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AHHOTALUA

Cocrosinne Bompoca: B coBpeMeHHON 3/1€KTpO’HEPreTHKe 4YacTO BO3HUKAIOT 3a[adM yBEIMYEHHs INPOMYCKHON CIOCOOHOCTH JIHHMI
anekrponepenau (JIOII), rubkoro ympaBieHUs] X pEXHMaMM, a TakXKe MepepaclpeneieHHss MOTOKOB MOIIHOCTH MEXIy MapauielbHbIMH
ceueHusIMH. ORHUM W3 BO3MOXHBIX PEIICHUH SBISIETCA IEPEBOA ABYXIEMHOW 3JIEKTPONEpenadn MEepeMEHHOTO TOKAa Ha IMOCTOSHHBIA C
MPUMEHEHNEM KOHIIEBBIX TOACTaHIMA Ha 0a3e mpeoOpasoBareneii Hampsokenus (ITH). Ilapamerpsl u momycTumble 00IacTH PeryJiMpOBaHUS
TaKUX JIEKTPOIEpeaad B Pa3IHIHBIX PEKUMaX pabOTHI IEKTPHIECKON CETH CETOIHS H3yUEHBI ellle HeA0CTaTOHO.

Marepuajbl U MeToabI: VccienoBanue IpoBOIMIOCH Ha BUPTYalIbHONH MOJIENH paifoHa 3JIeKTpHUecKoi ceTH. B xauecTBe MHCTpyMeHTa
JUTSE MOJICTTUPOBAHUS, @ TAKXKE pacucTa U aHAIM3a PSKUMOB JICKTPUUYCCKON CeTH MpUMEHsUICS pa3pabotanHbiil Ha kadeape DCCuC IOYpl'Y
nporpaMmubIil komiieke NetWORKS ¢ 1onoHATETbHBIM BBOJIOM B HET'O MOJICIH 3JIeKTponepenauu nmocrosaHoro toka (II1T) va 6aze ITH.

PesynbTatel: Ilpu mepeBoje IBYXIENHOHM MNepenadd MEPEMEHHOTO TOKA HA IIOCTOSHHBIN pa3paboTaH alropuTM pacyeTa OCHOBHBIX
napametpoB [II1T na ITH , a Takxke noctpoensl P-Q nuarpammbl U HaiiieHs! 00JaCTH BO3MOXKHOTO PETyIHUPOBAHMUS MOLIHOCTH MEpeaadn A
Pa3IHYHBIX PEXKUMOB PAOOTHI DIEKTPUICCKOH CETH.

BoiBoasbl: [lomydeHHBIN anrOpuTM MOXKET OBITH HCIONB30BaH MpH TmepeBone AByxuemHoi JIOII Ha MOCTOSHHBIN TOK, YTO MO3BOJSET
3HAUUTENIFHO YBEIHYHUTH IPOIyCKHYIO CIIOCOOHOCTh M PACIIMPHTH (DYHKIHMOHATIBHBIE CBOMCTBA dJeKTponepenaun. Peanmsanms nepenaun Ha
6a3e ITH mo3BossieT perynmupoBaTh Kak akTHBHYIO, TaK M PEaKTHBHYIO MOITHOCTH BO BCEX YeTHIpEeX KBaapaHTax P-Q muarpaMmel.

KoaroueBrble cioBa: Ilepenaua nmocTosIHHOTO TOKa; IpeoOpa3oBaTeNb HAIPSDKEHUS; PSKUMBI paboThI;, JOIyCcTHMBIE padoune obnactu; P-Q
JIMarpaMmel.

FEATURES OF TRANSFER DOUBLE-CIRCUITE TRANSMISSION LINE TO A DIRECT
CURRENT

A.Y. Syrkin, M.E. Goldshteyn

South Ural State University, Chelyabinsk, Russian Federation
E-mail: syrkin0110-1994@yandex.ru

Abstract

Background: In modern electric power industry, there are problems of increasing the capacity of transmission lines, flexible control of their
modes and redistribution of power flux between parallel sections. One of the possible solutions is the replacement of a double-circuit AC
transmission to DC and the use of substations based on voltage transducers. Today, the parameters and permissible areas for regulating such
power transmission in various operating modes of the electric grid have not yet been adequately studied.

Materials and Methods: The research was conducted on a virtual model of the electric network area. The NetWORKS software complex
was used as a tool for modeling, calculating and analyzing the modes of the electrical network. This software created at the department of power
station and network system, South Ural State University.

Results: The algorithm for calculating the main parameters of the direct current transmission based on voltage transducers founded by
transferring the double-circuit AC transmission to DC and P-Q diagrams were constructed, also acceptable workspaces for various modes of
operation electrical network were founded.

Conclusions: The obtained algorithm can be used for transferring a double-circuit power line to direct current, which allows to significantly
increasing the capacity and expanding the functional properties of power transmission. The implementation of the transmission based on the
voltage transducers allows regulating both the active and reactive power in all four quadrants of the P-Q diagram.

Key-words: Direct current transmission; voltage transducer; modes of operation; acceptable workspaces; P-Q diagrams.

KOHIICBBIX ~ TOJACTAaHIMA Ha 0a3e  mpeoOpa3oBaTescii

| BBEJIEHUE Hanpspkerns  (ITH). Metoauk ompeaenceHus mnapamMeTpoB

B COBpEMEHHOI 3JIEKTPOSHEPTETUKE BO3HUKAIOT 3a71a4d  PCKOHCTPYHPYEMOW — Mepeaud  MOCTOSHHOTO  TOKa M

YBEIUYEHUS IIPOIYCKHOM CIIOCOOHOCTH JIMHUH CpaBHEHHA  HMX € TIApaMeTpaMu  SIICKTPOIEPCaaTH
anekrponepenayu (JISII), ruOkoro ynpasieHus X peXKUMaMHy, [IEPEMEHHOI'0 TOKa HET.

a TaKKe Iepepacrpe/esieHus] MOTOKOB MOIIHOCTH MEXIy
napajuiebHBIMH  cedeHHsAMH. OIHUM W3 BO3MOXKHBIX
peleHnit sBiIseTCS TEepeBOJ JBYXIEMHOH 3JIeKTporepenadn
nepemenHoro toka ([IIIIT) Ha mOCTOAHHBIN C MPUMEHEHHEM

IIpu nepeBone MAIIIT Ha MOCTOSHHBIN CHavana HaWAeM
napameTpsl Takod mnepenmaun Ha Oaze [IH (IIIITH), 3arem
OTIpEIeNTM BO3MOJKHBIE JUTUTENbHBIE, Pa00UHe U JOIyCTHMbIE
PEeXUMBI, a 3aTEM CPAaBHUM UX UCXOJHOU JABYXLEIHOM.
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II.  HOMUHAJIbHBIE ITAPAMETPBI ITEPEJJAUN

IMTOCTOSHHOI'O TOKA

B HopmanbHOM pexuMe paboThl HOMUHAJIBHBIH TOK
kaxaon u3 ueneit JAIIT onpenensiercss ceueHrnemM mpoBOIOB,
KOTOpoe OObIYHO BbIOMpaercs mo 3arpy3ke JIOII B
MaKCHMaJIbHOM  PEXHME, HCXOAs U3  JKOHOMHYECKOH
iotHocTH Toka. Ha Puc.1 npusenensr P-Q nuarpammsr ais
JIEKTPOIIEpeIaun IEPEMEHHOTO TOKA TP HOMHHAIBHOM TOKE
nepenauu |, u UIMTENBHO NOMYCTUMOM | non

IIIITH — oT0 nuHUS D>JEKTpONEpenayd M KOHLEBbIE
IMOJACTAaHIIUM: BBIIPAMUTCIIbBHAA W HWHBCPTOPHAsA, KOTOPLIC
cerofgas BoeimonHsorcss Ha [IH ¢ koMOMHHMpOBaHHBIM

(a3oBBIM W IIMPOTHO-UMIIYJBCHBIM yrpaBieHueM. OHH
paboTatoT B M0O0M M3 YETHIpEX KBaJPAaHTOB MOIIHOCTH M
CO3MAlOT B y37aX MPHUMBIKAHUA K CETH IIepEeMEHHBIE
HAIIPSDKCHUS C PETyIHPYEMBIMH aMIUTUTYA0H U dazoit [1-4].
OTO TO3BONAET HE3aBUCHUMO pErylupoBaTh AaKTHBHYIO
MOIIHOCTh  3JIEKTpONEpeaayd, a TakkKe PpPEeaKTHBHBIC
MOIITHOCTH B IPUMBIKAIONINX Y3JIaX IHEPTOCUCTEMEI.

IIpu mepesome AINIT Ha MOCTOSHHBIA IIeTIECOOO0pa3HO
crenath Tpu (pa3HBIX MPOBOJAA OJHOM LENH MOJOKHUTETbHBIM
nomocom JIOIT IIIITH, a Tpu mpoBoga BTOpOW ILienu -
oTpunarenpHbpIM.  [Ipy  3TOM HOMHMHAIBHOE HAINpPSIKEHHUE
OJHOTO MOJIOCa Iepefayd IOCTOSIHHOIO TOKa PaBHO
ammmutyzae ¢aznoro Hampspxerus ATITIT.

Homunansnoe nanpsoxenue TITTTH:

Ug=2-U %,

rie U — HoMumHampHOE HampspkeHue apyxuernHon JIOIL
MakcumanbHO jpomyctumoe pabouee Hanpspkenwe ITTTTH
orpaHuunBaeTcs ee wu3oisAmumer [2]. HomuHanmbHBIE TOK
nepeaaun | gy :

()

I, =31, 2)
a JOMYCTUMBIN TOK:
Id;mn =3|HOH. 3)
HomuHanbHast 1 1onycTiMas MOIIHOCTH Hepeayuu:
Pr=2-k-Ugy-lg,, )
Poon =2-K -Ug -l Q)
rze ki — ko3¢ dunuenr, YUUTBIBAIOLINH JIOIyCTUMOE

Hanpspxerne Ha JIDII mo ycnoBusM paboTsI H30ISIHM.
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Puc. 1. Jlonycrtumas obnactb peryiaupoBanust mouiHoctu JISII nepemeHHoro
TOKa.
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lll.  PEXHWMBI IIEPEJAYU ITOCTOSHHOI'O TOKA

JnurenbHast npeeabHO-I0IyCTUMast MOLIHOCTh Tepeadnt
B TIOCJICABAPUHHBIX WM PEMOHTHBIX PEXHMax CETH, C OTHOM
CTOPOHBI, Ompejensercsa AonycTUMbIM TokoM JIDIT - Sgron
(Puc. 2). C pgpyroif, 5Ta MOIIHOCTH OTPAHHMYUBACTCS
neperpeBoM TpaHcopMaTopoB W JUIMTENILHO II€PErpeBOM
OTyTIpoBOXHUKOBEIX Kifoueit (I1K).

o

Sd on(]d ou)
SH.Hp.H.'[‘p(IH.H]).H.‘[]J) %

S, a’H(lr a‘H)

Puc. 2. Jlomyctumas o6aacts peryimposanus momHocty [ITITH

SI[OH.Hp.H.'[‘p([I[OH.H]J.H.‘[‘p)

[TosTOMy BBHIOOp TOJIYNIPOBOAHUKOBBIX IPHOOPOB W
TparchopmaTopoB 1m0 TOKy mnpu mepeBome MIIIT wHa
IIOCTOSIHHBIM ONpEAENAeTCs  HOPMHUPYEMOM IEpErpy3Koi
MIITH Spenmpurp (Puc. 2) B mocieaBapuifHBIX ¥ PEMOHTHBIX
pexumax cetu [3]. OTa meperpy3ka He MPEBBIIIAET
nmomyctumyro i JIOII. B HopMambHOM peXHUMeE MOITHOCTH
MOJYIPOBOIHUKOBBIX PUOOPOB 1 TPAHCHOPMATOPOB Sy p.ui1p.

IIpn KPaTKOBPEMEHHBIX neperpysKax Hanboee
kputnuHbIM 351eMeHToM IITITH sBnsrores I1IK. [oatomy, ecnu
IOpU  aHaJdu3€ BO3MOXHBIX PEXHMOB IpH  JCHCTBHU

MIPOTUBOABAPUITHON aBTOMATHKHU TOSIBIISIIOTCS 00Jiee BHICOKHUE
Teperpy3Kky, TO HEOOXOAUM MX TEIUIoBOi pacuer. CBOHCTBO
IIIITH perynupoBanusi PpEeakTHBHONM MOIIHOCTH B Y3JIaX
npuMblkaaus K SHeprocucreme (Puc.2) [1-4] momxHa
HCIOJb30BATECS MPH IUIAHUPOBAHUM PEXHMOB B Pa3IUIHBIX
ONEPaTUBHBIX CUTYaIUSX.

IV. CPABHEHUE CBOPICIB OJIEKTPOITPEIAY I[TPU
HEPEBOJIE IBYXIEITHOU JISI C IEPEMEHHOI'O
TOKA HA TIOCTOAHHbBIN

IIpu nepesone JAIIIIT Ha MOCTOAHHBII TOK CYILECTBEHHO
YBEJINYHMBAETCS €€ MOILMHOCTh B JUINTENBHBIX, PEMOHTHBIX U
[IOCJICABAPUIHBIX PEKUMAX IHEPrOCUCTEMBI, IOSBISLETCS
BO3MOXKHOCTh TMOKOTO PEryJIMpPOBAaHUs aKTHBHONH MOIIHOCTH
U HE3aBUCHMOIO PEryJlHPOBaHMs PEaKTUBHOM B y3lax ee
IpUMBIKaHHA K dHeprocucreme. [Ipu 3TOM CylecTBEHHO
pacmpsoTes PyHKIMOHAIbHBIE BO3MOKHOCTH MEPEadH.
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