MunncTepcTBO 00pa3oBanusi 1 Hayku Poccuiickon ®enepaummn
denepanbHOE rocyJapcTBEHHOE aBTOHOMHOE 00pa3oBaTesibHOe
YUPEKJICHUE BBICILIErO 00pa30BaHus
<HAIIMOHAJILHBIN UCCJIETOBATEJILCKUN
TOMCKUHN NOJUTEXHUYECKUN YHUBEPCUTET»

Nucturyr JHeprernueckuin (QHUH)
Hanpasnenue nogroropku  13.04.02 — J1eKTPOIHEPreTHKA M JIEKTPOTEXHUKA
Kadenpa IaekTpocHadkeHue npomblinLieHHbIX npeanpustui (D)

MATI'UCTEPCKAS IMCCEPTAIIA

Tema paGoTsI

CeteBas BeTpoajiekTpoctanums B H)xxno-Kazaxcranckoi odnactn

YK 621.311.245(574)

CrypeHr
I'pynna DdUO Hognuce Hara
5AMSY Urncenos Acbli6ek AcaHXxaHOBUY
PykoBopurens
0KHOCTh ()50} YueHasi cTeneHb, Mopnuce Hara
3BaHUue
JIykytun Bopuc
[Tpocpeccop YRy p J1.T.H.
Buapumuposuy
KOHCYJIbBTAHTHBI:
ITo paspeny «PuHAHCOBBIN MEHEXKMEHT, peCypco3(p(EKTUBHOCTL U pecypcocOepesKeHne
0KHOCTh (12500} YueHasi cTeneHb, Mopnuce Hara
3BaHUue
Toment ITonosa Csetiiana 5 H.. IOLEHT
HuxonaesHa 9-H., 20N
ITo pazpeny «CoypasibHasi OTBETCTBEHHOCTh»
J0KHOCTH (12500} YueHasi cTeneHb, Mopnucs Hara
3BaHUue
Boponun KOpuit
HoueHT K.T.H., JOLEHT
Bukroposuu
HJOIIYCTUTD K 3AIINTE:
3as. Kadeapoi DdUO YueHasi cTeneHb, Hognuce Hara
3BaHUue
JeKTpOCHAGKEeHUEe
NMPOMBIILIEHHBIX CypkoB M.A. K.T.H., JOLEHT
npenpusITAN

Tomck — 2017 r.




MmunucrepcTBo oopa3oBanus u Hayku Poccuiickoinn ®@enepauyu
denepanbHOE rocyJapcTBEHHOE aBTOHOMHOE 00pa3oBaTesibHOe
YUPEKJICHUE BBICILIErO 00pa30BaHus
<HAIIMOHAJILHBIN UCCJIETOBATEJILCKUN
TOMCKUHN NOJUTEXHUYECKUN YHUBEPCUTET»

IINIAHUPYEMBIE PE3YJIbTATBI OBYYEHUS 110 OOII

WNuctutyr JHeprermyeckuit (QHUH)
Hanpasnenue nogrotroBku 13.04.02 — D1eKTPOIHEPreTUKA U IJTEKTPOTEXHUKA
Kadenpa IaekTpocHad:keHue NpoMbiLIeHHbIX npeanpustui (I1IIT)

Pe3yasTaTt 00y4enns

IIpodeccuonanbubie KOMNETEHUUN

P1 ITpuMeHsIT COOTBETCTBYIOIIME I'yMaHUTAPHbIE, COLMAIBHO-3KOHOMUYECKHE , MATEMAaTUUeCKUe,
€CTEeCTBEHHO-HAYYHbIE Y MHKEHEPHbIE 3HAHUSI, KOMITBIOTEPHbIE TEXHOJIOTUH ISl PEIIeHUs] 3a/jad pacyeTa u
aHaM3a EeKTPUYECKUX YCTPOUCTB, 0OBEKTOB U CUCTEM.

P2 YMeTb (hOopMyIMPOBATh 33/]a4il B 06/IACTH JIEKTPOIHEPreTUKU U NEKTPOTEXHUKH, aHATIM3UPOBATh U
PELIATh UX C UCNOJIb30BAHUEM BCEX TPEOYEMbIX U IOCTYIHBIX PECYPCOB.

P3 YMeTb NPOEKTUPOBATH 3JEKTPOIHEPrETUYECKUE U NIEKTPOTEXHUUECKUE CUCTEMBI U UX KOMIOHEHTBIL.
P4 YMeTh NIaHUPOBaTh U NPOBOAUTH HEOOXOAUMBbIE 3KCIIEPUMEHTANbHbIE UCCIIENOBAHNUS, CBSI3aHHBIE C

OIIpEENIEHUEM 1apaMETPOB, XaPAKTEPUCTUK U COCTOSIHUS 3JIEKTPOOOOPYAOBAHUS, OOBEKTOB U CUCTEM
3JIEKTPOIHEPreTUKU U JIEKTPOTEXHUKH,, UHTEPIIPETUPOBATD JAHHbIE U JIEJATh BbIBO/bI.

P5 IIpuMeHsTH COBpEMEHHBIE METO/IbI U MHCTPYMEHTBI MPAKTUYECKOM MHXKEHEPHOH eI TEIbHOCTH NPU
pellieHut 3aj1a4 B 00JIACTH NIEKTPOIHEPTeTUKY U JIEKTPOTEXHUKH.
P6 HMeTh npakTUyecKue 3HaHWUs MPUHUMIIOB U TEXHOJIOTUI 3JIEKTPOIHEPreTUUECKON U

3MEeKTPOTEXHUYECKOI OTPaCJIeil, CBSI3aHHbIX C 0COOEHHOCTBIO MPOOJIeM, 00BEKTOB U BUJIOB PO eCCUOHATBLHOI
AeATebHOCTHU MPohuJisi IOArOTOBKY HA MPEANPUSITUSX U B OPraHU3alusiX — NOTEeHMAJIbHBIX paboTofaTeNsIX.

YHHBepca.nbm,le KOMIIETCHIHA

P7 Hcnonp3oBaTh 3HaHUS B 00J1ACTH MEHEIXKMEHTA JIJ1s YIPABJIEHUSI KOMIIJIEKCHON UH>KEHEPHO
[eATEebHOCTBIO B 00J1ACTU 3JIEKTPOIHEPIeTUKY U 3JIEKTPOTEXHUKU
P8 Hcnonp30BaTh HABbIKM YCTHOM, MUCbMEHHOI PEYM, B TOM YKCJIE HA UHOCTPAHHOM $3bIKE, KOMIIBIOTEPHbIE

TEXHOJIOTUH 1711 KOMMYHUKAIWU ,, TPE3EHTALMHI, COCTABJIEHHS] OTYETOB U OOMEHA TEXHUUECKON UH(popMaluen B
00J1aCTSIX JIEKTPOIHEPTETUKHU U JIEKTPOTEXHUKH.

P9 D dexTuBHO padboTaTh UHAMBUYATILHO U B KAUECTBE WIEHA UM JIUfiepa KOMaH/bl, B TOM 4HCIe
MESKIMCLMIIIMHAPHON, B 00JIaCTH 3JIEKTPOIHEPreTUKH U 3JIEKTPOTEXHUKH.

P10 [IposiBAATH TUUHYIO OTBETCTBEHHOCTh U MPUBEPKEHHOCTb HOPMaM NPO(eCCUOHATLHON 3TUKU U HOPMaM
BEJICHMsI KOMIIJIEKCHON MH>KEHEPHO IeTeIbHOCTH.

P11 OcCy1IecTBISTh KOMIIIEKCHYIO MH3KEHEPHYIO IESITENbHOCTh B 001aCTU 3JIEKTPOIHEPreTUKU 1
3NEKTPOTEXHUKH C YYETOM MPABOBBIX U KYJBbTYPHBIX aCIIEKTOB, BOIPOCOB OXPaHbI 3[0POBbS 1 6€30MaCHOCTHI
SKU3HEIEATEbHOCTU..

P12 BbITh 3avHTEpecOBaHHBIM B HENPEPHIBHOM 00yUEHUN M COBEPLIEHCTBOBAHUM CBOMX 3HAHUI U KAUeCTB B
00J1aCTH 3JIEKTPOIHEPreTUKY U 3TEKTPOTEXHUKHU.




MunncTepcTBO 00pa3oBanusi 1 Hayku Poccuiickon ®enepaummn
denepanbHOE rocyJapcTBEHHOE aBTOHOMHOE 00pa3oBaTesibHOe
YUPEKJICHUE BBICILIErO 00pa30BaHus
<HAIIMOHAJILHBIN UCCJIETOBATEJILCKUN
TOMCKUHN NOJUTEXHUYECKUN YHUBEPCUTET»

Nucturyr JHeprernueckuin (QHUH)
Hanpasnenue nogroropku  13.04.02 — J1eKTPOIHEPreTHKA M JIEKTPOTEXHUKA
Kadenpa IaekTpocHadkeHue npomblinLieHHbIX npeanpustui (D)

YTBEPXJIAIO:
WN. o. 3aB. kadenpoit D111
CypxoB M.A.

(Mopmucek) (Jata) (®.1.0.)

3AJAHUE
Ha BBINOJIHEHHE BbIMYCKHON KBAJU(PMKALMOHHON PadOThI
B dopwme:

MarucTepCcKoi quccepTanumn

Crynenty:

I'pynna ouo

SAMSY NrucenoBy Acblioeky AcaHXaHOBUYY

Tema paGoThbI:
BHenpeHne aBTOHOMHBIX MICTOYHUKOB HEPrUHU 0JIOYHO-MOYJIBHOTO TUIA HA
npeAnpusTHSIX He)Tera3oBom OTPacan
YTBepaKieHa MpUKa3oM IMpeKTopa (aara, HOMep) 13.02.2017r. Ne719/c

Cpok ciauu CTYI€HTOM BBINOJHEHHO PaboThl:

TEXHUYECKOE 3ATAHUE:

HcxonHbie faHHbIe K padoTe

(Haumenosatiue obvekma uccae0osanus wi | Matepualibl NPEAAUIVIOMHON NPAKTUKK, 3apyOeKHast U
NpOeKmMupoBaHus; npousso()ume/lbuocmb uau Hazpyska,

pedxcum pabomot (HenpepbléHblil, nepuoduqeckull, yukaudeckui | OTCUYECCTBEHHAS TEXHUYECKAs JaTeparypa, TCXHU4YECKasd
um.0.); 8UO CbIPbA UM MAMePUAN U30eaUsi; MpebOBaAHUA K
npodykmy, usdeauro uau npoyeccy; ocobvie mpebosanun | HOKYMCHTALIASA
ocobeHHoCMAM @dyHKyuoHuposanus (axcnayamayuu)
06vexkma uau u30eaus 8 naane 6e30NacHOCmu IKCNAYAMAYULL,
BAUAHUS  HA  OKPYIHCAIOWYI0  cpedy, IHep203ampamam;
IKOHOMUHECKUIL AHAAU3 U M. O.).




Ilepeuens nopyexammx
HCCJIEJOBAHNIO, TPOEKTUPOBAHUIO U

pa3padoTKe BOMPOCOB

BBenenure, 0030p OTEUECTBEHHON U 3apyOesKHOM
(anaaumuyeckuii 0030p NO AUMEPAMYPHbIM UCTIOYHUKAM C

, ) . . JIMTEPATYypbl, AHAIUTUYECKUNA 0030p, MOCTAaHOBKA
UENAbIO BbLACHEHUA QoCmuNCeHUIL MUPOBOU HAYKU MEXHUKU 8

paccmampusaemoii 06aacmu; NOCMAHOBKA 3a0a4i HpOGJIeMbI, pa3p8_60TKa MOﬂeﬂeﬁ QHEProCUCTEM,
UCCACO0BAHUS, NPOCKMUPOBAHUA, KOHCMPYUPOBAHUL; o
) MpOBEACHUC OIIbITOB, CpI/IHaHCOBblI/I MCHEJ2>KMCHT,
cooepaicanue npoyedypul UCCAO0BAHUA, NPOCKMUPOBAHUSA,

KOHCMPYUPOBAHUSA; 0OCYHOEHUE Pe3YAbMAMO8 8bINOAHEHHOT cograjbHast OTBETCTBEHHOCTD, 3aKJIFOUECHUE.

pabompt; HauMeHo8aHUe OONOAHUMENLHBIX PA30EN0E,

nooaexcauiux paspabomxe; 3axaoHeHue no pabome).

ITepedens rpapmueckoro marepuana

(¢ moyHbIM YKa3aHUeM 0OA3AMENbHBIX Yepmedcell)

KoHcyabTanThl N0 pa3fiesiaM BbINYCKHOM KBATU(UKALUOHHOA PadOThI

(¢ ykasanuem pazoeaos)

Pa3ngen Kouncynbranr

«®PUHAHCOBbII MEHE>KMEHT,

pecypcoapPeKTUBHOCTD U [Tonosa Ceernana HukonaesHa
pecypcocoepekeHre»

«CouuasibHasi OTBETCTBEHHOCTh» )
Bopopun IOpuit BukToposuy

P a3qei, BBLINOJIHEHHBIN Ha HWHOCTPaHHOM
TapacoBa Exarepuna CepreeBHa
A3BIKE

Ha3pauus pa3iejioB, KOTOPbIE TOJ2KHBI OBITH HANIMCAHBI HA PYCCKOM 1 MHOCTPAHHOM A3bIKaX:

«DHUHAHCOBbIII MEHE[IKMEHT, peCYpco3(p(PEKTUBHOCTb U PECYPCOCOEPEKEHUE»

JlaTa BbIIa4yu 3aaHUS HA BBINOJIHEHUE BbIMYCKHOMN
KBATN(UKALUOHHON PadOThI MO JTUHEHHOMY rpapuKy

3agaHue BbIIAT PYKOBOMTEb:

JomKkHOCTH DdUO YueHasi cTeneHb, Hognuce Hara
3BaHUue
JIykytun Bopuc
ITpodeccop YRy p A.T.H.
Buapumuposuy

Banafme NPUHAJI K UCIOJTHCHUIO CTYICHT:
I'pynna DdUO Hognuce Hara

5AMSY NrucenoB Acbuibek AcaHxaHOBUY




. 3AJAHUE I PA3AEJIA
«®VUHAHCOBbBIN MEHEIZKMEHT, PECYPCOO®®EKTUBHOCTDb 1

PECYPCOCBEPEXEHUE»
Crynenty:
I'pynna (2400
SAMSY NrucenoBy Acbuibeky AcaHXxaHOBUYY
Hucruryr JHepreTn4ecKui Kadenpa DneKTpocHa0XKeHne
NMPOMBIIJIEHHBIX
npepnpusitui (II1IT)
Yposens oGpazoBaHus MarucTp HanpasiieHue/cnenuajabHOCTh 13.04.02 -
DIeKTpo3HepreTHKa n
MEKTPOTEXHMKA

Hcxonnble nanHble K pa3feny «@UHAHCOBBI MEHEIKMEHT, pecypco3(p(PpeKTUBHOCTH U
pecypcocoepexeHnue»:

CMAsKU HAN0208, OUCKOHMUPOBAHUA U
KpeoumosaHus

1. Cmoumocmsb pecypcos unecmuyuoOHHbIX Cmoumocmu MamepuasbHO-mexHU4eCcKux, IHep2emuieckux,
npoexmos UHAHCOBBIX, UHGDOPMAYUOHHBIX U HEAOBEHECKUX PECYPCO8
2. Hcnoavayemas cucmema HAA02000400CeHUA, Cucmema HaAN0200040XHC€HUA NPUMEHACMCA 8 COOMBEMCMBUU C

HK PK om 01.01.2009

Ilepedyenp BONpoCcoOB, MOJIEKAINUX HCCIETOBAHNIO, TPOEKTHPOBAHMIO M Pa3padoTKe:

UHBECMUUUOHHBLX NPOEKmos, onpebe/zei-me

1. Ouenka u anaau3 OAHHBIX, NO OCHOBHBIM OnpeodesaeHue UHBECMUKUOHHBIX 3ampam, U30epiceK, CmasKu
IKOHOMUHECKUM NOKASAMEAAM, BHECOPACMbIX OUCKOHMUPOBAHUA, AMOPMUSAUUU OCHOBHBLIX (POHO08 NPOEKMO8
Ha npeonpuamuYu npoeKmos UYCHMPAAUIOBAHHO0 U ABMOHOMHO0 — 3NEKMPOCHADNCEeHUS,

HOCMpOeHUe PUHAHCOBOIL MOOEAU NPOECKMOE

2. Pacuem u anaau3 sIKOHOMU1ECKUX Pacuem ¢unancosvbix nomokos 8 meueHue CpoKa HCUIHU
noxasameaeil, UCNOAbIYEMbIX OAA OUECHKU UHBECMUUUOHHO0 NPOEKMA, CUCEMbL HAN02000A0HCCHUS, YUCTOL
2 pexmusHocmuU UHBECMUUUOHHBIX 3AMPam NPUBCOCHHOU CMOUMOCMU, MUHUMAABHOU UYEHbL NPOU3BOOUMOL
npoexkma 2NEKMPOIHEPUL

3. AHaaus uyscmeumeabHOCmu Mooeauposanue OUHAMUKU UIMEHEHUA YUCMOL NPUBEOEHHOIT

cmoumocmu npoekmos  npu USMEeHeHUu UCXOOHBIX OAHHbIX

IKOHOMUUECKOU d¢hpexmusrnocmu Moo0eqell, NOCMpoeHUue COOMEEMCMEYIOWUX XAPAKMEPUCTUK,
onpeoeaenue IKOHOMUUECKOL aghpexmusnocmu u
1eaeco0bpa3HOCmu NPOEKmMos.

Hepe‘leHB rpaqmqe(:Koro MATEPHAJIA (c mounbin yKazaniem 0653ameabHbLx uepmedceli):
1. Cmembl UHBECMULUOHHBIX 3ampam, U30epicex NPoeKmos
2. luazpammvt PUHAHCOBBLIX NOMOKO8 NPOEKMO8
3. [lran noawernus 3a00axeHHOCMU
4. Xapakxmepucmuku aHaau3a 4y8CmeumeAbHOCMU NPOEeKNO8
\ JlaTa BpIgauu 3aaHus AJisl pa3fesa no JMHenHoMy rpaguky \
3anganue BbIAa] KOHCYJIbTAHT:
J0KHOCTH (12500} YueHasi cTeneHb, Mopnucs Hara
3Banme
Toment [Tonosa Caetiiana K.5.H.. IOLEHT
1 HuxkonaeBna A
3anal-me NPUHAJI K UCIOJTHCHUIO CTYICHT:
I'pynna DdUO Hognuce Hara
SAMSY HrucenoB Acbuidek AcaHXxaHOBUY




3AJAHUE I PA3AEJIA
«COINUAJ/IbBHAA OTBETCTBEHHOCTDb»

CrypeHry:
I'pynna ouo
SAMSY NrucenoBy Acbuibeky AcaHXaHOBUYY
HNucturyr JHepreTn4ecKHi Kadenpa JeKTpoCcHa0XKeHNe MPOMBIIIJIEHHBIX
npennpusitui (II1IT)
Yposens oGpazoBaHus Marucrp HanpasiieHue/cnenuajabHOCTh 13.04.02 — D1eKTpO3HEpPreTUKA U
3JIEKTPOTEXHUKA

Ucxonnsie nannbie K pa3aeiy «CoupanbHasi OTBETCTBEHHOCTh»:

1. XapakTepuctrka 00beKTa UCCAEOBaHUs (BELLECTBO,
Martepuail, npubop, aNropuT™M, METOUKA, paboyast
30Ha) U 00JIACTU €ro MPUMEHEHUs

Ilepedyenp BONpoCcoOB, MOJIEKAINUX HCCIETOBAHNIO, TPOEKTHPOBAHMIO M Pa3padoTKe:

1. Onucanue pabouezo wmecma (paboueii 30mbl,
MEXHON0UHECKO20 npoyecca, MEXAHUHECKO20
060py008aHus) Ha npeoment 603HUKHOBEHUS:

® gpeOHbIX NPpoaAsAeHUI haKkmopoa
NpoU3BOOCMBEHHOU Cpedbl (Memeoyca08Us,
BPEOHDIE BeULECMBA, OCBCUJCHUE, ULYMbL,
suUbpayuLL, INEKMPOMAZHUMHbBLE NOAS,
UOHUSUPYIOUUE USLYHECHUS)

® ONACHBIX NPOsABAEHUL (haKkmopos
NpoU3BOOCMBEHHOI CPedbl (MeXaHuuecKol
npupoObL, MepMU1eCcKo0 xapakmepd,
INEKMPUYECKOI, NONCAPHOI U 83PbIBHOL
npupoowt)

®  HEe2amMUBHO20 8030€liCMBUSL HA OKPYICATOULYIO
npupoonyio cpedy (ammocgepy, euopocgepy,
aumocegepy)

®  UPE3BLIUAIHBIX CUMYAYULL (MEXHOEHHO20,
CMUXUIHO20, IKONOUHECKO20 U COUUAABHO0
xapakmepa)

. Onucanue pabouezo mecma (paboueii 30Hbl,
MEXHON0UHECKO20 NPOUeccd, MeXaHU4ecKo20
060py008arHus) Ha npeoment 603HUKHOBEHUS:

8PEOHBIX NPOABACHUIL haKkmopos
NpoU3BOOCMBEHHOU Cpedbl (Memeoyca08Us,
BPEOHDIE BeULECMBA, OCBCUCHUE, ULYMbL,
suUbpayuLL, INeKMpPOMAZHUMHbBIE NOAS,
UOHUSUPYIOUUE USLYHEHUS)

ONACHBIX NPOsAAeHU (haKmopos
NPoU3BOOCMBEHHOI CPedbl (MeXaHuuecKol
npupoObL, MepMU1eCcKo0 xapakmepd,
2NEKMPUUECKOIL, NONCAPHOU U 83PbLEHOL]
npupoowt)

He2amusH020 8030eliCMBUs Ha
OKPYHCAIOWYIO NPUPOOHYIO CPeDy
(ammocghepy, eudopocghepy, aumocgepy)
UPe36bIUAIHBIX CUMYAUUIL (MEXHOEHHO0,
CMUXUIHO20, IKONOUHECKO20 U COUUAABHO0
xapakmepa)

2. 3uakomcmeo u omoOOp 3aAKOHOOAMEAbHLIX U
HOPMAMUBHBIX OOKYMEHMO8 N0 meMe.

3Hakomcmeo U 0m60p 3AKOHOOAMENbHbIX U
HOPpMAMUBHbBLX OOKy.MEHm06 no meme:

—CO 153-34.21.1222003 « Uncmpykuyus no
YCMPOUCMEY MOAHUEIAUUMDbL 30AHUIL,
COOPYNHCEHUL U NPOMBLUNCHHBIX
KOMMYHUKAUULL»

—IIpasusa ycmpoiicmaa aaekmpoycmano8ox
(7-e uzoanue)

—CHull 21.01-1997 «Iloxcapuasn
b6e30nacHocmob 30aHULL U COOPYICCHUIL»




—CHull 12.04-2004 «[Ipasusa noxcaproii
be3onacHocmu npu NPou3BoOCmae
CMP»be3onacnocmu;

3. be3onmacHOCTH B Ype3BbIYANHBIX CUTYyalMsX:

— nepedeHb BO3MOxHbIX YC npu pazpaboTke u
9KCIUTyaTalii TPOEKTUPYEMOTO PEILIeHNST;

—  BbIOOp Haubosee TunuuHon YC;

— pa3paboTKa NMPEeBEHTUBHBIX Mep 10
npepynpexaenuto YC;

— pa3paboTKa JeicTBUIl B pe3yJbTaTe BO3HUKILIEH
YC u Mep No JUKBUJAUUK €€ MOCIIECTBUA.

evloop Hauboaee munuyroii 4C;
paspabomra npeseHmuBHbLX Mep
npeoynpexcoenus YC;

paspabomka Oeiicmeuii 8 pe3yabmame
so3nuxweir YC u mep no aukeuoayuu eé
nocaeocmauil.

4. IIpaBoBbie U OPraHN3AIMOHHbBIE BOMPOCHI
o0ecneyeHus1 0€30MACHOCTH:

crieqrasibHble (XapaKkTepHble Mpu
9KCIUTyaTal 06bEKTa NCCIIEIOBAHMNS,
MPOEKTUPYEMOIi paboueii 30HbI)
NPaBOBbIE HOPMbI TPYIOBOTO
3aKOHO/IATEJIbCTBA;

OpraHu3alVOHHbIE MEPONPUSITHS TTPU
KOMIIOHOBKE paboyeil 30HbI.

CReyUanbHble NPABOBbLE HOPMbL MPYO0B020
3AKOHO0AMeAbCMEa;

OPAHUSAUUOHHBLE MEPONPUAMUI NPU
KOMNOHOB8Ke paboueli 30HbL.

\ JlaTa BpIiauu 3aaHus AJisl pa3fesa no JMHenHoMy rpaguky \

3anganue BbIA] KOHCYJIbTAHT:

0KHOCTh (12500} YueHasi cTeneHb, Mopnuce Hara
3BaHHUE
Boponun KOpuit
HoueHT K.T.H., JOLUEHT
BukToposuu

3anaﬂne NPUHAJN K UCIOJTHCHUIO CTYICHT:

I'pynna

[024(0)

Hognuce Hara

SAMSY

NrucenoB Acbuibek AcanxaHOBUY




PE®EPAT

Brinmycknas kBanudukamnuonnass padora 148 c., 70 puc., 20 Tabn., 64
HMCTOYHUKOB,

KitoueBbie ciioBa: BO30OHOBIISIEMbIE MCTOYHUKHU SHEPIUU, paclpeeseHue
Beiibyinna, BeTposHepreTrka, BETpOnapK, TEXHUKO-3KOHOMUYECKOEe 000COHOBAHME,
OLICHKA UHBECTULINHI

O06nexToM uccienoBanus spisietcs KOxuo-Kazaxcranckas o6iactb

[lenb paboOTBl — TPOEKTUPOBAHHE TEXHUYECKH U SKOHOMHUYECKU
1esiecooOpa3Hoi ceTeBoil BeTpoanekTpoctaniiuy B FOxHo-Kazaxcranckoi odmactu

B nporuecce uccnenoBanus NpoBOAMWINCH, MAaTEMaTUHYECKOE MOJIETUPOBAHUE
ckopocTel BeTpa B mporpamme MS Excel, sxcTpanonsinust ckopocTeit BeTpa, BIOOp
BETPOTYpOMH, pacyeT BBIPAOOTKH 3JIEKTPOIHEPIHMH  BETPOMAPKOM, BBIOOD
3alUTHOTO 000PYA0BaHUs, pacyeT TOKOB KOPOTKOT'O 3aMbIKaHUS,

B pesynbrare uccinenoBaHus CMOJIEMPOBAHA MOJENb pacueTra BETPOBOIO
NoTeHIMana, pacneneneHue BeliOymna. Takxke ObUIO BBIIOJHEHO TEXHHUKO-
AKOHOMHMYECKOE OOOCHOBAHHME BETPOIApPKAa, KOTOPOE MOKA3bIBAET, UTO JAHHBIM
peruoH  o0jagaeT JAOCTATOYHBIM  MOTEHIUATIOM, YTOOBI  YJIOBJIETBOPATH
AKOHOMHMYECKUM TPEOOBAHUSIM.

O6nacTe TpPUMEHEHHS: TPUMEHEHHass MaTeMaTH4ecKass MOJIeNlb MOXKET
MPUMEHSIThCA HAaceJICHUEM JUIS pacueTa BbIPAOOTKM SHEPruM KakK MalbIX
BETPOYCTAHOBOK, TaK U KPYIHBIX 3JIEKTPOCTAHIIUH.

OxoHomuyeckass  A(QPEKTUBHOCTH/3HAYUMOCTb  pabOThl  COBPEMEHHbIE
MPUJIOKEHUSI B BETPOIHEPIeTUKE MMEIOT BBICOKYIO IIEHY, a JlaHHas MOJElb
abconoTHO OecrmatHa. bojee TOro JaHHBIM MOPOEKT MOXKET CHOCOOCTBOBATH

Pa3BUTHIO BETPOIHEPTETUKUA M BO3OOHOBISIEMOM YHEPTETHUKH B IIETIOM.
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BBenenue

AKTYalIbHOCTb «3€JICHO» YHEPreTUKN U BETPOBOU SHEPTUH B LIEIIOM COCTOUT
[JIaBHBIM 00pa3oM u3-3a mpooOsieM ¢ 3Kojorue. OgHUM U3 MyTed CHUKEHUS
BbIOpOcoB 1T siBnsieTcst 3aMelieHue TPaAUIIMOHHBIX UCTOYHUKOB SHEPIUU B BUJIE
HeTH, yIJisl ¥ ra3a, BO30OHOBIISIEMBIMU UCTOYHUKAMU SHEPTUHU, TAKUMU KaK TUJIPO,
BETPO U COJTHEYHAsl YHEPTUH, pecypcamu KOTOpbIX Tak 6oraT Kazaxcran [1]. Tax xe
CTOUT OTMETHUTh, uTO Pecnybnuka Kazaxcrtan siBnsiercst ydyacTHUKOM PamouHoi
Konsennuu OOH 1mo m3meHeHuto kiauMara, a Takke Kuorckoro mpotokona (1998
I.), B COOTBETCTBHH C KOTOPOM MUMEET 00s3aTEIbCTBA M0 BHIMOJIHEHUIO MTPOTPAMM,
CBSI3aHHBIX CO CHIKEHHEM BBIOPOCOB B armocdepy «mapHUKOBbIX Ta3zoB» (I1I),
OTBETCTBEHHBIX 3a MPOUCXOjsIee rio0albHOe MOTEIUIEHUWE KiuMara 3emiu. B
nocinennue roapl B Kazaxcrane BBINUIM PSiJl 3aKOHOINPOEKTOB, LENIbI0 KOTOPBIX
SABJISIETCA Pa3BUTHE BO30OHOBISIEMBIX HCTOYHUKOB SHepruu. K HUM oTHOcATCS
nonpaBku B 3akoH PecnyOmuku Kazaxctan o Bo0300HOBIsSIEMBIX HCTOYHUKAX
AHEpruu, Kotopelie BeINUIM B 2013 roay, a Takxke noctaHoBieHus rpaButenbeTBa PK
2014 r. o mommepKKe pa3sBUTHS BETPOIHEpPreTukrd. CTUMYIOM Uil Pa3BUTHUS
AJTbTEPHATUBHON SHEPreTUKH TAKXKE SIBJISIETCS IMOCTOSIHHBIC MOBBIIICHHS ILIEH Ha
AJIEKTPOIHEPTHIO.

3HAYMMOCTh JAHHOW TUILTIOMHOM pabOoThl TaKXKe 3aKII0YAETCS B TOTEHIIUATIE
PecnyOnuku Kazaxcran. Ha cerogusmiHuil JIeHb albTepHATHBHAS SHEPreTHKA,
Takas Kak BETpOBasi YHEPreTUKa Wi POTOBOJIbTaNUECKasl, HE HACTOJBKO pa3BUTA U
BEJIUKA, YTOOBI COCTABJISITH IOCTONHYIO KOHKYPEHIIMIO TPAIUIIMOHHBIM UICTOUHUKAM
suepruu. K npumepy, Kazaxcran oOnamaer OONBIIMM Kak BETPOBBIM, TaK H
COJIHEUHBIM MOTeHIHalIoM. Haubonee NEPCHEKTUBHBIMU PETHOHAMHU 1O
COBOKYITHOCTH  CIIOCOOCTBYIOIIUX  Pa3BUTHIO  BETPOIHEPTreTHKU  (HaKTOPOB

MPEJICTABISAIOTCS: B IOKHOM 30He — AusmatuHckas, JKamOsbiickas, HOxHo-
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Kazaxcranckasa oOnactu; B 3amajgHOM 30He — MaHrucrayckas W ATbIpayckas
o0nacTu; B CEBEpHOM 30HE — AKMOJMHCKash 001acTh; B ILIEHTPAJIbHOU 30HE —
Kaparanngunckass o001actb. OHEPreTMUYECKH M SKOHOMHYECKU 3P(HEKTUBHOE
mupokomMacimtabHoe  ucnoinp3oBanue  BOC  gBusercss  mMepCHEeKTUBHBIM
WHHOBAI[MOHHBIM HAIPaBICHUEM 3JIEKTPOIHEPTETUKHU, KOTOPOE BBITOJAHO W A
MPOU3BOIUTEIICH, U 11 MOTPEOUTENIeH FIEKTPOIHEPTUH, TAKKE BBITOAHO OHO U JJISI
rocygapctBa. Takum o6Opa3zoMm, PecnyOnuka Kazaxcran oOnamaer kKak H
SHEPreTUYECKUM TMOTEHIIMATIOM, TaK M JKOHOMHUYECKHUM, IJisi CTUMYJIUPOBAHUS
YCTONYUBOIO pPa3BUTHSI BO30OHOBIISIEMON SHEPTETUKHI

[lenbt0 JaHHOM MAruCTEPCKON IUCCEPTALUU SIBISIOTCSA: MPOECKTUPOBAHUE
ceTeBoil BeTpodJiekTpocTaniuu B HOxxHo-Kazaxcranckoit o06iiactu; mpoBejeHue
TEXHUKO-3KOHOMUYECKOTO OOOCHOBAaHUSI TMPOEKTAa; HEOOXOIUMOCTh BBISICHUTH
HAacKOJIbKO d3(P(EKTUBHO MOXHO HCIOJIB30BAaTh BETPOBOM TMOTEHIMAT B
HCCIIETyEMOM PETHOHE; IKOHOMUYECKAs 11eJ1eCO000pa3HOCTh JAHHOTO MPOEKTA.

K OCHOBHBIM 3ajayaM JUIJIOMHOTO TMPOEKTa OTHOCATCS: IPOBEIACHUS
TEXHUKO-3KOHOMUYECKOTO aHaiu3a paboThl BeTpomapka. s J1OCTHXKEHHs
MOCTABJICHHBIX  3a/lad  ObUIM  TMOCTABJEHBI  CIEAYIOIIME IIEJU:  OIEHKA
BETPOIOTEHIIMAJIa PEruoHa; MPOTHO3UpyeMas BbIPaOOTKA AJIEKTPOIHEPTUU
(cyTouHas, MecsuHasi, TOJI0Basi); BEIOOp 000pYIOBaHMS; TEXHUKO-3KOHOMUYECKOE
000CHOBaHNE BBIOPAHHOIO BAapUAHTA; OCYIIECTBICHHUE MEPONPUSITUN MO OXpaHe
Tpyaa v 0€30MaCHOCTHU KUZHEACATEIbHOCTH.

[Ty6nukanuu. [To maTepuanam auccepTanuu onyoJIUKOBAHO 2 CTaThU:

1) Lukutin, B. V., Shandarova, E. B., Matukhin, D. L., Igisenov, A. A., &
Shandarov, S. M. (2017). Simulation and optimization of wind and diesel power
supply systems. [OP Conference Series: Materials Science and

Engineering, 177(1),[012090]. DOI: 10.1088/1757-899X/177/1/012090
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2) Urucenon A. A. (2016). Maremaruueckoe MO/JIETUPOBAHUE
3HEprodP(GeKTUBHOCTH BBIPAOOTKU DJIEKTPOIHEPTUU BETPOIICKTPOCTAHIUH.

Hayuno-npaktuueckuit xypaan «Acnupant» Ne3/2016, r. Pocros-na-/lony
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1 CocrosiHue M mNepPCNEKTHUBbI BO300HOBJISIEMON JHEPreTHKH B
Ka3axcrane u B mupe

1.1 BerposHepreTuka

CoBpeMeHHasi BETPOHEPIreTUKA NMEET [IBA OCHOBHBIX HAITPABJICHUS:

1) Hazemnas;

2)  beperosas.

Haszemnasi sHeprusa BeTtpa, mim oduiopHas, SBISIETCA NTPOBEPEHHON
BPEMEHEM M XOPOWIO M3YYEHHOM TEXHOJIOTMEW BO30OHOBJISIEMBIX WMCTOYHUKOB
9HEPruyu, KOTOpasi B HACTOSIEE BPEMSI Pa3BEPHyTa BO BCEM MHUPE B MAaCCOBOM
mMacltade. BeTpoBble TypOMHBI M3BIEKAIOT KMHETUYECKYIO JHEPTUIO OT JBUKECHUS
NOTOKA BO3/yXa (BETpa) M MPeoOpa3OBBIBAIOT €€ B 3JIEKTPUUYECTBO C MOMOLIBIO
A9POAMHAMUYECKOTO  pOTOpPA, KOTOPBIA COEIMHEH C CHCTEMOW Tmepenad
anekTporeHeparopa. CerofgHsi CTaHgapTHass TypOMHA OOJBIIMX MOIIHOCTEW UMEET
TPM JIONACTH, BPALLAIOLIECECS HA TOPU3OHTANIBHON OCH, C HABETPEHHON CTOPOHBI OT
OamHu. CymiecTBYIOT TypOMHBI C CUHXPOHHBIM WMJIM ACMHXPOHHBIM T€HEPATOPOM.
Beixop amekTposHepruA TypOMHBI MPUMEPHO MPONOPLMOHAJIEH IUIOIIAIA POTOPA;
Takum 00pa3om, MEHbILIEE KOJIMYECTBO, HO OOJIBILIETO AUAMETPA POTOPLI (Ha Oosee
BBICOKMX OAlllHSIX) WCIONB3YIOT pecypc BeTpa Oonee 3(p(PeKTUBHO, YeM Ooubliee
KOJIMYECTBO Oosiee MeNKMX TypOuH. Camble KpynHbIE BETpsIHbIE TypOMHBI Ha
CETOJIHSIIIIHUI JIEHb UMEIOT YCTAaHOBJIEHHYIO MOIIHOCTHL 0 5-8 MBT, ¢ quameTpom
poTopa o 126 metpoB. PacnpocTpaHeHHble KOMMEpPUYECKHE BETPOBbIE TYpPOUHBI
UMEIT MoHOCTh Mexay 1,5 MBT u 3 MBT. TypOuHnsl yaBauBaiuch B pa3mepe
NPUMEPHO KaXK/ble MATH JIET, HO CEMYAC 3TOT MPOLECC 3aMENIIUIICS, CKOPEE BCETO,
BCJIE[ICTBUE TPY/IHON TPAHCIIOPTUPOBKY (B OCOOEHHOCTH Ha CYIIIE), BECA U yCTAHOBKU

orpannyeHui [3].
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MwupoBoe Mpou3BOACTBO 3HEPIMH BeTpa yBesmumnoch Ha 870% c 2000 no
2009, u Ha 260% c 2005 no 2009 (Pucynok 1). B MupoBom maciura0e, sHeEprusi BeTpa
COCTABJIIET HAMOOJIBIIY O [0JII0 BO30OHOBIIIEMBIX NCTOYHUKOB 3Hepruu ¢ 2009 ropa,
3a WCKJIIOYEHWEM THUAPOSHEPrUM. B TedyeHne nepBOil MOJOBUHBI JECATUIECTHS,
I'epmanusi, Hcnaums wm  Coepgunennble IITaTbl HEcyT OTBETCTBEHHOCTH 3a
YBEJIMYEHHE MOLIHOCTH M TeHepauuu BeTpoBoil sHepruu. Haumnas c¢ 2005 ropa,
MaccoBO€ pa3BUTHE 3Heprum Betpa Hadasnochk B Kurae. B 2009 romy B KHP 6buto
YCTaHOBJIEHO OOJIbIIE YCTAHOBJIEHHOV MOIIHOCTY BETPOBBIX TYPOWH, Y€M B JIFOOOM
npyroii ctpane B mupe [5], a B 2010 rogy Obina ycraHosiaeHa B Kurae monosuHa
HOBBIX MOILHOCTEN. B TO K& Bpems, YMCIO0 HOBBIX YCTAaHOBOK PE3KO YIAJIO B
Coennnennbix IllTatax, Tak Kak HOPMAaTHBHAsi HEONPEJAECIEHHOCTb yCYTyOJsseTcs
BCJIE[ICTBME HETATHUBHBIX MOCJEACTBANA (PUHAHCOBO-3KOHOMHMYECKOTO KpHU3HCA.
CrepoBarennbHO, MOXHO CAENAaTh BbIBOJ, YTO OOILIAs TEHJAEHLMS $CHA: LEHTP
TSKECTH JIJIs BETPOBBIX IHEPreTUYECKMX PBIHKOB Hayajl NEPEXOANAThH K Asnu, a

nMeHHo B Kuraii.

Gigawatts

World Total
400 370 Gigawatts
350
319
300 283
250 238

198
200

159

150 121

100 74

ag 59
50

0

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Prucynok 1 — PocT ycTaHOBIEHHON BETPOIHEPIUN
Kak mnokaseBaer pucyHok 2, Ha 2013 ropg Kwrair Obun nmpepoM 1o

YCTaHOBJIEHHON MOLHOCTM BETPOBOW aHepruu, Tak U B 2014 ropy ycranosuin 23,2

15



['BTt motHocTu. CornacHo [6], B Takux cTpaHax, Kak Jlanus, Ucnanus, [Topryranus
v Hukaparya JNISIE 20% 3JIEKTPOIHEPTUMN TEHEPUPYETCs

BETPOSJIEKTPOCTAHLIUSIMHA.

Gigawatts

120 +23.2
= .
100 Added in 2014
2013 total
80
+4.9
60 ]
+5.3
4
0 -
~0 +2.3
20 +1.7
— ¥1.9 +10 +0.1
0
China United Germany  Spain India United Canada France ltaly
States Kingdom

PucyHok 2 - ¥YcTaHoBiI€eHHass MOITHOCTb BETPOYCTAHOBOK MO CTPaHaM

OCHOBHbBIE MPOU3BOJUTENN BETPOTYPOUH - 3TO IMPOKOU3BECTHBIE KOMITAHUA
kKak Vestas, Siemens, General Electric, Goldwind. OpHako, B CBS3U C
CTPEMUTEJNIbHbIM Pa3BUTHUEM BETPO3HEPreThku B a3uaTckux crtpaHax (Kwuraii,
WNHupust), Ha pbIHKE NMOSIBIISIFOTCS Takue koMananuu kKak Suzlon, United Power u jip.
CornacHo puCyHKY 3, JIAEPOM KaK W B NPEAbIIyLIIME TOAbl OCTAETCH JATCKas
KommnaHusi Vestas, Ha MPOAYKILMIO KOTOpoil mpuxogutcsi nopsigka 11,6 % Bceit

YCTAHOBJICHHOW MOILIHOCTH.
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Next 5 :
manufacturers Gamesa (Spain) 4.5% I
Mingyang (China) 3.9%
Envision (China) 3.7% D
Based on total sales of ~563.5 GW

g
Goldwind (China) RE%E ~ &}

9.0%

Suzlon Group (India) 5.5%
United Power (China) 4.8%

Pucynok 3 — Benyiye npou3BoguTean Mupa

Paszgutne BeTposHepreTmkm He o6Oowmmo cropoHoil um  Kaszaxcran. Ha

CErOJIHSIIIHUIA

nenb PecnyOnuka KaszaxcraH vmeeT MOTEHUMA SHEPrUM BETpaA,

npeBblIalonMil  o0mee mnotpediaenue B pecnyonuke [10]. BerpoBoin atnac

Pecny6mmkm KazaxcTan npefcTaBiieH HIKE Ha PUCYHKE .

61°

N

59 °

Tall Towars

Wind Speed at 80m AGL
8.5

8

75

?

6.5

6

55

Pucynok 4 — Berposoit atnac Pecyonmkun Kasaxcran
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Kak BulHO W3 puCyHKa, Ha OOJbIIEN YacTU TEPPUTOPUU CPEIHErO0Bas
CKOpOCTh Kousebsiercss or 6 10 6,5 M/c, Ha OTAEJbHBIX Yy4yacTKaX CKOPOCTh
coctasinsieT 7,5-9 m/c. CornacHo [8], Ha gaHHO# Tepputopun (okoso 50000 KB. M )
CPETHETO/IOBAst CKOPOCTh BeTpa >7M/C., MOTEHUMAN IHEPrUM BETPA MO3BOJISAET
BbIpaOaTeiBaTh nopsijika 1000 TBT4Y sHEprum B rofi, 4TO OYEHb MEPCHEKTUBHO.

[IpaBATENBCTBO TAK XK€ BCSIYECKM CTUMYJIMPYET pasButhe Kak BUJ, Tak n
BETPOSHEPreTUKy B LenoM. Tak, Hanpumep, B npemasepun EXPO-2017 Obum
yTBEpKAEHbl 11 TNPOEKTOB CTPOMTENBCTBA BETPOINEKTPOCTAHUMI  OOLIEH
ycTaHoBieHHON MouHocThio 700 MBT (¢ pacumpenuem no 1050 MBT). Takke
[IpaBurenscTtBoM PK Oblin yTBEpXK/IeHbI TapU(bl HA MOKYIIKY 3€JIEHON SHEPIUN.

Pa3zputre 3eneHON 3HEPreTMKM BXOOUT B JOJTOCPOYHYIO TEPCHEKTUBY
TOIUIMBHO-3HEPreTUYECKOro KoMiuiekca cTpanbl. Ha pucyHke 5 mnpepcTaBiieHbI

NPOTHO3HBIE TaHHbIE 10J1 BUD B TOIIIMBHO-3HEPreTUYECKOM OajlaHCe CTPaHbI.

flona B3 8 Tab PK

i ;

4 |

) 1, L
o

0 [ I l_l [ [ ]

2000 2009 2015 2018 2024

Pucynok 5 — [Tonss BUD B TOBb PK

JlaHHas1 MOJIMTHKA CBA3aHA TAKXKE C OTPOMHBIM KOJIMYECTBOM BbIOpocoB CO2
B atMocdepy. Kasaxcran, kak yyacTHuk Kuorckoro nportokosa [3] BHOCUT CBOIO

JIENTY B COKPALLEHNH BEIOPOCOB YIIEKHUCJIOrO ra3a B aTMocepy.
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Pucynok 6 — I'paduk usmenenus Boiopocos CO,

Kak BHIHO M3 puCyHKa, BHEIpEHUE BO30OHOBJISIEMbIX NICTOYHUKOB MO3BOJIUT
cokpatuth nopsaaka 45 muH ToHH CO, B rog k 2024 ropy.

Kak orMmeuanoch paHee, 3SHeprusi BeTpa SBJISIETCS yXK€ JIOCTATOYHO
UCCJIE[IOBAHHOW M NPOBEPEHHON TEXHOJIOTMEN, C Pa3BUThIMU PbIHKAMH 1O BCEMY
MUPY U BCE elle 0osiee pa3BUTON. DHEPrusl BETPa SIBIACTCS BCe 00JIee HAIEXKHbIM U
9KOHOMUYECKA KOHKYPEHTOCIMOCOOHBIM MCTOYHMKOM  3KOJOIMYECKM YHUCTOM
QHEPrMM C MOTEHUMAJIOM JJIl [AJbHEHIIErO0 COKPALEHMsS PaCcXOfioB. Y CUJIEHUE
KOHKYPEHLIMU C a3UaTCKMMU MPOU3BOUTENSIMUA, BCTYNAIOLIMMU HA PBIHOK, OyfeT
OKa3bIBaTh TMOHWXKAIOLIEEe [ABJICHWE Ha LEHbl TYpOMH, YTO HEMAJIOBAXKHO IS
pa3BUTHS.

[IpnOpexHbIe BETpa, CKOpEe BCEro, NPEACTABIIAIOT COO0M OfIMH U3 Hanbouee

3HAYUTEJBbHBIX  BKJIQJOB B  IVIOOAIBHYK)  J€KapOOHM3alMIO  CEKTOpa
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3JIEKTPOSHEPTETUKM B KPAaTKOCPOYHOM M CPEJHECPOYHON  NEPCIEKTHBE.
HeskoHommueckne  Oapbepbl, Takue KaK MHTErpauusi BETPOSHEPIMHA B
3JIEKTPUYECKUE CETH, HOPMATHUBHON HEOMNPEJEIEHHOCTH, aIMUHUCTPATHBHBIX
0apbepOB, IKOJIOTMYECKUX MPOOJIEM M OOIIECTBEHHOIO NPU3HAHMS, OTHAKO, MOXKET
NPUBECTU K NMPOOJEMaM B JOCTUKEHUU HEOOXOUMBIX OOBEMOB PAa3BEPTHIBAHUSA U
cTaBok [12]. B cTpanax, rjae HaMepeHbl THUUMUPOBATD PA3BUTHAE BETPOBOW SHEPTUH,
NOJINTAKA YAAICHUS BHEIKOHOMMYECKHMX OapbepoB (IPUOPUTET MOCTYyNA W
[VCTIETYEPU3ALNN SHEPTUH BETPA) NOJKHBI UITA pyKa 00 PYKy ¢ 9KOHOMUYECKUMU
cTUMyJamMu. B Tex cTpaHax, B KOTOPBIX YK€ OCBOEHbI OOJIbIINE OOBEMBI SHEPIUN
BETPA, YK€ OCYLIECTBIIAETCS, TAK Ha3bIBacMasi BTOpasi (pa3a: CUCTEMHAs MHTErPALUS
BETPOBOY 9HEPIMU. DTa CUCTEMHAsA MHTETPALMs BKIIOYAET B Ce0s KAK TEXHUYECKUE
aCneKTbl M HOPMATHMBHBIE BOMPOCHI. ['ocymapcTBa, B CBOIO O4YEpENb, JOJIKHBI
00€eCTIeYnTh NPABUIIBHBIE CTUMYJIBI, YTOOBI Pa30JIOKMPOBATH BCIO TMOKOCTh PECYPCHI
CYLIECTBYIOIMX SHEPre€TMYECKUX CHCTEM W CTUMYJIOB [UIsl  HapallyBaHWs
JIONOJIHUTEJILHBIX PECYPCOB B CIIy4ae HEOOXOMMOCTH.

Ha ceropnsituanii jeHb, B MApE BCE 0OJIe€ 4aCTO HAYMHAKOT NPUMEHSTHCA
MEXAHU3Mbl  9KOHOMUYECKOW  MOJIEPKKM  O(P@IIOPHON  SHEPTMUA  BETpA.
HanponanbHble CTPYKTYpbl Pa3IM4yarOTCS B OTHOLICHMM J[IETAJEN peann3auuu,
HanpyMep, OTHOCUTCS JIM A0OHEHT K KAaTETOPHH JJIsl OIUIAThl ONTOBOM LEHE (TaK>Ke
u3BecTHbI Kak feed-in, uam 3enenblii Tapud). Pasnuuarorcs w meTonwl A
OIIpENEJIEHNsT YPOBHEN Tapru(OB U NMPOJOJDKUTEIBLHOCTD BbIIIaT. HO BCe cructembl
Pa3feNsaOT BaXKHbIA acMeKT, YTO OHM OOECNEeYMBAIOT JOCTATOYHO CTAOWJIBHOE
BO3HArpaXkKjIcHWE 3a TNPOMW3BEJEHHYIO €UHMLY 3Hepruu. Ha 3penbIx pbIHKaX,
pa3pabOTKN MOJUTHUKM B OCHOBHOM COCPEJOTOYEHBbI BOKPYI TOHKOHN HACTPOWIKH
IUIATEXKEW CTUMYJIMpOBaHMs. B TexX cTpaHax, KOTOpbIE MMEIOT OYEHb OOJIBLIOE

MHTErpupoBanue sHeprun Berpa (danns, Mcnanus u ['epmanns) noJmTryeckux Mep,

20



HalmpaBJICHHBIX TAKXKE€ B MHTCIpalnuto CETU, 1 OH 3aMCHAa CTapbIX Typ6I/IH Ha OoJiee

adppekTuBHbie, HOBbIE (BNEF, 2010a).

1.2 ConHeuHas HepreTHKa

ConHeynble (hOTOINEKTPUIYECKME CUCTEMBI (MM KaK CEfYac CTalu Ha3bIBaTh
¢poToBOsIbTaNKa) MPEOOPA3YIOT COJIHEUYHYIO SHEPTUIO B JIEKTPUUECTBO. OCHOBHBIM
CTPYKTYPHbIM ~ 3JIEMEHTOM  CUCTEMbI  SBISETCS  (POTORJEMEHT, KOTOPbIi
NPEACTABIAECT COOOM MOJYNPOBOJHUKOBBI NPUOOpP, KOTOPBIM Npeodpasyer
COJIHEYHYIO SHEPIUIO B 3JIEKTPOIHEPIMIO MOCTOSIHHOIO TOKA. POTO37EMEHTHI
COEIMHEHBI MEX/ly COOOHM TaK, 4TO 00pa3yroT (POTOINEKTPUYECKUN MOAYJIb, KaK
npasuiio, 10 50 no 200 Bt. ®oroanekTpuyeckrie MOy, B COUETaHUUA C HAOOPOM
JIONOJTHUTENIbHBIX KOMIIOHEHTOB, 3aBUCSIIMX OT CUCTEMbI (Halpumep, UHBEPTOPHI,
aKKyMYJISITOPbI, 3JI€KTPUYECKUE KOMIOHEHTbI U CUCTEMbI KPEIJIEHHs ), 00pa3ytoT
cucteMy (POTOITEKTPUUYECKYIO cUCTEMY. POTOINEKTPUUECKUE CUCTEMbBI BBICOKOW
CTENEeHU MOJYJBbHOCTH; T.€. MOIYJIM MOTYT ObITh CBSI3aHbI IPYI C JPYIOM, YTOObI
00eCnevYruTh MOILIHOCTb B JJMANa30HE OT HECKOJbKMX BATT /IO JECSTKOB MEraBaTT
[15].

Haub6onee pacnpocTpaHeHHbIMU (DOTOBOJIbTANYECKUMU CUCTEMAMM SIBJISFOTCS
KpeMHMeBble cHucTeMbl. OfHaKO, TakK Ha3bIBAEMbI€ TOHKOIUJICHOYHbIE MOJYJIH,
KOTOPbIE MOTYT COCTOSITb W3 HEKPEMHMEBBIX MOJYNPOBOJHUKOBBIX MATEpUAJIOB,
Pa3BUBAIOTCS OBICTPO M CTAHOBATCSl BCe 00Jiee Ba’KHbIMM. XOTS TOHKHE MJIEHKHU
3a4acCTyIO0 MMEIOT MEHbIIYIO 3(P(PEKTUBHOCTD, YEM KPEMHHMEBbIE MOJYJIM, UX LIEHA B
pacyeTe Ha €IMHMIYY MOIUHOCTH HUxke. KOHLEHTpUpOBaHHbIE COJHEYHbIE MaHEIH,
I7Ie COJIHEYHBbIN CBET (POKYCHPYETCS Ha MEHbLUEH MIIOW@AA1, HAXOJUTCS HAa TPaHU

INOJIHOTO Ppa3BEPThLIBAHUS PbLIHKA. KOHHCHTpI/IpOBaHHbIe (bOTOQJICMCHTBI UMCIOT
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ouyeHb BblcOkMi KII[I mo 40%. [Ipyrue TEXHONOrMM, TaKhe KakK OPraHM4eCKue

CpOTOa.HeMeHTBI, BC€ €ILIIC HAXOOATCA B CTaar NCCIICJOBAaHNMs.
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PucyHok 7 — Bujibl KOHIIEHTPUPOBAHHbBIX [TAHEJIEN

XXAZZA]

utulul

Heliostats

ConHeunble (POTO3JIEMEHTHI COYETAIOT B ceOe Ba npenmyiectsa. C ogHON
CTOPOHbI, MPOU3BOICTBO (POTO MOAYJIE MOXKET ObITh OCYILIECTBIEHO HA KPYIHbIX
3aBOfIaX C OOJBIIMM KOJMYECTBOM BbINTYCKAEMOW MPOAYKLUMHU, YTO €CTECTBEHHO
NO3BOJIMT C3KOHOMHUTB CPEACTBA Mpu Oonbmmx Macmradax. C gpyro CTOPOHBI,
JIaHHAsI TEXHOJIOTUS ABJIIETCS MOAYJbHOM. OHAa MOXET ObITh pa3BepHYTa B OYEHb
HEOOJIBIIMX KOJIMYECTBAX. IJTO KA4E€CTBO MO3BOJSIET B IIMPOKOM [JUAla3OHE
npuMeHeHui. CucTteMbl MOryT ObITb OYEHb MAaJeHbKMMH, HanpuMep, B
KaJIbKYJISITOpPax, 10 MaCIUTAOHbIX OOBEKTOB 3NIEKTpO3HepreTuku. [1o cpaBHeHuIo ¢
KOHLUEHTPUPOBAHHBIMM ~ COJIHEYHbIMM  TaHEIsIMM  (POTOMOJYNIM  KMEIOT
NPEUMYILECTBO: OHU HCHOJIb3YIOT HE TOJILKO MPSMbIE COJHEYHbIE Jy4Yd, HO U

i Py3HBII KOMIIOHEHT COJIHEYHOT'O CBETA, T.€. OHU MPOU3BOJSAT IHEPIUIO, JJAXKE
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NPYA MACMYPHOW NOrofie. ITa BO3MOXKHOCTb NO3BOJISIET 3(P(PEKTUBHO MCIOJIb30BATh
MX BO MHOTHUX JIPYTMX PETMOHAX B MUPE.

[TocKOIBKY COJIHEUHBIE MTAHEIN TEHEPUPYIOT JHEPTUIO OT COJIHEYHOI'O CBETA,
BBIXOIHasi MOIIHOCTb OrPAHMYEHA BPEMEHEM: Korja CBeTUT cojHue. OpHako,
NOCKOJIbKY COJIHEYHBIE JIy4Yd MOTYT OBbITb MpPEJACKa3aHbl C OOJBIIEN TOYHOCTHIO,
COJIHEUHbIE (POTORNEKTPUYECKNE CUCTEMBI SBJISIIOTCS MEHEE CIIOXKHBIMHU, 4YEM

NpyTUE, YTOObI MHTErPUPOBATHLCSI B SHEPTETUYECKYIO CUCTEMY .
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Prucynok 8 — Y cTaHOB/IEHHAas! MOIIHOCTH COJTHEYHBIX MTAHEJIEN B MUPE

C 2000 nmo 2015 rog, ¢ TOYKM 3pEHUs] €KETOAHbIX TEMIIOB POCTA PbIHKA,
COJIHEYHBbIX  (POTORJIEKTPUYECKME MOAYJIM ObUIM CcaMOM  ObICTPOpACTYLIEN
TEXHOJIOTHEN MO BceMmy Mupy [8]. PacyeTbl NOKa3bIBaIOT, YTO COBOKYIHAasI
YCTAHOBJIEHHAs] MOIIHOCTb COJIHEYHBIX (POTOINEKTPUUYECKUX NAHENEW TOCTUTIIN
npumepHo 40 I'Bt B koHue 2010 ropa, no cpasuenuto ¢ 3,7 'Bt B 2004 r. Kak BusiHO
Ha pucyHke 9 Huxke ['epMaHusi, Kak M MOCHEAHHUE S5 JIET OCTAETCS JIMIEPOM IO

YCTAHOBJIEHHONM MomHOocTH okojo 37 I'Bt B 2014 romy. OpHako, Kak U B
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BETPOJHETETUKE, a3MATCKUE CTPAHbI MMEIOT KOJIOCCAJbHBIA MPOrpecc B Pa3BUTUH
BUD. Kak pe3ynbrat, Kurait umeet noutu 30 I'BT yctanosiennoit mowHocTH (10,6
['Bt yctanosneno B 2014 ropy), a AAnonusi — 25 T'BT (9,7 'Bt B 2014 rony). Utanus
3aHMMAJIa TO3ULMI0 KPYIHEMILIET0 €BPOINENCKOrO PbIHKA COJIHEYHBIX MAHEJIEH U3

['epManuy, ¢ ycTaHOBIIEHHOV MOITHOCTBIO cBbllie 17 I'Bt B 2014 ropny.

Gigawatts
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Pucynok 9 — I'otoBO#1 IpUpPOCT yCTAHOBJIEHHON MOIIIHOCTY COJIHEYHON IHEPTrUn

[lepcnekmuewbt paseumus COAHEUHOU IHEPLEMUKU

Pa3euTre noTeHupana CONHEYHBIX MAHEEN, CTUMYJIMPYETCST OJIaronpusiTHON
NOJINTAKON B OTHOCHUTENBHO HEOOJIBILIOM YHCIIE CTPAH: COMPOBOX/AJICSA OBICTPBIM U
BIIEYATJISIIOIIM CHUKEHMEM LeH. Eciim MOIHOCTB NMPOJOJIKUT PACTH, OXKUJJAETCS,
YTO COJIHEYHAS] 3HEPreTMKA CTAHET KOHKYPEHTOCIOCOOHBIM 10 CPAaBHEHHIO C
PO3HUYHBIMM LJEHAMU MATAHUS U B KOHEYHOM WMTOrE C ONTOBBIMM LIECHAMHA BO BCEM
MUPOBOM pbIHKE B TeueHue Ommkainmmx 10-20 jeT. DTO M3MEHEHHME OTKPOET

BO3MOYKHOCTH JIJIs Pa3BEPTHIBAHUS TEXHOJIOIMU B TOpa3o 0oJiee MMUPOKOro Kpyra
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CTpaH, MHOTME M3 KOTOPBIX MMEIOT OOraTblii COJHEYHBIA Pecypc U B KOTOPOM
pacxofbl Ha COJIHEYHYHK) JIHEPruMI0 OyeT HUXKE, YeM B HEKOTOPBIX HBIHEIIHUX
PBIHKAX, TakKuX Kak ['epMaHusi.
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Prucynok 10 — MI3MeHeHus1 1EH COJTHEYHOM SHEPTMU U COJIHEYHBIX MaHEJIen

CTtonT OTMETHUTH, €CIIM PbIHKU OYAYT pacTH, TO 3KOHOMUYECKUE CTUMYJIbI
OOJDKHBI ocTaThbcsl Ha MecTe. OmnbIT mokasbiBaeT, uTo FIT cxembl sBastoTCs
3(p(PEKTUBHBIM MHCTPYMEHTOM NOJUTUKU. OHAKO, TO, YTO OTKAa3 OT CTUMYJIOB
IOJIKEH OCYLIECTBIIATHCS B IETAIBHON pa3paO0TKeE MOJIUTUKA, BO N30€KAHNE YIIa/IKa
PBIHKOB, KOITIa 3aTPaThl CHUXKAIOTCA OBICTPEE, YEM 3TO MOXKHO NMPENBUAETL. DTOT
NOTEHIMAII CIIEAYET PAaCCMATPUBATh KaK NPOOJIEMY, CTUMYJIMPOBAHHOTO yCIieXa, Uin
"pactywein 6omu". Micnodib3ysl npenMylecTBa OOy4YeHUs] HAKONJIEHHOW TMOJIMTHKY,
OHA JOJDKHA OBbITh OOecreyeHa BO3MOXHOCTh pa3padoTaTh NOJIMTHKY, KOTOpas
3(pPEKTUBHO CTUMYJIMPOBATH MOTEHUMAT W TEHEPALMIO MPEACKA3yeMbIM 00pa3oM
NpA OrPaHWYEHMM 3aTPAT TOJUTUKM, HANPABICHHOW HA [JOCTYIIHOM YPOBHE.
[TomTKM AOJKHBI OBITH B COCTOSIHMMA OBICTPO PEarvpoBaTh HA M3MEHSIOLIMECS

oOcTosTenbcTBa. IIpaBuTebcTBA MM PEryNMpYIOIIME OPraHbl CTAJIKUBAIOTCS C
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NEPCNEeKTUBON Tak HasbiBaemoro "PV Ilyseipu", mpaBo nmocTeneHHO COKpalaTh
CTAMYJIbI, YTOOBI COOTBETCTBOBATH IBONIOLMM KANWUTANbHBIX 3aTPaT TEKYIIMX U
OXUJIAEMBIX, B PE3yJbTaTe 4YEro pa3pabOTUYMKU C Pa3yMHON, HO HE YPE3MEPHO,
HOpMa NpuObIIM. Pa3pabOoTuMKy NMOJMTHKM MOTYT TaKXKE PACCMOTPETh BOMPOC O
KPBILIKY HAa €MKOCTH, JIOCTYNMHOM Ha KOHKpeTHbIX cTaBOoK FIT, ¢ Tem, 4TOOBI
OrpaHUYUTHL OOILIME 3aTpaTbl Ha TOJUTHKY B NPEAENax OXKHWAAEMOIO KOHBEPTA.
Kpome Toro, mexxkpyHapopgHass KOOPAMHALMS Pa3BEPTHIBAHUS OYAET KIIFOUYEBBLIM
3JIEMEHTOM B co3faHuu pocta PV gaBisgerca ycronuumsbIM. PacnpocTpaHssch Ha
MUPOBOY PBIHOK Ha OOJIBLIEM KOJIMYECTBE CTPaH OyAeT OOJEerdyuTh (PMHAHCOBOE
OpeMs (uHaHCHpOBaHusl KpuBoWM oOyueHuss PV, u mnomoxer wu3bexarhb
Pa3pyLUMTENIBLHBIX PEAKUMN PbIHKA, KOTJa PBIHKKA B JIFOOOM OIHOM KPYITHOM PBIHKE

CTAHOBATCA OI'PaHNYCHHBIMMU.

1.3 I'mpposnepreTuka
['upposnekTpocTaHIy BbIPaOaTHIBAIOT 3JIEKTPOIHEPTHUIO B MPOTOYHON BOJIE,

U3 PEK WIM M3 MCKYCCTBEHHBIX COOPYXXEHHMH, IJle BOa TEYET M3 Ppe3epByapa.
TypOuHbBI, MOMEILIEHHbIE B MOTOK BOJbI M3BJIEKAIOT KWHETUYECKYIO SHEPIUIO0 U
npeoO0pa30BbIBAIOT €€ B MEXAHUYECKYIO 3HEpruro. KoamyecTBo aieKTposHepruu,
BbIPA0ATHIBAEMON 3aBUCUT OT MOTOKA BOJbl U BEPTUKAIBHOIO PACCTOSTHUS OTKYAA
Boja majaet [8].

I'mpposHepreTnka sgBISieTCS  MOJHOCTBIO  KOMMEPYECKOM M XOPOLIO
OTpaOOTAHHON TEXHOJOrMeN. ['MuposHepreTrka MOXKET MOIEP>KUBATh NpPYyTue
VCTOYMKHA BO3OOHOBJISIEMON SHEPIUM, YTO JIEJAET UX OYEHb TMOKMMU UCTOYHUKAMMU.
Hampumep, rupipoanekTpoCcTaHIMM CHOCOOHBI JJOCTABJISATh MOIIHOCTH Oa3UCHOW
Harpy3Ku, yJJOBJIETBOPSITh MMKOBBII CIIPOC, WJI UCIOJIB3YETCS B KAYECTBE CUCTEMBI
XpaHeHus sHeprum. Bo3moxxHocTs ObicTporo crapra 'C nomoraer cnpaBuThCS €

KOJIEOAHUSIMU CIPOCA WJIM MpeiIoKeHusi. [Ipon3BoacTBO MOXKET OBbITH MOCTABIIEHO
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Noji yrpo3y, OfIHAaKO, KOIJa 3acyXa OrpaHUYMBAET IMOfayy BOAbI B Ipefesax
BOJIOCOOPHO¥ TUIOLIA/IA, a TOI0BOI 00beM mpou3BojicTBa ['9C Ha MHOTMX pbIHKAx
BApbUPYETCA OT BPEMEHM IOfja M U3 Iofja B IOf], B 3aBUCMMOCTHM OT KOJMYECTBA
OCAaJIKOB.

Tpu ocHoBHBIX Tma cxeM ['DC 310 mpm XpaHeHMM sHeEpruu, padbora OT
NPOTOYHBIX PEK M TMAPOAKKYMYJMPYIOIIME CTaHIMU. B cxemax XpaHeHusl, JI0TUHA
OCYILECTBIISIET 3a00p BOMABI B PE3EPBYap, KOTOPbIN NMUTAET TYPOWHY M TEHEPATOP.
[IpoToYHBIE CXEMBI UCTIOJIL3YIOT €CTECTBEHHBIN MOTOK PEKU U MOTYT MCHOJIb30BaTh
IUIOTHHY JIJIS IOBBILIEHNS] HENPEPBIBHOCTU MOTOKA. B TFOOOM M3 3TUX THUMOB MOTYT
BKJIFOYATh B €051 YTEUKH, T7I€ BOJA HANPABIISIETCS U3 03€pa, PeKM MM BOJOEMA K
YJAJIEHHON 3JIEKTPOCTAHLMEN, cofepxkaumii TypOuny u reHeparop. 'ASC cxemsl
XPaHEHUs BKIIIOYAIOT /IBa pe3epByapa. B mepropbl HU3KOro crnpoca u, Kak Mpasuio,
HU3KUE LEHbI HA JJIEKTPOIHEPIMIO (YacTO B HOYHOE BPEMSI), MEKTPOIHEPIUA
UCTIOJIB3YETCA ISl TMEPEeKaykKu BOAbl M3 HUXKHETO 10 BEpXHero OacceiHa. Bopa
BBINYCKAETCS JIJIs1 BBIPAOOTKU 3JIEKTPOIHEPTUM, KOTIA CIIPOC M LIEHBI BBICOKH, TEM
CaMbIM yJy4llasg €MKOCTb XpaHEHMs M O0ecneyeHus: TMOKOCTH CETKM. OTH
BO3MOXKHOCTH OCOOEHHO TMOJIE3HbI M1 OOecnedyeHrsT BO3MOZKHOCTH OOJIBIIIOTO
NOTOKA BETPA U IPYTUX UCTOYHMKOB MUTAHKS IEPEMEHHOTrO TOKa [15].

[IpoeKTBI THAPORNEKTPOCTAHINNA MOTYT UMETH 3HAUYNTEIIbHBIE 3KOJOTMYECKHAE
Y COLMAJIbHBbIE TOCJEACTBUS, a TakKXkKe aHaluu3 OalaHca MeXJy BbIMOJaMu W
appexTammn MOXKET OKa3aThCS TPYAHOM 3a1aueii. Bee skonmornyeckue u coqyanbHbIe
NOCJIEAACTBUSL [OJDKHBI OBbITH BBISIBJIEHBI M PAacCMOTPEHBI B XOA€ NpoLecca
IUIAHAPOBAHMUSI, YTOOBI MOXKHO OBUIO TPUHATH HAUIEXAle Mepbl I
NPEAOTBPALLECHNS, CMATYEHNS] WA KOMITIEHCALMU BO3/ICICTBUM.

Kak BupHO Ha crnepyrommx pucyHkax Kwraiickas Hapopnas PecnyOsmka
BHOBb 3aHMMAETCS JUUPYIOIIME MO3ULMNA B 00BbEMAxX YCTAHOBIIEHHOW MOIIHOCTH.

Tak, Ha ceropnswHUi JeHb 27% sHeprum reHepupyemoin Bcemu ['DC mupa
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npoucxogquT B Kurae. bawkanume npecnegoBarenun (bpaswms, CIIA u Poccust)
umeroT muib 8,5%, 7,5% u 4,5% ot oblleit reHepauuu cooTBeTCTBeHHO. Bosee
Toro, Toiibko 3a 2014 rom B Kwutae Obuio BBEAEHO OOJIbIIE YCTAHOBJICHHOM

MougHocTr ['9C, yeM BO BCeX OCTaIbHBIX CTPAHAX MUPA.

China

27%

India
4.3%

Pucynok 11 — [Tonst BBIpaOOTKYM TMAPOIHEPIETUKY IO CTPAHAM
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Prcynok 12 — I'opoBoit nprpOCT yCTaHOBIEHHON MOIHOCTH TAAPOCTAHLMN

Ilepcnexmuent
I'mpposHepreTrka mMeeT OOMBIIONW NOTEHIMANT, YTOOBI OOECNEYMTh KakK M

0a3MCHYIO Harpy3Ky NUMKOBOWM MOIIHOCTH, TaK OCYIIECTBIIATh OATaHCUPOBKY YCIIyT
3NeKTpuyecKux ceteil. OCHOBHOM MOTEHUMAN i pacimpenusi momnocten ['9C
JIEXKUT B PAa3BUBAKOIIMXCS CTpaHax. B Oosnee pa3BUTHIX PbIHKAX, CYLIECTBYET
NOTEHUMA VIS PACIIMPEHUS MIOKOJIEHUS 32 CYET MOJCPHU3ALANA U PEMOHTA CTAPbIX
YCTAHOBOK U Pa3pabOTKM HEOOJBIIMX MPOEKTOB, ITIE OHU SIBJIIFOTCSI 9KOHOMUYECKHU
3(p(PEKTUBHBIMA U TJIE IKOJOTMYECKUE U COLUAIBbHBIE TMOCHEACTBUS MOTYT OBbITh
orpannyeHbl. [loTeHIMan Takke CyLIEeCTBYET, 4YTOObl PACIIMPUTL BapUAaHThI
xpaHeHusi. OCHOBHBIE NMPOOJIEMBI, CBSI3aHHBIE C KPYITHOMACIUTAOHBIM PaCIIMPEHUEM
['DC BkmoyaroT B celd: OanaHC 3KOJOTMYECKUX M COLMAJbHBIX BBITOJl M 3aTpaT
npoekToB. B HacTosiee Bpemst pa3padaThIBAIOTCST PsAf] MPOTOKOJIOB, MPUEMIIEMBIX
JUIs TIPABUTENILCTB W KPEAUTOPOB, KOTOPbIE TENEPh MOTYT OBbITh MPUMEHEHbI K

NPOEKTaM B Pa3BUTHIX U PA3BUBAIOLMXCS cTpaHax. OKa3aHUe TEXHUYECKON TOMOLIM
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K TPUMEHEHUID 9JTHUX [MPOTOKOJIOB, [OJIKHO CTaTb NPUOPUTETOM IS
MEXYHAPOJHbIX OpraHu3alyi, [Jsi COJEUCTBUSA YCTOMYMBOIO MOAXOfa K
TUJIPOSHEPIUA B CTPaHAaX C Pa3BUBAIOLICHCS 3KOHOMUKONM Y PAa3BUBAIOLLIMXCS

CTpaHax, I NOTCHUOHAJI pOoCTa ABJISICTCS CaMbIM BBICOKHWM.
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Pucynok 13 — JIupepebl B riIpOHEPreTUKE MUPA

CornacHo pucyHky 13 no npornosam kK 2020 rogy yBeJIMUUTCS yCTAHOBJICHHAS
MougHocTh ['DC. KuTaii, B CBOKO O4Yepe/ib, OCTAHETCS JUJEPOM B MPOU3BOJICTBE
TUJIPOIHEPTUH.

Jpyroii OCHOBHOW 3ajaueil MJIsd Pa3BUTHUS THUAPOIHEPIETUKMU SBISIETCS
nojjiepkKa PBIHOYHBIX MEXaHU3MOB, KOTOPbIE BO3HArPAXK/IAOT
TUJIPO3HEPTETUYECKUE MNPOEKThl HAJJIeKalmMm o0pa3oM, M, B YaCTHOCTH,
00eCneYnBalOT COOTBETCTBYIOLIME JOXOAbI I TMOKMX PEeXMMOB PadOThI (T.€.
OrpaHMyeHue padoThbl B NEPUOJbI MOTEHUMAIBLHOIO W30bITKA B MPOU3BOJCTBE M
3KCIUTyaTalluM B TEPUOfIbl  BBICOKOTO CHOpOCa, KOIJa BO3HMKAET HEXBATKa

MOIIIHOCTH).
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2 AHaJIU3 MUPOBBIX U 0TE€YECTBEHHBIX TOCTHKEHUN B 00J1aCTH
BETPOIHEPreTUKHU

Kak yxe ormevanocs B I'yaBe 1, cOBpeMEHHbIE BETPOIHEPreTUUYECKHE
KOHCTPYKIMH JENATCA Ha 0pPIIOpHbIE (MpUOpeKHasi) U OHLIOPHBIE (HAa3eMHas), U,
COOTBETCTBEHHO, IPOrPECC B JJAHHBIX 00JIACTSIX OTINYAETCS.

Pazeutie B 06s1acTM MHHOBALIMI B BETPOIHEPIETUKE UMEIOT BA>KHOE 3HAYEHNE
Ul peaM3ald KOHLETMU BHEJPEHWS BETPOBOM oHeprum B mmpe. OpHako, ¢
MOMEHTA OCBOEHMSI HEPTMM BETPA OTPOMHBIM MMHYCOM ObLla BBICOKAsl LIEHA Kak
YCTAHOBKY BETPOTYPOMH, TaK M HA UX COCTABJSAIOIME. B CBSI3M C 3TMM OCHOBHBIM
yIOpOM B TOCJEJHUE TOAbl OBUIO COKpALEHME WHBECTULMOHHBIX 3aTpaT W
NOBBILLIEHNE NMPOM3BOIUTENBHOCTH M HAIEXKHOCTU. be3yciioBHO, ceilyac HA OfjHA 13
KOHCTPYKIMIA BETPOTYPOUHBI O(P(PIIOPHBIX KOHCTPYKUMI HE UMEET BO3MOXKHOCTH
PE3KO CHMU3UTH CTOMMOCTb JHEPrMM, faXe B Oivkaiume rofpl. Tem He MeHee,
KOHCTPYKIMS M HAJIEXKHOCTh BETPOYCTAHOBOK MOXET OBITH YJIyYIIEHa BO MHOTHX
00J1aCTsIX, U; B3SIThIE BMECTE 3TH (PAKTOPbI MOT'YT CHU3UTH CTOMMOCTb 3HEPIMU U
ynydymuTb  HepgocTaTku. CerogHss  JENCTBUSA, CBSI3aHHbIE C  Pa3BUTHEM
BETPOTEXHOJIOTUM, ICJIATCS. HA TPU OCHOBHbBIE HAITPABJICHUS:

1) TexHomorusi KOHCTPYKUMH: TEXHOJOTMA TYpPOMHbI M KOHCTPYKLHMS C
COOTBETCTBYIOLIMM Pa3BUTUEM JM3ailHA CHCTEMbI M MHCTPYMEHTOB, IMEPENOBBIX
KOMITOHEHTOB, 3KCITyaTauysl 1 PEMOHT, HAJIE’KHOCTU Y UCTIBITAHU;

2) BeTpoBble XapaKTEPUCTUKU: OLEHKA JHEPIMU BETPA PECYPCOB C OLEHKAMMU
PECYPCOB ISl pa3MEILEHNST, BETPA U BHELIHUX yCJIOBUM JIJIs1 TYPOMHHOM TEXHOJIOTUN,
a TakKe KpaTKOCPOYHbIE METO/bI MPOTHO3MPOBAHMS;

3) Jloructuka, M3roTOBJIEHUE U YCTAHOBKA MPOOJIEM.
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2.1 HazemHble (OHIIOP)

2.1.1 Pomop

OpHOM U3 OCHOBHBIX YacTel BETPOTYPOUHBI SIBISIETCS POTOP, U 32 NOCIIETHUE
10 nmetr gu3ailH M TEXHOJIOTMS M3rOTOBJIEHHWS] NPETEPHEsO0 MHOTO WM3MEHEHWIA.
BoabummM n3MeHeHrsIM NofIBEpPIiMch U pa3Mepbl TypOuH. OCHOBHOM apryMeHT JJis
OrpaHMYEHUs Pa3MEPOB BETPOBBIX TYpPOMH OCHOBaH Ha KyOWYECKON 3aBUCUMOCTU
BBIXOJIHOW 3HEPrMM OT CKOPOCTU. Tak Kak BbIXOJIHAs 3HEPrUsl YBEJIUYMBAETCS C
YBEJIMYECHNEM [IMAMETPA POTOPA, CIEAOBATENBHO, MAacCa JIONACTEN W UX CTOUMOCTD
noBbllatoTcA. PaHee WHXKeHEpbl, MyTeM yjaJeHusl MaTepuasoB,  JOCTUraJH
yBeIM4eHns 3(P(QEKTUBHOCTM, HO Macca Heu30exHo pociu. Mccnenosanus
komnanuu Wind Partnerships for Advanced Component Technology (WindPACT)
NPOU3BEJIM BBICOKMI CKAaYOK B CBOMX HCCJIEJOBAHUS, TAKMM 00pa3oM, B TMOCJIEJHHAE
rofibl Ko3(h(PUILMEHT MAaCIITAOMPOBAHUS JIOMIACTEN JOCTUT NOKA3aTels OKOJO 2,3, B
ormune oT oxupgaembix 3.0 [20]. Bosee Toro, y mnocieqyrommx MNOKOJEHUN
JonacTeil CHUKaeTcsl KyOuyeckas 3aBUCHMMOCTM JMaMeTpa OT Beca, Kak 3TO

NPEJCTABJIEHO HA pUCYHKE 14.
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Pucynok 14 - I3meHenue Maccbl poTopa OT AnameTpa
Hapspy ¢ maccoil, n3MeHumch 1 pa3mepsl onacteil. CoBpeMEHHbBIE POTOPBI
o0ecneynBarOT OOJIBIINIA 3aXBAT YHEPIAUA U YK€ YMEHBIIWIM CTOMMOCTH SHEPIUU
BeTpa. [IocKONBbKY pOTOPBI CTAHOBATCS OOJbLIE C 00JIEE ITTMHHBIMU, O0JIee TMOKUMU
JIE3BUSIMH, CYIIECTBYET HEOOXOAUMOCTb BHEPEHUSI TEXHOJIOTHUI CHUKECHHS LIyMa.
OHu Tak ke MMEIT OOJIbIIOE 3HAYEHWE [JIs YBEJIMYCHUS KOJMYECTBA 3€MEllb,
NPUTOJIHBIX JJIs MIPOEKTOB MO BETpO3HepreTvke. Huxke mpepacraBieHa JuHAMUKa
VU3MEHEHUS JMAMETPAa POTOpa OT MPOU3BOJMMON MOJIENIA W YCTAHOBJICHHOM

MoInHocTH [14].
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PucyHok 15 - DBououusi "3aMeHeHHs pOTOpa U BbICOThI BETPOTYPOUHbI

OpuH M3 3HaYMMBIX TOKaszaTeseil 3(P(EKTUBHOCTH BETPOTYPOUH SIBIISAECTCS
KO3(P(PULMEHT MCNOJIB30BAaHUSI SHEPTUMA BeTpa. [JaHHBI NMOKA3aTEeNb Y Pa3IMYHbIX
THANOB BETPOYCTAHOBOK MMEET pa3Hble 3HAYCHUA. Tak, HANPUMEP, OOBICHIETCA
NOYEMY NPUMEHEHME TPEXJOMACTHBIX BETPSHBIX MEJIBHUL, WMMEET IIMPOKOE
NpUMEHEHME Ha cerofHsIHuii feHb. Ha pucynke 16 npencraBienbl KoaghuuueHT
UCIIOJIb30BAHUSI 9HEPIMM BETPAa HEKOTOPBIX THINOB TypOWMH, a TakK K€ KpuBas

MOIIHOCTH «UJIEATTLHOTO BETPAKA» .
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Pucynok 16 - KoapuuueHT ncnosib3oBaHust pa3jiiiyHbIX TUIIOB BETPOYCTAHOBOK

B nporuBoBeC [aHHOW KOHLENLIMM JIOMACTENM HA CETOJHALLHUNA JIEHb
CYLWIECTBYET P WHHOBALWI, KOTOPbIE MOV Obl yBEJIWYUTH 3(PPEKTUBHOCTH
BeTpOoTypOuH. Hanpumep, ouH 13 HUX SIBJISIETCS Pa3BUTHE YIIIEPOJHBIX TEXHOJIOT U,
MaTepral KOTOPOro B pasbl JIErYe U B TOXKE BPEMS MPOYHEE CTAJbHBIX JIOMACTEN.
JIaHHBIA NOAXOJ HANPAaBJIEH HA JOCTUXKEHUE YCJIOBUW [JIA CO3[IAHMS JIONMACTEN B
KPUBOJIMHENHOW (POpPME TaK, YTO a3pOJUHAMUYECKUE KOJEOaHUsI Harpy3Ku
NPUMEHSTIOTCSl BPALIATENIbHBIM JIBUDXKEHUEM K TOJIOTHY, KOTOPOE OYAET M3MEHSATHb
YIOJI aTaKH.

[IprMeHeHns yriepoiHbIX BOJOKOH I00ABIISIIO MPOYHOCTHU Jonactu. OgHaKko
JIOMACTU TyPOWH U3 YTJIEPOJHOTO BOJIOKHA UMEIOT HU3KYIO INIOTHOCTh, YTO MO3BOJIUT
elle COKpaTuTh oOwmiAi Bec Jsonactu. HMimesa Takue a’poguHaAMUYECKUE
XapPaKTEPUCTUKHU JIOMACTU MOTYT M3rMOATHCS MPU CWIBHBIX BETPax, BO M30E€XKaHUS

NOJIOMOK WJIY JIPYTUX aBaPUIHBIX CUTYyaUUsIX, COXPaHSS MTPU 3TOM 3(P(PEKTUBHOCTb.
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DTHU KOHCTPYKLMM JIONACTEN CIIO>KHBI, HO TEM HE MEHEE YK€ MCIONIBb3YIOTCSI B TAKUX
KPYIHBIX KOMIIaHUSIX, Kak Vestas. Ha pucynke 17 mpepcraBneHa cermMeHTU3aunys

JIOIIACTH, a TaK K€ BO3MOXKHBIN U3ruo0.
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Pucynok 17 - CermenTr3anusi 1 u3rud JIonacTy BETPOTYPOUHBI

I'enepamop

CornacHO WCCNEOBaHUSIM, Pa3BUTHUE BETPOIHEPETUKU HE  OCTAJOCh
HE3aMEUYEHHbIM U Ha reHepaTopax. Kak orMevanocs Bblllie, MOYTH BCE MHHOBALIMY U
VICCJIE[IOBAHUSI HANPaBJIEHbl HA YMEHBIIEHUE 3aTpaT, KaK MATEPUAIIbHBIX, TaK W
KanuTAIbHbIX. CerofgHsi CylEeCTBYET Psifi YHUKAJIbHbIX KOHCTPYKLUMI B CTajuu
pa3pabOTKM, HANpPaBJEHHbIE HA YMEHBIICHUE Beca MPUBOJIA TE€HEPATOPOB U
CTOMMOCTH TIPY OJIHOBPEMEHHOM TMOBBIIEHUU HaJeXXHOCTU. OIUH W3 HUX:
NPUMEHEHUE OKCUJIOB PEIKO3EMEIIbHBIX METAJIJIOB.

Oxkcupibl pefIK03eMeNbHbIX METAJIJIOB UCMIOJb3YOTCS BO MHOTMX COBPEMEHHBIX

YCTPOMCTBAxX, TakKuMX Kak KaraiuTudeckue  KoHseprepbl, 2KK-skpaHsl,
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AKKyMYJISITOPbl M T€HEPATOPbl BETPOTYPOMH, KOTOPBIE HCIONB3YIOT MOCTOSHHbBIE
Mar"uThl. DTU F€HEPATOPHI SIBIIAIOTCS 00JIee KOMIIAKTHBIMU, O0siee 3(P(PEKTUBHBIMY,
U TpeOyIOT MEHbIIE OOCIYyKMBAHUSI, YTO OCOOEHHO BaXKHO, /I MPUOPEKHBIX
BeTponapkoB. CylIecTBYIOT ONaceHusi, 4YTO JAeUUUT MaTepuaga MOXKET
NPENATCTBOBATh KPYNMHOMACIITAOHOMY Pa3BEPTHIBAHUIO NMPOEKTA 1O MPOU3BOJICTBY
reHEPaTOPOB, O[JHAKO, B XOJI€ MCCIIEJOBAHUI MUPOBbIE 3anackl oueHnim Ha 1 000 net
NOCTAaBOK NpW HbIHEIIHeM ypoBHe notpebaenus (USGS, 2013). Ha camom pene,
LEHBI HA OKCHJIbI HEOIMMA, MCTIOJIB3YEMOTO JIJ1s1 IPOM3BOJICTBA MAarHUTOB, CHU3MJIACH
¢ 195 $/ kr o 80 $/kr B Teuenme 2012 royra. OHAKO OCHOBHOM MPOOGIJIEMON SIBJISIETCSI
TO, 4TO 95% OT TeKylluero Mpou3BOACTBA OKCHOB ocyllecTBisgercss B Kurae,
KOTOPBINl OTPAaHUYMBAET IKCIOPT, HO MMeeT TONBKO 30% W3BECTHBIX MHUPOBBIX
3amacoB. ['OpHOOOBIBaOIME NMPOEKTHI B HACTOSIIEE BPEMs PACCMATPUBAIOTCS B
6osiee yem 20 cTpaHax, M BEAYTCSI MCCIIEOBaHNs AIbTEPHATUBHBIX MAaTEPUAJIOB BO
MHOTMX MCCIIEA0BATEILCKUX NUHCTUTYTAX.

HemnocpencTBeHHO 0 KOHCTPYKIMM MOCTOSIHHBIX MarHuToB. Kak npasuito, oH
NIOBOJILHO KOMNaKTHbIE U nerkue. CornacHo [18] renepaTop ¢ mpsiMbIM NPUBOIOM
MOIIHOCTBIO 1,5 MBT ¢ ncnosnbp30BaHneM peaKO3eMENbHbBIX MOCTOSHHBIX MAarHUTOB
ObIJT U3y4YeH U MPOTOTUI NMOCTPOEH B paMKax mporpammbl komnanuu WindPACT.
OTa KOHCTPYKLMS UCHIOJB3YEeT 56 MOIOCOB U COCTABJISIET BCEro 4 M B IUaMETPE, MO
cpaBHeHnio ¢ 10-m s ¢paszHoro poropa. DTa MalllMHA TNPOLLIA WCTBLITAHUS B
Hanmonansnom lLlenTpe Berposoit TexHosormit, Hamponanenon JlaGopaTtopum
Boso6nosnsiemon Dueprun, CIHIA.

Konuenr, xortopbli mnpemjaraeTcs B NEPCNEKTHBE I OyAyLIMX
KPYMHOMACIITAOHBIX MPOEKTOB MCIOJIB3YET OHOCTYNEHYATHIN MPUBOJL C TOMOLIBIO
reHeparopa Hu3koil ckopoctu. B pamkax npoekt WindPACT 6bu1 pa3zpaboTaH
NPOTOTHIl TPAHCMHUCCUM [IJII TAaKOrO TPUBOAA. JTAa KOHCTPYKLUMS WCIONb3YET

OJHOCTYyNEHYaTy0 nepenady, coepmwaer 190 o60poToB B MHMHYTY, UMeeT 72-

37



NOJIFOCA, C TOCTOSHHBIM MarHuTOM TeHeparopa. [JaHHbIl KOHUENT YMEHBIIAET
MaMeTp reHepatopa MolHocThio 1,5 MBT fo 2 M- [16]. [IporoTun 661 U3rOTOBJIEH
v nnporectupoBad B HaumonansuoM Llentpe Betposbix Texnosoruil, HauponansHom
JTaboparopumn BozooHosnsiemoit Duepreruku, CIIA.

Jpyroil KOHUENT, KOTOPBLIA MpEANoJaracT yMEHbLICHUsS pa3Mepa, Beca U
CTOMMOCTH, SIBJISIETCS] PACIPENETIEHHAsT TPAHCMUCCHS. DTa KOHLENIMS OCHOBAHA Ha
PACLIEIUIEHMY HAa HECKOJIbKO NapaJlIENbHBIX TeHepaTopoB. MccienoBanns nokasanu,
YTO MyTEM PACIIPEAETIEHNS POTOPA KPY TSI MOMEHT YMEHBILAJICS, U B TOXKE BpEMS
nocTuraiiock cHkenue Beca. B 2012 rogy komnanus Windpower paspabortana 2,5
MBT npororuna pucyHok 18, KOTOpBIl BKIOYaeT B ce0sf 3TOT MOAXO[ U B

HACTOsIILIee BpeMsi HAXOAUTCsl B HOBOM 2,5 MBT CB0oGO/IbI TYpOUHBI.

Pucynok 18 -IIporotun komnanun Windpower
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2.1.2Bbawns

HeoOGxopMOCTh  MCMONB30BAHMSA  YPE3BbIYAHO  OONBIIMX KPAaHOB M
TPAHCIOPTHBIX YCTPOMCTB Il OalleH M JIONACTEW CO3[acT HEMaJo NpoOseM i
TPAHCIOPTUPOBKU U Pa3BUTHUSI BETPOIHEPreTUKU. OTHAKO 3TO TAKXKe AT MOBOJ [AJIs
CO3/1aHMs HOBBIX THUIIOB M KOHCTpyKumii. Kak m B ciydae ¢ jonmacTtsiMu, CErofiHA
CYLIECTBYET Psifl KOHLENUMI, KOTOPbIE HAXOAATCA Ha CTajuu pa3padOTKH,
NpeUIararllye YyCTPaHUTh HEOOXOIMMOCTb B OUYEHb OOJBIINX U TSIXKEJbIX KpaHax U
nogbeMHUKOB. Haumbosiee mMpoOKOe NpPUMEHEHWE TNONYYWIA YIJIEPOAHBIE W
CTEKJIOBOJIOKOHHBIE TEXHOJIOTAM, KOTOPBIE NMOMOIJM YMEHBIIUTH BECh OallleH, a

TAKXKE Pa3/eUTh UX HA HECKOJIbKO COCTAaBJSIOIMX [22]

2.1.3 IIpouue

Pa3Butre cnnoBoi 3JIEKTPOHUKY B BETPOSHEPIETUKE TAKXKE UMEET OTPOMHBIN
nporpecc. COBpPEMEHHBIE KOHTPOJUIEPH OOBEAMHSIOT CUTHAJIbI OT MHOXECTBA
NAaTYAKOB 11 KOHTPOJIA CKOPOCTM BpalEHWs POTOPA, YroJl HAKJIOHA JIONAaCTH,
HanpsikeHue mnpeoOpa3oBaHusi oHeprum M as3bl. KoHTposep Takke Hecer
OTBETCTBEHHOCTb 3a BAaXKHbIE pELIEHUs] OE30MaCHOCTH, HANPUMEP, PEATM30BAHO
BBIKJIFOYEHNE TYPOMHBI NMPU 3KCTPEMAIBHBIX yCIOBUsX. CeropHsi OOJBIIMHCTBO
TypOMHBI pabOTaIOT C MEPEMEHHON CKOPOCTBIO, @ CUCTEMA YITPABJIEHNUS PETYJIUPYET
YaCTOTY BpallleHAs pOTOpa I TMOJYYEHUST MAKCUMAIbHOW 3(P(PEKTUBHOCTU B
KOJIEOJIOLMXCSl 3HAYEHMAX BETpPA IMyTEM HENPEPBIBHOIO OOHOBJIEHUS CKOPOCTH
BpallcHWs POTOpPa M HArpy3KM T€HEpaTopa, YTOObl MAKCAMAJIBHO YBEJIWYUTH
MOIIHOCTb.  PaGouyasg  mepemeHHass  CKOpOCTb  TpeOyeT  HCIOJIb30BAHUSA
npeoOpas3oBaTeNeil 3HEpruy, 4YTOObl TEHEpUpyeMasi MOLIHOCTb COBNajaja C

4aCTOTOU CETU.
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I'mppaBnmnueckne  KOHCTPpYKUMM — NPHMBOAA  ABUraTeNnsi, B  KOTOPOM
TMAPABIAYECKAs CUCTEMA 3aMEHSET MEXAHMYECKYH0 KOpOOKY mepefad, TakxKe
BO3MOXHaA B Oyayuiem. [lanbHeiiee pa3BuTUE OONBIIMX M OOJIBIIMX MOLIHOCTEN
TypOuHbI MOTpeOyeT OoJiee BBICOKOM MOIIHOCTU CUJIOBOM 3JEKTPOHUKUA U
PACIIMPEHHBbIE BO3MOXKHOCTH TO[JIEP>KKM CETU OT BETPOBBIX INEKTPOCTAHLMMN.
Bousee Hn3Kkast cromMocTh NpeoOpa30BaHNs IHEPTUMU OXKUAAETCS OT BHEIPEHUS Ooee
BBICOKOI MOIILIHOCTH HANPSIKEHUS 3JIEKTPOHUKHA [23].

Pa3BuBaeTcs u cucteMusbiil qu3aH. Llesb CUCTEMHOro qu3aiHa COCTOUT B TOM,
yTOOBI pa3padoTaTh 60JIEE SKOHOMUYHBIE KOHCTPYKUUH TYPOUHBI C BO3MOXKHOCTBIO
U3BJIEKATh OOJIbIIIE SHEPTUM U3 BETPA, B TEUEHUE O0JIEE NIUTENBHOIO CPOKA CITYKObI
M B KOHKPETHBIX YCJOBMSX 3KcrulyaTtauuu. [Ipom3Bopurenn BETpSIHBIX TypOWH,
KOTOPbIE IUIAHUPYIOT MPENIOXKUTh TaK Ha3bIBa€MbIC "KIMMATUYECKHAE NAKEThI"
HY>KHO OyJIET MCIONBb30BATh CHELMAIBHBIE MATEPUAIIbI U KOMIIOHEHTHI; B TOM YUCJIE
CHeqUaNn3uPOBAHHBIX WU3MEPUTENBHBIX CUCTEM, obGorpeBaresien W
NOAOrpeBaTEIEN /I KOMIIOHEHTOB M TOJICUCTEM, W JaXKE TOHJOJbI OTOIUICHHUS,
yTOoObI ~OOecreynTh KOM(OPTHOE OOCHy>XuMBaHMEe TypOuHbl. B  KauecTe
NPOTHBO3AMEP3AIOIIEN  CUCTEMBbI  JIOMACTEN  Yalle  BCEr0  MCHOJIb3YIOT
3JIEKTPOTEPMUAYECKUE HATPEBATENBHBIE JIEMEHTHI.

Ha crnepgyromeM pucyHKe MpEACTABIEHbI LIEHbI HA COCTABISIOLIME YaCTH
BETPOTYpOMHBI. Kak BUHO M3 TaHHOTO PUCYHKA, OOJNBIIYIO YAaCTh 3aTPAT 3aHUMAIOT
OawHs 26% u nonactu 22%. TakuMm 00pa3oM, CHUKEHHUE 3aTpaT Kak MUHMMYM Ha
39TM YaCTA MOTYT CYIIECTBEHHO CHU3UTH OOILIYI0 CTOMMOCTb BETPOTYPOMH, M

COOTBETCBECHHO BCTpOBOﬁ QHCPIruu B LICJIOM.
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Generator 3%

Transformer 4%
Tower 26%
Power converter 5%

Assembly 11%

Gearbox 13%

Other materials 16% Rotor blades 22%

Pucynok 19 -Ilena coctaBasiroliyx BETpOTYPOUHBI

Bce KOHOCIIMN W YJIYy4YIICHUSI OIMMCAHHBIC BBIIIC ObLIN HUCCIEN0BaHbI

MexnyHapogabiM DHepretnyeckuM AreHTcTBoM B 2012 rogy. CpaBHUB MOKa3aHUs

cedectoumoct BeTpoTypOouH Ha 2009 rop, TeHpeHumro cHxkenuss Ha 2010 rop,

BBIICHAJIOCH, 4TO K 2020 rogy OHa MOXKET CHU3WUTCS CTOMMOCTHU Ha 0K0Ji0 20% oT

LCOE 3emmn Ha ocHOoBe sHeprum BeTpa K 2020 rogy pucyHok 20.
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Prucynok 20 - CHuKeHue 1eHbl Ha BETPOTYPOUHBI B PE3YJIbTAaTe BHEAPEHNS HOBBIX

TEXHOJIOTUN
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2.2 beperossle (o ¢op)

B nHacrosimee Bpemsi oppUIOPHBIE 30HBI B MEJKOBOJBE 3TO B OCHOBHOM
MOAU(pUUMPOBAaHHASI BEPCUSI CTAHAAPTHOW HA3EMHOW TYPOWHBI C N3MEHEHUSIMU, JIJISA
ydeTa COCTOSIHUS ycnoBui okeaHa. OgpuiopHble TypOMHBI BKIIIOYAIOT B ce€0s psf
W3MEHEHUI B CTPYKTYpe OalIHu:

1) Ins 3ammThl OT HArpy3KY NPUJIMBHBIX M OTJIMBHBIX BOJIH U BECA TOHJIOJIbI;

2) [1ns npenoTBpalleHus KOPpO3nH;

3) Hug oOnerdyeHus TEXHUYECKOrO OOCHyKMBaHUSI W MPEIOCTABICHUS
BPEMEHHOIO YOEKMILIA.

YT00BbI CBECTH K MUHMMYMY JIOPOTOCTOSILIEE OOCITY>KMBAHUE, COBPEMEHHBIE
o(ppuiopHbIE  TYpOMHBI  OCHAIIEHBI CHUCTEMAaMHU MOHUTOPUHTA  COCTOSIHUS
PACIIMPEHHBIE, ABTOMATUYECKAX CUCTEM CMA3KM NOJUIMITHUKOB, CEPBUC HA OOPTY
KPAaHOB, a TAKXKE CUCTEMbI PETYJIMPOBAaHUs TeMIepaTypbl Macia. CTOUT OTMETHUTH,
YTO BCE BBILIENIEPEYNCIIEHHOE NPEBBIIAIOT CTAHAAPT U1 HA3EMHBIX KOHCTPYKIMN.

CoBpeMeHHbIE MOpCKHME TypOuMHbI B jauana3zone or 3 MBT no 5 MBrT B
pa3Mepax u, Kak MpaBujIo, IMEIOT TPH JIOMACTH, PA0OTAIOT C TOPU30HTAIILHOW OCHIO
pOTOpa HaBETPEHHOM, a HoMUHaNBLHO OT 80 10 126 M B quaMeTpe. BbicOoTa OAIlHU OT
Oepera HUXe, YEM Ha Cyllle TYpOMH, TaK Kak NpO(WIIM CABUra BETPA MEHEE KPYTOH,
3aKAJIMBAHME BBIFO[bl 3aXBAaTa OHEPIMM HCKOMBIX C YBEJIWYEHUEM BBICOTHI.
OdpropHbie OCHOBaHUS CYILIECTBEHHO OTIIMYAIOTCS OT HA3€MHBIX TYpOUH. PrUcyHOK
(HVM>KE) HArJSgHO JIEMOHCTPUPYET OTJMYMS OCHOBAHMI Yy TaKUX KOHCTPYKLWH,

KOTOPBIC OTJIMYAIOTCs B BUJTY Pa3HbIX IMOYB.

42



Monopile

Prucynok 21 - Tuna oppopHbIX BETPOIIEKTPOCTAHIMI

OO6b14HO, 0P PIIOPHBIE BETPOYCTAHOBOKM yYCTAaHABIMBAIOTCA Ha rinyouHe 20-
30 M. OcHOBaHuS BCE Yallle CTAIX JICNIATh U3 CTalIN: OOJbIIME CTAIbHBIE TPYOBI C
TOJILLMHON CTeHKH 10 60 MM 1 tuameTpom 6 M. ['myOuHa ninaTgopMbl MEHSIETCS B
3aBMCUMOCTH OT THIIA NTOYBbI, HO OObIYHAsS yCTaHOBKA B CEBEpHOM MOpe

Tekylmpye OUEHKM NMOKAa3bIBAKOT, YTO 3aTPaThbl HA 3KCIUTYaTALMIO U PEMOHT
BBILIE, YEM I HA3€MHBIX TYpPOMH M3-3a CJIOXKHOCTH JIOCTyNa TYpPOWHBI BO BpeEMs
LITOPMOBBIX yCJIOBHSIX.

Psap npeumyiiecTB He 3acTaBui A0JTO XpaaTh nporpecca. Ha cerogusmmii
NIeHb, O (PUIOPHbIE 30HBI MIMPOKO OCBaMBarOTCd cTpaHamu CeBepHoil EBporbl,
Kwnras, CIIA u ppyrux rocygapcTtB. CTpEMUTEIBHOE Pa3BUTHE NMPUOPEXKHBIX 30H
BEJET K YBEJIMYCHMIO IUIOLIAN MOKPBITHAS, TEM CAMbIM BbI3bIBasi HEOOXOAMMOCTh

OCBOEHHs OOJIBILIMX TEPPUTOPHI MOPCKOrO NMpocTpaHcTBa. Ha cerogHsiHuil 1eHb
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CTb TpM JIOTMYECKMX CLEHApusi, NPEACTABISIOLME MPOrPECCUBHBIE YPOBHU
CJIOKHOCTH M Pa3BUTHSI, KOTOPBIE MPUBEYT K CHUXKEHUIO 3aTPaT U 060JIee BBICOKUM
MOTEHLMAJIOM Pa3BEPThIBaHWS BETPONMAPKOB. PUCYHOK 22 WIIIOCTpUpPYET NyTH

pa3BuTHs 0(pPIIOPHON BETPOIHEPrETUKH.

Land-based Shallow Transitional Deepwater
Technology Water Depth Floating
Technology Technology Technology

IR
/%

Qﬂsﬂuja

w

levelopment

Pucynok 22 - PazButne oppiopHbIX BETPOINEKTPOCTAHIUIN

[lepBblil 3aKIIOYAETCS B CHUXKEHUM 3aTpaT M yCTPaHUTb Oapbepbl s
Pa3BEPTHIBAHUS MEJIKOWM TEXHOJIOrMA 0OpaOOTKM BOJIbI B BOAHBIX riyonHax ot 0 10
30 MeTpoB.

BTopoit nyTh gBAsieTCS MEPEXOAHON TEXHOJIOTMEN, B KOTOPOW HEOOXOAMMO
OCBOCHHE TAaKMX TJIyOMH, IJIe COBPEMEHHbIE YCTPOWCTBA IOKAa HE MOTYT
(pyHKIMOHMPOBATH. JTa TEXHOJOTUS UMEET OTIMYHYIO BO3MOXKHOCTbD JIJIsI pa3BUTHUSA
B MECTax ,I7Ie OCYLIECTBIAETCS AOObIYa MOPCKMX MECTOPOXKACHMWN HE(DTH U rasa.

[Tepexonnbie riyounbl onpeaensitorcs: Kak ot 30 go 60 MeTpoB.
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TpeTuit myTh 3aKit0YaeTCs B pa3pab0TKE TEXHOJIOTMM IS TITyOOKOM BOMBI —
Ha riyouse ot 60 10 900 MeTpoB. DTa TEXHOJIOTHSI, BEPOSITHO, Oy/IET UCNOJIb30BATh
NJIABAIOIIVE CUCTEMbI, KOTOpPbIE TPeOyrOT Ooublle 3aTpaT M uccienoBanuil. Ha

pUCYHKe 23 n300pakeHbl CYLIECTBYIOIINE THIIbI TUIABAIOLMX BETPOJIETPOCTAHLMUMN.

Floating wind
turbine concepts

TN

VANSN|

A

Ballast stabilised “sparbuoy” Mooring line stabilised ~ Buoyancy stabilised
with catenary mooring drag ~ tension leg platform ~ “barge” with catenary
embedded anchors ~ with suction pile anchors mooring lines

Prcynok 23 - Trna nnaBarommx BETPO3IEKTPOCTAHIMI

B Ommxaitimem OyaymeM oxXupgaercs, 4To Og@IIOpHbIE TypOMHBI OYAYT
uMeTh MOIIHOCTb OT 10 MBT unu 6onee [25]. OHu MOryT BKJTtOUaTh B ce0sl Jierkue
KOMITO3UTHBIE MAaTEPHUAIIbI, OOJIErYEHHYI0 TPAHCMMCCHUIO, MOAYJIBHBIE T€HEPATOPBI
MOJIFOCHBIE C TPSIMBbIM NPHUBOAOM, T'MOpHUAHYIO pamy OamiHM. CTOMMOCTB CHCTEM
YNPAaBIICHUSI U JATYMKOB, KOTOPbIE KOHTPOJMPYIOT U OCYIIECTBISIOT MOHUTOPVIHT
COCTOSIHUSI TYPOMHBI HE OyJIET CYLIECTBEHHO PAcTW MO MEPE YBEIMYEHUS] pa3Mepa

TypOMHBI, HO OylyT MMETHb OOJee BBICOKYK) HAJEKHOCTb, YTO Ba*KHO W3-3a
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OrpaHMYCHHOr0 JOCTYyINAa NpU TAXKCIbIX IITOPMOBBIX YCJIOBHAX, KOTOPbLIC MOI'YT

COXpaHsATBCA B TCYHCHUEC [JIMTCIJILHOTO IIEPHUOJId BPEMCHU.

2.3 [IpeumymiecTBa U HEOCTATKU NPUMEHEHUS BETPOBOM IHEPTUM

Kak y>e Obu10 OTMEUYEHO B MPEABIYIINX IVIABAX , BETPOIHEPIEeTUKA SBIISIETCS
CaMbIM PaCpPOCTPAHEHHBIM MICTOYHUKOM BO300HOBIISIEMON 9HEpruM B Mupe. OHaKoO,
KaK M JI0OO0¥ APYroyl MCTOYHUK SHEPIUW, IPUMEHEHUE SHEPIMU BETpPA MMEET KakK
NOJIOKUTENBHBIE, TAK U OTPULIATENIBHBIE CTOPOHBI.

K nonoxurenbHbIM CTOpOHAM OTHOCATCSI:

1. «3eNeHass» UM YNACTAasi SHEPTUsl.

[Ipon3BopcTBO 3HEprMM BeTpa SBISETCd '4UCTBIM". B oTimume oOT
VCIIOJIB30BAHUS YTJIsl UM HE(DTH, CO3[JAHUE IHEPTUM OT BETPA HE 3arps3HSIET BO3yX
U HE TpeOyeT KaKuX-IuO0 pa3pylINTENbHbIX XUMUYECKHX BELIECTB. B pe3ynbrare,
9HEPrusl BETPa YMEHBLIAET 3aBUCAMOCTb OT MCKOINAEMOrO TOIUIMBA, a TAKXKE, YTO
[IOMOr'aeT Hallleyl HAUMOHAJIBHOM SKOHOMHUKE W IpejlaraeT LEJblil psij APYTUx

NPEUMYIIECTB, TAKUE KaK cokpaieHnre BbiopocoB C02 B amTocdepy.

1,700

life cycle greenhouse gas emissions (g CO2e/kWh)

46



Pucynok 24 - CpaBuenne BbiOpocoB CO2 TOHH/KBTY pa3HbIX MCTOYHUKOB SHEPIUU.

Kak BrIHO U3 pUCyHKa, SHEPIUS BETPA, KaK M JIFOOON UCTOYHMK «3EJICHON»
9HEPrMy HE MMEET NMPAKTUYECKM HUKAK BbIOPOCOB B amMTocdepy. OgHako, ecTb U
MUHYCBI B 3TOM IIyHKTE, KOTOPbIE OyyT PACCMOTPEHBI B KHEOCTATKAX> .

2. Bo3oOHOBIIIEMast HEPTUS.

B kaudecTBe BO300HOBIIIEMOrO aKTMBA, BETEP HUKOITIA HE MOXET OBITh
VCYEPIIAH KaK U APYrYe UCTOYHNKH , HAIPUMED , HEBO30OHOBIIsiEMbIE. BeTpa BbI3BaHbI
BpauieHneM 3emur, HarpeBa atMocdgepbl COHIEM W HEPOBHOCTEN NMOBEPXHOCTH
3emmm. MHcnonb3oBaHWe SHEpruM BeTpa I BBIPAOOTKH  3JIEKTPOIHEPIWH,
BO3MOXKHO, oKa cBeTUT CONHIE, a 3TO, M0 MHEHUIO YUYEHBIX , OKOJIO 6-7 MUIIIMAPIOB
net. bonee TOro, COrJIaCHO HEKOTOPBIM HE3AaBUCHUMBIM HCCIIEOBATENBCKUM
rpynmnam, MUpOBOI MOTEHUMAN 3HEprun BeTpa coctasisieT oosee 400 TW.

3. DKOHOMUYHOCTb.

JlaHHBI MYHKT HA CaMOM JIEJIE SIBJIIETCSI CIIOPHBIM, TaK KaK MMEET OOPaTHYIO
cTopoHy. OfHAaKO, B JIEMCTBUTENBHOCTH, BETPOMAPKM MMEIOT OIPOMHBIN IUTIOC B
HU3KOI CTOMMOCTH 3KCIUTyaTalMOHHbIX pacxofax. Kak nmpasumo, ritaBHbIi MHXKEHED,
NOMOLIHUKOM TJIABHOI'O WMHXKEHEPA M KOMAaHJa TEXHUKOB PpaOOTAaIOT HAa MeECTe
BeTponapka. CornacHo MCCNeaoBaTeNsIM, Ha CTAHLMIO YCTAHOBIIEHHOW MOIHOCTBIO
40 MBT (30 - 50 TypOuH) focTaToyHOro 1 3Kunaxa u3 IByX KBaau(puuupOBaHHBIX
TEXHUKOB.

4. BBICTPBIN POCT ¥ OTPOMHBIV MOTEHLMAI:

B pasBuTuM BETPOZHEPreTHKM HAOMIONAETCS OTPOMHBIA POCT B MOCHEOHEE
necstunerue. [1o nanabv nenapramenta snepretuku CIIA , cOBOKynHast MOIHOCTb
BETpPa yBEeIMUYMBAETs B cpefHeM Ha 30% B rof. DHEPrus BeETpa COCTABISET OKOJIO
2.,5% ot 0611ero oobeMa Npou3BOJICTBA JIEKTPOIHEPIMU MO BceMy MUpy. BeTpoBbie
TypPOMHBI JOCTYIHBI B PA3JIMYHBIX Pa3MEPAX, YTO 03HAYAET IUMPOKUI CIIEKTP JIFOAIEH

u Ou3Heca MOT'YT BOCHOJIB30BATLCA C€HO JIJIsI MPOU3BOACTBA JJICKTPOIHECPIUM [JIA
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COOCTBEHHbIX HYXJl WM MPOAATh €ro MOJIE3HOCThb, YTOOblI U3BJIeUb HEKOTOPYIO
NpUOBLIIb.

5. CHkeHne 1ieH

Pacxon sHepruu BeTpa CTpeMHUTENLHO PAcTET B MOCJEHEE BpPeMsi, TaK KakK
CTAHOBUTCS Bce OoJiee MOMyJsipHbIM, a 3TO O3HAYAET, YTO OH OYyJeT HEU3MEHHO
neweeThb. C 1980 ropa, 6marogapsi TEXHUYECKOMY MMPOTPECCY Y YBEIMYECHUIO CIIPOCA
UEHbl CHM3WINCL Oojiee 4yem Ha 80%, OXWMAAeTCs, YTO LEHbI MPOJOJIKAT

YMEHBIIATHLCS B OJIMKAIIEM Oy yIIEM.

Henocratkn

1. HagesXHOCTb.

Berep, kak mnpaBwio, He OBbIBAET TMOCTOSIHHBIM W TYPOMHBI OOBIYHO
(pynkumonnpytor B npepenax 30% yCTaHOBIEHHON MOLIHOCTH WM OKOJIO TOro. B
TOM Cly4yae, €CJIM IMOoroja He OO0JaJaeT HYXHbIM BETPOBBIM MOTEHLMAJIOM,
NOTPEOUTENb ~ MOXKETE OCTaTbCs 0Oe3 NHUTaHus (WM BO BCSIKOM CJIy4ae Bbl
HEOOXOJUMO 3aBHCETb TAKXE OT JJEKTPUYECKONM KOMIIAHMM, YTOOBI HMETH
cHaOeHue B Te BpeMeHa). Cepbe3Hble Oypy WM CUJIbHBIE BETPbl MOTYT IPUYMHUTD
BpEN BalllEll BETPOBOM TypOMHBI, 0COOEHHO KOI'7]a OHM NOPA>KEHbI MOJTHUEH .

2. ¥Yrpo3sa pukoi npupoasl: Kpast BeTpoBbIX TypOMH MOTYT OBITH Ha CaMOM
fieJie HeOEe30MacHO Il OKPY>KAroLed MpUPOAbI, OCOOCHHO [JIsl NMTHUL, U APYTUX
JIETAIOIIMX CYILIECTB, KOTOPbIE MOTYT ObITb B 3TON oOjactu. Ha camom fiene He
CYILIECTBYET KOHKPETHOIO CIIOCO0a NPEJOTBPATUTD 3TO, HO 3TO ONPENEIIEHHO TO, YTO
HACEJIEHNWE JJOJDKHO 3HATh, YTOOBI yOEUTHCS, YTO OHM OCBEOMJIEHBI O BO3MOYKHBIX
NOCJIEAACTBUSAX , KOTOPBIE MOTYT BO3HUKHYTb B PE3YJIbTATE ITOTO.

3. Ulym:

BeTpoBbie TypOMHBI MOTYT OBITH HICTOYHUKOM APYTOro BiAUsHUKS. BeTpoBbie

TypOMHBI M3[IAlOT 3BYK, KOTOPbIA MOXKET HaxoguTbcsa B mpefenax ot 50 go 60
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feumoen, M, €clM IUIaHWpyeMas IUIOLIAfIKa IMOj] BETPONapK JIEXKUT PSJIOM C
HACEJICHHBIM IyHKTOM, TO 3TO MOXET CO3/1aTh AUCKOM(popT HaceneHuto. Hekoropwie
JIIO[W CUYMUTAKOT, YTO BETPOBBIE TYPOWHBI NOCTABISIOT MAacCy HEyJOoOCTB (Iu3aiiH,
IYM U IPYTO€), TaK YTO HE UCKJIFOYEHBI >KaI00bl HA HUX.

4. JloporoBusHa myCcKO-HaJIa/I0YHbIX padoT.

BeTpoBbie TypOuHBI U ipyrue MaTtepuanbl, HEOOXOAUMbIE JJIs1 TPOU3BOJICTBA
3HEPIMM BETPa MOTYT ObITb OYEHb JIOPOTOCTOSIUM, W ONUPAsCh HA TO, IJIE
NJIAHUPYETCS MOCTPOMKA BETPOMAPKA, ITO MOXET ObITh TPYJHBIM HAWTHU KOTO-TO,
YTOOBI MPOJIATH UX BaM U KTO-TO, KTO MOXET MOJJIEP>XKUBATH €T0 B TCUCHNUE BPEMSI.
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Pucynok 25 — [luHaMrKa U3MEHEHUS LIEH B BETPOHEPreTUKE

5. be3onacHOCTb MIOAEH: CUIIBbHBIX IITOPMOB M CHWIBHBIX BETPOB MOXKET
NPUBECTHU K MOBPEKACHUIO JIONMACTEN BETPOBOW TypOUHBI. JIe3Bue jionactu MOXeT
ObITH OMACHO JJIsi OE30MACHOCTH JIIOAE, padoTaroumx nodym3octr. OHO MOXKET
yIacTh HAa HUX, NMPUYMHAS BPEJ >KU3HU YEJIOBEKY WM TNPUBECTH K CMEPTU B
HEKOTOPBIX CIIyYasix.

6. [lopxomuT pJisl ONpefeseHHbIX MeCTax: HEePrud BeTpa MOTYT ObITb
MCIOJIB30BaHbI TOJILKO B ONPEEIEHHBIX MECTAX, II€ CKOPOCTh BETpa BbICOKA. Tax

KaK OHM B OCHOBHOM YCTAHOBKHU B OTJJAJICHHBLIX paﬁOHaX, JIMHUM SJICKTponepeaain
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JIOJKHBI ObITH NOCTPOEHBI, YTOOBI JOBECTU MOILHOCTD JIO >KUJIbIX JOMOB B FOPOfE,
KOTOPbIA TPEOYET NONOJHUTEIbHBIX MHBECTULIMI, YTOOBI CO3/1aTh UH(PPACTPYKTYPY .

7. BnusiHre Ha OKPY>KAIOLIYIO Cpefy: DTO 0043bIBaeT OOJBIIOE KOJIAYECTBO
OTKPBITOIl MECTHOCTH, YTOObI CO3/1aTh BETPOBYIO AJIEKTPOCTAHLMIO. DTO BEJET K
BbIpYyOKE JIECOB, MOJIEN, YCTPaHsIsl BCIO 3€JIEHYI0 MPUPOAY. MecTa, KOTOpbIE MOTYT
ObITb XOPOIUU JIJIsl 3TOrO0, MOTYT ObITh TPY[AHBI JIIsl 3aCTPOMKM M 3KCIUTyaTalUH.
KoHcucTeHyus ¢ KoioM ropoia 1 MaHjaTbl MOTYT ObITh YTOMUTELHBIM, KOI/Ia BbI

NbITAETECH YCTAHOBUTH BETPOBYIO TYPOUHY.
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4. Financial model

4.1 Theoretical background

Net present value

Net present value (NPV), as claimed in (Faisalabad, Arshad 2012), is the total
sum of overall future cash inflows and outflows, represented into present value.
Moreover, all cash flows must be discounted at some discount rate, corresponded to

the project. The following expression shows how NPV is getting on [37]:

T CE

NPV =—INV + .
o (1+7)

Equation 1

where CF — sum of cash flow at different periods of time;
1 — discount rate;
N — lifetime.

It should be noted, that CF,, at the beginning of period, is frequently in

negative form. Hence, this value is estimated as cash outflow or investments [38].

According to Oliveira and Fernandes, different energy projects have different
revenue flow. For example, for wind speed distribution mainly considered as the
same each year, so it means that annual revenue will remain at almost the same

numbers [39]. Further, NPV formula with unified revenue showed below:

(1+7r) -1
NPV =—INV + ACF {m Equation 2

where ARR - average annual revenue;
INV — initial capital cost;
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N - lifetime period;
1 — discount rate.

As it was mentioned by Ivo Welch, the most elementary, but the best
description of NPV is: if NPV equals zero — it does not bother; if NPV is lower than
zero — it must be discarded, but if NPV higher than zero — it is better to accept this

project. It also called “capital budgeting rule” [40].

However, as any method NPV has some drawbacks, which related to

renewables, such as wind or solar energy [39]:

1)  Since it is difficult to calculate all project risks, measuring of proper
number project’s capital costs seems to be not an easy ask.

2) Values, like discount rate, depend on economic situation in each
country, financial market actions. Nevertheless, in such project they remain
constant, which of course has a bad affect.

3)  Some people claim, that percentage NPV would be better that

monetary.

Despite of NPV is very crucial value for evaluation, there are several values

which can be also useful to see full picture.
Internal rate of return

Internal rate of return, or commonly called IRR, is one of the investment
evaluation methods. This technique usually illustrates a superb insight on how
project is going on [40]. IRR is a value that leads all cash flows (both inflows and
outflows) to zero. In other words, Net Present Value (NPV) will be equal to zero at
the discount rate equals IRR [39]. As it was explained in [38], the acceptable value

of IRR is when the discount rate is lower than IRR [38]. In other words, in
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investment project IRR should be higher than discount rate. It also calls “Internal

rate of return rule” [38].

So, as it was mentioned above IRR is a value making NPV equal zero. The

next equation shows how to calculate this value:

T CE

NPV =—INV+Y —— =0
o (1+1RR)

Equation 3

where CF — cash flows (both inflow and outflow);
INV - investments;
NPV — net present value.

According to researches, in investment projects, related to wind energy,
revenue is calculated by unified expression, since expected revenue is estimated
annually. So, in this kind of case for wind energy projects IRR will be calculated by

the following formula [39]:

= Equation 4

T_
NPV:—INV+ACF{ (1+/RR) —1 }

IRR-(1+ IRR)’

where IRR — internal rate of return;
ACF - annual cash flow;
INV — investments;

N - lifetime period.

Moreover, this equation can be modified [39]:
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Equation 5

T_
(1+ IRR) 1T _INV _ o
IRR-(1+IRRY | ACF

where IRR - internal rate of return;
ACF - annual cash flow;
INV — investments;
SPB — Simple payback period;
N - lifetime period.

It can be clearly seen from this equation: no matter value of N, when IRR rises

SPB declines. What was proved in [39] article.

However, the internal rate of return method has several disadvantages, which

are showed below [39]:

1) Despite of cash flows structure, there might be several IRR values. It means
that there are several solutions in one project. Finally, there is no one decent answer.

2) IRR value expects, that cash inflows and outflows might be reinvested into
IRR. Compare to NPV, which doesn’t have this drawback.

3) The IRR forget about the amount of investments. Small size projects could
have IRR higher than projects with great investments. Again, NPV doesn’t have such

drawbacks.
Profitability Index

Profitability index is the value which illustrates the ratio of project’s future

cash flows in the present value over investments. The formula is showed below [38]:
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T
> DCF,-(1+r)

Pl = Equation 6
INV

where DCEF - discounted cash flow;
r — discount rate;
INV — investments;
T — lifetime period.

According to several studies, PI describes relation between Net Present Value
and Investments in a monetary unit. Also it can be rewritten by the following

expression [41]:

NPV
PI :1+W Equation 7

where NPV — net present value;
INV - investments;

Projects with Net Present Value greater that one usually means that
Profitability Index is also has a positive value. So, “the rule of profitability index”
claims: if a project has profitability index higher that one, it should have a green

light to be accepted, otherwise — the better way is to avoid it [40].

As it was described in some works, profitability index has some drawback, as

any other methods [41]:

1) Profitability index could not give, sometimes, the correct answer, because
of different types of cash flow. In other words, there might be a situation when

profitable index is higher, while NPV is much lower comparing to another project.
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Hence, it leads to make a wrong decision when you need choose one project among

three another.
Levelised Cost of Electricity

Levelised Cost of Electricity is the price that describes the ratio between
expenditures (including investments, operation and maintenance costs, fuel costs)
on produced electricity, including discount rate. Value of LCOE ranges due to the
following factors: different sources (traditional or alternative); the location where
the project is going on (in each country prices various); technology (what quality
and type of technology was used) and other aspects. According to experts from
IRENA, levelised cost of electricity for renewables (including wind power) can be

calculated by the following formula [42]:

- INV +OMC + FC
=1

: (1+7)
LCOE = T Equation 8

Z (1+tr)"

i=1

where INV — investment;
OMC - operation and maintenance costs;
FC — fuel costs (for wind energy ignored);
E — annual electricity producing;
r — discount rate;
T — lifetime period.

In other words, levelised cost of electricity nothing else annual total costs per
generated energy. A fully described meaning of LCOE is illustrated in the figure

below.
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Figure 48 — Levelised cost of electricity assumption in wind energy [42]
Payback Period

Scientists in some studies demands, that in capital-budgeting methods the
more “practical”, rather than “theoretical” is payback rule [40]. It is also the most

frequent operated technique after internal rate of return and net present value.

According to investigator, the payback rule means: if payback period is lower
than stoppage period, in this case the project should be adopted, if it higher — not or

if close to cut off period, it might have more projects risks [38].

As it was reported, simple payback period is the period of time which is

needed to return the investments. The simple description is represented below:

T
(C,=C)) +(C,=Cy), +.4(C=Cy), = Y (C—=Cy), 2 C, Equation 9

i=1

where C, — cash outflow;
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C, — cash inflow;

As it was mentioned above in renewable energy project, like wind, annual
electricity production is assumed as identical from year to year. It means, that annual
revenue from electricity selling will be the same. So, based on this knowledge SPB

will be determined likewise in the next formula [39]:

INV
SPB=—— E '
ICF quation 10

where INV —investments;

ACF - annual cash flow;

Though, this method also has some drawbacks, which was described in [39]:

1) Simple Payback Period does not take into account cash flow which might
be obtained after payback period in the following future and has impact for this

value;
4.2 Financial analysis
According to [51], most common financial analyses are:

1) Sensitivity;

2) Scenario.

Regarding to several studies, sensitivity analysis is a method shows change
tendency under different variables. Meaning, sensitivity analysis answers to the
questions like “what will happen, if some inputs will change?”. In many cases,
sensitivity analysis applies to main financial ratios, like, Net Present Value or
Internal Rate of Return. The results of sensitivity analysis are useful when managers

looking for influencing of project’s outputs on several input variables. However,
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sensitivity strictly limited on market. In other words, changing the range of variables

may not be useful, if the market opportunities are wider. [38], [51].

At the same time, also, one of the frequently used approaches is scenario
analysis. This technique allows to see how project’s outcomes change, if several
assumptions will suddenly change. Therefore it shows how the project will going on

if it happens [38].

However, as any method, scenario analysis has several drawbacks. As it was
described, scenario analysis limited to outcomes or in other words, there’s no strict
description of realistic or pessimistic scenarios. Also, one of them is difficulties,

meaning to estimate proper values for variables is not an easy deal [51].

Thus, based on the knowledge gained, for this project three different scenarios

were assumed. They are:

1) Realistic;
2) Pessimistic;

3) Optimistic scenario;

According to study presented by researchers, realistic scenario includes
expected all inputs at the expected level, so called real values [51]. In this case, as a
realistic scenario the option with expect revenues, costs and some possible

permissions was adopted.

Further, pessimistic scenario, as it investigated in some works, is vice-versa.
This option is estimated as a worse variant. In pessimistic scenario most inputs
values are at the lower level, than expected [51]. Again, this case is considered as a

variant without any benefits, given by the government.

For scientists, an optimistic scenario is determined as the best option [51]. In

other words, it shows the highest possible NPV. For the work it could be an option
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with expected revenues and costs, and all possible exemptions, benefits and

permissions.

Before speaking about the results it is crucial to show what kind of benefits
and permissions investors could receive in the wind energy sector, and how they

would have an effect on the project (both positive or negative).

First of all, it is fixed tariff, which was described in previous chapter. Shortly,
it means, that the Government obligated JSC “KEGOC” (Kazakh Electricity Grid
Operating Company) to buy all clean energy, which offers to investors constant

revenue.

Moreover, there’s a significant governmental support for renewable energy
investors. According to International Finance Corporation’s recent report, there are

several privileges [53]:

1) Free custom duties;
2) Government grants;
3) Tax preferences;

4) Investment subsidies.

Free custom duties are allowed for Kazakh residents carrying out
transportation of main and replacement parts for whole contract, but no more than 5

years [53].

Investors could get the following grants: land, equipment, transportation
means, buildings. Nevertheless, maximum value of government grants should not

exceed 30% of the whole investments [53].

Further, investors with priority meaning projects may face such kinds of tax

preferences [53]:

a) Reducing corporate income tax up to 100%;
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b) Free property taxes;
c¢) Free land taxes.

Moreover, investments subsidies are given to recover construction and

installation works up to 30%, without exceeding all costs [53].

Thus, investors are guaranteed with no changes with privileges described
above. Guarantees are given by Legislation and the Tax Code of the Republic of

Kazakhstan [53].

Finally, realistic scenario was assumed as a basic variant, what will be

compared with different financing types.
4.2.1 Realistic scenario
Investment cost
Investment, or capital, cost, as was mentioned above, is a cost covers

expenditures of installation process. It includes grid connection expenditures,

installation, electric works and etc.

According to International Renewable Energy Agency’s researchers, average
capital cost is about 1500 U.S. dollar per 1 MW installed capacity. However, this

value ranges significantly, which is shown in the following figure [54].
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Figure 49 — Capital cost for onshore wind farms 1983-2016 [54].

As can be found out from the figure above, for a wind power plant with
capacity less than 100 MW capital costs ranges between 1500 and 2500 U.S. dollars
per MW. So, for this case capital cost at the level of 2150 U.S. dollar per MW was

assumed.

Moreover, this value sees a decreasing tendency over the years, as experts
from IRENA believe [54]. It is clear, that this factor could has an extremely high

impact on the project. The tendency is represented below.
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The figure above shows prices per kW. However, as it was mentioned above,
all prices differ in each country, in different times and depend on several situations.
To cover this uncertainties sensitivity analysis will show how the project results

suffers from capital costs increasing.
Operating and maintenance cost
Shares and what exactly include these costs were described in the previous

chapters. Now, it is crucial to estimate proper value of them.

According to several publications, operation and maintenance costs have been
declining over the year, as investments costs, and, moreover, they are still falling
down. It was proven by recent studies and shown in next figures [55].
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Figure 12 — O&M costs in 2008-2014 [55].

As it obviously seen from the picture, prices have fallen almost twice from
2008 to 2014. Furthermore, it has been falling next years, and according to IRENA
experts, in 2016 operation and maintenance costs ranges between 0.005 and 0.025

U.S. dollars per kWh [56].
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However, this prices could differ from Kazakhstan’s prices, but more or less
it would be the same. So, O&M costs were assumed near to the highest value of this

range — 20 U.S. dollars per 1 MWh.

Based on the information provided in the previous chapters, cost shares will

look as it presented in next figure.

Operating and maintenance cost

Other operating costs 2 $/kWh
Equipment decomission 1,8 $/kWh
Insurane costs 1,4 $/kWh
Energy management 2 $/kWh
Land rent 0,8 $/kWh
Maintenance and repair 13 $/kWh
2 4 6 8 10 12 14

$/kWh
Figure 53 — O&M costs.

The figure above illustrates operation and maintenance costs in each category.
As it can be seen, these ratios are matching with prices described above. However,

they could differ from prices in different sources.
Revenue

Based on the research before, the expected selling price is a fixed tariff for
green energy in Kazakhstan. Meaning, according to the Resolution Ne 645 of the

Government of the Republic of Kazakhstan "About approval of the fixed tariffs"
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dated from 12 of June 2014 the price, the fixed price for wind energy equals 22.86

Kazakhstan Tenge per 1 kWh with indexation by inflation [7]. Moreover, electricity

generation of designed wind farm equals 70.73 GWh per year. Total revenue and

cost are filled in the next table.

Table 13 — Revenue and costs

Yeas Revenue, mln dollars Costs, mln dollars
1 5.90 1.2
2 6.19 1.27
3 6.50 1.32
4 6.83 1.37
5 7.17 1.42
6 7.53 1.73
7 791 1.80
8 8.30 1.87
9 8.72 1.95
10 9.15 2.02
11 9.61 2.11
12 10.09 2.19
13 10.60 2.28
14 11.12 2.37
15 11.68 2.46
16 12.27 2.56
17 12.88 2.66
18 13.52 2.77
19 14.20 2.88
20 1491 3.00

Depreciation

As it was found out before, declining depreciation is used in Kazakhstan.

So, according to information taken from the Tax Code of the Republic of

Kazakhstan, depreciation rate for this project’s investments will equal 25%. Then,

by following equation it can be calculated each depreciated year.
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D=(INV-Accumulated Depreciation)-Depreciation Rate Equation 11
All necessary data is filled out in the following table.

Table 12 — Depreciation

Year Depreciation, | Balance, Year Depreciation, Balance, min

mlin dollar mlin dollar mlin dollar dollar
1 9.03 27.09 11 0.51 1.53
2 6.77 20.32 12 0.38 1.14
3 5.08 15.24 13 0.29 0.86
4 3.81 1143 14 0.21 0.64
5 2.86 8.57 15 0.16 048
6 2.14 643 16 0.12 0.36
7 1.61 4.82 17 0.09 0.27
8 1.21 3.62 18 0.07 0.20
9 0.90 2.71 19 0.05 0.15
10 0.68 2.03 20 0.15 0

Discount rate

Main types, features of discounting was investigated in previous chapters.
However, meaning is the same — even if it is the best formula for calculation, it does
not have any sense without risks consideration. And this is the main problem in this

case.

Firstly, because of specific working sector. As it was described in the
beginning of the work, renewables have the lowest shares in total power balance.
Renewables is an extremely developing sector, according to the chapters above, but,
they are still not fully developed in Kazakhstan, particularly. It means, that only a
few amount of companies or specialists know what exactly must be considered as a
potential risk, as a technology risks. Moreover, specific sector demands specific
workers. According to UNDP experts, that there’s lack of good specialists in

renewable energy sector in Kazakhstan, which can influence the project [3].
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Secondly, economic situation in Kazakhstan. In spite of The World Bank in
recent “Doing Business” report placed Kazakhstan 35" place of 190 countries [57],
which is a great achievement. However, many experts believe, there’s some barriers,
that investors can meet. One of them is corruption. Nowadays, Kazakhstan is the
131* country in world’s corruption ranking, according to Transparency International

[58].

Finally, there were more problems, most of them are already solved with the

government help, as it was reported by UNDP specialists [3].

IEA experts investigated Kazakhstan’s power market and pointed out, that
discount rate is ranged between 7% and 10%, according to recent report [59].
Moreover, discount rate of one of the finished projects in Kazakhstan was settled at
the value 11.5% [31]. Based on this, it was considered to use the rate, which was

“really” used and worked, and finally, considered discount rate is 11.8%.
Exchange rate

It is clear, that all prices are given in the U.S dollars, but Kazakhstan power
market works in national currency — Kazakhstani Tenge (KZT). So, the official
exchange rate is 317.1 Kazakhstani Tenge per 1 U.S. Dollar (for early March 2017)
and in falling down from January 2016 [60]. But, the forecast provided by Trading
Economics experts, up to 350 KZT per 1 USD is expected in 2020 [61].

Results

As it was mentioned above, for the basic option, or realistic scenario, several

financing types were adopted. They are:

1) More debt financing (20% own funds, 80% bank debt);
2) More own financing (80% own funds, 20% bank debt);
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3) Equal financing (50% own funds, 50% bank debt).

Finally, by summing all assumptions and the information gained during the

work the following figures are present cash flows of this project.

Cash Flow

$8
$7
$6
$5
$4
$3
$2
$1
$0
($1)
($2)

millions of $

H20%/80% ®m80%/20% W50%/50%

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Years

Figure 54 — Cash flow

First of all, it must be noted, debt financed case has lower amount of
investments and they are: 7.224 mln $ in 20%/80% case (debt financed case), 18.06
min $ in 50%/50% (equal amounts case) and 28.9 min $ in 80%/20% (own money
case). As it can be seen, all three cash flow have huge amount of investments in the
beginning, and it is logical that the option with more own funds financing has more
investments in the beginning. However, during the years’ cash flows are positive. It
is clear, that project with more debt financing has lower cash flow, because of the
bank debt payment, nevertheless, it rises extremely after 10 years, when the bank
debt will be fully paid. Moreover, slight fluctuations over the years caused by

privileges and other applied benefits.
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The graph below shows cumulative cash flow.
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Analogically, cumulative cash flow illustrates lower cash flows in the first
years with own financing and it is starting to be positive quickly, while debt financed

project has higher cash flow, but with slightly rising factor. Moreover, debt financed

Cumulative cash Flow

5 6 7

8

W20 %/80 %

m80%/20%

W 50%/50 %

9 10 11 12 13 14 15 16 17 18 19 20

Years

Figure 55 — Cumulative cash flow

project has lower cash flow in the end of project, than own financed.

All cash flows for realistic scenario are presented in the Appendix B.

Further, main financial rates which describes effectiveness of the projects

filled in the following tables.

Table 14 — Financial rates of realistic scenario

Name 20%/80% 80%/20% 50%/50%
NPV, min $ 9.531 4.89 7.05
IRR, % 20.88% 14,05% 16.06%
DPB, years 10.86 12,42 11.7
LCOE, $/kWh 0.065 0.075 0.07




As could be seen, in realistic expectation all project option has Net Present
Value over 0, and debt financed option is most profitable with NPV slightly over 9.5
million USD and Internal Rate of Return = 20.88%. It should be pointed, that
discount rate was assumed as 12%, meaning, all IRR values are over discount rate.
Discounted payback period is slightly less than 11 years, which is also could be
considered as a good point. Moreover, levelised cost of electricity is in a range

between 0.05 — 0.12 $/kWh, according to IRENA [54].

4.2.2 Pessimistic scenario

Regarding the previous assumptions, there was decided, pessimistic scenario
is a variant with no benefits, meaning, there is no permissions, privileges and any
other benefits. Also, pessimistic scenario concerns fully own funding, in other words

there’s no external financing. However, revenue and costs are at expected value.

By summing all gained data cash flow are represented in next figures.

Cash Flow
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Figure 57 — Pessimistic scenario's cash flows
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As it can be seen, there is slightly different picture from realistic scenario. It

is a huge amount of investments and each year positive cash flows.

And cumulative cash flow in the following figure.

Cumulative Cash Flow
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Figure 58 — Pessimistic scenario's cumulative cash flows

The figure above brings the point, that cumulative cash flow is positive in 8"

year. Further, main financial ratios in the next table.

Table 15 — Financial rates of pessimistic scenario

Name Pessimistic scenario
NPV, miln $ 2.8
IRR, % 12.9%
DPB, years 13.46
LCOE, $/kWh 0.079

Thus, according to the figures and tables described above it could be

concluded, project will see NPV = slightly less 3 million U.S. dollars and Internal
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Rate of Return is also a bit higher that estimated discount rate — 12.9% > 12%. Even
if pessimistic expectations are much lower than in realistic, they are positive and

profitable, moreover, LCOE is still in pointed range.

4.2.3 Optimistic scenario

In this case, all benefits receiving, all types of financing and all privileges are
expected. For example, government grant for customs costs, tax holidays, privileges
for land renting and etc. In other word, positive things are at high level and negative

— at low. Moreover, electricity production and costs are at estimated values.

In the same was done in previous chapters, all assumptions are taken into

account. Next figures show cash flows of this way of project.
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Figure 59 — Optimistic scenario's cash flows

The figure above illustrates another point of view how cash flow will be going
on. There’s a difference in investments, they are lower than in any case, after ten-

year cash flow rises rapidly.
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And cumulative cash flow in the following figure.

Cumulative Cash Flow
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Figure 60 — Optimistic scenario's cumulative cash flows

The figure above shows, that cumulative cash flow is positive in eight years.

Further, main financial ratios are in the next table.

Table 17 — Financial rates of optimistic scenario

Name Optimistic scenario
NPV, min $ 11.54
IRR, % 23.04%
DPB, years 10.07
LCOE, $/kWh 0.06

Thus, the figures and tables described above illustrates, that project will see
NPV slightly above 11.5 million U.S. dollars and Internal Rate of Return is higher
than estimated discount rate — 23.04% > 12%. Discounted payback period is 10 years
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and LCOE is in a bottom line of the range, which is considered as a good

achievement.
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