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Pedepar

«3emeHblil» BOJOPOJ ABIIAETCS MHOTOOOCIIAIOIINM PEIIEHUEM IS 1eKapOOHU3H-
POBAaHHOW JHEPreTHYECKOM CHCTEMBI. B cTaThe mpemaraercs NUIOTHBIM IPOEKT
COJIHEYHO-BOJIOPOJHOM CHUCTEMBI ISl SHEPrOCHAOXKEHUS YJAJICHHBIX HACEJIEHHBIX
nyHKTOB. B pabote pa3paboraHa cuctemMa 3HEProCHa0KEHUsI COCTOALIEH M3 HCTOY-
HUKa 3JIEKTPOIHEPIUU — (POTOIIEKTPUUECKON CONHEYHOW CTaHIMM YCTaHOBJIECHHOU
MOIIHOCTEIO 1,5 MBT, cucteMsl oy4eHust BOJOpoAa — 3JIEKTPOIU3EPA MOIIIHOCTHIO
1 MBTt u 2G renepatopa ¢ momHocThIO 115 kBT, a Takke mpuBeneHa oIieHKa YKOHO-
MHUYECKOHU LENIeCO00Pa3HOCTU IPOU3BOCTBA «3€JIEHOI0» BOJIOPOA.

KiroueBrble ciioBa: (poTORIEKTpUUECKAsl COJIHEUHAsI CTAHIUS, IEKTPOJIU3Ep, BO-
JOpO/IHAs SHEPI'Usl, aKKyMyJIMpoBaHue sHeprun Power-to Gas (a51ekTposHeprust B ra3).

TECHNO-ECONOMIC ANALYSIS OF SOLAR-HYDROGEN
SYSTEM FOR ENERGY SUPPLY TO REMOTE COMMUNITIES

A. Ya. Jumayev, A. S. Kakabayev

Abstract

Green hydrogen is a promising solution for a decarbonized energy system. The ar-
ticle recommends the pilot project solar-hydrogen system for energy supply to remote
communities. Current work presents a modelling project, which consists of electric
power source — photovoltaic solar station (PVS) with a capacity of 1,5 MW, system
of generation of hydrogen (electrolyzer with a capacity 1 MW) and 2G generator with
a capacity 115 kW and and also provides an assessment of the economic feasibility
of producing «green» hydrogen.

Keywords: photovoltaic solar station, electrolyser, hydrogen energy, Power-to
Gas generator.

BBenenue

B cBere oxugaeMblx U3MEHEHUW W MEPCHEKTUB Pa3BUTHUSL B DHEPrOCHAONKEHUU
OYE€Hb BAXKHAS POJIb OTBOJUTCS MCCIICAOBAHUAM, HAIIPABICHHBIM HA UCIIOJb30BAHUE
BO300OHOBJIIEMBIX HMCTOYHMKOB HHepruu (BUD), Ha mouck CcrnocoOOB CE30HHBIX
HAKOIUICHHH PHEPIHHU U BHIOOP ONTHMAJIBHBIX CIIOCOOOB MX IMPOU3BOACTBA M UCITONb-
30BaHUs. Pe3ysibTarsl HCCIEN0BAHUS MHOTUX YYEHBIX MOKA3bIBAKOT, YTO BOAOPOJ SB-
JSIETCST TOTUTHBOM OY/TyIIEeTO ¥ KaK SHEPTOHOCUTENHh B CKOPOM OyAyIIIEM MOXKET CIO-
cOOCTBOBATh PEIICHUIO OCHOBHBIX 3aJ]1a4 MEPCIEKTUBHOIO YHEPTrOCHAOKEHUSI.

173



[Toctanosnenuem Ilpesuaenta Typkmenucrana ot 28 sHBaps 2022 roxa Obuia
npuHsATa [{opoxHas KapTa MO Pa3BUTHUIO MEXAYHAPOJHOIO COTpylaHHuYecTBa Typk-
MEHHCTaHa B oOxactu BojoponHoi suepruu Ha 2022-2023 rr. B pamkax stoi
JIOpOXHOM KapThl IJIAHUPYETCS PEANU30BaTh 18 MPOEKTOB U MEPONPUAITUH, B YACT-
HOCTH, pa3paboTarh HalmoHaNbHYIO CTPATETHIO Pa3BUTHUS BOJOPOJHON IHEPreTUKU
B Typxkmenucrane [1]. B pamkax peanmsannn HannoHampHOW CTpaTerny MO pa3Bu-
THIO BO300HOBIIsIEMO sHepreTuku 10 2030 roga [2], yTBEpKIAESHHON MOCTAHOBJICHU-
eM IIpesunenta Typkmenucrana ot 4 nexadbps 2020 roma, HaMeueH IepedyeHb Mep
NOIJEPKKH Pa3BUTHA BO300HOBIISIEMBIX HCTOYHHUKOB SHEPIHMHM, B YacTHOCTH, B
HAIPaBJICHUHN PAa3BUTUS MUHHU- U MUKPOAJIEKTPOCETEN B YJAJICHHBIX pailoHax OyayT
peanu30BaHbl CIEAYIOIINE MEPHI:

— ONpeJeNeHrE LIEeNEBbIX MOKa3aTeNnel 3IeKTpuUKay yajJeHHbIX PalioHOB C
VCIIOJIb30BAHUEM aBTOHOMHBIX CUCTEM, MUHU- U MUKDPOSJIEKTPOCETEN;

— pa3paboTKa HOPMATHUBHBIX MPABOBBIX AKTOB, OMPEEISIONIUX MOPSIAOK 3eMIIEO-
TBOJA MO/ JIMHUH 3JIEKTpornepeaad (Onopbl JIMHUN 3IEKTPOIIepeaadn);

— pa3paboOTKa TUIMOBBIX TPOEKTOB MUHU- U MUKPO3JIEKTPOCETEH JJIsl UCTIOIb30BAHUS
B M30JINPOBAHHBIX pailoHaX;

— pa3paboTKa U MPOU3BOJICTBO MOJYJIbHBIX PELICHU JIJIsl CTPOUTEIHCTBA MUHH- U
MUKPODJIEKTPOCETEN B U30JIMPOBAHHBIX PAOHAX;

— pa3paboTKa yIpoUIEHHOTO MOPsIIKa MOTYUYEHUS! pa3pelieHus: Ha CTPOUTEIBCTBO
MUHH- U MUKPOJJIEKTPOCETEH B M30JHUPOBAHHBIX PAalOHAX B CIIy4ae HCIIOJIb30BaHUS
TUIIOBBIX TPOEKTOB U MOJYJIbHBIX PELICHUN;

— OIpEIETIECHUE HAIOTOBBIX JIBIOT, BKJIIOUAsl JIIOTHl HA 3€MIIIO, IIPU CTPOUTEIb-
CTBE MUHHU- U MUKPOAJIEKTPOCETEN B YIAJICHHBIX PANOHAX.

B pamkax peanuzanuu ILIYP OOH npemnaraercs npoekTt oOecrieueHus dIEKTPH-
YECKON M TEIUIOBOM SHEPTUU YJAJICHHBIX OT IEHTPAIBHOW CHCTEMBI dHEprooodecte-
YEHUs1 HACEJIEHHBIX ITYHKTOB 33 CUET «3€JIEHOI'0» BOJOPOJA MPOU3BOAMMOIO Ha OC-
HOBE (DOTORIEKTPUUECKON COTHEUHOMN CTAHIIUH.

[IYP 7. Obecneyenue n0cTymna K HEJOPOTOCTOSIIINM, HAJI)KHBIM, YCTOMUUBBIM U
COBPEMEHHBIM HCTOYHUKAM SHEPTHuH Juis BcexX. B ycnoBusax TypkMmeHucrana:

— 3TO o0ecreyeHne EKTPOCHAOKEHUS Il NOTpEeOUTENe yAalIeHHbIX HACENEH-
HBIX IYHKTOB (ITOTpaHUYHbIE 3aCTaBbl, YaOAHCKHUE CEJICHUS, X035IICTBa 3€MJIETIONb30-
Baresnei);

— obecrieyeHrne HeIopororo TEIIO- U XJI1aJ0CHA0KEHHSL, TOPSTYEro BOAOCHA0KEHMS;

— HKCIIOPT BJIEKTPOIHEPTUH B SHEProIePUIIUTHBIE CTPAHBI.

MeTtoasbl uccie0BaHNs, TeOpeTHYeCKas 6a3a

B pa3paboTke mpoekTa MCHOJIb30BaId METOAMKY, MPEJI0KEHHYI0 B padoTe [3].
JIJisl OLIEHKU MEepCHEeKTUBbl COBMECTHOM PabOThl UICTOYHUKOB COJTHEYHOW SHEPTHH U
AIIEKTpOJIM3Epa ISl MMPOU3BOJICTBA BOJIOPOJAA AJII CUCTEMBbI dHEProcHaOXeHUs yra-
JIEHHBIX HACEJIEHHBIX MYHKTOB B KaY€CTBE UCTOYHHUKA AJIEKTPUUECKOW SHEPruu Oblia
BbIOpaHa ¢otoanekrpudeckas cosHeyHas ctaHius (PCC) ycTaHOBIEHHON MOIIHO-
cTeio 1,5 MBT B HacelleHHOM MyHKTE AXaJCKOro Besasra ['OKIenmuHCKOro sTpamna.
[Tpunsito, yto norpedutenssmu ®CC ABIAIOTCA TOIBKO IEKTPOIU3EP U MOTPEOUTETN
HACEJIEHHOI0 MyHKTa. B pacuerax MCHoyib30BalId TEXHUYECKUE JAAHHBIE AJIEKTPOJIU-
3epa ¢ momrHocThi0 | MBT (Tabnuma 1). bein BeimosnHeH pacdeT o0bema dJIeKTpude-
CKOM 3Hepruu, BeipadaTeiBaeMoil Takoit ®CC B TeueHuu roja

E= Eude.!'.ﬁ S = 11:21 E'g My Nine Mm-S, (1)
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rae E —seipabotka ®CC B ron; E, 5. 5 — yAenbHas Beipabotka @CC ¢ yuerom
HaKJIOHa f B TeyeHuH roja; S — mwiomans OCC; E; 5 — MPUXOA CONHEYHO SHEPTHH
Ha ONTUMAJIbHO OPHEHTUPOBAHHYIO IIOMIAIKY € YIVIOM HakiloHa 8 = 36 “Ha mmpoTax
pacnonoxkenns ®CC B I-rom Mecsie. [lorepu 1, Ha ®CC cocrasister 10 25 %,

a KIIJ 7;,, mpeoOpa3oBaHus W3 ITOCTOSHHHOIO B TEPEMEHHBIH TOK COCTAaBIISICT
98,8 %, mpunsrerii KII1 17, comaeunoro momyns 19,2 %.

Tabmuma 1 — TexHUYeCcKHEe XapaKTEPUCTUKH DJICKTPOJU3EPHOM YCTaHOBKHU
¢ MoltHocThi0 1 MBT
TexHuYecKre XapaKTePUCTUKH 3HaueHUE W eIUHUIIA U3MEPEHUS
HoMmuHansHast MOIIIHOCTH 1 MBt
[1pon3BOAUTENBLHOCTD 1O BOJIOPOY 300 Hm3/49 win 27xr/4
PerynupoBanue npon3BOAUTEIHHOCTH 110 BOJIOPOTY 15-100 %

Y ienbHbINA pacxo JIEKTPOIHEPTHHI 4,4 kBt u/Hm3 nim 48,88 kBr-u/kr
JlaBaeHue BOAOPO/Ia Ha BBIXOJIC 30-200 xrc/cm2
VYV nenbHas IOTHOCTH BOJAOPOIA 0,08988 kr/Hm3

Hwxnas termorBopHas criocoorocts (HTC) 119,96 gﬂﬁ&%gﬁ?éﬁﬁ?\é;&rqmr

B x0/1¢ BEIYUCIICHHI ObUTH MIPUHSATHI CICTYIOIIHE TOMYIICHHUS

— KOJIMYECTBO YacOB pabOThI AJIEKTPOIU3EPa C YCTAHOBICHHOM MaKCUMAJIbHOM;

— MPOU3BOJIUTEIHHOCTHIO B JICHB: JeKaOpb — 2 dYaca, sSHBapb, (eBpaib, MapT,
HOSI0pb — 3 yaca; anpelb, Mail, CEHTA0pPb, OKTAOPb — 4 4acoOB; UIOHb, UIOJIb, aBIYCT —
5 4acos.

— KOJIMYECTBO CYMMAapHOW COJIHEYHOM 3HEPTUH, MOCTYMNAIOLIEH HAa MOBEPXHOCTh
COJIHCUHOW TMaHENH, PACMOJI0KEHHOW B HACEJIEHHOM IyHKTE MOJ YIJIOM HAaKJIOHa
B= 36° roxHOI opuentauuu: ['oknene, Axanckuii Benasir — 1803,932 kB1-u/M? roj.

MormmHOCTh 35ekTpoau3epa Obiia BeiOpaHa ucxoas u3 toro, uro ®CC Oyner mo-
KpBIBaTh €0 MOTPEOHOCTH B JIEKTPOIHEPTUH, CIEAOBATEIHLHO MPOU3BOICTBO BOJIO-
poaa Oyner 3aBUCETb OT BbIpaboOTKU U pexkuma padbotel OCC. Mcxons uz storo,
OBLJIO pemieHo BBIOpaTh ANeKTponu3ep MomHocTeio 1 MBT. Onpenenen 6ananc sHep-
T'UH, BRIPA0ATHIBAEMOU ¥ TIOTPEOIIEMON SJIEMEHTAMU CUCTEMBI TTOJTyYeHHS BOAOPOIa
(pucyHok 1).

g Ecripas » KBTU, Mecall,
Enorpesn » KBT'Y, Mecal

200000

150000
MecsL
100000 | | | ‘
50000 I
1 2 3 4 5 6 7 8 9 10 11 12

Pucynok 1 — Bvipabameuieaemasn rnekmpuueckan ynepzus ©®CC
U nompeonaeman IHepPzus INeKmponusepa

175



C ucnosb30BaHUEM JIAaHHBIX, IPUBEICHHBIX B TabuIe 1, Obla paccuyuTana Macca
BOJI0poJia (PUCYHOK 2), TToTydaeMasi BRIOpaHHBIM JIEKTPOJIU3EPOM COOTBETCTBYIO-
IMEeW MOIITHOCTEIO

m= Z‘ljl m; = 11=21 Nar - f:' ' ‘-I‘II'F:' ) (2)

rae M — Macca MoJIy4eHHOI0 BOJAOpOJia B TEYEHUM TOJIa; 11; — Macca BoJiopoja, Io-
Jdydaemasl SJIEKTPOJU3EPOM B I-TOM Mecsle; Ty — 3PPEKTUBHOCTH pPabOTHI
ANIeKTposu3epa; f; — KOJIMYECTBO YacOB PabOThI AJIEKTPOJIM3Epa C YCTAaHOBJICHHOMN
MaKCHMaJIbHOW MPOU3BOUTEILHOCTRIO B JIeHb; N; — KOIMYeCcTBO AHEH B MECHIL.
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Pucynok 2 — Ilpouzeoocmeo 3eneno2o 6000pooa ¢ meueHuu 200a

Ha pucynke 3 nmpuBeaeHa oOmias cxeMa COJHEYHO-BOJOPOJHOM CHUCTEMBI IS
SHEProCHAOXKEHUS yIAJICHHBIX HACEJICHHBIX IMMYHKTOB, a TaK)Ke HAa PUCYHKE 4 mpuBe-
nena obmasg cxema @CC ¢ momHocThIO 1,5 MBT.

[ T T -> €y i e
| | '
| | B . T '
| | Cucrema |
I | ynpaBienus i
v ™ 5 p
@ PoTog] B |4 | B O
—_— .28 2 >
H,0 e
DoToaneKTpHICCKHe DaexTpoamep s 2G-Tenepartop
YCTAaHOBKH BO}IOPO[]HbIM ABTOHOMHbBIE
HAKOMHTENb NnoTpeduTe 1N

Hakonure.1b
NPHPOJHOTIO rasa

Pucynok 3 — Obwaa cxema coHe4HO-6000POOHOI CUCHEMbL
0J11 IHEP2OCHADICEHUA YOATIEHHBIX HACEIEHHbIX NYHKM 06
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Pe3yabTarsl 1 00cyxkaeHne

B cratbe paccmaTpuBaeTCsi COJIHEYHO-BOJOPOJHAS CHUCTEMA IHEPrOCHAOKEHUS
JUTSL yAQJIGHHBIX HACEJICHHBIX MyHKTOB, coctosmas u3 ®CC u cucteMbl MPOU3BO/I-
CTBa, XpaHEHHsI 1 PHEPTETUYECKOTO UCTIOIB30BaHMs Bogopoaa (pucyHok 3). Omnpene-
JeH OajaHC HEPruu, BhIpadaThIBAEMOI U MOTPEOIIIeMON JIEMEHTaMH CUCTEMBI T10-
Jy4eHus BoJopoAa (PUCYHOK 1).

B paGotax [4, 5] paccMaTrpuBaeTcs COTHEYHO-BOAOPOIHASI dHEPreTUYECKasl CH-
crema mis CaynoBckod ApaBuu U aHaiu3 3PGEKTUBHOCTH aKKyMYJIUPOBAHUS DJICK-
TPUUYECKON SHEPTUU M BOAOPOJIa B SHEPTOCHCTEMAaX ¢ BO30OHOBISIEMBIMUA UCTOYHHKA-
mu sHepruu. Kak BugHo u3 o6mieit cxembl @CC ¢ montHocThIO 1,5 MBT (pucyHok 4)
npenajaraemasi CTaHIMSl COCTOUT M3 MSITH OCHOBHBIX 0a30BBIX OJIOKOB C MOIIHOCTBIO
300 kBt. B Tabmuiax 2 u 3 mpuBEIEHBI TEXHHUUYECKHE XapAKTEPUCTHKHA OCHOBHOTO
6a3oBoro 6;10ka 1 PCC momHocThIO 1,5 MBT.

[ Photovoitaic Modules [oc, |

DoTONEKTRHY
€eckue Moaynu

NOCTOAHHBIM TOK 1
HASKOE HanpaxeHne

Combiner AG, IV

Box NEpPeMEKRKbIA TOK U HU3KOoE
KomGHHHp Hanpamenne

L
<
-

f OBaHHaA 1
= nepemMeHHbIi TOK 1 cpeanes
n Combiner 1 o HANpRNCHHE
I oBaHHan LV / MV Transformer
I . . KopoGKa Substation
noacTaHuua
Box
HOMGHHMP m TpaxchopmaTop
I 0BaHH3A HM3KOro/cpeasero
BRR -
Combiner v
Box
HOMBHHWAP
t oBaHHaA
I l l “mc&ni
Combiner
Box
SR Inverter
I l . Kopobka npeobpasosarens
Combiner n
Box
HOMBWHAP
f oBaHHan
I . l Koposui
Combiner
Box
t 0BaHHaA
. l l Kopobka npeobpasosatens
Combiner n
Box
HOMBWWMP
t oBaHHan
I . . KWOGua
Combiner
Box
HOMONHUD Inverter
I l l Kopobka npeobpasosarens
Combiner n
Box
WOMBHAAP
f oBaHHaA
l‘r e '
Power Station Building

Pucynok 4 — Oowan cxema @CC ¢ mowgnocmuio 1,5 MBm
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Tabnuna 2 — TexHuuecKue XapakKTepUCTUKH OCHOBHOTO 6a30BOro 0JI0Ka

1 Mormmnocts PCC 300 kBt
2  |MomHOCTh POTOIIEKTPUIECKOTO MOIYJISI 415 Bt
3  |KomndecTBO (hOTOANEKTPUUECKUX MOAYIIEH 720

4 KonugectBo poToanekTpruuecKkux Moyie CoeTMHEHHBIX 10

1I0CJIEZI0BATENIBHO B Psijie

5 |KommuecTBo psiioB 72

6 |[lmomans GOTOITEKTPUIESCKIX MOTyJIeH 1557 m2
7 |KonmdecTBO HHBEPTOPOB 1

8 |HomMuHanbpHAss MOIIIHOCTh HHBEPTOPA 300 kBt

Ta6muma 3 — Texanueckue xapakrepuctuku ®CC momHOCTRIO 1,5 MBT

1 Momnrocte @CC 1,5 MBT

2 KonnuecTBo 0OCHOBHBIX 0a30BbIX OJIOKOB 5

3 MomtHocTh OCHOBHOTO 6a30Boro 0soka @CC 300 kBt

4 MomrHocTh (HOTOITEKTPUUECKOTO MOTYJIS 415 Bt

5 KonngectBo OTONEKTPHUECKUX MOTYJICH 3600

6 KonmaecTBo GOTOIEKTPUYESCKIX MOTYJIeH COSTUHEHHBIX 10
MIOCIICJIOBATEIILHO B PSIC

7 KonmgectBo psijioB 360

8 [Tnomane GoTOIEKTPUIECKIX MOYJICH 7785 M2

9 KonnuecTBo HHBEpTOpPOB B

10  |BeipaboTKa IEKTPOSHEPIHH 3a IO 2,006:10° kBru

B mumioTHOM mpoekTe paccMaTpuBaeTCS CTPOUTETHCTBO (POTOAIEKTPUIECCKOM
coniHeuyHou ctaniuu (PCC) ycTaHOBIEHHBIMU MoITHOCTAMH 1,5 MBT B Axanckom
BeJlagTe B HACEJEHHbIX MyHKTe ['okmenuHckoro stpamna. OCHOBHBIE PE3yJIbTaTh
OCYIIECTBJICHUS MTUJIOTHOTO MIPOEKTA NMPUBENICHBI B TabuUIIE 4.

Tabnuia 4 — OcHOBHBIE pe3yJIbTAThl MIJIOTHOTO MPOEKTA

TexHuyeckue mapaMeTpsl 1 HHGopmanus

3HaueHNEe U CAMHUIIA UBMCPCHUS

HaceneHHBIX TyHKT

AxaJickuil BenasT
lNokpenuHCckui aTpan cesno bopu

KonnyectBo 10MOB 238
CyTouHoe nmoTpebiieHue dIEKTPUIECKON YJHEPTUH 3570 kBtu
I'onoBoe mOTpebIeHNE IIETPUICCKON YHEPTUU 1303050 kBtu
BripaboTtka snexrpudeckoit sHeprun @IC ¢ momHocThio 1500 kBT 2006874 kBtu
[Tpon3BOACTBA 3€JIEHOTO BOAOPOIA B TEUEHUH I'0J1a 36990 kr
N306p1TOUHAst MPOM3BOJICTBA deKTprudeckoi dHeprun GCC 703824 kBT'u
Ce30HHO€ MPOU3BOJCTBO 3€JI€HOTO BOJIOPO/Ia B TEYEHUHU Iro/ia 14422 xr

B nernee Bpemss @CC mpous3BOAUT M3OBITOYHOE KOJIUYECTBO AJIEKTPOIHEPTUH,
IIPEBBIMIAOIIEE MOTPEOHOCTh B Hel. B Hariel cucteme n30bITOUHAS SIIEKTPOIHEPTHUS
MOCTYIIAET B AJIEKTPOJU3EP M UCIOJIb3YETCs NIJIsi TPOU3BOJICTBA Bojiopoaa. Bomopon
XpaHHUTCS B BOJOPOJHOM HAKOMHTEIE, a 3aTeM, Koraa BeipaboTtka ®CC HemocTaTou-
Ha JJIA dJEKTpocHaOKeHus notpedurtenel, ucnonb3yercs 2G reHeparop, KOTOPHIHA
MOKET paboTaTh B Pa3IMYHBIX BHJAaX TOIUIMBA, B YaCTHOCTH, MOXKET paboTaTh Ha
IPUPOAHOM Tra3e, CMECH MPUPOIHOTO ra3a U BOJOPOJa U Ha YUCTOM BOJIOPOJIE.
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IlepeyeHb OPHEHTHMPOBOYHBIX CTATell Pacxol0B NMPHU CTPOUTEILCTBE MUJIOT-
HOI'0 MPOEKTA

bosnee TOYHO OLIEHUTH KANMHUTAJIbHBIE BJIOXKEHUS B COJHEYHO-BOJOPOJHYIO AJICK-
TPOCTAHIIUIO B cele bopu MOXKHO TOJNBKO MPHU HATUYHH Oosiee neTanbHON UHDOP-
Malli¥, TAaKOW KaK CTOMMOCTb 000pYJIOBaHUs, 3asiBIICHHAS! MTOCTABIIMKOM, U CTPO-
UTEJbHBIE MaTEepUaNIbl, CTOMMOCTb HIPOEKTHPOBAHUA OOBEKTAa U CTPOUTEIHHO-
MOHTaXKHBIX pabOT, 3eMeJIbHbIE PACXO/Ibl, PACXO/Ibl HA HAJIOTHU U pa3pelIuTelIbHbIC
JOKYMEHTHl U Ap. OJHAKO MOXKHO MPEJOCTAaBUTh OOIIMM IJIaH Pacxoj]0B, Kyjaa
BXOJIUT CTOMMOCTb COJIHEYHBIX IaHeNIeld, HHBEPTOPOB, 00OPYIOBAHUS HJISI DIIECK-
TpPOJIM3a M XpaHEHHsS BOJAOpOAAa, OOOPYIOBAHUS MJi IPOU3BOJACTBA BTOPUUYHOU
3JEKTPO3HEPTUH, CTOMMOCTh HWHYKEHEPHBIX CHCTEM (JIMHUU 3JEKTPOIepeaayH,
BHYTPEHHUX KaOeJbHBIX CETel, BOJOPOJONPOBOJOB, TEIIOTPACCHl, BOJOCHAOX e-
HUSI, KaHAJIU3aliHl, JJUBHEBOU CUCTEMBbI). 3€MEIIbHBIE U CTPOUTEIbHBIE PAaCXOIbl
BKJIIOYAIOT B ce0s pacxoAbl Ha MPUOOpPETEHUE 3EMJIM, CTPOUTEICTBO M MOHTAX
MUJIOTHOTO MPOEKTa, KamuTalbHBIC BIOKEHUS B MHPpacTpykTypy u T. n. Kamu-
TaJIbHbIE€ BJIOKEHUSI B MH)KEHEPHBIE CETH MOTYT CHJIBHO Pa3HUTHCS B 3aBUCUMOCTHU
OT MECTOIOJI0KEHUS 00BEKTA.

CTOMMOCTH MH:KEHEPHO-TEXHUYECKHUX U3bICKAHNH U MPOEKTHPOBAHUS

D10 HEeoOXOAHUMBbIE BIIOKEHHS I pa3padOTKH U MOATOTOBKM BCETO MPOEKTA
(pazpabotka OU, pa3zpaboTka MPOEKTHO-CMETHON JJOKYMEHTAITUH ).

CTOUMOCTh pa3pelIUTEIbHBIX JOKYMEHTOB M HAJIOTOB — pPa3jM4HbIe COOpBI U
HAJIOTH MOTYT OBITh 00S3aTEIbHBIMHU ISl TAKUX MPOEKTOB.

Pe3epB Ha HEOXHAAHHBIE PACXOJbl — BaXXHO MMETh PE3E€PBHBIM (POHJ Ha CIydaid
HEOXKUJIAHHBIX PacXOJI0B M 3ajepKeK B mpoekTe. OnepaioHHble PacXoabl BKIIIOYA-
I0T OIJIaTy NepcoHana, 0O0CiIyXUBaHHE OOOpYJOBaHUS, OOHOBJICHHE U PEMOHT.
Taxxe HEOOXOIUMO y4ecTb, YTO IIEHBI HA COJHEUYHBIC MaHeIn U 000pyAOBaHUE AJIs
BOJOPOJHOTO 3JIEKTPOJIN3a MEHSAIOTCSA CO BpeMeHeM. JlJIsi TOYHOU OLIEHKH KalHuTallb-
HBIX BJIOKEHUH cJeayeT oOpaTUThCS K MOCTaBUIMKaM OOOpYIOBaHMS M MAaTEpUAJIOB,
K cHeuuaiuctaM B cepe COJHEYHOM SHEPreTHMKM M BOJOPOAHBIX TEXHOJIOTHH, a
TaK)K€ y4€CTh MECTHBIC YCIIOBUS U TPEOOBAHMSL.

BaxxHO OTMETUTh, YTO /JI COJTHEUYHBIX YCIOBHM cena bopu 4uciio 4acoB UCIONb-
30BaHMS YCTAHOBJIEHHOH MOIIHOCTU OyAeT 3HAYMTENIbHO BBIIIE, U 3TO MOBIUSIET HA
nokaszaTteiab 00beMa MPOU3BOJICTBA (BBIPAOOTKM) 3IEKTPpOIHEPTUU. B cOOTBETCTBUU C
METOJIMYECKUMHU TOJIOKEHUSAMH IO TPOBEICHNI0 000CHOBaHUS d()PEKTUBHOCTH pea-
JIU3alMd MTHBECTUIITMOHHBIX MPOEKTOB, OCHOBHBIM KPUTEPUEM JIJIsl TIPUHSATHUS pele-
HUSL O (PUHAHCUPOBAHMM SBIISIETCSI COKPAILEHUE 3aTpaT WM YBEIUYEHHE BBIPYUKH,
YTO MPUBOJUT K YBEJIMUYEHHUIO PHObUTH MHBecTOpa. Hibke mpuBeneM pacuer Kamu-
TaJdbHBIX 3aTpaT Ha peaju3alliio MPOEKTa COJTHEYHO-BOJAOPOIHON CTaHIMU JJIs ceja
Bbopu ¢ gorosnexrpuueckoii cranueit MomHocTbio 1,5 MBT (Tabnuua 5). ITockoms-
Ky UHBECTULIMH MPEACTABIISIIOT JOJTOCPOYHOE BIOKEHNE SKOHOMUYECKUX PECYPCOB C
IEJbI0 CO3/AHMS U TIOJYYCHHS YUCTHIX BHITOJ B OYyIyIIeM, JJisi OIICHKA WHBECTHUIIHI
HE0OX0IMMO BCE TpeOyeMble BIOXKEHHS W OTJady MO MPOEKTaM OLIEHUTh C YYETOM
BPEMEHHOM IIEHHOCTH JIEHET, T. €. C YY€TOM TOTO 00CTOATENHCTBA, YTO CyMMa JICHET,
HAXOJSALIASICS B PACTIOPSKEHUH B HACTOsAIIEE BpeMs, 001aiaeT 00JbleH [IEHHOCTHIO,
YeM Takas *e CymMma B OyyIleM.
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3akioueHue

B paccmarpuBaemMoM MHJIOTHOM MPOEKTE MPEIOJIaraeTcsi CTPOUTENHCTBO (POTO-
anektpuyeckoit conneunor craniuu (OCC) momuocThio 1,5 MBT B AxanckoM Be-
JasiTe B HACEJIEHHOM IyHKTe ['oknenuHckoro stpana. Peanuzanus npoekTa mo3Bosisi-
€T 00ecneYnTh SHEProCHA0KEHUE JTAHHOTO HACEJIEHHOTO MYHKTa WK MPOU3BOICTBO
B TeueHue roja 36990 kr «3eneHoro» Boaopozaa. M30bITOYHOE MTPOU3BOJICTBO DJICK-
Tpudeckoi sHeprun @CC ucnosb3yeTcst Juisi Tpou3BoJCcTBa Boaopoaa (14422 xr),
KOTOPBIN paccMaTpUBAETCA KaK CE30HHOE aKKyMYJIHPOBAaHUE DJIEKTPUUECKOU IHEP-
run. [Ipu onenke >pGHEeKTUBHOCTH BAPUAHTOB 1LI€NE€COO0Pa3HO HCIOIb30BATh KOH-
LEMIHUI0 JUCKOHTUPOBAHMS MOTOKA peajbHbIX JIeHer. CpoK OKYyMaeMOCTH CIY>KUT
JUTSL OTIPENIeTICHUsI CTENEHU PUCKOB pealM3alliyd MPOeKTa W JIMKBUIHOCTH MHBECTH-
UK T0 paccMaTpUBaeMOMY BapHaHTy. Bce Ha3BaHHBIE pacueThl PEKOMEHAYETCA
IPOBECTU HA CTauM pa3paboTku mpeasaputelbHOoro TOO U yTOYHUTH Ha CTaAUU
pa3paboTku 000CHOBAHMS WHBECTHUITHH.

Tabnuua 5 — KanuranpHble 3aTpaThl HAa peaju3allMi0 MPOEKTa COJHEYHO-
BOJIOPOJHOM CTaHIMU s cena bopu
HaunmenoBanme komriuiekca paboTt, yciuyr, 000py10BaHUS EBpo
1 [TPOEKTHO-U3bICKATEJIbCKMUE PABOThI 97 500
2 OCHOBHOE TEXHOJIOTMYECKOE OBOPYJIOBAHMUE, B Tom unciue: | 1696 700
Cosaeunsie nanenu (3600 ir.) 738000
WNuseprop (5 mir.) 77 700
Cron ¢ kperuiennem (288 mT.) 216 000
O6opynoBaane ACY TII, cBs3u ¥ CUTHATU3AIIT 92 500
Onekrponu3sep (MontHOCTh 1 MBT) 400 000
Muxkpo typ6ussl (2 G reneparopsl, 115 kBr) 172 500
3 CTPOUTEJIbHO-MOHTAXHBIE PABOTBI B 1. . 524 700
ITonroroBka TEppUTOPUN CTPOUTEILCTBA 10 700
DyH/TaMEHTBI 56 000
CeTu >NEeKTPOCHAOKECHUS 84 000
MoHnTaxk 000pyT0BaHHUs 374 000
4 I[TYCKO-HAJIAZIOYHBIE PABOTBI 42 000
5 BPEMEHHBIE 3JIAHVA 11 COOPYXEHUA 18 000
7 CTPAXOBAHUE 15 000
8 HETIPEJIBUJIEHHBIE 3ATPATHI 45 000
NTOI'O: 2 438 900
VYcraHoBIeHHAS MOIITHOCTD, KBT 1 500
VY nenpHBIE KAMUTAIOBIIOXKEHUS, €BPO/KBT 1626
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Pedepar

PaccMoTpeHbl BOMPOCHI 3arps3HEHHS MPECHBIX BOJOEMOB MPOM3BOICTBEHHBIMH
CTOYHBIMU BOJAMHU COJAEPKAIMX MOHBI CcBMHIA Pb*?, Ha ocHOBaHMM NpOBENEHHBIX
UCCJICIOBAHUN yCTAHOBIICHO: 3(P(HEKTUBHOCTh COPOIIMM CHIDKACTCS C YBEIMUYECHUEM
KPYITHOCTH 3€peH OpuKeTHpoBaHHOTO Top(da; Hambosee r3hPpekTUBHO Mpolecc copo-
UM KOHOB OPUKETUPOBAHHBIM TOPPOM MPOTECKACT B TCUCHUE 5 MUHYT KOHTAKTa, 3a-
TeM OH 3aMmeiserca. B Teuenue 5 munyT ypansercsa 10 98 % uonos Pb*2, copbuu-
OHHAs EMKOCTb [P HACBILIEHUH cocTaBuia o Pb*2 —0,8205 MMons/r (170,00 mr/r).
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