB JIOJUIApOB [2], YTO IUKTYET
HEOOXOTMMOCTH ITOCTOSTHHOM aKTyalTU3alliy THAPOJIOTHIECKUX PACUCTOB.

B rumgponoruueckoM peXuMe pPEK MaKCUMAalbHBIE PacXoAbl U YPOBHU BOJBI
MPEICTABISIIOT COOOH TMpeaMeT IEepPBOOYEPETHBIX HCCICJOBAHUH, TaK KaK IPEBBIIICHHE WX
KPUTHYCCKUX 3HAYCHUHA MOXET UMETh KaTacTpO(UUECKUE MOCICACTBUS B BHJIEC 3aTOILUICHUS
TEpPPUTOpPHUH, TOT/Na KaK IPW HEJOCTATOYHOM HAIOJNHEHHE PYClIa, BO3HHUKAET OIIACHOCTH K
JIETpaIallii ¥ UCCYIIEHUIO PEYHBIX 9KocucTeM [3, 4].

Lenpio HACTOSIIETO WCCIIEIOBAaHUS SBISICTCS KOMIUICKCHAas OIIGHKAa IlapaMeTpOB
sKkcTpeManpHOro croka (Qmax. Hmax) u XapakTepHUCTHK T'HIPOJIOITMYECKON ONacHOCTH
HaBOJHEHUH B EpTHCCcKOM BOmoxo3siicTBeHHOM OacceifHe. Il TOCTHIKEHHS TOCTAaBICHHOM
LENU pEIICHBl CIACAYIOIIUE 3aJauyd: BEpUPHUKAIMA M MPOJJICHUC MHOTOJCTHUX PSIOB
HaOmromeHuit (mo 2023 r.); cTaTHCTHYECKUI aHAIHN3 OJHOPOIHOCTH W TPEHIOB; OIpEleICHUE
pacu€THBIX MaKCUMYMOB pejkoir obecmeueHHoctn (P = 1%, 3 %, 5 %); comocraBieHue
KPUTHYCCKUX OTMETOK BBIXOJa BOABI HAa MOWMY C HCTOPHYCCKHMH KaTacTpO(UICCKUMHU
3aTOIUICHUSIMU B PETHOHE.

MeToauyeckuii 1 MpaKTHIeCKUH Pe3yNbTaT MPOBEICHHOTO HCCIICIOBAHMS 3aKITF0YaCTCs
B MOJIyYCHUU OOHOBJICHHBIX OI[CHOK MaKCHMAaJIbHBIX pacxoa0B (Qmax) u HaAUBBICIINX YPOBHEH
Boabl (Hmax) penkoit obecrieaenHocTu (P =1 %, 3 %, 5 %) no nanasiM HaOmroaeHuit mo 2023
rojia, a TakKe OMpeIeNIeHbI YCIOBUS U KPUTHUYECKHE MMOPOTH BBIXOJIa BOJIBI HA MoiMy. PacdeTsl
BEITIOJTHEHBI C MPUMEHEHHEM TpPEXIapaMeTPUIecKOro TaMMa-pacrpeneneHus Kpuikoro—
MeHkens (BKiII0Yast ycedeHHble (DYHKIMHU JJ1s1 MaJibIX BoiocoopoB ¢ Cv >0,60), yto obecneynsio

BBICOKYIO TOYHOCTb no;[60pa KPUBBIX B 30HC PEAKUX MAKCUMYMOB.

2. MATEPHUAJIBI U METO/IbI

BonoxossiiictBenHble Oaccelinbl KazaxcTana npencTasisiioT co0oi (GyHIaMeHTa bHbIe

rugporpauyeckue eJUHUIBI, OpPraHW30BaHHbIE MO 0AacCEHHOBOMY MpPHHIMITY  JUIS
3G (QEKTUBHOTO YIIpaBJIE€HHs, OXPaHbl M PACIPEICNCHUS BOJIHBIX PECYPCOB B YCIOBHUSX
npupogHoro neduimra. TeppuTopumst pecnyONMKH pasfefieHa Ha BOCEMb KIFOUEBBIX
BOJIOXO35HICTBEHHBIX 0acceiiHOB, 0co0oe MecTo B IJTOM cucTeMe 3aHuMaeT Eptucckuii
BOJIOXO3SIICTBEHHBIH OacceiH, KOTOPHIM MpPWU3HAH CaMBIM MHOTOBOJHBIM W CTPaTETHYECKH
3HaYMMBIM PETHOHOM CTpaHBHI.

Peka Eprtuc — ogHa n3 riiaBHbIX BOAHBIX apTepuii Kazaxcrana, Geper Havano Ha CKIOHAX
Mouronsckoro Anrtas B Kuraiickoit Hapoanoii Pecriy0nuke, rae nox HasBanueM Kapa Eptuc
tedeT B KazaxcraH u Bnagaer B nporoynoe o3epo JKaiican (3aiican), n gajiee IpOXOANT depes
kackan ['OC, B Poccuiickyto @eneparnuro, Bnagaetr B p. O6b. JlnuHa p. Eptuc cocrasnser 4280
kM (618 kM Ha Tepputopun KHP, 1698 kM Ha teppuropun PK u 1964 kM Ha tepputopun PD)
[5...7], aT0 camas uTHHHAST peKa-TIPUTOK B MUpe. B BEpXOBbsX, 10 BBIXO/a HA paBHHHY, EpTHC
NIPUHUMAET psii TPUTOKOB, M3 KOTOPHIX Haubosiee MHOTrOBOAHBI pekn Kypuym, Hapbim,

byxTtapma, Yis0a, Y6a u ap. [8] (puc. 1).

26



Typcyrosa u 0p.

T'udpomemeoporozus u akorozus Ne3 (123), 2026

YCJIOBHBIE OBO3HAYEHHUSI

. Tocysaperrenuas rpanuia

Tpanmer HCTRCHHRIX

1 paHHIB PATUBHBIX PAHOHOB
~——  Pcxu
o= _ " Oscpa

THaAponorHYeeKuit MOCT U ero HOMEp:
o JleiicTRyronymit

HeanecrBy10Wmi (3akpLITLit)

Omamemxu evicom, M
< N
5
©

0 255 100 150 200

Pucynok 1. Cxema pacnonosicenusi 2u0poo2uteckux nocmoe 6 Epmucckom
8000X03AUCMBEHHOM Dacceline

HaBopnenust B OacceiiHe peku Epruc M e€ mpUTOKOB NpeACTaBISIOT cOOOW OIHO U3
HamboJee pacIpoCTPaHEHHBIX M OMTACHBIX THIPOJIOTUICCKUX SIBIICHII PETHOHA.

ITo cBoeMy reHe3ucy OHM HOJPA3ICNIAIOTCS Ha TP OCHOBHBIX THIA:

— CHEroBble, (QOPMHpPYIOIIHECS B TEPUOJ BECCHHETO IOJOBOABS IPH IPYKHOM
CHETOTasHUM B TOPHOH M TIPENrOpHOM 30HaX, B BECCHHHMH TmepHoi (ampenb-Maif).
XapakTepu3yeTcsi 3HaUUTEIIbHBIM 00bEMOM CTOKa W MPOJODKUTEIBHBIM CTOSHHEM BBICOKHX
YpPOBHEMN BOJBI;

— JIOXKJIEBbIe (CMEIIaHHBIC), BO3HHKAIOUINE TP HAIOKCHHH OOWIBHBIX OCAIKOB Ha
TaloIKe BHICOKOTOPHBIE CHEra, HaOJI0JAaeTCsl B JIETHE-OCEHHUH MEPUOJ] U XapaKTepU3yIOTCsS
PE3KUM («B3PBIBHBIMY) ITOTbEMOM YPOBHEI 1 BHICOKMMH IIMKOBBIMU PACXOJaMHu,

— 3aTOPHO-32)KOPHbIE, 00YCIIOBJICHHBIE CTECHEHHEM pYCla IIYroi U JIbIOM B IIEPHOJIBI
OCEHHET0 3aMep3aHMsl M BECEHHEro BCKPBITHS TOPHBIX BOJOTOKOB, HAOIIONAIOTCS B MEPHOJ
npoMep3anust (HOsIOpb-/1ekadpb) U BCKPBITHSI PEK (aIpens).

Coueranue 3Tux (HaKTOPOB HEPEIKO MPUBOIAMUT K (POPMHUPOBAHHUIO BBHICOKMX MaBOJIKOB
B3PBIBHOTO XapakTepa, ObICTPOMY MOIBEMY YpPOBHEW BOIBI M 3aTOILICHUIO MOHMEHHBIX
tepputopuii. Hanbonee ys3BHMBIMH OKa3bIBAlOTCS HAcCENEHHBIC IYHKTHI M XO3SHCTBEHHBIC
00BEKTHI, PaCIOJIOKEHHBIE B IMOMMaxX U MPUOPEKHBIX 30HAX, I'JIe ITABOJJKOBBIE BOJBI CIOCOOHBI
BBI3bIBATh  3HAYUTEIbHBIE  COLMAIBHO-)KOHOMHMUYECKHE  IOCHEJICTBHS W HapyllaTh
¢byHkironupoBanue MHOPacTpykTypbl [9, 10]. B cBsA3uM ¢ 3TUM, TOYHOCTH ONpEENICHUS
pacYeTHBIX MAaKCUMYMOB PacXoJ0B U yPOBHEN KPUTHYECKH BaXKHA AJISI TEPPUTOPHH C BBICOKOH
IUIOTHOCTBIO HACENIeHHWs1 W Ppa3BUTOW MPOMBIIUIEHHOW HHpPacTpykTypoit BocrtouHoro
Kazaxcrana.

B xauectBe mcxomHON 0a3pl TaHHBIX HCIOJIB30BAHBI THAPOMETPHUYECKHIE HAOIIOJCHUS
PI'TI «KasruapomeT» mo MakCHUMalbHBIM PacXoJaM U YPOBHSIM BOJbl 9 THIPOIOTMYECKHUX
moctoB 3a oot mepuoa ¢ 1931 mo 2023 rr. B 3aBuCcMMOCTH OT TIOCTa TPOAOKUTETHHOCTh
psoB HaOuIOAEHUH cocTaBisieT ot 59 no 92 ser

JI1st 3HAYNTENBHON YaCTH MaJbIX M CPEIHUX PEK M3ydaeMoro OacceiiHa MMeronuecs
psiibl HAOIOACHHH MO0 OTCYTCTBYIOT, JIMOO SIBJISIOTCSI MIPEPHIBUCTHIMU M KPaTKUMHM, YTO HE
MO3BOJISIET C(HOPMHUPOBATH CTATUCTHYECKH JIOCTOBEPHBIC BBIOOPKH IS TPSIMOTO pacdera
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IIapaMeTpOB paclpeieIeHUs. B Takux ycloBHsAX TaHHBIE HE TIO3BOIISIOT C()OPMHUPOBATH MOTHBIE
BBIOOPKM,  HEOOXOAMMBIE I NPSIMOTO  pacyera  I1apaMeTpoB  pacIpelesICHHs
(cpemHEMHOTOJIETHETO CTOKA, KOA((HUIIMEHTOB BapHaLli U aCHMMETPHUH).

BBupy  OTCYyTCTBHS  WIM  pENpe3eHTATUBHOW  HENOCTATOYHOCTH  JIAHHBIX
THAPOMETPHYECKNX HAOMIOACHUH (MaKCHMalbHBIE pAacXoAbl, MAaKCHMalbHBIE YPOBHH)
ONpeNeNeHue  pPacdyeTHBIX  XapaKTepPUCTHK  BBIIOJHEHO C  IPUMEHEHHEM  MeToja
THAPOJIOTUYECKONH  aHamoruu. JlaHHBIM  MOAXOJ  PErJIaMEHTHPOBAaH  HOPMAaTHBHBIMH
nokymentamu CHulla 2.01.14 — 83 [11] u sBIIseTCS TOCTOBEPHBIM CIIOCOOOM BOCCTAHOBJICHUS
MaKCHMAallbHBIX pPAaCXOJ0B M YPOBHEH BOJBI JUIi HEM3YYEHHBIX WIN CIa0O0M3y4EeHHBIX
BOJIOTOKOB. BoccranoBienne psaoB B EprTrcckoM BoIOXO3SHCTBEHHOM OacceiiHe sIBISIETCS
B2)XHBIM 3TallOM THIPOJIOTHYECKOTO AaHAJIN3a, CBI3BIBAET MCTOPUIO HAOMIONCHHH C
MIPOTHO3HBIMH MOJEISMH OYAYIIETO.

Jlnis mommydeHnst Ka4eCTBEHHOTO aHann3a Oblla IpoBeAeHa paboTa Mo BOCCTAHOBICHUIO
JaHHBIX O MaKCUMaJbHBIX YPOBHIX. BocrosHeHne nponycKoB, BOZHUKIINX M3-32 OTCYTCTBHS
HaOJIOICHUH, TIO3BOJIMJIO OIICHUTh MHOTOJICTHHH XOZ ypOBHEH W cpopMHpOBaTH HANEKHYIO
6azy 1U1s TabHEHIINX CCIIEAOBaHUM.

Jlns BepuduKaIyu BOCCTAaHOBICHHBIX PAIOB CIIETyeT IIPOBOIUTH IPOBEPKY IMIIOTE3BI 00
UX OTHOPOIHOCTH, JUIA AaJbHEHIINX TMIPOJIOTHYECKUX pacuyeToB. IIpoBepka omHOpOAHOCTH
THAPOJIOTUIECKUX BPEMEHHBIX PAIOB 00ECIIEINBACT JOCTOBEPHOCTh CTATUCTHIECKOTO aHAIN3a
U SIBJISIETCS HEOOXOJMMBIM YCJIOBHEM ISl KOPPEKTHOTO THIPOJIOTMYECKOTO MOJETHPOBAHMS.
OIHOPOIHOCTE psiia 03HAYAET MOCTOSHCTBO CTATUCTUIECKUX CBOWCTB (CPETHETO U TUCTICPCHH)
BO BPEMEHH, TO €CTh CTAIIMOHAPHOCTS mpotiecca [12, 13]. Jlns pemenus 3Toi 3a1auu B MUPOBOMA
MIPaKTHKE HaOOJIee YacTO UCIONIB3YETCsl COUYETaHUE ITAPAMETPHUUECKUX W HEMapaMeTPUIECKUX
TecToB. OLEHKAa CTAaTHCTHYECKOH 3HAYMMOCTH Pa3IMYMi MEXIY SMIMPHYSCKUMH BBIOOPKaMU
OCYIIECTBIISICTCS C TOMOIIBIO KOMIUIEKCA MAPaMETPHIECKUX U HETAPAMETPHIECCKUX KPUTEPHEB!
xputepust @umiepa [14] s npoBepku paBeHCTBa nucnepcuid, kputepus CterofenTa [15] ans
OIICHKH CTaOMIBHOCTH CpENHUX 3HAYCHHH W KpuTepus Bmkokcona [16], mo3BOISIOMIETO
BBISIBUTh CIBUI'M B paclpeleieHHH JaHHBIX 0e3 TPHUBSI3KM K 3aKOHY HOPMalbHOTO
pacrpeaeneHus.

Jnsa yroyOneHHOM OIeHKH CTAI[MOHAPHOCTH M CTPYKTYPHI MPOIECCOB JTOMOIHUTEIHHO
NPUMEHSIOTCS Henapamerpudeckue tectsl ManHa—Kennamna [17] ¢ ouenkoit Hakiona CeHa
[18] (BbIsIBIIEHHE 1 OlIEHKA CKOPOCTH MOHOTOHHBIX TPEHIOB), a Takxke kpurepuu [lerturra [19]
u byumanpa (oOHapyxenue To4yek wu3nomMa u casuroB B cpeaneMm) [20]. CoBmectHOe
UCIIONIb30BaHHE JIAaHHBIX METOJNOB OO0ECHEYMBAET BBICOKYIO BEepHU(UKAIMIO TOrO, YTO
BOCCTAHOBJICHHbIE MaKCHMaJIbHBIE PACXOJbl MOTYT OBITh HCIIOJIB30BAHBI JUIS OMpEACICHHS
pacUeTHBIX XapaKTEPUCTUK CTOKA.

[ToaTBepxieHNE OIHOPOIHOCTH PSIOB TIO3BOJSIET IMEPEHTH K CIlenyIolmeMy 3Tarry
aHajuM3a - aHAJUTHYECKON OLIEHKee KPHBBIX OOECHEUCHHOCTH M ONPENENEeHHI0 PAaCUYETHBIX
MaKCHMaJIbHBIX PacXoJl0B M ypOBHEH BOJIBI pa3inn4HON BeposTHOCTH mpeBbinienus (P = 1 %,
5 %, 10 %) cornacHO HOPMATUBHBIM METOAUKAM.

Pacuetnple 3Hauenms Qmax u Hmax obGecneuenHocteto P = 1%, 3%, 5%
OIIPEEISUTHCH IyTEM aHAJIMTHYECKOH 10100pa TpexnapaMeTpuiecKoro raMMa-pacrpeaeaeHus
(Kpnukoro—MeHkens) K 3MIepHIECKUM TOUKaM. J[J1s TOCTOB ¢ BEICOKOM M3MEHUYNBOCTHIO CTOKA
Cv > 0.60 mpuMeHSINCh yCeueHHbIE aHATUTHYeCKHe (YHKINH, MO3BOJIMBIINE HCKIIOYUTH
BJIMSHUE HYJIEBBIX M MUHUMAJIbHBIX 3HAYEHHH U MOBBICUTH TOYHOCTh PacyeTOB B 30HE PEIIKOH
obecnieuerroctr P < 5 %.

B mpoBeneHHBIX paHee HMccieoBaHUAX [4], aBTOPHI IMOMYEPKUBAIOT HEOOXOIMMOCTh
TECTHPOBAHUS JAaHHBIX IEepe] pacueTaMy, UCTIONB3YIOT Kputepun Pumepa u CTproneHTa s
MIPOBEPKH OJHOPOJHOCTU NUCIIEPCHH W CpeAHuX 3HaueHui. ABTtopsl [laBienko A.B. [21] u
JIpyrue TpOBeIH MOAPOOHBIM aHamM3 pek EpTHCCKOro BOMOXO3SIMCTBEHHOTO OacceiHa B
npenenax Bocrouno-Kazaxcranckoit o0macTh Ha HECKOJBKO Tpymm, npoBesnn cOop,
CTPYKTYPH3AaLMIO JaHHBIX C THAPOJOTMYECKHX TIIOCTOB HaOmogeHud. lccmenoBaHus
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HAaBOJHEHMH M MAaKCHUMallbHOrOo cToka B KazaxcraHe OXBaThIBAIOT IMUPOKUI CIEKTP
HalpaBJCHUI: OT KIACCHYECKOTO CTATHCTHYECKOTO aHalIM3a O COBPEMEHHOro IM(POBOTrO
monenupoBanms. [LA. TlnexanoB [22] xnaccuduuupoBan 6onee 30 TUIOB THAPOIOTHICCKUX
PHCKOB B pecIyOJIMKe, OTMETHB, YTO 3a MOCJIEHUE AECITUICTHS HAa PABHUHHBIX PEKaxX 4acToTa
BBICOKHX MOJIOBOANH CHU3MIIACK, B TO BPeMsI KaK Ha TOPHBIX PEKaX YYaCTHINCh MABOAKH H CEH
U3-3a KIuMaTndeckux naMeHenuid. Paboter M.A. BeiicembaeBoit [4] u coaBTopoB Ha p. Eptuc
MTOKa3alii CYIIECTBEHHOE CHIDKEHHE CPeIHUX MaKCHMYMOB B 1,5 pa3a u majgeHne ypoBHEH (Ha
1,11 m y IlaBmomapa mms 1% o0OeCEYeHHOCTH) BCJICACTBHE 3aperyIHpPOBAaHUS CTOKA
BOJIOXPAaHWINIIAMH W HApYyIICHUIO TE€HETHYECKOH OJHOPOJHOCTH DANOB H3-32 MOSBICHUS
3UMHUX MaKCUMYMOB. AHAJIOTUYHOE CHIDKEHHE IOcie 3aperyiupoBaHus p. Ecuib oTmerunu
P.M. T'anbnepun u A. ABe3oBa, IPEIJIOKUB UCIOIb30BaTh METO/ YCEUEHHBIX paclpelesIeHul
JUTsI KOPPEKTHBIX pacueTos [23].

B.U. Taprcman [24] oOocHOBa METOAOIOTHIECKOE MPEUMYIIECTBO CTOXACTHYECKIX
noaxoznoB (meron L-momenToB, pacupenenenuss GLO/GEV) Hag ycrapeBimuMy HopMaTuBaMu
JUISL OLEHKH DPEAKHX 3KCTPEMYMOB B YCIOBHSX HecTalMOHapHOCTH. COBpEMEHHBIM 3Tarl,
ImpeAcTaBIeHHBIH HcciaenoBaHusmMu M.A. Amnarymxaesoit, C.P. CansakacoBoit u M.C.
OcmanoBa [25...28], 6asupyercs na wmHTerpanuu ['MIC, BbICOKOmeTampHBIX NaHHBIX J[33
(Sentinel, Planet) u runpoauaamuueckoro MoaenupoBanus B HEC-RAS mis nmpequkTHBHOTO
KapTHPOBaHU 30H 3aTOIUICHI. AHaIN3 KaTacTpopudeckux naBoakoB 2024 rona Ha p. JXKalbsik
aBTopamu TypcyHoBa A.A. u fip. [3] mOATBEPKIaeT KPUTHUECKYIO BAXKHOCTh PACUETOB BPEMEHHI
no6eraHust BOJIHBI AJISI OTIEpaTUBHOTO yrpasiieHus puckamu. ABropamu C.P. CagBakacoBa u 1p
OBLIO OMICAHO 3aTOMJICHHE KIIBIX paifoHoB [26, 27]

Takum 00pa3oM, HCIIONB30BAHHBIH KOMIUIEKC METOAOB OOECIEUMBACT HAJEKHOCTb U
JIOCTOBEPHOCTD TOYUEHHBIX pe3ynbTaToB. [IpoBepka psAIoB ¢ IOMOILIBIO TapaMETPUUECKUX U
HemapameTpudecknx KpurepueB (Pumrepa, CreiomeHTa, Bmikokcona, Manna—Kennamna,
[lerturTa M Bynmanga) moaTBepauia UX OAHOPOJHOCTh. BocCcTaHOBNIEHNE TaHHBIX 1O peKaM-
aHajoraM W TNpUMEHEeHHe ycedeHHbIX (yHkumit Kpuikoro—MeHKensl IMO3BOIMIM CHU3HTH
MOTPEIIHOCTH M MOJYYUTh TOYHBIE PAacUEeTHBIC 3HAUCHHUS MaKCHUMAaJIbHBIX pacxooB (Qmax) u

HauBbICIIIX ypoBHel Boabl (Hmax) peakoit obecneuennoctu (P =1 %, 3 %, 5 %).

3. PE3YJIBTATBI U OBCYKJIEHUE

BrimonHeHa omeHKa MaKCHMalbHOTO CTOKa ¥ MAaKCHMAaJbHBIX yYpPOBHEH Ha OCHOBE
JaHHBIX HAOJIOICHNH 3a IEpHOA OT Havyata (yHKIMOHMPOBAHHS BEIOPAHHBIX THIPOJIOTMIECKUX
moctoB 10 2023 . [IpoBeéH aHATN3 MOJTHOTHI U KadecTBa psiioB HaOmroneHuH. B rccienoBanue
BKIIIOYEHBl 9 THIPOJOTHYECKUX IIOCTOB PETHMOHA, PACIHON0XKEHHBIX HAa OCHOBHBIX pEKax
Eptucckoro Bogoxo3siicTBeHHOTO OacceliHa u Haxonsamuxcs B Begenuu PI'TI «Kasruapomer».

AHanu3 NpeACTaBICHHBIX TUAPOIOTMYECKHX JaHHBIX CBUAETENBCTBYET O BBICOKOU
CTETIeHN PENpPEe3eHTATUBHOCTH BBIOOPKHU: JIMTENILHOCTh PSOB HAOIIO/EHUN BapbHpyeTCs B
WHUpoKoM Juana3zoHe ot 36 no 90 ser. [Ipm BOCCTAaHOBAEHHMHM MNPONMYIIEHHBIX MEPUOJOB
HCIIOJIB30BAJICSI METO/ THAPOJIOTUYECKOM aHAJIOTHH, TIe 3HAaUeHHsT KO UIIEHTa KOPPENSIN
(r) cocrapmwmu ot 0,71 mo 0,81. CormacHO HOpPMAaTHBHBEIM TPEOOBaHHSM, TAaKWE ITOKA3aTeIH
OIIGHMBAIOTCSI KaK XOpOIIME, MOCKOJBKY 3HaueHus r > 0,70 moaTBepXKIAlOT TECHYIO
CTOXaCTHYECKYIO CBSI3b MEXKAY HCCIIEyeMbIMI 00BbEKTaMU M PEKaMH-aHaJIOTaMH.

Jlns BepuuKauy BOCCTaHOBJICHHBIX PsiioB B EpTcckom GaccefiHe Oblna mpoBeneHa
IpOBEpPKa THUHOTE3bl 00 WX OJHOPOAHOCTH, YTO SBISAETCS OOS3aTENLHBIM YCIOBHEM JUIS
JATBHEHITNX THIPOJIOTHYECKUX pacueToB. [IpuMeHeHHne MaHHBIX METOIOB B COBOKYITHOCTH
oOecrieunBaeT BBICOKYIO HAJEKHOCTh IOATBEPXKICHUS TOTO, 4YTO BOCCTAHOBJICHHBIC
MaKCHMAaJIbHBIE PACXOAbl MOTYT OBITh HCIIOJNB30BAHBI IS ONPENeIeHUS PACUCTHBIX

XapaKTEePUCTHUK CTOKa (Tab. 1).
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Taoauma 1
OcHosnvie cmamucmuieckue Xapakxmepucmuku UCCIe0yemMblx 2UOPOA0SULECKUX NOCTNO8
OCHOBHBIE CTATHCTHYECKHE
Ne Ilepuon Kpurepuii Kpurepuii Kpurepuii Ko3¢pduuuent XapaKTepHCTHKHU
Pexa - cTBOp
n/n Hatmonenuii | Pdumepa Crtbl0J€eHTa Buabkokcona Koppeasuuu I |Koa-Bo
Qcp |Cv Cs
JIeT
U =1097
p. Kapa Eptuc  1938...2023 F=142 t=1,641
1 + + + Ul =697,569 0.71 85 1407 0,29 0,16
- c. bopan Fa=1,924 ta=1,993
U2 =1151,431
p- byxrapma -
c. ITeun (BbImie U =803
F=1,156 t=0,435
2 ycrbs p. Coko- 1940...2023 + + + U1=662,909 0.74 83 662 0,30 1,15
Fa=1,944 ta=1,994
noBk# (c. bap- U2 =1101,091
JIBIK)
U =467
p. Byxtapma - F=1,107 t=0,934
3 1958...2023 + + + U1=391,667 0.79 65 257 0,28 0,53
c. bepenn Fa=2,116 ta=2,003
U2 =697,333
p. JleBas bepe- U =807
F=1,469 t=111
4 3o0Bka-c.Cpe- 1948...2023 + + + U1=533334 0.92 75 9,98 0,60 0,99
Fa=2,02 ta=1,998
JIUTOPHOE U2 =910,666
p. Yin0a - c.
VYne6a [lepe-
U =870
BajiouHast (B F=1,308 t=1,358
5 1931...2023 + + + U1=825931 0.81 92 932 041 141
300 M, HIKE Fa=1,848 ta=1,988
U2 = 1336,069
ycTbs p. Ma-
noi Yb0BI)
U=762
p. Y6a-r. 1954...2021 F=1,782 t=2,07
6 + - + U1 =445,636 0.79 59 1736 0,28 0,73
[llemoHanxa Fa=2,078 ta=2,001
U2 =779,364
. Kypuym - c. U=_871
PP F=1,138 t=0,577
7 Bosnecenckoe 1935...2023 + + + U1=697,569 0.74 88 480 04 0,65
Fa=1,924 ta=1,993
(BosHeceHka) U2 =1151,431
p. Yiken bo-
U =559
KeH - C. 1957...2023 F=2,081 t=0,481
8 + + + Ul=404,715 0.79 66 121 0,69 1,56
xymba (Ma- Fa=2,097 ta =2,002
U2 =717,285
JIOPOCCHIKA)
U =882
p- TyprycyH - F=161 t=2,193
9 1949...2023 + - + Ul1=517,177 0.79 74 378 0,37 0,57
c. Kyruxa Fa=2,001 ta=1,997
U2 = 886,823

IIpoBenéHHbINl aHAMM3 TOKA3bIBACT, 4YTO IS OONBIIMHCTBA PAacCMATPHBAEMBIX
THJPOJOTUYECKUX MOCTOB T'MIIOTE3a 00 OJHOPOJHOCTH MHOTOJIETHUX PSIJIOB MaKCHMAaIbHOTO
CTOKa CTaTUCTHYECKH TOATBEpXKAaeTcs. BoccTaHOBIeHWE W TpHBEAeHHE pAgoB Qmax K
€IMHOMY TI€pPHOJY BBINOJHAIOCH METOJOM TUAPOJIOTMYECKON aHAJOIMM C UCIOJNb30BaHUEM
NapHBIX PErPECCUOHHBIX 3aBHUCHMOCTEH, BBICOKAsl HAJEKHOCTb KOTOPBIX IOATBEP)KIAETCS

kodhdurrentamu koppensiuuu 0,71...0,92 (Tab. 1).
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B xome ananmm3a yCTaHOBICHHBIX XapaKTEPUCTHK ObUIa BBIIBICHA 3HAYMTEIbHAS
npocrpaHcTBeHHas auddepeHnnanus yciaoBUH (OPMUPOBAHUS MaKCHMAalbHOTO CTOKa B
Eptucckom Gacceiine. Koagpoumnuent Bapuamun Cv Bapsupyercs B npeaenax ot 0,28 mo 0,69,
IIPY 3TOM HaMMEHbIIas W3MEHYMBOCTh XapakTepHa Ul HauOoJiee KPYIHBIX U MOJHOBOIHBIX
peK, Takux kak byxtapma u Y0a, B TO BpeMsi Kak MaKCHMaJIbHbIC 3HAYEHHs BapHaIuy (CBBIIIC
0,60) ¢dukcupyroTcs Ha Manbix BogoTokax (p. Ynken boken, p. Jlepas bepesoBka). D3t1o
OOBSICHSIETCS] MalbIMU IUIOHIaJsIMA HX BOJOCOOPOB M WX BBICOKOH YYBCTBHUTEIBHOCTHIO
JIOKJIBHBIM 0CaJIKaM, OTTETICNISIM U BECEHHEMY CHETOTOSHHIO, TOT/1a KaK KPYITHbIE PEKH 33 CYET
GONBIIKX TUIOMAAeH YCPEIHIIOT M CTIIAKMBAIOT Takde skcTpemymsl [11, 29, 30].

CornacHo kpurteputo Oumiepa, pacueTHble 3Ha4eHUst F BO Bcex CTBOpax He MPEBBIIIAIOT
KpUTHUYECKHX BenWdnH Fa mpu 5 % ypoBHE 3HAUMMOCTH, YTO YKa3blBacT Ha CTaOMIBHOCTB
JUCHEPCHH M OTCYTCTBHME 3HAuMMBIX pacxoxaeHui. [IpoBepka mo xputeputo CTbrojieHTa
MIOKa3bIBaET OTCYTCTBHE CYLIECTBEHHBIX CIBHIOB B CPEIHMX 3HAYCHHSX A OOJBIIMHCTBA
nocToB (t < to). MckiroueHne cocTaBisioT CTBOPHL p. Y0a - r. Illemonanxa u p. TyprycyH - c.
Kyruxa, rne pacuernsie 3HaueHu t (2,07 1 2,193 cOOTBETCTBEHHO) HE3HAUYUTEIHHO MPEBIIAIOT
Kputuueckue to. JlaHHOE OTKIIOHEHHE MOXXET OBITh OOYCIOBJIEHO KaK eCTECTBEHHOU
MHOTOJICTHEH NMKIMYHOCTBIO CTOKA, TaK M JIOKAIBHBIMH OCOOEHHOCTSAMH (POPMHUPOBAHUSA
SKCTPEeMaIbHBIX MaKCHMyMOB B JIaHHBIX OacceiiHax. TeM He MeHee, MNpoBepka IO
HemapaMeTpUIeCKOMY KPUTEPHIO BHIIKOKCOHA MOKa3aa MOJIOKUTENbHBIN pe3yabTaT Ul BCeX
0e3 MCKJIIOYEHUsI TIOCTOB, BKIIOYAs BBIIICYKa3aHHbIE CTBOPHI. DTO TOATBEPXKIAET, YTO PSIIbI
MIPUHAICKAT K OJHOM U TOH K€ TeHepaIbHOH COBOKYITHOCTH.

OjHaKO TPaJULIMOHHON MPOBEPKH CTATHCTHYECKOH OJHOPOIHOCTH BBIOOPOK TIO
IapaMeTpUYECKUM H HeTlapameTpuieckuM kpurepusiM (Pumepa, CteroenTa, Buiikokcona) e
BCErJa AOCTAaTOYHO JUI IIOJHOW OLIEHKU CTPYKTYPBI TUAPOJIOTMYECKUX PSAAOB B YCIOBHAX
MeHstomerocs knumara. s Gornee riryOOKOro aHanmn3a BO3MOXKHOW KIMMAaTHUECKOH WM
AQHTPOIOTCHHOW HAINpPABIEHHOCTH TMPOLECCOB, a TaKXKe Uil INPOBEpKHM TpeOOBaHUU K
CTAlMOHAPEHHOCTH PSJIOB TPH IOCTPOCHHHM KPHUBBIX OOECIICUEHHOCTH, OBII BBIIOIHECH
KOMIUIEKCHBII Hemapamerpuyeckuii aHamu3. C mnomorbio kputepus ManHa—Kennamia c
oneHkoi HakioHa CeHa, a Taxke TecToB IlerTnTra M bymmannga Obuta mpoBeneHa MpOBEpKa
HaJW4vs MOHOTOHHBIX TPEHJIOB M BO3MOXHBIX TOYEK H3J0Ma (CTPYKTYPHBIX CIIBUTOB) BO
BpeMeHHBIX pspax Qmax. [losydeHHBIE pe3ysnbTaThl CTAaTUCTUYECKOTO TECTHPOBAHUS Ha
CTalMOHAPHOCTH MPHUBEACHBI B TabHIE 2.

Taoauna 2
Oyenka cmayuoHapHOCmu U HeNnapamempudeckutl AHAIU3 MpeHo08 UCCIeOYeMbIX SUOPOTOSUYECKUX NOCTHO8
Kpurepnii
Kpurepuii Manna—Kennaniaa (Mann-Kendall)| HMerrurra
Peka — . Kpurepnii
Ne Iepuon (Pettitt)
THAPOJIOTHYEeCKH n (Jier) Byumanaa
n/n Ha0IoAeHuii Vposen Buishand
foet | Hakon Cena Touka (Buishand)
Cratuctuka Z | 3ua4. (Sig-
) Q (M%/c B ro) | M310Ma, 1O
nif.)
p- Kapa Eptuc —c.
1938...2023 86 -1.46 NS -2.53 OJTHOPOJICH OJIHOPOJICH
Bopan
p. byxrapma —c.
1940...2023 84 -0.11 NS -0.1 OJTHOPOJICH OJTHOPOJICH
[eun
p. byxrapma —c.
1958...2023 59 -0.35 NS -0.22 OHOPOZICH  OJHOPOJCH

bepenb
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p. Jleas bepesoBka

4
— c. Cpenguropaoe
p. Yne6a — c.
5
[lepeBanounas
6 p. Y6a — c. Lllemo-
Hamxa
; p-Kypuym — c. Bos-
HECEHCKOe
g p-Yiken boxken- c.

Jlxymba
p. Typrycein — c. Ky-

THXa
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1948...2023 78 2.68 ** 1.03 1953 He onnoponen

1931...2023 70 -1,93 + -3.42 2004 OJTHOPOIEH

2017 rogmpu  OnmHOpOZEH

1954...2023 70 -2,25 * -6.36
0=0.05 npu 1%
1938...2023 86 2,75 *x 0.56 1959 OJTHOPOJICH
1957...2023 67 -0,09 NS -0.03 OJIHOPO/ICH OJIHOPOJICH
1998 rox npu
1949...2023 74 -2,44 * -1.95 OnHopoaeH

a=0.05

Ilpumeyanue: Yposenwv snavumocmu mpenoa no kpumepuio Manna—Kenoanna: NS — mpeno cmamucmuuecku nesHauum (p>
0.10); + — crabwuit mpeno (0.05 < p < 0.10); * — snauumviti mpeno na ypogue a= 0.05 (0.01 < p < 0.05); *** ** — cunvbuwiii

mpeno (o = 0.01).

Pesynbratel TectoB llerrurra u Bynmanna npoaeMOHCTPUPOBAIU BBICOKYIO CTEIICHb
CXOIUMOCTH MeXIy co0oi. [lnsg OONBIIMHCTBA MOCTOB 00a KPHUTEPHUS IIOATBEPXKIAIOT
OTCYTCTBUE CTaTHCTHUECKH 3HAYMMBIX CTPYKTYpHBIX casuros (p> 0.05). Ha ctBopax, rme
tectoM llerTnTTa 3aUKCHPOBAHBI JIOKATBHBIC BEPOSTHBIE TOYKH H3JIOMa (HAmpuMmep, p.
Typrycsei u p. Y06a), kputepuid byuiianna noarsepxaaeT 0JHOPOJHOCTh BbIOOpOK. [1pu aToM
aHAIN3UPYEMBbIE DAIBl COXPAHSIIOT OJHOPOJHOCTE Ha Oonee crporoM 1%-HoM ypoBHE
3HayuMoctu (o0 = 0.01), yTO XapakTepuszyeT HX KaK YCIOBHO CTal[MOHAapHBIMU PAIAMU.
BrlpaskeHHast HEOTHOPOAHOCTH MO0 O0OMM KPHUTEpHSM 3a(UKCHPOBaHA JIMIIb HA OTJEIBHBIX
MaltbIX BogocOopax (p. Jleas bepezoBka u p. Kypuym), 4to 00bsCHAETCS IOKAIBHBIME (PH3HUKO-
reorpa)MueCKUMH YCIOBUSIMU (POPMHUPOBAHHMS TTABOJIKOB.

ITonTBepxkieHHAas OJHOPOAHOCTH M PENPE3CHTATHBHOCTh MHOTOJIETHHX  PSIOB
MO3BOJSIIOT MEPEUTH K JETalbHOMY aHANIM3Yy HUKIMYECKOH H3MEHYMBOCTU U OINPEIEIECHUIO
pacUeTHBIX XapaKTEPUCTHK SKCTPEMAIbHOW BOAHOCTH. Ha OCHOBe MoNTyuyeHHBIX MapaMmeTpoB
pacripeneneHus OblIa HMCCIIEAOBaHA MHOTOJICTHSS JUHAMHMKA HE TOJBKO MaKCHMaJIbHBIX
pacxosoB, HO M COOTBETCTBYIOIIMX WM YPOBHEH BOJbI, YTO IO3BOJIWIO BBISIBUTH (hasbl
MOBBIIIEHHON BOJHOCTH M YCTaHOBUTH PACUETHBIC BEIMYUHBI PAa3IMYHON O0OECHEeYEHHOCTH
JlaHHBIE MOKA3aTENN XapaKTEPHU3YIOT HKCTPEMAalbHbIE 3HAYEHUSI CTOKA U BBICOTHBIE OTMETKH
YPOBHEH, BEPOSTHOCTh MPEBBIICHUS KOTOPBIX BO3MOXHA B cpeiHeM oJuH pa3 B 10, 50 wiu 100
ger (P =10 %, 5 %, 2 %, 1 %). YCTaHOBJICHHBIC BEPOSTHOCTHBIC XAPAKTCPUCTHKH CIyXKAT
HEoOXoaANMOM 0a301 I TOCIIEYIOIEro ONPEAEICHHOTO ONMCaHMs PYCIIOBBIX IPOIECCOB U
KOPPEKTHOTO OIpeAeICHUs 30H BO3MOXKHOTO0 3aToIuieHus B EpTicckom Oacceline.

JluHaMuKa MakCHMalbHBIX PACX0A0B BOJbI

Jnd  OmEeHKM UMKIMYECKOW H3MEHYHMBOCTH THJIPOJOTMYECKOTO PEXUMa OBIIH
IIPOaHATU3UPOBAHBI MHOTOJIETHUE XObl MAKCUMAIIBHBIX PACXOJ0B BOJIbI IO OMOPHBIM CTBOpaM
(puc. 2, 3). XpOHOJOTHUECKHI aHANU3 JUHAMHKH CTOKa IO3BOJISIET HATJISITHO MPOCIEANUTDH
Yyepe0BaHHE MHOTOBOJHBIX U MAJIOBOJAHBIX IEPUOIOB, a TAK)KE OLIEHUTH PENPE3EHTaTUBHOCTh
BOCCTAQHOBJICHHBIX IaHHBIX B KOHTEKCTE UCTOPUUECKUX IKCTPEMYMOB.
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Pucynok 2. Junamuxa MakCUMAanbHuix pacxo008 600bl Ha pexkax Yavba — c. Yavoa lle-
pesanounas u Yoa — c. lllemonauxa

—p. Kapa Eptuc - c. bopan —=p. Kypuym™m - c. Bo3necenckoe
2500
2000
L2
« 1500
=
S
1000
(o
500
0
O AT N0 MO ANLWOO AITH~EOMOIITANLL O AT OMmOOAN
O I T OO O O ONNSMNMNEO00O0O0OMO OO NO OO0 oo o ddN
3 O O OO OO OO D) O O O O D N oNoNoNoNeoNeoloNoNeololeN e
e e e A e A e A e AN AN AN NN AN NN
T'ogsr

Pucynox 3. /[unamurxa MaxcumanvbHulx pacxo0os 600wl Ha pexax Kapa Epmuc — c. bo-
pan u Kypuym — c. Bosnecernckoe

AHanu3 TpagIKOB MHOTOJIETHETO X0/1a MAKCHMAIBHBIX PAacX0JI0B BOJBI TIOATBEP)KIACT
BBICOKYIO MPOCTPAHCTBEHHO-BPEMEHHYIO CBS3HOCTh THIPOJIOTHYECKUX MPOIECCOB B PErHOHE.
Jlns OoNBIIMHCTBA PEK XapaKTepHa BBIPAKEHHAS IMKIUYHOCTH C YETKAM dYepeIOBaHHEM
MHOTOBOJIHBIX M MAJIOBOJHBIX (ha3.

Ha pekax npaBoOepesxHoit uactu 6acceiina (p. Yoa -r. lllemonauxa u p. Yns6a - c. Yianba
[TepeBanounast) aGCOMOTHBIE MAKCUMYMBI 33 BECh TIEPHO HAOIIOIeHUH HUKCHpOoBaTUCH B 1958
u 1979 rogax, Korja MakCUMallbHBIE PacxXo.sl BOJBI Ha p. Y0a gocturamu 3100 m3/c, a Ha p.
VYnp6a npesbimann 2200 m3/c. Takke BBIpaKEHHBIMU IMMKAMH CTOKA XapakTepu3yroTcs 1969,
1990 u 2001...2002 roas! (pacxonsl Ha p. Y6a mpeBbimany 2300...2600 m3/c). ManoBonHbIe
¢aser ¢ monmwkenuem Qmax mo 1200...1400 m*/c Ha p. Y6a u 450...600 m*/c Ha p. Ynpba
oTMeuauch B cepenune 1960-x, Hauane 1980-x u B 2011...2012 ronax. Ha pekax 10>xHOH U 10ro-
BoctouHoi gacTh (p. Kapa Eptuc - c. bopan u p. Kypuym — c. Bo3HeceHckoe) ucropnieckne
IIUKH 9KCTpeMyMOB ¢ pacxonamu cBeimie 2300 m*/c (p. Kapa Epruc) u 1000 m3/c (p. Kypuym)
HaOmonamich B 1966, 1969 u 1993 romax. ManoBogHbIE MEPUOBI CO CHMKEHHEM MTHKOBBIX
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pacxomoB Qmax ¢ukcupoBanmch B 1974...1978 rr. u B xonme 1990-x romos. B 1ienom 3a Bech
nepuon HaOmroneHnit (¢ cepenuHbl XX Beka mo 2023 rox) XpOHOJOTMYECKHE PSIAbI
JEMOHCTPHPYIOT CIa0yI0 TEHACHITHIO K CHIDKCHHIO MaKCHMaJIbHBIX pacxoI0B Boabl. HaunHas ¢
2010-x romoB, nuHamuka Qmax Bolnia B (ha3y OTHOCHUTEIBHON CTa0WIU3AIMK C YMEPEHHOM
AMIUTUTYA0H MEXTOJOBBIX KOJNIEOaHWH, 3a MCKIIOYCHHEM JIOKAIFHOTO TIOBBIMICHHS CTOKA B
2016...2017 rr.

OmnpezneneHne pacxoI0B pa3IMIHOI 00eCTIeUeHHOCTH

BeImonHeH  pacdeT  pacXoJ0OB  BOJBI  3aJaHHON  BEPOSTHOCTH  NPCBBIIICHUS
(obecriedeHHOCTH) AJIS OLIEHKH SKCTPEMaIbHON BOAHOCTH. OIpeieleHue pacXxo0B Pa3InIHOM
00eCIICUCHHOCTH YCTaHABIMBACT KOJTHUCCTBCHHBIC MAPAMETPhl MAKCUMAIILHOTO CTOKA, KOTOPBIC
MOTYT OBITH JOCTHTHYTHI HIIH ITpeBbImeHs! oauH pa3 B 10, 50 mwau 100 xet (P =10 %, 3 %, 2 %,
1 %). JlanHbIil 5Tan aHamu3a 0a3upyeTcs Ha paHee MOJATBEPKICHHON OJHOPOIHOCTH PSJIOB H
WCTIOIB30BaHUH AHAINTHYECKUX KPUBBIX pacIpeiesieHHs, 9TO 00eCIeUYnBaeT HEOOXOIMMYIO
TOYHOCTH MPH OTPEACICHUN PACUCTHBIX THPOJIOTHUCCKUX XaPAKTCPUCTUK.

B pacuerax mpuUMeHSUIHCH KakK MOJHBIE KPUBBIC PACHpPENCNCHHs, TaK W yCEUCHHBIC
KpuBBIE OOccreueHHOCTH. [lo KaaoMy CTBOPY OIpPEICNICHBI 3HAUCHHUS MAaKCHMAaJbHBIX
pacxomoB obecnedeHHOCTEIO 1 %, 3 % m 5 %. [IpuMeHeHHe ABYX BapHaHTOB IMOCTPOCHHS
KPUBBIX OO0ECIEUMIIO COMOCTABUMOCTh PE3yJbTATOB M IO3BOJHIO OICHUTH BIIHMSHUC

9KCTPEMaJIbHBIX HAOIOICHUH Ha ITapaMeTphl PacpeeIeHNs MaKCHMAaIBbHOTo CTOKa (Tad. 3).

Ta6auma 3
Pacuem maxcumanoHbix pacxo006 600bl paziuyHoOU 00eCneyeHHOCmuU
Pacxoabl pa3in4Hoii 00ecne4eHHOCTH
1% 3% 5%
Pexa - cTBop F, km? | Hep, m
HUcropnueckue HUcropnueckue Hcropnueckue
Q, m%c Q, m¥c Q, M¥/c
roJbl roJbl ro/bl
p- Kapa Eptuc - c. Bo- 1942, 1966, 1969,
55900 1290 2495 — 2242 1966, 1969 2114
pau 1993
Vixen boken - c.
758 1150 388 2010, 2015 314 2010, 2015 278 2010, 2013, 2015
xymba
1961, 1969, 1993, 1961, 1969, 1993,
p. byxtapma - c. [Teun 6860 1850 1363 — 1166 1054
2014 2014
1961, 1969, 2006,
p. Byxtapma - c. bepens 1850 2200 469 — 420.4 1961, 1969 395.8 2007
p. JleBas bepe3oBka - c. 1968, 1970, 2014,
251 850 29.7 — 24.4 1968, 2014 21.8
CpenuropHoe 2021
1937, 1955, 1958,
p- Ynbe6a - c. Ynp0a [le-
4900 960 2383 — 1910 1958, 1973, 1979 1697 1966, 1973, 1979,
peBasouHas
2001
p. TyprycyH - c. Kyruxa 1200 1470 792 — 692 1955, 1958, 1971 643 1955, 1958, 1971
1955, 1958, 1969,
p. Y0a - r. lllemonanxa 8470 900 3177 — 2798 1958, 1979 2624.83
1973, 1979
p- Kypuywm - c. 1969, 1985, 1987,
5840 1350 1052 — 911 1969, 1993 842.98
Bo3snecenckoe 1993, 1994

CpaBHHUTENBHBINA aHAMN3 (PAKTHYECKUX JAHHBIX U PACUETHBIX XapakTepucTuk (Tabmmma
2) IO3BOJIMII BBIACIHUTH KIIFOUEBBIE IEPHO/IBI SKCTpEeMaIbHOW BoaHOCTH B EpTHcckomM Oacceline.
HawnbGonee macmTabHbiM MO oxBaTy mpusHaH 1969 roja, korma pacxonsl Boabl Ha 6 U3 9
THPOIIOCTOB IIpeBBICKIN Topor 5 % oOecrieuenHoctH. OCHOBHOM NPHYMHON Takoro
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MacITabHOTO IMaBOJKa IMOCTYKIIIO aHOMaJIbHOE HAKOIUIEHHE CHET03aracoB 3uMoit 1969 rona,
3HAYUTEJIBHO MPEBBICUBIIEE KIMMaTHYecKyto HopMy [31]. Taxke 3HauuTenbHbIE TaBOIKU 3 %
u 5 % obecneuennoctn Habmromamucs B 1958, 1961 u 1993 romax, mpenMyIIeCTBEHHO Ha
Kpynsbix nputokax. B XXI Beke ¢a3za sxcrpemansHocTH nposiBuiack B 2014...2015 ropax. B
2014 romy npesbimienue 3 % u 5 % obecnedeHHOCTH OoTMeuYeHO Ha p. Byxrapma u p. Jleas
Bepesoska. OtnensHo Beigensercs 2015 rox, korna Ha pexe bonbias bykoHs oTMeueH penkuit
MakKCHMYM, cooTBeTcTBYyrommid 1 % obecneuennoctn (388 m*/c). st GONBIIMHCTBA CTBOPOB
(hakTHYECKHEe UCTOPUYECKUE 3HaYEeHHS HEe JOCTUTIIM PacueTHOro ypoBHs 1 % 00ecredeHHOCTH.

AHanu3 u pacdeT MaKCUMAaIbHBIX YPOBHEH BOIBI

AHanu3 MakCHMaJIbHBIX YPOBHEW BOABI MMEET pellarollee 3HaYeHWe sl MOHUMaHMS
(u3MIECKOro BO3/ACHCTBIS BOAHOTO MIOTOKA HA TEPPUTOPHIO. B oTim4ne oT pacxonos, ypoBHI
HaMpsIMyIO0 ONPEEISIOT TIyOHUHY 3aTOIJICHUsS] TOWMEHHBIX Y4aCTKOB, MPHUJIETAIONINX K PYCIy
pek. IMeHHO ypoBEeHHBIH pexuM (GUuKCHpyeT (haKTHIECKYIO ITPAHUITY CONPUKOCHOBEHHUS BOBI C
cymiei, 4To HeoOX0AUMO JUTS TOYHOTO KapTUPOBAHUS 30H 3aTOIUICHUSI HACEJICHHBIX ITYHKTOB.

N3yueHnne xona MakCUMaJIbHBIX YPOBHEW 3a MHOTOJETHUN MEPHUOJ JAaeT BO3MOKHOCTb
BBISIBUTH IKCTPEMAIIbHBIE OTMETKH, KOTOPBIE KOTa-TM00 JOCTUralluCh B peruoHe (puc. 4, 5).

——p. Yne6a - c. Ynr6a [lepeBanoynas ——=p. Y0a - . [llemonanxa
600
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= 400 A ’
o
X 300 4
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100
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Pucynok 4. /Junamurxa Maxcumanvrvix yposHel 600l Ha pekax Yivoa u Yoa

—p. Kapa Epruc - c. bopan —==p. Kypuym - c. Boznecenckoe
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Pucynok 5. JJunamuxa MaxcumanbHslx pacxo0os 8ooul Ha pekax Kapa Epmuc u
Kypuym
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AHann3 MHOTOJICTHHX PSAOB MaKCHUMAaJbHBIX YPOBHEHW BOJBI BBIIBIII XapaKTepHBIC
0COOCHHOCTH BOJHOTO PEXKHMa PETHOHA. B omiimume OoT pacxoJ0B BOJBI, TUHAMHUKA yPOBHEH
XapaKTepU3yeTCs] MEHBIICH N3MEHINBOCTHIO: B OT/ACIBHBIE MaJIOBOIHBIC IEPHOIBI UX OTMETKU
COXPAHSIOTCS Ha OTHOCUTEIHHO BBICOKHX 3HAUCHUSX. ITO 00BACHICTCA MOPHOMETPHICCKIMU
OCOOCHHOCTSIMH ITOWMEHHBIX YyYacTKOB, a TaKKe TIPOSBICHHEM 3aTOPHBIX SBICHUH U
THIPABIMYECKOTO TIOANOPa, YIACPKHUBAKIIUX YPOBEHb BOAbL. Ha rpadukax dYeTko
TIPOCIICKUBACTCS IUKIMYHOCTH SKCTPEMABHBIX ITOTBEMOB.

Peka Kapa Epruc xapakrepusyercst 00jiee BRICOKMMHU aMILTUTYIaMH MOABEMa YPOBHS, C
aOCOIOTHBIM HCTOPHYECKIM MaKCUMyMOM, 3adukcupoBaHHEIM B 1953 rtomy (673 cwm).
Habnromaercss MOCTENCHHBI POCT MHOTOJETHETO (OHA MAKCUMAIIbHBIX YPOBHEHW BOJIBI,
HadaBImwiics ¢ cepeanHsl 1970-x ronoB. B To ke BpeMs aHamM3 MOCIEIHUX ICCATHICTHH (C
Havana 2000-Xx TromOB IO HACTOSIIEE BpPEMs) CBHUICTCIBCTBYET O HACTYIUICHHH (a3bl
OTHOCHTEIIbHOW CTaOIMIIN3AIIH BEICIINX YPOBHEH BOJIBI, KOTOPAs XapaKTePU3yeTCsl CHIKCHUEM
AMIUTUTYABI WX MEXroJ0oBoi m3MeHunBocTd. s p. Kypuym ypoBeHHBI pexuM Ooiee
crabmieH u cocpenotoueH B aumanazone 200...300 cM, omHako u 37ech B mociennue 20 et
(mepurox 2000...2023 rT.) YacTOTa BEIXOJIOB YpOBHEH 3a mpeaeisl 300 cM crana BBINIC, YeM B
CepelHe TMPOILIOTO BeKa.

OO1ast KapTHHA MHOTOJICTHETO XO7[a CBUAETEILCTBYET O TOM, YTO YPOBEHHBIH PEKUM
pex EpTrcckoro OacceifHa HaxoauTcs B (ha3e OTHOCHUTEIHHON CTAOMIH3AINH C PETyIIIPHBIMH
BCIUIECKaMHU JKCTpeMaibHONH akTuBHOCTH. CoBpemeHHble MakcuMyMmbl (2010..2018 rr.)
HATJSTHO TTOKA3BIBAIOT, YTO OMACHOCTH 3HAYHTENBHBIX ITOABEMOB BOIBI HE CHIDKACTCS, UTO
TpeOyeT MOCTOSHHOTO KOHTPOJS M aKTyalu3allMd IaHHBIX O KPUTHYCCKHX OTMETKAaX IS
3aIIUTHl HACEIICHHBIX TYHKTOB.

JIiss  OIICHKM PHUCKOB 3aTOIUICHHS TEPPUTOPHI peIlaroliee 3HAYCHHE HMEET
COTIOCTaBJICHHAE PACYCTHBIX YPOBHEH C OTMETKaMH BEIXOZIa BOJIBI Ha IOWMY, NMPH KOTOPBIX
HAYMHACTCS MOATOIUICHHE X03IHCTBEHHBIX 00OBEKTOB U HACCIICHHBIX MTyHKTOB.

Hwmxe npencrasiens! rpaguku ypoBHEH BOJABL, HATTIIHO JEMOHCTPUPYIOIIUE THHAMUKY
MPEBBIIMICHUST KPUTHYECKAX OTMETOK M TMOBTOPSIEMOCTh THIPOJIOTMYCCKUX CHUTYaIlHid,

CBSI3aHHBIX C BEIXOJIOM PEKH M3 OCHOBHOTO pycia (puc. 6).

p. Yinken boken — c. J[xymba p- Kapa Eptuc — c. bopan
500 380 800 540
400 . 2 A\A/ 600 I .
300
400
200
100 200
0 0
PIIBRRSIRSEEIBEAER LRI S>3 B8N
SASZT22SZ23RKKKRR 33T ZRLKXQRR

VYposens, H, cm VYposens, H, cm

Beixon Ha moiimy npu yposHe, H, cm Beixon Ha moiiMy IpH ypoBHE, H, cM

Pucynok 6. /[unamuxa MakcumanbHbiX ypoGHel 800bl ¢ YKA3AHUEM OMMEMKU 6bl-
Xo0a Ha noumy

AHanu3 rpaMKoB YpOBEHHOTO pexuMa Ha Iroctax p. YikeH boken — c. [Hxym0a u p.
Kapa Eptuc — c. bopan HarismHo mOATBEpP>KIAET BHICOKYIO MTABOJAKOBYIO OMACHOCTh PErHOHA,
00yCIJIOBIICHHYIO PETYJSIPHBIM JOCTH)KEHHEM W MPEBBIIIEHHEM KPUTHYECKHX OTMETOK BBIXOZA
BoAbl Ha moiMmy. HMcropuueckn peka VYikeH DbBokeH XapakTepusyeTcsi OTHOCUTENbHON
CTaOMIBHOCTBIO, 0JHaKo ¢ 2000-X roJoB HaOIIOAACTCS yYalleHHE ITMKOB, JOCTUTAIONIIUX HIIH
KPaTKOBPEMEHHO IPEBBIMIAONIMX OTMETKY BbIXOAa Ha moimy (okono 380 cm) [32], uro
Koppenupyer ¢ o0meil TeHaeHnueil pocra skcrpeMansHoctu croka. CtBop pekn Kapa Eptrc
JIEMOHCTPUPYET BBICOKYIO THHAMHYHOCTH. OTMETKA BhIXOAa Ha moiiMy (okoso 550 cm) [32]
perymsapHo npocturanack B 1950-e, 1990-e u 2010-e roxmsl. Tor ¢akr, 4TO B IOCIEAHHUE
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JECATUIIETUS YPOBHM CTaOWJIBHO TPUOJIMKAIOTCA K KPUTHYECKOH depTe, IMOATBEPXkAacT
HEOOXOIUMOCTh HCIIOJIb30BAHUS BOCCTAHOBJICHHBIX MAKCUMYMOB [UII YTOYHCHHS 30H
THIPOJIOTHIECKOTO PHCKA.

Ha ocHOBEe MHOTOJICTHHX PSAZIOB HAOMIOACHUIN U aHAN3a KPUBBIX paclpeleICHUs ObLIH
OTpENeIeHBl pAacyYeTHBIE 3HAYCHWS MAKCHUMAaJbHBIX YPOBHEH BOABl 10 OCHOBHBIM
ruapoJorndeckum nocram Eprucckoro BXb.

B cnenyromeit Tabmuie mpeacTaBIeHB pacueTHBIE MaKCHMAaJbHBIE YPOBHU BOABI IS
pa3IUYHBIX CLeHapHeB oOecreueHHOCTH. JlaHHbIE 3HAYEHMsI XapaKTepU3YIOT MpeJesIbHO
BO3MOJKHBIE TIOABEMBI BOJBI: OT €KEroAHBIX MaBoAKOB (10 %) mo katacTpo(uIecKux ypoBHEH,
BEPOSATHBIX OMUH pa3 B cTo JieT (1 %). DTu moka3aTenu SBISIOTCS UTOTOBBIM PE3YJIETATOM
THIPOJIOTHYIECKOTO aHajm3a M CIyKaT 0a30il Ans 30HUPOBAaHUS TEPPUTOPHHA IO CTETICHU
TMaBOJAKOBOM OMACHOCTH.

B mnpomecce amHamm3a NPUMEHSINCH KakK IMOJMHBIE, TaK M YyCEUYEHHBIE KPHUBBIC
oOecrieueHHOCTU. lICMONb30BaHUE YCEUYCHHBIX KPHBBIX IO3BOJUIO HCKIIOYHUTH BIIHSHUC
AHOMAJIFHBIX CTaTHCTHYECKUX BHIOPOCOB M 0OJie€ TOYHO OIpPENEeTUTh PAacUeTHBIE TOYKH B

obracTy BRICOKO# U cpefiHeit obecnieueHHOCTH (Tab. 4).

Taoauna 4
Ypoenu pasnuunoii obecnewennocmu Epmucckoeo BXP
YpoBHHM pa3inyHOl 00ecneYeHHOCTH
1% 3% 5%
Pexa - crBOp F,xv? | Hep, M
HUcropnueckue HUcropnyeckue HUcropunyeckue
YpoBennb YpoBennb YpoBennb
oAbl rojbI rojabl
p- Kapa Eptuc - c.
55900 1290 653 1953 598 1953 570 1953, 1993
Bopan
p. YikeH bokeH - c. 1958, 2001, 2010,
758 1150 423 — 393 2010, 2015 378
Jxymba 2013, 2015
p. Byxtapma - c. 1990, 1995, 2011,
6860 1850 436 1995 385 1995 360
[eun 2016
p- byxrapma - c.
1850 2200 323 — 306 1998, 2014 297 1961, 1998, 2014
bepenb
p. Ynbba - c. Yisba 1958, 1973, 1977,
4900 960 453 — 420 1958, 2001 404
[epeBanoynas 1979, 2001
. Typrycyn - c.
b IPIYEY 1200 1470 527 — 477 2001 451 1998, 2001, 2004
Kytuxa
VYo6a - r.
8470 900 512 — 485 2001, 2015 471 2001, 2015
[Iemonanxa
p. Kypuym - c. 1952, 1969, 1993,
5840 1350 370 — 348 2001, 2013 336
Bosnecenckoe 2001, 2013, 2015
p. JleBas bepe3zoBka
251 850 308 2018 273 1996, 2018 256 1996, 2018

- ¢. Cpenuropaoe

HawnGosee kpuTHueckre NoabeMbl ypOBHEH, COOTBETCTBYIOIIHE U ITPEBBIIIAOIINE TOPOT
3 % u 5 % obecrnieueHHOCTH, Ha KpymHbIX aprepusx (peku Kapa Eprtuc, Y6a, Yin0a)
3aukcupoBaHbl B OONBIIMHCTBE ciiydacB B cepenuHe XX Beka (1953, 1958 rr.). B
coBpemeHHoM niepuoie (2001...2018 rr.) HabmroaeTcsi CMeeHHe SKCTPEMATbHBIX OTMETOK Ha
cpemHue M Mayble peKd, Takue kak YikeH boken, Typrycyn u JleBas bepe3oBka, rie ypoBHU
BOJIbI HEOJHOKPATHO JOCTUTAIN PACUETHBHIX 3HAYCHHH BBICOKOM MOBTOpsieMOCTH. OcoObIi

HUHTEpEC TMPCACTABIIAIOT PEAKUC ClIydad JAOCTHUIKCHUS YPOBHA 1 % O6CCHC‘I€HHOCTI/I,
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3adukcupoBannbie Ha peke Jlepas bepezoBka B 2018 1. u pexe byxtapma B 1995 1., KOTOpBIE
SIBJISIFOTCSL €AMHCTBEHHBIMU MPUMEpPaMU COOBITHH CTOJISTHEH BEPOSITHOCTH B HCCIIEAYEMOM
peruone. [loryueHHOE yBETHUCHNE TTMKOBBIX ypOBHEH 3 % 1 5 % 00ecneuyeHHOCTH Ha MaJIbIX
BoJlocOOpax B TIOCIECIHHME JBa JACCATWICTHS yKa3blBaeT HAa HM3MEHEHHE TI'HIPOJIOIMYECKOTr0
peXnMa permoHa W BO3pACTAIONIYI0 aMIUIUTYAy KoleOaHWii ypoBHEH B COBPEMEHHBIX
KJIMMAaTU4ECKUX YCIOBHSIX.
ComnocTaBiieHHE PacYEeTHBHIX MMAPaMETPOB C JAHHBIMU THAPOMETPUIECKUX HAOIIOICHUN
MoKa3ajo, YyTo MOJy4YeHHbIC 3HaYeHHs ypoBHE# peakoil obecneuennoctu (P =1 %, 3 %, 5 %)
TECHO CBSI3aHbl C OTMETKAMHM pPEAJbHBIX HCTOPUUYECKHX 3KCTpeMymMoB B EptHcckoM
BOJIOXO3sIlicTBEHHOM ©OacceliHe. Ha rpadukax MHOrojeTHEro Xxoja ypOBHEH OTYETIMBO
MIPOCIIEKUBAETCS PETYJIIPHOCTD NPEBBIILIEHNS KPUTHUECKHUX ITOPOrOB BBIXOAA BOJABI HAa MOUMY
(540 cm s p. Kapa-Eptuc — ¢. Bopan u 380 cm miis p. YikeH-boken — ¢. [Ixxym6a). [Tpu aTom
pacyeTHbI MakCUMaIbHBIH ypoBeHb 1 % obecneuenHocTr Ha p. Kapa-Eptuc (653 cm) npsimo
COOTBETCTBYET 3HAUCHHIO MCTOPUUYECKOIO0 MaKCUMyMa CHETrOBOTro MojoBoibs 1953 roma [33,
34], a yposau 3 % u 5 % oOGecneueHHOCTH Ha pekax byxrtapma, Yneba, Y6a, Typrycyn u
Kypuym (mmamazon 33..485 cM) HaxomsiT cBoe OTpakeHHEe B 3a(MKCHPOBAHHBIX
katactpoduueckux nukax 1969, 1993, 2014 u 2015 rogos [35...38].
HcTopuko-reHeTHuecKye yCJI0BUS HABOJJHEHUH U OLICHKA PACYECTHBIX IUKOBBIX YPOBHEH
Ha YSA3BUMBIX y4acTKax OacceiiHa
IIpocTpaHCTBEHHO-BpEMEHHOI ~aHalInM3 MPOSBICHUS OMACHBIX THAPOJIOIMYECKUX
SIBIICHUI Ha TEPPUTOPHU EPTHCCKOTO BOJOXO3AHCTBEHHOTO OacceifHa MOATBEPKIAAeT BEICOKYIO
YaCTOTY 3aTOTUICHHUS PHUOPEKHBIX HACEICHHBIX MyHKTOB (Tab. 5).
Taoauna S
Kniouegvie yuacmru nposienenus HagoOHeHUil U ux nOgmMopsieMocmy Ha meppumopuu Epmucckozo 60doxo3siicmeennozo bac-
cetina
FOZILI MPOsIBJICHUSA HOBTOpﬂeMOCTL
Ne n/n Bacceiin pexku HaceJieHHBIIi MyHKT . .
HaABOJAHCHHUH HABOJAHCHHUH
r. Cemeid, 1. BocTOYHEIH,
2010; 2011; 2014
1 p.Epruc c. Cemusipckoe 6
2008; 2015; 2022
Komcomon
c¢. boratsipeBo
BKO, Marneeska, 2004; 2007
2 p-ByxTeipma 3yboBka, [lapsiruno, Crerupépo; Komcomon, ConoBres- 2009; 2010; 2011, 6
ckuii, 3p1psiHOBCK, KaToH-Kaparaiickuii paiion, ceno 2015
CenHoe, BepxoBbs p. byxTapma
3 Kypmm BKO 2015 1
4 p. Yneoa r. Ycrp-KameHnoropcek 2010; 2011; 2015 3
5 p. Yoa c¢. Kpacnsiit SIp boponynmuxuackoro paifoHa 2010; 2015 2
6 p. Yixen boken Bocrouno-Ka3zaxcranckas oonactb 2011 1
7 p. I'my6ouanka Bocrouno-Ka3zaxcranckas 001acthb 2011, 2015 2

OreHKa 4acTOTHl HABOJHEHUH MPOBEJICHA M0 CUCTEMATU3MPOBAHHBIM JJAHHBIM 0030pOB
OMACHBIX THIPOMETEOPOJIOTHUECKUX SBICHUH, OMyONMKOBAaHHBIM B HAYYHO-TEXHHYECKOM
KypHane «['mapoMeTeoposiorus U dKosorus» 3a mepuonx 1993..2025 rr. [39]. Ha ocHoBe
0000IIeHNST TaHHBIX CUCTEMAaTHYECKUX HAOIIOIEHII MOYKHO BBIICINTH KIIIOYEBBIE YIACTKU C
HanOOJBIIEH TOBTOPSIEMOCTHIO KaTaCTPO(DUIECKIX HABOJHEHHH:

— Pexka Eptuc (1. Cemeit, c. Cemusipckoe). 3a paccMaTpuBaeMbIi IEpUo/T 3aUKCHPOBAHO

He MeHee 6 KpynHbIXx HaBomHenwit (2008, 2010, 2011, 2014, 2015, 2022 rr.),
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COTNIPOBOXKIABIIMXCA BBIXOJAOM BOJBl HAa MOHMY, MOATOINICHUEM JKWIBIX MAacCHBOB U
HapylieHreM paboTsl HHYPACTPYKTYPBI;

— Pexa byxtapma (c. borateipeBo, ManeeBka, 3y0oBka, Ilapsrmao, T.
3bIpsiHOBCK/AnTail). SIBnsiercss ofHUM M3 HauOosee YSI3BHMBIX HPUTOKOB. OTMedeHO 6
BEIpQKEHHBIX MABOAKOBBIX mepuomoB (2004, 2007, 2009, 2010, 2011, 2015 r1r.),
XapaKTepU3YIOIUXCSA PETYISIPHBIM MIPEBBINICHHEM KPUTHUUECKHX OTMETOK 3a CUeT COYETaHHs
MHTEHCHBHOTO CHETOTASIHUS 1 IOK/IEBBIX OCA/IKOB B TOPHOH YacTH OacceiiHa;

— Peka VYmwsba (r. Ycrb-Kamenoropck). XapaktepusyeTcsi BBICOKOH ITaBOJKOBOM
akTuBHOCTHIO (HaBomuenms 2010, 2011, 2015 rr.). M3-3a BBICOKOTOPHBIX YKIOHOB U
«B3PBIBHOTO» XapaKTepa CHEroTassHUs MOJABEM YPOBHEH BOJIBI B UepTe TOpoia U MPUIIETAroIINX
MOCEINKaX MPOUCXOANT B KpaHE CHKAaThIe CPOKH;

— Pexu Y6a n I'mybouanka (c. Kpacuslit fp, ['mybokoBckuii paiion). [loBTopsemocts
HABOJHEHHI COCTAaBIIET OT 2 10 3 pa3 3a Habmromaemblil eproy (B 9acTHOCTH, maBoaku 2010
u 2015 rr.), 4yto 0OYCIIOBIEHO 3aTOPHBIMH SIBJICHHSAMH W BBICOKOH H3MEHYHBOCTHIO
MaKCHMAaJIbHOTO CTOKa.

CormocraBiieHHe pacyeTHBIX NapaMeTpoB C JAaHHBIMH HAOJIOJEHUH II0Ka3ajo, 4YTO
MOJTy4eHHBIE YPOBHU penkoi odecieueHHoctr (P =1 %, 3 %, 5 %) cOOTBETCTBYIOT OTMETKaM
peabHBIX UCTOPUYCCKHUX 3KCTpeMyMoB B EpTrcckom Oacceiine. Ha rpadukax MHOTOJIETHErO
X0/1a XOPOIIIO BUAHO PETYJIIPHOE MPEBHILICHNE KPUTHIECKUX TIOPOTOB BBIX0/1a BO/BI HA ITOWMY
(540 cm miis p. Kapa-Eprtuc — ¢. Bopan u 380 cm st p. Yiken-boken — c¢. [xymba), npuuem
MaKCHMalbHBIH ypoBeHb | % obGecneuennoctu Ha p. Kapa-Eptuc (653 cM) comoctaBum c
abcomtotHeIM THKOM 1953 roma, a ypoBHHM 3 % u 5% 00eCHeYeHHOCTH OTpaXKaroT
nucropudeckrne MakcuMyMbl 1993, 2010 u 2015 romos Ha pexax Yiken-bokeH, Yins0a, Byxrapma
n Y6a. CpaBHUTENIBHBIA aHATN3 MOJTBEPXKIACT BBICOKYIO YacTOTY 3aTOIUICHHUS HMPUOPEKHBIX
HACEJIEHHBIX NMyHKTOB. TakuM 00pa3oM, AaHHbIC TaOMUIbBI 4 HATTSAHO WIUTIOCTPHPYIOT, YTO
pacueTHbie 3HauyeHus Qmax u Hmax  penkoit obecneuennoctu (P = 1%, 3%, 5 %)
MIPUMEHUMBI K KOHKDETHBIM YYacTKaM pHCKa W CIy)KaT OCHOBOH Ui KapTHPOBaHUS 30H

3aTOIICHUA.

4. 3AK/IIOYEHHUE

B paboTe BbINOIHEH KOMIUIEKCHBII CTATUCTHYECKNH aHATN3 MaKCUMaJIbHBIX PACXO/0B U
MaKCHMaJIbHBIX YpPOBHEW BOIbI pek EpTHcckoro Bomoxo3siicTBeHHOro OacceifHa Ha OCHOBE
JUTUTENBHBIX PSIOB THAPOJIOTHUECKUX HaOmoxeHuid. [IpoBeneHHas nmpoBepka OJHOPOIHOCTH
HCXOJIHBIX JaHHBIX C HCHONb30BaHHMEM kputepues Pumepa, CrpiofeHTa W Buikokcona
MOATBEpMIIAa MX CTaTUCTUYECKYIO CONOCTaBUMOCTE W HAJEXKHOCTh IS TOCIEIYIOIINX
pacueTos.

OmnpeneneHbl  OCHOBHBIE IIapaMETPBl PACTPENENICHUs] MAKCHMAJIBHBIX PAacXOJOB M
YPOBHeii BOIbL, BKJTtOUasi K03 (HUIMEHTHI BApUALIMU U ACUMMETPHH, YTO ITO3BOJIUIIO BBIIIOIHUTD
pacder 3HaueHMH pasnnuHoi obecrieuenHoct (1 %, 3 %, 5 %). Yder kak pacxoloB, TaK H
ypoBHeH obecreunn Oonee TOJIHOE TIPEACTaBIEHHE O THAPOJIOTHYECKOM pPEXHUME U
9KCTPEMAIBHBIX TPOSBICHUAX CTOKA B OaccelHe.

JIONONHUTENFHO TOCTPOEHbl TpadMKH MHOTOJIETHEH JUHAMHUKH MaKCHMAallbHBIX
pacxooB M rpaikM MaKCUMAaJBHBIX YPOBHEW BOIBI, aHAIN3 KOTOPHIX BBIIBHUI BHIPAKCHHYIO
MIPOCTPAHCTBEHHO-BPEMEHHYIO  COTJIACOBAHHOCTh ~ THIPOJIOTHYECKHUX  TporeccoB. s
OOJIBIIMHCTBA PEK XapaKTepHA LUKINYHOCTH C YE€pEeIOBaHHEM MHOT'OBOJHBIX M MaJOBOIHBIX
(a3, npu 3TOM KpymnHeimme muku ctoka (1966, 1979, 1993 rr.) nposBIAIOTCS CHHXPOHHO Kak
Ha TJIaBHBIX peKax, TaK M Ha HUX IpuTokax. Ha ¢oHe oOmeil ycrodumBoCTH pSIOB
MIPOCIICKUBACTCS TEHICHIMSI K HEKOTOPOMY CHIDKEHHIO MAaKCHMAJbHBIX PacxXoJ0B 3a BeCh
TIEPUO]T HAOTIOICHU.

OKCTpeMalbHbIE MOIBEMBI HOCAT IIUKINIECKUN XapaKTep, a HCTOPUIECKHE MAaKCHMYMBI
cepenquHbl XX BeKa CONOCTaBUMBI C COBPEMEHHBIMH 3HadeHUSAMH. [l OTIENBHBIX
THIPOIIOCTOB BBISBICHA BBICOKAs IABOJIKOBAs OIACHOCTh, OOYCIIOBIEHHAs pETrYISIpHBIM
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JOCTIDKEHHEM W TPEBBIICHHEM KPUTHYECKHX OTMETOK BBIXOJa BOJABI Ha moiMy. OTMEUeHO
yYalIeHUE SKCTPEMAIILHBIX YPOBHCH B TIOCICIHHUE JCCATHIICTHS, a TAKXKE TCHACHIMHA K POCTY
aAMIUTUTYABI KOJeOaHUH M MOBBIIICHUIO 0a3UCHBIX 3HAYCHUN Ha OTJCIBHBIX PeKax.

[IpoBenéHHbIE B HACTOAIIEM WCCICAOBAHUHM PAcUEThl COMOCTaBUMBI cpaboTaMu
OIMyOJIMKOBaHHBIMHU paHee: B MoHorpadum «Bomaple pecypcsl Kazaxcrana: omeHka, IporHO3,
ynpasienue» [30], «Pecypcax mnoBepxHocTHBIX Bom» [33], aBTopamu UYwrpuuen JLIO u
BaiicakoBa M.K. [40]. HeGonpmme pacxokaeHUsT OOBACHAIOTCS 3HAYUTENBHBIM YINTHHCHUEM
PAMOB HAOMIOACHUN U NMPUMCHCHHEM YCEUCHHBIX KPHBBIX OOCCIICYCHHOCTH MaKCHMAaTbHBIX
pacxonoB Boabl. [lomydeHHBIE pe3yabTaThl MOATBEPIKIAIOTCS KOPPEKTHOCTHIO MPUMEHEHHOTO
METOJUYECKOT0 TOJAXO0Ja W MPOBEIEHHOTO pacyeTa M CBUIECTEIBCTBYET O JIOCTOBEPHOCTH
MTOJTYICHHBIX OI[EHOK MaKCHUMAaJIbHBIX PACX0J0B M YPOBHEH BOJBL.

[MonydyeHHBIE © TNPOAHATU3UPOBAHHBIC PsAbl  HAOMIOACHUH, XapaKTCPUCTUKU
MaKCHMAaJIbHOTO CTOKa M YPOBHEH, pacueTHBIC 3HaUCHI 00eCIIedeHHOCTEH TIOCIyKaT OCHOBOI
Ui Oojiee JETaNbHBIX WCCICJOBAHUN Ha OCHOBE MOJCIMPOBAHUS, TOCTPOCHHUS KapT
3aTOIIICHUH, ITOTydeHHS TPOTHO3a M HKCTIEPTHBIX OLIEHOK.

JOCTYIHOCTD JAHHBIX

JlaHHBIe, UCTIOJIb30BAHHBIC B TOM UCCIIEIOBAaHUHU IIOIy4€Hbl aBTOPAMU U3 OTKPBITBIX HCTOYHUKOB
PTTI «Kasrugpomer».

BKJIAL ABTOPOB

Konuenryamszanus — AAT; Yipasnenue nanasivu — JKTC nu HXXT; ®opmanshelii ananus — XKTC
u HXT; Meromonorus - AAT,; Ilporpammuoe obGecmeuenne — HIXKT; OrcnexuBanue — AAT;
Busyanmzanus — XXTC u HXT; Hanucanue ucxoanoro mpoekra — XKTC; Hanmcanue u pegakrupoBanue
o0630pa — AAT.

OUHAHCUPOBAHUE

JlanHoe uccnenoBanue ObuT0 HpoduHAHCHpoBaHO KomureToM Haykn MHUHHCTEPCTBA HAYKH H
BhIcero obpazoBanus PecmyOnmku Kaszaxcran (mporpaMMHO-1IeleBO€ (PHHAHCHPOBAHUE IO HAYYHBIM,
Hay4YHO-TexHHYecKuM mporpammam NeBR28713279 «HayuHo-TIpHKIIaAHBIE OCHOBBI YIIPABICHUS PHCKaMHU
HaBOJIHEHUIM Ha pPaBHUHHONM W MEJIKOCONMOYHON Teppuropuu KazaxcraHa B yCIOBUSIX COBPEMEHHBIX
KIIMMAaTHYECKUX U3MEHEHU»).
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TYUIH CO3EP ABCTPAKT
EpTic e3eHi, MakcHMaIbl arbiH, JXKymbIcTa KOIDKBULABIK THIAPOJOTHSUIBIK Oakputaynap Herisige, Oactel e3eHi Eptic
MakCUMalJsl  JeHreinep, cy KazakcraHHBIH HETi3Ti Cy apTepHsuIapbIHBIH 0ipi 6oibin Tabbu1aTeiH EpTic cy mrapyambnuibEst

TACKbIHBI, KOKTEMT Cy >KalbLTyBI

OacceliHi ©3eHAEpiHICTI Cy TaCKBIHBIHBIH THAPOJIOTHSIIBIK KayIITUIK CHMarTamaiapbl MEH
9KCTPEMAJIbl aFbIH/BI MapaMeTpiepiHe KeMIeHIi Tangay ychHbUIFaH. O TpaHCIIeKapabIK
©3eHJIepre JKaTapl JKOHE OHBI eKi Kepirinec MemiekeT — Keitait Xansik Pecrybnikacel MeH
Peceit ®enepanusicel KapKbIHABI TypAe naiinanananbl. JKyYMBICTBIH MakcaTbl — CyJIbIH

Makauna kaiibIHaa:
Anpger: 24.12.2025
Kaiira xapanner: 13.04.2026
Kabwuimanasr: 16.09.2026
Kapusnaugsr: 30.09.2026

MaKCUMaJIbl WEIFbIHAAPE! (Qmax) MeH eH korapbl aeHreinepiHid (Hmax) CTaTHCTHKAIBIK
CUMATTaMaJIapblH KEUICHAI Oaranay, THAPOJIOTHSIIBIK KaTapyiapblH OipTEKTLIIrH TEKcepy,
optypii kamramace3 etimyneri (1%, 3%, 5%) IObFBIHOAP MEH JCHTCHICPIIH €CenTiK
MOHJIEpiH aHBIKTAy, COHIAM-aK ayMakTapibl Cy 0Oacy KayiiH Oaranay MakcaThIHAa Ccy 0acy
LIeKapajapblH HeTi3/ley JKoHe opi KapailFbl TMAPOIMHAMUKAIBIK MOJENbICY YIIIH OJapJbl
JKaWBIJIMAaHBIH TETICTEeTy OenrinepiMeH >KOHE aiiMaKTarbl TapUXH Cy TacCKbIHIAPBIMECH
CaIBICTBIPY.

Bpinmi ke3eHme Oactamkpl AepeKTepai eHiaey, OaKpUIaylapIblH JKOK AEPEKTEpiH KabIHA
KEJTIpy >KOHE CYABIH MAaKCHMAalbl IIBIFBIHAAPHI KaTapJiapblHBIH OIpTEeKTUITiH Tajmay
xypriziani. CTaTucTUKabIK OipTeKTiNiKTI Tekcepy yuriH Ouiep, CTeioneHT xkoHe Brikokcon
Kputepuiniepi, conpaii-ak Mann—Kengann, Ilertutr xoHe bywmimang xkpurepuiinepi
naianapuIIb], Oy OaCCeWHHIH OPTYpPJi THAPOJIOTHSIIBIK OCKETTEPIHICTI THUIAPOIOTHSIIBIK
OakpUIaylapIblH  OPHBIKTBUIBIFBIH,  OJKYHENIK  QyBITKYJNApAblH  JKOKTBIFBIH  JKOHE
CaNTBICTBIPMANBIIBIFBIH OaFajiayra MyMKIHIIK Oep/Ii.

Texcepinren KaTapiap HeTi3iHJIE CyAbIH MaKCUMAJ/bI IIBIFBIHIAPBIHA CTATUCTHKAJBIK TAIAAY
JKacalblll, YIeCTipiMHIH HETI3T1 mapaMeTpliepi, COHBIH imminae Bapuanus ko3¢ pummenti (Cv)
MeH acumMMeTpus koddumnmenTi (Cs) aHBIKTANIBI, all KYOBUIMAIBLIBIFEL JKOFApBl Cy YKUHAY
Gererrepi (ayarterustapbl) yuriH Kpuikuii—MeHKeIbIiH KUBUIFaH YIIECTIpiM (YHKIHUSIIAPHI
KOJIIQHBUIIBI. AJIBIHFAH CTATHCTHKAJIBIK CHIATTaMajap OSKCTPEMajJbl THIPOJIOTHSUIBIK
KYOBUIBICTap/IbIH OPBIH ajly BIKTHMAJIABIFBIH KOPCETETiH apTYpJli KamTamach3 erimyzeri (1 %,
3 %, 5 %) cyapIH MaKCUMAJIIbI IIBIFBIHIAPEI MCH JICHTEHIIEPiH ecenTey YIIiH Mai aaaHblIIbL.
3eprrenerin OacceWHHIH OpPTYPIl THUAPOJIOTHSUIBIK OEKeTTepiHMAeTi CYABIH MaKCHMAaJbl
IIBIFBIHAPBIHBIH KOIDKBUIABIK JUHAMHKACBIHA CANBICTBIPMANbl Talmay >KYprisimmi, Oy
IKCTPEMAJIIbl aFBIHIBI KAIBITACYBIHBIH KEHICTIKTIK €pEeKIIEeNiKTEPiH aHBIKTayFa MYMKIHIIIK
oepni.CoHpmaii-ak, CyIblH MaKCHUMAaIIbl EHTEHICPIHIH KiOepilm alFaH MOHIEpPIH KaJIlblHa
KeNTIpyAi JKOHE OJAapIblH KOIDKBUIIBIK AWHAMHKACHIH TajJay/Abl KaMTHTBIH KOIDKBUIABIK
JepeKTepre KemeHAi eHAey Kyprizinai. HakTel meHreiyiepai cynblH JkablIMara IIBIFY
OenrijepiMeH CalBICTRIPY HeTi3iHe KalbUIMaJIbl ayMaKTap IblH Cy aCThIH/IA KaTybIHBIH HAKThI
JKBULIApBl OSNTiNneH i, COHai-aK achIl KeTy BIKTUMAanAbIFbl apTypii (1 %, 3 % xone 5 %)
MaKCHUMaJIbl IeHTeHIep IiH TapaMeTpIIepi ecenTemni.
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This study presents a comprehensive analysis of extreme flow parameters and
hydrological flood hazard characteristics in the Irtysh Water Management Basin
based on long-term hydrological observations. The main river, the Irtysh, is one of
the primary waterways of Kazakhstan. It is a transboundary river heavily utilized by
two neighboring nations—the People's Republic of China and the Russian Federation.
The objective of this work is to provide a comprehensive assessment of the statistical
characteristics of maximum water discharges (Qmax) and peak water levels (Hmax),
test the homogeneity of hydrological series, and determine the calculated values of
discharges and levels for various exceedance probabilities (1%, 3%, 5%).
Furthermore, these values are compared with floodplain alignment elevations and
historical floods in the region to substantiate inundation boundaries for subsequent
hydrodynamic modeling aimed at assessing flood risk.

In the first stage, initial data processing was performed, including the restoration of
missing observational data and the evaluation of series homogeneity for maximum
water discharges. Fisher, Student, and Wilcoxon tests, along with Mann—Kendall,
Pettitt, and Buishand tests, were applied to verify statistical homogeneity. This
enabled the assessment of stability, absence of systemic shifts, and comparability of
hydrological observations across various streamflow gaging stations in the basin.
Based on the verified series, a statistical analysis of maximum water discharges was
conducted to determine the primary distribution parameters, including the coefficient
of variation (Cv) and the coefficient of asymmetry (Cs). For catchments exhibiting
high variability, truncated Kritsky—Menkel distribution functions were applied. The
resulting statistical characteristics were used to calculate maximum water discharges
and levels for specified exceedance probabilities (1%, 3%, 5%), reflecting the
likelihood of extreme hydrological events. A comparative analysis of long-term
maximum discharge dynamics across various gaging stations revealed the spatial
patterns governing extreme runoff formation.

Additionally, comprehensive processing of long-term data was carried out,
incorporating the restoration of missing peak water level values and the analysis of
their multi-year dynamics. By comparing recorded water levels with floodplain
inundation thresholds, specific years of floodplain flooding were identified, and
parameters for maximum water levels of various exceedance probabilities (1%, 3%,
and 5%) were calculated.

IIpumeyanue u3JaTessi: 3asBICHHS, MHCHHS M JIaHHBIC BO BCEX MyOJMKALMAX NMPUHAIUICKAT TOJBKO aBTOPY (ABTOpam), a HE JKypHAIy
"TUAPOMETEOPOIIOTHS M SKOJIOTHs" H/UITH pefakTopy (peaakropam).

44


mailto:salavatova.07@gmail.com

