MunucrepcrBo o0pazoBanusi 1 Hayku Poccuiickoii @enepannu
(enepanabHOE rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE
YUpEKICHUE BBICIIETO 00pa30BAHUS
«HAIIMOHAJIbHBIN UCCJIEJJOBATEJbCKHUI
TOMCKHWI NOJUTEXHUYECKWIA YHUBEPCUTET»

Nuctutyr Heprermueckuii (QHWUH)
Hanpasnenue nogrorosku  13.04.02 — DJ1eKTPOIHEPTeTHKA M YJIEKTPOTEXHUKA
Kadenpa DiekTpocHadkeHHe NPOMbINLIEHHBIX Mpeanpusituii (II1II)

MAT'UCTEPCKASA JTUCCEPTALUA

Tema padoTsl

COJTHCYHbIX (l)OTOZ)JIeRTpI/I'{eCKI/IX YCTAaHOBOK

Hcnonb3oBaHue cOJIHEYHBIX TPEKEPOB /Il NOBbINIEHUSI 3(PPeKTUBHOCTH NPUMEHEHHU

V]IK 621.472.026.4
Crynent
I'pynna (07 (0] Moanucy Jara
S5AMSY Banpxunumaes bagma CoinbonoBuu
PykoBogurens
Y4eHasi cTeneHs,
JoKHOCTD (1% (0] Moanucy Jata
3BaHHueE
[InotaukoB Urops
Jouent K.T.H., IOIEHT
AnexcanapoBu4
KOHCYJIbTAHTHBI:
ITo pazneny «DuHAHCOBBIA MEHEIKMEHT, pecypcod(h(PeKTUBHOCTD U pecypcocOepekeHne»
‘Y4enasi cTeneHs,
JloJzKHOCTH [01% (0] Iloanuch Jlata
3BaHHuE
Yucraxosa Hatanes
3ag. kadenpoit MEH K.3.H., JIOLIEHT
OuneroBHa
ITo pazgeny «CoruanbHasi OTBETCTBEHHOCThY
YuyeHnas creneHb,
JL0JIZKHOCTD (07 (0] Moanucs Jara
3BaHHue
bopoaun FOpuii
JlonieHT K.T.H., JIOLEHT
Bukroposuu
JONMYCTUTD K BAILIUTE:
‘Y4eHasi cTeneHs,
3aB. kadeapoii DdPUO Hoanucn Jata
3BaHHUE
DneKTpocHAOKEHNE
MIPOMBIIUIEHHBIX Cypxos M.A. K.T.H., IOLEHT
MPEATPUITHI

Tomck — 2017 1.




Munucrepcrso o0pazoBanusi 4 Hayku Poccuiickoii @enepannu
(enepanbHOE rOCy1apCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE
YUpEXKICHUE BBICIIETO 00pa30BaHUS
«HAIIMOHAJIbHBIN UCCJIEJJOBATEJbCKHUI
TOMCKHWI NOJUTEXHUYECKWIA YHUBEPCUTET»

Nuctutyr DHeprernuyeckuii (QHUH)

Hanpasnenue nogroropku  13.04.02 — DJ1eKTPOIHEPTeTHKA M 3JIEKTPOTEXHHKA

Kadenpa DiaekTpocHadkeHHe NPOMbINLIeHHbIX npeanpusaTuii (JI1I1)

YTBEPXIAIO:
W. o. 3aB. xadenpoit DI
Cypkos M.A.
(IToamnucek) ([ara) (®.1.0.)

3AJJAHHUE
HA BBINOJIHEHHE BBINYCKHOM KBAJIN(PHUKANMOHHON PadoThl
B dopwme:
MAarucTepCKoOi IuccepTanuu
CryneHry:
I'pynna (0]5 (0]
SAMSY banbxxunumaeBy bangme ConboHoBuuy

Tema paGoTsI:

Hcnosb30BaHue COJTHEYHBIX TPEKEPOB 111 MOBbILIEeHNS (P (PeKTUBHOCTH NPUMEHEH U
COJIHEYHBIX (POTOITIEKTPUYECKUX YCTAHOBOK

VYTBepxkieHa MpUKa30oM JUPEKTOopa (Aara, HOMep)

13.02.2017 . Ne 719/c

CpOK ca4yu CTyJCHTOM BBIIIOJIHEHHOM pa6OTI>II

TEXHUYECKOE 3AJIAHHME:

Hcxonnbie 1aHHbIe K padoTe

(HaumeHoBaHUe 00beKMA UCCIeO08AHUS UIU NPOEKMUPOBAHUSL,
nPOU3600UMENbHOCHIb pexcum  pabomol
(HenpepbiBHbIL, NepUOOUHecKUll, Yukaudeckui u m. 0.); 6uo
Ccoipbs unU mamepuan usoeius;  mpebosanus K NPOOYKmY,
usOenuo Ui npoyeccy; 0coovie mpebo8anus K 0COOEHHOCMAM

um  Hazpyska;

@ynkyuonuposanus (sxcnayamayuu) obvekma um uzoeius 6
naame 6e30nacHOCmU YKCRIYAMAYUY, 6IUAHUSL HA OKPYHCAIOULYIO
cpeody, aHep203ampamam,; IKOHOMUUeCKUll anaus u m. 0.).

OOBEKTOM HCCIIEIOBAHUS SIBIISIOTCS pa3paboTaHHBIC THOPUIHBIE
(hOTORNIEKTPHUYECKNE YCTAHOBKH, HMMEIOIMIMX B CBOEM COCTaBe
COJIHEYHBIH TPEKep, ISl AIEKTPOCHAOKEHHUS METEOPOIOTUIECKOM
CTaHILIUM B I0r0-BocTOYHOM yactu Poccun, He uMmeromeit gocryna
K IEHTPaIu30BaHHOU OnektpocHaOXeHHe  JTaHHOU
METEOCTaHIMN C TOCTOSHHBIM rpadukoM Harpy3ku (< 10 kBr)
MPOM3BOJIUTCS Kak Ha Oa3e OEH3MHOBOI reHepaTOPHOI yCTaHOBKH
TaK ¥ C UCIIOJIb30BaHNEM BO30OHOBIISIEMBIX HCTOYHUKOB YHEPTHH,

B 4aCTHOCTH (bOTOSHCKTpI/ILIeCKI/Ie CHUCTCMBI.

CCTH.




IlepeyeHb moaJie:KaAMINX UCCIAETOBAHNIO, | ®  AHAIN3 IPOOIEMbI ICKTPOCHAOKCHNUS ACLCHTPAIN30BaHHbIX

IPOEKTHPOBAHHIO " pa3spaGoTke notpebureneit B Mupe u Poccun
e OrmpezeneHne ONTHUMATBHBIX PEIICHUH 3IEKTPOCHA0KEHHS

BOIIPOCOB
o0BeKTa ¢ Y4J€ToM noTEHOHAIA BO300OHOBJIIEMBIX HCTOYHHKOB

(ananumuyeckuii 0630p no aumepamyprvim ucmounuxam c | SHCPTAA

Yeblo GbIACHEHUS OOCHUdICEHUI Muposoll HayKu mexnuku 6 | o  AHanu3 cxeM (OTOIIEKTPUUECKUX ABTOHOMHBIX KOMILIEKCOB
paccmampusaemou obnacmu; NOCMAHOBKA 3a0auu
uccnedosanus, npoeKmuposanus, KOHCMPYUPOBAHUSL;
cooepoicanue  npoyeodypbl  UCCIe008aHUA, NPOEKMUPOBAHUS,
KOHCmpyuposanus; obcysxcoenue pezynsmamos ewinoanennot | PacueT coJHEUHON paananuu, HOCTyHaIOIIIefI Ha MOBEPXHOCTH

SHGKTpOCHaG)KeHI/IH U MCTOJ 0B INOBBIIICHUS UX 3(1)(1)6KTI/IBHOCTI/I
e AHamus HOTpe6JleHI/I$I QJICKTPOIHCPIUU 00beKTa

p(l60mbl,' HaumeHosaHue aOnO/lHLtmeJleblx pa3()e/108, c HCIIOJIb30BAaHUEM COJIHEYHBIX TpeKep0B (HpI/I pa3HOM
noonexcawux paspabomee, 3axKaOUeHue no pabome). o
MOJIOKEHHUH COMHEYHBIX MaHeIel)

e IIpoexTupoBaHue OKOHYATEJIbHOU CHUCTEMBI
ANEeKTPOCHAOKEeHNS 00bEKTa

e Brpifop u MomenupoBaHHE 3JIEMEHTOB (POTOIIEKTPHUECKUX
cHUcTeM

e TexHHKO-I3KOHOMHYECKOE CcpaBHEHHE BapUAHTOB

3JIEKTPOCHA0KEHUS 00bEKTa

Ilepeyensb rpaduyeckoro marepuasa e OnHONMHEHHAas cXeMa CHCTEMBI 3IEKTPOCHA0KEHUs 00beKTa

(c MoYHBIM yKa3aHUeM 0053ameNbHbIX Yepmedicell)

KOHchIbTaHTI)I Imo pasaejgam BLIHyCKHOﬁ KBaJIH(l)HKaIIHOHHOﬁ paﬁoTbI

(c yrasanuem pazoenos)
Paznen KoncyabTant
DunaHCOBBII MEHEDKMEHT Yuctaxkosa Hatanbst Onerosna
ConuanbHas OTBETCTBEHHOCTh Bbopoaun FOpuii Buktoposuu

Pasnen, BEINOTHEHHBIN HA
TapacoBa Exatepuna CepreesHa
MHOCTPAHHOM SI3bIKE

HasBanus pa3aejaoB, KOTOPbIE JOJKHBI ObITh HAIIMCAHBI HA PYCCKOM H HHOCTPAHHOM fI3bIKAX:

«DuHAHCOBBI MEHEIKMEHT, Pecypcod(PHEeKTUBHOCTh U PECYPCOCOEPEIKEHHUEN

Bsenenue

3aKIroYeHNue

Jdara  BbIZaYM  3aJaHMA  HA  BBINOJHEHHE  BBINYCKHOM
KBAJIH(PUKAIUOHHOH padoThl 10 JIMHelHHOMY rpaduky

3agaHue BbI1aJ PYKOBOAUTEb:

Yu4enas creneHb.
JI0/KHOCTD DOUO ’ Moanuch Jlata
3BaHue

Jouent ILnoraukoB N.A. K.T.H., TOIIEHT

Sanaﬂne NPUHAJ K HCIIOJTHCHHUIO CTYACHT:

I'pynna (07 (0] Moanuch Jara

5AMSY Banpxunumaes bagma Conbonosuu




_ 3AAHHME JJISl PA3JIEJIA
«@UHAHCOBBIIf MEHEJUKMEHT, PECYPCOD®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE)
Crynenry:
I'pynna (0] 4 (0]
SAMSY banbxxunumaeBy banme ConboHoBHYY
DJIeKTPOCHAOKeHU e

Hucruryr JHepreTu4yecKui Kadenpa NPOMBbILIJIEHHBIX

npeanpusituii (IIIII)
13.04.02 -

YpoBeHb 00pa3oBanus MarucrTp HanpagJieHne/crnequaabHOCTh DJIeKTPOIHEPreTHKA 1

3/1IeKTPOTEXHHKA

Hcxonnble naHHble K pasgeny «DUHHAHCOBBIH MEHEIKMEHT, pecypcodpdekTUBHOCTL U

pecypcocoepekeHne»:

1. Cmoumocmv pecypcos Hayunozo uccredosanus (HH):
MaAMepuUaAnbHO-MeXHUUECKUX, IHEPLeMUYECKUX, (PUHAHCOBYIX,

qubopmaquHHbzx u dejioeedecKkux

CTOuMOCTD MaTCpHraJIbHbIX PECYPCOB OMPCACIIACTCA
0 CTATUCTUYCCKOMY dHAJTINU3y TCKYLIECX I[ICH Ha

poccuiickoM peiHke 3a 2017 rof

2. Hopmbl u Hopmamussl pacxo008anusi pecypcos

HopMel M HOpMaTHBBl pacxXoOBAHUS PECYpPCOB
3aJaHbl B COOTBETCTBUHM €  TEXHHUYECKOH

JOKyMEHTaIMel UCTI0NIb3yeMOro 000pyA0BaHUs

3. HCI’IOJZbI)’yeMa}l cucmema HaﬂOZOO6JZOJIC€Huﬂ, cmaeku

HAJl02086, omtmmeﬁuﬁ, auCKOHlePOGLZHuﬂ u erdumogaHuﬂ

- Cucrema HaJOrooONOXKEHHUS] TpPHMEHSETCI B
cootBercTBUU ¢ HK P® ot 28.12.2016 N 146-D3

- CraBka nmuckonTUpoBanus 9%

IMepeyens BONPOCOB, MOIJIEKANIMX HCCIEI0BAHIIO, TPOEKTHPOBAHMIO N Pa3padoTKe:

1. OueHKa u aHaiusz adHHblx, NnoO OCHOBHbIM IKOHOMUYECKUM

nokaszameJim, 6’H€()pﬂeﬂ/lblx npoekmoe

- OneHka W aHaIW3 peHIeHHH 10 OCHOBHBIM
SKOHOMHYECKMM [OKa3aTelsIM: : pacyeT YHCTON
JIMCKOHTHPOBAHHOW CTOMMOCTH W MHUHHMAIbHOM
LIEHBI 32 3JIEKTPOIHEPTUIO

- OnpeneneHue KaIUTAIbHBIX 3aTpar,
OKCILTyaTallMOHHBIX N3ICPIKCK, CTaBKH
JUCKOHTHUPOBAHUS, ITPOTHO3 I/IHq)J'ISIHI/II/I 1 pocCTa ICH
Ha TOIUIMBO, IIOCTPOCHUE (PMHAHCOBOW MOJENHU IS

KaXXJ10ro npoeKkTa

2. Pacuem u anaius IKOHOMUYECKUX IlOK’ClS’ClmE]l@LZ
UCnoib3yemuvlx ons OYEeHKU 3¢d)eKmu6Hocmu UHBECMUYUOHHbBIX

3ampam npoexkma

- Pacuer (I)I/IHaHCOBBIX IIOTOKOB B TCUCHHUC CPOKa
KU3HHU WHBCCTUIITMOHHBIX MPOCKTOB, YHCTOU
HpHBCL[CHHOﬁ CTOUMOCTH, MUHUMAJIBHOH CHBbI

HpOH3BOI{HMOI7[ QJICKTPOIHEPIUU




- [Ipoekt paccmarpuBaeTcsi C TOYKH 3PEHUSA
TOCYJIJapCTBEHHOW HEKOMMEPYECKON OpraHu3aiuu

“Pocrumpomer”

onpedenenue IKOHOMUYeCKoU dghgexmusHocmu

3. Ananus uyecmeumelbHoCcmu UH6eCmuyuOHHblX NpPOeKmos,

- MonenupoBaHue OUHAMMKA HM3MEHEHUS YUCTOM
MIPUBECHHON CTOMMOCTH IIPOEKTOB TIPH H3MEHEHUHN
OMHOTO W3 TIIApaMETPOB WCXONHBIX JIaHHBIX,
MMOCTPOCHHE COOTBETCTBYIOUIMX  XApPaKTEPUCTHK,
OIpezielIeHe HSKOHOMHUUYECKOH sddexTuBHOCTH W

uenecooGpawocm IIPOCKTOB

Hepeqeﬂb rpa(]m'leucoro MaTepHUaJIA (c mounvim yrasanuem obszamenvivix uepmedicetl):

N o ok~ Dd e

I'padux 3aBucumoctr UIIC OT cTOMMOCTH TOIUTHBA
I'paduk 3aBucumoctu UIIC OT cTaBKU TUCKOHTUPOBAHHUS
I'padux 3aBucumoctn UIIC OT KanmuTaIbHBIX 3aTpat

I'padux 3aBucumoctr UIIC OT meHBI COTHETHOTO TPEeKepa

HI/IaI‘paMMH KalmTAJIbHBIX 3aTpaT KaXXJA0T0 BapraHTa TEXHUYCCKOI'0 pCIICHUA

HI/IaI‘paMMH JACHEKHOT'0 IMMOTOKA KAXKXJA0T0 BapruaHTa TEXHUYCCKOI'0 pEIICHUA

I'paduk 3aBucumoctu UIIC oT KOMMYECTBA YCTAHOBJICHHBIX COTHCHYHBIX MAHECH

Jara BbI1aun 3a1aHus 1JIs1 pa3aesia no JuHeliHoMy rpaduky

33}13HH€ BbI1aJ1 KOHCYJbTAHT!

Y4enasi cTeneHs,
JoKHOCTH (1% (0] Moanucy Jata
3BaHue
Kanmunar
YuctskoBa Hatanbs
3ag. kadenpoit MEH HKOHOMHUYECKHUX
OnerosHa
HayK, TOLICHT
3anamf1e NPUHAJ K HCITIOJTHCHHUIO CTYAECHT:
I'pynna (07 (0] Moanucey Jara

5AMSY banexuanmaes bagma ConOoHOBUY




3AJAHUE JIISI PA3JEJIA
«COLIUAJIBHASI OTBETCTBEHHOCTb»

CryneHry:
I'pynna (0] 5 (0]
SAMSY banbxxuaumaeBy bagme ConboHoBuuy
Hucruryr JHepreTuyecKuii Kadenpa JJIeKTPOCHAOKeH e NPOMBILIEHHBIX
npennpustuii (II1II)
Yposenb 00pa3oBanus MAruCTp HanpasJieHue/cnenuajibHOCTD 13.04.02 — DnexkTpoIHEPreTHKA H
3JIEKTPOTEXHUKA

Hcxonnbie 1anHble K pa3aeny «CounanbHasi 0TBETCTBEHHOCTD) !

1. Onucanue pabouezo mecma (pabouetl 30Hbl, MEXHOLO2UYECKO2O
npoyecca, MexaHuuecko2o 000py0osanus) Ha npeomem
B03HUKHOBCHUA!

—  8pPeOHbIX NpossNeHUl (haKmopos NPouU300CMBEEHHOU Cpedbl
(memeoycnosus, 6peoHvle 6eujecmed, OceeujeHue, Ulymbl,
subpayuy, INEKMpoOMAsHUMHBIe NOJA,  UOHUBUDYIOUjUE
U3TyYeHus)

—  ONACHbIX NPOSGIEHUL (PAKMOPOE NPOU3E0OCMEEHHOU CPEbl
(Mexanuyeckol  npupoovl, MePMUUEcKo20  Xapaxmepa,
NEKMPUYECKOLL, NONHCAPHOU U 83PbIEHOU NPUPOObL)

—  He2amugHOo20 8030€liCBUS HA OKPYICATOUWYIO NPUPOOHYIO
cpedy (ammocghepy, euopocgepy, rumocgepy)

—  Upe3BLINAUHLIX cumyayuil (MexHo2eHHO20, CMUXUUHOZO,
9KON02UUECKO20 U COYUATLHO0 XapaKkmepa)

2. 3naxomemeo u 0m60p 3AKOHOOAMENIbHLIX U HOpMAMUBHbIX
()OKyMeHWlOG no meme

Hepeqeﬂb BOIIPOCOB, MOAJIC/KAINUX UCCIICTO0BAHUIO,

NPOEeKTHPOBAHHIO U pa3padoTKe:

1. Ananuz 6via6aeHHbIX BpPEOHBIX (PAKMOPOE NPOEKMUPYeMol
nPOU3BO00CMBEEHHOU cpeovl 8 credyowel
nOCe008AMENbHOCUL:

—  Qusuxo-xumuyeckas npupooa epeoHocmu, eé cea3b C
paspabamuléaemol memot;

—  Oelicmsue pakmopa Ha opeaHu3M 4en08eKd,

— npusedeHue  OONYCMUMbBIX  HOPM  C  HEOOXOOUMOU
PA3MEPHOCIbIO  (CO  CCOLIKOU HA  COOMEEmMCmEYIowull
HOPMAMUBHO-MEXHUYECKUT OOKYMEHN);

— npeonazaemvie cpedcmed 3auunivl
(cnauana KOJUIeKMUGHOU 3auumot, 3amem -
UHOUBUOYATILHBLE 3AUUMHbIE CPEOCMBa)

2. Ananu3 6bISBNEHHbIX ONACHLIX (DAKMOPO8 NPOEeKmupyemou
npou38e0EénHoU cpedbl 8 credyloueli nocied08amenbHOCHU
— Mexauuueckue  ONACHOCMU  (UCMOYHUKYU,  Cpedcmed
3auumoi;

— mepmuveckue onacrocmu (MC‘lelHLIKM, cpedcm@a

3auumol);




—  91eKmpoHe30nacHOCHb (6 m.u. cmamuueckoe
INEKMPUYECNBO, MOTHUEIAUWUNA — UCMOYHUKU, CPeOCmed
3auumol);

—  N02ICapos3pbis0be30NACHOCIb (npuuunb,
npogurakmuyeckue Meponpusimusl, nepeuiHvle cpeocmed
nodcapomyuieHs)

3. Oxpana okpyorcaroweti cpedwl:

—  3auuma cenumeoOHol 30Hbl

— awnanu3z 6030elicmaust 06vexma Ha ammocgepy (8616pocwl);

— awnanuz 8o30elicmaus obvekma Ha 2uopocgepy (copocwi);

— awnanuz 6030elicmaus 0o6vekma Ha aumocghepy (0mxoovt);

— paspabomamv pewieHuss N0 00eCneyeHuio KOI0SUYECKOll
bezonacnocmu co ccoiikamu  Ha HT/ no oxpane
OKpyHcaroujeli cpeowl.

4. 3awuma 6 upe3suIvaUHbIX CUMYAYUSX!

— nepeuens gosmoxcnvix YC Ha obvexme;

— evlbop Hauboree munuunou 4C;

—  paspabomka npeeeHmusHbix mep no npedynpesicoenuio 4YC;

—  paspabomka mep no nOBbIUEHUIO YCMOUYU80CMU 00beKma
Kk Oannou YC;

— paspabomka Oeticmauti 8 pezynrbmame goznuxuteti 4C u mep
no auKeudayuu eé nocie0Cmeutl

5.1Ipasosvie u  opeanuzayuoHHbIe  GONPOCHL  ODECneyeHus
bezonacnocmu:
— cneyuanvHble (Xapakmepuvie 071 NPOeKmupyemou paboyet
30HbL) NPABOGbIE HOPMbBL MPYOOBO2O 3AKOHOOAMENLCTNEA,
—  OpeaHu3ayUOHHbBIE MEPONPUSIMUS NPU KOMNOHOBKe pabouell
30HbI

Ilepeyennb rpaguyeckoro marepualjia:

Ilpu neobxo0umocmu npeocmagums ICKUHbvle epaguyecKue
mMamepuanvl K pacuémuomy 3a0aHuio  (00sa3amenvHO O

cneyuaiucmos u MLZZI/ICI’I’IPOB)

JarTa Bblia4u 3a]aHud I pa3jesia 1o JuHeiHoMy rpaguxky

3azla}me BbI1aJ1 KOHCYJbTAHT:

‘Y4enasi cTeneHs,
JloKHOCTH (1% (0] Moanucey JlaTa
3BaHHUE
Kanmunar
bopoaun FOpuii
JlonieHT TEXHHUYSCKUX
Bukroposuu
HAYK, IOLEHT
3aaHue NPUHAJ K MCIIOJTHEHUIO CTYIeHT:
I'pynna PUO Moamuce Jara
SAMSY Banpxunaumaes bagma Conbonosuu




YUPEKICHUE BBICLIETO 00pa30BaHUsL _
«HAIIUOHAJIbBHBIN UCCJIEJOBATEJbCKUU

TOMCKHWI NOJJUTEXHUYECKWIA YHUBEPCUTET»

Munucrepcrso o0pazoBanusi U Hayku Poccuiickoii @enepannu
(benepanbHOE rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE

Nuctutyr Heprernuyeckuii (QHUH)

Hanpasnenue noaroropku  13.04.02 — DJ1eKTPOIHEPTeTHKA M YJIEKTPOTEXHHKA

YpoBeHb 00pa3oBaHUsI MarucTp
Kadenpa DiaekTpocHad:keHHE NMPOMbIILIEHHbIX NpeanpusTuii (JIIIT)

Iepuon Beimonuenust ocennmii 2015/2016/, Becennuii cemectp 2016/2017 yuedoHoro roaa

dopma npeacTaBIeHus: pabOThI:

MarucCrtepCckasi juccepranusi

KAJIEHJIAPHBIN PEUTUHI -TIJIAH

BbINIOJIHEHH S BBIIIYCKHOM KBAJTH(UKANMOHHOH PadoThI

Cpok cnauu CTYJ€HTOM BBIMIOJHEHHON paOOThI:

00BEKTa

Jara Ha3Banue pasnena (MoxyJs) / MaxkcuManbHbIIi
KOHTPOJIS BH/1 paGoThI (MccJIeIOBAHMS) 0aJ1 pa3aena (MoayJis)

Amnanmus npoOJIEeMbl  3IEKTPOCHAOKEHMS  JCLEHTPATM30BAHHBIX
notpedurenei B mupe n Poccnn. OnpeneneHne onTUMATBHBIX pEIICHUH

01.09.2016 3NEeKTPOCHAOKEHU O0BEKTa € YJYEeTOM IOTEHIMana BO30OHOBISIEMBIX
HCTOYHUKOB 3HEPTUU
AHamm3  cxeM  (DOTORNEKTPUYECKMX  ABTOHOMHBIX  KOMIUIEKCOB
ANIEKTPOCHAOKEHUST M METOIOB MOBBILIEHUS UX 3 (PEKTUBHOCTH. AHAIIN3

10.10.2016 TEXHUYECKHUX XapaKTePUCTHK COJHEYHBIX TPEKEPOB, KIaCCUPHUKAIMI U
METO/Ibl YIIPABJICHUS.
Boibop oOwvexTa morpebneHus  anekTposHepruu.  OmnpexpeneHue
OTHMMAJIBHBIX pPELIEHHH 3JieKpocHaOxeHus oObekra. Paspaborka

05.11.2016 CTPYKTYPHBIX CXEM, BBHIOOp OOOpYIOBaHHMS W TPOEKTUPOBAHHE
OKOHYATEeJILHOH CHCTEMBI 3JIEKTPOCHA0KEeH!sT 00beKTa

15.12.2016 TeXHHUKO-IPKOHOMHYECKOE CpaBHEHHE BapHaHTOB JJIEKTPOCHAOKEHUS

CocraBun IpernoaaBaTeiib:

JokHOCTH [01% (0] YueHnas crenenb, 3BaHue IToanuch Jara
JlomeHT [Inoraukos U.A. K.T.H., JOLECHT
COI'JIACOBAHO:
3aB. kadeapoii DdPUO Yuenasi crenenb, 3BaHue Hoanucn Jlara
JJIeKTpOCHADKeHH e
CypkoB ML.A. K.T.H., 1OLEHT
NMPOMBIIIEHHBIX
npeanpuATHI




PE®EPAT

Brimycknas kBanudukarmonnas padora 163 c., 41 puc., 25 Tabin., 78 uctounukos, 15

MIPUIL

B pabGore paccmoTpeHa TEXHHUKO-IKOHOMHYECKAs OIICHKAa BO3MOXXHBIX BapHaHTOB
ABTOHOMHOTO  DJJIEKTpOCHaOXKeHHMs  o0OBbekTa  uccaefoBanus.  OmpeneneHsl
AJIEKTPUUYECKUE HArpy3kd OOBEKTa M MOTEHIIMAJ HCIOJb30BAaHUS BO300HOBIISIEMBIX
UCTOYHMUKOB. Takxe, MPEeIOCTaBISECTCS pacuyeT COJHEUYHOW paaualiuy NPy Pa3HbIX
ClIy4asx TMOJIOKEHHSI COJIHEUHBIX MaHese: (PUKCUPOBAHHOE MOJIOKEHUE IMaHENIeH B
TEUYEHHUE BCETO MEPHOJIA IKCIUTyaTalluy, CE30HHOE U3MEHECHUE TI0JIOKECHUS MaHEJIEH,
OJIHOOCEBOE CJIEKEHHE 3a COJIHIIEM U JByXoceBoe clexeHnue. Ocoboe BHUMAHHE
yaeisieTcss 00bSICHEHUIO OCHOBHBIX ITapaMeTPOB SIKOHOMHUYECKON MOJIeNH, TaKUX KaK
KaluTaJdbHBIC 3aTpaThl, OKCIUTyaTallHOHHBIC W3JCPKKU TEXOOCTY)KUBAaHUS Ha
YCTAHOBJICHHOE 000pyJ0BaHHE. PacCMOTpEHHBIE CHUCTEMBI JJIEKTPOCHAOKEHUS
CpPaBHMBAIOTCS MEXIY COOOH C HCIOJIB30BaHUEM CJCAYIOIIUX SKOHOMHYECKUX
KPUTEPUEB:  YUCTas  TMPUBEJACHHAs CTOMMOCTb, MHUHHMAajbHAas I1I€HA Ha
AJEKTPO3HEPTUI0. Takke MNpOU3BEACH AaHald3 YYBCTBUTEIBHOCTH HAa OCHOBE
nmapaMeTpoB, KOTOPhIC OKa3bIBAIOT HAaMOOJIee CYIICCTBEHHOE BIMSHUC HAa M3MEHCHHE
UIIC: cTouMOCTh MHBECTUILINM, CTABKA TUCKOHTUPOBAHUS, CTOMMOCTb TOIUJIMBA, LIEHA

HA COJIHEYHBIN TPEKEP, KOJTUUYECTBO COJIHEYHBIX IMAHEIICH.

Lenp pa®oOThI: aHAIM3 UCTIOJIB30BAHUS COJIHEUHBIX TPEKEPOB KAK CIIOCOO MOBBIIICHUS

3 PekTUBHOCTH (POTOANEKTPUUSCKUX YCTAHOBOK.

O6nactb NMpUMEHEHUs: B MaJOW JHEpPreTHKEe IS JCLEHTPATM30BAHHBIX PallOHOB

Poccun

KiroueBble cioBa: 31€KTpOCHAOKEHUE, CONMHEYHass (POTORIEKTPUUECKasl YCTaHOBKa,
COJIHEYHAs [TaHEeJIb, COJIHEYHBIN TPEKEP, CUCTEMA CIIEKEHHM S, TeHEPAaTOPHAsl YCTaHOBKa,

SKOHOMHYECKOE 00OOCHOBAHHE IMPOCKTAa, aHAJIN3 YYBCTBUTCIILHOCTH.
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BBEJAEHHUE

3a mociegHME JIECATWICTHS MOTpeOJIeHHME  AJIEKTPUYECKOW 3HEpPruu  pacreT
CTPEMUTENBHBIMU TeMIaMu. Takoil pocT 0OBSICHIETCS TTIaBHBIM 00pa3oM yBEIWYCHHEM
YUCJIICHHOCTH HACEJICHUs M SKOHOMUYECKHUM pasBuTveM cTpaH. Oxoso 81% mupoBoro
NOTPEOJICHUS] YJHEPTUU TTOTYYaeTCs IIyTEM CXKUTaHUs UcKoraemoro Toruuea [1]. B cBoro
ouepenb, IEKTPOIHEPIHs, ModydaeMas U3 MCKONAeMOro TOIUIMBA, CHJIBHO BIIMSET Ha
OKPY’KaIOILYIO CpeAy U YeJIOBEUYECTBO, HAIIPUMEp, HA MOTPEOICHUE KUCIOPOa U BOJBL,
BBIOPOCHI ra3a U TOKCUYHBIX BEILIECTB, HCTOIICHHUE 3a11aCOB MICKONAEMBbIX BHJIOB TOILJINBA
U ri100anpHOE noTemieHue. B pesynbrare, Bce 3TH (PakTOphl IPUBOJAT K HEYCTOMYUBOI
CUTyalluH B OynyiieM. B coBpeMEHHBIX YCIOBHUSAX CYIECTBYET JBa BAPUAHTA CHHIKEHUS
BBILICYIIOMSAHYTBIX BPEAHBIX BO3AEUCTBUN. [IepBbIi BapHaHT — aKTUBHOE UCII0JIb30BAHUE
3HeprocOeperaouMx TEXHOJOTUH. BTopoil BapmaHT — UWHTEHCHBHOE BHEIPEHHE
BO30OHOBIJISIEMBIX HCTOYHHMKOB DJHEpPrUM, BKJIOYas DJSHEPrHUI0 OHMOMAacc M BETpa,
TMJIPO3HEPTETUKY, T€OTEPMANIBHYIO M COJHEYHYIO 3Hepruto. B HacTosee Bpemss BUD
BHOCST 3HAUNUTENbHBIN BKJIAJ B MUPOBOE dHEProcHadxkeHue. CyecTByeT KOJIOCCATBHOE
MHOKECTBO YCIIEIIHbIX MpUMepoB BHepeHus: BUD. TakuMm 00pa3om, 3T HCTOUHUKH YHKeE
UMEIOT OOJIBIION MOTEHIIHAI JJIsl 3aMEHbI UCKOTIaeMbIX BUJIOB TOILJIMBA U, B LIEJIOM, MOT'YT

YIOBJIETBOPUTH OYAYIIYIO0 TOTPEOHOCTH B AJIEKTPOIHEPTUU.

[Io cpaBHEHMIO CO BCEMU HMEIOLIMMHCS HETPATULIUOHHBIMA HMCTOYHUKAMU SHEPTUU
COJIHEYHAsi DHEpPrusl SBJISETCS OJHUM M3 HauOoJee MNEepPCIEeKTUBHBIX HaIpaBiIeHUN
pa3BUTUSL BO30OHOBIIIEMBIX HCTOYHMKOB. lCIONIb30BaHME COJHEYHOM SHEpruu
XapakTepu3yeTcs: CIAEAYIOIMMH TPEUMYIIECTBAMU: HEUCUEPIIAEMbIM  PECYPCOM,
HKOJIOTHYECKM YHUCTBIM M PaclpoCTpaHEHHbIM HUCTOYHMKOM. CerogHsi cpeau
pa3HOOOpPAa3HBIX TEXHOJOTMH COJHEYHOM BSHEpPrud, (QOTOIEKTPUUECKHE CHUCTEMBbI
3aHUMAIOT JIMJAUPYIOUIYIO TO3UIMI0O W sBIAETCS HauOosiee MHOrO0OOEHIArOIIIM
HaIlpaBJICHUEM  IPOM3BOJCTBA  JJIEKTPUYECKOW HBHEpruu. I e  3KOHOMHYECKH

3G (HEKTUBHBIM CIOCOOOM  HCTOJB30BaHUS (POTOIIEKTPUUECKUX CHUCTEM  SIBIISIETCS



HHEProcHA0KEeHUE JCLIEHTPAIN30BAHHBIX OOBEKTOB B OTJAJICHHBIX pailoHaxX. 3ameHa
JIN3€JIb-T€HEePaTOPOB i (OTOIEKTPUUECKUX CUCTEM B 3TOM CIIy4yae M03BOJISET pelaTh
HE TOJIKO SHEPreTUUECKUE MPOOJIEMBI, a TAKKE IPOOJIEMbI IKOJIOTUH, a B PAJE CIIydyacB

9TO SKOHOMHUYCCKH uenec006pa3H0.

HecMoTpst Ha Bce 1OCTOMHCTBA, (POTORIEKTPUUECKUE CUCTEMBI UMEIOT Psijl HEIOCTATKOB.
Hapsiny ¢ BBICOKMMHM WHBECTHIIMOHHBIMHU 3aTpaTaMd W HHU3KOW 3()PEKTHBHOCTHIO
(G OTORJIEMEHTOB CYIIIECTBYET OJIHA M3 OCHOBHBIX IMpoOJeM ucnoisib3zoBanusi PV-cucrem:
CHIKeHHE uX 3(P(EKTUBHOCTH, KOTJAa COJHEYHbIE TaHENIH IE30PUCHTHPOBAHBI HA
Connue. B HacTosiiiee BpeMst OOJBIIMHCTBO MaHEIeH HAKJIOHEHBI 10| (PUKCUPOBAHHBIM
YIJIOM B T€UEHHUE BCETO MEPUO/Ia IKCILTyaTalluu U MO3TOMY PV-cHCTeMbI HE UCTIOIb3YIOT
BECh TIOTCHIMAJT TIPUXOJISIIETO Ha MOBEPXHOCTH COMHEYHOTO U3ITyUCHHSI, YTO TIPUBOIUAT
K 0OoJjiee HU3KOW BBIXOJHOM MOIIHOCTU Bcel cucTeMbl. BbixomHas MomiHocTh PV-
CUCTEMBI JOCTUTaeT CBOET0 MaKCUMAJIbHOTO 3HAYEHHS, KOI/Ia COJIHEYHBIC MaHENH
HaIpaBJICHBI IEPIEHANKYJIIPHO K TydaMm CoiHiia. Permenuem 3Toi mpoOaeMBbl sIBIASETCS
UCIIOJIb30BAHUE CUCTEMBI CIICKEHUS 32 COJHIIEM WJIU COJTHEYHOTro Tpekepa. CoNHeuHbII
TpEKep - 3TO YCTPOWCTBO, MpeaHA3HAUYCHHOE M opueHTarmu PV manenmu Bcienm 3a
nojoxxeHruem CoJiHIa. ITH YCTPOHUCTBA MEHSIOT CBOE TTOJI0KEHNE B TEUCHUE JHS, CIIEys
3a nojoxxenneMm ConHIa, 4TOOBI MaKCHUMHM3UPOBATH MPUXOMISIIYI0 dHEpruto. Takum
o0pa3oM, COJHEYHBIA TpPEKEP 3HAYHMTEILHO YBEIWYMUBACT BBIXOJHYIO MOIIHOCTh
doTornexTpudeckoii cucrembl Ha 30 — 55% 1o cpaBHEHHIO CO cTanmoHapHbIMU PV
nanessMu [2]. Ho OCHOBHBIM (hakTOpOM OrpaHHUYEHUSI HMCIIOJIB30BAHMS COJIHCYHBIX
TPEKEPOB SBIIACTCS MX 3HAYMUTENbHAs CTOMMOCTH M3-3a 00JIee CIIOXKHBIX TEXHOJOTHH,
CUCTEMBI YIIPABJICHUS U ABUKYIUXCS yacTel. TakuM oOpa3oM, SBISIFOTCS JIM COJTHEUHBIE
TPEKephl TOJIE3HBIMA M PEKOMEHAYEMBIMH, 3aBHUCHUT OT pa3audHbIX (akTopoB. MU,
CJIEIOBATEIbHO, BO3HUKACT DPa3yMHBIM BOMpOC 00 3()PEKTUBHOCTH HCIOIH30BAHMS

ciexenus 3a CoJTHIIEM.
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[ToaToMy 1ens maHHOW pabOTBl — 3TO HEOOXOAUMOCTH OMPENCTUTH SBISICTCS JIU
UCIOJB30BAHUE  COJIHEUHBIX  TPEKEPOB  Pa3yMHbIM  CIIOCOOOM  TOBBIIICHUS
3¢hHeKTUBHOCTH (HOTOIIEKTPUUECKUX YCTAHOBOK, KaK C TEXHUUYECKOU TOUKH 3PEHUS, TaK

U C DKOHOMHYECKOMU.

INTRODUCTION

Energy consumption has been rapidly increasing in the world over the last decades. The
growth is mainly explained by population increase and the economic development of
countries. Almost 81% of the world energy consumption is obtained by combustion of
fossil fuels. The energy based on fossil fuels affects the environment and humanity, for
instance, oxygen and water consumption, gas and toxic emissions, depletion of fossil fuels
reserves, and global warming. Therefore, all these factors are leading to an unsustainable
situation in the future. In modern conditions, there are two options to decrease the above-
mentioned harmful impacts. The first option is the active usage of energy-saving
technologies. The second option is an intensive introduction of renewable energy sources
including biomass, wind, hydro, geothermal and solar energy. At the moment, RES make
a significant contribution to the energy supply. Thus, these sources have already a great

potential to replace fossil fuels and can meet the future required demand of energy.

In comparison with all available non-conventional energy sources, solar energy looks as
one of the most promising directions of renewable energy development. Solar energy
utilization is characterized by the following advantage factors: inexhaustible resource,
environmentally friendly and widespread distribution. Today, among the diverse types of
solar energy technologies, the photovoltaic system is one of the perspective directions to
produce electrical energy. The most relevant and cost-effective way of utilization of PV
systems is as a power supply of decentralized objects in remote areas. The substitution of
diesel generators for PV systems, in this case, allows to solve energy as well as ecology

problems, and in a number of cases it is economically feasible.
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However, photovoltaic systems have a number of drawbacks. Along with the high
investment cost and low efficiency of photocells, there is one of the major problem in PV
system utilization: a decrease in their efficiency when the solar panels are disoriented to
the Sun. Presently, the majority of PV panels are inclined at a fixed optimal angle during
the whole operational period. Therefore, PV systems do not use the whole potential of the

incoming solar radiation. This results in a lower power output of the overall PV system.

The power output of the PV system reaches its maximum value when the solar panels are
perpendicular to the Sun’s rays. Therefore, the solution to this problem is the usage of a
sun tracking system or a solar tracker. A solar tracker is a device that is designed to orient
the PV panel toward to the Sun’s position. These devices change their orientation
throughout the day to follow the Sun’s path in order to maximize energy capture. Thus, a
solar tracker can significantly increase the power output by up to 30 — 55% compared to
stationary PV panels. But the major constraint factor of solar tracker utilization is the
significant cost of trackers due to more complex technology and moving parts. Thereby,
whether solar trackers are beneficial and recommended is dependent on various factors.

The reasonable question about the viability of Sun tracking is arising.

Therefore, the objective of the thesis is to identify whether the usage of solar trackers in

PV systems is reasonable from both technical and economic points of view.
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1. MPOBJEMA SJHEPITOCHABXXEHUS IOTPEBUTEJIEN B
JEIEHTPAJU30BAHHBIX PAMOHAX

1.1. B MHUPE

[TocTosiHHBIA POCT HACENEHHS MHpa SBISIETCS MPUYMHONM TOTo, YTO MpodieMa
aneKTpuuKanuu Beerga Oyner cymectBoBaTth. CerofHsi HaceIEHUE MHpaA COCTAaBIISIET
OKOJIO 7,4 MIIpA1. 4ETIOBEK U IpooJDKaeT pacTu. CortacHo «JlaHHBIM O HACEJIICHUH MUPAY,
B 2030 rony HaceneHue JOCTUTHET 8,5 mupa. yenoBek. PocT HacelneHWs: MPUBOAUT K
pPOCTY MUpPOBOIl SKOHOMHUKHU. COOTBETCTBEHHO, POCT MUPOBOM 3KOHOMHKH ITPUBOJMT K

YBEIUYCHUIO CIIpoca Ha dHepruio [3].

Ha naHHBIE MOMEHT CYLIECTBYET psii CTpaH, KOTOpbIE CTAJKUBAIOTCS C MPOOJIEMOH,
CBS3aHHOU C JOCTYIIOM K 3HepretudeckuM yciyraMm. [Io nanasiv MOA, okxono 1,2 mipa.
yesoBeK (3T0 0k0s10 17% MUPOBOTo HAaceIeHUs) KUBYT 0€3 AJIEeKTpUYeCcTBa, U OKOJO 1
MJIpJl. YEJIOBEK MMEIOT JIMILb HEHaIeXKHO€ M HEyCTOHYMBOE 3HeprocHadkenue. boiee
95% nroneit, »kuByIIKUX 0€3 JOCTyNa K 3JIEKTPUUYECTBY, HAXOIATCA B cTpaHax Adpuku k
fory oT Caxapsl U B A3uH, re OOJIBIIMHCTBO MPOXKUBAET B CEJIbCKUX pailoHaX (OKOJIO
80% ot Bcero mupa). Ha Muauto, koTopas HACUUTHIBAET OAHY LIECTYIO YaCTh MUPOBOTO
HaCEJIeHUs!, MPUXOJIUTCA JHIIb 6% MUPOBOrO MOTPEOICHUS SHEPTUU, U KaXIbIA MATHIN

U3 HACEJICHUS MO-TIPEeKHEMY HEe UMEET JO0CTyIa K 3JeKTpudecTBy [4].

B pasBuBaromuxcsi crpaHax JOCTyN K HpUeMJIEMbIM, O€30MacHbIM U HaJEKHBIM
DHEPreTUYECKUM YCIyraM SIBJIIETCSI  OCHOBOIIOJIATAIOIIMM. OJTO INPUBOAUT K
YMEHBIIEHUIO  YpOBHS  O€IHOCTH, COOTBETCTBEHHO, K TOBBIIICHUIO YPOBHS
3paBOOXPAHEHUS, MPOU3BOJUTEIBHOCTH M KOHKYPEHTOCHOCOOHOCTH, a TaKxke
CHOCOOCTBYET POCTY SKOHOMHMUYECKOTO CEKTOpa cTpaHbl. KpoMe Toro, 1ocTyn K SHEpruu
CBSA3aH C TAaKMMU BaXKHBIMU (DaKTOpaMHu, KaK YHCTas BOJa W 3/IpaBOOXpaHEHUE,

oOecnieueHue HaOgCKHOI'O OTOIIJICHMUA, OCBCIICHMU:, TPpaHCIIOpTa )51
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TEJIEeKOMMYHUKAUMOHHBIX ycnyr. B Tabmuma 1 mokasana cuTyanuss ¢ MHPOBOM

ANEeKTpUUKALIIECH.

Tabmumna 1 — Jloctym k anekTpudectBy B 2016 roy [5]

Hacenenne
['oponckas Cenbckas
0e3
] Onextpuduxaiysi, 3JIEKTpUpUK dIEeKTpUpUKaIl
Region AIEKTPUUYECK
_ % anus, us ,
Ol HEpruu ,
% %
MU,
PazBuBaromue
1 200 78% 92% 67%
Csl CTpaHbI
Adpuka 635 43% 68% 26%
Cesepnas
1 99% 100% 99%
Agppuka
Cybcaxapckas
634 32% 59% 17%
Agppuka
PazBuBaromas
526 86% 96% 8%
cs A3zus
Hnous 237 81% 96% 74%
JlatnHCcKas
22 95% 98% 85%
AmMepuka
Cpennuit
17 92% 98% 719%
Bocroxk
Mup 1201 83% 95% 70%

Kak yxe ynoMuHanoch paHee, OOJIBIIMHCTBO HACEJIECHUS )KUBET B CEJIbCKOM yJIaJe€HHO

mectHOCTH. [Ipobiema snexTpudukanuy MOKEeT ObITh BhI3BaHA CICTYIOIIMMH TEXHUKO-
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HSKOHOMHUYECKUMHU TMPUUYMHAMHU: HEHAUIeKAIIUMU M TPyObIMH reorpapuuecKuMH
YCJIOBHUSIMH, S3KOHOMUYECKH HEBBITOJHO CTPOUTH JIMHUM DJIEKTPOIIEpEad, OTCYTCTBUEM
(uHaHCUpPOBaHUS U MHBECTULMI. B ciiydae, korna HET BO3MOXHOCTH MOAKIOUYUTHCS K
LIEHTPAJIbHOM JJIEKTPUYECKOW CETH IO TEXHUYECKMM WJIM SKOHOMHYECKHUM IPUYUHAM,
aJIbTepHATUBHBIE BAPUAHTBI, KOTOPHIE COOTBETCTBYIOT TPEOOBAaHUSAM, IOJDKHBI OBITH
paccMOTpeHbl. JIpyrumMu CioBaMH, albTEPHATUBHBIE BApPUAHTBI 3TO  CUCTEMBI

JelleHTpa30BaHHOr0 SHeprocHadxeHus ([123C).

Cucremsl JI9C — 3T0 cucTeMbl, KOTOPbIE TEHEPUPYIOT SHEPTUIO U3 UCTOYHHUKA MMUTAHUS
0e3 MOAKIIOYeHHS K IIEHTPAIM30BAHHOW CETH, TaK Ha3bIBa€Mble «BHECETEBHICY WIIH
«aBTOHOMHBIE» CHCTEMBbl. OTH CHUCTEMBl SIBISIOTCS TUOKMMH, MOAYJIbHBIMU U
pacnoyioKeHbl OJHM3KO K 0O0BeKTy cHaOkeHHus. CylllecTBYeT HECKOJBKO CIOCO00B
JEIEHTPAIM30BAHHOTO  JHEprocHadkeHus. Ero MoxHo KiaccuuuupoBaTh Ha
TPaJULMOHHbIE, HETPAAULIMOHHBIE W TUOPUIHBIE DHEPIETUYECKUE  CUCTEMBI.
TpaguoHHbIE CHCTEMBI OCHOBaHBI HAa MCKOMIA€MOM TOTUIMBE (KaK MPaBUIIO0, TU3EIIbHOE
TOIUIMBO, HE(PTh), HETPAJULMUOHHBIE CUCTEMBl — HA BO30OHOBISEMBIX HCTOYHUKAX
DHEPruM, W TUOPHUIHBIE KAaK HAa HMCKOMAeMOM TOILJIMBE, TaK W Ha BO300HOBIISEMBIX

HCTOYHHKAX.

B nacrosimee Bpems cuctemsl JJOC UrparoT )KU3HEHHO BAXKHYIO POJIb B IPEIOCTABICHUN
sHepreTudeckux yciayr. B Takux crpanax, kak Jlanus, I'epmanus, CHIA, Kwurai,
aBTOHOMHBIE JHEPreTHYECKHE CUCTEMBbI, OCHOBaHHbIe Ha BUD, yxke B CcOCTOSHHMH
3aMEHUTh WA JOTOJHUTH TPAIULMOHHBIE SHEPIOCUCTEMBI B pailoHax 0€3 MOAKII0YEeHUS
K LEHTPAJIN30BaHHOMY HCTOYHUKY NUTaHUsA. VcXoms W3 OmbITa TaKMX CTPaH, YXKe
JIOKAa3aHO, YTO AaBTOHOMHBIE CHUCTEMBI SABJSIOTCS JOCTYNHBIM, HAJACKHBIM H

HSKOHOMHUYHBIM CIIOCOOOM DHEProCHAOKEHUS JCIICHTPAIM30BAHHbIX MToTpeouTenei [6].
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1.2. BPOCCHUM

[Io onenkam skcneproB, okojgo 70% Teppuropun Poccun  npUHAIIEKUT
JNELUEHTPAIIN30BaHHON 30HE, B KOTOPOU IIPOKMUBAET OKOJIO 20 MWIJIMOHOB YEJIOBEK, UIIU
npumepHo 14% ot Bcero Hacemenus Poccum  [7].  BoapmmHCTBO - 3THX
JNELUEHTPAIN30BaHHBIX ~TEPPUTOPUN  pacmojlaraloTcs B palioHaX C  CYpOBBIMH
KJIMMaTUYECKUMHU yCIOBUAMU. TakuM 00pa3oM, HaJIeAKHOE SHEPTOCHAOKEHUE HACETICHMSI
B JTHX paloOHax SBIAETCA BaKHEHIIEH SKOHOMHYECKOW MpoOIeMOM Jii MHOTHX
cyowektoB  Poccuiickoit  ®enepanmu. JlenentpanuzoBaHHble  pailonsl  Poccum

npejcTaBieHbl Ha Pucynok 1.

Poccuiickas @epepanus ABISETCS TUINHMYHBIM NPUMEPOM CTPAHBI C YXKE€ Pa3BUTON
CHUCTEMOW LEHTpaIu30BaHHOM sHeprocetu. B 1o ke Bpemsa Poccus Hyxnaercs B
JEUEHTPAIIN30BaHHOW CUCTEME 3HEeprocHadxkeHus. bonpmas yacte Tepputopun Poccun
XapaKTepU3yeTcss HU3KOM IUIOTHOCTHIO HACEICHUSI M OOJIBIIMMU PACCTOSTHUSAMHU MEX]Y
LEHTPaJIN30BaHHBIMU 3HEpProcucTeMamMu U norpedutensmu. [noTHOCT HaceneHus Ha

Tepputopun Poccun npeacrasieHa Ha Pucynok 2.

centralized power supply
P autonomous power supply
not electrified

Pucynok 1 — JleuentpanuzoBanHbie paiionsl Poccun [8]
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Pucynok 2 — ITnoTHOCTH HaceneHus Ha Tepputopuu Poccun [9]

antekTpocHaOxkeHus [11]

KonnuecTBo nronaew,

KonnuectBO

IIPOXNBAIOIINX B

OCHTPAJIU30BAHHOTO 3J'ICKTp0CH216)KCHI/I$I.

Ha pucynke 1 moka3zaHo, yTo OoJiee MOJOBUHBI TeppuTopuu Poccuu BooOIIE He
anekTpudurpoBano. 13 pucyHka 2 BUIHO, YTO HU3KAs MJIOTHOCTh HACEICHUS C HU3KOM
CTeneHblo anekTpudukanuu npeodnamaetr Ha JlaapHem Boctoke, B CeBepHoil u
Boctounoit Cubupu [10]. CoritacHo kapTaM, MOKHO CliejaTh BBIBOJ, YTO POCCHHCKHIA
NOTCHIMAT Ui JICHECHTPAIN30BaHHOTO SHEProCHAOKEHMsI Ype3BbIUaliHO BBHICOK. B

2 TPEACTaBIICH CTaTUCTHUYECCKUU 0030p HacelIeHUsT B paloHax Oe3

2 — UWudopmamus o HaceleHMH B palioHaX ACIEHTPATU30BAHHOTO

Hacenenue B nmyHnkre

HACCJICHHBIX ITYHKTOB

HACCJICHHBIX ITYHKTAaX

o 50
Ot 51 no 500

Ot 501 no 3000
Ot 3001 no 10 000

Hroro

13 500
11 100
5700

580
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He snexrpudunmpoBanHbie perHOHBI CTATKHBAETCS C TAKUMHU ITPOOIeMaMu, KaK BHICOKAs
YPOBEHb HHIIETHI, 0€3pa0b0THIIa, HU3KHE )KU3HEHHBIE YCIOBHS, HEIOCTATOYHOE PA3BUTHE
CEJIbCKOTO XO034ICTBA U TIepecesieHre. JIEKTPOCHA0KEHUE TaKUX MOTpeOUTeNeH B IeJIOM
MOJKET OCYIIECTBIATHCA JIMOO MOCPEICTBOM IICHTPAIM30BAHHOTO 3JIEKTPOCHAOKEHHUS,
aM00 MyTeM CO3JaHusl JCHEHTPATM30BaHHBIX MCTOYHUKOB JHEpruu. Tem He MeHee,
OYEBHJIHO, YTO CTPOUTEIHCTBO JIMHUU JJIEKTpOMNEpenay B IIEHTPAIU30BAHHON CHCTEME
SBIIICTCSI OYCBUAHBIM BapUAHTOM, OJHAKO JUIsI 3TOTO TPEOYIOTCS 3HAYUTEIIBHBIE
WHBECTUIIMOHHBIE 3aTpaThl MU BpEMs, TEM CaMbIM, 3TO 3KOHOMUYECKH HEBBITOIHO.
[losToMy co3gaHuEe JACHEHTPAIM30BAHHBIX CHUCTEM DSHEPrOCHAOKEHUS  SIBIISCTCS

MPaBUIBHBIM U PA3YMHBIM PEIICHUEM 3TUX MPOOJIEM.

Ha nanHbIif MOMEHT OoJIbIasi YacTh JACIIEHTPATM30BaHHOTO YHEprocHabxkenus B Poccuu
OCHOBaHa Ha JIU3EIbHBIX JIEKTPOCTAHIIUAX, KOTOPHIC IUPOKO MPUMEHSIIOTCS B KQUE€CTBE
OCHOBHOTO ucTouHuKa. Hampumep, Pecriybnuka AxyTusi, kotopast mpoctupaercs jo 2,2
MUJUIMOHA KUJIOMETPOB TEPPUTOPUHM M OXBaThiBaeT 150 ThICSY yeIOBEK, CHaOXKaeTcs

3JIeKTpo3Hepruel 129 aBTOHOMHBIMH JTU3€IIbHBIMH 3JICKTpOCTaHIUsIMH [12].

CoracHO cTaTucTuke, 0osee MATH ThICAY JU3eNb-TeHEPATOPOB, padOTAaIOUIMX B CTPaHE,
TIPOU3BOIAT OKOJIO 1,8 Mipj. KBTY a5eKTposHEepTun ¢ TOJOBBIM PacXoA0M TOILTHBA 6-8
MJIH. TOHH. OTH 6-8 MUJUINOHOB TOHH TOILIMBA MOCTABJISIIOTCS KEJIE3HOIOPOKHBIM HJIIU
aBTOMOOUJIbHBIM BHJIOM TPAHCIIOPTA, & UHOTJA U BOBCE BO3AYUIHBIMHM MyTsMU. Takue
BUJIBI TIOCTABOK OYEHb JOPOrM U HEHANEKHbI. Kpome TOro, ormMe4aercs, 4ro TOILUIMBO
CTAaHOBUTCSI IOPOXKeE, a LIEHbl OyAYT pacTu TOJbKO B OyaymnieM. POCT 1leH Ha TOIUIMBO
NPUBOAUT K YBEJIMYEHUIO TpaHCHOpPTHBIX TapudoB. Takum oOpazoMm, 3aTpaTrbl Ha
TPAHCIIOPTUPOBKY TaKXKe pacTyT. UTo Kacaercs TEeKylled CUTyalud, TO CTOMMOCTH
MIPOU3BEJCHHON 3JIEKTPOIHEPrUu cocTaBisier 1o 25-40 pybned 3a kBtu, a cpeanss
CTOMMOCTB JIEKTPOIHEPTUU JUIsl HACEIEHUS B LIEHTPAIM30BAHHBIX PAalOHAX COCTABISAET
2,5-3,5 py6ns 3a kBT4. B HEKOTOPBIX KOHKPETHBIX PETHMOHAX CTOMMOCTh MOXKET

cocTaByATh 125 py6/kBtu. [ToMuMO TpaHCTIOPTHBIX PAacXoJI0B U PAcXoJI0B Ha TOILIHBO,
23



€11Ie OJJHOW BaXXHOW MPUUYMHON TAKOW 3HAYMTEIBHO BBICOKOU LIEHBI SIBISIETCS CTOUMOCTh

HE0OXOIMMOTO TEXHUYECKOTO 0OCITY)KMBAHHS U PEMOHTA TU3elb-reHepaTopos [13].

MOXXHO BBIIEIUTH CIEAYIONME OCHOBHBIC MPOOJEMBI HCIIOIH30BAHHS JIBUTATEIb-
TEHEPATOPHBIX YCTAHOBOK B KAUYECTBE €AMHCTBEHHBIX UCTOYHUKOB JIEKTPOIHEPTUU:
o BBICOKAss CTOMMOCTBH 3JICKTPOSHEPTUM 3a CUET IMOBBIIMIEHHOIO pacxoja,
3aTpar Ha JIOCTABKY U XPaHEHUS TOTUINBA;
o HU3KME TIOKA3aTeld DKOJIOTMYECKOW O€30MacHOCTH, B TOM YHCIE
aKyCTUUYECKOE 3arpsi3HEHUE U BHIOPOCHI TOKCUYHBIX BEILIECTBR;
o HU3Kas TOIUIMBHAs JKOHOMHUYHOCTh U TIOBBIIICHHBIE 3aTpaThbl Ha
TEXHUYECKYI0 3KCIUTyaTaluio W oOciykuBaHue BciieacTBue padotel JIBC Ha
peKrMax MaJIbIX Harpy3o0K.
OCHOBBIBasICh Ha MPHUBEJCHHOM BBIIIE 00CYXICHUH, Pa3yMHO OOpaTUTh BHUMaHUE Ha
JICLICHTPAJIM30BAaHHbIE CHUCTEMbl DSHEProCHA0XKEHUSI Ha OCHOBE BO300OHOBIISIEMBIX
UCTOYHUKOB 3Hepruu. CyIeCcTBYET psAJl HAyYHBIX IMyOJMKAIMi, B KOTOPBIX IIUPOKO
paccMaTpUBaETCA aHallu3 aBTOHOMHBIX CHUCTEM ISl JCHEHTPaIN30BaHHBIX 00JiacTeil B
Poccun. Ilo pe3ynpratamM MOXKHO CJI€JIaTh BBIBOJ, YTO OTJAJICHHbIC paloHbl Poccum —

OTJIMYHAs CTapTOBas MaaTdopma 1Jisg BHEIPEHUSI BO30OHOBIISIEMbIX ICTOYHUKOB SHEPTUH.
1.3. ABTOHOMHBIE DHEPTETUYECKHUE CUCTEMBbI

[Tociie paccMOTpeHHs NpeabIAylIed TIJaBbl, JACLEHTPAIU30BAHHBIC SHEPIETUUYECKUE
CHUCTEMbl Ha OCHOBE HCKOMAaeMOIo TOIUIMBA, a TaKXe BO300HOBISIEMblE HCTOUYHHKU
SHEPTrUU  SABJISIIOTCA TEKYIIMMHU MPAKTUYECKUMHU PEUICHUAMHU Uil YIAJECHHBIX
noTpeduTeneit 6€3 BOZMOXHOCTH MOJIKIIOUCHUS K IEHTPAITU30BAaHHOW DJIEKTPUUYECKON
cetd. HeoOX0aMMOCTh B aBTOHOMHBIX JHEPreTUUECKUX CHUCTEMaxX CYIIECTBYET H3-3a
TakuX (PaKTOpPOB, KaK HE3aBUCHUMOCTb OT JJIEKTPOCETH (HAmpUMep, aBapuu, PEMOHT),
OTCYTCTBHE IUIAThl 3a IOAKIKOYEHHE W 3aTpaTbl HA CTPOUTENBCTBO JIMHUU

ANIEKTpoIiepeaay, HEe3aBUCUMOCTh OT IJI00adbHOTO SHEPreTUYECKOro Kpu3uca M T.J.
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CJ'ICI[OB&TCJ'IBHO, HCO6XOI[I/IMO IMPUBCCTH KIIHOYCBLIC ITAPpaAMCTPBI 1 OCHOBHBIC Tpe6OBaHI/I${

K JaHHBIM CUCTEMaM BHCpFOCHa6)K€HI/ISI.

OcHOBHBIE TPEOOBaHUS K CUCTEMAM 3JIEKTPOCHAOKEHUS

1. Cuctema »dIeKTpOCHAOXKEHUA JOJKHA 00JIajaTh COOTBETCTBYIOLIUM
YPOBHEM HAJISKHOCTU W obOecrnieunBaTh Oecriepe0oilHOE MHUTAaHHE 3IIEKTPOIHEPTUen
mIaBHoro  obopymoBanus. Ilom OecrmepeOOWHBIM — TUTAHUEM  TOJPa3yMEBACTCA
ANIEKTPOINUTAHUE, TP KOTOPOM  JIOMYCKAETCA KPATKOBPEMEHHOE  YXYIIICHHE
NOKa3aTesield KaueCcTBa 3JIEKTPOIHEPTUH.

2. TexXHOJOTMYHOCTh MPU MOHTaXE M AKOHOMUYHOCTH MIPHU SKCILTyaTalluu
ABIISAIOTCA. BBIOOp CTPYKTYpBI CHCTEMBbI NUTAHMS AJIEKTPOIHEPTUEH M 00OpYyIOBaHUS
JOJDKEH TMPOBOJUTHCA HAa OCHOBY TEXHUKO-IKOHOMUYECKMX IIOKa3zarejled 3a Ccyer
CPaBHEHHS HECKOJIBKMX BAPUAHTOB MTOCTPOCHUS.

3. [TocTOSIHHBIA MECTHBIM W JIHUCTAHUMOHHBIM TEXHUYECKUUA KOHTPOJb U
VIOPABJICHUE PEKUMaMHU paOOTHI SIBISIOTCA CIEAYIOIIMMUA TPEOOBAHUSIMHU CHCTEMBI
JNIeKTpocHaOkeHus. Bce HeucnpaBHOCTH M aBapUilHbIE COCTOSIHUS — JOJDKHBI
ONMpeNeNsIThC B O00O3HAYEHHOM TOpSAJKE, JAUarHOCTUPOBATHCS U TMEPEeaBaThCs
CEpBHUCHOM ciyx0e.

4. COII nomxHa yIOBIETBOPATH CIEAYIOIIMM I0KAa3aTeIsM HaJEKHOCTH, K
KOTOPbIM OTHOCSITCSI — cCpeaHsisi HapaboTtka Ha otka3 (T0), cpenHee Bpems
BoccTaHoBieHus (TB) u cpegHuii cpok ciykObl.

S. COIIl npomxHa OBITh 3(PQGEKTUBHOM C TOYKH 3peHUs MpeoOpa3oBaHUS
DIEKTPUYECKON IHEPTUU.

6. KadecTBO 3l€KTpO3HEprMM Ha BBIBOJAX JOJDKHO COOTBETCTBOBATh

YCTaHOBJICHHBIM HOPpMaM Ka4dCCTBa.

1. COII momxHa BRIMOJIHATHCS B COOTBETCTBHE C TPEOOBAaHUSIMH OS30ITaCHOCTH.
8. OTcyTCTBHE BPEIHOTO BIUSHUS HA OKPYKAIOIIYIO CPEY;
9. O6ecrnieuenne ya1o0cTBa U 6€30MacHOCTH paboT mepcoHaa.
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10. B03MOXHOCTB 4aCThIX MEPECTPOEK TEXHOJOIMHU ITPOU3BOJCTBA U Pa3BUTHUSA

MIPEANPUSATHS,
11. [Tomnass aBTOMaTHM3amMsi TEXHOJOTHYECKOTO IIpollecca TMPOM3BOJICTBA
DHEPTUH,
12, IIpocToTa cucTeMbl
13. BosmoxHOCT, MacmTabupoBaHusi (JIOCTYIHBIN JHAa30H JEWCTBYIOIINX

YCTaHOBJICHHBIX MOIITHOCTEH )
14, VYrpaBiasieMOCTh UICTOYHUKA MUTAHUS (UM MAHEBPEHHOCTH )

[ToMuMO TIEpEUHCIICHHBIX BHIIIE MMapaMETPOB, KOTOPHIE XapaKTEPU3YIOT aBTOHOMHBIC
DHEPTreTUYECKUE CHUCTEMBI, Han0OOoJIee BAKHBIMHU SIBIISIOTCS JTOCTYITHOCTh MCTOYHHUKOB
HHEPTUU U XapaKTepHbI rpaduk Harpy3ku o0bekTa. OOBEKTOM UCCIIEIOBAHUS B TAHHOMN
paboTe SBISIETCS METEOopoJjioTHUecKas cTaHuus (MereoctaHius). Meteoposioruyeckas
CTaHIIUS PAcIoJIOKeHa B BOCTOUHO-I0KHOM yacTu Poccuu, Peciy6mka Bypsatus. O6bexT
umeer 1.4 kBT MakcuMallbHOW Harpy3ku, a ero rpaduk Harpy3Kd MpeICTaBlICH Ha

pucynke 18. bonee moapoOHOe onrcanne 00beKTa MPECTaBICHO B 4.

O4eBUIHO, UTO TU3EIb-TEHEPATOPHAS YCTAaHOBKA aBTOMATHYECKH paCCMaTPUBACTCS Kak
MOTCHITMAIBHBI WUCTOYHUK SHEPTHMH O00BeKTa. HecMOTps Ha KOIMYECTBO MpoOJieM,
OIHMCAHHBIX PAHEE, ITU AICKTPOCTAHIIMU 00J1aaI0T O0JIee MOIIHBIMU MTPEUMYIIIECTBAMM,
TaKMMH KaK HaIG)KHOCTh M CTAOMIIBHOCTh BBIXOTHOW MOIITHOCTH, BBICOKAN KO3 (OUITUCHT
3G ()EKTUBHOCTH, aBTOMATH3allMs IMPOIIECCOB, OBICTPBHIM 3amyCcK M BBICOKAs
MaHEBPEHHOCTh, TPOCTOTa YCTAHOBKM ¥ HHU3KHE WHBECTUIIMOHHBIC 3aTpaTbl. B
pe3ynbTaTe IU3eNb-dJIEKTPOCTAHIUS COOTBETCTBYET BCEM KIFOUEBBIM IapameTpam
aBTOHOMHBIX cUCTeM. Takke HeT HUKaKUX TEXHHUECKNX U (PMHAHCOBBIX OTpaHUYEHUN HA
YCTaHOBKY JH3ENIb-TeHEePaTOPHOUN 3ekTpocTaHnuu. C Ipyroil CTOPOHBI, OCHOBHBIMHU
HEJI0OCTaTKaMU JaHHOW DJIEKTPOCTAHIIMU SIBIISIOTCS BBICOKHE OKCIUTyaTal[MOHHBIE

pacxoanbl, BI)I6pOCI)I OT CXKHUTI'aHH TOIINIMBA M HCTaTHUBHOC COIIMAJIbHOC BOSI[GIZCTBHG.
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[TockonpKky €CTh BO3MOXKHOCTH 3almuTaThb OOBEKT HE TOJBKO Ha 0a3e Iu3emb-
FEHEPATOPHOM  YCTAHOBKHM,  CIIEJOBATEIbHO,  JELEHTPAIM30BAaHHAs  CHCTEMA
sHeprocHabkenusi Ha ocHoBe BUD Oyaer paccmorpena. Ha ocHoBe unH(opmanuu,
MpeACTaBICHHON paHee, ucnosb3oBanue BUD B coctaBe cucrem [I9C MoxkeT BHECTH
CYILIECTBEHHBI BKJIaJl B pelIeHUE Npo0JieM ELEeHTPATIU30BaHHBIX MOTpeOUuTenei.

I[aHHBIG CHCTCMBI MOKHO KJ'IaCCI/I(bI/IHHpOBaTI) 110 THITY SHCPIUH.

¢ BCTPOBasd SHCPIUA

® DJOHCPIru:Aa OmomMacchel

¢ TCOTCPpMAJIbHAA DHCPTIUA
¢ MaJiad TMAPOSHCPIrCTUKA

¢ COJIHCYHAA SHEPIus

OngHako BO3HUKAET BA)XHbBIM BONPOC O JOCTYIHOCTH TaKUX HCTOYHUKOB. [loatomy
HEOOXOJMMO MPOBECTU HCCIEAOBAHUE O MMOTEHIMAJE BO30OHOBIISIEMBIX HMCTOYHHKOB
sHepruu B Poccuu u B peruoue, rje pacnoyioxeH o0bekt. Crueayromuii moapasaen oyaeT

MOCBSILIEH JAHHOMY BOMPOCY.
1.4. MOTEHIIUMAJ BO3OBHOBJISIEMOM SHEPTYU B POCCHUHU

Poccuiickas ®deaeparus o61agaeT J0CTaTOUYHO BBICOKUM NoTeHnranioMm BUD. B Poccun
MMEETCS BCE€ BO3MOXHBIE PECYpPChl: THAPOIHEPTETHKA, HHEPTUs OUOIHEPrETUKH,
reorepMaibHas dHEprus, OuomMacca U COJHEYHass PHeprusi. BOJIBIIMHCTBO PETHOHOB
MMEIOT, MO MEHBIIEH Mepe, OAWH WM JBa Bapuanta BUD, koTopeie SBISAIOTCA
KOMMEPUYECKHA OCYIIIECTBUMBIMHU, B TO BpEeMsl KaK HEKOTOpPbIE W3 ATHUX oOOJjacTed B
M300MIIMKA BCTpedaroTcsl Bo Bcex Buaax BUD. Hecmorps Ha cBoe 3HEpPreTHMUecKoe H
PKOHOMHMYECKOE COCTOSIHME, M CYIIECTBYIOIIME MAacCIITa0bl JOOBIYM KMCKOIAeMOTo
TOTUTMBA, B HACTOSIIMI MOMEHT Poccuiickas Deepainsi HCTIOIb3YeT HEOOIBITYIO YacTh

cBoero orpomHoro norexnuana. Okono 21% snektposnepruu B Poccun npousBoaUTCS
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THJIPORJIEKTPOIHEpruei, u MeHee 1% ot oOuiel yCTaHOBJIEHHOM MOIIHOCTH B CTpaHe

IIPOU3BOIUTCS IPYTUMH HCTOYHHKAMH BO300OHOBIIsIeMOit sHepruu [13].

K xonmy 2015 roma oOias ycTaHOBJIEHHAs MOIIHOCTh BO300OHOBISIEMOW 3HEPTUU
nocturia 53,5 I'Bt, rae oxono 20% o01ieii yCTaHOBIIEHHOW MOIIIHOCTH T€HEPUPYEMOit
MomtHOocTH Poccum (253 I'Bt). bonbimas dYacTe 3TOM MOIIHOCTH MpEJICTaBICHA
rugposneprerukoit (51,5 I'Br), omosneprerukoit (¢ 1,35 I'Br) [14]. YcraHoBIeHHas
MOIIHOCTB JJIs1 COJTHEYHOM U BETPEHOM dHEPTUM cocTapiseT okojio 460 MBtu 111 MBT
cooTBeTcTBeHHO. CornacHo nokiany «Bo300HOBIsieMass 3HEpPreTU4eckasi MOJIUTUKA B
Poccun», Poccus mnoaroroBusia MOAPOOHBIM MPOTHO3 HCMIOJIB30BAHUS HSHEPIUU U
HamepeHa goctuyb K 2020 roxy 4,5% ot oO1ero oo0bema Mpor3BOICTBA U OTPEOJICHUS
9JICKTPOIHEPTUU U3 BO30OHOBIISIEMBIX HCTOYHUKOB [15]. DTOT miar aji mojoKuTeIbHbIC

CUTHAJIBI pa3BUTHUIO 3TOI'O CCKTOPA.

DHepreTuyeckuil MOTEHIMAI BO30OHOBISIEMBIX UCTOYHUKOB 2HEpruu B Poccun MOKHO
OLICHUBATh MO-PA3HOMY B 3aBUCUMOCTH OT TEXHUYECKUX U IKOHOMHUYECKUX ACIIEKTOB X
ucnoiap3oBaHusa. C KaXJI0HW TOYKM 3pEHHS HEOOXOJWMO HAWTH BaJOBOM MOTEHIIUA,

TEXHUUYECKUU MOTEHIIUAT U DKOHOMHUYECKUH nmoTeHman BUD.

BanoBoil moTeHIMall - 3TO KOJMYECTBO SHEPIHH, BBIPAOATHIBAEMOE JAHHBIM THUIIOM
DHEPreTUYECKOr0 pecypca B CIydae €€ IIOJIHOIO IIOJIE3HOTO  HMCIIOJIb30BaHUS.
TexHUYEeCKU MOTEHIMaN SBISAETCS YacThbiO BajJOBOr0 IMOTEHIMANA. JTO NOJIE3HAs
DHEPrus, KOTOpas pa3syMHA MpPU OMNPENEICHHOM YpPOBHE TEXHHYECKOTO pPa3BUTHA.
DKOHOMUYECKHUM MOTEHLINAI SIBJIIETCS YACThIO TEXHUYECKOTO MOTEHIMAIA. DTO MOJIE3HAs
HHEPrUs, YJKOHOMUYECKHU OCYIIECTBUMAsl B KOHKPETHBIX YKOHOMUYECKUX YCIOBUIX (IIeHa
Ha TOIUIMBO, AJIEKTPOIHEPTUIO U TEIIO, LIEHY Ha 000pyA0OBaHUE U MaTEepHaIbl, TPAHCIOPT
u pabouyto cuity). B Tabnuiie 3 mpencrapiieHa oreHka noteHnuanbubix BUD Poccun o

OLICHKAM POCCUMCKHX dKCIIEPTOB.
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Tabnuna 3 — OneHka noTeHIuana BO30OHOBIIEMBIX HICTOYHUKOB dHepruu B Poccun

[16]

Gross potential, ~ Technical potential, Economic potential,
Resources million tons of million tons of million tons of

reference fuel/year  reference fuel/year  reference fuel/year

Wind 26 - 10° 2000 10
Small
360,4 124.6 65,2
hydropower
Solar 2,3-10° 2300 12,5
Biomass 10- 108 53 35
Low-
525 115 36

temperature heat
Total 2,34 - 10° 4593 273,5

[IpyHrMass BO BHUMaHHME JKOHOMWYECKMN NOTEHUHAN, cTeneHb BMD onenumBaercs
npumepHo B 30% ot o61iero oobema Mpou3BOACTBA SHEPTUH, TEXHUUYECKUIN MOTEHITHUAT
OIICHUBAETCsl 0oJiee YeM B IISITh pa3 MO CPaBHEHHUIO ¢ OOIIUM O00BEMOM MPOU3BOCTBA
nepBuuHoi »Heprun B Poccuu. Takum obpazom, BUD, Takue kak Berep, Ouomacca,
reorepMaibHasi, Majas THUIPOSHEPTeTHKAa M COJHEYHas JHEpPrusi, KOTOphIE IIMPOKO
pacripoctpaHeHbl B Poccum, OyanyT OoJjiee MmOApOOHO pPacCMOTPEHbI B KaueCcTBE

MOTEHIIMAIBHOTO NCTOYHUKA dHEProcHa0KeHus: o0bekTa [17].
1.4.1. BerpoBasi JHeprus

Camplii BBICOKMM TIOTEHIIMAN BETpOdHEepreTuku B Poccum cocpenoTodyeH BIOIb
MPUOPEKHBIX PAOHOB M OCTPOBOB APKTUKHU M Tuxoro okeana. Kpome Toro, 30HbI IS
Pa3BUTHUS BETPOIHEPIETUKHU PACIIOJIOAKEHBI B CEBEPHBIX parioHax [lanbHero Bocroka, Ha

nosiyoctpoBe KamuaTka, rjie cpeiHsis CKOPOCTh BETpa MPEBBIIIAET 6 METPOB B CEKYHY
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[7]. Pactipenenenue cpeqHIX CKOPOCTEH BETpa HA TEPPUTOPUH CTPAHBI IPECTABICHO HA
kapte (IIpunoxenue 1). CpegHue CKOpOCTH BETpa 3HAYUTEIBHO pPa3IMYalOTCAd B
€KETHEBHBIX U TOJ0BBIX IUKIIax. Clie0BaTENbHO, SHEPTHS BETPAa UMEET HEeCTaOUIIbHBIC
XapaKTepUCTHUKU H OBICTpble KOJICOaHMs, KOTOPBIE COMPOBOXKIAIOTCS PE3KHUMHU
U3MEHEHUSIMU BBIXOAHOU MomHOCTH. [To manHbIM BeTpoBoro kagactpa Poccuu, Tonbko
40% (BxitOYasi BBIIICONHUCAHHBIE PErHOHbI) Tepputropur Poccuum Moryt ObITh
WCITOJIB30BAHBbI IS BBIPAOOTKH AIEKTposHeprun. CpaBHUBAS KapThl, PEICTABICHHBIE B
[Tpunoxenuu 1 u PucyHok 2, MOXKHO 3aMETHUTb, YTO OOJIbINAS YacTh MMOTEHIIUAA BETpa
HAXOJUTCS B TEX PETMOHAX, IJI€ TUIOTHOCTh HACEIEHUs HU3Kas (MEHEe OJTHOTIO YeJIOBEKa
Ha 1 kM?). MoIHOCTb BeTpa 00BIYHO OLIEHUBAETCS C MCIIOIb30BAHUEM CPEIHEN CKOPOCTH
BeTpa. Ilockonpky OOBEKT uCCIEIOBaHUS HMEET HEOOJbUIYI0 YCTaHOBJICHHYIO
MOIIIHOCTb, IMANa30H MUHUMAJIbHON TpeOyeMOl CKOPOCTH BETpa COCTaBISIET 2,5-3 Mm/c.
CoryilacHO CTaTUCTUYECKUM JaHHBIM, ITOJIYYE€HBI PE3YJIBTATHI O HU3KOM CpPEIHEN r0I0BOM
ckopocTu Berpa (Hmxke 2,4 wm/c). Takum oOpa3oM, MOXHO CJenaTh BBIBOJ, YTO
WCITOJIb30BAaHUE BETPOBOM DHEPTUU IS JIEKTPOCHAOKEHHS HEAI(P(HEKTUBHO B palioHE

MeTeopoIoTndeckoi craniuu [18].
1.4.2. Jneprus 6momacchol

[ToTenmuman mupokoMacmTabHOr0o U S(PPEKTUBHOTO HCIOIB30BaHUSA OHOMACCHl B
HEKOTOPBIX permoHax Poccum noBosibHO BbICOK. [0 manHbIM «HTEpcomnap-ueHTpa,
POCCUNCKOM KOMITAaHUU, KOTOpasi 3aHUMAeTCsl BO30OHOBISIEMBIMUA HCTOUHUKAMH YHEPTUH,
Poccust exxeroiHO MPOU3BOIUT OKOJIO 15 MUILIHMAP/IOB TOHH OMOMACCHI, UTO COCTAaBJISIET
OKOJIO 8 MHJUIMAPIOB TOHH 3TAJOHHOTO TOIUIMBA B dHEPreTHYECKOM dKBUBaseHTe [13].
OmHako CyHIECTBYIOT CEpbE3HbIE OrpPaHUYEHHUS HCIOIb30BaHUS OMOMACChl st
nmpousBoicTBa dHeprun. [Ipobrema r3pdexkTrBHON IEPEepadOTKH U CIKUTAHUST OMOMACCHI
MO-NIPEXXHEMY aKTyallbHa. ITO CBSI3aHO C TEM, YTO OMOMAacCCa COCTOUT U3 HU3KOCOPTHBIX

BUJIOB TOIUIMBA C BBICOKMM cojiepkanrieM Biaru (10 85%). Ilostomy o Tpebyet
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JOTIOTHUTENBHBIX 3aTpaT Ha CYIIKYy W TpeaBapuUTENbHYI0 00paboTKy (numdoBaHuE,
npeccoBanue u T.1.). Hanbosiee pacnpocTpaHEHHBIM METOJIOM TMOJYYEHUSI SHEPTUU U3
Oouromaccsl siBIsieTcs cxuranue. [Iporecc ckuranust IMEEeT CBOM TPYTHOCTH: BO-TIEPBBIX,
pa3Hble BUIBI OMOMAaCChl TPEOYIOT pa3HBIX YCTPOWCTB I OOXKHra, a BO-BTOPHIX,
YCTAaHOBKH  JUIsi  NPSAMOTO  COKUTAaHUS ~ OMOMAcChl  SIBJSIFOTCS.  OTHOCHTEINIBHO
HEA(P(PEKTUBHBIMU W HEYCTOMYHMBBIMH SHEPreTUYECKUMH cucTeMamu. Kpome Toro,
nmapamMeTpbl OKPYXKAIOMIEH Cpenbl Te4Yell JOJDKHBI COOTBETCTBOBATH NPHUMEHUMBIM
CTaHIapTaMm BbIOpocoB. Kpome TOro, mpou3BOJACTBO OHOTOIUIMBA OMPAaBIAHO, E€CIIH
MIOTIOTHEHNE 3alacoB JICIIEBOTO CHIPhS HCIMONB3yeTcss 0e3 mepephiBoB. [Ipumepamu
3aImacoB JCIICBOTO CHIPbSI MOTYT OBITh OTXOIbI KMBOTHBIX, OMMJIKH, KOMMYHAJIbHBIC
OTXOJIbl, COJIOMEHHbIE Kpymbl M T.Jd. OUeHb Ba)XXHO OIICHUTh BO3MOXKHBIE MOTOKH
COOTBETCTBYIOIIETO CHIPhS. Eciu ChIpbs HET, ero cOOp MOXKET ObITh TEXHHYECKH H
HPKOHOMHUYECKH HEenmpocThiM. Kpome Toro, st co3laHUsl SHEPreTHUECKOW CHUCTEMBbI
TpeOyeTcsi crnenuanbHas HUHPPACTPYKTypa Mg mnepepadoTku OuortorumBa. [loaTomy

SHEPrus OMoOMacchl JUIsl FHEProcHA0XKEHUs1 00bEKTa HE pacCCMaTPUBAETCA.
1.4.3. T'eoTepmaJibHasi JHePTUs

B nocnegnue roasl Poccust nodunack mporpecca B pa3BUTHH Fe€0TEPMaIbHOU SHEPTETUKU.
B nHacrosiee BpeMs 1odTu Bce TEppUTOpUM Poccum u3ydeHsl, U B XOA€ UCCIECIOBAHUN
OBLIIO OOHAPYIKEHO, YTO UMEETCS Psii PETUOHOB C OOJIBIIUMHU 3allacaMy T€OTEPMATbHBIX
pecypcoB. CornacHo kapre B [lpunoxkenun 2, KpaCHbIA IBET MOKAa3bIBAECT
BBICOKOTEMIIEpaTypHbIe TeoTepMaibHbie pecypcebl (150°C<), koTopble MOAXOAST st
MPOU3BOJICTBA JJICKTPOIHEPTUU.  3€JIEHBINM I[BET IMOKa3bIBAaCT HU3ZKOTEMIIEpATYPHBIC
reorepmaibibie pecypcebl (90-100 °C), koTopble MOAXOAAT IJsl LEHTPAITU30BAHHOTO
TEIUIOCHA0KEHUSI W CEIBCKOTO XO3IMCTBAa. PO30BBIM IIBET TMpeaCTaBISIET COOOi
reoTepMalibHbie pecypchl cpeaneit Temmeparypsl (90-100 °C - 150 °C), kortopsie

MOAXOMST JJi1 OMHAPHBIX dJeKTpocTaHimil. CoriacHO KapTe, MOXKHO OINPEACIIUTh, YTO
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Tonbko Ha KamuaTckom nmonyoctpose, Ha Kypunbsckux octpoBax u Ha CeBepHoM KaBkaze
CYILIECTBYET reoTepMajbHasi SHEPrusl JOCTATOUHAs! JJIsl MPOU3BOJCTBA AIEKTPOIHEPTUH.
Pecniy6niuka Bypstusi, riae HaxoauTcst 00bEeKT, 001a1aeT TOJIbKO HU3KOTEMITEpaTyPHBIMU
reotepmaibHbIMU pecypcamu (90-100 °C), moaToMy reorepMalibHasi SHEPTUS CTAHOBUTCS

HEIPHUEMJICMBIM BapHAHTOM dHEprocHadkeHus oobekra [13].
1.4.4. Manasi ruAPO3HEPreTuKa

B Poccuu, ruaposHepreTuka sBIseTCs HaumOoyiee pPa3BUTOM OTPacibl0 CpPeIud BCEX
BO300OHOBJISIEMBIX UCTOYHUKOB IHEPruu. Masble peKku COCTaBISIOT npumMepHO 46% OT
00I1IeT0 THAPOIHEPTETUYECKOr0 MOTEHIHANA. bonbinas 4acTh THAPOIHEPrEeTUYECKUX
HMCTOYHUKOB pacmnojioxkeHa B Bocrounoit Cubupu, Ha JlansHeM Boctoke, Ha CeBepHOM
KaBkase u B 3anmaHoi yactu Ypana [7]. [IpunoskeHue 3 moka3sBaeT TEKYIILYEO CUTYaIHEO
C TUIPO3HEPreTUYECKUMHU pecypcamu B Poccun. OueBuIHO, UTO Masiasi TUIPOIHEPreTUKA
UTpaeT BEAYIIYIO POJib B IHEProoOecleyeHUH JEIEHTPAIN30BaHHBIX peruoHoB Poccun,
HO CJIeyeT OTMETUTh, YTO B pallOHaxX HE BCErJa UMEKTCA BOAHBIE pecypchl. [lomumo
ATOTO, CTPOUTENILCTBO THUAPOAICKTPOCTAHIIUU TPeOyeT OrpoMHBIE IUIOMAau. Takxke
BOKHBIM (DAKTOPOM SIBIIAETCSI TO, YTO MPOU3BOJCTBO DHEPTHUH THAPOIICKTPOCTAHIIUN -
MPOTOPLIUOHAJIBHO MOTOKY BOABI. [I0TOK BOJIBI JOJKEH OBITH OOJIBIIUM U JIOCTATOYHO
OBICTPBIM, YTOOBI 0OECTIEUNUTh HAJIEKHOCTh, YTO TaKXE€ HE BCETJa MOXKHO IOJTYYHUTh.
Opnako HEOONbIIHE THUIPOIIEKTPOCTAHIIMM HMEIOT MHOMXECTBO IPEHUMYIIECTB.
CTpouTenbCcTBO HEOOJBIION THAPOIIEKTPOCTAHIUHU JII METEOPOJIOTHYECKON CTAHIIMU
HE paccMaTpuBaeTCs BBUAY OOJBIIOTO PACCTOSIHUS OT OJIMKHETO BO3MOXKHOTO
sHepropecypca. bimkailmii HKCTOYHHK — 3TO peKa « XUJIO0K», KOTopas pacnojioxkeHa B 30

KM.
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1.4.5. CoaneuHasi JHeprus

Poccusa pacnonoxena mexnay 41 m 82 rpagycamu CEBEpHOM WIIMPOTHI, a YPOBHU
COJIHEYHOHM paJMallii 3HAYUTEIbHO Pa3JIMYaroTCsl Ha OOMIMPHOW TEPPUTOPUM CTPAHBI.
Tem He menee, Poccust 06magaeT OorpoMHBIM MOTEHIIMAIOM JUIS Pa3BUTHUSL COJTHEUHOM
sHepreTuku. [lo olieHKaMm, coylHE4YHasl paavalnys B OTAAJIEHHBIX CEBEPHBIX pailloHax
cocrapiser 810 kBru/M? B roj, Toraa Kak B FOKHBIX PETHOHAX OHa COCTABISAET Ooee

1400 xBTu/M? B ron. Cpennss connednas uaconsanus pasa 1200-1500 kBru B rox [13].

CymiecTByeT OlIMOOYHOE MHEHHUE OTHOCUTEIBHO MOJIE3HOCTH UCOJIb30BAHMS COJTHEUHOM
sHeprun B Poccuiickoit @enepanuy HW3-3a HEAOCTATOYHOIO YPOBHS MOCTYIAIOLIEH
COJIHEYHOM pamnanmu. Ha pucyHke 3 1OKa3aHO TOJOBOE  pPaCHpElEICHUE
CPEIHECYTOUYHOM CONHEYHOM paauanuu Ha tepputopun Poccuu, paspaborannoe PAH.
TakuM 00pa3oM, ToCyJapCTBEHHOE YupexaeHue Hayku «OObeIUHEHHBIH HHCTUTYT
BBICOKMX Temneparyp» Poccuiickoii Axkanemnn Hayk MOXeT ONpOBEprHYTH TaKue

MHCHHUA B COOTBCTCTBUU C ITOJTYYCHHBIMH JaHHBIMU.

Solar insolation, kWh / m2/day ,,.r/i‘ 4
>3 i~
3-35 \
35-4 J\

4-45 ’;f a{
45-5 o
o Kl‘\.

Pucynox 3 — ExxeromHoe pacnpeseneHie CpeJHECyTOYHON COTHEUHON paiualiuy Ha

tepputopuu Poccun [8]
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Camplii BBICOKHI MOTEHIMAT COJIHEUHOW SHEPrUd paclojiaraeTcs Ha IOro-zamaje
(CeBepnniii KaBka3, Yepnoe mope u Kacnouiickoe mope), B FOxnoit Cubupu u Ha
Hameuem Boctoke. Kanmbikus, CraBpomnonbCkuii Kkpaii, PocTtoBckas 006sacTh,
Kpacunonap, Bonrorpaackas o61acts, AcTpaxaHckasi 00J1acTh U JPYTHE PETHOHBI HA FOTO-
3anaze, a Takke Anrai, [Ipumopckuit kpait, Yntunckas o6iacts, Pecniyonuka bypsitus
U JIPyTUE PETHOHBI HA FOrO-BOCTOKE, TAKKE MMEIOT BBICOKMI MOTEHUIHAJ COJHEYHBIX
pecypcoB. Hampumep, B Hpkyrcke (52 rpagyca CeBEepHOM IIHPOTHI) KOJIMYECTBO
COJIHEYHOI Heprun pocturaer 1340 kBru/m? B rox, a B Pecny6bmuke Caxa-SxyTus (62

rpagyca ceBepHOH mmpotsl) - 1290 kBru/m? B o [19].

[To pe3ynpTaram cienyromux ucciaenoBanuii [20], [21], [22], [23] MoxHO caienaTh BBIBO/I,
YTO COJHEYHBIC SJICKTPOCTAHIIMU YK€ OIpaBAaHbl s peanus3auuu B Poccuiickon
@enepanuu. EcTh HECKOIBKO XOPOLIMX IPUMEPOB COJHEYHBIX JJIEKTPOCTAHIMU,
KOTOpBIE€ B HacTosiee Bpemsi padoraiotr B Poccuu. B mae 2015 roma B OpenOyprckoit
obJsiacTu ObLTa OTKpPBITA COJTHEYHAs AJEKTPOCTaHIMS MOIIHOCTRI0 5 MBT. B okTsa0pe B
PecniyOnuke bamkoproctan Oblia co3fgaHa COIHEUHas 3JEKTPOCTAaHIUSA MOIIHOCTHIO 10
MBTt. Kpome Toro, B Opcke Obla OTKpbITa OJHA W3 KPYHNHEHIIMX COJIHEYHBIX
ANEKTpOCTaHLMi o0uielt MoutHoCThiO 25 MBT. B Pecniybnuke Xakacusi, Anrtaii u SIkyTus
TaK)K€ HayaJM JIeWCTBOBATh HOBBIE COJIHEYHBIE JEKTPOCTAHIMU. [IpOEKTHI COTHEYHBIX

YCTaHOBOK pa3BUBaroTcs U B KpacHogapckoMm kpae, U B AcTpaxaHCKOM 00JacTH.

HccnenoBanus nokassiBaioT, uto PecnyOnuka Bypsatus sBisercs omHUM U3 HamOoJliee
NEePCHEKTUBHBIX PETMOHOB Poccum Ay co3naHust HEOONBIIMX W KPYMHOMACIITaOHBIX
(6omnee 10 MBT u BbItie) (hOTOTEKTPUIECKUX CUCTEM JJISI TPOU3BOACTBA DJICKTPUICCKOM
sHepruu. bonee Toro, poccuiickas komnanus «Avelar Solar Energy» yxe npuctynuia K
CTPOUTENIBCTBY 6 (DOTOIEKTPUUECKUX IESKTPOCTAHINHN 00111ei MomTHOCTRI0 105 MBT B

PecniyOnuke Bypsrtusi.
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PI/ICYHOK 4 — [loTeHIIanbHbBIC 30HBI IJISI CTPOUTCIILCTBA COJTHCYHEBIX BJICKTPOCTaHIII/Iﬁ

Ha Tepputopun Poccuu [8]

B pesynbTaTe nccienoBanus, MOKHO 3aKIHOYUTh, YTO COJIHEYHASI IHEPTHSI UMEET CAMBIN
BBICOKHMI MOTEHIMAJI. YUMUTHIBAsl MOTEHLIMAT U HAJIWYUE CBOOOJHOIO MPOCTPAHCTBA HA
TEPPUTOPHUH, & TAK)KE BOZMOKHOE Ia/ICHNE 1IEH Ha (POTORIEMEHTHI U HOBYIO MOJIUTUKY B
o0nacT BO30OHOBISIEMBIX HCTOYHHKOB JHEPTUU B CTpaHe, OBLJIO YCTaHOBIEHO, UYTO
BOCTOYHO-I0KHas 4acTh Poccuu cyurtaercs MOAXOAAIIMM MECTOM Il CTPOUTENILCTBA

PV-cuctem aiis paboThl B Ka4eCTBE aBTOHOMHOM CHCTEMBI 3JIEKTPOCHAOKEHU .
Pazeumue ¢pomornekmpuueckux cmanyuil

ConHeuHast dHeprusi, TMOXO0Xe, ABIIETCS J(GOEKTUBHBIM PEIICHUEM MPOOJIeMbI
SHEPreTUKH W OKPYXKAIOIIEW cpeapl. B Hacrodiiee Bpems Cpeau pPas3IMYHbIX THUIIOB
TEXHOJIOTUA W YCTPOMCTB COJHEYHOW SHEPruu (HOTOIIEKTPUUYECKOE MpeoOpa3zoBaHUE
COJIHCUHOM pajuaIiuu SBISETCS OJHUM W3 TEPCICKTUBHBIX CITOCOOOB MPOU3BOJCTBA
aJeKTpUUeckoil sHepruu. [lpusHaHue 3TUX cUCTEM O00YCIIOBIEHO TEKYIEW NUHAMUKOU
obbema TeHepupyemoi »sHepruu. Ha puCyHKe HIDKE TMpeAcTaBiIeHa  MHUPOBas
YCTAaHOBJICHHAS] MOIIHOCTb (POTORJIEKTPUUYECKUX CHUCTEM, [I/I€ MOXXHO OTMETUTh
3HAUYUTENBHBI POCT (HOTODIEKTPUUYECKUX CHUCTEM 3a TmocienHue msaTh Jjer. A.IL

Jlanncman, JIunopenko, B.C. Basunos B.K. Cy6ammues, U.1. Andepos B.C. CtpeOkoB u
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MHOTHUC APYIruc aBTOPbI BHCCIIH OFpOMHBIﬁ BKJIaJl B Pa3BUTHC (I)OTOFaJ'IBBaHI/I‘IeCKI/IX

cucrem [24].

Gigawatts
o World Total

227 Gigawatts

W Annual Additions
Capacity 177

138

100

70

23
16
5.1 6.7 4

2005 2008 2007 2008 2009 2010 2011 2012 2013 2014 2015

Pucynok 5— MupoBasi ycTaHOBJIEHHAs MOIIHOCTH oTodJeKkTprueckux cuctem, 2005-

2015 rr [25].

Tonbko 3a TOCIEMHUE TMATH JIET TOJOBOM TEeMI pocTa MPOU3BOJACTBA TpeOyemoro
COJIHEUHOTO (POTORJIEKTPUUECKOTO ieMeHTa aocturaet okoiao 30%. PeiHOK cosiHeUHOM
9HEprun ObICTPO pacteT. ['mobanbHbIe 1EHBI Ha (DOTODIEKTPUUYECKUE MOMYIH YIAIH
npuMepHo Ha 80%. O4eBUIHO, YTO M3MEHEHHE LIEH B MUPE OKA3bIBAET 3HAUYMTEIHHOE
BJIUSIHUE HA POCCUUCKHUM PBIHOK COJTHEUHOW 3HEpruu. [103ToMy MOXKHO cenaTh BBIBO/I,
YTO HBIHEIIHWW TEMII Pa3BUTHsI COJIHEUHOM SHEPIUM M MaJCHHE LEeH AenarT PV-
UHAyCTputo Oosiee JocTynmHOM ana  Bcex ueneil B Poccum.  Ilpumenenue

(hOTOBOIBTANYECKOM CHCTEMBI CTAHOBUTCS BCE 00JIee KOHKYPEHTOCIIOCOOHBIM.

B 3axmitouenue, B JaHHOM pazjielie ObLT UCCeI0BaH MOTEHIIUAT KaKI0TO U3 IOCTYITHBIX
BO300HOBIIIEMBIX HCTOUYHHKOB SHEPTHUH, YTOOBI ONPEACIIUTh BO3MOKHBIC PEIICHUS IS
obecricueHUs dIEKTpOIHEpPrueii 00beKTa rccnenopanus. Cpear pacCMOTPEHHBIX BBIIIIC
HMCTOYHUKOB SHEPrUU MOXKHO CJEJIaTh BBIBOJI, UTO aBTOHOMHAas »Hepretudeckas PV-

CHCTEMa SIBJISIETCS HauOoJjee moaAxXoAmuM HCTOYHHUKOM JSHCPIUH 00BEKTA. HOBTOMy
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ObUIO TPUHATO peUIeHHe ucmoib30BaTh PV-cuctembl i ganpHeiiiero 0Oosee

ACTAJIBHOI'O U3Y4YCHUA.
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2. ECONOMIC EVALUATION
2.1. METHODOLOGY

In order to verify the viability of the proposed technical solutions of power supply to meet
the requirements of the meteorological station at reasonable costs, the net present value
technique is undertaken. The NPV is the standard method to evaluate the effectiveness of
investment projects. It compares the amount which has been invested today with the future
discounted returns. In this case study, the calculation of NPV is made with the help of

Microsoft Excel. The values of the minimum price will be compared to each other.

The NPV can be defined by using the following formula:

T
NPV = 2 CF,- (1471t — 1,

t=1
Where:

T — lifetime of the project, year;

t — considered year of the project, year

CF, — cash flow of the project during the period t, RUB;
r4 — discount rate, %;

I, — total investment costs, RUB;

This project is considered from the point of view of the Russian Federal Service for
Hydrometeorology and Environmental Monitoring (Roshydromet state non-profit
organization). Therefore, this project does not consider the revenues over the whole
operational period. The total initial investment costs in the beginning of the project and

the operating costs in the following years will be implemented into the economic model.
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The minimum price per 1 kWh can be easily derived from the condition that the NPV
indicator is equal to zero. To achieve this, the fictive revenues from the sale of produced

electricity are implemented into the economic model.

In this case study, the lifetime of the project is 25 years, although the system’s lifetime
could be reasonably expanded. The whole generated electricity of the power systems
supplies the object itself. The land size is not considered since there are no limitations of

space on the territory of the object. Therefore, this does not affect the decision.

2.1.1. Discount rate

The most important factor which has the greatest impact on results is discount rate. The
discount rate is the rate that takes into account the time value of money, the risk, and
uncertainty of the future cash flows. Consequently, the determination of discount rate
must be done appropriately and correctly in order to avoid overestimated values, or vise-
verse underestimated values. Therefore, according to the type of above-described investor
(non-profit state organization Roshydromet) and discussion with the supervisor, the
nominal discount rate of the project is determined as the nominal discount rate of the
Russian government bond with the same time of maturity as the project and equals to 9.00
% [65].

2.1.2. Inflation rate

According to statistical data of the Federal Service of State Statistics, the inflation level
was 5.4% in the year of 2016, against 12.9% in 2015. In 2014 the inflation level was
11.4%. Such big difference can be explained by a devaluation of the Russian ruble.
However, today the ruble has become more stable and more independent, which has a
positive effect on the economy of the country. The ruble is appreciating. In 2017 the
situation in the economy will be completely stabilized. According to the Central Bank of
Russia in moderate and strict conditions of the monetary policy, the targeted level of

inflation of 4% will be reached by the end of 2017 and will be at the same position during
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following two-three years [66]. But at the same time, inflation risks are still remained.
Therefore, based on the long-term predictions of the Economic Development Ministry,

the inflation rate of the project is determined as 5.3 % [67].

2.1.3. Fuel price growth rate

The prices of fuel have a tendency of constant growth. According to the report “Dynamics
of prices for fuel” of the Russian government, in 2011-2015, the retail prices of fuels -
petroleum and diesel — grew by one-third approximately corresponding to the inflation
rate of the economy for the same period. The Russian analysts for oil and gas predict the
petroleum prices to grow in 2017-2020. Prices will increase by the average of 6 — 7%, or
2 - 4 RUB per liter for petroleum. The growth of prices is inevitable. Accordingly, the

annual growth of fuel prices of the project is estimated as 6.5% [68].

2.2. INPUT DATA
2.2.1. Investment costs

First of all, it is necessary to note that the total initial investment costs of PV systems
strongly depend on the conditions of the individual countries, for example, the maturity
and size of the market as well as the renewable energy policy. Therefore, in this case
study, the investment costs were identified based on the statistical analysis of current
prices of equipment on the Russian market for the year 2017. All system equipment is
produced by domestic manufacturers. The prices are found on the manufacturer’s web-
site [53], [60], [62]-[64], [69]. The initial total investment costs of generator set variant,
the optimally tilted PV system and the PV with solar tracker are presented in Error!
Reference source not found., Error! Reference source not found., and Error!

Reference source not found., respectively.
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Table 18 — Investment costs of generator set variant

Component Brand Units  The price,
RUB
Variant 1. Generator set variant
Generator including ATS KIPOR KGE2500E 1 65 000
Backup generator KIPOR KGE2500E 1 35000
Other equipment Include: protection and measurement 21750
devices, monitoring system
Fuel tank 35001 1 45 000
Total system price 166 750
Installation & shipping 33350
Project documentation 21750
Total investment costs 210250

Table 19 — Investment costs of optimally tilted PV system

Variant 2. Based on optimally tilted PV system

Solar panel FSM-250 16 240 000

Inverter MAP-SIN-PRO-48-3 1 45 000

Controller MPPT DOMINATOR 200/100 1 35000

Battery GEL DELTA GX 12-200 8 256 000

Generator KIPOR KGE2500E 1 65 000

Other equipment: Includes: protection and measurement
PV + generator devices, cables, monitoring system, 86 400 + 11 500
constructions

Fuel tank 1000 | 1 10 000
Total price: PV system + generator set 662 400 + 85 400

Installation & shipping 157 700

Project documentation 37 500

Total investment costs 943 000

Since the object is located in the remote area, geographical conditions and transportation
issues are taken into account. Therefore, the site preparation, installation and shipping
costs of power supply systems to the region of the object is estimated as 20% of the total
investment costs. The other equipment including protection and measurement devices,

cables, supporting structures and monitoring systems of all variants is estimated as 15%
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of the total price of the main equipment. The project documentation is estimated as 5% of
the total investment costs. The above-described estimations for PV systems were
determined according to the commercial proposal of the “UNISOLEX”, “EDS Group”,
“Akvaliya”, and “Generacom” companies. [64], [70]-[72]

Table 20 — Investment costs of PV system with tracker

Variant 3. Based on PV system with dual-axis tracking

Solar panel FSM-250 12 180 000
Solar tracker ED-2500 DUAL 1 280 000
Inverter MAP-SIN-PRO-48-3 1 45 000
Controller MPPT DOMINATOR 200/100 1 35000
Battery GEL DELTA GX 12-200 8 256 000
Generator KIPOR KGE2500E 1 65 000
Other equipment: Inclu_des: protection ar_1d measurement
PV/ + generator devices, cables, mon_ltorlng system, 119 250 + 11 500
constructions
Fuel tank 10001 1 10000
Total price: PV system + generator set 915 400 + 87 000
Installation & shipping 213 000
Project documentation 63 500

Total investment costs 1279 000
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Figure 31 — Share of system costs: optimally tilted PV system (left), PV with solar
tracker (right)
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Figure 32 — Share of system costs: generator set

2.2.2. Operating costs

Operating costs are the annual costs incurred by a continuous process. In this project, the
operating costs are expenses associated with the maintenance of generator, maintenance
of PV systems, fuel consumption and its transportation, an insurance of the systems. These
costs are taken into account every year from the beginning of the operation process. The
important economic parameters concerning to the operating costs are presented in the

Error! Reference source not found..

Fuel and transportation costs
In this work, the fuel costs are calculated (formula below) with the help of the fuel
consumption of generator, the current price of fuel in the region and the predicted growth

of fuel prices in the future.

Cruet = Qg " Pr+ (1 + reye)"
Where:
Qg — the amount of liters consumed per year, |;
Pr — current price of fuel in the region, RUB;
I'ruel — Fate of fuel prices growth, %;
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Taking into account the location of the object, the fuel transportation costs are calculated
according to: required volume of fuel (depends on the variant of the power supply system);
traveling costs - 500 RUB/hour, where the distance to the object from the center of Ulan-
Ude town is equal to 115 km. The cost of fuel transportation per liter is defined as 2 RUB/I
according to the online calculator of “Magnum oil” company which allows to calculate
the cost of fuel transportation for every distance in Russia. [73] The current price of fuel
in the region is 36.5 RUB/I [74].

Maintenance costs

Generator variant

Maintenance is one of the important factors in analyzing the technical as well as the
economic performance of generator power plant. The maintenance is the basis of efficient
operation of a generator power plant and reliable prevention of severe damage and
breaking. Moreover, serious attention must be paid to the scheduled maintenance of
generator because the proper maintenance is the reason behind the long duration of work.
In this case study, all the functions of the generator controlling and managing are
automated, and the constant presence of personnel is required only during the maintenance
cycle. For generators with power less than 10 kW, the regular maintenance should be
provided each 500 - 800 operating hours depending on the type of maintenance [52]. In
this case, it was accepted to provide the maintenance after each 800 operating hours (about
11 events per year). Such maintenance includes the following services: oil change,
replacing oil and fuel filter elements, engine coolant replacement, test run with diagnostics
of parameters, cleaning the cylinder head, nozzles, gaskets. The cost of maintenance for
less than 10 kW generator is estimated at 8000 rubles per event including the following

components: the cost of travel to the place, service, and time spent for the service [70].

Both PV system variants
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PV systems are reliable, low-maintenance power sources. Nonetheless, they require some
annual maintenance in order to identify problems before they even arise and to ensure the
high performance of systems. In this case study, maintenance of optimally tilted PV
system is equal to 1.50 % of the total system costs. Such costs include inverter and
controller maintenance, cleaning of panels, general overhead and field repairs. Apart from
that, the PV system without tracker requires to adjustment of the panel’s position during
the operational period (two times per year). Accordingly, this work takes into account the
work which provides such service. According to the company “UNISOLEX”, the service
is estimated at 3000 RUB per event. In the case of PV system with dual-axis tracking, the
maintenance is equal to 1.50 % of the total system costs as well. The maintenance of such
systems increases by 28% comparing with optimum tilted PV system’s maintenance costs.
Estimations of maintenance costs are based on the discussion with representatives of the
companies “UNISOLEX”, “EDS Group”, and “Generacom” [75]-[77].

2.2.3.Insurance

Insurance is necessary in order to cover the losses of external (e.g. wind and storm) and
internal causes (e.g. material and construction defects) as well as losses due to short-
circuits, human factors and data losses. Therefore, it was decided to consider the insurance

of each variant as 1% of total investment costs.

2.2.4. Reinvestment of equipment

Every device and equipment have its own lifetime or a limited number of operating hours,

thus, this important factor will be taken into consideration.

« Batteries. According to the calculations, the lifetime of GEL GX batteries is
defined and equals to approximately seven years once DOD is equal to 30%.

 Generator. The service lifetime of the generator set is estimated 40000 operating
hours according to [52]. In this case study, the lifetime substantially depends on

the variant of power supply system. In the case of generator set variant, the
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calculations define this lifetime equals to five years for the first generator and nine
years for the second generator. As for the variant with optimally tilted PV system,
the lifetime of generator is 20 years. The PV system with tracker has the generator
lifetime equals to 17 years.

« Inverter and controller. According to the manufacturers, the average lifetime of
devices is ten years. Thus, ten years is considered as the lifetime of these devices.

» PV panels, solar tracker, and fuel tank. These elements have longer lifetime than
lifetime of the project. Solar trackers have lifetime more than 25 years. Fuel tank’s
lifetime is considered as 45 years. PV panels have no less than 30 years. The
degradation rate of solar panels is estimated as 0.73%. [78] To the end of the
project lifetime, the performance of PV panels is expected to be 80.2%. Despite
fact that PV panels are losing their performance (efficiency), the additional PV
panels can be bought after the lifetime of the project in order to satisfy energy

requirements.

All above described input economic parameters are concluded in Error! Reference

source not found..

Table 21 — Input economic parameters

Parameter Value
Lifetime of project 25 years
Price of fuel 36.5 RUB/I
Price of fuel transportation 2.00 RUB/I
Fuel price growth rate 6.50 %
Maintenance of generator 8000 RUB/event
Adjusting panel (Service) 3000 RUB/event
Maintenance of PV 1.50 % (from total system
cost)
Maintenance of PV + 1.50 % (from total system
tracker cost)
Degradation rate 0.73 %
1.00 %

Insurance .
from total investment costs
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Inflation 5.30 %
Discount rate 9.00 %

2.3. ECONOMIC RESULTS

For every technical solution of energy supply the economic model is created. The cash
flow of each variant is presented in Error! Reference source not found., Error!
Reference source not found.. Based on the presented methodology, the results of the

NPV and the minimum price are obtained and presented in the table below.

Table 22 — Economic results

Variant 1 Variant 2 Variant 3
Minimum price, RUB/kWh 37.18 25.55 29.68
Net Present Value, mil. RUB -4.13 -2.84 -3.3

According to the table, the highest NPV relates to optimally tilted PV system variant. The
NPV of PV system with solar tracker differs from the optimally tilted PV system by 459
thou. RUB. Comparing two variants based on PV systems, there are a number of powerful
factors that have an influence on the presented economic results. The first factor is the
cost of the solar tracker which plays a fundamental role in decision making. It’s clear that
the price of 280 thou. RUB for solar tracker makes this variant unfeasible. Therefore, a
sensitivity analysis of NPV on the cost of solar tracker is conducted in order to identify
the price that would be acceptable for construction of PV system using solar tracking. The
second factor which has an impact on the final NPV is that the solar tracker requires more
maintenance costs due to its complex technology, control system, and moving parts.
According to the discussion provided in the chapter 3, the third factor is the performance
of sun tracking in the conditions of the winter period when there is a substantial need for

energy.
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However, comparing with the generator set variant that has the worst NPV value, both PV
systems show better results. The difference between the NPV of generator set variant and
optimally tilted PV system is 1 290 thou. RUB. PV with the tracker has the higher value
of NPV by 831 thou. RUB. There are some solid reasons for the significantly high
difference. According to the results of the technical evaluation presented in chapter 3,
implementation of PV panels in the energy balance of supply system makes an enormous
contribution to reducing the operating hours of the generator (optimally tilted PV system
— 6728 hours, in the case of PV with tracker — 6474 hours) and extending its lifetime.
Thereby PV systems reduce the consumption of fuel (2681 | for optimally tilted PV system
and 2590 | for PV system with tracker) and, especially, the maintenance costs (the number
of events is reduced to three times for both optimally tilted PV system and PV system

with the solar tracker).
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Figure 1 — Cash flow: Optimally tilted PV system (left), PV system with tracker (right)
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Figure 33 — Cash flow: generator set
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Comparison of the variants

Total cost comparison of the projects is carried out in order to identify how much one
project is more viable than another. Such evaluation of the effectiveness of the considered
variants requires investment costs and operating costs of both projects. In order to define
that indicator the formula below is used. The discount rate remains the same and equals
to 9 %.

T
NPV, = » (Cj—C) (L+1)™ = (I — 1))
; ] d ]

Where:
C; — total costs of the project j;
C; — total costs of the project i;
I; — investment costs of the project i;

I; — investment costs of the project j.

Profitability index:

t=1(C;—C) (L 4+t
(I — 1)

PI>1

Pl =

The economic indicators such as profitability index, payback period are also determined.

The results of calculation are presented in Table 23.

Table 23 — Results of project’s comparison
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Variant 1 is Variant 1 is

compared with compared with
Variant 2 Variant 3
NPV, min. RUB 1691 1235
Profitability Index 3.31 2.15
Payback period Years 5.8 9.6

It can be seen that the variant 2 (optimally tilted PV system) has the best values according
to all presented economic indicators. Therefore, optimally tilted PV system is proved to

be solution of power supply.
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Figure 34 — Payback period of comparison of following variants: 1 and 2
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Figure 35 — Payback period of comparison of following variants: 1 and 3

2.4. SENSITIVITY ANALYSIS

The economic evaluation includes a number of input parameters the value of which is
quite difficult to predict over a long period. Specialists of the US National Renewable
Energy Laboratory recommend to use a sensitivity analysis for these purposes. The
sensitivity analysis is applied to define the impact of different factors on system
performance indicators. The idea behind the sensitivity analysis is quite simple: changing
factors one by one and identifying the changes in the performance indicator - the Net
Present Value, in this case. This subchapter will analyze the influence of the change of the

following central factors on the performance of the power supply systems.

2.4.1. Sensitivity on fuel price

Since each variant has the generator in its composition, the essential factor that influences
the economic results is fuel price. In this case study, the fuel price was accepted to equal
36.5 RUBJ/I, and the fuel price growth rate was estimated at 6.5%. As it was discussed at
the beginning of the previous chapterError! Reference source not found., the fuel costs
will only grow in the future. Accordingly, NPV dependence on the future possible growth

of prices is presented for every variant in the figure below. It can be seen that this
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parameter mainly influences the generator set variant. The great contribution (76.6% with
the solar tracker and 79.2% without) in the energy balance of the overall supply system
explains the weak influence of the variants based on PV panels. As the result, the future
growth of fuel prices has a significant impact on the generator set variant, and it does not

change the decision, the optimally tilted PV system still has the highest NPV.
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Figure 36 — NPV dependence on fuel price

2.4.2. Sensitivity on discount rate

Discount rate is a substantial factor that automatically requires a sensitivity analysis. The
black thin line indicates the nominal discount rate of the project. There is a high NPV
dependence of generator set variant on discount rate. Both PV systems have less NPV
dependence the behavior of which is identically changing. It can be noticed from Error!
Reference source not found., that the change of discount rate influences the decision.
The decision is changed in favor of the generator set variant when the level of nominal

discount rate equals to 16.6 %.

The nominal discount rate depends on a macro economic indicator — inflation which has
variable character. For instance, inflation has varied significantly for the last seven years
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in Russia. Therefore, a high level of nominal discount rate can be easily distinguished.
But according to the discussion in the subchapter Error! Reference source not found.,
the inflation forecasting shows that the level of inflation higher than 6% has a substantially

low chance in Russia.
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Figure 37 — NPV dependence on discount rate

2.4.3. Sensitivity on initial investment costs of the system

Total initial investment is a crucial factor for every variant which significantly influences
the NPV performance. In this analysis, 0% corresponds to the current investment costs of
the system, 50% (- 50%) means that the investment costs are increased or decreased by
half. The presented NPV dependence on investment costs of the first variant is
characterized by a weak influence in comparison with the other two variants. It can be
explained that the major part of the NPV value contains the operating and maintenance
costs of the generator, but the initial investment costs are low. As for variants based on
PV systems, the situation is changed vice-versa since PV systems require high initial

investments costs, but low maintenance and operating costs.
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The analysis considers the future relatively low prices of the components of PV systems.
As it was discussed earlier, a reduction of the cost of solar cells will lead to a decrease in
the cost of PV panels, as well as in the cost of all PV system’s components such as a
controller, supporting structure. According to the extensive analysis of future investment
costs conducted by “Fraunhofer-Institute for Solar Energy Systems”, solar power will
hold a leading position as the cheapest form of electricity. Taking into account their
ambitious assumptions, the cost of PV will be decreased by almost 50% by the end of the
year 2050 [32]. Therefore there is a high potential for future low investment costs for PV

systems.
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Figure 38 — NPV dependence on initial investment costs

If the investment costs of PV system with solar tracker is increased by 72%, the variant
with generator set is becoming a more attractive decision, but still, the variant with the
optimally tilted PV system has higher value of NPV. The NPV of PV system with the
tracker is more sensitive to the investment costs in comparison with the other variants.

Accordingly, the NPV sensitivity on the cost of solar tracker will be examined.
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2.4.4. Sensitivity on cost of solar tracker

Referring to the discussion in the subchapter Error! Reference source not found., the
main factor which strongly influences the economic performance and the decision of PV
with solar tracker is the current cost of solar tracker. Therefore, the analysis shows how
much the solar tracker should cost today, in this particular case, in order to guarantee the
viability of usage of solar trackers in PV systems. As Error! Reference source not
found. indicates, the cost of solar tracker must be less or equals to 35 thou. RUB. It is
about eight times lower than the original price. Surely, the development of such scenario
1s quite difficult to imagine. However, at the moment, the “Global Solar Tracker Market
2015 —2019” report provides a comprehensive analysis of the global solar tracker market,
identifies the economic drivers for tracking systems and forecasts the price. According to
the report, the global market for solar tracking systems is expected to grow at a CAGR of
17.2% from 2016 to 2025. The majority of cost reduction will be impacted by the wider
economics of the PV sector and will come from the minimization of electrical elements
and lower structural elements within the composition of tracking systems. As the result,
taking into account such a high annual growth rate and development of the PV sector, the

cost reduction of solar trackers have a chance in the near future.
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Figure 39 — NPV dependence on cost of solar tracker
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In this case study, the cost of the solar tracker is taken from the Russian company “EDS
Group”. However, there is a number of companies dealing with the manufacture of
trackers. Therefore, the possible range of the cost of dual-axis solar tracker is analyzed
and provided in the above sensitivity analysis. The possible range is based on the current
prices of dual-axis solar trackers according to the following companies: “Rentechno”
(Ukraine), “Array Technologies” (Spain), “Convert” (Italy), “Traxle” (Czech Republic),
Soltec (USA), Nextracker (USA), Arctech Solar (China).

2.4.5. Sensitivity on number of panels

One of the important sensitivity analyses is the NPV dependence on a number of installed
PV panels. The number of panels has a substantial influence the final decision. The
analysis is conducted in order to determine the optimum number of panels from the
economic point of view. In Error! Reference source not found., the NPV dependence

on the number of PV panels in the case of the optimally tilted PV system is presented.
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Figure 40 — NPV dependence on number of panels in optimally tilted PV system
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According to the chapter of technical evaluation of the variants, the number of installed
PV panels for optimally tilted PV system is 16 from the technical point of view. Based on
the presented graph, it can be seen that from the 16" panel the influence of the NPV is
becoming weaker to compare with the first part of graph (number of panels less than 16).
But the NPV is slowly increasing with increase of installed number of PV panels after 16"
panels. The dependence is explained by the relatively low performance of panels in
November, February and the overall winter period. Therefore, the number of operating
hours of the generator, consequently, the fuel consumption is slowly and gradually
decreases step by step. Such increasing NPV behavior keeps going untill the moment
when the number of installed panels reaches 26. After that, the NPV is slowly decreasing.
The reason of that is the increase of the investment costs: PV panels and its wires, a new
controller since that the short-circuit current of additional PV panel is increasing as well
as the value of open-circuit voltage. At the same time, the maintenance costs are
increasing. From one side the fuel consumption and operating hours of generator are
reducing, from another side, the investment costs are increasing. The NPV of 26" installed
panels has the highest value, therefore, it can be concluded that the optimum number of
PV panels is 26 from economic point of view. Since there are no space limitations on the
territory of the object, such extension (scale of the system) of the PV system is acceptable.
The additional factor in favor of extension PV system is development and modernization

of the meteorological station (for instance, additional equipment).
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Figure 41 — NPV dependence on number of panels in PV system with solar tracker

The same scenario applies to the PV system with the solar tracker, but the only the
difference is a number of installed panels. Since the performance of one additional PV
panel which tracks the Sun’s position is relatively higher in comparison with fixed PV
panel, there is a quite sharp change in the NPV behavior when the number of panels is
increasing. The significant cost of the solar tracker, consequently, the significant total
investments costs explains the extreme falling of the NPV value. Therefore, it can be seen
from the dependence that the optimum number of PV panels in the system with the solar
tracker is equal to 14. Based on the discussion provided above, the economic results for
both new PV systems with optimum number of PV panels are presented in Error!
Reference source not found..

Table 24 — New economic results

Optimally tilted PV

PV with tracker
system
NPV (old system), thou. RUB - 2839 - 3298
Minimum price, RUB/kWh 25.55 29.68
NPV (extended system), thou. RUB - 2637 - 3239
Minimum price, RUB/kWh 23.75 29.52
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