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Abstract. The current development of the power industry involves various kinds of FACTS, being
element of the Smart Grid and controlled by power electronics used for increasing the flexibility of
electrical networks. Thus, the development and research of such devices are relevant. The study object
is a controller belonging to the "Sen" family of transformers, which provides regulation of voltage and
power flows in networks. The aim of the work is to study the balancing properties of booster
transformer, which has an extended range and higher control accuracy in various modes. The goal was
achieved during research carried out on the basis of structural simulation models. The most significant
result was statement that the device under study has a pronounced per-phase balancing effect, which is
preserved in various modes, including reverse ones. The main result can be consider that the proposed
device, in comparison with the currently existing transformers of the "Sen" family, due to the extended
range and accuracy of voltage regulation, allows using it when working, both for symmetrical and
asymmetric loads. It is shown that the proposed technical solution provides ample opportunities for
longitudinal-transverse phase-by-phase voltage regulation. Moreover, the deviations of parameters
characterizing the quality of electricity, such as modules and voltage angles, do not go beyond the
limits regulated by the requirements of the standard. The results obtained allowed us to conclude that
this device can be used to solve the problem of coordinating the operation of two asymmetric systems
in different operating modes.
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Proprietiti de echilibrare ale transformatorului cu rapel bazat pe reglare longitudinali-transversali
Zaitev D., Golub 1., Tirsu M., Caloesin D.
Institutul de Energetica, Chisinau, Republica Moldova

prin utilizarea diferitelor tipuri de FACTS, controlate de electronica de putere si fiind un element al Smart Grid-
ului. Dezvoltarea si cercetarea unor astfel de dispozitive sunt relevante. Obiectul cercetérii il constituie un
controler apartinand familiei de transformatoare ,,Sen”, care asigura reglarea fluxurilor de tensiune si putere in
retele. Scopul lucrarii este de a studia proprietitile de echilibrare ale transformatorului cu rapel, care are o gama
extinsa si o precizie de control mai mare in diferite moduri. Scopul a fost atins in procesul cercetarilor efectuate
pe baza modelelor de simulare structurala. Cel mai semnificativ rezultat a fost stabilirea faptului, ca dispozitivul
studiat are un efect pronuntat de echilibrare pe faza, care se pastreaza in diferite moduri, inclusiv in cele inverse.
Semnificatia rezultatelor obtinute consta in faptul, ca dispozitivul propus, in comparatie cu transformatoarele
existente in prezent din familia ,,Sen”, datoritd intervalului extins si preciziei de reglare a tensiunii, permite
utilizarea lui in timpul lucrului, atat pentru regimuri simetrice, cat si pentru cele asimetrice. Se arata, ca solutia
tehnicd propusd ofera oportunitati ample de reglare longitudinala-transversald pe fiecare faza a tensiunii. Mai
mult, abaterile parametrilor care caracterizeaza calitatea energiei electrice, cum ar fi modulele si unghiurile de
tensiune, nu depasesc limitele reglementate de cerintele standardului. Rezultatele obtinute ne-au permis sa
concluzionam, ca acest dispozitiv poate fi folosit pentru a rezolva problema coordonarii functiondrii a doud
sisteme asimetrice in moduri de functionare diferite.

Cuvinte-cheie: proprietati de echilibrare ale unui transformator cu rapel, putere activid si reactivd, reglare a
tensiunii.
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CuMMeTpHpYyOIMe CBOICTBAa BOJbLT0100aBOYHOr0 TpaHcGopMaTopa ¢ NPoA0JILHO—ONepeYHbIM
peryJanpoBaHueM
3aiines 1.A., I'onydo U.B., Teipmry M.C., Kanomun /I.H.
WnctutyT snepretuxu, Kummnnes, Pecry6imka Momngosa

Annomayus. Pa3BuTHE 3JIEKTPO3HEPTETHKH HA COBPEMEHHOM 3Talle MPEAINOJaraeT MOBBIIMICHHE THOKOCTH
JEKTPUUECKUX CeTed IMmyTeM NpuMeHeHus pasznmyHoro poma FACTS, ympaBisieMBIX CpeicTBaMH CHIIOBOM
SIIEKTPOHUKH ¥ ABJISIOMMXCS dyeMerToM Smart Grid. Takum oOpasom, pa3paboTka W HCCIEIOBAHHE TAKOTO
poma YCTpOMCTB SBIAIOTCS akTyaldbHbIMH. OOBEKT HCCIIENOBAaHHMS NPEICTABIAET COOOH KOHTpOILIEp,
OTHOCSIIMICS K CeMeHCTBY «Sen» TpaHChOpMaTOpoB, OOECICUMBAIONIMN pEryJHMpOBaHHE HAINPSHKCHUS |
MOTOKOB MOIIHOCTH B ceTsax. Llenmplo paboThl sIBISieTCS HCCIeIOBaHHE CHMMETPHUPYIOLIMX CBOWCTB
BOJIbTOJI00aBOYHOTO TpaHC(hOpMaTopa, OOJAJAIONIEro pAacCIIMPEeHHBIM JIUana3oHOM W 0oJjiee BBICOKOM
TOYHOCTBIO PETYJIMPOBAHMS B PA3IMYHBIX pexuMax. [locraBieHHas menb AOCTUTHYTA 3a CYET PEICHUS
CJIEAYIOLINX 3a/1a4: MPOBEICHUE NCCICIOBAHNH, BHIIIONHEHHBIX Ha 0a3e CTPYKTYPHO—HMMHUTAIIOHHBIX MOJAEIEH.
Jns peMoHCTpamuu cuMMeTpupyromero s¢dekra ObIIM MPOBEACHBI pacyeThl MPOIECCOB IIPU Mepenade
MOIITHOCTH U3 HECHMMETPUYHOW CHCTEMBI B CHMMETPHUUYHYIO, © HA000POT (B peXHME CUMMETPUPOBAHHA U 0€3
perynupoBanus). Hanbosee cyniecTBeHHBIM Pe3yJIbTATOM CTaj0 YCTAHOBJICHHE TOrO (DakTa, 4TO HCCIeIyeMoe
YCTPOMCTBO 00JIaaeT BHIPAKEHHBIM TO(Aa3HBIM CHMMETPUPYIOIIUM 3((HEKTOM, KOTOPBIH COXpaHseTcs B
Ppas3IMYHbIX PEXKHUMax, BKIIOYasA PEBEPCHLIC. 3HaYUMOCTh TNOJYUYCHHBIX PE3YyJIbTAaTOB COCTOUT B TOM, UYTO
npejaiaraeMoe yCTPOWCTBO IO CPAaBHEHHMIO C CYIICCTBYIOIIMMHU HA CETOAHSINHHUN JIeHb TpaHchOopMaTopamMu
cemeiicTBa «SeNny, Oiaroaaps pacIIMPEeHHOMY IUana3oHy ¥ TOYHOCTH PEryJHpPOBaHMS HANPSDKEHHS, TO3BOJISET
UCIIOJIb30BaTh €ro Mpu padoTe, Kak Ha CHMMETPUYHYIO, TAK M Ha aCUMMETPU4YHYIO0 Harpys3ky. [lokaszaHo, 4to
MPEIOKEHHOE TEXHHUYECKOE pEIICHHE OO0ECIeYHBaeT IIHPOKHE BO3MOXKHOCTH IPOAOIBHO—IIONEPEIHOTO
1no(a3HOTO PEryJINUpOBaHHUS HANpsOKCHUs. lIpudeM OTKIOHEHWS ITapaMeTpoB, XapaKTEpU3YIOMHUX KadecTBO
3JIEKTPOIHEPTUH, TAKMX KaK MOIYJIM M YITBl HaNpsOKCHHS HE BBIXOIAT 33 paMKH, pPEriJaMeHTHpyeMbIe
TpeboBaHMsAMH cTaHAapTa. [loxydeHHbIe pe3yabTaThl MO3BOIMIIN CIENIATh BEIBOJ O TOM, YTO JAHHOE YCTPOHCTBO
MOXET OBITh HCIIOJIB30BAHO JISI PEIICHMS 33Ja4M COTJIACOBAHUS PAabOTHI JBYX HECHMMETPHYHBIX CHCTEM B
Pa3IMYHBIX PEKUMaX PabOTHI.

Kniouegvie cnosa: cumMeTpupyomue cBOHCTBA BOIbTO00aBOYHOTO TPaHC(HOPMATOpa, aKTUBHAS ¥ PEaKTUBHASL
MOIIHOCTD, PETYJIMPOBAHNUEC HAIIPAKCHUA.

BBEJIEHUE SBJISIFOTCS. BOJIbTOA00aBOYHBIE TPaHCHOPMATOPHI

CoBpeMeHHBII JTan pasBUTHA  pazIWyHONM KOH(UTypallMd W  Ha3HAYCHUS,

EKTPOIHEPTETUKH XapakTepu3yeTcss  KOTOpble MOXKHO OTHECTH K CEeMEHCTBY «Sen
3HAYUTEITbHBIM BO3pacTaHuEeM 00bEMOB  TpaHC(HOPMATOPOB.

IPOU3BOJCTBA YHEPTHU 3a CUET HCIOIb30BAHUS 3agaBas ¢  TOMOINBIO  NEPEKIIOYATeNs

BO300OHOBJIIEMBIX ~ WCTOYHUKOB,  BBIPa0OTKAa  OTBETBJICHUI TpeOyeMyl0 KOMOHMHAIHMIO, «Sen»

KOTOPBIX CYIIECTBEHHBIM 00pa3oM TO/ABEpKEeHa  TpaHcopmarop MOXKET KOPPEKTHPOBATh

CYTOYHBIM M CE€30HHBIM KOJICOaHUSIM. YKa3aHHOE  HaNpsDKEHHUE, yIPaBIlsis ero BEIUYHHON, U YIIIOM
00CTOSITENBLCTBO ~ MOXKET ~ OTpaxkarbcsi Ha  caura @as. «Sen» TpaHchopMmaTrop HMeeT
napaMeTpax KadecTBa JJIEKTPOSHEpTuu. B 3THX  BO3MOXHOCTh O0ECHEYHTh KOHTPOJb MEpEeTOKa

YCIIOBHAX npobiema YOpPaBIsIEMOCTH  aKTUBHOW WM PEaKTUBHOM  MOIHOCTH B

TPAHCHOPTHBIX M paclpeleNIUTeNbHbIX ceTell  OONBbIIMHCTBE CHCTEMOOOPAa3YIOIINX 5

CTaHOBUTCS BCE Oonee AKTyaJIbHOW.  pacHpeleiIUTENbHBIX CETEH.

TexHn4yeckue YCTpOICTBa, MNpeAHAa3HAUYCHHbBIE K nocrounctBam «Sen» TpaHcopMaTopoB

JUIS  pelieHust  TOAO0OHOrOo  poja  3ajgad  MOMKHO OTHECTH:

(mpeacrapnsiembie TexHosorusimu FACTS, Smart . OTHOCHUTEIbHAs MpocToTa

Grid) B 3HAUYMTENBHOM CTENEHH CBA3aHBI C  KOHCTPYKLUH

HUCIIOJIB30BaHUEM ABYXCTYNIEHYATOI'O ° OTHOCHUTEJIBHO HEBBLICOKAas

Hpeo6pasoBaHH;1 OHEPruv — BBIIPAMICHUEC U CTOUMOCTb;

HHBCPTHUPOBAHHUC. HepgocratkamMu MOXKHO CUHMTATh:
AHAJIOTHYHBIC  ympaBisifomme  dpQexTe! . OTpaHUYEHHOE KOJHYECTBO pPabOUYMX

MOTYT TaKkKe OBITh JOCTHTHYTBI Ha OCHOBE  COCTOSHMIL

npssMoro  (OJHOCTYIEHYATOTO TMPeoOpa3oBaHus . HEBBICOKASI TOYHOCTh PEryIHPOBAHHS

SHEPIMM), 4YTO TMO3BOJSET CO3AaBaTh OONCE€  sajappoil  OONACTH  WM3-33 OrpaHMdeHNs
TMPOCTBIE, HAJIEKHBIE M MEHEE JIOPOTOCTOSIIME  yoyyecTBa paGOUNX COCTOSHHIA;
ycTporictBa. OpHOW U3 TakWX TEXHOJIOTHI
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o HEBBICOKOE  OBICTpOJICHCTBHE
ucnonb3oBaruu PITH. [7-9]

B mpomecce co3maHusi Tak Ha3bIBAEMbIX
«yMHBIX» dnekTpoceredi (Smart Grid), u wux
nepexojie B Oymyiem K Hanbosee 3 PeKTHBHBIM
CHCTEMaM BBICLIETO YPOBHS, UMEHYEMbIM ceifuac
Microgrid, K JIIEKTPOCETIM OymyT
NPEIbSBIATECS  ONpeACICHHBIE  TPeOOBaHUS
obecrieyeHus oNTUMalbHOTO KO3 dumenTa
Harpy3Ku BBICOKOT'O ko3 durmenTa
MOII[HOCTH. ¢yHKUIMH  MOTyT  OBITBH
peann3oBaHbl PeryarMpOBOYHBIMU
TpaHchopMaTopamMy, YIPaBIIEMBIMH CHUIIOBON
ANEKTPOHUKOW, MPUHAJICKAIMUMU K CEMENCTBY
«Seny». OHO U3 TaKUX YCTPOUCTB, 00JIaAaroIIee
paclIMpeHHbIM JHAala30HOM U 0ojiee BBICOKOH
TOYHOCTBIO PEryIUpOBaHUs OBLIO pa3padoTaHO
Y UCCJIEIOBAHO aBTOpamu B [27].

B HacTosiiee BpeMsi MpU HCCICAOBAaHUU W
pa3paboTke TpaHCHOPMATOPOB ceMelCcTBa «SENy
3HAYUTEJIbHOE BHUMAHUE YIENSETCS BOIPOCaM
KOHKpeTu3anuu obiactu npumenenus [20,22],
MOJEIIUPOBAHUS TAKHX YCTPOMCTB B Pa3IMUHBIX
pexuMax paboThI [1-6,12,14-19,21,24]
pa3paboTKe HOBBIX CXEMHBIX pemieHuit [25,26],
PELICHHIO BOMPOCOB 3amuThl [23], mpuMeHeHUIO
cpencts cuitoBoii anekTporuku [10,11]. C Touku
3peHUs] aBTOPOB, OTKPBITHIM OCTAEeTCs BOIPOC
paboThl  TaKMX  YCTPOWCTB B  YCIIOBHSAX
HECUMMETPUHM  HANpPSOKCHUS THTAaHUA WM
Harpy3kd. Hacrosmass pabora mocBsimeHa
UCCIIEIOBAHUIO ~ CUMMETPUPYIOIIUX  CBOWCTB
perymupytomero  tpanchopmaropa [27] B
pekuMax ~ oOMEHa  MOIIHOCTBIO  MEXIY
CUMMETPUYHON U HECUMMETPUYHON CUCTEMAMHU.

npu

"
Ot

OBIIASI XAPAKTEPUCTUKA OBBEKTA
HUCCJIIENJOBAHUSA
IIpuHiunuaneHas  3JEKTpUYecKas  cxema
00BbEeKTa HCCIIeI0BaHUs MIpeCcTaBjIeHa Ha puc. 1.
OCHOBHBIMM 3JIEMEHTaMH YCTPOMCTBA SABISAIOTCS

JBa CHJTOBBIX TPEXOOMOTOYHBIX
TpaHchopMaTopa, OJIMH U3 KOTOPBIX BBITOIHSET
byHKIMH napaiensHOro
(HaMarHM4MBaINIero), (apyrod — QYHKIUHA
MOCIIET0BATENEHOTO (BOIBTO100ABOYHOTO)

aneMeHTa. MHIEKCOM «P» TTOMEYeHB OOMOTKHU U
COOTBETCTBYIOIIUE DJICKTPUYECKUE BEIMYNHBI,
XapaKTEepU3YIOIIUE PEXUM HaMarHU4YUBAKOIIETO
Tparcopmaropa, UHAEKCOM «U» — OOMOTKH WU
AJIEKTPUYECKHUE BEIMYMHBI BOJIETOI00aBOYHOTO
Tpanchopmaropa.

Ilepeuenn 0003HaueHNH
MIPEJICTaBICHHBIX Ha pucC.1:

JIIEMEHTOB,
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Ai ’ B 1 Cl
(BXOMHBIE KIIEMMBI) YCTPOICTBA;
4, B,, C, 3JIEKTPUYECKHUE BBIBOJIBI
(BBIXOZHBIE KIIEMMBI) YCTPOICTBA;

W, W, W, NepBUYHbIE OOMOTKHU

1pA? 1pB 1pC
BBICOKOTO HaIPSHKCHIS ba3 A,B,C

HaMarHUYMBAIOIIETO TpaHchopMaTopa;

QJICKTPUYCCKUC BBO/JbI

quA, quB, quc OOMOTKH BBICOKOT'O
HanpspkeHust Qa3 A,B,C BoabTOH00aBOYHOTO
Tpanchopmaropa;

Worn: Wy Woe OOMOTKH HH3KOIO
HampspkeHust pa3z  A,B,C BonbTOM00aBOIHOTO
Tpa"copmaropa;

Kak  cmegyer w3  cxemsr  (pumc.l),
BBICOKOBOJIbTHBIE  00MoTKH (W), W5, 1

W,,c) HamMarHu4MBaroUero TpaHcdopmaropa

NOJMy4aloT  HUTaHHE  OT  CEeTH  4epes
dNIEKTpUYecKue BBOABI A, B, n C;. KoHupl
3TUX OOMOTOK 3a3eMileHBl. B cBowo ouepens,
MUTaHWE BOJBTOA00ABOYHOTO TpaHchopmaropa
TI0/IaeTCsl Ha ero HU3KOBOJIBLTHBIE 0OMOTKH (W,

W, # W, ) B BUIE AMCKPETHO PETYINPYEMBIX

Mo BeJUYHMHE U 10 (haze (C MOMOIIBIO CPEICTB
CHJIOBOM 3JIEKTPOHMKH) HaNpsHKEHHH, KOTOpbIE
(GopMHUPYIOTCSI  CHCTEMOH  PEryJIMpOBOYHBIX
oomorok (W, ,, W. W,. u W, W.

2pB ! 2pC 3pA? 3pB?
W, e )

MarHuTOIpPOBO/IA
TpaHcdopmaropa.
CdhopmupoBaHHbIC

pA?

pacmojiara€Mbix Ha CTCPIKHAX

HaMarHn4uBaromero

TaKUM obpazom
HanpsokeHus,  OyIyud  INIPUBEJEHHBIMH K
BBICOKOBOJIbTHOM CTOpOHE yTem
tpancdopmupoBanus Ha 00MOTKH (W, , Wy s 1

quC )’ ¢

HaNpsHKEHUSIMH COOTBETCTBYIOIINX ba3
MUTAIOLIEH CHCTEMBbI, OCYLIECTBIISISI TEM CaMbIM
HEo0X0IMMOe yIpaBIsitoliee Bo3IeHCTBIE.

Bnaronapss nmpuMeHEHHIO CEKIIMOHUPOBAHUS
00OMOTOK yHpaBieHUsI O0JIACTb PeryIHUpOBaHUS
BBIXOJJHOT'O HAIIPSDKEHMSI yCTPOHCTBA COCTOUT M3
225 TOYEeK, HUTO 3HAYUTEIHHO YIIyd4IlIaeT
TOYHOCTH M KadeCTBO  peryJMpOBaHUs
BBIXOJHOTrO HanpspbkeHus. Kaxnolt mno3unmu
pEryIMPOBOYHBIX ~ MOAYJIEH  COOTBETCTBYET
orpeJieieHHass KOMOWHAIUSI CHJIOBBIX KJTFOUeH
[27]. B xadecTBe CHIOBBIX KJIIOYEH MOTYT OBITh
MIPUMEHEHBI GTO THPHUCTOPHI, IGBT
TPaH3UCTOPHI H T. II.

aIreOpandeckd  CyMMHUPYIOTCS



PROBLEMELE ENERGETICII REGIONALE 1 (57) 2023

Puc.1 [IpuanunuagbHas cxeMa ycrpoiicrsa.’

3aKoH yIpaBiIeHUs [IOKa3aH Ha pUc.2a cxema
CEKIIUOHUPOBAHUS 00MOTOK yHpaBIeHUS

W, , W,, mpexcrasinena Ha puc.3, HanpsKEHUS

TpaHC(POPMATOPHBIX  3JEMEHTOB  YCTpPOWMCTBa
(Pucynox 1), mpuHATBIE IS WMHUTAMOHHOMN
MOJICJIH MTPUBEICHBI B Ta0J. 1.

Cxema s MPOBEACHUS  PaCUETHBIX
OKCIIEPUMEHTOB TpuBeneHa Ha puc.d. s
HCCIIEIOBAHUS BO3MOXKHOCTH nogazHoro
pPETyIUPOBaHUS MOMYJIS W yIJla BBIXOJTHOTO
HaIpsHKEHUST MOJIETTb HECUMMETPUYHON CUCTEMBI
CTpOMJIaCh Ha OCHOBE OJHO(A3HBIX WCTOYHHUKOB

HaIIpsKCHUA, COCANHCHHBIX B 3BE3NY, a
CUMMETPUYHAsl CHCTEMa C MCIIOJIb30BAHUEM
Tpex$a3sHOro  HMCTOYHUKA.  Perymupyromuit
Tparchopmarop BKITIOYAJICS B JIOII,
CBSI3BIBAIONIYIO JIBE CUCTEMBI, OJIHA M3 KOTOPBIX
HECUMMETpHUYHa 10  Moaymlo U (dase
HampsOKEHWs, a BTOpas CHUMMETpHYHA (CM.

puc.4). Jluuus siekTponepenaun Obljia yaTEHBI B
Moienu HHAYKTUBHOCTRIO L=0,0382H.

123 Appendix 1
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K2 | K3 | K4 | K5 K7 | K8 | K9

L JL
00000

4 o
5 o
6 o0
7 o O

Puc. 2 3akoH ynpaBiieHUs Pery;JIupoBOYHBIM
MOy JIeM.

X

\s

Puc. 3 CxeMa peryJMpoBOYHOro MOxyJisi.

Y cioBuUs IPOBEJIEHUA DKCIIEPUMEHTOB

B mpomecce wuccienoBaHuS TPHUMEHSIIHCH
METO/ABl MAaTEeMaTUYeCKOr0, CTPYKTYPHOTO W
UMHUTALHOHHOTO MOJIEIMPOBaHMUS Ha OCHOBE
MOCTpPOeHHBIX B cpeae Simulink/Matlab SPS—
Mojeleil 00beKTa.

Ha ocnoBe cxembl puc.l B cpeme Simulink

(Matlab) Obuia co3/1aHa CTPYKTYpPHO—
UMHUTALOHHAs MOJeNb YCTpOWCTBa, Ha Oase
KOTOpOil  ObUTM  TIPOBEJCHBI  MCCIEIOBaHUS

00BEeKTa B PA3IMYHBIX PEKUMAX PAOOTHI.

VY cTpoiicTBO MOJAENINPOBAIOCH B BUAE IPYTIIIbI
onmHo(dasHeIx TpaHchopmaropoB. I[lapamerpsr
AIIEMEHTOB KaxJoro TpaHcdopmaTopa ObLIH
ompenesieHsl ¢ y4eTOM ~ HOMHHAJILHOTO

HaIpsKEHUS U =230V u MOIIIHOCTH
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ycrpoiictBa =~ 2kVA. PacueTHple TOKH H
HANpPSDKEHUS  TPaHC(HOPMATOPHBIX  3JICMECHTOB
ycrpoiictBa (PucyHok 1), mpuHSATBIC s
MMUTAITMOHHOW MOJCIIH TTPUBEACHBI B Ta0J. 1.
Tabnuna 1*
Toxu 1 HanpsDKEHUST 0OMOTOK.
qu WZq Wlp WZp W3p
U,B | 103,18 | 51,59 | 230 | 29,785 | 29,785
1A 9 18 9 18 18
Hecumerpuunas CumerpuuHas

TpexdasHas cucrtema

o

S Asymmetrical
three-phase
system

P+ jQ tpexdasuas cucrema
-

S

L
Symmetrical R
three-phase
system

U

RT

Puc.4 Cxema npoBeeHust JKcnepuMenTa.’

Hanpspoxkenue nepeaarolen CHCTEMBI
HaxoawuTcsa B Toukax 53, 36, 20 ans a3 4, B, C
CcOOTBeTCTBeHHO (cM. puc.5). Hecummerpuuanas

CHCTEMaA MOACINpOBaAJIaACh MoCpeaACTBOM
OI[HO(pa?,HbIX HCTOYHHKOB MIEPEMEHHOT'O
HaIpsOHKCHUA, COCOMHCHHBIX B 3BE€31Y,

napamMeTpbl KOTOPBIX IMpPEACTaBICHBl B TabiuIe

Tabauia 2°
[lapameTpsl HECHMMETPHYHON CUCTEMEI.
AMIUIUTYAHOE
3HAYEeHHe Yroa, rpag
(;)I;:;:;) HanpsikeHusi, B (Angle,
(Peak value of degrees)
voltage,V)
A 269,942 6,26’
B 219,022 120 +17,61
C 206,77 -2 —120" -14,43
HOHCHH}OIHaH BCKTOpHas AuarpamMma

HaInpsDKEHUH pUBeieHa Ha puc.6.
Ha BextopHo#i auarpamme (puc.6.) a Takxe B

Tabumax 3,4 MIPUHSTHI cieayonme
0003HaYEHUS:
a'A , a'B , a'c — yrojia, OTKJIOHEHUs

HanpsHKEHUs! (a3 OT HOMUHAILHOW BEJIMYUHBI HA
S cucreme;

a,, ag, o yroj, OTKJIOHEHUS

HanpsDKEHUS (a3 0T HOMUHAJIBHOW BEITHMYMHBI HA
R cucreme;

456 Appendix 1
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U,, Uy, U, — Monynu Hanpsokenus $a3 Ha
S cucreme;

U,, Uy, U, — monynn manpsokenust a3 Ha
R cucreme;

Sy Sgss Scg — MomHocTH no ¢asam S
CHCTEMBI;

SAR ! SBR !
CHCTEMBI,

I |

e |

% —  OTKIOHEHHE  COOTBETCTBYIOIIMX
apaMeTpoB OT 3HAYCHUH B CHMMETPHUYHOM
peKuMe.

g JeMoHcTpauMd — CUMMETPUPYIOLIETO
spdexkra  OBUIO  TPOBENEHBI  CIETYIOIINE
pacueTHbIC SKCTIEPUMEHTHI:

1. mepenaya MOIIHOCTU M3 HECUMMETPUYHOU
CHCTEMBI B CHMMETPUYHYIO:

Scr— MomHoctH 1o ¢aszam R

| s — TokH a3 S cucremsr;

AS' 'BS?

sr lcg — TOKH Qa3 R cucremsl.

o C peryIupoBaHUEM (ynparienue
BKJTFOUCHO);

* 0e3 peryinupoBaHus (ympaBiienue
OTKJIIOYEHO).

2. mepemavya MOIHOCTH W3 CHUMMETPHUYHOM
CHUCTEMBI B HECHUMMETPHYHYIO:

e C peryiupoBaHueM (ynpasnenue
BKJIFOUYEHO);

* 0e3 perynupoBaHus (ympaBiienue
OTKJIIOYEHO).

i KaXIoro pacdyeTHOro 3KCIEpHMEHTa
(UKCHpOBaIHCh CIIeAyIOIune PEXKUMHBIE
napameTpbl:

1. Momynu u yriel (a3HBIX HaNpsDKEHUH Ha
BXOJI€ U BBIXOJIE YCTPOUCTBA,

2. Moaynu (a3HbBIX TOKOB Ha BXOJAE W
BBIXOJI€ YCTPOICTBA,

3. aKTHBHbIE M PEaKTHBHbIE MOIIHOCTH II0
(azam Ha mepearIei U MPUEeMHON CHCTEMaX.

ITpouecc CUMMETPUPOBAHUS CTpPOUTCS
MCXOJISl U3 CXEMBI PETYJIMPOBAHUS «3UI3ar»:

1. CummetpupoBanue B daze «4» (Touka 53,
(puc.5); MO3UIINU (-7;-3, puc.3))
ocymiecTBisieTcss nepekimodeHueM  (aszpr  «C»
YCTPOMCTBa B MO3MLMIO «-7» H ¢a3el «By»
YCTpOICTBA B TIO3HIINIO «-3».

2. CumMmeTpupoBanue B daze «By» (Touka 20,
(puc.5); MO3HULIUH (+7;-2, puc.3))
OCYILIECTBIISIETCSL TIepeKIoueHneM (Ga3bl  «B»
YCTPOWCTBA B TO3ULUIO «+7» M Ga3sl «A»
YCTPONCTBA B MO3ULIUIO «-2%.

3. CummetpupoBanue B ¢aze «C» (Touka 36,
(puc.5); TIO3HITUH (0;+7, puc.3))
OCYILECTBIISIETCSL TepeKiItoueHneM ¢asbl  «A»



PROBLEMELE ENERGETICII REGIONALE 1 (57) 2023

ycrpoiictBa B mosunuto «0» wu  azer  «B»
YCTPOMCTBA B MO3ULIAIO «+7).

Ta6nuna 48
PexuMHBIE TapaMeTpPhI PH nepeate
MOLIHOCTH U3 CHMMeTquHOﬁ CUCTCMBI R B

AHAJIU3 PE3YJIbTATOB aCUMMETPUYHYIO S.
PesynmbTathl  JkcnepuMeHTa TSI aHAIW3a ACHMMETPHYHAS CHCTEMA S
cUMMeTpHpyomero 3¢deKxra ycTpoicTBa IpH (Asymmetrical system S)
mepefade  MOIIHOCTM U3 aCUMMETPUYHOU C bes
CHUCTEMBl S B cHMMeTpHuHyl0 R ¥ Hao0OpoT PETY_J::IIPOB?HP:eM pe.l;?’]JIl/li)OBa:Il/ISII
MpPEJICTABICHBl COOTBETCTBCHHO B Ta0muie 3 u : T eiel) LT CITE)
Tabmume 4. u,.B 269,94 269,94
U,,.B 219 219
7 v
Tabmmua 3 U..B 206,8 206,8
PexxrMHBIC TapaMeTphl TIPHU nepenade :
MOIITHOCTH U3 aCUMMETPUYHOM CUCTEMBI S B a, ,2pao. -6,26 -6,26
CHMMETPIIHYIO R, a, ,2pad +17,61 +17,61
AcuMMeTpHYHAas cucTeMa S i
(Asymmetrical system S) a. ,2pao. -14,43 -14,43
C bes S, BA -2203+j1173 -2862+j1084
peryJinpoBaHueM | PpPeryJupoBaHHsA - -
(with control) | (without control) Sgs ,BA -2401-j742 -865-j12
u,,B 269,94 269,94 Scs  BA -1552+j1777 -2667+j876
U,,B 219 219 s, A 9,25 13,89
U.,B 206,8 206,8 lgs, A 11,47 3,95
a, ,2pad. -6,26 -6,26 les A 11,4 13,58
' CumMeTpuyHas cuctema R
,2pao +17,61 +17,61 .
af’ £ (Symmetrical system R)
a:- ,epad. -14,43 -14,43 UA B 2285 273,3
S,s BA 2561+j27 2131+j1444 U,.B 2342 221,0
Sgs . BA 1657+j2054 3102+j1068 UC B 2395 2123
SCS |BA 2312']637 1049']247 a;\ ,zpao. +1.352 '4,81
Las A 9,49 9,57 a, ,2pad +2,172 +17,84
.., A p
BS® 12,05 14,98 a. ,2pao. +0,831 -13,05
I, A - -
cs 110 >21 Spe . BA -2099-j564 -2989-j107
CummeTpuyHas cucrtema R - -
) Sgr . BA -2236-j400 -892-j267
U;\ B 220.,4 264,7 Scr BA -2095-j437 -2777-j1433
U,.B 220,5 210,8 L A 9,45 13,01
Uc.B 2214 204,5 e A 9,88 4,05
a, ,2pao. 0,972 -6,26 ler A 9,31 13,59
&g 2pad -1.288 +17,61 Ha ocHoBe naHHBIX TaOaMIBI 3 TOCTPOCHBI
a. ,2pao. 0,793 -14,43 TUCTOTPaMMBI, TPE/CTaBICHHBIC HA pHUC.7 I
S, BA 2050-j714 2058+j229 nepenaronied S u npuHEMamomend R cuctewm,
: . WUTIOCTPUPYIOIINE CUMMETpHpYIommid 3ddexT
Ser B4 2163777 29721672 pU Tiepeade MOITHOCTH W3 ACHMMETPHYHOM
Sk, BA 2038-j687 1019-j623 CHUCTEMBI B CHMMETPUYHYIO.
I A 9.44 9 M3 aHamm3a peXHMHBIX NapaMeTpoB Ha
I A 10 1483 HIMHAX ~ TPHEMHOW CHUCTEMbl  BHHO, 4YTO
it ’ MaKCHMaJbHOE OTKJIOHEHHE HamlpsHKeHus O0e3
ler A 9,35 5,19 perymupoBanus cocrapiser 17,8%, a B pexume

78 Appendix 1
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CUMMETpUPOBaHUs  cHWkaercs go  1,8%.
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MaxkcumanabHOE OTKJIOHEHHE YTJIOB HANpSHKEHUS
JIOCTUTAET 0e3 perymupoBaHus 4,9%.
Hcnonp3oBanvie ynpaBieHHs TO3BOJISIET CHU3UTh
oty BeaumumHy 10 0,3%. MakcumansHoe
OTKJIOHEHHE MOIIHOCTH Ha MPHEMHON CUCTeMe
0e3  perymupoBaHusi  coctaBusier  46,6%.
PerynupoBanue mo3BoJsieT CHU3UTh OTKIOHEHHE

OT HOMHUHAJIBHOTO 3HAYCHUsI 0€3 perynpoOBaHuUs
MOXeT cocTaBimate 524% wu  3,9% 1pu
perynupoBanuu. Crienyer  OTMETHTh,  4TO
CUMMETPUPYIOIIHHA 3PPEKT OIIyIAETCs IO TOKY
M MOIIHOCTH M Ha CTOPOHE AaCHMMETPUYHON
CUCTEMBI S, HO CYIIECTBEHHO B MEHbIIEH

CTCIICHU.

OT HOMHUHAJILHOrO 3HaueHus 10 3,8%. Yro
KacaeTcsl TOKOB, TO MaKCHMaJIbHOE OTKIOHEHHE

7629 ~T67)
@ 170V
Puc.5 Koopaunarsl ¢paz acuMMeTpU4HOIi cHETeMbI.®
o, =—6,26

U, =Us, U,=117-Ug, -e %%
U, =230V
120° 120°

U C=US o'e j240°

ap =-14,43

120°

U, =0,95-Ug, e

UC :0,9.Uso'ej225,57c
ay =+17,61°

Puc.6 BekTopHas 1uarpaMma HANpPsi:KeHUi ACHMMETPHYIHOM cucTembr. 0

910 Appendix 1
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Ha ocHoBe maHHBIX TaOuuIBl 4 TTOCTPOEHBI
THUCTOTPaMMBbl, IPEACTaBICHHbIE HAa PUC.8. A
nepenaronied R u nmpuHUMaronied S cucTeM,
WIIIOCTPUPYIOLINE CUMMETPUPYIOMINH
ahpdekr mpu mepemaye  MOIIHOCTH U3
CUMMETPUYIHOM CUCTEMBI B ACUMMETPUYHYIO.

W3 ananu3a napamMeTpoB pexuma Ha MIMHAX

nepenarouiei CHUCTEMBI BUHO, 4TO
MaKCHMaJbHOE OTKJIOHEHHE HampshKeHHs 0e3
perynupoBaHusi cocraBiser 16,8%, a B

peXUME CHUMMETPUPOBAHHMS CHHKAETCS [0
2,5%. MakcuManbHOE OTKJIOHEHHE YIJIOB
HaNpsDKEHUSI JIOCTUTaeT 0e3 peryaupoBaHUs
4,9%. Vcrionb30BaHuE YIPABICHUS MTO3BOJISICT

60

CHM3UTH 3Ty  BenmnuuHy  go  0,6%.
MakcuManbHOE OTKIOHEHHE MOIIHOCTH Ha
MIPUEMHON  cucTteMe 0e3  peryiImpoBaHUs
coctaBisieT 58,3%. PerynupoBanue mo3Boisier
CHU3UTh OTKJIOHEHHE OT HOMHHAIBHOTO
3HaueHusa g0 4,2%. Uto kacaeTcs TOKOB, TO
MaKCUMaJIbHOE OTKJIOHEHHE OT HOMHUHAIBHOTO
3Ha4eHus1 0e3  peryaupoBaHUS  MOXKET
COCTaBJISATh 58,3% u 4,1% npu
perymupoBannu. Cummerpupytommii 3 dexTt
OIYIIAETCSI 0 TOKY M MOIIHOCTH TaKKe Ha
CTOPOHE MPUEMHOM ACUMMETPUYHOU CUCTEMBI
S, HO, KaK W B TpEABIyNEM Ciydae B
MEHBIIICH CTETICHHU.

%

50

H ¢ perynupoanuem (with control)

H Ge3 perynuposanus (Without control)

40

30

20

10

Ua Us U'c a'A a's a'c Sar SBR SCR
a—Ha cucreme S (on the sending system)

60

IAR IBR ICR

%

B ¢ perynuposanneM (with control)

H 6e3 peryauposanus (without control)

U”"a U"B U'c a"A a''B a''c Sar SBR Scr

IAR IBR ICR

b — Ha cucreme R (on the receiving system)
Puc.7 Cummerpupyomuii 3¢p@eKT npu nepegade MOITHOCTH OT cHCTeMbI S K cucteme R.1!
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70

H ¢ perynmupoanueM (with control)

60

H 6e3 peryauposanus (without control)

Ua Us Uc aa a's

a'c Sar

SBR Scr IAaR IBR Icr

a—Ha cucreme S (on the sending system)

70

%

B ¢ perynupoBanueM (with control)

60

H Oe3 peryauposanus (without control)

U"a U"B U'c a"a a'B a'c Sar

SBR Scr Iar IBR IcR

b — Ha cucreme R (on the receiving system)
Puc.8 Cummerpupylomuii 3p(eKT npu nepesade MOIHOCTH OT cHcTeMbl R K cucreme S.12

BBIBOJIbI

Ananm3 PE3yIbTaTOB WICCIIEIOBAHUS
MO3BOJISET CIIENATh CIICIYIONIUE BHIBOJIBI:

o [IpeioxkeHHOE ~ YCTPOWCTBO  00JamaeT
BBIPOKEHHBIM MO(Aa3HBIM  CHMMETPUPYIOIUM
a¢pekToM, UYTO  TO3BOJAET  COTJIACOBATH
COBMECTHYIO  pabOTy  CHUMMETPUYHOH U
aCUMMETPUYHOUN CUCTEM.

® Dpdext CUMMETPHUPOBAHUS
obecrieunBaeTCst paccMaTpuBaeMbIM
YCTPOMCTBOM B PEBEPCHBIX PEKUMAX IEpellavyn
MOIITHOCTH.

o OTKJIOHEHUS apameTpoB,
XapaKTepU3yIONINX Ka4eCTBO JIEKTPOIHEPTHH, B

2Appendix 1
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3THX PEKUMax HE TPEBBINIAIOT TpeOoBaHUI
CTaHJapTa.

BJATOJAPHOCTD
Pe3yabTaThl OLLIH MOJYYEeHBI B PaMKax
npoekta  DocmporpaMMbl ¢ HOMEpPOM
20.80009.7007.18: «DKO-UHHOBAIIHOHHBIE
TEXHUYECKUE peleHus o CHIDKEHUIO
SHEPronoTpedeHU 3JaHuii u  pa3paboTka

ONIUI MO Pa3BUTHUIO UHTEJUICKTYAJbHBIX CETEH C
BBICOKOI uHTerpanueit BUD B Monnose».

APPENDIX 1 (IPUJIOKEHHUE 1)
!Fig. 1. Main diagram of the device
2Fig. 2. Control law of regulating module
3Fig. 3. Scheme of the control module.
4Table 1. Winding currents and voltages.
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SFig. 4. Scheme of the experiment.

Table 2. Single-ended system parameters.

"Table3. Regime parameters during  power
transmission from an asymmetric system S to a
symmetrical system R

8Table4. Regime parameters during power transfer
from a symmetrical system R to an asymmetric S.
°Fig. 5. Phase coordinates of an asymmetric system.
©Fig. 6. Vector voltage diagram of asymmetric
system.

Fig. 7. Balancing effect during power transfer from
system S to system R.

2Fig.8. Balancing effect during power transfer from
system R to system S.

BUBJIMOT'PA®HSI (REFERENCES)
[1] Sen K. K. and Sen M. L.. Introduction to FACTS
Controllers: Theory, Modeling, and Applications,
IEEE Press and John Wiley & Sons, 2009.
Fentie, D.. Thesis M.S. Transient Modeling and
Protection of “Sen” Transformer. University of
Saskatchewan, 2010.
Fentie, D. Garcia J. C., R. Gokaraju and S. O.
FARIED EMT Model of the “Sen” Transformer
for Fault Analysis Studies” International
Conference on Power Systems Transients (IPST
2015), Cavtat, Croatia, Jun. 2015
Farugue M.O., Dinavahi V. A tap-changing
algorithm for the implementation of Sen
transformer”, IEEE Trans. on Power Delivery,
vol. 22, no. 3, July 2007, pp. 1750-1757.
Kalyan K. Sen, Sen Mey Ling. Introducing the
Family of “Sen” Transformers: A Set of Power
Flow Controlling Transformers, IEEE
Transactions on power delivery, vol. 18, No. 1,
January 2003, pp. 149-157.
Asghari, B.. Farugue M. O and V. Dinavahi.;
Detailed real-time transient model of Sen
transformer, IEEE Trans. on Power Delivery, vol.
23, no. 3, July 2008; pp. 1513-1521.
Kumar A. AND J. Kumar. Comparison of UPFC
and “Sen” transformer for ATC enhancement in
restructured electricity markets, Int. J. Electr.
Power Energy Syst., vol. 41, no. 1, Oct. 2012, pp.
96-104.
Kumar A. and Sekhar C. Comparison of sen
transformer and UPFC for congestion
management in hybrid electricity markets, Int. J.
Electr. Power Energy Syst., vol. 47, May 2013,
pp. 295-304.
Se K. K.n and S Mey Ling.. Comparison of the
“Sen” transformer with the unified power flow
controller,”” IEEE Trans. Power Del., vol. 18, no.
4, Oct. 2003, pp. 1523-1533
[10] Mohamed S. E. G. Power flow control capability
of the power transistor assisted “Sen” transformer
and the unified power flow controller: A close
comparison, IET Gener., Transmiss. Distrib., vol.
14, no. 15, 2020, pp. 3033-3041.

(2]

(3]

[4]

(5]

[6]

[7]

(8]

(9]

80

[11] Gasim S. E. Mohamed, J. Jasni, M. A. M. Radzi,
and H. Hizam. Power transistor-assisted “Sen”
transformer: A novel approach to power flow
control, Electric Power Syst. Res., vol. 133, pp.
228_240, Apr. 2016.

[12]Song H. and R. Na. Out-of-phase technique
based few-step type extended “Sen” transformer
and its practical tap selection algorithm, Chinese
Patent CN5 262 079 A, Sep. 18, 2017.

[13]1Behera T. and D. De, “Enhanced operation of
“Sen” transformer with improved operating point
density/area for power flow control, IET Gener.,
Transmiss. Distrib.,, vol. 13, no. 14, pp.
3158 3168, 2019.

[14]Feng, J. S. Han, Y. Pan, and X. Hu. Steady-state
modelling of extended “Sen” transformer for
unified iterative power flow solution, Electric
Power Syst. Res., vol. 187, Oct. 2020, Art. No.
106492.

[15] Farugue M. O. and V. Dinavahi, A tap-changing
algorithm for the implementation of “Sen”
transformer, |EEE Trans. Power Del., vol. 22,
no. 3, Jul. 2007, pp. 1750-1757.

[16]Pan Y., Han S., Zhou C., and X. Guo, On
switching transient modeling and analysis of
electronic on-load tap-changers based “Sen”
transformer, Int. J. Electr. Power Energy Syst.,
vol. 130, Sep. 2021, Art. No. 107024,

[17]Pan Y. Han S, Feng J., and X. Hu. An analytical
electromagnetic model of “Sen” transformer with
multi-winding coupling, Int. J. Elect. Power
Energy Syst., vol. 120, Sep. 2020, Art. No.
106033.

[18] Asghari B., Farugue M. O., and V. Dinavahi.
Detailed real-time transient model of the “Sen”
transformer, IEEE Trans. Power Del., vol. 23, no.
3, Jul. 2008, pp. 1513-1521.

[19]Liu J. and Dinavahi V., Nonlinear magnetic
equivalent  circuit-based  real-time  “Sen”
transformer electromagnetic transient model on
FPGA for HIL emulation, IEEE Trans. Power
Del., vol. 31, no. 6, Dec. 2016, pp. 2483-2493.

[20] .Kalyan K Sen, Sen Mey Ling, Power Flow
Control Solutions for a Modern Grid Using
SMART Power Flow Controllers, Wiley-IEEE
Press, Edition: 1 2022, pp. 375- 534.

[21]Dhrupa Patel, Anadita Chowdury, Dynamic
Control and Performance of a Sen Transformer
for Stabilizing an AC Transmission System and
Improved Voltage Profile, 2018 International
Conference on Power, Energy, Control and
Transmission  Systems  (ICPECTS) 22-23
February 2018.

[22] Xu Shunkai, Jiaxin Yuan, Shan Yin, Research on
a Multi-line Electromagnetic Sen Transformer
Suitable for Distribution Network, 2020 IEEE
Energy Conversion Congress and Exposition
(ECCE), 11-15 October 2020.

[23] Yuhang Pan, Wenying Yang, Research on
Protection System of Electronic On-load Tap-


https://ieeexplore.ieee.org/book/9648540
https://ieeexplore.ieee.org/book/9648540
https://ieeexplore.ieee.org/book/9648540
https://ieeexplore.ieee.org/author/37086504115
https://ieeexplore.ieee.org/author/37086503147
https://ieeexplore.ieee.org/document/8521640/
https://ieeexplore.ieee.org/document/8521640/
https://ieeexplore.ieee.org/document/8521640/
https://ieeexplore.ieee.org/document/8521640/
https://ieeexplore.ieee.org/xpl/conhome/8501352/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8501352/proceeding
https://ieeexplore.ieee.org/xpl/conhome/8501352/proceeding
https://ieeexplore.ieee.org/author/37088585193
https://ieeexplore.ieee.org/author/37678326800
https://ieeexplore.ieee.org/author/37088582315
https://ieeexplore.ieee.org/document/9235478/
https://ieeexplore.ieee.org/document/9235478/
https://ieeexplore.ieee.org/document/9235478/
https://ieeexplore.ieee.org/xpl/conhome/9235288/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9235288/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9235288/proceeding
https://ieeexplore.ieee.org/author/37089286063
https://ieeexplore.ieee.org/author/38188640300
https://ieeexplore.ieee.org/document/9694431/
https://ieeexplore.ieee.org/document/9694431/

PROBLEMELE ENERGETICII REGIONALE 1 (57) 2023

changers Based Sen Transformer, 2021 3rd
International Conference on System Reliability
and Safety Engineering (SRSE), Harbin, China
26-28 November 2021.

[24] Jieying Song, Peng Yang, Zengbo Dong, Kailong
Chen; Xudong Li, Steady-State Equivalent
Modeling and Equivalent Impedance Analysis of
Sen Transformer, 2022 IEEE International Power
Electronics and Application Conference and
Exposition (PEAC), 04-07 November 2022.

[25]Jiaxin Yuan;Lei Liu;Wenli Fei;Li Chen;Baichao
Chen;Bo Chen, Hybrid Electromagnetic Unified
Power Flow Controller: A Novel Flexible and
Effective Approach to Control Power Flow, IEEE

CgeaeHusi 00 aBTOpax.

3aiiueB ImMmurpuii
AusekcanapoBuy, MHCTUTYT
DHepreTuKH, KaHIUaT
TEXHUYECKUX HaykK. HaydHrpie
HHTEpEeCHl JIe)KaT B OOJACTH
WCCIIeTIOBaHUS PEXKUMOB
SHEPrOCUCTEM,  COJEpIKAIIUX
FI/I6KI/IC MEXCHCTCMHBIC CBA3U.
zaiats.acad@.mail.ru

Teipmry Muxaua
CrenanoBuy, Uncruryr

OHepreTHKH, KaHAHIaT
TEXHHYECKHX Hayk. Haydnsie
HHTEPECH CBSI3aHBI c
JTUArHOCTUKON
BBICOKOBOJIBTHOTO
obopymoBaHUsS W CHIJIOBOM
3JIEKTPOHUKOM.

tirsu.mihai@gmail.com

81

Transactions on Power Delivery, 5 October 2018,
pp. 2061- 2069.

[26] Song Jieying, Yu Zhiyong, Xie Wei, Hua Bin,
Shi  Zhixiong, Gao Xiaoging, Lin Jun, Pan
Zhengyu, Zhao Bin, Ding Chun, Chen Kailong,
Zhang Yifan, Hybrid Unified Power Flow
Controller Topology and Control Strategy
Optimization, 2019 IEEE 2nd International
Conference on Automation, Electronics and
Electrical Engineering (AUTEEE), 22-24
November 2019.

[27]Postoronca S., Zaitsev D., Tirsu M, Golub I.,
Kaloshin D., Modes of the booster transformer
with regulation in zigzag, Journal of Engineering
Science Vol. XXIX, no. 2 (2022), pp. 33 — 45.

T'onyo Upuna
BaagumupoBHa,
DHEepreTHKH, KaHIAIaT
TeXHH4Yecknx Hayk. OO0macTth
HayYHBIX HMHTEPECOB: PEKHMEI
JHEPTOCHUCTEM,  YIPaBIIIEMbIE
JIMHUU 3JIeKTponepeaun
MIEPEMEHHOTO TOKA.
irina.golub@mail.ru

HNuctutyT

Kajgomun Jlanuna
HukoJsaeBnu, HucrutyT
Yo | DHEePreTHKH, KaHguaaT
TeXHH4Yecknx Hayk. OO0macTth
;_'. ; HAYYHBIX HHTEPECOB:
— HCCIICIOBAaHAE  COBPEMEHHBIX
CPE/ICTB yIPABJICHHUS PSIKUMAMHU

3 9HEPrOCUCTEM.

danila-nik2005@yandex.ru



https://ieeexplore.ieee.org/document/9694431/
https://ieeexplore.ieee.org/xpl/conhome/9694273/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9694273/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9694273/proceeding
https://ieeexplore.ieee.org/author/37086413527
https://ieeexplore.ieee.org/author/37089412981
https://ieeexplore.ieee.org/author/37089412678
https://ieeexplore.ieee.org/author/37089622008
https://ieeexplore.ieee.org/author/37089622008
https://ieeexplore.ieee.org/author/37089621552
https://ieeexplore.ieee.org/document/9959375/
https://ieeexplore.ieee.org/document/9959375/
https://ieeexplore.ieee.org/document/9959375/
https://ieeexplore.ieee.org/xpl/conhome/9958944/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9958944/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9958944/proceeding
https://ieeexplore.ieee.org/author/37678326800
https://ieeexplore.ieee.org/author/37086014311
https://ieeexplore.ieee.org/author/38548080800
https://ieeexplore.ieee.org/author/37085565803
https://ieeexplore.ieee.org/author/37441275000
https://ieeexplore.ieee.org/author/37441275000
https://ieeexplore.ieee.org/author/38490808500
https://ieeexplore.ieee.org/document/7588071/
https://ieeexplore.ieee.org/document/7588071/
https://ieeexplore.ieee.org/document/7588071/
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=61
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=61
https://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=8470263&punumber=61
https://ieeexplore.ieee.org/author/37085350349
https://ieeexplore.ieee.org/author/37089657804
https://ieeexplore.ieee.org/author/37088378257
https://ieeexplore.ieee.org/author/37088376011
https://ieeexplore.ieee.org/author/37086924528
https://ieeexplore.ieee.org/author/37088378218
https://ieeexplore.ieee.org/author/37088377713
https://ieeexplore.ieee.org/author/37088377997
https://ieeexplore.ieee.org/author/37088377997
https://ieeexplore.ieee.org/author/37088377407
https://ieeexplore.ieee.org/author/37088377105
https://ieeexplore.ieee.org/author/37088376103
https://ieeexplore.ieee.org/author/37086457813
https://ieeexplore.ieee.org/document/9033395/
https://ieeexplore.ieee.org/document/9033395/
https://ieeexplore.ieee.org/document/9033395/
https://ieeexplore.ieee.org/xpl/conhome/9018086/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9018086/proceeding
https://ieeexplore.ieee.org/xpl/conhome/9018086/proceeding
mailto:zaiats.acad@.mail.ru
mailto:irina.golub@mail.ru
mailto:tirsu.mihai@gmail.com
mailto:danila-nik2005@yandex.ru

