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Analysis of recurrence of rain floods in the Tisza basin (within Ukraine)

Romanyuk M.S., Lukianets O.I.

Rain floods on the rivers in the Tisza basin within Ukraine are formed several times during the entire warm
period. The purpose of the presented study is a detailed analysis of the frequency of such floods on the rivers of the
region under study in terms of the series of annual maximum average daily water discharges and the series of
maximum average daily discharges of partial probability. The first series, called the "multi-annual series", includes
only one of the highest discharges each year, in our case, one for the warm period - May-October. The second row
includes all values hat exceed some limit value, which corresponds to the smallest value from the series of annual
maximum annual water discharges.

To carry out the work, we used observational data on the average daily water flow from the following
hydrological posts on the rivers: the Uzh River - Uzhgorod, the Latoritsa River - Mukachevo, the Rika River -
Mezhgorye, the Teresva River - Ust-Chernaya, the Tisza River - Rakhiv for the observation period 1946 (47 ) to
2019. To obtain the long-term series and partial probability necessary for the study, first, chronological samples of
rain flood maxima were formed for both series separately, then they were ranked and the estimated return period was
determined for each member of the series. The series of maximums of partial probability according to the data from
the studied hydrological stations in their number on average 4-6 times exceed the number of values of the series of
annual maxima. The calculated return periods are determined by the inverse formula to the Weibull formula.

Graphs of the frequency of rain floods by annual maxima and maxima of partial probability for the stations
under study were constructed, which made it possible to notice the following features: 1) the discharges maxima of
rain floods with a frequency of less than 5-10 years differ for a number of annual maximum water discharges and a
series of partial probability; 2) partial probability series better describe minor floods, especially those with a short
return period.

The analysis of the frequency of rain floods on the rivers in the Tisza basin within Ukraine made it possible to
estimate the possible magnitudes of rain floods that can form during a warm period of time and to estimate their
frequency of a certain magnitude. This is of practical interest as knowledge of potential floods can be used to assess
the nature of potential floods in the future.

Keywords: rain floods, maximum water discharges, frequency, long-term series, partial supply series, Tisza
basin within Ukraine.
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YACOBA OLUIHKA BOAHOIO PEXXUMY TA PYCJIOBUX NMPOLIECIB
B HWXKHbOMY B’€®I KAHIBCbKOI F'EC

Y pobomi npoaHanizoeaHi cy4acHi 3MiHU 800HO20 pexumy 8 HUxXHboMy 6’ccpi KaHiecbkoi T[EC ma eu3Ha4yeHo
OCHOBHI hakmopu ¢hopmysaHHsi cmoKy Ha 0ocnidxysaHili dinsHui . 3a dornomMoz200 cmamucmu4yHo20 aHanisy
8U3Ha4YeHO MmeHOeHUii 0 3HUXEeHHs pieHie ma 3MiHy eumpam eodu nicrid nobydosu Kadiecbkoi EC. 3a
pi3HUyesuUMU iHmeepanbHUMU KpuguMu OOCriO)eHa UUKIIYHICMb CMOKYy 800U y HUXHbOMY 6°cqbi Kaniecbkoi MEC.
BcmaHoerneHi 3akoHOMIipHOCMI pexxuMy WoO0eHHUX pieHie ma sumpam eodu. obydoeaHi Kpusi sumpam 8odu ma
8U3Ha4YeHo 3MiHU y npocidaHHi ma nidHammi pieHie 80du 3a pi3Hi Yacosi nepiodu. Po3paxoeaHi pycrogopmysearbHi
sumpamu 800U ma 8CmaHO8J/IEHO ix Yacogy OUHaMIKY.

Knrouoei cnoea: HuxHil 6’ep KaHiecbkoi EC, 800HUL pexxuM, cmamucmuyHUl aHaris, pexum pigHie eodu,
Kpusi sumpam 800u, bazamopiyHi KorugaHHs1 CMOKY, pyCr08i npouecu, pycroghopmyesarbHi aumpamu 800u.
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AxkTyanbHicTb gocnigxeHHsA. [Nicna nobynoBu kackagy BOAOCXOBMLW, Ha pivui [Hinpo
3aperynboBaHiCTb CTOKY BOAM BUKIMKana iCTOTHI 3MiHM Yy MOro BOAHOMY pexuMi. 3okpema, ue
ctocyeTbea i KaHiBebkoi NEC, aka 6yna nobygoBaHa ocTaHHbOW B Kackagi. Kpim uboro, Ha
piykax YkpaiHu cnocTtepiraetbcs ManoBogHa pasa BOAHOMO pexumy, Lo MNpu3BOAMTbL OO
3MEHLLEHHS  IXHBbOrO cToky. Lle, B cCBOW 4epry, BMAMBae Ha AWHaAMIKy npouecis
pycnodopmMyBaHHsi. Came TOMYy CydacHa OuiHKa BOAHOIO pPEeXMMy Ta PYCrOBMX MPOLECIB B
HxHbOMY 6’ebi KaniBcbkoi NEC € BaxnuBOW, OCKINbKU Bif HUX 3anexuTb edeKTUBHa
Bogorocnogapcbka AisfibHICTb, ekcrnyaTtalis BO4OCXOBULL, BCbOro [HinpoBCLKOro Kackaay.

Mema npepacTtaBneHoi poboTu nonsirae y AOCMIOKEHHI Cy4acHMX 3MiH XapaKTepUCTUK
BOAHOIO pexunmy Ta pycrnoBux npoLecis B HMxHboMy 6’ecbi KaHiBcbkoi MEC.

BuxigHi gadi Ta metoan gocnigxeHHA. [Ind BUKOHAHHA MEeTU Ta NOCTaBNEeHUX 3aBgaHb
BUKOPUCTAHO LLOAEHHI Ta CepedHbOpPIYHI piBHI Ta BUTpaTK MO rigponoriyHomy nocty KaHie Ta
KaHiBcbkii FTEC, MmakcumanbHi Ta MiHiManbHi piBHi 3a o6y B HWxHbOMY 6’ecbi Kaniecbkoi MEC,
cepedHbOopiYHi MakcumarbHi, MiHiManbHi BUTPaTW BOAM, SKI XapakTepusyrTb CTiK PiYOK i
BnnBawTb Ha npunmB Boaum Ao Kaniscbkoi MEC 3a nepiog 1977-2021poku. Takox
BUKOpucTaHo maTtepianu npaub O.[. O6ogoBckkoro, B.B. pebeHs ki npautoBany Hag gAaHO
TemaTukoro y 1980-2000-nx pokax Ta BUBYanu aMiHW Ha gaHin ginadui piyku JHinpo oo ta nicns
nobynosu Kaniecbkoi MEC.

B pobGoTi, B OCHOBHOMY, BUKOPWUCTaHI METOAM CTAaTUCTMYHOIO aHaridy 4acoBuX psigiB
LLOOEHHUX, CepedHbOpiYHMX pPIBHIB Ta BUTpaAT BOAM, OLIHKM CYy4aCHOro BOOHOMO pexumy Ta
LUMKNIYHOCTI KonuBaHb CTOKY B H/6 KaHiBcbkin TEC, a Takox Taki 3aranbHOHayKoOBi MeToam
OOCNIMKEHHS], €K MOLWYKOBO-TEOPETUYHUN (aHani3 3ibpaHoi  iHdopMmauii Ona  OuiHKK
rigponoriyHoro pexxmmy y HmxkHboMy 6’ecbi KaHiBcbkoi MTEC 3a 4ONOMOroro LLOpPiIYHUKIB, HAYKOBOI
niTepaTypu Ta iHTepPHeT-pecypciB), ONMCOBUI (ONUC pe3ynbTaTiB OOCNIAKEHHS), NOPIBHANBHURA
(MOpiBHSIHHA BenWYMH pycrnodopmMmyBanbHUX BUTpaT BOAW Ha BiOTMHKY p, OHiNpo o i micns
nobyanosu Kaniecbkin MEC) Towo.

MaTtemaTnyHi MeToaM B rigpomMeTeoponorii NodaHi B OCHOBHOMY MaTeMaTU4HOMO
CTaTUCTUKOK, sKa nobyooBaHa Ha Teopii WMMOBIPHOCTI. HAKWO OCTaHHA € OfHiel 3
MaTeMaTUYHUX HaYK, Ka AOCNigXye abCTpaKTHIi B3aEMOBIOHOLEHHSA NMOBIPHOCTEN BUNAAKOBUX
noain, To MaTeMaTuyHa cTaTucTuka mae Binbl NpuknagHun xapaktep. OCHOBHUM 3aBOaHHAM
3aCTOCYBaHHA CTAaTUCTUYHMX METO4IB € CuUCTeMaTM30BaHUW onuc  iHopmauil  [6].
lopomeTeoponoriyHi npoLecu Ta ABuLLa € pe3ynbTaToOM B3aEMOAIT BENMKOI KiflbKOCTi (pakTopis,
Pi3HMX 3a CBOIM NOXOMKEHHAM, YacoOM BMMBY M YaCTKOK yyacTi y popMyBaHHi JOCNiOXKYyBaHUX
npouecis i ABMLY, TO6GTO BOHM HGaraToakTopHi. Y 3B'A3Ky i3 UMM MK HUMM N 3YMOBITHOOUMUMU X
dakTopamm iCHYIOTb He YHKLiIOHanbHI, a CTaTUCTUYHI 3B'A3KK, cepeq Akux ocobnuee Mmicue
HaNexXuTb KopenauinHUM 3B'a3KaM SK 4acTKoBi oOpMi CTaTUCTUYHKX [7].

LInkniyHicTb KONMMBaHb PIYHOrO CTOKY MNPUAHATO AOCHiAKyBaTM 3a XPOHOMOMYHUMMU
rpadpikamu. BinbL HAaOYHE YABMEHHS NPO LMK KONIMBAHHSA CTOKY Oal0Tb Pi3HULEBI iHTEerpanbHi
KpMBI, 3a SKMMW BUAINATLCA GaraTtoBOAHI 1 ManoBogHi nepioaun (hasm BOAHOCTI) i NOBHI LMKIK
KONMUBaHb PIiYHOrO CTOKY. AKLLO BigpI3OK iHTerpanbHOT KpUBOI Mae Haxwun yropy LWWoAo OCi
abcuuc, ue Bignosigae ©GaratoBogHiM a3 BOOHOCTI, a SKWO X BiH HaXWMEHUA YHU3 -
ManoBOAHiN. [lOBHWA UWKN MNOBMHEH MaTW cepedHe 3Ha4YeHHS MOAYIbHUX KoedilieHTiB,
6nu3bke 0o oanHuUui [6].

MeToauka BM3Ha4YeHHA pycnodgopmyBanbHux ButpaT 3a M. | Makkaseesum [8,13]. BoHa
0a3yeTbCa Ha yMOBI NPO MNPOBIAHY POSfib HAHOCIB Yy (POPMyBaHHI pycra 3 ypaxyBaHHAM
NPOTSAXKHOCTI AiT Ha PYCro TUX YW HLWKMX BUTPAT BOAM. TakMM YMHOM, TYT Ma€ NposaB B3aemMmogii
Mi>XK CTOKOM BOAM i HAHOCIB Ta MMOBIPHICTIO NOSBM BignoBigHMX BUTpaT.

B uin metoauui pekomMeHOyeTbCA BU3Ha4aTU pycnodopMmyBarnbHi BUTpaTU BOAM SK
Makcumymu gobyTKy:

Qd) = f(U .anep'P.l) max , (1)

Ae O - KoemilieHT, AK1A BPaxoBye LUMPUHY PO3NUBY PiYKK; Qcep - CEPEAHA BUTPATa KOXHOMO 3
iHTepBanis, Ha siki po3bUBaETbCS BECb Aiana3oH BUTPAT, WO BU3HA4Yanuca no gaHomy CTBOPI.
m3/c: P - NMOBIpHICTb BUTpAT KOXHOro iHTepBany, %: | - cepegHin noxun BOAHOI MOBEPXHi B
JaHOMYy iHTepBani BUTPaT; N - NOKa3HMK CTYMEHS, L0 3aneXuTb Bif KPYMHOCTI pPiYKOBOro antoBito
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i amiHtoeTbCA Big 2 oo 3 3a M.l. Makkaecsum Ta Big 1 go 3 3a O.I. O6ogoBcekum [13].

PesynbTatn pocnigkeHHa. PaiioH gocnigkeHb 3Haxoautbcs nobnusy KaHiBCbKoro
NPUPOAHOro 3anosigHuka (puc. 1), KM po3TaloBaHU Ha npaBoMy Oepesi pivkvu OHinpo Ta
OCTpOBaXx, SKi PO3MilLEHI B Mexax 3annasu
(Kpyrnuk, Lenectie Tta 3miiHi). Haneuui
BMCOTU TYyT csaratoTb 255 M, a HaWMmeHwi —
80-85 M. [loBXXMHa pivKOBOI AiNSAHKN HUXHBIO
©’edby He nepeBuwye 40 Km.

Puc. 1. Po3TawyBaHHA AOCHigXyBaHOI
AinsHKM HWXHbro 6’ecpy KaHiBcbkoi FEC [3].

Y rpyHTOBOMY MNOKPWUBI  Teputopii
nepesBaxalTb  YOPHO3EeMM  TUMOBI  Ta
YOPHO3EeMMU CUSTbHO perpagoBaHi, TEMHO-CIpI
onig3oneHi i perpagoBaHi  pyHTM Ta
YOpPHO3eMM onig3oreHi, cnabo perpagoBaHi

3 Ta CBITNO-Cipi, cipi onig3oneHi rpyHtn [12].
[lHo Ta Geperu piyvkn cknagaTbes 3 NillaHuX Biaknaaie.

Kaniscbky 'EC nobygoBaHo Ha pivdi [HiNpo y panoHi micta KaHie, Yepkacbkoi obnacTi.
3anoBHeHHs KaHiBcbkoro Bogocxosuwia BigbyBanocb B 1974—-1976 pp. 3a Teudielo BOHa €
Opyroto 3 LWecTn rigpoenekTpocTaHuin [Hinposcbkoro kackagy. Nignip Big Kaniscbkoi NTEC
nowmptoetbcst Ao cteopy KuiBcbkoi MEC. 3a cxemor KOMMOHOBKM cCropyd rigpoByana,
KOHCTPYKLLIEI0O OCHOBHWUX CMOpYyAd, €fleKTpoMexaHiyHoMy obnagHaHHio KaHiBcbka TEC cxoxa
Ha BuLle posTawoBaHy KuiBcbky MEC. Ha Hi TakoXX BCTAHOBNEHO rOpPM3OHTanbHi KancynbHi
rigpoarperatn icymiweHo crnopygy [EC cBogockvmagHumm cnopygamu, WO AO3BOMWIIO
BigMoBUTUCA Big ByaiBHMUTBa OKpemoi Bogo3nmeHoiI rpebni [10]. PospaxyHkoBui Hanip — 11 m.
MoBHuI 06’em Bogomu npu HMP — 2,50 km®, nnoLua BogHoi noBepxHi — 582 km? . [loBxXuHa
BOOOCXOBMLLIA MO Bici ctaHoBUTb 123 KM, MakcumarnbHa wnpuHa — 0o 8,0 KM, cepeaHs —
5,5 kM. CepegHsa rmubuHa sBogocxosuwa npu HIMP ctaHoButb 3,9 M; makcumaneHa — 21,0 m.
MpoTskHICTL HanipHoro poHTy — 16,7 kM. BogocxoBuwe 3aiicHioe [oboBe peryntoBaHHS
ctoky. Kpim yuacti B nokpuTTi nikiB rpadika HaBaHTaXeHHA Ta peryntoBaHHi 4acToTu
B o6’egHaHin  eHepreTuyHin  cuctemi, KaHiBcbka [EC  BukOHye pesepBHi  pyHKLUiT
B eHeprocuctemi. KaHiBCbke BOOOCXOBMLLE [A03BOSMMNO MNOKPALWMTM  BOAONOCTAYaHHS
NPOMMCNOBUX NIANPUEMCTB | HaceneHux nyHKTiB. 3abeanevyeHO HackpisHe rnNnbokoBOaHE
cygoHonnaecTBO Big YopHoro mops ao rupna p. Mpun'ate. CTBOPEHO yMOBM AN NO4anbLUOro
pPO3BUTKY pMOHOro rocrnogapctBa Ta 3poleHHda. Hanbinbwow nputokoto [Hinpa, wo Bnagae
y KaHiscbke Bogocxouile € [lecHa. 3Ha4yHO MeHLUi pidku: niBa nputoka — Tpybik Ta npasi —
JInbigb, CtyrHa i KpacHa [2].

Onsa ouiHkm Bnnmey KaniBcbkoi MEC Ha 3MiHy xapakTtepHux BuTpaT Boau p. [Hinpo
nopiBHAHO AaHi nepea (ao 1976 p. [9] Ta nicna (1977-2021 pp.) nobyaoBu rigpoenekTpocTaHLii.
3MiHU uux BUTPaT (CepeaHbOPIYHMX, MaKCUManbHUX i MiHiManbHuX) inocTpye Tabn. 1.

Tabnuys 1. Bnnue KaHiBcbkoi FEC Ha 3miHy xapakTepHux BuTpat soau p. [lHinpo

Mepioa MakcumanbHa suTpata, Mc (pik) MiHimanbHa BUTpaTa, m’/c | CepeaHs 6araT30pqua
(ButpaTa) (pik) BUTpaTta, m°/c
Mo 3apeaynroeaHHsi (3o 1976 p.) [9]
Hanbinbwa 18900 (1970) 809 (1971)
HanmeHwa 2330 (1973) 233 (1975) 1520
CepegHsi 6280 476
licnsi 3apeaynrosaHHs (1977-2021 pp.) *
HanbGinbLwa 9980 (1979) 884 (1999)
. 3,00 (1977-1979, 1983- 1337
HanmeHwa 1330 (2020) 1085, 1989)
CepegHs 1374 69,0

lMpumimka: * - gaHi 3 1977 poKy onpauboBaHO CaMOCTIHO.
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Uepes Te, WO piyka cTana 3perynbLoBaHol, TO BIgMOBIOHO MiK BUTpaT BOAOMINNSA
3MEHLUMBCH Maike BABiYi. [1poTe, sKWO NOpiBHATK 3 nepiogomM 3a ocTaHHi 10 poki, TO us
undpa 3pocte Ao 14 770 m*c (makcumym 2013 p.). Cnig 3ayBakuTW, LLO HaNMEHLIMIA MiK
BOJOMNINNA Ha BCIO iCTOPil0 cnocTepexeHb crioctepirasca y 2020 p. (1 330 m*c). CtocosHO
MiHiManbHMX BUTpaT BoAM nicna nobyaoBu BOAOCXOBMLLA BigOYNUCb MEHLU 3HA4YHi 3MiHW. A
came, HalMeHwWwa MiHimanbHa BuTpata 36inbwwunace Ha 230 m®/c. 3aranom CcepeHi
MakcuMarsbHi BUTpaTu 3MeHWnnuee y 4,6 pasu, a cepeHi MiHimarnbHi — maixe y 2 paswu.

Mpunnne Boan go Kaniscekoi NEC 3anexutb Big ckmgie 3 Kuiecbkoi NTEC Ta BOgHOrO
CTOKY piukm [OecHa. |Hwi nputokm [OHinpa Taki sk CTtyrHa, Tpybik He mMalTb 3HAYHOrO BMASNBY
yepes HeBenuKi MOKa3HUKM BOOHOCTI. [MOPIBHAHHA CTOKY 3a AaHMMW TigpONoriYHUX CTaHUi Ha
BKasaHUX O6’EKTax BMSBUMNO TeHAEHLii [0 3HWKEHHS CepeaHbOPIYHOrO CTOKy. |i MoXHa
npocnigkyBaTu 3a TpeHgamu 3MiH cepegHboro ctoky Boau Kaniscekoi NEC, Kniscbkoi NEC Ta
3amMuKanbHoro rigposoriyHoro nocta Jlitkv Ha p. [lecHa (puc. 2).
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Puc.2. TMopiBHAHHA cepeaHboro cTtoky Boau KaHiBcbkoi TEC, KuiBcbkoi EC Ta
3aMuKanbHoro rigposnoriyHoro nocta Jlitku Ha p. [lecHa

Moct Jlitkm Ha p. [HecHa OyB BKMOYEHWA [0 aHanidy s£K 3aMuKanbHWA CTBOP
He3aperynboBaHOI PivKkK, Ha JONK0 AKOI Npunagae 6nu3bko 25% npunnuey Boan Ao KaHiBCbKoro
Bogocxosuwa [1].

OuiHka 6azamopiyHUX KoslueaHb pieHie ma eumpam 600U y HUXHbOMY 6’cdi
KaHiecbkoi EC. 3a pisHMUEBMMY iHTErpanbHUMKN KpuBmuMmK (pyc. 3) BUainsaetTbca baratoBogHa
dasa ana cepegHix sutpaT Boan 3 1977 p. lMicna 4oro opieHToBHO 3 2003 p. po3nodanach
ManoBoAHa dasa, sika npogoBxyeTbca ax o 2021 p. MoxHa cTBepaKXyBaTty, WO gaHa ¢asa
LLie He Aiilna Ao CBOro 3aBepLueHHs. IMoBipHO, Lo y 3B’A13Ky 3 Cy4aCHWM €KOMOoriYHMM CTaHOM
NMOKa3HWKKM PiBHIB | BUTpAT BOAM NPOOOBXKYBAaTUMYTb 3MeHLyBaTUCA. [TOBHUI LMKN BOOHOCTI HE
chopMOBaHUI, TOMY OPIEHTYEMOCH Ha IXHi 3MiHM 3a OCTaHHi POKMU.
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Puc. 3. Pi3sHuueBI iHTerpanbHi KpMBi cepeaHbOPiYHUX BUTPAT BOOU
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AHanoriyHi rpacdikmn pisHMLEBKX iHTErpanbHUX KpMBUX NOOYyQOBaHO AN  MiHiManbHUX Ta
MakcMmarnbHUX BuTpaT Boau Yy HWkHbomy ©’ecdi Kaniscbkoi MEC. [Ons makcumanbHMX
CroCTepiraeTbCa AeLLO CXoXa cuTyalis 3 cepefHiMu Butpatamu (puc. 3), a Ans MiHiManbHuX -
yiTKO BUAINAeTbca umkn. ManosogHa pasza mae Micue go 1996 poky nicng  Yoro
CcrnocTepiraeTbes Nignom BUTpaT BOAM, WO CBig4MTb Npo 6aratoBoaHy dasy [5].

OuiHka 3MiH 800HO20 pexumMy e HWKHbOMY 6’cehi KaHiecbkoi NEC. 3a OCHOBY
OOCTiIKEHb pEeXMMY LOAEHHUX PIBHIB Ta BUTpaAT BOAWM B HMXHbOMY 6’edi KaniBcbkoi MEC
B3ATO rigponorivyHy iHgopmauito 3a 45 pokiB (1977 — 2021 pp.). [N WOAEHHNX piBHIB BOAM
CMNOCTepiraeTbCsa TEHOEHLUiss 00 3MeHLweHHs. CepeaHin 6araTtopiyHui piBeHb BOgW B yMOBaX
3aperynioBaHHa ctaHoBuTb 80,93 MBC (593 cm). Ockinbkn KaHiBcbka [EC  pgo6osoro
peryntoBaHHs, TO MiKW PiBHIB BOOONINNSA TYT YiTKO BUPaXeHi. Takox criocmepizaltombcsi NiTHA Ta
31MoBa MeXeHi. JliTHa MexeHb npunagae Ha NuneHb - ceprieHb, a 3MMoBa Ha rpydeHb - CiYeHb.
3 1977 poky KonmMBaHHA piBHIB Boau BigbyBatoTbcsa B Mexax Big 78,09 mbC po 85,32 mbBC
( 309-1032 cm). Cnig sayBaxuTtu, wo npu pieHi 82,40 mMBC noyMHaeTbCcA 3aTOMMEHHS
3annaBHUX TepuTOpiM i rocnogapcts, SAKi 3HAXOOATbCA HMXKYe 3a Tediet. BignosigHo Ao
«lMonoxeHHsA Npo NOPSQOK CKNagaHHA Ta AOBEAEHHS nonepeaXeHb, ONoBilWeHb, AOHECEHb NPO
BMHUKHEHHS | PO3BMTOK TigpONorivYHNX SABULL, PI3HOrO piBHA HebGe3nekn Ha BogHUX 06’ekTax CyLui
YkpaiHu », uen piBeHb Bignosigae rigponoriyHomMy asuwy |l piBHS Hebe3neku, Npu SKOMY BMCOKI
PiBHI / BENWKI BUTPATX BOAM CYNPOBOAKYOTLCS HEOGE3NEeYHM BNIIMBOM Ha TEPUTOPIl, HAceneHi
NYHKTW, 06’EKTU rocnogaproBaHHS Ta CEKTOPU eKOHOMIKM [11].

CepegHe 6GaratopiyHe 3HaveHHs BUTpaT BoAM B HWXHbOMYy 6’edi KaHiBcbkoi MEC
ctaHoBuTb 1337 M*/c. BapTo 3BEpHyTM yBary, WO cepedHs BUTpaTa 40 nobynosu KaHiBobKoi
EC cranosuna 1520 m%c [9], wo maibke Ha 200 M*/c BinbLue Hix 3apas.

MakcumanbHa amnnityga konvBaHb ButpaT cknagae 9980 wm%/c (ue 3HayeHHs
3acdikcoBaHO B nepui pokn nicnsa nodygoBu BOAOCXOBMWA). 3a OOCMiAKyBaHUW nepiog
CMOCTEPIraeTbCs 3MEHLUEHHS aMMIliTygM KONMMBaHb PIBHIB Ta BUTpaT BOAW, OCOGNMBO nicns
2001 p. Ha gaHuin yac ue 6nmsbko 4000 m%/c.

BapTo Takox BigMITUTK, WO KOMMBAHHSA LIOAEHHNX PiBHIB Ta BiTpaT BOAN € CUMHXPOHMMW.

Lle nigTBepaxye 1M koedilieHT Kopenauii Ans

1200.00 BKa3aHUX MOKa3HWKIiB, Akuin gopiBHoe r=0,82,
s 1000.00 BiANOBIOHO KoediLieHT aeTepMmiHauii R?=0,68,
:_ 800.00 4 Lo CBi,D,.HI/ITI': NMpo BWCOKY anpokcumaldito
T o000 SRS 3B’A3KY MiX PiBHAMW Ta BUTpaTamu Boan y H/G
o T RSt KaHiscbkoi MEC (puc. 4)
L 400.00
& 500.00 Puc. 4. Ipadik 3B’A3KY MiX LWOAECHHUMU
0.00 piBHAMM Ta BuTpaTtamMu Boau 3a nepioa 1977-

2017 pp. B HMxxHbOMY 6’ehi KaHiBcbkoi FEC
0 5000 10000

Butpatu Bogu, m3 [ [
uTpaTi Boau, m3/c Ons Toro wo6 JocnignT noBeniHKy

BUMNAOKOBUX BENUYMH, SKi XapaKTepusyloTb BOOHUA PeXnM, a came, LWOAEeHHUX piBHIB Ta BUTpaT
BOAW, Oyno copMoBaHO iX reHepanbHi CYKyMmHOCTI. PO3paxyHKn BeNuchb 3rigHO pekoMeHaaLuin
HaBedeHUX Y MeTOANYHUX BKasiBkax -[7]. Ans uboro cpopmoBaHo BapiauinHi paam i3 WoOgeHHNX
piBHIB Ta BUTpAT BOAM, AKi cknagaTbed 3 16435 3HayeHb.

Psaan cnoctepexeHb nepesipeHo Ha ogHopiaHicTb. 3a ctatuctukammn CTblogeHTa, diwepa
Ta BinbkokcoHa BuW3HayeHo, WO npu 5% PpiBHI 3HAYMMOCTI Hi piBHi, Hi BUTpaTM He €
OAHOPIgHUMMN.

[Ons woaeHHUX 3HavyeHb pPIiBHIB BOAW OTPUMaHO Taki 3HAYEHHS LEHTPIB rpynyBaHHS:
Hopma ctaHoBuTb 80,93 m BC (593 cm); megiaHa gopisHioe 80,86 m BC (586 cm), a moga —
81,00m BC(600 cm). Mpu LbOMY MipM PO3CilOBaHHA MalOTb TaKi 3HAYEHHS: aMnfiTyaa 3Ha4YeHb
konueaetbca Big 78,09 mBC (309 cm) pgo 85,32 m BC(1032 cm); cepenHe KkBagpaTuyHe
BiaxuneHHs gopisHioe 0,92 mbC.

BaxxnneBoo xapaKTepuCTUKO BGaraTopivyHOI MIHNMBOCTI Psi4iB CNOCTEPEXEHb € aHani3 Ta
ouiHKa KoediuieHTiB Bapiauii W acumeTpil, WO NPUAMaKTbCA AONA OMUCYBaHHA CYKYMHOCTI
BUNaakoBux BenuyunH. KoedidieHT Bapiauii woaeHHux piBHiB Bogn Cv = 0,011, a koediulieHT
acumeTpii Cs= 0,37.
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[ns wodeHHNX BUTpaT BOAW LEHTPU TPYNyBaHHA MalTb Taki 3HA4YeHHs: Hopma —
1337 m*/c; megiaHa — 1080 m%/c; mona nopieHioe 1050 m%/c. Cepen 3HaYeHb napameTpisB Mipy
BapitoBaHHA amnniTyda konuBaeTbcs B Mexax 3,00 — 9980 m®/c. CepenHe KBagpaTUyHe
BiaxuneHHs gopisHioe 906,3 m°/c. KoedilieHT Bapiauii woaeHHnx Butpat Boam Cv= 0,68, a
koediuieHT acumeTpii Cs= 1,86.

CepefHe 3Ha4eHHs1 MakcumarbHUX piBHIB 3a goby (2005-2021 pp.) B HWXHbOMY G’edi
KaniBcbkoi FTEC (puc. 5) ctaHoBuTtb 81,50 m BC (650 cM) npn Hambinbwomy 3adikcoBaHOMY
3HauveHi 84,08 m BC (908 cm). 3a gocnigxyBaHui Nepiog CnocTepiraeTbCA 3HayYHa TEHAEHLUIs
00 3MEHLUEHHS UbOoro nokasHuka Ha 24%. MiHimanbHi 0OOOBI XxapaKTepUCTUKN PiBHIB MatoTb
Aello MEHLUNA TpeHa A0 3MEHLLEHHSA — 5,7% 3 MiHiManbHMM 3adikcoBaHMM 3HAYEHHAM 3a Len
nepioa 78,63 m BC(363 cm).
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Puc. 5. MakcumanbHi Ta MiHiManbHi piBHI Boan 3a Ao6y B HMXHbOMY 6’°echi KaniBcbkoi FEC
(32005 p.)

PesynbTaT po3spaxyHkiB cepenHbo0000BMX PiBHIB Ta BUTpaT BogM nobyaoBaHo rpadikm
eMMIPUYHMX KPpMBMX 3abe3neYeHOCTi WOoAEeHHUX pPiBHIB Ta BUTpaT Boau (puc. 6).

BignosigHo 4o emnipuyHMX KpuBmx 3abe3neyveHocTi WOAEHHMX PIBHIB BOAN Y HUXHbOMY
©’ebi Kaniscbkol N'EC HambinbLua KinbKicTb BUNaakiB npunaaae Ha iHTepsan 80,00 — 83,00 mbC
(500-800 cm) (MmoBipHicTb sikoro piBHAETbCA 90%), B SKMA BXOOUTb CepeaHs apugmeTnyHa
Benu4yuHa, aka gopisHtoe 80,96 mBC(596 cm) (puc.6,a). PewTa 10 % MMOBIpHOCTI Npunagae Ha
MakcuMMarsbHi Ta MiHiMarnbHi 3Ha4YeHHS PiBHIB BOAW, SKi TpannalTbCa He Tak Yacto. Hanbinbwa
KiNbKiCTb BUNagkiB abConOTHOT YacToTU LWOAEHHUX PiBHIB BOAW nNpunagae Ha iHTepsan 80,51-
80,80 mBC (551-580 cm). A BigHOCHa HakonuyeHa 4acToTa LbOro X iHTepBany AOpPIBHIOE
67,67%.
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Puc. 6. EMnip14Hi KpuBi 3a6e3ne4YyeHOCTi WoAeHHUX (a) piBHIB Ta (6) BUTpaT BOAU

[Onsa oTpumMaHHa  HaWbinbworo  HaBNMKEHHS  eMMipUYHOI  OUHKM  MMOBIPHOCTI
nepeBuLLIEHHss 00 aHaniTU4HOro WNOoro 3HayYeHHA 3 BpaxyBaHHAM MIHMAMBOCTI  3MiHHUX
BMNaOKOBMX BENUYMH BapiauiinHoro psgy BukopuctaHo cdopmyny Kpuubkoro ta Menkens [7].
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EmnipnyHa kpmBa 3abe3neyeHocCTi WoaeHHMX BUTPAT BOAN Y HWKHbOMY ©’ecbi KaHiBCcbKOT
NEC mae geLlo iHWy KapTMHY po3noginy 4acToT, HiX 3 piBHAMKM Bogu. HambGinblia BigHOCHa
HaKonuyeHa YyacToTa npunagae Ha HarmeHLWi 3Ha4YeHHs go 3500 m3/c, B Ui Mexi BXoauTb HopMa
(1337 m%c). Nnwe 3 % MOBIPHOCTI Npunagae Ha BCi iHWi 3HaueHHs o 10000 m%c. Taka
KapTuHa cnocTepiraetbcst 4epe3 BnnuB pobotn Kaniscbkoi MEC. Tictorpama posnoginy
LWOOEHHUX BMTpaT BOAM po3paxoBaHa 3a nepiog 1977 — 2021 poku CBiguMTb, WO Hambinbla
KiNbKICTb BUNAAKiB Npunagae Ha iHTepsan BuTpaT Boan B Mexax 401-1200 m*/c 3 BigHOCHOW
Hakonmn4yeHoto YactoTor 70,42- 94,83% BignosigHo (puc.6,0).

3HayHy 3MiHy BOAHOCTI Ta ii BNAMB Ha npouecu pycrnodopMyBaHHA B HUXHbOMY 6’edi
KaHniscbkoi MEC 3acBigumnu rpadiku B3aeMo3B’a3KiB MK piBHAMU Ta ButpaTtamm (Q = f(H) 3a 45
pokiB Ti pyHKUiOHYBaHHA. [Ona noganblunx po3paxyHkiB BigidbpaHo 15 penpeseHTaTUBHMX
KpmBux Butpat (puc. 7,a). Cnig 3asHa4yMTy, WO po3TallyBaHHS KpMBUX 3a nepiogn 1977-1999
pokn Ta 2000-2021 pokun (puc. 7,6;B) iCTOTHO Pi3HATLCA Mi>k cOBot0. Tak y nepLumnin nepiog, KpuBi
MaloTb HabaraTo BinbLUi 3HaYeHHs! BUTPAT BOaW, Aki caraoTb 5 000-5500 m%/c, To y Apyromy, He
BpaxoBytoun 2013 pik 3 BMCOKOK BOAHICTIO, MakcMMarbHi 3HA4YeHHA BUTpaAT cArarTb nuwie
3000 m*c. Takwit nepebir noajii 0ByMOBNEHMIA, NepLl 3a BCe, PI3HUMM hasamMmu BOAHOCTI Y
BKa3aHi BuLLIe YacoBi nepioaw.
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Puc. 7. Kpusi Butpart Boam Q = f(H) B HmkHboMy 6’edpi KaniBcbkoi FEC (a) 1977 — 2021 pp.;
(6) 1977 — 1999 pp.; (B) 2000-2021 pp.

Buxogaum 3 BuLle HaBegeHoro cnig 3asHaunty, wo 3 1977 no 2021 poku gns sutpat 4o

2500 m*/c 3achikcoBaHO 3HaYHE NPOCiAaHHSA PiBHIB BOAW (P1C.8) 3 HAMBINLLIMM 3MEHLIEHHSIM Ha
1,5 M ansa sutpatn 500 m*/c Ta NMOCTYNOBUM 3MEHLUEHHSIM OAaHOT BENUYMHU 3i 36iMblUEHHAM
BuTpaT Boau. Ha Bigpisky nicns 3 000 m3/c cnocTepiraeTbCsi 3BOPOTHMIN MpoLec, a came
36inbLlUeHHs piBHIB BoaM Ha 1,4 M Ha iHTepsani ButpaT 4 500 m%c. HaBegeHi BuLLe BENUYMHM
BUTPAT BOAM MOXYTb CyryBaTU HEMoraHMM OpieHTMPOM noyaTtky (3000 m3/c) i 3akiHueHHs (4500
m%/c) 3aTonneHHs NoBepxHi 3annasu B HWKHbOMY 6'ebi KaniBobkoi MEC. AKLWO nopiBHIOBaTY
Len npouec 3a nepiogaMmm, TO OCHOBHI 3MiHW B NpocigaHHi Yn NigHATTI piBHIB BiHOCHO BUTpaT
Boau Biabynuck 3 1977 no 1999 pokun, a 3a 2000 — 2021 pokn 3HAYHMX 3MiH He Biabynoch (BOHM
He nepesuwytoTb 0,6 M). Lle moxe 3acBigdyBat Ton hakT, WO HanbinbL iHTEHCUBHI 3MiHW B
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npouecax pycnodopmyBaHHs BigbyBalTbCs came B Mepiog MigBULLEHOT BOAHOCTI PiYvKM
(6aratoBogHa dhaza) [13].
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Puc. 8. IHTeHCUBHICTb 3MiH pPiBHA 3a KpuBUMU BuTpat Boau (Q = f(H) no rigponocty KaHis

lMpouecu pycnogopmyeaHHs1 6 HUWKHbOMY 6’°cqpi KaHiecbkoi [EC. T[lpouec
pycnogopmMyBaHHS € GaraTtoakTOpHUM, SKMW B OCHOBHOMY 3anexuTb Big NPUMpOAHMX Ta
AHTPOMOreHHMX YMHHUKIB MNpoOsIBY pPYycrnoBux npouecis. BwusHavanbHMMKM  nNpupogHnMn
CKknagoBumu TyT € : reomnoro-reomopdonoriyHa Oygoea, CTik BoAM Ta HaHociB. Hanmbinbuw
AKTMBHUM i YNHHMKOM MpPAMOI Ail € BOAHWWA CTiK, KM MOXe OyTu npe3eHTOBaHWWE 30Kpema,
pycnodopmysanbHumn Butpatammn soan (Qg) [8]. PospaxyHok pycnodopmyBarnbHUX BUTPaT
npoBedeHo 3a Metoaumkoro M.l MakkaseeBa Ta gonosHeHot O.I. Obogoscbkum [13, 14] i
npeactaeneHi Ha puc.9. Ha entopi, nobygosaHin 3a nepiog 1997-2021 pp.(puc. 9,a) uiTko
BUPaXXeHWU oanH MakcumyM 1250 M3/c ( 3 MMOBIPHICTIO nepeBuLLeHHSt 15%), SIKUIl 3HaXOAUTLCS
HWX4Ye BMXOAY piBHA BOAM Ha 3annasy. BapTo 3a3Haunty, wo pycnodgopmMmysBanbHa BuTpaTta 3a
nepiog 2000-2021 poku 3miHMNAcb y MOPIBHAHHI 3 nonepegHim nepiogom(1977-1999 pp.)
(puc. 9,6). 3a uen yvac i 3HavyeHHs cknano 750 m®/c, wo Bianosinae 50% WNMOBIPHOCTI
nepesuleHHs. TyT cnig 3ragatm npo gobose perynioBaHHa KaiBebkoi MEC, dka npautoe
ABOMa NikaMy BUTpaT: OiNblUMM paHKOBMM Ta MEHLUUM BeYipHiM. HaTOMICTb B OCTaHHI poKu LiEeN
PEXUM TakoX 3a3HaB MEBHUX 3MiH (MOXIMBWA OAMH HEBUCOKWUW, PO3TArHYTUA B Yaci nik). Lle
0ByMOBIIOE 3HMXKEHHS abCOMOTHUX MOKA3HWUKIB pycnodopMyBanbHUX BUTpaT BOAM, LLUO Mae
CYTTEBUN BNNUB Ha NPOSIB PYCMNOBUX NPOLECIB.

10000
3 (a)

2 8000
< 6000
4000
2000
0

0 20 40 60 80

0 50 100 0QnPI*10-2

oQnPI*10-2
—0—1977-2021 —O—1977-1999 —O— 2000 - 2021

Puc. 9 Entopu pycnocdopMyBanbHUX BUTPaT Boau y HWXxHbomy 6’ecbi KaHiBcbkoi MEC: (a) 3a
Becb nepiop (1977 — 2021 pp.); (6) 1977 — 1999 pp. Ta 2000 — 2021 pp.

MopiBHAHHA poO3paxoBaHUX pycrodopmyBanbHUX BUTpaAT 3 HaBeaeHumu y poboTi O.I.
O6oposcbkoro [14] (puc. 10) go nobynosu Kaniscekoi N'EC mae cyTTeBi BigMiHHOCTI.
[na 3ictaBneHHsa BuKOpUCTaHO enopn Qg4 Mo rigponorivHomy nocty Kuis, akun €
OOCTaTHLO penpes3eHTaTUBHUM 4S5 AaHOT AiNsHKK pidkn [Hinpo.
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Llen BnbGip obymMoBREeHUA TaKoX TUM, LLO

qu N \.\\ dinaHka [Hinpa Big Kueea oo KaHeBa € maixke
2200/ \E 6€e3NPUTOYHOLO i 3 MPAKTUYHO BiACYTHICTIO 3MiH
500 5 noro BogHoro pexumy. OCHOBHOKW  entop
0000 { BiAMIHHICTIO, npeacTaBneHux Ha puc.9 i puc.10

ernop € 3MiHa Ha HUX KifNIbKOCTI MakCUMyMIB.
5000 | Tak, po 1977 poky cno_cmpiranocn; OBa
2500 | Makcumymu. lepwnii (BepxHin) Hag 3annasBoro
so00{ T T o—— 11 625 m%/c, AKMiA B Cy4acHMX yMOBaX MOBHICTIO

| ; . o .o
1500 t”_’___ﬂ,/ BIACYTHIN Ta Apyrun (cepedHii) - B Mexax
L

o . — pycna, sikuin ctaHosuB 3 375 m/c.
200 400 600 800 000 Q . o .

7 ? MopiBHANBHWMIA  aHania  umMx  enop
' 3acBigumB, WO HaBiTb cepegHin nik Qg Ao
nobyposn Kaniscbkoi [EC  6inbw 8k Ha
2000 M*c BUWWMI Big OAHOrO MaKCUMyMy
pycriopopmMyBaribHUX BUTPAT, SKUA CMOCTEpPIraeTbCa B CydacHMX ymosax.Lle, 3okpema, Takox
BKasye Ha 3Ha4yHi 3MiHM BOAHOMO pexumy Ta Mopdhonorii pycna pidkm go Ta nicng i
3aperynioBaHHs.

BucHoBKU. BCTaHOBMNEHO 3aKOHOMIPHI 3MiHW B 4aci LWOAEHHMX PiBHIB Ta BUTpAT BOAMW.
BusiBneHo, wo ans piBHiIB Ta BUTpaT BOAW TiHii reoMeTpUYHOro BigoOpaXkeHHs1 cepenHix
3Ha4yeHb 3MEHLLYOTbCA. 3a eMnipuYHUMN KpMBUMK 3a6e3nedeHOCTi LWOAEHHUX PiBHIB Ta BATpaAT
BOOW, BM3HaA4eHo, wo pieHi 80,00-83,00 mEC (500 — 800 cm) Ta BuTpatn < 3500 m3/c matoTb
HanbinbLLy MMOBIPHICTL HacTaHHsA. BcTaHOBNEHO, WO psan € HeoOQHOPIOHUMM 3a KpUTepisMn
CtblogeHTa, Oiwepa, WO CBIgYUTb NPO 3HA4YHY 3MiHY iX BOAHOrO pPeXxummy B YyMOBaXx
3aperyntoBaHHs CTOKY BOAM Ha OOCMigKyBaHin ginaHui JHinpa.

3’AcOBaHO, WO XapaKTePUCTMKM BOOHOIO pexmmy B HwkHboMmy O’edi KaHiBcbkoi MEC
TiCHO noB’si3aHi 3 xapakTepuctmkamu Kuiscbkoi NEC Ta rigponoriyHoro nocta Jlitkn Ha p. [lecHa
Ta BMSABMNEHO X TPEHAN A0 3MEHLUEHHS.

BugineHo asn BOAHOCTI ANA CcepefHix cepeaHbOpiYHUX PIiBHIB Ta CcepegHix,
MakcMMarbHUX Ta MiHiManbHUX CepeaHbOPIYHUX BUTPAT BOAM Y HWXHbOMY 6’ci KaHiBCbKOI
NEC (1977- 2021 pp.). 3acsigyeHo, wo opieHToBHO 3 2003 poKy poanovanacb ManoBofHa
rasa, ska NPoJOBXKYETLCS | O HUHI.

3a KpMBMMM BUTpAT BOAU B HXKHbOMY 6’edpi KaHiBcbkoi TEC BCTaHOBNEHO TeHAEHLUIT Ao
NposiBy eposilHUX MPOLECIB, SKi 4YiTKO MOXHa MPOCNidKyBaTM Ha 3MiHi piBHA Boau B OiK
3MeHLUeHHs1 Ana BuTpaT 4o 2 500 m*/c, To6To Mae Micue MPOCiAaHHS PIiBHIB NPV OOHAKOBMUX
BUTpaTax Boau. Pa3om 3 TMM BigbyBaeTbCcs 3pOCTaHHA PiBHIB Boau Ans BuTpaT 3 000 m%/c |
OinbLUKMX, WO € HacnigKoM BMXoA4y BOAM Ha 3annasy.

HokasaHo snnue Kaniscbkoi NEC Ha 3miHy pycnodopmyanbHux ButpaT Bogum p. OHinpo,
AIKe NPOSABUIMOCA B 3MiHi KiNbKOCTI MakCMMyMiB Ha entopi Qg Ta 3Ha4YHEe 3MEHLUEeHHSA BeITMYMHU
pycrnodopmyBasbHOi BUTpaTn BOAMN.

500 | b

Puc. 10 Enwpa pycnodopmyBanbHUX
BuTpar p. fHinpo (rigponoct Knis) [14]
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Temporal estimation of water regime and channels formation in the lower channel of the Kaniv HPP

Kulykivska I.M., Obodovskyi O.G.

After the construction of the cascade of reservoirs on the Dnieper River, the over-regulation of water runoff
caused significant changes in its water regime. In particular, this applies to the Kaniv Hydroelectric power station
(HPP), which was the last to be built in the cascade. In addition, the rivers of Ukraine have a low-water phase of the
water regime, which leads to a decrease in their runoff. This, in turn, affects the dynamics of channel formation
processes. That is why the current assessment of water regime and channel processes in the lower reaches of the
Kaniv HPP is important, because they depend on effective water management activities, operation of reservoirs
throughout the Dnieper cascade. The dependence of water inflow to Kaniv HPP on discharges from Kyiv HPP and
water runoff of the Desna River has been established. The paper analyzes the current changes in the water regime in
the lower reaches of the Kaniv HPP and identifies the main factors of runoff formation in the study area. Hydrological
information for 45 years (1977 - 2021) is taken as a basis for research of the regime of daily levels and water
consumption in the lower reaches of the Kaniv HPP With the help of statistical analysis, the tendencies to decrease
the levels and change of water consumption after the construction of Kaniv HPP were determined. According to the
difference integral curves, the cyclicity of water runoff in the lower reaches of the Kaniv HPP was studied and the
water phases for average, minimum and maximum water consumption were identified. Graphs of empirical curves of
daily supply levels and water consumption are constructed. To obtain the closest approximation of the empirical
estimate of the probability of exceeding its analytical value, taking into account the variability of variable random
variables of the variational series, the formula of Kritsky and Menkel was used. Water flow curves are constructed
and changes in subsidence and rising water levels over different time periods are determined. Significant changes in
water content and its impact on the processes of channel formation in the lower reaches of the Kaniv HPP were
shown by graphs of relationships between levels and costs for 45 years of its operation. For further calculations, 15
representative curves were selected. The process of channel formation is multifactorial, which mainly depends on
natural and anthropogenic factors of channel processes. The calculation of channel formation costs was carried out
according to the method of M.l. Makkaveeva and supplemented by O.G. Obodovskyi and set their time dynamics.

Keywords: downstream of Kaniv HPP, water regime, statistical analysis, water level regime, water flow
curves, long-term fluctuations of runoff, channel processes, channel-forming water costs..
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