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OLNEHKA HU3KOHAITIOPHOT'O T'HAPOSHEPTETHYECKOI'O IOTEHIHAJIA
BOJO3ABOPHBIX COOPYXEHHUU U UPPUT'ALIMOHHBIX KAHAJIOB
Mamenon P.A., Kamosos K. K.

Byxapckuii zocyoapcmeeHH bl meXHUYECKUIL yHUBEPCUNEM.

Annomayus. B pabome npogedena OYeHKA HUKOHANOPHO20 2UOPOIHEPLEMUYECKO20 NOMEHYUAd
60003A60PHBIX COOPYICEHUT U OpOCUMeNbHbIX Kananod byxapckoii obnacmu. Ha ocnose damnvix 0 pacxodax 600ul,
nepenaoax yposHsa u NpoOOJHCUMENbHOCU 800000echedeHuUs. 8bINOIHeHbl pacuémol mowpocmu 01 10 06wvexmos.
Yemanoeneno, umo ucnonvzosanue 600sHbIx KONEC HUdICHe20 005 npu Hanope 0,5-2 m u pacxodax 1-10 m*/c nozgonsiem
noayuame 15-100 xBm 6e3 cnoxcuvix cmpoumenvhvix pabom. Onpedenenvl Haubonee NEPCHEKMUEHbIE MOUKU
pasmewenus Manblx 2SUOPOIHEPLeMUYECKUX YCMAHOBOK U NPeONiOdCeHbl DEeKOMeHOayuu Hno Ux GHEOpeHuio 6
UppU2aYUOHHOU UHDPACMPYKMYPE PEeSUOHA.

Knrwouesvie cnosa: oyenka 2uoposnepeemuyecko2o nomeHyuand, 60003a060pHoe coopyicetue, HU3KOHANOPHbIL
8000MOK, UPPULAYUOHHDIU KAHAT, PACX00 NOMOKA 800bl, HANOP 800bl, BOOAHOE KOIECO.

ASSESSMENT OF LOW-HEAD HYDROPOWER POTENTIAL OF WATER INTAKE
STRUCTURES AND IRRIGATION CANALS
Mamedov R.A., Jamolov J.J.

Bukhara state technical university.

Abstract. The study evaluates the low-head hydropower potential of water intake structures and irrigation
canals in the Bukhara region. Based on data on water discharge, head differences, and duration of water supply, power
calculations were performed for 10 sites. It was found that the use of undershot water wheels at heads of 0,5-2 m and
discharges of 1-10 m*s makes it possible to generate 15-100 kW without complex construction work. The most
promising locations for small hydropower installations were identified, and recommendations for their integration into
the region’s irrigation infrastructure were proposed.

Keywords: hydropower potential assessment, water intake structure, low-head flow, irrigation canal, water
discharge, hydraulic head, water wheel.

Bgenenne. Crpemurensubiii pocT MHPOBOrO HAaceleHHMs W yBEIMYEHHE CIIPOCA Ha
ANEKTPOIHEPIHIO YCWIMBAIOT [JAaBJIEHME Ha MPUPOJHBIE pPecypchbl U OOOCTPSIOT TII00aIbHBIE
skosoruueckue npobiemel [1-3]. Ilepexox K BO30OHOBISIEMBIM HCTOYHMKAM SHEPIHU
paccMaTpuBaeTcsi KakK KIIIOYEBOE HaIlpaBJIEHUE CHIKEHHUS BBHIOPOCOB MApHUKOBBIX Ta30B H
o0ecreyeHns: SHEepPreTUYecKol yCTOMUNBOCTH, CIOCOOCTBYIOIIEE TAK)KE CO3AAHUIO0 HOBBIX PabOUYHMX
MECT U Pa3BUTHUIO JIOKAJIIbHON UHPPACTPyKTyphI [4-6].

B cucreme B0300HOBIsSEMON  HSHEPreTMKM BaXHOE MECTO  3aHMMAIOT  Masble
runposHepreruueckue  ycraHopku  (MI'DVY),  cnocobHble 3 (EeKTUBHO  HCHOIB30BaTh
JHEPreTUYECKU TOTEHIMaJl HHU3KOHANOPHBIX BOJOTOKOB - PEK, OPOCUTENIBHBIX KAaHAJIOB H
TEXHOJIOTUYECKUX COOPYKEHHH BOJOXO3SIICTBEHHBIX CUCTEM. B JomoiHeHue K TpagulMOHHBIM
BugaMm BUD Bo3pactaromuii uHTEpec oOpaméH K THIPOIHEpPreTHKe, HHTErpUpyeMoil B
CYILIECTBYIOIIME BOJ03a0OpHBIE COOPYKEHUSI U MH)KEHEPHbIE Y3JIbl, I7I€ UCKYCCTBEHHBIN meperna
BOJIbI AIBJISICTCS YCTOMUMBBIM, MPEACKAa3yeMbIM U KPYTIOrOAMYHBIM pecypcoM [7]. K Boio3abopHbIM
COOPYKEHMSIM, MPEJICTaBISIONIMM HHTEPEC AJIi DHEPreTUYECKOro HCIOJIb30BaHUsI, OTHOCSTCS
BXOJIHbIE THMJpOY3Jbl, BOJONPUEMHBIE KaMeEphl, IEPErOpPOJKH, PETYJIUPYIOLIME 3aTBOPHl U
pacnpenenuTenbHble THIPOTEXHUYECKHE KOHCTPYKUMHU. Takue y3ibl (QOpMHpPYIOT CTaOWUIIbHBIE
nepenagpl M KOHTPOJIUPYEMBIH pacxoi, 4YTO JelaeT HMX MEPCHEKTUBHBIMU TOYKaMM JJIs
pa3MenieHus] MajblX THUAPOIHEPIeTUYECKUX YCTAHOBOK 0O€3 CYIIECTBEHHOTO BMEIIATENbCTBA B
paboTy uppUralMoHHOH cuctemsl [8, 9].

Bmecre ¢ TeM nanbHellee CTPOMTENHCTBO KPYNMHOMACIITAOHBIX THIPOAIEKTPOCTAHIIUN
OTPaHUYEHO COKpAIlleHHEeM JOCTYIHBIX IUIOIAJAO0K M BO3PACTAaHMEM 3KOJIOIMYECKHX TpeOOBaHMH,
YTO TMOBBIMIAET AKTYaJbHOCTh JIOKAJIBHOM YHEPreTUYECKOW IeHepaluuu Ha ocHoBe Maibix ['DC,
MHTETPUPYEMBIX B CYIIECTBYIOIIYIO THAPOTEXHUYECKYI0 HMH(ppacTpykTypy. Ocoboe 3HaueHHE B
9TOM KOHTEKCTe TmpuodOpeTaecT Amy-byxapckuii mammusbii kaHan (ABMK), sBastommuiics
OTBETBIICHUEM peKU AMyJapbs U OOECIEeUMBAIONIMK BOJOCHAOKEHHE byXapckoil W YacTUYHO
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HaBouiickoii obnacreii Y30ekucrana. Kanam HaumHaercss B paiioHe ruapoysia «JBOMHHK»
(39.219845, 63.719540) w BKIOYaeT Pa3BETBICHHYKD CHCTEMY  MAarucTpajbHBIX W
MEXXO3SMCTBEHHBIX KAaHAJIOB, B COCTaBE KOTOPHIX (YHKIMOHUPYET OOJBIIOE KOJIUYECTBO
BO/103a00PHBIX U PETYIUPYIOLUIUX COOPYKEHUI pPa3TUYHOrO THIIA.

Jist 2pPeKTUBHOTO BHEAPEHUS MAJbIX THAPOIHEPTETUYCCKUX YCTAHOBOK B YCIIOBHUSIX
ABMK Heo0xoauma KOMIUIEKCHAs OLEHKAa THAPABIMYECKUX XapaKTEPUCTUK BOJ03a00pHBIX
COOPYKCHHI - BEJTMYMHBI MEPEraioB, Pacxo/ia, CKOPOCTU TeUeHUs, MPO(HIIsL BOIOTOKA, a TaKKe
aHaJln3a pekrMa paboThl 3aTBOPOB M BOJAOIIOAYU B pa3iIMYHbIC ce30HbI. PaHee nccinegoBarensiMu
Byxapckoro WHXEHEPHO-TEXHOJIOTHYECKOTO HWHCTUTYTa ObLa BBIMIOJIHEHA TICPBUYHAS OIEHKA
TUAPOIHEPTETUYECKOr0 MOTEHIMAIa MAaruCTPajJbHbIX M MEKXO03AMCTBEHHBIX KaHAJIOB PErHOHA C
WCIIOIb30BAHUEM CXEMbl JMHEHHOTO pAaCIOJIOKEHUsI KaHAJOB, IMPEJOCTABICHHOW YIpaBlIEHUEM
ABMK, u cnytHukoBsix aaHHbix Google Earth Pro. Ha ocHoBe »TuX mgaHHBIX Oblla MOCTPOEHA
cxema (puc. 1), mo3BoJsAOmMAs HWASHTUDUIMPOBATH YYACTKH KaHAJIOB C MOTCHI[MAIbHBIM

SHEPTEeTUYECKUM PECYPCOM.
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Puc. 1. Cxema pacnonosrcenusn 0CHOBHBIX MAZUCMPATILHBIX U
Merncxo3aicmeeHnvix kananoe byxapckoii oonacmu

C yuérom TOro, uyTto BOJ03a0OpHBIE COOPYXKEHHS M pPACHpPEACIUTENIbHbIE THUAPOY3JIbI
(GOpMHUPYIOT YCTOWYMBBIE MEpenaabl YPOBHA U UMEIOT yIOOHYI0 MHXEHEPHYIO MH(PACTPYKTypy
JUIL  pasMEIIECHUS MallbIX DJHEPreTUYECKUX MOJIYJIEH, HUX MCIOJIb30BAaHUE IIPEICTaBISACT
3HAYUTENbHBII HHTEpeC A HU3KOHANOPHOW THUIPOIHEPreTHKH peruoHa. B manHol pabote
paccMaTpuBaeTCs BO3MOXHOCTb INPUMEHEHHUsS MaJbIX THAPOIHEPreTUYECKUX YCTAaHOBOK, B TOM
quciIe BOASHBIX KOJEC PA3IIMYHOTO KOHCTPYKTUBHOI'O HCIIOIHEHUS, KOTOpBIE SBISIIOTCA Hauboiiee
3¢ GeKTUBHBIME JUIsE pabOTHI B YCIOBUAX HU3KUX HAIOPOB M YMEPEHHBIX PAaCXO0J/I0B, XapaKTEPHBIX
11 OPOCUTENIBHBIX KaHAJIOB U BOJ03a00pHBIX y3710B byxapckoii o0nactu.
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Henb wuccaenoBaHUsA: KOMIUIEKCHO OLICHUTb HU3KOHAIOPHBIA T'MAPO3HEPreTUYECKUN
MOTEHIIMAJ BOJ03a0OpHBIX COOPYXKEHUH U OpOCHTENbHBIX KaHalloB byxapckoil oOnactu,
OTIPEACIUTh TMEPCICKTUBHBIC TOYKW JUISI Pa3MEIICHHUS MalIbIX THUIPOYCTaHOBOK M pa3padoTaTh
KOHCTPYKLHIO BOJSIHOTO KOJIECa, aJAlITUPOBAHHYIO K BBISIBJICHHBIM T'HJIPABIUYECKUM YCIOBHSIM.

3apaun HCCJIeIOBAHMS: OTPENICIUTh KpUTEpUU otrbopa MEePCHEKTUBHBIX
TUAPOIHEPreTUYECKUX TOYEK C Y4YETOM Iepemnaaa, pacxoja, AOCTYIIHOCTH U BIUSHHS Ha
ruapopexuM U dKonorur. ChopmupoBaTh 0a3y JaHHBIX BBISIBICHHBIX TOUEK C KOOPIUMHATAMU,
rapaMeTpamu BOJIOTOKAa U HHPPACTPYKTYPHBIMHU YCIOBHUAMH. BBIMOTHUTE pacuéT TeOpeTUUEeCKOn U
TEXHUYECKU JIOCTYIHOW MOIIHOCTU U OLUEHUTh CyMMapHbI HU3KOHAMOPHBIA MOTEHIIMAT PETHOHA.
Pa3paboraTe pekoMeHAalKU 10 BHEIPEHHUIO MaJbIX TMJIPOIHEPreTHUYECKUX YCTAHOBOK Ha OCHOBE
BOJIIHBIX KOJIEC U ONPEIEIUTh HAIPABJIEHHUS TAJTIbHENIITINX UCCIIEI0OBAHUMN.

O0beKTbl HMCCICAOBAHUSA H XAPAKTEPUCTHKA TMAPOTEXHHMYECKHUX COOpy:xeHMid. B
pamMKax HaCTOSIIEr0 MCCIICOBaHHS ObUIM HIICHTH(QHUIIMPOBAHBI M OOCIICIOBAHBI JECATh TOYCK C
JNEHCTBYIOIIMMU THIPOTEXHUYECKUMHU COOPYXKEHHSIMH M YYacTKaMHU KaHAJOB, OOJIaJarolInx
MOTCHIIMATHFHOW BO3MOXKHOCTBIO Pa3MEIIECHUS MAaJIbIX THAPOIHEPreTHYECKUX ycTaHOBOK. OTOOp
OOBEKTOB OCYHIECTBISUICA C YYETOM HAJIWYUS YCTOMYMBOTO BOJOTOKA, OSKCILUTyaTallMOHHBIX
MEPEaioB  YPOBHS, KOHCTPYKTUBHBIX OCOOCHHOCTCH COOpPY)KEHUH, a Takke OJHM30CTH K
MOTPEOUTENSAM AJIEKTPOdHEprun. g KaKIoW TOYKH ObLIM OMpeAeNieHbl KIIIOUEBHIE MapaMeTphl:
CpPEeIHMI pacxo]l BOJbI, CKOPOCTh T€UEHHUs], IITyOMHA KaHalla, IIUPUHA PyCIia, JOCTYIHBIA HAIMoOp U
roJoBasl MPOAOKUTEIBHOCTh MoAauu BoAbl. Oco0oe BHUMaHHE YJEISNIOCh HPPUTALMOHHBIM
KaHamaM  byxapckoil = oOmactd, TIOe ~ KPYIJIOTOJUYHOE  BOJOCHAOKeHWE  oOecrieunBaeT
ONaronpusATHBIC YCIOBUS ISl HU3KOHAIOPHON THIPOIHEPTETHKHU.

[IpencraBieHHbIe HUKE KPATKHE OMUCAHUS OOBEKTOB TMO3BOJISIIOT KOMIUJIEKCHO OIIEHUTH MX
SHEPTreTUYECKUI MOTEHIMAN U CIIY’KaT OCHOBOW ISl JAJIbHEUIINX Pacu€ToOB B METOHOJOTHUECKOM
pazgene. B mocnenyromem aHanu3e Kaxkaas W3 ABECHAALATH TOYEK PAcCMaTPUBAETCS C MO3ULUH
BO3MOYXHOCTH HHTETPALIMU BOJASHBIX KOJEC B CYIIECTBYIOIIYIO MH(PACTPYKTYpy, YTO MO3BOJISAET
BBIJICINTh HAMOOJIEE TEPCIIEKTUBHBIE COOPYKEHHS I JETaTbHOTO TEXHUKO-DHEPTETHYECKOTO
MOJEIUPOBAHUS.

Ha pucynke 2 nipeacTaBieHa ojfHa U3 00CI€OBAHHBIX TOUEK, XapaKTePU3YIOIIasi THITUYHBIN
NpUMep F'HAPOTEXHHYECKOro coopy;lgaegm, BKJIFOYEHHOTO B aHAIIU3.
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Puc. 2. Booozaodopnoe coopysrcenue «Aoymycaum» (I'uxncoyeanckuii paiion)
JlanHblii OOBEKT OTHOCHTCS K KATETOPUHM MENKUX BOJ03a00pHBIX COOPYXKEHUH C
YCTOMYMBBIM CE30HHBIM PEKMMOM MOJA4YM BOJIbI, YTO JAEJIA€T €ro MOKa3aTeJIbHbIM ISl OLEHKH
[IOTEHIMala MaJIOd THUIPOSHEPreTUKA B HPPUTAaLlMOHHOM cucCTeMe peruoHa. I[loreHnmanbHas
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THJIPO’HEPTETHYECKAsi MOIIHOCTh Y4acTKa MpeABApUTEIHHO OLlEHEHa Ha ypoBHE mopsiaka 10 kBT,
4T0 OOYCJOBJICHO HAJUMYMEM BBIPAKEHHOIO Iiepenajza U CTa0WIBHOINO pacxoja BOJBL
[TpoomKUTENTLHOCTh BOAOTOKA cocTaBisieT okoso 300 mgHeil B romy, oOecrieumBasi BBICOKHUI
KO3 (ULKUEHT TOCTYITHOCTU U OJAronpUsITHBIE YCIOBUS JUIsSl KPYTJIOTOAUYHOTO SHEPrOCHA0KEHHUS.

CKOpOCTh TOTOKa JIOCTUTAaeT mpuMepHo 1,5 wm/c, UYTO [OMyCcKaer NpPUMEHEHHUE
HU3KOHAIOPHBIX YCTAHOBOK - B YaCTHOCTH, BOJSHBIX KOJEC WM HPONEIUIEPHBIX TYpOMH,
npeaAHa3HAYCHHBIX JIJIA pa6OTBI Inpru YMCPCHHBIX CKOPOCTAX TCUCHUA. Bamszocte oOBEKTA K
HAaCceJICHHOMY IYHKTY (okousio 0,5 KM) CHMKaeT BEpPOSTHOCTb YBEJIMYEHUS KalUTAIbHBIX 3aTpaT Ha
MOAKIIFOYCHHUC U IMMOBBIINACT UHTCTPALIMOHHYIO ITPUBJICKATCIBHOCTD JAHHOI'O Y4acCTKa.

Ha pucynke 3 npeacraBieHO BOJOPACIPEICIUTEIBHOE COOPYKEHHE €O CTaOUIbHBIM
BOZIOTOKOM, IO3BOJIAIOLIEE OLIEHUTh NOTEHLHUAIbHYIO MOIIHOCTH yyacTka npumepHo B 10 xBT.
[TpopomxkutensHOCTh BoAononaun gocturaer 330 nHeil B rox, uyro ¢GopMmupyer OnaronpusTHbIe
YCIIOBHSI JUISI yCTAaHOBKH MaJIbIX THAPOIHEPreTHIecKuX crucreM. CKOpocTh TedeHus nopsiaka 1,2 m/c
Jie1aeT BO3MOKHBIM IPUMEHEHHE HU3KOHANOPHBIX TEXHOJOIHMM, BKIIIOYas BOJISHbIE KoJEca.
bmuzocts HacenénHoro mnyHkra (okoio 0,3 KM) JOMOJHUTEIBHO IOBBIIACT NPAKTUYECKYIO
JOCTYITHOCTh O0BEKTA.

Puc.3. Booopacnpedenumenwvnoe coopyscenue «Kuneon» (I'uxcoysanckuit paiion)

Ha pucynke 4 npencrasieHo Bof03a00pHOE COOPYKEHHE C YETKO BBIPAKEHHBIM MIEPENajoM
YPOBHSI, 00€CIIEUNBAIOIINM 3HAYNUTEIBHBIN THIPOIHEPTETHUECCKUI TTOTSHITMA YYacTKa — MOpsaKa 5
kBT. [IpogomkuTensHOCTh BOJAOTOKA COCTaBiseT okojo 320 AHe B roay, 4To JAenaeT OOBEKT
MEePCIIEKTUBHBIM JIJIsi cTa0MmIbHON paboTel mManmoit ['DC. CkopocTs TedeHHMs Ha ypoBHE 1,5 m/c
MO3BOJISIET MPUMEHSATh KaK HHU3KO-, TaK U CpeJHEHANOpHbIe TYpOMHHBIE pelleHus. Y Aan€éHHOCTh
OJ>KalIero Hacea€HHOTO MyHKTa Ha 2 KM TpeOyeT AOMOIHUTENBHOTO ydeTa HHPPACTPYKTYPHI
MIPY UHTETPAllUU BBIPAOATHIBAEMOW YHEPTHH.

! \M ‘Z,'/ \ . 4

Puc 4. Booozéopnoe cooyéfceue «Xaukao» (T u.m‘dysaucxﬁ paiion)
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[IpencraBieHHoe Ha pUCYHKE 5 BOAOpACHPENCIIUTEIBHOE COOPYKEHHUE XapaKTEepPU3yeTcs
3aMETHBIM THAPOIHEPreTUYECKUM IOTEHIIMAJIOM, KOTOPBIM OlleHuBaeTcs npumepHo B 90 kBT.
[TpomomxuTensHOCTh BoJgoTOKa B mpeaenax 300 nHeil obecrieunBaeT yCTOWYHMBBIC YCIOBUS IS
skcruryaranuu mManoit I'9C, a ckopocTh TeueHus A0 5-6 M/c co3aaéT 01aronpusTHbIE MPEANOChUTKH
JUIL TIPUMEHEHUS] HU3KOHAIOPHBIX TYpOWH MM BOJSHBIX KOJIEC MOBBIIIEHHOW 3((EKTHBHOCTH.
Paccrosinie n0 Ompkaldiero Hacel€HHOTO IyHKTa COCTaBisIeT OKoJio | KM, 4YTO Jenaer
ITOOKJIIFOUCHUEC reHeppreMoﬁ MOIITHOCTHU TEXHUYCCKHAN I[OCTYHHBIM U DKOHOMHUYECCKHU OHpaBI[aHHBIM.

Puc. 5. Booopacnpeoenumenwvnoe coopysncenue «Koza» (Badkenmckuit paiion)

Ha yuacTke, mpejcTtaBIeHHOM Ha PUCYHKE 6, Ha BBIXOJIE M3 HAIMOPHOTO TPyOOIpoBOaa
HACOCHOM cTaHIUH (popMHpyeTcs YCTOMUYMBBIN MagarolMii MOTOK, CO3MAIOUINI OiaronpusiTHbIC
YCIIOBHUSL JIJISl MCIIOJIB30BAHHSI MAJBIX THIPOTypOWH. [ToTeHIManpHas MOIIHOCTH OIICHWBACTCS B
nuanazone 20-30 kBt u ompenensiercss (akTUUECKUM pacxoJOM BOJIBI U BEIMYUHOW Tepemnaja.
[IponomKkUTeNbHOCT, BOJOTOKA cocTaBisger okono 300 mHel, 4yTo oOecrmeunBaeT BBICOKUMA
KO3 (UIIMEHT HCIOJIb30BaHUS YCTAHOBJIEHHON MOIIHOCTH. CKOpPOCTh MOTOKA OCTUTaeT 3 M/c,
MO3BOJISISI TIPUMEHHUTHh HU3KOHAIMOPHBIC HWMITYJIbCHBIC TypOWHBI. PaccrosHue 1m0 Oivkaifiiero
HACEJIIEHHOTO MyHKTa (2 KM) TpeOyeT MOMOJHUTENBFHON OLIEHKH WH(GPACTPYKTYPHBIX PEIICHUN MPU
IIOIKIIOYEHNH T€HEPUPYEMOM DHEPTUH.

Puc. 6. Hacocnaa cmanyusn «/Kapkox» (Kapaynoéasapckuii paiion)

Ha o0nbexre, nmpeacTaBieHHOM Ha PUCYHKE 7, DOPMHUPYETCSl YCTOMUMUBBINA MaIat0IIHI TTOTOK C
BBICOTHI OKOJIO 1,5 M, co3maBaemblii paboOTOW HAacoCHOW craHiuu. [loTeHIManbHAasT MOIUTHOCTH
yJacTka cocTaniseT nopsaka 30 kBT, mpu sTom BomoTok Habmoaaetcst okojio 300 mHel B roay, 4To
obecrnieunBaeT HaAE&KHOCTh HKCIUTyaTallMd MaJION THIPOIHEPreTUYeCKolW ycTaHOBKH. CKOPOCTh
HCTEKAIoMeH BOJBI JOCTUTAET 2 M/C, YTO MO3BOMAET A (PEKTUBHO HCIOIH30BaTh HU3KOHATIOPHBIC
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UMIYJbCHbIE TYpOMHBI WM BepTUKaJbHbIE BOJsIHBbIE Konéca. PaccrosHme mo Ommkaiiiiero
HaceJI€HHOTO TMyHKTa (2 KM) TpeOyeT mpeABapuUTEIbHOW OLIEHKH ONTHUMAJIbHOW CXEMBbI
IIOJIKJIFOUEHUS TEHEPUPYEMOM JIEKTPOIHEPTUH.

Mot e . s . = -
Puc. 7. Hacocnaa cmanyusa «/[ycmauky (Kapaynoazapckuit paiion)

Ha yuactke xanana «Illoxpym», npeacTaBieHHOM Ha PUCYHKe 8§, HAOJIt0gaeTCs CTaOMIbHBIN
BOJOTOK U PsiJl MaJbIX MEPENaZ0B, MO3BOJISIOLIMX PA3MECTUTh MSTh YCTAHOBOK 10 5 KBT, Kaxknas ¢
CyMMapHbIM [IOTEHIIMAJIOM OKoJI0 25 kBT. Bogonogaua npoaomxkaercs npumepno 300 qHel B roay,
9TO 00ECIIEUYNBACT BHICOKUH KOA((UIIMEHT HUCIONIb30BaHUs MoltHOCTH. CKOpocTh TeueHus 1,3 m/c
MO3BOJISIET IPUMEHATh HU3KOHAOPHBIE TYPOUHBI WIIM BOJISIHBIE KOJ€ca oceBOro tuma. PaccrosHue
0 Omkaifiero Hacen€HHOTO TYHKTa CoOcCTaBisieT 1,5 KM, dYro JenaeT TMOJKIIOYCHHE
BBIPA0ATHIBAEMOI SHEPIMH TEXHUYECKHU BBINOJHUMBIM.

=, . e

Puc. 8. Kanan «Illoxpyo» (Kacanckuit paiion)

Ha yuactke kanama «KoOayn», npeAcTaBIeHHOM Ha pUCYHKE 9, HaOI0aeTCsl CTaOUITBbHBIN
BOJOTOK M JOCTaTOYHAasi CKOPOCTh TEUYEHUs, YTO CO3AAET YCIOBUA MJsl pa3MEIICHHs Majou
TUIPOdHEPreTHYeckoi ycTaHoBKU. [loTeHlManbHasi MOIIHOCTh OLIEHMBAETCS Ha YPOBHE OKOJIO 5
KBT, 4TO0 00yCNOBJIEHO YCTOWYMBBIM PACXOJOM U T€OMETPUYSCKUMH XapaKTePUCTUKAMU KaHaa.
Bona mogaércs mpumepno 300 e B oy, odecrieuynBas MPOI0JDKATEIBHBIN dKCIUTYaTaIluOHHBINA
nepuoj. CKopocTh TOTOKa aocTuraeT 1,8 m/c, 4TO TO3BOJSET MPUMEHSATh HHU3KOHAOPHBIE
TypOMHBI WJIM BOJSHBIE KOJEca, YyBCTBUTENbHbIE K M3MEHEHHMSIM CKOpocTH. PaccrosHue 0
OmKaiIiero HaceJIEHHOTO IMyHKTa cocTaBisieT 1,5 kM, yTo TpeOyeT aHanu3a ONTUMAIBHONU CXEMBbI

MOJIKJIIOUEHUS BhIpaObaThIBAEMON SHEPTHH.
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Puc. 10. Booopacnpedenumenvhnoe

coopysicenue «bow Illogpupkon»
(Lllagpupxanckuii paiton)

Puc. 9. Kanan «I(oﬁdyﬁ» (By:édbcxuﬁ paiion)

BopopacnpenenurensHoe coopyxkenue «bom Ilopupkon», mpencraBieHHOE Ha PUCYHKE
10, xapakTepusyercsi CTaOUIbHBIM BOJOTOKOM M BBIPQXKEHHBIM HHU3KOHAIIOPHBIM IOTEHIUAIIOM,
orieHuBaeMbIM rpuMepHO B 40 kBt. CkopocTh IBHKEHUS BOJBI JocTUTaeT 1,5 M/C, 9TO TIO3BOJISET
3¢ (GEeKTUBHO MPUMEHATh HU3KOHAIIOpHBbIE TYpOWMHBI WM BOASHbIE KoJEca. YCTONUMBBIA pacxon
o0ecrieynBaeT BO3MOXKHOCTh KPYTJIOTOAWYHON OKCIUTyaTallkd Majlod THUAPOIHEPreTUIECKON
ycTaHOBKH. bikaiiimumii HacenEHHBINA MyHKT HaXOAUTCS HA PACCTOSHUM OKOJIO 2 KM, YTO TpeOyer
MPEIBAPUTEIILHOW OIEHKH TEXHUYECKHUX YCIOBHHA JUIS TOJKIIOYEHHUS BbIpabaThIBaeMOU
ANEKTPOIHEPIUH.

BonozabopHoe coopyskeHue, pacrojokeHHoe mo kKoopauHatam 39.865177, 64.522381 u
IpeJCTaBIeHHOe Ha pucyHke 11, oOsagaeT BBHICOKMMHU THAPABIMYECKUMHU IapaMeTpaMu U
CTaOMIIBHBIM KPYTJIOTOJMYHBIM BOJOTOKOM, OOECIEUMBAIONIMM BOJIOCHAaOKeHUe ropoja byxapsl.
CkopocTb JABMXEHHS BOAbl focTuraer 4-6 m/c mpu pacxoae 1-20 m/c m namope 0,5-2 M, uTO
co31a€T OIAaroNpHUsATHBIE YCIOBHS Il YCTAHOBKU dHEProd(h(eKTHBHON HU3KOHATIOPHOW TYPOUHBI.
[loTeHuManpHas MOIIHOCTh y4YacTKa OLICHMBAaeTcd Ha ypoBHe okojo 50 kBt, uro mosBosser
00ECTIeYNTh YCTOWYMBYIO KPYTJIOTOJUYHYIO T€HEPAIMIO AJIEKTPOIHEeprur. biaromaps coderaHuro
BBICOKOM CKOPOCTH MOTOKa M HaI&KHOTO BOJ0OOECTIeUeHHs], JaHHbII OOBEKT SBISETCA OJHUM U3

HanboJsiee MepCHEeKTUBHBIX U1l BHEIPEHUSI MAJION THIPOIHEPTETUKH B PETHOHE.
' K.

Puc. 11. Booo3zabopnoe coopyrcenue Ha Kanaie «I(o60u» (nocénok I'anaocué)
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Metononorus. Ilpu oneHke HM3KOHAOPHOI'O 3HEPIETUYECKOrO IMOTEHIIMAjJa KaHAJIOB U
BOZI03a00OpHBIX  COOPYKEHHMH  HCHOJB3yeTCs  Kiaccudeckas  TUApaBIUYecKas  MOJEIb
MIOTEHLIMAJIbHONW MOIIIHOCTH ITOTOKA. TeopeTruueckas MOIIHOCTh ONPEAEISAETCS Yepe3 IPOU3BEICHUE
pacxojia, IMJIOTHOCTH BOJBI, YCKOPEHHUS CBOOOJHOrO MajeHus W AocTynmHoro Hamopa [11-13]. B
MHXEHEPHOW IPAKTUKE JAHHOE BBIPAKEHUE CIYXKUT OCHOBOM JUIsl BCEX MOCIEAYIOLUIMX OLEHOK U
KOPPEKTUPYETCA C Y4€TOM TUAPABIMYECKHX IMOTEPh W KOIPQHUIMEHTa MOJIE3HOT0 NeHCTBUS
000pyIOBaHUS.

TeopeTrnueckas MOIIHOCTH MOTOKA BhIpaskaeTcsi GopMyJIOil:

Preop = pgQH (1)
1€ Preop - TEOPETHUECKAS MOIIHOCTE, BT; p - miotHOCTs BOabL, (00bIuHO 1000 xr/m>; g -
yckopeHue csoboHoro najgeHns, (9,81 m/c?) Q - pacxon Boasl, M>/c; H - JOCTYIHBIH HAIIOP, M.
®opmyna (1) mUpoKo HMCHONB3YEeTCs] B OTECYECTBEHHBIX M 3apyOEKHBIX HCCIIETOBAHUAX
MaJiol THJIPOIHEPTETUKH, OCOOCHHO ISl KAHAJIOB M OPOCUTENBHBIX coopy keHuit [11], [14].

PeanbHblil 37€KTpUYECKUI BBIXOJ YYUTBHIBAET CyMMapHbIE MPeoOpa3oBaTEIbHbIE MOTEPU:
3¢ (deKTUBHOCTh THUIpoarperara (B HalleM ciydyae - HIDKHEOOWHOTo BOJSHOTO Kolleca 1);) H
3¢ (HEeKTHBHOCTH TEHEPATOPA N opy- BBEIEM cymmapHbiii KI1J[ cuctemsr:

No6m = Mt " Nren (2)

Jl1st HUKHEOO0HHOTo BOJSHOrO Kojieca Tunn4Ho 1. =~ 0,3 [12,15], nnst reneparopa 1. = 0,9
(Majble CHHXPOHHBIE 3JIEKTPOr€HEPATOPHI), CIENOBATENIBHO 1ogy, =~ 0.27.

DneKTpuyuecKas MOIIHOCTb OIPEesieTcs KaK

Py = No6m PTeop (3)

3necy P,; - snexTpuueckas MOLIHOCTh Ha Bbixoae, BT. ®@opmynsr (1)-(3) mpuHsTH B
OTEUYECTBEHHON U MEKYHApPOIHOM MMPaKTUKE OILIEHKU MaJloi ruapo3nepreruku [11-13,15].

Pacxonq @ momywaioT 5nuOO MpPSIMBIM H3MEPEHHEM IONEPEYHOro CEYEeHUS U CpeaHen
CKOPOCTH, JTMOO0 MO rupaBinyeckuM popmynam. [Ipu npsmom nsmepeHuun

Q=A4-9 “4)

rae A - miomaab )KUBOTO CEUeHUs IOTOKa, M?; UV - CpEAHsIsl CKOPOCTh MOoToKa, M/c [13].

['eomerpuyeckuit wHamop H. ommuaercs oT dddexktuBHOro Hamopa H, wu3-3a

TUAPABINYCCKUX TIOTCPh, I MHIKCHCPHBIX paC‘léTOB CICAYCT YUUTBIBATH CYMMAPHBIC IIOTCPU
h .
noT -

Ha = Hr - hl‘IOT (5)
HUJInd B 60.]'[66 TOYHOU KMHETHUUECKOU 3alINCH
— 19izn_ﬁgut
Hs - Hr + 29 - hHOT (6)

TJI€ Vjp, U Vyye - CPETHUE CKOPOCTH JI0 U TIOCIIE YCTAHOBKH; Ay o BKITFOYAET TPEHUE, MECTHBIE
BHXPEBBIE MIOTEPU U TIOTEPHU Ha BXxoe/Bhimycke [13,16].

['omoBast PHEPTUsl pacCUUTHIBACTCS Yepe3 MOIMHOCTh U BpeMs paboThl. B cooTBeTCTBUM C
MPUHATHIM JOMYIIEHHUEM ISl DKCIUTYyaTallMOHHBIX pacd€éToB mNpuHUMaeM 3(G(EKTHBHOE BpeMs
pabotsl ycranoBku t = 8000 u/rox (ocTaToK Tofa pe3epBHPYETCS HA OOCITYKMBAaHHE U PEMOHTHI).
Torna rogoBast sHEpreTUYECKas BHIpadOTKa paBHA:

Er = PBJ'I -t (7)

Pesyabrarsl uccienoBanus. Ha pucynke 12 mnpuBeneHa JuHEWHas 3aBUCUMOCTH
AIEKTPUUYECKON MOIIHOCTH MaJlo TMAPOYCTAHOBKM OT pacxoia BOABI MPU MOCTOSSHHOM HaIope
H = 1,5m. XapakTep 3aBUCHMOCTH CTPOTO IMPOIOPIIHOHAIBHBIN: YBEIMUECHUE PACX0/1a MPUBOJINAT K
paBHOMEpPHOMY pOCTY MOINHOCTH. Ha pucyHke oTMedeHa pacu€THas TOYKa BOJI03a0OPHOTO
coopyxenns Koonyn (Q=5 m*/¢), nna xkoropoit npu cymmapaoM KIII 146, = 0,27 snexrpudeckas
MouHocTh coctaBisier P = 20 kBt. I'paduk neMoHCTpupyeT BBICOKHI MOTEHLUAN YBEJIWYCHUS
MOIITHOCTH TPU POCTE Pacxojia, YTO OCOOCHHO BAXXKHO JJISI MPPUTAIMOHHBIX KaHAJIOB C CE30HHO
HM3MEHSIOIUMCS 00bEMOM TTOAAYH BOIBI.
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Puc.12. I'paghuk 3asucumocmu 3neKmpuuecKoii MOWHOCMU OM Pacxo0a NOMoOKa 600bl
I'paduk 3aBUCUMOCTH, IIPEJICTABICHHBIN Ha pUCyHKe 13 oTpa)xaeT JMHEHHBIH POCT roJOBOM
BBIPA0OTKH 3MeKTposHepruu Manoil ['DC mpu yBenndeHHH Hamopa. YBeJIUYeHHE Haropa Jaxe Ha
0,5-1 M cyliecTBEHHO M3MEHSIET YHEPreTUUECKUil MOoTeHIal y4yactka. PacuérHas touka KoOmyH
(H=1,5 M) mokaspiBaeT rofoByI0 BBIpaObOTKY okoio 159 MBt-u mpu pacxome 5 m?/c. I'pacdux
MOTYEPKUBACT BAYKHOCTh MH)KEHEPHBIX PEIICHHUH, TO3BOJISIFOIINX YBETHMUUTH d()(HEKTUBHBINA HAIIOP
Jla’ke IIPU MaJibIX T€OMETPUUECKHUX NIEpenaax.

H=1.5m
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Puc.13. I'pagpux 3a6ucumocmu 20mo6oit meopemuuecKkoil 8blpadoOmKu INeKmpoIHEPZUU Om
pacxooa nomoka 600ul

Ha pucynke 14 mpejicraBiieHO BIUSHHUE HAIOpa Ha JJCKTPHYSCKYIO MOITHOCTH IS JABYX
XapaKkTepHBIX PACXOJIOB HMPPUTAIIMOHHBIX KaHAIOB. JIMHEWHbIE KpUBBIE MOKA3bIBAIOT, YTO MPHU
OJIMHAKOBOM YBEJIMUEHUHU Haropa KaHai ¢ OosbmuM pacxogaom (Q=8 m?/c) memoHcTpupyeTr Ooiee
BBICOKYIO MOIIHOCTH Ha Ka)XXIoM ypoBHe Hamopa H. Pa3Huiia Mexay JTUHUSMHU BH3yaTU3UPYeT
BOKHYIO THIPOIHEPIETHUECKYIO XapaKTepUCTHUKY: Macimrabupyronmii 3ddext pacxoma. I[lpu
Harnope 1,5 M, HammpuMep, MOITHOCTH cOCTaBISIOT okoJio 20 kBT (Q=5 M?/c) u okomno 32 kBt (Q=8
M*/c). Takum o0pa3om, rpaduk MOTUEPKUBAET, YTO HSHepreThdeckas 3(P(HEKTUBHOCTh ydyacTKa
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OTIpE/ICIISICTCS. OJJHOBPEMEHHO 000OMMH TapaMeTpaMu - M PacXoJ0M, M HAIlOpPOM, a UX COBMECTHas
ONTUMHU3ALMS TAET MAKCUMAIIbHBIN 3(PPeKT.

Q=5.0 m¥s
Q=8.0 m¥%s
x Kobdun H=1.5m, P=19.9 kW
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Puc.14. I'pagpuk 3asucumocmu 31eKmpuiecKoil MOWHOCMU O HANOPA 01 08yX PACX0008
nOMOKA 600bl

Ha ocHoBe npoBen€HHON OLIEHKM HU3KOHAOPHOTO TUIAPOIHEPreTHUYECKOTo MOTEHLHUana
MpeajaraeTcsi BHEIPEHHE MallbIX TUAPOIHEPreTUYECKUX YCTAaHOBOK C BOJSHBIMH KoOJIEcaMu
HIKHEro 00sl, KoTopble Haubosnee 3PQPeKTHBHO pabOTAIOT B YCIOBHUAX HEOOJBUIMX HANOpPOB U
CTaOUJIBHBIX PACXOJIOB, XapPAKTEPHBIX ISl OPOCUTEIBHBIX KAHAJIOB U BOA03a00PHBIX COOPY>KEHUM
Byxapckoit o6nactu. VMcnonb3oBaHue TakUX yCTaHOBOK II€JIECOO0PAa3HO B TOUYKAX C IEpenajoM
ypoBHs 0,5-2 M u pacxomamu Boiael oT 1 mo 10 m*/c, rme pacy€rsl mMoka3and TEXHUYECKU
noctuxuMyto MomHocTh 30-100 kBt. PexomennyeTcst nmpUMEHSITb MOAYJIbHBIE KOHCTPYKIMH C
YIPOUIEHHBIM  OOCIY>KUBAaHMEM H BO3MOXKHOCTBIO OBICTPOM YCTaHOBKM 0€3 U3MEHEeHHus
THIPOTEXHUYECKON CTPYKTYpbl KaHaiioB. Jlyis oOecrieuyeHuss yCTOWYMBOM Te€Hepaluu Cleayer
YUUTHIBAaTh CE30HHBIC KOJIeOaHUS pacxoda BOJAbI, WHTETPAllMI0 C JIOKAIbHBIMH Harpy3Kamu u
TpeOOBaHUsI TIO DKOJOTUYECKOW Oe3zomacHOCTH. J[lanpHeHIme wWccleqoBaHus JOJDKHBI OBbITh
HampaBlIeHbl Ha ONTUMH3alUI0 Tpoduis jomacteil koneca s noswimeHus KIIJ[, paspaborky
aJIalITUBHBIX CHUCTEM PETyJUPOBaHUS IMPU U3MEHSIOUIEMCS TOTOKE, a TakkKe TEeXHUKO-
HSKOHOMMYECKYIO OIEHKY THMOPHIHBIX CHCTEM, COYETAIOUINX Mallyl0 THAPOIHEPTETUKY C JPYTUMU
BO300HOBJISIEMBIMUA UCTOYHUKAMU YHEPTHH.

3akmouenue. VccnenoBanue mokasano, 4To CHCTeMa KaHAJOB M BOJ03a00poB byxapckoit
obnactu 00J1alaeT 3HAYMTEIIbHBIM HU3KOHAIIOPHBIM MOTEHIIMAIOM JUTsl pazMenieHus Maibix [OC.
Jlackxe pu HEOONBIIMX HAOpaxX W YMEPEHHBIX pacxoiax Bo3MOkHO moiyudeHue no 100 kBt Ha
OTIeNbHbIX 00bekTax. Hambosee mnepcrneKTUBHBI COOPYXKEHHS C YCTOHYMBBIM BOJOTOKOM U
HariopoM 0,5-2 M. [IpuMeHeHHe MOJYJBHBIX BOJSHBIX KOJEC MO3BOJSIET 00ECIeUUTh BBIPAOOTKY
SHEpruu 0e3 cepbE3HOr0 BMEIIATENbCTBA B CYIIECTBYIOIIYI0 HH(pacTpykTypy. Pexomenmyrorcs
JalbHEUINe WCCIe0BaHusl, HAllpaBlIeHHbIe Ha MOBBIIICHHE d(PPEKTUBHOCTU KOJEC U aJanTaIHI0
YCTaHOBOK K CE30HHBIM U3MEHEHUSM Pacxo/ia BOJbI.
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U SHepeemuueckas uxcenepusy, byxapckoeo 2ocyoapcmeennozo mexHu1uecko2o yHugepcumema

HNCCIEJOBAHHUE 3ABUCUMOCTHU BbBIXOJA BOOAOPOJIA OT TEPMOXUMMU-
YECKUX XAPAKTEPUCTHUK DJIEKTPOJIUTA B ITPOUECCE 3JEKTPOJIN3A
Mamenos P.A.

Byxapckuii 2ocyoapcmeennulii mexnu4uecKuil yHugepcunemn.

Annomayus. B pabome paccmompeno enusHue MePMOXUMUYECKUX XAPAKMEPUCMUK IAEKMPOIuma -
memnepamypsl, MenioémMKocmu, MenionpoSOOHOCIY, BA3KOCMU U DJIeKMPONPOBOOHOCMU - HA 3phexmuenocms
INEKMPOAU3A OO U BbIXO0 6000p0da. 1Iposedén ananus cospemennvlx ucciedosanuil 01 uerounvix (AWE), npomon-
oomennvix (PEM) u meepoooxcuonvix (SOEC) snekmpoauzépos, gvinsienvl 3a8ucumocmu evixooa Hz om cocmasa u
memnepamypuvl 2NEeKMpoIUmd. YcmaHnosneHo, 4mo onmumanbHoie ycaosus obecneuusaromes npu memnepamype 60-70
°C onsa wenounvix u 50-80 °C onas PEM-cucmem npu xomyenmpayuu 20-35 % KOH uau NaOH. Iloxazano, umo
KOMNAEKCHAS ONMUMUZAYUSL XUMUYECKO20 COCMABA U MEMREPAMYPHO20 PEeACUMA INEKIMPOIUMA HO360ISe NOBbICUMb
6b1X00 6000pooa na 10-25 %, chusumo snepeonompebrenue na 8-15 % u ysenuvums donzoseynocms siyetiku na 20-30
%. Copmynuposanvl pexomenoayuu no noobopy napamempos 321eKMpoiumd, HANpAeieHHvle HA NOBblUUEHUE
IHEPeoIPPeKMuUsHOCmU U YCMOUMUBOCHU 6000POOHBIX MEXHONOSU.

Knrwouesvle cnosa: 6000po0, 51eKkmponu3 600bl, MEPMOXUMULECKUE XAPAKMEPUCMUKU, ILeKMPOTUM,
INEKMPONPOBOOHOCMb,  mMeMnepamypa, — weiounou  anekmpoaus, PEM-snexkmponus,  suepeosghgpexmusnocmo,
MENnI0EMKOCIb, MENI0NPOBOOHOCIb.
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