JexnunecKue HayKu

TEXHUYECKUE HAYKHU '

MPOLECCbI U MALLUNHBbI ATPOUHXEHEPHbIX CUCTEM

YOK: 621.314 621.315

B.A. Condamoe, A.C. 6510koe

PACYET ABAPUWAHBIX PEXXUMOB ®UOEPA 35 kB C IBYXLEMHOMN NTUHUEN

V.A. Soldatov, A.S. Yablokov

DOUBLE-CIRCUIT LINE OF 35 kV FEEDER EMERGENCY OPERATION CALCULATION

Condamoe B.A. — o-p TeXH. Hayk, Npod., 3aB. kad.
MHOPMALMOHHBIX TEXHOMOMM B 3NEKTPOSHepre-
TUKe KOCTPOMCKOWM roCydapCTBEHHOM CEMNbCKOXO-
3qicTBEHHON akagemumn, Koctpomckas o6n., Ko-
cTpomcko  p-H, noc. Kapaeaeso. E-mail:
soldmel@rambler.ru

SA6nokoe A.C. — acn. kad. MHHOPMALMOHHBIX TEX-
HOMOTUI B 3NEKTPO3HepreTke KocTpoMckon rocy-
[APCTBEHHON CENbCKOXO3SNCTBEHHON aKagemuum,
Koctpomckas 065., Koctpomckoit p-H, noc. Kapasa-
eBo. E-mail: yablokov-1991@mail.ru

B pacnpedenumenbHbix cemsix 35 KB akmyarib-
Hol siensemca 3adaya pacdema agapuliHoO20
pexuma, a makxe 3ada4ya onpedeneHus euda u
mecma agapuliHo20 pexuma. pu pacyeme asa-
PUUHBIX PEXUMO8 8 OCHOBHOM npumeHsom dea
memoda: Memod mpex CUMMEMPUYHbIX cOCMas-
NA0WUX U Memod gasHbIx koopduHam. B cemsx
knacca 110 kB u ebiwe npu pacyeme agapuliHo-
20 pexuma yxe WUPOKO ucnosb3yemcs memod
¢asHbix KoopduHam. B pacnpedenumesnbHbix
anekmpuyeckux cemsx 6-10-35 kB amom me-
mod npumeHsiemcs noka ogpaHuyeHo. [JaHHas
paboma sensiemcs npodomkeHuem uccredosa-
Hul, 8edyujuxcsi Ha kaghedpe UHGOPMAUUOHHBIX
mexHonoaut 8 anekmpoaHepeemuke ®6OY BO
«Kocmpomckasi FTCXA». B npedbidywux pabomax
npedcmaeneHbl kak Memodbl pacyema agapul-
HbIX PEXUMO8, maK u Memodbl onpedenieHus ux
guda u Mmecma 8 pacnpedenumesnbHbIX 31eKmpu-
yeckux cemsx. Tak, Hanpumep, nokasaHo, 4Ymo
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onpedeneHue euda u Mecma agapuliHo20 Pexu-
Ma B03MOXHO OCywiecmeumb Nno 8enuyuHam
Hage0eHHbIX HanPsKeHUl Ha cneyuarbHbIX aH-
MeHHaX, PacnonoXeHHbIX nod chasamu fUHUU
anekmponepedayu. [aHHble uccredosaHusi 8bl-
NO/HEHb! 011 00OHOUENHbIX nuHult cemel 10 u
35 kB. O0Hako yacmo ¢pudep 35 kB codepxum
dgyxuenHyr nuHur. Ana nposedeHus uccnedo-
gaHull CcHayana Heobxodumo umems Memoouky
pacyema asapuliHbIx pexumos ¢udepa 35 kB ¢
dgyxuenHol nuHuel 8 ¢hasHbIX KoOpOUHamax,
komopas npedcmasneHa 8 0aHHolU cmamsbe. [1o-
NyYeHbl MampUYHble 8bipaXeHusi 0N Hanpsxe-
HUU U MOKO8 80 8cex moykax ¢hudepa 6 3agucu-
MOCmU 0m napamempog y4acmka ¢pudepa U u3-
8ECMHbIX HanpskeHull e Hayane. PacyemHas
cxema udepa codepxum: numaruwuli mpaHc-
¢hopmamop ¢ coeduHeHuem 0bMomok «3ee30a —
mpeya0rbHUK», nepebili  yyacmok AsyxuenHol
JIUHUU; 8mMopol  y4acmok O8yXuenHol MUHUU;
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6ok  Hecummempuu, Modenupyrowutl aeapud-
Hble pexumbl; mpemul y4acmok 08yxuenHol
JIUHUU;  nepsbIli nompebumenbcKull mpaHcgop-
mamop; emopoli nompebumenbckuli  mpaHc-
hopmamop; Haepy3Ky 8 KOHUe nepsol uenu;
HaepysKy & KoHue smopol uyenu. Paspaboman-
HYy0 MemoduKy MOXHO UCNnOSb308amb Kak npu
pacyeme camux agapuliHbIX PEeXUMo8, mak u npu
peweHuu 3adayu onpederneHus euda u mecma
agapuliHbIX pexumog 8 pacnpedenumesibHbIX
3M1EKMPUYECKUX CemsX.

Knto4eeble cnosa: agapuliHbili pexum, ¢hu-
Oep 35 kB, dsyxuenHass nuHusi, pacyemHasi cxe-
ma, hasHble K0opOUHambl, MECMO U 8UO pexu-
Ma, HagedeHHOe HanpsKkeHue.

In distributive networks of 35 kV the problem
of calculation of emergency operation, and also
the problem of definition of the kind and place of
emergency operation is actual. At calculation of
emergency operations two methods are generally
applied: the method of three symmetric compo-
nents and the method of phase coordinates. In
the networks of the class of 110 kV and above at
calculation of emergency operation the method of
phase coordinates is already widely used. In dis-
tributive electric networks of 6-10-35 kV this
method is seldom applied. This work is the con-
tinuation of the researches which were conducted
on the chair of information technologies in FSBEE
HE “Kostroma agricultural academy’. In the previ-
ous works both methods of calculation of emer-
gency operation were presented, and the meth-
ods of definition of their kind and place in distribu-
tive electric networks. So, for example, it is shown
that it is possible to carry out the definition of the
kind and place of emergency operation in sizes of
the induced tension on the special antennas lo-
cated under power line phases. These researches
were executed for one-chain lines of networks 10
and 35 of kV. However, the feeder of 35 kV often
contains a two-chain line. For carrying out re-
searches at first it is necessary to have the meth-
od of calculation of emergency operation of the
feeder of 35 kV with a two-chain line in phase
coordinates which is presented in this study. Ma-
trix expressions for tension and currents in all
points of the feeder depending on parameters of
the site of a feeder and known tension at the be-
ginning were received. The settlement scheme of
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the feeder contained the feeding transformer with
connection of windings "a star — a triangle"; the
first site of a two-chain line; the second site of a
two-chain line; the asymmetry block modeling
emergency operation; the third site of a two-chain
line; the first consumer transformer; the second
consumer transformer; loading at the end of the
first chain; loading at the end of the second chain.
The developed technique can be used both in
calculation of emergency operation, and in the
solution of the problem of definition of the kind
and place of emergency operation in distributive
electric networks.

Keywords: emergency operation, a feeder of
35 KV, a two-chain line, settlement scheme,
phase coordinates, a place and type of the mode,
induced tension.

BeegeHue. B pacnpenenuTtencHbIX anekTpu-
yeckux cetax 6 — 10 — 35 kB ¢ msonuposaHHou
HeWTpanbl aKTyarbHOW SBNSIETCA 3ajaya pac-
yeTa aBapuiHbIX pexumoB (AP), a Takke 3agava
onpegenenus ux Buga u mecta [1]. ABapuitHbIn
PEXWM MOXHO paccuuTaTb WM MeTogoM Tpex
CUMMETPUYHBIX COCTaBNAOLMX, WNW METOLOM
(pasHbIx koopauHat (PK). Metog @K saBnsetcs
MaTpUYHBIM MEeTOLOM pacyeTa. B anekTpuyecknx
cetax knacca 110 kB u Boiwe Metog ®K xopoLo
cebs 3apekomeHgoBan. B pacnpegenurenbHbix
ANEKTPUYECKUX CETAX 3TOT MeTo[ NpUMEHseTcs
noka orpaHunyeHo. Metog ®K nossonset paccuu-
TbiBaTb (Pa3HbIE HAMPSXKEHUS U TOKU B peasbHbIX
BennunHax. Llenblo npepcTaBneHHbIx wccnemo-
BaHUI ABNSETCA paspaboTka MeToauku pacyeta
aBapuiHbIX pexumoB uaepa 35 kB, copepxa-
Lero AByxuenHyio nuHuo. bes pacyeta AP He-
BO3MOXHO CO3aBaTb METOAUKM U npubopbl nx
obHapyxeHus, a Takke paspabatbiBaTb pasnuy-
Hble KpuUTepun onpegeneHus suaa u mecta AP [2].
Takke OQHMM M3 METOLOB OMpefeneHns Buaa u
Mecta AP aBnseTcs MeTof pacCMOTPEHHbI B
[3, 4]. ABapuitHble pexuMbl ONpeaenstTcs no
HaBEAEHHbIM HaMpPsXXEeHWAM Ha  creuunarbHbIX
aHTEHHax, pPacnonoXeHHbIX Nnog asamu NnHUKM
napannenbHo uMm. YTobbl paccunTaTb HaBedeH-
Hble HanPSKEHUS Ha aHTEeHHe, Heobxoanmo
3HaTb HanpshKeHWUst Ha ha3ax fIMHUKM B Havane u
KOHUe yyacTka fMHUKM, napannenbHo KOTOpPOMY
pasMelleHa aHTeHHa. Takum obpa3om, cHavana
HeobxoaMMo paccuuTatb camy aBapuiHble pe-
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KUMbI, @ 3aTeM HaBeAeHHble HanpshkeHus. [ns
OOHOLENHOW NWHWM 3Ta 3ajava paccMoTpeHa B
[3, 4]. MNpeacTaBnseT uHTEPEC paspaboTka MeTo-
OVKN pacyeTa aBapUMHbIX PEXWUMOB B Cryyae,
korga cvaep Coaep 1T ABYXLEMHYIO JIMHUIO.
PacyeTHas HoBas cxema C ABYXLENHON JHK-
el npeacraeneHa Ha pucyHke. OHa oTnmyaeTcs
OT pacyeTHOM CXeMbl NpWU OLHOLIEMHON NUHUK
Tem, 4to mHoronontochukn A, B, C, D umetot

nan-1

pa3MepHOCTb MaTpuL, 6 Ha 6, a He 3 Ha 3, a Tak-
XE COAepPXMT OBa NoTpebutenbckux TpaHcdop-
MaTopa ¥ [Be Harpysku. ITO MO3BONSET y4ecTb
9NEKTPOMArHUTHbIE BAWSIHUA MEXOY BCeMU Lue-
CTbl0 (pazamut ABYXLEMHOMN JIUHUK, YTO paHee He
ObINo NpeacTaBneHo B TEOPUM pacyeTa aBapum-
HbIX PEXWMOB pacnpedenuTeNibHbIX 3MneKTpuye-
CKMX CEeTeM.
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PacuemHas cxema ¢pudepa, codepxalie2o 08yXUENHYH UHUK
(HUXHSIS1 Yacmb pucyHKa sierisemcs npoOomKeHUeM 8epxHel Yacmu)

Ha pucyHke 0603HaueHo:

nT nuTaloWwmn  TpaHcopmaTop
COeMHEHEM 0DMOTOK «3Be3aa — TPEYrONbHUKY;

NTOM-1 - nepBbIN y4acTOK ABYXLEMHOM NUHWN,
napannensHo kotopomy Oyaer  pa3smelleHa
aHTeHHa;

NT3MN-2 — BTOPOWN y4acToK ABYXLEMNHON NUHWK;

BH — 6nok HecummeTpUu, MOZENUPYHOLLMI
aBapUMHbIE PEXUMbI;

NTOM-3 — TpeTuit y4acTok ABYXLENHON NUHWW;

C

TN 1 - nepBblil  nOTPEBUTENLCKUI
TpaHcdopmaTop;
T 2 - BTOpOM  MOTPebUTENbCKMiA
TpaHcdopmaTop;

Harpyska 1 — Harpy3ka B KOHLe NepBom Lenu;

Harpyska 2 — Harpy3ka B KOHLe BTOPOW Lieni.

Monyuum meToamKy pacyeta AP gByxuenHom
nnHUK, ncnonbays metog OK kak ato caenaHo B [3]
0N ofHouenHoW nuHuM. Kaxgbli w3 nepe-
YMCNEHHbIX 3IEMEHTOB MOXHO NPEACTaBUTb CBOEN
maTpuuen nepegaun H, cogepxallen onokn A, B,
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C, D c¢ cootseTcTBYylOWMMM MHAEKCAMK. Toraa
HanpsPKeHUst M TOKM B Havane anemeHta UH, IH
MOXHO BbIPa3uTb YEPE3 HaMPSKEHWUs U TOKN B
KOHLe anemeHTa UK, Ik no hopmyne

Un
In

Uk
Ik

A B
C D

Uk
Ik

3anuwem BbIpaXeHUs NS HaNPSKEHUS 1 TOKOB,
ncnonb3ayst MaTpuLbl nepeaaynm BCEX 3rEMEHTOB
COrMIacHO PUCYHKY.

HanpsixeHus 1 Toku B Havane duaepa:

Ukm
Ixm |
Hal'lpﬂ)KeHMﬂ M TOKW B Ha4arne nepesoro y4acrka
JIMHUW:

Un
In

Am Bm
Cm Dm

(1)
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U] [A4dl BAl Aell Bell] [UL1
Id| |Cdl DAl Cell Ddl| |11l |,
Un2| | 4621 Bs21 Ac2l Be2l||U21 @)
iy Ce21 De21 Cc21 Dc?21 121

HaI'IpFI)KeHVIFl M TOKW B Ha4ane BTOPOro y4actka
JINHUW.

Ull Acl2 BA2 Ael2 Bel2 | |U12

11| |cd2 Dd2 cd2 Dez || 112 |.

U2L| | 4622 Bs22 4c22 Be22 | |U22 ()
121| | Ce22 De22 Cc22 De22| | 122
HanpsbkeHnst n Toku B Hayane 6roka Hecum-

MeTpuu:

U12] [A4c3 Bcl2 4613 Bel3] [U13

112 3 Ccl3 DdA3 Cel3 Del3 113 |.
U22|™| 4623 Be23 dcos Be23||uzs| @)
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HaI'IpFI)KGHVIFI 1 TOKM B Ha4arne TpeTbero y4acTtka
JINHUN:

uU13 Acl4  Bcld 4614 Beld | |U14

113 Ccld DcdA Celd Deld| | 114 |.

u23 - A624 Be624 Ac24 Bc24 | |U24 (5)
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HanpsikeHnst 1 TOkW B Hadane nepeBoro norpe-
BuTtenbckoro TpaHcopmaTopa:
Uml 6
Iml | (6)

ui14 Aml Bml
114 Cml Dml
Hal'lpﬂ)l(eHVlﬂ M TOKN B Ha4ane BTOPOro notpe-
OUTENBLCKOro Tpchq)opmaTopa:

{U 24} _ {AmZ BmZ} ‘ {UmZ}. )
124 Cm2 Dm2| | Im2
HanpsxeHns 1 TOKM B Ha4ane nepBoi Harpy3ku:
{Um1:| B {AH]. BH1:| . {UK1:|
Iml Cul Dul| | Il
HanpsikeHns 1 TOKM B Ha4ane BTOPON Harpysku:

Um?2 An?2 Bu2 | |Uxk?2 9
Im?2 Cu2 Du2| | Ix2| ®)

(8)

Yytem rPaHMYHbIE YCIIOBUA:
— TOKW NOCIe Harpy3ku paBHbl HYIHO:

IK1=0,/xk2=0,
— HanpaXXeHna B Havane:
Ul =Un2 =Uxm,
— TOK B Havarne:
Ixkm = IHl+ In2.

(10)
(1)
(12)

Mocne npeobpasoBanus (1)-(12) nonyunm cne-

[YIOLLME BbIPAXEHWUS ANst HAMPSHKEHWI U TOKOB BO
BCEX TOuYKax [BYXLiENHoro duaepa:
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Unl = (A>Hl- AET1+ Aoerl- AET2)-Un
Il = (Cordl- AET1+ Coerl- AET2) -Un |

Un2 = (Av6n2 - AET1+ A2 - AET2)-Un
In2 = (Cr6r2- AET1+ Con2 - AET2) -Un

(13)

Ull=(A4511- AET1+ A26ll- AET2)-Un
111=(Cs11- AET1+ Co6ll- AET2)-Un ,

U21=(A45621- AET1+ 4221- AET2)-Un
121 =(C9621- AET1+ C521- AET2) -Un

U12 = (4912 - AET1+ 42612 - AET2) -Un
112 = (C512- AET1+ Co6l2- AET2) -Un

U22 = (49622 AET1+ 4922 - AET2)-Un
122 = (C»622- AET1+ (922 - AET2) -Un

(15)

U13=(A4513- AET1+ 42613 AET2)-Un
113 = (Ca13- AET1+ Co6l3- AET2)-Un |

U23=(A42623- AET1+ A4923- AET2)-Un
123 =(C92623- AET1+ C923- AET2)-Un

U14 = 4514 - AET1-Un
114 = C514 - AET1-Un
U24 = 4224- AET2-Un’
124 = C»24- AET2-Un

(17)
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Uml= Anl- AET1-Un
Iml=Cul- AET1-Un

Um2 = An2- AET2-Un’ (18)
Im2=Cu2-AET2-Un
Ux2=AET ' -Un=AET2-Un, (19)

Ukl=AE-AET2-Un= AET1-Un, (20
Uxkm= A29- AET2-Un= AUxkm-Un, (21)
Uxkm= A29- AET2-Un= AUxkm-Un, (22)
Ikm=C29- AET2-Un=Clkm-Un, (23)
In=(Cm- AUxm + Dm - CIxkm) - Un . (24)
B BbipaxeHusix (13)—(23) 0603Ha4eHo:

As14 = Aml- Axl+ Bml-Cul,
Cs14 =Cml- Aul+ Dml-CHl,

As324 = Am2 - Au2 + Bm2-Cr2, (29)
Co24 =Cm?2- Au2+ Dm?2-Cu2,
Asl3 = Acld - As14 + Bcl4 - Cal4,
As513 = Asld - As24 + Bsl4 - Cor24,
(C513=Ccl4 - As14 + Dcl4 - Col4,
Cosl3=Cel4- As24 + Del4 - Co24, (26)

A23 = Ac24 - As24 + Bc24 - Cr24,
Ar323 = As24 - As14 + Be24 -C»sl4,
Cs23=Cc24- As24 + Dc24 - Cr24,
Co923 =Cs24 - A314 + D24 -Co14.

As12 = Acl3- As13 + Bcl3-Col3+ Asl3- A2523 + Bl3 - Co223,

Aool2 = Acl3- Avol3 + Bcl3-Cral3 + Asl3- Av23 + Bel3- Cr23,

C512 = Ccl3- As13+ Dcl3- Col3+ C6l3- A»923 + D6l3- Cr223,

Cv012 = Ccl3- Av313+ Dcl3- Cosl3 + Cl3- Ar23 + Del3 - Co23,

As22 = A623- A3513+ B623-Co513+ Ac23- Ar23+ Bc23-C»23, (27)
A2922 = As23- Asl3+ B623-Col3+ Ac23- A»s23 + Bc23-Cv923,

C922 =C623- A913+ D623 Cr313+ Cc23- As23+ Dc23- Co23,

C9922 = C623- Asl3+ D623 Co13+ Cc23- A9923+ Dc23- C5523.
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Adll=Acl2- As12 + Bcl2 - Ca12 + A6l2 - A9322 + Bsl2 - C9322,
Aos1l=Acl2- A»312 + Bcl2 - Cool2 + Asl2 - Ax22 + Bel2 - Cs22,
Csl1=Ccl2- A212 + Dcl2 - Co12 + Cel2 - Av22 + D612 - C2922,
C5311=Ccl2 - A3312 + Dcl2 - Co512 + Cel2 - As22 + D612 - C222,

As21=A622 - A>312 + B622 - Co312 + Ac22 - A222 + Bc22 - Co22, (28)

Ar521= As22 - As12 + Be22 - Cs12 + Ac22 - A»322 + Bc22 - Co222,
Cs21=Cg22 - Avol2 + D622 - C3512 + Cc22 - As22 + Dc22 - Cr22,
C9921=C622 - As12 + Dg22 - C512 + Cc22 - A93522 + Dc22 - C3522.

Aosl= Acll- Asll+ Bcll-Coll+ Asll- As221+ Bell-Co221,
Aooel = Acll- Asoll+ Bcll- Cosll+ Asll- As21+ Bell-Co21,
Co21=Ccll- As11+ Dcll-Coll+ Cell- A221+ Dell-Coan21,
Cr96l =Ccll- A3911+ Dcll-Cos11+ Cell- A221+ Dell-Co21,
A252 = A621- Ar311+ Bs21-Co511+ Ac2l- As21+ Bc21-C»s21,
As262 = A621- As11+ Be21-Coll+ Ac21- A3521+ Bc21-Cr521,
C922 =Cs21- Avoll+ D621-Co11+ Cc21- A221+ Dc21-C»21,
Coo62 =Ceg21- Asll+ De21-Csll+ Cc2l- Ar321+ Dc21-Coo21.

A27 = A1 — A6 2,
A28 = A2 — Asel,

(29)

C27 =Conl+Cn62, (30)
C28=Co92+Cossl,

AE = A27°'. A28, (31)

A29 = Ass1- AE + Asssl, 2

C29=C27-AE +C28, (32)

AET = Am - A29 + Bm -C29. (33)

BbiBoabl. Takum 06pa3om, MosyyYeHHble
mMaTpuyHble BblpaxeHus (13)-(33) nossonsoT
ONpedenuTb HanpsikeHus U TOKM B hasHbIX

KoopauHaTtax npu aBapI/II7IHbIX pexumax BO

BCEX

Toykax ugepa 35 kB, cogepxallero ABYXLENHYO

JIMHWIO.
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