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Investigation of Steady State Two-Phase Short Circuit Modes
of Phase-Shifting Autotransformer with Hexagon Scheme
and with Adjusting Autotransformer
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Abstract. The purpose of work is to investigate two - phase short-circuiting modes of new
autotransformer FACT’s - type device and is intended for power systems flexible connection. The
developed mathematical model contains the main phase-shifting and additional regulating
autotransformers. The model allows studying of asymmetrical modes of such schemes, including the
un-identical load connection in different phases of phase-shifting transformers. Visual vector diagrams
of winding’s voltages, currents and relative magnetic fluxes of magnetic core legs for main and
regulating autotransformers for the modes with two-phase short-circuiting with and without ground
have been elaborated. It is shown that significant distortions of the polygon shape occurred. It is
revealed that in two-phase short - circuiting mode without ground, and the loads identically connected
in different phases, the relative magnetic fluxes of the legs of main and regulating autotransformers are
asymmetrical, but their sum is zero, and the magnetic flux does not come out into surrounding space.
Load currents in this mode contain only direct and reverse sequences components. When the load is
un-identically connected in different phases, significant zero-sequence currents occur, and magnetic
flux goes out into surrounding space. However, load currents do not contain symmetrical components
of zero sequence. A similar analysis of two-phase short circuit modes with ground showed that even
with the identical connection of the loads, there is zero sequence both in the magnetic fluxes and in the
load currents. Moreover, zero sequence is present when the load is connected differently on the
phases.
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Investigarea modurilor stationare de scurtcircuit bifazat
ale autotransformatorului cu decalaj de faza cu schema hexagonala
si autotransformatorului de reglare
Bosneaga V., Suslov V.,
Institutul de Energetica al Universitatii Tehnice a Moldovei, Chisinau, Republica Moldova

Rezumat. Scopul lucrarii este cercetarea modurilor de scurtcircuit bifazat a dispozitivului nou de tip FACTS cu
autotransformatoare pentru interconectarea flexibila sistemelor energetice. A fost elaborat modelul matematic,
care contine autotransformator principal cu decalaj de faza si unul suplimentar de reglare. Modelul permite
cercetarea modurilor asimetrice ale astfel de circuite, inclusiv cu conexiunea diferita a sarcinii pe faze diferite.
Sunt calculate valorile curentilor si tensiunilor infagurarilor in moduri de scurtcircuite bifazate fara si cu pamant.
Sunt construite diagrame vectoriale ale tensiunilor, curentilor infdsurarilor si fluxurilor magnetice relative ale
coloanelor miezului pentru ambele autotransformatoare, care explica particularitatile regimurilor de fuctionare a
noului dispozitiv. Este demonstrat ca in astfel de moduri exista distorsiuni semnificative a formei poligonului de
tensiuni in autotransformatorului principal. A fost evidentiat ca in modul de scurtcircuit bifazat fara pamant si
conectarea sarcinii similara in diferite faze, fluxurile magnetice relative ale coloanelor miezului in
autotransformatoare sunt asimetrice, dar suma lor este zero si fluxul magnetic nu iese din miez. Curentii de
sarcind in acest mod contin numai componente de secvetd pozitiva si negativa. in cazul conexiunii inegale a
sarcinii, suma fluxurilor magnetice nu este egald cu zero si apar fluxuri semnificative cu secventi zero. insa
curentii de sarcind nu cotin secveta zero. O analiza similara a modurilor de scurtcircuit bifazat la pAmint a aratat
cd 1n aceste moduri, chiar si la conexiunea similara de sarcina in diferite faze exista secventa zero atit in fluxurile
magnetice, cit si in curentii de sarcind. Cu atit mai mult, secventa zero este prezentd atunci cind sarcina este
conectatd diferit pe faze.

Cuvinte-cheie: autotransformatoare pentru decalaj de faza, interconectarea flexibild sistemelor energetice,
scurtcircuit bifazat, componente simetrice, fluxurile magnetice.
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HccnenoBanne ycTaHOBHBIIMXCSI PE;KUMOB ABYX()a3HOT0 KOPOTKOT0 3aMbIKAHHUS
(¢azonoBopoTHOrO aBTOTPaHC(hOpPMATOPa MO CXeMe IEeCTHYT0IbHHKA
€ peryJIMpoBOYHBIM aBTOTPaHC(OPMATOPOM
Bomnsra B.A., Cycios B.M.

WucturyT sHepreTikn Texandyeckoro YHuBepcurera Monnossl, Kummnaes, Pecrry6nnka Mommosa
Annomayusa. llenpio paboOTHI ABISETCS HCCIECIOBAaHUE PEXXUMOB ABYX()a3HOTO KOPOTKOTO 3aMbIKaHUSI HOBOTO
aBTOTPAHC(HOPMATOPHOTO yCTPOWUCTBA I THOKOH CBSI3M HEPTOCHCTEM, IPHHAAIICKAIIETO K KJIACCy YCTPOHCTB
tuna FACTS. [locraBieHHas LeNib IOCTUTAETCS MOCPEACTBOM pa3pabOTKH MaTeMaTHYEeCKOH MOJENH HOBOH
CXEMBI aBTOTPAHC(HOPMATOPHOTO YCTPOMCTBA, COAEPIKALIETO OCHOBHOHN (ha30MOBOPOTHHIA M JIOTIOJIHUTEIBHBIHA
PEryIMpOBOYHBIN aBTOTpaHchopMaTopbl. OHA MO3BOJISIET UCCIIEIOBATh HECUMMETPHYHbIE PEKUMBI TAKUX CXEM,
B TOM 4YHCIE€ M TP HEOJMHAKOBOM MOAKIIOUEHHM HArpy3kd B pasHbIX (azax u sBiIseTcss yIOOHBIM
MHCTPYMEHTOM JUIsi HWccieloBaHus (a3ocABUTalOmNX TpaHcdopmaropoB. Hanbosiee BakHBIE pe3yibTaThl
COCTOSIT B HaXOXKJCHUHM PEKUMHBIX MapaMeTpOB YCTPOMCTBa NpH ABYX(a3HOM KOPOTKOM 3aMBIKaHMHU (11.K.3.)
6e3 3emun u c 3emield. [locTpoeHbl HarysiHBIE BEKTOPHBIC JAMArpaMMbl HaNpsOHKEHHH, TOKOB OOMOTOK M
OTHOCHTEJIPHBIX ~ MAarHUTHBIX  IIOTOKOB  CTEpXXHEH  MAarHUTOINIPOBOJZIOB, IMOSCHAIOIINE  OCOOCHHOCTH
PAcCMOTPEHHBIX PEXHMOB pabOTBl HOBOTO ycTpoiicTBa. Iloka3zaHo, 9TO B TakKMX pEKHUMaxX BO3HUKAIOT
CYIIECTBEHHbIC MCKaXCHUS (JOpPMBI MHOTOYTOJIbHUKA HANpsDKEHHH 0OMOTOK OCHOBHOTO aBTOTpaHchopmaropa,
COIPOBOXKIAIOIINECS CYIIECTBEHHBIM N3MECHEHHEM YTJIOB HANPSDHKCHUH OOMOTOK OJHOM M TOM ke (a3bl U Jaxe
UX B3aUMHBIM IlepecedeHHeM. BrIBiIeHO, YTO B pekuMe [I.K.3. 0€3 3eMin IPH OAWHAKOBOM MOAKIIOUEHHH
Harpy3kd B (a3ax OTHOCHTEIbHBIE MAarHUTHBIC IIOTOKH CTEPXHEH OCHOBHOTO U PETYIMPOBOYHOTO
aBTOTPAHC(OPMATOPOB HECUMMETPUYHBI, OJJHAKO CyMMa HMX paBHa HYII0. TOKM Harpy3ku B 3TOM DEXUME
colepKaT TOJIKO COCTAaBIAIOIIME HpsAMOH M 0OOpaTHOM mociemoBaTenbHOCTeH. Ilpu HeoauHakoBOM
MOAKIIOUCHHUN HArpy3ku CyMMa MAarHuTHBIX NOTOKOB HE€ paBHA HYJIIO W BO3HHUKAIOT 3HAYUTCJIBHBIC IMOTOKH
HYJIeBOH mocienoBaTeabHOoCTH. OJJHAKO TOKU HArpy3Kd HE COJEp)KaT CUMMETPHYHBIX COCTABIISIONINX HYJIEBOM
IOCIIEZIOBATEIbHOCTH. AHANU3 PEXUMOB J.K.3. C 3eMJIeH IOKa3al, 4YTO B JaHHBIX DEXUMax HMeeTrcs
CYIIIECTBEHHAsl HyJeBas IIOCIEAOBATEILHOCTh KaK B MAarHWTHBIX IIOTOKaX, TaK M B TOKAaX HArpy3KH, W OHa
NpPOSBISIETCS CHJIbHEE IPH HEOAWHAKOBOM IIOJKIIOYCHUHM HAarpy3kd. 3HAYMMOCTH pPadOTBI COCTOMT B
WCCIIEJIOBAaHUM HOBOTO BapHaHTa pPEIN3alMd T'HMOKOW CBA3M OJHEPrOCHCTEM IIEPEMEHHOTO ToKa 0e3
UCIIOIb30BaHMS IIPOMEKYTOYHOTO IIPE0OPa30BaHUs B OCTOSHHBIN TOK.

Kniwouegvie cnoea. ($HazomoBopoTHOE aBTOTpaHC(HOPMATOPHOE YCTPOICTBO, TMOKas CBA3b HHEPrOCHCTEM,
IByx(azHOE KOPOTKOE 3aMBIKaHHE, CHMMETPHUYHBIE COCTABIISIONINE TOKOB, HAIPSHDKEHUH, MAaTHUTHBIX TIOTOKOB.

BBEJIEHUE HanpsOKEHUH B JJIEKTPUYECKOM  CeTH B
CTallMOHapHbIX M TMEPEXOJHBIX peKHMax. B
CBA3M C pEalM30BaHHBIM B TEKYIIEM TOIy
BKJIFOUEHHUH SHEPrOCUCTEM pecyOnuku
MosoBa 1 YKpauHbl Ha NapajielbHyo padoTy
¢ empomeiickoii sHeprocucremoit ENTSO-E u
HaMe4aeMbIM YCHJIEHUEM JJIEKTPHUECKUX CBSI3EH
9SHEPrOCUCTEM MonzaoBel u Pymbiaun
nproOpeTaeT akTyalbHOCTh BOIPOC O OymyIiem
ONTUMAJIBHOM TIepepaclpe/ielieHn Harpy3Ku
MEXIYy NapajulelbHO PabOTAIOIIUMH JHHUSMH
Pa3IMYHBIX KIIaCCOB HaNpsKEHUS B
00BeAMHEHHON JHEProCUCTEME u
pPETYIMPOBaHWN  TEPETOKOB  MOIIMHOCTH  TIO
JUHHUSIM MEXKCUCTEMHOU CBS3H.

Jannas paborta sBiIseTCd NPOAOIKEHUEM
paHee BBIMOJHEHHBIX pabOT MO HMCCIIEAOBAHUIO
HOBOTO YCTpPOWCTBAa THOKOW MEXCHUCTEMHOM
CBs3UW aBTOTpaHcopmaTopHoro Ttuma [18] wu

UzBectHO, 4TO (ha30moBOpOTHBIE
TpaHchopMaTopsl  SBIAOTCA  APPEKTUBHBIM
CPEJICTBOM YITPaBIIEHUS] ITOTOKAMH MOIIHOCTH B
CIIOKHO3aMKHYTBIX JJICKTPUYECKHX CeTsAX. B
YaCTHOCTH, OHHU IO3BOJISIIOT TepepacrpeelisiTh
3arpysKy napaniersHO paboTaromux
aNIeKTpoIepenad pa3IMIHOTO KJlacca
HAnpsOKEHUS, B TOM 4YHCIE M B JIMHUAX
MEXCHCTEMHOW CBSI3M Ha MEPEMEHHOM Toke [1-
9]. Kpome wucrnonp30BaHusi B CTallMOHAPHBIX
peKuMax, MpHU YCIOBUM HUX 0OOECTeUYeHus
OBICTPOJICHCTBYIOLITIMU KOMMYTHPYIOLTUMH
amnmaparami, OHH MOTYT TIPUOOpETaTh CBOWCTBA
yerpoiicte Tuna FACTs (Flexible Alternating
Current Transmission), 4To MO3BOJSET MX TAKKe
UCIIOJIb30BaTh JUIsl YIPABICHUS TEPEXOTHBIMU
npoueccamu [10-17]. C yyeTtom 3TOH UX HOBOH
pOMM M Ppa3BUTHUA TEHACHIMW TOBBIIICHUS

o MOCBSIIICHA UCCIIEIOBAHUIO PEKUMOB

VIPaBISIEMOCTH JJEKTPHUUECKUX CETeU ITyTeM
; JIBYX()a3zHOTO KOPOTKOTO 3aMbIKaHUS (11.K.3.) JJIs

BHEJpEHMs1 dJeMeHTOB Smart grid Bospacraer .

. HOBOI CXEMBI (a301moBOPOTHOTO

AKTYyaJIbHOCTh MCCJICJJOBAaHUI PAa3TMYHBIX HOBBIX
. aBTOTpaHcopMaTopa Ha Oa3e MHOTOYrOJbHHUKA,

TEXHUYECKUX  PEIICHUH, CBSI3aHHBIX €
JIOTIOJTHEHHOT'O PEryIMpOBOYHBIM

peryiarpoBaHUEeM BEIWYHHBI U (a3bl BEKTOPOB
aBTOTpaHCHOPMATOPOM [19]. Lenbio
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UCCIIEIOBAHNUS SABJSETCA pacyeT TaKUX PEKHMOB
W aHamM3 WX OCOOEHHOCTEH, KOTOpPhIE MOTYT
BJIMSATH HA BO3MOXHOCTU pead3allud U
(YHKUMOHUPOBAHUS ~ JaHHOTO  YCTpPOMWCTBA.
PaccmarpuBaemoe B JTAaHHOM pabore
TEXHMYECKOE  pemieHue,  Oasmpyercs  Ha
JOCTHKEHHUAX TBEPAOTENBHON 3JeKTPOHUKHU [20
- 25], ofHAKO HE COACPKUT 3BEHA MOCTOSHHOTO
TOKA, 4TO SIBIISIETCSL ONpeIECICHHBIM
MPEUMYIIEeCTBOM. B CBsI3M OypHBIM pa3BUTHEM B
nociennue aecatmwiaetus texHoiaorud «FACTsy»
MOSIBIJIOCH  OOJBIIIOE KOJMYECTBO PA3THMIHBIX
YOPABISIEMBIX C IOMOLIBIO MOITYIPOBOJHUKOBBIX
KOMMYTaTopoB ycTpoiictB. K HMM MoOXXHO
OTHECTH, Hampumep, ycTtpoiictBa Tuma UPFC-

«Unified Power Flow Controllery. Dtm
yCTpOiiCcTBa  00ECIICYMBAIOT  PETYIMPOBAHUC
MapaMeTpoB PEXKHUMa DIICKTPUYCCKON  CETH,

TaKUX KaK BEJIMYMHA U (a3a HaNpsHDKEHUS B y3IIE,
MOTOKA aKTUBHOW W PEAaKTUBHOM MOIIHOCTEH B
cetu [26, 27]. Oguako, s odecreueHus rHOKoM
YIpPaBIIsieMON CBSI3M HECHHXPOHHO Pa0OTAOLINX
SHEProcucTeM yroia (a3oBOr0 CABHTA MEXKIY

BEKTOpPAMU  HANPSOKCHWH  CHUCTEM  JIOJDKEH
M3MEHATHCS B MOJIHOM auana3zoHe 0 - 360°, uro
HE obecrieunBaeTcs YIOMSIHYTBIMHU
YCTPONCTBaAMHU.

B nanHOi#l paboTe MPOBEACHO HCCIICIOBAHHE
PEXKUMOB . K. 3., KOTOPBIE MOTYT BO3HHUKATh B
MpoIiecce IKCIUTyaTalluH, C HENbI0 ONpe/Ie/IeHuUs
MaKCHMAJIbHBIX TOKOB WM HAIPsDKEHUH O0OMOTOK
YCTpOCTBa TSt OLIEHKU JIOITyCTUMOM
MPOJODKUATENEHOCTH TaKUX PEXUMOB, a TaKKe
HEOOXOMMOCTH Pa3pabOTKU U MPUMEHEHUS Mep
3aIIUTHI TIPU UX BO3HUKHOBEHHH. VcciemoBanus
ObUTH TIpOBEICHHI ¢ ToMoMbio Taketa MATJIAB
- CUMVJINHK, xoTopslil siBIseTCA, MOXKATYH,
CaMBIM  PaCHpOCTPAHEHHBIM CPEACTBOM  JJIA
mozesnupoBanust FACTs ycrpoiicts [28, 29].
PaccMoTpeHo Takke BIMSHIE HECUMMETPUIHOTO
MOJKITIOYSHHST HArpy3ku 1o ¢a3aM, 4TO TaKKe
MOXKET MPOUCXOJUTHh MPHU IKCIUTyaTalldd. ITO
MO3BOJIMT B JajbHEiIneM, 1ociie Oolee
JIETATHOTO M3YUYCHHS IPYTHX PEKUMOB paOOTHI,
CIeNaTh BBIBOJI O TIEPCIIEKTHBAX MPAKTHIECKOTO
WCITOJIB30BAHUS TIPEAJIaraeMoro TEXHHYECKOTO
pelieHuss u mpodiieMaxX, KOTOpble HE0OXOIMMO
IIPU 3TOM PELLIUTb.

|. UccaenoBanme pexxuma 1Byx(pa3Horo
KOPOTKOI'0 3aMbIKAHMS HATPY3KH 0e3 3eMJIu

Ha puc. 1 mnpuBemena ycnoBHas cxema
COEIMHEHUS 00MOTOK OCHOBHOTO
aBTOTpaHchopMaropa B IIECTHYTOILHUK (OHH
MOKa3aHbl 3aYePHEHHBIMU TPSIMOYTOJIHHUKAMH).
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[Tpuuem oHM U300pakeHbI B BUJIE ABYX TPYI U3
3-X mmocaea0BaTeIbHO COSTUHEHHBIX OOMOTOK,

n B2

Puec. 1. Cxema  BO3MOXKHBIX  BApHAHTOB
MOJKJIIOYEHHUS] PEeryJTHPYIOIIEro A0N0JTHUTEILHOIO
aBToTpancgopmaropa.

Fig. 1. Scheme of possible options for connecting of
regulating additional autotransformer.

COCTaBJIAIOMINX IPOTUBOMOJIOKHBIE CTOPOHEI
IIECTUYTOJIbHUKA JUIs Kaxaoi ¢a3el. Hanpumep,
3T0 00MOTKM Nel-6 (umbpsl B KBaaparax),
OTMEYEHHBIE ITyHKTHPHBIM OBAJIOM JUISi OJXHOM
u3 (a3 ocHOBHOTO aproTpanchopmaropa. Tam
xKe MOKa3aHkbl HEKOTOpBIE BapUaHTHI
NOAKIIOUEHHsT  OOMOTOK  JIOIOJIHUTEIHHOTO
aBToTpaHc(opMaropa K 00MOTKaM
MHOTOYIOJIbHHKa B  TIpollecce  KPyroBOTO
perynmupoBaHus ~ yria  (aszoBoro  caBura
(moKa3aHbl MPSMOYTOJIBHUKAMHU C Pa3IUIHBIMH
rpajialiisiMi ceporo (oHa, OT CBETIIO-CEPOro JI0

YEepHOTO0).
Ot BapHUAHThI TOKITIOUEHHS
JIOIIOJIHUTENIBHOTO ~ aBTOTpaHcopMmaropa Ha

puc.l 0003HaueHbl pUMCKUMH UppaMu oT | 10
IV. Kpome Toro, crpenkamu A2, B2 u C2
MOKa3aHbl MECTa TMOIKIIOUEHHS Harpy3Ku K
OTBOJIaM pETYJIUPOBOYHOM 00MOTKH
JIOTIOJTHUTEIBHOTO aBTOTpaHCopMaTopa.
OTrmetuM, uYTo B paboTe paccMaTpUBAIOTCA
PEKUMBI KaK C OJHMHAKOBBIM MMOJKIIOUECHHEM
HArpy3KH K peryJHUPOBOYHBIM OOMOTKam (a3,
TaK M C PAaccOrVIaCOBaHMEM HOAKIIOYCHUS
Harpy3KH B pa3HbIX (azax, KOTOpbIE TOXKE MOTYT
UMETh MECTO TMpH HENpaBWILHOW padoTe
KOMMYTHPYIOIIUX YCTPOMCTB. [Tpryem
paccMaTpUBaeTCsl PaccoryiacOBaHUE B OJHOW M3
¢a3, a MecTa NOJKITIOYCHHST HATPY3KH MOKa3aHbI
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Jajmee Ha BEKTOpHBIX jauarpammax  (BJ])
HanpsokeHW.  PerymmpoBouynas oOMoTka B
JAHHOM CITydae COCTOHUT U3 6-TH OJMHAKOBBIX
MIOCJIEIOBATENBHO COCAMHEHHBIX 4YacTed C 7-10
OTBOJIaMH, K KOTOPBIM MOET OBITh ITOJIKITI0YEHA
Harpyska. B nmpuHuune, ajis noixy4eHus mOIHOU
KapTHHBI IPOUCXOALINX B YCTPOHCTBE B HECUM-
METPUYHBIX PEKHMaxX MPOLECCOB, HEOOXOAMMO
paccCMOTpeTh HMX NpU BCeX 4-X BO3MOXHBIX
HOJIO’KEHHAX aBToTpaHchopmaropa, npu
KOTOPBIX PEXKHUMBI OYAyT pa3Hble Haxke MpH
OJMHAKOBOW Harpyske. OpjHaKo, HUCXOAS W3
OIBITA TIPEIBIAYLINX pPAcyeToB, OBUIO PEIICHO
COCPEJOTOUYUTHCS HA aHaJIW3e IPOLECCOB B
nonoxenuu «lll» (cm. puc.l, cnpaBa BBepxy,
00BeZICHO MYHKTHPOM). B 3TOM monoxeHuu
Harpy3ka pacnojoXeHa «Iajiblle» OT HCTOYHHKA
MUTaHUs] ¥ BIMSHUE COMPOTUBIICHUH paccesHUs
TpancpopmaropoB  OymeT  MaKCHMAIIbHBIM.
OcranpHBlE  PEXKHUMBI  MOXXHO Oynmer mpu
HEOOXOIUMOCTH  PacCMOTPETh  BIOCIICACTBUH
nononHuTensHo. IlosToMy B 3TOM  pasnene
Oymer WccienoBaHAa CHMMETPHYHAs — CXeMma
NOJKITIOUEHHsT BceX (a3  perymupyromero
aBTOTpaHCPopMaTopa, 0003HAUECHHAS] CUMBOJIOM
«lll». Hecummerpusi OymeT oOmpemensaThCS
HaJIM4MeM . K. 3. Harpy3KH ¢ 3eMiiell uin 6e3, a
Harpy3ka B pa3sHbIX (a3zax MOXET OBITh
NOJAKIIOYeHa Kak OJWHAKOBO, Tak MU C
paccoriacoBanueM 1o ¢aszam. [y Toro, 4ro0bI
uMeTh 0a3y Uil CpaBHEHHMs BEJIMYMH B
HECUMMETPHYHBIX PEKMMaX CHadasla MMPHUBEIEM
pe3yJbTaThl pacyeTa CHUMMETPHYHOTO pPeXHMa
HOMHWHAJILHON Harpy3KH NPH TOAKIIOYCHUH

120°
1TR

60°

Ib1

a6

Ic4" a5

b6\

o “‘ {
180° | 162,163

\la1 1a2,1a3

le1

Ic6
. 300°

240°

Puc. 2. B/l TokoB 00MOTOK IIECTHYTOJILHHKA MPH
MNOAKJIIYECHUHN Harpys3skKu K cepeaune
peryJMpoBOYHOIi 00MOTKH.

Fig. 2. Vector diagram (VD) of hexagon windings
currents at symmetrical load connection to the
middle tap of the regulation winding.
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Harpy3Kd B CEpPEeIMHE PErYIUPOBOYHON OOMOTKHU
aBroTpanchopmaropa. Ha puc.2 mpusenena BJI

TOKOB 00MOTOK OCHOBHOTO
aBTOoTpaHchopMaTopa. s BEKTOPHOM
IarpaMMbl pHC.2 BHAHO, YTO COOJIOOACTCS
CUMMETpHS TOKOB qacten 00MOTOK

cooTBeTcTByromMX ¢a3. Kpome toro, ects mapsi
COBIMAJIAIONINX TOKOB B YACTSIX OJHON OOMOTKH,
COCJIMHEHHBIX IMOCIIE/IOBATENILHO, a TAKKE TOKH,
HaxOJIAIIHAECS B TPOTHBO(A3E B HACTIX 0OMOTOK
pa3HbIX ¢bas, TaKKe COCIMHCHHBIX
MOCJIEI0BATENHHO. Hanpumep, JUTSt
paccMarpuBaeMoiit cxembl «ll1» HOMmKHBI OBITH
onuHakoBbl Toku a2 u 1a3, a Tok Ic4 paBeH um
M0 MOJYJI0, HO HaxOJUTCS B NPOTHBO(aze K

HUM. AHaJIOTM4HO Ha puc. 3 hinIC
JIOTIOHUTEILHOTO aBToTpaHchopmaropa
npuseaeHa B/ TOkoB B ero oOMoTKax.
120° 60°
150 A
la4,a5,a6
100 A le1,c2,c3
/ 1b1,b2,b3 50 A “
o “‘ “‘ o
180° | Ib4,b5 b6 | O

c4,e5,65 la1,a2,a3

240° 300°

Puc. 3. B/l Tok0oB B 00MOTKAX pery/jupylouiero
aBToTpancopmaropa.

Fig. 3. VD of currents in the windings of regulation
autotransformer.

Ha Heil BUIHBI CHUMMETpPUSI TOKOB M HX
pPaBEHCTBO B YacTAX OOMOTOK, COEAMHEHHBIX
nocienoBatensHo. Hampumep, toku lal, 1a2 u
la3 B yacTax perynupoBOYHOM 0OMOTKH (a3bl A
aBTOTpaHCPOPMATOPa OJUHAKOBBI U HAXOATCS B
npotuBodasze k Tokam la4, 1a5 u la6 Bo BTOpOI
MIOJIOBUHE PETYIUPOBOYHON OOMOTKH.

OTMETHM, YTO B CHMMETPUYHOM DEKUME
HOMUHAJIBHOW HAarpy3ku BEKTOpa HalpsHKEHHU
00MOTOK HIECTUYTOJIbHUKA 00pasyroT
CUMMETPUYHBIN ECTHYTOJIbHUK.

Hanpspkenust  peryiaupoBOYHBIX  OOMOTOK
JIOTIOJTHUTENBHOTO aBTOTpaHcdopMaTopa Takke
00pazyroT CUMMETPUYHYIO CUCTEMY H
MPUJIETaloT K COOTBETCTBYIOLIMM BEKTOpaM
00MOTOK IECTUYTOJFHUKA, napajuieIbHO
KOTOPBIM OHHM MOJKIIOYEHBl COTJAaCHO CXeMe
puc. 1. Ilpm CHUMMETpUYHOM KOPOTKOM
3aMbIKaHUM dYepe3 compotuBieHne S5 Owm
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KapTUHA HAMPSDKCHUH CYIIECTBEHHO W3MEHSETCS
B COOTBETCTBHH C pucC. 4. CHHUMH OTpe3KaMH
MOKa3aHbl BEKTOpA HaNpsDKEHWHA MUTAroIen
cuctembl A, B u C, 4yepHbIMU - HANPSHKCHUS Ha
Harpy3ke. DazHoe HampsDKEHHE HCTOYHHUKA
nuranmst pasao 110/43 kB. 3xech u nanee Ha BJI
HANPSHKEHUH CTPEIKU, YKa3bIBAIOIIUC

x10°

Voltage imag, V

-2 0 2 4 6 8

Voltage real, V x 10*
Puc. 4. B/l HanpsikeHuii 0OOMOTOK OCHOBHOIO
IIEeCTUYI0JIbLHUKA " peryJiapyrouiero
aBTOTPaHC(OPMATOPA IPH CHMMETPHYHOM K. 3.
Fig. 4. VD of voltages of the main hexagon
(polygon in this case and further) and regulating
autotransformer windings at symmetrical short
circuit (s. c.)..

HampaBlieHHWE  BEKTOPOB  JJII  TNPOCTOTHI
HavyepTaHHs ONMYIICHbI. BHIHO, YTO MMEeT MECTO
NMajCHUe HAINpPSDKEHUS Ha  CONPOTUBIICHMSIX
TparcpopMaTopoB, BCJIEJICTBUE 4ero
HanpsOKEHUE Ha HArpy3Ke CYIIECTBEHHO HIKE
nuTaromero. CUMMETPUYHBIA IIECTUYTOIbHUK
TaKk)Ke 3aMeTHO JeQOopMHpOBaH, Je (akTo OH
MPEeBpaTHIICI B HEKOTOPHI MHOTOYTOJIBHHK
BBH/Iy B3aMMHOTO PacXOJIeHHs (Da30BbIX YIJIOB
HaNpsOKEHUH OOMOTOK, pPacCIONIOKEHHBIX Ha
OJTHOM W TOM € CTep’KHE MarHuTonpoBoaa. Jis
HaTJIAHOCTH HANPsDHKEHUsI 00MOTOK pa3HbIX (a3
OCHOBHOTO  TpaHc(opMaTopa  IMOAKPAIICHBI
Pa3IMYHBIMH IBETaMH, BCE 00MOTKH,
MpUHAJUIeKAIUE OJHON (daze, 0003HAYCHBI
omanM 1BeToM. lludpamu 1-6 00603HAUEHBI
OOMOTKHM  OCHOBHOTO  aBTOTpaHcpopmaropa
(Gonee kpymHBIH MWPUQT) U JTOMOIHUTEIBHOTO
aBroTpaHcdopmaropa (Oonee MeEIKUH IPUPT).
BunHo, 4To BeaencTBUE MACHHS HAPSIKSHUS B

00MOTKax NapajuIeIbHOCTh BEKTOPOB
HampsoKeHHH OOMOTOK  OZHOMMEHHBIX (a3,
0003HaYEeHHBIX OJIMHAKOBBIM I[BETOM,
HapymeHa. BcnencrBue BiIusiHHMSA — OOJNBIION

Harpy3kd CepeluHbl PEeryJIHMpPOBOYHBIX OOMOTOK
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aBTOoTpaHcopMaropa, Kyna OHa TMOJKIIOYCHA,
CMEIIECHbI B CTOPOHY IIEHTPAa [IECTHYTOJIEHUKA.

PaccMoTpuM J1anee HECUMMETPUYHBIN PEeXUM
B pe3ynbpTare I. K. 3. Harpy3Kd 0e3 3eMJIH depes
conpotuBieHne 2 OM TIpH TOAKITIOYCHHH
Harpy3Kd K CpeIHUM OTBOAAM PETyIHPOBOYHON
00MOTKH aBTOTpaHcopmaropa. [lpu Takom
3aMBIKAHUU  IIECTUYTOJBHUK  HANPsHKCHUN
OCHOBHBIX OOMOTOK CYIIIECTBEHHO HMCKa)XXaeTcs B
COOTBETCTBHUHU C PUC. 5.

x 10 :
6 |
4 ]
> 2h
g . 5 [
£ | / f
%’ o 5 | __* A ]
@ | -
S | -
> i 2
2h- 4 . + o i
/ . 3 ;
-4 3\, A dkz
2| | |
-6 -4 -2 0 2 4 6 8
Voltage, real, V x 10"

Puc. 5. B/l nanpsikeHuii Ha 00MOTKAX OCHOBHOI'O
IEeCTHYroJIbHUKA IIPH O. K. 3. 0e3 3eMJIH.

Fig. 5. VD of the main hexagon windings voltages
during two-phase s. c. without ground.

AHaJOTUYHO  TpPEBIAyIIeMy,  pa3HBIMU
IBETAaMH  TI0Ka3aHbl  HAMPSKEHUS OOMOTOK
pa3HbIX (a3, a 0OMOTKH (a3, pacHoIOKEHHBIC Ha
OTHOM  CTEp)KHE, BBIJIEICHBl  OJUHAKOBBIM
1BETOM. BuJHO, YTO B TaKOM pEXHME HMEET
MECTO CHJIbHOE€ HCKaKCHHE MISCTHYTOJIbHUKA
HanpsHKEHU OCHOBHBIX OOMOTOK.

PaccmoTpuMm nanee MarHWTHBIE TIOTOKH B
CTep)KHSIX MAarHUTOIIPOBOJOB OCHOBHOTO W
JIOTIOJTHUTENBHOTO aBTOTpaHcopmaTopoB. Ha
puc. 6 mpencraieHa BJ[ oTHOCUTENbHBIX
MarHMTHBIX IIOTOKOB M MX pa3jOKCHHE Ha
CUMMETPUYHBIE COCTABJISIONINE JJIi OCHOBHOTO
Tpancopmaropa. BuAHO, YTO MPHUCYTCTBYIOT
TOJILKO COCTABIIIONIUE TPSIMONH W 0OOpaTHOU
nocienoBaTenbHOCTH. COCTaBISIONINE TMPSMOKN
MOCJIeI0BaTeILHOCTH 0003HaYeHbI Yepe3 al, bl,
cl, a cocraBnstomue odparHoi kak a2, b2, c2.
Kak cmegyer w3 puc.6, OTHOCHTETLHBIC
MarHuTHble  TOTOKM (a3, 0003HAYEHHEIC
OoykBamu A, B u C npu 1aHHOM NOBPEKACHUH
HECUMMETPHUYHBI, & TOTOK (a3bl A IpPEBbIIIACT
HOMHMHAJIbHYIO BEJIMYMHY HPUOJIM3UTEIBHO Ha
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20%. Ilpu 3TOM OTCYTCTBYIOT COCTAaBISIOIINE
HYJIeBO# mocnenoBarensHOCTH. CyMMa MOTOKOB

120° 60°

180° ¢ 0°
X al

La2
0.2 p.u.

04 p.u.

0.8 p.u.

240° NS .
1p.u.

300°

Puc. 6. BJI OTHOCHUTC/IbBHBIX MAIHUTHBIX IIOTOKOB U
HX Pa3jiokeHHue HAa CUMMETPUYHBIC COCTAaBJIAIOIIINE
JJIsl OCHOBHOI'0 aBTOTpPaHc(popMaTopa.

Fig. 6. VD of relative magnetic fluxes and their
decomposition into symmetrical components for
the main autotransformer.

CTEp)KHEH paBHA HYJIO, TOTOK HE BBIXOJUT B
OKpY’Karollee IIPOCTPaHCTBO.

Ha CIIEYIOIIEM puc. 7 JUTST
BCIIOMOTaTEIbHOTO aBTOTpaHc(opMaTopa
IIOKa3zaHa BI[ OTHOCHUTEIBbHBIX MAarHuTHBIX

IIOTOKOB M HX Pa3JIO)KCHUE Ha CUMMETPUYHBIC
cocraBitromue. 1 B 1aHHOM CJIyqya€ MarouTHBIC

MIOTOKHU CTEpIKHEN HECUMMETPUYHBI u
OTCYTCTBYIOT COCTaBJIAIOLINE HYJIEBOU
MIOCJIEI0BATENBHOCTH.

120°

Puc. 7. B/l oTHOCHTEJIbHBIX MATHUTHBIX IOTOKOB U
HX pa3jiokeHue Ha CUMMETPUYHBIC COCTABJIAIOIIINE
JJIS BCIIOMOraTeJIbHOT0 aBTOTpaHcpopmaropa.

Fig. 7. VD of relative magnetic fluxes and their
decomposition into symmetrical components for
an auxiliary autotransformer.
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MoenupoBaHue TaHHOTO PeXUMa MOKa3ao,
94TO  TOKM  BCEX  OOMOTOK  OCHOBHOTO
Tpancopmaropa ©  aBTOoTpaHchopmaropa
3HAYUTEILHO OOJIbIIIE HOMHHAJIBHBIX U BCE OHU
HarnpapjieHbl B OCHOBHOM BJI0JIb OJTHOM TMPSIMOH,
BcienctBue yero B/l 31ech He IpUBOAATCS.

Ha puc. 8 npuBeneHs! Toku B Harpyske Ina u
Inb BMecTe ¢ pa3noxkeHHMeM Ha CHUMMETPUYHBIC
cocrapmstorie. OHHM  3HAYMTENHHO  OOJbBIIE
HOMHHAJIBHBIX ¥ HAMpaBIE€Hbl BAONb OIHON
IpsAMOM.

Od4eBHIHO, YTO B HUX NMPHUCYTCTBYIOT TOJIBKO
COCTAaBJISIONTIE TIPSMOMA u obOpaTHO
[IOCJIEIOBATENBHOCTEN. Tox Harpy3sku
«3n0poBoit» ¢azel C MO CpaBHEHHIO C TOKAMH
k.3. oueHb Mman (=300 A) m Ha pHCYHKE HE
MOKa3aH.

A b2
Inc=c1+c2~300

A
S 0

180° | iz

cl

Puc. 8. Toku Harpy3ku npu 1. K. 3. 6€3 3eMJId U UX
Pa3JI0K€HUE HA CUMMETPUYIHBIC COCTABJIAIOIIHE..
Fig. 8. Load currents at two - phase s. c. without
ground and their decomposition into symmetrical
components.

PaccmoTpum nanee, KaK BIIMSCT
HECOIJIACOBAHHOE IIO/KIIOYEHUE Harpy3ku B
pasHbIX (azax K OTBOAAM PEryIHPOBOYHOMN
00MOTKH aBTOTpaHc(hopMaropa B peskuMe 1. K. 3.

3ajaiuM  HECOIVIACOBAaHHOE  IOAKJIIOYEHUE
Harpy3kKd K  OTHAikaM  PEryJMpOBOYHBIX
00MOTOK JOIIOJTHUTEIIBHOIO

aBTOTpaHcGOpMaTopa B COOTBETCTBUU C puC. 9,
TJie YCIIOBHO TOKa3aHbl Bce 7 0TBONOB (a3 A, B
n C peryimpoBOYHOTO aBTOTpaHc(opmaTopa B
Bune 0 u 1. 3aganue eaununbl «1» BO BTOpOM
MO3UIMKM TepBOo (a3l A COOTBETCTBYET
MOJKIIOUEHUIO HArpy3ku Ko 2-My OTBOAY.
[Ipruem noakIrOYeHNnEe HArpy3KH CO CMEIIEHUEM
BBITIOJITHEHO B TOW Xe (paze, rme ecTh K. 3.
Harpy3ku. [Ipu stom B (pasax B u C mHarpyska
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MONKIIOYCHa K CpelHeMYy OTBOAY (3amaHue
€IMHULIBI B CPEeIHEH TIO3UIINU COOTBETCTBYET

(0 1 0 0 0 0O 01 F

YnpaeneHue A, Control A

(0 0 0O a1 F

YnpaeneHue B, Control B

(0 0 0 1 0 0 0] F

YnpasneHue C, Control C

Puc. 9. OxkHo MomeJu A H3MEHEHHSl CIOC00a
MOJKJIIOYeHUs] HATPY3KH €O cMellleHHeM ee B (aze
A K JeBOMY KOHIYy peryJHpoBOYHOii 00MOTKH.

Fig. 9. Model’s window for changing the
connection of load by its shift in phase A to the left
end of the regulation winding.

MOAKTIOYCHHUIO HATPY3KH K CPETHEMY OTBOY).

[IpuBenem CHayala pe3ynbTat
MOJIEIIUPOBaHUS HaNpsDKEHUH 00MOTOK
mectuyronpHuka. Ha puc.10 nokazana BJ

HaNpsDKEHUH OOMOTOK MHOTOYTOJIBHHMKA JJIst
JAHHOTO CITyYasl.

5

)

Voltage imag, V

6 8 1

x 10

-2 0 2 4
Voltage real, V
HANPSIKeHU I
MEeCTUYroJibHUKa Ipu CMEHIEHHOM IMOJOKCHUN
HATPY3KH B (pase A aBroTpancopmaropa.
Fig. 10. VD of the hexagon windings voltages at

Puc. 10. 00MOTOK

B

displaced load position in phase A of the
autotransformer.

Ora BJl omimuaercds oT mpenplayLIei,
MOKa3aHHOM Ha puc. S5, TeM, UYTO Kpome

HaHpH)KeHI/Iﬁ OCHOBHBIX O6MOTOK, ITOKa3aHBbI
TAKXXC HAMPSAKCHUA 00OMOTOK BCIIOMOTraTEILHOIO

aBTOTpaHchopMaropa, MTOAKTFOYCHHBIX K
oTpeIeJICHHBIM OTBOIaM MIECTUYTOJLHUKA.

Ha wmelt BHOHO, 4dYTO  Kaxkmasd W3
PETYIMPOBOYHBIX 00MOTOK

aBTOTpaHchopMaTopa COCTOUT U3 6 HaACTEH,
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pa3feNIeHHBIX YEpPHBIMH TOYKaMH, K KOTOPBIM
MOXET OBITh MOJKJIIOYEHAa Harpys3ka, M 4TO
Harpy3ka omHON u3 (a3 A’ MOIKIIOYeHAa HE K
CpelHel TOYKe peryJupoBOYHON 0OOMOTKH, a cO

CMEILCHHUEM.

Taxke MOXHO 3aMETHTh, KaK H3MEHSIOTCS
HampsDKEHUSI  PeryJUpOBOYHOM  OOMOTKH B
pasHpIx  (azax M UX  PacIOJIOKECHHE
OTHOCHUTENIFHO HANPSKEHUH 0OMOTOK OCHOBHOTO
LIECTUYT OJIbHUKA.

Hampumep, B ¢dasze mecTuyronbHuUKa,

0003HAYEHHOH KPaCHBIM IIBETOM, HET KOPOTKOTO
3aMbBIKaHUSl Harpy3Kd, W OHa TOJKIIOYEHA K
CepeIMHe PETyJMPOBOYHON 0OMOTKH. B 3TOM
Clly4yae HamNpsDKCHHsI 4acTed peryIupOBOYHON
OOMOTKM ® 4YacTH OOMOTKH  OCHOBHOTO
aBTOoTpaHcopMaropa, Kyjla OHa IOJKIIOYCHA,
MPaKTUYECKH COBMAIAIOT Mo (ase.

B TO ke Bpems HampsDKeHUS JPYTHX
PETYINPOBOYHBIX 00MOTOK (0b603HaUEHBI
YepHbIM I[[BETOM) «OTTSHYTBD» B CTOPOHY

3aKOPOYCHHON HArpy3KH.
AHanu3upys NONy4eHHBIA pe3yabTaT, MOKHO

cAenaTh BBIBOJL O TOM, UYTO HCKaKEHHUE
HIECTUYTOJIbHUKA  KapIWHAJIbHBIM  00pa3oM
3aBHUCHUT HE TOJIBKO OT BHJA 3aMbIKaHUS, HO U OT
0TBOZA, KyJa  IOAKIIOYEHAa  3aMblKaeMas
Harpyska.

PaccMoTpuM  BeNMYMHBI  OTHOCHTEJIBHBIX
MarHUTHBIX ~ HOTOKOB, BO3HHUKAIOIIMX  IIPH
HaJIMYUM  PAcCOTJIaCOBaHMUS B  IOJIOKEHUHU
Harpy3ku. Ha puc. 11 nokazana BJ[

OTHOCHUTCJIBbHBIX MAarHuTHBIX ITIOTOKOB U UX

120°

60°

DKZ

a0,b0,cO
§ '300°
270° al
b1

Puc. 11. B/l oTHOCHTEIbHBIX MATHUTHBIX NMOTOKOB
U pa3JioikeHHe HAa CMMMeETPUYHbIE COCTABJIAIOLIUE
JJIS OCHOBHOTI'0 aBTOTpaHcdopMaTopa.

Fig. 11. VD of leg’s relative magnetic fluxes and

decomposition into symmetrical components for
the main autotransformer.
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pa3iokeHrue Ha CUMMETPUYHBIE COCTAaBISIOLINE
JUIL OCHOBHOTO aBTOTpaHcopmartopa. Ha Hem
BHIHO, YTO MPHUCYTCTBYIOT COCTAaBJISIOIINE BCEX
Tpex MmociieaoBaTeNibHoCcTel: mpsimoi (al,Bl,cl),
MEHBIIIHE IO  BEIMYHMHE  COCTAaBIISIOIIUE
obpatHO# mocnemoBarenbHOCTH (a2,B2,c2), H
COCTABJISIFOIINE HYJIEBOM TOCIEI0BATEIBHOCTH

(a0,b0,c0).
YTOJ'II_HCHHBIMI/I JIMHUAMHU I/I306pa)KGHLI
PE3YIBbTUPYIOLIUE BEKTOpa OTHOCHUTCIIBHBIX

MarHUTHBIX TIOTOKOB B CTEPXKHSX OCHOBHOTO
tparchopmaropa (A, B u C). M3 nomydeHHBIX
pe3yIbTATOB BUHO, YTO CUMMETPHST MAarHUTHBIX

MOTOKOB  CYyIIECTBEHHO HapylleHa, a uX
BenmnunHa B (asax A u B mpeblmaer
npubnusurenbHo  Ha  40%  HOMHUHAIBHOE

3HAYEHHE MOTOKA.

DTO O03HAyYaeT, YTO B 3TOM PEKUME MOTYT
HACHIIAThCS ~ COOTBETCTBYIOIIME  CTEPIKHHU
MarHUTOMPOBO/IA.

Ha cnemgytomem puc. 12 mokazana B/
OTHOCHUTEIIbHBIX MArHUTHBIX TOTOKOB M HX
pas3yioKeHre Ha CUMMETPUYHBIC COCTABISIOIINE
JUTSL PETYJIMPOBOYHOTO aBTOTpaHChOpMaTOpa.

180°

Puc. 12. B/l oTHOCHTEJIbHBIX MATHUTHBIX NMOTOKOB
H Pa3ioKeHUuEe HAa CMMMETPUYHBIC COCTABJAIONINE
AJI BCIIOMOTaTeIbHOr0 aBToTpancopmaropa.
Fig. 12. VD of relative magnetic fluxes and
decomposition into symmetrical components for
auxiliary autotransformer.

Ha HeM BHUIHO MPHUCYTCTBHE COCTABJISIFOIINX

BCEX TpeX MOCIEAOBATEIBHOCTEN: IPSIMOMU
(al,Bl,cl), MCHBIIINX 1o BCIIUYMHE
COCTaBISIONIMX OOpaTHON MOCIEeN0BATEILHOCTH
(a2,82,c2), i COCTaBJISIOIINX HYyJIEBOM
nocienoBatenpbHOoCcTH  (20,80,c0). AHAIOTHIHO
MPEIBITYIIEMY YTONIIEHHBIMU JIMHUASIMH
1300paskeHbI Pe3yJIbTUPYIOIINE BEKTOpa
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OTHOCHUTEILHBIX MMOTOKOB B
CTEePIKHSAX PETYIUPYIONIETO
aBtroTpancdopmaropa (A, B u C).

CummeTtpust MarHUTHBIX MMOTOKOB
CYIIECTBEHHO  HapyIlcHa, a  BeIMYUHA
OTHOCHUTEITFHOTO MAarHWTHOTO TOTOKa B ¢aze C
Oonee cymectBeHHO (okoio 70%) uem B
OCHOBHOM aBTOTpaHc(opMarope, MpPeBbIIIaeT
HOMHWHAIIbHOE 3HAYCHHUE MTOTOKA.

DTO o03HAa4aeT, 4YTO0 B OTOM pEXKUME
HACBIIICHHUE JIAHHOTO CTePXKHsI OyzeT eie Oosee
3aMETHBIM W JOJDKHBI  OBITh  TIPUHSTEHI
COOTBETCTBYIOIINE MEPbI JUISI OTPAHHUYCHHS €ro
BIUsSHUs. TakuMm 00pa3oM, paccoriiacoBaHue B
MOJKIIIOYCHUH HAarpy3kH Mo ()a3zaM NpPUBOJHUT K
BO3HUKHOBCHHIO MOTOKOB HYJIEBOI
MOCJIEAOBATSILBHOCTY B MarHUTOINPOBOAAX
000uX aBTOTPaHC(HOPMATOPOB JdaxKe B Cliydae
I.K.3. 0e3 3emun.

PaccMoTpeHre TOKOB HAarpy3kd B JIaHHOM
peKUME TIOKa3ano (aHAJTOTUYHO MPEABIAYIIEMY
pexuMy 0e3 paccoryiacoBaHWS TOAKITIOYCHUS
Harpy3okK B pa3HbIX ¢azax BJ] mokazannomy Ha
puc. 8), 4YTO W B JaHHOM pEXKHUME B TOKax

MAarauTHBIX

Harpy3sku HET TOKOB HYJIEBOU
M0CJIE0BATENLHOCTH.

Takum o6pa3oMm, mpu 1.K.3. 0e3 3emin
UMEIOT MECTO CYLIECTBEHHbIE  MCKa)KEHUS
(opMBI IIECTUYTOJIbHIKA HANPSDKEHHH 0OMOTOK
OCHOBHOTO aBTOTpaHchopmaTopa. Jto
COIIPOBOKAAETCS COOTBETCTBYIOIINM

HCKOXECHUEM W HANpsHKeHUs Ha Harpyske. [Ipu
3TOM HaOJIIOJACTCS M 3HAYMTENBHOE MCKAKECHUE
MAarHuTHBIX IMOTOKOB B CTEPKHAX OCHOBHOI'O U
BCIIOMOTATEJIbHOTO aBTOTpaHc(opMaTopoB, HO,
KaKk  TOKa3ajlo  MOJCIMPOBaHHE,  MOTOKH
3aMBIKAIOTCS B Tpejenax MarHUTOMPOBOJA.
OpHako TMpH paccoriiacoBaHHOM 10  da3zam
MOJKITIOUCHUN HArPy3KU TMOSIBISACTCS TOTOK
HYJICBOM TIOCJICZIOBATEIbHOCTH, BBIXOSIIUA B
OKpY>Kalolee MPOCTPAHCTBO.

I1. ACCIEJOBAHUE PEXKUMA
JBYX®A3HOI'O KOPOTKOI'O 3AMBIKAHMSI
HAT'PY3KH C 3EMJIEMA

B JTaHHOM paznerne paccMOTpUM
0COOEHHOCTH peXuMma JI.K.3. ¢ 3eMJIei, KoTopoe
MOJIETTHPYETCS TYTEM 3aJaHusl CONMpPOTHBIICHUH
Harpy3ku JByx (a3 paBHeiMH | OMm u
COCIMHEHUEM HEUTpaNbHOM TOYKM  3BE3/BI
Harpy3ku ¢ 3emiieil. CHadana IpoaHalu3upyem
pe3yibTaThl  MOJAEIMPOBaHMA OIS CaMOro
IpOCTOr0  ciydvas, Koraa Harpysku (a3
MOJNKIIOYEHBl  OJWHAKOBO K  cepeaMHaM
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PETYTUPOBOYHBIX OOMOTOK JOMOJHHUTEIEHOTO
aBTOTpaHCchopMaTopa.

B/l HampspkeHuil 0OMOTOK IIECTHYTOJIBHUKA
nokasaHa Ha puc. 13. BunHo, 4yTo 1o cpaBHEHHIO
C CHUMMETPHUYHBIM PEXHMOM K. 3. Ha puc. 4,
MHOT'OYT'OJIbHUK HaNpsDKEHUH 00MOTOK
npeTeprieBaeT  3HAYMTENbHBIE  HCKAXEHHS,
BBI3BAaHHBIC HE TOJBKO H3MEHEHHUEM YTJIOB
HaIpsHKEHUH 0OMOTOK OJTHOM | TOH ke (a3, HO
U UX B3aUMHBIMHU niepecedeHusiMy. IIpu sTom B

OTACJIIBbHBIX TOUKax COCANHCHUA O6MOTOK
(HampuMep, B TOYKaX, MOKa3aHHBIX KPACHBIMHU
4
12X10 :
10 | 3 o
4
8 2 \
> \5 DKZG
O; ........................................ B S S
g
= 4 4 3
(] 2
g 6
G i
> A 1
2 4 6 8
Voltage, real, V X 104

Puc. 13. B/l HanpsikeHuii 00MOTOK OCHOBHOIO
aBTOTpaHcopMaTropa mnpu A.K.3. € 3eMJed u
TMOAKJII0YEHHEM Harpy3KH cepeamHe
PeryJiupoBO4YHOH 00MOTKH.

Fig. 13. VD of the main autotransformer windings
voltages at double-phase s. ¢. with ground and load
connection to the middle of the regulation winding.

K

CTpenkamMH Ha  puc. 13)  HampsDKeHus
OTHOCUTENIBHO 3€MJIM MOTYT IIOYTH B IOJITOpa
pasa mpeBblLAaTh (a3Hele, HUMEOLIMECS B
HOPMAJIBHOM pexuMe. Takol pexuM He TOJDKEH
CYLIECTBOBAaTh  JJIMTENBHO W HEOOXOIMMO
MPUHATH COOTBETCTBYIOLIME MEPBHI JJs  €ro
JTUKBUJIAIMH, & TaKkKe O0ECICYUTh H3OJISIUI0
00MOTOK, BBIAEP)KMBAIOIIYIO KPAaTKOBPEMEHHBIE
BO3MOJKHBIE ITEPEHAIPSKECHUS.

Paccmotpum Jlanee BEJIMYUHBI
OTHOCUTENFHBIX ~ MAarHUTHBIX  TIOTOKOB B
CTEPXKHSAX MarHUTONPOBOJA B JTAHHOM PEXHUME.

Ha puc. 14 noxasana BJ] oTHocuTenbHBIX
MarHWTHBIX TIOTOKOB B CTEP)KHAX OCHOBHOTO
aBTOTpaHcopMaTopa MpH I.K.3. C 3eMiIeld Hu
MOJKJIIOYEHUH Harpysku K cepequHe
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perﬂHpOBO‘lHOﬁ 00MOTKH JOIIOJTHUTCIBHOI'O

aBTOTpaHchopMaropa.
AHAJIOTUYHO  TPEIBIAYIIEMY, TPUBEICHBI
BEKTOpa CUMMETPUYHBIX COCTaBJISIOIINX

OTHOCHUTCIIBHBIX ITIOTOKOB CTep)X(HeI;'I, B JaHHOM
cjlydqya€ ¢©€CTb CHMMETPHUYHBIE COCTABJIAIOIINC

BCEX  TpeX  MOCIeNOBaTeIbHOCTEH-HYJICBOM
(o6o3nauensr kak a0, BO wu c0), mnpsMoit
(o0o3nauensl kak al, Bl m cl) m oOparHOH

rocienoBaTenbHoCcTH (a2, B2 1 ¢2). BumgHo, 9To
BEKTOpa HYJICBOUW IOCIEAOBATEIBHOCTH HUMEIOT
HanOOJIbIITHE 3HAYCHHS, a obpaTtHoit
MOCIIEA0BATENIEHOCTH - HauMEHbIIIHE.
CkagpiBasi COOTBETCTBYIOIIME BEKTOPA PA3HBIX
MOCJICA0BATEIHLHOCTEN,

120° 60°

c2

| 0°

240° , 300°

1.5p.u.

Puc. 14. B/l oTHOCHTEIbHBIX MATHUTHBIX NMOTOKOB
B CTEPKHIX OCHOBHOI'O aBTOTpPaHc(oOpMAaTOpa npu
A.K.3. € 3emjlell M Harpy3koii B cepeguHe
peryJiMpoBO4YHOii 00MOTKH aBTOTpaHcpopMaTopa.
Fig. 14. VD of leg’s relative magnetic fluxes for the
main autotransformer at double-phase s.c. with
ground and load in the middle of regulation
autotransformer winding.

MOJTydUM BEKTOpa pEaNbHBIX OTHOCHUTEIBHBIX
MarHWTHBIX TIOTOKOB B CTEPXKHSIX OCHOBHOTO
Tpancpopmaropa A, B u C. BunHo uto cucrema
MAarHuTHbBIX IIOTOKOB B 9TOM pPEXKUME
3HAUYUTENIFHO HCKa)KeHa, MpuyeM moToku a3 B
n C CYIIECTBEHHO IMPEBLIMIAIOT HOMHWHAJIBHBIC
3Ha4YeHUA B 1 0.e. DTO 03HAYAET, YTO B peaTbHOM
TpaHchopMaTope BBUAY HEITMHEHHOCTH KPHUBOH
HAMarHWYWBAaHHUSA CTEPXKHHU JAaHHBIX (a3 OyayT
UCTIBITHIBATh CHIIbHOE HachllieHus. s Oonee
TOYHOTO pacyeTa TaKUX PEKUMOB HEOOXOIUMO
YYUTHIBATh  HEIMHEWHOCTh  XapaKTePUCTUKH
HaMaroHnymnBaHUs.

Ha cnemyromem puc.15 mokazana BJl
OTHOCUTENIbHBIX ~ MAarHUTHBIX  IIOTOKOB B
CTEPIKHAX JOTOJHUTEIBHOTO
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aBTOTpaHC(OpPMATOpPa B 3TOM K€ PEKUME 1. K. 3.
C 3eMJIeH M TIOAKITFOYEHUH HArpy3Kd K cepennHe
€ro peryaupoBOYHON OOMOTKH. BuaHo, 4To U B
CTEPIKHSIX pEeryIupYyIOIEero aBTOTpaHC-
¢dopmaTopa OTHOCHTEIHHBIE MTOTOKH
CYIIECTBEHHO HECHMMETPUYHBI H COJEpXKaT
MMOTOKH BCEX TPEX IMOCIIEI0BATEIBHOCTEH.

Kpome Toro, oTHocuTenabHBIE MOTOKU NBYX
(a3 CHIBHO TIPEBHINAIOT HOMHHAIBHBIE U
COOTBETCTBYIOIIHE CTEPKHH MOTYT MEPEXOIUTH
B PEXUM HACHIIIICHUSI.

1.5 p.u.

120°

180°

Puc. 15. B/l oTHOCHTEJIbLHBIX MATHUTHBIX NMOTOKOB

B CTEPXKHAX JIOMOJHUTEJIBLHOTO  ABTOTPAHC-
(dopmaTopa nmpu a. K. 3. ¢ 3eMJieiil U MOIKIIOYEHUN
HArPY3KH K CepelMHe €ro peryJHpOBOYHOI

00MOTKH.

Fig. 15. VD of leg’s relative magnetic fluxes for the
regulation autotransformer with two-phase s. c.
with ground and load in the middle of regulation
autotransformer winding.

Paccmorpum  nanee
Harpy3KH B JaHHOM PeXHME.

Ha puc.16 npencrasiena B/ cummeTpruyHbIX
COCTaBJISIONINX TOKOB HArpy3KH B PEKUME I.K.3.
C 3eMJed U MOAKIOYEHUEM HArpy3Kd K
cepeArHaM PErYJIMPOBOYHBIX OOMOTOK.

BunHo, 4TO B TOKax Harpy3ku NpUCYTCTBYIOT
BCE TPY CUMMETPHYHBIE COCTABISIONINE, TPHIEM
HauMEHbIIEE 3HAYEHHE HMEIOT COCTaBJISIOIINE
HyJeBoil nmocnenosarensHocTH (a0, BO 1 c0).

Tokn 3akopodeHHBIX (a3 Harpys3ku Ina, Inb,
€CTeCTBEHHO, HMEIOT OOJbIINE  3HAYEHHS,
MO3TOMY TOK HAarpy3K <«3I0pOBOi» (a3pl Ha
atoit auarpamme He BuzaeH (Inc=0), a Tok Inb
npy BBIOpAaHHOM MacinTabe BBIXOJUT 32 PaMKH
pPHUCYHKA.

BCJIIMYHHBI TOKOB

64

270

Puc. 16. B/l cuMMeTPHYHBIX COCTABJISIIOIIMX TOKOB
HATPY3KM B pekuMe [J.K.3. ¢ 3eMiedl H
NMOAKJJIIYECHUEM Harpy3ku K cepeanHam
PeryJiupoBOYHbIX 0OMOTOK.

Fig. 16. VD of the symmetrical components of the
load currents at two-phase s.c. mode with ground
and load connection to the middle of the regulation
windings.

[Ipoananu3upyem  3HA4EHUS  TOKOB
00MOTKaX OCHOBHOTO aBTOTpaHC(OpMaTOpa.

B

120°

[Ja1,1a5,1c2,lc3 )

LG s

180°

c5e)

2223
Ib4, 165, 1b6

240°

20 KA

Puc. 17. B/l TokoB 00MOTOK IIeCTHYroJIbHHKAa
OCHOBHOT'0 aBTOTpaHchopMaTopa.

Fig. 17. VD of currents of the main
autotransformer hexagon windings.
Ha puc.17mokazana  BJI TokoB 00MOTOK

OCHOBHOTO aBTOTPaHC(OPMATOpa, COCTMHEHHBIX
B MHOTOYTOJBHUK. Hymeparuss 00MOTOK pa3HbIX
¢a3 coorBercTBYeT puc.l, Tie HoMepa 0OMOTOK
Kaxaoi (a3l ykazaHel Oonee  MEIKUMH
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mudpamu ot 1 10 6 B KBagpaTax Bo3jie OOMOTOK.
Hanpumep, ansi Tpex OOMOTOK, K KOTOPBIM
HNOJKIIOUCH BEKTOpP CHCTEMbl IIHUTAIOIIETO
HanpspkeHust Al, ykasanbsl nudps! 1, 2 u 3, a 1is
MIPOTHUBOITOJIOKHBIX OOMOTOK JTOH e (Da3bl,
COCTaBIISIONINX MIECTUYTONBHUK — H(pEI 4, 5 1
6. AHaJOTMYHO TPOHYMEPOBAaHBI M OOMOTKH
ocranbHblXx (a3. M3 puc.l17 BuanHo, uTO
HauOoJbIINE 3HAYEHUS HUMEIOT
IIPOTHBOIIOJIOKHO HampasjieHHble Toku a6, Icl,
4TO COOTBETCTBYET MOCJIEeI0BATEIEHOMY
BKJIIOUEHHUIO JTAHHBIX OOMOTOK B cxeme puc.l.
AHaJIOTUYHO 3TOMY HAOIIOAAeTCsI PAaBEHCTBO
MOJIyJIeH U MPOTUBOIIOJIOXKHAs (a3a y TokoB 102,
Ib3 u la4, a taxke y TokoB la2, 1a3 u Ic4 u
JOpYTUX, BKIIOUCHHBIX ITOCIEI0BATENBHO B CXEME
coeauHeHust oOMoTok. Kpome Toro, mmerotcs
TpyIIbl OMU3KUX IO BEJIHYMHE U (aze Ipyrux
TOKOB, KOTOpBIE OTOOpaKalOTCA MPAKTUUECKU
COBNAJAIOUIMMHU BEKTOPAaMH, HalpUMEp, TOKH
Ib4, 1b5 u 1b6.

Jns TokoB 0OMOTOK aBTOTpaHCcQOpMaropa,
rae HMerTcs TIpynmbl 1o 3 oOMOTKH,
COCIIMHEHHEIC B JAHHOM ciydae
MOCIIeI0BATENIbHO, KapTUHA MOJy4yaeTcs MpoIle
u puBeneHa Ha puc. 18. Toku Icl, Ic2...1c6 tex
PETyIMPOBOYHBIX OOMOTOK, TJ€ HET K.3., MaJlbl U
Ha puc.18 He moka3zansl (Ic1-1c6=0). OcranbHbie
TOKHM SIBJIIIOTCSL TOKaMH K.3. M HampasJCHbBI
NPOTHBOIIOJIOKHO B YacTSAX PEryJIUpOBOYHOM
00OMOTKH, pa3fiefIeHHbIX Harpy3Koii,

120° 60°
1b1-3

lad-6

| DKzG

/ ¢ |
180° | on' AR S | 0°

| % ‘\

la1-3 5 kA
'330°
10 kA
Ib4-6
240° 15 kA

Puc. 18. B/l TokoB 00MOTOK peryJupyrouiero
aBTOTpaHcdopMarTopa.

Fig. 18. VD of the currents of the regulating
autotransformer windings.

TOJKJTIOYEHHOM B ee cepeaune. Hampumep, TOKH
Ibl, Ib2 u Ib3 Bce oOAMHAKOBBI BCIEICTBUE
[OCJIE0BATEIHLHOTO COEIMHEHNS yacteil
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peryaupoBouHO OOMOTKM W  HampaBiCHBI
BCTPEYHO IO OTHOIIEHHIO K TaKkUM XKe
OJIMHAKOBBIM TOKaM u3 rpymisl 1b4, 1b5 u 1b6.

PaccmoTpumM panee pexuM, peamu3yoLIHncs
Opl J.K.3. C 3eMiIed U HECOINIACOBAaHHOM
NOJKITIOUCHUH HAarpy3kd B OIHOM u3 (as.
Crioco® MOAKITIOYEHHsI HAarpy3Kd OTpaKeH Ha
puc. 19, rae B daze A Harpyska MOAKIIOYEHA K
IPEIOCIeAHEMY crpasa OTBOLY
PETyIUPOBOYHOM 00OMOTKH. Oromy
COOTBETCTBYET pacHoiokeHne eIuHuibl (1) B
IpEearocieiHeil MO3ULUN B NEPBOM DSy, B TO
BpeMs Kak BO 2 W 3 psAmax CIUHUIGI
pacmoyioXeHbl B CpeAHEH TMO3WIHUH, YTO
o0ecrieyrBaeT aBTOMATHYECKOE TOAKIIOUYCHHUE
Harpy3kl K CepeluHaM  PeryJupOBOYHBIX
00MOTOK JaHHBIX (a3,

[o
YnpaBneHue A, Control A

o o o o 1 0]

[0 o o 1 o o o]fp

YnpaBneHue B, Control B

[0 0 0o 1 0 0 0]

YnpaBnenue C, Control C

Puc. 19. HecornacoBanHoe  NOAKJIIOYEHHE
HArPpy3KH K  OOMOTKAM  pPeryJIMpoOBOYHOIO
aBroTpaHcdopmaropa.

Fig. 19. Different connection of the load to the
windings of the regulating autotransformer.

PaccmoTpum  cHawanma, Kak M paHee,
HanpspDKeHUs: OOMOTOK. PaccuwrtanHble JUist
JAHHOTO  pEeKUMa  HamNpsDKEHUs  0OMOTOK
OCHOBHOTO TpaHc(opmaTopa mHokazaHsl Ha BJI
puc. 20. UepHbiMH JUHUSIMH O0O3HAYCHBI
HanpspkeHus Ha Harpy3ke(A’,B’ u C’). Toukamu
0003HAa4YeHbl ~MecTa CONPSHKEHUS O0OMOTOK
OCHOBHOTO aBTOTpaHc(opmaTopa,
MPOHYMEPOBAHHBIX KPYIHBIMHU It paMu oT 1 10
6 s kaxaou ¢asel. Kak u panee, HanpspkeHus,
NprHaAIekalme 00MOTKaM pa3HbIX (a3 00oux
aBTOTpaHCPOPMATOPOB, O003HAUEHBI Pa3HBIMU
useramu. Hampumep, B (dase ocHOBHOTO
aBTOTpaHCPOpMaTopa, IOKa3aHHOH 3eJICHBIM
1BeToM, uMeroTcss oomotku 1, 2 m 3 (BBepxy
pucyHka) 1 0OMOTKH 4, 5 1 6 (B cpeHen 4acTH).

BunHo, d4ro HampsbkeHus dYacTedl arToit
oOMOTKM HeE Bceraa coBmaaalT mo ¢ase, B
HEKOTOPBIX  TOYKaxX COEIWHEHHS OOMOTOK
HaOMIOJAIOTCSl 3aMETHBIE M3JIOMBL.  YepHBIMHU
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TOYKaMM  OTMEYEHBl  MeCTa  COEQUHEHUS
PEryIMpPOBOYHBIX OOMOTOK, K KOTOPBIM MOXET
OBITH MTOIKIIFOYEHA

4

x 10
3
8 4
2
6 1
> 1
. 4 1
o)}
© 4
E2 6
[0)
(@)}
80
©
> 2
-4 6
DKZG
1
N i
8 6 -4 2 0 2 4 6 8 10
Voltage real, V x10°
Puc. 20. B HANPSKeHU | 00MOTOK,
COCTABJSIIOIIUX IIECTUYTOJIBHUK M  00MOTOK

peryJMpoBOYHOIo aBToTpaHcopmMaropa.

Fig. 20. VD of the voltages of main polygon
windings and the windings of the regulating
autotransformer.

Harpy3ka. HampspkeHus, oTHocsmecs K
PEryIMpOBOYHBIM 0OOMOTKaM, 0003HAUYEHBI OoJiee
MenkuMu udpamu ot 1 10 6. 13 puc.20 BugHO,
YTO Harpy3ku, o0Oo3HaueHHble kKak B’ un C’
MNOJKITIOYEHB K CEpPEeIUHaM PEryIHPOBOYHBIX
00OMOTOK, BBIICJICHHBIX JKEITBIM W KpPacHBIM
IBETaMH, a Harpy3ka A’  [OIKIIOYeHa
HECUMMETPHYHO, MKy YacTsIMH 5 U 6 OOMOTKH
PETyJIMPOBOYHOTO TpaHcdopmaropa,
BBIJICJIEHHOH 3€JICHBIM I[BETOM.

B pesymprare  Takoro - MOBpEXICHHUS
MHOTOYTOJJBHUK OCHOBHBIX OOMOTOK CHJIBHO
UCKaXKaeTcs, HEKOTOphle €ro CTOPOHBI Jaxe
MIEPECEKAIOTCsl MEXLy COOOH.

BaxupiMm  sBusiercss  ToT  (akT,  UTO
HanpsDKEHHE B TOYKE COEAWHEHHS OOMOTOK
(HampuMep, B JaHHOM CJIy4ae TOYKa COCIHMHEHUS
00MOTOK 3 1 4, 0003HaYEHHBIX COOTBETCTBEHHO
3eJIeHbIM W KPacHBIM IIBETOM, BBepxy puc. 20)
YBEIMYUBACTCSl CBEPX HOMUHAIILHOTO (ha3HOTO B
HOPMAaJIbHOM PEXHUME A0 JHMHEHHOIro 3HA4YCHUSI.
Oro HeoOxoguMo OyAeT y4YUTHIBaTh MPH
NPOCKTHPOBAHUM  M30JSIIIMU  OOMOTOK  JUIS
JaHHOTO yCTpoiicTBa.

Hanee paccMoTpuM pacrpeeseHue
OTHOCHUTENIFHBIX ~ MAarHUTHBIX ~ TIOTOKOB B
CTEPIKHSX MarHUTOIIPOBOJIOB B JJAHHOM PEXHUME.
Ha puc. 21 mnpusBenena BJl OTHOCHTENBHBIX
MarHUTHBIX ITOTOKOB B CTEPKHAX OCHOBHOTO
Tpancopmaropa mpu O.K.3. C 3eMiIed W
3aJlaHHOM B COOTBETCTBMM €  pHC.22
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HECOTJIACOBAaHHBIM TOJKIFOYCHUEM Harpy3KH K
peryarupoBOYHON 00MOTKE aBTOTpaHC-
¢dopmaropa. [TokazaHbl OTHOCUTEIBHBIC MOTOKH
B CTEpXKHsX, 0003HaueHHbIC Kak A, B u C u ux
CHMMETPUYHBIE COCTaBIIsfoIMe HyeBon (a0, BO
u c0) , mpsimoit (al, B1 u cl) u obpartHoii (a2, B2
u c2) mocieaoBaTeNbHOCTEH. BumHo, dTO
HauOOJNBIITYI0 BEITUYUHY UMEIOT COCTABJISIOIIUC
HYJIEBOI MOCJIEeIOBATEILHOCTH. Cucrema
BEKTOPOB OTHOCHTEIHHBIX MAarHUTHBIX MMOTOKOB
CWJIBHO MCKa)XEHA 110 CPAaBHEHUIO C HOPMAJIbHBIM
CUMMETPUYHBIM pexkuMoM. IloToku B JBYX
CTep)KHSAX B Pa3bl MPEBBINAIOT HOMUHAIHHEIC
3HAYCHHsSI, YTO CBHJICTCILCTBYET O TOM, YTO B
3TOM peXUME OyIeT HaOIOAThCS HACHIIICHUE

MarHuTonpoBoaa. Ilostomy s monaydeHus
Oosiee KOPPEKTHBIX pe3yJIbTaTOB HEOOXOAMMO
00s13aTeNbHO YUUTHIBATh HEeJIMHEHHOCTh
MarHuTOINPOBOA.

60°

150° 30°
b2
180° | 0°
‘ a1 /
210° 330°
1p.u.
DKZG 240° ~__15p.u._—300°

Puc. 21. B/l oTHOCUTEJBHBIX MATHUTHBIX MOTOKOB
B CTEPKHAX OCHOBHOI'0 aBTOTpPaHcpopMaTopa npu
a.K.3. C 3emuieii u HECUMMETPUYHOM NMOAKTIOYCHUH
HArpy3KH.

Fig. 21. VD of relative magnetic fluxes in the legs
of the main autotransformer at double-phase s.c.
with ground and different load connection.

AHaJOTHYHBIA pacdyeT ObUI TPOBEACH IS
BEJIMYMHBI OTHOCHTEIBHBIX MarHUTHBIX MTOTOKOB
B PErYIUPYIONEM aBTOTpaHChopMaTope,
pe3ynbTathl B Buje B/ mpuBenens Ha puc. 22.

[lomyueHHsle  pe3ynbTaThl  TOXOXKK  Ha
MPEABIAYITHE, TAaKKe HMEETCS IMOTOK HYJICBOU
MOCIIE0BATEIbHOCTH.

PaccmMoTpum  nmanmee  BeNMUYMHBI  TOKOB
Harpy3skiu B JaHHOM pexume. Ha puc.23.
MPEICTABIICHA B CHMMETPUYHBIX

COCTAaBJIAIOLIUX TOKOB HArpy3ku B pCXKUME . K.
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3. C 3¢MJICH U YIOOMAHYTBIM HCCUMMCTPUYIHBIM

IMMOAKIIFOYCHUEM HAI'PY3KH K PETrYJIMPOBOYHBIM
1.5p.u

120° 60°

1p.u.

180°

DKZG

Puc. 22. B/l MarHUTHBIX NOTOKOB B CTEPKHAX
aBToTpaHcopMaropa mnpu A.K.3. € 3emjed u
HEOAUHAKOBOM MOAKJJIIOYCHUH HAI'PY3KH.

Fig. 22. VD of magnetic fluxes in autotransformer
legs at double-phase s.c. with ground and different
connection of the load.

oOMoTKaM pa3Hbix (pa3. BumgHOo, uTO B TOKax
Harpy3Ku MPHUCYTCTBYIOT BCE TpH
CUMMETpPHUYHBIE COCTaBJISIOIINE, puyemM
HauMEHbIllee 3HAYeHHE HMEIOT COCTaBIIAIONINE
HyneBoil mocnenoBarensHocTH (a0, BO um c0).
Toku 3akopodenusix (a3 Ina, Inb ecrectBenno
UMEIOT OOJIbIINE 3HAUEHUs, XapaKTepHBbIE IS
TOKOB K. 3., BhIpaXKaeMble B KA, TOSTOMY TOK
Harpy3KHu «370pOBOi» (pa3sl Ha 3TOH TUarpamme
He BuzeH (Inc = 0), a Tok INb npu BEIOpaHHOM
MacIiTade BBIXOINT 32 PAMKH PUCYHKA.

Inb—
b2

120° 60°

DKZG |

Ina

240° 300°

Puc.
TOKOB HATPY3KH B peKHME I.K.3.
HEOMHAKOBOM IOJKJ/JIIOYEHUH.

23. B/l cuMMeETPUYHBIX COCTABJSIIOIIUX
¢ 3eMyeil H
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Fig. 23. VD of the symmetrical components of the
load currents at double-phase s.c. with ground
mode and different connection of load.

Tenepp mpoaHaIM3UPyeM 3aKOHOMEPHOCTH
pacrpe/eicHuss TOKOB B 0OMOTKaX OCHOBHOTO U

pEryaupyIoNiero  aBTOTpaHc(hoOpMaTopoB B
JAHHOM pexuMe. MoJenupoBaHue IoKa3alo,
YTO TPHd  HAIMYAK  PACCOTJIACOBAHHUS B

MNOJKIIOUCHUH Harpy3kd mo ¢aszaM oOmmit
XapakTep pacHpeieieHus] TOKOB B OOMOTKax,
COCTAaBJISIIOIIMX  IIECTUYTONBHUK,  OCTAETCs
NpUOTU3UTENLHO TakuM jKe, Kak Ha puc. 17,
XOTS HMEIOTCA M HEKOTOphle pa3iuyus B
(azoBeIX yrimax TokoB. Beumy storo BJl stmx
TOKOB JJIsl JAHHOTO Clydas HE MPUBOTUTCA.
Pacnipenenenne k€  TOKOB B OOMOTKax
PEryIMpyIOLIEero aBTOTpaHcpopMaTopa
CYLIECTBEHHO OTJIMYAETCs, TNIABHBIM 00pa3oM 3a
CYET TOTO, YTO PAa3MYAIOTCS PE3YJIbTUPYIOIIHNE

yyuciaa ~ BUTKOB — 4YacTed  pEryJUpOBOYHOMN
0oOMOTKH, 4Yepe3 KOTOpble TEKYT TOKH B
Harpysky.

Ha puc. 24 npeacrasnena BJ[ TokoB B
00MOTKax PETYIUPYIOLIETO aBTOTpaHC-
¢dbopmatopa. Toxu Icl...Ic6 Tex

PETYJIMPOBOYHBIX OOMOTOK, IJI€ HET K.3., MaJIbl U
Ha puc. 24 re nokazansl (1c1-1c6=0).

30 kA
120° TR T 60°
20 kA
a6
1b1-1b3
180° | 2 3 | 0°
1a1-125 Ic1-1c6x0
Ib4-1b6
\DKZG
240° T - 300°

Puc. 24. BJI TOkOB O0OOMOTOK peryJupyouero
aBroTpaHcopmMaropa MNpH  HECOrJIACOBAHHOM
NOAKJIIOYCHUU HAT'PY3KHU.

Fig. 24. VD of the windings currents of regulating
autotransformer with different load connection.

OcrajbHble TOKU SBISIOTCA TOKaMU K.3. U
HalpaBjeHBl  MPOTHUBOIIOJNIOKHO B YaCTAX
pPEryIUPOBOYHOM  OOMOTKH,  Pa3JeICHHBIX
Harpy3Kou, KoTopasi MOIKIIOYEHA CO CIABUIOM
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OTHOCHTEIIBHO €€ CepelMHbI B COOTBETCTBUH C
puc. 19. OrMernM, 9TO, KaK ¥ IOJDKHO OBIThy
toku Ibl, 1b2, Ib3 ¢aser B, rme Harpyska
BKJIIOYCHA  TIOCEPEAMHE, BCE  OJUHAKOBBI
BCJICJICTBUE  TIOCIIEIOBATEINBHOTO  COCHMHCHUS
COOTBETCTBYIOIIUX YacTedl  peryJupoBOYHOU
OOMOTKM W  HampaBJieHbl  BCTPEYHO IO
OTHOILICHHIO K TAKUM K€ OJIMHAKOBBIM TOKaM U3
rpymmsl 1b4, Ib5 u 1b6. B To e Bpems Toku 1a6
u lal-la5 B wacTsax perymupoBOYHON OOMOTKH
da3el A, TOC Harpyska MOIKIIOYEHA CO
CMEIICHHEM OTHOCHUTEIHHO Cepe/IHBI,
HEOJIMHAKOBBI. X COOTHOIIIEHHE COOTBETCTBYET
KOJIMYECTBY BKJTFOYCHHBIX BUTKOB
PEryJIMpOBOYHON OOMOTKH, TO €CThb TOK 1af,
MPOTEKAIONINA TI0 OJHOHW CEeKIHH OOMOTKH,
npuOIU3UTENbHO B 5 pa3 Oonbmie TokoB lal -
la5, mpoTekarmUX TO  TOCIEAOBATEIbHO
BKITFOUCHHBIM 5 CEKIIUSIM.

BBIBO/bI

1. Pazpaborana wmareMaTHdeckas MOJAEITH
HOBOTO aBTOTPaHCPOPMATOPHOTO Tpex(a3Horo

YCTpOMCTBa [1Ji1 CBSA3M DHEPrOCHCTEM Ha
MEPEMEHHOM TOKE, coAepKaIIero JBa
aBTOTpaHCopMaTopa - OCHOBHOM
(ha3010BOPOTHBIN 5 JIOTIOTHUTEbHBIN

PEryJIUPOBOYHBIN, MO3BOJISIONIAS MOAECIUPOBATh
U HCCIENOBaTh KaK CHMMETPUYHBIE, TaK H
NPaKTUYECKH JIOOble €ro HEeCHMMETPHYHBIE
PEXKUMBL, B TOM YHUCJIE U HPU HECOTTIACOBAHHOM
MOAKIIOYEHUU Harpy3Ku K OTBOJAM
peryarpoBOYHON OOMOTKH B pasHBIX (azax.
Kpome Toro, mpu  ompeneneHHoW — ee
MOnM(UKAIMK, OHAa TIIO3BOJINT aHAIU3UPOBATH
TaKkKe W JIIOOBIE JPYrHe CXEMHBIE pElICHHS,
HMEIOIINE AHAJIOIMYHbII Habop
tparcopmaropoB. T.e., MOJenb MOXET OBITH
YIOOHBIM WHCTPYMEHTOM JIISl HWCCIIEIOBAaHUS
TpaHC(HOPMATOPHBIX YCTPOUCTB CO CIIOKHBIMHU
CXeMaMH COEJIMHEHHs OOMOTOK, XapaKTepHBIMH
Ut (ha30CABUraOIINX TpaHC(HOPMATOPOB.

2. OmpeneneHpl  3HAYEHUS  TOKOB |
HaNpsDKEHU 0OMOTOK YCTPONCTBA B PeXKMMAX I
K. 3. 0e3 3emium M c 3emiei [y HauOonee
KPUTUYHOTO criocoba HOAKIHYECHUS
perynupyromero asToTpaHchopmaropa, B TOM
YUCIE U INPU HECOrJIaCOBAHHOM IOAKIIOYEHUU
Harpy3klu B pa3HbIX (a3ax K OTBOJAM €ro
OOMOTKH.

Iloctpoenbl Harnsgueie BJ] HanpspkeHud u
TOKOB OOMOTOK, Kak JJIsi OCHOBHOTO, TaK W JAJIs
PEryIUPYIOLIETO aBTOTpaHc(hopMaTopoB,
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MOSICHSIOIINE  OCOOCHHOCTH  PAaCCMOTPEHHBIX
PEXXUMOB pabOTHI MIPEIOKEHHOTO YCTPOICTBA.
ITokazaHo, 4TO B TaKWX pPEeKUMaxX BOIHUKAIOT
CyLIECTBEHHBIE HCKaXCHUS (hopMBI
MHOTOYTOJIPHHKA, COCTAaBIEHHOTO W3 OOMOTOK
OCHOBHOTO aBToTpancdopmaropa,
COIIPOBOKAAIOLIHECS CYIIECTBCHHBIM
U3MeHEeHUEeM (a3bl BEKTOPOB  HAIPSHKCHUUN
00MOTOK OJTHOTO CTEPKHS M JaKe MIX B3aHMMHBIM

MepeceucHUEM.
3. Ilpoananmu3upoBaHO paclpeleicHUue B
pPAacCMOTPEHHBIX ~ PEXHUMax  OTHOCHUTEIBHBIX

MarHMTHBIX IIOTOKOB B CTEP’KHAX OCHOBHOIO U
JIOIOJIHUTENIBHOTO  aBTOTPaHC(HOPMATOPOB  C
MIOMOILBIO OCTPOEHHBIX BJI.

[lokazaHo, 4uTO B pexume A.K.3. 0e3 3emJm
MpU CHUMMETPUYHOM TOIKIIOUEHUH Harpy3Ku
OTHOCHUTEJIbHBIE MarHMTHBIE TOTOKH CTEp>KHEH

OCHOBHOTO 51 PETYJINPOBOYHOTO
ABTOTPaHC(POPMATOPOB HECUMMETPHUYHEI,
O/IHAKO CyMMa HMX paBHa HYJII0 UM MarHUTHBIN
MOTOK  HE  BBIXOAUT B  OKpy’Karollee
MIPOCTPAHCTBO.

Toku Harpy3kd B 3TOM pEXUME COACpPIKAT
TOJIBKO COCTaBJISIIOIIME TIPSIMOH W 0OpaTHOH
MOCIIEAOBATENIEHOCTA, W HET TOKOB HYJIEBOH
mmocJjieoBaTeIbHOCTH. Iloka3aHo Takike, 4YTO
npu HECHMMETPUYHOM IOJIKJIIOUCHU
Harpy3kdi B  3TOM pEXKHME  BO3HHUKAIOT
3HAYUTENIbHEIE IMOTOKHU HYJIEBOM
IOCJIEJOBATEIIbHOCTH.

4. IlpoBelieH aHAJIOTHYHbBIN aHAIU3 PEKUMOB
I.K.3. ¢ 3emuieii. [lokazaHo, 4TO B ATOM pexUME
JaxXe TpPH CHUMMETPUYHOM  TOIKIIOYCHUU
Harpy3Kd HMEIOTCS COCTABJISIIOIINE HYJICBOM
[OCJIENOBATEIPHOCTY  KaK B MAarHMTHBIX
MOTOKaX, TaK M B TOKax Harpy3ku. Tem Ooree
OHU TPUCYTCTBYIOT TIPH HECHMMETPUUHOM
MOJKIIOYEHUH Harpy3Ku. Pazpaborannas
MOJIeTh anmpoOHWpOBaHA ISl Pa3HBIX PEKUMOB,
MOJTyICHHBIC pe3yIbTaThI COOTBETCTBYIOT
0KMJIAaEMBIM, HAaXOJSATCS B IIOJIHOM COIVIACHUM C
Teopuell anekTpuyeckux neneil. OHa mo3BossIeT
MIPOBOIUTH JaJIbHEHIIIHE HCCIIEA0BaHUA
XapaKTEPUCTUK YCTPOMCTBA W B JPYruX, HE
M3YYEHHBIX JIO0 CHX IOp HECUMMETPUYHBIX
pexuMax C LEeNbl0 OLEHKU MEpPCIECKTUB
CO31aHusA HOBOT'O YCTpOMCTBa THOKOH
MEXCHCTEMHOW CBSI3M 3HEProcucTteM 0Oe3 3BeHa
IIOCTOSHHOI'O TOKA.
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