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AHHOTanusa. AKmya/1bHOCMb UCCJIeJOBaHUs COCTOUT B HEOOXOJUMOCTH Pa3BUTHUsI B PoccUM TEXHOJIOTHMN, UCTIOJIb3YIOLIUX
HETpPaJUIIIOHHbIEe UCTOYHUKU 3Hepruu. opMupoBaHKe JAaHHbBIX TEXHOJIOTUH MO3BOJIUT 06eCneYuBaTh 3HEPTeTHYECKUMU
pecypcaMu HaceJsieHHe 6e3 BpeJJHbIX BLIOPOCOB B OKpYKawLyio cpeay. Lleblo vicciiefoBaHus sIBJsI€TCS KOMIIJIEKCHBIN aHa-
JIN3 0COOeHHOCTel paboThl GMHAPHOM reoTepMaJbHON 3JIEKTPOCTAHIIMHU B PAa3JIMYHBIX KJINMAaTUYECKUX YCIOBUAX IKCIIya-
Tanuu. 06eKmbl: TEIJIOBblE CXeMbl GUHAPHBIX re0TEPMaJIbHbIX CTAHLIUI NPUMEHUTENbHO K YCTAHOBKE B Pa3JIMYHBIX Te0-
rpaduyecKkux peruoHax U paboTe OT Pa3JIMYHbIX TeOTEPMaJbHbIX UCTOYHUKOB. Memodbsl: YiCc/ieHHble UCCIe0OBaHUs Ha
OCHOBe MaTeMaTHYeCKUX aJI'OPUTMOB CUCTEM OMHAPHBIX re0TepMaslbHbIX YCTAaHOBOK, CPABHUTE/IbHBIA aHaIU3 3 PEKTHB-
HOCTHU GUHApHBIX re0TepPMaJIbHbIX YCTAHOBOK 110 Pa3/IMYHbIM BHELUIHUM napaMeTpaM. Pe3ys1emamul. [IpoBe/ieHbl YUC/IEH-
Hble UCC/IeZ0BaHUs JJIs1 ONpe/iesieHNs: 3pGeKTHUBHOCTU reoTepMabHbIX 3JIEKTPOCTAHI[UN C TEMJIOBOM CXeMOM G6HHApHOIO
THIA U C KOHAEHCATOPOM BO3ZYIIHOIO OXJIAX/eHHs IPH UX paboTe HAa PA3/IMYHBIX HCTOUYHHKAX, /IS 4ero BbIOpaHbl 15 u3-
BECTHBIX F€0TepPMaJIbHbIX UCTOYHUKOB, KOTOPbIe PACIOJIOKEHBI B pa3/IMYHbIX reorpadpudeckux pernoHax Poccuu. [lo us-
BECTHBIM XapaKTepUCTUKaM QJIIOH/JA Ha BBIXOJE U3 CKBaXKWHbI IPOAHATU3UPOBAHbl BO3MOXKHbIE ITapaMeTphbl paboThl OH-
HapHBIX [e0TEePMaJIbHBIX 3JIEKTPOCTaHIMHM. Tak Kak reorepMasbHasi 3J1eKTPOCTAHLHUS UMEeT B COCTaBe TEIJIOBOM CXeMbl
KOH/IEHCATOp BO3JYLIHOTO OXJIAX/eHHUs], ObLJIY MOJIyYeHbl TapaMeTpPhl ee PaboThl OT CpeJHEMECIYHBIX TEMIIEPaTyp OKpY-
KaIoIlero Bo3/AyxXa B KaJleHJapHOM ToJly B PerdoHe, B KOTOPOM PacIoJIOXKeH aHaJU3UPYeMbId reoTepMasbHbIN HCTOYHHUK.
YucneHHbIe UCCIe0BaHUs TI0Ka3a/Id BJAUSHHE TapaMeTPOB TePMaJIbHBIX UICTOYHUKOB M KJIMMAaTHYeCKUX 0CO6eHHOCTEH Ha
3$eKTUBHOCTD reHeparuy 3J1eKTPUUeCKOH 3Hepruy MoCpeICTBOM OGMHAPHOU yCTaHOBKHU. BBISIB/IEHO, YTO TPU BO3MOXKHOK
paboTe GMHAPHOU reoTepMaJbHON CTAHIMM B TeUeHHE KaJeHJAapHOro rojia HauboJbLIas cpeHeMecsTqHast 3JIeKTpUudecKast
MOILHOCTb OKH/Ja€MO JIOCTUTAEeTCsl B XOJIOJHBIA NTeproJ BpeMEHH, B JAHHOM CJIy4ae B STHBape, U coctasiseT 1752 kBT s
Moro¥ickoro ropsiuero UCTOYHHKA. JIJIs1 caMOro Temsoro Mecsia B roAly — HI0JIsl — HanGoJIbIel 3JIeKTPUYeCKOH MOIHOCTBIO
930 kBT MorJia 661 06/1a1aTh 6UHAPHAS 3JIEKTPOCTAHIMSA MeYUrMeHCKOTO ropsiuero HCToOYHMKa. Han6o/bmnii abCcoroTHBIN
anexktpudeckuit KI1/l B suBape gocruraet 15,22 %, 3aBUCHT B GOJIbIIEH CTENEHU OT BEJTUYUHBI TEMIIEPATYPHI IOABOAA Tell-
JIOBOHM 3HEpruH B LIUKJIe U CpeJid pacCMaTpUBaeMbIX B JJaHHON paboTe GMHAPHBIX CTAaHLUH UM CMOXeT 06J1aJjlaTh reoTep-
MaJibHasl 3J1eKTPOCTaHIUs B H.I1. YaxkeMTO.
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Abstract. Relevance. The necessity to develop in Russia the technologies that use non-traditional energy sources. The for-
mation of these technologies will allow providing energy resources to the population without harmful emissions into the en-
vironment. Aim. Comprehensive analysis of the operating characteristics of a binary geothermal power plants in various cli-
matic operating conditions. Objects. Thermal diagrams of binary geothermal power plants applicable to installation in differ-
ent geographic regions and operation from different geothermal sources. Methods. Numerical studies based on mathematical
algorithms of binary geothermal plant systems, comparative analysis of the efficiency of binary geothermal plants based on
various external parameters. Results and conclusions. Numerical studies have been conducted to determine the efficiency of
geothermal power plants with a binary thermal circuit and an air-cooled condenser were conducted during their operation
on various sources, for which 15 known geothermal sources located in Russia in different geographical regions were selected.
Possible operating parameters of binary geothermal power plants were analyzed based on the known characteristics of the
fluid at the well outlet. Since the geothermal power plant has an air-cooled condenser in its thermal circuit, its operating pa-
rameters were obtained from the average monthly ambient air temperatures in the calendar year in the region where the
analyzed geothermal source is located. Numerical studies showed the impact of thermal source parameters and climatic fea-
tures on the efficiency of electric energy generation by means of a binary plant. It was revealed that with the possible opera-
tion of a binary geothermal plant during a calendar year, the highest average monthly electric power is expectedly achieved
in the cold period of time, in this case in January, and is 1752 kW for the Mogoysky hot spring. For the warmest month of the
year - July - the binary power plant of the Mechigmen hot spring could have the greatest electric power of 930 kW. The
greatest absolute electric efficiency in January reaches 15.22%, depends to a greater extent on the value of the temperature of
the heat supply in the cycle and among the binary stations considered in this work, the geothermal power plants in the set-
tlement of Chazhemto could have it.
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CokpalieHusi, aG6peBUaTyphbl e OLIP — oprannueckuit nukn PeHkuHa;
e EIA — Energy Information Administration (Ynpas- e [IBC — napoBoasiHas CMeCh;
JICHUE SHEPTEeTHUYCCKOI nHpOpMAaIei); ® D-H— paiioH;
e BUD — B0300HOBIAEMBIH HCTOUYHHUK SHEPTHH; e CPK — cTomopHO-peryupyomine KiamnaHsl;
e T'e0oDC —reorepmainbHas IEKTPOCTAHIUS; o OO — (mona-ppeoH;
e ['U — ropsiunii MCTOYHUK; e YucThlil HONMB — yraepoaHas HERTPAITBHOCTh 3HEP-
e KBO — koHIIeHCATOp BO3AYITHOTO OXJIAXKICHHS, TeTUYECKNX OOBEKTOB;
o KH — konzaeHcartHsblil Hacoc; e DD — HIEKTPOIHEPTHS;
o KIIJI — ko3¢ duueHT nojae3Horo AeHCTBHS; e S| — CH — mexnmyHapoImHas CHCTEMa H3MEPEHISI
e H/I— HET JaHHBIX; €IUHHALI.
e H.II. — HACEJICHHBIH MyHKT;
BBegeHue MOYKHO HPEIOTBPATUTH, OBICTPO YXOIWT. Y BEIHUCHUC

Cormacuo goxmany OOH 2022 r. [1] o nensix B 06-  06miero noTpeGaeHus SHEPTUM, ¢ OJHOM CTOPOHBI,
JIACTH YCTOMYMBOTO Pa3BUTHS, MHP CTOMT HAa KpPal  MUHHMMM3ALMS CBA3aHHBIX C 3TUM BEIOPOCOB IIAPHHUKO-
KJIMMaTHYeCcKOi KatacTpo(sl, U BpeMs, KOTJa ee €lle  BbIX a30B, C JAPYroi, SBISIOTCS OJAHOW M3 Hamboiee

216



M3BecTns ToMCKOro nosiMTeXHUYeCKOro yHUBepcuTeTa. UHKUHUpUHT reopecypcoB. 2025. T. 336. Ne 1. C. 215-229
AukoBckuii C.A. u ip. YncneHHble nccaefoBanus 3G PeKTHUBHOCTH paboThl GMHAPHBIX Fe0TEPMaTbHBIX CTAHLIIUN HA U3yYEHHBIX ...

Ba)KHBIX JKOJIOTHYECKUX MPOOIEeM B COBPEMEHHOM MH-
pe [2, 3]. CoriacHo mpoOrHo3am, ISt CHHKEHHUS TIO-
CJICJICTBHIA TJI00ABHOTO TMOTEIJICHUS IOTPeOyeTCs
yBenuuuTh goiro BUD no 65 % k 2050 r. [4]. Takxe
oTMmeuaercs, uTo BUD OynyT cambIMH OBICTpOpACTY-
UMW UCTOYHUKAMU dHEPTuH, u yxe K 2040 r. ux gomns
MOJKET YBEIHYHUTHCS B 5 pa3, 4To 00eCreynuT IpuoIn-
3utenbHO 14 % MupoBoro nmorpebienus snepruu [5].

Lenb MHUPOBBIX DHEPreTHYECKHX TPEHIOB — Pa3BH-
tie BUD [6]. B crpanax Bocrounoii u IOro-
Bocrounoit EBponsl, L{enTpansHoit A3uu, KaBkasa u B
Poccuiickoit @eaepanmu ¢ 2018 r. Habmogancs Oec-
MPEIEICHTHBIA POCT MPOWU3BOACTBA BO300HOBISEMOM
anektposnepruu [7]. Cornacuo manubiM «Eurostaty 3a
2020 r., B HEKOTOpBIX cTpaHax EBponsl nons BUD yxe
npesbicuiia 50 %. [lpu 3TOM nuaepamu cTajau Takue
cTpansl, kak Ucnanaus (83,7 %), Hopserus (77,4 %) u
MIsenus (60,1 %) [8].

Cpenn BUD mocne BETpoBOil U COTHEUHOM HHEpre-
THUKH TeOTepMalbHasl CTOUT HA TPETHEM MECTE B MHUpE
IO BBIPAOOTKE 3JEKTpHUEecKOll 3Hepruu. OJHAKO pas-
BUTHE BETPOBBIX U COJHEYHBIX AJICKTPOCTAHIUH B OT-
CYTCTBHE HAKOIHTENIEH DHEPIHH HE MOKET CUUTATHCS
Haunbosee 3((EKTUBHBIM CIIOCOOOM CHUXKEHUS BBIOPO-
COB IIAPHHMKOBBIX T'a30B B HYHEPTOCHCTEME, TeM Ooiee
9TO JaHHBIC BUABI DJICKTPOCTAHIINHA 3HAYUTENBHO TIPO-
UTPBIBAIOT APYTMM BapHaHTaM KOMOWHHPOBAHHOM BBI-
pabotku 3nexTposnepruu u temia [9]. Kpome Toro,
Ba)XHO OTMETHUTH, UTO TeOTepPMaJIbHAS YHEPTHSI SIBISET-
Csl TIPEJCKa3yeMbIM MOCTOSIHHBIM U HAJCKHBIM UCTOY-
HUKOM SHEPTUH, HE 3aBUCAIINM OT MOTOABI UJIH CE30H-
Heix koseOanmit [10]. HakomaeHHast Mo MOBEPXHO-
CTBIO 3eMJIM TeoTepMalibHas YHEPTHsi MOXKET IpHMe-
HATBCS JJIS1 IPSIMOTO 00ECIeUeHHUs TETIIOBON YHEprueit
0o I mpeoOpa3oBaHus B AIEKTPOIHEPTHUIO H, Clie-
JOBaTEIbHO, SBJISETCSI OMHIUM U3 UCTOYHUKOB HEPIHH,
JOCTYITHBIX JUIS JOCTHKEHHUSI «ducToro myis» [11].
['eoTepManbHbBle CHCTEMBI OTOIICHHS M OXJIAXKICHUS
MOTYT 00€CHEeUYHTh 30aHUs HEAOPOTHMH pecypcaMi H,
Kak MpaBWJIO, UMEIOT OONBIINN CPOK CITY>KOBI, HaJeX-
HOCTb M YCTOHYMBOCTH MO CPABHEHHUIO C TaKMMH HC-
TOYHHKaMH, KaK, Harmpumep, Betep u conie [12]. Ce-
rogHs ucnonezyerca Menee 1,0 % moreHnmana reo-
TEepPMaJIBHON PHEPruM 3eMIIM, CTOMMOCTH Ipeodpaszo-
BaHU KOTOPOW B 3JEKTPHUYECCKYIO SHEPTHIO SBISETCS
OJTHOHM M3 CaMbIX HHU3KHX CPEAU PAa3IUYHBIX TEXHOJIO-
MM 3JEKTpPOreHepaluu corjlacHo cratuctuke EIA
CUIA (ra6u. 1) [13, 14].

TemmepaTypa TreOTepMalIbHBIX PECYpCOB HIPACT
MPUHIMITHAIBHO BaXHYIO POJIb B TE€OTEPMAIEHOM CEK-
Tope. Hampmmep, mpsiMoe uCHONB30BaHUE TeEOTEp-
MaJbHBIX pecypcoB ¢ Temmeparypamu oT 30 go 90 °C
[15] MoeT OBITh TMOJE3HO UIsA: XUMHUIECKON 00paboT-
ku [16], oxnaxxaenus/oborpesa 3aanuit [17], cenbcko-
xo3siticTBeHHbIX Terutuil [18], mpousBoscTBa Bogopoaa
[19], muctumsaimu conewnoit Boast [20, 21], usBnede-

HUs TspKenol Hedtr [22], XxpaHeHus SHEPrHU BO3AyXa
[23] u mp. B Hacrosimiee BpeMsi HU3KOTEMIIEPATypHBIC
reoTepMalbHbIe PECYpPChl HCIIONB3YIOTCS B KauyecTBE
HETOCPEICTBEHHOTO MCTOYHHUKA SHEPTHU TPUMEPHO B
82 cTpaHax, IpH 3TOM O0LIas YCTAHOBJICHHAs TEIIO-
Bast MOIIHOCTH coctaBisier 70,9 I'Bt [24].

Ta6auya 1. CpedHsisi 8blpOBHEHHASI CMOUMOCMb 3/1€KMpOo-
3Hepauu, Npou38o0uUMOll U3 HE80306HOBASEMbIX
U a/1bmepHamu8Hblx pecypcos Ha nepuod 2020~
2025 ee. [14, 15]

Average aligned cost of electricity produced from
non-renewable and alternative resources for
2020-2025 [14, 15]

Table 1.

Tun 3J1eKTpoCTaHL MU CroumocTb $/kBTY
Power plant type Cost $/kW-hour

YrosipHas /Coal 0,12-0,13
Ha npupogHom raze/On natural gas 0,043
AtomHasi/Nuclear 0,093
Berpogas (Ha cyme)/Wind (on land) 0,038
BeTtponas (Ha wesbde)/Wind (on the shelf) 0,106
CousiHeuHas ($oTo3IeKTpUYECKHUE) 0036
Solar (photovoltaic) !
CoJsiHeyHad (TenJioBast 3Heprus) 0165
Solar (thermal energy) !
l'eorepmasibHasi/Geothermal 0,040

Ha 6uomacce/On biomass 0,090
'napossekTpocTaHLUA 0039
Hydroelectric power station !

Oxono 70 % uWCHONB3yeMbIX IeoTepMaJIbHBIX pe-
CypCcOB BO BCEM MHUpPE UMEIOT Temmeparypsl ot 110 no
160 °C [25]. T'eoTepmasbHble HCTOYHHUKH C TEMIIEpa-
Typoit Bbime 150 °C cuMTaroTcsi BBICOKOTEMIIEPATyp-
HBIMH, U OOJIBIIIAS YaCTh ATUX PECYpCOB HAXOIUTCS B
AKTHBHBIX BYJIKAHUYECKUX paiioHax.

CornacHo naHHbIM [26], cyMMapHast BeIpaboTaHHAS
ANEKTPUYECKass MOIIHOCTh MPU HCIOIB30BaHUH T'€0-
TepManbHBIX HCTOYHMKOB B 2015 r. cocraBmma 73,5
TBt1-4, B 2020 1. — 95 TBT1-4, a B 2021 1. — yx)e 105
TBt-u. C 2015 o 2021 rr. mpupocT BHIPAOOTKH dJIEK-
TpUdecKoi sHepruu coctaBui 43 %, B OCHOBHOM O1a-
rojiapsi BBOJy HOBBIX OMHAPHBIX yCTaHOBOK. CerojHs
HacuuThiBaeTcs okojo 400 reoTepManbHBIX 3JEKTPO-
CTaHUMKA (YacTO COCTOSIIIMX M3 HECKOJNbKHX O0J0-
KOB/yCTaHOBOK) [27].

B Hacrosimee Bpemsi CTpaHbl ¢ HAWOOJBIIEH o0IIen
YCTaHOBJICHHOW MOIIHOCTBIO HCIIOJIB3YEMBIX TIeoTep-
MaJlbHBIX pecypcoB (B mopsnake yOwBanus): CLIA,
WNunonesus;, @ununmunel, Typuus, HoBas 3emanmus,
Mexkcuka, Utanusa, Kenus, Anonus u np. B Muaone-
3UH PACTIONIOKEHBI YEThIPE KPYITHEHIIINE B MUPE IIEK-
TPOCTAHIIMK, camasi KpyIHas W3 KOTOpBIX, «Salaky,
nuMeeT MoIHocTh 376,8 MBT [28, 29].

Takum oOpazom, B XXI| B. ckiaapIBacTcs MUPOBas
TEHICHIUS B TOIUTUBHO-YHEPIeTHUECKOM KOMILICKCE
M0 CHIKCHUIO BHIOPOCOB BPETHBIX BEIIECTB, IOCTH-
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JKEHUIO YINIEpoIHOM HelTpansHOCTH. [Ipn aTom B Poc-
CUU TaK)Ke MOCTaBJIEHBI 33Jauu Mo yBenndeHuro BNO
IUIsl BEIpAaOOTKM 3Heprun. OTHAKO B HACTOSIIECE BPEMS
JOJIs1 JAaHHBIX BUJIOB SHEPruu O4eHb Majia. OCHOBHas
LIeJIb TaHHOW pabOThl COCTOUT B TOM, YTOOBI YHCIICHHO
JoKa3aTh 3((EKTUBHOCTh HCIIOJIE30BaHUS OWHAPHBIX
KOMIUIEKCOB Il NpeoO0pa3oBaHUsl TeoTepMalbHON
TEIUIOBOW PHEPTUU B DJIEKTPUUYECKYI0 Ha M3BECTHBIX
TEepMaJIbHBIX MECTOPOXKIEHHSIX B Poccuu.

F'eoTepmasibHas 3Heprusa Poccun

Poccust oOmamaeT OrpoMHBIMH 3alacaMH TeOTep-
manbHoM sHepruu [30]. Cpean perdoHoB ¢ reotep-
MaJbHBIMM pecypcamu BblienstoT: IIpenkaBkasbe, 3a-
nagayo U Boctounyio Cubups, Kamuarky, Kypuib-
ckue octpoBa, Caxanun, aneauii Boctok [6]. O6mumii
TEIJIOBOM MOTEHIHAJ PECYpPCOB I'€OTEPMANIbHON 3HEp-
ruu Poccun skBuBanmenteH 1702 TpmH T yCIOBHOTO
tommmsa (T.y.1.) [31]. B 2021 r. reorepMaibHast SHEp-
retuka Poccuiickoit denepannn mMena yCTaHOBIJICH-
Hyto MomHocTh ['e0DC 74 MBT, MOmHOCTS TEMI0BOM
redeparmn — 110 MBT, BbIpaboTKa 3JIEKTPUYECKOMN
sHepruu B roj coctaBmwia 280 I'Bt-u, TennoBoii sHEp-
ruu — 428 I'Br'u. B crpane 3KkCIUlyaTUpOBalIUCh TPU
MapOBOJSHBIX I€OTEPMAJIbHBIX MECTOPOXKIAEHUS ¢ 95
CKBa)XMHAMU, U3 KOTOpHIX B 2021 r. Ob10 100BITO 13
miH T IIBC. Ha 33-x rugporeorepMmaibHbIX MECTO-
POXIACHUAX OBUIO TOOBITO 25,7 MIIH M3/TOJ TEIJIOHO-
curenst [32].

Tepputopust Poccuiickoit ®enepanuu oO0mMpHa,
MHOJKECTBO HACEJIEHHBIX IyHKTOB HAaXOIATCS B TPYI-
HOJIOCTYIHBIX U OTAAJCHHBIX paiioHax, B KOTOPBIX AJIS
obecrnieueHus] MOTPEOHOCTEH B DIIEKTPUUYECKOW HSHEp-
THH IPUMEHSFOTCS] YCTAHOBKH, COKUTAIOIINE YTIICPOIO-
coJiepkalllue HCKomaeMble BMIbl TomauBa. OpHAKO
UCTIOJIb30BAHUE JIAHHBIX YCTAHOBOK COMPSIKEHO C Ps-
JIOM CYIIECTBEHHBIX HEJOCTATKOB: COKUTAHHEM HCKO-
MaeMOT0 HEBO30OHOBISIEMOTO TOIUIHBA, 3arps3HEHHEM
OKpY>Karole cpebl, BHICOKOW CTOMMOCTBIO TOILUIMBA
n3-3a MPO0JIeM ¢ IOCTaBKOM B OTHAJICHHBIE PaHOHBI U
mp. B utore BeIpabaTeiBaeTCs AMEKTPOIHEPTHS C BBICO-
KOIl ce0ecTOMMOCThI0, IIPH 3TOM CyMMapHas roJoBas
BbIpaboTka mocturaet 6omee 1 mupa kBr-u [33]. Ha
2024 r. cpenmHsis cebecTOMMOCTh D3 Ha 3THUX AJIEKTPO-
craniusax cocraBisier 40—64 p./kBr-u, a MakcuMmaib-
Has pocturaet 2191 p./kBT-4, 4To BO MHOTrO pa3 mpe-
BBIIACT CPEAHUH Tapud NpH IEHTPATN30BAHHOM
JJIEKTPOCHAOXKEHUHU. BbICOKast CTOMMOCTh HPOM3BO-
cTBa DD 00yCJOBIeHAa TPYIHOJOCTYIMHOCTHIO JaHHBIX
palioHOB U BBICOKOI CTOMMOCTBIO TPaHCIIOPTUPOBKU
OpPraHWYecKOro BUJA TOIUIMBA K JaHHBIM 3JIEKTPO-
CTaHIMAM. B o00HBIX yCIOBUSX OJHUM U3 Hauboiee
MEPCICKTUBHBIX CIIOCOO0OB CHIKEHHUSI CTOMMOCTH TIPO-
H3BOAMMON D3 MOXET paccMaTpHUBaThCS MCIIONb30Ba-
HUE aJbTEPHATUBHBIX HMCTOYHUKOB DHEPTUH, HAIPHU-
Mep, reoTepManbHOil. HecMoTpst Ha To, 4yTO B OoJbIIIeH
YacTU JAaHHBIX PErMOHOB OTCYTCTBYIOT BBICOKOTEMIIE-

paTypHBIE TE€OTEPMAIIbHbIC UCTOYHHUKH, COBPEMEHHBIC
pa3pabOTKH MO3BOJIAIOT OOECIeYHBaTh MOTpeOUTENeH
AJIEKTPUYECKON U TEIUTIOBOM 3Heprueii. s BeIpaboTKH
SHEPrHU B MHUpE BCE Yallle UCIOJIB3YHOTCS HH3KOTEM-
nepaTypHbIE TeOTepMajbHBIE PECYpChl B KauyecTBE
MEPBUYHBIX HCTOYHUKOB dHeprum [34]. B atom ciaydae
MOTYT OBITh UCIIOJIB30BaHbI FEOTEPMAIbHBIE OUHAPHOU
YCTaHOBKH, pabOTaoNIMe Ha MPEeIbHO HU3KOTEMIIe-
parypHom termtonocutene (70 °C) [35].

006'BbEKTHI MCCJIeJOBaAaHUA
Tens08as cxema 6uHapHbuix I'eo3C

B Hacrosmee BpeMs pacTeT MHTEPEC K HUCIONbB30-
BAaHMIO OCAJIOYHOM Ire0TepMaIbHON SHEPTUU ISl BhIpa-
OOTKH DIIEKTPOSHEPTUH B CBSI3U C JOCTIDKEHISIMH B
TEXHOJIOTHSAX MPeoOpa3oBaHUs C UCIOJIB30BaHUEM OH-
HapHBIX IUKJIOB, KOTOPBIC ITO3BOJIAIOT BLIpa6aTLIBaTI)
AJIIEKTPOAHEPTHUIO TPH TemrepaTypax miacta a0 80 °C
[36]. OcoOblii nHTEpEC HHU3KO- U CpEAHETEMIIepaTyp-
HbIE MCTOYHUKHU TEIJIOBOM OHCPIuu NpeACTaBIIAIOT B
CBSI3H C UX JOCTYITHOCTHIO [37].

Jns TakuX TeoTepMalbHBIX MECTOPOXKICHHU mep-
CHEeKTUBHON TexHosorueit craHoButca OLIP, xoTopslit
paboTaeT Ha HaCHIIEHHOM Tape (peoHa. I'eoTepmans-
Has cTaHOus, paboTaromas [0 TaKoMy OHHapHOMY
LUKy, MOXET BbIpabaThIBaTh JJIEKTPUUYECKYIO DHEp-
TUIO OT HU3KOTEMIICPATYPHBIX HCTOYHUKOB TCIIOBOM
SHEpPruH ¢ HanOoJbIIeH 3)HEKTUBHOCTEIO.

BriOop paboueil XKUIKOCTH SBISETCS OJHUM H3
Hanbojee BaXKHBIX BOIPOCOB, C KOTOPBIMH CTaJKHBa-
10TCst ipu ipoektupoBannu cuctem ¢ OLP, u mpoauk-
TOBAaH PA3MUYHBIMH KPUTCPHSIMH, TaKUMH Kak: Oe3-
OTTaCHOCTH HCIIONIB30BAHUS, BO3/CHCTBHE HA OKPYXKa-
IONIYI0 Cpeny, a Takke (U3MYecKne M XUMHIECKUE
mapaMeTpEl.

TemmnepaTypa Okpyxaromieil cpeasl sIBISETCS KpU-
TUYECKUM MapaMeTpoM Ui PabOTHl TeoTepMalbHBIX
9NIEKTPOCTAaHIMKA OMHAPHOTO TUIA ¢ KOHJAEHCATOpaMHu
BO3AYIIHOTO OXJIAXKJCHUS, IOCKOJIBKY JIETOM 3JIEKTPO-
CTaHOHUN DTOI'0 THIIA CTAJKHWBAIOTCA CO 3HAYUTCIIbHBI-
MH TOTEPsIMH MPOM3BOIAUTEIFHOCTH. ['eoTepMaibHbIe
NIEKTPOCTAHIMH C KOHJCHCATOpaMH BO3AYLIHOTO
OXJIAXKACHUA OOJIXKHBI OBITh HCCJICJOBAHbI Ha NPEAMET
BO3MOYKHBIX aTbTCPHATUBHBIX CHCTEM HUCIIAPUTEIEHOTO
OXJIQXKIICHUSI, YTOOBI YMEHBIIIUTh HETAaTUBHOE BIMSTHUE
TEeMIEpaTypbl OKPY’KaIOLIeH Cpelbl Ha MOIIHOCTH I10
MIPOM3BOCTBY DIICKTPOIHEPTHH B Teribie quu [38].

Uccnenyemass ounapuas ['eoDC, paboratomas Ha
HACBIIIEHHOM ra3000pa3HoM (ppeoHe, TerioBasi cxema
KOTOpOW IpHBeieHa Ha pUC. 1, MOXXET OBITH B MOIYJIb-
HOM HCIIOJTHEHMU W SBISETCA SKOJOTHYECKH YUCTHIM
HCTOYHHKOM PHEPTHH Ul o0ecTieueHust moTpeouTeneit
B TPYJHOJOCTYIIHBIX U OTJAJICHHBIX PEerHOHAX.

l'eoTepManbHBIN (QIIIOUI CIY)KAT UCTOYHUKOM TETI-
JIOBOM 3HEPTUM ISl OPTaHWYECKOro IuKiIa PeHknHa u
MOCJIe OTIAa4M TEIUIOBOM SHEPTUHU 3aKAauMBACTCS B MH-
JKEKIIMOHHYTO CKBAKUHY.
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[Tocne mony4eHus: TEIIOBOK 3HEPTUU (PEOH B CO-
CTOSSHUM CYXOTO HACBIIIEHHOTO Trasa IOCTYNAaeT Ha
OLP-TypOuHy mist mpeoOpa3oBaHUsI B SHEPTUI0 Bpa-
LIEHUs Ha Bally, KOTOPbIM IPUBOAUT B JICHCTBUE DIIEK-
TpUUYECKHH TeHeparop. TerurooOMEHHHKH ITOBEpX-
HOCTHOT'O THIIA UCIIOIb3YIOTCS sl TEIIOOOMEHa MEeX-
Iy TeoTepMalbHBIM (paronoM u ppeoHoM. [l oTBOIA
TEIUIOBOM JHEpPrHMM W KOHAEHcanuu pabodero Ttena
MIPUMEHSAETCS. KOHJIEHCATOP € BO3AYIIHBIM OXJIAXIe-
HueM. Ilpu 3ToM Ha yClIOBHS KOHJCHCAI[MM 3HAYH-
TENIFHOE BIIMSHHUE OKAa3bIBAIOT KIMMATHYECKHE YCIIO-

Puc. 1. IlpuHyunuasivHas mensaoeas cxema GUHAPHOU 2eo-
mepmaavHol 3aekmpocmanyuu [39]: 1 - npodyk-
MUBHAS CKBAXCUHA; 2 — UHNCEKYUOHHAS CK8ANCUHA;
3 - Hacoc; 4 - peeyaupyrwas annapamypa ckea-
JHCUHBL 5 — Pusbmpbl-cenapamopsl CK8ANCUHbL, 6 —
npo4asi 3anopHo-pezyaupyrnowas apmamypa; 7 -
menaoobmenHuk; 8 - CPK; 9 - OL[P-myp6una; 10 -
asnekmpozeHepamop; 11 - KBO

Basic thermal diagram of a binary geothermal pow-
er plant [39]: 1 - production well; 2 - injection well;
3 - pump; 4 - well control equipment; 5 - well filters-
separators; 6 - other shut-off and control valves; 7 -
heat exchanger; 8 - stop and control valves; 9 - ORC-
turbine; 10 - electric generator; 11 - air cooled con-
denser

Fig. 1.

BUS, a Takke ocoOeHHOcTH KOHCTpykumu KBO. s
MOBBIIICHUS A(PPEKTUBHOCTH BBHIPAOOTKH 3JIEKTpUYE-
CKOW DHEpruM B JaHHOI cucTeMe NMpUMEHseTCsS BHYT-
peHHHU Termoo0MeHHUK-pereHeparop [40].

TeomepmaasHbie Mecmopodicdenus Poccuu,
nepcnekmueHble 0151 I'eoIC

B Tabn. 2 npuBeneHsl OCHOBHBIE MapaMmeTpbl reo-
TepMaJbHBIX MECTOPOXKIECHUN MJs TMpeanojaraeMoin
YCTaHOBKM Ha HHUX MOJYJIHHOW T€OTEpPMaJbHOM 3JIeK-
TPOCTaHLMU C OUHAPHBIM LIUKIIOM.

Ta6auya 2. Ilapamempui ckeadcut Poccuu ¢ memnepamypoti ucmoynuka >80 °C ¢ usgecmHwvlm debemom [27]

Table 2. Parameters of wells in Russia with a source temperature of >80°C and known flow rate [27]
TeMmepaTypa CreneHb Jlebut
HaumeHoBaHMe MecTopacnoJsioxeHue patTyp o MHUHepau3aLHuy, T/ I'", m3/4
. B yCTbe CKBaXXHHBI, °C h L
Name Location o Mineralization Flow rate,
Temperature at the wellhead, °C
degree, g/1 m3/h
MeuurMeHckuii/Mechigmensky YyKOTCKUI aBTOHOMHBIH 97 3,8 60-70
MeHsiBUHCKUe /Menyavinsky OKpyT 79,7 1,3 55
YannuHckue Chukotka Autonomous
Chaplinsky District 875 H/n/n/a 40
l'IaJIaHCIfHe TOpSYHE KII0YH 95 0,76 16,5
Palanskie hot springs K . .
Kupeynckue /Kireunsky K:rﬁii;iﬁ:]:ekli)j: 100 1,53 30
Ananesbckue/Apapelskie & 97 1,49 10
Mauible Bannble/Malye Bannye 70-80 npecHasi/fresh 1,5
Crosi60BcKkue/Stolbovskie CaxaJIMHCKasi 06J1aCTh, 80-100 H/n/n/a 2
o. Kynamup
[0xHO-AnexuHcKue . .
Yuzhno-Alekhinskie Sakhahr.l region, 60-100 H/A/n/a 10
Kunashir island
xs_::;}f:::é g:{i%ys}(y Pecny6uka Bypsatus 81 05 80-100
Kotelnikovskiy Republic of Buryatia 81 0,38 3-8
YaxxemTo Tomckas o61acTb
Chazhemto Tomsk region 118 59 0,93
Cna-kypopT «AkBa ToHUKa» KpacHopapckuii kpait
. . 86 5 23
Spa resort «Aqua Tonika» Krasnodar region
Eusnﬂlz({rKlzlyar - Pecny6mka Jlarecran 100-104 1,8-9,2 11-28,9
CHTP « apHaHp Republic of Dagestan 97-98 21,99-22,03 0,03
Center «Tarnair»
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B Tabm. 2 mist KaxIoro reoTepManbHOr0 UCTOYHU-
Ka T0Ka3aH PEernoH MECTOPACIIONIOKEeHHUS, TeMIlepary-
pa B yCThE CKBa)KMHBI, CTCTICHh MHHEPAIH3AINHA U Ya-
coBoii edeT npu camomsnuse. [1o pernoHy HaXomsATCs
CpeHeMeCsYHbIe TeMIepaTypbl OKPY)KAIOIIEr0 BO3/LY-
xa (tabin. 3), temneparypa (aronaa B yCThe CKBaXKIHBI
OIlpeieIsIeT TEMIIEpaTypy HOABOIA TEILUIOBOM SHEPTUM
B OLP I'eoDC, a neber coBMecTHO ¢ TeMmImepaTypoi
ONpECACIACT BCINYUHY TCIIOBOM OHCPIrun, MOoABOAN-
MO# B OMHapHOM IuKiIe. Haubomnplel Temmnepatypoi
B YCThE CKBAXXMHBI NPH CAMOU3JIMBE 00JAIAIOT TOpSs-
yye ucrouHuku H.. Yaxkemto, Kusmap, KupeyHckui,
Cron6osckuii (~100 °C), mis KOTOPBIX TeMIiepaTypa
noasofa TemiaoBoi sHeprun B OIP I'eoDC Oyzmer
HauOonbmedt. Haubonpmmid medeT mpu caMou3IUBE
¢aronna HaOmomaercs y Moroiickoro ' MedurMmeH-
CKOTO TOPSYMX HCTOYHUKOB, JJISI KOTOPHIX OHMHApHAs
I'eoDC Oyner umeTh HauOOIBUIYI0 MOIIHOCTh CpPEIU
BCEX MPENICTABICHHBIX K PACCMOTPEHUIO MECTOPOXKIE-
HUH.

PacyeTHbIi aaropurm 6uHapHoi 'eo3C,
pa6oTaieii Ha HaCbILLEHHOM ra3006pa3HoOM
¢peone R245fa

[IpuBenenHas HHUXEe MaTeMaTHIecKas MOJICIH IIO-
cTpoeHa Ha 0a3e TEIIOBOrO pacuera cxeMmbl (puc. 1)
npu pabore OIIP nHa ¢peone R245fa. Drta momens
BKIIIOYAeT B ce0sl pu3ndecKkne XapaKTepPUCTUKU BCEX
pabouymux Ten, KOMIIOHEHTOB, B TOM YHCJE TEIUI000-
MEHHUKOB, HACOCOB, OXJIQAUTENEH, KOHAEHCATOPOB,
TypOuH. MaTtemaTtndeckasi MOAETh peaj30BaHa B Ia-
kere EXxcel ¢ mangcrpoiikoii ypaBHeHH# 6a3bl TaHHBIX
Refprop [41].

TeMmepaTypa Cyxoro HacCHIIICHHOTO (peoHa Ha
BBEIXOJIC U3 HCTIAPUTEIS:

tos=treo—Ateps, °C.

JaBnenune, SHTANBINSA, SHTPOIHS, IVIOTHOCTH CYXO-
T'O HAaCBHIIIEHHOTO (hpeoHa Ha BXOJE:

pos=pressure(R245fa; Tvap; Sl; tys+273,15), MI1a;
ho=h"y=enthalpy(R245fa; Tvap; SI; tos*+273,15), KkJK/KT;
so=s"o=entropy(R245fa; Tvap; SI; tos+273,15),
kJIx/xr-°C;
po=pos=density(R245fa; Tvap; SI; tes+273,15), kr/m®,

rae R245fa — BeiOpannoe padouee teno B OIIP; Tvap —
¢byHKIHS Ta3000pa3Horo (mapooOpa3HOro) COCTOSHHS
R245fa o remneparype.

Temnepatypa u gaBinenue HacobimeHus B KBO:

tys=tg—Atypo, °C;
prs=pressure(R245fa; Tvap; SI; tks+273,15), MI1a.

Hasnenue gppeona Ha Bexone u3 OLIP-TypOuHsr:
P =Pks+PrsAPr/100, MITa.

Teoperndyeckas W JCHCTBHUTENbHAS
(hpeona Ha Beixoze u3 OI[P-TypOuHE:

OHTAJIBITUA

hOP, =enthalpy(R245fa; PS; SI; p°y; s"o), kx/xr;
hOP =ho—(ho—h“\)16i/ 100, KJTx/kr.

HetictButenprpiit Termwmonepenan OLIP-TypOuHsr:
AhOTP=h O™, x Tik/kr.

MaccoBblif pacxoa reoTepMaibHOM BOABI Ha HCIa-
pUTENbTIKOHOMAM3ep:

Mreo=Vreolpreo, Kr/c.

OHTAJIBIUS TeOTEPMAILHOW BOJABI Ha BXOJE B TEIl-
JIOOOMEHHHUKH:

hrEoiBX:enthalpy(Water; TP, SI, trE0+273,15; pFEO)v
KJK/KT.

OHTaNbNUs TeOTEPMANBHONH BOIBI HAa BBIXOJC W3
TEINIOOOMEHHUKOB:

hreo srix=enthalpy(water; TP; SI; treo puix; Preo)s
KJK/KT.

TeruioBast MOIIHOCTB TETIOOOMEHHHKOB (ITFOUT-(PPEoH:

Q<1>q>=MrE0(hrEo_BX*hrEo_BbIX)WTEHn/ 100.

Hasnenne dpeona R245fa Ha BbIXOmE M3 KOHIEH-
CaTHOI0 Hacoca:

Pxr=Pos[ 1+(APcpk+ApPorp)/100], Mlla.
[IpUpOCT SHTANIBIIMK B KOHJAEHCATHOM HACOCE:

AN=(pici—pis)-L0%/ (cn  prcan), K/

Ouranenus Gpeona R245fa wa Bxome B Temmoo0-
MEHHUKU:

h245faBX:h/K+AhKH+AhpEr, K,H)K/Kr

Homunansubiii MaccoBblii pacxon ¢peona R245fa
Ha OLIP-TypOuny:

Mrassta = Qaa / (Mo — h245fan), kr/c.
Homunanbaas momHocTh OIP-TYypOUHBI:
Niom=MgassraAh°™, xr/c.
O6bemusiii pacxon R245fa B OLIP-TypOuHe:
Vroasia=Mgoasialpo, M /c.

JelicTBuTenpHas 3HTponust (ppeoHa Ha BBIXOAE U3
OLIP-TypOuHSEL:

s"245%, =entropy(R245fa; PH; SI; p°*; h°'%),
kJx/xr-°C.

DHTPOIHUS CyXOT0 HACHIIIEHHOTO (PpEeoHa IPH JaB-
P .
nennn pP;

s"\=entropy(R245fa; Pvap; SI; p®*y; vap), xx/kr-°C,

rae Pvap — ¢yaknms razoobpasHoro (mapooOpa3Horo)
cocrosuusa R245fa no nasnenuto.

Ecmn sO%,> S”k, ra3oo0pasubiii ppeon R245fa Ha
Bbixozne u3 OLP-TypOuHBI HaxomUTCS B TEPETPETOM
COCTOSIHMU.
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Jns cHsATHS meperpeBa mapa (peoHa Hepesn KOH-
JICHCATOpOM TpeOyeTcsl ero OXJaXACHHE B percHepa-
THUBHOM ITOJIOTpEBaTEIIe.

OHTaNBINSA HACBIIICHHOTO ()peoHa TPH JTABJICHUU
OLP

Pk
h\=enthalpy(R245fa; Pvap; SI; p°*; vap), k[lx/kr-°C.
TermnocbeM B pereHepaTHBHOM HOJOTPEBATENE:
Ahpgr=h®® —h"\, & Ix/KT.
OHranbms KoHIeHcaTa ¢ppeoHa Ha Beixoze n3 KBO:
hk=enthalpy(R245fa; Tliq; SI; tys+273,15; liq), kx/kr,

rae Tlig — dyHkuus xuakoro cocrosiaus R245fa mo
TeMIIepaType.

ITnoTtHOCTH (peoHa Ha BBIXOJEC M3 KOHICHCATHOTO
Hacoca:

prn=density(R245fa; TP; SI; %45, +273,15; pyy), kr/n,
e t°2% _ remmeparypa bpeona Ha BXoje B KO-
patypa @p
HOMai3ep:
{7245,  =temperature(R245fa; PH; SI; py; h™2*%5y), °C.
MOMIHOCTh KOHACHCATHOTO HACOCA:
Nie=Mgaasta (Picr—Pis)-10%/ (1o, KBT.

9J'ICKTpI/I'~IeCKa$[ MOIIHOCTb FeOTepMaJ’ILHOﬁ CTaH-
UM C YUCTOM 3aTpaT Ha COOCTBEHHEBIE HYXIbI:

N5=(Nnom—Nki—Nkgo)7om, KBT.

Ao6conrotHbIi anektpudeckuii KITJ reotepmansb-
HOIl CTaHLIUU:

115=N>-100/ [MrEo(hrEO*hrEo_BLIX)], %.

YucseHHble uccaeaoBanus 'eodC 6GMHapHOTO TH-

[1a Ha pa3/INYHBIX re0TEepPMaJIbHbIX HCTOYHHKAX
JanHas yacTh pabOThI COCTOUT U3 IBYX B3aWMOCBSI-

3aHHBIX 3TaIlOB!

1) u3ydeHWe BIMSHHUS TEMIIEPAaTyphl U aebeTa reotep-
ManpHOro ¢uirouna Ha MomHocTh u KIIJ[ HerTo
T'e0DC;

2) WCCIIefOBaHHE BIHMSHUS TEMIIEPATYpbl OKpPYKaro-
mero Bo3ayxa Ha momiHocTs U KIT/] mHerto ['eoDC.
JIBa 3THX 3Tama MOKa3bIBaIOT, KaK MPUPOIHBIE (hak-

TOPHI OKA3BIBAIOT OJHOBPEMEHHOE BIHMSIHUE Ha padoOTy

AIIEKTPUIECKON CTAHIINH.

PacueTs! TermioBoii cxemsl OuHapHOi ['e00C mpoBse-
JICHBI TIPH €€ YCTAaHOBKE Ha MECTOPOXKICHHUSX, PAacIio-
nokeHHBIX B Poccnu. Kaxmoe mMecTopoxIeHue Xxapax-
TEpU3YeTCs] TEMIIEPaTypoll Ha TMOBEPXHOCTH B YCTbE
CKBaXMHBI {rgo, °C, HOMHHAIBHEIM Ae0eToM Vigo, M/,
Kpome Toro, KaxIplif perroH 001a1acT CBOMMHI KiInMa-
TUYECKUMH YCJIOBUSIMHU, KOTOPBIE B JAHHOW CTaThe Obl-
JIO TIPUHATO YMPOCTUTH JIO CPEIHEMECSYHOU TeMmIepa-
Typbl BO3yXa tgos <, °C (Tabu. 3).

Ta6auya 3. CpedHemecsiuHble meMnepamypbl 8030yXa 0151 8bIOPAHHBIX PE2UOHO8 C MEPMAAbHBIMU UCMOYHUKaMU [42]

Table 3. Average monthly air temperatures for selected regions with thermal springs [42]
HaumeHoBaHue CpesiHeMecsiyHble TeMIIepaTypbl Bo3Ayxa, °C/Average monthly air temperatures, °C
HMCTOYHHUKA AuB [O): MapT Anp Mai HioHb Hronb ABr CeHT OkT Hos6 Jex
Source Jan Feb March Apr May June July Aug Sept Oct Nov Dec

MeuyurMeHcKHH
Mechigmensky
MeHABHUHCKHE -22,1 | -21,1 -18,4 -12 -1,2 7,2 12,1 10,5 53 -3,6 -11,5 -19,2
Menyavinsky
YansuHckue/Chaplinsky
[Mananckue/Palansky
Kupeynckue/Kireunsky
Ananesbciue 65 | 61 | -34 04 | 48 9,5 13 137 | 107 | 55 | -06 -5
Apapelskie
Mausble banHble
Malye Bannye
Crosn6oBCcKue
Stolbovskie 122 | -116 | -56 | 17 | 69 | 117 | 155 | 173 | 132 | 65 | -16 | -86
[0>kHO-ANlexuHCKHe
Yuzhno-Alekhinskie
Moroiickuii/Mogoysky
KoTe/JIbHUKOBCKUI -22,8 | -17,5 -6,7 3,4 10,9 17,9 20,9 17,7 10 0,8 -10,3 -19,4
Kotelnikovskiy
YaxxemTo/Chazhemto -17,1 | -14,7 -7 1,3 10,4 15,9 18,7 15,7 9 1,7 -8,3 -15,1
Besniii fIp/Bely Yar -18,5 -17 -8,2 0,7 8,8 16 19 15,7 9,5 0,6 -10,1 -16,4
Axpa Toria 47 5 7,8 92 | 152 20 22 227 | 178 | 116 | 73 43
Aqua Tonika
Kusnap/Kizlyar 01 | 03 46 112 | 17 22,2 248 | 242 | 192 13 64 | 121
TapHaup/Tarnair
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OO6uue ycnoBus paOOTHl TEIUIOBOM CXEMBbI OHWHAp-
Holi ['e0DC:

e JaBIICHHWE TeOTEPMAJIBHOTO (PIIIOHIA B YCThE CKBa-
JKUHBI — Preo=0,6 MIla;

e OIIP paboraer Ha HaCBHIIIEHHOM Ta3000pa3HOM
¢peone R245fa (obocHOBaHMEe BBIOOpA TEILIOBOM
cxeMbl 6uHapHoil I'eoDC u pabouero Tena nmpuse-
neno B [39]);

e ruapaBaMyeckue morepu aasiaenus R245fa ma CPK
(8) (puc. 1) — Apreo=>5 %;

e TtemneparypHslii Hanop B KBO — Atggo= 0 °C;

e ruapaBaMyYeckue motepu aasienus R245fa B Tem-
noodmennukax (7) (puc. 1) — Apopp=15 %;

® TUJPABIMYECKOE  COMPOTUBICHHWE  BBIXJIOMHOTO
tpakTa OLIP-TypOuns! Apr=5 %;

® TEIUIOBBIE TIOTEPH TEIIOOOMEHHHMKOB (7) oXxapak-
tepuzoBanbl KIT/ — #1g1=0,98;

e BHYTPEHHHUH  OTHOCHUTEJIBHBIN
TypOHHBI — #5i=0,73;

e KII/I konnencatHoro Hacoca — nxy=0,8;

e TeMIIepaTypHBIH Halop Ha ropsiueéM KOHIE TEeIulo-
00MeHHUKOB OD — Atgp=10 °C.

Kak BugHO 13 Tabin. 3, u3 paccMaTpuBaeMbIX peru-
OHOB pecrryOnuka bBypstus sBiseTcs PEeTHOHOM C
HauboJsiee XOJOJHBIM BO3IYyXOM, B KOTOPOM HMEIOTCS
Morotickuii 1 KoTenbHUKOBCKHI ropsiule UCTOYHUKHY,
nanee ciueayer Yykorckuit AO, B KOTOPOM HaxXOJsTCS
MeunurmeHnckuii, MeHssBUHCKME W YalIMHCKUE Tropsi-
Yyhe MCTOYHUKH. [IpH yCTaHOBKE SJIEKTPOCTAHIIMU Ha
6aze OLIP ¢ KBO B maHHBIX perHoHax TeMmIeparypa
OTBOJIa TEIUIOBOM PHEPTrHUHM W3 NHWKJIa OyAeT HHU3Kasl,
YTO NPUBOJIUT K YBEIIMYCHUIO TEHEPALUU JJICKTpUYE-
CKOM MOIIHOCTH B reHepaTope 1 nosbimenuto KITJI.

HaunbGonee sxapkum MecsitieM it OOJIBIITMHCTBA pe-
TMOHOB, B KOTOPBIX €CTh IOKa3aHHBIE BBILIE MECTO-
POXICHHUS TeoTepMabHOTO (DIIIOMAA, SIBISETCS HIOJb.
OnHaKo eCTh PETHOHBI, B KOTOPHIX HamOoJee TEIIhIM
SIBJIIETCS aBr'YCT, — 3T0 Kamuatckuii kpait u Caxanus-
CcKast 00J1aCTh.

Jannas Tabnuma HeoOXomuMma JUIS ONpPENCICHHUS
TeMIepaTypbl OTBoJa TemoBoil sHepruu u3z OLIP c
nomotso KBO.

s kaxxoro MmectopokaceHus (Tabi. 2) mpeanona-
rarTCs YCTAHOBKHU C TEIUIOBOM CXEMOM B MOAYJBHOM
WCTIOTHEHUH OWHApHON reoTepMalbHOH CTaHLUU
(puc. 1). Ilo m3BecTHOMY mebeTy M TeMIepaType B
YCTb€ CKBaXXMHbI TEPMAJIBHOI'O MCTOUYHHUKA OIpEnesis-
Jach TOJBOAMMAsl TeIJOBasg OSHEPrus W HayallbHas
temmepatypa ¢ppeona B OLIP. Ilo m3BecTHBEIM cpenHe-
MECSYHBIM TeMIIepaTypaM OIpeessiach TeMIeparypa
oTBOza U KoHeHCaun (peona R245fa 8 OIIP. Takum
o0Opa3oM wmcciaenoBaHo 16 TOTEHIMAIBHBIX TeoTep-
MaJIbHBIX JIEKTPOCTAaHIMHA B pa3iIMUYHBIX pEerMoHaxX Ha
Pa3HBIX MECTOPOXKICHUSX.

Ha puc. 2 npusenena momuocts I'eo0C B 3aBucu-
MOCTH OT CPEAHEMECSYHBIX TEMIIEPATyp peruoHa u oT

KIJIT  OIIP-

TeMrepaTypsl U JebeTa CKBaXXHHbBI, KOTOpbIe ObLIN
MOJIy4eHbl Ha OCHOBE YMCJIEHHBIX HccienoBaHui. Ta-
Kasl ke 3aBUCHMOCTH TIOKa3aHa Ha puc. 3, HO 1 abco-
motHOTO Hnektpudeckoro KIIJ[ werro OLP T'eodC.
PucyHku pazneneHsl Ha JBE YacTH MO JEKTPUUECKOM
mortHocTH ['e0DC (puc. 2, a u puc. 3, a — g 'eoDC
Nuom>100 xBrt, puc. 2, 6 u puc. 3, 6 — misa ['eodC
NHOM<1OO KBT).

Kak oxasamoch, HamOoOJNBIIEH 3IEKTPUUCCKOM
MOIIHOCTBIO 00nanana Obl OuHapHas ['eoDC, pabora-
romas Ha Moroiickom I'H, ais koToporo 4acoBoi je-
6er  ¢uromga P CaMOWBIUBE  COCTaBISIET
Vreo=100 Mla. Takum 00pa3oM, TeIuIoBasi MOIIHOCTb,
nonydaemast ¢peoHom R245fa B TermooGMeHHMKAX
OD, cocraBmser 12,9 MBT. A reHepupyemas 3ieK-
TpUYeCKas  MOILIHOCTH B  SHBape  COCTaBIISIET
N5=1752 kBT, Hanmenbmas — B uroiie Ny,=774 kBrT.
ITpu 3ToM HaubojbIIEH TeHEpUPYEMON MOIIHOCTBIO B
caMOM TeIUIOM Mecslle roaa (urose) obnamaer OuHap-
Hasg ['eoDC ma Meunrmenckom I'M — N3=930 kBrT,
CBA3aHO ATO C MEHBIIEH TEMIEpaTypoil BO3AyXa, 4eEM
Ju1st Morotickoro I'U (ta6ur. 3).

Ha BTOpom MecTe mo reHepupyeMoi MOIIHOCTH B
XOJIOJJHOE BpeMs Toja (B IaHHOM cilydae JJisl sTHBaps)
Haxogutcsa 1'eoOC Ha Meuurmenckom I'M, miug Hee
N»=1385 kBT, Ha TpeTbeM MecTe — ['e¢0DC Ha MeHsB-
ckom ' — N5=1053 kBT.

W3 puc. 3 BumHO, 4TO HAMOOJIBIIMM aOCOIOTHBIM
anekrpuueckum KIIJ[ obnamaer 6unapnas ['eodC, pa-
OoTaromas Ha re0TepMaIbHOM HCTOYHUKE B 1. YakeM-
T0. ['eoTepManbHbIil UCTOUHHK OO0JIANACT TEMIepary-
poii B ycThe ckBaXWHBI {rpo=118 °C, Takum obOpazom
TeMmIeparypa ra3oo0pa3HO-HACHIIICHHOTO  (peoHa
R245fa na Bxome OLIP-Typ6uny cocrasmser 108 °C.
Kpowme Toro, mns atoro pernona (Cesepo-3anam Tom-
cKoil o0iactu) HaOMIOAAIOTCA HU3KUE TEMIIEpaTypbl
BO3JlyXa B Teu€HHE ToJa, KOTOpble OMpEACTSIIOT
HAaUMEHBIITNE 3HAYCHUS JJIs TeMIepaTypbl OTBOJA TeTl-
noBo# sHeprun B OLIP. HanGospiee 3HaueHue 4o 110-
cTUraeTcst B sHBape W cocrtaBiser 15,22 % mna TU
m. YaxkemTo, HauMmenbinee B utoHe — 11,0 %, xorma
Temmepatypa Bosayxa Hawbomblimas. OmHako ['eoDC
st 1. YaxkemMTo oOnazaer HauOOJbIIEH 3JeKTpUde-
ckoit momHocThio 20,89 kBT B stHBape.

s T'eoDC ¢ wmomuocteio Oomee 100 kBT
HaubospM abconmoTHeIM 3ekTpudeckuM KIIJ 00-
NajiaeT CTAaHLUS, pacrojiaraeMas Ha MeYHrMeHCKOM
mectopoxaeann. Hanbomsmmii KITJT #5=14,51 % mns
SHBaps, a HaUMEHbIIMH HaOJrO#aeTcs B HIOJE —
15=9,74 %. [l TaHHOTO MECTOPOXKACHUS TeMIIepaTy-
pa TeoTepMaIbLHOTO (UIFOHJIA B YCThE CKBaXXHHBI CO-
craBusieT 97 °C 1 HE MEHSETCS B TEUCHHE TO/a, TAKUM
obpasom, 3a nagenue u poct KIIJ] oTBedaeT Temmnepa-
Typa OTBOJA TEIUIOBOW 3HEPruu, KOTOpas 3aBUCHUT OT
TeMIepaTypbl Hapy»XKHOro Bo3ayxa. OTHOCHUTENbHOE
nazeHue abcomoTHoro aekrpudeckoro KILJ mis Me-
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YUTMEHCKOTO MECTOPOXJICHUS B CPAaBHEHUHU CO 3HAUe-
HUSMU, TIOJYYCHHBIMH JIJIS1 SHBApPsI, MOXKET COCTABIISATh
JUTS UHoJIst 045=33 %.

HawuGonbmeii 0OTHOCUTENBEHON pa3HHIEd aOCOIOT-
Horo onektpuueckoro KIIJ[ ¢ sHBaps mo wuionb
(nambonee Termabld Mecsn) obmanaroT ['eoDC Ha Mo-

roiickom 1 Ha KotenpaukoBckoMm ['U, g Hux 675,=50
%, 3T MECTOPOXKIEHHs PacHoJIOkKEHbI B pecn. byps-
Tus. [l JaHHOTO pernoHa HaOIoAacTCs HAanOOTbITHIA
nepemnaj  CpeIHEeMECSYHbIX TeMnepaTCyp: B sIHBape
tBogMEC: —22,8 OC, a B UI0JIC — tBo3ME :20,9 OC, T. €.
pasuuna 43,7 °C npu trpo=81 °C.
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Puc. 2. 3asucumocmv mowHocmu 6pymmo I['eoIC om cpedHemecsyHblx memnepamyp 6030dyxa tposMEC @ pezuoHe u om
napamempoe 20psiue2o UCMOYHUKA
Fig. 2. Dependence of the GeoPP gross capacity on the average monthly air temperatures tairMONTH in the region and on the

parameters of the hot source
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Fig. 3. Dependence of the absolute electrical efficiency of the OCR GeoPP on the average monthly air temperatures tairMONTH in

the region and on the parameters of the hot source

Haumensiieit oTHOCUTENBHON pa3HHLIEH aOCOIOT-
Horo onektpuueckoro KIIJ[ ¢ sHBaps mo asryct
(mambonee Terutelii Mecsi) obmagaroT ['eoDC Ha Ku-
peyackom ' 615=22,1 % wu Ha Amamensckom ['U

o15=22,9 %, xotopsie pacnoyararorcsa B Kamvarckom
Kpae. Pa3zHuia B OTHOCUTENBHOW BENWYIHHE OXy 00BsC-
HSCTCS Pa3HOM TeMIepaTypoil Fe0TepMaIbHOIO UCTOY-
nuka: 1 Kupeynckoro ' trgo=100 °C, a nns Ama-
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nenbekoro I'M trgo=97 °C. JIas maHHOTO peruoHa
Ha0II01aeTCI HAaUMEHBIIIHIT neélgenan CPEIHEMECTIHBIX
TeMIepaTyp: B sSHBape tB()3M = —6,5 °C, a B wmrone
tBogME =13,7 °C, 1. e. pasuuna Bcero 20,2 °C. Takum
00pa3oM, 1151 cTabUNbHON U 3P PEKTUBHOI BBIPAOOTKH
AJIEKTPUYCCKOM SHEPTHH B TEYCHUE KaJICHIAPHOTO I'O-
na Oounapuble ['e0DC, ycranomneHnble Ha 3tux ['U,
OyayT HanOoJee MOIXOASIIUMHU.

Hus T'eoDC, pabotaromeit Ha Meunrmenckom U,
OTHOCHTEJIbHAS Pa3HHIIA a0CONIOTHOTO 3JEKTPUIECKO-
ro KIIJI oT caMmoro XojogHOIro A0 CaMOro TEIjaoro Me-
csma B rofy cocraBiseT 045=32,8 %. [Ipu stom Ou-
HapHas CTaHIHUS 00JaJacT BBICOKOW 3JCKTPUYECKOMN
momHoCcTEI0 N5=930-1385 kBT, BBICOKHM a0COIOT-
HbIM tekTpudeckuM KI1J] #5=9,74-14,51 %. Ha BtoO-
pom MmecTte 110 3(h(HEKTUBHOCTH M CTAOWIIBHOCTH BBIpa-
00TKK DD B TeueHue KaleHAapHoro rojaa ctout ['eo0C
Ha Menssckom I, mns mee N»=634-1053 kBT,
n>=1,86-13,06 %.

BbiBOAbI

Ha ocHOBe MOIM(UIMPOBAHHOTO IJIsI TAHHOTO HC-
CJIEZIOBAHUS paHee pa3paboTaHHOTO PAacUETHOTO airo-
putMa [39] BBIMONHEHBI YHCIICHHBIC HCCIICIOBAHMS
s pexTuBHOCTH pabOTHl OMHAPHOH MOAYIBHOH Teo-
TEPMaNILHON 3JEKTPOCTAHIMK IIPU yCTAHOBKE €€ Ha
Pa3JINIHBIX U3BECCTHBIX IrOpAYUX UCTOYHUKAX B Poccun
U Tpu ee pabdoTe B TCUCHHE KaJCHAapHOTro roja. Tak
Kak opraHmueckuil 1uxi Penkuna I'eoOC ucnons3yer
B KauecTBe pabodero Teja OpPraHn4ecKoe HU3KOKHIIS-
mee BENIECTBO B BHAE 030HOOe30macHOro (peona
R245fa, oTBO/ TEMIOBOM 3HEPTUH U €r0 KOHIEHCAIHIO
MOJKHO NPOU3BOJUTEL NPH OTPHULIATENBHBIX TEMIIEPATY-
pax. Jlns Toro 4toObI paboTaTh NMPH TaKUX HU3KHX
TemnepaTtypax, B cxeme 1'eoDC mpenycMOTpeH KOH-
JICHCATOP BO3IYIIHOTO OXJIAXKJCHUS, KOTOPBIN 3a CUET
MOJaYd BO3MyXa Ha OXJIAKIAEMbIE CEKIIUH OTBOIMT
TEIUIOBY10 3Hepruio u3 OLP.

CITMCOK JIMTEPATYPBI

PacueTHbIMH UWCCIIEZOBAaHUSMH  BBISBJICHO, YTO
HauOOJIbIICH SJEKTPUUECKONH MOIHOCTH MOJYJIbHBIE
I'eoDC mocturator B stHBape 11l BceX pernoHoB Poc-
CHH, TaK KaK TOT MeECSI SBISICTCS HanOoJee XOJOJ-
HBIM B rojly. HanMeHsblas reHepupyeMas MOIIHOCTh
I'eoDC mist GompIIMHCTBA PETHOHOB Poccuu cooTBeT-
cTByeT oo, a st Kamuarckoro xpasg u CaxanuH-
CKOH 00JacTH — aBrYCTY, TaK KaK UMEHHO 3TOT MecsI]
SIBIIICTCS] HANOO0JIEE TETUTBIM.

Haubonpuryto 31eKTpUYecKyt0 MOLIHOCTb, KOTOpas
Juis sHBaps coctaBisieT 1752 kBt, MoxeT BeIpaOaThl-
BaTh OmHapHas ['eoDC, pacmonoxeHHas Ha Moroi-
ckoM ['U (pecn. bypstus). HauGomnbiryro 3mekTpude-
CKYIO MOILITHOCTh B CAMOM TEIUIOM JIJIsl peruoHa MecsIe
KaJIeHIApHOTO Toxa OyneT BblpabaThiBaTh OWHAapHas
I'eoOC na Meunrmenckom I'1 — N>,=930 xBrT.

Haubonpmiee 3HaueHne aOCOMIOTHOTO 3JIEKTpUYe-
ckoro KITJI noctmwxumo mis 6unapHoi ['eodC, pabo-
raromeii Ha ' B . Yaskemro Tomckoii obiacTu, B
siHBape #7»>=15,22 %. Hanbonplee 3HaueHnEe abCOMIOT-
Horo a3nexrpudeckoro KITJ[ amst mommnoit I'eodC co-
craBuT 73=14,51 % y cranuu nHa Meunrmenckom ['M.

HanmeHnbielt 0OTHOCUTEHLHONW pa3HUIEH aOCOIIOT-
Horo snexrpuyeckoro KIIJ ms I'eo3C, paborarommeit
B TEUEHHE BCETO KAJCHJApHOTO Trojla, COCTABIISIONIEH
dn»=22-23 %, XapakTepu3yloTcs yCTaHOBKH B Kam-
yarckoMm kpae. s momHo#i u addextrBHON ['e0DC
Ha Meunurmenckom ['U 875=32,8 %.

Hcxonst u3 pe3ynbTaToB MPOBEJACHHBIX YHCICHHBIX
WCCIIENOBaHU HamOoliee TPHUBICKATEIBHBIMU IS
crpoutenscTBa ['€00C Mo TeXHUUECKUM NapameTpam
MECTOPOXKIECHUSAMHU SsBIst0TCA Meunrmenckue u Me-
HaBckue I'U. T'eoOC, pacnosnoxenHsle Ha naHHbIX U,
OXuJaeMo 00JalaloT BBICOKOH MOIIHOCTBIO M abco-
moTHbIM 351ekTpudeckumM KIIJI, a Takike OTHOCUTENBHO
HeOonmbpImol pazHuned B 3(P(eKTHBHOCTH TeHepanuu
JIEKTPUUECKOM 3HEPrUM B T€UEHUE KaJEeHIApHOIro Io-
Ja.
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