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METOAUKA OLEHKU 3®PEKTUBHOCTU BHEAPEHUA
NCTOYHUKOB PACIMNPEOENEHHOU TrEHEPALINA

A.B. BapzaHoea, N.H. NloH4yapoea, FO.M. baiipamaynoea, B.A. E¢hbumosa
MazHumoeopckull eocydapcmeeHHbill mexHudeckull yrusepcumem um. .M. Hocosa,

e. MaeHumoeopck, Poccusi

PaccmarpuBaeTtcst Borrpoc 00 OIEHKE TeXHUKO-3KOHOMUUYECKOH 3 PeKTUBHOCTH YCTaHOBKU OOBEKTOB pac-
IIpeJIeIeHHOM TeHepalliy B YCIOBUSIX JIEHCTBYIOIMX MM IIPOEKTUPYEMBIX CHCTEM DIEKTPOCHAOKEHMs. AJro-
PHUTM pacyeTa afJanTUpoBaH K IporpaMMHO-BeMUcTHTETHOMY Komittekey KATPAH-OptActivePower u 1mo-
3BOJISIET HA OCHOBAHUU TEXHUKO-3KOHOMUUECKHX MOJIeNel TeHepaToOpOB, 3a/JaHHOI KOHQUI'YpaIiH 3JIeKTpHYe-
CKOM CeTH U ITapaMeTpoB ee 000pPYHOBaHUS OIIPEIEISTh OCHOBHBIE I0Ka3aTeny >(pGeKTHBHOCTH: 3aTpaThl Ha
IIOTEPU MOIIHOCTU B CETH, CyMMapHBIE 3aTPaThl C YUETOM H3/IepKeK Ha 0OCIIyKUBaHUE U PEMOHT, KaIluTallb-
HBIE BIOKEHUS B 060pyfoBaHue. DPPEKTUBHOCTD BHEIPEHHS UCTOUHHUKOB SHEPIUH OICHUBAETCS ITyTEM CPaB-
HEHUs 3aTpaT Ha BBIPaGOTKY U IIepejiady MOIIHOCTH B ceTH 0e3 JIOTIONMHUTENBHBIX UCTOUHUKOB C 3aTpaTaMy,
TIOJTyYEHHBIMHU B pe3yJIbTaTe YCTAHOBKM UCTOUYHHUKOB, IIPU 3TOM CUHUTAETCS, YTO CPOK OKYIIAEMOCTH YCTAHOBKU
cocrapisieT § seT. [Ipu pacyeTax yUHTBHIBAIOTCS TEXHOIOTHYECKIE 0COOEHHOCTH PaboThI TeHepaTopoB. B cTathe
IIPUBEJICH IIPUMED OIEHKU 3(OEKTUBHOCTH YCTAHOBKY I'€HEPATOPOB B YCIOBUSIX JIEHCTBYIOIEH CUCTEMBI 3IIEK-

TPOCHAOKEHMUSL

Kniouesvle cnosa: pacnpedeﬂenna}z ceHepayui, IKOHOMUUECKUTI 9¢¢€K7’l1, onmumuzayusd, menioeds 21eK-
MpOoCmanyui, mapud) HA 2NIEKMPOIHEepUuIo, Cucmema 9ﬂ€K711p00Ha69fC€Huﬂ.

Beenenne

Onepreruka Poccuiickoit denepannn B HACTOS-
mee BPEeMsl IPETEPICBACT CEPbE3HBIC H3MECHCHMS.
Beuay pocra Harpy3ok OOJBIIOE PaCHpOCTPaHCHHC
MOIYYAIOT HCTOUHHUKH PACIPEICICHHOW TCHEpaIuu
[1, 2]. B cBsI3u C 3TUM BCTAKOT BOIPOCHI MPOCKTHPO-
BaHUS, IOJKIFOUCHUS, OSKCIUIyaTaUUH JAHHBIX 3JIC-
MECHTOB CHUCTEMHI [3].

Jns mosenmenns 3(pQPeKTHBHOCTH PabOTHI 00B-
€KTOB 3JICKTPOIHCPTCTUKH HCIOIb3YIOTCI METObI
MareMaTHiyeckod omrummsamuu [4]. Pemarorcsa Bo-
MPOCHl ONTHUMAJBHOTO PACHPEICICHHS MOIIHOCTEH
MEXKAy TeHEPAaTOpaMH 3NIEKTPOCTaHmui [5, 6] B ycro-
BHAX MPOMBIIUICHHBIX CHCTCM 3JICKTPOCHAOKCHUA [7].
[Ipu omHOBpEeMEHHON BHIPAOOTKE TEILIOBOM M JIICK-
TPHUYECKOW MOIIHOCTH Pa3pabOTaHbI aJTOPHTMBI OII-
peneneHusT YJKOHOMUYECKH EIECO00PA3HBIX PEKUMOB
PadOTHI KOTIIOATPETATOB B TYPOOTCHEPATOPOB TCIJIO-
BBIX JJICKTPOCTAHIM [8, 9].

Kpome Toro, pemarorcsi BONPOCHI OIPEICICHUS
ONTHUMAJIBHOTO MECTOIIOJIO’KCHHSI HMCTOYHHKOB pac-
npeacicHHOM renepauuu [10], ux BAUSHUE HA mapa-
METPBI PEKUMOB 3ICKTPUUECKHX ceTeil [11]. YaemeHo
BHHMAHHC SKOHOMHYCCKH LCICCOO00PA3HOMY BBIOOPY
HCTOYHHUKOB PACIIPEACICHHON TCHEPAIlMd B 3aBHCH-
MOCTH OT YHCJIa U MOIMHOCTH [12]. ABTOpOM PabOTHI
[13] pazpaboran anropur™, MO3BOJLIOLIMH OCYIIECT-
BILITh PAcUeT MAPAMETPOB 3ICKTPHYCCKUX CETEH C
HCTOYHHKAMH PAaCIpEACICHHON reHepanuu. B crareax
[14, 15] roBopuTcs 00 0COOCHHOCTAX PabOTHI AaBTOMA-
THKH B TAKHX CETAX.

HemamoBaskHOH 3amaucH ABIACTCA OLCHKA (-
(peKTHBHOCTH BHEIPCHHSI HCTOYHHKOB PACIpEICICH-
HOl reHepaumu. Tak, B [16] aBropoM pa3paborana

MOJIENb, OIICHHBAIOMAS I(PPEKTHBHOCTD COOPYKCHHUS
00BbEKTOB MaNoH reHeparuu, a B [17] npusenena me-
TOJMKA SKOHOMHYECKHM LEICCOOOPA3HOTO YHCIA H
MOIIHOCTH TeHePaTopos 10 25 MBT.

[MpobaeMBl pacTpeacICHHOW TCHEpALHH Pac-
CMAaTpPHBAIOTCSL U 3apyOeKHBIMHU YUeHBIMH. B pabote
[18] aBTOpEI pa3zpabaThIBAIOT MOACTH 3JICKTPHUYCCKOH
CCTH, TO3BOJLIIOMICH CHH3HTH MPOOICMBI MPH TOA-
KIIFOUCHUH WCTOYHHMKOB PACIPEICICHHONH T'CHEpalMU
K cetd. B [19-21] paccmaTtpuBacTca BOpoC 00 3KO-
HOMMYCCKH LEACCO00OPA3HOM PA3MCIICHHH OOBCKTOB
pacIpeieicHHO# TCHEpaIlMi B CETH. ABTOp AMCCEp-
Taruu [22] pa3padoTan CHCTEMY, TIO3BOJIIIOIIYIO TLIA-
HUPOBAaTh PESKUMBI PabOTHI CETEH C HCTOYHHKAMH
pactpeaenacHHOM reHepaunu. B [23] paccMmarpusaercs
BOIIPOC 00 ONTHMAIBHON MOIIHOCTH M MECTOIIOIIOMKE-
HAU TCHCPATOPOB C HMCHOJb30BAHUCM HMMYHHOTO
anropuT™MA.

Takum 00pa3oMm, BOIPOCH! MOBBIICHHSA 3PPEK-
THBHOCTH PA0OTHl HCTOYHHKOB PACTPCICICHHON Te-
HCPAUUH ABJLAOTCA AKTy AJIbHBIMH.

B nanmHO#t paboTte mpeamaracTcs METOIHKA
OUCHKH 3()(PCKTHBHOCTH BHCAPCHHA HWCTOYHHKOB
pacnpeieICHHON TEHEPANH B YCIOBHAX JCHCTBYIO-
IIUX CHCTEM JIICKTPOCHAOKEHHS C MCIOIb30BAHUEM
OPHUTHHAIBHOTO mporpamMMmHOro npoxykra KATPAH-
OptActivePower [24].

Teopern4eckast YaCTh UCCJICAOBAHUS

Onnolt w3 neneit oueHkH 3(P(eKTHBHOCTH SABILSI-
erca 0OOCHOBAHME JIYYIIETO0 BHIOOpA HA OCHOBE CO-
MOCTABJICHUS (DHHAHCOBBIX 3aTPAT HA PEATH3AIHIO
VKa3aHHBIX Meponpmiatui u 3(dekra B BHAE 3KOHO-
MHH 3HCPTETHYCCKHX PECYPCOB IPH MX OOpaIlcHHU
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MemoOduka ouyeHku 3¢hghekmuesHocmu eHedpeHus
ucmoyHukKoe pacrnpedenieHHol 2eHepayuu

(nmpow3BOACTBE, TpaHCHIOPTE, MOTpeOIeHUN); HEO0O0XO-
JUMO KOHKPETH3MPOBATH MOCIENA0BATENLHOCTD U yC-
JIOBUSI TIPUMEHEHUS TOKa3aTesel Uil OLEHKHU BBOIM-
MBIX MEPOIIPUATUIN.

B nmanHO# pa®oTe s oueHKH >PPEeKTHBHOCTH
YCTAHOBKM MCTOYHHKOB paclpeaeieHHoil reHepaniu
paccuuTbiBaeTCAd dKOHOMMUeckuit dddext, ompene-
JIAEMBI 110 BBIPAXKEHHIO

Bq)q)eKT = 313/3 - 323/3 9 (l)
rae 3y,, — 3aTpaTthl 0e3 yuera YCTaHOBKH HCTOYHHUKOB
pacripeiefieHHON reHepaluu, MIH py0./ron; 3,,, — 3a-
TpaTtbl C Y4Y€TOM YCTAaHOBKM HWCTOYHHKOB pacrpene-
JICHHOI TeHepamuu, MJH py0./ToI.

Benuuuna 3,,, onpenenserca Ajs CYyLIECTBYIO-
LLIEH CXEeMBbI U PacCUUTBIBACTCSA MO BbIPAXKECHUIO

313/3 = 3’npneM 3/3 + 3’reHepaumo 3/3+ 3’nepena'1y 3/3s (2)
rae 37npuem 3/3s 3’reuepaumo 9/7s 37nepeua~1y s/ — 3aTparbl CO-
OTBETCTBEHHO Ha MPUEM MOIIHOCTHU W3 DHEProCucTe-
Mbl, Ha T€HEPALUO MOLIHOCTH MCCTHBIMU SJICKTPO-
CTaHUUAMH, HAa MOTEPU MOIIHOCTU B SJIEMEHTAX pac-

NpeENUTEbHBIX ceTell 6e3 NOMOJHUTENbHbIX HCTOU-
HUKOB, MJIH py0./TOM.

323/3 = 3”HPHCM 3/ + 3”reHepaumo 3/ +

+ 3”1‘[6])6}1&‘1}7 3/ + 33 (3)
rae 3”11pueM 3/9s 3,’reuepaumo 3/9s 3”nepeaauy s/ — 3aTPaThbl CO-
OTBETCTBEHHO Ha MPWUEM MOIIHOCTH M3 3HEProCHCTe-
Mbl, Ha T€HEPaLUIO MOIIHOCTH MECTHBIMH 3JEKTPO-
CTaHLMSIMY, Ha MOTEPU MOLIHOCTH B JIEMEHTax pac-
NpeeNUTEIbHbIX CeTel C JIOMOJIHUTEIbHBIMU HC-
TOYHHUKAMM, MJIH py0./roa; 3 — MpuBeAeHHbIE 3aTpa-
Tbl Ha CTPOUTEJNBCTBO M OOCIYKUBaHWE Te€HEepaTo-
pOB, MJIH py0./TOm.

3arpaThl, YYWTHIBAIOLINE YCTAHOBKY, SBJISIOTCS
JVCKOHTUPOBAHHBIMU M HAXOAATCS MO (hopmMyJie

3=0,12K+HU, @)
rae K — kanuTanbHble BIOXKEHHS B CTPOUTEIBCTBO MC-
TOYHHUKOB pacrpeseieHHOl reHepaluu, MIH py0./Tox;
W — w3nepxkku Ha 0OCIyXKHMBaHHE, PEMOHT U MOTEPU
MOILIHOCTH B C€TH, MJIH py0./rox [25].

Ha puc. 1 npuBeneHa OnoK-cxema airopurMma

Texuuko-

SKOHOMHYECCKUE MOJCITH
HUCTOYHHKOB, CX€Ma
CETH C napamMeTpaMu

Pacyer pexxuMOB Ipy pa3TUIHBIX
YCIOBUSIX CBSI3U C DHEPIrOCUCTEMOH B
[IBK « KATPAH»

Oddext = 3155 32455

A 4

Dddext >0

+

A 4

| Cxema Hea(pexTrBHA |

| Cxema 3¢ dexrrBHA |

v
/ Brinaua pexomennaumii /

Puc. 1. Bnok-cxema anropurma oueHku 3(pPeKTMBHOCTU YCTaHOBKMU
MCTOYHUKOB pacnpenerneHHon reHepauum
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oueHkH 3P (PeKTUBHOCTH yCTAHOBKM MCTOUYHHKOB pac-
[IPEIEICHHOM TeHEpaLUU.

B kauecTBe MCXOAHBIX JAHHBIX AJI pacuyeTa Mc-
MOJIB3YIOTCSl TEXHUKO-IKOHOMUUYECKHE MOJENN TeHe-
paTopoB, MpeACTaBIAOLME CO00l  3aBUCHMMOCTb
MOLIHOCTH Ha KJe€MMaX reHepatropa oT cebecTouMo-
CTH €IMHULBI PACXOAYyEMOT0 SHeproHocures [9].

IIpakTH4Yeckast YacTh HCCAe0BaHUS

HccenenoBanusi MPOBOIMIINCH B YCIOBHSAX CHUCTeE-
MBI 3JIEKTPOCHAOKEHUS, CTPYKTYPHAs CXeMa KOTOpOi
npuBeneHa Ha puc. 2. Ilpennonaraercs ycTaHOBKa
WUCTOYHHUKOB PACTIPE/IENIEHHOM TeHepaunuu B TPHU BO3-
MOKHBIX y371a noactanuuii Ne 9, 5 u 13. B xaxnayto u3
TOYEK MOTYT OBbITb YCTAHOBJIEHBI MO 2 TreHepaTopa
MOIIHOCTBIO 0 10 MBT kakaplii.

PacdeTsl BBIMONHEHBI C MWCMOJNB30BAaHUE IIPO-
rpammbl KATPAH-OptActivePower [24]. PesynbTathbl
pacuera NMpUBEIEHbI B TaOINLE.

Ha puc. 3 npencrasneHa guarpaMMa, KoTopas mo-

Ha [1C Nel

jas)
)
[0
@}

3BOJISIET HAMJSITHO OTpE/eNIUTh HauboJsiee BHITOIHOE
MECTO YCTAaHOBKM WCTOYHWMKOB MaJOll TeHepauuu B
YCIIOBUSIX ACHCTBYIOLIEH CUCTEMBI AIEKTPOCHA0KEHHSI.

BBon reneparopos Ha IIC Ne 5 u 9 u onHOBpe-
MeHHbIN BBoX Ha [IC Ne 5 1 9; Ne 9 u 13 cumraercs
Hed(PEKTUBHBIM (CPOK OKYNAaeMOCTH TaKOro MPOEKTa
Oynet Gojee 8 jeT) 3a cueT NOBBILIEHHUS MOTEPh MOLI-
HOCTH B pacrpeeuTeNIbHbIX CeTsX.

Hawnyumue BapuaHTbl CBsI3aHbl C BBOJOM TeHe-
paTopoB Ha mojacTaHuuu Ne 13, Tak Kak UMEHHO 3Ta
TOYKa pachpenesuTeIbHON ceT OJmKe BCEero Haxo-
JUTCS K Harpy3Kke U UMeeT HauOOJIbIIYIO Harpy3Ky u3
TpeX NMPUBEIEHHBIX y3JI0B.

Takum 00pa3om, MOXHO CHPOTHO3MPOBATH OTI-
TUMaJIbHBI BBOJ B JKCIUTyaTalMI0 MCTOYHWUKOB pac-
MpeAeNeHHOl reHepalny B 3alaHHON CeTH MpHU HEeoO-
XOJIUMOCTH BBOJIa BCE MOIIHOCTH: 1-# Tam — BBOJ
reHeparopoB B paiione I1C Nel3; 2-if atanm — BBOJ re-
HepatopoB paiione I1C Ne 5; 3-ii aTan — BBOJ reHepa-
TOopoB B paitone I1C Ne 9.

I1C Ne3

@

-ceru 110 kB
- cetn 220 xB

@ - roxcramums (110)
o - I[1C ¢ ceKuMIMHU LIMH

I1C Nel5

DHeprocucreMa

I1C Nel3

I1C Ne14

Puc. 2. YnpouleHHasa cxema paccMmaTpuBaemMoun cetn

PacuyeT acpcheKTUBHOCTU BHeAPEHUSI UICTOUYHUKOB pacnpeneneHHon reHepaumm

BapuaHT cxeMbl K, 3, X3, Oddexr,
Ne Pexkomenpauuu
MO AKJTFIOYCHUS MJTH py0./roa | MiH py0./ron | MitH py6./rox | MiH py0./rog
1 | be3 BBO#a reHepaToOpoOB 0 0 5467,53 0 -
» | € BBONIOM renepatopos 8o 58,8 11,48 5420,57 46,97 S deKTHBHO
BCEX MyHKTaX
3 | Beoa B paiione I1C Ne 5 19,6 3,83 5469,48 -1,94 HespdexktnrHo
4 | Bon B paitone I1C Ne 9 19,6 3,83 5530,56 -63,03 HesddekrurHO
5 | Beon B paiione I1C Ne 13 19,6 3,83 5410,96 56,58 S¢pexTrBHO
6 | B paiione [IC Ne 5 u 13 39,2 7,66 5405,9 61,64 D¢ pexTrBHO
7 | BBox B paitone [IC Ne 5u 9 39,2 7,66 5526,35 -58,82 Hes¢pdextusHo
8 | Box B paitone [IC Ne 9 u 13 39,2 7,66 5475,42 -7,89 Hes¢pdexrusHo
54 Bulletin of the South Ural State University. Ser. Power Engineering.
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80

56,58 61,64

60 16,97
40

1,94

DddekT, MiH py0d./TOT

-7,89

-63,03 -58,82

[Ipennonaraemas cxema

Pwuc. 3. narpamma oueHku 3phpeKTMBHOCTM MeCTa yCTaHOBKU
WCTOYHMKOB Mariou reHepauum

3ak/o4ueHue

Pa3paboTaHHbIil anroput™M MO3BOJISIET OMpese-
JISITh OCHOBHBIE TOKa3aTesin d(PPEKTUBHOCTU PabOTHI
pacrpeaenuTeIbHOM CeTH C UCTOYHHMKAMK pacrpee-
JICHHOW TreHepaluu. PaccuuThiBalOTCS KamnuTajibHblE
BJIOXKCHHST Ha TEeHEpaTopbl, MpPHUBEICHHBIC 3aTPaThl,
YUHUTBHIBAIONINE W3ICPKKU HA DKCIUTyaTaluto, 00CITy-
xuBaHWe W peMoHT. OueHuBaetcs 3pdekT oT BBeAE-
HUS B JKCIUTyaTaldl0 WCTOYHUKOB pacrpenesieHHON
TeHepalny, Ha OCHOBAHUM KOTOPOTO MOXHO OCYIIe-
CTBJIATH TUIAHMPOBAHWE BBOAA B JKCIDTyaTalMIO WC-
TOYHMKOB OSHEPrUd M OLEHHBaTh Hed(deKTUBHbIE
TOYKM TOAKIIOUeHHs B ceTH. Pa3paboTaHHbIN anro-
PUTM MpeAHa3HaYeH MAJs MPOEKTHO-KUCCIe0BaATE b=
CKMX MHCTUTYTOB W OTHAEJOB IUIAHUPOBAHUS MpO-
MBILIJICHHBIX ¥ TOPOJICKHX SHEPrOX03sHUCTB.
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EFFICIENCY ESTIMATION METHOD USED TO EVALUATE
DISTRIBUTED GENERATION SOURCES INTRODUCTION

A.V. Varganova, aleksandra-khlamova@yandex.ru,
LN. Goncharova, Yu.M. Bajramgulova, V.A. Efimova,

Nosov Magnitogorsk State Technical University, Magnitogorsk, Russian Federation

This article reviews the distributed generation facilities techno-economic efficiency evaluation conducted
in the existing or projected power supply systems. It suggests the calculation algorithm, adapted to KATRAN-
OptActivePower software. It accounts for the technical-economic models of generators, the configuration and
the equipment parameters to evaluate the main performance indicators: network power losses costs, total ex-
penses (including the maintenance and repair costs, and the volume of capital investment in equipment).
To evaluate the energy sources implementation efficiency the network generation and transmission costs, before
the additional sources are installed, are compared to those after the installation. The payback period is set as
8 years. The calculations also account for the generators’ technological features. The article presents an exem-
plary case of efficiency evaluation for the generators installed in the active power supply grid.

Keywords: distributed generation, economic effects, optimization, thermal power plant, electricity tariff,
power supply system.
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