AHHOTaUMA. B cTaTbe npeAcTaBieHbl NpeaioxKeHNs Mo peannsanmm B Hallen CTpaHe YeTsep-

TOr0 9HEPreTMYecKoro nepexofa. B 0CHOBHOM MpeAnaraeMas cxemMa nepexofia OCHoBaHa Ha
paspaboTkax O6beANMHEHHOro MHCTUTYTa BbICOKMX TeMnepaTyp POCCUICKOM akaaeMumm HayK 67
(OMBT PAH) 1 HaumoHanbHOro nccnenoBaTenbCKoro LeHTpa «KypyaToBCKMiA MHCTUTYT» (HIL]
«KypuyaTOBCKUIA UHCTUTYT»).

KroyeBble crioBa: aHepreTmyeckmne pecypchbl, 6roMacca, BOAOPOA, MOTOPHOE TOMIMBO, HAKOMUTENMN

SHeprum.
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Abstract. The article presents proposals for the implementation of the fourth Energy Transition
in our country. Basically, the proposed transition scheme is based on the developments of the
Joint Institute for High Temperatures of the Russian Academy of Sciences (JIHT RAS) and the
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Ha TpaguimoHHsix TOC
K 2035 r. oxxugaeTcs
CHVDKeHMe IMIPOU3BOACTBA
3JIEKTPOIHEPIrumn

B CBSI3M C OTKa30oM

OT MCII0/Ib30BaHMSI
JICKOIIaeMbIX TOILIVB

BesepeHune

Hawa nnaHeta ¢ 1840 r. no HacToALlee
BpeMS Mepexumna y>ke TpU aHEPreTUYecKmx
nepexoaa: OT APOB K YIJt0, OT Yrs K HedTw,
OT HedTW K NpUpPOAHOMY rasy. B HacTosiLee
BpeMs MPOUCXOAUT YeTBEepTbI aHepreTu-
YecKuii nepexof — OT NPenMyLLLECTBEHHOMO
MCMONb30BaHWSA CKOMaeMblX OpraHn4eckoro
N A1€PHOr0 TOMIMB K LUIMPOKOMY MpUMEHE-
HUIO BO30BHOBIAEMbIX NCTOYHUKOB aHEp-
rum (BM3) [1, 2]. B cOOTBETCTBUM C NPOrHO-
3amMun MexayHapoaHOro SHepPreTUYecKoro
areHTcTBa — EIA [3], KoHeuHoe noTpebneHue
NCKOMaeMblx 9HeproHocuTene K cepeanHe
XX| cTONeTua CywecTBEHHO CHNU3NTCH
Hapsiay CO 3Ha4YNTENIbHbIM POCTOM 06bEMOB
ncnonbsoBaHus BN (puc. 1). B cooTBeT-
CTBUM C 9TUMM NMPOrHo3aMu nNoTpedneHve
nckonaemblx HedbTeNPOAYKTOB U YIS Cy-

HakonuTesb aneKTposHeprm
WcToyHmk: renaultgroup.com

LecTBeHHO cHM3anTesa K 2040-2050 rr. Uc-
Nonb30BaHMe NPMPOAHOro rasa, Kak camoro
9KOMOIrMYECKM YNCTOrO NPUPOAHOrO TOMIMBA,
OCTaHeTCs Ha OCTAaTOYHO BbICOKOM YPOBHE
[0 2050 . B 1,6 pasa yBeNM4YUTCS MOLLHOCTb
AMlePHbIX NCTOYHNKOB aHeprumn. OaHako,
B CBSI31 C pOCTOM 06BEMOB NPON3BOACTBA
BO BCEX OCTasIbHbIX KaTeropusix reHepauum,
OTHOCUTeNbHasa A0Na YyCTaHOBAEHHOM MOLL-
HocTh ASC B 06LLIEMMPOBOM aHeprobanaHce
cHmanTea Kk 2050 1. ¢ 5,4 0o 3,5 % [3]. Mpwm
3TOM Ha CaMOM BbICOKOM YPOBHE OCTaHETCH
ncnonb3oBaHme B3 — Ha nopsgoK Bbllle
BCEX BM/OB MCKOMAEMbIX TOMMB — Kak op-
FraHW4YecKUx, Tak 1 SOepHOro.

B cocTaBe reHepupyrOLIMX MOLLHOCTEWN
Ha 6a3e BMO Hanbonbwnin pocT B 2020—
2050 rr. — NporHo3mnpyeTCca Ha COJTHEYHbIX
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1564 kBT B KenbHe, l'epmanust). K 2035 1. oxu-
[IaETCS CHUXKEHWE YAENbHBIX MHBECTULWIA ANS
COOPY>KEeHWs1 9NeKTPOCTaHLUMIN Ha TOMMBHbBIX
anemeHTax B 3—4 pa3a 1 pa3BepTblBaHue LWn-
pOKOMacLITabHOro CTPOMTENbCTBA pPeHTa-
6enbHbIx TAC Ha 3TOM OCHOBE.

JInavpytolme KoMnaHny B 3TOM Hanpas-
neHun — Westinghouse, General Electric, Sie-
mens, Toshiba. B Poccun pa3paboTky cuctem
C TONAMBHbIMKW anemeHTamu BeayT HULL «Kyp-
YaTOBCKMIA MHCTUTYT», YpanbcKoe oTaeneHne
Poccwitckoit akanemun Hayk (YpO PAH) 1 apy-
rMe KOMMaHuu.

AHaNorM4YHble NPOrHO3bl O LIMPOKOM BHe-
apeHnn B3 B aHepreTrky CTpaH Mupa aaroT
nNpakTUYecKn BCe Hay4YHO-aHanUTU4eckmne
ueHTpbl B EBpone, CLUA, AnoHunn. CpegHue
yAenbHble 3aTpaTbl Ha COOPYXKEHWE 31eKTPo-
CcTaHUMI Ha 6ase BMO cocTaBnatoT cerogHs
B Benuko6putanum — 1,43—1,52 gonn./kBT,
B l'epmanum — 1,36—1,46 nonn./kBT, B Apyrunx
cTpaHax EBpocotosa — 1,61-1,9 gonn./kBT,
B Kntae —1,36—1,37 gonn./kBT, B CLLA— 1,83

nonn./kBT [3]. Mpu 9TOM cambIM felleBbiM
npu3aHaHo cTponTenbcTBo COC. Takme 3Ha-
YEHWS yaeNbHbIX MHBECTULINIA yyKe CTanm cy-
LL|eCTBEHHO MeHblLE, YeM B TPaAMLIMOHHOMN
aHepreTuke. [10STOMY B HacTosLLEe BpeEMS
MHOrve aHepreTnyeckmne KOMnaHnm Mmupa oT-
Ka3blBAKOTCS OT CTPOUTENbCTBA TEMJIOBbIX
1 aTOMHbIX 3/1eKTPOCTaHLMIA, OTAaBas npes-
noyTeHne BNS.

OKOHOMMYeCKMe NPeanochbIIKK cTanu
OCHOBOW [/151 NMPEANOYTUTENIBHOIO COOPYXKe-
HWSA reHepupyroLLMX 06BEKTOB Ha 6a3e BNJ,
Hapsdy C APYrMMU UX NpenmyLiecTsamim [8]:

— CcokpalleHne BbIBPOCOB BPeHbIX
1 NapHMKOBbIX ra3oB B aTMocdepy;

— CcOKpalleHve BpefHbIX CTOKOB B Mo-
BEPXHOCTHbIE ¥ NOA3EMHbIE BOAHblE
NCTOYHUKM;

— UWCK/HOYEHWe NoTepb OT BCe BO3pac-
TaloLLMX LieH Ha McKomnaemble BUbI
TOMNMBA;

—  UCK/HOYEHME KPYMHbIX TEXHOreHHbIX
aBapuii, CONyTCTBYHOLNX SOAEPHON
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XpaHunuile Bogopoaa WetoyHuk: nikkisoceig.com

Puc. 1. NporHo3 naMeHeHnn CTpyKTypbl NPON3BOACTBA
3N1EKTPUYECKOM aHeprn B Mupe B nepuog 2020..2050 rr.
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anekTpocTaHumsx (C3C) — B 8,4 pasa v Ha Be-
TpoanekTpuyeckmx ctaHumsx (BAC) — B 4,3
pasa [3].

Ha TpafWLUMOHHbBIX TEMMOBbIX 9N1eKTPOo-
cTaHumax (TAC) k 2035 1. oxxMAaeTCs CHMXKe-

npenMyLLLEeCTBEHHO 13 ee 0TxoA0B. OAHOBpe-
MEHHO, 719 UCMONb30BaHWA BOAOPOAa, CUH-
TETUYECKMX Fa30B M XXUAKNX CUHTETUYECKMX
Tonnme Ha TOC, aenaetca cTaBKa Ha NpuMme-
HeHWe paccpeoTOYEHHbIX CUCTEM 3EKTPO-

CyMMapHble MOLLHOCTM UCTOYHMKOB
3N1EKTPUYECKON 3HEprum B mupe, BT

HMe NMPOV3BOACTBA 3/1EKTPOSHEPT UM B CBA3M reHepaLmm ¢ NOMOLLIbHO 911EKTPOXMMUYECKMX 100000 W B3
C 0TKa30M OT MCMOb30BaHUS MCKOMaeMbIX reHepaTopOB Ha TOM/MBHbIX aNeMeHTax [5—7],
TOMSIMB COrNacHoO paTnhULMPOBAHHOMY MpaK- JJaroLLMX BOSMOXHOCTb BbICOKOS(DPEKTUBHO- B MpuposHbit ra3
TUYECKM BCEMU CTPaHaMu Mupa MapueKo- o NPSIMOro 6eCMNAMEHHOMO 1 6e3MaLLIMHHOMO
My cornawennto 2015 r. [4]. Mocne 2035 T. npeobpasoBaHNS XMMNYECKOW SHEPTM TO- W Yrons
NMPOrHO3MpyeTCst CHOBA POCT BblIpaboTKM MVB B 3NEKTPUYECKYHO U TEMMOBYHO SHEPTUHO. 10000
3MeKTPOsHEPrM Ha TAC, HO y>Ke C UCMOosb- CerogHa sNeKTPOCTaHLMM Ha TOMIBHbIX B fiaeproe Tonmeo
30BaHMEM Ha 9TUX 9NIEKTPOCTAHLMAX APYTUX anemMeHTax, o6nafatoLLme Liesioin rammon npe-
BWOB TOMIMBA: BOAOPOAA, CUHTETUYECKUX MMYLLECTB B CPaBHEHUW C TPAAULIMOHHON B HedrenpoaykTel
rasoB, Nosly4aeMblx KOHBEPCHEN BLoMacchl, 9HEPreTUKON (3KONMOMMYHOCTb, HAAEXKHOCTb, —
TBEPAbIX U XUAKNX TOMINB U3 BUOMACChI, 6€eCLIYMHOCTb, BbICOKMIA KI/], npocTOTa KOH- \\
CTPYKUMK, BOBMOXHOCTb paboThbl 6e3 NocTo- 1000
AHHOMO
onepaTMBHOIO NepcoHana, Hu3Kmne one- —
B CcOCTaBe reHepMpy]omux pauUnoHHble 3aTpaTbl — OPEX.', BO3MOXHOCTb
- MCMNOMNb30Ba-HUA MOAYIbHOW apXMTEKTYPbI
MouiHocTelt Ha 6ase BHJ C HapalllMBaHWeM MOLLHOCTMW MPOCTbIM A0- 100 I
Hano6onabpmuii poct B 2020-2050 rr. 6aBNEHNEM HOBbIX SHEpProMogynet), UMeroT
— NPOTHO3UPYETCS Ha COMHEUHbIX O/IVH CYLLIECTBEHHbIN HEJOCTATOK — BbICOKME
yaenbHble KanuTasbHble BIOXEHUSA — Ha YPOB-
JIeKTPOCTAaHIMSAX — B 8,4 pasa He aTOMHbIX 3M1eKTPOCTaHLUMi — 3500—5000
1 Ha BeTPOIEKTPUYUECKIUX 0onn./kBT [7]. OaHako, y»ke n ceroaHa ecTb
CTaHISIX — B 4,3 pasa npumepbl co3aanmna TAC Ha Kap6OHaTHblz< 10
’ TOMNMMBHbIX 3N1eMeHTax Ha 6a3e dhochopHoi 2020 2030 2040 2050

KWUCNOTbI C YAeNbHbIMU NHBECTMUMAMK 1750
[0nN./KBT [7] (anekTpocTaHLMs MOLLHOCTbIO

PacueTHble nepuogbl, rogbl
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B cBsI3M ¢ pOoCTOM 06'b€MOB
IPOM3BOACTBA BO BCEX
OCTaJIbHBIX KaTEeropmusax
reHepanmum, OTHOCUTE/IbHAs 0/
YCTaHOBJ/IEHHOM MomHOCTH ADC
B 00IIIEeMMPOBOM 3HeproodajaHce
cam3utca K 2050 r. ¢ 5,4 mo 3,5%

3HepreTuke, a Takxe NPobeM C 3axX0-
POHEHVEM AAEPHbBIX OTXOAOB, C Yrpo-
30¥ pacnpoCTpaHEHNS AAEPHOrO Opy-
KNS,

— OTKa3 0T JOPOroCTOsALLEN, 3KONOrnye-
CKM OMacHon 1, B TO »e Bpems, 6ec-
nonesHon npoueaypbl ynaBanmBaHms
1 3aXOPOHEHMSA OTXOAOB YrNEKNCONO
rasa;

— BO3MOXHOCTW MaclITabHOWM AeLeH-
Tpanu3aumm sHEPreTUKM ¢ pasBuTreM
pacnpeaeneHHON reHepaumm ¢ aBTo-
HOMHbIMW CUCTEMaMKN aHeproobde-
cneyeHns NoKanbHbIX NOTpebuTenen
aHepruu;

—  pasBUTWE MHTENNEKTYaNbHbIX SHEpPre-
TUYECKMX ceTen — smart nets;

— OonepexatoLlme TeMnbl pocTa BO306-
HOBIIEMOW 3HEPreTUKN B CPAaBHEHWM
C 3HEPreTMKOM Ha 6ase MCKoMaeMblx
TOMNNB;

— rapaHTMpPOBaHHbIN B 6ONbLUNHCTBE
Cfly4aeB BO3BPAT BIOXKEHHbIX MHBe-
CTUUMI fAaxke 6€3 MCNONb30BaHUA
rocyjapCTBEHHbIX CYy6CUANA 1N NbroT
1, HA0B6OPOT, NOMOJSIHEHNE BIOXKETOB
BCeX paHroB 3a cYeT NpubbINen npu
ncnonb3oBaHnmn B3,

0OCco6eHHOCTbO MOCTPOEHUS CUCTEM

Ha 6a3e B3 B Poccum aBnsieTcs Wnpokas
BO3MOXHOCTb MCMOb30BaHWA 6MoOMacchl,
rnaBHbIM 06pa3oM ee oTxof0B. OTXofAbl 610-
MacCbl B TOM WM MHOM Bufe MMetoTes B Poc-
CWV MOBCEMECTHO, M UX YTUNN3aLMA SBASETCA
Ba>XHOW HAapOOHO-XO3MCTBEHHOM 3a4aden.
Ecnwu 3a py6exxoM Ans nonyyeHns aHepre-
TNYECKOW BOMACChl OCYLLIECTBAAKT NOCAAKM
cneumnanbHblx NaaHTaumni 6bICTPOPACTYLLIMX
COPTOB AEPEBLER W KYCTapHMKOB, TO B Poccun
B 3TOM HeT HeobxoAMMOCTW. Ha Tepputopum
P® npomnspacTaeT oKos0 24 % BCex 1ecoB
nnaHeTbl, UMeeTcs 40 50 % MUPOBbIX 3ana-

COB Topda, AakoLLErO eXXeroaHbl ecTeCTBeH-
HbIV MPUPOCT B MUSIMOHBI TOHH [9]. W ogHmx
TONbKO OTXOAOB NepepaboTKM BCEX BUAOB
61MOMaCChl AOCTATOYHO, YTOObI MOKPbITh, BMe-
CTe C paumoHasbHbIM UCMOMb30BaHMeM B3,
BCe NOTPEOHOCTUN CTPaHbl B 9/1€KTPUYECKOM
N TENOBON SHEPTUW.

HecmoTpa Ha To, 4TO BuomMacca cama
no cebe ABNSETCH YrNeBOAOPOAHBIM MPOAYK-
TOM, ee MPUMEHeHWe B 3HEpPreTuKe He Hapy-
LaeT NPUPOAHbIA aKoNorMyeckuii 6anaxc:
KONIMYECTBO YrNEeKNCAOro rasa, Bblaensemoe
npu okmcnennn (ropeHnmn) 6uomMaccehbl, B To4-
HOCTM COOTBETCTBYET KOSIMYECTRY YreKnUCno-
ro rasa, noTpebnsieMoMy 13 atMocdepbl Npu
pOCTe pacTeHui. HapylueHne aToro 6anaHca
MPOUCXOANT, KOrAia B SHEPreTVKY BOB/EKArOT-
€S HaxoAsALMecs Nof 3emMeln nckonaemole
yrneBoAopoAHble TonamnBea. Mpu Ux UCNoSb-
30BaHWN NPUPOAOHA He NpeayCMOTpeHa KOM-
neHcaumsa 06pasyroLLIMXCSt BbIGPOCOB.

lcnonb3oBaHme TpaaMLUMOHHBIX SHepre-
TUYECKMNX TEXHONIOMNIA B CBA3M C HEMPEPbIB-
HO JOPOXKatoLLMMM MCKONaeMbIMy BUAaMu
TOMMB NPUBENO B MOCNEAHNE AeCATUNETUS
K yxofy SHepreTukun B POCCUM 13 30HbI peH-
TabenbHoCcTW. OKasanocb HeO6X0AUMbIM BBe-
CTU cneumanbHble GopMbl FOCYAapCTBEHHOM
NOAMEPXKKM CTPOUTENBCTBA HOBbIX 9/1EKTPO-
CTaHUMI C UCMONb30BaHWEM Tak Ha3blBae-
MbIX «[JOrOBOPOB O NPeAoCTaBAeHUM MOLLI-
HocTw» (OMM) [8, 10]. Tenepb MHBECTOPaM,
BNOXMWBLIMM CpefCTBa B CTPOUTENLCTBO
reHEPUPYIOLLMX SHEPreTUYECKNX 06 EKTOB,

C3C, baTtaran
YcTouHuk: photoalbum.rushydro.ru

bBrorazoeast NpOMbILIEHHOCTb
WeToyHmk: transut.ru.com

B [JOMNOJHEHME K AOXOAaM, MolyHaeMbIM Npn
aKcnayaTaumMm BBOAMMbIX B AeNCTBUE 0Ob-
€KTOB, OCYLLECTBASETCA AonnaTa CpeacTs
13 roCyAapCTBEHHOro 6rofykeTa TakK, YTobbl
CPOKM BO3BpaTa MHBECTULMI He MPeBbILLan
15 net. Taknm 06pa3oM, aHEpreTunka, Kotopas
paHee 6blna B Poccumn 0AHUM M3 OCHOBHbIX
NCTOYHWKOB MOMOSTHEHWA TOCYAapPCTBEHHOMO
6t0pKeTa, Nonana B YNC0 AOTMPYEMBIX OT-
pacnemn sKOHOMWKIN Hapsay ¢ 06pasoBaHmeM,
KynbTypOW, 3aaadamm 060poHbl. Mepcnek-
TVIBbI, KOTOPblE OTKPbIBAET UCMOIb30BaHNe
COBPEMEHHbIX cncTeM Ha 6ase B3, nosso-
NS0T BEPHYTb SHepreTuky Poccumn B cTaH
BbICOKOPeHTabeNbHbIX OTpacien HapogHOro
X035MCTBa CTPaHbl.

Ha coBpeMeHHOM 3Tane OCHOBHOW 3a-
[adern pasBUTUSA SHEPTETUKM ABNSAETCS CO-
6nt0aeHne 6anaHca Mexxay oTpulaTenbHbIM
BO3/ENCTBMNEM SHEPTETUKM HA OKPYXKAFOLLYHO
cpeny 1 yaOBNETBOPEHVEM PaCTYLLEro cnpoca
Ha aHepruto. MNpK 3TOM HeNb3s 3abblBaTh, YTO
SHepreTnkKa ABASETCA KIKOYEBBIM S3/1EMEH-
TOM PasBUTUSA KakK HaLWOHANbHOM SKOHOMUKW,
Tak 1 obliecTBa B LienoM. 3agada pa3BuTus
SHEPreTUKN YCMeLHO PeLlaeTcst B MUpe C 1Uc-
nofib3oBaHnem BM3. OgHaKo, CyLLEecTBYOT
1 onpeeneHHble TPYAHOCTUN C MPUMEHEHMEM
B3 anst peHTabenbHoro rapaHTMpoOBaHHOMO
aHeproobecrneyeHns NnoTpebuTenein.

B o6Liem cnyyae B3 MOXHO pasgenvTs
Ha OBe rpynmbi:

e MepBas — 6asmpyrollascs Ha HecTaum-

OHapHbIX UCTOYHUKAX SHEPT N — COI-

HEeYHOW, BETPOBOW, r’MAPaBINYECKON,
BOJSTHOBOW U T. M., 3HEPronoCTyneHne
OT KOTOPbIX MOXET 6bITb MPON3BOJb-
HbIM BO BPEMEHMW U1, 3a4acTyto, He-
npeackasyemblM;

e BTOpas — 6asupyrowascs Ha Hempe-

PbIBHO M3BIEKaeMOo SHEPrn 13 Ta-
KMX MCTOYHWKOB, KaK reoTepmMalb-
Has, neTpoTepMasnbHas, MPUIMBHas,
aHeprusa Gromaccsol (Bktodast Topd)
1 ee 0TXO[0B, OCMOTUYECKAS SHeprus,
SHeprus pa3HoOCTV TeMnepaTyp CNoeB
MOPCKOW (OKeaHCKOoM) Bofbl U T. M.

IMpOoeKTUPOBaHNE IHEPreTUHECKMX KOM-
nnekcoB Ha 6ase B3 ana onpegeneHHbIx
TEPPUTOPUIA JOMXKHO BbITb OCHOBAHO Ha CO3-
JaHVM ONTUManbHbIX codeTaHu B3 n3 nep-
BOW 1 BTOPOW Py, C Y4ETOM HanM4msa Takmnx
B3 Ha paccmatpuBaemont Tepputopun. Mpwm
3TOM CO3/1aHne Kak permoHasbHbIX, Tak 1 06-
LL|erocyJapCTBEHHbIX SHEPrOCUCTEM C BO306-
HOBIAEMOMN SHEPrETUKON JOIMKHO OCYLLECT-
BNATLCHA NOA YETKUM rOCYAapCTBEHHbIM
KOHTPOJSIEM MO HaUMOHaNbHbIM MPOrpaMmMam
pa3MeLLieHNs 1 COOPYXKEHNS SHEPTETUYECKMX
06beKTOB Ha H6a3e B3 1 cucTem nx pesepsu-
POBaHWS. 34eCb JOMKHbI 6bITb UCKITHOYEHDI
CTUXMINHbBIE COOPY>XEHWUSI IHEPreTUYECKMX
06beKTOB, NpeaAnaraeMblx OTAENbHbIMU WH-
BECTOPaMW, KaK 3T0 UMEeEeT MecTo 1 B Poccuu,
1 B cTpaHax EC.

CeroaHs B EC 3HaunTenoHoe ymncno BSC
60SbLLON MOLLHOCTM BbINI0 NOCTPOEHO 6e3
yyeTa nanaraemom KoHuenummn. 3to npuBeno
K 9HEepreTn4ecKomy Kpmasmcy secHom 2021 r.
13-3a LWTWNS, NPOACIKABLLEr0CS OKOMO ABYX
Heaenb. HenoBbIpaboTKy 3HaUYMTENBHOM A0
3NeKTpoaHeprmm Ha BOC B sHeprocmcTemax
0OKasanocb He4YeM KOMMeHCUpoBaTh: Apyrue
reHepupytoLiMe MOLLHOCTY ANs 3TOM Lienu
He 6bINn NpeayCcMOTPEeHbl, MOCcKoNbKy B EC
BOMPOCbI CO3aHNs KPYMHbIX CUCTEM pe3ep-

CpepHue yaeabHbIE 3aTPaThI

Ha COOpY>XeHMe 3JIeKTPOCTaHIIUIA
Ha 6ase BID cocTaB/SIIOT B CTpaHAaX
EBpocoro3a - 1,61-1,9 nosi./kBr,

B Kurtae - 1,36-1,37 nomi./kBr,
B CIIIA - 1,83 monn./KBT
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Cucrtema HakonfeHus QJ1IeKTPO3HEPTrnn

BVPOBaHWA SNEKTPOSHEPT MM Ha4au paccma-
TpvBaTb TONbKO K KOHLY 2020 r. Havanuch
MOMbITKW BOCCTAaHOBIEHUA YXKE OTKITHOYEH-
HbIX 1 3aKOHCEPBUPOBAHHbIX TEMIOBbIX dM1EK-
TPOCTaHUMIN. 3TO NPUBESIO K 3HAYNTESIbHOMY
POCTY LieH Ha NPUPOAHbIV ras, Ha yronb. Pag
npeanpuaThin Gb1anM OCTaHOBNEHbI N3-3a He-
XBaTKW 3AEKTPOSHEPTUN.

AHanornyHble SBIeHus NPUBENN K KpU-
31cam B aHepreTtuke Kutasa, ViIHanm, dno-
HUK, APYTUX CTPaH. TyT »e aKkTUBN3NPOBa-
nCb NpoTUBHMKKM B3, aeknapupytouine
Ha 3TUX NpuMepax Heo6XOAMMOCTb OTKa3a
OT AanbHeNLLIEro pasBnTSt BO30BHOBISEMON
SHepreTukK, aenas ctaBky ToNbko Ha TOC
Ha nckonaembix Tonnmneax. C Apyron cTopo-

VlcToYHuMK: econet.ru

Hbl O4EBUAHO, YTO HEOBXOAVMMO HapaLLMBaTb
06beMbl B3aMMOCBSA3aHHOIO MCMONb30BaHWSA
B3, 4TobbI B ByaAyLiEM He NPULLNIOCE BO3BPa-
LLaTbCA K MPUMEHEHWIO PE3KO JOPOXKAKOLLEro
MCKOMaemoro TonauBea.

3[ecCb BaxKHOe 3HaveHne npuobpeTaeT
co3aaHne s EeKTUBHbBIX CUCTEM aKKyMY-
NNPOBAHWUS 1 HAKOMMEHUS 3NEKTPOIHEPTUN
(CH3) 6onbuioit emkocTw. CerogHst Takue cu-
CTeMbl aKTUBHO pa3pabaTbiBarOTCS, HO MOKa
OCTaroTCs LOPOrUMYM AN LUMPOKOrO Nprme-
HEHWs1 B BO30OHOBNSIEMON aHepreTuke. MNpea-
NOXeHHble CH3 ¢ npuMeHeHnem Bogopoaa
YyCMNewHO peLiaroT TeEXHUYECKMe BONPOCHI
aKKYMYNMPOBAHWA SHEPTUK, HO MO CBOUM
(DVMHAHCOBO-KOMMEPYECKNM NoKasaTensam
TpebytoT AopaboTkn. OCHOBHbIMU Npobie-
MaMU 34€eCb ABAAKOTCS 60MbLIAas CTOUMOCTb
BOLOPOAA MPW CYLLECTBYIOLMX METOAAX €r0
NPOW3BOACTBA M3 NPMPOLHOMO rasa MeTo-

NPaKTUYECKOMY UCYEPMAHUIO B HEAANIEKOM
6yayuieM NerkoaobbiBaeMblxX 3anacoB UCKO-
naemblx TOMNB.

PellieHne paccMaTpuBaeMblx 3aaay Mo-
YKET ObITb BbIMOSHEHO CREAYHOLLIMMM MY TAMM.

Co3paHue 3¢ peKTUBHbIX
CUCTEM aKKyMyJIMpOBaHUS

N HAKOMJIEHUS ANEKTPOIHEPrun
60/1bLLUON EMKOCTH

1) Ucnonb3oBanne 415 NoayYeHUs BO-
AopojAa 3/1eKTposn3a Bogbl C NPUMEHEHN-
eM AN151 9N1eKTPONUTaHNSA 31eKTPoNn3epos
6ofee AeleBOW M NPOAOIKAKOLLLEN CHU-
»XaTbCA B LeHe aneKTpoaHeprium ot BV
B3aMeH CYLLEeCTBEHHO JOPOXKatOLLEeN anek-
TPO3HEPrnn OT TpaanuUMoHHbIX TOC 1 ASC,
MCNOMb3YHOLLMX UCKOMaeMble BUAbI TONANBaA
[10, 11]. 3TOT cnocob ynobeH Takxe npw no-
Nly4eHn BOAOPOAa BbICOKON YNCTOTbI ANA
HeaHepreTuyeckmx (TEXHONOrMYeckmx) Le-
nel — B Ka4YeCTBe CbIPbeEBOIr0 KOMMOHEHTA
B XMMMNYECKOW, HePTEXMMMNYECKON, MULLIEBOA
NPOMbILWNEHHOCTH 1 Ap. CyulecTByroWMne
TaK>Xe BO3MOXHOCTM CHUXEHWS CTOMMOCTU
camux anekTponmsepos K 2030-2035 rr,,
obecneynBatolne yMeHblleHne yaenbHbIX
nusecTuunii (CAPEX) B coopyseHue Kpyn-

AnexTponunsep Hydrogenics

IIpuMmeHeHMEe 6GMOMAaCChI

B SHEpPreTMKe He HapyuaeT
MPUPOSHBIN IKOJIOTMYECKUN
6aJIaHC, ITOCKOJIBKY KOJIMYECTBO

CO,, BbiIE/ISIEMOE 1PV TOPEHMH,

cooTBeTCcTBYeT 00bemam CO,,
MOTPEOISIEMBIM PACTEHUSIMU

HbIX 3NEKTPONN3HbBIX YCTAaHOBOK, MO3BONST
elle 6onee CHMU3UTb Ce6eCTOMMOCTb aeK-
TPONM3HOro BoAOpoAa.

CHWXXEHNe CTOMMOCTM 31EKTPOSTM3HOMO
BOAOPOA MOXHO OXMAaTb U B CBSA3M C MPO-
FHO3MPYEeMbIM 3HaYMTENIbHbIM POCTOM 00b-
eMOB ero npomaeoacTea k 2030—2035 rr.
Mpw cerofiHsILLIHEN CTOMMOCTUW BOAOPOAA,
Nosy4aemMoro ¢ MCNofib30BaHNEM IHEPTUM
C3CnB3C,-C, = 2-3 gonn./kr [9, 12], ero
cToumMocTb C, K 2035 1. MOXET 6bITb paccHi-
TaHa B COOTBETCTBMMN C U3BECTHBIM 3aKOHOM
XeHgepcona [13]:

C,=C, (V. V).

Wetounuk: arthurlosfotografie.be
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0Cc06eHHOCTHIO ITOCTPOEHUS

cucTeM Ha 6asze BUI B Poccun
SIBJISIETCS IIMPOKasi BO3MOKHOCTbD
VICIIOJIb30BaHVs OMOMAacCChI, IITAaBHBIM

0OM MapOBOW KaTanMTMYeCKON KOHBEPCUN
VM U3 yIrNa — METOLOM €ro rufporeHusaLmm,
a TaK>Xe ConyTCTByoLee 3TUM METOAaM
BblAeneHne 6onbLunx Konndects CO,, 60pb-
6a C KOTOpbIM ABNAETCA KakK pas OfHOW

o0pa3om, ee OTXOH0B, PeCypChl
KOTOPO¥ B TOM WIM MHOM Buje
MMEIOTCS ITIOBCEeMEeCTHO

13 OCHOBHbIX 3a4a4 ncnoab3oBanHus BN3.
CaMo 1CMnonb3oBaHne Mckonaembix yrie-
BOAOPOAHbIX TOMSIMB TaKKe NpOTUBOPEYUT
OCHOBHOW KOHLIEMLIMM YETBEPTOro SHeprone-
pexofa K ncnosbsosaHwio BU3 [1, 2], pelue-
HUAM MapuXXCKoro cornalleHns [4], a Takxke
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CerogHs cyuiecTByeT cepuitHOe
o06opyaoBaHue, MMO3BOJISIONIEe

C HEKOTOPOJi JOPabOTKOM
OpPraHM30BaTh KPYIIHOMACIITA0OHOE
IPOU3BOACTBO CMHTE3-Ta3a

0 paccCMaTpUBaeMoOIi cxeme

¢ texHosoruen JITKb

rae V, — pacyeTHbI 06bem NPON3BOACTBA
Bofgopoada B 2035,

V, — 06beM NPOM3BOACTBa 3/IEKTPONNS-
Horo Bogopoaa B 2021 r,,

a — 3M1aCTUYHOCTb 3aTpaT NpW NPOV3BOL-
CTBe BOLOPOAA.

CornacHo yteep>kaeHHon B 2021 1. KoH-
Lenuunv passuTHa BOAOPOAHOW SHEPreTUKM
B Poccwiickoin ®eaepauun [16)], MOXKHO npu-
HATb OTHOLWeHVe V., /V, =10, a = 0,8. MosTomy,
no opmyne XeHAepcoHa HaxoauMm:

C,=(2.3)-107"=(2.3)-0,159 =
0,32..0,48 ponn./Kr.

Mwunm T3, Ha Bruomacce

[Mpun TakoM HM3KON CTOMMOCTM BOAO-
pofa 6yfeT obecnedeHa BbICOKasA peHTa-
6eNbHOCTb NHOObIX 06 BEKTOB BOJOPOAHON
9HEPreTUKN 1 TEXHONOMMYECKNX NPpUMeEHe-
HWI BOAOpOAa.

CerofHsa camoe KpynHoe B M1pe Npeanpu-
ATWe No NPOW3BOACTBY BOAOPOAA METOAOM
anekTponunaa BoAbl — Fukushima Hydrogen
Energy Research Field — nocTpoeHo B npedek-
Type dykycuma, Anonus [13]. Ero npovssoau-
TenbHoCTb cocTaBnaeT 900 1/rog (1,2 Thic.
Hm®/4) Bogopoaa. ICTOYHVKOM MUTaHUs anek-
TPONM3epOB ABNSETCH CONHEYHas yCTaHOBKaA
MOLLHOCTbHO 20 MBT, 3aHMMatoLLas nnowaib
22 ra. MOWHOCTb 91eKTPOIN3EPOB COCTaB-
nset 10 MBT.

2) MpumMeHeHne BMeCTO BOJOPOJA CHH-
Te3-rasa (H2+C0), nony4yaemMoro rno oteve-
CTBEHHOW TEXHONOMMK ABYXCTaANNHON Tep-
MUYeckoi KoHBepcun 6uomacchl (ATKB).
TexHonoruna OTKB npegnoxeHa ONBT PAH
[10, 11]. CuHTe3-ras, nofydyaemblii No AaHHOM
TEXHOMOrnK, ABNSETCA anbTepHaTUBOW BO-
aopogy B ycTporctax CHS, ncnonbayembix
N5 rapaHTMPOBAHHOI0 aHeproobecneye-
HUA NoTpebuTeneit Ha 6ase BMI [10] — 6e3
NPYMEHEHWS MCKOMaeMbIX OPraHN4Yeckoro
1 SAepHOro TonmB. MoMUMO BCex NonesHbIx
CBOVICTB BOAOPOAA, CUHTE3-Ta3 (H2+CO C COOT-
HOLLIEHMEM KOMMOHEHTOB 1-2/1) Takxke nmeeT

VicTouHuk: T-engineer.ru

nennetbl

PK

7 Tonka - 5

AbIMOBbI€ rasbl

Puc. 2. CTpykTypHasa cxeMa ABYXCTYNeHYaTON KOHBEPCUN
YrNepPOACOAEPKALLMX NENNeT B CUHTES-Ta3

crneayroLLmMe CyLLieCTBEHHble MpenMylLecTBa
B CPaBHEHUW C YNCTbIM BOJOPOAOM:

— 60nbllas yaenbHasi TeN0TBOPHas
CMNOCOBHOCTb Ha eanHULY 06beMa;

— obecne4yeHue 6onee HaflexxHOW pa-
60Tbl 1 yBeNMYeHne CpoKa Cy>K6bl
ra30MopLIHEBbLIX YCTAHOBOK 3a CYeT
MOJSTHOrO UCKIKOYEHWS AETOHALIMOHHBIX
ABNEHN B ra30BbIX ABUraTensx npu
MCMONb30BaHMN CUHTE3-ra3a B Kade-
CTBe TOM/IMBa BMECTO YNCTOrO BOAO-
poaa;

— 3HaunTenbHO 6onee HM3Kas cebecTo-
MMOCTb MOJSly4aeMoro cMHTes-rasa
13 NPaKTUYecKn 6ecnnaTHbIX OTXOA0B
61MOMaCChl, UICMOMNb3yeMbIX B Ka4ecTBe
MCXOAHOO ChIpPbS;

— OTCYTCTBMWe HEO6XOANMOCTM UCMOSb-
30BaHNsA MICKOMAeMOro ToNMBa Kak
B Hanbosee pacnpoCTPaHeHHbIX Ce-
FOAHS TEXHOMOIMAX NONYYeHUs BOAO-
pofa 13 NPMPOAHOrO rasa Unm yris;

— OTCyTCTBMe Npobnem C yTunmaaumei
MK 3aXOPOHEHNEM 6OMbLLNX KOMN-
4YeCTB YreKncnoro rasa, nosiBasto-
LLWXCS MPY MCMONb30BaHWMN CErOAHSLL-
HWX TEXHOMOMNIA NOMYYeHNs BOAOPOAA
13 OpraHUYecKmnx TONamB.

Mony4yeHvie crHTe3-rasa B MPOMbILLIEH-
HbIX MacLUTabax no TexHonoru ATKB npea-
naraeTcsl peasiM30BaTb C UCMOMb30BaHUEM
CXeMbl, MpeaCcTaBfEHHON Ha puC. 2.

B KayecTBe MCXOAHOIO Chipbs UCMOSb3Y-
toTCH NenneTbl U3 6romMaccol. YacTb nennet
NPOXOANT NpeABapuTeNbHO CTaAMto Toppe-
dukaumm [10]. Toppedukaums, 3a cHeT Npuga-
HWA NenneTam CBOMCTB MOBbILLEHHOW YCTON-
YMBOCTM K BbICOKOW BNA>XHOCTU BO3AyXa,
BMOTb 0 NPSIMOro BO3AENCTBUS OCaAKOB,
NO3BONSET HAAEXHO 0BECNEeUNTb ANUTENbHOE

|

L. CcuHTesras

Pl — peaktop nnponm3a, PK — peakTop KpekuHra ¢ yrniepogom,
[ — abimococ, 4T — abiMoBas Tpyba

CKNafACKoe XxpaHeHWe pesepBa nennet 6e3
NOTEPU MX CBOWMCTB, a TakXXe NOBbIWAET MX
KanoOpUMHOCTb M HacCbIMHOM Bec. Ha cxeme
(puc. 2) noToKK ToppedULMPOBaHHbIX NenneT
BblZ€NeHbl KPAaCHbIM LIBETOM.

MepBas CTyneHb KOHBEPCUW BUOMACCh!
OCYLLEeCTB/IAETCA B peakTope nuponunaa Prl,
BTOpad CTyneHb — B peakTope KpeknHra PK.
B peakTope PK B ka4ecTBe npakTU4ecKn Yu-
CTOro yrnepoga Ucnonb3yeTcs APEBECHbIN
yrofb, Nofyvaemblin B peaktope Pr1. O6orpes
PeakTOPOB OCYLLECTBIIAETCA AbIMOBbIMMU
razamu, nosyyYaemMbiMu B TOMKE U NOCTY-
natrowmmMm B pyballikm peaktopoB Pl un PK.
C aTOM Lenbto B TOMKE B Ka4ecTBe ToNMBa
NCMONb3YeTCA YaCTb NENSIET, NOCTYNAOLLMX
Ha aHeprokommnekc. lNocne PK abiMoBble
rasbl C NOMOLLBIO AbiMococa [ oTnpasns-
toTCH B AbIMOBYHO Tpy6y [T.

OTMeTMM, 4TO CEerofHsa cyulecTByeT
cepuinHoe 060pyAOBaHMe, MO3BONSOLLEE,
C HEKOTOpOW A0pabOoTKOWM, OpraHnM3oBaTh
KpynHoMaclTabHoe NpOn3BOACTBO CUH-
Tes-rasa no pacCMaTprBaeMOn CXeEME C Tex-
Honorven ATKB.

art

A

Cdepoit npuMeHeHUs TeXHOJIOTU

C KOMGMHMpOBaHHBIM

ucnojgb3oBauuem BUD u cuHTe3-
rasa, rojriy4aeMoro 13 6MoMacchl

" ee 0TX0A 0B, ABJ/JIAETCA UX

MCIIO/Ib30BaHMe MPeqIpUSITUIMU

IIJISE COOCTBEHHBIX HYK]I,
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3) Ucnonb3oBanne feLeBoro nonyTHoOro
BOAOPOAA, KOTOPbIN MOXET ObITb MNOMyYeH
B H6OMbLUMX KOSIMYECTBax B MpoLiecce Npouns-
BOZCTBA NMPOSIMTMYECKOro yriepoaa (cokpa-
LLIeHO «MIMPOYTrepoaa») U3 0TXoA0B BromMac-
Cbl 1 6POCOBbIX MOMYTHbIX HeDTAHbIX ra30B
(MHI), a Tak>Xe ManoueHHOro NPUPOAHOro
rasa HM3KOAEOUTHbIX Fa30BbIX MECTOPOXAe-
HUI — no TexHonorun OVIBT PAH [10].

cnonb3oBaHue MNHIT No03BOAUT NOMYYUTb
3HaYMTENbHOE KOMMYECTBO SHEPT UM U YMEHb-
LWMTb HAHOCMMOE UMUK BpeaHOEe BANAHMWE
Ha NpPVYPOAHOE paBHOBeCKE.

CyTb NpeanoXXeHHOM TEXHONOMIN 3aKI1H0-
YaeTcst B COBMELLIEHMN MPOLIECCOB Nonyye-
HWS U3 BUOMACChI ApeBecHOro yrns (6royrns)
1 3aMOJIHEHWSA €ro Nop YrnepoAoM, BXOASLLMM
B cocTaB [MHI" nnn NpMpogHOro rasa HWU3Ko-
NebUTHbIX ra30BbIX MECTOPOXAeHUI. OTa
TEXHONOMMS peannayeTcs B OAHOM annapaTe.
B Takol annapat (peakTop) CBepXy nogaroTcs
[IpEBECHbIE OTXOfbl, KOTOPbIE NOf COBCTBEH-
HbIM BECOM ABWXKYTCS CBepXY BHW3. [pupoa-
Hbl1 ra3 NoAaeTCst CHU3Y-BBEPX U ABUraeTcs
B MPOTWMBOTOKE C 3aCbINKON 13 6Momacchl
(opeBecuHbl). B HUXKHUX 1 CPeHUX ropu-
30HTax peakTopa TemnepaTypa AocTuraeT
1000 °C. Mpw aTON TEMNEPATYPE NPOUCXOANT
TEPMUYECKOE PasoXeHNe NPYPOAHOro rasa.
O6pasytoLLmniics Npu 3TOM Yriepos 3anonHseT
nopbl NonafatoLlero B 3Ty 30Hy 61oyrns, 06-
pa30BaHne KOTOPOro MPOUCXOANT B BEPXHUX
rOpW30HTax peakTopa Npy B3anMOAenCTBUM
BbICOKOTEMMEPATYPHbIX Fa3006pa3HbIX Npo-
[IyKTOB peakUmn ¢ 3acbinaemMon 6MoMaccoi.
BbIrpyska roToBOro Matepuana ocyllecTens-
€TCH B HMXKHEWN YaCTun peakTopa.

HoBas TexHonorns Nno3BoNseT Npon3Bo-
OVTb 13 YyrNeBOAOPOAHbBIX ra30B OAHOBpPE-
MEHHO C BOAOPOAOM MaTepuanbl, UMetoLLme
BbICOKMIA CAPOC Ha pblHKe. CTOMMOCTb 3TUX
MaTepuanoB OKynaeT Bce 3aTpatbl, B TOM

151 UCKJIIOYEeHUSI MCITO/Ib30BaHUS
Iu3eabHOro Tomausa Ha J19C

B Poccun TpeGyercs cymma, B 2,6
pasa MeHbIlIasi, YeM rojJJ0BOi 00beM
OIOMI)KETHBIX TIOTAIVI, BbIZE/II€eMbIX
ceifyac Jijist ooecrieueHusI MxX padoThI

!
PesepByap ans xpaHeHuns sogopoda ¢ C3C n B3C
VcToyHmk: malpetr depositphotos.com

4yucne n CTOMMOCTb NoJfly4aeMoro Bogopo-
fa. VIMeHHO 3TVM YyCNOoBUAM COOTBETCTBYET
paccMaTpuBaemasi TEXHONOrMsA NoydYeHns
YUCTbIX YrNepoAHbIX MaTepranoB U BOAOPOAa.
[axe 6e3 y4eTa CTOMMOCTH BOAOPOAA CPOKM
OKYMaeMOCTH AaHHON TEXHOMOIMK He NPEeBbI-
watot 3—-5 ner.

Hapsigy ¢ akcnepumeHTanbHbIMU ncche-
[IOBaHUSIMN METOA0OB COBMECTHOW TepMU-
YecKkow nepepaboTKN OTXOA0B APEBECUHDbI
1 YrneBoAopOAOB pa3paboTaHa TeopeTunye-
ckas Mofefb, KOTopas MO3BOMSAET ONMUcaThb
NpOLECC TEPMUYECKON AeCTPYKLMN ApeBe-
CWHbI 1 MHOFOYpPOBHEBOE 3anoJIHEHME MOpP
[PEBECHOIO YIA NMPOYrnepoaoMm, obpasy-
FOLLIMMCSI MPY TEPMUYECKOM PasoxXeHnn Me-
TaHa v Apyrux yrnesoaopofoB B MOPUCTOM
cpeae [18—20]. BbinosHeHHbIe TeopeTyecKmne
1 3KCNepUMeHTanbHble NCCneoBaHWs NO3BO-
SN ONPefennTb M CMOAENMPOBATb OCHOB-
Hble CTaaMu NpoLecca NoMyYeHNsa YNCTbIX
YrNepoaHbIX MaTePUanoB Npu TEPMUYECKOM
pasfnoXeHNN yrneBoAopoOAOB B Cpeje npo-
[YKTOB TEPMUYECKOW AECTPYKLMM OTXOA0B
PaCTUTENBHOrO MPOUCXOXKAEHWS.

MonyTHbIN HeDTAHON ra3 — aTo NPUPOA-
HbIM YrNEBOAOPOAHDIN ras, in HaxoaAWmnca
B «LLanKax» HePTSHbIX 1 ra30KOHAEHCATHbIX
MECTOPOXAEHWI NN PACTBOPEHHbIN B HED-
Tn. KonnyecTso MHIT B 04HOM TOHHE Heh TN —
OT OAHOrO-ABYX 10 HECKOJbKMX ThicAY Ky60-
METPOB. B oT/in4ne ot npupogHoro rasa MHM-
COAEPXMUT B CBOEM COCTaBe KpoMe MeTaHa
60MbLLYHO A0 NPOMAaHOB, 6YTaHOB 1 MapoB

6onee TAXEeNbIX YrneBogopoAoB. 10 AaHHbIM
MWHUCTEPCTBa NPUPOAHbBIX PECYPCOB U KO-
norum PO nuwb 26 % MHI HanpaBnaeTcs
Ha nepepaboTky. OcTanbHOEe MAET Ha HYX-
bl MPOMbICNOB UM CMUCbIBAETCA HA TeX-
HOJSIOTMYECKME NOTEPH, @ TaKXKe CXKUraeTcs
B chakenax.

B Poccum no pasHbiM oLieHKaM B dake-
ax okuraeTcs exxerogHo ot 14 go 38 mnpa
ME TTHT. 1nst OpMEeHTMPOBOYHbIX pacyeToB
6yAeM CUMTaTb, YTO B HalLIEW CTPaHE CXMU-
raeTcsa B cpegHem nopsaaka 20 mnpg me
MHI B roa. Mo pacyeTam MUHMNPUPOADI,
n3-3a cxxuranma MNHI Poccua exerogHo
TepsieT okono 140 mnpa py6. Kpome T0ro,
NPV TEXHONOMMYECKMX NOTEPSX N CXXUTaHUN
B hakenax B atMocdepy BbibpacbiBaeTcs
OMOKCUA yriepoaa v akTuBHagA caxa. a3
B hakenax cropaeT He MOSIHOCTbHO, MO3TOMY
B aTMocdepy BblenseTcs MeTaH, SBAsAto-
Wwmnca ropasfo 6onee akTUBHBIM NapHU-
KOBbIM rasom, 4em CO,. IkoHOMMYecKue
N 9KONOrMYECKMNE aCneKTbl AeNnatoT pauu-
OHaNbHOe ncnonbdosaHue MHI BaxHON
HapPOOHO-XO3ANCTBEHHOW 3aaa4en.

[nss OpUEHTUPOBOYHOM OLIEHKM MPUMEM,
yTo IMHI" cocTONT, B OCHOBHOM M3 MeTaHa CH,,
KOTOPbIN B NpoLecce NMposin3a Npu BbICOKO-
TeMnepaTypHON TEPMUYECKOM AECTPYKLIMM
pasnaraeTcst Ha Be COCTaBfatoLme — yrie-
pPOA Y BOOAOPOA:

CH,=C+2H, (1)

B3C B HoBukoBO
WetoyHuk: rushydro.ru

IIpoekTpoBaHME U CTPOUTEIHLCTBO
JieKTpocTaHuui Ha BUD umeror

3HAYUTETbHO 00Jiee KOPOTKUe
IUKJIbI, Y€M B TPAAUIIMOHHO
3HepreTuke, 3aTpaThl HA UX
CTPOUTETBCTBO OYAYT OBICTPO
OKYIIaThCS

B cooTBETCTBUM C pesynbTaTaMu TEOPETU-
YECKMX W IKCMEePUMEHTaNbHbIX MCCNeA0BaHNIA
[17-19] ycTaHOBNEHO, YTO YAeNbHbI pacxos
MMHI™ Ans nosyYeHns OAHON TOHHbI MUPOYTe-
poga —m, . =950 Kr/T. [l09TOMY KO/IM4ECTBO
nMpoyriepoaa, KOTOPOE MOXET ObITb NMoMy4e-
Ho 13 MHI, cxxnraemoro cerofHs B pakenax
B o6bemax V__=20-10° Hw? cocTaur:

ny = YHHF ' VnHr/ mnHr’ (2)
roevy,,, — nnoTHocTb MHI npu HopManb-
HbIX ycnosusx (t = 273K =0 °C, P, =0 Mla).
lMonaras, 4to MNHI, Kak MeTaH, UMeeTy, =

0,714 kr/Hm®, B COOTBETCTBUM C BblpaXeHnem
(2), Haxoum:

Mny:O,714-20-109/95O: 15,0-10°=
15 MnH T/10oA,.

MoaToMy mcnonb3oBaHue MNHI No3BonseT,
COrnacHoO M3BECTHbIM BeNndYnHam noTpe6-
HocTei [17—19], NoKpPbITb 1 BCE BHYTPEHHME
HY>Xbl B MMPOYrNePoe, U BCe 9KCMOPTHble
noTpebHocTn Ans cTpaH EC. Ha nepcnekTuey
0CTatoTCS ellle BO3MOYKHOCTM MCMOSb30BaHNS
HM3KOAEOUTHBIX ra30BbIX MECTOPOXAEHN,
nmMetoLmxces B Poccun B M30bITKe.

KonmnuyecTBO BOJOPOAA, KOTOPOE MOXHO
NOSyYUTb MOMYTHO MPU NPOU3BOACTBE Mu-
poyrnepoaa Ha 6a3e MHI, MoXeT 6bITb pac-
CYMTAHO B COOTBETCTBUM C BbipaxkeHnem (1):

M, =M__-(@m}S/(4mF+m ), (3)

rae M,,, —Macca nony4aemoro BOA0POsa;

M__—Macca 1crnosib3yemMoro nonyTHOro
HedhTAHOro rasa;

m " — OTHOCUTeNbHas aToMHas Macca
BOZOPOAA;

m_© — OTHOCWTeNbHan aToMHas Macca
yrnepoaa.

7’
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Ecnu ucronb3oBaTh OI0/IKETHHIE
uHBecTUuu B 50-60 mipna, pyo.
B roji, To nojHasa 3ameHa /19C

B P® 3aiimeT 3-4 roga.

IIpu 3TOM Ha 1 MHBeCTUPYeMbIii
pyoJsIb OyZeT moyYeH
JBYKPATHBIN OIOI’KeTHBIN TOXOT,

B cBoto ovepesb:

M., = Vo V.. =0714-2010°=

14,28-10° kr = 14,28 MnH T/rof 4)

13 BbipaxkeHns (3), ¢ y4eTOM paBeHCTBa
(4) v 06LLIEN3BECTHBIX 3Ha4eHut m " =T m ©
=12, HaxoanM:

M,,=1428(4/(4+12)) = 3,57 MAH T/rog.

MocKobKy NIOTHOCTbL BOAOPOAa ANd
HOpMarbHbIX ycnosui y,,, = 0,089 kr/Hm?,
TO KO/IMYECTBO MOJy4aemMoro Boaopoaa B 06b-
€MHOM UCHWCIEHNN COCTABNT.

BepxHe-MyTHOBCKas reotepmarsbHasa 9/1eKTPOCTaHLMA

Vi, =M,/ v,,=357-10°/0,089 = 40 -
108 = 40 mnH HM3/rog.

OTMeTuM, uTo B 2020 . B MMpe BbI10 Npo-
n3seaeHo 75 MH T unu 840 mMnH M® Boaopo-
[1a, KOTOPbIV MCNOMb30BasCs, B OCHOBHOM,
B HedhTenepepaboTKe M Npu NPOM3BOACTRE
amMmMuaka. Takmm 06pasoMm, TONbKO NyTem
yTuamsaumm cxkmraemoro B PO B hakenax
[THI” MOXKHO 3aKpbITb Nopsaka 5 % MMpoBom
NoTPebHOCTM B BOAOPOSE.

KonnyecTBO 9/1€KTPO3HEPT UM, KOTOpPOE
MOXHO MONYYUTb U3 PaCCHMTaHHOM Macchl
BOAOPOAA:

Wsn = MHZ ' q ' nan ' k’ (5)

rae q — yaesnbHasi TennoTa cropaHna (Te-
NNOTBOPHas CNOCOBHOCTb) BOLOPOAR;

N,, — KO3(M®OULMEHT NONESHOro AEeNCTBNA
3NeKTPOreHePVPYHOLLIErO YCTPOMCTBA;

k — Koo PULUMEHT NpUBEAEHUS EANHNL
N3MEPEHUS SHEPT M.

Mpvq=120,7 IAx/T,n,, =06 (60 % —
cpefiHee 3HaYeHne AN 31EKTPOXMMUYECKMNX
reHepaToOpOB MNPSIMOro NpeobpasoBaHma
Ha TOMIMBHbIX 9N1EMEHTaX, MPUHNUMAaEMbIX
[U1s1 UCMOSb30BaHMA Ha nepcnekTmsy) n k =
277,78 kKBT-4/I X, cornacHo BbipaxkeHuto (5)
HaxoaUM:

MicTouHmK: «Pycrugpo»

AHajblpcKas BETpsHas anekTpocTaHumsa 2 MBT

W_ =3567-10°-120,7-0,6 277,78 =
71817 MnH KBT-4/rog = 71,8 mnH MBT-4/roga.

CymMmapHas rogoBasi BbIpaboTka anekTpo-
3HEpPrMMn Bcemm anekTpocTaHumammn PO (Mow-
HOCTbto 6onee 5 kBT) B 2021 . cocTaBuna —
>W =1 114,55 mnpa kBT-4, a ycTaHOBMIEHHaA
MOLLIHOCTb BCeX dneKTpocTaHumin ESC —2N
= 246 590,5 MBT = 246,59 'BT [21]. CpegHee
BPEMS MCMOSb30BaHNA YCTaHOBIEHHOM MOLL-
HOCTW aneKkTpocTaHumm B E3C:

T, = IW/IN, =1114650 [BT4 /246,59
BT = 4519,8 u/roa.

Mpu TakoMm 3HaveHnn T, obLiast MOLL-
HOCTb BCEX SHEPreTUYECKNX KNacTePOB, Bbl-
pabaTbIBatOLLMX SNEKTPOIHEPTUIO 3a CHET
MOMYyTHOIrO BOAOPOAA NPW MOSYyYEHUM MUpPOo-
yrnepoga n3 MNHI, MOXeT cocTaBuTb:

N, =W, /T, =718-10°/45198=159
10° MBT = 15,9 [BT. @)

Takas MOLLIHOCTb BOAOPOAHbIX 3NEKTPO-
cTaHumi cocTaBuT gonto B =159/ 246,6 =
0,064 = 6,4 % 0o6LLen MOLLHOCTWN BCEX aS1eK-
TpocTaHummn EC. C y4eToM AONONHUTENBHOIO
MCMNONb30BaHMA ManofebUTHbIX MCTOUYHMKOB
NPUPOAHOrO rasa MOLLHOCTb 31EKTPOCTaHLMIA
Ha NOMyTHOM BOJOPOAE MOXET COCTaBUTb B

VicTouHuK: projects.fedpress.ru

=10..12 %. A Takas 4ons MOLLHOCTMX NO3BO-
NIAET y>Ke, Kak nokasaHo B patoTax [9, 10, 14],
obecneynTb HaleXKHOe pe3epBMpPoBaHME Bbl-
pabaTbiBaeMOW 3N1eKTPOIHEPT N AaxKe B CIy-
Yae NoNHOW 3aMeHbl Ha B3 Bcex TAC n ASC,
paboTatoLLMX Ha MCKOMaeMoM TOMJIMBE.
CornacHo yTBepxgeHHon B 2021 1.
KoHuenuun pasBuTna BOAOPOAHOM SHep-
retukun B Poccuiickon Gepepaunn [15, 16],
nnaHupyeTca co3aaHue B PO BOAOPOAHbIX
KnacTepoB A1t 9KCnopTa BoAoOpoAa Ha nep-
BoM aTane (k 2024 r.) — B o6bemMe 0,2 MJH
T/roa, Ha BTopom aTane (k 2035 r.) — nopsa-
Ka 2 MAH T/roa. OTv 3afiadu BMNOSHE MOryT
ObITb peLleHbl NpY Co3aHnM NPON3BOACTBA
nupoyrinepofa ¢ ucnofibsosaHuem MHr,

dxkoHoMmuuecku 3hdeKTUBHOI
00/1aCTHIO IPYMEHEeHMS
sHeprocucteMm ¢ BUD u TAC Ha
ouomacce (bnoTIC) siBasIeTCS
3aMelleHue JU3eIbHbIX
3JIEKTPOCTAHIUI B yAaJIeHHbIX

U30JIMPOBaHHBIX paiioHax Poccun
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BbipaboTka anekTpoaHeprim, MBTy cny6nvike Caxa (AkyTvst) ansa 6ecnepeboiHoro

SHEProo6ecreyeHns NPOMbILLIEHHOTO SHep-

120000 rokomnekca B noc. 3blpsiHka BepxHekonbiM- BHepI'OYCTaHOBKM Ha GMOMacce, ee 81
CKOro ynyca pecnyénuku [21].
Onga pasmelleHnd C3C ncnonbayercs KOHBEPCHHA B SHEPIHIO C TIOMONIbIO
100000 cBOBOAHAN NNOLLAAKa B6AM3M NOC. 3bIPSHKA, TexHosioruu JITKB, o6ecrieunBaloT
MMetoLLIas JOCTAaTOYHO BbICOKMI NOTeHUmMan .,
e A R BN el e N S COJSHEYHOW aHeprum. [pyroi BO306HOBIAE- U3 BCeX 2/IeKTPOCTaHumit Ha BUI
MbIl UICTOYHUK SHEPIUM — BETEP UMEET Bbl- CaMbl€ BbICOKME ITOKa3aTeIn
80000 COKMI 9HEepreTMYecKnin noTeHuman Ha nobe- (l)I/IHaHCOBO-KOMMepquKOﬁ
pexxkbe CeBepHOro JlegoBnToro okeaxa. bnw-
— aliLlas K noc. 3blpsiHka nioLazaxa ans BAC abdexTuBHOCTH
onpegeneHa B panoHe Mbica KpeCToBCKMIA
60000 B BocTouHO-CHEMPCKOM Mope. 3Ta NoLLaaKa,
HasBaHHasa «OKeaHCcKas», xapakTepunayeTcs
CKOPOCTSIMW BETPA, NO3BONAOLLIMMM adhdek- CTaHUMW faroT rpaduryeckmne 3aBUCMMOCTH,
TMBHO MCMOMb30BaTb BETPO3HEPreTn4eckne npuBefeHHble Ha puc. 3.
40000 YCTaHOBKM. Kak BrnaHoO 13 pwc. 3, obliast rogoBas Bbl-
B cooTBeTCTBMM C pesdynbTaTaMu Npo- paboTKa 3NeKTPOSHEPT M MEPEKPLIBAET rofo-
BeeHHbIX ccneaoBaHnii Mo oNTUMK3aLMK BYHO MOTPEBHOCTb. HO B OTAEMbHbIE MOMEHTbI
20000 COOTHOLWEHWNS CONTHEYHOW 1 BETPOBOW CO- BpPeMeHM byaeT UMeTb MeCTO HefJoBblpaboTKa
CTaBNSIHOLLMX B PACCMaTPMBAEMOM CONHEYHO- SHEPrnW, MaKcMasbHOe 3HaYeHne KOTOPOW
BETPSHOWN 9/1eKTPOCTaHUMM NPUHATA YCTa- cocTaBnsieT MeHee 9 %. 3Ta HeJ0BbIPaboTKa
HoB/IeHHad MoLHOCTL CIC — N, = 150 MBT, NErko NOKPbIBAETCA rEHEPUPYHOLLIM YCTPOW-
0 a ycTaHoB/1eHHas MoLHOCTb B3C — Ny, = 170 CTBOM Ha BOAOPO/AE UK Ha cuHTes-rase [9,
2 o 5 o s 2 o 5 a a a a MBT. O6Last ycTaHOBMNEHHAst MOLLHOCTb 3bl- 10], 3anacaemMbix B MOMEHTbI N36bITOYHOM
3 g =2 s = 2 2 = 2 2 g kS PSIHCKOrO aHeproysna cocTtaensaet 320 MBT. CyMMapHoW MolliHocT C3C+B3C. Mpn aToM
= & < = 3 3 + & HarnsgHoe npeacTaBneHne 0 CyMMapHOM KONMMYEeCTBO aKKyMYNMPOBaHHON 3HepPrmm

@ Bbipabotka CIC B n. 3bipatka, MBTy
Il Bbipabotka B3C «Okeanckas», MBTy
| 06uwasn BoipaboTka CIC+BIC, MBTy

PacueTHbIi nepuog,

Il [10TPe6HOCTb B 3N1EKTPOSHEPTM NS MUTaHNA SHEProKommieKca, MBTy

BblpaboTKe 1 6anaHce aNeKTpoaHeprum
3bIPAHCKOM COMHEYHO-BETPSAHON 3N1EKTPO-

Mocénok 3bIpsiHka, AkyTnA

He 6yfeT npeBblwaTb 10 % OT aHepronoTpe-
6neHna obbekTa. 3T0 U NO3BONAET MHOMO-

Vetoynuk: hunhuz71.livejournal.com

Puc. 3. PacueTHas BbipaboTKa 351eKTPOSHEPrM COMTHEYHON 3N1eKTPOCTaHLMen
MoLLHOCTbIO 150 MBT, BETPSIHON anekTpocTaHumen MolHocTeo 170 MBT
¥ cyMMapHas Ux BbipaboTKa B TedeHue roga B Pecny6nuke Caxa (AkyTus)

Ne4(182) / 2023

obecneynBaroLMM NoayyYeHne NONyTHOro
[eLleBoro Bogopoaa B o6beme Ao 3,57 MNH
T/rof (cM. Bbiwwe). [pyn 9TOM ce6ecTOMMOCTb
BOAOPOAA, MOTYHAaEMOro B 3TUX TEXHOMNOIU-
YecKuMX npoueccax, COCTaBnseT He 6onee
0,1 gonn./kr. [9].

BaXkHO TakXe OTMETUTb, HTO NPK Nosy4e-
HWKX MMpOoyrnepoada 1 BOAOPOAA No npeanara-
€MOW TEXHONOMMN MOMHOCTBI UCKFOYEHD!
Kakue-nmbo BpedHble BbIOPOCHI B aTMO-CheEpY.
370 cneayeT M3 OCHOBHOM peakLumn BbICOKO-
TemnepaTypHoi aecTpykumm MHE = (1).

cnonb3oBaHue cnuHTes-rasa 8 CH3 B3a-
MeH BO0OPOAa, B COHETAHMMN C ONTUMMU3NPO-
BaHHbIM COOTHOLLIEHNEM Pa3/IMYHbIX BUAOB
BIN3 B kKauecTBE OCHOBHOIO SHEProreHepu-

PYIOLLIErO KOMMIEKCa NO3BOJIAET, BO MHOTUX
CNy4asx, MHOrOKPaTHO CHU3WUTb Camy noTpet-
HOCTb B aKKyMY/IMPOBAHUMN 3MIEKTPOSHEPT N
B aBTOHOMHbIX CUCTEMAX 3a CHET B3aUMHOMO
J0nNoNHeHnsa ofHnx BM3 gpyrimm [9, 10].

TexHUKo-KOMMepyecKoe
npeasioXeHue rno cosfaHuio
COJIHEYHO-BETPSAHOM
3N1eKTPOCTaHLUUMN B AKYTUM

B kayecTBe npuMepa paccMOTPUM
pazpaboTaHHoe B OMBT PAH TexHuUKo-
KOMMepYeCKOoe npeioxKeHne no Co3aaHuo
COJIHEYHO-BETPSHOM 9NeKTPOCTaHUMmn B Pe-
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Bavokaiinasi K moc. 3pIpsiHKa
iomaaka s BOC onpenenena

B BocTouHOo-CHMOMpPCKOM Mope.
Ona xapakTepusyeTcsi CKOPOCTSIMU
BeTpa, MNO3BOJISIOIIMA

3¢ PeKTUBHO UCIIOIb30BaTh
BeTpO3HepreTUUYeCcKye yCTaHOBKU

KpaTHO CHM3UTb CaMy NOTPEOHOCTb B akKy-
MYIMPOBaHUM 31EKTPOSHEPI MM B CPaBHEHNM
C MCMOMb30BaHMEM B Ka4ecTBe UCTOYHMKA
3HEPrmmn TobKO CONHEYHON UK TONBKO Be-
TPSIHON 3NEeKTPOCTaHLUMN.

C3C n BOC B3anMHO OOMNONHAKT APYr
[ipyra: B NeTHee BPeMSsi OCHOBHYH 4acCTb Bbl-
paboTKM 3neKTpoaHeprum obecnedmsaeT C3C,
B OCeHHe-3MMHMI nepuog — B3C. Mpu aTOM
npu pacyeTtax aHeprun BOC yuntbiBaeTcs,
4YTO MOLLIHOCTb U BblpaboTKa BETPOINEKTPU-
YecKumx arperaToB 3aBUCAT B Kybe OT n3me-
HeHWIM CKOPOCTM BeTpa. [103ToMYy, iaxke He-
60/bLUNE M3MEHEHNSA CKOPOCTUN BETPa — BCETO
Ha +20—30 % NpWBOAAT K POCTY WM NaAEHNIO
MoLLHocTM BOC B 1,7—2,2 pasa, Kak 370 MMeeT
MECTO B pacCMaTpvBaeMOM Ciyyae.

cnonb3yemble B JaHHOM paccMoTpe-
HWW NOAXOAb! UMEIOT OOLLMIA XapaKTep v Mo-
ryT IPUMEHATLCSA B Pa3/IMYHbBIX CMCTEMaXx
3HEProcHabXXeHnsl ¢ UCNONb30BaHWEM Ta-
Knx BMN3, Kak ConHeyHasa sHeprus, aHeprus
BeTpa, MAPO3HEPrms ManblX PeK 1 OKeaH-
CKWX TeYEeHWNI 1 BOSTH, 3Heprua 6MomMaccsl,
3HEPrUst NPUANBOB-OTIMBOB U T. M. 3TO faeT
BO3MOXHOCTb CO3/laHMs BbICOKO3hdEKTUB-
HbIX aBTOHOMHbIX CUCTEM SHEProcHabKeHns
B M30/IMPOBaHHbIX paloHax Npu UCNOb30Ba-
HMIN He TONbKO PaCCMOTPEHHON KOMBUHALIMK
B3O — C3C+B3C, HO 1 ApYrmMx KOMOUHNPO-
BaHHbIX cuctem: CAC+I3C, BOC+I3C, Ca-
C+M3C (npunneHana anekTpocTaHuus), Co-
C+B3C+I3C 1 T. N. Ho B ntobom cnydae ans
obecneyeHnst HefloCTatoLLEel B onpeaeneHHble
MOMEHTbI BpeMeHn aHeprimn oT B3 okasbl-
BaeTCcA LenecoobpasHbiM MCMONb30BaHWeE
CWMHTEe3-rasa, Nosly4aemMoro no TeXHONOrnm
OTKB 13 oTxon08 61uoMacchl.

Pe3ynbTaTbl NPOBEAEHHbIX 9KOHOMUYE-
CKMX ncenefoBanuia [9, 10] cBuaeTensCTByOT
0 TOM, 4YTO 3HepreTnyeckme yCTaHOBKM Ha 61o-
Macce, ee KOHBEPCUM B SHEPTUKO C MOMOLLIbHO

TexHonornmn ATKE, obecneymBaroT U3 BCeX U3-
BECTHbIX Ha CErogHALWHNA AeHb B3 camble
BbICOKME 3Ha4eHns Kputepres GUHaHCOBO-
KOMMepYecKoin adeKTUBHOCTU: YACTOrO 10-
XoAa 3a nepwop skcrnnyaTaunm — NV, unctom
npuBeaeHHON ctoMMocTn — NPV, BHYTpeHHew
HOpMbI peHTabensHocTK — IRR, nHaekca ao-
xoaHocTn — Pl 1 T. ., a TaK)Xe caMble manble
3HaYeHnsa Cpoka oKynaemMocTvt — PP 1 AnCKOHTU-
POBAHHOIO CPOKa BO3BpaTa MHBECTULMN — PBP,

BblcoadhekTBHOM cheport NpUMeHeHNst
paccMaTpyBaeMblX TEXHOMNOTMI C KOMBUHM-
pPOBaHHbIM MCMNONb30BaHneM B3 n cuk-
Tes-rasa, Nofly4aemoro n3 6uomMaccol u ee
oTXoA0B Mo TexHonornn ATKB, aBngeTcs nux
MCMNONb30BaHNe pasnuMyHbIMK NPeanpUATH-
AMW 1 OpraHu3aunsaMm Ans obecneveHns
COBCTBEHHOro aHepronoTpebneHus. lNMo-
flydaeMble NpenmMylecTBa onpeaenstoTcs
CcebecTOMMOCTbHO 3N1EKTPOIHEPTUN OT COB-
CTBEHHbIX 9HEProycTaHOBOK — He 6osee
2-2,5 py6./KBT'4, MCNOIb3yeMON B3aMeH
3Heprum n3 cetu no LeHe 5—10 py6./kBTY
(B ogHOTapudHOM ncuncneHun). MNMpu aTom
CPOK BO3BpaTa MHBECTULMI B CO3AaHme Cob-
CTBEHHbIX 9HEPrOYCTAHOBOK U 371eKTPOCTaH-
LM He npeBbiluaeT 4—8 net [24].

[pyroi aKoHOMUYecKn adOeKTUBHON
0611aCTbO MPUMEHEHNST pacCMaTPMBaEMbIX
cucteM ¢ BM3 1 T3C Ha 6romacce (BroT3C)
ABNAETCS 3aMellleHne An3eNbHbIX 3N1eKTpo-
cTaHumii (3C) B yaaneHHbIX M30MPOBaHHbIX

Apbireiickas BAC
WICTOYHMK: «HOoBaBUHA»

VTR

A

—

R NN

Cuctembl ynpaBieHNA HaKonjaeHnem sHeprm

paioHax, He 06ecneYeHHbIX LIeHTpann30BaH-
HbIM 3HEProcHabeHneM. Takve panoHbl C Ha-
ceneHnem 6onee 20 MSTH YenoBeK COCTaB-
nstoT go 60—70 % Tepputopum Poccumckon
®epepaumn [22]. 3to BocTouHasa Cnéups,
[TpUMOpbe, MHOTME CEBEPHbIE TEPPUTOPUN,
rOpHble panoHbl AnTas, [larectaHa, ceBepo-
KaBKa3CKMWX pecnybnunk, yaaneHHble Teppw-
TOPUN B LIEHTPE eBPOMENCKON YacTn Poccun
1 ap. CebeCTOMMOCTb 3N1EKTPOIHEPT N B 3TUX
panoHax, B CBA3M C JOPOrOCTOALLMM AN3ESb-
HbIM TOMIMBOM ¥ 60ABLUMMM NOMMCTUYECKN-
MU 3aTpaTaMu Ha ero AOCTaBKy, COCTaBNAET
40-100 py6./KBT"4, @ B OTAENbHbIX MECTHO-
CTAX foxoamuT 1 Ao 140 py6/kBT-y [25]. 3aech
MNCMNONb30BaHNe 3HEPrOMCTOYHMKOB Ha B3
N MECTHbIX TOMJIMBHO-9HEPTETUHECKMX PECYP-
cax ABNseTcA Hanbonee BbIrOAHbIM.

Mo gaHHbIM cTatoTyeTHocTM CO ESC [20)],
Ha KoHel, 2021 r., KaK y>e 6bl/10 OTMeYeHO
BblLLE, 06LLIasa yCTaHOBAEHHAs MOLLIHOCTb BCEX
9NeKTPOCTaHUUA Poccun cocTasnana N,
=246590,56 MBT = 246,59 BT, a cymmapHas
rofoBasi BblpaboTka anekTposHeprum — xW
=1114,55 mnpa kBT4. [Mpn 9TOM MOWHOCTb
1 rofoBas BbipaboTKa 3/1eKTPO3HePrin aB-
TOHOMHbIMW 3Heproysnamu Ha 6ase [13C
Ha yaneHHbIX TEPPUTOPUSAX OLLEHMBAETCA
B paamepe 0,7 % OT NpuBeAEHHbIX 0BLLMX 3HA-
YeHu ana PO, T. e. cyMMapHble yCTaHOBNEH-
Hasi MOLLIHOCTb M BblpabOoTKa aNeKTPO3HEepPrm

ﬂ\\:‘\

n

HeToyHmK: newstrail.com

BCEX aBTOHOMHbIX JJ3C MOryT 6bITb MPUHATI
PaBHbIMU:

2N,,.=0.7% 2N =07 % 2465905 MBT

=1726,1 MBr, @)
SW, =07%- W =07%-1114,55 mnpa
KBT4 = 7,8 Mnpa KBTY. 8)

MocKoNbKy Npofiaka 31eKTPO3Heprum
HaceneHuo 1 NPeanpUATUSM AOSIKHA Npo-
N3BOAMTLCS MO HEKUM yCpeaHeHHbIM Ans Poc-
cuiickon Geaepaumn Tapudam (T, ), To BCe
NpeBbILEHNS 3TOFO Tapunda, COOTBETCTBYHO-
e cebeCTOMMOCTI SN1eKTPO3HePruK, Nony-
YaemoMn Ha [13C, AOTUpYrOTCA 13 BHOAXKETOB
BCeX paHroB — rocyAapCTBEHHOMO, TEPPUTO-

Konmuectso ITHI' B 1 ToHHe
HedTH — OT OTHOTO-ABYX
10 HECKOJIBKMX ThICSY MS.

B otnuume ot IIpUpoOaHOro ra3sa,

IIHI' copgep>kut, KpoMe MeTaHa,

0O0JIBIIIYIO JOJTIO IIPOTIaHa, OyTaHa
M TIAPOB TSDKEJIbIX YIJIEBOAOPOI0B
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23,69

Pacxofpbl, Tp/H pyb.

13

Puc. 4. MnaHoBas CTPyKTypa defepanbHoro 6roaxeta PO Ha 2022 .

pUanbHOro N MeCcTHOro — B onpeaeneHHbixX
[IOrOBOPHbIX AONSAX.

O6uasa cymma gotaumn ana 43C ns 6roa-
YKETOB BCEX PAHIOB MOXET 6bITb paccynTaHa

no gopmyne:
D=5W,_ (C,.~T,) ©)
roe C —cebecToMMOCTb MPOM3BOACTBA

nac

aneKkTpoaHeprnm Ha O3C, py6./KBTy;

T,,~ YCTAQHOBJIEHHbI Tapud Ha aMeK-
TPOSHEPIWHO MO AENCTBYHOLLEN CETKE B 9TUX
paioHax, py6./kBTu.

MNpUHVYMast cpeHeB3BELLEeHHOe AN U30-
nMpoBaHHbIx 3C 3Ha4YeHne cebecTOMMOCTM
anekTposHepruv C, = (Cmin + Cmax) / 2 =
(40+100) /2 =70 py6./KkBT"4 1 TUNOBOE ANS
3TUX PaOHOB 3HaYeHwve Tapuda Ha 311eKTpo-
BHEprnio No coctosHuio Ha 01.07.2022 .- T
=592 py6./KBT"4, B COOTBETCTBUM C Bblpaxe-
HVeM (9), HaxoanM:

D=78-10° (70-592) = 500 - 10° py6./ron
=500 mnpg py6./rof. (10)

Takum 06pa3om, BHOIXKETHbIE pacxobl
Ha gotauum ans 43C MoryT cocTaBnsaTb
0,5 Tp/H py6. eXKerofHo, 4TO CONOCTaBMMO

HoBble TeXHOJIOrUy MO3BOJISAIOT
TIPOM3BOJAUTH U3 YIJIEBOAOPOIHBIX
ra3oB BOJOPOJ M Apyrue MaTepuasbl
C BBICOKVMM CIIPOCOM Ha PbIHKE.

VX CTOMMOCTB OKYIIaeT BCe 3aTPaThl,
B TOM UMCJ/Ie Ha IIPOU3BOJICTBO
BOgOpoaa

¢ 06beMOM NpodurLMTa FOCYAapCTBEHHOMO
6romkeTa Poccuitckon Geaepalinm, 3annanm-
poBaHHoro Ha 2022 r. [23] (cMm. puc. 4).

MonyyeHHoe 3HaveHne BI0AKETHbIX A0-
TaUuWi He ABNSIETCA CTPOro ONpefeNeHHbIM,
T. K. MHOrMe 06beKTbl aBTOHOMHOW aHepre-
TUKWN He YYNTbIBatOTCHA B CTATUCTUYECKON
OTYeTHOCTM PO. [ToaTOMY Npu pasinyHbIX
MCXOAHbIX AAHHbBIX, MOyYaeMblX KOCBEHHbIMM
METOAaMW, PacHeTHbIV pa3mMep OHOAXKETHbBIX
[noTaumnin onpefenseTcs ¢ 60nbLIMM pas6po-
coM — B AnanasoHe oT 0,5 Ao 3 Tp/H py6./
roa [9, 24]. 3nech Mbl NPUHANI BO BHUMaHWE
MUWUHVMaIbHYHO OLIEHKY JOTaLMWA.

PelleHnemM npobnemMbl UCKHOYeHMS 610/-
YKETHbIX AOTaLUmM ABnseTcs 3ameHa [13C Ha cu-
CTeMbl C UCMofb3oBaHneM BM3, B TOM vmcne
0TX0[10B 61oMacehl. CebecToMMOCTb Nosyyae-
MOW 3N1EKTPOSHEPT M Ha FreHEPUPYHOLLIMX O6b-
ekTax ¢ B3 B HacTosILLee Bpemsi B 2—4 pa3a
HWKe TapudoB B TEPPUTOPHAIbHBIX SHEPTO-
cuctemax [24]. MoaToMy ncnonb3oBaHve BU3
MO3BOJINT He TOMbKO UCKKOUNTL BHOAXKETHbIE
JoTaumnn, HO flaxke 06ecnednT BO3MOXHOCTb
NOMNOSHATL GHOAXKETbI BCEX YPOBHEN.

YaenbHble pacxofbl Ha COOPYXKeHWe oc-
HOBHbIX 06 BHEKTOB BO30OHOBASEMON aHEp-
reTuKy B HacTosulee BpemMs B PO He npe-
BbiwatoT K, = 110 MaH py6./MBT. loaTomy
CYMMapHble MHBECTULMN B 3aMeHY BCEX Aei-
cTeytowmx 3C B Poccum cocTaBaAT:

K=k, 2N, =110 MiH py6./MBT - 1726,1
MBT = 189 871 mnH py6. = 190 mnpa pyo6.

Taknum 06pa3om, AN UCKITHOYEHUS MC-
NoNb30BaHMA AM3enbHoro Tonnmea Ha [3C
B Poccuickon ®eaepalnm TpebyeTca Cym-
Ma, B 2,6 pa3a MeHblliasi, 4eM rofJoBo 06 beMm
OHOIKETHDIX JOTAUMI, BblENAEMbIX B HACTO-
Allee BpeMs Ans obecneveHns nx GyHKUMo-
HMpoBaHWUs. Heobxoanmas Ana aTux Lenewn
CYMMa MHBECTULIMIA MOXET ObITb 3HaYUTENb-

- MpoduunT, TPAH pyob.

HO YMEHbLUEHa, eCiiv BMECTO 3aMeHbl [13C
MPOM3BOANTL UX COOTBETCTBYHOLLYHO A0PaboT-
Ky Ha MecTe pa3MellleHnst ANns MCnofib3oBa-
HWS ra30BOro TOMAMBA BMECTO [AN3eSbHOTO.
370 Kacaetca [3C, UMErLLMX HEBLICOKYHO
cTeneHb naHoca. [nsa Takmx 3C gocTaTou-
HO TOJIbKO BbIMOSIHWUTL HEJOPOr1e onepaLmm
no aopaboTke (PacTouKe) UX KnanaHoB.

MocKoNbKy MPOEKTUPOBAHWE U CTPOU-
TENbCTBO 3MIEKTPOCTAHUMN Ha B3 1, B TOM
4yncne, Ha 6BomMacce MMerT 3HaUNTENbHO
6051ee KOpOTKWE LMKIIbl, 4eM B TpaaULIMOH-
HOW 3HepreTVKe, COOTBETCTBYIOLLVE 3aTPaThl
6yayT BeCbMa O6bICTPO OKyNaTbCs M BCKOPE
06epHYTCA 3HAUYNTENBbHBIMU NPUOBBISMMN.
Ecnu ncnonb3oBaTb rofoBble 06beMbl UH-
BecTMUMA 13 6rogxketos no 50—60 mnpp
py6., TO Nepnof nosHow 3ameHbl 3C B PO
cocTaBuUT 3—4 roga. lNMpun 3TOM Ha OANH UHBE-
CTUpyeMblIi py6nb ByaeT nofydeH 6onee Yem
[BYKPATHbIV GHOAXKETHbBIN J0XOA.

B HacTosLee Bpemst B3 1 BroT3C obe-
CreyYrBatoT HaMBbICLLYH peHTabenbHOCTb
NHBECTULMI. Ha cerogHsaLWHNA eHb B MUpe
BKknaa BM3 cocTaBnseT yxe 26 % obLiero
NPOV3BOACTBA 9NeKTPOIHeprum [26]. 3To
obecneymBaeT AOCTUXKEHNE «CETEBOrO Na-
puTeTa» — NOSIHOLEHHOM SKOHOMUYECKOM
KOHKYPeHLIMN BO30GHOBNSIEMON SHEPreTUKM
C TPaAMLMOHHOWN.

Cuctema HakonneHns sHeprm Tesla

Co3maHue permoHaJIbHBIX
¥ 00IIEeroCyIapCTBEHHBIX

SHEProcyuCcTeM C BO30OHOB/II€MOIi

3HEePreTUKONM JO/IKHO
OCYLIECTBJIAATHCS IO YeTKUM
rocyJapCTBeHHBIM KOHTPOJIEM

10 HAIIMOHA/IBHBIM IIpOrpaMMaM

pasmeleHus

3aknoyeHue u BbIBOAbI

[ns yCcKopeHus TEMMNOB poCTa CUCTEM
C ncnonb3oBaHuneM B3 B Poccum Hy>kHa YeT-
Kas FocyfapCTBeHHaa Hay4YHO-TeXHMYecKas
nporpamma (FTHTI) c onpefeneHmem mMecT
pas3MeLleHnss N o4epeHOCTHN BHeAPeHS
BWN3 Ha TeppuTopumsx PO, cpokoB ncnosHe-
HMSA N UCTOYHMKOB hUHAHCKMPOBaHKs. Takas
nporpamMma AomkHa 6bITb yBA3aHa € 06LLMMM
nnaHaMu Pa3BUTUSE SKOHOMMKIN 1 SHEPrETUKM
Ha Bcex TeppuTopuax PO 1 BO3MOXKHOCTSAMM
OoTpacnn 3HEProMallMHOCTPOEHNS MO OCBO-

VcToukuk: energycentral.com
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Ha coBpemMeHHOM 3Tare OCHOBHOM
3azaueri pa3BUTHUS SHEPreTUKU
SIBJISIETCSI COOJIIONeHNe OajlaHca
MeKAY OTpULATEeIbHBIM
BO3Je/iCTBME€M Ha OKPY’KaIoUIyI0
cpeny U yoOBJIeTBOpeHMeM
pacTyuiero Crpoca Ha SHepruio

€HWIO HOBbIX BMAOB NPOAYKLMM ANS pa3Bu-
Tns BN3. B noKyMeHTe TakKe A0/MKHbI ObITb
onpeaeneHbl U yTBEPXKAeHbl NiaHbl No 3a-
MeHe 3KCMOPTUPYEMbIX Celnyvac NepBUYHbIX
3HeproHocuTene — UCKonaeMblx yrieBo-
nopofoB (yronb, HedTb, ras) Ha 6onee KBa-
AMOUUMPOBAHHYIO 1 6onee NPUOBLINbHYHO
3HEepreTUYecKyro NPOAYKUMIO Ha OCHOBE pas-
pabaTbiBaeMbix NepeaoBbiX HALMOHANbHbIX
NPOEKTOB. W aHepreTuka B LieIoOM A0SKHa
cTaTb B Poccuiickon Gefepalmm OaHUM 13 0C-
HOBHbIX MCTOYHMKOB MOMOJMHEHWA rocyaap-
CTBEHHOro GropKeTa.
B COOTBETCTBUM C U3NOXKEHHBIM MOXHO
chenaTb cneaytoLme OCHOBHbIE BbIBOADI.
1. B Poccuinckon Gegepaunmn nmerotcs
BO3MOXHOCTHU K cepenHe XXI ctone-
TWS yCnelHo peann3oBaTb YeTBePTbI
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SHEpPronepexof K NpenMyLLecTBEHHO-
My MCMNONb30BaHuo B3 ¢ ydeTom oc-
HOBHbIX KOHLENUWIA, MPeLNOXEHHbIX
B HacTosALLEN paboTe.

2. B Ka4ecTBe OCHOBHOMO SHEProHOCHTE-
119 B CUCTEMAX HAKOMIEHNS SNEKTPOS-
Heprum ncnonb3oBaTb BOAOPOA, NONy-
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