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OmnucaHbl OCHOBHBIE NTPOOIIEMEBI AJIEKTPOCHA0XKeH s paiionoB Pecrry6mmkn Mpak.
BrrsiBiieHo, uyro Hambonee 3((GEKTUBHBIMH MEpPOIPUSATUSIMU IS SJIEKTPOCHAOKEHHUS
YIaJICHHBIX PAHOHOB SBIAETCS HCIOIb30BAaHUE pacHpeeNieHHOH TeHepauy B BUAE (o-
TO-AN3ENBHBIX MEKTPOCTAHIUN ¢ aBTOMAaTHIECKO CHCTEMOH PEeryINpOBaHUS HAMpsDKe-
HUA. YKa3aHbl OCHOBHBIE IPEUMYIIECTBA U HEAOCTATKH, BIUSIONINE HA PEXKUM PabOTHI
EKTPUIECKON CHCTEMBI IPH HCHONB30BAaHUU (HOTO-TU3ENBHBIX dNIEKTpocTaHImi. Jls
(parmeHTa amekTpudeckoil cucteMsl Mpaka 11 kB npenyoxkeHa MeToanKa ¥ BBIIIOJHEH
pacdeT HOPMAaIBHOTO pexuMa paboThl. Paccuntana MOIIHOCTB, reHepupyemas (oro-
JIM3ENBHBIMU JISKTPOCTAHIMSIMY, OIPE/ICNICHbI IOTOKM MOILIHOCTH B BETBSX CETH. AHa-
JIM3 pexrMa MoKasaj, 4To IpejiaraeMasi MeTO/IMKa pacuera Io3BoJIsieT ONTHMH3NPOBATh
pexuM paboThl pactipenenurenbHoil cetn Mpaka 11 kB 3a cyer BriOopa Hambosee onTu-
MagbHOH MOIMHOCTH (DOTO-AM3ENBHBIX INEKTPOYCTAaHOBOK. CremaH BBIBOZA, 4TO
KOMIUICKCHOE YIIPaBI€HHE HOPMAIBHBIMU W TIOCICaBAPHHHBIMH PEXHMAMH PaOOTHI
obecrieunBaeT noBbImeHHEe Y3PPEKTUBHOCTH pabOTHI paclpeAeIuTeNbHbBIX ceTeil Mpaka ¢
pacrnpeneneHHON reHepanuei.

KiioueBble cjioBa: HOpMaNbHbIH PEKUM pabOTHI, HOTOK MOIIHOCTH, pacrpese-
JICHHasl TeHepalusl, pacrpeaeneHHas ceth Vpaka, GpoTo-au3enbHbIe 31eKTPOCTaHIUH.

I. BBegenue

MHosxectBo paiioHoB PecryOmukn Mpak He MMEIOT JOCTyma K IieH-
TPaJIbHOMY 3JIEKTPOCHAOXKEHHUIO, @ KPOME TOTO, BCS DJIEKTPOIHEPreTHYecKas
cUCTeMa 3HAYMTENFHO ycTapeia W IeperpyxeHa. [l nmuTaHus IeleHTPaIn30-
BaHHBIX CHCTEM 3JIEKTPOCHAOKEHUS M CHIDKECHUS 3arpy3KH JIEMEHTOB 3JIEKTPO-
SHEPreTUYECKUX CHUCTEM HCIIOIb3YEeTCsl paclpeieieHHasi TeHepalys B BUIE -
3ellb-TeHEePaTOpPOB pasznudHoil MomrHocTH [1-3]. OgHako JOCTaBKa TOILIMBA B
yAaJCHHBIE MECTa MOKET MPUBECTH K HECTAOMIBHON paboTe TaKWX yCTaHOBOK.
Bricokuii ypoBeHb COJHEUHOTO M3Iy4deHus B Mpake MO3BOJIIET MCIOIH30BATH
THOpUAHBIE (POTO-TU3EIBHBIC AJIEKTPOIHEPTETUIECKUE CHUCTEMBI C (DOTOIJIEK-
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TPUYECKUMH MAHEISIMH ¥ COBPEMEHHBIMU aBTOMATH3HPOBAHHBIMU JIN3EIIbHBIMH
sneKTpocTanmamu [4, 5].

Hcnonb3yembie (OTO-IU3EIbHBIC IEKTPOCTAHIUM MUMEIOT aBTOMaTH4e-
CKHE CHCTEMBI PETyJIMPOBAHHUSI YPOBHS HAIMPSIKCHUS] B TOYKE MOAKIFOUCHHUS.
Takue yCTAaHOBKH TOJIOKHTENILHO BIMSIOT HAa PEKUMBI pabOThl pacrpeaein-
TenbHBIX ceteil Mpaka 11 kB [6-8] u obecieunBarot:

. HU3MEHEHUE BEJIMYMHbl U HAIIPABJICHUS IIOTOKOB MOILHOCTH;
. CHUXCHHE [TOTEPh MOILHOCTH U 3JIEKTPOIHEPIUU;

L MOBBILICHHUE YPOBHS HAIPSDKCHUS B y3JIaX Harpy3oKk;

o obecrieueHre aBTOHOMHOM pabOTHI Ha JUTUTEIBHBIA CPOK TP aBapHsiX.

OnHaKo MCHOJIb30BAHUE PACIIPE/ICICHHOM T'eHepaly Co3/1aeT IPOOIeMBbI
IIpU yIpaBiIeHUH pexxumamu pabotsl. [ToaToMy HEOOXOAMMO YYHTHIBATH pac-
MIPECIICHHYIO TeHEPAIMIO TIPH pacueTe PeXXUMOB pabOTHl pacTpeeIuTeNbHBIX
cereil Upaka 11 kB. Knaccuueckue nmoaxonpl pacuera HE MO3BOJISIIOT YUUTHI-
BaTh B y3/1ax (JOTO-AM3ENbHBIE YCTAHOBKH, CIIOCOOHBIE PETYIHPOBATh HAIPSKE-
HHE.
Jnst pacdeTa peXMMOB Pa3OMKHYTBIX pacHpeeMTeIbHbIX ceTeil paka
C pacmpe/esicHHON reHepaiueit B Buie (poTo-Au3eabHbIX 3JICKTPOCTAHIIUH, Tpe-
OyrOTCSl TOJIXOJbI, TNPUMEHSIEMbIE IPH pacdyerax 3aMKHYTBIX AJIEKTPUUECKHX
ceTel ¢ IBYXCTOPOHHHUM MUTAHUEM, HO IIPH 3TOM HEOOXOIUMO YYHUTHIBATh OCO-
OEHHOCTH TOIIOJIOTMU PAa30MKHYTHIX ceTeil. OfHaKo B pacrpeleuTeNbHbIX ce-
TX (POTO-IU3ENBHBIC DIIEKTPOCTAHIIMK YCTAHOBJIECHBI 0OJIee YeM B JIBYX y3Jax,
YTO TOBOPHUT O HEOOXOUMOCTH aHAJIM3a pacyeTa PeKUMOB paclpeleNuTeIbHBIX
cereit Upaka 11 kB [9-11].
Il. PacueTHas cxema
Ha puc. 1 npencraBnen y9acTok cXeMbl pacrpeenurensHoii cetn Mpaka
11 kB. Cxema cocrout u3 14 y310B u 13 BeTBeil, 0UH U3 y3JI0B SBJSETCS HC-
tounukoB nutanus 11 kB. K yznam 21, 22, 32, 34, 35, 41, 42, 5 noAKIIOUEHBI
JJIEKTpUUECKHEe Harpy3ku. B y3max 5, 35 ycraHOBieHB! GOTO-IU3EIbHBIE 3JICK-
TPOCTAHITUH.
[TapaMeTpsl cXeMBI 3aMEIIEHUS U ANEKTPHUECKUE HATPY3KH Y3JI0B Mpes-
CTaBJIeHHI B Ta0I. 1.
Tabanma 1.
[TapaMeTpbl cXeMBI 3aMEIICHUS U AIIEKTPUIECKHE HarPy3KH y3JI0B

IlapameTpsl y3/10B IlapameTpbl BeTBeil
Ne yzaa Pp, KBT Qp, KBAP Ne BeTBH Z, Om B,Cm-10°
1 — — 1-2 2,85+j5,68 -j79,8
2 — — 2-21 3,26+j6,49 -j91,2
21 14 7 2-22 3,67+j7,31 -j102,6
22 7 3 2-3 2,24+j4,46 -j62,7
3 — — 3-31 2,04+j4,06 -j57




46 3flel<mpomexnuuec1<ue KOMRNJIEKCbl U cCucnembsvl

[Ipomomxenne Tad. 1.

31 — — 31-32 2,68+j4,55 -j29,9
2 6 4 31-33 | 2,92+j4.96 32,6
33 - . 3334 | 3,41+j5.79 38,1
34 15 7 33-35 1,95+j3,31 -j21,7
35 5 3 3.4 3,17+j5,38 35,3
4 — — 4_41 | 2,68+j4,55 29,9
41 15 6 4-40 | 2444414 272
42 6 3 45 2,194j3,72 24,5
5 7 4 — — —
== %= -

>
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21 37.:9832 41
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Puc. 1. Yuactok pacnpenenutensHoii cetr Mpaka 11 kB

[Ipu oTrumoueHNN (HOTO-TU3ENBHON 3IEKTPOCTAHINH B y37I€ 35 MOTOKH
MOIITHOCTH 0e3 y4eTa moTeps Ha ydacTke 1-2 ompenensieTcs o BeIpakeHuto [12,
13]:

4
Si';i—
_U-U, +§- : (1)
=12 H ]
Z15

rae U; — Hanpsbxerue B y3ne 1 (ucrounuk nutanus 11 kB); Us — HanpspkeHne B
y3ne 5 (poro-muzenpHas nmekrpoctaniys); Uy — HOMHUHAILHOE HANPSIKCHHE
pacnpenenuTeNbHOl ceTh; Zi5 — CyMMapHOE COMPOTHBICHHE YYacTKa MEKIY
y3namu 1 u 5; Zi.s — CyMMapHO€ COIPOTHUBIICHUE YYACTKOB MEXKIY y3JIaMHu | 1 5:
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Z2—5 = Zz-a + Z3-4 + Z4—5;
Zyg=2y ,+2Z,5; 2
Z475 = Z475-

[pu BrurtoYeHNN (HOTO-TU3EIBHON ANEKTPOCTAHIINH B y37Ie 35 pacmupene-
JIUTEbHAS DIIEKTPUYECKas CETh MIPEBPAIIAETCA B CETh C TPEXCTOPOHHUM IIHTa-
HueM. Iy ompeneneHus TeHEepUPYIOIIe MOITHOCTH (POTO-IH3EIEHON AIIEKTPO-
CTaHIMM HEOOXOJMMO COCTAaBUTh YpaBHEHUs BToporo 3akoHa Kupxroda c yue-
TOM IIOTOKOB YPaBHUTENBHBIX MOIIHOCTEH IJI KaXK10M BETBU, COCAMHSIOIICH
rncTouHuK nutanus 11 kB ¢ reHepupyrommuM y3iaoM.

I11. Pe3yJbTaThl pacuera peskuMa padoThl

Jnst paccmarpuBaeMoro (parMeHTa CXEMbl pacHpeeNUTeIbHON CeTH
Hpaka TpeOyeTcs cOCTaBUThH JBa ypaBHEHMA. 3a MOJIOKUTEIIBHOE HalpaBlieHHE
00xoz1a BEIOpaHO HAIIPaBJIEHHE OT MCTOYHMKA MUTAHUA K T€HEPUPYIOIINM Y3-
JaM.

§172 ' Zlfz + §273 : sz + §3731 : Z3731 + §31733 : Z31—33 - §33735 'Z33735 +
U,-uU
+==%.U, =0; (3)
Z1735
u,-u
§172 'Zl—z + §273 ' sz3 + §374 : ;374 - §475 : Z475 +%'U H ™ 0.
£15

IloTOKM MOIIHOCTH B BETBSX MPEeACTaBJICHBI YC€PE3 MOIIHOCTHU HAIPY30K
1 HCU3BCECTHBIC MOIITHOCTH, T€CHCPUPYEMBIC (1)OTO'Z[I/I36JILHLIMI/I QJICKTPOCTAHL M-
SAMHU B PACPECACIIUTCIbHYIO CETh:

3335 = S35~ Spas

Ss1-g3 = Sas + Sg5 — Spss

S3.31 = S5 +S3 + S35 — Spsss

Sss =S5 = Sys; 4)
Sy 4 =84, +S8,+55 S5

w

(%2]

2-3 :§32+§°,4+§35+§41+§42+84_§r5_§

§1—2 :§21+§22+§32+S_34+§35+§41+§42+§5_§r5_§r35'

I3s?

ITocne moACTaHOBKY MOJYYEHHBIX MOTOKOB MOIIHOCTH B CHCTEMY YpPaB-
HEHHI:
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Pe3yJILTaTOM peuicHusA CHUCTCMbI ypaBHeHI/Iﬁ SBJIAAOTCA HCU3BCCTHBIC

MOMIIHOCTH, TCHEPUPYCMBbIC CI)OTO',Z[I/ISeJIbHBIMI/I QJICKTPOCTAHIHUAMMU

S., = 46,25+ j20,9 MBA; S = 24,53+ j13,4 MBA.

(6)

VauThIBas NOTOKHU MOIITHOCTHU OT MCTOYHHKOB pacnpez[eneHHoﬁ TreHepa-
LU, BBIIMOJHACTCA PaCUCT IMOTOKOPACHPEACICHUA B OCTAJIbHBIX BCETBAX. Pe-

3YyJIbTAaThbl pacyeTa MpeACTABJICHBI HA PUC. 2.
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Puc. 2. [ToTokopacnpeneneHre B pactpeeuTeIpbHoN ceTn Mpaka
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1V. 3akaroueHue

IIpencraBnen cmoco0 pacdyera peKHMMOB PAaOOTHI PaCHpPEAETUTEIBHBIX
ceteir Mpaka 11 kB ¢ yderoMm pacmpereneHHON TeHepaun, paboTaromei na-
paimiensHO ¢ 3HEeprocucteMoil. [lorydeHHbIH pe3yabTaT 00eCIeYnT MOBBIIICHNE
3¢ (PEeKTHBHOCTH pabOTHl paCIPENeNUTENbHBIX CETeH, JacT BO3MOKHOCTD KOM-
IUIEKCHO YIIPaBJIATh HOPMAJILHBIMH 1 MOCIICaBAPHHHBIMY PEKUMAMHK pacIpezie-
JIUTETHHOHN CeTH, BKIIOYAIOLIEH pacrpeieIeHHYIO TeHepaluio.

IIpencraBneHHbI MOAXOJ pacyeTa MO3BOJIUT ONTHUMU3UPOBATH PEKUM
pabotsl pacnpenenurensHoit cetn Mpaka 11 kB 3a cuer BbiOOpa Haubomnee on-
TUMAJTbHBIX MOIIHOCTEH (HOTO-TU3EIBHBIX JICKTPOYCTAHOBOK.

© Xumun E.B., 2019
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FEATURES OF INFLUENCE
OF DISTRIBUTED GENERATION ON POWER FLOW
DISTRIBUTION OF ELECTRIC NETWORK OF IRAQ

12 Belgorod State Technological University n.a. V.G. Shukhov
Belgorod, Russia
2 University of Diyala
Diyala Governorate, Iraq

Abstract. The object of the study is the section of the 11 kV distribution network
in Irag. The main problems of power supply in the Republic of Irag regions are de-
scribed. As this study shows the most effective measures for the electrical supply of re-
mote areas is the use of distributed generation in the form of photo-diesel power plants
with an automatic voltage regulation system. It was also noted the main advantages and
disadvantages affecting of the operating mode of the distribution network when using
photo-diesel power plants. A brief description of the section of the 11 kV distribution
network of Iraq is given, its main parameters are presented. The basic input data for cal-
culating the normal mode of operation taking into account the use of distributed genera-
tion operating in parallel with the power system are indicated, and a method for calculat-
ing the normal mode of operation is proposed. The calculation of the operating mode for
the section of the 11 kV distribution network of Iraq is completed. The generated power
from a photo-diesel power plants has been calculated and the power flows in the branch-
es of the 11 kV distribution network have been determined. The analysis of the regime
showed that the proposed calculation method allows optimizing the operation mode of
the 11 kV distribution network of Iraq by choosing the most optimal power of photo-
diesel electrical installations. This will provide an increase in the efficiency of distribu-
tion networks, and will make it possible to comprehensively manage the normal and
post-emergency modes of the Iraq distribution network, including distributed generation.

Keywords: distributed generation, Irag's distributed networks, normal operation,
photo-diesel power plants, power flow.
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