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AHHOTALMUA

CraTbst NocBsLEeHa onpeaeneHunio Mecta B030OHOBASEMbIX MCTOYHMKOB 3Heprum (B/13) B HOBOM NpOMbILWAEHHON peBoto-
unn. OcobeHHOCTbO YeTBepTOM NPOMBILLIEHHOM PEBOMKOLLMM, B OT/IMYME OT NPEeabIayLLMX, SBASETCS 0CODbIN yYeT aHTpono-
reHHOro BO3AENCTBUA LeaTeNbHOCTU YeloBeKa Ha OKpyxKatowyo cpeny. O4HUM M3 NyTeln CHUXKEHUS BbIGPOCOB YINEKUCIO0ro
rasa B atMocdepy sBNSeTCs UCMO/Ib30BAHME TEXHONOMMI BO30OHOBNSIEMbIX MCTOYHUKOB 3HEPruMU. B cTaTbe 0603HAUEHDI
NpeanocbiiKM U NePCNeKTUBbI Pa3BUTUS BO30OHOBNSIEMOM 3HepreTMKM B Poccumn 1 mmupe. PaccMoTpeH MUpOBOW M oTeYecT-
BEHHbIM ONbIT UCNONBb30BAHMS BO30OHOBNSIEMOM 3HepreTuku. CaenaH BbIBOS, O LenecoobpasHoCTM pa3BuTUS BO30OHOBNS-
€MbIX UCTOYHMKOB 3Hepruun B Poccuu. NMokazaHo, 4To pa3BUTME TEXHONOTMIA BO3OOHOBASIEMbIX MCTOYHUKOB SHEPTUM MOXET
BbICTYMUTb ApaliBEPOM MHHOBALMOHHOM MOLEPHMU3ALMMU SKOHOMUKM U UCTOYHMKOM POPMUPOBAHUS HU3KOYTIEPOLHOM
(«3eneHow») 3KOHOMUKM, XapaKTEPU3YIOLLENCS BbICOKOW TEXHOMOMMYHOCTbIO, IHEPreTUYEeCKON He3aBUCUMOCTbIO U MUHU-
MaJibHbIM BO34EMCTBMEM HA OKPYXXAIOLLYHO Cpeay.
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ABSTRACT

The article is devoted to determining the place of renewable energy sources (RES) in the new industrial revolution. The
peculiarity of the Fourth industrial revolution, unlike the previous ones, is a particular account of the anthropogenic
impact of human activities on the environment. One of the ways to reduce carbon dioxide emissions into the atmosphere
is the use of renewable energy technologies. In the article, the author outlined the prerequisites and prospects for the
development of renewable energy in Russia and the world, as well as considered the world and domestic experience
in the use of renewable energy. On this basis, the author concluded that it is expedient to develop renewable energy
sources in Russia. Besides, the author showed that the development of renewable energy technologies could act as
a driver of innovative modernisation of the economy and a source of formation of a low-carbon (green) economy
characterised by high energy efficiency, energy independence and minimal impact on the environment.
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3HAYEHUE PA3BUTUA

BO3OBHOBJIAEMDbIX
MCTOYHUKOB SHEPTUU
OIHMUM M3 3aMeTHBIX SIBJIeHUI TOCTeqHUX JIeT, Bbl-
3bIBAIOI MM TeOTOMUTHUUECKME U COLMATbHO-3K0-
HOMMYECKUe MOCAeICTBUS, CTaja dHepreTudyeckast
TpaHcdopMalus, CBsI3aHHAsI C pa3BUTHEM TEXHOJIO-
T'UI1 aJIbTEePHATUBHOM SHEPTeTUKU. AJIbTepHATUBHAS
9HepreTMKa 0ObeqMHSET B cebe TEXHOTOT UM TTOBbI-
LIEeHUSI SHEPreTU4YeCcKoil 5P (PEeKTUBHOCTA U TEXHO-
JIOTUY MCTIOJIb30BAHUST 9HEPT UM, BbIpabaThIBaeMoii
BO30OHOBJIIEMbIMU MCTOUHMKAMU sHepruu (BUD),
YTO TTO3BOJISIET OCYIeCTB/SITh MHHOBAI[MOHHOE pa3-
BUTME Cpa3y I10 HeCKOJbKUM HallpaBieHusIM [1].
Vcnonb3oBaHMe albTePHATUBHONM SHEPTETUKM CITO-
COBCTBYET YCKOPEHMIO MOJIePHU3ALIUY SKOHOMUKM,
TTOBBINIAET YPOBEHb SKOHOMMYECKOT 6€30MacHOCT
HaI[MOHAJTbHbBIX 9KOHOMUK, TPUHIIUTTUATBHO MEHSI-
eT KaueCTBO 9KOHOMMUUYECKOTO PocCTa. B aKoHOMMKaX,
MCIIONb3YIONIMX aJIbTePHATUBHbBIE UCTOUYHUKY SHEP-
UM, TIPOUCXOAUT OOHOBJIEHVE SHEPTETUUECKO WH-
(pacTpyKTyphI 3a CUET 3aMeHbI yCTapeBIIero 060py-
IOBaHMSI Ha HOBOe, OT/IMYaloIeecs 60yiee BbICOKOT
MPOU3BOAUTENbHOCTbIO. AIbTepHATUBHAS SHepre-
THKa YMEHbIIIaeT SHepreTUUecKylo 3aBUCYMOCTb Ha-
LIMOHAJIbHOJ 3KOHOMMKM OT MCKOIIaeMOro TOTLJIMBA.
Ncnonb3oBaHue BUD nmo3BosisieT HallMMOHAJIbHBIM
SKOHOMMKAM JIOCTUTATh BBICOKMX TEMIIOB POCTA MpU
OIIHOBPEMEHHOM CHYDKEHUM BHIOGPOCOB MAPHMKOBBIX
rasos [2, 3.

VMiMeHHO TO3TOMY pa3BUTHE TEXHOJIOTUIA anbTep-
HaTUBHOJ SHEPreTUKM MOXXHO pacCMaTpMBaTh B Kave-
CTBe MOIIHOTO ApajiBepa MHHOBALMOHHOTO Pa3BUTUS
¥ OCHOBBI 1J11 OPMUPOBAHMST HU3KOYIJIEPOIAHOI («3€-
JIEHO¥1») SKOHOMMKY — SKOHOMUKM GYIyIIEro, OT/IIYa-
IOMIETICST BBICOKO TeXHOMOTUYHOCTBIO, SHEPreTUUeCKOo
6€e30ITaCHOCTHI0O ¥ MMHUMAaJIbHBIM BO3/Ie/ICTBMEM Ha
OKpY>KalolyIo cpeny. MOXKHO yTBEPKAATh Cleayoliee:
B GJIVKaiiIve NecsiTUIeTs pa3BUThIe CTPaHbI OYIyT
MMeTb SKOHOMMKM C HOBOJ MHHOBALIMOHHON U HAYYHO-
TEXHOJIOTMYECKOI OCHOBOIA [1].

VI3BeCTHO, UTO COBPEMEHHbII TIepIOof, pa3BUTHUS 00-
111eCcTBa MPUHSTO Ha3bIBaTh UeTBepTOi TPOMBIIITIEHHO
peBomouyeit, um Uugycrpueit 4.0 [4]. Oco6eHHOCTBIO
YeTBepTOVi IIPOMBIIILIEHHOV PEBOIOLIVN, B OT/INUME OT
TIEPBBIX TPEX, SBJSIETCS TO, YUTO COBPEMEHHOE 00OIIECTBO
CTaJIo yaesnsiTh 0c060€e BHMMaHMe MpobieMaM OKpyKaro-
11ei cpenbl 1 sKooruu. CiemoBaTebHO, IOBbIIIEHHbIN
MHTepeC B COBpeMeHHOM MMpe MPOSIB/ISIeTCS K aKTUB-
HOMY PacIpOCTPaHeHMIO a/IbTePHATUBHBIX UCTOUYHUKOB
sHepruu B popme BUI, mpuMeHeHre KOTOPBIX M03BO-

JISIeT CYIeCTBEHHO CHMU3UTD BhIGPOCHI YIIEKUCIIOTO
rasa B armocdepy. OTO IPUBOIUT K IMOBBILIEHHOMY
MHTepecy K BO30OHOB/ISIEMBIM VICTOYHMKAM SHEPTUN
Y MX aKTMBHO MO AepyKKe PaKTUUecky BO BCEM MUPe.

Heob6xommmo rmoguepkHyTh, 4To 2015 T. cTas pyoexk-
HbIM B o6racty pa3suTus BVD B mupe. VimenHo B 2015 T.
HOBBIX MOIIIHOCTe B/ 6bI710 BBEIEHO 60JIbIlle, YeM
YTOJIbHBIX U Ta30BbIX, BMECTe B3SIThIX. [Tomymnsipm3aanys
B3 Bo Bcem Mupe BbI3bIBAET HEOOHO3HAUYHBIE OLIEHKU
CO CTOPOHBI HAYYHOTO COOOIIECTBA. YUeHbIe CITOPSIT
0 TOM, MOKHO JIi CYUUTATh TPEHI K YBeJIMUEHUIO IO
BO306GHOBJISIEMOI 9HEPTETUKYU AOJITOCPOUHBIM UJTA
3TO OUepeHOM «ITy3bIpb». [losiroe BpeMsi OTKPBITHIM
0CTaBaJICSI BOITPOC O 11€JIeCO00Pa3HOCTY PaCIIpOCTpaHe-
Hust BUD B Poccun. B jaHHOII cTaThe OyaeT mpencTas-
JIeH aHaJIN3 COCTOSTHUS M Pa3BUTMSI BO30OHOBIISIEMOI
SHepreTUKY B HALIMOHAIbHBIX 9KOHOMMKAX B 3TTOXY
UeTBepTOVi MPOMBIIIJIEHHON PEBOMTIOIUM.

Kaxk n3BecTHO, CMeHa TeXHOJOTMUeCKUX YKIa0B
XapaKTepu3yeTcsl CTPYKTYPHBIMU CABUTAMM B CbIpbeBOI
6a3e 9KOHOMVKM. BHauasie HOBbII TEXHOMOTUYECKIIA
YKJIa, UICTIONb3YeT B CBOEM Pa3BUTHM yyKe CJIOKUBIITYIOCS
TPaHCIIOPTHYIO MHGPACTPYKTYPY U SHEPTOHOCUTEIH,
CTUMYIMPYSI X TaibHeliiiee pa3suTye. Bo Bpems ¢asbl
OBICTPOrO POCTA MPOUCXOAUT LIUKIMUECKOE YBETMUEHE
MMPOU3BOACTBA U MOTpebeHust BBII 1 ero sHeproem-
KocTu. ITo Mepe pas3BUTHSI OUePEeSHOTO TEXHOIOTHYe-
CKOTO YKJIaZa CO3/1aeTCsT HOBbIN BU MHMPACTPYKTYPBI,
TIpeoI0JIeBaOIIMIA OTPaHNYEeHNST TIPE/IbIAYILETo, U OCY-
LIECTBJISIETCS TIepexo/l Ha HOBbIe BU bl SHEPTOHOCH-
TeJieil, KOTOphIe 3aK/IabIBalOT PECYPCHYIO 6a3y IJist
CTaHOBJIEHMSI CIeAYIONIEr0 TeXHOMOTMUEeCKOro yK/aa.

B pa6ote «PbIBOK B Oymyiiee: Poccysi B HOBBIX TEXHO-
JIOTMYECKOM M MUPOXO03s11icTBeHHOM ykagax» C.10. Ina-
3b€B PACCMOTPEJT JOJITOCPOYHOE TEXHUKO-IKOHOMMYe-
CKOe pa3BUTHeE KaK MPOLeCC CMEeHbI TEXHOTOTUIECKNUX
YKJIa[IOB C UCTIO/Ib30BaHMEM MaTepUaIoB UCTOPUUECKUX
SMITPUYECKNUX UCCIEN0BAHNUI MUPOBOIA 1 POCCUIICKOTM
3KOHOMMKU. BN BbISIBIIEHBI TTPOLIECCHI CTAHOBJIEHMS
Y CMEHBbI IISITU TEXHOJOTUUECKUX YKIa0B, BKI0Yas
IOMMHMPYIOIIMIT B HAaCTOsIIIIee BpeMs MH(popMariu-
OHHO-3/IEKTPOHHBIN TeXHOIOrM4Yeckuii yknaz (puc. I).

Ha ocHOoBaHMM aHa/IM3a ISITYU TEXHOJOTUYECKUX
YKJIaJIoB GblIa pacKpbITa CTPYKTYpa HOBOTO TEXHOJIO-
ITMYECKOro YKIaaa, KOTOPbIi OyHeT ompeaesiTh KO-
HOMMYECKMIT POCT B GivpKaiiiime 2—3 mecsITuaeTus.
B KauecTBe K/TIOUEBBIX TEXHOJIOTUI, KOTOPbIE OYAYT
obecrnieunBaTh QYHKIMOHMPOBAHME IIECTOTO TEXHO-
JIOTMUeCKOT0 yKJ1a/ia, BbiJleJleHbl HAaHOTEXHOJIOTUN,
reamo- (CoMHeYHasi) U siiepHasi SHepreTuka, YTo CBU-
JleTeJIbCTBYET O TOM, YTO BEKTOP Pa3BUTUSI COBPEMEH-
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Puc. 1 /Fig. 1. CMeHa TeXHONOrMYECKUX YKIAA0B B X0 COBPEMEHHOTO SKOHOMMYECKOr0 Pa3sBUTUSA C YKa3aHUEM
MX KNIOYEeBbIX TEXHOOTMI NpeobpasoBaHus s3Hepruu B paboty / Change of technological structures in the
course of modern economic development, indicating their key technologies of energy conversion into work
McmoyHuk / Source: coctaBneHo aBTopomM no [5] / compiled by the author according to [5].

HOTO0 00IIecTBa OyAeT HaIlpaBJ/ieH Ha UCK/IIOUUTETbHO
aKTUBHOE MCIoab30BaHue BUD.

ANCKYCCUA O HEOBXOAUMOCTH
PA3BUTUSA BUD
CeronHs, Ha ¢oHe pocTa momyaspHocTy BUD u yBe-
JIMYEeHUST MacIITab0B MCIIOAb30BAHUS aJbTepHa-
TUBHBIX BUJ OB SHEPTUM, HE BbI3bIBAET COMHEHMS
MMPaBUJIbHOCTh M36PAHHOI CTPAaTeruu, OPUEHTH -
POBAHHOII HAa HEOOXOAMMOCTh IpUMeHeHus BHMD.
OnHako Tak 6p1T0 He Bcerma. Ha HauaabHBIX 9Tarax
npumenenust BU3, npu orcyrcTBun apderra mac-
nrraba, MpoM3BOICTBO SHEPTUM 3a cueT BUD otiu-
YaJIoCh BBICOKMMM 3aTpaTaMu. B 1975 r. Ha Hay4YHOII
ceccun B uecth 250-netust Akagemun Hayk CCCP o
Teme: «DHeprust U ¢pusuka» akageMmux I1.JI. Kanu-
11a BbICKa3aJ COMHEHMe I10 [TI0BOAY MCII0/Ib30BaHMS
IOPOTOCTOsIIel CoMHeuHo sHeprun: «Hu onuu u3
MIpeIJIOKeHHBIX 0 CUX ITOp METOA0B MpeobpasoBa-
HUSI COJITHEUHOJ 3HEepPTUM He MOXKeT 3TOr0 ocCylje-
CTBUTD TaK, UTOOBI KAMMUTAJNbHBIE 3aTPATHI MOTIN
OIpaBaaThCS MOMYUYEeHHOI aHeprueit. YTo6sI 9TO
ObI7I0 peHTabeNbHO, HAO0 MOHM3UTDb 3aTPaThl Ha
HEeCKOJIbKO TTOPSIIKOB, 1 MOKa Ja’ke He BUAHO MYTH,
KaK 3TO MOXHO OCyIecTBUTh. [Io3TOMY cienyeT
CUUTATh, UTO NIPAKTUUECKOE MPSIMOe UCII0JIb30Ba-

HME COJIHEUHO} 3Hepruu B 60JbIIMX MaciiTabax
HepeaJbHO» [6].

B Poccun aTOoT mokiaz 4JiMTeIbHOE BpeMs paccma-
TPUBAJICS B KAUeCTBe JOKA3aTeabCTBA 6eCIepCIieKTUB-
HOCTM MCTIOIb30BaHMSI BO30GHOBIISIEMOI SHEPTETUKM.
ITpu 3TOM He CTOUT 3a6bIBaTh, YTO TOUKA 3PEHUS
akamemuka I1.JI. Kanuiisl 0 6ecriepcrieKTMBHOCTH
pasButusi BUD ocHOBbIBa/IaCh HA YPOBHE PAa3BUTHUS
TeXHOJIOTUI aJiIbTepHATUBHOI sHepreTuku 1975 r.
B XXI B., 6;maromapst MacIITabMpoBaHUIO UCITOIb30-
BaHMs BV, TexHONMOTMY IO MPOU3BOACTBY aJIbTEP-
HATUBHBIX UCTOUYHUKOB SHEPTUM CTAIU 3HAUUTEIbHO
JlelieBiie.

PucyHok 2 HarJISIGHO WUTIOCTPUPYET TeHAEHIIUIO
K CHMKEHUIO 1leH Ha KpeMHIeBbIe COTHEeUHbIe 3J1e-
MeHTbHI 3a 40-JIeTHUI1 TTepuop,. 3a nepuon ¢ 1975 mo
2015 1. 11eHbI Ha KpeMHMEBbIE COTHEUHbIE 3IeMeHThI
cHU3WINCD 6071ee ueM B 250 pa3. CTaHOBUTCS OUEBU/I-
HbIM, UTO COBpEMEHHbIE TeXHOMOrM BUD pa3BuBaroTcs
B IIPUHLIMAIIMATBEHO MHBIX YCIIOBYSIX, U TIO3TOMY ObITIO ObI
HEKOPPEKTHO MPUMEHSITb BbIBOZbI BIIIEYTTOMSIHYTOTO
IOK/IaZia K COBpeMeHHbIM peanysm [7].

PaccmaTpuBasi fuHaMUKY 3aTpaT Ha MPOMU3BOACTBO
BUD, Heo6xomumo ykas3aTh Ha 2015 T., KOTOPbIit SIBIISI-
€TCsI 3HaKOBBbIM B MCTOPYM MTPOU3BOJICTBA aibTepHa-
TUBHBIX UCTOYHUKOB SHEepTuu (puc. 3).
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Puc. 2 / Fig. 2. ABMHaMu1Ka LEeH Ha KpeMHUEBbIE COJIHEYHbIe 3neMeHTbl, aonn. CLUA
3a BatT / Dynamics of prices for silicon solar cells, US$ per watt

McmouHuk / Source: Bloomberg New Energy Finance& pv.energytrend.com.

B 2015 r. BlIepBbIe 10/151 BBOIMMOJ reHepalym, Bbipa-
6aTbIBaEMOi1 BO30OHOB/ISIEMBIMM MCTOUHMKAMM SHEPTUH,
MIpeBbICIa aHAJIOTUYHBIN IT0Ka3aTe/b TPAOUIIVIOHHOM
reHepaiiy. Mo>XHO C yBepeHHOCTbIO KOHCTaTUPOBAaTh,
YTO JTaHHOE COOBITIE ITOCTABMIIO HEKYIO YCTIOBHYIO TOUKY
B IMCKYCCUM O HEOOXOMMMOCTHM pa3BuTust BIID B mupe.
CeropnHs Boripoc: «Pa3BuBaTh BUD miu He pa3BuBaTh?»
3aMeHsIeTCsI BOIPOCOM: «B KakMx mMacinTabax ciegyeT
pasBuBaTh BIO?». BHe BCSIKOrO COMHEHMST, IPU OTBETE Ha
BTOPOI1 BOIIPOC HEOOXOMMMO YUUTBIBATD Psif aKTOPOB
7 0COO6EHHOCTEl: reorpaduueckoe MoIosKeH)e CTPaHbl
WU PETMOHA, YPOBEHb SKOHOMMYECKOTO Pa3BUTHSI HALIU-
OHaJIbHO SKOHOMMKM, HaJTuye MOIUTUUECKUX PUCKOB.

CPABHUTENbHbIA AHANN3 OUHAMUKMU
3ATPAT NP NPOU3BOACTBE BU3
PaccMoTpuM OMHaMMKy 3aTpaT Ha MPOU3BOLCTBO
BUD B psime pernoHoB mupa. [IJist cpaBHeHUs cebe-
CTOMMOCTM TeHepaluy 371eKTPOIHEePTUM Pa3IUUHbI-
MM BUJAMU MCTOYHMKOB MCIONb3YIOT MOKa3aTesb
TIOJTHOV PUBEIEeHHOV CTOMMOCTH 3JIEKTPOIHEPTUM
LCOE (Levelized Cost of Electricity), mpu pacueTe Ko-
TOPOT'O YYUTBIBAIOT BCE 3aTPAThl MHBECTULIMOHHOTO
¥ OTIepallOHHOIO XapakTepa Ha BCeM XXM3HEHHOM
LMKJIe aneKTpocTaHuuu. Ha puc. 4 ipencrasieHa gu-

Hamuka LCOE B CIIA.

CortacHo rpaduky B 2018 1. camoii gelieBoii Tex-
HOJIOTHMeEl TeHepaluu SIB/IsiIach BETPOIHEPreTMKa co
cpenueit BenmnunHoii LCOE, paBHOI 42 momr./MBT*u.
Ha BTOpOoM MecTe 110 BeM4MHe 3aTpaT HaXOAUTCs
(orosnexkTpuyeckas conHeuHasi TeHeparus (CpegHuin
rokasartesnb LCOE cocrasisier 43 gout.,/MBT*u), nanee
CO 3HAYUTEJIbHBIM OTPBIBOM CJIeqyeT KOMOMHMPOBAH-
Has ra3zoBas reHepanys (cpeguuii mokasareinb LCOE —
58 momn./MBT*u). Mcriosb30BaHMe OCTaIbHbIX TEXHOJIO-
Uit SIeKTpOoreHepaIy 06XOIUTCS 3HAUNTETLHO IOPOSKe.

B nocwieHe TOIbI BO BCeM MUPEe MPOUCXOAUT CHU-
skeHue nmokasatenst LCOE, reHepupyeMoit o6beKTaMu
BHDO. B HEKOTOPBIX pernMoHax BBOJ, B IEVICTBME HOBBIX
MOILIHOCTe Ha ocHOBe BUD 06X0amTCs geleBiie BBoIa
00BEKTOB TPAAMULIVIOHHOJ IreHepalliii, UYTO B OUepeIHO
pas mokas3bIBaeT (aKT aKTMBHOTO PaCIIPOCTPAHEHMS
aIbTepPHATUBHBIX BUJIOB SHEPTUY B COBDEMEHHOM MUpe.

B auBape 2018 r. MexxyHapoIHO€E areHTCTBO BO3-
ob6HoBsIeMoit sHepreTuku (International Renewable
Energy Agency, IRENA) npencraBmio JOK/am, Mo 3KO-
Homuke BUD (Renewable Power Generation Costs, 2017),
B KOTOpOM 3Kkcrniepramu areHTcTBa IRENA nenaercst
cotemyrommii mporHo3: kK 2020 r. mokasatenb LCOE Bcex
OCHOBHBIX BO30OHOB/IIEMbBIX MCTOUYHUKOB SHEPTUM
OyIeT HaXOIUThCSI B HMKHE YaCTy MHTEPBaja CTO-
MMOCTY TpaguiMoHHoi reHepanym (https://www.irena.
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Puc. 3 / Fig. 3. AMHaMuKa BBOA,OB HOBOM reHepauumn B Mupe, % / Dynamics of new generation inputs in the world, %
McmoyHuk / Source: URL: https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Jul/IRENA_Renewable_Energy Statistics_2017.pdf.

org/-/media/Files/IRENA/Agency/Publication/2018/Jan/
IRENA 2017 Power Costs 2018.pdf).

NMEPCNEKTUBbI PA3BUTUA
B3 B POCCUU

Ecnu pasBuThie U pa3BUBaIOIIMeCs CTPaHbl CTABSIT
OpUMEeHTUPBI yBenuueHus noiau B1D B mpou3BOACTBE
asekTposHeprum ot 25 go 80%, To Poccust umeert 60-
Jiee CKpOMHBIE LieJIN, ITpeaIioiarasi IOBbICUTD OJII0
BUD mo 1,8-3,2% B sHeprobanance K 2035 r. He ce-
KpeT, UYTO Hallla CTpaHa 6oraTa 3arnacaMy TpaauLiyi-
OHHOTO TOMNJIMBA, ¥ €r0 UCII0JIb30BaHME SKOHOMMU-
YyeCKky OMpaBAaHO, MO3TOMY He CTaBUTCS 1iefb «I0-
THATh M IIeperHaTb» CTPAaHbl — JIMIEPHI B 00aCTH
pasButusa BUD. OmHako ey MCXOOUTD M3 MTOCTYyIa-
Ta, 4YTO pa3BUTHe Poccum OCyIIeCcTBASIETCS B paMKax
006IeMUPOBBIX TEHAEHLINIA, B Hallleii cTpaHe Heob-
XOOMMO pa3BUBaTh TeXHOJOTUM BID. B mpoTMBHOM
cIyyae B HemasieKoM OymyiieMm Poccust BBIHYKIeHa
OyIeT 3aKyIaThb aHAJTOTUYHbIE TEXHOJIOTUN Y IPYTUX
CTpaH.

[Tonaraem, uyTo pa3BuTue TexHonoruit B3 B Poccun
He CTaBUT CBOEI 11e/1bI0 MIOJIHOCThIO 3aMEeHUTDb Tpaay-
LIMIOHHOE TOIJIMBO a/IbTePHATUBHBIMU MCTOUYHMKAMM
sHeprun. dHeprocrparterust PO no 2035 r., mpuHsTas
B HOs16pe 2009 T., mpeaycMaTpMBaeT yBeIMUEHME ITPOU3-
BozctBa B mo 25 I'Bt k 2030 r. O>kmpaeTcst, uTo ob1ast
YCTaHOBJIEHHAsI MOIHOCTb 3JIEKTPOCTaHLIMI B Poccun
K 2030 r. coctaBut 252 I'BT. B ntone 2015 r. B OcHOBax
9HEPreTUYeCcKoit MOMUTUKY PD 6bUTM 0003HAUEHbI ITep-
CTIEKTMBBI HapalyBaHus pon3BoacTea BV no 50 Bt
IS COTHEUHBIX U 25 BT 17151 BETPSIHBIX 3/IEKTPOCTAHLINIA.
B l'eHepasibHOJI cXeMe pasMelleHMs] 00bEKTOB 3JIEKTPO-

sHepreTuku PO no 2035 r. npeprnonaraeTcs: yBeauunThb
rmpou3sBoacTBo BUD mo 11,6 BT (5,4 I'BT Ha nepuog,

2025-2035 rr.). B Hauaste 2018 T. B ITpOEKTe SHEProCcTpa-
teruy 1o 2035 I. 6bIT0 ITPeTyCMOTPEHO HapalyBaHue

npousBoacTsa BV o 20 I'BT k 2035 r. IIpuBemeHHbIe

IaHHbIe 10 HapalllMBaHMIO Mpou3BoacTBa BMD B Ha-
11eli CTpaHe Cyl[eCTBeHHO pPasanyaloTcs, MMeeT MecTo

HECOIJIaCOBAaHHOCTb U Pa300IeHHOCTh [TOKa3aTeeid,
YTO CBUJIETEIbCTBYET 06 OTCYTCTBUM B CTPATEIMUECKUX

IokyMeHTax Poccuiickoit @emepaliviy e IMHbIX 1[eJIeBbIX

TIOKasaTeJieii 110 PasBUTUIO TexHooruii B3 [9].

Hecmortpst Ha 3TO, cliemyeT OTMETUTh ONpeJlesieH-
HbIe JOCTVDKeHMs B 06/1aCTy pa3pabOTKu, pa3BUTHS
U TIOITY/IIpU3aliuy aJbTepHATUBHON SHEPreTUKHM B Ha-
1ieit crpane 3a nmociaegHue roasl. K mpumepy, B 2015 1.
B Poccuu He 6bIIO HY OJHO¥ COTHEYUHOI IV BETPOBOIA
CTaHLIVM, KOTOpas 6bI OTBeUAa COBPEeMEHHBIM Tpe6o-
BaHMSIM; OTCYTCTBOBAJIM KOMIIeTeHIM B chepe BUD,
3a UCK/TIOUeHVeM GOJIbIION IMAPO3HepreTuku. Bmecre
C TeM 3a mowiegHMe 2—3 rofa Hallla CTpaHa caesana
CTPEMUTENbHBIN PbIBOK, CBSI3aHHbIN C Pa3BUTHEM TEXHO-
jioruit BUD. AKTMBM3aLMsI MICIIOIb30BaHMSI TEXHOJIOT U
a/IbTePHATUBHO YHEPreTKM B POCCUM MOXKET PeIinuTh
PSI UMEIOIIMXCS ITPo6/ieM, a UMEHHO:

1. Texnomoruu B3 MOTYT BBICTYIIUTb B KaUeCTBe
KaTaJM3aTopa pa3sBUTHUS BbICOKOTEXHOJIOTUYHBIX TPO-
M3BOACTB B chepe MPOMBIIIITIEHHOTO ITPOM3BOACTBA.

2. Braromaps TexHonorusim BU3 moryT 6bITh 06ec-
TieYeHbl 37IEKTPOIHEPTHel yiaieHHbIe, U30/IPOBAHHbIE
TepPUTOPUHU Hallleli 6OJIbIION CTPAHBI.

3. Mcnonb3oBaHue TexHooruit BUD MmoxkeT cro-
COOCTBOBATH YITYUIIEHUIO SKOJIOTMUECKOI 00CTAHOBKM
B POCCUICKUX TOPOIax.

m Mwup HOBOI1 3KOHOMUKHU
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Puc. 4/ Fig. 4. AMHaMuKa NONHOVM NPUBEAEHHOM CTOMMOCTU 3neKTpo3Heprumn (LCOE)
TpaAULMOHHbIX M BUD anekTpocTaHumit, sonn./MB1*4 / Dynamics of the total present value
of electricity (LCOE) of traditional and renewable energy power plants, $/MW*h

McmoyHuk / Source: coctaBneHo aBTOpoM Ha ocHoBe / compiled by the author based on Lazard’s Levelized Cost Of Energy Analysis — Version
12.0/ compiled by the author based on Lazard’s Levelized Cost Of Energy Analysis — Version 12.0.

Heo6x001M0 OTMETUTD, UTO MCITOJIb30BaHlE TeX-
Hosoruit B3 TpebyeT mpuMeHeHMs criennduueckmx
METOJIOB 1 0COOEHHOTO 060pyIOBaHMs. B cOBpeMeHHO
0OTeyeCTBEHHOJ 3KOHOMMKE OCYIIECTBIISIETCS JI0Ka-
JIU3anus MMPOU3BOICTBA TEXHOJIOTUII M 060pyA0OBa-
HUS IJIST aJIbTEPHATUBHON 3HepreTuku. K mpumepy,
B 2018 r. B Huskeropopckoii 067acty 6bly1a OTKPBITA
MPOMBIILIIEHHA IUTOIIAAKa JIJIsT TPOU3BO/ICTBA TOH0J
BeTPO3HEPreTMUeCKUX yCTaHOBOK (BAY). B YnbsiHOB-
CKOJ¥1 06J1aCTM OCYIIECTBJIEH 3aITyCK IIEPBOI ouepenu
3aBOZa [0 MPOM3BOACTBY KOMITO3UTHBIX JJoniacTei BAY.
A B POCTOBCKO#1 06/1aCTY COCTOSIOCh OTKPBITHME 3aBOAA
00O «bamruyu BPC» 110 Tpon3BOACTBY GatlleH st BOV.
Takum 06pasoM, B TeUeHMEe OJHOTO rofa 6bUIM 3a1y-
eHbI TPU 3aBO/IA, ITIO3BOJISIONIME JIOKAIM30BaTh ITPO-
U3BOJCTBO BETPOSHEPTEeTUUECKUX YCTAaHOBOK B Poccun.

[Tporiecchl mokanusanmu o6opynoBanus B Poccun
HaO6TIOMAIOTCS He TOTbKO B chepe BeTPOIHEPTeTUKN.
AnanoruyHbie MPOLecChl UMEIT MeCTO TP CO3AaHUN
TEXHOJIOTUI CONTHEUHOI sHepreTuku. K npumepy, ecin
Ha IIepBOM 3Tarle 3aBoj, «XeBes» B I. HoBouebokcapcke
3aKyTIa/I TEXHOJIOTMYU TOHKMX TJIEHOK aMOP(HOTo KpeM-
Hus a-Si: H kommanmu Oerlikon Solar (IlIBejinapust) mpu
KI1[, comHeuHbIX YCTAaHOBOK 9% ¥ TOIOBOI MOIITHOCTHU
3aBoga 97,5 MBT, To Ha BTOpOM 3Tarie 3aBOfOM Obljia
paspaboTaHa 1 BHeZpeHa B ITPOM3BOACTBO COOCTBEHHAS
TEXHOJIOTS TeTEPOCTPYKTYPHBIX COTHEUHBIX OaTapeit
HJT — amopHbIi KpeMHMIT Ha KPUCTATMUECKOM KPeM-

Huu. IIpu sTom nipowmsoiesn poct KIIJI ycTaHOBOK O
20% 1ipy yBenM4YeHUY TOL0BOI MOIIHOCTY 3aBOJa A0
160 MBT. Ha TpeTbeM 3Tarie KOMITaHUS «XeBes» CTaja
OCYILIECTBJISITh SKCIIOPT TeXHOIoruit (6onee 1,33 MBT)
B ['epmanuio, [Tonbiny u Tamnaug,. I[lepcneKTMBHBIMU
perMoHamMu AJisl SKCIOPTAa POCCUMCKUX TEXHOTOT U
BUD asnstores: Adpyika, bavokanii Boctok, JlaTuHCKast
Awmepuka, Cpennsig Asus, FOro-Bocrounas Asus. [Tpen-
10JIaraeTcs, YTO MOIFHOCTD 3aBoAa «XeBen»Kk 2019 .
coctraBut 400 MBT.

Hamnbonbimii ycriex BHegpennst BUD meMoHCTpupy-
10T CTPaHbI, B KOTOPHIX IPaBUTEILCTBOM pa3paboTaHa
CUCTeMa Mep CTUMMYIMPOBAHUST Pa3BUTHSI TEXHOIOTUT
BO300HOBJISIEMOJ SHEPreTHKM. B Poccyyt MOSKHO OTMe-
TUTD IIPOSIBJIEHNE HEKOTOPOTO MHTepeca K BM3 TonbKO
B 2017 r., 0OBSIBIIEHHOM T'OZIOM 5KOJIOTMM. DTO IIPUBEJIO
K ToMY, uTO B 2018 T. Ha HAYYHBIX KOH(MEPEHIUIX 00-
CY>KIa/IMCh TeMbl 9Kosmoruy 1 BUD.

Hecmortpst Ha o6ecrieueHHOCTH Poccuu cO6CTBEH-
HBIMU 3aTlacaMy TPAAUIIMOHHBIX TOIIMBHO-3HEPreTH-
YeCKMUX pecypcoB IojaraeM, YTo pa3BuTHe BO306HOB-
JisieMbIX MUCTOYHUKOB SHEPTUU MOXKET CTaTh BAXKHOM
cTpaTermyeckoii 3amgaveir. Heo6XommmoCTb YCKOPEHHOTO
pas3BUTHS TeXHOMOTHI BUD B Halelt cTpaHe 00yC/IOB-
JieHa HeoOXOIMMOCThIO 00ecTieue s albTepHATUBHOM
9Heprueit psga perMoHOB, HAXOOSIIMXCSI BHE CUCTEM
LIeHTPAIM30BaHHOTO CHabkeHMs1. Pa3BuTie TexHOI0-
ruii BUD MoskeT CTaTh HEKMM MMITYJIbCOM K Pa3sBUTUIO

N2 4/2019



3KOHOMMUKA XX1 BEKA/ THE ECONOMY OF THE XXI CENTURY

HaLMOHAIBHOM S5KOHOMMKM 32 CYeT CO3[JaHusI OTpaciel,
CBSI3aHHBIX C TIPOM3BO/ICTBOM 000PYIOBaHMS IJIS aJlb-
TepHaTUBHO 5HepreTuku [1].

NMPOBNEMDI, CBA3AHHDbIE
C BHEAPEHUEM BU3
HecmoTps Ha 3HaUMTe/IbHbIE BHITOAbI OT BHEAPEHUS
BUD, cymiecTByeT psifi MpensTCTBUN, TOPMO3SIIUX
pa3BuTHe TeXHOMOrni1 BUD:

e TexHooruy BMD oTnnyaeT mOPOroBu3Ha MUx UC-
MOJIb30BAHMS IO CPABHEHUIO C TPMMEHeHUeM Tpaau-
LIMOHHBIX UCTOYHUKOB TeHepalnn;

¢ CTPYKTYypHas IepecTpoiika SHepreTUKM, KOTopas
«3aToueHa» Iof, KauTaJloeMKle TPOM3BOICTBEHHbIe
(oHbI, TpeOyeT CyLIeCTBEHHBIX 3aTPaT,

e IS COBEPILEHCTBOBAHMS Y MO EPHMU3ALNY TEX-
Hosoruit BID Heo6XoaMMbl 3HAUUTEIbHbIe (PUHAHCO-
BbI€ PeCypChl;

e JMeeT MeCTO HeXBaTKa KBaIM(PUIIMPOBaHHBIX
KaJIpoOB, OTCTYTCTBYE OITbITa pabOThI, HEJOCTATOK
CpenCTB, BbIAENSIEMbIX IJIS1 peanu3alnyu MOIUTUKA 110
BHenpeHMio BI3;

e HEeMOOILleHKa Ba>XHOCTU Pa3BUTUS TEXHOJO-
ruii BUD 3amepyisieT ocylecTBieHNe TPUHUMAaeMbIX
B IIPaBUTEJIbCTBE pelieHuii [9].

[maBHasI TeXHOOrMYecKast IIpobyiemMa MCIo/Ib30Ba-
HUS TexHoornii BUD 3akimtouaeTcsi B HepaBHOMEPHOM
BBIPABOTKE 3JIEKTPOIHEPTUM U CBSI3aHA C M3MEHUMBO-
CTBIO TIOTOAHBIX YCIOBUIA, UTO IIPUBOIUT K HEOOXOIM-
MOCTY KOMITIEHCHMPOBATh OTCYTCTBYE MPOU3BO/ICTBA
9JIEKTPOIHEPIUY B 6€3BETPEHHbIN TIEPUOJ, UV TEMHOE
BpEMSI CYTOK B IeJISIX 6a/IaHCUPOBAHMS BCEI CUCTEMBI.
KomrnieHcauysi mpon3BOOUTCS 3a CUET TPAAVULIMIOHHBIX
3JIEKTPOCTAHLIVIA, BBIHYXIEHHBIX YBEIUUMBATD BbIpa-
6OTKY B CJTydae HEXBATKYM MOIIHOCTel . CieIoBaTeNbHO,
yBeJImueHue Jonu Texuonoruii BUD nopgpasymesaer
006s13aTeTbHOE MCII0Ib30BaHNe TPAAUIIVIOHHBIX 3JIEKTPO-
craHuyit. Haiitu perieHme naHHO Tpo6ieMbl MOKHO
C TIOMOIIbI0 TEXHOJIOTUY aKKyMYJIMPOBAHMUS SHEPIUH,
TTO3BOJISIIOIIEl HAKATUTMBATh U COXpaHSTh ee™ [10].

CoBpeMeHHOI1 HayKO1 ITOKa elre He pa3paboTaHbl
9KOHOMMYecky 3¢ deKTMBHbIe HaKOTMTeN. PeliieHne

* TIpo6ieMa aKKyMyJIMPOBAHMS SHEPTUY SIBJISIETCSI aKTYaIbHOIA
KaK IS IpeficTaBuTeneli 6M3Heca, Tak 1 IJIs1 JOMOXO3SICTB.

3TO¥ TTPO6JIEMbI TIO3BOIUT GOJIee aKTUBHO Pa3BUBATh
TexHosioruu BMD Bo BceMm Mmupe.

3AKJTOYEHUE

UeTBepTOI MPOMBILIJIEHHON peBotonueii, uan VH-
nyctpueit 4.0, 0603HaUeH MPUHIUIIMATbHO HOBBI
3Tan B pa3BUTUM IHEPTeTUKU — Tepexo, OT Mpeu-
MYILLECTBEHHOTO MCII0/b30BaHMS MCKOTIaeMbIX BUIOB
TOIUTMBA K ITPYMEHEeHNI0 BO30OHOBISIEMBIX PECYPCOB.
Vcrnionp30BaHNMe 3KOIOTUYECKY PALIVIOHAIBHBIX SHEp-
TeTUYEeCKUX TEXHOJIOTUIA CTTOCOOHO YMEHbBIINTh Hera-
TUBHOE BO3[eJiCTBME Ha OKPYXAIOILLYIO Cpeny yepes
MeXaHM3M CHMKeHMUSI BBIOPOCOB YIJIEKMCIOro Ta3a
B aTMocdepy. HauanbHbI 3Tal npuMeHeHus B3O
TpeAronaraeT He06X0IMMOCTb 3HAUNTEILHOTO MHBE-
CTUPOBAHMS B Pa3BUTHeE TEXHOIOTUI aIbTEPHATUBHOI
SHEePTEeTUKY U COOTBETCTBYIONIYI0 MHDPACTPYKTYPY,
YTO CO BpeMeHeM IIpUBeJeT K CyIleCTBEHHOMY CHM-
SKeHUIO U3AEepsKeK 10 IMpuunHe geiictBust ahdekTa
Macurraba.

B Hacrosiiee Bpems passutue BMD crankuBa-
€TCsI CO MHOYKECTBOM ITP06JIeM TeXHOJIOTMYECKOTO,
9KOHOMMYECKOTO ¥ MHCTUTYIIMOHAJIbHOTO Xapak-
Tepa. 'eHepauys 3eKTPOIHEPIUM CBsI3aHa C He-
KOHTPOJAUPYEMbIMU TIPUPOSHBIMU YCIOBUSIMHU, UTO
BHOCUT HECTabMIIbHOCTb ¥ HecOaIaHCMPOBAHHOCTD
B oOecIieueHye 3JIeKTPOIHEeprueii morpedbuTeneii.
B03MOKHBIM pellleHMeM 3TO TPOOIeMbl SIBJISIETCS
MCTI0Mb30BaHye 3¢ (GeKTUBHBIX HAKOMTUTENEN SHEPTUH,
HAXOJSIIIVIXCST HA CTaauy pa3paboTku. HecMoTps Ha TO
YTO CTOMMOCTb 3JIEKTPOIHEPTUU, TeHepupyemMoit BUD,
MMeeT SIPKO 0003HAUEHHYIO TEeHIEHIINIO K CHVDKEHMUIO,
TeKyIMii yPOBEHDb ee CTOMMOCTH BCe elle OCTAeTC s
BBICOKMM B OOJIBIIMHCTBE CTPAH MUpa.

Poccust HaxoAUTCSI B CaMOM Hauasie My TH 10 pa3Bu-
TUIO BO30OHOB/ISIEMbIX MCTOUHMKOB Hepruu. Heobxo-
JVMMOCTb YCKOPEHHOTO0 pa3BuTus BY3 B Haieii cTpa-
He 00yC/I0B/IeHa KaK MOTPeGHOCTSIMI B 0OecTieueHnn
SHEPTeTMYeCcKoii 6€30MMaCHOCTM OTIETbHBIX PETMOHOB,
HaXOOSIIIMXCSI BHE CHCTEM IIeHTPaIM30BaHHOTO SHep-
TOCHaOXeHMST, B KOTOPBIX TEXHOIOTUM UCITOTb30BaAHMS
BU3 moryT 6bITh KOHKYPEHTOCITOCOOHBI, TaK U MOTPes6-
HOCTSIMM CO3[aHMSI HaZle)KHOTO 3a/era B MHHOBALV-
OHHOM Pa3sBUTUM SHEPTETUKU CTPAHBI JIJISI OYIYIINX
TTIOKOJIEHWIA.
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