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BopoHexckui rocygapcTBeHHbIN arpapHbI YyHUBEPCUTET MMeHU umnepartopa lMeTpa |

PacueTt pexvmMa nuHuiA anekTponepenayn SBnsSeTCa BaXHOW 3adaden npu aHanuae 1 npu aKcnnyaTaumm anek-
Tpuyeckmx ceter. PacdeT yCTaHOBMBLUErOCS pexunma CBOOUTCHA K ONPEAENeHU0 HanpsbkeHU M MOLLHOCTEN B
y3nax cxeMm 3amelleHusi. KoHdurypauum anekTpudeckux cetein MoryT GbiTb pasnmyHbIMU B 3aBUCUMOCTU OT Ha-
3HayeHus ceTu (pacnpedenuTenbHas, nuTaroLas, cuctemoobpasyrollas) n knacca HanpsbkeHus. NpocTteiwmne
3aMKHYTble CETM MOXHO pacCcMaTpuBaTb Kak MMHUU C ABYXCTOPOHHMM MuTaHWeM. B nunHusax anektponepenayu
cenbckux pacnpegenutenbHbix ceten 10 u 35 kKB n3HavyanbHO Takke NpegycMaTpmuBaloTCa ABa UCTOYHMKA NUTa-
HuA. [py akcnnyatauumn Takme NUHUKM pasMbIKatOTCH, Kak NpaBuio, B TOYKEe MOTOKopasgena MouwHocTen. Ons
pacyeTa pexvma NUHWUIA C ABYXCTOPOHHUM MUTaHMEM MCNOSb3YOT U3BECTHLIN METO4 MOMEHTOB MOLLHOCTEN. Ha
nepBoMm aTane 6e3 yyeTa noTepb onpenensieTcsi Toyka noTokopasgena MOLHOCTU — Y3er, B KOTOPbIA MOLLHOCTb
NocTynaeT C pa3HbiX CTOPOH OT ABYX MCTOYHMKOB. McxogHast NUHWUA pasgensieTcss B 9TOM y3ne Ha ABe YacTw,
pacyeT KOTOpbIX MPOBOANUTCSA C YY4ETOM MOTEPb, KaK AN1S NMMHUA C OAHOCTOPOHHMM NUTaHneM. Hamu npegnaraet-
CcA MeToA4 onpegeneHvs TOYKM NoTokopasaena MOLHOCTEN, OCHOBAHHLIN Ha onpeaerneHun NoTOKOB MOLLHOCTM
nooYvepeaHo AN KaXAOoro Harpy3oyHoro ysna. B cooTBETCTBMM C NPUHLMMIOM HaNOXEHMs1 NOofyvYeHHbIe NOTOKM
3aTeM CyMMUPYIOTCA Ha KaXXaoM ydacTtke. B pesynbTarte nonyvyaem pacnpegeneHne noTokoB MOLLHOCTY B JIUHWK.
MpeanoxeHHbI MeTo NO3BONSET ONPEeaennTb TOYKY NoTokopasaena ¢ MeHblM 06beMOM pac4eToB Mo Cpas-
HEHWIO C METOOM MOMEHTOB MOLLHOCTEN. B 4YacTHOCTM, HET HEOBXOAMMOCTY ONpPeaensiTb YPaBHUTENbHYH MOLL-
HOCTb MpPU Pa3fMYHbIX HANPSPKEHUSIX HA KOHLAX MMHUMM U CYATATb HanpsPKeHWs1 B HArpy304YHbIX Y3rax OA4MHaKo-
BbIMW, YTO ABMSETCA HaYarnbHbIM AOMyLWEHNEM B METOAE MOMEHTOB MOLLIHOCTEN.

KNMOYEBBIE CJTOBA: nuHua anekTponepeaayn ¢ ABYXCTOPOHHMM MUTaHWEM, TOYKa NOTOKOpasaena MOLHOCTEN,
NPUHLMN HANOXEHUS.
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Design calculation of the mode of transmission lines is an important task in the analysis and operation of elec-
tric networks. The calculation of a steady-state mode is reduced to the determination of voltages and powers in
equivalent circuit nodes. The system configurations can be different depending on the purpose of the network
(distributing, supply, or backbone) and voltage class. The simplest loop networks can be considered as lines
with two-way power supply. In the transmission lines of rural distribution networks of 10 kV and 35 kV two
power supplies are also initially provided. In the process of operation such lines are opened, as a rule, in the
power partition node. In order to calculate the mode of lines with two-way power supply the known method of
power moments is used. At the first stage, without taking losses into account, the node of power partition is
determined, which is a node to which power is supplied from different sides from two sources. In this node the
source line is divided into two parts that are calculated taking into account the losses, like for one-way supply
lines. The authors have proposed a method for determining the power partition node based on the determina-
tion of power flows for each load bus by turns. According to the principle of superposition, the resulting flows
are then summed up at each circuit section. As a result, the distribution of power flows in the line can be ob-
tained. The proposed method allows determining the power partition node with a smaller volume of calculations
compared to the method of power moments. In particular, it is not necessary to determine the equalizing power
at different voltages at the line ends and to consider the stresses at the load buses to be equal, which is the
initial assumption in the method of power moments.

KEY WORDS: power transmission line with two-way power supply, power partition node, principle of superposition.
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Be/leHue
JInHnM 3nexTponepesaun CeNbCKUX IEKTPUUYECKUX ceTell HanpspkeHueM 10 u 35 kB
00BbIYHO pabOTalOT B PAa30MKHYTOM PEXKUME C OJHOCTOPOHHUM nuTanueM [2, 10]. J{ns

pazfesieHus JIMHUY Ha YacTH B HEW YCTaHaBIMBAETCS Pa3beIUHUTENb WU CEKLIMOHUPYIOIINMA

nyHKT [9]. Pacuer pexxuMOB TakUX CETe MOYKHO MPOBOJIUTH Pa3IMUHBIMU METOAUKAMU, YUU-

THIBAIOLUIUMU OJIHOCTOpOHHee nuTtanue [7]. Ilpu BeiOope MecTa pa3MbIKaHUs JIMHUS TIEPBOHA-

YaJlbHO paccMaTpUBaeTCs Kak Lenb ¢ AByMs McTouHuKaMmu. Kputepuem BbIOOpa, Kak MpaBu-

JI0, SIBJSIETCSI MUHUMYM 1OTEph [6]. B GonbIIMHCTBE CllydyaeB TOUYKY pa3MbIKaHUS JTUHUH BbI-

OuparoT B TOUKe oToKopaszzaena MouHocteld. Certu HanpspkeHueM 110 kB sBisitoTcs 3aMKHY-

ThIMH [4]. B mpocTreiimux ciaydasx UX MOXKHO pacCMaTpUBaTh KaK JUHUU C JBYXCTOPOHHHUM

MUTAaHUEM U HECKOJIbKMMHU TOUYKaMu oTOopa momHocTu [3]. Pacyer pexuma Takux JTUHUN

MOXKHO IIPOBOJUTH Y€pe3 OINpeiiesieHue OTOKOB MOIIHOCTH Ha Y4acTKaX, HalpuUMep, METO-

JIOM MOMEHTOB MoItHOCTeH [8]. Takum 00pa3om, pacdeT MOTOKOPACTIPECIICHHS U OIpeaeie-

HUE TOYKHM IOTOKOpa3jeia MPEeJCTaBIAIOT cOOOM aKTyalbHYIO 3a7adyy U IpH BbIOOpE MecTa

pa3MbIKaHus, ¥ IIPU pacyeTe pekuMa JIUHUH J1eKTpoInepe1au.

Ha pucynke 1 mpencraBieHa pacdeTHas cXeMma JIMHUHM C JIBYXCTOPOHHUM IHUTaHUEM.
[Toka3zans! y31mbl (1-if U n-i — muTaronmMe, co 2-ro Mo n-1 — Harpy304HbI€), MOIIHOCTh B Ha-
IPY30UHBIX y3J1aX C Sy 10 Sy.1, HAllpaBJIEHUS TOTOKOB MOIIIHOCTH Ha y4acTKax € Sj M0 Spp.1 ¥
COIIPOTHUBIICHHUSI YYACTKOB C Z 2 110 Zy.| p.

Syp
Z1,2 223
| S | S
R R
S1,2 I S2,3 Sn-2,n-1 Sn-,n
S2 S3 Sn-2 Sn-1

Puc. 1. PacyeTHasa cxema fIMHMUN C ABYXCTOPOHHUM NUTaHUEM

B cooTBeTcTBUM C METOJOM MOMEHTOB MOITHOCTEH MPH OJMHAKOBBIX HAIPSIKCHUSIX
ncrouHnkoB (U; = U,) MOIITHOCTH ydacTKa Si, pacCuuThiBaeTcs Mo hopmyme

n-1 *
ZSi Zi
g . — .22
12 * . (1)
Z
311ech MPUHATO, YTO BCE MOIHOCTU Ha y4acTKaX HalpasiieHsl OT y3i1a 1 k y3iny n. Co-
IIPOTUBJICHUE AT CyMMa KOMIUIEKC-CONPSKEHHBIX 3HAYEHUN CONPOTUBIIEHUH OT y31a 1 1o
i-ro y31a, Z' | — CyMMa KOMILIEKC-COMPSIKEHHBIX 3HAYCHHH BCEX COIPOTHBIICHHI JINHIH.
Ecnu HanpspkeHHs 1O KOHIAM Pas3iInyHbl, TO B JIMHUW BO3HUKAIOT CKBO3HOM YPaBHH-
TeJIbHBIN TOK Iy, M ypaBHUTEIBHAS MOIIHOCTD Syp:

U -U . * B * i
I :¥9 Syp :\/glypUHoM :[Jl*—U
— \/§Zm Zln

MomHoCTh ydacTka Si; C YY4€TOM YpPaBHUTEIHHOM MOIIHOCTH PACCUMTHIBACTCS IIO
bopmyme

In

U on. )

S. Zii
S, = =+ . (3)
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3Hasi MOILHOCTH IOJIOBHOTO Y4acTKa, MOKHO paccyMTaTb MOLIHOCTU Ha APYruxX yda-
CTKax:

523 :Slz _Sza§34 = 523 _Ssa--- S = _Sn-l . 4)

>=n-1n =n-2n-1
VY3e1, mociae KOTOPOro MOIHOCTh HA YYaCTKE MEHSIET 3HAK, SIBJIIETCS TOUKOW MOTOKO-
paszena.
MeTtoauka pacuera
PaccmotpuM nmpocTedmmii citydaid JINHUM C ABYXCTOPOHHUM IUTaHUEM U OJHUM Ha-
IPY304YHBIM Y3JI0M (pHC. 2).

Puc. 2. PacyeTHasa cxema fiMHUN C OQHUM Harpy304HbIM Y3J510M

[Tagenne HaNPsHKEHUS HAa YIaCTKE JIMHUH JICKTPOIIEPEIaun ONPEACIISACTCS TI0 H3BECT-
HOM (opmye [§]

Pr+ Q)C +j PX—QI’ (5)
U U U

rae P, Q — akTuBHas U peakTUBHAS MOIIHOCTH, TIepeaBaeMble M0 yIacTKY;

I, X — aKTUBHOE ¥ PEAKTUBHOE COTPOTUBIICHUS yJacTKa.

Jlist paccmaTpuBaeMo# JIMHUY HAMPSDKEHHE y3J1a 2 MOKHO PAacCUMTATh KakK 1Mo Harpsi-

xenuto Uy, Tak u 1o Hanpspkenuto Us:
U, =U;-AUp; Uy =Us AUz => U; —AUp =Us — AUz, . (6)

Ha stoMm sTame motepu MOIIHOCTH B JIMHUHU HE YYUTHIBAIOTCA. Takke mojaraem Ha-
npsokenns Uy, Us 1efiCTBUTENbHBIMY YHCIaAMU.

Jlnst nevictButenbHOM yactu paBeHcTBa U; — AU, = Us — AUs»

+Q,X), Pty +QpXys

P,r
U _ 12712 — U
1 U] 3 U3 . (7)

J{ns MHUMOM yacTu
U. - Pux, —Qpt, U. - Pi,X5 —Qshs
1 - ¥3 (8)
U, -
be3 yuera nmoteps momuHoCTH S)> =81+ S3o umu P, =P + Py, Qu=Q12 + Q3. (9)
[Ipeobpazyem eHCTBUTENIBHYIO YaCTh

1

T X
1 P 12 Q 2 _1 P Q
12 U] 12 1 327, U3 32 3_ (10)
Brenem koadummenTs:
I Xi) I3 X3
a,=-2b,="2 a, =2 b, ="2
12 U] 12 U] 23 U3 23 U3 _ (11)
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OxoHYaTeNbHO YISl JEHCTBUTENBHON YaCTH MOJIy4aeM
—a,,P, =b,,Q, +a,P;, +b,,Q,, =0, (12)

AnanorndHo npeoOpazyeM MHUMYIO 4acTb. B pesynbTaTte mosiydaem CHUCTEMY M3 ye-
TBIPEX JTMHEHHBIX YPaBHEHUHN ¢ HEM3BECTHRIMU P12, Q12, P32, Q3::

—appP —b1pQy +ay3P3, +by3Q3, =0;
—by,Py +a1,Qy +by3Psy —ay3Q3, =0;
Py + Py =Py,

Q2 +Q3,=Q5.

(13)

JlJi IpOM3BOJILHOTO y371a ¢ HOMEpOM Kk cxembl, MoKa3aHHOW Ha pucyHKe 1, cuctema
MIPUHUMAET BU/L:

—ap Py — b Qg +ay, Py + by Qi =0;
— b Pk +a Qi + by Py —24, Qi = 0;

(14)
Py + Py =Py
Qk + Quk = Q-
Koadpunuents! B ypaBHeHusx (14) paccuntsiBarores 1o popmysam:
Iy X1k Ikn Xkn
Ay =1, by =T A, =, byy == (15)
U,’ U’ " U, u,’
k-1 k-1
fik = Dot Tmmets X1k = Dot Xmme15 (16)
n-1 n-1
Tkn = Zmzk Imm+1> X1k = Zm:k Xmm+l1- (17)

C moMoImIpIo MoCeTHeH CHCTEMBI TS KaKI0TO Harpy30YHOTO Y3J1a PaCCUUTHIBAIOTCS
MOIIIHOCTH, TIOCTYIAIONIME OT MUTAIMMX y31oB. llomydaemM HaOOp YaCTUYHBIX MOTOKOB
MOIITHOCTH JIJIsl BCEX y4acCTKOB JIMHUU (pHC. 3).

S1,n1

S1i,n2
$1,3

-
|

$1,2
=SS >
1 Z1,2 2 22,3 3

A

A

Puc. 3. PacnpegeneHune 4acTU4HbIX NOTOKOB MOLLHOCTU
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B cooTBeTCTBUM C IPUHLIUIIOM HAJIOXEHHSI CYMMHUPYEM MOTOKHU Ha OTJENIbHBIX y4acT-
Kax U OIpeJelsieM pe3ylbTUPYIOLIee pacupeeseHue MoHocTy B inHuM [1]. ITonoxutens-
HBIM CUUTAeTCs HallpaBjieHue oT y3ia | k y3ny n. Hanpumep:

Pr3=Pis+Pia+t ...+ Pini—Pro; Qi3=0Qi3+Qia+...4 Qini—Qun2;

Pn—2,n—1 = Pl,n—l - Pn,n—2 ces T Pn,3 - Pn,2 s Qn—2,n—l = Ql,n—l - Qn,n—2 el Qn,3 - Qn,2 .

Touka notokopaszaena onpeaesieTcs: TaK ke, Kak B METOJE MOMEHTOB MOIIIHOCTEH.

Pe3yabTaThl

OnpenenuM No NpeyioKEHHOW METOAMKE TOUKY MoTokopasnena B guHuu 110 kB ¢
YETBIPHbMSI HATPY30YHBIMHU y3JIaMH.

Jlunus BeimosHeHa mpoBoAoM AC-120 ¢ moroHHBIME cOTTpOTHBIICHUSME 1y = 0,249 OM/KM,
xo = 0,427 Om/xMm [5].

Jlminb! ygactioB: €12 = 15,6 kM, L3 = 10,5 kM, €34 = 5,6 kM, l45 = 20,2 kM, 56 = 7,8 KM.

JleiicTBytonye 3Ha4eHNs HanpspKeHui B muTaronmx y3nax: Uy = 115 kB, Us =113 B.

MoOIHOCT B HArPY304YHBIX Y3JIAX:
S, =15+11 MBA, S;=25+18 MBA, S;=12+j9MBA, S,=235+j28 MBA.

Pe3ynbTaThbl pacyeToB NOTOKOB MOLLHOCTU

YacTu4HbIE TOTOKH MOIIHOCTH OT MUTaoMmero y3ma 1, MBA

Si,=11,13+]8,16 Si3=14,18 +j10,21 S14=5,68 +j4,26 Si.s=4,64 +i3,71
YacTu4HbIE TOTOKH MOIIHOCTH OT MUTAOIIEro y3ma 6, MBA
S =3,87 +j2,84 S =10,82 +j7,79 S¢4=06,32 +i4,74 S¢.s =30,36 +j24,29
PesynpTupytomue moToku Ha yqactkax, MBA
Si»=35,63 + Sy =20,63 + _ r S4s=-16,37 - Ss¢=-51,37 -
26,35 j15,35 S =-4,37 - 12,66 j11,66 39,66

V3en 3 sBhseTCS TOUYKOU MOTOKOPA3esia Il aKTUBHON U PEAKTUBHOU MOITHOCTH, TaK
Kak Ha ydacTke 3-4 00e COCTaBIISIONIME MEHSIOT 3HaK. [[paBMIbHOCTH pacyeTa MOKHO MPOBE-
puTh, cocTaBuB OanmaHc mMomHOCTH. CymMMapHas MOILTHOCTh, MOTpeOsieMasi B Harpy304YHBIX
y37ax, Syemp = S2 + S3 +.S4 + S5 =87 + j66 MBA. MouHoCTh, IOCTyNAaromas B IMHUIO OT HUC-
TOYHHUKOB, Sycr = S12 + Ses = 87 +j66,01 MBA.

BrIBOABI

[Ipemyioxken MeToa pacdeTa JIMHUM SJEKTPOTEPENaddl C JBYXCTOPOHHUM IMHTAHHEM,
OCHOBAHHBIN Ha OMPEAEIEHUN MTOTOKOB MOIIHOCTH TOOYEPEIHO YISl KAXKAOT0 Harpy304HOTO
y371a ¢ TIOCJICIYIOITUM CyMMHPOBAaHHEM MOITHOCTH Ha y4acTKax JuHUU. [IpaBomMepHOCTH HC-
MOJIb30BAHMS TIPUHITMIIA HAJIOKEHUSI B IAHHOM CITy4dae OINpPEAeIAeTCs JIMHEHHBIM XapaKTepoM
ypaBHEHHUI B cucteme (14).

B npeanoxenHoM MeTOIe HET HEOOXOIUMOCTH OTACIBHO PACCUNTHIBATH YPABHUTEIb-
HYI0O MOITHOCTh TIPH PA3JIMYHBIX HAMPSOKCHUSX B MUTAIOIIMX y371aX, TaK KaK 3Ta pa3HUIIA
YYHUTBIBACTCS TIPH pacyeTe MOTOKOPACIPEACTICHUN TSl KX I0TO y37a.

Kpome Toro, B mpeayio’k€eHHOM METO/I€ HANPSDKEHUS B HarPY304YHBIX Y3J1aX PaCCUUTHI-
BAIOTCS C YUYE€TOM IaJICHUN HAMPSDKEHUS, @ HE IPUHUMAIOTCS PAaBHBIMH, KaK B METOJI€ MOMEH-
TOB MOIIIHOCTEH.

Bce BrimeykazanHoe MO3BOJISIET CAENATh BBIBOJ, YTO MPEAJIOKEHHBIA METOJ pacyeTa
JUHUAN C IBYXCTOPOHHUM IMUTAHUEM COKpaIlaeT 00bEM M TOBBINIAET TOYHOCTh PACUYETOB I10
CPaBHEHHUIO C U3BECTHBIMU METOMKAMU.
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