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EKOJIOr0-EKOHOMIYHA OLIIHKA CLIEHAPIIB BOOOOEMIHY Y
BOAOCXOBULLUAX CUCTEMU KAHAJY OHIMNPO - AOHBAC

MpoBeneHo cueHapHUM aHaNi3 YOTMPbLOX BapiaHTiB BoAoo6MiHy y Kpa-
CHOMAaBNiBCbKOMY BOAOCXOBMLLi Y cucTeMi KaHany [lHinpo-[oH6ac. Po-
3rAsHyTa IX €PEeKTUBHICTb 32 €KOJI0ro-eKOHOMIYHUMU KpuTepiaMu. Ak
KpuTepiin eKOHOMIYHOI epeKTUBHOCTIi BUOGpaHO BUTpPATH BOAU NpPM Npo-
BefeHHi Boaoo6MiHy, eKonoriyHa epeKTUBHICTb OLiHETLCA 3a AOCAr-
HYTOI BEJIMYMHOIO XKOpCTKOCTI Boau B KpacHonaBniBCbKOMY BOAOCXO-
BuLli. CueHapHMUI aHani3 NoKasas., Wo BapiaHTM BoA006MiHy MaloTb Cy-
nepeYIMBMIN XapaKTep 3a eKONIOriYHUM Ta EKOHOMIYHUM KpUTepiaMu i
CKnapawTb o6nactb onTuManbHux 3a NapeTo piweHb. OaeprkaHo, Wo
Hanbinbw epeKTUBHUM 33 €KONOriYHUM KPUTEpPIiEM € BapiaHT ABOKpaT-
HOro Bogoo6MiHy B OpinbcbKOMY BOAOCXOBMULLI Ta CKUAOM BOf, A0 PiBHSA
po6oyoro cnpautoBaHHA KpacHonaBniBCbKOro BOAOCX0BMLLA 3 HAacTyn-
HUM MOro HanoBHeHHAM. Jluwe faHMK BapiaHT 3a6e3neyye 6aXkaHy Be-
JNINMMHY KOPCTKOCTI, WO BiANOBiAa€ HOPMATUBHUM 3HAYEHHSA AKOCTI
BOAMW ANA NMUTHUX NoTpe6.

KnrouoBi cnoBa: Bopoo6MiH, XXOPCTKiCTb BOAW, CLLEHAPHUWA aHani3, iMi-
TauwinHa Moaenb, eKOJIOriYHMIA KPpUTepin, EKOHOMIYHUN KPUTEPiN, eKo-
NOro-eKoHOMi4yHa e(peKTUBHICTb.

Bctyn. Kanan OHinpo — [oH6ac, 3aranbHa QOBXMWHA KO0 CTaHO-
BUTb 262,8 KM, pO3TallOBaHMW Ha TepuTopil NiBoOEPEXHOI 4acTUHMU
YkpaiHm B [JHiNnponeTpoBCbKiN Ta XapKiBcbKin obnactax. OCHOBHI rigpo-
TEeXHIYHi cnopyau KaHany: ronoeHa Bogo3abipHa cnopyaa 3 pubo3aropo-
O)KyBayeM i NNaHKTOHHOK 3aBicot, 12 HacocHMx cTaHuin, 11 glokepis i
8 akBeqdyKiB, BOOOCKUOHUI TyHenb, peryntotodi Opinbebke (17 MaH M3) Ta
KpacHonaeniscbke (410 mnH M%) BogocxoBuia, 12 rpebenb-nepenagis.
3rigHo 3 NpoeKkTOM nepenbavyaeTbCsA NOCTiIMHA Nodayvya BOAM MO Ka-
Hany OHinpo — JoH6ac B p. Cieepcbkuin [JoHeub i HanoBHeHHA KpacHo-
NaBNiBCbKOro BOAOCXOBULLA, SIKE € OXXEPEOM MUTHOIO Ta KOMYHaNbHOro
BOAOMNOCTa4YaHHA M. XapKiB Ta XapKiBcbKoi obnacTi.
3riaHo 3 cT. 76, 78 BogHoro koaekcy Ykpaiuu [1], Bci yyacHMKM Bo-
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[0rocnoAapcbKoro KoMnsekcy 3060B’'ss3aHi [OTPMMYBaTUCA BCTaHOBe-
HUX peXXuMiB noro poboTn Ta NpaBun ekcnnyatauii. OgHaK y 3B'A3Ky i3
BiACYTHICTIO piHaHCYBaHHA Ha BMKOHAHHSA LMX 3axofiB, BOOO0OMIH npo-
BOOMTLCS pa3 y ABA POKWU. 3a pe3ynbTaTamu BOOOOOMIiHY, NpOBEAEHOro y
2016 poui, no KpacHonaeniecbkoro Bogocxosuwa nogaHo 110 MaH m3
BoAM. AKICTb BOAN 332 NOKA3HMKOM XOPCTKOCTI Y NPUAOHHOMY BOOOBUMY-
CKy 6yna noninweHa 3 8,3 go 7,0 Mr-eks/gm3.

3a nepiof BiQCYTHOCTI NpoBeAeHHs YeproBoro BogoobMiHy y Kpac-
HONAaB/iBCbKOMY BOAOCXOBWULI JOPCTKICTb BOAW A0OCArNa BeNYUHMU
9,5 Mr-ekB./aM3, WO nepeBuLLYE HOPMATMBHI 3HAYEeHHSA AKOCTI BoAM ANA
nuTHMX notpe6b [2; 3]. Lle BUMarae BOOCKOHANEHHA YNpPaBNiHHA CTPYKTY-
poto Bogo06MiHy [4]. CTaBuTbCA 3a4aya po3rnsaay PisHUX BapiaHTIB iMi-
TauinHoro MoaentoBaHHSA BOAOOOMiHY, NOPIBHAHHA TX 3@ €KONOTiYHMM Ta
€KOHOMIYHUM KpuTepiaMn, BUOOPY CTPYKTYPWU CUCTEMU YNPaABAIHHA i
NPUNHATTA ONTUMAaNbHUX PilleHb 3@ pe3yfibTaTaMWn CLLEHAPHOro aHanisy.

CueHapHe MoaenBaHHA BapiaHTIB AsA onTUMi3auil BOA00OMiHY.
Ha ocHoBi iMiTauinHOl Mogeni NPONOHYETLCSA NPOBECTU PO3PaXYHKMU pi3-
HUX cueHapilB BogoobMiHy y KpacHonaBsniBcbkoMy Bogocxosuui y 2018
poui. MaTemMaTM4yHa Mopenb, 3rigHO TEXHOMOriYHOI CxeMu BogonoAadi,
BKJIOYAE [Ba OCHOBHI O6/10KM: MOAestoBaHHA npoueciB BogooOMiHY B
OpinbcbKOMy BOA0CX0BMLi Ta HanoBHeHHsA KpacHonasniscbkoro [5]. Ana
OpinbcbKOro BOOOCXOBULLA PO3r/ISHYTO OBa BapiaHTM — OOHOKpaTHe Ta
OBOKpaTHe cnpautoBaHHA. [ns KpacHonaBniBCbKOro BOAOCXOBULLA Ta-
KOXX PO3rfisiHYTO OBa pPeXuMu poboTn: HanoBHEHHS BoOoOCXoBMLaA Oe3
nonepegHbLOro CKMAY BOAW NiABULLEHOT XOPCTKOCTI; CKMA, BOA OO0 PiBHSA
pobo4yoro cnpauoBaHHA BOAOCXOBULLA 3 HACTYMHMUM MO0 HANOBHEHHSAM.
BuxigHi gaHi pns npoBefeHHA po3paxyHKiB ofep)KaHi B YnpaBniHHI Ka-
Hany OHinpo — [JoHbac.

MNig yac ogHoKpaTHoro BoAo0OMiHY B OpinbCbKOMY BOOOCXOBMLLI
NPOBOANTLCA CMNpaLOBaHHA BOA MNiABULLEHOT XKOPCTKOCTI Yyepe3 rpebnio 3
BogockuaoM y p. Opinbka cepegHbogo6oBoto BuTpaTtoto 2,50 m3/c npoTsa-
rom 24 pi6. 06'em BogocxoBuLa 3HMKYEeTbeA 3 16,106 oo 10,922 mnH M3,
B npoueci HanoBHeHHA 3aKauyeTbeca 5,26 MAH M3 BoAM, BHAcNiAoK 4oro
06'eM BogocxoBuLa 36inbwyeTbcs Ao 16,181 mMaH M3, OAWH HACOCHUN
arperat HacocHoi cTtaHuii (HC) N2 10 npautoe uinogo6oso 3 BUTPaTOlO
20,3 M3/c. YopcTKicTb Boaun 3HMXKYeTbCSA Ao 12 mr-eks/gM3. Mig yac Ha-
noBHeHHs1 KpacHonaBniBcbKoro Bogocxosuwa B OpinbCbKOMY BOOOCXO-
BULWi Boga ogHo4vacHo nopaetbecs HC Ne 10 Ta Bigkauyetbcsa HC Ne 11 Bu-
Tpatamu 20,3 m¥/c. MpoTtarom 50 [i6 »OPCTKICTb BOAM 3HUXKYETLCA A0
3,8 mr-eks./gM? (puc. 1).
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: T, no
N HATIOBHEHHA BOJIOCXOBHINA Ge3 MollepelHbOTo CKHAY BOJ A0 PiBHA podouolo
CTIPALIIOBaHHA(OHOKPATHHE BOI00OMIHY OpillbchbKOMY BOIOCXORHIINI)

6a

BN HATTOBHEHHS BOJIOCXORHINA 13 MOMePeNHIM CKHAOM Boj 710 piBHa poGodoro
CTIPALIIOBAHHA (OTHOKPATHHI ROJ00OMIHY OpilbChbKOMY BOJOCXORBHII)

BN HATTOBHEHHS BOJIOCXOBHINA Ge3 MOMepeHboro CKHIY B 0 PiBHA poGouoro
CrpaLIBaHHA(IBOKPATHHH BO000MIHY OpillbChKOMY BOJIOCXORBHIIL)

[ HAMTOBHEHHSA BOJIOCXORHINA 13 MOMEPEIHIM CKHAOM BOJ| 710 piBHA pofodoro
CTIpALIIOBAaHHA (JIBOKPATHIIT BogooOMIHY OpilhChbKOMY BOJOCXORHIIT )

s OPCTKICT BOJIH MPH HAIMOBHEHH] BOAOCKOBHINA Ge3 MorepeiHbOTo CKHAY BOJ
710 PiBHA poBOTOTo CIIPALTIOBAHHA( 0JJHOKPATHHE BOJTo0GMIHY OpilTbChKOMY

BOOCXOBHIIN s ’ ’
T CTKICTI:H%gI[H TIPH HAalToBHEHHI BOJOCKXOBHIIA 13 TTIOTIEPEIHIM CKHAOM BOIO J0

piBHA poOOYOTOo CrIpaL0BaHHA (OJTHOKPATHHI BOJ000MIHY OpillbChKOMY

BO OCXOBHL%% 3
— CTKICTb BOMM IIPH HAIMOBHEHH] BOZOCXOBHINA (€3 MOMepenHboro CKHAY BOT

710 piBHA poBOYOTo CIIPALTIOBAHHA (ABOKPATHHE BOA0OOMIHY OpilhcbKOMY

RO OCXOBHH%% . . .
SKOPCTKICTh BOIH MPH HAIMOBHEHH] BOJOCXOBHINA 13 TTOMEPEAHIM CKHIOM BOJ 70

piBHA poOOYOTO CIIPALIIOBAHHA (BOKPAaTHHE BOA00OMIHY OpillbChKOMY
BOJOCXORBHII)

Pwuc. 2. BapiaHTu cueHapiiB Bogoo6MiHy y KpacHonaBniBcbKoMy
BogocxoBuui y 2018 poui

— npu ABOKpaTHOMY B0Ao006MiHI B OpinbCbKOMY BOAOCXOBULI Ta
HanoBHEHHI BoAOCXOBULWA 6e3 nonepedHbLOro CKMAy BOAW MigBULLEHO!
»opcTkocTi — 120 MaH M3,

— Npu OAHOKPATHOMY BOA00OMIHI B OpinbCbKOMY BOAOCXOBULI Ta
CKMAOM BOJA 00 piBHA poboyoro cnpautoBaHHa KpacHonaBniBCbKOro Bo-
pocxoBuwa — 163 maH M3
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— Npu ABOKpaTHOMY B0oA00OMiHi B OpiflbCbKOMY BOAOCXOBMLUI Ta
CKMAOM BOJA 00 piBHA poboyoro cnpautoBaHHa KpacHonaBniBCbKOro Bo-
pocxoBuwa — 173 mMaH M3,

CueHapHuM aHani3 nokasas, WO BapiaHTM BOLOOOMiHY MawTb Cy-
nepeYnMBunM XapakTep 3a EKOJIOTIYHMM Ta EKOHOMIYHUM KpuUTepisMu
(puc. 3). 3a yoTupMa cueHapiaMn BoAoo06MiHYy y KpacHonaBniBCbKOMY
BOJOCXOBULLi EKONOTiYHUMA KpUTEpin cnaga€, a eKOHOMIYHUM 3POCTaE.
BoHu cknapatoTb 06nacTb onTuManbHux 3a Mapeto piweHsb [6]. ToMy Bu-
HMKA€E HeoOXigHICTb ABOKpPMUTEpianbHOI ONTMMI3auil, KA 34IACHIOETLCS
AN [OCATHEHHS KOMNPOMICHUX pilleHb 32 EKOHOMIYHUM Ta €KOJIOMYHUM
Kputepiamn. [Ina Bubopy oNTUManbHOro PilleHHS 34iNCHIETLCS MiHiMi-
3auia kputepiie B o6nacTi Napeto Q:

W,C)— min, (1)
ae W — BenuunHa BMTpaT BOAHMX pecypciB, MH M3 C — BenMumMHa Xop-
CTKOCTi BOAM, Mr-ekB./Oom® nicna npoeefeHHsA BoaoobMiHy y KpacHonas-
NiBCbKOMY BOLOCXOBMLLI.
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BapiaHT BOIO0GMIHY
oBGCATH BUTPAT BOMH, MITH.M3

KOPCTKICTb BOAH Y KpacHOMaRMiBCEKOMY BOJIOCXOBHII, MI-€KB./IM3

Puc. 3. 06nacTb MapeTo-onTUManbHUX pilleHb 3@ EKONOTiYHUM Ta EKOHOMIYHUM
KpuTepiaMu edeKTUBHOCTI 4SS BapiaHTIB BOAOO6OMIHY:

1 — oAHOKpaTHMM BOA00OMiH B OpiNibCbKOMY BOAOCXOBWLLi Ta HANOBHEHHS BO-
AocxoBula 6e3 nonepegHbOro CKMAY BOAM MiABULLEHOT XXOpPCTKOCTI ¥ KpacHo-
NnaBfiBCbKOMY BOAOCXOBULLi; 2 — ABOKPaTHMI Bof000MiH B OpinbcbKkoMy BogoC-

XOBMULLi Ta HANOBHEHHSA BOAOCXOBULLA 63 nonepeaHboOro CKMAy Bogu NigBu-
LLLEeHOT XOopCcTKOCTi Yy KpacHonaeniBcbKOMY BOA0OCX0BULLi; 3 — OQHOKPATHUI BO-
0006MiH B OpinbCbKOMY BOAOCXOBULLI Ta CKMUA BOA, A0 piBHA poboyoro cnpauto-

BaHHA KpacHoNaBniBCbKOro BOAOCXOBMLLA; 4 — ABOKPATHMI BOAOOOMIH B
OpinbcbKOMy BOAOCXOBULLI Ta CKMA BOA, A0 PiBHSA pob6o4voro cnpauoBaHHS
KpacHonaBniBCbKOro BOAOCXOBMLLA
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OnTuManbHe pileHHs 3HaxoAATb HA OCHOBI €KCMEePTHMX OLiHOK abo
3a 0OAATKOBUM KpuTepieM. B naHoMy BMnagKy MoxkHa BMbBpaTtu BapiaHT
3a YMOBM 3a6e3ne4YeHHs eKoIoriYHNX HOPMATHUBIB :

C<Crye. (2)

ne CFﬂK — BCTaHOBJZIeHa HOPMATUBOM FPAaHNYHO OOMNYCTUMA KOHUEHTpa-

Lis.
BucHoBKKM. 3acTocyBaHHS CLEHApPHOro aHanisy npouecis Bogoo6-
MiHY 4,03BOJIUIIO OLiIHWUTM YOTMPWU BapiaHTM BoAoobMiHy y KpacHonaBniBe-
CbKOMY BOOOCXOBMLLi 3@ €KOJIOTiYHUM (MOKA3HUK XOPCTKOCTI) Ta eKoHOo-
Mi4yHUM (06'eM BMTpAT BOAU Ha NPOBeAEHHSA BOA006MiHY) KpuUTepiamu.
MpoBeAeHa eKOs0ro-eKOHOMIYHA OLUiHKA BapiaHTIiB CueHapiiB BO-
[O00OMiHYy B cucTteMi kaHany [Hinpo-LoHb6ac y 2018 poui Hagae
06'eKTMBHY iHDOPMaLIiO AN NPUAHATTA ONTUMANIbHUX pilleHb B 06nacTi
MapeTo. MpMNHATTA pilleHb 34INCHIOETLCSA HAa OCHOBI EKCMEPTHUX OLIIHOK
ab0 3a A0OAaTKOBUM KpUTEPIEM 3a0e3nevYeHHs eKONOriYHMX HOPMaTUBIB.
Jocsartm HOpMaTUBHOI SAKOCTI BOA 32 MOKA3HMKOM >OPCTKOCTI
(7,0 Mr-ekB./aM3) MO>KHa nuLLe 3a BapiaHTOM MPoOBeAEHHS ABOKPATHOro
BOA006MiHy B OpinbCbKOMY BOAOCXOBMLLI Ta CKWOOM BOA [0 pPiBHA pobo-
yoro crnpauBaHHA KpacHonaBniBCbKOM0 BOAOCXOBULLA.
MpoTe, 3 ypaxyBaHHAM EKOHOMIYHOro KpuTepito, binbw edeKTmB-
HUM € KOMMPOMICHUIM BapiaHT 0QHOKPaTHOro BoAoo6MiHy B OpinbCcbKomy
BOAOCXOBMLLI Ta CKMAOM BOZA A0 piBHA poboyoro cnpautoBaHHa KpacHo-
nasniBCcbKoro sogocxosuwa. MNMpun LbOMy 3MeEHLYOTLCSA 3aTPaTM BOAHUX
pecypcie Ha npoBedeHHA BOAOOOMiHY, a €eKOMOriYHUN KpuUtepin
7,3 Mr-ekB./gM3HabBNMXKAETLCSA 00 HOPMATUBHUX 3HAYEHD.
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ECOLOGICAL AND ECONOMIC ESTIMATION OF WATER EXCHANGE
SCENARIOS IN THE RESERVOIRS OF THE DNIPRO - DONBASS
CHANNEL SYSTEM

During the absence of regular water exchange in the Krasnopavliv
reservoir, the water hardness reached a value of 9.5 mEq/dm3 and it
exceeded the normative values of water quality for drinking needs. In
2018, the tasks involved examination for various option of water
exchange simulation modeling, comparison of their environmental
and economic criteria, the choice of the structure of the control
system and the adoption of optimal solutions based on the results of
the scenario analysis. According to the technological scheme of water
supply, the mathematical model includes two main blocks: the
modeling of water exchange processes in the Orilske reservoir and
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the filling of Krasnopavliv reservoir. A scenario analysis of four water
exchange options within the Dnipro-Donbass channel system was
carried out. Their effectiveness was considered on the base
environmental and economic criteria. As a criterion of economic
efficiency, the amount of water was chosen during the water
exchange, the environmental efficiency is estimated by the
achievement of the water hardness content in the Krasnopavliv
reservoir.
Scenario analysis showed that water exchange options are
contradictory in terms of environmental and economic criteria and
have the Pareto-optimal region. Decision is made on the basis of
expert assessments for optimal region. It was established that the
most effective by ecological criterion is the variant of the double
water exchange in the Orilske reservoir and the water discharge to
the operating level of the Krasnopavliv reservoir with storage water.
Only this option provides the desired content of hardness, which
corresponds to the standard content for drinking water. However,
taking into account the economic criterion, an effective compromise
variant of one-time water exchange in the Orilsky reservoir and
discharging the water to the operating level of the Krasnopavliv
reservoir is proposed. At the same time, water volume for water
exchange is reduced, and the environmental criterion come to 7.3
mEq/dm3. This variant is recommended for water exchange within the
channel system in 2018.
Keywords: water exchange, water hardness, scenario analysis,
simulation model, environmental criterion, economic criterion,
environmental and economic efficiency.
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9KO0J10ro-aKoHOMMYECKASA OLLEHKA CLLEHAPUEB
BOAOOBEMEHA B BOAOXPAHUJIULLIAX CUCTEMbI KAHAJIA
AHENP - OHBACC

MpoBeneH cueHapHbIN aHaNU3 YeTbipex BapuaHTOB BofoobmMeHa B
KpacHonaBnoBcKOM BogoXpaHunuLie B cucteMe KaHana [lHenp — [1oH-
6acc. PaccmoTpeHa nx appeKTUBHOCTb MO 3KOJIOro-3KOHOMUYECKUM
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KputepusaM. B kKauecTBe KpuTepus 3KOHOMUYeCcKon 3PpPeKTUBHOCTH
BbiGpaHbl 3aTpaTbl BOAbI NpU NpoBeAeHUM BoaoobMeHa, aKonorunyec-
Kas 3pPeKTUBHOCTb OLLIEHUBAETCA NO AOCTUrHYTOM BEJIMMUHE KECTKOC-
™1 Boabl B KpacHonaBnoBckoM BogoxpaHunuue. CueHapHbii aHanus
nokKasas, 4To BapyMaHTbl BoAoo6MeHa UMeloT NPOTUBOPEYUBbLIA XapaK-
TEep NOo 3KOJIOrMYEeCKOMY U IKOHOMUYECKOMY KPUTEPUSAM U COCTaBASAIOT
obnactb onTuManbHbix no MapeTto peweHnin. YcTaHOBIEHO, 4TO Haubo-
nee 3¢pPeKTUBHLIM NO IKONIOrMYECKOMY KPUTEpPUIO ABNSETCA BapuaHT
ABYXKpaTHoro sogoo6MeHa B OpenbCKoOM BogoxpaHunuile n copocom
BOA A0 YPOBHA pabouero cpabarbiBaHua KpacHonaBnoBCKOro Bogox-
paHuAMLLA C NoCNeAy LM ero HanosHeHueM. ToNbKO AaHHbIA Bapu-
aHT o6ecneymBaeT }KenaeMyr BeJIMMUHY KEeCTKOCTU, KOTOpas COOTBeT-
CTBYeT HOPMAaTUBHbIM 3HAYEHUAM KayecTBa BOoAbl AJ1IA NUTbEBbIX HYXKA.
KnroueBble cnioBa: Bopo006MeEH, YKeCTKOCTb BOAbI, CLLeHAPHbIA aHaNu3,
MMUTALMOHHAA MOAeEJb, 3KOJIOrMYECKUN KPpUTEepUM, 3KOHOMUYECKUN
KPUTEepUH, 3KOJIOro-3KoOHOMU4ecKasa 3pPeKTUBHOCTD.
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