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TunposHepreTrika — BaXXKHBII (HhaKTOp pa3BUTHUSI SKOHOMHYECKOTO PAa3BUTHSI CTPAHbI, OCOOEHHO YUYMThI-
Basi, UTO OHA 0OecIeunBaeT MMKOBbIE HAIPY3KHU B JIEKTPUUECKOM CETH, YEero He MOTYT CAeaTh TEIIOBbIC
U aTOMHBbIE 31eKTpocTaHuu. Bmecrte ¢ Tem coznanne 'DC 1 cBA3aHHBIX C HUMU BOAOXPAHWJIMIIL TIPUBO-
JIUT K LIeJIOMY psily mpo6sieM. B ocHOBHOM aKojiornyeckux (3aTorsieHre 60JIbIINX MJI0LIaei, HepeaKo 3a-
HSTBIX LIEHHBIMU CEIbCKOXO3SIMCTBEHHBIMU YTONBSIMU, yIIepO phIOHOMY cTamy | np.). [ToaToMy BaxkHO
3HaTh, HACKOJIbKO 3O EKTUBHO pabOTAIOT TUAPOIAEKTPOCTAaHIIMU. [1oTbITKA pellInTh TaKylo 3a1a4y npe-
MPUHSTA B JaHHOM cTaThe Ha TpuMepe BepxHeBoimkckoro 1 KaMmckoro kackanoB Bomoxpanuiuil. [pen-
CTaBJIEHbI OCHOBHBIE CBEIEHUSI O HUX — TIOIIAAM 3epKalia, MOJIHOM U TTOJe3HOM o0beMax, CpemaHeii mpo-
eKTHOI BbIpaboTKe 3ieKTposHepruu. OlLeHeH BKJIaJ paCCMOTPEHHBIX KacKaloB B BhIPAOOTKY 3JIEKTPO-
sHeprum Bcero Bomkcko-Kamckoro kackana BogoxpaHuinila. ChopMUpOBaHbI PsIAbI JaHHBIX O TOJOBOM
MPUTOKE, COpOCe BOIBI Yepe3 I'MAPOY3JIbl U BRIPaOOTKe Ha HUX 3ekTpoaHepruu ¢ 2002 o 2021 r., 1o psiny
cranuuii ¢ 2004 o 2022 r. I[lokazaHa CBsI3b IIOIIAAN BOTJOXPAHWIMIIL C UX 00BEMOM, a TAKXKe BEIPAOOTKM
3JIEKTPO3HEPTUHU C BOMHOCTHIO OTIEIBbHBIX JIET U TIEPUOIOB. YCTaHOBJIEHA CBSI3b ITPUTOKA BOMIbI B BOJOXPa-
HuaMua ¢ ee copocom yepes TypouHbl ['DC. Ocoboe BHUMMaHue yaeaeHo PriOMHCKOMY BOOOXpaHWIIHILLY,
OCYIIIECTBIISIIOIIIEMY MHOTOJIETHEE peTyJIMpoBaHue cToka. Paccuntana BeIpaboTKa 371eKTPOIHEPTUU B MHO-
TOBOJHbIE, CPETHUE 110 BOMHOCTU M MAJIOBOIHBIE rofbl. OlieHEHO OTKJIOHEeHUe (haKTUUeCKO BRIPaObOTKU
3JIEKTPO3HEPTUHU OT CPeAHEeH MPOEKTHOM, HA OCHOBAaHUH Yero caejlaH BhIBOI 00 3 (hEKTUBHOCTH pabOThI
I'DC. OnpeneneHa BEpOsITHOCTh BBIPAOOTKH 3JIEKTPOIHEPTUU B 3aBUCUMOCTH OT IIPOTHO3HBIX 3HAYCHUIA

PEYHOro CTOKa.

Karouessie crosa: Bogoxpanumiie, ' DC, BeIpadboTKa 371eKTpos3HepIrun, 3O OEeKTUBHOCTh (GYHKIIMOHUPO-
BaHMUSI, TOAbI pa3HOM BomHOCTH, BepxHeBomkckuit 1 KaMckuii Kackaabl
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BBEIAEHME

EctecTBeHHBIIT peXXUM pedHOro CTOKAa AAJCKO He
Bcerma ymno0eH IJisl pellieHUsI BOOHBIX W IPYTUX MPO-
omeM. Tak, Ha Tepputopnu Pycckoit paBHUHBI OOJTh-
IIasi 9acTh CTOKA IPUXOAUTCS HA CPAaBHUTEIBHO
KpPaTKOBPEMEHHBII ITepuon BECEHHETO IOJOBOIbS,
TOIIa KaK OCHOBHBIE ITOTPEOGHOCTHU B BOJIE UMEIOT M€ -
CTO B Jpyrue ce3oHbl roga. Hepenku u MaaoBoaHbIe
rogpl. DTO B TIOJHOW Mepe OTHOcUTcS K BepxHeit
Bonre n Kame 1 B 11e710M K BOJDKCKOMY Oacceliny. B
CBSI3U C BTUM ellle B Havyajie XX CTOJIeTUS BO3ZHUKIIA
uiesi MaclITabHOro TUAPOTEXHUYECKOTO PEryJIMpo-
BaHUSI PEYHOIro CTOKa M co3maHms Bomkcko-Kawm-
CKOTO KacKaja BOJOXPaHWJINII, COCTABHBIMU YaCTsI-
MU KOoToporo ctanu BepxHeBomkcknii m Kamckmit
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KacKazbl, paccMaTpyuBaeMble B JaHHOM CTaThe, XOTS
HEeOoOXOAUMO OTMETUTH, YTO MaJible BOJOXPaHWINIIA
M TIPYOBI CO3aBajlNCh B pacCMaTpUBacMOM PETHMOHE
yXe gaBHO. MaciurabHoe Xe peryJimpoBaHUe CTOKa
Hayayioch B KoHIIe 1930-x ronos ¢ co3nanus MBaHb-
KOBCKOTO, PHIOMHCKOro M YTIIMYCKOTO TUAPOY3JIOB.
Ecnu ocHOBHOI! 11e71b10 MBAHBKOBCKOTO BOOOXPAaHU -
JIVIIA W BBIXOASIIEro U3 HEro KaHaia UM. MOCKBBI
6bLI0 obecrieueHre Bogoii MOCKOBCKOIT armoMepa-
1K, To PeIGMHCKOrO 1 YIIIMYCKOTro, a 3aTeM U Apy-
T'MX BOIOXPAaHUIUII — oOecriedeHrne paboThl CO3IaH-
HbIX Ha HUX 'O C u ynoBieTBOpeHne OCTPOI ITOTped-
HOCTHU B 3JICKTPOSHEPIMU HACEJeHUS U XO3SiCTBa
eBpPOIIEHCKON YacTU CTpaHbI, TeM 0ojiee MUKOBOIA,
KOTOPYIO HE MOTYT 00€CTIEUNTh TEIIOBbIE I aTOMHEIE



836

craHuuu. KoHedyHO, MONyTHO pelIajanch U IIpoode-
MBI YIOBJIETBOPEHUS NOTPEOHOCTE! B BOMIE U APYTUX
oTpacieii Xxo3siicTBa.

Hapsiny ¢ oueBMAHBIMU TOCTOMHCTBAMM CO3/a-
HUST BOOOXPaHWINI UMEETCS U LEJIbIA psii HeraTUuB-
HBIX MOCJIEACTBUM, Cpear KOTOPBIX 3aTOIUIEHUE U
TOATOINJICHUE CEJIbCKOXO3SMCTBEHHBIX YTOAUM, a HEe-
pEnKoO U 3aCTPOEHHBIX TEPPUTOPUIA, HACETIEHUE KO-
TOPBIX TIPUXOIUIIOCH TTePECEIsITh, HApYLIEHUE YCIIO-
BUi1 0OMTaHUS BOOHOI 1 HazeMHoOM payHbI 1 Ap. He-
pENKO BBICKA3bIBA€TCSI MHEHME, UTO B Hallle BPEeMs
Bomxcko-Kamckuit Kackan B CyllIeCTBYIOIIEM HbIHE
BUE BPS JIM ObLUT ObI TTIOCTPOEH, a Psi y>Ke CO3MaH-
HBIX BOOOXpaHWIUIL, ocoOeHHO PrIOMHCKOE, TIpu-
Belllllee K 3aTOIUICHUIO OOMBIIMX TePPUTOPUiA, clie-
JIOBAJIO OBl TMOJHOCTBIO WM YaCTUYHO CITYCTUTh.
Yo6enuTenbHbI OTBET Ha 3TU BbICKa3bIBaHUSI JaJl U3-
BECTHBII HcciienoBaTeb BogoxpaHwiuiln A.b. ABa-
KsiH (1991), KoTOpBIi, HE OTpUILIAs pPsiTa HeTaTUBHBIX
MOCJIEACTBUI X CO3IaHMsI, [TOKa3al, 4YTO, pa3 y>K BO-
noxpaHuiauina Bomkcko-KaMckoro kackamaa cyiie-
CTBYIOT, HEOOXOIMMO IyMaTh O COBEPIIIEHCTBOBAHUU
UX pabOThI, a HE 00 MX CITyCKE M3-3a YpEe3BbIYAtHO
HEraTMBHbBIX ITOCJEACTBUI 3TOro CHycKa KakK JUJIs
CJIOXKMBIIIETOCcsl X03s1iicTBa B OacceiiHe Bonru, Tak u
IUIS1 KOJIOTUYECKUX YCITOBUIA.

He ocraHaBnuBasicb Ha BCEX ITOCIEACTBUSIX CO-
30aHMWA BOOOXPAaHWINII, KOTOPbIX O4Y4€Hb MHOI'O, KakK
IIOJIOKUTECIIbHBIX, TaK U OTPpUIATCJIbHBIX, OCHOBHOC
BHUMAaHME B JAHHOM CTaTbe YacaM OHEPreTuydc-
CKHMM acCIICKTaM.

Kak n3BecTHO, BOTOXpaHMJIMIIA OCYIIECTBIISIOT B
OCHOBHOM CE€30HHOE€, PexXXe MHOTOJIETHEE PErYJINPO-
BaHME CTOKA, OOBIYHO MMEET MECTO U CYyTOUYHOE Pery-
JIMpOBaHUE CTOKa (IBaXKIbl B I€Hb MEHSIETCSI TUIPO-
IWHAMMWYECKUI pEXUM PEKM), YTO B 3HAYUTEIILHOM
CTeneHMn omnpenengercsd cneundukoin padorter 'DC.
B yrpeHHue 1 BedepHUE Yachl yBEJIMUYMBAETCS PACXO]
BOIbI Yepe3 BOIOBOIBI, a THEM M HOYbIO, B HEpabo-
YMe 4achl ¥ B IPa3IHUKM — COKPAIIAETCs IIpaKTHUye-
cku o Hyad (DpenpmreitH, 1998). OueBUAHO, YTO
I'DC Bomkcko-Kamckoro xackaga WrparoT OYEHBb
BaXXHYIO POJIb B 9HEepreTnyeckoM danaHce EBporreii-
CKOIl Tepputopuu cTpaHbl. OJHAKO BO3MOXKHOCTU
JMaJIbHEUIIIEro YBEJIMYECHMUsI BBIPAOOTKU TUIPODJIEK-
TPO3HEPIUH 3IECh IIpaKTUYeCKU ncyepnaHbl. Heko-
TOPBIM PE3EPBOM BTOIO YBEIWYEHUS, 110 MHEHMIO
B.M. EBctrurteena (2008), MorJio ObI CTaTh Hapall-
BaHME YCTAaHOBJIEHHOU MOIIIHOCTH Ha AEHCTBYIOLIEI
Yeo6okcapckoit 'DC (¢ 1.37 no 1.96 mura KBT) 1 BO3-
pOXIEeHNE MaJIOii SHEPreTUKMU. YBEJIWYEHUE BbIpa-
ootkm Ha Yebokcapckoii 'DC cBg3aHO ¢ pellleHueM
npoOeMbl MNOAHSATUSL HOPMAJBHOIO TOAIIOPHOIO
ypoBHs (HITY) ¢ coBpeMenHoit otmMeTkH 63 M BC o
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3arUIaHUPOBAHHOM B MEepBOHAYAJILHOM IPOEKTE OT-
MeTKHU B 68 M. [lucKyccuu 06 3Toit IipobiiemMe IISTC
yxe okojio 30 JIeT U CBSI3aHBI OHM C TEM, UTO ITOBHI-
IIIEHWE YPOBHS BOABI 3TOTO BOJOXPAHUIUIIA ITPU OT-
MeTke 68 M BC nipuBeneT K 3aTOIUIEHUIO OOJIBIINX I10
TUTOIIAAY TIPUOPEKHBIX TEPPUTOPUIL, B TOM YUCTIE U
MOATOIUIEHMIO KPYIHBIX TOPOIOB, TaKUX KaK Hik-
Huit HoBropon, a Tak:ke BOSHUKHOBEHUIO PSIIa Ipy-
TMX 3KOJIOTMYECKUX IpobieM (3axapoB, AJIEKCEEB,
2012; OpexoB, KpacnHos, 2013). Jluckyccuu 1o gaH-
HOIT TIpoGJieMe Bce ellle poporkaiores. CoszmaHne
CUCTEMBI 3allIMTHHIX COOPYXEHUM MOXKET CHOCO0-
CTBOBATh PELICHUIO TTPOOJIEMBI TTOTOIUIEHUS TepPU-
TOPHU, a TOXBEM YPOBHS BOABI HA 5 M MTO3BOJIUT KPO-
M€ YBEJIWUYEHMSI YCTAHOBIIEHHOM MOIIMHOCTU 3TOit
I'DC B 3HAUMTENBHOI CTENIEH! PEIIUTh TPAHCIIOPT-
HYIO TIpO0JIeMy Ha Y4acTKe OT IUTOTHMHBI [opbKOB-
ckoit 'DC mo Hixraero HoBropoma. Ho Bce acriekTol
5TOi1 MpoOJIeMBI HY>KHO OLIEHUBATh C HAYYHOM TOUKU
3pE€HUSI U MPOTHO3UPOBATH IMOCIEACTBUSI UX pellle-
Hud. [Toka Xxe OyaeM OpUEeHTUPOBATLCSI HA OTMETKY
HITY 63 m.

Bo MHoOrom aHajiorM4yHasi CUTyallusi U ¢ Ipyrum
BO3MOXHBIM MCTOYHUKOM YyBEJIMYEHUSI BbIPAOOTKU
2JIEKTPO3HEPTMU Ha KacKaje — MOBLIIIIEHUEM MpOo-
exTHoro ypoBHs HITY HuxHekaMcKoro BogoxpaHu-
Jmia, nocrpoeHHoro B 1979 r., mo 68 M BCB (B Ha-
crogiee Bpems 63 Mm).

Yro KacaeTcsl Majioi TUAPOIHEPTETUKH, TO €€ 10-
CTOMHCTBA U MPEUMYIIECTBAa B 9KOHOMUYECKOM pa3-
Butun Poccum xopoilio mokasaHbl B MOHoOTpaduu
JI.K. Manuk (2005), B KOTOpOif pacCMOTpeHHbI MHep-
CIIeKTUBHBIE CTBOPHI I co3naHust S0 mansix IDC. B
HacTosllliee BpeMsI B paMKax pa3BUTUsI MaJIoil TUAPO-
SHEpPreTUKU B cTpaHe Ha p. KydbaHU yxXe co3maH Kac-
kan KpacHoropckux majibix 'DC (Mup3oeB, Cnuba,
2019). OmnpeneneHHbIE BO3MOXHOCTU ITOBBILLICHUS
BBIPAOOTKM BJIEKTPOSHEPTUU 3aJI0KEHBI B ONTUMU-
3alli¥M UCITOJIb30BaHUsI BOIHBIX PECYPCOB CAMMX BO-
noxpanunuiln Bommkcko-Kamckoro kackama (JIeBut-
I'ypeBuu, 2012). B 3T0Ii CBSI3U OCHOBHOI 1IEJIbIO AaH-
HOI paboOTHI SIBJISIETCSI OLIEHKA SHEPreTu4YecKou 3g-
deKTuBHOCTU (DYHKITMOHUPOBAaHUS BepXHEeBOILKCKOTO
u Kamckoro kackaaoB BOJIOXpaHWIUIIL B TOIOBOM pas-
pe3e. OCoOEHHOCTU BBIPAOOTKHU 3JIEKTPOIHEPTUM Ha
I'DC 1o oTnenbHBIM Ce30HAM M BPEMEHU CYTOK 3a-
CIY>KMBaAlOT 0COOOT0 BHUMAaHWUS, YTO BBIXOAUT 3a
paMKu TaHHOM CTaTbhM.

MATEPHAJIBI U METObI MCCIIEJOBAHWA

CormacHO BOHOXO3SIMCTBEHHOMY palOHUpPOBa-
anto Poccun, Ha ee Tepputopuu odbpaszoBaH 21 6ac-
CEMHOBEII OKPYT. PaccMmaTrpuBaeMble KacKabl BOJIO-
Ne 6

TOM 87 2023
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Tabomuna 1. OcHOBHBIE TapaMeTPbl U MPOEKTHbIE 3HAYEHUSI BEIPAOOTKHM 3JieKTpoaHeprun Ha 'O C BepxHeBOIKCKUX U
Kamckux BogoxpaHWIMIIL TPU HOPMaJIbHOM MOANOPHOM YPOBHE

I1apameTprL CpenHsisi IIpOeKTHAsT
Py HOPMaJIbHOM TOJANOPHOM YPOBHE BEIPABGOTKA
Bonoxpanunuiie
2JIEKTPOIHEPTUH,
2 . 3 " 3 MJIH KBT 4
TUTOIIAIb 3epKajia, KM~| TIOJHBII 00beM, KM | TTOJIE3HBII 00beM, KM
Bonoxpanunuiina Bepxueit Boaru
M BaHBKOBCKOE 316 1.12 0.89 119
Yriuuckoe 249 1.25 0.81 240
PriGuHCKOE 4550 25.40 16.70 900
ToppkoBckoe 1591 8.82 2.78 1500
Yebokcapckoe 1080 5.10 — 2100
Bcero 7786 41.69 21.18 4859
Bonoxpanwiuiia Ha Kame

Kamckoe 1915 12.2 9.8 2020
Botkunckoe 1120 9.4 4.45 2630
Hwxnexamckoe 1370 4.2 0.77 1800
Bcero 4405 25.8 15.02 6450
CyMMapHO 1o IByM 12191 67.49 36.20 11309
KackaaaMm

Hemounuk. ndopmauroHHas cucteMa o BOIHBIM pecypcaM U BOIHOMY XO3s1MCTBY OacceitHoB pek Poccuu. http://gis.vodinfo.ru
(mara obpaienus 10.03.2023); (Bogoxpanunuiua ..., 2008; Daenpbiureiid, 1998).

XpaHWINII BXOOAT B BCpXHCBOJI)KCKI/II;'I n Kamckuii

GacceifHoBbIE OKpyTal.

B xauectBe kpuTepus 3HeKTUBHOCTU (PYyHKIIU-
OHMPOBAHMS pacCMaTPUBAEMBbIX KaCKaIoOB BOIOXpa-
HWINII XCITOIb30BaHbI OLICHKN OTKJIOHEHUS (paKTH-
YeCKO BBIpAOOTKM 3JIEKTPOIHEPTMU Ha COOT-
percTtBylommx I'ODC or cpegHeit MPOEKTHOM.
OcHoBHBIE cBeieHN 0 BogoxpaHmininax 1 'DC nmo-

! Bonmubiit  komekc P®, ®enepanbhbiii 3akoH Ne 74 ot
03.06.2006, ¢ namenenusimMu Ha 28.04.2023.
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yeprHyThl U3 (Bomoxpanunuiia ..., 2008; Mudopma-
unoHHas ...2; [pasuna ..., 2014, 2016).

ITonyTHO aHanM3y MOABEPIIUCH TaKue (PaKTOPHI
BBIpAaOOTKM THUIAPOIHEPTUM Ha paccMaTpUBAEMBIX
I'DC, kak NpUTOK BOJBI B BOAOXpPAaHWJIMILA U COPOC
ee u3 Hux. [IpoaHanu3upoBaHbl KaK OTIEIbHbBIC TO-
JIbI, TPYIIIbI JeT pa3jIMYHOM BOOHOCTH, TaK U pac-
cMaTpuBaeMble TIEPUOJILI B LICJIOM.

2 MNHbopMalimoHHast cucTeMa 1o BOIHBIM pecypcaM U BOIHOMY
X03s1iicTBY OacceitHoB pek Poccuu. http://gis.vodinfo.ru/ (nata
obpamenus 10.03.2023).

Ne 6 2023
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Puc. 1. [Tnomans 3epKajia u MOJIHBIM 00beM (MIPU HOPMAJIBHOM MOAIIOPHOM YPOBHE) BOAOXpaHWIULL BepxHEBOIKCKOTO U

Kamckoro kackamoB.

st aHanm3a pyHKIIMOHUPOBAHUS paccMaTpuBa-
€MBbIX KaCKagoB BoJoXpaHUIUII Ha pp. Bonre n Kame
copMUPOBaHBI PSIAbI JaHHBIX O TOAOBBIX MPUTOKE,
cOpoce BOIbl Uepe3 TUAPOY3JIbl M BEIPAOOTKE Ha HUX
anekTpo3Hepruu ¢ 2002 mo 2021 r., 1o psay cTaHLIMI
¢ 2004 o 2022 r. (MudopmanmonHasg ...%; HayyHo-
npukiamgHoii ..., 2017, 2021). K coxaneHuto, He I
BCEX BOJOXPAHWJIHILL YIAJIOCh MOMYYUTh HEOOXOIU-
MYIO TTOJTHYIO MH(MOPMALIUIO 32 BCE 3TU TOHI.

PE3VYJIBTATbBI 1 UX OBCYXIEHHUE

OO61as 1Iomanb 3epKajaa paccMaTpUBaeMbIX BO-
JNOXpaHWINIL TIpeBbimaer 12 Toic. kM? (Tabu. 1), us
KOTOpPBIX IpuMepHO 60% ruiomanu 3epKania, OJTHO-
o M MOJIEBHOTO 00beMOB 1 HeMHOTUM Ooiee 40%
MPOEKTHOM BBIPAOOTKU DJICKTPOIHEPTUU TTPUXOAT -
cs1 Ha BepxHeBoimkckuii kKackan BogoxpaHmimil. Ca-
MBIM KPYIHBIM 10 TUIOIIAAU, TTOJTHOMY U MOJIE3HOMY
obbeMaM saBasgeTcs PeIOMHCKOE, KOTOpOE B OTIINYUE
OT OCTaJIbHBIX OCYIIECTBIISIET MHOTOJIETHEE PETYIU-
poBaHue cTtoka. OmHaKO MO IMPOEKTHOI BRIPAOOTKE
anekTposHeprun PreioumnHckag I'DC 3anmmaer no-
BOJILHO CKPOMHOE MECTO B KacKazae. PexknM paboTsl
OCTaJIbHBIX BOJOXPAHUJIUI — B OCHOBHOM CE€30HHOE
M CYyTOYHOE peryjJvpoBaHUe cToka. [1o pa3mepam
MPOEKTHOM BhIPAGOTKHU 3JICKTPOIHEPTUU BhIIEIISICT-
cst Borkunckas I'9C. B utore o6a Kackana J0JKHBI

MN3BECTHUA PAH. CEPUS TEOTPAOUYECKAA

BbIpabaThiBaTh npuMepHo 30% oOleil BbIpabOTKU
Boxcko-Kamckoro kackana.

AHanu3 COOTHOLIEHUS TUIOIAAN 3epKaja BOAO-
XpaHWIMIIL U UX OO0BEMOB MOKA3bIBAET, YTO B 1LIEJIOM,
yeM OoJibllle TUIOIIAAb 3epKajia, TeM OOJbliIe TTIOJHbIN
o0beM (puc. 1). Topasmo meHee BbIpaXkeHa CBSI3b
TUIOIIAAN 3epKajla ¢ pa3MeEpPOM IOJIEBHOTo oObema.
He HaGntogaercs nipsiMoii 3aBUCUMOCTU MTPOEKTHOM
BbIPAOOTKU 3JEKTPOIHEPTUU OT 0ObEMa BOTOXPAHU-
qiy (puc. 2). Ilpu 3HaYMTETBHBIX 00beMax BOIELI B
T'oppkoBckoMm, Kamckom 1 0ocodbeHHO PriOMHCKOM BO-
JMIOXpaHWIMIIAX UX TJIaHUpyeMasl BhIpaboTKa 31eKTpO-
SHEPTUM JaXe HUXKEe, YEM B MEHBIIIMX MO 00bEMY BOJIbI
Yeb0kcapckoM, HiukHekamckoM M, ocobeHHO, Bot-
KMHCKOM BOJIOXpaHWJIMIIIAX.

O4eBUIHO, YTO BBIPAOOTKA 3JIEKTPOIHEPTUU BO
MHOI'OM 3aBHUCHUT OT BEJIMYMHBI CTOKA, YTO XOPOIIO
BUIHO Ha mpuMepe PeionmHckoi 1 BorkuHckoit 'DC
(puc. 3). OyeHb BaxXHO, YTO CTOK 3a paccMaTpuBae-
MBI TIepyro ObUT BBIIIE CPEIHUX MHOTOJIETHUX 3HA-
YEeHUM, XOTS OTAEIbHBIE TOIbl OTIMYAINCH MOHU-
XKEeHHbIMU 3HaueHusMu (puc. 4). OmnpeneaeHHOE
BJIUSTHHE HA BBIPAOOTKY 2JI€KTPOIHEPIUM OKA3bIBaeT
COOTHOIIIEHNME ITPUTOKA K BOIOXPAHMJIUIIIAM U COpPO-
ca Bogpl. /i OONBIIMHCTBA JIET Y BOJOXPAHMIIUIIL
9TO COOTHOIIICHUE HECKOJIBKO OOJIbIIe €AMHUIIBI 13-
3a TOTO, YTO YaCTh IIOCTYIIAIOIIEil BOAbI PACXOIYETCS
Ne 6
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Puc. 2. [1poekTHast CpeTHEMHOIOJIETHSIS TOAO0Bas BEIPA0OTKA 3JIEKTPOIHEPTUM U MOJIHBIN 00beM (IIPU HOPMAaIbHOM IOAIIOP-
HOM ypOBHe) BonoxpaHwiuil BepxueBoszkckoro u Kamckoro kackanos.

Ha UCIIapeHMEe C aKBAaTOPUM, Ha HYXIbl Pa3IMIHBIX
notpebdureneit. Ho B psime cirydaeB HabtomaeTcss 00-
paTHas KapTuHa, HalIpuMep, B clIydae HeOOXOIMMO-
CTH XOJIOCTBIX COPOCOB MpPU HACTYILJIECHUU YPE3BbI-
YalfHBIX CUTyallMil. DTO HauboJjee XapaKTepHO s
BOJOXPaHUWJIUIL MHOTOJIETHETO PEeTyJIUpPOBaHUS CTO-
Ka, KaknuM siBisieTcsi PBRIOMHCKOE BOIOXpaHWINIIE
(Tabm. 2). YKazaHHOE COOTHOIIIEHHE BO MHOTOM 3a-
BHUCHUT OT MOJIOXEHMSI CTOKAa KOHKPETHOTO roma B
TUAPOJIOTUYECKOM PSIIY Y 3alIPOCOB CO CTOPOHBI BO-
JIOIOTpeduTeeil U BOIOIOJb30BaTeeil palioHOB,
PacIoJIOXKEHHBIX HUXE T10 TeUEHUIO.

BosBpalasich K TeMe BIUSTHUSI BEJIMYMHBI CTOKa
Ha BbIPAOOTKY 3JEKTPOIHEPIUM, OTMETUM, UTO II0-
BBIIIIEHHBII CTOK 3a paccMaTpUBaeMblil Tepuoja BO
MHOTOM OIIpEeIeJINJI U TTOBBIIIIEHHYIO B IIEJIOM BBIpa-
OOTKY 2JIEKTPO3HEPTUH 3a 3TOT IIEpUO, OCOOEHHO B
MHOTOBOIHEBIE Tobl. Hanboliee 1oCTOBEpPHYIO OLICH-
KY TaKOIO BJIMSIHUSI BOOTHOCTUA Ha BHIPAOOTKY 3JIEK-
TPO3HEPTIUH MOXHO ITOJIyYUTh 10 JTaHHBIM HECKOJIb-
KUX JIET, 0ObeAMHEHHBIX B TPYIIIbI Pa3JInYHONA BOJI-
HOCTHU. DTO caesiaHo B TabJj1. 3. B MHOTOBOAHBIE TOMIBI
dakTyecKkass BRIpaOOTKaA JIESKTPOIHEPTUM Ha BCEX

MN3BECTUA PAH. CEPUS TEOTPAOUYECKAA  tom 87

I'DC mnpesplaeT 3alUIaHUPOBAHHYIO B IIPOCKTE.
I1pyryem HamboIBIIIEe OTKIOHEHNE Ha BepxHeBoOIK-
CKOM Kackaae oTMmedaeTcsi Ha PoibuHckoit 'DC
(6ompmie yem Ha 50%), Ha KamckoMm — Ha BoTkuH-
ckoit 'DC (nmoutu Ha 22%); HaumeHbiree — HA [DC
VYriuuckoro u HukHekamckoro BogoxpaHuiauil. B
cpemHue 0 BOOTHOCTH roabl hakKTudecKast BEIpaboT-
Ka 3JIeKTpOIHEPrum HanmboJree 0Jim3Ka K IPOEKTHOIM,
¢ HanOoabIuM npeBbiieHreM Ha I'DC PriOMHCKOro
BogoxpaHwiuia. Takxke Haubosiee CyIIEeCTBEHHO
OTKJIOHEHHE OT IMPOEKTHBIX 3HAYCHUM B CpEIHUE T10
BOIHOCTH Troabl Ha Yrauuckoit u BorkuHckoit I'DC.
B manoBomHbIe TOAbI MPOUCXOAUT HEIOBbIpaOOTKa
anekTposHeprur Ha 10—15% Ha o6omx Kackamax.

O060061IeHHOE TPEICTaBICHUE O BEPOSITHOCTH BBI-
pabOTKU OTMpeAeICHHOTO KOJIMYECTBA JIEKTPOIHEP-
TUH B 3aBUCHMOCTH OT cOpoca BOIbI Yepe3 TypPOMHBI
I'DC patot puc. 5 u 6. JlaHHbIE TpadUKU MOTYT OBITh
WCITONb30BaHBl B MPOTHO3aX BBIPAOOTKHU 32JIEKTPO-
sHeprum Ha paccmarpuBaeMbix ['DC ¢ yyeToM pac-
CYNTAHHOTO WUIM IIPOTHO3HOTO 3HAYEHMS cOpoca BO-
ITBI 9epe3 HUX.

Ne 6 2023
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Puc. 3. 3aBCUMOCTD BEIPaOOTKHM BJIEKTPOIHEPTUH OT cOpoca Boabl Ha PeiduHckoii (1) 1 Borkunckoi (2) I'DC.

SAK/IIOYEHHME

BrInoaHeHHBIE pacyeThl MOKA3a/Ii, YTO Ha JOJIIO
BepxHeBomkckoro 1 KamMckoro kackagoB BOJIOXpa-
HWIMII nOpuxoautcs okono 30% BBIpaOOTKU BJIeK-
Tpo3Hepruu Ha BceM Boimkcko-KamckoMm kackage.
Ju1st OONBIIMHCTBA BOJOXPAHMJINIL 3TUX KacKaaoB
IIPOCJIEXXUBAETCSI CBSI3b MEXIY MX ITOJJHBIM 00bEMOM
U IUIONIAnbI0 akBaTopuu. OmHAKO HE BBISIBJIEHO 3a-

N3BECTHA PAH. CEPUSA TEOTPAOUYECKAA

BHUCUMOCTU MEXIy 00beMaMU BOAbI B BOOOXPaHWIV-
IIaX ¥ BEJIMYUHOM BEIpAaOOTaHHOM 3JIEKTPOIHEPIUN.
Ha Bepxwueit Bonre n Kame B Hauane XXI B. BeIsSIBIIC-
Ha B LIeJIOM MOBHIIICHHAs BEJIMYMHA CTOKA I10 CpaB-
HEHHUIO C ero HOPMOIii, 4TO CHOCOOCTBOBAJIO MOBBI-
IIIEHUIO BEIpaOOTKM 3yieKTpo3Heprun Ha 'O C oboux
paccMaTpUBaeMbIX KACKAIOB, XOTSI ObLI U LIEbINA PsII

MaJIOBOOHBIX JieT. Kak mpaBmiao, Ha OONBIIMHCTBE
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Puc. 4. [lunamuka cOpoca Bonbl uepes arperathbl PeiouHckoit (a) u Kamckoii (6) I'DC. I — rogoBoii copoc; 2 — cpenHuii copoc

3a repuomn; 3 — HopMma cToka B ctBopax [DC.
Cocmasaneno no: (Pecypcwi ..., 2021).

BOIOXPaHWIMIIL Y B OOJIBILIMHCTBE JIET MPUTOK BOJIbI
HECKOJBKO IIpeBBIIIaeT cOpoc Boapl. OOpaTHast cu-
Tyallusl 4Yallle BCETO CKJIaabIBaeTcsl Ha PbhIOMHCKOM
BOIOXPAaHWIMIIIE, OCYIIECTBJISIONIEM MHOTOJIETHEe
peryidpoBaHue cToka. B MHOroBomgHbie roabl ¢ak-
THUYECKasl BBIPa0OTKa 3JIEKTpOodHEeprumr Ha Becex ['DC
TPEBBIIIACT CPETHIOI 3aIJIAHMPOBAHHYIO B UX TIPO-
ekTax, mpuuyeM Ha ['DC PbIOMHCKOTO BOTOXPaHUIIM -
ma — 6onee yeM Ha 50%. B MajioBOmHBIE TOIBI BEIpa-
0O0TKa 3JIEKTPOIHEPTUH B IIEJIOM HE JOCTUTAET Cpem-

MN3BECTUA PAH. CEPUS TEOTPAOUYECKAA

TOM 87

Hell mpoekTHOI Ha 10—15%. B cpemHMe 110 BOTHOCTH
nepuobl (hakTUueckasi BBipaboTKa 3JIeKTPOIHEPTUH
0J11M3Ka K MPOEKTHOM, C HAMOOJIBIIIMM MPEBbIIIICHAEM
Ha 'DC PribuHCcKOro BogoxpaHwiuiia. B 6ynyiiem
MOJIydeHHbIE TToKa3aTeau 3(PPEeKTUBHOCTU PaOOTHI
paccMoTpeHHBIX 'OC MoOryT ObITh CKOPPEKTUPOBa-
HBI B 3aBUCMMOCTH OT BO3MOXHBIX THIPOKIMMATU-
YECKUX U3MEHEHU M M3MEHEHMM SKOHOMMYECKON
CUTYyallud B PETUOHE.

Ne 6 2023
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Tab6muna 2. CooTHOILIIeHWE TPUTOKA U cOpoca BoIbl B PRIOMHCKOM BOZOXpaHWIIMIIE, KM

3

Ton CyMMapHbIit TPUTOK CyMMapHbIit copoc Bonoxo3ssiicTBeHHbII OanaHC
2004 46.04 46.4 —0.36
2005 33.55 38.57 —5.02
2006 29.61 21.8 7.81
2007 24.98 31.85 —6.87
2008 33.92 27.53 6.39
2009 41.51 42.66 —1.15
2010 34.69 38.33 —3.64
2011 33.43 33.63 —-0.2
2012 43.577 36.481 7.096
2013 37.201 42.412 -5.2
2014 17.258 22.458 5.2
2015 21.766 16.412 5.354
2016 29.922 25.828 4.094
2017 51.075 47.555 3.52
2018 32.973 40.155 —7.182
2019 38.158 32.299 5.859
2020 49.488 53.346 —3.858
2021 32.506 31.515 0.991
2022 32.956 34.711 —1.755
CpenHee 3a nepuon 34.98 34.94 0.04

Hcmounuk: (HayaHo-nipukItamHoii ..., 2017; Pecypcsr ..., 2021).
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Puc. 5. BeposiTHOCTB BBIpabOTKM 351eKTposHeprun Ha 'DC BomoxpaHwmmii BepxHeit Boyiru B 3aBUCMMOCTH OT cOpoca BOIIbI B
roJibl pa3Hoii 00eCIIeYeHHOCTH €ro MPEBbIIICHUS B TUAPOJIOTUYECKOM PSILY.
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Tabomuna 3. BripaboTka 251eKTpO3HEPTUn 1 cOpOC BOIBI B HYXKHUI Obed BogoxpaHwiuil BepxHeit Bonru n Kamesl B paz-

JIMYHBIC ITO BOOAHOCTU IOJbI

Bonoxpanwnuina 'DC Bepxneit Bonru

Bonoxpanunuina 'DC Kambr

g o 8
IToka3zarenn 2 ° 2 2 ° 5
A L e} Z Q ) C%
g g 3 2 g 2 2 <
3 T o) Q g = O
A Z Y T
e 2 5 o o g S
3 = g 2 2 3 5 2
= > A = = Vi s =
ITpoexTHas BbIpaboTKa 3J1€KTPOIHEP- 119 240 900 1500 2100 2020 2630 1800
ruu, MJH KBT 4
MHOrOBOIHBIE TOIBI
dakTryeckas BEIpabOTKA 3JIEKTPO- 151.1 316.1 1427.9 | 1995.1 | 2437.0 | 2313.2 | 3205.5 | 2037.7
SHEPTUU, MJTH KBT 4
CpenHeronoBoit c6poc BOIBI, M>/C 374.3 518.0 1395.4 | 1965.8 | 4065.7 | 2134.6 | 2216.3 3514.4
% OT TIPOEKTHOI BBIPAGOTKH 127.0 131.7 158.7 133.0 116.0 114.5 121.9 113.2
CpenHue 1o BOTHOCTH TOMIbI
dakTnyeckas BbIpaboTKa 3JIeKTPO- 127.0 260.3 1229.9 | 1791.9 | 2082.7 | 2047.4 | 2806.0 1879.1
SHEPTUU, MJTH KBT 14
CpenHeroaoBoit c6poc BOIBI, M>/c 261.0 368.0 1185.8 | 1696.0 | 3232.0 | 1797.4 1899.6 | 2832.8
% OT IPOEKTHOI BEIPAOOTKH 106.7 108.5 136.7 119.0 99.2 101.4 106.7 104.4
ManoBonHbie roabl
dakTnyeckas BbIpabOTKa JIEKTPO- 100.5 197.1 775.9 1325.5 | 1871.0 1778.1 2354.1 1638.1
9HEPIruu, MiIH KBT 4
CpenHerogoBoii cOpoc BOOHI, M3/C 168.0 258.0 698.9 1167.8 2501.7 14741 1534.5 2260.7
% OT MPOEKTHOI BEIPAOOTKH 84.5 82.1 86.2 88.4 89.1 88.0 89.5 91.0

Hcemounux: (HaydHO-IpUKIAgHOIM ..., 2021; [IpaBuna ..., 2016, 2014).
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y=-5.9358x + 2159.1

r=10.95 r=20.79

Puc. 6. BepossiTHOCTB BBIpaGoTKY 251eKTposHeprur Ha 'DC BogoxpaHmiui Kambl B 3aBUCUMOCTH OT COpOCa BOIBI B TOIBI pa3-
HOI 00€CIIEYEHHOCTH €TO MTPEBBIIIEHUS B TUIPOJIOTMIECKOM PSIY.

OMHAHCHUPOBAHUE

Pabora BhImonmHeHa IIpM (UHAHCOBOI MOMIEPXKKU
rpaHta PH® 22-17-00224 “dopMmupoBaHUe TUIPOIOrO-
F€OXMMUYECKUX TPOLIECCOB Ha BOJOCOOpaxX KacKaaoB
Bepxue-Bomkckux 1 KaMcKuX BomoxXpaHWINII IIPU pas3-
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Energy Efficiency Assessment of the Upper Volga and Kama Cascades of Reservoirs

at the Beginning of the 21st Century
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! Institute of Geography RAS, Moscow, Russia
2Nizhny Novgorod State University of Architecture and Civil Engineering, Nizhny Novgorod, Russia
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Basic information about the Upper Volga and Kama cascades of reservoirs is presented: water surface area,
full and useful volume capacity, and average project power generation. The contribution of the considered
cascades to the power generation of the entire Volga—Kama cascade of reservoirs is estimated. Data series
have been generated on the annual inflow, discharge of water through hydroelectric facilities, and generation
of electricity from 2002 to 2021, for several stations from 2004 to 2022. The relationship between the area of
reservoirs and their capacity is shown, as well as the generation of electricity with the water content of indi-
vidual years and periods. A relationship has been established between the inflow of water into the reservoirs
and its discharge through the turbines of the hydroelectric power plants. Particular attention is paid to the Ry-
binsk reservoir, which performs over-year water storage. The generation of electricity in high-water, medium-
water, and low-water years is calculated. The deviation of the actual electricity generation from the average
design was estimated, based on which a conclusion was made about the efficiency of the hydroelectric power
plants. The probability of electricity generation is determined depending on the predicted values of the river
runoff.

Keywords: reservoir, hydroelectric power station, power generation, efficiency, years of different water con-

tent, Upper Volga and Kama cascades
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