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OB30P I'VIOBAJIBHOI'O CHEHAPUSA UCITOJIB30BAHU A BO3OBHOBJIAEMbBIX
NCTOYHUKOB DHEPTUHN
OVERVIEW OF THE GLOBAL SCENARIO FOR THE USE OF RENEWABLE ENERGY
SOURCES

AHHOTAIINSA

I'moGanpHOE HCIOIB30BAHUE TEXHOJIOIHH BO30OHOBIISIEMON DHEPreTUKU CTPEMHUTEIBHO PAacTeT
B CBSI3H C OMACEHUSMH IO IOBOY II00AITBHOIO MOTEIICHHEM U COKPAIEHHEM 3alacoB MCKOaeMOoro
TOIJIMBA. BOJIBIIMHCTBO CTpaH MHpa paciojararoT AByMsA HJIN 0oJiee BO30OOHOBIISIEMBIX HCTOYHHUKOB
sHepruu (BUD) wu, cnemoBaTensHO, pa3paOoTaidl MOJUTHKY, HANPABICHHYI0 HAa CTUMYJIHpPOBaHHUE
ucnons3oBanust BUD nns mpowusBoicTtBa anekTposHepruu. OlieHKa CIEHapHs HCIONIb30BAHUS
BO300HOBJIIEMBIX UCTOYHHKOB YHEPTUU HEOOXOMMA JJIsl IPOBEACHUS MCCICIOBAaHUI U Pa3padoTOK B
00JIacTH TEXHOJOTHH BO30OHOBJISIEMBIX HCTOYHHKOB SHEPTUM C LENBI0 JajbHEHIero pa3BUTHS
oTpaciiu BO300HOBIIIEMOI OHCPreTUKH, IMPOMBIIIIICHHOCTH BO300HOBIISIEMBIX MCTOYHUKOB OHEPruu.
B IIaHHOﬁ CTaThEC pacCMATPUBAIOTCA MOCIICAHUE U3MEHECHN B YCTAHOBOYHBIX MOUIHOCTAX, CTOUMOCTHU
W CHI)KEHUHM 3aTpaT Ha DJIEKTPOIHEPTHIO OCHOBHBIX METO/OB MPOM3BOJCTBA 3JIEKTPOIHEPTHH HA
ocHoBe BUD. Takxke paccMaTpuBaeTcs poCT IPOMU3BOJACTBA IJIEKTPOIHEPTHMH HAa OCHOBE
BO300HOBJISIEMBIX UCTOYHUKOB B TPOIIOM M MPOTHO3BI Ha Oymymiee. AHAINU3 MMOKA3bIBAET, UYTO €CIIH
TEKyIllee pa3BUTHE BO30OHOBISIEMOH JHEPreTUKU TPOAOIDKHUTCS, TO OoJblIas YacTb MHPOBOTO
MIPOM3BO/ICTBA JJIEKTPOIHEPTUU B OyayiieM Moxer olOecmednBatbesi. B Oymymiem Oomblnas 4acTb
MHPOBOTO TPOM3BOJCTBA DJJEKTPOIHEPrHU Oymer obecredwBaThCs 32 CUET  TEXHOJIOTUH
BO300HOBIIIEMOI OHCPIrC€THUKU. Ananus Takxe IMMOKa3bIBa€T, 4YTO 3HAYWUTCIIbHAd 4YacCTb 3aTpaT Ha
TOIUTUBO W BBIOPOCOB 3arps3HSIONIMX BEIIECTB MOXKET OBITh CHMKEHa 3a CYeT Ooiee MIMPOKOro
WCIIOJIb30BAHMS TEXHOJIOTUH TPOM3BOICTBA AJIEKTPOIHEPTHUHU Ha ocHOBEe BUD.

ANNOTATION

Global exploitation of renewable energy technologies is increasing rapidly due to the concern in
global warming and dwindling supplies of fossil fuels. Most of the countries in the world are blessed
with two or more renewable energy sources (RES) and hence have formulated policies to boost the
utilization of RES for their electricity production. An assessment of renewable electricity scenario is
essential for research and development related works in the field of renewable energy technologies in
order to further develop the renewable energy industry. Recent developments in installation capacities,
costs and reductions in electricity costs of major RES based electricity generation methods are
discussed in this paper. It also includes the past growth and future expectations of renewable
electricity production. The analysis shows that if the current developments in renewable industry
continue, then a major share of global electricity production in the future could be supplied by
renewable energy technologies. The analysis further shows that a significant amount of fuel cost and
pollutants emission can be reduced by the increased use of RES based electrical power production
technologies.

Knrouesvie cnosa: npupoousiii 2a3z, y20.ib, MONIUSA, COIHEUHAsl IHepeusl, 2uoposrepaus, BUD.
Keywords: natural gas, coal, fuels, solar energy, hydropower, RES.

Beenenne. B cBsi3u C pPOCTOM YMCICHHOCTH HACENCHHUS, YCHJIEHHEM WHIYCTpHAIU3alMY,
ypOaHn3auy, MOAEPHU3ALMH U POCTa JOXOAOB HACENIEHUS, MUPOBOE ITOTpeOJIEHHE 3JIEKTPOIHEPT U,
KaK OXUAAeTCsd, NPONODKUT 3HAYUTENbHO YBEIWUYMBATBCS B Ommxaimme romsl. Ilo maHHBIM
MexnayHaponHoro sHeprermdeckoro International Energy Outlook 2013, mnoaroroBieHHOMY
VYmpasnennem sHeprerudeckor wHpopmammn CIIA, Tekymuii MHpPOBOH CcIpoc Ha TEPBUUYHYIO
sHepruro cocrasisieT 546,8 kBaapmwmmona bTE (546,8 1015 BTE) u, mo nporaozaM, JOCTUTHET MOYTH
820 xBampuiumonoB BTE k 2040 romy. Oxwupaercsi, 4to riodanbHOE MOTPEOIEHUE 3IIEKTPUUECKON
SHEPIHHU YABOUTCS B Ommkaiitmme 15-20 ner [1-2].

[To nporuno3zam, Kutait, Mamus, Mapokko, Uniu U T.J1. yIBOSIT TIOTPEOJIEHUE IIEKTPOIHEPTHH B
Ommkaiiiume omHo - gABa gecstwierws. Ha puc. | mokazaH rino0anbHBII pOCT MOTpeOsIeHUS
ANIEKTPOIHEPTHH pocT morpednenus anekrpodHepruu ¢ 2010 mo 2040 rox. B Hacrosimee Bpems
HCKOIIaeMble BUBI TOIJIMBA TAKHE KaK Yroiib, He)Th U NPUPOIHBIN ra3, obecrieunBatoT okoiao 80 %
rJ100anbHBIX MOTpeOHOCTEH B mepBUYHOM »Heprum [3]. 3amacel 3THX BHAOB TOIUIMBA OBICTPO
COKpaIaTcs, U NPOrHO3UPYEMOE BPEMSI HCTOLICHHUS 3allacoB YIJIs, MPUPOAHOrO rasza W Hedtu
ouenuBaercs B 90, 20 m 19 ner, coorBerctBeHHO [4]. Ha snexkrpocranuum, paboraromme Ha
HCKOITAEMOM TOIIJIMBE, MPHUXOIUTCS OKoIo 66% MHpPOBOro MpPOM3BOJCTBA DSJIEKTPOIHEPTUH, U3
KoTOphIX Oosee 40% mpUXOAUTCS Ha HIIEKTPOCTAHLINY, padoTaromye Ha yrie [5].

BonbIIMHCTBO YroMbHBIX 3JEKTPOCTAHUMH OBLIM TOCTPOEHBI JABa NECATHICTHS Hazaa |
BbIOpackiBatoT B atMmocdepy okomo 80-85 % Bcex 3arps3HAIOUIMX BELIECTB, HPOM3BOAUMBIX
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MNPEANPUITUSAMHI DHEPreTUKU. YPOBEHb BBHIOPOCOB 3arpsi3HSIOIIMX BEIIECTB OT HEKOTOPBIX CTapBIX
anekTpoctanumii B 70-100 pa3 Gosnblie, uem y Ooee HOBBIX 3JIEKTPOCTaHIUH [6].

BbeIOpocbl OT Takux cTaHIMK BBI3BIBAIOT TJI00aJbHOE IOTEIUICHUE, KHUCIOTHBIE OX/H,
ropoxckoi cmor u Takum 00pa3oM, HAHOCUTCS Cepbe3HbIi ymepo okpyxatomiel cpene. B XXI Beke
MPOM30LII0 CTPEMHUTENBHOE TOBBIIICHUE TJIO0ANBHONW TeMIepaTypbl BeKEe H3-3a YBEIWYCHUS
KoHIeHTpanuu napHukoBbix TazoB (I1I)) B atmocdepe. B 2011 romy rmobanbnas smuccus CO-
nocturiia 6onee 31,6 ruraToHH, yBenuduBIIuch Ha 3,2% mo cpaBHeHuto ¢ 2010 roga, u okomno 43%
3TON AMHUCCHUU MPUXOAUTCS Ha YTOJIbHBIE AIEKTPOCTAHIIUHU 3TOM smuccuu [7].

[pubnusurensHo 960 kxr/MBT-u CO2, 6 kr/MBT1-u SO2 1 2,6 kr/MBT-4 NOX - TakoBbI 00bEMBI
OCHOBHBIX 3arpA3HAIOIMNX BCIICCTB, BI)I6paCI)IBaCMI)IX opu IMPOU3BOACTBE OJJICKTPOIHCPIUHU Ha
YTOJBHBIX DIIEKTPOCTAHLIUAX, paboTaonmx Ha yrie [8].

Bnusiaue 3arpssastomux BemectB SO u NOx Ha T1i00anpHOE TMOTEIUICEHHE MEHbIIE I10
CpaBHEHHUIO ¢ 3arps3HsmomumMu BemectBamu CO2 U3-3a UX MEHbIIEH KOHI[EHTpAlluu B atMocdepe.
CO; BHOCUT HanOONBIINI BKIIAJl B TAPHUKOBBIN AP QEKT, TIaBHBIM 00pa3oM H3-3a ero 0oliee BHICOKOM
KOHIIeHTpalu B atMocdepe. Bepxuuii OezomacHblit npenen konuentpanuu CO; cuuraercs 350 ppm
(nmpoMusuie), yTOOB HE HABPEAMTH OKpPYXKAIOIIEH Cpelae OKpykaroiied cperne, a ypoBeHb COp,
npeBbIammui 450 ppm, MOXKET HaHECET Cephe3HbIN yilepO okpyxaromiei cpene [9].

I'mobanpHas cpenHsas KoHIeHTpalus yriekucioro raza (CO»), BaXKHEHIIIEro MapHUKOBOTO Ta3a,
B 2022 rtonmy BmepBele Ha menbix 50 % TpeBBICHIIa YPOBEHb JOMHAYCTPHAIBHOW O3ITOXH.
[Iporuno3upyercs, uaro yaBoenue kouieHTparun CO2 Mo CpaBHEHHUIO ¢ TEKYIIUM 3HAYEHUEM BBI30BET
TIOBBIIEHHE TTI06aTBHOI TemnepaTypsl Ha 1,5-3°C [10-11].

Matepuaasl W MeTOAbI HCCJIeAOBaHHs. DbUIO TNPOBEJEHO THIATEIHFHOE WCCIEAOBaAHME
MHPOBOTO MOTEHIMANA 3JIEKTPOdHEepruu Ha ocHoBe BUD. B 3ToM paspene mpeacTaBieHbl MOCIEAHNE
JIAaHHBIE 10 COJTHEYHOM, BETPOBON U re0TepMalIbHON SHEPTETHUKE.

MBI IPOTHO3UPYEM, YTO MPOU3BOACTBO AJIEKTPOIHEPIUH BO BCeM MHpE yBeauuuTcs Ha 30-76%
B 2050 romy mo cpaBHenuio ¢ 2022 r. Bo Bcex ciydasx (puc. 1). K 2050 romy Oe3yrmepomHas
TeHepamusl TEXHOIOTMH — BO300HOBISIEMBbIE WCTOYHUKMA OJHEPTMM M AaTOMHAs DJHEpreTuka —
obecrieuynBaloT deKkTpodHepruen or 54% mo 67% O6mwuit cnpoc mo BceM keiicam. Ha mpotsokennn
MHOTHX JIET HH3Kas CTOMMOCTh TEXHOJOTMHM C HyJIeBBIM BbIOpocoM yriepoma (ZTC) CASE
MIPOrHO3UPYET HanOOJIBIIIYI0 BETPOBYIO U COMHEYHYIO TEHEPAIIHIO 110 BCEMY MHUPY.

B atom cirydae mpenmonaraercsi, 94To 6ojee OBICTpOe CHIDKEHHE KamUTAIbHBIX 3aTpaTr, YeM B
0a30BOM CIleHapW¥ I TOAMHOXKECTBA C HYJIEBBIM BBHIOPOCOM YTIIEpO/Aa TEXHOJOTHH, B TOM UHCIE
xpaHeHus. Jpyrue ciydan, Takne Kak BpIcokas SKOHOMHYECKas TAaK)Ke MOKAa3bIBAIOT 3HAYMTENBHBIH
pocT BO30OHOBISIEMOW TeHepaluu, Tmpeamnonaras, d9ro LleHoBags KOHKypeHTOCHOCOOHOCTH
BO300HOBIIIEMBIX HMCTOYHWKOB OJHEPruu Oollee 3aMeTHAa MpH OOCITY)KMBaHUHM O0Jee BBICOKUX
npupameHuii  TpeboBanue. OCTAIBHOW CIPOC B OCHOBHOM YAOBJIETBOPSETCS 3a CYET YINIA W
MIPUPOTHOTO Ta3a.

obuice ’
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Pucynok 1 — IIpon3BoAcTBO 3JEKTPOIHEPTUH 10 BUAM TOILIHBA, MiIpa KBT [12]
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B 2050 romy monst yrombHOH TeHepauuu Oylner BapbHpOBaThCs OT CHIDKeHHs Ha 24% 1o
yBenuueHus: Ha 10% c yposHei 2022 romy. Bepxuss rpanuua aist yris Oblla IOCTUTHYTA B CiIydae
BBICOKMX TEMIIOB SKOHOMHYECKOTr0 pOCTa, IZe MpeArnoaraercs, YTo SKOHOMHKa Oymer pactu Oomee
OBICTPBIMH TEMIIAMH 10 CPaBHEHHUIO ¢ 0Aa30BBIM CiydaeM, U TpeOyeTcsl Ooiblle TeHepaluu U3 BCeX
TeHEepUPYIOIUX pecypcoB. HIKHAS rpaHuua A yIiisd FeHepallMd MPOMCXOIWIO B ciydae HU3KOTO
9KOHOMHUYECKOTo pocta 10 cepeannbl 2040-x rofoB U B ciaydae HHU3KOTO 3KOHOMHYECKOTO pocTa B
cllyya€ HU3KOTO OSKOHOMHUYECKOrO pOCTa, KOrJa CIpPOC Ha 3JIEKTPO3Hepruto Huke. Jns
VAOBJICTBOPEHUS CIpoca TpeOyeTcsl MEHbIEe yroibHOH reHepaiuu. B ciydae ¢ Low ZTC Oonee
BBICOKAs TeHEepaIus oT 0e3yriepoaHONl TEXHOIOTHH BEITECHSET YTOBHYIO TeHEPALIHIO.

[Tpon3BOACTBO 3IEKTPOIHEPTHU C HCIIOIH30BAHUEM CONHEYHOH SHEPrUU OBICTPO pacTeT BO
BceX yacTsax cBera. Jlnd  TMPOM3BOJACTBA  COJHEYHOW  DJIEKTPOSHEPTMH  HCHOIB3YIOTCA
¢doroanexkrpuueckue (PD) U KOHIEHTpUPOBaHHBIE coHedYHble ycTaHOBKH (KCD). TexHonornu Ha
OCHOBE KPHCTAIMYECKOTO KPEMHHUSI ¥ TOHKOIJICHOYHOrO amMOp(HOro KpeMHHsl OOBIYHO
WCTIONB3YIOTCS B (POTORIIEKTPUUYECKUX CHUCTEMax, B TO BpeMsi Kak mapabomuyeckue skenoda (PT) u
COJIHEYHBIC OAITHU SIBJISIOTCS BaYKHBIMH TEXHOJIOTHH, UCTIONB3yEeMbIE B YCTAHOBKAX.

@DOTOINEKTPUUECKHE CHUCTEMbl HAXOAATCS Ha TpaHH TIOJHOTO BHEAPEHHS Ha pPBIHKE.
Konnentpupyromue GortodneMenTsl uMetorT oueHb Bbicokuid KITJT - mo 40 %. [pyrue TexHooruw,
TaKKe Kak opraHuueckre (pOTO3IEMEHTBI, BCE €IIe HaXOIATCs Ha CTaJuU UccienoBanus [12].

D¢ (deKTHBHOCTh THIUYHBIX KOMMEPYECKUX MOJYJIEeH C IJIOCKHMMH TUTACTHHAMH W THMTUYHBIX
KOMMEpPYECKHX MOAyjei cocraBisieT a0 25 %. OOBIYHBIA CPOK OKYMaeMOCTH CHCTEMBI 3aBHCHT OT
MecTa ycraHoBku. B FOxHo#t EBpone okynmaemocTs coctapisier mpuMepHO 1-2 Toga ¥ yBeTHIHUBaETCS
B OoJiee BRICOKMX MIMpoTax. [Ipon3BojHTENN yXKe TapaHTUPYIOT PaboTy (POTOIIEKTPUIECKAX MOJyJIer
B TeueHue 25 jeT, HO (hakTuieckuii cpok Ooxnee 30 mer.

W HakoHen, ncXoas U3 peantbHBIX WHBECTHIIMOHHBIX 3aTpaT, CpeIHEB3BelIeHHAs TiI00anbHas
croumocth dHepru (LCOE) mist conHedHbIX (OTOIEKTPUIECKUX YCTAHOBOK CHHU3MIIACh HA 85 % B
nepuoa ¢ 2010 mo 2020 rox, ¢ 0,317 eBpo/kBrxu no 0,048 epo/kBrxu [13].

Cpenut HOBBIX (POTOTEKTPUUECKUX TEXHOJIOTHI pa3INyaroT TPH MOAKATETOPHUH:

- [lepenoBbie HeOpraHUYECKHE TOHKOIJIEH OUHbIE TEXHOJIOIHH,

- Opranuueckue COTHEUHbIE 3JIEMEHTHI,

- Tepmodoroanexrpudeckue (TDB) 351eMEHTHI U CHCTEMEL.

BonbIIMHCTBO «HOBBIX» MOIAXOJOB MOXKHO OTHECTH K KAaTE€rOpHMH BbICOKO3(()EKTHUBHBIX.
MOXHO HPOBECTH CYIIECTBEHHOE pa3IMuue MEXAY IOAXOAaMH, KOTOpble MOIU(DULHUPYIOT H
aJanTUPYIOT CBOMCTBA aKTUBHOIO CJIOS, YTOOBI OH JIy4Ille COOTBETCTBOBAJI COJHEYHOMY CIEKTpY, U
MOJXOJlaMH, KOTOpPbI€ M3MEHSIOT BXOJSIIUI COJIHEYHOI'O0 CHEKTpa M NPUMEHSIOTCA Ha nepudepuu
aKTUBHOTO ycTporcTna [14].

B cmayuae ¢ QOTONEKTpHUUECKMMM YCTAaHOBKAMHM IUIABAalOILAs COJMHEYHAs CcUCTeMa
MpEACTaBIsAeT COOOH pacTyLIy0 BO3MOXHOCTb A Pa3paOOTYMKOB YCTaHABIMBATH COJHEUHBIE
YCTAaHOBKM B CTpPaHaxX C OTPaHHYCHHBIMHM 3€METbHBIMH PECYPCaMH WMJIM B ONPEIEICHHBIX MECTax C
ONaronpusATHBIMU YCJIOBHSIMH, TaKMMU KaK BOZOEMbI BOJM3HM CYILECTBYIOIIMX CETEH, HalpHMeEp,
IUIOTUHBl THUAPORJIEKTPOCTAHIMN WM BOAOOYMCTHBIE COOPYXKEHHUS, IZ€ MOXHO HCIIONIB30BATh
CYIIECTBYIOMIYIO HHPPACTPYKTYPY.

B 3Tx Mecrax MOXXHO HCIONB30BaTh CYLIECTBYIOLIYI0 HH(PACTPYKTYpy, YTOOBI CAENaTh
1aBarome GOTOIIEKTPUIECKIE YCTAHOBKH 00Jiee KOHKYPEHTOCTIOCOOHBIMH 110 CTOMMOCTH.

B 2021 rogy Kutaii coxpaHMT JIuMIEpCTBO B KAUECTBE KPYMHEWILIEro pPhIHKA IUIABYYUX
(hOTOINEKTPUUECKUX YCTAaHOBOK, 3a HUM mnocienyor Wuaus, HOxnas Kopes u Brernam. Kopes u
Boernam. Ilo mpornozam IHS Markit, na Asuio Oyner mpuxoauthcs Oonee 70 MpOIEHTOB Bcex
MIaBy4YrX (POTOIIEKTPUIECKUX yCTaHOBOK 10 2024 rona [15].

ConnHeuynas (oTO3JIEKTpHUECKasi TEXHOIOIUs coueTaeT B cebe aABa mpenmymiectBa. C OJHOM
CTOPOHBI, IPOMU3BOACTBO MOAYJEH MOMKET OCYLIECTBISTHCA HAa KPYIHBIX 3aBOJAAX, YTO IO3BOJISET
nobutecst 3¢ddexra macmrada. C 1apyroil CTOpoHBI, (HOTOINEKTPUUECTBO - OYEHb MOZYJbHAs
TexHonorusa. Kpome TOro, mno CpaBHEHHIO C KOHIEHTPUPOBAHHON COJHEUHOM JHeEpruei,
(oToaneKkTpuyecKas UMEeT TO MPEUMYIIECTBO, YTO OHA HCHOJIb3YEeT HE TOJBKO MPSMON COIHEUYHBIH
CBET, HO U PACCESIHHYIO COCTABIISIONIYIO COTHEUHOI'O CBETa, TO €CTh COJHEYHAas (OTOINEKTpUUYECKas
9HEPrusl BhIpabaThIBAETCS SHEPTUIO, JaKe CIM HeOO He COBCEM YHMCTOE. DTa BO3MOKHOCTh IT03BOJISIET
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3¢ pexkTHBHO BHEAPATH (DOTOIIEKTPUUECKUE CHCTEMBI B Topa3zio OOJIBIIEM KOJUYECTBE PErHOHOB
mupa, ueM juist CSP [16].

DOTOINEKTPUICCKHIE CUCTEMBI JISIATCS Ha JBa OCHOBHBIX THIIA: aBTOHOMHBIC H ITOJKIIOYCHHBIC
K CEeTH NpuJIoKeHus. BHeceTeBbie ()OTORIEKTPUUECKHUE CUCTEMbI IMEIOT 3HAUUTEIILHBIC BO3MOKHOCTH
JUTS 5KOHOMHYECKOT'0 TIPUMEHEHHSI B HEAJIEKTPU(UIIMPOBAHHBIX paliOHaX Pa3BUBAIOIIMXCS CTpaH. 3a
MOCJIEAHAE HECKOJBKO JIET aBTOHOMHBIE IEHTPaJM30BAHHBIE (POTORIEKTPUUECKUE CHCTEMbl MUHU-
CeTEeBbIE CHCTEMBbl CTalId HAAeKHOM  ambTEPHATHUBOH Ui DIEKTPU(PHUKANNU  JICPEBEHb.
LleHTpann30BaHHBIE CUCTEMBI ISl JIOKAIBHOIO IHEProCHAOXKEHUS MMEIOT pa3iuyHble TEXHUYECKUE
MPEUMYIIECTBA, KacalolIMecs SJIEKTPUUECKON IMPOM3BOAUTEIBHOCTH M CHIDKEHHUS MOTPEOHOCTH B
XpaHCHHH, JOCTYITHOCTH OHCPrun u JUHAMHYECKOI'O IIOBEACHUHA. L[CHTpaJII/I3OBaHHI)IC
(oTOdMeKTpUYECKEe MHHHU-CHCTEMBI MOTYT OBITh HanOosiee SKOHOMHYECKH 3(P(GEKTUBHBIMHU IS
JAHHOTO YpOBHsI 00ciyxuBaHusi. OHU MOTYT UMETh JW3EIb-T€HEPATOPHYIO YCTAHOBKY B KauyeCTBE
JIOTIOJIHUTESILHOW CHUCTEMbI OallaHCUPOBKH WM paboTaTh Kak THOpuaHAs (DOTO3JIEKTpHUYECKas-BETPO-
AU3CiIbHass CUCTEMA. Takne cucTeMbl AKTyaJIbHBI U1 COKpAIICHHA W HUCKIIOYCHUA HCIIOJIB30BAHUA
J3eNb-TeHEePaTOpOB B yAaJIleHHBIX paiioHax [17].

ITo cpaBHEHMIO C aBBTOHOMHOM YCTaHOBKOW CTOMMOCTb CHCTEM, MOJIKIIOYEHHBIX K CETH, HUKE,
MOCKOJIBKY HE TpeOyeTcsl akKyMyIHpoBaHue dHeprun. DoTodIeKTpuIecKre CHCTEMBI, MOJIKITIOYEHHBIC
K ceru, JENATCS Ha JIBE KATErOpUH: paclpelelieHHble W IeHTpaln30BaHHbIe. PacnpenencHHbIe
q)OTOB.HeKTpI/I‘IeCKI/IC CUCTEMBI, TOAKIIOYCHHBIC K CE€TH, YCTAaHABJIMBAIOTCA JJIsA OGCCHC‘IGHI/IH
ANEKTPOdHEPTHEH K MOAKIIOYEHHOMY K CEeTH MOTPEOHTEN0 WM HEMOCPEICTBEHHO K AJICKTPUIECKON
CeTH. OTH CHCTEMBI HMEIOT paa Op€UMYyHIECTB: CHHWXKAIOTCA IIOTEPU IIPU  paCHIpCACICHUN
JNEKTPOSHEPTHH B JJIGKTPUYECKOW CETH, TIOCKONBKY CHCTEMa YCTaHABIMBaeTcss B TOYKE
WCTIOJIb30BAHHUS; JIsl (POTOIIIEKTPUIECKON CHCTEMBI HE TpeOyeTcsl TOMOTHUTENbHAS 3eMIIS, 1 MOKHO
CHM3WUThH 3aTpaTbl HA MOHTaX, €CIIM CHCTEMAa MOHTHPYETCS Ha CYIIECTBYIOIIYK) CTPYKTYpPYy; M cam
(hOTOIEKTPHIECKUH MACCHB MOXKET HCIOJh30BATHCS B Ka4eCTBE OOJIHIIOBOYHOTO HIIH KPOBEIHLHOTO
MaTtepuaia, Kak B ()OTOIIEKTPUUIECKUX CHCTEMaX, MHTETPUPOBAHHBIX B 3/aHUE. THUNHYHBIE pa3Mepsl
coctaBisiioT oT 1 mo 4 kBt gma xwmeix cucreM u o 10 kBt mo MHOrmX MBT g KpbIm
OOIIIECTBEHHBIX M MMPOMBIIIUIEHHBIX 3IaHAMN.

OHeprusi BeTpa, TJIOOATBHBINA IOTEHIIMAT W MOIIHOCTb BETPOIHEPTEeTHKM II0 OIleHKaM,
B 2020 romy BO BceM MHUpPE OBIJIO YCTAaHOBJICHO PEKOPIHBIX 93 ['BT BeTposHEpreTHIecKoi MOITHOCTH,
B ToM umcie 6onee 86,9 I'BT Ha cyrie, 94To SBIIIETCS CAMBIM BBICOKHMM ITOKAa3aTeNleM Ha CErOMHAIIHHNA
nenb, U moutu 6,1 'BT Ha Mope. DTOT pexopAHBIN MoKazaTenb, 00beM pbIHKa ObuT Ha 45% BhIIIe
npensiaymiero makcumyma B 2015 roxy (63,8 I'BT), uro mpezncrasisier coboi yBeIHMUEeHUE ITOUTH Ha
53% no cpaBHeHuI0 ¢ ycranoBkamu 2019 roga.

B pesynbraTte obmas riaodanbHas MOITHOCTh BETPOIHEPTETUKU BBIpocia Ha 14%110 cpaBHEHHUIO
¢ 2019 romom n npubmmsunace k 743 I'Bt (707,4 I'Bt Ha cymre, octaapHOE - B MOpe). DTa MOIIHOCTh
B JIBa pasa MpeBbIIIaTa MOITHOCTh, JISCTBOBABIIYI0 BO BCEM MHpPE BCErO IIECTh JIET Ha3al, B KOHIIE
2014 roma (puc. 2).

Gigawatis
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Pucynok 2 — MupoBast MOITHOCTh BETPOIHEPTETHKH U &XKEroJHbIi pupocT 3a 2010-2020r.
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Pucynok 3 — MoIHOCT ¥ MPHPOCT BETPOIHEPTEeTHUECKNX MommHocTel, Tomn-10 ctpan
mo mpupocty MomHoctei, 2020 rox. [18, ¢. 146-147]

B 2020 rogy B Mupe ObIT yCTaHOBIIEH PEKOPJ IO MOIIHOCTH BETPOIHEPTETHKH, BO TJaBE C
Kuraem n CoenunennbiMu [lItaTamu. OGe cTpaHbl MOOMIN HAIIMOHAIBHBIE PEKOPBI IO KOIMYESCTBY
HOBBIX YCTAHOBOK. B oCcTanbHOM MHpeE BBEJIEHO B IKCILTyaTaIHIO MPUMEPHO CTONBKO e 0OBEKTOB,
ckosibko ¥ B 2019 rofy, Ho eliie B HECKOJIBKUX CTpaHax ObUIHM peKkopaHbie roabl. Brepsoie B 2020 roay
rII00aTbHBIE KAITUTAIOBIIOXKEHHUS B 0QQIIOPHYIO BETPOIHEPTETHKY MPEBBICHIN HHBECTUITUH B JJOOBIYY
HehTH U ra3a Ha mensdhe. B 2020 roay Ha 105110 BETPO3HEPTETUKY MIPUXOIUIACH 3HAUNTEIbHAS OIS
MIPOM3BOJICTBA AJIEKTPOIHEPTHH B HECKOJIBKUX CTpaHax, Bkmtouas [lammro (Gomee 58%), Ypyraaii
(40,4%), Npmangus (38%) u Coennnernnoe Koponesctso (24.2%) [18].

Bo BcemM wMmpe MOITHOCTH BETPOIHEPTETUKM B MO oreHkam, B 2020 romy Ha IOiI0
IKCIUTyaTallMy IPUXOAnIIock 6omee 6% ot o0mero oobeMa MPOU3BOJICTBA NEKTpoIHEprun. 12-i rof
TONPSIT A3HS SIBISIETCS] KPYITHEHIINM PErHOHATBHBIM PHIHKOM, Ha JION0 KOTOPOT'O MPUXOAUTCS MOUTH
60% nobasneHHBIX MoOIIHOCTEH (110 cpaBHeHHIO ¢ 50% B 2019 roxy), ¢ obmuM o6bemom noutu 348,7.

Bwmecre B3sTBIE, HA 3TH TATH CTPAaH NPUXOANUTCS UyTh Oonee 80% eXEerogHpIX yCTaHOBOK, MPHU
stoM Toibko Ha Kutait u Coenunennsie Illtater npuxoautcs noutu 74%. (puc. 3) [15].

I'omosoit KI1J] reoTepmMaibHOM 37EKTPOCTAHITNH, KaK MpaBuiIo, mpeBbimaer 90%, mocturas eime
Oomee BbICOKMX 3HaueHWd - 97-98 %. Tem He MeHee, Ooiiee noporas 3JIEKTPOIHEPTUS MOXKET
KOMIIEHCHPOBaTh OoJiee BBICOKME 3aTpaThl HAa TEXHUYECKOE OOCITY)KMBAaHHME 3a CUET yBEIUYECHUS
3aTpaT Ha TEXHWYeCKoe OOCIy)knBaHWE. B HacTosmiee BpeMs CyIIeCTBYET JIB€ OCHOBHBIE KaTerOpHH
reoTepMANTbHBIX ~ WCTOYHHKOB,  OOECHEUMBAIOIIUX  BBIPAa0OTKY  TeOTEpPMAallbHOW  SHEPIHH:
TPaJWLIMOHHBIE W COBPEMEHHBIE TEOTePMAbHBIE CHUCTEMBI. TpaauIIMOHHBIE TEOTEpPMAaJbHBIC
AIEKTPOCTAHITNH, HMEIOIIHECS B MPOAAKe, UCTIONB3YIOT THAPOTEPMAIIFHBIE PECYPCHI, CYIIECTBYOIINE
B pupone. Pazpaborka EGS paccmarprBaercst Kak albTepHATHBA POU3BOJCTBY SHEPTHH C OOIBIINM
MIPOM3BOICTBEHHBIM ITOTEHIINATIOM, Y€M y TPAJAUIIMOHHBIX T€OTEePMaTbHBIX SJIEKTPOCTAHINH, KOTOPBIE
B HACTOSIIIEE BPEMS HCIIONB3YIOT OrpaHUYeHHbIE PUPOAHbIE THAPOTEpMaIbHBIE pe3epByaphl. Kpome
toro, EGS Moxer obOecnednTh 3HEprocHaOXeHWE IPAKTUYECKH Be3/I€, IOCKONBKY IMPAKTUYECKU
JMOOON yYacTOK MOXKET pacCMaTpUBATHCS KaK pe3epByap Ha olpenelneHHod riyoune. OmHaKo
texHonorusi EGS mo-npexxHeMy HyXJaeTcsl B HHTEHCHUBHBIX HCCIIEIOBAHUAX U pa3paboTKax, 4ToObI K
2030 romy BBINTH Ha CTAAMIO YCIIEIIHOW AEMOHCTPAIIUU U CO3JaHMS KOMMEPYECKH KH3HECTIOCOOHOH
ANIEKTPOCTAHIIMK. B oTUere o pBIHKE TeoTepMaIbHOW OSHEPruM MEePUOANYECKA OOHOBIISIETCS
nH(OpMaIUs O PhIHKE T'€OTEPMAIIbHOW SHEPTHH U MPHUBOJUTCS KPATKOE OMUCAHHUE CYIIECTBYIOIINX

cxeM (DMHAHCOBOM MOAJIEPKKM MPOU3BOJCTBA T€OTEPMAJbHOM AnekTpodHepruu B EBpome (puc. 4)
[14].
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Pucynok 4 — DBoiIONUs reoTepMalibHBIX JIEKTPOCTAHIIUN U Oyaymue TenaeHuu B Espore k 2050
Tofay
B 3aBUCHMOCTH OT THIIa TEXHOJIOTUH, UCIIOJIb3YEMOH JJIsl IPOM3BOJICTBA FEOTEPMAIIbHOM
3JICKTPOIHEPTHUH.
Konuuecmeo snexmpocmanyuii u ux npeononazaemoe pacnpeoeienue 01 KpamKoCpOyHO20 U
00120CPOYH020 NPOSHOZUPOBAHUS (88EPX) ClleBa), A MaKice NPeonoaazaemvlll pocm YCMAaHOBIeHHOU
MOwHOCIU (YeHMPATbHBLU PUCYHOK).

I'eorepManbHbIE CHCTEMBI BCTPEYAIOTCS B PA3IIUNYHBIX T€OJIOTHUECKHUX CPeNax, Tie TeMIIepaTypa
W TIyOWHa 3ajieraHds IUTACTOB COOTBETCTBEHHO pa3NiMyaroTcs. MHOTHME BBICOKOTEMITEpATYPHBIE
ruaporepMaibHbie cucTeMbl (0onee 180°C) cBsA3aHbI ¢ HEAABHUMH BYJIKAaHUYCCKUMHU H3BEPIKCHHUSMH.
Cucrembl co cpemneir Temmeparypoit (ot 100 mo 180°C) m mm3koi Temmepartypoii (Mernee 100°C)
TaKXKe BCTPEYAIOTCS B KOHTHHEHTAJBHBIX palioHaX, rie BhIpaboTKa Tellia, MPEBbIIIalonas HopMy, B
pe3yabpTaTe pacmaja paJuioaKTHBHBIX HM30TOMOB YBEIMYMBAET TEIUIOBOM IOTOK Ha CyIIe WM THAe
BOJIOHOCHBIE TOPU3OHTHI IMOAMUTHIBAIOTCA BOJOW, HAarperodl B pe3ylbTaTe HMUPKYJISAINH BAOIb 30H
rIyOOKO  TPOHUKAIOMIMX  paszioMoB. [IpM  COOTBETCTBYIONIMX  YCIOBUSX  IeOTepMallbHbIE
MECTOPOXKIICHUS C BBICOKOH, CpemHEW W HHU3KOW TEeMIIepaTypoOd MOTYT OBITh HCIOJIL30BAaHBI IS
BBIPa0OTKH DIIEKTPOIHEPTHH W TIPSIMOTO HCIIONB30BAaHUS TeIuia. VICTOYHHKAMH Te0TepMalIbHOM
SHEPTHUH SABISIOTCS THUAPOTEPMAIFHBIE CHCTEMBI, IMPOBOJIINE CHCTEMBI W TIyOOKHE BOIOHOCHBIE
TOPHU3OHTHL. | MapoTepManbHBIe CHCTEMBI BKIIOYAIOT KUAKHE M mapooOpasHblie TUMbL lIpoBomsmue
CHCTEMBbI BKITFOUAOT TOPAYHUE ITOPOIBI M MATMY B IIMPOKOM JTHATIA30HE TEMITEPATYP.

I'myOoxme BOJOHOCHBIE TOPU3OHTHI COMEPKAT IUPKYIHPYIONTe (QIIIOUIBI B TIOPUCTHIX CPemax
WM 30HaX TPEIIMHOBATOCTH Ha TIyOMHe, Kak mpaBmiio, Oomee 3 kM. OZHAKO B HHUX OTCYTCTBYET
JIOKAJIM30BAaHHBIA MCTOYHUK MarMaTHYeCKOrO TeIuIla. | eXHOIOTWH HCIIONB30BAHMS T'€0TePMAalIbHBIX
SHEPTeTUYECKUX PECYPCOB MOTYT OBITh CIPYIIIAPOBAHBI B OOJACTH MPOU3BOICTBA JIIEKTPOIHEPTHH,
MPSIMOTO TEINIOCHA0KEHUST WM KOMOWHUPOBAHHOTO IIPOM3BOJCTBA TEIUIA W DSJEKTPOSHEPTHH B
cucTeMax KoreHepanuu. TexXHOJIOrmW reoTepMalbHBIX TEIUIOBBIX HACOCOB OTHOCITCA K KaTErOpHH
TEXHOJOTUH  TPSAMOTO  HWCIONB30BaHWA.  EJWHCTBEHHBIMH  KOMMEPYECKH  HCIOJNBb3yEeMBIMH
reoTepPMATbHBIMU CHUCTEMaMH ISl BBIPAOOTKH DJIEKTPOIHEPTHH U €€ HEeMOCPEeICTBEHHOI O
HCIIOJIb30BAHMUS SIBJSIFOTCSI THApoTepMabHbie. [19-20].

Pe3ynbTaThbl U ux odcy:xaenne. [locnemnane oT4eThl 0 MEPCIIEKTUBAX PA3BUTHUS SHEPTETUKH U
TUTEpaTypHBIE JaHHBIC CBHJIETEIBCTBYIOT O TOM, YTO OOJNBIIMHCTBO CTPAH OCO3HAIOT MPEUMYIIECTBA
WCIIONB30BaHMS BO30OOHOBIISIEMBIX WCTOYHHKOB SHEPTHWU. 3HAUMTENBHAS OIS MHPOBOTO CIIpoca Ha
AIIEKTPOIHEPTHIO MOXKET OBITh MpoW3BeNeHa C rmoMmoInpio BMD B Ommkaiiiiem Oymyiiem, ecid 3TH
CTpaHbl YCKOPST CBOHM HCCIIENOBaHUS B 00JAacCTH pa3BUTHS BO300OHOBIISIEMBIX TEXHOJOTHH. CTpPaHBI
YCKOPSIT CBOHM WCCIEIOBAHHS B OOJIACTH DPa3BUTHA BO300HOBIIEMBIX TEXHOJOTHH W YCTaHOBST
HauOoJsiee TMOAXOJAIINE M COBPEMEHHBIE JJIEKTPOCTAHIIMM Ha ocHOBe BUD. smekrpocraHmumii Ha
ocHoBe BUD. Kuraii obnamaer GONbIIMM KOJIHYECTBOM BO30OHOBIIsIEMBIX pecypcoB. OH obnamaer
KPYITHEHIIIMMU B MUPE PeCypcaMu BeTpa U 3aHUMAET 3HAYUTEIBHOE MECTO B MHUPE I10 HCITOJIb30BAHUIO
COJTHEUHOW DJHEpPruH, THAPOdHepruu u Ouomaccel. W Owomaccel. Oxomo 30% MHPOBBIX
(doroanekTpudeckux naxenaen npoussoautcs B Kurae.
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I'eoTepmanbHble pecypchbl TakkKe IIUPOKO PACIpPOCTPAHEHBI MO BCEH TEPPUTOPUHU CTPaHBI.
Kpome ToOro, onektpuduxanus CenbCKUX dieKTpuUKanus cenbckux paiioHoB Kwutas c
HCTIOJIb30BaHUEM BO300HOBJISIEMBIX PECYPCOB SIBJSIETCS MPOCTOM W 3KOHOMHYECKH BBITOJHOM
Onaromapsi 3HaUMTENbHOMY ToTeHMany BUD. Oxnako, HecMoTps Ha Bce 3TH (aktopsl, 6omee 70%
ANEKTpodHeprun B KuTae 35eKTposHEepTruu POU3BOANTCS Ha JIEKTPOCTAHIINH, PAa0OTAIONIMX Ha YTIIe,
yro naenaer Kurail kpymHeWIIMM MCTOYHHKOM TiobaibpHOi sMuccuu CO2. B 2022 romy B crpane
BbIOpOc CO; yBenuumics Ha 720 MULTMOHOB TOHH, a 16 13 20 caMbIX 3arpsS3HEHHBIX TOPOJIOB B MUpE.

Takum oOpa3zoM, Kurtaro HeoOXOOUMO aKTUBU3UPOBATH HCIIOIH30BAHUE BO300HOBIISIEMBIX
pecypcoB it o0ecredeH sl YUCTOr0 U yCTOMYMBOTO HEpProcHadkeHust 1 OyAymiero 0iaronomydus.
SHEprocHaOXeHuss W Oyaymiero OnarococTosiHus. ['ocydapcTBEHHash TOJUTHKA W WHUIIMATHUBBI
MPHUBEAYT K YCTAHOBKE HOBBIX MOIIHOCTEH MO MPOW3BOJICTBY 3JEKTPOIHEPTHH M3 BO30OHOBIISIEMBIX
ucrounukoB B Kutae. Kanana, bpaswms, CIIA, Poccust u Unnusa taxke 00amaloT 3HAYUTEBHBIN
MOTEHIINAJ THPOIHEPTETHKH, KOTOPBIH MOXKET TIOMOYb 3THM CTpaHaM BbIPa0aThIBATH SKOJIOTMYECKU
YHUCTYIO DIIEKTPOIHEPTHIO ISl  YAOBICTBOPEHUS 3HAYUTENBHOW 3HAYUTEIBHYIO 4YacTh CBOUX
MoTpeOHOCTEl B 3JeKTpodHEepruu. HecMOTpsi Ha TO, YTO caMblli BBICOKHH IOTEHIIMAT COTHEYHOTO
nznydeHus umeercst B FOxuoit Adpuke n crpanax bmkaero Bocroka crpanax, 6onee 90% crnpoca
HA DJIEKTPOSHEPTHIO B O3TUX CTpaHax VIOBJETBOPSETCS 3a CYET HCKOIMaeMOro TOILJIHMBA.
VIIOBIIETBOPSETCS 3a CYET TEeHEpaldd OJJIEKTPOIHEPTHM Ha WCKOIMAeMOM TOIUIMBE, IOCKOIBKY
HCKOMIaeMOe TOIUIMBO B OJTHUX CTpPaHaxX JICHMIEBO W B HM300WIMH. OTH CTpaHbl YK€ Havaju
MPEANPUHUMATh HEKOTOpBIE IIaTd M0 YBEIMYEHHIO HCIIONH30BAHUSI COJHEYHOW JHEPTHHU, YTOOBI
COXPaHHTh HMCKOIAEMOE TOILIMBO sl OyJIyIIUX W COKPATHTh BBIOPOCHI 3arps3HSIONIMX BEHIECTB.
3aMeHa MCKOMaeMoro TOIUIMBA BO30OHOBIISIEMOH OHMOMAaccol, OcHOBaHHAs! Ha d((GEKTUBHBIX, YHCTHIX
W YHOOHBIX TEXHOJOIMH TIO3BONUT COKpaTHTh BbIOpockl CO2 B JHEPreTHYecKUX CHUCTEMaXx.
Emponeiickue crpansl, CLIA, Bpaswmus, Uuaaus u Poccust o0namaroT XOpOIIUM ITOTEHIHAIOM
O6romacchl sl POU3BOJICTBA IKOJIOTUIECKH YUCTOM DIIEKTPOIHEPTUH.

3akawuyenue. B 1gaHHOM cTaThe paccMaTPUBAIOTCS IOCIEAHWE W3MEHEHWs, BKIIOYas
CTOMMOCTh TEHEpPallMd ¥ TPOTHO3UPYEMBIA POCT OCHOBHBIX TEXHOJOTHI BO30OHOBISIEMOIt
sHepreruku. CrenmaH BBIBOA O TOM, YTO POCT MPOHM3BOICTBA 3JEKTPOdIHEPTrHH Ha ocHoBe BUD
HEOOXOAMM BO BCEM MHpPE Ui TOrO, YTOOBl YAOBJIETBOPUTH BBICOKMX MOTpeOHOCTEH B
DJIEKTPOdHEPTHH B OymyiieM Oe3 yiepba s OKpysKarolei cpenpl. 0e3 yiep0a sl OKpysKaromiei
cpensl. llpemmaraercs, 4TOOBI Kaxmas CTpaHa CO3[JaTh COBET IO PAa3BUTHIO BO30OHOBIISIEMBIX
ucrounnkoB sHepruu (REPC) ¢ mempro pacmmpeHus wucmonb3oBaHus BUD myrem comelicTBus
HCCIENO0BAHUIM U pa3pabOTKaM, a TAK)Ke MPEIOCTaBIICHHS MOAAEPKKI B CyOCHIUI U pa3paboToK, a
TaKKe MyTeM MPEIOCTaBICHUS TOMIEPKKA U CyOCHAMI A yCTAaHOBKH DJIEKTPOCTAHIIUKA HAa OCHOBE
BUD. Taxxke pexkoMeHmyeTcs co3aaTh TiobanbHbIE REPC ¢ menmbl0o MOHHTOPHHIA M COJCHCTBUS
Pa3BUTHIO BO30OHOBIISIEMBIX MCTOYHHKOB DHEPTUU B KaXKJOH CTpaHe M MOMAEPKKH cIabopa3BUTHIX
CTpaH IUTsl CTUMYJIMPOBaHMUS WX Pa3BUTHS Ha ocHoBe BUD myTem BblieneHHs] 3HAUUTENBHBIX CPEICTB
TaKUMU areHTCTBaMH, Kak BcemMupHbIil OaHK U Ipyrue JOHOPH U (PMHAHCHCTHI.
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TYHUIH

KaHapThulaThIH 3HEPTHS TEXHOJOTHUSIAPBIH KahaH/bIK Makinanany xahaHIbIK KBUIBIHY KOHE
Ka30a OTBIH KOPJIapbIHBIH a3ai0bl TYPasbl alaHIayIIbUIbIKKA OAlIaHBICTl KAPKBIH/BI JAMBII KeeTi.
OJIeMHIH KOTTereH eJjepiHe eKi HeMece ofaH Jla Kell KaHapThiIaThiH dHeprus ke3zaepi ((KOK) Gap,
COHJIBIKTAH JJIEKTP 3HeprusichlH eHaipy ymiH JKOK mailinamaHynpl bIHTamaHIbIpyFa OarbITTANIFaH
casicaTThl d3IpJIENi.ANEeKTp SHEPTHACHIH OHIpY YiliH. JKaHAapThIIATHIH 3HEPTUS KO3IEpiH MalaanaHy
CIleHapuiliH Oarayiay >KaHApTHUIATHIH DJHEPreTHKAa CallaChlH OJaH opl JaMBITy MaKcaThIH/Ia
JKAHAPTHUIATHIH SHEPTHs KO37epi TEXHONOTHSUIAPhl CalachiHAA 3epTTEyJiep MEH 3epTTeyliep MEH
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o3ipieMenep OKYprisy YIIIH Ka)KeT.KaHApThUIATBIH SHEPrus Ke3aepi eHepkacibi. OpHarty
KyaTTBUIBIFBIH/IaFbl, KYHBIHJIAFBl JKOHE TOMEHJIEYIHJErli COHFbI e3repicTep.byn makamaga XXKOK
HeTi31HAer1 3JeKTP SHEPrusAChIH OHIIPYIiH HEri3ri oMICTEepiHIH OpHATY KyaTThUIBIFBIHAAFEI, JJIEKTP
SHEPTUSICHIHBIH, KYHbl MEH ULIBIFBIHAAPBIHBIH TOMEHJICYiH/AEr1 COHFBI ©3repicTep KapacThIPbLIaJIbL.
CoHnpaii-ak, OYpBIHFBI KaHAPTHUIATHIH KO37ep HEri3iHIe 3JIEeKTP SHEPrusiChlH OHAIPYAIH ocyl jKoHe
Oomamakka OokaMJap — KapacTeIpbulyga. Tanmay — KOpCETKeH[el, erep  KaHapThUIATHIH
SHEPreTHKAaHbIH aFbIMIaFbl JaMybl JKajFaca Oepce, OoJamiakTa oJIEMIIK 3JEKTP SHEPTUSCHIH
OHJIpY/iH Kem 0eJliri KaMTaMachl3 eTiTyi MyMKiH.bomnamakTa aneMIiK 3JeKTp dHEPTHACHIH OHAIPYAiH
0acbIM 0eJIiri KaHAPTHUIATHIH YHEPrEeTHKA TEXHOJIOTHUIIAPh eCeOIHEH KaMTaMachl3 €TLIETiH Ooabl.
Tanmay coHbIMEH Katap »XKaHapMail IIBIFBIHIAPHI MEH JIaCTayIIbl 3aTTapblH HIBIFAPBIHIBLIIAPBIHBIH
enoyip Oemirin JKOK Herizinmeri aymekTp 3HeprusichlH eHIipy TexHoiorusiapeiH JKOK Herizingeri
ANIEKTP SHEPTHSACHIH OHJIPY TEXHOJOTHSIIAPBIH KEHIpeK MaianaHy apKbUIbl a3aiiTyra OONaTHIHBIH
KepceTei.
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MYHAM HOTTHALIEPIH KEPAMUKA KYPAMBIHA KOCHII 3EPTTEY )KOHE OHBI
SHEPI'UsI TUIM/II )KOHE TYPJEH/IPYIII KOMIIOHEHT PETIHJIE MANJIAJIAHY
STUDIES OF OIL SLUDGE AND THEIR USE AS AN ENERGY-EFFICIENT AND
MODIFYING COMPONENT IN THE COMPOSITION OF CERAMIC MASSES

AHHOTAIUA
MyHaii [UIAMBIH = FBUTBIMU-TOKIPHOEIIK 3€pTTey KOPBITBIHIBLIAPE KepceTinreH. MyHan
[UIAMBIH  OPTaHOMHHEPANIBl KOHTJIOMEpaT KOCIAChlHA aWHAIIBIPYJIbIH JKaHA TEXHOJIOTHSCHI
acayraH. MyHaiiamMpl 0ap OpraHOMHHEPAJABl KOHTIIOMEPAT KOCIACHIH Capbhl ca3NakK HeTi3iHieri
KepaMHUKaJblK MaccaFa KOCY OHBI JKOFapbhl CE3TINTIKTEH TOMEHI1 CE3TITIKKE oKemesi.
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