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[Ipeancnosme

CTpemuTenbHble M3MEHEHUA KNMMATa U HeraTuBHble KO-
Nornyeckne N 3KOHOMMYecKre MOoCNeACTBUA UCMONb30-
BaHWA TPAAWLMOHHBIX MCTOYHUKOB IHEPrMmn OCTPO CTaBAT
BOMPOC 0 HEOOXOAMMOCTU N3MEHEHUIA B MUPOBOW dHep-
retvke. MepexoA H3a BO30OHOBAAEMblE UCTOYHMKIN dHep-
rmm — 370 3pcdeKTMBHOE peLleHne, cnocobHoe cTabunm-
31MpOBaTb CUTYaUMIO C BbIOPOCAMM MAPHMKOBbIX Fa30B U
npuAaTb AOMOMHUTENbHbIE MMMYAbCbl POCTY SKOHOMMUKM.
Kpome Toro, Takoi nepexoa cmoxeT obecneunTs CTpa-
HaM 1 PermoHam SHepreTnyeckyt He3aBMUCMMOCTb. Ecnn
yyecTb, YTO MOCNeAHUe FoAbl B CeKTope BO30OHOBNSAe-
MOW dHepreTuUkKM HabnAaeTcs yCToMuMBoe CHUXEeHWe
LUeH H3 CONHeuHble, BETPOBblE WU APYrne TEXHONOrUM,
HeyAWBUTENbHO, YTO 06LleMnpoBble TeHAEHUUN cBUAe-
TeNbCTBYIOT 0 CTAOUABHOM pocTe A0 BO30OHOBASEMbIX
MNCTOYHVKOB SHEPTUN.

Aoporme YnTaTenn n YnTaTenbHUUbI,

Mbl, NpeacTaBuTenr 6@N0PYCCKUX SKONOTUYECKMX OpraHu-
3aLMi, He TONbKO BEPUM, HO 1 y6eXKAeHbl, YTo NepexoA Ha
BO30OHOB/NAEGMbIE MCTOYHUKN SHEprumM abCconoTHO peanu-
CTUYeH. B 3ToM AoKNaAe NpeACTaBeH CLieHapuii Nepexoaa,
KOTOPbI MOXXHO HaUaTb PeanM30BbIBATbL YXKe CerofHs.

MpeacTtasbTe Halle Gyayliee, B KOTOPOM Mbl Byaem MMeTb
YMCTbI TOPOACKOW BO3AYX, YAMUbl 6YAYyT oCBeleHbl CON-
HeYHo dHepryel, a TpaHcnopT 6onbLUe He byaeT HYXAaTb-
ca B 6eH3uHe.

Bce, YTO HYXHO CAA@NaTb, — 3TO 0TK33aTbCA OT CTAPOro cTe-
PEOTUMHOTO MbILLAEHUA Y NPU3HATb, YTO HOBbIE TEXHONOTMN
HE AO/UKHbI KNTb OTA@NBbHO OT HAc. OTKa3bIBaACh OT Nepexo-
[a Ha BO30GHOBNAEMYIO SHEPreTUKY, Mbl NepeknasbiBaem
OTBETCTBEHHOCTb 33 peLleHne Tekywmx npobnem Ha 6yay-
e nokoneHnsa. KoHUenumusa «Ha Halll BeK XBaTWUT» MOXeT
NMLNTL HALIKMX AeTeil BO3MOXHOCTU PaBHOMO passuTma C
3aMafHbIMM CTPAHAMM-COCEAAMN, He TOBOPA YKe Npo Ha-
CNaXAeHve T NpUPOAOI, KOTOPYIO Mbl MMEeM.

Bblpa)keHne Npu3HaTeNbHOCTY

B Benapycu yxxke NPUHUMAIOTCA onpeseNneHHble Mepbl ANs
roCyAapCTBEHHOTO CTVMYNMPOB3HNA CEKTOpa BO306OHOB-
NAEMOW 3Hepruy 1 nosbileHns 3HeproshdeKTUBHOCTU.
Mpu 3TOM NOTEHUMAN BbICOKOTEXHONOTMYECKOrO POCTa
CEKTOpPA COBPEeMeHHOW B0O30OHOBNSAEMON JHepreTuku B
Benapycu octaeTcs oyeHb 60MblUMM. Ha Haw B3rnaa, pe-
3yNbTaTbl MOAENMPOBAHUA Nepexoaad benapycy Ha BO3-
06HOBNSEMbIE WCTOYHUKM dHEpruv, npeacTasBieHHble B
npeanaraemont nyo6AMKaUWMKM, AEMOHCTPUPYIOT MONHYHO
PeannCTUYHOCTb 3NbTEPHATUBHOTO SHEPreTUYecKoro cue-
HapwWs, 0OCHOBAHHOIO Ha MAee YCTOMYMBOro pa3suTua. Mol
yBepeHbl, YTo AaHHaA Ny6amKaums 6yaeT noNesHow Lwu-
POKOMY KpYyry 3aMHTEpeCcoBaHHbIX CTOPOH.

Ceprevi CymneHHbIU,
QoHg um. I. benna

Yutaite 3Ty NyOAMKALMIO He KaK TeopeTnyeckuii A0KNAA,
3 KaK MHCTpyKumto no cbopke Oyayuiero. YiTan, HauMHamnTe
[lecTBOBaTD.

Ba)kHO NOHMMATb: NEPEXoA Ha BO30OHOBNAEMYH) SHEPTVIO — STO
npouecc, KOTopbl TpebyeT BOAMU AtoAel, MPUHMMAIOLLIMX
rocyAapCTBeHHble pelleHns. Mbl, 06LeCcTBEHHbIE OpraHu-
3aUMK, FOTOBbI CTATb HAAEXKHLIMU NApTHepamMu. HacTosllee
M3AaHME Hall UCKPEeHHWIA OTBETCTBEHHbIN BKNaA B obLiee
Aeno.

Mbl paabl NpeAcTaBnTb BaLLeMy BHUM3HUIO AOKNAA «IHep-
retTnyeckas [plesontoums: nepcnekTvBbl YCTOMYMBOIO Pas-
BUTUA SHepreTnyecKoro cektopa benapycu».

YuTaiiTe ¢ yA0BONLCTBMEM U NPOEKTMPYITe ByayLee.

O6wecTBeHHOe o6beguHeHne «IKo40M»,
JKonornyeckoe T0BapuULYeCTBO «3e/1eHas ceTb»




Bce Gonbluee KOAMYECTBO WHCTUTYTOB MPaXkAAHCKOrO
06LecTBa, yYeHbIX U NMPaBUTENbCTB MO BCEMY MUPY pac-
CMaTPUBAKOT Mepexos OT CyllecTaylolle dHepretTuye-
CKOW CMUCTEMbl Ha OCHOBE WMCMONb30BaHUA MCKOMAeMOoro
M AAEPHOro TOMAMBA K CUCTEME, OCHOB3HHOW Mpenmy-
LL|eCTBEHHO Ha MCMONb30BAHMM BO30OHOBAAEMbIX UCTOY-
HWUKOB dHEPruM, KaK oNTUManbHoe pelleHve npobnemsl
rNo6anbHOrO M3MEHEeHUNA KAMMATa, 3 TakKe NOKaNbHbIX
npo6nem, CBA3aHHbLIX C 3arpA3HeHMeM BO3AYXa W dHep-
reTmyeckoi 6e30MacHoCTbIO.

N xoTa coBcem He NpoCTO NOLWATHYTb YycToABLUMECA
B3rnAAbl Ha OCHOBHble MPpUHUWMbI (byHKLlVIOHVIpOBaHVIﬂ
3Hep|’eTl/IquKOVI CNCTEeMbI, CUeHapuh ABNAKDTCA Heo6x0-
AVNMbBIM NHCTPYMEHTOM ANA ONMNCaHNA BO3MOXHbIX I'IyTeVI
Pa3BUTNA, @ TaKXKe NMOMOrakvT nnmuam, NpUHMAaLWNM
peweHna, NOHATb, Kakmne CywecTByrT OrpaHnyeHna And
N3MeHeHNA 3Hep|’eTl/ILIECKOVI CNCTEMbI B 6\/AyLL|eM.

OCHOBbIBAACL HA CepuM AO0KNAA0B [PMHNNC MO pe3ynb-
TaTaM MOAENVPOBAHUA CLeHapueB DHepreTnyeckown
[plesontounn ana pasnuuHbix cTpaH, PoHA leHpwmxa
Benna ¢ 6enopycckumm o6 eCcTBEHHbIMW OpPraHn3aLm-
AMU MHULMMPOBAN MpOBeAeHMe JHANOTMYHOro mccne-
[OBaHMA Ana benapycun. Tako ambMLMO3HbI CLeHapuit
6b1n paspaboTaH ana benapycu snepsble. PaboTa nposo-
ANNACb B TECHOM COTPYAHMYECTBE C YYeHbIMM, SKCnep-
Tamn 1 o6LeCcTBeHHbIMM OPraHn3aumMamm, ocyLecTBNN-
HOWMMN CBOK AEATeNbHOCTb B Chepe 3HepreTuyeckom
N TPAHCMOPTHON MNOAUTUKKU. PaboTa No moAennpOBaHNIO
6blna BbINONHEHa [lenapTameHTOM CMCTeMHOro aHaAn3a
N OUEHKN TeXHONOTMA MHCTUTYTa TexHn4eckom Tepmo-
AVH3MUKN A3pOKOCMMYecKoro LeHTpa Fepmanmm (DLR),
3 UCXOAHbIe A3HHble 1 pe3ynbTaThbl ObINM N3yYeHbl Haum-
OHaNIbHBIMW 3KCNepTamu.

B wnccneposaHum PaCcCMOTpeHbl ABad aANbTEPHATUBHbIX
CLUeHapunAa pa3BntTnAa 3HePFETVIquKOl7I CNCTEMDI Benapycm
C Uenblo AeMOHCTpaunn ee noTeHUMana N oUeHKn orpa-
HUYEHWI, @ MMEHHO:

BbazoBblii CUeHapuil, 0TOOpaXawLWnini NpoAOSKeHMe
TeKyLWUX TEHAEHLMA ¥ NOAUTUK, U

CueHapuii JHepreTudeckon [plesonwounn, paszpabo-
TaHHbIA ANA AOCTUXKEHWUA PAAA Lenei 3KoNornyeckom
MOAMTUKW. DTOT CLLEeH3pUin MpeAyCcMaTpMBaeT ONTUMMU-
CTUYHBIM, HO BCE Xe PeanucTUYHbIN Nepexos Ha Ae-
KapOOHM3MPOBAHHY 3HEpreTuyecky cucTemy Ao
2050 roAa. Mpn 3TOM BbINONHATCS OCHOBHblE AONy-
WweHuns bazoBoro cueHapus.

B uenom cueHapuii JHepreTnyeckon [plesontoumm Hu-
Koum o6pa3om He npeackasbiaeTt Oyayliee, OH NPOCTO
ONUCbLIBAGT U CPAaBHUBAET BO3MOXKHbIe MYyTW pa3BUTUA
SHepreTUYecKom cuctembl, Mpeanaraembie MHOFOYMC-
NEHHbIMU BO3MOXHbIMU «cUeHapuamu O6yayuiero».
MpuHUMN BCeX cueHapweB JHepreTuyeckon [pleBonto-
UMM 3aKYaeTcs B TOM, 4yToObl onpeaennTb Mepbl U
fencTeuna, HeobxoAnMble ANA AOCTUMXEHUS ambuumos-
HbIX Lienei, a Takxxe NpoAeMOHCTPMPOBATb UMerLLMecs

BapuaHTbl Npeobpa3oBaHMA Hallen cuctembl SHeproobe-
cneyeHus B8 6onee ycronumsyto. CUeHapuUM MoryT cny-
XWTb H3AEXHbIM OCHOBaHMEM ANA A3NbHeNLLero aHanm-
33 BO3MOXHbIX NMOAXOA0B U KOHUENUMin ANA peanmsaumm
BApMaHTOB OCYLLEeCTBNEHNA SHepreTM4yeckoro nepexoaa.
Huxxe npeacTaBneHbl KAoYeBble pe3ynbTaTbl MOAENNPO-
BaHWA Ba3oBOro cueHapua 1 cueHapua JHepreTuyeckom
[plesontounn ana benapycu.

KntoyeBble pe3ynbrathl

TpaeKkTopua pa3BUTMA KOHEYHOTo NoTpebneHns SHeprum
B benapycn onpepensieTcs Ha ocHoBe Aemorpadunde-
CKMX MPOrHo308, pocTa BBl n yaenbHoro sHepronoTpe-
6nenuna. CornacHo bazoBomy cueHapuio, obliee KoHey-
Hoe noTpebneHne 3HepruK, CocTaBnALLee B HacTosLlee
gpemsa 710 MNAX B roa, yBennyuntca Ha 42% Ao 1010 MAX
B roA B 2050 roAy. CornacHo cueHapuo JHepreTuyeckon
[plesontounu, KoHeyHoe noTpebneHne sHeprum CoKpa-
TUTCA Ha 24% OT TeKyLiero ypoBHa A0 540 MAX B roa
K 2050 roAy B pe3ynbTaTe BHeAPeHUA mep No nosbille-
HUI0 3Heprosa ¢ heKTUBHOCTH.

CueHapwuin DHepreTnyeckon [pleBontounn npeanonaraer,
yto obLiee noTpebaeHne SNEeKTPOIHEPTUN YBEANYUNTCS,
HEeCMOTpsi Ha noBbllleHNne 3Heprod3ddeKTUBHOCTM BO
BCEX OTPACNAX, B CBA3M C POCTOM 3KOHOMMUKM, MOBbILLE-
HMEeM YPOBHA XU3HW 1 IneKTpudukaumen TpaHCnopTHO-
ro CeKTopa u TennosHepretuku. lMpun cueHapum dHepre-
Tnyeckon [plesontoumm obliee notpebieHne sneKTpo3-
Heprmm yBenmvmTca ¢ okono 30 TBT-u B rog Ao 61 TBT-y
B roa K 2050 roay. Mo cpasHeHut ¢ ba3oBbiM cueHa-
puem Mmepbl MO MNOBbIWEHUI 3Heprod¢deKTUBHOCTH
NPOMBILUNEHHOCTU, KOMMYHaNbHOFO ceKTopa M cepbl
yCNyr no3sonaT msbexatb reHepauymm okono 20 TBT-y
B roa.

MoBbiweHMe 3Hepro3deKTUBHOCTU B Tenno3HepreTu-
yeckom cekTope 6yaeT euwle 60NbLINM, YEM B SNEKTPO-
3HepreTuyeckom. CueHapuit dHepretTuyeckon [pleso-
NOLUMN NO3BONAET COKPaTUTb notpebsieHne MnpuMepHO
A0 300 MNAX B roa 3a cyeT NOBbILWEHMA YPOBHA SHEPro-
3 heKTUBHOCTN K 2050 ToAY MO CPaBHEHWUK ¢ ba3oBbiM
CueHapuem.

Pa3BuTMe CeKTopa 3NeKTPOCHabXXeHNs XxapakTepu3lyeTca
AVNHAMUYHBIM Pa3BUTMEM PblHK3 BETPOBOW W CONHeY-
HOW 3Heprumn, KoTopoe ¢ AMXBON KOMMNEeHCMpyeT 0TKa3 oT
ATOMHOW 3Heprum B pamkax CLeHapua JHepreTmyeckomn
[plesontounn. K 2050 roay 92% 3neKTpOdHeprumn, npo-
ussoaumoi B benapycu, 6yaer npuxoanThca Ha B0306-
HOBNfieMble WCTOYHWKM JHEpruyM COrnacHo CueHapuio
JHepreTnyeckon [plesonwoummn. YcTaHOBAEHHble MOLL-
HOCTV BO306GHOBNAEMBIX NCTOYHUKOB SHEPrum COCTABAT
okono 9 BT Kk 2030 roay v 50 BT K 2050 roay.

CueHapuin DHepreTnyeckoin [pleBontoumn npueepet K
yBe/INYEHNIO AONN NepeMeHHbIX MCTOYHUKOB NPOM3BOA-
CTBA 3N1eKTpO3Heprumn (CONHeYHan 1 BeTpoBan 3Heprua)



20 29% yxe K 2030 roay 1 77% ot obwero o6vema npo-
M3BOACTBA K 2050 roay. Takum o6pa3om, Heob6xoAMMo
pPa3BMBaTb «YMHble» CeTU 3NeKTpocHabxeHua (smart
grid), ynpasnenune cnpocom (demand side management),
SHeproakkymynmpyLine MOLHOCTU U ApYrie pelleHns
ANA TOro, YtoObl YBENNYUTL TMOKOCTb SHEpreTnyeckom
CUCTEMbl ANA UHTErpauum snekTpoceteir, obecneyeHns
C03NAHCMPOBAHHOCTM HArpy3kuM U H3AEXHOro SHepro-
obecneyvyenus.

BHeapeHMe TexHonorun Bo30OHOBNAEMOW 3SHeprum B
pamKax cLueHapua DHepreTnyeckon [pleBontoumm 1M3Ha-
YanbHO NpuBeseT K He3HaUMTeNbHOMY yBennyeHuto by-
Aylen ce6eCcToMMOCTM MPOM3BOACTBA 3NEKTPO3IHEPrum
no cpasHeHMto ¢ ba3osbim cueHapuem (0,1 ueHTa CLUA
33 1 KBT-4 6e3 yyeTa CTOMMOCTM UHTErpaLMmn B SNeKTpo-
CeTb aKKYMYAMPYIOLUMX MOLLHOCTEN U NPOYMX Mep ANA
6anaHcMpoBaHua Harpysku). CornacHo cueHapuio JHep-
retmyeckon [pleBontounn, npovnsBoACTBO 3NeKTpo3-
Heprum cTaHeT dKOHOMU4Yeckn 6onee BbIroaHbIM Cpa-
3y nocne 2020 roA3 B pe3ynbTaTe MOBbIWEHUA LieH Ha
TPaAULMOHHbIE BUAbI TONNIMBA U CHUXKEHUA CTOMMOCTU
nepemeHHbIX B0306HOBNAEGMBIX UCTOYHUKOB 3HEprum.
K 2050 roay cTOoMMOCTb MPOM3BOACTBA SNEKTPOIHEPrUn
6yaeT Ha 1,9 ueHTa CLUA 33 1 KBT-4 MeHblUe ANA CLeHa-
pus dHepreTmyeckon [plesontoumm, yem Ana basosoro
cueHapuA.

Ana BonnoweHNa B XM3Hb CLLeHApUA DHepreTuyecKkomn
[pleBontoumm Heob6xoanmo okono 90 mnapa aonn. CLIA
MHBeCTMUMI (BKAOYAA MHBECTULUMM B 3amMeHy obopy-
[OB3HMA SNeKTPOCTAHUMMN NOCNe 33BepLueHnsa KO-
HOMMYeCcKM 0O6OCHOBAHHOTO CPOKa MX 3KCMAyaTaumu),
4yTO cocTasnsieT NpubaAnsnTensHo 2 mapa aonn. CLUA 8
roa. 310 Ha 60 mapa aonn. CLWA 6onblwe, yem obbem
WHBECTNLUNI, NpeAyCMOTpeHHbIn ba3osbiMm cueHapuem
(30 mapa aonn. CLUA).

MocKonbKy B reHepauum Ha ocHoBe BO30OHOBNSiEMbIX
MCTOYHUKOB DHEpPruu OTCYTCTBYeT TaKasa COCTaBNANO-
WanA, Kak CTOUMOCTb TONAMBA, NO CLEHapuio DHepre-
TU4eckon [pleBonounn 3KOHOMMUA 33 CYET CTOMMOCTHU
TOMAMBA K 2050 roAy AOCTUTHeT 63 mapa aonn. CLA,
unu 1,6 mapa gonn. CLWWA B roa. Takum o6pa3om, CoBO-
KYMHaa 3KOHOMMA 33 cYeT CTOMMOCTM TOMAMBA MOKpoeT
AONONHUTENbHbIe MHBECTMLMM, Heo6X0AUMbIe Ha Pa3Bu-
Te BM3 no cpasHeHuto ¢ ba3oBbim cLeHapuem.

B HacTosAwee Bpema 3a cyeT BO30OHOBNAEMbIX MCTOY-
HVMKOB 3Heprum obecneymsaeTcsa 0Kono 10% noTpebHo-
cTei benapycy B TeNN0BOW SHEPTMM, MPEVNMYLLECTBEHHO
33 cYeT UCMONAb30BaHMA 6uomacchl. CornacHo cueHa-
pvto DHepreTnyeckoin [pleBontouunn, Bo30OHOBASIEMbIe
NCTOYHMKM cMoryT obecneuntb 33% oT obuiero Tenno-
notpebneHuns benapycun yxe B 2030 roay n 6yayt obe-
cneymsaTtb 80% oT obuiero ob6vema TennonotTpebneHns
B 2050 roAy. 3a cYeT Mep MO MOBbLILIEHWIO 3Heprosg-
(heKTMBHOCTM MOXKHO CHU3WUTL pacTyllee CerogHA no-
TpebneHne TennoBoy 3Heprumn Ha 45% K 2050 rogy (no
CpaBHeHMo ¢ ba3oBbiM CLieHapuem), Npy 3TOM MOBbILLIAA
YPOBEHb XU3HM 1 YBENNYMBAA SIKOHOMUYECKNIA pOCT.

Mo npnbAn3nNTeNbHbIM OLleHKaM, ANA peannsauum cue-
Hapua JHepreTnyeckon [plesonwumm po 2050 roaa
B COBOKYMHOCTU MOHapobutca okono 33 mapa AOANA.
CWA wnHBecTMUMA B BO306HOBNAEMbIe Tenno3Hepre-
TUYeCKMe TeXHONOrumn (BKAKY3aA CpeACTBa Ha 3aMeHy
YCTAHOBOK NOC/Ne 33aBepLleHns SKOHOMUYeckn 060CHO-
BAHHOTO CPOKa WX 3KCMAyaTauuu), UAKU OKONO 1 MAPA
ponn. CWLA 8 roa. Ana obecneyeHna AMHAMUYHOTO
pa3BUTNA, B YACTHOCTM, TEXHONOIMI BO30OHOBASEMOW
SHeprum, NCNONb3yeMblX B XUAMLLHOM CeKTope, 3 Tak-
Xe Npon3BOACTBA TENN0BOW SHEPrum Npy NOMOLLN BO3-
06HOBAAEGMbIX UCTOYHUKOB HEOOXOAMMbBI CrielnanbHblie
WHCTPYMEeHTbl moaAepXku. B cnyyae benapycm peub
nAeT, B YaCTHOCTK, O Mepax NoAAEpPXKW MHTerpmpoBa-
HUA TeXHONOTUA CONHEeYHOW M reoTepManbHOW Tenno-
BOW 3Hepretvkn B CUCTeMbl LEHTPAanM30BaHHOro Te-
nnocHabxeHns.

CornacHo baszoBoMmy cueHapuio, B cBA3W ¢ pocTom BB u
MOBbILLEHVEM YPOBHA XU3HW 0XMAAETCA NULWb He3Ha-
ynTenbHoe ygennyeHne notpebNeHUA SHEpPrum TpaHc-
NMOPTHbIM CEKTOPOM — MpUBAM3NTENBHO Ha 33% A0 230 MAX
B roa B 2050 roAay. CornacHo cueHapuio dHepreTnye-
ckon [p]leBonounmn, mepbl Mo NOBLILLEHUK 3Heproac-
(eKTMBHOCTM M nepepacnpepeneHve nepeso3oK Mo
BMAAM TPAHCNOPTA NO3BONAT AOCTUYL DKOHOMUU HA
ypoBHe 45% (103 MNAX B roa) B 2050 roay no cpasHe-
Huto ¢ basosbim cueHapuem. COrNacHo cueHaputo dHep-
reTmyeckon [plesontoumm, K 2030 roAy 3NeKTpUYeCcTBo
6ynetr obecneumsatb 8% o7 obwero notpebneHuns
SHeprum TPaAHCNOPTHLIM CEKTOPOM, 3 B 2050 roay - 48%.
OcHoBHaA 3ajjava benapycn 3akntovaeTcs B TOM, YTOObI
NPpeAnoXnTb TPAXKA3AHAM CTMMYANbl NONb30BATLCA Ma-
NONUTPAXKHBIMM 3BTOMOOMANAMM 1 NOKYNaTb HOBble, 60-
nee addekTnBHble Moaenn asTomobumnein. Kpome Toro,
XU3HEHHO BAaXXHO NepewrTV H3 MCMONb30BAHME SHEpPro-
3pdeKTNBHbLIX BUAOB TPAHCNOPTA, TAKNX KaK XXenesHas
A0OpOra, ropoACKON Ha3eMHbI pPenbcoBbli TPAHCMOPT
1 aBTobycbl, 0cO6EHHO B paclIMpAOLEeMCA CTONNYHOM
pernoxe.

Obuwee noTtpebneHne nepBMYHON 3SHEPrUM COKPATUT-
€A Ha 33% ot Tekywero yposHa 1 o010 MAX 8 roa Ao
npumepHo 680 MNAX B8 roa. Mo cpasHeHUo ¢ ba3osbim
cueHapvem obuee noTpebneHvie NepBUYHON SHEPrum
YMEHbLUNTCA H3 50% B 2050 rOAY COTMNACHO CLEHApUIo
JHepreTunyeckown [plesontoumm. 06wan Aona Bo30OHOB-
NAemon NepeBnYHON 3Heprum coctasnut 27% B 2030 roay
1 80% B 2050 roAly COrNAcHO CLUEeHapuo dHepreTnyeckom
[pleBontounn. B koHe4yHom noTpebneHnn sHeprum aAons
B0306HOBNAEMbIX NCTOYHVMKOB SHEpPruun ysennymsaetca
€ 6,8% B 2014 roay Ao 80,5% B 2050 roay.

CornacHo baszosomy cueHaputo Bbibpocbl CO2 B benapy-
CW YyBENMYaTCA HA3 13% B Nepuoa € 2014 N0 2050 FOAbI,
B TO BpeMsA KaK COrNacHO CLeHapuio dHepreTmyeckomn
[pleBonioumn K 2050 roay OHWU COKPATATCA C 55 MAH T
B 2014 roay A0 8 MAH T B 2050 roay u 6yayt Ha 93%
HUXXe aHANOrMYHbIX NOKa3aTenen 1990 roaa. floaosomn
o6bem BbIGPOCOB Ha AYLUY HAaCeNeHWNA CHU3UTCA C 5,8 T
A0 0,9 T
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Mocne 3akNtoYeHns MapMKCKOro CornalleHns B 2015 roay Bce
60/bLLe CTOPOH NPUCOEANHAKTCA K IN0OANbHOMY ABUXKEHNIO
33 nepexos Ha 100%-e MCMnonb30BaHMe BO30OHOBAAEMbIX
WCTOYHMKOB 3HEpruu, ABNAKLMIACA 33N0TOM  YCMEeLHOro
BbINONHEHWA Lenen cornawenua. Ha COP-22 8 Mappakelue
48 cTpaH — yneHos Climate Vulnerable Forum o6bssunn' o
HamepeHuAX nepenTtn Ha 100%-e ncnonb3osaHve BW3. To-
pOAa W permoHbl Mo BCeMy MUpY TakXKe MPUCOeAMHAITCA K
3TOMY MOAUTUYECKOMY PeLUeHN0 U HAYMHAKT aKTUBHO npe-
TBOPATb €r0 B XM3Hb (BK/IKOY3A TaKMe KpyrHble ropoAa, Kak
®paHkdypT, BaHkysep, KoneHrareH, 00 M MHOTUe Apyrie?).
rnobanbHbli 613HEC He CTOUT B CTOPOHE U TOXKe npucoeamn-
HAeTCA K nepexoAy Ha 100%-e MCNoNb30BaHMEe BO306HOB-
NAeMbIX UCTOYHMKOB 3Hepruun. Takme KomnaHuu, Kak Apple,
Google, Microsoft, IKEA, Adobe, BMW, Bank of America, Ebay,
Facebook, General Motors, Nike, Unilever n apyrve, npucoe-
AVHUANCL K MHMUMATMBe RE 1003 1 Ha cBoem Mnpumepe Ae-
MOHCTPUPYIOT, YTO LeNb AOCTUXKMMA4. Takmm obpasom, Bce
60/bLUee KONNYeCTBO MHCTUTYTOB rpakAaHCKoro obLlecTsa,
yyeHbIX M MPaBUTENbCTB MO BCEMY MUPY PacCMaTpUBAKOT
nepexos OT CyLIecTBYHLLEeN SHepreTMyeckon cucTembl Ha
OCHOBE M1CMONb30B3HNA MCKOMAeMOoro 1 SAepHOro Tonavea
K CMcTeMe, 0CHOBAHHOW MperMyLLeCTBeHHO Ha UCMONb30Ba-
HUW BO30OHOBNAEMbIX MCTOYHMKOB SHEpPrm, Kak onTumab-
Hoe peLleHne Npobaembl IN0OANbHOrO N3MEHEHNA KAMMAT],
3 TaKXKe NOoKanbHbIX Npobnem, CBA33HHbIX C 33arpsisHeHVEM
BO3/4yXa W 3HepreTnyeckon 6e30nacHoCTbO.

M x0T coBCem He NpOCTO MOLLUATHYTb YCTOABLUMECS B3rNA-
Zbl H3 OCHOBHbIe NPUHUMMbI HYHKLMOHNPOBAHUA SHepreTu-
YecKkon CMCTeMbl, CLIeHapuUM ABNATCA HEOOXOAMMbBIM WH-
CTPYMEHTOM ANS OMUCAHWA BO3MOXHbIX NyTen pa3BuTus, a
TaKXXe MOMOrakT MLAM, MPUHAMAIOLLUM PeLLeHUs, MOHAT,
Kakue CyLLecTBYIOT OrpaHMyeHns ANa U3MeHeHVs SHepre-
TMYECKON cncTembl B byayLem.

OCHOBbIBAACh H3 CEpUM A0KNIA0B PUHMMC MO pe3ynbTaTam
MOAENMPOBaHNA CLieHapneB dHepreTnyeckon [plesontounm
ANA pa3nnyHbix cTpaH, ®oHA MeHpuxa benna B cOTpyaHM-
yectBe ¢ 6enopyccknmm o6LLeCcTBEHHbIMM OpraHM3aLnaMm
VHALUMMPOBAN NpOBefieHne aHa/IoNMYHOro MCCNefoBaHNsA
Ans benapycn. Tako ambuLMO3HbIA cLueHapuii 6bin pas-
paboTaH ana benapycu Bnepsble. Pabota npoBoAMAach
B TECHOM COTpPYAHMYECTBE C Y4YeHbIMW, dKCnepTamm n 06-
LLIleCTBEHHbIMWN OPraHM3aUUsaMKN, OCYLLIECTBNAIOLLNMMK CBOD
neATenbHoCTb B cdhepe dHepreTmyeckoin 1 TPaHCMOPTHOWM
nonntukn. Pabota no moaennpoBaHuto 6bina BbiMNOSHEHA
[lenapTameHTOM CMCTEMHOr0 aHasM3a N OLEeHKN TeXHONO0-
M VIHCTUTYTA TEXHNYECKOM TepMOAMHAIMUKN ASPOKOCMU-

" Climate Vulnerable Forum Commit to Stronger Climate Action at
COP22, https://thecvf.org/cvf-2016-forum-press-release

2 U.S. Mayors Back 100% Renewable Energy, Vow to Fill Climate
Leadership Void, https://insideclimatenews.org/news/26062017/
mayors-conference-supports-100-percent-renewable-energy-
electric-vehicles-climate-change

3 111 RE100 companies have made a commitment to go 100%
renewable', http://there100.0rg

4 Apple moves closer to 100% renewable energy as it issues
$1 billion green bond, https://gtosmac.com/2017/06/13/renewable-
energy-1-billion-green-bond/

yeckoro ueHTpa lFepmaHum (DLR), a ncxoaHble AaHHble U
pe3ynbTaThbl 6blIN M3yYeHbl HALUMOHANbHBIMIN SKCMEePTIMU.

B nccnenoBaHMM pacCMOTpeHbl B3 aNbTEPHATUBHBIX CLe-
HapuWA pPa3BUTMA SHepreTnyeckorn cnctemol benapycn c ue-
Nbl0 AEMOHCTPaUMM ee MOTeHUMaNa N OLEeHKN orpaHunye-
HWIM, 3 UMEHHO:

Ba3oBbIii cLieHapuii, 0TOOPaXKatoLLUA NPOAO/IXKEHNEe Te-
KYLLMX TeHAGHLMI U NOANTUK, U

CLieHapui dHepreTudeckoii [plesontoumn, paspaboTaHHbii
ANA AOCTVKEHWS pAAa Lienei 3KoN0rmyYeckon noanTHKK.
3TOT CLeHapwit NpeayCMaTpUBaET ONTUMUCTUYHBIN, HO BCe
e PeanucTUYHbIA Nepexos Ha AeKapOOHWM3MPOBAHHYHO
SHepreTmyeckyto cMcTemy A0 2050 roaa. Mpwv 5Tom BbINoA-
HAKOTCA OCHOBHbIE AONYLLeHVs ba3oBoro cueHapus.

CneayeT OTMETUTb, YTO CLEHApUIA — 3TO He NAaH U He CTpa-
Terus. Ero uenb 3akn4aerca 8 Tom, YToObl pacLUMpUTb rpa-
HULIbI TPAAVLMOHHOIO NpPeacTaBAeHMs 00 3HepreTnyeckomn
NoNMTUKe. TemM He MeHee CLeHapuUM MOTYT CAYXKNUTb HaAexX-
HbIM OCHOBAHMEM ANA A3/bHENLLIEero aHaAMn3a BO3MOXHbIX
MOAXOA0B WM KOHLENLMA ANA peanmsaunmy BapuaHToB oCy-
LLIeCTBNEHMA SHEPreTNYeckoro nepexoaa.

Pa3pbie mexay ba3oBbiM, «MHepuMoHHbIMY» (business-as-
usual) cueHapviem 1 ambULMO3HBIM CLeHapuem SHepreTu-
Yyeckoit [pleBontoumn ceuaeTenbcTByeT 06 o6beme ycunmin,
KoTopble HeoOX0AMMO MPUNOXUTL B OTHOLLEHUM NOAUTUKK
N vHBeCTMUMN. XoTA benapycn yaanocb A0CTUYb onpeje-
NEHHOro nporpecca 8 OCyLlecTBNeHU Mep no 3Heprocbe-
pexeHuio (CM. TNaBy 4.2), LeNb HACTOALLEro CCNeA0BaHUA
33KN4aeTcs B TOM, 4ToObl AaTb MPaBUTENbLCTBY CTUMYSbI
CTaBuTb Nepen coboin 6onee ambMUMO3HbIe Lienn B 06nacTu
3HeproachdeKTMBHOCTM 1 BO30OHOBAAEMOW SHEPTUN.

B HacToAllem MCCNefoBaHWMM NpeacTaBNeHbl pe3ynbTaTbl
MOZeNIMpOBaHNA CLieHapua nepexoAa benapycn K aHepreTu-
YeckoM cucTeme C BbICOKOW A0Nel BO30OHOBNSAEMON dHep-
reTUKY, a TaKXKe KpaTKo OMMCaHbl MONUTMYECKMe peLleHus
N TeXHONOTNK, KOTOPble MOXHO WCMONb30BaTb YXKe Ceroa-
HA ANA BONNOLLEHMA B XM3Hb CLEHApUA DHepreTmyeckom
[p]eBontoumn. B nepBoli rnaBe nNpeACTaBAEHO KpaTKoe omnu-
CaHWe AOCTUIHYTOro Nporpecca 1 hakTopoB, KOTOPble Ceroa-
HA MPEnATCTBYOT Peann3aumn rnobanbHON KAMMATUYeCKoN
N SHepreTM4eckon NoNAMTUKK, 3 TaKXKe Mep TeXHUYeCKoro u
noBeAeHYeCcKoro XxapakTepa, HanpaBNEHHbIX Ha COKpaLleHne
SHepronoTpebneHns B TPAHCMOPTHOM ceKTope. [losicHeHne
6330BbIX NPUHLMMNOB JHEpreTMyeckol [plesontoumy npuse-
Z\eHO B IN1aBe 2, B TO Bpems Kak 0630p npeablAyLLnX cLieHap-
HbIX MPOrHO30B MPUHNWC NpeACTaBNeH B rase 3. B rnase 4
npvieeaeH 0630p KIMMATUYECKOA 1N SHepreTmyeckon nonm-
TWKW, @ TaKXKe NepCrnekTB Pa3BUTUA TPAHCMOPTHOrO CEKTOpa
benapycn. Metoaonorma, BKAKOYAA OCHOBHble AOMyLUeHUA
N UCTOYHMKM MHDOpMaUMK, noApoOHO OMNMCcaHa B rnase 5,
a pe3ynbTaThbl NpeacTasneHbl B rase 6. MoapobHbIN 0630p
TPAANLUMNOHHBIX SHepreTU4yeckmx TexXHONOTW, @ TakKxke Ao-
CTYMHbIX CErofiHA TeXHONOrMiN BO30OHOBNAEMOV SHepreTu-
KV, TENNOCHAOXEHWA 1 OXN3XAEHWS NPeACTaBNeH B [aBe 7.
W, HakoHel, BbIBOAbI KPaTKO NpeAcTaBieHbl B rnase 8. Ta-
6Ll AaHHBIX NpUBeAeHbI B [pUNoXKeHnsX.
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1. /\/\VIDOBb\e TeHAeHUNW B SHepretn4eCkomM 1 TpaHCNOPTHOM CeKTope

1.1. MexxayHapoAHaA
KNMmaTtmnyeckaa v
JHepreTn4yeckaa NONUTMKA

«be3 NpUHATUS CPOYHbIX MEP, HANPaB/EHHbIX HA AEK3POOHM-
3aUNI0 HALLIMX IKOHOMMK, USMEHEHNE KMMATa MOXET CTaTh
HeobpaTuMbiM. [IpaBUTENbCTBA AOrOBOPUIACL CAEDXKMBATH
POCT CpeHesi TemnepaTypbl Ha naaHeTe Hke 2°C 1o cpasHe-
HUKO C JOMHAYCTPUA/IbHBIM YPOBHEM. ITO 03H3Y3ET, YTO Bbl-
6POCbI NIGPHMKOBbIX 308 HA [71003/1bHOM YPOBHE [O/KHbI O~
AYT 4OCTHNYb MUKOBOIO 3HAYEHNA M HAYaTb COKPALLATbCA eLle
0 2020 rofa, YT06bl MaKCUMA3/IbHO MPUB/IM3NTECA K HY1EBOV
OTMETKE K CEPEAMHE CTONETUANS.

Mpu3HaBaa rnobanbHble Yrposbl M3MEeHeHWs KAMMATa, npa-
BUTENLCTBA CTPAH NPUHAAM PaMOYHYH0 KOHBEHLMIO 06 n3me-
HeHMn Knnmmata Opranmsaumm 06beamHeHHbIX Haumin (PKUK
OOH) B 1992 roay. C Tex nop MeXKAyHapoAHOe COTPYAHMYECTBO
8 00113CTV NPOTUBOAENCTBNA M3MEHEHUIO KAMMATa pPacLLnpu-
NOCb B COOTBETCTBUM C KMOTCKMM MPOTOKONOM, MPUHATLIM B
1997 roay. MPpOTOKOA BCTYNWA B CUAY B HaYane 2005 roaa, v
TONbKO OAH3 MPOMBILLNEHHO pa3BuTaA cTpaHa, CLUA, ero He
patudrumposanas.

B 2009 roay 195 yneHos PKMK OOH fonkHbl 6binmn NpeaocTa-
BUTb HOBOE CorMalleHne 06 M3MeHeHUN KNMMaTa B KoneHra-
reHe. K cokaneHuto, Ha 3ToN KoHdbepeHUMN OHX noTeprenm
Heyaady. Ha KoHdepeHuun ctopoH B [ypbaHe B 2012 roay
6bIN0 NPVHATO peLLieHre 0 NOAFOTOBKe HOBOrO COrNaLleHns K
2015 roay’.

B 2015 roy A0AMMIN NpoLecc MeXAyHapOAHbIX Neperosopos
npviBen K pesynbraty — MapuKCKoMy COTN3LLEHMI0, KOTopoe
npUAeT Ha CcMeHy K1OTCKOMY NPOTOKOANY B 2020 roay U Mme-
eT YHMBEePCa/bHbIA XapaKTep, NPeANONAraloLLWii, U4To KaxxAas
CTPaHa A06POBONLHO BHECET MOCU/bHLIN AN HEe U B TO Xe
BPEMA A0CTATOYHO aMOMLIMO3HbIN BKNAZA B CHUXKEHUE aHTPO-
MOreHHOro BO3AENCTBIA HA KAMMAT 1 aA3NTaumio K HeobpaTu-
MbIM MOCNEACTBUAM KAMMATUYECKMX U3MEHEHWIA.

Mo COCTOAHWIO Ha CeHTABPb 2017 FOAQ 197 CTPaH ABNAKOTCA CTO-
pOHamK MapuKCKoro cornalLieHus, 166 CTpaH yxke patmduumpo-
Ba/M 3TOT MEXAYHapoaHbIN aorosope. Cornalliervie Gecnpetie-
ZeHTHO ObICTPO BCTYNUNO B CUAY — MeHee YeM Yepes rof nocne
21-1 KoHdbepeHumm ctopoH PKMK OOH - 4 Hoabpsa 2016 roag,
YTO MO3BONMIO B O4YEepeAHON pa3 MOATBEPAUTb Cepbe3HOCTb
HamepeHnn M1poBOro coobLlecTsa. Tem He MeHee, N0 AaH-
HbIM Mporpammbl OOH no okpyxatoLert cpese (UNEP)?, aaxe
100%-Hoe BbIMONHEHWe TeKYLLMX «MAPUKCKMX» 0053aTeNbCTB
npvBeseT B Niyylliem Cyyae K CAepXMBaHuio pocTa rnobans-

5 Energy [R]evolution: a Sustainable Energy Outlook for Poland,
http://www.energyblueprint.info/1821.0.html

¢ Energy [R]evolution: a Sustainable World Energy Outlook 2015,
https://www.greenpeace.de/sites/www.greenpeace.de/files/
publications/studie_energy_revolution_2015_engl.pdf

7 Energy [R]evolution: a Sustainable World Energy Outlook 2015,
https://www.greenpeace.de/sites/www.greenpeace.de/files/
publications/studie_energy_revolution_2015_engl.pdf

8 Paris Agreement: Status of Ratification, http://unfccc.int/paris_
agreement/items/9444.php

9 The Emissions Gap Report 2016: A UNEP Synthesis Report, https://
europa.eu/capacitygdev/unep/document/emissions-gap-report-
2016-unep-synthesis-report

HOWM TemnepaTtypbl H3 ypoBHe 3°C K KOHLY CTONeTNS, TOTAd KaK
334eKNap1poBaHHas Lieslb cornatleHuns — He 6onee 2°C. Ouex-
Ka UNEP Bkntoyaet B ceba n obasatenscrsa CLUA, BbinonHe-
H/e KOTOPbIX MOA BOMPOCOM. BHauyane noHa 2017 roaa npesu-
AeHT CLUA loHanba Tpamn 3asaBKA 0 BbixoAe m3 Mapukckoro
COTNALLeHns™, YTo AenaeT Lesb AOKYMEHTa elle 6onee Tpya-
HOAOCTMXMMON. W xoTA Tlapukckoe cornalleHvie npeaycma-
TpMBaeT 0653aTeNbHbIV NepecMoTp 1 YKpenaeHne amobmumos-
HOCTW 06A3aTeNbCTB KaXKkable 5 N1eT, npoLecc He obellaeT ObiTb
NerkMm 1 notpebyeT NOAMTUYECKOrOo NMAEPCTBA U aKTUBHbIX
[encTBmin No TpaHchopmaumm robanbHOM SHepreTnyeckon
CUCTEeMbI CO CTOPOHbI CTapbIX 1 HOBbIX AepoB - EC n Kntasg, a
TaKXKe Ka>KA0M CTOPOHbI COTNALLEeHNA.

OXXMA3eTca, YTO 3HAUUTENbHYK PONb B BbINONAHEHUN Lienen
MapM>KCKOro COrNaLleHna CbIrpakoT M HEeMpaBUTENbCTBEHHbIE
cyObeKTbl: 6M3HeC, rpaxaaHckoe 06LecTBO M MeCTHble CO-
obuiectsa. VIMeHHO peakumsa OTAe/IbHbIX LUTATOB W FOPOAOB,
KpynHoro 6m3Heca B CLLA Ha naaHbl Tpamna no npekpaLLeHmio
yneHctea CLLA B ro6anibHOM CONALLIEHNN AaeT HAAEXAY, UTO
06s3aTenbcTBa 6yAYT BbINOMHATLCS, HECMOTPSA Ha MO3MLMIKO
(hesiepanbHOro NPaBUTENbCTBA — M 3TO AEMOHCTPUpPYeT Ypo-
BEHb NMOHUMAHWA BaKHOCTW N CPOYHOCTM AKTUBHbLIX AeACTBUIN
B 33LUNTY KAMMAT3 M OTBETCTBEHHOIO OTHOLLUEHMA K CBOel
PO/ B FN00ANbHOM ABVKEHNN.

33 BpeMms, npoLLUeALlee nocne 3aknyeHns Mapuxckoro co-
IN3LLEeHNA B 2015 roay, Bce 6onbLUe CTOPOH NPUCOEAVHAOTCA
K rno6anbHOMY ABVKEHMIO 33 Nepexos, Ha 100%-Hoe 1Cronb-
30BaHWe BO30OHOBNSEMbIX UCTOUYHUKOB SHEPrn, ABAAOLLINIA-
CSl 33/10TOM YCMELLIHOrO BbINONHEHNs Lenelt cornallenus. Ha
COP22 B Mappakelle 48 cTpaH - YneHoB Climate Vulnerable
Forum o6bsBUAK™ O HamMepeHMaX NepenTn Ha 100%-Hoe UC-
nonb3oBaHve BIS. TopoAa 1 pervoHbl Mo BCeMy MUPY TaKxKe
NPUCOEAVHAITCS K STOMY MONAMTUYECKOMY PeLLIeHNo 1 Hauu-
HAOT AKTUBHO MPETBOPATL €ro B XM3Hb (BKKOYAA Takme Kpyr-
Hble ropoaa, kak OpaHkdypT, BaHkysep, KoneHrareH, Ocnio v
MHorve apyrue™). FnobanbHbln 61U3HeC TaKKe He OCTaeTcs B
CTOpPOHe OT ABMKEHWs K nepexoAy K 100%-My MCNoNb30Ba-
HMIO BO306OHOBNAEMO SHEprmv: Takme KomnaHuu, Kak Apple,
Google, Microsoft, IKEA, Adobe, BMW, Bank of America, Ebay,
Facebook, General Motors, Nike, Unilever 1 apyruve, npucoeamn-
HUAUCb K MHUUMaTVBe RE100™ 1 CBOMM MPOrpeccom AemoH-
CTPVIPYIOT, YTO LieNtb AOCTVKMMA™.

Mo AaHHbIM MeXXAyHapOAHOrO SHepreT4eckoro areHTCTBa
(M2A)'s, MeHHO Ha MPOV3BOACTBO SHEpru NpUXOANUTCA ABe
TpeTn rnobanbHbIX BbIOPOCOB MAPHUKOBLIX ra3oB. [lo3aTomy

" Tpamn o6bsuA o Bbixoge CLUA 13 MapuKckoro cornalieHns no
Knmmarty, http://www.bbc.com/russian/news-40120078

™ Climate Vulnerable Forum Commit to Stronger Climate Action at
COP22, https://thecvf.org/cvf-2016-forum-press-release

2 U.S. Mayors Back 100% Renewable Energy, Vow to Fill Climate
Leadership Void, https://insideclimatenews.org/news/26062017/
mayors-conference-supports-100-percent-renewable-energy-
electric-vehicles-climate-change

3111 RE100 companies have made a commitment to go '100%
renewable', http://there100.0rg

4 Apple moves closer to 100% renewable energy as it issues
$1 billion green bond, https://9tosmac.com/2017/06/13/renewable-
energy-1-billion-green-bond

5|EA 2015, World Energy Outlook Special Report: Energy and Climate
Change, https://www.iea.org/publications/freepublications/
publication/WEO2015SpecialReportonEnergyandClimateChange.pdf
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NMeHHO TpaHchopMaums TNoOANbHON 3HepreTyeckomn cu-
CTeMbl, YYMTbIBAIOLLAA HEOOXOAMMOCTb peLleHVsi BOMPOCOB
dHepreTnyeckon 6e30nmacHOCT! 1 ObICTPOro, HO COLIMANLHO
CNpaBe/y/WIBOrO 0TKa3a OT MCKOMAeMblX MCTOUYHUKOB SHepruu,
AIBNAIETCA 33/10TOM BbIMONHEHVS Lienel, YCTaHOBNeHHbIX [a-
PWXKCKMM COrnallieHnem. B 2014 rosly Briepsble Kak MUHVMYM
33 40 NeT Mpu pocTe MUPOBOV SKOHOMMKM BbIOPOCHI, CBA3AH-
Hble C SHepreTMyecknm CeKTOPOM, He POC/N — 3Ta TeHAeHUMS
COXpaHMNach 1 B NocneaytoLLmne roabl. OcnabneHne 3asucn-
MOCTV MeXZY SKOHOMMYECKMM POCTOM U POCTOM BbIOPOCOB B
cchepe 3HepreTVKM CBA3LIBIKOT CO CHUPKEHEM SHEProeMKOCTM
MMWPOBOI SKOHOMUKM, 06YCNOBNEHHBIM MHTEHCUBHOW MMINe-
MeHTaLMen mep Mo dHeprocbepexkeHnto, a Takke OypHbIM
pa3BUTVEM BO30OHOBASEMbIX NCTOUHWKOB SHEPTUN.

Nngepamn pocta B cdepe paszsutma BID ocTatotca Kutaig,
CLUA, AnoHna n Tfepmanus. Mo AaHHbIM REN217, ycTaHOBNEH-
HaA MOLLHOCTb B3 B 2016 roay BHOBb NMobuAa pekopAbl: Mo
CPaBHEHMIO C 2015 FOAOM POCT COCTaBMA NoYTV 9% (161 BT),
npv 3ToM 06LLeM1poBas YCTaHOBNEHHAA MOLLIHOCTb BMD co-
cTaBvna 2017 BT. OCHOBHOM 06beM HOBbIX MOLLHOCTEN Npu-
XOAWTCA HA pa3BMBaKOLLUMecst CTpaHbl (B OCHOBHOM KwuTai,
ABNALMACA 3a6CONKTHLIM MUPOBLIM NMAEPOM B Pa3BUTUM
BO306HOBNAEMOW 3HepreTukn). BbicokMe Temnbl pocta BUD
06yCNOBNEeHbl 3HAUNTENbHBIM CHVXXEHUEeM CTOMMOCTU TeXHO-
NOrNA: TaK, CTOMMOCTb CONHEYHOWN SHEePrn B HEKOTOPbIX CTPa-
Hax cocTaBmna 0,05 Aonn. CLLUA/KBT-Y n meHee. Kpome Toro, B
2016 roay B cepe BMD Obiv TPYAOYCTPOEHBI yKe 9,8 MUA-
JIMOH3 Yenosexk.

Tem He MeHee TONbKO NULLb yAellieBNeHVe Bo306HOBNse-
MO SHepreTnKM He B COCTOAHUM peLunTb Npobaemy Bbi6po-
COB HEpreTMyeckoro cekTopa: ANA nepexoaa K 100%-my
0TKa3y OT WCMONb30BAHUA MCKON3emMoro TONAmMBa Heobxo-
AvMa ropasfo 6onee WMpokaa TpaHcdopmauma, Tpebyio-
aa 3HaYMTeNbHOM NONUTNYECKOW BONN.

1.2. MmpoBble TeHAeHL NN B
TP3AHCMNOPTHOM CeKTope

DKOHOMMYECKMEe MOTepy, CBA3AHHbIE C HEXBATKOM rOPOACKOro
NPOCTPAHCTBA, LOPOXKHbIMU NPOOKaMM, 33ra30BaHHOCTHIO BO3-
[yXa 1 ee BAMAHMEM HA 340POBbe NtoAel, AOPOXKHbIM TPaB-
M3TM3MOM, MOTVIBUPYIOT MyHULMNANNTETbI FOPOAOB OMTMMM-
31poBaTh (PYHKLMOHMPOBAHME TPAHCNIOPTHOMO CeKTopa.

Ha ceroaHALHMI AeHb B TPAHCMOPTHOM cekTope cTpaH EC, Tak
e KaK M B SHepreTyeckom ceKkTope, MPOMCXOAAT Cepbe3Hble
N3MeHeHWs, Cpefin KOTOPbIX MOXHO YCNOBHO BbIAENNTD 3 Ha-
NpaBNeHVA: PeBONOUMA CTPATErnii YyNpaBneHns, peBoNLMA
moAenen noseaeHnsa 1 peBONHOLUMA TEXHONOTUN.

PeBontouus ctparerni ynpasneHusa. C KoHU3 XX BeKa pa3su-
Tble ropoAa Bce OoNbLLe NepexoAnT 13 Pexnma yAOBNeTBO-
PEeHVs TPAHCMOPTHOrO Cnpoca (pacluMpeHne AOPOXKHON ceT,
CBA33HHOE C POCTOM 3BTOTPAHCIMOPTA) B PEXUM YrpaBieHuWs
WM. 3TO BbIP3XX3eTCA B CO3A3HUM FOPOACKMX LieNnesblX TPaHC-
MOPTHbIX CTPATEruiA, NMNAHOB MOOUALHOCTM — KOMMAEKCHbIX

" |EA 2016, World Energy Outlook, http://www.worldenergyoutlook.
org/publications/weo-2016

7 Renewables 2017: Global Status Report, http://www.ren21.net/
gsr-2017/pages/summary/summary

[NOKYMEHTOB, OXBATbIBAOLLIMX BCHO TPAHCMOPTHYO Npobiema-
TVKY. N8 X OCYLLIECTBNEHNA BHEAPATCA MEXaHWU3Mbl CHU-
YKEHMA NCMONb30BaHMA IMYHOTO TPaHCMopTa (Hanpumep, Kop-
PEKTMpYIOLLIAA CMCTEeMA HA0roB, NNATHble NapKoBKM, MAaT-
Hbll1 Bbe3/, B ropoz, NPUOpUTETHOE pa3BmTHe 00LLIECTBEHHOTO
TPaHCMOPTa, NeLrx 1 BenocuneaHbIx noesnok). MaaHuposa-
HWe KBApTaN0B NYYLLINX TOPOA0B MIPA NPOBOAMTCSA C yAyuLLe-
HMeM A0CTYNHOCTY 06LLIeCTBEHHOMO TPAHCMOPTa, YMeHbLLEeHN-
eM UYNCNA W MPOTAXKEHHOCTUN BbIHYXXAEHHbIX NMepemeLLeHiA.
3TV NN@HbI U CTPATerK, Kak Npasuio, ABNAKOTCA LieNeBbIMM
(To ecTb BHaYane CTaBATCA amOULMO3HbIE, HO AOCTMXKMMbIE
Lenu, a 3aTem onpeaensaoTcs pebyemble MeponpusTus).

B pe3ynbTate BHeAPeHUA CTpaTernn 1 NNaHoB M3MeHAeTCA
1 noBeseHne NtoAei. M3 3KOHOMUYECKMX, IKONOTUYECKNX
CO06PaXKeHWN 1N C Lenbl CHUKeHWUsI HeraTUBHOMO BAMSIHUSA
TPAHCMOPTHOIO CEKTOPA Ha 3/J0POBbE XKWUTeNM ropoA0B Ha-
YMHAKOT BCe Yallle UCMo/b30BaTb COBMECTHbIE NOe3AKM, Be-
nocuneAbl, NOPTaTVBHbIE TPAHCMOPTHble cpeacTBa. K npu-
Mepy, A0NA Noe3joK No AeN0BbiM LefsMm Ha Benocunese
B KoneHrareHe Bcero b 3a 2 roaa (C 2012-ro no 2014-1)
yBennunnach ¢ 36% Ao 45% (ot obero o6bema Ncnonb3o-
BaHMA BCEX BUAOB TPAHCMOPTA)™.

Pesontounsa TeXHONOI I, HAYABLLAACA NMPUMEPHO 10 NeT Ha-
33/ C PacnpocTpaHeHem 3neKTpomodnein, Npoao/KaeTcs
¢ nossneHnem Uber-like-Takcn, KapluepuHra, KapnyamHra,
6aliKLLeprHra, NOSBNEHEM Lie/loro «300M3apKay nopTaTme-
HbIX TPAHCMOPTHbIX CPeACTB (TMPOCKYTEepOB, SNeKTPOCamo-
KaToB, 3N1eKTPOBeNoCcUneioB 1 T.n.). HoBbIMU TexHONOrms-
MU, CNOCOOHBIMM MOBAUATL HA TPAHCMOPTHBIN CNPOC, TaKXKe
ABNAKTCA: MepeBo3ka TOBApOB APOHamMK, 6ecnmnoTHbIMM
HazeMHbIMK po6oTamu, 3D-NpuHTEpbI (CMeLLatoLLne Npon3-
BOACTBO TOBApoB ONMXKe K noTpebutento), cosaaHve npo-
ABVHYTbHIX ONTUMU3MPOBAHHBIX NOTUCTUYECKMX CXeM (KaK B
cepe AOCTaBKM TOBAPOB, TaK 1 B cchepe BbiBO3a OTXOA0B).
MHoroo6eLaLWmnm ¢ TOUKMU 3peHns yYBeNNYeHNs CKOPOCTM
C006LLeHNsn, CHUXKEHNA AOPOXKHOrO TPaBMATU3Ma, YMeHb-
LLEHVA BPEMEHUN OXXMNAAHWSA, SKONOMMYeCKO Harpy3Kku, Tpe-
6yemoro mecTa ANA NapkoBKW, NOTpeBHOCTN B SHepreTnye-
CKMX pecypcax ABNATCA 6eCnmnioTHbIe SNeKTpoMobunm.

Ceryac, KOraa HoBble TEXHONOMMM TONbKO NMPOXOAAT NPOBEPKY
BPEMEHeM, CN0XHO CKa3aTb, Kakue 13 H1X 6yAyT AMAMPOBAT.
Ckopee Bcero, y KaxA0ro roposa B 3aBUCMMOCTI OT KAMMAT3,
pa3mepoB 1 Tonorpacduy, KyNbTypHbIX TPAAWLMIA, CyLLeCcTBY-
toLLIe 3aCTPOVIKM OyAeT CBOM KOKTEMNb» U3 MPUMEHAEMbIX
TP3HCMOPTHBIX CPeACTB. KOHKPETHbIA «peLenT» MOXHO npea-
Naratb TONbKO ANA KOHKPETHOro ropoAa WAM pervioHa 8 oT-
AenbHocTn. TeM He MeHee Bce 3TW TeHAEHUMN B CpeiHeCpoY-
HOM 1 [ONFOCPOYHOWM MepCrneKTUBaxX AT OYeHb XOpoLlue
NpeAnocbINKA ANA SKONOTU33LMM NepeBO30K, YNYULLEeHUA X
KayecTBa 1 CHUXKEHWA NCMNONb30BaHMA TONMBA.

[OCTaTOYHO MHOro HeonpeneneHHblx dakTopos OyayT
MMeTb BAWAHME HA MCMNONb30BaHWE TPAHCMOPTHOW MHDPa-
CTPYKTYpbl B ByAyLIeM, TaKMX KaK pacrnpoCTpaHeHue yAa-
NeHHOWM paboThl, BUPTYaNM3auma >Kn3HKu, ypbaHmsauma u
pacnpocTpaHeHne MOAeNM MPOXMBAHWA 33 FOPOAOM, BO3-
MOXHO€e PacrpoCTpaHeHne SHepropacxoAHOV Manoi asma-

® The City of Copenhagen (2014). Copenhagen City of Cyclists: the
Bicycle Account 2014. Retrieved 30.07.2017, http://www.cycling-
embassy.dk/wp-content/uploads/2015/05/Copenhagens-Biycle-
Account-2014.pdf
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UMW U T.A. B TO e BpeMsA CHUXKeHMe CTOMMOCTMN TPaHCMopT-
HbIX YCAYT, CBA3AHHOE C yAydlleHnem Ux 3hheKTUBHOCTY,
3 TaKXe yBe/sMUYeHMe 3SKOHOMMYECKOro 61arococTofHms
06L1ecTBa MOXeT CMpoBOLUMPOBATbL POCT KOAMYECTBA MNe-
PEBO30K, KOTOpble AO0/KHbI CAEPKMBATLCA MEXaHU3Mamm
yrNpaB/ieHns CNPOCOM.

1.3. TexHnyeckne n
noBeAeH4YecKne mepbl,
HanpaB/NeHHble Ha COKpalleHne
SHepronoTpebneHna 8
TPAHCMOPTHOM CeKTope

B AaHHOM pa3jaene MpeACTaBAEHbI™ TexHWYeckme 1 nose-
AleHYecKne Mepbl, HaNpaBAeHHble H3 COKPALLEHVe SHepro-
notpebneHns B TPAHCMOPTHOM ceKkTope. [ToHMMaHWe MOTK-
BOB IPAaXXA3H W UX NMOBEAEHNA UMeeT KNAueBoe 3HayeHue.
YcTonumBoe pa3BuTMe 3aBUCKT OT Hallero o6pasa >KM3HMW.
OHO onpeAenseTcs HaWnm 06pPa3oM XU3HM, a TaKXKe Tem,
KaK Hallle OKpYy»XeHwe BAMAET Ha NPUHATHE peLueHnit. Bonb-
LUMHCTBO NHOAEA MPUHUMAIOT PeLUEHUs, KOTOpble OHW Ha-
XOAAT YAOOHBIMW U NpUBAEKaTeNbHbIMU. Pa3BuTne TPaHC-
MOPTHOIO CEKTOpPa B COOTBETCTBUM CO CLieHapuem dHepre-
TUYeckon [pleBonounMM NpY y4yacTMM NUb He6ONbLLOrOo
KOAMYeCTBa MAANNCTOB, KOTOPbIE BCErAa NPUHUMALOT Npa-
BUNbHbIE PELUEHWS, He MpeACTaBAAeTCs BO3MOXHbIM. [Mo-
3TOMY AO/UKHbI M3MEHWTHCH, B YaCTHOCTK, cammn 6onblune
ropoAa, 4tobbl NpaBMbHLINA BbIGOP CTAN TaKXe M CaMbiM
Nerknm Bblbopom.

ABTOpbI AHHOTO OTYeTa MOAAEP>KMBAKT YCTOMUMBYIO MO-
6VNbHOCTb NPV MOMOLLM TPEX Pa3INYHbIX NMOAXOA0B:

1. PaunoHanbHoe ncnonb3oBaHme: 0TKas oT UCMO/b30BaHMA
TPAHCMOPTa, Koraa B 3TOM HeT 000CHOBaHHOM HeobxoAn-
MOCTM, C MOMOLLbI BHEAPEHUA MOAENM «KOMMAKTHOro
roposa.

2. CMeHa BMA0B TPaAHCMOpPTa: CTUMYAMPOBAHME 1CMO/b30Ba-
HMA 60/Nee YCTOMUMBLIX BUAOB NepemellieHmns (Takmx Kak
06LLIecTBeHHbIN TPAHCMOPT, X0Ab0a, e34a Ha Benocunese)
1 0TKa3a OT UCMONb30BAHMA YaCTHOrO aBTOTPAHCMOPTA.

3. YcoBepLUeHCTBOBaHME: HanmeHee 3ddeKTVBHblIe BUAbI
TpaHcropTa (Hanpumep, YacTHble Nerkosble aBToMOo6UN)
[OJDKHBI CTaTh MAKCMManbHO 3ddeKkTrBHbIMK. CTpaTern-
YeCckMM MPUHUMMNOM KOHUEenuun ropoAckon MoOUNbHO-
CTW, KOTOPbIV CMOCOOCTBYET YCTOMUMBOA MOOMABHOCTY,
ABNAETCA KayeCTBO FOPOACKOM CpeAbl, BKAYAA yAMUbl U
MPOCTPAHCTBO, KOTOPble A0/VKHbI CTUMYAMPOBATbL BbI6OP B
MONb3Y YCTONYMBON MOOUNBHOCTH, YTO, B CBOK OYepesb,
MOBbILLIAET K34eCTBO XM3HW, Aenan ee 6e30MacHON, 3Ko-
HOMUYeCKN 3DPEKTUBHOM, YCTONYMBOA U MHKHO3MBHON
(Greenpeace Germany, 2015):

9 37T0T pasgen Obln aAaNTMPOBAH HA OCHOBE COOTBETCBYHLLEro
pasaena lNporHo3a ycTonymMBOro pasBUTUS MMPOBOW SHEpreTuKu
B PamKax dHepreTuyeckoi [plesontoumm 3a 2015 roa (Energy [R]
evolution: a Sustainable World Energy Outlook 2015) ¢ pa3peLueHus
TPVHMNC NHTEPHILLHA.

2 (Greenpeace Germany 2015): Greenpeace Strategy for Green
Dobility; D. Moser /GPD; Gehl Architects Denmark 2015.

* CHVXXeHME 3aBMCUMOCTM OT YaCTHbIX aBToMobUNe;
* YCTOMYMBbIE BUAbI TPAHCMOPT3;

- 6onee 3d3d3eKTl/IBHO€ 3eMNEeNOoNb30BaHME 3a CYET yBe-
NNYEHNA NNOTHOCTH;

+ MHOro(YHKLMOHANAbHAs 33CTPOIKaA, KoTopas dhopmupy-
eT yp6aHN3MPOBaHHbIe LIeHTPbl CO CMeLLaHHOM TPaHC-
MOPTHOW CUCTEMOW, K KOTOPbIM Nierko A061paTbCs.

1.3.1. DTan 1: CoKpalleHue
SHepronoTpebneHvs B
TP3HCMOPTHOM CeKTope

CoKpallleHVie MoNb30BaHUA TPAHCMOPTOM MNOAPa3ymeBaeT
yMeHbLUEHMe BeNMYMHbl  «MaccaxXmnpo-Kunometp (macc-
KM)» Ha Ayly HaceneHvs, a TakKe CHUXXeHWe YpOBHA 1C-
NO/b30BaHWA TPAHCMOPTa ANA OCYLLECTBAEHWS TPY30BbIX
nepeso3ok. O6bemM Tpy30BbIX MEPeBO30K CyLIeCTBEHHO
3aBMCUT OT pocTa BB, 1, COOTBETCTBEHHO, HA HETO C/OX-
HO BO3A4eiCTBOBAaTb. TeM He MeHee yayudlleHne NOrncTu-
KW, Hanpvmep, 3a cYeT ONTUMM3aUMKM NPODUNA HATPy3KK
rpy308bIX aBTOMOGMAEN N NepekyeHrne Ha NPoAYKLMIo
MeCTHOro MPOM3BOACTBA MOXET COKPATUTb CMPOC HA TPAHC-
MOPTHblE YCAYTH.

Maccakupckue nepeBo3KK

Maccaxupckne nepeBO3KM MANOTOHHAXKHBIMU  (NerkoBbl-
MK) agTomobunamu (LDV)> aBnsaTca SHEProeMKUMN Kak B
3a6CONOTHOM, TaK 1 B OTHOCUTENbHOM BbipaXkeHun. Ans co-
KPaLLeHUa BeIMYMHbI NMACCAXKMPO-KUNOMETPOB, Npeososie-
B3EMbIX OTAENbHbIMW BUAAMMN TPAHCMOPTE, U COKPALLEeHUs
SHepronoTpe6eHnn HYXXHbl OrpeAesieHHble Mepbl rocyaap-
CTBEHHOW NONUTUKMW.

Mmm moryT 6bITb:

* BBeJeHMe cneunanbHbIX C6ODOB M HaNnoroe, KOTopble
YyBeNNYMNBAKT CTOMMOCTb NepeB030K, ocyLlleCTBAAEeMbIX
YaCTHbIM TPAHCMNOPTOM;

* LeHoBble CTUMYAbI ANA UCMONb30BaHMA 00LLEeCTBEHHOO
TPaHCMopTa;

* CO3/iaHVe ¥ COBEpLUEHCTBOBaHMeE cmcTem 06LlecTBEeHHO-
ro TPaHCMopTa;

* CTUMYAbl paboTaThb 13 AOMS;

* CTUMYyNpOBaHME NCMONb30BaHNA BVIL\eOKOHqJepeHLlVIVI
ANA nposeAeHNA AeNn0BbIX BCTPpeY;

* pa3sutne BenocmneAHbiXx A0poXKeK B ropoAaax.

Mepexod OT WCMNONb30BAHWA 3SHEPrOeMKOro YacTHOro
TPaHCMOpTa K 0OLLeCTBEHHOMY TPAHCMOPTY C HWU3KMM Mo-
TpebneHnem SHeprm B3aMMOCBA3aH C YBENMYEHEM MOKa-
3aTensa NaccaXmpo-KUAOMeTPOB, NpeoaoneBaemMblx obLue-
CTBEHHbIM TPAHCMOPTOM C HU3KUM NoTpebneHnem SHeprmu.

2 BKNOYAKT  3BTOMOOMAM  ANA  NACCAXMPCKUX  MEepeBo30K,
YHVBEpCanbl, MNKanbl, MMHMB3HbI (40 8 MmecT).
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[py30Bble NepeBo3Ku

TpYAHO OLEHUTL COKPALLIEHME TPYy30BbiX NepeBo3ok. CLeHa-
pUM DHepreTnyeckoin [plesontoUnn He BKAKYAIOT MOAENb,
MPY MOMOLLM KOTOPOW MOXHO 6blN0 6bl YMEHbLUNTbL KOMM-
YeCcTBO HeOOXOAMMbIX IPY30BbIX NEepPeBO30K, 0AHAKO Npea-
MON3raeTcs 0TKas oT aBTOMOOMLHOTO TPAHCMOPTa B NONb3Y
)KeNe3HOAOPOXKHOr0 TPAHCMOPTa W/WUAK 3neKTpomobunen
NM60 31eKTPOMOOMNEI HA TOMAMBHBIX SNEMEHTAX.

1.3.2. OTaNn 2: U3MeHeHne BMA0B
TPAHCMNOPTa

Maccakupckue nepeBo3Ku

Hanbonee 3HeproadbeKTVBHBIM ABNAETCA KeNnesHoao-
PO>KHbI/ TPAHCMOPT, HO aBTOMOOU/IbHBIA TPAHCMOPT MHTEH-
CMBHO pa3smBaetcA. Ha puc. 1.1 npuseaeHo cpeaHee no
MUpY yAenbHoe 3HepronoTpebneHvie (3HeproemkocTb) no
KaXXA0MY BUAY TPAHCMOPTA MO COCTOAHMIO H3 6a30BbIN oA
W MPOrHO3HbIN MOKAa3aTeNb K 2050 roAy COMNACHO CLeHa-
puto JHepreTuyeckon [pleBontounn. NlaHHble MO KaA0MYy
pervioHy pasnmuatotcs. Habniogaetca cyllecTBeHHan pas-
HMLUa B 3HepronoTpebfieHun MexXxAay BMAAMWU TpaHCMopTa.
B nepecyeTe Ha NAaCCaXXMPO-KNNOMETPbI NMACCIKNPCKUN XKe-
e3HOAOPOXHBIV TPAHCMOPT K 2050 roay byaet noTpebnatb
Ha 28% MeHblLIe SHEpruv, Yem Nerkosble aBToMobUAK, U
Ha 85% MeHblle, YeM 3BWALMOHHbLIA TPAHCMOPT, NO3TOMY
0TK33 OT WCMO0/1b30BaHWUSA 3BTOMOOWU/ILHOTO TPAHCMOPTa B
MONb3Y KEeNe3HOAOPOXHOIO MMeeT BbICOKUA MoTeHUMan 8
4acTu sHeprocbepexxeHms.

Puc. 1.1. CpeaHee no mypy (B3BeLLeHHOe Ha MNOABWXKHOM
COCTaB) yAenbHoe 3HepronoTpedaeHne Naccaxmpekim
TP3HCMOPTOM MO COCTOAHMIO H3 CErOAHA U K 2050 M4y
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13 pu1c. 1.1 MOXKHO CABNATH BbIBOA, UTO NACCAXMpam npuaert-
CA nepenT! OT UCMONb30BaHMA aBTOMObUNENn N 0CO6EeHHO
3BMALMOHHOIO TPAHCMOPTA K MUCMONb30B3HNID MeHee SHep-
rOEMKOro NaccaXXMpCKoro >Kene3HoA0pPOXKHOro TPAHCMOPT3,
4TO6bl COKPATUTL dHepronoTpebneHne TPaHCMOPTHOMO CeK-
Topa. CueHapuin DHepreTuyeckoi [plesonounn npeanona-
raeT, YTO HEKOTOPAasA AONA M3ACCAXKMPO-KMNOMETPOB MeCT-
HbIX 1 BHYTPUPErnmoHaNbHbIX aBUALMOHHBIX NepeBo30kK (T.e.
nepeBo30K MeXay ABYMA CTPaHaMM OAHOro pervoHa M3A)
MOXeT OblTb 33aMeHeHa CKOPOCTHbIM esfle3HOAOPOXKHbIM
TpaHcnoptom (COKT). ECAv roBopUTb 0 MEXAYHAPOAHbIX
3BMALMOHHBIX NepeBo3Kax, To 1X, o4eBMAHO, byaeT HeBo3-
MOXHO 3aMeHWTb NepeBOo3Kamu Mpy NOMOLLUM KaKUx-nmbo
APYr1X BUAOB TPAHCMOPTA.

[py30Bble NepeBo3Ku

Kak 1 B cnyuae, poAeMOHCTPUPOBAHHOM HA PUC. 1.1, FAe 0To6pa-
KeHO cpeAHee yaenbHoe SHepronoTpebaeHne NaccamMpCkmm
BMAAMM TPAHCMOPTA, HA PUC. 1.2 NPUBEAEHO COOTBETCTBYHOLLee
SHepronoTpebaeHe pasHbIM FPY30BbIMM BAIMM TPAHCMOPTA
MO COCTOAHMIO Ha 2009 FOA M K 2050 roAY COMNACHO CLEEHAPHAM
SHepreTnyeckor [plesontoumn. MokasaTteny ABNAKOTCA cpes-
HeB3BeLUEHHbIMM C YYeTOM MPOMYCKHOM CMOCOBHOCTM U 3¢-
tekTnBHOCTU. OXKMAIETCH, YTO yAeNbHOe SHepronoTpebneHmne
BCEX BMA0B TPAHCMOPTA K 2050 FOAY CHM3WTCA. B abcontoTHOM
BbIPAXKEHNN 3BTOMOOMNbLHBIA TPAHCMOPT MMEET HaMOONbLLINIA
NPMPOCT 3HEProatheKTUBHOCTY, MOCKO/bKY »KENE3HOAOPOXK-
HbI 1 BOAHbI TPAHCMOPT OCTAKOTCA BUAIMM TPAHCMOPTA C Ham-
MEHbLLIIM OTHOCUTENbHBIM SHepronoTpebneHiem B nepecyete
Ha TOHHO-KUNOMETP (T-KM) B OTHOCUTENLHOM BbIpaXkeHnM. XKe-
Ne3HOAOPOXHbIA TPY30BOI TPAHCMOPT OyAeT NoTpebNATb Ha
80-90% MeHbLLEe SHEPTM Ha 1 T-KM B 2050 FoAy, Yem KpyrnHO-
TOHHAXHble rpy30Bble aBTomobuAm (HDV) npum nepesoskax Ha
AaNbHVe PACCTOAHUA. ITO 03H3Y3ET, YTO MEepexoA OT WUCMO/b-
30BaHMsA 3aBTOMOOWNBHOTO TPAHCMOPTA K XKeNEe3HOAOPOKHOMY
MMeeT BbICOKMI NMOTeHUMaN 8 061acTh 3HeproathdeKTUBHOCTH.

Puc. 1.2. CpeaHee no mypy (B3BeLLeHHOe Ha NOABWXKHOM
COCTaB) yA\eNbHOe 3HepronoTpedneHne rpy308biM
TP3HCMOPTOM MO COCTOAHMIO H3 CErOAHA U K 2050 M4y
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M3meHeHVe BUAOB TPAHCMNOPTA ANS
rpy3onepeBo3okK

YTO KacaeTcs M3MeHeHMs BMAOB TPAHCMOPTa ANA rpy30-
NnepeBo30K B pamKax CLieHapusa JHepreTuuyeckol [pleso-
NoUMKn, HeobX0AMMO MAKCMManbHO OTKa3aTbCA OT aBToO-
MOOWNBbHOTO TPAHCMOPTa B MO/Mb3y MeHee SHeproemKkoro
)K€Ne3HOA0POXKHOr0. ITO MO3BOAUT AOCTUYL MAKCMMA/IbHO
BO3MOXHOIO YpPOBHA dHeprocbepexkeHns B8 pesynbTaTe ne-
PEKNOYEHMA C OZLHOrO BMAA TPAHCMOPTA HA APYToii.

YunTbIBas, YTO TOBApbI, KOTOPble NepeBo3ATCA CPefiHEeTOH-
HA>XHbIMW py30BbIMIM aBTOMO6UNAMKU (MDV), Kak npasuno,
TPAHCMOPTUPYIOTCA Ha PACCTOAHWA, OrpaHMYMBaloLLNeCs
npefenamy onpefeneHHoro permoHa (1, COOTBETCTBEHHO,
NX NepeBo3Ka >KeNe3HOA0POXKHbIM TPAHCMOPTOM, KOTOPbIN
MCMONb3YeTCA ANA OCYLLIECTBAEHMA IPY30BbIX NEPEeBO30K Ha
60NblUME PACCTOAHUA, HE UMeeT CMbICNA), ANA TaKUX nepe-
BO30K CMeHa BU/Aa TPAHCMOPTa He npeanonaraetcs. OAHAKo
KPYMHOTOHHAXXHble rpy30Bble aBTOMOOWUAN, OCYLLIECTBAALD-
Lne NepeBO3KM Ha AaNbHME PACCTOAHMSA, B YACTHOCTM TA-
)Ke/bIX TOBAPOB C Mano 06beMHOM Maccoi, cneayet 3ame-
HUTb >KeNe3HOA0POXKHbIM TpaHcnopTom (Tavasszy 2011)22

1.3.3. ITan 3: TexHn4yeckme
peLleHns, HanNpPaB/\eHHble
Ha MoBblLLUeHue
SHeproaImM@eKTUBHOCTY

MoBbieHne 3Heprod3ddeKTUBHOCT npeacTaBnseT coboi
TPETUIN B3XKHbIA METOZA COKPALLEeHUs 3HeprornotpedneHms
TP3HCMOPTHLIM CEKTOPOM. Kak MpasBwuio, HeoTbeMeMOn Ya-
CTbO NMNAHa MO CHKEHUIO SHepronoTpebneHns ABNSeTCs yBe-
NnyeHve Ko3hdULUMEHTa 3arpy)KeHHOCTU KaK rpy30BOro, TaK
M MACcCAKMPCKOro TPaHCMopTa. Yem Bbile 6yaeT koadhdbuum-
€HT 33arpy>KeHHOCTV TeM MeHbLLIe MOHAA0OUTCA TPAHCMOPTHbBIX
CPeAcTB ANA OCYLUECTBNEHMA MepeBo30K. Takmum 06pa3om,
3HEProeMKoCTb YMEHbLLIAETCA B MepecyeTe Ha N3acCaXnpo-Ku-
JIOMETPbI U TOHHO-KUNOMETPbI (T-KM). B aBmaumm yxe npea-
MPUHUMAIOTC CNOKHbIE PeLUeHs, HArNpaBNeHHble Ha OMnTu-
MM133UMI0 haKTopa 3arpy>KeHHOCTW. TeM He MeHee, eC/\i ToBo-
PUTb O APYrVX BUAAX TPAHCMOPTA, TaKMX KakK 3aBTOMOOU/bHbIN
N TPY30BOM ENe3HOAOPOXKHbIA TPAHCMOPT, MX MOTEHUMAnN B
3TOM HamnpaB/ieHUM BCe ellie OCTAeTCA OrpoMHbIM. Koaddu-
LIMEHT 3arpy>keHHOCTU B cchepe rpy30BbiX NMepeBO30K MOXHO
YAYYLIMTL MPU MOMOLLM NNAHUPOBAHMA NOTUCTUKM U Lienouy-
KV MOCTaBOK, B TO BpeMs Kak 60/iee NMoNHoe MCroNb30BaHne
COOTBETCTBYIOLLEr0 MOTEHUMANa NpUBEAET K aHaNI0rMYHOMY
pe3ynbTaty B cchepe NacCAKMPCKUX NepeBO30K.

ABMaLMOHHblIE NepeBOo3KU

Nceneposarve, nposeseHHoe NASAZ, ykasblBaeT Ha To,
YTO 3HepronoTpeb/ieHne HOBbIX CBEPX3BYKOBbIX CaMose-

22 Tavasszy, L. and Van Meijeren, J. (2011): Modal shift target for
freight transport above 300 km: an assessment, discussion paper,
17th ACEA SAG meeting.

23 Bradley, M. and Droney, C. (2011): Subsonic Ultra Green Aircraft
Research: Phase | Final Report, issued by NASA.

TOB K 2035 roay MOXeT COKpaTuTbCA Ha 58%. bnaroaapsa
MCMO/b30BaHMID OMOTONAMBA MOXKHO AOCTUYL COKPALLEHUs
Bbl6pocos CO2 Ha 81%. Akerman (2005)* B cBOeM McCne-
[OBaHUM 33sIBNSIET O HAAMUMKN TeXHUYeCKn 060CHOB3HHOM
BO3MOXHOCTM COKpPATUTb NnoTpebneHve TonAmMBa Ha 65% K
2050 rosy.

K OCHOBHbIM TEXHONOTUAM, NPV MOMOLLM KOTOPbIX MOXHO
COKpaTUTbL NoTpebaeHre ToMNAnBa, OTHOCATCA:

* 33pOAMHAMMYeCKMe YnydlleHns, Mo3BONAKOLIME COKpa-
TUTb a3POAMHAMMYECKOe COMpOTMBEHMe CaMONeTa, Ha-
npvmep, yAyullieHHoe ynpaBieHne nammHapHbiM obTeka-
HMEM, UCMONb30BaHMe pebep M MHOro(YHKLMOHANbHbIX
KOHCTPYKLMI, COKPaLLleHne KOAMYecTBa KpenexHbix Ae-
Tanem, ymeHblleHMe pa3mepa obTekaTenei 3aKpbIaKoB U
XBOCTOBOIO OMepeHuns;, 3 Takxke nepeaoBble TEXHONOTUM
CBEPXKpUTMNYECKOro Npoduns;

* KOHCTPYKLMOHHbIE TEXHONOT W, HANPaB/ieHHble Ha YMeHb-
LeHVe BeCca CaAMONeTa C O/JHOBPEMEHHBbIM YBeNNYeHnem
XKEeCTKOCTM ero Kopnyca. B KayecTBe npvmepa MOXHO
NPUBECTV WCMONB30BaHNE HOBLIX Nerkux MaTepuanos,
TaKWUX KaK yNyuylleHHble MeTanamuyeckue, KOMMO3UTHble
N Kepamuyeckne matepuanbl, YAy4LLeHHbIX MOKPbITWI,
a TaKXe yny4ylleHHoe MpoeKTUPOBaHWE MHOrO(YHKLMO-
HaNbHbIX, COOPHBIX KOHCTPYKUWIA;

+ cybcuMcTemMHble  TEXHONOMMM, BKAKYAA  YayulleHHoe
ynpasneHve NUTaHWem W reHeprpoBaHNEM SHeprum Ha-
paay ¢ ONTUMU3MPOBAHHOM aBUALMOHHOWM SNEKTPOHNKOWN
1 SNeKTPONpOBOAKON;

+ TeXHONOrMM B 0ONACTM CMNOBbLIX YCTAHOBOK, HAmpumep,
yCOBepLLEHCTBOBAHHbIE ra3oBble TypOuHbI ANa 6onee 3d-
(heKTVMBHOrO YNpaBNeHWs BO3AYLLUHbIM CYAHOM.

MocnepHne MOTYT BKNKOYaTb:

+ Mepbl, Harpas/ieHHble Ha MNoBblleHne 3hhEeKTUBHOCTU
COKWraHWsa TOMAMBA, YNyULLleHVe MATEpPUANoB ropaunx u
XONOAHbIX CEKLINIA, @ TaKXKe MCMOb30BaHME NONATOUHbIX/
JIOMACTHbIX TYpOUH;

* U3yYeHne INeKTPUYeCKUX ABWXKUTEeNnen, ABMXUTenen
Ha 0a3e TON/MBHbLIX 3N1E€MEHTOB 1 ra30BbIX TypOVH, a
Takxke TMOPUAHBIX ABMXMUTENEN Ha OCHOBE Fa30BbliX
TYpOVH;

* TeXHOoNormnum 31’\eKTDI/I‘-leCKOVI TAMM BKNKOY3KT YyNyulleH-
Hble NlerkoBecHble ABWUraTenM, KOHTPOAEpbl ABUraTenein
1 o6opyaoBaHMe ANA NoAAep)KaHusa Tpebyemoro Kade-
CTBa 3neKkTpo3Heprum (ICAO 2008)%.

COrnacHo cleHapuio dHepreTudeckol [plesontoumu, B 6y-
AyLLeMm NnoKasate/ib YAeNbHOro SHepronoTpebneHns camo-
N\eTamu B nepecyeTe Ha NaccakKnpo-KUNOMETPbI YAYULIMTCA
Ha 50% K 2050 roAyY Mo CPAaBHEHWIO C TEKYLLUM YPOBHEM.

24 Akerman, J. (2005): Sustainable air transport - on track in 2050.
Transportation research part d, 10, 111-126.

%5 (ICAO 2008): Committee on aviation environmental protection
(CAEP), steering group meeting, FESG CAEP/8 traffic and fleet
forecasts.
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MaccaXkmpckme v rpy3osble noesaa

Maccaxkmpckume 1 rpy308ble XenesHoA0poXHble NepeBo3KM
CerofiHA ABNATCA OAHUM U3 Hanbonee 3HeproahdekTms-
HbIX BUZI0B NepeB030K. Tem He meHee yaenbHoe notpebne-
HVEe SHeprum Noe3Aami MOXKHO JOMOIHUTENIbHO COKPATUTb.
MOMUMO OMepaTUBHbLIX Mep U Mep rocyAapCTBEHHOM NoAu-
TWKM, HanpaB/eHHbIX Ha COKpallleHWe 3HepronoTpebexus,
TaKUX KaK yBenmyeHune KoddpdurumeHTa 3arpy>keHHoCTH no-
€3/2108, TaKXKe HeobXoANMO NpeAnpUHATL TeXHONOorMYeckme
Mepbl MO CHVXXEHWIO SHepromnoTpebneHuns noesnamm B Oy-
Ayuiem. K 0CHOBHbIM TeXHOMOTMAM, NMPpU NMOMOLLIM KOTOPbIX
MOXHO OyAeT A0CTUYb ITOV Lenn, OTHOCATCA:

+ yMeHblUeHue o6LLero Beca noe3foB Kak Hambonee BaxKHas
Mepa, HanpaB/ieHH3asA Ha YMeHbLLeHVe NoTpebneHms Taro-
BOW 3Heprun. bnaroaapa MCNoNb30BaHUID 0ONeryeHHbIX
KOHCTPYKLMIA 1 MATEpPVAN0B MOXHO COKPaTUTb noTpebne-
HWe 3Hepruy, HeoOXoAMMOW ANS NMPEeOAONeHUs NHepLu-
OHHOTO COMPOTVBNAEHUA U COMPOTUBNEHMA ABWKEHWIO Ha
MoAbEM, 3 TAKXKe TPeHWe OT TArOBbIX COMPOTUBNAEHUI;

+ 33poAMHAMMYECKMe YAYULIeHWs, HarnpaB/ieHHble Ha
yMeHblUeHe a3pOoAVHAMMNYECKOro COMpOTUBAEHMS, YTO
0COOEHHO BaXKHO NMpW ABWXXEHWUM C BbICOKON CKOPOCTbIO.
CoKpalleHre 33poAMHAMMYECKOTo COMPOTMBAEHUS, Kak
MpaBWAO, AOCTUrAETCA 33 CYET NMpUAAHUA CocTaBy obTe-
Kaemol hopMmbl;

* nepexoA OT NCNOoNb30BaHMA TENN0BO30B (,D,l/l3e}'\beIX) K nc-
NoNb30BaHULO 6onee 3Hepr03CbeEKTVIBHbIX 3NeKTponoe3nos;

* YCOBEpLUEHCTBOBAHMA CUCTEMbl TArM ANA AaNbHewlle-
ro CHMXeHMA NnoTepb 3Heprun Ha TpeHue. TexHn4yeckmne
pelleHna BKNKYaKT B Ce6ﬂ yAy4LlleHnA OCHOBHbIX KOM-
MOHEHTOB W MPOrpammHoro obecneyeHna ynpasneHus
SHepronoTpebneHvem;

- peKyrnepaTVMBHOE TOPMOXEeHWe ANA pereHepauuun note-
PAHHOM 3Hepryn. [JaHHAA SHeprus MoxeT ObiTb BO3BPa-
LLieHa B 3N1eKTpoceTb B0 akKKyMyAMpoBaThCA Ha 6GopTy
noesza B akKymynaTopax. PekynepaTmsHoe TopmoxeHue
ABNAeTcA 0C06eHHO 3(hDHEKTUBHLIM B CNyYae NpUropoa-
HbIX NepeBo30K ¢ 60NbLIMM KOMIMYECTBOM OCTAHOBOK;

* ONTMMM33LMA UCMONb30BAHWA MPOCTPIHCTBA ANA AOCTMKE-
HMA Gonee 3chdeKTMBHOTO SHEpronoTpedneHms), BblpaXkeH-
HOrO B MACCaXMpOo-KunomeTpax. MpoLLe Bcero AoCTUYL 3TON
Lenm MOXHO 33 cYeT YBeNNYeHVs KOMYeCTBa MacCaxmpos,
MepeBO3MMbIX OAHMM MOe3/0M, T.e. 33 CYeT yBennyeHus
cpepHero Ko3(dUUMEeHTa 3arpy>KeHHOCTY, MCMONb30BaHNS
60nee rMOKMX 1 KOPOTKMX MOE3AHbIX CeKLMA UMW ABYXbAPYC-
HbIX MOEe340B Ha Havbonee NOMyNAPHbIX HANPaBAEHUSX;

* COBEpLUEHCTBOBAHME AOMONHUTENBbHOrO 060pYA0BaHMA, B
yacTHoCTM obecneymsatoLlero KOMbOopT Naccakmnpos.

Pa3paboTka HOBOro OTOMMUTENLHOIO 1 0XNaXAaroLwero 060-
PYAOBaHMA MMeeT BbICOKMI NoTeHUMan B 061aCTu sHepro-
3 dekTmBHOCTN. HekoTopble cTpaTternn 8 06NacTn 3Hepro-
3(pheKTMBHOCTA NpeAyCMaTpMBAOT M3MeHeHNe KOHCTPYK-
UM KabuHbl, BO34Yx03360pHMKOB, @ TakKe MCMONb30BaHMe
0TpaboTaHHOro Tenna, BbIANSEMOro B pe3ynbTaTe TpeHus.
MpoekT «loe3aa Hosoro nokoneHua» (Next Generation
Train, DLR), n3yvatoLwmit TeXHONOTUN ANS CO3A3HMA COBpe-
MeHHbIX CKOPOCTHbIX M0e340B, CTaBUT neped coboi Lenb
COKpatTUTL B Oyaywiem yaenbHoe 3HepronotpebneHue,

BbIPaXXEHHOEe B MacCaXMpO-KMNOMeTpax, Ha 50% Mo cpas-
HEHMIO C CYLeCcTBYHLLUMMUN CKOPOCTHbIMMK Nnoe3aamu. B Ka-
YyecTBe MCXOAHbIX A3HHLIX ANA MOAENMPOBAHUA B PaMKax
CLeHapua JHepreTnyeckon [pleBontoummn UCNoNb3YTCA AdH-
Hble 06 yaenbHoM 3HepronoTpebneHnn (Tosca 2011)% noesaa-
MM H3 3NeKTpUYecKom 1 An3enbHon Tare B EBpone. 3Tn AaH-
Hble 0TOOP3XXAOT PeanbHyH CUTYALIMIO MO COCTOSHMIO HA 2009
rof, @ TaKXe MPOrHo3bl H3 2025 M 2050 roAbl. Mpu pacuete
nokasarenei yaenbHOro sHepronotpebneHns Ana Kaxao-
ro permoHa (MAx/nacc-km) Ha 2012 roa W Ha nepuoa Ao
2050 rofia Y4mTbiBaNMCb Ko3hduUneHTbl 3 heKTMBHOCTA
N AONN AN3e/bHOro/31eKTpoTpaHCnopTa B oblem 06b-
eme nepeBO30K MO KaXA0MY pervoHy. Takas e meTono-
NOTVSi NMPUMEHANACb ANS TPY30BOr0 >KeNe3HOAOPOXHOro
TpaHCnopTa. 10 COCTOAHMIO Ha CEroAHALLHWA AeHb YAeNb-
Hoe notpebneHne SHeprum 3NeKTponoe3famun B 2-3,5 pasa
HUXe, YeM Moe3/08 Ha AAM3e/IbHOW Tare, B 3aBUCUMOCTH OT
KOHKPETHOro TWMa >Kene3HoA0POXKHOro TpaHcnopta. Coot-
BETCTBEHHO, MPOrHO3 Pa3BUTUA H3 Nepuoa A0 2050 FOA3
no CUeHapulo DHepreTnyeckoi [pleBontoumn npeaycma-
TPMBAET MACCOBbIN Mepexos OT AN3eNbHOW K SNeKTpoTare.

[py30Bble aBTOMO6UNKN 6ONbLLON U CpeaHel
TOHHAXKHOCTU (rpy30Bble NepeBo3Ku
aBTOMOOUNbHbLIM TPAHCMOPTOM)

ABTOMOOUNbHbIE FPY30Bble NEePeBo3KM ABNAIOTCA OCHOBOM N10-
TUCTMKN BO MHOTWX PerMoHax mMmnpa. Ho Hapaay € BO3AyLUHbI-
MM FPy30BbIMM MepeBo3KaMu OHM ABNAIOTCA Hambonee SHep-
roeMK1MM Cnocobom nepeso3ku rpy3os. Tem He MeHee nocTe-
NeHHO AOCTUT3eTCA onpeAeneHHbI Nporpecc B 061acTv NoBbl-
LeHns 3DEeKTUBHOCTY NPUBOAG, NETKOBECHBIX KOHCTPYKLINIA,
aNbTEePHATMBHbIX CU/I0BbIX arperaTos, B1MA0B TOMN/WBA U T.4.

CueHapuin DHepreTuyecko [pleBontouny npeayCcMaTpuBa-
eT CyLLecTBeHHOe U3MeHeHVe AONM IPY30BbiX aBToMobuNel
cpenHert (MDV) 1 kpynHoit (HDV) TOHHa)KHOCTU Ha pbIHKe rpy-
30BbIX 3BTOMOOMNbHBIX NepeBo30K. Ha CeroaHALWHMA AeHb
MDV n HDV ocHalleHbl npemmyLlecTBeHHO ABUratensimum
BHYTPEHHero CropaHuvs, paboTaroLLMMM TNaBHbIM 06pa3oM Ha
An3enbHOM Tonnmee, npu 3tom HebonbLas aona MDV ocHa-
LeHa ABWUraTensimy BHYTPeHHero Cropanvs, pabdoTaroLummm
Ha 6eH3uHe W rase (CKaTbIA MPUPOAHDIV a3 U CKUXEHHbIN
HedTAHOM ra3). Moaenb SHepreTnyeckol [plesontoumm npea-
YCMATPUBAET B 3TOM CerMeHTe pe3Kuii nepexoa K UCnonb3o-
BaHWIO 3NeKTPOMOBUNe 1 rpy308BbIX aBTOMOOUNEN Ha BOAO-
POAHbIX TOMNMBHBIX 9N1eMEeHTaXx K 2050 roay.

CornacHo moaenw, paspabotaHHol DLR, MDV ¢ anektpu-
Yyecknm Asuratenem 6yayT NpevMyLeCTBeHHO BK/HOYaTb
rpy3oBble agTomobunm Ha 6aTapesx, a Takxe HekoTopoe
KO/WMYeCTBO rpy30BbiX aBToMoOWUAEl C TMOPUAHBIMK SNeK-
TpUYeCKUMU  ABUratenamu. TMOpUAHbIE 3SneKTpuyeckne
ABUraTeNn TaKXKe BbITECHAT TPAAMLMOHHbIE ABUMATENN BHY-
TPEHHEero CropaHua B CermeHTe KPYMHOTOHHAXHbIX Fpy30-
8blx agTomobunnein. Kpome TOro, COrnacHo cueHapuio SHep-
reTmyeckow [plesontounm cektop HDV OyaeT BKAOYATH Kak
3NeKTpuYeckmne rpy3oBble aBTOMOOUAW, NMUTaHME KOTOPbIX
OCyLLecTBNALTCA NPU NOMOLUM NMOABECHOW KOHTIKTHOW CU-
CTeMbl, TaK 1 SNeKTpoMoOunM Ha baTapesx.

26 Tosca (2011): Technology opportunities and strategies toward
climate-friendly transport (reports).




1. /\/\VIDOBb\Q TeHAeHUNW B SHepretn4eCkomM 1 TpaHCNOPTHOM CeKTope

MoMVMMO NapKa 3NeKTpUYeCKMX TFpy30BbiX aBTOMOOMNEN
CLeHapwii DHepreTnyeckoi [p]lesontoumnn npeaycmaTprsaeT
Takxe co3aaHue napka MDV v HDV Ha BOAOPOAHBIX TONANB-
HbIX dN1eMeHTax. JTa TeXHONOrMs nNpeAcTaBnseTca ocobeH-
HO BbIFOZAHOM ANA OCYLLEeCTBNEHMA IPY30BbIX NepeBo30K Ha
6onblUMe pacCTOAHMA, NPU KOTOPbIX HET BO3MOXHOCTU MC-
No/1b30BaTb NMOABECHYH KOHTAKTHYH CUCTEMY 1 33Mac X0A3
Ha 6aTapesx aBnseTCa HeAoCTaTouHbIM. CpeaHee yaenbHoe
3HepronotpebneHne MDV 1 HDV no cueHaputo dHepretuye-
cKkoi [pleBontoumn 6bi10 BbIBEAEHO Ha OCHOBAHWM AaHHbIX
M3A 06 yaenbHom notpebnenmn sHeprim MDV 1 HDV ans
KaXaoro permoHa K 2050 roay (WBSCD 2004)7.

Nlerkosbie aBTOMOOUNK

Ana ynydwenna 3pdeKTMBHOCTU MUCNONb30BAHWA TOMAM-
Ba NErkoBbIMM 3aBTOMOOUNAMM MOXET OblTb MCMONb30Ba-
HO 6O/bLLOE KONAMYECTBO TEXHONOTUI. B KauecTse npume-

POB MOXHO MPMBECTN YCOBEPLUEHCTBOBaHWE ABUraTene,
yMeHblleHe Beca aBTOMoOMNeR, a Takke yMeHblueHue
TPEHMS 1 ynydlleHne aspoAMHAMMYECKUX MoKasaTeneil.
Pa3nnyHble mepbl MOryT 0Ka3aTb CyLeCTBeHHOe BO3Aei-
cTBME Ha 3(DHEKTUBHOCTb MCMNONb30BAHNA TOMMBA /1erKo-
BbIMU aBTOMOGMNAMU.

B Tabnuue 1.1 NpoAEeMOHCTPMPOBAH MOTEHUMAN YnyulleHus
3Hepro3thheKTMBHOCTY NACCAKMPCKOro TPAHCMOPTA K 2050 roAy
COMNACHO ClieHapuo JHepreTnyeckoi [plesontoumn. M3 Hee
CeqyeT, YTo BO3MOXKHOCTb YyYLLIEHMS SHepro3dheKTMBHO-
CTV MO Pa3/IMYHbIM BUAAM TPAHCMOPTa HAXOAWTCA B AMAMNA30-
He 0T 30% A0 500%. HanbonbLumin Nporpecc BO3MOXeH ANA
NerkoBbiX 3aBTOMOOMAEN M M3NOTOHHAXKHbBIX TPAHCMOPTHbIX
cpeacTB. MoA0OHbIN TEXHNYECKMA MOTEHUMAN XapaKTepusyeT
1 TPaHCNopT benapycy, Lennmkom MMNopTUpYoLLeit Nerkosble
TPaHCMOPTHble CPeACTBa U UCMONb3YHOLLIEl IPY30BOM 1 Nacca-
XKUPCKMIA TPAHCMOPT COOCTBEHHOIO NMPOM3BOACTBA C XapaKTe-
PUCTUKAMM, CPABHUMbIMU C 06LLIeeBPONencKUMM.

Ta6ﬂmua 1.1. TeXHUYeCKNI NOTEeHLAAN MO NOBbILLIEHWHD S(b(beKTMBHOCTVI MaCCa>XMPCKOTO TPAHCMOPTa Ha rnobanbHoOM YpOBHe

M /nacc-km CraTyc-KBO 3[P] 2050
ManoToHHaXHble TPaHCNOPTHbIE CpeacTBa 1,5 0,3
ABMaLMOHHbIE NEPeBO3KM (BHYTPEHHWME) 2,5 1,2
ABTObYCbI 0,5 0,3
MuKpoaBTobyChl 0,5 0,3
[ByXKONECHbIV TpaHcnopT 0,5 0,3
TPEXKONECHbIN TPAHCMOPT 0,7 0,5
MaccaXXnpCcKuUii }KenesHo[0PONKHbIA TPAHCNOPT 0,4 0,2
27 (WBSCD 2004) World Business Council for Sustainable

Development.
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2. KoHuenuma SHepreTryeckon [plesontoumm

2.1. Pa3paboTka cueHapus
JHepreTnyeckon [p]lesonwouum

B 3Tom pa3aene? npveesaeHbl NOSCHEHNA K 6330BbIM NPUH-
LUMNaMm 1 cTpaTermyeckomy noAxoAy pa3paboTKm KoHLenumn
JHepreTnyeckoln [pleBontounn, KOTopble CAYXKAT OCHOBOWA
AN MOAENVPOBAHMA CLieHapus nocie ero nepeoi ny6am-
Kaumm TPUHNMC UHTEPH3LWHA B 2005 roay. Cepua nybnmka-
UM DHepreTuyeckor [pleBontouny ANS pasavyHbIX CTPaH U
pervioHoB OCHOBBIBAETCA HA CEMMITANHOM anroputme - ot
OLeHKN OrpaHMyeHMs MOTeHUMana MpUPOAHbIX pecypcos
[\0 MPOrHO3MPOBAHMA KNKYeBbIX APaliBepoB 3Hepronotpe-
6neHns 1 noteHumana B 06NaCTU 3HeproahdeKTUBHOCTH,
aHaNM3a UMeKLLIMXCA TeXHONOTMI 1 NOTeHUMAnNa UX pbiHOY-
HOrO Pa3BMTUS, 3 TAKXKe KOHKPETHbIX Mep roCyAapCTBEHHON
NONNTUKM, HEOOXOAUMBIX ANA Ppeann3aumm TeopeTnyeckmx
NPVHLMMNOB B YCNOBUAX PeanbHblX PbIHKOB. TeM He meHee
3Ta KOHLIenumMs NoCcTOSHHO COBEPLLEHCTBYeTCA No mepe pas-
BUTUA TEXHONOTUI 1 NOABNEHNUA HOBbIX TEXHUYECKUX 1 3KO-
HOMMYECKNX BO3MOXKHOCTEN.

OTU 7 3TANOB NPeACTaB/EHbI HUXe:

1. OnpeAeneHmne orpaHnNYeHuin NPUPOAHbLIX PecypcoB B KOH-
TEKCTe KAMMATUYECKON CUCTeMbI U TOMAMBHBIX PECYpPCOB.

2. OnpeseneHve OrpaHNYeHUin NoTeHUMana Bo3obHOBANSsE-
MOW SHepreTuku.

3. Onpenenexne apaieepos notpebnexus.

4. OnpepeneHvie noteHUMana otpacnein 8 o6NacTu sHepro-
3 heKTUBHOCTY.

5. YCTaHOB/IeHWe CPOKOB peann3aumu.
6. Onpenenexne Heo6XoAMMOM NHDPACTPYKTYPSI.

7. OnpepeneHne HeoOXOAMMBIX WHCTPYMEHTOB rocyAap-
CTBEHHOM NOAUTUKN.

2.2. ANroputm JHepreTnyeckomn
[p]leBontounn

1. OnpeaeneHve orpaHNYeHNn NPUPOAHbIX
pecypcos

MocTeneHHbI 0TKa3 OT MCKON3emoro Tonauea. [eonoru-
yeckme pecypcbl yrna moryt obecneynTb Hac TOMVBOM
Ha HECKONbKO COTeH NeT, HO, COKMUraa MX, Mbl HEe CMOXKEM
OrpaHMuMTL M3MEeHeHWe KAMmaTta B 6e30mnacHbiX npeje-
nax. CoOTBETCTBEHHO, CHa4Yana HeobXoAMMO MNOCTeneHHo
0TKa3aTbCA OT UCMONb30BAHUA NUTHUTA, KOTOPbI ABNAETCA
Hanbonee yrnepoAcoAepKALUMM BUAOM YIS, @ 3aTemM U OT
KaMeHHoro yrns. Mcnonb3oBaHne HedTh OyaeT coKpallaThb-
€A NMOCTEMNeHHO Mo Mepe BbIpaboTKM CYLLECTBYIOLLMX HedTA-
HbIX CKBAXXMH, @ TakXe Npu YCN0oBUM 0TKa3a oT pa3paboTKu
HOBbIX FNYOOKOBO/AHbIX M APKTUYECKNX /aHTaPKTUYEeCKMX He-
hTAHBIX CKBAXMH. CUTyaums ¢ Aobblvein rasa byaeTt pa3su-

28 3707 pa3sen 6blA 3A3NTMPOB3H Ha OCHOBE COOTBETCBYHOLLeE-
ro passfena AoKN3Aa «SHepreTvuyeckas [p]eBontoums: nporHos
YCTOMYMBOTO Pa3BUTUA MMPOBOM dHepreTukn — 2015» (Energy [R]
evolution: a Sustainable World Energy Outlook 2015) ¢ pa3pelieHus
[PUHNNC NHTEPHILWHA.

BATbCA aHANOTMMYHbIM 00pa3oM, Kak 1 B C/lyyae € HedTblo,
npv 3Tom ras GyaeTt nocnefHUM BMAOM MCKOMAemoro To-
NANBA, OT UCMONb30BAHMSA KOTOPOTO NOCTENEHHO OTKAXeTCA
YyenoBeyecTno.

CoKpaleHne 3HepreTMyeckmx BblbpocoB AnokcMAaa yrne-
poAa Ao HynA K cepeauHe ctonetvsa. ATmocdepa moxer
MOrnOTUTb NWLWb OMpefefieHHoe KOoAM4yecTBo BblOpPOCoB
NapHUKOBBIX ra3oB. Kaxabll roA mbl BblOpacbiBaem B aT-
mocdepy M B 06beme NoyTN 30 MAPA T YINEepOAHOro K-
BMBaneHTa. CueHapui IHepreTnyeckon [plesontoumm npea-
yCMaTpMBaeT nocTeneHHoe cokpalleHne Bbibpocos CO2
(oT 3HepreTMyYeCKoro cekTopa) A0 HyNA K 2050 roay. Kpome
TOro, pervioHanbHbI nepexod K 6e3yrnepoiHoMy 3Hepro-
obecneyeHnto HanpaBneH Ha AOCTMXKEHWE CrpaBeANBOrO
pacnpefeneHnsa dHepreTMYecKmx pecypcoB - nepexon K
6onee cnpaseanMBOMy pacnpeseneHnio 3PheKTUBHO UC-
MoNb3yeMbIX PecypcoB, KaK TONbKO 3TO CTAHET BO3MOXKHbIM
C TeXHONOrMYeckon ToUkM 3penus. K 2040 roay BblOpochl
CO2 Ha Ayly HaceneHua AO/KHbI COCTaBNATb B CpeiHEM
0T0,5401T.

2. OnpepneneHvne orpaHMyYeHnin NOTeHUMANa
BO30OHOBNAEMOW SHEepreTuKu

Pecypcbl Bo3o6HOBNSAIEMOM dHeprum - nnaHnposaHue 6y-
Aywiero sHepretuuyeckoro 6anaHca. Matb Bo306HOBNSAE-
MbIX UCTOYHMKOB SHEprm (CONHEYHan 1 BeTPOBas SHeprus,
SHEprvs BoAbl, re0TepManbHasn SHeprua U SHeprus oKeaHa)
[OCTYNMHbI B Pa3Hblx 06bemax B 33aBUCMMOCTM OT KOHKpeT-
HOrO pernoHa MMpa 1 ce3oHa. Cneuranm3npoBaHHble KapTbl
noTeHUnana Bo30OHOBNAEMOW SHEPrMn ANS KaXA0W CTpa-
Hbl MMPa AOCTYMHbI M3 MY6AMKALMIA HECKONBKNX H3YYHO-MC-
CNeA0BaATENbCKMX WMHCTUTYTOB. A3POKOCMUYECKUI LIeHTP
Fepmanum (DLR) npuHMMaeT yyacTve B npoekTe rnobanb-
HOro NNAHMPOBaHMA MeXXAYyHAapOAHOrO 3areHTCTBa MO BO3-
06HOBAAEMBIM UCTOYHMKAM 3Heprum (IRENA), KoTopbili npe-
f[ocTasnfaeT noApobHyo MHbopMaumio No Bcem Bo306HOB-
NAEMbIM UCTOYHMKAM 3Heprmn (IRENA-Global Atlas 2015)%.
Pa3nnyHble pervioHanbHble BO30OHOBNAEMblE WCTOYHMKU
SHeprvn OKa3blBAlOT BO3AENCTBME HA MNPOrHO3MPyeMmblit
SHepreTMyeckMn 6anaHc B CLEHapuaxX DHepreTnyeckon
[pleBontoumn. 0630p cyLlecTBytoLEro noTeHyMana 8o306-
HOBNAEMOW 3Hepruun B benapycun npeacTasneH B rase 5.2.6.

BuosHepreTka - BaXkHbli pecypC € OrpaHUYEHHbIM Mo-
TeHUManom yCcToMuMBoro pasBuUTUA. brosHepreTvka He-
06X0AMMa ANA 3ameHbl MCKOMaemMoro TOMAMBA B YCNOBM-
AX OTCYTCTBUA aNbTEPHATUBHbLIX TEXHUYECKUX peLUeHui.
B cueHapuax dHepreTuyeckol [plesontoumnn 6nosHepreTm-
Ka MCnonb3yeTca B 0COOEHHOCTU ANA NONAYYEHUSA NPOMbILL-
NEHHOro TeXHONOrMYecKoro Tenna, B aB1aLum, CyA0X0ACTBe
N TAXEeNOM MALUMHOCTPOeHUWU. TpUHNUC onpeaennn rno-
6a/bHbIA MOTEHUMAN YCTONUMBOM OMO3HEpPreTUKM B Hayu-
HOM WCCNeA0BaHUM 2008 roa Ha YpoBHE OT NpyMepHOo 80
[0 Makcumym 100 I B roa (DBFZ 2008)*. Tem He MeHee
00LLMI NOTEHUMAN YCTOMYMBOWN SHEPreTUKIN 3aBUCUT OT 13-
MeHeHWN, 00yCNOBNEHHbIX HAaYUYHO-TEXHUYECKUM pPa3BUTM-

29 (IRENA-Global Atlas 2015) Global Atlas for Renewable Energy;
International Renewable Energy Agency (IRENA); Abu Dhabi /UAE;
Bonn/Germany; http://irena.masdar.ac.ae/#; July 201s.

30 (DBFZ 2008); Global biomass potentials - investigation and
assessment of data - remote sensing in biomass potential research -
country specific energy crop potential; Seidenberger et. al; Deutsches
Biomasseforschungszentrum; Leipzig/Germany, June 2008.



eM /NN N3MeHeHnaMM B cnocobe npumeHeHus. Yeenmye-
HMe MCMoNb30BaHNA 6MOMACCHI B MPOM3BOACTBE, HaNpumep
NNACcTMAcChl, NpVBEAET K COKPALLEHMIO pecypcoB, A0OCTYM-
HbIX ANA Npeobpa30BaHMs SHeprun.

3. Onpesaenexvie ApaiiBepos noTpebneHuns

PaBeHCTBO U CnpaBeANMBbLIA AOCTYN K UCTOYHMKAM 3Hep-
rmm ana Bcex. [porHosbl 6yayuiero 3HepronotpebneHus
COCpefi0ToYeHbl Ha CrpaBeAMIBOM pacnpeneneHnn Bbiroa
N pacxof0B MeXAY HApOAaMM, @ TaKXKe HbIHEeLHUM 1 Oy-
AYLWUM MOKONEeHMAMW. TpeTb HaceneHus mMupa He MmeeT
[OCTYMNa K NEeKTPMYECKON SHeprin, B To Bpemsa Kak 60/b-
LUMHCTBO  MHAYCTPUANM3MPOBAHHLIX CTpaH MNoTpebnsatoT
ropasao 6onblle, Yem UM cnefoBano Obl C TOUYKM 3peHuns
cnpaBeanMBOCTU. KoHuenuus DHepreTuyeckon [plesonto-
UMM npeaycmaTpuBaeT 3HeproobecrieyeHne npyu paBHOM
YPOBHE XM3HM ANS KaXKA0ro YenoBeKa K 2050 roay npu yc-
nosun, Yto byaeT MMeTb MecTo HeobxoAnmoe SKoHoOMMYe-
CKoe pa3suTue.

YcTpaHeHue €BA3M MeXAY UCNOoNb30BaHMEM UCKOMNAEeMOoro
TONNAMBA N SKOHOMMUYECKUM POCTOM. [POrHO3bl SKOHOMM-
YeCcKoro pocTa OCHOBAHbI H3 oOueHKax [porHo3a MMposow
3HepreTukn MeXxAyHapOAHOr0 dHepreTM4yeckoro areHTCTea
(M3A). (BA3b MeXAY SKOHOMMUYECKMM POCTOM U UCMONb30-
BaHMEM WCKOMAeMoro TOMAMBa A0/KHA OblTb MONHOCTbIO
YCTPaHeHa, B NepByl0 ovepeab B Pa3BUTbIX CTPaHax. MHe-
HVe, YTO SKOHOMMYECKUI poCT cnefyeT CBA3bIBATL C yBe-
NIMYEHNEM KONNYECTBa CKUraemoro MCKOMaemoro Tonames,
ABNAETCA OLUMOOYHBIM.

4. Onpe,qeneHme noTeHumana 3H€PF03d)-
d)eKTVIBHOCTI/I Nno CEKTOPAM 3KOHOMUKHA

JHeprvif, KOTopaa He MCMONb3yeTca, ABNACTCA Camoii Ae-
weeoit. CywecreyeT Heo6X0AUMOCTb B PALMOHANLHOM MC-
NoNb30BaHUM SHEPrUU. DNEeKTPOornprOOpbI, NPOU3BOACTBEH-
Hble NMpOoLeCChl, OTOMNEHME U OXNAXKAEHWe 3AaHUI, 3 TaKxe
BCe BMAbI TPAHCMOPTHBIX TEXHONOTUIA BCe eLlle pPacrnonaratoT
CYLLeCTBeHHbIM MOTEeHUMaNom 3HeproathdekTeHoCcTU. Ho-
Bble MMeloLLMEeCs TEXHONOMMM BHEAPAKOTCA BO BCEX CEKTOPaX
B8 Npefenax 06blYHbIX TeMMoB 3ameLlieHns. CLueHapwii DHep-
reTM4yeckon [pleBontoumm cocpefioToYeH, CKopee, Ha SHepro-
3P HEKTUBHOCTY, YeM HA AOCTATOUHOCTU SNEKTPOIHEpreTH-
YeCKoro CeKTopa ¥ CeKTOPa OTONNEHUA/OXN3XAeHMA. TpaHC-
MOPTHbIA CEKTOP HYXKA3eTCA B MPUHUMMNE AO0CTATOYHOCTH,
0CO6€HHO B YaCTU MUCMONb30BAHMA YaCTHLIX aBTOMOOUNEN U
asvaumn. CMeHa BMA0B TPAHCMOPTA B BUAE NepexoAa OT UC-
NONb30BaHNA aBTOMOOUNALHOTO M aBUALMOHHOTO TPAHCMOPTa
K MCMONb30BAHMIO KeNe3HOAOPOXKHOTO TPAHCMOPTa KaXKAbIiA
pa3, KOrAa CyLlecTByeT Takas BO3MOXHOCTb, ABNAETCA NpU-
MepOM NPUMEHEHNA NPUHLMMNA AOCTATOYHOCTU.

5. YCTaHOBNEHue CpPOKOB peannm3auunum

He cywectsyet aeduunTa B0306HOBNAEMOIW SHEPIUM KAK
TakoBoro. ConHuUe eXxeAHeBHO MOCblNaeT Ha MOBEepPXHOCTb
3emnu 6onbLUe 3Hepruun, Yem mbl noTpebnsaem 3a roa. Oa-
H3KO TeXHONOrMW BO30OHOBNAEMOW SHEPrUM HY>KAIHTCA
8 MPOEKTMPOBAHWW, YCTAHOBKE W 3KCMAyaTaumun, ANS Yero
HeobxoaMMa KBanMduUMpoBaHHasa paboyan cuna, GuHaH-
COBble pecypcbl M 3A3NTUPOBAHHbIE SHepreTnyeckme nonum-
TVKW. [ANA oCyLecTBNeHNA NepexoAa OT CUCTeMbl SHepro-
obecneyeHna Ha OCHOBe MCKOMAemMoro TOMAMBA K cucTeme
Ha ocHoBe BWMD notpebyetca Bpems. CueHapun dHepreTu-
Yyeckoin [p]eBontoUMM YYMTLIBAOT NpeAblAYyLUMA OMNbIT MpU
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onpefeneHnn TemrnoB pas3BUTUSA TEXHONOTUIA BO30OHOBANS-
eMoW 3HepreTukn. B yactHocTk, onbiT AaHuK, fepmannm n
KnTan Ha MpoTsXeHWW MocneaHero AecatuneTs npoje-
MOHCTPMPOBAA, YTO ANA MOAFOTOBKM CMEeUManncToB, a Tak-
Xe C03A3HMA HeoOXOAUMbIX MPOMBILLNEHHBIX 0OBEKTOB U
NHDPACTPYKTYpbl TpebyeTca HekoTopoe Bpems. MocneluHoe
pa3BuTNe BO30OHOBNAEMOWN SHEpPreTuKM, BblAAoLWEN HN3-
KOKauecTBeHHY NpoAYKLMI, NPUHOCKT 6onbLle BpeAa ANs
OCYLLeCTBNEHNA AONTOCPOYHOrO Nepexoza, Yem rosib3bl.
Mo3ToMy cLeHapun DHepreTuyeckon [pleBontounn SBNA-
FOTCA aMOMLIMO3HBIMK, HO PEANUCTUYHBIMK. MepBble AecATb
NeT NporHo3a passuTusa B3 0CHOBLIBAKOTCA H3 OTPAC/NeBbIX
NpOrHo3ax, Takmx Kak nporHo3bl FnobanbHoro cosera no se-
Tpo3HepreTmke (GWEC 2015)3" 1 EBponeiickoin accoumaumm
Mo coNHeyHol 3HepreTuke (SPE 2015)3.

6. OnpeaeneHve HeobxoaMmom MHPpa-
CTPYKTYpbI

MHTennekTyanbHble 3Heprocetn (smart grids) umerot Knio-
yeBoe 3HaYeHue, TaK Xe KaK M WHTerpauus CONHeYHOW U
BETPOBOW JHEPreTMKu. YsennyeHne Aonen reHepupyroLmx
MOLLHOCTEe pacnpefeneHHON CONHEYHOM M Ha3emMHOon Be-
TPOBOW SHEPreTUKM, NOAKNMOUEHHbIX K pacnpeaenmTesbHbIM
N CpeAHEeBONbTHLIM CETAM, 3 TaKXKe reHepupYHLLNX MOLLHO-
CTell MOPCKUX BETPOBbIX M KOHLEHTPUPOBAHHBIX CONHEYHbIX
CTaHUMIA, NOAKNOYEHHBIX K WHUAM SNeKTponepesayu, Tpe-
6yeT pa3BuTMA MHDPACTPYKTYPbI KaK C TOUKW 3peHuns dhursn-
YecKom YCTaHOBKM, Tak K ynpasneHus (Brown et. al. 2014)3.
Kpome Toro, pacnpepeneHvie reHepupylLLMX MOLLHOCTEN
MEXAY Pa3NMYHLIMU YPOBHAMM HampskeHus Tpebyet pac-
LUMPEHMA dNEKTpoCeTen U/Unm BO3MOXHOCTEN AUCNeTYepu-
3aumm (Teske 2015). CyLiecTsytoLLMe ra3oBble Tpy60NpoBoAbI
N XPaHUAMLLA MOTYT ObITb MUCMONBb30BaHbI ANA TPAHCMOPTH-
POBKM 1 XpaHeHNs BO306HOBNSEMOro BOAOPOAA W/UNK MeTa-
Ha. Takum 06pa3om, CyLLecTBYyOLLMe Fa30Bble SNeKTPOCTaH-
UMK MOryT ObITb UCMONBb30B3HbI B KayecTBe AMCNeTYepCKmx
YCTaHOBOK, UTOObI M36eXaTb HeomnpaBAaHHbIX MHBECTULIMIA.

AKKYMynvMpoBaHve — cneayoLnii BaXKHbIM 3Tan. Passutre
3NeKTpuYeckmx aBTomobmnert MNOCNYXXMNO TONYKOM ANA
AanbHenwmnx pa3paboTok TeXHONOTUA AKKYMYNMPOBAHMA
3Hepruu, B ocobeHHOCTM GaTapeit. YBenmyeHne aonen ge-
TPOBOW N CONHEYHOW SHEepreTUKn NpUAANN HOBbIM MMNYNbC
N3YYeHW 1N PbIHOYHOMY PA3BUTUIO TEXHONOTUA aKKYMYU-
POB3AHMA SHEeprumn, TakMx Kak BOAOPOA, BO30OHOBNSEMbII
MeTaH U TUAPO3KKYMYyNUPYIOLLME SNeKTPOCTaHUUW. ITO
NpMBeNo K CyLWecTBEHHOMY YAYYLUeHWU aKKyMyAupyto-
LLINX TeXHONOTUI. Tem He MeHee CLieHapUn JHepreTuyeckom
[p]leBontoumn HampaBneHbl H3 MUHMMM3aUMKD MoTpebHo-
CTe B 3aKKYMYNMPOBAHUN HA MPOTAKEHUWU CheayroLlero
AecaTuNneTus, NOCKONbKY pacxoAbl B 3TOM nepuoge, Kak
0’KMA3eTCsA, OCTaHYTCA BbICOKMMK. B cpeaHecpoyHom u
[ONrOCPOYHONM NepcnekTBe BO3HWKHET HeobX0AMMOCTb B
TeXHONOTNAX aKKYMYAMPOBAHWUA SHEPrnn, B YaCTHOCTU ANA
33MeHbl NCKOMAeMOoro TOM/IMBa SNeKTPUYECKOM SHepruen 8
TP3HCMOPTHOM CeKTope.

31 (GWEC 2015) Global Wind Report: Annual Market Update; Market
Projection 2015 - 2019; Brussels/Belgium; May 2015.

32 (SPE 2015) Global Market Outlook for Solar Power 2015-2019; Solar
Power Europe; Brussels/Belgium; May 2015.

33 (Brown et. al. 2014) Optimising the European Transmission System
for 77% renewables by 2030; Tom Brown, Peter-Philipp Schierhorn,
Eckehard Troster, Thomas Ackermann; Energynautics GMBH, Robert-
Boschstrasse 7, 64293 Darmstadt, Germany.
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7. OnpeaeneHne Heob6XoAMMBIX MHCTPYMEH-
TOB rocyAapCTBEHHOW MONUTUKN

HoBble 3HepreTUyeckne pbIHKU HYXXAAOTCA B HOBbIX WH-
CTPYMEHTAX roCyAapCTBEHHOW NONMTUKU. KnrmaTuyeckas
N 3HepretTmyeckas MONUTMKM AO/UKHbI OblTb Hepa3pbiBHO
cBfA3aHbl Mexay coboi. PKMK OOH (cm. rnasy 1.1) nmeet
KNK0YeBOe 3HaueHWe ANA 3alMTbl KNMMATA Ha MAaHeTe,
3 ANA JOCTVXKEHUs HeoOXOAMMOro COKpalleHus BblOpo-
COB MpU MOMOLLUM BO306HOBNSAEMbIX WCTOYHUKOB 3HEprum
N 3Hepro3pheKTUBHOCTA He MeHee BaXKHbl U HaLUMOHANb-
Hble SHepreTnyeckme NOANTUKK. CLleHapum dHepreTnyeckom
[pleBontouMM OCHOBBIBAIOTCA HA OMbITE, 33J0KYMEHTUPOBAH-
HOM B JOKN3A3X MO 3aH3ANM3Y MHCTPYMEHTOB roCyapCTBeH-
HOV MONUTVIKW, NPOBEAEHHbIX TAKUMM OPraHM3aLmamm, Kak
REN 2134, IRENA3 1 M3A.

2.3. [1aTnatanHasn peannsaumAi

B 2015 roay Bo306HoBNAEMble NCTOYHWKM SHeprim obecne-
4yMBaNM 19% OT MUPOBOrO KOHEYHOro noTpebneHns sHep-
rm (cm. puc. 2.1). CerofiHa 3a c4eT BO306HOBNSEMbIX NCTOY-
HMKOB, TAKMX KaK CONHEYHaA SHeprusa, SHeprusa BeTpa v re-
0TepManbHaa sHeprus, obecneymsaetca 10% sHepronoTpe-
6neHuns, n ewwe 9% obecneymsaeTca 3a cyeT TPAAULNOHHOM
6romaccol. MocneaHAs YaCTO HAHOCKT Bpes OKpY»KatoLuel
cpefie, U ee Takxke cneflyeT 3aMeHUTb HOBbIMW BO30OHOB-
NAEMbIMM MCTOYHUKAMK SHeprun. [lons Bo306HOBNSiEMOMN
SHepreTMkn B MPOM3BOACTBE 3NEKTPO3HEprun B 2015 roay
COCTaBuNa 24,5%. OaHako npubnmsntensHo 78% npoms-
BOACTBA NEPBUYHON SHeprum Bce elle obecrneymsaeTtcsa 3a
cyeT 1MCKonaemoro ToMn/mBa.

XopoLume HOBOCTK MOCTYM3KT CO BCeX YroNkoB MMpa: A0
(hOTO3NEeKTPMYECKO N BETPOBOM SHEPIN CTPEMUTENbHO Pa-
CTYyT. B 2016 roay HabAt0A3NCA Camblii 6ONbLLON eXXeroAHbIin
pocT moluHocTen BMD (okono 161 BT, uto Ha 9% 6onblue,
Yyem B 2015 roZy), U3 KOTOPbIX CO/IHEYHAA SHEPrA COCTABNA-
Na 47%, a BeTep 1 rMAPO3HepreTnKa - 34% w 15,5% cooTseT-
¢TBeHHO. COBOKYMHAA MOLLHOCTb A0CTUING 2017 BT K KOHUY

2016 roaa. B Lenom exeroaHblin NpMpoCT Bo306HOBAAEMBIX
MOLLHOCTe MpeBbILL3eT KONMYEeCTBO HOBbIX MOLLHOCTEN Ha
MNCKOMAeMbIX MCTOYHMKAX SHEPTN BMeCTe B3ATbIX.

Ha npoTsxxeHnn TeKyLlero AecaTUNeTUs SNeKTpo3HepreTu-
YyecKkuii CeKTop A0/KEH pellnTb Npobnemy HOBOW MoAenm
3HepronotpebaeHuns - MbO 3a CYET MCKOMAEMOro 1 Aaep-
Horo TonAmea, AMbo npu nomowm 3HPeKTUBHOrO NCMONb-
30BaHNA BO30OHOBNAEMON SHeprun. Ana yA0BNEeTBOPEHMUS
MMWPOBOrO CMpoCa CLIeHapWin IHepreTmyeckoin [plesontounm
npeanaraeT MoAMTUKY U TEXHUYECKYld MOAeNb pa3BuTUSA
BO306HOBNAEMON 3HEepreTMkn U KOMOUHMPOBAHHOIO Mpo-
M3BOACTBA TENMOBOW M NEKTPUYECKO SHEPTrn B COBOKYIM-
HOCTW C Mepamm Mo NOBbILLEHNIO SHepro3hdeKTUBHOCTY.

Pa3BuTVe BO30OHOBNSEMON 3HEpPreTMKM W KoreHepaumu,
KaK B BMAE LEHTPa/ibHbIX 3/1eKTPOCTaHUWNA, TaK W pacnpe-
[eNneHHbIX CTaHUWI, AO/PKHO OfepeXxaTb POCT COBOKYMHOIO
rno6anbHoro 3HepronotpebneHns. 06a noaxona AO/KHbI
33aMeHUTb YCTapeBLUNe reHepupyoLLmMe TeXHONornn 1 obe-
CNeYnTb AOMONHUTENbHYIO SHEPTUIO, B KOTOPOM HYXXAAHTCA
pa3BMBatOLLMECA CTPaHbI.

Ana co3naHma HeobxoavMolr MHMPACTPYKTYpbl MOHAA00UT-
CA MepexoAHbIv 3Tar, MNOCKONAbKY HEBO3MOXHO OCYLLEeCTBUTb
MrHOBEHHbIA Nepexoz OT KPYNHOW SHepreTnyeckon cmcTeml,
OCHOBAHHOWM Ha MCKOMaemMoOM W AAEPHOM TOMAMBE, K SHep-
roobecrneyeHnto 3a CYeT WCKIHYUTENBHO BO306HOBAAEMbIX
WCTOYHWNKOB dHeprum. Cneayet OTMETUTb, YTO 00bIYHbIA Npu-
POAHbIA 33, WCMONb3yeMbli B COOTBETCTBYHOLLMM 00pa3om
CMPOEKTMPOBAHHbIX KOTeHepaLUMOHHbLIX YCTaHOBKAaX, MMmeeT
6onbLLOEe 3HaYeHNe B K3uecTBe NepexoHoro TonimBea, a Tak-
e MOXET CTVMYNMPOBATb SKOHOMUYECKM LienecoobpasHyto
[leLleHTpaNn3aUm SHepreTnyeckon nHdpacTpykTypol. C no-
BbILLEHVIEM NNeTHUX TeMMepaTyp TpureHepaums (TexHoMorus,
KOTOpas NpeAyCMaTp1BaET UCMNONb30BaHME TenA0MNorNoLLa-
LMX oxnaamTenei ana obecneyeHns OXNaKA3LLIMX MOLLHO-
CTel B AONONHEHME K MPOM3BOACTBY TEMNOBON 1 SNeKTpuye-
CKOI 3HEeprumn) CTaHeT BAKHbIM CPEACTBOM ANA AOCTVXKEHMS
Liener no cokpallieHnto Bbibpocos. CLieHapuii SHepreTnyeckom
[plesontoumn npefycMmaTpmBaeT nepexos OT CyLecTaytoLLlel
CTPYKTYPbl S3HEproobecneyeHns K yCTONYNBON CUCTEME.

Puc. 2.1. OueHo4YHas Aond B0300HOBNSIEMOWA SHeprmn ot rNo6anbHOro KOHeYHoro I'IOTDG@'\GHI/IH SHeprmn B 2015 roay

Wckonaemoe Tonanso

78,4%

Bce BU3

19,3%

ATOMHas aHeprua

2,3%

TpaauumoHHas 6uomacca

9,1%

'mapo

3,6%

Betep/conHue/6uomacca/ Buotonamsa
reoTepm., 3N1eKTpnu4ecTso ANA TpaHcnopTa

1,6%1 10,8%

34 REN21-2015, Renewables 2015 Global Status Report, Paris: ch. 4; REN21 Secretariat; www.ren21.net; ISBN 978-3-9815934-6-4.
35]RENA 2015, Renewable energy target setting, International Renewable Energy Agency; June 2015, http://www.irena.org/documentdownloads/

publications/irena_re_target_setting_2015.pdf



2.3.1. 9T1an 1
SHeprodIP@eKTUBHOCTb U
cnpaseA/MBOe pacnpeneneHune
SHepreTnyeckmnx pecypcos

CueHapuin DHepreTMyeckon [pleBontounn npeaycmaTpu-
BaeT MaKCMMaNbHOE WUCMONb30BaHVE MOTEHUMaNa MoBbl-
WeHnn 3HeproaddeKkTMBHOCTL. lMepBOOYepeaHOE BHUMA-
HWe yAenaeTcs CyLecTBYOWMM NepesoBbIM MPAKTUKaM 1
MPOAYKTaM, 3 TaKXXe BO3MOXHbIM GYAYLLMM TEeXHONOTUAM,
KOTOpble MOTYT MOABWUTLCA MPU YCNOBUM MPOAO/KEHUA
MHHOBALMOHHbIX pa3paboTtok. CokpalleHne 3SHepronoTpe-
6NeHns [40CTaTOYHO PaBHOMEPHO PACNpenenseTcs mexay
TPems CeKTOpamu: MPOMBILLNEHHOCTbI, TPAHCMOPTHLIM U
6bITOBbIM/KOMMEPYECKMM ceKTopamu. B ocHoBe durnoco-
dumn DHepreTnyeckon [pleBontoumn NeXMT paumoHanbHoe
MCMONb30BaHME, 3@ He MO/HbIA 0TK33 OT WCMO/b30BaHUA
3Hepruu.

Hanbonee BaxHbIMM pelueHAMU B 0ONACTU SHeproc-
bepexeHns ABNAKTCA YAyUlIeHWe Tennou3onauum u
NPpOeKTUPOBAHUA 3AaHUN, cBepx3dhdeKTUBHbIe NeK-
TpUYeCcKMe MALLMHbI U MeXaHM3Mbl, 3aMeHa YCTapesLInX
INEeKTPUYECKMX CUCTEM OTOMIEHNS TEXHONOTUAMM Npo-
M3BOACTBA TEM/3 NPV NOMOLLY BO306HOBAAEMbIX NCTOY-
HWKOB 3Heprun (Hanpumep, CONHEeYHble KONNeKTopbl), a
TakXe COKpalleHve 3HepronoTpebneHua asTomobuns-
MW, UCMONb3yEeMbIMM ANA NepeBO3KM TOBApPOB U Nacca-
XNpoB.

K KOHLY TeKyLlero AecATUNeTUA HoBble 34aHKA B EBpone
6yayT MeTb NpakTUYecKn Hynesble BbIOPOChI YINepoAa,
YTO ABNAETCA OTIMYHBIM — MYCTb M HEMHOTO 3aM0343/bIM
(TexHONOrMsA «NACCUBHbLIA AOM» AOK3A3ana cBok addek-
TUBHOCTb ABA AECATMNETMA Ha3aj) - LIAarom Brepea.
3TOT Npumep 3HeprodhdeKTUBHON apXUTEKTYpPbl MOXeT
MCMNONb30BaTbCA BO BCEX CTPAHAaX MMPa W NPAKTUYECKM
B N0ObIX KAMMATMYECKMX YCNAOBUAX ANA COKpALUeHus
noTpebneHna Kak Tenna (Hampumep, B ropoAax Ha tore
KaHaabl), Tak 1 xonoaa (ot Nac-Beraca ao Ay6as). 0a-
Hako Hanbonbwnin achdeKkT moxxeT OblTb AOCTUTHYT He 33
CYeT CTPOMTEeNbCTBA HOBbIX 34aHWI, 3 33 CYeT moaep-
HM3aUMM CcylecTByOLWMX. B 3ToM HanpaBneHuM npa-
BMTENbCTBA AO/UKHbI YCKOPUTb TeMMbl MOAEPHM3ALMM
cyllecTByroLero Xunoro ¢boHAa, Npyv 3TOM MOAEpHK-
3aumMA BCex 34aHNN A0NXKHA OblTb MAaKCMMANbHOWM, ecnn
YUUTbIBATL ANMTENbHbIA CPOK MX dKCNAyaTauun. Kpome
TOro, KOM@OPT, KOTOPbIN 0becneynsaeTca Npy NOMOLLM
TaKOWN apXWUTEKTYpbl, AenaeT XW3Hb U paboTy B TaKMx
3laHMAX YA0BONbCTBMEM; PaLMOHANAbHOE WUCMONb30Ba-
HVMe 3Heprum B TaKMX 3A3HUAX, HECOMHEHHO, BefeT K
YNYULLIEHMIO KaYeCTBa XU3HM, 3@ He 0TKa3y OT UCMONb30-
BaHNA dHEpruu.

Pe3koe cokpalyeHne notpebneHus nepBUYHON SHEprum
B PaMKax cLeHapus DHepretunyeckon [plesontounm no
CpaBHeHuto ¢ ba3oBbIM NpK Takom e Aemorpacdmnyeckom
passuTtum 1 pocte BBIl ABNAeTCA KPUTUYECKN BAXKHbIM
npeABapUTENbHbIM YCNOBMEM ANSA AOCTMXKEHMA cylle-
CTBEHHOM A0NAN BO30OHOBAAEMbIX NCTOYHNKOB SHEPrin B
obuem sHeproobecneyeHnn, YTo No3BOAUT KOMMNEHCUPO-
BaTb OTK33 OT aTOMHOW 3Heprum M COKpallleHne notpe-
6/1eHns nckonaemoro TonaMBa.
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2.3.2. JTan 2: peBonrunA
BO30OHOBNSEMOW SHEepPreTuKn

AGLI,EHTPBI\I/BOBBHHbIe NCTOYHUKHW SHEPTN
1 macwitTabHoe ncnonb3oBaHme B0306HOB-
nAaembiX NCTOYHUKOB 3HEPTrnn

[\eLleHTPann308aHHble UCTOYHMKM SHEpPri MHTErpUpOBaHbI
B CUCTEMy MECTHOM pacnpefesMTenbHon ceTr, K KOTopoi,
KaK MpaBWio, MOAKNKOYEHbI AOMA, ODKCb, 3 TaKKe Manble
npeanpuatva. CueHapum dHepreTnyeckon [plesontoumm k-
CTEHCMBHO UCMONB3YIOT pacrpeaeneHHyo SHEPTUK0: SHEPTUS,
KOTOpas NpOM3BOAMTCA B MecTe NoTpebneHVs UK pasoM C
MecTom noTpebneHns. Mbl onpefensem pacnpeseneHHoe
NPOM3BOACTBO IHEPTMM KaK INEKTPOCTAHUMM, MOAKNMOYEH-
Hble K HU3KOBONLTHBIM U CPEAHEBONLTHBIM IMHUAM SNeKTpO-
nepeAayn co CpeiHUM PacCTOAHWEM Mepesiayun OT HEeCKONb-
KMX COTEH MEeTPOB A0 OKONO 100 KunomeTpos. CyllecTsyeT
HECKONBKO PA3/IMYHbIX TEXHONOTWIA, KOTOpbIE MCMONb3YHOTCA
B pacrnpeAeneHHbIX 3NeKTPOCTAHUMAX: CONHEYHble, Ha3em-
Hble BeTpoBble TYPOUMHbI, PycNoBble MMAPOINEKTPOCTAHLMN,
61031eKTPOCTAHLUMN U TeoTepmanbHble SNeKTPOCTaHUMK, a
TaKXKe, B NepcnekTnse, NpubpexHble OKeaHnyeckune dnek-
TPOCTaHUMM (CM. pUC. 2.2).

JOMUHVPYIOLLMM UCTOYHUKOM BO306GHOBNSEMOIN SNeKTpu-
YECKON SHEprUM CerofHs ABNAETCA BETPO3IHEpreTuka, Ho
(hOTOBONbTANKA CO BpemeHem AOroHuUT ee. CyllecTBeHHoe
COKpaLLeHne CTOMMOCTM CONHEeYHbIX HAKPbILLHbIX hOTOI/eK-
TPUYECKUX CUCTEM MPUBOAUT K KCETEBOMY MapuTeTy» npak-
TWYECKM BO BCEX MPOMbILLAEHHO Pa3BUTbLIX CTPaHaxX. TaKMm
06pa3om, AOMOX03AMCTBA M Masible MPeAnpuATUS MoryT
MpOV3BOAUTL CBOK COOCTBEHHYIO COMHEYHYK dNeKTpuye-
CKY0 SHEPTUIO C TAKMMMU XKe UM MEHBLUVMMU 33TPATaMK, Yem
Tapudbl Ha SNEKTPOIHEPTULD, MOCTABNSEMYIO SHEProCeTAMY;
MPOV3BOACTBO 3/1eKTPOIHEPIM HA MECTe — TEPMIH, KOTOPbIN
06bIYHO MCTIONb3YETCH B NPOMbILLNEHHOCTY, — CEFOAHSA MpU-
obpeTaeT 3KOHOMMYECKUI CMbICA ANA YACTHOTO CEKTopa.

PacnpeaeneHHoe MpoV3BOACTBO SHEPrUM TakXKe BK/AOYAET
B ce6a aBTOHOMHblE OTOMNMTENbHbIe/oXNaANTeNbHbIe CUCTe-
Mbl, MOAKNYEHHbIE K CUCTEMAM LIEHTPANbHOMO OTOMNEHMS
VAN UCMONL3YIOLLIMECH ANA TenA0- UAN XON0A0CHAOXKEeHMS
OTAENbHOrO 3/aHVA, HANpVYMep, CONHEYHbIe TeNNoBble KO-
eKTOPbI, OTOMUTE/IbHBLIE CUCTEMbI, UCMONb3YIOLLIE SHEPTU0
6romacchl 1 (reoTepmainbHble) TennoBble HACcoChbl. byayum
TMOPUAHLIMUA YCTPOMCTBAMM, UCMONL3YIOLLIMMK TEXHONOTN
B0306HOBAAEMON SHEPrn 1 3Hepro3thdeKTUBHOCTH, TenNo-
Bble HACOCbl MPeoOpa30BLIBAIOT 1 ANHNLY SNeKTPUYECKON
SHEprum B 4 eiVHULbI Tenna.

Bce 371 AeLleHTPann30BaHHbIE dHepreTuyeckmne TeXHONOrnm
MOryT 6bITb 3anyLLeHbl B KOMMepYecKoe NpoV3BOACTBO ANS
obecneyenunn 6bITOBbIX NoTpebUTeNnell YCTONYNBOM HU3KOY-
rNepoAHOM 3Hepruen. YgennyeHve Aonem TeXHONOTUIM pac-
npesfeneHHoro Npov3BOACTBA 3Heprum TpebyeT afanTaumm
3HepreTMyecknx MNOAUTUK MOA «NPOM3BOAALUMX MOTpebn-
Tenen» (prosumers) - notpebuteneis, KOTopble NPOV3BOAAT
CBOK COOCTBEHHYHO SHEpruto.

3TO peLleHMe OTKPbIBAET Le/blil HOBbIA PbIHOK Ans HOTO-
3NeKTpuYecknx 6atapeit M MPUBOAWUT K KapAMHANbHOMY
N3MEHEHWI0 OM3HEeC-MOAENMN 3HepreTUYecknx KoMMNaHui.
Te, KTO B CBOE BpeMs NoHeBoe 6bln NoTpebuTensmm sHep-
reTyecKmx KOMMNaHWM, CTaHYT UX KOHKYpeHTamm. CueHapum
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JHepreTnyeckon [plesontoUmny NpeAnoNarakoT, YTo YacTHble
notpebutenn, a TakxKe Manble U cpedHve NPeAnpuUaTUA
(MCM) 6yayTt obecneunBatb 60NbLUYID YacTb NoTpebaeHns
3N1eKTPUYECKOM SHEPTUM MPU NOMOLLM (DOTOINEKTPUYECKMX
6aTapei N aKKyMyNMPOBAHMA SHEprn B CAyyae Hanmums
naoLwasen Ans yCTaHOBKM CUCTEMBI.

Ans obecneyeHns cBoMX MOTPeOHOCTEN B INEKTPUYECKON
3HeprMM NpOMbILLNEHHOCTb U OM3HEC MOTYT WCMO/b30BaTh
KoreHepauuoHHble YCTaHOBKM C LieNiblo NMPOV3BOACTBA d/1eK-
TPO3HEPrMM Ha MecTax. V30bIToYHaA 3nekTposHeprus 6y-
AeT NMpoAaBaThCA B CETb, B TO BpeMa Kak M36bIToYHOe Tenno
MOXeT 33KauMBaTbCA B COCEAHME 3AaHMA. DTa CUCTEMA U3-
BeCTHa Kak KOMOWHMPOBaHHOE MPOM3BOACTBO TEMAOBOM U
3NEeKTPUYECKO SHeprn. B ciiyyae ¢ TaKMM TOMAMBOM, Kak

Puc. 2.2. ,ﬂeLleHTpaﬂl/BOBaHHble NCTOYHUKW SHEeprmnm 6yAyLLl€FO
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610ras, MCNoNb3yeTca NpPaKkTUYeCKM BCA UCXOAHAA SHeprus,
3 He TONbKO 4aCTb, KaK B C/ly4ae C TPAAMLIMOHHBIMA LIeHTPa-
JIM30BAHHBIMM SNEeKTPOCTAHLMAMM, paboTaLWMMM HA UCKO-
naemom Tonamse.

XoTs 6onblwan Aons rnobasibHoWM 3Heprum B 2050 roay Oy-
[eT MpOV3BOANTLCA AeLeHTPANM30BaHHLIMM UCTOYHUKAMM
3HeprM, ANS OCYLLeCcTBNEHUA SHepreTMYeckon pesonoLmnm
6yAayT HeobxoAMMbI KpymnHble 006beKTbl BO306HOBNSEMOM
SHepreTvKn. Takxke NMoHaA00MUTCA LeHTpaIM30BaHHas BO306-
HOBNAEM3n dHeprus, Kotopaa OyaeT obecneunBaTb TeXHO-
Noruyeckoe Tenao AN NPOMbILLAEHHOCTY, MOBbILLEHHOE Mo-
TpebneHvie SHeprum Tenno3HepreTMYecKUM U TPaHCMOPTHBIM
CeKTopamM, a Takxe NPOM3BOACTBO CMHTETUYECKOrO TOMNMBA
ANA TPAHCMOPTHOIO CEKTOpa.




2.3.3. 2Tan 3: TPAHCMOPTHaA
pPeBoONOLMNA

NepeaBMXeHNE C NOMOLLbI PA3NNYHbIX
TEXHONOTUIN N C MeHbLUMM noTpebneHrem
3Heprum

Mepexoa K 100%-HOMY WCNONb30BaHUIO BO30OHOBANSE-
MbIX MCTOYHMKOB IHEPrum ABnseTca Hanbonee CAOXHbLIM
B TPAHCMOPTHOM cekTope. CeroaHa 0kKoNo 92% noTpebne-
HWUA 3HEepPruM TPaAHCMOPTHbIM cekTopom obecneymBaeTcs
33 cyeT HedTV M NULWb 1% 33 cyeT anekTposHeprum (IEA
2015)3¢. MpoCTO B3ATb W 33aMeHWUTb HedTenpoAyKTbl Ha
6MO3HEpPr10 N SINEKTPUYECTBO HEBO3MOXHO K3K C TeXHU-
YeCKOM TOUKM 3peHmnsa, TaK 1 C TOUKM 3peHmnsa YCTOMYMBOro
pa3sutnA. 0co3HaBaa HeobXoAMMOCTb pa3BuTUA obLe-
CTBEHHOTO M YAaCTHOrO 3NeKTPOTPAHCMOPTa, TAKOro Kak
noesna, asTobycbl, nerkogble aBToMoOMAN U Tpy30Bbie
3aBTOMOOUAM, — TakXe cneayeT NepeoCcMbICNUTb Halle
TeKkyllee npeacTaBieHve 0 MOOMNBLHOCTM Kak TaKoBoe.
MpoeKkTMpoBaHMe Mera-ropoioB OKasbiBaeT Oonblloe
BAMSAHNE HA TO, MPUXOAUTCA AU NIOAAM MPeoA0NeBaTb
6onbLuoe paccTosiHne, AMbO Xxe OHU MoryT A0OMPaTLCA HA
paboTy newkom nunu Ha senocuneae (WFC 2014)%. C apy-
rON CTOPOHbI, POCT YNCNEHHOCTU FTOPOACKOrO HaceneHms
co3aaeT 6N3aronpuATHbIE BO3MOXHOCTU ANSA YBENMYEHUS
NCMONb30BAHUSA 3KONOTMYECKM YUCTbIX cucTem obule-
CTBEHHOro TpaHcnopTta. B 06nacTu rpy3oBbix NepeBo30okK
cneayeT 0TKa3aTbCA OT UCMONb30BAHNA aBTOMOOMNBHOIO
TP3HCMOPTa B NONb3Y XeNe3HOAOPOXKHOro 1, eCnu BO3-
MO>KHO, OT aBMALMOHHOrO TPAHCMOPTA B MONb3Y PeyHOro
N MOPCKOro. ANs 3TOro Heo6XoAMMO YAYYLLINTL NOTUCTU-
Ky, @ Takxxe co3aTb HoBble, 6onee aHeproaddeKkTrBHbIE,
TPAHCMOPTHbIE TEXHONOT UK.

CueHapun dHepreTuyeckol [plesontoumnn npeaycMaTpmea-
0T 3BOJIOLIMIO CEKTOPA NerkosbiX aBTomobunelt. B nepsyto
ovyepeab, He0O6XOANMO MCMO/b30BaTb BeCb MOTEHLMAN, KO-
TOPbIN MO3BONUT CAeNaTb aBTOMOOMAM 6onee nerkumu, a
ABUraTenn BHyTpeHHero cropaHus 6onee 3beKTUBHLIMM.
MpnbAN3NTENbHO K 2025 FOAY PbIHOK /IerKOBbIX aBTOMO-
6unein ocywecTBUT nepexos oT rmMbpuaHbix aBTomobunei
K 91eKTPOMOOMANAM. 110 COCTOSHMIO Ha CEroAHALLIHWUIA AeHb
PbIHOK 3NeKTpOMOoOUAei BCe ellie HAXOAUTCA B CTAAMM 33-
POXKAEHUS, 1 BCe ellle 0CTaTCA HepelleHHbIMM HEKOTopble
TeXHMYeckne BOMPOCbl, B YACTHOCTU AKKYMYAMPOBAHMA
3Heprun. Mo3ToMy KapAMHANbHBIX W3MEHEeHWIn CUTyauuu,
BeAYLWNX K CyLleCcTBeHHOMY COKpalleHuio noTpebneHns
HedTW, paHee 2025 roaa 0XKMAATb He cTomT. OAHAKO Mpo-
Liecc TexXHMYecKoro pa3suTia HeobX0AMMO HauaTb CeroaHs,
yToObI ObITb FOTOBLIM K 3TUM U3MEHEHUAM.

Mcnonb3osaHve 6MOTONAMBA OrpaHMYEHO HanMyMem
61OMaCChl, BbIPALLEHHOM B COOTBETCTBUM C KpUTEpUAMM
yctonumsocT. OHa AO/MKHA ObiTb, B MepBY ovepesb,
npeAHasHayeHa ANA TAXKENbIX MALIUH U MeXaHW3MOB,
aBMaUMM N MOPCKOTrO TPAHCMOPTa, FAe 3NeKTpuyeckas
3Heprus, Kak npeAcTaBNseTCs, He CMOXeT CTaTb pelle-
HWEM Ha NPOTAKEHWN HeCKONbKMX ONMXKAMWNX Aeca-

36 |[EA 2015, Energy and climate change - World Energy Outlook
Special Report; International Renewable Energy Agency; May 2015.
37 WFC 2014, Regenerative cities - Commission on Cities and Climate
Change; Hafen City University, World Future Council; September
2014.
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TMnetuin. NMoMMMO TPAHCMOPTHOrO cekTopa B GMomacce
HYXXA3TCA onpeAeneHHble OTPACAM MPOMbILLINAEHHOCTY
ANA obecneyeHna TeXHONOTMYeckoro Tenna v yrnepoaa,
He roBOpA y>Ke 0 ee UCMONb30BaHNUM B KauecTBe Cbipbs 33
npeAenammn 3HepreTyeckoro cektopa. Takum 06pasom,
3NeKTpUYecKne TPaHCMOPTHbIE CpeAcTBa OyAyT MrpaTh
elle 60nee BaXHY PONb B YacTW MOBbILIEHUA dHepro-
3 HEKTUBHOCTM Ha TPAHCMOPTE U 3aMeHbl MCKONaemoro
TONAMBA NOCNE 2025 roAa.

B Uenom AOCTMXKEHWEe 3KOHOMMYECKM NpUBNAEK3TeNbHO-
ro pocTa BO306HOBASEMbIX MCTOYHWKOB dHEprum TpebyeTt
c6aNaHCMPOBAHHON 1 CBOEBPEMEHHOM MOOUAM33aLNM BCEX
TexHonornn. Takaa moOMAM3aumMa 3aBUCUT OT HaANMYUA
pecypcos, NoTeHUuMana ANA COKPALLEeHUs PacXxoAoB U Tex-
HOMOTUYECKOW 3penocTn. Kpome Toro, Hapaay C TeXHOMO-
TMYECKMMM peLLUeHNAMN N3MeHeHne 06pa3a XM3HW — Ha-
npumep, 0TKa3 OT MCMO/Ib30BAHMA NNYHbIX 3BTOMOOMANEN
B M0Nb3y 06LeCTBEHHOro TPAHCMOPTa — MMEeT OrpOMHbIN
MOTEHUMAN ANA COKPalleHMs BbIOPOCOB MAPHUKOBLIX ra-
308B. K CYaCTbio, 3TV HOBble MOAENN NoBeseHns OyAyT BOC-
NMPUHUMATLCA KaK YAyylleHns, @ He KOMMNPOMMUCChbl — MO-
NofieXkb BO BCEM MUpe CEerofiHa BCe yalle npeanoymtaer
NMpPOBOAUTL BPEMSA CO CBOVMMM CMApTHOHAMK, MyTellecTBys
Ha aBTo6YCax 1 Noe3aax, a He e34MTb 3a pyaiemM coOCTBEH-
HbIX asToMobunen.

2.3.4. JTan 4: NHTEN/\EKTYA/IbHAA

MH(DPACTPYKTYPa ANS
HenpepbIBHOIO 24/7
SHeproobecneyeHns 3a cyet
BO300OHOBNSEMbIX MCTOYHIKOB
SHeprm

Mockonbky B0o300HOBNAEMAsA SHepreTmka 3aBUCUT mpeu-
MyLLIeCTBEHHO OT NPUPOAHBIX PecypCoB, KOTOPble He BCer-
Aa ObIBaOT AOCTYMHbI, HEKOTOpble KPUTUKM CYUTAIOT, YTO
3T0 fenaeT ee HenpuroaHoin Ana obecneyeHns GONbLUMX
06bemoB 3Hepronotpednenna. OaHaKo [laHna B 2014 roay
npov3Bena OKONO 40% cBOen 3NeKTPUYeCcKom 3SHepruuv
6narofapsa OAHOW NMLWb BeTpo3HepreTuke, a VcnaHma u
MopTyranua - okono vetseptn. AAna apaanTauum K cylle-
CTBEHHO 6oNblUMM A0NAM  BO30OHOBNAEMOW 3Hepruu,
NMPOrHO3MpYyeMblM COMNACHO CLEH3pUI0 JHepreTuyeckomn
[p]lesontoumn, npuaeTca NONHOCTbIO  pedOopMMPOBaTH
SHepreTMyecky cuctemy. JNeKTpoceTu, cocToAlme U3
Kabenen 1 MNOACTHUMIA, NPU MOMOLLUM KOTOPbIX SNEKTPO-
3Heprvsa NoABOAWTCA K HaLIMM AOM3aM W 33aBoAaM, Oblnu
pa3paboTaHbl ANA KPYMHbIX LIEHTPaNM30BaHHbIX Npown3-
goauTenen, paboTalolmx NoA OFPOMHBIMM Harpy3Kamu,
N BbIpabaTbIBaOT 3NEKTPO3Heprnio B8 63a30BOM pexume.
[lo ceroaHALIHEro AHA B0o306HOBNAEMasn 3Heprua He pac-
CMATPMB3NACb Kak HOBbII KOMMOHEHT 3HepreTn4eckoro
6anaHca 1 et NPUXOAMNOCL 3AANTUPOBATHLCA K YCNOBUAM
3KCNAYaTauun anekTpoceTelr. 3Ty cMTyauno HeobXoANMO
U3MEHUTb ANA peann3aumu CUeHapua DHepreTuyeckomn
[plesontoumn.

HenpepbiBHOe 24/7 3HeproobecrneyeHre 3a cyeT BO306HOB-
NAEMbIX UCTOYHMKOB SHEPTUM BO3MOXHO C TEXHUYECKOW U
3KOHOMMYECKOW TOUKM 3PEHVIST; ANS 3TOFO HYXXHO BCEro NLLb
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pa3paboTaTbh COOTBETCTBYHOLLYH FOCYAIPCTBEHHYK MONUTM-
Ky, @ Takxe o6ecneuntb KOMmepyeckme NHBeCTULMY, YToObl
CABVHYTbL 1€N10 C MepTBOW TOUKM W 0CTaBATLCA Ha nnasy (GP-
EN 2014)%. 3a4a4a VHTerpaumm TexHoNornin Bo3oOHoBAsE-
MOW 3Heprum B CyLLecTByKLUME SHepreTnyeckme cucTemsl
3HaNOrMYHa ANA BCeX IHepreTnyeckmnx cmctem mupa, byab
TO KpYMHbIE, LLIeHTPAIN30BaHHbIE UM OCTPOBHbIE CUCTEMDI.

Yr06bI cyuwlecTsyrollan reHepauma Ha NMOCTOAHHOW OCHOBe
NOKpbIBana n0Tpe6neH|/|e, Heob6XoAMMO TLL@TeNbHOE MNa-
H/PpOBaHKe. Momumo obecneveHums c6anchmp03aHHocm
mexay 3Hepr0CH86)K€HI/I€M n 3Hepron0Tpe6neHmeM 3Hepro-
cncTtema A0/VKHA TakxKe:

COOTBETCTBOBATb OMPEeAeNeHHbIM CTaHA3pTaM KayecTsad
3/1eKTPO3HEPIUN — HANPSXKEeHWe/4acToTa, ANA Yero B SHep-
rocmMcTeme MoOXeT NoHaA06MTbCA AONONHUTENbHOE TEXHW-
yeckoe 060pyA0BaHME M NOALEPKKA CO CTOPOHbI Pa3nny-
HbIX BCMIOMOraTebHbIX CYX6;

0CTaBaThCA paboToCnoco6HOM B IKCTPEMAsIbHbIX CUTYaLN-
AX, TAKMX KaK BHe3amnHble nepebon B dHeprocHabxeHun
(Hanpumep, B pe3ynbTaTe HeUCNPABHOCTM HA INEKTPOCTaH-
LK) AN HApYLLEeHMA paboTbl CUCTEMbI Mepeaayn.

ba3oBan HArpyska u 6anchv|posaH|/|e
OHEProcncTteMbl

BanaHcMpoBaHMe 3HEproCcncTembl HanNpaBAeHO Ha Moa-
Qlep>KaHue MOCTOSHHOM 4acToTbl B cucTeme. YacToTa B
CeTn 03HavaeT 4YacToTy, C KOTOPOW INEKTPO3Heprusa ne-
pPeMEeHHOro TOKa MoAaeTCA OT reHepaTopa K KOHeyHoMy
notpebutento, n mamepsetca 8 repuax (). Yacrora 8
CMCTEME M3MEeHAeTCA B pe3ynbTaTe M3MEHEHWs Harpys-
Ku (cnpoca). EcAm sHeproceTb 3KCNAYaTUPYeTCs Ha rpaHn
cBOell NUKOBOW MPOU3BOAUTENBHOCTM, BO3MOXHbI Obl-
CTPble U3MEHeHMA YacTOoTbl, MPU 3TOM pe3Kie N3MEHEeHUs
MOTYT BO3HMKATb HEMOCPEACTBEHHO MNepes Cepbe3HbIMM

Puc. 2.3. VI3meHeHve NoAxoAa K 2N1eKTpoceTam

nepebosimmn B 3neKTpocHabXeHUWU. Kak npasBuno, sHep-
rOCUCTEMbI NMPOEKTUPOBANNCH BOKPYT KPYMHbLIX SNEKTPO-
CTaHUWUIA, KOTOpble 06ecneynBanm MOLLHOCTb HA MOKpPbITHE
6330801 Harpy3KM Npu NOYTM MOCTOSAHHOM paboTe Ha Non-
HY0 MOLLHOCTb. DTU LIeHTPAAN30BAHHbIE INEKTPOCTIHUMM
(Kak npaBuno, aTOMHble UAW YronbHble) NpeaCTaBAAT
co6oi1 Hernbkne reHepupyoLLMe pecypcbl — OHN «He cne-
AYIOT 3@ HArpy3KoMn», T.e. He MEHSAKT CBOI MPOM3BOAM-
TeNIbHOCTb B COOTBETCTBMM C M3MEeHeHnem noTpebneHus,
KaK, Hanpumep, peryavMpyemble razosble TypOuHbl U TU-
APO3NEKTPOCTAHUMNN.

JHepreTnyeckme cuctembl ¢ OONbLUMM KOAMYECTBOM Hepe-
rYNMPYeMbIX reHepypyHLLMX PeCypCoB, HaNpUMep aTOMHbIX
3NeKTPOCTAHUUIA, TakxKe TPebyT 3HaUMTeNIbHOrO0 Konunye-
CTBa Perynmpyemblix reHepypyLLMX pecypcos.

MpropuTeTHana ancneTyepmsauma Bo3ob-
HOBNAGMOW SHEpreTUKM NoNoXKMT KoHel
6a30B0W reHepaumm

Bo3o6HOBNSAEMan 3HepreTuka, WHTEerpupoBaHHas B WH-
TeNNeKTyanbHble 3NeKTPOCeTH, MeHsieT NoTpebHOCTb B
NPOV3BOACTBE 3INEKTPO3HEprM npu 63a3oBOM Harpyske
(cm. puc. 2.3). DHEpreTMYecKnii Nepexos, OCHOB3HHbIA Ha
BO306HOBNAEMbIX WCTOYHMKAX 3HEpruu, nepecmarpusaet
noTpebHOCTb B BbIPAbOTKE 31eKTpo3Heprum npu 6asosoi
Harpy3ske. BMecTo 3TOro TpaAnLUMOHHbIE SNeKTPOCTAHUMM C
6330801 Harpy3KoM, Hanpumep YronbHble, OyAyT 3ameHeHb!
COBOKYMHOCTbIO Perynmpyembix Npon3BoAnTeNel, KoTopble
MOTYT KPYrNOCYTOYHO «CNeA0BaTb 33 Harpyskom» (Hanpu-
Mep, CONHeYHble SNeKTPOCTAHUMN B COYETAHWUM C Ta30Bbl-
MW, BETPOBbIE 1 reoTepManbHble SNeKTPOCTaHUMW, 3 Takxke
yrnpasneHve cnpocom) 6e3 OTKAKYEHUN SNeKTPOIHepruu.
Takum 06pa3om, 63308an Harpyska obecneynBaeTcs Kacka-
[OM  perynmpyembix 3NeKTPOCTaHUMA BMecTo 6a30BbiX
3NeKTPOCTaHUMA.

CyLLecTBYIOLLAA CUCTEMA SHEProcHabKeHun:

* He3Ha4ynTenbHble A0NN nepemeHHon B0300HOBNAEMOW
JHepreTunkuy,

- 6a30Bble 3NEKTPOCTAHLUMN 0603HaYeHbl CMAOLLIHOM Yep-
TOW BHU3Y rpaduKa;

*+ 3/1eKTPOCTaHUMM Ha B3 npeacTaBnsatoT cobo n3meHato-
LWMIACA CNOWM, MOCKONbKY YPOBHM BETPOBOM U CONHEYHOWN
SHeprm N3MeHAKTCA Ha MPOTSXKEHWN AHS;

+ ra3oBsble W MAPOINEKTPOCTAHUMM MOTYT ObiTb MOAKAIO-
YeHbl MNK OTKAHOYEHDI B 33BUCMMOCTH OT CMPOCa Ha d/eK-
TPO3Hepruo. Takaa KomOMHAUMA ABNAETCA YCTOMYMBOM
33 CYeT MCMNoNb30B3HMA MPOTrHO30B MOroAbl M PA3yMHOTO
YNpaB/AeHns SNeKTPOCeTAMM;

* OMMCAHHAA Bblle CUCTEeMa dHeprocHabxeHns nossonsaeT
MOBbICUTb A0/ NEepemMeHHON BO306HOBAAEMOW SHeprimn
B 06beme Ao 25%.

BT

MaHeBpeHHble MOLHOCTH
obecneunatoTca 3a cyet
rasoBbIX U TMAPO3NEKTPO-
CTaHumi

01:00 06:00 12:00 18:00

Bpemsa cyTok

Ans 60pb6bl ¢ K3MeHeHneM KAMmaTa AonA Bo306HOBAA-
€MOI 3NeKTPO3Heprumn AoMKHa 6biTb HamHoro 6onbluei,
yem 25%.

38 (GP-EN 2014) Powe[R] 2030 -. A European Grid for 3/4 renewable
electricity by 2030; Greenpeace International/Energynautics; March
2014



CucTema 3HeprocHabxeHus ¢ aoneil nepemeHHoOW B0306-
HoBNsemoW 3Heprum 6onee 25% 1 npuoputeTom 6asosoi
Harpysku:

+ 3TOT MOAXOA MO3BONSET YBeNMUUTb A0 BO30OHOBANSA-
€MOW 3HepreTuKM, Ho OCTaBNAeT npuopuTeT 33 6330B0N
HarpysKkou;

+ M0 Mepe CBOEro yBennyeHus 3sHeproobecneyeHvie w3
B0300HOBNAEMbIX UCTOYHUKOB SHEPTUW B ONpeAeNeHHbIN
MOMEHT AHS NPEeBbICUT NOTpebNeHne, B pe3ynbTaTe Yero
06pa3syeTcs N36bITOYHAA SNeKTpUYeCcKasn SHeprus;

- 10 onpeseneHHoro MoOMeHTa 3Ty npobaemy MoxHo byaeT
PeLlnTb 33 CYeT aKKYMY/MPOBAHWUA SHEprum, nepesnayn
SNeKTPO3HEepPrM MexXay PafioHamu, U3MeHeHWUsa notpe-
61eHVA B TeYeHe AHA VAW OTKKYEHMA reHepupyoLLIMX
MOLLIHOCTEN BO306HOBNSAEGMO SHEprM BO BPEMS MNKO-
BOrO NPOM3BOACTBA.

Cnctema 3HeprocHabkeHna ¢ Aoneil nepemMeHHoi B0306-
HoBnAeMoi 3Heprium 6onee 25% 1 NPUOPUTETOM SNEKTPO-
CTaHUM Ha BU3:

* 3TOT nMoAXoA Mo3BONAeT yBeNndnTb AONK B80300HOBNSAE-
Mom JHeprmm, HO B KavyecTBe NpuopumTeTa pacCMmaTpmusaeTt
3KONOrn4yeckn YNCTyr sHepruio;

+ ec/w BO30OHOBNAEMas SHeprua MonyuuT npuoputeTr B
3HEpProceTsX, OHa «BKAMHUTCA» B 6330BYIO HArpy3Ky;

+ TeopeTnyeckn aTOMHble U YTroNbHbIe SNeKTPOCTAHLMN A0/K-
Hbl paboTaTb HA MOHWKEHHOM MOLLHOCTV MW GbiTb NOAHO-
CTbIO OTK/IOYEHbI OT SHEPTOCETM B MOMEHTbI MNKOBOO SHEp-
rocHab>keHns (8 04eHb CONHEUHYIO /M BETPEHYIO MOroay);

* CYLLUeCTBYHOT OrpaHMYEeHMs CKOPOCTH, MacluTaba 1 4acToTbl
N3MEHEHUIN OTA3BAEMON MOLLHOCTU @TOMHbIX U YrONbHbIX
3nekTpocTaHuuii (¢ CCS - TeXHONOTUA YN3BANB3HWA U XPa-
HEHUA YrNepoAa), KOTopble MPOAUKTOBAHbI TEXHUYECKUMU
coobpaxeHnaMM 1 coobparkeHmaMM 6e30MNacHOCTM.

PelleHne — ONTUMM3IMPOBAHHAA SHEProcucTema C Aonen
B0306HOBNAEMOM SHepreTuku 6onee 90%:

* MONHOCTbIO ONTUMMU3MPOBAHHAA SNEKTPOCETb C 100%-HOW
[l0Neil BO30OHOBNAAEMbIX WCTOYHMKOB SHEpruM, KOTOpas
aKKyYMyAMpyeT v NepefaeT SNeKTPOIHEPTUIo B Apyrie pe-
[MOHbI, yNpaBaseT NnoTpebAeHem 1 orpaHMUMBaeT noaady
3/1eKTPO3HEPT N TONIbKO TOTA3, KOTAA 3TO HEOBX0ANMO;

. ynpasnenne cnpocom (demand side management —
DSM) nepemellaeT NMKOBY HArpysKy v «Crnaxuneaer»
KpUBY NOTpedNeHNs SNeKTPUYeCcKon 3Heprum Ha npo-
TAXKEHUN AHA.
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Kpusasn HarpysKM

MVWM

01:00 06:00 12:00 18:00 24:00

M36b|TOK reHepauum Ha BU3:
BapMaHTbI PaccCMOTPEHbI HUKe

MpuopuTeT 6a30B0i HarpysKku:
HET OrPaHNUYEHUs YroNbHbIX
WM aTOMHBbIX 3N1€KTPOCTAHLMI

Bt

Bpema cyTok

3101 noaxop 6yaer HeadekTMBHBLIM, echn faons B0306-
HOBNAEMOIA SHEpreTMKM B 3HepreTnyeckom 6anaHce npe-
BbICUT 50%, MU He MO3BONUT AOCTUYbL A0NN BO30OHOBNAE-
MO SHepreTUKU B SHepreTmyeckom 6anaHce 8 90-100%.

KpuBas Harpysku

MpuopuTeT aneKkTpocTaHuuit Ha BU3:
orpaHuyeHune 6a3oBbix MOLLHOCTE
TEXHUYECKU CNOKHO UK NPAKTUYECKU
HEBO3MOXHO

BT

01:00 06:00 12:00 18:00 24:00

Bpemsa cyTok

JTOT NoAxoA He moXKeT 6bITb M36paH B KauecTBe pelueHus,
NOCKONbKY ero 6yAeT C/I0XKHO peain30BaTb TEXHUYECKM.

MmnopTuposaHHas

13 ApYTUX PErMOHOB
3N1eKTpoaHeprua (13 BU3),
ncnonb3osaHue
AKKYMYNUPYIOLLMX
MoLHoCTEN

ConHeYHble INeKTPOCTaHLMK
3NEKTPOCTaHLUMK Ha
6uomacce, MNC, KC3C,
reoTepmanbHble 3C
Betposbie 3C
MpepnoxeHnne:

BETPOBbIE N CONHEYHblE
3C

Kpusasa Harpysku c DSM
(BapuaHTbl 1 1 2)

KpwvBas Harpysku 6e3 DSM

BT

01:00 06:00 12:00 18:00 24:00

Bpems cyTok

Paboraert!

HcTouHmK: CLeHapuit SHepreTn4yeckou [plesoroLmm — 2012, [pUHAC.
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nepCI'IEKTVIBbI MHTeNNeKTYyaNbHbIX SHepre- SHEeprocucTem, BKAOYAA TEXHONOTUI VHTENNEKTYaNbHbIX

o _ anekTpocetein (Smart-Grid Technology), ana nossnexHms Ko-
TUYECKMX CeTen B KOHTeKCTe JHepreTnye TOpPOV NPeACTOUT NpUNOXMTb 6onblume ycunmsa (ECOGRID).

ckon [p]esontouuy Ha puc. 2.4 NpYBEAGHO OYeHb MPOCTOe rpaduyueckoe M30-
OpakeHne KNoYeBbIX 3NeMeHTOB OyAyLLMX SHepreTUYecknx
CUCTeM H3 0cHoBe BUD ¢ npymeHeHrem TeXHONOTUN UHTeN-
NeKTyanbHbIX dnekTpoceTein (GP-EN 2009)%.

AN Co3AaHNA SHepreTMyeckon CUCTeMbl, KOTOpas MpaKTu-
Yeckn Lennkom COCTOUT U3 BO30OHOBNSEMBIX WCTOYHMKOB
3Heprun, notpebyeTtca HOB3s 0ObeAVHEHHan apXUTEKTYpa

Puc. 2.4. lNepcnekTunBbl MHTENNEKTY3bHbIX SNeKTpoceTelt B KoHTekcTe J[P]

B3C

LleHTpanbHan
3NeKTPOCTaHUMA

¢ O

_@ MpomblWwneHHbIN
OducHble 3aaHuA 06beKT
¢ PV naHenamu

% x a1
YKnnas 3acTPoiiKa ¢ IPUMEHEHEM [7?_]
X TEXHONIOrMN KYMHBbIV LOM»

@ C3C

%

@ M3onunposaHHan
MUKpOCeTb

Mpoueccopb! [aTunKu (<aKkTMBHBIEN) WHTenneKkTyanbHble yCTpoiicTBa TeHepaTopb!

x BbINONHAIOT CNeunanbHble CXEMbI
3aWnTbl 32 MUKPOCEKYHAbI

¢ BbIABNAIOT KONebaHuA
1 HapyLleHUs B SHeprocucTeme
1 MOTYT yKa3bIBaTb Ha y4acTKu,
KOTOpble Heo6XoaMMO
13011pOBaTh

MOTYT OTKNtOYATbCA B C/ly4ae

T:l 3Heprua, noay4yaemasn ot Manbix
KonebaHmii YacToTbl

reHepaTopoB 1 CONHEUHbIX NaHenen,
MOXeT COKpaTuTb oblee notpebnerHne
B cetn
AKKYMYyNMpoBaHue 3Heprum
3Heprus, NpousseaeHHas B Nepuoabl
HaWMeHbLUE HarpysKu, MoXeT
Q’\\‘) B 3N1eKTpOCETH aKKYMY/NMPOBATLCA B aKKYMYNATOPHbIX
130/1poBaTb cpencrs 6aTapeax ANa NoCAeAyIoLWero NCNoab30BaHmA

[aTumnKm («B pexxmme 0XXuUAAHUA»)
BbIAB/AIOT KoNebaHnA
1 HapyLleHna B SHeprocucteme
M MOTYT YKa3bIBaTb Ha y4acTKu,
KoTopble Heobxoanmo

notpebneHne MOXXHO
NepeK/IlounTL Ha Nepuoabl
HauMeHblLLel HarpysKku
ANA SKOHOMUU LEHEKHbIX

Hapywenue
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i i
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i i
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Victounuk: CyeHapmvi IHepreTnyeckou [plesosoymm — 2012, [pyHIMC.

2.3.5. STan 5: HOBble CyllecTsyiollas MoAenb npeAcTaBAseT co6oil OTHOCU-
> TeNbHO HeB6ONbLIOe KOAMYECTBO KPYMHbIX 3NeKTPOCTaH-
MHCTPYMEHTbI TOCYAapCTBEHHOW UM, NPOV3BOAALIMX 3NEKTPOSHEPriio ANA HACeneHus,

NONUTVKWN ANS BHeApeHl/Iﬂ HOBbIX KOTOPbIMW BNAAEKT W YNPaBAAKT dHepreTmyeckre Kom-

NaHUN UAK UX foYepHMe CTPYKTYpbl. COrNAcHO CLeHaputo

6|/|3H€C‘I\/\O,ﬂeﬂe|7| JHepreTuyeckon [plesontoumm, okono 60-70% 31eKTpo-

3Heprum 6yaeT Npov3BOANTLCA GONLLUMM KONNYECTBOM
CueHapuin dHepreTnyeckoin [pleBontoumn Takxke npviBeaeT K Manbix pacrpeseneHHbIX SNeKTPOCTaHUmMiA. CTPYKTypa X
Pe3KOMY M3MeHeHWo OU3HeC-MOAENM SHEpreTUYeckmx KOM- coBCTBEHHOCTH CMeCTUTCA OT LEHTPa/M30BaHHbIX SHep-
NaHWM, KOMMYHANbHBIX NPEeANPUATI, NOCTABLLNKOB TOM/IMBA 1 TETVHECKMX KOMMNAHMW K 4aCTHbIM MHBECTOPaM, Npouns-
MPOU3BOAWTENEN SHEPreTUHEeCKMX TeXHONOTUI. [lelieHTpan- BOAWTENAM TeXHONOTMI BO30GHOBNAGMON 3HEPreTUky 1

30BdHHAA reHepauna sHeprmn ANA CaMoCToATENNbHOIo 3HEpro-
obecneyeHmn HapAaAay C KPpYMHbIMMN CONHEYHbIMW SNEKTPOCTaH-
LUMAMMN, Ha3€MHbIMN 1 MOPCKMIK BETPOMAPKaMi B OTAANEHHbIX

39 Cm. Takxe Ecogrid Phase 1 Summary Report, http://www.
energinet.dk/nr/rdonlyres/8b1a4ao6- cba3-41da-9402-

palioHax K 2020 roAy OKaxeT rny6okoe BNMSHME Ha AesTenb- bséc2c288fbo/o/ecogriddk_phase1_summaryreport.pdf
HOCTb HepreTMyecknx KOMMaHum. B 4aCTHOCTY, 3TW UCTOYHWUKA 4 (GP-EN 2009) European Renewable Energy Council/Greenpeace
3Heprvm He TpebyoT TOM/MBa, YTO CTaHeT Npobnemoit Ans Bep- report, [R]lenewables 24/7: infrastructure needed to save the

TUKA/\bHO MHTErppOBAHHbIX SHEepreTnyeckmnx KOMMaHWIA. climate, November 2009.




MMNC-komnaHmam (NpoeKTUpPOBaHMe, MOCTaBKa, CTPOUTE N b-
CTBO). B CBOK 0yYepesb, Lenoyka co3AaHMA LLEHHOCTW SHep-
reTMyecknx KoMnaHuin 6yaeT cMeLlaTbCA B CTOPOHY pa3pa-
60TKM NPOEKTOB, NPOM3BOACTBa 060PYA0BAHMSA, IKCNAYaTa-
UMK 1 TexHUYeckoro o6cnyxmneaHna (puc. 2.5).

O6blYHaA MpoOAAXKa INeKTPO3Heprum notpebutensm 6yaet
UrpaTb MeHbLUYI0 PONb. JHepreTmyeckne KoMnaHum Gyay-
wero 6yAyT MoCTaBNATb NOTPebUTENAIM BeCb CMEKTp YCayr
3NEeKTPOCTAHLMIA 1 COOTBETCTBYHOLMX UT-yCAyr, @ He TONbKO
INEKTPUYECKYI0 SHEepruto. Mo3TOMY OHM OyAyT CTPEMUTLCA
CTaTb NOCTABLUMKAMM YCNYT ANA CBOMX NOTpebuTenein. bonb-
LUMHCTBO 3NEeKTPOCTaHUMIA TakxKe He 6yayT TpeboBaTb Mo-
CTaBOK TOM/WBA, MO3TOMY TOM/WIBHbIE KOMMAHWUM NOTEPSAIOT
CBOIO CTPATETNYECKYHO 3HAUMMOCTb.

CeroAHs LenoYKka Co34aHNA LIEHHOCTM B 3NeKTPOCHAbXeHM
pa3bu1Ta Ha HeCKONbKO YeTKO onpeaeneHHbIX WUIPOKOB, HO
rnobanbHoe sHeproobecneyeHre 3a c4eT BO30OHOBNSEMbIX
WNCTOYHMKOB SHEprm Hem3beXxHo M3MeHWUT 3TO pacnpeaene-
HWe yHKUMI 1 06a3aHHOCTeN. B cneaytoer Tabnmue npea-
CTaB/ieH 0630p M3MEHeHMs LIenoYKM CO34aHMA LEHHOCTU B
pe3ynbTaTe peBO/IOLIMOHHBIX U3MEHEHWI B SHEPreTUYecKom
6anaHce.

Byaywasa moAenb B PamKax CLeHapus DHepreTnuyeckoi
[pleBontoumnn npeanonaraet nossneHve sce 60/bLLIErO KO-
NMYeCTBa SHepreTMyeckMx KOMMaHui C MCMosb30BaHWEM

2. KoHuenuma SHepreTuyeckon [pleBontounm

BW3. Hanpumep, nponssoanTenn BeTpoBbix TypOuH 6yayT
NPYHMMATL y4yacTve B pa3paboTke MPOEKTOB, YCTAHOBKE,
3KCNAYATaLUUM 1 TeXHUYeCKomM 00CNYXMBaHMM 00bEKTOB, B
TO BpeMsi KaKk KOMMYHa/ibHble MPesnpuUATUA NOTEPSAT CBON
cTaTyc. TpaAnLIMOHHbIE SHEProcHabXKatoLLMe KOMNaHMK, KO-
TOpble He nepenAyT Ha BV3, nmbo noTepstoT CBOK A0 Ha
pblHKe, 160 BOOOLLIE MOKMHYT ero.

FoCcyaapCTBEHHAs NOAUTMKA onpeaenset
CTPYKTYpPY CO6CTBEHHOCTU N MHBECTULMOH-
Hble NOTOKM

YTo6bl OPraHM30BaTh Nepexos K SHEPreTMUeckoMy PbiHKY,
Ha 100% cocTosAwemMy 13 BW3, noHanobatca cooTBeTCTBY-
foLLMe UHCTPYMEHTbI FOCYA3PCTBEHHOM MOAMTUKM, KOTOpble
obecneyaTr nNaHMpoBaHMe K 6e30MacHOCTb WHBECTULNIA
AN ManbIx U cpeaHnx npeanpuatuin (MCM). Takme MHCTpY-
MEHTbl A0/KHbI, B MepBy0 ouepeab, 06ecrneyrBaTb AOCTYN
K MHDPACTPYKType — MHUAM 3NeKTponepeAayn, rasonpo-
BOAAM U CUCTEMaM LIeHTPA/IM30BaHHOTO TenNoCHabXeHus,
4T0Obl MOXHO ObINO MOCTABNATL INEKTPUUECKYHD SHEPTULD,
BOAOPOA, BO30OHOBNAEMbIN MeTaH W/UnnM BO30OHOBANA-
emoe Tenno notpebutenam. Knwueebim daktopom Ans
pa3paboTUMKOB MPOEKTOB M WMHBECTOPOB TaKXe SABNSETCS
NPUOPUTETHAA ANCNETYEPM3aALMNA BO BCEX CETAX, MOCKONbKY
NporHo3mpyemoe Npovn3BoACTBO BO30OHOBNAEMON SHEpriu
3a TOT UM MHOW FoA — 0CHOBA (DMHAHCOBOTO NNAHNPOBAHUA.

Puc. 2.5. VI3ameHeHVe Lienoyvkn Co3AaHNA LLeHHOCTN ANA MNAHNPOBAHNA, CTPOUTENBCTBA W SKCMNYATaUuM HOBbIX 3ﬂeKTDOCTaHLlVIM

MNpoussoacTBo 3kcnayaTtauuma
3apaua U Urpok Pa3paboTtka Bnapeney, Mepepaua
reHepupyloLero YcTaHoBKa W TEXHUYECKoe Mocraeka TonauBa
PbIHKa nNpoeKToB 3NEeKTPOCTaHUUU notpeéurenam
obopyaoBaHus obcnyxusaHue
................................................................................................................................................................... »
TeKywiaa cutyauma YronbHble, ra3oBble Y aTOMHbIE 3N1EKTPOCTaHLUMK ABNA-  OTHOCWUTENIbHO HOBbIE SN1EKTPOCTAaHLMUM, HebonblLuoe KonnvyectBo  IKcnayaTauma snek-
Ha SHepreTMYeckom  oTcA Bonee KpPynHbIMK, YEM INEKTPOCTaHLMK Ha BU3. KOTOpble HAaXOAATCA B COBCTBEHHOCTU U KPYMHbIX MeXAYHapoa-  TpoceTel nepeiaer
PbIHKe CpesHee KONMYECTBO 3NEKTPOCTaHLMIA, HeOBXoAUMbIX  (MHOTAA) B yNpaBAeHUU SHepreTMYecknx HbIX HETAHbIX, Fa30BbIX K rOCYAapPCTBEHHBIM

o5 1 [BT ycTaHOB/IEHHOW MOLLHOCTU, — TO/IbKO 1-2 KOMMaHWU.

npoekKTa.

WUrpok pbiHKa

KomnaHwu, 3aHuma-
toLMecs NPOeKTUpo-
BaHWeM
3N1eKTPOCTaHLMi

KomMmyHanbHble npeanpuaTUs
fopHOA06bIBatOLLME KOMMAHMUM

OnepaTopbl aneKkTpoceTe

1 yrnepobblsatoLmx
KOMMaHWi JOMUHUPYIOT
Ha pbIHKe: cerogHA
oKono 75-80% anekTpo-
CTaHUMI HyXKAatoTCcA B
nocraBKax Tonauea.

3HepreTUyeckum
ceTeBblM KOMNAHWAM
nnu coobLyecTsam B
pesynbTate nnbepanu-
3aUMKN NONUTHKM.

................................................................................................................................................................... )

SHepreTUYECcKUi
pbiHOK B 2020 roay
unocne

INeKTpocTaHUMK Ha BU3 nmetoT HebonbLLyto reHepu-
PYIOLLLYIO MOLLIHOCTb, KOIMYECTBO NPOEKTOB A/1A NPOeK-
TUPYIOLLMX KOMMNAHWI, NPOU3BOAUTENEN U MOHTANKHbIX
KOMNaHWii Ha 1 MBT ABnseTcA Ha NopAAoK 6onblLMM.

B cnyyae ¢ poToanekTpuyecknmmn batapeamu peub
moxeT nath o 500 npoeKTax, HazeMHbIMK
BeTponapkamu — o 25 — 50 npoekrax.

MHorue npoekTbl ByayT NpuHaanexaTbh
YaCTHbIM LOMOXO3AWCTBAM MU UHBE-
CTULMOHHBIM 6aHKam (B ciyyae KpynHbIX
NPOEKTOB).

WUrpok pbiHka

KomnaHwuu, 3aHuma-
oLeca NpoeKTUpo-
BaHMEM
3N1EKTPOCTAHLMIA

Ha BU3

YacTHble 1 rocyAapcTBEHHbIE MHBECTOPbI

Onepartopbl aneKTpoceTen

Ucroynuk: Dr. Sven Teske / Greenpeace.

K 2050 rogy npakTuue-
CKM BCE SHEproreHepu-
pytoLme TexHonornm

- Kpome 6uomacchbl -
6yayT paboTaTb, He uc-
nbITbIBasA NOTPe6HOCTM
B NOCTaBKax TOMNAMBa.

IKcnayaTauma anek-
TpoceTei nepenaet

K rOCYAapCTBEHHbIM
3HepreTUYeCKUM
ceTeBbIM KOMNAHUAM
nnu coobLiectsam B
pesynbrate mbepanu-
3aLUU NONUTUKM.
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Byaywiume rpynnbl notpebutenei

HeobxoAMMOe KOAMYECTBO INEKTPUYECKOM 1/Uav TENN0BON
SHeprum ANs pasNnYHbIX rpynn notTpebuteneit onpeaenset
KNACC HaNpsXXeHUa 3NeKTpoceTelt, a TaKKe TWM ra3onposo-
na (pacnpefennTenbHbli/MarucTpanbHbii), K KOTOPbIM 3TU
notpebuteny NoAKAtoYeHbl. B3aumoaencTeme mexay no-
Tpebutenem v MHbPaACTPYKTYpol nNpeanonaraeT Hanmdme
MHOXeCTBa TEXHONOTUIA 1, C/lej0BATENbHO, KOMMEPYECKMX
peLLeHNiA AN SHEProCcepBNCHbIX KOMMAaHWM.

Hanpumep, YCTaHOBKA CONHEYHbIX hOTOINEKTPUYECKMX Na-
Heneln CeroAHa o4YeHb YacTo ABNAETCA HaMMeHee 3aTpar-
HbIM B3apWUaHTOM ANA AOMOXO3ANCTB, MMEKLMX A0CTYN K
nAoWaAaM Kpbiwn. CTOMMOCTb SNEKTPOSHEPTUM, Npon3Be-
AEHHON (HOTOINEKTPUYECKMIN NAaHeNAMM, Pe3Ko COKpaTy-
Nacb 33 HECKONbKO NMOCAeAHUX NeT. MapuTeT ¢ PO3HUYHbIMM
LIEHAMW Ha SNEKTPUYECKYIO SHepruio 1 HedTaHoe TONANBO
OblN LOCTUTHYT BO MHOTUX CTPAHAX ¥ CErMEHTaX PbIHKA, Nput
3TOM AOCTMXKEHME OMNTOBOr0 MapyTeTa Ha HEeKOTOPbIX PbiH-
Kax y>ke He 3a ropamu (Breyer 2015)4".

C yyeTom haKkTOB, MpPMBEAEHHLIX B 3TOM pa3jene, A0CTa-
TOYHO 0YEeBMAHO, YTO OTKA3 OT U3MEHeHMA TeKyLlel Tpaan-
LMOHHOMN 6U3Hec-Mmoaenn He 6yaeT pelleHnem AN KOMMY-
Ha bHbIX NpeAnpUATUN.

41(Breyer 2015) PV LCOE in Europe 2014-30; Final report, July
2015; University Lappeenranta / Finland, Dr. Christian Breyer; PV
Technology Platform; www.eupvplatform.org

OnbIT HeMeLUKMX SHepreTMyecKnx KOMNaHWM ABNAETCA XO-
POLUMM NPUMEPOM TOTO, Kakme BbI30Bbl IHEProKOMNAHNAM
cneayeT oXmAaTh B 6yaywem. B 2014 roay RWE - oaHa 3
ABYX KPYMHEMWMNX dHepreTmyecknx KOMMaHWA FepmaHum
Hapsaay ¢ Eon - coobwmna o napeHnn ee npubbinm Ha 45%.
LleHbl Ha 31eKTpO3Hepruio NaaakoT, U AONA INeKTPO3Hep-
MU 13 TPAAULMOHHBIX WUCTOYHWMKOB TOXe CTPeMUTeNnbHO
COKPALLAeTCs, MO3TOMY 3TU KOMN3HWUW MPOA3KT MeHbluee
KONNYECTBO 3NEeKTPUYECKON SHEepPrum no HU3KMM LIeHaM.
Hanpumep, npoaaxu snektposHeprum RWE cokpatunucb
B 2014 roAy Ha 7,5% NO CPaBHeHWIO € NpeAblAyLMM ro-
[OM. Pe3ynbTaT okasanca Ha 29% Huxe, yem npubbinb oT
00bIYHOWM reHepaummn snekTpodHeprum. RWE pewwnna npo-
6nemy 4acTMYHO, CO3A3aB COBMeCTHoe npeanpuatue ¢ EPC
(Conergy) Ana BNOXeHMs CYL|eCTBEHHbIX WMHBECTUUMA B
HaKPbILLHbIE CONHEYHble NaHenu 8 FepmaHun. AHaNOrMYHO
Eon paspenvnach Ha ABe KOMNaHUW: ofiHa BeAeT OM3HecC B
cepe TPaAMUMOHHONM 3HEpruK, 3 APYrasn 3aHMMAeTcs BO3-
06HOBNAEGMOW SHEepreTUKoOW 1 NpeAoCTaBAseT sHepreTnye-
CKMe yCnyrn. 310 peLleHne YeTKo CBMAEeTeNbCTBYeT O TOM,
YTO CNeUnaNnCTbl BeAYLLMX SHepreTuyecknx KOMNaHum no-
HMM3KT HEeCOBMECTMMOCTb TPaAMLIMOHHOM 1 Bo306HOBNAe-
Mol aHeprum (PV-M 3-2015)%.

42 (PV-M 3-2015); PV Magazine, RWE Profits Slump Amid Crisis In
Conventional Energy; 10th March 2015; lan Clover; http://www.
pv-magazine.com/news/details/beitrag/rwe-profits-slump-amid-
crisis-in-conventionalenergy_100018539.






0630p
CLileHapPHbIX
NMPOrHO308
[ PUHNNC

B P33BuTME N0O3NLHOM BETPOIHEpreTuKy

B Pa3suTYE TNO03NBHOW MHAYCTPUN CONHEYHbIX
naHenemn

B KaK MOXHO CPaBHUTL CLieHapui
JHepreTuyeckon [plesonoumm ¢ ApYrmmm
CLUeHapuamm?

33 nocneaHue aecAatb net IpuHNMC onyONMKOBAN MHOMOYMNC-
JIeHHble NMPOrHo3bl B COTPYAHNYECTBE C OTPAC/IeBbIMM aCCoUM-
aUNAMN BO30OHOBNSAEMON SHEPreTUKN U HAYUYHbIMN UHCTUTY-
Tamu. B AaHHOM pa3penes npeacTaBneH 0630p NPOrHO30B 33
NneproA € 2000 N0 2014 roAbl, @ TaKXe NpUBOAUTCA UX CPaBHe-
HVe C peaNbHbIMU N3MEHEHNAMM Ha PbIHKE U OLeHKamu, npu-
BeZAileHHbIMW B [pOrHO3e MMPOBOM SHepretukn MSA, H3 KOTO-
POM MOCTPOEeH Hall ba3oBbIn cLeHapui (CM. BCTaBKY 3.1).

43 3710T pasfen Obln aA3NTMPOBAH HA OCHOBE COOTBETCTBYHLLEro paszaena MporHosa ycTon-
UMBOrO Pa3BUTUA MUPOBOI SHEPreTVKM B PaMKax JHepreTnyeckoi [plesontounn 33 2015 rog
(Energy [R]evolution: a Sustainable World Energy Outlook 2015) ¢ pa3pelueHus TPUHANC MH-

TEPH3LLHA.




-

®oto: Oflickr.com - National Renewable Energy Laboratory



3. 0030p CLieH3PHbIX MPOrHO308 PUHMKC

3.1. PazButune rnobanbHom
BETPO3HEpreTnKm

lpyHNMC 1 EBpONenckan accoumaumsa BeTpO3HepreT1kin Bnep-
Bble ony6bAMKoBanM CoBMeCTHbI aAoknaa Windforce 10 B
1999 roaly. B Hem 6bln NpeacTaBneH NpOrHo3 pasBmTUA MNo-
63anbHOro pblHKa BETPOBbIX TYPOWH HA NeproA A0 2030 roAa.
C Tex nop AOKNaA perynapHo o6HOBNANCA — 0OHOBNEHHble
gepcum NybANKOBaNMUCh pas B ABa roAa. HaumHas ¢ 2006 roaa
[oKNaa 6bin nepenMmeHoBaH B «[1pOrHo3 pasBuTMA MUPO-
BOW BETPO3HepreTukmM» 1 NybAMKOBANCA COBMECTHO C HO-
BblM NapTHepoM - [No6anbHbIM COBETOM MO BETPO3HepreTu-
ke (GWEC) - 30HTMYHOWM OpraHmn3aumeit Bcex permoHanbHbIX
accoumaumn no setpoaHepreTuke. Ha puc. 3.1 NpoAEMOH-
CTPMPOB3HbI  €XerofHble  MpOrHo3bl, MOATOTOBNEHHbIE
C 2000 NO 2012 FOAbl, 3 TaKXKe NPUBOAUTCA UX CPaBHeHWe
C peanbHbIMM PbIHOYHBIMM A3HHbIMK. Ha rpadwke Takxe
NpeACTaBAEeHbl NMPOrHO3bl M3 Tpex MepBblX peAaKuuiA cue-
Hapua DHepreTuyeckon [plesontounmn (ony6aMKoBaHHbIe B
2007, 2008 ¥ 2010 FOAAX) B CPAaBHEHWN C A3HHLIMW MPOTrHO-
30B pPa3BUTUA BeTpo3HepreTkn MIA, ony6AMKOBaHHbIMK B
MporHo3se munposoi aHepreTukun (WEQ) 33 2000, 2002, 2005,
2008 1 2010 roAbl.

Pacuyetbl, npvBeaeHHble B pAoknagax Windforce 10 u
Windforce 12, 6blA npoun3seaeHbl KOHCANTMHIOBOW KOM-
naHnen BTM Consultants (AaHuAa). [aHHble NpOrHo3a
pa3suUTUA NOOANbHON BETPO3IHEPreTVKKN, KoTopble Oblan
ony6nmkosaHbl B Windforce 10 (2001-2011 roabl) B 3T0T ne-
pVoA, 0Ka3anmcb Ha 10% HWXe peasibHoro pasBUTUA PblH-
Ka. Kpome TOro, pesynbraTbl NporHo308, onyOANKOBaHHbIX
B Noc/iefywWnx peaakumsx, Takxke npubNn3MTeNbHO Ha
10% npeBbILLAaNV MW OTCTaBaNM OT PeasibHbIX PbIHOYHbIX
nokasartenen. Mocne 2006 roaa HoBbIM [IPOrHO3 pa3BUTUA
MUWPOBOW BETPOIHEPreTUKM NpesyCcMaTprBan ABa pas/iny-
HbIX CLeHapus — YMepeHHbI 1 ONTUMUCTUYHBIV NPOrHO3bl
Pa3BUTUA BETPOIHEPreTUKM, PacyeTbl ANA KOTOPbIX Npou3-
BOAUNNCH COBMECTHO [PUHNMC MHTepH3LWHA 1 GWEC. Ha pu-
CYHKaXx MNpeACTaB/ieHbl TONbKO OMTUMUCTUYHbIE MPOrHO3bI,
MOCKONbKY OXMAIHWUSA YMepeHHbIX NPOrHo3o8 Oblnn CAmLL-
KOM HU3KUMUK. Tem He MmeHee 3TW NporHo3bl 6o/bLLe BCero
noAAaBaNNUCh KpUTKKe B TO Bpems. VX Ha3blBanm upesmep-
HO ONMTUMMUCTUYHLIMUN UM AAXKE HEPEANMCTUYHBIMU.

B MpoTMBOMONOXHOCTb CKa3aHHOMY 6a30Bble MPOrHO3bl
(Ha ocHOBe TeKyLMX NONMTMK) MDA CyLIeCTBEHHO Heao-
OLEHWU/IM MOTeHUNan BeTpOdHepreTukn B YacTu yeenmye-
HWS MPOU3BOACTBEHHbIX MOLLHOCTEN M COKpaLLeHUs pac-
xonoB. CornacHo nporHosam, ony6nmkosaHHbiIM B WEO

Puc. 3.1. BeTposHepreTvka — KpaTKOCPOUHbIV MPOrHO3 B CPAaBHEHUM C DAKTUYECKUM Pa3BUTUEM — TN0OANbH3A COBOKYMHASA
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Victounnk: Greenpeace Energy [R]evolution: a Sustainable World Energy Outlook 2015.



M3A B 2000 roay, rnobanbHble YCTaHOB/IEHHbIE MOLLHO-
CTW BETPOBbIX TYPOUH K 2010 roay A0/NXKHbI OblM 4OCTUYb
32 500 MBT. OAHaKo Takue MOLLHOCTM OblAM MoAKAoYe-
Hbl K SHepreTM4yeckom cncteme y>ke B Hayane 2003 roaa -
BCero AABa € NONOBMHOWM roaa cnycta. B 2014 roay ronosomn
o6bem rNo6anbHOr0 pblHKa BETPO3HEpPreTUKM COCTaBUA
39 000 MBT, yBeNm4nB8 COBOKYMHbIA KYMYNATUBHbIA NOTEH-
uvMan Ao 370 00o MBT. 3To nNoyTh B AecsATb pa3 Oonblue
nokasaTensa, NpeACTaBNEHHOro B npeAnonoxeHnax MDA
nNecaTnneTHen AABHOCTW.

J\Lb Bpems NoKakeT, HACKONbKO AONTOCPOYHbIE NMPOrHO3bl
pa3suTua robanbHOM BETPOIHEPreTUKM, NOArOTOBeHHbIe
GPI/DLR/GWEC, 6yayT cOOTBETCTBOBATb PEaNbHOM PbIHOY-
Hol cnTyaumm (puc. 3.2). OAHAKO MpOrHo3sbl B pamkax WEQO
M3A Ha NpoTAXeHMM NOCNeAHUX AeCATN NeT PerynsapHo ne-
pPecMaTprBaOTCA B CTOPOHY MOBbILLEHUA U NPUONNXKAIOTCA K
6onee NporpeccBHLIM TEMMNam pocTa.

3. 0030p CleHaPHbIX NPOrHO308 [PUHMC

3.2. Pa3Butme rnobanbHom nHay-
CTPUWN CONHEYHbIX NaHenemn

BooayLueBneHHbI ycnelHon paboToit ¢ EBponeiickoi ac-
coumaumen no setposoi 3Hepretuke (EWEA), TpuHnuc 8
2001 roay Hayan pabotaTb ¢ EBponeickoi accoumaumein go-
TONEKTpUYeckon npombitneHHocTn (EPIA) Haa Aoknanaom
Solar Generation 10, KOTOpbI NpescTaBNseT co60i NPOrHo3
Pa3BUTUA CONHEYHbIX HOTOINEKTPUYECKMX TEXHONOTUIA Ha
nepuoa Ao 2020 roaa. C tex nop 66110 ony61MKOBAHO LLEeCTb
n3aaHun, npy 3Tom EPIA 1 TPUHNNC NOCTOAHHO YAyYLIanu
MEeTOA0NOMMI0 pacyeTa C NpUBNeYeHMEeM 3KCNepToB 0bemnx
OpraHu3aumi. Ha puc. 3.3 npvBeAeHbl roA0Bble NPOrHO3bl 33
nepuoA ¢ 2001 N0 2015 FOAbI B CPABHEHUN C PeaNbHbIMU Pbl-
HOYHbIMW AAHHBIMW, NEPBbIMY ABYMA N3A3HNAMM CLEEHApUA
dHepreTuyeckon [plesontoumnn (ony6ANKOBAHHBIMU B 2007,
2008, 2010 1 2012 rofiax) U nporHo3amm M3A oTHoCUTeNb-
HO Pa3BUTUA CONHEYHOW SHepreTuKm, onyOANKOBaHHLIMA B
MporHo3e muposol aHepreTukn (WEQ) 33 2000, 2002, 2005,
2007, 2009, 2010 U 2011 roAbl. B nepsbix n3aaHnax M3A He
AeNano KOHKPEeTHbIX MPOrHO30B OTHOCUTENbHO Pa3BUTUA
CONHEYHOW dHepreTuKn, 3 BMeCTO 3TOro UCNONb30BaN0 Ka-
Teroputo  «ConHeyHble/lpunnBHble/Apyrve 3neKTpoCTaH-
uMmn». B 0TAMYMe OT NPOrHO308B Pa3BUTUA BETPOIHEPreTUKY,

Puc. 3.2. BeTpoaHepreTika — AONArOCPOYHbIE NMPOrHO3bl Pa3BMTUA PbIHKA HA NepUoA A0 2030 roAad
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B rno6anbHOM SHepreTuyeckom ceKTope NnpoMcxXoaaT Mac-
wrabHble npeobpazoBaHnA““.

HoBble moLyHOCTH B80306HOBNAEMOW JHepreTnkKkn yCTtaHase-
NNBAKTCA BO BCemM Mupe, npesbillad NoKa3aTtenu 6onb-
LUMHCTBA NPOrHO30B MeHee Yem AecATuneTHen AaBHOCTU.

PekopaHOe KONMYeCTBO HOBbIX YCTAHOBNEHHbIX rNobanb-
HbIX MOLLIHOCTe BETPOBOM M CONHEYHOWN SHepreTnkm 6bino
33(PUKCMPOBaAHO B 2014 roay. MUHUCTEPCTBO SHepreTuKm
CLLA oxapakTepn30Bano 3TV cobbITUA Kak SHepreTnyeckyto
peBontoLM0. HO HACKONBbKO CUNLHOWM ABNAETCA 3Ta TeHAEH-
umA? HackonbKo aKTMYecKn BbIpOC CeKTOp BO306HOBNsE-
MbIX TEXHONOFUI, TaKMX Kak (hOTOINEKTpUYecKne maHenu,
33 nocnesHne roapl?

ConHeyHasa M BETPOBAsA dHepreTuKa: onepexkeHne (60nb-
LLUMHCTBA) SKCMEPTHbIX NPOrHO308.

Ha npotaxeHun 15 nocneaHnx net MexayHapoAHoe 3Hep-
reTmyeckoe areHTCTBo, YnpaBieHWe SHepreTmyeckom WH-
dopmaummn CLLIA n apyrve MOAroTOBUAM PS4 MPOrHO308
OTHOCUTENbHO ByAyLLero pa3suTna B0306HOBNSAEMO SHep-
reTuku. MpakTnyecku Bce 3TN NPOrHo3bl HEAOOLEHNAN MaC-
WTab haKTUYeCKoro pocTa, KOTOpPbI MPOAEMOHCTPUPOBANM
PbIHKM BETPOBOW 1 CONHEYHOW 3HepreTunku. /iiib Hanbonee
OMTUMUCTUYHbIE MPOrHO3bl, TaKMe KakK NPOrHo3, NOAroToB-
NleHHbIl B paMKax CLeHapreB JHepreTnyeckon [plesonto-
UMM TPMHANC, OKA3aNMCb MPUOAVXKEHHBIMU K (DAKTUYEeCKUM
pe3ynbTaTam. [porHosbl puHNMC 6blAM MOAFOTOBAEHbI C
YYEeTOM Pe3KMX CTPYKTYPHbIX, MOAUTUYECKUX U KOMMep-
Yyeckux U3MeHeHW. HeaasHume pelueHva, NpeanpuHATbie
komnaHue E.ON (KuTai1), a Tak>Ke MHOXKeCTBOM APYrMX Ha-
LIMOHANbHBIX N MeXAYHAPOAHbIX OPraHM3aumm, AT OCHO-
BaHWA MONAraTb, YTO 3TV U3IMEHEHNA Y>Ke MPOUCXOAAT.

Yero cneayet oXkMAaaTb?

HWKTO He 3HaeT, Kak byaeT BbIrNAAeTb 3NeKTpo3HepreTnye-
cKuin 6anaHc B Oyayliem, U 3Ta HEM3BECTHOCTb 6o/ee K-

44 (MCG 2015), Renewable energy revolution — published March 16,
2015 (MCG 2015)

poko oTobpa)keHa B MPOrHO3ax pa3BMTUA SHepreTnyeckom
cucTemMbl B Lienom. MpnbamsntensHo 13% rnobanbHOro rno-
TpebneHna nepeMYHOM SHeprm obecneymsaeTcs U3 Bo3006-
HOBNAEMbIX MCTOYHMKOB, 1 MO>KHO MOYTM YBEpeHHO roBo-
pUTb O TOM, YTO BO306HOBNAEMAs SHepreTMka NpoA0/KUT
pa3BMBaTLCA. BOMpocC AKLb 3aKN04aeTCa B TOM, HACKO/IbKO
cyllecTBeHHbIM 6yaeT 310 pa3suthe. COrNacHo NMporHo3am
N cueHapusam, oT 15% Ao 82% rnobanbHoro notpebnexHns
nepBUYHOM 3HEeprnm K 2050 roay 6yaet obecneynBaTbCs
13 BO30OHOBNSIEMbIX UCTOYHMKOB. YTO6bI NpeycneBatbh Ha
MVPOBOM pbiHKe B byayllem, BeAyLMe KOMNaHU U A1LIa,
onpeaenawoLne NOANTUKY, A0/KHbI hEKTUBHO YnpaBs-
NATb M3MeHeHuAMKU. CneayroLLMIA 3Tan pa3BuTUA BO300-
HOBNAEMOW 3HEepreTnKn nosneyet 3a cobom, ckopee BCero,
CYLLIeCTBEHHbIE N3MEHEHWNSA B CTPYKTYpe rMobanbHoM 3Hep-
reTM4yeckom CUCTembl. ITO O03HaYaeT HOBble MHCTPYMEHTI
roCyAapCTBEHHOM MONUTUKN, HOBble 61M3Hec-MoAenm, HoBble
CUCTeMbI YNPaBNEHUS INEKTPOCETAMU N PUCK MacLLTabHOM
nectabunmnsaumn. Bee 3710 BbI3bIBAET LieNbI pAa BONPOCOB:

e KaK MOTyT MLa, ornpeaenstoLLe NonAnTmKYy, 61usHec 1 06-
LLIeCTBEHHble NMAepbl COTPYAHUYATb ANA 3DHEKTUBHOMO
yNpaBNAEHUA N3MEHEHNAMN?

Kakmm o6pa3om pyKoBOAWTENM CTPaH MOrYT MpUBECTU
K obLiemy 3HameHaTento MHTepecbl 3aMHTEepeCoBaHHbIX
CTOPOH ANA BHeApeHWs HeoOXOAMMbIX Mep rocyaap-
CTBEHHOW NONUTUKM M HOPMATMBHbIX 3KTOB BO BCEX perun-
OHax?

Kakune HoBble OM3Hec-moaenn Heobxoanmo 6yaeT pea-
JIM30BaTb ANA NonyveHns 6onbLUer A0AN SKOHOMUYECKN
3(pdeKTUBHbIX NMPOEKTOB MO pa3BuUTU0 B 1 npoekTos
Mo NoBblLIEeHN0 3HeproahdeKTBHOCTA?

e KaK MOXHO MpuBaeYb MHBECTOPOB ANS (DMHAHCMPOBAHMSA
KPYMHbIX MPOEKTOB SHepreTnyeckom NHbpPacTpyKTypbI?

MoaobHble cTpaTerMyeckne BOMPOCHl ABNSAKTCS OCHOBHOM
TEMOW dHepreTnyecknx ANCKYCcMin BO BCem mupe. B 10 xe
BPemsi OHW MPeAMOoNaratoT, YTO CTOPOHbI, 3aUHTEPeCcoBaH-
Hble B SHepreTMyeckmnx npoekTax, 6yayT MmeTb onpeseneH-
HbI KOHTPOAb H3A FPAAYLUMMUN U3MeHeHAMU. OAHAKO, Kak
MoKa3blBaeT NpeAblAYLLNA OMbIT, POCT PbiHKA BO306HOBANSA-
MOl 3HEepreTMki MOCTOSHHO (MONOXUTENbHO) YAMBAAET
3HANMTMKOB, Pa3paboTUNKOB 1 AL, onpeAensaoLmnx Noam-
TVIKY, KOTOPble MbITAKTCA NPeAcKa3aTh byaylee.



1000 MBT

BCe MporHo3bl Solar Generation 6biAK CAMLLKOM KOHCEpBa-
TVBHbI. O6LLan YCTaHOBNEHHAA MOLLHOCTb B 2014 roAly cOCTa-
BUN3 175 000 MBT, 4TO B AiBa pa3a 6o/bLue, Yem NporHo-
31MpOBaNocb B Aoknage Solar Generation 2, KoTopbifi 6bin
onybNMKOBaH AeCATbl0 rofamu paHee. [laxe B Aoknase
Solar Generation 5, KoTopbIl 6611 ONY6MKOBAH B 2008 roay,
6bl1 HeloOLeHEeH BO3MOXKHbIV POCT pbiHKa (hOTo31eKTprYe-
CKMX MaHenein COrnacHo NporpeccvBHOMY cueHaputo. Ans
CpPaBHeHVA, NPOrHO3bl Ha 2010 roA, ony6anKoBaHHble B8 WEQ
M3A B 2000 roay, cbIICb YXKe B 2004-M.

MocTpoeHvie AOATOCPOYUHbIX MPOFHO30B PA3BUTUA COSIHEY-
HOW 3HepreTukn (puc. 3.4) — 60nee CNOXHAA 33aAaya, YeM
CO3/1aHVe 3HANOTWYHBIX NMPOrHO30B ANA BETPOIHEpreTuKy,
MOCKONbKY €e CTOMMOCTb CHWXKAeTCA Cyl|ecTBeHHO Obl-
cTpee, YeM OXMAANOCb. B 6ONbLUMHCTBE CTPaH - Y/eHOB
03CP conHeyHana 3HepreTnkKa AOCTUING CeTEeBOro MapureTa
B Y3CTU PO3HWYHBIX TapUdOB, YCTIHOBNEHHbIX 3HepreTu-
YeckMMM KOMMaHWsMK B 2014 roay. Kpome Ttoro, apyrue
CONHeYHble TEeXHONOTUM, TakKMe KakK KOHLeEeHTPaLMOHHble
CONHeYHble anekTpocTaHumn (KC3C), AeMOHCTPUPYIOT aHa-
NIOTNYHYIO TeHAeHUuto. Takum o6pa3om, byayLine nporHo-
3bl Pa3BUTMA COMHEYHbIX (HOTOINEKTPUYECKMX TEXHONOMUN

3. 0030p ClIeHaPHbIX NPOrHO308 [PUHMNC

HEe TONbKO 33BUCAT OT CHMXKEHUA CTOMMOCTH, HO U OT Ume-
IOLLMXCA TEXHONOMMI 3KKYMYAMPOBaHNUSA 3Heprn. Mo cyTu
MHTerpaums B 31eKTpoceTb MOXeT CTaTb npobnemon Ans
CONHEYHOW SHepreTVKK, KoTopas, Kak NpeAnoNaratT ceroa-
HS, HACTYNUT ropa3Ao paHblLUe, Yem 0XKMAANOCH.

3.3. Kak MOXXHO CpaBHUTb CLEeHa-
pui JHepreTnyeckom [plesonto-
LM C ApPYrMmMmm cueHapuamm?

B mae 2011 roga MexnpasuTenbCTBEHHasA rpynna sKcnep-
TOB MO M3MeHeHuo kammata (IPCC) ony6amkoBana HoBbI
ocHosononararwmn «CneynansvHbii AOKAAA O BO30OHOB-
NAEMbIX WCTOYHMKAX dHeprum» (SRREN). B 3Tom oTyeTe
NpMBOANTCA Havbonee aKTyanbHbIA YU KOMMNNEKCHbIA aHa-
M3 HaYYHbIX AOKNAA0B, MOCBALLEHHbIX BCEM UCTOYHMKAM
BO306HOBNAEMON SHEpruv, a Takke CLUEeHapuam 3Hepre-
TUYEeCKOro Pa3BUTMA, KOTOpble ABNAKTCA AOMYCTUMBIMU C

Puc. 3.3. ConHeyHasn SHepreTka — KD&]TKOCDOHHbIV\ MPOrHO3 B CpaBHEHNN C (DaKT\/MQCKI/W\ pa3suntnem — rno6anbHasa COBOKYIHAA
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3. 0030p CLieH3PHbIX MPOrHO308 [PUHMKC

Hay4yHoM TouKM 3peHna. CueHapuin dHepreTnyeckoin [pleso-
Atoumn 661 OAHUM U3 Tpex CLueHapueB, 0TOOPaHHbIX B Ka-
YyecTBe OpPUEHTUPOBOYHBIX CLieHapueB ambuLMO3HOro NyTu
pa3BUTUA BO30OHOBNAEMON 3HepreTukn. Touyka 3peHus
IPCC Te31CHO M3N0XKeHa HUXKe. TwaTenbHon oueHKe Oblan
noABep>KeHbl YeTblpe NyTW Pa3BUTUA, OCHOBAHHbIE Ha C/e-
AYIOLLMX MoAenax:

e [IpOrHO3 ~ MMpoBOM  3HepreTukn  MeXXAYHapOAHOro
3HEpreTMYecKoro areHTCTea 3a 2009 rog, (WEO M3A 2009);

« DHepreTnyeckas [p]esontoums puHNWC, peaakuma 33
2010 roa (3[P] 2010);

« ReMIND-RECIPE;
e MiniCam EMF 22.

[porHo3 mmposon sHepreTrkn MSA 1CNoNb30Banca B Kaye-
CTBE MPUMEPHOrO OCHOBHOTO CLeHapus (C HAMMEHbLUMM pa3-
BUTMEM BO306HOBNSIEMOW IHEPTeTUKM), B TO BpeMs Kak TpU
APYr1X PaccMaTpuBanMCh B KavecTBe CLEeHapueB ANA CHU-
»KeHWA BbIOPOCOB NAPHMKOBbIX ra308, HANPaBNEHHbIX Ha CHU-
XEHWe PUCKOB, CBA3AHHbIX C U3MEHEHMEM KAMMATA. YeTbipe
CLeHapua NpefoCTaBNAT CyLecTBeHHbI o6bem A0MNONHM-
TeNbHOM MHOPMaLIMK 0 LLIeNOM pPALEe TEXHUYECKNX CBeAeHW,
npeAcTaBNAoT cobon komnnekc 63308bIX NPeANONOKEHWN U
CTPOATCA HA Pa3NMYHbIX meToAonormax. OHM NpeaycMaTpu-
BAIOT Pa3/IMYHble NyTW Pa3BUTUA BO30OHOBNAEMON 3HepreTu-
KW, BKNHOY3A pa3paboTaHHbIN TPUHANC ONTUMUCTUYHBIA NYThb
BHEAPEHNA TEeXHONOTMIA BO30OHOBNAEMOW 3HepreTuku, oc-

HOBaHHbIN Ha MPeAMNONOXKEHNN O TOM, YTO TEKYLLAA BbICOKAA
[AVHAMMKa pocTa cekTopa coxpaHutea. IPCC obpallaeT BHUMa-
HVe Ha TO, YTO pe3yNbTaThl CLieHap1eB ONpeAenaTCa YacTny-
HO AOMYLLEeHNAMK, HO TaKXKe MOTyT 33BUCeTb OT Nexallel B
MX OCHOBE NOTMKN MOAENMPOBAHWUA 1N OTPaHNYEHWI, MPUCY-
LUMX KaXKAO0M KOHKpeTHoM moaenu. Takum o6pa3om, B aHa-
NM3MPYeMbIX CLieHapUAX UCMONb3YHTCA Pa3NNYHbIE CUCTEMbI
MOAE/NIMPOBaHMSA, MPOrHO3bl OTHOCUTENbHO MOTpebneHus U
TeXHO/OrnYeckne peLleHns ANa SHeprocHabxeHwvs. Pesynb-
TaTbl A€TANbHO NpeACTaB/ieHbl B TabAMLe 3.1, HO BKPATLie OHM
BbIMNAAAT CNeayowmm 06pasom:

» ba3zosbIf cueHapun M3A npeanonaraeT BbICOKUA POCT NO-
TpebneHnsa Ha doHe cnaboro pa3smTMA BO30OHOBNAEMON
SHepreTuky;

cueHapum ReMind-RECIPE 1 MiniCam EMF 22 npeanonara-
0T BbICOKWI pOCT NOTpebNeHMA U CyLLleCTBEHHOe pa3Bu-
Te BO30OHOBNAEMOV SHEPreTUKM B COBOKYMHOCTA C BO3-
MOXXHOCTbO MCMNONb30BAHUS TEXHONOTNIA YNAaBAMBAHMA W
XpaHeHus yrnepoaa (CCS) 1 aTOMHON SHepreTuku;

cueHapwui J[P] B peAakumm OT 2010 rofa OCHOBbLIBAETCA
Ha cokpalleHun notpebnenns (6naroaapa CyLlecTBEHHO-
MY YBEeNNYEHNI0 SHeproaddeKTMBHOCTN) B COBOKYMHOCTH
C BbICOKMMW TemMnamu pa3BuTA BO306HOBNSIEMOI 3Hep-
reTKK, a TakKe 0TKa30M OT MCMONb30BAHNA TEXHONOMUI
YNaBAMBAHMA W XpaHeHua yrnepoaa (CCS) m aTtomHom
SHEpPreTVKM BO BCEM MUMPE K 2045 roay.

Puc. 3.4. ConHeyHan JHepreTmnka — A0AroCpOYHble NMPOrHO3bl Pa3BUTUA PbIHKA HA Nepnoa A0 2030 roaad
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MpUpoCT HaceneHuns n pocT BBI ABAAKOTCA OCHOBHbIMU ABU-
KYLWUMU cunami OyayLero sHepronotpebneHms 1, cooT-
BETCTBEHHO, — M0 KPaiHei Mepe onocpeAo0BaHHO — onpese-
naT 6yayuine AoAM BO306HOBNAAEMON SHEpreTUKN.

AHanns IPCC pemoHCTpupyeT, Kakme moAeny UCnonb3yoT
AOMNYLLEeHNA, OCHOBAHHblE H3 BHELLHWX MCXOAHbLIX AAHHbIX,
N KaKne pe3ynbTaTbl onpefeneHbl SHAOTeHHbIMK (haKTopa-
MM 3TMX MoAenew. Bce cueHapum yuuTbIB3KOT yBenMyeHue
YNCNEHHOCTN HaceneHnsa NNaHeTbl H3 50% MO CPaBHEHWIO C
NCXOAHBIM YPOBHEM 2009 roAia. YTo KacaeTca BaNOBOro BHY-
TpeHHero npoAykTa (BBIM), Bce cLieHapuy NpeAnoNarakoT Uam

3. 0630p CLEHapHbIX MPOrHO308 PUHMNC

MpY NMOMOLLW PacYeToB NMPUXOAAT K BbIBOAY O MOTEHLMANb-
HOM cyLlecTBeHHOM pocTe BBIN. B KayecTBe UCXOAHbIX A3H-
HbIX ANA NPOrHO31MpoBaHWs pocTa BBM 8 WEO M3A (B peaak-
UMK 0T 2009 rosa) 1 B MoAenw cueHapus J[P] (B8 peaakumm
OT 2010 rOA3) UCMOANBL3YITCA MPOrHO3bl MeXAyHapoAHOro
BantoTHoro hoHaa (MBD 2009) 1 OpraHM3aLMM SKOHOMMYe-
CKOro coTpyaHM4yecTBa 1 passutua (O3CP). B asyx Apyrux
cueHapusx BB paccumtbiBaeTcs B pe3y/ibTate MoAeMPOBa-
HuA. B Tabnuue 4.1 npeactaBneH 0630p KNKYEBbIX Napame-
TpoB aHanm3a IPCC B8 KoHTeKcTe cueHapreB MDA v MpuHnnc,
KoTopble Oblan onybankosaHbl nocne SRREN.

Tabnnua 3.1. 0630p KNKYEBbIX N3PAMETPOB TUMMYHbBIX CLIEHApVEB, CTPOALLIMXCA H3 3K30reHHbIX A0MYLLEHMAX

* CueHapuin MDA (2009) He 0XBaTbiBaeT MepuoA € 2031 MO 2050 IT. [TOCKONbKY MporHo3 MJA B KayecTBe BBOAHOM ANS STOrO ClLeHapus
0XBATblBaeT Nepuos TONbKO A0 2030 roAa, ASpoKocMUYeckM LieHTpom Fepmaninn (DLR) 66110 ocyLLecTBNEHO SKCTPANOAMPOBAHME KNOYEBbIX
M3KPO3KOHOMMYECKMX U SHEpreTnyeckmnx nokasatenein WEO B peaakumm oT 2009 roAa Ha nepuroa Ao 2050 roaa (Teske et al., 2010).

** \aHHble NMpeACTaBNAT CO60M MO0 NCXOAHbIE AdHHbIE, NMOO SHAOTEHHbIE Pe3yNbTaTbl MOASVPOBAHMA.

**% ConHeyHble HOTOINEKTPUYECKMEe TEXHONOMMK, KOHLEeHTpaUmnoHHble C3C, CoNHeYHble BOAOHArpeBaTeNbHble CUCTEMbI, BETEPO3IHepreTMka
(HazemMHan 1 MopCKasn), reoTepMasibHaA SHeprvs, TeNN03HepreT!ka 1 KoreHepauus, 6Mo3HepreTnKa, MMApOIHepreTvKa, SHepris oKeaHa.
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4.1. Knmmartmnyeckaa noNnTmUKa

B Teyenme gonrmx net benapycb vMmena HeOAHO3HAYHBIN
UMUAX B MMpe TNoOaNnbHOM KAMMATUYeCKON NOAUTUKN. f1B-
NnAaAck ctpaHom Mpunoxerua | K PKMK OOH, Benapycb Aok~
H3 HecTW OCHOBHOe 6pemsa 06433aTenbCTB N0 CMATYEHUH0
NoCNeACTBMI TNO63ANLHOTO U3MEHEeHV KNMMaTa HapasHe
C APYrMMK cTpaHamum NpunoxeHuna |, 0AHAKO ee NOAUTMKA
BbI3bIBaNA COMHEHWA B TOM, HAaCKONbKO AencTnA 6eno-
pyccKoro npasuTenbcTsa 8 pamkax PKMK OOH v KnoTtckoro
MPOTOKONA COOTBETCTBYIOT LIeNAMM MO CHWXEHWIO BO3AeN-
CTBMA H3 KAUMAT4C.

Mocne npekpalleHna cyuwectsosaHma CCCP, pa3pbiBa 3Ko-
HOMMYECKMX CBSi3e MeXAy COK3HbIMK pecnybamKammn u
ANUTENbHOWN CTarHauMm SKOHOMUKM BbIOPOCHI NapHMKOBBIX
rasos B benapycv B nepunoa € 1990 roaa no Hayano 2000-X
COKpaTunmch 6onee yem Ha 40%. HaumHas ¢ 2000 roaa Ha-
6ntofanace cTabmnusauma yposHA BbIGPOCOB NapHUKOBbIX
ra3oB C He3H3auMTeNbHbIM POCTOM, 06YyCNOBNEHHan Lene-
HanpasneHHOW AeaTenbHoCcTbio Pecnybamkmn benapycb no
CHWKEHWIO SHEepProemkoCTV 3KOHOMMKN N BHEeAPEHWo UC-
MONb30BaHMA BO30OHOBNSEMbIX MCTOYHMKOB SHEpPrum (Cm.
puC. 4.1).

Puc. 4.1. l3meHeHve BbIOPOCOB NAaPHMKOBbIX F3308
N0 CeKTOPam 1990-2015 IT.
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[pymeyarme: faHHbIe 110 Bbl6pocam 1 yKa3aHbl 6e3 yyeTa
3emNero/ib30BaHNA, U3MEHEHNA B 3eM/1eM10/1b30B3HUN U
J1eCHOro X03AVCTAa.

VICTOYHMK: HaLmMOHaNbHbIV KaAaCTP BbIGPOCOB M3PHMKOBbIX
rasoB besapycu, 2017 I.

45 The European Union in International Climate Change Negotiations,
https://books.google.by/ books?id=ekYIDWAAQBA/&pg=
PA133&Ipg=PA133&dq=belarus+ climate+change+hot+airGsource=bl
&Gots=q-ywN_19IA&sig= I-sVaMHItihVbp/qvSG-rWhcrSM&hl=ru&sa=
X&ved=0ahUKEwijzuahmeTVAhWmCpoKHSO8CWoQEAEIWjAF#v=on
epage&q=belarus%2zoclimate%2ochange%2ohot%20air&f=false

46 Climate Action Tracker: Belarus, http.//climateactiontracker.org/
countries/belarus.htm/

Tem He MeHee, CCbINAACb Ha CTATYC CTPaHbl, OCYLLEeCTBAAK-
e nepexoA K pbIHOYHOM 3KOHOMMKE, B PaMKax NnepBoro
nepuoAa ocyulectsneHna KnoTckoro npotokona benapych
33ABWNA Leslb, KOTOPan BbIFNSAeNa HeA0CTaTOMHO amburum-
03HOI: -8% 0T ypoBHA 6330BOr0 1990 roAa K 2012 roay+,
TaK KakK B PeasibHoCTV K 2012 roAy BbIOPOCHI CTPaHbl OblaK
HWKe YPOBHA 1990 roAa Ha 35,8%. COrnacHo ycnosuam
NMPOTOKONA, M3NWLIEK KBOT (PasHuUy MeXAy peanbHbim
YPOBHEM COKpPALLEHNA 1 33aBNEHHbIMU 06A3aTeNbCTBaMM)
MOXHO OblN0 NPOAATH APYrON CTOPOHE, YTO MOCNYXKMAO OC-
HOBOW ANA MHeHWs, 4To benapycb opueHTUpyeTca MMeHHO
H3 y4acTve B MexaHn3me TOProBaAM KBOTaMW, He NpUNaras
npy 3TOM AOCTATOYHbIX YCUAMIA ANA AOMONHUTENBHOrO CO-
KpaLleHus BbI6pOCOB.

B Bmay Toro yto benapycb ocyulectBnana NnpucoesnHeHne
K [poTOKONY MO3Xe, YeM OCTaNbHble CTOPOHbI, ANA 3aKpe-
nnexHns ee o6a3atenbCcT8 NoHaAo0MANack nonpaska K Mpu-
noxeHuto B TpoTokona, notpebosasLlias paTuduKaummn
CTOpoHamu. TeM He MeHee NonpaBka Tak U He 6blna paTudu-
LMPOBaHAa He0OXOANMbIM KONMYECTBOM CTOPOH, 1 benapychb
He CTana MONHOMPaBHbIM YY3CTHUKOM MEepBOro nepmoaa
ocyLlectBneHna KMoTckoro npoTokona v He nonayyrMna Ao-
CTYN3a K MexaHn3mam rnbkocTu, B TOM YMCAe K MeXaHn3my
NpOeKTOB COBMECTHOr0 OCYyLLeCTBNAeHMA, ANA NOTeHUManb-
HOrO MCMO/Ib30BaHNA KOTOPOro B CTpaHe 6blna NoAroTose-
Ha 3aKoHoAaTeNbHan 6a3a. Beuay ycnosmin Joxuminckon no-
NpaBKK, NPUHATOM Ha 18- KoHdepeHuum ctopoH PKMK O0H
B 2012 rOAYy Y pernameHTUpYLLIEeN YCNOBNA AeNCTBUSA 2 Ne-
proaa 06s3aTenbcTs KMotckoro npotokona (¢ 2012 no 2020
roabl), noTpe6oBasLUel 3HAYNTENbHOO MOBbILLIEHNS YPOBHSA
0043aTeNbCTB CO CTOPOHbI Benapycn®e, 1 NpakTMyeckom He-
BO3MOXXHOCTM YYaCTMs B MEXaHN3Max rmbKoCT BO BTOPOM
nepuoae 06sa3aTenbcT8 KMoTCKkoro npotokona benapych He
patuduumposana lOXMACKYH NMOMPABKY.

B HoAbpe 2015 roaa benapycb npucoeanHnnack K Mapmx-
CKOMY COMNalLeHNo 1 paTuduunpoBana ero B ceHTabpe
2016 roAa. Lenb, 3aaBneHHan B HaUMOHANbLHO onpeaense-
MbIX 00A3aTeNbCTBaxX CTPaHbl, COCTaBNAAET 28% OT YpOBHSA
1990 roAa K 2030-My#°. [laHHble 0653aTenbcTBa Pecnybau-
K1 benapycb onNmMparoTca TONbKO Ha BHYTPEHHWI NOTeHUnan
CTPaHbl M NPUHUMaIDTCA 6e3 Kakmx-Mbo AOMONHUTENbHbIX
YCNOBUIA. 3ameTHOe yBennuyeHne uenn 6asupyetcs, B OC-
HOBHOM, Ha N/1IaHax MO BBEAEHMI0 B 3KcnayaTtaumio beno-
pycckor ASC 1 AanbHeWnX mepax Mo CHUXKEeHUO yrnepo-
AOEMKOCTN SKOHOMWKM, HO MPAKTUYECKM He OMNMpaeTca Ha
fanbHelwee pa3sutie BM3 (uenb benapycn no BHeape-
HUto BMD cocTtaBnneT 8% K 2030 roay v 9% K 2035-Mys°).
COrnacHo nporHosy, NOAroToBAeHHOMY B XoAe pa3pabot-
KV HaLMOHANbHO onpesensembix 06s3aTenscTs benapycy,

@ Pewenne 10/CMP2 KoHdepeHuun ctopoH PKWK OOH, Hoabpb
2006 ropa, Kewws, http://unfccc.int/resource/docs/2006/cmpz/
eng/10a01.pdf#page=36

«¢ The Doha Dead End? Transition Economies and the New Kyoto
rules,  https.//www.fni.no/getfile.php/132203/Filer/Publikasjoner/
FNI-Climate-Policy-Perspectives-9.pdf

49 Intended Nationally Determined Contributions of the Republic of
Belarus, http://www4.unfccc.int/Submissions/INDC/Published%zo0
Documents/Belarus/1/Belarus_INDC_Eng_25.09.2015.pdf

5° MoctaHoBneHe Coeeta MuHucTpos Pecnybnunkn bBenapychb
N2 1084 oT 23 Aekabpsa 2015 . «06 yTBepxAeHun KoHuenuuu
SHepreTuyeckor 6e3onacHocTn Pecnybnvkn benapycob», http.//
minenergo.gov.by/wp-content/uploads/%Do%9F23.12.2015
YE2%84%961084-%Do%B8-%Do%BA%Do%BE%Do%BD%D1%
86%D0%B5%Do%BF%D1%86%Do %B8%D1%8F.pdf
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nocne 2030 roaa 6yaeT NpoCAeXNBATLCA AA/IbHENLLIAA TeH-
AeHUVA K YBeIMYEHMIO BbIGPOCOB NapHMKOBbIX ra308 C Npo-
XOX/AEHMEeM NKa B 2035 roay.

HecmoTpA Ha To YTO YyrnepoA0eMKOCTb SKOHOMUKK benapy-
CM 33 1990-2014 TOAbl CHU3MANACL B 4 pa3as’ U npubnusm-
Nach K MOKAa3aTeNnsiMm pasBUTbIX CTPAH C MOXOXKUM KAMMATOM
(1 3T0 Cambli1 BbICOKWIA B EBpOMe Temn ABMXKEHNA K Napame-
TPam HW3KOYINepoAHOro pa3BUTUA), NPaBUTENbCTBO CTPa-
Hbl NPU3HAET, YTO BO MHOMMX CEeKTOPax 3KOHOMMWKM OCTa-
etca 60NbLUOM MOTEHUMAN ANA CHUXEHMA BO3AENCTBMUA HA
KNMMaAT. 10 CpaBHEHWIO CO CLeHapUAMM, OCHOBAHHbIMW HA
CYLLeCTBYIOLMNX MPOrpaMmax passuTmA, KOTOpble NPpUBOAAT
K COKpaLLeHno BbI6POCOB Ha 20-22% B 2030 roAy no Cpas-
HeHuto ¢ 6330BbIM FO0M, MO HEKOTOPbIM OLIEHKaM 3a nepu-
OA C 2015 M0 2030 roAibl MOXHO A00MTbCA AONONHUTENLHOTO
COKpaLLeHVa BbIOPOCOB MApPHMKOBbLIX 3308 MPVMEPHO Ha
25-30 MAH T B 3kBMBaneHTe C02, n benapycb BKAKYMANG 3TY
BO3MOXHOCTb B CBOW 06513aTeNbCTBAS.

B HacTosLee Bpems B benapycn aeirctayeT focyaapCTBeH-
Has NPOrpamma mep fno CMArYeHMo NoCAeACTBUIN N3MeHe-
HWS KIMMATa Ha 2012-2020 roAibls3. B pamKax yTBepXAeHHo-
ro B Ha4yane 2017 roaa NnaHa meponpuaTUiA N0 peann3auum
noNoXeHU MapyXCKOro COrnalleHnsss B 2016-2020 roAax
[O/KHbI ObITb  ChOPMMPOBAHbI  3aKOHOAATE/NIbHbIE OCHO-
Bbl HOBOW HAUMOHANbHOW KAMMATMYECKON MOAUTUKA U
6yayT pa3paboTaHbl NMPOrpaMmbl Pa3BUTUA OCHOBHbIX BU-
[lOB SKOHOMMWYECKON AenTeNnbHOCTU Ha 2020—2030 FOAbI,
BKNIOYAKOLLUME MEPbl, PerynupyrLive n CTUMyampyowme
COKpalleHre BblIOPOCOB MApHMKOBLIX a3oB. B yacTHOCTY,
nnaHvpyetcsa paspabotatb CTpaTervio A0ArOCPOYHOrO pas-
BMTMA Pecny6amkmn Benapycb ¢ HU3KMM YpoBHEM BbIOPOCOB
N3apHUKOBbIX Fa30B A0 2050 rOA3, a Takxe HauvoHaNbHbIN
NNaH AencTeui B 060acTy afanTaumy K U3MeHeHUo KAu-
MaTa.

Bmecte ¢ Tem BBI1 no naputeTy mokynaTtenbHon crnoco6-
HOCTM Ha AYLY HaceneHmna 0CTaeTcAa AOCTAaTOYHO HU3KMM B
CPaBHeHMM ¢ ApYrmn cTpaHamum MNpunoxenns | K PKMK OOH
(18 000 ponn. CLUA, no AaHHbIM MeXAyHapOAHOTO BantoT-
Horo GpoHAA Ha 2016 ro4, - 67-e MecTo B MMpess), a UHBECTU-
UMW B OCHOBHOM KanuTan HefoCTaTouHbl ANns obecrneyeHuns
pacwmpeHHoro npoussoAcTea. MNostomy benapycb pacno-
NaraeT OrpaHWYeHHbIMU (DUHIHCOBLIMK pecypcamn  ANs
YCKOPEHHOr0 0CBOEHWNA HAaUNYULLEeN MeXXAYHapOAHOM NpakK-
TUKN W BHEAPEHWA HAUNYULWMX AOCTYMHbIX TEeXHONOTUN.
B ycnoBmaAx CyLwecTBYOLWMX BbICOKMX NpeAesibHblX 3aTpaTt

5" International Energy Agency: Key World Energy Statistics 2016,
https://www.iea.org/publications/freepublications/publication/
KeyWorld2016.pdf

52 BTOpol ABYXrOAWYHbLIN oTYeT Pecnybnmkm benapycb COrnacHo
o6sa3atenscteam no PKMK OOH, ctp. 27 «[porHo3bl BbiOpocos
MapHUKOBbLIX  ra3oB»,  https://unfccc.int/files/national_reports/
biennial _reports_and_iar/submitted _biennial_reports/application/
pdf/br_2_belarus.pdf

53 MocTaHoBneHne CoBeTa MuHucTpoB Pecnybnmkn Benapycb
N2 510 OT 21 MOHA 2013 I. «06 yTBEepXAeHUN TocyAapCTBEHHOW
nporpaMmMmbl  Mep M0 CMATYEHW0 MNOCNEACTBUNA  M3MeHeHuA
KNMMaTa Ha 2012-2020 roAbl», http.//www.pravo.by/
document/?quid=38715po=(213005105p1=1

54 [InaH MeponpuATUA N0 peanr3aunmn nonoxeHun Mapukckoro
cornawenuns Kk PKUK OOH, htip.//minpriroda.gov.by/uploads/files/
Utv-PLAN-meroprijatij-Parizhskoe-soglashenie.pdf

55 IMF. 2017. World Economic Outlook Database.

N HU3KMX TeMnoB pOCTa 3KOHOMWKM CNocobHOCTb CTPpaHbl
MobnNM30BaTb Kanutan u obecrneuntb AOMONHUTeNbHble
MHBECTUMN B HU3KOYIrNepoAHble TeXHONOT OrpaHn4eHa.

4.2. JHepretTnyeckaa noaNTUKa

33 27 neT cyLecTBOBaHMA He3aBmcMmon benapycn sHep-
rocMcTema v NOAMTMKA CTPaHbl B cdhepe yrnpaBaeHus sHep-
ropecypcamm U3MeHWNNCb, OAHAKO 3TV U3MEHEHNA HeNb3sa
Ha3BaTb CTPYKTYPHbIMM U CyLLIeCTBEHHbIMUW: CTPAHA BCe eLLe
onupaetca Ha cchOPMUPOBAHHbIE B COBETCKME oAbl MOA-
xoAbl. OnpenensawlWmm HAKTOPOM ANA dHEpreTnyeckomn
cicTembl benapycn ABNSeTCA 33BUCUMMOCTb OT BHELLHWX
SHepreTM4ecKnx pecypcoB: Ha AaHHbI MOMEHT NoYTn 90%
TOM/MB3, NCMONb3YEeMOro B SHepreTMyeckom cekTope, nm-
nopTupyeTca us Poccum, mpuyem B Npov3BOACTBE 31eKTPo-
3Heprun benapycb NpakTMyecku MOMHOCTbH 33aBUCMM3 OT
NOCTaBOK NPUPOAHOrO rasa us Poccmm®.

B NpuHATOM B KOHUE 2015 roaad KoHuenumm sHepretTnyeckon
6e3onacHocT benapycy 0603HauYeHo, YTO YpoBeHb 33BUCK-
MOCTM OT BHELLUHMX MOCT3BLYMKOB OCTIETCA KPUTUYECKNM, U
YCTaHABNMBAKTCA KOHKPETHbIe Lien N0 CHUXKEeHWH0 33BUCH-
MOCTW OT MOCTaBOK M3-3a pybexa: Tak, K 2035 roay AoANs
Poccum B MMNOpTe SHepropecypcoB A0/IXKHA OblTb CHUXKEH]
Ha 20% (c 90% A0 70%). AoCTUXeHMe 3TUX MoKasaTenem
NNAHMPYeTCs, B OCHOBHOM, 33 CYET CHUXeHUs notpebneHuns
MMMOPTMPYEMOro NpUPOAHOro ra3a B NpoM3BOACTBE dNeK-
TPUYECKoM 1 TennoBon sHeprum: ¢ 90% Ao 50%. OAHaKo
KAYEeBbIM MOMEHTOM fBNSeTCs To, YTo ras Oyaer 3ame-
LaTbca 3Heprmen benopycckon ASC, TONAMBO ANS KOTOPOU
NA3HUPYeTCA 3aKynaTb B TOM e Poccun, a 40N BO30OHOB-
NAeMbIX UCTOYHUKOB SHEPrumn BbIpacTeT He3H3UNTENbHO MO
CPaBHeHMIO C TemMnamu pocTa cektopa BM3 B nepepnosbix
CTpaHax: € 5% Ha CeroAHAWHNA AeHb A0 MNAHOBbLIX 9% B
2035 rogy. 370 N03BONAET rOBOPUTL O TOM, YTO CTpaTerus
6en0opyccKoro NpaBMTeNbCTBA He crnocobHa obecneynTsb pe-
aNbHble M3MeHeHUs B 3HepreTuyeckon 6ezonacHoctn be-
Napycu1 1 No CYyTW COXPaHAeT CTaTyC-KBO B 33aBUCUMOCTMN OT
Poccrm, 3ameHAa TONbKO BUALI UMNOPTUPYEMOro TONAMBa.

TakXe CTOMT OTMETWTb, YTO BAXKHbIM 3ACMEKTOM KOHLenuum
JHepreTuyeckol 6e3onacHoCcTK benapycn asnseTcs 3anna-
HMPOBAHHOE MO3TarNHoe COKPaLleHne nepekpecTHoro cybcu-
AVPOBaHNA B TapMhax Ha SNEKTPOIHEPr o 1 LIeHaX Ha ras, a
TaKXKe COBepLUeHCTBOBaHME cucTeMbl Taprdoobpa3oBaHus
B Lenax CTMMyAMpoBaHua notpebutenein kK 6onee acddek-
TUBHOMY MCMNONb30BAHUIO SHEPrun. B pamkax coumanbHom
nonnTUKM benapycu B TedeHne AONTOro BpemeHu notpebu-
TeNn UMenn AoCTyn K SHepreTMyeckMm pecypcam rno 3aHu-
KeHHbIM Tapudam, Npy 3TOM pasHMLUa B ce6ecToMMOoCTM 1
Tapude ANS LOMOX03ACTB 33/10>KeHa B CTOMMOCTb SHEprium
ANS NPeANnpUATUA, YTO HeraTMBHO NMOBAMANO Ha MoTpebu-
TeNbCKMe MPUBbIYKMA 6eN0pPYCOB U MOCAYKUNO MPUYMHON
AN KPUTMKU CO CTOPOHbI MeXAYHAPOAHbIX KpPeAUTOPOB.
N\MKBMAAUMS NONUTUKN cy6CUAMPOBaAHUA NPUBEAET K pocTy

56 MocTaHoBNeHne CoBeTa MuHucTpoB Pecnybnmkmu bBenapych
N2 1084 oT 23 Aekabpsa 2015 . «06 yTBepxAeHun KoHuenuuu
SHepreTuyeckor 6e3onacHocTn Pecnybnvkn benapycb», http.//
minenergo.gov.by/wp-content/uploads/%Do%9F23.12.2015
YE2%84%961084-%Do%B8-%Do%BA%Do%BE%Do%BD%D1%
86%D0%B5%Do%BF%D1%86%Do %B8%D1%8F.pdf
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CTOMMOCTM KOMMYHA/IbHbIX YCAYr Ans notpebutenei, yto
[O/KHO CTUMYNMPOBATb M3MeHeHWe B KynbType ObITOBO-
ro MUCNoNb30BaHMA PecypcoB, a TaKXKe YKpenuTb MHTepec K
1Mcnonb30BaHuMio BS B 4acTHbIX Aomoxo3ancTeax. [ommmo
3T0r0, B benapycn nnaHmpyeTca paclimpeHne MCnoNb30Ba-
HUA TMOKOM TapudHOM NONNTUKN, MPU3BAHHONM cbanaHcmMpo-
BaTb NoTpebneHne SHeprim B Yachl NMKOBOW HArpy3Ku 1 BHe
3TOro NepuoAa, 3T0 0COOEHHO BaXKHO BBUAY MEpCrneKTUBbI
B8BoAaa benopycckor ASC B 3KCNAYaTaUUo.

AanbHelllee nosbilleHWe 3HeprodddeKTUBHOCTM TakKxe
0CTaeTCA BaXKHEMLUVM MpUOPUTETOM SHepreTMyeckom no-
ATk B benapycn. Monmtmka sHeprocbepexeHus, Le-
/leHanpaBneHHO NpoBoAMMan B benapycn ¢ 1993 roag,
npeAyCcMaTpuBaeT B KauecTBe AONTOCPOYHOM LieNn CHuXe-
HWe 3HeproemkocTn BBl A0 cpefHeMMpPOBOro YpPOBHA, U
CTpaHe yAanocb A0OUTLCA onpefeneHHbIX YCnexoB B 3TON
06nacTn: nNo AaHHbIM MeXAYyHapOAHOro 3SHepreTuyecko-
ro areHTCTBaY, B 2014 roAy MNokasaTenb 3HeproemkocTu
BB Benapych coctaBuAn 0,17 T HeTAHOTO 3KBMBAIEHTA HA
1 Tbic. gonn. CLA (no MMNC 1 B LeHax 2005 roAa), CH3MACA
MO OTHOLLEHMI K 2000 roay (0,38 T H. 3. H3 1 TbIC. AOAN.
CLLA) 6onee yem B 2 pa3a 1 AOCTUATN YPOBHA aHANOTNYHOTO
MoKasaTens PasBUTbLIX CTPAH CO CXOXKMMUN KNMMATUYECKMMM
ycnosuammn - Kanaaol 1 QuHnaHann. Bmecte ¢ Tem 3Hep-
roemkocTtb BBI1 B benapycu octaetca B 1,5 pasa Bbllle, Yem
B cpeaHem B cTpaHax 03CP, 1 B 1,2 pa3a Bbille MUPOBOro
CpefiHero ypoBHA 3TOro NoKasarens.

B cTpaHe €034aHO 33KOHOAATENbCTBO, CTVMYAMPYIOLLIEe MO-
BbilLeHVe 3HeproaddekTnsHoCTU (Hanpyumep, 3akoH «06
3HeprocbepexxeHnmn» 0T 2015 roAads, a Takxke [MpeKTVBa
Mpe3naeHta N2 3 «IKoHOMUA 1 6EpeXNMBOCTb — FNaBHbIE
(aKTopbl 3KOHOMMYeckol ©6e30MacHOCTM roCyAapCTBa»s?),
1 DYHKUMOHMPYET CneumanbHblii FoCyAapCTBEHHbINA OpraH -
AenapTameHT 3HeproaddeKTUBHOCTY, KOTOpbI pa3paba-
TbIBAeT roCyAapCTBeHHble MPOrpammbl SHeprocbepexxkeHums
(B AaHHBLI MOMEHT 3aBeplUeHbl yXe ABe MporpamMmbl U
[encTByeT TpeTba MO CYeTy — Ha 2016-2020 roAbl)®. Peanu-
3auma Pecny6aMKaHCKON Mporpammbl 3HeprocbepexkeHus
Ha 2011-2015 rOAbl MO3BO/IMNA NONYYNTL 33 NATUNETKY KO-
HOMWIO TOM/IMBHO-3HEPreTUYeckmx pecypcos B odbeme 7,79
MNH T Y.T.

B cooTBeTCTBUM C AeNCTBYHOLLEN roCyAapCTBEHHOW Npo-
rpammoll dHeprocbepexeHns, K 2021 roay >SHeproem-
KocTb BBI1 Benapycs AonXHa ObiTb CHMXEHa elle Ha
2% no CpaBHeHMIO C MoKaslatenem 2015 roaa. Nomumo
npoyero MNAHMPYeTCH BbIBOA W3 3JKCMAyaTaUMM Hedd-
(eKTUBHbIX DHEProMCTOYHMKOB, CHMXKEHMe 3aTpaT Ha
NPOM3BOACTBO 1 NepeAayy SHeprum, MOAepHN3aLmA 1 Tex-

57 |[EA.2017. Key World Energy Statistics 2016, https://www.iea.org/
publications/freepublications/publication/KeyWorld2016.pdf

58 3akoH Pecnybnukm Benapych «06  3Heprec6epexkeHum»
N2 239-3 oT 8 saHBapa 2015 T., http://minenergo.gov.by/
dfiles/oo0437 303862 _ob_energosberezhenii_2015.pdf

59 [inpektnea N2 3 0T 14 MOHA 2007 T. (B peAakumum Ykasa N2 26 ot
26 fHBapA 2016 I.) «O NPUOPUTETHBIX HAMPABNEHMAX YKPEnieHWs
SKOHOMUYecKol 6e30macHOCTU rocyaapcTea», http.//president.
gov.by/ru/official_documents_ru/view/direktiva-3-ot-14-ijunja-
2007-9-1399/

%0 MoctaHosneHne Coseta MuHucTpos Pecnybnvku Benapych
0T 28 MapTa 2016 I. N2 248 «06 yTBep>XAeHUM roCcyAapCTBEHHOM
Nporpammbl «3HeprocbepexeHne» Ha 2016-2020 roabl», http.//
energoeffekt.gov.by/laws/resolution/2313-28032016-248-q-qq-
20162020-q

HMYecKoe nepeocHalleHne NpeanpuATUIA N NepeopueHTa-
L1s NpON3BOACTBA Ha BbIMYCK MeHee SHeproemMKon NpoayK-
UK, CHWXKEeHMe noTepb SHEprumM B TenioBbIX CeTaAX K
2020 roAy A0 YPOBHA 10% 33 CYeT exxeroaHowm 3ameHbl ce-
Tel, HaXoAALMXCA HA GanaHce OpraHM3aLMiA KUNULLHO-KOM-
MYHA/IbHOFO X03AMCTB3, B 06beme He MeHee 4% OT UX
NPOTAXXEHHOCTW, NMPOEKTMPOBAHME N CTPOUTENLCTBO Npeu-
MyLLIeCTBEHHO dHepro3ddeKTUBHbIX 343HWI, B TOM YniCNe
C NpYMeHeHNeM MHHOBALMOHHbIX TEXHONOINA MCMONb30-
BaHMA BW3, ocHalleHne MHOrOKBapTMPHbLIX AOMOB CuUCTe-
MaMM aBTOMATUYeCKOro perynnMpoBaHMA PacxoA0BaHWUSA
TenNoBOW 3Heprum, BOAHbIX PecypCcoB M ynpaBAeHUa oc-
BelleHnem un Ap.

Momrmo npoyero, B COOTBETCTBMM C NPOrpaMmoi passu-
TUA CUCTEMbI TEXHUYECKOTO HOPMMPOBAHMA, CTaHAAPTM3a-
UMM 1 NOATBEPXAEHMA COOTBeTCTBMA B 06NaCTW SHeproc-
6epexeHna Ha 2011-2015 roAbl pa3paboTaHO CBbilIe 100
roCylapCTBEHHbIX U MEeXIoCyAapCTBEHHbIX CTAHAAPTOB, U3
Hux 6onee 90% COOTBETCTBYHOT MeXAYHAPOAHbLIM 1 €BPO-
nenckum TpeboBaHMAM. B pamkax peanms3aumm npoekTta
TexHn4yeckonm nomowin Esponenckoro corsa «lloanepx-
Ka Pecny6amkn benapycb B 061acTi HOPM M CTaHAAPTOB
B Cepe dHeproahdeKTUBHOCTM NOTPebUTeNbCKMX TOBA-
POB ¥ MPOMbILLNEHHOM NPOAYKUMMNY pa3pabaTbiBalOTCS Ha
OCHOBE PernameHTOB W AMpekTMB EBponelickoro cot3a
48 roCcyAapCTBEHHbIX CTaHAapToB Pecnybnmnku benapycs,
B KOTOPbIX YCTaHaBNMBAKTCA TpeGOBaHMSA K 3Heprosd-
(heKTMBHOCTU MPOAYKLUM, ee MapKMPOBKe, MeToAaM WC-
nbiTaHnin. B pamkax npoekta MNPOOH/I3® «[osbileHue
3HeproaddeKTUBHOCTU B XMNbIX 3A3HUAX B Pecnybnmke
Benapycb» Obino NpoBeAeHO 55 SHEproayAMTOB >KUAbIX
3/1aHWIA, @ TaKXKe MOCTPOEHO 3 MUNOTHLIX MHOFOKBapTUp-
HbIX 3Hepro3dheKTUBHbLIX XUNbIX A0Ma B MuHcke, TpoAHO
1 Morunese. Ha ocHOBe Mo/y4eHHOro onbITa YAanoch Co-
34aTb pAA TeXHMYecknx TpeboBaHW K SHeproaddekTns-
HOCTW B XKUNMLLIHOM CTPOUTENbCTBE®.

Monntnka B chepe BUI

Paszsutne cekTopa BO30OHOBNAEMOI SHepreTvkmn ABNAeTCs
HeoTbeMNeMoM YacTbk H3LMOHANbHOWM NOAUTMKKM Benapy-
cv B obnactn obecneyeHns sHepreTmyeckon 6e3onacHoCTH
M CHWXXEeHNs BO3AeNCTBUS HA KNMMAT. Llenesble nokasatenmu
no sBHeApeHunto BU3 3akpenneHsl B KoHuenumu sHepretuye-
cko 6e3omnacHocTM Pecnyb6amkmn Benapychb: Tak, K 2035 roay
33NNaHMPOB3HO A0BECTM MOKa3aTeNb MCMO/b30BaHMA BO3-
obHoBNsieMOW 3Heprn Ao 9% oT Banosoro notpedneHvs
SHeprun (Mo COCTOSHMIO HA 2014 FoA 3TOT MOKas3aTenb Co-
cTaBNAN 5%52). MpUHLUMMLI UMNAEMEHTAUMN MONUTUKM B Che-
pe BO306HOBNAEMOI 3HepreTvikn, B TOM YACAe OTHOLLEeHMS
B8 00nacT nNpon3BoACTBa, noTpebneHns Bo30OHOBNAEMOW
SHepruv 1 roCyAapCTBEHHOM NOAAEPXKKN U CTUMYNNPOBAHMA
Pa3BMTMA 3TON OTPAC/AK, 3aKpenseHbl B 3aKoHe Pecnybamnkm
Benapycb «O B0O306HOBNSEMbIX WCTOYHMKAX SHEprum» ot
27 pekabps 2010 1.

6" UNDP/GEF project “Energy Efficiency Improvement in Residential
Buildings”: Annual Project Review, http.//www.by.undp.org/content/
damy/belarus/docs/EE-in-buildings/APR-2015_Eng_EERB77154.pdf
52 UNECE Renewable Energy Status Report: 2017, http.//www.renz1.
net/wp-content/uploads/2017/06/REN21_UNECE_Renewable_
Energy Status_Report 2017 _Report FINAL.pdf

63 3akoH Pecny6avkn benapycb N2 204-3 0T 27 Aekabpa 2010 . «O
BO306HOBNAEMbIX UCTOYHMKAX dHeprumy», http://energoeffekt.gov.
by/downloads/laws/act/Istochniki_27122010.doc
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Ha Tekywimin momeHT benapycb Mcnonb3yer cneayrolime
Mepbl roCYAapCTBEHHOIO CTUMYNMPOBAHMA Pa3BUTUA 3TOMO
CeKTOpa 3HepreTuku:

e FAPaHTUPOBAHHOE MOAKAKYEHMEe K roCyAapCTBEHHbIM
3NeKTPoCeTaAM M MOKYMNKa Npon3BeAeHHOM 31eKTpo3-
Heprum rocynapCTBeHHON 3HeprocHabxatowen opra-
HU3aunen;

NnoATBep)KAeHME MPOUCXOXAeHMA dHeprun 13 BUD no-
CPeACTBOM BblAauM cepTUdMKaTa;

HA/IOroBble ¥ NpoYMe NbroTbl, B TOM YMCNE BO3MOXHOE
ocBoboXKAeHNe 060pYA0BAHNA OT TAMOXKEHHbIX MOLLUAMH;

MCMONb30BaHME NOBbILLAIOLLMX KO3IDDWLMEHTOB CTOMMO-
CTW 3Hepruu, nponsseaeHHon BM3, No cpaBHeHWto C Tpa-
AVNLMOHHBIMM UCTOYHMKamK (perynvpyetcs MoctaHoBne-
HUeM MWHMCTepCTBa 3KOHOMUKM Pecnybnukn benapychb
N2 100 «O Tapucdax Ha INEKTPUYECKY SHepru, Npoms-
BOAMMYIO 13 BO30OHOBNSAEMbIX WCTOYHWMKOB SHEPrUn...»
OT 30 VIIOHA 2011 I.54).

Kpome Toro, ob6ecrneyeHa BO3MOXHOCTb BAAAEHNA 06beK-
Tamun BUS ANA MHOCTPaHHbIX MHBECTOPOB (MPU 3TOM rocy-
AAPCTBO rapaHTMpyeT NOKYMKY dHeprim). OAHAKO KOHEeYHbIN
noTpebuTenb MMeeT BO3MOXHOCTb MOKYNaTb SNeKTPOIHEp-
TVI0 TONbKO LEHTPa/IM30BaHHO Yepes rocyAapCTBEHHOro
perynaTopa, He UMea BO3MOXHOCTM 33KynaTb 3SHEpruio,
MONYYeHHY0 13 BO30OHOBNSIEMbIX UCTOYHMKOB, HeMocpea-
CTBEHHO Y YaCTHOTO NPOV3BOAUTENA.

OTANYMTENbHON OCOGEHHOCTbID perynnmpoBaHusa  CekTo-
pa B0306HOBNAEeMOW 3HepreTwku B benapycn ssnqaet-
CA MCMNONb30B3HNE MEX3aHW3M3 KBOTMPOB3HUA CO3A3HMA
YCTAHOBOK, MCMONb3YIOLLIMX BO30OHOBNAEMbIE NCTOYHMKM
SHeprum, — BOMPOChl YCTIHOBNAEHNA KBOT PernameHTUpo-
BaHbl noctaHosneHvem Coseta MuHMCTpoB Pecny6amku
Benapycb oT 6 aBrycra 2015 . N2 662%. MexaHu3m KBOTU-
pOBaHMA CTaN peakumemn Ha BbICOKME Temnbl pa3sutma BN
B YCNOBMAX HANMYMA MOBBILIAOLMX KO3IDPULMEHTOB W
0653aTeNbHOro BblKyna rocyAapcTBOM MOMYYEHHOW 3Hep-
rMW Npu HeAoCTaTKe GIAXKEeTHLIX CPeACTB, NpeHa3HayveH-
HbIX ANA 3TUX Lenen. B cooTBeTCTBUM C AeWCTBYIOWMM B
Benapycv MexaHW3MOM YMCNO WHBECTOPOB W 06bemsl
CTPOMTENbCTBA HOBbLIX YCTAHOBOK OrpaHuyeHbl (MOM1MO
YCTAHOBOK, MCMONb3yeMbIX TONbKO ANA XO3AWCTBEHHOW
AeATeNIbHOCTY, HO He ANA MPOAAXKMN NMONYUYEHHOW SHeprum),
B TO BpeMA KakK Hanuume nosbillarLLmxX Kod3dburumeHTos
ANA NHBECTOPOB, KOTOPbIM YAINOCL NMONYUYUTL KBOTY, ra-
PaHTUPOBAHO B TeyeHne 10 NeT NocNe BBOAA YCTIHOBKM B
3KCMNYyaTaumio.

Ha AaHHbIN MOMEHT YMCNO 33ABOK Ha BblAeNeHUe KBOT Ha
CTPOWUTENLCTBO YCTAHOBOK, MCMOAb3yOWMX BW3, B pasbl
MPeBbILIAeT  YCTaHOBNEHHble OCYAapCcTBOM  06bembl.
K npumepy, nNpu pacnpeaeneHum KBOT Ha 2017-2019 FoAbl

64 [locTaHOBNEHMEe  MWHUCTEPCTBA  SKOHOMUKM  Pecny6amKm
Benapycb N2 100 «O Tapudax Ha 3SNEKTPUYECKYH 3SHepruto,
NpOV3BOAMMYI 13 BO30OHOBNAEMbIX WCTOUHUKOB 3SHepruu, U
NPV3HAHWM  YTPATUBLLMMMU  CUAY  HEKOTOPbIX MOCTAHOBAEHWUI
MuHUCTepcTBa 3KOHOMUKM Pecnybnamkn Benapycb» 0T 30 MOHA
2011 1., http.//pravo.newsby.org/belarus/postanov3/psto26.htm

% MocTaHoBNeHne CoBeTa MuHucTpoB Pecnybnvkn Benapych
oT 6 aBrycta 2015 . N2 662 (B peaakumm noctaHosneHns CoseTa
MuHucTpos Pecny6amkin Benapycb oT 26 anpens 2017 . N2 305),
http://www.government.by/upload/docs/fileocfe298f6918f16b.PDF

NoNyYeHHble 335BKM CYMMAPHO HAaCcUMTbIBaNM 770 MBT, Tor-
[la KaK NpeAnonaranocb pacrnpeaenvTb Bcero 117,42 MBT.
MexaHu3am KBOTMPOBaHUA (KaK M HanuMuve MOBbILLAHLLMX
K03(pbMUMEHTOB) HEeOAHOKPATHO MOABEpranca KpuTuke B
TOM UMC/Ie CO CTOPOHbI FOCYAAPCTBEHHbIX OPraHoB B Pecny-
6/11Ke benapycb Kak HeapheKTMBHbIV 1 CBOAALLUIA TeMMbI
Pa3BUTUA OTPAC/IN K MUHUMYMY®S,

4.3.focypapcTBeHHaa NONUTUKA
N NepcrneKTMBbl pa3BUTUA TPAHC-
MOPTHOIO CEeKTOpPa

TpaHCNOpPTHbIN ceKTop benapycn no COCTOAHUIO HA 2014 roA
pacxoayeT 24% oT Bcel noTpebnsemoin benapycbto sHep-
K (CM. NPUNOXKEHME 5). ITOT NOKa3aTeNnb COMOCTaBUM C
006LemmpoBbIM (29%°¢7). Mpu 3TomM AoAA HedTAHOTO TONAK-
Ba B benapycn Ha 2014 roa coctasnseT 86% (148 NAX), uTo
3H3aUUTENbHO HIXKe 06l emMnpoBoi — 92%.

B Benapycu no coCTOAHMIO Ha 2015 rof 33perncTprpoBaHo
6onee 3 MUNANOHOB aBToMOOUNeN. CpeaHMe TeMMbI NPUPO-
CTa cocTaBnaAT 2% (0KoNO 70 000 aBTOMOOUANEN B roa)®s.
Ha aBryct 2017 roaa B benapycu 3aperncTpMpoBaHo 0KoM0
100 3/1ekTpomobunen 1 AeicTByeT CeMb 3NeKTpo3anpa-
BOK®2. B npoekTe lporpammbl pa3Butns 3apsaaHoin nHdpa-
CTPYKTYPbl U 3NeKTpOMoOUAbHOrO TpaHcnopTa B benapycu
Ha 2016-2025 roAbl pa3paboTaHbl AB3 CLEHapUa pa3BUTUS
3N1eKTPOMOOMNBLHOrO TPaHCNOpTa’™. Mo oNTUMUCTUYHOMY
CLEeHapuo KoNmM4ecTBo anekTpomobuneir B8 benapycu mo-
KeT yBenMunNTbCA A0 32,8 TbicaumM (BKAOYAA 1,88 ThiC. LUT.
3neKTpoOyCoB), a Mo NECCUMMNCTUYECKOMY CLIEHAPVIIO — OKO-
710 10 TbICAY LWITYK (BKAOYAA 0,59 ThiC. LWIT. 3NeKTpoOyCoB).
dneKkTprdmrKaLma Nerkosbix aBToMobmnel No3BONNT NONY-
YNTb OFPOMHYI SKOHOMMIO Kak HeTAHOro TONAMBA, TaK U
nepsuYHON 3Heprun. benapycb - AOCTAaTOYHO KOMMAKTHAs
CTPaHa, 4To6bl CYLeCTBYHOLME YXKe CerofiHa 31eKTPOMO-
6vnmn ¢ npoberom B 300-400 KM Ha OAHOM 3apaake MO
obecneynTb Tpebyemble No/ib30BaTENEM MOKA3aATENN.

KOMMyHa}'\bHaﬂ M TOPOACKAaA rpy3oBaA TexXHKKa, Kak npasu-
NO, COCTONT N3 CpeAHETOHHAXHbIX TPYy30BbIX asTomobunen.
OHa ABNATCA HeCNOXHOW ANA ra3v|d)|/|Kau|/|V| NN SNEKTpU-

66 33aABKM  MHBECTOPOB Ha BBeAEHME HOBbIX  MOLLHOCTEN
BO306HOBNSAEMbIX WCTOYHWUKOB 3HEPTMM Ha 2017-2019 FOAbl B 7
pa3 npesbicMAn pasmep obliein KeoTbl, https://doingbusiness.by/
zayavki-investorov-na-vvedenie-novih-moshnostei-vie-v-7-raz-
previsili-razmer-obshei-kvoti

7 IEA World Energy Balance, 2014, https://www.iea.org/Sankey/

68 CTaTnCcTMYecKnin COOpHMK «TpaHCnopT v cBasb B Pecnybavke
Benapycb», 2016, http://www.belstat.gov.by/ofitsialnaya-statistika/
publications/izdania/public_compilation/index_s100/

% Sputnik.by, 2017. TAW: B bBenapycv 3aperncTprpoBaHo
0KONO 100 anekTpomobunen, https://sputnik.by/
society/20170825/1030483295/gai-v-belarusi-zaregistrirovano-
okolo-100-ehlektromobilej.html

7° MnHUCTEpCTBO SHepreTukm Pecny6nmkm Benapyce,
npoekT [porpammbl pas3sBuUTMA 33pAAHOM MHAPACTPYKTYPbl 1
31eKTPOMOOUNBHOrO TpaHcnopTa B Pecny6avke benapycb Ha 2016-
2025 roAbl.
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dvKauum (HebonblUMe paccTOAHUA ANA MepeBO3KW, Cpesd-
HAA M3acca TPAHCMOPTHOrO CpeAcTBa, 6/M30CTb 3apAAHbIX
CTaHunin). KOMMYHaNbHY TEXHUKY BBUAY BO3AEMCTBMA
H3 KaueCTBO FOPOACKOro BO3AyXa CnesyeT NepeBoAWTb Ha
nepcneKkTUBHble BUAbI TOMNAMBA B MEPBYI oyepesb. dNnek-
TpUdUKaLMa AN ra3ndurkaums KpYNHOTOHHAXHbIX Tpy30-
nepeBo30K aBTOMOOU/IbHbIM FPY30BbIM TPAHCMOPTOM TaKXe
BO3MOXHA, HO HeoOXOAMMble TEXHONOTUW, KakK NpaBuno,
elle Ha CcTaann pa3paboTKu.

KenesHoAopOXHbI TPAHCNOPT ABNAETCA OAHUM U3 CaMbIX
SHeproachdeKkTMBHbIX BMAOB TpaHcnopta. B benapycn no
COCTOAHMIO HA 2015 FOA4 XeNe3HOAOPOXKHbIM TPAHCMOPTOM
ocyuwlectenaetca 32% Bcex rpysonepeBo3oK U 30% Bcex
MaCCAXMPCKMX NepeBo30K OT BCex NepeBo3oK 0bLyecTBeHHo-
ro TpaHcropTa (To eCTb He BKNKYASA IErKOBOV TPAHCMOPT)7".
Hu3kaa NNOTHOCTb >KenesHon Aoporu’? npensatcrayeT 60-
nee 3bdeKTMBHOMY 33/eMCTBOBIHNIO »KeNe3HOA0POXKHOro
TpaHcnopTta. [lona snekTpuduKaumm nytein ropasfo Huxe
O/ MEepeBO30K INeKTPoB033aMM (Ha 2016 oA INeKTpudu-
LMPOB3HHbIMM ABNAIOTCA TONbKO 21% MyTein)?.

Mo cocToAHMI0 Ha 2015 roA B benapycn napk obuyecTseH-
HOTO TPAHCMOPTa HACYMTLIBAET 4680 aBTOOYCOB U 1700
Tponneibycos, 322 TpamBasa U 361 BaroH meTpo’. fopoaa
Benapycy XapakTepusyeT H13Kaa AONA UCMONb30B3HMA FO-
POACKOTr0 TPAaMBAsA — OAHOTO M3 CaMbIX IHEPro3hheKTUBHbIX
FOPOACKMX BUA0B TPAHCMOPTA’S.

B HacToslee Bpema AeNcTBYyeT HAUMOHANbHAA CTpaTe-
s (2013-2020 IT.) MO CHUXKEHWIO 3arpa3HeHns Bo3AyXa oT
TpaHcnopTta. OAHOM M3 Lenen cTpaterun ABNAETCA yBenu-
YyeHMe AO0NU NEKTPOTpaHcropTa (BKAKYAs XenesHono-
POXKHbIA N aBTOMOOWUAbHBINA) C TeKyLWMX 45% OT obbema
BCeX NnepeBo30K rOPOACKMM NACCAKMPCKMM TPAHCMOPTOM B
KPYMHbIX ropoAax A0 50%.

[aHHaA uenb TeXHONOrMYeCKM OCyLLeCTBMMA: YXKe CeroHA
CYLLEeCcTBYIOT 31eKTpobychl, paboTatoLme Ha aKKyMynsaTop-
HbIX 6aTapesx, BMeCTUMOCTbI0 60-80 YenoBeK 1 C 3aMacom
X0Aa B 250 KM. B npoekTe lporpammbl pa3suTna 3apaaHom
NMHDPACTPYKTYPbl N 3NeKTPOMOOMNBHOrO TPAHCMOPTa oLe-
HeHbl NMOTeHUMaNbHbIA pocT 06bemoB 3nekTpobycoB 1 No-
Tpebnsemas nmu aneKkTposHeprus. Mo oNTUMUCTUYECKOMY
NPOrHO3y K 2025 roAy B benapycu noAaBMTCA OKONO 1,9 TbIC.
anekTpobycos, nNpy 3Tom oHM ByayT noTpebnatb 0,14 TBT-Y
SNeKTPO3Heprum.

71 CTaTUCTMYecKnMin cOOpHUMK «TpaHCMopT U ¢BA3b B Pecnybnuke
Benapycb», 2016, http.//www.belstat.gov.by/ofitsialnaya-statistika/
publications/izdania/public_compilation/index_s100/

72 CornacHo c6opHUKY «TpaHcnopT K ¢Bsa3b B Pecnybnuke
Benapycb», NNOTHOCTb MOKPLITUA XenesHblx Aopor benapycu
COCTaBAsAeT 26 KM NyTell Ha 1000 KM?, 4TO B 5 Pa3 MeHbllie, Yem B
Tepmanwun, https://ru.wikipedia.org/wiki/%Do %96 %Do %B5%Do %
BB%D0%B5%Do%B7%Do%BD%Do%BEY%Do%B4%Do%BE%D1
9%80%D0%BE%D0%B6%Do%BD%Do%Bo%D1%8F_%D1%81%D
0%B5%D1%82%D1%8C

73 CTaTUCTMYeCcKMin cOOPHUK «TpaHCMopT U ¢BA3b B Pecnybnuke
Benapycb», 2016, http.//www.belstat.gov.by/ofitsialnaya-statistika/
publications/izdania/public_compilation/index_s100/

74 CTaTUCTMYeCKM cOOPHUMK «TpaHCMopT U ¢BA3b B Pecnybnuke
Benapycb», 2016, http.//www.belstat.gov.by/ofitsialnaya-statistika/
publications/izdania/public_compilation/index_s100/

75 06WWan ANMHA TPaMBaWHbIX NMHUIA B roposax benapycu pasHa
62 KM, 4TO, Hanpumep, MeHblLle, YemM ANMHA TPaMBAMHbIX NMHWI
XenbCuHKM (91 Km) nnu bepauHa (190 Km).

Benapycb He ABNAeTCA NMAEPOM B BOMPOCaxX BHeApPeHUsA
COBPEeMEHHbIX FOPOACKMX TPAHCMOPTHbIX NOAUTUK. Tem He
MeHee OH3, XOTb U C HeKOTOPOW 33AepXKKOM OTHOCUTeNb-
Ho 6onee MHMPACTPYKTYPHO Pa3BMTbIX CTpaH EBpocCOt3a,
HauMHaeT CNefoBaTb BCEM OCHOBHbIM TPeHAaM B 3TOMN OT-
pacnu. B KayecTse npumepa yAauyHbIX cTpaTeruin B8 o6nactu
yNpaBNeHVA TPAHCMOPTOM MOXHO NMPUBECTU XOPOLLYIO pe-
3yNbTAaTUBHOCTb paboT Mo ymeHblleHnto ATM. Hanpumep,
MuHckana ropoackan KoHuenums obecneyenuns 6esonacHo-
CTV AOPOXHOTO ABVXXEHWS MPUBENa K CHWXeHUo rubenm
NAen B 2,5 pasa 33 10 netrs.

3a/1a4a AOCTMXKeHNs amOULMO3HbIX Lieneit B TPAHCMOPTHOM
chepe B ropoaax ABNSETCA peanbHON, TaK KakK Ha CeroAHs
3Ta cdepa B benapycn npakTuyecku HeonTMMM3MPOBAHA
1N MMmeeT A0CTaTouyHo 6onblme pe3epBbl N0 BCEM Napame-
Tpam. Hanpumep: NnyHbIn aBTomobMnb B ropose Kak npa-
BMNO MPOCTaMBaeT 20-22 4aca B AeHb, 3aHNMAs NpU ITOM
18 M? rOpOACKOro MPOCTPAHCTBA, MPU ABMXKEHUN H3 Aopore
33HMMaeT 60 M?/Nacca)kmpa, NepeBo3nT B CpefiHeM 1,5 Ye-
noseka, nmeet obwmin KMA okono 30%. B 10 e Bpems y
aBTobyca 1 Aaxe TakCU-I1eKTpomMoOMAA COOTBETCTBYOLLINE
nokasatenv 6yayT 3HauYMTeNbHO Nydlle. Ha nepeBo3Ky nny-
HbIM 3BTOTPAHCMOPTOM B benapycn npuxoanTca ceroaHs
67% OT BCex NnepeBO30K.

B yCNOBMAX 3HAUMTENbHON HeonpeAeneHHOCT! PasBuUTUA
TP3HCMOPTHOTO CEKTOPA He TaK BAXKHA 33/1a4Ya peLUnTb, Ka-
KOW MMEHHO TUN TpaHcnopTa 6yAeT AOMUHMPOBATL B rOpo-
Ae, CKONbKO MOHATb:

e chOpMYNMPOBaHbl I TOPOAOM KpUTepun YAoOHOW
TP3HCMOPTHOM CMCTEeMbl (Hanmpvmep, 4acToTa coobule-
HWS, PerynapHOCTb, AOCTYNHOCTb, SPFrOHOMUYHOCTb, YPO-
BeHb ATM 1 ap.);

e onpefleneHa M eMKOCTb OTAeNbHbIX MoKasaTtenem
TP3HCMOPTHOM CUCTEMbI ropofa (Hanmpvmep, CKONbKO
Nlerkosblx aBTomobunert moxet cebe No3BONUTL FOpPOA
MapkoBaTb B AeHb B OTAENbHO B3ATOM KBapTane, xe-
JlaeMblIll YpOBeHb 33ara30BaHHOCTM HA KaXKAoM yauue) un
CO3AaHbl M MEXaHW3Mbl, perynmpytowime A0CTUXKEHMe
3TUX NOoKa3aTenen;

o CHOPMYNMPOBAHLI W LIeAN Y MHAWKATOPbI TPAHCMOpT-
HOWM CUCTeMbl 1 33aN0XeHbl 1 COOTBEeTCTBYHOLME CTPa-
Tervun, BbICTaBNEHbl N MPUOPUTETHI Pa3BUTUS BMAOB
TPaHCMOPTa.

e C0343Hbl N YCNOBMA ANSA YNPaBNEHUS TPAHCMOPTHbLIM
CMPOCOM 1 AOCTVXKEHUA Lenein (MHCTPYMEeHTbI rocyaap-
CTBEHHON MONUTUKM N PerynaTopHble MeXaHW3Mbl), CO3-
AaHbl W YCNOBMSA ANS Pa3BUTMA MPUOPUTETHbIX BMAOB
TpaHcnopTa.

B tabnuue 4.1 NpeACTaBNeH aHAnM3 MPUMEHeHMs nep-
CMEKTUBHbIX MHCTPYMEHTOB FOCYA3pPCTBEHHOM MOAUTMKA B
TPAHCMOPTHOM CeKTope benapycu, Heo6XoAMMbIX ANA pea-
NM3aLUM CLIeHapUs DHepreTndyeckon [plesonoumi, a Takxke
npvBeAeHbl PeKOMeHAALNM, KakKne MHCTPYMEHTbI eLle He-
06X0AMMO BHEAPUTb.

76 benopycckas  accouMauma  IKCMepToB W CHOpBeiepoB  Ha
TpaHcnopte. SAFETYMETER moHuTopwHr, http.//baes.by/index.php/
dobraia-doroga/%Do%Bo%Do%BD%Do%Bo%Do%BB%Do%B8
%Do%B7



4. 0630p KNMMATUYECKOV 1 SHepreTMyeckom NoAUTVIKN, 3 TaKKe NepcrnekTyB pa3suUTMS TPAHCMOPTHOrO CeKTopa benapycn

Tabnmua 4.1. MepcnekTnBHbIE MHCTPYMEHTbI FOCYAAPCTBEHHOM MOAUTUKM B TPBHCMOPTHOM CEKTope

77 CTpaTervs No CHUXXEHWI0 BPeAHOTO BO3AeNCTBMA TPaHCMOPTa Ha aTMOCdepHbIi Bo3ayx Pecny6amkn benapycs Ha nepnoa [0 2020 roAaa,
http.//www.minpriroda.gov.by/ru/new _url_2009876790-ru,

78 ToCyAAPCTBEHHAA NPOrPaMMa Pa3BUTMA TPAHCMIOPTHOO KOMMAeKca Pecny6amnku Benapycb Ha 2016-2020 roabl, http.//www.government.
by/upload/docs/file591cdozbos7946¢1.PDF

79 Pecny6/MKaHCKana MPOrpamMma pasBuTIA I0FMCTUYECKON CUCTEMBI 11 TPAH3WUTHOTO MOTEeHLIMaNa Ha 2016-2020 roabl, http://government.by/
ru/solutions/2556

89 KoHLuenuws noBbILLIeHNA KayecTsa yCAyr No nepeso3ke NaccaXupos TPAHCMOPTOM 06LLero nonb308aHUA B ropose MIUHCKE Ha 2015-2020
roabl, http.//baes.by/images/documents/concept/concept_opt 2015-2020.pdf

8 MMHUCTEpCTBO aHepreTukn Pecny6amkin Benapych, NpoekT Mporpammbl passuTHA 3apAAHON UHDPACTPYKTYPbI U SNEKTPOMOOMABHOTO
TpaHcrnopTa B Pecnybnuke benapycb Ha 2016-2025 roAbl.

82 KoHuenuwms obecrneyeHmns ropoackoi cUcTeMbl BENOCUMIEAHOTO ABMXeHWA B . MuHcKe, https://minsk.gov.by/ru/normdoc/3302/koncepciya.shtm!




MeToaonorus

BcTynneHme K cLeHapHOMY NOAXOAY
CLeHapHbI noAxoA

OCHOBHble A0NYLLEHNA CLieHapus
I3meHeHre notpebneHns

[TIPOrHO3bI LieH Ha HeTb 1 ra3

[TPOTHO3bI LieH Ha TeEXHONOM U 3D MEKTNBHOM
reHepaLmm Ha OCHOBE MCKOMaeMblX BUA0B
TONnAMBa 1 BbIOPOCHI CO2

[IPOTHO3bI PA3BUTKA TEXHONOT I
BO30OHOBNSEMOW SHEPrum

B2 B cekTOpe TennosHepretukmn

[ToTeHUMan BO30OHOBNAAEMOM IHEePreTnKm
benapycun
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5. MeToponormna

5.1. BctynneHue K cueHapHomy
noaxoay

Mepexoa K 6onee yCcTOMUYMBOWN SHEpPreTUYECKon cucTeme
npeAnonaraeT HW3KOYrnepojHoe >sHeproobecneyeHue,
nossonstlliee n3bexaTb BO3ANCTBUA H3 OKPYXKAKLLYHO
cpeay 1 380poBbe Yenoseka. Mepbl no 6opbbe ¢ M3meHe-
HMeM KAMM3Ta TpebytoT AONTOCPOYHOr0 NN3HUPOBAHMA,
TaK KakK ANA CO3A4aHMA dHepreTnyeckom MHhpPaCcTpyKTypbl
N pa3paboTKM HOBbIX IHEpreTUYeCcKUX TeXHONOrMI Heob-
X0AMMO BpemA. Kpome TOro, Ha BCTYNAEHWE B CUNY W3-
MEHEeHWNN roCyAapCTBEHHOM MONUTUKM 4acTo Takxke Tpe-
6yeTcA AOCTATOYHO MHOro BpemMeHu. OAHAKo nepexoA
K 3HepreTmyeckom cMcteme, B OCHOBE KOTOPOM NeXWUT
npevmyLLecTBeHHO B0306HOBNAeMan 3Heprua, obelyaer
OrPOMHbIe SKOHOMUYECKMe BbIrOAbl B AONTOCPOYHOW Nep-
cnektmse 6NnaroAaps ropasfio MeHbllemy noTpebneHuto
MOCTOAHHO AOPOXatoLero MMMNOPTHOrO TOMAMBA, 33Machl
KOTOPOro orpaHuyeHsbl. Moatomy nboe nccnefosaHue B
00NaCTV 3HEpreTMKN 1 OKpyXKawLlen cpeabl AO/KHO MUC-
XOAWUTb U3 NMPOrHO308 PAa3BUTMA H3 NEPUOS He MeHee Yem
A0 cepefiviHbl CTONETUA.

CueHapun ABNATCA HEOOXOAUMbBIM MHCTPYMEHTOM ANS
OMUCAHMA BO3MOXHbIX MyTer pa3BUTUA, @ Takxe A3OT
BO3MOXXHOCTb NMLU3M, MPUHMMAKLLMM peLleHns, Mony-
ynTb olLlee NpeacTaBAEHUE O BOMPOCE U MOHATb, KaKue
CYLLeCTBYOT OrpaHn4eHna ANA U3MEeHeHWa 3Hepretuye-
CKOM cuctembl B byayuiem. Ana oueHKy orpaHnyeHnia 6y-
AyLlen 3HepreTmyeckom CUCTeMbl B AAHHOM AOKYMeHTe
Mbl pa3pabaTbiBaem B3 cueHapus, 4YToObl MPOAEMOH-
CTPUPOBATb LUMPOKUIA CMEKTP BO3MOXXHbIX NyTen passu-
A OyayLlen cucTemsl SHeproobecneyeHms:

Ba30BbIi cueHapuii, 0TOOPaXKatoLLMA MPOAO/KEHME Te-
KYLLIMX TEHAGHUUI U NOAUTHUK;

CUeHapuii DHepreTuveckon [plesontoummn, paspabo-
T3HHbIA ANA AOCTMXKEHWA pAAA Lener 3K0N0rmyeckomn
NONUTUKM, KOTOPbIA NPUBOAUT K ONTUMUCTUYHOMY, HO
BCE XK€ PpeanncTMYHOMY Mepexoay Ha 3H3UYMTeNbHo
[1eKapOOHM3MPOBAHHYI JHEpreTMyeckyr CUCTemy A0
2050 rofia M Npu 3TOM BbIMONHATCA OCHOBHblE AoMy-
WweHua ba3osoro cueHapus.

B uenom cueHapuin dHepretmyeckon [pleBontoumm Hu-
Koum 06pa3om He npegckasbiBaeT Gyayliee, OH MpPOCTO
OMMCbIB3eT U CPaBHMBAeT BO3MOXHble MyTW Pa3BUTUA,
npeAnaraemble MHOTOYMCNEHHbIMU BO3SMOXHbIMU CLeHa-
puamm yayuiero. MpuHUKMN BCeX CLieHapueB JHepreTuye-
CKoW [pleBontoumun 3akntoyaetca B Tom, Ytobbl onpene-
NUTb Mepbl 1 AencTeursA, HeoOXoaMMble ANA AOCTUXEHNS
AMOMLMO3HBIX Lener, 3aN0XKeHHbIX B 3TUX CLeHapusax, a
TaK>Ke MpoAEeMOHCTPMPOBATb MMeLLMecs BapMaHTbl npe-
06pa3oBaHMA Hallen cnctembl sHeproobecneyeHns B8 60-
nee yctonumsyto. CUEH3apUM MOTYT CAYXUTb H3AEXHbIM
OCHOBaHMEeM ANA AadNbHeNWero aHan3a BO3MOXKHbIX
NOAXOA0B W KOHLenuun ANA peanm3aunm BapUaHTOB OCy-
LleCTBNIeHNA SHepreTnyecKoro nepexoaa.

5.1.1. OCHOBHble AONYLLEHUS
cLeHapves

Ba30BbI CLEH3apUin OCHOBbLIBAETCA H3 UCCAE[0BaTENIbCKOM
nosaxose. B ero ocHoBe NeXuT NocneHW robanbHbln cLe-
HapwWin DHepreTnyeckow [plesontoumn® ana cTpaH Espasumu.
OH OCHOBAH Ha cueHapuax Tekylein nonutuky (business as
usual), onybnnkoBaHHbIX MeXAyHapoAaHbIM 3SHepreTuye-
CKUM areHTcTBOM (M3A) B MporHoze MUpOBOM SHEpPreTUKM
Ha 2014 ToA®4, KOTOpble YYMTHIBAT TONBKO CYLLeCTBYH-
e MexAyHapoAHble 3HepreTuyeckne 1 3KoNornyeckue
NoNNTUKN. Kpome TOro, AaHHbIA CLeHapuii aAanTUPOBaH K
Benapycn 3a cyeT KOMMNEKCHOTO aHanM3a HauMOHANbHON
SHepreTMyeckon MONUTUKN M TOCYA3PCTBEHHbLIX NPOrpPamm,
yAenan ocoboe BHUMAHWe MOBbLILLIEHNIO YPOBHA SHeproad-
(eKT1BHOCTM 1 pa3sBuUTMIO BO30OHOBNAEMON SHEpPreTKmnes.
Ba30BbIN cLUeHapuii He BKNKOYaeT B ceba AOMONHUTENbHbIe
MONMTUKN MO COKPaLLeHMo BbIGPOCOB NapHUKOBBLIX Ma30B U
6bIN PacCMOTPeH HaLMOHANbHBIMU 3KCnepTamm®. ba3osbIl
CLueHapvin NpefoCTaBNAeT AaHHble, KOTOpble C/YXXaT OCHO-
BOW ANA NpOBeAeHWa CPaBHEHWA CO CLieHapuem DHepreTu-
Yyeckow [p]esontounm.

CueHapuin DHepreTMYeckor [p]eBONOUMN OPUEHTMPOBAH Ha
KOHKPEeTHY0 Lienb. OH OCHOBaH Ha nocnesHei robanbHol 06-
HOBNeHHOM Bepcum ceHapua 3[P] ana EBpasunun, KOTOPbI 6bin
ony6MKOBaH B 2015 rOAY, U B Ka4ecTBe [/1aBHOW Lienn npes-
YCMATpMBaeT COKpaLlleHre ro6anbHbiX BbIOPOCOB AMOKCMAA
yrnepoaa, o6pasyoLLmxca B pesynbTate notpebneHns sHep-
MK, O YPOBHA OKONO 4 I'T B rOA K 2050 roAly € LIeNbio OrpaHn-
YeHnA pocTa TeMnepatypbl HA NnaHete B npeaenax 2°C. Ewe
OAHOW LeNbl CLeHapusa ABNAETCA MOCTerneHHbI 0TKa3 BCex
CTPaH MMPa OT MUCNONL30BAHNA aTOMHOWN 3Heprum. CueHapui
3[P] npeaycmaTtpunBaeT NpUHATME peLLmTeNbHbIX Mep, HanpaB-
NeHHbIX Ha 3HeproobecrneyeHvie NperMyLLecTBEHHO 33 cyeT
BO306HOBNAEMbIX UCTOYHVKOB SHEPIU 1 COKPALLEHMe 33BU-
cumocTy benapycn ot MMNopTHOro rasa. CueHapui npeaycma-
TPMB3ET NPUNOXKEHME CYLLECTBEHHBIX YCUAMIA, HANPaBNEHHbIX
Ha MO/IHOe 1CMO/b30BaHKe OO0NbLLIOrO MOTEHUM3Na NoBbiLLe-
HWA 3HeproadOeKTUBHOCTI MPU MOMOLLM HAUNYULLNX AOCTYM-
HbIX TEXHONOTMI. B TO >Ke BpemA XOPOLLO 33peKOMeHA0BaB-
Live ce6s BO306HOBNAEMbIE UCTOYHVIKM SHEPTUN B 3HAUNTENb-
HOW CTeneHn MHTerpupoBaHbl B CEKTOPbI TeMN03HepreTuku u
3/1eKTPO3HEPreTUKY, 3 TaKKe MPOM3BOACTBO OMOTOMAMBA U
BoAopoaa. 06uyme 633oBble NapameTpbl AeMorpachnyeckoro
pa3sutnsa 1 pocta BBIT 0CTaOTCA HEeM3MEHHbIMW MO CpaBHe-
HUIO ¢ Ba30BbIM CLieHapreMm.

Bharoaaps 6onee BbICOKOW 3HeprosddeKTMBHOCTM KoHLen-
TOB HOBbIX TPAHCMOPTHbIX CPEACTB W AOMYLIEHNAM OTHOCM-
TeNbHO U3MEHEHUIN B NepepacrnpeeneHnn Aonel nepesos-
OK M0 BAAM TPAHCMOPTA MO CPABHEHWIO C NPeAblAyLLEei Bep-

8 Teske, S., S. Sawyer, 0. Schéfer, T. Pregger, S. Simon, et al. (2015).
Energy [R]evolution - A sustainable world energy outlook 2015. S.
Teske, S. Sawyer and 0. Schéfer, Greenpeace International

84|EA (2014). World Energy Outlook 2014. Paris, International Energy
Agency, Organisation for Economic Co-operation and Development.
85 1. duntotny (2016). Aoknaa «C60p AaHHbIX U aHanM3 ba3osoro
cueHapua ANa DHepreTuyeckol [plesontoumn», benapyco. He ony-
6n1KoBaH. VHCTUTYT SHepreTmkM HauMOHANbHOM akafemmmn Hayk
Pecny6nmkn Benapyce.

86 1. duntoTny, A XK. Tpeberbkos 1 C. HUKUTUH (2017). PeleH3mn
cueHapua SDHepreTuyeckoi [plesontoumn, WVHCTUTYT 3HepreTvku
HaumnoHanbHoM akaaemmn Hayk Pecnybnmnkn benapyce, Mporpamma
pa3suTMA OpraHm3aumm 06beanHeHHbIX Haumi.



cvelt rnobanbHoro cueHapua J[P], KoHeyHoe noTpebneHne
3HepruM TPaHCMOPTOM CyLLeCTBeHHO CokpallaeTtca. OAHaKo
[aHHbIA cueHapuii TpebyeT KapAMHANbHbIX M3MEHEeHWn Mo-
Aenel MOOUNBHOCTN U MOBeAeHYEeCKUX MOAeNel, a Takxke
pa3BUTUA NHDPACTPYKTYPbI, YTOObI KOMMEHCMPOBATL BbICO-
Kne noTepu 3Hepruu, CBA3aHHble C NonyyveHrem BOAOPOAA
Ha OCHOBe BO30OHOBNSIEMOV 31eKTpoaHeprum. MNocneaHss
nprobpeTaeT Bce 60/blLee 3HaUeHne B CeKTope Tenno3Hep-
reTUKn, BCe Yallle 3aMeHAA OTXKUBIKLMIA CBOE NPUPOAHbLIN
ras. CooTBeTCTBEHHO, MPOW3BOACTBO SNEKTPOSHEpruv mnpu
NMOMOLLM BO30OHOBNSIEMbIX WCTOYHUKOB 3SHEPrn A0SIKHO
CTaTb OCHOBHOW «MEepBUYHOMN dHepruen» dyayLuero.

MocTpoeHune cleHapua JHepreTudeckoin [plesontoummn 6asm-
pyeTca Ha cucTemMe Leneil 1 OCHOBHbIX AOMYLUEHWI, cylle-
CTBEHHO BAMAIOLLMX Ha Pa3BMTME OTAENbHbIX TEXHONOrMYe-
CKMX 1 CTPYKTYPHbIX X3aPaKTepUCTVK ANA KaXKAOrO permoHa v
KaXXAo0ro cektopa. OCHOBHble AOMYLLEHWs, pacCMaTprBaemMble
B8 PaMKax NOCTPOEHIA 3TOTO CLieHapUA, MPUBEAEHDI HUXKe.

B uenom cyllecTtBeHHOe MOBbILLEHWe YPOBHA 3Heprosd-
(HeKTMBHOCTU M AUHAMMYHOE pa3BuTME BO30OHOBAAEMbIX
WNCTOYHMKOB SHEPrmm BO BCEX CEKTOPax ABNATCA OCHOBHbI-
MU CTPATErnAMN A0CTVXKEHUN 06LLel Lenn Mo COKPaLLeHuto
BbI6pocos CO2. TeXHONOTMN YNABAMBAHMA U XPaHEHUS yIe-
poaa (CCS) He MCMNONb3YHTCA, M MO NPOLLECTBMN onpeae-
NIeHHOTO BPEMEeHM OCYLLeCTBNAETCA NOCTeNeHHbIN 0TKa3 OT
MCMONb30BaHMA AAepHON SHeprun. C yyeToM MMELNXCA
CBeAeHWI 0 NoTeHUMane, N3AepXxKax v NoCNeaHNX TeHAEeH-
umsax B 0613CTM BHeApeHUs BO30OHOBAEMbIX NCTOYHUKOB
SHeprum (cm. cneayowmi pasaen «CLeHapHbIN NOAX0A»)
npeAnonaraeTca AMHAMWYHBIA A3NbHENLWNIA POCT reHepu-
PYHOLLUMX MOLLHOCTEN Tenna M 3NeKTPO3HEepPrnm Ha OCHOBe
B0300HOBAEMbIX UCTOYHMKOB SHEpPruu.

N3 coobpaxkeHWIn 3KONOTMYECKOM YCTOMYMBOCTM KOAMYe-
CTBO reHepupyrLWMX MOLUHOCTel, paboTatolmx Ha 6uo-
Macce, 1 MoLLHOCTeRn KpyrnHbix C B rnobanibHOM cLeHapun
JHepreTnyeckon [pleBontoUMM OCTAETCA OrPaHUYEHHbIM.
BeTpoBble 1 conHeyHble OTOINEKTPUYECKME 3NEKTPO-
CTAHUMW AOJKHbI CTaTb BAXHbIMM OCHOBOMONAraKLLMMM
anemeHTamm 6yayulero sHeproobecneyenuns. C uenbto pe-
3epBHOr0 3HeprocHabxeHns MmoxeT OblTb 33AeNCTBOBAHO
He3HauMTeNbHOoe KOMMYeCTBO 3NeKTPOCTaHuuii, paboTato-
WX Ha 6rMomacce, a TaKXKe He3HauUTeNbHoe yBennyeHue
reHepupyHLLUMX MOLLHOCTeN ManblX U CPeiHNX TMAPOINeK-
TPOCTaHUMN. W, HaKoHel, cLeHapvem npefycMOTPeHo MC-
No/ib30BaHMe BOAOPOAA KaK pelleHus Ans 6anaHcmMpoBa-
HWS BO3pacTaoLLen oMM HeCTabUNbHbIX CTOYHMKOB MPo-
W3BOACTBA 3/1eKTPO3HEeprun U noAAepKaHWsa A0CTaTOUHON
L[OAV KOHTPOAMpYeMoi obecrnedyeHHO MOLLHOCTY.

CornacHo AaHHbIM WHCTUTYTa SHepreTnkn HAH Benapycn,
noTeHUMan ycronumson bromaccel B benapycm orpaHmnyeH u
coctaBnfaer meHee 250 IMJX ANA NPOM3BOACTBA INEKTPO3-
Hepruu, Tenna n 6notonnmea®’. OAHAKO OrpaHNYeHHbIN M-
nopT 6MOTONAMBA, NPOM3BEAEHHOr0 COMNACHO MPUHLMMNEM
YCTOMYMBOCTN B COCEAHMX CTPaHaX, TakuX Kak YKpauHa,
Poccua nnm rocynapctea EC, npeactasnsertca uenecoobpas-
HbiM 1 OyAeT B 3HaUMTEeNbHOW CTeneHn 3aBWceTb OT PblH-
KoB 61omacchl. TPaAMLMOHHOE UCNOoNb30BaHNe 61oMacchl B
3H3UNTENbHOW CTerneHV 33aMeLlaeTCa COBPEMEHHbIMU Tex-

87 1. ®untotny (2016). Aoknaa «COop AaHHbIX 1 aHanm3 basosoro
cueHapua Ana dHepreTuyeckon [plesontoumn», benapyco. He ony-
61rKoBaH. VIHCTUTYT SHepreTmkn HauMoHanbHOW 3KaZemun Hayk
Pecny6nmkn benapyce.

5. MeTtofonorua

HONOTMAMM, NPeXAe BCero — BbICOKO3hPEKTUBHbIMMN Kore-
HEPALMOHHbIMM CTAHUMAMN.

MoBbileHne YpoBHA SHeprosdHeKTUBHOCTU B TPAHCNIOPTHOM
CeKTope ABNAETCA pe3yNbTaToM nepepacrnpeneneHnsa nepe-
BO30K MEXAY BWAAMM TP3HCMOPT3, POCTa MOMYNSPHOCTU
BbICOKO3((DEKTMBHBIX BMAOB TPAHCMOPTHBIX CPEACTB, TAKMX
KaK 3NeKTpOMOOUAN, NPeANoNaraemMblx U3MEHeHUI B nose-
AEeHYECKMX MOAENAX BOXKAEHWA, a TakKe peannsaumm mep
no nosbileHN0 3hheKTUBHOCTY ABUraTenell BHYTPeHHero
cropanus. Mo MHeHMo 6enopyccKMX SKCMEepToB, 3T Mepbl
y>Ke YacTUYHO 3aNNaHMPOBaHbI B TeKyLleln nonuTrke bena-
pycr®e. OAHAKO CKOPOCTb BHEAPEHUA STUX Mep 3HAUYMTENbHO
YBENMUMBAETCA B CLUEHapUW JHepreTMyeckon [plesontoumm.

CueHapuin DHepreThyecko [pleBontoumM Takxke npeaycma-
TPUBAET B CEKTOpe TeNN03HEePreTMKN 3HaUMTeNbHOe YBennye-
HIE NCMNONb30BaHMA SNEKTPO3HeprM 6NaroAapsa yBenyYeHmnto
NOTEHLNANA BO30OHOBNAAEMOW SHEPTUN U OTPAHUYEHHOMY KC-
N0/\b30BaHNI0 BO30OHOBNAEMbIX BUAOB TOM/MBA AS BbICOKO-
TeMNepaTypHOro TeXHONOMMYECKOro Tenaa B NMPOMbILLIEHHO-
cTh. Kpome Toro, npeanonaraetca 6biCTpoe passuTmhe LieHTpa-
/WV130B3aHHOTO 1 CONHEYHOTO TENNOCHAOXKEHNS, LONONHAEMOTO
BHE\PEHMEM TeoTepMaibHbIX TennoBblX HAcocos. Bce 370
MPUBOAMT K YBENNYEHMIO NOTPEONEHNA SNEKTPOSHEPrN.

YBenmueHve A0oAM HeCTabuNnbHbIX BO30GHOBNAEMbIX MCTOUHM-
KOB 3HEpruu, B YaCTHOCTM BETPOBbIX W CONHEYHbIX hOTOI/NeK-
TPUYECKMX CTaHUMIA, NoTpebyeT BHepeHWs MHTeNNeKTYabHbIX
SHeproceTelt, ObICTPOro pa3BUTUA CeTeil 3neKTponepeaayn,
YBENMYEHVSt aKKYMYAMPYIOLLMX U ApYrMX GanaHCMpyroLLMX
MOLLHOCTeR. Apyrie MHPPACTPYKTypHble NOTPebHOCTA CBA3a-
Hbl, HANpVIMep, C BO3PACTatoLLIelt PO/ibio SNeKTPOMoOUNe.

5.1.2. CUeHapHbIV NoAX0A

CueHapuin DHepreTMyeckoi [pleBontounm, NprBeAeHHbI B
HacTosem fAoknase, Obln NoAroToBneH [lenapTameHTom
CMCTEMHOT0 aHaNM3a ¥ OLeHKN TeXHONOrMn MHCTUTYTa Tex-
HUYeCKo TepMOANHAMMKIN ASPOKOCMMUYECKOro LieHTpa lep-
maHuu (DLR) no 3aka3sy ®oHaa MeHprixa benns.

CueHapwin dHepreTnyeckol [ plesontoumm aAna benapycu opuen-
TMPOBAH HAa KOHKPEeTHYO Lienb. COOTBETCTBEHHO, OH He [0/KeH
PaccMaTpUBaThCA Kak NporHo3 Oyayllero passuTva SHepreTu-
Yecknx cnctemM. AHaNOMMYHO BCEM APYIM CLIeHapUAM DHepre-
TH4eckow [pleBontoumm cueHapuin Ana benapycy 6bin paspabo-
TaH C UCMONB30B3HMEM NPeVMYLLIECTBEHHO METOA3 CPaBHEHUA
«CHU3Y-BBEPX» (Ha OCHOB3HUM TexHoNOrWIA). Mpeanonaraemble
Temnbl Aemorpaduryeckoro passuTusA, pocta BBIN, yaenbHo-
ro notpebneHns 1 passUTMA TEXHONOTWN BO30OHOBNAEMON
SHeprm ABNAIOTCA BaXKHBIMU (aKTOpamm. Ha OCHOBAHWM STUX
(baKTOPOB HaLMOHa bHbIe SKCMepTbI® NOAroTOBUAM HOBbIE MPo-
rHO3bl SHepronoTpebneHuns, oNMpasch Ha aHanm3 GyayLuero no-

TeHurana no NoBbILLEeHNO 3Hepl'03C|)dJeKTVIBHOCTI/I A0 2050 roaa.

88 Top6yHos I1. (2016). 0630p 3/1eKTpUYeCcKoro TpaHcnopTa benapy-
cn. CemuHap «CueHapuii dHepreTuyeckon [plesontoumnn benapycu.
LleHTp 3konormnyeckux petueHnin. MmHck, benapyco.

89 1. Ountotud (2016). Aoknaa «C60p AaHHbIX U aHann3 ba3oso-
ro cueHapus ANnA DHepreTnyeckol [plesontoumm», benapycb. He
ony6AnKkoBaH. MHCTUTYT aHepreTukn HAH Pecny6amkn benapyce,
TopbyHos M. (2016). 0630p aneKTpMYecKoro TpaHcnopTa benapycu.
CemuHap «CueHapuii SHepreTuyeckol [pleBontoumn benapycm».
LleHTp 3konormnyeckux petueHnin. MmHck, benapyco.



5. Metononorna

CueHapu 3HeproobecneyeHns Oblin PAcCUMTaHbI C MOMOLLBH
CUMyNAUMOHHOM Moaenn Mesap/PlaNet, ncnonb3oBaHHOM B
npeablayLIMX UCCNef0BaHNAX DHepreTnyeckoin [pleBonto-
umm. B 3TOM MoAenr He UCMoNb3yeTca MeToA ONTUMM3aummn
33TpaT NpWU pacyeTe Pa3BUTUS SHEpreTMYecKnx TeXHONOTUI.
OHa, ckopee, TpebyeT NocneA0BaTe/IbHOrO 3K30reHHOro onpe-
AeNneHna BO3MOXKHbIX M3MeHeHUA ANA AOCTVKEeHUA Lenem.
Myt nocnefoBaTeNbHOTO Pas3BUTUA ONPeaensaTca U UHTe-
rpupytoTca B 6a3y AaHHbIX MOAEM Ha OCHOBE AOMYLLEHWA U
MHbOPMaLMM O TEXHUYECKMX U CTPYKTYPHbIX BapnaHTax npe-
00pa30BaHMA SHEPreTUYeckom CUCTEMbI C YYETOM, HACKONIbKO
3TO BO3MOXKHO, NMOTEHLMa bHbIX 6apbepoB 1 OrpaHnyeHnit. Ta-
Knm 06pa3om, Mmozaesb Kak C1UCTeMa yyeTa paccumTbiBaet Oy-
Ayline dHepreTnyeckmne 6anaHcbl ANS BCEX CEKTOPOB, a TaKxXe
COOTBETCTBYHOLLME UHBECTULNM M 33TPATbl B SHEPreTMYeCcKoM

Puc. 5.1. 0630p cTpyKTypbl Moaenn Mesap/PlaNet

BBogHble AaHHble

)

[Opaiisepbi:
BB,
HacesieHune

MoTpebaeHune anekTposHeprum

KoHeuHoe notpebneHue
3Heprum No ceKTopam:
aEh, * TpaHcrnopT

* MPOMBILIIEHHOCTb

* KWAULLHBIN CEKTOp,

coepa ycnyr u 1.4,

WHTEHCUBHOCTU

MogenupoBaHue 3HepreTMYecKoin cucTembl

dHepreTUYECKU CEKTOP:

* 3/1eKTpOCTaHuuK: paboTatolme Ha
MNCKOMaeMoM TOMNunBe,
BO306HOBAAEMbIX MCTOYHMKAX
3Heprum, A3C

* T3C: paboTatowme Ha UCKONaemom
Tonamee, GMomacce, TONAUBHbIX
a/IeMeHTax, reotepmasibHble

MpounssoacTBO TON/AMBA:
* MPOU3BOACTBO BOAOPOAA
* buoTonNBO

e HN3 nT.4.

TexHonoruu
TennocHabXeHusA:

cekTope. KonmyecTBeHHble Lienn Ans npeobpasoBaHvis sHep-
reTn4ecknx cnmcTtem yCTaHaBNMBAKT PpaMKU ANA ee MPpOoeKTn-
poBaHuA. OcHoBOM Moae/m aABnseTca 6a3a AaHHbIX TEXHONO-
FI/II7I, KOTOpPaA BKNHOY3ET TeEXHMKO-OKOHOMKMYeCKMe AdHHble No
BCEM CEKTOpPaM dHeprocekTopa (CM. puc. 5.1).

CTPYKTYypa M Ha4yanbHanA NapameTpm3aumna SHepreTnyeckom
CMCTeMbl B3ATbI M3 PACLUMPEHHbIX SHepreTnyecknx 6anaH-
COB, 0Ny6AMKOBaHHbIX B 2014 rofly MexAyHapoAHbIM 3Hep-
reTmyecknm areHtcteom (MDA)s. CTaTUCTUYECKMe AdHHble
33 UCXOAHBIV 2014 rof Oblnv 0TKOPPeKTUPOBaHbI C y4eTom
HaLMOHANbHbBIX CTATUCTUYECKMX A3HHBIX?.

AKTMBHOE pa3BWTVEe BO30GHOBNAEMOW SHEPreTUKW, orpe-
AENeHHOe B CLEHApWM, OCHOBLIBAETCA HA MOC/NeAHUX Tex-
HONOrnyecknx TeHAeHUMAX*, MPOrHo3ax pa3BUTUA PblHKA

Pe3ynbTaTtbl

MUCTOUYHUKM

nepBUYHON 3HEpPrun:

* MCKoNaemoe TOM/NBO:
yrosnb, ras, HedpTb

* aTOMHaA 3Heprua

* BO306HOBAAEMbIE
WCTOYHUKMU SHEPIUK:
3Heprua BoAbl, BETPa,
CONHUa, buomaccsl,
reotepmasibHas
3Heprus, aHeprusa BoMH

MMNC3 (nonnasn
npuseaeHHasn
CTOMMOCTb
3/1eKTPO3HEprum)

3aTtparthbl

* npAmoe oTonseHue: 6onepbl Ha

1cKonaemom Tonauee, 6olinepsl
Ha buomacce, Ten0Bble HACOCHI,
CO/IHEYHbIE KOINEKTOPbI,

3/1EKTPUYECKOEe TenaoCHabKeHne

TennonotpebaeHve

COZ'
BblbpoChI

Bbibpochl

LeHTpanbHoe oTonneHue: TIL, n
KOTe/IbHble

9°Teske, S., S. Sawyer, 0. Schéfer, T. Pregger, S. Simon, et al. (2015).
Energy [R]evolution - A sustainable world energy outlook 2015.
S. Teske, S. Sawyer and O. Schafer, Greenpeace International.
Teske, S., T. Pregger, S. Simon, T. Naegler, M. O'Sullivan, et al. (2012).
Energy [R]evolution - a sustainable world energy outlook - 4th
edition 2012. S. Teske, J. Muth and S. Sawyer, Greenpeace
International, Global Wind Energy Council (GWEC).

9 |EA (2016). Worlg Energy Balances (2016 edition). IEA energy
statistics (Beyond 20/20). Paris, International Energy Agency.

92 . Ounotnd (2016). Aloknaa «Coop AaHHLIX U aHanM3 bazosoro
cueHapua Ana dHepreTuyeckol [plesontoummny», benapyco. He ony-
6n1KoBaH. MHCTUTYT aHepreTukn HAH Pecny6nmnku Benapycb.
93REN21 (2016). Renewables 2016 Global Status Report. Paris, REN21
Secretariat (Renewable Energy Policy Network for the 21st Century).



B0O30OHOBNAEMOWN SHEPreTKN® U A0CTYMHON MHDOpMaLUM
0 noTeHumane B0306HOBASEMOW 3HepreTukn benapycu
(cpaBHeHue npuBeAeHo B pa3aene 5.2.6.), a TakKe CTOMMO-
CTV TexHonoruin BAS B EBpones.

MpOrHo3bl OTHOCUTENBHO TEXHONOTUI 1 CTOUMOCTU ANA CEKTO-
pa Tenno3HepreTuKM B3ATbI 13 6330BOr0 NCCNELOBAHWA TeKy-
LLIero COCTOAHNA PbIHKA TeNN03HEPreTnyYecKUxX TeXHONOMI, UC-
NONb3YHLUMX BO30OHOBNAEMbIE UCTOYHMKN SHEeprv, a Takxe
NCCNeA0B3HNA OTHOCUTENBHO CTOMMOCTU W COCTOAHUA Pa3Bu-
TNA TexHoNnorun, nposeaeHHoro DLR no 3aka3sy Esponerickoro
coBeTa o Bo3o6HoBAAeMON aHeprimn (EREC). C 6onee noapob-
HOI MHOPMaLIeR MOXKHO 03HAKOMMTBLCA TaKXe B IN06aNbHOM
NCCNeA0BaHUM DHepreTnyeckoi [plesontoumnm 3a 2012 roA.

5.2. OcHOBHble aAonyLieHnA
cLeHapuA

5.2.1./13meHeHne noTpedbneHuns

Aemorpaduyeckoe pasBuTMe N SKOHOMMYECKUIA POCT NB-
NATCA OCHOBHbIMU (DAKTOPaMM M3MeHEHUs 3HepronoTpe-
6neHmns. HaumHana ¢ 1971 roaa ysennyeHne obLLemMmMpoBoro
BA/IOBOr0 BHYTpeHHero npoaykta (BBIM) Ha oAWMH MpoueHT
COMpOBOXAANOCh yBennYeHem noTpebneHns nepBrMYHON
SHeprum Ha 0,6%s. CneaytoLlme pasfensl CoaepxaT onmca-
HVe Aemorpaduyeckoro passuTis U SKOHOMMNYECKOro po-
CTa, KOTOpble UCMOMb3YHTCA B KaYecTBe MCXOAHbIX A3HHbIX
ANA MoaennposaHusa obomx cueHapues Ana benapycu.

Aemorpaduyeckoe passutme

Byaywee anemorpaduyeckoe passutre ABNAETCA BAXKHbIM
(akTopomM ANA NOCTPOEHUA SHepreTMyeckoro cLueHapus,
BAMAOLWNM H3 06bemMbl U CTPYKTYpY 3HepronoTpebneHns
K3aK HenocpeACTBEHHO, TaK 1 MOCPeACTBOM ero BO34eNcTBnA
Ha 3KOHOMWYECKU pPOCT U pa3smTue. B cnyyae co cueHa-
pvem DHepreTnyeckol [plesontoumMn Mbl MCMONB30BANM
NporHo3bl Aemorpaduyeckoro pa3sutus, NOAroToBAEHHble
Mporpammont pa3suTmsa OpraHmsaumm O6beanHeHHbIX Ha-
umn (MPOOH) Ha nepuoa A0 2050 rofaY.

94 EPIA (2014). Market Report 2013, European Photovoltaic Industry
Association.

GWEC (2014). Global Wind Statistics 2013, Global Wind Energy
Council.

WEC (2015). World Energy Resources - Charting the Upsurge in Hy-
dropower Development 2015, World Energy Council.

9 Pietzcker, R. C., D. Stetter, S. Manger and G. Luderer (2014). Using the
sun to decarbonize the power sector: The economic potential of pho-
tovoltaics and concentrating solar power. Applied Energy 135: 704-720.
Deng, Y. Y., M. Haigh, W. Pouwels, L. Ramaekers, R. Brandsma, et al.
(2015). Quantifying a realistic, worldwide wind and solar electricity
supply. Global Environmental Change 31: 239-252.

IRENA (2015). Renewable Power Generation Costs in 2014, Internation-
al Renewable Energy Agency.

DLR (2016): REMix Endat modelling results provided by the German
Aerospace Center, Institute of Engineering Thermodynamics.

96 |EA (2014). World Energy Outlook 2014. Paris, International Energy
Agency, Organisation for Economic Co-operation and Development.
97 UNPD. (2015). World Population Prospects: The 2015 Revision.
Retrieved 1.2.2016, 2016, from http://esa.un.org/unpp/
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Tabnnua 5.1. NpOrHo3bl AeMorpaduyeckoro pa3suTig Ana
benapyn

rog, 2014 2020 2025 2030 2040 2050

MIH 9,5 9,4 9,2 9,0 8,5 8,1
VIcToYHuK: riporHo3sl pa3sntida [IPOOH, cpegHmni CLHeHapuii.

[AaHHble, npnBeAeHHble B TabauLe 5.1, YKa3bIBAKOT HA TO, YTO
HaceneHne benapycy, Kak oxuaaetcs, B cpeaHem OyaeT co-
KpaLLaTbCs Ha 0,4% B roA 33 NepunoA € 2014 No 2050 rofbl -
€ 9,5 M/IH YeN0BeK B 2014 roAy A0 8,1 M/H Yenosek K 2050 roAy.
YAOBNETBOpeHMe 3HepreTnyeckmx noTpebHoCTel Hacene-
HUS 1 pedopmmpoBaHre MHMPACTPYKTYPbl IKONOTMYECKM
npremnemMbiMn cnocobamm ABAAIOTCA OCHOBHOW 33aAayelt Ha
nyTu K YCTOMYMBOMY 3HeproobecrneyeHmio.

JKOHOMUYECKUIN POCT

OcHoBOW poCTa 3HepronoTpebneHns ABAAETCA SKOHOMMYe-
CKuin pocT. COOTBETCTBEHHO, YXOA4 OT 33BUCMMOCTU MeXAyY
pocTom 3HepronoTpebneHna n poctom BBIT asnseTca Heob-
XOAMMbIM MpeABapUTENbHbIM YCNAOBMEM DHepreTnyeckomn
[plesontoumn. OgHako B GAMKANLLNE AeCATUNETUA TeMIbl
pocta BBIl, Kak oxxuaaeTtca, 3ameanarca.

B Hawem moaAenmMpoBaHMM Mbl MCMOAb30BAAN O0OMEeHHble
KYpPCbl Ha OCHOBe MapuTeTa MoKynaTenbHon cnocobHOCTH
(NNC) AnA cpaBHEHMA CTOMMOCTU TEXHONOTUIA B Pa3/INUHbIX
CTPaHax mupa. Xota oueHkn MMNC Bce ewle OTHOCUTENLHO
HETOYHbl MO CPAaBHEHWUK CO CTATUCTUYECKMMM [A3HHbIMMK,
NONlYYEeHHbIMM H3 OCHOBE HALMOHANbHOIO A0X0A3, TOProB-
W1 TOBapaMm M MHAEKCOB BHYTPEHHMX LIEH, CYMTAEeTCs, YTo
oHW 6onee 3chPeKTMBHLI AN MOCTPOeHMA cLeHapusase. Ta-
KM 06pa3om, Bce AaHHble 06 SKOHOMUYECKOM Pa3BUTMM,
npeAcTas/ieHHble B MporHoze munposort sHepreTukn (MM3)
33 2014 roa, BkAw4aroT BBI, ckoppekTnpoBaHHbI no MMMC.
PocT HaumoHanbHoro BBl benapycu ocHoBbIBaeTca Ha lpo-
rHO3e MWPOBOW 3HEpreTuky 33 2014 FOA% U, KaK OXMA3-
eTCs, ero Temnbl COCTaBAT 3,25% A0 2020 roaa u 3,18% Ao
2040 roaa. OaHako B ¢BA3M € Tem 4To M3 33 2014 roa
OXBaTblBaeT NMLb NEepuos A0 2040 FOA3, Mbl UCMNONb3Y-
eM Temnbl pocTa ANns EBpasun, npuBeAeHHble B CLeHapumn
SHepreTnyeckon [pleBontoumm 3a 2015 roa. OHM, KaK 0XKK-
fAaetca, cocTaBAaT 2,25% [0 2050 roAaa.

CueHapum 3HepronoTpebneHua n
noteHuman sHeprodheKTUBHOCTH

Pe3ynbTaTbl, NONAYyYeHHble (H3 OCHOBE MpYBEAEHHbIX Bbille
MNCTOYHMKOB) OTHOCUTENbHO YAENbHOro 3HepronoTpebne-
HMA OTPACNel NPOMbILLNEHHOCTU 1 APYTNX CEKTOPOB, OblAn
No/ABEPKeHbl CPABHEHWIO 1 aHANM3Y HA OCHOBE PermoHasb-
HbIX MoKa3aTenein Ans Espasuu, B3ATbIX U3 rN06G3INbHOTO
CLeHapua DHepreTMyeckor [plesontoumn 3a 2015 roA.

98 Nordhaus, W, Alternative Measures of Output in Global Economic-
Environmental Models: Purchasing Power Parity or Market Exchange
Rates?, report prepared for IPCC Expert Meeting on Emission
Scenarios, US-EPA Washington DC, January 12-14, 2005.

99 |EA (2014). World Energy Outlook 2014. Paris, International Energy
Agency, Organisation for Economic Co-operation and Development.
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5.2.2. [IpOrHO3bI LieH
Ha He(Tb 1 ras

B nocnesHve rosibl B Mupe HabAA3NO0Ch CYLLIeCTBEHHOE KO-
nebaHve LeH Ha HedTb, KOTOpOe 0Ka3ano BO3AENCTBME Ha
nporHo3mpyemble LeHbl. COPNacHO CLEHApUK BbICOKUX LieH
Ha HedTb ¥ ras, onybaMKoBaHHOMY EBponeickol Kommccm-
ell B 2004 roay, LeHa Ha HedTb B 2030 roay COCTABUT BCero
34 fonn. 3a 6appenb. CornacHo 6onee NO3AHUM MPOrHO3am
LeH Ha HedTb K 2040 roay, npueeseHHbiM B MTM3 MIA 3a
2014 roA, LeHbl Ha HedTb MoryT konebatbea oT 100 Aonn. CLLA
(B UeHax 2013 I.) 33 6appesib COMNMACHO CLEHAPUIO 450 MA A0
155 fonn. CLUA (B ueHax 2013 I.) 3a 6appesib COrNacHo CLeHa-
puvito TekyLLen NOANTUKN.

Co BpemeHwu ny6aMKaLum B 2007 roZly NepBoro nccneoBsa-
HMA, NOCBALLEHHOro JHepreTnyeckoi [plesontoumn, dak-
TUYeCKasn LeHa Ha HedTb Brepable B UCTOPUUN NepeBannna
33 100 ponn. CLWA 3a 6appenb 1 B ntone 2008 roaa Ao-
CTUINA peKopAHOM OTMeTKKN B 6onee yem 140 aonn. CLUA
33 Oappenb. 3aTeM LieHbl Ha HedTb ynann A0 100 AOANA.
CLLA 3a 6appenb B ceHTAOpe 2008 roaa 1 0KoA0 80 AOAN.
CLLA 3a 6appenb B anpene 2010 roAa, HO BNOC/AeACTBUM
BHOBb BblpoCAn Ao Gonee yem 110 aonn. CLUA 3a 6ap-
penb B Hayasne 2012 roaa. B Hayane 2014 roaa LeHbl Ha
HedTb HaYanM cTpemuTesibHOe MNajleHne A0 OTMEeTKM
40-60 gonn. CLUA 3a 6appenb. B otanumne oT npeabiay-
WMX peAakuuin cueHapues J[P] B 3TOM MCCNefOBaHUU
MCNONb3YIOTCA Apyrve AonyuleHna Ana basosoro cue-
Hapua MO CPABHEHWH CO CUEHapUAMWU DHepretTnyeckomn
[plesontounn (cm. Tabnmuy 5.2).

Tabnmua 5.2. MpOrHo3bl OTHOCUTENBHO ANHAMUKM LIeH Ha 1CKonaemoe TonAMnBo 1 bromaccy (B LieHax 2013 roaa) Ans benapycu

Ha OCHOBaAHWN ﬂOﬂ\/U_l@HI/M/ NOAroToBNAEHHbLIX ANA EBDaB\/H/\

CueHapuit EAuHMLa 2014
n3mepeHus
BC EBpo/Ix 13,9
Cblpas HedTb
3[P] Espo/IAx 13,9
. BC Espo/IOx 3,7
KameHHbIl yronb
3[P] EBpo/IAx 3,7
" BC EBpo/Ix 9,0
MpupoaHbIf ras
3[P] Espo/lAx 9,0
Buomacca BC 1 3[P] EBpo/IOx 3,4

2020 2030 2040 2050
15,2 18,2 20,3 19,6
15,2 14,6 13,1 12,8
3,7 4,1 4,3 4,6
3,7 2,9 2,7 2,6
9,7 11,2 11,8 12,5
9,6 8,9 7,8 7,1
3,7 4,2 4,6 5,1

MOCKONbKY BO3MOXHOCTM ANA MOCTABOK MPUPOAHOrO rasa
OrpaHMYeHbl HAAMYMEM r3a30MPOBOAHbBIX CeTel, MMPOBbIX Pbi-
HOYHbIX LIeH Ha ra3 He cylecTayeT. B 60NbLUNHCTBE pervoHoB
MMPa LieHa Ha ra3 HanpsMyto Np1BA3aHa K LeHe Ha HedTb.
Ana benapycy UeHbl Ha McKonaemoe TOM/IMBO OCHOBAHbLI HA
fonyuleHnax ana Espasuu, onyb6AnMKOBaHHbIX B I100a1bHOM
CLileHapuy DHepreTnyeckor [p]eBontoLmnm 3a 2015 FoA™°.

5.2.3. [1pOrHo3bl LeH Ha
TexXHONornn 3 heKTnBHON
reHepauny Ha OCHoBe
MCKOM3aemblX BUAOB TOMNAMBA U
BbIOpoChl CO2

JonyuweHra oTHOCUTeNBbHO MPSAMbIX MHBECTULIMOHHBIX U 3KC-
NAYaTaUMOHHbBIX 3aTPAT HA YroNbHble, ra30Bble, NMIHUTHbIE U
HedhTAHble 3NeKTPOCTaHLMM B3ATbI U3 CNeLmanbHOro Ao0KNaAa
no vHgectnumam MNMM3 33 2014 roa™. MOCKONbKY 3TU TexXHO-
NOTUN B A3HHLIA MOMEHT H3 AOCTATOYHO MPOABUHYTOM Tex-
HONOTMYECKOM U PbIHOYHOM STare Pa3BUTMA, NOTEHUMAN AN
COKPALLeHNA X CTOMMOCTK orpaHuyeH. C 6onee noapobHom

0 Teske S., S. Sawyer, 0. Schéfer, T. Pregger, S. Simon, et al. (2015).
Energy [R]evolution — A sustainable world energy outlook 2015.
S. Teske, S. Sawyer and O. Schafer, Greenpeace International.

IEA (2014). World Energy Outlook 2014. Paris, International Energy
Agency, Organisation for Economic Co-operation and Development.
°11EA (2014). IEA World Energy Investment Outlook 2014 — Power
Generation in the New Policies and 450 Scenarios — Assumed
investment costs, operation and maintenance costs and efficiencies.
Paris, International Energy Agency, Organisation for Economic Co-
operation and Development.

MHbOpMaLMe MOXKHO O3HAKOMUTLCA B INobanbHOM peaak-
UMK CLieHapua DHepreTnyeckow [pleBontoumm 33 2015 roA.

B cueHapum DHepreTuyeckon [plesontoummn He paccmaTtpu-
BAKOTCA 33TPAThl H3 BblBEAEGHME U3 IKCMNYATALUM aTOMHbIX
3NEeKTPOCTAHUMIN. ITO CBA3AHO C TeMm, YTO AaXe CyLLecTBy-
IOLLAA dHepreTMyeckan CUCTEM3 He YYMTbIB3ET MONHYH0
CTOMMOCTb NpoLecca BbiBeAeHWA M3 3kcnayataumm A3C.
C Apyrow CTOPOHbI, 3TO CBA3@HO C OTCYTCTBMEM AAHHbIX OT-
HOCUTEeNbHO 3TMX 33TPaT, UTO TaKXe ABNAETCA MPUYMHON
npeHebpeXxeHNa MU B CYLLIeCTBYIOLLIe cucTeme.

MepcnekTnBbl Co3AaHMA 3DHEKTUBHON rNobaNbHOM cucTe-
Mbl TOPrOBAM KBOTaMM H3 BblOpochbl CO2 BO BCex pervo-
HaX MMPA B HACTOSALLEee BpeMA B Ny4yllem C/ly4ae HeACHbI.
B oTAnume OT npeablayLUMX BEPCUI CLeHapusa JHepreTuye-
CKOW [p]eBontoLMN, NEepecMoTpeHHble peAakLuun (HaunHas
C 2015 rOAa) MONHOCTLID UCKAKYAKT LleHooOpa3oBaHMe Ha
BbIOpoChbl CO2. OHO TakXKe He pacCMaTPUBAETCA B CLIEHapWn
DHepreTnyeckoi [plesontounmn ans benapycn. Takum obpa-
30M, CPaBHeHVe 33TPaT CLeHapreB 0CYLLeCTBNAETCA TONbKO
B YaCTW MHBECTULMOHHBIX 1 KCMNYATaLUNOHHbIX 3aTpaT, 3a-
TPaT Ha TexHMYeckoe 06CNYXMBAHME Y CTOMMOCTU TOMWBA.

Tabnuua 5.3 npeactasnseT coboi KpaTkoe ONMCcaHNe HaLLnX
AONYLLEHN OTHOCUTENbHO TEXHUYECKMX Y SKOHOMUYECKNX
napameTpoB OyAyLIMX TeXHONOTUA ANS SNeKTPOCTAHUMN,
paboTaoLWmx Ha NCKONaeMoM Tornamnee. MIcxoAsn 13 OLEeHOK,
npeacTasneHHbix 8 MM 33 2014 roa, Mbl NPeAnoNoXKun-
N1, 4TO AanbHenlme TexHWYeckne MHHOBaLUMK He M03BO-
NAT n3bexatb ysenmueHus 8 Oyayliem WHBECTULMOHHbIX
33TpaT MO MpUYMHE MPOAOJSIKEHWA POCTa LeH Ha Cbipbe U
YBeANYEHNA TeXHUYECKON CNOXHOCTU. Kpome TOro, mepbl,
HanpaB/ieHHble HAa MoBbilleHNe 3Hepro3dheKTUBHOCTH
3NeKTPOCTaHUMI, HABENAMPYIOTCA OXMAIEeMbIM POCTOM LieH
Ha nckonaemoe TONAMBO. ITO NpuBeAeT K CyLeCcTBeHHOMY
yBeANYEHMIO 33TPaT Ha MPON3BOACTBO SNEKTPOIHEPrUM.
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Tabnmua 5.3. Mi3ameHeHve MHBeCTUUMOHHbIX 33TPaT M 33TPaT H3 MoBbiLLeHe 3HeprodhdeKTVBHOCTU ANA HEKOTOPbIX HOBbIX
TEXHONOMMI INeKTPOCTaHLUMI; NPYMepPHble A3HHble N0 benapycn

la3oBble
3N1EeKTPOCTaHUUN

3HeproaddeKTMBHOCTH (%)
MHBECTULMOHHbIE 3aTpaTbl (eBpo/KBT)
3HeproadpekTMBHOCTb (%)
Mapora3osble

Tennosble

3NeKTPOCTaH LM MHBECTULMOHHbIE 3aTpaTbl (eBpo/KBT)

2014
42
546
75

841

Victourmk: [TM3 33 2014 rof v CO6CTBEHHbIE AOMYLLEHNS 3BTOPOB.

5.2.4. [1pOrH0o3bl pa3suUTHA
TeXHONOT N BO30OHOBNAEMOW
SHeprnm

CyLecTBYyIOLLME CETOAHS Pa3/iMyHble TEXHONOMMN BO306HOB-
IAEMOW SHEPrMN OTMYAIOTCS YPOBHEM TEXHNYECKOro pas3su-
TWSI, CTOMMOCTbIO U MOTEHLUMANOM Pa3BUTMSA. B To Bpems Kak
3HeprvA BOAbI LLMPOKO MCMOMb3YeTCs yKe B TeYeHne AecaTn-
NeTuiA, Apyrvie TeXHONOoru, Takue Kak rasudukaumsa bromac-
Cbl UM 3HEprusa OKeaHa, eLle He AOCTUMM PbIHOYHOW 3peno-
CTW. ANS HEKOTOPbIX BO30OHOBAAEMbIX NCTOYHMKOB, BK/OYAN
BETPOBYHO 1 CONHEYHYH SHEPIUH0, XapaKTepHO HecTabunbHoe
NMPOV3BOACTBO 3/1eKTPO3HEprum 1 Tpebyetca nepecmoTp Ko-
OpPAVHAUMK B SHepreTnyeckon cetn. OAHaKo, HECMOTPA HA TO
Y10 B GONBLUMHCTBE CNYYaeB TEXHONOMMM BO30OHOBNSAEMON
SHEprn ABNAOTCA «pacrpeaeneHHbIMUY — BbipabaTbiBaeMas
C VX NMOMOLLIbIO SNeKTPO3Heprna NoCTaBNAETC MECTHbIM Mo-
Tpebutenam, - B Oyayliem Mbl MOXXeM HabNAaTb MX Mac-
WTabHoe npumeHeHVe B BMAE MAPKOB MOPCKMX BETPOBbIX
3NeKTPOCTaHUMIA, (DOTOINEKTPUYECKMX CTAHUMIA UAN KOHLIeH-
TPUPYIOLLIMX CONHEYHbIX SNEeKTPOCTAHLINIA.

Mo>xHO pa3paboTaTb LUMPOKMIA CMEKTp pelleHnin Ana Ao-
CTVPKEHUA PbIHOYHOW 3penocTu, UCNOoNb3YA UHAMBUAYANb-
Hble NPeVMyLLeCcTBa PAa3NNYHbIX TEXHONOTUI, CBA3bIBAA MNX
APYr C APYrOM 1 NOCTENEHHO MHTEerpupya 1x B CyLlecTsBy-
foLLMe CTPYKTYpbl sHeproobecneyeHms. Takon noaxoa obe-
CneynT AONONHUTENbHBIN Ha6OoP 3KoNornyeckn 6e30nacHbIX
TeXHONOTNA ANA TenNo- 1 SHeprocHabxeHus, a Takxe obe-
cneyeHusa TOMNMBOM TPIHCMOPTHbIX CPEACTB.

BONbLUMHCTBO TexHoMorMi BO306GHOBNSIEMOI SHepruu, npu-
MeHAeMbIX CeroAHs, HaXOAATCA Ha PaHHel CTaAMMN PbIHOYHOTO
pa3suTKA. Tem He MeHee CyLLIeCTBYHOT LUMPOKME BO3MOXHOCTY
ANA VX yAeLLeBNeHWs 33 CHeT TEXHUYECKMX U MPON3BOACTBEH-
HbIX YCOBEPLLEHCTBOBAHWIA (B OT/IMUME OT TPAAULIMOHHBIX TeX-
HOMOTWIA), @ TaKXKe LUMpOoKoMacLTabHoro nponssoacTea. Au-
HaMNYecKme TeHAEHLMM M3MEeHEHNA CTOMMOCTU C TeYeHnem
BPEMEHW UrPalT PeLLakoLLyo pPosib B OMpefieNeHN SKOHO-
MUnYecky 060CHOBaHHbIX CTPATErnii pa3BuTuA ANs CLeHapUeB,
OXBATbIBAIOLLIMX HECKO/IbKO AeCATUNETUI.

Ana onpefeneHrs U3MeHeHVA CTOMMOCTU B A0ATOCPOYHON
nepcnekTBe B MOAENbHbIX pacyeTax Oblin NPUMEHEeHbI Kpiu-
Bble POCTa MPOV3BOAMUTENLHOCTK, YTOObLI MOKA3aTh, KaK Me-
HAGTCA CTOMMOCTb KOHKPETHOW TeXHONOrMM B 3aBUCMMOCTM
OT CyMMapHoro obbema npov3BoACTBa. [lonyLueHna OTHO-
CUTeNbHO Gyayliei CTOMMOCTV BO30GHOBAAEMOMN S1eKTpo-
SHEeprMM CTPOATCA Ha MPOTHO3aX OTHOCWMTENbHO CTOMMOCTY,
NPeACTaBACHHbIX B TN06ANbHOM CLIEHAPUN DHEpPreTUYecKom
[p]esontoumn 2015 roaa. AonyLLEHNA OTHOCUTENbHO CTOUMO-
CT Ana benapycn Ha 2050 rof GblAM PACCMOTPEHbI HaLWo-

2020 2030 2040 2050
43 45 47 49
534 515 517 539
80 82 85 86
841 841 841 841

HaNbHBIMK SKCMEpTamu. B HacTosALem AOKN3Ae Mbl 06CYX-
[laeM TO/IbKO Te TEXHONOTUK, KOTOpble bl onpeaeneHbl Kak
NPYMEHUMble Ha /IOKa/IbHOM YpPOBHE™. B 4YacTHOCTK, peub
naet 06 NCNoNb30BaHUM SHEPrnM BoZAbl, HOTOINEKTPUYECKON
CONHEYHOW 1 BETPOBOW SHEPIK, @ TaKXKe re0TepManbHbIX Te-
MN0BbIX HACOCOB U CONHEYHbIX KONNEKTOpOoB. Kpome Toro, 61o-
MaCca 1 BOAOPOA PACCMATPUBAIOTCA B AOKN3AE KK HOCUTENN
AKKYMYNWVPYeMOit SHeprim ANA BCeX CEKTOPOB SHEPreThKM.

MonyyeHHble MHBECTVLMOHHbIE 3aTPaTbl Obl/M BbiBeAEHbI Ha
OCHOBaHUM MHHOPMALINM, PACCYUTAHHOM MPY MOMOLLM UCCNe-
[OB3HWI KPMBOW POCTa NMPON3BOAUTENBHOCTM, — B HaCTHOCTH
nccnenosanHuna Nledbl Herax [Lena Neij]™3; aHanmnsa byayuie-
ro TEeXHONOTNIN N NCCNEeL0BIHUA AOPOXKHOWN KapTbl, BKAOYAA
dVHaHcpyembli EBponenickot kommuccmen npoekt NEEDS
(New Energy Externalities Developments for Sustainability)™4
nnm MepcnekTrBbl SHEpreTuyecknx TexHonormin M3A (2008)
1 NPOrHO308B, MOATOTOB/NEHHLIX EBpoOMenckmm cosetom no
BO306HOB/IAGMOW 3Heprm, ony6AMKOBaHHbLIX B anpene 2010
roaa (Re-Thinking 2050), a Takxe 00CYXAEHWI € KCNepTamm
Pa3/IMYHbIX CEKTOPOB BO30OHOB/AEMON SHEepreTUKu.

DoTO3NEeKTpMUYECKan SHepreTuka

Mwupogoin pbiHOK hoToanekTpuueckux (PV) naHenein B no-
CnefHne roAbl AeMOHCTPUPYET eXeroAHbl POCT H3 YpOBHe
25%, NPV 3TOM NPUPOCT YCTAHOBNEHHbIX FEHEPVPYHOLLIMX MOLLI-
HOCTel B 2014 roAy COCTaBUAN 40 MBT™4 N H3 AAHHbBIA MOMEHT
BHOCUT CYLLECTBEHHbIA BKNAA B NPOM3BOACTBO SNEeKTPO3HEp-
rn. DOTOINEKTPUYECKMIA CeKTOp UmeeT 60/bLLIoe 3HaYeHne
Mo MpUYMHE ero [AeLeHTPasiM30BaHHON/LEHTPa I30BaHHOM
BaprabenbHOCTN U BO3MOXHOCTU 3ZianTaumm K MUCMoNb308a-
HUIO B FOPOACKOW Cpefie, @ TakXKe OrpOMHOro MoTeHuMana 8
YaCTW COKpalLeHna cToumocTh. CekTop OTOINEKTPUYECKO
SHEpreTUkM Bce B 60/bLLEN CTENEHW NCMO/b3YeT 3TOT NOTeH-
LMan Ha NPOTAXKEHUM HECKONbKMX NOCNeAHUX NeT, MPU 3TOM
CTOMMOCTb YCTAHOBOK COKPaTWiach 6onee Yem HanoioBUHY
33 3T0T nepuoA. Tekylume pa3paboTKM COCPeAoTOueHbl Ha

02 /1, Pacnhasuutoc (2012). «CekTop B0O306HOBASEMO SHeprum B be-
napycu: 063op». 0630pbl BO306HOBNAEMON U YCTONYNBOMN SHEPTAN
16(7): 5399-5413.

B. KopoTuHckui, B. TaHac u K. Tapkywa (2013). «MepcnekTvigbl
pa3sutuna 6nosHepretkn 8 benapycm». Teka Komisji Motoryzacji i
Energetyki Rolnictwa 13(1).

103 Neij L. (2008). Cost development of future technologies for power
generation-a study based on experience curves and complementary
bottom-up assessments. Energy policy 36(6): 2200-2211.

4 NEEDS. (2009). The NEEDS Life Cycle Inventory Database. The
European reference life cycle inventory database of future electricity
supply systems, from http://www.needs-project.org/needswebdb/
index.php.

05 EPIA (2014). Market Report 2013, European Photovoltaic Industry
Association.
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yCOBEPLUEHCTBOBAHNM CYLLECTBYHOLLNX MOAYNEN N CUCTEMHBIX
KOMTMOHEHTOB 3a CYeT YAyULLIEHNs X SHepro3ddeKTUBHOCTH
N yMeHbLLEHVsi PacXoAa MaTepranos. Takue TeXHONOMMK, Kak
TOHKOMNNEHOYHble NaHenu (B KOTOPbIX UCMONb3YITCA anbTep-
HATWUBHble NOAYNPOBOAHMKOBbIE MATepuanbl) NN CONHEYHble
3/1eMeHTbl Ha OCHOBE CEHCUMOUNN3MPOBAHHBLIX KPacoK, Obl-
CTPO Pa3BMBAKTCA U MPEANAratoT OrPOMHbIA NOTEHUMAN ANS
COKpaLLeHNAa CTOMMOCTW. MOCTOsHHO yayyliaeTca (Ha o,5%
exeroaHo) 3chdeKTUBHOCTb OCBOEHHON TEXHONOTNM, KOTOpas
npefycMaTpuBaeT MCNoNb30BaHne HoTOIN1eMEHTOB Ha OCHO-
BAHWUM KPUCTAN/IMYECKOrO KPEMHMA 1 MOATBEPXKAEHHbIN CPOK
3KCMAYaTaumm KOTOpPO COCTaBANSAET 30 /ieT, B TO Bpems Kak
TONLLMHA (hOTOINEMEHTOB 6bICTPO YMeHbLLaeTCs (C 230 A0 180
MMKPOH 33 nocneaHune natb neT). dPheKTMBHOCTb KOMMepYe-
CKMX Moaynelt konebnetcs ot 14% A0 21% B 3aBUCMMOCTU OT
KauecTBa KPeMHMSA 1 TEXHONOTM N3TOTOB/IEHNS.

KoathduUMEHT yaydLLeHns Npon3BOAUTENbHOCTU (HOTOINEK-
TPUYECKUX MOAYNEN OCTAeTCA Ha MPOTSKEHWUM MOCAEAHNX
30 /ieT A0BO/IbHO NOCTOAHHbIM, MPU 3TOM CTOMMOCTb TEXHONOTM
COKPALLIAETC Ha 20% C KKAbIM ABYKPATHbIM YBENMYEHEM
YCTAHOB/IEHHbIX MOLLHOCTEW, YTO CBMAETENbCTBYET O BbICOKUX
TEeMNax YAYYLIEHNA TeXHUYECKUX XapaKTepUcTVK. MpuHYMan
BO BHVIMAHME MVPOBbIE YCTAHOBNEHHbIE MOLLIHOCTY, B CLieHapun
SHepreTnyeckon [plesontoumn Ana Benapyc MoxHO rosopuTh
0 ce6ecToMMOCTI MPOM3BOACTBA HA YpPOBHE 6 €BPOLIEHTOB 33
1 KBT-4 K 2050 roAy. LieHbl Ha 51eKTpO3Hepriio, NPoM3BeAeHHYH0
PV-yCTaHOBKaMM, YyKe CTanM KOHKYPEHTOCMOCOOHbIM MO OTHO-
LLUEHMIO K PO3HMYHBIM LieHaM Ha 3N1eKTPOSHEPriio B HEKOTOPbIX
CTPaHaX M1Pa U B CKOPOM OYAYLLIEM CTAHYT KOHKYPEHTHbIMM M0
OTHOLLIEHMIO K CTOMMOCTY CKOM3eMoro Tonamsa.

BeTpoBaAa sHepreTnka

3a KOPOTKWi Neproz BpeMeHM — BCero NWillb 3a NocneaH e Ae-
CATb N\eT — aKTUBHOE Pa3BUTME BETPOBOI SHEPreTVKN NpUBENo
K CO34aHMI0 NpoLBeTatoLLiero Mo6anbHOro pbiHka 6o/1ee Yem ¢
50 BT YCTAHOB/EHHbBIX FEHEPVPYHOLLIMX MOLLIHOCTEN MO COCTON-
HIII0 Ha 2014 ToA™¢. B EBpOMe NepsbiM CTUMYNOM ANA Pa3BUTUA
rNo6aNbHOrO PbIHKA BETPOBOI SHEPreTUKM CTana baaronpuaT-
Has rocyAapCTBEHHAA MOAMTUKA. OAHAKO HAYMHARA C 2009 roAd
eXeroaHo 6onee 75% HOBbIX FeHepPUPYHOLLIMX MOLLIHOCTEl YCTa-
HaB/MBA/MCb 33 NpeAenamm EBponbI, 1 3Ta TeHAEHUMA, Ckopee
BCEro, COXpPaHWTCSA. MOBbILIEHHbIM CNPOC HA BETPOIHEpreTUYe-
CKMe TeXHONOTWM MPUBEN K OrpaHMYEHHOMY MPeANOXKEeHMIO
M CTarHaumM pbIHKOB. B pe3ynbTaTe CTOMMOCTb HOBbIX CUCTEM
B03pOCNa. Tem He MeHee 0Tpac/ib NOCTOAHHO HAPALLMBAET MPO-
M3BOACTBEHHbIE MOLLHOCTY, 61aroAapa Yemy oHa yrke hakTh-
yecku peLLiaeT npobaemy ¢ NoCTaBKamu, U B 2014 roay Bo306-
HOBM/13 TEMIMbl POCT3, YBENMUMB FeHepUPYHIOLLIME MOLLHOCTM HA
6-10 BT N0 CpaBHEHMIO C NpeAbIAYLIMMM roAIMM. TpUHMMAsR
BO BHMMaHME NPOrHO3bl Pa3BUTUA PbIHK3, 3 TaKXKe aHa/M3 Kpu-
BOW POCTa NPOM3BOANTENBHOCTU M OXXMAGHUA SKCNEPTOB OTPAC-
/W, MHBECTULIMOHHbIE 33TpaTbl ANA BETPOBbIX TYPOVH B Benapy-
Y COKPATATCA HA 10% K 2050 oAy Mo CPABHEHUIO C 2014 FO0M
COMNACHO CLIEHAPUIO DHEpreTMYecKon [plesontoumm.

buomacca

KNntoueBbiM 3KOHOMMYECKNM CI)aKTODOM NCMO/b30BaHMA 610-
SHEpreTMkn ABNAeTCA CTOMMOCTb CbipbfA, KOTOpaAa cCeroaHA
CNbHO BapbMpyeTCa OoT OTpVILlaTe/'\bHOVI CTOMMOCTN ApeBeCHbIX
0TX0A08B (6naroAapﬂ NCKNKYEHWNIO 3aTPaT Ha YyTUAM3aUnKO OT-
XOAOB) A0 AOPOroCToALLMX KyNbTyp. CooTBeTCTBEHHO, AMana-
30H CTOMMOCT/ NPpOV3BOACTBA SHEPrn 13 6romaccl LLINPOK.

106 GWEC (2014). Global Wind Statistics 2013, Global Wind Energy Council.

OAHov 13 Hanbonee peHTabenbHbIX TEXHONOMMIA ABNAETCS UC-
NONb30BaHNE /PEeBEeCHbIX OTXOAOB TEn03NEeKTPOCTIHLMAMM
(T3C). C apyroi cTopoHbl, rasudukaums TBepAort GUOMACChI,
KOTOPas MMeeT LUMPOKME BO3MOXHOCTV AN MPUMEHEeHUs,
0CT3eTCA OTHOCUTENIbHO AOPOron. B AONrOCPOYHOM nepcnek-
TVBE OXXWAAETCS MOBbILLeHVe peHTabeNbHOCTM MPOU3BOACTBA
3NeKTPO3HEprM 33 CYeT MCMO/Ib30BaHUS PeBECHOro ra3a B
MuKpomoaynsax TIC (B ABUraTeNsix U TOMMBHBIX S1eMEeHTax).

Benapycb pacnonaraeT BbICOKAM MOTEHLMANOM COBPEMEH-
HbIX TEXHONOTUI NPUMEHEHNA BUOMACChI KaK B CTaLMOHAp-
HbIX YCTaHOBKAX, TaK 1 B TPAHCMOPTHOM ceKTope. B agonro-
CPOYHOM MepcnekTMBe WCMoNb30BaHWe Onomaccsl 6yaet
NPeNMYLLIECTBEHHO 3aBMCETb OT Ce/IbCKOXO3ANCTBEHHbLIX U
N\ecoceyHbIX 0TX0A08B, OTXOA0B AeN0BON APEBeCHHbI 1 CONO-
Mbl. OiHaKO (OrpaHNYEHHbIN) MMMOPT YCTONYMBLIX BUAOB TO-
NAMBa 13 6GUOMACChl ABNAAETCA AOMONHUTENbHBIM PAKTOPOM,
CNoco6CTBYIOLLMM CTAOUNBHOCTM SHEpPreTMyYeckon C1cTembl
N YAOBNETBOPEHMIO NOTPE6HOCTEN TPAHCMOPTHOTO CEKTOoPa.
B AGHHOM C/lyYae PbIHKM CbipbA YCTAHOBAT OrpaHNYEHUA Ha
MCMO/b30BaHME OTeYeCTBeHHOM 6MOMACChI.

FmapoaHepreTMKa

DHeprva BOAbl ABNAETCA HE3HAUUTENbHBIM MCTOYHMKOM
3NeKTPo3HEeprnmn 8 benapycy, K Tomy e NoTeHUMan ee pas-
BUTMA ABNAETCA BECbMAa OrpaHMueHHbIM. B cchepe ycTon-
UMBOM TUAPOIHEPTETUKU MPEeANpPYHUMAIOTCA  MOMbITKM
MHTErpupoBaTb 3NEKTPOCTAHUMN B peyHble IKOCUCTEMb,
obecneunBas 6anaHc MeXAy dKONOrMel 1 SKOHOMUYECKU
npuBNEKaTeIbHbIM NPOV3BOACTBOM 3N1eKTPOIHEPTUN.

NMpon3BoACTBO BOAOPOAA

B cueHapuax DHepreTuyeckol [plesonoumn BOAOPOA MNpea-
CTaB/ieH Kak BO30OHOB/AEMOe TOMAMBO, KoTopoe byaeT uc-
Mo/ib30BaThCsA MOCAe 2040 roAa, HO MpU 3TOM ero fons 6y-
[eT He3HauuTenbHol. Mpeanonaraercs, Yto BoAopoa OyayT
nofyyaTb MyTem 3SNeKTPO/M3a, YTo MpuBEeAeT K yBenmue-
HMIO CMPOCa HA SNeKTPO3Hepruto, KOTopbliin OyAeT NMOoNHOCTbI
obecneunsaTthCa 3a CYET AOMONHUTENbHbIX FeHepUpYHLLNX
MoLLHOCTel, paboTatoLMX Ha BO30OHOBNAEMbIX MCTOYHMKAX
SHeprum (NperMyLLIeCTBEHHO SHEPIN BETPA M CONHLA). Taknm
06pa3om, BOAOPOA MOXET CNYKUTb pe3epBHbIM UCTOYHUKOM
SHeprm Ana HecTabuNbHOro NPOM3BOACTBA SNEKTPOSHEprin
BETPOBLIMW U CONHEYHbIMU SNEKTPOCTAHLMAMW, TapaHTMpys
noctosHHoe 6ecnepeboiHoe 3Heproobecnevenne. Obecne-
yMBan AOMONHUTENIbHOE TOM/WBO ANS TPAHCMOPTHOM OTPac/
N CeKTOopa Tenno3HepreTuKyM, BOAOPOA Takxke OyAeT cnocob-
CTBOBATb COKPALLIEHMIO C/1yYaeB [OPOroCTOALLEro orpaHmye-
HWA reHepaLnn BETPOBbIX M COMIHEYHbIX YCTAHOBOK.

KpaTkoe onvcaHne U3MeHeHWUs 3aTparT Ha
NMPOU3BOACTBO SNEKTPOIHEPrm Npu MOMOLLN
B0306HOBNSIEMbIX MCTOYHNKOB SHEpPru

B Tabnvue 5.4 NPOAEMOHCTPUPOBAHbI TEHAGHLIMA M3MEHeHMA
CTOUMOCTY TEXHONOTM BO30OHOB/IAEMOI SHEPreTVKM, MOoNyYeH-
Hble NPY MOMOLLIM COOTBETCTBYHOLLIMX KPMBbIX POCTa MPOM3BOAW-
TenbHOCTW. CneayeT NoAYepKHYTb, YTO OXMAAEMOE CHVKEeHVe
33TpaT 3aBUCUT HE OT BPEMEHM, 3 OT COBOKYMHOTO KOMMYECTBa
reHepUpYHOLLIMX MOLLIHOCTEM (YCTaHOBOK), YTO, B CBOK 04epeab,
Tpebyer AVHAMMYHOTO Pa3BUTMA PbIHKA 3TUX TEXHONOMMIA.
YnenbHble MHBECTULIMOHHbIE 3aTpaTbl 60bLLIMHCTBA TEXHONOT I
MOTYT COKPATUTLCA Ha 30-60% OT HACTOSLLIEr0 YPOBHSA Noc/e A0-
CTVPKEHMA MAKCUMAbHOTO pa3sBuTUA (Moc/ie 2040 roaa).
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Tabnmua 5.4. AonyLeHUs 0THOCUTENbHO M3MEHEHVst CTOMMOCTI TeXHONOTMM BO30OHOBNAEMON SHepreTyKI COrNacHo cLeHapuio J[P]

Wcroynuk: Fraunhofer ISE (2015): Current and Future Cost of Photovoltaics. Long-term Scenarios for Market Development, Sys-
tem Prices and LCOE of Utility-Scale PV Systems. Study on behalf of Agora Energiewende.

onIMbIM cneAcTBMeM CHUMDKeHUA CTOMMOCTU VIHB€CTI/IL1I/II7I B
TEXHONOTN BO306HOBNSAEMOW SHEPTUMN ABNAETCA CHUXKEHVE
ce6ecToMMOoCTV NPOM3BOACTBA TEMNOBOMN U INEKTPUYECKON
3HEepru, Kak 3To MOKa3aHo Ha puUC. 5.2. B AonrocpouHon
nepcrekTMBe MONHAA NpvBeAeHHas CTOMMOCTb INEeKTPO-
3Heprun 8 benapycu, Npon3BeAeHHOM CONHEYHbIMU 1 Be-
TPOBbIMW SNEKTPOCTAHUMAMU, NPUOANZUTCA MPUMEPHO K
5-6 eBpoLeHTam 3a 1 KBT-4. [1py 3TOM 31eKTpo3Heprua, npo-
n3BefileHHas npyu nomowuy 6romacchl, 6yaeT cyLiecTBeHHO
[l0pO>XKe — 0KONO 13 eBpOLeHTOB 33 1 KBT-Y (cornacHo pac-
yeTam, Npov3BeAeHHbIM 6e3 yyeTa ctoumocTu Tenna TIL).
DTV OLEHKM 33BUCAT OT JIOKaNbHbIX YCNOBUI, TAKUX KaK Be-
TPOBOW PeXMM, CONHEYHOe M3NyYeHne, AOCTYMHOCTL 61o-
Maccbl Mo MPUEMNEMON LieHe UM CTOMMOCTb Tenna B Chy-
yae KOMOVMHMPOB3HHOMO MPOW3BOACTBA TENNOBON U INeK-
TPUYECKOW IHepruu.

Pnc. 5.2. MporHo3vpyemoe 1n3meHeHne CTOMMOCTH
NPOM3BOACTBA SNEKTPO3HEPrUM NpY MOMOLLM
reHepupyroLIMX MoLLHOCTer Ha BVD
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doTO3NEKTPUYECKMNE YCTAHOBKM
e Ha3eMmHble BETPOBble TYPOUHbI

T3U, paboTatowme Ha buomacce

lpymeyarme: CToMMOCTb MPOV3BOLACTBAE SNEKTPOIHEPIM
MPEACTaBAEHS B 3aBUCUMOCTV OT MPEANO/raemMoro
M3MEHeHUS ro0BOro KO/MYeCTBa 4acoB paboTbi, Nprmep
419 O9CP EBpona (B LjeHTax Ao/, CLLA 33 KBT-Y4), CTOMMOCTb
briomaccel rpyBeseHa 6e3 y4era CToMmMoCTv Tera.

AlononHMTeNbHbIe PAaCXOAbl BO3SHWUKHYT B CBA3WN C MHTErpa-
uven BO30OHOBNAEMOWN 3SHEpreTUKM B SHEpreTMyeckyto
ceTb. TeM He MeHee TeKyLIasa BepcuA CLEeHapua JHepre-
TnYeckon [plesontounn Ans benapycu He COAepXUT Ko-
IMYECTBEHHOM OLIeHKWN 3aTpaT Ha AOMONHUTENbHYI0 Heob-
XOAVMYI MHDPACTPYKTYpPY 3HepreTmyeckon cetn u akky-
Mynaummn sHepruu. MNpeablaylime NcCnefoBaHNA YKas3anm
Ha OrpaHMyeHHoe BO3AeNCTBMe 3TUX 3aTPaT Ha obLyme 3a-
TPaTbl CUCTEMBI B 33BUCMMOCTW OT MHTErpaLnmn ¢ CoCeAHN-
MM 3HepreTMYecKMmmn CMCTeMamn U A0AM HecTabMNbHbIX
80300HOBNAEGMBIX MCTOYHUKOB 3Heprun. Ecnm rosoputs 06
VHTErprvpoBaHHOM eBpPONercKom SHepreTu4eckon cucteme,
TO UCCNeAo0BaHue, npoBeseHHoe Scholz et al. (2016), npo-
AEeMOHCTPUPOBANO, YTO 33TPAThl HA UHTErpaumnto B cucTe-
My HOCAT CTabWNbHbLIN XapaKTep W COCTaBAAKT OT 1,5 A0
2 eBpOLEHTOB 33 1 KBTY™” npu Aone BO306HOBASAEMbIX
NCTOYHMKOB 60-80% 0T obLiero o6bema Npov3BOACTBA
3NEKTPO3HepPruu.

5.2.5. BVI3 B cekTope
Tenno3HepreTnku

Mcnonb3osaHne BW3 B cekTope TennosHepreTuku
MMeeT CaMyl A3BHIO WUCTOPUKD CpeAn BCeX TeXHONOo-
rmin Bo30OHOBNSIEMOIN 3Heprun. HecmoTpa Ha TO 4TO
cneunanbHble pacyeTbl ANA CeKTOpa TennodHepretu-
Ku benapycu He nNpoBOAMANMCHL, B CNeaylLUUX pa3ae-
nax npuseneH 0630p COOTBETCTBYHLIMX TEXHONOTUA U
33TpaT Ha OCHOBe MeX/AyHapoAHOro onbiTa. B mpeabl-
Ayllem [OKN3aje 33 2012 roj, NOCBALLEHHOM JHepre-
Tnyeckon [plesontoumn (Teske, S., J. Muth, S. Sawyer,
T. Pregger, S. Simon, et al., 2012)"¢, EREC n DLR npo-
BeNN COBMeCTHOe MWCCNAef0BaHMe CTOMMOCTU TexHOo-
norunm BV B cekTope TennosHepretuku Ana Esponsi.
B aoknase 6blnn NpoOaHaNM3MpPoOBaHbl 3aTpaThl Ha BHe-
ApeHvie TexXHONOrnin Bo306HOBASIEMOW TEMNN0BON 3Hep-
reTKn — OT KONNEeKTOPHbIX CUCTEM MpAMOro npeobpa-
30BaHNA CONHEYHOM 3Heprum A0 reoTepmasibHbIX YCTa-
HOBOK M YCT3HOBOK, MCMONb3YHOLMX TENNOTY OKPYXato-
Len cpeabl, @ TakKXKe TeXHONOrUM NoNyYeHnsa TennoBomn

°7 Scholz, Y., H. C. Gils and R. Pietzcker (2016). Application of a high-
detail energy system model to derive power sector characteristics at
high wind and solar shares. Energy Economics.

08 Energy [R]evolution — a sustainable world energy outlook.
Alexandra Dawe, Rebecca Short and C. Aubrey. Amsterdam,
Greenpeace International, European Renewable Energy Council
(EREC), Global Wind Energy Council (GWEC), Deutsches Zentrumfir
Luft- und Raumfahrt (DLR).




5. Metoponorua

SHeprum un3 6MOMAcChl. HekoTopble TexXHONOrum yxe
[OCTUIAN CYLEeCTBEHHOTO Pa3BUTMA U KOHKYPUPYHOT Ha
pblHKe, 0cOOeHHO NPOCTble OTONUTe IbHble CUCTeMbI, UC-
nonb3yemble B cekTope 6biToBOro notpebnenmsa. O4HaKo
60/iee CNOXHble TeXHONOrnKn, KoTopble moryT obecrne-
ynTb GonbluMe AOAM TennonoTpebneHMA Npy NOMOLLK
B0O30OHOBASIEMbIX MCTOUYHMKOB, BCE elle HaXOoAATCS Ha
cTaaum pa3paboTkm 1 OCTATCA AOCTATOYHO AOPOTrMMMU.
PbiHOYHble Oapbepbl 3aMeANAT TemMbl AadfibHelllero
BHEApPEHMA CUCTEM TenNoCHAOXeHMA Ha OCHOBe BO306-
HOB/IIEMbIX UCTOYHNKOB SHEPIUK, 3 TaKXKe CHUXeHUSA UX
cTOMMOCTU. TeM He MeHee MOXHO 0XMAATb 3HaUMTeNb-
HbIX TEMMNOB OCBOEHWS 3TUX TEXHONOMUA MpU YCNOBUY,
YTO TEXHONOTMM TeNNOCHabXeHNs Ha 0OCHOBe BO30OHOB-
NAEeMbIX UCTOYHUKOB OyAyT BHeAPATbCA 60nee LWMPOKO,
KakK 3TO npeAyCMOTPeHO cueHapuvem 3SDHepreTnyeckom
[pleBontounn ana benapycu.

ConHeyHble TenNnoBble TEXHONOIUN

ConHeyHble KONNEeKTOPbl 3aBUCAT OT NPAMOro CONHEeYHOo-
ro M3nyyeHus, No3ToMy MX 3pdeKTUBHOCTL B 60NbLLIONK
cTeneHu 3aBUCKT OT UX MECTOMONOXeHNA. B A0CTAaTOUYHO
CONHEeYHbIX pernoHax (Hanpumep, B Cpean3eMHOMOpbE)
npocTble TepMOCUQOHHbIE CUCTEMbI MOTFYT MOAHOCTbIO
obecneynTb CNpOC HAaCceNeHUA Ha ropsYyo BOAY Npu 3a-
TPaTax Ha YCTAHOBKY OKONO 400 eBpo/M?. B pervoHax c
MeHbLUel nHconaunen, Kak B benapycn, rae TpebyeTtca
[OMNONHUTENIbHOEe OTOM/IeHNe MNOoMeLleHUn, CTOMMOCTb
YCTAHOBKM AN HACOCHbIX CMCTeM B ABAa pa3a Bbllle.
B Takmx panoHax 3aTpaTbl Ha CONHEYHOe oTonneHue
MOXHO CYLIeCTBEHHO CHW3WUTb 33 CYeT IKOHOMMMW Ha
macwTtabax. M3BecTHO, YTO CTOMMOCTb KpYNHOMAaCLLTab-
HOM CONHEYHOM KONNEeKTOPHOM CUCTeMbl COCTaBAafAeT
250-600 eBpO/M?, B 33BUCMMOCTM OT AOAWU COIHEYHON
SHeprum BO BCei CcUCTeMe TennocHabxeHus n notpebd-
HOCTeW B aKKyMynaunn.

TennoBble HAcOCbl

Tennosble HACOChI, KaK NPaBWNO, UCNONb3YIOTCA ANs obe-
crneyeHns ropadyen BOAOM WMAW OTOMNEHWA MOMEeLLeHWi
C CUCTEMaMU TenNOCHAbXEHNA C OTHOCUTENbHO HW3KOW
TemMnepaTypon NoAauM, AN MOTYT UCMONb30BATLCA A0-
MONHUTENBHO C APYIMMMK TEXHONOTMAMU TennocHabxe-
HMA. OHU CTaHOBATCA BCe 6onee MONYNAPHLIMU B Kaue-
CTBe peLleHns ANA HANOAbHOTO OTOM/IEeHMA. DKOHOMMSA 33
cyeT macwtabos TyT meHee 3P hEKTUBHAE, Yem B Cayuae
C IY6OKUMM FreoTepManbHbIMK CUCTEMAMK, NOITOMY OC-
HOBHOE BHWMaHWe yAenseTca Menkum ObITOBbIM YCTa-
HOBKaM C MHBECTULMOHHbIMWU 3aTpaTamu B MNpeaenax
500-1600 eBpO/KBT ANA CUCTEM C UCMO/Ib30BAHNEM NOA-
3eMHbIX BOA M Gonee BbICOKMMU 33TpaTamy OT 1200 A0
3000 eBpO/KBT ANA TEXHONOTUM, UCMONb3YIOWMX Tenno
3eMAU UK BO3AYXA.

Ncnonb3oBaHme 6romacchl

CyLiecTByeT LUMPOKNIA BbIGOP COBPEMEHHbIX TeXHONOTMN
ANA nonyyeHuna tenna n3 6Momaccol: 0T HeboNbLIMX 0A-
HOKaMepHbIX neyen A0 KOTeNbHbIX nnu TIL, reHepupyto-
LMe MOLLHOCTN KOTOPbIX ncuncnhaTtca 8 MBT. MHBecTun-
LUMOHHbIe 33TPaThl CYLLeCTBEHHO Pa3HATCA. [Ana NpoCTbiX
APOBAHbIX MeYyen OHWM MOryT COCTaBNATb OT 100 €BPO 33
1 KBT, B TO Bpems Kak TexHonornyecku 6onee CnoxHole,
3BTOMATM3NPOBAHHbIE CUCTEMbl OTOMAEHWA, MOMHOCTLIO

MoKpbIBaKOLLMe BeCb CNpOC Ha Tenno, 060MnAyTCa 3HaYm-
TeNbHO A0POXe. VIHBECTULMOHHbIE 33aTPaThl HA APOBAHbIE
WAV NenneTHble KOTNbl COCTaBAAT 0T 400 A0 1200 €BpO
33 1 KBT, Npu 3TOM KpynHble YCTaHOBKMW CTOAT AeLliesne,
yem HeboNbLLME CUCTEMDI.

MonyyeHne Tenna npu nomowyn Korenepauum (TIU) fas-
nAetca elle OAHMM B3apU3HTOM, KOTOPbIV MO3BONAET UC-
NMONb30BaTb MHOXECTBO CYLLECTBYHOLMX TEXHONOTUI. IT3
SHepreTMyeckan TexXHONOrMsa MmeeT o4eHb pasHoobpas-
HOe MpMMEeHeHMe: OHa MCMoNb3yeTCca ANA COBMECTHOro
CKWUMAHWA Pa3HbIX BUAOB TONAMBA HA KPYMHbIX YrONbHbIX
3NeKTPoCTaHumAX; rasmdukaumm éuomaccsl Ha T3 nnam
6v0rasa, Nosy4yeHHOro M3 BAAXHbLIX OCTATKOB. OAHAKO
CTOMMOCTb Tenna YacTo 33BUCUT OT NMPOU3BOACTBA INEK-
TPO3Heprmu.

5.2.6. [loTeHuman
BO30OHOBNAEMOW SHEpreTunKy
benapycu

MoTeHuman npon3BoOACTBa B0306HOBASIEMOW SHeprmmn
nmeet KNw4yesoe 3Ha4YeHne ANna MmoAeNnpoBaHNA SHep-
reTmyeckom cmctemol. NoteHyman npomn3soAcCTBa B0306-
HOBNAEMOW SHeprmuun Benapycm onpepenAaeTcAa Ha OCHO-
B€ Hay4HbIX r|y6nvn<au|/1|?1, NPpOrHO30B 3KCNepTOB, @ TakK-
Xe KOHKDETHOVI OLUeHKM noTeHUMana Bo300HOBNASEMOMN
SHeprun.

CornacHo Hay4HbiM ny6AMKAUMAM, MOTEHUMAN 3SHeprum
BeTpa OXBaTblBaeT LUMPOKUM AMANA30H OT 3 A0 96 [BT.
lMoTeHUuMan CONHEeYHOM SHepruKn, CorlacHoO pacyeTam, Tak-
»Ke 0XBaTblBaeT LWMPOKUN AMANa30H OT 280 A0 570 BT™9,
MOCKONbKY He BCe MCXOAHble NapameTpbl COOTBETCTBYHO-
LUNX NCCNeA0BaHUI ABNAKTCA MPO3PaYHbIMK, ANA CLEeHa-
pus dHepreTUyeckon [p]eBonoLNN NCNONb30BAHA OLIEHKA
noTeHUMana, MonyyeHHas npu nomowm mogenn REMix
Endat™, pa3paboTaHHoi DLR. Mogens ncnonbsyertca Ans
pacyeTa MOTEHUMAnNa, HanpuMmep CONHEYHOW 3SHeprum u
SHEeprMm Ha3eMHbIX BETPOBbIX 3NEeKTPOCTAHUMIA, H3 OCHO-
Be reoaHHbIX O KAMMaTe M noroae 3a KaXkAbl Yac roaa.
Kpome TOro, moaenb no3sonser MONYYUTb MOYACOBbLIE
npodunn Npon3BoACTBA BETPOBOM U CONHEYHOM IHEPrUn,
KOTOpble paccYMTbIBaNNCL ANA benapyc B HaUMOHAbHOM
MacwTtabe (CM. KpuBble MOTeHUMana MonHON Movacosow
Harpysku Ha puc. 5.3). CornacHo MoaenbHol oleHKe, Mo-
TEHUMAN CONHEYHbIX INEKTPOCTaHUNA ABNAeTCA 60NbLLINM
1 COCTaBNAeT 164 BT npyn HE3HaUNTENbHOWM BapMaUnn Con-
HeYHoro n3nyYeHns (980150 YacoB NONHOM Harpy3km - YMH).
Konnyectso YMH AnA BeTpOBbIX 3NEeKTPOCTAHUMA Kone-
6neTca oT 2200 A0 2600, YTO obecneuynmBaeT NOTeHUMAN B
pasmepe 26 BT.

9 |[EA/OECD (2016). The Clean Energy Technology Assessment
Methodology Pilot Study Belarus, International Energy Agency.
MeiRner, F., F. Ueckerdt and ). Schenk (2010). Erneuerbare Energien
in Belarus: Herausforderung fir Versorgungssicherheit, FDI und
Klimaschutz, PP/o4/2010], GET German Economic Team, Berlin/
Minsk.

UNDP (2014). Renewable Energy Snapshot Belarus, United Nations
Development Program.

"o Stetter, D. (2014). Enhancement of the REMix energy system
model: global renewable energy potentials, optimized power plant
siting and scenario validation Hochschulschrift, Univ.
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Puc. 5.3. KprBble NoTeHUMana NnosHOM noYacoBom HarpysKkum
[ANA BETPOBLIX 1 CONHEYHbIX 3NeKTPOCTaHUWi B benapycu
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BeTposble 3neKTpoCcTaHL MK

BO3MOXXHOCTN pa3BUTUA TMAPOIHEPreTUKN BeCbMa OrpaHn-
YeHbl Mo NpnYMHe He3Ha4YNTeNbHOro NpMpocCcTa noTeHUumnana
3d C4eT ManbiX N cpeaAHnX 3ﬂeKTp0CTaHLlI/II7I. B aTtom cek-
TOpe MOXXHO yBeNnnynTb reHepaunto Ha AOMNONHUTENbHbIX
250-300 MBT 3neKTpo3Heprumn™. [eoTepmanbHbI MOTEHUM-
an benapycn TaKkxe ABNAETCA AOCTATOMHO OFPAHUYEHHbIM,
TNaBHbIM 06pa3oM YCTAHOBKAMK, KOTOPble WCMONb3YIOT
WNCTOYHUKM C HM3KOWM 3HTanbnuen™. CooTBeTCTBEHHO, reo-
TepManbHoe Tenno NPUMeHAeTCA, Kak MpaBuNo, B reotep-
M3 IbHbIX TEMNO0BbIX HACOC3X M YCTAHOBKAX LIEHTPANN30BaH-
HOro oTonneHua, Kotopble y>xe NpUMeHAKTCA B HECKONbKNX
pervioHax benapycu.

Benapycb pacnonaraeT CyL|ecTBeHHbIM NoTeHUUanom 6mo-
maccbl. OAHAKO CyLLecTByoLIMe NySAUKALIMM COARPXKAT A0-

™ UNDP (2014). Renewable Energy Snapshot Belarus, United Nations
Development Program.

Meif3ner, F., F. Ueckerdt and ). Schenk (2010). Erneuerbare Energien
in Belarus: Herausforderung fir Versorgungssicherheit, FDI und
Klimaschutz, PP/o4/2010, GET German Economic Team, Berlin/
Minsk.

"2 B.W. 3yin 1 0. MapTblHOBa (2015). feoTepManbHble pecypcbl, No-
cnefHve AaHHble no benapycu. Mpoueaypsl, BcemMupHbIi reotep-
M3ANbHbIN KOHTpecc.

5. MeTtoaonorua

CTATOYHO MPOTMBOPEUMBbLIE AdHHbIE OTHOCUTENbHO MCTOY-
HMKOB M NpUMeHeHMA 61MOMACChI™. 3TO NPMBOANT K BECbMA
Pa3/IMYHbIM OLIEHKAM MOTEHLMANA, KOTopble kKonebnTca oT
70 MAX ans ApesecHol 6romaccsl A0 300 NAX aAna obuiero
noTeHuMana. Hanpvmep, noTeHUMan ApeBecHon 61MoMacchl
Konebnetca ot 67 MNAX Ao 190 MAX, a noTeHuman 6uorasa
ot 7 NAX A0 24 NMAX. OAHAKO TeXHMYeCKM AOCTYMHbIN MNOo-
TeHUMan ApeBecHon 6MoMaCcChbl OrpaHMYeH He3arpsisHEHHOM
PaANOAKTVBHBIMN 31eMeHTaMK 6MOMACCON, PacnoNOXKeH-
HOM 33 npeaenammn YepHobbINbCKOM 30HbI OTYYXKAEHNA™,
Ha KOTOPYHO NpUXoAnTca 17% NecHbIX naowaaem, CornacHo
A3HHbIM, MONYYEHHbIM OT HALUMOHANbHbIX SKCMEepTOB™.

Bruomacca ABNAETCA OYeHb BAXKHBIM KOMMOHEHTOM Cue-
Hapua DHepreTuyeckoi [plesontounn ana benapycn Kak
MCTOMHWK pe3epBHOro 3HeproobecneyeHuns, a Takxe B
KayecTse TOMNAMBA ANA TPAHCMOPTHOrO cekTtopa. OAHaKo
MOK3 HEACHO, Kak M3MeHUTCA AOCTYMHOCTb GMOMACChl B
CBA3M C 6yAYLUMM CMPOCOM HA Hee CO CTOPOHbI NKLLEBO
M KOPMOBOM NPOMbILINEHHOCTH, @ TaKXKe ee MCMNoNb30-
BaHMEM B KayecTBe Cblpbsl B MPOMbILINEHHOCTA W CTPO-
nTenbcTBe.

XoTa B cieHapun IHepreTuyeckow [plesontounn ans bena-
pYyCch Mbl OTPaHUYNAM MepBUYHOE dHeproobecnevyeHue 3a
cyeT Gromaccbl BennumHom 230 MAXK, Mbl MOHMMaeM, YTo
3TO NPOW3BOACTBO He MOXeT ObITb MONHOCTLIO 06ecneyeHo
33 cYyeT BHYTPeHHUX pecypcos. MoTeHuman Gromacchl, co-
OTBETCTBYHOLLUMIA KPUTEPUAM YCTOMYMBOCTW, AOCTYMEH He
TONbKO B COCEAHMX CTPaHAX, TakMX Kak YKpamHa n Poccusg,
Ho 1 B EC 1 moxeT obecneunTb OMOTOMNMBO, ApeBecHble
nennetbl NN Apyrue 6MosHeproHocutenn 8 Gyayuiem. B
[aHHOM C/ly4yae npeanoxeHue OyaeT rNaBHbIM 06pasom
33BUCETb OT PbIHKOB OMOMACChI, KOTOPbIE Mbl B Hallem UC-
CNe0BaHUM He pacCMaTpuBanu.

TpaekTopun nepexona benapycn K aHeproobecneyeHunto Ha
OCHOBe MperMyLLecTBeHHO BO30OHOBNSIEMbIX WUCTOYHUKOB
3Heprum 6binn pa3paboTaHbl U CMOAENMPOBAHbI UCXOAA 13
3TUX AONYLUEHWIN, NPUBEAEHHbIX B 3TOM Nage, U C y4eToM
noTeHUana B0306HOBNAEMON SHEPrUN.

"3 UNDP (2014). Renewable Energy Snapshot Belarus, United Nations
Development Program.

KopoTuHckuii B., B. TaHac 1 K. MapkyLua (2013). «MepcnekTvsbl pas-
BUTUA 6103HepreTuKK B Benapycn» 13(1).

INFORSE (2010). A vision for Belarus based on INFORSE's Vision2050
International Network for Sustainable Energy.

"4 10. TepcmoB 1 T. KapbsinaiiHeH (2010). «ATA3C NeCHOro Xo3si-
cTBa benapycn». Metlan tydraportteja 170.

5 . duntoTnd (2016). Aoknaa «COOp AaHHbIX N aHanM3 ba3oBoro
cueHapua ANnA DHepreTnyeckon [plesontounmn», benapycs. He ony-
611KoBaH. VIHCTUTYT 3HepreTmkn HauMoHanbHOW akajemumn Hayk
Pecny6nmkn benapyces.
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6. Pe3ynbTaThl MOAENMPOB3HWA CLIeHapUs dHepreTuueckol [pleBontoumn Ana benapycu

6.1. KoHeuyHoe notpebneHune
SHEepruu rno ceKkTopam

TpaeKTopMsa pasBUTMA KOHEYHOro noTpebneHua 3sHeprum
B8 benapycn onpepensietca Ha ocHose Aemorpacumyeckmnx
nporHo3os, pocta BBI n yaenbHoro sHepronotpebneHus.
3TV MPOrHO3bl NMPOAEMOHCTPUPOBAHbI HA pUC. 6.1 ANnA baso-
BOrO CLIeHapVA M CLeHapua DHepreTuyeckol [plesontoumn.
CornacHo bazoBomy cleHaputo obLee KoHeyHoe noTpebne-
Hue 3Heprum (OKIT), cocTasnsiolliee B HacTosllee Bpems
710 NAX B roa, ysennuntca Ao 1010 N B roA B 2050 roay.
CornacHo cueHaputo dHepreTnyeckon [pleBontoLnm KoHey-
Hoe noTpebaeHne SHEeprM COKPATUTCA Ha 24% OT TekyLlero
YPOBHA A0 540 MNAX B roa K 2050 roay.

CueHapuin dHepreTryeckom [pleBontoumm NpeAnoNaraeT, YTo
obulee notpebneHne 3NEKTPOIHEPrn YBEANYNTCS, HECMO-
TP H3 NOBbILLEHNe 3HeproadhdeKTMBHOCTA BO BCEX OTPAC-
nax (puc. 6.2), B CBA3M C pOCTOM 3KOHOMMKM, MOBbILLEHMEM
YPOBHS XXMN3HW N SNeKTpUdUKILMen TPaHCMOPTHOIO CeKTOpa
1 TennosHepreTUKW. MNpu cueHapum SHepreTnyeckom [pleso-
noumn obuiee notpebneHne SNEKTPOSHEPrn yYBennynTCS
npumepHo ¢ 30 TBT-4 B roa Ao 61 TBT-Y B roA K 2050 roAy.
Mo cpaBHeHMto € 53a30BbIM CLileHap1emM Mepbl MO MOBbILLEHNIO
3Hepro3PheKTUBHOCTM NPOMBbILLAEHHOCTM, KOMMYHANbHOIO
ceKkTopa u cdepbl 06CNYKMBAHMA NO3BONAT N36eXaTb reHe-
paunn okono 20 TBT-Y B roA.

370 COKpaLleHVe AOCTUIAeTCA ¢ BHeAPEHMEeM BO BCEX CeK-
TOpax, NOTPEBAAIOLLMX INEKTPOIHEPTUID, BbICOKOIhheKTHB-
HbIX 3/1eKTPOHHbIX YCTPOMCTB, MCMONL3YIOLMX CaMble NyY-
LMe TEXHONOTWN U3 AOCTYMHbIX. INEKTPUYECTBO CTaHeT 0C-
HOBHbIM BUAOM «MepBUYHOM» BO30GHOBNSIEMON SHEprm He
TONbKO AN HEMOCPEACTBEHHOTO UCMONb30BAHMA B Pa3nY-
HbIX LieNnsx, Ho ¥ ANA MPOM3BOACTBA CUHTETUYECKUX BUAOB
TOMN/WBA, KOTOPble 33MEHAT UCKonaemoe Tonameo. CornacHo
CLIEHapUIo DHepreTnYeckon [pleBontoLmm B 2050 rosly snek-
TPOMOOMAN 1 SNEKTPUDULMPOBAHHBIN >KeNe3HOAOPOXKHbIN
TpaHcnopt 6yayT NoTpebaaTb 0KoM0 20 TBT-Y (CM. pUC. 6.4).

SHeproapdeKTMBHOCTL B Tenno3HepreTMyeckom cekTope
noBbICUTCA elle 6ONbLUe, YeM B 3N1eKTPO3HepreTUYeckom.
CueHapuin SHepreTuyeckol [plesontoLmm N03BONAET COKPa-
TWTb NoTpebneHre okono 300 NAX B ros 33 c4eT NoBbILLEeHUS
yPOBHA 3HeproaeKTUBHOCTA K 2050 FOAY MO CPABHEHMIO C
BasoBbiM cLeHapuem (CM. puC. 6.3). DHepreTyeckas peHo-
BaumA cywectsytollero hboHAA XUNbIX 3AaHNIA, BHEAPeHMe
3Heproc6eperarLmx CTaHA3PTOB U «MACCUBHOW KAMMATK-
33UMM» ANS HOBbIX JOMOB, 3 TakxXe BblCOK03(hhEKTUBHbIX
CMCTeM KOHAWLMOHMPOBaHMA BO3Ayxa obecnevat B 6yay-
LL{eM MPYBbIYHbBIA YpoBeHb KOMbOPTA 1 SHEpreTnyecKkmx yc-
NYT, HO Y>Ke NpuW ropasfio MeHbLUem noTpebaAeHnn SHeprum.

Puc. 6.1. MporHo3 o6Liiero kKoHeYHoro noTpedaeHns SHepriv Mo CekTopam
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Puc. 6.2. Vi3ameHeHne noTpebneHns SNeKTPO3Heprim no
CEeKTOpaM COrNacHo cLieHapuio J[P]
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Puc. 6.4. I3meHeHne KoHeYHoro notpebneHvist sHeprim
TPAHCMOPTHLIM CEKTOPOM M0 BUA3M TPAHCNOPTa COMNACHO
cueHapuio 3[P]
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Puc. 6.3. VI3meHeHne noTpebneHrs TennoBoM SHEPrn No
CEeKTOpaM COrNacHo cLeHapuito J[P]
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6.2. [eHepauunA saneKTposHeprum

Pa3BuTNe CEeKTOPa INEeKTPOCHAGXKEHNA XapaKTepu3yeTca AVHa-
MMWYHBIM Pa3BUTNEM PbIHKA BETPOBOM 1 CONHEYHOMN SHeprnu, a
TaKKe CYLeCTBEHHbIM YyBeNMYeHneM A0NM SNeKTPO3Hepriu,
MPOM3BOAVMOM M3 BO306GHOBNSAEMbIX WCTOYHMKOB. JTa TeH-
[AEHUMA C IMXBOM KOMMEHCUpYeT 0TKa3 OT aTOMHOWN SHeprum 8
PaMKax CLeHapusa JHepreTnyeckoi [plesontoumm. Kpome Toro,
KO/IMYECTBO INEKTPOCTHUMIA, PabOTIIOLMX H3 MCKOMAeMbIX
BUAAX TOM/MBA, TaKKe NMPOAO/PKUT COKPaLLAaTbea. K 2050 roay
92% 3N1eKTpO3Heprn, Mpon3BoAnMol B benapycy, byaeT npu-
XOAWTBCA Ha BO30OHOBSEMbIE UCTOUYHUKWA SHEPrM, COMNACHO
CLieHaputo DHepreTyeckoi [plesontoumn (puc. 6.5).

Mpv MOMOLLIM BETPOBOW U CONHEYHOM SHeprin GyaeT npomns3so-
AnTbCA 77% oT 06LLero 06bema BbIpaboTaHHOM SNEKTPOIHEPTUN
[10 2050 rofa. Y>ke K 2030 roAly A0/ SNeKTPO3HepriK, Npouns-
BOAVIMOW 13 BO30OHOBNNAEMbIX UCTOUHMNKOB, OYAET COCTaBNATb
35%. YCTaHOBNEHHbIe MOLLIHOCTV BO30OHOBNSAGMbIX UCTOYHKOB
SHeprm CoCTaBAT 0KoNo 9 BT K 2030 roay v 50 BT K 2050 roay.

B Tabnvue 6.1 npeacTaBNeHO CPaBHEHWE pa3BUTUA BO300-
HOBANAEMbIX TEXHONOTWIN B Benapycu ¢ TeyeHMem BpemeHu.
K 2020 roay BeTpOBble 1 CONHEYHbIE SNEKTPOCTAHLNN CTaHYT
OCHOBHbIMM (DAKTOPaMM POCTa pblHKA. HaumHas ¢ 2030 roaa
TaKXKe YBeNMYMBAETCA KOAMYECTBO FeHepupyHoLLIMX YCTaHO-
BOK, paboTatolmx Ha 6ruomacce. CleHapuii JHepreTnyeckom
[pleBontoumn npuBeaeT K YyBEANYEHUO AOAMU MepeMeHHbIX
MNCTOYHMKOB NPON3BOACTBA 3NEKTPOIHEPTUN (CONHEYHARA 1 Be-
TpoBas 3Heprua) Ao 29% y»Ke K 2030 roay v 77% ot obllero
obbema NpomnsBoACTBa K 2050 roAy. Takum 06pa3om, Heobxo-
AMMO Pa3BMBaTb KYMHble» CeTW INeKTPoCHabxeHma (smart
grid), ynpasnenve cnpocom (demand side management),
SHEeproakkyMynmpyoLLme MOLLHOCTU U ApYrye pelleHua ANnA
TOro, YToObl YBENNUYNTb TMOKOCTb SHEpPreTUyYeckom CUCTembl
ANA VHTerpaumMmn snektpoceTelt, obecnevyeHns cOanaHcm-
POBAHHOCTU HArpy3KM W HAAEXKHOro 3HeproobecneyeHus.
Kpome TOro, OCTaBLUMECS Ta30Bble FeHepUpYHoLLNE MOLLHO-
CTV 1 HOBble 3NeKTPOCTaHUMM Ha 6romacce (reHepuipyroLme
MOLLIHOCTV KOTOPbIX B COBOKYMHOCTM COCTaBAsAtoT 7 [BT) OyayT
MCNONb30BaTLCA B KAYeCTBe rapaHTUPOBAHHbBIX MOLLIHOCTEN.
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Tabnmua 6.1. MPOrHo3 pa3suTVSA reHepypyrLLIMX MOLLIHOCTe BO30OHOBNSI@MO SNeKTPOIHEPrN COTNAcHO ba3oBoMY CLIEHapUKO 1

cueHaputo 3[P] (MBT)

Puc. 6.5. Pa3BuTIe CTPYKTYPbI reHepaLv 31eKTpO3Hepriv CornacHo basosomy cLieHaputo 1 cLieHaputo 3[P]
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basoBbii  3[P] bazoBbiii  J[P]

2014 2020 2030

6.3.byaywan cebectommocTb
reHepauumn SNeKTPOSHeprum

Ha puc. 6.6 NpoAeMOHCTPUPOBAHO, YTO BHeApPeHMe Tex-
HONMOrMN BO30OHOBNSIEMON 3HepruM B pamkax CLeHapus
JHepreTnyeckon [pleBontouUMM WM3HAYaNbHO MpuseaeT K
He3HaumTeNbHOMY YyBenndyeHunto Gyaylein ce6ecToMmocTu
NpoV3BOACTBA SNEKTPO3HEPIUM NO CPaBHeHM ¢ ba3zosbiM
CLieHapveM. DTa pa3HULA B MNONHON cebeCcTOMMOCT Npoun3-
BOACTBA 3/1eKTPO3HEprum CoCTaBUT OKONO 0,1 ueHTa CLUA
33 1 KBT-y 6e3 yyeTa CTOMMOCTU WHTErpauuy B 3NeKTpo-
CeTb, B YACTHOCTW, aKKYMYMPYIOLLUMX MOLLHOCTEN 1N NPOYMX
mep AN 6anaHcMpoBaHMA HArpy3ku. COrNacHo CLUeHapuio
JHepreTnyeckon [pleBontounn, NpoM3BOACTBO SNEKTPO3-
Heprum Ha ocHose BW3 cTaHeT 3koHOMMYeckn Gonee Bbi-
FOAHLIM CPa3y MoC/e 2020 FOA3 B pe3y/nbTaTe NOBbILLEeHUA
LeH Ha TpaAnUMOHHbIe BUAbI TONAMBA N CHMXKEeHMA CTOMMO-
CTU nepemeHHbIX BO30OHOBNAEMbIX UCTOYHUKOB SHEpruu.

[

1 11

I I |
3(P]

BazoBbii  J[P]

I = 3C Ha 6romacce
C3C (PV)

mB3C

mC

3C Ha Bogopoae
A3C

" He¢TaHble 3C

M Ta3osble 3C

EYronbHble 3C

bazoBbii  J[P]
2040 2050

bazosbii

K 2050 roly CTOMMOCTb NPOM3BOACTBA SNEKTPO3HEprin 6y-
AeT Ha 1,9 UeHTa CLLUA 33 1 KBT-4 HUXKe ANdA cueHapua SHep-
reTuyeckoi [plesontounm, Yem Ana basoBoro cueHapus.

CornacHo ba3zoBomy cueHapuio yBennyeHne notpedneHns um
POCT LieH Ha MCKOoMaemMble BMAbI TONAMBA NpuUBeAET K yBe-
NIYeHMI0 0OLLMX 3aTPaT Ha SHeprocHab)eHve oT TeKyLLero
ypoBHA - 6 mapa Aonn. CLUA B roa - no 6onee yem 9 MApA
ponn. CLWA B 2050 roay.

Bnaroaapa nosbilleHWo 3HeproddheKTUBHOCTA 1 Nepexo-
Ay K 3HeproobecneyeHuto 33 cyeT BO30OHOBNSIEMbIX NCTOY-
HMKOB 3Hepruv o6LLUMe 3aTpaTbl Ha 31eKTPOCHabXeHre no
CLEHapVII0 DHepreTuyeckor [p]leBonoUmMn B AONATOCPOYHOW
nepcnekTMBe 0KaXyTcsa NMLLb Ha 4% BbliLLe MO CPAaBHEHMIO C
B330BbIM CLiEHapVieM, MPUTOM YTO NPOU3BOACTBO NEKTPO-
SHepPrnm yBennumnTca Ha 39%.
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Puc. 6.6. VI3meHeHme 06LLVX 33TPaT Ha 3NeKTPOCHabXeHe 1 yAeNbHON CTOMMOCTY NPOM3BOACTBA SNEKTPUYECKON SHeprim
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[——1CoKpaleHue 3a cyeT 99

[ CueHapwin IHepreTuyeckoit [plesontoumm

I 3308BbIl cLeHapui

YaenbHas CTOMMOCTb reHepaumn 31eKTpo3Heprnn: 6asosblii

YaenbHaa CTOMMOCTb reHepaLmMm 31eKTpoaHeprum: 3[P]

6.4.byayuie nisectmumm B
SHepreTnyeckum cekTop

AN BONNOLLEHNS B >K13Hb CLieHapWs DHepreTyeckon [pleso-
UMM Heo6X0AMMO 0KON0 90 MApA AonA. CLLA nHBecTULMI
(BKNtOYAA MHBECTULMM Ha PEKOHCTPYKLMIO M MOAEPHU33LUMIO
3N1eKTPOCTaHLMIA NOC/e 33aBepLUeHNs SKOHOMUYECKN 060CHO-
BAHHOMO CPOKA MX IKCMNYATaLMM), YTO COCTABASET NpUOAM3N-
TenbHo 2 MApA Aonn. CLLUA B roa (cm. puc. 6.7 1 Tabnumuy 6.2).

370 Ha 60 mnpAa Aonn. CLUA 6onblie, Yem 06bem MHBECTU-
UMiA, NpefyCMOTPeHHbIn ba3osbim cueHapuem (30 mMApA
ponn. CWA). CornacHo bazoBomy CLeHapuio K 2050 roay
COBOKYTHbIN 06beM MHBECTULINIA B TPAANLMOHHbIE 3N1eKTpo-
CTAHUMWN COCTABUT MoYTK 58%, B TO Bpems KaK Ha BO300-
HOBAAIEMYIO SHEpPruio Y KOMOMHMPOBAHHOE MPOU3BOACTBO
TenM0BOV N dNeKTpUYeckon sHeprum 6yaer NpUXoAUTLCA
0KON0 42% 0T 0buiero 06bema MHBECTUPOBAHNS.

OAHaKo Mo cueHaputo SHepreTuyeckoin [plesontounmn bena-
PYyCb AO/KHA NepeHanpaBuTb 95% OT COBOKYMHOro 06bema

MHBECTULMIA HA BO30OHOBAAEMYIO SHEPIMI0 N KOMOUHUPO-
BaHHOE MPON3BOACTBO TEMNN0BOW N SNEKTPUYECKON SHEprum
COOTBETCTBEHHO. [loMnoNiHMTeNbHblE PacxXodbl HA Mepeaady
N aKKyMyAMPOBaHME SNEeKTPOIHEPrUM He YUMTbIBAOTCS, HO
NMOAK/OYEHVE K COCeAHUM SNeKTPOCEeTAM MOXeT cylle-
CTBEHHO YMEHbLUMTb 3TV pacxoAbl. COrMACHO pacyeTam, npo-
BefeHHbIM Scholz, Gils et al. (2016), AonofHWTeNbHbIE 3aTpa-
Tbl B COMOCTABMMbIX SHEProCUCTEMAX COCTABANAIT 2-3 A0/,
CLLA 33 1 MBT-y™®,

MocKoNbKY B reHepaumu Ha ocHose B3 oTcyTCTBYeT Takaa co-
CT3BNAIOLLAA, KaK CTOMMOCTb TOM/IBA, MO CLIEHApUI0 DHepreTu-
yeckow [pleBontoLmmn SKOHOMMA 33 CHET CTOMMOCTM TOMMBA K
2050 roAly AOCTUrHeT 63 MApA aonn. CLUA, nnm 1,6 mnpa Aonn.
CWA B roa. Takvum 06pa3om, COBOKYMHAsA SKOHOMUS 33 cyeT
CTOMMOCTM TOM/IMBA MOKPOET AOMONHUTENbHbIE UHBECTULNN B
cektope BI3. CoOTBETCTBEHHO, B Nepm1OA NMoc/ie 2050 roAa Bo3-
o6HoBNSIeMble UCTOYHVK SHeprumn 6yAyT NpoM3BOAUTL SeK-
TPUYECKYHO SHEpPruto 6e3 Kakmx-n1do AOMOAHUTENBHBIX PACXO-
[10B Ha TOM/IMBO, B TO BPeMs Kak CTOMMOCTb YA 1 ra3a dyaet
0CTaBaTbCs GpemeHem ANS SKOHOMUKM roCyA3PCTB.

Tabnnua 6.2. O6LIMe MHBECTMLUMOHHbIE pacxoAbl Ha MPOM3BOACTBO SNEKTPOSHEPTUN N SKOHOMMA 3a CHET CTOVMMOCTM TOM/\WMBA

COMNACHO clieHapwto S[P] no cpasHeHwto ¢ ba3oBbIM CLieHapriem

M6 Scholz, Y., H. C. Gils and R. Pietzcker (2016). Application of a high-detail energy system model to derive power sector characteristics
at high wind and solar shares, Energy Economics ([lpumeHeHne AeTanbHOW MOAENW SHEprocucTembl ANA MONYYEHWUS XapaKTepUCTUK
3HepreTMUYecKoro CeKTopa npu BbICOKOW A0/e BETPOBbIX M CONHEYHbIX SNEKTPOCTAHLMA. IKOHOMUKA SHEPTeTHKN).
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Puc. 6.7. CTpYKTypa MHBECTULI

basoBbiin: 2014-2050

9CHa BM3
KoreHepauus 12%
30%
30 mnpg gonn.
CLWA

3CHa
NCKonaemblx
A3C MCTOHI—;MKaX

36% 22%

6.5. JHeproobecneyeHme
CeKTopa TeNN03HEepreTnKm

B HacTosLee BpemA 3a cyeT BO30OHOBNSAEMbIX UCTOYHMKOB
3Heprum obecneymsaeTca 0kono 10% (NpenmyLLecTBEHHO 3a
CYeT MCnonb3oBaHUa 6romaccl) notpebHocT benapycn B8
TennoBow sHeprun. Ana obecneyeHns AMHAMNYHOTO passu-
TVS, B YaCTHOCTU, TEXHONOMMIN BO30OHOBNAEMOW SHEPTUW, UC-
NONb3YeMbIX B XWUAMLLHOM CEKTOpe, @ Takxke NPOM3BOACTBA
TenA0BOM SHEpPrM NPy NOMOLLIY BO30OHOBNSIEMbIX NCTOYHM-
KOB, HE0OXOAMMbI CreLnanbHble UHCTPYMEHTbI MOAAEPXKKM.
B cnyuyae benapycu peub MAET B YaCTHOCTU O Mepax MoAa-
DNepXXKN UHTErprpoBaHNA TeXHONOTUIA CONHEYHOW 1 reoTep-
MaNbHOM TEeN0BON SHEPreTUKN B CUCTEMbI LIEHTPaIN30BaH-
HOro TennocHabXeHuna. COrNAacHo CLieHapUo DHepreTMyeckom
[pleBontoumn Bo306HOBAAEMbIE UCTOYHMKIN CMOTYT obecne-
untb 33% OT obllero TennonotpebneHms benapycn yxe 8
2030 roay u 6yayt obecneumBatb 80% ot obLlero obbema
TennonotpebneHns B 2050 roay (cm. puc. 6.8).

33 cYeT Mep Mo MOBbILLIEHNIO 3Hepro3thheKTUBHOCTA MOX-
HO CHM3MTb pacTyllee cerofHa notpebneHVe Tennosow

3[P]: 2014-2050

KoreHapauua

A3C 19%
5%
90 mnpa gonn.
CLIA
3C Ha 5C Ha BU3
MCKoMaembIx 71%

NCTOYHMKaX
5%

3Heprum Ha 45% K 2050 roay (no cpaBHeHuMto ¢ ba3oBbim
CLUeHapuem), Npy 3TOM MOBbILIAA YPOBEHb XXWU3HU U yBe-
NMYMBAA 3KOHOMUYECKUA pocT. CONHEYHble KONNEKTOPbI,
reoTepManbHan dHeprus (0Co6eHHO TennoBble HAcoChl), a
TaK>Ke INeKTPUYEeCKan SHeprna n BOAOPOA, NoNyyaemble 13
BO300HOBNAEMbIX WCTOYHMKOB, B BO3PACTatoLLei cTeneHun
OyAYT BbITECHATb TPAANLMOHHbIE cMCcTeMbI, padoTatoLme Ha
NCKOMaembIX BMAAX TOMMBA, B MPOMbILLNEHHOM CeKTope.
[epexoA OT UCMNONb30BAHWNA NPUPOAHOrO rasa K UCNoNb30-
BaHMIO 61OMacChl 1 ra3000pa3HOro BOAOPOAa MpuseseT K
AanbHelemy CokpalleHnto Bbibpocos CO2.

B Tabnuue 6.3 npeACTaBNeHO Pa3BUTME PA3NMYHbIX Tex-
HONOTUA BO30OHOBNSEMOWN 3HEprum ANa Tenno3Hepre-
Tnyeckoro cektopa benapycn ¢ TeyeHvem Bpemenu. [lo
2030 roaa 6uomacca 6yaet 0CTaBaTbCA OCHOBHbIM (hak-
TOPOM POCTa AO/NM PbiHKa. [Tocne 2030 roaa AanbHenllee
Pa3BUTUE CONHEYHbIX KONNEKTOPOB W yBennYeHne AONK
TeXHONOMU reoTepmanbHoro (Herny6oKoro) TennocHab-
XEHWA 1 UCMNONb30BaHMe Temnna OKpy»Kakolleh cpeAbl, a
TaKkXKe TennocHabxeHns 3a cyeT B0O30OHOBNAEMOro BOAO-
pofia AOMONHUTENbHO CHU3AT 3aBUCMMOCTb OT MCKOMaeMo-
ro Tonavea.

Tabnuua 6.3. [lporHo3 TennocHabXxeHVs 33 c4eT BO30OHOBNSEMbIX NCTOYHUKOB SHeprn COrnacHo baszosomy CLEHapUo 1 CLieHapuo

3[P] (NAX B roa)
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Puc. 6.8. MporHo3 TennocHabXeHns no BrMAaM SHeproHocuTenein
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6.6. byayuwme nisectmumu B
Tenno3HepreTnyecKuin CeKTop

CornacHo cueHaputo DHepreTuyeckoi [plesontounm, B Te-
NNOSHEpreTMyeckoM CeKTope TaKxKe MpUAEeTCa BHeCTU Cy-
LL|eCTBEHHble KOPPeKTUBbI B AMCTBYIOLLME WHBECTULIMOH-
Hble CTpaTervn, KacawLmecs TenA03HepreTuYeckmx TexHo-
NOTUiA. B 4acTHOCTM, HEOOXOAMMO CYLLIECTBEHHO YBEAUUYNTb
reHepupyHLLiMe MOLLIHOCTV HA OCHOBE COMTHEYHbIX TeXHONO-
Ui, Te0TePMA/ibHbIX TEXHONOMMIA 1 TeNN0BbIX HACOCOB (CM.
Tabnunuy 6.4), ecm benapycb xoyeT UCMOMb30BaTb WX MO-
TeHUMan B TeNN03HepreTnYeckom cektope. MIcnonb3osaHme
TPAANLMOHHBIX TEXHONOIMI HA BLUOMAcCce B TeNNO3HepreTu-
Yyeckom cekTope OyaeT nepeopmeHTMPOBAHO Ha NpUMmeHe-
HWe 6onee 3 PEKTUBHbIX M YCTONYMBbIX TEMNOIHEpreTnYe-
CKMX TeXHONOTMIN Ha 0CHOBE B61OMACChl COMNACHO CLEHApUIo
JHepretnyeckoi [plesontoumm. Co BpemeHem 6MomMacca
6yneT BCe yalle MCNoNb30BaTbCA ANA obecrneyeHns snek-
TpoCHabXeHna 1 B KayecTse 6MOTOMNNMBA.

-

bazoBbii 3[P] bazoBbii

OCokpalyeHue 3a
cyeT 33

® Bogopon

H 3/1eKTPOOTONIeHNe

[eoTepmanbHoe
Tenso v Tennosble
Hacocbl

ConHeuyHoe
oronneHne

B Ha 6momacce

3[P] B Ha nckonaemblx
MNCTOYHMKAX
2040 2050

TennosHepretTnyeckme TeXHONOIMM Ha OCHOBe BO30OHOB-
NAEMbIX UCTOYHWKOB 3HEPrmn ABNAKTCA OYeHb Pa3HbIMK —
OT HU3KOTEXHONOTMYHbIX MeYyer ANA CKUraHnsa 6MomMacchbl 1
HEeMOKPbITbIX CONHEYHbIX KONNEKTOPOB A0 BbICOKOTEXHONO-
FMYHBIX 1N CAOXHbIX Fre0TEPMANbHBIX U CONHEYHbIX CUCTEM.
Takum 06pa3om, MOXHO NWLWb NPUBAN3UTENbHO onpeae-
NNTb, YTO ANS peann3aumm CueHapua DHepretmyeckom
[pleBontoumn fo 2050 roaa B 310l cchepe B COBOKYMHO-
CTM NoHafobumTca okono 33 MapAa Aonn. CLUA vHeecTMUMiA
B B0300HOBASieMble Tenno3HepretTuyeckne TexHONornm
(BKNOYAA MHBECTMLIMM HA 3aMeHY YCTAHOBOK NOC/e 3aBep-
LLEeHNS SKOHOMMYeCKN 060CHOBAHHOMO CPOKa MX IKCMAYa-
Taumn), nuam 1 mapa aonn. CLUA B roa (cm. Tabamuy 6.5 1
puc. 6.9).

Tabnnua 6.4. YCTaHOBNEHHbIe MOLLHOCTU ANA reHepalnn Tenna mns B0300OHOBNSEMbIX MCTOYHNKOB SHeprumm cornacHo

cueHapusam (MBT)

/7,DM/VIE“—/8HM€: *33 UCK/IHOYEHUEM MIPAMOro 3/1€KTpOOTOlN/IEHNA.
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Tabnnua 6.5 06LMe VHBEeCTULIMOHHbIE PACXOAbl HA MPOV3BOACTBO TEMN0BOM SHEPriA COrNACcHO cleHaputo 3[P] No cpaBHeHWo

¢ bazosbim CUueHapnem

PuC. 6.9. Vi3ameHeHWe NHBECTULMI B BO30OHOBAAEMbIe TEXHONOT M TennoreHepaLm

bazosbin: 2014-2050

ConHeyHan aHeprma
0%

Tennosble
Hacocbl
0%

buomacca

100% Heprmna

0%

6.7. TpaHcnopT

CornacHo basoBomy cueHaputo, B €BA3M C poctom BBII
N NOBbLILUEHNEM YPOBHS >KM3HWM noTpebneHne 3Heprum
TPAHCMOPTHLIM CEKTOPOM yBennuntca (npubamnsnTensHo
Ha 33% - A0 230 NAX B roa B 2050 roay) (cm. puc. 6.10).
be3 cyuwecTBEHHOrO W3MeHeHUs roCyAapCTBEHHOM Mno-
NUTUKKM, B TPAHCMOPTHOM CeKTOpe COXPaHAKTCA TeKyline
TeHAeHUMM, n aona notpebneHna HedTAHOro TOMAMBA C
6a308B0ro A0 2050 roAa Bo3pacTaeT Ha 28% B aOCONIOTHbIX
3HaYeHnAX. B YacTHOCTW, pacnpeaeneHne NCNoNb30BaHMA
BMAOB TPAHCMOPTA MPAKTUYECKM He M3MeHUTCcA. Tak, AoNs
MCNONb30BAHNA KeNe3HOAOPOXHOIo TpaHCMopTa B obbe-
Me nepeBO30K OCTaHeTcs B npeaenax 7-8%. lona anek-
TpUdUKALUUM >KeNe3HOAOPOXKHOrO TPaHCMOpTa Bo3pacTeT
He3HaunTenbHo (¢ 30,9% A0 31,6%), a UCNONb30BaHMNE
6roToNnAMBa He NpeABUANTCA.

CornacHo ba3oBomy CLieHapU0 A0NA NepeBO30K aBTOA0POX-
HbIM TPAHCMOPTOM /iMLLb HEHAMHOTO YBEeNNYMTCa: ¢ 81% B
2014 roay A0 84% K 2050 roay (cm. Tabn. 6.6., npunoxeHue 6).
B cekTOpe Nerkosbix aBTOMOOUACIA 1 MANOTOHHAKHbIX TPaHC-
MOPTHbIX CPeACTB BHeApeHMe MPOrpecCMBHbLIX TEXHONOTUM
(anexkTpomobuneir, rmbprAaHbIX aBToMobUNEN 1 aBTOMOOMA e
Ha YaCTMYHOM MCMONb30BAHMM ONOTOMNANBA) AOCTATOYHO HU3-
Koe, 0KON0 86% TPAHCMOPTHbIX CPEACTB 3TOr0 CEerMeHTa ocTa-
HYTCA GEH3VHOBLIMM UM AN3eNbHbIMU. YPOBeHb 3NeKTpudu-
KaLuM B CeKTOpe KPYMHOTOHHAXHbIX TPYy30BblX aBTOMOOMAEN
N TAXKeNOro NacCakKMpCKOro TPAHCMOpTa YBEAMYMUTCA C TeKy-
LUMX 2,5% (B OCHOBHOM 3TO Tponnendycsl) Ao 3,7%.

FeoTepmanbHasn

3[P]: 2014-2050

Tennosble
Hacocbl

Bbrnomacca
30%

35%
33 mapg gonn. CLWA
CosiHeYyHasn [eoTepmanbHan
3Heprua :-)Heporma
25% 10%

CornacHo cueHapuio DHepreTnyeckon [plesontoummn mepbi
Mo MOBbILLIEHNIO 3HeproahdEeKTMBHOCTM U Nepepacnpe-
feNeHve nepeBo30K MO BWAAM TPAHCMOPTA MO3BONAT
[0CTMYb SKOHOMUM HA ypoBHe 45% (103 MAX B roa) no
CpaBHeHMto ¢ ba3oBbiM cLeHapvem. Takum 06pa3om, pas-
HMUA B dHepronoTpebneHnn mexay basosbim cLeHapviem
N clueHapviem DHepreTunyeckol [plesontoumnn coctasnsert
92 NAX, 4To paBHO 13% 3Hepruu, noTpebnsemoin benapycoio
8 6a30B0M 2014 roay (cm. Tabnuuy 6.6 1 NPUNOXKEHNE 5).

OcHoBHan 33sava benapycn 3akntoyaercs B Tom, UTOObI
NpeAnoXuTb TPAKAAHAM CTUMYANbI NMONb30BATHCA MANo-
JIUTPAXXKHbIMM ABTOMOOMASAMM M MOKYNaTb HOBble, 6onee
adekTnBHbIE Moaenn asTomobunein. Kpome Toro, Xus-
HEHHO Ba)KHO MepeinTV Ha UCMO/b30BaHMe 3Heprosddek-
TVBHbIX BUAOB TPAHCNOPT3, TAKNX KAK Xene3HaAa Aopora,
rOpOACKOM Ha3eMHbI pefibCoBbIA TPAHCMOPT M aBTOOYCHI,
0co6EHHO B PACLUMPAILWEMC CTONIMYHOM pernoHe. Ha
(hoHe poCTa LeH Ha cKonaemble BUAbI TOMAMBA 3TW 13Me-
HeHMA COKpaTAT AdNIbHENLIMIA pOCT NPOAaX asTomobunen,
KOTOPbIA 0>XKMA3eTCs COrNacHO ba3zoBomy cueHapuio.

INeKTpUPUKALNA TPAHCMOPTA ABNNAETCA KNHOUYEBbIM LLArOM
K yBenuuyeHuto ero sHeproacddekTmsHocTM: obwmin KNA
asTomobuneit ¢ ABC paBeH 0ko0 30%, B TO Bpems Kak 00-
wnin KMA sneKTpoTPaHCNOPTHOIO CEKTOPA MOXHO OLEHUTb
B 66-81% (06wmit KNA 3neKTpoTpaHcnopTa onpeaensaercs
npousseaeHnem obuiero KMA snektpomobuns, pasBHOro
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80-90%"7, KIMA sHeproceTtn, pagHoro Ana benapycn okono
90%", n KMA unkna nepesapasky akkyMmynsiTopHbix 6a-
Tapew, paBHOro 0KON0 90%™ B C/AlyYae, eCv aBTOMOOUNb
ncnonb3yet Takme 6atapen, a He KOHTAKTHYIO CeTb).

BblcokoadhdeKTnBHble ABUraTeNn, B YaCcTHOCTU TrMbpuAa-
Hble, TMOpUAHbIE C 6aTapeaMM U aKKYMYNATOPHbIE dNeK-
TPUYECKMe CUNOBble arperatbl, obecrneyaTt cyllecTBeHHoe
MoBbllUeHNe YPOBHA 3Hepro3ddeKTUBHOCTM B COOTBET-
CTBUM CO CLieHapiem JHepreTudeckon [plesontounn. Co-
TNAcHO 3TOMY CLIeHapuWio K 2030 roAy 3NeKTpuuyecTso 6y-
net obecneunBatb 8% oT obLiero notpedneHns sHeprum
TPAHCMOPTHLIM CEKTOPOM, 3 B 2050 roay - 48%. lNonHaa
3NeKTpUbUMKaUMA TPAHCMOPTHOrO CekTopa noTpe6oBana
6bl yaBoeHUs 006bema 3/1eKTPO3HEeprimn, paccUMTaHHOMO
AN cueHapus 3[P], To ecTb elle AOMONHUTENbHbIE OKONO
60 MNJAX nnm 17-20 TBT-4 3neKTpO3Heprum.

K 2025 roay cornacHo basoBomy cCLeHapulo KOAMYECTBO
anekTpomobunelit MoXxeT COCTaBUTb OKONO 17 000 (0,6%
3BTOMapKa), @ COMNACHO CLEeHapulo SHepreTnyeckon
[p]leBontounn okono 54 o0oo (1,8% astonapka). Monyyex-
Hble pe3ynbTaTbl ANA ABYX cueHapues 6onee ambuLmo3-
Hbl, YeM OLleHKW, NPeACTaB/ieHHble B MpoekTe Nporpammbl
pa3suTMA dnekTpomobunein B benapycu. Tak, COrnacHo
NeccMMUCTUYHON OLEeHKe KOAMYecTBO aBTomobuneln K
TOMY Xe roay MoXeTt CoCTaBuUTb 9,37 TbIC. LUT.,, COTNACHO
ONTUMMUCTUYHOM — 30,82 TbIC. WT.™®

B pamkax cueHapus DHepretuyeckor [pleBonoumn Aons
3NeKTPOTP3HCNOPTA B CErMeHTe NIerkoBbIX U MANOTOHHAX-
HbIX aBTOMObMNEN yBeAnUnNTCA A0 45% K 2050 roay. Takxe
6yaeT pa3BMBaTLCS PbIHOK MMOPUAHBIX ABTO, TPAHCMOPTHbIX
CpeACTB Ha buoToniMee U BOAOPOAHBIX TOM/WMBHbIX d/e-
MeHTax. /b 5% nerkoBbix aBToMmo6mneln 1 21% rpy30Bbix
6yAyT NCNONB30BaTb UCKNOUNTENBHO 6EH3UH UNK An3enb-
Hoe TonAMBO. TaKxXe He3HaUYMTEeNbHO YBeAUUYNUTCA AONA Ne-
peB030K »ene3HOAOPOXKHbIM TpaHcnopTom (¢ 7,5% B 2014
roay Ao 11,5% K 2050 roay). [puyem [oNa SneKTponoesnos
BO3pacTeT € 9% A0 42% (CM. NpUNoXKeHre 6).

BuoTonamea 6yayT AOMOAHUTENbHO CMOCOOCTBOBATL CO-
KpaLLleH1to BbI6pPOCOB NAapHMKOBLIX ra308, eCAn OHK byayT
NPOM3BOANTLCA COMNACHO KPUTEPUAM YCTOMYMBOCTY, Ha-
npvmep, B COOTBeTCTBUM C pernameHtamm EC. Bopopoa,
NMONYYEHHbIV MpPU NMOMOLUM SNEKTPOIHEPrnnm Ha OCHoBe
BW3, — ewe oAHO pelleHne, KOTOpoe AOMNONHUTENbHO No-
cnoco6CcTBYeT YBENMYEHNIO AONN BO30OHOBAAEMON SHEp-
reTMKM B TPAHCMOPTHOM CeKTope Mocie TOro, Kak AoNs
BO306HOBNAEMOMN SNEKTPOIHEPTMN AOCTUTHET BECbMA Bbl-
COKOTO YPOBHS.

B cBA3M C Tem YTO HAUMOHANbHBIA MOTeHUMan BO306OHOB-
NAEMBIX WCTOYHMKOB 3SHEpPrum K 61MomMacchbl OrpaHumye,
TPAHCMOPTHbIA CEKTOP MOXeT COXPaHWUTb 33aBUCUMOCTb OT
MMMOPT3 3HEepropecypcos, HO yXKe B ropasfo MeHbllem
NPOLIEHTHOM COOTHOLLIEHMWN 1 aBCONOTHBIX LN pax.

Tabnnua 6.6. NMporHo3 sHepronoTpebaeHna B TPAHCMOPTHOM CEKTOpe MO BUAAM TPAHCMOPTa COrNacHO ba3osomy CLieHapuio 1

cueHapuio [P] (MAX B roa)

"7 Energy [R]evolution: a Sustainable World Energy Outlook 2015.
™8 NaHHble MUHWUCTepCTBa SHepreTvku benapycu.

"9 https://en.wikipedia.org/wiki/Supercapacitor

20 MUHWUCTEpPCTBO SHepreTnkn Pecnybamnkn benapycs, npoekT Mpo-
rPaMmbl Pa3BUTMA 33pAAHOV UHPPACTPYKTYPbI U 3N1eKTPOMO6Ub-
Horo TpaHcnopTa B Pecny6nnke benapycb Ha 2016-2025 roAbl.
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Puc. 6.10. KoHeuyHoe notpebneHvie SHeprim TpaHCMoOPTHLIM CEKTOPOM
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6.8. NoTpebneHne nepsBnYHOM
3Heprum

MporHo3 noTtpebieHns MepBUYHON 3Heprum (Ha OcCHoBe
AonyuleHuin, NpeACTaBNEHHbIX B pasjene 5 No MeToAo-
NIOTNM) B COOTBETCTBMM CO CLEHapuemM DHepreTnyeckow
[pleBontounn npeactaBneH Ha puc. 6.11. COrNACHO cLeHa-
puto O[P] notpebneHne NepBUYHON SHEPrMM COKPATUTCA
Ha 33% oT Tekywero yposHA 1010 MNAX 8 roa A0 OKONO
680 MAXx B roa. Mo cpasHeHMto ¢ 5a3oBbIM cLieHaprem 06-
weenoTtpebneHne nepBMYHON SHEPTUN YMEHbLUMTCAHA50%
B 2050 roAy cornacHo cueHapuio 3[P] (BC: okono 1360 MAX
B 2050 roay).

ClieHapwin DHepreTUYeckoi [plesontoLnm nmeeT cBoe Le-
Nbl0 OTKa3 OT WUCMONb30BaHUA HEDTU U YyMeHblleHne nc-
No/Nb30BaHWA NPUPOAHOTO rasa, YTo A0/KHO NMPOUCXOAUTD

3[P]

ba3zoBbii

O CokpalleHre 3a

cyet 33
Bopopop
B DjleKTpOo3Heprua
L Bbrotonnmea
B MpupoaHbIA ras
B HedrenpopayKTbl

basosbii  J[P]
2040 2050

TaK 6bICTPO, KaK TONbKO BO3MOXHO C TEXHUYECKOW U KO-
HOMMWYECKOW TOYKM 3peHus 33 cyeT PasBMTMA BO30OHOB-
NAeMOo 3Heprum 1 6bICTPOro BHeAPEHNA B TPAHCMOPTHOM
cekTope BbICOKO3(h(EKTNBHbIX KOHLEenToB aBTomobunen
BMeCTO /iBUraTeneil BHyTpeHHero cropaHuns, paboTarLymx
Ha HedTenpoayKTax. B pesynbtaTe 3TMX mep obLan Aons
B0306HOBNAEMOIN MEepBUYHON SHEpPrMm cocTaBuT 27% B
2030 roay 1 80% B 2050 roay CornacHo cueHaputo J[P]
(6e3 yuyeta motpebneHns B HedHepreTUYeckUx Uensx).
Aons BM3 B KOHeYHOM MoTpebneHUn 3Heprum ysenmuu-
BaeTcAa ¢ 6,8% B 2014 roay Ao 80,5% B 2050 roay. B oT-
Nndne ot basosoro cueHapusa, CLeHapuin JHepreTnyeckomn
[p]leBontoumm MCKNKOYAET CTPOUTENbCTBO HOBbLIX aTOMHbIX
3NEeKTPOCTaHUM B benapycn nocne 2020 roAaa.

Puc. 6.11. MporHo3 obuiero notpebneHns NepsrUYHO SHeprim No SHeProHOCUTENAM
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6.9. I3meHeHne o6bema
BblbpocoB CO2

CornacHo basosomy cueHaputo Bbibpockl CO2 B Benapycu
yBenmyatca Ha 13% B NepmoA € 2014 N0 2050 roAbl, B TO
BpPeMs Kak COrNacHo CueHapuo JHepreTuyeckon [pleso-
NIOUMM OHW COKPATATCA € 55 MAIH T B 2014 roAy A0 8 MAH T B
2050-M (CM. puc. 6.12). foaoBoM 06bem BbIOPOCOB Ha ALy
HaceneHua CHU3NTCA € 5,8 T 40 0,9 T. HecmoTpA Ha 0TKa3 oT
3aTOMHO 3HepreTMKn 1 pacTyliee notpebneHne snekTpu-
yeckow 3Heprum, sblopocbl CO2 B 3NeKTPO3HEepreTMyeckom
cekTope cHM3ATCA. Kpome Toro, BbI6pOCHI NapHMKOBBIX ra-
308 B TP3HCMNOPTHOM CEKTOpe B AOATOCPOYHOM NepCneKkTu-
BE YMEHbLLUATCA 33 CYeT NoBblleHna 3HeproaddeKkTusHo-
CTW 1 yBENUYEHUA NCMNONb30BaHNA SnekTpomobunein. Co-
rnacHo ba3oBomy CLUeHaputo, CeKTOp MPOM3BOACTBA dNeK-

Puc. 6.12. I3meHeHue Bbibpocos CO2 No cekTopam
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TPO3Heprun 6yfeT 0CTaBaTbCA KPYMHEeWLMM UCTOYHUKOM
8bI6POCOB MAPHMKOBBLIX 3308 B 2050 rOAY, NpY 3TOM ero
fons B Bblibpocax C02 6yaeT coctaBnsaTb 55%. CornacHo
CLeHapu1io JHepreTnyeckon [plesontoLnm K 2050 roay Bbi-
6pocbl CO2 B Benapycn 6yayT Ha 93% HMXKe 3HANOTUYHBIX
rnokasartenew 1990 roaa.

Kak npoAeMOHCTPUPOBAHO Ha puUC. 6.12, CLUeHapuil SHep-
reTMyeckon [p]esontoumm He TONbKO COOTBETCTBYeT Le-
nam benapycn B8 06nactu cokpalyeHus soibpocos CO2, HO
TaKXKe CnocobCTBYeT CHUXEHWI 33aBUCUMMOCTI OT MMNOPTA
33 cyeT yBennyeHna obbema sHeproobecneyeHns us BHy-
TPEHHUX NCTOYHUKOB.

o

O = N WO » O O N 0O © =
[HUW] SUHBLeH

0 CokpalleHue 3a cyeT 3
H [TpOMbILLNIEHHOCTb

B DpeKTporeHepaLys

[pyruve cektopa
B TpaHcnopT

— HaceneHune

basosbiit
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MIPUMEHEHNS SHEPrOIPPEKTUBHBIX TEXHO/IOMMM.




JHepreTnyeckme
TeXHONOT U

TexHONOTnN CKUraHNA ra3a
ANepHble TeXHONOr K

TexHoNornmM B0o30OHOBNAEMOW SHEepreTuKkn U1
TennocHabxeHms

TexXHONOr K 3NeKTpoceTen — MHPPACTPYKTYPA
ANS BO30OHOBNSEMbIX NCTOYHUKOB SHEPrim

OTonneHue 1 OXN3XAeHMe NPy MOMOLLY
TeXHONOrMM BO30OHOBASEMOI SHEpreTunKu

B AaHHOM rnase= npeACTaB/ieH CMeKTp TeXHONOrnK, KOTopble
MCNONb3YHOTCA ceroaHs 1 6yayT MCNONb30BaThCA B byayLiem
Ans obecnevyeHnsa rnobanbHoro aHepronotpebnexua. CueHa-
pUIN DHepreTMyeckom [plesontounn npuaaeT nepBocTeneHHoe
3HayeHne noTeHumany 3sHeprosaddeKTUBHOCTN U BO30OHOB-
NAEMbIX NCTOYHMKOB SHEprum, B MepByto ovepeab B INeKTPo-
3HepreTMyYeckom v TenN03HepreTUYeckom CeKTopax.

21370T pa3aen OblN 3AaNTUPOBAH HAa OCHOBE COOTBETCBYHLLEro pa3Aena A0KNAAA «IHepreTu-
yeckan [p]eBontoums: NPOrHoO3 YCTONYMBOrO Pa3BUTUA MUPOBOW SHepreTvku — 2015» (Energy
[R]evolution: a Sustainable World Energy Outlook 2015) ¢ pa3peLueHns FPUHNNC MHTEPHILLHA.
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7 9H€DF€T\/\H€CKV\€ TEXHONOInn

7.1. TeXHONOrMmM CKUraHMA rasa

MpVPOAHbBIN ra3 MOXeT NPUMEHATLCA ANA MPON3BOACTBA dNeK-
TPO3HEprM Mpy MOMOLLM F330BbIX NAMO0 NapoBbiIX TYPOMH.
O6bem Bbibpocos CO2, NPOV3BOAVIMBIN B pe3ynbTaTe OKUraHWA
rasa, 6yaet Ha 45% (IEA ETP 2014)™ HuKe, 4eM Npy OKUraHUM
YINA, NPU YCNOBUM NMONYYEHNA SKBMBANEHTHOTO KONMYECTBa Te-
NN0BOV 3HEPrun.

IneKTpocTaHumK, paboTatLLme Ha ra3oBbiX TYPOMHAX, NCMONb-
3YHOT TEMN/I0BYHO SHEPIUIO Fa30B NS NPAMOTO NPUBEAEHNS Typ-
6uHbI B AelicTBre. Typ6uHbl, paboTatoLLyve Ha NPYPOAHOM rase,
6bICTPO 3aMYCKIKTCA U MOITOMY HEpPeAKO MCMOb3YHTCA ANS
3HeproobecneyeHrs B MMKOBYIO HArpy3Ky, XoTa ce6ecTonmoCTb
SHeprvv Npu 3TOM 0Ka3bIBAETCA BbiLLE, YeM Ha SNeKTPOCTaHLW-
X, paboTatoLLmx npr 633080 Harpyske.

Ype3BblYaHO BbICOKOM 3P hEKTUBHOCTA MOXHO AO0CTMYL 33
CYeT NpYIMeHeHWs ra3oBbiX TypOVH BMeCTe C MapoBbIMK Typ-
6vHamM B pexxnme KOMOMHMPOBAHHOMO LMKAA. B naporaso-
BoW ycTaHoske (MY) rasosbiii TypboreHepaTop BblpabaTbiBaeT
3/1eKTPO3HEpri, 3 0TpaboTaHHble rasbl U3 TYpOUHbI MAYT Ha
nonyyeHne napa, KOTOPbIA UCMONb3yeTcAa AN NPOM3BOACTBA
[OMONHUTENBHON 3N1eKTpOo3Heprn. KoahdUUMEHT nonesHoro
fAenctena cospeMeHHbix MY moxeT coctaBnsatb A0 60% (IEA
ETP 2014). BONbLUMHCTBO F3a30BbIX 3NEKTPOCTAHLWIA, NMOCTPOEH-
HbIX MOCNE 1990 roAa, OTHOCATCA K Takomy Tvny. Mctopuyeckm
OCHOBHOW [iBVXKYLLIEV CUNOW PA3BUTLA TEXHONOTNIA NPOM3BOA-
CTBa 3/1eKTPO3HEePrM Npy MNOMOLLUM CKUMAHWA ra3a ABNAETCA
NonCK peLeHnin Ana nosbieHra KM ra3osbix 3neKTpoCcTaH-
umn. OAHAKO YCUAMA, HAmpasBNeHHble Ha ysenndeHve KN4
3NeKTPOCTaHUMI, ABNAIOTCA AANEKO He eANHCTBEHHOW TexXHW-
Yyeckor 33a4eit. K BaXkHbIM acnekTam 6yayLLmx rmbKnx cmctem
NMPON3BOACTBA SNEKTPOIHEPrM TaKXKe OTHOCATCA ApYyrue Kpu-
Tepun, Takve Kak KA npy 4acTu4HOM Harpyske, CKOpOCTb 13-
MEHEHMIA Harpy3Ku, a Takxxe Bpems 3anycka (IEA ETP 2014). Ha
NPOTAXKEHWN OCyLLeCTBNEeHMA nepexoaa K 100% BW3 apantu-
pyemble ra3osble TypOuMHbI C ObICTPbIM 3aMYCKOM UIPatoT BaX-
HYIO PONb ANSt HTErPUPOBAaHNA [0/iel BETPOBOW 1 CONHEYHOM
SHeprun B SHeprocucTemy.

B ycnoBuax HM3KKX LieH Ha ra3 MY - Hanbonee 3KOHOMMYHBIN
cnoco6 Npon3BOACTBA INEKTPOIHEPrMN BO MHOTMMX CTpPaHaXx.
KanutanoHble 3aTpaThbl ANA TAKMX CTAHUMIM CYLLIECTBEHHO HUXE,
YyeM ANA YroNbHbIX UAN aTOMHBIX CTaHUMK, NpU 3TOM ANA UX
CTpOMTeNbCTBa TpedyeTcs MeHbLLe BpemeHM.

7.2. lAepHble TeXHONOrnm

Mpeobpa3oBaHme aTOMHON SHeprim B SNeKTpPUYecKyro npeayc-
MATpUBaeT nepesayy Temnna, NONAYYEHHOro B X0Ae KOHTPOAU-
pyemoit peakumMn AAepHOro AeneHus, Ha 0OblYHYK MapoByH
TYpOUHY. AnepHaa peakuma NpoTekaeT B Npefenax akTMBHOM
30Hb! AAEPHOr0 PeaKTopa, OKPY>KeHHOM 3aLLMTHOM 060104KO,
KOTOPas MOXET MMeTb Pa3NINYHY0 KOHCTPYKLMIO U CTPYKTYPY.
Tenno o0TBOAWTCA 13 3KTUBHOWM 30HbI PEaKTOPa MNPV MOMOLLIN Te-
nAoHoCMTeNa (rasa MAK BOAbI) 1 peakuuny, ynpaBasemor npu
MOMOLLIM 3aMeANAIOLLEr0 SNeMeHTa UNN «3aMeSNUTenay.

B TeuyeHVe MOCNeAHVX AB3ALATV NET TeMMbl CTPOUTENbCTBA
HOBbIX ATOMHbIX 3/1eKTPOCTAHUMA 3HAUMTENBHO CHUBWANCH
BO BCEM MVIpe. ITO 6bl/I0 BbI3BAHO PasMUHBIMUL NMPUYMHAMMU:

22 (IEA ETP 2014) Energy technology perspective - harnessing
electricities potential; [EA May 2014.

oraceHveM HOBbIX aBapuii Ha ASC (nocne cobbitnin Ha A3C
Tpu-Mainn-Annsna, MoHazto, Dykycma 1 YepHoObiNbCKoi), a
TaKkxe 601ee KPUTUYECKMM M3yYeHeM SKOHOMNYECKIX U KO-
NOFNYECKMX acneKToB, CBA3aHHbIX C 0OpaLleHnem C panoaK-
TMBHBIMU OTXOA3MM U COPOCAMN.

KOHCTPYKUMM aTOMHbIX peaKTOpOB:
3BONOLMA M BONPOCHI 6€30MacHOCTH

K cepeavHe 2015 roAa Ha NAaHeTe HACUUTLIBANCA 391 AACPHBI
PeaKTOp, 3KCMYaTUPyeMmblii B 31 CTPaHe.

flnepHble peakTopbl AENAT HA YeTblpe KaTteropuu. TOYHbIX
ornpeaeneHnin Kateropuin KoHCTpykumin Het (Scheider/Froggatt
2015)"3;

PeakTopbl | MokoneHus: AeMOHCTPALMOHHbIE KOMMepYeckue
PEeaKTOopbl, CO3AaHHbIe B 1950-X U 1960-X rofax 13 moanduLm-
POBAHHbIX VW YKPYTHEHHbIX PEAKTOPOB BOEHHOIO Ha3HaYeHus,
M3HAYaNbHO Pa3paboTaHHbIX ANA CUNOBbIX YCTAHOBOK MOABO-
ZHbIX IOAOK W/ MPOU3BOACTBA MY TOHMA.

PeakTopb! Il MOKONEHNA: PeaKTopbI, NONYYMBLIME LUMPOKOE MPO-
MbILL/\EHHOE MPUMEHEHE BO BCEM MUIPE.

PeakTopbl |l moKoneHna: HoBOe MOKO/IeHVe peakTopoB, CTPOA-
LLIMXCA B HACToALLlee Bpems.

PeakTopsl IV nokoneHna v nokoneHua lll+: nocne katactpodbl
Ha YepHoObbinbckol ADC KOHCTPYKLMM PeaKTopoB MOMYUMUAM
fAanbHerLlee pa3BuTHe 1 NpeTepre 3HaumTeNbHble V3MeHe-
HVA.

K peaktopam nokoneHus lll+ oTHOCATCA Tak Ha3blBaemble pe-
3KTOPbI YCOBEPLUEHCTBOBIHHOW KOHCTPYKLMW, TPU M3 KOTOPbIX
yKe 3KCMAYaTUPYHTCA B AMOHWN, B TO BpEMA KaK MHOT e Haxo-
[AATCA B CTaANM CTPOUTENBCTBA AW NNGHMPOBAHWA. [pYMepHO
20 NpOEeKTOB™4 peakTopoB Ha CTaaun pa3paboTky, GONbLUMH-
CTBO M3 KOTOPbIX ABNAKTCA «3BONMOLMOHHBIMMY — pa3paboTaH-
HbIM H3 OCHOBAHWM PEaKTOPOB BTOPOrO MOKOEHMA C HEKOTO-
pbiMU MoANDUKAUNAMM, HO 6e3 BHEAPEHMS MPUHLIMNMANbHBIX
N3MeHeHW. B HEKOTOPbIX 13 HWUX MUCMONb30BaHbI 6onee MHHO-
BALMOHHbIE NOAXOAbI.

CornacHo AaHHbIM BcemmpHOWM AAepHO accoLmaLImm, peakTopbl
[Il NoKONeHVA NMEIOT CeflyioLLMe XapaKTepUCTUKIA:

e CTAHAAPTM30BAHHAN KOHCTPYKLMS, YCKOPAOLLIAsA NpOoLEeCe -
LieH3MPOBaHMs, 3 TakKe COKPALLIAIOLLINA KanuTabHble 3aTpa-
Tbl ¥ MPOAC/PKUTENBHOCTb CTPOUTENLCTBA;

e YMpOLLieHHan 1 Gonee YCTOMUMBAN KOHCTPYKLMSA, KOTopas 06-
JleryaeT 3KCNYaTaLMio N CHAXKAET YA3BMMOCTb 000pYA0BIHMS;

e 6onee AnMTENbHbIN CPOK 3KCnNyaTaunn - 06bl4HO 60 net;

e 60/ee HV3KaA BEPOATHOCTb aBapUii C pacrNaBNeHNEM aKTMNB-
HOW 30HbI;

* MWHMMANbHOE BO3AeNCTBME Ha OKpY>KatoLLyto cpeay;

® MOBbILLEHHbIN KO(DDOULMEHT BbIrOPaHISA, MO3BONAOLLMIA CO-
KPaTWTb Pacxof TOMMBA U KOAMYECTBO OTXOAOB;

e BbIrOPatoLLMe MOrNoTUTEeNM, NPoANeBatoLLMe CPOK CyXObl
3KTVBHOW 30Hbl PeakTopa.

23 (Scheider/Froggatt 2015) The World Nuclear Industry - Status
Report 2015; Paris, London, July 2015; © A Mycle Schneider
Consulting Project.

24 (JAEA 2004; WNO 2004)



HacKOMbKO 3TV peLLeHms NO3BONAKT NOBbICUTbL CTaHAAPTLI 6e3-
OMaCHOCTM B CPABHEHMM C Y/IYULLIEHHBIMU SKOHOMUYECKVIMM Xa-
PaKTEPUCTUKAMM, MOKA HEACHO.

Ha 0CHOBaHWN HOBENMLLIMX KOHCTPYKLMI peakTopos |l nokoneHna
6bin pa3paboTaH EBponeiickiin BoA0-BOAAHON SHEpreTnyecKuii
peaktop (EPR) (Schneider/Froggatt 2015). 3aaBNeHHON LieNbto
CO3/\3HNA PeaKTopa ABNAETCA MoBblleHne ypoBHA Ge3onac-
HOCTW, B YaCTHOCTW AECATUMKPATHOE COKPaLLieHVe BepOATHOCTM
Cepbe3HOW aBapun, NpeAoTBpaLLeHNe NOCNEACTBUIN Cepbe3HbIX
3B3apUI MyTeM NX NOKANN33LMM H3 TEPPUTOPUN CAMOW CTIHLWW,
3 TaKXKe CoKpalLlieHue 3aTpat. O4H3KO MO CP3IBHEHMIO C MpeAbl-
AYLUMMM TUN3aMK peakTopoB EPR nmeeT psaa HeaoCTaTKoB, Be-
AYLLMIX K CHUXKEHWIO YPOBHA AAepHO 6e30MacHOCTH, 3 UMEHHO:

e pazmep 3AaHNA PeaKTOPa YMeHblUeH 33 CYeT YrpoLeH-
HOM MNGHMPOBKM CUCTEMbI ABAPUMHOMO OXNAXKAEHNA aK-
TVMBHOW 30HbI 1 HOBbIX PACcYeToB, COMNACHO KOTOPLIM BO
BPeMA aBapuy BblAeNAETCA MeHbllee KOAMYeCTBO BOAO-
POAA, YeM CUMTANOCh paHee;

e TennoBas Npou3BOANTENbHOCTb dHeprob1oKa yBenmyeHa
Ha 15% 3a CYeT MOoBbILIEHNA TeMMepaTypbl TeNNoHOCKTe-
N Ha BbIXOAEe W3 3KTUBHOWM 30Hbl, YCUAEHUA MOLLIHOCTU
OCHOBHbIX OXNaXAAKLLIMX HACOCOB M MoAMdMKALMM Na-
pOBbIX FreHepaTopos.;

e EPR pacnonaraer MeHbLUMM KONMYECTBOM pe3epBHbIX CU-
ctem 6e30MacHOCTY, YeM HeMeLK/e peaKTopbl Il MoKoNeHus.

HekoTopble moanduKaumm B EPR cumMTatoTcs BaXKHBIMUA YNyY-
WeHusmm cuctem 6e30nacHocTU. K HUM OTHOCUTCS cucTema
YN\aB/WIBAHNA PaCMNaB/eHHOM aKTVMBHOM 30HbI (core catcher) B
CNy4ae aBapum. Tem He MeHee, HeCMOTPS Ha M3MeHeHUs, He-
BO3MOXXHO rapaHT1POBaTb, YTO EPR MetoT 3HaunTensHo 6onee
BbICOKMI ypoBeHb 6e3omacHoCTU. He A0Ka3aHo, B YACTHOCTM,
[eCATVKPATHOe CHWKEHVe BepOATHOCTM PaCcnNaBNeHnA aK-
TVMBHOW 30HbI. bonee TOro, CyLLecTBYHT cepbe3Hble COMHeHUs
OTHOCUTENbHO 3(DMEKTUBHOCTM CUCTEMbI YNABAMBAHUA U KOH-
TPONA PaCMNABNEHHOM aKTUBHOM 30HbI.

BcemupHan saepHan accoumaums (WNA) 3assnseT: «Hoble yco-
BepLLIEHCTBOBAHHbIe peakTopbl [okoneHwe lll+], KoTopble CTpoAT-
€A cerofHs, nmetoT 6onee NPOCTYH KOHCTPYKLINKD, CHUXKIHOLLIYHO
CTOMMOCTb NX CTPOUTENbCTBA. OHM 60Nee SKOHOMHO MCMONb3YHT
TON/WBO M NO onpefeneHno ABNATCA 6onee 6e30MaCHbIMMY.
B yacTHOCTW, accoumaums NpUBOAUT HEKOTOPbIE XapaKTepUCTUKN
KOHCTPYKLMW, KOTOpble MMetoT Hanbonee BaXKHOe 3Ha4eHne ANs
HacTosLLlero aHanm3a, a menHo (Schneider/Froggatt 2015):

® (TaHA3PTM30BAHHANA KOHCTPYKLMSA, YCKOPAIOLIAA MpoLecc
JWILIEH3MPOBAHMA 1 COKPALLAILLAA KanuTa/ibHble 3aTpaTbl 1
NPOAC/VKUTENBHOCTL CTPOUTENBCTBA;

Bo3o6HoBNAEManA 3Heprua — 310 Nbas Gopma sHeprum 13
CONHeYHbIX, FEO(bI/IBVILIECKVIX WA BNONOTNYECKUX UCTOY-
HWKOB, KOTOPAas BOCMONHAETCA B pe3yNbTaTe eCcTecTBeHHbIX
npoueccos TeMmnamm paBHbIMA NN MpeBbILLARLLNMK TeMIMb
€e 1CNoNb30BaHNA. BO306HOBAAEMYHO SHEPTUIO MONYYAtOT 13
HenpepbIBHbIX AW NOBTOPAKLLMXCA MOTOKOB 3HEprny, nme-
IOLLIX MECTO B €CTECTBEHHOMN Cpeae, U OHA BKNKOYaeT B cebs
Takne WNCTOYHUKKN, KaK 6v|omacca, CONHeYHaAa 3Heprua, rm-
APO3HEPrUs, SHeprus BETPa, MPUVBbI, BONHbI U TEPMasbHas
SHEeprnsa oKeaHa, a TakKe reoTepMasibHas Heprua. OAHaKo
CyLLIeCTBYeT BO3MOXXHOCTb MCMONb30BaTh 6romaccy 6onee
WHTEHCUBHO, YeM 3TO MO3BOAAET ee pocT, AMbo ke oTOMpaThb
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ynpoLLeHHan 1 6onee yCTonuMBan KOHCTPYKLIMS, KOTOPas
06neryaeT KCNNYaTaumio U CHUXKAET YA3BUMOCTb 060py-
[L0BaHWS;

o 00Nee HM3Kan BEpOATHOCTb aBapUii C pacnaaBieHNeM aK-
TVIBHOW 30HbI;

® 3HAUMTENbHbIA NEepUoA OTCPOYKM, KOTOPLIA MO3BOASET He
MpeaAnpUHUMATL HUKAKWX aKTUBHbIX AEMCTBUIA MOC/E OTKNHO-
YeHMn peakTopa B TeyeHwe (KaK NpaBo) 72 Yacos;

® YCTOMYMBOCTb K CEpbe3HbIM MOBPEXAEHVAM, B pe3ynbTa-
Te KOTOPbIX MOXET C/IYYUTbCH BbIOPOC PAAMOAKTVBHBIX Be-
LLiecTs, HaNpymMep, Moc/e NaAeHna camoneTa.

LleHa yBeNMUMBIETCS HA MPOTSXKEHMM BCETO Neproaa — 0T 00b-
AB/IeHVA O NMpOoeKTe A0 BBEAeHWA ero B 3KCrnayaTaumo. Hanpu-
Mep, B 2003 roay M1HNCTEPCTBO MPOMbILLNEHHOCTV DpaHLmmn
MPULLINO K BbIBOAY, YTO CTOMMOCTb CTPOUTENbCTBA OAHOIO peak-
Topa Tvna EPR cocTaBuT BCEro NvLib YyTb 60/1ee 1 MApA eBpo
(1,2 mnpa ponn. CLUA). K MOMEHTY MOANMCAHNUSA KOHTPAKTa Ha
CTpouTeNbCTBO peakTopa AnAa ASC dnhamaHBUNb B 2007 oAy
33AB/1eHHbIN LEHHMK BbIPOC BTPOE, 3 K 2012 roay OLeHOYHasA
CTOMMOCTb A0CTUMA 8,5 MApA espo (10,6 mnpa aonn. CLUA)
(Schneider/Froggatt 2015).

HakoHeul, B HacToALLlee BpemsA BeAeTCA paapa60TKa peaKkTopos
IV nokoneHus, NpOMbILLNEHHOE 1CMO/1b30BaHVe KOTOPbIX Npea-
nonaraeTca BO3MOXKHbIM Yepe3 20-30 NeT.

7.3. TexHonorum
B0300OHOBNSIEMOW SHEPreTUKK
N TennocHab)xeHuna

B0306HOBNAEMas SHEpreTMka OXBaTbiB3ET Lenbii pas npu-
POAHbIX UCTOYHMKOB SHEPTUM, KOTOPble NMOCTOAHHO BO306GHOB-
NATCA W, COOTBETCTBEHHO, B OT/IMYME OT WCKOMAeMbIX BUAOB
TOM/WMBA W YPaHa, ABNAIOTCA HeMcYeprnaeMbIM1. BONbLUMHCTBO
M3 HWX CBA3aHbI C BO3AEMCTBMEM CONHEYHOrO M3NYYeHWa U
ABVKeHWA JlyHbl H3 NOroAHble ABAeHMA Ha 3eme. Bo306HOB-
NAeMble MCTOYHVKI HEe VMEHOT BPe/iHbIX BbIGPOCOB 1 He 3arps3-
HAKT OKPY>K3IOLLYIO Cpeay, B OTMYME OT TPaAULIMOHHOMO»
TONWBa. BO306HOBNREMbIE WUCTOYHMKMA SHEPTM MONYYUAM
LUMPOKOE MPOMBbILLNEHHOE MPUMEHEHNE OTHOCUTENbHO HEeAdB-
HO, 33 WCKNKOYEHMEM MMAPOSHEPrUK, KOTOPas MCMoNnb3yeTcs
B MPOMbILLNEHHbIX MACLITabax C cepeAvHbl MPOLLAOTO BeKa.
PUC. 71 WMNNIOCTPUPYET PONb BO30GHOBASIEMBIX WCTOYHVKOB
SHEprn HapAAY € TPAANUMOHHBIMI UCTOUHMKAMM SHEPTN.

TeNNOBYI SHEpru M3 reotepmanbHoro rnons 6onee 6bl-
CTPbIMM TEMMAMV, YeM CKOPOCTb, C KOTOPO OHO MOXET ObITb
BOCCT3HOB/IEHO MPY NOMOLLUM Ten/ioBbIX NOoToKos. C Apyromn
CTOPOHbI, TeMMbl NCMNONb30BAHNA NPAMON CONHEYHOWN SHEep-
rMN He BAMAIOT H3 CKOPOCTb, C KOTOPOM OH3 AOCTUraeT 3em-
. Vickonaemble BUAbl TONAMBA (Yronb, HedTb Y MPUPOAHbIA
ra3) He BKNKOYeHbl B JaHHOe onpejeneHve, NoCKONbKY 1X 3a-
Macbl He BOCMONHAITCA 33 OTHOCUTENbHO KOPOTKMIA Nepuoa
BPeMeHM MO CPABHEHMIO C TEMMAMM X UCMONb30BAHMA.

OnpegeneHne Bo306HoBAaemovi 3Heprum IPCC (UcToynnk:
IPCC, Special Report Renewable Energy/SRREN Renewables
for Power Generation).
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VictoyHmk: IPCC-SRREN 2012.

7.3.1. ConHeYHble 3neKTpOCTaHL NN
((oTO3NEeKTpUYecKme)

B mupe cyulectsyeT 6o/iee YeM AOCTAaTOMHOE KONMYECTBO
CONHEYHOW paamnaumy, 4Tobbl YAOBNETBOPUTL CYLLIECTBEH-
HO YBENNYMBLUMUIACA CMPOC HA CONHEYHble dNeKTpuyeckune
cnctembl. ConHeYvHan paavaumna NPUHOCUT Ha 3eMA0 dHep-
T B 7900 pa3 Oonblie, YeM Mbl MoTpebnsaem CeroaHs.
B cpeaHeM Ha KaXkAbl KBAAPATHbIA MeTp NA3HeTbl NpUXo-
ANTCA AOCTATOYHOE KONMYECTBO CONHEYHOM pasanaumm, Yto-
6bl 06ecneunTb 1700 KBT-Y CONHEYHOW SHEPIUN eXXeroaHo.
B EBpone 3Heprus CONHEYHOro M3/lyYeHns COCTaBnseT B
cpeAHem OKONO 1000 KBT-4 B roa, a Ha bavkHem BocTtoke
pocturaet 1800 KBT-u.

TexHonorus HoTOINEKTPUYECKoro nNpeobpasosaHna Hep-
rvm (PV) npeaycmaTpmsaeT NPOM3BOACTBO NEKTPUYECKOi
SHEpPTMM U3 CONHEYHOTo cBeTa. DOTONEKTpUYECcKUe Cu-
CTEMbI COCTOAT M3 3NIEMEHTOB, KOTOpble Npeobpa3oBbIBatoT
CONHEYHbI CBET B 3NEKTPUYECKYI0 SHepruto. Kaxabli sne-
MEHT COCTOUT U3 CNOEeB MOAYNPOBOAHMKOBOrO MaTepuana.

Mo6ouHble NPOAYKTbI

CONHeuHbl CBET, NaAAMLLNIA Ha dNeMeHT, o6pasyeT anek-
TpVYeckoe Mone BOKpYr cnoes, obecneynsas npotekaHue
TOKa (CM. pUC. 7.2 U pUC. 7.3). YeM Bblillie CBETOBAA UHTEH-
CMBHOCTb, Tem 6onblue 6yAeT KONMYeCTBO SNeKTpUYeckoi
SHepruu, reHeprpyemon Kaxkabim anemeHtom. QoTtosnek-
TpMYECKan CUCTEMA He HYXKAAeTCA B APKOM CONNHEYHOM CBe-
Te. OHa MOXXeT NPOM3BOANTL SNEKTPUYECTBO B 06NAYHbIE U
NOXANMBbIE AHW U3 PAaCCeAHHOr0 CONHEYHOTO CBeTa.

Hanbonee BaXXHbIMW KOMMOHEHTaMK (HOTOINEKTPUYECKMX
CMCTeM SIBNAKOTCA CONHEYHble 3nemeHTbl, hopmumpytoLme
OCHOBHble KOHCTPYKTMBHble 610KKN, obbeamHatome 60Nb-
LLIOe KOMIMYeCTBO CONHEeYHbIX 3/IeMEHTOB, U B HEKOTOPbIX
C/Y4anxX MHBEPTOPbI, KOTOpble MCMNONb3YHTCA ANA Npeob-
Pa30BaHMA NONYYAEMON INEKTPUYECKO dHeprm B hopmy,
NpUroAiHyt ANA NOBCeAHEBHOIo UCMO0/b30BaHMA. Koraa ro-
BOPSAT O TOM, YTO CONHEYHAs YCTAaHOBKa MMeeT reHepurpyto-
LYK MOLLHOCTb 3 KBT (NuK), 3T0 yKa3blBaeT Ha NpoM3BoAM-
TeNbHOCTb CUCTEMbI NPY CTAHASPTHbIX YCOBUAX TECTMPOBA-
HWs - NOKa3aTenNb, H3 OCHOB3HMMW KOTOPOro OCYLLeCTBASETCS
CpaBHeHMe pa3nnyHbix moaynen. B LleHTpanbHom Espone
3NeKTPO3Heprun, npov3BoAUMON  HOTOINEKTPUUECKUMM



MaHeNAMM, UMELNMA MAKCMMA/IbHYH MOLLUHOCTb 3 KBT
(MMK) ¥ 3aHMMaOLWMMK NAOLIAAb OKONO 27 KBAaApPaTHbIX
MeTpOB, A0CTATOYHO ANA TOrO, YToObI 06ecneymTb Hepruei
OZIHY CeMbio NpU PaLMOHANbHOM MCMONb30BAHNM NONYYae-
MOW SHepruun.

CyLLleCTBVET HEeCKO/IbKO Pa3/1INYHbIX CbOToaﬂeKTPI/ILIeCKVIX
TEXHONOTUIA U TUMOB YCTaHaB/MBaeMbIX CUCTEM (CM. Tabnm-

uy 7.1).

DOoTO3NEeKTpUYECKMEe TeXHONOTMU MOTYT WCMO/b30BaTbCA
ANA NPOU3BOACTBA JKOMOTMYECKN YMCTON SHEpruM KaKk B
MasnbIX, TaK U KPYMHbIX cucTeMax. OHU yXKe YCTaHaBAMBaA-
HOTCA U UCTIONB3YIOTCA ANA NMPOM3BOACTBA JNEKTPLUYECKOm
SHeprym B pasNIMYHbIX CTPaHaX B YaCTHbIX JOMaX, JOMOXO-
3a1CTBax, oucax 1 06LLeCTBEHHbIX 3AaHUAX.

CeroaHA  MONHOQYHKUMOHaNbHble  (OTOINEKTpUYecKme
YCTAHOBKM MCMONb3YOTCA KaK B ropoAax, Tak U B OTAa-
NEHHbIX PaiOHax, He MMeIoLLMX A0CTYNa K 3NeKTpoceTy, a

Puc. 7.2. Mpumep hoTodnekTpryeckoro 3ddexTa
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VictoyHuk: EPIA.

7.3.2. DoTOINEKTpUNYecKme
SNEeMEeHTbI 1 MOAYNU

TexHONOrmMm Ha 0CHOBE KPMUCTANNNYECKOro
KpemHusA

DoTo3NeKTpUYecKme 3/ieMeHTbl H3 OCHOBe KpuUCTannmye-
CKOr0 KpPemMHUsi M3roTaB/NIMBAOTCA M3 TOHKO HApe3aHHbIX
CNl0eB MOHOKPUCTAN0B KpEMHUA (MOHOKPUCTaNANYeCcKne)
nnm 610Ka KpUCTANNOB KpemHusa (MOAMKpUCTannmyeckme
UAN MYNbTUKPUCTANIMYECKME). DTa TEXHONOMMS MONYUMAa
Hanbonee LUMPOKOe NPpUMEHeHWe, 1 Ha Hee CerofiHs Npuxo-
ANTCA 0KoNo 80% pblHKA. Kpome TOro, AaHHAA TeEXHONOrMA
CyLecTByeT TakXKe B BUAE NeHToYHbIX AnctoB (Hoffmann/
Teske 2012)™s.

25 (Hoffmann/Teske 2012) Preparation for EPIA/Greenpeace Solar
Generation report series (Edition | - VI).
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TaKXXe PpalioHax, B KOTOPbIX OTCYTCTBYET 3HepreTmyeckas
MHbPacTpykTypa. POTOINEKTpUYeCKme YCTaHOBKY, paboTa-
foLLMe B YA3NEHHON MECTHOCTM, U3BECTHbI Kak aBTOHOMHbIe
cmucTembl. B roposax hoToanekTpuyeckme CMcTembl MOTyT
YCTaHaBAMBATbLCA Ha Kpbillax 34aHW (HAAOMHble afanTu-
pyemble GOoToINEeKTpUYeCcKne cUcTemMbl) UK ObiTb BCTPOEH-
HbIMM B KpbILY WAM hacaa 34aHnA (BCTpOeHHble hoTo3NeK-
TpUYecKme CUcTembil).

Bbibop coBpeMeHHbIX (HOTOINEKTPUYECKMX CUCTEM He
OTPaHNYMB3ETCA KBAAPATHLIMWA M MAOCKUMM CONHEYHbI-
My 6aTapesmu. OHU MOTYT OblTb U3OTHYTBIMU, TMOKUMW U
NPUHMMaTL GOPMY KOHCTPYKUMM 343HMA. APXUTEKTOPLI U
MH)XEHEepbl, 3aHMMatoLLMecs pa3paboTKON MHHOBALMOHHbIX
TEXHONOT WA, PErynsapHO HAXOAAT HOBbIE pelleHns ANs WH-
TErpuMpoBaHvs GOTOINEKTPUYECKMX CUCTEM B CBOU MPOEK-
Tbl, CO3AaBas 343HNA, KOTOPbIE MMEIOT He TONbKO KPacKBbIi
N AVHAMWYHBIN BHELUHWI BUA, HO 1 obecneunsatoTcs bec-
NN3THOW, SKONOTMYECKN YMCTOM SHEpryein Ha NpoTsKeHWN
BCEro CPOKa IKCNNYATaLMM 3A3HUIA.

Pnc. 7.3. (DOTOQHGKTDW%GCKBQ TeXHONOIrnA
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VictoyHuk: EPIA.

TOHKOMNNEHO4YHaA TeXHoNorma

TOHKOMNEHOYHble MOAYAM CO3AAITCA MyTeM HaHeceHus
OYeHb TOHKMX CNOEB CBETOYYBCTBUTENbHLIX MaTepuanos
H3 MOANOXKY, HaNpumep, U3 CTeKNa, HepxagewLleln cTa-
N An TMbKoro NNacTuka. NocnefHW npeanaraeT Lenbli
pAA pelleHnin ANs NpakTM4eckoro nprmeHeHus, ocobeH-
HO B YacTV BCTpauMBaHMA (DOTOINEKTPUYECKMX CUCTEM B
3A3HMA (KpOBeNbHAA MANTKA) U KOHeYHoro notpebneHus.
B HacTosLLee Bpema Ha pbiHKe NpeACTaBAeHbl YeTbipe TUMNa
TOHKOMNEHOYHbIX MOAYNElN: Ha 0CHOBE aMOpdHOro Kpem-
HUS, TENNYPUAA KAAMUA, AUCeNeHnAd/Ancynbduaa meau,
WHAMA/TANANA, — @ TakXe MHOronepexo/iHble TOHKoMe-
HOYHbIE 3/1EMEHTbI.
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Apyrvie pa3suBaoLLmeca TeXHONOrm
CONHEYHbIX 31eMeHTOB (KOTOopble HaxoAATCA
Ha CTaauu pa3paboTKy NN HAYaNbHOW
CTaANM NPOMbILL/IEHHOTO NPON3BOACTBA)

K HUM OTHOCATCA KOHLIEHTPUPOBAHHbIE (hOTOINEeKTprYecKme
TEXHONOrUW, NpesyCMaTpUBaLoLLME NCMNONb30BaHMe GOTo3-
NEeKTPUYECKMX SN1eMeHTOB, BCTPOEHHbIX B KONNEKTOPbI KOH-
LIEHTPUPYIOLLIMX CUCTEM, B KOTOPbIX WUCMONb3YIOTCA AMH3bI
ANS HOKYCMPOBKMN KOHLIEHTPUPOBAHHOTO CONHEYHOrO CBeTa
HA3 CONHEYHbIX 31IeMEHTaX, 3 TakXKe OpraHnyeckmne ConHeuy-
Hble 3n1emeHTbl. COOTBETCTBEHHO, aKTUBHbI MaTepuan co-
CTOUT, MO KpaWHen mepe YacTUYHO, U3 OPraHNYeckoro Kpa-
cnTens, HebONbLLIMX NeTYUYMX OPraHMYeckux MONEKYN UAK
nonmmepa.

Tabnwvua 7.1. Tvn 1 pa3mep CUCTem B paspese CermeHTOB pbiHKa

BbiToBble <10 KBT

Kommepueckue 10 kKBt

ConHeYHble 3nemeHTbl obbeauHATcs B 60nee KpymHble
610KM, KOTOPbIE HA3bIB3KTCA MOAYNAMMU.

ANa Kpenneuna 1 3alnTbl CONHEYHbIX SN1eMEeHTOB OT Mo-
FOAHbBIX ABNEHWI MNCMONb3YIOTCA TOHKME NNCTbI STUNBUHU-
nauertarta uam NoAMBMHUNGYTUPAna. MoAyn, Kak Npasuno,
HAKpbIBAOTCA NMPO3PAYHBIM (O6bIYHO CTEKAAHHBIM) INCTOM
N YKNAAbIBAKOTCA Ha NOANOXKKY (KOTOPAs, Kak Npasunno, ns-
rOTaBAMBAETCA 3 TOHKOrO CNOS MOAMMEPA), YCTOMUMBYIO K
BO3AEMCTBMIO MOTOAHBLIX ABAEHUIA. ANs NpUAAHUA AOMON-
HUTENbHOM MEXaHWYEeCKoM MPOYHOCTM U [ONTOBEYHOCTU
MOAYAM MOTYT ObITb MOMELLIEHbI B KAPKAC. TOHKOMNEHOUHbIe
MOAYAM, KaK NpaBUAo, 06LINTbI ABYMSA CTEKNAHHBIMU NN-
CTaMU U, COOTBETCTBEHHO, He HYXXAKTCA B UCMO/Ib30BaHMN
kapkaca (EPIA 2011)™s.

MpombliwneHHble 100 KBT ANnAa KOMMYHanbHbIX

Tun cucrem (nuk) (nuK) — 100 KBT (NuK) (nuK) — 1 MBT (nKK) npeanpuatuii >1MBT (NuK)
HasemHble - [a Oa
HakpbiwHble [a [a
BcTpamBaemble B dpacas/Kpbiwy Aa -

7.3.3. DoTosNeKTpryeckme
CUCTEeMb

KntoyeBbIMM KOMMOHEHTaMM CUCTEeMbI TeHepUpOBaHNA CON-
HeyHou SHeprnn ABNAKTCA:

o (hOTO3NEKTPUYECKIE MOAYN ANA YNABMBAHNA CONHEYHOTO
cBeTa;

® VHBepTOp ANA Npeodpa3oBaHMsA MNOCTOAHHOMO TOKA B nepe-
MEHHbI;

e KOMMNNeKT Gatapeit ANA ABTOHOMHbIX (HOTOINEKTPUYECKUNX
ccTem;

 OrOpHble KOHCTPYKUMK, MpeAHa3HayYeHHble ANA Hanpasne-
HWSA CONHEYHbIX MOZYNEN K CONHLY.

KOMMNOHeHTbI C1CTeMbl, 33 UCKNKYeHeM GOTOINEKTPUYECKIX
MOAYNeN, UMEHYHTCA KOMMOHeHTaMM 6anaHca cucTembl.

npOMbILIJﬂeHHbIe N KOMMYHA/ibHblE
INEKTPOCTAHUNN

KpynHble MpoMbiluNeHHble (OTOINEKTPUYECKME CUCTEMbI
MOTYT NPON3BOANTL OFPOMHOE KO/INYEeCTBO SN1eKTPUYECKomn
SHeprum B 0AHOM MecTe. [eHepupyrLLaa MOLLHOCTb TaKMX
3NeKTPOCTaHUMI Konebnetca ot coteH KBT Ao coTeH MBT.

ConHeyHble nanenn Ana MPOMbILLUNEHHbIX CUCTEM, KaK Mpa-
BWNO, KpenATCcA Ha KapKacbl, yCTAHOB/1€HHbIE Ha 3eMNne. Tem
He MeHee OHU TakKXXe MOTryT YCTaHaBNMBATbCA HA KPYMHbIX
NPOMbBILLUNEHHbIX 3AaHUNAX, TAKNX KaK CKNaAbl, TepMUHANbI
a3ponopToB M >KenesHoAOPOXKHble CTaHUUN. Cncrema mo-
XKeT npmBectn K HOBOMY MCMONb30BaHUIO TOPOACKOro npo-
CTPaHCTBA W MOCTaBNATb INEKTPUYHECKYHD SHEPTU0 B CETb,
raAe coCcpeAO0TOYEeHbl SHeproemkmne I'IOTpeﬁVITe/'\VI.

bbiTOBblE 1 KOMMeEpYecKne CMcTembl
C BbIXOAOM B CeTb

CncTembl, NOAKNOYEHHbIe K ceTu, ABNATCA Hanbonee pac-
NMPOCTPAHEHHbIM TUNOM (DOTOINEKTPUYECKUX CUCTEM ANA
6bITOBOrO M KOMMEPYECKOro MCMONb30BAHMA B Pa3BUTbIX
CTPaHax. BbIXxoa B NOKANbHYW 3SnekTpoceTb Mo3BONAeT
NpoAaBaTb W3OLITOUHYI 3NEKTPOIHEePru  KOMMYHaNb-
HbIM MPeAnpUATUAM. B TeMHOe Bpema CYTOK MCMOoNb3yeTca
3Heprua snekTpocetn. Ans npeo6pa3oBaHMsA NOCTOSHHOIO
TOKa, MPON3BOAMMOrO CUCTEMOW, B MepeMeHHbIN, KOTOPbI
ncnonb3yetcs 06blYHO ANA paboTbl dNeKTpryeckoro 060-
pYAOBaHMA, NPUMeEHAETCS NHBepTOp (CM. pUC. 7.4). AaHHbIR
™MN (HOTOINEKTPUYECKON CUCTEeMbl MMEHYeTCA CUCTeMOW C
noaAep>KKom anekTpocetn. Cuctema ¢ NOAAEpPXKKOM dneK-
TpoceTn moxeT OblTb NOAKAKYEH] K NOKANbHOM 31eKTpoce-
TV, @ TaKXXe K pe3epBHoli 6aTapee. JHeprus, Npov3seieHHas
nocne Toro, Kak 6atapesn NONHOCTbIO 33psXKeHa, NoAAeTCs B
CeTb. ITa CMCTEeMa ABNAETCA MAEANbHOW ANA PaNOHOB, rae
3NeKTpPo3Heprus nofjaetcs ¢ nepebosmm.

ABTOHOMHbIe (6e3 BbIXoAa B SNEKTPOCeTb) CUCTEMbI

ABTOHOMHble OTOINEKTPUYECKMe CUCTEMbI HE UMEIT Bbl-
X013 B ce€Tb. ABTOHOMHAA CUCTEMa, KaK MPaBWNO, KOMMEK-
TYeTca akKyMynAaTOpHbIMK 6aTapesmu, No3TomMy SNeKTpu-
YeCcKyH SHEprr MOXKHO MCMO/b30BaTb B TEMHOE Bpems
CYTOK WM Yepe3 HeCcKoNbKO AHel NacMypHOM noroabl (CMm.
puvc. 7.4). Ans npeo6pa3oBaHUa NMOCTOAHHOIO TOKa, Mpou3-
BOAMMOTO CUCTEMON, B MepeMeHHbIN, KOTOPbIA NCMNONb3yeT-
€a 06bI4HO ANA paboTbl SNeKTpUYecKnx npnbopos, Heobxo-
AVM MHBepTOp. OCHOBHbIe BUAbBI MPUMEHEHNS aBTOHOMHbIX
CMCTeM PacCMOTPEHb HUXE.

126 (EPIA 2011) Solar Generation 6 - EPIA-Greenpeace report;
European Photovoltaic Industry Association (EPIA); GPI, Brussels/
Amsterdam; 2011.



o ABTOHOMHbIE CUCTEMbI ANA SNEKTPUDMKALUN CeNbCKUX
PailoHOB. ABTOHOMHbIE CMCTEMbI MOCTaBAAKOT SNeKTpuye-
CKYHO SHEpPrVto B OTA3NEHHbIX PaloHAX WM Cenax B pas-
BMB3IOLLMXCA CTPaHax. 10 MoryT ObiTb Manble 6biToBble
CMCTEMbI, KOTOpble MOKPbIBalOT 6a30Bble MOTPebHOCTN B

SNeKTPUNYECKON SHEPTM OTAe/IbHOrO AOMOXO03AMCTBA, WA
60nee KpynHble CO/iHEeYHble MUHW-CETV, KOTOpble MpOon3Bo-
AAT SNEKTPUYECKYH SHepruto B 00bemaXx, A0CTaTOYHbIX ANA
3N1eKTPOCHAOKEHNA HECKO/IbKMX JOMOXO03AIMCTB, co06LLecTBa

NN Manoro npeanpurAaTnA.

e /cnonb3oBaHMe aBTOHOMHbIX CMCTEM B MPOMbILLNEHHbIX
uenax. ABTOHOMHbIE NPOMBbILLINEHHbIE CUCTEMbI UCMIONb3YIOT-

A B OTAAN\EHHbIX PaoHax ANA 06ecneyeHrs SNeKTprUYecKom

SHepruelr peTPaHCNALUMOHHbIX CTaHUMIA MOOWNbHON CBA3N

(obecneyeHrie KOMMYHVIKaLWI), CPeACTB MOPCKOM HaBura-
LUK, NOPOXKHBIX CUMHANbHBIX 3HAKOB, ANCTAHLIVIOHHOTO BKNHO-
YeHNA OCBeLLeHVs, 3HAKOB pPerynvpoBaHNA ABWPKEHVS, a
TaKXKe BOAOOUMCTHbIX CTAHLMI. MICMONb3YHOTCA KaK CUCTEMb,
COCTOALLME WCKNKOUATENBHO M3 (HOTOINEKTPUYECKUX dne-
MEHTOB, TaK 1 rMbpuaHble cMcTeMbl. TMO6pUAHbIE CUCTEMBI UC-
MO/b3YHOT KaK CONHEYHYIO SHEpruto, KOTrAa OHa A0CTYMHA, TaK
1 Apyrie BnAbl TONAWBa (B TeMHOe Bpems CyTOK UK B Npo-
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[0/KUTENbHble NeproAbl 06N3aUHOM NoroAbl). ABTOHOMHbIe
MPOMbILLNEHHbIe CUCTeMbI MPEeACTABNAKT OO0 SKOHOMUY-
Hoe peLuleHne TPIHCMOPTUPOBAHWA SNEKTPUYECKON SHEpPrim
B PaloHbl, HAXOAALUMECH Ha O04YeHb OONbLUOM PACCTOSHUN
OT CYLLeCTBYIOLLMX dNeKTpoceTer. Bblcokaa CTOMMOCTb Npo-

KNnaaku kabenen nenaet aBTOHOMHblE CONHEYHbIE CUCTEMbI
3KOHOMWMYECKM BbIrOAHbIM BAPUAHTOM.

L HOTPEGVITEI\bCKVIe TOBapbl. (DOT03ﬂeKTpI/IH€CKI/Ie S/l\eMeHTbI

CEroAHA MPUCYTCTBYIOT BO MHOTVX 3NeKTponpubopax no-
BCEAHEBHOIO MCMO/b30BaHNIA, TaKMX KAk Yachl, KabKyNATO-
Pbl, UIPYLLIKW 1 33psiAHbIE YCTPOCTBA (Hanpumep, BCTPanBa-
eMble B 0AeXAY U CYMKM). ABTOHOMHble hOTOINEKTpUYECKIme
CUCTEMbI TAKXKE YACTO UCMONL3YIOTCA B TeXHUYECKoM 06opy-
[I0BaHWV, HANPVMep, AOXKAEBA/bHbIX CUCTEMAX, AOPOXKHBIX
3HaKax, CBETOBbIX BUTPUHAX 1 TenetOoHHbIX OyAKaX.

o TMbpuaHblie cuctembl. B uensx obecrneyenns Gecnepeboit-

HOTO 3/1eKTPOCHAGXKEHNSA CONHEYHAS CMCTEMA MOXET NMprMme-
HATLCA TAKXKE C APYrUM UCTOYHMKOM SHEPrv — TeHepaTopoM,
paboTarowMm Ha 6romacce, BETPOBOM TypOVHON MAM AW-
3e/IbHbIM reHepaTopom. MMOprAHaA cucTemMa MOXeT UMeTb
BbIXOA B CETb UM ObITb 3BTOHOMHOW.

Punc. 7.4. Pa3nnyHble KOHQJMFVDSLMV\ CONHEYHbIX SHepreTnveCkKnx cncTtem

KoHdurypauua PV-cuctembl, NoAKNIOYEHHOU
K 3N1eKTpoceTn

INeKTpoCUYeTYMK

VictoyHuK: EPIA 2071.

7.3.4. BeTpoBaa sHeprua

33 nocnefiHMe 20 NeT SHeprusa BeTpa CTana CamMbim ObiCTpo-
Pa3BMBAIOLMMCA UCTOYHMKOM INEKTPUYECKOW SHeprin B
mMmpe. CamoA0CTATOMHOCTb TYPOMHHBIX TEXHONOTUIA YBE-
YMNACb, N CEroAHA MOLLHOCTb OTAENbHON TYpOVHbI MOXeT
AOCTUraTh 7 MeraeaTT. B EBpone BeTpomnapKu, Kak Npasuio,
XOPOLUO MHTErpMpOBaHbl B OKPYXKAKOLLYH Cpeay 1 NONOXKM-
TeNbHO BOCMPUHMMAIOTCA 06LLEeCTBEHHOCTbID. Manble Mo-
A€V MOTYT NMPOU3BOAUTL SNEKTPOIHEPrMo ANA PaioHOB,
KOTOpble He MOAKN0YEHbI K LLeHTPafbHOM 3NeKTPOCeTH, NpU

MOMOLLIN 3KKYMYNATOPHbIX 6aTapen.

KoHCTpyKUMA BeTPOBOM TYypOUHbI

COBpeMEHHbIe BEeTpoOBble TeXHONOrMn MmMoryT Mcnonb3o-
BaTbCA KaK NpU HN3KUX, TaK U NMPU BbICOKNX CKOPOCTAX Be-

dneKTponpubop

KoHdurypauusa PV-cuctembl, He NOAKNIOYEHHOM
K 3/1eKTpoceTn

j ~ee———u— PV-moaynu

PV-moaynu ’

g £ 1 1\
1 WHEE nEnEuun

/ 1 Lnuu
ANEEE REEER

——— KoHTponnep 3apaaa

D e e 3neKktponpubop

’ WUHBepTOp

e 8808 | O

TPa M B Pa3IMYHbIX KMMATUYECKMX YCNOBUAX. Bblan n3y-
YeHbl PasfiMyHble KOHDUrypaumm NpubpexKHbIX BETPOBbLIX
TYPOMH, BKNIOYAA KOHCTPYKUMM KaK C TFOPW3OHTANbHOW,
TaK W BepTVKaNbHOM OCblo (CM. pUC. 7.5). Ha ceroaHaLWHUN
AeHb 00/IbLUMHCTBO KOMMEPYECKU MCMONb3yeMblX TypOuH
MIMEHT FOPU3OHTa/IbHYH0 OCb, OCHALLEHHYI H3BETPEHHbIM
pOTOPOM C Tpems NOMacTAMK; PacrosiokKeHne poTopa
TYpOVHbI C HABETPEHHOWN CTOPOHbI He AaeT GaluHe 336/0-
KVMpOBaTb MOTOKM BeTpa Ha NoMacTu, a TakKe Mo3BonseT
136eXaTb A0MOMHUTENBHOMO 33POAMHAMUYECKOTO LIYMa 1
Harpysku (EWEA 2008)"7.

27 (EWEA 2009) Wind energy - the facts; European Wind Energy
Association; Brussels/Belgium; http://www.wind-energy-the-facts.

org.
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Puc. 7.5. lNepBble KOHCTPYKLW BeTpoBOM TypOuMHbI EWEA

BeTtpoBas Typ6uHa c ropM3OHTaNbHOM OCbIO

BeTtpoBas Typ6uHa c BepTUKanbHOM OCbiO

Cié
-

Hctourmk: South et.al. 1983/EWEA 2008.

Jlonactv NoACcoeAMHEHbI K OCU 1 MPYBOAHOMY Basly, KOTOPbIi
nepeAaeT 3NeKTPUYeCKyH SHepru Ha reHepaTop, B HeKOTO-
PbIX CAlyYanx npv NOMoLLM Kopobkm nepesad (B 3aBUCMMOCTH
OT KOHCTPpYKUMK). Monyyaemas 31eKTpo3Heprua noaaeTcs B
TpaHChOpMATOp, PaCNONOXKEHHbIA B H/XKHEN YacTh BallHW, 1
3aTeM NoCTynaeT B NOKaNbHYH0 ceTb. MPUBOAHON Ban 1 MOA-
LUMMHWKM NPVBOAHOTO Bana, KOpobka nepesay, reHepatop U
CMCTeMa YNPaBAeHUs HaxXOAATCA BHYTPW KOPMyca, Ha3blBa-
eMOoro roHAoNoN. MockoNbKy pasmep TypOMH CO BpemeHem
YBENMYNNCA, YNPaBNeHVe MPOM3BOACTBOM SNeKTPO3Heprum
OCYLLIeCTBAASTCA NPY MOMOLLIM PackaymBaHuA (T.e. BPaLLEHMS)
nonacTen BAONb X ANVHHOM 0Cn™2,

CHVXeHMe CTOMMOCTU CMNOBOM SNEKTPOHMKL MO3BOAUNO UC-
MoNb30BaTb TYpPOWHbI MpY NepemMeHHON CKOpPOCTWU BeTpa. 3T0
nomoraeT ofecrneyrBaTb HenpepbIBHOCTb MPON3BOACTBA dNeK-
TPUYECKON SHEPrvn MPU NepeMeHHbIX Y MOPLIBUCTbIX BETPAX,
o6ecneyunsaTb HeMpPepbIBHOCTb MPON3BOACTBA 3/1EKTPOIHEPrn
KPYMHbIMM BETPOBLIMM NEKTPOCTAHLMSMMN BO BPEMSA OTKAa30B
060py0BaHNA, @ TakxKe 0becrneymBaTb peakTMBHY MOLLHOCTb.
CoBpemeHHble BeTpoBble TYpOMHbI, Kak NpaBmno, paboTatoT ¢
nepeMeHHbIMU CKOPOCTAMM, UCMONb3YA peryinMpoBaHue nosn-
HOrO LUara nonactu. 3a nocnefiHve 30 NeT CpefHun pasmep
BETPOBOM TYpOMHbI 3HAUMTENbHO YBeMUMACA (pUC. 7.6), Npw
3TOM GONbLUMHCTBO Ha3eMHbIX BETPOBbIX TYPOUH, YCTAHOBAEH-
HbIX B PA3/MYHbIX CTPAHAX B 2014 FOAY, MEOT HOMUHANbHYHO
MOLLIHOCTb 3,5-7,5 MBT; cpeaHuin pasmep TypOuH, YCTaHOBNEH-
HbIX B 2014 roAy, COCTaBWA OKONO 2,5-3,0 MBT. [10 COCTOAHMIO H3
2015 TOA BeTpoBble TypOWHbI, UCMO/Ib3yeMble Ha Cylle, KaK
NPaBvno, MMetoT GALLIHYM BbICOTOM OT 80 A0 120 M 1 POTOPbI AW~
aMeTpoM OT 80 A0 125 M. Hanpumep, cpeaHsas BbicOTa 6aLLHM
BETPOBbIX TYpPOWH, YCTAHOBNEHHbIX B FepMaHun B 2014 oAy,
coctasmna 93 M (STATISTICA 2015)™°. HekoTopble NPOMbILLIAEH-
Hble 06pa3Lbl UMEOT AVaMeTP 1 BbicoTy GalLHN 6onee 125 M,
rnpwv 3Tom pa3pabaTbiBatoTca eLle 6onee KpynHble moaenn. Co-
BpeMeHHble TYpOUHbI MeT CKOPOCTb BPaLLeHUs OT 12 A0 20
060pOTOB B MUHYTY (06/MIH), UTO CYLLIECTBEHHO HIXKE CKOPOCTU
BpaLLieHnA TypOuH, pa3paboTaHHbIX B 1980-X roaax (60 06/MuH).
CoBpemeHHble poTopbl paboTalT MeasieHHee, MpOV3BOAAT
MeHblLLe LIYM3 1 UMetoT 6onee rapMOHMYHBIV BHELLHWA BUA.

128 EWEA 20009.

29 (STATISTICA 2015); Online statistical research tool; http://www.
statista.com/statistics/263905/evolutionof-the-hub-height-of-
german-wind-turbines.

Mpunbpe>xHble BeTpoBble TypOUHbI, Kak NPaBUNO, 00bEANHAIOT-
€A B BETPOBbIe 3/1eKTPOCTIHLMNM C FeHepUPYHOLLIE MOLLIHOCTbIO
0T 5 40 300 MBT. /X MHOrAa Ha3bIBaKOT BETPONapkamm. Pasmep
TYPOUH yBeNMUMBaAETCA, YTOObI COKPATUTL CTOMMOCTb MPOM3-
BOACTBA 3NeKTposHeprn (AoCcThYb «bonee KayeCTBeHHOro
BETPa»), CTOMMOCTb MHBECTVLMIA H3 efIMHILLY FreHepupyroLLei
MOLLIHOCTW, @ TaKXKe YMEHbLLNTb SKCMNY3TaLMOHHbIe PacX0oAabl U
CTOMMOCTb TEXHNYECKoro 00y xmnsaHna (EWEA 2014).

Puc. 7.6. YBenmyeHre pasamepa TUMNOBbIX NPOMbILLNEHHbIX

BETPOBbLIX TYPOUH 20 000 kBT

Anametp

potopa O6nactb

oxBara
nonacreii

B: BbicoTa 6awHu

5 000 KBt
A: AnameTp portopa

1800 kBT

750 kBT

BbicoTa 6awwHu

75 kBt TpaHcdpopmatop

B: 20m/A: 17m
B: 50m/A: 50m
B: 80m/A;: 80m
B: 125m/A;: 125m
B: 180m/A;: 250m

1980-90
1995-00
2005-10
2010-?
Byayuee

UctoyHmk: EWEA 2008/2014.

YTo KacaeTca HazeMHbIX TYpOuH, TO BbI6OP WMHXEHEpPHbIX U
NIOTUCTMYECKMX PeLUeHU AN HUX OrpaHMuYeH pasmepom,
MOCKO/bKY 3/1eMEHTbl KOHCTPYKLMW NMPUXOANTCA NMepeBo3nTb
3ABTOMOOUbHBIM TPAHCNIOPTOM. COBPEMEHHbIe BETPOBbIE Typ-
6VHbI NPAKTMYECKM AOCTUIIN CBOETO TEOPETUYECKOro MaKcu-
Myma (0,59) aspoAamHammnyeckoin 3chdeKTUBHOCTY, KoTopas
n3mepsetca KoahdrLUMEHTOM nonesHoro aeictens (0T 0,44
B 1980-X rofiax 0 MPUMEPHO 0,50 K CEpe/iHe 2000-X FOA0B).

3° (EWEA 2014) Wind energy scenarios for 2020; European Wind En-
ergy Association; July 2014; www.ewea.org



7.3.5. DHeprus OMOMacChl

Bromacca - 370 LIMpoKoe NoHATHe, 0603HaYatoLLee maTepu-
an 6VMoNOTNYECKOro NPONCXOXKAEHNA, KOTOPbIA MOXeET OblTb
MCMONb30BAH B KAUECTBE UCTOYHMKA SHeprun. K Hemy oTHO-
CATCA APeBeCMHa, CeNbCKOX03ANCTBEHHbIE KYNbTYPbI, BOAO-
POC/AM M Aipyrvie pacTeHns), @ TakxKe CeNbCKoX03ANCTBEHHbIe
N NecoceyHble 0TXoAbl. [1Mana3oH KOHeYHOro NpUMeHeHus
61MOMacChl LIMPOK: OTOM/EHWE, NPOM3BOACTBO 3/1eKTPO-
SHEprMM 1 TONAMBA ANA TPAHCMOPTHLIX CPeACTB. TepMuH
«B1O3HEPrMA» UCMONb3YyeTCa AN 0603HaYeHUA SHepreTu-
YeCKMX CUCTeM Ha OCHOBe B1OMACChI, KOTOpble NPOM3BOAAT
TENN0BYI W/VAWN SNEKTPUYECKYD SHEPTM. TepMUH «Buno-
TOMN/IMBO» O3HAYaeT >KMAKOe TPAHCMOpTHOe TonAMBO. B Ka-
yecTBe TPAHCMOPTHOIO TOMAMBA, 0CO6EHHO C YyYeToM pocTa
LIeH Ha HeTb, BCe LIMpe MCNoNb3yoTca 6uoamnsens 1 6103-
TaHO/N, KOTOPble M3r0TaBNMBAKOTCA U3 PAa3IMYHbIX CENbCKO-
XO3ANCTBEHHbIX KYNbTYP.

NcTOYHMKM  6MO3HEprUM  ABNSOTCA  BO30OHOBNSEMbIMMY,
MPOCTbl B XPaHEHUW Y HEMTPAsibHbI KaK MCTOUHUKI YIAEKNC-
noro rasa (C02). Konnuectso rasa, BbidpacbiBaeMoro npu nx
npeo6pa3oBaHUM B MONE3HYIO SHEPIUI0, YPaBHOBELLNBAET-
€A KONMYECTBOM YINIeKUCNOr0 ra3a, KOTOpoe OHW NOTA0TUAN
BO BpeMA pocCTa Kak pacteHusa. OueHb BaXKHO, 4Tobbl 6103-
HEprma yMeHbLUaNa BbIOpPOChl MApHUKOBbIX ra30B. TONbKO B
3TOM CNly4Yae UCMNoNb30BaHME BUOIHEPrN UMEeT CMbICA C
TOYKM 3PEHUs SKONOTUN.

INEeKTPOCTaHLMM Ha Briomacce paboTatoT Mo TAKOMY >Ke MpYH-
UMY, YTO M YrofibHble 1 ra3osble. Pa3HMLA NULb B TOM, YTO
nepes CKUraHvem 6vOTONAMBO AO/KHO ObiTb 06paboTaHo.
T 3NeKTPOCTaHUMM, KaK MPaBWUNO, HE TaKMe KpymHble, KaK
Yro/ibHble, MOCKOMbKY TOMAMBO, UCMO/b3yemoe B HuX (pac-
TUTENbHOTO MPOUCXOXKAEHWS), [AO/DKHO TMpOoM3pacTaTb Kak
MOXHO ONMXKe K MecTy PpacroNOXeHUs 3MeKTPOCTaHLMN.
MpOn3BOACTBO TEM/I0BOM SHEPrmN YCTIHOBKAMM HA Bromacce
ocyLlecTBAAETCA MO0 NyTem UCMONb30BAHMA CUCTEMbI KOM-
6MHVPOB3HHOMO MPOM3BOACTBA TEM/I0BOA W INEKTPUYECKOM
SHEeprumM, NMp1 MOMOLLIX KOTOPOW Tenno MoAaetcs B 6am3ne-
Xallme AOM3 UAK NPeAnpUuaTMs, Mb0 33 cYeT CneLnanbHbIX
cMcTem TemnocHabxeHns. Hanpumep, Hebo/bluMe CUCTEMbI
TENNOCHAbXEeHMs, B KOTOPbIX MCMONb3YIOTCA ChelyasibHble
nenneTbl, N3roToB/IeHHbIE U3 OTXOA0B APEeBEeCHbI, MOrYT Npu-
MEHATbCA ANA TenNoCcHabXeHUA YacTHbIX AOMOB ANA OAHOWM
CeMbW BMECTO NPVPOAHOTO ra3a UM An3e/1bHOro TonAMBa.

7.3.6. TexHonornm Ha bromacce

CywecTByeT pAa TEXHONOIMI, KOTOPble NO3BONAKT NPOM3-
BOAMWTb SHEPrMKO U3 BMOMACChl: TEPMOXMMUYECKME MnpoLiec-
Cbl (MpsAAIMOE CKUraHve TBepAblX, XXUAKMX UK ra3006pas-
HbIX MaTepuanoB MeTOAOM NUPOAM3a UAW rasudurkaumn)
n 6ruonornyeckne cuctemsl (pasnoxeHve n cbpaxusaHne
TBepAo 6MOMACChl B aHa3POOHbIX YCNOBUAX, B pe3ynbTaTe
yero obpasyeTca Xnakoe Unv razoobpasHoe TONANBO).

Teplv\oxmw\vlqecme TEXHONOTNA
Mpamoe cxxuranme

Mpamoe CxuraHve - Hambonee PacnpoCTPaHeHHbIN MeTon
npeobpa3oBaHna OMOMACChl B TEMNOBYID U INEKTPUYECKYHD
SHEpTIIo, HA KOTOPbI NPUX0AMTCA 6onee 90% MCNoNb30BaHA
61OMacchl B KayecTBe MUCTOYHMKA SHeprum. Tpoueccsl oKkura-
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HMA XOPOLLIO M3yYeHbl. BoAOpOA 1 yrnepoa B TONAMBHOM CMecu
BCTYMAtOT B PEaKLMI0 C M3ObITOUYHBIM KMCIOPOLOM, B Pe3yNbTa-
Te yero obpasyetca CO2 1 BOA3, a TaKXKe BblAeNseTcs Tenno.
B cenbckol MecTHOCTM 60/1bLLIOe KONMYECTBO 61MOMACChI B pas-
NWYHBIX POPMAX OKMIAETCS ANA NPUrOTOBNEHNS MK, Kpome
TOro, ilepeBO N ApeBecHbI Yronb MCMONb3YITCA B KavecTse
MPOMbILLNEHHOTO TONAMBA. MHOXeCTBO CyLLeCTBYHLUMX MPo-
MbILLNEHHBIX TEXHONOTUIA 3AANTUPOBaHbI K XapaKTepUCTUKaM
6riomaccel 1 maclutabam ee npumeHenns (IEA Bio-2009).

TexHonorum MOryT BKNAKYaTb CKUraHMe B HENOABVXHOM
CNoe, B OKMXKEHHOM CNnoe UMK B 2)KEKTUPYEMOM MNOTOKe. npl/l
TEXHONOTIMN CKNFaHNA C NPUMEeHeHneM HenoABM>KHOIo CNoA,
Hanpmmep B KONOCHUKOBOW Mneyu, BO34YyX NpoxoAnT 4yepes
HenoABWXKHbIA CNOW, B KOTOPOM MpONCXOANT OCyLLUeHne, ra-
3|/|cb|/||<auvm n OKUraHne AgpesecHoro yrna. Bblaensemble ro-
proyme rasbl AONONHUTENBHO CKUIMaKOTCA nocne pobasnenns
BTOPUYHOIro BO3A4AyXa, Kak nNpasnno, B 30HY, OTAENEHHYKO OT
TBEpAoro cnosA. I'Ip|/| TEXHONOINN CKUFAHNA B KMNALem cnhoe
I'IeDBVILIHbIVI BO34YX, nocwnarou.wu?l B 30HY rOpeHUA, HAarHeTa-
eTCA B HYXKHEN YacTu neym C TaKom CKOPOCTbHK), YTO MaTepunan,
HaxoAALMICA BHYTPpW neyn, npespalliaeTca B KMNALLYH Mmac-
CYy Y4acTmy W” ra3osbix I'Iy3bIPEVI. Oxuranue ¢ npnmeHeHnem
NHXEeKTPpYyeMOoro notoka Ncnonb3yeTca ANA TonArea B Buae
MEeNKnX 4acTul, Takoro Kak gpesecCHble OnnaKM NN TOHKKne
CTPY>KKW, KOTOPble NHEBMATUYeCKN NHXXEKTUPYHOTCA B NeYb.

rasundukauua

TonamBo, nonyyeHHoe M3 6G1MOMACChl, BCe Yallie 1Cnonb3yeT-
€A C NepefoBbIMN KOHBEPCMOHHBIMY TEXHONOTUAMM, TaKUMM
KaK cucTembl rasudukaumn, Kotopble 6onee 3cbdheKTrBHbI,
YyemM TPaAMLMOHHOe MPOWM3BOACTBO 3NeKTPO3Heprun. [asu-
rKauma 6MOMACChI MPONCXOANT B pe3y/bTaTe YacTUYHOIO ee
OKWUC/IeHMA NOC/e HAarpeBaHws, YTo NPYBOANT K 06pa30BaHMIO
roptoveit ra3oBort cmecn (MMeHyemoi «paboumin ras» unm
«TOMNMBHbIN ra3»), HacbiweHHol CO 1 Boaopoaom (H2). dHep-
reTMyecKmnin 3KBMBANEHT 3TON CMeCW COCTaBNsAeT OT 5 A0 20
MAX/HM3 (B 3aBMCMMOCTM OT ThMa G1omacchl 1 cnocoba ocy-
LecTBNeHNA rasmdurkaumm (Mpy NoOMoLLIM BO3AYXa, BOAOPOAA
WAN HeMpAMOro Harpesa). ITOT SHepreTMYecKnin SKBMBANEHT
coCTaBNAeT NpuOAM3NTENbHO OT 10 A0 45% TennoTBOPHOW
cnocobHocTv npupoaHoro rasa (IPCC SRREN 2011)",

3aTeM TOMWMBHbIN ra3 MOXeT ObITb A0BefileH A0 COCTOAHMUA
6onee KayeCTBeHHOW ra3oBON CMeCH, MMEHYeMOWn CUH-
TeTnyeckMum 6MOrasom WM CUHTeTUYecknm rasom (Faaij
2006)"32. HeKOHBEPTMPOBAHHbIN a3 MOXeT UCMONb30BaTb-
€A ANA KOMOWHMPOBAHHOIO NMPOM3BOACTBA INEKTPUYECKON
3Hepruv npu NOMOLLM ra3oBoi TypOUHbI, KOTA3 UK Mapo-
BOW TypOuWHbI. lpV NOMOLUM 3NeKTporeHepaTopos CUHTe-
TMYECKUI a3 MOXKeT MCMONb30BaTLCA B KayecTse TOM/MBA
BMeCTO AM3ens B CneumnanbHo pa3paboTaHHbIX AM aAanTu-
POBaHHbIX ABUraTensax BHyTpeHHero cropaHus. B Hanbonee
NonyNApHbIX CeroiHA rasndurKaTopax UCnonb3yeTcs Apese-
CVHa MM ApeBecHan buomacca. CneumansHble rasndukaTo-
pbl MOryT Npeobpa3oBbiBaTh B ra3 b1oMaccy He\peBecHOro
nponcxoxaenna (Yokoyama and Matsumura 2008). o
CPaBHEHMI0 CO CKMUraHnem rasundukauma 6onee ahdekTms-
Ha — oHa obecneunBaeT Gonee acdeKkTNBHOE ynpaBnse-
Moe TennocHabxeHue, 6onee BbICOKYH 3HPEKTUBHOCTb

31 (IPCC-AR5-SPM) International Panel on Climate Change - sth As-
sessment Report; Climate Change 2014, Summary for Policy Makers;
http://ipcc.ch/pdf/assessment-report/ars/syr/ars_syr_final_spm.pdf
32 (Faaij 2006).

33 (Yokoyama and Matsumura 2008).
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MpV NPOV3BOACTBE SNEKTPOIHEPTMN 1 BO3MOXKHOCTb Napan-
NeNbHOro NPOM3BOACTBA XMMMYECKMX BellecTB 1 TON/MBa
(Kirkels and Verbong 2011)34. Fa3ndukauma no cpaBHeHWo
C NPAMbIM CKWUTaHUEM M N3POBbLIM LIMKAOM COKPALLAeT Bbl-
6poChbl YrNEKMNCNOro rasa.

Muponus

Muponns npeacTasnneT coboit npolecc, npu KoTopom 6ro-
Macca pasnaraeTcs noj AeMCTBYEM BbICOKOM TeMnepaTypbi
MpW OTCYTCTBUM KMCN0pOAa (B aHa3POOHbIX YcnoBusaXx). Mpo-
QYKTbI NMPOAM3a BKAOYaAIOT B ceba 6uoras, xuakoe 61oTo-
naveo (6MoHedTb MAM NUPO/W3HOE MACN0) U TBepAaoe Be-
LLecTBO (ApeBecHbIf Yronb). Mponopumy nonyyaembix npo-
QIYKTOB 33BUCAT OT TeMMepaTypbl 1 BpeMeHn NpebblBaHms B
30He ropeHws. Mpu HX3KMX TemnepaTypax o6pasyeTca 60b-
LLie TBepAbIX U XKUAKMX NPOAYKTOB, MPU BbICOKMX — 60/blLe
6unorasa. Moaorpes NCXOAHOTO MaTepuana, NoAYYEeHHOro Ha
0CHOBe 61OMaCChl, 10 YMepeHHbIX TemnepaTyp (0T 450°C Ao
550°C) No3BONAET NPOM3BECTM KMCNOPOACOAEPKaALLME MAC-
N3, KOTOopble ABNAIOTCA OCHOBHLIM MPOAYKTOM (70-80%), a
Takxe 6uoyrons 1 rassl (IEA Bio-2009).

buonornyeckume cuctemol

3TN TeXHONOTMM MPUMEHUMbI ANA OMOMACChl, COCTosLLen
M3 04YeHb BNAXKHOMO MaTeprana, Takoro Kak nuLlesble Uamu
CeNbCKOXO03AMCTBEHHbIE OTXO/bI, BKAOYAA HABO3HYHO XKIMXKY.

AHaspobHoe pacwiennexue

AHaspobHoe pacluenneHve npeacTasnseT cobol pacnag
OpraHukn noa so3aenctamem 6akTepuit B 6eCKMCNAOPOAHOM
cpene. B pe3ynbtate obpasyetca 6moras, coCTOALMNA, KaK
NpaBunnNo, Ha 65% M3 MeTaHa M Ha 35% W13 YrNeKUCNoro rasa.
OunLLeHHbIn 61oras moxeT 6bITb UCNONAb30BAH ANS OTOMNAE-
HMA AW NPOM3BOACTBA NEKTPOIHEPrmm.

C6pakusaHne

C6pamBaHve npeacTasnset cobol npouecc, B pesynbTa-
Te€ KOTOPOro pacTeHvs, Goratble Caxapom M Kpaxmanom,
pasNaralTca noj BO3AENCTBMEM MUKPOOPraHM3MOB ANA
06pa3oBaHMA 3TAHON3 U MeTaHoNa. Monyyaemble NpoayK-
Tbl MOTYT ObITb UCMONBb30BAHbI B K3YeCTBE rOprYero TpaHc-
MOPTHOrO TOMAMBA.

MoOLLIHOCTb 3/M1eKTpOCTaHUMA Ha 6uomacce, Kak npasuno,
coctaBnsetr A0 15 MBT. OAHAKO 3neKTpocTaHumn Ha 6mo-
Macce A0/KHbI TaKXKe MCNoNb30BaTh Tenno, 4todbl A0CTNYD
M3KCMMANbHO MOIHOTO NCMONb30BAHMA SHEPTMM, NO3TOMY
MX MOLLIHOCTb He [0/KHA MpeBbilaTh 25 MBT (3n1ekTpuye-
CKOW 3Heprmmn). INeKTPOCTAHLUMN AAHHON MOLLIHOCTA MOTYT
MCMoNb30BaTb OMOMACCy MECTHOTO MPOUCXOXAEHMS, YTOObI
n36eXaTb NOCTaBOK TOM/IMBA Ha 60NbLLNE PACCTOAHMS.

buotonnuso

MepepaboTka CeNnbCKOXO3ANCTBEHHBbIX KyNbTyp ANA NOANy-
YyeHWA 3TaHoNa U 6MoAM3eNbHOro TOMAMBA M3 ParncoBoOro
meTunosoro 3dupa (PM3) B HacTosLlee Bpema OCyLecT-
BNAeTca, B 0CHOBHOM, B bpasnnun, CLLUA n Espone. Takxe
8 Oyaywiem 6onbLUyto ponb 6yAyT UrpaTb NpoLecch Npomns-
BOACTBA CMHTETMYECKMX BUMAOB TOMIMBA U3 ra30B, ABNAIO-
LUMXCA NPOAYKTOM «O1OreHeTMYeCckoro CHTe3a», 0CobeHHo
B CMCTEMAX aBMALMOHHOIO M MOPCKOro TPaHCMopTa. Teope-
Tnyeckn, 6uoTonamMeo MoxeT ObiTb MoAyyYeHo U3 Nboro
61ONOrMYecKoro NCTOYHMKA Yrnepoaa, Ho Hambonee pac-

34 Kirkels and Verbong 2011.

NPOCTPAHEHHbIMUN ABNAKTCA POTOCUHTETMYECKME paCTeHNA.
Ana npon3soacTea GMOTONAMBA UCMONL3YIOTCA PA3NNYHbIE
PACTEHVA N PACcTUTENbHbIe MaTepuansl. B rnobanbHom mac-
wrabe 6MOTONNMBO Yalle BCEro MCNoNb3yeTca B KayecTse
TPAHCMOPTHOrO TOM/IMBA, HO MOXET TaKXe WMCMOo/Nb30BaTb-
cA 1 Ana Apyrux uenei. NMpov3BoACTBO N MUCNONb30BaHMeE
610TONAMBA AO/MKHO MPUBECTU K YMCTOMY COKPALLIEHUIO
BbIOPOCOB NAPHMKOBbIX Fa308 M0 CPABHEHUIO C UCMO/Ib30Ba-
HMeM TPaAMLIMOHHBLIX MUCKOMAeMbIX BMAO0B TOMAMBA, YTOObI
Cnoco6CcTBOBaTL MPeAOTBPALLEHNI0 M3MEHeHUa KAMMATa.
BroTonnmneo, npov3seaeHHOE B COOTBETCTBUM C KpUTepus-
MW YCTONYNBOCTU, MOXKET CHU3UTb 3aBUCMMOCTb OT HedhTu 1
TeM CamMbIM YYYLLINTb SHepreTnyeckyto 6e30nacHoCTb.

e B1O3TAHON - 3TO TOMAMBO, NoNyYaemoe nytem dhepmeH-
Taumm caxapos. Mcnonb3yeTca Kak ecTecTBeHHbI caxap
(conep>KaLUMincs B caxapHOM TPOCTHUKE UM CBEKNE), TaK
N Caxap, NONyYaeMbl MyTem pacLlenneHns Kpaxmana B
3N13KaX, TaKUX K3K MWEeHNL3, pOoXb, AYMEHb NN KYKYPY-
3a. B EBponeickom coto3e 61M03TaHON, B OCHOBHOM, Mpo-
N3BOAMNTCA M3 3epHa, MpenMyLLeCcTBEHHO 13 MileHnUbl. B
BpasninM OCHOBHBLIM CbipbeM ABAAETCA CaXapHbIN TPOCT-
HUK, a B CLLIA - kyKypy3a (Maunc). Buo3TaHoAN, NONAYYEHHbIN
N3 31aKoB, MMeeT NoboYHbI NPOAYKT — 6oraThin 6enka-
MM KOPM ANA >KMBOTHBIX, MMEHYeMbI «CYXas FPaHynu-
poBaHHasA 6apaa» (DDGS). M3 KaA0ON TOHHbI 3epHOBbLIX
KYNbTYp, MCMONb3yeMbIX ANA NPOM3BOACTBA 3TAHON3, B
cpeaHem oAHA TpeTb OyAeT NocTynaTh B KayecTBe KOpMa
ANA KMBOTHLIX B BuAe DDGS. B ¢BA3N € BbICOKMM coaep-
XaHnem 6enka DDGS B HacTosLLee Bpems UCMNONb3yeTCs B
KayeCTBe 3aMeHNTeNs COeBOro XMblxa. bMo3TaHON MOX-
HO MO0 HEeMoCpeACTBEHHO CMeLLIMBATbL C 6eH3NHOM, 60
MCNoNb30BaTb B hopme STUN-TpeT-OyTUN0BOro adupa.

e broamMsensHoe TOMAMBO MONYYAKOT U3 PACTUTENIbHOMO
Macna, NpoM3BeAeHHOro U3 panca, CemsH NMoACONHEYHN-
Ka nnm coesblx 60608, a TakXe 13 UCMO/Ib30B3HOMO pacTu-
TeNbHOTO MacNa UAN XKMUBOTHbIX XXMPOB. VIcNonb3oBaHMe
0TpabOoTaHHbIX PaCTUTENbHBIX MACen B KayecTBe UCXOA-
HOTO CbIpbA ANA NPOM3BOACTBA OMOAN3EbHOMO TONNBA
YMeHbLLAET 33rpA3HeHne, NpuUrHaemoe oTpaboTaHHbIMM
Macnamu, NpeAanaras HoBbIn MeTos Npeobpa3oBaHus OT-
X008 B TPAHCMOPTHYH 3Hepruto. Cmecn 13 6uoamsens-
HOTO 1 06bIYHOTO AM3e/bHOr0 TONAMBA ABAAKTCA Hanbo-
Nee pacnpoCTPaHEHHbIMU MPOAYKTaMM, Peanusyembimm
Ha PO3HWYHOM PbIHKE TPAHCMOPTHOrO TONAMBA.

e BONbLUMHCTBO CTPaH MCMONb3YHOT CUCTEMY MApPKMPOBKM,
KOTOPas YKa3blBaeT Ha A0/ Oroam3ens B tobor TonamB-
HOW cmecu. TONAMBO, B KOTOPOM A0Ns GuoamM3ensa cocTas-
naet 20%, nmeeT MapKMPOBKY B20, B TO BpemA Kak To-
MANBO, COCTOSLLIEE UCKOUMTENbHO U3 broan3ens, nmeeTt
MapKMpoBKy B100. Cmeck, cocTosLime Ha 20% 13 6uoaun-
3eNnA 1 Ha 80% 13 HedTAHOTO AM3enbHoro Tonamea (B20),
MOTYT, KaK NPaBW0, UCMONb30BATLCA B TPAAMLMOHHBIX
An3enbHbIX ABUraTensx. Micnonb3osaHme TONAMBHOW CMe-
v, Aons 6roamsens B KOTopoi coctasnaet 100% (B100),
MOXeT NoTpe6oBaTb BHECEHMS OnpeAeneHHbIX U3MeHeHUiA
B ABuUratens. broamsenbHoe TOMAMBO MOXHO WCMONb30-
BaTb B ObITOBbIX MM MPOMbILLAEHHbIX OTOMUTENbHBIX KOT-
Nax. B cTapbix neyax moryT ObiTb pe3vHOBbIE N1EMEeHTbI,
pacTteopsieMble 610AM3eNbHbIM TOMAMBOM, HO €C/N X HeT,
TONAMBO croput 6e3 Kaknx-nmbo npeodpazoBaHmil.

CyLLecTByeT MHOXEeCTBO Pa3/IMYHbIX TUMOB CbIPbsA HA OCHOBE
610MacCChbl, 3 TaKXKe MHOTOYMCNEHHble Mpeobpa3oBaTesib-
Hble TeXHO/I0r MK, KOTOPbIe MO3BONAIOT NMPON3BOANTL TOMNAM-
BO, MCMO/b3yeMoe B TEXHONOTUAX NPOM3BOACTBA TEMN/I0BOM
W/VAN SNEKTPUYECKOV 3SHepruv, a TakKe TPaHCMOPTHbIX
TexHonormax. Ha puc. 7.7 npeAcTaBaeH KpaTkuin 0630p.
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Puc. 7.7. Cxematnyeckoe MBOGDS/\KQH\/\Q KOMMep4YeCKnX DGLLI@HMM NCNONb30BaHWA 6MO3H€DFI/M

Cobipbe’

MacnunyHble KyabTypbi (panc,
NOACONHEYHUK U T. A4.), oTpaboTaHHble
Mac/a, }KMBOTHbIE KUPbI

MNepeatepuourKauma nam

MyT1 npeobpazoBaHus?

(YnyyqweHune 6uomacchbi)? + ckuraHve

Tenno n/vnn
3NeKTPOo3Heprus

MKunpkoe Tonnmeo

Bbuoaunsens

MapYpoBaHue

KynbTypbl, cogepawme
caxap M Kpaxman

Fasndukauma (+ BTopuuHbIN npouecc)

JurHouenntonosHas 6nomacca
(apesecnHa, conoma, aHepreTUyeckan
KvabTvpa. TBO 1 1. 4.)

bnopasnaraembie TEO, ocagKu CTOUYHbIX
BOJA, HaBO3, GepMepcKMe CTOKM U OTXOAbl
NULLLEBOM NPOMbILLIEHOCTU, MaKpO-
BOAOPOC/AN

doToCMHTE3NPYIOLLME MUKPOOPTaHU3MbI,
Hanpumep MUKPOBOAOPOCAU U BaKkTepumn

MepeaTepudukauma um

BuoataHon

(Tmaponus) + pepmeHTaums

/ CuHTE3 an3enn/Bo306HOBAAEMbIN

MetaHon, AMD

Munponuns (+ BTOpMUHBINA npouecc)

[pyrve Tonamea u f06aBKK

AC* (+ ynyuqweHue 6uorasa)

[a3006pa3Hoe TONNMBO

[pyrve 6uonornyeckue / xummuyeckme
pelueHus

Buometan

Bogopogp,

MApvpoBaHue

"YaCcTn KaXKA0ro CbIpbeBOro MaTeprana, Hanpumep 0TXOAbl KYAbTyp, MOrYT 6biTb MCMONb30BaHbI B APYTUX PeLLeHUsX.

2Kaxzo0e peLleHVie MoXeT TaKKe Npon3BoANTb NO6OUHbIE MPOAYKTHI.

3YnyylieHve 61MOMacChl BKNOYAET NPoLecchl YNNOTHEHWS (Takve Kak rpaHyn1poBaHve, MMpoaM3, NpOKanuBaHve v T.4.).

4 AC = aHaspobHoe cOpaxuBaHue.

VicrouHuk: IEA-Bio 2009.
7.3.7. [MADPO3NEKTpO3Heprna

JHeprua ABWXKeHNA BOAbI NCMONb3YeTcA ANA NPOM3BOACTBA
3N1eKTPUYECTBA Ha NPOTSXKEHUM NoYTK cTonetnsa. OKoNo ns-
TOW YacTL BCel SNEKTPOIHEPIMN BCE eLlle NPOM3BOAMTCA Ha
TMAPOINEKTPOCTAHUMAX. OCHOBHbIM YCNOBMEM TMAPOIHEP-
reTMYecknx TEXHONOMUA ABNSAETCA CO3A3HME WCKYCCTBEH-
HOrO Hanopa BOAbl, KOTOPbIA MMEEeT AOCTATOUHYIO SHEpPruto
ANA NpUBeAeHNs B AelcTBMe TYpOVHbI MPU OTBOAE BOAbI B
KaHan unm Tpyo6y.

Knaccndumkauma no BbicoTe Hanopa BoAbl 1
pasmepy

«Hanop» B rMApO3HepreT!ke O3Ha4yaeT pasHuLy MexXAay
YPOBHEM BOAbl B BepxHemM M HMXHeM 6acceliHe, KOTOpbIi
onpefensieT AaBneHvie BOAbl Ha TypOWHblL. Kak 1 BbICO-
Ta cOpacbiBaHWs, ypoBeHb AaBNeHWsA onpeaenseT TuM ru-
ApaBaMyeckoi TypOMHbI, KOTOPbIA OyaeT MCNOoNb30BaTbCS.
Knaccndukauma «BbICOKOro Hamnopa» U «HW3KOro Hamopa»
OTAMY3eTCA B 33BUCMMOCTM OT CTPaHbl, OOLLENpUHATLIX
3H3YeHUin He cyllecTByeT. B Lenom MMnynbeHble TypOUHbI
MenToHa NPUMEHSTCS B YCNOBUAX CUABHOTO HAaNopa BoAbI
(koraa Hanop BoAbl yAapseT no TypouHe U M3MeHseT Ha-
npasneHue). PeakTneHble TypOMHbI DPeHCcMca NPUMEHAIT-
A B YCOBUAX CPefiHero Hanopa (MCnonb3yrTcs B YCN0BUAX
BbICOKOrO pacxo/ia BOAbl 1, MO CyTW, 06pa30BbIBAOT rMAPO-
AVHAMUYECKNA «AUdT», BpaLLAOLWNA nonact TypOuHsbl).
B yCnoBuAX HWU3KOro Hanopa BOAbl NPUMEHATCA TYpOUHbI
KannaHa v kancynbHble TypOuHbI.

Takum 06pasom, Knaccndukauma TypbrH ocyLecTBAseTCs
H3 OCHOBAHWW YCTAHOBAEHHOWN reHepupytoLLien MOLLHOCTK,
n3mepaemorn B MBT. Cpean pycnoBbiX SNeKTPOCTAHUMM
npeo6nafaloT Manble 3N1eKTPOCTaHLMM, HO B pe3epBYyapHbIX
(akKymynupytoLwmx) rMAPO3NEKTPOCTAHUMAX BCeX pa3me-
pOB MCNONL3YHTCA OAMHAKOBbIE OCHOBHbIE KOMMOHEHTbI U
TexHonorun. Kak npaswno, CTPOMTENbCTBO M MHTerpauus
ManbIX MMAPO3NeKTPOCTaHLUMA B MeCTHYH cpeay TpebytoT
MeHblle BPpemeHV U YCUAMIA™S, NO3TOMY KONMYeCTBO HO-
BbIX NEeKTPOCT3HLUMIM 3TOro0 TUMA PacTeT BO MHOMMX peru-
OHax Munpa. Manble rMAPOINEKTPOCTAHLMM Y3CTO CTPOATCA
B OTAA/NEHHbIX PaliOHAX, FAe MCMNONb30BAHWE MHbIX SHepre-
TUYECKUX pecypcoB IKOHOMUYECKM HelenecoobpasHo unm
HeXM3Hecnoco6Ho.

Knaccndurkauma no pasmepy
obbekTa

rI/IL\pOQI'\EKTpOCTaHLIVII/I TaKXe AenAaTca Ha cnedywune Ka-
Teropumn B 3aBUCMMOCTK OT SKCNAYaTaunn 1 Tmna NOToKa:

- pycnosble;
« aKKymynupytoLme (pesepsyapHbie);
* TMAPOAKKYMYNMPYIOLLIVIE;

+ cB060OAHOMOTOYHbIE FTMAPOINEKTPOCTAHLUM — HOBAA N Hau-
MeHee pa3BMTan TeXHONOrs.

35 Egre and Milewski, 2002
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PycnoBble

3TV 3NeKTPOCTAHLMN MOMYYIIOT SHEPTUI, HEOOXOAVMYIO ANA
MPOV3BOACTBA NEKTPUYECTBA, NPEUMYLLECTBEHHO W3 CyLle-
CTBYIOLLIETO PEYHOro MOTOKA M He aKKyMyAUPYOT GONbLUMX
06bemoB BoAbl. OHM MOTYT OCYLLECTBAATL HEKOTOpoe Kpa-
TKOCPOYHOE aKKYMYNMPOBaHME (MOYacoBOe, eXXeiHEBHOE), HO
NPodWAb reHepUPOBaHNA SHEpriK, Kak MpaBuno, onpeaens-
€TCA NNOKANbHLIMM YCNOBUAMM PEYHOTO MOTOKA. [0CKONbKY
reHep1poBaHMe SHepriM 3aBMUCUT OT KOAMYECTBA 0CAAKOB, ero
MOKa3aTeny MOryT CyLLIeCTBEHHO OT/IMYATLCA B CYTOUHOM, Me-
CAYHOM WM CE30HHOM BbIPAXKEHWM, 0CO6EHHO eI peyb naeT
06 3N1eKTPOCTAHUMAX, MOCTPOEHHbIX Ha HeGONbLUMX peKax
WM PYYbsX, CMNA NOTOKA BOAbI B KOTOPbIX CYLLIECTBEHHO KO-
nebnetca. Kak nNpasmno, rmaposNekTpoCcTaHUMM Takoro Tmna
OTBOAAT HEKOTOPOE KONMYECTBO BOAbI B KAH3N UAM TPyBONpo-
804 (LUNH03) C LieNbio ee HanpaBAeHUs Ha TMAPABANYECKYHO
TypOUHY, NOAKNKOYEHHYIO K reHepaTopy (cm. puc. 7.8). Mpo-
eKTbl PYCNOBbIX TVAPOINEKTPOCTAHUMA MOTYT 06Pa30BbIBaTH
KackaAbl BAO/b PEYHOM AO/WIHBI, YAaCTO BMECTe C pe3epByap-
HbIMV TMAPOINEKTPOCTAHLMAMM, KOTOpble 06yCTPanBaoTCA B
BEPX0BbAX AONMHbI. PYC/10BblE YCTAHOBKM ABNAKOTCA, K3K Mpa-
BWNO, HEAOPOrMMU. [\aHHbIe COOPYXKEHWS OKa3blBAOT MeHb-
LLlee BO3AENCTBME HA OKPYXAIOLLYO Cpeay, Yem pesepsyap-
Hble TMAPOINEKTPOCTAHLMM 3HANOTUYHOIO pa3mepa.

Puc. 7.8. PycnoBas rmApodneKTpoCTaHUms
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Wctouyrmk: IPCC 2012: Special Report on Renewable Ener-
gy Sources and Climate Change Mitigation. Prepared by
Working Group Il of the Intergovernmental Panel on Climate
Change, Cambridge University Press.

PezepsyapHble rMApo31eKTPOCTaHLUN

TVAPO3NEKTPOCTaHLMM C pe3epByapoM TaKXKe Ha3blBaloT pe-
3epBYapHbIMU TVAPOINEKTPOCTAHLMAMM. Pe3epByap CHUKaeT
33aBMCYMOCTb OT M3MEHEHWI NMPUTOKA BOAbI, @ FreHepypytoLLmne
YCTAHOBKM Pa3MeLLAIOTCA Ha NNOTVHE UM HIKE MO TeYeHMto
N COEAMHAOTCA C pe3epByapoM MNpW MOMOLLY TyHHenen uan
Tpy6onpososos (pucC. 7.9). KOHCTpYKLUMS pe3epByapoB 3aBu-
CUT OT NaHAwWadbTa. MHorMe CTpaHbl 3aTanvBaloT peyHble
NONMHBI ANSA CO3AaHNA UCKYCCTBEHHBIX 03ep. 03epa, pacnono-
KEHHble BbICOKO B ropax, NPeACTaBAsAT COO0M elle OANH TUN
pe3epByapoB, KOTOpble 06/1aA310T MHOTMMM CBOMCTBaMM ecTe-
CTBEHHOTO 03€epa. B TaKux KOHMUrypaumsax reHepupyroLLas
CTaHUMA YaCTO COEAMHARTCA C 03epOM-pe3epByapom Npw no-
MOLLM TyHHenel (Tpy6, coeAnHALLMX ¢ 03epom). Hanpumep,
B CKaHAMHABCKMX CTPAHAX eCTeCTBeHHble BbICOKOropHble 03e-
Pa CO3AAt0T CUCTEMbI BbICOKOTO A3BNEHMSA, B KOTOPbIX BbICOTA

Harnopa MoXeT AoCTUraTh 6onee 1000 M. Pe3epByapHas dnek-
TPOCTAHUMA MOXET MMETb TYHHeNM, NAYLLIME U3 HEeCKONbKMX
BOAOXPAHW/LLL, A Takxke MOXeT OblTb MOAKNOYEHA K cocea-
HMM BoAOCOOpaM MM pekam. KpymHble rMapoaNeKTpOCTaH-
UMK € 6ETOHHLIMM MNAOTUHAMM N 6ONbLUMMI BOAOCOOPHLIMM
03epaMM YacTo OKa3bIBAKOT OYeHb HeraTMBHOE BO3AeNCTBME
Ha OKPY>KaIOLLIYH CpeAly, MOCKONbKY ANA UX CTPOMTENbCTBA 33-
Tan/MBAKTCA HACeNEeHHble TepPUTOPUMN.

Puc. 7.9. CTaHA3PTHAA pe3epByapHasa TMAPOINEeKTPOCTaHUMA
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Wcroynuk: IPCC 2012: Special Report on Renewable Ener-
gy Sources and Climate Change Mitigation. Prepared by
Working Group Il of the Intergovernmental Panel on Climate
Change, Cambridge University Press.

IMAPO3KKYMynMpyoLre SNeKTPOCTaHUUM

TMAPOAKKYMYAMPYIOLLME SNEKTPOCTAHLMM NPOM3BOAAT M aK-
KYMYNVPYIOT SNEKTPUYECKY0 SHEprio. B rMaposNekTpocTaH-
UMAX TAKOTO TUMA BOAA HAK3UMBAETCA M3 HIKHETO pe3epsya-
pa B BepXHWIA (PUC. 710), KaK MPaBKAO, B Y3Cbl MUHUMANbHOM
Harpy3Ku, KOraa AeMCTBYIOT HW3KMe Tapudbl Ha SNeKTPOIHep-
V0. HakayaHHan BOAA XPaHUTCA ANA NPOV3BOACTBA NEKTPO3-
HEeprim B Yachbl MAKCUMANbHOM HArpy3KkM MM B ntoboe Apyroe
BPEMA B 33BMUCMMOCTU OT CUTYALMWU. DNEKTPOCTAHUMA ABNAET-
CS YNCTbIM 3HepronoTpebuTenem, NOCKOsbKY OHa UCMONb3yeT
3NEKTPUYECKYHO SHEPIUto ANA HAKAUVBAHWS BOAbI; OAHAKO OHa
npeanaraeT onpeaesieHHble NpeMmMyLLIecTBa AN SHepreTude-
CKOM CUCTEMbI, MOMOras CNPaBAATLCA CO CKAYKaMM B SHEPromno-
TpebneHUn. MMAPOaKKYMYNMPOBAHME NO3BONAET HAKAM/MBATH
Hanbo/NbLIME 06bEMbI SNEKTPUYECKOM SHEPTUN ANA SHEpreTh-
YECKOW CeTM MO CPABHEHMIO C NHOOBIMM APYTVIMU PELLIEHNAMM.

Puc. 7:10. CTaHAAPTHAA MMAPO3KKYMYNWPYIOLLIAA SNeKTPOCTaHLA
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Ucroynmk: IPCC 2012: Special Report on Renewable Ener-
gy Sources and Climate Change Mitigation. Prepared by
Working Group Ill of the Intergovernmental Panel on Climate
Change, Cambridge University Press.
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Y106bl ONTUMANLHO UCMONB30BATL CyLecTBytoLMe 06bek-
Tbl, TaKMe KaK MAOTWHbI, AamObl, KaHaNbl WAN BOAOMAAbI,
ANA NPON3BOACTBA INeKTPOSHEPT M MOTYT YCTAHABNMNBATb-
cA TYpOUHbI UNU TMAPOKUHEeTUYecKne TypOuHbl (puc. 7.11).
MpuHUMA nx paboTbl, MO CYyTW, aHANOTMYEH NPUHLMNY, UC-
MoNb3yeMOMY B C/lyyae C pYc/0BbIMM TMAPOINEKTPOCTAH-
umamu. TMAPOKMHEeTMYeCKMe YCTPOCTBa, paspabaTbiBae-
Mble Ana c6opa SHeprv NpUAKBOB M TEYEHWI, TaKXKe MOTyT
MCMONb30BATLCA B OTAANEHHbIX OT MOPS PailOHax Ha He3a-
PEerynAMpOBaHHbIX peKax 1 B UCKYCCTBEHHbIX BOAHbIX MYTAX.

Puc. 711. CTaHAapTHaA cBOOOAHOMNOTOYHAN INEKTPOCTAHLNA
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Hcroynumk: IPCC 2012: Special Report on Renewable Ener-
gy Sources and Climate Change Mitigation. Prepared by
Working Group Il of the Intergovernmental Panel on Climate
Change, Cambridge University Press.

mAaposneKkTposHeprus: byaywme
pa3paboTku

Ha pblHKe KpyMHbIX r’MAPO3NeKTpocTaHumin (bonee 10 mera-
BaTT) AOMMHMPYET OTHOCUTENbHO HeGoNblloe KONMYeCcTBO
noctaswmkos obopysnosaHus. OcHosHoe 060pyaOBaHMe
OCTaeTCs MPEeXHUM, XOTA WHDOPMALMOHHbIE TEXHONOTUM
M NO3BONMAM MOBbLICUTL ero 3bdeKTUBHOCTL 33 cyeT Ao-
MONHUTENbHBIX YCAYT = OT MOHUTOPWHIA U AMArHOCTUKN A0
yCOBEpLUEHCTBOB3HHbLIX CUCTeM ynpasneHuna. Hosble wnc-
CNefloBaHUA HeobXoAVMbl ANA AOCTUXKEHUA AanbHelLlero
Mporpecca M YmeHblUeHWA CyLeCTBeHHOro BO3AeNCTBUA
KPYMHbIX TMAPO3NEKTPOCTAHUMA H3 SKOCUCTEMbI U MeCT-
Hble coobuiecTsa (IRENA-Hydro-2015)%¢. Mpexae yem pas-
pabaTbiBaTb NpoeKT, He0OXOAMMO MPOBECTN KOHCYNbTALMM
C MeCTHbIM HaceneHuem. CyLlecTByeT 3 Kateropuv rmapo-
3NeKTPOCTaHUMN:

e KpynHble rMApO3NeKTpoCTaHUuM (>10 MBT 3.);
* Manble rMApo3NeKTpoCTaHuum (<10 MBT a.);
® MUHU-TMAPO3NEKTPOCTaHLMM (100 KBT -1 MBT 311.).

B manbix ruipoanekTpocTaHumax (o1 1 MBT ao 10 MBT) mc-
MO/Ib3yeTC MHOXECTBO PA3/IMUHbIX KOHCTPYKUMiA, obopy-

36 |RENA-Hydro-2015) Hydropower - Technology Brief; IEA-ETSAP
and IRENA Technology Brief Eo6 - February 2015. www.etsap.org -
www.irena.org; International Renewable Energy Agency (IRENA);
Energy Technology Systems Analysis Programme.
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[IOB3HVS U MATepuanos. Mo3TomMy HayuHble 3H3HWA LLINPO-
KOro CrnekTpa OTpac/iei UMetoT peluatollee 3HayeHve ANs
MaKCUMaNbHO MONHOTO WMCMONb30BaHMA MOTEHUMANa fAo-
CTYMHbIX MECTHbIX pecypcoB 6e3 yulepba ANA OKpy»KatoLLei
cpeabl (IRENA-Hydro-2015).

MopaepHu3auma - oTAMYHbIN cnoco6 nonyyatb Gonbluee
KONNYeCTBO 3HEpruv Npy NOMOLLUM CYLLEeCTBYHOLWNX TMAPO-
3HepreTnyecknx o6beKToB. K ToMy e MoAepHM3aumsa 8-
NAeTCA HanmeHee 33TPaTHbIM pelleHnem. B aencTButens-
HOCTW MNPU HE3H3UMTENbHbIX PACXOAAX MOXHO NONYUYUTL HA
5-10% GonbLUe SneKTpuYeckor sHeprmn. OAHaKOo ropuanYe-
CKMe 1 TeXHU4ecKkne NpenaTCcTBUA MOryT MOMEeLLATh PEKOH-
CTPYKLWW, HANPVMeP, B CAyYae C OrPaHNYEHUAMY AOKYMEH-
Tauuw, KoTopas Oblna co3aHa AecaTKM neT Ha3aa. CeroHs
CyLecTByeT BO3MOXHOCTb TLUATEeNbHO MPO3H3aNM3NPOBaTb
MeCTHble reonornyeckne 1 rmAponornyeckmne ycnosus, Y4to
MO3BONAET OLEeHWUTb NOTEHUMANbHYIO BbIFOAY OT MOAEPHW-
33umn (IRENA-Hydro-2015). B cueHapuax DHepretnyeckom
[pleBontoumm MoAEpHM3aUMA CYLLEeCTBYOLNX TMAPOINeK-
TPOCTaHUMIM nMeeT ocoboe 3HaueHwe, 3 Takxe agnseTcs 6o-
nee npropuTeTHON, YeM CTPOUTENbCTBO HOBbIX, M 0CO6EHHO
KPYMHbIX, SNeKTPOCTaHLNI.

7.4. TexHonorum snekTpoceten —

NHGPACTPYKTYPa ANA
B0O30OHOBNAEMbIX MCTOYHMKOB

SHeprum

C pocTOM 01 pblHKA BO30OHOBNAEMOI 3HepreTuku byaert
0CTaBATLCA BCE MeHblle MecTa ANA 6330BbIX INeKTPOCTaH-
umin. ChepoBaTenbHO, 00blUHbIE INEKTPOCTAHLUUM HE CMO-
ryT 8 6yayuiem paboTtaTtb B pexume 6a30BON Harpysku,
YTO npmeBeaeT K yBe/IMYeHN SKCN/1YaTaUuMOHHbIX 3aTpaTt
1, COOTBETCTBEHHO, CHUXKEeHUI0 NpubbIAM B nepecyeTe Ha
KaX/bl MPOA3HHbLIA KBT-U. WHTerpaumsa KpynHbix o6bek-
TOB BO30OHOBNSAEMON SHEpreTnkM TpebyeT 1CMo/b30BaHMA
MHOXECTBA CYLLUECTBYHOLMX SNeKTPOCEeTeBbIX TEXHONOMMM
B HOBOM KOHTeEKCTe N C NMpMMeHeHMeM HOBbIX MpUHUMMOB
3KCnNyaTaumn. B AaHHOM pasjene npeacTaBNeH KPaTKui
0630p TEXHONOMMA U MPUHUMMOB 3KCMAYaTaLMK, KOTopble
MCMONb3YITCA ANA WMHTErpaumMm KpymnHbIX AONein 80306-
HOBNSIEMOW SHEpPreTUKN B 3NEKTPOCeTb Y OCHOBbLIBAOTCA Ha
MeXAYHApOAHbIX A0OKNaAax IpuHnuc B cepe anekTpoce-
Tein, ony6aMKOBaHHbIX B Mepuoa ¢ 2009 Mo 2014 roabl (GPI-
EN 2014)"7.

VIHTennekTyasnbHble 3HepreTnyeckue cetn OyayT Urpatb
BAXKHYH PO/ib, B YACTHOCTH, 33 CYET UHTerpauum ynpasne-
Hua cnpocom (demand-side management) B npouecc 3Kc-
nayaTauum SHepreTMyeckomn cuctemsl. JHeproobecneyerne
B 6yaywem 6yaeT ocyLecTBAATLCA HE NPU MOMOLLM NWLLb
HECKONbKMX LIeHTPa/IM30B3HHbIX INEeKTPOCTaHUWA, 3 C 1Cc-
MONb30BaHMEM MHOXXECTBA Ma/blX FreHepUpYHLLMX YCTAHO-
BOK, TaKMX KaK CO/IHeYHble MaHenwu, BeTpoBble TYpOUHbI 1
ApYyrvie reHepupyioLMe YCTaHOBKM Ha BW3 - yacTb U3 Ko-
TOpbIX OyAeT 334eiCTBOBAHA B pacnpeAenuTenbHon ceTy, a

37 (GPI-EN2014) Powe[r] 2030 — A European Grid for 3/4 Renewable
Electricity by 2030; Greenpeace international/Energynautics; March
2014.
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oCTanbHble 6yayT 06beArHeHbl B KPYMHbIE SNeKTPOCTaHLMM
(Takme Kak BeTponapku). Pa3paboTkn B 061aCTV MHTENNEK-
TYaNbHbIX dHEpreTMyecKMx ceTelt NMOMOryT UHTErpupoBaTh
BCE 3TV TeXHONOMMM B paboTy SHEPreTUYecKom CUCTeMbI 1
ynpaBAATb UMK, ynpowlan o6beAnHeHne SHepreTuyeckmx
ceTei.

KOMMNPOMMCC 3aKN04aeTCA B TOM, YTO NA3HMPOBAHME SHEp-
reTMYeckom CMCTeMbl CTaHeT 6onee CNOXKHBbIM U3-33 60Nb-
Lero KonmyecTBa reHepupyroLMX MOLLHOCTEA U 3H3uu-
TeNbHOM A0/ YCTAHOBOK MEpeMeHHON reHepaumu, Bbi3bi-
BatoLLel NOCTOAHHOE M3MeHEeHMe NOTOKOB 3/1eKTPO3Heprm
B dHeprocuctemax. AN NoAAEPXKM NAAHMPOBAHWA dHEp-
rocncTembl (aKTUBHOM NMOAAEPXKKN NNAHNPOBAHUA HA CYTKM
BrnepeA 1 6aNaHCMPOB3HMA SHEPTOCMCTEMbI 3@ CYeT Npeso-
CTaBNEHMS MHGOPMAUMM B peXVMe PeanbHOro BpemeHu
O COCTOSIHWW CETW W TeHepUpYILLMX YCTAHOBKAX, a Takxe
MPOrHO308 NOroAbl) BO3HWKHET HE0OXOAMMOCTb B TEXHONO-
TVAX UHTENNEKTYaNbHOM INeKTPOCeTn. TeXHONOTUN UHTeN-
NeKTyanbHbIX dNeKTpoceTei ByayT UrpaTb BAXKHYH PoNb B
obecneyeHnmn cnocobHOCTM CMCTEM NOKPLIBATL NMKOBOE MO-
TpebneHne Ha NOCTOAHHOM OCHOBE. 3TV TEXHONOTMN NO3BO-
NAT Nlydlle UCMNoNb30BaTh pacnpesenvTenbHyo 1 Nepeaa-
toLLYI0 MHGDPACTPYKTYPY, TEM CAMbIM CBOAA HEOOX0AMMOCTb
paclUMpATL NepeaatoLymne ceTi K abCoMOTHOMY MUHUMYMY.

NHTennekTyanbHble 3NeKTpoceTH
NPMMEHSAT NHHOPMALMOHHO-
KOMMYHMKaLNOHHble TexHonorum (UKT),
4T0Obl MO>XKHO ObINO MCNONB30BATL
3HeprocmcTemMbl Ha ocHose BWD

NKT NCNONb3YKTCA B UHTENNEKTYA/IbHbIX SNEKTPOCeTAX ANA:

e N1erkoro noAKAKYeHMs 60NbLIOro KONMYeCTBa reHepupy-
tOLLMX YCTAHOBOK Ha OCHOBE BO30OHOBAAEMbIX MCTOYHM-
KOB 3HEprm K 3Heprocucteme (TEXHONOIMSA «BK/HOYAN U
paboTain»);

e c03AaHMA Gonee rMOKOM 3HEProcMcTeMbl MpY MOMOLLM
yNpaBneHVst CMPOCOM B KPYMHbIX MacLITabax 1 nHTerpu-
POBAHMWA TEXHONOMMI aKKYMyAMPOBAHMA ANs 6anaHcmpo-
BaHWUA NepemMeHHbIX BO30OHOBAAEMbIX MCTOYHUKOB dHEp-
rn;

e MpefoCTaB/NeHNA ONepaTopy cMcTeMbl 6onee KayecTBeH-
HOW MH(OPMaLUK O ee COCTOsHMK, YTOObl OH Mor Gonee
3D heKTUBHO YNpaBNsATb CUCTEMON;

* MWHMMM33UMN MOAEPHM33AUMIA ceTV 3a cyeT 3ddeKTmB-
HOTO WMCMO/b30BaHWA ceTeBON WMHGbPACTPYKTYpbl U obe-
cnevyeHna 3MbeKTUBHON KOOPAMHAUMM NPON3BOACTBA
3N1eKTPO3HeprmM Ha oOLIMPHBIX reorpaduyecknx yyact-
Kax, 4To Heo6XoAMMO ANS NMPOM3BOACTBA SHEpruv w3

B030OHOBNAEMbIX MCTOYHMKOB.

7.4.71. VnpaBﬂeHme CNpocom

Harpy3ka ceTn M3meHseTca B 3aBUCMMOCTM OT BPEMEHMW.
Mostomy Ana obecneyeHna HeoOXOAMMOro KONMYeCTBa
3NeKTPo3Heprum TpebyoTca AOMNONHUTENbHble, AAANTU-
pyemble UCTOYHMKM reHepaumn. K TMNoBbIM TeXHONOIMAM,
KOTOpble MUCMONb3YTCA B CENbCKOM MeCTHOCTM, OTHOCATCA
naporasosble ycTaHosku (MIY) nam ruaposnekTpocTaHUmu,

Mmetole  A0CTATOYHYK  aKKYMYAMPYHOLLYIO  MOLLHOCTb,
yTO6bI PearMpoBaTh H3 eXeAHEBHbIE U3MEHEHNS HArpy3Ku.
B TPaAMUMOHHbIX OCTPOBHbIX JHEPreTUYeCcKMX CUCTeMaX,
KaK MpaBWAo, UCMONb3YETCA PAA MasblX AW3eNbHbIX TeHe-
paTopoB (reHepaTopHbIX YCTAHOBOK), KOTOpble obecrneymsa-
10T MPOV3BOACTBO INEKTPUYECKON SHEPTUN B peXmme 24/7.
HeckonbKo reHepaTopHbIX YCTaHOBOK paboTatoT Herpepbis-
HO B TOYKE MX MAKCUManbHOM 3hheKTMBHOCTH, B TO Bpems
KaK 0AHa MCMONb3yeTca ANA pearnpoBaHUA Ha M3MEHeHUs
HarpysKu B ceTu.

Ao6asneHvie reHepupyLLIMX MOLLYHOCTE BO306HOBNAAEMOM
SHEPTM B TPAAWMLMOHHO LEeHTPaAM30BaHHY WUAN OCTPOB-
HYI0 SHEPreTUYeCcKyo CUCTeMy MOBAMUAET Ha paboTy 3ToW
cMCTeMbl. YpoBeHb TaKOro BO3AENCTBUA 33BUCUT OT TEXHO-
2OV BO306HOBNAEMON SHEpreTuKn. brosnekTpocTaHumu,
reoTepmasibHble  3NeKTPOCTaHUMKM,  KOHLEHTPUPOBaHHbIE
CONHEYHble W TMAPOINEKTPOCTAHUMM C pe3epByapamm Mo-
YT PEerynmpoBathb BbIXOAHY MOLLHOCTb W, CNe0BATENbHO,
obecneunatb 63308y N MAKCMMANbHYIO HATPy3KY.

MMApO3NeKTpoCcTaHumn 6e3 pesepsyapa (pycnosble), do-
TO3/NeKTpUYeCcKne 1 BeTPOBble 3SNeKTPOCTAHUMW 33BUCAT
OT AOCTYMHbIX MPUPOAHLIX PecypcoB K, COOTBETCTBEHHO,
VIMEKT MepemMeHHY BbIXOAHYK MOLIHOCTb. MHOraa 3Tn
BO300HOBNAEMbIE UCTOYHMKM SHEPIUM XapaKTepU3YIT Kak
«npepbiBUCTbIe». OAHAKO MCMNONb30BaHNE A3HHOIO Tepmu-
Ha ABNAETCA HeKOPPEeKTHbIM, MOCKONbKY «MpepbIBUCTbINA»
03H34YaeT HeynpaBNsAeMbll, T.e. He NOAAJNLMIACA AncneT-
Yepun3aumm. Tem He MeHee BbIXOAHYH MOLLHOCTb 3TUX reHe-
PUPYIOLLMX YCTIHOBOK MOXKHO CMPOrHO3MPOBATb, MO3TOMY
OHW MOTYT 6bITb pacnpeaeniembiMu.

Kpome Toro, B cnyyae Heob6X0AMMOCTU MX MOLLHOCTb MO-
XeT 6bITb CHMXKeHa. py BHeAPeHUM reHepUpYHLLNX MOLL-
HoCTell BO306HOBNAEMOI SHEepreTUkn B MMHU-CeTb creayeT
YUNUTLIBATH 1B BaXKHbIX BO3AENCTBUA: Ha BanaHcMpoBaHue
N Ha HAZAeXHOCTb.

Bo3geiicTBMe Ha 6GanaHcuMpoBaHue. Peub MAeT O KpaT-
KOBpeMEHHbIX  KOPPEKTUPOBKAX, HeoOXoAUMbIX  ANA
ynpaBneHns KonebaHWAMU OT HeCKONbKUX MUHYT A0 He-
CKONbKMX Y3CoB A0 MOMEHTA MOAAYM SNEKTpo3Heprum. B
SHEpreTMYecknX CMCTEMax, B KOTOPbIX OTCYTCTBYIOT nepe-
MeHHble FreHepupytoLLMe MOLLHOCTM, MOXET UMeTb MecTo
ANCOaNaHC MeXAy dHeprocHabxeHvem W SHepronoTpe-
6neHnem. MpUUMHAMIM STOFO MOTYT ObITb HETOYHbIe Mpo-
FHO3bl SHEpPreTMYeckon Harpysku wam pabota Tpaavum-
OHHOW 3N1eKTPOCTaHUMK C HapylueHnem paboyero rpacu-
Ka, Hanpumep, eCNM 3NeKTPOCTIHLMUA OCTaHABAMBAETCA B
3BAPUHOM pexxKrmMe Mo NpUYMHe TeXHUYEeCKon Hencnpas-
HOCTU. WHTerpaumsa B CeTb MepeMeHHbIX reHepupyHLLMX
MOLLHOCTEn BO30OHOBNAEMOWM SHEpreTVKM yBennunsaeT
PUCK TOFO, YTO MPOTHO3MpYemas reHepaumsa dneKTpuye-
CKOM SHeprum B dHeprocucteme He 6yAeT AOCTUTHYTA,
HanpMmep M3-33 TOro, YTO MeTeopoNormyeckne ycnosus
B pervmoHe meHaTCca 6bicTpee, yem oxmaanoch. Ob6ulee
BO3AENCTBME HA CUCTEMY 33BMCUT OT TOFO, HACKONLKO Be-
NWIKA JONA NepeMeHHbIX UCTOYHNKOB SHEPrm 1 HACKONbKO
LUMPOKO OHW PacnpocTpaHeHbl B pacnpeAeNnTeNnbHbIX ce-
TAX. OnpeAeneHHoe KOAMYeCcTBO SHeprum BeTpa, pacrpe-
Zle/\eHHOW Mo KpynHoMy reorpaduyeckomy parioHy, byaet
MMeTb MeHbllee BO3AeicTBMe Ha CHANAHCMPOBAHHOCTbL
CUCTEMbI, YeM 3HANOTMYHOE KOAMYeCTBO SHeprum BeTpa,
COCPEAOTOYEHHOE B OAHOM MecTe, NOCKOAbKY reorpacu-
yeckoe pacnpefeneHune CrnaamT 3hdeKT nepemeHHoN re-
Hepaummn B0306HOBAAEMON SHEPrun.



banaHcnmpoBaHme cMCTeMbl UMeeT BaXKHoe 3HavyeHne ANs:

e MNAHMPOBAHMA HA CYTKW BNepes, B COOTBETCTBUM C KOTO-
PbIM A0/DKHO ObITb CreHepMpOBaHO A0CTAaTOYHOE KOAMYe-
CTBO 3NeKTPOSHEpPrmK, YToObl MOKPbITb NPOrHO3Mpyemoe
notpebnieHne, C y4eTomM MPOrHO3UPYEMOro KoAmM4ecTBa
3NeKTPO3Hepry,  BbipabaTbiBaemMon  NepemeHHbIMM
NCTOYHMKaMM (KaK MpaBuAo, Ha 12-36 4acos Brepea);

o KPATKOCPOYHOIO MNAHNPOBAHNS, NP KOTOPOM pacripeaens-
t0TCA 6aNaHCMpytoLLIMe pecypcbl, AN NOKPbITUS TaKMX Npo-
WCLLECTBUM, KaK AMCOANGHC MEXAY NPOrHO3MPYEMbIM Mpo-
M3BOACTBOM 3NEKTPOIHEPrn 1 sHepronoTpedaeHnem nnmn
BHe3anHas noteps reHepauuu (Kak nNpasuno, NNaHNMpoBaHme

Ha HECKO/1bKO CEKYHA — HECKO/NbKO 4acoB BnepeL\).

B 0CTPOBHbIX 3HepreTnyecknx cnctemax 06a acnekTa Ao/ix-
Hbl YUYMTbIBATLCA CUCTEMOV aBTOMATUYECKN.

Bo3aeicTBue Ha HapeXHOCTb npeAacTaBnseT cobon cTe-
neHb AOCTAaTOMHOCTW FreHepauunn SNeKTPUYEeCKON SHeprum
ANA NOKPbLITUA MUKOBOro NoTpebneHns Ha NoCTOAHHOW Oc-
HoBe. H1n 0AH3 2NeKTpo3HepreTMyeckasn CMcTema He moxeT
obecneuntb 100%-HYy0 HAAEXHOCTb, MOCKONbKY BCErAa
CyllecTByeT Manas BepOATHOCTb Cepbe3HblX HapyLUeHWi
8 paboTe 3NeKTPOCTaHUMI UAN NVHWIA 3neKTponepeaayn
B MOMeEHTbI BbICOKOro notpebneHus. MockonbKy npowvs-
BOACTBO BO306GHOBNAGMOW SNEKTPLNYECKOM SHeprmm 4acTo
ABNaeTca 6onee pacnpeseneHHbIM MO CPaBHEHUKO € Tpa-
AVLMOHHBIMW KPYMHBIMU SNEKTPOCT3HUMAMM, TO CHMXKAEeT
PVCK BHE3aMHOro BbIXOA3 M3 CTPOA OTAENbHbIX KPYMHbIX
reHepupyLLMX YCTaHoBOK. C ApYroi CTOPOHbI, Mpu wC-
MONb30BaHMN MEePeMeHHbIX FeHepypyroLWnX MOLLHOCTEN
80300HOBNAEMOI 3Heprum ecTb BEepOATHOCTb TOro, YTO
Heo6X0AUMBI YPOBEHb reHepalunmn 3NeKTPOSHEeprum B Mo-
MeHTbl MkoBoro notpebnenns He byaeT obecneyeH, a 370
AOMONHUTENbHO YCNOXHAET NN3HUPOBaHME cnucTembl. Anq
AONTOCPOYHOr0 MNAHWMPOBAHMA CUCTEMDBI, B PAMKaX KOTO-
pOro oueHMBaeTCA ee 3AeKBATHOCTb, K3aK MPaBWANO, Ha ne-
pvoA OT ABYX A0 AeCATW NneT Bnepes, BaXXH3a H3AEXHOCTb.
[loNrocpoyHoe MN3HMPOBAHWE CUCTEMbI C MepeMeHHbIMN
WCTOYHMK3MM FreHepaummn - HempocTas 334a4va No NpuyvHe
akTnyeckoro reorpadryeckoro NoNOXeHUA UCTOYHMKA.
YT00bI LOCTNYL BBICOKON A0NM BO30OHOBNAEMOW SHEprum
B CMCTeMe, OHW B NeanbHOM BapuaHTe f0/KHbI ObITb pac-
MONOXeHbl H3 HEKOTOPOM PAaCCTOAHUN APYr OT APYra, YTo
6yneT No3BONATb, HANpMMep, MCMNONb30BaTh CONHEUHYH
3Hepruto 13 H>kHOM EBponbl B YCNOBMAX OTCYTCTBUA UAN
OrPaHNYEHHOro KONAMYecTBa dHeprun BeTpa B CesepHom
Espone.

B OCTPOBHbIX 3HEpreTMYecKkMx CUCTemMax BCe reHepupyto-
LMe YCTAHOBKW, KK MPaBWUNO, PACMONOXKEHbl 6M3KO Apyr
K Apyry. Mo3TomMy B OCTPOBHOMN cuMcTemMe AO/KHO ObiTb He-
CKO/IbKO Pa3NMUHbIX FeHepUpYILLIMX TeXHONOT WM, KOTopble
6yAyT 0TY3CTM NMPOEKTUPOBATLCA C 33Macom, 4Tobbl obecne-
YNTb AOCTATOYHYIO FeHEpUPYIOLLYH0 MOLLHOCTb. JTa Lienb,
KakK npaBuio, AOCTMIAeTca 3a CYeT MCMNONb30BaHUA HeKo-
TOPOr0 KO/AMYECTB3 pe3epBHbIX AM3e/IbHbIX FeHepaToOpPHbIX
YCTaHOBOK. Kpome TOro, oCTpOBHble 3HepreTmyeckme cucre-
Mbl MOTYT 3JaNTUPOBATb SHepronoTpebneHne Noa ypoBeHb
3HeproobecneyeHus, a He HaobopoT. Takoi Noaxon M3Be-
CTeH K3K ynpasfieHne 3HepronotpebneHnem Co CTOPOHbI
notpebutena. MNMpuUmepom «afanTMpyemon» Harpysku B
OCTPOBHbIX CMCTEMAX B PaMKax 3TOr0 MOAXOA3 ABNSETCA
NpUMeHeHVe BOASHBIX 1 MPPUrALMOHHBIX HACOCOB, KOTOpPble
MOXHO BK/I0YATb U BbIKNHOYATb B 33aBUCMMOCTM OT YPOBHSA
3NeKTpocHabxeHus.
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7.4.2. CeTb «CBEPXBbLICOKOTO
HanpsXxeHua» — obbeanHeHne
NHTeNNeKTYa AbHbIX
3NeKTpoceTen

MpUHMM3aA BO BHUMAHWE TeKYLMA YpPOBEHb Pa3BUTUA
TEXHONOTUI aKKYMYAMPOBAHUA 3HEprun, TPYAHO npea-
CTaBUTb, YTO 3KKYMyAMPOBaHWe 3Heprun moxeT obe-
CneynTb KOMMAEKCHOe pelleHre 3aAayu nepexona Ha
BW3. HecmoTpa Ha AOCTYMHOCTb PasIMUHbIX aKKyMynn-
pYOLWMX TEXHONOTNIN, TaKUX KaK 3SNeKTPOXMMUYeCcKune
6aTapen, 0CTAETCA HEACHbIM, OKaXyTCA NWN TEXHONOTUM
AKKYMYNMPOBAHUA INEKTPUYECKON SHEPrnm B KPYMHbIX
MacwTabax, Kpome rMAPOAKKYMYNUPYIOLLMX TeXHONO-
TMA, NpeACTaBNeHHbIX B NpeAblAyllem pasfene, Xus-
HecnocobHbIMN KaK C TeXHUYeCcKoMn, Tak U IKOHoOMUYe-
CKOW TOYKMW 3peHna. Takme cucTtembl akKyMyAMpoBaHUA
3NeKTpUYeCKo 3Heprum Ao0MKHbI OyAyT MOKPbIBaTb
60NbLUYI0 YaCTb €BPOMEeNCcKoro 31eKTpocHabxeHna He-
NMpepbIBHO B TeyeHue ABYX HeAeNib C HU3KUM CONHeu-
HbIM M3NYYeHVeM Y ManoBeTpeHow noroAomn. YumToisas
TEeKYLNN YpOBEHb PA3BUTUA TEXHONOTUN, YTBEPXKAATD,
4yTo 370 6yAeT BO3MOXHO, HeNb3A. YToObl CNpoeKTnpo-
BaTb 3HEProcncTemy, KOTopaa MOXeT af\leKBaTHO pearu-
poBaTb Ha TakMe 3KCTpemainbHble cuMTyauuu, Tpebyetca
TWwaTeNbHOe NN3HNPOBaHMe, KOTOpoe No3BOANT obecne-
YNTb AOCTYMHOCTb FEHEPUPYIOLLMX MOLLHOCTEN BMecTe C
AOCTATOYHOWN NPOMYCKHON CMocoOHOCTbIO ceTn Ana obe-
cneyeHus sHepronoTpebneHna. Heo6XoAMMO YUNTbIBATH
pasnnyHble BpeMeHHble pamKu:

e [JONrOCPOYHOE MAGHMPOBAHME CUCTEM ANA OLEHKM WX
3/\leKBATHOCTU B TeyeHne OavKaniimx net (Kak npasuno,
TaKkoe MN3HVMPOBaHME OXBATbIBAET BPEMEHHOW FOpU3OHT
0T 2 A0 10 NeT);

e MNIaHMPOBAHME Ha CYTKM BMepea, KOTOpoe [A0/KHO
NOATBEPAUTbL AOCTYNMHOCTb AOCTATOYHOrO KOAMYeCTBa
reHepupyLLMX MOLLHOCTEN ANSA MOKPbITUA MPOrHO3U-
pyemoro notpebneHua (Kak mpaBWno, Ha 12-36 4acos
Bnepea);

® KpaTKoCpoyHoe 6GanaHCMpoBaHWe, KOTOpoe OXBaTblBaeT
TaKune cobbITUSA, KakK ANCOANHC MeXAY NPOrHO3MPYeMbIM
npon3BoACTBOM/NOTpebAEHEM  3NEeKTPOIHEeprun  UAn
BHE3amnHas noteps reHepaumu (kak NpasmnNo, NNAHNPOBa-
HWe Ha CPOK OT HECKONbKMX CEKYHA A0 HECKONbKMX YaCcoB

Brepea).

MpenMyLLIeCTBa CeTU CBEPXBbICOKOI0
HaNpsAXXeHs

HaumHas ¢ 1920 roaa Kaxablii sHeproysen 8 Espone vmen
CBOK COOCTBEHHYIO M30/MPOBAHHYI0 dHeprocuctemy. C pas-
BUTMEM NMHWIA SNeKTPOMNepeAadyun BbICOKOrO HaMpsxXeHus
CTano BO3MOXHbIM MepesasaTb SNEKTPUUECKY SHEpPruko
Ha 60/blUME PACCTOAHMA. B CKOPOM BpemMeHM MpOMU3OLLAO
obbesnHeHVe 3Heproy3nos. BHavane o6beAMHANMCL dNeK-
TPOCTAHUMM B Npefenax oAHOro permoxa. C roaamm TexHo-
NOTVA NPOAO/VKMNG Pa3BMBATHCA, U MAKCMMA/IbHO BO3MOX-
HOE HanpsXKeHWe NUHWKM dNeKTponepeaadn NocTeneHHo
YBEANYNNOCH.
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CyWlecTByOT ABa OCHOBHbIX (hAaKTOPa PaCLUMPEHNS CTPYKTY-
pbl CETU:

1. KpymHble ceT nepefaysm U BbICOKOBOLTHbIE MHUM
NpeAnonaranu, YTo NoCTaBLUMKLA MOTYT aAanTMPOBaTLHCA
K COBOKYMHOMY NOTpeBAeHMo SHeprm 60NbLLIOTO KOAM-
yecTBa noTpebuTenein BMeCTo aAanTaumn K N3MeHeHuo
notpebneHns oaHoro notpebuTens (KOTopoe MoXeT 3Ha-
UNTENbHO MEHATLCA C TeYEeHMEeM BpemMeHu) Npy NOMOLLIM
OAHOTO reHepupytolero pecypca. MoTpebneHvie Bcex
3TVX noTpebuTener, BMecTe B3aTbIX, CTANO Aerye npo-
FHO3MpOBAaTb, — CNefJ0BATE/bHO, 3H3YUTENbHO YNPOCTM-
NOCb NNAHNPOBaHMe rpacuKka reHepaumnm.

2. KpynHble ceT nepeaaym caenanm BOSMOXXHOW SKOHOMMUIO
33 cYeT MacTabos, B YAaCTHOCTU MUCMONb30BaHNE Gonee
MOLLHbIX TFeHepupyrLMX YCTAHOBOK. B 1930-x roaax
Hanbonee BbIFTOAHBIMA C SKOHOMUYECKON TOYKU 3pe-
HUA OblAM TennoBble 3NeKTPOCTAHUUN MOLLHOCTbIO
0KONo 60 MBT. B 1950-X roaax 3TOT NOKasaTenb CO-
ctasun 180 MBT, @ K 1980-M OH AO0CTUT 1000 MBT.
Tako noaxoa OblN LenecoobpasHbIM UCKAYNTENbHO
C SKOHOMMWYECKON TOYKM 3peHund, MOCKONbKY pacLuu-
peHne sHepreTuyeckom cuctemol TpeboBano MeHbLINX
33TpaT, YeM yBenun4vyeHme MeCTHbIX FeHepupyrLmnX
MOLLHOCTen.

AaHHbI noaxos HeceT B cebe HeKOTOpble CyLleCTBeH-
Hble PWUCKKW, TaKMe KakK HapyweHue paboTbl KpynHoW
SNEeKTPOCTaHUMN NN BbIXOA N3 CTPOA OCHOBHOW NUHUK
nepeaayn, 4To MOXeT, B CBOK oO4epeib, BblBeCTU M3
CTPOS dHepreTMyeckyt cuctemy Ha 60NbLIOM y4yacTke
Tepputopun. Y1o6bl ObITb AyYlle NOATOTOBAEHHBIMU K
TAKUM CUTYaUMam, 6bIN0 NPUHATO pelleHne 00beANHUTb
HaUMOHaNbHble CNCTeMbl nNepeAdayYn SNeKTpOsHeprnn B
Espone 1 Apyrnx pervoHax 4yepes rpaHuubl. CTpaHbl MO-
ryT NOMOraTtb APYr APYry B Ype3Bbl4aMHbIX CUTYyaLMAX
B YaCTW BKNKYEHMA pe3epBa MOLLHOCTM U KOHTPONA 33
4acToTOMN.

Mepexos K 3Heprocucteme, B KoTopo Gonee yem 90%
3neKkTpocHabxeHnsa obecneunsaetca 13 Bo30OHOBNSAEMbIX
WCTOYHUKOB 3SHepruy, Takxe noTpebyeT 3H3aUMTENbHbIX
PEKOHCTPYKUMIA CeTn nepeaayn 3neKTposHeprum, 4Ttobbl
3afaNTMpOBaTbCA K NOTPeOHOCTAM HOBOW reHepupytoLLen
CTPYKTYpbI. MpaBuAbHO NoA06PaHHbIN TN ceTn obecneym-
BaeT 3KOHOMWYHOE, HafeXKHoe 1 yCTonumBoe 3Heproobe-
cneyvyexue.

B npwHumne, yBenmyeHve MOLUHOCTEN FeHepupyoLnX
YCTAaHOBOK H3 MeCTHOM YpOBHe npuBeno Obl K CHUXe-
HWIO NOTPEeOHOCTM B KPYMHbIX FEHEPUPYIOLLIMX MOLLHOCTAX
B0306HOBNAEMOW 3Heprum B Nto6OM Apyrom mecte, a
TakXKe MOAEPHU33aLUN CeTn nepeaayn 3NeKTPOSHepruu.
B A3HHOM Cnyyae mecCTHas dHepretTuyeckan cuctema Oy-
AeT TPaHCOpMUPOBATHLCA B TMOPUAHYIO CUCTEMY, KOTOPas
MmoxeT paboTaTb 6e3 Kakon-n1Mb0 BHeLUHe NMoALePXKKU.
OaHako ysennyeHue (M36bITOYHOE) MOLLIHOCTEN MeCTHbIX
3NeKTPOCTaHUNA MeHee BbIrOAHO SKOHOMMYEeCKN B CpaB-
HEeHWW C YCTAHOBKOW KPYMHbIX 3N1eKTPOCTaHUMIN HA OCHOBe
BO306HOBNSIEMbIX UCTOYHNKOB SHEPIVN B PErVIOH3IbHOM
macwTtabe ¢ MX WHTerpaumeln B SHepreTMyeckyr cucte-
My MpY MOMOLUM PACLUMPEHNS NNHUIA SNeKTponepeaayn.
Mponopumnsa, COrNACcHO KOTOpPOW AO0NA pacnpefeneHHbIX
06bekToB BM fonkHa cocTaBnsaTh 70%, @ AONSA KPYMHbIX
SHepreTMyecKnx YCTaHOBOK H3 OCHOBe BO30OHOBASIEMON
SHeprun - 30%, He OCHOBbLIBAETCA HA AETaNbHOM TeXHU-
Yecko UNM SKOHOMMUYECKOM ONMTMMM33AUUK; ONTUMANb-

Han KOHMbWrypaumns cetm ANA KaxAon MecTHOCTU rmeeT
CBOM 0COBEHHOCTU C y4YeTom ee ycnosuin. Heobxoanmo
6yneT npoBecTM AOMONHUTENbHble WCCNEf0BaHUSA Ha
pervoHanbHOM YypoBHe, 4ToObl MonyumTb 6onee Kaye-
CTBEHHYIO OLEHKY COOTHOLUEHMA AONeN pacnpeaeneHHOn
reHepaumm 1 Npov3BOACTBA INEKTPOIHEPrMn KpynHbIMU
o6bekTamn. J0/KHbIM 06pa3oM CMpPOEKTMPOBAHHAS CU-
CTema nepejaun 31eKTpUYeCcKon 3Heprum Asnsetca pe-
WweHnem Ana obenx cUTyaumi, NOCKONbKY OH3 MOXeT
MCNONb30BaATLCA ANS Nepefayun HeobXoAMMOro Konmye-
CTBA 3N1€KTPUYECKOW SHEPrun 13 PalioHOB C M36bITOYHbIM
reHepMpoBaHMEM B PaioHbl C ero Aeduuntom. B uenom
CMCTemMa nepenayn 31eKTpo3Heprum AosikHa ObiTb Cro-
cobHa pelnTh:

e Mpo6/aeMbl ANNTENLHOMO XapaKTepa: peskne M3MeHeHus
B [LOCTYMHOCTM NPUPOAHbIX PECYPCOB B CeAYHOLLEM FOAY
(Hanp1mep, NPOV3BOACTBO 3/1EKTPMYECKON IHEPrN Npu
MOMOLUM BeTPOBbIX TYpOUH B NO6OM OTAENbHO B3ATOM
permoHe MoXeT B3apbMpOBaTb B Npeaenax 30% u3 roaa
B roa). B ruaposHepreTvike 3T M3MEHeHUs MOryT ObiTb
eLle 6onee cyLleCcTBEHHbIMY;

e CpefiHecpoYHble Mpobnembl: KpaiHe HebnaronpuaTHas
[OCTYMHOCTb MPUPOAHBIX PecypcoB, Hampumep OTCyT-
CTBMe BeTPa B OCHOBHbIX YacTAX EBPOIbI 3MMOIA, KOrAa Ha-
611043eTCA H3KAA aKTUBHOCTb CONNHEYHOTO U3NYUEHNS;

e KPaTKOCPOYHble Mpo6aeMbl: CyLleCTBeHHbI AncOanaHc
MeXAy NpOrHo3vpyembiM ©  (HaKTUYeckum o6bemom
npon3seleHHON BETPOBOM M CONHEYHOW 3NEeKTPUYeCcKomn
3Hepruun, KOTOPbIA OKa3blBaeT CyLlecTBeHHOe BO3Ael-
cTBMe Ha paboTy HepreTnyeckon cMcTemMbl B AMANa3oHe
OT 15 MUHYT A0 3 4YacoB;

e npobnemy noTepu 3HauYMTeNbHOro 06bema reHepaumm
B pe3ynbTaTe HenporHo3vpyemoro 0Tkasa WAn Hapy-
WweHns paboTbl ceTw, BO3AeNCTBME KOTOPOro ANWUTCA
MUNNANCEKYHAbI. B HacToAllee BpemA esponenckas
KOHTMHEHTaNbHas SHepreTMyeckas cuctema cnocobHa
CNPaBNATLCA C MAKCMMANbHOM BHE3aNHOW notepen re-
Hepauunu Ha ypoBHe 3000 MBT. OkaxeTca Nu 3TOT ypo-
BEHb A0CTAaTOUYHbIM ANA 6yAyLlero, 3aBUCUT, HaNprUMep,
OT M3KCMMA/IbHOW MPOMYCKHOW CNoco6HOCTA OAHON
NWVHUKM 3nekTponepenayn. CKkopee BCero, MakCmMmano-
HaA NpPOMyckHas cnocobHOCTb OAHOW NIMHWUW 3NeKTpo-
nepenaun B Gyayllen ceTu CBEPXBbICOKOrO Hanpsxe-
HuA HVDC npesbicuT 3000 MBT; noatomy Heob6xoAMMO
npeaycMOTpeTb AO0CTaTOYHbIe pe3epBHble reHepupyto-
LMe MOLLHOCTM M/MNK NPONYCKHY CNOcobHOCTb cetu
Npu NepenpoeKkTUPOBAHUN SHEpreTuyeckom cucteml
(TakoW BapMaHT paccMaTprBaeTCsA B OLEHOYHOM AOKN3-
Ae MyTeM CO3A3aHUA HArpy3kuM B CeTu CBEPXBbICOKOro
HaNPSXKEHUA A0 MaKCMMyMa B 70%).

ANa nepenpoekTUpOBKN HA3eMHON CeTn nepenayv nek-
TPO3HEpPrnM CYLLIeCTBYIOT Pa3/IMuHble TeXHWYeckne pelle-
HUA, TAKMe KaK:

o HVAC (nepemeHHbIn TOK BbICOKOTO HaMpsiXKeHus);
e HVDC LCC (cncTema MOCTOAHHOFO TOKAa BbICOKOrO Hamps-

XEHUA C NCNONb30BaHNEM Npeobpa3osaTens ¢ AMHENHOM
KoMMyTaLuen);

e HVDC VSC (cMcTema NOCTOAHHOTO TOKA BbICOKOTO Hamnps-

)KEHMA C NCNoNb30BaHMeM Npeobpa3oBaTens Hanpsaxe-
HUA);

e /ipyrvie TexHUYecKme peLleHuns.



7.5. OTONNEeHne N oxnakaeHme
NPY NMOMOLLM TEXHONOTNI
BO30OHOBNSAAEMOW SHEpreTuKku

YenoseyectBo VMeeT [3BHIOK TP3AWLMIO WCMOb30BAHMA
BO30OHOBNAEMbIX WCTOYHVMKOB SHEprv ANA OTOM/EHMA U
oxnaxaeHua. Tenno MoXeT MOCTYnatb OT CONHUA (conHeu-
Han TennoBasA dHeprvis), 3eMn (reoTepMasibHas 3Heprus), 13
OKpY>KatoLLIel cpefibl 1 pacTuTenbHoro matepuana (6romacca).
ConHeyHoe Tenno ANS MPOLEeCcoB CYLIKM WU APOBsHblE neyn
ANA NPUTOTOBNEHMA MULLM MUCMONb3YIOTCA TaK A3BHO, YTO UX
MPUHATO CYMTaTb «TP3AVLMOHHBLIMMY, OAHAKO COBpPEMEHHble
TEXHONOMMN AaNeKo He «CTapOMOAHbIe». 33 nocnesHee Aecs-
TUNeTve Obln YCOBEpLUEHCTBOBAH Lienbli psz TPaAMLIMOHHBIX
TEXHOMOTUI, MHOTVE M3 KOTOPbIX YXKe CTaNM WM H3UMHAIOT
CTAHOBWTBLCA SKOHOMMYECKI KOHKYPEHTOCMOCOOHBIMI MO OTHO-
LLIEHVIIO K TEXHONOTMAIM, OCHOBAHHBIM Ha MCKOM3aeMoM TOM/Be.

B AaHHOM pa3fene npeAcCTaBNeH CNeKTP TeXHONOMMIA OTo-
NAGHNA U OXNAXKAEHNA H3 OCHOBE BO30OHOBNAEMbIX UCTOY-
HMKOB 3HEepruu, a Takxke npusefeH KpaTkuii 0630p Cambix
COBPEMEHHbIX TEeXHONMOMMI, 06beAVHALWNX Lenblin psaa
MOCTaBLUMKOB 1 NOTpebutenei B Teniosble ceTM UAn Aaxe
Lienble CUCcTeMbl TenN0CHAOXKEeHMA N OXNAXKAEHUA C UCNONb-
30BaHMEM Pa3NINYHbIX BO30OHOBNAEMbIX MCTOYHMKOB dHEp-
rvv. K HOBbIM HaMpaBNeHMAM Pa3BUTUA 3TOM TEXHONOTUU
OTHOCATCA OTOM/IeHMe/oXNaXKAeHMe NMOMeLLeHUIA U UCNONb-
30BaHMe NPOMBILLNIEHHOIO TEXHO/I0rMYeCcKoro Tenna.

7.5.1. CONHeYHble Tennosble
TEXHONOIW

CoNHeYHan TennoBas SHEpPrvs WCMoNb30BaNach ANA Mpom3-
BOACTBA Tenna B TEUEHWe MHOMMX CTONETUI, HO npuobpena
BbICOKYHO MOMNYAAPHOCTb M KOMMEPYECKoe pa3BuThE B TeYeHune
NOCNeAHMX TPUALATY NeT. CUCTeMbI CONHEYHbBIX TeMM0BbIX KO-
N\eKTOPOB OCHOBAHbI HAa MHOTOBEKOBOM MpMHLMME: CONHLE Ha-
rPeBaeT BOAY, COAEPKALLYHCA BHYTPU COCYAA TEMHOIO LiBeTa.

Mpeanaraemble TexHonorum 3 heKTVBHbI, BbICOKOHaAEXKHbI
1 06ecneurBaloT 3Hepruto, KoTopas HaXOAWT LUMPOKOe Mpu-
MeHeHVe B XXWbIX N KOMMEPYECKMX 3A3HUAX, MN3BATENbHbIX
6acceitHax, UCNoNb3yeTca ANA MPOMbILLNEHHOTO TeXHONOM-
YecKoro Tenna, OXNAXKAEHWA, 3 TaKXKe ornpecHeHNs BOAbI.

HecmoTps Ha HanMume AOCTATOYHO Pa3pabOTaHHbLIX TEXHO-
Norvi, 06ecneynBaloLLnx ropsyee BoAOCHAOXeHNe N OTO-
NAeHVie NOMELLEHN NpU MOMOLLUM CONHEYHOM SHepruu, B
OONbLUMHCTBE CTPaH WX UCMONb30BaHME BCe elle He CTano
MOMNYNAPHbIM. BONbLIMM LIArOM B HanpasBneHun SHepre-
TUYecKoW [pleBontounn ABNAETCA MHTErpauUmna CONHeYHbIX
TENNOBbIX TEXHONOMMI HA 3Tarne NPOeKTUPOBAHUA 3A43HUN
WAV NPU 3aMeHEe CUCTeM OTOMNEeHUs (U OXNXKAEHUS), YTOo
MO3BONAET CHU3UTb CTOMMOCTb YCTaHOBKM.

O6orpes 6accenHoB

Oborpes 6acceiHOB MOXeT NerKo OCYLLeCTBAATLCA becnnar-
HO 33 CYeT KCMNO0/b30BaHNA KONNEKTOPOoB 6e3 CTeKNSHHOTO Mo-
KpbITUA ANS Harpesa BoAbl. OHW U3rOTOBAAKOTCA MpenmyLiie-
CTBEHHO 13 MAACTVKA, He MMEeIOT M30NALMM 1 AOCTUTAIOT TeM-
MepaTypbl, KOTOPas BCEro Ha HECKObKO FPa/lycoB MpesbillaeT
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TemnepaTypy OKpyXXatoLen cpeabl. Konnektopbl ncnonb3y-
toTca Ans oborpesa 6acceiMHOB W YCTaHABAMBAOTCA MO0 HA
rpyHTe, 60 Ha Kpbille 6mM3nexallero 34aH1s. Boaa npoka-
ymBaeTca B 6accelH HenocpeACTBEHHO Yepes KoaieKTop. Pas-
Mep TaKOM CUCTeMbl 33BUCUT OT pa3mepa OacceiiHa, a Takxe
BPeMeHU rosla, B KOTOPOM 1cnonb3yeTca GaccelH. Mnowwaap
KONNEKTOPa A0/PKHA COCTaBNATb OT 50% A0 70% OT nnoLaan
noeepxHoCcTV 6acceiHa. CpeAHUIn pa3mep CUCTEM KONEKTO-
poB 6e3 CTeKNAHHOrO MOKPbITUA ANA HArpeBa BOAbI, YCTaHAB-
NBaembix B EBpone, cocTaBnser okono 200 m? 38,

CnucTembl ropaYvero BoaocHabxeHma Ans
ObITOBbIX HYXA

Hanbonee LIMPOKO CONMHEYHAs TEMN0Bas dHeprua WCMosb-
3yeTca B CUCTEMAX ropavyero BOAOCHAOXKeHMA ANA OblTOBbLIX
HYXA. B 33BUCMMOCTI OT YCNOBUI 1 TUMA CUCTEMbI CONHEYHASA
3Hepra MoxeT obecneunTb GONbLUYIO YacTb MoTpebneHus
ropsyelt BoAbl B 343HMAX. bonee KpyrHble cMCTEMbl MOTYT
[0MONHUTENbHO 00eCneynBaTh 3HAUNTENbHYIO YaCTb SHEPriK,
HeoOXoANMO ANA OTONNEHNA NomelLieHMi. CyLLecTBYHOT ABa
OCHOBHbIX TWMA CONHEYHbIX KO/IIeKTOPOB, OHM OMCaHbI HUXKeE.

BakyymHble Tpy6Kun

Haxoanawmics B BakyymHol Tpy6ke nornotutens abcopbupyet
CONHEYHOe M3NyYeHne U HarpeBaeT XXUAKUA TennoHOCMTeNb
BHYTPU TPy6KW. OTpaxaTenw, pacnonoxeHHble 33 Tpybkamu,
obecneynBaloT AOMONHUTENbHOE U3NYyYeHre. Kpyrnas dopma
BakyymHol TpyOkmu obecneumBaeT MonasiaHWe CONHEYHOro
N3NyYeHVs B NOMNOTUTENIb HE33BMCUMO OT YrNa N3AeHWA CoN-
HeyHbIX Nyyei. Konnektop ¢ BakyymMHbIMK Tpybkamm achdek-
TVBeH Aaxe B 06/1auHbIfi AeHb Npy paccesaHHoM ceeTe. bonb-
LUMHCTBO CUCTEM CONTHEYHBIX KONNEKTOPOB, YCTaHaBNMBIEMbIX
B MUpe, OTHOCATCA K 3TOMY TWMy, 0CO6eHHO Ha KpynHeLlem B
Mupe pbiHKe - Kutae. KonnekTopbl 3TOro TMna COCTOAT M3 pAA3
BaKYYMHbIX CTEKNAHHbIX TPYOOK, BHYTPU KOTOPbLIX HAXOAMUTCA
nornoTutens. BakyymHasa cpeaa obecrneuvsaer meHbLUMe MO-
Tepu Tenna. Paboyas TemnepaTtypa 3TUX CUCTEeM MOXeT Ao-
CTUratb He meHee 120°C. OAHAKO, KaK NPaBWUNO, KONNEKTOPbI
[A3HHOTO TWM3a MCMNONL3YIOTCA NMPY TemnepaTypax B AMANa30He
oT 60°C Ao 80°C. BakyymHble TpybuaTble KonneKTopbl 6onee
3deKTMBHbI, YeM 006blYHble NNOCKMe KOMNEeKTOpbl, HO, KaK
npaBuno, ABNstoTCA 6onee A0POrUMM.

Mnockmne naHenn M NNOCKMe CoONAHEeYHble
KONNEKTOPbI

Mnockme CoNHeYHble KONNEKTOPbl BHELUHe MNpeACTaBnAlT
€060 AWK CO CTEKNAHHBIM MOKPbLITUEM, KOTOPbIN YCTaHaB-
NMBaeTCs Ha Kpbllle Hanosobume CBeTOBOro NtoKa. BHyTpM
KOHCTPYKLMA OCHALLEHa CUCTeMON MeAHbIX AW 3NIOMUHNE-
BbIX TPYOOK, K KOTOPbIM NPYKPenieHbl MeAHble CTeHKW. KoH-
CTPYKUMA MUMeeT YepHbl LuBeT ANA Ayuyllero MNornoLeHvs
CONHeYHbIX Nyyen. Kak npaBuno, NNOCKME CONHEYHble KON-
NeKTOopbl He ABNAKTCA BaKYYMHbIMU. OHM MOTYT AOCTUraTh
TemnepaTtyp npumepHo ot 30°C Ao 80°C™ 1 ABNAKOTCA HaW-

138 (Weiss, W. et al. (2011): Solar heat worldwide - markets and
contribution to the energy supply 2009. IEA Solar Heating And
Cooling Programme, May 2011. International Energy Agency (IEA),
Paris, France.

139 Weiss, W., et al. (2008): Process heat collectors - state of the art.
IEA Heating and Cooling Programme and IEA Solarpaces Programme,
2008. International Energy Agency (IEA), Paris, France.
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6onee nonynapHbIM TUMNOM KonnekTopos B Espone. Cyule-
CTBYHOT AAB3 Pa3/IMYHbIX CNocoba ynpasneHns noToKom BoAbl
B CUCTEMAX COMHEYHbIX KONNEKTOPOB, OT Yero, COOCTBEHHO,
33BUCUT CTOMMOCTb CUCTEMbI B LIeIOM (CM. pUC. 7.12).

TepmocnOHHbIE CUCTEMDI

MpocTble TepmMocdOHHbIe CONHEYHblE TennoBble CUCTEMbI
NCMONb3YIOT CUAY TAXKECTU B KayecTBe eCTeCTBeHHOro Crno-
co6a nepeaaun ropayert BoAbl U3 KOANEKTOPA B aKKYMYAU-
pytoLniz pesepsyap. OHM He TpebyHoT HACOCHON CTaHLMW UAK
610Ka ynpasneHns. MHorme 13 HUX NPUMEHAIOTCA B Kaye-
CTBE HEe33aBUCUMbIX cucTem 6e3 TennoobMeHHNKAE, YTO CHU-
KaeT UX CTOMMOCTb. TepMOCUdOH ABNAETCA OTHOCUTENbHO
KOMMAKTHbIM, YTO AeNaeT ero YCTaHOBKY N 06CNyXMBaHMe
[OCTATOYHO MPOCTbIM. AKKYMYAMPYIOLNIA pe3epByap Tep-
MOCMOHHOM CMCTeMbl KPenuTcs, Kak npaBuao, Henocpea-

Puc. 712. Cnctembl eCTeCTBEHHOW U MPUHYANUTENbHOW UMPKYNALMA

CucTeMa ecTecTBEHHOM LUPKYALUK
(ana noporpesa BoApl)

|\

CTBEHHO HaZ KONNEKTOPOM Ha Kpbillie 1 MoABepraeTcs Heno-
CpeACTBEHHOMY BO3AeNCTBUI0 MOroAHbIX ycnosui. cnonb-
30BaHMe TAKNX CUCTEM X3PaKTePHO ANS PErMOHOB C Tennbim
KAMMATOM MO MpudMHe mx 6onee HM3Kon 3heKTUBHOCTU
Mo CPABHEHWMI C CUCTEMaMW MPUHYANUTENBHON LMPKYNALMN.
Hanbonee pacrnpoctpaHeHHbIMM Npo6AeMamMmn CUCTEM 3TOFO
TMN3 ABNAKOTCA MOTepu Tenna u puck 3amep3anua. Cootset-
CTBEHHO, OHW HeMpUroAHbl ANA MCMONb30BAHWA B PEryoHaX,
rae TeMnepaTtypa ONyCcKaeTcs HMxe Hyns. B ctpaHax HOxkHom
EBponbl Takas cucTema crnocobHa obecneynTb NoYTh Bee no-
TpebneHne ropsyeit BoAbl AOMOX03aMcTBaMN. OA4HAKO Kpyn-
HeMLMM PbIHKOM TepMOCUMOHHBIX cucTem aBnaetca Kutai.
B EBpone, Hanpumep, Ha TepMOC1(OHHbIE CONHeYHble cucTe-
Mbl ropsyero BoAoCHabXeHMs npmxoamntca 95% ot obuiero
KONMYeCTBa TEeNN0BbIX KONNEKTOPOB, YCTAaHABANBAEMbIX A0-
moxo3ancrteamm B peunn™®, 25% B Utanum n 15% B Mcna-
HWW, COTNACHO A3HHbIM 33 2009 roA™".

Cuctema NPUHYAUTENbHOM LMPKYAALUK
(&na nogorpesa Bogpbl U OTON/IEHUA)

o A\
W

HcToyHmK: EPIA (EBpOnevickas accoymalimng (oTo3/1eKTPUYECKOM POMbILLCHHOCTY).

HacocHble cncrtemnl

BONbLWINMHCTBO CUCTeM, YCTaHaBAMBaemMblx B Espone,
npeAcTaBNAT co60i cMCTeMbl NPUHYAUTENbHOM (Haco-
CHOM) UMPKYNAUMM. DTU CMCTeMbl aBAaAloTcA 6onee CNoX-
HbIMW WU JOPOTMMU MO CPABHEHWMK C TepMOCUDOHHbIMM
cnctemamu. Kak npasuno, akkymynmpyroLuii pesepsyap
yCTaHaBAMBaETCA BHYTpM Aoma (Hampumep B noaBane).
ABTOMATUYECKM yNpaBAsemMbli Hacoc obecneymBaeT Uup-
KYNSILMIO BOAbI MeXAY aKKYMyAUPYOLWMM pe3epByapom
N KONNeKTopom. CUCTeMbl MPUHYANTENBHOM LUMPKYAALMM
00bIYHO YCTaHABAMBAKTCA C TenN0O0OMEeHHUKOM U, Che-
NOBATENbHO, ABNATCA ABYXKOHTYPHbIMU. OHM UCMONb3Y-
H0TCA, KaK MPaBMNO, B PErMOHAX C HU3KMMUK TemnepaTty-
pamu atmochepHOro Bo3Ayxa, No3TOMY B UX CONHEYHbIN
KOHTYp HeobxoamMmo A00aBNATb aHTMdPK3, 4ToObI npe-
[OTBPATUTH 3amep3aHue BOAbI, KOTOPOe MOXeT NpuBecTu
K pa3pyLLUeHWto KONNeKTopa.

HecmoTpsa Ha TO YTO CMCTeMbl MPUHYAUTENbHON LUMPKYAS-
umm 6onee 3 PeKTUBHbI, YeM TEPMOCUPOHHbIE CUCTEMDI,
OHV B LeNOM He CcnocobHbl MOMHOCTbI0 0becneynTsb noTpe-

6neHue ropayelt BOAbl B perMoHax ¢ XON0AHbIM KAMMATOM
W, KaK NPaBNNO, COBMELLAIOTCA C pe3epBHbIMU CUCTEMaMU,
TaKMMM KaK TennoBble HACOoChbl, MenneTHble KOTAbl UAK TPa-
AVILMOHHbIE ra30Bble N M3CAAHble KOTAbl. JoNA NCNONb30-
BaHWA CONHEYHbIX CUCTeM 33BUCUT oT noTpebneHns Tenna,
TemnepaTypbl aTMochepHOro BO3AyXxa M KOHCTPYKLUMN CU-
ctembl. C y4eTOM TeKyLLero pa3BnTUA TEXHONOT U CONHeY-
Haa sHeprua obecneunBaeT cerofHs 60% ropayero BoAO-
CHab>xeHns B cTpaHax LleHTpanbHom EBponbl. CTaHA3PTHasA
NNOLWaAb KONNEKTOPa, YCTaH3aBAMB3EMOro AOMOX03AM-
ctBamn B EC ana obecneyenuns ropsayero sofocHabxe-
HWA OAHOKBAPTUPHOrO XWMAOr0 AOM3, COCTABNAET 3-6 M2

140 Travasaros, C. (2011): The Greek solar thermal market and
industrial applications - overview of the

market situation. Greek Solar Industry Association, World sustainable
energy days 2011, Wels, 3.3.2011,
http://WWW.wsed.at/fileadmin/redakteure/wsed/2011/download_
presentations/travasaros.pdf.

41 Weiss, W. et al. (2011): Solar heat worldwide - markets and
contribution to the energy supply 2009. [EA

Solar Heating And Cooling Programme, May 2011. International
Energy Agency (IEA), Paris, France.



Mnowasb KONNEKTOPOB, YCTaHABAMBAEMbIX B MHOTOKBAp-
TUPHbIX AOMAX UM OTeNsx, ABNSETCA ropa3ao 6onbLuen n
COCTABASAET, KaK MPaBW0, 50 M? 42143144,

Cuctembl OTONNEHUA NOMeLLeHU

Kpome cuctem ropsyero BoAocHaOxeHMs ANA ObITOBbIX
HYXA WCNONb30BaHME CONHEYHOM TennoBOW 3SHeprun B8
CMCTeMax OTOMAeHUs MoMeLLeHU CTaHOBMTCA Bce Gonee
NnonynApHbLIM B eBponencknx ctpaHax. Mo cytn, EC agna-
eTca KpynHerwmnm pPbIHKOM ANA 3TOM TEXHONOTMW B AJH-
HbIA MOMEHT, MpW 3TOM HanbonblMIA cnpoc HabnaaeTcs
8 fepmanuun 1 ABCTpumn. OAH3KO B 3TUX CMCTEMAX MUCMONb-
3YHOTCA TaKMe e KONNeKTOpbl, 4TO U B CUCTeMax ropayero
BOAOCHAOXeHMA ANnA ObITOBbIX HYX/A — KONNEKTOpbI, Npea-
Ha3HayeHHble ANA OTONAEHMA MOMELLEeHNI 33 CYeT CONHeY-
HOWM 3Heprum, HO TONbKO HACOCHOro TUna. JencTeBmnTenbHo,
6ONbLUMHCTBO NCMONb3YEeMbIX CUCTEM ABASKOTCA TaK Ha3bl-
BaeMbIMM KOMOUHNPOBAHHbIMW CUCTEMAMM, KOTOpble 0be-
CNeymnBaloT Kak ropsavee BogocHabXeHve, Tak 1 oTonNeHue
NnomeLLeHnn.

CerofiHA TaKMe CUCTEMbI YCTIHABAMBIIOTCA NPeVMyLLeCTBEH-
HO B OAHOKB3PTUPHbLIX XMAbIX AOM3AX, N UX NNOLIAAb, KaK
NpaBWNO, COCTABANAET OT 6 A0 16 M2, NpY 3TOM OHU obecneym-
BAKOT 0KONO 25% NOTPe6GHOCTH B Tenne B CTpaHax LleHTpanb-
Hou Esponbl.

ConHeuHble KOMOWHMPOBAHHblE CUCTEMbl, MpeAHa3Ha-
YeHHble ANA MHOTOKBApTUMPHbIX AOMOB, UCMONL3YIOTCA He
oyeHb 4acTo. B cTpaHax LeHTpanbHon Esponbl nnowaib
TAKMX CUCTEM COCTABANSIET OKONO 50 M? MPW CTOMMOCTU 0A-
HOro KBaZAApaTHOr0 MeTpa B NpeAenax 470-550 eBpO 33 1 M2.
OHu obecneymBatoT NoTpebHOCTL B Tenne Ha ypoBHe 25%.
KpynHble conHeuHble Tennogble CUCTeMbl, NOAKNKOYAEMble
K MECTHbIM MNN PANOHHBIM TEMNOBBIM CUCTEMAM, C MAOLLA-
Abl0 KONNEKTOPa CBbille 500 M? BCTPEYAKTCA AOCTAaTOYHO
peako. OAH3KO HaYMHaA € 1985 roaa KOAMYeCTBO TaKUX CU-
CTeMm, yCTaHaBNMBaeMbIX B EC exxeroiHo, HeyKNOHHO pacTeT,
CTaHAapTHO obecneyvnBas rofosyto NoTpebHOCTb B Tenne Ha
ypoBHe 15% B cTpaHax LleHTpanbHowm EBponbl. AN TOro uto-
6bl AONA CONHEYHOWN dHeprum B TennoobecneyeHnn Gbina
CyLLecTBeHHON, HeobxoaArM OONbLUON AKKYMYAMPYHOLLNNA
pe3epByap. Takasa CMCTEM3, BKAKYAA aKKYMyAUPYOLIMIA
pe3epByap, Ha cerofHa moxeT obecrneynTb 0KONO 50% mo-
TpebHoCTU B Tenne. baaroaaps ce30HHOMY aKKYMyAMpOBa-
HWI0 3Ta 40N MOXeT ObITb yBeNnMyeHa A0 80%. Elle ogHUM
BMAOM CUCTEM OTOMNEHUA XWUbIX MOMELLEeHVNI ABNAKTCA
BO3AYLUHblE KONEKTOPHble cMcTembl (He NMpeacTaB/eHbl B
HacTosLlem AoKyMeHTe). KpynHewiume pbiHKLA BO3AYLUHbIX
KONNEKTOpoB Haxoaatca B CesepHon Amepuke u A3uun.
[lona 3TUX CUCTeM Ha eBPOMenckoM pbiHKe 04eHb Mana, Ho
Ha NPOTAXKEHUW NOCNeHUX NeT pacTeT.

142 Weiss, W. et al. (2011): Solar heat worldwide - markets and
contribution to the energy supply 2009. IEA Solar Heating And
Cooling Programme, May 2011. International Energy Agency (IEA),
Paris, France.

43 Nitsch, J. et al. (2010): Leitstudie 2010 - Langfristszenarien und
strategien fr den ausbau der erneuerbaren energien in Deutschland
bei bericksichtigung der entwicklung in Europa und global.
Stuttgart, Kassel, Teltow, Deutsches Zentrum fur Luft- und Raumfahrt,
Fraunhofer Institut fir Windenergie und Energiesystemtechnik
(IWES), Ingenieurbiro fur Neue Energien (IFNE).

44 Jager, D. et al. (2011): Financing renewable energy in the European
energy market. Brussels, Ecofys nl, Fraunhofer ISI, TU Vienna EEG, Ernst
&Young, European Commission (DG Energy).
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TexHONOrn4yeckoe Tenno

MHTepec K MCNONb30BaHMIO CONHEYHOW SHeprum ANs nony-
YeHMA MPOMBILLINEHHOTO TeXHONOrMYeckoro Temna pacrerT,
HEeCMOTpA Ha onpefieneHHble CyLecTBYLLMe CeroaHA Tpya-
HOCTW, CBA3aHHble C ee MCNoNb3oBaHMem. He cyulectsyet
CTAHAAPTHLIX CUCTEM, MOCKONbKY NPOWM3BOACTBEHHbIE MPO-
Leccbl YacTo MPOEKTMPYIOTCA COMNACHO VHAMBMAYANbHBIM
TpeboBaHMAM. Kpome TOro, Co/iHeYHble Tennosble CUCTEMDI,
KaK MpaBWANo, He cnocobHbl o6ecneynTsb 100% HeobXoaNMO-
ro TennocHabXeHns B roA0BOM BbIpaXKeHWW, B CBA3M C Yem
ANA NPOMbILLNEHHOTO 1CMO0/ib30BaHMA HeobxoArM eLle Ka-
KON-HNOYAb APYrov UCTOYHWK Tenna, He CBA3aHHbINA C CON-
HeuHOW 3Heprven. B 3aBMCMMOCTN OT HEOOXOANMOTO YPOBHS
TemnepaTypbl bl pa3paboTaHbl pa3NnyHbIe TUMbl KONNEK-
TOpPOB, NMpeAHAa3HaYeHHble ANA YAOBNeTBOpeHus noTpebHo-
CTen B TexHoNornyeckom tenne. Mnockme nnm BakyyMHble
Tpy6uaTble KoNNeKTopbl 0becneymsaroT AMANa3oH Temne-
patyp Ao 80°C. Ha pblHKe Takue cucTeMbl NpeanaratoTcs 8
6onbliom konmyectse. Ans obecneyeHna Temnepatyp OT
80°C A0 120°C MCNONL3YHTCA BbICOKOTEXHONOMMYHbIE MNO-
CKMe KONNEKTOPbI, TaKMe Kak KONNEKTOPbl C MHOFOC/NI0MHbIM
CTEKNAHHbIM MOKPbITYEM, NPOTUBOOTPAXKIKOLLUMM MOKPbI-
TVeMm, BaKyYMHbIMM TPYOKaMM M MHEPTHbIM Fa3oM BHYTpU
Tpy6oK. Ellle oAHMM pelleHMem B 3TOM 06NacT ABNAKOTCA
NNOCKME N BaKyyMHble Tpy6UaTbie KONNEKTOPbI C COCTABHbI-
M1 napabonnueckumm KoHueHTpatopamu (CMK). 3Tn Kon-
NeKTopbl MOTyT OblTb CTALMOHAPHBIMW U COOPYXKATCA, KaK
NpaBuNo, ANA yBeNMYEHUA KOHLEHTPALUMM CONHEYHOTO N3NY-
YeHMA Ha OAVH UAK ABA NopAAKa. OHM MOTYT MCMO/1b30BaTb
[laXke camoe paccefHHoe CONHEeYHOe U3NYyYeHre, Y4To AenaeT
MX NCNONb30BaHNe 0COOEHHO NprBAEKaTe/IbHbIM B permoHax
C HE3HaUMTENbHbIM MPAMbIM CONHEYHBIM U3NYYEHNEM.

CyLlecTByeT HECKONbKO KOHLeNTYaNbHbIX MPOeKToB, KOTO-
pble NO3BONAT AOCTUraTb 60Nee BbICOKMX TeMnepaTyp — B
Anana3oHe ot 80°C Ao 180°C, B OCHOBHOM 33 CYeT MCMOoNb-
30BaHNA NApaboNOLUNAMHAPE UM KONNEKTOPOB CONHEYHO-
ro U31y4YeHnsi H3 OCHOBE JMHEMHOro KOHLeHTPaTopa, B KO-
TOPbIX MCMONb3YHTCA NMH3bI DpeHena. Konnektopbl 3TOro
TMNa rmetoT 6onee BbICOKMIA KOIDDULMEHT KOHLIEHTpaLWK,
yem Konnektopsl ¢ CMK, MoryT Mcnonb3oBaTb TONLKO Mps-
MOe CONHeYHoe M3ydeHre N AO/VKHbI YCTaHABAMBATLCA CO-
BMECTHO C CUCTEMaMM CNexeHnA 3a conHuem. Konnekrtopsl,
pa3paboTaHHble UCKAYNTENbHO ANA UCMOAb30BaAHNA TEMNa,
ABNATCA Hambonee NOAXOAALLMMM ANA TemnepaTyp B AMa-
nasoHe o1 150°C A0 250°C™5, BO3MOXHOCTb MCMONb30BaHMSA
BO3AYLUHbIX KONNEKTOPHbIX CUCTEM ANA TEeXHONOrMYeckoro
Tenna OorpaHNYeHa HU3KUMWU TeMnepaTypamu, NOSTOMY OHWU
NCMONb3YHTCA NPEeVMYLLECTBEHHO ANA CYLIKW (CeHa 1 T.4.).
B HacToALeM JOKYMeHTe OHM He pacCMaTpUBAIOTCA.

OxnakaeHue

ConHeyHble oxnaxaatoLime YCTAHOBKM MCNONbL3YKOT Tenno-
BYH 3HEprno AnAa oxXNnaKAeHuAa Bo3AyXa VI/VII\I/I NOHMXXeHNA
YPOBHA €ro BNAA>XHOCTU aHANOrM4YHO NpuHUKMNY, NCnonb3ye-
MOMY B XONOAWNbHMKAX UNN TPaANUMNOHHbBIX KOHAMLNOHE-
pax. 3Ta TEXHONOMNA UCMONb30BAHUA CONHEYHOW TEnnoBow
SHeprmm AsBnNAeTcAa ONTUMANBHOWN, MOCKONbKY HanboNbLLAA
I'IOTpE6HOCTb B KOHAMUMOHMPOBAHUK CyLLecTBYeT, KaK npa-
BWNO, BO BpemMA BbICOKOW CONHEYHOWM aKTUBHOCTWN. CONHeYHble

145 Weiss, W., et al. (2008): Process heat collectors - state of the art.
IEA Heating and Cooling Programme and IEA Solarpaces Programme,
2008. International Energy Agency (IEA), Paris, France.



7. JHe pretn4deckmne TeXxHoNOornm

oXNaxaawLlLmne ycTaHoBKM bnecTalle ceba 3apeKoMeHA0Ba-
nn. B 6nmxaiillee BpemMsa OXKMAAETCA LUMPOKOMACLLTabHoe
BHE/ZlpeHMne 3TUX TeXHONOIWI, HO CeroaHsa MX NpYMeHeHue
PacnpoCTPaHEHO HeOCTAaTOYHO LLIMPOKO.

BO3MOXHOCTb NCMNONb30BaAHWA CONHEYHOTO TenNa B 3TOM Ha-
npasneHnn nmeet CMbICA, NOCKONbKY HaceneHme permoHos
C TenNbiIM KNMMATOM HYXAQeTCA B 60/bLUeM OXNaxaeHnn
Ana obecneyeHus KOMCbOPTa. CncTeMbl OXNAXAEHNA HA OC-
HOBe Tenn0BOW CONHEYHOM SHeprmmn, Kak npasuno, MMerT

TepMOXMMMNYECKNA LUIMKN XONOAUNBHOrO areHTa (copbums)
obecneyrBaeTt xono4 3a cyet abcopOLMOHHOIO AN aACOP-
6UMOHHOr0 oxNaxAaeHna. Abcopbuma MPONCXOANT B pe3y/ib-
TaTe MornoLeHna ra3oo6pa3HoOro NAn XMAKOro BeLLecTsa
APYIM BeLLecTBOM, HAamnpvmep, PacTBOPOM rasa B XWA-
KocT. Apcopbums NponCXOAWT B pe3ynbTaTe CBA3bIBAHUA
XMAKOro MAN ra3006pa3HoOro BellecTBa C MOBEPXHOCTbH
TBEpPAOro mMatepuana. Llmkn abcopbUMOHHOro oxnaxkaeHus
MOXHO MpeACTaBUTb cneayolwnm o6pa3om: XUAKNA XNa-
[AAreHT C 04eHb HU3KOWM TeMNepaTypor KUNEeHNa ncnapaeTca
noJA HW3KVMM A3BNEHVEM, OTBOAA TeMN0 U3 CBOeN cpefbl, U,

7.5.2. Tennosble HacoChl

TennoBoi Hacoc npeacTaBnseT coboi YCTPOMCTBO, KOTOpoe
oTbrpaeT Tenno 13 ofHoW cpesbl Npy 6onee H3KOW Temne-
paType 1 nepesaeT ero Apyroi cpese npu 6onee BbICOKON
Temnepatype. Takmm 06pa3om, OH MO3BONSET MepeHOCUTb
Tenno ¢ 6onee HU3KOro Ha 6onee BbICOKUI TeMNepaTypHbIN
ypoBeHb. PaboTy TenA0BOro Haco0Ca MOXHO CPaBHUTL € pabo-
TOM BOAAHOIO HACOCa, PacnoNOXKeHHOro MeXay ABYMSA BOAO-
emMaMyi, COeAMHEHHbIMM APYT C APYTOM, HO PaCroONOKEeHHbI-
MW Ha Pa3HbIX BbICOTaxX: BOAA OyAeT ecTecTBEHHbIM 06pa3om
BbITEKaTb M3 BepxHero 6accerHa B HWKHUIA. Tem He meHee
BOAY MOXHO BEPHYTb B BepXHW1 6acceiH Npy MOMOLLM Haco-
€3, KOTOpbIN 0TOMpaeT BoAY M3 HWpKHero 6acceiHa.

TennoBo HACOC COCTOMT M3 3aMKHYTOTO KOHTYP3, Yepes Ko-
TOPbIV NPOTEKAET CreunanbHasn XUAKOCTb (XxnaaareHT). I1a
XUAKOCTb MPUHMMAET XUAKOe WM ra3006pasHoe cocTos-
HMe B 33BUCUMOCTN OT BeNIMYMH TEMMNepaTypbl 1 A3BNEHUS.
KoHaeHcaTop 1 ncnaputenb COCTOAT U3 TenN006MeHHUKOB —
cneumnanbHbIX TpYOOK, KOHTAKTMPYHOLLIMX ¢ pabounmm cpeaa-
MM (TaKVMK Kak BO3AYX), MO KOTOPbIM NPOTEKaeT XNaAareHT.
MocneaHve NepeAatoT TENA0 H3 KOHAEHCATOP (CTOPOHA C Bbl-
COKOV TeMMepaTypol) 1 OTBOAAT ero 13 ncnaputens (ctopo-
Ha C HWU3KOW TemnepaTypoit). Ans paboTbl TEMN0BbLIX HACOCOB
TpebyeTca 3NeKTpo3Heprus. TennoBble H3COChbl MOBLILLAOT
3 DEKTUBHOCTb INeKTPUYECKOro OTOMNEHMS.

Tennosble HAcOChbl BCe Yalle WUCMONb3YITCA B >KMUAMLLHOM
CeKTope, HO TakXKe MOryT MUCMONb30BaTbCA ANA NONYYEHUS
MPOMBbILLNEHHOTO TEXHONOTMYEeCcKoro Tenna. MpombllLneH-
Hble Tennosble Hacockl (MTH) NpeanaraloT pasanyHble BO3-
MOXHOCTN AN BCEX BMAOB MPOM3BOACTBEHHbIX NPOLIECCOB
1 OMNepauuii, 3 TakxKe MCMNoNb3yHT 0TPa6OTaHHOE NPOMbILL-
N\eHHoe Tenno B KayecTse WCTOYHMKA, 06ecneynsatoT Ten-
no ¢ 6onee BbICOKOW TEMNEPATypor ANA UCMNONb30BAHMA B

KOHCTPYKLMIO 3aMKHYTO COPOLIMOHHOM cMcTeMbl (CM. BCTaB-
Ky 7.2). OAHaKo Hanbonee pacnpoCTpaHEHHbIM TUMOM TaKMX
CUCTEeM ABNSETCA CONHeYHaa abcopOUMOHHAA OXNaXAato-
LLIAA ycTaHoBKa. Paboyasn TemnepaTypa CMCTEMbI MpeBbILLaeT
80°C, yto TpebyeT MCMNONb30BaHMSA BaKyyMHbIX TpyOuaTbIX
KO/LIeKTOPOB, YCOBEPLLEHCTBOBAHHbIX MAOCKMX COMHEYHbIX
KONIEKTOPOB M CIOXKHbIX Napabonnyeckmx KOHLIEHTPaTopOB.
«ConHeyHoe none», Heobxoanmoe ANA paboTbl OXNOXKAAM-
LLier YCTaHOBKM, COCTaBNAET OKONO 4 M? Ha 1 KBT ee oxnax-
NaAtoLLe MOLLIHOCTW.

Takum o6pasom, obecneyrBasn xxenaemoe oxnaxxaeHue. 3a-
TeM MPOUCXOAUT MOMNOLLEHME ra3006pa3HOro XNaAareHTa
XWAKMM pacTBOpUTENEM, KaK MpaBuao, BOAOW. XNaAareHT
1N pacTBOpUTENb CHOBA Pa3AensanTca nytem AobaBneHus
(B0306HOBNSIEMOr0) TEMna B CUCTEMY, UCTONb3YA pasHble
TOYKM KuneHus. Ha 3Tom 3Tane ra3oobpasHblii XNaAareHT
KOHAEHCMpYeTCs, BbICBOOOXKAAETCA, U NPOLIecc HauMHAEeTCs
CHayana. Tenno, Heo6X0AVMOE ANA STOTO NPOLIecca, MoXeT
6bITb MONYYEHO NYyTEM CKUraHUA MPUPOAHONO rasa, Mpu Mno-
MOLLM TEenN03NEKTPOCTAHUMIN, CONHEYHbIX TEMMO0BbIX KO-
NEKTOpPOB U T. A.

MPOMbILLNEHHbIX MPOLeccax, Harpesa WAM Nporpesa, 0TO-
NAEHNA NN OXNAXKAEHNA NPON3BOACTBEHHBIX MOMELLEHWNIA.
Tennosble Hacocbl ¢ paboyelrt TemnepaTypont Huxe 100°C
NpeACTaBNAT cO60M pe3ynbTaT HOBEMLUMX TEXHONOTWIA, B
TO BpemMf Kak ANs Co3AaHuA cuctem, cnocobHbix paboTtatb
npv 6onee BbICOKOW TemnepaType, Heo6X0ANMbI HOBble UC-
CnefoBaHUA 1 pa3paboTKm™s,

TennoBble HACOChbl UCMONL3YIOT LKA OXNaxAaeHus ans obe-
cneyeHVsi TenNoCHAbXeHUs, OXNAKAEHUA U ropaYero BoAo-
CHAbXeHVA ANS XO3ANCTBEHHbIX HY>KA. OHW MCMONb3YIOT BO3-
06HOBNAEMYH SHEPTUIO 3eMW, BOAbI U BO3AYX3 ANS Nepeaa-
Yy Tenna oT pesepsyapa (OKpYy»KatoLLe cpeabl) C OTHOCUTE b-
HO HM3KOW TemnepaTypor (KMCTOYHMK») B APYTYHO CUCTEMY C
KenaembiM ypoBHEM TemMnepaTypbl («NpUeMHMK»). Tennosble
HACOCbl 06bIYHO UCMONL3YHOT ABA TUMA XONOAUNbHBIX LIVKNOB:

1. KOMI'IDECCOPHbIe Tennosble HaCoChbl, NCNONb3YOLNE Me-
XaHNYeCKYH 3Heprumro — 4valle Bcero BﬂeKTDOABVIFaTe}'\eVI
Wnn Asuratenen BHYTpEHHero CropaHua - AnAa npueo-
Ad KOmMnpeccopa arperara. CnepoBaTencHo, B Kavectse
BCMOMOraTeNnLHom JHeprmm wncnonb3yeTca >SNeKTpude-
CTBO, ras nnm macno.

2. Tennosble HAcocbl C NMPUBOAOM OT TenNOBOro ABwra-
Tens MCNoNb3yT TENNOBYH SHEpPri ANS MHULMALMK
npouecca copbumnm - aacopbunm nnbo abcopbumm - aAna
obecneyeHuns NONE3HOCTM TENNOTbl OKPYXKatoLlen cpeapbl.
B KayecTBe BCMOMOraTe/IbHOM SHeprum MoryT 1Cnonb3o-
BaTbCA Pa3/IMUHble UCTOYHMKM: OTpaboTaHHan 3SHeprus,
SHeprva 6MOMACChl, CONHEYHan TennoBas SHeprus Unm
TPaAVLNOHHbIE BUAbI TOMMBA.

146 Weiss, W. et al. (2011): Solar heat worldwide - markets and
contribution to the energy supply 2009. IEA Solar Heating And
Cooling Programme, May 2011. International Energy Agency (IEA),
Paris, France.



Hanbonee 4yacto ceroAHs MCMONb3YHTCA KOMMPEeCCOpHble
Tennosble Hacocbl. OAHAKO arperatbl C TePMainbHbIM Mpu-
BOZJOM PacCMaTPMBAKTCA B KauecTBe MNepcrnekTMBHOM Tex-
Honornn B 6yaylem. dPpdheKTMBHOCTL TEMNOBOIO HAacoca
onpeaenseTcs Ko3hdULUMeHTOM MoLLHOCTK (KM) - cOOTHO-
LLeHVeM MeXAy rofJ0BbIM NMPOM3BOACTBOM MONE3HOro Ten-
N3 1 rofoBbIM NoTpebneHneM BCMOMOraTeibHOM SHEprum.
B >nnom cekTope TennoBble HAcoCbl Hanbonee adhdeKkTnB-
HO MCMONB3YHTCA C OTHOCUTENIbHO TENAbIMNA UCTOYHUKAMM
N HM3KOTEMMNEPATYPHLIML CUCTEMAMK, HAMPUMEp C Liesibto
OTOMNEeHVS MOMeLLeHVIn 1 ropsyero BoAOCHaOXeHUa Ans
XO03AMCTBEHHbIX HYXA. MeHee 3D heKTUBHbIM X MCMONb30-
BaHVe fBNseTCA ANnA obecneyeHns BbICOKOTEMMNEepaTypHOro
Tenna, Kpome TOro, MX HeNb3s UCMO/Ib30BaTb ANA Temrepa-
Typbl Bblwe 90°C. ANs MX NPUMEHEeHUN B NMPOMbILLAEHHbIX
Liensix MO>XHO MCMONb30BaATb PA3/INYHbIE XN3AAreHTbl, KOTO-
pble No3BoAAT 3MPEKTUBHO NONYYATh TEMAO C Temnepa-
Typoit oT 80°C A0 90°C. TakMm 06pa3om, UX MOXKHO NCMONb-
30BaTb ANA YAOBNETBOPEHUA NLLb Y3aCTU SHEpreTuyeckmx
noTpebHOCTEN NPOMBILLINEHHOCTH.

Kak npasnnNo, TennoBble HACOCbl Pa3INMY4aOT NO NCTOYHUKY
Tenna, KOTOPbIl7I OHM NCNMONb3YIOT:

e Ha3eMHble TemnioBble H3COChbl MCMOAb3YIOT SHEpPrut, Ha-
Kan/vBaKLLYIOCA B TPYHTe HA ry6uHe oT nNpubansutens-
HO CTa MeTPOB OT MOBEPXHOCTU. OHM MCMONb3YHTCA ANA
rNY60KNX CKBAXKMHHBIX TenN000MeHHMKOB (300-3000 M),
MENKOBOAHbIX CKBAKMHHbIX TENN006MeHHMKOB (50-250 M)
N TOPU30HTANbHbBIX CKBAXMHHbBIX TENN006MeHHUKOB (rny-
6VHO B HECKO/IbKO MeTpOB);

Kak npaBuno, obecneunsatot ropsvee BOAOCHAbXeHVe Wan 0To-
n/\eHne NoMeLLieHIN HEeBbICOKOM TemrepaTypbl — 0kono 35°C.

anIMepr MCNONb30BaHNA: I'IOAOFDEBaEMbIVI I'IOI\/CTEHbI.

CTaHAQPTHbI pa3mep ANSA OTONNEHUMA OAHOKBAPTUPHOIrO
XKNNOro Aoma.

Bo3ayLHble TennoBble HACcOChl He TpebyloT OypeHus, uTo
CYLLIeCTBEHHO CHWXKAeT CTOMMOCTb CUCTEMbI MO CPAaBHEHNIO
C APYTUMM TUMAMK. B ciyyae MCNoNnb30BaHMA B KayecTse
MCTOYHMKA OTPAabOTaHHOrO TEMA3, BbIAENSAEMOro B rnpolec-
Ce CKMUraHMA UCKoNaemoro TonaMBea, NpoU3BOANMOE TENNO
He MOXET CYMTATbCA BO30OHOBAAEMbIM — OHO CTAHOBUTCA
NpoCTo AecTBeHHbIM cnocobom 6onee 3chheKTUBHOIO UC-
Mo/Ib30BaHWSA SHEPruM, KOTOPasA B MPOTUBHOM Cyyae Obina
6bl NoTepsHa.

Ncnonb3oBaHme TennoBbiX HACOCOB ANA
oxXnaxapeHmAa

PeBepcuBHbIe TeMn/A0Bble HACOChl MOTYT MCMO/Ib30BaTLCA KaK
Ansa oborpesa, Tak 1 ANa oxnaxaeHus. MNpu pabote B pexu-
Me OXNaXAeHUA B NeTHWUI Nepuoa Tenno M3BNeKaeTcs us
303HMA N «33KAYMBaALTCA» B NOA3EMHbIN pe3epsyap, KOTo-
bl 33 cYeT 3Toro HarpesaeTcs. bnaroaapa atomy BoccTa-
HaBNMBAETCA TemMepaTypa Tennoro pesepsyapa B rpyHTe,
KoTopas 6blna MCMoNb30BaHA 3MMON. MTOMUMO 3TOro, BO3-
o6HOBNAEGMOE OXNaXAeHWe TakXke MoXeT OblTb obecrne-
YEHO MpY MOMOLLN LMPKYNALMN OXN3XKAAOLLEN KUAKOCTM
yepes OTHOCUTENbHO XONOAHbIN IPYHT nepea ee noaaven s
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e BOAAHbIE TEMM0BbIE HACOCHI MCMONb3YIOTCA B BOAOEMAX
(OTHOCMTENbHO Tennblx), TeMNepaTypa BOAbl B KOTOPbIX
COCTaBANART 0KONO 10°C, TAKUX KaK KONOAL|bI, NPYAbl, PeKM
“ Mops;

® BO3AYLUHblE TemnoBble HACOChbl MCMOMb3YOT B KayecTse
MCTOYHMKA TenNa aTMocdhepHbIin Bo3AyX. MOCKONbKY Tem-
nepaTypa aTMoCcdepHOro Bo3Ayxa B OTONUTENbHbIN Ce30H
ABNAETCSA, KK NPaBW0, MeHbLLIEN, YeM TemnepaTypa no-
uBbl ¥ BOAbI, B AAHHOM C/1y4ae UCMO/b30BaHME HA3eMHbIX
N BOAAHBLIX TENNOBbIX Hacocos OyaeT Gonee apdekTme-
HbIM, YeM BO3/YLLHbIX TEMM0BbIX HACOCOB.

Tennosble HAcoCbl TpebYT AOMONHUTENbHOW SHEPrum Nomm-
MO Tenna oKpy>KatoLLlel cpeApl, BbIAENAEMOro U3 UCTOYHMKA
Tenna, No3TomMy 3KONOTMYeckne NpenmyLLecTBa TemnioBblx
HACOCOB 33BUCAT KakK OT MX 3P heKTUBHOCTH, TaK 1 OT BbIOPO-
COB, CBA33aHHbIX C MPOM3BOACTBOM pabouyeit sHeprum. Ecam
TENnA0BOM HAacoC MMeeT HM3KMM KM 1 npenmyLLecTBeHHO no-
TpebnneT aNeKTPUYECKY0 SHEPruko, 3HAUNTEeNbHAN AONA KO-
TOPOI NPOU3BOAMTCSA, HANpUMep, YroNbHbIMW SNeKTPOCTaH-
UMMM, BbIOPOCHI YINEKUCI0ro ra3a OTHOCUTENbHO MONe3HO-
ro NPOV3BOACTBA Tenna MoryT ObITb Bbille, Yem Yy 0OblUHbIX
ra3oKOHAeHcaTHbIX KoTnos. C ApYroi CTOpoHbl, 3thdeKTns-
Hble TernnoBble HAcoChbl, KOTOPble WCMONb3YHT «3eNeHyHo»
3/1eKTPUYECKYIO SHepruto, NpeACTaBnAT co60M YCTPONCTBa
C HyneBbIM ypOBHeM BbIOPOCOB, KOTOPble B 3H3UMTEsIbHON
cTeneHn cnoco6CTBYHOT COKPALLEHM0 BbIOPOCOB NapHUKOBbIX
ra30B MO CPaBHEHWIO C OTOMUTENbHbIMK CUCTEMAMM, OCHO-
BaHHbIMW Ha CKUFaHUM MCKOM3aemoro TonvBea.

Llenun: npnbnunsmtensHo 5-10 KBT TennoBoi sHeprum.

CTaHA3PTHbIN pazmep ANA OTOMAEHUA KPYMHOro oducHOro
3/13H1A: >100 KBT TENA0BOW 3HEpruu.

CUCTEMY OTOMIeHMA/OXNAXKAEHNA 3AaHMA («ecTecTBeHHoe
oxnaxnaeHvie»). OAHAKO 3Ta OXNAKAAMOLIAA XKUAKOCTb He
[0/KHA ObITb CO3/1aHa Ha OCHOBE XMMNYECKUX BeLLecTs, Ta-
KUX KaK rmapodTopyrnepoios (CUNbHbINA NapHUKOBbIN ras)
UAM xnophTopyrNepoAoB (030HOPa3pyLUatoLLMe Ta3bl), KO-
TOpble HAHOCAT Bpes BEPXHUM CNosiM aTMocdepbl. B npuH-
uune, BbICOKOSHTANbMNMINHOE reoTepmManbHOe TENN0 MOXeT
obecneunTb 3Hepruto, Heobxoammyo Ana paboTtbl abcop6-
LUMOHHOTO oxnaauTensa. Tem He MeHee B MUpe UCMONb3y-
€TCA OYeHb He3HauMTe/NlbHoe KOMMYECTBO reoTepMalibHbIX
a6copOLUMOHHBIX OXNaanTenen.

7.5.3. TexHoNnormu
TennocHabKeHna Ha OCHoBe
GMoMaCChl

CyllecTByeT WMPOKNUIA CNeKTp TEXHONOTUIA ANS MPOU3BOA-
CTBa TENNa n3 6MOMACChl - UCTOYHMKA TPAAWLMOHHOMO TO-
nAnBa. PaseuTie cOBpeMeHHbIX TeXHONOTU Ha Gromacce
obycnosneHo noTpeGHOCTbIO B 60Nee YCTONYMBOM SHep-
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rocHabeHnn. Bonblloe pa3HooOpasMe HOBbIX, YyCOBep-
LLEHCTBOBAHHbIX U KOMOWHMPOBAHHbLIX TEXHONOMMIA MOXeT
YAOBNETBOPUTL NOTPEOHOCTM B OTOMNEHUM MOMELLeHU 1
ropsayem BOAOCHAOXEHUN N AadXe, B KOHEYHOM cyeTe, Tex-
HOMOrMYeckom Ternne ANA NPOU3BOACTBEHHbLIX MPOLIECCOB.
Bromacca cnocobHa obecneuntsb Tenno B O0NbLLIOM Tem-
nepaTypHOM AMAMNa3oHe U MOXeT TPaHCMOPTMPOBATLCA Ha
60/bLUMe PACCTOAHMA, UTO ABNAETCA ee NPerMyLLeCTBOM Mo
CPaBHEHWIO C TeNN0CHA0XEeHeM H3 OCHOBE CONHEYHOW UK
reoTepManbHon sHeprun. OAHAKO BO3MOXHOCTM WCMONb-
30BaHMA YCTOMYMBON OMOMACCHI OFpaHMyeHbl 06beMom ©
PaCcCTOAHMEeM TPAHCMOPTUPOBKM. Ellle oAHMM HeAOCTaTKOM
6V103HEPreTMKN ABNAKOTCA BbIOPOCHI BbIX/MIOMHbLIX F3A308B U
PUCK BbIOPOCOB MAapHUKOBbIX ra30B, KOTOpble 06pa3oBbIBa-
HOTCA B pe3yNnbTaTe BbIPALLMBAHNA SHEPreTUYecKnX KynbTyp.
B cuny 31x 06CTOATENbCTB BO3HMKNO AB3 MOAXOA3 K pas-
BUTMIO CeKTOpa OMO3HepreTnKu:

e C03/aHMe YCOBepLUEeHCTBOBAHHbIX OTHOCUTENbHO Heb0ob-
LUNX AeLEeHTPaNN30BaHHbIX CUCTEM OTOMeHMA Nomellle-
HWI 1 ropAYero BoA0CHAOXeHNS;

e Da3BUTME Pa3/INYHbIX BbICOKOIDMEKTUBHBIX U YcoBep-
LLIEHCTBOBAHHbIX CUCTEM KOMOWHMPOBAHHOIO NPOU3BOA-
CTBa TEMN0BOW U SNEeKTPUYECKON SHEeprum ANA NPOMbILL-

NEeHHOTro M UeHTpPaNbHOIo oTonNneHnA.

Hebonblime cuctembl ANA OTONNEHUA
nomeLLeHn 1 ropaYyero BoAoCHabxeHmn
3aHU

Ha npoTsXeHWn MNoCNeAHUX AeCATUNETUN B XKWUAULLHOM
CeKTope MPOM30LLNO CyLlecTBeHHOe YCOBEpLUEHCTBOBaHME
CMCTeM Ha OCHOBe TPaAMLMOHHON 6romacchl ans obecne-
YyeHns 3Hepro3ddeKTUBHOroO M KOMMOPTHOro OTOMAEeHUA
NMOMeLLeHN 1 ropsYero BoAOCHAOXeHMs. TpaaMUMOHHoe
NpUMeHeHre - NpAMoe CKUraHne Teepaol bmomaccel (ape-
BECVHbI), HANMPUMEP, B XOPOLLO 3HAKOMbIX HaM, HO ycoBep-
LLIEHCTBOBAHHbIX APOBSAHbIX MEYax, MCMONb3YeMbIX ANA OTO-
NNEHUA OTAENbHbIX KOMHAT. OTOMeHVe NoMeLLeHUI 1 rops-
yee BOAOCHabXeHMe 0AHOKBAPTUPHbLIX N MANOKBAPTUPHbIX
AOMOB MOXeT ObITb 06ecrneyeHo Npy MOMOLLN APEBECHbIX
N NenneTHbix KoTnos. JlepeBo ya06HO NepeBo3nTb, a CTaH-
[APTU30BaHHbIE KAYeCTBEHHble NefNeTHble CUCTeMbl MOTYT
6bITb 3BBTOMATV3MPOBAHbI MO BCEW Liernoyke; KOAMYecTBo Mno-
MOJIHeHWA 33MacoB SHEPropecypcoB MoXeT ObITb YyMeHbLLe-
HO [0 HeCKONbKMX pa3 B roA. CUCTeMbl C aBTOMATMYECKON
noaaver Tonamea ropasao 3dhdekTMBHee aAanTUPYTCA
K U3MeHeHusM B noTpebneHnn Tenna, Hanpumep, BECHON
1 oceHbto. Elle ogHMM npenmyLLecTBOM NenneTHbIX yCTa-
HOBOK ABNSETC MeHbluee (Mo CPaBHEeHWO C ApeBeCHbIMM
KOTNIaMM) KONMYeCTBO BbIOPOCOB 3arpsA3HAKLLMX BellecTB B
atmoctepy'. MenneTHble CMCTEMbI OTOMNEHNA CTAHOBATCA
Bce 60nee pacnpocTpaHeHHbIMM B EBpone.

CUCTeMbl C pyYHON 3arpy3Koi TonaAMBa 06blYHO NpUMEHS-
IOTCA B MasiblX YCTAHOBKAX MOLLHOCTbIO A0 50 KBT. Manble
YCTAHOBKM ANA OTOMNEHWS OTAE/bHbIX KOMHAT (MOLLHO-
CTbl0 OKONO 5 KBT), Kak npasuno, npeacTaBnsoT coboi
APOBAHbIE NeYm C PYYHO 3arpy3Koi TONANBA, XapakTepu-
3YIOLLMECA HU3KOWM CTOMMOCTbIO U JOBONbHO HU3KOM 3¢-
teKTMBHOCTbI. CyLIeCTBYIOT TEXHONOTUM LEHTPaNbHOro
OTOMNEHWS OAHOKBAPTUPHbLIX M ABYXKBAPTUPHbLIX AOMOB,

47 Gemis (2011): Globales emissions-modell integrierter systeme
(Gemis), version 4.6, Oko-Institut.

KOTOpble Takxe MOryT ObITb MCMONb30BaHbl AN MHOFO-
KBapTUPHbIX KOMMNAEKCoB. [\ poBsiHble KOTAbI (C TUMMYHOW
MOLLIHOCTbIO OT 10 A0 50 KBT) obecneumBatoT 6onee Kaye-
CTBEHHOe CXXuraHmne ¢ paboyei 3 HEKTUBHOCTbIO Ha YPOB-
He 70-85%, 3 TaKXe MPOM3BOAAT MeHbllee KONMNYeCcTBO
BbIOPOCOB, YeM Meyn, TenA0Bass MOLLHOCTb KOTOPbIX Ko/e-
61eTca oT 10 A0 50 KBT 48149150,

Bonblune ApoBsAHbIE KOTAbI MOTYT WCMONb30BATLCA ANA
OTOMNEHNA W ropaYero BoAOCHAGXKeHWS 6ONbLIMX 343HUIA,
TaKMX KaK MHOTOKBApTMpHble AOMa, OUCHbIe 3A43HUA, a
TaKXe Apyrue KpyrHble cnyxebHble, TOProsble U NPOMbILLI-
NeHHble 343HuA.

TexHonormu npAMOro otonneHnA

MacwtabHoe MCnonb3oBaHMe OMOMACChl ANA HYXA LeH-
TPaNbHOrO OTOMAEHMA U MPOW3BOACTBA TEXHONOMMYECKOro
Tenna 3aBUCHT OT 3BBTOMATU3NPOBAHHbBIX CUCTEM MOA3YM TO-
N/VBa C y4eTOM TOro, YTo NoTpebdaeHVe Tenna ocyLecTBAnA-
eTCcA MOCTOAAHHO NpY onpefeneHHon Temnepatype. Mpamoe
OKuraHne 61Momacchl moxeT obecneunTb TemnepaTypbl 40
1000°C, 60/nee BbICOKMX TeMNepaTyp MOXHO AOCTUYbL MpU
MOMOLLM CKWUIaHWA peBeCckHbl, B TO BPEMA KaK CKMUraHue
CONOMbI MO3BOANAET NoNyYaTb 6oNee HU3KMe TeMNepaTypbi.
C(UCTemMbl 3ABTOMATMYECKOM MOAAYM TOMAMBA MpeAnaratoT
BO3MOXXHOCTb MCMONb30BAHUA APEBECHON CTPYXKKK, Nennet
1 coNombl. CyLLecTBYeT TPU BUAA TEXHONOTNIA CKUTaHMA™S":

TexHonormm KoreHepauuu

KoreHepaums ysenmumsaeT 3¢bdeKTUBHOCTb WUCMOMb30BA-
HMA 61MOMACChI, eCA NPOM3BOAMMOE TENNO MCMONb3yeTCs
3pdekTMBHO. Pazmep YCTAHOBOK orpaHuMyeH HebO/bLLOW
KaNOPUMHOCTbIO 6MOMACChbl MO CPAaBHEHWUIO C MCKOMAeMbIM
TONMBOM, 3 TaKXKe TPYAHOCTAMM NOTUCTUYECKOro Xapak-
Tepa, BO3HMKAKLWMNMN B CBA3N C 3TMM. Bbibop TexHonormm
KoreHepauuu 3aBUCUT OT MMetolleincs Grnomaccbl. B He-
KOTOPbIX CKaHAWMHABCKMX CTPAH3X, KOTOpble PacrnonararT
Ype3BblY3HO BbICOKMM MOTEHLUMANOM NecHOM 61omMacchl,
TBEepAan OMOMACCa yXKe CeroaHa SBNAETCA OCHOBHLIM BU-
[OM TONAMBa ANA KoreHepauun. B OuHAaHAMK, Bruomacca
coctasnset 6onee 30% OT BCEro TOMMBA, MCMNONb3YEeMOro
Ha KOreHepaUMOHHbIX YCTaHOBKAX, a B LUseuunn — 70%"2

TexHonorumn NpAMOro CKMraHma

TexHoNOrMK KoreHepaumm moryT OblTb OCHOBaHbI Ha He-
CKONbKMX BMAAX MPSMOr0 CKWUraHua (CKWUraHue B HenoA-
BUXKHOM C/10€, OKWUraHMe B KUMALLEM CN0e U COKWUraHve B
MbINEBUAHOM COCTOSHMK). Mcnonb3yoTca napoBble ABU-

148 Nitsch, J. et al. (2010): Leitstudie 2010 - Langfristszenarien und
strategien fir den ausbau der erneuerbaren energien in Deutschland
bei Beriicksichtigung der Entwicklung in Europa und Global.
Stuttgart, Kassel, Teltow, Deutsches Zentrum fur Luft- und Raumfahrt,
Fraunhofer Institut fir Windenergie und Energiesystemtechnik
(IWES), Ingenieurbiro fur Neue Energien (IFNE).

49 Gemis (2011): Globales emissions-modell integrierter systeme
(Gemis), version 4.6, Oko-Institut.

5° AEBIOM (2011b): Review of investment cost data for biomass
heating technologies. G. A. Center. Brussels.

5 Kaltschmitt, M. et al.,, eds. (2009): Energie aus biomasse -
Grundlagen, Techniken und Verfahren. Berlin,

Heidelberg, Springer.

52 |EA (2011b): Cogeneration and renewables. International Energy
Agency (IEA), Paris, France.



raTen MOLLUHOCTbI OT 50 KBT, anektpuyeckme napoBble
TypOuHbI — 60nee 2 MBT (31.), @ TakXKe crneumnanbHble ycTa-
HOBKM MOLLHOCTbI0 OT 0,5 MBT (3/1.). O6bIYHO Tenno reHe-
pupyeTca ¢ 3pdeKTUBHOCTbIO 60-70% B 33aBUCUMOCTA OT
3¢ heKTUBHOCTM NpoLecca MpOU3BOACTBA 3/1EKTPO3Hep-
rn, KOTOPas B CyMMe MOXeT COCTaBNATb A0 90%™3. Taknm
06pa3om, Manble 1 cpefHME KOreHepaLUMOoHHbIe YCTAHOBKM
NpOV3BOAAT TEN/N0BOW dHeprun B Tpu-nAth pa3 Gonblue,
Yyem NeKTpUYeCcKon, npryem mecTHoe TennonotpedneHve
YaCTo BbICTYNaeT GakTOPOM, OrPaHNUYMBAOLLMM Pa3mMepbl
3NeKTPOCTAHLMN.

YnyuweHHan 6uomacca

CyLLEeCcTBYIOT pa3/iyHble TeXHOMOrM NepepaboTky, No3Bo-
nAWMe yAyUWnTe KavyectBo OMOMACCbI AN HEKOTOPbIX
0cobbix BMAOB ee NpUMeHeHWs, a Takxke ANA ee NpumeHe-
HWA Npu 6onee BbICOKMX TemnepaTypax. Hanbonee pacnpo-
CTPAHEHHbIMUN TEXHOMOTMAMMN CETrOAHA ABNAITCA NPOM3BOA-
cT80 (ynyuLLeHHoro) 61orasa v rasudukaumsa. PassunsarTcs
Apyrve TeXHONOrMM, Takne Kak MMPOAN3 U NPOU3BOACTBO
CYHTETUYECKMX ra30B 1 macen.

Fasmdukauma ocobeHHo 3ddeKTMBHa B Cay4Yae MCMNO/b30-
BaHMA 6MOMACChI C HM3KOM KaNlOpUMHOCTBIO W BNAXKHON 61O-
MaCCbl. YacTMYHOE OKncNeHne 61oToNMBA CrnocobCTByeT Bbl-
[eneHnto roproyelt rasoBon Ccmeck, Kotopasa rMasHbiM obpa-
30M COCTOUT M3 okemaa yrnepoaa (CO). Masndrkaums moxet
obecneuntb 6onee BbICOKYH 3HeproadheKTMBHOCTL Mo BCel
Lilernoyke MCnonb30BaHUA GMOMACChl NP YCNOBUM AOMONHW-
TeNbHbIX MHBECTULWIA B 3TY CNOXKHYHO TexHonoruto. CyLecTy-
€T MHOXEeCTBO Pa3/INYHbIX CUCTEM ra3nUKaLMM, OCHOBAHHbIX
Ha Pa3/WYHbIX NMPUHLMNAX NOA3YM TOMANB], TEXHONOTMAX KaK
co6CTBEHHO raznduKaLmm, Tak 1 KOMOUHMPOBAHHbIX TEXHO0-
TMAX C UCMONb30BaHMEM ra3oBbiX TypOUH. COrNAacHO AaHHbIM,
VMEHLLIMMCS B CNeLanv3avpoBaHHON MTepaType, CyLLecTBy-
eT LUMPOKMI AMANA30H LIeH Ha 3T TeXHONOTUW.

K ApyrMm TexHoONorvam ynyulleHna Kadectsa OMOMacchl
OTHOCATCA ouuLLleHre 61orasa ANA ero 3aKayku B cucTemy
Tpy60NpoBOAOB C MPUPOAHbLIM ra30M M NMPOM3BOACTBO XMA-
KX BUAOB OMOTONAMBE, TaKMX KaK PacTUTeNbHOE MAcno,
3T3HON WAK TOM/IMB3 BTOPOr0 NOKONEHWA. ITW TEXHONOTNN
ABNAIOTCA B3aUMO33aMeHAEMbIMM C TEXHONOTMAMMN HA NCKO-
naembIxX BMA3X TOMAMBA, HO HM3Kaa 3P deKTUBHOCTbL Mpo-
Llecca B LIeNOM 1 3Hepro3aTpaTbl, Heo6XoANMble ANA BbIpa-
LLMB3HWNA SHEpreTUYecknx KynbTyp, AeNatT nx Hemnpmsne-
KaTeNbHbIMW C TOUYKM 3PEHNA YCTONYMBOrO Pa3BUTUA.

7.5.4. bnoras

B 610ra3oBbix YCTaHOBKaX MpumeHseTcs aHaspobHoe pac-
LenneHne c nomollblo 6aktepun Ana npeobpas3oBaHus
pa3nnyHbIX cybcTpaToB 6Gromacchl B 6uoras. 3ToT ra3 B
OCHOBHOM COCTOMT U3 MeTaHa (ra3 C BbICOKOW KaNopUiAHO-
cTbto), CO2 1 BoAbl. AHA3pO6HOE paclienneHne MoXeT UC-
MONb30BaTLCA ANA YAYULLEHUA OPraHuyecknx Bellects C
HN3KOW 3HEepreTn4eckom NNOTHOCTbIO, TAKNX KaK OpraHunye-
CKMe 0TXO0fbl U HaBO3. Tn Cy6CTpaThl, Kak NpaBuo, coaep-
3T 00/bLLOE KONMYECTBO BOAbI U MMEIT XUAKYI0 (hopmy.
«Cyxue» cy6CTpaThl HY>KAJKTCA B AOMONHUTENBHON BOAE.

53 Kaltschmitt, M. et al., eds. (2009): Energie aus biomasse —
Grundlagen, Techniken und Verfahren. Berlin, Heidelberg, Springer.
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YKnakve oCTaTKy, TakuMe KakK OTXOAbl M IKCKPEeMEeHTbl, B
SHEpreTMYeckMx Lensax He WCMnonb3yoTca. WX Tennosow
NOTEHUMaNn Mcnonb3yetcs nytem NpomsBoAcTBa 6morasa.
OcTaTKM npouecca nepepaboTKM NPUMEHAIOTCA B KayecTse
yAoOpeHnin, KoTopble coaepxaT 60/bLLoe KONNYECTBO a30-
Ta 1 60/ee LeHHbl, Yem UCXOAHble cy6CcTpaThbI's4,

MeTaH - CUNbHbIM NApHMKOBBIY ra3, No3ToMy Ansa obecneye-
HUA HWM3KOTO YpOBHA BbIGPOCOB Npy NepepaboTke GUomac-
Cbl 610ra30Bble YCTAHOBKM AO/VKHbI ObITb FepMETUYHbI™S.
Ana npousBoAcTBa 6M0rasa npeanoyTUTeNbHee MCMnonb-
30BaTb OCTATKM M OTXOAbI, @ HE SHepreTnyeckme KynbTypbl
(Takme KaK KyKypy3Hbl1 CMNOC), BblpalUMBaHME KOTOPbIX
3HEpro3aTpaTtHoO W TpebyeT WCNoNb30BaHUA YA0OpeHuit,
YTO, COOTBETCTBEHHO, MPUBOAUT K 06Pa30BaHMIO BbIOPOCOB
NapHUKOBbIX r3a308.

Buorasosble YCTaHOBKM 0ObIYHO COCTOAT U3 6MOPeaKTopa,
npefiHa3Ha4yeHHoro Ans npowmssoacTBa OMorasa, u Kore-
HepaUMOHHOWM YCTAaHOBKM. YCTAHOBKM Pa3/iMyaloTca Mno pas-
Mepy W1, KaK NpaBuno, B HUX MOA3ETCA CMeCb Cy6CTpaTos,
HanpvMmep HaB033, CMELLAHHOTO C KYKYPY3HbIM CUAOCOM,
CMNOCOM U3 3N3KOBbIX KYAbTYP, APYTMMM SHEPreTnYecKnmMm
KY/bTYP3aMU U/ OPFraHNYECKUMU OTXOAAMMU™SS,

Kak npasuno, 6moras mncnonbsyerca ANA KOMOMHUPOBaAH-
HOro MPOW3BOACTBA TEMNOBOW W SNEKTPUYECKON SHeprum.
B MepmaHuK, rae NpUMEHSITCS CTUMYAMpYoLLMe Tapudsbl
ANna BV Ha NoCTaBKy 3/1eKTPO3HEprm B ceTb, 61oras npo-
W3BOAMTCA B OCHOBHOM ANA MONYYEHUA SNeKTPUYecKomn
3Hepruv. bonblUMHCTBO GMOra3oBbiX YCT3HOBOK pacrono-
eHbl Ha dhepMax B CeNbCKo mecTHOCTU. Manble Guora-
30Bble YCTAHOBKM 4acTO MCMONb3YHT NOAYYeHHoe Tenno
ANA MecTHOro o6orpesa nomeLLeHuin 1 TeXHONOrM4ecKoro
Tenna, Hanpumep, ANs NpoLeccoB cywKku. KpynHole 6uo-
ra3oBble YCT3AHOBKW HY>XKA3KTCA B AOCTyne K Tennocety,
4yT06bI 3h(HEeKTUBHO MCMOMb30BATL BCE MMetoLLeecs Tenno.
OAHaKO AOCTYM K CETU B CENbCKUX PAMIOHAX 334aCTYHO OTCYT-
CTBYeT, M03TOMY 0CTaeTcA 60/bLLION HENCMOb30BaHHbIN MO-
TeHumnan notpebneHns Tenna, nony4veHHoro m3 bmorasa. Pe-
3yNbTaTbl MOHUTOPMHIA 61M0ra3oBbiX YCTAHOBOK B [epmaHum
YKa3blBAKT Ha TO, 4TO 50% AOCTYNHOro Tenna GakTnyeckm
TPATUNOCh BMYCTYH'S. TexHoNOrMn ounLleHns n oboralle-
HMA 6uorasa ¢ nocneaytllein nepefadyein B rasoByk ceTb
B NocneaHee BpemA NONYUYUAM ONpeaeneHHoe pa3sutie u
LOJKHbI CAeNATb BO3MOXKHBIM MCMONb30BaHMe 61orasa He-
NocpeACTBEHHO B MecTe TennonoTpebneHus.

54 Kaltschmitt, M. et al., eds. (2009): Energie aus biomasse —
grundlagen, techniken und verfahren. Berlin, Heidelberg, Springer.
55 Pehnt, M. et al. (2007): Biomasse und effizienz — vorschlage
zur erhohung der energieeffizienz von §8 und §7-anlagen im
erneuerbare-energien-gesetz. Arbeitspapier nr. 1 im rahmen
des projektes “Energiebalance — optimale systemlésungen fir
erneuerbare energien und energieeffizienz”. Heidelberg, Institut fir
Energie und Umweltforschung Heidelberg Gmbh (IFEU).

56 |[EA (2007): Renewables for heating and cooling. International
Energy Agency (IEA), Paris, France. Nitsch, J. et al. (2010): Leitstudie
2010 - langfristszenarien und strategien fur den ausbau der
erneuerbaren energien in Deutschland bei beriicksichtigung der
entwicklung in Europa und global.

Stuttgart, Kassel, Teltow, Deutsches Zentrum fur Luft- und Raumfahrt,
Fraunhofer Institut fir Windenergie und Energiesystemtechnik
(IWES), Ingenieurbiro fur Neue Energien (IFNE).

57 DBFZ (2010): Monitoring zur wirkung des erneuerbare-
energien-gesetzes (EEG) auf die entwicklung der stromerzeugung
aus biomasse (unveroffentlichter entwurf). Leipzig, Deutsches
Biomasseforschungszentrum.
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YcoBepLUeHCTBOBAHME TEXHONOTUA AN WUCMONb30BAHMA
6romacchl HeceT B cebe pUCK yBenMYeHna BbIOPOCOB Me-
TaHa, Mo3TOMy ANA obecneyeHWs peanbHOro CoKpalle-
HMA BbIOPOCOB MAPHUKOBBIX ra308 HEOOXOAMMO BHEAPUTb
XKeCTKMe CTaHA3PTbl OTHOCWMTENbHO AOMYCTUMOrO YPOBHS
BbIOPOCOB™S,

7.5.5. TeXHONOTUM XpaHeHus
SHeprum

MockonbKy BO BCEM MMpe AONA SNeKTPOIHepruun, nonyya-
emoit 13 BO306HOBNSIEMbIX MCTOYHMKOB, PaCcTeT, TaKkxKe Ha-
6upaet 060pOTbl pPa3BUTME TEXHONOTUA U WMHCTPYMEHTOB
roCcylapCcTBEHHOW MOAUTUKMU ANA pelueHusa npobnem, css-
33HHbIX C NepeMeHHbIM Xapaktepom BU3. Hapaay ¢ pelle-
HUAMM, K3C3OLWMMNCA dHeproceTerl U MPOrHO3MPOBAHMA,
AKKYMYNALNA SHEPrum ABNAETCA KNKYEBbIM KOMMOHEHTOM
JHepreTnyeckon [plesontounm.

Mocne TOro Kak AONS 3NEeKTPO3Heprum, nosyyaemom u3
nepemeHHblX BO30OHOBASIEMbIX WCTOYHWKOB, MpPEBbLICUT
30-35%), BO3HWKHET He0OX0AMMOCTb B XPaHEHUN SHepru,
ytoObl KOMMEHCMpPOBaTb AedUUNT FeHepUpOBaHUA WK
AKKYMYNNPOBaTb BO3MOXHYH M3ObITOUHYHO INEKTPO3Hep-
rVIt0, MPON3BEAEHHY B BETPEHYK N CONHEYHYI noroay.
Ha cerogHALWHNI AeHb TEXHONOTUM aKKYMYNSLMM SHEPrn
OXBATbIBAKT Pa3/inyHble 3Tanbl M MacwTabbl NPOeKToB.
Kpome T0ro, cyLecTBYHT TEXHONOTMM KaK KPAaTKOCPOUYHO,
TaK W AONTOCPOYHOM aKKYMYNAUUM SHeprumn. TexHonormm
KPaTKOCPOYHOWM aKKYMYANALMM MOTYT KOMMNEHCUPOBATb KO-
nebaHnsa Npu reHepaumn SHeprum, KoTopble ANSATCA BCEro
NNLLb HECKONbKO YacoB, B TO BpeMs KakK TeXHONOTMn ANN-
TEeNbHOM WM Ce30HHOM AKKYMYNAUUN MOTYT MOKPbIBATb
nedununT reHepaunm 3SNEKTPOIHEPrnN HA NPOTAXKEHUMN He-
CKONbKMX HeAenb.

K KpaTKOCPOUYHbIM PeLleHUsIM OTHOCATCA aKKYMYAATOPbI,
MaxoBMKN (ANA HAKOMNEHUA MEXAHUYECKOM 3SHepruu),
3N1eKTPOCT3HLUMM Ha CKATOM BO3AYXe U TMAPOAKKyMyNnmpy-
oLme 3neKTpocTaHumm ¢ Bbicokum KIA. MNocnepHne takxe
MCMONb3YIOTCA AN AONTOCPOYHON aKKYMYNSALMN SHEpPruu.
Bo3morkHo, Hanbonee nepcnekTMBHLIM U3 BCEX STUX Bapu-
3HTOB ABAAKTCA dneKTpomobunm (3M) ¢ BO3MOXKHOCTbIO
noaktodeHms K cetn (V2G), KoTopble MOTYyT NOBbLICUTL N6-
KOCTb SHEProCMCTEeMbI, 3aPAXKAACH NpY M30bITOYHON reHepa-
umm ot 06bEKTOB Ha B3 1 0TAaBan SHepruo npu CTosHKe, ¢
uenbto obecneynTb NMKOBYH MOLLHOCTb UM NPeAoCTaBUTb
LOMONHUTE IbHbIE YCAYTM ANA SHeprocucTembl. TpaHcnopT-
Hble CPeACTBa YacTo NpUNapKOBaHbI PSAOM C OCHOBHbIMM
LIeHTPaMM HArpy3Ku 1 BO BPeMA MaKCMMANbHOM HArpysKku
3HeprocmcteMbl (Hanpumep, 3a npeaenamm Npon3BOACTB),
1 3T0 No3Bo/MN0 6bl pelnts Npobnemy nepeboes B ceTu.
Tem He MeHee CTOMMOCTb aKKyMyNATOPOB CErofiHA O4YeHb
BbICOKA, K TOMY >Ke 0CTaTCA HepeLleHHbIMU CyLecTBeHHble
noructnyeckme npobnemoi.

TexXHONOrnn Ce30HHOW dKKYMYyNAUnMnM sHeprnn BKNKYAKOT
B cebs TMAPOAKKYMYNPOBaAHME, @ TaKXe NponM3BOACTBO
BoaopoAda nam B0306HOBNAEMOro meTaHa. Ecnm nocnean-
HMe ABa TWMNa B HacCToAlLLlee BpeMA HaxXxoAATCA Ha CTaann

58 Gartner, S. et al. (2008): Optimierungen fir einen nachhaltigen
ausbau der biogaserzeugung und -nutzung in Deutschland,
materialband e: dkobilanzen. Heidelberg, Institut fir Energie- und
Umweltforschung.

pazeutna (peannsyeTcs HeCKONbKO [AeMOHCTPALMOHHbIX
NpOEeKTOB, NPEUMYLLECTBEHHO B TepMaHum), TO rMApoak-
KYMYNMPOBAHME UCMONb3YeTCA BO BCEM MUpe yxKe bonee
cTa ner.

'MapoakkymynmposaHue

[MAPOAKKYMYNMPOBaHME ABNAETCA CeroAHA KpynHenwen
(hOpMOI HAKOM/\EHNA CEeTEBOI INEeKTPO3HEprin, a TakKe ca-
MOW Ba)KHOM TexHonorven Ana 6anaHCMpOBaHMA BETPOBbIX
N CONHEYHbIX SNeKTPOCTaHUMI, KOTAa UX A0NA B SHeproba-
NaHce 3H3YMTeNbHO BO3pacTeT. JTa TeXHONOrnsa rMApo3-
NeKTPO3HepreTVKM NpeayCcMaTpuBaeT akKyMyNnaUmo SHep-
TMX 33 CYeT NepeKkaymBaHua BOAbl U3 HUXKHero 6acceliHa B
BEPXHMI BO BpeMA BHEMMKOBOW HArpy3Ku 1 BbicBoboXKAaeT
ee npy nomolum TypOoMH B MOMEHTbI NMMKOBOro notpebne-
HMA. HecMoTpA Ha TO YTO MMAPO3KKYMYNNPOBaHME CeroaHsA
Hanbonee 3pcbeKTMBHOE C IKOHOMUYECKON TOYKM 3peHus
pelleHne ANs ONepaTUBHOMO HakonneHus 6onbliMx 06be-
MOB 3NeKTPMYeCKON SHeprum, KpUtnyeckn BaxHoimu hak-
TOPamMn ANA MPUHATMA PelleHWU Npu CTPOMTeNbCTBE HO-
BOV MHPACTPYKTYPbl ABNAETCA BbICOKAA CTOMMOCTb TAKNX
00beKkToB M COOTBETCTBYIOLLME reorpaduyeckne ycnosus.
C yyeTOoM MnoTepb, CBA33HHLIX C MPOLECCOM MepeKaykn u
XpaHeHMs BOAbl, TaKMe 3NeKTPOCTaHUUWM ABNATCA HeT-
TO-noTpebuTenamm 3Heprum; NPUHNMan BO BHUMAHWe Mo-
Tepu Ha ucnapeHune 1 npeobpa3oBaHue, NpMbAM3NTENbHO
70-85% 3NeKTpUYeCcKom 3Heprum, Ncnonblyemor AN ne-
PeKauMBaHNA BOAbI B BEPXHUI pe3epByap, MOXXHO KOMMeH-
CMPOBAaTb NPU ee BbICBOOOXAEHUW.

Bo3o6bHOBNAGMbIN MeTaH

Kak rasoBble, Tak M KOreHepaLuMOHHble YCTaHOBKM MOTYT
6biTb NepeobopynoBaHbl ANA paboTbl H3 BO30OHOBNASIEMOM
MeTaHe, KOTOPbIi MOXHO MOMYYUTb C MOMOLLbI BO306-
HOBNSAEMOW SNeKTPO3HEPTM 1 UCTMONb30BaTb ANA 3P dek-
TMBHOTO XPaHeHWs 3Hepruu, NMpOV3BOAMMON MPU MOMOLLM
CONHEYHOTO M3NyYeHus W BeTpa. Bo3o6HoBAAEeMbIN MeTaH
MOXHO XPaHWUTb W TPAHCMOPTMPOBATL MpY MOMOLLM CyLlle-
cTBYtOLLe MHDPACTPYKTYpbl NPUPOAHOTO rasa, 3 Takxe npu
HeoOX0AVMOCTH UCMOb30BaTh ero AN obecneyeHns snex-
TPOCHabxeHWA. MoTeHUMaN ra3oXpaHMAKLL MOXET MOKPbITh
AedrUMT 3NeKTPOCHabXeHUA Ha CPOK A0 ABYX Mecsues, a
MHTENNEeKTYaNbHAA CBA3b MeXAY SHEeproceTblo W rasosoin
ceTblo MoxeT obecneunTb CTa6UAM3ALMIO SNEKTPOCeTH.
Pa3BuTMe MeCTHbIX TemnoceTel Ha psAAY C dNeKTpo- U ra-
30BbIMW CETAMU MO3BOAMANO Obl UCMONB30BATL INEKTpUYe-
CTBO, «aKKyYMy/NMPOBaHHOE» B MeTaHe, AN KoreHepauum ¢
BbICOKMM 06Wmnm KoadduumeHTom 3ddekTmeHocTr, obe-
crneunBas BbIpaboTKy KaK TEMNA0BOM, TaK U INeKTPUYeCKon
3HEprumn™® (cM. puc. 7.13). B HacTosLee Bpems B FfepmaHum
peanunsyeTca HEeCcKoNbKO MOAOOHbIX 3SKCMEepYMEHTaNbHbIX
MPOEKTOB, MOLLHOCTb KOTOPbIX BapbWpyeTcs OT OAHOMo A0
ABYX MEraBaTT, HO O LUMPOKOM MPOMbILLAIEHHOM MpVMeHe-
HUM peun Noka He naet. ECm 3Tv aKcnepMmeHTanbHble Npo-
eKTbl OKaXXYTCs YAIYHbIMYM, A3HHAA TEXHONOMMA A0 2020 rOA3d
MOXeT MONYYUTb LUMPOKOE MPOMBbILLNEHHOE MpUMEHEHNE.
OAHAKO Mepbl FOCYA3pCTBEHHOW MOAMTUKKM, KOTOpble Cro-
co6cTBOBaNMN Obl NPOMbILLNEHHOMY Pa3BUTUIO TEXHONOMMI
AKKYMYNALNM SHEPrvK, NO-MPEXHeMy OTCYTCTBYHOT.

59 (F-IWS 2010) Fraunhofer IWS, Erneuerbares methan kopplung
von strom- und gasnetz. M.Sc. Mareike Jentsch, Dr. Michael Sterner
(IWES), Dr. Michael Specht (ZSW), tu Chemnitz, Speicherworkshop
Chemnitz, 28.10.2010.
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VicroyHuk: Fraunhofer Institut, 20710.

AKKYMyNAUmMA SHeprm ¢ nomolubio 6atapen

Ha pbiHKe cyLecTByeT MHOXECTBO TUMOB aKKYMYNATOPHbIX
6aTtapeii. YBenmyeHvne Cnpoca Ha dNeKTpoMoOduAM cnocob-
CTBOBANO CYLLECTBEHHOMY Pa3BUTUIO HA MPOTSXEHUU MNo-
CNefHero fecATUNeTUS TeXHONOTNIA MPON3BOACTBA aKKYMY-
NATOpHbIX 63Tapei. B HacToALee Bpemsa 0coboe BHUMaHMe
yAensaeTca AnTresbiM 6atapeam, K TOMY >Ke NUTUN-MeTan-
NMYeckne U NUTUA-NOHHbIe 6aTapen 6ONbLION eMKOCTU
(\MB), a Takxe pa3paboTKn MeHbLLehn eMKOCTU, TaKme Kak
akkymynatopbl PowerWall komnanum Tesla, 6yayT Bce 60/b-
we 1 6onblue AONONHATL NPON3BOACTBO BO30OHOBNSAEMON
3/1eKTpPo3Heprun. Kpome TOro, NpoA0/IXKaTCA pa3paboTku
NMOPTATUBHbBIX YCTPONCTB XPAHEHNA SHEPTUM, KOTOPbIe NexaT
B OCHOBE He TONbKO MepCrneKTUBHLIX MPUBOAHBIX CUCTEM,
TAKMX KaK TPAHCMOPTHbIE CPeACTBa C TMOPUAHBIM NMPUBOAOM
N BCE aBTOMOOUAM C INEKTPUYECKMM NPUBOAOM, HO TaKXKe
TeXHONOTNIA XpaHeHWs1 BOAOPOAA M TOMNMBHBIX SNeMeHTOB.
CUCTeMbl XPAHEHNA SHEPrM C UCMONb30BAHNEM aKKYMYNA-
TOPHbIX 6aTapeit, TaKMX KK NUTWIA-CEpHble U NUTUIA-BO3-
AYLIHblEe aKKYMYNATOPbI, UMetoT 60/1bLLIOV NOTEHLMAN U MO-
ryT AOCTUYb MAKCUMANbHbIX 3HAYEHW eMKOCTU U SHepre-
Tyeckor nnotHocTn (DLR-Wagner)®. B Mupe 3HaunTeIbHo

160 (DLR-Wagner 2015) Dr. Rer.Nat. Norbert Wagner; http://www.dlIr.
de/tt/en/desktopdefault.aspx/tabid-7197
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1
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| MeTaH nony4yeH Ot conHeuyHbIx 3C
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1
1

BO3POCNO KONMYeCTBO pa3paboToKk 1 UCCNeloBaHWIA, peLua-
OLLUMX 3371341 HaAEXHOCTU 1 6e30MacHOCTY aKKYMYNsaTop-
Hbix 63aTapert, a TaKXXe CHUXKeHWS X CTOMMOCTY YaCTMYHO 33
CYeT 3KOHOMUM Ha maciTabe. MHorve akcnepTbl B 061acTu
3HepreTUKM pacCMaTpUBAIOT UCMONb30BaAHNE HOBbLIX TEXHO-
NOTUI aKKYMYNATOPHbIX 6aTapeit B coYeTaHnM ¢ NpOun3BOA-
CTBOM AeLLeBON CONHEeYHOW SNeKTPO3HEepruv Kak MnoTeH-
LUMANbHYI0 PEeBONIOLMOHHYK TEXHONOTMK, KOTOPaA MOXeT
KapAMHANbHO U3MeHUTb byayLLve SHepreTuyeckme pobiHKU.

TeXHONOrnN aKKYMYNALMN: KaCKaAHbIN
noAaxoA

He cyuwlectByeT YHMBEPCanbHOM TEXHONOTMMN XpaHeHus
3Hepruu. Mo Bcel Lenoyke aHepronoTpebneHns 1 sHepro-
CHabXeHMa HeobXoANMbI Pa3NINUHble TEXHONOTUM aKKYMy-
NALUUM SHEeprun ANs YAOBNETBOPEHUS KOHKPETHbIX noTped-
HOCTE OTHOCUTENbHO BPEMEHM XPAHEHWUA — OT BTOPUYHbIX
pe3epBoB, HeOOXOAMMbIX ANA PeryAMpOBaHUA YacToTbl, AO
Ce30HHOr0 XpaHeHWs Ha MPOTAXEHMN HEeCKONbKUX Mecs-
ueB. Ytobbl 06ecneuntb NOKaNbHYH MHTErpaumio 06beKkToB
3neKTporeHepaumm Ha BMI B pacnpepenutencHole cetu,
Heo6X0AMM LieNblil Kackaz pa3INYHbIX TEXHONOT M aKKYMy-
NAUUM SHeprun. Ha puc. 7.14 NpoAEeMOHCTPMUPOBAH MOAHbINA
CMEKTP TEXHONOMMIA aKKYMYNALMMN SHEPruu.



7 3Hepl'eTl/I Yyeckme TexHonormm

Puc. 7.14. BO3MOXHbIE NOK3LUN U TEXHONOTUM AKKYMYNALNN SNeKTPO3IHeprn B sHeprocncreme

XpaHeHve Tennosoi
3Heprum

06beMHoe XpaHeHne
sHeprum

-
- -

-
-
-
-
-

-

XpaHeHwve 3Heprum
B KM/IOM CEKTOpe

Hictounmk: IRENA - storage 2015™".

61 (IRENA - storage 2015) Renewables and electricity storage - a
technology roadmap; International Renewable Energy Agency
(IRENA) IRENA Innovation and Technology Centre; Robert-Schuman-
Platz 3; 53175 Bonn; Germany; June 2015.
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MoaenunposaHve ambULMO3HOrO CLeHapua SHepreTuye-
cKoi [pleBontoumm Ana benapycu npuHecNno BAOXHOBANSA-
oWMe pe3ynbTaTthl, KOTOpble CBMAETENbCTBYHOT O TOM, YTO
nepexoa K 3HepreTMyeckom cucteme C BbICOKOM Jonen
B0300HOB/IAEMbIX MCTOMHMKOB SHEpruv ABNSETCA peanu-
CTVUYHBIM U NPUHeceT TaKXKe MHOXKEeCTBO 3KONOTMYecKux 1
SKOHOMMYECKMX BbIroa ANA Hacenewua benapycu. B vacT-
HOCTW, CUCTeMA SHeproobecrneyeHns Ha OCHOBE NpenmyLLe-
CTBEHHO MeCTHbIX BO30OHOBNSAEMbIX UCTOYHWMKOB SHEprum
6yneT rapaHTMpoBaTh dHepreTnyeckyro 6€30MacHOCTb, YTO
ABNAETCA OAHOW M3 OCHOBHbLIX Lienen AenCTBYIoLLen 3Hep-
reTM4eckon NOAUTMKIK NpaBuTenbCTBa benapycu. MNMepexoa
K B0O306HOBNAEMbIM MCTOYHMKAM SHEprum TakxKe No3sonmT
CHU3UTb Ce6ecTOMMOCTb NPOM3BOACTBA SNEKTPOIHEPrnm
Cpa3y Xe Mocsie 2020 roAa, YTo NO3BONMUT MOCTABAATb SNeK-
TPO3HEpruo HaceneHuto No 6onee HU3KMM Tapudam, Yem
npu TP3AULMOHHOM CTPYKType 3HeproreHepaumun. bonee
TOro, CLleHapwuih DHepreTMyeckon [pleBontoLnm AeMOHCTpU-
pyeT MOTEeHUMAn BO3MOXHOMO YCUNEHUA KAMMATUYeCKon
NoNAuUTUKM benapycun, 4to nocnocobCTByeT MNpuBAeYEeHMO
WHBECTULNIA, HeOOXOAMMBIX ANA Mepexona K UCNoNb30Ba-
HWI0 BO30OHOBNAEMbIX UCTOYHMKOB SHEPruu.

Be3ycnosHo, BoMNOLLEHME B XKM3Hb CLIeHapuUs JHepreTnye-
ckol [plesontoumn notpebyeT 3HAUMTENbHBIX MHBECTULMIA
1 paboTbl FOCYAAPCTBEHHBIX MHCTUTYLMIA, HO NOAAEp>KaHNe
TPAAMLMOHHOW SHEpreTM4eckon cucTembl Takxke Tpebyet
3HAUMTENbHbIX KANWUTaNbHbIX 3aTPAT U PaCcXOA0B HA TOMAM-
B0 (Aaaxe 6e3 yyeTa BANAHMA UCKOMAeMbIX BUAOB TONANBA
Ha OKpY>KatoLLyto cpeay 1 340pOBbe NAen), UTo cneayet
yyecTb Npy NpUHATAN pelueHns. DaKTUYeckn pesynbraTthb
AAAHHOTO MCCNEeOBaHVA AEMOHCTPUPYIOT, YTO SKOHOMMA Ha
CTOVMOCTW TOM/MB3 COMNACHO CLIEHApWI0 DHepreTnyeckon
[pleBontoumy 3HauMTENbHO TMpeBbllLaeT pa3mep Heobxo-
ANMbIX VHBECTULMIA ANS BOMNOLLEHMS 3TOr0 CLUeHapus B
XWN3Hb.

Huxe npeacTaBneHbl 0OCHOBHble UMbl U KOHKPETHbIE pe-
3yNbTaTbl MOAEMPOBAHMA B PaMKax ba3oBoro cueHapus
N cLeHapua JHepreTuyeckoi [plesontoummn ans benapycu:

o CornacHo bazoBomy clieHaputo, obliiee KoHeuHoe noTpebne-
HWe SHepruK, CoCTaBNAtoLLee B HacTosLlee Bpems 710 MAX
B roA, yBenmumnTca Ha 42% A0 1010 MNAX 8 ro4 8 2050 roAy.
CornacHo cLeHapuito JHepreTuyeckoi [plesoniounm, KoHeu-
Hoe noTpebneHre SHepru COKPATUTCA HA 24% OT TeKyLLero
ypoBHA A0 540 NAX B roa K 2050 roay 6naroaapa ambuum-
03HbIM VHCTPYMEHT3M SHepreTnieckom NOAUTUKN.

o CLeHapuin DHepreTMyeckon [pleBontoumn npeanonaraert,
yto obuiee notpebneHne 3NEeKTPOIHEpPrUn YBEeANUUTCA
npumepHo ¢ 30 TBT-4 B roa Ao 61 TBT-4 B roA K 2050 roay 8
CBAI3N C POCTOM 3KOHOMMKMW, MOBbILLEHEeM YPOBHA >KN3HW
N 3NeKTpUdUKaLmMen TpaHCMOPTHOrO CEeKTopa M Tennoa-
HepreTykn. OAHAKO Mepbl MO NOBbILWEHUI SHeprosgdek-
TUBHOCTM TMPOMBILUNIEHHOCTY, KOMMYHA/IbHOTO CEeKTopa
u cepbl ycnyr no3BonaT mM3bexxkatb reHepaumm oKono
20 TBT-4 B roa no cpaBHeHUIo ¢ ba3oBbiM cLieHapuem.

e [loBbileHne 3HeproaddeKTUBHOCTV B Tenno3HepreTuye-
CKOM cekTope OyaeT elle 60NbLUMM, YeM B SNEKTPO3Hep-
retnyeckom. CueHapuii dHepreTnyeckol [plesontoumm rno-
3B0/IAET COKPATUTbL NoTpebneHve npumepHo A0 300 NAX B

roZ 3a CYeT MOBbILLIEHNA YPOBHA SHEProdddEKTUBHOCTY K
2050 roAY M0 CPaBHEHMIO ¢ 5a30BbIM CLieHapyeMm.

Pa3BuTMe ceKTopa 3NeKTPOCHAOXEHNA XapakTepusyeTcs
ANHAMUYHBIM  Pa3BUTUEM PbIHK3 BETPOBOM W CONHeY-
HOW 3Heprumn, KoTopoe ¢ NNXBON KOMMEHCMpyeT 0TKas oT
3ATOMHOW SHEprumM B pamkax CLUeHapua DHepreTn4eckomn
[pleBontoumn. K 2050 roay 92% 3neKTpO3HEprum, npouns-
BoaMMmol B benapycu, 6yaet npuxoanTbca Ha BO306HOB-
NAemble UCTOYHUKN DHeprumn COrnacHo CueHapuio JHep-
retmyeckoi [plesontoumnn. YcTaHOB/eHHble MOLLHOCTU
BO30OHOB/AEMbIX MCTOYHMKOB DHEPruM COCTABAT OKOMO
9 BT K 2030 roay 1 50 BT K 2050 roay.

CueHapwuii DHepreTMyeckon [pleBonoummn NprBeaeT K yBe-
JINYEHNID AONM NepeMeHHbIX UCTOYHMKOB MPOM3BOACTBA
3NeKTPO3HEepPrum (CoNHeYHan 1 BeTpoBas 3Heprusa) 4o 29%
yxe K 2030 roay u 77% ot o6uero o6bema Npor3BOACTBa
K 2050 roay. Takum o6pa3om, Heob6xoAMMO pa3BMBaTb
KYMHble» ceTu dneKTpocHabxeHua (smart grid), ynpasne-
Hue cnpocom (demand side management), SHeproakkymy-
JWIpYIOLLe MOLLHOCTU 1 ApYriie pelleHus ANs Toro, YTo6bl
YBeNMYnTb MTMOKOCTb SHEPreTUYeCcKon CUCTeMbI ANA UHTe-
rpaumnu snekTpocetein, obecneveHns c6anaHCMpPOBAHHOCTU
Harpy3KuM 1 HaAexHoro 3HeproobecneyeHus.

BHeapeHWe TexHONOrniA BO30OHOBNSIEMOWN SHEpriv B pam-
Kax ClUeHapvisi DHepreTuyeckon [pleBontoumM M3HAYaNbHO
npvBeseT K He3HaUMTeNbHOMY yBenmnYeHnto Oyaylien cebe-
CTOVIMOCTM NPOM3BOACTBA SNEKTPOSHEPrvN MO CPABHEHUIO C
basosbiMm cueHaprem (0,1 ueHTa CLUA 3a 1 kKBT-4 6e3 yueTa
CTOVIMOCTV MHTErpaunmM B 3NeKTPOCeTb aKKYMYAMPYHOLLNX
MOLLIHOCTE 1 NpoYMX Mep ANA 6aNaHCUPOBAHNA HArpy3Ku).
CornacHo cLueHapuio JHepreTmyeckoi [plesontounm, npons-
BOACTBO 3/1eKTPO3HEPrum CTaHeT 3KOHOMMYecKn 6onee Bbl-
roAHbIM Cpa3y Nocne 2020 roAa B pe3ynbraTe NoBbilLeHUA
LieH Ha TP3AVLMOHHbIE BUAbI TOMINBA U CHYKEHMA CTOMMO-
CTU nepemeHHbIX BO306GHOBNAEMbIX UCTOYHUKOB SHEprum.
K 2050 rogy CTOMMOCTb MPOM3BOACTBA 3SNEKTPO3HEPrin
6ynet Ha 1,9 ueHTa CLUA 33 1 KBT-4 MeHblLLe Ana cLeHapus
JHepreTnyeckow [pleBontoumm, Yem Ans bazoBoro cLeHapus.

Ana BONNOLEHUA B XU3Hb CLEHApUA DHepreTMyeckomn
[plesontounm Heobxoammo okono 9o mnpa aonn. CLIA
MHBECTULMI (BKNHOYan CpeacTBa Ha 3ameHy obopynoBa-
HMS SNEKTPOCTaHUMIA NOCNe 3aBepLUeHNs SKOHOMUYECKM
060CHOBAHHOIO CpPOKa WX 3IKCMAYATaLUMW), YTO COCTaBNSA-
et npnbnmsntensHo 2 mapa aonn. CLLA B roa. 910 Ha 60
mnpa aonn. CLLUA 6onblue, Yem o6bem MHBECTULNIA, Npea-
YCMOTpPEHHbIV ba3oBbim cLieHapviem (30 mapa aonn. CLUA).

OAHAKO SKOHOMMA 33 CYeT CTOMMOCTM TON/IMBA Mo cue-
Hapulo DHepreTuyeckon [plesonioumm K 2050 rogy Ao-
cTurHet 63 mnpa gonn. CLUA, nnm 1,6 mnpa aonn. CLLA B
roa. Taknm o6pa3om, COBOKYMHAs IKOHOMMS 33 CYeT CTO-
MMOCTN TOMAMBA NOKPOET AOMONHUTENbHbIE MHBECTULNN,
HeobxoAMMble Ha pa3suTie BMD no cpaBHeHuto ¢ Baso-
BbIM CLileHapuem.

B HacToslee Bpems 33 cYeT BO30OHOBNAEMbIX WCTOY-
HMKOB 3Heprumn obecrneymsaetca okono 10% noTpebHo-
cTv benapycn B TENNOBOW 3HEpruin, NpenmyLLecTBEHHO
33 CYeT MCNoNb30BaHWA 6Momacchl. COPNaCcHO CLeHapuio
SHepreTnyeckol [plesontoumu, Bo306HOBNSEMbIE NCTOY-
HUKK cmoryT obecrneunTb 33% OT obLlero TenaonoTpe-



6neHus benapycn yxxe B 2030 roay v 6yayT obecrneurBaTb
80% oT obuero o6bema TennonoTpebNeHnsa B 2050 roay.
3a cyeT Mep MO MOBbIWEHNK SHepro3¢deKTUBHOCTM
MOXKHO CHM3UTb pacTyLliee cerogHa notpebnexHune Tenno-
BOI 3Heprum Ha 45% K 2050 roay (no cpasHeHuto ¢ baso-
BbIM CLEHapuem), Npy 3TOM MOBbLILLASA YPOBEHb XXM3HU U
yBe/IMYMBAsA SKOHOMMNYECKUIA POCT.

Mo npubAM3NTENbHBIM OLIEHKaM, ANA peanusauum cue-
Hapua DHepretuyeckoi [pleBontoumm Ao 2050 roaa B
COBOKYMHOCTU NOH3aA06UTCA okono 33 mapa aonn. CLUA
MHBECTMLMI B BO306HOBNAAGMbBIE TeNnN03HepreTuyeckue
TeXHONOrMU (BK/HOYAA CPeACTBa HA 3aMeHy YCTaHOBOK
noc/e 3aBepLLUeHNN SKOHOMUYECKN 060CHOBAHHOIO CPOKa
UX 3KCMAYATaUMmM), WM 0KoNo 1 Mapa Aonn. CLUA B roa.

CornacHo ba3oBomy CuUeHapuio, B CBA3N C YMeHbLUEHW-
eM KONMYyecTBa HaceneHmsa, poctom BBl v nosbiweHu-
eM YPOBHA XW3HW OXMAJETCA NULb He3HaunTenbHoe
yBenmyeHvie notpebneHns SHeprum TPaHCMOPTHLIM CeK-
Topom - npnbnamnsuTensHo Ha 33% Ao 230 MNAX B roa B8
2050 roay. COrnacHo CLeHapuI0 JHepreTnyeckoin [pleso-
NOLUKN, Mepbl MO NOBbILLIEHNI0 SHEPro3(deKTUBHOCTY U
nepepacnpeseneHue nepeso3oK nNo BUAAM TPaAHCNoOpTa
no3BONAT AOCTUYb SKOHOMUM HA YpoBHe 45% (103 NAX B
roa) B 2050 roAy no cpaBHeHUIo ¢ ba3oBbim cLeHapuem.

e COrNacHO CueHapuio DHepretnyeckoin [plesontoumm K
2030 roay anekTpudectso OyaeT obecneuvsaTb 8% oT
o6uero notpedneHVsi S3Heprumn TPaHCMOPTHbIM CEKTOPOM,
3 B 2050 roay - 48%.

e O6Lee notpebneHne NepBMYHON SHEPrnM COKPATUTCS Ha
33% oT TekyLlero ypoBHA 1 010 MAX B roa A0 npumep-
Ho 680 MAX B roA. Mo cpasHeHWO ¢ Ba30BbIM CLieHapviem
obuee noTpebneHne NepBUYHON SHEPTN YMEHbLUUTCA Ha
50% B 2050 roAy cornacHo cueHapuio 3[P]. O6wan pons
B0306HOBNAEMOV MEPBUYHON 3HEeprim cocTaBuT 27% B
2030 roay v 80% B 2050 roAy COrnacHo cueHaputo J[P].
B KOHeuHOM noTpebneHun 3Heprum fonsa Bo3obHoBAsAe-
MbIX UCTOYHUKOB yBenn4mBaetcs ¢ 6,8% B 2014 roay Ao
80,5% B 2050 roay.

e CornacHo bazosomy cueHaputo Bbi6pochl CO2 B benapy-
CV1 yBenmyaTca Ha 13% B NepuroA € 2014 N0 2050 roAbl,
B TO BpemA KaK COrnacHoO CLeHapuio JHepreTmyeckom
[pleBontouun K 2050 roay oHU COKPATATCA C 55 MAH T
B 2014 roay A0 8 MAH T B 2050 roay un 6yayT Ha 93%
HMXKe aHAaNOTUYHbIX NOKa3aTenem 1990 roana. foao0BoON
o6bem BbIOGPOCOB Ha AYLUY HaCeNEHUN CHU3UTCA C 5,8 T
A0 O0,9T.

®oro: Oflickr.com - James Moran




[Ipno>KeHnA

FeHepauMﬂ SNEKTPOaHEPT NN N YCTAHOB/I\EHHbIE
MOLLUHOCTW COITNaCHO 583OBOI\/\V CUEeHapUtO

TennocHabXxeHne COrNacHo BaBOBOI\/\y CUEeHaputo

NoTpebneHre NepBrUYHON SHEepPrm CorNacHo
ba3zoBomy CLieHapuo

KoHeyHoe noTpebneHne sHepriy CoOrnacHo
bazosomy cLeHaputo

KntoueBble NCXOAHble A3HHble MO TPAHCMIOPTHOMY
cekTopy

KoHeyHoe notpebneHne sHepri 8 TpPaHCMOPTHOM
CeKTope CornacHo basoBomy cLieHapuo

Bbibpockl CO2 cornacHo basoBomy cLeHaputo

[eHepaLUma SNeKTPO3Heprum 1 YCTaHOBAEHHble
MOLLIHOCTM COTNACHO CLIeHapUo dHepreTnyeckowm
[pleBontounm

TennocHabXeHne COrNacHo CLieHapuko
JHepreTnyeckom [plesontoumnm

[loTpebneHvne NepBUYHON SHepriy COrNACHo
CLIeHapuK JHepreTnyeckomn [pleBontoumm

KoHeuyHoe notpebneHne sHepriy CornacHo
CLIeHapuK DHepreTuyeckomn [pleBontoumm

KoHeyHoe noTpebneHne 3Hepriv B TPaHCMOPTHOM
CeKTope COMNAaCHO CLeHapUD JHepreTnyeckon
[plesontoyumn

Bbibpocbl CO2 COrNacHO CLeHaputo
JHepreTnyeckon [pleBontoLmm







[punoxeHna

MpunoxeHue 1. lfeHepaumsa 3NeKTpO3Hepruv CornacHo basosomy cueraputo (TBT-U B roa)

| 2014 | 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050
AneKTpOCTaHU MU 14 22 29 33 36 39 39 39
YrosibHble U Ha HEBO30OHOBNAEMbIX OTXOAAX 0 0 0 0 0 0
JIMrHnTHbIE 0 0 0 0 0 0
fasosble 14 13 9 12 15 18 18 18
HedTaHble 0 0 0 0 0 0
[Oun3senbHble 0 0 0 0 0 0
ATOMHblE 0 7 18 18 18 18 18 18
Ha 6romacce (BK/to4as BO306HOBASAEMbIE OTXOAbI) 0 0 0 0 0 0 0 0
mapo 0 1 1 1 1 1 1 1
BeTtposbie 0 0 1 1 1 1 1 1
ConHeyHble 0 0 1 1 1 1 1 1
[eoTepmanbHble 0 0 0 0 0 0 0 0
ConHeyHble TepMabHble 3NEKTPOCTaHLUN 0 0 0 0 0 0 0 0
KoreHepauunoHHble yCTaHOBKMU 21 21 15 15 16 17 19 21
YronbHble U Ha HEBO306HOBASEMbIX OTXOAaX 0 0 0 0 0 0 0 0
JIMrHnTHbIE 0 0 0 0 0 0 0
[asoBble 20 20 14 14 15 17 18 20
HedtaHble
Ha 6uomacce (Bk/1to4an BO306HOBNAEMbIE OTXOAbI)
[eoTepmasnbHble 0 0 0 0 0 0 0
BogopoaHbie 0 0 0 0 0 0 0
Bcero 35 42 44 48 52 56 59 61
McKkonaemble BUAbI TONAMBA 34 34 24 27 31 35 37 39
KameHHbIV yronb u HeBo306HOBAAEMbIE OTXOAbI 0 0 0 0 0 0 0
Juruunt 0 0 0 0 0 0 0 0
las 34 33 23 27 31 35 37 38
Hedtb 0 0 0 0 0 0
[unsenbHoe TonnmBeo 0 0 0 0 0 0 0 0
ATomHan aHeprua 0 7 18 18 18 18 18 18
Bo3o6HoBAsAeMble UCTOYHMKM (6€3 BO306HOBASIEMOrO BOAOPOAA) 0 1 2 3 3 3 4 4
MapoanekTpocTaHumm 0 1 1 1 1 1 1 1
BeTpoBble 31eKTpoCcTaHumu 0 0 1 1 1 1 1 1
ConHeYHble 3N1eKTPOCTaHL MU 0 0 1 1 1 1 1 1
2:::;23aamww Ha 6omacce (Bk/touan BO306HOBAAEMbIE 0 0 0 1 1 1 1 1
[eoTepmasnbHble 31€KTPOCTaHL MU 0 0 0 0 0 0 0 0
ConHeyHble TepmanibHble 31EeKTPOCTAHL MK 0 0 0 0 0 0 0 0
Umnopt 8 3 4 4 4 4 4 4
MMnopT BO306HOBAAEMOW 3/1EKTPUYECKOW SHEPTUM 0 0 0 0 0 0 0 0
KcnopT 4 4 4 4 4 4 4 4
MNoTtepu npu nepepave 3 2 2 2 2 2 2 3
INeKTpo3Heprus, noTpebasemasn B Xofe NPOM3BOACTBA 5 6 6 6 5 5 5 5
DNeKTPo3aHeprua, Ncnonbyemas Ana NPoM3BOACTBA BOAOPOAA 0 0 0 0 0 0 0 0
e e A o o o o o o o o o
KoHeuHoe noTtpebneHune aHeprum (3neKTpoaHeprus) 30 33 36 40 a4 ] 51 53
MNMepemeHHble BUI (conHeuHble, BETPOBbIE 31EKTPOCTAHLMM) 0 1 1 1 2 2 2 2
Jonsa nepemeHHbIX BUI 0,0% 1,4% 2,8% 3,1% 3,6% 3,6% 3,8% 3,8%

[ona BUI (BHYTpeHHAA reHepauus) 0,7% 3,4% 5,2% 5,4% 5,9% 5,9% 6,1% 6,1%




[punoxexna

MpunoxeHne 2. YCTaHOBIeHHbIe MOLLIHOCTI COrNacHo basosomy cleHaputo (MBT)

2014 2020 2025 2030 2035 2040 2045 2050

FeOTepmaanble

AneKTpocTaHuUmn 4 6 6 7 7 8 9 9
YronbHble U Ha HEBO306HOBAAEMbIX OTXOAAX 0 0 0 0 0 0 0 0
JITHUTHbIE 0 0 0 0 0 0 0 0
[a3oBble 4 4 3 3 3 4 4 5
HedtaHble 0 0 0 0 0 0 0 0
[unsenpHble 0 0 0 0 0 0 0 0
ATOMHblE 0 1 2 2 2 2 2 2
Ha 6uomacce (Bknto4as BO306HOBAEMbIE OTXOAbl) 0 0 0 0 0 0 0 0
mapo 0 0 0 0 0 0 0 0
BeTtpoBbie 0 0 0 0 0 0 0 1
ConHeyHble 0 0 1 1 1 1 1 1

0 0 0 0 0 (0] 0 0

0 0 0 0 0 0 0 0

ConHeyHble TepMa/ibHble 3/1eEKTPOCTaHUMNN

Korewepauponue ycranosk I I N R R N N

YronbHble U Ha HEBO306HOBAAEMbIX OTXOAAX 0 0 0 0 0 0 0 0
JINTHUTHbIe 0 0 0 0 0 0 0 0
la3oBble 6 6 5 4 3 4 4 5)
HedtaHble 0 0 0 0 0 0 0 0
Ha 6uomacce (BKkAto4as BO306HOBAAEMbIE OTXOA,bl) 0 0 0 0 0 0 0 0
[eoTepmanbHble 0 0 0 0 0 0 0 0
06wuii o6vem nponsBoacTea 10 12 11 11 11 12 13 14
Mckonaemble BUAbI TONIMBA 10 10 8 7 7 8 9 10
KameHHbIl yronb (BK/to4an HeBO306HOBAAEMbIE OTXOAbI) 0 0 0 0 0 0 0 0
JnrHut 0 0 0 0 0 (0] 0 0
a3 10 10 8 7 7 7 9 10
Hedtb 0 0 0 0 0 0 0 0
[n3enbHoe TonaMBO 0 0 0 0 0 0 0 0
ATOMHasA sHeprua 0 1 2 2 2 2 2 2
Bo3o6HoBNAEMbIE BUABI SHEPTUU 0 1 1 1 2 2 2 2
mapoaneKkTpocTaHLmUM 0 0 0 0 0 0 0 0
BeTpoBble 3/1eKTpOoCTaHLUN 0 0 0 0 0 0 0 1
Co/IHeYHble 3NeKTPOCTaHLMKN 0 0 1 1 1 1 1 1
2:::;:It))cmv-|u,uu Ha 6romacce (BK/t04as BO306HOBIAEMbIE 0 0 0 0 0 0 0 0
[eoTepmasnibHble 31EKTPOCTAHL MU 0 0 0 0 0 0 0 0
ConHeyHble TepMasibHble 31eKTPOCTaHLUN 0 0 0 0 0 0 0 0
MepemeHHble BUI (conHeyHble, BETPOBbIE 3/IEKTPOCTAHLLMM) 0 0 1 1 1 1 2 2
[Jona nepemeHHbIx BUS 0,1% 3,4% 7,8% 9,8% 12,0% 12,2% 12,0% 11,4%

[Lons BUI (6e3 umnopra) 0,7% 5,7% 10,6% 13,1% | 15,6% | 15,6% 15,2% 14,4%
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MpunoxeHne 3. TennocHabxeHre cornacHo basosomy clieHaputo (MAX B roa)

2014 | 2020 | 2025 | 2030 | 2035 | 2040 | 2085 | 2050 |

TennosneKkTpoueHTpanum

McKkonaemble BUAbI TONMBA 87 105 93 93 95 98 101 106
Brnomacca 17 24 22 24 25 27 29 30
ConHeyHble KONNEeKTopbI 0 0 0 0 0 0 0 0

FeOTepmaanaﬂ aHeprua

TennoBas 3Heprus, Noayyaemas 3a cyet KoreHepauuu®
WcKkonaemble BUAbI TONIMBA
Brnomacca 3 3 3 4 4 5 6 7

[eoTepmanbHan sHeprua

Mpamoe otonnexune

Wckonaemble BuApl Tonimea

Buomacca 22 32 34 37 39 41 43 44
ConHeyHble KoNeKTopbl 0 0 0 0 0 0 0 0
[eoTepmanbHan aHeprua 0 0 0

Tennosble Hacocbi® 0 0 0 0 0 0 0 0

I'Ipﬂmoe 3Q1eKTpUYecKkoe otonneHume

06wmii o6bem TennocHabkeHnAs

Wckonaemble BuAapl TonimMea

Buomacca 42 58 60 64 69 73 77 80

ConHeYHble KONNEeKTOpbI 0 0 0 0 0 0 0 0

leoTepmanbHasa sHeprua 0 0 0 0 0 0 0 0

Tennosble Hacocbl 0 0 0 0 0 0 0 0

INEeKTpUYECcKoe oToneHne 6 6 6 6 6 6 7 7

Dona BUI (BKnouaa BO306HOBASEMYIO 3N1EKTPO3IHEPrUio) 9,6% 11,1% 11,3% 11,6% 11,9% 12,3% 12,6% 12,8%
lpymedarna:

a — rocy1apCTBeHHble TIL| v aBTOHOMHbIE MPOU3BOANTE I TEM/I0BOV SHEPIY;
6 — Ternsio, no/y4aemoe 3a cYeT IHepriiv OKPYXaroLLevt Cpe/ibl v UCMO/1b30BaHIA S/1eKTPUYecTBa;
B — BK/IHOY3A TEXHO/IOMMYECKOE TEer/10, MpUroToBAEHNE ML
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MpunoxeHne 4. MoTpebneHne NepsrUYHON dHEpPrin CornacHo basosomy cueHaputo (MAX 8 roa)

204 | 2020 | 205 | 2030 | 2035 | 20a0 | 2085 |

Bcero 1148 1277 1346 1392 1435 1471 1500 1523
Bcero, 3a UCKNIOYEHMEeM He3HepreTM4ecKoro NCnoib3oBaHusA | 1008 | 1117 | 1186 | 1232 | 1275 | 1311 | 1340 | 1363
Uckonaembie BuAbl TONMBA 947 984 1015 1039 1059
KameHHbI yronb 1 HeBO306HOBAAEMbIE OTXOAb! 21 20 18 17 16 15 15 14

Jnrunt 13 8 7 5 4 4 3 3

IR e 652 689 634 673 713 745 766 782
Cblpan HedTb 262 244 249 251 251 250 254 260

ATOMHasA sHeprua

SHeprua BO306HOBNAEMbIX UCTOUHUKOB

TmaposHeprus 0 2 2 2 2 2 2 2
BeTpoBas 0 1 2 3 3

ConHeyHas 0 1 2 3 3 4 4 4
Buomacco! (BKAto4an BO306HOBSEMbIE OTXOAbI) 60 74 77 81 86 90 95 98
[eoTepmanbHan 0 0 0 0 0 0 0 0
YUCTbI UMNOPT SN1EKTPOIHEPTUM (KOHEYHAA SHEPrUA) 12 -7 1 0 0 0 1 1

YUCTbI MMNOPT 3N1EKTPOSHEPTUN, MONYYAEMON U3
BO306HOBASAEMbIX MICTOYHUKOB

Bcero BUJ, BK/IlOYAA MMNOPT 3/1€KTPO3IHEPruum, Noay4aemom us
BO306HOBNSAAEMbIX UCTOYHUKOB U CUHTETUYECKOrO TONNBa

[ons BU3, 3a uckntoueHneM HeaHepreTM4ecKoro NCnonb3oBaHUA 7,2% 6,4% 6,9% 7,2% 7,4% 7,6% 7,7%

Bcero, Bkntouasn YUCTbIN UMNOPT 3N1EKTPO3HEPIUU U
CUHTETUYEeCKOoro Tonamea

B T. Y. B HEIHEPreTU4yeckmx Lenax 140 160 160 160 160 160 160 160

1160 1270 1345 1392 1435 1471 1499 1522
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MpunoxeHne 5. KoHeuHoe notpebneHvie aHeprim cornacHo basosomy cueHaputo (MAX 8 roa)

2014 2020 2025 2030 2035 2040 2045 2050

Bcero (B Tom uncne B HeaHepreTM4ecKux Lensx) mm 1046 1088 1119 m 1167
712 783 837 886 928 959 985

Ob6uwiee notpebneHune aHeprum? 1007
TpaHcnopt 172 175 187 198 207 214 221 229
HedrenpogykTbl 148 152 163 172 178 182 185 190
MNpupoaHbIi ra3 20 18 18 18 18 18 18 18
Buotonineo 0 0 0 0 0 0 0 0
CuHTETUYECKOE TON/IMBO 0 0 0 0 0 0 0 0
INneKTpoaHeprua 5 5 6 8 11 14 18 21
Bo306HOBAsEMan 3NEKTPUYECKan IHeprus 0 0 0 0 1 1 1 1

[onsa BUD B TpAaHCMOPTHOM CEKTOpe

MpombIwneHHOCTb

IneKTpoaHeprua 46 49 52 56 58 60 62 64
Bo306HOBAAEMAnA 3NEKTPUYECKan IHeprus 0 2 3 3 3 4 4 4
LieHTpanunsoBaHHoe TenaocHabkeHue 63 65 69 74 77 80 82 85
LleHTpanunsoBaHHoe TenaocHabxkeHue 3a cyet BUI 3 6 8 9 10 10 11 11
KameHHbIV yronb U AUrHUT 21 19 18 17 16 15 15 14
HedrenpoayKTbl 8 7 8 8 9 9 9 9
las 50 53 59 65 70 73 77 80
ConHeyHas sHeprus 0 0 0 0 0 0 0 0
Buomacca 2 2 2 2 3 3 3 3
[eoTepmanbHan aHeprua 0 0 0 0 0 0 0 0

[Oona BU3 B npomMbILINEHHOCTH

Apyrue oTpacau

INeKTposHeprua 58 64 71 80 90 101 103 106
Bo3o6HoBAAEMan aNEKTPUYECKan IHeprus 0 2 4 4 5 6 6 6
LieHTpanunsoBaHHoe TenaocHabkeHne 150 166 106 104 109 124 139 157
LleHTpanusoBaHHoe TennocHabkeHune 3a cyet BN 6 16 13 13 14 16 18 20
KameHHbIW yronb u AUFHUT 8 6 6 5 4 4 3 3
HedTtenpogykTbi 38 35 36 37 38 39 40 40
la3 70 102 180 196 201 190 182 167
ConHeyHan sHeprua 0 0 0 0 0 0 0 0
Bromacca 28 40 42 44 46 48 49 50
leoTepmanbHasn sHeprua 0 0 0 0 0 0 0 0
[ona BN B apyrux oTpacnax 14,0% 13,3% 13,3% 13,5% | 13,8% 14,2% 14,5%
Bcero BU3 68 72 77 83 87 91 95
Dona BU3 8,7% | 8,6% | 8,7% | 8,9% | 9,1% | 9,3% | 9,4%
Ucnonb3oBaHue B HEIHEPreTUYECKUX Lenax 160 160 160 160 160 160 160
Hedtb 82 93 93 93 93 93 93 93
las 58 66 66 66 66 66 66 66
Yronb 1 1 1 1 1 1 1 1

NDMMGWBHM@' d — 3d UCK/TIYEeHNEM Terl/1a, rNpon3BoAVMOIro aBTOHOMHbIMY KOreHePaUMOHHbIMY YCTAHOBKaMU.
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MpunoxeHue 6. KnioueBble NCXOAHbBIE A3HHbIE MO TPAHCMOPTHOMY CEeKTOpY

- - CueHapuii dHepreTUyeckon
ba30Bblii cLieHapuii
[pleBontouuu:

2025 2050 2025 2050

CoOoTHOLLEHUEe MeXAY TPaHCMOPTHLIMU NOTOKaMU

[ons anekTpoaHeprun, notpebasemon rubpuaHbimm
anektpomobunamm (PC + LDV) (B KoHeyHOM noTpebaeHumn 1,0% 1,0% 1,0% 10,0% 45,0%
3Heprumn)

[ons aBTomobuabHOro TpaHcnopTa (6uotonaneo +

CUHTeTUYecKoe Tonimeo)/(amsens + 6eH3uH) (PC, LDV, HDV) 0,1% 0,1% 0,1% 7,0% 60,0%
[lons penbCcoBoro TpaHcnopTa, paborTatoLero Ha buotonanse/
CUHTETMYECKOM TOM/IMBE, NO CPABHEHUIO C AU3€/IbHbIM 0,0% 0,0% 0,0% 5,0% 65,0%
TOM/IMBOM
BHyTpeHHsAs aBMauna 0,5% 0,6% 0,6% 0,6% 0,9%
Tpy6onpoBoAHbI TPAaHCNOPT 11,2% 9,6% 7,9% 9,5% 5,6%
KenesHoAopPOXKHbIM TpaHCMOPT 7,5% 7,7% 7,3% 8,0% 11,5%
BK/tOYaA:
aneKkTponoessa u T.4. 30,9% 30,2% 31,6% 32,9% 42,1%
An3enbHble noe3aa 69,1% 69,8% 68,4% 67,1% 57,9%
ABTOMOBUNbHbIN TpaHcnopT: Bcero (PC + LDV + HDV) 80,7% 82,0% 84,2% 81,8% 81,9%
BK/lOYaA:
PC + LDV (oT 0bLueit 4011 aBTOMO6UALHOIO TpaHcnopTa) 82,1% 81,4% 80,1% 81,4% 80,1%
HDV (ot 06weit 401 aBTOMOBUALHOTO TPaHCNopPTa) 17,9% 18,6% 19,9% 18,6% 19,9%
ABTOMO6U/bHBIN TpaHcnopT: PC + LDV
B Tom umncne:
dneKkTpomobunn 0,0% 0,6% 9,0% 1,8% 45,0%
ABTOMO6MAM, paboTatoLme Ha rase 0,3% 0,0% 0,0% 0,1% 0,1%
BeH3uHoBble/an3enbHble aBTOMO6UAM + Npoyee 99,6% 98,3% 85,9% 86,5% 5,2%
MbpuaHble aBToMobuan 0,0% 1,0% 5,0% 5,0% 30,0%
BozopogHble aBToMo6uUAN 0,0% 0,0% 0,0% 0,1% 12,0%
ABTOMO6UANBHDIN TpaHcnopT: HDV 100,0% 100,0% 100,0% 100,0% 100,0%
B Tom umncne:
ABTOMOBMAM, paboTatoLume Ha BUOTONIMBE/CUHTETUHECKOM 0,0% 0,1% 0,1% 6,7% 32,1%
Tonnuee
3neKkTpomobunu (Tponneikapbl U T.4.) 2,5% 2,7% 3,7% 3,7% 20,0%
ABTOMO6WM, paboTatoLme Ha rase 0,1% 0,1% 0,1% 0,1% 3,5%
BeH3nHoBble/An3e/bHble aBTOMOBUAN + Npoyee 97,4% 97,1% 96,1% 89,1% 21,4%
MbpuaHbie aBTomobun 0,0% 0,0% 0,0% 0,3% 11,0%

BozopogHble aBToMo6uAmn 0,0% 0,0% 0,0% 0,0% 12,0%
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MpunoxeHue 7. KoHeuHoe notpebneHne 3Hepruv B TpaHCMOPTHOM CekTope cornacHo basosomy cueHaputo (MAX B roa)

204 | 2020 | 2025 | 2030 | 2035 | 2040 | 2045 | 2050 |
139 142 154 164 173 179 185 192

ABTOMO6UNbHDBIN TPAHCNOPT

McKkonaemble BUAbl TONMBA 138 141 152 160 166 169 173 177
Buotoninso 0 0 0 0 0 0 0 0
CuHTETUYECKOE TON/IMBO 0 0 0 0 0 0 0 0
MpupoaHbIv ras 0 0 0 0 0 0 0 0
INeKTpnyecTso 1 1 1 4 6 9 12 15
Y¥enesHopopOXKHbIN TPAHCNOPT 13 14 14 15 15 16 16 17
McKkonaemble BUAbl TONANBA 9 10 10 10 11 11 11 11
Buotonanso 0 0 0 0 0 0 0 0
CuHTETUYECKOE TONNNMBO 0 0 0 0 0 0 0 0
IneKkTpuyecTso 4 4 4 5 5 5 5 5
CypoxopacTeo 0 0 0 0 0 0 0 0
Asunauusa 1 1 1 1 1 1 1 1
McKkonaemble BUAbI TONAMBA 1 1 1 1 1 1 1 1
BuoTtonnneo 0 0 0 0 0 0 0 0
CuHTETUYECKOE TON/IMBO 0 0 0 0 0 0 0 0
Bcero (skntouan Tpy6onposoae!) 172 175 187 198 207 214 221 229
McKkonaemble BUAbl TONMBA 148 152 163 172 178 182 185 190
BuoTtonimeo (BKAtouas 6uoras) 0 0 0 0 0 0 0 0
CuHTETUYECKOE TONIMBO 0 0 0 0 0 0 0 0
MpupoaHbIl ras 20 18 18 18 18 18 18 18
dneKkTpuyecTso 5 5 6 8 11 14 18 21

Bcero BUD
DOonsa BUD

(1] 0 0 1 1 1 1 1
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MpunoxeHne 8. Boibpockl CO2 cornacHo bazosomy cLieHaputo (MAH T B roA)

6 6 4 5 7 7 7 7
[a3oBble 6 6 4 5 7 7 7 7
HedtaHble 0 0 0 0 0 0 0 0
[nsencHble 0 0 0 0 0 0 0 0
TennoanekTpoctaHumu
[REEEEE 16 15 10 10 11 12 13 14
HedtaHble 0 0 0 0 0 0 0 0
Bbi6pocbl CO2 TIC u TAL, 22 21 15 16 17 19 20 22

YaenbHble Bbi6pocbl CO2 (r/KBT-u)

Bes3 yueta Tenn0BoOM 3Hepruu, noay4aemon 3a cuet TIL|,

yZenbHble BbiIb6pocbl CO2 Npy NPOM3BOACTBE 3NEKTPOSHEPTUM U3

TR L e SO 651 637 619 584 560 550 551 555
yAenbHble Bbibpockl CO2 Npy NPOVN3BOACTBE 3N1EKTPOSHEPTUN B 647 508 335 332 333 342 348 356
uesom

Bbi6pocbl CO2 no cekTopam 55 55 53 55 58 60 61 62
% ot o6bema Bbibpocos 1990 roga (102,2 maH T) 54% 54% 52% 54% 57% 59% 60% 61%
MpombliwneHHocTb? 7 9 9 9 9 9 9 O)
[pyrune cektopa® 8 9 13 14 14 14 13 12
TpaHCNOPTHbIN cekTop 11 11 12 12 13 13 13 14
MpPON3BOACTBO 3/1€KTPO3HEPrNM® 20 17 11 12 14 16 18 19
[pyrve npeobpasoBaTtesibHble cEKTOpa® 10 9 8 8 8 8 8 9
YucneHHOCTb HaceneHus (MH) 9,5 9,4 9,2 9,0 8,7 8,5 8,3 8,1
Bbi6pocbl CO2 Ha Aywly HaceneHus (T Ha Ayly HaceneHus) 5,8 5,9 5,7 6,2 6,6 7,0 7,4 7,7

[IpymeyaHmA:

3 — BK/I0Y3A GBTOHOMHbIE KOM€HEPALMOHHbIE YCTaHOBKM;,
6 — BK/HOYAA roCyAapCTBEHHbIe TIL;
B — L{EHTPA/IM30BIHHOE OTONAEHWE, HEQPTENEPEPAOATHIBAOLLME 33BOAbI, IPEOOPA30BAHME YIS, TPAHCIOPTUPOBKA ra3a.
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MpunoxeHne 9. NpoOM3BOACTBO INEKTPOIHEPrM COrNAcHO cleHaputo 3[P] (TBT-4 B roa)

3neKTpocTaHuuM | 14 | 22 | 30 | 37 | a7 | s | e | 6o
YronbHble U Ha HEBO306HOBASEMbIX OTXOAAX 0 0 0
JINrHUTHbIE 0 0 0 0 0 0 0 0
a3oBble 14 12 14 14 13 11 8 1,9
BT. 4. H2 0 0 0 0 0 0 1 1
HedtaHble 0 0 0 0 0 0 0 0
[unsenpHble 0 0 0 0 0 0 0 0
ATOMHblE 0 7 7 7 7 7 7 0
Ha 6uomacce (Bkto4as BO306HOB/IAEMbIE OTXOAbl) 0 0 0 1 1 2 2 2
TMapo 0 1 1 1 1 1 1 1
BeTpoBbie 0 1 4 12 16 19 26 32
ConHeyHble 0 0 3 3 9 15 20 33
[eoTepmanbHble 0 0 0
ConHeyHble TepManbHble 3N1EKTPOCTAHLUMN 0 0 0

Korewepauponhbie ycraoakn n--n-n-n

YronbHble U Ha HEBO30HHOBAAEMBIX OTXOAAX 0 0
JIUrHUTHbIE 0 0 0 0 0 0 0 0
[a3oBble 20 20 15 13 12 10 9 6
BT. 4. H2 0 0 0 0 0 0 1 1

HedtaHble 0 0 0 0 0 0 0
Ha 6uomacce (Bknto4as Bo306HOBAAEMbIE OTXOAbI) 0 1 1 2 4 6 8
[eoTepmanbHble 0 0 0 0 0 0 0
Bcero 35 42 46 53 62 69 78 84
Wckonaemble BUAbI TONIMBA 34 32 29 27 25 21 16 7
KameHHbI yronb n HeBO306HOB/ISEMbIE OTXOAbI 0 0 0
JnrHut 0 0 0 0 0 0 0
a3 34 32 29 27 25 21 16 7
Hedtb 0 0 0 0 0 0 0
[ln3enbHoe Tonaneo 0 0 0 0 0 0 0
ATOMHasA sHeprua 0 7 7 7 7 7 0
Boaopop, 0 0 0 0 0 0,2 2 2
B T. 4. BO306HOBNAEMbIN H2 0 0 0 0 0 0 1 2

Bo306HOBNAEMbIE UCTOYHMKM (6€3 BO306HOBISAEMOro BOZOPOAaA) 0 2 9 19 30 41 54 75
MapoaneKkTpocTaHLMm 0 1 1 1 1 1 1 1
BeTpoBble aneKTpocTaHunm 0 1 4 12 16 19 26 32
ConHeyHble a3NeKTPOCTaHLUKN 0 0 3 3 9 15 20 33
2:;:;5:))CT3HLI,VIVI Ha 6Momacce (BK/ito4as BO306HOBASAEMbIE 0 1 ) 3 5 7 3 10
[eoTepmanbHble aneKTpoCcTaHUUKN 0 0 0 0 0 0 0 0
ConHeyHble TepmanbHble 3N1EKTPOCTAHLUMN 0 0 0 0 0 0 0 0
Mmnopt 8 3 4 4 4 4 4 4
Mmnopt BU3 0 1 1 2 2 3 3 4
SKkcnopT 4 3 4 4 4 4 4 4
MoTtepu npu nepepave 3 3 4 5 5 6 6 6
INeKTpo3Heprus, noTpebasemas B xoae NPoOU3BOACTBA 5 6 5 5 5 4 3 2
DNeKTPo3Heprua, UCnosiblyemasn a4aa NponsBoACTBa BOAOPOAA 0 0 0 0 1 3 10 14
INeKTpo3Heprua, Mcnoab3yemasn Ana Npov3BoACcTBa 0 0 0 0 0 0 0 0

CUHTETUYECKUX BUAOB TOM/IMBA
e N S 0 N

MepemeHHble BUI (conHeyHble, BETPOBbIE 3/1IEKTPOCTAHLLMM)

[onsa nepemeHHbIx BUI (BHYTpeHHAA reHepaLma) 0,0% 2,5% 15,5% 28,5% 39,8%  48,8% 58,2% 77,2%

Oons BU3 (6e3 umnopTa) 0,7% 6,0% 20,4% 35,2% 48,3% 59,5% 70,3% 91,9%

JKOHOMMUSA 3a cYeT 3HeproadGdeKTUBHOCTM (MO CpaBHEHUIO C

Ba30BbIM CLeHapuem)? 0 0 0 -1 -3 -1 -1 3

[IpymedyaHme: a — B POMbILLIIEHHOCTY U [PYIrinX CEKTOPaX.
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MpUNOXeHNe 10. YCTaHOBNEHHble MOLLHOCTI COrNacHo cleHaputo 3[P] (I'BT)

dneKTpoCTaHUMU

YronibHble U Ha HEBO30OHOBASEMbIX OTXOAaX 0 0 0 0 0 0 0 0
JINrHUTHbIE 0 0 0 0 0 0 0 0
la3oBble (BKAtoYan H2) 4 4 4 4 4 3 3 2
HedtaHble 0 0 0 0 0 0 0 0
AunsenbHble 0 0 0 0 0 0 0 0
ATOMHblE 0 1 1 1 1 1 1 0
Ha 6uomacce (BK/to4as BO306HOBAAEMbIE OTXOAbI) 0 0 0 0 0 1 1 1
mapo 0 0 0 0 0 0 0 0
BeTtposbie 0 0 2 5 6 8 11 14
ConHeyHble 3n1eKTpoCTaHL MM 0 0 3 3 9 14 19 33
[eoTepmanbHble 0 0 0 0 0 0 0 0
ConHeyHble TepMasbHble 3NEKTPOCTaHLUN 0 0 0 0 0 0 0 0
KoreHepauuoHHbIe YCTaHOBKKU 6 6 5 4 4 5 4 4
YrosibHble U Ha HEBO30OHOBNAEMbIX OTXOAAX 0 0 0 0 0 0 0 0
JINrHUTHbIE 0 0 0 0 0 0 0 0
lasosble (BKAtoYan H2) 6 6 5 3 3 3 2 2
HedTaHble 0 0 0 0 0 0 0 0
Ha 6uomacce (Bk1to4an Bo306HOBASAEMbIE OTXOAbI) 0 0 0 1 1 2 2 3
[eoTepmanbHble 0 0 0 0 0 0 0 0
Bcero 10 13 15 17 25 32 40 53
Mckonaemble BuApbI TONIMBA 10 10 9 7 7 6 5 3
KameHHbI yronb 1 HeBo306HOBAAEMbIE OTXOAb! 0 0 0 0 0 0 0 0
Jvrnut 0 0 0 0 0 0
a3 (Bk/toyas H2) 10 10 9 7 6 6 5 3
Hedtb 0 0 0 0 0 0 0 0
[nsenbHoe Tonaneo 0 0 0 0 0 0 0 0
ATOMHan aHeprua 0 1 1 1 1 1 1 0
Bogopoa 0 0 0 0 0 0 1 1
Bo306HOBAAEMbIE UCTOUHUKMN 0 1 5 9 17 25 33 50
MAapoaneKTpocTaHumMm 0 0 0 0 0 0
BeTpoBble 31eKTpoCcTaHuMu 0 0 2 5 6 8 11 14
ConHeYHble 3NeKTPoCTaHL MK 0 0 3 3 9 14 19 33
(a:KiK;z:;T::;:)MGMH22116::\/\'\1?: COeTXO,CI,bI) 0 0 1 1 1 2 2 3
[eoTepmanbHble 3N1E€KTPOCTaHL MK 0 0 0 0 0 0 0 0
ConHeYHble TepMabHble 3N1eKTPOCTaHLUN 0 0 0 0 0 0 0 0
MepemeHHble BUI (conHeyHble, BETPOBbIE 3/1EKTPOCTAHLMM) 0 1 5 8 16 22 31 46
Jona nepemeHHbIx BN 0,1% 4,5% 30,8% 47,2% 63,2% 70,5% 77,2% 86,8%
[Jons BN (BHYTpeHHAs reHepauus) | 07% | 83% | 356% | 535% | 69,9% | 77,7% | 83,8% | 935%
MoKpbITME NMKOBOW Harpysku

Munkosan Harpyska 6 7 8 9 10 10 11 11
[apaHTUPOBaHHblE MOLLHOCTU 12 10 11 10 11 11 12 12

Jona rapaHTUPOBaHHbIX MOLLHOCTEM 208% 149% 147% 109% 116% 107% 117% 111%
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MpunoxeHne 11. TennocHabxeHne cornacHo cueHaputo 3[P] (MAX 8 roAa)

TennoaneKTpoueHTpanu | 104 | 124 | 119 | 129 | 106 | 84 | 59 | 38
McKkonaemble BUAbI TONMBA 87 88 82 80 54 30 13 0

Buomacca 17 36 33 41 39 39 30 22
ConHeYHble KONeKTopb! 0 0 2 5 7 8 9 9

[eoTepmanbHan sHeprua 0 0 1 3 5 7 6 6

Tennosas sHeprua, nonyyaemas 3a c4eT KoreHepaumumn? 151 175 155 137 140 136 134 131
Mckonaemble BUAbI TONMBA 149 158 116 105 92 83 75 53
Briomacca 3 17 39 31 47 51 53 66
[eoTepmanbHan sHeprua 0 0 0 0 0 0 0 0

Boaopop, 0 0 0 0 0 1 7 13
Mpamoe otonnexHue 190 210 223 222 214 204 189 176
Mckonaemble BUABI TONAMBA 158 158 155 124 80 54 26 12
Buomacca 22 39 43 49 49 47 43 33
ConHeYHble KONNeKTopb! 0 2 4 12 21 27 33 36
[eoTepmanbHasa sHeprua 0 0 0 0 0 0 0 0

Tennosble Hacocbi® 0 1 5 11 20 25 29 31
MNpAamoe aneKTpuyeckoe otonieHne 10 10 15 27 44 50 58 63
Boaopop, 0 0 0 0 0 1 1 2

06wuii 06bem TennocHabkeHnAs 445 509 496 488 459 424 382 345
McKkonaemble BUAbI TONIMBA 393 404 353 310 226 168 115 64
Buomacca 42 92 115 121 136 137 126 121
ConHeYHble KONNEKTOPbI 0 2 7 17 28 35 41 45
[eoTepmanbHan sHeprua 0 0 1 3 5 7 6 6

TennoBble HacocbI® 0 1 5 11 20 25 29 31
MNpamoe aneKkTpuyeckoe otToneHne 10 10 15 27 44 50 58 63

Boaopog,

0 0 0 0 1 2 8 14
Bona BUI (BkNouaa BO306HOBNAEMYIO 3/1EKTPO3HEPTUI0) 9,5% 18,8% 26,7% 33,4% 46,5% 56,2% 65,5% 79,8%

MoTpebneHne 3NeKTPUUECKON SHEPTUM TEM/IOBLIMU HACOCaMMU

T 0,0 0,1 0,4 0,8 1,6 189 2,0 2,1

IKOHOMMA 33 CYET SHEProahHEKTUBHOCTM (MO CPaBHEHMUIO C

-5 14 39 72 121 172 234 286
ba3oBbIm cueHapuem)

lpyumeyaHmnA:

3 — rocyAapcTBeHHbIe TIL| v aBTOHOMHbIE MIPOM3BOANTE/ N,

6 — Ternao, NoNYy4aemoe 33 CHeT IHEPr OKDYXKIKOLLEN CPEAbI U UCTO/Ib30BIHNA INEKTPUYECTBA;
B — BK/IHOY3A TEXHO/IOMMYECKOE TEr/10, MPUroTOBAEHNE MALL.
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MpunoxeHne 12. NoTpebneHre NepeUYHON 3Hepruv cornacHo cueHaputo [P] (MAX B roa)

2014 2020 2025 2030 2035 2040 2045 2050
Bcero | 1148 | 1247 | 1213 | 1184 | 1123 | 1047 | 956 | 807
EZi;c: 33 UCKNIOYEHMEM UCMOb30BAHUA B HEIHEPTETUYECKUX 1008 1088 1061 1037 083 911 825 679
Mckonaemble BUAbI TONIMBA 948 879 780 683 547 418 287 135
KameHHbIM yroib 1 HEBO306HOBASEMbIE OTXOAbI 21 0 0 0 0 0 0 0
JIUrHuT 13 9 1 0 0 0 0 0
MpUpoAHbIN ras 652 652 586 527 424 329 233 115
Cbipaa HedpTb 262 219 193 156 123 89 54 20
ATOMHas aHeprusa | 0 | 77 | 77 | 77 | 77 | 77 | 77 | 0
SHeprua Bo306HOBNAEMbIX UCTOYHUKOB 60 131 203 276 358 415 461 544
maposHeprua 0 2 2 2 2 2 2 2
BeTpoBas 0 3 14 43 56 69 94 115
ConHeYHan aHeprua 0 3 18 28 61 88 112 163
Buomacca (BK/touas BO306HOBASEMbIE OTXOZAbI) 60 123 163 190 213 224 219 227
[eoTepmanbHan aHeprua 0 1 6 13 25 32 34 36
YUCTbIi UMNOPT SNEKTPOSHEPTUM (KOHEYHAA SHEPTUA) 12
YUCTbIi UMMOPT SNEKTPOIHEPTUM, NOTyHaemoin us BUS 0

Bcero, BK/1l0MaA MMNOPT 3/1eKTPO3HEpPrum, noayyaemoi us B3,
WU CUHTETUYECKOro ToN/nBa

Aona BUI, 3a uckntoueHnem Ucnonb3oBaHuA B
He3HepreTUYeCcKUX Lenax

Bcero, BK/I1OYasA YMCTbI UMMNOPT 3NEKTPO3HEPrUU 1
CMHTETUYECKOro Tonauea

1160 1247 1213 1184 1123 1047 956

B T. Y. B HEIHEPreTUYeCcKmx Lenax 140 158 152 147 141 136 131 128

IKOHOMMUSA 3a CHET SHepProadPeKTUBHOCTH

0 23 133 208 312 424 543 716
(no cpasHeHuIo ¢ Ba3oBbIM cLeHapuem)




[punoxeHna

MpunoxeHne 13. KoHeuHoe notpebneHne sHepriv cornacHo cueHaputo I[P] (MAX 8 roa)

2014 2020 2025 2030 2035 2040 2045 2050

Bcero (BKAlO4as B HE3IHEPreTUUecKux Lensx) | 852 | 913 | 906 | 892 | 850 | 796 | 726 | 665
Obuwiee notpebneHune aHeprum? 712 755 754 745 709 660 595 537
HedrenpogykTbl 148 143 136 119 103 79 49 18
MpupoaHbIi ra3 20 18 16 14 12 11 9 7

BuoTtonaneo 0 4 10 18 19 18 22 28
CuHTETUYECKoe TONANBO 0 0 0 0 0 0 0 0

INeKTpoaHeprua 5 5 8 14 22 35 44 60
Bo306HOBAAEMAnA 3N1EKTPUYECKan IHeprus 0 0 2 5 11 21 31 55
Bogopopa, 0 0 0 1 3 5 9 12

[ona BUD B TpaHCNOPTHOM CeKTope

MpombIwneHHOCTb

dNneKkTpoaHeprua 46 47 50 54 56 58 59 57
Bo306HOBAAEMAn 31EKTPUYECKAA IHEPTUA 0 3 10 19 27 34 42 52
LleHTpanu3oBaHHOE TeNNOCHabxKeHne 63 67 64 64 61 56 50 45
LieHTpannsoBaHHoe TenaocHab»eHne Ha ocHoBe BUD 5 14 20 21 26 28 27 30
KameHHbI yronb v IUTHUT 21 0 0 0 0 0 0 0
HedrenpoayKTbl 8 5 8 5 3 2 1 0
las 50 53 49 43 30 18 8 1
ConHeyHan sHeprua 0 0 1 3 6 8 8 9
Buomacca 2 8 10 14 16 15 14 9
[eoTepmanbHana aHeprua 0 0 0 1 2 3 3 3
Bopgopopa, 0 0 0 0 0 1 1 2
[pyrue cektopa 351 403 400 395 375 352 317 284
dneKTpoaHeprua 58 65 73 86 104 109 107 103
Bo306HOBAsAEMan aNEKTPUYECKAn SHeprus 0 4 15 30 50 65 76 95
LieHTpanun3oBaHHoOe Tena0CHabKeHne 150 163 152 150 138 124 107 91
LleHTpanusoBaHHoe TenaocHabxkeHue 3a cyet BN 13 33 47 49 60 62 58 60
KameHHbIW yronb U ANFHUT 8 3 0 0 0 0 0
HedrenpoayKTbl 38 26 15

las 70 101 108 86 55 41 22 13
ConHeyHan aHeprua 0 1 3 9 14 19 24 26
Buomacca 28 43 46 48 45 42 38 31
[eoTepmanbHan aHeprua 0 1 3 7 12 16 18 20
Bogopopa, 0 0 0 0 0 0 0 0
Bcero BU3 49 112 167 223 292 334 368 432

Fons BU3 | 68% | 148% | 222% | 300% | 41,2% | 50,6% | 61,8% | 805%

Ucnonb3oBaHue B HE3IHEpPreTUYeCcKUX Lenax 140 158 152 147 141 136 131 128
Hedtb 82 86 76 68 60 52 46 41
las 58 71 75 78 80 83 84 86
Yronb 1 1 1 1 1 1 1 1

/7/)////1/I€L/8HM€: d — 3d UCK/TIOYeHnem Teri/ia, rnpons3soAnmoro aBTOHOMHbIMN KOreHeEPaUMOHHbIMY YCTaHOBKAMU.



[punoxexna

MpunoxeHne 14. KoHeyHoe notpebneHvie SHeprn TpaHCMOPTHLIM CEKTOPOM COMNacHo cleHaputo 3[P] (MAX 8 roa)

2014 2020 2025 2030 2035 2040 2045 2050

ABTOMO6GUNbHDIW TPAHCNOPT

Mckonaemble BUAbI TONMBA 138 133 126 110 95 71 43 15
Buotonaunso 0 3 9 16 17 16 18 22
CuHTETUYECKOE TONANBO 0 0 0 0 0 0 0
MpupoaHsbIN ra3 0 0 0 1 1

Boaopop, 0 0 0 1 3 5 9 12
DNeKTpo3Heprua 1 1 4 9 16 29 37 53

YKenesHoAOPOXKHbIN TPaHCNOPT

McKkonaemble BUAbI TONMBA 9 9 9 8 8 7 5 3
Buotonauso 0 0 0 2 2 3 4 5
CuHTeTU4ecKoe TonIMBso 0 0 0 0 0 0 0 0
SneKkTpoaHeprua 4 4 4 5 5 5 6 6
‘omocprmo [ o [ o | o [ o | o[ o0 | o[ o

Asunauua 1 1 1 1 1 1 1 1
Mckonaemble BuAbI TONMBA 1 1 1 1 1 1 1 1
Buotonnuso 0 0 0 0 0 0 0 (0]
CuHTETUYECKOE TONANBO 0 0 0 0 0 0 0 0
Bcero (BKntovas Tpy6onposoabi) 172 170 170 166 160 148 133 126
McKkonaemble BUAbI TONIMBA 148 143 136 119 103 79 49 18
Buotonaueo (BKatoYan 6uoras) 0 4 10 18 19 18 22 28
CuHTeTU4ecKoe TonIMBeo 0 0 0 0 0 0 0 0
MpupoaHbIi ra3 20 18 16 14 12 11

Bopopog, 0 0 0 1 3 5 9 12
SNeKTposHeprus 5 5 8 14 22 35 44 60
Bcero BUI (1] 4 12 p 23 31 42 59 94

Aona BUD




[punoxeHna

MpunoxeHne 15. Boibpockl CO2 cornacHo cueHapuio 3[P] (MAH T B roa)

KoHpeHcauMoHHbIe 3N1eKTpoCcTaHLumn

1
0
0
KoreHepauunoHHble YCTaHOBKMU | 16 | 15 | 11 | 10 | | | | 4
4
0
5

[a3oBble 6 5 6 6 6
HedtaHble 0 0 0 0 0
[AnsensHble 0 0 0 0 0

9

[asoBble 16 15 11 10
HedtaHble 0 0 0 0

Bbi6pocbl CO2 TIC n TIL,

YaenbHble Bbi6pocbl CO2 (r/KBT-u)

Be3 yyeTta Teno0BoM 3Heprum, noay4aemon 3a cyet TIL,

YaenbHble BbiGpocbl CO2 Mpu NPOU3BOACTBE 3EKTPOSHEPTUM U3

651 653 596 590 573 582 611 753
MCKOMAeMbIX BUAOB TONAMBa
z":gign;nuue Bbl6pocbl CO2 Npu NPOU3BOACTBE SNEKTPOIHEPTUU B 647 502 382 303 231 175 122
% ot 06bema Bbibpocos 1990 roga (102 maH T) 54% 49% 43% 38% 31% 23% 16% 7%
[MpombIWNeHHOCTH? 7 8 7 5 4 3 2 1
Jpyrue cektopa? 8 8 7 6 3 2 1 1
TpaHCMOPTHBIN CEKTOP 11 10 10 9 7 6 4 1
Mpon3BOACTBO 3NEKTPO3HEPrnMd 20 16 14 13 12 10 8 4
[pyrve nepepabatbiBatoLLMe cekTopad 10 8 7 6 4 3 2 0
YucneHHOCTb HaceneHus (MaH) 9,5 9,4 9,2 9,0 8,7 8,5 8,3 8,1
Bbibpocbl CO2 Ha AyLiy HaceneHua (T Ha Aylwy HaceneHus) 5,8 5,3 4,8 4,3 3,6 2,8 2,0 0,9
IKOHOMMA 3a cHET 3HepProahpHEKTUBHOCTM (MO CPABHEHMIO C 0 5 9 17 27 36 45 55

BasoBbim cLieHapuem)

[IpymeyaHmA:

a — BK/I0Y3A GBTOHOMHbIE KOM€HEPALMOHHbIE YCTaHOBKM,

6 — BK/HOYAA roCyAapCTBEHHbIE TIL;

B — L{EHTPA/IM30BIHHOE OTONAEHWE, HEQPTENEPEPAOATHIBAKOLLME 33BO/bI, IPEOOPA30BIHME YIIF, TPAHCIOPTUPOBKA ra3a.



mouvm: nepCcrneKkTUBbl YCTONYMBOrO Pa3BUTUA
bINO/IHEHO B 2016-2018 roAax npu noaaepxxke ®oHAa
raHN33aUMAMM rPAXKAAHCKOro 06LLeCTBa, y4eHbIMU
N0KN3Ae NPeACTaBNeHbl Pe3yNbTaTbl )
1 K SHepreTM4ecKow cMcTeme € BbICOKOW Aone ey
0 OMUCaHbl MONUTUYECKME PeLLEeHNA U y s
OAHA ANS BOM/OLLEHMUA B XM3Hb CLEH3pUA
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