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MunuctepcTBo 00pasoBanus u Hayku Poccuiickoil @enepauun
(benepanbHOE TOCYAaPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE
yUpEKIEHUE BBICIIETO 00pa30BaHUs
«HAITMOHAJIBHBIA UCCJIEJOBATEJIBCKUM
TOMCKHWHA NOJIMTEXHUYECKUA YHUBEPCUTET»

IINTAHUPYEMBIE PE3YJIBTATBI OBYYEHMUS 110 OOII

Nuctutyr Heprermueckuii (QHUH)
Hanpasnenue noaroropku  13.04.02 — DJ1eKTPOIHEPTeTHKA M 3JIEKTPOTEXHUKA
Kadenpa DiaekTpocHadkeHHe NPOMbINLIeHHbIX npeanpusaTuii (JI1I1)

Pe3yabTar o0yuenus

IIpodeccnonaibHble KOMIIETEHIIUN

P1 [IpuMeHATh COOTBETCTBYIOIINE TYMaHUTAPHEIC, COITUATEHO-9KOHOMHYECKIE, MaTeMaTHICCKIE,
€CTECTBCHHO-HAayYHBIC ¥ MH)KCHEPHBIC 3HAHWSI, KOMITBIOTEPHBIC TEXHOJIOTHH IS pEIICHHS 3a/1ad pacyera u
aHaJIM3a JICKTPUUECKUX YCTPONCTB, 0OBEKTOB U CHCTEM.

P2 Ymerb GopMynupoBaTh 3aja4k B 00JIACTH JIEKTPOIHEPTETUKU U DIICKTPOTEXHUKH, aHAJTHU3UPOBATh U
pelniaTh UX C MCIOJIb30BAHUEM BCEX TPEOYEMBIX U IOCTYIHBIX PECYPCOB.

P3 YMeTh IPOEKTUPOBATH ANEKTPOIHEPTETHUECKUE U AIEKTPOTEXHHYECKUE CUCTEMBI M X KOMIIOHEHTHI.
P4 YMeTh IIaHUPOBaTh ¥ MPOBOANUTH HEOOXOAUMBIE HKCIIEPUMEHTAIILHBIC UCCIIECIOBAHNUS, CBSI3aHHBIE C

OTIpeJIeNIEHUEM TTapaMETPOB, XapaKTEPUCTUK M COCTOSIHUS dJIEKTPOOOOPYI0BaHMS, 00BEKTOB U CHCTEM
AIEKTPOIHEPTETUKH U DJIEKTPOTEXHUKH, HHTEPIPETUPOBATh JAHHBIE U JIEJIaTh BBIBOJIBI.

P5 IIpuMeHITh COBPEMEHHBIE METO/IbI U MHCTPYMEHTHI IPAKTUYECKON HHKEHEPHOU JEATENBHOCTH IIPU
pemeHnHt 3a1a4 B 006J1aCTH 3JIEKTPOIHEPTETHKH U DJICKTPOTEXHUKH.
P6 HMeTb npakTUYECKHUEe 3HAHUS IPUHILIUIIOB U TEXHOJIOT UM 3JIEKTPOIHEPTETUUECKON U

JIEKTPOTEXHUUYECKOIT OTPACIIeH, CBA3aHHBIX C 0COOCHHOCTBIO MPOOIIeM, 0OBEKTOB U BHIOB IPO(ECCHOHATBHOM
JeATeIbHOCTH NPOdHJIIsl HOATOTOBKY HA MPENNPHATHAK M B OPraHU3alHMsAX — IOTCHIHAIBHBIX pPad0TONATEISIX.

yHI/IBepcaﬂLHBIe KOMIICTCHIIMHU

P7 Hcnons3oBaTh 3HaHHS B 001aCTH MCHCKMCHTA AJI YIIPABJICHUA KOMILJICKCHOH HH)KeHepHOﬁ
JACATCIbHOCTHIO B obactu QJICKTPOIHEPICTUKU U DJICKTPOTCXHUKH
P8 Hcnonb3oBaTh HABBIKH YCTHOﬁ, MMICHbMEHHOMI pe4du, B TOM YUCJIC HAa HHOCTPAHHOM S3BbIKE,

KOMITBIOTE€PHBIE TEXHOJIOTHUH JUIi KOMMYHHKAIMH, TPE3EHTALNH, COCTABIICHHS OTYETOB U OOMEHa TEXHUYECKON
nHpOpManmeil B 001aCTsIX AIEKTPOIHEPTETHKH U SJIEKTPOTEXHUKH.

P9 O dexTuBHO pabOTaTh MHANBUAYAIFHO U B KAUYECTBE WICHA WM JIHJEpa KOMaHIbI, B TOM YHCIE
MEXIUCIUIUIMHAPHON, B 00JIACTH DJIEKTPOIHEPTETHKH U SIEKTPOTEXHUKH.

P10 [IposBAATE TMYHYIO OTBETCTBEHHOCTH U MPUBEPKEHHOCTH HOPMaM IPOPeCCHOHATBHON 3TUKHA M HOpMaM
BEJICHUS] KOMIUIEKCHON MH)KEHEPHOH EATEIbHOCTH.

P11 OcCyIIecTBIATh KOMIIEKCHYIO HHKCHEPHYIO AATEIEHOCT B 00JIACTH 3JICKTPOIHEPTETUKA U
AIIEKTPOTEXHHUKH C YIETOM ITPABOBBIX U KYJIBTYPHBIX aCIIEKTOB, BOIIPOCOB OXPAaHbI 3I0POBBs X 0€30I1aCHOCTH
KU3HEACSTEIbHOCTH.

P12 BEITh 3aMHTEpECOBaHHBIM B HENPEPHIBHOM O0YYEHNH M COBEPIIEHCTBOBAHUH CBOMX 3HAHMH M KaYeCTB B
00J1aCTH TEKTPOIHEPTETHUKH H AIICKTPOTCXHHUKH.




MunucTepcTBO 00pa3oBanus M Hayku Poccuiickoil @enepannu
(benepanbHOE TOCYAaPCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE
yUpEKIEHUE BBICIIETO 00pa30BaHUs
«HAITMOHAJIBHBIA UCCJIEJOBATEJIBCKUM
TOMCKHWHA NOJIUTEXHUYECKUNA YHUBEPCUTET»

Nuctutyr dHeprernyeckuii (QHUH)
Hanpasnenue noaroropku  13.04.02 — DJ1eKTPOIHEPTeTHKA M 3JIEKTPOTEXHHKA
Kadenpa DiaekTpocHadkeHHe NPOMbINLIeHHbIX npeanpusaTuii (II1I1)

YTBEPXIAIO:
W. o. 3aB. xadenpoit D111

Cypkos M.A.
(ITonmuce) (ata) (®.11.0.)

3AJJAHHUE
HA BBINOJIHEHHE BBIMYCKHOH KBAJIN(PUKANMOHHO PadoThl
B dopwme:

MAarucTepcKou auccepranun

CryneHry:

I'pynna (04 (0]

SAMSY EpmoBy Bagumy AnexcanapoBudy

Tema paboThI:

BHeapeHue aBTOHOMHBIX HCTOYHUKOB JHEPruu 0J104HO-MOAY/ILHOI0 THIIA HA
npeanpuaTUdX HedTera3oBoil oTpacin

VYTBepxkeHa PUKa30M JUpPEKTopa (1ara, HOMeEp) 13.02.2017 . Ne 719/c

Cpok c1auu CTYJIEHTOM BBITIOJTHEHHOMN paOOThI:

TEXHUYECKOE 3AJIAHHUE:
.
Hcxoanbie 1anHbIe K padoTe
(Haumenosanue 06vexma uccredo8anus ui OOBEKTOM  WCCIICNOBAHMS  SBISICTCS.  CHCTEMa  3JIEKTPOCHAOKECHUS
npoeKmuposanus, npoug(;o()ume/lbnocmb unu Haepyska, KpaHI/IBI/IHCKOFO He(bTﬂHOFO MECTOPOXKIACHUS. B kadecTBe HCXOJHBIX
pedicum pabomul (HenpepwigHblil, NEPUOOUUECKUIL, JAHHBIX MIPEICTAaBJIEHDI:

YUKIUYeCKULl U m. 0.); 8UO CbIPbs UL MAMEPUAT U30ETUSL;

mpeboBanus K 0COOEHHOCMAM (YHKYUOHUPOBAHUS COOTBETCTBYIOIIMX KO3 MHIMEHTOB CIpoca;
(aKCnayamayuu) 06vekma unu uz0enus 8 niaHe
be3onacHocmu SKCRIYAmayuu, GIUsHUSA HA OKPYHCAIOWYIO
) . . ) MaciTa0a;
cpeody, IHep203ampamam; SKOHOMUYECKUI AHaIU3 u m. 0.).

L4 Vkazanue PacnoJIOKEHUA MATAFOTICH OpeaAnpusaTrueC JUNHUU.

mpedo6anus K poOyKmy, uz0enuio i npoyeccy; ocodvle e  TexHuueckue mapaMeTpbl LEXOBBIX HArPYy30K MPEINPUATHUS,

e ['eHepanbHBIl IUIAH PAclOJIOKEHUS LEXOB C YKa3aHUEM




Ilepeyennb momJiexammx .
HCCJIeJOBAHNIO, IPOEKTUPOBAHUIO U
pa3padoTkKe BONPOCOB

(ananumuyeckuii 0630p No AUMEPAMYPHbIM UCMOYHUKAM C
Yenvlo BbIACHEHUsT OOCIUICCHUT MUPOBOU HAVKU MEXHUKU &
paccmampusaemoti 061acmu,; NOCMAaHo8KaA 3a0adu
uccnedo8anust, NPOEKMUPOBAHUs, KOHCIMPYUPOBAHUSL;
cooepaicanue npoyeoypsl UCCIEO08AHUS, NPOSKMUPOBAHUS,
KOHCIPYUPOBAHUsL; 00CYIICOCHUE Pe3YIbINamo8 6blNOIHEHHOU
pabomol; HAUMEHOBAHUE OONOJIHUMENLHBIX PA30eos,
nooxedcawux papadomke; 3aKmoverue no pabome). °

Anamm3  0COOGHHOCTEl  CHCTEM  DIEKTPOCHAOXKEHUS B
HeTera3oBoil NPOMBIIUICHHOCTH, NPHUMEHEHNE aBTOHOMHBIX
HCTOYHHUKOB  SHEPrMH  OJIOYHO-MOJYJIBHOTO  HCIIOJHEHHS,
MOCTaHOBKA MPOOJIEMbl YTHIN3ALMHU IOMYTHOrO HETIHOTO rasa
C MOCJIETYIOIINM HCCIICIOBAaHAEM ITyTe peleHuns IpoOIeMBl;

OmpezeneHne pacyeTHOH HArpy3KH MECTOPOXKACHHS B IIETIOM,

HOCTPOECHUE KapTOrpaMMBbl Harpy3ox u IUTaHa
HEHTPAIM30BAHHOTO 3JIEKTPOCHAOKEHHUS MPEANPHUATHS;
IIpoexTupoBanue LIEHTPaIU30BaHHON CUCTEMBI

3NEKTPOCHAOXKEHUS] OT MUTAIONIEH MOJICTAHIMHM JO0 KyCTOBBIX
IUIOIIA/IOK;
[IpoekTupoBaHue ¥  BHEOPEHHUE  ABTOHOMHOM

aJIeKTpocHa0XeHus Ha 6a3e Ta30TypOUHHBIX YCTAHOBOK OJIOYHO-

CHUCTCMBI

MOAYJBHOT'O THUIIA;
DKOHOMHYECKOE CpaBHCHUC BapUAHTOB ILECHTPAJIU30BaAaHHOI'O U
aBTOHOMHOT'O 3.II€KTpOCHa6)K€HI/IH.

Ilepeyens rpadpuueckoro marepuana .

(C MOYHBIM YKA3aHUEM 00513aMeNbHbIX Yepmedicell)

Kaprorpamma Harpy3ok KpanuBuHCKOro MeCTOpOKACHNUS;

ITnaH »IeKTPOCHAOKEHUsST LEHTPAM30BAHHOH W aBTOHOMHOM
CHCTEM 3JIEKTPOCHA0KEHUS;

I'paduyeckoe mpencraBiecHHE BHEAPEHHOW Ta30TypOHMHHOU
YCTaHOBKH OJIOYHO-MOZYJIBHOTO HCIOJIHEHUS ¢ 00O3HaYeHHEM

ITOJICHCTEM.

(c ykazanuem pazoenos)

KOHchIbTaHTbI 1o pasaejaam BbIHyCKHOﬁ KBaJII/I(l)I/IKaIII/IOHHOﬁ paﬁon,l

Pazgen

KoncyabTanr

«®DUHAHCOBBIM MEHEPKMEHT,
pecypcordhPEeKTUBHOCTD U
pecypcocOepekeHne»

TTommoBa CBetmitana Hukomnaesua

((COI_II/IaJ'IBHaSI OTBCTCTBCHHOCTDL»

Bbopoaun FOpuit Buktoposuu

Pa3zlen, BBIIIOJIHEHHBIN Ha HHOCTpAaHHOM
SA3BIKE

Tapacosa Exarepuna CepreeBHa

Ha3zpanus pa3aeioB, KOTOPbIC HOJ/KHbI ObITh HAIIMCAHBI HA PYCCKOM U HHOCTPAHHOM SI3bIKAX:

«DUHAHCOBBIN MEHEIKMEHT, pecypcorEKTUBHOCTb U PECypcocOepekeHUe»

JlaTa BbI1a4¥ 32/1aHUA HA BBINOJTHEHHE BBIITYCKHOM
KBAJIH(UKAIUOHHOHI padoThI 10 JIMHEHHOMY rpaduky

3anaHue Bb11A1 PYKOBOAUTE/Ib:

Jo/KHOCTH [%(0] Yuenas creneHs, Moanucey JaTa
3BaHHe
CymapoxkoBa
JlomeHT K.T.H., JOLIEHT
Jlrommuna IlerpoBHa
3a11a}me NMPUHAJ K MCIIOJTHEHHUIO CTYACHT:
I'pynna DPUO Hoanuck Harta
SAMSY Epwmos Bagum AnexcanapoBud




3AJTAHUE JIJISI PA3JIEJIA
«®UHAHCOBBIII MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPEXEHUE»
CryneHry:
'pynna DPUO
SAMSY EpmoBy Bagumy AnekcanpoBudy
HuceTutyT JHepreTuyecKui Kadenpa DJIeKTPOCHAOKeH e
NPOMBIIIEHHBIX
npeanpustuii (JIII)
Yposenb 00pa3oBanus MAarucTp HanpasieHue/cnenuajbHOCTD 13.04.02 -
DJIeKTPO3IHEPreTHKA U
3JIEKTPOTEXHUKA

Hcxoanbie anHble K pasaeny «PHUHAHCOBBIH MEHEIKMEHT, pecypcod(pPpeKTUBHOCTD U
pecypcochepekeHue»:

1.

Cmoumocmb pecypcos uHeeCmuyuOHHblX
npoeKkmoes

Cmoumocmu MamepuanoHO-mexHu4ecKux, sHep2emuieckux,
DUHAHCOBLIX, UHGOPMAYUOHHBIX U YENOBEYECKUX PECYPCO8

2.

Hopmul u nopmamuewl pacxodosanus
pecypcos

Hopmber u  nHopmamugsl  pacxo0oéauusi pecypcog 3d0anvl 8
coomeemcmeul ¢ MmexXHU4eckol OOKyMeHmayueli Ha UCNoIb3yemoe
0bopydosanue

Hcnoav3yemas cucmema HAn02000104CeHUA,
CMABKU HAN0208, OUCKOHMUPOSAHUA U
KpeoumogaHus

Cucmema nanoeoobroxcenus npumensemcs 6 coomsememeuu ¢ HK
P®om 28.12.2016 N 146-D3

Hepeqeﬂb BOITPOCOB, NOJIC/KALIIUX HCC

JICAOBAHUI0, IPOCKTUPOBAHUIO U pa3paﬁoTKe:

UHBECMUYUOHHBIX NPOEKMO8, ONPedeieHue
9KOHOMUUECKOU dhhexmusrocmu

1. Ouyenxa u ananuz OaHHBIX, NO OCHOBHBIM Onpedenenue UHBECTNMUYUOHHLIX 3ampam, U30epiHceK, CMasKu
IKOHOMUUECKUM NOKA3AMENSIM, GHEOPSEMbIX OUCKOHMUPOBAHUSL, AMOPMU3AYUU OCHOBHLIX (DOHOO8 NPOEKMOs
HA Npeonpusimuu NPOeKnos YEHMPANUZ06AHHO20 U ABMOHOMHO20 — DJIEKMPOCHAOINCEHUS,

nocmpoeHue QUHAHCOBOT MOOENU NPOEKNIO8

2. Pacuem u ananus 3KOHOMUYECKUX Pacuem unancogvix nomokoe 6 meueHue CpoKd ICU3HU
nokazamesneti, UCHONb3YEMbIX OJlsi OYEHKU UHBECMUYUOHHO20 NPOEKMA, CUCTNEMbL HAO200OI0NCEHUSL, YUCTNOU
ahhexmusHOCmMU UHBECIMUYUOHHBIX 3amMpam NPUBCOEHHOT CMOUMOCIMY, MUHUMAILHOU UYeHbl NPOU3EOOUMOU
npoexma 2NEeKMpPOIHEPSUU

3. Ananuz uyscmeumenvrocmu Mooenupoganue OuHAMUKU UBMEHEHUS YUCOU NPUBEOeHHOU

CMOUMOCU NPOEKINO8 NPU UBMEHEHUU UCXOOHBIX OAHHBIX MoOeel,
nocmpoenue coomeemcmeylouux XapaKmepucmuk, onpeoeienue
9KOHOMUUECKOU IPHeKmueHocmu u yeiecoodpazHoCmu nPOeKmos.

HepequL rpa(l)I/I‘[eCKOFO MaTCPHUAJIA (c mounvim ykazanuem 06a3amenvHbX yepmediceil):

1. Cmembl unéecmuyuOHHbBIX 3aMpam, u30eprHceK NPoeKmos
2. Huazpammvl punancosulx nomoxos npoeKmos
3. IInan nocauwenust 3a00J12CeHHOCmU

4. Xapaxmepucmuku anaiusa 4y8cmeumenibHOCHu nPOeKmos

\ JlaTa BbI1a4M 3alaHU4 JJIS pa3/ienia o JHHEHHOMY rpaguky \

3aganue BbIIAJ KOHCYJbTAHT:

JoKHOCTH [%(0] Yuenas crenens, Moanucey JaTa
3BaHHe
Tonent IlonoBa Cpernana K.5.H.. JTOEHT
HukonaeBna T
Sauafme NPUHAJI K UCIIOJJHCHHUIO CTYACHT:
I'pynna PUO Hoanucy Jara
SAMSY Epmos Bagum AnexcanapoBud




3AJTAHUE JIJISI PA3JIEJIA
«COIUAJIBHAS OTBETCTBEHHOCTb»

Crynenry:
I'pynna DPUO
SAMSY EpmoBy Bagumy AnekcanapoBuay
Hucruryr JHepreTu4ecKui Kadenpa DJIeKTPOCHA(KEeHUE TPOMBIIITICHHBIX
npeanpusituii (II1II)
YpoBeHb 00pazoBanust MarucTp HanpagsJienne/cnennajbHOCTh 13.04.02 — DnexTpo3HepreTHKa U
3J1IEKTPOTEXHHKA

Hcxonnble nannble K pazaeny «CounanbHasi 0TBETCTBEHHOCTDbY !

1. XapakTepucTtrka o0beKTa HcciieToBaHus (BEIIeCTBO,
MaTepua, mpuoop, aJropuTM, METOINKa, paboyas 30Ha) H
001acTH ero NpUMeHeHHS

IlepeyeHnb BONPOCOB, MOJIEKANMX HCCTETOBAHUIO, TPOEKTHPOBAHMUIO M Pa3padoTKe:

1. IlpousBoacTBeHHAs 0€30MACHOCTH

1.1. AHanu3 BBISIBICHHBIX BPEIHBIX ()aKTOPOB MPHU
pa3paboTKe U 3KCILTyaTaluH IPOCKTUPYEMOTO PEIICHHS B
cleyrolei mocie10BaTeIbHOCTH:

—  (U3UKO-XMMHUYECKAs IPUPOJa BPEIHOCTH, €€
CBSI3b C pa3pabaThiBaeMON TEMOM;

— JelicTBHe (aKTOpa HA OPraHU3M UEIIOBEKa;

— TpUBEJICHUE JOMYCTUMBIX HOPM C HE0OX0IUMMOH
PasMEepHOCTHIO (CO CCHUIKOW HAa COOTBETCTBYIOIINI
HOPMATUBHO-TEXHUYECKUH IOKYMEHT);

— IpeanaraeMble CpeicTBa 3aIUThI;

— (cHavana KOJUIEKTUBHOM 3allUTHI, 3aTEM —
WHINBU/TyaJIbHBIE 3alIUTHBIC CPE/ICTBA).

1.2. AHanu3 BBISBICHHBIX OMMACHBIX ()aKTOPOB MPH
pa3paboTKe U 3KCILTyaTaluH IPOEKTUPYEMOTO PELICHHS B
CclIeTyrolei oCciIeI0BaTeIbHOCTH:

— MeXaHWYecKHe OMACHOCTU (MCTOYHUKH, CPEJICTBA
3aLIUTHI;

—  TepMHYECKHE ONACHOCTH (MCTOYHUKH, CPEJICTBA
3aIUTHI);

—  31eKTpo0e30macHoOCTh (B T.4. CTATHYECKOE
JNIEKTPHYECTBO, MOJIHUE3AIIUTA — UCTOYHUKH,
CpPEJICTBA 3aIIUTHI);

—  I0’KapOoB3pPHIBOOE30MACHOCTD (TIPUYHHEI,
npoQUIAKTHYECKIE MEPOTIPUSTHSI, TIEPBUYHBIC
CpEJICTBA MOXKAPOTYIICHHUS).

[Ipou3BoACTBEHHAST IEATEIHFHOCTh MPOUCXOTUT Ha
MIPOU3BOJICTBEHHOM IUIOIAJIKE, 32 YEPTOH ropoja.

Ha 1npousBOACTBEHHYIO JEATEIBHOCTb MOTYT
BIIMATH Takue (aKTOPHI Kak:

- BpEIHbIE IIPOSIBJICHUS (axTopoB
MIPOU3BOJICTBEHHOMN cpensl (TTOBBIILICHHBIE
3JIEKTPOMAarHUTHBIE MOJIS, IIIYM, OCBEIIEHHE)

- OIIaCHbIE IIPOSABJICHUS (haxkTOpOB
HpPOU3BOJCTBEHHON cpelbl  (3NIEKTPOONACHOCTb,

TOXKapOOIIaCHOCTb U B3pBIBOOHaCHOCTB)

- HEraTUBHBIE BO3CHCTBUS HA OKPYKAIOLIYIO
MPUPOAY (3arpsi3HEHNE MPOAYKTAMHU
HedrenepepabOTKH)

2. DkoJioruveckasi 0e30MacCHOCTb:

—  3ammTa CeNMnTeOHOM 30HbI

— aHaiM3 BO3ACHCTBUSA 00BEKTa HA aTMochepy
(BBIOpOCHI);

—  aHanm3 BO3JICHCTBUS 00BEKTa HA
ruapochepy (cOpocsr);

—  aHanw3 BO3JICHCTBHUS 00BEKTa Ha TUTOCHEPY
(oTx0mB1);

- aHaNM3 BO3JCHCTBHS OOBEKTa Ha aTMmocdepy
(BBIOpOCHI);
- aHanmu3 BO3JCHCTBHUS O0BEeKTa Ha THIpochepy
(copochr);
- aHajIM3 BO3JCHCTBHS OOBEKTa Ha JHUTOC(hEpy
(oTx0np1);




— pa3paboTarh peuIeHus 110 00CCIICUYCHHIO
IKOJIOTHUYECKON OE30MaCHOCTH CO CCHUTKAMU
Ha HT/I mo oxpaHe okpy»xaroieil Cpeapl.

3. be3onacHOCTh B Ype3BbIYAIHBIX CUTYAIUSIX:

— mepedeHb Bo3MoxHBIX YC mpu pa3paboTke u
SKCIUTyaTalluX IPOEKTUPYEMOTO PELICHHS;

— BbIOOp Haubonee Tunnyaoit YC;

— pa3paboTKa NPEeBEHTHUBHBIX MEP IO
npexynpexaenuto YC;

— pa3paboTka AeHCTBHI B pe3ybTaTe BO3HUKILECH
YC u Mep 1o JTUKBHIAINN €€ TIOCTICACTBHIA.

4. IIpaBoBble H OPraHU3alHOHHBIE BONPOCHI
ob0ecrieyeHnst 6e30MACHOCTH:

—  cIenuanbHbIe (XapaKTepHbIe IPU
JKCILTyaTallii 00bEKTa UCCIICAOBAHMS,
MIPOEKTUPYEMO paboUeit 30HbI) TTPaBOBEIE
HOPMBI TPYZOBOT'O 3aKOHOJIATENICTBA;

—  OpraHU3alMOHHbBIC MEPOIPHATHS IPU
KOMITOHOBKE paboyeii 30HBI.

JlaTta BbI1auM 3aJaHu4A 1JIsl pa3/iena 1no JuHeiiHoMY rpaduky
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Pedepar

Brimycknas kBanudukaimonHas padora 160 crtpanun, 54 pucynkos, 17
Ta0auIl, 33 UCTOYHUKA, / MPUIIOKEHUH.

B mucceprammu  paccMOTpEHA  TEXHHUKO-DKOHOMHYECKAs  OLIEHKA
LEHTPAIN30BaHHOW M AaBTOHOMHOM CHCTEM JJIEKTpOCHAOXEHHsS B HedTera3zoBoit
oTpacyii. BHeapeHna aBTOHOMHAsI cUcTeMa IEKTPOCHA0KEHHS 0JI0YHO-MOTYJIBHOTO
THUTIA JJIs1 ONTUMU3AIMY SHEPTOCUCTEMBI U YTHIIM3AIMH OIMyTHOTO HEPTSIHOTO Ta3a.
B nuccepranumn ucciemyercs TEXHUYECKass METOJOJIOTHSI BbIOOpa MHTAOIIEH
JIMHUM, TJIaBHOM MOHMXKAIOUIEH MOJACTaHIUMH, Fa30TYpOMHHBIX YCTAHOBOK OJIOYHO-
MOJ1yJIbHOTO MCIIOJHEHHUS JUIs BBIPAOOTKH 3JIEKTPOIHEPTUU.

Kpome Toro, mnpenocrtaBisieTcsi OOBSCHEHHE OCHOBHBIX I1apaMETPOB
SKOHOMHUYECKON MOJENH, TaKUX KaK CTOMMOCTb WHBECTHUIMH, HW3IEPKEK
TEXHUYECKOro OOCHy)XMBaHHS Ha YyCTaHOBJIEHHOE oOopynoBanue. HoBas
BHEJIPEHHAsl CHUCTEMa 3JIEKTPOCHAOXKEHUsl OblIa CpaBHEHA C LEHTPAIU30BAHHOU
CUCTEMOI C HCIIOJIB30BAHUEM 3KOHOMHUYECKHMX KPHUTEpPUEB: YHCTasl NPHUBEIACHHAs
CTOMMOCTb, MUHUMAaJIbHAS 1I€HA Ha AJIEKTPOIHEPTUIO B 000MX BapHaHTax. AHaIu3
YyBCTBUTEIBHOCTU ObLI BBINOJIHEH Ha OCHOBE MAapaMETPOB, KOTOPbHIE OKA3bIBAIOT
HauOosee cymiecTBeHHOe BimsHUE Ha u3MeHeHue UIIC: cTouMocTh MHBECTHUIINM,
CTaBKa JHCKOHTHUPOBAHHWs, ILI€HAa Ha DJJEKTPOIHEPTHIO, [JOJS  BHELIHETO
(uHaHCHpOBaHUs, IITPA(dbI 32 CKUTAHKUE MMOMTYTHOTO HEPTIHOTO Ta3a.

KitoueBbie cioBa: 37eKTpOoCHAOXKEeHHE, He(TerazoBasi MPOMBIIUICHHOCTD,
MOMYTHBI HEe(TSIHOW Ta3, NEHTPAIU30BAHHbIE U ABTOHOMHBIE JHEPrEeTHUYECCKUE
CUCTEMBI, SJKOHOMUYECKOE 0OOCHOBAaHUE TIPOEKTA, AaHATIN3 YyBCTBUTEIHLHOCTH.

OOBeKTaMU WCCICAOBAHUS SBJISCTCS B TPEICTABICHHON pabOTe SBISIOTCS
AIEKTPOTEXHUYCCKUE CUCTEMBI MPEANPUATHNH He(TEera30BOH MPOMBIIIJICHHOCTH C
HENPEPBIBHBIMU TEXHOJOTHUYECKUMH TIPOIECCaMU, MOAYJIbHBIC 3JIEKTPOYCTAaHOBKH
Y CUCTEMBI DJIEKTPOCHAOKECHMUS.

OO6sacTh MPUMEHEHHUS: TIPEATPUITHS HedTerazoBou OTpaciiu,
MECTOPOXKACHUS 10 10ObIYe HePTH U raza, 00padoTke HedTH U Ta3a.
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BBenenue

B ngumccepramum  paccMOTpeHa  TEXHUKO-DKOHOMHUYECKAas  OIEHKa
[EHTPAJIM30BaHHOW W AaBTOHOMHOM CHCTEM 3JIEKTPOCHAOXKEHUs B HedTera3zoBoi
OTpaciii, a UMEHHO Ha KpanmumBUHCKOM MeECTOpOKJIeHUHM. BHeapeHa aBTOHOMHas
CHUCTEMa DJJICKTPOCHAOXKEHUS OJIOYHO-MOIYJBHOTO THIIA [JII ONTHMH3AIUN
AHEPrOCUCTEMBl M YTHIM3AIMU TOMyTHOTO HedTsHOro raza. B auccepraunuu
HCCIIETyeTCSl TEXHUYECKas METOAOJOTHS MPOEKTUPOBAHUS BHEIIHEH CHUCTEMBI
AIIEKTPOCHAOXKEHUS, BbIOOpAa Ta30TYpOMHHBIX YCTAHOBOK OJIOYHO-MOIYJIHHOTO

HUCIIOJITHCHUSA OJIA BBIpa6OTKI/I QJICKTPOSHCPIUH.

[IpoGnema mMHTErpalMy B HMCIOJIb30BAHUU MPUPOJHBIX PECYPCOB, BKIHOYAs
SHEPreTUYECKHE PECYPCHI, ABISIETCS AKTyaJlbHOM W Ba)KHEWIEH MpoOJIeMOH IS
SKOHOMUKH CTPaHbI B KOHTEKCTE YCTOMYMBOIO Pa3BUTHA. DTOT BONPOC MOJHOCTHIO
MIPUMEHSIETCA K DKOHOMHUYECKOMY CEKTOPY JHEPrOpECYpCOB, I'ZI€ JOMUHHUPYIOIIAS

POJIb IPUHAJICIKUT OTPACIISAM JOOBIUU YTIEBOIOPOIOB.

Boicokuii  ypoBeHb J00bIYM HEPTH U Ta3a COMPOBOXKIACTCS UX
HEpaIMOHAIGHBIM ~ MCIIOJIb30BAaHUEM, KOTJa TIPOM3BOJICTBCHHBIC MPEANIPUATHS
oOpararoT BHUMaHKUE TOJIHKO HA TOBAPHBINA MPOMYKT WM TOBAPHBIN BBITYCK, TOT/IA
KaK BTOPUYHBIA BBIMTYCK, B YaCTHOCTH, MOMYTHOTO HE(PTSHOTO Tas3a, UCIOIb3YETCs
HeapdexktuBHo. HeadpexkTuBHOE HCTONBb30BaHKUE HEAP B Ipoliecce 100buu HedTH
00yCJIOBIIEHO YCTapEBAaHUEM OPTAHU3AIMOHHBIX M TEXHOJIOTHYECKUX TPOIECCOB U
HECOBEPIICHCTBOM JKOHOMHYECKOTO aHaiu3a. YYUThIBas, 4YTO CHCTEMA
ANEKTPOCHAOKEHUSI  SBISETCS BaXXKHOM 4acThio IMpollecca pa3padOTKu U
AKCIUTyaTaIlui He(TSIHBIX MECTOPOXKICHUN, OHA OKA3bIBAET 3HAUUTEIILHOE BIUSHUE
Ha DSHEPreTUYECKHue M HKOHOMUYECKHE TMOKa3aTeiM MPOMbBINLIIEHHOCTU. [loaTomy
aKTyaJlbHOW  3a/laueil  sBJISICTCS  MOBBIMIEHUE  A3(P(EKTUBHOCTH  CUCTEMBI

AIIEKTPOCHAOKEHHS C SKOHOMHUECKON TOUKHU 3PEHHUS.

HCI[OCT&TO‘-IH&H CTCIICHb HCIIOJIb30BAHHWA ITOITYTHOT'O He(l)TﬂHOFO rasa ObuIa

BbI3BaHAa OTCYTCTBUCM JKCCTKHUX PCTYIHPYIOMINX MCXaHU3MOB N HC3HAYUTCIbHBIMU
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CaHKIMSMHU 3a 3arps3HEeHHE OKpykawomeld cpeasl. Heobxomumelii ypoBeHb
yruiau3auuu  HedraHoro raza  jgocturaeT  95%, B COOTBETCTBUU  C
IIPAaBUTENBCTBEHHBIMY ITOCTaHOBIEHUAMU [IpaBuTenscTBa Poccniickon denepannu.
C 2014 rona yBenuuenue mrpadoB 3a cxuranue nomytHoro HedrsHoro raza (ITHI)
CBEPX HOPMBI 3aCTaBisieT He(Tera3oBbleé KOMIIAHUU 00Jiee TIIATEIbHO YIPABIATH
yrwmsanuerdn [THI. bomee Toro, x 2020 romxy mnoBbImarommii KodhuimeHT
mTpadHBIX CAHKIUM MPU CKUTAaHUU OO0Jiee MATH MPOLEHTOB JT0OBITOrO MOIyTHOIO
He(dTsaHOrOo raza OyAeT cocTaBisATh 25. HekoTopble OTeYecTBEHHbIE HE(TSIHBIC
KOMIAHUM YK€ JOCTUIIM TpeOyemMoro TmokasaTeslss Ha  ONpEeJesICHHBIX
MECTOPOXKACHUSX, HO Ha OOJBIINHCTBE HEPTAHBIX MECTOPOXKACHUN BOIIPOC PEIIECH
HE MOJIHOCTHI0. OJTHUM U3 CIOCOOOB pelIeHUsI TPOOIEMBI SABIISIETCS] HCIOJIb30BAHKE

HG(l)TfIHOFO rasa 1joi IpoOn3BOACTBA 3JICKTPOSHCPIUH Ha HG(l)THHOM MCCTOPOKICHUU.

CoryacHO BBIIIEU3T0KEHHOMY, aBTOHOMHAs CHUCTEMa SJIEKTPOCHAOKEHUS
J0JDKHA OBITh peajn3oBaHa IS ONTHMH3AIIMNA dHEPTOCHCTEMBl M HCITOIh30BaAHUS
MOMYTHOTO HE(PTIHOTO Ta3a, B CpPaBHEHWHM C IICHTPAITM30BAHHON CHCTEMOM
anekTpocHaOxkeHus. Takoit cmocod yBenudeHUs KOA(G(GUIMEHTa HCIOIb30BAHUS
MOMYTHOTO HE(PTSIHOTO ra3a MOXKET OJJHOBPEMEHHO PEIIUTh 110 MEHBIIICH Mepe IBa
BOIPOCA: BBICOKME ITpadbl 3a CKUTaHWE TOMYTHOTO Ta3a M JHEProCHAOKEHHE

IMPOMBIIIJIICHHOCTH C BBICOKOM HaAC)KHOCTBIO M SOHECPIrOCMKOCTEIO.
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1. OO0beKT 1 MeTOABI UCCICAOBAHUS

1.1 AHaiu3 cucTeM 3JIEeKTPOCHA0KeHHUs B HeprerazoBoii oTpaciu

B Poccum wncropuuecku CHOXKUIACh TEHICHLHUS K HCIOJIb30BAHMIO
LEHTPAIU30BAaHHOIO AHEProCHa0XKeHHs JUisl He(TerazoBod MPOMBINUIEHHOCTH. B
ATOM CiIy4ae, UIsl HEHTPAIU30BAaHHOTO 3JIEKTPOCHAOKEHUS, TpeOyeTCsl BO3BEACHHE
JUTMHHBIX JIWHUHA 3nekTponepenayn (JIDII), kadecTBO W HAIEKHOCTh MCTOYHHKA
NUTaHusg OyIyT XyKe, OCOOEHHO B CYPOBBIX KIMMATHYECKUX YCIOBHSIX.
YcrapeBanue 1 ©3HOC 000py10BaHUS BO MHOTHX OTpacisix npesbiiaet 50-60%, uro

OPUBOJAUT K COOSIM M HapyIICHUSIM CUCTEM JJIEKTPOCHAOKEHUs moTpedouTenei. [1,
15]

Kpome TOro, mnpoucxXOomWT YBEIMYEHHE CTOMMOCTH JJIEKTPOIHEPTUU U
yXyAlIeHUe TMoka3areneil kayectBa ExunHoil sHepretnueckoin cucremsbl (EDC):
0ojiee 4acThle Cllyyad BHE3AIIHOIO IEpepbIBa B CHUCTEME 3JIEKTPOCHAOXKEHUS,
CTapeHue 00OpYyIOBaHMs, YBEJIWYEHHE TapU(POB Ha DJIEKTPOIHEPTUIO B CBS3HU C
YBEJIMYEHHUEM 3aTPAT Ha MPOU3BOACTBO JIEKTPOIHEPIHUH. [15]

Hcromenne HePTIHBIX MECTOPOXKICHWW  BBIHYKIAET  MPEIIPHITHSI
HNEPEHOCUTH MPOU3BOJCTBO B OTAAJICHHbIE, TPYJHOJIOCTYIHbIE paiioHbl. [loaTomy
HOBBIE OOBEKTHI CTPOUTEIHCTBA He(PTEIOOBIYN pacoNoKeHbI B paiioHax KpaitHero
CeBepa wu Bocrounoit Cubupu, T1/1€ OTCYTCTBYET IIEHTPAJIM30BAHHOE
ANEKTPOCHAOKEHUE B OOJIBITMHCTBE HEPa3paOOTaHHBIX HEPTSHBIX PaOHOB, UTO
MOATAIKMBAET K HCIOJB30BAaHUIO PA3IUYHBIX THUIIOB ABTOHOMHBIX HCTOYHHKOB
sHeprun. Hedrerazosast mpoMBIIIIEHHOCTh OTINYAETCS BHICOKON SHEPTOEMKOCTHIO,
3aTpaThl Ha DHEPTOHOCUTEIM B CTOMMOCTH MPOIYKIMH JJS BCEH BEPTHKAIH
He(TSIHOW MPOMBIIUIEHHOCTH HEPEAKO COCTaBIAOT Oosiee SO MpOLeHTOB.

CoBpeMeHHOE AIEKTPOOOOPYI0BAHUE, obecrieunBaroIiee
(YHKIIMOHUPOBaHWE HE(PTIHBIX M Ta30BBIX MECTOPOXKICHHM, XapaKTepU3yeTcs
MOBBIIIICHHBIMU TPEOOBAaHUSMHU K KauyeCTBY DJIEKTPOIHEPTHU M OecrepeOoiHOM
paboThl MCTOYHHMKOB MUTaHUsS. VcciemoBaHUs BIMSHUSA OTKIOHEHHS BXOJTHOTO
HaIpsOKEHUST Ha TIOCTOSIHHBIN PEXUM PaOOTHI TMOTPYKHBIX DJIEKTPOJABUTATENICH
(IT3) (ucrmosp3yeMbIX B yCTaHOBKAX C IEHTPOOCIKHBIM HACOCOM) MOKA3aJH, YTO
MUHUMAaJbHOE 3HaU€HUE HanpsikeHue coctapisieT 0,6 0T HOMUHAIBHOTO 3HAYCHUS
(mmTensHOCTRIO Ooiee 0,15 CeKyHbI) MPUBOIUT K MOTEPE CTAOMIBHOCTH M €€
MOCJIEYIONIel OCTAaHOBKE JBUTAaTeNe. ABapHUilHble OCTAHOBKM M TMOBTOPHOE
BKJIFOUEHHE HACOCHOTO 000PYI0BaHUs OTPUIIATENBHO BIMSIOT Ha OOLIUI pecypc ero
paboThl. B HEKOTOPBIX CilydasiX HEKOHTPOJIUPYEMbIN 3aIyCK MPUBOAMUT K MOJIOMKE
obopynoBanusi. Kpome Ttoro, B ycnoBusx Kpaitnero CeBepa HempepbIBHas
AKCIUTyaTanusl He(pTempOMBICIIOBOTO 000pYyAOBaHUA HEOOXOAMMA IS YCIEUTHOTO
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MIPOTEKAHUS BCETO TEXHUYECKOTO MPOLEcca IPOU3BOICTBA, JakKE KPATKOBPEMEHHOE
MPEPBIBAHUE TOJIaY¥  DBJEKTPOIHEPrMM MOXKET IMPUBECTH K, HaIpuMeEp,
3aMOPaKMBAHUIO PA3IUYHBIX TPYOOIIPOBOAOB, HCTIOIB3YEMbIX AJIS Mepeaun Macia,
BOJIbI, KOHJEHCaTa. BBINMOTHEHHE SKCTPEHHOTO BOCCTAHOBJICHHS YacTO OBbIBAaeT
HEBO3MOKHBIM M3-32 YJAJIEHHOCTH OOJIBIIMHCTBA HEPTSIHBIX MECTOPOXKACHUN OT
OCHOBHOTI'0 3HEPre€TUYECKOT0 IEHTPA U HAJIMYHs TOJIBKO BO3AYLIHOTO JBUKEHUS UITU
3UMHEN J0poru. B ciencTBuM IOCTENEHHOIO Iepexojla MECTOPOKICHUN U3
LIEHTPAJIM30BaHHBIX PAaOHOB B YJIAJICHHbIC PAaWOHBI, TaKWE Kak pernoH KpaliHero
CeBepa u Bocrounoit Cubupu, HE UMEIOIIMX B CBOEM OOJBIIMHCTBE JOCTyHa K
LHEHTPAIU30BAaHHON CETH, aBTOHOMHAs CHUCTEMa »JJEKTPOCHAOKEHHUS SIBIIAETCA
€MHCTBEHHBIM CIOCOOOM OOecrieueH s PYHKIMOHUPOBAaHUS 00beKTa. [1, 15]

OnHOM M3 OCHOBHBIX 337a4 paclpeAcIICHHOM TIeHEepaluu SBISETCA
noBbIlIeHNE A()PEKTUBHOCTU MCIOIB30BAHUS JIOKAJTIBHBIX YHEPTOPECYPCOB 32 CUET
HCIIOJIb30BaHUsI KOT€HEpAaIMu U TPUT€HEPALUH, a TAK)KEe COKpAaIlleHHE NOTPEOICHU
HedrenpoaykroB. Kpome Toro, pa3BUTHIO aBTOHOMHBIX 3HEProCHaOKEHHUS
OTEUECTBEHHBIX HEPTEra30BbIX KOMITAHUN CIIOCOOCTBYIOT COBPEMEHHBIE TPOOIIEMBI
LEHTPAJIN30BaHHBIX IHEPreTUUECKUX CETEHl: BBICOKHE Tapu(]bl MOAKIIOUEHUS K
CETH, OrpPAaHMYECHHBIC BO3MOXXHOCTUM TPAAUIMOHHBIX HWCTOYHHUKOB, OIIACHOCTH
HapylIEeHUs UEJIOCTHOCTH IPOU3BOJACTBEHHBIX IIPOLIECCOB M3-32 BO3MOXHBIX
npepbIBaHuil deKTpocHa0)eHus. [15]

I 1lenrpamisosanmoe snekTpocHaCKeHNe
ABTOHOMHOS 3TeKTPOCHA0KEHHEe

JeneHTPaTHSOBAHHOE SISKTPOCHAOKEHHS

Pucynok 1.1. Kapra snexrpudukanuu Poccun [11]
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Hns  obecriedeHus  HaAEKHOCTH  DIEKTPOCHAOXKeHUs  HedTerazoBoi
MIPOMBIIUIEHHOCTH HEOOXOAUMO pa3padoTaTh MOIIHBIE SHEPTETUUYECKHE CUCTEMBI.
Kaxk ObLI0 CKa3aHO BBILIE, CIIOKHOCTh CO3[JaHUS TAKHX YHEPreTUYECKUX 0a3 4acTo
BbI3BaHA  3HAUYMUTEIBHOW  YHAJIEHHOCTbIO HE(QTAHBIX MECTOPOXKIECHUH  OT
AHEpreTuyeckux ueHTpoB. I[loaToMy pazpaboTaHHas SHEpProcucreMa JI0JKHA
COXpaHsATh PE3ePB MOIIHOCTH JJIsI OOECIEYeHHs] PocTa MoTpedIeHus: dSHeprun 6e3
pPaANKaIbHOM PEKOHCTPYKIIMU CHUCTEMBI 3JeKTpocHaOxeHus. I[lpuumnHa pocrta
noTpeOJIeHUs] JHEPTrUu OOBICHSETCS TJAaBHBIM 00pa3oM TeM, YTO BBOA B
AKCIUTYaTaI[MI0 HOBBIX MOIIHOCTEH MO J00bIYe HEPTH OOBIYHO OCYIIECTBIISETCS B
OTHAJEHHBIX pallOHaX CO CIOXHBIMH JIAHJMAPTHBIMU M KIMMATHYECKUMU
YCIIOBHSIMH, KOTOPBIE HE pa3padOTaHbl B LENSIX ceTeBOM MHppacTpyKTypbl. Kpome
TOr0, CIPOEKTHUPOBAHHAs CHUCTEMa »JIIEKTPOCHAOXKEHMs JIOJDKHA OOEecreunBaTh
ANIEKTPOSHEPTHIO B ABAPUMHOM pEKUME, PEKHME PEMOHTAa B COOTBETCTBUHU C
KaTeropue HaJeKHOCTH DIICKTPOCHAOKECHUST HICTOYHHKA nuTanus. [1, 3]

TpeGoBaHug K OOECHEYEHHUIO BJEKTPOCHAOKEHHUS SBISIOTCS OJHHUM U3
BaYKHBIX aCIIEKTOB YHEPTOCHAOKEHUSI HEPTIHBIX MecTOpOKAeHH. CyIecTByeT Tpu
KaTEeropuy HaJeKHOCTH dJIEKTPOIUTAHMSL.

Hepeaﬂ Kamezcopu: HaoedcHocmu 3]Z€Kmp00Ha69fC€H1/lﬂ.

[lepBas rpynma moTpeOUTENICH ANEKTPUUECKOM IHEPTUU BKIIIOYAET B CeOs
AIEKTPONPUEMHHUKH, TIPEPHIBAHUE YTIEKTPOCHAOKEHUS KOTOPHIX MOXKET MPUBECTH K
TSKEJIBIM TIOCIIEJICTBUSAM: OMAaCHOCTD JJIs )KMU3HU U 3JI0POBBS Tpak/iaH, (PMHAHCOBBIM
U (pusnyeckuii ymep0, MacCOBBIA HEBBIMYCK U Opak MPOIYKIIMH, OTKa3 B CIIOKHOM
TEXHOJIOTUYECKOM TPOIECCE, MAaCCOBBII OCTaHOB OOOPYIOBaHUS CEIBbCKOTO
XO3S1CTBA.

CrenmasibHasi Tpymra B epBOM TPYIINE COAEPKUT 000PYIOBaHKE, KOTOPOE TIO
CYIIECTBY HEOOXOAUMO JUIsi TPEAOTBpAIIEHUS UYPE3BBIYAWHBIX  CHUTYAIIHH,
pasnuyHOro poja omacHocteil. [lepBas rpynma HaneKHOCTH TpeOyeT MHUTAHMS
JIBYMS HE3aBUCHMBIMH, B3aHMOPE3CPBUPYIOIMIMMH  HCTOYHMKAMHU  ITHTAHHMSL.
[IpeppiBaHME SJICKTPONMUTAHHUS OTPAHUYEHO BPEMEHEM aBTOMATHUYECKOTO BBOJA
pesepsa. i crienuaabHOM TPYIITBl HEOOXO0IUM TPETHH HCTOYHUK (aKKYMYJISTOPHI,
MECTHBIN JTU3eIb-TeHEePaTop).

Bmopaﬂ Kameecopus HaoexdCHocmu 3]Z€KI’I’ZPOCHCI69;‘C€HM}Z.

Bropas rpynmna BKJIFOYAET AIEKTPONPUEMHHUKH, MpepbIBaHue
ANEKTPOCHAOKEHUSI KOTOPHIX MOKET MPHUBECTH K 3aJEPKKE CTPATETHUYECKOTO
MIPOU3BOJICTBA, MAaCCOBBI MPOCTOM YEIOBEUYECKUX PECYPCOB U MOBPEKICHUIO
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TEXHUKH, HAPYIICHUIO HOPMAJBbHOW KU3HH JIOJIeH. DIEKTPOCHAOKEHUE JOKHO
OBITh BBITIOJIHEHO JBYMsI HE3aBHCHUMBIMH HCTOYHHKAMH, a BpeMs MpPEpbIBaHUSA
ANEKTPOCHAOKEHUSI OIPAHUYEHO BPEMEHEM PYUYHOTI'O MEPEKIIIOUEHUS Ha PE3EPBHBIM
HCTOYHHUK.

Tpemb;z Kamezcopus HaoexdCHocmu 3]Z€Kmp00Ha69fC€Hl/l}Z.

Tperbst  kareropuss HAAECKHOCTH  DJIEKTPOCHAOKEHUS  COCTOMT U3
NOTpeOuUTENEH MEKTPUUYECKON IHEPTUU, KOTOPhIE HE BXOJST B NEPBYIO U BTOPYIO
kareropud. OHU CHaOXalOTCS OJHUM HMCTOYHUKOM TUTAaHUS C BO3MOXKHBIM
IpepbIBaHKEM, OTPaHUYCHHBIM Ha JIBA/INATh YEThIPE Yaca 3a 0JJHO IpepbiBaHue. [8]

KparmuBuHckoe HeTsIHOE MECTOpOKICHHE - OOBEKT, pacCMaTpUBACMBIA B
JTUCcCcepTanyy, Kak HedTerazoao0bIBaroniee MpeanpusTie, Kak MpaBuio, BKIOYACT
NOTpEeOUTENICH JJIEKTPOIHEPTMH IEPBOM M BTOPOM KaTErOpUil HAJIEKHOCTH
AJIIEKTPOCHAOKEHUS.

1.2 ABTOHOMHBbIE HCTOYHHMKH JIEKTPOIHEPI MU HA NPeANPUATHAX
He(Tera3oBoii oTpaciu

B cooTBeTcTBUM C BBIIIECKa3aHHBIM, SJIEKTPOCHAOXKEeHHE HedTerazoBoi
OPOMBIIUIEHHOCTH  MOET OCYUIECTBIATHCA OT  LIEHTPAJM30BaHHOM ceTu
AJIEKTPOCHAOKEHUSI UM aBTOHOMHOM 3JyiekTpocTaHiueil. Crieayer OTMETUTh, YTO
yBEJIIMYEHUE JIOJM 3aTpaT Ha »DSJIEKTPOSHEPIHI0 B COBOKYIHBIX H3JEpiKKax
MPOM3BOJCTBA BBIHYXKAACT TMPOMBIIUICHHbIE TPEINPHUITHS HCKAaTh HOBBIC
BO3MOXKHOCTH JIJISl DJIGKTPOCHAOKEHHSI M TeIIocHa0keHus. B To ke Bpems ais
MHOTUX HEPTSIHBIX MECTOPOXKICHUNH OTCYTCTBYET BO3MOXHOCTH TMOAKIIIOUEHHUS K
LEHTPAIU30BaHHON cucTeMe 3leKTpocHaOkeHuss. CTpOUTENbCTBO BO3IYIIHBIX
JUHUM A1 TakuX palloHOB TpeOyeT 3HAYUTENIbHOTO BpPEMEHHU W, 4Yallle BCETo,
HPKOHOMUYECKHU Helenecoo0pa3Ho M3-3a OIPOMHOTIO 00beMa KalmUTaJbHBIX 3aTpart.
PocT TapuoB Ha 37EKTPOIHEPTHIO TAKXKE YBEIIMUMBAET AOJIO PACXO/I0B Ha SHEPTHUIO
B Oroxkere He(pTEra3oBblXx KOMIaHWil. B CBSI3M C 3THUM NpakTHUECKH BCe
HedTera3oBple KOMIIAHUM B TEUEHHUE psa JIET PEalM30BBIBATM TMPOTPAMMBI
sHEprocoepekeHrs u SHepProdPEeKTUBHOCTU U TMOCTOSIHHO PACIIMPSIIN apceHal
AHeprodPHEeKTUBHBIX TEXHOJIOTHH.

3HauuTeNbHAS YKOHOMUS SHEPTUHU, CBSI3aHHAS C UCIIOJIH30BAHUEM MTOMYTHOTO
HedTsHOTO Ta3a (ITHI') ¢ nenpro reHepanu cCOOCTBEHHOTO JICKTPUYECTBA, a TAKKE
KOMOMHHMPOBaHHAs BBIPAOOTKAa Termaa (KOTeHepanus) JOCTUTAeTCs 3a CYeT
BHEJPEHUS aBTOHOMHBIX HWCTOYHUKOB OJHEpruu. Jlisg 5STOH 1enwm IIMPOKO
pa3paboTaHbl aBTOHOMHBIE CHCTEMBI AJIEKTPOCHAOKEHHSI Ha 0a3€ Ta30MOPITHEBBIX U
ra3oTypOMHHBIX JJeKTpocTaHmuii. Kpome TOro, nu3enbHBIC BJICKTPOCTAHIINH
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IIMPOKO MCHOJB3YIOTCS B OTHAJEHHBIX paiioHax. OmbIT MokKaszall, 4To Hauboiiee
BBITOAHBIMU  PEUICHUSIMH  SIBISIOTCSL  OBICTPOBO3BOJUMBIE  OJIOYHO-MOYJIBHBIC
ANEKTPOCTAHIIMM HAa OCHOBE KOHCTPYKLIMM KOHTEWHEPHBIX THUIIOB C BBIXOJHOU
MOIIIHOCTEIO 10 50 MBT. [1, 3, 6]

Komnanumn MOTUBHUPOBAHHBI IIPUHHUMAThL PCIICHHUC O CTPOUTCIbCTBC
COOCTBEHHBIX aBTOHOMHBIX NCTOYHHUKOB SHCPIUH, TaK Kak.

. CTOMMOCTD 3JIEKTPOIHEPTHH OT ABTOHOMHBIX HCTOYHHUKOB DHEPIUU
(0cobeHHO TeX, KOTOPbIe pabOTAIOT Ha MPUPOIHOM T'a3€ HJIH MOIYTHOM I'a3e) MOKET
OBITh HHXKE, YeM CTOMMOCTH ITOKYITHOM 3JIEKTPOIHEPTHH U3 HAI[MOHAILHOM CCTH;

J CTOMMOCTD CTPOUTEIHCTBA ABTOHOMHBIX JIEKTPOCTAHIIMI )1 MHOTHX
OPEANPUATHI HehTEra30BOH OTPACAH COM3MEPHMA CO CTOMMOCTBHIO (PMHAHCOBBIX
HOTEPb, BBI3BAHHBIX MPEPHIBAHUEM MOIIHOCTH TPOIOJDKUTEIBHOCThIO Oojiee 2
YacoB,;

. Hame)XHOCTh aBTOHOMHO# 3JIEKTPOCTAHIIUH MOXKET ObITh 3HAYUTEIHHO
BBIIIIC;

. Hayin4yrie aBTOHOMHBIX HICTOYHUKOB SHEPTHUHU [TO3BOJIACT HPEATPUATHIM
obecreynBaTh YHEPreTUUCCKUI CYBEPCHHUTET M, KaK CIICJCTBHE, SKOHOMHYCCKYIO
HE3aBUCHMOCTH OT PhIHKA 3JICKTpO3Hepruu. [1, 6]

B crnepyrommx mnaparpadax mnpeacraBieHa HHPopManMs o Haubosee
paclpoOCTpAaHEHHBIX  aBTOHOMHBIX  JJICKTPOCTAHIMSIX,  HMCIONB3YeMBIX B
HeTera3oBoi MPOMBIIUIEHHOCTH.

1.2.1 JInzenbHbIE YJIEKTPOCTAHIHHA

JluzenbHass DIIEKTPOCTAaHUMA - TEHEpAaTOpHas YCTaHOBKA, B KOTOPOH
IU3EJIbHBIM JABUTATEIb HUCIIOJIb3YETCS B Ka4ECTBE NPUBOJAILECIO Baja B JBUKCHUE
YCTPOMCTBA I T€HEPUPOBAHUS DJIEKTPOOIHEPTUU. JIHM3ebHBIE 3JIEKTPOCTAHLIMU
IIMPOKO HCHOJB3YKOTCA B KAauyeCTBE PE3EPBHBIX HCTOYHUKOB DHEPIUU B
He(TerazoBoi MPOMBINIIICHHOCTH, 0COOCHHO /J1s1 CHAOKEHUS TOTPEOUTENEH IEpBOi
U BTOpPOM Kareropui. Bo BpeMs OTKIIOYEHHUS JJIEKTPOIHEPIUM JU3EIIbHbBIC
reHEepaTopbl pabOTaIOT JIsl HOKPHITUSL TpeOyeMoro crpoca.

[Ipenmymecrna:

° KoHncTpykius n KOMIIOHOBKAa YCTAHOBKH JIOCTATOYHO MPOCTHI;

° Bo3M0XHOCTB OBICTPOTO MycKa, HA0Op Harpy3KHu 3a KOPOTKOE BPEMSI;

° Tpebyercsi OTHOCUTENBHO HEOOJIBIIOE KOJIMYECTBO BOJBI IS
OXJIQKJICHHUS,;
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o OO6miasi CTOMMOCTh HAaMHOT'O MEHbIIIE, YE€M CTOMMOCTh MapOBOMU
3JIEKTPOCTAHILIMU TOM K€ MOIIHOCTH;

o Tenmoson KIIJl ycraHOBKM BbIIIE, 4YEM y NApPOBOM AIEKTPOCTAHLIUH
(35%);

Henocrarku:

o Bricokne 3KCIUlyaTalMOHHBIE  PAacXoOlbl, IOCKOJBKY  TOIUIMBO
(IM3enpHOE TOIUIMBO) SABISIETCA JOPOTOCTOSIINM;

J CraHuust He paboTaeT yAOBJIETBOPUTEIBHO B YCIOBUSIX MEPETPY3KU B
TEYEHHUE JUIUTEIIBHOIO IIEPUO/Ia BPEMEHH;

. CraHUMs OrpaHUY€Ha OTHOCUTEIHHO HEOOIBIIONH MOIIHOCTHIO;

. CTOMMOCTBH CMa304YHBIX MAaTEPHAIIOB U OOCTY>KHBAHUS BBICOKA.

B nononHeHue K IHU3ENb-TEHEpaTOPHOMY arperaTty MMEeTCs MHOTO JIPYTHX
BCIIOMOTaTEIbHBIX YCTPOMCTB, MOAKIYEHHBIX K JU3EJIBHON 3JIEKTpOCTaHIMU. B
CUCTEME IMOJIayd TOIUIMBA HMeeTcs (UIbTP-HAKONMUTENb, TOIUIMBHBI HAacoC U
OCHOBHOM TOIUIMBHBIM Oak. Jlu3enbHOE TOIUIMBO XpaHUTCS B pe3epByape,
MEPEKavYnBAETCA U3 OCHOBHOTO 0aKa B CyXyI0 EMKOCTbh C TPOMEKYTOUHON OUHCTKOM.
B cinywyae mnepenosiHeHHs HMMEETCS JOMNOJHUTEIbHAs TMepenuBHas Tpyda ais
BO3BpaTa TOILIMBA U3 CyXOro 0aka B OCHOBHOM. J[M3eIbHOE TOTIIIMBO BIIPHICKUBAETCS
B JIBUTaTEJIb CHCTEMOM BIIPHICKA TOILINBA.

JIns  ckuraHus TOIUIMBA HEOOXOJHUM KHUCJIOpPOJ, TO3TOMY CHCTEeMa
BO3/1yXx03a00pa OTBEYaeT 3a oOecredeHrne HeOOXOIUMOro KOJIMYECTBa BO3AyXa B
kamepy cropanus. OHa COCTOUT W3 TPyOblI JJIsi MOJA4u BO3JyXa B JIBUTATEIIb.
@OunbTpbl NpEIHA3HAYECHBI U1 YJAJCHUS TbUIM M3 BO3JyXa, MOTOMY YTO ATH
YaCTHI[BI MOTYT JICWCTBOBATh KaK a0pa3uB B IIJIMHJIPE ABUTATENA. BRIXI0MTHOIM ra3
yAaIeTcsl U3 ABUTATENSE B aTMOC(EPY € MOMOIIBIO BBIXJIOMHONW CUCTEMBI. B 3TOi
CUCTEME TJYIIUTENh OOBIYHO WCIIONB3YEeTCS [JIl CHIDKCHUS YPOBHSA IIIyMa
JIBUTQTEIS.

Cucmema oxnasicoenusi. CUCTEMA OXJIAKICHUS 3allUIIACT OT MEeperpena, yTo
MOKET MPUBECTU K TTOBPEKICHUIO BCEH YCTAHOBKH. Y CTAHOBJICHHAS TEMIIEpaTypa B
TpeOyeMoM JuamnazoHe JOJDKHA MOANEPKUBATHCS B COOTBETCTBUU C TEXHUYECKUMU
XapaKTEPUCTHKAMHU U YCIIOBUSMH.

Cmaszounas cucmema. CMma3zouHoe Maciio coOupaeTcs B MacisHOM Oake,
OTKyJla MAacCISHBI HAcOC MOJAeT €ro B JBUTATENb Yepe3 MaclaHbl (QUiIbTp U
MAaCJISIHBIN paguaTop, YTOOBI MOAAEPKUBATH TPEOYyEMYIO TEMIIEPATYPY.
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Cucmema 3anycka osucamens. JIns 3anmycka IA3EIbHOIO ABUTATEI CKAThINA
BO3JlyX HCIOJIb3YeTCS JUIsl MPUHYJIWUTEIBLHOIO MEPBUYHOTO BpalleHus Bana. Jlis
MOIIHBIX JIBUraTeJI€il MCIOJIb3YIOTCS CTAaHLUUU CHKATOrO BO3/yXa, O3TOMY BpEMs
CTapTa yBEIUYHBAECTCS.

[ToaBOAsT WTOT, AW3ENIbHBIE BJIEKTPOreHEPATOpPhl 0OECIEUMBAIOT PE3EPBHOEC
IUTaHHE OCHOBHBIM OOBEKTAM M TEXIpolleccaM KOMIIAaHWU. B ciydae aBapuitHOI
CUTyallMd WM KaTacTpo(bl, €CIIM OCHOBHAs MOIIHOCTh OTKJIIOYEHA, T€HEPATOPHI
MOTYT BBICTYIIATh B KAYECTBE Pe3€pPBa, YTO MO3BOJISIET MPOJOKATH MPOU3BOJICTBO B
OOBIYHOM pEXHMME. DTO MOXKET CHACTH HPEANPUATHE OT IMOTEPH OOJIBIIOrO
KOJINYECTBA BPEMEHU U MTPHUOBLIH. [6]

1.2.2 T'a30BbI€ 3JI€KTPOCTAHIIUN

["a30BbIe ANEKTPOCTAHLIMK - DJIEKTPOCTAHIIMHU, TpPETHA3HAYCHHBIC IS
aBTOHOMHOM WJIM PE3€pBHOI BBIPAOOTKU AJIEKTPOIHEPIMU IyTEM COKMTaHUsS Tas3a
pa3auuHbIX BUAOB. JlensATcs Ha JBa OCHOBHBIX THUIA: Ta30NOPIIHEBBIE MU
ra3oTypOuHHbIe ycTaHOBKUA. O0a BUAA UMEIOT CTPYKTYpHbIE U (DYHKIIMOHAJIBHBIC
pa3iuuuns, KOTOpPHIE OMPEICNAIOT CTENEeHb WX HCIOJIb30BAaHUS U BO3MOXKHOCTU
YCTAaHOBKM Ha KOHKpeTHOM oObekTe. Ilociie ananm3za ocoOeHHOcTel OOBEKTa,
IUTFOCOB I MHHYCOB Ka)/IOTO THIA, MPEJCTABISIETCS BO3MOXHBIM BBIOOp THIMA
YCTaHOBKH.

[lenecoobpa3no mpumensTh nomyTHbI HedTsHou ra3z (IIHI) B kauectBe
TOIUIMBA JJISI aBTOHOMHBIX YCTaHOBOK IO INMPOMU3BOACTBY dJjeKTpodHepruu. [THI
XPaHUTCS B PACTBOPEHHOM COCTOSIHUM B KOMITO3HMIIMM CHIPON HEPTH, BBIACISSACH U3
HEe M0 Mepe W3BJIEYEHMs Ha MOBEpXHOCTh. HecMoTpss Ha TO, 4TO ra3 sBIsAETCA
BaXXHBIM CHIPbEM B HE(PTEXMMHUHU U LIEHHBIM TOIUIMBOM B 3JIEKTPOIHEPreTHKE,
Poccuiickas ®@enepanus 3aHUMAET MEPBOE MECTO B MHUPE MO O0OBEMaM CHKUTAHUS
[THT" na dakenbubIx ycranoBkax. CorinacHo odurmanbHol cratuctrke, B 2011 roay
B Poccun 6bu10 coxoxeno 26,7 mupa. m® ITHIT, ognako, no oueHkaMm BceMupHOro
donna «World Wide Fund for Nature space monitoring», ObIJIO YHUUTOXEHO HE
menee 38 mapa. M3, [3, 13, 14]
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Puc. 1. Pacyetnbie 06bembl cxuranun lNHI Ha ocHoBe cnyTHUKOBbLIX AaHHbIX, 2009-2011 rr., mnpa &°
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Pucynok. 1.2. O6wemsr cxxuranus [THI" Ha ocHOBe CITyTHUKOBBIX JaHHBIX

Puc. 2. [lona 06LeMOB CXXMraHMA CTPaHbl K YPOBHIO CUraHua no mupy, 2011 rog, %
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B PacyeTtrbie o5bemsl cxmranna MHM Ha ocHose cnyTHUKOBBX AaHHbI, 2011 1, Mnpa m*
[ona 06EeMOB CHMraHUA CTPAHbLI K YPOBHIO CKMraHna no mupy, 2011, %

Pucynok 1.3. Cratuctrka cxuranus [THI o ctpanam [14]

Coxkuranue [THI' npuBOAUT HE TOJIHKO K OTPOMHBIM (DMHAHCOBBIM IMOTEPSIM U3-
3a HEBOCTPEOOBAHHOTO YTJIEBOAOPOJHOIO ChIPhS, HO TaKXKe€ K 3HAYUTEIbHBIM
BBIOpOCAM TBEPABIX 3arpsi3HUTENCH M YXYIIIEHUIO SKOJIOTHYECKON CHUTyallud B
HedTrenpomsbicnax. [To onenkamM MuHuCTEpCTBA MPOMBIIIEHHOCTH U SHEPTETUKH, B
atMocepy B HeTenoObiBaronmx peruonax B 2004 rogy Obuio BeiOpormieHo 321,8
ThIC. TOHH TBEPAbIX 3arpsasHuTteneil (okono 12% ot obuiero oobemMa BHIOPOCOB B
Poccun). CeMb MUJUIMOHOB TOHH 3TaHa, 4 MUJIJTMOHA TOHH IpoNaHa, 2,6 MUJIJTMOHA
TOHH OyTaHa ObLIIM COXKEHBI Ha (hakeIbHBIX ycTaHOBKaX. [Ipennpusarus mo qo0brye
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HEePTH U Ta3a TePSIIOT OKOJIO 13 MUILTHAP0B JOUIAPOB B TO/ U3-32 HEJOCTATOYHOM
nomu yrwmzaryu [THT. [14, 15]

B XaHTpl-MaHCHUICKOM aBTOHOMHOM OKpYyre, COIJJaCHO CTaTUCTHKE
aJIMMHHCTpAlUH, 7,6 MIpA. M® IOMYTHOTO ra3a eKEroJHo CKUraeTcs (haKkelIbHBIMH
YCTAaHOBKaMH, 4YTO COIOCTaBMMO CO CXUranuem 6,5 miH. ToHH HedTH. [lo
pe3ynbpTaTaM uccienoBanus, puHaHcupyeMoro BecemMupHbIM GaHKOM, OKOJIO TPETH
gyactu poccuiickoro [IHI', cxuraemoro Qaxenamu, TMO3BONAT MOJTYYHUTH
JOTOJHUTENbHBINA TOAOBOM JOXO0/ B pa3mepe 2 ,3 MIUJIIMapia A0UIapOB, U TO3BOJIUT
cokpatuth BIOpockl CO, 6ornee yeM Ha 30 MIJTHOHOB TOHH B roj [ 14, 15].

[nxamnxa ncnons208aqus NHC
# POCCHN, MNP W

i locraska #a M3

M CobcrBeHHbie HyXau!

14 CoxxeHo B paxenax

Pucynok 1.4. [lunamuka yrunuzauuu [THI' B Poccun, B coorBeTcTBUN C
naHHBIMA MuHKcTepcTBa [IpombiniuienHocTH U DHepreTuku [13]

Puc. 5. Mcnonkzoeanue nonyTHoro HediTAHOM raza B Xautel-MaHcHACKoM aBToHOMHOM okpyre — KOrpe, mnx m®
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Pucynok 1.5. Mcnons3oBanue ITHI™ o nanpasnenusm [13]

Henocratounas crenenp ytunusanuu [IHIT Obuta BeI3BaHa OTCYTCTBHEM
KECTKUX MEXaHM3MOB pPEryJIMpOBaHHs M HE3HAYUTENIbHbIMH ITpadamu 3a
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3arps3HeHue OkpyxKarwomied cpeasl. HeoOxomumeiil ypoBens ytuinuzanuu [THI
nocturaetT 95% B COOTBETCTBUHM C IPABUTEIBCTBEHHBIMU MOCTAHOBICHUSMHU
[IpaBurensctBa Poccuiickoit ®deneparuu Ne 7 ot 8 suBapst 2009 rona «O Mepax no
CTUMYJIMPOBAHUIO CHIDKEHUS 3arpsi3HEHUS aTMOC(EPHBIX BO3AYIIHBIX MPOAYKTOB
cropanus [THI" Ha dakenpHbIx ycranoBkax». C 2014 rona ysenudeHue mrpadoB 3a
cBepxcrangaptHoe cxkuranue [THI' 3actaBnsier HeTsHbIE M Ta30Bble KOMIIAHUU
OoJee THIATENIbHO yHpaBisTh Ucnosib3oBanueMm [THI'. HexoTopeie oTeuecTBeHHbBIE
He(TAHBIE KOMIIAHUU YK€ JAOCTUTIM TpeOyeMoro mokasaTeisi Ha OMpeeTICHHBIX
MECTOPOKICHUIX, HO Ha OOJNBIIMHCTBE HEPTIHBIX MECTOPOKIACHUHN, B YACTHOCTH 3a
npeaenamu llonsipHoro kpyra, BOIpoC pa3pelieH HE MOJHOCThI0. boiblias yactb
MOMYTHOTO HEPTAHOro Tra3za cxuraercs (akenamu, a AId peaju3aluu
AJIEKTPOCHAOKEHHS] OOBIYHO UCIIOJIB3YIOTCSI aBTOHOMHBIE JIEKTpOCTaHUuU. [1, 15]

B 10 ke Bpems cylecTBYyeT HECKOJIbKO crioco0oB yTuiuzaruu [THT:

° 3akauka [THI' B muacTt ais moaziep:kaHus MmiacTOBOTO JABJICHUSA, TEM
caMbIM noBbIIast 3hHEKTUBHOCTH H00BIYN HEDTH;

o Hcrnonp30BaHre HEMTOCPEACTBEHHO Ha MECTOPOXKICHUU JJISI MECTHOTO
MPOM3BOJCTBA JJICKTPOSHEPTHH JUIA oOecreueHuss moTpeObHocTeli He]TsIHOTOo
MECTOPOKICHUS;

o TpancnoptupoBka Ha TazonepepadarsiBatomue 3aBoabl (I'TI3) ms
MOJIYYCHHUSI CyXOTO  O0O0€3BOKEHHOTO Tasza, IHUPOKONM (pakiuu  JIETKUX
YTJICBOJIOPOOB, CXKMIKEHHBIX Ta30B. [15]

COOTBETCTBEHHO, BBIPA0OTKA  JJIGKTPOIHEPTUM TIPU  HCMIOJIB30BAHUU
MOMYTHOTO HE(PTSHOTO Trasza SBIAETCA OJHUM U3 HamboJee TMepPCIEeKTUBHBIX
MOJIXOJIOB K PEIIEHUI0 SHEPTeTHUECKON MPOOIEMbI YIaJI€HHBIX TPOU3BOACTBEHHBIX
o0bekToB. B mocnegHue TOMBI akTyadbHa TMpoOiieMa MepeoOOpyHAOBaHHS U3
IIEHTPAIM30BAaHHBIX CHUCTEM JJICKTPOCHAOKCHHMS B aBTOHOMHBIC JHEPTCTHUYCCKHE
KOMITIEKCH. KpoMe Toro, He0OXOAMMO yYHTHIBATH XpoMaTorpaduyeCKuii COCTaB
raza OTHIEJIbHBIX CKBOXHUH i oOecrnedueHuss OecrniepeOOMHON  pabOTHhI
DHEPTeTUYECKHUX arperaToB U OMpeIeNieHUs BO3SMOXKHOCTH 3aMeHbI TorinBa. [lepen
MCIIOJIh30BAaHUEM Ta3a B KaU€CTBE TOIJIMBA HEOOXOIUMO MIPOBECTH €T0 TOJITOTOBKY
Ha CeMapalMOHHBIX YCTAHOBKAxX ISl OTACJICHUS MEXaHUYECKUX TPUMECEH,
KOHJIeHcaTa B Maciia. Kpome Toro, BBIJICJICHHBIN Ta3 MOCTYIAET Ha HarpeBaTelu U
KOMIIPECCOPHI, 3aTEM - Ha BXOJ1 CHJIOBOH ycTaHOBKH. [3, 15]
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Total during the period: 1392 700.00 mcm
Change during the period: + 19.82 %

Pucynok 1.6. Jloosrya ITHI™ B Poccun [11]

B crpykType npou3BoACTBa MPOM3OLLIO COKpalleHHE OOBEMOB J0OBIYM
npUPOJHOTO Ta3a Ha 12,5 mupa ky0. M. (-2,2%) u yBenmmuenne noosrau [THI. doos
ITHI" B no6wIue raza Beipocina ¢ 11,3% B 2014 rogy mo 12,4% B 2015 roxy. [11]

2014 dalta
: Natural gas -2.2%
I 8 J’ -12.5 bcm
APG +8.4%
+6.1 bcm

Pucynok 1.7. Jlunamuika no0srau [THI™ u mpupoaHoTro rasza [11]

B 2015 rony xoaddurnment yrunuzarnuu [THIT yBenmumiics B cpeqHeM 1o
oTpaciu, 1o cpaBHeHuro ¢ 2014 rogom, ¢ 85,5 % 1o 88,2 % coorBercTBeHHO. HO

yBennuenne kosdduumenta a0 95 % Bce emle ocraercs riIaBHOM MpoOiIemMoit
MecTopoxkacHuiA. [11]
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Pucynok 1.8. Jlunamuka n3menenus koddouinuenta yrumzamuu [THI, %
[11]

[TonBoss UTOT, CUTYaIMs ¢ TEKYIIUM KOHBIOHKTYPOU Ha pPhIHKE Ta3a cjesania
HEBBIT'OHBIM MPOLIECC TPAHCTIOPTUPOBKU U NepepaboTku raza. OHUM U3 Haubosiee
3 PEKTUBHBIX CMOCOOOB UCIOJB30BAHUSI TOMYTHOTO Ta3a W MUHHUMHU3AIUHU
BBIOPOCOB B aTMoc(epy SIBISETCS MPOU3BOACTBO JJICKTPOIHEPTUU W TEIia IS
COOCTBEHHBIX HYXXJ HEMTAHBIX W Ta30BBIX MeCTOpOkacHUN. CerogHs Takue
IIPOEKTHI Peau3yOT OOJIBITMHCTBO KPYIHBIX KOMIaHUK HedTerasoBoi oTpaciu, B
Tom uucie JIYKOIJI, THK-BP, Tatned s, HoBatak, UTepa, 'asnpom u apyrue.

[IpuMeHeHne ra30BBIX AJEKTPOCTAHIIMN OTKPBHIBAECT IMIMPOKUE BO3MOKHOCTHU
st 39(pGEeKTUBHOTO UCIIOIB30BaHUSI TMOMYTHOTO HE(TIHOTO ra3za W CHUKEHUS
ce0EeCTOMMOCTH AEKTPOIHEPTHH B 2-3 pa3a Mo CPaBHEHUIO C CETEBBIMU TapU(paMu,
YTO TPUBOAUT K 3HAYUTEIHHOMY CHIDKEHHIO SHEPrOE€MKOCTH J100bIUM He(TU B
1esnom. 35, 6]

1.2.3 T'a3onopuiHeBbIe 3JIEKTPOCTAHIMU

I"azonopuneBas snexrpoctanuus (I'TIY) - 310 reHepupytomas ycTaHOBKa,
KOTOpas yInpaBJsieTCs ABUTAaTeNIeM BHYTPEHHETO CropaHusi, padoTarolIuM Ha rase.

JlocTonHcTBA:!

o KonkypeHTHas 11eHa YCTaHOBKH;

° Koaddunment nonesnoro aeiictBus coctasisier B cpeaneMm 40 % u
CTaOWJICH 10 OTHOIICHUH K U3MEHEHHUH HATPY3KU;

° YMepeHHbIN CpeTHUN YAEIbHBIA PAcX0/l TOIJIMBA;

o Bpewmst 3amycka (= 5 MuH.);

o HeorpannueHHOe KOJIMYECTBO MYCKOB.
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Henocrartku:

o CroumocTs KanuTanbHOTO peMoHTa gocturaet 70-90 % ot ctommoctu
YCTaHOBKY;

o OrpannueHHoe BpeMs pabOThI HAa XOJIOCTOM XOJ1y;

o Bricokue 3aTpaThl Ha SKCIUTyaTallMIo;

o TpeboBaTenbHOCTH K CMa304HBIM pabOTaM;

o TpyIHBIN XOJIOAHBIN MYCK;

. Bricokuil ypoBeHb BEIOPOCOB B aTMOc(epy, IIyMa.

[Tpu HeoOxonuMocTH, paboTa HECKOJIBKUX Ta30MOPITHEBBIX SJIEKTPOCTAHIIHIMA
MOXXET OBbITh CHHXPOHH3UPOBaHA, YTOOBI MOJYYUTh TPEOYEeMyH0 MOIIHOCTh U
pPaBHOMEpPHO  pacmpeienutb pabouyro Harpy3ky. [lapamnenshHas pabota
ra30MOPIIHEBBIX 3JICKTPOCTAHIIMKA C CEThIO MOYKET BBINOJHATHCA MAPAILICITBHO C
Harpy3kKol WM UHAUBUIYAIBHO C PA3IUYHON MOIIHOCTBHIO, TA€ 3TO HEOOXOAUMO
JUIsl 00ECTICUEeHHST PAa3IMYHOM HOMHUHAJIBHOM MOIIHOCTU. DTO MO3BOJSET JOCTUYD
TpeOyeMoil BBIXOJHON MOIITHOCTH U BApbUPOBATh HATPY3KY.

Cocrasngromnue yactu ['T1V:

° brox ¢ Teruousonsuen, cOCTOAIMNA M3 MOAYJIEH 000pYyIOBaHUS
3allUThL, YIPABICHUS;

o I'azoreneparop;

° CucreMa aBTOMaTH3aINN;

o Cucrema nojayu TOIJIMBHOTO rasa;

° CucremMa cMa3Ky,

o CucrteMa oOXJaXAEHUS C OXJAAUTEISIMA W IUPKYISUUOHHBIMH
HacocaMu;

. ITyckoBas cucrema;

. Cucrema BBITSKKY;

o Bentwisinuonnas cucrema,;

o Cucrema OTOTUIEHHUS 1JIs1 TPAHCIIOPTUPOBKU U DKCILTYaTalWH;

o Cucrema onepaTUBHOIO M aBApUIHOTO OCBEILICHUS;

° ABTOMaTHYEeCKasi CUCTEMA IMOXAPHOM CHUTHAIM3ALUU U TOXKapHOU
CUTHAJIU3ALINHY;

o ABTOMaTHUYECKOE ra30BO€ MOKAPOTYILICHUE;

o CucrteMa aHanu3a ra3a TOIJIMBHBIM ra30M;

° JlonmoTHUTEIbHBIN JTUCTIETYEPCKUN IIYHKT, JUCTAHLIUOHHOE
yIIpaBJICHUE.
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["a3onopuIHeBbIE 3JIEKTPOCTAHIIMU TPEOYIOT BBICOKOIO KadecTBa TOIUIMBA,
II0ATOMY MX MCIOJIb30BAHUE MOKET IPUBECTU K MHOXKECTBY TPYAHOCTEU. BBICOKHI
PHUCK JETOHALIMM HE IO3BOJISIET MCIOJbB30BaTh UX HA MECTOPOXKACHUSIX C HU3KUM
KadueCTBOM TOIUIMBA WJIM COZepKaHueM cepoBomopoaa 6omnee 0,1 % 6e3 cozmanus
PEIBAPUTEIBbHON CHUCTEMBbl MOJTOTOBKM Ta3a, YTO 3HAYUTEIBHO YBEIMYUBAET
KalluTalbHBIE 3aTpaThl Ha Ta30MNOpLIHEBBIC AJIEKTPOCTAaHLIUU. ['a3omopiiHeBas
ANEKTPOCTAHIIUS YacTo paboTraer ¢ Harpy3kod He Oosee 40-60% oT HOMUHATIBLHOM
MOIIIHOCTA H3-32 BBICOKOI'O pHCKAa JAETOHALMHM TOIUIMBA. OJTO MPUBOIAUT K
YBEJIMYEHUIO 3aTpaT Ha OOCIyXHBaHHE OOOpYAOBaHUS U OBICTPOMY BBIXOAY
yYCTaHOBKH m3 cTposi. [1, 5, 6]

1.2.4 T'a30TypOMHHBbIE DJIEKTPOCTAHUMHU

['enepaTtopHast craHLusl, KOTOpasl UCIOJb3YET Ta30BYI0 TypOUHY B KaueCTBE
IIEPBUYHOrO BpAIaTeNsl Baja Il T€HEPALUHUH JJIEKTPUUECKON DHEPTUH, W3BECTHA
KaK ra3oTypOuHHas 3JIeKTpocTaHus. B razoBoii TypOHHe B KauecTBE paboyero Tena
HCIIONB3YyeTCs BO3AyX. BO3MyX CKHMaeTcs KOMIPECCOPOM M NOAAETCA B KamMepy
CropaHusi, /€ TEIIO JI00aBiseTcs B BO3JyX, IOBBIIIAS TEM CaMbIM €ro
TeMmneparypy. ['opssunii 1 BBICOKOHATIOPHBIN BO3IyX U3 KAMEPBI CTOPAHUSI IPOXOAUT
K Tra30BOH TypOHMHE, pacIIUpSIETCS U BHIMOIHIET MEXaHUUECKYIO SHEPTHIO.

['a30BbIe TYpOWHBI YCTaHABIMBAIOTCS HAa MHOTHX JJICKTPOCTAHIUAX IS
HedTerazoBoi MPOMBIIIJIEHHOCTH B Kadye€CTBE CJIOKHBIX MaIlIWH, COOpaHHBIX B
Mo ysii. OOBIYHO OHM BKJIFOUAIOT B ¢€0sl TPU OCHOBHBIX KOMIIOHEHTA!

o Komnpeccop yBenmnuuBaeT naBlieHWE, TOIAET JIBUTATEIh HA BO3IYX H
BIIPBICKUBAET €T0 B KAMEPY CTOPAHUS C BBICOKOH CKOPOCTHIO.

o Cucmema corcueanusi BIPBHICKMBAET TBEPJIbI TOIUIMBHBIN TIap uepe3
dopcynku B kamepy cropanusi. OH CMEIIMBAETCS C BO3yXOM M TOPUT TIPH BHICOKUX
temriepatypax (6oxee 1000 rpagycoB Llenbcus). [ToTok raza BBICOKOTO JaBJICHUS
MOCTYIIAeT U PACIIUPSAETCS Yepe3 CEKIIUIO TYPOHUHBI.

o Typbuna mpencraBisgeT cOOOW CIOXKHYIO COOPKY, COCTOSIIYIO W3
JoTmacTey JionacTei a’poIMHaAMUYECKOT0 MPOMUIIs I CO3JaHUsl BPAIAOIIErOCs
MOMEHTa W3-3a PaCHIMPEHUS Yepe3 TYpOWHY BIPHICKMBAEMOTO TOPSYETro rasa
CropaHusi.

Hanbonee BaxkHBIM mapaMeTpoM, BIUSIOMUM Ha 3()PEKTUBHOCTh TYpOUHBI,
ABJISIETCSL Temneparypa padoTsl TypOuHbl. Kak npaBuiio, uem Bblllie TEMIIEpaTypa,
TeM Bbie 3(PPEeKTUBHOCTL M paboTa MoOXeT ObITh Oonee 3¢pdexTrBHA C
HSKOHOMUYECKOM TOUkHM 3peHusa. I[loTok depe3 TypOMHY MOXKET JOCTUTaTh
temneparypsl 1300 rpamycoB llenbcus, B TO BpeMsi KaKk HEKOTOpPbIE METAaJIbl B
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TypOHMHE MOTYT BBIAEPKUBATh TeMiiepaTypbl Tojibko oT 800 g0 950 rpamycos mo
[enscuto. Takum 00pa3oMm, BO3AYX H3 KOMIIpECCOpa MOMKET HCIIOIh30BATHCA B
KaueCTBE OXJIAKIAIOMIEH cpedabl s TypOWHBI, YTO CHHXAET OOIIYyI0
3¢ (HEeKTUBHOCTH TETIOBOTO LIUKJIA.

Crioco6 noBbllIeHHs 3PPEKTUBHOCTH COCTOUT B TOM, YTOOBI MCIOJIB30BATh
0TpabOTaHHBIN TETNIOOOMEHHHK WJIM MAapOreHepaTop AJs MUCIOIb30BaHUS SHEPTUU
BBIXJIONA TypOUHBI. BEIXOAHOHN TEMI000MEHHUK MepenaeT 0TpaboTaHHOE TEIIO OT
BBIXJIOIIHOM CHUCTEMBI TYpOWHBI [Js1 TNPEABAPUTEIBHOTO HArpeBa OTXOSIIETO
BO3/JyXa KOMIIPECCOpa 10 TOTO, KaK OH IOMAJIET B KAMEpPy Cropanus. [5]

JlocTonHcTBA:!

o Menbias cTouMocTh KanuTtaabHoro pemonTa (10-20 % oT croumocTH
YCTAHOBKH);

o DKCITyaTallMOHHBIE PACXO/Ibl HAMHOTO HUXKE, YeM JIJI1 SKBUBAJICHTHOM
ITapOBOM AJIEKTPOCTAHIINH;

° Tpebyet MeHbITUN 00BEM BOJIBI;

o CroumocTh  OOCHTYy)KMBaHMSI ~ MEHbIIE, 1O  CPaBHEHUIO  C
ra3oNnopIIHEBBIMU CTAHITUSIMH;

° Jlerkuii X0JIOIHBIN MYCK;

° Mauel moTepH X0JIOCTOTO X014,

o Menb1nii ypoBeHb BUOpauy U IIyMa.

Henocrarku:

o KIII cTporo 3aBUCUT OT Harpy3Ku;

. Bricokuii ypoBeHb MOTpeOICHNS TOTUINBA,

o Bpewmst 3anycka (= 15 muH.).

[Ipumenenne ra30TYpOMHHBIX  3JEKTPOCTAaHIMM  JaeT  BO3MOXHOCTh
OpPraHU30BaTh HAAEKHOE M HKOHOMHYHOE OHIIEKTPOCHAOXKEHHE HePTEera3oBbIX
MECTOPOXKACHUNA. brouHO-MOAyIbHAsT KOHCTPYKIMS YCTAHOBOK  TTOBBIIIAET
Ha/I)KHOCTh YCTAHOBKU M JJa€T BO3MOXKHOCTH BKJIFOYATh M BBIKIIOYATh OTACIbHBIC
arperaThl OT 3KCILTyaTallu 0e3 MpephIBaHUs PAa0OTHI BCEH 3JICKTPOCTAHIUH. [5, 6]
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1.2.5 BJ]O‘IHO-MOI[yJILHOC HCIIOJTHCHHEC aBTOHOMHBIX 3.]'leKTpOCTaHIII/Iﬁ

["a30Bbl€ AMEKTPOCTAHLIMK MOTYT HOCTABIATHCS B MOAYJIBHBIX 3JaHUSX WU
KOoHTeMHepax. [IppuobpeTeHune ra3oBbIX 3JIEKTPOCTAHIUI B MOAYJIbHOM UCIIOJHEHUH
NO3BOJIIET 3aKa34MKy HapaluBaTh JJIEKTPUYECKHME MOIIHOCTH IO Mepe
HEOOXOAMMOCTH, YTO TMO3BOJSET MCIOIb30BaTh DJHEPIETUYECKUE MOIIHOCTU
Hambonee monHO. Pacmomarasice psgom ¢ morpeOuTeneM, — 0J04HO-
MOJYJIbHBbIE Fa30BbIe 3JIEKTPOCTAHIMH UMEIOT DIIEKTPOCETH MaJon
NPOTSHKEHHOCTU. [10J00HbBIE 3NIEKTPUYECKUE CETH MEHEE MOIBEPKEHBI PAa3INUHbIM
BHEILIHUM BO3JICUCTBUAM, YTO TOBBIIIAET HAJAC)KHOCTh SHEPTOCHAOKEHHUS.

MoIHOCTb ra30BbIX  3JEKTPOCTAHIMM JIETKO  YBEIWYMBAaTh, TaK  Kak
CONPSKEHNUE HOBBIX MOAYJIEH, U MOCIEAYIOMNA MOHTAX OCYLIECTBISIOTCS OBICTPO
Y TEXHOJIOTUYHO.

["a3oBbIe BeKTpocTaHIMM CTIOCOOHBI pabotarh mpu 40-50 % Harpyske,
coxpaHnsisi Beicokuit anekTpuueckuit KITJI. [Ins monydeHus MakcuMaabHOM THOKOCTH
B DOKCIUIyaTaluu, Ta30Bas  JJIEKTPOCTAHIUSA MOKET  YCTAHABJIMBATBCS  C
JOTIOJIHUTEIIbHBIM MOJTYJIEM, KOTOPBIN 3aIyCKAETCs JIJIsl CHATUSI TMKOBBIX HArPy30K.

B ocHOBY ycTpoiicTBa Ta30TypOMHHOIO arperara TOJIOKEH IPUHITUII
MoayiabHOCTH: I'TY cocTosdT M3 OTAEIbHBIX OJOKOB, BKIIIOYAs OJIOK aBTOMATHKH.
MonyJibHast KOHCTPYKIIMS IMO3BOJISIET B KpaTYalIue CPOKU IPOU3BOIUTH CEPBUCHOE
00CITy’KUBaHUE U PEMOHT, HapallluBaTh MOIIHOCTb, & TAK)KE SKOHOMUTh CPEJICTBA 32
CYET TOT0, YTO BCE pabOThI MOTYT MPOU3BOJIUTHCS OBICTPO HA MECTE IKCIUTyaTaI|H.

Opnako HauOoyiee BaXXHBIM BOMPOC - ASKOHOMHUYECKas IPHEKTUBHOCTh
CTPOUTEIHCTBA COOCTBEHHOM SJIEKTPOCTAHIIMKM. B KauecTBe OCHOBBI JJIsi pacuera
MCIIOJIH30BAJIMCH CJIECTYIOITNE TTOKA3aATEIH:

e Harpyska MecTopoXIeHM S, e CroumMocThb oTeph
e CTOMMOCTh TMOAKIIOYEHUS K AIEKTPOIHEPTUH;
cery, e CpOK KM3HM IPOEKTA.
e Tapudsl Ha FTEKTPOIHEPTHIO;
e CrouMocTh ABTOHOMHOU
CTaHIUHU,;

e CrouMocTh OOCITY)KMBaHUSI U
Kall. PEMOHTA,
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3 DUHAHCOBDbII MEHEeKMEHT, pecypcodpPeKTHBHOCTH 7
pecypcocoepexenne

3.1 Oneska M AaHAJU3 [JAaHHBIX II0 OCHOBHBIM JIKOHOMHYECKHM
MOKAa3aTeJIsiM BHeAPsieMbIX HA NPEeANPUATHH IIPOCKTOB

JIns DKOHOMHMYECKON OLEHKH ITPOEKTOB MCIOJIB3YETCS YMCTAsl IPUBEACHHAS

ctoumocth (UIIC). [Ins cpaBHEHUs MPOEKTOB TAKKE PACCUUTHIBAIOTCS 3HAYEHUS
MHUHUMAJBHBIX 1IEH Ha AJIEKTPOIHEPTrut0. OCHOBHBIE KOMIIOHEHTHI KOHOMUYECKOU
MOJENH NPOEKTOB OMMCAHBI HUXKE.

3.1.1 Pacyer uHBeCTHLIH

[{enbt0 MAarucCTEpCKOM NUCCEPTALMU SIBJISIETCS OLEHKA Pa3IUYHBIX CHUCTEM
ANIEKTPOCHAOXKEHUST JUIsl  BBIPAaOOTKM  AJIEKTpodHepruu Ha KpanuBUHCKOM
MeCTOpOoXkaeHHH. VMEHHO T1O03TOMYy OBUIO TPUHSATO pEUICHUE PacCUUTaTh
MHBECTULIUU C MCTIOJIB30BAHHEM KOHKPETHBIX IIeH Ha o0opynoBaHue. MHBecTUIIMN
ONpEAENAOTCA JUIsl BCEX DJIEMEHTOB DJHEPrOCUCTEM, HEOOXOAMMBIX IS
OCYUIECTBJIEHUS IPOEKTOB.

Ilenmpanuzoeannoe 31eKkmpocradicenue

Pacuer nHBecTUIIMI UTAIOMIEH JTUHUM:

CpL, = cp, " LpL - Keong = 2822.1-10-1.053 = 27 716.7 ThIC. pyo.
TA€ Cpyp — YACIbHAsA CTOMMOCTb CTPOUTENBCTBA JBYXILEMHOW BO3AYLIHOM JIMHUU
anektpornepeaaun (o 150 kB) co crambHBIMH OmOpaMu U BBIOPAHHBIM THIIOM
npoBoAa, Teic. pyo / km [19];

Lp; — IAHA TUTAIOLIEH JINHUU, KM;

Kcona — TOBbIIAOMMK KOdG(UIIMEHT i  BBIOPAHHOW MECTHOCTH
(6osoTUCTast MECTHOCTh B KOHKpPETHOM ciyuae) [19].

Jlns1 pacdera o011ei i CTOMMOCTH HEOOXOIMMO T00aBHUTh 3aTpaThl HA CO3TaHUE
HMCKYCCTBEHHOTO JaHmmadTa, BPEMEHHBIC 37aHUS U COOPYXKEHHUS, MPOEKTHO-
M3BICKATEIIbCKUE Pa0OTHI, APYTHE padOTHI U 3aTPaThl.

YKpynHEeHHbIe MOKa3aTeNN YKa3aHHbIX 3aTpat OT 0a30BOM cTOMMOCTH: [19]

) 1,5% — co3nmaHue NCKYCCTBEHHOTO JaHAmadTa,;

3,3% — BpeMeHHBIE 31aHUS U COOPYKEHUS;

9,0% — npoeKTHO-U3bICKATEIbCKUE PAOOTHI;

o 3,18% — momyeprxkka Ciry>kObl yIpaBiIeHHUsS] CTPOUTEILHBIMU paboTaMu,
MOHHUTOPUHT CTPOUTEIIHCTBA;

° 8,0% — npouwue 3aTparthr,

o 165 000 TBIC. py0 / KM — pacumCTKa JIECOMOJIOCHI, CO3/IJaHUE MPOCEKH;

o 800 000 ThIc. pyd / KM — CTPOUTEIBCTBO JISKHEBOU IOPOTH.
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['onoBBIE TOTEPH FAEKTPOIHEPTUU B MUTAOIIEN JTMHUU:

Closes = AWpp * Tegns = 155 - 80 = 12 376 py6

rae  AWpg;, — notepu sHeprum, MBTy;
T,.ons — Tapud Ha IOTpeOIEeHUE, pyd / MBTU. [20]
VHBEeCTHIIMOHHBIE 3aTPaThl HA MUTAIOIIYIO JIMHUIO TTPUBECHBI B CJICTYIOIIEH
TadnuIe.
Tabnuma 3.1. IHBEeCTUIIMOHHBIC 3aTpaThl HA MUTAOILYO JIMHUIO
Hapasetp CroumMocTs,
O6opynoBanue Tun [Ipumeyanusi | CTOMMOCTH, p
P/km
BO3IyIIHAS IMHUS | IBYXIICITHAS Ha
110 kB, AC-70/11 | meTamIn4ecKux 2 971]9' 671 | 29 7::96 13
(10 xm) ornopax
Janauiagrabie 0,015 44575P | 445751 P
paboThI
Bpeweriibie 0,033 98 065P | 980 652 P
COOPYKCHHUS
[IpoexkTHO-
U3bICKATEIbCKUE 0,09 267450P | 2674504 P
paboThI
ITonnepxka ciyx0bl
[Iuraromas yIIPaBJICHUS
JHIHI CTPOTTEILHBIMA 0,0318 94499 P | 944 991 P
paboTamu,
MOHUTOPUHT
CTPOUTEIHCTBA
[Ipoune 3atpaTs 0,08 237734P |2377337P
Pacuunctka
JIECOMOJIOCHI, 1650002 | 1650000£L
CO3/IaHNE TIPOCEKU
CTpOHTEILCTBO 800 0002 | 8 000 000 P
JISKHEBOU IOPOTH
46 789 948
CyMmMmapHbie MHBECTUIIUH p
ITorepu B
[MUATAIOIIEN 155 MBT1u g0 P 12376 P
JTMHAH
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CToMMOCTb TJIaBHOW MOHIDKAOIIEH noacTanmun: [19]

Cyss = 47 918 ThbIC. py6
Jlns pacueTta oOIIEH CTOMMOCTH CTPOUTENBCTBA MOACTAHIIMH HEOOXOIUMO
y4ecTh TMPOYME pacXoibl, KOTOphIE OBUIM pPacCYMTAHBl HCXOAs U3 0a30BOM
CTOMMOCTH C UCIIOJIb30BaHUEM CJIEYIONINUX MPOIIEHTHBIX CTABOK:

° 5,0% — moOunu3aImoHHbIe pabOTHI,

o 4,0% — nanamadTHRIE PabOTHI;

) 3,9% — BpemMeHHBbIE 3/ITaHHS U COOPYKCHUS,

) 8,5% — MpoeKTHO-U3BICKATEIIbCKHE PAOOTHI;

o 3,18% — momyepkka CIry>kObI yIIpaBiICHUS CTPOUTEILHBIMU pabOTaMH,

MOHHUTOPHHI CTPOUTEIILCTBA,;
o 8,5% — npouwue 3arparsl. [19]
["omoBBIE TIOTEPHU B TOACTAHIUH:

Closes Mss = AWpyiss * Teons = 95.1-80 = 7 575 py6
rae AWy g5 — norepu suepruu, MBTy;
T;ons — Tapud Ha notpedsenue, pyo/MBTu. [20]
WHBeCTUIIMOHHBIE 3aTpaThl Ha TJIABHYIO MOHIKAIONIYI0 MOJCTaHIHUIO
IpUBEJICHBI B CIEAYIOUIEH Tabnuie.

Tabnuna 3.2. MHBeCTUIIMOHHBIE 3aTPaThl Ha TJIABHYIO MOHWKAIOIIYIO TTOICTAHIINIO

[Tapamerp CroumocTsb,
06 T
OpyHOBarue i CTOMMOCTH, P P
JIBa TByXOOMOTOYHBIX
tpanchopmaropa: TIH — 47918 000P | 47918 000 P
16000/110
MoO6unu3aioHHbIe padOThI 0,050 2395900 P
JlanamadTabIe PabOTHI 0,040 1916 720 P
['maBHas
Bpemennbie coopykeHus 0,039 1 868 802 P
TTOHIDKAFOIIIAs
[TpoekTHO-U3BICKATENHCKUE PAOOTHI 0,085 40730302
MOICTAHIIHSI
[Tognepxka cy>KObI yIpaBIeHUS
CTPOUTETHLHBIMHU pabOTaMH, 0,032 1523792 P
MOHUTOPUHT CTPOUTEIHCTBA
[Ipoune 3aTpaTh 0,085 4073 030 P
CymMMapHbIe HHBECTHLMH 63769 274 P
[ToTepu B Tpancdopmaropax 95.1 MBT4 7575P
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42%

58%

m Feeder lines = Main step-down substation

Pucynok 3.1. lHBeCTUIIMU B CUCTEMY IIEHTPATU30BAHHOTO AJIEKTPOCHAOKEHUS

CyMMapHbI€ UHBECTHUIIMU B CUCTEMY LIEHTPAIM30BAHHOTO JIEKTPOCHAOKEHUS
COCTaBJIAIOT:

110 559 000 py6.
Aemonomuasn cucmema 9Jzel<mp0cna69fceuu}l

CymiecTByeT HIMPOKH CrIEKTp YcTaHOBOK [ 'TY Ha phIHKE OT OT€YECTBEHHBIX
npousBoAuTeNen a0 3apyoexHbix. Konebanus 1ieH HaOmogaoTea B mpeaenax ot
250 no 800 mosmapoB CIIIA 3a kBT ycTtaHoBieHHOM MoutHOCTH. Beiopannas ['TY
MIPOU3BOJIUTCS OTEUYECTBEHHOM MPOU3BOACTBEHHOM KommaHuen - OAO «POII
Xonauuary. OTeYecTBEHHbIM NPOU3BOJIUTENL ObLI BBIOpAaH B COOTBETCTBHM C
[IPOrpaMMoOil  3aMEIEeHHs] HMIIOpPTa, KOTOpas NPOBOJUTCS CPEOU KpPYIHBIX
npombIluieHHbIX KoMIanuil. OAO «PIIT XonauHry» - poCCUICKHI SHEPreTUYECKUI
XOJIIUHT, KOTOPBIA JTOMHUHHpPYET B 00JIaCTH TMPOU3BOJCTBA U IOCTaBKU
anekTpoobopynoBanus. [IpeanpusiTiie BhIMOIHAET NPOSKTUPOBAHUE, TPOU3BOICTBO
Y TIOCTaBKY PHEPTreTUUYECKOTO U DJIEKTPOTEXHUUECKOT0 000PYI0BaHUS JIJIsl Ta30BOM,
He(TSIHON, SHEPreTUUECKOW MPOMBIIIEHHOCTH, B OCOOEHHOCTHU J1JIsi POU3BO/ICTBA
AJNIEKTPOIHEPTUH U CETEBOM MHTETPALIUU.

B cooTBeTcTBUU €O CTaHAAPTU3UPOBAHHBIM MNPOU3BOJACTBEHHBIM OTYETOM IO
I'TY [17] xoHKpeTHas MHBECTUIIMOHHASI CTOMMOCTD JJISI IBYXOJIOUYHBIX YCTAaHOBOK
I'TY-16 ¢ noacucremamu (tun UGT16000C) cocraBasier 683 520 000 pyOGneit c
MIOCTABKOW M YCTAaHOBKOM MO KJIt04, 4TO cocTaBisier 356 nomnapoB CIIA 3a kBt
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YCTaHOBJIEHHOW MoOIIHOCTH. [locTaBiisiemasl ycTaHOBKAa HM3rOTaBIMBACTCS B BUJE
0JIOYHO-MOAYIBLHOTO KOMILIEKTA C TIOBBIIEHHON TOTOBHOCTHIO COOPKH M OBICTPBHIM
BBOJOM B JKCIUTyaTallMiO, BO3MOKHOCTBIO 3allycKa. B 11enoM mokyrika yCTaHOBKHU
MPECTaBIsIeT COOOM CIIOKHBIM MPOIecC, KOTOPBI MOKET OBITh BBIMOJIHEH B
TEHJECPHON MPOLEAYPE, MPSAMON MOKYIKE, MOCTABKE OT IMPEANOYTHUTEIBHOU WU
coBMecTHON kommaHuu. [lorTomMy 1eHbl OynyT OTJIMYAThCA B 3aBUCUMOCTH OT
MIPUOPUTETOB 3aKa3a KJIMEHTAa U KOHKPETHOM CUTyalluH HA PhIHKE.

B mocnenctBue, MHBECTUITMOHHAS CTOMMOCTH OYJET TOJBEPrHYTa aHATU3Y
YYBCTBUTEIHHOCTH B TIOCJICIYIOIICH TJIaBe, 9TOOBI OOHAPYKUTH JTFOOBIC H3MCHCHUS
P KOJIEOAHUU TIEH.

B wurore, mHBecTMIIMM B IICHTPAJIM30BAHHYI0O U AaBTOHOMHYIO CHCTEMBI
anekTpocHabxeHus paBubl 110,5 u 683,5 mitH. py0., cooTBeTCTBEHHO. THBECTULINH
B aBTOHOMHYI0 COC MpuMepHO B MIECTh pa3 OO0JIbIe, IO HHBECTUITUN ITOKA3aHBI
Ha JMarpaMMe HUXe.

Pucynok 3.2. lHBecTHLIMM B LIEHTPAJIM30BaHHYIO U aBTOHOMHYI0 COC

3.1.2 AMopTu3anus OCHOBHbLIX (OH/I0B

AMopTu3anus - 3T0 YMEHbIIEHUE CTOMMOCTH aKTHBa 3a CUET €ro M3Hoca ¢
TE€YEeHUEM BpeMEeHH. AMOPTH3alLIUs - METOJl pactpeaeneHus 3arpar. Pacnpenenenne
3aTpaT MOXET OCHOBBIBATHCS Ha Pa3HbIX (paKkTopax, HO OHO BCETJa CBS3aHO C
pPacUYETHBIM MEPUOJIOM, IIPOTYKT MOKET TEHEPUPOBATH TOXO] ISl KOMIIAHUH, TAKXKe
M3BECTHBIN KaK SKOHOMHYECKAs KHU3Hb aKTUBA. TOJIBKO T€ aKTUBBI, KOTOPBIE TEPSIOT
CTOMMOCTbH C TEYEHHEM BPEMEHHU, MOTYT OBITh 0OeciieHeHbl. CyIecTByeT HECKOJIBKO
TUIIOB aMOPTHU3AINH, TAKUX KaK JJMHEWHAs U YCKOPEHHAsi aMOPTU3ALIHSL.
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[Ipocreiimmii u HauboJee YacTO HMCHOJIb3YEMbIA METOMA, JIMHEWHAs
aMOpTH3aLMs, PACCUUTHIBACTCS ITyTEM IPUHATHUS LIEHBI IOKYIIKU WU IPUOOPETEHUS
aKTHBA, BBIYUTAsI OCTATOYHYIO CTOUMOCTb (CTOMMOCTD, 110 KOTOPOIl OH MOXKET OBbITh
pojaH Mocje TOro, Kak KOMMaHus OoJybllie HE HYXKAaeTcs B HEil), U JeeHus Ha
CPOK HM3HU aKTHBA, 32 KOTOPBIN OXHUJAETCS, UTO aKTUB MOXKET MPUHECTU IOJIb3Y
KoMIaHuu. [Ipumep MHEHHOM aMOPTH3aINH ITOKa3aH Ha CIIEAYIOIIEeM pucyHke [22]:

Value §

RUB
D1 D2

.. Dn
HENEEEE -

T, years

INW

Pucynok 3.3. JIuneitHasg amopTu3anus

AMopTH3anus paccuuTana 1no ¢Gopmyse:

D=—
T}

rae V — MHBECTUIIMU B aKTUB,
T — cpok »KU3HU aKTHUBA. [22]
ITpumep pacuera amopTH3AIMU JJIs1 MUTAIOIIEH JTUHUM TTOKa3aH HUXKE.

Pa3mep amopTuzanuu B roj pacuuTad 1no Gopmyse:

p="Sro 2070000 4 462000 pys
A Py

3.1.3 PacueTt cTouMoOCTH 3aTpaT
Ilenmpanuzosannasa cucmema InNeKmpoCcHadIceH U
Cmoumocmb noOKI04eHUs K cemu

B coorBerctBuuM ¢ oOs3arensctBamu  nepen I[lpaButensctBom PO wu
CucteMHbIM omneparopoM Enunoii sneprernueckoit cuctemsl B Poccun (CU EDC),
OPEeAnpusATas CTPOro o0s3aHbl IJIATUTh 3a MOAKIIOYEHHWE K CETH B Ciyyae
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LEHTPAJIM30BAHHON CUCTEMBI JJIEKTPOCHAOXKEHUS. Y CJIOBUS MIPUCOCANHEHUS CETEH
TTOJIKHBI 00ECIIEYNBATh:

o Texnuyeckue TpebOBaHMUs, KaCAIOUIUECS MPUCOCTUHEHUS,

o KonnuecTBO 3aka3aHHOW DJIEKTPOIHEPIMU M YCIIOBUS BBIIIOJIHEHUS
paboT A7 NPUCOEIUHEHUS K CETH;

. Pacnonio)xeHne Touek MpUCOEAMHEHUS K CETSAM;

o [lepedyeHb OKa3aHHBIX YCIYT U TApU(PHBIX YCIOBUI;

. CTonMOCTb yCIyT U MOPSIIOK UX OIUIATHI.

BBuay BBIIIEU3IIOKEHHOTO U Ha OCHOBE HOPMAaTWBHOM noKymeHTauuun CO
EDC [21], crouMOCTb MOJKIFOYEHHUS K CETH BKJIFOUAET B ceOsl:

) [ToaroroBka Texuuyeckou mokymenTaiuu, Crsp = 213 py6/kBT;
o Perynsapubie npoBepku, Cace = 80 py6/kBT;

° Aynut cuctemsl u o6opynoBanusi, Cega = 62 pyo/xBT;

o [Tonkmrouenue u obcmyxuBanue, Cocm = 195 py6/kBT.

B nepepacuere Ha KOHKPETHBIN YPOBEHh HOMUHAJIBHOM aKTUBHOM MOITHOCTH
(16,188 MBT):

o [ToaroToBka TexHuaeckou nokymenrtanuu, Crsp = 3 455 329 py0;
o Perynsapusie mpoBepku, Cace = 1 300 382 py0;

o Aynut cuctemsl u obopynoBanusi, Cega = 1 005 275 pyo0;

o [Toaxmouenue u oocmyxuBanne, Com = 3 149 861 pyo.

Total fee for connection to the grid: Cec = 8 910 846 pyo.

IInamul 3a nompebenue s1eKkmposHepeUun

denepanbHas ciayxba mo Tapudam Poccun u3naer METOIUYECKUE YKa3aHUs
0 pacyeTy Tapu(oB Ha FJIEKTPOIHEPTHIO HA POZHUYHOM / MOTPEOUTETHCKOM PHIHKE,
YTO TOBOPUT O HEOOXOIMMOCTH AuddepeHIanud N0 HECKOJbKUM TpYIIaM
TapudoB Ha 3JeKTposHepruto. Ha mpenmpusitun npumeHsieTcsl ABYXCTaBOYHBIN
tapud. OH COAEPKUT CTAaBKM 3a YCTAHOBJICHHYIO MOIIHOCTb M TNOTpeOJIeHHE
AIIEKTPOIHEPTUH (TIEpeMEHHAsI ¥ TOCTOsIHHAS cocTaBiisitomue Tapuda). [lepemennas
- 3TO 1I€HA NPEIJIOKEHUS U CTOMMOCTb YCIYTr, KOTOpas OTpa)kaeT MoTpedieHue
ANEKTPOIHEPTUH OT AyeKTpuueckoi cetu. [locTostHHas (uUKCUpOBaHHAs TUIaTa
B3UMAETCS 32 ANEKTPUUECKYIO MOIHOCTh IPEANPUSATHUS.

o CraBka Tapuda 3a yCTAaHOBJIICHHYI) MOIIHOCTb, [power = 560 325
py6/MBT;
o CraBka Tapuda 3a mnoTpebiieHHe »dIeKTpodHepruu, Icons. = 80

py6/MBTtu. [20]
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PaccuuranHble 1L1aTHhI:

Crower = Teower * Pr =560 325 - 16.188 =9 070 537 pyO0;
Ccons. = Tcons. " Pr* Tm =80 - 16.188 - 7500 =9 675 163 py0.
rae Pr—pacdeTHas akTUBHas Harpyska npeanpusitus, MBT;
Tm— BpeMs yTHIIM3alUY MaKCUMaJIbHON MOIITHOCTH, Y.
CymMapHnas 1iara 1o Tapudam CoCTaBIISET:
Cec = Cpower + Ccons. = 18 745 700 py6.

Dxonocuueckue C60pbl npu coilcuearnuu nonymHoco Hequ}lHOZO 2asa

[TonyTHbI# HETAHOM ra3, J0ObIBAEMbIN BMECTE C ChIPON HE(THIO, CKUTACTCS
Ha (pakenax, W BBHIUIAYMBACTCS IJIaTa 3a 3arpsi3HEHUE OKpY’Karwolel cpeabl. B
cieayromiel Tabiauile MOKa3aHO MPOLEHTHOE COOTHolleHue komrnoHeHToB [THI™ u
yZelbHbIE COOPBI 3a 3arpsi3HEHHE MO0 KaXIOMYy M3 HHX. B IpoekTe yduThIBaeTcs
TOJBKO pa3Hula B KoysmuecTBe cxuraemoro ITHI', Mmexny neHTtpamn3oBaHHBIMU U
ABTOHOMHBIMH CHCTEMAaMH DJIEKTPOCHAOKEHN S, TOCKOJIBKY HET CMbICIIa MPUHUMATD
pemieHuss mo TMpoekTaM mpu pacdyete Bcero oOwema I[IHI, wuzBnedeHHoro wu
cxuraemoro. Pasnuia paBHa pacxony Tomnusa yctaHoBok I'TVY. Ilnara 3a kaxasii
KOMITOHEHT OblJla paccyuTaHa, YMHOXasl MPOLEHTHBIM COCTaB Ha OOLIYI0O CYMMY H
Tapud 3a miary.

Tabnuna 3.3. Dkonorudeckue coopsl 3a cxxuranue [THI [23, 24]

Kommonent [THT [Tpouent CraBka Pacucunrannasa
cocTaBa Tapuda, pyo/t njara, pyo
CH,4 0,90 108 3122882P
CoHs 0,03 47,5 45783 P
C2Hs 0,02 1,6 1028 P
N> 0,02 138,8 89 188 P
CO, 0,03 1,6 1542 P
% 100 Cymma (ron) 3260424P

3ampamul na obcaydcusanue numaroweti IUHUU

CTaH,Z[apTHI:IC 3aTparbl Ha PCEMOHT HW TEXHHUYCCKOC O6CJ'Iy}KI/IBaHI/IC

3JI€KTpOO60py,HOBaHI/I$I - JCHC)XKHAas1 CTOMMOCTD, HCO6XOI[I/IMaH N aocrarodHasa aJisd
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MPOBEJCHUSI PEMOHTHBIX pPabOT 00OpyIOBaHUS B IUIAHOBBIA TOJ MO CTaHAAPTY
HOMEHKJIATypbl, YCTAHOBJIEHHOTO:

o [IpaBuwinamu opraHu3zanMd TEXHUYECKOTO OOCHYKMBAaHUS M PEMOHTA
000py10BaHUs, 3IaHUI U COOPYKEHUMN JCKTPOCTAHIIUNA U CETEH;

. TexXHUKO-PKOHOMHYECKUMHU CTaHJapTaMH TUIAHUPYEMOT O
npOQUIAKTUHIECKOTO PEMOHTA;

° OnepalMOHHBIMA ¥ PEMOHTHBIMU JIOKYMEHTAMH JIJII KOHKPETHBIX
THUIIOB 00OPYI0OBaHMUSI.

Bo3nymnsie nuaun 110 kB mepeMeHHOro TOoka JOJKHBI OOCITYKUBAaThCS
KaXKIbIE TISATH JIET; KPOME TOTO, KAMTUTATBHBIA PEMOHT JOJIKEH IMTPOBOIUTHCS KaXKbIC
JIECATH JIET, KaK yKazaHo B «CTaHAapTHBIX CTaBKaX 3aTpaT Ha PEMOHT B MPOIEHTaX
oT OallaHCOBOM CTOMMOCTH KOHKPETHBIX BHJOB OOOPYIOBaHUS CTAHIMA U
aieKTpocTaniuiiy. IIpolieHTHAs cTaBKa Ha TeXHHUUYeckoe oOciyxuBanue - 0,25%,
JUIS KanmuTaiabHoTo peMonTa - 0,4%.

Crro. = I'sLo. - Crp - kg = 0.004-29 716 713 - 1.3 = 154 527 py6;

rie  CgLym — CTOMMOCTB 0OCAY>XUBAHUSA MUTAKOLEN JIMHUU, PYO;
CgL.0. — CTOMMOCTb KallUTaJIbHOTO PEMOHTA MUTAKOUIEN JIMHUH, PYO;
I'rLM. — NPOLEHTHAs CTaBKa /il pacyeTa CTOMMOCTH 00CIyKUBaHUS;
I'rL.o. — NPOLIEHTHAas CTaBKa JJisl pacyeTa CTOMMOCTH Kall. pEMOHTa;
Cpp, — CTOUMOCTb CTPOMUTEIbCTBA NUTAIOIEN JIUHUH, PYO;
kg — pervoHa/bHbIA K03 PunMeHT A5 30H KpaiiHero CeBepa. [18]
3ampamul na obcnysrcusanue enasHou nonudxcaroujei noocmanyuu (1I'T111)

Ha ocnoBanuu [18] nys BBIOpAaHHOTO THMA TOJACTAHIIMA TIPOIEHTHBIC
COOTHOILICHHUSI VIS CTOMMOCTEM OOCTY)KUBaHUSI M KalUTaJIbHOIO PEMOHTA
cocTaBiisaroT 1,21% 1 2,49% cooTBeTCTBEHHO. TexHUUeCcKoe 00CITyKUBaHUE JTIOTKHO
MPOBOJUTHCS KAXJbIE TPU Iofa U KAMUTAIbHBIM PEMOHT Kaxabplid 9-i roa. Takum
00pa3om, NOJy4HM:

Cmssm = Tmssu * Cumss = 0.0121-47 918 000 = 575 808 py6;
Cmsso. = Tusso. * Cyss = 0.0249 - 47 918 000 = 1 193 158 py6;
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rie  Cpssm — cTOMMOCTb 06cayxkuBanus '], pyo6;
Cpss.o. — CTOUMOCTb KanuTaabHoro pemoHTa ['III1, py6;
I'yssm. — NPOLIEHTHas CTaBKa JJIsl pacyeTa CTOMMOCTH O0CIYyKUBaHUS;
I'yss.o. — HPOLEHTHas CTaBKa JJisl pacyieTa CTOMMOCTH Kall. pPEMOHTA;

Cumss — ctoumocTs ['IIII, py6.

1%

= Grid connection cost
m Electricity cons.

Fee for APG burning
m Feeder lines

maintenance

= MSS maintenance

Pucynok 3.4. 3arpatsl Ha neHTpanu3oBaHHyto COC

Aemonomnan cucmema 31eKMPOCHADICEHUA
Obcnyorcusanue u KanumaibHulil pemMoHm

Cormacuo [10], cpok cayxOwsr ycranoBku cocrtaBisger 200 000 dyacos,
TEXHUUYECKOE OOCITY>KUBAaHUE JOJKHO BBIMOJHATHCS Kaxaeie 25 000 wyacos,
KanutaibHbld peMOHT Kaxaeie 60 000 wacos. IlepecuntaB KOIMYECTBO 4YacOB B
KOJIMYECTBO JIET, MCIOJIb3Ysl BpPEMs MCMOJIb30BAHMS MAKCUMaJIbHOW MOUIHOCTH,
MOJIYYUM CIICYIOIINE Pe3yIbTaThl: TEXHUYECKOE OOCITYKMBAHWE W KANUTATbHBINA
PEMOHT JOJKHBI BBITIOTHATHCS KaxKble 3 U 8 JIeT.

3aTpaThl Ha TEXHHUYECKOE€ OOCIY)KHUBAaHWE€ W KalUTaJIbHBIH pPEMOHT
cocTaBysArOT 5 U 10%, COOTBETCTBEHHO, OT OOIIEro 00beMa UHBECTHUIIUN, KOTOPHIC
coctaBisaroT 30 758 400 u 68 352 000 py0:eit, 3a oquy onepanuio. [18]
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68,3 min. RUB 30,8 min. RUB

m |nvestment
m Total overhaul

m Maintenance cost

PI/ICYHOK 3.5. I[GHG)KHBIG HHAUKATOPBI ABTOHOMHOM CHUCTEMBI BJ'IGKTpOCHa6)I(€HHH

Bupmyanvuas yena monausa (no o6vemy nompebnsemozo I'TY nonymmuozo
easa)

CAPG - Cmining * VAPG - 250 * 4‘6 090 =11 522 450 pY6

TI€ Cmining — CTOUMOCTH 100bI4M [THI" (cOOCTBEHHAS CTOMMOCTD Ha NIPEANPUATHH),
py6/TeIC. M® [25]

Vapg — exeronnoe notpedienue [THI ¢ nenbio BEIpabOTKU IEKTPOIHEPTUH,
THIC. M°.

dakTU4eCcKU, IpeAnpUsATHE HE IIaTUT 3a ucnonsdyeMmsld [THI' B kadecTse
TOIUIABA 1151 yCTaHOBOK ['TY, HO CTOMMOCTB AOJKHA PACCUUTHIBATHCS, IOTOMY UTO
HedTerazoqo0bIBatOIMe MNPEANPUITHS HECYT 3aTparhl, 4YTOOBI JOOBIBATH €ro
OJIHOBPEMEHHO C HEe(MThIO KaK HEXeNaTeJIbHbIi KOMIIOHEHT ChIpOA HEPTH.
JlokazaHo, 4To 4YeM BbIIEe HackieHue Mectopoxiaenus I[IHI, Tem Bbime
MepeMeHHasi CTOUMOCTb JJOOBIUN HEPTH.
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3.1.4 Onpenenenne CTaBOK JUCKOHTHPOBAHUSA
B Hactosmee BpeMs ypoBeHb ungayuu (rin¢) noctur 4,3 %. Ilo cpaBHenuIO

C MPEIBIAYIIMM T'OJIOM CHIKEHUE cocTaBwiIo Ha 3,4 %, 1 HaOIo1anach TeHACHIUS
CHIDKEHUS. [26]

RUSSIA INFLATION RATE . %
18
18
14

12

10

2
2012 YEAR 2014 2016 2017

Pucynok 3.6. Tenaenmus ypoBus undisuu B Poccun, 2012 — 2017

B Oyayiiem, ObicTpoe CHIKEHUE UHQIISIIIUN 03KUIAJIOCh 10 YPOBHA 5,5 % u 4
% B 2017 m 2020 romax coorBeTcTBEHHO. CHIKEHHE MHQISAIUU A0 YKa3aHHBIX
3HAYEHUHA JOCTUraeTcs IyTEM HapaIlMBAHHWS TEMIIOB 3KOHOMHYECKOIO pOCTa U
pa3BUTHSl OpPraHU3allMOHHOM TOJUTUKU. Bo-nepBbix, HaOmomaercs crporas
NOJUTUKA B OTHOIICHUM PEryIHpPyeMbIX Tapu(oB aisi HHPPaCTPYKTYypHBIX
oOnacteii. Bo-BTOpbIX, MpEeANPUHUMAIOTCA MEPHI MO PEryJIUPOBAHUIO CIOPOCa Ha
BHYTPEHHHE TOBApbl U YCIYTH, IPOJBUKEHNUIO KOHKYPEHIIMU, aHTUUH(IISLIMOHHON
nosutuke. B nmonrocpouyHoil mepcnekTthBe ypoBeHb HHQusiuH K 2025 romy
coctapiset 5,3 %. [27]

Kpome Toro, npooKUTENIbHOCTh IPOEKTOB OLIEHUBAETCA B 32 T0Ja, YTO HE
MO3BOJISIET IPUHSATH CTABKY MH(IIALIMY C TOYHOCTBIO 110 5,3% B TeUEHUE BCEro CpoKa
KU3HU TPOEKTOB. [l03TOMY, NpUHKMasi BO BHUMaHUE XyAIINA TPOTHO3, IPUHUMAEM
uHpusimro 6 %. bomee Toro, craBka OyAeT TOABEpPrHyTa  aHAIU3Y
YYBCTBUTEJIBHOCTH B MMOCJIEAYIOLIEH TIIaBe.

Peanvnas cmaexa o0oxoonocmu (ryeq;) TPUHAMAETCS KakK JKellaecMas
MHUHUMAaJbHasl CTaBKAa JOXOJIHOCTU C ydeToM pucka. Kemnaemas MHHUMAaJbHas
CTaBKa JIOXOJHOCTH - 3TO MUHUMAaJIbHAsI CTABKa, MoJiydaeMas 3a CYeT WHBECTULINM,
KOTOpbIE MOTYT OBITh BJIOKEHBI B albTEPHATUBHBIM MPOEKT, OaHK WIH
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rocygapctBeHHbie oonumranuu (5% - 10%). BBumy BBINIEH3I0KEHHOTO peasibHAS
CTaBKa JJOXOJHOCTHU MTpUHUMAaeETCsl paBHOU 8%. [28]

Cmaska OuCKOHMuposanust (Tyym) paccurTana o dpopmysie Oumepa [22]:
Tnom = (1 +Tjpp) * (1 +1peq) —1=(1+0.06) - (14 0.08) —1 = 0.1448

Iloooxoonwuii nanoe (T,) nns opranusanuii paBeH 20% B COOTBETCTBHH C
Hanoroseim kogexkcom Poccutickoit denepanmu [29].

Cpeonesssewennas cmoumocms kanumana (WACC)

Jns pacuera >pdekta BHEIIHETO PUHAHCUPOBAHUS UCTIOIB3yEeM KOHIICTIIUIO
cpenueB3BemieHHON cTomMmoctu Kamutana (WACC). WACC - 310 MUHUMAaJTbHAS
JOXOJTHOCTh, KOTOPYIO KOMITAaHHS JOJDKHA 3apaboTaTh Ha CyIIECTBYIOIICH Oase
aKTUBOB JIJI1 yJIOBJIETBOPEHHUS CBOMX KpPEIUTOPOB, BIAJEIBIEB U APYrHX
naBecTopoB. WACC paccuuThIBaeTCsl ¢ y4€TOM OTHOCUTENBHBIX JIOJIEH KaKII0TO
KOMITOHCHTa CTPYKTYpbI KanuTaia [22].

E D
Twacc = Tequity m + Tdent m (1 - Tc);

THE  Teguity — COOCTBEHHAS CTABKa I0XOIHOCTH, %o,
T4ept — NPOLICHTHAS CTAaBKa, yCTaHOBJICHHAsI OaHKOM, %;
E — nosst coOCTBEHHOI'O KaIluTana;
D — nomst 3aeMHOro KanuTana;
T, — cTaBKa KOPHOPATUBHOTO HAJIOTA.

Monens WACC peanuzyeTcs, €ciii IpOeKT (GUHAHCUPYETCS 3a CUET KPEaUTa.
Heo0OxoaumMo mpUMEHATh MPOIEHTHYIO CTaBKY, MO KOTOpPOW OaHK MperoCTaBIIsSET
KPEIUTHI KPYITHBIM KOMIIAHUSM, UcTionb3ys monaens WACC.

CraBka Oanka (r,.p:) ycTaHoBieHa paBHoi 14,15 %, 1m0 JgaHHBIM
[lentpansHoro ©Oanka Poccmiickoit ®eneparuu 10 MOPEATPUHUMATEITHCKAM
KpEIUTaM cO CPOKOM roraiieHus 6osee ogHoro roaa. [30]
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3.2 Pacuer 3xOoHOMHUYECKHX MOKa3aTeJjien

Pacuem wucmori npueedennoti cmoumocmu (411C)

Uucras npuBejeHHass CTOMMOCTh IPEACTaBIsACT COOOH CyMMY JEHEKHBIX
MIOTOKOB, MPUBEACHHBIX TEKYIIUH I'0J1 C y4€TOM CTaBKH TUCKOHTUPOBAHUS, APYTUMU
CJIOBaMH, CyMMa JUCKOHTHPOBAHHBIX JICHEKHBIX ITOTOKOB. [22]

B xone maroB pacdera JACHEKHBIX MOTOKOB OBUTA PAacCUYUTAHBI JOXOJIBI JI0
Hajoroo6noxxenus (EBT), HamoroBerii muT, mpuOBUTH TOCIE HAJIOTOOOIO0KEHUS
(EAT).

[1puObLIL 10 HATTOTOOOIOXKEHUS PACCUUTHIBACTCS 10 CIeAYIOINIeH dhopmyiie:

EBT; = —C; —D

rae  C; — cymmapnsie u3epxku Ha ‘t’ rox, pyo;

D — amopTu3zarnusi, pyo.

3aTpaThl Ha cUCTeMy IeHTpaidu3oBaHHOro JC BKIOYAIOT B ceOs
MOAKIIOYEHUE K CETH, NOTPEOIeHUE ANEKTPpO3IHEprud, mrpadsl 3a cxuranue [THI,
TEXHUYECKOE OOCITYKUBAHUE U KAUTAIBHBIA PEMOHT MUTAIOIINX JIMHUMA U TTaBHOU
noHwxarome noacrtanuuu. s aBroHomHO COC 3T0 3aTpaThl HA TEXHUYECKOE
o0Cy’>KUBaHUE U KAMUTAIBHBIA PEMOHT yCcTaHOBKH [ TY, IpOLIEHTHI IO KpeauTy (B
Ciiydae BHeIIHEro ()MHAHCUPOBAHUS WMHBECTHIMH). J[pyrue mpemamnoiaraeMele U
MOTEHIMATbHBIEC 3aTPAThl CUUTAIOTCS UJIEHTUYHBIMU [ OOOMX BapUAHTOB, U OHU
HE BIUSAIOT HA MPOLEAYPY NPUHATUS PEUIeHWH M pe3yibTaT, MO3TOMY OHHM HE
BKJIFOYEHBI B ) KOHOMHYECKYIO MOJIETb.

Pacuer nasorosoro nura:

TaXt == EBTt - TC
rac TC — CTaBKa KOpHOpaTI/IBHOFO HaJiora.

B nanHoM ciyyae y npeanpusITUs UMEIOTCS IPYTHE H0X0bl (HE CBSI3aHHBIE C
STUMM TPOEKTaMH), U U3JACPKKH ITUX MPOCKTOB MPUBEAYT K YMEHBIIECHUIO
CyMMapHOH CyMMbl HQJIOTOB KOMIIAHMHM. DTO O3HAYa€T, YTO Mbl PACCUUTHIBAEM
HAJIOTOBBIN IMIUT Kak oTpuniatenbHbiid, 1 EAT OyzaeT Boillie Ha CyMMy Hajora.

[TpuObLTL TIOCTIE HATTOTOOOI0KEHUS PACCUUTHIBACTCS 1O (OpMYJIE:

B HUTOIC, ACHCKHBIC IIOTOKH OIPCACIIATOTCA:

CF, = EAT, + D — PMT,
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rie PMT, — OCHOBHOW TUIaTeX MO Kpeauty, pyO. (B clydae BHEIIHETO
(¢uHaHcupoBaHus B MPoekT aBTOHOMHOU COC).

PacdeTtsl reHepupyIoT CIEAYIOMINE AEHEAKHBIE TOTOKU:

1 11 13 15 17 19 21 23 25 27 29 31 33

20 IIIllllHHH ‘
-40
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-100

-120

-140
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Pucynox 3.7. ®uHaHCOBBIEC MIOTOKW CUCTEMBI IICHTPATU30BAHHOTO
3JICKTPOCHA0KESHHS
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Pucynok 3.8. ®uHaHCOBBIE MOTOKH CUCTEMBI aBTOHOMHOTO 3JIEKTPOCHAOKEHUS
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Ou4eBHUIHO, UTO JICHEXKHBIE IOTOKH B ciiydae leHTpanu3oBanHoi COC miuaBHO
pactpenensiioTcsl M3-3a  MOYTH  OJWMHAKOBBIX 3aTpaT 3a TOJbl, BKIIIOYAs
koa(urmenTs! ackananuu. Hanpotus, aBToHoMHast COC oTpakaeT HEOTHOPOIHBIC
0 BPEMEHHU JICHEXKHbBIE TOTOKH, KOTOpbIE BKIIOYAIOT B Ce€0S TEXHUYECKOE
00CITy’)KMBaHUE M KalUTAIbHBIM peMOHT ycTaHOBKH ['TY ¢ ydeTom BpeMeHHOM
CTOMMOCTH JEHET.

Ywucrast npuBeNeHHAs] CTOMMOCTh PaCCUNTHIBACTCS IO (OopMYyIIe:

NPV ' C INV
; (1 + rnom)t
rne CF, — neHexHbll TOTOK B rof «t», pyo.;
Thom — CTaBKa TUCKOHTUPOBaHUs, %o;
N — CpOK JKH3HU NPOEKTA, JET;

INV — unBectunuu B «0» roxgy, pyo.;
3navenus UIIC npuBeaeHsl B caeayromieit Tadbnuiie:

Ta6muna 3.4. 3nauenus UI1C npoekToB

CucremMa 31eKTpOCHAOKEHUS UIIC, miuH. pyo.
[enTpanu3oBaHHas - 305.5
ABTOHOMHas - 783.5

B cootBerctBuu ¢ pesynasratamu, YIIC Broporo Bapuanta COC Gosee ueM B
JIBa pa3a HUXKE, TTIaBHBIM 00pa3oM H3-3a MPeo0sIaJaroINX WHBECTUIIMN B TIPOEKT.
Kpome Toro, nmpeobiiaiatoT oTpuiiaTeibHbIC IEHE)KHBIC IOTOKA BTOPOTO BapUaHTa B
JpyTye ToJbl IO CPABHEHUIO C IEHTPAIM30BaHHOM cucTeMoi. PacueT mpoBoauiics
0e3 BHEIIHEro (PUHAHCUPOBAHHUS BTOPOrO BapUaHTa; 3Ta BO3MOXKHOCTh OyJeT
00CcyX)aThcs naee.

B cinydae BHemHero ¢puHaHCHPOBAHUS BTOPOTO BapWaHTAa, YYUTHIBAs, YTO
koMmnanus 3aHuMaeT 80% HMHBECTHIIMOHHON CTOMMOCTH W3 OaHKa, HAOII0YaroTCs
CIEAYIOIIUE JaHHBIE:

Tabnuua 3.5. CTpyKkTypa HHBECTHULIMIMA

CooTHoIIeHHEe KPeauT K HHBECTUIINSIM, %0 80
Kpenur, py6. 546 816 000
["ogoBoit matex, pyo. 89 694 997
CoOcTBeHHBIE CPENICTBA, PYO. 136 704 000
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CpOK TOraIIeHus CoCTaBIsAeT 15 JICT, IIJIaH MOralmcHus 3a10JI2KCHHOCTH .

Taomuma 3.6. [Inan norameHus 3a0KEHHOCTH

OcHOBHEIE Brinarta OO0mui
T'on bananc, py0.
IJIaTeXu, py0. | MPOIEHTOB, pyO. | miatex, pyo.
1 546 816 000 12 320 533 77374 464
2 534 495 467 14 063 888 75631 109
3 520 431 580 16 053 928 73 641 069
4 504 377 652 18 325 559 71 369 438
9) 486 052 093 20 918 625 68 776 371
6 465 133 467 23 878 611 65 816 386
7 441 254 856 27 257 434 624 37 562
8 413 997 422 31114 361 58 580 635 89 694 997
9 382 883 061 35517 043 54 177 953
10 347 366 017 40 542 705 49 152 291
11 306 823 312 46 279 498 43 415 499
12 260 543 814 52 828 047 36 866 950
13 207 715 767 60 303 215 29 391 781
14 147 412 552 68 836 120 20 858 876
15 78 576 431 78 576 431 11 118 565
Cnenyromasi AuarpaMmMa  OTpakaeT  JICHEXKHBIE MIPOEKTA,
(MHaHCUPYEMOTO 3a CUET KpeIuTa:
1 31 33

0,0

-50,0

-100,0

-150,0

CF, min. RUB

-200,0

-250,0

-300,0

-350,0

3 5 7 9 11 13 15 17 19 21 23 25 27

Year

Pucynok 3.9. nenexxnble noToku npoekra aBToHoMHoi COC B ciryuae 80%
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B stom ciryqae UIIC BTOporo mpoekTta coctaBisieT - 698,7 muH. py0., mouTH
Ha 100 mutH. py0. BBINIE, YeM B Ciaydae COOCTBEHHOTO (uHAHCHUpOBaHHs. Tem He
MeHee, KoMOWHanmuu (PUHAHCUPOBAHUS WHBECTUIIMA ¥ COOTBETCTBYIOIINE
pe3ynbpTaThl  OyAyT TIPEACTABICHHI B TJaBe aHaIM3a YYBCTBUTECIBHOCTH;

OKOHYAaTCJIBHOC O6CY}KI[6HI/IC U IIPHUHATHC pemeHHﬁ 6y,ZIYT BBIITIOJIHATHECA TAKIKC
ITOCJIC aHaJIN3a YYBCTBUTCIIbHOCTHU.

Bupmyanvnas munumanvras yeHa Ha 31eKmpoIHepuio

BupTyaibHyt0 MUHUMAIbHYIO LIEHY MOKHO PACCUUTATh JBYMS CIIOCOOAMH: C
LIENbIO0 IPOJaKH U 0e3 Hee. DTa [IeHa BKIII0YaeT MHBECTHUIIMH, BCE 3aTPAThl B TCUEHHE
cpoka city>kO0bl. OIleHKa 3TUX LIEH MM03BOJISIET CPABHUBATH IMPOEKTHI.

BHyTpeHHUE 11eHbl BUPTYaJIbHOT'O 3JIEKTPUYECTBA OBbLIIM PACCUUTAHBI:

o __ Nev NPV
MM PVAF Wyear 1= (L4 Tom) ™ )
Tnom year

rie PVAF — xoaddunrienT annyurera;
Tnom — CTaBKa IMCKOHTUPOBaHUs, %o;
N — CpOK >KHU3HU MPOEKTA, JIET;

Wy ear — TO10BOE TIOTPEOIIEHKE / MPOM3BOICTBO ANIEKTPOIHEPTHU, MBTU.

BupryanbHble 1LEHbl Ha BJIEKTPOIHEPIHIO JJIA LeJed NpoJaxu ObuIH
pacCUMTaHBbI:

o __ Nev NPV
M T PVAF - Wyear 1= (1 + Tom) ™V

rnom

Wyear ' (1 - TC)

Ta6muma 3.7. L{eHpl Ha AIEKTPOIHEPTHIO ITPOCKTOB

Buptyanbnas niena Cpin, pyd / MBTu
Cucrema 31eKTpOCHAOKEHUS
BnyTtpennss s mpoaxku
[enTpanuzoBaHHas 370 460
ABTOHOMHas 950 1 180
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3.3 AHA/IM3 YYBCTBUTEJIBLHOCTH NMPOEKTOB

3.3.1 Buusuue unBectunuii Ha YIlC

NuBecTHIMOHHAA CTOMMOCTH MMeeT 3HaunmMoe BiusgHue Ha YUIIC B obOoumx
MIPOEKTaX; IOITOMY aHAJIN3 YyBCTBUTEIHLHOCTH TI0 3TOMY TapaMeTpy JOJIKEH OBITH
BBITIOJTHEH.

INFV L SNV £

-200

-400

-600

-800

NPV, MLN. RUB

-1000

-1200

-1400 INVESTMENT VALUE, MLN.RUB

Pucynok 4.1. Bniusinue naBectunuii Ha UI1C

B mepByro ouepens, o6o3HaumMm, uro mpsmas UIIC 1 orHocutcs x YIIC
uenrpanuzoBanHoi COC, mpsimast UIIC 2 k aBTroHOMHO# COC. OueBuaHo, uto UIIC
2 nexut Beiie YIIC 1, Ho u3-3a Ooablux UHBECTULIMM Tekyiiee 3HaueHue UIIC 2
HaMHOTO HMke. Eciu MHBECTHIIMM B MEpPBbIA BapHaHT AOCTUTHYT 590 MuH. pyo.,
sHayeHue UIIC 1 6yaet paBHo UIIC 2. OnHako BEpOSTHOCTh TaKOW BO3MOXKHOCTH
Hu3kas. Paccmatpusas UIIC 1 oTaenbHO, MOKHO CKa3aTh, UTO OHA NPAKTUYECKU HE
MOKeT ObITh HIKE - 600 MITH. py0., MOTOMY YTO HHBECTULIMU B LIEHTPATU30BAHHBIN
COC co cx0xUMHU XapaKTepUCTUKAMU BPS JIn MOTYT ObITh Oosiee 400 MutH. pyoO.

['oBopst o UIIC 2, uHBecTUIIMM MOTYT JieTKo Kojebatbes oT 550 mo 850
MUJUTMOHOB. pyO. 32 CTOJIb MOIIHYIO YCTAHOBKY, B 3aBUCUMOCTU OT CUTyalluu Ha
pPBIHKE M TPOU3BOAUTENS OOOpYAOBaHMS, MapkKd M TUIa COOPKM YCTAaHOBKH.
CnenoBatenbHo, B nydniem ciydae UIIC 2 Gyner mpumepHO paBHBIM - 660 MIIH.
py6., B xymmem - 1 000 wmmH. py0., Y4YUTBIBasg TOJBKO COOCTBEHHOE
(¢uHaHCHpOBaHUE.

Touka nepecevyeHust HaxXoauTcs Ha ypoBHe nHBecTuiuii B 1 000 mutH. py6. Kak
yKe OBLITIO CKa3aHOo, JIs IEPBOT0 BapruaHTa HEJOCTHKUMO UMETh MHBECTUITNHN OoJiee
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400 muH. py6. bonee Toro, nns BTOPOTO BapHaHTa KOHTPAKT Ha IOCTaBKY
aHAJIOTUYHOW YCTAaHOBKH JJIs1 MPOU3BOJACTBA DSJICKTPOIHEPTHH SIBHO 3aBBIIICH B
IUIaHE CTOMMOCTH.

U3 rpaduka moxkHo caenats BeiBoA, uto UIIC 1 npeBanupyet nag YIIC 2, uto
VYHUTHIBACT PA3IMIHBIC CIICHAPUHN KOJICOAHWIT MHBECTUITMOHHBIX CTOUMOCTEH.

3.3.2 Biausinue cTaBKU JucKOHTHpoBaHus Ha YIIC
-150
0,05 0,06 0,07 0,08 0,09 0,1 0,11 0,12 0,13 0,14:0,15 0,16 0,17 0,18 0,19 0,2
250

-350

-450

NPV, MLN. RUB

-650

-750
DISCOUNT RATE, R.U.

Pucynok 4.2. 3aBucumocts UIIC 1 OT cTaBKH TUCKOHTUPOBAHUS

UYIIC 6oiiee 4yBCTBUTEIIbHA K YYETHOM CTaBKE B Hayajle KPUBOM, KOTJla CTaBKa
JTUCKOHTUpOBaHUs cocrtaBisgier He Oosee 10%. Ilocne mpoxoxaenuss 10% -Hoit
toukn YIIC craHoBUTCS MeHee 4yBCTBHUTENBbHOW, pocT kpuBod UIIC cHuxkaercs.
Baxnoe 3ameuaHne O TOM, YTO CHW)XXEHUE CTaBKM JHMCKOHTUPOBAaHHS B
3HAYUTENIBHOM cTerneHu npuBenet K cokpamieHuto YIIC, HO yBennueHHne y4eTHOU
ctaBkn yBenuunt UYIIC B MeHpmied creneHH. B KOHTEKCTE  TEKYIIEro
MIPEAINOJIOKEHNS O YUETHOM CTaBKE OH MOYKET BapbUPOBAThCS B npeaenax + 2,5% B
nonrocpouHor nepcnektuse [26]. CnenoBarenbHo, UIIC MoxkeT BapbupoBaThCS OT
- 350 mutH. 10 270 MJH. py0. OT TEKYIIETO 3HAYCHUSI.
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Pucynoxk 4.3. 3aBucumocts UIIC 2 0T cTaBKkH TUCKOHTUPOBAHUS

AHanoruyHasi XapakTepucTUKa IMokKa3aHa Ha 3ToM rpaduke. B mpegemax +
2,5% mpu u3menenuu yuetno craBku UIIC paBusercs ot 825 miH. py0. 1o - 760
MJH. py0., cooTBeTcTBeHHO. HezaBucumo ot craBku auckoHtupoBanus, YIIC 1
Bbile, yem YUIIC 2. AHann3 4yBCTBUTEIBHOCTH IO YYETHOM CTaBKE, KAK IIPaBUJIO,
npeaHasHaveH a1t otaeabHol oneHku YIIC B 060ux BapuaHTax.

3.3.3 Bausinue croumocTH 3jekTpodHepruu Ha UIIC 1
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Pucynok 4.4. 3aBucumocts UIIC 1 0T cTOUMOCTH 3JIEKTPO3HEPTUU
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B npunnumne, konebGaHWs 1EH Ha 3JIEKTPOIHEPTHUIO OKA3bIBAIOT BIIHSHUE
TOJIBKO Ha ueHTpanu3zoBaHHyro COC wu3-3a HEOOXOIUMOCTH  MOKYIKH
AIIEKTPOIHEPTUU, TIOFTOMY aHAJIU3 YyBCTBUTEILHOCTH OBLI BBIMOJHEH TOJBKO JJIS
MEpPBOrO0 BapuaHTa SHEPronuTaHusA. TeKkymuid Tapud Ha >SHEpromoTpediIeHHe
coctasisieT 80 py0. / MBT1u u 560 325 py6. / MBT 17151 yCTaHOBJIEHHON MOIIHOCTH,
YTO O3HAYaeT, 4To O0OIlas CTOMMOCTb C YCTAaHOBJIEHHOW MOIIHOCTBIO H
noTpebsieHneM MpoekTta cocraBmsieT 154 py06. / MBtu (mokynka Ha ypOBHE
HarnpspkeHust 110 kB). YBenudenune modytu B TpU pas3a MO LEHE IEKTPOIHEPIHU
npuBeger Kk tomy, uro UIIC pasusercs UIIC Broporo Bapuanta ¢ 80%-HbIM

KPEIUTHBIM (PMHAHCUPOBAHUEM, & €CJIM II€HA Ha 3JEKTPOIHEPruto JocTurHer 530
py06. / MBtu, To UIIC coctaBut okosno 770 muH. py6. (UIIC 2).

[IpakTrueckn, LEHBI Ha DSJIEKTPOAHEPTUIO PACTYT, HO BpSAL JU MOXKHO
MIPEANOJIOKUTh, YTO LIeHa OyJeT B Tpu pa3a Oosblie, ueM 154 py6. / MBTu uepe3
JecsATh JeT. B ciyyae MOKynku Ha 0oJjiee HU3KOM YPOBHE HANpPsLKEHHUS TapHU(bl
OynyT Bhiiie, U, koHeuHo ke, YIIC 1 moxer goctuup YUIIC 2. OnHako u3mMeHeHue
YPOBHSI HAIPSKEHUSl MPUBEAET K M3MEHEHHUIO BCEH CHUCTEMBI: Pa3JIMYHBIE THUIIBI
000py10BaHus, pa3INYHbIC HHBECTUIIMU U SKCIUTyaTallMOHHBIE PACXO/IbI.

ITonBoast wuTOr, MOKYIKa JJEKTPOIHEPTHMM BCE €IE DKOHOMHUYECKH Ooiiee
1esecoo0pa3Ho, MoKa LeHa He moBbicuTcs 10 450 py6. / MBTu.

3.3.4 Buausinue 101 3aeMHoro kanuraJuaa aa YIlC

-660
0 90 100
-680
-700

-720

-740

NPV, MLN. RUB

-760

-780

-800

LOAN PERCENTAGE, %

Pucynok 4.5. 3aBucumocts UIIC 2 ot 10511 3a€MHOr0 Kanurania
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Pucynox 4.6. 3aBucumocts UIIC 2 0T 6aHKOBCKOW CTaBKU (PMHAHCHUPOBAHUS

Bo BTOpoM BapumaHTE€ paccMaTpUBAETCS BO3MOXKHOCTb  BHEIIHETO
(uHaHCHUpOBaHMS, U, KAaK MOKa3bIBAET I'paUK 3aBUCHMOCTH, YeM OOJIbIIE A0S
WHBECTUIIMA B wuHBecTHIMH, TeM Bbime NPV. CormacHo odunuaibHOMY
¢dbunancoBomy otuery npeanpustus [31], monarocpodyHsie 3aiMbl KOMIAHUU PABHbI
2,4 mupa. py0., o00OpOTHBIE aKTUBBI - 3 MIIpA. pyO., mosTomy kpenut Ha 100%
nHBecturuii coctaBut 0,03% OT COBOKYITHBIX 3aMMCTBOBaHUM KOMIIAHUM.

KoMmaHusi A0CTaTO4YHO IUIATEXECTOCOOHA, YTOOBI MOJYYHTh KPEAUT IS
MOKPBITHST MHBeCTULMUA. [[pyroil Bompoc B TOM, CMOXET JiM OaHK 00OecreyuThb
BbIJIauy Ha LENIYyI0 CyMMYy MHBecTHLM. B mo6oM cinyuae, 3Hauenue YIIC mMoxHO
OTpEeNeNUTh U3 rpaduka, B 3aBUCUMOCTH OT J0JH 3aiiMa. OCHOBBIBAsICh Ha OTBITE,
KOMITaHus Obl1a TpoGUHAHCUPOBAaHA PA3IMYHBIMU OaHKaMHU Ha CYMMBI, KOTOPBIE B
HECKOJIbKO pa3 BBIIIE WHBECTUIMH, HaOmomaeMple B 3TOM mpoekrte. [lo aToi
MIPUYMHE MBI MOKEM CKa3aTbh, 4To Hauiyuiuas BeauunHa YIIC cocrasnser - 677,5
MJIH. pyo.

3.3.5 Bausinue mrpadubix cankuuii 3a c;kuranue [THIT na YIIC

OngHrM M3 caMbIX BaXKHBIX MapameTpoB, BAMAOMMX Ha NPV 1, geusrorcs
mrpadsl 3a cxxuranue HedrsiHoro rasa. LlentpanuzoBannas moaens COC BKioUaeT
JNAHHBIE 3aTpaTbl, KOTOpbIe OTanYaroTcs oT aBToHOMHOW COC. IlocTaHOBIIeHHE
[TpaButennsctBa Poccuiickoit @enepanuu (Ilomoxenue ot 13.09.2016 r. Ne 913 o
CTaBKax IUIATEXEHd 3a HEraTHMBHOE BO3JACHCTBHE HA OKPYKAIOLIYIO Cpely H
JOTIOTHUTENbHBIC KA PureHTs! [24]), ycTaHaBIMBAIOIIEe HOBBIE KOI(PPUITUEHTHI
YBEJIMYEHUS Ui MPEAeNIbHO JOMYCTUMBIX 3arpsisHeHui, Oyaetr npuusito B 2020
roay. B mocraHoBieHUH roBOpUTCS, 4TO KOA((ULHEHT yBEIUYEHUS, PaBHBIN 25,
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OyneT MpUMEHSATHCS IS MPEASTbHBIX 3arps3HeHul (3a Ckuranue cBwime 5 % ot
no6eruu [THI). [Ipyroe o0CTOSTENBbCTBO 3aKIIOYAETCS B TOM, YTO TpeOyemblid
kod(urment ucnonszoBanust [THIT paBen 95%, a 310 o3Hawaer, 4TO KaXKIbIi
Kyomdeckuii metp cxxuraemoro [THI Beime 5% ot u3BiiekaeMoro raza OyeT CTOUTh
B 25 pa3 BbIlIe. B cBeTe BhIMIECKa3aHHOTO aHAIW3 3TOTO (akTopa MOJDKEH OBITh
BBITTOJTHEH.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
-150 A

NPV 1
-350

-550

NPV2 L

NPV, MLN. RUB

-750

-950

-1150
APG BURNING PENALTIES COEFFICIENT

Pucynox 4.7. 3aBucumocts UIIC ot noBsimatomiero mrpapHoro ko3 duiuenTa 3a
cxuranue [THI'

Kak BuIHO U3 rpaduka, Mpu JOCTUKEHUU MOBBIIIAIONIET0 Ko3pduurenta 18
HaOmonaercs nepekpectHas touka, a YIIC 2 cranoButcst Gosbiie, yem YIIC 1.
[IpyauMas BO BHHMaHHE TPABUTEILCTBEHHOE PETYJWPOBAHUE, YBEIUYCHHBIN
ko3 dunmeHT OyaeT paBeH 25, moatomy pasnuna Mexay UIIC cocraput 200 mMuaH.
pyO. B os1b3y aBTOHOMHOTO Bapuanta COC.

Tem He wMeHee, Becb o00bem cxuraemoro IIHIT u xosddumment
ucnonb3oBanus [IHI' B KOHKpETHOM cilyyae JOJKHBI PaCCMAaTPUBATHCS B MPOLIECCE
OICHKK mTpadoB W TMPUHATHUS OKOHUYATEIBHBIX perieHuil. B Hamiel cutyanuu
TOJIbKO 00BbeM moTpebnenus B I'TY Obu1 paccMOTpeH kak o0bem cxuraemoro [THI
B nepBoM BapuaHTe. [loaToMy, yunThiBas BbleynoMmsHyToe, eciu oobem [THI,
WCIOJIb3YEMBIA Ui BBIPAOOTKH 3JEKTPOIHEPTUM BO BTOPOM BapuaHTe, Oyner
MPEBBINIATH MPEEIbHOE 3arpsi3HeHne B nepBoM Bapuante, YIIC 2 Oyzaer Bhiie K
2020 roxy, u npoekT aBTOHOMHONW COC OyaeTr 3KOHOMHUYECKH OCYIIECTBUMBIM.
Takoit cmoco0 yBenuueHus kodhduiumenta yruauzamuu [THIT  moxer
OJTHOBPEMEHHO PEUINTh MO KpailHeil mepe JBa BOMpoca: BBICOKME MITpadbl 3a
3arpsi3HEHUE U YHEPTrOCHAOKEHHE MPOMBIIUIEHHOCTH C BBHICOKOW HAJEKHOCTBHIO U

HYHEPrOEMKOCTBIO.
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Financial Management, Resource Efficiency and Resource Saving
Inputs calculation for economic model

For the economic evaluation of the project, the net present value (NPV) is
used. For the comparison of projects, values of minimum prices on electricity are
calculated. The main components of economic model of the project are described
below.

Investments calculation

The aim of this thesis is to evaluate different power supply systems for power
generation in Krapivinskoe oilfield. That is why it was decided to calculate
investments by using specific prices of equipment. Investment is defined as all
economic items needed to carry out the accomplishment of the plant.

Centralized power supply system
Feeder line investments calculation:

CFL = CfL LFL ' kcond = 2822.1-10-1.053 =27 716.7 ths.RUB

where cg; — specific cost of building overhead transmission line (up to 150 kV) with
steel double-chain poles and chosen wire type, ths. RUB/km [19];

Ly, — feeder line length, km;

k.ona — Scale-up factor, related to building area type, marshy ground area in
our case [19].

For total cost calculation it is necessary to add costs for landscaping, temporary
buildings and constructions, design and exploration works, other works and costs.
Average values of the specified costs from basic cost: [19]

o 1,5% — landscaping;

o 3,3% — temporary buildings and constructions;

o 9,0% — design and exploration works and designer's service;

o 3,18% — support of construction management company Service,
construction compliance monitoring;

o 8,0% — other costs;

o 165 000 ths. RUB/km — clearance, forest aisle expenses;

o 800 000 ths. RUB/km — wood strip logging roads.

Annual feeder line loses cost:

Closes = AWgp * Toons = 155+ 80 = 12 376 RUB
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where AWy, — power loses, MWh;
T.ons — CONsumption tariff rate, RUB/MWh. [20]

The investment costs to feeder line are shown in the following table.

Table 3.1. Feeder lines costs summary table

Cost
Equipment Type Remarks parameter, Cost, P
P/km
on steel
two 110 kV overhead
lines AS_70/11 (10 km) d_ouble- 29716712 |29716713 P
chain pylons
Landscaping 0,015 44 575 P 445751 P
Temporary 0,033 98065P | 980652P
constructions
Design and exploration 0,09 267450 P | 2 674 504 P
works
Feeder Support of construction
lines management comparny 0,0318 94499 P | 944991 P
service, construction
compliance monitoring
Other costs 0,08 237734 P | 2377337P
Clearance, forest aisle 1650002 | 1650000
expenses
Wood strip logging 800 000 P | 8 000 000 P
roads
Total investment 46 789 948 P
Feeder 155 MWh 80 P 12376 P
lines loses

58



Main step-down substation investment cost: [19]

Cuss = 47 918 ths. RUB

For calculation of total cost of substation building, it is necessary to add other
costs, which have been calculated from basic cost using following percentage rates:
o 5,0% — mobilization works;

. 4,0% — landscaping;

o 3,9% — temporary buildings and constructions;

o 8,5% — design and exploration work and designer's service;

. 3,18% — support of construction management company service,

construction compliance monitoring;
o 8,5% — other costs. [19]
Annual MSS loses cost:

Closes MSS — AWMSS ) TCOHS = 951 ) 80 =7 575 RUB

where AW, ¢ — power loses, MWh;

T,ons — CcONsumption tariff rate, RUB/MWHh. [20]

The investment costs to MSS are shown in following table.

Table 3.2. Main step-down substation costs summary table

Cost

Equipment Type parameter Cost, P
two double-winding transformers: TDN —
16000/110 47918 000 2 | 47918 000 P
Mobilization works 0,050 23959002
Landscaping 0,040 1916 720 P
Main step- Temporary constructions 0,039 1 868 802 P
down Design and exploration works 0,085 4073 030 P
substation | Support of construction management
company service, construction 0,032 1523792
compliance monitoring

Other costs 0,085 4073030 P
Total 63769 274 P

Transformer loses 95.1 MWh 7575
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m Feeder lines = Main step-down substation

Figure 3.1. Centralized system investments

Total investment of centralized power supply system equals:
110 559 000 RUB

Autonomous power supply system

There are wide range of GTG installations in the market from domestic
manufacturers to foreign ones. The prices fluctuation is observed within the
boundaries of $ 250 and $ 800 for kW of installed capacity. The chosen GTG is
produced by domestic manufacturing company — “OAO "REP Holding". The
domestic manufacturer has been chosen thanks to the import substitution viewpoint,
which becomes favorable among large industrial companies. JSC "REP Holding" is
a Russian power engineering holding, which is dominating the field of manufacturing
and supplying of the electrical equipment. The enterprise performs engineering
design, manufacture and package supply of power and electrical equipment for gas,
oil, power industry, especially for power generation and network integration.

In compliance of GTG installations manufacturing standard report [17], the
concrete investment value for two GTG — 16 block-modular assemble with
subsystems (UGT16000C type) is equal to 683 520 000 RUR on-key base, which
amounts $ 356 per kW of installed capacity. The supplied installation is
manufactured as block-modular set of units with advanced assembling readiness and
quick commissioning, starting up ability. Upon the whole, purchasing of the
installation is a complex process, which can be done in tender procedure, direct
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purchase, supply from preferred or cooperation company. Therefore, prices would
differ, depending on the priorities of ordering customer and specific market situation.

Eventually, the investment value will be subjected to sensitivity analysis in
fourth chapter to discover any changes due to price fluctuation.

Finally, investment in centralized and autonomous power supply systems
equal 110.5 and 683.5 mIn. RUB, correspondingly. The investment in autonomous
PSS is around six times greater, the shares are shown on following diagram.

Figure 3.2. Investments in both variants

Depreciation

Depreciation is the decrease in value of the asset due to the passage of time.
Depreciation is a method of cost allocation. Distribution of the costs can be based on
different factors, but it is always connected with the estimated period, the product
can generate revenue for the company, also known as the economic life of the asset.
Only those items that get lost value over time may be depreciated. There are several
types of depreciation, such as straight-line and accelerated depreciation.

The simplest and most commonly used method, straight-line depreciation, is
calculated by taking the purchase or acquisition price of an asset, subtracting the
salvage value (value at which it can be sold once the company no longer needs it)
and dividing by the total productive years for which the asset can reasonably be
expected to benefit the company (or its useful life). Example of the straight-line
depreciation is shown on following figure [22]:
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Figure 3.3. Straight-line depreciation

Depreciation is calculated using formula:

D=—
T}

where V — value of the investment,
T — lifetime period. [22]

Example of calculation of depreciation for the 110 kV feeder lines to
MSS is shown below:

Annual depreciation, calculated by formula:

Cr, 46790000
D=-= 25— = 1462000 RUB

Expenditures calculation

Centralized power supply system
Connection to the grid fee

It is strictly obligated by government and The System Operator of the Unified
Power System in Russia (SO UPS) to pay fees for connection to the grid in case of
centralized power supply system. Conditions of networks accession shall provide:

o The technical requirements concerning accession;

o Amount of electricity ordered and works performance terms for
accession to the network;

o Location of accession points to networks;

o The list of the rendered services and tariff conditions;
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Cost of services and payments procedure for them.

In view of the above and based on regulatory documentation of SO UPS [21],
cost of connection to the grid includes fees for:

Technic specifications preparations, Crsp = 213 RUB/KW;
Abiding check procedures, Cacp = 80 RUB/KW;

Energy and equipment audit, Ceea = 62 RUB/KW;
Connection and maintenance, Ccm = 195 RUB/KW.,

In terms of the equivalent amount of rated active power load (16.188 MW)

observe:

Technic specifications preparations, Ctsp = 3 455 329 RUB;
Abiding check procedures, Cacp =1 300 382 RUB;

Energy and equipment audit, Ceea = 1 005 275 RUB;
Connection and maintenance, Ccv = 3 149 861 RUB.

Total fee for connection to the grid: Cec = 8 910 846 RUB.

Electric power consumption charges

The Federal Tariff Service of Russia decrees the methodical instructions for
calculation of electricity tariffs in the retail/consumer market, which says that
differentiation on several groups of tariffs for an electrical energy has to be provided.
In the enterprise, the double-rate tariff is applied. It comprises variable and fixed
rates. Variable is a bid price and cost of services which reflects consumption of power
from electric network. The constant is a fixed payment for electric power of the

enterprise.

Tariff for power, Tpower = 560 325 RUB/MW,;
Tariff for consumption, Tcons. = 80 RUB/MWh. [20]

Calculated charges:

CpoWER = TPOWER : PR =560 325-16.188 =9 070 537 RUB;
Ccons. = Tcons. " Pr* T =80 - 16.188 - 7500 =9 675 163 RUB.

where Pr - rated active power load, MW;

T — maximum load utilization time, h.

Total charge for electricity consumption:
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Cec = Cpower *+ Ccons. =18 745 700 RUB

Environmental fees for APG burning

The APG, extracting together with crude oil, is burned out on flares and fees
for environment polluting are payed. The following table shows the percentage of
APG components and specific fees for pollution by each of them. We will take into
account only difference in the amount of APG burned, between centralized and
autonomous power supply systems, because there is no sense for projects decision
making in calculating whole volume of APG extracted and burned. The difference is
equal to fuel consumption of GTG installations. The fees for each component were
calculated multiplying percentage of composition by total amount and fee tariff.

Table 3.3. Environment pollution fees summary table [23, 24]

APG component part Percenta_g? of Fee tariff, Calculated fee,
composition RUB/t RUB

CH4 0,90 108 3122882P
CoHs 0,03 47,5 45783 P
CoHe 0,02 1,6 1028 P

N> 0,02 138,8 89 188 P
CO; 0,03 1,6 15429

% 100 Total (annual) | 3260424 P

Feeder lines maintenance costs

Standard repair and maintenance costs of electric facility - the monetary value,
which is necessary and sufficient to perform repair work of equipment in planned
year on the nomenclature standard, established by:

o Rules for the organization of maintenance and repair of equipment,
buildings and structures of power plants and networks;

. Technical and economic standards of the planned preventive repair;

o Operational and repair documents for concrete types of equipment.

Overhead lines of 110 kV, AC type are required to have maintenance every
five years; also, total overhaul should be held ten years periodically. As it is
considered in “Standard rates of repair costs as a percentage from book value of
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specific types of the property, plant and power plants equipment”, percentage rate
for maintenance — 0.25 %, for total overhaul — 0.4 %.

where Cgi v — feeder lines maintenance cost, RUB;
Cgpo. — feeder lines overhaul cost, RUB;
r'rLM. — Percentage rate for maintenance;
I'r.o. — percentage rate for overhaul;
Cpp, — feeder lines cost, RUB;
kg — regional coefficient, reflecting the Extreme North regions. [18]
Main step-down substation maintenance costs

Based on [18], for chosen substation type the percentages for maintenance and
overhaul corresponding are 1.21 % and 2.49 %. Maintenance should be held each
three years and overhaul on 9" years basis. Thus, obtain:

Cmssm = Tmssu * Cumss = 0.0121-47 918 000 = 575 808 RUB;
Cmss.o. = Tmsso * Cyss = 0.0249 -47 918 000 = 1193 158 RUB;

where Cyss v — main step — down substation maintenance cost, RUB;
Cyss.o — main step — down substation overhaul cost, RUB;
I'yssm. — percentage rate for maintenance;
I'yss.o. — percentage rate for overhaul;

Cumss — main step — down substation cost, RUB.
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Figure 3.4. Centralized system expenditures

Autonomous power supply system
Maintenance and overhaul

According to [10], the lifetime of the installation is 200 000 hours,
maintenance should be performed each 25 000 hours, overhaul each 60 000 hours.
Having recalculated the quantity of hours to numbers of years, using time of
maximum power utilization, obtain following results: maintenance and total overhaul
must be performed each 3 and 8 years corresponding.

The maintenance and overhaul costs generate corresponding 5 and 10 % from
total investment, which are values of 30 758 400 and 68 352 000 RUB, single time
operation. [18]
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Figure 3.5. Autonomous system monetary indicators

Virtual fuel cost (regarding to APG consumed volume)

CAPG = Cmining ) VAPG = 250 ) 4‘6 090 = 11 522 450 RUB

Where Cpining — COst of APG mining (internal cost of the enterprise), RUB/ths. m3
[25]

Vape —annual APG consumption for purpose of generating electricity, ths. m3,

Actually, the enterprise does not pay for this APG as a GTG installations fuel,
but cost should be calculated, because oil and gas extracting enterprises spend money
to mine it simultaneously with oil as undesirable component of crude oil. It is proved,
that the higher the well-pad saturation of APG, the higher the variable cost of oil
production.
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Escalation rates determination

Nowadays, the inflation rate (r;,f) has achieved 4.3 %. Comparing with
previous year, the decrease is equal to 3.4 % and the reduction tendency has been
observing. [26]

RUSSIA INFLATION RATE . %
18
16
14
12

10

\”\?:

4

2012 YEAR 2014 2016 2017

Figure 3.6. Inflation rate in Russia, 2012 — 2017

In the considerable future, the rapid reduction of inflation has expected 5.5 %
and 4 % in 2017 and 2020 years corresponding. Inflation rate decrease, to the
specified values, achieves by ramping-up in rate of economic growth and
organizational policy development. Firstly, strict policy, regarding regulated tariffs
for infrastructural fields, has been achieving. Secondly, measures, for goods and
services supply gaining, competition promotion, anti-inflationary policy, have been
performing. In long term, the inflation rate has considered 5.3 % by 2025 year. [27]

In addition, the duration of the projects is estimated as 32 years, keeping
inflation at exact 5.3 % for lifetime years is not possible. Therefore, taking into
account worse forecast, accept 6% of inflation rate. Moreover, it will be subjected to
sensitivity analysis.

The real rate (r,..4;) has assumed as desired minimal rate with allowance for
risk. Desired minimal rate is a minimum rate earned by an investment, which will
induce to put money into a bank or government bonds (5 % - 10 %). In view of the
above, the real rate has accepted equal 8 %. [28]

The discount rate (1;,,,,) IS calculated by the Fisher’s formula [22]:

Fnom = (1 + Tine) * (1 + Tpea) — 1 = (14 0.06) - (1 + 0.08) — 1 = 0.1448
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The income corporate tax (T,) for organizations in Russian is equal to 20%
according to the Tax Code of the Russia Federation [29].

Weighted average costs of capital (WACC)

To calculate the effects of financing, we use the weighted average cost of
capital (WACC) concept. The WACC is the minimum return that a company must
earn on an existing asset base to satisfy its creditors, owners, and other providers of
capital, or they will invest elsewhere. The WACC is calculated taking into account
the relative weights of each component of the capital structure [22].

E D
Twacc = Tequity m + Tgent m (1 - Tc);

Where 7egyi¢, — OWN capital rate of return;
Tepe — Fate of interest set by bank, %;
E — share of equity in the capital structure;
D — share of debt in capital structure;
T, — corporate tax rate.

This WACC model is implemented, if project is financing by loan. It is
necessary to apply the interest rate at which the bank provides loans to large
companies, to use the WACC model.

The rate of bank interest (r4.p¢) IS Set equal 14.15 %, according to data from
Central Bank of Russian Federation for entrepreneurial need loans with time limit
for repayment more than one year. [30]

The escalation rate of electricity price assumption is a difficult procedure;
moreover, the rate cannot be predicted with the needed accuracy for the project.
However, electricity prices would be raised more than 4 %, but not higher than
inflation rate. [11]. Therefore, it is set equal to 6 %, taking into account worse case
of electricity market developing.
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Financial criteria evaluation

Net Present Value calculation

The net present value is a sum of cash flows of the business, which are
equilibrated to present time, taking into account the discount rate; in other words,
sum of discounted cash flows. [22]

During steps of cash flows calculation, the earnings before tax (EBT), tax
shield, earnings after tax (EAT) were calculated. Principally, both variants are not
considered to have revenues, thus, calculations are free of revenues component.

Earnings before tax are calculated by the following formula:

EBTt = _Ct —D

where C; — total cost in ‘t’ year, RUB,;

D — depreciation. RUB.

Costs of the centralized PSS include grid connection, electricity consumption,
APG burning penalties, maintenance and overhaul of feeder lines and main step-
down substation. For the autonomous PSS they are GTG installation maintenance
and overhaul costs, loan interest (in case of external financing of the investment).
Other presumable and potential costs are considered as identical for both variants
(for instance: employees salaries) and they do not effect on decision-making
procedure and result, therefore they are not included in economic model.

Tax shield calculation:

TaXt = EBTt - TC

where T. — corporate tax rate.

In the instant case of enterprise, there are other revenues (not connected to
these projects) and costs from these projects will lead to less total tax amounts of the
company. It means, that we calculate tax shield as negative and EAT would be higher
on tax amount.

Earnings after tax are calculated according to the formula:

EATt = EBTt - TaXt
Finally, cash flows are defined considering the equation:

CF, = EAT, + D — PMT,
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where PMT; — loan principal payment, RUB (in case of external financing of the
investment in the autonomous PSS variant).

Model calculations generate following cash flows:
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Figure 3.7. Centralized power supply system cash flows
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Figure 3.8. Autonomous power supply system cash flows
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It is apparent, that cash flows in case of centralized PSS are smoothly
apportioned, because of almost identical costs through years, inclusive of escalation
rates. In contrast, the autonomous PSS reflects heterogeneous in time cash flows,
which include maintenance and overhaul of GTG installation, taking into account the
time value of money. The cash flow in the year twenty-five is the biggest one, due to
maintenance and overhaul occurring in the same year.

The Net Present Value is calculated according to the formula:

NPV = i CE, INV
=1 (1 + rnom)t

where CF; — cash flow in ‘t’ year, RUB;
Thom — discount rate, %;
N — lifetime of the project, years;
INV — investment made in ‘0’ year, RUB.
NPV values are provided in the following table:

Table 3.4. NPV values summary table

Power supply system variant NPV, min. RUB
Centralized - 305.5
Autonomous - 783.5

As it is seen from results, NPV of the second variant of PSS is more than two
times lower, mainly due to predominate investment in the project. Furthermore, cash
flows of the second variant in other years are dominating, comparing with centralized
system. Calculation was performed without external financing of the second variant;
this opportunity will be discussed further.

In case of external financing of the second variant, considering that a company
borrows 80 % of investment value from the bank, observe following financial data:

Table 3.5. Investment structure

Loan ratio to investments, % 80
Loan, RUB 546 816 000
Annual payment, RUB 89 694 997
Own fonds, RUB 136 704 000
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The repayment period is 15 years, the debt repayment plan:

Table 3.6. Debt repayment plan

Year Loan balance, Principal Interest Total payment,
RUB payment, RUB | payment, RUB RUB
1 546 816 000 12 320 533 77 374 464
2 534 495 467 14 063 888 75631 109
3 520 431 580 16 053 928 73 641 069
4 504 377 652 18 325 559 71 369 438
5 486 052 093 20 918 625 68 776 371
6 465 133 467 23878 611 65 816 386
7 441 254 856 27 257 434 624 37 562
8 413 997 422 31114 361 58 580 635 89 694 997
9 382 883 061 35517 043 54 177 953
10 347 366 017 40 542 705 49 152 291
11 306 823 312 46 279 498 43 415 499
12 260 543 814 52 828 047 36 866 950
13 207 715 767 60 303 215 29 391 781
14 147 412 552 68 836 120 20 858 876
15 78 576 431 78576 431 11118 565

The following diagram reflects cash flows of the project financed by debt:
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Figure 3.9. Autonomous power supply system cash flows in case of 80 % external

financing
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In such a circumstance, NPV of the second variant equals - 698.7 min. RUB,
almost 100 mIn. RUB higher than in case of internal financing. Nevertheless,
investment financing combinations and corresponding results will be provided in
sensitivity analysis chapter; final discussion and decision-making will be performed
after sensitivity analysis as well.

Virtual electricity minimum price calculation

The virtual minimum price can be calculated in two ways: with purpose of
selling and without one. This price include investments, all costs within the lifetime
period. Evaluation of these prices allows projects comparing.

The internal virtual electricity prices were calculated as:

o __ Nev NPV
MM PVAF Wyear 1= (L4 Tom) ™ )
Tnom year

where PVAF — present value annuity factor;
Thom — discount rate, %;
N — project lifetime, years;
Wyeqr —annual electricity consumption/production, MWh.

The virtual electricity prices for selling purpose were calculated as:

NPV NPV
PVAF*Wyeor 11— (1 +Tom) ™V

7ATLOTT‘l

Cmin -

Wyear -(1- Tc)

Table 3.7. Electricity minimum prices summary table

_ Virtual internal Cpin, RUB/MWh
Power supply system variant
Internal For selling
Centralized 370 460
Autonomous 950 1180
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Sensitivity analysis and decision-making conclusion
Influence of investment on NPV

Investment value has a crucial influence over NPV in both variants; therefore,
the sensitivity analysis on this parameter should has been done. Moreover, it would
be a splendid opportunity to find the cross point between two dependence lines.

NPV dependence on investment value

e NPV 1 e NPV 2

O O] O ©O O O O 0o ©o o
o N|ld A R 4 B & a0~ o
O WOl N N 00 0 00 O O S
-200 A
-400
(=]
=
& 600
=
=
> -800
a
=
-1000 \\
-1200
-1400

INVESTMENT VALUE, MLN.RUB

Figure 4.1. NPV dependence on investment

Primarily, NPV 1 line refers to NPV of centralized power supply system, NPV
2 line to autonomous system. It is evident, that NPV 2 is laying upper than NPV 1,
but due to greater investment, current value of NPV 2 is much lower. If investment
in the first variant attains 590 min. RUB, the NPV 1 value would be equal to NPV 2.
However, the probability of this possibility is low. Considering NPV 1 separately,
we can say, that practically it cannot be lower than - 600 min. RUB, because
investment in centralized PSS with similar characteristics could hardly be imagine
higher 400 min. RUB.

Speaking about NPV 2, the investment can easily fluctuate from 550 to 850
min. RUB for such powerful set, depending on the market situation and manufacturer
company of equipment, brand and assembling type of installation. Consequently, in
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the best-case scenario, NPV 2 would approximately be equal - 660 min. RUB, in the
worst one - 1 000 min. RUB, considering only own capital financing.

The cross point is on the investment level of 1 000 min. RUB. As | have said,
for the first variant it is unattainable to have investment greater 400 min. RUB;
moreover, for the second variant the supply contract for similar power generation
installation is obviously overvalued.

It can be concluded from the graph, that the NPV 1 is prevails the NPV 2,
making provision for different scenarios of investment values fluctuation.

Influence of discount rate on NPV
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Figure 4.2. NPV 1 dependence on discount rate

The NPV is more sensitive to discount rate at the beginning of the curve, when
discount rate is no more than 10 %. After passing the 10 % point, NPV becomes less
sensitive, the growth of NPV curve declines. Important notice, that discount rate
reduction will reduce NPV largely, but increase in discount rate will increase NPV
to a lesser extent. In the context of current assumption on discount rate, it can vary
within the scope of + 2.5 % in long run prospective [26]. Consequently, NPV can
vary from - 350 min. RUB to - 270 min. RUB from current position.
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Figure 4.3. NPV 2 dependence on discount rate

The analogous characteristic is shown on this graph. Within frames of + 2.5 %
in discount rate change, the NPV possess a value from - 825 min. RUB to — 760 min.
RUB, consequently. Whatever the discount rate, the NPV 1 is higher than the NPV
2; sensitivity analysis on discount rate is generally intended for separate evaluation
of NPV in both variants.

Influence of electricity price on NPV
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Figure 4.4. NPV 1 dependence on electricity price
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Basically, the electricity price fluctuation has only impact on centralized PSS,
because of purchasing electricity need, thus the sensitivity analysis has been
performed only for first variant of power supply. The current tariff for energy
consumption is 80 RUB/MWh and 560 325 RUB/MW for installed power, meaning
that total price with the project installed power and consumption amount is 154
RUB/MWh (purchasing at 110 kV voltage level). The increase almost in three times
in electricity price will lead to NPV equal NPV of the second variant with 80 % loan
financing, and if the electricity price reaches 530 RUB/MWh, the NPV would be
around - 770 min. RUB (NPV 2).

Practically, electricity prices are growing nowadays, but it hardly can be
established the price to be three times greater than 154 RUB/MWh in ten years
prospective. In case of purchasing at lower voltage level, tariffs will be higher and of
course, the NPV 1 can reach NPV 2. However, the change in voltage level will lead
to change in whole system: different types of equipment, different investments and
operational costs.

Summing up, buying electricity under soaring prices is still more economically
feasible solution, until the price raised to 450 RUB/MWh.

Influence of external financing share on NPV
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Figure 4.5. NPV 2 dependence on external financing share
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Figure 4.6. NPV 2 dependence on loan interest

It is considered in the second variant to have external financing opportunity
and as the dependence graph shows, the more loan share of investment, the higher
the NPV. According to official financial report of the enterprise [31], the long term
borrowings of the company equal 2,4 bln. RUB, current assets are 3 bin. RUB,
therefore a loan for 100 % of investment would constitute 0.03 % from whole
borrowings of the company.

The company is solvent enough to take out a loan for investment coverage.
Another question is that whether bank would be capable of landing whole amount.
Anyway, the NPV value can be determined from the graph, depending on loan share.
Based on the experience, the company was financed by different banks on amounts
which several-fold higher than investment, observed in this project. For this reason,
we can say, that the best value of NPV is - 677.5 min. RUB.

Influence of APG burning penalties on NPV

One of the most urgent parameters, which influences to NPV 1, is associated
petroleum gas burning penalties. The centralized PSS model include such costs as
distinct from autonomous PSS. The Decree of the Government of the Russian
Federation (Regulation of 13.09.2016 n 913 about payments rates for negative
impacts on the environment and additional coefficients [24]), which set new increase
coefficients for over limit pollutions, is going to be adopted by 2020. It is said in the
regulation, that increase coefficient of 25 would be applied for over limit pollutions.
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Other circumstance is that the required APG utilization factor equal 95 %,
meaning that each cubic meter of burned APG above 5 % of recoverable gas, would
cost 25 times higher. In light of aforementioned, the analysis on this factor has to be
done.
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Figure 4.7. NPV dependence on APG burning penalties increase coefficient

As it is seen from the graph, upon reaching the increase coefficient of 18, the
cross point is observed and NPV 2 becomes greater than NPV 1. Taking into account
the governmental regulation, increased coefficient would be equal to 25; therefore,
the difference between NPVs would be 200 min. RUB in favor of autonomous PSS
variant.

Nevertheless, the whole volume of burned APG and APG utilization factor, in
the particular case, should be considered in the process of penalties evaluation and
final decision making. In our situation, only the APG volume of fuel consumption of
GTG installation was considered as APG burned volume in the first variant.
Therefore, concluding above mentioned, if the volume of APG, used for power
generation in the second variant, would be over limit pollution in the first variant, the
NPV 2 would be higher by 2020 and the project of autonomous PSS will be
economically feasible.

This way of APG utilization factor increase can simultaneously solve at least
two issues: high penalties for pollutions and power supply of industry with high
reliability and energy self-sufficiency.
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IMpuioxenue b

[Tpunoxenue b. Onpenenenrie NoJIHON Harpy3KH NPEANPUSITUS B LIEJIOM

CuiioBast Harpy3Ka OcBeTuTenpHas Harpy3Ka Cunopast
. Py . py OCBETHUTEJIbHAs
Pyn.o
Haumenos | PH, cosd/t | Pp, Qp, | Fue c., P K cosd/t P Qp.o., | ZP, >Q, 2S,
Ne aHue nexa | kBt Ke ¢ kBT KBA | xa, kBr/ | 10 | O ¢ P-O> 1 1 BA kBt | kBA kBA
H g p M2 0 kBT g kBT P P

KycroBas

204 10,7 | 0,9/0, 0,003 0,67/1 1,7482 | 1531, | 736,1 | 1699,

1 nn;gl;gka 0 5 48 1530 | 734,4 | 500 5 1,75 10,9 11 1,575 5 575 483 305
KycroBas

159 10,7 0,9/0, | 1192, 0,003 0,67/1 1,6783 | 1194, | 574,0 | 1324,

2 | IIomaaka 0 5 48 5 572,4 | 480 5 1,68 10,9 12 1,512 5 012 783 851
Ne 18a
KycroBas

0,7 | 0,9/0, 0,003 | 0,87 0,67/1 | 0,787 | 0,8741 | 720,7 | 346,4 | 799,7

3 HJIJ(\)II(;U;?EKa 960 5 48 720 | 345,6 | 250 5 5 0,9 13 5 o5 875 741 368
KycroBas

146 | 0,7 | 0,9/0, 0,003 | 2,01 0,67/1 1,811 | 2,0104 | 1096, | 527,6 | 1217,

4 s | 0| 5| 48 1095152561 575 1 5| o5 |09 "4 | 25 | 875 | 811 | 105 | 115
KycroBas

136 | 0,7 | 0,9/0, 0,003 0,67/1 1021, | 491,6 | 1134,

5 HH?\I[I;E;HKa 0 5 48 1020 | 489,6 | 600 5 2,1 109 15 1,89 | 2,0979 89 979 031
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[Tpunoxenue b. Onpenenenne NOMHONW HArpy3Ku OPEANPUATUS B LETOM (TPOJOJIKEHUE)

KyctoBas

0,7 | 0,9/0, | 3849, | 2399, 0,003 3885, | 2416, | 4575,

6 | mIomaaka 5 48 81 06 400 5 - - - 36 17,28 81 34 83
Ne 32
KyctoBas

0,7 | 0,9/0, 0,003 | 0,52 0,67/1 | 0,472 | 0,5244 | 262,9 | 126,5 | 291,8

7 | mwromraaka | 350 5 48 2625 | 126 | 150 5 5 0,9 15 5 75 795 245 97
Ne 30uc
Pa3Benoun

ast 0,8/0, 0,003 0,8|0,67/1]0,297 | 0,3302 | 91,29 | 68,58 | 114,1

8| ckpasmma | 139 |07 ] 75| 91 68251100 1 1085 et et s | o5 | 75 | 023 | 862
P-1T
Pa3Benoun

ast 0,8/0, 0,003 0,8/ 0,67/1]0,297 | 0,3302 | 91,29 | 68,58 | 114,1

9 CKBaXKWHA 130 1 0.7 75 91 68,25 100 5 0,35 5 17 5 25 75 023 862
P-4T
YcraHoBk

a

1 106 0,8/0, 0,003|157|09|0,67/1|1,496| 1,6608 | 849,4 | 637,6 | 1062,

o | moaroTosk | “p7 0,81 T | 848 | 636 | 450 | g 5 | 5| 18 | 25 | 375 | 963 | 608 | 194
u He(TH
(VIIH)
bnounasa
1 | Kycroas
1 | macocnas
CTAHIIUS
(BKHC)
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[Tpunoxenue b. Onpezenenne NoaHONW HArPYy3KU MPEANPUATHS B IETIOM (TIPOJOIIKEHUE)

0.810, 0,003 0.9]0.,67/1 22144 | 3219 | 2422 | 402.9
038xB | 400 |08| °7L | 320 | 240 | 00 | M %] 21 |07 OG0 1,90 | 24| SELY | 22 | A0
Vioro o | 948 11067 | 6235, | 12703
038KkB | 0 9 | o1 | 77
biounas
KyCTOBas
HaCOCHasi
CTAHILIUA
(BKHC)
6xB (CID) | 0 | 08 0’%0’ 5120 | 3840 | 600 | - | - | - | - : .| 5120 | 3840 | 6400
Htoro no

5120 | 3840 | 6400
6 kB

158

uroro | > 16188 | 10076 | 19104
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Ipuioxenue B

[Tpunoxxenue B. Beibop Tpanchopmaropon 1iexoBsix TII

TpaHC(b%Iz[MaTopH Hagg;;{x:;HHe Morepi, kBT | Uxs% | Ixx,% | Kommaectso ITotepu momHOCTH

Tun ‘ Suom,kBA | BH HH XX K3 APTp AQtp ASTp
TII1 TM-1000/6 1000 6 04 | 245 | 122 | 55 1,4 2 9,97 50,87 51,84
TII2 TM-1000/6 1000 6 04 | 245 | 122 | 55 1,4 2 20,18 96,89 98,97
TII3 TM-1000/6 1000 6 04 | 245 | 122 | 55 1,4 2 15,61 76,27 77,85
TI14 TM-1000/6 1000 6 04 | 245 | 122 | 55 1,4 2 13,94 68,74 70,14
TIIS TM-1000/6 1000 6 04 | 245 | 122 | 55 1,4 2 12,74 63,37 64,63
TII6 TM-1600/6 1600 6 0,4 3,3 18 5,5 1,3 2 18,14 98,00 99,66
TII7.1 TM-1600/6 1600 6 0,4 3,3 18 5,5 1,3 2 24,19 127,59 129,86
TI17.2 TM-1600/6 1600 6 0,4 3,3 18 5,5 1,3 2 24,19 127,59 129,86
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IMpunoxenue I

[Tpunoxxenue I'. Bei6op ceuenunii kabenbHBIX JTUHUN pacripeeIuTeIpH0l cet 6 KB

H Pacuernas n C 6 M
NQ,JII/IHI/II/I A3HAYCHUC N.J'I HarpysKa Ha 1 FBK PUHATOC I[J'II/IHa rO/XO I10CO KHp apKa 1 CCUCHUC
JIMHUHN Ka6eHB. CCUCHUC JIMHUHA HpOKHaI[KI/I Ka6eﬂ51
B HOPM. m/a
-1 | MOOeTOn | 2 | 1012 | 20243 | 146 | 50 0,55 |0,36/0,083 | Dcrakama | 0,87 | BBIur 1x(3x50)
J-2 | TOO-TI2 | 2 | 1058 | 2115 | 146 | 50 | 0,156 | 0,36/0,084 | dcrakana | 0,87 | BBLar 1x(3x50)
J1-3 ['TIT-TTI3 2 103,7 | 2074 | 14,1 50 0,31 |0,36/0,085 | Dcrakana 0,87 BBI'ar 1x(3x50)
J-4 | IIO-TO4 | 2 | 103,0 | 2059 | 36,9 | 50 0,38 | 0,36/0,086 | Dcrakana | 0,87 | BBIur 1x(3x50)
J5 | TIO-TOS | 2 | 1024 | 2049 | 146 | 50 | 0,527 | 0,36/0,087 | Dcrakana | 0,87 | BBLar 1x(3x50)
J-6 | IMI-TO6 | 2 | 1636 | 327,1 | 37,0 | 120 | 0,55 |0,15/0,076 | dcrakana | 0,87 | BBLar Ix(3x120)
J-7 | TOIFTIO | 2 | 1665 | 3329 | 355 | 120 | 0,407 | 0,12/0,074 | Dcraxana | 0,87 | BBLar Ix(3x120)
-8 | TOIFTIZ2 | 2 | 1665 | 3329 | 36,3 | 120 | 0,407 | 0,12/0,074 | Acraxana | 0,87 | BBLar Ix(3x120)
no | TPVl 2 | 1848 | 3695 |6843| 120 | 0,156 |0,15/0,076 | Jcraxaza | 0,87 | BBImr 1x(3x120)
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IMpuioxenue /1

[Tpunoxxenue /1. Bei6op ceuenunii kabeabHBIX JIUHUM pacnpenenurenbHoi cetu 0,4 kB

Hasznauenune Mapka u
Ne, muann IHopm I/a I non Knpoxn [non-Kmp | 1,25 Inon | Jnuna ro/x0
JTUHUU ceueHue
1 Tlg:z)y 1 138,72 BBIwr | 1(4x25) | 140 1 140 | 175 | 02 |0,36/0,083
TII2-PY2
2 (BKHO) 244,62 | 489,24 | BBrar | 1(4x150)| 440 0,9 396 495 | 0,15 | 0,36/0,083
3 TI(T326'$)73 199,78 | 399,56 | BBIur | 1(4x120)| 385 0,9 3465 | 433,13 | 0,15 |0,36/0,083
4 Tl%g:ll))y 4 138,72 BBar | 1¢4x25) | 140 | 1 140 | 175 | 02 |036/0,083
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IMpuioxenune U
[Tpunoxenue W. PacueTs moTpediaeHus Tormsa yctaHoBkod ['TY
6 7 8 9 10 11 12 13 14

72,2 77,0 80,4

T,q 1 2 3 4 5
786 | 76,4 | 805 | 79,7 78,9 805 | 76,4 | 812 | 856 80,4 80,9

Harpyska, %

Horpebnenue | g3 50 | 8514 | 8438 | 8303 | 8349 | 8539 | 82,14 | 8591 | 89,19 | 8529 | 8569 | 7987 | 82.46 | 85.29

TorInBa, %

Cymm.
norpebienue, | 1,10 1,08 1,11 1,11 1,10 1,13 1,08 1,13 1,18 1,13 1,13 1,05 1,09 1,13
Kr/c
Cymm.
4058 | 3904 | 4083 | 4239 4054 4072 | 3796 3919 4054

notpebaenue, | 3961 | 3904 | 4010 | 3989 3968

KI'

Cymm.
norpebnenue, | 5,08 5,00 5,14 5,11 5,09 5,20

TBIC. M3

500 | 523 | 543 5,20 522 | 4,87 5,02 5,20

CTONMOCTE
TOILINBA, 1270 | 1251 | 1285 | 1279 1272 1301 | 1251 | 1309 | 1359 1299 1305 | 1217 1256 1299

pyo.
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[Tpunoxenue U. PacueTs noTpebiaeHus Tommusa yctaHoBkod ['TY (mpogomxeHue)

T,u 15 16 17 18 19 20 21 22 23 24
Harpyska, % 82,3 84,2 81,4 81,4 81,6 853 | 872 | 872 | 745 | 68,1
Horpebunenne | g62, | g315 | 8602 | 8602 | 86,18 | 89,01 | 90,43 | 90,43 | 81,13 | 77,67
TorutuBa, %
Cymm.
noTpeGieHne 1,14 1,16 1,14 1,14 1,14 1,18 | 1,19 | 1,19 | 1,07 | 1,03
, Kr/C
Cymm.
norpebeHne 4121 4189 4088 4088 4096 | 4230 | 4298 | 4298 | 3856 | 3691
, KT
Cymm. Z B
noTpeGieHne 5,28 5,37 5,24 5,24 5,25 542 | 551 | 551 | 494 | 4,73 24 =124,32 ron
, TBIC. M° =45375,22
CTonMOCTh
TOILIMBA, 1321 1343 1310 1310 1313 | 1356 | 1377 | 1377 | 1236 | 1183 31079 11 343 804
pyo.
Cronmocts | CTOMMOCTH
TOIJINBA TOILJINBA
(menn), pyo. | (rox), pyo.
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Hpunoxenne K

[Tpunoxenue K. Kaprorpamma Harpy30k MeCTOpOXI€HUS
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